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CS 764: Topics in Database Management Systems
Lecture 7: Column Store
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Today’s Paper: C-Store

VLDB 2005 2
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Row store vs. column store
C-store

– Architecture
– Data model
– Data encoding
– Query execution
– Transaction updates
– Evaluation
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Relational Database
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Row Store vs. Column Store
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Row Store

Row store: fields in a row are contiguously stored on disk 
– Write optimized
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Row Store vs. Column Store
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Row Store Column Store

Row store: fields in a row are contiguously stored on disk 
– Write optimized

Column store: fields in a column are contiguously stored on disk
– Read optimized
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Row Store vs. Column Store
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Row Store Column Store

Advantages of column store
– Only needed attributes are loaded into memory 
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Row Store vs. Column Store

9

Row Store Column Store

Advantages of column store
– Only needed attributes are loaded into memory 
– Store data in more compact layout (avoid word and page alignment)

M 100 fall …

F 95 fall …

F 98 spring …

M 79 spring …

M

F

F

M

100

95

98

79

fall

fall

spring

spring

…

…

…

…

↑ 1001001

FI! -1-1-17 Iyay
ttbyte .

m⇔→
wasted

.
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M 100 fall …

Row Store
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Column Store

Advantages of column store
– Only needed attributes are loaded into memory 
– Store data in more compact layout (avoid word and page alignment)
– Easier to compress data 
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Row Store
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Column Store

Advantages of column store
– Only needed attributes are loaded into memory 
– Store data in more compact layout (avoid word and page alignment)
– Easier to compress data 

Disadvantages of column store
– Updates are less efficient 
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C-Store Architecture — Shared Nothing
• Data is partitioned across servers in a cluster
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C-Store Architecture — Shared Nothing
• Data is partitioned across servers in a cluster
• Each piece of data is stored in multiple replicas for high availability 

– If one replica fails, can read from other replicas 
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C-Store Architecture — Shared Nothing
• Data is partitioned across servers in a cluster
• Each piece of data is stored in multiple replicas for high availability 

– If one replica fails, can read from other replicas 
• Separate reads and writes to different stores
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Row store vs. column store
C-store

– Architecture
– Data model
– Data encoding
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C-Store Data Model
Projection: A group of columns sorted on the same attributes

Example: 
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EMP1(name, age| age)
EMP2(dept, age, DEPT.floor| DEPT.floor) 
EMP3(name, salary| salary) 
DEPT1(dname, floor| floor) 



C-Store Data Model
Projection: A group of columns sorted on the same attributes

Example: 
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EMP1(name, age| age)
EMP2(dept, age, DEPT.floor| DEPT.floor) 
EMP3(name, salary| salary) 
DEPT1(dname, floor| floor) 

Sort key
-
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C-Store Data Model 
Projection: A group of columns sorted on the same attributes

Example: 

Same attribute can belong to multiple projections, and be sorted in 
different orders
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EMP1(name, age| age)
EMP2(dept, age, DEPT.floor| DEPT.floor) 
EMP3(name, salary| salary) 
DEPT1(dname, floor| floor) 
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C-Store Data Model
Segment: Each projection is horizontally partitioned into segments 

– Called row groups in parquet format 
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EMP1(name, age| age)

name age

Segment 1

Segment 2
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C-Store Data Model
Storage Key: Each segment associates every data value of every 
column with a storage key, SK

– For records in RS, SK is the physical position in the column 
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C-Store Data Model
Join Indices store the mapping between projections that are 
anchored at the same table (one-to-one mapping)
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C-Store Data Model
Join Indices store the mapping between projections that are 
anchored at the same table (one-to-one mapping)

– (segment_ID, SK) to locate the matching record 
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Data Encoding 
Type 1: Self-order, few distinct values 

– (value, first-appear-position, number-of-appearance)
– Similar to run length encoding (RLE)
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Data Encoding 
Type 1: Self-order, few distinct values 

– (value, first-appear-position, number-of-appearance)
– Similar to run length encoding (RLE)

Type 2: Foreign-order, few distinct values 
– Bitmap encoding (value, bitmap)
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Data Encoding 
Type 1: Self-order, few distinct values 

– (value, first-appear-position, number-of-appearance)
– Similar to run length encoding (RLE)

Type 2: Foreign-order, few distinct values 
– Bitmap encoding (value, bitmap)
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Discussion Question: 
Is there an encoding scheme that can achieve 
higher compression ratio than bitmap encoding? 
(Hint: consider 4 unique values)



Data Encoding 
Type 1: Self-order, few distinct values 

– (value, first-appear-position, number-of-appearance)
– Similar to run length encoding (RLE)

Type 2: Foreign-order, few distinct values 
– Bitmap encoding (value, bitmap)

Type 3: Self-order, many distinct values 
– Delta encoding 
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Data Encoding 
Type 1: Self-order, few distinct values 

– (value, first-appear-position, number-of-appearance)
– Similar to run length encoding (RLE)

Type 2: Foreign-order, few distinct values 
– Bitmap encoding (value, bitmap)

Type 3: Self-order, many distinct values 
– Delta encoding 

Type 4: Foreign-order, many distinct value 
– No encoding
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Row store vs. column store
C-store

– Architecture
– Data model
– Data encoding
– Query execution
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– Evaluation



Query Execution
• Decompress
• Select
• Mask
• Project
• Sort 
• Aggregation 
• Concat
• Permute
• Join
• Bitstring operators
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Query Execution
• Decompress
• Select
• Mask
• Project
• Sort 
• Aggregation 
• Concat
• Permute
• Join
• Bitstring operators
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Impact on query optimizers 
– Choose the best projections to run queries
– Cost model includes the compression type



Query Execution Example
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Join in row store

E

'

g



Query Execution Example
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⨝

select select

Join in row store

⨝

select 0
1
1
0

select 0
1
0
0

Mask Mask

(SID, SK)

Use (SID, SK) pairs to join with other columns

Join in column store
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Row store vs. column store
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Transaction Updates
Write Store (WS)

– 1:1 mapping between RS and WS
– Storage keys are explicitly stored 
– No compression 
– Snapshot isolation 
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Transaction Updates
Write Store (WS)

– 1:1 mapping between RS and WS
– Storage keys are explicitly stored 
– No compression 
– Snapshot isolation 

Tuple mover
– Periodically merge WS and RS into a new RS’
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Evaluation
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No materialized view in baselines
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Evaluation
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No materialized view in baselines With materialized view in baselines
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Q/A – C-Store
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How can the idea adapt for distributed databases? 
Does industry welcome column store? 
Any way to optimize for write performance? 
Impact of not doing prepare phase in 2PC? 
Why storage keys calculated on the fly instead of being stored?
Multiple projections amplify space usage.

=
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Before Next Lecture
Submit review for

David DeWitt, Jim Gray, Parallel Database Systems: The 
Future of High Performance Database Processing. Communications 
of the ACM, 1992
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