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Introduction

Materialized views
Speed up query execution time by orders of magnitude
But have to be kept um-date with base tables

Traditional solutiomager maintenance

Maintain views as part of the base table update statement
(transaction)

J Queries (beneficiaries) get a free ride!

L Updaters pay for view maintenance
Slows down updates, especially when multiple views are affected
Wasteful effortif views are later dropped or not used by queries
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Lazy Maintenance

Delay maintenance of a view until

The system has free cycles, or

The view Is needed by a query
Exploit version store and delta tables for efficiency
Transparent to gueries: views are alwaygapate

Benefits
View maintenance cost can be hidden from queries

More efficient maintenance when combining multiple (small)
updates
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Solution Overview

—
Under snapshot isolation
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4 Version store keeps track of all active database versions

4 Delta tables store delta rows; one per base table

4 Task queue store pending maintenance tasks (for recovery)
A Maintenance manager (low priority, in memory)
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Step 1:Update Transaction

For each update statement
Skip view maintenance

Store into the corresponding delta table
Thedelta stream

Action column, transaction sequence number(TXSN), statement
number(STMTSN)

When the update transaction commits

Construct a lazy maintenance task per affected view

Report tasks to the maintenance manager

Writ.e tasks to the persist_ent task table ¢ Mf;ﬂigtne;;en;i_ . Client
What if the transaction fails?

(Io&\priority) \’
. . . . / w e .
No information is stored in the manage pQueries
No task is constructed
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Step 2:Lazy Maintenance

The manager wakes up every few seconds

Goes back to sleep if the system is busy or there are no pending
maintenance tasks

Constructs Bw-priority background maintenancajuibschedules it
Maintenance jobs

Jobs for the same view are always executed in the commit order of the
originating transactions

Completion: report to the manager and
delete the task(s) from the persistent
task table

¢ Maintenance )
Garbage collection in the manager g anager - £ | Cllent
. . = i
Reclaims versions that are no longer u:@?/?\ N = Soueries
Cleans up delta tables i quese T
2
>
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Step 3:Query Execution

If the view Is ujio-date,
Virtually no delay in query execution
If the view has pending maintenance tasks

Ask the maintenance manager to schedule them immeduately (
demand Maintenance

Maintenance jobs are executed in separate transactions and commits
If query aborts, committed jobs will not roll back

Query resumes execution when all the tasks have completed

Complex scenario: query uses a view
that is affected by earlier updates G vaintenance

ithi - Manager Client
within the same transaction owprion >,
Split maintenance into two parts NN Seoueres

. . Task
Bring view ugio-date as of before the g@ueue 1. nmediate
transin a separate trans - “Dera ||\,  *ffMaintenance

Maintain pending updatasithin the Update

Trans
current trans |

Version store (SQL
SERVER\
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Effect on Response Time

Update Trans

o Queries
Eager T1 T3 QHl
Maintenance™ %= . T >
Base Table View Free cycles
Updates Maintenance
T1, T2 T3 Q1
] ] == . —=l_,Casel
' : " Background
Free cycles Maintenance
delay
Lazy T1, T2 T3 — o} ]
Maintenance—u-u—.—H »Case 2
Background
Free cycles Maintenance
Background
Maintenance
T1, T2 13
Q1
=1 - el 5 Case3
Free cycles delay
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Normalized Delta Streams

Equivalerdelta streams: produce the same final state when applie
to the same initial state of the base tables

We can choose any equivalent delta stream to derive maintenance
expressions

ExampleV =Ra S
Update transaction T: initial stRe S,; final stateR,, S,
Deltastreanze R 2§ &R &8 €

Newnormalizedelta stream
R Rt Rt é +taR, S & %+ é +a3
One delta stream for each affected table

The ordering I s Iimportant: done b
and STMTSN

Equivalent to the original delta stream
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Computing View Delta Streams

V=Ra S
Update one tableR

& Rcan be retrieved by scanning the delta table with predicate
(delta. TXSN: task. TXSlnd delta. STMTSKR= task. STMTSN

&/ =—aRa S
Update tablesRand S (hormalized delta streanss Rand & S )

R Sdenotebeforeversion andR 0 ,denBtésafterversionR5R+ e R
Apply streams in sequence: fai, thenass

Stepl:update®» RO

&/, =aRa S

Step2:updateS SO

@a/,=Ra as

&/ =a,a (1} +a,a (7] -

= aRa Sa + Ra a5a

Update ordering: (SSN, TXSN, STMTSN)
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Combining Maintenance Tasks

Benefits of combining maintenance tasks
Fewer, larger job$ less overhead!
Able to eliminate redundant (intermediate) updates (explained later)

ExampleV has a queue of pending taskd;, & (in commit
order), updating the set of base tablg, éR,
T. begins the earliest (has the smallest TXSN)

Combined into a single large trafs starts afl.. TXSNends afl,.CSN,
and updatefx " é ° R,

beforeversion: beford,; afterversion: after all transactions

AV = ARy X|Ry M ... X R, |M {1}

RY[}M ARy }|Rs ... M Ry, || {2} +

.+

Ry X ... MR, _ 1|} ARy, M. X Ry|X {m)
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Schedule Maintenance Tasks

General rule:

Tasks for the same view are executed strictly in the original commit order
Tasks for different views can be scheduled independently

Background scheduling
Triggered when the system has free cycles

Assign priorities based on how soon view are expected to be referenced by
queries

Combine tasks for efficiency, but too large maintenance results inmtongg
maintenance transaction

Need to consider the size of combined delta stream, the maintenance cost, and the
system workload

Give a higher priority for older maintenance tasks (implemented)
Ondemand scheduling

The maintenance job(s) inherit the same priority as query

Avoid maintenance if the pending updates do not affect the part of the view
accessed by the query

For example, project the query on delta tables to check if updates are relevant, etc.
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Applying View Delta

..

6 e INS 1 é
1 é DEL 2 & INS L& | DEL
5 ¢ DEL BB 5 g pg EE) 2 ‘? NS e V
5 & INS (KeSyo;t\Ct) 5 & INS Collapse 2 (? UPD Update
5 & INS ’ 6 & INS s | IS
View delta _Sorted Qollapsed
view delta view delta
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oCondenseodo Oper

.
Update order(SSN, TXSN,/ STMTSN)

5 5 INS -
5 2 103 2 INS [Emmm) 5 1 101 1  DEL
5 1 100 1  DEL Sort 5 2 100 2 NS
8 1 100 3  DEL UpE:IK;)(/Jier, 5 > 103 1  DEL|
5 3 100 2  DEL Act) 5 2 103 2 NS
5 1 100 1  INS 5 3 101 2  DEL_
5 2 100 2 NS 8 1 101 1  DEL
View delta Sorted view delta
l Condense
\V <= -
Update 8

Condensed view delta
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Partial Condense

More generally, o0C®&mouByn;sedan semunl
the optimization rules
Rule of thumlbelta rows are condensable if they are guaranteed to affec

the same view row
Do not care about any intermediate version of the updated table row

Partial CondenssortadR on the unique keys of R + TXSN + STMTSN + Action
Examples: V=R S

Stream Stream Stream Stream Stream
Update Update Update Update Update
| | | | |
Condense Condense Nested-Loop Condense Condense
| | /N | |
Sort m) Sort ':>Conc|iense S Sort — Sort
| I | |
Join Join Sort UnionAll UnionAll
/ N\ / O\ I / \ / N
AR S Partial S AR Join Join JDII'I\ /JOII'I\
Contllense m_.\’,’ \8 Rf \as Partial s R  Partial
Sort Concllense Contfense
AR Sort S?rt
|
AR AS
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Experimental Setup

Prototype lazy maintenance of materialized views in SQL 2005
All queries are against THE(1G) with cold buffer pool
Materialized views

V;:SELECT n_name, c_mktsegment , count(*) as totalcnt
sum(|_extendedprice ) as totalprice , sum( | quantity ) as totalquan
FROM Customer, Orders, Lineitem , Nation
WHEREc custkey = o _custkey AND o _orderkey = | orderkey
AND n_nationkey = C_hationkey
GROUP BYn_name, c_mktsegment

V,:SELECT s_name, c_name, c_mktsegment , ps_comment, é
FROM Customer, Orders, Lineitem , Supplier, Partsupp
WHEREc custkey = o_custkey AND o_orderkey = | orderkey AND e
AND s_nationekey <> c_nationkey

Table updates onustomer information, such as nation key or mark
segment
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Update Response Time

10
18 40.6 o 99.8
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Update 1 Recs Update 10 Recs  Update 100 Recs Update 1 Recs Update 10 Recs  Update 100 Recs
W Eager Maintenance M Lazy Maintenance W Eager Maintenance W Lazy Maintenance
V, V4V,
A Update 1, 10, 100 customer records using a single update statement
4 Rows affected per view: 40, 400, 4000 (scattered)
A Lazy maintenance

Update response time is reduced to virtually nothing
Virtually unchanged by addition of a second view
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Maintenance Cost
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4 The total amount of work = update response time + lazy maintenance time

The total amount of work under lazy maintenance is comparable to that of eager
maintenance

A Overhead: storing and reading delta streams and versions
Lazy maintenance time can be (mostly or all) hidden from applications
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Multiple Updates

Random Updates Skewed Updates
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4 100 small updates, each updatinglD rows; randonv.s skewed updates
Apply ofull condenseo6o plus oparti al
Maintenance time is significantly reduced by combining/condensing tasks

>

>
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Lazy Maintenance Overhead

4 Overhead: store delta streams, etc.; maintain versions
4 The overhead is more noticeable with large delta streams

#  Update response time also increases with larger delta streams. But some (or all
lazy maintenance cost may still be hidden
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