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Title: Regional Congestion Awareness for Load Balance in Networks-on-Chip 

Abstract: 

Interconnection networks are rapidly replacing other forms of
interconnect in chip multiprocessors and system-on-chip designs.
Existing interconnection networks use either oblivious or adaptive
routing algorithms to determine the route taken by a packet to its
destination. Despite somewhat higher implementation complexity,
adaptive routing enjoys better fault tolerance characteristics and can
improve network throughput and average latency compared to oblivious
policies when faced with non-uniform or bursty traffic. However,
adaptive routing can hurt performance by disturbing any inherent
global load balance through greedy local decisions.

In this work, we seek to improve the performance of existing adaptive
routing schemes by improving their load-balancing properties. We
first focus on locally available contention metrics used to
determine the preferred output direction. While most existing
adaptive routing algorithms employ a single metric, we evaluate
several metrics suitable for implementation in an on-chip router. We
provide intuition as to what makes different metrics attractive and
show that while no individual metric is superior across all workloads,
composing the metrics yields consistently good performance. Next, we
introduce Regional Congestion Awareness (RCA) as an approach to
improve global network balance by modifying existing port selection
mechanisms to account for congestion information from other parts of
the network. We show that variants of RCA can outperform purely local
schemes in terms of both latency and throughput, and demonstrate
reduction in latency of a factor of three over traditional local
congestion metrics on 100 random traffic permutations at 30\% injection 
rate. We
also show that the microarchitecture required for RCA incurs
negligible area and wiring overhead.

Review #386 For Paper #220 
(review last modified Saturday September 29, 2007 01:13:53 PM) 
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Attribute Value 

What are the 
strengths of the 
paper? (1-3 
sentences)

The paper shows that the proposed approach can reduce 
latency of dimension order router (DOR) by a factor of 3 on 
certain traffic.

What are the 
weaknesses of the 
paper? (1-3 
sentences)

The main issue with the paper is that the proposed approach 
does not seem to improve virtual channel approach much, but 
making the design more complex. The evaluation does not
provide enough information and the paper is difficult to read 
as a result. In the end, the paper fails to convince readers the
proposed approach is a good idea.

Provide a short 
summary of the 
paper (in your own 
words)

The paper proposes an improvement of adaptive routing 
methods by a load-balancing algorithm. The main idea is to
use local information to determine the preferred output 
direction. They call the method regional congestion awareness
approach. 

Provide comments 
to the author for 
rebuttal.

IMPORTANT: 
Authors have a 
limited number of 
words for the 
rebuttal. Please only
enter in this box the 
important points 
they need to 
address, and make 
it extremely clear 
what specific points 
they should 
comment on. If
there is nothing 
significant they 
should address, 
please state that 
here.

none

Provide other 
detailed comments 
to the author

The key is to show your idea is substantially better than 
adaptive routing methods, not DOR. If the paper is accepted, I
hope that the authors substantially improve the evaluation 
section to make it readable. Your goal is to make sure that
your results are reproducible by a graduate student at another 
institution.

Review #661 For Paper #220 
(review last modified Monday October 01, 2007 06:31:43 AM) 

Attribute Value 

What are the 
strengths of the 
paper? (1-3 
sentences)

Interesting method for transmitting congestion information.
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What are the 
weaknesses of the 
paper? (1-3 
sentences)

Evaluation is based on synthetic traces --- not clear what the 
impact would be in a real system.

Provide a short 
summary of the 
paper (in your own 
words)

This is a NOC paper dealing with adaptive routing and 
congestion avoidance. In contrast to prior work where 
adaptive routing takes into account congestion locally, the 
authors propose a technique to transmit congestion 
information to larger regions of the network. Congestion
information is weighted by the distance from its point of 
origin. Classic NOC trace driven simulations with synthetic 
traces show that regional congestion awareness performs 
significantly better than when only local congestion 
information is available. 

Provide comments 
to the author for 
rebuttal.

IMPORTANT: 
Authors have a 
limited number of 
words for the 
rebuttal. Please only
enter in this box the 
important points 
they need to 
address, and make 
it extremely clear 
what specific points 
they should 
comment on. If
there is nothing 
significant they 
should address, 
please state that 
here.

I don't feel that the paper does a good job discussing the 
overhead (area, power, bandwidth) of the additional HW 
introduced.
Could you comment briefly (one line) on each overhead?

Provide other 
detailed comments 
to the author

Please see above

Review #770 For Paper #220 
(review last modified Monday October 01, 2007 05:17:31 PM) 

Attribute Value 

What are the 
strengths of the 
paper? (1-3 
sentences)

- well written
- provides some intuition

What are the 
weaknesses of the 
paper? (1-3 
sentences)

- weak evaluation
- incremental contribution

Provide a short 
summary of the 
paper (in your own 
words)

This paper presents a new approach for congestion control for 
NoCs. The authors first examine existing approaches with 
different traffic patterns. Then, they propose extensions to 
these using information not only local to each router but also 
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from the broader region of the network. They find that this 
extension to local approaches helps outperform the purely 
local approaches with small area and wiring overhead.

Provide comments 
to the author for 
rebuttal.

IMPORTANT: 
Authors have a 
limited number of 
words for the 
rebuttal. Please only
enter in this box the 
important points 
they need to 
address, and make 
it extremely clear 
what specific points 
they should 
comment on. If
there is nothing 
significant they 
should address, 
please state that 
here.

Please see below.

Provide other 
detailed comments 
to the author

The main concern about the paper is the evaluation and the 
level of the contribution.

The paper only uses statistical traffic. Why not actually run 
applications and evaluation the impact of the proposed 
mechanism on actual application performance and behavior. 
Most multiprocessor studies (especially on single chip with 
NoCs) do this, e.g. for cache studies etc. 

The results in the graphs in figure 3 look very similar. Is this 
because of the modeling accuracy in the simulator? The types 
of traffic? Something else? The same applies to other graphs 
as well. If this is inherent to the study, then maybe examine 
fewer patterns to make graphs more readable. Also, if results 
are so close for different types of statistical traffic, what does 
this mean for real applications? 

The percentages mentioned in the analysis usually refer to the 
point of 3x latency of 0 load. These numbers would be very 
different if this was 2x or 4x. Is there any reason for picking 
3x? Can't differences be characterized in another manner?

NoC can potentially have a lot more b/w than off chip 
networks per link. How does this affect your results?

What happens with other topologies, besides a mesh?

What happens if the regional aggregation of information has 
more or less detail?

Is it possible that your results indicate that adaptivity for NoCs 
may not be an important issue?
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Last sentence on page 14 does not seem to make sense.

Review #817 For Paper #220 
(review last modified Monday October 01, 2007 09:10:27 PM) 

Attribute Value 

What are the 
strengths of the 
paper? (1-3 
sentences)

This research addresses in important problem which can have 
a significant pay-off. A fairly comprehensive description and
evaluation of the proposed RCA and contention metrics is 
given.

What are the 
weaknesses of the 
paper? (1-3 
sentences)

It appears that the proposed RCA mechanism may not be 
scalable.

Provide a short 
summary of the 
paper (in your own 
words)

This paper proposes a regional congestion awareness (RCA) 
technique combined with local contention metrics which work 
together to enable traffic load to be more evenly distributed 
across an adaptively routed network-on-chip.

Provide comments 
to the author for 
rebuttal.

IMPORTANT: 
Authors have a 
limited number of 
words for the 
rebuttal. Please only
enter in this box the 
important points 
they need to 
address, and make 
it extremely clear 
what specific points 
they should 
comment on. If
there is nothing 
significant they 
should address, 
please state that 
here.

- The proposed RCA mechanism does not appear to be scalable 
neither as the network size grows nor as the width of the 
channels increase (resulting in fewer flits per packet), as 
shown in Figures 9 and 10. The proposed scheme moves
further and further from the ideal with scaling along these two 
dimensions. This is particularly of concern given that future
NoCs will likely have increased sizes and wider channels as 
technology scales. Is this a problem inherent to RCA? Does
this imply that future NoCs will likely use DOR instead of 
adaptive routing? Perhaps some comments would be useful to
clarify this issue.

- Why does the analysis assume a NoC with so many virtual 
channels (i.e., 8 and 4 VCs)? Most NoCs don't use any VCs and
adaptive routing requires only 2 VCs, so why so many? It
appears that RCA gives better performance with more VCs. Is
this why this large number is used (which unfairly biases 
results in favor of RCA)? It would be useful to include results
with few virtual channels (if not shown in graphical form, at 
least state the performance improvements, if any, of RCA 
when only 2 VCs are used).

Provide other 
detailed comments 
to the author

Additional comments:

- A very powerful result would be a congestion awareness 
technique that enables adaptive routing to perform ideally on 
traffic patterns which inherently distribute load evenly across 
the network (e.g., as dimension order routing does for uniform 
and bit-reversal traffic patterns). Unfortunately, the proposed
scheme falls somewhat short of this, although it appears that 
the proposed scheme increases the performance of adaptive 
routing to a significant degree for some network 
configurations.

- The paper appears to be too long, perhaps beyond the 
submission guidelines. Some sentences/concepts seem to be
repeated redundantly at various places (e.g., some 
sentences/phrases in first paragraph of Section 6.2 and 6.3) 
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and can be removed. Section 4 can also be shortened
significantly.

Review #848 For Paper #220 
(review last modified Tuesday October 02, 2007 01:08:39 AM) 

Attribute Value 

What are the 
strengths of the 
paper? (1-3 
sentences)

It's a nice idea to exploit distant information to guide port 
selection in routing. the paper is well written.

What are the 
weaknesses of the 
paper? (1-3 
sentences)

The technique seems to suffer from a penalty in the common 
case (at all loads) though its benefit is in the uncommon case 
(at/near saturation loads).

Provide a short 
summary of the 
paper (in your own 
words)

The paper quantifies the benefits of using non-local congestion 
information to drive routing algorithms. The design includes 
the hardware modifications to propagate congestion 
information to nearby nodes. The evaluation shows that using 
non-local information achieves better saturation throughput 
than using local information alone.

Provide comments 
to the author for 
rebuttal.

IMPORTANT: 
Authors have a 
limited number of 
words for the 
rebuttal. Please only
enter in this box the 
important points 
they need to 
address, and make 
it extremely clear 
what specific points 
they should 
comment on. If
there is nothing 
significant they 
should address, 
please state that 
here.

Why is it okay to reserve upto 16 bits of channel bandwidth all 
the time (corresponding to 12.5%-25% if we assume 64-128 bit 
flits) for propagation of RCA indicators though the benefits are 
tangible only at near-saturation loads? Shouldn't those 16 bits 
of bandwidth be made available to the base case for a 
fair-comparison?

Provide other 
detailed comments 
to the author

The authors clearly articulate the novelty of their approach in 
that existing literature has not used non-local information to 
drive packet routing. 

However, the paper quantifies the benefits of the RCA 
approach without accounting for its costs accurately. Because 
the RCA propagation bandwidth is always reserved, a fair 
comparison must include that additional bandwidth in the base 
case. The base case should thus have fewer flits per packet, 
thus reducing the network load.

Such a fair accounting will lead to two observations.
1) It will lead to lower latencies at all sub-saturation loads, and
2) it will reduce the gap in saturation bandwidths that is 
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currently reported in Sec 6.3.

What is the rationale for choosing 30% load as a 
representative load? Shouldn't there be some independent 
justification to argue that networks commonly operate in that 
region to justify that choice? In fact is it justifiable? I would 
think that networks operate commonly at lower loads with 
rare bursty behavior that pushes it near saturation. Given that 
your technique works best at near-saturation bandwidths, this 
choice of 30% load to report latency improvements looks 
contrived.

Respond To The Reviewers Comments
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