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Pace of Innovation

e Datacenter pace of innovation increasing
— More innovation in last 5 years than previous 15

— Driven by cloudervices & extraordinargcale
Internet applications like search

— Cost of Infrastructure dominates service cost

— Not just a cost center C() Ug[e
e High focus on infrastructure innovation
— Driving down cost amazon YAHOO.’

— Increasing aggregate reliability Microsoft
— Reducing resource consumption footprint o
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Perspective on Scaling

Each day Amazon Web Sarwces adds eno
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revenue enterprise
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Where Does the Money Go?

« Assumptions:
— Facility: ~$88M for 8MW critical power
— Servers: 46,000 @ $1.45k each
— Commercial Power: ~$0.07/kWhr
— Power Usage Effectiveness: 1.45

Monthly Costs

M Servers

B Networking
Equipment
Power Distribution
& Cooling

H Power

18%

M Other Infrastructure

3yr server & 10 yr infrastructure amortization

e Observations:
« 31% costs functionally related to power (trending up while server costs down)

» Networking high at 8% of overall costs & 19% of total server(oft&n more ‘
From: http://perspectives.mvdirona.com/2010/09/18/OverallDataCenterCosts.aspx amazon
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~ Power Distribution

Urility Distribution ~11% lost in distribution
,, .997*.94*.98*.98*.99 = 89%

IT Load (servers, storage, Net, ...)

Generators

UPS & Gen
often on 480V
gl \\\ ~1% lossn switch
4 P Lkl
e // \\ \\ gear & conductors
/ ,’ /! Transformers 7 Transfprmers
il u'___"
0.3% loss 6% loss 2% loss 02% loss
99.7% efficient 94% efficient, ~97% available 98% efficient 98% efficienthsue

: Tamazon
Note: Two more levels of power conversion at server “* webservices”
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Removing Power Conversions

— 480VAdine-to-neutralyields 277VAC
— 400VAdine-to-neutral yields 230VAC

2011/10/27 http://perspectives.mvdirona.com



Power Distribution Efficiency Summary

2 more power conversionst servers
5. Power Supply: oftennder 8® at typical load¥®

=

6. On board voltage regulators (VRMs or VRDs)*=

Rulesto minimize power distribution losses:

— Oversell power (moréadthan provisioned power)
— Avoid conversionfewer & better)

— Increase efficiency of conversions

— High voltage as clode load as possible
— Size voltage regulators to load & use efficipatts
— High voltage direct current a small potential gain

2011/10/27 http://perspectives.mvdirona.com 9
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Mechanical Systems

ﬁ 20% of total power
Heat Primary
. Exchanger Pump A
Cooling (Water-Side Economizer)
Tower A

A/C A/C

Kep/reb 00000z~ :AujIoe) MINS
e SSO aAleloden] i uMmop Mo|g

Condenser Evaporator
A/C
Compressor
Server fans 6 to 9W each Diluted Hot/Cold Mix

Overall Computfer N

. Room Air

Mechanical Losses Handl >
~22% andler
Air Impeller
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Hot Aisle Containment
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Facebook Open Compute
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ASHRAE 2008 Recommendations

Psychrometric Chart

4 ~
Q14 o N -
S1 {metric) urits &
Daromotnc Fressure 101 325 k¥ a (5o lovel ‘.’-
Basad on cats from & S

Carner Comporaton Cat No. 794001, date 1975 >3
»
-
A
s n

Samedity Raso (om Wate:

ASHRAE 2008 Allowable Class 1 — / /— el e ®

ASHRAE 2008 Recommended Class 1

~ L —Tor90F

— ~

amazon
v Tomy webservices”
2011/10/24 http://perspectives.mvdirona.com 13



ASHRAE 2011 Recom’mendatio'ns

5
Psychrometric Chart 1 |
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Network Equipment Building Standard

P~ g

Psychrometric Chart NAY /L | D |
NEBS Telco Standard (~1970) / A" _ 7 | o

ASHRAE 2011 Allowable Class 1 g /
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Most Datacenters Still Run Cold

T~ y r —— g

s
Psychrometric Chart ; i
Most datacenters run down in this range -
| 89F-95F
A 8L :
ASHRAE 2008 Recommended Class 1

amazon
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Air Cooling

« (Componenttempsspecs highethan historicallv
hottest place on earth

— AlAziziyahLibya: 136F/58C (1922)

e Justa mechanical engineering problem
— More airor better mechanical designs Te“fne;“;’;{;c?‘gvg,'c?c‘,’gc
« Tradeoff:semiconductor leakage &owerto

movemore airvscooling savings @
e Currentlyavailable equipment temp limits:§

— 40C/104FCloudRack2 & most net gear
— 35C/95F: Most of the server industry

AMD Hard Drives: 7W- 25W
@ Temp Spec: 50C-60C
o‘)tefon

Processors/Chipset: 40W - 200W
Temp Spec: 60C-70C
http://perspectives.mvdirona.com 17

I/0: 5W - 25W
Temp Spec: 50C-60C

Thanks to Ty Schmitt& Giovanni Coglitore
2011/10/27



InnovativeShell Designs

DUCTLESS RELIEF

 Evaporative cooling only : -
— High pressure misting on right J— ------ S— j

IR LB
— Damp medialesign belowiae | EEN B
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 Fullbuildingductlesscooling o

Facebook Prineville above & below
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I\/Iodul and Prdab DC Designs
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Fast & economic deployments Amazon berdix
Subl.2 PUE designs
Air-side economized
— In some cases no mechanical cool
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Cooling Looking Forward

* River water or lake water cooling
— Google Belgium & FinlanDeepgreer8nitzerland
— Not new: Toronto metro area cooling i

» Water direct to the rack
— IBMiDataPlex

 Water direct to components
_52yS 68F2NB ynQa L.a {KoTn
— Again when heat densities climb back to that level

e Direct on component spray cooling

2011/10/24 http://perspectives.mvdirona.com 20
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Sea Change In Networking

 Current networks ovesubscribed

— Forces workload placement restrictions
— Goal: all points in datacenter equidistant

 Mainframe model goes commodity

— Competition at each layer over vertigateg.
« Get onto networking om 2 2 NJavDgath

— ASIC port count growth at near constant cost

—/ 2YLISGAGAZ2YY

__Internet

Data Center
80 to 240:1 L 3
Oversubscription ayer

NRI RO2ZY > al N

Layer 2

v

2011/10/24

Key:
*«CR = L3 Core Router
*«AR = L3 Access Router

" | S =L2 Switch

« LB = Load Balancer
+ A = Rack of 20 servers

with Top of Rack switch

http://perspectives.mvdirona.com

Central Logic Manufacture
*Proprietary & closely
guarded

| eSifglespiifes |

Finished Hardware Supply
*Proprietary & closely
guarded
*Single source

System Software Supply
*Proprietary & closely
guarded

[=Singlesource

Application Stack
*Not supported
*No programmingtools

*No 3" party ecosystem

Central Logic Manufacture
*Standard design (x86)
*Multiple source

*AMD, Intel, Via, ...

Finished Hardware Supply
*Standard design
*Multiple source
*Dell, SGI, HP, [BM, ...

System Software Supply
sLinux (many
distros/support)
| Windows&other |
proprietary offerings

Application Stack
*Public/published APIs
*High quality progtools

1 LeRich 3" party ecosystem
Sff S Cdrf
A=A

" Net Equipment

88DE2750

= tCor?lmo'?i'lty Server

“amazon
webservices”
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Software Defined Networking
| 1 1 1 |

Simple Packet
Forwarding
Hardware

Simple Packet
Forwarding
Hardware

Simple Packet
Forwarding
Hardware

Simple Packet
Forwarding
Hardware Simple Packet

Forwarding

Hardware

« Distributed control plane with central control
 Research examples: VL2, PortLand, & others

*  Onix/OpenFlow gaining industry support & traction quickly
2011/10/24 http://perspectives.mvdirona.com 23
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Server Innovation

« Removing all unnecessary cost & power
— Omit lid,Depopboard, efficient components, 120hly PSUs

e Form factor: fractional RU & muerver modules

« Shared power supplies
— N supplies for M servers
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« Super higkdensity storage platforms
— Increasing server to disk ratio for cold storage

e Soon: ARM architecture, low power servers, multiple
servers on board, proprietary net fabric |
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