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Enabling the reduction of energy requirements '

of wired network equipment
NG /

Automatic control of network Operator-driven network performance

performance Routing and traffic engineering management \[/

v

Based on:

Local control policy - traffic workload measurements,
- QoS requirements,

Dynamically adjust configuration
of a router based on:

Network-wide monitoring '

Based on measurements of:

- performance capabilities of networlk nodes, - traffic flows,

dynamically adjust routing strategy and - energy consumption,
energy-aware configuration of routers to meet
QoS goals at minimal cost.

- traffic workload measurements,
- QoS requirements.

generate workload forecasts and reports on
network performance.
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Energy-aware network control system

Administration Node
Network Control & Monitoring Layer

NCP: network-wide control policy

Energy- Suspend /
aware wake-on-  LCPtuning
routing LAN

Routing/TX/RX

EAS/Watts

QoS/Watt Traffic Workload ~

monitoring forecasting

OAM/GAL Phy Layer [ GAL GSI J

LCP settings
ROUTER,

ROUTER, GAL GSI

Local Control & Monitoring Layer
service rate

QoS/Watt monitoring LCP: local control policy

suspend/wake-on-LAN
e pm-suspend/wol

CPU frequency control | QoS monitoring
e cpufreq kernel module

e tcpdump packet inspection
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QoS monitoring
e /sys/class/net

port-based routing
e iptables filtering

monitor network

energy
consumptions

Network requirements (Qos,
availability, reliability, etc.)

Energy-aware network-
specific technologies

High traffic load &
energy consumgplions

Low trafficload &
energy consumptions

dynamic power
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Dynamic adaptation
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dynamic power scaling
¥ traffic handlingfqueuing /shaping
disciplines;
v green extensions for |2 protocols.

Routing & Traffic
Engineering

smart standby
¥ verylow energymodes, where only

some basic funcliondities are

performed {e.g., heart-beating, elc.)

Network-wide Monitoring
of Energy Consumptions

Local Optimization Policies

Power 5Scaling sub-states

Max performance

Max Energy draw

Min performance
Min Energy draw

Network-wide optimization framework

. Measurement of traffic
> OAM Framework < Routing table and QoS
Routing _
Routing Network l
topology and EAS
traffic demands settings
- AL ¢ LCP
Equipment > (checking
cNCP architecture Energy feasibility of EAS
\ 4 and energy model and power settings provided
K model measurement by cNCP)
\ Optimization
EAS settings T
Administration node Router

Control system
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Control problem decomposition

Policy-based port routing configuration

Power-consumption profiles
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Optimization problem

formulation
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Evaluation of performance bounds
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