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Cisco Webex App 

Questions? 
Use Cisco Webex App to chat 
with the speaker after the session

Find this session in the Cisco Live Mobile App

Click “Join the Discussion”

Install the Webex App or go directly to the Webex space

Enter messages/questions in the Webex space

How

Webex spaces will be moderated 
by the speaker until November 15, 2024.
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https://ciscolive.ciscoevents.com/
ciscolivebot/#BRKSPG-2318
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Abstract

Sustainability is a relatively recent buzzword, but it’s actually one of the few places 
where everyone’s incentives are truly aligned.  Using less power is both good for the 
environment and saves organizations money, so what’s not to love?  Well, for one 
thing, power usage in both provisioning and consumption terms is not terribly well 
understood, and that’s where we come in.  This discussion will range across multiple 
topics related to how large routing systems can be optimized for efficiency. We’ll 
cover which parts of the systems consume the most power, because if you don’t 
know where the power is going you don’t know where to look for savings.  We’ll 
discuss a Cisco project which collected millions of power data points and used those 
to build a highly accurate model for predicting the power consumption of systems in 
the wild.  We’ll discuss advances in silicon technology which dramatically reduce the 
power per gigabit on modern systems.  With the “box-level” foundations in place, 
we’ll then move to a more network-focused discussion around what mechanisms exist 
to reduce the power draw.
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Introduction... my info

• Apologies for the accent

• TAC -> CAP -> XR TME -> AS/CX -> XR TME -> startup -> TME 

• Out of scope:

• Platform nitty-gritty details, router configs, recommendations, “do this”

• In-scope

• Intro-engineering math, Tradeoffs,  Investigative “mess around” approach

• Come find me later (MTE, etc.) to talk about:

• Chips, packet forwarding, system design, performance

7BRKSPG-2318
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Who: -- me!

When -- early days of the Cisco 8k program

How much energy does it take 
to switch one more 
packet???

BRKSPG-2318
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• Physics review, power model

• Component level power

• Cisco 8000 power measurement project

• Provisioned power vs power consumption

• Reducing power requirements (systems)

• Reducing power (network)

• Conclusion
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Andrew S. Tanenbaum

Computer Networks, 3rd ed., p. 83

Never underestimate the 
bandwidth of a station wagon 
full of tapes hurtling down the 
highway.

11BRKSPG-2318



-

#CiscoLiveAPJC © 2024  Cisco and/or its affiliates. All rights reserved.   Cisco Public

Physics review

• Power, energy, voltage, current, capacitance, resistance

• Facility planning level: power is time.

• Row/rack level: power is money.

• System level: power is heat.

• Timescales matter – a lot.

12BRKSPG-2318
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Some equations (sorry...)

• Ohm’s Law

• IC power usage – static, dynamic, activity

• Fan laws

• Heat transfer delta-T

13BRKSPG-2318
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Semiconductor power “laws”

• Ohm’s Law

• static power

• linear with voltage and current (mostly Si area)

• dynamic power

• linear with activity, capacitance

• losses due to switching

• linear with frequency

14BRKSPG-2318
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Semiconductor power “laws”

• static power

• linear with voltage and current (mostly Si area)

• dynamic power

• linear with activity, capacitance

• losses due to switching

• linear with frequency

• SQUARE with voltage
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Semiconductor power “laws”

• static power

• linear with voltage and current (mostly Si area)

• dynamic power

• linear with activity, capacitance

• losses due to switching

• linear with frequency

• SQUARE with voltage

• But... 

• freq / voltage are coupled!

16BRKSPG-2318
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Heat transfer (using air)

• Sensible heat transferred (in KW) is a function of:

• Cp - specific heat of air 

• ρ – air density

• q – airflow (fans!)

• temperature difference (ambient vs component)

17BRKSPG-2318
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Heat transfer (air as the fluid)

Physical constants

hint : choose a more 
conductive fluid?

18BRKSPG-2318

ambient environment + 

system design / fan power

Cp - specific heat of air 

ρ – air density

q – airflow (fans!)

dT -temperature difference 
(ambient vs component)
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Fan affinity laws

• Airflow is linear with rotation speed (RPM)

• But power consumption is CUBED with RPM!

• Q = airflow, N = RPM, D = diameter, P = power

19BRKSPG-2318
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Big picture to small picture

• Commercial power generation

• Transmission / distribution networks

• Building level distribution

• Rack level distribution (PDU)

• Equipment power supply design

• Board level power trees

• Chip level 

21BRKSPG-2318



-

#CiscoLiveAPJC © 2024  Cisco and/or its affiliates. All rights reserved.   Cisco Public

Voltage v. power for a set of engineering marvels

• Voltages : 1 to half a million

• Power : 1 to gigawatts

• An interesting observation...

• Current : MOSTLY rangebound

22BRKSPG-2318
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Commercial power generation

• Power mixes

• Government interaction

• Geopolitics

23BRKSPG-2318
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Transmission / distribution networks

• Availability of power

• Facility infrastructure

• Step-down / step-up transformers

• VERY long lead times...

24BRKSPG-2318
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Building, rack- level distribution

• Utility interfaces (voltages)

• Building-level switching and backup

• “Smart” PDUs?

• Integrated power racks (OCP)

• TCO for AC vs. DC power

25BRKSPG-2318
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Building/system components and voltage ranges

26BRKSPG-2318
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PUE : Power Usage Effectiveness
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Equipment power supply design

• Design discussion

• Capacitors, diodes, & inverters --  oh my!

• Efficiency curves

• Various certifications

• Redundancy vs. efficiency

• Optimized for ~50% vs ~90% ?

28BRKSPG-2318
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Board level power trees

• Multiple components (100s!)

• Multiple voltage rails 

• Dependencies in power-up order

• Expertise is efficiency – art vs. science

29BRKSPG-2318
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Example XLS model of board power tree
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Board power tree (zoomed, sanitized)
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Chip level power

• Power maps

• Low voltages -> high current

• Power is heat!

• Range: 1W – 1000W 

32BRKSPG-2318
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What are we measuring?

• Well, duh – how much power the thing uses.

• And, along the way...

• About a million other things...

34BRKSPG-2318
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What are we measuring... and why?

• Save money.  Yours and ours.

• Climate, out of both nobility and regulation.

• Competitive differentiation

• Design improvements / system optimizations.

• What knobs exist?

• And are worth turning?

35BRKSPG-2318



-

#CiscoLiveAPJC © 2024  Cisco and/or its affiliates. All rights reserved.   Cisco Public

Why do we measure?

• When we can probably compute from:

• First principles?

• Data sheets?

• Educated guesses?

36BRKSPG-2318
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Why we measure...

• Primary sources are often unreliable (including ours!)

• Interactions are frequent and often complex

• There’s an important distinction between...

• “Nondeterministic” and “really complicated”

•                    . . . and . . .

• TRUST

37BRKSPG-2318
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(Almost) everything can be squished to:

• A “few term” linear equation

• Example:

• Each pair is a “material component” of power draw...

38BRKSPG-2318
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(Almost) everything can be squished to:

• A “few term” linear equation

• Example:

• The coefficients are what we really care about

39BRKSPG-2318
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Power model for the test router

• Number of serdes powered up

• Power for each one

• Number of optics powered up

• Watts / module

• Total traffic load (bits / second)

• Coefficient for data rate

• Total traffic load (pkts / second)

• Coefficient for packet rate

40BRKSPG-2318
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The project

• Systems to test

• Thermal chambers, optics, test ports, etc.

• Data collection script

• Data analysis script

• Philosophies (constraints?) :

• Minimal assumptions about test systems (scrape, not modeled)

• Get the raw data, everything else is secondary (practical)

41BRKSPG-2318
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Key variables for tests

• Ambient temperature -> fan speeds (thermal chamber)

• Physical system configuration (which components)

• Traffic load (bandwidth)

• Packet rates (feature sets)

42BRKSPG-2318
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Let’s get some data...

43BRKSPG-2318

• On the Cisco 8000

• Linux shell for XR commands

• Native python interpreter

• Thread for speed

• Save raw text output to /tmp

• Compress to JSON
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How much data do we have?

./k2/K2_BB8_768B_50LRD8K2_cmds_240611-134359.json.xz

./k2/K2_BB8_768B_50LRD8K2_cmds_240611-134452.json.xz

./k2/K2_BB8_768B_50LRD8K2_cmds_240611-134545.json.xz

./k2/K2_BB8_768B_50LRD8K2_cmds_240611-134639.json.xz

./k2/K2_BB8_768B_50LRD8K2_cmds_240611-134733.json.xz

./k2/K2_BB8_768B_75LRD8K2_cmds_240611-142227.json.xz

./k2/K2_BB8_768B_75LRD8K2_cmds_240611-142321.json.xz

./k2/K2_BB8_768B_75LRD8K2_cmds_240611-142415.json.xz

./k2/K2_BB8_768B_75LRD8K2_cmds_240611-142509.json.xz

./k2/K2_BB8_768B_75LRD8K2_cmds_240611-142603.json.xz

rtp-ads-1024:~/ws/gitz/powerInventory > find ./data -name \*.json.xz | wc -l

8671

(By now, well over 9000 snapshots...)

44BRKSPG-2318
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What do we DO with all of it?

45BRKSPG-2318

• “Build” system (show inventory)

• Add interfaces (show interfaces)

• Parse environmentals (show environment ...)

• Grab gooky NPU / chip level details (show controller ...)
• Chip frequencies, revisions, software versions... 

• Compute component level power (show env voltage / current)
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What do we DO with all of it?

46BRKSPG-2318

• .py classes for each part

• Find power components

• Parse PID, S/N, etc.

• Store as key/value pairs
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What do we DO with all of it?

47BRKSPG-2318

• clip of the snapshot data model goes here
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Data model from a snapshot

• Mostly basic python classes

• Some methods to do math

• Add up power totals

• Find average of temp sensors

48BRKSPG-2318
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Parsed data we can use later

49BRKSPG-2318
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Parser .XLS output ( one of many formats )

• Pick what fields we want

• Build XLS from those

• Do math!

50BRKSPG-2318
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Verify PSU efficiency 
data
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Data snapshots (~54,000 of them...)
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Scatter plots are human-analysis-friendly
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Plot.  What’s wrong with this picture?
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OK, so now we KNOW something is off...
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Same data, zoomed in
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Filter for a known load range and look for outliers

>100% is not possible!

2 outliers with WAY too wide a 
range

These two are the 

troublemakers!

56BRKSPG-2318
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What are the major components?

• Linecards – move packets

• NPU’s, optics, other “big” chips

• Fabric cards – data path interconnect

• Fabric elements 

• Route Processors – control plane

• Fans and Fan trays – move air

• Power supplies – supply power (ok, sorry...)

• Lots of copper – leaks power as heat

58BRKSPG-2318
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What are the major variables?

• System configuration

• cards, fans, fabric, etc.

• Ambient temperature

• Optics modules, interface states

• “Touch every bit” features

• particularly crypto

• Bandwidth load

• Packet rates

59BRKSPG-2318
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NPU power

• NPU power is a function of:

• Static power (always on)

• # of serdes on

• Traffic rate

• Bandwidth rate

• Power is Y-axis

• X axis is:

• Billions of PPS (top)

• Terabits / sec (bottom)

60BRKSPG-2318
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Multivariate analysis

• Lots of data

• Isolate the variables you care about

• Run regression (excel, python, etc.)

• Sanity check coefficients

• R-square values

61BRKSPG-2318
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Fan power

• Fan speed controlled by PWM setting

• PWM is a function of:

• Ambient temp sensor

• Hundreds of sensor readings

• System HW config

• System SW config

62BRKSPG-2318
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(Slightly) easier ones...

• Optics

• How many optics?

• Which types?

• Measure marginal power and divide...

• Internal serdes links

• How many are there?

• How many are up/up?

• Measure marginal power and divide...

63BRKSPG-2318
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Results?

• Coefficients we can use

• Build power model for planning

• Track over time

64BRKSPG-2318
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Power usage by component – to scale

65BRKSPG-2318
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Provisioned vs consumed power

• Why do we care?

• Who is paying for what?

• How wide can the range be?

67BRKSPG-2318
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Redundancy models (and why they aren’t)

• What can fail?

• That you can control...

• Overlap analysis

• “Big” vs “small” failures

68BRKSPG-2318
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What are you paying for?

• Space?

• Power?

• Future power?

• UNUSED power?!?!

• We used to “size” systems by ... size.

• But now we should probably...

• “Size” systems by “power”.

69BRKSPG-2318
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Saving power : context setting

71BRKSPG-2318

DANGER!!! -- entering an area 
inhabited by non purely-

technical incentive structures.
PROCEED WITH CAUTION!
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Saving power : context setting

• Balance technical answers and business realities

• Reminder: this presentation is mostly technical

• (But your business objectives may not be)

• Understand “who is paying for what”

• How are second-order effects measured?

72BRKSPG-2318
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Saving power : facilities

• HVAC/HVDC is slightly more efficient

• Provision proper numbers of PSUs

• Don’t load up the system “just because”

• Ambient temperature ranges matter

• And they sometimes matter A LOT!
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Saving power : optics

• Saving entire systems matters --  A  LOT

• Yes, that was a sneaky advertisement for RON...

• High power optics are thermally sensitive

• Planning where they go can (sometimes) save big

74BRKSPG-2318
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Saving power : vendor / OS

• Can the system turn off things that aren’t being used?

• DOES the system turn them off?

• Do you have to do anything?

• How do you track / report this?

75BRKSPG-2318
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Saving power : exchange rates

• What is cheap today may not be cheap tomorrow...

• Logic v. analog v. optics

• Step functions like whole systems

76BRKSPG-2318
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Frequency & voltage savings

• I like fast!  let’s increase performance by 10% ...

• 10% higher frequency, 2% increase in voltage

• ~ 8% increase in total power

• I like faster!  let’s increase by 10% again! ...

• 10% higher frequency, but now 4% in voltage

• and so on...

77BRKSPG-2318
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How many PPS do you actually need?

78BRKSPG-2318
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High ambient temperatures are expensive!
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Saving power : network

• System selection : “horses for courses”

• Small / fixed systems vs large / distributed

• “Network” vs “facilities”
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Saving power : diurnal / annual patterns

• Most provider networks have strong 
daily activity patterns

• ~5x load in 8-hour span (9pm-5am)

• Often also have seasonal peaks and 
troughs
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Toolboxes

• Where is the power-to-value ratio wrong?

• Choose systems that make sense

• What can you get rid of?

• What can you collapse?

• Start pricing services accordingly (!!!)
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Who: -- me!

When – after running a bunch of these tests!

We can switch about 231 million 
packets per joule of energy:
or ~5 nanojoules / packet
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Complete Your Session Evaluations

86

Complete a minimum of 4 session surveys and the Overall Event Survey to                  
claim a Cisco Live T-Shirt.  

Complete your surveys in the Cisco Live mobile app. 
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Continue 
your education

• Visit the Cisco Stand 
for related demos

• Book your one-on-one
Meet the Expert meeting

• Attend the interactive education 
with DevNet, Capture the Flag, 
and Walk-in Labs

• Visit the On-Demand Library 
for more sessions at 
www.CiscoLive.com/on-demand
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