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Introduction

* The trend toward many-core processing chips is now a well
established one
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Communication Centric Design

* The design concept of a system 1s moving gradually from
computation-centric to communication centric.

* Conventional bus-based architecture becomes no longer a feasible
communication scheme in terms of bandwidth, and scalability.
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Network on Chip

= Network on Chip (NoC) is a promising solution to mitigate the
ever increasing communication complexity and provide better
scalability.

— W.J. Dally and B. Towles, “Route Packets, Not Wires: On-Chip Interconnection Networks,” in
Proceedings of DAC, pp. 684-689, Jun. 2001.

— L. Benini and G. DeMicheli, “Networks on Chips: a New SoC Paradigm,” IEEE Computer, vol.
35, no. 1, pp. 70-78, Jan. 2002.

— A. Jantsch and H. Tenhunen (Eds.), Networks on Chip, Kluwer Academic Publishers, 2003.
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Quality of Service for NoC

= Since many of the system applications have real-time requirements,
the system and the network have to be predictable.

* To proceed a practical application, there are numerous type of
packets in different importance need to be transmitted.

* GS (guaranteed service) : guaranteed in latency. (e.g., real time stream)

* BE (best effort) : guaranteed only in correctness

Quality of Service
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How to provide QoS for NoC

= To provide QoS in network on chip, two
communication scheme have been
proposed. | | :

— Connection-oriented mechanism (Circuit
switching )

Bypass through reserved circuit

BB

— Connection-less mechanism (Packet-

switching) | = _ _
Real time contention based on ‘ ‘
packet priority l I

"
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Related Works

= [t is proven that connection less scheme is better in a variable bit rate
application.

— M. D. Harmanci, “Quantitative modelling and comparison of communication
schemes to guarantee Quality-of-Service in Networks-on-Chip” ISCAS °05

* |n a typical connection-less QoS scheme, the packets with different
priorities can be adapted to a virtual channel NoC router.

— E. Bolotin, “QNoC: QoS architecture and design process for network on chip”, J.
Syst. Architecture: EUROMICRO J "04
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Motivational Example

= Conventional uni-directional inter-router communication channel

R1

R2

= Under the typical uni-directional NoC, only GS1 is granted while
another channel with opposite direction is used by the BE1 flow with

the lower QoS requirement.
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Motivational Example

= Enhance real-time traffic routing flexibility by dynamic reconfigurable
bi-directional channel.
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= The inter-router arbitration can be applied to further enhance the
channel usage priority for the GS traffic.
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QoS Aware BiNoC Architecture

= Bidirectional channel direction control module are implemented for inter-router

arbitration. : R
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Prioritized Virtual Channel Management and Inter-router

Arbitration

= GS packets always has the higher priority to get the output bandwidth
during the intra-router arbitration.

= inter-router arbitration improve the channel utilization for GS packets.
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Inter-Router Channel Direction Control Scheme

= Configuration of a bi-directional channel 1s managed by a
finite state machine in the channel control modules.
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Inter-Router Transmission Scheme

» The channel state reflects whether this port can be used to
output data currently or not.

felarnel_peg_GF = | && imput_reg_GH=10J |
fehamnel_reg HE = | && input_reg G = 0 && i _reg _BE = 0 |
'n!Juf_Jw_Lu'.'i = Al |'.l1.|lau.l_|1'|il_HF =1}

The channel can be used to

output data at present.
free

oulpur_peg G5 =
channel_reg GF
ol reg BF =
hannel_reg HE

cout = 4 &&

oo = 4 el : G =0 &k
impuet ey el = Tl _rey_| : .
A ingal_reg BE =10 couttt = 4 drde
eopns < 4 & - r'n.rur]_mjl_l.r.-.'i' =i
dnpet_reg S =1 gty (55— | inpard reg BE =0
. [impied reg BE = | && channel reg G5 =10)

-

G5 wait BE_\".-’Hi'[
armn_reg_Gs = 1| el _rag_UF = 1 && chammed_reg B~ 1 && — " puput_reg GE -0
oatpd_rg BE =) inpui_regy_GS -1 fgat_reg GF =0 && owiput_reg BE=1 |
gl ++ i _reg_ 5 =1 couni #

ool
gl _rvyg (o5 = |

idle
corred < & (gl reg G = 1| sapat reg BE= 1

Transitional state between idle and
free , used to accommodate inter-
router communication delay, not for
output currently.

olupul_reg U =
oulput_reg HE =

i = [

inpaad reg GE =1

finpus_reg BE = 1 && clanael_peg G5 =00 |

fehannel_reg_ X = 0 && chanpel_reg BE = &
The channel direction is inward, not for
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Starvation Avoidance

= To prevent the inter-router starvation problem, one of these two FSMs
will be designated with a higher priority (HP) and the other with a

lower priority (LP).
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Prioritized Channel Control FSM

chanrel reg GS =1
fofanmel_req 85 = 1 &l i _reg U8 = |
(inger reg G =0 & ingur reg RE =1

anfpt_req L =
channe! reg G5
aunpel reg BE =
drnmel_req HE

et — 4 &&
inpur_reg_GE=10

cot =2

et <4 B
inpwt_reg U3 =1

(inpui_reg GF=1 &&

/ chammel_reg_ (G5 =)
Il

[frpmd_reg BE -1 &&
chamel_reg_ G =10 &&
chammel_reg BE =)

cownf < 1

GS_wait

il _reg_G8 —
autpl_reg HE =10
! T+

" Tl o
ehannel_reg =1 \ ::r:.' ':E BE =
& vipat reg GE=10 S ont T

- charmel_reg G5= 1 conmnl <= 4 & input_reg G|

HJI'-'J'JI!]_mI’f_
auitpir_req_BE = |]
gt — i

channel reg GF=0&&
(ehanned_req 18 = b || inp_reg_G8= 1)

High priority FSM
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dehannel_reg 08 = | && inpui_reg GF=10J |
HE = | &do inpai_reg_ U5 = 0 && fnped_reg_BE = 0 |

ol _regg (G5 — 0 &l ingrad_req_BE - 1}
outpir_req_GS =
channel_req_GS
oulpui_reg BE =
vt = 4 Sl coun =4 &
inps g G =0 gl _req_O% = 0 && .
R ingrad_rarg BE <100 couni < 4 &
cownf < 4 &b - - ingael_reg G5 = D &&
dnpul_reg GS -1 it G gt reg BE =0
e {ingud_req BE= | && channel req GS=0)
GS wait BE_wait

chanmel_rey BF - | & —
it reg G5 =0 &&
inpat_reg B =10

oulprul_reg GE=1
oulpl_reg_ SE=1 }
oot

on_reg_Gs = 1 | F—afammel_reg_GF= 1 &%
outp_reg BE =) input_reg_GS =10
unl ++

—— couni < 4 &&
i [
e eoitd < A o finpal reg GE= 1| saper reg BE =1

DUIPLL_reg |

inpad reg GS=1]
(impud_reg BE = 1 && channel_req_G5 =01 ||
fchannel_reg_GY = 00 && channel_reg BE = 0

Low priority FSM



Prioritized Routing Restriction

= A prioritized routing restriction 1s applied to leave more
available communication bandwidth for GS traffic.

o : 0 E
— BE traffic : deterministic routing — - r ‘T
— GS traffic : adaptive routing J i
— Odd-Even Turn model is applied to prevent deadlock = = — ==
v
G. M. Chiu, “The Odd-Even Turn Model for Adaptive |
Routing,” IEEE Transactions on Parallel and Distributed T— .- T— J

Systems, vol. 11, no. 7, pp. 729-738, Jul. 2000.

» The prioritized routing can help the GS traffic to exploit
more channel resource for transmission.
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Experimental Setup

= Simulation setup
— 8x8 2-D mesh

— Cycle accurate HDL simulation
— 32 flit buffer implemented in 4 virtual channels in each direction

— Uniform, transpose and hotspot traffic

Architecture NoC QoS BiNoC 4VC BiNoC Qo5 | BiNoC QoS OE
QoS Mechamsm GS/BE MNone GS/BE GS/BE
Total Channels 3-1n S-out | (=1mout | (-inout | D-1mout
G5 Routing deterministic deterministic deterministic adaptive
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Experimental Results

= Jatency results between BiNoC 4VC, and BiNoC_ QoS.
= @GS traffic occupies 20% of the total traffic
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Experimental Results

= Jatency results between NoC QoS, and BiNoC QoS.
= Inter-router arbitration can further reduce the latency of GS packets because of
the doubled bandwidth utilization flexibility
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Experimental Results

= latency results between BiNoC QoS, and BiNoC QoS OE.

= The prioritized routing restriction can help the GS packets to avoid the blocking
nodes thus reduces the latency.
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Experimental Results

= |atency results between NoC_QoS, and BiNoC QoS in various GS ratios
of the total traffic.

" Results are obtained by running hotspot traffic.

4

P o X 10
2500 ElGiNOC_QoS(GS) g T
ENOG_QoS(GS) : BleiNoC_Qos (BE)
2000~ T ENoC_QoS (BE) - g
© 2 f - T
%1500 % B
E‘IOOO §15“
)
2 § i
B 500 5
8454
0-,
50% 0-L
S
Fgp 40% 509
g,
0.4
0.4 G \‘
3
9 . G\B
0.2 e |
6/,}6 10% 01 e m\tmodefC‘JC”
z t injection W tray,  10% Q
" e iniec
i\

Page = 21



Experimental Results

= Jlatency results between BiNoC_QoS, and BiNoC_QoS_OE in various GS
ratios of the total traffic.

» Results are obtained by running hotspot traffic.
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Experimental Results

= Flit consumption rate of GS and BE packets under hotspot traffic with 20% GS
ratio to the total traffic.
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Closing Remarks

= A connection-less QoS mechanism based on the bi-
directional channel NoC (BiNoC) backbone is proposed.

= A flexible virtual channel management mechanism and a
novel prioritized routing policy are integrated

» the proposed inter-router arbitration scheme can significantly
improve the channel utilization for GS packets
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