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“ " (Internet of Things) *“ " (Industrial
Internet) “ "
PC
Nature 2008 Big Data (Computing
Community Consortium) 2008 Big-Data Computing: Creating revolutionary
breakthroughs in commerce, science, and society
Science 2011 2 Dealing with
Data
Challenges and Opportunities with Big Data
(McKinsey) 6
Big data: The next frontier for innovation, competition, and productivity
2012
1
Big Data, Big Impact: New Possibilities for International Development
3 (Big
Data Research and Development Initiative) 2 “ "
(Information Highway)
Global Pulse 5 Big Data for

Development Challenges & Opportunities
(Data Deluge)
The Age of Big Data
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Web 2.0

UGC,User Generated Content

Web 2.0
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Applications Examples Number of Users Response Time Data Scale  Reliability  Accuracy

Scientific Bioinformaties Small Slow B Moderate Very High

Computing

Finance High-frequency trading Large Very Fast GB Very High  Very High
Social network Facebook Very Large Fast PB High High
Mobile Data Mobile phone Very Large Fast B High High
Internet of Things Sensor network Large Fast B High High
Web Data News website Very Large Fast PB High High

Multimedia Video site Very Large Fast PB High Moderate

Google Hal Varian
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RSS

LT

10
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700
1-1
Historical estimates See data for. | UMed States F]
United States Flu Activity
influenza estimate ® Google Flu Trends estimate @
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1.5.2 V k

Seton Healthcare IBM
3000
App
1.5.3 | ¢
2~3
Biglnsights IBM
1
1.5.4 H k
XO Communications IBM SPSS
X0

IBM Netezza



1.5.5

NTT docomo

Twitter

"Informatica

1.6

Facebook
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(DB) (BD)



“ " VLDB(Very Large Database) * " XLDB(Extremely
Large Database) “ K MB “ "

GB TB PB

3 (Schema)

One Size Fits All “ "

No Size Fits All

“ ” “ " (Data
Engineering)

Jim Gray

Jim Gray

‘ " (The Fourth Paradigm)
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Science Paradigms

Time

Methodology

Empirical
Theoretical
Computational

Data Exploration

Thousand years ago
Last few hundred years
Last few decades

Today

Describing natural phenomena

Using models, generalizations

Simulating complex phenomena

Data captured by instruments or generated by simulator; Processed by software;

(eScience) Information stored in computer; Scientist analyzes database
1-2
(Computational Social
Science) (data
print)
Duncan J. Watts A

twenty-first century science

1.7

1-3
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“ The Internet of things”
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GPS
2005
T
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IDC2011

1
2 Hadoop
Mapreduce
3
Hadoop
1.10
1-3
. ETL
NoSQL SQL

(NLP Natural Language Processing)

(NLU NaturalLanguage Understanding)
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(Computational Linguistics

(Al Artificial Intelligence)

topN

NoSQL

ETL

1-3

logistic

bootstrap
Classification Estimation

Affinity grouping or association rules
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Prediction

Clustering



Description and Visualization (Text Web
)
1.11 Y
Big Data
Bill Inmon
90 Big Data
Big Data
RFID
MPP NoSQL
1.11.1 |

CARP Caching Array Routing Protocol

(replicated) (partitioned) (tiered)

(Replication)

(Partitioning)

17
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http://blog.jobbole.com/1196/

(client-server)

mem-cached  danga.com LiveJournal
RDBMS
REBMS
Memcached
Web
B UL

Web

[ memcached ][ memcached h

[ memcached ][ memcached

—  WRI5E] : ARDBMSHREVBIGREFRImemcached
— &S : Amemcached PRSIE 2RI

1-4 memcached
Memcached

memcached

R libevent libevent
kqueue
Linux BSD Solaris

memcached

18

MXL

Linux

memcached

epoll

BSD

libevent

memcached



memcached
memcached
Memcached memcached “ 7
memcached
memcached Key Value KV Key
hash hash-Key memcached
hash
memcached ms mc memcached
ms Key  hash KV ms ms
mc ms
memcached
MemcacheDB Key-Value
memcached
memcached MemcacheDB Berkeley DB
Berkeley DB
Tair Key-Value
Tair MemcacheDB

1.11.2 4

DBMS

1970 1980

Internet
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SDD-1 1976 -1978

1979 DEC-10 DEC-20

Spanner
Google Spanner
GPS API API
10ms Spanner
1.11.3 4 L
Google  GFS Linux
PC Master
TrunkServer GFS Trunk TrunkServer
Trunk 3 TrunkServer Master
GFS Metadata Trunk Master Metadata
TrunkServer
Google Hadoop Hadoop
Hadoop
Hadoop
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1.11.4 NoSQL

NoSQL web2.0
web2.0 SNS web2.0
horizontal
scalability
NoSQL Google BigTable Amazon Dynamo
NoSQL 2010 Facebook HBase
Cassandra NoSQL HBase Facebook
HBase
HBase HBase
PC Server HBase  BigTable HDFS
Google MapReduce BigTable HBase
MapReduce HBase BigTable Chubby HBase
Zookeeper

Dave Feinleib

e Splunk,Loggly,Sumologic

e Predictive Policing,BloomReach

® Gnip,Datasift,Space Curve,Inrix

e Oracle Hyperion, SAP BusinessObjects Microsoft Business Intelligence, IBM Cognos,
SAS,MicroStrategy, GoodData

o Tableau Software, Palantir, MetaMarkets, Teradata Aster, Visual.ly, KarmaSphere, EMC
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Greenplum, Platfora, ClearStory
e HortonWorks, Cloudera, MapR, Vertica

Couchbase, Teradata, 10gen, Hadapt

e Amazon Web Services Elastic MapReduce, Infochimps, Microsoft Windows Azure
e Oracle, Microsoft SQL Server, MySQL, PostgreSQL, memsq|
e Hadoop, MapReduce, Hbase, Cassandra
vl T
_TOCIO.com .
Big Data Landscape
(" Log Data Apps Vertical Apps ) 3“55"955 / Analvt.ics "_‘"d

D PREDICTIVE Intelligence Visualization

l l POLICING ORACLE" | Hyperion +|;-P + O b I.e. O v

UEE Y

. EE:? L=y METAMARKETS

Sum0|gglc Obmmrﬁiﬂ . Haasire-s 1 Objeets l@ e
A [Busiess inteligence ERADATA. ASTER
e Data Providers N | m=m cocnos visually |G

GNIP GSAS MicreStrategy | | EMC' (@) GREENPLUM.

: h¥ CURVE O platfora
LDATASIFT JAN ) \e ClearSorif
4 Analytics N Operational N\ ﬂnirastructure As \ Structured Databases "\

Infrastructure Infrastructure A Service ORACLE'

YT CoucHBase ~';.:':§£1m ™ b

Hortonworks [ERADATA — Mysal e

infochimps _

cloudera . - (G} PostgresarL

MAPR e 10gen|z== m! o

MARR eI 0

\

_/

~

L

Technologies h
-‘ﬁ hEEfEIEIﬁI r_:EHE'_EE ¥ cassandra
o
Copyright © 2012 Dave Feinleib dave@vedave com http://blogs. forbes.com/davefeinlelb/
1-5
(1] ) ,2013 8
T . http://www.ctocio.com/bigdata/7028.html

(2]
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(4]
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2.1

Web

2-1
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Users

Data
Interpretation

Data
Analysis

Data Extraction
and Integration

Data
Source

211

Visualization G!ma Prmcnancg (ﬂuman—( cnjnpules sseene
( ) Interaction

I( Decision ) ( Bu»gxe;s ) Gemn}mendatmb ( Prediction ) vevese
| Support Intelligence System
" |
| Toohine
| C Machne ) (Dala Mining) ( Statistics ) sev e |
| Learning |

Storage for massive
associated data
I I Tttt T T T T

| | Data Quality and |

o Aggregation and | Credibility !
Schema Evolution H Correlation H 1

Original Trusted
|
b ————— J v Daa 1 Data ]
(Relalion) ( Entity )
Data Integration | | Data Extraction
r-r————""—"""""""">">">"/">"”"""=""=""=""="”""/""/"""™/""/""/"”/"™//7/777 |
| Structured Semi-Structured Unstructured |
|
' | r-—=——7"7- I :
| I RDEMS | I HTML I | Document | |
I ! |

0f
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ETL (Materialization or ETL engine)

(Federation engine or Mediator)

(Search engine)

(Stream engine)

[ ]
1 Data Consolidation
ETL
2 Data Federation
3 Data Propagation
EAI
4 A Hybrid Approach
2.1.2 =

26




(online machine learning)

(Bonferroni 0s

Bonferroni correction
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(
) (
)
0
2.1.3
(Tag Cloud)
(history flow) (Spatial information flow)
2.2
2.2.1 A
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5
o

f 0 Zara H&M

NewSQL \VolItDB

time continuum

i 0
70%
9
i 0 fi poptarts
i 0
f 0
i touch points 0
clickstream

i O

29

Zara

Data Continuum

o
5



2-2

2-2
data at rest 0 i data inuse 0
f data in motion 0
A o
fi 0
CERN
Collider LHC)
clickstream
GPS Twitter  firehose
, f 0
0 f 0
A 0
2-3 i 0
Hadoop
MapReduce
A 0
A 0
MQ Event Stream Processing
Processing CEP Tibco BusinessEvents IBM  InfoStreams

30

(burst)o
(Large Hadron
PB

RFID

HDFS

Complex Event

/



Kafka Scribe Flume

2-3

To Do

intelligence all-time intelligence

31

PB

Storm S4
reattime
25PB



i o
A o
B NoSQL
sharding memcached
Intel any big data platform needs to be architected for particular problems
MapReduce
NoSQL NoSQL
A o
Dremel PB
reboil the ocean
A o
i 0 Web
2010 MapReduce
f 0
s I/O
In-memory computing
Facebook 80% memcached
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SAP  HANA NewSQL VoltDB

Spark Intel John OusterhoufTcl/Tk
Lustre RAMCloud
Facebook 3 Memcached  McDipper
20
Phase Change Memory DRAM
1/10 DRAM 2-10 NAND 500
100
FPGA IBM Netezza Convey Hybrid-Core SSD SAP HANA
Fusion 10 PCle Infinibband RDMA  SeaMicro

SM15000 Freedom Fabrics

i 0
BlinkDB Hive

2-10%

2.2.2

(Stream Processing)
(Batch Processing) (Storethenprocess)

(Straightthrough processing)

33



Data Stream

Memory

Memory

S4 Linkedin  Kafka

2.2.3

Google

MapReduce

2004

. J/
2-4
PCM(
MapReduce
2-5

34

(Synopsis data structure)

) SCM(Storage Class

Twitter Storm Yahoo



(1) fork
(1) fork (1) fork
-M 2)
(2) assign
assign reduce
map

split 0

output

(5) remote read file O

(6) write

split 1

split 2 |3 read @ (4) local write
. output
split 3 LiLI
E file 1

split 4
Input Map Intermediate files Reduce Output
files phase (on local disks) phase files
2-5 MapReduce
MapReduce Map
Map Key/Value
Map Reduce
key key Reduce
MapReduce MapReduce 1)
2)
MapReduce MapReduce
(Online) (Nearline) (Offline) Linkedin
e}
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2.3 |
i o] i 0 i
A 0 Google
Web Google 2006 Google
Google
GFS
MapReduce Bigtable
Hadoop Google
Google
Google
Gogyle Google
2-6
—_— 2003
| File System || GFS Colossus
~~— o/
I 2006 2011 2012
(" Database \ [
| | | Bigtable Megastore Spanner
\_ System )
) 2004 2010 Deployment in 2010
(" Indexing :
| | | Based on MapReduce | | Percolator Caffeine
\__ System )
2004 2010 2010 2012
(" Analytics :
| Y | | MapReduce Pregel Dremel PowerDrill
\_ System

—

2-6 Google
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231 &t

Google
Google Google
Google Google
GFS(Google File System)GFS
GFS (MasterSlave)
GFS (AppendOnly)
GFS Google GFS
Colossus GFS ( )
Colossus Google
Cosmos
HDFS  CloudStore GFS GFS
GFS Facebook
Haystack
Facebook
TFS(Tao File System)
FastDFS TFS
2.3.2
1)
ScaleUp( )

ScaleOut( )
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ScaleOut

2)
3) AfOne size fits allo
Web
AfOne si zefiOnie ssiozneeodof its domai no
4) ACID
(Atomicity) (Consistency) (Isolation) (Durability)
BASE
Basically Available( ), Soft state( )  Eventually
consistent( ) CAP ACID C
BASE A ACID
Google Bigtable
Google
Bigtable Amazon Dynamo Yahoo PNUTS
Dynamo / (DHT)
(Vector Clock) PNUTS

Bigtable Dynamo PNUTS
NoSQL(Not Only
SQL) NoSQL NoSQL
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(scheméiree)

(easy replication support)

(simple

API) ( BASE ACID) (Huge amount of
data)
Bigtable
ACID Google Megastore Bigtable
RDBMS Megastore
Spanner Google
Google 0OSDI2012 Spanner Spanter
(Global Scale) (support externalbkgonsistent distributed
transactions) GPS (atomic clocks) Spanner
API API 10ms Spanner Bigtable
Spanner
10 SIGMOD2012
Google F1 F1
Bigtable SQL
Spanner
f 0
NoSQL
ACID BASE Spanner
SQL NoSQL
NewSQL
2.3.3
Google Google
MapReduce
Google Percolator
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Google Caffeine Spanner
Percolator
2-1
Facebook
2-1 Facebook
Algorithms Index Size for Facebook Index Time for Facebook Query Time on Facebook(s)
Ullmann[Ullmann 76] - - >1000
VE2[CordellaFSV04] - - >1000
RDF-3X[NeumannW10] 1T =20 days =48
BitMat[AtreCZHI10] 24T -20days =269
Subdue[HolderCD94] - =67 years -
SpiderMine[ZhuQLYHY11] - -3 years -
R-Join[ChengYDYW08] >175T -10" years >200
Distance-Join[ZouCO09] >175T -10" years >4000
GraphQL[HeS08] >13T(1=2) =600 years >2000
Zhao[ZhaoH10] >12T(1=2) =>600 years =600
GADDI[ZhangLY09] =2%10°T(L=4) -4%10° years >400
NoSQL
NoSQL
NoSQL
1 MapReduce MapReduce NoSQL
MapTask
2
NoSQL
NoSQL
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2.3.4 4

MapReduce Google
Google Pregel
MapReduce
BSP
Dremel

Big Query Google

PowerDirill
PowerDrill Dremel
Dremel
Dremel
PB
Dremel

Google
Google
MapReduce
Google
Pregel Google MapReduce
Dremel Google Web
Dremel
Google Google
VLDB 2012 PowerDrill
Google
PowerDrill
Dremel PowerDrill
PowerDrill  Dremel
Dremel
PowerDrill 30 40 7820
MapReduce

(Directed Acycline Graph DAG)

Hadoop MapReduce API

MapReduce Sector

Nephele/PACTs PACTs(Parallelization Contracts)
MapReduce

MapReduce

41

Dryad Dryad
Cascading
Sector/sphere
sphere

Nephele



1)

2)
Google Percolator
Nectar Dryadinc
3)
MapReduce
2.4 {
Hadoop Hadoop Doug Cutting GFS
MapReduce Apache Hadoop
(HDFS) (HBase Cassandra) (MapReduce)
(Ecosystem) Hadoop
Hadoop
Hadoop Hadoop
Hadoop
Hadoop
2-2
Hadoop Hadoop

2-2
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Category Examples
Platform Local Hadoop. MapR. Cloudera. Hortonworks. InfoSphere Biglnsights. ASTERIX
Cloud AWS. Google Compute Engine. Azure
SQL Greenplum. Aster Data, Vertica
Database NoSQL HBase. Cassandra. MongoDB. Redis

NewSQL Spanner. Megastore. F1

Data Warehouse Hive. HadoopDB. Hadapt
Data Processing Batch MapReduce. Dryad
Stream Storm. S4. Kafka
Query Language HiveQL. PigLatin. DryadLINQ. MRQL. SCOPE
Statistic and Machine Learning Mahout. Weka, R
Log Processing Splunk. Loggly

2.5 |

2.5.1

GPS

Hadoop HDFS
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252 4

(analysis)

(OLAP, Online Analytical Processing)

(Drill -down) (Roll-up)
1 (Timeliness)
(offline) (online)
2
NoSQL

44
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2.5.3

f 0
(Crowd sourcing)

2

(privacy preserving data mining)
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Dwork 2006 (Differential Privacy)

254

Power, Pollution and the Internet Google
300 Facebook 60

6%-12%

80%

PCM PCM
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255 F &

1
Map
2
CPU -
Disk,SSD)
SSD
HDD 60~150 SSD

SSD
SSD

SSD

IOPS CPU
(Heterogeneous)

MapReduce

CPU

CPU

Hard Disk Drive, HDD

(Solid State
SSD
SangWon Lee SSD
10
SSD
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HDD SSD
HDD

HDD

(ISSCC 2012)

PCM

2.5.6

Users)

(Easyto learn) (Easyto use)

1 (Visibility)

SSD

Google Facebook

48

20nm

HDD

PCM

SSD SSD
SCM
PCM
2012
8G PCM
(Nare

(Easy to discover)



2 (Mapping)
SQL

MapReduce
Map Reduce
SQL

Hadoop HiveQL Pig Latin Google Sawzall

3 (Feedback)

MapReduce

49

Map Reduce

MapReduce

SCOPE DryadLINQ MRQL

(black box)



2.5.7

TPC

TPC

SWIM(Statisti@al Workload Injector for MapReduce)MRBS Hadoop GridMix
TPGDS YCSB++

WBDB 2012 TPCTC 2012

Yanpei Chen 7 MapReduce
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TPC

Google

Google

Hadoop

[1] , . . ,2013 8
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3 Hadoop

3 Hadoop

Hadoop

Map/Reduce Hadoop

Hadoop
Hadoop
Hadoop

Hadoop

Hadoop
Hadoop
Hadoop
Hadoop
Hadoop

Hadoop

3.1 Hadoop

Hadoop Apache Hadoop
HDFS Hadoop Distributed File y&tem MapReduce Google MapReduce
Hadoop HDFS
Hadoop

MapReduce
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3

Hadoop

Data
data data data da

data data data data data
data data data data data =

data data dats data data
data dlata data dara data —
dala dala data data data

data data data data data
data data data dara data
dala data data data data

data clata data data data

dala data data data data
et ot e e s

Compute Cluster

/ | LF= Block 1
, o]

dwes dara dves 2o
+ dma data dgs Sata
m sy

DFS Block 2
\ Ir_'nrsmmu W

Results

dws dats dwgs Sats

dwes rara dwzs Satn
s dats dwgs Satn
dwes cara dves
ddwes cara dass S
dwes rara dwzs Sats

3-1 Hadoop
Hadoop
Hadoop
2013 IT EMC Microsoft Intel Teradata Cisco Hadoop
Teradata Hadoop
Sqgrrl Wandisco GridGain InMobi
x
3.2 Hadoopt
Hadoop Doug Cutting 6 Apache Lucene 00
Hadoop Apache Nutch Lucene
Hadoop Doug Cutting
Hadoop “
Google ”
Hadoop
Pig
jobtracker
MapReduce
Mike Cafarella Doug Cutting 10
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3 Hadoop

Google

Doug

Hadoop

Last.fm Facebook

50 3
Nutch 2002
2003
Google File System GFS
Google GFS
GFS
2004 Nutch NDFS
2004 Google MapReduce 2005 Nutch
Nutch MapReduce Nutch
MapReduce NDFS
Nutch NDFS MapReduce 2006 2
Nutch Lucene Hadoop
Cutting Yahoo Hadoop
2008 2 1
2008 1 Hadoop Apache
Hadmp
EC2 4TB
Web PDF 24 100
Hadoop
2008 4 Hadoop 1TB
Hadoop 209 1TB
297 11 MapReduce 1TB
68 2009 5 Yahoo Hadoop 1TB

62
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3 Hadoop

Hadoop
2004 080 HDFS MapReduce Doug Cutting Mike
Cafarella
2005 12 & 0 Nutch Hadoop 20
2006 1 0O 6 Doug Cutting

2006 2 0O 0 Apache Hadoop MapReduce HDFS

2006 2 060 Hadoop

2006 4 00 10GB 188 47.9
2006 5 060 300 Hadoop

2006 5 60 500 42 4
2006 11 o0 0 600

2006 12 0606 20 1.8 100 3.3
500 5.2 900 7.8

2007 1 00 900

2007 4 096 1000

2008 4 00 1TB 900 209
2008 10 o0 10TB

2009 3 0017 24000

2009 4 o006 59 500GB 1400 173

100TB 3400

3.3 Hadoop * F ¥

Hadoop
2020
1/3

Hadoop
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3 Hadoop

Hadoop HDFS

MapReduce

Hadoop

Java Hadoop

Hadoop HDFS

MapReduce
- (1]
34e~ MF 1
MapReduce
( )
B (
)
B MapReduce /
MapReduce RDBMS( )
3-1) MapReduce
Ad Hoc( ) RDBMS
MapReduce
31 MapReduce
VN MapReduce
GB PB

56



3 Hadoop

MapReduce
RDBMS
XML
« )
Web
MapReduce
Reduce ——
MapReduce
MapReduce
3.5 Hadoop

Hadoop

MapReduce

MapReduce
MapReduce
MapReduce
MapReduce
(
MapReduce
——map
SQL
( ASTER DATA GreenPlum )

Hive) MapReduce



3 Hadoop

Hadoop
PB Hadoop
Hadoop
, Hadoop
Hadoop
Linux Hadoop Java Linux
Hadoop C++
3.6 Hadoop t v
Hadoop Hadoop Yahoo!
Hadoop Web Facebook Hadoop
Hadoop
Hadoop
Hadoop * " BigCloud
2008 2 Hadoop Yahoo Hadoop
2000 1 Hadoop 5PB
1 300TB
Yahoo
Hadoop
Hadoop

Hadoop
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3 Hadoop

3.7 Hadoop 01

Hadoop Hadoop Distributed File SystemHDFS

Hadoop HDFS MapReduce

JobTrackers TaskTrackers

i ETLTools i BIReporting i RDBMS !

............ Jeccmrcrremrrr e

g Pig (Data Flow) || Hive (SQL) Sqoop
s g
= =
o
: :
O || HBase (Column DB) 5
5 s
o [ 5
35 <
(=]
N
3-2 Hadoop
32 Hadoop
Avro
Avro
RPC
RPC
Avro Schema Avro
RPC
HDFS
HDFS HDFS HBase
HDFS fault-tolerant
low-cost high throughput
HDFS

Portable Operating System Interface

59

Avro

POSIX



3 Hadoop

HDFS Apache Nutch Hadoop
HDFS
1 HDFS
HDFS
2 HDFS HDFS
3 HDFS
4 TCP/IP
NameNode NameNode
Client Protocal DataNode NameNode

DataNode Protocal

., HBase

HBase Google
ABi gtabl e 0 Bigtable Google
Google File System HBase Hadoop
Bigtable HBase Hadoop HBase

HBase HBase

HBase Bigtable

HBase
HBase BigData
MapReduce
Mapreduce 1TB i 0 map

fi 0 reduce

MapReduce map
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3 Hadoop

reduce reduce key value
Zookeeper
Zookeeper
HBase
Hive
Hive Facebook Hadoop
Hadoop Hive
RDBMS SQL SQL
Hadoop HiveQL MapReduce
Mapper Reducer HiveQL Hive HiveQL
MapReduce MapReduce Hadoop
., Pig
Pig Hadoop
Pig Pig
Pig Hive HBase
HBase Hive Hadoop
SQL Hive
Hive SQL
Hadoop BI Pig
Hive Pig
Hadoop Java APIs Pig
Sqoop
Sqoop HBase RDBMS HBase
3.8 Hadoop ¢

HDFS  MapReduce Hadoop Hadoop
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3 Hadoop

HDFS MapReduce
3.8.1HDFS ¢
HDFS HDFS Master/Slave
HDFS NameNode DataNode NameNode
DataNode
HDFS

DataNode NameNode

DataNode DataNode
NameNode
33 HDFS
NameNode DataNode
GNU/Linux HDFS Java Java
NameNode DataNode
NameNode DataNode
DataNode NameNoe
NameNode HDFS NameNode

[DalaNode ] DataNode ]
DataNode DataNode

DataNode ] [DataNode

3-3 HDFS
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3 Hadoop

3.8.2MapReduce ¢

MapReduce MapReduce
Hadoop MapReduce
Hadoop MapReduce
“ " JobTracker “ ”
TaskTracker
Job JobTracker
TaskTracker
HDFS MapReduce Hadoop
HDFS MapReduce
HDFS MapReduce MapReduce
HDFS
Hadoop
3.9 Hadoop¥f 4
Hadoop
Hadoop HDFS
Hadoop MapReduce Hadoop
Hadoop MapReduce MapReduce
key/value key/value MapReduce
Map Reduce
map key/value key/value
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3 Hadoop

MapReduce

key value reduce
reduce key value reduce value
value reduce 0 1 value
value reduce
value
34  MapReduce
34 MapReduce map reduce
map reduce
S ABRE He R 3 e
(Hchig Bt - —> [map] ~—» [ maprout |-—» ,,,‘ ‘”> reduce | --» |reduce-out| - > FE K Bx |- > HDFSHIA
W] [} > ,,,.‘ ‘":» reduce | - —» reduce.c#f»ﬁ» HDFSHI4
3-4MapReduce
MapReduce 34
map reduce
1.
Hadoop HDFS NameNode N
DataNode HDFS
HDFS Block Block DataNode
Block DataNode NameNode
HDFS
Block Block DataNode DataNode
2.
Hadoop JobTracker TaskTrackerJobTracker
TaskTracker
DataNode DataNode JobTracker map
reduce TaskTracker
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3 Hadoop

TaskTracker JobTracker
TaskTracker
3.
Hadoop
f 0
fi 0
4.
HDFS Block
64MB
M M map M map N
reduce R
5. Partition
map key R R reduce
hash hash(keymodR key
reduce Reduce
6. Combine
Combine
key <key, value> Combine reduce
reduce Combine map map
Combine <key, value>
7. Reduce
Map Combine Partition
JobTracker JobTracker reduce
DataNode map key
hash R R  reduce key reduce
map key reduce
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3 Hadoop

8.
R reduce R R
R
3.10Hadoop }
Hadoop
Hadoop Hadoop
Hadoop Hadoop
Hadoop
Hadoop Facebook Hadoop
Yahoo Hadoop
Twitter Hadoop Hadoop
Hadoop
Hadoop
Hadoop Apache
Hadoop HDFS MapReduce Hadoop
Hadoop
Hadoop
Hadoop Hadoop
Hadoop Hadoop
MapReduce  Hadoop Avro Hive HBase
HDFS MapReduce Hadoop
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3

Hadoop

g

[1]
(2]

Hadoop

. Hadoop

, (). Hadoop

. 2011
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4 MapReduce

4  MapReduce

MapReduce i Ma p

0 "TReduce 0

MapReduce
MapReduce

MapReduce
Map Reduce

MapReduce

WordCount

MapReduce Yarn

4.1 4 : b

18 CPU

2005

18 CPU
2005 CPU 18

Intel AMD IBM

CPU
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4 MapReduce

PC

Google MapReduce
GFS ( Google File System )

Hadoop Google MapReduce
HDFS Google Hadoop
Hadoop Hadoop
Amazon Amazon EC2
Hadoop
Hadoop
Hadoop MapReduce
Hadoop HDFS Hadoop

4.2 MapReduce

MapReduce Google

Reduce MapReduce

Map
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4 MapReduce
“ Map " * Reduce i
MapReduce
MapReduce job map
task map
reduce
MapReduce
MapReduce master JobTracker slave TaskTracker
master slave
master slave master
/
map reduce job configuration
Hadoop job client jar |/ JobTracker
slave
job client
Hadoop Java MapReduce Java
4.3 Map Reduce
MapReduce map reduce
<key value> <key value>
4-1
4-1Map Reduce
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4 MapReduce

M BA i 8

M ater2yl) 1 RARRA- SR <eyvahe: 2 A Ve BAP RO,
2E~IAR <t vt SR A2 4202 RHAHIELR,

Redce 0Ll vk SARIIEISER <k Listfv2)s Y Littvd) T~ MET R 1280 vae

<kl vl1> <
> Map <

> Reduce

MapReduce
Map Reduce

MapReduce  ( Hadoop)

4.4 MapReduce ¥

441 ¥

4-1 MapReduce MapReduce
( )

inpuft map fasks reduce fasks  oulput

4-1 MapReduce
MapReduce HDFS
MapReduce mapping

mapping mappers “ " mapper
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4 MapReduce

mapper
mapping “ "
reducer Reduce
MapReduce map
map reduce
MapReduce
MapReduce
sideeffect
4.4.2MapReduce, Yy
Hadoop MapReduce
1) JobTracker
2)InputFormat Map
JobConfig Writable
InputSplit blocksize
block RecordReader
records Map InputSplit
RecordRader
3) RecordReader Map Map
<key,valuer
4)Shuffle&Partitioner MapReduce reduce
map reduce
reduce shuffle Partitioner
Reduce Map Reduce
6)Reduce

72

mappers

Hadoop

Hadoop

input

InputSplit

Map

map

map

Reduce



4 MapReduce

OutputFormat
7)OutputFormat
Config Reduce
Node 1 Node 2

Files loaded from local HOFS stores

Files loaded from lacal HDFS stores

InputFormat InputFarmat
Spllt||$pllt||$pllt |Spnt||3pm||3pm|

% RecordResders: | | | RR | | RR | | RR | !

I

' Input (k, v) pai '

| Input (k, v) paies ¢ J, J, ! ' 1 ot (v pairs i

: ‘ nap ‘ ‘ map ‘ | map ‘ ‘ map ‘ ‘ map ‘ ‘ map ‘ :

I

| |

| ovemediate (& “m\ I / \ I Aamedlata[k,v}palrs |

I I

[ Partiioner Partitioner :

: “Shuffling” process |

| |

I Yo" |Intermediate (k,¥) at :

| = e = ;

I

: ! + :

: reduce reduce :
I

: Final (k, v} pairs Final (k, v) pairs :

I ¥ L

I ; Writeback to |

| mt;‘ﬁg"‘:‘sﬂ | OutputFormat ‘ ‘ OutputFormat ‘ local 1DFS |

: store I : store |

4-2 Hadoop MapReduce
MapReduce
Mapper Partion&Shuffle Reducer RecordWriter
MapReduce HDFS
_ GB
InputFormat
1
2 InputSplits
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4 MapReduce

3 RecordReader
Hadoop FileInputFormat
InputFormat Hadoop FilelnputFormat
FileInputFormat
InputSplit JobConf setlnputFormat()
4-2 MapReduce

4-2 MapReduce

TextInputFormat

KeyValuelnputFormat tab

SequenceFilelnputFormat Hadoop

TextInputFormat

KeyValuelnputFormat

TextinputFormat KeyValuelnputFormat
tab “ " MapReduce

map KeyValuelnputFormat

SequenceFilelnputFormat Hadoop
Hadoop mapper Sequence

Squence MapReduce MapReduce
InputSplit
MapReduce map MapReduce
Map

FilelnputFormat
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MapReduce

64MB HDFS Block
hadoopsite.xml 0.20.*

mapred.min.split.size

Hadoop Split
mapreddefault.xml
MapReduce

map

InputFormat

mapred.tasktracker.map.tasks.maximum

JobConf
Block
mapping map
map
RecordReader
InputSplit
mapper
TextInputFormat
RecordReader
RecordReader Mapper map()
Mapper
Mapper MapReduce
map()
map Mapper
mapper map

Partition & Shuffle
map
map reducer

75

RecordReader
RecordReader

LineRecordReader

Reducer
Java
map
map
“ map " reducer



4 MapReduce

“

shuffle reduce map
“ partitions reduce
map partition
reduce mapper map
Partitioner partitioner
partition
Reduce
reduce reducing
reducer Hadoop
reduce Reducer
reducer partition reducer
reduce()
reducer OutputCollector
Report map()
OutputCollector
OutputFormat InputFormat Hadoop OutputFormat
HDFS FilelInputFormat
reducer
partnnnnn nnnnn reduce partition id
FileOutputFormat.setOutputPath() MapReduce JobConf
setOutputFormat() 4-3 Hadoop
4-3 Hadoop
TextOutputFormat "key \t value"
SequenceFileOutputFormat MapReduce
NullOutpuFormat
Hadoop OutputFormat
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4 MapReduce

TextOutputFormat
MapReduce KeyValuelnputFormat
MapReduce
SequenceFileOutputFormat
SequenceFilelnputFormat
Reducer NullOutputFormat
OutputCollector reduce()
Hadoop
., RecordWriter
InputFormat RecordReader
RecordWriter
Reducer HDFS
4.4.3Shuffle
MapReduce reduce map
reduce map
reduce shuffle Shuffle MapReduce
MapReduce Shuffle
4-3 shuffle map reduce
reduce task map shuffle map
partition sort spill
reduce map
JobTracker reduce map
merge reduce
shuffle

77

Mapper

OutputFormat

OuputFormat

MapReduce

map

map task

reduce

map reduce



4 MapReduce

Copy “Sort” Reduce
phase phase phase
map task reduce task

.......

spsﬂo glsk

e >0l o .
I..n, -_ ' == e _ reduce ,I

m"-ge:-

y /'rmxtureo!m ~memory andon-disk data

o,
.

o

Othermaps e, > Other reduces

4-3 Shuffle

4.4.3.1 map shuffle

Running map task

partition

Memory Buffer

(3}
Spill: Sort & Combiner

merge

4-4 map shuffle

4-4 map task partition sort
combiner MapReduce
map map
map task map
map task map task

reduce task
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4 MapReduce

1 map task HDFS block MapReduce
map task split Split  block
WordCount map “ aad
2 mapper mapper key/value key
“ aad value 1 map 1 reduce task
job 3 reduce task “ aad reduce
MapReduce Partitioner key value reduce
“ § redwce task key
reduce task hash(key) mod R R reducer
reduce Partitioner
job
“ aad Partitioner 0 : ”
reducer
map @] key/vdue Partition
key value
3 100MB map task
Spill “ "
map
map spill.percent
0.8 buffer size * spill percent =
100MB * 0.8 = 80MB 80MB Map task
20MB
80MB key (Sort) MapReduce
map reduce map
combine WordCount map
task “ aad key
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4 MapReduce

reduce combine map <0aad, 1> <Gaad,
1> combine <0aaad, 2> MapReduce reduce
redwce map task reduce
combine MapReduce Combiner Reducer
client Combiner Combiner key
key/value value Combiner MapReduce
Combiner
Combiner Reducer Combiner
Combiner Reduce key/value key/value
Combiner
job reduce
4 map
map task
( map map )
Merge Merge “ aad map task 5
map 8 key merge  group group
“ aad merge group <¢aaa, {5,8,2,, P>
merge
key client
Combiner Combiner key
map TaskTracker
reduce task RPC JobTracker map task
reduce tak TaskTracker map task Shuffle
4.4.3.2 reduce shuffle
reduce task job map task
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4 MapReduce

merge reduce
task 4-5
e
:'”}ask Tracker 5‘ /:':7 ;'; @OPY - - - - Task Tracke.r-\\\
i A (5 DY i
Iy i —\
{ mm L SR
\L L 7 E ! di | 7 | ] el reduce task |
% mg‘” |
Othertasktrac_lft?rs N - AR _J“ B B /,,’
...............
4-5reduce shuffle
map 4-4 Shuffle  reduce 4-5 3
reduce JobTracker map task
Reducer merge
3 reduce Shuffle
1 Reduce (Fetcher)
HTTP map task TaskTracker map task map task
TaskTracker
2 Merge merge map merge
map map
Shuffle Reducer Shuffle
merge 1) 2) 3)
merge map
Combiner merge
map merge
3 Reducer merge “ "
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4 MapReduce
Reducer
Reducer Shuffle Reducer
HDFS
MapReduce 4-1
Map Reduce
4-6
Compute Cluster
DKS Bleck 1

Data /

data datadats dad m

data datadata data data /

datadatadatadata data -

Results
datadatadatadatadata A m S8 oy Avacay

data datadata data data =
dats dstacdats datadata

datadatadata datadata
datadatadata datadata
datsdatadata datadata

data datadatadatadata
datladatadata datadata
o ol oL -l o

[Reduce}—
[[ors e Map |—>

DIS K2

\ [ s Biock3 |

4-6

45.1 | Y

4-7 Hadoop HDFS

(DataNode)

Block Block
Block DataNode
HDFS
Block DataNode DataNode
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4

MapReduce

HDFS Architecture

Metadata (Name, replicas, ..

)

Metada_tg:;,ops:"' Namenode /home/foo/data, 3, ...
Block ops
Read Datanodes Datanodes
O N = Replication = = .
B (I i Blocks
\ . J
T )
Rack 1 Write Rack 2
4-7 HDFS
4.5.24
Hadoop JobTracker 4-8 TaskTracker
JobTracker TaskTracker
DataNode DataNode JobTracker Map
Reduce TaskTracker
TaskTracker JobTracker
TaskTracker
/ . >-<_ .............. | \
[} [}
i i
! /.\ i
[Task Tracker J Task Tracker é [Task Tracker J

Hadoop Black Box

4-8 Hadoop Job Tracker
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4 MapReduce

MapReduce master NameNode
SecondarfameNo@ JobTracker slaves DataNode TaskTracker
MapRedcue JobClient.rubJob(job) master JobTracker
JobTracker JobClient JobTracker JobClient
RPC TaskTracker RPC JobTracker
JobTracker JobTracker
TaskTracker JobTracker
slave TaskTracker master JobTracker TaskTracker
slave Task 4-9 MapReduce

4-9 MapReduce

MapReduce
1 JobClient
JobClient.runJob(job) JobClient ,
submitJob(job) JobTracker RunningJob
JobClient
submitJob(job) submitJoblinternal(job)
submitJoblinternal(job) Hadoop HDFS
job.jar job.split job.xml job.jar Mapper Reducer
job.split ( 64M)
job.xml Mapper,Combiner,Reducer
2 JobTacker
JobTracker JobClient JobTracker.submitJob(job)
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4 MapReduce

JobInProgress

JobProfile JobStatus Task
JobTracker JobInProgress listener.jobAdded(job)
jobs TaskTracker

JobTracker.AssignTask(tasktracker

task TaskTracker
4.5.3
Hadoop
45.40"
HDFS Block
( 64M) M
M Map M Map N
Reduce R
4.5.5Partition
Partition Reduce Map
Reduce Reduce Map key
R (R Reduce ) hash
hash(key) mod R key Reduce

Reduce
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MapReduce

4.5.6Combine
partition combine key <key
value> Combiner Map
Reduce Reduce combine
Reduce Reduce combine Map
Map Combine <key value>
4.5.7Reducec™ N Mapo* 0 X
Map Combine Partition
JobTrackerJobTracker Reduce DataNode
Map Key Hash
R R Reduce Key Reduce Map
Key Reduce
45.80"
R Reduce R R
R
46 + 4 E WordCount

10
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4 MapReduce

N

MapReduce MapReduce

MapReduce

4.6.1WordCount

WordCount Java “ HelloWorld’ MapReduce

hello world
hello hadoop

hello mapreduce
hadoop 1

hello 3
mapreduce 1
world 1

MapReduce

map
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4 MapReduce

reduce reduce
MapReduce shuffle MapReduce
Map shuffle
MapReduce reduce
MapReduce <key, value>

shuffle key map word key 1
value 1 map Hadoop

value key Reduce map <key,

valuelist> <word, {1,1,1,1¢ }> reduce map

1 word

4.6.2WordCount ¥

MapReduce WordCount

public class WordCount
{

public static class TokenizerMapper extends Mapper<Obiject, Text, Text, IntWrite

{

private final static IntWritable one = new IntWritable(1);

private Text word = new Text();

public void map(Object key, Text value, Context context ) throws IOExceg
InterruptedException

{

StringTokenizer itr = new StringTokenizer(value.toString());
while (itr.hasMoreTokens())

{

word.set(itr.nextToken());
context.write(word, one);

public static class IntSumReducer extends Reducer<Text, IntWritable,
IntWritable>

{
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private IntWritable result = new IntWritable()

public void reduce(Text key, Iterable<IntWritable> values,Context con
throws IOException, InterruptedException
{
int sum = 0;
for (IntWritable val : values)
{
sum += val.get();
}
result.set(sum);
context.write(key, result);

public static void main(String[] args) throws Exception
{
Configuration conf = new Configuration();
String[] otherArgs = new GenericOphsParser(conf, args).getRemainingArgs
if (otherArgs.length = 2)
{
System.err.printin("Usage: wordcount <in> <out>");
System.exit(2);
}
Job job = new Job(conf, "word count");
job.setJarBglass(WordCount.class);
job.setMapperClass(TokenizerMapper.class);
job.setCombinerClass(IntSumReducer.class);
job.setReducerClass(IntSumReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(Int\iable.class);
FileInputFormat.addinputPath(job, new Path(otherArgs[0]));
FileOutputFormat.setOutputPath(job, new Path(otherArgs[1]));
System.exit(job.waitForCompletion(true) ? 0 : 1);

4.6.3

map <key, value> key value

map 4-10
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4 MapReduce

ﬁput I Output

1, “Hello World Bye World” <Hello,1>
<World, 1>
<Bye,1>
<World, 1>

<Hello,1>
<Hadoop,1>
<Bye,1>
<Hadoop,1>

2, “Hello Hadoop Bye Hadoop”

L !

3, “Bye Hadoop Hello Hadoop” <Bye, 1>

<Hadoop,1>
<Hello, 1>

<Hadoop,1>

o /

4-10 Map

Reduce 4-11

<fiHellod [1,1,1]> <fWorldo [1,1]> <fByed [1,1,]]> <fHadoop [1,1,1,1>

<fiByed0 3> <fHadoom 4> <fHellod 3>

<fiworldo 2>
Input
<Hello,1>
<\World,1>
<Bye,1>
<World, 1> .
/Internal Groupmg\
<Hello,1> <Bye 2> 1,1, 1> Reduce
<Hadoop,1> ‘:
<Bye,1> Output
<Hadoop, 1> <Hadoop 2111,1> Reduce
<Bye, 3>
<Hadoop, 4>
<Bye,1> <Hello 2 1,1, 1> Reduce <Hello, 3>
<Hadoop,1> <World, 2>
<Hello,1> . ./
<Hadoop,1> CWorId 211>
4-11 Reduce
MapReduce
. MapReduce Library Input M Input Splitter
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Split
Master M  Job M worker
<key value> Map
Maste Master Reduce worker
Partition R
Reduce worker
Key Partition
R  Reduce worker Map worker Partition
key
Group Reduce Reduce worker
Map worker X(0<X<R) Partition
Key worker
., Reduce worker Key Reduce
key Value
, R Output Reduce Worker
“ " Divide M Map
R Map R Ohash(key)
mod RO Key Partition
Partition Url Key Host URL
Partition Ohash(Hostname( ubPalttoey) ) mod RO
<fit h &0
MapReduce
Combiner Reduce Reduce
Combiner Reduce 4-10 map
Combiner 4-12
reduce 4-13
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4 MapReduce
Y
<Hello,1>
<World,1> <Hello, 1>
<Bye,1> <World,2>
<\World, 1> <Bye,1>
<Hello,1>
<Hadoop,1> <Hello, 1>
<Bye,1> <Hadoop,2>
<Hadoop,1> <Bye,1>
<Bye, 1>
<Hadoop,1> <Bye,1>
<Hello, 1> <Hadoop,2>
<Hadoop,1> <Hello, 1>
R
4-12 Combine
—
Reduce Input
<Hellp,1>
<\Warld,2>
<Bye,1> _
ye /internal Grouplng\
<Hello, 1> <Bye 21,1, 1> Reduce>
<Had 2>
<B$ec;c;p’ l Reduce Output
’ <Hadoop =2 2, 2> Reduce
<Bye, 3>
<Bye,1> <Hadoop, 4>
<Hadoop,2> <Hello > 1,1, 1> Reduce <Hello, 3>
<Hellp,1> <World, 2>
<World > 2>
4-13 Combine Reduce
4.7  MapReduce Yarn
Yarn Hadoop MapReduce
Yarn  MapReduce
MapReduce Storm
HBase Hadoop Doug Cutting “
MapReduce MapRedee
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Cutting Bhandarkar Apache “ Meso$
Borg Omega
Yarn Hadoop

4.7.14 Hadoop MapReduce

— Rechace Task mry run ot another Task Tracker
Hadoop MapReduce Framework Architecture
4-14  Hadoop MapReduce
4-14 MapReduce
s (JobClient) job job Job Tracker
Job Tracker MapReduce (heartbeat),
job

TaskTracker MapReduce

TaskTracker tasks TaskTracker
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MapReduce

heartbeat JobTracker JobTracker
4-14

MapReduce

JobTracker MapReduce

job

JobTracker MapReduce job
JobTracker
Hadoop MapReduce 4000
TaskTracker MapReduce
CPU
OOM Out of Memory
TaskTracker map task slot reduce task slot,
map task reduce task
class
3000 bug
, Hadoop MapReduce
( bug )
Hadoop
4.7.2 Hadoop Yarn A0 +
Hadoop MapReduce
JobTracker/Taskracker
Hadoop bug
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4 MapReduce

MapReduce Hadoop
0.23.0 Hadoop MapReduce Hadoop
MapReduce MapReduceV2 Yarn 4-15

Node Status
Resource Request

4-15 Hadoop MapReduce Yarn
JobTracker

/
ApplicationMaster

MapReduce DAG( ) ResourceManager

ApplicationMaster
ResourceManager NodeManager

4-15 ResourceManager

ResourceManager
CPU

MapReduce
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4-15 NodeManager
(CPU )

ApplicationMaster

4.7.3 Hadoop MapReduce

1 MapReduce
Yarn MapRduce
MapReduce API
JobTracker  TaskTracker ResourceManagerApplicationMaster
NodeManager

ResourceManager ResourceManager

Job ApplicationMaster ApplicationMaster
Job task
ApplicationMaster ResourceManager
JobSubmitter (Context) NodeManager

Container ApplicationMaster
NodeManager Container
ResourceManager
ApplicationMaster Job
JobTracker Job ApplicationMaster

ResourceManager

2 Yarn MapReduce

Yarn MapReduce
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4 MapReduce

JobTracker
Job (tasks)
Yarn ApplicationMaster
ApplicationMaster

Hadoop Yarn

slot

JobTracker

ApplicationMaster

ApplicationsMasters(

Container  Yarn

Mesos

map slot/reduce slot

MapReduce
MapReduce

MapReduce

[1] MapRedue.

(2]

ApplicationMaster)

ResourceManager

Hadoop

mapredsite.xml

Yarn CPU )
job tasks
ResourceManager

ApplicationMaster

java Hadoop

Hadoop

MapReduce

Yarn

Hadoop

http:/mww.chinacloud.cn/show.aspx?id=463&cid=12

[3] Dean, Jeffrey & Ghemawat, Sanjay (2004). "MapReduce: Simplified Data Processing on

Large Clusters". Retrieved Apr. 6, 2005

[4] . Hadoop

[5]

. 2011
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5

Hadoop HDFS Hadoop Distributed File System

Hadoop POSIX
Apache Nutch Lucene
Apache
HDFS

HDFS
HDFS
HDFS
HDFS

HDFS

HDFS

5.lHDFS Z ¥

HDFS
HDFS

Hadoop

HDFS

HDFS

HDFS

Hadoop

POSIX
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HDFS
Java
JDK
HDFS
HDFS HDFS
HBase
Hadoop NameNode
NameNode 100
100 200MB
NameNode
HDFS
HDFS
N
5.2HDFS 1

5.2.1 [ Block€
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5 HDFS

HDFS
Hadoop 64MB HDFS
HDFS
100TB
HDFS
HDFS
HDFS
3
NameNode

5.2.2NameNode DataNode

HDFS NameNode DataNode
Master Worker

NameNode

DataNode
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HDFS

5.3HDFS ¢

Hadoop

NameNode DataNodes

HDFS

Hadoop

HDFS Architecture

HDFS

Hadoop

Namenode

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

Metadat{r_:;,c:op:s;"v

Read Datanodes Datanodes
' \ |
1 [ B H Replication 8 8 H
o ] Ju Blocks
. \ -
Rack 1 Wite Rack 2

5-1 HDFS

5.4HDFS

Hadoop

Hadoop
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5 HDFS

Hadoop
Hadoop
55HDFS Y /
551 m H
Hadoop
Hadoop
Heartbeat
5.5.2 0
Hadoop Hadoop
Hadoop
Hadoop

Hadoop
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Hadoop API
ID
Hadoop
Hadoop
Hadoop
rack id 1/3
id
Hadoop
64MB Hadoop
4KB
4KB
5.6 \
Hadoop TCP/IP

DatanodeProtocol

103

rack id

2/3

ClientProtocol

api



5 HDFS

5.7
Hadoop
IO
Fsimage Editlog
5.8n HDFS 4 L

HDFS HDFS
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HDFS

HDFS HDFS

HDFS

Java NFS AFS unix

HDFS

HDFS

HDFS

benchmark

RPC

HDFS

HDFS MB TB
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5 HDFS

HDFS MapReduce
HDFS
1
2
HDFS
3
HDFS
Java HDFS Java
10 HDFS
HDFS Hadoop
1
DataNode NameNode
10
2 HDFS
3
HDFS

4 Fsimage Editlog fsimage edits

HDFS HDFS
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5 HDFS

Fsimage Editlog Fsimage Editlog
Fslmage Editlog HDFS
5)
/ trash
Hadoop Hadoop Hadoop bug
Hadoop
HDFS unix
NFS Kerberos
Hadoop HDFS
HDFS
HDFS
HDFS
B MapReduce

[1] HDFS . http://ivww.cnblogs.com/chinacloud/archive/2010/12/03/1895369.html
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Zookeeper Hadoop

Zookeeper
Zookeeper
Zookeger
Zookeeper
Zookeeper

Zookeeper
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Zookeeper

Zookeeper
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6.1.1

Zookeeper
Zookeeper

Zookeeper

Zookeeper
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6-1 Zookeeper

Zookeeper 6-1
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wait-free
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Zookeeper
Zookeeper

znodes znodes

Zookeeper Zookeeper
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TCP
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Zookeeper Zookeeper
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Zookeeper
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server leader leader server
Zookeeper id zxid
proposal zxid zxid 64
32 epoch leader leader
epoch leader 32
server
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Zookeeper basic paxos fast paxos
fast paxos basic paxos
Server
Server

Server
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session znode
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Zookeeper Hadoop Hadoop
Hadoop NameNode
HBase Master Election Server
Zookeeper Zookeeper

Zookeeper

[1] Zookeeper --
http:.//www.ibm.com/developerworks/cn/opensourcezoszookeeper/

[2] Zookeeper paxos . http://blog.csdn.net/ronghaol00/article/details/7384752
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timestamp=1174184617168
timestamp=1174184619082
timestamp=1174184620725
timestamp=1174184617168
timestamp=1174184619082
timestamp=1174184620725
timestamp=1174184617168
timestamp=1174184619082
timestamp=1174184620725

timestamp=1174184617168
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row=row8 column=anchor:bar timestamp=1174184619082
row=row8 column=anchor:foo timestamp=1174184620725
row=row8 column=anchor:foo timestamp=1174184617169
row=row9 column=anchor:bar timestamp=1174184619083
row=row9 column=anchor:foo timestamp=11741&20725

row=row9 column=anchor:foo timestamp=1174184617169

i T anchor:foo

7.6HBase
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Table
Region
% Region
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§ Region
Region
7-3 HBase HRegion
., HRegion HRegion
HRegion HRegion
HRegion 7-4 HRegion
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Table

Table

Region

Region

Region

Region

pY

Region

7-4 HBase HRegion HRegion
., HRegion HBase
Hregion HRegiorberver HRegion
HRegiorServer 7-5
Tablel Table2 Region Servers
Region Region

HRegion

HRegion

memsStore O

HDFS

7-6

HRegion

HStore

HStoreFile
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Takle

Region
] Region
g% Store Store Store
Region ‘ memStor ‘ | memStor | | memStor |
oeste] | || |Lstoie]
e [ storefile |
| Storefile |

Region

7-6 HStore memStore 0 HStoreFile

7.6.2HRegion

7.6.2.1 HBase

HBase B+ HRegion
s Zookeeper -ROOTF root region
s -ROOTF root region .META. region
root region .META.
s .META. HRegion .META.
HRegion HBase HRegion

UserTable1

zookeeper file -ROOT-. [
SR ) UserTableN

<:::::::::::::

—

D Mt

7-7 HBase
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Client Zookeeper -ROOT
.META. client

cache 7-8

tables creat by
users

How to build the address book

table creat by
System

table creat by
System

Tablename
+ first
rowkey of
each
regions+

7-8 Client

HRegion
root region HRegion
.META. HRegion “ +HRegion
+HRegion ID”

.META. HRegion .META.
1KB HRegion 128MB

HRegion (128MB/1KB) * (128MB/1KB) = 2*  HRegion

client client
6 HRegion(
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7.6.2.2 .META.

HRegion
HBase
HRegion HRegionld
HRegion + + id tablename + startkey +
regionld
hbaserepository w-nk5YNZ8TBb2uWFIRJo7V== 6890601455914043877
HRegion “ ”
HRegion “ " (META. )
HRegion HRegion
HRegion HRegion
ROOT table
HRegion
HBase HRegion
HRegion HRegion
HRegion
HRegion
HRegion
HRegion
——info
. info:regioninfo HRegionInfo
info:server HServerAddress.toString()
. info:startcode HRegion
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Hregion
Zookeeper
HRegion
HRegion
HRegion
HBase
HRegion
7.6.2.3
HRegion
., HRegion HRegion HRegion HRegion
., HRegion
, HRegion
HRegion HRegion HRegion
HRegion
7./HBase
7-9 HBase Client Zookeeper
HMaster HRegionServer HStore HRegion HRegionServer HRegionServer

HMaster HMaster
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HBase

2 (ooogoo D\S;E]D DB’SSS
.g 0040000 || Cooood 000oo (| Coo0ooa oo
8 000000 | 000000 1 000000 || 000000 {1 000000
7-9 HBase
7.7.1Client
Client HBase client HBase
HRegion
HBase Client HBase RPC HMaster HRegionServer
Client HMaster RPC Client HRegionServer
RPC
7.7.2Zookeeper
Zookeeper -ROOT HMaster HRegionServer
“ Ephemerdl Zookeeper HMaster HRegionServer
Zookeeper HMaster Zookeeper
s HMaster
HRegion
HRegionServer HRegiorServer

HMaster

HBase schema

5
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7.7.3HMaster

HMaster HBase HMaster Zookeeper Master
Election HMaster HMaster HRegion
HRegionServer HRegion
s HRegion HRegion
HRegionServer HRegionServer HRegion
HRegion HMaster HMaster
HRegion HRegion
HMaster HRegion
, HRegion
HMaster HRegion HRegion HRegion
Google BigTable BigTable TabletServer
HBase HBase BigTable
BigTable TabletServer
HBase HMaster
HRegion HMaster HMaster
HRegion HMaster HRegion
HRegion

7.7.4HRegionServer

HRegionServer I/1O HDFS HBase

7-10
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Region server cluster
f Region server 1
s 3
( Region server
i Region server R
( Region
p
memStore Jif memStore (memStore!
Store
K
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7-10 HRegionServer HDFS
HRegdonServer HRegion HRegion Table
HRegion HRegion HStore HStore
10
Client HBase HMaster Zookeeper
HRegiorServer HRegiorServer  HMaster HRegion
HRegion “ + / ! HRegion
HRegion
HRegion
HBase Hadoop HDFS
HRegion HRegion
HRegion HRegion
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7-11 HRegionServer HMemStore Hlog
7-11
HRegion HMemStore HLog
HMemStore HLog
HLog commit()
HRegion HMemStore
HStore HStore HStore
HStoreFiles B
HRegion.flushcachg HMemStore
HStoreFile
HLog
HRegion HLog
flushcache
flushcache
HLog
flushcache
flushcache
HLog flushcache
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HBase

HLog
HLog

flushcache HStoreFile
HStoreFile
HStore.compact()
HStoreFile

Google BigTable

1 flushcache HStoreFile
flushcache HLog
2 compact HstoreFile
BigTable HBase
HRegion HRegion.closeAndMerge()
HRegion
HRegion

HRegion.closeAndSplit() HRegion

HRegion HRegion
HRegion HRegionFile
HRegion
1
2 HRegion

3 HRegion HRegiorServer
HRegiorServer
4 HRegiorServer
A HMemStore

B HLog
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C HStore
7.7.5HStore
HStore HBase HMemStore
HStoreFile HMemSore HMemStore
HMemStore Flush HStoreFile HFile HStoreFile
HStoreFile HStoreFile
HBase
compact
HBase 1/0 HStoreFile
HStoreFile HStoreFile HRegion
2 HRegion HRegion 2 HRegion HMaster
HRegionServer 1 HRegion 2 HRegion
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7-12 HStoreFile
HStore HLog HStore
HRegionServer HMemStore
HLog HRegionServer HLog HLog
Write Ahead Log HMemStore HLog
HLog HLog
HStoreFile HRegionServer HMaster Zookeeper
HMaster HLog HRegion HLog
HRegion HRegion HRegion
HRegionServer HRegion HLog Replay
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HLog HMemStore HStoreFiles
7.7.6HRegion
HRegion HRegiorServer HMaster
HRegiorerver HRegion HRegiorerver HRegion
HRegion HRegiorServer
HMaster HRegiorerver HRegion HRegiorerver
HRegiorServer HRegion

7.7.7HRegionServer

HMaster Zookeeper HRegiorServer HRegiorServer
Zookeeper server
HMaster server server

HMaster Zookeeper HRegiorServer HMaster

7.7.8HRegionServer

HRegonServer Zookeeper Zookeeper
server HMaster server HMaster
HRegiorBerver ( HMaster HRegiorServer
) HMaster HRegiorServer

HRegiorServer Zookeeper

., HRegiorerver
HRegiorServer HRegion HMaster
server HRegiorerver HRegiorServer  HRegion
HRegiorServer

HRegiorServer HRegiorServer
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Zookeeper

7.7.9HM aster

HMaster
Zookeeper HMaster HMaster
Zookeeper server HRegiorServer
s HRegiorerver HRegion
HRegiorServer
s .META. HRegion HRegion
HRegion
7.7.10HM aster
HMaster HRegion 10 HMaster
( schema
HRegion HRegion HRegion
HRegion HRegiorServer )
HMaster HBase
HMaster
HBase HMaster HMaster
7.8HBase Y
HBase Hadoop HDFS
., HFile HBase KeyValue HFile Hadoop
HStoreFile HFile HStoreFile HFile
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HLog File HBase WAL Write Ahead Log Hadoop
7.8.1HFile
7-13 HFile

Key Key Key Key Key Key
Value | Value | Value | Value | Value | Value

7-13 HFile

HFile
Data Block
., MetaBlock ( ) key/value

File Info HFile

Data Block Inex Data Block key block
key
Meta Block Index ( ) Meta Block
Trailer HFile
Trailer Trailer ( Magic Number check)
DataBlock Index key
HFile key block 10 block
key DataBlock Index LRU
HFile Data Block Meta Block

10 10 CPU HFile

Gzip LzO
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HFile Trailer  Filelnfo 7-13
Trailer File Info Meta

AVG_KEY_LEN AVG_VALUE_LEN LAST_KEY COMPARATOR

MAX_SEQ_ID_KEY DataIndex Meta Index Data  Meta

Data Block HBase I/O HRegionServer LRU
Block Cache Data Block

Block Data Magic
KeyValue Magic
Key/Value
HFile Key/Value byte byte
7-14

TR 1B 8B 1B

7-14 Hfile Key/Value
Key Value Key
RowKey RowKey
Family Family Qualifier

Time Stamp Key Type Put/Delete Value

7.8.2HLogFile
HLog WAL WAL Write AheadLog Mysql binlog
HLog HLog
HRegion Server HLog HRegion HRegion(

)
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HRegiorServer HRegion HRegiorServer

HRegiorServer

mo—

7-15 Hog
7-15 HLog HLog
Sequence File Key HLogKey HLogKey
HRegion i
0 HLog
Key/Value HFile Key/Value

7.9

HBase HMemStore HStoreFile

HLog (HMemStore) HMemStore
HMemStore HMemStore
flush flush HStoreFile
Zookeeper
(HMemStore)
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HStoreFile HBase
HStore HStoreFile
key HStoreFile HStoreFile
HStoreFile HStoreFile
HStore HStoreFile
HMemStore HStoreFile HMemStore
HStoreFile
, client HRegiorServer
HRegiorServer HRegion
., HRegion schema
, HLog
HMemestore
, HMemStore flush  HStore
7.10 MapReduce on HBase
HBase MapReduce 7-16
nputs: , map |- - :E I cuacrrinssausasapusanikuaessaus niTpeta Qutputs:
[iregioa0 f : % -[j o reduce region 0
region1 |- ' X T region 1
oz | i regon|
(eqionj ™ .‘ : ........... ;;g._?m:;.‘
region 4 | . ’ ‘E .I | »| roduce »| region 4
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map :E : i

MapReduce

7-16 MapReduce
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7 HBase

HBase Tal® HRegion HDFS File Block HBase
TablelnputFormat TableOutputFormat API HBase Table Hadoop
MapReduce Source Sink MapReduce Job HBase
HBase HBase
HBase

MapReduce HBase

[1] HBase.

[2] HBase . . http://wenku.baidu.com/view/cf4b96c4bb4cf7ecdafed07d.html
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8.1.4 f Hadoop

Hadoop MapReduce Hadoop

MapReduce
Hadoop Hadoop (HDFS)
HDFS Hadoop
Web
Map/Reduce
MapReduce Hadoop
MapReduce
MapReduce
MapReduce
MapReduce
, MapReduce Pipeline reduce
MapReduce
MapReduce

MapReduce
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Facebook Hadoop/HBase

Facebook Apache Hadoop Goes Realtime at Facebook
8.2
8-2 DBMS
DBMS
. DBMS
— BFER — DBMS — BIER —>
8-2

8-3
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HBase Cluster : UV, PV, Trace Data

8-6 Super Mario
Super Mario TB
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2 IBM InfoSphere Streams
IBM

Streams 8-7

Streams

Stream Computing lllustrated

Continuous Ingestion Continuous Complex Analysis in low latency

8-7 Streams
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8-8 Streams

84 Storm

IBM
InfoSphere Streams
InfoSphere Streams Aurora
MIT Aurora Borealis

08

2010 Yahoo! S4 Simpe Scalable Streaming System
2011  Twitter Storm S4  Storm Hadoop

MapReduce
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Storm
SQL NoSQL
MapReduce
Yahoo! S4 Twitter Storm
Storm Storm
8.4.1 Storm 21
Twitter Storm
Storm Hadoop
Storm Clojure  Java http://stormproject.net/
Github https://github.com/nathanmarz/storm
Twitter
Twitter Storm
Twitter 89 Hadoop ElephantDB
Hadoop key/value Storm Cassandra
Storm
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ElephantDB
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8-9 Twitter
8.4.2 Storml
Storm
s Storm
Storm
Storm
Storm
Storm “ "
Storm
Storm

8.4.3 Storm

Twitter Storm

Storm

Storm

Stream Processing Storm

Continuous Computation Storm
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Twitter

Distributed RPC Storm Storm
Storm
8.4.4 Storm
Storm StreamsSpouts Bolts Topology
Stream Groupings
1 Streams
8-10 Storm Stream Tuple

Streams

Unbounded sequence of tuples

[Tuple ][ Tuple j[ Tuple j[ Tuple j[ Tuple ][ Tuple ] .

8-10 Streams: Tuples
2 Spouts
Storm Stream Spouts Spouts
Tuple 811
I Source of streams
(Tuple)(Tuple)(Tuple)(Tuple)(Tuple)(Tuple)
>
8-6 Spouts
3 Bolts
8-12 Storm Bolts Bolts tuples
Bolts Bolts
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Bolts

Process tuples and create new streams
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8-7 Bolts: tuples
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8-8 Topology

Topology Storm Thrift Thrift
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5 Stream Groupings

Stream Groupings

Stream Bolts
Shuffle Grouping Stream Tuple
Fields Grouping Tuple
All Grouping Tuple Bolts
Global Grouping Tuple Bolt
Non Grouping
Direct Grouping Tuple
Storm Spout  Bolt
e == — )
8-9 Stream grouping
8-14 Tuple Task Task
Spout Bolt Task Task
Topology 8-15
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8.4.5 Storm

Storm Hadoop Hadoop iMapReduc
Jobs o Storm “ Topologie$ MapReduce

Job Topology kill
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worker
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8-11 Storm
8-16 Storm Zookeeper Zookeeper
Nimbus Supervisor
supervisor
Nimbus Supervisor fail-fast
Zookeeper
master worker Zookeeper
master worker Zookeeper
kill nimbus supervisor
Storm
Storm 8-17
s Topology Topology Storm
., Nimbus Topology Topology
Supervisor Zookeeper

Supervisor Zookeeper

Worker Task
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8-12 Storm

Topology Storm

8.4.6 Storm

Storm Topology

Storm Topology

TopologyBuilder builder = new TopologyBuilder();

builder.setSpout("sentences", new RandomSentenceSpout(), 5);

builder.setBolt("split", new SplitSentence(), 8)
.shuffleGrouping("sentences");

builder.setBolt("count", new WordCount(), 12)
.fieldsGrouping("split", new Fields("word"));

813 Topology

Topology builder

Builder.setSpout Spout Spout
Afsentenceso Spout
builder.setBolt setBolt
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setBolt
Tuple Bolt setBolt
“ ” field Tuple Task
Bolts Tuple
setBolt setBolt
Topology
SplitSentence super (Apythono, fAsplitsePythoaence. pyo)

public static class SplitSentence extends ShellBolt implements IRichBolt {

public SplitSentence() {
super( "python", "splitsentence.py");

}

@Override
public void declareQutputFields(OutputFieldsDeclarer declarer) {
declarer.declare(new Fields('word"));

}

@0verride
public Map<String, Object> getComponentConfiguration() {
return null;

}

8-19 SplitSentence

splitsentence.py 8-20

emit Tuple
Tuple Bolts
import storm

class SplitSentenceBolt(storm.BasicBolt):
def process(self, tup):
words = tup.values[@].split(" ")
for word in words:
storm.emit([word])

8-14 splitsentence.py
SplitSentence declareOutputFields ocount o

Bolts Tuple WordCount 8-21
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public static class WordCount extends BaseBasicBolt {
Map<String, Integer> counts = new HashMap<String, Integer>();

@Ooverride
public void execute(Tuple tuple, BasicOutputCollector collector) {
String word = tuple.getString(0);
Integer count = counts.get(word);
if (count==null) count = 0;
count++;
counts.put(word, count);
collector.emit(new Values(word, count));

}

@Override
public void declareOutputFields (OutputFieldsDeclarer declarer) {
declarer.declare(new Fields("word", "count"));

}

8-15WordCout

8-21 execute

1 0 declareOutputFields (Awor do,

["the cow jumped

over the moon"]

8-22

Spout Task

Bolts
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20004564 = .>
RankingsReportBolt

parallelism = 1 C Oﬁet D

8-163 Twitter
Twitter 8-173
Twitter Bolts tweets
TwitterStreamingTopicSpout RollingCountsBolt Top
N Twitter Rolling Count

http://mwww.michaeinoll.com/blog/2013/01/18/implementifrgattime-trendingtopicsin-storm/

word count Tuple IntermediateRankingsBolt
TotalRankingBolt RankingsReportBolt
8-183 cometD Ajax
JSON JavaScript Web
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Storm 2011
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IBM InfoSphere Streams

http://www-03.ibm.com/software/products/cn/zh/infosphstieams/

IBM StreamBase IBM

http://www.streambase.com/

Twitter Storm

http://stormproject.net/

Yahoo! S4 Simple Scalable Streaming System

Facebook Puma Facebook Puma HBase

DStream

Super Mario Erlang Zookeeper

SQLstream

Hadoop

Twitter Storm
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http://storm-project.net/
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[1] Beyond MapReduce 2011
http://www.programmer.com.cn/9642/

(2]
http://www.cnblogs.corpanfeng412/archive/2011/10/28/2227195.html

[3] Storm - As deep into redime data processing as you can get in 30 minutes.

http:/Mww.slideshare.net/DanLynnl/storasdeepinto-realtimedataprocessinepsyou-canget

in-30-minutes

[4] Storm http://wenku.baidu.com/view/7b24d0d49e3143323968937d.html

http://365cy.gotoipl.com/wpontent/uploads/2013/06/05xuzhengjun.pdf
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pipe pipe pipe
Pipe Pipe
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s Gremlin
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BSP

n

o

(Bridge RBSPdel)

(Barrier synchronisation):

9-2
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Processors

Local
Computation

Communication

sarrier |

Synchronization
9-2

9.2 Google Pregel 2

Pregel BSP
Pregel API
Pregel
BFS SSSP PageRank
Google
Pregel MapReduce
MapReduce MapReduce
Pregel
Pregel MapReduce
+ E PageRank Pregel MapReduceX [
PageRank Google
_ PR, 1
PR=p3 - +U-P)y
PR PR
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Ni

[
Pregel Google BSP

Pregel PageRank

9-3
9-3 A,B,C.D Pregel
A B C D
. Vertex value PR
. Out edge
., Message PR
, Compute PR

PageRank Pregel

class PageRankVertex
: public Vertex<double, void, double> {
public:
virtual void Compute(Messagelterator* msgs) {
if (superstep() >= 1) {
double sum = 0;
for (; Imsgs>Done(); msg->Next())
sum += msgsValue();
*MutableValue() =
0.15 / NumVertices() + 0.85 * sum;
}
if (superstep() < 30) {
const int64 n = GetOutEdgelterator().size();
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SendMessageToAlINeighbors(GetValue() / n);
}else {
VoteToHalt();
}
}
H
PageRankVertex Vertex value double PageRank
double PageRank value void
0 value
1/NumVertices() 30 PageRank
1
sum PageRak 0.15/ NumVertices()+0.85*sum 30
VoteToHalt PageRank
aggregators
MapReduce Google MapReduce
PageRank
. 1
Map task URL page content URL PRInit list-of-urls PRinit
URL “ seed PageRankKist-of-urls URL Reduce
task
1 MapReduce Map
value key url key
value (key,valug Map
key key value reduce
reduce (key,valug
key url value PR url
s 2 PageRank
Map task URL  cur_rank url_list url_list u u
cur_rank/|url_list| URL url_list
Reduce task URL url_list URL var key
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value d( 0.85) URL new_rank
url_list
2 key value
PR Map
(key,value) ” (value,key) key value
value key key PR key
Reduce value key PageRank
Map PageRank
PageRank
3
PageRank
2 2
2
Mapper

begin

for each outlink PageK

I

end

Mapper

PageK-> <PageN1, RankN1/Nn1>

PageK-> <PageN2, RankN2/Nn2>

PageK-> <PageAk, PageBk, PageCk>

Nn :=the number of outlinks for PageN;

output Pagek> <PageN, RankN/Nn>

output PageN> PageA, PageB, PageC ...

PageK

input <PageN, RankN>> PageA, PageB, PageC ... //
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Reduce
input mapper's output
begin

RankK := 0;

for each inlink PageNi

RankK += RankNi/Nni * beta

I/l output the PageK and its new Rank for the next iteration

output <PageK, RankK>> <PageAk, PageBk, PageCk...>

end
Mapper <pageN,pagefageBpageCG >
output Reducer  input Reducer  output
<pagek,pageagePpageQ> I/O PageRank
Pregel PageRank MapReduce
Key-Value Pregel vertex vertex
MapReduce MapReduce
MapReduce
Pregel
9.3 Google Pregel
9.3.1 Pregel J
Pregel 9-4
Pregel
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9.3.2 Pregel

Pregel

9.3.3 Pregel

String

Pregel

N -

Compute()
Value

Compute()” '
Value

9-22

> Messag

(superstep) (iterations)
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9.3.4 Pregel
“ vote’'
0 active active
status “ halt’ active
Pregel
active “ deactivé
“ inactive message
9-5
Vate to halt
ﬁ

T
Tnactive
“H""-...___,..-r""#’
Message received

9-5

@)-—-@\ /\2 L1 Superstep 0
G\CMD Superstep |
Superstep 2
Superstep 3
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9.4 Pregel C++ API

Pregel Pregel 0 & Vertex

template <typename VertexValue, typendaakgeValue, typename MessageValue>
class Vertex {
public:

virtual void Compute(Messagelterator* msgs) = 0;

const string& vertex_id() const;

int64 superstep() const;

const VertexValue& GetValue();

VertexValue* MutableValue();

OutEdgelterator GetOutigelterator();

void SendMessageTo(const string& dest_vertex,

const MessageValue& message);

void VoteToHalt();
%
protocol buffer
Vertex Compute()
Vertex Compute()
Compute() GetValue()
MutableValue()
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941 3 +

Vertex
V  Compute() S+1
S Y,
Y
PageRank
dest vertex \%
clique(
) ( Vi1 Vn)
handlers

handler

Class MaxFindVertex
: public Vertex<double, void, double> {
public:
virtual void Compute(Messagelterator* msgs) {
int currMax = GetValue();
SendMessageToAllINeighbors(currMax);
for (; !Imsgs>Done(); msgs>Next()) {
if (msgs>Value() > currMax)
currMax = msgs>Value();
}
if (currMax > GetValue())
*MutableValue() = currMax;

else VoteToHalt();
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9.4.2 Combiner

Compute()
int
Combiners
Combiner
Conbiner virtual Combine()
Combine() Combining
4
combiner
count combiner
Max combiner 9-7
2 3 3 6
6 2 2 3
6
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int
Compute()
Combiner
Combine

Combiner

Combiner

1 6
3 2

6 Combine()



‘A
[ W |

:_ ) "j)
Message Format
9-7 combiner
9.4.3 Aggregator
Pregel Aggregators S
Aggregator reduce
S+1 Pregel
aggregators string min max sum
Aggregators sum aggregator
reduce
Aggregators Compute()
“ and aggregator
ID min  max aggregator
aggregator Aggregator
reduce Aggregator
aggregator
sticky aggregator
-stepping
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bucket
indices min aggregator
index bucket

aggregator Sum

Max aggregator

9.4.4 Topology mutation

Compute()
(
\Y ) Pregel
Compute()
handlers
Vertex
handler
Pregel handler
handler Compute()
Pregel apply

apply
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worker

handlers

handler

Compute()



Pregel local

Local

9.4.5 Input and Output

Pregel text
Bigtable Pregel * ”
Pregel library readers
writers Reader Writer
9.5 Pregel 0

Pregel Google

GFS Bigtable
9.5.1 Pregel
Pregel library partitions 9-8 partition
partition
ID ID
partition partition hash(ID) mod N N

partition
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Worker 1 Worker 2
Master
Graph
Partitioning
Worker 3
9-8
worker Pregel
locality Web grgph
Pregel 9-9 9-10
1. copy copy
master worker master worker
worker master
master
2. Mager partition partitions  worker
9-8 worker partition
partitions
worker ( )
Compute() worker
worker
3. Master worker
worker worker
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worker
worker load active

4. Master worker worker

partition active Compute()

batching worker
master worker active
active
5. maste worker
Aggregate value Barrier Synchronization
_ i - - -~

-

-~
-~
-~
- b T
Worker —— inQ outQ
-

Messages between 2 nodes
can be combined

Load and Checkpoint r'

9-9 Pregel
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Ye]

y/

Processing Model:

All “active” node will be executed
Whole processing completed when
a. No more active node

NS NS EZﬂ b. No more in-transit messages

// Partition

” (single-threaded)

Partition

Superstep execution;
1. Receive message from inbox
2. Modify node and arc
properties
7 AN 3. Haltself (until new message
‘ . received)
~ | 4. Send messages to other nodes

NS NS

Node {causing them active}
5. Remove existing or create new
arcs

Structure

inbox

b

9-10 Worker
9.5.2
master worker
partitions Master
aggregator
worker master ping worker
ping worker master
worker worker
worker worker  partitions
Master partition worker partition
S worker
So Pregé

Confined recovery

partitions
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partitions

partitions

Confined recovery

9.5.3 Worker
worker
ID
S1 S
vV
Compute()
worker worker
worker
Combiner

So partitions

worker

partition

Confined recovery

graph partition
Map
( ID )
active worker

Compute()

active
active flag
worker S
worker
S+1 \%
active

worker

worker

flush

worker

204



combiner

9.5.4 Master
Master worker worker master
ID Master worker
worker 1D worker Master
partitions
master
master checkpoint
barriers Master
worker worker worker master
barrier master master
index
Master graph
active
aggregators Master HTTP

9.5.5 Aggregators

Aggregator value aggregation
worker aggregators type name
worker graph partiion worker combine
aggregator local value aggregator partition
workers
aggregators master worker
CPU
master aggreg#ors worker
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9.6 Pregel }
9.6.1
1
S t
3
O(V*V)
Pregel

st

class ShortestPathVertex
: public Vertex<int, int, int> {
void Compute(Messagelterator* msgs) {
int mindist = IsSource(vertex_id()) ? 0 : INF;
for (; 'msgs>Done(); msgs>Next())
mindist = min(mindist, mgs->Value());
if (mindist < GetValue()) {
*MutableValue() = mindist;
OutEdgelterator iter = GetOutEdgelterator();
for (; liter.Done(); iter.Next())
SendMessageTo(iter. Target(),
mindist + iterGetValue());

}
VoteToHalt();

}

INF
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INF

combiner combiner worker

class MinIntCombiner : public Combiner<int> {
virtual void Combine(Messagelterator* msgs) {
int mindist = INF;
for (; 'msgs>Done(); msgs>Next())
mindist = min(mindist, msgsValue());

Output("combined_source", mindist);

Dijkstra Bellman-Ford

Thorup -stepping Pregel

96.2 € 4\

(Maximal Matching)

Pregel
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Class BipartiteMatchingVertex
: public Vertex<tuple<position, int>, void, boolean> {
public:
virtual void Compute(Messagelterator* msgs) {
switch (superstep() % 4) {
case 0: i f (GetValue().first
SendMessageToAlINeighbors(1);
VoteToHalt();
}
case 1: i f (GetValue().first
Rand myRand = new Rand(Time());
for (; 'msgs>Done(); msgs>Next()){
if (myRand.nextBoolean()) {
SendMessageTo(msgSource, 1);

break;

}
VoteToHalt(); }

case 2:
if (GetValwue().first == 6L606)
Rand myRand = new Rand(Timg(
for (; Imsgs>Done(); msgs>Next) {
if (myRand.nextBoolean()) {
*MutableValue().second = msgsSource());
SendMessageTo(msgSource(), 1);

break;

}
VoteToHalt(); }
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case 3:
if (GetValue().first == 6R6) {
msgs>Next();
*MutableValue().second = msgsSource();

}
VoteToHalt();

33

Pregel (tuple)
(LorR) flag void
boolean 9-11

index index mod 4
VoteToHalt (

) active

\oteToHalt

\VoteToHalt

0B 1 — —
[

m < H

request grant accepl

9-11
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0.7

9.7.1 Pregel £ A

Pregel
1.
2. checlpoint
S
worker  partition
S
3.BSP
4, Pregel

9.7.2 PowerGraph

PowerGraph vertex

Gather Apply

1. Gather

2. Apply

3. Scatter

Pregel

hash

Scatter

sum

sum

hash

checkpoint

checkpoint

worker

GAS

/I gather_nis: IN_NBRS
gather(Du, D(u,v), Dv):

returnDv.rank / #outNbrs()
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sum(a, b): returna + b
apply(Du, acc):
rmew = 0.15 + 0.85 * acc
Du.delta = (rnew Du.rank)/
#outNbrs(u)
Du.rank = rnew
/l scatter_nbrs: OUT_NBRS
scatter(Du,D(u,v),Dv):
if(|Du.delta|y Activate)

return delta

Gather
PowerGraph Cache PowerGraph
Rank
PowerGraph
Pregel  GraphLab hash p-
vertexcut

9-12

(1) Gather
Accumulator
(Partial Sum)
(3) Apply
Updated
Vertex Data

Scatter

Machine 1 (5) Scatter Machine 2
9-12
PowerGraph
Pregel
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GraphLab Apply Scatter

checkpoint GraphLab ChandyLamport
Pregel MapReduce PageRank Precel
Pregel C++ API
Pregel PowerGraph

[1] Preged 0

http://www.cnblogs.com/panfeng412/archive/2011/10/28/2227195.html

[2]PowerGraph: Distributed Gragtarallel Computation on Natural Graphs(O3p)'
http://wuyanzan60688.blog.163.com/blog/static/127776163201312863021180/

[3] PageRank Pregel MapReduce
http://wuyanzan60688.blog.163.com/blog/static/1277761632012111043525435/
[4] . http://lwww.ctocio.com/ccnews/12340.html

[5] Pregel: A System for Larg8cale Graph Processing
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NoSQL

10 NoSQL

NoSQL

web2.0

NoSQL
NoSQL
NoSQL

NoSQL
NoSQL
NoSQL

NoSQL
NoSQL
NoSQL
NoSQL

NoSQL

10.1 NoSQL 2

NoSQL SQL

2009 NoSQL

Web Java

Oracle Google Amazon
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SNS
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10 NoSQL

B PB
Web 2.0
“ Web 2.0 ” NoSQL
Johan Oskarsson Oskarsson Last.fm
Oskarsson MySQL Web 2.0
NoSQL MySQL
Facebook Cassandra
MySQL Facebook Avinash Lakshma
Cassandra 0.12 50GB MySQL 2500 Google
Fusion Tables
10.2 NoSQL
NoSQL
Google BigTable Amazon Dynamo NoSQL
NoSQL
NoSQL
NoSQL 150
CBS Interactive “ 8
“ RDBMS
relational database management system 0 NoSQL

NOSQL “ ”
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10 NoSQL

MySQL  PostgreSQL

1
2
3
4
NoSQL
NoSQL
1
2 key/value key
3
4
5 HTTP/REST API
6 MapReduce
7
MySQL FriendFeed FriendFeed
MySQL key/value
NoSQL
103€e- M g NoSQL ?
web2.0
web2.0
SNS web2.0

web2.0
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10

NoSQL

SQL SQL

BBS

Friendfeed

25
web
web
SQL
SNS
web

SQL

NoSQL
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SNS

web

24

2.5

SQL

web

SQL

web

web2.0

ACID



10 NoSQL

NoSQL
Google
NoSQL
NoSQL
Dynomite
10.4 NoSQL
NoSQL
RDBMS
O6Rei ||
RDBMS
NoSQL Hadoop
fi 0 DBA

RDBMS

2009
NoSQL
BigTable Amazon Dynamo NoSQL
Facebook CassandraApache HBase
Hadoop Voldemort

NoSQL

” NoSQL

RDBMS

RDBMS

DBA
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10 NoSQL

DBA RDBMS
DBA
NoSQL
RDBMS
RDBMS
RDBMS
RDBMS
NoSQL
NoSQL
13 ” NOSQL
10.5 NoSQL
NoSQL
NoSQL
RDBMS NoSQL
ClO
RDBMS

NoSQL “
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oSQL
NoSQL GB
Cassandra HBase
RDBMS
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10 NoSQL

RDBMS

NoSQL NoSQL

Oracle Microsoft IBM

NoSQL Web2.0
Web
Bl
IT NoSQL
Bl
Hive Pig
Hadoop
0 0 Toad for Cloud Databasg@sh
NoSQL “ "
NoSQL
RDBMS
NoSQL
NoSQL
10.6 NoSQL

NoSQL

219

NoSQL

NoSQL Quest

NoSQL

RDBMS
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10 NoSQL

NoSQL SQL
SQL
NoSQL
NoSQL MySQL
NoSQL
NoSQL
NoSQL
Oracle
( ) (
) ( )
NoSQL
NoSQL
NoSQL
NoSQL NoSQL
NoSQL
NoSQL
NoSQL NoSQL

NoSQL
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10 NoSQL

NoSQL
Oskarsson
NoSQL
MySQL
MySQL
SQL
NoSQL
NoSQL
NoSQL

221

NoSQL
NoSQL
SQL
MySQL
( )
ERP
Oracle
SQLServer

NoSQL



10 NoSQL

NoSQL
NoSQL NoSQL Oskarsson
10.7 NoSQL P
NoSQL CAP BASE
10.7.1CAP
2000 Eric Brewer CAP Seth Gilbert
CAP CAP
., C Consistency
A: Availability ( )
P Tolerance of network Partition ( )
CAP
CAP
CAP
Consistency Availability  Partitiontolerance
CP AP
CP AP
CAP
Partition Tolerance partition
rack

222

NoSQL
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10 NoSQL

Availability

Consistency

AP

BASE
Eventually consistent
ACID
(Eventually Consistacy)

Cassandra

10.7.2BASE

BASE
“ " BASE
Basically Availble
Soft-state /
"Hard state" "

Eventual Consistency

BASE ACID

BASE

10

BASE Basically Available Softstate
BASE
BASE

AP

ACID

ACID

ACID

BASE
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10

NoSQL

10.7.3

read-your-writes 0

Session

Monotonic
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10 NoSQL

N o
W
RO

W+R>N

W+R<=N

W=1 R=1

N=W R=1

N=R W=1

W<(N+1)/2

10.8 NoSQL

NoSQL
(schemdree)
API) (

data) NoSQL

N=2 W=2 R=1

N>=3

NoSQL

(easy replication support)

BASE

10-1 NoSQL

ACID)

101

N=2

W R

(simple

(Huge amount of

RDBMS

NoSQL

225



10 NoSQL

RDBMS NoSQL

RDBMS

NoSQL

RDBMS

NoSQL

RDBMS

(point query)

(range query) NoSQL

NoSQL MapReduce
RDBMS
RDBMS ACID NoSQL

BASE (Basically Available soft

state Eventually consistent)

RDBMS NoSQL
RDBMS
NoSQL
RDBMS SQL NoSQL
RDBMS
NoSQL
RDBMS
RDBMS
(DBA) NoSQL

DBMS
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10 NoSQL

109 ° NoSQL 4

NoSQL 10-2

102 NoSQL

NoSQL

/ Redis

Riak

HBase

Cassandral

CouchDB

MongoDB

Neo4J

OrientDB

10.10 NoSQL ¢

10.10.1 Membase

Membase NoSQL Membase
Apache2.0 GitHub.Source tarballs beta
Linux North Scale memcached
Zynga NHN
Membase memcached
Memcached Web
Memcached Membase
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10 NoSQL

Membase
Membase
Membase
NoSQL
10.10.2 MongoDB
MongoDB
json  bjson
Mongo
MongoDB
i 0 CollenctiorOrented
Collenction)
RDBMS table schema)
schemdree) mongodb
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10 NoSQL

RUBY PYTHON JAVA C++ PHP

B

BSON JSON BSON Binary Serialized dOcument
Format -
, MongoDB Linux Windows OS X
32 64 27017 64 MongoDB
32 2GB MongoDB
/data/db

10.10.3 Hypertable

Hypertable Google Bigtable
Google PC

Google File System GFS

Map-Reduce GFS
Bigtable Bigtable

Hypertable Bigtable

10.10.4 Apache Cassandra

Apache Cassandra Key-Value Facebook
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10 NoSQL

Facebook
Cassandra
Cassandra
Cassandra Cassandra
Cassandra
Cassandra Google BigTable
Dynomite Key-Value MongoDB
json  bjson
Cassandra Facebook
Amazm Dynamo Google
BigTable Column Family P2P
Dynamo 2.0
Cassandra
Cassandra
s Cassandra
5
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10 NoSQL

NoSQL NoSQL
NoSQL NoSQL
NoSQL CAP BASE NoSQL

NoSQL

[1] . NoSQL
http://wenku.baidu.com/view/246e00d4195f312b3169a570.html
[2] CAP . . http://wenku.baidu.com/view/7f250017cd184254b353530.html

[3] , . . ,2013 8
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11 W

SaaS Softwareasa-Service

11.1W
11.1.1W SaaS
Cloud Computing Distributed Computing Parallel
Computing Utility Computing Network Storage Technologie
Virtualization Load Balance
1980 -
60
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11

20

80 90 21 SOA SaaS

laaS Infrastructure as a Service PaaS Platform as a

Service SaaS Software as a Service

laaS Infrastructure as a Service

laaS Infrastructure as a Service

laaS
laaS
laaS
laaS Amazon Microsoft VMWare Rackspace Red Hat
., PaaS Platform as a Service
PaaS Platform as a Service “ §
Java python, .Net
PaaS
PaaS Google App Engine
Microsoft Azue Force.com Heroku Engine Yard AppFog Mendix

Standing Cloud
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SaaS Software as a Service

5

SaaS Software as a Service “ "

SaaS

Salesforce SaaS

SaaS

11.1. W

Internet

Web

11-1

SaaS Software-as-a-Service
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11.2 W

Amazon [IBM

Amazon SimpleDB

multi-tenancy
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11.4 W

11.5W

F
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Forrester Research
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18% WEB

2 IDC Carl Olofson
RAM

20 70 80 90

SimpleDB HBase Dynamo BigTable

3
Teradata Oracle IBM DB2 Microsoft SQL Server Sybase
Amazon  Google

Amazon Sim@DB  Google BigTable

Vertica Analytic Database for the

Cloud EnterpriseDB Postgres Plus in the Cloud

116 W

Teradata Oracle IBM DB2  Microsoft SQL Serer
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Amazon Google Yahoo
Vertica LongJump EnterpriseDB
Google BigTable SimpleDB HBase

i 0

11-1

11-1

Amazon Dynamo SimpleDB RDS

Google BigTable FusionTable

Microsoft Microsoft SQL Server Data Services SQL Azure

Oracle Oracle Cloud
Yahoo! PNUTS
Vertica Analytic Database v3.0 for the Cloud

EnerpriseDB| Postgres Plus in the Cloud

HBase Hypertable

EnerpriseDB FathomDB ScaleDB Objectivity/DB M/DB:X

11.6.JAmazon W

Amazon Amazon S3 EC2
Dynamo Dynamo i/ o
Dynamo
key md5_key md5

key SimpleDB  Amazon
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Dynambi

SimpleDB
id SimpleDB
API SimpleDB
SimpleDB A/ o
WEB
Amazon RDS Amazon Relational Database Service Amazon Web
MySQL Oracle
Amazon Amazon EC2
SQL Server Oracle 11g MySQL  IBM DB2
EnerpriseDB
EC2
11.6.2 Google W ,
Google BigTable Google BigTable
Google Google
BigTable WEB Google Earth Google Finance Google Maps
Search History BigTable Google BigTable
Google GFS Google File System
BigTable Chubby BigTable
Amazon $mpleDB BigTable DBMS

Database Management System

Google Cloud SQL MySQL Cloud SQL
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11.6.3 Microsoft W

MySQL

2008 3 SQL Data Service SDS SQL Server RDBMS
SDS
SQL Azure Azure WEB
SQL Server SQL Server
SQL Azure
, TSQL Transact Structured Query Language
, SQL Server
, SQL Server 2008
11.6.4 Y )

HBase Hypertable MapReduce Hadoop BigTable

MapReduce

MapReduce

MapReduce

Google

Hadoop Yahoo

HBase Apache Hadoop
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HBase Hypertable HBase Java  Hypertable C/IC++
HBase Hypertable HBase SQL Structual Query

Language

BerkelyDB

1165 15 W

Yahoo! PNUTS
Yahoo! Vertica Systems 2008 10Gen
Mongo AppJet AppJet M/DB:X
XML HTTP/REST FathomDB Web
IBM
EnerpriseDB Amazon E2 LongJump Salesforce
com PostgreSQL Intuit QuickBase
Relational Cloud
SQL
11.7
/
11.7.1 v
BigTable Dynamo SimpleDB PNUTS HBase /
Google BigTable /
Google BigTable BigTable HBase
BigTable / BigTable

BigTable
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Tablet
Tablet BigTable
Tablet Tablet
Tablet Tablet 100 200MB BigTable
B+ Tablet BigTable /
BigTable row
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BigTable
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Tablet
, fi 0
BigTable
BitTable 64
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BigTable 11-2 WebTable

URL contents anchor
anchor CNN Sports lllustrated MY-look
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contents 3 fts 16
HBase BigTable /
JAVA Hadoop
HBase Google BigTable
Google File System HBase HDFS Hadoop
Distributed File System BigTable HBase /
HBase BigTable
00 RDBMS Relational Database
Management System WHERE
HBase
HBase Hadoop MapReduce
HBase
Amazon Dynamo SimpleDB BigTable / SimpleDB
domain item attribute domain table item
attribute SimpleDB  BigTable
SimpleDB
SimpleDB
domain
SimpleDB domain
domain 10GB
., BigTable
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11.8
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STUDENT_INFO BOOKBORROWING_INFO

STUDENT_INFO BOOKBORROWING_INFO
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11-4
11.9
Google
MapReduce
MapReduce
D 2 aggregate
“ keylvalué
“ keyl/valué reduce
MapReduce
MapReduce
TB
MapReduce
MapReduce
(join)
MapReduce R(A
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B) S(B,C)
key
(a,b)

value

key-value
Reduce
R S
Reduce
B k
key-value

(a,b,c)

[1] . :

key B Map
key-value key b (a,R)
Reduce R
Map S (b,c)
key b value (c,S)
Reduce
B B
k Reduce h
Reduce Map
h(b) Reduce Reduce
Amazon Google Microsoft
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12 Google Spanner

12  Google Spanner

Spanner Google
Spanner
GPS API API 10ms
Spanner
Google Spanner
., Spanner

BigTable Megastore

5

Spanner

Spanserver

Directory

TrueTime

Spanner

12.1 Spanner

F1 Google

Architecture F1

e Sharded Spanner servers
data on GFS and in memory |

e StatelessFiserver  trerrmenmgmerreeees

e Pool of workers for query execution
_ F1server

F1query [h |
workers Jl J
Features - S
e Relational schema | Spanner
Extensions for hierarchy and rich data types o]
Non-blocking schema changes ‘
o Consistent indexes i —
e Parallel reads with SQL or Map-Reduce GFS
12-1 Spanner  Google
Spanner Spanner Google 121
Spanner F1 GFS F1 GFS
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12 Google Spanner

12.1.1F1

MasterSlave
Google
F1 RDBMS
Spanner
F1

7% 24

SQL
50-100ms
Google BigTable

HBase Google

NoSQL
HBase Google

F1

12.1.2 Colossu§ GFSIIE

Colossus

GFS

Google
2001 Hadoop
6
Google Spanner

Google

Google MySQL MySQL
RDBMS——F1
F1 MySQL
5-10ms
NoSQL
F1 BigTable BigTable
BigTable
MySQL
F1 Spanner
GFS HDFS
GFS
GFS
GFS
2007 Hadoop GFS
Spanner 2009
2012 9 Spanner Google
2015
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Google Spanner

Spanner F1
Colossus GFS Colossus Google
GFS Colossus
Master ( 2s )
Chunk 1MB ( )
Master Metadata( Chunk 64MB
64 Google )
., Colossus Metadata ReedSolomon
3 15
12.Z% BigTablej Megastore
Spanner
BigTable Megastore Spanner
BigTable Google
Megastore RDBMS
Spanner
key-value “ " “
Google Spanner BigTable Megastore
12.3 Spanner
Spanner Paxos
Spanner
12
Spanner
1
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12 Google Spanner

2 Spanner
Spanner MapReduce
Schema
Spanner
Tl T2
GPS TrueTime API
TrueTime API 10ms API
Google TrueTime API TrueTimeAPI
MongoDB
12.4 ¢
Spanner
Universe Spanner Universe 3
Universe
Zone Zone Zone
Zone Zone Zone
BigTable
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Google Spanner

universemaster placement driver
Zone 1 Zone 2 Zone N
zonemaster zonemaster zonemaster
-
location location location
<} proxy L proxy bl proxy
1 spanserver _l spanserver l spanserver

driver

12-2

zonemaster

spanserver

Universemaster

Placement driver

Spanner

12-2 Spanner

universe

spanserver Zonemaster

zone

spanserver Universe master placement driver

zone

Spanner

universe zone
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Zonemaster BigTable Master
Location proxy Location
Spanserver
Spanserver BigTable ThunkServer
12.5 Spanserver
Spanserver Spanserver

location proxy

zone

spanserver spanserver

Universe master

Placement

Spanserver

BigTable




12 Google Spanner

panbjpan(— ' d —_— parbc'pan(
leader ! ea er_ leader
- transaction :
. manager -
lock table
leader
replica replica replica
Paxos c_o Paxos .—. Paxos
tablet tablet tablet
] ] ]
' Colossus : | Colossus E i Colossus E
]
Data Center X Data Center Y Data Center Z

12-3 Spanserver

12-3 Colossus (GFS 1)
1001000 tablet Tablet
1000 10 tablet 1-100 tablet 101-200
tablet tablet BigTable tablet

(key:string, timestamp:int64string

BigTable Spanner
Spanner tablet
B- (write-ahead)
Colossus Google File System
Spanner Tablet Paxos Paxos
Table Paxos replica leader leader
10s 10s Leader master
leader
paxosgroup

leader replica spanserver
Spanner BigTable
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12 Google Spanner

leader replica spanserver

paxos group

paxos group

leader slave leader
12.6 Directory
Spanner BigTable Spanner
——directory directory key-value directory key
bucketing Directory
key
Directory paxos group Spanner
directory
paxos group
directory paxos group
Directory client 50MB  directory
directory tablet Directory
tablet Paxos group
directory Spanner tablet BigTable tablet BigTable tablet
Spanner tablet
directory tablet
paxos group directory
block
Directory
( 2 1)

254



12 Google Spanner

12.7
Spanner Google Spanner
schema
Query
Google Megastore
Google 300 Megastore
schema (BigTable ) Megastore
Gmail Picasa Calendar Android Market AppEngine Query
Dremel 2-3 PB
BigTable Google
Spanner
Spanner directory key-value
universe datdase database table Table
Query
SQL
Spanner
Key-value Key Value
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12 Google Spanner

CREATE TABLE Users {
uid INT64 NOT NULL, email STRING
} PRIMARY KEY (uid), DIRECTORY;

CREATE TABLE Albums ({
uid INT64 NOT NULL, aid INT64 NOT NULL,
name STRING
} PRIMARY KEY (uid, aid),
INTERLEAVE IN PARENT Users ON DELETE CASCADE;

Users(1)
Albums(1,1) Directory 3665
| Albums(1,2)
el

ms(2, .
"Albums(2,2) | Orectov 453
Albums(2,3

12-4 Spanner

12-4 Spanner
SQL Spanner directory table
interleave in parent
Spanner
Spanner

12.8 TrueTime

|  Method || Returns |
TT.now() TTinterval: |earliest, latest|
TT.after(t) true if 7 has definitely passed
TT.before(t) || true if ¢ has definitely not arrived

12-1 TrueTime API

TrueTime API 12-1 TT.now()
TTinterval UnixTime
e TT.after(t) TT.before(t) TT.now()
TrueTime GPS TrueTime
GPS
GPS
GPS
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Google Spanner

TrueTime time master timeslave
daemon master GPS master
master
Armageddon master
Armageddon master GPS master master
master
Armageddon master
GPS master
0
daemon master
master master GPS master GPS master
Armageddon masterDaemon Marzullo
master
Spanner
daemon U
U time master time master
Google 0
U 1 7ms U 4ms Daemon
30 200 / 0 6ms
1ms time master
time master
U U

12.9 Spanner

Spanner TrueTime
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12 Google Spanner

12-2 Spanner

Read-Write Transaction _pessimistic leader

Read-Only Transaction lock-free leader fortimestamp; any for
read

Snapshot Read, client-provided lock-free any

timestamp -

Snapshot Read, client-provided bound  lock-free any

12-2  Spanner

Spanner

BigTable Spanner Commit

Spanner

Spanner woundwait
leader replica
leader
coordinator
leader coordinator id
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12 Google Spanner

leader Paxos
leader coordinator

Coordinator

TT.now()+
Coordinator Paxos
coordinator
Paxos
coordinator
Spanner
Key Spanner Key
Key Paxos group group leader
leader
Key Paxos group
group leaders
TT.now().latest
Spanner Spanner BigTable Megastore
Spanner Spanner
Spanserver Directory TrueTime Spanner
[1] . Google Spanner( ). http://dblab.xmu.edu.cn/node/230

[2] . Google Spanner

http://www.oschina.net/question/12_70811
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13 Google Dremel

13  Google Dremel

Dremel nested

CPU Google PB 2
3 PB Dremel
MapReduce
Dremel
Dremel

Dremel

13.1Dremel

13.1.1 =

1 1TB CPU
Google

PC :
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13 Google Dremel

Google
13.1.2Dremel
Hadoop Hadoop
Hadoop 2 3 PB
Google Dremel
1 Dremel PB
Google
()
2 Dremel MapReduce MapReduce Dremel
GFS
Dremel MapReduce
MapReduce
3 Dremel (nested)
Dremel
Dremel (nested) Json
Join
PB
4  Dremel
CPU
CPU
(nested) Dremel
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Google Dremel

5 Dremel Web DBMS

DBMS

SQL Hive Pig
Dremel 2006
Dremel Google

Dremel

Android

5

Google

Google Books OCR

Google Maps
Bigtable Tablet

Google

Google

Google

13.1.3Dremel

Google Alice

Dremel
DEFINE TABLE t AS /path/to/data/*

SELECT TOP(signall, 100), COUNT(*) FROM t

signall
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13 Google Dremel

FlumeJava
SQL
GFS GoogleFile System GFS
DBMS
MapReduce GFS
Google
131 A.B.C
A.B.C A.E A.B.D
Pt SO
Iy B . E
c” b
I
LT —
Iy
B ng
record- column- I>
oriented oriented
131
13.2Dremel
Dremel
¢ecom | <A1l : " [*]|?],¢é,An : " [*|?]->

dom
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Google Dremel

i Al
required
optional “ " 0 1 repeated * “ 0O N
repeated optional
r message Document {
D?CId‘ 10 1 required int64 DocId;
Links optional group Links {
Forward: 20 .
repeated intéd Backward;
Forward: 40 repeated int64 Forward; }
Forward: 60 repeated group Name {
Hame repeated group Language {
Languagal , required string Coda;
Coda: an:us. optional string Country; )
Country: 'us optional string Url; }}
Language
Code: 'en'
Url: 'http://A' DocId: 20 rj
Name Links
Url: 'http://B' Backward: 10
Name Backward: 30
Language Forward: B0
Code: 'en-gb' Name
Country: 'gb’ Url: 'http://C’
132 schema
132 schema schema
Docld Links
Forward Backward Docld
Name URL Name Code Country
132 schema rrr2
Schema
Name.Language.Code
Google
C++ Java
Java MapReduce C++
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Google Dremel

13.3 A Y
131
13.3.1 1 M
131 Dremel
132 Document
Google
Dremel
132 rl r2 URL
[Ahttp:/ /A0, "http://B","http://C"]
Name —_—

[ Docld |
value d

MapReduce

Name.Url Links.Forward || Links.Backward
value r d
0

Name.Language.Code

value r d

an-us o 2

en 2 2
NULL |1 1
engb 1 2
NULL |0 1

Name.Language.Country

e

us 0 3
MULL |2 2
NULL |1 1

gb 1 3
NULL [0 1

r
10 0 0 hitp:fA | 0 2 20 2 MULL | O 1
20 0 0 httpiB 1 2 40 1 2 10 o 2
MULL (1 1 60 1 2 30 1 2
http:/iC | 0 2 80 0o 2




13 Google Dremel

133

Repetition Level

132 Code ri 3 6ens bend
Name 0 egb 6 Name
Name.Language.Code Name
Langua@ Code 0o 2 0
rl 0 ewns 0
0 6end Language
Language Name.Language.Code 2 2
6 egnb &Name Name Language Language
Name Name.Laguage.Code 1 1
rl rl Code 6 ens 66 e ndegb 6
0 21
rl Name Code
60 egb 6 Name Name NULL 6enbd
6 egnb 6 133 Language Code
Language Code Code
Language rl Name Code
Language Name.Language.Code

“ ”

Definition Level

“ " NULL
Dremel rl

r2

NULL NULL
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13 Google Dremel

Name.Language.Country

Name Language repeated Country optional
Country Language
rl Backward Links 1
Links.Bakward NULL 1 Links
r2 NULL Name.Language.Country
1 Country Name Name
1 Name.Language.Country 1 rl NULL
Name.Language.Country 2 Name.Language 1 Name
Encoding
NULL
NULL
0 0
133 Docld bit
3 2 it
13.3.2 €A Y
columnstripe 131
134
Google
schema
columnstripe
fieldWriter schema fieldWriter
fieldWriter fieldWriter
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13 Google Dremel

13-4

1 procedure DissectRecord(RecordDecoder decoder,
D FieldWriter writer, int repetitionLevel):
3 Add current repetitionLevel and definition level to writer
4 seenFields = {}// empty set of integers
5 while decoder has more field values
6 FieldWriter chWriter =
7 child of writer for field read by decoder
8 int chRepetitionLevel = repetitionLevel
9 if set seenFields contains field ID of chWriter
10 chRepetitionLevel = tree depth of chWriter
1 | else
12 Add field ID of chWriter to seenFields
13 end if
14 if chWriter corresponds to an atomic field
15 Write value of current field read by decoder
16 using chWriter at chRepetitionLevel
17 else
18 DissectRecord (new RecordDecoder for nested record
19 read by decoder, chWriter, chRepetitionLevel)
20 end if
21 end while
22 end procedure
134
134
DissectRecord RecordDecoder
RecordDecoder FieldWriters schema
FiledWriter repetitionLevel 0 DissectRecord
repetitionLevel definitionLevel writer
schema
While 5
seenFileds
chRepetitionLevel RepetititonLevel RepetitionLevel
9-13 DissectRecord
writer writer
writer 1
writer writer
writer
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13 Google Dremel

132 Name.Language column stripes
column stripes
13.3.3
MapReduce
FSM
FSM
reader reader
reader FSM
0
0
10 Links.Backward || Links.Forward O‘
{/_D//
0,1,2
[ Name.Language.Code ]—7'[ Name.Language.Country l
; 2
135
135 Document FSM
Docld Docld FSM Links.Backward
Backward FSM Links.Forward
133 oo schema

“ " Forward
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13 Google Dremel

rl r2e
6 6 13 ”
“ " repeated
rl Name Language
Name.Language.Country 0
Name Language Name Language
Name.Url 1 ri Name Name
Language Name Language Name.Url
2 Name Language Name Language
Name.Language.Code Name Language
FSM I f
schema I
n FSM (;N->n =1 f=Name.Language.Country
1 Name
n=Name.Url
DocId: 10 81
Hame
Language
Docld Country: 'us'
Language
4 Hame
Language
‘I,EO Name.Language.Country Country: 'gb'
0
DocId: 20 S,
w
Hame
136
FSM 136 FSM
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13 Google Dremel

Docld Name.Language.Country sl s2 Dremel
Country Country
Name Language XPath
/Name[2]/Language[1]/Country
13.4
Dremel SQL
SQL schema
schema 137
132 t={rl,r2}
SQL
SELECT Docld AS Id,
COUNT (Name . Language . Code) WITHIN Name AS Cnt,
Name.Url + ',' + WName.Language.Code AS Str
FROM t
WHERE REGEXP (Name.Url, '~“http') AND DocId < 20;
Id: 10 tl message QueryResult {
Hame required intéd Id;
Cnt: 2 repeated group Name {
Language optional uint64 Cnt;
Str: 'http://A,en-us’ repeated group Language {
Str: 'http://A,en’ optional string Str; }}}
Name
Cnt: 0
137
“ ” WHERE
Name.Url 6httpod
“ ! SELECT
schema Name.Language.Code
3 Str Count
Name 64 Name.Language.Code
Name
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13 Google Dremel

top-k joins
13.5
servingtree
client query execution tree
| I PR
root server f Q
intermediate ” ”:’; (:)J’ ]O N
Servers - “
TN A
leaf servers .. ‘ D C} D A
(with local =111l
ctorage) )| T 1 1
Il
storage layer (e.g., GFS)
138
Dremel 138

SELECT A, COUNT(B) FROM T GROUP BY A

tablet

columnstripe table T table

tablet T
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SELECT A,SUM(c) FROMRY UNIONALL ... R}) GROUP BY A

R! R} 1 1 n

R}=SELECT A, COUNT(B) AS ¢ FROMI;" GROUP BY A

T T 1 i
rewrite
T tablet
DBMS MR
Dremel
tablet
slot
3000
8 24000 slot table
5 tablet slot
tablet
stripe stripe
95% tablet
98% 100%

tablet

slot

100000 tablet

tablet

tablet

tablet

—Dremel Dremel
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13 Google Dremel

Dremel

MapReduce

[1]Melnik, Sergey, et al. "Dremel: interactive analysis of weble datasets." Proceedings of the
VLDB Endowment 3.2 (2010): 336839.

[2] Dremel: Interactive Analysis of WebScale Datasets
http://blog.csdn.net/macyang/article/details/8566105

[3] . Google Dremel - 3 1PB. http://dog.jobbole.com/29561/#jtdsina
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E-mail: ziyulin@xmu.edu.cn
http://www.cs.xmu.edu.cn/linziyu
http://dblab.xmu.edu.cn
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