‘JAN -1 METHOD AND APPARATUS FOR VI EW NG THE EFFECT OF CHANGES TO AN
| NDEX FOR A DATABASE TA “@N AN OPTI M ZATION PL FOR A DATABASE
QUERY Technical Field: present invention rela generally to
view ng the effect of changes to indexing designs for dauﬁdhshnazﬁ%
tables. More particularly, the present invention relates to using
virtual tables and virtual indexes for determ ning optimzation plans
for database queries 5 when indexes for the database tables are
changed. Background Achieving and maintaining sinple and efficient
access to conputer data is a goal shared by nost conputer users. In
addition, as the processing power of %Ddern' 10 computers increases,
greater anounts of data may need to be organi zed and stored for the
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applications or 15 prograns.. In nost databases, data is externally
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present ed twhehhieks &or. thd\ddfdbagabiesiaed &afiggd. t 0 as a "dat abase '
managenment systenm ("DBMS') provides - users with an interface to the
dat abase. The DBMS provides structure to the database that enables
users to access information objectgacgb@u®d i n the database. The DBMVS

25 identifies and retrieves certain information objects in response
to information ,Aghx@‘égg and mpintaining simple and efficient access to computer data is a goal

shared by most computer users. In addition, as the processmg power of modern

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 préferably

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

In most databases, data is externally 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 counterpért 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 database. 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, 6r

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



“"queries" froma user. The retrieval of particular information

obj ects depends on the AN 2U4 -2 | simlarity ween the

i nformation stored int i nformati on objects and guests presented
‘to the systemby the user. The simlarity is neasured by conparing
values of certain attributes attached to the information q)lg %W?ﬁi“d
i nformation requests. ‘For exanple, if a table named "Enpl oyee™"" Y%
contains the fields "Nanme", "Dept", 5 "Age" and "Salary", and a user
desires to find the subset of enployees who work in the. electronics
departnment, the follow ng query can used: SELECT FROM - WHERE
Name, Salary, Age Enployee Dept = "Electronics" 10 To facilitate

the retrieval process,. i.nformation. obje . of t.en
ndexed SoEpSFRg iR G5 Rl R b B th iR AR sl
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speci fic queri egyfekaipla ithS@ble ndmed FEntpibyetl @taind dRGAR Nambabbgpt” t he
DBMS typically scans the table, retrieves the data fromevery row
and colSumm“Age” ahé “ Saldny"eandzarisercigeizes thindthe subses of eraplpysgeho whtkdhthes -
often in the.fo - r .rore information on
-tree strﬁg?ﬁwgg?a%ggmﬁpg%?ﬁ%%&%#@%?fgl%5%%'ase - Principles,
Programm ng, Perfor MEEET MNgse) SKagf Agnn Publishers, Inc. (1994),
I ncor por at ed herei nm%eferelgcq. The DBMS sequentially reads 20 each
and every data entr the t lB’i’@,’ﬁecopi es each data entry to a
t enporary space, SOrWHEREhe dpéps=¢Blectir@scsi’f necessary, and finally
creates a data structure for. the index, The process of buil ding, the

"ndex Wor the tE®IREalE e Eireval Brasrs FiPrReine| FNSSISgp agptabsse are ohen

“indexed” so that the objects are characterized by assigning descriptors to identify the

content of the objects. The process of characterizing these information objects, referred
to as “indexing”, can lead the DBMS to particular items in the database in response to
specific queries from a user.

15 To build an index for a table, the DBMS typically scans the table, retrieves the
data from every row and column in the table, and adds the data to the index, whiph is
often in the form of a B-tree structure. For more information on B-tree structufes, see
Patrick O Neil “Database — Principles, Programming, Performance,” 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 of building 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 rows may take several days. Moreerr, creating the index for this table would

25  typically require several hundred megabytes of temporary 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.



-anpbunts of time and resources. For exanple, creating an index for a
t abl e havi ng several m't“i on rows may take sever days. Moreover,
creating the index for. (s table would 25 typic require several
“.hundred negabytes of tenporary workspace to copy and sort the data
before- creating the index. Naturally, the process of creating- or
changing an index wll take proportionally |arger armuntﬁcﬁ‘ JANNEDN
Tabl es 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 nonths to create the index, for tables this size. ,9
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creating the index. Specifically, after the index.is created, tine
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Wth a typi exed database system there are generally two steps
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(SQL) has evolved into a standard | anguage for database queries or
st at enent s invalyesSaking ikesset ot afoamptippsobiestsrfom therfisst itapand examniging sach

operati onsgg‘ir;%rl ﬁm&?@ﬁ?intm'tgﬁet%ﬁﬁ?gémaﬂ%%@f’? y, in batch files,
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affect the performance_ of that query. As explaj.n above, indices
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substantial inprovenent 20 in performance. On the other hand, due to

t he fambihnt adfwdﬁ’(l"aasiarfestuﬁe dat abase, adding or changing an index nay
require consi defaht goaiPsiinhg@h SOLIR1ARE: o §SQY H1eRBeroBEn WidRes to know

how a change in indexing would affect the performance of that query. As explained
! above, indices may be added to the database to facilitate the speed at which queries afe
“executed, especiallyin 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.

“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

- QOracle database-management systems provide users with the ability to view-an -~ -~~~



~dat abase to build-the index. Thus, the user is often presented wth

the dilenma of either ‘)endi ng the time-and re rces required to
build the index, at the sk of the new index n i mprovi ng

~performance in any neani ngful way, or not building the index, and

risking 25 the failure to recogni ze i nproved performance{vli dA Bigint
be possible with the index.. - . ~ -Oracl e dat abase-managenent
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plan” of a SQ statenent. An optimzation plan is automatically '
determ ned by the database for the S statenent when the statenent
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140, the user compares the new optimization plan with the original optimization plgn to
determine if performance would be improved or worsened as a result. of the index

\ changes.

| s - As explained. above, however, conventional method 100 of Fig. 1 requires

20  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 isused in pfoduction, however, it would most likely not

25  be feasible to expend the time and energy needed make the changes shown in Fig. 1 dug

. 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.
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“As expl ai ned above-.-however, conventional ' net hod 100 of Fig:,,,!.

requi res 20 excessive t! and resources to creat drop or change
t he i ndex. Mbreover, ex sive tinme and resource¥are then required

“for the database to gather the necessary statistics to build the

various optimzation plans. If the database is not used im g JAN-&%%
production ~environnent, taking the tine to nake changes to the index
usi ng conventional nethods mi ght be possible. If ‘the database is
used in production, however, it would nost 'likely not 25 be feasible
to expend the tine and energy neededsmake the changes shown in Fig. 1
due to the trenendous -negative. inpact on -speed, resources and
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time and ener n the SQL statements are executed in the
dat abase, dexingdesigns for databasedphirsrand|te e ePtmsHerRIARS TP Wesedndexes. Thus,
there is a need for a faster and nore efficient way to change
i ndexi ng designs for database tables and to create optim zation pl ans
for these indexes. Summary 10 TheSwmmaent invention allows a user to

see how an optifi zation plan for a.databas : new
i ndex 10 added ThgP esﬁ'ﬁf"é(%ﬁ‘gg a‘IOXBIaé’f’ergonseee%vg%nf%g&lyzﬁ@é% gﬁr \rlgég“g%
fromthe t apérf“chaﬁées MerBXieSlindegisiaddbdxo 4 dirabhdeeablenin existisg imbatiis drepped A

nmet hod and ‘apparatus provide a fra rk. for..a,user to experinent
with the (fraedhe EppagrapHSHNE e’fé’bg’g\é\g’éﬁfﬂn}ﬁ’?"g\?‘?'ew the effects that

the various topgyfaRRiag®ipparkfis ?Q‘R’ﬁfe YfkieRBE f6ff a isefiRea erihmdnt Wl theON
the optim zation plan for a database agqééé such as an SQL st%Ienent,
o)

wi t hout haiidey tapogrplyi Patelestaad Hrevieva ihag dke Yyt tehgemphical
conve nH 0 n%gns%étagg&‘indexes can have on the optimization plan for a database query, such as

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” onthe .. . . .
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, thg
- 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.



According to aspects of the present invention, a virtual table is
created which - mmcs e- structure of a tablegn the database
under test, or.."origind@table",on the 20 data . The virtual
"table is generally created by copying the original table, excluding
any data in the original table. Thus, for exanple, if the{d8tJAN 9§54
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
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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 for a SQL statement;

"Fig. 2 is'ablock diagrari illustrating an exemplary hardware environment in which : - <=2 <o e.

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..- -~ - : e,

Detailed Description

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

30  exemplary embodiments of the present invention may be implemented. In the hardware



"Fig.- 1 is a flow-di agram of a conventional method 100 for view ng the
ef fect of changes to an dex for a database tablgmon an optimi zation
plan for a SQL statenent™ Fig. 2 is a block di ag‘m illustratin alkn
-exenpl ary hardware envi ronrrent in which 20 exenpl ary enbo |ﬁe.1hA 92(5
the present invention may be inplenented; Fig. 3 is a bl ock di agram
illustrating a systemfor view ng the effect of changes to an index
for a database table on an optimzation plan for a database query,
according to an exenpl ary enbodi nent of the present invention; and
Fig. 4 is a flowdiagramof a nethod.for view ng the effect of
changes to an index 25 for a database table on an optim zation plan

for a database |n or t of
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exenpl ary enbodi nents of the Il nvent i - be |nplemented. In
Che har dueteadean agmesszRemery dROMioraeATY aremery oM. Regbagd, (epBipted: 200

i s coupl ed, {in, Fer M ot QBREL 84vic92nd BAE Pomhiteatibisaibic&ompUt er 200 )
and server conputer 202 may rnclude, inter alia, processors, . random

access5menory (IRE 2, seearkoomitgr h@mmfomm@watwnevth@émbasa?kzpmw 15fj xed
andfor "enevanbg aQ%irgdeS&a%%g CAYSHELBE np 8 CiAlyAnG:e STHANE A b Wiher

devi ces. , Server conp s in comunication with a
dat abase 2da&’abakns mhnylbs usgay sﬂeasaMioyosaﬁ SQla¢reerdlatabias Sybas SShokdrerbe

ap reci ate |n the art, other databases may be used
such as M §§)"F’ta"§&ﬁ§5¢iv§a?a §5t abases, Sybase SQL Server dat abases,

and | BM DB2 datEHoss elledThome kimll edogrizet thet anyt cmﬂiﬂatinmmtﬁgmé Zeovehat

any conbination of th bove_. 10 ¢ ent s d gig r ef erence
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conput er 2. Those skilled in the art will also recogm%&that

exenpl ary emroir it Shoseshilled in the &g 3t 2lforsensnize HishRFMBE™ FACEREATed on
a single C8f%‘b%§en{ & 486n ]:ngﬂﬂe 1mf)ierrﬂeme@ on & QAP LEhBSutBEhNeF tlﬁ%jmhﬂgﬁt her.

computers networked together.

15 Exemplary embodiments of the present invention are typically implemented using
database 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 ~« -~ 2z

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 SQ_L-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 Rélational 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, ATX, MVS, UNIX, etc. Those skilled in the art will recognize that any

combination of the above programs, or any number of different programs, may be uséd

30  to implement exemplary embodiments of the present invention.



--15 Exenpl ary enbodi nents of the present i nvention are typically

i npl emented using data e managenent system sof re, such as the
SQL- Station software mad® and sold by PLATI NUM nol ogy, although
it may be inplenented with any database - managenment systenf]<bftAbaZg4
such as the Devel oper/2000 package sold by Oracle or the -DB2
-product--sold by I BM Moreover, - PLATINUM s SQL- Station software,
-in-which 20 exenpl ary enbodi nents of the present invention may be
realized, may be used in conjunction with other. software such as
Oracl e Devel oper/ 2000 software and the DB2 product sold by IBM In
Fig. 2, the software includes an SQU-Station client program 204 and

Rel ational Extend | i 06 f el
Comput o 200, Fhe SObrSten ehbppaa 203 ans (HE REIEH Eodsb it pRBkam
program 208cande 3! @hinAd fibpedaidtig Piriogs serchlideneievd] dahctiolsy ithe

server corrputa%gezoz. These prograns execute ynder the co%éol ?lf an
oper at i ng queriess pgaiestihsriatahese 217 maprgsd PY/@‘%Q)‘_F(%&P%Y% PREFAD A0Sl the oy
- as, WNDO/g 95, WNDOUES 2 o Sefelr Snbrfent, Ties quérdes | | ed
in the art ‘%“Iof“\‘{w acogni e E%r%/aglnzyl@' f:igrtrbi}ﬁgfi on of the abov‘g

progr ags, QhfcdAYo theSQEtandardakicagkotheryreg ofqueriestayld plso beswsed wslout o

i npl ement exenpl ary enbodi pents aof the present, i [ i AN 2
U4 -8 The dsepting Hopdk S&‘?"FBE‘FC ‘BY%‘BP%r#’f@ e“éa?lﬂv?lﬁgnﬁg{;“gtp .9‘3%“51% tthgnder
client pr O(Sfa?l@‘ e,%@;ﬁprggraﬁrz@k Qnd HeTFtiondl Bxtepeerf server ppgraar 210y suchear ch
and retrieva functions, i.e., queries

.e., ] ,aggf' nﬁt th dgta’azletZJfZ
managed byddfinonyasedsecasply iferpegtion spopation fatahase retpgyel pfigppdate ©
Ext ender servern s%té%ﬂﬁﬁﬁ‘ 210. In the preferred enbodi nent, these
queries 5 EEhtormto the SQL standard, although other té@es of,
queri as coul d abeeraly DBMS sdftrsoutthe §Qbafuerny and Jhs iEudiopy dedyed; he
i nvention. Th uer.i i NYO . ti A2 Fefhpi¥r-fel@ibleGhétad
erver pr ol Bo8 <Ay e L Bl PR BBl bl R,
such as defi dietdr @tore datrceesgestericesgind/of fateeqmueereations, devigtip IMALPSh,
dat abase retrjeval, and uypd of . and sy : 1
General ly, t@ﬁ?@?@gf‘f‘ﬁ%"f%f{ﬁ? ﬁéﬁg rxe&§§§§}gs, ag%ﬁ{s ﬁéﬁ‘gﬁ?ﬁe&i"?}’ ons.
derived tpgsh&{E®BT inghRticlslwhichngh&l sead aisiockeaded by the clientdembwerf 209m a

conput er -r eadabl e medi um  e. one Q re data s i
and) or 1dat andlemihentrsh FESter 2 causes s g‘ééegteﬁ?mp Rer*368 Btfor U6 56558

computer 202 to perform the steps necessary to implement and/or use embodimen;s ofthe

present invention.

| Fig. 3 is a block diagram illustrating a system for determining the effect of changes

" "t an index for a database table-oran 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

~as5ociated with virtual-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



“the RDBMB software, the SQL queries, and the instructions derived
therefrom are all co L sed of instructions whi g, when read and
executed by the client uter 200 15 and/or thcWlerver conputer
202, causes the client conputer 200 and/or the server conju fANQH4
to performthe steps necessary to inplenent and/or use enbodi nents of
the present invention. Fig. 3 is a block diagramillustrating a.
system for determ ning the effect of changes to an index fora

dat abase table on an optim zation plan for a database query;
-according 20 to an exenplary enbodi nent of the present i'nvention.
There are two users or "schemas" shovh, nanely "TUTOR' 302 and

"PAFO- HR' 304, each of which have access to a database 306, which is
pr ef er abl ybegrar@editdre onkatseriasmwtherwith epspectie thoroae peer sagavibEesexanpie, Fi g.
3, each user..302, .3 ' : tored
in tabl es"vﬁ%% ﬁﬂy%ﬁf&ﬁl@%?ﬁéﬁg&égaﬁw tgg#aﬁgé{g#%g& Eﬂcseer AE%%O 304
control s ofdcgurmiad othablsers. 25 308 and an associ ated i ndex 310, as well
as virtual, table 312 and a vi I, inde socr at

ot ual e aPiGne sich pviegs ¥ sREABE A 3S the pemimior B aRtt PG at od

| ndexes 3101t hs@sCacsdudf. SHorO8kaiple, MR SSer IAFUVHRSI04 140 gived Uder
generally controls information stored In that user's account to the

excl usi on aUT@rwa pergission.of graniehbd QR 3845 REAlR pavilegs, to agerppipiormatiog

granted vafi PUEd 0 Th Ms, t her
users. Genera Cts?ggh&eydf)}/aiu\?? Zlg'e naymg?%e%%m?]tAN @5204 be s??)iaentte ed

from one ugery thetadlesinRAFOWIR b agces eat aceass wnlemf@neat@serthel’ 4 For
exanple, in Fig H 'S

privi egesa%?ﬂurfthé) %ﬂ%@rﬁﬂéﬁﬁi%a@%ou@ 8?%T {]%t &%%fe]r’%qm%ﬂ%géﬁagﬁd
privilgge kfh mﬁﬁ)pnvxlegatwnh&esp'edneo PAFOHERs accobnt, sc8@OF Ticadnot aaesson i n
5 anot her user accou anple, in Fig. 3, user PAFO HR 304
has gi ven '?Uﬁﬁ&y%gopg[ﬁrﬁ%gsr on, or granted TUTOR 302 a READ
privilege, to agG&RS shohipavileae mnableaﬂdreapgt@@@mgnwgd:mmmmann t he
PAFO- HR 304 account. Thus, TUTOR 302 is able query the tahles in

PAFO- HR s acvilsaner shef pivdsges Wish fay aise P?rﬁrtai‘tﬁ#r?‘ﬁ opf usepIQrRotN- 3t

account. OpREDGEO TQQLREAGQge 3 ok dtddy HieQhe uselCalloly othtRkerSioQyddje thies not
been granted 10 Such rivileges with retsj_‘gect to PAFO-BR s

accountS sdn tse:@wwserahmeuna@eewtqraewées wdbase bleed by PAFO HR 304.
Users often do not wish 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, in the

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” (“PAFO”) 316 is 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  respectto PAFO-HR 304 granted to PAFO 316 along with several other privileges by the

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.

" database environment of Fig. 3; TUTOR 302 has fiot beén grantéd CREATE_TABLE ~— - =~

"Database Administrator (DBA). Thus, a user logged into the TUTOR 302 account who 7~ 7 ~



“Anot her such priviltege available in the systemof Fig. 3. is a "CREATE

TABLE" privilege or set.f privileges, which may so be granted
fromone user to another®™ The CREATE TABLE privi ™ge, if granted by

't he one user, allow other users to create tables - 15 in th§ m
% nLB%

user's account, and to store objects in those tables

not wish to grant CREATE_TABLE privileges to other users on

dat abase system because of the broad power it gi ves ot her users to
uni laterally choose to nmodify or delete information stored within
anot her user's account. Thus, in the gatabase envi ronment of Fig. 3"
TUTOR 302 has not been granted CREATEUTABLE 20 privileges with

respect to PAFO S I ig. i danc rrp ary
erbodi ment s of b dAERHChop el o feckiee REFG SEF L SRER Hebat

"Plan Anal yz&gnttRentidnatinen PAFGAFRE dalll BAFO 356 @edteh aﬁ@d)dami@bxmploﬁ%

Thi s software package is accessi bl e by users 302, 304 of the. database

system  Unlprkesd tg e, PAFKIHR 304 asroumapthe Sepoyed Preseing 81 yjsphen
privileges w L{Lﬁ%}?t}feqﬁﬁgﬁffﬂ?}%4 BE %{H%e%g?ecgﬁra&tiﬁ’xq 19 n?ﬁﬁﬁ%n:’gl-g’n(t%eo”g

Wi th sever a4 pri eges abase Adm ni strator
Thus, '§f usessanopideges ﬁtr@chksmgﬂmeBHB 3@ée@amttmmusem£ﬂthUffﬁ’Brw se

not have prl i | eges U|re fccess d ables
and i ndi cég aﬁc Ple 11@',& ?5’ eauéecoun%mIr11t R%W@O{%% etsraﬁa Je 316
to éaccorml ivirfial table SETWEGK $he Berdvbbond Jin thibﬁ»ay ITUTQR caB accELSHOMR o’i‘@ﬂlalc alls
the package PAFO 316 .to ex cute |nvent

When PAFO 3Jabde 3Q8 and) yigtpp! Tablerih? %E‘é‘rq@é‘f‘%éhe @@g%m P'S‘/“lﬂ%?)l a

procedure %&&n&&hﬁf@d@ﬁ}&;@d?&é&ﬂe SBGOMatted NScribeP Wl ederpice¢oigs 8 318

is then executed’in the PAFO-HR 304 account. Depl oyed procedure 318

may théd graad#. the 5 necessary privileges for accessing the PAFO HR
304 account to g, o B Eg\%&E%CJ&dTéﬁsl&Qaﬁégﬁgumabne%@ ma‘er@x&dm

procedure then grant ot wite) privileges on vi rtual
table to Tmestatementu%?@r agd mp@@tsmgmalltmblt BP& tandgtine Wabbrﬁléccﬁs%

CREATE TABLEPEPT Peg 2 ot ettt B dfdte st ASERbE®, o
i s her eaf t gnachsidfché bhanmititBticseigogaeg atdsepings sto&ge lﬁl thino/ay it appears
15  asifthe virtual table contains as many rows of data as the original table. Any actual data
in original table 308, however, is préferably 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.

mommem =0t n step 402; the benefits of creating and working with a copy of the originaltable-~=+ -

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.




Tn. step 402 of .Fig: 4, procedure 316 identifies original table 308, .
as referenced in SQ s enent 320, and copi es Ogmgi nal 't §e3§®éﬁwb
define virtual table 312 This copying, in step , incl ddes
~copying the original table statistics to.the new table, including
the columm statistics, histogranms, and segnent storage. In this way,
it appears 15 as if the virtual table contains as many rows of data
as the original table. Any actual data in original table 308,
however, is. preferably excluded fromthe information copied to

define virtual table 312. Thus, for exanple, 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 creatin n Ki ith a

copy of the or insteraf0% xigpal indsy31d, to braAsPCialsdyy VH@’&@%@F %‘5{ bsr‘{ég'i’el\qlal

tabl e 308 gy s%j% ﬁhf&ﬁgﬁﬁaﬁ%eﬁ@% B8dtl assoBRe@witBorikital taBie g0R gsdediye t he
produ

changes. ' a ction e'nV|.r0nment, exeCl_.ltl ng .ap | ications are not
af f ect ed. 3\Nhenker exies ofarigihel dedex 310 teidefine virshindex 31 t Frr cxpraple.af

catal 00 needs 10408 o T8 B N BRA AR A0S RER Y o, SLrCE. ..

t he virtudPey al-n any rows, index creation 1S very
fast. 25 |rredpoRdiAPdrulindnewe crestbdfontie téabblemnsshewpinogtnt table3ithe -
PAFO HR 304 account, .these. tables may al so copied to define _
cor r espondsgPXng g arisipal dices. Al so, -for- reasons which will --
become appar entrybeh@lics Asdciaeld with @Hgin MR 3 1 arpilef @pib inyo vikbalirdiened in
whi ch the names of virtual tables are corrsﬂna ed V\AH; t he original

tabl es fr Giitwend may kep Brerbasciedtielby the ustre 5 way; the yitual IS 314,
to be assop(}.éfgltaﬁlg'_ WAL PheVdahb '-Bai.la_ stiabbfes 33 Zhe bﬁgiﬂﬂrﬂdfh@@-inclddihgt he Sarfié €p,
a

if any ori‘grnal “index 3 10 exists, associated with original table
308, poocesusteint8 18l definions ofhussasofer 8y pyi priiMzaHeR Rlag 19 Coremers the
virtual index 314.. F | e 2sOhd Sl inkddi ces are defined*
for- the- stt%tu{:eo(?fﬁtrlfn\g %ﬁ@&i&m%ﬁmgﬁ%ﬁmﬁa‘% t%gal'lg 3 08 of Fig. 3, 5
correspondi ng \hrstepa4,iifich cegnahindex Bt&associdter with erigingd tehdd 30Pnexisthown

in virtual table 3]12. copyi n he, .or.i.gi i ndi T.

statisti cs‘“ﬁgg H@F’é%éd"%%ﬁr%‘%a?oﬂ% n?dnba'et%%g%sg%délggbgﬁ%gdg re&:%%i' éd I nto
vi rtual i ngl@muatiddsivhertchserayshedie exfagimeie twithsio Sidec tHeiusal may sitniply chemse . | n
this way, the virtual indices referahl y have .t he .sange, d: :
structldr estoa%eﬁf’%é‘”(‘i;i ‘@‘%eﬁéllgﬁflg‘?l%@g any Wg'lc%/fo‘?rﬁsﬁmt’ﬂgnglﬁﬁé"dfﬁai%?g’t"g aints
and defini hdpiyed prbbidsre 326, Athis p6ing Brocediire Mazgtrened ol PAFOSIRCI0ICRE ned,
the structuré o? the virtual i1ndex is the sane as the original

i ndex. | n eteepediggran READ pspilegeniel THHAO% 310 associated with original
tgble 308 exi St step 406, after virtual index 314 is defined, PAFO 316 replaces in SQL

" “statement 320 any referencé {5 oiiginal table 308 with a reference to- virtual table 312.7 ==« » v v

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 of account 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.
Because the PAFO program 316 has altered 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.



“Virtual index 3 14 may be created and defined -by the user through
procedure 3 16. Also, ipgasituations where a user i shes to experi nent
wi th no index, the user‘ay sinmply choose 15 to fine virtual index
‘314 by deleting any indices present in original index 310, qu%% 2004
depl oyed procedure 316. At this point, procedure 318 is cr*_la_' of
PAFO-HR 304 and executed to grant READ privileges to Tutor 302. .In
step 406, after virtual index 314 is defined, PAFO 316 replaces in
SQL statenment 320 any reference to original table 308 with a
reference to virtual table 312. 20 In addition, any reference to
original index 3 10 in SQ statenent.1820 is swtched with the nane
of virtual index 314. A nodified SQ. statenment 322 with the repl aced
nanes is then santepl4do tifrmalioh mReepiifizisn pléh 329ettunikd B the dafabast/TOR 3
02 wll believe he is accessing original t@%l@e 38% whj l.e actually
accessi ng seryef isahen medifiedby P AFQracsgure 316 e delinge medifisd eripjzatipn phg 25
original tap ' ' ; Hatviral g 1S
Fef ar enced T TR e R e B el and
r esour ce- cartsaltabig 3 bt ercgspaced, respecivelngwittarefrseucestgentigmal index dPiagi nal
table ics elim ?f%ﬁgm Because the PAFO program 3 16 has altered SQL

st at ement ¥'SY I e?‘i ne nodified SQ statenent 322, the database

i nterprets the Thedhddifed ofifhizaibaplenias wikRde repladeat rames, isehendBplaixe tnew
optim zation plan 324 f the virtual table in step. .408. 19 JAN 2004
-12 In st efyensgyn Sieh ?DIIZTT%P%W USRS aBB?afsrﬁsg}é({uﬁlbﬁe ’5?"8H0W4dyr‘§‘fﬁhﬁed by
the dat abaggsina66j¥R¢ 308%nd 110N UG iHeintthoayloBARELridedstRde) ki tiddieduiredef i ne
a nodified optim zation plan  326. Specifically, any references in
new opt i ni warakstheshangesipAhe ipdeyapd rgljeve theagy entuiizatign plon iseffen refugsie 312

are r gra' acgdy arn%ﬁﬁﬁféeﬂo\ggsl tf o mattbrl dF sEBh& eBig Shd ReOdih Bl Qlﬁj|oy§ iﬂg,eawegvi 10

and original tab 8, The nodified optimzation pllan 326, wth
t he repl acseehandsysterh gerfdrmpnce inseirigyingithe sew opiémigaion plan withoyt aceding Thus,

to the usey, | g@ a i ks i :

original o jc&r%%es %ggf;‘ﬁgl’ §r G}Ma%gﬁttﬁ%%mg%éﬁg@a é’g@ral; 1Egeci(e?ibove,
the tinme requi rEe ustromapathen tdmparchaedifissi dptimidation plde¥2@mithaey piigivgd t he
new optim zati.on. plan is. often.r.e d fr o] [s to a
matter of SRHTYHES Q u°§?at?dhft§r ﬁrsl%'?gg?o?r%?ésoﬁnrﬁ %&rﬁ} lrrﬁpl%%%\?/{eod Ir HOWER

15  optimization plan is more desirable, e.g., appears as if it would improve the speed and

efficiency of the database in executing SQL statement 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 having wasted the time and resources which would have ~
20  otherwise been required to construct virtual index 314.

Each of the functions described above, 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
T ~ 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



—“speed and system performance in retrieving the new opti m zation plan
w t hout needing to co rn hinself with, -or eve e aware of, the

use of virtual tables. virtual indexes. The u may then conpare
.nmodi fied optimzation plan 326 with any original optimzation plan
created for original table 3 08 and original index 3 1Q..1f the new

15 optimization plan-is nore desirable, e.g., appears .ds3idAN pypgoul d
i nprove the speed and efficiency of the database in executing SQL
statement 320, the user may then choose to actually build virtual
index 314 on original table 308, Copversely, if performance woul d
not be inproved, the user may experiment with a different virtual

i ndex 314 or continue Uusj i gin i BAD Qriviieb Bosth lRsbeting
wast ed t HEMELRYERY t@@%@ﬁ@@%ﬁ%ﬁ%‘%ﬂg %%e 9r210 egt her wi ?eé been
required C}i,gpb&.‘ilﬂé& 5 dd6int b TUT@R 300 6eable3d dend Baertes tfthe BMPLOYEESSpRle.

descri be ove, wth respect to Figs. and-. anged

si mul t aneous| Wilbyalriable 313\ has 'EF§@PT§3‘6‘1119°EI‘1@ 4 L‘?g“%}zg%t%‘.eh‘?ﬁ’é“?gé lsJ[%cti ons
do not interfere . Lh.olher gsahss@f sthitmenidpesitse followingo they have a
si gni fi caRblePAPAE: Won per 'ordtlrr%nce,%l | owi ng themto be perforned on
a production syst erSELEETExanpl e In one exanple, a user is |ogged
onto the TUTOR 302 rrMunémpdyetieqg. 3. In this exanple, original table
308 in account PAFQVHBRBO¢tedase a:H &latee storing the name of enpl oyees
of a conpany or firmand, as such, i ef.€ LifieNSOE &hicRent332t he 1
9 JAN 2004 - 13The'fép\ﬂﬂﬂ'®r%§s“a“€%‘|?‘é?e“'r%f%ﬁije%'rza%ﬂ‘é’s f)eg?_\ grant ed READ
privileges with respechletfime PAMPLOYEESiceplacet, withoth® FGRI bl pameyp| e
to send querieS to the EMPLOYEES table. Virtual table 312 has been
creatgd for ##e#HENPLOYEES t abl e where the virtual table nane is

T _#HA#HAHHAL. " O géﬂqi(%&‘sq_ statement 320 is the follow ng: 5 SELECT

* FROM hr. enpl oyees ERE.higedat e > 1 H Date The fol l.owi ng SQ
statenent is sent t{&%ﬁgﬁé{g; B

fodi fied SQL statenment 322,
If SQL statement 320 contains optimization hints, PAFO 316 check for hints
containing original table name “EMPLOYEES” or one of the indexes associated therewith

15

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 e
| 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, |_#HHHHEHS) */ *
FROM hr.T_#HiHERH] e
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_#HHEHEH,” 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



Wi th the original table name "EMPLOYEES" replaced with the virtual
table nane 10 "T_94#4#:i1:" SELECT * _ FROM hr.gal ######## 1' e
VWHERE hiredate > : H Dat f SQL statenent 320 cor™®ins optim zation
“hints, PAFO 316 check for hints 15 containing original table nane
"EMPLOYEES" or one of the indexes associated therewith 8§ pAXanqesers
to the hints. For instance, assume the user is working with the
following SQ statenment 320: SELECT /*+ |INDEX (e, |_EMP H REDATE) */
*  FROM EMPLOYEES e 20 WHERE hiredate > : H Date Wen the user
requests to view the optimzation plgn for SQ statenment 320, the..
foll owi ng nessage is sent to the database server as nodified SQ
statenment 322: SELECT /*+. (&, HAFIX5thbIE,/ but RROMblY nalnet" A"
1 e 25 WHEREP AP MFALE é? ﬂrbgt[)&e?é?’n&ttﬁeE?%fﬁer est of avoiding corruption
in the systpmMet@anbuldibetheirampoihensging taid. yn the bowedss Wheredhg weny
singl e copy of the EMPLOYEES,t abl ef i " T L en
virtual tabwsesaEgpgl ‘G‘%‘%PreF‘§§B?f§?ee&5%%6rgea§t %Ie ggsgﬁéﬁ%ﬁ]ﬁ%c%%egt%ﬁ? a new
€

copy if a.,ggfgyed Sill eBh AR orpimpiabiel Farrexirhe, thesfellowiBDSQL ghery may
procedures “described bel ow, the name of the original table is

pr ef er abl yusedpeci fi ed rather than the virtual table nane. So, for
exanple, if the user . aht EROM &&bf Indélesi ndex on the EMPLOYEES
table, the user canSEﬁﬁe?%&%x;_é od Ot U2l i ndex or A 9 JANM -14
drop an index on th rtual o copy, b e EMPLOYEES table, but the
tabl e nane paranet P’ﬁy nmtge:,tr . Rape of the original table. In
the latter case, wh —-user “"reuses a virtual tgbl e_,crlee}‘t‘ed

bef or g,y t he PARGhIACHRE@npEeinesestdiandextschatrrdisied PAFES OTigiay %R €8

St Xl St o e t%le Qi?:tlualtinafpealie% 'crelgtce)cli sHOURATR h@erieﬁ Qﬂhfagﬂaieﬁl‘éﬁtggch%g—

query maybeergrallggspmed,
the following:

SELECT owner, index_name FROM expl_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 (‘owner1’,’index1") pairs are the owner and name of the indexes returned.
In this example, the following steps are used for viewing the effect Qf changes to
20  an index for a database table on an optimization plan for a database query.

I SN ENPRLE T

Step 1: Create Virtual Table-

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__vir,tual_table (:table_owner, :table_name);

end;



'SELECT i ndex_name FROM expl _i ndexes WHERE owner =:|ndex Oaner AND
i ndex narne= :lndex Na AND t abl e-nane -Jabl e 10 Finally,
since only the nanmes of dexes that existed on original table
~are generally returned, the virtual indexes created shoulvﬁ b3AN .
gqueried with a statenment such as the follow ng: SELECT o -gr 2004
i ndex_nanme FROM expl _i ndexes WHERE tabl e_owner = : ' ' o

Vi rtual - Tabl e-Owmer 15 AND tabl e-name = :Virtual Table Nane AND

(owner, index_nane)NOT' IN (('ownerl'., "indexl"), . '
("owner2',"index2'),...), where the ]((; ownerl','indexl') pairs are the
owner and nanme of the indexes returined. In this exanple, the

follow ng steps are used for view.ng the effect of.cC o] 0 an
i ndex for a daﬂ%ﬁ’&s‘é‘“{aélﬁ"}b& Yrsa ne%sﬁgiaﬂief%ﬁric(?'ﬁ 'tb(fna%mf%? a g%dia lé%e

query. St ‘?Braﬁxetereaéx%%fﬁleyh“omﬁ Tabl e The foll owi ng procedure may be
executed to_create t virtyal tab AT | e has
not al read gan creafaode2q Deagiype paf o. ef Pewription

virtual . crdaggiatié tua_tabl g (:table ownef, :table na X 19
AN z- O - IS0 ler © Menpht ' {{URARCHARS(38) I PNaie 65ths bemerafither r
condition PT"be ret yr ned. The par anet ef grigfiaetablef Thiel f@s f of | ows:
Bi nd Mode '| Datatype Description Variabl €| whom the virtual table will

be created.
ﬁ table name 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.

20 be%)l::lfo.explain_virtual.get_virtual_table_aiiases (:table_ownerz :table_name,
.virtual_table_name, :virtual_index_count, :original_index_owners,
:original:index_names, :virtual_index_names);
end; :



‘tabl e owner ‘tabl e name |nput |nput VARCHAR2(30) VARCHAR2(3 0) Table 1

Nanme of the owner of th original table. This isgfor whomthe
virtual table will be ated. | Nane of the origgnal table. In
“Tabl e 1, VARCHAR2(30) represents a character string of up to 30

characters. 10 Further, MODE = I NPUT i ndi cates data beln U?g&
t he procedure. Cbnversely, as used in tables below, MOXDE = CUTP
represents data being retrieved fromthe procedure. 15.Step 2 Define
Virtual Table and Index Nanmes After creating the virtual table, the
foll owing procedure may be executed,.tfo return the nane of the
virtual table and the nanes of the } 1dexes that were copied to define

vi rt ual IndPXPQ hogin

al _tabl e @§Bing ' “yaraiv — } , ] anme,
cvirtual R ﬂahldewn‘%ount Lori cillj‘;l%l - i pg : Na’éi“ffﬁgmifﬁlea & &g
:origina “Hﬂ€ ames, Vi rtluglgi n - |evagls ustdlto th in
Vari abl eM d‘étﬁattab “tVp i

1 ypeDescr i gtion thbl e owneri nNputd/ARCHAR? (30) Gwner of
origi @al T I Bant .| Output | INTEGER " | Number of indexes that
: T - - . . - -gxisted on the original table. -
Each of these indexes was
recreated on the virtual table
but with a different name.

igi i t Array of Array of index owners. These
original_indes_ovmers ouee VA}%,CHARZOO) names are the same for the
’ onginal and virtual indexes.
(Array size
=:virtual index count)

iginal 1 Array of Array of index names. These
original_index_pemes vt : VAI%CHARZ(SO) are the names used on the
original table. (Array size=:

: virtual index count)

i i Output Array of Array of index names. These
vistual_index_pames i VAI%CHARZ(BO) .are the names used to create
the copies of the indexes
listed in
“original_index_names”.
There is preferably a 1-1
correspondence between the
names in the“original_index_
names” and “virtual _
index_names” arrays. (Array
size =: virtual index_count)

Table 2

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 original 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 thatan == =

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.



' nput VARCHAR2( 30) Name of “original table table _

Qut put VARCHAR2( 30) Nane ed to create the.virtualgtabl e nanme -virtual
tabl e. count CQutput| NTE@ERNunber of i ndexes that. rtual index _
“existed on the original table. - Each of these indexes ms‘fJAﬁaflﬁ%E
on the virtual table but with a different nane. index_owneét '
Qut put Array of Array of index owners. These original s
_VARCHAR2(30) nanes are the same for the original and virtual indexes.
(Array size mvirtual 'index count) original-index-namesQutput Array

of Array of index nanmes. These VA (30)are the nanes used on the
original table. (Array size=: virtual® index count) nanes virtual

Qut put Array of Arra

If the ngu?gl taﬁa{.éqngg( exrjls?ing 1nde>;|<;rs],ei§ee storége information and statistics of
those indexes will be used to generate default storage information and statistics for the
virtual index. If the existing indexes are not analyzéd, limited default will be available.

After. executing - DEFAULT_NEW_INDEX_'STATS, the default storage

5 information and statistics are rémmed to PAFO for display and modification. The user

is permitted to change these statistics to better identify the index properties. To help the

- user decide how to change the statistics, PAF 0] allows the user to dlsplay the statistics on
other indexes currently created on the table.

The following procedure may be executed to obtain the default statistics:

in
1 bee 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__(_lata_blocks, :cluster_factor, :blocks_allocated, :extents_allocated,
15 :distinct_values); : :
end;



“i ndex - VARCHAR2(30)are the nanes used to create - the copies of the

I ndexes listed in "origigel - index-nanmes". Theregmas preferably a 1-1
correspondence between tNie nanes in the"original ™idex_ names" and
-"virtual - index_names" arrays. (Array size =: virtual index count) _

Table 2 10 The call of step 2 generally assunmes the virtual 'thbj]gi]%
created- using the. CREATE-VIRTUAL- TABLE procedure. This neans tha
if the virtual table exists in a cluster, that cluster is the sane
cluster in which the original table exists. That ‘is, the virtual
table is not the product of a requesis-to make an unclustered table
clustered. 15 Otherwise an error is returned. Sten 3: Default
Stati sti csndReraf@ir définitiond ark Bcfelowas ef er abl y has realistic statistics
in order to ensure that an optim zation plan is created that is
equi val ent rP gAY O TNEe 1[TMRK Cr eal Bstargla t he ori gi jiasage 20 t ablje.
EXPLAI N_ViI %'ﬂmg‘row des t|hgupr ocediVeRGBERZGM T NE VY ORMOERaSEATS t o
assist thelusér in settingd the appropriate statistigrmgthersigon |17 | f
the originpl table has exijsting indg¢xes, the st-orjage“’ﬁ‘ PEPiRL i gn and
. : . Ll : 'will be create
statisticslof _those |indexes w-ll—beusedto—gerera

D e t or age
; . . . VAR oI+ able jame. = | .
i nf or néit i opt2RinAETEL at | sties E"ﬁr the—yig %g?;nucx. o etﬁm%édbl' ng
i ndexes ar ¢"Adt™anal yzed, || Tt ed def audft W 'l be ayadek dbtde. ,
ind col names *1 Input Array of VARCHAR2(30) Columns the index
- - . willbecrea;ed for.
J The order of the-

columns in the
array should match
the order requested
by the user.
num_ind_columns Input | NUMBER Number of .
- ’ columns; that is, the
number of elements

in the array,
IND_COL_
NAMES.
default_tablespace Output VARCHAR2(30) Tables'pace 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.
.} pot_free , Output NUMBER ' (PFII_FREE
- P ‘parameter for
creating index.
btree_levels Output NUMBER Statistic that will be
h stored with the
index.
leaf blocks Output NUMBER «
15 avg leaf blocks OQutput NUMBER “
avg data_blocks Qutput NUMBER “
cluster factor Output NUMBER «
blocks_allocated Qutput NUMBER “
extents_allocated Output NUMBER «“
20 distinct_values Output NUMBER “
Table3 -

*] - 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.




. After.. executing - DEFAULT_NEW | NDEX STATS, the default storage 5
i nformation and stati st are returned to PAFO f di splay and
~nodi fication. The user “T's permtted to change t estatisticsto

-better identify the index properties. To help the user ﬁﬁﬁrﬂsﬁ%@o
change the statistics, PAFO allows the user to display the

on other indexes currently created on the table, The follow ng -
procedure may be executed to obtain the default statistics: 10 begin
pafo.explain virtu al.default_new_ indez_stats (:table_owner,

-tabl e _nane, i nd_narre, ;i nd_col _n_%‘ges, :num_i nd_col umms,

- defaul t _tabl espace ‘init_trans, :max-trans, :pct_free,

:btree_| evel s l% {yw}flé%ﬁg ode |b%a§engln@@ Kﬁlen exe%\iﬁxgdﬂl%q:[@deﬂﬁks

ccluster-fact o];h ocat extents-all ocated, 15 :distinct
_val ues); DEFAIULTlNE\m ANDEROSTATS Tﬁqequaql eOAEETAON I P AFSCTIRSIOR OFFTES 55

it S e

e table on which the
index willrt eare Jusérmeﬁhmma Sk, \{Ammﬁam)egam wblgawe. |nd
namel nput VA (30) NRERTRIANY mDEquvﬂldgGE(}irobér peivigeeshoulddecol names
* 1l nput Arfay of VARCI(;ﬁngd%O)COI ums t he i ndex

-20002 Table does not exist. (Check the table name and owner.)

-20003 Index already exists with specified columns. (The table already

i has an index with the requested columns.) .

-20004 Column " not found. (The index column does not
exist.)

-20005 Invalid table owner. (The Oracle account entered for the table
owner does not exist.)

10 -20006 Index name is not unique. (Enter a diﬁerent 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 define 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, :init_trans, )
:max_trans, pct__free, :btree_levels, :leaf blocks, :avg_leaf blocks,
:avg:data_blocks, :cluster_factor, :blocks_allocated, extents_allocated
:distinct_values);
end;

30  The parameters are defined above in step 3.




-~ -will be created for. The order of the colums in the array shoul d
mat ch the order request by the user. colums In NUMBERNunber of
numind _colums; that i3S, the nunber of elenents the array, 1ND
“COL NAMES. tabl espace out put VARCHAR2( 30) Tabl espace nane def ?#?,&! o,%
which the index will be created. init transoutput NUVBERI NI T I‘@ Ok
-paranmeter for creating the index. max transQutput NUVBERVAX RANS .
paraneter for creating index. pct freeQutput NUVBERPCT FREE par amet er
for creating index. btree |evel soutput NUMBERStatistic that will be
stored with the -20- '

Step 5: Final Step
At this point, PAFO creates a new WHAT IF frame as described above displaying
the original SQL text. The user is allowed to modify the text and add hints. The “tag”
from the SQL frame is copied ‘and the_saxﬁe seqUential'nhmber is used. Forinstance, if. . .., .
. 5 the SQL Frame label is SQL: H[STORY; 1, then the WHAT IF Frame should be labeled,
WHAT IF: HISTORY;. o
When the user requests an optimization plan, PAF O should alter the SQL text that
is explamed BUT not on the SQL frame. Nonetheless, the SQL should look like the
original SQL statement. Thus, the procedure desirably makes a copy of the SQL text and
10  replace all occurrences of the original table name (:table_name) with the table copy’s
name (:temp_tabie__name). | ‘

} If the SQL statement uses a synonym (local or public) to point to the original
table, the modified SQL text should include both the owner of 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 OBJECT_NAME combination, where the
OPERATION column starts with “TABLE’, the temporary table name should be cﬁanged

to the original name (:table_name).

For each of the virtual indexes returned in step 2 above, the optimization plan ~ o0 o

20  should be searched for these virtual index names and replaced with the original index
name. The virtual indexes are identified in the arrays (original_index_owners,
-original_index_names). The associated replacement index names are stored in the array
(-virtual_index_names). So PAFO searches each step where the OPERATION column
starts with the text “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 ORIGINAL_INDEX NAME(0). This is preferably repeateci o
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.



‘index. l'eaf bl ocksQut put NUMBER av | eaf bIocksoutputNUNBER av data
bl ocksout put NUMBER cl us fact or out put NUMBER bl

al | ocat edout put NUMBER extents al | ocat edCut put NU dlstlnct
-val uesout put NUMBER Table 3 * 1 - ensure-that the value for ach
element is null termnated and specify in the approprlat @Aﬁ
paraneter the array of actual lengths of each elenent. .1 9 JAN 2U 5
10 Table 4 The output parameters will be input to the next procedur e
executed, 15 EXPLAI N VI RTUAL. CREATE-VI RTUAL-| NDEX. Al so, note that
it is possible the user will attenpgj.to create the index on a

t abl espace to which the user does not have access. Step 4. Create

Virtual |ndex i @RIELE” ab prefeadblyonakes
B‘?'é éﬁ{% gﬁg fHe irBSmlanElEX e i RARGpre

preferably co Ine the virtual index st.atistics
and stor ag@smfdhams hsodesaibed %ho%métﬁﬂfi B> 'Fbatt'shréi'[ Qﬁ&pﬂ{’sﬁﬁe ASSe owi ng

procedure may CUt g/{p t Oshould usethe nameEMPLOYEES
pafo expl aﬂﬁ_#f E %‘ Vi rgt%uau i ex :tabl e-owner, :tabl e-naneg,

e Tl \lvm_d?spla;aﬂgmsnfonmmw iten @hecp@tru rHgp, when displaying the

; Lin
def auIt ta espace, |n|t tr
- bt r e | cuddxss, the assgciatad S %ﬂﬁ% ﬂ‘ées sh&ﬁ&béc{]gﬂ’ag bl ocks,"

ccluster-factqg .l g%lfghggg bgg%ﬁdfthe@lﬁn&ﬁétmmhlhlaﬁmeme virtual table
- di stinct-val uess

name or one of it’s indexes, the statistics for the associated virtual index should be

array

| displayed. Thus, theuser clicks on EMPLOYEES, the user sees the name EMPLOYEES,
IRINT] 1 T _

but PAFO lists the statistics for T HtHHEH

EMPLOYEES.
10

Dropping a Virtual Index
The only indexes that can be dropped by this procédure 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:

Ce e 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 retums-a row, then the virtual copy exists. Otherwise, create the

virtual table (see step 1 in Creating Virtual Index above).



30 The paraneters are defined above in step 3. -19 The foll ow ng
error codes may be gener@lded when executing the p edure - DEFAULT
NEW | NDEX STATS. The sec®nd col umm contains a des ption of error
.and how, if possible, the user can resol ve the error. in parenthesis.
-20001 -User is neither table owner; nor | NDEX privi I ege on table;

nor CREATE ANY | NDEX privil ege. (-proper privileges shoul ia‘fr& .

obt ai ned.) -20002Tabl e does not exist. (Check the table - Adin 2004
owner.) -20003Index al ready exists with specified colums. (The table
al ready has an index with the requegped col ums.) -20004Col utm not
found. (The index colum does not exist.) -20005Invalid table owner.
(The OfaC &0 3CCR N ENh &K WiFudlableabl e owner does not exist.)

- 200061 n is not unique. (Enter a different inde for the
virtual i ndex Dist thOGitOMiindskesparthoyirmabtablaiseostepr? 1f fEeatisg Wa{ﬁﬁ?‘ tabl e
al ready has virtual index created by the user. 0 -19 JAN 2CHY -20
Step 5: FP‘?‘F%(F'Step At this point, PAFO creates a new WHAT I F frame as
~descri bed above displaying -the or | ginal SQL.text. The user is

al | oned t gigydDiop the¥irhakindand add hints. The "tag” fromthe SQU
frame is. copted and the. sane sequential nunber is used For .
instance, if 5TokdepSQe ofthametuplassiskes; perfionp thefdiplippipgprogeduiehon  he WHAT
| F Frame i)goltél d be labeled, WHAT IF: -H STORY; 1. Wen the user
requests E8pti m zation pI an, PAFO shqul d r S e hat

i s expl ai ned, PW‘NSW-&H“‘F’I&Q"FEQY’W%#@'Q ’f\loﬁe?tﬂg-rog&s'tsw t%bké;"sntﬁbul d

| ook |ike Ylh@al index_name)

end;
10
Parameter | Mode | Datatype . | Usage .
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
To drop a spemﬁc vmual table and clean up the assocnated mformatlon 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;



original SQ statenent. us, the procedure.desirably makes a copy of
the SQL text and 10 repl@e all ‘occurrences of th riginal table
nane (:table nane) with the table copy's nane (:T€np_table nane). If
‘the SQL statenment uses a synonym (local or public) to point to t he
original table, the nodified SQ text should incl ude o% mwner
of the virtual table, and the virtual table nane. H nt'p rarreters may
al so need to be changed if the hints referencethe 15 table or an
index on the table. The plan is then created and retrieved into
menory. For each OBJECT- OANER and ORBECT NAME conbi nation, where the
OPERATI ON columm starts with "TABLE' . the tenporary table nane should
be change PJ.QmE{"b@ origi naMdaarreDQtatﬁbl e narﬂel)TsagFor each of the
virtual indexey L EREN | Thodl CPVARRBVE(0) NEORAEL P aécduh@hatP! an| 20
shoul d be {sear C'he Tor these vi rtual |ndex naé;gagedafﬁgwﬁggltm@d W th
t he ori gi nal—-rde frafe— e v t he
arrays (: r‘i”@"ﬁ‘&ta le,gumer, Pts, Y
associ ated_repl acenent | ngex na
(: vi rtual -} origginel nebkesyme SoInppEQ e
OPERAT4 ON columm starts with the Teb¢6" | NDEX Ifthe OBJECT OMNER
and OBJECT NAMEmatch the 25 ORI G NAL- | NDEX- OANER( O) and
VI RTUAL- | NDEX- NAME( O) val ues, the index nane should be changed to
ORI G| NAL- | NDEXTAlRR( ativirtuhtables, sxqspteftha falawing epeat ed . for each of the
ar?ay elenents. The nodified plan is then displayed, and the user is
i nf or med iP€2he virtual index greated had an effect on. performance.
tL ! 1 9 Janfogplaip viteal.oiSaR iR di spl aying the information in the
"OBJEQT" tead; PAFO preferably nmakes the sane changes as described
above i1 Steps i fpte oiabiobdinaRRf B APLAKNIAAR deideI8Ebovd B on
T_########1, not S. But PAFO shoul d. use t he name EMPLOYEES
i nst ead ofuhmuam@;ﬁtmnpspmm of ghet tesentwfventing: andryvatiensmppdificatigns coyldBe  when
di splaying _th [ | ues
shoul d beg,mdg&y atg%%f‘s%%ﬁn tleNFt ARRAE 8P £Ehe TN NV ¥
invention. Thus, the scope of the present invention is limited only to the extent of the

15 claims that follow.




‘When the user clicks. on a step of the plan that contains either the
virtual table nane or ’ of it's indexes, the. atistics for the
associ ated virtual indeX®should be displayed. T , the user clicks
‘on EMPLOYEES, the user sees the nane EMPLOYEES, .. n n, nt

1...1.1.. fr,.o fnr the in(~P?CAS on but PAFO |lists the statistics
for 1 # 1. 1 he same ,,olds ru o -- _. EMPLOYEES. ﬁo El(ooplng
a Virtual Index The only indexes that “can be dropped by1t [ 20!]4
procedure are preferably those belonging to a virtual table. So if a
virtual table does not exist, it sheal d be created. The virtual
table is created via the procedure CREATE-VI RTUAL- TABLE. Then the
user 15 may indicate from which tghhApihe wi shes to drop an index. The
followi ng steps may then be used: 20 25 Ste List Al Tables. toWich
the User iag: delaisd is: SELECT owner, tabl e-nane FROM expl _tables Ste

2. Determine if the Selected Table is Stt@tah% dal new
tabl e_nant. FROM Wbéé?ﬂl‘a&?%?“\??trsyﬂ%ata% 6& fd?m@gkﬁﬁg}:@t abl g;;?ane =
: Tabl e nane. | { faVindre havindSrefereh€enp ahbegmztlmblamt tel stag .
exi sts. Ooﬁtmlza&o%lagg(?g&le&t he@ Vrl rtual table (see step 1 in Creating

Virtua Iadebasabhnﬂeéthodlcoglpyﬁw 2a0 -22- Step 3. List Virtual |ndexes

on Virtual Table Lisgt the v %&tg@eﬁ,{aqwﬂumb tabl e (see
step 2 in CreafiPeViSYES ]t%ﬂﬂ%ée;@ug‘é% Step 4 Drop the Virtual

I n?ex providing a virtual index associated w1th the virtual table;

replacing, in the query, the reference to the original table w1th a reference to the
virtual table;

10 adding, to the query, a reference to the virtual index;

determining a new optimization plan for the query; and
2 The method of claim 1 further comprising comparing the new optimization plan
with the original optimization 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
‘] dnsplaymg, 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 v1rtual 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



‘5 To drop one of the virtual indexes, performthe follow ng
procedure: 10 15 Tabl e Cleaning Up To drop a spgcific virtual table
and clean up the associWed information in the O repository, the
“following procedure may be executed: begin 20 .

paf 0. explain_virtual . clean_up_table (:virtual-table-creatgg JAN 2004

- ori gi nal -t abl e-owner, :ori gi nal _tabl enarme); end; begin

pafo explain_virtu al. drop virtual i ndex (: tabl_e_ovvner -t abl e_narre,
:virtual -i ndex- nane) end; Paraneter ModeDat at ypeUsage tabl e

owner | nput VARCHAR2( 30) ORACLE accoupys_owni ng the original table. name
| nput VARCHAR2( 30) Nane of the original table. table -

| nput VARCHAR2( 30) Nam : ' sk dSMparing di>newarpemization plan
( EXPLAI NV ﬂiﬁ%ﬁi&ﬁ%ﬂ*‘ﬁ%ﬂ%& nl\sle%E) " ng T A LS4 . -23
Par amet e%c[gp@ﬁgﬁgpﬁwﬁia@en\plant ual table

_owner | n% ut VARCHAThe ml:\;%ho?i% fmAclal C%';-m%%? géjn%rlsmgaﬁefore comparing the new and the

original optimization plans: replacmg, 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 ongmal
table and the original index.
7 In a database management system, a method for viewing changes to an ofiginal
10  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;
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 companng the new optimization plan
with the original optimization plan.
20 9 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.



created the virtual table.

ori gi nal -t abl e- owner | nput VARCHAR2( 30) ORACLE account that owns the
original table. _ InputVARCHARZ(30) Nane of the original--table.
original _table nane 5 Table 6 To grop all virtual tableq geyRR gg¥
the foll owing: | begln p_ar_.cSp..71:: .irtuall.nwa inow.".n .-n nll;
lu : ~" aua_.+. .~ 10 end I t should be under st ood that t he
partlcular embodi ment s descri bed above are only illustrative of the
prl ncilpi es off & fAriabAseSB#AIPMEUrRYPISR, inglkding an iopiaaliablp faxiag iswdurebul d

q those skilled in the art mn hout de artln fromthe scope
and sgIPTe ‘Eﬁartdrf’éta ?‘?f\‘?éﬁ‘t? %abaﬁﬁ&metﬁﬂ% o5 dgfpEniyng ‘E’ﬁ’é‘g Bsent
t to th f .the . at
fol o ghg oplitlzb M hr it fitEee®t. i Tiew Pofiud BrekBRieanase
nanagggggbwémgﬁgqh ﬁmﬁ%ﬁ@&quﬂﬁ:V!e“jng changes to an ori gi nal
a

optim zation plan for query ving a reference to an original table

with data sifyngahe ér@;m%l table SRt MRS Be sinturABAHAhtiSPIRKELAIS, theOPYi Ng

the original table excl uding the data to define a virtual table;
pr ovi dafagtoaietihd & Utthalitabilex associ ated with the virtual table;

replacing, in the query, the reference to the original table with a
ref er ence teplacing, invthe tqualy, thelieference to the original table with a reference to the
virtual table; and

determining a new optimization plan for the query.

11. The method of claim 10 wherein the structural information of the original table

includes statistical information.

12. The method of claim 11 wherein the statistical information includes a number of rows

of the original table.

13. The method of claim 10 further comprising comparing the new optimization plan with

the original optimization plan.

14, (New) The method of claim 10 further comprising, before comparing the new
optimization plan and the original optimization plan;
replacing, in the new optimization plan, a reference to the virtual table with the .

reference to the original 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 net hod
of claim1 further conprising conparing the new optim zation plan-
with the original optimzation plap. 3. The nethod of cI1agrijifzg?!t her
conprising, before conparing the new and the 15 ori gi nal

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

t abl e'%andTlf %1“89|°ﬁ§'3'”f 44 &uriheeFomRriziBI nR&IPE MR the eI RHMIZAEAY t he
refere ce ! t he. of l %I nab& ble. 20 4. In a database managenent
syste SEgnAlpPtTza 'Hg "thanges to an or| gi nal optinization plan
for a quer wi th data
Stor ed .n*g PAL8s s boftnf ol ol ot Bhedip B B0 BB | 1 C3
associated with the original table, the met hod conpri sing: copying
the original table excluding the data to define a virtual table; 25
changitpg t fea Aatdbab@|mdnagéhierit Systeii RBlud@ny iaht etdfinal BEHRX naasP Gradt@dl Wi t h
the virtual table; determ ning a new optim zation plan for the query;
and O ifforthation 2{¥dat Stoked il Belatibbse)d nadthad far tetdmiinifid EeihgeORIn ®iging!
conparing the new optim zation plan wth the original optimzation
pl an. oftimiF#tenpEnifoda gfierg keathendBtabaset the rqueryrimpaiudiigryrefdiericerte theamrigiai ng
the new and the original optimzation- plans: replacing, in the new
opt i mitatig: thermeghechcommiging.ef erences to 5 the virtual table and the
virtual index with, respectively, the references to the original

tabl e and BQHY@‘Eﬁ%ﬁ °"'9‘ﬂfé%b'eawa‘uémﬂlea%1ﬁt§'a' nfprgatipndut exqidingdie data,
optim zation vY|ththe references to the original table and the
ori gi ﬁ°a efinRg ab?‘n a dat abase managenent system a nethod for

view ng Ch&é}%%% atv(?rtuacllplngerxI z%somated with the virtual table;

replacing, in the query, the reference to the original table with a reference to the
virtual table;
adding, to the query, a reference to the virtual index; and

determining a new optimization plan for the query.

17. The method of claim 16 wherein defining the virtual index includes copying an

original index associated with the original table.

18. The method of claim 17 wherein. defining the virtual index further includes changing

the original index.

19. The method of claim 17 wherein copying the original index includes copying

statistical information associated with the original index.



10 optim zation plan for a query having: (Da 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 nethod -
conpri sing: copying the original t@bl e excluding the data to define a
virtual table; replacing, in the (:fu'ery, the reference tojlﬁel&?ﬂi@‘vhal
table with a reference to the 15 virtual table; deleting, fromthe
query, the_reference to the virtual table; determning a new

opt i n2at i bFf PERAD PHFlRIKE THTRer $OMBRRINgscoMPRENG,{BE RBW opfimiationialan withy t her
conpri,si ng. c ar i the new optim zation plan with the original
op'[r})mﬂkeacfrg@ﬁpﬁﬁ‘ﬁaﬁ%bp'@?' The method of claim8 further conprising,
before conparing the new and the original optimzation plans:
replacing, in the new optim zation plan, the reference to the virtual

tabl e oy t hTM’ﬁ]ethro.@foj?'&Em? g% ?ﬁh@p&ﬂrkgbﬂ%fo&%hgéri@nﬂg q\!{eﬁ?pﬂng%n to a

user, the new optim zati an wt referenc original 25

t abl e planZfd 12 origMaPodiabsSsgadenagenent system incl udi ng an ori gi nal
tabl e having structural information and data stored in a database, a

met hod f or repakiag minnihe hedhaftgezatib® piin, A ieréite t0hé Nirkal ta0Rr Wiakhef or a
query to the database, the query including a reference to the

ori gi meferetcetbdhe drigmahteblaod conpri si ng: copying the original table,
including the structural information but excluding the data, to
define a virtual table; replacing, in the query, the reference to the
original table with a reference to the virtual table; and =

det er #eni n§"MRERA GhERIM 2ZATYrHAT grmamtisingy befere cgiieanng the newpptimizalidd of
claim_10 vv? rein the structural information of the original table

i ncl u§é&ys 8 eioélfginélac?pt'inﬁﬁg‘?%ﬁ?q'on. 12. The method of claim 11l wherein

the stati S&igﬁ%}ind tﬂ& ﬂgmﬁﬁrﬂgatfoﬂ% aHQV?tﬁ tﬁie rg%%%g toOtLe Bﬁg}ﬁal table.

23. A processor readable storage medium having processor readable code embodied
on the processor readable storage medium, the processor readable code for programming a
processor to perform a method for determining changes to an original optimization plan for a
query to a database, the query including a reference to an original table having structural
information and data stored in a database, the method comprising:

copying the original table, including the structural information but excluding the data,
to define a virtual table;

replacing, in the query, the reference to the original table with a reference to the
virtual table; and

determining a new optimization plan for the query.

24, The processor readable storage medium of claim 23, wherein the structural

information of the original table includes statistical information.



of the original table. 13. The nethod of claim 10 further conprising
conparing the new optim zation plan with the original opti-mzation
pl an. 14. (New) The nethod of claim 10 further conprising, before
conparing the new optim zation plzg_n and the original. opliqﬁ_;;@t@g@n
plan: replacing, in the new optinization plan, a referen¢e ™o the"
virtual table with the reference to the original table. -27 1 9 JAPE

204; 15. The nethod of claim 14 further conprising, before conparing
the néw oppi‘%pi%ﬁe?% regfiafe a?‘ﬂag%é“‘?ﬂ“l’@i‘?ﬁa?'a'ﬂ‘ptzi“ni"’h%rf’l“oH‘eplsg‘ltﬁt'ca'

di spl ayi ng,.t he new optim zatio | an . w the reference to the

ori gi Hﬁ?m@}m Igeludgs a yqbgr Hza{?‘ﬁﬁgfstge Wbéﬁ@nt system i ncl udi ng an
original table having structural information and data stored in a
dat abase, a nethod for determ ning changes to an ori gi nal

opti mpgat i o Pﬂﬁe&sapwea@abﬁwa§e§ %@eﬁmﬁn &%ﬁaﬂhég%emo%ﬁ&ryer lBnhiigng a

“reference to e origina the met hod conprising: copying the
Or i gi Remprhg s ndwEptirfianen bIBewAR he Ghiihaloplifiziortidnon but excl udi ng
the data, to define a virtual table; defining a virtual index
associated with the virtual table; replacing, in the query, the
reference to the original table wwth a reference to the virtual

t abl e 27 addirmgprotassorreadpbiersiorage mediem ehdaimt 23, theenaiiiad fudhieri ndex; and
determ ning a new optim zation plan for the query. 17. The nethod of
cl ai mcampPRginer befaredremmipaiingthe hew optintizedipn pladerd theeriginalpptimizgiianglam
original index associated with the original table. 18. The nethod of
clai m 17 wiFelasng. in {iernewi apymizakonrian: gagfeienercte theuyirtyrb tablenwithibre s

changi g t he Sri ina‘ hndex. 19. The nmethod of claim 17 wherein
copyiH%'FH@a% Wb&ﬁﬁ? ®Rl8ex includes copying statistical information
associated with the original index. -28

28. The processor readable storage medium of claim 27, the method further comprising,
before comparing the new optimization plan and the original optimization plan:

displaying the new optimization plan with the reference to the original table.

29. A processor readable storage medium having processor readable code embodied on
the processor readable storage medium, the processor readable code for programming a
processor to perform a method for determining changes to an original optimization plan for a
query to a database, the query including a reference to an original table having structural
information and data stored in a database, the method comprising:

copying the original table, including the structural information but excluding the data,
to define a virtual table;

defining a virtual index associated with the virtual table;

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

virtual table;



20. The nethod of claim 16 further conprising conparing the new
optim zation plan with the original optimzation plan. 21, -The

met hod of claim 16 further conprising, before conparing the new
optim zation plan and the origi na3 optim zation plan: repl aci % i
the new optinization plan, a referéence to the virtual t abl.® it ZHe
reference to the original table. 22. The nethod of claim21 further
conprising, before conparing the new optimzation plan and the

ori gi nal optding Libe SH‘P’Y)Iaarﬁfe“ﬂﬁcgﬁq e ViFgRHiNeX A opti mi zation plan with
the reference ta the ori bl.e. 23. A processor readabl e storage
nedi um hav?%afnm"e,%%ggvespptﬁ%%ggpé é?fc?ée%ﬁﬁ'odl ed on the processor
readabl e storage nmedi um the processor readable code for programm ng
a processor to performa method for determining changes to an

ori gi ngl OPid PrbEakbqBadibRbidrade rﬁeduﬁ’rH%f M%Fnozsawﬂérteiﬂ%ﬁﬁn e query

including a reference to an original havl ng struct ur al

i nf or WRlLAIoRYeR MEIudad opying A @ribifaldndérbadRBRd vithehdBidiRfasrMPr i si ng:
copying the original table, 1ncluding the structural information but

excluding the data, to define a virtual table; replacing, in the
query, the reference to the original table with a reference to the

vi rt udl. t abhee prageskod ed¢aginbie rstanggeamadiumogitdlaim 239 mbarepl definfngrthé hetugluer y .
24. The processor readabl e storage nmedi um of claim 23, wherein the
st r uctindewfurtherfioelugesicbangfo theeriginal ideyal t abl e i ncl udes stati sti cal
information. -29 .19Ji A 34 25. The processor readable storage nedi um
of claim 24 wherein the statistical .information includes a number of

oS By S0 R AR oA LT B ARG B R O
opt i min%ig)tz |n8ﬂdg|%gévéttgtlstt@§l in orI Itlgnag O crlnwzt@g{ otnﬁﬂalanqeﬁ( . The

processor read: I"um o od further
conprising, before conparing the new opt| m zation plan and the
original optimzation plan: replacing, in the new optim zation plan,
a refggencend grobdi8oMichidbi stbabd freWultbrlciin 29, the method further comprising

comparing the new optimization plan with the original optimization plan.

34. The processor readable storage medium of claim 29, the method further comprising,
before comparing the new optimization plan and the original optimization plan:
replacing, in the new optimization plan, a reference to the virtual table with the

reference to the original table.

35. The processor readable storage medium of claim 34, the method further comprising,
before comparing the new optimization plan and the original optimization plan:

displaying the new optimization plan with the reference to the original table.



reference to the original table. 28. The processor readabl e storage
medi um of claim 27, the nethod further conprising, before_ conparing
the new optim zation plan and the original optimzation pL_?g;JAﬁgmﬁ
di spl aying the new optim zation plan with the reference to the
original table. 29. A processor r@zdable st orage nedi um havi ng
processor readabl e code enbodied on the processor readabl e storage
medi u t he processor readable code for programming a processor to

per f oPPn a |fet HEERORSR MASRGRMASTH i HCPhARHERI @9 Ai9inst taflan ARviegp Eirvstyat i on
lan for a. que to a datab , the query inpcluding a reference to
B or MTmalor 2 Batn-RTRY T A SRAbaRS) = FHRRET YIS SR CHRE NG ShaNeES P | n a

dat ab > i si ng. ' qgir
et uanaee pRE 2R R b Rome SRR v MGt iR b e o g

def i ngri@ny idtid!#e dpPRlafiss cgﬁlf)liisri“gﬁg a virtual index associated with the

virtual " table; replacing, In tthe query, the reference to the original

tabl e W t hmaaksbesdRyiRg tHeQribing! tabld,liddAlingttAdStRicturad thiGkAdtisHbutt 0 t he
query, a reference to the virtual index: and determ ning a new

opt i mMexaddirgthphata, tbaefitdweviquegtaple; 30. The processor readabl e storage
medi um of claim 28, wherein defining the virtual index includes

copyi ng anmeansgon@placingléxthasisery) the exferandetio tHeeriginalgamiaith abl e. 31. The
processor readabl e storage nedi um of claim 30, wherein defining the
vi rt usdferieneiete thewvitugblabienendides changi ng the original index. 32. The
processor readabl e storage nedi um of claim30, wherein copying the
ori gi nal i Mgave fPresteraingcHRRY erjimization Blan PatheiqY¥eBr nat i on associ at ed
with the original index. 33. The processor readabl e storage nmedi um of
claim?29, the nmethod further conprising conmparing the new

optim_zatiagn plan with the _oriqginal optimzation pla 34. . T
orocedlor T ntra oh e BB SRt e Sl FHoRRHEh SEtmeotrartl e
corrpriil,ﬁziurags =S LR fofi@ARar i ng the new optim zation plan and the
origina op?l mzation pl'an: replacing, in the new optim zation plan,
a reference to the virtual table with the reference to the original
tabl e. 35. The processor readabl e storage nmedi umof claim 34, the

met hodsf ur e bpPats bséIfe 37. wherein the statistical information includes a number of

rows of the original table.

39. The apparatus of claim 36 further comprising:

means for comparing the new optimization plan with the original optimization plan.
40. The apparatus of claim 36 further comprising:
means for replacing, in the new optimization plan, a reference to the virtual table with

the reference to the original table.

41, The apparatus of claim 40 further comprising:



before conparing the new optim zation plan and the ori ginal

optim zation plan: displaying the new optim zation plan.-with the
reference to the original table. -31 36. In a database qmgn3ggmaM
systemincluding an original table,having structural information and
data stored in a database, an apparatus for determ ning changes to an
original optim zation plan for a query to the database, the query

i ncluding a referéan e to the original table, the apparatus

conpri si ngMeARARYS '?‘g"’?y"@db‘?/i‘%o'?t 24P BAR ¥th fhe?tf?féfe"F‘g PRIPHHA he
strucgéﬁéﬂ information but excluding the data, to define a virtual
tabl e; méans for replacing, in the query, the reference to the
original table with a reference to the virtual table; and neans for
determi ning a new optim zation plan for the query. 37. The apparatus
of cl apbm 3f WhRERabe hPagirhaH lyEdn inBLARGBN QIR tIRE naVib§ish@urh@b! e
i ncludes statistical informati on. 38. The apparatus of claim 37.

wher eiirfortragiors bisd dstai stetkd iimb Qiat@abdnan Apatl@sior deterhifing Whahguesoadn t he
original table. 39. The apparatus of claim 36 further conprising:
means ofiginal optirpiaationgplanhfer aquerp it theidatabasen thel caierwindiddinghe referergpertalhe
optim zation plan. 40. The apparatus of claim36 further conprising:
means ofigipal talis, &nsi apgaratus comprisiegy opti mi zation plan, a reference to the
virtual table with the reference to the original table. 41. The
appar at us BFand fai ¢arsind therarigiep! taiepralugingghe strugturghipiormation 8% neans f or
di spl agi ncﬁrﬁ)tpe new op{lpi m zation plan with the reference to the

ori gi fEFY g datgplo definep ydyal able management system i ncl udi ng an

i gi | tabl I t t. | i nf At t t di
dat abage, DRGNP Te 3G mrrari WRLRE R BR Oori gina ' "
optim zatl a8 rebBEin ngtlllg:qg rﬁ/ghé ﬁiergﬁéquﬂ\%%rigﬁwgletaﬂg%ﬂa' ncluding a

reference to the rigrna e apparatusS conprising:
reference to the virtual table;

means for adding, to the query, a reference to the virtual index; and

means for determining a new optimization plan for the query.

43. The apparatus of claim 42 wherein the means for defining the virtual index includes

means for copying an original index associated with the original table.

44.  The apparatus of claim 43 wherein the means for defining the virtual index further

includes means for changing the criginal index.

45, The apparatus of claim 43 wherein the means for copying the original index includes

means for copying statistical information associated with the original index.

46, The apparatus of claim 42 further comprising:



means for copying the original table, including the structural
information but excluding the data, to define a virtual table;, neans
for defining a virtual index associated with the virtual -;‘t"aQI‘ef- neans
- for replacing, in the query, the [39_1‘ erence to the original b AN R
a reference to the virtual table;"neans for adding, to the query, a
reference to the virtual index; and neans for determ ning a new
optim zation plan for the query. 43. The apparatus of claim42
wherein t h&® H%CW”%"I“Pﬂ?‘ﬁ@p'ﬂrﬂ'éat\?f‘H%M’thit%@%'ﬂah%tUMOWé%s for
copying an original index associated with the original table. 44. The
apparatus of claim43 wherein the neans for defining the virtual

i ndex 4&urt ' {.ng the original index. 45. The
appar g%’us gﬁ%quﬁ}n&g%%%%ﬁﬁﬁﬁcg%ﬁeﬂ%% for copying the original
i ndex i ncl wdgs fama@gﬁgznn ﬁlgmx&_vr%gﬁnﬁi&ﬁoh%ians:élreférgﬂﬁéarta%l aASHEC! at ed

with the original I ndex. ) e apparatus of claim42 turther

CoNpr ingth B referbhicd B tle oddidhLtab@@ans for conparing the new optim zation
plan with the original optimzation plan. 47. The apparatus of claim
42 further conprising: nmeans for replacing, in the new optim zation
plan, a reference to the virtual table wth the reference to the
ori gi Aal t B methd@of cldire 4ifddrthedcapfiprisingi m 47 furt her conpri si ng: neans
for displaying the new optim zation plan with the reference to the
ori gi nal t@Bans for diggREITRATE new optimization plan with the refergnaede Hecbrigina
apparatus for viewng the effect of changes to an index for a

dat ab®¥€-t abl e on an optim zation plan for a database query, such as
an SQL statenment. A virtual table is created which mmcs the
structure of an original table on the database. The virtual table is
created by copying the original table, excluding any data in the

ori gi nal



table. Any existing original indexes associated with original table
are copied to define a virtual index associated with the virtual
table. References in the query to the original table =are _replaced
with references to the virtual table. The database nanagenent--system
then deternines a new optim zation3fl an for the query. - 19 JAN 2004

ABSTRACT
A method and apparatus for viewing the effect of changes to an index for a
database table on an optimization plan for a database query, such as an SQL statement.
A virtual table is created which mimics the structure of an original table on the database.

5 The virtual table is created by copying the original table, excluding any data in the original
table. Any existing original indexes associated with original table are copied to define a
virtual index associated with the virtual table. References in the query to the original table
are replaced with references to the virtual table. The database management system then

determines a new optimization plan for the query.



