B

Taxonomy of Dynamic Power Saving
Techniques in Fixed Broadband Networks

Ralph Schlenk®), Christoph Lange(®, Heiko Lehmann(?), Ron Vleugel()

(1) Alcatel-Lucent Deutschland AG, Thurn-und-Taxis-StraBe 10, 90411 Nirnberg, Germany
(2) Deutsche Telekom AG, Telekom Innovation Laboratories, WinterfeldtstraBe 21, 10781 Berlin, Germany




OUTLINE

Introduction & Motivation

Dynamic aspects of load-adaptive networking
Network reconfiguration time characteristics
Measurements and results

Conclusion

aw :P B OB W W W W Ne0000000000000000000000000000000000000 SRR AL A |Cate|.|_ucent@



INTRODUCTION
GENERIC NETWORK ELEMENT MODEL
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CLASSIFICATION

» Subsystem (devices, components, memory)
» System (network elements)
* Network

Architectural
level

 Intra-packet (less than 10 psec)
Timescale - Intra-flow (10 psec — 10 sec)
 Inter-flow (10 sec to several min)

Categories

* Rate adaptation

Approach - Sleeping
* Energy-aware data/traffic control
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POWER-SAVE TECHNIQUES
TAXONOMY AND ACTIVATION TIMES

CPU idle core “hotplug” Ethernet background Energy- Interface

Energy- traffic buffering aware shutdown
aware routing
data/traffic  Power-aware virtual Line card
control memory shutdown
Chassis
shutdown
Protocol n/a
conver-
gence
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RECONFIGURATION TIME
SERIAL SWITCHING OF COMPONENTS

Analytical formulation Exemplary result

= Activation times (switching on)

Nicon NeGon

NEON (C'n Cf' ) T + ZTLC + ZTPGONJ + ZTPONJ

= De-activation times (switching off)

TSOFF (Cin’Cﬁ ) :TCOFF + Lci:':-rLC + ZT i + ZFFT OFF j
i=1




RECONFIGURATION TIME
PARALLEL SWITCHING OF COMPONENTS

Analytical formulation Exemplary result

= Activation times (switching on)
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RECONFIGURATION TIME
COMPARISON OF SWITCHING STRATEGIES
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IMPROVING ACTIVATION TIMES
DESIGN PRINCIPLES

Parallelization
e.g. parallel download/activation

Hardware recovery
‘ e.g. faster resynchronization

Software recovery
e.g. OS boot time reduction

’ Local persistency

e.g. local configuration storage

Fetch-ahead

e.g. essential configurations first
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IMPROVING ACTIVATION TIMES
EXAMPLE: LINE CARD ACTIVATION (1)

L.C#3
1 P-H-z
LC#1
Port Groups
Flash Device jl'l_ LC#1, PG#1
.T —
_I
Cerify PG done
FPGA images || [ | — LC#1 done

Image

Special-Purpose bus

Device

e Line card (LC) with several port groups (PG)
» Two hardware busses (image bus, config bus)
» Two software processes

« Equipment management (EM)

» Transmission management (TM)

Image bus Config bus
CRC FPGA PG PG
check  pump init config
5s EM ™ 0
2s
i
e 11
14
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IMPROVING ACTIVATION TIMES
EXAMPLE: LINE CARD ACTIVATION (2)

LC#3
| F-H-z

LC#1
Port Groups

Flash Device jrl_
I
r

—

FPGA images ||

Config
bus

Image

Special-Purpose bus

Device

e Line card (LC) with several port groups (PG)
» Two hardware busses (image bus, config bus)
» Two software processes

« Equipment management (EM)

» Transmission management (TM)

Image bus Config bus
CRC FPGA PG PG
check  pump init config
LC#1, PG#1 5s EM ™ 0
2s
N
LC#1, PG#2 o 1
2s
N 22
LC#1, PG#5 :
5s
\ZS
PGs done N 55
5x 39
LC#1 done \ 70
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IMPROVING ACTIVATION TIMES

EXAMPLE: LINE CARD ACTIVATION (3)

LC#3
1 F-H-z
LC#1
Port Groups
Flash Device jl_l_
.T —
_l
1 Config
FPGA images || 25
Image

Special-Purpose

. bus
Device

e Line card (LC) with several port groups (PG)
» Two hardware busses (image bus, config bus)
» Two software processes

« Equipment management (EM)

» Transmission management (TM)

LC#1+2, PG#1

LC#1+2, PG#2

LC#1+2 PG#1 done

LC#1+2, PG#3

LC#1+2 PG#2 done

LC#1+2, PG#5

LC#1+2 PG#4 done

All PGs of LC#1+2 done

Image bus Config bus
CRC FPGA PG PG
check  pump init config

5s EM multi-thread ™
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IMPROVING ACTIVATION TIMES

EXAMPLE: LINE CARD ACTIVATION (4)

LC#3
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e Line card (LC) with several port groups (PG)
» Two hardware busses (image bus, config bus)
» Two software processes

« Equipment management (EM)

» Transmission management (TM)

LC#1+2, PG#1

LC#1+2, PG#

LC#1+2 PG#1 done

LC#1+2, PG#3

LC#1+2 PG#2 done

LC#1+2, PG#5
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All PGs of LC#1+2 done

Image bus Config bus
CRC FPGA PG PG
check  pump init config
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CONCLUSION

« Categorization of power management techniques according to their temporal properties
Taxonomy » Network-level technologies most critical with respect to network performance degradation

- Coordination required, e.g. by an energy-aware control plane

» Modeling of network resource activation processes
- Extension of the network element power-vs-capacity model

« Evaluation of serial and parallel switching strategies

 Analysis of a current-generation OTN network element
Optimization « Serial line card activation process optimized (from 140 sec to 61 sec for two line cards)

« Challenges observed when software process split does not match hardware partitioning
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