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/A }) Motivation

 Proliferation of wireless devices under limited resources

* Need adaptive radio devices
— Reconfigurable radios for physical layer adaptability
— Reconfigurable MAC protocols for spectrum access and
interference avoidance
« Design adaptive devices
— Completely new devices, CR, SDR
« Expensive, not commonly available yet
— Modifying commodity devices
« Switch between different MAC protocols
« Hard, since most are 802.11 devices, CSMA driven
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i ) Our Contribution

1-".

"« Build an adaptive device with reconfigurable MAC
layer using commodity 802.11 hardware
— Wide-availability and low-cost advantage

— Support multi-channel transmissions to simulate
spectrum agility

e MadMAC

— Provide the capabillity to transmit a packet at
controllable time and frame formats

— Do not trigger CSMA contention and backoff
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¥ ) MadMAC

o

"« A kernel-driver built on top of the MadWiFi driver

— Leverage the open-source programming capability of
MadWiFi

— Interact with radio hardware in real time
» Laptop with Linux kernel 2.6.15-26
» Linksys WPC55AG wireless cards

— Operate in the monitor mode to disable most CSMA
functions

* Focus on implementing a TDMA MAC layer

Heather Zheng (UCSB) Sept. 06



MadMAC Architecture

Packet Scheduling

Slot Processing | Channel Switch | Batch Processing

MadWifi and Atheros HAL
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Wireless medium
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Scheduled Packet Transmission

» Transmit packets at predefined schedules
— Maintaining a time-slot structure
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i +
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— Processing multiple packets

Application packet arrival
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S j) Additional contributions

"« Interface with Network layer

— Convert out-going application packets (i.e. IP packets)
into MAC frames in a format defined by the MAC
protocol; retrieve application packets from in-coming
MAC frames.

» Peer synchronization
— Software based, cluster based synchronization
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" Experimental Setup

« A simple 2-node network Slot 1

A I

g

Slot 2

» Two types of traffic

— Ping packets
— UDP traffic (modified lperf)

 Performance metrics

— MadMAC processing overhead
— RTT & Throughput
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"« MadMAC Processing overhead
« Packet RTT, mean and standard deviation
« UDP throughput (measured using modified Iperf)

« Throughput comparison of different MAC
protocols

Heather Zheng (UCSB) Sept. 06



MadMAC processing overhead
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- List of Experiments

*"MadMAC Processing overhead
 Packet RTT, mean and standard deviation
« UDP throughput (measured using modified lperf)

« Throughput comparison of different MAC
protocols

Heather Zheng (UCSB) Sept. 06

12



Trace of Ping RTT
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£ ) List of Experiments

T9"MadMAC Processing overhead
 Packet RTT, mean and standard deviation
« UDP throughput (measured using modified Iperf)

« Throughput comparison of different MAC
protocols
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Index of packets received with time

(UDP lIperf)
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lot & guard

IOUS S

\ Throughputs for var

times (UDP Iperf

4ms C— Guard-Time

8ms
- 12ms

#
i

R L A

Fat ~ el ~ ~ ~y
T A A A W R

PO Sl ol Al o ™ P LY

e P T T T P T T P
ALY et .,.._...._f..s_..r.._ ...U_.f...h......\ R A R A

h ® i
ML
o

.._.....
e d.v..}...n&.

- "t N gt N G 7
L C L A
Bt

(

o
O

S

d

O O O O O
< MO N -

dN) indybnouy |

60

43

40
Slot Duration (ms)

20

18

Heather Zheng (UCSB) Sept. 06



£ ) List of Experiments

. " MadMAC Processing overhead
"« Packet RTT, mean and standard deviation
« UDP throughput (measured using modified Iperf)

» Throughput comparison of different MAC
protocols
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omparative analysis of throughput
(UDP Iperf

45 -
Flow 1 T—
40T Flow 2

30
25

k. 20w

b
Cal

E3 ® xRk A
TR Y SN 3 S
,—\l'{r‘. '\}"Jvkﬂf \"“-’v\
\14“"' ,{""‘\>f \{4“."')\ e "‘\>f b e
o Y, L AR A AR A
e P P R T TR BRI e
1":‘.}:.( L £ "y:'*,f(f"y)*,(c«("y Q.R.(‘,x,,)x{ "*)'R‘('“")W‘ M
SR L
1 5 "2‘4")-;}{(\«“};}1‘4"93 '\"})M< ';:4.'.#’ }’gn";‘;x:arﬁ;}f\;&"h‘;x;
Fy W W] A "')\A A
A S "
‘ipﬂ‘i"_ﬁ)}Lc\&ui?ﬁ(irﬁ)}i?kuh Jf:";"; nxh})’\‘anh}x(ﬂ*h}xianh,
‘\.J{.-\..f "\.J{&\.f{» »\Je&\}{»\}f&\f{»
,\ﬁx N P LT R T T R o W i,
oo i ol ol g4 P L L
.;"‘f"»}‘;{{f“&}x":f"»}‘;.;‘(w“a-};" ({{I‘-)\’ﬁ{n&}‘;({;‘)\’( W ¥
LIV'\A. )’}'\‘ﬂ ,"V'I-A h’;{,““n. )'J xf;‘;\‘::"f}‘:‘\* )fu'\ﬁ_fv\'ﬁ)f
s

L
EHE U L - RSSO

)
Q.
O
=
I=;
o
i
O)
-
O
i
L
|_
=
[
T

o W W, , ¥, ¥, 2 o ]

AN ‘u.':)-",":',,‘« )-';;1 O i-\&ﬂ)‘rfx ""-:—*'.?1. \.J.:')‘r H“’:—’(ﬁ gy

e e T P P A E B B K S AR

"',_’ N \Aﬁ)\-’ [ \‘:“)f " \Aﬁ.h’ gt \l‘-l"»x ke “.Ah, . 15':-\ u “.A"’ - .\‘..J\)"

JEHE AU AU SO L SN U A O

.. b X ) P o A ':.\’,fv&‘ ’*\':-C‘ A e fv‘r":-f i i x ]

g _-";rlu.(-'-x-k),a ‘?‘u"}"(“:"”}’ e ,~<A=_h ,\<.4.=_:lf;_, L 4,{:.}_,\‘ :x;,L(
RO R R T e T T T T T T b e e N e e e

ettt s GO0 RIS e

O Sl e o e el N e LR RS W N T Pt s P S

CSMA cheesyMAC MadMAC

Heather Zheng (UCSB) Sept. 06



"« Building a TDMA MAG protocol using commodity 802.11
hardware

« MadMAC: kernel-mode driver on top of MadWiFi

— Packet transmissions at controllable time and frame formats

« Functional implementation
— Small processing overhead
— Verified through 2-node system test

« Future work
— Expand to a large network
— Improve synchronization, time scheduling
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