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Processing 100TB datasets

One node Scanning@50MB/s = 35,000 min
1000 node Scanning@50MB/s=35 min

Search Engine Data Warehousing L0g Processing/User
Behavior Analyzing
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Oracle RAC MySQL(user info)

Hive/H Base on top of Hadoop l
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Workflow View/Click/ Events Log www.facebook.c

Management Storage Zheng Shao @ Hadoop in China 2009, Face
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Offfine ETL usanm

«Scalability: 10-15 GBytes/second
*Reliability: No single point of failure
*Data loss SLA: 0.01%
*loss due to hardware: means at most 1
out of 10,000 machines can lose data
*Delay of less than 10 sec for 99% of data
*Typically we see 2s
*Easy to use:
as simple as ‘tail —f /var/log/my-log-file’

Realtime flow

other ptail
apps

%

Policy System Hive Clusters

= After

Eric Hwang,-Sam Rash @ Hadoop Summit 2011, F

Realtime ETLowe




Big Data Landscape
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*Apache Nutch, 2002 LEl
“NDFS + MapReduce, 2004 Rt®)
“*Hadoop, 2006

“*Apache Hadoop, 2008 (
= http://hadoop.apache.org/ @h a[aEZ,E—']

| Doug Cutting,
Apache 4%
o EE

= Book:
http://oreilly.com/catalog/9780596521998/index.html
» Clone of Google’s GFS and » Written in Java
MapReduce « Does work with other languages

« Can process large scale Web pages » Runs on

e Linux, Windows and more
« Commodity hardware with hi
failure rate
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Hadoop HDFS{AZR 254

FAE: 10K nodes, 100 million files, 10 PB Ak BOEEREIA . BRI E s .
KRtk EAHIERLGHE; RAMFELR; £ SRS
ARARG AR V€PN

Metadata (Name, replicas, ...):
/home/foo/data, 3, ...

Namenode

Metadata ops ’|

Block ops
i gystem (GFS)
Read Datanodes Datanodes ile oY
t | [ Misc. servers
E & - - Replication uE - . ot
m| |E o Bloc | ///fa@ﬂ
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Write :@l: W eE,
Rack 1 Rack 2 :
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+ Master manages metadata
+ Data transfers happen directly between clients/chunkservers
* Files broken into chunks (typically 64 MB)

* Chunks triplicated across three machines for safety

Gox gle

Sanjay Ghemawat, et. al., The Google File System, SOSP’03



Hadoop MapReducefbE7RFE

Dean & Ghemawat: “MapReduce: Simplified Data
Processing on Large Clusters”, OSDI 2004

output
HDFS
part0
part 1
Map Task 1 I | Map Task 2 | | Map Task 3 I
Lo o :
Lo o :
O s s O s |
| | | | |
Lo o :
Lo o :
klow klwv k2w | | klw | | k3w kdw kdw ksv |1 1 kd v | klow k3w |
Partitioning Function | ] Partitioning Function | ] Partitioning Function |
______ £____ - = = = = = — d ____J____J
| Sort and Group | 1| Sert and Group ||
1| k2w kd v vy ks |1 I klvvwy [ k3wy |
[ ! [ !
[ ! [ !
[ ! [ !
[ ! [ !
1 | | I [ !
[ ! [ !
| Reduce Task 1 ! I Reduce Task 2!

______ o]



LD B E SR
'( FriEa{4Apache Hadoop
& B LR AR JTRHETR/N

T 5 R GISTRR AL

s



175B ST SR F AT NRCFile
= RCFilef§% REEATF IR, RALIIFEE, TIH

FhEzS (8] G XTEE

A = .:I:. VAL |

PE WA szempmiapache Hive i
| SequenceFile) 100

i Fr it R 045 B i I

o0
(=]

o
(=]

AR RE | 1 12 13 14
A |B |C |D § 21 22 23 24

RCFilef& 7 1ITEEFIFIEMERNNR | BNEEEERS. |,

Storage Space (GB)
i
[=]

)

]
(=]

EAMEEFAUEE. HTERHETE20%FESSE |, LLAFE | reow ™ cw»swﬁ"'”"’“jf“" Rorie
ENNZECIR23% IRELTME REXT B

YIINVTT THEATYURPaCTic 11y, £ZToTa)

41 42 43 44

i WO 7 3% 4 TS R & ey I I
' v X

. A , -
PSSOV
| 8 15
fRR 7 SEEUE= 8 S B EUEINE T Ein |-
5
FW’ : " E 41 42 ™ B é ;é ’ l:olun\n-»s.t?:r::.l RCFile
1 =Xl roweslore JMnN=gro
' *RFIFacebookE S A1) H b e el




B#r Bz |5 /RNCCIndex

= CCindex# U RRIBIARMIER AL HIEIERKRZRS], NEMEBIMFIELE]
, SEMBIRREH BEWRALAL 5 LR EaS T RE

R St et S Rt — — — — — — > Basic Operations Performance with Original Table ]
: 0000
HAGIEH 1 I I I g OriginTable
EQ Tl | ‘ | \ 45000 | CClindex ===
T T T N
1 | I * 40000
LHIER, 1 [ I REEA ) :
BRI 4 ! ! | kR : ¥ : N
! ! ! , g 30000 i MR E B
& £ oo | ; _2 Hsz-%
{61 felF 2 5 § 20000 | ; — &?g H:i;kEI‘J
£ g 15000 | ‘ {ﬁ \)\
, ] 5 = o000 | 10fz8LAE
1 | I [ oo | e ¢ | : |
BF| R i P I ! I 5000 | e I A 2 \ T
(mum |Gt || | ! | , 'n .y perrye e
: l . 0O :I RandReadRandWrite SeqRead SeqWrite Scan IndexScan

. HT R 2 AR :
CCIndex{#§5F 7 BigTableXuEiEE S al RIS E I ERGE TR T—
St TR e ol tect R ===

MySQL Cluster (70M)

Multi-dimensional Range Queries Throughput

260000 - MySQL Cluster (90M) =—= W
q kY | 8 [ ¢ \ ' = CCindex (70M) ==
= RiAEZRFE = 240000 CClndex (90M) . TR
Al+1 B4 C1 IR 220000 L Fli 1 1
1 Wy
200000 |

o | 7 o [ HeMysQLCluster
oo | ol || wEsuEEmSg
LR || it

R 7 BEIUELR oMt ERIER | © o HH”

=
B4 Ci1 AR
/[, Ad+4 F

(=

CCHCH <= | 2 |5 | c A
A L1 AT '

)
& ) B A4ta B1 Cd

RIS
Throughput (Records/S)

40000 -

i Bt Al o1 L RS <As || _ o A 200 1
3 = pol | CHRESIEAGEE = gl
e ™ || B4<B3<B2<Bl | LIRS ERARE) ey, PndQuery  OrQuey B RES

CCIndexi$—HEBEH—RES| , FpEREEE
T R




5
B

RCFile:sy AI4E

Certification on Adoption of RCFile Technology

17 October 2010
To Institute of Computing Technology, Chinese Academy of Sciences

Apache Hive is a data warchouse infrastructure built on top of Apache Hadoop. It enables casy distributed
big data management, and provides the capability to query and analyze large data sets stored on Apache
Hadoop. Apache Hive is widely adopted and constructs the distributed big data infrastructure inside
Facebook, Digg, CNET, Taocbao,

hitps:l/cwiki apache orglcoafluence/display/Hive/PoweredBy].

and other famous large-scale intemet companies [Reference:

The RCFile technology invented by Institute of Computing Technology, Chinese Academy of Sciences was
contributed  Apache Apache 5/172009  [Reference,
orsdionbeowse/HIVE-352). RCFile combines advantages of both row store and column

Hive project  with License on

bupsdssucs. apache

High compression ratio on column data can reduce the usage of disk space and the horizontally sg

of data loading stage. Compared with SequenceFile, W

group ¢
W store lcdnmlog) in Apache Hive, RCFile can achieve up to 20% space savings without aff8

erformance, Compared with column group technology used in Apache Pig, which is another big daies

analysis s¥ ale’s data loading is 23% faster as far as the disk space utilizagiop ratio st cqual,

[Reference: huplen wikipediaorg/wiki/RCFile] RCFile has been integrated into Apache Hive since version
0.4.0, and has replaced SequenceFile as the default binary data storage structure. Accocding to our
knowledge, a great number of internet companies world-wide have begun to use RCFile store their data

sec~year 2005, Obviously, RCFile has become the de facto standard of data storage @
MK systems such as Apache Hive.

I can fully certificate the authenticity of above statements about RCFile and ™ 1o Apache Hive

project. Please contact with me in case of any questions.

Sincercly yours,
Signature: Zheng Shao
A &
///: ,{// — /'
Project Management Committee member and committer
Apache Hive Project
Email: zshao@apache.org
Phone: +1-650-353-0457

Address: 1076 Tanland Dr Apt 103, Palo Alto, CA 94303, USA

jlz#“iﬁlilr“ FHIS)

-Compared with SequenceFile, which was
the default row store technology in
Apache Hive, RCFile can achieve up to
20% space savings without affecting
query performance.

«Compared with column group technology
used in Apache Pig, which is another big
data analysis system, RCFile’s data
loading is 23% faster as far as the disk
space utilization ratio is almost equal.

*Obviously, RCFile has become the de
facto standard of data storage structure
inside distributed offline data analysis
systems such as Apache Hive.
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