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Abstract

Experience indicatesnost databases are
reorganized to eliminate database
fragmentation thus increasing performance.
However, reorganizing a production
database is very expensive (labor and
downtime) and inducessk. These obstacles
vividly manifest themselvesvhen working
with very large databases(VLDBs). A
VLDB site cannot afford thelowntime and
risk associated witlieorganizingtheir entire
database. While performance usually
improves, focusing on a fewelect objects
yields similar performance gains.

This paper presents the real and perceived
risks and benefits operforming a complete
database reorganization, by addressing
database fragmentation typémw they are
created how performance is impacted, how
to detectthem, and how to resolve the
fragmentation.

Introduction

“Your database isslow because it's
fragmented. Defragmenthe database and
performance will increase.” Database
Administrators (DBAs) have heard this
statement manytimes from “reliable”
sources. To solve their performance
problems most DBAswill reorganize their
entire database. Unfortunately, mddBAs

do not consider and do not understand their
reorganization options.

Understandinghe abovesituation leads one
to ask questions such a$vhat type of
fragmentation is my databassuffering
from? Which objects aresuffering? Can |
obtain thesame performance improvement
by defragmenting specific objecteather
than the entire databas@he answers to
these questionare complex. However, by
understanding how different types of
fragmentation manifest themselves in a
database, detecting thefragmentation,
understanding ifthe fragmentation is a
performance detriment, and precisely
resolving the fragmentation, one can develop
a strategy to avoid a costly amigky full
database reorganization.

This paper addresses five differetitabase
fragmentation types.

1. Tablespace freespace bubble
fragmentation
2. Tablespace freespace honeycomb

fragmentation

3. Segment fragmentation
Table row fragmentation
Table block fragmentation
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Figure 1: As the size of a dahbase grows, the
opportunity to fully reorganize diminishes

As Oracle databases continue gmw and
applications become increasingly complex,
therewill come a time when it isnpossible

to perform full databasereorganizations.
The combined riskand down-time will
nullify the opportunity tofully reorganize.

Therefore, a solution must be developed.

The information presented this paperwill
naturally lead one towards very
straightforward solutions. My strategy is to
first explainthe different types of database
fragmentation followed by solutions to avoid
a full database reorganization.
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Figure 2: As databasesize increases so does the
risk associatedwith administering the database
system.

Reorganization and Risk

This paper frequentlymentions the word
“risk.” For the remainder ofthis paper,
references taoisk refer to a combination of
human error, hardware failure, attie up-
time requirements versus reorganizing a very
large database (VLDB).

The first type of risk is human error. Anyone
who has rebuilt an Oracledatabase
understands how easlye rebuild effort can
become complicated and lengthened by
making a singldéypographical error. Human
error will always be with us. Avoiding a
database reorganization reduces human
intervention and reduces thisk of human
error.

The secondype ofrisk is hardware failure.

It has happened to me, socan happen to
you. During a databasereorganization
reload phase, a disk drive failed. Thankfully
my tape backupvas good. The larger the
database themore hardware required to
support the database.The more hardware
involved, the larger the risk of a single
hardware failure.

The thirdtype ofrisk involvesthe effect of
human error and hardware ermaith very
large databasegVLDBs). There is adirect
relationshipbetween databas&ze and the
time it takes toreorganizethe database.
Recovery time significantly increases as
database size increases. Often up-time
system requirements aride risk associated
with rebuilding a VLDB istoo great to
justify rebuilding the database.

Because there areisks associated with
reorganizing adatabase, it behooves the
database administrator todesign and



configure theirdatabase to avoid @atabase
reorganization.

Tablespace Freespace Fragmentation
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Figure 3: Tablespace freespace fragmentation
manifests itself with single chunks of freespace,
known as bubbling, or contiguous chunks of
freespace, known as honeycombing.

As the namemplies, tablespace freespace
fragmentation consists dfeespace chunks
residing within atablespaceSwisscheese is

a goodtablespace freespace fragmentation
model. Thecheese represents the data, and
each hole represents a freespace chunk.

Tablespace freespace fragmentation is the
result of segments beingcreated and
dropped. If a segment is droppéd,extents
become freeFor example, if a fiftyextent
table is dropped, fifty freespace chunks are
created. Acommon misunderstanding is to
believe deletedrows produce tablespace
freespace fragmentation. While deleted/s
result in table block fragmentation, deleted
rows donot result in tablespace freespace
fragmentation.

The type of tablespace freespace
fragmentatiorthatresults when an object is
dropped depends on the physical locdtioin

! While queriesbasedaroundOracle's datalictionary view may give

the appearanceghat segment extentare physically contiguous, the
operating systenmay have thedata scatteredhroughout adisk(s).

Neither Oraclenor any vendorwill guaranteedata to bephysically

contiguous. Data  block “scatter” can beliminated by physically
reordering a table's rows.

the segment'sxtents.Fifty bubbleswill be
created when aegment, consisting of fifty
non-adjacent extents, is dropped. If all
extents are adjacent, a honeycomil be
created.This paperwill address both types
of tablespace freespace fragmentation.

Bubble Fragmentation

The first tablespac&eespace fragmentation
type is commonly known as a "bubble."
Figure 3, Table 1and Table 2 show a bubble
can be anyizeand must be surrounded by
other objectsFor a bubble to be filled with
data, an entire extenmust fit within a
bubble. Bubbling ruins freespace utility.

To understand the effect dlbbling, let's
suppose a segment mustextend. The
segment's storagparameters require a ten
block extent be createdhe server proce$s
scans the free-extent tablBaple 2)looking

for a ten-block or larger bubbl&ince the
entire extentmust fit within a bubble, a nine
block bubble cannot be used. Tablespace
storage is less efficienand performance
suffers because a tablespaoentaining
many small bubbles wastes space, and a
server process wastes tintg/ing to find
suitable freespace.

The freespacecquisition algorithm allows
one or two free-extent tablde{$) scans.
The first fet$ table pass, as mentioned
above, is performed in hopes bhding a
single bubble large enough to contain the
entire extent. Ifthis fails, asecond pass is
performediooking for adjacent bubblethat
can be coalesced ttorm a single large
chunk of space iwhich the new extenwill

be placed. If suitable freespace is not found,
the message, "ORA-1540 Unable atiocate

X bytes in tablespacg is returned.

2 An Oracle serveprocess issynonymous tahe two-task sadow
process. The Oracle V6 two-task shadow process is synonymous to an
Oracle7 dedicated server process.



Is tablespace freespace fragmentation a
performance detriment? The obvious answer
is yes, but the real answer is yes and no.
Most objects infrequently extend. Therefore,
two fet$ table scans are not noticeable.
Suppose an applicatioareates arninterim
table and inserts rows causing the segment to
extend many times. In this case,
performancewill be affected. In an extreme
case, such as an Oraabeport, performance
may increase over 50% bgliminating
tablespace freespace fragmentation.[2] To
summarize, in most cases tablespace
freespace fragmentation is not a
performance problem, butrather an

indication of badsegment sizeselection or
unpredictable segment growth.

Oracle7 helpsreduce tablespace freespace
fragmentation. Suppose t@n block extent
must becreated and an eleven-blobkbble

is beingconsidered. OracleWill create an
eleven blockextent. The Oracle7 designers
realized small bubbles waste space and
decrease future segment extension
performance.

Tablespace freespace fragmentatoam be
examined by constructing aimple query
based around thedba_extents data
dictionary view (Table 1) othe fet$ table
(Table 2).Figures 2and 3show two bubbles
and one honeycomb.

file id block id no. of blks segment name

1 1195 5 SYS.OBJ$

1 1100 1750free A 1750 block bubble

1 2850 310 SYS.COL$

1 3160 3760free A 3760 block bubble

1 6920 26 SYS.VIEW$

1 9307 8 SYS.COM$

1 9315 3700free

1 13015 3free A 5453 block honeycomb
1 13018 1750free

Table 1: A map of the SYSTEM tablespace.

file id tablespaceid blockid length size (blks)
1 1 1100 1750 A 1750 blockubble
1 1 3160 3760 A 3760 blockubble
1 1 9315 3700
1 1 13015 3 A 5453 block honeycomb
1 1 13018 1750

Table 2: The free extent table, fet$.



While Oracle7 hagtaken alarge step in
minimizing bubbling, a poorly configured
application or databassill foster bubbles.
This is unfortunate, because a tablespace
must be rebuilt to eliminate bubbles.

Finally, a solid databaseconfiguration is
paramount. Nearly fiftypercent of all
databasdguning engagementare solved by
addressing configuration issues)d not by
tuning SQL statements. The Optimal
Flexible Architecture (OFA)[4] presents a
configuration standard is currently in place
at hundreds of production database
installations aroundthe world. Minimally
fragmented tablespacase one of the OFA
guideline benefits.

Honeycomb Fragmentation

A honeycomb is the second tablespace
freespace fragmentation type. A natural
honeycomb  contains honey  chunks
surrounded by other honey chunks. The
databaseworld is similar. A honeycomb
contains multiple freespace chunks (bubbles)
surrounded by other freespace chunks.
Figure 3, Table 1and Table 2show the
difference between bubble and honeycomb
fragmentation.

Honeycomb fragmentation isreated like
bubble fragmentation. Thefet$ table
snapshot (Table 2) shows two bubbles and
one honeycomb. The freespa@equisition
algorithm encompasseboth bubbles and
honeycombs. So just as with bubbling, the
performance impact of honeycombs is
manifested only when a segment is
frequently created, dropped, or extended.

Bubbling wastes freespace amdiminishes
freespace usability. Honeycombs retard
spaceacquisition efficiency. A honeycomb
may only be coalesceduring the second

fet$y scan. If a honeycomb has been
coalesced into a bubble (manually or
automatically), it could possibly be used
during the first fet$ scan. The honeycomb
coalescing process is commonly called
"gluing." The Oracle7 background process
smon periodically’ coalesces honeycombs.
Coalescing Oracle V6 honeycomban be
done manually[2] or by an automated
script.[6] Because Oracleperiodically
coalesces freespace, an applicatitmt
produces honeycombs is less likely to impact
performance.

Folklore and myths have lead to théelief
that tablespace freespaltagmentation is a
serious performance problem. As the
previous paragraphs hasbown, tablespace
freespace fragmentation only affects
application performance when a segment is
frequently created, dropped, or extended.
These operationsre application specific,
and should be isolatecand controlled by
proper segment placemeand sizing, and
proper application processing.

Segment Fragmentation

The performance impact of multiple segment
extents is a topic that hagained much
attention from within Oracle and its
customers. Not only has Oracle's message
been mixed and confused but third party
published booksand articlesare making
conclusions based wupon folklore and
conjecture. This section will provide
information critical tomaking an informed
decisionabout the performancenpact of
multiple segment extents.[7]

% A large honeycomb omultiple honeycombsare coalesced a few
bubbles at atime. For example, smonmmay take 30 minutes to
completely coalesce a fifty bubble honeycomb.



Segment fragmentation occursthe extent
level, and notthe databasélock or table
row level. When a segment grows it
naturally extends. Once extension has

occurred, the segment is technically
fragmented.

Segment  Segment Number of  Segment
Name Type Fragments  Fragmentation
benefit table 2 yes
benefit n1  index 12 vyes
benefit ul index 56 yes

bonus table 50 vyes

bonus ul index 1 no

dept table 75 yes

dept_nl1 index 25 yes

emp table 2 yes

emp ul index 1 no

Table 3: A view of fragmented segments.

Occasionally a multipleextent segment is
initially created to eliminate future extension
time or to pre-allocatespace. However,
intentional segment fragmentation is usually
done to stripe a segment acrosdgtiple disk
drives. A striped segment usually increases
both query and update performanEgure

4 showsthe stripedemployeetable residing

on three physical devices.
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Figure 4: Segments aremany times intentionally

fragmented to increaseread performance. This

figure showsthe EMPLOYEE table (consisting of
three extents) striped across three database files.

The segment fragmentation performance
threat has been debated, anginformation

has been spread. Research cleaihows
segment fragmentation doeet impact real-
life production systenperformance. As the
system load increases, thperformance
impact of multiple segment extents
decreases.
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Figure 5: The performance of multiple segment
extents. Field experience, thought experiments,

and scientific experiments clearly demonstrate as
system load increases, theimpact of multiple

segment extents decreases.

The belowfacts and their consequences are
graphically shown in Figure 5.

The Facts:

* Oracle retrieves and writefata by the
block, not by the extent.

» Oracle's I/0 requests (usuallgssthan
32 kilobytes)are queueavith other user
requests, and do not have tagher
priority than other user requests.

* A maximum ofn additional I/O request
could be made, whereis thenumber of
segment extents.

* As thenumber of I/O requests increases,
the probability increaseshat a request
which decreases query performance for
userx will increase query performance
for usery.



* Neither Oracle nor most operating
systems guarantebat segmentatawill
be physically contiguous.

* Only full-table scangan be affected by
multiple extents.

e Indexed scans
scattered dafa

typically reference

* Recursive SQL is used whenworking
with multiple extents.

* The data dictionary cache containing
used extentsdC_used_extentsand free
extents (c_free_extenty must be larger
to accommodate more useéxtent
information (et$) and free extent
information (et$).

The Consequences:

* In a production system, it is extremely
unlikely a disk will service full-table scan
requests in asingle continuous stream
without interruption.

* In a production system, digleads move
all over servicing competing requests. A
few extra movements, which are
noticeable on a&ingleuser system (E.g.,
PC), are not noticeable to the user.

* In a production systenthe net effect of
possible(yet improbable) additional 1/0s
is negligible.

Segment fragmentatiocan be detected by
guerying the user_segments and the

user_extentsdata dictionary views (Table
3).

4 Data blocks referenced by single index leafblock are usually
scattered throughout many data blocks.

As mentioned abovegliminating segment
fragmentation typically does naimprove
performance, but inducessk and forces
system down time. Themgeonly a handful
of valid cases for rebuilding a segment.

Rebuild a segment when;

1. The segment is approachitige physical
maximum number of extents

2. The segment haseached thephysical
maximum number of extents.

3. Disk striping will increase performance.

4. Defragmentinghe segmentwill increase
performance. For example, when a table
is used in a time sensitive, I/O intensive,
single-threaded operationplacing all
datainside a singleextentmay increase
performance.

Row Fragmentation

While tablespace fragmentation hégen
blamed for many performance problems,
most DBAs overlook row fragmentation. A
row will become fragmented if it enlarges
and the entireow can notfit in its current
datablock. Experts tend to agréleat many
performance problemare theresult of row
fragmentation.

Row fragmentation, more commonly known
as row chaining, manifests itself in two
forms. The most common form occurs when
a row enlarges during ampdate. If an
enlarged rowwill not fit into its block, the
entire row is migrated tanother block. A
forwarding address is left athe original
row's block. Unfortunately,all indexes

® Each segmenheader block camold a limited number of extent
pointers. A 2 kilobyte database block can hold 121 extent pointers. A
4 kilobyte database block can hold 249 extent pointers.



referencing the row are not updateith the
new row address.

When a server process retrievemw via a
full-table scan or an indexed-scan, both the
row's original block andits current block
must beread. This can be aserious
performance detriment. Figure 6 shows
when fragmented rowX is retrieved,

additional block(s) must be referenced.

Table Data Blocks RX,

Figure 6: Chained row X decreasesead and write
performance during both index scansand full-table
scans. During an index scanthe server process
reads index blocksand then readsboth row pieces
RX; and RX,. During a full-table scan, when the
block containing row piece RX is read, the server
process “jumps” and reads the block containing
RX, and then returns to reading blocks after the
block containing RX;.

If a row is too large to fit into aingleempty
database blockhe row is broken up into
“row pieces" and placed inuttiple blocks.
Row migrationcan beeliminated but row
pieces can never be placéato a single
database blockFor the remainder othis
paper, references to row fragmentatamy
refer to row migration.

It's really quite simple why row
fragmentation has been overlooked for so
long. Many DBAs have concludedthat
tablespace freespace fragmentation and

segment  fragmentation are causing
performance problems. As a result, the
classic solution is to rebuildhe entire
database While this eliminatestablespace

freespace fragmentation andsegment
fragmentation, it also eliminates row
fragmentation. Because performance

increased after arebuild, the incorrect
conclusion is made that tablespace freespace
fragmentation andsegment fragmentation
were responsible. Performance increases
because row fragmentation is
eliminated,rows are tightly packed into each
database block, antthe high-water mark is
reset. As a result, manyDBAs feel
rebuilding adatabase is the besolution to
their performance problems.

Have you ever packed for @amping trip
using an itemized list? Imagineyibu looked
up an item on youtdist and spenttime

looking for theitem. But instead ofinding

the item, you discover a piece qfaper
directing you to another location. Your
packing speed would be dramatically
reduced.

The same situation occurs with row
fragmentation. The server process expects to
find a particular row in alatablock only to
discover another block must be accessed.

While row fragmentation does impact
performance, it occurs in very characteristic
situations. Since row fragmentation only
occurs when a row enlarges, an application
that only inserts rows will never be affected.

Batch applications (manually or
automatically) or information repository
applicationswill not typically sufferfrom
row fragmentation. Applications that
frequently updateinformation (E.g.,free-

® Row fragmentation is eliminateeggardless of whethesegments are
exported with "compress=y".



form text entry applications, warehouse

application) may suffer from row
fragmentation.
It is important to check for row

fragmentation because @an sneak up on
you when you do not suspect it. For
example, a general ledger journahtry
application generally only inserts rows
causing no row fragmentatio®ut in this
actual case, because usdid not want to
forget toenterjournal entries at montand,

at thebeginning ofeachmonth eachjournal
entry wasenteredwith a zero amount. At
month endhe actualfigureswhere entered
and eaclrow's length increasecsulting in
severe row fragmentation and poor financial
posting and report performance.

Many new Oracle DBAs are appalled Oracle
does not supply an automaticdatabase
rebuild utility. On the bases of their
experiencewith other "database” products,
they incorrectlyassume rowsvill naturally
fragment resulting in horrendous
performance. What these neophytes do not
recognize isthe RDBMS provides a very
powerful  weapon to thwart row
fragmentation.

This weapon ighe proper use o$egment
storage parametepxtfree and pctused|3]
The pctfree parameter restricts the amount
of data a blockolds during inserts. A larger
pctfree setting reserves momigpace in each
block for row growth. Whilespace is
wasted during inserts,space can be used
when rows enlarge. Thectused parameter
kicks in after rows have been inserted up to
the pctfree level. Thepctused setting halts
row insertion (by keeping a block offfeee
list) until pctused percentage datdlock
space exists. Therefore, toeduce the
likelihood of row fragmentatiorset pctfree
high andpctusedlow.

A forceful way to prevent row fragmentation
is to define a fix length columr{char)
instead of themore common variable length
column (varchar).

Variable length columns providespace
savings while reducing row fragmentation.
Setting the correctcolumn formatand the
correct storage parametensinimizes both
row fragmentation and space wastage. The
result is efficient database block spasage
and speedy data retrieval.

Identifying row fragmentation in Oracle V6
is centered on the$waitstat virtual data
dictionary view. Oracle7 has madee task
of identifying row chainsvery simple.
Simply analyzinga table andjuerying the
user_tablesview will reveal thenumber of
row chains.

If a segment containing fragmented rows has
been detected there atwo basic ways to
solvethe problem. If rowsare notlikely to
continue growing, rebuild the table. For
example, suppose during aproject
implementation helptext was constantly
being updatedcausing row fragmentation.
Once the projectvas in production and the
helptextwas no longer being modified, row
fragmentation no longesccurred. Tosolve
this problem,the help text tablemust only
be rebuilt. Supposethe help text was
modifiable by users who sometimigped in
freeform notes. In thisase, itmay be wise
to increasepctfree to reduce theikelihood
of future row fragmentation.

To  summarize, row  fragmentation
significantly affects database performance
during index scans and full-table scans.
Performance decreases because utaba
blocks must be retrieved taccess aingle
row. By understanding column format
options, segment characteristics, selecting
appropriate storage parameteidentifying



offending segmentsand fixing them, the
likelihood of row fragmentationcan be
virtually eliminated.

Table Block Fragmentation

Although table block fragmentation is
common, it is difficult todetect. Aswith
other forms of database fragmentation,
because table block fragmentation is difficult
to detect, it is often overlookedlhis is
unfortunate. Fragmented table blocksluce
both full table and index scan performance,
and waste space.

A fragmented table block looks like a pile of
"pick up sticks" neathe end of thegame.
There are plenty odticks butalso plenty of

space where the sticks used to reside. Just as

when a player removes a stick, which
fragmentsthe pile, when aserver process
deletes a row from a table it fragments a
table's block. Obviouslyspace is wasted
unless another row is inserted irthe table's
block.

Picture yourself scanning the cheese
department at your favorite grocery store. If
maximum cheese poundage per block is your
goal,you would gralcheeseblocks with no
holes. If you wanted to retrievien pounds

of cheesdassuminghe cheesélockshave
the same physical dimensionsthe job
would be completed quickeand with less

effort if you grabbed cheddar cheese instead

of Swiss cheesé Picking up the Swiss
cheese forces you to perform more work to
retrieve the same amount of cheese.

An Oracle server process works much the

same way. It makes more sense to have a

server process retrieve 10Qata blocks

" In addition to retrieval efficiencycheddar tastes bettéian Swiss
cheese.

containing 600 rows instead of 15fata
blocks containinghe same 600 rowsSince
Oracle retrieveslata by the datalock and
not by therow, the more tightly packed a
datablock, the more "bang foithe 1/0" you
receive during retrieval.

Just as with row fragmentation, table blocks
do not become fragmented by applications
that only insert rows. Unlike row
fragmentation, only when a row deleted
does a table block become fragmented. A
deleted chained row compounds the problem
since two data blocks will become
fragmented when singlefragmented row is
deleted.

The application typethat sufferfrom table
block fragmentation may involve process
flow (where datamoves fromone table to
another) or time life data. "Interim"
segments commonlgtore information for a
limited duration. If an interim object is not
truncated (dropped iV6) before or after
eachrun, table rowsare usually deleted.
Deleting interimtable rows results isevere
table block fragmentation.

Row deletion is under application control.
The block fragmentationeffect can be
minimized by carefully settingpctfree and
pctused By setting pctused high, each
block will be placed orthe freelist after a
few rows are deleted. Because frdist
manipulation causes recursiv&éQL, a
balancemust be maintainetdetween ahigh
pctusedand minimal recursive SQL.

Oracle's data dictionary, performance
utilities, and sophisticated tool sets[6]
provide the rawtools to detect tableblock
fragmentation. Table block fragmentation
can be measured Hinding out how much
space a table can possiblijold and
comparing this to how muchdata is
currently being held. Once the offending






The goal of thispaper is to helpDBAs
understand database fragmentati@msues
and their impactOnly then can one hope to
make intelligent decisions regarding
defragmentinglatabase object®ut another
way, the nexttime someone suggests you
rebuild adatabase because of fragmentation
problems, 1 hope youcan ask them
specifically whatype of fragmentatiothey
are referring to. Then ifthey are able to
intelligently respond, yogan proudly claim
that based upon your analysis and automated
tools the differentfragmentation types are
constantlybeing monitoredand efficiently
administered.
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