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Design and Implementation of a On-Chip Router
with Pre-Arbitration Mechanism for Real-Time Systems
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Since the number of cores on a multi-processor is recently increasing, Network-on-Chips
(NoC) is anticipated for method of interconnections between cores on a multi-processor
and it is expected to come to support real-time systems. Although NoCs have higher band-
width than buses, they have high transfer latency mainly depending on router latency. Al-
though a number of low latency router is proposed to reduce transfer latency, they can cause
priority inversion. In this paper, we design and implement a pre-arbitration router for real-
time systems. The results of comparison between basic router and pre-arbitration router
shows that the wire and area increases by 7.6% and 2.5% respectively, however the transfer
latency of the highest priority packet is reduced by 8.1%.
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Fig.1 Basic router architecture for real-time systems
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Fig.2 Basic router pipeline for real-time systems
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Fig.3 Network behavior example of pre-arbitration router (4x4 2-D Mesh)

v ZIEERDE L Did Router 1 D ST AT —I D% TH 5728, Router 2 Tl RC DHfT%
SA LEICAT—YTIT5.

INT Yy B DEESTNCEA TOWERWEER, EHEOV—RXEF T TITA R EES.

45 = &

K31, a7 —C s L—a VL — 2 D7 —F 7 7 F X BRT. SeniA T —E
b L—2 3 VB ()L — & Tl Priority Transmitter T 2 —)L&BAL, AHSIR—Rai&
B2 T U CIRIE T 72D DEFHZEBINT 5.

Priority Transmitter {&, ESCEREMOATINEZITS Y a—I)LTH Y, WHIHZ, 7 Input
Unit D787 S OEFTHTNC D 59, £ Input Unit D787y SOBEE EA4 By b
& invalid ¥ 7V ERBEEG RO —ZNEET D, /3y FBEBKICEE S MICERE T N
e, ZO/ry FOBRE L4y R E valid T FIVEIXET B.

5. & il

51 FFMEE
2B TIHINIEAR—y J)V— R ERRFIEOIHAT —E b L— 3 VBV — 2 & 5T

Vol.2010-SLDM-144 No.9
Vol.2010-EMB-16 No.9
Vol.2010-MBL-53 No.9

Vol.2010-UBI-25 No.9

2010/3/26
RC
Routerl| LA Psfz ST
PT1
RC
LA
Router?2 PT1 SA ST
PT2

> > » > »
> > > > >

1 2 3 4 5
ELAPSED TIME [Cycle]

4 SEHiHT—E R L a YRV — 2 DA TS A K

Fig.4 Pre-arbitration router pipeline

K1 XY hT—=INRITA—%
Table 1 Network parameters
3o RT— 5 rEY | 2K Ava
a7¥ 8 X 8

V=T KMV —F 1 > %
{RAF ¥ FOVER— b 4
TV YA 64 vk
Iy b E 97wk

L, Lbigzsrs.

N—=2w I N—ZBICEGFHA T —E b L—> 3 VBRIV — 2 1& Verilog HDL 72 T
FEEL, NC-Verilog ZHWVWTY I 2 Lb— 3 VIRKZFZITOENEIC DOV THETT 5.

FHIC Wz TG A—22K 11, bTT 4w 732 =K 2179, Bit complement (&
PR Y TEIEEWD, DOtV —T « > BN TEZENETIC L <, Transpose (& XT
NEV—F ¢ > FIC B THZEDE TR T,

VIal—yarTiE, mPID2000 YA TIVTRy FT=TI8w REIEAL, Kl
20000 Y1 7 )V TRtz T > 7. BREEERaTICT Y X LEID YT, REaBLED
ITIFEBFELENE SIS L e,

ANV X TV b3y FT—=JICEATNTH S, HTL 2F TOYA 7 )VER iESRIE
L35,

(© 2010 Information Processing Society of Japan



IPSJ SIG Technical Report

Input Unit

Routing
Unit

N

Local
Arbiter

> Switch Allocator

AR}

11—
11—
S| T

Priority

Transmitter

Crossbar Switch

5 SEHAT—EL—va VBNV —-Z DT —FT I F v

Fig.5 Pre-arbitration router architecture

R2 FITavINR=Y
Table 2 Traffic patterns

FIT 4y IINE—

FAT A3 —¥a YT RLA

Uniform Random

FUH L

Bit complement

V—RA7 RLRA%ZEw hig

Transpose

V—A7 RLAD EAEy b ETFE Y b2

52 RIb—TFv b

7 IZ Uniform Random, [X] 9 I Bit complement, [X] 11 I Transpose @O ~ 5 7 ¢~ Z1Txf
T2 A)N—Ty FERT.

WEND T T4y IRZ—=VCBVTH, s 77— b b—a VRV —2 L
N=2w 7)V—=ZDA)V—Ty MCERMEEAERSNEV. TS, SEE Y b
DIV—ZERENHRE NIz T LT, MBS Ty M Ty 7 ENR Ao kikd, R
AR—2 g VIMECRY K 7AD, BXEERBOMRDHERENIZC EDFERTH 5.

ST 0w D ERBEME YTV oz & FIZ, Uniform Random A& & % v b7 — 7 OfgfiH
<, XIT Bit complement, % LT Transpose Mk & BIFIAHL . T HUd, UniformRandom
BREAMDOINT 270, BMMEL, Bitcomplement X XICIENL—T « > ZIC I T

Vol.2010-SLDM-144 No.9
Vol.2010-EMB-16 No.9
Vol.2010-MBL-53 No.9

Vol.2010-UBI-25 No.9

2010/3/26

045 025

0a | —®—Basic —&—Basic
T Look-ahead arbitration P N Look-ahead arbitration l‘//v‘-—.
8035 | A g 02t o
N N
o o o
S 03 g 2 o
2 Y S 015 o
& 025 - o k=) o
g o2t n £ o
i3 o g oy o
5 5
5015 po hl
H H o
g 01 g 8 0.05 gy
< <

0.05 £¥

0 . . . 0 . . . . ,
0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.05 0.1 0.15 0.2 0.25 03
Injection rate [flit/cycle/core] Injection rate [flit/cycle/core]

6 A)L—7» k (Uniform Random)
7 Throughput (Uniform Random)

ZEME LT D W8, RITEIFIDGEV. Transpose I XTI —T « > BN, HZEH

8 Z)L—7» I (Bit complement)
9 Throughput (Bit complement)

025

—@—Basic
02 Look-ahead arbitration

n
(Al

015 | n
A

o

o1t o~

A}

0.05 £y

Accepted traffic [flit/cycle/core]

0.05 0.1 0.15 0.2

Injection rate [flit/cycle/core]

& 10 A)L—7» k (Transpose)
11 Throughput(Transpose)

FEURTVWNT T 4w I ThHBIz8, afhED) - 7z
53 EXEE

12 IZ Uniform Random, 13 IZ Bit complement, 14 I Transpose D b7 1w 7
S BHLERIEZ R, WIND R T T 4w Z8Z—=cBWTE, JfeFis7—E hL—

(© 2010 Information Processing Society of Japan



IPSJ SIG Technical Report

—8—Basic

Look-ahead arbitration

—@—Basic
Look-ahead arbitration

Latency [cycle]
Latency [cycle]

0.05 0.15 0.25 0.35 0.45 0.55 0.65

L " 0.05 0.1 0.15 02 0.25
Injection rate [flit/cycle/core]

Injection rate [flit/cycle/core]

X 12 $R&EAE (Uniform Random)
Fig. 12 Transfer latency(Uniform Random)

13 $5%E4E (Bit complement)
Fig. 13  Transfer latency(Bit complement)

70

—@—Basic

Look-ahead arbitration

60

Latency [cycle]

0.05 0.1 0.15 0.2
Injection rate [flit/cycle/core]]

14 $i5%24E (Transpose)
Fig. 14 Transfer latency(Transpose)

¥ 3 V)= ZDIREREIN— v Z)—2 XD LESH|A SN TS,

LIWCELTT 4y IRRZ =BT 5 EIASRLEZ /Y. Bit complement (&7 AT
F—= a3 rhEL ORIV edd, TotE—T 1 > TICBNT, 3y FOEENELR
TV ZDTsH, DT T 1y 782 —2 X0 BEGEBIEOHRIFEN K E < x> T 5.

03

Vol.2010-SLDM-144 No.9
Vol.2010-EMB-16 No.9
Vol.2010-MBL-53 No.9

Vol.2010-UBI-25 No.9
2010/3/26

R 3 IR (cycles)

Table 3  Average transfer latency(cycles)

N—2w J)—& | s T —E hL—g Vb—&
Uniform Random 61.2 58.2
Bit complement 57.0 51.5
Transpose 51.9 48.3
100 - 100 -
> —
° 90 —@—Basic é 90 | —®—Basic
121 O . .
5 80 F Look-ahead arbitration o 80 - Look-ahead arbitration
< 2
g 70 g M
2 L > L
g e g ® Va
& 50 - ‘S 50 | of
3 2 B
° 40 | o 40 &
@ £
2 | k=
L % % 30
3T 2% > L
% 3 20
5]
§ 10 §oor
0 . . . . . 0 . . . .
0.05 0.15 0.25 0.35 045 055 065 005 0.1 0.15 02 0.25

Injection rate [flit/cycle/core] Injection rate [flit/cycle/core]

15 e R b OfiEGRAE (Uniform

Random)

Fig. 15 Transfer latency of highest priority
packets(Uniform Random)

16 I BIERE T b DORREIRAE (Bit
complement)
Fig. 16 Transfer latency of highest priority packets(Bit
complement)

54 ZEEEE/NTY b OEXEE

15 I Uniform Random, [X] 16 I Bit complement, [X] 17 IZ Transpose D ~ 5 7 1 71T
W9 B EREEBIEE T Y N OERBIERRT. WITND T T 0w I NRZ—IcBWTh,
Feiih 7 — ¥ b L— 3 V)= R OEREGESE T B OEEIEEZN—2 Y Z)L—Z XD
LA ENTVS.

K 4 WTREEIE T Y b OFIGRIXEIEZ /K], Uniform Random Tl ¥4 8.1%, Bit
complement TiZF4 10.3%, Transpose Tld -4 10.7%DERERIEDHI & 117z

55 BEREEKE/N—FYI7IXLb

REFEOKHHT—E L—a V)= 2 ORI EN—F Y 27 A MZDWT
FHEZATS. £9, BERBEREN—FT27 X FDORE D & LT Synopsys £10 Design
Compiler IZ TSMC90nm 70+ A% HWWT, @SR ET- 7.

(© 2010 Information Processing Society of Japan



Vol.2010-SLDM-144 No.9
Vol.2010-EMB-16 No.9
Vol.2010-MBL-53 No.9

Vol.2010-UBI-25 No.9
2010/3/26

IPSJ SIG Technical Report

DI THHET BT & T, BNDEBFROA—3Ny REMIZ Jz. feiishT7—C hL— a3y
"'fkhd S biraton BERET L — 2 L3BH DIV — Z ORE B Sy b OERSRIE Ui U TR R, 7.6% DfF
SRROMINE 2.5%D)V— Z TREDOMIN TR BT v b OIRERIEZ T 8.1% Hilik
TBHTEMNTE iz, EEBEEEHIRE MM, V=" MIm L UGN T & 2R
L7z.
SR AW R A RHR NS CREST DYEIC X 23D THB T L EHL, #iErE
. Fle, AWHEO—ERIESERPEE /0 —/30 COE 7u 'S L TRt « 22y A7
LFYA OIS Kk EDTHB T e ERLL, #HERET.

0.1 0.15 0.2 g
Injection rate [flit/cycle/core] % % Y ﬁk

1) W.J. Dally and B.Towles: “Route Packets, Not Wires: On-Chip Interconnection Networks”,
Proceedings of the Design Automation Conference (DAC’01), pp. 684-689 (2001).

2) D. Wentzlaff et al.: “On-chip interconnection architecture of the Tile processor”, IEEE Mi-
cro (2007).

3) L.-S. Peh and W.J. Dally: “A Delay Model and Speculative Architecture for Pipelined
Routers”, In Proceedings of the 7th International Symposium on High-Performance Com-
puter Architecture, pp. 255-266 (2001).

=3 ~
S =)

@
=)

Y
S

Latency of highest priority packet [cycle]
w A
8 3
- ‘ K ‘ T ‘

o

o

=4
o
&

17 B EE /Sy - OFEEEAE (Transpose)
Fig. 17 Transfer latency of highest priority packets(Transpose)

R4 EEEE Sy S OGIRERIE (cycles)
Table 4 Average transfer latency of highest priority packets(cycles)
N—y I )V—& | FFGHHAT7T—ChL—2 g )b—&

Uf‘ifom random 346 318 4) G. Michelogiannakis, D. Pnevmatikatos, and M. Katevenis: “Approaching Ideal NoC La-
Bit complement 42.9 38.5 tency with Pre-Configured Routes”, In Proceedings of the ACM/IEEE International Sympo-
Transpose 37.3 333

&S5 RAAHRR
Table 5 Result of logic synthesis

=y J)b—&

S A T —E M L— g V)b—R

sium on Networks-on-Chip (2007).

5) Duato, J., Yalamanchili, S. and Ni, L. M.: “Interconnection Networks: An Engineering Ap-
proach”, Morgan Kaufmann (2002).

6) Hiroki Matsutani, Michihiro Koibuchi, Hideharu Amano, and Tsutomu Yoshinaga: “Pre-
diction Router: Yet Another Low Latency On-Chip Router Architecture”, Proc. of the 15th

B/ [GHz) 1.08 .03 IEEE International Symposium on High-Performance Computer Architecture (HPCA’09),
IR [mm?] 0.360778 0.369742 pp- 367-378 (2009).

7) PK. AmitKumar, Li-ShiuanPeh and N.K. Jha: “Express Virtual Channels: Towards the Ideal
Interconnection Fabric”, Proceedings of the International Symposium on Computer Architec-
ture ISCA’07), pp. 150-161 (2007).

8) Liu, J.W.: “REAL-TIME SYSTEMS?”, Prentice Hall (2000).

% 512 1GHz Tl A RZITo Tk R 279, BERBEOMK FIX 1% R8N E D, @
ORI 25 % &> T-.

6. ¥ & &

AL TIE, B EE U E B3IV — RBIEZ KT 5 E5iH 7 —E M L—
¥ VR L — 2 ORGHB K UEERITo . Senih T —E b L— g VISR EREE
TEERDFATIREE, Haxk 2 EHEICRRET 5 C & TR L, BEENRE 2 AT7—VI

7 (© 2010 Information Processing Society of Japan



