WD 01106417 PC T/ US00/ 40424 -1 A DATABASE SYSTEM FOR VI EW NG EFFECTS OF
CHANGES TO A | NDEX FOR A QUERY OPTD&V- CLON PLAN Technical Field The
present i nvemddms4rrel ates generally to viewing the effect BECTAURMME4S to
‘indexi ng designs for database tables. Mre particularly, the present
invention relates to using virtual tables and virtual indexes for

determ ning optim zation plans for database queries 5 when indexes for the
dat abase tabl es are changed. Background Achieving and mai ntaining sinple
and efficient access to conputer data is a goal shared by nost conputer
users. In addition, as the processing power of nodern 10 conputers

I ncr eases, greater anounts of data nmay need to be organi zed and stored for
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objects or files stored together in sone recordable nmedi umw t hout
unnecessary redundancy. The dat abase preferably serves various
applications or prograns, and facilitates access by these applications or
15 progranms. In nost databases, data is externally structured into tables.
Each table generally includes a sekdchnicabField e| ds whi ch define col ums of
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of data in a table, coun ata“is physically stor dlnthe
dat abase. Thds;gnwlfurrdatdbasedabledaahiemmctﬂzelxuﬁmtwe$mmvanubmrelzﬂ& tondsmgnat i on
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systent (5 DBWﬂonfodﬂfedattﬁﬁ’e&aszfal‘bdﬁngeﬂIerface to the database. The
DBMS provides structure to the database that enables users to access

i nformati on objects stored in the database. The DBMS 25 identifies and

ret r| eves certal n information obj ectpyg E#O{,ﬁsponse to information requests,
or "queries" froma user. The retrieva particular information objects
. depends on the V@M#@m¢mmﬂbmeﬁc@tﬁ‘#ﬁ@PP‘PWB"E‘%%&ngle
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the systemb e “user. simla nparing va ues of
. certain 10  computersincreases, greater amounts of data may need to be organized and stored for the

user. One system for organizing computer data is the database, which is generally

recognized as a group of logically related information objects or files stored together in

some recordable medium without unnecessary redundancy. The database preferably

serves various applications or programs, and facilitates access by these applications or
15 programs.

In most databases, data is e:deniaﬂy structured into tables. Each table generally
includes a series of fields which define columns of the table. Each row of the table
comprises a single record. For each row of data in a table, a counterpart of that data is
physically stored in the database. Thus, when the database user requests particular

20  information from the table, the appropriate portion of the stored data is retrieved and
presented to the user. .

A program referred to as a “database management system” (“DBMS”) provides
users with an interface to the databaée. The DBMS provides structure to the database
that enables users to access information objects stored in the database. The DBMS

25  identifies and retrieves certain information objects in response to information requests, or

“queries” from a user. The retrieval of particular information objects depends on the



attributes attached to the information objects and information requests.
For exanple, if a table named "Enpl oyee" contains the-fields "Nane"

"Dept”, 5 "WQBO6Ad "Salary”, and a user desires to find YERUSONAMZ o
enpl oyees who work in the electronics department, the follow ng query can
be used: SELECT Nane, Sal ary, Age FROM Enployee WHERE Dept = '
"Electronics" 10 To facilitate the retrieval process, information objects
in a database are often "indexed" so that the objects are characterized by
assigning descriptors to identify the _gontent of the objects. The process
of characterizing these information objects, referred to as "indexing",
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specific querres tTroma user. To build an index for a table, the DBMS
typi cal | y sctartbe systent bypthe useret Fhiecsirailarityis measured by eompatieg yalyes\of sertpi ol urm i n
t he tabl e, and.adds_ the . ' £ en in the formof a
B-tree str uca(tmbgt.es m&ﬁ%@h?@%ﬁ%ﬁ d&%ﬁ“ﬁ%@%‘ i’frfﬂl‘%tg%r es, see Patrick
ONei | " Dat abase -Horiexdmhp, ¢ table agmehfEmpjoyer’® contaimsethe figlds ‘MamgdiDéptif | nann
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data entry tQecirohREBéParments fhe Esllownty dusry dallbe dselia entries if necessary, and
finally creates a data_structure fora}he i ndex. The process of building the

index for the table, IEEG JHame-S2la. A8Rsumes great amounts of time and
resources. For exanpl groNjeat i ngmpldyéendex for a table having several
mllion rows may take several days. Mreover, creating the index for this
tabl e woul d 25 typi calWHEREqui r Pept&y Elegtromieidr ed negabytes of tenporary

wor kspagg to COpyl‘@?a@ili&% the fefrievél ﬁ:ﬁ'@ce&?fr@%rﬁmﬁ&gma%i%dwintah&téﬂaﬂeﬁ?e ohf urally,

the process of creating or changing an index w/ll take proportionally
| ar ger anpuntisdeséd? sobat thebbjects anechatacterizad by assigning descripiorsctoddentify the dat a

war ehouses nay. have, bi,l.l i 0 Vi | L1 il t may
take the. ustmLiRbeepead dhepRiceft 8 Pl el dtornt BRpORL Mibred | | T
si ze. W01/ O/l Find&xdngIS6X 16484 R4 DBMS Ot fasiculaniteny is theodqvabasecin résponse te

pr obl ens associ
i s created, ReARC ALSERYATA™ or t he database to test the index and return
per formegsce st at i B bRl andidexifor a fable, the DBMS typiesllyyseansithiomble) refiisvdsshe

data from every row and column in the table, and adds the data to the index, which is
oﬁeﬁ in the form of a B-tree structure. For more infonﬁation on B-tree structures, see
Phtn'ck O 'Neil “Database — Principles, Programni_ing, Pérfonnance,” Morgan Kaufmann
Publishers, Inc. (1994), incorporated herein by reference. The DBMS sequentially reads

20  each and every data entry in the table, copies each data entry to a temporary space, sorts
the data entries if necessary, and finally creates a data structure for the index.

The process ofbuilding the index for the table, however, generally consumes great
amounts of time and resources. For example, creating an index for a table having several
million rbws may take several days. Moreover, creating the index for this table would

25  typically requiré several hundred megabytes of té.mporary workspace to copy and sort the
data before creating the index. Naturally, the process of creating or 'changing_ an index
will take proportionally'larger amounts of time. Tables for databases such as those used
in data warehouses may have billions, or even millions of billions of rows. It may take the

user weeks or even months to create the index for tables this size.

.ated with creating the index. Specifically, after the index’

[



Wth a typical indexed database system there are generally two steps to
resolving 5 a query. The first step is to determ ne which clauses in the
query have as¥@8I#Yd descriptors or index entries in the PRHES04p434
retrieve those index entries, and prelimnarily restrict the set of

I nformati on objects being considered. The second step generally involves
taking the set of infornmation objects fromthe first step and exam ni ng
each information object in turn to determne if it satisfies the query. 10
Structured Query Language (SQ.) has evolyed into a standard |anguage for
dat abase queries or statenents.. An SQL interface allows users to formul ate

relational Operatm &ars%fngbmaa% b@énsmgocimekmgxne ingeat ch

files, or enbedded In ost nguages such as C,_ COBOL, etc. Operators are

provi ded in SSpecifically, @ﬂdr@Wlttd%!watettUmemmﬂ&féhﬁmtatemmien each
operator operaffs, ﬂ?qu QE‘H%Z% ew table as a
result. In th%‘ pro%g%%agpﬁjcﬁlgi%&%% et §host]'rﬁesehgtqhe user often
wi shes to know ho%ﬁaqipmak;ndawddambesasyngemph&damt&mﬁbtﬂestmﬁémsdmnge of

t hat query. As ex ne bove ndi ces be added to the database to
facili taté t hg 9% egf gﬂﬁng UL Wﬁr@%%‘ﬁﬁ"ﬁ g’d&eé‘?ﬁa{c'?aé{? BS*OFRtef ar ger
tabl es where a&cdptdﬁmrﬂﬁmm:msmbagwﬁeuﬁvewmmﬂks ,afd preliinbdilgr mance.
On the other han due tQ. the anount o;ﬂdata | h the database, adding or

changi ng an i Fre@igt theyset af informatiom ebierts being: conmidsteds The sernd stopigenssallir ces
for the dat amﬁﬁestt‘a]nk?%”tﬂedsei BfinfdiMEton &l&u&&&&:ﬂ%&&.@{ st aitf H@MmintAEERAT ed

with the dilema of either expending the time and resources required to
bui | d t he i ndiformation ghiect ingurnae determipgiifiitisatisEigs theyamery. npr ovi ng perf ormance in

any meanipgf ul way, e i3S 9??"? ilure
to recognl ze |rrpro%tg'g:i."ger@%@%R%L%R%h%&ogg@g%ém%#a&d% %eib?ndex
Oracl e dat abad@abmq&gemeoﬂstamemmxpsemmerfameﬂsww&h to tfermmbaité relagionad vi ew
~an "optimza Ian zatio n
~automati cal | ygbegﬂf er m' r‘lig‘g{”ﬁe uf%% eg'}' Etgra@%‘fegl’ "% }S@fs sofa?f'@%‘%? \Wh%% t he
“statenent is [agmgesshvh dsi Commbmepeﬁtwsﬂapnonidwhlmmitaﬂo\emmeﬂww t he
" dat abase woul d r.etri %We t he, data 30 necessary to satisfy | rerrents

“of the SQL st JrERWale thedatahersip £2eh opgratox apsrRES o g Qr meseé#ma produ
- PCT/ USO0/ 40424 new fabfe@s agésaitenent . Specifically, the optim zation pI an

- shows, anong other_things, Jinformation such.as what table would be first
" accessed, how i nt elntkenAragess of auningan SQLstalgmentor query; the wrecpftepmishessp know i ndex

woul d be usedhgRd chirgeSR indeQifg WiRld 4REEMHe PYoitbthaR of that query. As explained
above, indices may be added to the database to facilitate the speed at which queries are
executed, especially in larger tables where an index may make a substantial improvement
20  inperformance. On the other hand, due to the amount of data in the database, adding or
changing an index may require considerable amounts of time and resources for the
database to build the index. Thus, the user is often presented with the dilemma of either
expending the time and resources required to build the index, at the risk of the new index
not improving performance in any meaningful way, or not building the index, and risking

25  the failure to recognize improved performance which might be possible with the index.
Oracle database maﬁagement systems provide users with the ability to view an
“optimization plan” of a SQL statement. An optimization plan is automatically
determined by the database for the SQL statement when the statement is parsed by the
database. The optimization plan shows how the database would retrieve the data
30  necessary to satisfy the requirements of the SQL statement without actually executing the
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Thus, by viewing the optim zation plan for a particular SQ

he 5 user may obtain an estimte as to how:efficiently that SQ
in the database. ‘I n | arger daPepase4nethagenent
optim zation of queries beconmes nore inportant to mnimze

f tinme and resources consuned. Thus, it becones equally

r users to be able to view the optim zation plan for an SQ

0 and ascertain the effect index changes may have on the

plan. Fig. 1 is a flow diagramof a conventional method 100
the effect of changes to an index for a database table on an
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Rhédddabassour ces to create, drop or change the index. Moreover,
excessive tine and resources are then required for the database to gather
y st alnilasger datahase mnagement systems, theapgmizationpafguarieshecomesmore | f t he
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eali'ze the op I ndex tppoPraphy or _ . L.
140, the user compares the new optimization plan with the original:optimization plan to

determine if performance would be improved or worsened as a result of the index
changes. _

As explained above, however, conventional method 100 of Fig. 1 requires
excessive time and resources to create, drop or change the index. Moreover, excessive
time and resources are then required for the database to gather the necessary statistics to
build the various optimization plans. If the database is not used in a production
environment, taking the time to make changes to the index using conventional methods
might be possible. Ifthe database is used in production, however, it would most likely not
be feasible to expend the time and energy needed make the changes shown in Fig. 1 due
to the tremendous negative impact on speed, resources and overall performance. For
example, using the methodology of Fig. 1, if a tool or application were relying upon an
existing index, and the user changed or dropped that index in step 120, the database could
shut down and the entire system could deadlock. '



optim zation plan for the database which could cost great anounts of tine
and energy 5 when the SQL statenents are executed in the database,

parti cul ar| yWos47 ger dat abase nanagenent systens. Thus,PAIAE0M4424 5 need
for a faster and nore efficient way to change indexing designs for

dat abase tables and to create optim zation plans for these indexes.

Summary 10 The present invention allows a user to see how an optim zation
pl an for a database query changes when a new i ndex is added to a database
table, an existing index is dropped fragthe table, or an existing index
for the table is nodified. A nmethod and apparatus provide a franework for a

user to experi ment st ieth Ekﬁwex'iti&ﬂmnétﬁmﬁ%gﬁmevtiﬁg tHe @& Of HAEx BafiydsVH t he

effects that the various topographical 15 constructions of indexes can
have on the opptimizationiplans, theanerfipefien compelied $eminimize anyspperimentatinn with the

statenment, w tlayi ' . | R | Jed by
conventi onal ?{@?)EO@%@éﬁ%ﬂﬁ%ﬂ{t@ﬂ%@p@@?&{%@?ﬁgga P@gﬁ&ﬁ%ﬁﬁi i(‘)’)r’]& a
virtual tabl eoptimizatisatples foiwhe databdseriwhichtcheldcostigreat amoudts af tmb hwd energyhe
dat abase der .test .Qr_ "original tapl.e" .o e 20.database. The.virtual
table is g’gne?"’m ?‘?P@a?’&if“ ¥ 5VTH dt’?\g‘e@’fa&fsﬁ’a‘fﬂ?cgﬁlg?ﬁé%@?f heeany
dat a i]p tﬂe O lnfa§ageent lttsydaéml .ﬁhﬁ%heréi@&néétﬂbﬂﬁﬂeﬂﬁdh?ﬁgdﬁéi&th&yﬁiphﬁ@il in
rows of the original_ ta , the rows are not copied into the virtua
table. Any ex Psdmgﬁs}saégémzags@@leawﬁww %“PE’PH&!' Plasgpt thesg;ndeges, gi nal
I ndexes, " however, are copied to define a virtual index associated with

the virtual table. 25 By excluding data when copying the original table to
define the virtual table, the associ23Wmafyrtual index may be easily and

qui ckly ified ' | : Ll nal
tabl e. Nen'\i/)(vgji ndi ce\é\‘ﬁrlr% eﬁﬁgﬁgﬂﬁﬁp@ﬁﬁs%ﬂﬁ%ﬁ%ggﬁ%?rg%nfglgbfdggge very
qui ckl y. Al soquéry ckrogeswhen an¢w indekixadsied toraglatabasqsable, an existing indekdxdrppedbe

easily creat gﬂ%"}‘ﬁgfagﬂe/&%%@%gé&%gﬁ%‘é?ﬂ% 4s modifbd) the query, references

-to the origin are rep eferences to the virtual table.
The dat abase nmanagAmethodsand appardtheprovide @ framewsrkdomenseniotexperingent with flean f or

Vit Al Y abl o T CoRABFPHIE for BIES 254 RievE e e it dpcymgt FPPOBGPEER han | 1
it were cisat @@ndiabitts bfifdexes Ginhave on theSptinigdtidn PN for e atabask gerp) s 432l
I ndex. This is because the actual data in_the orjginal table .

: an SQL statement, without having to dedicate the time and resources required by
conventional methods,

According to aspects of the present invention, a virtual table is created which
mimics the structure of a table on the database under test, or “original table” on the

20  database. The virtual table is generally created by copying the original table, excluding
any data in the original table. Thus, for example, if the data is stored in rows of the
original table, the rows are not copied into the virtual table. Any existing indexes
associated with original table, or “original indexes,” however, are copied to define a
virtual index associated with the virtual table.

25 By excluding data when copying the original table to define the virtual table, the
associated virtual index may be easily and quickly modified while preserving the overall
structure of the original table. New indices may be added and existing indices may be
dropped very quickly. Also, if no original index exists, a new virtual index may be easily
created.



was excl uded when the original table was copied to define the virtual

tabl e. Thus, any changes to the optim zation plan may be identified

qui ckl y aft ewobhimssi’ndexi ng design is altered. Before the PERUSN0M0424 zat i on
plan is displayed for the user, any references in the 10 new optim zation
plan to the virtual table and any virtual index are replaced with the
nanmes of the original table and the original index. In this way, the user
can conpare the new optimization plan with the original optimzation plan
and anal yze the changes w thout concerning hinself with, or even needing
to know about, the use of virtual objecls in creating the new optim zation
plan. 15 Brief Descgipt, ' ] | | S Q| ' of a
conventi onal nmet h@ﬁimgﬁg?%g%%%gﬁ?‘g%%ﬁpﬁ%ﬁg‘?'m'é’és gé%gg?dr?dex for.
a dat abase t airtual table. dTheaiatabase nanagement|spstent then det&@lines & atwe optirhizatiohiplan 2 is a

bl ock diagramillustratin n_exenpl. ar. ardvwar e.envi.ropment Jn.whi.ch 20
oxompl ar v e niRsdhe RS Bopeusa B per SRR IR et oang ha BHalrbugRRaE  *3
is a block divaiaRfdex| ihﬂglahaéfe&&vad-ﬁﬁﬁim&rftﬁinNitW&ei@@uﬁﬁéﬁebﬁgﬁalChangeS
to an index for a database table on an .optimzation plan for a_database

query, actor éblrgnd &y asseciated ppemrlynder b isRsruse theagtup)data dnthe originaliablsn:  and
Fig. 4 is a fJ0udlidedwhen fe o | tliﬂgvfaPEopYédQW:d@ﬂleFtﬁ@vi&fﬁlqmle.Of‘lgﬁ,zgr?ges to

an index 25 for a database table on an optim zation plan for abase

query, in acchangestodhs\pptimizationcplasymayheyidestifiediquigkly after thejadexing sesign is

I nvention. Dg%&&ed Description Fig. 2 is a block diagramillustrating an
exenpl ary hardware environment in which 30 exenplary enbodi ments of the
present i nvent i onBefase thenéwrpptonizatios plan isdisplayedhfor theauser, W@ réferenées iiythe

PCT/ USOQ 40424 -7 envirqnnent of . H Q. 2. .a cl.i.ent. conpu 00..i s _coupl ed
to a sertfer EWHPWaM”B”&ﬁe W@f @?‘F ad a@oﬁ%ﬂ?é‘?&ﬁ%% %ﬁ{ s%e‘?"\t/heﬁ]ecorrput er
202 may i ncl walfes of eHedrigital table midthe Srigiiab indesxt. AN ddsiwag ceasertanoonparévhdy) |

read- only nmenor , keyboard,. di.splay,.fixed ., and/ orf renpvabl e data
CCorage evt Gektotmicrnplan Vs e PRFTRLiopplet nd slyre the (pangss wuboiy o,
conput er 202 chifceiningOHMEaIWith lor @VenWebdingtodaioaadont, thkdisw/of viftualobjedtsgher abl y
an Oracl e database, As shoul d be appreciated by those skilled in the art,

ot her creating the new optimization plan.
15

Brief Description of the Drawings

Fig. 1 is a flow diagram of a conventional method 100 for viewing the effect of
changes to an index for a database table on an optimization plan fora SQL statement;

Fig. 2 is a block diagram illustrating an exemplary hardware environment in which

20  exemplary embodiments of the present invention may be implemented;

Fig. 3 is a block diagram illustrating a system for viewing the effect of changes to
an index for a database table on an optimization plan for a database query, according to
an exemplary embodiment of the present invention; and _

_ Fig. 4 is a flow diagram of a method for viewing the effect of changes to an index
25  for a database table on an optimization plan for a database query, in accordance with an

. exemplary embodiment of the present invention.

Detailed Description _
Fig. 2 isablock diagram illustrating an exemplary hardware environment in which
30  exemplary embodiments of the present invention may be implemented. In the hardware



‘various searc

dat abases may be used such as Mcrosoft SQ. Server databases, Sybase SQ
Server databases, and | BM DB2 dat abases. Those skilled in the art wll
recogni ze t hav0am¥64tonbi nati on of the above 10 conponents BEEUSUOMER4 Wi t h
reference to Fig. 2, or any nunber of different conmponents, peripherals,
and ot her devices, my be used with the client conputer 200 and server
conputer 202. Those skilled in the art will also recognize that exenplary
enbodi ments of the present invention nmay be inplenented on a single
conputer rather than nultiple conputersqnetworked together. 15 Exenplary
enbodi nents of the present invention are typically inpl errent ed using
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200. The software further 25 includes an cle servergrogram 208 and
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prograns exec\dhiabdsd fd 1N DB HafaBhse®f an operat| ng systemon their
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CAIX, WS, UNIX, et&hoseiskilled drithe art Will repegnizet thati ary ccemqnmzeaftthmbmy
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 dat abase 212 nﬁﬂmmmhynvumnaa@wemﬁmnmedafoejﬁgabé’:ﬂﬁn&rr&hmﬁan ikl onal
* Extender server eIgram r]F;]he preferred enbodi nent, these. queries 5
: conformto thE& '3& petwgried to ough ot her types of queri es could al so be
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atabase management system software, such as the SQL-Station software made and sold
by PLATINUM Technology, although it may be implemented with any database
management system software such as the Developer/2000 package sold by Oracle or the
DB2 product sold by IBM. Moreover, PLATINUM’s SQL-Station software, in which
20  exemplary embodiments of the present invention may be realized, may be used in
conjunction with other software such as Oracle Developer/2000 software and the DB2
product sold by IBM.
InFig. 2, the software includes an SQL-Station client program 204 and Relational
Extender client program 206 executed by the client computer 200. The software further
25  includes an Oracle server program 208 and Relational Extender program 210 executed
by the server computer 202. These programs execute under the control of an operating
system on their respective computers 200 or 202, such as WINDOWS 95, WINDOWS
NT, 08/2, AIX, MVS, UNILX, etc. Those skilled in the art will recognize that any
combination of the above programs, or any number of different programs, may be used
30  to implement exemplary embodiments of the present invention.



Oracl e server program 208 and the Rel ati onal Extender server program 210,

such as definition, access control, interpretation, conpilati onk,g“gat abase

retrieval, awWOMWp@tte of user and systemdata. 10 General WW
software, the SQL queries,, and the instructions derived therefrom are

all tangi bly enbodied in or readable froma conputer-readabl e nmedium e.g.

one or nore data storage devices and/or data conmuni cations devices.
Moreover, the RDBMS software, the SQL queries, and the instructions
derived therefrom are all conprised aqg.instructions which, when read and
executed by the client conputer 200 15 and/or the server conputer 202,

causes the client yrOS@Llseion Bikn %ﬁhzohanm&mrammui&fclﬁ%rbgmerform
the steps necessaryto I nplenment and/ or use enmbodi nents. of he resent

i nvention. Fi2g6 g&lwe&om for agferming yasious searchyand wefrieval fup ‘Eﬂ"“ﬂéteer m ni ng

the effect olnghangahu o dudbhst 217X aa&%a.a,(a@t@aaaeeﬁeftarsgmmmmem zat i on

plan for a- & accor o0 an_exenpl ary enbodi nent of the
present |nveMe1aﬂmalEmenkraeraeltnﬂogrw€9rl§ dn thespreferred; embodiment, thesegueriesTUTOR

302 and "PAFO- 304 whi ch
i s preferabl §° %‘gisg&soﬁg‘h %98@%%,1 S%ogldgg? a%g ﬁ%ﬁFl g. 3,
each user 30%@&%%& Qdopeoﬁtﬁemmnabj’ln\et;memnhvokeffmchsp@xfomedbgﬂm n

tables within that user 2&85’% lig'[ q?%ﬂ user PAFO- 04 control s
ori gi nal tabl@“??’%@f%ﬂ“ the Refation F15VeL RORET R Byal

table 3. 12 anggnifon hédessonirdl Mterprérdticis efipiRticn] databise vétrievahland aﬁaae &12. The
tabl es 308, 312 and the respective associated indexes 310, 314 are stored

on the dat abalsﬂ'aﬂta@m 302, 304 generally controls information stored
in that yger's aC%ﬁ%&l]y tﬂBMbesoﬁWeU%é)EQEfq&hbﬁranﬂ&ﬁé snsflictidat deaved 306.

Users may, however ranted vari ous rivileges with respe(;t to the
accounts of ahdnqﬂ'ormwdltamblumbv@edmﬁéf frem @ camputghfegdable medium,| ¢ 1 \\O

01/ 06417 PC1/ USQQ/ 40 ?gﬁmﬂﬁg { h
respect to t (fe& 8’r’1‘4e°ru'§%ré dgm%top%gmg%%/é{(% | nﬁm{sqeﬁ&% lgﬁrf/WS?&FO HR

304 has the pheRDBMS @Me,mmum@mm@sm@nmmmmmaﬂlo ot her
users. ne S“CQ Lo oG ctions which whenrBa anldSexedulff B)thT cfeht Oinfufler2$0BES S

i nformation i54™P
15  and/or the server computer 202, causes the client computer 200 and/or the server

computer 202 to perform the steps necessary to implement and/or use embodiments of the
present invention. | o
Fig. 3 isablock diagram ﬂlustratmg a system for detemnmng the effect of changes
to.an index for a database table on an optimization plan for a database query, according
20 - to an exemplary embodiment of the present invention. There are two users or “schemas
shown, namely “TUTOR’_’._302 and “PAFO-HR” 304, each of which have access to a
database 306, which is preferably an Oracle database such as the Oracle 8 database.
In Fig. 3, each user 302, 304 controls its own objects and information stored in
_ tables within that user’s account. For example, user PAFO-HR 304 controls original table
25 308 and an associated index 310, as well as virtual table 312 and a virtual index 314-
associated with Mal table 312. The tables 308, 312 and the respective associated
indexes 310, 314 are stored on the database.
Each user 302, 304 generally controls information stored in that user’s account
to the exclusion of other users of database 306. Users may, however, be granted various

30  privileges with respect to the accounts of other users. Generally, the privilege may only

I ]



5 anot her user's account. For exanple, in Fig. 3, user PAFO HR 304 has

gi ven user TUTOR302 perm ssion, or granted TUTOR 302 aREADprivilege, to
access i nfor FR98417and obj ects stored in tables in the PARSHAS0Ms24
account. Thus, TUTOR 302 is able to query the tables in PAFO-HR s account
and access such information in the PAFO-HR 304 account. On the other hand,
a third user "SCOIT" (not shown) has not been granted 10 such READ
privileges with respect to PAFO-HR s account, so SCOIT cannot access

tabl es controlled by PAFO-HR 304. Anotheg. such privilege available in the
systemof Fig. 3 is a "CREATE TABLE" privilege or set of privileges, which

may al so be g ﬂﬁdnomecw&tyﬁme&mmbéwfomJ&%us&&EaeJﬁng%&&lﬂgieyi I ege,

if granted by the one user, allow other users to create ta I'n the

" one user's acBdigs, oinBAFG-HR 304 hesthe ppwer to grans pavileges anthe PAEOHR B8040 do
not wi sh to ofain g%ﬁﬁ;l%sg;éBLE privileges to other users on a database
system because oft the broad power it gives other users to unilaterally
choose to nodify Qne sych piidlegeis SREAD thatsis,ahe permission to anvedstigformsion 'is
account. Zhus,. | a nviyonnent, of Fi 302 has not
been granf ed ﬂ%ﬁﬁ'&@ﬂﬁg@'ﬁgoiﬁn \‘/“lnf’{gg' g&ﬁ %’h"sf’reggggf:hq‘%%%ﬁﬁﬁ Wehecount .
In Fig. 3, inTEtOBB02permissibn,lor gmmmgken{a@mamj{ﬁsnegé,t? H&eﬁh&&iﬁ{iﬁoxz )
i nvention, a of t ware pac e entit "Plan Analyzer_for Oracle" ("PAFO
316 is stor ea““@ﬁt’ﬁ\ggé'ﬂéf@é“&%%‘?%#@@% ragequat | Hhys TUTOR 30Zisiable to y
users 302, 30duenfthétablesiaPAPOHIR S ¥eebaritand dd6dsk kth HebRiciRhe PAEORER KGHEe PAFO
316 has CREATE TABLE privjleges w spect to PAFO-HR 304 granted to

th 25
PAFO 316 al orffeint-nO8 dResthsr hand, & thigd pser I“r§§ TP {nat skowmhasnns beenvgtaited st r at or
(DBA). Thos, such!READ fifilggks withGedpb& 1d PAFB-1IRZ A&t b SR T q,c%%per Wi se

not have privi|l eges re%w red to access and experinent wth t etta es and
_indices in tHeblpsgontrofeddy PATO-BB304. nay use the PAFO package 316 to

502 cal 15 the pack et skl alhidihe erleh SHE 3 (ke RpE Baprr TR
+invention. WetvilepsrDse S piivileges, whith nidpBeb Bd franted frbmne uskr ey dtivties. aThe/
315 15 then CRERTECIAFEE bR by e ane B Al O T Gl 316
- may then 1§r anih thehune Bsert3@eMAL, ¥ndoistort 6%jedts ihosa &bRES| Ng t he PAFO- HR 304
account to the us %segfoﬁter? So ;Ix-é{r v\(rﬁx to grant CREATE_TABLE privileges to other users on
a database system, because of the broad power it gives other users to unilaterally choose
to modify or delete information stored within another user’s account. Thus, ih the
database environment of Fig. 3, TUTOR 302 has not been granted CREATE_TABLE
20  privileges with respect to PAFO-HR’s account.
In Fig. 3, in accordance with exemplary embodiments of the present invention, a
software package entitled “Plan Analyzer for Oracle” (“PAF 0”) 316is stored on database
306. This software package is accessible by users 302, 304 of the database system.
Unlike TUTOR 302, the package PAFO 316 has CREATE TABLE privileges with
25  respect to PAFO-HR 304 granted to PAFO 316 along with several other privileges by the
Database Administrator (DBA). Thus, a user logged into the TUTOR 302 account who
- would otherwise not have privileges required to access and experiment with the tables and

indices in the PAFO-HR 304 account, may use the PAFO package 316 to accomplish
these tasks.



302 account. The depl oyed procedure then grants READ (not wite) privileges
on the wvirtual table to TUTOR the user's account. In this way, TUTOR can
access both. o¥0@1/#6d17 table 308 and virtual table 312 Wi t hoREL/UN0HMR4 t he
CREATE TABLE privilege. The functionality of deployed procedure 318 is
hereafter described wth reference to Figs. 3 10 and4. In step 402 of Fig.
4, procedure 316 identifies original table 308, as referenced in SQ
statenent 320, and copies original table 308 to define virtual table 312.
Thi.s copying, in step 402, includes copyjng the original table statistics
to the new table, including the colum statistics, histograns, and segnent

storage. In this \Aﬁ,&ir%hé 2! In@ ghék&hbﬁﬂdix%%ek&me%&m%mﬁ as

many rows of data as actual data in original table
308, however, preserpmﬁemabwewﬁawsww&ilﬁtmmanddmnmpaﬂndepdays defi ne

I ble 312 h d
virual bl o hoatl ST o B ARIRRCIo S AP et S8 ., |,
step 402, theemﬁeﬂhtﬁeMGcHRtaongcmndt vmpkoyagpmucédurmm)my then ghaat thei gi nal

table 20 are n ccessL | table 308 are ot pt ed
and per f ortran8¢ I?G‘t""? 8’1’ acoqupt to ecﬂhs&g
envi ronnment, e¥Rgitburty THY ﬂépl@ﬁti lmmﬂré thef) @fantsHE A (104 wnW)Qﬁvﬂga@érﬁthe

dat abases are used, nothin |n the Or acl e cat al Oﬁ needs to be nopdified for

origi nal tabl ¥irtsekablafer theysercsacequat.\Ip this peay, THRPR canpcsespbathedgingdi n any
rows, index C'ia%fbtjd%rhnh%’tiﬁ[iﬁbfeaﬁtz without Ravitig@he éﬂﬁAmfmhﬂsrpn%aggl Ak tables
are present in the PAFO 304 account, these tableS may also copied to

defi ne corresmmwwaﬂmedmmme 314 ig bere#fisr describrdmsthabfersheasiolFigs. Becone
appar ent Rjel opﬁ fa list (not shown) is preferably maintained in which the
names of virtual tables are correlated with the original tables from which
t hey were created. InlsteﬁlmofE@@btcmm%EGﬂdniﬁtm@immo& ddlreferencdddp 404,

virtual index ssaci at ed .w t.h wir e.3 defj.ned. In
b6 S ep T SOh sasbeen 2 Rnbied Pt abie 30k 3 gt el fanié S STHECC Ll
302, proced-ureopyﬂﬁﬁmak;ﬁl aozzdmlmsa&]lmfg%emﬁbnalrtdmd s?aii@nf ddsa?dﬁéner?etablectual
.. index 314. For exa origi,nal indices are defin or t.he two
~ col unms shomﬂcwéﬁ‘gﬁljicﬁ s?B‘F'é‘g{%‘Uﬁ ! segment stogagce HaRdt PPEAR
~indices aje CheRiRYirtualtalldCoritaihs a@q{auﬁmss,hmmﬁe Sigiav@ble! ARy fotudi data DY
: copying the original indices.

in original table-308, however, is preferably excluded from the information copied to
define virtual table 312. Thus, for example, when data is stored in rows of original table
308, the rows are not copied into the virtual table 312.
In step 402, the benefits of creating and working with a copy of the original table
20  are many. Users accessing original table 308 are not disrupted and performance is not
degraded by the changes. In a production environment, executing applications are not
affected. When Oracle databases are used, nothing in the Oracle catalog needs to be
modified for original table 308. Moreover, since the virtual table does not contain any
rows, index creation is very fast.
25 In step 402, if other original tables are present in the PAFO-HR 304 account, these
tables may also copied to define corresponding virtual tables. Also, for reasons which will
become apparent below, a list (not shown) is preferably maintained in which the names

of virtual tables are correlated with the original tables from which they were created. |
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The statistics associated with original index 310 are also copied into
virtual index 314, and may then be set as specified by the user. In this
way, the virWR9#Hdi ces preferably have the same data strREFUS840434 t he
original indices, including the sane 10 constraints and definitions. Thus,
as far as any optim zation plan is concerned, the structure of the virtual
I ndex is the sane as the original index. In step 404, if no original index
310 associated with original table 308 exists, virtual index 314 may be
created and defined by the user through,procedure 316. Also, in situations
where a user wi shes to experinment with no I ndex, the user may sinply choose

15 to define vi rt‘lﬁlkte?aﬁﬁ&rﬁMnM3@@'t35h§§o&&¥dhﬁlﬁbﬁﬁ§lt§ﬁl@§@§sdeﬁn&f' gi nal

i ndex 310, using deployed procedure 31 poi nt rocedure 318 is

creat ed on PARthisftefanyeriginabindex A10¢xists, @smmmwnamableg@% prasedure or  302.
In ste 406 t R n SQL
staterrgnt 32 fgnxg&r%%éﬁ%raé:fer@%@épfﬁ%ﬁnfgstod&gbgg%g 'ﬁETQn are eren@glr
virtual tabl eorigil indieés dra defimtidtforthe twm golmmheshowndn bngmhtajﬂenms ofiRige3, 310 in
SQL st at egent 320i svmt he of V|rt index, 314

modi fi ed SQL PSRt 9%"1‘{ aqewaea?e@&r&@%%v E‘Y‘h‘&ﬁ""&‘éh Blfhe

dat abase ser\/@rcopﬁnglﬂerongihﬂdmat TUTOR 302 vm I I beI i eve he is accessing

original table whi ] e actu acc VI rt tabl e 314 . Mor eover,
by creating a copSﬁ'ﬁfta{'WésW%”rt? "rﬁﬁlcy X name of

that object a4 tand SnayyQhé B e ds kpbciﬁee bﬁ@ke usek, atxﬁ@mawaytdae vi}ﬁﬁﬂmfd%st he

ti me-consum ng and resource-consum ng process of creati ng a new I ndex on

the origi nal Rr&isrably; have thesametdagp styichuessas: the pagmabindigesa inchiing|the same er ed
SQ stat qaentco%apmﬁtp aftf iiRioRP d Thi ds fa$q5 %Morx‘?’g@n éé Ekﬁhcgﬁ’:&&‘t}ﬁée

interprets the nodified SQ statenment 32 term ne néw
opti m zati on Situsiresfshg yrtual h@wnsrthmmelaaﬂie@ngmalsn@p 408. WD 01/ 06417

- PC @ S00/ 40424 4 _ 0 t an 324
- returned by the daﬁ s%ﬁﬁk%g??}ggm%lgﬁﬁen rgg%lcfla &ﬁﬁ{ '%Kk%&ojggcﬁﬁf 316 to
— define a rmdlwhrtmllmdpﬂtﬂmgtbmanﬂanddﬁ@dhﬁﬂe’m&rlﬂmﬁglyproeaduremﬁeAMces in
newoptlmzatlcéxg‘{aﬁllan 324 to. élFrtual i ndex. .314 Vi rtual, tale 312 are

: repl aced, resp& ionS Yhere st Wishes o sxperimentvithjogp th?‘t‘?ﬁ'é'?a%‘i‘ﬁp}i 0s&;
ori gi nal 15abl wo.dfife vifual ifidesti3l4 8l delBtirigting Aidiced prRbehb indotfiinalintiék $10eudify! aced

: names, 1s th eé]epl%ye Lr%ce%gretS 16. At this point, procedure 318 is created on PAFO-HR 304 and
executed to grant READ privileges to Tutor 302.
In stép 406, after virtual index 314 is defined, PAFO 316 replaces in SQL
statement 320 any reference to original table 308 with a reference to virtual table 312,
20  Inaddition, any reference to original index 310 in SQL statement 320 is switched with the
name of virtual index 314.
A modified SQL statement 322 with the replaced names is then sent to the
database server. A user ofaccount TUTOR 302 will believe he is accessing original table
308, while actually accessing virtual table 314. Moreover, by creating a copy of the
25  original table and simply changing the name of that object as it is referenced in the SQL
statement, the need for the time-consuming and resource-consuming process of creating
a new index on the original table is eliminated.
Becausethe PAFO program 316 hasaltered SQL statement 320 to define modified
SQL statement 322, the database interprets the modified SQL statement 322 to determine
30 the new optimization plan 324 for the virtual table in step 408.



the user in step 412. Thus, to the user, it appears as. though he is
working only with the original objects 308 and 310. Using the nethodol ogy
descri bed abD¥Q8106He tine required to make the changes t oP¢HESWOHPRE and
retrieve the new optimzation plan is often reduced 10 froma nmatter of
hours to a matter of seconds. Thus, the user sinply enjoys inproved speed
and system performance in retrieving the new optim zation plan w thout
needing to concern hinselfwith, or even be aware of, the use ofvirtual

tabl es and virtual indexes. The user mayzthen conpare nodified optim zation

plan 326 with any original optimzation plan created for original table

308 and original ingdex4idl thforhdatib®i ﬂawgﬁﬂﬁaﬁapﬂmm@mdmyaﬁb databa®y €
desirable, e.g., appears as if it woul rove the speed and efficiency of

[
t he dat abase spiverdix thenmodifiedby PAFO) pragedure .%wémeamm?vml%%e to
actual |y bui ld.Vvi ' %Eﬁg O L ; : : i f
per f or mance \A%& gﬁ&wjb%%?%'ve \ “%2%@%"%2%3??&%%&?# ?a{nd
di fferent vi nviruml table3d2 a3d deplaced; sespestively, with referencegyjtoneriginahindsx 31Mang t hout
havi ng wagst ed .thlgI L Te@nd resour ces which would have 20 otherwi se been
required to & R r tual i ndex 314. Each of the functions described
above, with respeTheinodifiedsptinization pidn 3250 with the replactdnames, isthendisplayedtos| y by
mul tiple users on the s bject. Thése functions,do not. intecfere with
ot her users dﬁe ‘t‘sﬁ"e"'éE?Pé@gg Tg‘#op ‘Elﬁ“steﬁéﬂfpﬂmaséi‘%\gé he Fi%"éﬁf‘g Pﬂi’)gg{' %ben
per formance, giglhaMdbietsB0SAd 310D Esiag tHeRictiRdology desrited dbdvieahe S tequired?5
Exanple. In one exanple, a user is | ogge&eonto { he _‘I'UTO?_E?F;%Z account of
Fig. 3. In ttp@akeshe ghanges te thedndexand retrjexe thg gewy Aptupizaion PlapjseBenrediesd | s o
tabl e st @i NGrdnD8 niaAEErRburs %R hRUEEST sédonds. CTHYR AR usef sifply'enfdyd imptveduch, is
referred to hereafter as the WO 01/06417 PCTIUSQO 4424 -13 "EMPLOYEES"
tabl e. TUTOR spesd and systescperiprmance in miriaying theyiey ogtimizaiion plano without neeging

tabl e Vi1t oaroheemifnelf R, of ol o BAIE e BSOS A D02

the virtual tabl &haase may théh ¢ompare' maiifiegi optimiz8tipn plant38fmvith @9 Erigisak he
following: 5 ok eon phlcMatl 51BN t0i€ 308 i Frigdhlel GR8E $16 1R
15. optimization plan is more desirable, e.g., appears as if it would improve the speed and
efficiency of the database in executing SQL st,ai_ement 320, the user may then choose to
actually build virtual index 314 on original table 308. Conversely, if performance would
not be improved, the user may experiment with a different virtual index 314 or continue
using original index 310 without h#ﬁng wasted the time and resources which would have
20  otherwise been required to cbnstmct virtual index 314.

Each of the functions described aboﬁe, with respect to Figs. 3 and 4, can be
performed simultaneously by multiple users on the same object. These functions do not
interfere with other users of the objects, nor do they have a significant impact on
performance, allowing them to be performed on a production system.

25
o Example .

In one example, a user is logged onto the TUTOR 302 account of Fig. 3. In this
example, original table 308 in account PAFO-HR 304 is a table storing the name of
employees of a company or firm and, as such, is referred to hereafter as the

]



"The following SQL statenent is sent to the server as nodified SQ statenent
322, wth the ori (i;i nal table nane "EMPLOYEES" replaced with the virtual
tabl e nane WOOMIH: 77 SELECT* FROMhr. T ~1 e WHERE hi REFAISAM24 Dot o
1f SQ statenment 320 contains optimzation hints, PAFO 316 check for hints
15 containing original table nane "EMPLOYEES' or one ofthe indexes
associ ated therewwth as paraneters to the hints. For instance, assune the
user is working with the following SQ statenent :320: SELECT /*+ | NDEX (e,
| EMP_HI REDATE) */ * FROM EMPLOYEES e 468. WHERE hiredate > :H Date Wen the
user requests to view the optim zation plan for SQ statenment 320, the
fol | owi ng nessags O'BEES Nhblk OTUTORBAL Mkéieen gRintd REXD piviegdsardithedpeaitat ement
322: SELECT /*+ | NDEX (e, 1004999"5) *1 FROMhr.T ~1 e 25 X;EERE i redat e
> . H Date | n RAEOHR saceauntsp TRIIOR 307 able to s5rd pieripstothpEMPLD Sé‘g’?‘h user
s preferably onl vyah iiPHalif 6ihtdied 5! BRI OVERY fhie whlfelhdiiesl  abl e

, . the | table. E

to define "T_##### virtua . Each user is preferably
restricted friebleoaneaisi“TgtEHREH1C Qriginal SQL statament; 3205 thefelowingsat ed f or t hat
user. 30 Wth the proc Eﬁ‘descri bed bel ow, the nanme of the original
table is preferably s% @Ied rlat heé than the virtual table nanme. So, for
exanple, if the user cLfaL 3“3?3@5:?}] irtual index on the EMPLOYEES tabl e,
the user can create a secong Farmex or . -i WD 01106417

PCE{ USOS/ 404ﬁ4 -gfl:efarmmnademmnséﬁtmméﬁmﬁsmmdsgnmmh _ _EE|S
table, but the table na par aneter s | be the n of the origina
table. In the%t‘*ﬂ%?"&‘&ggtf‘bwge #ﬁg)%ggéggr@?@%d g“-@irgﬁet Yigpal; table 2 o 5 e
before, tfe PAN-Qupagikgpe ensures that the index names retrieved still

exi st on the orTginal tsaElilEeC'T*For exanple, the following SQL query may be

FROM hr. T_#HRHHHHHH e
WHERE hiredate > :H_Date

If SQL statement 320 contains optimization hints, PAFO 316 check for hints
15  containing original tablename “EMPLOYEES” or one of theindexes associated therewith

as parameters to the hints. For instance, assume the user is working with the following
SQL statement 320:

SELECT /*+ INDEX (e, _EMP_HIREDATE) */ *
FROM EMPLOYEES ¢
20 WHERE hiredate > :H_Date

When the user requests to view the optimization plan for SQL statement 320, the
following message is sent to the database server as modified SQL statement 322:

SELECT /*+ INDEX (e, 1_##HHHHHHIS) *| *
FROM hr. T_###HEHHH#
25 'WHERE hiredate > ;H_Date

In the interest of avoiding corruption in the system, each user is preferably only
allowed to create a single copy of the EMPLOYEES table to define “T_##Whﬁ#l , the
virtual table. Each user is preferably restricted from creating a new copy if a copy is
already created for that user. |

30 With the procedures described below, the name of the original table is preferably
| specified rather than the virtual table name. So, for example, if the user creates a first
virtual index on the EMPLOYEES table, the user can create a second virtual index or



5 used: SELECT I ndex name FROM expl indexes WHERE owner = :|ndex_Oamer AND
I ndex nane =:1ndex Nane AND table nanme = :Table Nane 10 Fi naIIy si nce
only the nanﬁ%ogf“ﬂlh'dexes that existed on the ori gi nal tablRCEYSI0V4M2ner al | y
returned, the virtual indexes created should be queried with a statenment
such as the follow ng: SELECT owner, index nanme FROM expl indexes WHERE -

table owner = :Virtual Table Oamer 15 AND table nane = :Virtual Table Nane
AND (owner, index_name)NOT IN (( ownerl',"'indexl"),
("owner2','index2'),...), where the (" oygerl',"'indexl') pairs are the owner

and nane of the indexes returned. In this exanple, the followi ng steps are
used for viewifdg dnid&S & fle %&%gﬂ%ﬁﬁ%@ﬂo@@ﬁsnﬂﬁé b the teldd abase table
a

on an optimzation plan for-a database quer%’leeSte 1: Create Virtual Table

The fol | owi ngpqsmerophp@dmyhmmafém prginab tablee A ghe Intter qase, whererthe pser
assuming a Vie[& \Trfnﬁp{aﬁle*@étéaﬁt{aef e, atﬁ&?‘gxz"aﬁlgﬂ?agé iR tha%?h

paf o. expl ai n_vi r eatevirt owner, e namgf end;
is WD 01/ 06411%trié@€d stitegisvianthe origind tdble. tFoe example,ithe folmmh@ Wanejy maybsts, an
error congiltlon wWill be returned. The paraneters are defined as foIIovvs
Bi nd Mbde ‘ésfgpe Description Variable 5 table-owner | nput VARCHAR2(30)
Name of the owner of t ISELECTiigderadanieHROM exXjili indéxes f or  whom t he vi rtual
table wll ~ 'WHERE owner = :Index_Owner
. AND index_name = :Index_Name
- ANDtable _name = :Table_Name

10 ~ Finally, since only the names of indexes that existed on the original table are
generally returned, the virtual indexes created should be queried with a statement such as
the following: |

SELECT owner, index_name FROM Iekpl_indexes
. : WHERE table_owner = :Virtual_Table_Owner
15 ~ AND table_name = :Virtual_Table Name
' AND (owner, index_name)NOT IN
((‘owner!’,"index1’), (‘owner2’,’index2’),...),
where the (‘owner!’,’index1°) pairs are the owner and name of the indexes returned.
In this example, the following steps are used for viewing the effect of changes to

20  anindex for a database table on an optimization plan for a database query.

- Step 1: Create Virtual Tabl
The following procedure may be executed to create the virtual table, assuming a
virtual table has not already been created:

25  begin _
pafo.explain_virtual.create_virtual table (:table_owner, :table_name);
end;

C HE



be created. table nanme I nput VARCHAR2 30 Nane of the original table. Table
1 In Table 1, VARCHAR2(30) represents a character string of _up to 30
characters. O her * MODE = | NPUT i ndicates data bei ng PREUSO0MPA2¢ he
procedure. Conversely, as wused in tables below, MODE = OQUTPUT represents
data being retrieved fromthe procedure. 15 Step 2: Define Virtual Table
and | ndex Nanes After creating the virtual table, the foll ow ng procedure
maybe executed to return the name of the virtual table and the nanes of
the indexes that were copied to define .ysrtual indexes. begin 20
pafo. explain virtual .get_virtual table_aliases (:table owner, :table nane,
cvirtual table nanH‘the\Mrtﬂauedblelﬂfbﬂ& eﬂsta,tan er®ér Ednditlon! Wil De_GHARES  The
original index names, :vjr 48 x nanes); end; WO 01/06417

H%’f{ne% g

PClq/ US00/ 404 PATAmELEES g5 I\/bde Data Description table owner I|nput
VARCHAR2(30) OFgRE4 0 . e + Name of
original table %'rfai) : ; ' H Nane used jo create
the wvirtual t pet - : . i i ndexes
that existed ( : N‘F\E‘@é’fﬂﬁd%ﬂ'é@%% ecr eat ed
on the virtual ftable but|with 4 different na origigal;tehle; Jhisiisgex - ofner s
Qutput Array off Array of |ndex gqwners. These mmm)ammwﬁs jre the
sanme for the qriginal: anfl virtial indexes hﬁvresﬂeée =:virtual iftndex
count table pame | Input | VARCHAR2(30) | Name of the original table. |

Table 1

In Table 1, VARCHAR2(30) represents a character string of up to 30 characters.
10 Further, MODE = INPUT indicates data being input to the procedure. Conversely, as
used in tables below, MODE = OUTPUT represents data being retrieved from the

procedure.

15 Step 2: Define Virtual Table and Index Names
After creating the virtual table, the following procedure may be executed to return
the name of the virtual table and the names of the indexes that were copied to define
virtual indexes.
begin
20 pafo.explain_virtual.get_virtual table aliases (:table_owner, stable_name,
tvirtual_table_name, :virtual_index_count, :original_index_owners,

:original_index_names, :virtual_index_names);
end;



original -index names Qutput Array of Array of index names. These
VARCHAR2(30) are the nanmes used on the original table. (Array size=:

virtual indeWOdd0é#7 virtual -i ndex- aanes Qutput Array of ARCHASIMM4I4ndex
nanes. These VARCHAR2(30) are the nanes used to create the copies of the

i ndexes listed in 'original index nanes". There is preferably a I-1 .
correspondence betmeen the nanmes in the"original index nanmes" and
"virtual index nanes" arrays (Array size-: virtual index count) Table 2
10 The call of step 2 generally assunes_ %he virtual table was created using
t he CREATE—VIRTUAL TABLE procedure Thrs means that if the vrrtual tabl e
exists in a |{ : e p——

original tabl - ct of a
request to nmm gmggmunclustered t_.~ @30) ! ror is
returned. Stepvifual [20é idlet Statr<km$a-Tnsxmmwmuomtuﬂmmhmdewua&mheratly has
realistic stafistics in order tc ensure that an optitusltsblet i on planfis
created that {smehofeawent to hgWQuey t hBTEGRReX cr eptemberofinderethaty | gilnal 20
tabl e. EXPLAI N VI ELTUALpr ovi dest hepr ocgdur eDEFAULT W“NBE% Hk“rs to
assist the us¢r in: setting the gppropriate stati st &EJ(6417

PC11US00/ 40424 -17 If the origijnal table has exi S| bkgimla theg storage
i nformati on afchghkihdes bwners 01 R | 1ARYSE W 1T PAmdy olmeg qte
default storage infornmation and|stati s} VARCHARZ(30)he| names are the same for the
' original and virtual indexes.
(Array size
=:virtual index_count)
original_index names Output Array of Array of index names. These

.VARCHAR2(30) are the names used on the
original table. (Array size=:

: ' : ' ' | virtual index_count)
virtual_index_names Output Array of Array of index names. These

VARCHAR2(30) are the names used to create
the copies of the mdexes
listed in

“original_index_names™.
There is preferably a 1-1
correspondence between the
names in the“original_index_
" names” and “virtual_
index_names” arays. (Array
size =: virtual index count)

Table 2 2
10
The call of step 2 generally assumes the virtual table was created using the

CREATE_VIRTUAL_TABLE procedure. This means that if the virtual table exists in
a cluster, that cluster is the same cluster in which the on’ginal table exists. That is, the
virtual table is not the product of a request to make an unclustered table clustered.

15 Otherwise an error is returned.

Step 3: Default Statistics
The new virtual index preferably has realistic statistics in order to ensure that an

optimization plan is created that is equivalent to having the index created on the original
20  table. EXPLAIN VIRTUAL providesthe procedure DEFAULT _NEW_INDEX_STATS
to assist the user in setting the appropriate statistics.

- NAW



virtual index. If the existing indexes are not analyzed, linited default

w |l be avail able. After executing :DEFAULT NEW | NDEX STATS, the default
storage 5 i WO/ 7on and statistics are returned to PAFO PGRUSNMM24y and
nodi fication. The user is permtted to change these statistics to better
identify the index properties. To help the user decide how to change the
statistics, PAFO allows the user to display the statistics on other

i ndexes currently created on the table. The foll owi ng procedure may be
executed to obtain the default statisticg. 10 begin pafo.explain

virtual . default new index_stats (:table-owner, :table name, :ind_nane,
rind_col _nanes, :mmdmﬁ%%&mﬂ@mxa?tmtwﬁﬁmﬂoa d $thrihids of
max-trans, :pct_free, .btree levels, :leaf blocks, :avg |eaf bl ocks,

:avg_dat a bl othess indexeswilkhe ysad taygeneratg) dsfanls storags dnformmption and sististicslor theat ed,
15 :distinct . ; 4 Of; . t
Istinc Vﬂumg@eﬁ] Jggl{\}s : ﬁﬂ:&&@s ard K@%ﬁ@@éﬁé&#{e&q&ﬁn bd Dkl amet er

definitions are a aneter e owner 1 nput
VARCHAR2(30) ORACL#fterc caemuting CIAEFAYLT INEWaBYBEXNSTAKS,c the hdefaultdetoragei | | be

t ed. t abl l,n, 1. VA . 1nd .| t
e o N e A AP W A L B o,
Array of VARCipkiiiie) toChangetiresé Wististicsde betver identifyy tioyifdexpiopefiies. Td help theder of

the colums in th array, shoul d tc he order requested the user.
user Eiec?de howto \t/hange the stat?.&ics, BAFE) aﬁows the user toqcﬂspfay the statistics on
other indexes currently created on the table.
The following procedure may be executed to obtain the default statistics:
10 begin

~ pafo.explain_virtual.default_new_index_stats (:table_owner, :table_name,
:ind_name, :ind_col_names, :num_ind_columns, :default_tablespace, :init_trans,
:max_trans, :pct_free, :btree_levels, :leaf blocks, :avg_leaf blocks,
:avg_data_blocks, :cluster_factor, :blocks_allocated, :extents_allocated,

15 :distinct_values);
end;



num i nd col ums | nput NUMBER Nunmber of colums; that is, the nunber of
elements in the array, |IND COL_ NAMES. nane default tablespace output
VARCHAR2( 30)waeissétypace on which the index will be creat eBCTYPU4PR2 ¢ ans
out put NUMBER INIT TRANS paraneter for <creatin the index. max-trans

out put NUMBER MAX RANS paraneter for creating index. pct free output
NUMBER PCT FREE paraneter for creatin g index. Dbtree_|levels Qutput
NUVBER Statistic that will be stored with the index. leaf blocks output
NUMBER " 15 av | eaf blocks output NUMBER a data bl ocks . output NUMBER
cluster factor ut NUMBER bl ocks allocated output NUMBER extents all ocated

out put NUMBE a,ﬂh@{&%ﬁbﬂ*%gsﬁm&ﬁyt NUMBER Table .3 * 1'- ensure that
t he val ue forl% Zg array element is null term nated and specify in

Parameter Mode Datatype " Usage :
tablc_owner . .| Input 1 VARCHAR2(30) ORACLE account
- ' owning the table on
which the index
, ' will be created.
5 table_name .| Input " VARCHAR2(30) . -} Table name. -
ind_name Input VARCHAR2(30) Neame of proposed
- : ' i B | index to create. -
ind_col_names *1 | Input Armay of VARCHAR2(30) | Columns the index
- ' ' ' | will be created for.
; The order of the
columns in the
_ : E - : : array should match
i ' the order requested
! by the user.
um_ind_columns Tnput ~[WUMBER | Numberof
-7 ' ' columns; that is, the
number of elements
in the array,
IND_COL_-
NAMES. .
default_tablespace Output VARCHAR2(30) Tablespace name
- on which the index
will be created.
10 init_trans Output NUMBER INIT_TRANS
- parameter for
creating the index.
max_trans ' Output NUMBER MAX_RANS
parameter for
__| creating index.
pet_free Ontput NUMBER PCT_FREE
' parameter for
creating index.
btree_levels Output NUMBER Statistic that will be
- stored with the
index.
leaf blocks Output NUMBER «
15 avg leaf blocks Qutput NUMBER «
. avg data blocks Output - | NUMBER “.
cluster factor _{ Output NUMBER “
blocks allocated .| Output NUMBER “
extents_allocated Output NUMBER «
20 distinct values Output NUMEBER «
Table 3

*1 - ensure that the value for each array element is null terminated and specify in

the appropriate OCI bind parameter the array of actual lengths of each element.



the appropriate OCl bind paraneter the array of actual |engths of each

el emrent. WO 01/06417 PCTJUSOQO 40424 -19 The foll owi ng en-or codes nay be
gener at ed whd¥O 8849t i ng t he procedure DEFAULT NEW | NDEX SHOWES00/M#34 second
ctolum contains a description of error and how, if possible, the user can
resolve the error in parenthesis. -20001 User is neither table owner; nor

| NDEX privilege on table; nor 5 CREATE ANY | NDEX privilege. (proper
privileges should be obtained.) -20002 Table does not exist. (Check the
tabl e nane and owner.) -20003 | ndex al r_?g_dy exists with specified colums.
(The table already has an index with thé requested colums.) -20004 Col um

not found. (The in &ﬂ\mlﬁ(ﬁ? i ngﬂﬂ Al i owner .
(The Oracle accoun?ﬁgr{tere oé}etéﬁgp%na%le% g%gev\%teeﬁ oegexhﬁ{lﬂéﬁsP@L@Be-ZOO%
| ndex name i s DERAUIT QNEW_INDEX STATS. {The sezond ¢colutanx contains afdescriptien ofeirot ual

I ndex.) -2001 LWLst.eperform CLEAN UP.on, t he t.able. . (The table already has
a virtual in élghé‘?’ég&gsa&%ymfH%erﬁ%%ﬁ;?d‘ﬁ%gf?%‘%Rg%tﬂésﬁtjt paraneters will be
i nput to the ngxRog@iocedyngsetiaeitict thble ohmer- Ao INDEN privileRt on table/ige V| RTUAL
INDEX. Alsp, ndte that it] CREADSANY INDER prii@s. (Bopbr pHvilESER Shdufil e €qt € the

i ndex on a tabljespace to bduieghhe user does not have access. Stet] 4:

Create Virtual [TH§RS 20 AMpabEXoed At Sxist FCHEER the tapiE nale Adll Gaper) ) ©_ o] €

prefer ably cop![SBoddd U T TradKairkldy shidts with BEcined LORimins (The T2bl flrsnay

storage inforngtion are 3|h§9ar?ﬂéx h _.4 N & OISR pr

may be execute ._26;034;.. pato—expta—y : H—Y i :
a 25 : He——+rd

owner, :table rjane

cdefaul t tabl edpase——inifiSthne
*-20005 Invalid table owner. (The Oracle account entered for the table

owner does not exist.)

10 -20006 Index name is not unique. (Enter a different index name for the
_ virtual index.)
-20010 First perform CLEAN_UP on the table. (The table already has a
virtual index created by the user.
Table 4

The output parameters will be input to the next procedure executed,
15  EXPLAIN_VIRTUAL.CREATE_VIRTUAL_INDEX. Also, note that it is possible the
user will attempt to create the index on a tablespace to which the user does not have

access.

Step 4: Create Virtual Index |

20 Any existing indexes of the original table are preferably copied to deﬁﬁe the virtual
index. The index statistics and storage information are also copied. To this end, the
following procedure may be executed: |

begin
pafo.explain_virtual.create_virtual_index (:table_owner, :table name,
25  :ind_name, :ind_col_names, :num_ind_columns, :default_tablespace, sinit_ trans,
:max_tramns, :pct_free, :btree_levels, :leaf blocks, :avg_leaf_i;locks,
:avg_data_blocks, :cluster_factor, :blocks_allocated, :extents allocated,
:distinct_values); -
end;

30  The parameters are defined above in step 3.



max trans, :pct free, :btree levels, :leaf blocks, :avg_|leaf Dbl ocks,
-avg_data_bl ocks, :cluster factor, :blocks allocated, :extents allocated,

- di stinct vaweeygeearynd; 30 The paraneters are defined aboveciwsossmps 3. WO
01/ 06417 PC'E/ US00/ 40424 -20- Sit p 5. Final Step At this point, PAFO
creates a new WHAT | F frane as descri bed above displaying the original SQL
text. The user is allowed to nodify the text and add hints. The "tag" from
the SQ frame is copied and the sanme sequential. nunber is used. For
instance, if 5 the SQ Franme |abel is SQ,. H STORY; 1, then the WHAT I F
Frame shoul d be | abel ed, WHAT IF: H STORY; 1. When the user requests an
optim zation @13”51’5(“@ ﬁhoul d alter the SQL text that is explained, BUT
not on the S e, et hel ess, the SQL should | ook Iike the original
SQL statenent. ThugtthispeinPAGREkreatesdowivrWHAT IR frivaes asalesaniped abbve displdyigg t ext
and 10 replace all .o renc of the orjginal.table n it e, name)
with the tabl éh%‘ﬂ'ﬁ“aggailé% ﬁ%‘é’ﬁb‘s%@jﬁﬁfytqefw’?ﬁ@?@&%‘f%@?ﬁ uses a
synonym (| ocalfropi the SQL Fame i copiddind e sahve s&juestialmbel Rkl Ropenstimel, ifi ed - SQL
text should include both the owner of the virtual table, and the virtual
tabl e nane> Hitht SQlaFrmedabelis §QY: HISTORNG & thenshe WHAEK Fsame shoplbe fabpled,
reference the wWharak! gisdo@n1] ndex on the table. The plan is then created
and retrieved into nmenory. For each OBJECT OWNER and OBJECT NAME

conbi nati on, wher e Whea the@prreamestanoptimizationplan; BAEQ should ait@itie SQL text thetnpor ar y

of the virt ual PRIMEABOTIE oo 1S, SCraR. SNGRARE R SOEMAUORIT e B 250
shoul d be searotignel SQI statbresn. Thus theprocetiesdesicablysnakesch coppéfaliedQintextantine
(" of1 g1 nal9 nAeas l gpetientsar s onetaF B ik (gt e 8 07 s =

repl acenment i ma@y(Rpetabisank).ored in the array (': vi rtual -i ndex-nanmes). So

PAFO sear ches each e here the OPERATI cojumm_ . starts with the text

"I NDEX". If the %@ﬁmmummﬁ@ﬁ&r blig} 20 peint 38  REE4! NDEX

OMNER(0) and YauR] WRlmddiida S QUAYa( shbuld Mchifde bothlike dvAP ¥f the virtual table, and the
virtual table name. Hint parameters may also need to be changed if the hints reference the

15 table or an index on the table. The plan is then created and retrieved into memory.
For each OBJECT_OWNER and OB]ECT___NAME combination, where the
OPERATION column starts with ‘TABLE’, the tempdrary table name should be changed
to the original name (:table_name). |

For each of the virtual indexes returned in step 2 above, the optimization plan
20  should be searched for these virtual index names and replaced with the original index
name. The virtual indexes are identified in the arrays (coriginal index_owners,
:orighaal_index_nanies). The associafed replacement index names are stored in the array
(:irirtual_index_namés). So PAFO searches each step where the OPERATION column
starts with thetext “INDEX". Ifthe OBJECT_OWNER and OBJECT NAME match the
25  ORIGINAL_INDEX_OWNER(0) and VIRTUAL_INDEX_ NAME(0) values, the index
name should be changed to leGINAL_IN_DEX_NAME(O). This is preferably repeated
for each of the array elements. | ' |
The modified plan is then displayed, and the user is informed if the virtual index
created had an effect on performance.

13I8



name shoul d be changed to ORIG NAL | NDEX NAME(D). This is preferably
repeated for _each of the array elenents. The nodified plan is then

di spl ayed, aftP¥P&ser is infornmed if the virtual index cPEHUS4PRE an
effect on performance. WO 01/06417 PCT/ US00140424 -21 \Wen displ aying the
information in the "OBJECT" tab, PAFO preferably makes the sane changes as
descri bed above in steps 4 & 5; that is, PAFO displays the indexes for T
###~#1, not EMPLOYEES. But PAFO shoul d use the nane. EMPLOYEES i nstead of
TI when displaying the information to thpg.user. Al so, when displaying the
5 i ndexes, the associated ORI G NAL | NDEX NAME val ues shoul d be di spl ayed.

Wien the user cli ONhenQlispiayhigalie iforinktéonth tie “OBIECTOtabaP AFO Piidtably fklees Vi 1 t Ul
tabl e name o&gone f it's inc@ég , the statistics for the associ ated

the famA chapges agydesph ove i steps 4 &o5; that is, BAFO\displays thwmdexesBES, t he

virtual index
user sees thefp BBt EMPIOVEEAF But PAF 46 4 *99" |
The sane hol d_g true for the inglexes_%n&EWL%ggoE%%@féﬁé&ag%p#%LgY@St ual

| ndex The onl pstpadorixidswhencdisplayingithe infarmation teythemser. s axhen displayingthef er abl y
t hose belsongj | RIGIRIAS. H@?E fRAXAE S_pot exist,

it shoul dsbeg%gg‘g%’eﬁsgrdhc{eauﬂ\a/?rtuaf&t‘ab exi'lg creg#@asé(?‘géf%@%gayggedure
CREATE- VI RTUAL - TABVEen théyuser iclicks ws arsteptofithe/plam that admtaifis eithenihie virtuabdable he

w shes to dro n_J ndeX%...» f ol l,owi .St may t hen . be .used; 1.

List Al Tabl'gag?et%xj‘%%ia(?hn %rht}‘:"e’fﬁe 2 taliveics St the aafqcqaied mewﬁrv} ef‘a“BP@éﬁgrre 20

FROM expl t abdiggaysd.€PhuR thddseradicison EMPLIOVEES; tiRGis@Gecs @i rame EMVLIOYEHS, SELECT
virtual tables 25 WHERE ori g

table id, newt -na FROM e j !

tabl e nane :V\S“f%glll’g) %&Eﬁe ??"SPFF&%E tr Fhe samefipldsitiyefor the indexes g copy
exi sts. O herpMPEOYBESate the virtual table (see step | in Creating
~Virtual I[19dex above). o

Dropping a Virtual Index

The only indexes that can be dropped by this procedure are preferably those
belonging to a virtual table. So ifa virtual table does not exist, it should be created. The
virtual table is created via the procedure CREATE_VIRTUAL_TABLE. Then the user

15 may indicate from which table he wishes to drop an index. The following steps may then
be used:

Step 1. List All Tables to Which the User Has Access

SELECT owner, table;name
20 FROM expl_tables

Step 2. Determine if the Selected Table is Virtual

SELECT table_id, new_table name
FROM my_explain_virtual_tables
25 WHERE orig_table_name = :Table name

If the query retumns a row, then the virtual copy exists. Otherwise, create the
virtual table (see step 1 in Creating Virtual Index above).



W 01/06417 PCTj/US00/ 40424 -22 Step 3. List Virtual |ndexes on Virtual
Table. List the virtual indexes on the virtual table (see step 2 in
Creating Vi rwoaloestidex above). Step 4. Drop the Virtual |REEYSHA4434 4, op
one of the virtual indexes, performthe follow ng procedure: begin

paf a. explain_virtual .drop virtual _index (:table owner, :table nane,
cvirtual index nane) end; - - 10 Paraneter Mdde Dat atype Usage tabl e- owner
| nput VARCHAR2(30) ORACLE account owning the original table. table nane

| nput VARCHAR2(30) Name ofthe original jgble. index nane | nput
VARCHAR2(30) Nanme of the virtual index; (EXPLAIN VI RTUAL_|I NDEXES. NEW

| NDEX NAME) ]sﬁegTﬁ?is‘i‘\ﬁtuaﬁxﬁéfésBﬂ\f#ﬁ;J?aﬂé_Op a specific virtual table and
cl ean up the lated rnformatron 1n the PAFO repository, the follow ng
procedure may be &istthetvirthal indeyies on the vistuabtable(segistep 2n Cregting Virtuabladexs t abl e

(: virtual table.,creator, :original table owner, :original_table nanme);
end; is Il P‘ﬁh WO 01/ 06417 PCT/ USO0/ 40424 -23 Par aneter ©Mde Dat atype
Usage _ _ -
Step 4. Drop the Virtual Index _ _ |
5 To drop one of the virtual indexes, perform the following procedure:
begin

pafo.explain_virtual.drop_virtual_index (ﬁtable_owner, :table_name,
:virtual_index_name) ' '

end;
10
Parameter | Mode | Datatype U'saﬁ_ge |
table_owner | Input | VARCHAR2(30) ORACLE account owning the
_ . __| original table.
table name |Input | VARCHAR2(30) | Name of the original table.
index_name | Input | VARCHAR2(30) | Name of the virtual index;
(EXPLAIN_VIRTUAL_INDEXES.
NEW_INDEX NAME)
15 Table 5
Cleaning Up | |
To drop a specific virtual table and clean up the associated information in the
PAFO repository, the following procedure may be executed:
begin .
20 pafo.explain_virtual.clean_up_table (:virtual_table_creator,

:original_table_owner, :original table_name);
end;



virtual -t abl e- owner | nput VARCHAR2(30) ORACLE. account that «created the
virtual table. original table_ owner |nput VARCHAR2(30) ORACLE account that

owns the ori §Y ble. original table name |nput VARCHARPGTHUS0OMR®E Of
the original table. 5 Table 6 To drop all virtual tables, execute the
followi ng: begin pafo.explain virtual.clean_up all; 10 end; It should be

understood that the particul ar enbodi nents descri bed above are only
illustrative of the principles of the present invention, and various
nodi fications could be nade by those skjpjled in the art w thout departing
fromthe scope and spirit of the |nvent|on Thus, the scope of the present

|nvent|on|sllrgrmgtepn|yto ﬂfo X Eﬂ e L11C %ﬂ?edlnbllld[ ot WO
01/ 06417 PCW5 L 7 < A a1 P s o e e g M What
is clained is: 'Mi"ﬁ"‘ -é%grl;a gnp nagéﬁ%"%@e OR& -??S%’Qtﬂrtvi evi ng
changes to an eu-g-n-na-l—apt—&-m-z.a-t_i_m?{plan for HFFE?“Gd Vi @bleat orlence to
an original tdmengl tablegavaerst Inpuy %C@%?fﬁ@b L OR AGLEcaceeumt et conydr i si ng:
copying the orliginal table extludinp the data to msmeougmlrtablal t 4ol e;
provi ding a vi|rarigial_tabtéemanses s plripat e VARCHARZE30)i  Name of thbbfiginslesbiecijng, in
the query,sthe reference to the origl NJLpegbT € W LN a reference 1o the
virtual table; 10 adding, to the query, a reference to. the virtual index;
determ ning a new optim zation plan for the query; and 2. The method of
claim1 further cofipdiopiallyirteitables, executeshefoliowipgi mi zati on plan with the
original opti ?p zation plan. 3. The method of claim2 further conprising,

bef ore conpar "t he new and the
pafo.explain_virtual.clean_up_all;

10 end;

It should be understood that the particular embodiments described above are only
illustrative of the principles of the present invention, and various modifications could be
made by those skilled in the art without departing from the scope and spirit of the

invention. Thus, the scope of the present invention is limited only to the extent of the
15  claims that follow.



15 original optimzation plans: replacing, in the new optim zation plan,
the reference to the virtual table with the reference to the original

tabl e; and OV@pVeefiTng, to a user, the new optimi zation pl aFCHYIOY
reference to the original table. 20 4. In a database managenent system a
met hod for vi ewi ng changes to an original optimzation plan for a query
havi ' areferenceto an original table with data stored in a _
dat abase mllwl Elﬁe to an original index associated with the
ori gi nal tab onpri si ngip4opying the original table

excl udi ng t he” data to de ine a virtual table; 25 changing the original
index to define a virtual index assoqiaAkWith the virtual table;

determning a new optimzation plan for the query; and II111f. WO 01/06417
PCT/ US00/ 404 X¥hat is claithediis:l - 111 ~11 ["[I1] [1'l~ 11 I"l CL S -25- 5. The

met hod of claim4_further conprisi conpa |mzt|.o pl an
with the ori gr nal I’b‘bfh}t v ?@E ﬁ%t ﬂo'agff)ﬁwgmﬂgmi’ﬁg AR Pl Rer

conprising, kpfiaiza &wmefymwngu/rméndeheanaﬁgmamemtdammedm pl ans:
replacing, in the new. Otﬁtl m zajjon plan, the references to 5 the virtual

tabl e and® t halatgbase, 1hs mpthad compriseg: respectlvel y, the references to the
original table E«\S/hyﬂ%tﬂ% a%ﬁ%)ém@djﬁh{ﬂbaﬁhwaaﬂeaﬂmﬁ]tuﬁ er, the new.
ere

optim zation plan erences to the original table and t he
original index. 7providing adatt-abmde&ammayeimﬂtﬂlsys‘wwbla met hod for view ng

Cef orence Lo an ofARPRdR NEABFY UF T el SR ergil i Hila Mo el T ) o

reference to vifhaPiablgj nal index assom ated with the original tabl e, the
‘met hod conprising: copying the ori g| nal table excluding the data to define
a virtualOtabl e; pddingtq thy query, amgfer regerioyH he yifual inde¥r ence to the ori ginal

table with a ref eﬁ@t@ﬁlﬁmﬁé’a hi& optimization plan for the query; and

2. The method of claJm 1 further comprising comparmg the new optimization plan
with the original optlmlzanon plan.
3. The method of claim 2 further comprising, before comparing the new and the

15  original optimization plans:

replacing, in the new optimization plan, the reference to the virtual table with the
reference to the original table; and

displaying, to a user, the new optimization plan with the reference to the original
table.

20 4. In a database management system, a method for viewing changes to an original
optimization plan for a query having: (i) a reference to an original table with data stored
in a database, and (ii) a reference to an original index associated with the original table,
the method comprising:

copying the original table excluding the data to define a virtual table;

25 changing the original index to define a virtual index associated with the virtual

table;

determining a new optimization plan for the query; and



15 virtual table; deleting, fromthe query, the reference to the virtual

table; determning.a new optim zation plan for the query;

gﬂrt her conprising conparing the new opti
s ' n. 20 9. The nethod of claim8 further
E‘mnew and the original optimzation plans:

met hod of cl ayQoye

with the origi

conprising, befo |
replacing, in thq;ﬂmmmﬁmm
with the referenee to s

new optim zation plan with the referencesso the original

al table; and displ aying,

and 8. The

n plan, the reference to the virtual

to a user,
25 tabl e.

5. The method of claim 4 further comprising comparing the new optimization plan

with the original optimization plan.

6.  The method of claim 5 further comprising, before comparing the new and the

original optimization plans:  replacing, in the new optimization plan, the references to

5  thevirtual table and the virtual index with, respectively, the references to the original table

and original index; and

displaying, to a user, the new.optimization plan with the references to the original

table and the original index.

7. In a database management system, a method for viewing changes to an original

10 optimization plan for a query having: (i) a reference to an ofiginai table with data stored

- in a database, and (ii) a reference to an original index associated with the original table,

the method comprising:

copying the original table excluding the data to define a virtual table;

replacing, in the query, the reference to the original table with a reference to the

15  virtual table; _
deleting, from the query, the reference to the virtual table;

determining a new optimization plan for the query; and

8. The method of claim 7 further comprising comparing the new optimization plan

with the original optimization plan.

20 o The method of claim 8 further comprising, before comparing the new and the

original optimization plans:

replacing, in the new optimization plan, the reference to the virtual table with the

reference to the original table; and

displaying, to a user, the new optimization plan with the reference to the original

25 table.
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