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Hacking Conventional Computing Infrastructure

We started a project at Facebook a little over a year ago with a pretty big goal: to build

one of the most efficient computing infrastructures at the lowest possible cost. We

decided to honor our hacker roots and challenge convention by custom designing and

building our software, servers and data centers from the ground up - and then share

these technologies as they evolve.

The result is a data center full of vanity free servers which is 38% more efficient and 24%

less expensive to build and run than other state-of-the-art data centers.

By releasing Open Compute Project technologies as open hardware, our goal is to

develop servers and data centers following the model traditionally associated with open

source software projects. That's where you come in.

SERVER designing vanity free, low cost compute nodes

DATA EENTER designing energy efficient data centers

http://opencompute.org/

, Since 2011 April

£n

§ Lo

Intel Motherboard

The v1.0 Intel motherboard is a dual
Xeon® 5600 socket motherboard wit
we have a new v2.0 specification._..

AMD Motherboard

The v1.0 AMD motherboard is a dual
socket motherboard with 24 DIMM sl
doubles the compute density, suppol

Power Supply

The Open Compute Project 450W po
converter, single voltage 12.5VDC, l
supply used in high-efficiency applic:
includes...

Chassis

The Open Compute Project chassis is
the cther components in a server, in
motherboard and power supply. Over

28


http://opencompute.org/

Open Compute Project: facebookf KB
BITBSCARDS | BN E: PES BRAM: 2011-04-08

i 7 AR RREERRESESOMARSHERR. Q10
IFiRREIREES - H “HIRIER SEAERSIELEET - The

Open Compute Project » facebooki I {AIIR25/E [ AR EESTEHRA Y
FTE ¢ BB IS BT = -

S s SHMKBKTA BHEZFOpen Compute

T tHRERTERE ¢
Project(OCP)X %
= o LIERHRLS 2011/ 111 211 W

B+ tEiET [RIR
T—rRIgNENE, EEEEETEHFacebookTFERMOCP(Open Compute Project)-FAHRIEEER

Google - facebo %, LEEXEEERHEEATFAMNMNERSER®, BERCEMBUSE. AHHEN
iRt ES . HEHEEFTE, SEAREEREENRGEE, 2EREXERESH. HED

Egﬁ—@—ﬁ,*ﬁ¥ma

1
EREMEREFFREREIAENRT, 28 "EUHEME ., BENEIRSATTERS

UG HRE T, EEHESTRAMENSRERE: "SIERME, : BEWEPIKET

[1] Open Compute Project : facebook sz

http://www. bnext. com. tw/article/view/cid/0/1d/17924

(2] F Bz L #7714 ¥ Open Compute Project(OCP) & %
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%% 2k : Embedded systems virtualization: Consider a Hypervisor
http://www.eetimes.com/design/automotive-design/4016811/Embedded-systems-virtualization-Consider-a-Hypervisor
%% 4k . 10 questions to ask when choosing a virtualization solution
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@> App Store
NOKIA Symbian

41%

K AR © http://www.iphonic.tv/iphone_screen_amaze.png

K B : http://en.wikipedia.org/wiki/File:Smartphone_share_current.png
%% &% : iPhone - Playing mamediphone with a WiiMote
http://www.youtube.com/watch?v=2AqgIWPnrlc

%% A% : Android running on iPhone! ) )
http://linuxoniphone.blogspot.corr?/2010/04/ive-been-working-on-this-quietly-in.htmI ® Symbian @ RIM Android
http://www.youtube.com/watch?v=5yO2KQHkt4A ® Apple ® Windows Mobile @ Linux
%% 4% : Android on Motorola Rokr E6 @ Other
http://www.youtube.com/watch?v=-QAWd4ljV3g

4% A% : Dual Boot Windows Mobile and Android
http://www.redmondpie.com/how-to-dual-boot-windows-mobile-and-android-on-windows-phone-9140407/
http://www.youtube.com/watch?v=Nvj4ObHmMxCI
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%% %)% : Embedded systems virtualization: Consider a Hypervisor
http://www.eetimes.com/design/automotive-design/4016811/Embedded-systems-virtualization-Consider-a-Hypervisor

%% %)k . Securing Smart Grid Devices - Using Virtualization to Protect the Grid
http://embeddedinnovator.com/securing-smart-grid-devices 35/45
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Embedded XEN

on ARM platforms
http://embeddedxen.sf.net

- rg’t

Bt

SourceForge.net > Find Software >

g Embedded XEN on ARM platfﬂrms Alpha by rossierd

Summary | Files | Support Jevelop

EIMREU U U ATl 1 Zatio)
ZEE R

suurcgm

Find Software Develop Create Project Blog Site Support About

mbedded XEN on ARM platfiorms

Requirement | KVM Xen Embedded "
Hyparvisor

Embedded o Yes5 V&5

Frocessor Support

Real-lime no no YEs

Fasl no no yes

communication

Foolprint >10MB 16MB <GdkB

Code size . 1005 kLoC .“I 00s kLoC _ 10 kLoC

37/45
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cloud computing, hadoop, big data, nosql Job Trends 3::( ﬁk'ﬁ‘]‘% ?}[‘ % ‘Fﬁb’%éj\#}? ’ #E,( ;}}5‘
e o zane » INAeed $Z simply hired & 2 3] &9
s o — o MR AT R AR E R
= Big Data > Cloud Computing >
Hadoop > NoSQL

CIlO technologies Ranking of technologies ClOs selected as

0.2 one of their top 3 priorities in 2012

Percentage of Matching Job Fostings

Ranking 2012 201m 2010 2009
/ Analytics and business intelligence 3 =}
. . . . . . Mokile technologies 2] 6 12
lan 0@ lan 07 lan 08 lan 08 Jan'1@ Jan’'1l Cloud computing (Saas, laas, Paas) @ 16

llaboration technologies (workfl
Indeed.com searches millions of jobs from thousands of job sites. Collaboration technologies (workflow)

This job trends graph shows the percentage of jobs we find that contain your search terms. Virtualization
Legacy modernization

Find Cloud Computing jobs, Hadoop jobs, Big Data jobs, Mosdgl jobs
IT managameant

18 = i

13 14 @

12 9 8

10 |§] 15

Customer relationship management
ERF applications

Security

Social mediaVeb 2.0

Job Trends for Cloud Computing = Hadoop = Big Data = Mosgl

0 m -~ ot &[]
=
=
(]

5
=
]
[
- =

o AT Gartner CIO Agenda 2012 71 =% :
s 1] Business Intelligence (Big Data)

€y~ _——~________ [2] Mobile technology
oo May 10 Jul10  Sep 10 MNow 10 Jan11  Mar 11 Baw 11 Ju11  Sepil  Mow 11 3: Cloud Computing

May 1, 2010 - Nov 30, 2011 SimplyHired.com
L =

%+ %k ¢ http://www. gartner. com/DisplayDocument?id=1524714 39
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Bit (b) lorO

Byte (B) 8 bits
Kilobyte (KB) 1,000 bytes
Megabyte (MB) 1,000 KB
Gigabyte (GB) 1,000 MB
Terabyte (TB) 1,000, GB
Petabyte (PB) 1,000 TB
Exabyte (EB) 1,000 PB

Zettabyte (ZB) 1,000 EB
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2006 2007

The Expanding Digital Universe,

2008

A Forecast of Worldwide Information Growth Through 2010,
March 2007, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf

2009

2010

a"*' I (A= 4 ) I( r -r |
-2 -<— I1Ie= u’/., J r :r‘ /f,
AT/ 7T ] 3

Information Created, Captured and Replicated

6-Fold Growth
in Four Years

o

2006 2010
161 Exabytes 988 Exabytes

2007 &= - IDC 3¢ 7%
2010 & ¢ = & = & |
(4p# 2006 &+ )

3

2006 161 EB
2010 988 EB ( 3g il )

41
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IDC i B # 0 [DC #edy
UNIVERSE: EitE

~ sponsored by EMC B 2007 281 EB
2008...48.(.FB.....................

£ 2009 800 EB (0.8 ZB) :
2010 988 EB (5EiRl ) |
: 2010 1200 EB (1.2 ZB) :

: 2011 1773 EB ( 5g#))

ZETTABYTES 20111800 BB (1,8 7B)

(1.8 trillion gigabytes) of information 4}
will be created and replicated in 2011- T LmRAFE?
and growing fast (it has grown by a factor of 9 in just five years) E\“ % %’?;}i,’{ﬂ’f#ﬁﬁilj ?

41 & Extracting Value from Chaos,

June 2011, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/about/news/idc-emc-digital-universe-2011-infographic.pdf 42
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'Big Data' = few dozen TeraBytes to PetaBytes in single data set.

Definition [edit]
Big data is a term applied to data sets whose size is beyond the ability of commonly used software tools to capture,
manage, and process the data within a tolerable elapsed time. Big data sizes are a constantly moving target
currently ranging from a few dozen terabytes to many petabytes of data in a single data set.

In a 2001 research repc:-rt““ and related conference presentations, then META Group (now Gartner) analyst, Doug
Laney, defined data growth challenges (and opportunities) as being three-dimensional, i.e. increasing volume
(amount of data), velocity (speed of data in/out), and variety (range of data types, sources). Gartner continues to use

this model for describing big data.l*]

I et http://en. wikipedia. org/wiki/Big data

-

L-------.....________|||ll----)

-_—\

BFORAE - 5 100TB - B3 0 % £ 100TB
43



Gartner Big Datel Modsl 7 & & 2rr a2 7

HE AN E TR THE) ~ T & 500

5H R

YN =
VOI u m e /El 7]:+ gi 24 [1] Laney, Douglas. "3D Data Management: Controlling
Data Volume, Velocity and Variety" (6 February 2001)
( a m O U nt Of d ata) [2] Gartner Says Solving 'Big Data' Challenge Involves
More Than Just Managing Volumes of Data, June 2011

Structured
AR AR
Batch ( #tX1E ¥ )
Semi-structured

FEARLAH

Unstructured Realtime ( 7 B 541 )

JE &AL AT
Variety &# %tk Velocity ##H3% Ao %

(data types, sources) (speed of data in/out)
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120 of Informziidon Mzinzgameane? 12 1] 4

Perishability Fidelity

* Qualification and Assurance

pp— e
Validation Linking
Classification Contracts

10 1

* Access Enablement and Control

s 2
Technology Pervasive Use
Velocity Volume .

T Big Data

L= e £ g% iE

* Quantification -«»,_‘
J PR
= = I 2 |
Variety Complexity

Source: Gartner (March 2011), 'Big Data' Is Only the Beginning of Extreme
Information Management, 7 April 2011, http://www.gartner.com/id=1622715
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Gzl Mzienlne Undarsezined fouy @577 22 =0 E=

iPhone i e
Googlel$ SR " ATEX.: XKANX
BERS|E

2012502H15H 00:11
BhaY: HARMERSL, @0 ! (FEETI: 3FEY, A L)
EERHE / FEWE

BEASER, TOERBREGIME ? SEAEER, FENHIEURELEE ? GooglefIE
REIEEAmMIt SinghaiiBE 7 — 4B, "GooglelEZB At TEF, EMERT "EE, B, X
RESSIERENFRZFABFTHEE, HS|ZEEE "HA. RIEETE. .

Siri.
Your wish is
its command.

Siri on iPhone 4S lets you use your voice

to send messages, schedule meetings,

place phone calls, and 1r.;---:~..A<,-.45

[jc_. things just by talking the way you ta k.
understands what you say, knows

what you mean, and even talks back.

® Bondering Constellations

l&_tﬁf Shawers * Appares
Radian} dimension

# Common calendar
oxcurEnce

l[;mrdml'.r

- iinor axis

* {incertsinty Maes

AGoogle kR §EEA " ATER ., . (H / NEmashable.com)

http://www.ettoday.net/news/20120215/25085.htm 47
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A j\/f@/@_/é‘g_?‘ﬁiﬁjk & T ST

fs R e A ¥ g B LAMP
WL FAR B it LB SMAQ ( Storage, MapReduce and Query )

s "‘-.
* Query
MHSEE} Y Perl
@ python
Map Reduce
APACHE
LAMP o
e
Linux Apache MySQL  PHP,Perl,Python

%< %k . The SMAQ stack for big data > Edd Dumbill - 22 September 2010 -
http://radar. oreilly. com/2010/09/the-smaq-stack-for-big-data. html
Bl & k& : http://smashingweb. geb. org/wp—content/uploads/2011/10/apache-php-mysql-ubuntu. png 49
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Query ORREG A ET S LT B
b it 7
i
Map Reduce Key features
- Distributed
« Non-relational or
Storage unstructured

.~ ___________________J

%< %k . The SMAQ stack for big data > Edd Dumbill > 22 September 2010 -
http://radar. oreilly. com/2010/09/the-smag-stack-for-big-data. html
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Query

Key features

- Distributes computation
Map Reduce oVer many servers

- Batch processing model

Storage
—

%+ %k ¢ The SMAQ stack for big data ° Edd Dumbill - 22 September 2010 -
http://radar. oreilly. com/2010/09/the-smag-stack-for-big-data. html 51



¢ oy ™
Qu ery Key features
- Efficient way of
defining computation
* Platform for user
Map Reduce nendly analylical systems
I!!'_’I
Storage S A S
. | IV RA TR E AR

%+ %k ¢ The SMAQ stack for big data ° Edd Dumbill - 22 September 2010 -

http://radar. oreilly. com/2010/09/the-smag-stack-for-big-data. html 52



Sligraula HBase, Hypertable:
A huge ey-value datEsioge Cassandra, ....
Meyoitsducs Hadoop MapReduce AP
T parallel process date Sphere MapReduce AP, ...

Hadeop Distributed File. System (HDFS),
Sector Distributed File. System,

¥ % R F3& 3 % MapReduce APl T 1F :
http://trac.nchc.org. tw/grldllntertraCIW|k|%3Ajazz/09-O4-14%23MapReduce

HALBAF R G XAs R A&
> IBM GPFS - http://www-03.ibm.com/systems/software/gpfs/

> Lustre - http://www.lustre.org/
> Ceph - http://ceph.newdream.net/
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Disk Input

£

Disk Read
Throughput

Buffer |
Write Throughput
FLOPS| | % ) |10ps L
|
v

IOPS

Memory
Buffer

R 2 =
AN -

ik Input G A I R
[é@ S SH AT 138 © B I e -

k"
Disk Read

Throughput

|IOPS

. FLOPS=~IOPS

Memory CPU

Memory
- Bandwidth ﬁ]

FLOPS >> IOPS

CPU

Write Throughput
FLOPS| | % ) |1ops L
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Memory
Bandwidth %
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CPU usage - by week
F
400 | | m'"’**-'"'-l_"'*“r
300
200
100
U_
24 25 26 27 28 29 30 31
Cur: Min: Avg: Max
system 3. 90 1.16 3.92 27.96
user 2. 84 0.63 52. 08 165. 85
nice 1.08 0. 08 1.15 2.20
idle 170. 88 28.73 284 43 418.11
iowait 224 53 0. 02 70. 24 355. 46
irg 0. 08 0.0 0.08 0.00
softirg @.17 0. 08 @.1@ 1.72
steal 0. 00 0.0 0.00 0.00
Last update: Thu Mar 31 16:50: 48 2011
Mermory usage - by week
206G T
18 G
16 G

14 G
12 G
10G
8G
6 G
4G
2G

apps . .
page_tables 33. 26M 10, 54M
swap_cache 985. 54M Q.08

slab_cache 41.18M 22 44M
cache 9. B4M 5. 65M
buffers 224 26k 591. 20k
urused 56. BSM 4. B2M
sSwap 5. 936 @. 06

inactive 206, 6EM 841. 24M
committed 1z.18G 2. 566G
active 4.57G 2. 346G
vmalloc_used 367.83M 365. 76M
mapped 2. 060G 2. 056

Last update:

17. 65M 43, 04M
4920, 21M 2. 546
274 _93M 520. 55M

2. 960G 4. 430G
532. 96M 1. 40G
&7.10M 719, 20
1.620G T7.456
2.116G 2.816G
5. 39G 13, 486G
2,126 4. 806
3E67.83M 368 09M
2. 068G 2.08G

Thu Mar 31 16:36:15 2011

’

sz JZE pif 5 L - ]
& FLIF 0 g 8 TOWAL

Swap infout - by week

E 500
= 400
=3
o 300
=
- 200
= Loo e
'E 4]
2 100
& -200
T -300
o gt o
o -400 R R,
& -500 ' ok
14}
o -G00 -
24 25 25 27 28 29 30 31
Cur [ -/+) Min [ -/+) Avg [ -/+) Max [ -/+)
B swap 471.86 f 53.57 @g.ea 5 0.08 185,38 f 18 16 570.04 7476, 23
Last update: Thu Mar 31 16:36:19 2011
Disk 10s for jdev/sda - by week
N
_ 200
x
42 100
= i g e e P
- L.Is 1 iy "
7 o T
E & “
n -100 | T PO W |
[}
=
= =200
= ’LLN‘-"I.’
e
-200 *
24 25 26 27 28 29 20 21
Cur [ -/+] Min {-/+] Bwg [ -/+) Max [-/+]
B I0/sec 256.81 f 57 28 Q. .ea f 1. 45 B0.432 / 46.56
303. 34 S 125. 54
B Avg Req Size (KiB) 8.22 f 4. 559 @.ea f 4. 34 &6O.57 F 20.08
124 17 7 342. 77

Last update: Thu Mar 321 16:36:08 2011

2 A AT SR AR B A2 % =T 45
+2%#] ( Feedback Control )
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5 as - test.aspx

P E
A
HTTP
2R
B H
HTML
fic

1S

Web [ FH#2 5(,
ASPNET

{4 Web

S a5 - test.aspx

R FSHE

AJAX Library

Web R
ASP.NET

AJAX
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