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Why Parallel Query Execution?

A Improves response time for big queries
A Completely transparent to the end user

A Appropriate for data warehouse workloads
(small numbers of big queries)

A Parallelism is not free
I Adds overhead to query execution
I May reduce overall server throughput

A Inappropriate for OLTP workloads
(large numbers of small queries)




Scalability Terminology

SpeedUp Same Data More CPUs Reduced RT
Scale Up More Data More CPUs Same RT

Perfect linear scalability:
A 2x CPUs = % Response Time
A 2x Data + 2x CPUs = Same Response Time



Basics of Parallel Query Executior

1. Horizontally partition input data
Distribute partitions among CPUs

3. Simultaneously perform the same operation
on each partition
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Advantages:
A Excellent scalability: threads operate independently
A Easy to adjust the degree of parallelism (DOP)



Parallelism Example

Thread 1

Aggregate

Thread 2

Aggregate




NOTPIpeline Parallelism

Thread =
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Hash
Aggregate

A Parallelism limited by the number of operators
A Operators are dependent on one another
A Does not scale well



Choosing a Parallel Plan

A Must be running on a mulfprocessor system

affinity mask Must enable morghan one processor

maxdegree of parallelism  Must be greatethan one
(or overriddenby MAXDOP query hint)

cost thresholdor parallelism Query cost must exceed threshold (second
max worker threads Must have enough threads to run query

A Optimizer makes a cost based decision
whether to generate a parallel plan



Degree of Parallelism (DOP)

A The number of threads per operator
NOTthe total number of threads

A Total number of threads may exceed DOP
A Optimizer estimates DOP for costing
A Actual DOP selected at query startup



Choosing the Degree of Parallelisr

Processor

wNumber of physical processors
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wReduce DOP (or run serially) if insufficient threads available



CPU Utilization

ASQL 2000:
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I Reducing DOP may not reduce CPU usage
ASQL 2005:
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I Reducing DOP does reduce CPU usage



The Parallelism Operator

A aka Exchange
A Moves (packets of) rows between threads
A Really two operators: producer and consumer

A Producer and consumer execute independently:
I Producers push data to consumers
I Consumers may have to wait for data from producers

I Flow control keeps producers from getting too far
ahead of consumers



The Parallelism Operator
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Types of Parallelism Operators

# Producer Threads # Consumer Threads

Gather Streams >1 (DOR 1
Repartition Streams > 1 (DOP) >1 (DOR
Distribute Streams 1 >1 (DOR
Gather Streams Repartition Streams Distribute Streams

-
-
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Parallelism Parallelism Parallelism
(Gather Streams) (Repartition Streams) (Distribute Streams)



Types of Parallelism Operators

Routing of rows between produceasmid consumers

Broadcast Send all rows to all consumers.

Hash Determinewhere to send each row by evaluating a hash functi
on one or more columns in the row.

Round Robin Send each packet of rows to the next consumesequence.

Demand Send the next row to the next consumer that asks.

Used bypartitioned tables only.Pull based data flow!

Range Determinewhere to send each row by evaluating a range funci
on one column in the row. Used by index builds and stats que



Types of Parallelism Operators

Order preserving (aka merging) exchange
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Nonorder preserving (aka nemerging) exchange

DU i

,i@m
N - oo

C—— —— i
duddduaa



Parallel Query Plan Examples



Parallel Scan

A Most operators are unaware of parallelism;
Parallel scan is an exception

A Threads work together to scan entire table
A Server dynamically assigns pages or rows to threads

Thread 1 i ‘ Thread 3 'Thread'4

A Automatically adjusts to the number of threads
A Automatically adjusts for skew or load imbalances




Parallel Nested Loop®in

A Distribute outer rows to any inner thread:
I Generally no exchange needed (e.g., parallel scan)
I Occasionally need a roufrdbin exchange

A Inner side (almost) always runs serially and
processes a single outer row at a time

SELECT * FROM T1 JOIN T2 ON T1.B = T2.A WHERE T1.A <Rafllel Scan

. =1 ]
E - iel 100 Row T
SELECT - Parallelism , Nested Loops Table Scan
Cost: 0 % (Gather Streams) (Inner Join) [tempdb] . [dbo] . [T1]
Cost: 1 % Cost:s 1 % Cost: 96 %
[Jﬁhl
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Clustered Index Seek
[tempdb] . [dbo].[T2].[T2a]
Cost: 3 %

100 Serial Scans
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A Distribute ou
I Generally n
T Occasional

A Inner side (a
processes a

SELECT * FROM T1
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Cost: 0 %
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Properties

B Actual Mumber of Rows
Thread 0
Thread 1
Thread 2
Actual Rebinds
Actual Rewinds
Defined Values
Description
Estirnated CPU Cost

Estimated [0 Cost

Estimated Mumber of Rows

Estimated Operator Cost
Estirnated Rebinds
Estirmated Rewinds
Estirnated Row Size
Estirnated Subtree Cost
Forced Index
Logical Operation
Mode ID
MoExpandHint

Object
Ordered

Output List
Parallel
Physical Operation

Predicate

Misc

100

0

[tempdb].[dbec].[T1].3, [tempdb].[d

Scan rows from a table,
0137539

514591

82.5968

5.28445 (9435)
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Table Scan
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False
[ternpdb].[dbo].[T1]

False

[tempdb].[dbec].[T1].3, [tempdb].[d

True
Table Scan

[ternpdb].[dbe][T1].[a]<(100)
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. Table Scan
[tempdb] . [dbo] . [T1]
Cost: 96 %

Clustered Index Seek
tempdb] . [dbo].[T2].[T2a]
Cost: 3 %

100 Serial Scans




Inner Side Parallelism

A Normally, the inner side of a nested loops join runs serially

A Exception:
I Single outer row and no correlated parameters

I May in some rare cases yield parallelism on the inner side
of a nested loops join

SELECT *FROM T1 JOINT2ON T1.A=T2.BWHERE T2.A=0

» One Row!
Broadcast Partition /
e ol = .
l = 54! £ “4;'!:‘
SELECT Parallelism Nested Loops Parallelism Clustered Index Seek
Fodh: 6 8 (Gather Streams) (Inner Join) (Distribute Streams) [tempdb]. [dbo] . [T2]. [T2a]
T Cost: 0 % Cost: 10 % \k Cost: 0 % Cost: 0 %
Parallel Join | (* T
=&
Table Scan
[tempdb] . [dbo] . [T1]
\¥ Cost: 89 %

Parallel Scan!



Inner Side Parallelism

A Normally, the inner side of a nested loops join runs serially

A Exceptlon: Distribute streams. parslelim
I Slngle OUter rOV Physical Operation Parallelism ameters
I May INn SOME ra cimeo co === im oon the inner side
Of a nested IOO Estimated CPU Cost 00285169
Estimated Operator Cost 0.0285169 [0%)
Estimated Subtree Cost 0.0318
Estimated Number of Rows il
SELECT * FROM T1 JOIN Etimated Row Size T2 A= o
Partitioning Type Broadcast I
Mode ID ne ROW
artltlon

Cost: 0 %

Output List
[ ,«;4 | [tempdb].[dbc].[T2].a, [tempdk].[dbe].[T2].b, lJ
D = : [tempdb].[dbe].[T2].x
SELECT Parallelism - - ‘ Clustered Index Seek
Cost: 0 & (Gather Streams) L (Inner Join) J (Distribute Streams) [tempdb]. [dbo] . [T2]. [T2a]

Cost: 10 % \_ Cost: 0 % Cost: 0 %
i (
Parallel Join T

Table Scan
[tempdb] . [dbo] . [T1]
Cost: 89 %

\_

Parallel Scan!



Inner Side Parallelism

IF EXISTS (SELECT * FROM T1 WHERE T1.A=0)
PRINT 'Hello World!'
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COND WITH QUERY PRINT

Cost: 0 % Cost: 0 % One ROW|
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Nested Loops
(Left Semi Join)
Cost: 0 %

Constant Scan
Cost: 0 %

Compute Scalar
Cost: 'O %

Serial Join
! @
Parallelism ¢ Table Scan
(Gather Streams) [tempdb] . [dbo] . [T1]
Cost: 2 % Cost: 98 %

Exchange and Parallel Scan!



Parallel Hash Join

A Hash build and probe rows that may join

to the same HJ instance

A Merge join uses same approach

SELECT *FROM T1 JOIN T2ZONT1.A=T2.B
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Parallel Scan



