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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,
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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
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I nformati on objects andﬁquests presented- to th ystem by the
user. The simlarity is asured by conparing val of certain
Lattributes attached to the informati on objects and information
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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.
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not inproving performance in any neani ngful way, or not building the
i ndex, and hovskéhagge in indexing would affect the performance of that query. As explamed
! above, indices may be added to the database to facilitate the speed at which queries are
“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

" ‘Oracle database management systems provide users with the ability to viewan -~ -~~~
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a pr OdUCt i D4D, 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

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 production, 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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met hod and apparatus provide a framework for a user to experlnent
with the index topography for tabPesmand previeM/the effects that
the various topog construction
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wi t hout ha){héf‘gc}{aﬂgeﬂwﬂbmfeﬁz ihdegistatided tc&iﬂdﬁtdbe&mbﬂe(;a&xrsengmdﬁds drgpped
conventi onal nethods. Accordlngﬁto aspects ?t &he present invention,
a virtual framithe foble qranpdsingfoppior thejetlgismofified o4 ' cture of a table

on the databaseyyRdRl ahEsfperallis pro vﬂfeiaGiaﬂﬁ{voﬂcafbﬂ £usePd dxp@imendwilRtizbase.
The virtual tabﬁe is generally created by ttg the original . table,
ko)
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COpI ed I nt O e Vvir e- ny existing | ndexes
an SQL statement, without having to dedicate the time and resources requlred 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, 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.
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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
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Il lustrati ng an exenpl ary hardware environnment in which 30 exenplary
enmbodi ments of the present invention may be inplemented. In the
hardware 9 JAN 2k -7 environnment of Fig. 2, a client conputer 200 is
coupled to a server conputer 202. Both the client conmputer 200 and
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such as. Dgg.dgﬁ%rhmé@edsz@gm&ge daiceban@sats HhastaBds dgEser dat abases,
and | BM at abases. Those skilled in the art will recognize that
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to Fig. 2, e d | I and
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real i zed, nmay be used conjunction with other software such as
Oracl e Dev,edm;pmrsmqusd)mme and the DB2

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 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 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.



~product sold by IBM In Fig. 2, the software includes an SQ-Station
client program 204 and mu onal Extender .cli en‘orogram 206

executed by the client uter 200. The software"urther 25 _

~includes an Oracle server program 208 and Relational Extendd \W‘béﬁf&m

210 executed - by the server conmputer 202. These prograns execute

under the control of an operating .. systemon their respective-

conput ers 200 or 202, such as WNDOA5 95, W NDOAS' NT, GS/2, AlX

MWS, UNI X, etc. Those skilled in the-art will recognize that any

conbi nati on of the above progranms, or any nunber of different

prograns, may be used 30.to inplenefit exenpl ary enbodi nents of the

present invention. vi_ 9 JAN 2 W - he =St atd ' am
204 and the RelTh¢ isQﬁeﬁta"l?%%‘?ﬁ‘&%ﬁpg@m%{ggtandp&%@ﬁﬁ% tafz%genggncggglp gggggﬁmmnds
for perforpg r%néﬁ'@fei QetSnan @RI oE edrehingevarioay sdardhuandtrewiega!l funceions, i.e,
gueries, agaihst the database 212 nanaged by the Oraclgﬁ?%vec{
progr am 2Qferier agdiust themlatahase ghhmamaged Ry the aslt 857V PIRT e ¢ he

. preferred enbodinent . t i ed EmbdaBnslingt QiR d,
al t hough &%ﬂon?l;%%esnﬂ%rfsgﬁ%g?@ s{nc%?l gngﬁ%g%e used wi t%ut ‘adeparti ng

fromthe SGafREmes the SQLisnudand, abougH biberfypms pbguetiencorld albobeusedwihout
performed by the O.acle server progtam 208. a i
Ext ender sd€pP¥ERs ﬁ?‘Bé}Fé?ﬁpﬁﬁ?g‘F‘e BYREH% s hea%?qeﬁﬁnygcgrﬁ&gglgg’é@ﬁggﬁ13#%‘F,

i nt er pr et aj.00 ,seﬁaga,}b @401 208 .andl Bl FRGiOnA Sxteindstaderven prdgrapriziiOe swh asuser
and system dara. 1

nerally, DBMS software, the ueri e nd
t he i nst r uddfiniting agesss ¢asgrol, t%?ré‘lap‘é‘mco’a?‘%‘“%"Ida‘caé?‘f'ﬁi' %Va@ﬁ%‘{)‘éﬁdzﬁ o?n or
r eadabl e frorrrgm@1 Sggﬁyggtgr-readabl e nedium e.g. one or nore data
st orage de¥¥c®s “and/ or data communi cati ons devi ces.  Moreover, . the
RDBVS 150f t war e, Genemll5QDBY e piflare, dhel SQheqyeries ratg tthe) istriions, dgrived

therefrom are all IS S LA 5 o« Wainplter-WBEBIE BRLraNd
execut ed b?eﬁeﬁ8mcf’ﬁeé1§?ﬂ%{81r¥pe§@8rL%’(?gﬁlSa and/ or at he_ssgrr ver gorrput er
202, causeggtdie ot moerdatrsorpge devic@COd/an detosonuhienicgipRaeieviceso AMRIERHET. 202

to performthe steps. necess to. i 2NlE Qlrived EnebiiRadinemt s of
the presefte Hl?ﬁs}‘égﬁ?%‘?ﬁméﬁb%g q};%ne%n%%igfgﬁ i agr g%é?l ﬁ_uset ra’?%gl ng a
system f or g REdbfinfectifir vitfidhe aherfead haheresuted by tha cliend exmpusera200

dat abase table on an optim zatjon pl for a datab r.y.
- accor ti ngandlgy thg S&‘Herempélléﬁ’e%geaiatﬂeeﬁlfemof OT%utégp?@S%@?&i ‘ﬁ% &Rt1on.
There are LYRpHE20S toYerfortREES necessary to implement and/or use embodiments of the

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

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

" "t an index for a database table-oran optimization plan for a database query,-according-- - -« -~



“shown, namely "TUTOR' 302 and "PAFO HR'. 304, each of which have
access to a database 3 which is preferably a acl e dat abase
such as the Oracle 8 datase. In Fig. 3, each u 302, 304 controls
its own objects and information stored in tables within tf)d Jiefil
account. For exanple, user PAFO HR 304 controls original table 25
308 and an associ ated i ndex 310, .as well as virtual table 312 and a
virtual index 314 ""associated with virtual table 312. -The tables
308, 312 and the respective associated indexes 310, 314 are stored on
t he dat abase. Each user 302, 304 generally controls information
stored in that user's account to the-exclusion of other users of

dat abase 306. Users nmay, however, be granted various 30 privileges
wi t h r espeldgremed fiem auauseme snotfer witheespagttethe oneasee p acpynt. Forexamnlei | ege
may only J9 JAN 2204 .5 t T
respect t omtﬁ]ﬁ% Igo g ély g)éb’g ?)Igl‘?gg{i: g%nt? Q p{}%?rﬂé %m ?]EgelE ?1“ ﬁf‘lgm? m&*&
PAFO- HR 304ccbas td bthep@®e8r to grant privil eges on the PAFO HR 304
account_ to other users. .One _§#gh Ry ih’vi.l ege is. " REtAD_, " t_J@gt isd t he
perm ssion to aeRRREh PrYises st dp rinatds, e REFRFSIQRLIR A LSRG TR Bor
exanmpl &, 1 g Jied used’s ds&int. PAGxiRpR0ih M@S3, Gibst PARGER 30HUHOIgivaR Aser
perm ssion, or granted TUTOR 302 a READ privilege, to access |

i nf or mat | oRUTQREG08 pravssion.of gpried THTORBP2aREAD prglegsatagergss informatiogount .

Thus, . Twa%dg&fecis%to@m iff tbRs in WS AFC-PR J0aRl&8ntl THRATOTUR f2achpugt and

access such information In the PAFO-HR 304 account. On the ot her
hand, a t hiuety the @ble$ BEAFP-HR s atcost endaccdsasicnisformation inghefARYHRBO4 uc h

READ privil eges w th respect .t AFO.. A ot
access t abP¥ “'E,Iom’"rt TT’tg&'HW&’IﬂAEéD = =4 3859 %Rngﬁ%ﬁgéhrmv&@a% "§%§ﬁgag‘%@

avai | afg e kuthtREATS phitirpesafithfrepect 3o PAFQ-HICRRACHENL] ABSCOTT [annot hegs or
set of privileges, i ch | so be . granted from one user to

anot her . Tﬁélesmﬁg_ﬁﬂﬁ_@i‘éﬁ%ﬁi ege, if granted by the one user,

al | ow ot her usepgoth® sGehatiRgt aaliftte in iR sislent HRFiQBGs ACREATRQUBLE’, and
to store objects in those tables. Users often do not wish to grant
CREATE_TABPREVijses 0f Sebefersivieges tvhish max @lse begrantgd fom oBeussT QANOMRT Hscause

of the bro AHE T ABLEQhiViRRe, HloPBied®s BleDnt ekl BldvRbtBErAbdry10CchARS Bblest O
nodi fy or deleteTinforfmation stored within another user's account.

Thus, 11t irethel ancatserieacepirl pominestare gbieqts i thage tablgTOR 302 has not been
granted CREATE (ARl Fxensfd nBf wikh {05968 CREWTE" ABEE priliRgEAEGHeRustrs on

account .
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 =~ ™~~~



“In Fi g. 3, in accordance with exenpl ary enbodi nents of the present

invention, a software kage entitled "Plan An er for Oracle”
("PAFQ') 316 is stored ol database 306. This sof re package is

‘accessi bl e by users 302, 304 of the database system Unli k%asﬁﬁ%
Hes paid t

302, the package PAFO 316 has CREATE TABLE privil eges wit i

to PAFO-HR 304 granted to PAFO 316 along with several other
privileges by the Database Admi nistrator (DBA). * Thus, 'if user

| ogged into.the TUTOR 302 account who - woul'd otherw se not have
privileges required to access and exmri ment with the tables and

i ndices in the PAFO-HR 304 account, mmay use the PAFO package 316 to

acconplish these_t N 20 01 I , TUTOR 30 | 1s
the package PAFH @ﬁ?’@'@?‘%iﬁt cgﬁﬁ?ﬂﬁc&g%ﬁ@(ﬁglé %’reé‘gé% mletﬁ%én‘{f?]ben.
Wen PAFO gy}&eﬂt%v@ﬁidne%em 31fs GrleRPLBO3Nskrelrsrand dmbinicaliieiployss a
procedure 318 to the PAFO-HR 304 account. The depl oyed procedure 318
is then exquotedare38inthePATO-HR 386 accounto e demaysd puesqdwe dédidhen 318
nmay then gran 112 PISSEERAON 2ol 'TRIE 38| e HR
304 accountex?c%teidﬁlgﬂ%ser o?ifh r?-)é aérgﬁllj'e(%?lﬁg%gecfa@é%egﬁt%, qTﬁggo%%{%g?@g}g o
procedus e tnbemsagy privilegeREOABCess01E thar RARE-HB3(04 a¢coyms 4o tha usen of the THTOR

table to T , the user'.s gccount. ..ln thi o T oYy S
both ori gi %ﬁc“t%{ﬁtl' ef%glﬁpl%g PERCFs ey %IBF%%@%OE ‘h%t%%%@%eﬁégﬁee
CREA hTE TfABLvEngniamie{oenerb ¢ oﬂ;hﬁeusér]gmctduammﬂhisway;frmmcay;aabegnmﬁaﬂn'gr'nel 318
is'hereafter described w reference to Fi 4. 1n_step
402 of Fi g.table 30% gdaatpa t%[%éls(i’éﬁf’?‘r‘iaé@g&}eig‘?ﬁﬁfﬁé‘gﬁf@]%@%“asm |
referenced oy ﬁd@ﬁl%??oc@@ge 3 BN§h&G e des@bed With keféraite @ BRS 3t‘0

define virtual table 312. This copying, in step 402, includes
copyi ng0t henddi gi nal table statistics to the new table, including

the col umn stat yshlfi PER! M R0, ABUAGIRALINA LA, ashilerkfled ity

it appears 15 as 1t the v : able contains as many rows of data
as the ori giQlaktatealohte320Amyd enpies afigidalttable B’ tr defing airtuahisble 3308, This

however, is preferably.excl.uded fro 1 nfar i i e .
def i ne vi r tGBY"% 4B &P 3?9; mcllﬁ(ﬁeg ,coqybnrgn%égﬁﬁlr%t%\}\ggﬁhggf g@?rlse %t"{)%gl in
rows of oriigilnkdg thaddliemn S8Bticsf Kigograws aat egmett stocyge.ebh thistvay, itheppeary t ual

table 312. In step 402 the benefits - creatin n rKi ith a
copy ofl5t hesgthe taglﬁﬁ?‘gam% "ﬁ‘P’é‘%ﬁg’a‘wS esonéggggf'n yoarcp'%} ‘#&1
tabl e 308 g @riphbl table BoRheternds prefetdlynaxoladed ormtie 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.




‘degraded by the changes. 'In a production- environnment, executing ’
applications are not afgeected. When O acl e dat abgaes are gd,}f.\\\\ s
nothing in the Oracle ¢ | og needs to be nodifi for orgl nal

“tabl e 308. Mreover, since the virtual table does not contain any
rows, index creation is very fast. 25 In step 402, if other original
tabl es are present in'the PAFO HR 304 account, these tables may al so
copi ed to define corresponding virtual tables. A so, -for- reasons
which will -- becone apparent below, a list (not shown) is preferably
mai nt ai ned in which the names of virtual tables are correlated with
the original tables fromwhich they Here created In step 404,
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i ndi ces aBeé ﬁh@ﬂcememjﬁesmfrongmtlendex\%o é@rieﬁrmemélﬁbwﬁeﬁ ?ll%rf‘ljl‘?iémp?a}f)l e 3

08 of . Fig. or res WA f. tkhe two, .
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t he struc&ll‘}r andymay laen\herse 8y sPesifirsh by heruser- Yyl mdiges
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tabl e 308 %(t?{sa%ﬂg'%%v?/:tre e |rall dex ' 14 may be creat ed ang\ydef |Sned by
the user tdongughs pmdoéefmlp@s 3The, aspa’ases anynoRfimizasion 8l insepcemed the

Wi shes to ex er| t rl,%s,% sinply choose 15 to
define vi r‘c’["iﬁl ﬁew%ﬁiﬂgm g?ﬁ%ﬁs‘gﬁ (i:illng%g present in original

i ndex 310, usi ngstztgpbe,yfenb pmgmmaedlslave33(16ssomte¢ Wltbopgimittablfp?%@@hﬁse 318

is created on P FO. 4 and, e ut ed | s to
Tut or -302. Viftyal 4198 ’bﬂ} §f°feé‘r"d \“}?r e% ‘ﬁ’ hg&g%};ﬁ@@##eggs gﬁ O 316
replaces ip si&Qﬂonﬁlﬁta&ﬁEﬂt\msﬁaﬁo a:q»pnmerite\me mo &ndexo themieyimag kimplyicheos8 08

W th areferencetov t yal le 31 addi.t.i ref erence
to orilgi nato Ma%%mgaf ng@_?&t%éﬂ%mlc%eﬁegt W RIEE ﬁéﬂadeﬁng¥?l e

nane of Vi fduakd proc@ire314. AAhRDEint, pRidedid 3 Bintresredibn BLFO-HR J04tané
replaced nanes is then_sent to the database server. A user of
account TUPERited oerat REARGTivEsees Rl Wt 39¢cessing origi nal table

) In 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.
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statement 322, the database interprets the nodified SQL. statenment 322
to determine 30 the new optim zation plan 324 for the virtual table
in step. 408. 19 JAN 2004 -12 In step 410, information in new

optim zation plan 324 returned by the-database server is then

nodi fied by PAFO procedure 316 to define a nodified optim zation plan
326. Speci fi calhtepany, infofretienmagwi dpummmmlam 2aattumed py e dad¥ask 0
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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



~Tnterfere with other users of the objects, -nor do they have a
significant inpact on rformance, allow.ng the o be perforned on
a production system 2 anple In one exanpl e,@user i's | ogged
.onto the TUTOR 302 account of Fig. 3. In this exanple, ori ginal table
308 in account PAFO-HR 304 is a table storing the nane enpl oyees
of a conpany or firm-and, as such, is referred to hereaf e}ANagn{p,he 1
9 JAN 2004 -13- "EMPLOYEES' table. TUTOR 302 has been granted READ
privileges with respect to PAFO HR s account, so TUTOR 302 is able
to send queries to the EMPLOYEES tap; e. \/'rtual tabl e 312 has been
created for the EMPLOYEES table where the virtual  table name is

T HHHHHHEL, At SELECT
T ok G PR bR} Gpkn 80 %Ea%%‘ﬂ&%%%ﬁ%‘?;pﬁg‘
stat eﬁentg@%ﬁ%% adcBurlt 8 THOREI02 dssabtentd iséridgerizgto the BMEROYEES2 lew. th

the origi e name "EMPLOYEES' re Lable
nane 10 "T_ 94\ﬁ¢##4¢b1e 312y ey created %Wﬁ%@?&%ﬁ”ﬁ%&%&km
hiredate > : H Date YIBNQI3 2eremen3a0 shoptlowingat i on hi nts,
PAFO 316 ‘@PlgoR™s 5r h| nts #35 cont al%l ng original tabl'e nane
"EMPLQYEES" or one SELECHE i ndexes associated therewith as parameters
to the hints. For iprROMMhcenpl@ssume the user is working with the
followng SQ StatWHEREhﬁé’dlteSELmTe /*+ | NDEX (e, | _EMP_HI REDATE) *

*  FROM EMPLOYEES e 20 VWHERE hireda Hdbe Lgtgteu,sﬁmz
requests to vVBWﬁ’Wé’V"EﬁJStQIﬁt?gP?"&ﬁS "Itt{30t seNe st atgprrent 320, the.

fol | owi ng pps5aghghndl AERtae «Emmmnmepmdmh the Vol tablegnasey.
st at enent

10 T Ay

SELECT *
FROM hr. T #HHEHAH ] e -
WHERE hiredate > :H_Date

If SQL statement 320 contains optlrruzatlon hint

containing original table name “EMPLOYEES” or one of the indexes associated therewith

S, PAFO 316 check for hints

15

as parameters to the hints. For instance, assume the user is working with the following
SQL statement 320:
SELECT /*+ INDEX (e, I_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_###HEHHA}1,” 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



"SELECT /*+ I NDEX (&, | 9A##449#5) */ FROM hr. T_#"A#" 1 e 25 WHERE
hiredate > H-Date In th;nterest of avoi di ng cor'pt fon in the
system each user is pr rably only allowed to eate a single copy
~of the EMPLOYEES table to define "T_#4#94## 1," the virtual table.
Each user is preferably restricted fromcr eat| ng a new chbByJAR BiLopy
is already created for that user. 30 Wth the procedures descn%

bel ow, the name of the original table is preferably speci fied rather
than the virtual table nanme. So, for exanple, if the user creates a
first wvirtual index on the EMPLOYERg table, the user can create a
second virtual index or A9 JANM -14 drop an index on the virtual
copy of the EMPLQYEES tab YIRIRetablpabiAtRE edbleshamd d be
the name G¥ORRR! 'e%fi‘g"“ t&fv{r&% Pc% Eehgﬂl?’%?t er case, where the user
reuses a \afdnttddr shéuMd be dfeeﬁmedfthebogleal tabiee IpAmamtc%Fg@V heris $be BET t hat

t he i ndex nanes _retrieved gl meer
exanpl e, trieses alVirbih e S@teéhgﬂ? %FFOS}Q' gg ef?s@E% %ﬂll%llggeg%enr?ane FROM
expl _i ndexes;, S EREWAGe Grighmarkayte. @mexamm@thafdmr@mbquery AdBRe Name
AND t abl e-nane -Jabl e Name 10 Fi nally, since only the names of

i ndexes t haed:exi sted on the original table are generally returned,

the virtual indexes %&Qgﬂgﬁbplg‘gﬂnu@dsw th a statenent such
as the follow ng: =Y IndE PRmepane FROM expl _i ndexes WHERE

table_owner =: Virt Ry Boarf\D t abl e- name =
:Virtual Tabl e Nane m@ﬁn%erd Tmﬁ%mgarre) NOT IN
(( ownerl',"'indexl"')? 38 I'ndex2' ), .), vvhere t he "
(' ownefy ‘" ¥ ndexdally, ik oalyahendnes dinsresahd eisied opfthe RESHA deblee
retur ned

generally returned, the virtual indexes created should be queried with a statement.such as

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 of changes to
20  an index for a database table on an optimization plan for a database query.

BT LT RN LtT o nteTREN i e

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;



In this exanple, the follow ng steps are used for view ng the effect
of changes to 20 an in for a database table an optim zation
pl an for a database queN@. Step 1 . Create Virtu Tabl e The
“foll ow ng procedure may be executed to create the virtual g E
assuming a virtual table has not already been created: 25 eﬁ Hfﬁﬁ%
pafo. ezplain virtual.create_virtual _table (:table_owner,

‘table name); end; i 9 AN z-O4 -15i 5 If the virtual table already
exists, an error condition will be returned. The paraneters are -
defined as follows: Bind Mode ' Datajype Description Variable table
owner table nane |nput |nput VARCHARZ2(30) VARCHAR2(3 0) Table 1 Nane

of the owner of the, K ori abI This is {0 Vi al
table will belthsaiwg! tﬁ%iel\ﬂ??é&yo?’“st %é’no‘i’foélcﬁ'é%’tl “aﬁmﬂe%dm Zﬁélj
VARCHAR2(§Q%HE= r5§%a§§dg&@m@w@cter string of up to 30 characters.

10 Furthe UT indicates d ocedur e.
Conversel vy, mﬁdused | § Malel qDdzatypey, Pectiptol r epr esent o dat a
_being retrilepgshHié om ghe -(l _ : a ‘ !
5 table owner | Input VARCHAR2(30) | Name of the owner of the
- : original table. This is for
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.

begin

20 pafo.explain_virtual.get_ virtual_table_aliases (:table_owner, :table_name,
:virtual_table_name, :virtual_index_count, :original_index_owners,
:original_index_names, v1rtual__mdex_names),

end;



.procedure. 15 Step 2 Define Virtual Tabl-e and Index Names After
creating the virtual ta , the follow ng procedu may be executed
to return the nanme of virtual table and the mes of the indexes
‘that were copied to define virtual indexes. begin 20

pafo explain_virtual.get virtu al _table_ aliases (:table- a\ﬂnﬁr‘}j\wg:@%

:tabl e-nane, :virtual table name, :virtual _index _count,

orlglnal-lndex owners, orlglnal-lndex nanes,

2 virtual -1 ndex- nanes) ;- end 1 9 J. A -16 Bind VarlabIerdeData
typeDescrlptlon t abl e owneri nput VAR \R2(30) Omner of original table
name InputVARCHAR2(30)hbnE of or|g| al table table _

Qut put VARG . of virtua
table. co

existed o wblheW’EFrl gi nal tabl
on the vi

o
Y ARCHARI(30) Naﬁg&&%malms recy eat ed
% ta FQL& but wit hﬁ)u i | {2{@RR2EHR MY Nainbhd@io 1By S
virtual table.
[ virtual i tput | INTEGER | Number of indexes that
5w | vistual index_count - .:Qu,p o “existed 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_index_owners 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 Oupt i 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
vistoal 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.



““Qut put Array of Array.of index owners. These .original

_VARCHAR2( 30) nanes areﬂe sanme for the original gnd virtual indexes.
(Array size mvirtual .i\@#ex count) original-i nde‘1amasOJt put Array
~of Array of index names. These VARCHAR2(30)are the nanes us;c 3% *tﬁﬁ
original table. (Array size=: virtual index count) nanes QI §
Qut put Array of Array of index nanes. These index = VARCHAR2(30) are the
nanes used to create - the copies of the indexes listed.in "original
- index-nanes”. There'is preferably a 1-1 corr e's.pondence bet ween t he
names in the"original _i ndex_ names" ,?nd "virtual - index_nanes"”
arrays. (Array size =: virtual |nde>1< count) Tabl e 2 10 The cal |l of

tep 2 L h t h
CREATE- V1 RTUALU BB le Qg SR e FRp R MRl dr Sy

exi sts i Ny e indexes will be used to generate default storage mformatlon 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;



"a cluster, that cluster is the sanme cluster .in which the original
tabl e exists. That is, ? virtual table is not e product of a
request to nake an uncl uStered tabl e clustered. Q herwi se an
-error is returned. Sten 3: Default Statistics The new virtual index
preferably has realistic statistics in order to ensure that'{agl'j]ﬂq 3@@4
optim zation plan is created that is equivalent to having the inde
created on the original 20 table. EXPLAI N VIRTUAL provides the
procedure DEFAULT _NE W I NDEX STATS to assist the user in setting the
appropriate statistics. 9 JAN 4 -17-18 the original table has

exi sting indexes, the storage information and statistics of those

i ndexes Wil phamefef definfiogesesafolowdef aul t storage information and
statistics for the virtual index. If the existing i ndexes are not
anal yzed, (HmgER OcraulT [Widst De aVaadegiel €. . Afterl Usa@xecuting -
DEFAULT_NEW:; STATS, tlhgpudef aul { vsReHARY@0)S5 i nf ormqlaﬁppcmd
statistics|aré returned tq PAFO for [di spl ay and nodj Mreadsiehson The
user -‘is pprmitted to change these $tatistics t-ojbetﬁﬁtﬂc‘ftf{%ﬁtify_t,h»e

i ndex propgrti es_ To heJ—p—I-h& userrgdesi-de "‘.(S‘:fv' o PRt
statis?®ics|ta H-ows—t-He—dser—toe1ghsh Sestaixkoimpddd Ot her
. - Inpt AR 69 . fprop

i ndexes cuf P&Mt™y created [off'the tabl'e. The fol | ow pigeepbeaedur d my
be execut e¢—to ghtanr the UEhau T S mysivasmopegcm@aﬁ@ndexpl ain
virtu al.de a‘uTT_new_l ndez stats (:f§able_owner, :tajphidbyreemed for.

i hd_name, |:ind_col _nanes,| : num.ind]|col ums, :defau| frerdnridspade,
cinit_tran$, :max-trans, [ pct_free| :btree_levels, Zﬂ;j“!ﬁ:ﬁ;ﬁﬂa{ggks
ravg_|l eaf Bl ocks, :avg_data_blocks| :cluster-factof e order requested

: bl ocks-al lfocat ed, :extent|s-allocated, 15 :distinciumealdles); jend;
1 9 JAN 20 :mrﬁ_'hna_cjm par aneggEr et T S are as f pNundb&sf 5

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.




10 15 20 paranet er MbdeDat a e. Usage t abl e owner | nput VARCHAR2( 30) ORACLE
account -owning the tab on which the index wllgle created. table
nanel nput VARCHAR2( 30) TalTe nane. ind nanel nput VA R2(30) Nanme of -
-proposed -index to create. .ind col nanes * 1l nputArray of , .
VARCHAR2( 30) Col ums the index - -will be created for. The-@ghéﬁNoawé
the colums in the array should match the order requested by the

user. colums | nput NUMBERNunber of numind _colums; that is, the
nunber of elenents in the array, 1IND COL NAMES. tabl espace

outputVARCHAR2(30)TabIespace name de§aul t _on which -the index will be
cr eat ed. '

The following error codes may be generated when executing the procedure
DEFAULT NEW_INDEX_STATS. The second column contains a description of error

and how, if possible, the user can resolve the error in parenthesis.

50001 - | User.s neither table owner; nor INDEX. privilege on table; nor
5 .. .| CREATE ANY INDEX privilege. (proper privileges should be
obtained.)
-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.




init transoutput NUMBERI NI T_TRANS - paraneter -for creati ng the index.
max transQut put NUI\/BERIVA&ANS paraneter for creat i ndex. pct

f reeQut put NUMBERPCT FREE™par aneter for creating |&x. btree

| evel sout put NUVMBERSt atistic that will be stored with the i nﬁi% JANe‘?&
bl ocksCQut put NUMBER av | eaf bl ocksout put NUMBER av data O
bl ocksout put NUMBER cl ust er factorout put NUMBER bl ocks

al | ocat edout put NUMBER ext ents al | ocat edQut put NUMBER di st i nct

val uesout put NUMBER Table 3 * 1 - ensure that the value for each array
element is null termnated and specify in the appropriate 00 bind
parameter the array of actual |engths ‘of each element. .1 9 JAN 2U 5
10 Tabl e ASt§|§9 gﬁgd@ paranmeters will be input to the next procedure
execut ed, ' VI RTUAL. CREATE- VI RTUAL- | NDEX. Al so, note that
it is possibl e Athbis peint PAFQ treatestaaeptWHATIF ﬁameastdhe:ﬁbcrw%nvecdisphying

{fﬂ 32{38'? ﬁatégn};’iﬂah“s?)ﬂ t@)?t ﬁe usegI 8 %ﬁowe%tto ha\c/hefy th%(%c 3 Sd ad%thers 4l"he tag

from the SQL frame is.copied ‘and the_same sequential number 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;. -
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.



b'20 Any existing indexes of the original table are preferably copied
to define the virtual |ex. The index statisticgaand storage
information are also copred. To this end, the f OW ng procedure
.may be executed: begin pafo.explain_virtual.create virtual _in

t Pe-nane, .25 ~Fol _nadh SN 223

(:tabl e-owner, :table-nane, _..25 :ind_nanme, :ind_col_na
:num_ind_colums, :default_tablespace, :init_trans, :max-trans, -
cpct _free, :btree_levels, :leaf blocks, :avg | eaf blocks,

ravg_data_ bl ocks, :cluster-factor, :blocks allocated,
:extents-allocated, :distinct-valugs); end; 30 The paraneters are

defined above in step 3. -19 The followi ng error codes nay be

gener ated whe egﬁeﬁsgfagiﬂgmg Ao 06EH Whe OHIEEAULED, INRO piefPERKlySTKES. The
second col umm ntarn i pti

escription of error Rgg holw so'bf. R9gsi bl e,
the user ig@gnfeasatgesaddescrived dove i siras & d hidhatds, PABGAHRIAI RIS
neither table o , Nno i 14 84RtKs nafR EMITGNTEE ANY
| NDEX prifviTé&%ﬂd&é?@%@gggﬁﬁggﬁg&be obt a?aned.) -20002Tabl e

-does not _iﬁﬁéaﬁtof T 1GhRSKdidpheing sHe! iefornamien am theowererAl§o, WHgD dSPIRRE"E| r eady .

exists with specified colunmms.. (The l.ecal.r ”H:ﬁé af.obndex wth
the requesdeds, thy assasgted QRGN Fﬁ#ﬁ@’tﬁ? (‘)’ﬁl‘r‘ﬁ%%ﬂ{ e ?‘ﬂ%@&acol um
does not exi styn .- 20005 Rxabh o stepBE thePrimahat cofthins Extmcihe virbeblable

entered for the ?né%?e owner does not exist.) .-20006lndex n is not
uni que. (JRmieesr anedoffif’ e indetes, thel statistigpndors 1Be ?isﬂ%*a‘e‘??‘f‘tl%h ‘“‘.?er’fa%‘@j? be

- 20010Fi rst per,farm : | @ udedees thahhe EMPIEYEES)as a
; é@%eér@&\s é%%é}@#%g ol BMPDS YIEHS! fe udeddtes t -

vi rtual user. 0 -19 JAN 2cO4 :

ITRINIR ] 1.
11

but PAFO lists the statistics for T_###H#HH1.

EMPLOYEES.

1e samic holds true for the indexes on

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:

Cee 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

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



-20 Step 5: Final Step At this point, PAFO creates a new WHAT | F
frame as descri bed abov’i splaying the original ggQ text. The user
is allowed to nodify the“text and add hints. The g" fromthe SQ
frame is. copied and the. same sequential number is used. For
instance, if 5 the SQ. Frane |abel i's SQ: H STORY; 1, then the WHAT
| F Franme should be |abeled, WHAT IF:. -H STORY; 1. Wen rixjm",er' :
requests-an optim zation plan, PAFO should alter the SQ.it

i s explained, BUT not on the SQ frane. Nonethel ess, the  SQ-"should
| ook like the original SQ statemenp. Thus, the procedure desirably
makes a copy of the SQ. text and 10 replace all occurrences of the

ori gi nal E%:@@Vﬁuﬁuﬁ@e%seonnnﬁalmkh the table copy s nane
(:tenmp_ta stat enent uses a s X g‘“\"‘ﬁ@f‘ or
public) to poilist thevirte mder(@onahe vigtagd table (ﬁ‘f’r‘é‘eﬁt?df‘ gg&_ ®shoul d

i ncl ude both the owner of the virtual table, and the virtual table
nane. Hi n# 0gYSl)raneters may al so need to be changed if the hints
-reference the 15 table or an index on the.table. The plan is then
created aggplebrdeteVirtual nderenory. For each OBJECT- ONNER and OBJECT
NAME conbination, where the OPERATION column starts with "~ TABLE' ,

the tegtporary Takrap anewbths Misupldndsseseprafoqa dhe PPRPWIBRPIGFSWYThal name
(:table ng)rre%3 For each of the vi rtual indexes returned in step 2
above, th@®¢@Bti m zation pl an rched fort i rtual
i nex names ardo-eupIp i ¥} %'950&4‘{5%‘5”3 ﬁ%l (% “ﬁ%é’rre taglﬁeﬁ\g/fn\réf ual

i ndexes arwriudbifder i me n t he arrays ( origi naI -i ndex- owner s,

- ori gi nal -endgdex- nanes). The associ at ed .repl acenent i ndex nanes are
stor eqpin the array (:virtual-index- narres) So PAFO searches each
step where, RAT-ON—cot-tH—star-tswtirthe—text—TNDEX" ]l f t he
OBJECT OWNERamamstern] PodennDe S | ) and
VI RTUAL- | NDEMe Nt Qlinprti| {1 ¥ARGEHRZ(Ge kK ORALIE 2HYTT VR Whanged to
ORI G NAL- | NDEX- NAME(D) . Thi S |s prefer ag,llé{naqﬁg@at ed for each gf the

array el empnts—FHreyodi-H | fal B0 The user i's
i nforned i1 tablgename, ¢ Japut; nwhsr QQ)" N4 é‘thlﬂb M@ T perforimance.

A= A=TAY

tL ! index_name | Input | VARCHARZ TARZ(30) \'Iame &Fthe Viraal md"
(EXPLAIN_VIRTUAL_INDEXES.

NEW_INDEX_NAME)
15 Table 5

Cleamng Up_

Mot S TIL s PR sl s

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;



19 JAN2& .4 .ta -21 n di splaying the information in the
"OBJECT" tab, PAFO pref bly makes the sane ch s as descri bed
above in steps 4 & 5; that is, PAFO displays the IMmdexes for
T_###H###H##1, not EMPLOYEES. - But PAFO shoul d use the nane EMPLOYEES
instead of Ti when displaying-the information to.the g&;gm ;,,V\,hen
di splaying the 5 indexes, the associated ORI G NAL_I N val ues
shoul d be di spl ayed. Wen the user clicks. on a step of the plan that
contains eirther the virtual table nane or one of it's indexes, the.
statistics for the associated virtuas-i ndex shoul d be displayed.
Thus, the user clicks on EMPLOYEES, the user sees the nane EMPLOYEES,
nn, m_para;,eterl 1.. f[Mddef PDatabypei N( ~P?ASgon but PAFO |isfs the

stati stics e TSAITE| v ARCEERAB ) 0| ORACLE account (RVPLOVEES.
10 Dr oopi wHua‘%taﬁechnér =>I??’T'he only |ndg$x0%s grgh@gdtggi;ﬁg%tmfpppej by

thi s procedure—are .c.c. : tab]l e. So
if avirt ‘I’“E"E&té’lﬁ(‘} F‘Pé&l yﬁcﬁﬁggjﬁd W%§a¥gog?t fe  v|rtual
table is cheated via Thp br ocedur e - CREATE- VI EM £§ﬂ,’éta“}lﬁ athe
user 15 majyorigiml datie nimem el h| VABCHARGR) o|ama of the enjginshitablsdek . The
follow ng steps may then be used: T&#fle@5 Ste List All Tabl es. toWich
the User Has Access SELECT owner, table-nane FROM expl tables Ste
2. Determine if the Selected Table is Virtual SELECT tabl e- id, new
tabl e_nane FROMdngp ablvirtus] tables, exqgnte thefbllaying: WHERE ori g tabl e_nane =

: Tabl'e nae |f the query-returns-a- row, then the virtual copy

exi sts. ber‘iéﬁ“vm se “-creqte the

r_ - sloon nn n“
pdl 1) viltuaiivivan up

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.




virtual table (see step 1 in Creating Virtual Index above). 1.9 JAN

2a0 -22- Step 3. List Vg ual |ndexes on Virtual ble List the
virtual indexes on the rtual table (see step 2 Creating Virtual
‘I ndex above). Step 4 Drop the Virtual Index 5 To-drop one of the
virtual indexes, performthe follow ng procedure: 10 15 Table 5
Cleaning Up To drop a specific virtual table and. cl ean

1 :
associated information in the PAFO reposi tory, the fol Fﬁ@. qg” 2004
procedure nmay be executed: begin 20

pafo. expl ai n_virtual.clean_up_t abl ex4-: V|rtual-table creator
roriginal -table-owner, :original_tablename); end; begin

pafo explain_virtu al. drop Vi rtuad:LA]Migx (:tabl e_owner, :table_nane,
- virtual -i ndex- nanme) end; Paraneter MbdeDat atypeUsage tabl e

owner | npuiypaRstiai2d30) ORACLE account ovvm ng the original table. nane

| nput VARCHAR2( 30) Nane of the original hanges t -
| nput VARCHARZ(]QOI)W%‘Q&D%?E\G{}H sygﬂgla mét tpci fory v1 %ﬂ naglrgrgs 0 an origina

(EXPLAIN- Vl tBrTnyﬂon pwgﬁuery havmg a reference to an ongmal table with data stored in a
5 database, the method comprising:
copying the original table excluding the data to define a virtual table;
providing a virtual index associated with the virtual table;
replacing, in the query, the reference to the original table w1th a referencc to the
virtual table;

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

determining a new optimization j)lah 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



TNEWTNDEX NAME) 1 9°J Ali LS4 . -23 Paranet er ModeDat at ypeUsage
virtual table _ownerl npgaVARCHAR2( 30) ORACLE. acco that created the
virtual table. original®abl e-owner | nput VARCHAR2 ) ORACLE account
“that owns the original table. _ |nput VARCHARZ(30) Nane of the ori igal
table. original _table nane 5 Table 6 To drop all virtual thlb)m&s%m
execute the following: | begin p_ar _.cSp.. i:: .irtuall.nwa inow .n
-nnll; lu_: "™ aua_.+j. "..~ 10 end; It should be understood that
the particul ar enbodi nents descri bed above are only illustrative of
the principles of the present inverysion, and various nodifications
could be made by those skilled in the art w thout departing fromthe
scope and spirjt o he 1.1 DV ' T ombitig Sieaee optimizatonyplas ent
i nventiof-is IT}"FH“F 888%1?}"90@ %QQQ}E%E% of i)t he 15 clains that
foll ow. ., knInd ShEirAOftimizatiotlphM5S What is claimed is: 1. In a database
managenent system a nethod_for view hg ¢ 3 IJindahe
opti ni zat6. on” Fheamethed 05Cﬁl’j‘é?@m&mnggge&gé}gﬁgﬁﬁﬁggg%@%%gi nal table
w.th_dat %rngJ{ng{ c?pqmii.aﬂo@plans:- replacing, in the new optimization plan, .the refer_ence; 10

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 osiginal
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 comp_aring 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.



5 dat abase, the nmethod conprising: copying the original table
excluding the data to define a virtual table; providing a virtual

i ndex associated with the virtual table; replacing, in-the query, the
reference to the original table with a reference to the qigrja&izg
table; 10 adding, to the query, a Peference to the vi rt*ua1l i.ndex;
determ ning a new optim zation plan for the query; and 2. The nethod
of claim1 further conprising conparing the new optim zation plan
with t1Re orilgihdriabasei mansgement sypigm. induding,an egingdalle haviag stroctirar t her

I _ bef [ th the 15 i gi nal
oo B s SOBRTA At S B BB AT S an, ¢ ne
f ta the. virtuyal.tabl ith th f tQ th i_gi pal
{ 2bi e 2 a8l irdl A 5t & Ryt et Si RS Bl Bnd BeRnft B e
refer %c&igpng“h@g, tﬁé h\%lh%@lcoﬁwall?slirﬁ: 20 4. I n a database nmanagenent

system a ne or view ng chlanges to an original optimzation plan
for a quer yogymyitdoriginal taBle! IREGIRIPE st @A iRbindHiBRbutlfBl@ng¥nkh dat a
stored in adatabase, and (ii) a reference to an original index
associdataed dafinda Vikgal@blegi nal table, the nethod conprising: copying
the original table excluding the data to define a virtual table; 25
changi ng t teplacingginntaé querge thet refedsrice ne tree srigintatiédble witte s rafesance ad ¢tcb Wi t h
the virtual table; determning a new optim zation plan for the query;
and 0vitugltable;204 -25 5. The nethod of claim4 further conprising
conparing the new optim zation plan wth the original optimzation
pl an. 6. TRemminiRgANew opliraization panferieg quedhpri si ng, bef ore conpari ng
the new and the original optimzation- plans: replacing, in the new
optim zation plan, the references to 5 the virtual table and the

;/:arb][ gal|1. ! nﬁiﬁex mvgtrgorc]i’ otr glgi%e%lv}//h%lré{h tﬁeh%trﬂc?grglri% o?n%gtiotnooft {ﬁg cgjr{glln%| pa%‘e

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.



and original index; and displaying, to a user, the new optim zation
plan with the references to the original table and the original
index. 7. In a database management system a method for;view ng-
changes to an original 10 optim gﬁ}tl on plan for a query, gayAthggay Da
reference to an original table with data stored in a database, and
(ii) areference to an origi naI i ndex associated with the original
table, the nmethod conprisin copying the original table excluding
the ddfa t bheiPelhRd OéC‘é‘I”?ﬂ‘lhéH 'éﬁ?r@p”SV‘@p‘Peé%’PrFﬁmpP’r'f‘gtﬁé N§Yerymizatin
refere ce tﬁ]the 0 L ble with a reference to the 15 virtual
t abl epaaglng erPé'g'"? 'hﬂ the reference to the virtual table;
det er i ni ng )?rf%(hg%\k%m%t%n %h%hft@erre{ege%cg%%xb.@naqta%m The met hod
of claim 7 conprising orrparl ng e new opE m zation plan
with the or|g| nal optim zation plan. 20 9. The nethod of claim8
further conprising, before conparing the new and the original

opti migat i eNaRlatdbase MedMagérhdtd . sybtBmt REIUARYY APSrigiaf DO RaRh@Rtrudtiiel
reference to the virtual table with the reference to the original

t abl ejnfenatieH s dath Bigredtin adlatibese, alrh@hdieior OREmMiAREiapgeloadn okginbl t he
reference to the original 25 table. -26 10. In a database managenent
syst ewpiimicatiodiptey fane quergtatak detabase, thaguary isdudingt airefdrencefto theedrigoal and
data stored in a database, a nmethod for determ ning changes to an
ori gi tedle, mmﬁhqch@qrrmm&pgan for a query to the dat abase, the query
including a reference to the o e, nmet hod conpri si ng:
copyi ng th@pdmgéh%@l'g'ﬁaéfﬁb@ '"F‘Hé'P@ug]erF@rUFtH@' @fqr'ﬂé‘!%‘rbé’F eXGHB1erRe AFR but
exclu t he ~to define a virtual table; replacing, in the
query,o?%'gefaé(fr%‘?@ﬁgé to the original table with a reference to the

virtual - taglgi. A APhaLIAL0G.RWREHORLLTGEE! F on plan for the query.

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.



11. The nmethod of claim 10 wherein the structural information of the
original table includes statistical information. 12. The nethod of
claim 11l wherein the statistical information includes a nunber of
rows of the original table. 13. The method of claim 10 further
conprising conparing the new optinrization plan with the Qﬁi&;iJﬁ&l
optim zation plan. 14. (New) The nethod of claim 10 further
conpri_sing, before conpari ng the new optimnmzation plan and the
origi RA1. bpf Maihod of damplCHrher SAMBISNgLOMPATIg Be REY oRin Ao AaMoMth an,
a ref?hrence fot.the.virtual table with the reference to the original
t abl e e SN PUPRBEOHIIAN. 15 The method of claim 14 further
conprising, before conparing the new optim zation plan and the
original optimzation plan: displaying the new optim zation plan with

the refer ence ool B Rl 95 g.ﬁ‘lhteg g:wérﬁﬁin Opefbrd c%mgtgrﬁj A g%len ; AISIEM

systemincluding an origin aving stru rmati on and
dat a plaraad tHebridindedpBREafon Flardtet hod for determi ning changes to an
original optimzation plan for a query to the database, the query

i ncl udi ng mepraehgr mnbe e bftenigtibgipkdl a fetdidree thhre VRiUADELROWI ki NQ:
copying the original table, including the structural information but
excl udéfergneente titbadrigjnal thbledef i ne a virtual table; defining a virtual

i ndex associated with the virtual table; replacing, in the query, the
reference to the original table with a reference to the virtual
tabl e; _adding, to the query, a reference to the virtual index; and
det er #eni n§NAMRERA GhERIM Zﬁqr@ﬁr BMRiisingy bafere cgtneanng the newpptimizalidd of
claim éG wﬁ rein dlef i.ni ngo t t?e virtual index includes copying an

ori gi RAI ANAFSC LS PINZBERh the original table. 18. The nethod of
claim17 I Wl irtual ipdex further includes
changi ng rﬁg‘;’%’h ?%g{e‘h?htﬁgétgﬁg?én 'tg%neerfs 04 © ¥° %F?ﬁ“ 'nﬂjfa%l erein
copying the original index includes copying

R0

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.



statistical information associated with the original index. -28 20.
The nmethod of claim 16 further conprising conparing the new.

optim zation plan with the original optimzation plan. 21. The —_—
met hod of claim 16 further conprisjng, before conparing t g NEW 2@5@4
optim zation plan and the original optim zation plan: reépltacing, in
the new optim zation plan, a reference to the virtual table with the
reference to the original table. 22. The method of claim?21 further
conpr P2i ng! N dreesE ofgdrtih plaraee Mesdivhtqf nflgiat i26n Wheneian the, gtafistical
original optimzation plan: displayin e new optim zation plan with
t he rﬁ%ﬁ@ﬁ%’e‘n?lﬂ etst"f'en“gﬂﬁeb?rﬁﬁ‘fvs ?fgﬁ? ér.'g'r%fi%aglﬂ' processor readabl e storage
medi um havi ng processor readabl e code enbodi ed on the processor
readabl e storage nmedi um the processor readable code for programm ng

2 Progessefe hBcARL! RLMHR &?Fa?é’%eﬁ% SHfih 35 B Sn AR Rr LOmBiking
original optimzation plan for a query to a database, the query

i ncl udbmMBarmhgtief RIWEHitiZaBorrRa®Witding dtigihalkbemBaEnManSt r uct ural
information and data stored in a database, the nethod conprising:
copying the original table, including the structural information but
excluding the data, to define a virtual table; replacing, in the
quer y 27t heTheprecesacraesdabiehstoragd mediarh of eldime23nthemeshadditireence to t he
virtual table; and determi ning a new optim zation plan for the query.
24. Tieempiisinge Befolie aopwndris the sew ppiiization Plamand thelcspinal Zptimizatangilan: t he
structural information of the original table includes statistical

i nf or mat i offPlacipg. in e new oplimizgtionian, grefeeacsie thevdiuabiablestithttge medi um
of claim 24 V\/nherei n }he statistical information includes a nunber of
rows OFCERLE BHRGI9N2 P86l . 26. The processor readabl e storage medi um

of claim23, the nethod further conprising conparing the new
optim zation plan with the original optimzation plan. 27. The

: L ai .
PTocesgOr ChedaBlothasan R Wl Ok e LG
or i gi Bafordd¥rpatARhk ABwRb&Rization 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;



replacing, in the new optim zation plan, a reference to the virtual
table with the reference to the original table. 28. The processor
readabl e storage nmedi um of claim27, the method further conprising,
before conparing the new optim zat3i on plan and the original o
optim zation plan: displaying the>few optimzation plan w8 o 265
reference to the original table. 29. A processor readabl e storage
medi um havi n rocessor readabl e code enbodi ed on the processor
readabl e s?‘?ﬁg”ég@tﬁ%ﬂi‘%a refeeense fcibe ¥ighalindgyaide code for programm ng
a processor to .perfor ma .m%.t ho% ffor determ ni ng changes to an

ori gi nal off'PTH"Y 7 BRY SPUW2FIGP PEN 'Y NG e a dat abase, the query
including a reference to an original table having structural
information and data stored in a database, the nethod conprising:
copyi Bg, th?h@asa)gés@alrems%egftorammbmfé@ﬁa 5t LHGEM Rlinihd¥h@! Mat i on but

excluding the data, to define a virtual table; definihg a virtual

I ndex vingslosder iredides Edpyingn\origihaladdek abdRiatdutithald &iginal Bpbkkhe query, the
reference to the original table with a reference to the virtual
table; -30 adding, to the query, a reference to the virtual index:
and determ ning a new optim zation plan for the query. 30. The
processor Teagavkssosreadabe stazajeumeditimedfailaim 28, whibeiredefinohgf thaivimgalt he
virtual index includes copying an original index associated with the
ori gi inglex fugtherdncl@ies ciiengingrtoe ergingl indeadabl e st or age medi um of claim
30, wherein defining the virtual index further includes changing the
original index. 32. The processor readabl e storage nmedi umof claim

30, i i th i gi | ind i ncl pYi tisti |
5, i R EBRL, U5t S Rl PO S
readapl g, %{Eﬁﬁ&gceo niﬁ%' UL, i Ghalm r?;%soéihtgd (et god Lurther conprising
conpari1 ng e ne\RlyO P| mzati on p?an W ? tl!'le ri 8| ﬁa 0pt| m zati on

pl an. 34. The processor readabl e storage nmedi umof claim?29, the
met hod further conprising, before conparing the new optim zation

plan apd t g RbtlsBlea@itid Hbagt HRBiuR &Raih 28! RE nihod il @oMBE¥ing
optim zation plan, a referencé to the virtual table wth the

r ef er ea@garing thdveevosptigiizagon plakblvin thd2rigitdi@pfihesRasin. r eadabl e st orage
medi um of claim 34, the nmethod further conprising,
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.



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 mn@gﬂgﬁggﬁggﬁ%
systemincluding an original table having structural informtion and
data stored in a database, an appé{’?'at us for determ ning changes to an
original optim zation plan for a query to the database, the query
including a reference to the original table, the apparatus

conpr P8i ngin releiabase,MapaRRTENy SYHEMONFIHIRG /ANt driginal tabif: Paving gtredheal
t t | .inf ti t | udi the d ,. fo defi irt |
b ofbiat bel T S0ef) o FHRHS A ataattnle deleapang Shepste R an
i ai . e W t i | : f
Set o Bind BBlficllch bidh rof SRELTRCEL LRbIG, Wl dudR indiia reflEndISENR | OF

of cl %Hé’lﬁéﬁ@ab‘@ﬁ{e%p’ﬂfrtaﬂﬁ OibhGigir al information of the original table

i ncludes statistical information. 38. The apparatus of claim 37.

wher ei n t hgegisbi &ip'yiﬁ%kheidaibménrtas|é,¢rﬁuddn@lth@§ﬁjc®rawmﬁfati&fthOWS, of the
original table. 39. The apparatus of claim 36 further conprising:

means ekenidireOthp datatg defivee anaudpiblem zati on plan with the origi nal

optim zation plan. 40. The apparatus of claim36 further conprising:
means for meahssfor nreglacing in the qnery; toptafereacetto the quibimnal talsle wilfi er ence to t he
virtual table with the reference to the original table. 41. The
appar &aferenesf todhenvintyat ableuancher conprising: 1 9 JAM-2114 -32 neans for
di spl ayi ng the new optim.zation plan with the reference to the

ori gi nal t EBpRs foygetermining iagvaeR{istizatemelge fas e B8t em i ncl udi ng an
original table having structural information and data stored in a
dat abase, an apparatus for determ ning changes to an original

tim ti I f to.t t ab th LI [
oDt 7oLl 58, Bhaa 0% ReB B Ykt DR SRLRI U e P S, 2
copyi rﬂ%lutdggstgﬁétigélrﬂ‘%rmtaﬁgrl.e" i ncluding the structural information but

38. The apparatus of claim 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:



excluding the data, to define a virtual table; nmeans for defining a
virtual index associated with the virtual table; means-for replacing,
in the query, the reference to the original table mthﬁg’Pﬁﬂ%@qﬁce
to the virtual table; neans for agg_i ng, 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 the neans for

defining the vi rtﬁﬁ?l i ndex includes means _for copying an ori ginal
R b pd

i ndex asso@PAISIA YFRIYINGHRe BRW rtimifation, pipg Wit ie refg Pepiginaht ¢l ai m

43 wherein the neans for defining the virtual index further includes
means f.0f changing the original index. 45. The apparatus of claim43
wherein the means for copying the original index includes neans for
copying statistical infornmation associated with the original index.
46. The appahafatiba®d ndndbémdR & SEhNBEUGRIRA Sighdi tabh3 hddng strddtal
means for conparing the new optim zation plan wth the orl gi nal

opt i Mint@triatidh PhdBatadslored e adfipdass, i fpafdt@ fr 48tefrbining &dhafgubiHi Ng:
means for replacing, in the new optim zation plan, a reference to the
Vi r t uatigita lpptimizationiplantfer a ey énibe databadee therqugiyriadiudirad eferdie td itre

met hod of claim 47 further conprising: nmeans for displaying the new
opt i morgingl ¢abley therapraratustcheprisiger ence to the original table.

ABSTRACT , » A nmet hod and apparatus for view ng the
ef fect of ERAMESCOPYNGedigeR! takle. inclugingdhsiauctus inforgatiembWpt i mi zat i on
plan for dat gbase guery, such as an SQL statenment. A virtual table
is cr85?"5@‘%\’)%?8ﬁant9ﬁrg€'?¥ﬂ'§“aéﬁbl?cture of an original table on the

dat abase. The virtual table.is created by copyi he original table,
excl udi ng rart'ﬁ?/nsdJ rt%elH'P'Hgta H'g! u8'r'?‘£ellxr?3f°°'¥eadovl‘"étﬁ%ﬁéuag%b Ting original

i ndexes as i LD or gl nal r i Lhe a

virtual i n@ggﬁ%@gg%bgﬁ {Rnk?lk&?htgé \?/elt? érr? ﬁ%ltg%h%&%ﬁgﬁ% %gglﬁlées in the
query rdirehfftoMd @hlablcabl e

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:



are replaced wth references to the virtual table. The database
management systemthen determnes a new optim zation plan for the

(Y U9 JAN 200

233

means for comparing the new optimization plan with the original optimization plan.

47. The apparatus of claim 42 further comprising:
means for replacing, in the new optimization plan, a reference to the virtual table

with the reference to the original table.

48. The method of claim 47 further comprising:
means for displaying the new optimization plan with the reference to the original

table.





