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Introduction RDBMS

Why yet another storage architecture?

Relational Databse Management Systems (RDBMS):
I Around since 1970s
I Countless examples in which they actually do make sense

The dawn of Big Data:
I Previously: ignore data sources because no cost-effective way to

store everything
F One option was to prune, by retaining only data for the last N days

I Today: store everything!
F Pruning fails in providing a base to build useful mathematical models
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Introduction RDBMS

Batch processing

Hadoop and MapReduce:
I Excels at storing (semi- and/or un-) structured data
I Data interpretation takes place at analysis-time
I Flexibility in data classification

Batch processing: A complement to RDBMS:
I Scalable sink for data, processing launched when time is right
I Optimized for large file storage
I Optimized for “streaming” access

Random Access:
I Users need to “interact” with data, especially that “crunched” after a

MapReduce job
I This is historically where RDBMS excel: random access for

structured data
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Introduction Column-Oriented DB

Column-Oriented Databases
Data layout:

I Save their data grouped by columns
I Subsequent column values are stored contiguously on disk
I This is substantially different from traditional RDBMS, which save

and store data by row

Specialized databases for specific workloads:
I Reduced I/O
I Better suited for compression → Efficient use of bandwidth

F Indeed, column values are often very similar and differ little
row-by-row

I Real-time access to data

Important NOTE:
I HBase is not a column-oriented DB in the typical term
I HBase uses an on-disk column storage format
I Provides key-based access to specific cell of data, or a sequential

range of cells
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Introduction Column-Oriented DB

Column-Oriented and Row-Oriented storage layouts

VWRULQJ�WKLV�GDWD�RYHU�D�FHUWDLQ�QXPEHU�RI�PRQWKV�FUHDWHV�D�KXJH�WDLO�WKDW�QHHGV�WR�EH
KDQGOHG�HIILFLHQWO\��(YHQ�WKRXJK�ODUJHU�SDUWV�RI�HPDLOV¢IRU�H[DPSOH��DWWDFKPHQWV¢
DUH�VWRUHG�LQ�D�VHFRQGDU\�V\VWHP�
�WKH�DPRXQW�RI�GDWD�JHQHUDWHG�E\�DOO�WKHVH�PHVVDJHV
LV�PLQG�ERJJOLQJ��,I�ZH�ZHUH�WR�WDNH�����E\WHV�SHU�PHVVDJH��DV�XVHG�E\�7ZLWWHU��LW�ZRXOG

)LJXUH������&ROXPQ�RULHQWHG�DQG�URZ�RULHQWHG�VWRUDJH�OD\RXWV

�6HH�WKLV�EORJ�SRVW��DV�ZHOO�DV�WKLV�RQH��E\�WKH�)DFHERRN�HQJLQHHULQJ�WHDP��:DOO�PHVVDJHV�FRXQW�IRU����ELOOLRQ
DQG�FKDW�IRU�����ELOOLRQ��WRWDOLQJ�����ELOOLRQ�PHVVDJHV�D�PRQWK��7KHQ�WKH\�DOVR�DGG�606�DQG�RWKHUV�WR�FUHDWH
DQ�HYHQ�ODUJHU�QXPEHU�


 )DFHERRN�XVHV�+D\VWDFN��ZKLFK�SURYLGHV�DQ�RSWLPL]HG�VWRUDJH�LQIUDVWUXFWXUH�IRU�ODUJH�ELQDU\�REMHFWV��VXFK
DV�SKRWRV�
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Figure: Example of Storage Layouts
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Introduction The problem with RDBMS

The Problem with RDBMS

RDBMS are still relevant
I Persistence layer for frontend application
I Store relational data
I Works well for a limited number of records

Example: Hush
I Used throughout this course
I URL shortener service

Let’s see the “scalability story” of such a service
I Assumption: service must run with a reasonable budget
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Introduction The problem with RDBMS

The Problem with RDBMS

Few thousands users: use a LAMP stack
I Normalize data
I Use foreign keys
I Use Indexes

7KH�V\VWHP�DOVR�GRZQORDGV�WKH�OLQNHG�SDJH�LQ�WKH�EDFNJURXQG��DQG�H[WUDFWV��IRU�LQ�
VWDQFH�� WKH�TITLE� WDJ� IURP�WKH�+70/�� LI�SUHVHQW��7KH�HQWLUH�SDJH� LV� VDYHG� IRU� ODWHU
SURFHVVLQJ�ZLWK�DV\QFKURQRXV�EDWFK�MREV��IRU�DQDO\VLV�SXUSRVHV��7KLV�LV�UHSUHVHQWHG�E\
WKH�url�WDEOH�

(YHU\�OLQNHG�SDJH�LV�RQO\�VWRUHG�RQFH��EXW�VLQFH�PDQ\�XVHUV�PD\�OLQN�WR�WKH�VDPH�ORQJ
85/��\HW�ZDQW�WR�PDLQWDLQ�WKHLU�RZQ�GHWDLOV��VXFK�DV�WKH�XVDJH�VWDWLVWLFV��D�VHSDUDWH
HQWU\�LQ�WKH�shorturl�LV�FUHDWHG��7KLV�OLQNV�WKH�url��shorturl��DQG�click�WDEOHV�

7KLV�DOVR�DOORZV�\RX�WR�DJJUHJDWH�VWDWLVWLFV�WR�WKH�RULJLQDO�VKRUW�,'��refShortId��VR�WKDW
\RX�FDQ�VHH�WKH�RYHUDOO�XVDJH�RI�DQ\�VKRUW�85/�WR�PDS�WR�WKH�VDPH�ORQJ�85/��7KH
shortId�DQG�refShortId�DUH�WKH�KDVKHG�,'V�DVVLJQHG�XQLTXHO\�WR�HDFK�VKRUWHQHG�85/�
)RU�H[DPSOH��LQ

http://hush.li/a23eg

WKH�,'�LV�a23eg�

)LJXUH�����VKRZV�KRZ�WKH�VDPH�VFKHPD�FRXOG�EH�UHSUHVHQWHG�LQ�+%DVH��(YHU\�VKRUWHQHG
85/�LV�VWRUHG�LQ�D�VHSDUDWH�WDEOH��shorturl��ZKLFK�DOVR�FRQWDLQV�WKH�XVDJH�VWDWLVWLFV�
VWRULQJ� YDULRXV� WLPH� UDQJHV� LQ� VHSDUDWH� FROXPQ� IDPLOLHV�� ZLWK� GLVWLQFW� WLPH�WR�OLYH
VHWWLQJV��7KH�FROXPQV�IRUP�WKH�DFWXDO�FRXQWHUV��DQG�WKHLU�QDPH�LV�D�FRPELQDWLRQ�RI�WKH
GDWH��SOXV�DQ�RSWLRQDO�GLPHQVLRQDO�SRVWIL[¢IRU�H[DPSOH��WKH�FRXQWU\�FRGH�

7KH�GRZQORDGHG�SDJH��DQG�WKH�H[WUDFWHG�GHWDLOV��DUH�VWRUHG�LQ�WKH�url�WDEOH��7KLV�WDEOH
XVHV�FRPSUHVVLRQ�WR�PLQLPL]H�WKH�VWRUDJH�UHTXLUHPHQWV��EHFDXVH�WKH�SDJHV�DUH�PRVWO\
+70/��ZKLFK�LV�LQKHUHQWO\�YHUERVH�DQG�FRQWDLQV�D�ORW�RI�WH[W�

7KH�user-shorturl�WDEOH�DFWV�DV�D�ORRNXS�VR�WKDW�\RX�FDQ�TXLFNO\�ILQG�DOO�VKRUW�,'V�IRU
D�JLYHQ�XVHU��7KLV�LV�XVHG�RQ�WKH�XVHU¦V�KRPH�SDJH��RQFH�VKH�KDV�ORJJHG�LQ��7KH�user
WDEOH�VWRUHV�WKH�DFWXDO�XVHU�GHWDLOV�

:H�VWLOO�KDYH�WKH�VDPH�QXPEHU�RI�WDEOHV��EXW�WKHLU�PHDQLQJ�KDV�FKDQJHG��WKH�clicks
WDEOH�KDV�EHHQ�DEVRUEHG�E\�WKH�shorturl�WDEOH��ZKLOH�WKH�VWDWLVWLFV�FROXPQV�XVH�WKH�GDWH
DV�WKHLU�NH\��IRUPDWWHG�DV�YYYYMMDD¢IRU�LQVWDQFH����������¢VR�WKDW�WKH\�FDQ�EH�DF�

)LJXUH������7KH�+XVK�VFKHPD�H[SUHVVHG�DV�DQ�(5'
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Figure: The Hush Schema expressed as an ERD
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Introduction The problem with RDBMS

The Problem with RDBMS

Find all short URLs for a given user
I JOIN user and shorturl tables

Stored Procedures
I Consistently update data from multiple clients
I Underlying DB system guarantees coherency

Transactions
I Make sure you can update tables in an atomic fashion
I RDBMS → Strong Consistency (ACID properties)
I Referential Integrity
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Introduction The problem with RDBMS

The Problem with RDBMS

Scaling up to tens of thousands of users
I Increasing pressure on the database server
I Adding more application servers is easy: they share their state on

the same central DB
I CPU and I/O start to be a problem on the DB

Master-Slave architecture
I Add DB server so that READS can be served in parallel
I Master DB takes all the writes (which are fewer in the Hush

application)
I Slaves DB replicate Master DB and serve all reads (but you need a

load balancer)
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Introduction The problem with RDBMS

The Problem with RDBMS

Scaling up to hundreds of thousands
I READS are still the bottlenecks
I Slave servers begin to fall short in serving clients requests

Caching
I Add a caching layer, e.g. Memcached or Redis
I Offload READS to a fast in-memory system
→ You lose consistency guarantees
→ Cache invalidation is critical for having DB and Caching layer

consistent
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Introduction The problem with RDBMS

The Problem with RDBMS

Scaling up more
I WRITES are the bottleneck
I The master DB is hit too hard by WRITE load
I Vertical scalability : beef up your master server
→ This becomes costly, as you may also have to replace your RDBMS

SQL JOINs becomes a bottleneck
I Schema de-normalization
I Cease using stored procedures, as they become slow and eat up a

lot of server CPU
I Materialized views (they speed up READS)
I Drop secondary indexes as they slow down WRITES
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Introduction The problem with RDBMS

The Problem with RDBMS

What if your application needs to further scale up?
I Vertical scalability vs. Horizontal scalability

Sharding
I Partition your data across multiple databases

F Essentially you break horizontally your tables and ship them to
different servers

F This is done using fixed boundaries
→ Re-sharding to achieve load-balancing

→ This is an operational nightmare
I Re-sharding takes a huge toll on I/O resources
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Introduction NOSQL

Non-Relational DataBases

They originally do not support SQL
I In practice, this is becoming a thin line to make the distinction
I One difference is in the data model
I Another difference is in the consistency model (ACID and

transactions are generally sacrificed)

Consistency models and the CAP Theorem
I Strict: all changes to data are atomic
I Sequential: changes to data are seen in the same order as they

were applied
I Causal: causally related changes are seen in the same order
I Eventual: updates propagates through the system and replicas

when in steady state
I Weak: no guarantee
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Introduction NOSQL

Dimensions to classify NoSQL DBs

Data model
I How the data is stored: key/value, semi-structured,

column-oriented, ...
I How to access data?
I Can the schema evolve over time?

Storage model
I In-memory or persistent?
I How does this affect your access pattern?

Consistency model
I Strict or eventual?
I This translates in how fast the system handles READS and WRITES

[2]
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Introduction NOSQL

Dimensions to classify NoSQL DBs

Physical Model
I Distributed or single machine?
I How does the system scale?

Read/Write performance
I Top-down approach: understands well the workload!
I Some systems are better for READS, other for WRITES

Secondary indexes
I Does your workload require them?
I Can your system emulate them?
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Introduction NOSQL

Dimensions to classify NoSQL DBs

Failure Handling
I How each data store handle server failures?
I Is it able to continue operating in case of failures?

F This is related to Consistency models and the CAP theorem
I Does the system support “hot-swap”?

Compression
I Is the compression method pluggable?
I What time of compression?

Load Balancing
I Can the storage system seamlessly balance load?
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Introduction NOSQL

Dimensions to classify NoSQL DBs

Atomic read-modify-write
I Easy in a centralized system, difficult in a distributed one
I Prevent race conditions in multi-threaded or shared-nothing designs
I Can reduce client-side complexity

Locking, waits and deadlocks
I Support for multiple client accessing data simultaneously
I Is locking available?
I Is it wait-free, hence deadlock free?

Impedance Match
“One-size-fits-all” has been long dismissed: need to find the perfect
match for your problem.
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Introduction Denormalization

Database (De-)Normalization

Schema design at scale
I A good methodology is to apply the DDI principle [8]

F Denormalization
F Duplication
F Intelligent Key design

Denormalization
I Duplicate data in more than one table such that at READ time no

further aggregation is required
Next: an example based on Hush

I How to convert a classic relational data model to one that fits
HBase
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Introduction Denormalization

Example: Hush - from RDBMS to HBase

7KH�V\VWHP�DOVR�GRZQORDGV�WKH�OLQNHG�SDJH�LQ�WKH�EDFNJURXQG��DQG�H[WUDFWV��IRU�LQ�
VWDQFH�� WKH�TITLE� WDJ� IURP�WKH�+70/�� LI�SUHVHQW��7KH�HQWLUH�SDJH� LV� VDYHG� IRU� ODWHU
SURFHVVLQJ�ZLWK�DV\QFKURQRXV�EDWFK�MREV��IRU�DQDO\VLV�SXUSRVHV��7KLV�LV�UHSUHVHQWHG�E\
WKH�url�WDEOH�

(YHU\�OLQNHG�SDJH�LV�RQO\�VWRUHG�RQFH��EXW�VLQFH�PDQ\�XVHUV�PD\�OLQN�WR�WKH�VDPH�ORQJ
85/��\HW�ZDQW�WR�PDLQWDLQ�WKHLU�RZQ�GHWDLOV��VXFK�DV�WKH�XVDJH�VWDWLVWLFV��D�VHSDUDWH
HQWU\�LQ�WKH�shorturl�LV�FUHDWHG��7KLV�OLQNV�WKH�url��shorturl��DQG�click�WDEOHV�

7KLV�DOVR�DOORZV�\RX�WR�DJJUHJDWH�VWDWLVWLFV�WR�WKH�RULJLQDO�VKRUW�,'��refShortId��VR�WKDW
\RX�FDQ�VHH�WKH�RYHUDOO�XVDJH�RI�DQ\�VKRUW�85/�WR�PDS�WR�WKH�VDPH�ORQJ�85/��7KH
shortId�DQG�refShortId�DUH�WKH�KDVKHG�,'V�DVVLJQHG�XQLTXHO\�WR�HDFK�VKRUWHQHG�85/�
)RU�H[DPSOH��LQ

http://hush.li/a23eg

WKH�,'�LV�a23eg�

)LJXUH�����VKRZV�KRZ�WKH�VDPH�VFKHPD�FRXOG�EH�UHSUHVHQWHG�LQ�+%DVH��(YHU\�VKRUWHQHG
85/�LV�VWRUHG�LQ�D�VHSDUDWH�WDEOH��shorturl��ZKLFK�DOVR�FRQWDLQV�WKH�XVDJH�VWDWLVWLFV�
VWRULQJ� YDULRXV� WLPH� UDQJHV� LQ� VHSDUDWH� FROXPQ� IDPLOLHV�� ZLWK� GLVWLQFW� WLPH�WR�OLYH
VHWWLQJV��7KH�FROXPQV�IRUP�WKH�DFWXDO�FRXQWHUV��DQG�WKHLU�QDPH�LV�D�FRPELQDWLRQ�RI�WKH
GDWH��SOXV�DQ�RSWLRQDO�GLPHQVLRQDO�SRVWIL[¢IRU�H[DPSOH��WKH�FRXQWU\�FRGH�

7KH�GRZQORDGHG�SDJH��DQG�WKH�H[WUDFWHG�GHWDLOV��DUH�VWRUHG�LQ�WKH�url�WDEOH��7KLV�WDEOH
XVHV�FRPSUHVVLRQ�WR�PLQLPL]H�WKH�VWRUDJH�UHTXLUHPHQWV��EHFDXVH�WKH�SDJHV�DUH�PRVWO\
+70/��ZKLFK�LV�LQKHUHQWO\�YHUERVH�DQG�FRQWDLQV�D�ORW�RI�WH[W�

7KH�user-shorturl�WDEOH�DFWV�DV�D�ORRNXS�VR�WKDW�\RX�FDQ�TXLFNO\�ILQG�DOO�VKRUW�,'V�IRU
D�JLYHQ�XVHU��7KLV�LV�XVHG�RQ�WKH�XVHU¦V�KRPH�SDJH��RQFH�VKH�KDV�ORJJHG�LQ��7KH�user
WDEOH�VWRUHV�WKH�DFWXDO�XVHU�GHWDLOV�

:H�VWLOO�KDYH�WKH�VDPH�QXPEHU�RI�WDEOHV��EXW�WKHLU�PHDQLQJ�KDV�FKDQJHG��WKH�clicks
WDEOH�KDV�EHHQ�DEVRUEHG�E\�WKH�shorturl�WDEOH��ZKLOH�WKH�VWDWLVWLFV�FROXPQV�XVH�WKH�GDWH
DV�WKHLU�NH\��IRUPDWWHG�DV�YYYYMMDD¢IRU�LQVWDQFH����������¢VR�WKDW�WKH\�FDQ�EH�DF�

)LJXUH������7KH�+XVK�VFKHPD�H[SUHVVHG�DV�DQ�(5'

14 | Chapter 1:ಗIntroduction

Figure: The Hush Schema expressed as an ERD

shorturl table: contains the short URL
click table: contains click tracking, and other statistics,
aggregated on a daily basis (essentially, a counter)
user table: contains user information
URL table: contains a replica of the page linked to a short URL,
including META data and content (this is done for batch analysis
purposes)
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Introduction Denormalization

Example: Hush - from RDBMS to HBase

7KH�V\VWHP�DOVR�GRZQORDGV�WKH�OLQNHG�SDJH�LQ�WKH�EDFNJURXQG��DQG�H[WUDFWV��IRU�LQ�
VWDQFH�� WKH�TITLE� WDJ� IURP�WKH�+70/�� LI�SUHVHQW��7KH�HQWLUH�SDJH� LV� VDYHG� IRU� ODWHU
SURFHVVLQJ�ZLWK�DV\QFKURQRXV�EDWFK�MREV��IRU�DQDO\VLV�SXUSRVHV��7KLV�LV�UHSUHVHQWHG�E\
WKH�url�WDEOH�

(YHU\�OLQNHG�SDJH�LV�RQO\�VWRUHG�RQFH��EXW�VLQFH�PDQ\�XVHUV�PD\�OLQN�WR�WKH�VDPH�ORQJ
85/��\HW�ZDQW�WR�PDLQWDLQ�WKHLU�RZQ�GHWDLOV��VXFK�DV�WKH�XVDJH�VWDWLVWLFV��D�VHSDUDWH
HQWU\�LQ�WKH�shorturl�LV�FUHDWHG��7KLV�OLQNV�WKH�url��shorturl��DQG�click�WDEOHV�

7KLV�DOVR�DOORZV�\RX�WR�DJJUHJDWH�VWDWLVWLFV�WR�WKH�RULJLQDO�VKRUW�,'��refShortId��VR�WKDW
\RX�FDQ�VHH�WKH�RYHUDOO�XVDJH�RI�DQ\�VKRUW�85/�WR�PDS�WR�WKH�VDPH�ORQJ�85/��7KH
shortId�DQG�refShortId�DUH�WKH�KDVKHG�,'V�DVVLJQHG�XQLTXHO\�WR�HDFK�VKRUWHQHG�85/�
)RU�H[DPSOH��LQ

http://hush.li/a23eg

WKH�,'�LV�a23eg�

)LJXUH�����VKRZV�KRZ�WKH�VDPH�VFKHPD�FRXOG�EH�UHSUHVHQWHG�LQ�+%DVH��(YHU\�VKRUWHQHG
85/�LV�VWRUHG�LQ�D�VHSDUDWH�WDEOH��shorturl��ZKLFK�DOVR�FRQWDLQV�WKH�XVDJH�VWDWLVWLFV�
VWRULQJ� YDULRXV� WLPH� UDQJHV� LQ� VHSDUDWH� FROXPQ� IDPLOLHV�� ZLWK� GLVWLQFW� WLPH�WR�OLYH
VHWWLQJV��7KH�FROXPQV�IRUP�WKH�DFWXDO�FRXQWHUV��DQG�WKHLU�QDPH�LV�D�FRPELQDWLRQ�RI�WKH
GDWH��SOXV�DQ�RSWLRQDO�GLPHQVLRQDO�SRVWIL[¢IRU�H[DPSOH��WKH�FRXQWU\�FRGH�

7KH�GRZQORDGHG�SDJH��DQG�WKH�H[WUDFWHG�GHWDLOV��DUH�VWRUHG�LQ�WKH�url�WDEOH��7KLV�WDEOH
XVHV�FRPSUHVVLRQ�WR�PLQLPL]H�WKH�VWRUDJH�UHTXLUHPHQWV��EHFDXVH�WKH�SDJHV�DUH�PRVWO\
+70/��ZKLFK�LV�LQKHUHQWO\�YHUERVH�DQG�FRQWDLQV�D�ORW�RI�WH[W�

7KH�user-shorturl�WDEOH�DFWV�DV�D�ORRNXS�VR�WKDW�\RX�FDQ�TXLFNO\�ILQG�DOO�VKRUW�,'V�IRU
D�JLYHQ�XVHU��7KLV�LV�XVHG�RQ�WKH�XVHU¦V�KRPH�SDJH��RQFH�VKH�KDV�ORJJHG�LQ��7KH�user
WDEOH�VWRUHV�WKH�DFWXDO�XVHU�GHWDLOV�

:H�VWLOO�KDYH�WKH�VDPH�QXPEHU�RI�WDEOHV��EXW�WKHLU�PHDQLQJ�KDV�FKDQJHG��WKH�clicks
WDEOH�KDV�EHHQ�DEVRUEHG�E\�WKH�shorturl�WDEOH��ZKLOH�WKH�VWDWLVWLFV�FROXPQV�XVH�WKH�GDWH
DV�WKHLU�NH\��IRUPDWWHG�DV�YYYYMMDD¢IRU�LQVWDQFH����������¢VR�WKDW�WKH\�FDQ�EH�DF�

)LJXUH������7KH�+XVK�VFKHPD�H[SUHVVHG�DV�DQ�(5'

14 | Chapter 1:ಗIntroduction

Figure: The Hush Schema expressed as an ERD

user table is indexed on the username field, for fast user lookup
shorturl table is indexed on the short URL (shortId) field, for
fast short URL lookup
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Introduction Denormalization

Example: Hush - from RDBMS to HBase

7KH�V\VWHP�DOVR�GRZQORDGV�WKH�OLQNHG�SDJH�LQ�WKH�EDFNJURXQG��DQG�H[WUDFWV��IRU�LQ�
VWDQFH�� WKH�TITLE� WDJ� IURP�WKH�+70/�� LI�SUHVHQW��7KH�HQWLUH�SDJH� LV� VDYHG� IRU� ODWHU
SURFHVVLQJ�ZLWK�DV\QFKURQRXV�EDWFK�MREV��IRU�DQDO\VLV�SXUSRVHV��7KLV�LV�UHSUHVHQWHG�E\
WKH�url�WDEOH�

(YHU\�OLQNHG�SDJH�LV�RQO\�VWRUHG�RQFH��EXW�VLQFH�PDQ\�XVHUV�PD\�OLQN�WR�WKH�VDPH�ORQJ
85/��\HW�ZDQW�WR�PDLQWDLQ�WKHLU�RZQ�GHWDLOV��VXFK�DV�WKH�XVDJH�VWDWLVWLFV��D�VHSDUDWH
HQWU\�LQ�WKH�shorturl�LV�FUHDWHG��7KLV�OLQNV�WKH�url��shorturl��DQG�click�WDEOHV�

7KLV�DOVR�DOORZV�\RX�WR�DJJUHJDWH�VWDWLVWLFV�WR�WKH�RULJLQDO�VKRUW�,'��refShortId��VR�WKDW
\RX�FDQ�VHH�WKH�RYHUDOO�XVDJH�RI�DQ\�VKRUW�85/�WR�PDS�WR�WKH�VDPH�ORQJ�85/��7KH
shortId�DQG�refShortId�DUH�WKH�KDVKHG�,'V�DVVLJQHG�XQLTXHO\�WR�HDFK�VKRUWHQHG�85/�
)RU�H[DPSOH��LQ

http://hush.li/a23eg

WKH�,'�LV�a23eg�

)LJXUH�����VKRZV�KRZ�WKH�VDPH�VFKHPD�FRXOG�EH�UHSUHVHQWHG�LQ�+%DVH��(YHU\�VKRUWHQHG
85/�LV�VWRUHG�LQ�D�VHSDUDWH�WDEOH��shorturl��ZKLFK�DOVR�FRQWDLQV�WKH�XVDJH�VWDWLVWLFV�
VWRULQJ� YDULRXV� WLPH� UDQJHV� LQ� VHSDUDWH� FROXPQ� IDPLOLHV�� ZLWK� GLVWLQFW� WLPH�WR�OLYH
VHWWLQJV��7KH�FROXPQV�IRUP�WKH�DFWXDO�FRXQWHUV��DQG�WKHLU�QDPH�LV�D�FRPELQDWLRQ�RI�WKH
GDWH��SOXV�DQ�RSWLRQDO�GLPHQVLRQDO�SRVWIL[¢IRU�H[DPSOH��WKH�FRXQWU\�FRGH�

7KH�GRZQORDGHG�SDJH��DQG�WKH�H[WUDFWHG�GHWDLOV��DUH�VWRUHG�LQ�WKH�url�WDEOH��7KLV�WDEOH
XVHV�FRPSUHVVLRQ�WR�PLQLPL]H�WKH�VWRUDJH�UHTXLUHPHQWV��EHFDXVH�WKH�SDJHV�DUH�PRVWO\
+70/��ZKLFK�LV�LQKHUHQWO\�YHUERVH�DQG�FRQWDLQV�D�ORW�RI�WH[W�

7KH�user-shorturl�WDEOH�DFWV�DV�D�ORRNXS�VR�WKDW�\RX�FDQ�TXLFNO\�ILQG�DOO�VKRUW�,'V�IRU
D�JLYHQ�XVHU��7KLV�LV�XVHG�RQ�WKH�XVHU¦V�KRPH�SDJH��RQFH�VKH�KDV�ORJJHG�LQ��7KH�user
WDEOH�VWRUHV�WKH�DFWXDO�XVHU�GHWDLOV�

:H�VWLOO�KDYH�WKH�VDPH�QXPEHU�RI�WDEOHV��EXW�WKHLU�PHDQLQJ�KDV�FKDQJHG��WKH�clicks
WDEOH�KDV�EHHQ�DEVRUEHG�E\�WKH�shorturl�WDEOH��ZKLOH�WKH�VWDWLVWLFV�FROXPQV�XVH�WKH�GDWH
DV�WKHLU�NH\��IRUPDWWHG�DV�YYYYMMDD¢IRU�LQVWDQFH����������¢VR�WKDW�WKH\�FDQ�EH�DF�

)LJXUH������7KH�+XVK�VFKHPD�H[SUHVVHG�DV�DQ�(5'
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Figure: The Hush Schema expressed as an ERD

shorturl and user tables are related through a foreign key
relation on the userId
URL table is related to shorturl table with a foreign key on the
URL id
click table is related to shorturl table with a foreign key on the
short URL id
NOTE: a web page is stored only once (even if multiple users link
to it), but each users maintain separate statistics
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Introduction Denormalization

Example: Hush - from RDBMS to HBase

FHVVHG�VHTXHQWLDOO\��7KH�DGGLWLRQDO�user-shorturl� WDEOH� LV� UHSODFLQJ� WKH� IRUHLJQ�NH\
UHODWLRQVKLS��PDNLQJ�XVHU�UHODWHG�ORRNXSV�IDVWHU�

7KHUH�DUH�YDULRXV�DSSURDFKHV� WR� FRQYHUWLQJ�RQH�WR�RQH��RQH�WR�PDQ\�� DQG�PDQ\�WR�
PDQ\�UHODWLRQVKLSV�WR�ILW�WKH�XQGHUO\LQJ�DUFKLWHFWXUH�RI�+%DVH��<RX�FRXOG�LPSOHPHQW
HYHQ�WKLV�VLPSOH�H[DPSOH�LQ�GLIIHUHQW�ZD\V��<RX�QHHG�WR�XQGHUVWDQG�WKH�IXOO�SRWHQWLDO
RI�+%DVH�VWRUDJH�GHVLJQ�WR�PDNH�DQ�HGXFDWHG�GHFLVLRQ�UHJDUGLQJ�ZKLFK�DSSURDFK�WR
WDNH�

7KH�VXSSRUW�IRU�VSDUVH��ZLGH�WDEOHV�DQG�FROXPQ�RULHQWHG�GHVLJQ�RIWHQ�HOLPLQDWHV�WKH
QHHG� WR� QRUPDOL]H� GDWD� DQG�� LQ� WKH� SURFHVV�� WKH� FRVWO\� JOIN� RSHUDWLRQV� QHHGHG� WR
DJJUHJDWH�WKH�GDWD�DW�TXHU\�WLPH��8VH�RI�LQWHOOLJHQW�NH\V�JLYHV�\RX�ILQH�JUDLQHG�FRQWURO
RYHU�KRZ¢DQG�ZKHUH¢GDWD� LV� VWRUHG��3DUWLDO� NH\� ORRNXSV� DUH�SRVVLEOH�� DQG�ZKHQ

)LJXUH������7KH�+XVK�VFKHPD�LQ�+%DVH
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Figure: The Hush Schema in HBase

shorturl table: stores each
short URL, usage statistics
(various time-ranges in
separate column-families with
distinct TTL settings)

I Note the dimensional postfix
appended to the time
information

url table: stores the
downloaded page, and the
extracted details

I This table uses compression
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Introduction Denormalization

Example: Hush - from RDBMS to HBase

FHVVHG�VHTXHQWLDOO\��7KH�DGGLWLRQDO�user-shorturl� WDEOH� LV� UHSODFLQJ� WKH� IRUHLJQ�NH\
UHODWLRQVKLS��PDNLQJ�XVHU�UHODWHG�ORRNXSV�IDVWHU�

7KHUH�DUH�YDULRXV�DSSURDFKHV� WR� FRQYHUWLQJ�RQH�WR�RQH��RQH�WR�PDQ\�� DQG�PDQ\�WR�
PDQ\�UHODWLRQVKLSV�WR�ILW�WKH�XQGHUO\LQJ�DUFKLWHFWXUH�RI�+%DVH��<RX�FRXOG�LPSOHPHQW
HYHQ�WKLV�VLPSOH�H[DPSOH�LQ�GLIIHUHQW�ZD\V��<RX�QHHG�WR�XQGHUVWDQG�WKH�IXOO�SRWHQWLDO
RI�+%DVH�VWRUDJH�GHVLJQ�WR�PDNH�DQ�HGXFDWHG�GHFLVLRQ�UHJDUGLQJ�ZKLFK�DSSURDFK�WR
WDNH�

7KH�VXSSRUW�IRU�VSDUVH��ZLGH�WDEOHV�DQG�FROXPQ�RULHQWHG�GHVLJQ�RIWHQ�HOLPLQDWHV�WKH
QHHG� WR� QRUPDOL]H� GDWD� DQG�� LQ� WKH� SURFHVV�� WKH� FRVWO\� JOIN� RSHUDWLRQV� QHHGHG� WR
DJJUHJDWH�WKH�GDWD�DW�TXHU\�WLPH��8VH�RI�LQWHOOLJHQW�NH\V�JLYHV�\RX�ILQH�JUDLQHG�FRQWURO
RYHU�KRZ¢DQG�ZKHUH¢GDWD� LV� VWRUHG��3DUWLDO� NH\� ORRNXSV� DUH�SRVVLEOH�� DQG�ZKHQ

)LJXUH������7KH�+XVK�VFKHPD�LQ�+%DVH
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Figure: The Hush Schema in HBase

user-shorturl table: this is
a lookup table (basically an
index) to find all shortIDs for a
given user

I Note that this table is filled
at insert time, it’s not
automatically generated by
HBase

user table: stores user details

Pietro Michiardi (Eurecom) Tutorial: HBase 24 / 102



Introduction Denormalization

Example: Hush - RDBMS vs HBase

Same number of tables
I Their meaning is different
I click table has been absorbed by the shorturl table
I statistics are stored with the date as the key, so that they can be

accessed sequentially
I The user-shorturl table is replacing the foreign key

relationship, making user-related lookups faster

Normalized vs. De-normalized data
I Wide tables and column-oriented design eliminates JOINs
I Compound keys are essential
I Data partitioning is based on keys, so a proper understanding

thereof is essential
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Introduction HBase Sketch

HBase building blocks

The backdrop: BigTable
I GFS, The Google FileSystem [6]
I Google MapReduce [4]
I BigTable [3]

What is BigTable?
I BigTable is a distributed storage system for managing structured

data designed to scale to a very large size
I BigTable is a sparse, distributed, persistent multi-dimensional

sorted map

What is HBase?
I Essentially it’s an open-source version of BigTable
I Differences listed in [5]
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Introduction HBase Sketch

HBase building blocks
Tables, Rows, Columns, and Cells

The most basic unit in HBase is a column
I Each column may have multiple versions, with each distinct value

contained in a separate cell
I One or more columns form a row, that is addressed uniquely by a

row key

A table is a collection of rows
I All rows are always sorted lexicographically by their row key

RYHU�ODUJHU�NH\�UDQJHV�RU�HQWLUH�WDEOHV��7KH�FXOPLQDWLRQ�RI�WKHVH�HIIRUWV�ZDV�SXEOLVKHG
LQ������LQ�D�SDSHU�WLWOHG�£%LJWDEOH��$�'LVWULEXWHG�6WRUDJH�6\VWHP�IRU�6WUXFWXUHG�'DWD¤�
WZR�H[FHUSWV�IURP�ZKLFK�IROORZ�

%LJWDEOH�LV�D�GLVWULEXWHG�VWRUDJH�V\VWHP�IRU�PDQDJLQJ�VWUXFWXUHG�GDWD�WKDW�LV�GHVLJQHG�WR
VFDOH�WR�D�YHU\�ODUJH�VL]H��SHWDE\WHV�RI�GDWD�DFURVV�WKRXVDQGV�RI�FRPPRGLW\�VHUYHUV�

�D�VSDUVH��GLVWULEXWHG��SHUVLVWHQW�PXOWL�GLPHQVLRQDO�VRUWHG�PDS�

,W�LV�KLJKO\�UHFRPPHQGHG�WKDW�HYHU\RQH�LQWHUHVWHG�LQ�+%DVH�UHDG�WKDW�SDSHU��,W�GHVFULEHV
D�ORW�RI�UHDVRQLQJ�EHKLQG�WKH�GHVLJQ�RI�%LJWDEOH�DQG��XOWLPDWHO\��+%DVH��:H�ZLOO��KRZ�
HYHU��JR�WKURXJK�WKH�EDVLF�FRQFHSWV��VLQFH�WKH\�DSSO\�GLUHFWO\�WR�WKH�UHVW�RI�WKLV�ERRN�

+%DVH�LV�LPSOHPHQWLQJ�WKH�%LJWDEOH�VWRUDJH�DUFKLWHFWXUH�YHU\�IDLWKIXOO\�VR�WKDW�ZH�FDQ
H[SODLQ�HYHU\WKLQJ�XVLQJ�+%DVH��$SSHQGL[�)�SURYLGHV�DQ�RYHUYLHZ�RI�ZKHUH�WKH�WZR
V\VWHPV�GLIIHU�

Tables, Rows, Columns, and Cells
)LUVW��D�TXLFN�VXPPDU\��WKH�PRVW�EDVLF�XQLW�LV�D�FROXPQ��2QH�RU�PRUH�FROXPQV�IRUP�D
URZ�WKDW�LV�DGGUHVVHG�XQLTXHO\�E\�D�URZ�NH\��$�QXPEHU�RI�URZV��LQ�WXUQ��IRUP�D�WDEOH�
DQG�WKHUH�FDQ�EH�PDQ\�RI�WKHP��(DFK�FROXPQ�PD\�KDYH�PXOWLSOH�YHUVLRQV��ZLWK�HDFK
GLVWLQFW�YDOXH�FRQWDLQHG�LQ�D�VHSDUDWH�FHOO�

7KLV�VRXQGV� OLNH�D�UHDVRQDEOH�GHVFULSWLRQ�IRU�D� W\SLFDO�GDWDEDVH��EXW�ZLWK�WKH�H[WUD
GLPHQVLRQ�RI�DOORZLQJ�PXOWLSOH�YHUVLRQV�RI�HDFK�FHOOV��%XW�REYLRXVO\�WKHUH�LV�D�ELW�PRUH
WR�LW�

$OO�URZV�DUH�DOZD\V�VRUWHG�OH[LFRJUDSKLFDOO\�E\�WKHLU�URZ�NH\��([DPSOH�����VKRZV�KRZ
WKLV�ZLOO�ORRN�ZKHQ�DGGLQJ�D�IHZ�URZV�ZLWK�GLIIHUHQW�NH\V�

([DPSOH������7KH�VRUWLQJ�RI�URZV�GRQH�OH[LFRJUDSKLFDOO\�E\�WKHLU�NH\

hbase(main):001:0> scan 'table1'
ROW                          COLUMN+CELL
row-1                         column=cf1:, timestamp=1297073325971 ...
row-10                        column=cf1:, timestamp=1297073337383 ...
row-11                        column=cf1:, timestamp=1297073340493 ...
row-2                         column=cf1:, timestamp=1297073329851 ...
row-22                        column=cf1:, timestamp=1297073344482 ...
row-3                         column=cf1:, timestamp=1297073333504 ...
row-abc                       column=cf1:, timestamp=1297073349875 ...
7 row(s) in 0.1100 seconds

1RWH�KRZ�WKH�QXPEHULQJ�LV�QRW�LQ�VHTXHQFH�DV�\RX�PD\�KDYH�H[SHFWHG�LW��<RX�PD\�KDYH
WR�SDG�NH\V�WR�JHW�D�SURSHU�VRUWLQJ�RUGHU��,Q�OH[LFRJUDSKLFDO�VRUWLQJ��HDFK�NH\�LV�FRP�
SDUHG�RQ�D�ELQDU\� OHYHO��E\WH�E\�E\WH�� IURP�OHIW� WR�ULJKW��6LQFH�row-1...� LV� OHVV� WKDQ
row-2...��QR�PDWWHU�ZKDW�IROORZV��LW�LV�VRUWHG�ILUVW�

+DYLQJ�WKH�URZ�NH\V�DOZD\V�VRUWHG�FDQ�JLYH�\RX�VRPHWKLQJ�OLNH�D�SULPDU\�NH\�LQGH[
NQRZQ�IURP�5'%06HV��,W�LV�DOVR�DOZD\V�XQLTXH��WKDW�LV��\RX�FDQ�KDYH�HDFK�URZ�NH\
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Introduction HBase Sketch

HBase building blocks

Tables, Rows, Columns, and Cells

Lexicographical ordering of row keys
I Keys are compared on a binary level, byte by byte, from left to right
I This can be thought of as a primary index on the row key!
I Row keys are always unique
I Row keys can be any arbitrary array of bytes

Columns
I Rows are composed of columns
I Can have millions of columns
I Can be compressed or tagged to stay in memory
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Introduction HBase Sketch

HBase building blocks

Tables, Rows, Columns, and Cells

Column Families
I Columns are grouped into column families
→ Semantical boundaries between data
I Column families and columns stored together in the same low-level

storage file, called an HFile
I Defined when table is created
I Should not be changed too often
I The number of column families should be reasonable [WHY?]
I Column family name composed by printable characters

References to columns
I Column “name” is called qualifier, and can be any arbitrary

number of bytes
I Reference: family:qualifier
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Introduction HBase Sketch

HBase building blocks

Tables, Rows, Columns, and Cells

A note on the NULL value
I In RDBMS NULL cells need to be set and occupy space
I In HBase, NULL cells or columns are simply not stored

A cell
I Every column value, or cell, is timestamped (implicitly or explicitly)

F This can be used to save multiple versions of a value that changes
over time

F Versions are stored in decreasing timestamp, most recent first
I Cell versions can be constrained by predicate deletions

F Keep only values from the last week
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Introduction HBase Sketch

HBase building blocks
Tables, Rows, Columns, and Cells

Access to data
I (Table, RowKey, Family, Column, Timestamp) →
Value

I SortedMap<RowKey, List<SortedMap<Column,
List<Value, Timestamp»»

I Row data access is atomic and includes any number of columns
I There is no further guarantee or transactional feature spanning

multiple rows
→ HBase is strictly consistent

Which means:
I The first SortedMap is the table, containing a List of column

families
I The families contain another SortedMap, representing columns

and a List of value, timestamp tuples
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Introduction HBase Sketch

HBase building blocks

Automatic Sharding

Region
I This is the basic unit of scalability and load balancing
I Regions are contiguous ranges of rows stored together → they are

the equivalent of range partitions in sharded RDBMS
I Regions are dynamically split by the system when they become too

large
I Regions can also be merged to reduce the number of storage files

Regions in practice
I Initially, there is one region
I System monitors region size: if a threshold is attained, SPLIT

F Regions are split in two at the middle key
F This creates roughly two equivalent (in size) regions
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Introduction HBase Sketch

HBase building blocks

Automatic Sharding

Region Servers
I Each region is served by exactly one Region Server
I Region servers can serve multiple regions
I The number of region servers and their sizes depend on the

capability of a single region server

Server failures
I Regions allow for fast recovery upon failure
I Fine-grained Load Balancing is also achieved using regions as they

can be easily moved across servers
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Introduction HBase Sketch

HBase building blocks

Storage API

No support for SQL
I CRUD operations using a standard API, available for many “clients”
I Data access is not declarative but imperative

Scan API
I Allows for fast iteration over ranges of rows
I Allows to limit the number and which column are returned
I Allows to control the version number of each cell

Read-modify-write API
I HBase supports single-row transactions
I Atomic read-modify-write on data stored in a single row key

Pietro Michiardi (Eurecom) Tutorial: HBase 34 / 102



Introduction HBase Sketch

HBase building blocks

Storage API

Counters
I Values can be interpreted as counters and updated atomically
I Can be read and modified in one operation
→ Implement global, strictly consistent, sequential counters

Coprocessors
I These are equivalent to stored-procedures in RDBMS
I Allow to push user code in the address space of the server
I Access to server local data
I Implement lightweight batch jobs, data pre-processing, data

summarization
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Introduction HBase Sketch

HBase building blocks
HBase implementation

Data Storage
I Store files are called HFiles
I Persistent and ordered immutable maps from key to value
I Internally implemented as sequences of blocks with an index at the

end
I Index is loaded when the HFile is opened and kept in memory

Data lookups
I Since HFiles have a block index, lookup can be done with a single

disk seek
I First, the block possibly containing a given lookup key is determined

with a binary search in the in-memory index
I Then a block read is performed to find the actual key

Underlying file system
I Many are supported, usually HBase deployed on top of HDFS
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Introduction HBase Sketch

HBase building blocks
HBase implementation

WRITE operation
I First, data is written to a commit log, called WAL (write-ahead-log)
I Then data is moved into memory, in a structure called memstore
I When the size of the memstore exceeds a given threshold it is

flushed to an HFile to disk

How can HBase write, while serving READS and WRITES?
I Rolling mechanism

F new/empty slots in the memstore take the updates
F old/full slots

I Note that data in memstore is sorted by keys, matching what
happens in the HFiles

Data Locality
I Achieved by the system looking up for server hostnames
I Achieved through intelligent key design
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Introduction HBase Sketch

HBase building blocks

HBase implementation

Deleting data
I Since HFiles are immutable, how can we delete data?
I A delete marker (also known as tombstone marker ) is written to

indicate that a given key is deleted
I During the read process, data marked as deleted is skipped
I Compactions (see next slides) finalize the deletion process

READ operation
I Merge of what is stored in the memstores (data that is not on disk)

and in the HFiles
I The WAL is never used in the READ operation
I Several API calls to read, scan data
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Introduction HBase Sketch

HBase building blocks
HBase implementation

Compactions
I Flushing data from memstores to disk implies the creation of new
HFiles each time

→ We end up with many (possibly small) files
→ We need to do housekeeping [WHY?]

Minor Compaction
I Rewrites small HFiles into fewer, larger HFiles
I This is done using an n-way merge1

Major Compaction
I Rewrites all files within a column family or a region in a new one
I Drop deleted data
I Perform predicated deletion (e.g. delete old data)

1What is MergeSort?
Pietro Michiardi (Eurecom) Tutorial: HBase 39 / 102



Introduction HBase Sketch

HBase: a glance at the architecture

GLVWULEXWHG� V\VWHPV� FDQ� XVH� WR� QHJRWLDWH� RZQHUVKLS�� UHJLVWHU� VHUYLFHV�� RU�ZDWFK� IRU
XSGDWHV�

(YHU\�UHJLRQ�VHUYHU�FUHDWHV�LWV�RZQ�HSKHPHUDO�QRGH�LQ�=RR.HHSHU��ZKLFK�WKH�PDVWHU�
LQ�WXUQ��XVHV�WR�GLVFRYHU�DYDLODEOH�VHUYHUV��7KH\�DUH�DOVR�XVHG�WR�WUDFN�VHUYHU�IDLOXUHV�RU
QHWZRUN�SDUWLWLRQV�

(SKHPHUDO�QRGHV�DUH�ERXQG�WR�WKH�VHVVLRQ�EHWZHHQ�=RR.HHSHU�DQG�WKH�FOLHQW�ZKLFK
FUHDWHG�LW��7KH�VHVVLRQ�KDV�D�KHDUWEHDW�NHHSDOLYH�PHFKDQLVP�WKDW��RQFH�LW�IDLOV�WR�UHSRUW�
LV�GHFODUHG�ORVW�E\�=RR.HHSHU�DQG�WKH�DVVRFLDWHG�HSKHPHUDO�QRGHV�DUH�GHOHWHG�

+%DVH�XVHV�=RR.HHSHU�DOVR�WR�HQVXUH�WKDW�WKHUH�LV�RQO\�RQH�PDVWHU�UXQQLQJ��WR�VWRUH
WKH�ERRWVWUDS�ORFDWLRQ�IRU�UHJLRQ�GLVFRYHU\��DV�D�UHJLVWU\�IRU�UHJLRQ�VHUYHUV��DV�ZHOO�DV
IRU�RWKHU�SXUSRVHV��=RR.HHSHU�LV�D�FULWLFDO�FRPSRQHQW��DQG�ZLWKRXW�LW�+%DVH�LV�QRW
RSHUDWLRQDO��7KLV�LV�PLWLJDWHG�E\�=RR.HHSHU¦V�GLVWULEXWHG�GHVLJQ�XVLQJ�DQ�DVVHPEOH�RI
VHUYHUV�DQG�WKH�=DE�SURWRFRO�WR�NHHS�LWV�VWDWH�FRQVLVWHQW�

)LJXUH�����VKRZV�KRZ�WKH�YDULRXV�FRPSRQHQWV�RI�+%DVH�DUH�RUFKHVWUDWHG�WR�PDNH�XVH
RI�H[LVWLQJ�V\VWHP��OLNH�+')6�DQG�=RR.HHSHU��EXW�DOVR�DGGLQJ�LWV�RZQ�OD\HUV�WR�IRUP
D�FRPSOHWH�SODWIRUP�

)LJXUH������+%DVH�XVLQJ�LWV�RZQ�FRPSRQHQWV�ZKLOH�OHYHUDJLQJ�H[LVWLQJ�V\VWHPV

7KH�PDVWHU� VHUYHU� LV� DOVR� UHVSRQVLEOH� IRU�KDQGOLQJ� ORDG�EDODQFLQJ�RI� UHJLRQV�DFURVV
UHJLRQ�VHUYHUV��WR�XQORDG�EXV\�VHUYHUV�DQG�PRYH�UHJLRQV�WR�OHVV�RFFXSLHG�RQHV��7KH
PDVWHU�LV�QRW�SDUW�RI�WKH�DFWXDO�GDWD�VWRUDJH�RU�UHWULHYDO�SDWK��,W�QHJRWLDWHV�ORDG�EDODQFLQJ
DQG�PDLQWDLQV�WKH�VWDWH�RI�WKH�FOXVWHU��EXW�QHYHU�SURYLGHV�DQ\�GDWD�VHUYLFHV�WR�HLWKHU�WKH
UHJLRQ�VHUYHUV�RU�WKH�FOLHQWV��DQG�LV�WKHUHIRUH�OLJKWO\�ORDGHG�LQ�SUDFWLFH��,Q�DGGLWLRQ��LW
WDNHV�FDUH�RI�VFKHPD�FKDQJHV�DQG�RWKHU�PHWDGDWD�RSHUDWLRQV��VXFK�DV�FUHDWLRQ�RI�WDEOHV
DQG�FROXPQ�IDPLOLHV�

5HJLRQ�VHUYHUV�DUH�UHVSRQVLEOH�IRU�DOO�UHDG�DQG�ZULWH�UHTXHVWV�IRU�DOO�UHJLRQV�WKH\�VHUYH�
DQG�DOVR�VSOLW�UHJLRQV�WKDW�KDYH�H[FHHGHG�WKH�FRQILJXUHG�UHJLRQ�VL]H�WKUHVKROGV��&OLHQWV
FRPPXQLFDWH�GLUHFWO\�ZLWK�WKHP�WR�KDQGOH�DOO�GDWD�UHODWHG�RSHUDWLRQV�

£5HJLRQ�/RRNXSV¤�RQ�SDJH�����KDV�PRUH�GHWDLOV�RQ�KRZ�FOLHQWV�SHUIRUP�WKH�UHJLRQ
ORRNXS�

26 | Chapter 1:ಗIntroduction

Master node: HMaster
I Assigns regions to region servers using ZooKeeper
I Handles load balancing
I Not part of the data path
I Holds metadata and schema

Region Servers
I Handle READs and WRITEs
I Handle region splitting
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Architecture
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Architecture Seek vs. Transfer

Seek vs. Transfer

Fundamental difference between RDBMS and alternatives
I B+Trees
I Log-Structured Merge Trees

Seek vs. Transfer
I Random access to individual cells
I Sequential access to data
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Architecture Seek vs. Transfer

B+ Trees

Dynamic, multi-level indexes
I Efficient insertion, lookup and deletion
I Q: What’s the difference between a B+ Tree and a Hash Table?
I Frequent updates may imbalance the trees → Tree optimization

and re-organization is required (which is a costly operation)

Bounds on page size
I Number of keys in each branch
I Larger fanout compared to binary trees
I Lower number of I/O operations to find a specific key

Support for range scans
I Leafs are linked and represent an in-order list of all keys
I No costly tree-traversal algorithms required
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Architecture Seek vs. Transfer

LSM-Trees

Data flow
I Incoming data is first stored in a logfile, sequentially
I Once the log has the modification saved, data is pushed in memory

F In-memory store holds most recent updates for fast lookup
I When memory is “full”, data is flushed in a store file to disk, as a

sorted list of key → record pair
I At this point, the log file can be thrown away

How store files are arranged
I Similar idea of a B+ Tree, but optimized for sequential disk access
I All nodes of the tree try to be filled up completely
I Updates are done in a rolling merge fashion

F The system packs existing on-disk multi-page blocks with in-memory
data until the block reaches full capacity
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Architecture Seek vs. Transfer

LSM-Trees
Clean-up process

I As flushes take place over time, a lot of store files are created
I Background process aggregates files into larger ones to limit disk

seeks
I All store files are always sorted by key → no re-ordering required to

fit new keys in

Data Lookup
I Lookups are done in a merging fashion

F First lookup in the in-memory store
F If miss, the lookup in the on-disk store

Deleting data
I Use a delete marker
I When pages are re-written, deleted markers and keys are

eventually dropped
I Predicate deletion happens here
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B+ Tree vs. LSM-Trees

B+ Tree [1]
I Work well when there are not so many updates
I The more and the faster you insert data at random locations the

faster pages get fragmented
I Updates and deletes are done at disk seek rates, rather than

transfer rates

LSM-Tree [7]
I Work at disk transfer rate and scale better to huge amounts of data
I Guarantee a consistent insert rate

F They transform random into sequential writes
I Reads are independent from writes
I Optimized data layout which offers predictable boundaries on disk

seeks
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Storage
Overview

KDV� D� SUHWW\� FRPSOHWH� SLFWXUH� RI� ZKHUH� WR� JHW� URZV� ZLWKRXW� QHHGLQJ� WR� TXHU\
WKH�.META.�VHUYHU�DJDLQ��6HH�£5HJLRQ�/RRNXSV¤�RQ�SDJH�����IRU�PRUH�GHWDLOV�

7KH�HMaster� LV� UHVSRQVLEOH� IRU� DVVLJQLQJ� WKH� UHJLRQV� WR� HDFK�HRegion
Server� ZKHQ� \RX� VWDUW�+%DVH�� 7KLV� DOVR� LQFOXGHV� WKH� VSHFLDO� -ROOT-
DQG�.META.�WDEOHV��6HH�£7KH�5HJLRQ�/LIH�&\FOH¤�RQ�SDJH�����IRU�GHWDLOV�

7KH�HRegionServer�RSHQV�WKH�UHJLRQ�DQG�FUHDWHV�D�FRUUHVSRQGLQJ�HRegion�REMHFW��:KHQ
WKH�HRegion�LV�RSHQHG�LW�VHWV�XS�D�Store�LQVWDQFH�IRU�HDFK�HColumnFamily�IRU�HYHU\�WDEOH
DV�GHILQHG�E\�WKH�XVHU�EHIRUHKDQG��(DFK�Store�LQVWDQFH�FDQ��LQ�WXUQ��KDYH�RQH�RU�PRUH
StoreFile� LQVWDQFHV��ZKLFK� DUH� OLJKWZHLJKW�ZUDSSHUV� DURXQG� WKH� DFWXDO� VWRUDJH� ILOH
FDOOHG�HFile��$�Store� DOVR�KDV� D�MemStore�� DQG� WKH�HRegionServer� D� VKDUHG�HLog� LQ�
VWDQFH��VHH�£:ULWH�$KHDG�/RJ¤�RQ�SDJH������

Write Path
7KH�FOLHQW�LVVXHV�DQ�HTable.put(Put)�UHTXHVW�WR�WKH�HRegionServer��ZKLFK�KDQGV�WKH
GHWDLOV�WR�WKH�PDWFKLQJ�HRegion�LQVWDQFH��7KH�ILUVW�VWHS�LV�WR�ZULWH�WKH�GDWD�WR�WKH�ZULWH�
DKHDG�ORJ��WKH�:$/���UHSUHVHQWHG�E\�WKH�HLog�FODVV���7KH�:$/�LV�D�VWDQGDUG�+DGRRS
SequenceFile�DQG�LW�VWRUHV�HLogKey�LQVWDQFHV��7KHVH�NH\V�FRQWDLQ�D�VHTXHQWLDO�QXPEHU

)LJXUH������2YHUYLHZ�RI�KRZ�+%DVH�KDQGOHV�ILOHV�LQ�WKH�ILOHV\VWHP��ZKLFK�VWRUHV�WKHP�WUDQVSDUHQWO\
LQ�+')6

� ,Q�H[WUHPH�FDVHV��\RX�PD\�WXUQ�RII�WKLV�VWHS�E\�VHWWLQJ�D�IODJ�XVLQJ�WKH�Put.setWriteToWAL(boolean)�PHWKRG�
7KLV�LV�QRW�UHFRPPHQGHG�DV�WKLV�ZLOO�GLVDEOH�GXUDELOLW\�
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Figure: Overview of how HBase handles files in the filesystem
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Storage

Overview

HBase handles two kinds of file types
I One is used for the WAL
I One is used for the actual data storage

Who does what
I HMaster

F Low-level operations
F Assign region servers to key space
F Keep metadata
F Talk to ZooKeeper

I HRegionServer
F Handles the WAL and HFiles
F These files are divided in to blocks and stored into HDFS
F Block size is a parameter
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Storage

Overview

General communication flow
I A client contacts ZooKeeper when trying to access a particular row
I Recovers from ZooKeeper the server name that host the -ROOT-

region
I Using the -ROOT- information the client retrieves the server name

that host the .META. table region
F The .META. table region contain the row key in question

I Contact the reported .META. server and retrieve the server name
that has the region containing the row key in question

Caching
I Generally, lookup procedures involve caching row key locations for

faster subsequent lookups
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Storage

Overview

Important Java Classes
I HRegionServer handles one or more regions and create the

corresponding HRegion object
I When an HRegion object is opened it creates aStore instance for

each HColumnFamily
I Each Store instance can have:

F One or more StoreFile instances
F A MemStore instance

I HRegionServer has a shared HLog instance
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Storage
Write Path

External client insert data in HBase
I Issues an HTable.put(Put) request to HRegionServer
I HRegionServer hands the request to the HRegion instance that

matches the request [Q: What is the matching criteria?]

How the system reacts to a write request
I Write data to the WAL, represented by the HLog class

F The WAL stores HLogKey instances in a HDFS SequenceFile
F These keys contain a sequence number and the actual data
F In case of failure, this data can be used to replay not-yet-persisted

data
I Copy data in theMemStore

F Check if MemStore size has reached a threshold
F If yes, launch a flush request
F Launch a thread in the HRegionServer and flush MemStore data to

an HFile

Pietro Michiardi (Eurecom) Tutorial: HBase 51 / 102



Architecture Storage

Storage

HBase Files

What and where are HBase files (including WAL, HFile,...)
stored?

I HBase has a root directory set to “/hbase” in HDFS
I Files can be divided into:

F Those that reside under the HBase root directory
F Those that are in the per-table directories

/hbase
I .logs
I .oldlogs
I .hbase.id
I .hbase.version
I /example-table
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Storage

HBase Files

/example-table
I .tableinfo
I .tmp
I “...Key1...”

F .oldlogs
F .regioninfo
F .tmp
F colfam1/

colfam1/
I “....column-key1...”
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Storage

HBase: Root-level files

.logs directory
I WAL files handled by HLog instances
I Contains a subdir for each HRegionServer
I Each subdir contains many HLog files
I All regions from that HRegionServer share the same HLog files

.oldlogs directory
I When data is persisted to disk (from Memstores) log files are

decommissioned to the .oldlogs dir

hbase.id and hbase.version
I Represent the unique ID of the cluster and the file format version
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HBase: Table-level files

Every table has its own directory
I .tableinfo: stores the serialized HTableDescriptor

F This include the table and column family schema
I .tmp directory

F Contains temporary data
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HBase: Region-level files

Inside each table dir, there is a separate dir for every region
in the table
The name of each of this dirs is the MD5 hash of a region name

I Inside each region there is a directory for each column family
I Each column family directory holds the actual data files, namely
HFiles

I Their name is just an arbitrary random number
Each region directory also has a .regioninfo file

I Contains the serialized information of the HRegionInfo instance

Split Files
I Once the region needs to be split, a splits directory is created

F This is used to stage two daughter regions
F If split is successful, daughter regions are moved up to the table

directory
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HBase: A note on region splits

Splits triggered by store file (region) size
I Region is split in two
I Region is closed to new requests
I .META. is updated

Daughter regions initially reside on the same server
I Both daughters are compacted
I Parent is cleaned up
I .META. is updated

Master schedules new regions to be moved off to other
servers
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HBase: Compaction

Process that takes care of re-organizing store files
I Essentially to conform to underlying filesystem requirements
I Compaction check when memstore is flushed

Minor and Major compactions
I Always from the oldest to the newest files
I Avoid all servers to perform compaction concurrently

Compactions
7KH�VWRUH�ILOHV�DUH�PRQLWRUHG�E\�D�EDFNJURXQG�WKUHDG�WR�NHHS�WKHP�XQGHU�FRQWURO��7KH
IOXVKHV�RI�PHPVWRUHV�VORZO\�EXLOG�XS�DQ�LQFUHDVLQJ�QXPEHU�RI�RQ�GLVN�ILOHV��,I�WKHUH�DUH
HQRXJK�RI�WKHP��WKH�FRPSDFWLRQ�SURFHVV�ZLOO�FRPELQH�WKHP�WR�D�IHZ��ODUJHU�ILOHV��7KLV
JRHV�RQ�XQWLO�WKH�ODUJHVW�RI�WKHVH�ILOHV�H[FHHGV�WKH�FRQILJXUHG�PD[LPXP�VWRUH�ILOH�VL]H
DQG�WULJJHUV�D�UHJLRQ�VSOLW��VHH�£5HJLRQ�VSOLWV¤�RQ�SDJH������

&RPSDFWLRQV�FRPH�LQ�WZR�YDULHWLHV��PLQRU�DQG�PDMRU��0LQRU�FRPSDFWLRQV�DUH�UHVSRQ�
VLEOH� IRU� UHZULWLQJ� WKH� ODVW� IHZ� ILOHV� LQWR� RQH� ODUJHU� RQH��7KH�QXPEHU� RI� ILOHV� LV� VHW
ZLWK� WKH� hbase.hstore.compaction.min� SURSHUW\� �ZKLFK� ZDV� SUHYLRXVO\� FDOOHG
hbase.hstore.compactionThreshold��DQG�DOWKRXJK�GHSUHFDWHG�LV�VWLOO�VXSSRUWHG���,W�LV
VHW�WR�3�E\�GHIDXOW��DQG�QHHGV�WR�EH�DW�OHDVW�2�RU�PRUH��$�QXPEHU�WRR�ODUJH�ZRXOG�GHOD\
PLQRU�FRPSDFWLRQV��EXW�DOVR�ZRXOG�UHTXLUH�PRUH�UHVRXUFHV�DQG�WDNH�ORQJHU�RQFH�WKH
FRPSDFWLRQV�VWDUW�

7KH�PD[LPXP�QXPEHU�RI�ILOHV�WR�LQFOXGH�LQ�D�PLQRU�FRPSDFWLRQ�LV�VHW�WR�10��DQG�LV
FRQILJXUHG�ZLWK�hbase.hstore.compaction.max��7KH�OLVW�LV�IXUWKHU�QDUURZHG�GRZQ�E\
WKH�hbase.hstore.compaction.min.size��VHW�WR�WKH�FRQILJXUHG�PHPVWRUH�IOXVK�VL]H�IRU
WKH�UHJLRQ���DQG�WKH�hbase.hstore.compaction.max.size� �GHIDXOWV� WR�Long.MAX_VALUE�
FRQILJXUDWLRQ�SURSHUWLHV��$Q\�ILOH�ODUJHU�WKDQ�WKH�PD[LPXP�FRPSDFWLRQ�VL]H�LV�DOZD\V
H[FOXGHG��7KH�PLQLPXP�FRPSDFWLRQ�VL]H�ZRUNV�VOLJKWO\�GLIIHUHQWO\��LW�LV�D�WKUHVKROG
UDWKHU�WKDQ�D�SHU�ILOH�OLPLW��,W�LQFOXGHV�DOO�ILOHV�WKDW�DUH�XQGHU�WKDW�OLPLW��XS�WR�WKH�WRWDO
QXPEHU�RI�ILOHV�SHU�FRPSDFWLRQ�DOORZHG�

)LJXUH�����VKRZV�DQ�H[DPSOH�VHW�RI�VWRUH�ILOHV��$OO� ILOHV�WKDW�ILW�XQGHU�WKH�PLQLPXP
FRPSDFWLRQ�WKUHVKROG�DUH�LQFOXGHG�LQ�WKH�FRPSDFWLRQ�SURFHVV�

)LJXUH������$�VHW�RI�VWRUH�ILOHV�VKRZLQJ�WKH�PLQLPXP�FRPSDFWLRQ�WKUHVKROG

7KH�DOJRULWKP�XVHV�hbase.hstore.compaction.ratio��GHIDXOWV�WR�1.2��RU�������WR�HQVXUH
WKDW�LW�GRHV�LQFOXGH�HQRXJK�ILOHV�LQ�WKH�VHOHFWLRQ�SURFHVV��7KH�UDWLR�ZLOO�DOVR�VHOHFW�ILOHV
WKDW�DUH�XS�WR�WKDW�VL]H�FRPSDUHG�WR�WKH�VXP�RI�WKH�VWRUH�ILOH�VL]HV�RI�DOO�QHZHU�ILOHV��7KH
HYDOXDWLRQ�DOZD\V�FKHFNV�WKH�ILOHV�IURP�WKH�ROGHVW�WR�WKH�QHZHVW��7KLV�HQVXUHV�WKDW�ROGHU
ILOHV�DUH�FRPSDFWHG�ILUVW��7KH�FRPELQDWLRQ�RI�WKHVH�SURSHUWLHV�DOORZV�\RX�WR�ILQH�WXQH
KRZ�PDQ\�ILOHV�DUH�LQFOXGHG�LQ�D�PLQRU�FRPSDFWLRQ�

328 | Chapter 8:ಗArchitecture

Figure: A set of store files showing the minimum compaction threshold
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HFile format

Store files are implemented by the HFile class
I Efficient data storage is the goal

HFiles consist of a variable number of blocks
I Two fixed blocks: info and trailer
I index block: records the offsets of the data and meta blocks
I Block size: large → sequential access; small → random access

,Q�FRQWUDVW�WR�PLQRU�FRPSDFWLRQV��PDMRU�FRPSDFWLRQV�FRPSDFW�DOO�ILOHV�LQWR�D�VLQJOH
ILOH��:KLFK�FRPSDFWLRQ�W\SH�LV�UXQ�LV�DXWRPDWLFDOO\�GHWHUPLQHG�ZKHQ�WKH�FRPSDFWLRQ
FKHFN�LV�H[HFXWHG��7KH�FKHFN�LV�WULJJHUHG�HLWKHU�DIWHU�D�PHPVWRUH�KDV�EHHQ�IOXVKHG�WR
GLVN��DIWHU�WKH�FRPSDFW�RU�PDMRUBFRPSDFW�VKHOO�FRPPDQGV�RU�FRUUHVSRQGLQJ�$3,�FDOOV
KDYH�EHHQ�LQYRNHG��RU�E\�D�EDFNJURXQG�WKUHDG��7KLV�EDFNJURXQG�WKUHDG�LV�FDOOHG�WKH
CompactionChecker�DQG�HDFK�UHJLRQ�VHUYHU�UXQV�D�VLQJOH�LQVWDQFH��,W�UXQV�D�FKHFN�RQ�D
UHJXODU� EDVLV�� FRQWUROOHG� E\� hbase.server.thread.wakefrequency� �DQG�PXOWLSOLHG� E\
hbase.server.thread.wakefrequency.multiplier��VHW�WR�1000��WR�UXQ�LW�OHVV�RIWHQ�WKDQ
WKH�RWKHU�WKUHDG�EDVHG�WDVNV��

,I�\RX�FDOO�WKH�PDMRUBFRPSDFW�VKHOO�FRPPDQG��RU�WKH�majorCompact()�$3,�FDOO��\RX�IRUFH
WKH�PDMRU�FRPSDFWLRQ�WR�UXQ��2WKHUZLVH��WKH�VHUYHU�FKHFNV�ILUVW�LI�WKH�PDMRU�FRPSDFWLRQ
LV�GXH��EDVHG�RQ�hbase.hregion.majorcompaction��VHW�WR����KRXUV��IURP�WKH�ILUVW�WLPH�LW
UDQ��7KH�hbase.hregion.majorcompaction.jitter��VHW�WR�0.2��LQ�RWKHU�ZRUGV�������FDX�
VHV�WKLV�WLPH�WR�EH�VSUHDG�RXW�IRU�WKH�VWRUHV��:LWKRXW�WKH�MLWWHU��DOO�VWRUHV�ZRXOG�UXQ�D
PDMRU� FRPSDFWLRQ� DW� WKH� VDPH� WLPH�� HYHU\� ��� KRXUV�� 6HH� £0DQDJHG� 6SOLW�
WLQJ¤�RQ�SDJH�����IRU�LQIRUPDWLRQ�RQ�ZK\�WKLV�LV�D�EDG�LGHD�DQG�KRZ�WR�PDQDJH�WKLV
EHWWHU�

,I�QR�PDMRU�FRPSDFWLRQ�LV�GXH��D�PLQRU�FRPSDFWLRQ�LV�DVVXPHG��%DVHG�RQ�WKH�DIRUH�
PHQWLRQHG�FRQILJXUDWLRQ�SURSHUWLHV��WKH�VHUYHU�GHWHUPLQHV�LI�HQRXJK�ILOHV�IRU�D�PLQRU
FRPSDFWLRQ�DUH�DYDLODEOH�DQG�FRQWLQXHV�LI�WKDW�LV�WKH�FDVH�

0LQRU�FRPSDFWLRQV�PLJKW�EH�SURPRWHG�WR�PDMRU�FRPSDFWLRQV�ZKHQ�WKH�IRUPHU�ZRXOG
LQFOXGH� DOO� VWRUH� ILOHV�� DQG� WKHUH� DUH� OHVV� WKDQ� WKH� FRQILJXUHG� PD[LPXP� ILOHV� SHU�
FRPSDFWLRQ�

HFile Format
7KH�DFWXDO� VWRUDJH� ILOHV� DUH� LPSOHPHQWHG�E\� WKH�HFile� FODVV��ZKLFK�ZDV� VSHFLILFDOO\
FUHDWHG�WR�VHUYH�RQH�SXUSRVH��VWRUH�+%DVH¦V�GDWD�HIILFLHQWO\��7KH\�DUH�EDVHG�RQ�+D�
GRRS¦V�TFile�FODVV�಩�DQG�PLPLF�WKH�667DEOH�IRUPDW�XVHG�LQ�*RRJOH¦V�%LJWDEOH�DUFKLWHF�
WXUH��7KH�SUHYLRXV�XVH�RI�+DGRRS¦V�MapFile�FODVV�LQ�+%DVH�SURYHG�WR�EH�LQVXIILFLHQW�LQ
WHUPV�RI�SHUIRUPDQFH��)LJXUH�����VKRZV�WKH�ILOH�IRUPDW�GHWDLOV�

಩ 6HH�WKH�-,5$�LVVXH�+$'223������IRU�GHWDLOV�

)LJXUH������7KH�+)LOH�VWUXFWXUH

Storage | 329

Figure: The HFile structure

Pietro Michiardi (Eurecom) Tutorial: HBase 59 / 102



Architecture Storage

Storage

HFile size and HDFS block size

HBase uses any underlying filesystem

In case HDFS is used
I HDFS block size is generally 64MB
I This is 1,024 times the default HFile block size (64 KB)
→ There is no correlation between HDFS block and HFile sizes
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The KeyValue Format

Each KeyValue in the HFile is a low-level byte array
I It allows for zero-copy access to the data

Format
I Fixed-length preambule indicated the length of the key and value

F This is useful to offset into the array to get direct access to the value,
ignoring the key

I Key format
F Contains row key, column family name, column qualifier...
F [TIP]: consider small keys to avoid overhead when storing small

data

)LJXUH������7KH�.H\9DOXH�IRUPDW

7KH�VWUXFWXUH�VWDUWV�ZLWK�WZR�IL[HG�OHQJWK�QXPEHUV�LQGLFDWLQJ�WKH�VL]H�DQG�YDOXH�RI�WKH
NH\��:LWK�WKDW�LQIRUPDWLRQ��\RX�FDQ�RIIVHW�LQWR�WKH�DUUD\�WR��IRU�H[DPSOH��JHW�GLUHFW
DFFHVV�WR�WKH�YDOXH��LJQRULQJ�WKH�NH\��2WKHUZLVH��\RX�FDQ�JHW�WKH�UHTXLUHG�LQIRUPDWLRQ
IURP�WKH�NH\��2QFH�WKH�LQIRUPDWLRQ�LV�SDUVHG�LQWR�D�KeyValue�-DYD�LQVWDQFH��\RX�FDQ
XVH�JHWWHUV�WR�DFFHVV�WKH�GHWDLOV��DV�H[SODLQHG�LQ�£7KH�.H\9DOXH�FODVV¤�RQ�SDJH����

7KH�UHDVRQ�WKH�DYHUDJH�NH\�LQ�WKH�SUHFHGLQJ�H[DPSOH�LV�ODUJHU�WKDQ�WKH�YDOXH�KDV�WR�GR
ZLWK�WKH�ILHOGV�WKDW�PDNH�XS�WKH�NH\�SDUW�RI�D�KeyValue��7KH�NH\�KROGV�WKH�URZ�NH\��WKH
FROXPQ�IDPLO\�QDPH��WKH�FROXPQ�TXDOLILHU��DQG�VR�RQ��)RU�D�VPDOO�SD\ORDG��WKLV�UHVXOWV
LQ�TXLWH�D�FRQVLGHUDEOH�RYHUKHDG��,I�\RX�GHDO�ZLWK�VPDOO�YDOXHV��WU\�WR�NHHS�WKH�NH\�VPDOO
DV�ZHOO��&KRRVH�D�VKRUW�URZ�DQG�FROXPQ�NH\��WKH�IDPLO\�QDPH�ZLWK�D�VLQJOH�E\WH��DQG
WKH�TXDOLILHU�HTXDOO\�VKRUW��WR�NHHS�WKH�UDWLR�LQ�FKHFN�

2Q�WKH�RWKHU�KDQG��FRPSUHVVLRQ�VKRXOG�KHOS�PLWLJDWH�WKH�RYHUZKHOPLQJ�NH\�VL]H�SURE�
OHP��DV�LW�ORRNV�DW�ILQLWH�ZLQGRZV�RI�GDWD��DQG�DOO�UHSHDWLQJ�GDWD�VKRXOG�FRPSUHVV�ZHOO�
7KH�VRUWLQJ�RI�DOO�KeyValueV�LQ�WKH�VWRUH�ILOH�KHOSV�WR�NHHS�VLPLODU�NH\V��DQG�SRVVLEO\
YDOXHV�WRR��LQ�FDVH�\RX�DUH�XVLQJ�YHUVLRQLQJ��FORVH�WRJHWKHU�

Write-Ahead Log
7KH�UHJLRQ�VHUYHUV�NHHS�GDWD�LQ�PHPRU\�XQWLO�HQRXJK�LV�FROOHFWHG�WR�ZDUUDQW�D�IOXVK�WR
GLVN��DYRLGLQJ�WKH�FUHDWLRQ�RI�WRR�PDQ\�YHU\�VPDOO�ILOHV��:KLOH�WKH�GDWD�UHVLGHV�LQ�PHP�
RU\�LW�LV�YRODWLOH��PHDQLQJ�LW�FRXOG�EH�ORVW�LI�WKH�VHUYHU�ORVHV�SRZHU��IRU�H[DPSOH��7KLV�LV
D�OLNHO\�RFFXUUHQFH�ZKHQ�RSHUDWLQJ�DW�ODUJH�VFDOH��DV�H[SODLQHG�LQ�£6HHN�9HUVXV�7UDQV�
IHU¤�RQ�SDJH�����

$�FRPPRQ�DSSURDFK�WR�VROYLQJ�WKLV�LVVXH�LV�ZULWH�DKHDG�ORJJLQJ���(DFK�XSGDWH��DOVR
FDOOHG�DQ�£HGLW¤��LV�ZULWWHQ�WR�D�ORJ��DQG�RQO\�LI�WKH�XSGDWH�KDV�VXFFHHGHG�LV�WKH�FOLHQW
LQIRUPHG�WKDW�WKH�RSHUDWLRQ�KDV�VXFFHHGHG��7KH�VHUYHU�WKHQ�KDV�WKH�OLEHUW\�WR�EDWFK�RU
DJJUHJDWH�WKH�GDWD�LQ�PHPRU\�DV�QHHGHG�

Overview
7KH�:$/�LV�WKH�OLIHOLQH�WKDW�LV�QHHGHG�ZKHQ�GLVDVWHU�VWULNHV��6LPLODU�WR�D�ELQDU\�ORJ�LQ
0\64/��WKH�:$/�UHFRUGV�DOO�FKDQJHV�WR�WKH�GDWD��7KLV�LV�LPSRUWDQW�LQ�FDVH�VRPHWKLQJ

�)RU�LQIRUPDWLRQ�RQ�WKH�WHUP�LWVHOI��UHDG�£:ULWH�DKHDG�ORJJLQJ¤�RQ�:LNLSHGLD�

Write-Ahead Log | 333

Figure: The KeyValue Format
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The Write-Ahead Log

Main tool to ensure resiliency to failures
I Region servers keep data in-memory until enough is collected to

warrant a flush
I What if the server crashes or power is lost?

WAL is a common approach to address fault-tolerance
I Every data update is first written to a log
I Log is persisted (and replicated, since it resides on HDFS)
I Only when log is written, client is notified a successful operation on

data
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The Write-Ahead Log

KDSSHQV�WR�WKH�SULPDU\�VWRUDJH��,I�WKH�VHUYHU�FUDVKHV��WKH�:$/�FDQ�HIIHFWLYHO\�UHSOD\
WKH�ORJ�WR�JHW�HYHU\WKLQJ�XS�WR�ZKHUH�WKH�VHUYHU�VKRXOG�KDYH�EHHQ�MXVW�EHIRUH�WKH�FUDVK�
,W�DOVR�PHDQV�WKDW�LI�ZULWLQJ�WKH�UHFRUG�WR�WKH�:$/�IDLOV��WKH�ZKROH�RSHUDWLRQ�PXVW�EH
FRQVLGHUHG�D�IDLOXUH�

£2YHUYLHZ¤�RQ�SDJH�����VKRZV�KRZ�WKH�:$/�ILWV�LQWR�WKH�RYHUDOO�DUFKLWHFWXUH�RI�+%DVH�
6LQFH�LW�LV�VKDUHG�E\�DOO�UHJLRQV�KRVWHG�E\�WKH�VDPH�UHJLRQ�VHUYHU��LW�DFWV�DV�D�FHQWUDO
ORJJLQJ�EDFNERQH�IRU�HYHU\�PRGLILFDWLRQ��)LJXUH�����VKRZV�KRZ�WKH�IORZ�RI�HGLWV�LV�VSOLW
EHWZHHQ�WKH�PHPVWRUHV�DQG�WKH�:$/�

)LJXUH������$OO�PRGLILFDWLRQV�VDYHG�WR�WKH�:$/��DQG�WKHQ�SDVVHG�RQ�WR�WKH�PHPVWRUHV

7KH�SURFHVV�LV�DV�IROORZV��ILUVW�WKH�FOLHQW�LQLWLDWHV�DQ�DFWLRQ�WKDW�PRGLILHV�GDWD��7KLV�FDQ
EH��IRU�H[DPSOH��D�FDOO�WR�put()��delete()��DQG�increment()��(DFK�RI�WKHVH�PRGLILFDWLRQV
LV�ZUDSSHG�LQWR�D�KeyValue�REMHFW�LQVWDQFH�DQG�VHQW�RYHU�WKH�ZLUH�XVLQJ�53&�FDOOV��7KH
FDOOV�DUH��LGHDOO\��EDWFKHG�WR�WKH�HRegionServer�WKDW�VHUYHV�WKH�PDWFKLQJ�UHJLRQV�

2QFH�WKH�KeyValue�LQVWDQFHV�DUULYH��WKH\�DUH�URXWHG�WR�WKH�HRegion�LQVWDQFHV�WKDW�DUH
UHVSRQVLEOH�IRU�WKH�JLYHQ�URZV��7KH�GDWD�LV�ZULWWHQ�WR�WKH�:$/��DQG�WKHQ�SXW�LQWR�WKH
MemStore�RI�WKH�DFWXDO�Store�WKDW�KROGV�WKH�UHFRUG��7KLV�LV��LQ�HVVHQFH��WKH�ZULWH�SDWK�RI
+%DVH�
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Figure: The write path of HBase

WAL records all changes to data
I Can be replayed in case of server failure
I If write to WAL fails, the whole operations has to fail
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The Write-Ahead Log

KDSSHQV�WR�WKH�SULPDU\�VWRUDJH��,I�WKH�VHUYHU�FUDVKHV��WKH�:$/�FDQ�HIIHFWLYHO\�UHSOD\
WKH�ORJ�WR�JHW�HYHU\WKLQJ�XS�WR�ZKHUH�WKH�VHUYHU�VKRXOG�KDYH�EHHQ�MXVW�EHIRUH�WKH�FUDVK�
,W�DOVR�PHDQV�WKDW�LI�ZULWLQJ�WKH�UHFRUG�WR�WKH�:$/�IDLOV��WKH�ZKROH�RSHUDWLRQ�PXVW�EH
FRQVLGHUHG�D�IDLOXUH�

£2YHUYLHZ¤�RQ�SDJH�����VKRZV�KRZ�WKH�:$/�ILWV�LQWR�WKH�RYHUDOO�DUFKLWHFWXUH�RI�+%DVH�
6LQFH�LW�LV�VKDUHG�E\�DOO�UHJLRQV�KRVWHG�E\�WKH�VDPH�UHJLRQ�VHUYHU��LW�DFWV�DV�D�FHQWUDO
ORJJLQJ�EDFNERQH�IRU�HYHU\�PRGLILFDWLRQ��)LJXUH�����VKRZV�KRZ�WKH�IORZ�RI�HGLWV�LV�VSOLW
EHWZHHQ�WKH�PHPVWRUHV�DQG�WKH�:$/�

)LJXUH������$OO�PRGLILFDWLRQV�VDYHG�WR�WKH�:$/��DQG�WKHQ�SDVVHG�RQ�WR�WKH�PHPVWRUHV

7KH�SURFHVV�LV�DV�IROORZV��ILUVW�WKH�FOLHQW�LQLWLDWHV�DQ�DFWLRQ�WKDW�PRGLILHV�GDWD��7KLV�FDQ
EH��IRU�H[DPSOH��D�FDOO�WR�put()��delete()��DQG�increment()��(DFK�RI�WKHVH�PRGLILFDWLRQV
LV�ZUDSSHG�LQWR�D�KeyValue�REMHFW�LQVWDQFH�DQG�VHQW�RYHU�WKH�ZLUH�XVLQJ�53&�FDOOV��7KH
FDOOV�DUH��LGHDOO\��EDWFKHG�WR�WKH�HRegionServer�WKDW�VHUYHV�WKH�PDWFKLQJ�UHJLRQV�

2QFH�WKH�KeyValue�LQVWDQFHV�DUULYH��WKH\�DUH�URXWHG�WR�WKH�HRegion�LQVWDQFHV�WKDW�DUH
UHVSRQVLEOH�IRU�WKH�JLYHQ�URZV��7KH�GDWD�LV�ZULWWHQ�WR�WKH�:$/��DQG�WKHQ�SXW�LQWR�WKH
MemStore�RI�WKH�DFWXDO�Store�WKDW�KROGV�WKH�UHFRUG��7KLV�LV��LQ�HVVHQFH��WKH�ZULWH�SDWK�RI
+%DVH�
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Write Path
I Client modifies data (put(), delete(), increment())
I Modifications are wrapped into a KeyValue object
I Objects are batched to the corresponding HRegionServer
I Objects are routed to the corresponding HRegion
I Objects are written to WAL and in the MemStore
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Read Path

HBase uses multiple store files per column family
I These can be either in-memory and/or materialized on disk
I Compactions and clean-up background processes take care of

store files maintenance
I Store files are immutable, so deletion is handled in a special way

The anatomy of a get command
I HBase uses a QueryMatcher in combination with a
ColumnTracker

I First, an exclusion check is performed to filter skip files (and
eventually tombstone labelled data)

I Scanning data is implemented by a RegionScanner class which
retrieves a StoreScanner

I StoreScanner includes both the MemStore and HFiles
I Read/Scans happen in the same order as data is saved
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Region Lookups

How does a client find the region server hosting a specific
row key range?

I HBase uses two special catalog tables, -ROOT- and .META.
I The -ROOT- table is used to refer to all regions in the .META. table

Three-level B+ Tree -like operation
I Level 1: a node stored in ZooKeeper, containing the location

(region server) of the -ROOT- table
I Level 2: Lookup in the -ROOT- table to find a matching meta region
I Level 3: Retrieve the table region from the .META. table
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Region Lookups

Where to send requests when looking for a specific row key?
I This information is cached, but the first time or when the cache is

stale or when there is a miss due to compaction, the following
procedure applies

Recursive discovery process
I Ask the region server hosting the matching .META. table to retrieve

the row key address
I If the information is invalid, it backs out: asks the -ROOT- table

where the relevant .META. region is
I If this fails, ask ZooKeeper where the -ROOT- table is
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Region Lookups

)LJXUH�������0
DSSLQJ�RI�XVHU�WDEOH�UHJLRQV��VWDUWLQJ�Z

LWK�DQ�HP
SW\�FDFKH�DQG�WKHQ�SHUIRUP

LQJ�WKUHH
ORRNXSV

Region Lookups
|
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Key Design
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Key Design Concepts

Concepts

HBase has two fundamental key structures
I Row key
I Column key

Both can be used to convey meaning
I Because they store particularly meaningful data
I Because their sorting order is important
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Key Design Concepts

Concepts
Logical vs. on-disk layout of a table

I Main unit of separation within a table is the column family
I The actual columns (as opposed to other column-oriented DB) are

not used to separate data
I Although cells are stored logically in a table format, rows are stored

as linear sets of the cells
I Cells contain all the vital information inside them

WKHUHIRUH�KDV�WR�DOVR�VWRUH�WKH�URZ�NH\�DQG�FROXPQ�NH\�ZLWK�HYHU\�FHOO�VR�WKDW�LW�FDQ
UHWDLQ�WKLV�YLWDO�SLHFH�RI�LQIRUPDWLRQ�

,Q�DGGLWLRQ��PXOWLSOH�YHUVLRQV�RI�WKH�VDPH�FHOO�DUH�VWRUHG�DV�VHSDUDWH��FRQVHFXWLYH�FHOOV�
DGGLQJ� WKH� UHTXLUHG� WLPHVWDPS� RI�ZKHQ� WKH�FHOO�ZDV� VWRUHG��7KH�FHOOV� DUH� VRUWHG� LQ
GHVFHQGLQJ�RUGHU�E\�WKDW�WLPHVWDPS�VR�WKDW�D�UHDGHU�RI�WKH�GDWD�ZLOO�VHH�WKH�QHZHVW
YDOXH�ILUVW¢ZKLFK�LV�WKH�FDQRQLFDO�DFFHVV�SDWWHUQ�IRU�WKH�GDWD�

7KH� HQWLUH� FHOO��ZLWK� WKH� DGGHG� VWUXFWXUDO� LQIRUPDWLRQ�� LV� FDOOHG�KeyValue� LQ�+%DVH
WHUPV��,W�KDV�QRW�MXVW�WKH�FROXPQ�DQG�DFWXDO�YDOXH��EXW�DOVR�WKH�URZ�NH\�DQG�WLPHVWDPS�
VWRUHG�IRU�HYHU\�FHOO�IRU�ZKLFK�\RX�KDYH�VHW�D�YDOXH��7KH�KeyValueV�DUH�VRUWHG�E\�URZ
NH\�ILUVW��DQG�WKHQ�E\�FROXPQ�NH\�LQ�FDVH�\RX�KDYH�PRUH�WKDQ�RQH�FHOO�SHU�URZ�LQ�RQH
FROXPQ�IDPLO\�

7KH�ORZHU�ULJKW�SDUW�RI�WKH�ILJXUH�VKRZV�WKH�UHVXOWDQW�OD\RXW�RI�WKH�ORJLFDO�WDEOH�LQVLGH
WKH�SK\VLFDO�VWRUDJH�ILOHV��7KH�+%DVH�$3,�KDV�YDULRXV�PHDQV�RI�TXHU\LQJ�WKH�VWRUHG�GDWD�
ZLWK�GHFUHDVLQJ�JUDQXODULW\� IURP�OHIW� WR�ULJKW��\RX�FDQ�VHOHFW�URZV�E\�URZ�NH\V�DQG
HIIHFWLYHO\� UHGXFH� WKH�DPRXQW�RI�GDWD� WKDW�QHHGV� WR�EH�VFDQQHG�ZKHQ� ORRNLQJ� IRU�D
VSHFLILF�URZ��RU�D�UDQJH�RI�URZV��6SHFLI\LQJ�WKH�FROXPQ�IDPLO\�DV�SDUW�RI�WKH�TXHU\�FDQ
HOLPLQDWH�WKH�QHHG�WR�VHDUFK�WKH�VHSDUDWH�VWRUDJH�ILOHV��,I�\RX�RQO\�QHHG�WKH�GDWD�RI�RQH
IDPLO\��LW�LV�KLJKO\�UHFRPPHQGHG�WKDW�\RX�VSHFLI\�WKH�IDPLO\�IRU�\RXU�UHDG�RSHUDWLRQ�

$OWKRXJK�WKH�WLPHVWDPS¢RU�YHUVLRQ¢RI�D�FHOO�LV�IDUWKHU�WR�WKH�ULJKW��LW�LV�DQRWKHU�LP�
SRUWDQW�VHOHFWLRQ�FULWHULRQ��7KH�VWRUH�ILOHV�UHWDLQ�WKH�WLPHVWDPS�UDQJH�IRU�DOO�VWRUHG�FHOOV�
VR�LI�\RX�DUH�DVNLQJ�IRU�D�FHOO�WKDW�ZDV�FKDQJHG�LQ�WKH�SDVW�WZR�KRXUV��EXW�D�SDUWLFXODU
VWRUH�ILOH�RQO\�KDV�GDWD�WKDW�LV�IRXU�RU�PRUH�KRXUV�ROG�LW�FDQ�EH�VNLSSHG�FRPSOHWHO\��6HH
DOVR�£5HDG�3DWK¤�RQ�SDJH�����IRU�GHWDLOV�

)LJXUH������5RZV�VWRUHG�DV�OLQHDU�VHWV�RI�DFWXDO�FHOOV��ZKLFK�FRQWDLQ�DOO�WKH�YLWDO�LQIRUPDWLRQ
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Key Design Concepts

Concepts

WKHUHIRUH�KDV�WR�DOVR�VWRUH�WKH�URZ�NH\�DQG�FROXPQ�NH\�ZLWK�HYHU\�FHOO�VR�WKDW�LW�FDQ
UHWDLQ�WKLV�YLWDO�SLHFH�RI�LQIRUPDWLRQ�

,Q�DGGLWLRQ��PXOWLSOH�YHUVLRQV�RI�WKH�VDPH�FHOO�DUH�VWRUHG�DV�VHSDUDWH��FRQVHFXWLYH�FHOOV�
DGGLQJ� WKH� UHTXLUHG� WLPHVWDPS� RI�ZKHQ� WKH�FHOO�ZDV� VWRUHG��7KH�FHOOV� DUH� VRUWHG� LQ
GHVFHQGLQJ�RUGHU�E\�WKDW�WLPHVWDPS�VR�WKDW�D�UHDGHU�RI�WKH�GDWD�ZLOO�VHH�WKH�QHZHVW
YDOXH�ILUVW¢ZKLFK�LV�WKH�FDQRQLFDO�DFFHVV�SDWWHUQ�IRU�WKH�GDWD�

7KH� HQWLUH� FHOO��ZLWK� WKH� DGGHG� VWUXFWXUDO� LQIRUPDWLRQ�� LV� FDOOHG�KeyValue� LQ�+%DVH
WHUPV��,W�KDV�QRW�MXVW�WKH�FROXPQ�DQG�DFWXDO�YDOXH��EXW�DOVR�WKH�URZ�NH\�DQG�WLPHVWDPS�
VWRUHG�IRU�HYHU\�FHOO�IRU�ZKLFK�\RX�KDYH�VHW�D�YDOXH��7KH�KeyValueV�DUH�VRUWHG�E\�URZ
NH\�ILUVW��DQG�WKHQ�E\�FROXPQ�NH\�LQ�FDVH�\RX�KDYH�PRUH�WKDQ�RQH�FHOO�SHU�URZ�LQ�RQH
FROXPQ�IDPLO\�

7KH�ORZHU�ULJKW�SDUW�RI�WKH�ILJXUH�VKRZV�WKH�UHVXOWDQW�OD\RXW�RI�WKH�ORJLFDO�WDEOH�LQVLGH
WKH�SK\VLFDO�VWRUDJH�ILOHV��7KH�+%DVH�$3,�KDV�YDULRXV�PHDQV�RI�TXHU\LQJ�WKH�VWRUHG�GDWD�
ZLWK�GHFUHDVLQJ�JUDQXODULW\� IURP�OHIW� WR�ULJKW��\RX�FDQ�VHOHFW�URZV�E\�URZ�NH\V�DQG
HIIHFWLYHO\� UHGXFH� WKH�DPRXQW�RI�GDWD� WKDW�QHHGV� WR�EH�VFDQQHG�ZKHQ� ORRNLQJ� IRU�D
VSHFLILF�URZ��RU�D�UDQJH�RI�URZV��6SHFLI\LQJ�WKH�FROXPQ�IDPLO\�DV�SDUW�RI�WKH�TXHU\�FDQ
HOLPLQDWH�WKH�QHHG�WR�VHDUFK�WKH�VHSDUDWH�VWRUDJH�ILOHV��,I�\RX�RQO\�QHHG�WKH�GDWD�RI�RQH
IDPLO\��LW�LV�KLJKO\�UHFRPPHQGHG�WKDW�\RX�VSHFLI\�WKH�IDPLO\�IRU�\RXU�UHDG�RSHUDWLRQ�

$OWKRXJK�WKH�WLPHVWDPS¢RU�YHUVLRQ¢RI�D�FHOO�LV�IDUWKHU�WR�WKH�ULJKW��LW�LV�DQRWKHU�LP�
SRUWDQW�VHOHFWLRQ�FULWHULRQ��7KH�VWRUH�ILOHV�UHWDLQ�WKH�WLPHVWDPS�UDQJH�IRU�DOO�VWRUHG�FHOOV�
VR�LI�\RX�DUH�DVNLQJ�IRU�D�FHOO�WKDW�ZDV�FKDQJHG�LQ�WKH�SDVW�WZR�KRXUV��EXW�D�SDUWLFXODU
VWRUH�ILOH�RQO\�KDV�GDWD�WKDW�LV�IRXU�RU�PRUH�KRXUV�ROG�LW�FDQ�EH�VNLSSHG�FRPSOHWHO\��6HH
DOVR�£5HDG�3DWK¤�RQ�SDJH�����IRU�GHWDLOV�

)LJXUH������5RZV�VWRUHG�DV�OLQHDU�VHWV�RI�DFWXDO�FHOOV��ZKLFK�FRQWDLQ�DOO�WKH�YLWDO�LQIRUPDWLRQ
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Logical Layout (Top-Left)
I Table consists of rows and columns
I Columns are the combination of a column family name and a

column qualifier
→ <cf name: qualifier> is the column key
I Rows have a row key to address all columns of a single logical row
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Concepts

WKHUHIRUH�KDV�WR�DOVR�VWRUH�WKH�URZ�NH\�DQG�FROXPQ�NH\�ZLWK�HYHU\�FHOO�VR�WKDW�LW�FDQ
UHWDLQ�WKLV�YLWDO�SLHFH�RI�LQIRUPDWLRQ�

,Q�DGGLWLRQ��PXOWLSOH�YHUVLRQV�RI�WKH�VDPH�FHOO�DUH�VWRUHG�DV�VHSDUDWH��FRQVHFXWLYH�FHOOV�
DGGLQJ� WKH� UHTXLUHG� WLPHVWDPS� RI�ZKHQ� WKH�FHOO�ZDV� VWRUHG��7KH�FHOOV� DUH� VRUWHG� LQ
GHVFHQGLQJ�RUGHU�E\�WKDW�WLPHVWDPS�VR�WKDW�D�UHDGHU�RI�WKH�GDWD�ZLOO�VHH�WKH�QHZHVW
YDOXH�ILUVW¢ZKLFK�LV�WKH�FDQRQLFDO�DFFHVV�SDWWHUQ�IRU�WKH�GDWD�

7KH� HQWLUH� FHOO��ZLWK� WKH� DGGHG� VWUXFWXUDO� LQIRUPDWLRQ�� LV� FDOOHG�KeyValue� LQ�+%DVH
WHUPV��,W�KDV�QRW�MXVW�WKH�FROXPQ�DQG�DFWXDO�YDOXH��EXW�DOVR�WKH�URZ�NH\�DQG�WLPHVWDPS�
VWRUHG�IRU�HYHU\�FHOO�IRU�ZKLFK�\RX�KDYH�VHW�D�YDOXH��7KH�KeyValueV�DUH�VRUWHG�E\�URZ
NH\�ILUVW��DQG�WKHQ�E\�FROXPQ�NH\�LQ�FDVH�\RX�KDYH�PRUH�WKDQ�RQH�FHOO�SHU�URZ�LQ�RQH
FROXPQ�IDPLO\�

7KH�ORZHU�ULJKW�SDUW�RI�WKH�ILJXUH�VKRZV�WKH�UHVXOWDQW�OD\RXW�RI�WKH�ORJLFDO�WDEOH�LQVLGH
WKH�SK\VLFDO�VWRUDJH�ILOHV��7KH�+%DVH�$3,�KDV�YDULRXV�PHDQV�RI�TXHU\LQJ�WKH�VWRUHG�GDWD�
ZLWK�GHFUHDVLQJ�JUDQXODULW\� IURP�OHIW� WR�ULJKW��\RX�FDQ�VHOHFW�URZV�E\�URZ�NH\V�DQG
HIIHFWLYHO\� UHGXFH� WKH�DPRXQW�RI�GDWD� WKDW�QHHGV� WR�EH�VFDQQHG�ZKHQ� ORRNLQJ� IRU�D
VSHFLILF�URZ��RU�D�UDQJH�RI�URZV��6SHFLI\LQJ�WKH�FROXPQ�IDPLO\�DV�SDUW�RI�WKH�TXHU\�FDQ
HOLPLQDWH�WKH�QHHG�WR�VHDUFK�WKH�VHSDUDWH�VWRUDJH�ILOHV��,I�\RX�RQO\�QHHG�WKH�GDWD�RI�RQH
IDPLO\��LW�LV�KLJKO\�UHFRPPHQGHG�WKDW�\RX�VSHFLI\�WKH�IDPLO\�IRU�\RXU�UHDG�RSHUDWLRQ�

$OWKRXJK�WKH�WLPHVWDPS¢RU�YHUVLRQ¢RI�D�FHOO�LV�IDUWKHU�WR�WKH�ULJKW��LW�LV�DQRWKHU�LP�
SRUWDQW�VHOHFWLRQ�FULWHULRQ��7KH�VWRUH�ILOHV�UHWDLQ�WKH�WLPHVWDPS�UDQJH�IRU�DOO�VWRUHG�FHOOV�
VR�LI�\RX�DUH�DVNLQJ�IRU�D�FHOO�WKDW�ZDV�FKDQJHG�LQ�WKH�SDVW�WZR�KRXUV��EXW�D�SDUWLFXODU
VWRUH�ILOH�RQO\�KDV�GDWD�WKDW�LV�IRXU�RU�PRUH�KRXUV�ROG�LW�FDQ�EH�VNLSSHG�FRPSOHWHO\��6HH
DOVR�£5HDG�3DWK¤�RQ�SDJH�����IRU�GHWDLOV�

)LJXUH������5RZV�VWRUHG�DV�OLQHDU�VHWV�RI�DFWXDO�FHOOV��ZKLFK�FRQWDLQ�DOO�WKH�YLWDO�LQIRUPDWLRQ

358 | Chapter 9:ಗAdvanced Usage

Folding the Logical Layout (Top-Right)
I The cells of each row are stored one after the other
I Each column family are stored separately
→ On disk all cells of one family reside on an individual StoreFile
I HBase does not store unset cells
→ Row and column key is required to address every cell
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Concepts

Versioning
I Multiple versions of the same cell stored consecutively, together

with the timestamp
I Cells are sorted in descending order of timestamp
→ Newest value first

KeyValue object
I The entire cell, with all the structural information, is a KeyValue

object
I Contains: row key, <column family: qualifier> →
column key, timestamp and value

I Sorted by row key first, then by column key
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Key Design Concepts

Concepts

WKHUHIRUH�KDV�WR�DOVR�VWRUH�WKH�URZ�NH\�DQG�FROXPQ�NH\�ZLWK�HYHU\�FHOO�VR�WKDW�LW�FDQ
UHWDLQ�WKLV�YLWDO�SLHFH�RI�LQIRUPDWLRQ�

,Q�DGGLWLRQ��PXOWLSOH�YHUVLRQV�RI�WKH�VDPH�FHOO�DUH�VWRUHG�DV�VHSDUDWH��FRQVHFXWLYH�FHOOV�
DGGLQJ� WKH� UHTXLUHG� WLPHVWDPS� RI�ZKHQ� WKH�FHOO�ZDV� VWRUHG��7KH�FHOOV� DUH� VRUWHG� LQ
GHVFHQGLQJ�RUGHU�E\�WKDW�WLPHVWDPS�VR�WKDW�D�UHDGHU�RI�WKH�GDWD�ZLOO�VHH�WKH�QHZHVW
YDOXH�ILUVW¢ZKLFK�LV�WKH�FDQRQLFDO�DFFHVV�SDWWHUQ�IRU�WKH�GDWD�

7KH� HQWLUH� FHOO��ZLWK� WKH� DGGHG� VWUXFWXUDO� LQIRUPDWLRQ�� LV� FDOOHG�KeyValue� LQ�+%DVH
WHUPV��,W�KDV�QRW�MXVW�WKH�FROXPQ�DQG�DFWXDO�YDOXH��EXW�DOVR�WKH�URZ�NH\�DQG�WLPHVWDPS�
VWRUHG�IRU�HYHU\�FHOO�IRU�ZKLFK�\RX�KDYH�VHW�D�YDOXH��7KH�KeyValueV�DUH�VRUWHG�E\�URZ
NH\�ILUVW��DQG�WKHQ�E\�FROXPQ�NH\�LQ�FDVH�\RX�KDYH�PRUH�WKDQ�RQH�FHOO�SHU�URZ�LQ�RQH
FROXPQ�IDPLO\�

7KH�ORZHU�ULJKW�SDUW�RI�WKH�ILJXUH�VKRZV�WKH�UHVXOWDQW�OD\RXW�RI�WKH�ORJLFDO�WDEOH�LQVLGH
WKH�SK\VLFDO�VWRUDJH�ILOHV��7KH�+%DVH�$3,�KDV�YDULRXV�PHDQV�RI�TXHU\LQJ�WKH�VWRUHG�GDWD�
ZLWK�GHFUHDVLQJ�JUDQXODULW\� IURP�OHIW� WR�ULJKW��\RX�FDQ�VHOHFW�URZV�E\�URZ�NH\V�DQG
HIIHFWLYHO\� UHGXFH� WKH�DPRXQW�RI�GDWD� WKDW�QHHGV� WR�EH�VFDQQHG�ZKHQ� ORRNLQJ� IRU�D
VSHFLILF�URZ��RU�D�UDQJH�RI�URZV��6SHFLI\LQJ�WKH�FROXPQ�IDPLO\�DV�SDUW�RI�WKH�TXHU\�FDQ
HOLPLQDWH�WKH�QHHG�WR�VHDUFK�WKH�VHSDUDWH�VWRUDJH�ILOHV��,I�\RX�RQO\�QHHG�WKH�GDWD�RI�RQH
IDPLO\��LW�LV�KLJKO\�UHFRPPHQGHG�WKDW�\RX�VSHFLI\�WKH�IDPLO\�IRU�\RXU�UHDG�RSHUDWLRQ�

$OWKRXJK�WKH�WLPHVWDPS¢RU�YHUVLRQ¢RI�D�FHOO�LV�IDUWKHU�WR�WKH�ULJKW��LW�LV�DQRWKHU�LP�
SRUWDQW�VHOHFWLRQ�FULWHULRQ��7KH�VWRUH�ILOHV�UHWDLQ�WKH�WLPHVWDPS�UDQJH�IRU�DOO�VWRUHG�FHOOV�
VR�LI�\RX�DUH�DVNLQJ�IRU�D�FHOO�WKDW�ZDV�FKDQJHG�LQ�WKH�SDVW�WZR�KRXUV��EXW�D�SDUWLFXODU
VWRUH�ILOH�RQO\�KDV�GDWD�WKDW�LV�IRXU�RU�PRUH�KRXUV�ROG�LW�FDQ�EH�VNLSSHG�FRPSOHWHO\��6HH
DOVR�£5HDG�3DWK¤�RQ�SDJH�����IRU�GHWDLOV�

)LJXUH������5RZV�VWRUHG�DV�OLQHDU�VHWV�RI�DFWXDO�FHOOV��ZKLFK�FRQWDLQ�DOO�WKH�YLWDO�LQIRUPDWLRQ
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Physical Layout (Lower-Right)
I Select data by row key

F This reduces the amount of data to scan for a row or a range of rows
I Select data by row key and column key

F This focuses the system on an individual storage file
I Select data by column qualifier

F Exact lookups, including filters to omit useless data
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Concepts

Summary of key lookup properties

7KH�QH[W�OHYHO�RI�TXHU\�JUDQXODULW\�LV�WKH�FROXPQ�TXDOLILHU��<RX�FDQ�HPSOR\�H[DFW�FROXPQ
ORRNXSV�ZKHQ�UHDGLQJ�GDWD��RU�GHILQH�ILOWHUV�WKDW�FDQ�LQFOXGH�RU�H[FOXGH�WKH�FROXPQV
\RX�QHHG�WR�DFFHVV��%XW�DV�\RX�ZLOO�KDYH�WR�ORRN�DW�HDFK�KeyValue�WR�FKHFN�LI�LW�VKRXOG
EH�LQFOXGHG��WKHUH�LV�RQO\�D�PLQRU�SHUIRUPDQFH�JDLQ�

7KH� YDOXH� UHPDLQV� WKH� ODVW�� DQG� EURDGHVW�� VHOHFWLRQ� FULWHULRQ�� HTXDOLQJ� WKH� FROXPQ
TXDOLILHU¦V�HIIHFWLYHQHVV��\RX�QHHG�WR�ORRN�DW�HDFK�FHOO�WR�GHWHUPLQH�LI�LW�PDWFKHV�WKH�UHDG
SDUDPHWHUV��<RX�FDQ�RQO\�XVH�D�ILOWHU�WR�VSHFLI\�D�PDWFKLQJ�UXOH��PDNLQJ�LW�WKH�OHDVW
HIILFLHQW�TXHU\�RSWLRQ��)LJXUH�����VXPPDUL]HV�WKH�HIIHFWV�RI�XVLQJ�WKH�KeyValue�ILHOGV�

)LJXUH������5HWULHYDO�SHUIRUPDQFH�GHFUHDVLQJ�IURP�OHIW�WR�ULJKW

7KH�FUXFLDO�SDUW�RI�)LJXUH�����VKRZV�LV�WKH�VKLIW�LQ�WKH�ORZHU�OHIWKDQG�VLGH��6LQFH�WKH
HIIHFWLYHQHVV�RI�VHOHFWLRQ�FULWHULD�JUHDWO\�GLPLQLVKHV�IURP�OHIW�WR�ULJKW�IRU�D�KeyValue�
\RX�FDQ�PRYH�DOO��RU�SDUWLDO��GHWDLOV�RI�WKH�YDOXH�LQWR�D�PRUH�VLJQLILFDQW�SODFH¢ZLWKRXW
FKDQJLQJ�KRZ�PXFK�GDWD�LV�VWRUHG�

Tall-Narrow Versus Flat-Wide Tables
$W�WKLV�WLPH��\RX�PD\�EH�DVNLQJ�\RXUVHOI�ZKHUH�DQG�KRZ�\RX�VKRXOG�VWRUH�\RXU�GDWD�
7KH�WZR�FKRLFHV�DUH�WDOO�QDUURZ�DQG�IODW�ZLGH��7KH�IRUPHU�LV�D�WDEOH�ZLWK�IHZ�FROXPQV
EXW�PDQ\�URZV��ZKLOH�WKH�ODWWHU�KDV�IHZHU�URZV�EXW�PDQ\�FROXPQV��*LYHQ�WKH�H[SODLQHG
TXHU\�JUDQXODULW\�RI�WKH�KeyValue�LQIRUPDWLRQ��LW�VHHPV�WR�EH�DGYLVDEOH�WR�VWRUH�SDUWV�RI
WKH�FHOO¦V�GDWD¢HVSHFLDOO\�WKH�SDUWV�QHHGHG�WR�TXHU\�LW¢LQ�WKH�URZ�NH\��DV�LW�KDV�WKH
KLJKHVW�FDUGLQDOLW\�

,Q�DGGLWLRQ��+%DVH�FDQ�RQO\�VSOLW�DW�URZ�ERXQGDULHV��ZKLFK�DOVR�HQIRUFHV�WKH�UHFRP�
PHQGDWLRQ�WR�JR�ZLWK�WDOO�QDUURZ�WDEOHV��,PDJLQH�\RX�KDYH�DOO�HPDLOV�RI�D�XVHU�LQ�D�VLQJOH
URZ��7KLV�ZLOO�ZRUN�IRU�WKH�PDMRULW\�RI�XVHUV��EXW�WKHUH�ZLOO�EH�RXWOLHUV�WKDW�ZLOO�KDYH
PDJQLWXGHV�RI�HPDLOV�PRUH�LQ�WKHLU�LQER[¢VR�PDQ\��LQ�IDFW��WKDW�D�VLQJOH�URZ�FRXOG
RXWJURZ�WKH�PD[LPXP�ILOH�UHJLRQ�VL]H�DQG�ZRUN�DJDLQVW�WKH�UHJLRQ�VSOLW�IDFLOLW\�
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Tall-Narrow vs. Flat-Wide Tables

Tall-Narrow Tables
I Few columns
I Many rows

Flat-Wide Tables
I Many columns
I Few rows

Given the query granularity explained before
→ Store parts of the cell data in the row key
I Furthermore, HBase splits at row boundaries
→ It is recommended to go for Tall-Narrow Tables
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Tall-Narrow vs. Flat-Wide Tables

Example: email data - version 1
I You have all emails of a user in a single row (e.g. userID is the

row key)
I There will be some outliers with orders of magnitude more emails

than others
→ A single row could outgrow the maximum file/region size and work

against split facility

Example: email data - version 2
I Each email of a user is stored in a separate row (e.g.
userID:messageID is the row key)

I On disk this makes no difference (see the disk layout figure)
F If the messageID is in the column qualifier or the row key, each cell

still contains a single email message

→ The table can be split easily and the query granularity is more
fine-grained
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Partial Key Scans

Partial Key Scans reinforce the concept of Tall-Narrow Tables
I From the email example: assume you have a separate row per

message, across all users
I If you don’t have an exact combination of user and message ID you

cannot access a particular message

Partial Key Scan solves the problems
I Specify a start and end key
I The start key is set to the exact userID only, with the end key set

at userID+1
→ This triggers the internal lexicographic comparison mechanism

F Since the table does not have an exact match, it positions the scan at:
<userID>:<lowest-messageID>

I The scan will then iterate over all the messages of an exact user,
parse the row key and get the messageID
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Partial Key Scans

Composite keys and atomicity
I Following the email example: a single user inbox now spans many

rows
I It is no longer possible to modify a single user inbox in one atomic

operation

If this is acceptable or not, depends on the application at
hand
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Time Series Data

Stream processing of events
I E.g. data coming from a sensor, stock exchange, monitoring

system ...
I Such data is a time series → The row key represents the event

time
→ HBase will store all rows sorted in a distinct range, namely regions

with specific start and stop keys

Sequential monotonously increasing nature of time series
data

I All incoming data is written to the same region (and hence the
same server)

→ Regions become HOT!
I Performance of the whole cluster is bound to that of a single

machine

Pietro Michiardi (Eurecom) Tutorial: HBase 81 / 102



Key Design Time Series Data

Time Series Data

Solution to achieve load balancing: Salting
I We want data to be spread over all region servers
I This can be done, e.g., by prefixing the row key with a

non-sequential number

Salting example
byte prefix = (byte) (Long.hashCode(timestamp) % <number of

region servers>);

byte[] rowkey = Bytes.add(Bytes.toBytes(prefix),

Bytes.toBytes(timestamp));

- Data access needs to be fanned out across many servers
+ Use multiple threads to read for I/O performance: e.g. use the

Map phase of MapReduce
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Time Series Data

Solution to achieve load balancing: Field swap/promotion
I Move the timestamp filed of the row key or prefix it with another

field
F If you already have a composite row key, simply swap elements
F Otherwise if you only have the timestamp, you need to promote

another field
I The sequential, monotonously increasing timestamp is moved to a

secondary position in the row key

- You can only access data (especially time ranges) for a given
swapped or promoted field (but this could be a feature)

+ You achieve load balancing
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Time Series Data

Solution to achieve load balancing: Randomization
I byte[] rowkey = MD5(timestamp)
I This gives you a random distribution of the row key across all

available region servers

- Less than ideal for range scans
+ Since you can re-hash the timestamp, this solution is good for

random access
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Time Series Data

Summary

8VLQJ�WKH�VDOWHG�RU�SURPRWHG�ILHOG�NH\V�FDQ�VWULNH�D�JRRG�EDODQFH�RI�GLVWULEXWLRQ�IRU
ZULWH�SHUIRUPDQFH��DQG�VHTXHQWLDO�VXEVHWV�RI�NH\V�IRU�UHDG�SHUIRUPDQFH��,I�\RX�DUH�RQO\
GRLQJ�UDQGRP�UHDGV��LW�PDNHV�PRVW�VHQVH�WR�XVH�UDQGRP�NH\V��WKLV�ZLOO�DYRLG�FUHDWLQJ
UHJLRQ�KRW�VSRWV�

Time-Ordered Relations
,Q�RXU�SUHFHGLQJ�GLVFXVVLRQ��WKH�WLPH�VHULHV�GDWD�GHDOW�ZLWK� LQVHUWLQJ�QHZ�HYHQWV�DV
VHSDUDWH�URZV��+RZHYHU��\RX�FDQ�DOVR�VWRUH�UHODWHG��WLPH�RUGHUHG�GDWD��XVLQJ�WKH�FRO�
XPQV�RI�D�WDEOH��6LQFH�DOO�RI�WKH�FROXPQV�DUH�VRUWHG�SHU�FROXPQ�IDPLO\��\RX�FDQ�WUHDW
WKLV�VRUWLQJ�DV�D�UHSODFHPHQW�IRU�D�VHFRQGDU\�LQGH[��DV�DYDLODEOH�LQ�5'%06HV��0XOWLSOH
VHFRQGDU\�LQGH[HV�FDQ�EH�HPXODWHG�E\�XVLQJ�PXOWLSOH�FROXPQ�IDPLOLHV¢DOWKRXJK�WKDW
LV�QRW�WKH�UHFRPPHQGHG�ZD\�RI�GHVLJQLQJ�D�VFKHPD��%XW�IRU�D�VPDOO�QXPEHU�RI�LQGH[HV�
WKLV�PLJKW�EH�ZKDW�\RX�QHHG�

&RQVLGHU�WKH�HDUOLHU�H[DPSOH�RI�WKH�XVHU�LQER[��ZKLFK�VWRUHV�DOO�RI�WKH�HPDLOV�RI�D�XVHU
LQ�D�VLQJOH�URZ��6LQFH�\RX�ZDQW�WR�GLVSOD\�WKH�HPDLOV�LQ�WKH�RUGHU�WKH\�ZHUH�UHFHLYHG�
EXW��IRU�H[DPSOH��DOVR�VRUWHG�E\�VXEMHFW��\RX�FDQ�PDNH�XVH�RI�FROXPQ�EDVHG�VRUWLQJ�WR
DFKLHYH�WKH�GLIIHUHQW�YLHZV�RI�WKH�XVHU�LQER[�

*LYHQ�WKH�DGYLFH�WR�NHHS�WKH�QXPEHU�RI�FROXPQ�IDPLOLHV�LQ�D�WDEOH�ORZ¢
HVSHFLDOO\�ZKHQ�PL[LQJ�ODUJH�IDPLOLHV�ZLWK�VPDOO�RQHV��LQ�WHUPV�RI�VWRUHG
GDWD�¢\RX�FRXOG�VWRUH�WKH�LQER[�LQVLGH�RQH�WDEOH��DQG�WKH�VHFRQGDU\
LQGH[HV�LQ�DQRWKHU�WDEOH��7KH�GUDZEDFN�LV�WKDW�\RX�FDQQRW�PDNH�XVH�RI
WKH� SURYLGHG� SHU�WDEOH� URZ�OHYHO� DWRPLFLW\�� $OVR� VHH� £6HFRQGDU\� ,Q�
GH[HV¤�RQ�SDJH�����IRU�VWUDWHJLHV�WR�RYHUFRPH�WKLV�OLPLWDWLRQ�

7KH�ILUVW�GHFLVLRQ�WR�PDNH�FRQFHUQV�ZKDW�WKH�SULPDU\�VRUWLQJ�RUGHU�LV��LQ�RWKHU�ZRUGV�
KRZ�WKH�PDMRULW\�RI�XVHUV�KDYH�VHW�WKH�YLHZ�RI�WKHLU�LQER[��$VVXPLQJ�WKH\�KDYH�VHW�WKH

)LJXUH������)LQGLQJ�WKH�ULJKW�EDODQFH�EHWZHHQ�VHTXHQWLDO�UHDG�DQG�ZULWH�SHUIRUPDQFH
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MapReduce Integration
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MapReduce Integration Recap

Introduction

In the following we review the main classes involved in
reading and writing data from/to an underlying data store

For MapReduce to work with HBase, some more practical
issues have to be addressed

I E.g.: creating an appropriate JAR file inclusive of all required
libraries

Refer to [5], Chapter 7 for an in-depth treatment of this subject
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Main classes involved in MapReduce

Classes
)LJXUH�����DOVR�VKRZV�\RX�WKH�FODVVHV�WKDW�DUH�LQYROYHG�LQ�WKH�+DGRRS�LPSOHPHQWDWLRQ
RI�0DS5HGXFH��/HW�XV�ORRN�DW�WKHP�DQG�DOVR�DW�WKH�VSHFLILF�LPSOHPHQWDWLRQV�WKDW�+%DVH
SURYLGHV�RQ�WRS�RI�WKHP�

+DGRRS�YHUVLRQ��������LQWURGXFHG�D�QHZ�0DS5HGXFH�$3,��,WV�FODVVHV
DUH�ORFDWHG�LQ�WKH�SDFNDJH�QDPHG�mapreduce��ZKLOH�WKH�H[LVWLQJ�FODVVHV
IRU�WKH�SUHYLRXV�$3,�DUH�ORFDWHG�LQ�mapred��7KH�ROGHU�$3,�ZDV�GHSUHFDWHG
DQG�VKRXOG�KDYH�EHHQ�GURSSHG�LQ�YHUVLRQ�������¢EXW�WKDW�GLG�QRW�KDS�
SHQ��,Q�IDFW��WKH�ROG�$3,�ZDV�XQGHSUHFDWHG�VLQFH�WKH�DGRSWLRQ�RI�WKH�QHZ
RQH�ZDV�KLQGHUHG�E\�LWV�LQFRPSOHWHQHVV�

+%DVH�DOVR�KDV�WKHVH�WZR�SDFNDJHV��ZKLFK�RQO\�GLIIHU�VOLJKWO\��7KH�QHZ
$3,�KDV�PRUH�VXSSRUW�E\�WKH�FRPPXQLW\��DQG�ZULWLQJ�MREV�DJDLQVW�LW�LV
QRW�LPSDFWHG�E\�WKH�+DGRRS�FKDQJHV��7KLV�FKDSWHU�ZLOO�RQO\�UHIHU�WR�WKH
QHZ�$3,�

InputFormat
7KH�ILUVW�FODVV�WR�GHDO�ZLWK�LV�WKH�InputFormat�FODVV��)LJXUH�������,W�LV�UHVSRQVLEOH�IRU�WZR
WKLQJV��)LUVW�LW�VSOLWV�WKH�LQSXW�GDWD��DQG�WKHQ�LW�UHWXUQV�D�RecordReader�LQVWDQFH�WKDW
GHILQHV�WKH�FODVVHV�RI�WKH�NH\�DQG�YDOXH�REMHFWV��DQG�SURYLGHV�D�next()�PHWKRG�WKDW�LV
XVHG�WR�LWHUDWH�RYHU�HDFK�LQSXW�UHFRUG�

)LJXUH������7KH�0DS5HGXFH�SURFHVV
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Figure: Main MapReduce Classes
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Main classes involved in MapReduce
InputFormat

It is responsible for two things
I Splits input data
I Returns a RecordReader instance

F Defines a key and a value object
F Provides a next() method to iterate over input records

$V� IDU� DV�+%DVH� LV� FRQFHUQHG�� WKHUH� LV� D� VSHFLDO� LPSOHPHQWDWLRQ� FDOOHG� TableInput
FormatBase�ZKRVH�VXEFODVV�LV�TableInputFormat��7KH�IRUPHU�LPSOHPHQWV�WKH�PDMRULW\
RI�WKH�IXQFWLRQDOLW\�EXW�UHPDLQV�DEVWUDFW��7KH�VXEFODVV�LV�D�OLJKWZHLJKW�FRQFUHWH�YHUVLRQ
RI�TableInputFormat�DQG�LV�XVHG�E\�PDQ\�VXSSOLHG�VDPSOHV�DQG�UHDO�0DS5HGXFH�FODVVHV�

7KHVH�FODVVHV�LPSOHPHQW�WKH�IXOO�WXUQNH\�VROXWLRQ�WR�VFDQ�DQ�+%DVH�WDEOH��<RX�KDYH�WR
SURYLGH� D� Scan� LQVWDQFH� WKDW� \RX� FDQ� SUHSDUH� LQ� DQ\� ZD\� \RX� ZDQW�� VSHFLI\� VWDUW
DQG� VWRS� NH\V�� DGG� ILOWHUV�� VSHFLI\� WKH� QXPEHU� RI� YHUVLRQV�� DQG� VR� RQ�� 7KH
TableInputFormat�VSOLWV�WKH�WDEOH�LQWR�SURSHU�EORFNV�IRU�\RX�DQG�KDQGV�WKHP�RYHU�WR
WKH�VXEVHTXHQW�FODVVHV�LQ�WKH�0DS5HGXFH�SURFHVV��6HH�£7DEOH�6SOLWV¤�RQ�SDJH�����IRU
GHWDLOV�RQ�KRZ�WKH�WDEOH�LV�VSOLW�

Mapper
7KH�Mapper� FODVV�HV�� LV� IRU� WKH�QH[W� VWDJH�RI� WKH�0DS5HGXFH�SURFHVV�DQG�RQH�RI� LWV
QDPHVDNHV��)LJXUH�������,Q�WKLV�VWHS��HDFK�UHFRUG�UHDG�XVLQJ�WKH�RecordReader�LV�SUR�
FHVVHG�XVLQJ�WKH�map()�PHWKRG��)LJXUH�����DOVR�VKRZV�WKDW�WKH�Mapper�UHDGV�D�VSHFLILF
W\SH�RI�NH\�YDOXH�SDLU��EXW�HPLWV�SRVVLEO\�DQRWKHU�W\SH��7KLV�LV�KDQG\�IRU�FRQYHUWLQJ
WKH�UDZ�GDWD�LQWR�VRPHWKLQJ�PRUH�XVHIXO�IRU�IXUWKHU�SURFHVVLQJ�

)LJXUH������7KH�0DSSHU�KLHUDUFK\

+%DVH�SURYLGHV�WKH�TableMapper�FODVV�WKDW�HQIRUFHV�NH\�FODVV���WR�EH�DQ�ImmutableBytes
Writable�� DQG� YDOXH� FODVV� �� WR� EH� D� Result� W\SH¢VLQFH� WKDW� LV� ZKDW� WKH
TableRecordReader�LV�UHWXUQLQJ�

2QH�VSHFLILF�LPSOHPHQWDWLRQ�RI�WKH�TableMapper�LV�WKH�IdentityTableMapper��ZKLFK�LV
DOVR�D�JRRG�H[DPSOH�RI�KRZ�WR�DGG�\RXU�RZQ�IXQFWLRQDOLW\�WR�WKH�VXSSOLHG�FODVVHV��7KH
TableMapper�FODVV�LWVHOI�GRHV�QRW�LPSOHPHQW�DQ\WKLQJ�EXW�RQO\�DGGV�WKH�VLJQDWXUHV�RI

)LJXUH������7KH�,QSXW)RUPDW�KLHUDUFK\
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Main classes involved in MapReduce

InputFormat → TableInputFormatBase

Implement a full turnkey solution to scan an HBase table
I Splits the table into proper blocks and hand them to the

MapReduce process

Must supply a Scan instance to interact with a table
I Specify start and stop keys for the scan
I Add filters (optional)
I Specify the number of versions
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Main classes involved in MapReduce

Mapper

Each record read using the RecordReader is processed
using the map() method

The Mapper reads specific types of input key/value pairs, but
emit possibly another type

$V� IDU� DV�+%DVH� LV� FRQFHUQHG�� WKHUH� LV� D� VSHFLDO� LPSOHPHQWDWLRQ� FDOOHG� TableInput
FormatBase�ZKRVH�VXEFODVV�LV�TableInputFormat��7KH�IRUPHU�LPSOHPHQWV�WKH�PDMRULW\
RI�WKH�IXQFWLRQDOLW\�EXW�UHPDLQV�DEVWUDFW��7KH�VXEFODVV�LV�D�OLJKWZHLJKW�FRQFUHWH�YHUVLRQ
RI�TableInputFormat�DQG�LV�XVHG�E\�PDQ\�VXSSOLHG�VDPSOHV�DQG�UHDO�0DS5HGXFH�FODVVHV�

7KHVH�FODVVHV�LPSOHPHQW�WKH�IXOO�WXUQNH\�VROXWLRQ�WR�VFDQ�DQ�+%DVH�WDEOH��<RX�KDYH�WR
SURYLGH� D� Scan� LQVWDQFH� WKDW� \RX� FDQ� SUHSDUH� LQ� DQ\� ZD\� \RX� ZDQW�� VSHFLI\� VWDUW
DQG� VWRS� NH\V�� DGG� ILOWHUV�� VSHFLI\� WKH� QXPEHU� RI� YHUVLRQV�� DQG� VR� RQ�� 7KH
TableInputFormat�VSOLWV�WKH�WDEOH�LQWR�SURSHU�EORFNV�IRU�\RX�DQG�KDQGV�WKHP�RYHU�WR
WKH�VXEVHTXHQW�FODVVHV�LQ�WKH�0DS5HGXFH�SURFHVV��6HH�£7DEOH�6SOLWV¤�RQ�SDJH�����IRU
GHWDLOV�RQ�KRZ�WKH�WDEOH�LV�VSOLW�

Mapper
7KH�Mapper� FODVV�HV�� LV� IRU� WKH�QH[W� VWDJH�RI� WKH�0DS5HGXFH�SURFHVV�DQG�RQH�RI� LWV
QDPHVDNHV��)LJXUH�������,Q�WKLV�VWHS��HDFK�UHFRUG�UHDG�XVLQJ�WKH�RecordReader�LV�SUR�
FHVVHG�XVLQJ�WKH�map()�PHWKRG��)LJXUH�����DOVR�VKRZV�WKDW�WKH�Mapper�UHDGV�D�VSHFLILF
W\SH�RI�NH\�YDOXH�SDLU��EXW�HPLWV�SRVVLEO\�DQRWKHU�W\SH��7KLV�LV�KDQG\�IRU�FRQYHUWLQJ
WKH�UDZ�GDWD�LQWR�VRPHWKLQJ�PRUH�XVHIXO�IRU�IXUWKHU�SURFHVVLQJ�

)LJXUH������7KH�0DSSHU�KLHUDUFK\

+%DVH�SURYLGHV�WKH�TableMapper�FODVV�WKDW�HQIRUFHV�NH\�FODVV���WR�EH�DQ�ImmutableBytes
Writable�� DQG� YDOXH� FODVV� �� WR� EH� D� Result� W\SH¢VLQFH� WKDW� LV� ZKDW� WKH
TableRecordReader�LV�UHWXUQLQJ�

2QH�VSHFLILF�LPSOHPHQWDWLRQ�RI�WKH�TableMapper�LV�WKH�IdentityTableMapper��ZKLFK�LV
DOVR�D�JRRG�H[DPSOH�RI�KRZ�WR�DGG�\RXU�RZQ�IXQFWLRQDOLW\�WR�WKH�VXSSOLHG�FODVVHV��7KH
TableMapper�FODVV�LWVHOI�GRHV�QRW�LPSOHPHQW�DQ\WKLQJ�EXW�RQO\�DGGV�WKH�VLJQDWXUHV�RI

)LJXUH������7KH�,QSXW)RUPDW�KLHUDUFK\
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Figure: The Mapper hierarchy
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Main classes involved in MapReduce

Mapper → TableMapper

TableMapper class enforces:
I The input key to the mapper to be an ImmutableBytesWritable

type
I The input value to be a Result type

A handy implementation is the IdentityTableMapper
I This is the equivalent of an identity mapper
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Main classes involved in MapReduce

OutputFormat

Used to persist data
I Output written to files
I Output written to HBase tables

F This is done using a TableRecordWriter

WKH�DFWXDO�NH\�YDOXH�SDLU�FODVVHV��7KH�IdentityTableMapper� LV�VLPSO\�SDVVLQJ�RQ�WKH
NH\V�YDOXHV�WR�WKH�QH[W�VWDJH�RI�SURFHVVLQJ�

Reducer
7KH�Reducer�VWDJH�DQG�FODVV�KLHUDUFK\��)LJXUH������LV�YHU\�VLPLODU�WR�WKH�Mapper�VWDJH�
7KLV�WLPH�ZH�JHW�WKH�RXWSXW�RI�D�Mapper�FODVV�DQG�SURFHVV�LW�DIWHU�WKH�GDWD�KDV�EHHQ
VKXIIOHG�DQG�VRUWHG�

,Q�WKH�LPSOLFLW�VKXIIOH�EHWZHHQ�WKH�Mapper�DQG�Reducer�VWDJHV��WKH�LQWHUPHGLDWH�GDWD�LV
FRSLHG�IURP�GLIIHUHQW�0DS�VHUYHUV�WR�WKH�5HGXFH�VHUYHUV�DQG�WKH�VRUW�FRPELQHV�WKH
VKXIIOHG��FRSLHG��GDWD�VR�WKDW�WKH�Reducer�VHHV�WKH�LQWHUPHGLDWH�GDWD�DV�D�QLFHO\�VRUWHG
VHW�ZKHUH�HDFK�XQLTXH�NH\�LV�QRZ�DVVRFLDWHG�ZLWK�DOO�RI�WKH�SRVVLEOH�YDOXHV�LW�ZDV�IRXQG
ZLWK�

)LJXUH������7KH�5HGXFHU�KLHUDUFK\

OutputFormat
7KH�ILQDO�VWDJH�LV�WKH�OutputFormat�FODVV��)LJXUH�������DQG�LWV�MRE�LV�WR�SHUVLVW�WKH�GDWD
LQ�YDULRXV�ORFDWLRQV��7KHUH�DUH�VSHFLILF�LPSOHPHQWDWLRQV�WKDW�DOORZ�RXWSXW�WR�ILOHV��RU
WR� +%DVH� WDEOHV� LQ� WKH� FDVH� RI� WKH� TableOutputFormat� FODVV�� ,W� XVHV� D� TableRecord
Writer�WR�ZULWH�WKH�GDWD�LQWR�WKH�VSHFLILF�+%DVH�RXWSXW�WDEOH�

)LJXUH������7KH�2XWSXW)RUPDW�KLHUDUFK\

,W� LV� LPSRUWDQW� WR�QRWH� WKH�FDUGLQDOLW\�DV�ZHOO��$OWKRXJK�PDQ\�MapperV�DUH�KDQGLQJ
UHFRUGV�WR�PDQ\�ReducerV��RQO\�RQH�OutputFormat� WDNHV�HDFK�RXWSXW�UHFRUG�IURP�LWV
Reducer�VXEVHTXHQWO\��,W�LV�WKH�ILQDO�FODVV�WKDW�KDQGOHV�WKH�NH\�YDOXH�SDLUV�DQG�ZULWHV
WKHP�WR�WKHLU�ILQDO�GHVWLQDWLRQ��WKLV�EHLQJ�D�ILOH�RU�D�WDEOH�
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Figure: The OutputFormat hierarchy
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MapReduce Integration Recap

Main classes involved in MapReduce

OutputFormat → TableOutputFormat

This is the class that handles the key/valu pairs and writes
them to their final destination

I Single instance that takes the output record from each reducer
subsequently

Details
I Must specify the table name when the MR job is created
I Handles buffer flushing implicitly (autoflush option is set to false)
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MapReduce Integration Recap

MapReduce Locality

How does the system make sure data is placed close to
where it is needed?

I This is done implicitly by MapReduce when using HDFS
I When MapReduce uses HBase things are a bit different

How HBase handles data locality
I Shared vs. non-shared cluster
I HBase store its files on HDFS (HFiles and WAL)
I HBase servers are not restarted frequently and they perform

compactions regularly
→ HDFS is smart enough to ensure data locality

F There is a block placement policy that enforces local writes
F The data node compares the server name of the writer with its own
F If they match, the block is written to the local filesystem

I Just be careful about region movements during load balancing or
server failures
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MapReduce Integration Recap

Table Splits

When running a MapReduce job that reads from an HBase
table you use the TableInputFormat

I Overrides getSplits() and createRecordReader()

Before a job is run, the framework calls getSplit() to
determine how the data is to be separated into chunks

I TableInputFormat, given the Scan instance you define, divide
the table at region boundaries

→ The number of input splits is equal to all regions between the start
and stop keys
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MapReduce Integration Recap

Table Splits

When a job starts, the framework calls
createRecordReader() for each input split

I It iterates over the splits and create a new TableRecordReader
with the current split

I Each TableRecordReader handles exactly one region, reading
and mapping every row from the region’s start and end keys

Data locality
I Each split contains the server name hosting the region
I The framework checks the server name and if the TaskTracker is

running on the same machine, it will run it on that server
I The RegionServer is colocated with the HDFS DataNode, hence

data is read from the local filesystem

TIP: Turn off speculative execution!
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