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Abstract: Since the number of cores on a chip has been increasing, processors have on-chip interconnection
networks to realize efficient intra-chip communication. These networks are called Network-on-Chip, or NoC.
Although NoCs provide abundant throughput, they affect performance and power consumption of a chip be-
cause they become bigger in proportion to the core-count. Router bypassing technique is a technique which
reduces network latency by enabling flits to skip intermediate routers asynchronously. This technique, how-
ever, cannot reduce power consumption. In this work, we propose Energy Efficient Router Bypassing (EERB)
that employ router bypassing to reduce power consumption in addition to network latency. Simulation results
show that EERB reduces both latency and power consumption of an NoC.
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Fig. 1 Example where a flit bypasses routers by EERB.
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Fig. 2 Router architecture of EERB.
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Fig. 3 Pipeline of EERB.
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Algorithm 1 Passage Wait

if there is a timeouted flit destined to P then
return No passage wait
end if
S « Set of sender routers of bypass requests in cycle ¢t — 2
R; < The nearest router among S
R2 < The second nearest router among S
dy < Hop-count between R; and this router
do < Hop-count between R2 and this router
ro «— Hop-count requested by Rz in cycle t — 2
vnetz «— Vnet number included in the bypass request from Ro
in cycle t — 2
if vnets is a Pt-to-Pt ordered vnet or a multi-flit packets vnet
then
return No passage wait
end if
if T2 — (d2 — d1) 2 2 then
return Do passage wait
else
return No passage wait
end if

Time

5 E#EAFH OF)
Fig. 5 Example of passage wait.
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I (East, West, North, South, CPU, Directory) % &9
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Table 1 Target system.

0OS 71 —% ) Linux 2.6.27
ISA ALPHA
CPU 7V Timing Simple

Private 32 KB
Private 32 KB
Private 1 MB
MOESI hammer

L1 ¥+ v ¥ 2 (Instruction)
L1 %+ v 2 (Data)

2% vy
Je—L YA -7uhan

N Y/ N N = 4x8 Mesh

# of VCs per Vnet 4

7))y MFARX 128 € v b
x 2 HEENELICHCAE

Table 2 Parameters for energy evaluation.

Ta AN —)l 32nm
EHE 1.0V
BRI 1 GHz
a7HA R 1mm * 1mm

CNF T ) -
VYRS

Z T AIN—AA vy F L
ASINy 7 7 EE
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FIZEDX, BREEH D1 7)) v bH72) OFEHE T AL F—
%, Orion [10] BVHENTHILT 5. KARRELE O BA%H 72 IH
IANVF—IE, Orion WHIM L1 7Y v bH7-2) OEE
I AN F — [CEEEEE O R BT 72 b o & LCEHA
$%. EERB OFHiiCIE, ) —FIZBIFE72Ny 77 &
JUAN=AA y FOFHREZ A7) A LB
ET, WANADORFEEFET 5. EERB EAD/8T A —
Zi3F‘ 3 DEBYIZH 272, EERB, SMART (2817 %
HPCrop 1 E 7T IZERE L7z, ZOfHIZ SMART TR fE

EEND HPC o = 11[7) £ D /NS %fETH H. EERB

E7BAN=AA v FE2FEHL RV, A X ZAFE
DIFEEDS SMART £ 0 bE#E S N5720, HPChpe = 7
EWVIMRERRELETHL, TEIDHREVEREE LEVD
&, AYy F7—=27 bKROI24x8 Mesh THDH7-0, 7
IV KE%R HPC,, 0, \FHEFERZZ5TH L. EERB X
SMART D754 78 A #%#% 1% East<sWest, North«South ®
EART ) 4 $REE D A % %72, Mesh = v VHEVON—%

Tl West—North @ & 9 /XA IS AU FETH % 5, KEF
itk 2D & 9 /N4 NAREE A EDTIATH . north )

2{ Ny 7 7fll, South 5 DINA IXAREREE, West
MHDNAINNAREH L D3RR LNV BRRLLINVT T L
JHNLEE R, A NLHBEBEIOHEINE AL
PHTHD., Tv JESDINA IS AR 2 v 72840,
EERB OFEOTIREZFARSNL L W) B2 S HF LT
H5b.

BNRVFT—=0 T TV r—2a IR EKDAL Y R
AR LIEFILEL %2479 . ALy RO I 7 A~OE L THEY
WCEALT AL ICEBHRDET L R WERE 2
B, 32ARKDAL v K& 32037 OIIE % HIZEE L
72, vIal—YarERE, 77— a v oibhE
T BT B L DDA E G, LR THIZ BT
LIERITE TN .

4.2 R

6 3&7 7V r—2a iBiisty hT—2 1A
FUVDORRERL TS, EERB 2 Wb Z & T, HEk
D NoC WX, v b T =27 L A5 v 31%H1H
ENTWA. SMART & T 6%OHIEA S H T
W%, EERB #° SMART Yl EOKL A 57> v 2 EHTE
CDIZLTO 2 008 HICE A, 12HIE, VT T LY
FONELE 7 AAN=AAL 9 FOBT~NERL12720TH
%. EERB TlEE 9 O L9 25412@#8 7 ) v b Ok

&£ 3 EERBREHD/XT A—%
Table 3 Parameters of EERB.

HPCiax 7
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Fig. 6 Results of the network latency.
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Fig. 7 Results of average hops per cycle.
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Thb. 22HIE, RELDOFEAIZLY EERB IZBITH N
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r—3 a3 YIZBWGER IS NN R ZADFE Ky T %

KLTWDE, NANZA 24T bR WHEED NoC Tid Z Dl
i3odlz1 &% 5. EERBIZBIUAFYNAINA - Ky T

1%, SMART I2B1F AL ) 3 10%KE V. SO
Hid, EERB (& SMART & Hx, /3 7S 2D s FE A3
HTWwZkrRLTWS

K 8IZKT S ) r—ard, Ny 77k r70AN—2
£y FICBILEIHBEANVF—OREZRLTWD
o EBY, Ny Tk rsaAN—2A4 v FiE NoC &
ROWEEEIOR 60%% 55 [7) 720, ThoHOHEE
NEHWT A EIEEETHS. EERB 2Jfn5b 2 LT,
Ny T 77 OAN=AAL v FIZBITAHEELANF—
W3, HERD NoC & AT 37%, SMART & R THFY
36%, FNENHIKENDL LD T T INLMERTE S,
EERB 2% T4 )V F— D T SMART 12k & (- T
WA DL, EERB T~ VT 7L 7B 7 0 AN=Z A v
FOHEFIHE INTWDEDTHDL., YV F T L7
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Fig. 8 Results of dynamic energy consumption of buffers and

crossbar switches.
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Fig. 9 Example where a bypass flit keeps its traversal by plac-

ing the multiplexer behind the crossbar switch.
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VF—DORIBZHIHAER STV
Wk D NoC % HEg skl & L /- EERB 041, + v
FI—=2 AT OHEICE L T31%TH DI L,
Ny T & A AN=AL v FIZBIFLHHEE T AV
F—OHIFICE L TIE3T%TH Y, BHEICIYRKELH
NTWhA, ZOHKEZL5 L1 2HOERIE, v b
T=7 VAT EAy NI =04 057 2—AZBIT
LULATVINREENDLHICHL., HBH37 Y S nfBD
V=5 B LAy NI —2 L2 BETAMGYERD.
EERBIZL VD 9 E m DIV =% ZINA A TEET 5.
187y "HEBTAV—FHI2VDO/NYy 77 & 70X
W—=AA YT DIANVF—%ebTh AT rarsis
FEELBZWERET S L, RO NoCIZBITAL AT
JiE3(n+1), Ny T 7EIHAN=AL v FTOHET
ANF—lden THAH ATV IVDOEHIZBVWT Il
WRENTWLEDIE, Ay NT—=7 4057 2—AZBIT
HBEWEENZAT26TH5H. EERB #HV72HEDOLA T
YViF3n-—m+1), Ny T 7EIZOTAN=ZAAL Y FTD
WEIANVF—Ze(n—m) £EIFS. L>T, EERBIC
YBLA T Y OBEIE m/(n+1), Ny 77ErTR
IN=A A FIZBUT LEHE )V F — OHIEERIE m/n
L b, EEOBKE N, mIZOWTm/(n+1) <m/n T
HHENE, BHEEZAVF-OMRIEIL A T v v OE
LV DRELHENSL. 2 O0HOBEKIZ, #WHBES 2179
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DULAT M H 5, BEFHIZL /N8R - Ky
TEOBEIN, HEIALVE— e OFIEZ L5 TH, L
A7 OHIRIERARTL 2T A 7 M2 8 F B, A3
A7)y bOLA T2 E 3% A 7 V2T
PIHL0OD, Flein/z7) vy bOL AT d 194
I NVEEMT 5720 THA, D E2OOKEKICLY, EERB
DRPIFHBE T AVF—I2L DV RELBND.

5 EERB®DO#—/\Nvy K

4 #TIE, EERB # 25 2 & THERD NoC & kL,
Ny T 7 E7UAN=AAL v FOWETANF— %
STRHRRTE A Z L xR L7z, KETIE, EERB THi7z 124
T2 5 LU OB IN#E (Switch Allocation Global .= v
I, BRY ¥ 7, freeve ') ¥ 7, Asynchronous Repeater,
INAISA - Ny 7 7RI~ VF 7L 7, kB
tr, B Y A ~<) PHBRTL2E I EEZEEL TS, Vv—
Y OIEBENPHIMTE D Z & 2RT.

Switch Allocation Global = b, BR ) » 7 2%H%E
T 2EHEEEIIL, NoC &ERDOBRIHEEET D 3%
W72 7%\ (7). HERD NoC TIEERBET ¥ AL T &I 1
KDy LIy M)y BLETH LN, EERB TIE&IR
A Y NI =7 TEIC1ARD freeve ) v 7 2 lIET L
Edw, 7LV M) U7 % freeve ) V7 TEESRZ D
CETEM) Y —AOMHELZHIRT 52 LEATHETD
D, COESIEZITE S LVEEBRIIEINT A2 Lid%
V). Asynchronous Repeater D E T4 V¥ —1%, HERD
Clocked Driver DJHE AV F— L0 b 14.3% /1 < [7],
Asynchronous Repeater & fiV:% Z &2 X B {HEE T T
DI =3~y FIEFEA LR\,

TVF TV I BIT ENEEEE, RKTERD
NoC D7 T AN=AA v FIZBIT2BITHEE O 13% L
REELHIENTEL., ZUAN—ZA, v FOR— MKZ
6, AL v TF LT HDILELRKR—- b7z ) DT IVF
TLIZH IS5 THY, JOAN-ZAL v FIZEENL~
WFTLIHKIE30THE. LoT, IVFTLrH 1
DOH1) OHBEBRNIT I O AN=ZA v FEERKOWHEE))
E, D305D1 LRI ENTEL., NANAME
Ny T EBERT 2 NTF 7L 7 KN — 5177
PAETHY, TNHEDOYVTF T L OB L BB
HERENDOF =N~y FIIRKT 5B, x4~ 0.13E, &#
T4, TOMEIZEERB ICL A7 0 A)N—A 1 v FOHEY
HE R OBIEIE 37% L D b TH/NSWETH 5.

X &5 ORHEICH VS EMBERICEY -2/ = FD
2 BEEEHWTWA, Ay NI =270 MKRE Vi drows x
8columns Mesh TH 52005, RiF5IEY — A/ — FEH
DF3Ey h2RYHTZETHLENE, LT, KH
B OFIEIZBWTE =3y FIZFsE LW,

WRFEHIE 6T A 7 VOFRFLIEMTY A 477 b 53k
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SHEoTBY, HFHEHEIEZ) Yy v hYV 6y FDY
TRLVIAZIZLDVEHTESL, INLEDOY T FLI RS
DEEEIE N 7 7 OIHEEIIO ATRUTFTH L. /Ny
7713 128bit lES5 = FUDFEI640E Y v DT Y v ST
Oy 712X VRS TwE, Lo, ¥4I ivwb Y7
ML YRS OERTHEEIIERKT, 3RO NoC I2B1) 5
Ny T 7 OBFIEEEIIO (6 x5)/(128 x 5) x 100 ~ 4.7%
MEERMELLZENTESL. ZOF ="~y Fiz EERB
IZ& B3Ny 7 7 OFRTHE B OHIEIE 37% & 0 b 153/
SWETH 5.

P ko2 5, EERB OE AL E LRI — /N~y F&
EZRLTYH, V-7 &R THEBOHIEIHEONS.

6. BAEME

6.1 SMART

V= NANAEERHA T 5 FE L LT SMART [7] A3
#%. EERB IZ SMART 254 D7 A 77 &AL T
B INARZGEDIATIAR — F OFOHANIZE % £ b EERB
CIERZ Y, SMART T X FHH»5 Y H~D ¥ — >~
HEDBBINANAERIGTE DL, NASATERD HHE
WEVDIE, YVF T L 70 ZN—AL v FOHS
WCEEINTBY, WMl 7) v MBSV OAN-ZL v T %
FHLTEEOM AR - b RAWREZ2THL. —JF
T, Y= EEL L INANADEBITIZLTICHRRS 4
DORMME L. FF, EERB &R, L¥7% BR Y
YU DOREHBEEMT HE V)M THL. h—Trldbl)
INANRZAERFERT A121E, TOFHALLLBRY) ¥ 7%
2RICIRICH BT LU ELH L. 728 2L HPCpaw = 7
OE, WHR—-1+H720DBR Y ¥ 7 OAR¥IE, EERB
T 1 AZDIZx L, SMART Tl 13 K& KEREDD
5., %BRVYZIE3Ey METHY TETHLZ DL, 7
VY bOF—=FH A4 XH 128 €y s D4, EERB 2B
5BR YU Y7 DF =3~y FIF,

(3 x 7) = 128 x 100 ~ 16%

=2l d ) NA NN EFHT SMART I2B1J5 BR Y
VI DF =Ny R,

(3% 7x13)+128 x 100 ~ 213%

LoT, MBAERE L, BEDOF =N~y NIIIEFIC
KEWEWZ A, 22HIE, Switch Allocation Global L
= P OBHAL L IHEETI OB [7) WA TH L. ¥ —
YERELRINANADHFEIZLD SA-G AT —JIZBIF
LA DOMEE D Z AL THL. 3DOHIE, /N8R
P ORI KRE LB EWV) HTHA. EERB Tid 7
UAN—=Z2A4 v FORTE=MIBIFL2EAPRITNL
INA IS A T ik $ 5 2 L ST & BHY, SMART TIEAT -
W R— PO HDBZRNTWELELNSH L. ki, 71
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AN=AA v FOHBEEORBPHELS N2 VETH S,
EERB DN A /X ZHEH& I 7 0 ZAN— A4 v F 2/l L
728, WL —FICBITA 7O AN—-AAL v FOHEEEN
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6.2 Express Virtual Channel

BB EONV—=FI2BTLLA Ty U REEE OB
AHME LA T%E & L T Express Virtual Channel
(EVC) 8] *d T 5N 5. EVCIZHEIL— 7 12BIF 51K
BT v RN s T AIN—=AA v FOEY T &S 508
FXANERITALZET, ERy THONV—FFTEHA
7 VCEEWREICT 2T TH 4. EERB TlEEH T/
A XA SN B FREVED D 5720, KT v VI
1%y Moy 77 2HELTBLLERH), Ny
77 DRRBELFHENRTWS L IZwniivy, EVC T,
kERy THETEED - WAL WT EDRIES L
TWw57:%®, wormhole routing 25F|HTE, /Nv 7 7 D%}
KRG ER SR CTWD, F72, T[S I3y 770
FIHNRZ SHICRET L7720, T—IVHDNY 7 7 2K
MF X FIVICEICEI D Y THFEZIREL TS, Ny
7 7 ORI OE 213 EERB % SMART Ok & 7 K5
D1IDOTHY, WLy 77 DELTIZZFDRED TR
ICHHCE 2 REMA D 5.
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KL TIE, NoC DIHEEI 2T 57201284 )
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N, Ay NT=Z L ATF YR 31%, Ny 77 ksn
AN=ZA y FIZBITBHEEZ AN F— 2T 37%, £
NZENHIMTEDL 2 EDHENPD LN, SHIT, V—F N
A NREERRAT B4 T ThH 5D SMART & H# L C,
EERBiEA Yy bT =2 L ATV, 5 WICHEEETD
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