
Data Model and Storage  
in NoSQL Systems  
(Bigtable, HBase) 

1 Slides from Mohamed Eltabakh 



Bigtable Data Model 
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Row key�

Column Family�

value TimeStamp 

HBase’s Data Model is similar  



Data Organization in HBase 

•  All data is stored in Tables 

•  Table rows have exactly one Key, and all rows in a table are 
physically ordered by key 

•  Tables have a fixed number of  Column Families  

•  Each row can have many Columns in each column family 

•  Each column has a set of  values, each with a timestamp 

•  Each rowkey:columnfamily:column:timestamp 
combination represents coordinates for a Cell 



HBase Logical View 
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HBase: Keys and Column 
Families 
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Each row has a Key 

Each record is divided into Column Families 

Each column family consists of one or more Columns 



What is a Column Family? 

•  A Column Family is a group of  related columns  

•  All columns must be in a column family 

•  Each row can have a completely different set of  
columns for a column family 

Row: Column 
Family: 

Columns: 

Chris 

Friends 

Friends:Bob 

Bob Friends:Chris 

James Friends:Jane 



Rows and Cells 

•  Not exactly the same as rows in a traditional RDBMS 
•  Key: a byte array 

•  Data: Cells, qualified by column family, column, and 
timestamp (not shown here) 

Row 
Key: 

Column 
Families : 
(Defined by the 
Table) 

Columns: 
(Defined by the 
Row) 
(May vary between 
rows) 

Cells: 
(Created with Columns) 

Chris 

Attributes Attributes:Age 30 

Attributes:Height 68 

Friends 
 

Friends:Bob 1 (Bob’s a cool guy) 

Friends:Jane 0 (Jane and I don’t get along) 



Cell Timestamps 

•  All cells are created with a timestamp 

•  Column family defines how many versions of  a cell 
to keep 

•  Updates always create a new cell 

•  Deletes create a tombstone  

•  Queries can include an “as-of ” timestamp to return 
point-in-time values 



•  Key 
•  Byte array 
•  Serves as the primary key 

for the table 
•  Indexed for fast lookup 

•  Column Family 
•  Has a name (string) 
•  Contains one or more 

related columns 

•  Column 
•  Belongs to one column 

family 
•  Included inside the row 
•  familyName:columnName 

9 

Row key Time 
Stamp 

Column 
�content

s:� 
Column �anchor:� 

�com.apac
he.ww

w� 

t12 �<html>
…� 

t11 �<html>
…� 

t10 �anchor:apache
.com� 

�APACH
E� 

�com.cnn.w
ww� 

t15 �anchor:cnnsi.co
m� �CNN� 

t13 �anchor:my.look.
ca� 

�CNN.co
m� 

t6 �<html>
…� 

t5 �<html>
…� 

t3 �<html>
…� 

Column family named “Contents” 

Column family named “anchor” 

Column named “apache.com” 



•  Version Number 

•  Unique within each 
key 

•  By defaultà System’s 
timestamp 

•  Data type is Long 

•  Value (Cell) 

•  Byte array 
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Row key Time 
Stamp 

Column 
�content

s:� 
Column �anchor:� 

�com.apac
he.ww

w� 

t12 �<html>
…� 

t11 �<html>
…� 

t10 �anchor:apache
.com� 

�APACH
E� 

�com.cnn.w
ww� 

t15 �anchor:cnnsi.co
m� �CNN� 

t13 �anchor:my.look.
ca� 

�CNN.co
m� 

t6 �<html>
…� 

t5 �<html>
…� 

t3 �<html>
…� 

Version number for each row 

value 



Notes on Data Model 

•  HBase schema consists of  several Tables 

•  Each table consists of  a set of  Column Families 
•  Columns are not part of  the schema  

•  HBase has Dynamic Columns 
•  Because column names are encoded inside the cells 
•  Different cells can have different columns 
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“Roles” column family 
has different columns 
in different cells 



Notes on Data Model (Cont’d) 

•  The version number can be user-supplied 
•  Even does not have to be inserted in increasing order 

•  Version numbers are unique within each key 

•  Table can be very sparse 
•  Many cells are empty  

•  Keys are indexed as the primary key 

Has two columns 
[cnnsi.com & my.look.ca] 



HBase Physical Model 
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HBase Physical Model 

•  Each column family is stored in a separate file 

•  Key & Version numbers are replicated with each column family 

•  Empty cells are not stored 
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Example 

15 Number of  Milliseconds since Epoch 



HBase Data Partitioning 

•  HBase scales horizontally 

•  Needs to split data over many RegionServers 

•  Regions are the unit of  scale 



HBase Architecture 

Backup HBase 
Master 



Three Major Components 
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•  The HBaseMaster 
•  One master 

•  The HRegionServer 
•  Many region servers 

 

•  The HBase client 



HBase Components 

•  Region 
•  A subset of  a table’s rows, like horizontal range partitioning 
•  Automatically done 

•  RegionServer (many slaves) 
•  Manages data regions 
•  Serves data for reads and writes 

•  Master  
•  Responsible for coordinating the slaves 
•  Assigns regions, detects failures 
•  Admin functions 
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Regions & RegionServers 

•  All HBase tables are broken into 1 or more regions 

•  Regions have a start row key and an end row key 

•  Each Region lives on exactly one RegionServer 

•  RegionServers may host many Regions 

•  When RegionServers die, Master detects this and 
assigns Regions to other RegionServers 



Region Distribution 

Table Region 
Region 
Server 

Users 

“Aaron” – “George” Node01 

“George” – 
“Matthew” 

Node02 

“Matthew” – 
“Zachary” 

Node01 

Row Keys in Region 
“Aaron” – “George” 

“Aaron” 

“Bob” 

“Chris” 

Row Keys in Region 
“George” – “Matthew” 

“George” 

Row Keys in Region 
“Matthew” – “Zachary” 

“Matthew” 

“Nancy” 

“Zachary” 

-META- Table 

“Users” Table 



Big Picture 
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Use Case – Time Series  

•  Requirement: Store real-time stock tick data 

•  Requirement: Accommodate many simultaneous readers & writers  

•  Requirement: Allow for reading of  current price for any ticker at any 
point in time 

Ticker Timestamp Sequence Bid Ask 

IBM 09:15:03:001 1 179.16 179.18 

MSFT 09:15:04:112 2 28.25 28.27 

GOOG 09:15:04:114 3 624.94 624.99 

IBM 09:15:04:155 4 179.18 179.19 



Time Series Use Case –  
RDBMS Solution 

Keys Column DataType 

Primary Key 

Ticker Varchar 

Timestamp DateTime 

Sequence_Number Integer 

Bid_Price Decimal 

Ask_Price Decimal 

Keys Column DataType 

Primary Key Ticker Varchar 

Bid_Price Decimal 

Ask_Price Decimal 

Latest Prices: 

Historical Prices: 



Time Series Use Case –  
HBase Solution 

Row Key Family:Column 

[Ticker].[Reverse_Timestamp].
[Reverse_Sequence_Number] 

Prices:Bid 

Prices:Ask 

 
¡  No need to keep separate “latest price” table 

¡  A scan starting at “ticker” will always return the latest 
price row 

¡  Let us analyze this solution further (reverse timestamps 
are explained at the link below):  
http://hbase.apache.org/0.94/book/rowkey.design.html 



HBase vs. HDFS 
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HBase vs. RDBMS 
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