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Source: BlackHat Briefing 2002
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Proposed Hyacinth Architecture
Research Issues

Algorithms
= Load-balancing Routing
= Load-aware Channel Assignment

Evaluation
Related Works
Summary / On-going Research
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i Research | ssues oo

= Channel Assignment
= Channel assignment => Bandwidth of virtual links
= By varying channel assignment, we can vary link bandwidth
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= Routing
= Most traffic directed to/from gateway nodes
= Routing => Traffic load on virtual links and gateways
= Goa — Balance the load throughout the network

Optimize “network goodput”: Total usable b/w between APs & gateways{
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Load-balancing Routing . #fs#1%
Routing (=Gateway Disl

sSimilar to 802.1D { spanning-tree protocol}

sNodes advertise reachability to gateways

mEach node discovers routes to one or more gateways
=One gateway case => forest of treesrooted at gateways

Routing Me.

1. Hop-count [to gateway]
+static, stable, - imbalance

2. Gateway link capacity [both wired and wireless]
+balanced, +adaptsto traffic, - route flaps

3. Path capacity [i.e. residual capacity of bottleneck link]
+handles non gateway bottlenecks
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L oad-aware T Vi
i Channel Assignment /s, /55 %1%
(1)Neighbor-to-int
s X UP-NICs, Y DOWN-NICs, and one CONTROL-NIC
s Typicaly, X=Y. For gateways, X=0
sDOWN-NICs: load-balanced child nodes association
=UP-NICs: only one parent..
(2)Interface—to-chH]7 Channel Load
= Exchange channel-usage map with neighbors =Contention group size
«DOWN-NIC: Least-used channedl, if it balances = Aggregated channel usage
channel load = Combined..
= UP-NIC: same chnl as parent’s DOWN-NIC
s CONTROL-NIC: global CONTROL channel
= Adapt channel assignment to traffic patterns
| Backgroum> Architectur ISSUEW Evaluauo> Re\aled>C0ncIusio>

Evauation

Overdll Performance Gains
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Evauation

Resources

= Radio Channels—
= Accommodates different number of available channels
= Saturates at 6 channelswith 2 data NICs/ node
= Interfaces—
= MoreNICs help better utilize channel diversity
= Saturatesat 12 channelswith 4 data NICs/node

= Gateways—
= Almost linear increase in throughput
= Placement of Gateways—
= Concentrated placement works well
= More economical
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Evauation
Metrics

= Routing Metric —

= hop_count worst, imbalance across gateways
= gateway_capacity ~ path_capacity
= Inared network, any link can form bottleneck

= Channe Load Metric —
=« group_size worst, imbalance across channels
=« aggr_usage better estimates channel load
= We use combined metric
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Evauation
Testbed

Configuration —
= 9 Win XP desktops, 2 gateway nodes
= Two 802.11aNICs, One 802.11b NIC

FTP Throughput — ©) cmenar e
= 5timesimprovement (O ott-chamnet i Node
= Should be more for larger testbed

Fail-over —

= Node 6 fails; Node 3 switchesto Node 2
= < 700 msec to recover
= 150 msec for failure-detection
= 1 msec for failure-message propagation
= ~450 msec for changing route tables

= Additional 50-100 msec for channel switching
| Backgroum> Architecture Issue> Algomhmm Re\aled>C0ncIusio>

Related Works

= Multi-channel MAC
= Packet-by-packet channel switching/Vaidya]|..]
= Multi-NIC
= |dentical channel assignment [MSR]
= Different radio / neighbor [BelAir]
= Beamforming antennas with new MAC [TA®]
= Multi-hop routing
= Coordinated |oad-balancing routing [Kung]
= Load-balancing routing metrics/Gerla/[Zhou]
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i Conclusions..

|EEE 802.11 beyond AP—mohile
Multi-channel wireless mesh backbone
Multiple commodity cards per node

L oad-aware channel assignment

L oad-balancing routing

What' s next ?
= Mobility: Device-transparent handoff
= Transport: Link-aware transport protocol
= Security: Secure routing, DoS detection -~

= QoS Automatic QoS to interactive flows
| Backgroum> Architecture Issue> Algomhm> Evalual\o> Related

i Moreinfo..

Project Page: http://www.ecs.cs.sunysb.edu/multichannel
Google Search: “multi-channel mesh’

Contact: raniwala@cs.sunysb.edu

Questions ??




i Centralized CA/Routing

NP-hard problem [multiple subset-sum]
Greedy technique

Vigt al edgesin order of load (highest first)
Assign locally optimal channel

Maintain constraints

Iterate over channel assignment & routing

Evaluation
1) Gains

Evaluation D hramrees

i Resources — Interfaces/Channels 9 Tesbed
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Evaluation

1) Gains
. 2) Resources
Evaluation 3 Metics
4) Testbed
Resources — Gateways
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Evaluation
1) Gains
. 2) Resources
Evaluation 3 Metics
4) Testbed

Resources — Gateways' Placement
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Evaluation
1) Gains
E al . 2) Resources
V Uatl On 3) Metrics
. . 4) Testbed
Metric — Routing
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Evaluation
1) Gains
E al . 2) Resources
V UaII On 3) Metrics
) 4) Testbed
Metric — Channel Load
30 - ' - . :
= i
=l
%25;_ o e % A
. 1 e h e
%‘ " 5 N
= }
o 2 ! =
= E
g =
15— = -
g | L
+#
é 10 s Tola] Ll.t.age-h:lm,ul Meinc =
-~ -2 Contention Group Sive-based Metric
I - Combined Metric (Usage*sgni Size))
gL 1 'l L ] T— Ll T S —
1 2 3 5 6 7 i 9 10

Truflic Prolile Murnber

10



Evaluation
1) Gains
E al . 2) Resources
V Uatl On 3) Metrics
4) Testbed
Testbed — FTP Throughput
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Evaluation
1) Gains
E al . 2) Resources
V Uatl On 3) Metrics
. 4) Testbed
Testbed — Fail-over
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