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The Problem

* |ncreasing energy consumption of network
infrastructures

— More network devices: routers, switches, ...

— Devices are more power-hungry.

* |Impacts
— Power delivery
— Cooling

— Financial and environmental

* In ISPs, IXPs, data centers, enterprises, ...



The Opportunity

 Networks have lots of redundancy
— Redundant links and nodes
— Overprovisioned link capacity
— Load-balancing traffic engineering
* Average link utilization is low but all devices
are running at full capacity all the time.

— High resiliency, low energy efficiency.

e Need a better tradeoff between the two.



The Solution

 Power-aware routing and traffic engineering:

— Depending on traffic level, adjust power states of
network devices to reduce energy consumption
while delivering packets within certain
performance constraints.

* This document provides an overview on the
solution requirements, approaches, and
potential issues.



Requirements

The network should retain enough resiliency
against node and/or link failures.

The network should have enough standby
capacity or be able to react quickly enough to
traffic spikes in order to minimize packet losses
due to links/routers being in low power states.

QoS metrics such as delay, jitter, etc. should be
kept at a desired level.

The operation of other protocols should not be

interrupted, or at least other protocols should be
able to adapt without being broken after links/
routers change their power states.



Sleeping vs. Rate Adaptation

* Link sleeping saves more energy but cuts off
the connectivity
— Need changes to the control plane.

* Rate adaptation save less energy but the
connectivity is preserved.
— Control packets can still get through.

* They’re not exclusive.

— E.g., Composite links.



Configured vs. Adaptive

Configure the schedule of router’s power state
changes

— Based on long-term traffic average, if it’s relatively
stable.

— Easy to do, but not saving as much energy as the
adaptive approach.

Adjust power state to dynamically adapt to

significant traffic changes.

— Save more energy, more adaptive, but more
complicated.

They’re not exclusive either.



Distributed vs. Centralized

* Routers decide their power states in a
distributed fashion.
— Fits the traditional Internet operation model
— MUST ensure consistent network states

* A central controller decides the power states
for all routers
— Fits the new SDN operation model

— Controller can make better decisions with more
complete information.

— MUST be protected from controller failure.



Hardware Support

 Hardware should support the control of its power
state.

— Sleep/wakeup, rate up/down, etc.
— Reasonable short transition time
— Durable under many transitions.
— Granularity of control

 Hardware should support energy-related
monitoring and information collection

— Learn the power states, energy footprint,
performance, etc.

— EMAN WG.



Sleeping Links

* When a link is in sleep and doesn’t transmit/
receive control packets, it will cause problems
to other protocols, for examples:

— OSPF regards a sleeping link as a down link due to
the missing of HELLOs.

— Multicast protocol too.

* Modify protocols to add the support of
“sleeping” links?



Network Resiliency

* Higher energy efficiency means less links/
bandwidth standing by.
* Need to guarantee certain level of resiliency. E.g.,

— A redundancy level of 2 to accommodate single link
failures.

— Make sure of existing FRR mechanisms

— Faster link wakeup and/or rate increase when
needed.

* Minimize packet loss or congestion

— Leave a safe margin in link when making routing/TE
decisions.



Future Work

* Research: better routing/TE algorithms

e Standardization: add support for power-aware
features in network protocols.
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