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Intro

* TAC intern starting on 1995 then TAC Routing Protocols
* ISP team”, BU Critical Accounts, Technical Marketing since 2005
* Current focus on analog side of hardware

* Power

 Cooling (air/liquid)

* Optics

 Rack evolution

]
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My Power Journey

* Focused on high end routers since forever (NCS 5500, NCS 6000, ASR 9000, GSR, 7500, 7000, AGS+?)
* Mostly working with 8000 Series Routers today - examples use 100/400G

 Traditionally a top 5 concern for SPs

* #1 concern for largest networks today
» Key driver of new chips and platform design
» Extensive software optimizations
* Power testing and modeling

* Not just CAPEX/power bill anymore
» Sustainability
« Opportunity cost (servers/GPUs)

alfbal ]l
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“The Power Numbers”

Typical (Power Bill)
Peak (Circuit Breakers)
Provisioning (Peak w/ Redundancy)

Facility Planning (e.g., HVAC)

M
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Typical Power

]
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How Well Do You Know Your Network?

Answer for your most important router/switch type

 Traffic load over a full month (24x7x30 all interfaces)
* Q: Show of hands - do you know within 10%?
* Q: Hands down if it’'s more than 50%, 40%, 30%, 20%, 10%
» Average packet size NETWORK
* Q: Raise of hands - average size within 10%
« Q: >1000B, 999-800B, 799-500B, <500B
* Do bursts matter?
» Facility temperature
* Average 22-27C
« How often do they exceed 35C/40C?

]
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Peak Power
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Peak = Everything Everywhere All at Once

« CPUs

 Memories

« ASICs (small packets @ 100% on all ports)
« Max fans

* Optics

» All cards, all ports

 Must consider component variation & temp

alfbal ]l
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Provisioning
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Approaches to Populating Power Supplies

Supply failure - “N+1 protection”

Feed failure - ”"N+N protection”
Both - “Double failure"

Max PSUs - “Job protection”

» Avoid need to add power with future upgrades

» Avoid exhausted facility budget

© 2025 Cisco and/or its affiliates. All rights reserved. BRKGRN-2161



2 KW Power Supplies - No Redundancy

6 x 2 kW =12 kW

Available for allocation
“Global power pool”

alfbal ]l
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Supply (N+1) Redundancy

(6-1) x 2 kW = 10 kW

alfbal ]l
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Feed (N+N) Redundancy

Single Feed PSU | 3 x 2 kW = 6 kW Dual Feed PSU | 6 x 1 kW = 6 kW

alfbal ]l
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Feed (N+N) & Supply Redundancy (Double Failure)

How many provision for double failure in multi-PSU systems?

2x2kW=4kW 5x1kW=5KkW

alfbal ]l
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Power Allocation Values

 Represent Peak Power
 Component variation
« Boards, Chips, and Optics

» Platforms have a range of granularity

« Assume worst case optics or actual optics present?

« Assume all modular slots are full?

© 2025 Cisco and/or its affiliates. All rights reserved.
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Allocation Approaches - Line Card Example

Traditional Approach - assume worst-case optics (usually 10km, but all about same power)

What if we support 36x 25W 400G ZR+ coherent but use 10W FR?
For a very large chassis, 9 kW over-allocation - 10 extra power supplies w/ N+N !!!

Better approach - optics (and other stuff) allocation on demand

alfbal ]l
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Allocating Power from Global Pool - Simple Model

© 2025 Cisco

Sized by PSUs & Redundancy

L ¢

-------------------------------------------

\

Worst-case optics

~\

- Available |

\

Reserved for Empty Slats

and/or its affiliates. All rights reserv
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Allocating Power - Advanced Model

Available

Reserved for Empty Modules

]
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Comparison of Parameters

Typical

Facility Planning

Peak

Traffic

Payload

CPU/DRAM

Silicon/Board
variation

Optics variation

Ambient temp
(depends on platform)

1000B / 25%

Random

Light

Average

Average

22-27C @ Sea Level

800B / 75%

Random

Light

Average

Average

40C

200-700B* / 100%

Random

Max

Worst-case

Worst-case

40C/50C/55C/65C

© 2025 Cisco and/or its affiliates. All rights reserved.
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Summary

Impacts

Notes

Typical

Peak

Redundancy

Facility Planning

Power bill (operator-owned)
Scope 2 emissions

Circuit breakers
Battery backup
Allocation requirements

Number & size of power supplies

HVAC
Rack spacing
Room-level power capacity

Varies by application
optics/load/temperature

Worst-case for every
component

N+1, N+N, etc.

© 2025 Cisco and/or its affiliates. All rights reserved.
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Power Consumption in Systems

CPUs/DRAMs
NPUs

Fans

Optics , m
Small components 5 =
Analog —— T

Power supplies A Y 7=

Examples

afra]n
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CPU / Memory

- CPU
 Max power varies based on CPU type and load
* Generally, good at reducing power with low loads
* Most routers don’t need server-class CPUs
* Other stuff
« CPU DRAM
« Flash (may drive cooling reqgs)

* Lots of small bits (console, USB)

CPU

SSD 50W
DRAM

]
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Network Processors

* Highly dependent on silicon process and BW/feature/scale capabilities

* [dle Power - Leakage Current
*|/O - SerDes [

* Possible to power down
 Power from load [
* Wide range

* Access - ~30W

« 51.2T Leaf/Spine - 700W+

© 2025 Cisco and/or its affiliates. All rights reserved.
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Packet
Operations

Core Idle
(doing nothing)

12.8T chip - 400W
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Fans

« Fan power varies greatly (cubic with airflow)
* Control may be very simple

* 60/80/100% based on ambient
* Or extremely complex and consider

* Line cards (for modular systems)

* Optics types

« Airflow direction

» Real-time temps of <anything>

© 2025 Cisco and/or its affiliates. All rights reserved. BRKGRN-2161
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T1RU Fans

1-70W+ each
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Real Fan Power Data

« Key factor in provisioning
 Rarely actually need max

* Q: Raise your hand if
* Above 35C past year
« Above 40C

© 2025 Cisco and/or its affiliates. All rights reserved.
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High End System Airflow vs. Power

Fan Power vs airflow (8- and 18-slot systems)
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Optics Power

» Consider module-to-module variability & aging
« Module temp (DOM, not ambient)
* Traffic

* Doesn’t matter for grey optics

« Slight variation for coherent (40+ km) based on error correction load

* Loss in voltage conversion & power distribution

Grey (<= 10km) Coherent (40+ km)

10 16 17-22 30
100G 400G 800G 400G 800G

alfbal ]l
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Analog - Voltage Conversion & Plane Loss

Efficiency varies with
Load, Type, Voltage, Temperature

lllllll
lllllllll
...........
.
.
*
*
*

95%
OQverprovisioning PSUs reduces efficiency

Voltage Conversion
e.g., 12V to 3.3V for optics, 0.8V for NPUs
POL - Point of Load

Aduaio1}43

Moving current through system

20%
Load on Power Supply

alfbal ]l
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80 PLUS Ratings

© 2025 Cisco and/or its affiliates. All rights reserved.

Eff / %

k PLUS' I
BRONZE q SlLVER 4 PLATINUM TITANIUM
Loading 80 Plus n Silver Gold Platinum
20% 80% 82% 85% 87% 90%
Efficiency | 509 80% 85% 88% 90% 92% 92%
100% 80% 82% 85% 87% 89% 94%
; ' |
| I ! | |
0% e
= [ ———
94 /
/ '\
. ‘ : \
‘ /
” |
=s=Spec Limit
5 ~4—-180Vac/50Hz
| / —+-200Vac/50Hz
= d ~<230Vac/50Hz
| —+-277Vac/50Hz
= ~-300Vac/50Hz
0 10 2 30 10 50 70 80 % 100
Pout /%
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Balancing Redundancy and PSU Efficiency/Load

* More PSUs -> Lower Load
» Lower Load -> Lower Efficiency | e
95%
 Warm standby -
- HVAC/HVDC will improve efficiency =
O
« Anyone deployed High Voltage (~400V)? D
>
O
<

50%
Load on Power Supply

alfbal ]l
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Putting it All Together

32x 400 GbE router w/ components to scale

CPU/DRAM
Loss
o
O
Plane e
Loss (@)
Packet O
Points of Operations
Load

Analog Network Processor Optics Fans

' L LK
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Power in a Large System (I0OS XR Example)

RP/0/RP0O/CPUO:ios#show env power

© 2025 Cisco and/or its affiliates. All rights reserved.
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Total output power capacity (N + 1) 31500W + 6300w
Total output power required 17884wW
Total power input 14598wW
Total power output 13636W
Power Supply = -——————- Input------——  --—--- Output--- Status
Module Type Volts A/B Amps A/B Volts Amps
0/PT2-PMO PSU6.3KW-HV 212.0/211.7 5.7/5.6 54.2 40.7 OK
0/PT2-PM1 PSU6 . 3KW-HV 212.3/212.0 5.7/5.8 54.6 41.8 OK
0/PT2-PM2 PSU6.3KW-HV 212.0/212.3 5.9/5.9 54.6 43.2 OK
Total of Power Modules: 14598W/68.7A 13636W/250.5A
Location Card Type Power Power Status
Allocated Used
Watts Watts
0/RPO/CPUO 8800-RP 95 81 ON
0/RP1/CPUO 8800-RP 95 78 ON
0/0/CPUO (LC type 1) 2494 2076 ON
0/1/Ccpu0 (LC type 2) 1705 1197 ON
0/FCO (Fabric 1 of 8) 417 417 ON
0/FC5 (Fabric 5 of 8) 417 407 ON
0/FTO (Fan Tray 1 of 4) 687 601 ON
0/FT1 (Fan Tray 1 of 4) 687 591 ON

]
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37.8 kW Installed

o M -I bI  — RP/0/RP0/CPUO:ios#show env power
aX power aval a e Total output power capacity (N + 1) : 31500W + 6300W
Total output power required : 17884wW

* 6x 6.3 kW PSUs

 N+1 redundancy

« 31500W available for allocation
» Allocated power

« 17884W

* Available
« 13616W for additional HW

]
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Current Power Usage

| —

RP/0/RP0/CPUO:ios#show env power
* 1 3636W to SyStem Total output power capacity (N + 1) : 31500W + 6300W
\ Total output power required : 17884wW
Total power input : 14598wW
° 1 4598W from Wa” = Total power output : 13636W

* 93.41% efficiency

]
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PSU Details

* VVolts/Amps per PSU
* 3 of 6 shown

© 2025 Cisco and/or its affiliates. All rights reserved.

RP/0/RP0/CPUO:ios#show env power

Total output power capacity (N + 1) 31500W + 6300W
Total output power required 17884wW

Total power input 14598W

Total power output 13636W

Power Supply = —-—-=-——-- Input-------- - -—-—-- Output--- Status
Module Type Volts A/B Amps A/B Volts Amps

0/PT2-PMO PSU6 . 3KW-HV 212.0/211.7 5.7/5.6 54.2 40.7 OK
0/PT2-PM1 PSU6 .3KW-HV 212.3/212.0 5.7/5.8 54.6 41.8 OK
0/PT2-PM2 PSU6 . 3KW-HV 212.0/212.3 5.9/5.9 54.6 43.2 OK

Total of Power Modules:

BRKGRN-2161

14598W/68.7A

13636W/250.5A
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Details per PID

F)I[) RP/0/RP0/CPUO:iosi#show env power
[ ]
S; Total output power capacity (N + 1) 31500W + 6300w
Total output power required 17884wW
I Total power input 14598W
[ ]
Allocatlon Total power output 13636W
¢ InCIUdeS OpthS Power Supply = -—-————- Input------- - ——---- Output--- Status
Module Type Volts A/B Amps A/B Volts Amps
0/PT2-PMO PSU6 . 3KW-HV 212.0/211.7 5.7/5.6 54.2 40.7 OK
Q/PT2-PM1 PSU6 . 3KW-HV 212.3/212.0 5.7/5.8 54.6 41.8 OK
0/PT2-PM2 PSU6.3KW-HV 212.0/212.3 5.9/5.9 54.6 43.2 OK

Total of Pcwer Modules:

14598W/68.7A

13636W/250.5A

Location Card Type Power Power Status
Allocated Used
Watts Watts

0/RP0O/CPUO 8800-RP 95

0/RP1/CPUO 8800-RP 95

0/0/CPUO (LC type 1) 2494

0/1/CPUO (LC type 2) 1705

0/FCO (Fabric 1 of 8) 417

0/FC5 (Fabric 5 of 8) 417

0/FTO (Fan Tray 1 of 4) 687

0/FT1 (Fan Tray 1 of 4) 687

© 2025 Cisco and/or its affiliates. All rights reserved. BRKGRN-2161
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Details per PID

* Current power draw

e Varies with load

© 2025 Cisco and/or its affiliates. All rights reserved.

RP/0/RP0/CPUO:iosi#show env power

Total output power capacity (N + 1) 31500W + 6300w
Total output power required 17884wW
Total power input 14598wW
Total power output 13636W
Power Supply @ —-—-=-———- Input------ - - ——--- Output--- Status
odule Type Volts A/B Amps A/B Volts Amps

PSU6.3KW-HV 212.0/211.7 5.7/5.6 54.2 40.7 OK
0/PT2-PM1 SU6.3KW-HV 212.3/212.0 5.7/5.8 54.6 41.8 OK
0/PT2-PM2 .3KW-HV 212.0/212.3 5.9/5.9 54.6 43.2 OK

Total of Power Modu : 14598W/68.7A 13636W/250.5A
Location Card Type Power Power Status
Allocated Used
Watts Watts

0/RP0/CPUO 8800-RP 95 81 ON
0/RP1/CPUO 8800-RP 78 ON
0/0/CPUO (LC type 1) 2076 ON
0/1/cpPu0 (LC type 2) 1197 ON
0/FCO (Fabric 1 of 8) 417 417 ON
0/FC5 (Fabric 5 of 8) 417 407 ON
0/FTO (Fan Tray 1 of 4) 687 601 ON
0/FT1 (Fan Tray 1 of 4) 687 591 ON

BRKGRN-2161
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Case Study
Platform Evaluation & Modeling

Example from Silicon One
Ports up/down

Traffic load
Fan Power

CCCCC



Case Study Overview

» Evaluated systems with 1 to 86 ASICs
 Silicon One in 7nm TSMC process node

» 400 GbE w/ DAC, grey, and 40 km ZR optics
« Range of ambient temps

* ~10K “snapshots” w/ 1000+ data points each

alfbal ]l
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Test Approach

- Start at typical ambient: 22C (impact of higher temps also investigated)

« Shut down all ports - collect data

« Power on ports at each supported speed (e.g., 40G, 100G, 400G) w/o load
* Test mix of packet sizes and bandwidth

0 25% 50% 75% 100%

256B

512B

1500B

9000B

]
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Parser .xIs output (one of many formats )

* Pick what fields we want
e Build XLS from those
Do math!

- Separate optics power

|dle power

Watts / Tbps

Watts / Bpps

Etc.

» Regression to build model

© 2025 Cisco and/or its affiliates. All rights reserved.
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NPU Power

1l ............... r..|...,
- NPU power is a function of: B
+ Static power (always on)
- Number/Speed of SerDes (port & fabric)
e Traffic rate
* Bandwidth rate " BPPS
..... H"“"""""r“*"*
e
Watts |
TBDS ) : | | N

© 2025 Cisco and/or its affiliates. All rights reserved. BRKGRN-2161 CIsco



Multi-variate Analysis

* Lots of data

* |solate the variables you care about
« Run regression (excel, python, etc.)
« Sanity check coefficients

 R-square values

Idle Power (SerDes on) Intercept

© 2025 Cisco and/or its affiliates. All rights reserved.

Does line match data set?

R Square

Watts per Bpps
Watts per prs

0.976775

676.3208
14.14087
12.14574
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Creating a Model

* [dle power for all hardware
 Adjust ports/cards down
* Interpolate dynamic power from traffic
* Fan power driven by most demanding component
 Ambient
* Type of boards in modular systems
* Optics - longer reach modules require more airflow
» Power supply efficiency based on PSU type and load

CCCCC



How Can You Save Energy?

Network design
Silicon process nodes

Partial device shutdown

-Illnllll
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Network Design

* Number of devices
» Type of router/switch
« “Core” vs. full feature/scale
» Single vs. multi-chip
 Flatten leaf/spine when possible
 Integrate optical network

* Eliminate redundant redundancies

© 2025 Cisco and/or its affiliates. All rights reserved.
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Silicon Process Nodes

« 28/16/7/5nm widely deployed (up to 51.2T devices)
* Investment protection vs. deploying latest tech

 Far greater if they allow chip consolidation
 Different chip blocks have different power profiles

* Memory vs. I/O vs. MACs vs. Engines vs. Crypto

© 2025 Cisco and/or its affiliates. All rights reserved. BRKGRN-2161
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How can ASICs Dynamically Save Energy

« Customizing voltage and frequency to application

Performance v. {Frequency, Voltage, Power}

,_.
@
=]

* Powering down unused |I/O

=
~
o

* Ports or fabric connections

,_A
o
=}

» Clock gating

=
w
=]

« Combination of automatic + config

1.40
—— Frequency (Hz)
1.30 — Voltage (V)
—— Power (W)

Normalized Change in (frequency, voltage, power)

=
(&)
=1

,_.
=
o

1.00
100.00 110.00 120.00 130.00 140.00 150.00 160.00

Target relative performance (percent of baseline)
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Automatic Savings vs. Manual Intervention

PSU Loss

Plane
Loss

Points of
Load

Packet

Operations

Core Idle

IIIIIIIIIIIIH!!EHHHHE%H%!IIIIIIIIIII

© 2025 Cisco and/or its affiliates. All rights reserved.
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Fan

Under Investigation
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In Summary
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Thanks for Coming

We’ll be available after the session for Q&A
See slides additional Sustainability Sessions

CISCO Live !
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Complete your session evaluations

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

2o
0®

Earn up to 800 points
by completing all
surveys and climb the
Cisco Live Challenge
leaderboard.

NG

Level up and earn
exclusive prizes!
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Complete your surveys
in the Cisco Live
Events app.
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Continue your education
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Visit the Cisco Stand for
related demos
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Book your one-on-one
Meet the Expert
meeting
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Attend the interactive Visit the On-Demand
education with Capture Library for more
the Flag, and Walk-in sessions at
Labs www.Ciscolive.com/
on-demand
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Thank you C1SCO Live !
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