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Abstract

In this second part of "Reading Query 
Plans", we'll look at more complex queries 
involving sorting, aggregations, distributed 
queries, data modification and other less 
common operations. I'll discuss tuning 
options for improving performance of the 
types of queries covered.
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Overview
• Reading Query Plans

• Sorting

• Aggregation

• Union

• Data Modification

• Query Plan Analysis
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Reading Query Plans

• Logical vs Physical Operators
• Basic Table Access
• Describing Joins
• Numbers are relative

– Cost is based on a test machine
– Percent within a single query
– Percent within a batch
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Logical vs Physical Operators
• Physical Operator is the Algorithm for the 

Physical Implementation
– Each step has a physical operator

• Logical Operator Describes the Relational 
Algebraic Operation 
– Not all steps have a logical operator

• Example: 
– Logical Operator is a JOIN
– Physical Operator may be LOOP, HASH or 

MERGE
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Basic Table Access Methods
• Table Scan – the table is a heap
• Index Scan – includes clustered index

– Unordered
– Ordered

• Index Seek – used with predicates on 
the leading columns of the index
– Unordered

• Bookmark Lookup is a special case 

– Ordered
• Bookmark Lookup

– Can be used with any index access
– Most common with Index Seek
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JOINS

• Flow of data is: 
– right to left
– top to bottom

• The Outer Table Is the Top One

• Two Crucial Facts Affect Join Performance 
– Order in which tables are joined
– Selection of outer / inner table
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Sort
• Must Read All Input Before Producing Output

– Exception is with FAST hint

• Typically used with ORDER BY

• Not Needed If Proper Index Exists
– Indexes can be ascending or descending in 

SQL Server 2000

• May Be Introduced by the Optimizer 
– To enable a merge join
– To prepare input for Stream Aggregation
– To improve nested loop join performance
– For correlated subquery with aggregate
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Aggregation

• GROUP BY and DISTINCT

• Stream Aggregation

• Hash Aggregation
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GROUP BY and DISTINCT

• Identify Matching Rows

• Aggregation Key
– Columns in the GROUP BY or DISTINCT clause

• Difference Between GROUP BY and 
DISTINCT
– DISTINCT keeps no other information
– For Hash, DISTINCT can return rows 

immediately
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Hash Aggregation

• Large Sets With Smaller Number of 
Groups

• More Memory Required 
• Input Can Be in Random Order
• Output Is Always in Random Order
• If Not Used for DISTINCT, All Rows Must 

Be Consumed Before the First Is Output 
– TOP or FAST N Hint in the Query 

Discourages Hash Aggregation
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Stream Aggregation
• Best for Smaller Sets or Sets Already Sorted

– From an Index, output of Merge Join, etc.
• Using ORDER BY on the Same Columns 

As the GROUP BY Favors Stream 
Aggregation

• Input Has to Be Sorted 
– Output is automatically ordered

• Aggregation for DISTINCT May Be 
Performed Inside Sort
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UNION
• UNION vs UNION ALL

• Three UNION Algorithms

• UNION Optimizations
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UNION vs UNION ALL

• When UNION ALL is needed

• Performance advantage of UNION ALL
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Three UNION Algorithms

• Merge UNION
– Sort each input

• Hash UNION
– Sort each input
– Hash sorted

• Concat UNION
– Sort after combining
– Only algorithm for UNION ALL

(no sort is done)
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UNION Optimizations
• UNION Optimizations Added to SQL Server 7

– Allows Partitioned Views

• UNION Optimizations Added to 
SQL Server 2000
– Allows Distributed Partitioned Views
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Partitioned Views Overview
• Distributed Views are a Subset
• UNION ALL View 

– View is based on two or more tables which have partitioning 
columns with disjoint intervals

Both compile-time 
(constants) & run-time 
(parameters)

Compile-time 
only

Member Table 
Elimination

UpdateableNot updateableUpdateability

Distributed: base 
tables from multiple 
SQL Servers (EE only)

Local-onlyLocal only vs. 
Distributed

SQL 2000SQL 7.0Feature
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Partitioned Views Example
CREATE TABLE Customer_AH (
CustomerID char (5) NOT NULL CHECK (CustomerID < ‘I’), 

PRIMARY KEY CLUSTERED (CustomerID) )

CREATE TABLE Customer_IP (
CustomerID nchar (5) NOT NULL CHECK (CustomerID 

BETWEEN ‘I’ AND ‘Q’), 

PRIMARY KEY CLUSTERED (CustomerID) )

CREATE TABLE Customer_QZ (
CustomerID nchar (5) NOT NULL CHECK (CustomerID > Q’), 

PRIMARY KEY CLUSTERED (CustomerID) )

CREATE VIEW Customer AS

SELECT * FROM Customer_AH
UNION ALL
SELECT * FROM Customer_IP

UNION ALL
SELECT * FROM Customer QZ
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Processing Queries on PVs

• Query Plan Shows Which Tables Accessed
– In SQL Server 7, if search condition is constant
– In SQL Server 200, even if search condition is a 

variable

• Compare Query Plan to Statistics Output
– Which tables are actually accessed
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Data Modification

• Simple Statement Can Have VERY 
Complex Plan

• Bulk Operations Can Be Done in 2 Ways

• Update Methods are Efficient 
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Simple Statements / Complex Plans

• Indexes Must Be Maintained

• RI Must Be Verified 

• Triggers May Be Invoked
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Bulk Operations

• Table Level 
– For each row inserted, make the necessary 

changes to each index

• Index Level
– Presort to match each index, and merge 

changes into index in one pass
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Update Methods
• All Updates Are Direct in SQL Server 7 

and 2000

• Most Updates are Done In-Place
– Exceptions:

• Change to Clustered Index Key
• Row becomes too big to fit on same page

• Some Updates May Use Split and 
Collapse 
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Other Query Icons

• Parallel Query

• Segment and Rank

• Spool
– Index Spool
– Table Spool

• Hash Match/Cache

• Remote Queries
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Suboptimal Plans
• Why Might the Optimizer Choose a 

Suboptimal Plan?
– Missing statistics
– Obsolete statistics
– Miscalculated cardinalities
– Missing indexes
– Incorrectly estimated cost of operator
– Limited information

• Compare Estimates and Actual Costs
– Biggest problems arise when the estimates are 

different from the actual execution costs
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The Best Plan Analysis Tool 
• SET STATISTICS PROFILE
In the Query Analyzer 

SET STATISTICS PROFILE ON
<the investigated query comes here>
SET STATISTICS PROFILE OFF

• Same Information is Available From 
Profiler 
– Performance / Show plan statistics

SQL Server Magazine Live!

SET STATISTICS PROFILE
• Same Output as SET STATISTICS_ALL, plus

– Two columns are added at the front
– They show for each operator

• ROWS – total number of rows produced 
• EXECUTES – number of invocations

– Output is ACTUAL VALUES Collected During 
Query Execution
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Using STATISTICS PROFILE
• Compare the Actual Number With Estimates

– Rows
– Executions

• Be Aware: 
– The EstimateRows is per single execution, 
– Multiply it by EstimateExecutions
– Then compare to ROWS value

• STATISTICS PROFILE Output Can Be Sent to PSS
• Use Output to Analyze Real Counts

– Then perhaps try to force a better plan

• Does Query Do What Was Intended?
– Values in the ROWS and EXECUTES columns may be used to verify
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Query Plan Analysis

• Look For Most Expensive Operation
• Look for Scans and BookMark Lookups
• Look for Missing Statistics
• Look for Bad Estimates
• Look for Hints
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Expensive Operations

• Remember That Costs are Relative

• Show Multiple Plans in a Batch for More 
Info

• Don’t Just Consider I/O



©Tech Conferences, Inc. and the author • Duplication without permission prohibited

SQL Server Magazine Live!

Scans and BookMark Lookups
• Scans

– Not always a bad thing
– Can be forward or backward

• BookMark Lookups
– Bookmark Lookup uses a Bookmark to look up a row 

in clustered index or table
– Bookmark lookup operator shows the table accessed 

with the bookmark
– Excessive Lookups become more expensive than 

complete scan
• There are exceptions!

– Reduce by creating Covering Indexes
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Missing Statistics

• Check Database Options

• Check Index Options

SQL Server Magazine Live!

Bad Estimates

• Compare Estimate to Actual Costs 

• Make Sure Index Statistics Are Updated 

• May Need to Use Hint
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Query Hints

• Hint Affects Sorting 
– FASTFIRSTROW
– FAST N

• Hints Can Affect Aggregation Techniques
– In OPTION clause
– Also affects DISTINCT and COMPUTE
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Analyze Hints

• Hints Should Be Used for Verification 
Only!
– Exception is FAST(n)

• Disable Hints During Information 
Gathering Phase – Trace Flags
– 8602   -- Disable Index Hints
– 8722   -- Disable Optimization Hints

• Join Hints
• Grouping Hints

– 8755   -- Disable Locking Hints
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Notes on Trace Flags

• Set For Server or Process

• Never Use in Production System

• Use Care When Running Tests With Trace 
Flags
– Can’t have separate trace flags enabled in 

different QA windows
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Summary

• Reading Query Plans

• Sorting

• Aggregation

• Union

• Data Modification
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Additional References

• Inside SQL Server 2000 (Microsoft Press)
• Advanced TSQL (Apress)
• SQL Server Magazine
• TSQL Solutions Newsletter
• SQL Server 2000 Performance Tuning Technical 

Reference (MS Press)
• Public Newsgroups

– Server: msnews.microsoft.com
• Sections: microsoft.public.sqlserver.*

– www.sqlmag.com

SQL Server Magazine Live!

Thank you!

• Please fill out a 
session evaluation 
form
(blank forms are 
located in your book).

• Drop completed 
session evaluations in 
the basket as you exit 
the room.



 


