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Delay Tolerant Networks
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DTN areoverlay networks
connecting disconnected,
incompatible networks.

» Featured by long delays,
intermittent networks, high error
rates

s\Works onstore-carry-forward
paradigm.

* New bundle layeris added to th
protocol stack.

e Custody Transfer for end-to-ent
reliability.

» Examples of such networks are:

*Quter space networks
*Providing cheap
asynchronous internet to

e

villages.
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KioskNet
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Motivations

Wireless opportunistic connections for disconnected
nodes:

Used in vehicles, sensors, village kiosks, undeswvat
networking

Energy ascarce resourcdor challenged environments —
DTN nodes work on solar cells or battery supply

But performance has to be maximized during oppastien
contacts

Tradeoff between meeting average power constrént v
maximizing no. of packets flooded
Earlier works —

Concentrates on mobile systems where storage sebsys
was not an issue (DTN nodes require persisteragtor

Major power reductions focus on communication ssetsys
— DTN nodes require a more holistic approach.




Hardware Platforms

Soekris net4801 VIA Eden 5000

H/S Configuration

@ Hardware: Soekris net4801: 266 MHz processor and 256 MB
SDRAM

@ WiFi card: Atheros 802.11abg wireless cards
@ OS: Stable Debian with Linux Kernel 2.6.8-3
@ DRI: DTNRG CVS head as of February 22, 2007.




Test Bed Setup

Soekris net480




Cracking the power monster
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CPU Microbenchmarks

Computation Component:- 266MHz Geode processor.
Independent Variable % CPU activity.

Varied by introducing different fine grained deldetween
spin-locks.

We measured amortized power consumption.

Usedacpidprotocol to force CPU in idle, active idleand
activemodes.

Power-cost v/s computational power tradoff.
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CPU Power Model

ECPUIOer unit_ time = rr]-, ACtIVItyI- Q’
where m and.c are constants for a harel
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Network Micro benchmarks

Network Component:- Atheros 802.11abg Wireless cards

Usediperf tool to simulate TCRerver & client connection on
two Soekris nodes.

Tests were repeated for different modes of operaid-hoc,
managed.

Independent Variables Data-rate and throughput.

Bit rate has no effect but throughput linearly eféethe power
consumption.
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NIC Power Model

EI\”Cper unit_time = rT'E , Throughpu{ g

where m} and.c are constants for a harey
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Storage Micro benchmarks

Disk
We control disk I/O access pattern to measure:
Spin cost
Seek cost
Read/Write cost.

Carefully looked into data layout policy and exglor
burstiness of data contiguous and scattered read/writes.
Compact Flash

CF is expensive, with limited capacity but consubh¥s
of power required by disks.

CF has fast read access time but is bottle neckatblw
write throughput.

Current range 20mA ~ 50mA for both read and writes.

/
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Storage Throughput Results
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Storage Throughput Results
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Disk Results
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Disk Results




Storage Power Model

EDiskIDLE = Espin = dl
E =E .+E

Diskactive spin seek+ E

—d,+d,” TS24 FileSize
/I

F w

where d , d , d are constants for a hana
E.- _ »0.67mJoules

E » 60 ~ 100 mJoules
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Net Power Estimation Model

TOtaIEnerg)éer_unit_time:[ EDiskl ECF]+[ ENIC] + E:PU
EDiskIDLE = Espin = dl
E =E, .t E

DiskacTive spin seek

+ E

f w

—d, +d,” F18S1Z8 |- Filesize
4

cr._ »0.67mJoules
IDLE

cFaorye » 60 ~100 mJoules
cpu — M Activityr ¢
E.c =m,” Throughput ¢

Hardware Variables : m,,m,, ¢;, C,, d;, d,, dg
Software Variables FileSize, WriteSize( ), Throughput, % Activity
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Setting up DRI Testbed

* Compile, install the DTN2 source code from CVS on all 4 nodes.

¢ \Wired Network as Control Plane.

¢ \Wireless conmection between beta and gamma nodes.

* Setting up the contig file for DTN daemon dtnd, on all nodes:
* Set the correct Interfaces (Convergence Laver), Links.
® Create a routing table for the chosen test bed

route local eid dtn://alpha.dtn
route add dtn://beta.dtn/* beta tcp

® Ran the DTN server & tested by using dtnping, dtnsend, dtnrecv

e Used the Stress test binaries provided in the source code:
e Wrote a seript which ran on the alpha node and sends bundles across
the network topologyv upto delta.
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Setting up DRI Testbed
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Power Profile for a Wireless

Opportunistic Connection
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CPU Subsystem Activities
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DRI Disk I/O Pattern




Power Reduction using Wake-ups
based on SMS Connection Object

SMS Server




Power Reduction using Wake-ups
based on SMS Connection Object

KioskNet communication stack supports SMS CO
Acts as low-b/w, low delay control channel

IDEA: Use the SMS to predict the time of
opportunistic connection window.
Immediate wake-ups of the components when bus is In
vicinity.
For the remaining idle time:-
CPU can remain iactive-idlemode — supporting few
applications
Wireless NIC can be switched off — no power draipatiing

Alternately use CF and disk to save power whenadig
maximize performance during connection window resp.

/




Problems Faced h

Soekris is a headless, keyboardless controller y-mnolvides with
DB-9 pin serial console which is hard to control.

PXE-enabled Ethernet card / Unscrew the hard diskdtup.
Issues withdtnping:-

$ dtnping dtn://delta/ping

source_eid [dtn://alpha/ping.3381]

dtn_register succeeded, regid 13

PING [dtn://gamma/ping]...

bundle deleted at [dtn://gamma] (lifetime expired): segno=0, time=102 ms
bundle deleted at [dtn://gamma] (lifetime expired): seqgno=1, time=67 ms

Data obtained for the disk r/w experiments areiobthby
disabling the buffer cache so that read and watessynchronous
with the system calls. This helps in forcing thekdnead to move
exhaustively. It is implemented by opening fileshdd SYNdlag
set inopen()system call.




Take Aways

CPU was the first order performance bottleneck for
DR

Prudent to invest more on CPU computational
power

DTN system designers should batch all I/O requests.

CF Is more suitable in power constraint environreent
Negligible idle power and nominal read/write power.

Disk is useful in improving performance.

Network data rate does not affect power consumption
but throughput does.

/




Future Work

Study the effect of macro-benchmarks on DRI perforoe:
Bundle-size, Convergence Layer, Workload size, lfunn
Parallel Daemons

PowerCalculus Suggest a precise software level power
prediction model based on micro benchmarks —

Should predict the exact power consumed for running
applications.

Helps deciding various communication centric paltanseat
runtime so as to optimize performance.

Integrating the results on mobile devices.




