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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 Dbetter 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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2e) Jaall 5l 8 (O swall)hidl Gee

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

Abaal) slall 8 dual ) ilgidl) 2
4 (Number of virtual channels per

physical channel)

3 um(unit meter) (Link length ) alagll Jsh
20 bytes (Packet size ) da),ll ana
2 clock cycles (flit interval) flitd o L?_';A)'S\ Jalall
1 GHz (Clock frequency)ic Ll sap
800 clock cycles (warm-up time) dugil) ()
50000 clock cycles (Simulation time) slSlaall (4a)
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sSlSlaal) ilis 7-2
Jare dal e clldy dalud) Lappmill Lagyall e 3l s8adll mil e Jyasll
(average throughput) aalwy) Jxa (average latency) laia¥l o)
Loall ae dlaalls @l 5 (total network power) A<uill 41 e Uaia) ) Zdleay s
s lgdiall IS yal) Jaai & Agasll 45l
Aguwidly A3 8. 3138 JSI dASudd) dslada) Jasa

4 ganld dg gial)

Ll L L
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A ganll Aigial) Lonilly A5lEa BUB IS Aaiad) (ha) Jaaa 1(14) JSi)

clkeycle /) sld JS1 Al dlaiul o) daeal Slall sl (14) JSE0
o) a )i 4d elay XY, OF, DYAD 4amgill cilw)ylss dal (e (packet
& B G L OE XY agasill e slod (o Auniiial) ci¥sandl 3 Ao
ey lsd b bl Sayy Algeall Laitiall Gandl) die Juad) IS DYAD ) lsa
Llassl U chlad) il e g axe Cas elldy Ageall duw 5245 ae XY
Adlally davgiall c¥seall 2ie OF, DyAD (n Lt () ¥ are o)lim Laiy
e cblayyl Y @hladl 8 OF dua))lsd dae Jasd DYAD daajlsa oY ellyy
elee A0l Cuen LAY (50 Jaxe A DYAD dua) jlsdl g (350
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dal e Agenll Lgidll Aoy &jlae A<l QY 28U @Dlgind oo (15) J<al
S oS ASall S S Dl o) XY, OF, DYAD 4msill ol lss
Al 0l )ED 5 L lghe Uangially Ageall o dllall caall & dialsg OF du))lsal
Sly Wgeall Lmiiid) duall wic DYAD , XY apngill ise)lsad Lually ASlicsdl
Jsste DY) els pa « XY dpa)lsa (8 5aS IS8 DUgaal) 2y Al 238 50l
o daaliall daoleadl Laplaa HUSEY) (e) (e JIE LisS DYAD aasill 4 lsa 8

(buffers) alidlS J8f e G5 3lgall @Dlgind by Al Vs g dlls JS

2\._._,.‘».«)\ Auuilly 1.3)\3.4 ‘—\.__;JS.H AS..5l) As et
4l gaall
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% OF LOAD

XY ~ OFf mDyAD

saall Ligtall duailly 43l ASail) ) ABUal) dibgiul :(15)JSad)
DyAD ;5 OE XY clwilsall e JSI(Gbps) duill dualis) Jaes (16) JSE0
I @i o OF angl dua))lss died zoas jeda cdlgaall digiall daall iy
cNgeal)l & )l doagy 5l Jily ST OS8 deal) as e das LS XY
Eelsn o maaly JSh it DYAD angill due)lsa (8140 5 ddacsgiall
clgenl) Cit 5Ly die Lals 5 Lali)) Jaee A XY JOE 4l
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Ay giald) Aswadlly A5 34 AS03)) dsalild) Jaza
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50%
% OF LOAD

XY OE = DyAD

Ugaall Agial) Lowills Aijlie Laliny) Jara :(16) J<i

A XY Gy jleds Jaall dejeg dali o <N s S iaY) gDl el
Al N¥seall 8 OF 4 oy Janll Aillady Aabiiall c¥sanl
P dad 58y . Alaial) ey dame (o Lali) Jae Lo o 3(P) eI (ubika
Lty el cld Ay lsall Y

P = Performance Metrics (Per channel basis) = Average

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

daf a (XY,0E, DYAD) cilaj lsil Laliiy) Jona 5 mlaiud) o) b (2) Jsoad
50% Z\JJAA Z\.M

Al dia))led Average Throughput Average Latency
XY 8.198 13.5859
OE 9.2098 12.3141
DYAD 10.5469 11.9326
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tok LS (P) dad Gl i (2) dsaad) 3 i) il DA (e

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
dali (e B mil el OE5 XY asmsill Juejsld om geall of aas Julls
bgd o aly 4K el eVl Pl e ard lgsS Llaaly daluy)
g sy

el ) ) ae Sl sda B lgle lleas ) ) Ljlae L
plaiiul s8laall cudi Gus OE 5 XY dngill cbiaiylsd cangiad Al ([13] Jaall
S (1)dsadl 3 Ld) 5 lgalaiial Ld A @il Gais Jal g NIRGAM
((17) J<all chadl) laaa¥) 5al 0oy Jase dal e Gdnapleall eldl L
Oe ((19) J<all o)) dsali) Jare 5 ((18) ISl Aiuall) Agiusal) de Uy
(15)J<all(17)0€a) oo (14)0Sa) dle DA oy cilganl) Loy by N
lede Uleas ) Giliaiall & adll )l sl L (17) 5 (16)JSal) Laady ¢(18)as
cosgall paall (B lpiase o5 Al adlly L)y A

Overall Average 20
Latency [elx

cycle/packet) 154 Xy
101 moE
5
04

10 30 50 70 90 100
% of Load
(o A ganll dgial) Laanilly A3jla 5LE JS Llaial) (pa) Jira 1(17)0Sa
131 Jaadl
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14+
12
104
Total Network 81
Power (mW) @] Oxy
4 BoE
24
0
10 30 50 70 90 100
% of Load
Jaall dgaall Z\:a‘g.‘\.d\ Aol 45)lae ASui gJSS\ adlal) Mgl :(IS)M\
[13]
304
254
s o)
TR 15 DXy
101 moE
54
04

10 30 50 70 %0 100

% of Load

[13] Aganll Agial) Locilly 4jUa Ay Jaaa 1(19) JSil

:(XY,0E,WF,NL,NF,DyXY ) duasill ciluajlsd sl Julas —8
ALYl AaSidly saamall dmgll lhiyld calite el Gl Cagu audll 1
oda 5 .(deadlock) (i lasli Bhe lguans e ds lly S A Gl lsall
Turn ) OE 4w))a 5 (a deterministic DOR routing) XY & culw))lsal)
West First, North Last, Negative First¢(model based adaptive routing
minimal ) DyXY 4w),lsa 5 «(Turn model based partially adaptive routing)
il &ylaay NIRGAM #aliy e lglSlaay asiiw Lasss .(adaptive routing
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PBlSlaall A pail) cilidaeal) 8-1
Gleplsd G Aaall sSlaall o3 & Badieadl Cliold) aaad 5 (3) Jeandl B
5Ly ae Jadl il elacy dugyaall ASual) slad 50L) 3 . Lgdlal aniy Aadladl) agagill
Aginlae 5l il lsal) aae

bl olaf i lgub ol Al BlSaall il £(3) Jgaall

. XY,OE,WF,NL,NF,DYXY
4x4 mesh
(topology) a<uall Laslsish
CBR(Constant Bit Rate ) 32 Gbps (traffic generator) 4.5 all Alga
FIFO is 32

(cbadl ase) Jaall sl 4 chadl sec
(Buffer depth of input channel)

4 A0L5all sliall 8 ducal pdY) culgial) aae
(Number of virtual channels per

physical channel)

3 um (Link length ) ilagl Jsh

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

2 clock cycles (fiit interval) fiith ¢ i3l Jaldl

1 GHz (Clock frequency)e Ll 2353

800 clock cycles (warm-up time) augill he)

50000 clock cycles

(Simulation time) sSlaall (1)

Aogiall Alganll ducs il Gy sSladl) a1y
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:5lSlaal) ilis 8-2

Lally 8358l Alganl) bt ae Aijlae dbladl cliolll Ty sKLadll ohals Lid
L2l cdiiaall clbwlsadl Lt o) Jaee (a5 (20) JSA Ge LDl
el cdamdiiall Agaall o (& XY duey)lsa die LlaiaVl (e) Jamae (alias)
& WF 5 OE « DyXY auasill clalsa <l Lain NF 5 NL 4l il )lsd
XY I e load Lcalls € IS sl slays Algeal) das 82L) aay -Duals i<Y)
apasill L) lsd (525 Aansgiall Vsl & WF 5 NF 5 O Lot 1l €Y1 gl
SSYI 4 51 oK1 DYXY Luaplea (LS Llaiul] () Jaee Lo i NL
Uacgiall C¥panl) & @lialsloall L o (L) e)) Laall) Cus e dlled
Ll

4.8 ja bl ‘jé 9 Al gaaldl & puady A3 lda dglaiuwy) Jara
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Al Lygial) Laaal) ity 4jlae Lladad) Ga) Jinal ibad) el £(20) Jei

NI A aly )l 5 Ageall Ao 80l Al ) WY aea 235 (21) J<al) b s
OE 5 DYXY daasill clue))lss ol Lawg JNF s WFe XY angill ilue)lss o
Cun e Sl leall il st e Casall dayn 5aly il asdl Ua ey NL
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doali] Jase J8Y) L NL 23 OF Loy i) o DYXY dua)jlod cuils cdualusy)

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

I i
1l W

% OFLOAD

;\:1‘9.&3\ Aol @paty A5 jlae doaliy) Jasal galg.d\ Jalaial :(21) Ja)
A gaall

G Al Dlgin) Jaee 60 daitiall Ageall s viey 4 (22) JE s
ol e aan LS DYXY daalss agali AeY) 8 WF 5 OF asasill il lsa
Al S b alasi¥) Al i

A8 a bad (38 Al gaald) Q) ads A jla ASLAN A0S A3
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dugial) dandl) @iy dijlie ASuill S ABUal) g (Alud) Jabadal) 1(22) J<i)

-

Al gaall

5 L Al Cuw 38U Dlgin) & Ji) L NLXY ey lsa cilS Loy
Slagd angill I8 (385
Sl lead Laliiy) Jaray Alaial) Ga) Jana aid (4) Jsad
50% 4lgas dawi Jaf e (XY,0E,DYXY.WF.NL.NF)

aangill ey )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

BLaall (e 835l iliall e Talaie) dusg paall culay lsall (P) oY) (ubite luny
rand (4) Jsaadl & Ll

P = Performance Metrics (Per channel basis) = Average
Throughput/Average Latency................. 4)

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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by WS 5 lghlan e o) duali (o DYXY a€id) auagill dua)slsi (358 Jaadls

rdoliial) cilafidy) g daslall -9

(DYAD (OE XY ilia) JAS angill cilaaj o e wanll Ay Lih allaal o2 8
Lsla el g A< il sl .DYyXY « Negative Firstc North Last (West first
Ugenll Ll Lowil) an U ilia)yloal) sda olaf &jlaey Lid LS .Deadlock e
G Al dlllly dalbiyly Llaial) Ge)S A il Gle il Ly,
il daahylsds XY aamgll dia)lss G geal) 525 LlaaY sSladll o Jo¥1 acdll
O 33V e lgle Ulias ) mitll Uldasy @llyg DyAD 4 jlsall Pla (e OF
Gl 138 S 5 OF (XY 4 43)lke 0345 dignas DYAD 3 adsall ol 425 jlaeY)
Niad L padiiaal) lasaay Al oY) il g AKal b Jaad) Jagyd g Bgmsall CilaalL
0sSis OF IS € dilla oDlgind ) Gyl At gl ¥ AL el
a5 c¥sanl) (o die Wl L Jgaaadl Lgilaly Leadaload a,mu,:n A XY 1 e lss
Caagll s Ladiey A8 oDlgia) il ddle dabsl gyl JeadY) s DYAD
s b s OF i dunll (&l il Zaali)) 4ali (e an ol e Jgemal)
Shaplsall b Ao DYXY dua))lss o Lang sSaall oSG audll Pla 1
Shai)lsn (A lahulas e North Last du))lea cijuady  Algeall cu Calide iy
leasits culS sl Digin) Lad 5 Lali)) 5 Llasul) Gy Liali (e S dfiia
Uls Al dalas o g€ 2l Cun (o dagraa Jib 5 S50 0583 il Janally
laplsd oo bl 25 5 Jede oY ua LS 068 8 L 5 el A<
) Cun e e pledll un i Wikay 8D $Dlgid Gua (e il ALK a6l
: ABIS Jadly)

Deterministic routing > Partial Adaptive routing > Adaptive
routing.
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