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Row vs. Column-Stores

\
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Might read in

unnecessary data

Easy to add a new record

Only need to read in

relevant attributes

Tuple writes might require

multiple seeks
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Column-Stores

\_

Really good for read-mostly data
warehouses
Lot’s of column scans and aggregations
Writes tend to be in batch
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Column-Store History

1970s/80s:
Decomposed Storage
Model (DSM)/Vertical
Partitioning
Last [First Street L ast First
Name [Name |E-mail |Phone # | Address Name Name E-mail
1
—
2
3
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SSBM Averages
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Tuple Size

Column Column Tuple TID Column

Header Data

Data

Queries touch 3 - 4foreign keys in fact table, 1- 2 numeric
columns

Complete fact table takes up ~4 GB (compressed)
\Vertically partitioned tables take up 0.7 - 1.1 GB (compress@
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Query Optimizer

Each column is a separate table

Each attribute accessed in a query
becomes a join

Optimizer becomes hopelessly
overwhelmed

SIGMOD 2009 Daniel Abadi - Yale University 11




-

Tuple ID problem easy to solve

Store columns in original tuple order,
remove Tuple IDs

Store tuple header in separate column

Last First
Name Name E-mail
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/Heuristics To Solve Optimizer \
Problem

For each query, figure out what
attributes will be accessed

For each table, first join all accessed
attributes into normal row-store tuples for
that table

Then proceed with regular row-store
optimization and execution

\_ /
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Result After These Simple Fixes
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Final Result After Dissertation

~
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Overview Of Dissertation

(-
User (), | SELECT AVG(salary)
TW‘ FROM Employee
Aggregate HERE Ag_je > 50
Y Benchmark
Performance
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Select
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@ Build Compression into Executor
— N
\ /
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Compression

Trades I/O for CPU

Increased column-store opportunities:
Higher data value locality in column stores
More Techniques Useful

Can use extra space to store multiple
copies of data in different sort orders
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Column-Oriented Compression

~

E(I—‘OOOOEU‘IOOCD@N\IU'I

: Quarter Category Price
Quarter Day Category Price (Q1, 1, 300) TT o T 1
Q1 1 | |Electronics|| 5
Q1 1 || Clothing || 7 (Q2, 301, 350) 2 3 i
Q1 1 | |Electronics|| 2 (Q3, 651, 500) 1 2 ;
Q1 1 Food 9
Q1 1 Food 6 (Q4, 1151, 600) AND/OR
Q1 2 Food 8 Cloctrom
: ectronics
21 L2 othing IS (1Di‘y5) 1010000 ... 1101
Q2 1 | |Electronics|| 3 (2: 6: 2) Ologcl)%trmgomo
Q2 1 | |Electronics|| 8
Q2 1 Clothing || 1 (1, 301, 3) Food
&32 2 | |Electronics|| 4 (2, 304, 1) 0001110 ... 0000
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Other Compression Techniques

Null Suppression

Differential or Frame of Reference
Huffman

Arithmetic

Lempel-Ziv
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/Operating Directly on
Compressed Data

/O - CPU tradeoff is no longer a
tradeoff

Reduces memory—CPU bandwidth
requirements

Opens up possibility of operating on
multiple records at once
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/Operating Directly on
Compressed Data

~

Qdex Lookup + Offset jump

_____

Quarter Product ID
1 2 3
(Q1, 1, 300) 11107110
301-306 0j[0] 1

(02, 301, 6) EE—— Jo|[1]]o]
(Q3, 307, 500) 111010
1 0 0
(Q4, 807, 600) ool
- |o]|1]]0
- [1]]o]]o0
10110 ]1
0 1 0
0 0 1

q (3, 2)

ProductiD, COUNT(*))

(1, 3)

(2, 1)

FROM table

SELECT ProductID, Count(*)

WHERE (Quarter = Q2)
IGROUP BY ProductID
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/Operating Directly on \
Compressed Data

SELECT ProductID, Count(*)
Block API FROM table
HERE (Quarter = Q2)
Data GROUP BY ProductID
[ A%gr:rgae:g(r)n iIsOneValue()
P iIsValueSorted()
iIsSPosContiguous()
IsSparse()
Selection getNext()
Operator decompressintoArray() (Q1, 1, 300)
getValueAtPosition(pos)
(©2, 301, 6)
applyPredicate(pred)
Data Source getSize() (Q3, 307, 500)
\ Operator (Q4, 807, 600)/
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When should tuples be constructed?

At some point in query plan, tuples

must be constructed, “materialization”

® Early materialization = create rows at
beginning of query plan

® Late materialization = operate on columns as
long as possible

/
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When should tuples be constructed?

' Select + Aggregate

(4,1,4)

kprodlD

4 |22 |7
411|3]|13
4 13|3]|42
411|3]|80
Construct
2 2 7
1 3 13
3 3 42
1 3 80

storelD custiID price

[QUERY:

SELECT custID,SUM(price)
FROM table

[ WHERE (prodID = 4) AND
(storelD = 1) AND
IGROUP BY custID

Solution 1: Create rows first
(EM). But:
Need to construct ALL tuples
Need to decompress data

Poor memory bandwidth
utilization /
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Solution 2: Operate on columns
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Data
Source
storelD

e
Ok |O

Data Data
Source| |Source

A A

4 2
4 1
4 3
4 1

prodlID storelD

[QUERY:

FROM table

SELECT custID,SUM(price)

[ WHERE (prodID = 4) AND
(storelD = 1) AND
IGROUP BY custID

4 2|2 /

4 1(]3 13
4 3|3 42
4 1(]3 80

prodID storelD custlD price/
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Solution 2: Operate on columns
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Data
Source
storelD

= O | | O

AND

PR
POk |o

[QUERY:

SELECT custID,SUM(price)
FROM table

[ WHERE (prodID = 4) AND
(storelD = 1) AND
IGROUP BY custID

4 2|2 /

4 1(]3 13
4 3|3 42
4 1(]3 80

prodID storelD custlD price/
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Solution 2: Operate on columns

[QUERY:
3 13 SELECT custID,SUM(price)
3 80 FROM table

F ¥ [ WHERE (prodID = 4) AND
(storelD = 1) AND

2 ! IGROUP BY custID
3 13
3 42
3 80
AND custiD price
4 2 2 4
0 41 11][3] |13
baa 1 41 13][3] |42
S ° 4] [1][s] leo

prodID storelD custlD price/
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Solution 2: Operate on columns

[QUERY:

SELECT custID,SUM(price)
FROM table

[ WHERE (prodID = 4) AND
3 193 (storelD = 1) AND
A IGROUP BY custID

AGG
/ \ 4 2 2 /
4 1 3 13
Data 3 13 4 3 3 42
S 3 80
StorelD 4] [1][3] [80

prodID storelD custlD pricej
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Materialization Chapter

Describes how to implement LM and EM
plans in a column-store (C-Store)

Explores the tradeoffs between the two

types of plans using:
An analytical model
Experimental results

Presents heuristics to help a plan
generator choose between EM and LM /

\ plans
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Summary of Contributions

Introduced a query executer that:
Is optimized for column-oriented data layout
Designed for compressed data
Constructs tuples at the right time

Bunch of other innovations
Invisible Join
Optional block processing
Pseudo-iterative execution pipelining
Orders of magnitude performance gains
Factor of 9-10 faster than naive column-store

\ 1-2 orders of magnitude faster than row-store /
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C-Store: A Column-QOriented DBMS (VLDB 2005)

Integrating Compression and Execution in Column-
Oriented Database Systems (SIGMOD 2006)

Performance Tradeoffs in Read-Optimized Databases
(VLDB 2006)

Materialization Strategies in a Column-QOriented
DBMS (ICDE 2007)

Column Stores for Wide and Sparse Data (CIDR 2007)

Scalable Semantic Web Data Management Using
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SW-Store: A Vertically Partitioned DBMS for Semanti ¢
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Come Join the Yale DB Group!
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More Plugs

Blog:
http://dbmsmusings.blogspot.com/

Twitter:
@abadid

New Research Project:
HadoopDB (see VLDB paper)
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