;e3eP =M () 12 <6=T =EWD 01/9310s PCT/ US01/ 17171 SYSTEM AND METHOD ) FOR
AUTOVATI CALLY GENERATI NG DATABASE QUERI ES REFERENCE TO RELATED APPLI CATI ON
The prese cati on is based on Provisional Appli cati g 79 fled
May 26, ZQ%UﬁﬁﬁLé entire contents of which are herein |ncor§@€%%gzrﬁ
reference. Field The present specification relates to databases and, nore

specifically, to a system angyserhANPMEPHORFOF! | Y generating dat abase
queries. Backgroung EhMeTR: ‘gﬁ ?J@p%q Hg%ﬁ)&f ASES | standard
ases.

| anguage for inter acting wt OWS users to conbi ne
information frommany different sets of records (tables) in a database in
order to retrieve data fromthe database. However, the power of SQ has

sol ve dREMBREREE FQRIEAFEDAPELIGAIIONn conbi ne different tables in an SQ
guery, which may create queries that can be inpossible for the database
engi ne to refhd pesant appiaktiomis based arzRrogisRinghApplivatién 60rRONB7Dfiledyst em
resources. Database systens often include perfornmance tuning systens or

met hodsy UTI LBSTAT
and UTCETRD) RRT S AR Sl R ATl heiDpREd RSty by

sunmmari zing the operating state of a database in one or nore reports. These
scripts are a set of SQ. scripts useful for capturing a snapshot of
system w de dat abase performance statistics and generating a report which
can helBielh operator optinize the performance of the WO O1/ 931U~

PCT/ USOL/ 17171 dat abase. The dat abase operator can use the reports for

fine-tuni ng Themdanahreicaesif elafs icdataasksfaad, more ¥gdificaBy,BiaRywaaasenefhotihe
dat abase. A report may include, for exanple, information about database

menory ehj I he, dictionary cache, |atch usage,
file I/%l?aﬁ 1§au +IE}F%#S{ dhl?lf)%rg)ﬁu q‘%r oblemw th existing systens is that
they often I|mt t he am)unt of tine it takes to produce an opti mal
execution plan. Waddition, a | anowl edgeabl e user m ght have nore insight
into the data than r epresented by the object statistics, if object

st at i st Bagkgasundpr esent at all. Existing systens often do not take advantage
of the know edge of the user. In addition, although statistics may be

useful when Qﬁi?&ﬁfeldYQ@él?\La(ﬁ@dag%n%@f)qls YEE AN STt stdridsid LfigiHge or nﬁéla@tmgswﬁt
all if the Obj ects have not yet been analyzed, or the statistics may be

i st 1 ot oter STRE b uEly it Fute SoR SRR & ol Shanievien

t he

in a database in order to retrieve data from the database. However, the power of SQL has some
drawbacks. For example, a user can combine different tables in an SQL query, which may create
queries that can be impossible for the database engine to resolve or that may utilize a significant
amount of system resources.

Database systems often include performance tuning systems or methods. For example,
Oracle 7 provides various scripts (e.g., UTILBSTAT and UTLESTAT) that can be used to assist in
performance tuning by summarizing the operating state of a database in one or more reports. These
scripts are a set of SQL scripts useful for capturing a snapshot of system-wide database performance

statistics and generating a report which can help an operator optimize the performance of the

T
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ot her hand, the user may have first hand know edge that may be useful in
tuni ng database queries that 111y not otherw se be available. For exanple,

t he user WM}@E% that the query will be executed at a ti ngwh&i;Hphe
resources, such as multiple CPUs, will be available, even though the system
is normally fully utilized. Such information could prove very hel pful

duri ng datalmsabBsedauieisy operaion garptiseals fepol MYHIRY-thning tHeathtabasd perforiafice and

dat abase query conprises selecting a database query, parsing the sel ected

dat abasg, gr&sﬁrlaeqnflﬁreﬁm B?the%habas%n%hf B %gvrﬁ@ﬂdm&tes@&@er ntf&f&r—'afu%ﬁ'asf;ﬁted

dat abase query, ectl ng an optirm zatr rom a

avai l ab timzation he,sel ecte ase

rodi {y S EGD SiBE ﬁr%mr» @rarr%@c%gecremwe 3R ee iy ik aoBectne
WO 01/9310s PCT/ US01/ 17171 determ ned rel ati onshi ps and the sel ected

optr m z#etistigs.node and di spl ayi ng the nodified database query. The parsing

may determ ne tokens within the database query, tokens being words

separ at ed byAdsbbRrht wrta.exrdﬁ@% Rl stk iid ﬂqaeihe%va%elnahhﬂ tRPhinBluFad i tihe MDERSs f¥BY
i ncl ude Cost based and Rul e based nodes e Cost based nodes may include

First e
deter mﬁg%’ﬁu&[’aﬁ o8 q‘%ﬂé%%%‘{%gvﬁ m 1-llj-sglg’nrig ° eddtguned {l %atélg\%nﬁ%lre jmisi tmto
met hod may further conprise corrparl ng a cost ~associated with using the
sel ect ethectiinBRsdeptisesied By thieeotierd stafislicse Haabier! whafiffiqgswmgraseid & @Hecﬁmsung
dat abase query. The method may further conprise parsing the selected

dat abassystpmer oftenaiodett eéalr adeantiget dfehe kivevlddgeadfdbeusguehyadditedn, ddsouah statialsds
one subquery joined by at |east one of a NOT EXISTS, a NOT IN and an ALL

cl ause. mxpeerre&r\p%eiwmfpeﬂy BRIvida Rl a5 8y PId0 Bl dt1RY nBgMSRE ekigt & Al18€the objects
preferences to be used during tuning based on whet her the database query

et o SRaBlngi 350 bed b ael ot e ST uf RS p i RS, R SRS el Buig

at | east one of a convensi on of NOT EXI STS operators to a NOT I N operator
and conpevideonsight totibe distriwtion of theadsésway net §e preseahincuipaticples instamere On the
preferences may include rewite preferences for enabling a user to sel ect
t 0 conveihir BAHAQURNIseSmpP hiveohiisyhaad lhblyddge tal afaythe usefibintuting dufabsisejquities
The preferences may include rewite preferences for enabling a user to

sel ect WReLNGk: bifleikise Mavhifsbil. nlﬁbg%ﬁ%plgﬁ%ﬁse% koW REH Q@eﬁp%ll% REhEdd

j oin to convert subquerl es ] ol erator. uter storage

Compr | SFHESRRaT 2 L e s Peadulel g TRl ielsstem

dat abase query, conputer executable code for parsing the sel ected database
query t & mpemelinfully utibket Sodsifommatien swedhpiows virp hslpﬁg dutieg & datehpseduati tuaiegs e
guery, computer executable code for allowing a user to select an

process.

SUMMARY

A method of tuning a database query comprises selecting a database query, parsing the
selected database query to determine relationships between portions of the selected database query,
selecting an optimization mode from a plurality of available optimization modes, tuning the selected
database query by modifying at least one portion of the selected database query based on the

2



3 WO 01/9310S PCT/USOL/ 17171 optim zation node froma plurality of

avai l abl e optim zation nodes, conputer executable code for tuning the

sel ected %@B@@g query by nodi fying at | east one portion ggfrideg1sehect ed
dat abase query based on the determ ned rel ati onships and the sel ected
optim zati on node and conputer executable code for displaying the nodified
dat abasdetatingiied. reldtipishipsand e seleoid bptimpademolloand digplaging titkeh sMFESE dadBsE
conprises a display fox displaying at | east one database queries to a user,
a user %L%p}pt allowing the user to select a database query from anong the
di spl ay dat abase queries and an optim zation node froma plurality of
avai |l abl e optjm zati on nodes, anoj a processor for parsing the selected

dat abase quetle RSIaRMAY WeiTEming fokepoyihin tie Eiabireticpb ielicBheiag Words sspiateded
dat abase query, and for tuning the sel ected database query by nodifying at
| east oredgbiariteroThehltrhliy oéhedtisd optirhbtaemodss meybhadedt Gost bised atet Rulabased
rel ati onshi ps and the sel ected optim zation node, the nodified database

query bebag. ditsrtRY 8skel dnddee sy ShciVdAF N R Sl SRbaY andBAi1CR oSS PThOM Mot he
Drawi ngs The follow ng drawi ngS depict iTlustrative exanples only and are

i ded f . Pl i at d di f
For | ot hgy LA B RERC SeRgio oG RBERSUT NP Dot RUGEBP R o, 0B

guery tuni ng process according to an enbodi nent; Fig. 2 shows a dial og

di spl aymehef deayrgrther comprise SOWARIRE 2 (ast assgcigisd wythansary the selegied database aReivbde
di al og di splay; Fig. 4 shows a Preferences w ndow display; Fig. 5 shows a
Check S@QLthdicabtoggsoliispd awith vsing WO tGdOdtbaREC N &IGOINHE AhGthofFingry farthBrov@ngrise
Result wi ndow display; Fig. 7 shows an edit or tuning w ndow di splay; Fig.

8 shows,ggiheti dhd tddediddasdda o @étéﬁii@é’wh&h&*th@détﬁl})]%g l&&lréal;/li%ﬁﬁ@&ra@_[&@tfo@

conputer systemto which t present system and net e applied; and
Figs. 10._-

stat e maﬂgagl_lellg jc(;iur1§d t():}b ;?trléasst oslbeoc;?j a%{g IE%g'{“ §,hai Isanl'RI ranEl %1? lA&JSL cizlerllus\é.afﬂeolﬁgthg%nay
further comprise prompting a user to select preferences to be used during tuning based on whether
the database query includes at least one of a NOT EXISTS, a NOT IN and an ALL clause.
The preferences may include rewrite preferences for enabling a user to select at least one of
a conversion of NOT EXISTS operators to a NOT IN operator and conversion of the selected
database query to an outer join. The preferences may include rewrite preferences for enabling a user
to select to convert subqueries joined by an ALL operator to a join or outer-join. The preferences
may include rewrite preferences for enabling a user to select whether to use at least one of a NOT
EXISTS operator and an outer-join to convert subqueries joined by a NOT In operator.
A computer storage medium includes computer executable code for tuning a database query,
comprising computer executable code for allowing a user to select a database query, computer
executable code for parsing the selected database query to determine relationships between portions

of the selected database query, computer executable code for allowing a user to select an

3



Det ai | ed Description Wdescribing preferred enbodi nents of the present
disclosure illustrated in the drawi ngs, specific term nology is enployed
for salve,gf, piALkity. However, the present disclosure is net,idignded to be
limted ?%BfﬁékspeC|flc ternlnology so selected and it is tol£e under st ood
that each specific elenent includes all technical equival ents which operate

in a sidpihasatich il frohh€pRESSE O avlilsit OsihiRatidl Bo®S, EmputsYSeeithisBdoa@tdod
that automatically tunes database queries for i ncreasi ng perfornmance. For

exanpl e t abase
TanagenuAR %e%{e%%ﬁ?ég%}é%‘:ﬁm@'ﬁﬁ DR S Qe ot RS o i aieR&
statenments to_produce an optimal execution plan. In one aspect, the present
di scl o QIbﬁllsé%@m@lae% iriationghipgrnd s sringiediopHmigstipy modg and enmpmesesifably i n
t he context of the database structure and nodifying and/ or restructuring

t he quemnye o dispddying theamodifieedaahssequanyt hi n t he context of the DBMS
structure. In addition, the system and nethod of the present disclosure can
Utilize the Aasahaneddebdh@BsRisks truahi H&abHsBig es
used by the qﬁ%?% gﬁd to é%surﬁjtﬁg?ﬁthe gﬁgry IS cgﬁﬁagﬁgﬁwggwgdk%%ﬁg§€06
PCT/ USO 7171 eve these resul t S to

ot at enchiAts e 08 SR Bl eforiReS e pel P B BB ek sefeal %ﬁta%%a/ or
restructuring of the gﬁ% statenent. As an exanple, each table in, e.

FROM clqugse fromagmpes ieetisnleyeislatabasecqueries and pmpeignizeiommede fiopns @hlralgtauq{st
e.g., a users WHERE condition, and the WHERE conditi on may be checked fox
cor r ectavallités oj;tﬁhﬁaﬁ@ﬁ&bcﬁéscaatliaqmscess’ﬁh doraeshighthe Sylstiedndpab e guattio dbermnine
statenent and keeps track of each token, how tables are joined, and the

rel ati S |

word w RS %ﬁ%%ﬂﬁﬁﬁéﬁéﬁ?l%%%%*?gtdéﬁ‘f’%ﬁt‘@E T for b QRS s alBle
for table col um ma ed t id 0|ns and other

ol at | GHEHY P TRRHBETE G Y Anh poRe saine RS0 G Bp i e deieFBincfay
t hen change, for exanple, the join order and may nove subqueries to tune

t he SQrebtiangnprandftbe s¢lepedeptimizawoncmode e mydifiedndambasaumeydemeydismayed to
inplemented in the formof a software application ruining on a conputer
syst em GUaberasa theipyr ame, personal conputer (PC), handheld conputer, etc.
The conputer systen1nay be linked to a database. The |ink may be, for
exanple, via a direct 11111C SLICK as a direct hard wire or wirel ess
connection, via a network connection such as a |ocal area network, or via

the Internet. An exapple of a conputer system capable of inplenenting the
presentBE%%@%%&Q%&&#&Q&%QﬁWﬂﬁgéhomn in Fig. 9. The conputer systemreferred
to generally as system 200 may include a central processing unit (CPU) 202,

menory 204, ahefollntvarg drawiegs depect 206irativedixsmpbeg onlyiand 28§ roadediNr fih ocml maneea
networ k) data transm ssion controller 210, a LAN interface 212, a network
cont r ol {§hn1éit4ppRBiation and understanding of the following description.

Fig. 1 is a block diagram for describing a database query tuning process according to an

embodiment;

Fig. 2 shows a dialog display including an SQL statement;

Fig. 3 shows a Select Optimization Mode dialog display;

Fig. 4 shows a Preferences window display;

Fig. 5 shows a Check SQL dialog display;
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interrnal bus 216 and one or nore input devices 218 such as, for exanple, a
keyboard, nouse, etc. As shown, the system 200 nmay be connected to a

dat abase qF%kﬁBa link 222. Fig. 1 depicts a process accq@,i¢hh%7an
enbodi ment of "the present disclosure for tuning SQL statenents for

i ncreased performance. A user first selects an SQL statenent they desire to

have WO 017236 Ohowéd ReSAIdhad¥diépined (Step S2). For exanple, fromau SQ
edit wi ndow di splayed on display unit 208, a user can highlight an SQL

st at enent t hg: ' have | ing the cursor at the beginning
of the SQ gﬁéfzggh%smf%?P@én?%gﬂﬁ%m?%ggh%%Se and scrolling down to the end
of the SQL statenent and then rel easing.the house button. This wll

hi ghl i ght t hBleseEhevst Divtailed Repdt wakewdislthen sel ect an SQL Tuner option
froma Tools nmenu (not shown) by, for exanple, clicking on an appropriate
button. The Rigghls ghibdddigamsifatcempnter $ystebetotvanddthe presére nysiéns phdayethod man
SQ. Tuner window 1 (Step S4), as shown in Fig. 2. The user can then review
the di spd fypeddSHEd statenent 2 to confirnl that it is the SQL statement that
they desiré to tune. The user then has the option of clicking Back button
3, Next buttgn 4,, Fipish,button.5 or nced n 6, B ttan 3 return
is to the pr e\ﬁs'oluos' H%\l 8&? #Saﬁhﬁg\}\ﬁ?%lbw{aﬁgueﬁ?glr 8‘?}8& gle LI g% %l%#{slpglﬁﬁs' SQL
statenent. Cancel button 6 exits the SQ. tuner window 1 without airy
changes being nmade to the displayed SQL statenent 2. Next button 4 noves to
t he next wi ndow (shown in Fig. 3), allowing the user to select optimzation
node settings as wll be described |ater below Finish button 5 runs the
SQL tuning process using the current optim zation node settings. The

present Dg%gg@meg&%%gabl e of operating utilizing several optimzation
nodes, and using sever al different rewite preferences. After Next button

4 is clicked, on by the er, the.prese syste rses.the S t at enent
(step S0 anth Grenbiag S eubSuBERRe) te HrebuBe BT T8 BV EeD
Fig. 3. The SQL statenent is checked to determ ne, for exanple, what

oper at ospscificiemstinalagy isemployest fag sakierpfichuaitys tEaveeren the presenidisrlesureds vof intsadeds
to determ ne whether any subqueries within the SQ. statenent are joined by

NOT EXI fTiss 1if¥Ed kd\theQpedib terhAnisesy sol uedbdeaRINt isSt PeaiMdalstddtha @ssh kpdelf
statistics. For exanple, table statistics generated by a system such as

Oracle ' . - d - A . checked. The
tabl e S%‘%ﬁ@gtﬁﬁggﬁd%réaé}gtf@ﬂn%hg%%g@%:ﬂ %(f#?)aé%ﬁ %lgﬁlfp%}: eS'de nunber of rows
(NUM RONB), nunber of data bl gcks bel ow t he_ high ter mrk (e.g., th
number of . dat A BSeRsGRI A ERRISD ook Y HithADe é‘&f?lwémﬁmt%ata‘éfl&,tgﬁl%gﬁf%@&s
of whether they currently contain data or are enpty) (BLOCKS), the nunber
of dat ahlaick forahdrexsatggerbondice Falekanplsahe present system and method may be in the form

of a database management system (DBMS) capable of tuning Structured Query Language (SQL)
statements to produce an optimal execution plan. In one aspect, the present disclosure relates to
systems and methods for analyzing a database query in the context of the database structure and
modifying and/or restructuring the query so that it can be executed within the context of the DBMS
structure, In addition, the system and method of the present disclosure can utilize the database
relationship structure to minimize the DBMS resources used by the query and to ensure that the

query is completed.



have never been used (EMPTY BLOCKS), the average avail able free space in
each data block in bytes (AVG SPACE), the nunber of chained rows (CHAIN
COUNT) anﬁ wgsﬂgerage row | ength, including the row s oveiaa@d 4P byt es
(AVG ROW E 1T sufficient information exists (e.g., statistics exist for
the relevant tables), the systemautomatically selects an optim zation

nmode. The seab@cwedtoaRhicnt datd @RGSR passel thelBQat BedntiRdiaubtdht @8 stfucBureFOr
exanpl e, a cost-based optim zation (FIRST RONor ALL ROA5) node may be

aut omaty. cal.l y: i it g Vi d ts,Jf tist] i st
ot o petieS B SRR PR Myl B heBRCHIERG 2 dn ShEM G TR o
in the table statistics for the systemto automatically select an

opt i mi ZBt§-®Hn2 ARPM glauses may de ghgekedifos refergntial intpgiiy andieprant edagatist, 648, #ygers
setting made automatically by the system the user can manually sel ect the
opt i m Z&HERE ecoodéionyara the WHIEBR B rendifiort iney bachicokdiufot corgeceerjointspeciffediions.
Optim zati on Mode wi ndow 11 as shown in Fig. 3. The user can also nodify

rewrite prefeiapeRat $8khi Mss bhom wondewerhdnt .38 ké’@pk trab€o i8S IR thd v taBRIs€

detail below by clicking Preferences button 10. Onhe cost-based optim zation

node is referred . ALL de.. Th mode, 1§ aut onatical |

el ect By He R e i rp SR o A ol el g e R AR s
the referenced tables in the SQL statenent. ALL ROAS node provides fast

t hr oughitiinfg S Qastelenenbiepariiadpy deianitese r Teliwan thahatandor shde elump ngeieeatayng
a FIRST ROA5 node by clicking radio button 8, unless the SQ statenent

cont ai ns 1Red et ideyRHy §ding ardeotiier relbfidrShps EAFURRSEHH (M SQIS statdi N Phelsy sted dROUP
BY cl ause, a FOR UPDATE cl ause, aggregate functions, or a DI STINCT WO

operat ar L8 7, PER( ey R . kPR SRS st RS9

FOR UPDATE cl ause, agqregate nctions, .or | STI.NCT erator, the user is
ot o1 AHTRR. BBt A DR G 1 e Bt et Hat e S o s ot dn
al so be manual ly sel ected by the user by clicking radio button 7. The FIRST
ROWS nosdéwaes/appdicationgmaning ah laycosyphiter systerp pudhies agysinfametrensonhlecogymsterPC),
carrot otherw se determne an optim zation node to use for the session. The

FI RST REAWGRBIE ofpYiteb et bt dYmBe §6kR0nk Y balifiadtto b ASRBARE The Tk hedy B, e
processing is desired. Another node is refereed to as Rul e-based node. The

Rul e- based e is aut 1call. | ected by th I i.SEi
xi ot onam of 4 FrsBHRb 8 AitesP g KRk BlslehEesEB i o B BLC Bt
selected by clicking radio button_9. If it was determ ned during the

par si ngSush 3¢ adecal miea petapyli g yta thadnteet. st at enent i ncl uded subqueri es j oi ned
by NOT EXI STS, NOT IN or ALL clauses, Preferences button 10 is made active
in wi ndow 11AfEkgupl8)fa Chinpltengystem dapailepfingdeminiingdhe hiBsext bysimn ahdémgtwmd t o
specify rewite preferences to be used to rewite subqueries joined by the

NOT | N RRESWH 8 FigNITTEY ortpat? R§dtéth @ferred to generally as system 200 may include a central
processing unit (CPU) 202, memory 204, a printer interface 206, a display unit 208, a LAN (local
area netw‘ork) data transmission controller 210, a LAN interface 212, a network controller 214, an
internal bus 216 and one or more input devices 218 such as, for example, a keyboard, mouse, etc.
As shown, the system 200 may be connected to a database 220 via a link 222.

Fig. 1 depicts a process according to an embodiment of the present disclosure for tuning SQL

statements for increased performance. A user first selects an SQL statement they desire to have
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and ALL operator . For exanple, rewite preferences for NOT EXI STS
operators can be specified enabling the user to select conversion of the
NOT EXI STRoqRREfR5OrS to a NOT I N operator and/or conversi gig1afsoi 71
statenent to an outer join. Rewite preferences for the ALL operator can be
specified, allow ng the user to sel ect convension of the statenent to a

j oi n ortumsl Swpes2)] Bonexakpiy, ifom i Sl edineaRiohodisplieedNRIdidphoReT 206 uedtahe
specified enabling the user to select conversion of the NOT IN operator to

NOT EXl 1§1g§fe a neg%'ieﬁélﬁ 1thfle (ﬂ:@ §{@ﬁzﬁ'@"?ﬁﬁedtb B 61%’161 E gulls&' D e%fllﬁ{ll?%]ﬁ.?@ can

be furt or the rew oSl ng op 1I-ons

limt 9 01/ 0 PCT/ SOl/ 17171 the conv on t ances whe t he
sur r ourtithigiat em%??%fbgh%&ﬂq} woyseang sero ]élédﬁ‘é’“ Pﬂl?ﬁ@hﬁ?é?m@gﬁn‘iﬁ
specify that the present system al ways convent and add 'S NOT NULL

crit er itelgasing theenasabetan L his willddgdight the SheitatPnet e Thansescanihenmeletan SQL
clicked by the user, a preferences wi ndow 50 as shown in Fig. 4 is

di spl ayReéher Sp}ﬁﬁgloﬁlﬂlmolpﬁﬁﬁﬁ (R CRSVIDAYEfR 2x aaple! aQMr@Q)llchll&@Fﬁiﬁ@ﬂtemﬁtton

clicking on ner tab 51. The options in this w ndow enabl e the user to set

the rewite t i

operators AL © %ﬁ%@%%%@%%x%% 4{?% g%éxdz%p%gs%% Sblanﬂlﬁ—l%grg W‘Zfi,oufcl)
set rewte pref rences, for _the NOT EXI STS o (f e user selects the
NOT EXI SOV 114 Bigy £hEhguger amemw d%m ayed '82%4 $Hotemgnt J torcogfirm
options avail able for the NOT EXI STS operator. For exanple, the user can
t hen spibatiif is thth®Obhetat¢mers mizdh kleytdesrptodsent Tiwyseetinetd basube opidn ¢i¢lakohgdack
outer-join to convert subqueries joined by the NOT EXI STS operator by

sel ectififtRns, F’J%X%{tﬂ%ﬁw PehidutRRR FREneé1DHuRHE K Baek Bttdod rediRhé @fe pre@itméer t

Subquery J0| ned a NOT EXI STS Operator To NOT IN' (check box 55) and
"Convert I i ned rator o ter N heck
box. 56) VPV i ‘%E%ﬁ 3t sty DRk R b SRS oL e
(check box 55) tion is selected, option boxes 57 and 58 becone acti ve.

Opti on wu&iowﬂ \éﬂt Qvieny plangescheinegnadsi te ihe displayed R kstatesnenidT Naw butosddneysns
On The Joined Columms In Quter Query" option and option box 5 8 allows the
user totolBd B&dt wildow Gleok iffGig. BI)RIIdUnk tkiomdt foi selest dpiimizutiod @iode dettiagsummveilll n
The Subquery" option. The user may sel ect one or both of the these options
by sel t | ion
oot onett BaRIRA HERRIRE, HAR, SURGLS WAERR SO AR ok TR ABlol AL
"Convert 8hﬂ% If The Col unms Are Defined As NOT NULL" can be sel ected for

t he out®f f8Sand subquery by clicking radio buttons 61 and 63,

respectlvely and 10
The present system is capable of operating utilizing several optimization modes, and using

several different rewrite preferences. After Next button 4 is clicked on by the user, the present
system parses the SQL statement (Step S6) and displays a Select Optimization Mode window 11 as
shown in Fig. 3. The SQL statement is checked to determine, for example, what operators,
functions, etc. exist in the statement. The system also checks to determine whether any subqueries
within the SQL statement are joined by NOT EXISTS, NOT IN, or ALL clauses. The present
system also checks table statistics. For example, table statistics generated by a system such as
Oracle when executing an ANALYZE command on a table may be checked. The table statistics may

7



WO 01/ 93105 PCT/ USOL/ 17171 "Al ways Convert And Add "I'S NOT NULL" If
Necessary" can be selected by clicking r adio buttons 62 and 64,

respecti vl olftg user can then cliclc on the "OK" button R4 Haave the
specified pref er ences and exit the pr eferences w ndow. Selecting Cancel
button 66 exits the wi ndow 52 wi thout saving any changes nmade to the

pr ef er eRgR8e nSRIbECH 13s HRUM ROWS), EBniskr 9P ta% BIR LY BEIBW TR Hich Qv dtElEmatEE 2., hi
a simlar matnmer, to set rewite preferences for the ALL operator, the user

sel ect 54, [ ' ny 5 o display.a.list . of
opt  one SinoBEEE BeRibjodd: i e Bl oTTR ik VB BBREY: Frehl 8 1o
enabl e the present systemto convert subqueries joined by the ALL operator
to a j UHCBYY epptan dpaphasempl) EBELORE Sorthejuinkar ef datyplogksaiepajed to theisbledhates
joined via the ALL operator to a join or outer join" option. If the user
sel ect shavhinsvaricbionsedt(B&RBErBMOCK S),Hhe atueageravsidile fleansiabe fpdachh datatblockGheck
For NOT NULL Conditions On The Joined Colunnls In The Quter Query" and

" Checl coyrar ANGT AR CoRGuhibeNSt ERinddfowk@ct ath BBUNTY duli$hd frert2e roi beg#gﬁ{y :

The user can then sel'éct one or both of the thése opt’ions. For "each

t hese optigns .sel ected, .the. [y r nted with tvvo conversion
opt i onslg‘:]egw&etﬁ?1°&F§V?4leﬁgy%§?su¢%¥égﬁ§med As NOT NULL" and "Al ways
Convert And Add "1 S NOT NULL" | Necessary". The user can then click on the
"OK" button Hous@gienttinormpen erisly (pRefsdticheseexiginigr dba releviant Rbleshribs spgem
w ndow. To set rewite preferences for the NOT IN operator, the user

sel ect saithigatNGly bdlepat @itimhizitic@mmbde The deitoiad opBmizafion hdddisplRYted blyiradioof
options. The user can then specify whether to enable the present systemto

use th t.0 . e v, [ I.Qi.ned
by he RPT R oonenear oy e ooy ed Aifithfly FIRRT HORUNALE sEHPSHFohE Rl er
Subquery Joined Via NOT 11, WO 01/9310a PCI/USQL/ 17171 | N Operator To NOT
EXI ST ARt nyeFetedineR i I‘Vl\{?&??(ilm%%? .e%fﬂﬁ%fm%@f%%fkﬁﬁ% cefiteEreds diin .
For each option selected, the user is then presented with an option to

check f®tep NOTiNbkie is arsdifidieon snformativa ip thd tablt staistionfor ithe gystesr toquaepatagadiyt o
check for NOT NULL conditions on the joined COLL1111115 111 the subquely.

The USeiel&@@n&?‘tiﬁﬁiatféﬁ%n&ie &®a¥ theafset ARHRs APEHAQBS an @Eﬁlﬁfﬁaﬁbx?ﬂlog_@tsétﬁﬁ? md#en
becone active for each selected option. That is, the user is given the

OPt 1, i RYRF by Bl 5 P B RS T Bl A

conver Stih(e) ?ad(i)g ‘E){lt(t)orhs f7(-)9r inj tﬁé gggct (:O%lti%i]ga!ti%n(lj\/r[]oc{em%nggvg ?{ as(,q gh%(&% ila{ r1]7(1:|g/ %r The user can
also modify rewrite preferences settings from window 11, as will be described in more detail below
by clicking Preferences button 10.

One cost-based optimization mode is referred to as ALL _ROWS mode. The ALL._ ROWS
mode is automatically selected by default by the system if statistics exist on at least one of the
referenced tables in the SQL statement. ALL,_ROWS mode provides fast throughput for batch
processing. The user then has the option of selecting a FIRST ROWS mode by clicking radio
button 8§, unless the SQL statement contains a set operator (e.g., UNION, INTERSECT, MINUS,

UNION ALL), a GROUP BY clause, a FOR UPDATE clause, aggregate functions, or a DISTINCT
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t he subquery. The user clicks on the "OK" button 54 to save the specified
preferences and exit the Preferences w ndow. Upon exiting the Preferences

WI ndow, Wa g(i;.ay returns to the Select Optimzation l\/bdﬁ;%gﬂg%ﬂl (Fig.
Af ter ep is conplete and the user is satisfied with't

opt| m zation node and preferences sel ections, the process can be conti nued

by cli coperargr. NeRihetSQL Gentdment tofMabiR asselQSpEﬁﬁ)rF(é SSEUNIONS NRTERRECKS MheUS Q-
statenent for refer ential integrity, outer join, and/ or NULL | ogi' ¢

bl
2 Fer OIS ALPEEARAER ST FOR o ErE i RSB WS ST
exanpl e, sugg estlons may di spl aye % for alld Quter Joins, which
cause |W?Féffti”d thediser 16 nefgdiven tg‘&@@}é’é‘ttgé %Cthﬁf dRBYSdnegs é[‘)héd\IfIO-IRWISEnq’%I c

probl ens causing invalid result sets, incol Tect use of the HAVING cl ause,
Cart esi eamqtsodmhnmasuallyeszbcteébymlmsudenbjr clickimg fatlertivdtohdr better index
utilization, expressions in non-join criteria for better index utilization,

and uni ndexegy§ PIREDREWS mofs thayR Bi@RatRARy sﬁec@tﬁ% ﬁle%f?stem WASMLEQyRSm
shown in F|g 5 is then displayed to the user. Wndow pol-tion 73 dISp| ays

a diagramo ach s uery n.the state h table

1/ 931 oy R RS R By P EPh i A yee BEEE 3o T KR TRy moae’”
containing the table nane and alias. The prinmacy key, foreign keys, and

ui >i quelia¥ps manEally %ew%lépégséaesp@itseémfoz 4ipe arocessyigdeAesiicde bet ween tabl es
represents a conect join. If ared line connects the tables, the join

cont ai ns ai i Aswther nf{icledhredaral ek ®udnbasel nivlee JheRuldbasad Immzre i$ Butonaticgbsr
outer join). If a blue line comects the tables, the join is inefficient

due to Lack.«fy ﬁl@fsfsgf/iggf R stﬁtﬁttgg Eikdon a% gt 1%%1]&9:&{ %aés RSi1d-Baskd ﬂm%gr%ag

statenent are "disp I'n w ndow porti n 71. ow 70 can
e-sized b red .0 VI ew. all of the |nformat|on contained in
any of }E’Tﬂé‘ ﬁ ?eﬁffgﬁﬁy(ﬁi@(mélril Ri HGOIB% 'Next SQL Modul " button 72 and the
"Previous SQ Mdul e" button 74 highlights individual subqueries in the SQ
st at ement i nlfok wes detdrndingp tharyize iha pyrsitgeprodegh(Steghb@dhsaiithe S ystatenendnéludasd

di agram The user can then decide (Step S14) which SQL statement to tune,

the ori giabriéstjod aheangNaxr EXIRErd, NGUDRS bah B IR Muses Plefeee8Pb@tonCll0l i€ kiadg abtive
"Tune Original utton 76 tunes the original SQ staterrent which is

‘é:.SELf‘%glda’aﬁ‘do%”ﬂﬁéffé?é%a75@%?? SISl (0MhE Sooptl Pl revticon,
unes. | RETGBIEBE %&%%ao%w%&‘év@%@rfeaioﬁ@%é# GO e %ﬁ‘pgﬁﬁéaf%?p%?@%ﬁﬁ?
is tuned by perform ng one or nore steps to

and ALL operator.

For example, rewrite preferences for NOT EXISTS operators can be specified enabling the

user to select conversion of the NOT EXISTS operators to a NOT IN operator and/or conversion

of the statement to an outer join. Rewrite preferences for the ALL operator can be specified,

allowing the user to select conversion of the statement to a join or an outer-join. Rewrite preferences

for the NOT IN operator can be specified enabling the user to select conversion of the NOT IN

operator to NOT EXISTS or conversion of the statement to an outer-join.

Preferences can be further defined by the user for the rewrite by choosing options that limit

9



optim ze the statenment. For exanple, the system may make transitive changes
inthe join criteria, nmay determne all subquery tr ansfonnations, nmay

det er m neylg @nsidsi vities in the non-join criteria if necegganyseaith7iay
determ ne join orders. The system nay generate sever al transfornmed SQ
statenents. The system nmay then determ ne which of the transforned SQ

st at enetht sofassibheo hegincgeriicaz tenteroandng artérficeeotvmsis| dré defiroQlas NGT SNTHLL.S
accordingly. 13 WO 01/93105 PCT/ USQOL/ 17171 When tuning or transform ng a
SQL st afRRRE canl 416 HeEFFMHat F% -@semg}{teﬁm%yg Q& ahd adPISBT 19T R cHitrfon
oundi ng query belong to the sane table and snake transitive changes, |
necessary Iftthey.fdo not belong to the sane table, the system checks to
see i f RnYe SHePTBt iR Yt eria reference a col unui interfacing the
subquely and_identifies the equival ent colum. The present system does this
for each col When Praferences buiden Hais sligkgd by {heawer, @ prsferenseswindewt50za shawia Fig.
property to generate pernmutations of the equivalent colums in an attenpt
to find4a dgllaysiena SOL Toherpheerendts page STtamngert be diplagal bieclichbigeon Taer tab
present system may hake tr ansitive changes to non-con~el ated subqueries |

oin eﬁn\# QI%%M? MEE\%R@B@&VQ Ena%Mh%_ﬁ%rEA o ﬁg ré&ﬁwb‘%ﬂﬂ%ﬁcé‘s %% ﬁésfcgf;&fjaﬁ@vg |?01NOT

I N, operators. resent systemmay also determ ne all

cval uat HRGUBiRSHOBE QU ah R S0 g 15 PN FSISERR of the o )

transformations. A transformation may be nmandatory (always or never) or
optional . Thimsthé E4dn@ilé stiowtnlio Fig. #Stot setnewaideaipteferengesier the NQhEXIRKS opegator, the
alteniative SQ versions. For exanple, if a SQL statenment contains four

subquer ydef Seledi e NOEERMS TS ¥SdrR0? et theAiHldo@nendtiu 33Nertsdiapayd £8st oflopaviss
transfornf, one "never transform', and tluee "optional"™ to generate

ot or m RS BREOTLT NTLERISCR: ohh Bl Db VTR bk BT SIBURPH 80005

or optionally be done. For exanple, solve transformations nay be desirable
becausetherredsst syitairrtowse INQE dNaangartasiterypiginto; gonyerd sHhaigE e 0Mad; Bh thiseNeT
done. In this case, the transformation should al ways be done. Accordingly,
t he traBXIST wpeatorwyuettcling asde-grieding the ghyespriatathdck bosSentor bpansi SComtarions
may be undesirable since the optimzer will use a less efficient plan if

(e L SRR VAo QbR AT Y el ol Ebbek AL
Joined Via NOT EXISTS Operator To An Outer-Join” (check box 56).

If the “Convert Subquery Joined Via NOT EXISTS Operator To NOT IN” (check box 55)
option is selected, option boxes 57 and 58 become active. Option box 57 allows the user to select
the “Check For NOT NULL Conditions On The Joined Columns In Outer Query” option and option
box 58 allows the user to select the “Check For NOT NULL Conditions On The Joined Columns In
The Subquery” option. The user may select one or both of the these options by selecting or
deselecting check boxes 59 and 60, respectively. Conversion options then become active for each
selected option box. For example, “Convert Only If The Columns Are Defined As NOT NULL” can

be selected for the outer query and subquery by clicking radio buttons 61 and 63, respectively and
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PCT/ USOL/ 17171 transformati on woul d be assigned a | owest rant. Sone
transformations may or nay not result in a better optimzation pla~~ being
sel ect ed, g3 1%81dst ™y depend on other factors as well. |npdlysi15388. the
transfornation may optionally be done. Accordingly, the transformation
woul d be assigned a mddle rat~lc. After perforning the subquery

t r ansf ofAmtay o0snvertendAdS EISINCY NEID 1 I dlat dshdr@Scadbeisyiatiedby ElRkiHFadib Bukthiey
non join criteria that can be substituted for one another and makes the

substit I¢ S t.he
S st o erino4y RAEAESS e BREThPpEn Sl ARRTOI RS CR %a% B Gsitge
of concat nat ed Ig ¥ dexe For exarrpl in the foll ow ng st at enent
the e. ePﬁS Lenees Ang gxitdhe Breiarere °8 iReRT- y SeiecBEPERIEN TR0 Eéltﬁ £ SVindeE P2t o
a.enp-seq or tenp seq. SELECT a' FROM enpl oyees e, assigiunents a, tine
sheet s WilthHERE/Ieg arypcheegpsmadle énihe peaderdids.aSeeqhing éi;lp:butwmﬂ»s siésplagdNDhelp pnemu
seq = t.proj seq AND e.enp_seq IN (SELECT enp seq FROM dependents WHERE

rel ati o the uIPOUSE' ) Switclung e.enp seq to a.enp seq as shown bel ow (Line
5) enabl es the database to use the concatenat ed key index on ASSI GNVENTS:
SELECT ~° | O un nme eets. t m q =
a. enp seq A@Q S{Tﬂ %%1%?61 etb sgtsr%{vgi'fe IKE%E%CQS for the AEE oPels}ob tﬁ\g g%fl Eﬁffet éif‘g’
seq I N ( SELECT enp s RC]\/I dependents V\HERE reI atl on= "~ SPQUSE') WO
01/ 93108Peretyy s the Lﬁ@ové@rm@ulsﬁcf@ld@)wlay asligt gf optigasadde élﬁ%t"?‘i@rth%’d?wlﬁﬁemﬁéln
an equality join criterion exists equating the colums. However, the

pr esent wilisipaons anspatify whsthet toagmableithié pregant fsostenat chient subijlieeich ?oihd‘,thby i
AND ed to the join criteria. If a non join criterioni s OR ed to the |j
oin cri i tr; { i |, G

il pl & LaTE! %‘i“e‘gg P b ltPlnd LA S R CORerk Bidats fohedyia
columms_to eran and ligates the correspondi ng col um on the

sel ect ﬂﬁ]{] Wﬂf‘If‘lod%PhWﬁe’FJrO&hsqpﬂo% ties are used for each
transformatlon except for the original statenent. If the operand is

equi val ent tH thauséresclests thisroplipn, theusantvall thei beepresantadewitly aptianisdo EGbéeckaFent
colum cannot be used. If a FROM cl ause has a nested sel ect statenent that

does NONOTENELA (IO OrSH Janed Coh@glsed The Huth Quehe afi@ i Chedk 6y NIDISNTDL.
oin criteriar eferencing one of the j oin columms between the main query

e, L CHR 5 P IBE ey B e, R g b B bt or
stat eneﬂlte’se elg]t%olnlédlli‘gg egcrllleofotlrulasgloggl)ns selected, the user is then presented with two conversion
options “Convert Only If The Columns Are Defined As NOT NULL” and “Always Convert And
Add “IS NOT NULL” If Necessary™.
The user can then click on the “OK” button to save the specified preferences and exit the
Preferences window.
To set rewrite preferences for the NOT IN operator, the user selects the NOT IN operator
from the pulldown menu 53 to display a list of options. The user can then specify whether to enable
the present system to use the NOT EXISTS operator and /or outer-join to convert subqueries joined

by the NOT IN operator by selecting or de-selecting the options “Convert Subquery Joined Via NOT
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The present system can use an ORDERED hint to determne join order. The
ORDERED hint forces the optimzer to join tables in the order in which they
appear i nwlhfo5ROM cl ause in the SQL statenment. This al |l owgrRide1A4@ienent s
to be witten that will join tables referenced in the FROM clause in a
particular order. The systemfirst tests the SQL statenment with no ORDERED
hi nt. TINOpsraBeTb NYF EBIS TSedhdCiCoat@sSwedderdyiJomed VRENTTL AL Opdisiot$b Ag Oler-
ORDERED hint with different driving tables to force a specific join order,
a driviyg,table being, for exanple, a parent table in a nested loop join
operation. Each row froma driving table can be used to find matching rows

in ajoined table to. conplete the join operation. If the default joi

et anst or HE PG it AP BN, (R ASe: I ek DETrHtT: errsistie Chnhi iR R Bl na
SQL statetnent, then nost likely the ORDERED lent will produce a nore

ef fi ci egvndisions obtthe joiged columslingguay3UPETNdIorheckifor NOT NAdr coukitidnsvont fhan
the initial transformation with a default join order. The present system

can di sjply donentREERERubGRAS f Théraéer @n 8dled ovi AR IbBtHOSShesWpiohN CodPersion
determ ne best perfornatice fiom anong each of the created altenlative SQ
al

st at eneqt. ent. n t t .St qQr_t.he origi
S anchhuen i opiRREREE IR ARRRE Bhich, PR B U Shib B R gpRE Lo
cost is determned after creating the plan associated with t he%lg. For,
exanpl eonlpifihe solnmgprodeinet AN EN M Ener te ahvs coaeat and idhdy NQT AP anif
that the optim zer uses to execute the SQ statenent. The EXPLAI N PLAN

st at enemdcessany. Gée nsan camthitheelSQh catvatsemmption foo jagredd doremescadhd ower quienrandfurc h
wi |l describe the steps that the optim zer plans to use to execute the SQ
St at ek SubgeRC e Wsér cliglksSéh tRE OBKBuRoSUTREIavE BreSpecif OB blefdr@ice® Mt exdi R 1 N
the plan. The Cost is a relative figure of usage t0 execute the step in the
pl an. The_.costs can be .sunmed.up .f 11 of the st .in th | an .t o ,a~Ti ve
Bt &t REETREET PBIOY nd art deprefumos parda (B cinliy st K gy Select
cal cul ated by the database by the nunber of rows, to generate a cost/row
val ue fOptimietioroModpdVigdyw 41 dfigrdntidter Blop £8 megonailee aybthd asas igsatisfeedoyith the
nunber of l|ogical reads required by the plan. After determ ning the cost,

t he pregginizaicatieodes@idtpseftlfocbatlc@ions, Biebeest CarffeCRtRg bylcleiting NeiButida

| owest to the highest cost). In step (S18), the present system displays the
originat SQ statenment and the SQL statenment with the |owest cost in a
Result di al og wi ndow 90 such as that shown in Fig. 6. The original SQ.

t at (O ' di i.nd ti 92 and th d alt ti
S st at ermenPe)ans O epihet VPR aheRE bRl Haa o b SRt HEER! Ehof ob BB

the suggested alternate SQL statenments) with the original SQ statenent,
exam neandis Nk degic prphlemsh érersoersneliipiendiesrare frapd,spaeific sugasplicansdon atering
original SQ statement with the tuned SQL statenment. Cicking Replace SQ
button the(SOheamtsaphtaeesoricde iRl prgbRals BEddiplabe MY esbinblel RBgzgestions may be
displayed for invalid Outer Joins, which can cause invalid result sets. Suggestions may also be
displayed for NULL logic problems causing invalid result sets, incorrect use of the HAVING clause,
cartesian products , expressions in join criteria for better index utilization, expressions in non-join
criteria for better index utilization, and unindexed foreign keys, etc.
In Step S12, a Check SQL window 70 as shown in Fig. 5 is then displayed to the user.

Window portion 73 displays a diagram of each subquery in the statement. Each table in the SQL
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17 WO 01/9310s PCT/ USOL/ 17171 suggested altercate SQL statenent shown in
w ndow 94. The system adds comments and displays the hu red SQ. statenent
in an edi{fiosHRi NG W ndow | 04 as shown in Fig. 7. As shogyidifiter 7, the
comments may I nclude a date stanp, information indicating that the
statenent was tuned and identifying the optim zation node used (ALL- ROWS

in thi sste@em digplagd dsckbargwih aBasder Bofithiathgtbe tdldhisthe bid 418, Ahe Pridnisy key,
wi ndow. Clicking on More Detail button 98 opens a Detail ed Result W ndow

106 as i i . dy: t is displayed 111 w ndow
porti oni%gegél? kéf%wlf1 ug?es%{}gﬁse%%ed%ogge%ﬁ a %Eg? ;lsbéés for the original SQ
statenent and one or nore rows 112 display the cost statistics for the
tuned alt er nAtesessinehelyesrdableg yepreppids & cabpd i 9iBs Ihanjediling comescts thp &bdestihse

114 which is the anbunt of tine required to execute the SQ (in seconds),
CPU t i neinldGitants aprerios (uble anardbeentad inGRUtClyrehdhor pe imzepaymdter gop)i Téd biue line
execute the SQ., Log Reads 118 which is the nu | nber of |ogical reads

requi r eghrineete RIS, thejo s indfhYishicRle 16 BRR Bf 1e3beMid] Gitegistyt he number  of
physical reads required to execute the SQ, Rows |22 is fyhe nunber of rows

umber of - r ovee- RS RPN e bEehR BEMEORE BafREM R EER Rl P8,

cost statistics for each statenent to help the user choose the SQ.. best
sui t ed V&dewelOrcapbedesizachley U aper @afesiied & wiswodleofitbe wiamatine conipagd 8y ayedent

in a systemincluding an editor function for fiu-ther editing. If there is
a bind theriiaddwe ponionke SQL, clicking on the "Bind" button 126 displays a
di al og where the user can specify a value for the variable before executing

the SQ statefigfhy off *Neé&'tt gg)LOMothﬁ:”'bﬁﬁgﬁq,tl%lldm’té—t‘fﬁ%@" g;,,% 198RRALRY Gitton 74

statistics for the selec statenment. Cicking on t ecute All™ button

ci i ok~ BEEns F Bty e Sk Sarhat PO aickEor 5ol CpILg L

the wi ndow. The user can click on the "Save" button 134 to save the
i nf or masubgrenyis aspociatpdl ddgwms a text file for fuh.ue reference. The user 18
WO 01/9310a PCT/US01/ 17171 can select an alternate SQL entry in the table

and click onThéfser PARen ﬁéﬂimsgpes 47 &hich@QIQtaehENt t6 tinkOfhe baginkDstalefighbat
the code in a plam er w ndow. i cking on the "Replace SQ" button 140

P! 20 RS Sh0R, KSR MM 08 YRSyt Sy 8RR € e

S&nc el 'éQtI),usttzltgglel:I{tAf \A;fvh?c)fli its %is:[p?aej\/eg rlr? ﬁ%nftlelg %g ta%\ %e\,\g(}tﬂ)(r)rlxj E)f ﬁqg%llgelc{g%Qtfp gvix?({cjvxg i75l.al
Clicking on “Tune Fixed SQL” button 78 implements the suggested corrections displayed in the
field 71 on the right of the Check SQL window 71 and then tunes the corrected SQL statement.

In Step S16, the selected SQL statement is tuned by performing one or more steps to
optimize the statement. For example, the system may make transitive changes in the join criteria,
may determine all subquery transformations, may determine transitivities in the non-join criteria if
necessary and may determine join orders. The system may generate several transformed SQL
statements. The system may then determine which of the transformed SQL statements has the best

performance and sort the resulting SQL statements accordingly.
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The follow ng descriptions |ist and describe the various ternls used

t hroughout the present specification to reference parts or attributes of
SQL st at ey Rsfs Wel | as sone of the concepts used by thepgygsgAy173YSt em
for tuning SQL statenents. The teans are used tluoughout the specification
in describing the algoritluns used by the present systemto tune the SQ
stat enents. WheBrtanioh canchnkfeveingod SQEsdtatamenth dre presme systét&&n@udtﬁakitb ase ift he
path fromthe top (main query) to the bottomis a "branch". The "l evel of

nesti ngcoyfind &ea ﬂ'ﬂ@ﬁ&ng Ellué#lggﬂdﬁ {fifie bdind 361N gﬁg Iﬁk?[l\f%h@né@é ei@‘leée%fary._

con5|dered at "level bquery directl om1|t I1s at "leve

2, and he fo rs for. whi ch.have been
ntdeq 1 Bna0aEPoRE b bR SaunclzbE el Befors chad Rt et 15 o R LS B g
|N3 (SELECT enp seq 4. FROMtine_sheets t 5. WHERE t date =
" OL- MAYa ggume. intanBring plreojubgesyy 2nd idepisipseing etpmmgdelst@qltmﬂa\f Joe wEsent sys§m WeERE
nane = " EXPLAIN SQ.: DEVELOPMENT')) 9. AND hiredate > SYSDATE - 10 19 WO
01/ 9310ghiP (el ddotbundhy Intdrh iy @B libaietye AELS tHeh 1063 thRearaiBitive Puaeyty tbéhbratel
(beginning line 1), to LEVEL = 2 (begiinling line 3), to LEVEL = 3 the | ast

subquer erﬁﬁﬁagi Hyg'igthla ﬁveﬁént c E.l s 11? Xt’? .la éé?lfqﬁcqg ﬂlﬁ rﬁ% \!vﬁ'erg Qll %f ﬁféacgﬁ{lﬁ)é bgelcglg

since the nain query uery

subque The foI I OWI ng Sq_ statenent cont ai ns 2 branches E
FROM en%a b swne 22blenEREPIERPI S¥tem 2y el Fneve Fhengsy t%ﬂOlrm\ﬂlﬁtF@%ﬁs%?Ss t
5. V~-rHERE t.ipt date = “Ol-MAY-98' G AND t.proj seq = 7. (SELECT proj seq
FROM pr mieedtvsa e N®ERE opaater and oxelaai¢d\suBQleri dDBVEL faFRIENT INDTIAN, ANNQY BXisdat e
> SYSDATE - 10 10. AND enp_seq IN 11. (SELECT enp-seq FROM dependents 12.
VHERE bhpgﬂth@mﬁH501 JAN-67') The first br anch in this SQL statement is
the sane as in the preV|ous exanpl e. Fbmever this SQ statenent has a

second branc The uer h be e 1

begi ns on I e Presehh gty P el A L oudiEp et B dhor e

Top- Mbst Parent Bool eal ~ Operator Wien OR open ator s exist in a WHERE

cl ause, perdpreneshouthe HAL yyeiax byfeyrluating eachFubguard andh gssiering a uaryto; gaek of therom

clause. If the ORis a parent Bool ean operator, the nmerge or nove should
transformations. A transformation may be mandatory (always or never) or optional. This

information is then used to generate the various alternative SQL versions. For example, if a SQL
statement contains four subqueries, the present system may rank none of the subqueries “always
transform”, one “never transform”, and three “optional” to generate possible alternate SQL
statements.

That is, the type of transformation determines whether the transformation should always be
done, never be done or optionally be done. For example, some transformations may be desirable
because the optimizer will use a better plan if the transformation were done. In this case, the
transformation should always be done. Accordingly, the transformation would be assigned a highest
rank. Some transformations may be undesirable since the optimizer will use a less efficient plan if
the transformation were done. In this case, the transformation should not be done. Accordingly, the
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not take place. The followi ng exanple illustrates this point. 20 WO
01/9310s For the SQ statenent: SELECT e.enp seq FROM enpl oyees a WHERE

hi r edat e E - 155 OR enp_seq | N (SELECT enp seq FRQ4pE&ighiHent s
VWHERE pr ojWQsSae@?@)‘l) PCT/ USOL/ 17171 1f u~e did not consider the OR operator,
t he subquery could be nerged as follows: SELECT e.enp_seq, Xx.enp_seq FROM

enpl oy egsnstormiafbnt WOl dayahssi g d-ROMe a3 Silg Bt BansfoNtaRmPIney os@dy Botlreduliin a
WHERE e. hiredate > SYSDATE - |55 OR e.enp seq = x.enp seq However, the join

wi Il noyghe o P ' guct; [ oIl Wil B,
Subquor y ESPIRAER AR B BRN e ol 0Eheha b Ml (B e 14 B B
to FALSE, but_the.non join criterjon evalyates to TRUE, the row fromthe
subquei YPEMAFOFEL el OP%@KﬁléfﬁJé ne. ARACFEREh e tgaﬁé%’lﬁﬁ@lﬁ%ﬂ%%ﬁ@@lm,a
the non join criterion will always evaluate to TRUE regardl ess of w vch row
fiom t hmiddlbtpwsi y i s joined. This creates the Cartesian product. The

follow ng exanple illustrates that the problem nay becone even nore

di fficult whameNGESomiing R gukfuetyt @insformalfons, kit s@dtMANdénigieSQhuivalent
statenment: SELECT e.enp_seq F enpl oyees a WHERE (hiredate > SYSDATE -

155 OR .EC] ionment ' r0j =1)). 21
V0 01 0 BE e RS F e T R o T R R B oL bl B Bttt
encl osed Bool ean and rel ati onal operators. However, the present system nmay
el i ni natBisgpakentposple stdhepissent sysify Parbrigdhe SQEstatement i allowdatbashe.g.,
follow ng SQL. SELECT e.en yseq FROM enpl oyees a WHERE | uredate <= SYSDATE
- 155 ANRheRmBAGLEDI lal: 4GENECE of oncargatb®id) mdsxgl >l nents WHERE proj seq
= 1) The never sed Bool can and rel ational open ator s are underlined.

Mai ting the I (] bl y cess.Ci Coi Fel
VIl i ple quﬁ/gg)gz{nélgé’ if the FtfowTBY S&ILMRthh¥ni e e BMPCE&RIRrit&rion R (helsRbfidry OF

DEPENDENTS can be interfaced to a.emp_seq or L.emp_seq.

SELECT * FROM employees e, assignments a, time_sheets t

WHERE e.emp_seq = a.emp_seq

AND a.emp_seq = t.emp_seq

AND a.proj_seq = t.proj_seq

AND e.emp_seq IN (SELECT emp_seq FROM dependents
WHERE relation = ‘SPOUSE’)

Switching e.emp_seq to a.emp_seq as shown below (Line 5) enables the database to use the

concatenated key index on ASSIGNMENTS:

SELECT * FROM employees e, assignments a, time_sheets t

WHERE e.emp_seq = a.emp_seq

AND a.emp_seq =t.emp_seq

AND a.proj_seq = t.proj_seq

AND a.emp_seq IN (SELECT emp_seq FROM dependents
WHERE relation = ‘SPOUSE’)
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Cozrel ated subqueries can be con-elated to nore than one SQL nodul e as

shown in the follow ng exanple: 1. SELECT ''= FROM enpl oyees a 2. WHERE
EXI STS 3. ygggg nul | FROM assi gl unents a 4. WHERE a. enp_gefuso1A787P_Seq
5. AND EXI (SELECT null FROM tine sheets t 7. V~~HERE tenp seq =

e.enp seq AND t.proj seq = a.proj seq)) The subquery on TIME SHEETS (line
6) is corr el ¥agois(cohiamis cae replace andtbéritolungn whiénT4dl sydilitg jeit efiterio®Bxists equating
ASSI GNVENTS) and the nmain query on EMPLOYEES (via line 8). 22 WO 01/ 9310

D. Col Tglabiy 1SQH6\§§\;6§: dtIP gﬂﬁéﬁﬁﬂ’ dcjapr&'lso B tﬁﬁﬁﬁ\%t@%ors&oﬁ féexjiepﬁllat is

criterion on |l1nes corre atlon criterra se cr It r

is ar in.criteri non-join iter ia
e send o P brisfnfla noinen aBierR NG o Ssdni 14, S frusipiioy ot
"a.proj seq") is like a constant when the subquely is executed. Correl ation
crit erireselhshaydd sdtdekusdd.i n routines to ensure they utilize the equality

operator. However, it should be noted that col Telation criteria that should

be checked tfﬂa&nM‘pleﬁdc&uﬁﬂ@ﬁ&aﬁdlﬁds tE@EiKiORIRENHe pRsd Sy bldslht bSlumns to the
COllpl'ISIllg a unique index. For exanple, the follow ng query has

correl a C r o] t IS
the. one b bl G Beru: R SRR Loty TN e bR Al ﬂﬂ%a%?%u%ﬁ?ﬁbf e
SELECT ~ FROM_ assi Iunents a WHERE EXI STS (SELECT start date FRC]\/I proj ect s
p VHEREX. Lﬁ?%fbl seéal uarlbs (‘ﬁ}l}ﬁtmg gﬁcep\]\,@r glgqréglpaldg@@l@t prstp%p]pmyg]t 1§)eq]1_1va1ent to
Non-Join Criteria In an SQL statenent, when the code bel ow references a non
j oi n cr ancghér@eniuniit viasnlootkijmged miteﬂasﬂ,ttlmécpnma\lrdmecﬁumln&anncelbammhal open ator

is "----'" and the other operand is either a constant or a subquety The

assl unption waiRODEISHBAYES Nestedl sbRAL stALMES thAYoESES: 1SPEE GR r Y s ﬁ%ﬁ de

rel ati onal operator, the subquery nust return at nost a si ng

nmeans a COﬂS%&ﬂt ar e

VWHERE c&gerrgates fﬁd Sll-l(_egﬁzri{l %lgé?/\ff-a%mb] oailcirég;i%g?erencmg one o{“ {1 he Jom co mns %lé%ween the

main query and the nested select, the present system duplicates the non-join criterion in the nested
select statement in all copies of the SQL statement, including the original.

The present system can use an ORDERED hint to determine join order. The ORDERED hint
forces the optimizer to join tables in the order in which they appear in the FROM clause in the SQL
statement. This allows SQL statements to be written that will join tables referenced in the FROM
clause in a particular order. The system first tests the SQL statement with no ORDERED hint. The
present system then creates additional permutations using the ORDERED hint with different driving
tables to force a specific join order, a driving table being, for example, a parent table in a nested-
loop-join operation. Each row from a driving table can be used to find matching rows in a joined
table to complete the join operation.

If the default join of the transformed SQL statement has a better cost/row value than the
original SQL statement, then most likely the ORDERED hint will produce a more efficient plan but
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~~VIi ERE toll > 10 The foll owi ng are exanpl es of valid WHERE cl auses: WHERE

toll = 10 WHERE toll (select colt fromtabl) WHERE coil = :Bind Variable
F. Join quqt(ﬁ fols fsPCT/ USOl/ 17171 Join criteria are referenc,qﬁ,@g,llgwnl n each
case the re a{l onal operator should be ~ ', and each side of the criterion

shoul d be a single colunmnane and not an expression. G Subquery Interface

An int ealufga@eobtabwetean aleamruemmﬁfdrglaqmewytmrﬂéf@l@uimu&éw TheRresant systefidaai NS
at least a "relational operator” such as "1N', ", "NOT EXI STS', etc.

Preced gigh) {hetzymmﬂéf&m%a@v%e% Lflihi onal operators is one or

nore col unuls. The colims preceding the operator are called "interface

col unnl s". The he cor espondi ng, SELECT | i th ub are
S so cai | ed 18 AGTIE Best Bp S e form RRGRE Piky ot rceastd dterate Sob SPTFo-
can be distinguished by whether they are interface colums for the

sur r ountlie pgesgquiesyptent geeeateuhepse stytistictfor thepoigsiabBOLt dndteath ef theSQInstatdmentst
bel ong to objects within the subquery and are not correlated with any of

the COE%F@&tM&Q&MﬂE BrdchBe. trAbL&S id dbtdrhed WREHEEMin ﬁegalqgoeﬁteedvmmw
1. SEL enpl oyees a 2. WHERE en zp_seq IN enp-seq FROM

Coa) B (el Dty BEADE AT ks %%559%%11%%%0' Fivef

"e. hi redate (l'ine 4) does not belong to the subquer ASSI GNI\/ENTS t abl e)
and is PRIIMIZET hss e e¥ecnic the aRY- %ﬁemw% 12\%@1(1 carrpg gun on the
doc~.unent wll refer to these colums of the sui TOUndi ng query as

"f or ei gROQL stdtermemtotaigat thesexfeoutaingpian whizhsyiitdesoribiclthe stefisethyitih¢ optimerzgeplatis tor
convent it to a non-correl ated subquery. However, the systemw || not

at t enpt dQ, ?!&Hé ﬂ@tS(%I':’ BatBieNts. hradlb @0‘11@ 5@9 EFO%M ﬁlllhﬁ’é}'(g gc @65t Pfof %Ed?lt step in

nuner ous pro transformng S terrents rtai'n colunnl's are

[ anct o IBEE THECEH 3??%18%‘#5%6&%% ENE R

not happen, although there may be a small cost in tenps of performance. The
modi fi cawoed b ferlpihe steps tnethe plan tg preiyiefay # fajaltaest for the dagl. Jhm present system

can divide the cost calculated by the database by the number of rows, to generate a cost/row value
for each of the SQL statements. Cost may also be determined by the number of logical reads
required by the plan. After determining the cost, the present system sorts the SQL statements in
ascending order (from the lowest to the highest cost).

In step (S18), the present system displays the original SQL statement and the SQL statement
with the lowest cost in a Result dialog window 90 such as that shown in Fig. 6. The original SQL
statement is displayed in a window portion 92 and the suggested alternative SQL statement(s)
displayed in window portion 94. The user can then compare the suggested alternate SQL
statement(s) with the original SQL statement, examine the changes, and then choose whether they
want to replace the original SQL statement with the tuned SQL statement.

Clicking Replace SQL button 100 then replaces the original SQL statement with the

17



can not be null (e.g., col I'S NOT NULL). Since that criterion nust be

val idated for each row satisfying the original criteria, there will be a
slight coglgoid3idshe other hand, in some cases the perfonngnegugmm7i#Prove
because an optimzer such as ORACLE s optim zer may now be able to perform
an anti-join. These preferences will be referenced in the algoritlnns

bel ow. duggditddpslRBnaSQL Atatdmigv iy if Wikd@e d4 OThéBMedn hdisdoRidMtLarlUEplayshe
criteria in the surrounding query should be fully identified, via an ali as,

for ex j : : t i g 1.
seLecT TP e AR SR EhERER0R, 1R ol it 23 6 4ASWh f k.7,
PCT/ US01117171 3. (SELIlECT e seq 4. FROMtine sheets t, projects p 5.
WHERE t e semangngs may gielydea dase stamip pfprnaplyindiaging tht thesjtatgmgntavasgipedyand op
date 1S NULL) 8. AND hiredate > SYSDATE - 10 In this exanple, an alias
shoul d blentafyderthe optiEifalQYEESs uaett( AlHatR QWSain thiseubdplp). eCBaéngbh Back button
COLt 11111 1S pei-taiiung to that table. In addition, the subquery should be

gi ven age adihds to AIpRYIAS wisdow! CR&kidLen FMTE DEfSoutdheod b3S havaatidoReyou! d
t hen be: SELECT e.~ FROM enpl oyees e, (SELECT enp-seq time sheets t,

b ot op. dRY ORat Bl HFERES THEAME S welipehe 8RS o8 Pl o5 e

- 10 If_a subquery contains au aggregate, it should be given an alias
bef or e Bewngd thdislays hredCesh Statimd or sipseriginyg S stafsment ek orgp Pl BRFNYPWSJL2
statenment contains a "max" aggregate function in the subquery (line 3). 1.

SELECT displaiR@M: sadt_duatBties fordhe WikeRRlie@atel POE ethterpédt@yt Mhe sthaikBys by Include
(SELECT etnp seq, nax(effective date) 4. FROM sal _history 5. GROUP BY

enp_s eqi&lagped Titf 19 4/ WRdPS 1RGSR &rﬁé?eﬁuired to execute the SQL (in seconds), CPU time

116 which is the number of CPU cycles per second required to execute the SQL, Log Reads 118
which is the number of logical reads required to execute the SQL, Physical reads 120 which is the
number of physical reads required to execute the SQL, Rows 122 is the number of rows the SQL
returns and Cost/Rows 124 is the database’s cost divided by the number of rows.

The Detailed Results window 106 enables the user to view cost statistics for each statement
to help the user choose the SQL best suited to their needs. The user can also choose to open the
tuned statement in a system including an editor function for further editing.

If there is a bind variable in the SQL, clicking on the “Bind” button 126 displays a dialog
where the user can specify a value for the variable before executing the SQL statement. Clicking
on the “Execute” button 128 generates statistics for the selected statement. Clicking on the “Execute
All” button 130 generates statistics for all the SQL statements listed. The user can click “Print”
button 132 to print the information currently displayed in the window. The user can click on the
“Save” button 134 to save the information in this window as a text file for future reference. The user
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The SQ. statenent should thus be transforned to give the aggregate
"MA~( EFFECTI VE DATE)" an alias as follows: SELECT s.'" FROM sal history s,

( SELECT eql si®910smex(ef fective date) cl FROM sal history GR@URBY7EeMP_seq)
X WHERE s.enp_seq = x.enp seq AND s.effective date = x.cl A question arises

whether to allow the user to flag subquer ies that are lazown to return a

uni que citseiétani adpliatd SQLanowirethgeablEaid ikl tae “REEGCTPIan AnkiReM PADrAYSES
a WHERE EXI STS (SELECT null FROM projects p, assigrunents a WHERE p. pr o]

seq = ] T g AND p.nan le = "E~PLAN SQ.') can
bo convanion]33 gga%@@@eﬁw@% ‘o}y}lélg‘g" a WHERE e. enhseq | N ( SELECT

a.enp_seq F rojects. p, . assigmments VHERE p. pr.oj = a.proj seqg AND
p. nane = " ElL 19&5%_ @égﬁw) Rplage nodr LugoR 440 ‘S@EEE@T‘%S .Oﬂﬁllﬁgegﬁzﬁé’ﬁﬁ} daneds QL.
projects p, assigments a WHERE e. enp, seq = a.enp_seq AND p. proj ~seq =

a. proj €bgkgy on thiD“Bidlg3ndmnAND ptumssn® the ReEXEL AlidddSQO0 (PET/6WUSOlicking7dn Bet h
cases are possible because the |ow | evel table in the subquery has the PK
on PRODGERaMtEM 4PEYs the RSkt 'szétéﬂi xﬁmogv&aﬂgin%ghesw ihAlEn@R is an
equality on PRQJ_SEQ because of the equality on VE v&uch al so has a UNQ
i ndex. Ther [ ..t he el y ranteed to produce e row per
EVPLOVEES: T onf Gt QAR 1D R b R P LS PR grcsent

t euni nol ogy and concepts used by the present system have been expl ai ned,

t he f ol $RsGHisYIEE FpfRECHRatsion aahitesi afiSRY- Hatgments puwell assemeraiyharongentsussd
the present systemto transform SQL statenents. Exanples are shown for

cor r el abetheprdemapsteaetuaingd Glu bgiearcnss Tanderasard ded tirbuglcbuathespedificaion
non-correl ated subquery is a subqueiy that is not correlated to the nain

query. ﬂ%&cribila%ﬁlerbgébgf;&;h%géeﬁtlﬁﬂihgg%%{ﬂrs stéfﬁlf%hﬂlgitl?@ébt sRfenfepfCut €d before

any row I s exarnlne mai’n n other words, the subquery is

i ndependent of t i uery and could exist as a query in its own right.
A corregagéaﬂwlé%gﬁsﬁ,"? S rf% ot her hand, depends on the rows being

exam ned by the main query. _ _
When a query has subqueries, the path from the top (main query) to the bottom is a “branch”.

The “level of nesting” is the number of subqueries in the branch. The main query is considered at
“level” = 1. The subquery directly below it is at “level” = 2, and so on. Consider the following

SQL, line numbers for which have been added for ease of reference.

SELECT * FROM employees
WHERE emp_seq IN
(SELECT emp_seq
FROM time_sheets t
WHERE t.rpt_date = ‘01-MAY-98’
AND t.proj_seq =
(SELECT proj_seq FROM projects
WHERE name = ‘EXPLAIN SQL: DEVELOPMENT”))
AND hiredate > SYSDATE - 10

VXN R W
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1. The followng SQL statenent is a mx of correlated and non-correl ated
subqueries. In the follow ng SQL statenent, the |ast subquery is a scalar
subquery g%? Ege t he surroundi ng subquery has equal ity oidye$dia7en PRAI
SEQ and R ‘F , and the EMP_SEQ (C01111111 1S O11 the select list, that
subqueiy can be nerged, even though the subqueiy on SAL H STORY can not.
Tlus is a goDEe besth ektenheirber tha nike:s fedy JUEVELEN (HeginhiRgMik! BURELBEEI core
ectly identified as scalar. SELECT * FROM enpl oyees WHERE ei np-seq IN

( SELECT e +S.E6: i sh ECT
bro sel PRREarS bt SETRLAES Bictad siday R%%ﬂgﬁﬁle&véﬁ&%%%% hoe
date:(SELGWeffectlved FROM sal | ust V\H

t . enp_seFIPISHousHon e PaR %éa stlblusEaga0a SIb AL E\‘:*EE@%Sé‘ su

enpl oyees e, tinme sheets t, projects p, (SELECT enp-seq,

MAX( ef f Ebt falrlewilm 8N LotdteméiRChhigals 2Hirgtcbey s GROUP BY enp seq) x WHERE
e.enp_seq = tenp seq AND t. proj seq = p. proj seq AND p.nanme = " EXPLAI N SQL:
DEVELOPMENT' AND t.enp_seq = x.en ip seq ANDt.ipt date = x.coll 2. The
foll ow png ex S ted and is slightly different fromthe

i nnnedi []tel ygﬁﬂb@ﬂougﬁgyg F’ro%%he basic difference is the subqueiy on
SAL_HI ﬁlpg- ae he subquer y initially is determned to

potentl IIy retur pPE—$CGws. This neans a run-tine error may be
possibl# in the orﬁ%ﬂvﬂaﬁlﬂlw@?%}“Thl s prevents merging or noving the
subquer§. That i s, WHEREUips elateet \W1eMASABSHI STORY shoul d remain as is.
However 6. si nce t heANDittpesji o9y -on RPT DATE has the equality operator, the
merge off the subqueiy with ($}Bg£g@ﬁ§ﬁ§§§seqmliﬂloJ@a§ur and it wll
potentiglly still encounter WhEREH IR HXHEIAR SOLODEVIEL.GHNIENTYr ds, the
subquelg on Hl a@S‘%ﬂA’f‘Qt 18e noved since it can not be guaranteed to

pr oduce sc I—llﬁ/\e ) ncaselt does, it will r esult in a single
S‘IWPT‘F@ ter

const antYval ion t date =". The present systemw ||
recogni 2& the sub&REPECASBessf %P’é@?ﬂ”to a constant, allowing the
surround2ng query WHHRE hethdetd “Wil HAN-6F) sur r oundi ng query and carrying the

nested sel ect al ong. 29 WO 01/ 9310s

The first branch in this SQL statement is the same as in the previous example. However, this
SQL statement has a second branch. The main query (which begins on line 1) is level 1. Level 2

begins on line 11. This second branch has a level of nesting equal to 1.

B. Top-Most Parent Boolean Operator
When OR operators exist in a WHERE clause, care should be used before merging or moving
a subquery into a FROM clause. Ifthe OR is a parent Boolean operator, the merge or move should

not take place. The following example illustrates this point.
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For exanple, the follow ng SQL statement, SELECT * FROM enpl oyees WHERE enp
seq IN (SELECT ~II1p_seq FROMtine_sheets t WHERE proj _seq = (SELECT proj
seq FRC]\A?; |128{cx VWHERE name = " EXPLAIN SQL: DEVELOPMENT' )pcANRoiRb176at e =
(SELECT effective date FROM sal _histoiy s WHERE sal > 100) shoul d be
transfornmed to SELECT e.~r FROM enpl oyees e, tinme sheets t, projects p
VHERE e. enp-BagheSQergrats@entAND t. proj seq = p.proj seq AND p. nanme =
"EXPLAIN SQL: DEVELOPMENT' AND t.ipt date = (SELECT effective date FROM sal
hi story s WHERE sal > 100) PCT/USOLl/ 17171 3. The foll ow ng exanple is

coi Tel ated and deals with the ALL operator. If a subquery does not retlun

any rows, th pterion ma luafe to TRUE. This neans the subquery
shoul d be mgg]gﬁ{;ﬁﬁlesﬁl%ﬁe%%ﬁ@@gmﬁ Y§tt%er join when a only the outer join

syntax i s onVWHERDhiredpte 5 HDAREilad con elation cr iter ia. The original
col ums conp@R estp_ses IN 4Tl T efpr sagdROM assigawents The final criterion
added i s eval uated aft®&HERE pmjteq 5 Di n takes place. For exanple, the

foll owi ng SQL statenent, 30 WO 01/9310a SELECT enp seq, bii-thdate FROM
enpl oyees a WHERE birthdate < ALL (SELECT birthdate FROM dependents d WHERE

e.enpseq = g / i

e. enp_seq, eﬂﬁ’g ?‘ﬂ%ﬂ Z@?%amg%/ﬁ%répﬁi §§§%@£§? éji@%ﬁggjogﬁe%#ﬁﬁééé&aﬁ%hgg!r t hdat e)
coll, 1 colt FROM dependents d GROUP BY enp seq) x WHERE e.en | p seq =
x.enp_seq(+) AND (e.birthdate < x.coll OR x.col2 IS NULL) The system shoul d
check to detetniine if any o f the new outer joined cr iteria are OR ed to
anyt hi ng, si RERECHatenmyw kg xpenmslseeFROpAemelogeesar,. |t may be desirable to

have the dat@ESCPanhpesdqFROMLEigReeate sol ution to see if the
transformati on shoul d have beenwOpRE okéi idg =S | d not have been done then

I1TOQhlllg shg\;@i@%%éﬁ%?%e\ggtﬂsﬁpx?Es_qlggue]r_y. 4." The follow ng query is
§ an Wi

non- corr el at d_deals w subqueri es that have GROUP BY syntax. Even
t hough the s Uél Q—Sﬁgs KR BY cl ause, the SELECT |ist does not contain
each

However, the join will now become a Cartesian product when there is no joining row in the
subquery. For example, 1f the criterion “e.emp_seq = x.emp_seq” evaluates to FALSE, but the non-
join criterion evaluates to TRUE, the row from the subquery will be joined regardless. And for that
specific EMPLOYEES row, the non-join criterion will always evaluate to TRUE regardless of which
row from the subquery is joined. This creates the Cartesian product.

The following example illustrates that the problem may become even more difficult when
NOTs precede criteria.

For example, given the SQL statement:

SELECT e.emp_seq FROM employees e

WHERE NOT (hiredate > SYSDATE - 155

OR emp_seq IN (SELECT emp_seq FROM assignments
WHERE proj_seq = 1))
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of the colunuls on the GROUP BY |list. Tlus neans the potential does exi st
for duplicates unless the DI STINCT keyword is added to the SELECT |i st of

t he subqug\{maég:g&{q exanple, the follow ng SQL statenent, SBE&Gs/17HROM
enpl oyees é enp seq IN (SELECT eznp_seq FROM assi gmments GROUP BY
enp-seq, proj seq) 31 WO 01/9310s can be transforned to SELECT e."" FROM
enpl oyees e, ThSECHCTsiDE BEMCdands Rilp, 8 edtsds fidvbistd Bosletus and eRAdRalBYerators.
a.enp”seq, a.proj seq) x WHERE e.enp_seq = x.enp seq PCI/USOL/ 17171 5. A

SQL st alygRenl, BYr i QYo ARTE o Ry i
Therefore it ’doeéle%%?tsgée@}l&g e htﬁ g[git%?% %@9&3’?’ . m@%%g%@e’irgsultu1g
non-correl a . .The follow ng SQL statenment, SELECT ~~ FROM enpl oyees WHERE
hir eda%tﬁlgtf?%%’é’ﬁ%%%' N(ef fecti ve_date) FROM sal history) can be
transfoinled to SELECT e.a FROM enpl oyees e, (SELECT M N(s.effective_date)

coil FROM sal lustoiy s) x WHERE e. hiredate = x.coll G The foll ow ng
exanple is non-correlated and illustrates handling the NOT I N operator when

nmovi ng to t hgesuCTQBdh Neq FREM emplBebasi ¢ points are that the system
shoul d convegikREaQME e diHaeRd shen [ ook for rows that are the "outer

j oi ned rows" I I select list of the
subquery IS é@&@ge%ﬁ\'@lﬁﬂ EL?’??Q _ge(fﬁkﬁgykﬁﬁ@ﬁ%gﬁ ow)). Asolution is
to add a constant to the P59 S4eh as 1, because that will work
whet her or not the subquery has GROUP BY syntax. 32 WO 01/9310s For
exanple, the following SQ statenent, SELECT enp seq FROM enpl oyees WHERE
hi r edat e NOTThéeySskdERBToledf adtreludordboperFRObesmiderhined. dvigling the rdverdatsdirstfiroayned
to

simplify the process.
C. Correlated to Multiple SQL Modules
Correlated subqueries can be correlated to more than one SQL module as shown in the

following example:

SELECT * FROM employees €
WHERE EXISTS
(SELECT null FROM assignments a
WHERE a.emp _seq=e.emp_seq
AND EXISTS
(SELECT null FROM time_sheets t
WHERE t.emp_seq = e.emp_seq
AND 1.proj_seq = a.proj_seq))

e ol e

The subquery on TIME_SHEETS (line 6) is correlated (via line 7) to both the surrounding

query (on ASSIGNMENTS) and the main query on EMPLOYEES (via line 8).



SELECT e. enp seq FROM enpl oyees e, (SELECT DI STI NCT effective_date, 1 coil
FROM sal _histoiy) x WHERE e.hiredate = x.effective date(+) AND x.coll IS
NULL PCT/H%Q&M;YO’%” 7. The follow ng exanple is simlar top@EpasRheih above
and is also non-correl ated. However, in this exanple nultiple cohuns are
interfaced to the subqueiy. In addi ti on, the colums represent nmultiple

t abl es DnCohelasionIGritadd ng query. In this exanple, a problem may be
encountered since the transformati on does not parse. An enor nessage nay be

generated " t . %
Pabl . The Taboanie SQL ARy Rl b TRR & et S el S
Accordlﬁlg g this trangformation should noé be made when the r elatjon
open. at bRESF CuiTer 216 410k yodR PBICTIA -1 A0 PRI CHictiar fhiergnihibat the
subquery are frommnultiple tables. For exarrpl e, the follow ng SQ

st at enerefereiBELEGIde tenpuese ¢SUCREY ‘@repipp e sore 2. Ittepefmi’ém bkel a\gaERENt When the
(e.luredate, d.birthdate) NOT IN (SELECT hiredate, dl.birthdate FRO\/I

enpl oyeﬁﬁ,\(}\%éwlgj@,{y@ngants dl WHERE el . enp_seq = 1001 AND el. enp seq = dl.enp

seq 33 Ol1/ 93105 AND rel ation = SPQJSE') AND e. enp-seq = seq AND
d.relation = I /

SELECT e. e angéglgE%g% i an Bg Cﬁer‘:ﬁ&gltélqe n nt S W@Et EW%‘F%@W 0&&&%}

el . hiredate, dl.bi rthdate 1 COI| FROM enpl oyees el , dependents dl A WHERE

el . enp H@wewm@s!pum rtedsthgt %tflatwawrlé% th@cfhmébe checked thipHay aredbeigdbel) x
VWHERE e.enp seq = d.enp seq AND d.relation = "SPOUSE' AND e. hiredate =

X. hi r ededregfspdndAiddDihd . dol uruindatneprising Hnnighe ddeg+ForAddBample dhe fdlSwilig hudy likke
foll owi ng non-correl ated exanpl e provides an interesting though strange
situati 9&1elé[f&h%nwaqﬁme%bqu?egs eﬂ{@k@@vé @RSoi8 bRO#a mattdds fshﬁ'@éﬁe,ovvelt PRON SIQUr .
The reason is t hat the su query e ow i s non-correlated but interfaced to

t he surroutﬂ1 uen hl X Se‘I;Sd%pJ)erator. The EXI STS operator is
generalﬂ}C 6‘§e%f’ 1?#?3?11%6?6181 EARCL A bquery. In any event, the
transformatlon is sinmple; just nove it to the surroiulding query with no
join clause, and add the criterion, "RONNUM = 1" as shown below, into the

subquery. For exanple, the following SQL statenent, SELECT ''"~ FROM
enpl oyees WHERE EXESEST * FROM assignments a
WHERE EXISTS

(SELECT start_date FROM projects p

WHERE a.proj_seq = p.proj_seq

AND a.start_date <p.start_date)
E. Non-Join Criteria

In an SQL statement, when the code below references a non-join criterion, it is looking for

criterion where the relational operator is ‘=" and the other operand is either a constant or a subquery.
The assumption with the subquery is that since the user specified ‘=" as the relational operator, the
subquery must return at most a single row, which means a constant.

The following are examples of invalid WHERE clauses:

WHERE coll = 10 + col2
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(SELECT a° FROM sal history WHERE sal < 0) 34 WO 01/9310s can be

transfornmed to SELECT e.* FROM enpl oyees e, (SELECT ~'~ FROM sal history
VWHERE sal “ﬁ)&éﬁlﬂg RO WNUn~I = 1 ) PCT/USUL/ 17171 The per fgapa@rasl! be
tremendously better with the tr ansfonned SQ. statenent than wth the

origilial SQ statenent, since the subquery is now only executed once,
i nstead of once p®&fHERKcaH xwWl d be perforned in the original SQ
statenent. 9. The follow ng exanple is non-correlated and is |isted because

the subquei yTROMIBWISe AR RarhPRE o LNECWHERT ¢l . Wi th the sane name. Even
t hough the col um h’;ﬁ (IS prﬂgceded by the %a e alias, the colum nanes

shoul d be given a{@ﬂ%%ﬁs. Al the asterisk on the SELECT |ist of the
surroundi ng query &OHe‘E@m icated for each table in the surrounding
gquery. Note the underlined itenms in the tTallSf0llllatlo0ll 5110W1 bel ow.
The SQL st at enent WISERECTL1+ Rem eolpfroppdelsl)e, dependents d WHERE e.en 1p
seq = d.enp_seq AND (e.birthdate, d.birthdate) IN (SELECT el. birthdate,

dl . bi rt hdat e FROVAGAPRBY6HS- @ind degemtent s dl WHERE el . enp_seq = dI
.ernp_seq AND el . hiredate = SYSDATE - 100) can transfonned to SELECT e.~".

d.* FROM enpl oyees e, dependents d, (SELECT DI STINCT el . birthdate coll,

dl .birthdate colt 35 WO 01/9310S PCT/ USOL/ 17171 FROM enpl oyees el ,
dependepts .dl WHERE el . enp seq = dl.enp_seq AND el. hiredate = SYSDATE -
100) x E\H@PEC@%t@‘%seq = d.enp seq AND e. bii-thdate = x.coll AND
d.bil-thdate = x.col 2 10. The follow ng exanple is non-correl ated and

il lustrates disculean e brjerenseddetbw. b $&CT cadY thpelationrl oratershbhi eulsdumdy
is scalar, it can be mer ged with the SLIITTAIlIldlIIlg as an outer j oin.

The heyedch stde drehddite@st $houltebe LithSE chRhHShmd Mot 3k Bgprédibnbe acconpl i shed
by AI~"Ding a criterion wwth a non-null colunul of the table in the

subquery and the IS NULL operator. An even better solution may be to use
the ROND (see the second trallSf0ll1llat 1011 bel ow).

G. Subquery Interface

An interface between a surrounding query and a subquery typically contains at least a
“relational operator” such as “IN”, “=", “NOT EXISTS”, etc. Preceding all but the EXISTS and
NOT EXISTS relational operators is one or more columns. The columns preceding the operator are
called “interface columns”. The columns in the corresponding SELECT list of the subquery are also
called “interface columns”. These two types of “interface columns” can be distinguished by whether
they are interface columns for the surrounding query or the subquery.

It is possible that the columns do not belong to objects within the subquery and are not

correlated with any of the columns belonging to the tables in the subquery, as illustrated below:

1. SELECT * FROM employees e
2. WHERE emp_seq IN
3. (SELECT emp_seq FROM assignments a
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For exanpl e, SELECT enp_seq FROM enpl oyees WHERE hiredate NOT I N ( SELECT
hi redat e FROM enpl oyees WHERE enp seq = 999) can transforned to SELECT

e. enp_sedyufM;fip! oyees e, enployees el VWHERE e. hiredat e pe@ishiineqdat e(+)
AND el . el np_sed?dfg) = 999 AND el .enp_seq IS NULL or to 3G WO 01/9310s

PCT/ US01/ 17171 SELECT e. enp_seq FROM enpl oyees e, enployees el WHERE
e. hiredate = el . hiWHGREE: hireddE) Hhropsgy)INQ(+) = 999 AND el .rowid IS NULL

11. Thesfol | owi ng corr edm@imer g amd, 9rd Ok HROMIARAS sk §) ation criteria and
non join criteria. Since the subquery guarantees uni queness the subqueiy

can be nmerged. For exanple, the SQ statenent, SELECT a~ FROM enpl oyees a

VHERE EXI STS_( SELECT * F ,proj ects p, assig~pnents a WHE . proj seq =
"~ a.proj seq A %D!T@H“zﬁ'gg ale adlé?rﬁ)_éoéﬁ nﬂf’\]ﬁﬁ?}?g’l ° S—l{%’qmlﬁﬁlsf%%@’é&ﬂ tableg
DEVELOPMENT' ) can be transforned to SELECT e.'' ™ FROM enpl oyees e, projects
p, assi gunenttsoreMidEREpanyodfhesepmmsan ASS]GISEENIND Bhivdgusent wHliacken thesy
" AND p.nane = "EXPLAIN SQ.: DEVELOPMENT' 12. The follow ng correl ated
exanmpl ecdigmfi bf BE el oRREIRIGRIY E@tﬁﬁ%&ﬂ 1f 4 88lu@ANS Aréign Ak YPdn WiRthit@hst 1ot
zi

returned to the surrounding query. ( fact, if the subquery in the

i mredi |V . pr i e ) ' he s ct lis th

tr anst o e B B B PP e AR R oSt s R B i o move

i mredi at el y precedi ng exanple 11 the asterisk on the subqueries select |ist
di d not thabfubare'y. Fox exanple, 37 WD 01/9310 SELECT * FROM enpl oyees a
VWHERE EXI STS ( SELECT rel ati on FROM dependents d WHERE e. enp-seq = d. enp
seq) caH. lpeefereansf orned to

Null logic can present numerous problems when transforming SQL statements. If certain
columns are nullable in the surrounding query, different result sets can appear when transformed.
The transformation can be modified to ensure this does not happen, although there may be a small
cost in terms of performance. The modification is to AND a criterion, specifying that the column
can not be null (e.g., col IS NOT NULL). Since that criterion must be validated for each row
satisfying the original criteria, there will be a slight cost. On the other hand, in some cases the
performance may improve because an optimizer such as ORACLE’s optimizer may now be able to
perform an anti-join. These preferences will be referenced in the algorithms below.

[. Aliases

When a subquery is merged or moved to a FROM clause, the criteria in the surrounding
query should be fully identified, via an alias, for example, as will be shown by reference to the
following example.

1. SELECT * FROM employees
2. WHERE emp_seq IN

25



SELECT e.~'~ FROM enpl oyees e, (SELECT DI STI NCT enp_seq FROM dependents d)
X VWHERE e. errp seq = Xx.enp_seq PCT/USOL /17171 13. Tlus coil elated exanple

is differgy gg the in ilnediately preceding exanpl e becagpgssing1RELECT
list col urms ]have col Tespondi ng COLt 111111S 111 the surroundi ng query. For
exanpl e, SELECT ~'~ FROM sal _histoly sIl WHERE effective_date > (SELECT

MAX(ef facti ve_dat QEIRRCMes®l sdyj story s2 WHERE sl .enp_seq = s2.enp_seq) can

transfogned to SEI@mﬁneEhg&Nﬁgct@ story sl, (SELECT enp seq,
MAX(ef fecti ve dat NW bY> S2 GROUP BY enp” seq) x VHERE
A

sl . eq = effectl ve date > x.coll 38 O 01/1 310,

PCT/ USOS/ 17171 14 e HI%?I—F%\M %@ff cozTel ated exanmple ill ust rates a

non-corfel ated su % PRdels 1a the NOT EXI STS operator. For

exanpl e8 SELEEP hire S aiRedOWHERE NOT EXI STS (SELECT a' FROM

‘ dependents) can tr ansfor aced to SELECT e.a' FROM enpl oyees e, (SELECT
count(”") coil FROM dependents WHERE ROAN(JM = 1) x WHERE x. col | 0O Note

that the SELREGhid dxginph, ahRBadhogid adab@ﬂﬂ%\ZIPL@YEhESnﬁlﬁﬁthhpaham& p%eced@nd
the "RONVIM =1" criterion is added to the snbquery. 15. The foll ow ng

12, oncbfoRREE pERTRL D b8 GhE hPlackior REEIRECHIM A oL EREN AP /R

SI m | ar Lo the imredi at el% precedl ng .exanp) e. 14. For exanple, SELECT '"
FROM enpf o%}@éém\MéﬂEQXcﬁE shectransfospptior wapld thetResy sal hi st ozy GROUP BY enp

seq) can transfornmed to 39

SELECT e.* FROM employees e,
(SELECT emp_seq
FROM time_sheets t, projects p
WHERE t.rpt_date = ‘01-MAY-98’
AND t.proj_seq = p.proj_seq
AND p.stop_date [S NULL) x
WHERE e.emp_seq = x.emp_seq
AND e hiredate > SYSDATE - 10

If a subquery contains an aggregate, it should be given an alias before being moved into the

FROM clause. For example, the following SQL statement contains a “max” aggregate function in

the subquery (line 3).

SELECT * FROM sal history

WHERE (emp_seq, effective_date) IN
(SELECT emp_seq, max(effective_date)
FROM sal_history
GROUP BY emp_seq)

e
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WO 01/9310i PCT/USOL/ 17171 SELECT e.* FROM enpl oyees e, (SELECT count (*)
coil FROM sal history WHERE ROAMNUM -= 1 GROUP BY e~np seq) x WHERE x.coll =

0 What eve“(y\@]z%%} the SELECT |ist of the subquery is swappgérwdinim
"COUNT(*)" he follow ng is a CORRELATED exanpl e using the NOT EXI TS

operator. For exanple, SELECT enp seq FROM enpl oyees a WHERE NOT EXI STS
{ SELECT * FRCM sdQbi ssneniert WHoRE e (i8R ~bes egamsfomeidp e gie~TiRe aggregate
effective date = SYSDATE) can be transforned to SELECT e. enp-seq FROM

enpl Oye%A%ﬁ%DAggll@B'm&ﬁ %’?B’r:aseaé?ﬂ%u 17: s.enp_seq(+) AND effective

date(+) p se The follow ng cor-el ated
exanple illustrates a set subquel y interfaced wwth the I N operator . For
exanpl e, 40 WO 01/93105 SELECT a~ FROM sal _histoiy sl VWHERE
effective_date IN (SELECT effective_date FROM sal _history s2 WHERE sl . enp
seq = s2.enpSEEHCAND §BROM sdl0Bitocasy be transforned to SELECT sl.''™ FROM
sal hi story sl, salSEILBCOrwmpsgqtiakeikdtief iseftive_date = s2. effective_date
AND sl .enip_seq TI@@’Meggp_]ﬁ§& AI ~rD s2.sal > 100 PCT/USOL/ 17171 18. The

fol |l owi ng non- c0| |IIustrat es the < ALL operator. For
exanpl e, SEL gr(PL 5 ERE hiredate < ALL (SELECT hiredate FROM
enpl oyees VWH L 87') can be transforned to SELECT e.""

FROM enpl oye E,gaﬁ/l_l‘if( iredate) coll FROM enpl oyees WHERE bi rt hdat e
> O -JAN-87") X V\HERE (hiredate < x.coll OR x.coll IS NLJL.L)

A question arises whether to allow the user to flag subqueries that are known to return a
unique set via implicit knowledge.

For example,

SELECT * FROM employees e
WHERE EXISTS
(SELECT null FROM projects p, assignments a
WHERE p.proj_seq = a.proj_seq
AND a.emp_seq = e.emp_seq
AND p.name = ‘EXPLAIN_SQL’)

can be converted to:

SELECT * FROM employees e

WHERE e.emp_seq IN
(SELECT a.emp_seq FROM projects p, assignments a
WHERE p.proj_seq = a.proj_seq

AND p.name = ‘EXPLAIN_SQL’)

or converted to:
SELECT e.* FROM employees €, projects p, assignments a
WHERE e.emp_seq = a.emp_seq

AND p.proj_seq = a.proj_seq
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41 WD O1/9310 PCT/USQOL/ 17171 Note the use of the "x.coll IS NULL" in the
transfonnation. The point is that an aggregate fiinction will always r
ehuli a vgalgHg8¥RN I f no rows qualify the criteria. Since gdiguddlh7@per ator
al ways eval uat es to TRUE when the subquery results in an enpty set, the
system shoul d still return the rowin the surrounding query. 19. The

f ol | owi ANDn@namerrEXPI&INes@IPl e is simlar to the i nrediately preceding
exanpl e 18. However in this exanple, the > ALL operator is used instead of
< ALL. For exanple, SELECT ~~ FROM enpl oyees WHERE hiredate > ALL ( SELECT

SELECT ¢, - FReEng 0jaat e e ek kAR e B e BRSO

VHERE bi rthdate > "0O1-JAN-77") x WHERE (hiredate > x.coll OR x.coll 1S
NULL) 28id BHE BB owaﬁatlwahaww 9t 8y t@%mequahwﬁb%RQJs’%ﬁQ besryeepfthenat
is merge-able. For exanple, SELECT * FROM enpl oyees WHERE enp seq NOT IN

( SELEECTeqmatitysomdN ARBWvRzh alsb hhoa YNGHNREX. eTHeeefbiey fhe daliqhery is Suatbhte&Bto)prd@uce WO
Ul/ 93105 can be transfotlned to SELECT e.* FROM enpl oyees e, sal lustory s

WI3ERE 6h SR REEMPEOYFRSSSG (vﬁ)ch%@n?ﬁ‘h?e@ééfé ofiatie(+) _ 5-JUL-98" AND
s.enmp seq |'S NULL PCT/USOL/ 17171 21. The f w ng correl ated exanple is

simlar to the inunedi at rece ept correlated. The
exanpl e i1 uSPVat'd 5%8%8?5% 'gﬂﬂm(? ggmﬁ %l%ﬂt‘%?':t {he ipresepl syates ??)‘ﬁa been
criteria. For exanple, SELECT '~ FROM assignnents a WHERE star t_date NOT
| N ( SELE@Riaed, dbe falloveing exaomuns sidlin n [fespribing JsHiERE that engy beeesed by therprasen)

system to transform SQL statements. Examples are shown for correlated and non-correlated
subqueries and are identified as such. A non-correlated subquery is a subquery that is not correlated
to the main query. That is, a non-correlated subquery may logically be executed before any row is
examined by the main query. In other words, the subquery is independent of the main query and
could exist as a query in its own right. A correlated subquery, on the other hand, depends on the
rows being examined by the main query.

1. The following SQL statement is a mix of correlated and non-correlated subqueries. In the
following SQL statement, the last subquery is a scalar subquery and since the surrounding subquery
has equality criteria on PROJ_SEQ and RPT DATE, and the EMP_SEQ column is on the select list,
that subquery can be merged, even though the subquery on SAL._HISTORY can not. This is a good

test of whether a nested query in the FROM clause was correctly identified as scalar.

SELECT * FROM employees

WHERE emp_seq IN
(SELECT emp_seq FROM time_sheets t
WHERE proj_seq =

28



can transfonned to SELECT a.'" FROM assigments a, sal_history s WHERE
a.start _date = s effective_date(+) AND a.enp seq = s.enp seq(+) AND

S. enp- seq,, lJs 22. The foll owi ng non-correl ated exanpl epdgysiAbiAr to
the i medha y precedl ng exanple 21. However, in tlus exanple, the
subquery has nultiple tables. The exanple below illustrates how to place
the outer join sy(gm@ppi&egeqmmm%ema wi thin the subquery when nerged

to the surroundi noy e anfe= 0ot GEmNTE a SIrEI(;_EeCIta FROM
proj S p,

status_|i st u_ssNOTIN(SEL p.status F

assigments a name = " EXPLAI N SQ.:
DEVELOPNVENT' ) canE%:e’fE%ﬁ}g‘?‘%fe#&atl{) agﬁi_ﬁ%@ﬂg I}Iqugtﬁﬁd\/l status_list s, proj
ects p, assigi nnent SERBAERE 9 5ttempssedh. st at us(+) AND p. name( +)
"EXPLAIN SQL: DEVELOPMENT' AND a. proj seq(+) = p.proj seq AND a. ROND IS
NULL PCT/ USOL/ 17171 hi the 5tlbqgllery, uniqueness is guaranteed on the

i nt er mregiocal&be/irpgrfatdtiebl e {alias "p" ua this case since p.nane is
uiuque). At nost 1 lowest level cluld in the join order can be non-uni que,
alias "a" in this case. The join order is alias "s", then "p", then "a".
23. The following correl ated exanple nmay be rather conplicated. It should
be an o oi use of the NOI I N operator However, the problemis
t hat bogﬁfgplr pER%ﬁeHWB’W%\SGé‘I‘@—EWF“éi HCEGSB:t h_t he subquel yIO The
subquery shoul d bESHeEGhENS_trse MR cfisetiveu fejakto)l EBRMpAshigI®s 1 tabl e so
we do not need to @GREEEPBEemmeepleness. For exanple, SELECT " FROM

enpl oyeM{ERqugtsaapemeﬁ aséfHERE e. enp seq = a.enp seq AND e. enp seq NOT
IN 44 Q‘ /Sy;s,oy 17171 (SELECT t. enp_seq FROM time sheets t

VHERE aAﬁ)\fI?{g nafnd -‘éXIFLHI‘N 86§ DMV GRiEdgt e = 20- FEB-947)
AND temp seq = x.emp_seq

AND t.rpt_date = x.coll

2. The following example is non-correlated and is slightly different from the immediately
previous example. The basic difference is the subquery on SAL_HISTORY. In this case the
subquery initially is determined to potentially return multiple rows. This means a run-time error may
be possible in the original query. This prevents merging or moving the subquery. That is, the
subsequery on SAL_HISTORY should remain as is. However, since the criterion on RPT_DATE
has the equality operator, the merge of the subquery with TIME_SHEETS can still occur, and it will
potentially still encounter the same run-time error. In other words, the subquery on SAL,_HISTORY
will not be moved since it can not be guaranteed to produce a scalar set. However, in case it does,
it will result in a single constant value for the criterion “rpt_date=____”. The present system will
recognize the subquery as being equivalent to a constant, allowing the surrounding query to be

merged with it’s surrounding query and carrying the nested select along.
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The subquery can neither be nerged nor noved because of the correl ation
criteria. If the subquery's correlation criteria and interface col unms

ref er enceypgfosidan one table in the SITITAIllIdII1g gl lelpygu§diarsubauel y
can be slcippeé. In this case the one correlation criterion references
alias "a." and the interface of the surrounding query references "e.enp
seq". |FortdxempiestienfoliewmgtSOL staeafent)yn t he subquery, the transfozmation
woul d end up with TIME SHEETS being outer joined to nore than | table Wl Ch
1S 11O valid. The above SQ statenent woul d thus be | NCORRECTLY nerged to:
SELECT * FROM enpl oyees e, assigments a, tizne~sheets t WHERE e.en | p seq
= a.enp g ~AlL~ enpirseq = t.enp_seq(+) AND a.proj seq = t.proj seq(+)
AND t. | ﬁﬁ,gfe“(g 054 @‘gg]-oif -94' AND t.enp_seq |'S NULL and is | NCORRECTLY
moved t err_sed INRom enpl o ees e, assigments a, (SELECT tenp seq,
t.proj seq, (SHEICT proMeniFRONM bRt sheets\HERE t . rpt date = "~ 20- FEB-94') x
VWHERE e. en - [WWHERE propsepFp seq AND e. el np_seq = x. el np_seq(+} AND a. proj
seq = X.proj seq(@EAND yrd Bely FRONIPkdjeddot h of these cases result in an

il egal outer-joi nyamgkEs dogppx oy ded.: pEvELYEMENS$10a PCT/ USCL/ 17171
24. This corrglgtedqsxanple is simlar to exanple 23 iimmediately above.

Through transitiv te ansf.ormthe original statenent as
shown in exanpl e %&T@E&?[me%aﬁ]ébﬁo\@ Fagilﬁﬁtfnysi atement and then per forns
the tr ansforniati‘SRERER >0k nat i ng the restuction encountered in

exanpl e 23. For exanple, the original statenent in exanple 23 can be
transforned to: SELECT ~~ FROM enpl oyees e, assignnents a WHERE e. enp_seq =
a. enp, sspuhNk2 Raretfiggmteddqo NOT | N (SELECT t.enp_seq FROM time sheets t WHERE
a.proj seq =t.proj seq ANDt.ipt date = 20-FEB-94') which in tun | could
be transformed to SELECT x FROM enpl oyees e, assigments a, tine sheets t
WHERE e.enp seq = a.enp_seq AND a.enp seq = tenp seq(+) AND a.proj seq =
t.proj +). AND t. rpt date(+). ~20-FEB-94' AND t.enp_seq IS NULL 25. The

Pt Brba

fol | ow EWRIAYEES Y &iHTes shelst, PIRECEdal ar operator, "--". This
exanpl e eleow_se@ndempysady i n the subquery nmay be used to deternine the
subquei AN t.pwalsaq = epmgj_sée. enp_seq = t.enp_seq = a.enp seq". For exanpl e,
46 AND p.name = ‘EXPLAIN SQL: DEVELOPMENT”

AND t.rpt date =
(SELECT effective_date FROM sal_history s
WHERE sal > 100)

3. The following example is correlated and deals with the ALL operator. If a subquery does
not return any rows, the criterion may evaluate to TRUE. This means the subquery should be moved
only and done as an outer join where only the outer-join syntax is only applied to the initial
correlation criteria. The original columns compared must account for no join match. The final

criterion added is evaluated after the outer-join takes place.

For example, the following SQL statement,
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WO 01/9310s SELECT * FROM tine sheets t, projects p WHERE t.proj seq =
p.proj seq AND t.ipt date = (SELECT | ~iredate FROM enpl oyees e, assignnents
a WHERE awiy flo3s3d = P. proj seq AND e.enp seq = a.enp seq pNysiAamp1Seq =
t.enp_seq) could be transforned to SELECT * FROM tinme_sheets t, projects p,
enpl oyees e, assi~unents a WFIERE t.proj seq = p.proj seq AND t.ipt date =
e. hi r edsEleE@NB®p. pe pirdelgteFRHORF @hplepeesAND e. enp_seq = t. enp_seq AND

e. enp_SWHERRBEbRHAacegAPET/ USO1/ 17171 26. The followi ng correl ated exanpl e

deals with t(&%L%@T&?ﬁH%Q*ROM‘dEgen&%H( xanpl e, SELECT a' FROM enpl oyees a

VWHERE e~np s (S assignnments a, tinme sheets t WHERE
a.enp seq = S}g}r%ﬁge%g . pchj %)— t.proj seq AND a.proj seq = 1 AND
txpt date = 20-FEB-94') could be transforned to 47 WO 01/ 9310i

PCT/ USOL/ 17171 SELECT ''" FROM enpl oyees e, assigiunents a, tine_sheets t

VHERE ecaarhs tsgformad énp_seq AND a. enp_seq = tenp seq AND a.proj seq = t.p
roj seq AND a.proj seq =1 ANDt.rpt date = "20-FEB-94' 27. The follow ng
correl ated exanpl e shows where the nerge i s possible although the

coi ~elation criteria involves snore than one of the tables in the subquery.

In 't'hl Sq Eﬂ?@T e.dmn. Lﬁ‘teq{d('tfi‘&a‘?él: ’% %§§| nterface to the subquel y; then
15th

." correlates c m |t| gcan be
appl ied so "t" co empt_ﬁeqqg/l Q?Jrig Mﬁg@%ﬁ SEQ
col ums. Mor eover B EUID €Y %ar ant eed on "e" and "a" when j oi ned. For

exanpl e VHIEREEPW. srROMemn_sed(Eheet s t WHERE t . lpt date NOT IN (SELECT
| 1'i r edaf¥DFRMNtede syemd]l OR asd? ¢S Mi8Ht)s a WHERE a. proj “seq = t.proj seq
AND e.enp_seq = a.enp seq AND e.enp seq = tenp seq) can be transforned to

The system should check to determine if any of the new outer-joined criteria are OR’ed to
anything, since that would produce a parse error. It may be desirable to have the database parse the
intermediate solution to see if the transformation should have been done. If it should not have been
done then nothing should be done with the subquery.

4. The following query is non-correlated and deals with subqueries that have GROUP BY
syntax. Even though the subquery has a GROUP BY clause, the SELECT list does not contain each
of the columns on the GROUP BY list. This means the potential does exist for duplicates unless the
DISTINCT keyword is added to the SELECT list of the subquery.

For example, the following SQL statement,

SELECT * FROM employees

WHERE emp seq IN
(SELECT emp_seq FROM assignments
GROUP BY emp_seq, proj_seq)
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SELECT t.=~ FROM tinme sheets t, enployees e, assigments a WHERE t.ipt date
= e.hir edate(+) AND t.einp_seq = e.enp seq(+) AND t.proj seq = a.proj
seq(+) ANQ(i/@y% &eq = a.enp_seq(+) AND (a.enp seq IS NULL g, EshfP5€d | S
NULL) 48 i/93105 PCT/ USCOL/ 17171 Since "a" and "e" are joined to "t"
separately, the systemneeds to add IS NULL to a non null abl e col unni of
each t afdnebeanasfdRnkfiedn t oget her. 28. The foll ow ng correl ated exanpl e
illustrates an aggregate on the SELECT list of a subquery with a GROUP BY
cl ause. For exanple, SELECT '~ FROM sal _history s WHERE effective_date IN
(SELECT MAX(start date) FROM assignnments a WERE s. enp_seq = a.enp_seq
GROUP BYH?rojp" splgé can be transfot-~ned to SELECT -r FROM sal histoiy s,
( SELECTBHSFL KT %é%}oy »stai -t-date) coil FROM assignnents a GROUP BY
proj seq, enp_seqyd RES'E agu_seqd SeigNARIUSEf f ecti ve date =
x.coll 29. The f olGRGAURP Yarengosegbat@dsegxanpl e illustrates transfornm ng an
- aggr egaWaHERE @.caip_3gpreagaiesaf an aggregate when the subquery is noved. For
exanpl e, SELECT x° FROM assi gi nnents a WHERE start_date < ANY ( SELECT
M N(ipt date) FROMtinme sheets 49 VI ~" O 01193105 GROUP BY proj seq) can

date) ] col | FRVErsErtabpe eren BH Tty fpoEREF B L PR, dip e

x.coll PCT/US01/17171 30. The follow ng coi Tel ated exanple illustrates when
a subqu@esp nohtesipfra deedD DG hkeyord. This example is non-correlated.

The following SQL statement,

SELECT * FROM employees
WHERE hiredate =
(SELECT MIN(effective date) FROM sal history)

can be transformed to

SELECT e.* FROM employees ¢,
(SELECT MIN(s.effective_date) coll FROM sal_history s) x
WHERE e.hiredate = x.coll
6. The following example is non-correlated and illustrates handling the NOT IN operator
when moving to the surrounding query. The basic points are that the system should convert to an
outer join and then look for rows that are the “outer-joined rows” (e.g., where a not nullable column
on the select list of the subquery IS NULL (see the criterion “x.coll IS NULL” below)). A solution

is to add a constant to the Select list, such as 1, because that will work whether or not the subquery

has GROUP BY syntax.
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operator like "< ANY" carrot be transformed, For exanple, SELECT ~° FROn~I
assi g~nnents a WHERE stant _date < ANY (SELECT M N(rpt date) FROM

ti me_sheel{ d109fEERE a. enp_seq = tenp seq GROUP BY proj segmcmostidrbe

| NCORRECTLY transfornmed to SELECT ~ FROM assi gmments a, (SELECT enp_seq,
M N(rpt date) coll FROMtine sheets t GROUP BY proj seq, enp seq) x WHERE
a. st ai -Fordatuaple, hecollbwANB QL etatenteaq = x. enp seq Tlus transfoi-~nation is
i ncorrect because the subquery is still a set, not a scalar as requi xed.
e.g., per EMP_SEQ there are still potentially many M N(rpt date) val ues
due to Pi n 1/ 9310, PCT/USOL/ 17171 PRQJ SEQ Even if

t he sub%%f%@?ﬁo OWS@H@QE%OJP BY cl ause, the transfornation would
still | [ HPESAIT 0S8si bl e because the transfornmati on would require
putting the CELESheifemiveotilt RROMSAHESISBDECT 1ist and malting the aggr
egate, and aggregate of an agg~. ~egate. That would end with the syntax

" violation of a scalar and an aggregate of an aggregate. Although the

ori gi ~~caal be@RRBBYd &0l uMm was not correl ated nor part of a HAVI NG cl ause,
the systemcarrot get rid of it. For exanple, the query could be
incorrectly transformed to SELECT e.~ FROM enpl oyees e, (SELECT enp_seq,
MAX(i pt date) toll FROMtinme_sheets t GROUP BY tenp seq) x WHERE e. enp_seq
= X.enp_seq AND e. hiredate < x.coll The above transfornation is incorrect
becausemgﬁTt%11M%Fw CERPYeEere could be a rpt-date |ess than

e. hi redat e b(REIdHot RIPTIWET afeetivgr dade.drcol hRBROM palrlagler®@ X | n the ori gi nal
query, WItERERdJuedytew t.bffddtiME rdate(tiate) will return the first data as on of
t he r owaNDHeweMdS,NUNLt he above query, the subquery will returi the

maxi num 31. The followi ng correl ated exanple is an excell ent exanple where
t he subqueiy can not be noved because of the correlation criteria using the

"<" oper at Orz-| | ’P@%Tgcﬁ Oygfg %tegg WEQ%OSEI%Q%;) %;%ﬁalﬁggl% %%gﬂﬁﬁgggaggqgh%gn&icgwed.

sal _history

sl .effective _date = (SELECT MIN(s2.effective date) -
However, in this example multiple columns are interfaced to the subquery. In addition, the cohimns

represent multiple tables in the surrounding query. In this example, a problem may be encountered
since the transformation does not parse. An error message may be generated “ORA-01417: a table
may be outer joined to at most one other table”. The reason is that X is outer-joined to
EMPLOYEES and DEPENDENTS. Accordingly, this transformation should not be made when the
relational operator requires an outer join but the colummns interfacing the subquery are from multiple
tables.

For example, the following SQL statement,

SELECT e.emp_seq FROM employees e, dependents d

WHERE (e.hiredate, d.birthdate) NOT IN
(SELECT hiredate, d1.birthdate FROM employees €1, dependents d1
WHERE el.emp seq=1001
AND el.emp seq=dl.emp_seq
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51 WD 01/9310a FROM sal _history s2 WHERE e. enp_seq = s2.enp seq AND
e.hiredate < s2.effective date) woul d be | NCORRECTLY transforned to

PCT/ USOL/ &,70'117%9 ﬁELECT """ FROM sal _history sl, enpl oyees epcf SiBe1

s2. enp_sed, fective _date, M N(s2.effective_date) coil FROM sal history
s2 GROUP BY s2.en ip_seq, s2.effective_date) x WHERE e.en zplseq =

X. enp_seq ANRAND rebfiectirgBOUsEy = x.coll AND e. hiredate < x.effective date
One vvaij\@g@iﬁg & wael%tsehransfornatl on would be to nove the table that is
i nvol ve - syabpty correl ation, |nto t he subqueiy as foll ows:
SELECT Iustory sl, (SELECT e.enp seq, MIN(s2.effective date)
colt FROM sal h| story s2, errpl oyees a WHERE e. enp seq = s2.enp seq AND

e. hiredate < s2.effective date GROUP BY e. enp_seq) X WHERE sl.enmp seq =

x. enp sequldne teanstormed INGORREHELY fo col | The solution is to nove the
EMPLOYEES table into the subquery, and then nove the subquery. 32. The
follow ng correlated exanple is a scal ar subquery w thout an aggregate. For

exanpl e, 52 WO 01/93105 SELECT ''° FROM sal histoiy s WHERE

ef fecti ¥prHaie &n %%fn ﬂ%gsg ﬁgp[ggyees a WHERE s.enp_seq =

e. errp_seq% c gﬁl r | opees
2 WHERE s. e % . Bﬁ%e 100?1%%ém€loiéeg g c?eper?cfrﬁ N
PCT/ US01/ 171 ThemP 5E Gl o~~- eI at ed exarrpl eis simlar to t he

i mredi at el y ANER sbpmg_waand!- @nazseq However, in this exanple there is
addi ti onal cokXBldtehtionFi‘BBOUSK on col umm not part of a unique Icey. Tl-~s
may be WHERBriadhp tseqveeengeatd ng with coi Tel at ed subqueries; that is that
t he corpeali&Ri& ~tephespver the PK or UNQ | ey of the subquery shoul d
utili ze sbi$ e hiied RPET ai‘h%date@!f}d t he operator used for
AND d.birthdate = x.birthdate(+)
AND x.coll IS NULL
8. The following non-correlated example provides an interesting though strange situation.
This situation is seldom seen although, in theory, it can occur. The reason is that the subquery below
is non-correlated but interfaced to the surrounding query with the EXISTS operator. The EXISTS
operator is generally only used with a correlated subquery. In any event, the transformation is
simple; just move it to the swrrounding query with no join clause, and add the criterion, “ROW NUM

= 1" as shown below, into the subquery.

For example, the following SQL statement,

SELECT * FROM employees
WHERE EXISTS
(SELECT * FROM sal_history
WHERE sal < 0)
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additional coil el ation criteria doesn't matter. In this case the
correlation criterion "t.ipt date>=a.stai-t-date" is not part of the unique

key. For @%ﬁo, SELECT r FROM tine_sheets t WHERE rpt _dager gsdiaHFCT
st op-date assigiunents a WHERE a.enp_seq = t.enp_seq AND a.proj seq =

t.proj seq AND t.ipt date >= a.start date) can be transfornmed to 53 w0
01/ 9310@nPETtadsotmediyl SELECT t.''" FROMtinme_sheets t, assigments a
WHERE t.rpi date < a.stop_date AND a.enp seq = t.enp_seq AND a. proj seq =
t.proj seq AND t.rpt date >= a.start-date 3~.. The follow ng correl ated
exanple utilizes a scalar operator to interface a scal ar subquery, where

the sub i S, to the aggregate and no GROUP BY cl ause. For
exanpl egﬁg%%E ﬁﬁ%ﬁ%ﬁ Yees a WHERE hir edate > (SELECT

M N(effectlv * ROl 1ﬁF‘§'Vory s WHERE e.enp seq = s.enp seq} can be
transforned t et <€)’ ° FROM enpl oyees e, (SELECT enp”seq,

" M N(effectiveAax RDVWWUIM FROM sal _hi stoiy s GROUP BY enp-seq) x WHERE
e.enp_seq = x.enp seq AND e.luredate > x.coll 3 5 . The follow ng
correlated exanple illustr ates con elation in a HAVING cl ause. The

solution is 'Eﬁé‘]lt) Jﬁaﬁ&%\afllﬂ%e%eﬁi&ﬁo% ﬁh Gl tliaﬁgitoﬂged @Q]EJ Q&te%ﬁ'gn{ dﬂg

query, and t Itemcon zpare |nt e col ze CTI erlons

appear |n t.he SE@ECT | ist of the subquery It should be noted that anot her
synt ax 116 CHERakSGhstafgment sincgherwbguesy Sulodueily erecsited oneraneadolionee peraew
have a HAVI NG cl ause. 54 WD 01/9310a For exanple, SELECT '~ FROM

enpl oy easwanl\\HEREr fhdTedSX| tBT &i¢iB8l SEQIT stateprenf. seq FROM assi gi nnent s a,

tii ne_sheets t WHERE a. proj-seq = t.proj_seq AND a.enp seq = t.enp_seq AND
e.enp_seq = . eRPLIBGFifgdBpRYs ﬁoﬁédﬁela‘i&?mﬂ%lhﬁg Dchisk 1 ubgiRiPeorntains more

e. hiredate)

than one column name with the same name. Even though the column name is preceded by the table
alias, the column names should be given an alias. Also the asterisk on the SELECT list of the
surrounding query should be duplicated for each table in the surrounding query. Note the underlined
items in the transformation shown below.
The SQL statement,
SELECT * FROM employees e, dependents d
WHERE e.emp_seq = d.emp_seq
AND (e.birthdate, d.birthdate) IN

(SELECT el.birthdate, d1.birthdate FROM employees el, dependents d1

WHERE el.emp seq=dl.emp seq
AND el .hiredate = SYSDATE - 100)

can transformed to

SELECT e.*, d.* FROM employees €, dependents d,
(SELECT DISTINCT el.birthdate coll, d1.birthdate col2
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can be translated to SELECT * FROM ei il pl oyees e, (SELECT a.proj seq, a.enp
seq, M N(t. ipt dat e) coil, 1 colt FROM assigiunents a, tinme sheets t WHERE
a. proj se@ugotl EJ seq AND a.enp_seq = tenp seq GROUP BY gePusiiised,
a.enp_seq) X 1\/@I RE e.enp-seq = x.enp-seq(+) AND x.coll < e.hiredate(+) AND
x.col 2 I'S NULL PCT/USOL/ 17171 36. The following is a correlated exanple

where the operatorpn@,ltejﬂﬁ,l&\ﬁgs EN Rp&igehRidiand then a are non-equality con
elation cr iter igyg y lg,\rg}: h‘?i‘f'eﬂgy”?é ce that it doesn't have to nove
e it %?F)

anot her copy of tl)\ GROUP BY cl ause because it is

al r eady. : Fox %al _hi story sl WHERE s 1. sal
NOT | N f'eélpei‘?‘b (‘?Elpeéf@LECT M N(sal) FROM sal history s2 WHERE
sl . enp AbW ¢birthdatepx.eedd AND sl . effective date = s2.effective date GROUP BY

enp_seqhNexhbhthdateanstolZmed to SELECT sl.* FROM sal _histoiy sl, (SELECT
~enmp-seq, effective date, M N(sal) coll, 1 colt FROM sal _histoiy s2 GROUP BY
enp_seq, effective date) x WHERE sl . sal = x.coll (+) AND sl.enp_seq !=

X. enp_seq( +) t .
NULL or der bg/d\gﬁl éﬂﬁﬂggg{g%ﬁskﬁlhﬁfé lgﬁfg?egtéﬁ%%%%%%%%% fgéllgl?fl@yg%r? aﬁ@h% ST

correl exa except that in exa

30t ne DytcAy Suoe L b M sify L i g B g A H’G{/J‘ﬂ%t
practical, the exanple is used to illustrate why a subqueiy with a _G?CI_JP BY
shoul d lmws treretaiventy fley “oaitey-jaited iewaNIhis SOV aseornplishedby éﬁ\ﬁ?lgg a FoterieR #ithl e,
SELECT a° FROM assigiunents a WHERE start_date ¢ ALL (SELECT rpt date FROM
ti me_shggésndll WikRE ofl tieb1s @0the sibRB; . A hROBLBopeitord aieedA et solution
COUNT(a ) > 1) would be I NCORRECTLY transforned to 56

may be to use the ROWID (see the second transformation below).

For example,

SELECT emp_seq FROM employees
WHERE hiredate NOT IN
(SELECT hiredate FROM employees
WHERE emp_seq = 999)

can transformed to

SELECT e.emp_seq FROM employees e, employees el
WHERE e.hiredate = e1.hiredate(+)

AND el.emp_seq(+) =999

AND el.emp_seq IS NULL

or to
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WO 01/9310s PCT/ US01/ 17171 SELECT a. a° FROM assigtnnents a, (SELECT
MLN(tpt date) coll, enp_seq, 1 colt FROMtine sheets t WHERE a. enp seq =
tenp seq FIIR:R¥ rpt date, etnp seq HAVING COUNT(*) > | )pcoqWNdERE71
(start~date <'x.coll OR x.col2 IS NULL) AND a.elllp seq = x.enp_seq(+) The
pr oblemis that then a was ali eady a grouping by RPT DATE, and there is
no j oi NSELECEre.caang ged FR O employdesng egipdoyes dihus we end up with a set per |
oi n ovewWHIMEE Shcnbter: M‘iﬁleﬂ%@f)a scalar. 38. The follow ng correl ated

exanpl eANr Lsihat8§(Whess a ANY, SOVE or ALL subquery eatnot be nmoved due
to |neq 10‘;’% on criteria. To be noved, the final tr ansfonnation
shoul d ensure t at a 10St one row will be corrpared to the original

surroundi ng query. However, with the non-equality~oin criterion in the

transformation, multiple rows nay be joined. For exanple, SELECT * FROM
sal _history &§l.1THBREVEE|corelAlY e BEECTtaing bFERONMrdation| agdrimi apd s@n-JWHEReria.

" sl.enp_seq != s2.enp seq AND sl .effective date = s2. effectiverdate) would

be | NCORREE e ¥ub s basrasetourdpldaést thd subql 88k Murgddory s1, (SELECT
enp_seq, effective_date, MAX(sal) coll F sal _history s2) x WHERE sl . sal

< x.col .5 e seq != x.enp seq AND sl .effective date
= X. effié%lt?z(\%lpﬁ %@%%@Wﬂ?l gg Tﬂl e foll (r)r\;l)m ngql s a correlated
exanple with the ">ALL" operator. This exanple is simlar to exanple tluee
above, except this exanple uses the MAX function instead of MN functi on.
For exanple, SELECT en ip seq, bii-thdate FROM enpl oyees a WHERE bi rt hdat e
>ALL ( SEEEETTUI FRONAt@ploRédd adependent s d WHERE e. enp seq=d. enp seq) can be
transf owmBREGXSEIECT e. enp seq, e.birthdate FROM enpl oyees e,

(SELECT * FROM projects p, assignments a

WHERE p.proj_seq = a.proj_seq

AND e.emp_seq = a.emp_seq

AND p.name = ‘EXPLAIN SQL: DEVELOPMENT”)

can be transformed to

SELECT e.* FROM employees e, projects p, assignments a
WHERE p.proj_seq = a.proj_seq
AND e.emp_seq = a.emp_seq
AND p.name = ‘EXPLAIN SQL: DEVELOPMENT’

12. The following correlated example is different because the SELECT list contains columns
that are not returned to the swrrounding query. (In fact, if the subquery in the immediately preceding
example 11 had items on the select list, the transformation would still be exactly the same. Note that

in the immediately preceding example 11 the asterisk on the subqueries select list did not matter.)

For example,
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(SELECT d.enp_seq, MAX(birthdate) coll, 1 colt FROM dependents d GROUP BY
enp seq) x WHERE e.enp_seq = x.enp_seq(+) AND (e.birthdate > x.coll OR
x.col 2 1 8%61@31?150. The follow ng correl ated exanpl e il | uspepies/fa " <ANY"
oper at or. e only difference between the <ANY and the ">ANY" operator is
that the MAX becones a M N. For exanple, SELECT * FROM sal history s|l VWHERE
enp seqSELEQTT* BRIDM ampioAdls &8 WO 01193105 (SELECT sal FROM sal _histoiy
s2 WHEREVISEREEMISTISq = s2.enp seq AND sl .effective date = s2.effective

date) can be(dpamst os198sh FROPEIE 171 SELECT sl.'" FROM sal history

sl , (SELECT agp384 fectiyen MAX(sal) coll FROM sal _histoiy s2
GROUP BY enp~seq. e‘?'?@%’r%@e 4En ?bte ) WHERE enp_seq =1001 AND sl .sal < x. col |

AND sl .enp seq = x.enpTseq AND sl .effective date = x.effective date 41.
The followi ng correl ated exanple illustrates the scal ar operator, "--". For
exanpl ecagm FaFERGM enpl oyees a WHERE hir edate = (SELECT M N(effective

" date) FROM sal history s WHERE e. enp_seq = s.enp”seq) can be transforned to
SELECT e.* FROM enpl oyees e, (SELECT enp_saq, M Neffective date) colt FROM
sal history s GROUP BY enp seq) x WHERE hiredate = x.coll AND e.enp seq =

X. em~s§gF?%§?'ﬁ\?%§g§8T%§ /USOL /17171 42. The follow ng correl ated

exanpl el BRELA 2y MUK Aad ey

WHERE e.emp_seq = x.emp_seq

13. This correlated example is different from the immediately preceding example because
the SELECT list columns have corresponding columns in the surrounding query.

For example,

SELECT * FROM sal_history sl

WHERE effective date >
(SELECT MAX(effective_date) FROM sal_history s2
WHERE sl.emp_seq = s2.emp_seq)

can transformed to

SELECT s1.* FROM sal_history s,
(SELECT emp_seq, MAX(effective_date) coll FROM sal_history s2
GROUP BY emp_seq) x

WHERE sl.emp_seq = x.emp_seq

AND sl .effective_date > x.coll
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contailis a HAVING cl ause but no GROUP BY or aggregate. The point here is
to add the GROUP BY cl ause before the HAVI NG cl ause. For exanple, SELECT ~
FROM enpl 9350\HERE EXI STS (SFLECT null FROM sal hi st or yogW{HRE€. enp
seq = s.e%ﬁgq%w NG COUNT(*) > 1) can be transformed to SELECT e.""

FRO vl enpl oyees e, (SELECT enp~seq FROM sal _history s GROUP BY enp_seq

HAVI NG COUNT(£) Ti f%)lo%in?@ﬁﬁﬁﬁoﬁ‘eﬁ%ﬁlﬁ?cgﬁlyfe ifiu essaex‘fbnélgbneﬂ_ﬂ.écﬁ%ﬁ)%éer?gﬁ%ﬁgced .

exanple is simlar tot i Xnne precedi ng exanpl e ere is
a HAVI NG cl : ver, in tlus exanple the GROUP exists as well. For
exanpl e‘,”a(g‘ﬁﬁé%]ii%e%' oyees a WHERE EXI STS (SELECT nul | FROM

sal _lustory s WHERE e. enp seq = s.enp_seq GROUP BY effective date 60 WO
01/ 9310 r4x¥NNG, COUNT(*) > 1) can be transformed to SELECT e.='' FROM

enpl oyees e, (SELECT DI STI NCT enp-seq FROM sal histozy s GROUP BY effective

date, eznp_seq HAVI NG COUNT(*) > 1) x WHERE e.enp seq = X.enp seq
" PCT/USOL/ 17171 44. The foll ow ng non-correl ated exanple illustrates when a

subquer 8t or the EXI STS operator. The reason for this is
that t 3EL THZ%%% g@g@%{;\ﬂg " M =1" gri terion to the subquery.
However | 2 i PPN only row retrieved. In this

exanpl e there should be at |least two rows qualifying el se the subquezy
returns the enpty set. For exanple, SELECT * FROM enpl oyees a WHERE EXI STS
( SELECTcanutansfeROM sal _hi st ozy s HAVING COUNT(a') > 1 ) woul d be | NCORRECTLY
transforned to SELECT ~° FROM enpl oyees e, (SELECT null FROM sal _lustory s
VWHERE ROANUM =1 HAVI NG COUNT(*) > 1) 61

SELECT e.* FROM employees ¢,

(SELECT count(*) coll FROM dependents WHERE ROWNUM = 1) x
WHERE x.coll =0

Note that the SELECT list of the original subquery is changed to “COUNT(*)”, and the
“ROWNUM = 1 criterion is added to the subquery.

15. The following non-correlated example is similar to the immediately preceding example
14, except that the subquery contains a GROUP BY. The transformation is similar to the

immediately preceding example 14.

For example,

SELECT * FROM employees

WHERE NOT EXISTS
(SELECT null FROM sal_history
GROUP BY emp_seq)

can transformed to
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WO 01/9310s PCT/ USQOL/ 17171 45. The next cozxel ated exanple illustrates
subquery correlated to nultiple | evels above. This exanple is included
because iWgidi®sf_Cti on above, "Restz-iction", indicates thatr/@ae1shoul d not
attenpt to convert these type of coz--~el ated subqueries. The reason for
this is that they are relatively conplicated, though they are possible as
wi || beSERdUA cielfRM fioplograznpl e, SELECT ''' FROM en i pI oyees a WHERE

EXI STS ( SELESEUBOT cdurfiv) asls IFROMNRLE histoiERE a. enp_seq = e. enp_seq AND

EXI STS (SELEWHER@R(PSWMZQG sheefs t WHERE tenp seq = e.enp seq AND

t.proj seq = %%%) EZE be transfornmed first to SELECT e.* FROM

enpl oy S( ECT null FROM assignnents a, (SELECT DI STI NCT
en zp_s eq FRC]\/I tune sheets t) xI VWHERE a.enip_seq = e.enp_seq AND
x| . enp seq = e enp seq AND x|l .proj seq = a.proj seq) and next transforned
to SELECT e.''" FROM enpl oyees e, (SELECT DI STI NCT a.enp seq coil,

x| . enp_seq cWhateFROVhawsihgBMRGET hst of SEsEETuDY Bwdgieewrh<COFNDY]. seq
FRC]\/Itune sheets t) x|l 62 w0 01/9310s PCT/USO1/ 17171 WHERE x| . proj seq =
a.proj ' sed) %2 WEBH¥ LR hICORREEATERLEkANR efsang@é&@r &3aTR ope@tofhe first
transformation is relatively sinple. The subquery could not be nerged, so
it was ]golveed This required the DI STINCT keyword in the Select list, plus
the | ocal 3:‘8]1118}761’13 that were part of correlation criteria to be moved to the
Select list. In addition, the correlated criteria were noved to the
surroundi ng query. The second transformation is a bit nore conpl ex because
now there are two colums fromdifferent |ocal tables of the subquely that
had t heSBBBET entpase; PROMemployeds el ai ed to t he sun-oundi ng query. That
1l1leal I§HELE NOEEXIEESES had to be given to the colums when they were
noved to the(S@iIE@f + IFRES M s Bkt «g systemonly had to nove the con el ated
cr |ter|ato;n K ol aue To better optimze this, the system
shoul d notice K}‘r%‘ngﬁq‘i %Se criteria before the nove. For

exanpl e, we ‘CHCE ﬁE eq" and al so "x|.enp”seq = e.enp seq".
This is equivalent to saying "a enp, seq = xl.enp_seq". Recognizing this
woul d have nmade the join in the subqueiy nore efficient and woul d have

r esul t echn b transformed to

SELECT e.emp_seq FROM employees e, sal_history s
WHERE e.emp_seq = s.emp_seq(+)

AND effective date(+) = SYSDATE

AND s.emp_seq IS NULL

17. The following correlated example illustrates a set subquery interfaced with the IN
operator.

For example,
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SELECT e.''' FROM enpl oyees e, (SELECT DI STI NCT a.enp~seq coil, xl.enp_seq
colt FROM assiglnnents a, (SELECT DI STI NCT enp_seq, proj seq FROMtine
sheet s t)“gjmyy? 3E xI.proj seq = a.proj seq AND a. en~. p_sefcryidi/16i seq)
x2 WHERE x2.co = e.enp seq AND x2.col2 = e.enp seq 4G Al OR operator is
consi dered parent of a subquery. The follow ng exanple illustrates where a
conver sBHECT *aFROMisai hiktoprgiduce a wrong answer. 63 WO OL1/ 9310 For
exanpl ewrBEbECffeaorNt4te IN) FROM enpl oyees WHERE hir edate > "01-j an-97" OR
enp_seq I N ( q 5%@ WHERE sal > 100) If the ORis
di sregar ded, %gfm@tﬁ’% da Ealhﬁé&@c% USOL/ 17171 SELECT count(''")
FROM en i pl O){Aﬁsﬁ gﬁi N&ﬁ enp seq FROM sal _history WHERE sal >
~ 100) x VHERE salia 01 j an-97' OR e.enp seq = x.enzpuseq One way to
see the problemis to now convert the ORto a UNION ALL, as follows: SELECT
count (' ") FROM en2pl oyees e, (SELECT DI STI NCT eni p-seq FROM sal history
WHERE sal > 100) x WHERE hiredate > "Ol jan-97" UN ON ALL SELECT count (*)
FROM enpl oyees e, (SELECT DI STINCT enp seq FROM sal _history WHERE sal >
100) x WWRRE, j an-97' 47. The follow ng exanple deals with
OR ed correl a%}flsgoggl%???erl a. If the correlation criteria are OR ed the
conversion to an outer join is inpossible, and the conversion to a NOT IN
is conplex. For exanple, 64 WO 01!)310s PCT/USOL/ 17171 SELECT * FROM
enpl oyees a WHERE NOT EXI STS (SELECT ''" FROM sal history s WHERE
s. ef f ecBELECTatle" FROMbalt istaties IORIshistbfedt i ve date = e.hiredate) if the
conver sSWHERB sa.cNeftiwadatp ers2feffemiet, dithe system shoul d do the fol |l ow ng:
SELECT AND FReMb l-oypeasp aey\HERE birtlidate NOT IN (SELECT effective_date
FROM salanih g_glygg%% OR hi r_edeg\:-le NOT IN (SELECT effective date FROM sal
history s) 1t the conversion t0O all AQlter JAIIl 1S not inpossible because
it would produce un-passabl e syntax:

18. The following non-correlated example illustrates the < ALL operator.

For example,

SELECT * FROM employees

WHERE hiredate < ALL
(SELECT hiredate FROM employees
WHERE birthdate > ‘01-JAN-87")

can be transformed to

SELECT e.* FROM employees e,
(SELECT MIN(hiredate) coll FROM employees
WHERE birthdate > ‘01-JAN-87") x

WHERE (hiredate < x.coll OR x.coll IS NULL)
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SELECT e.'" FROM enpl oyees e, (SELECT DI STINCT effective date FROM sal
history) x WHERE e. bii-thdate = x.effective date(+) OR e.hiredate =
x.effecti g\%\,ﬁg{) §4st) 48. The followi ng exanple illustrates pdpps@/ My | N to
NOT EXI ST en original subqueiy can produce enpty set. The subqueiy was
artificially forced to produce an enpty set for denonstration proposes. For
exanpl e, SELBOE the ufeRthepeady & NUMERE the tradftrmatiel. ThY poSELFGTt an aggregate
effective _date FROM sal history WHERE 1=2) shoul d be transfoi-~ned as

f 9' | ows ﬁhﬁtl&'ﬂ SHll %lvtfsi}% réfﬁﬁ?a LERMlebe éfl_ﬁs{n() SrEer 9&%%@%83%%% | M#IQS% %iO%@E@ECT

FROM errp oyees LE tory s

12AND dat D hi redate 1'S NOT
EXI STS ¢ I S “attes tﬁﬁ%ﬁsgﬁﬂh h\ég@‘f}l‘e%éﬂgs il(L% e%ﬁ@s%fﬁxsﬂl?fhﬂgaé‘i}ﬁm@

pr obl emvvlth thls solution is that we are back to the original again.
The f ol Hewpwgndles suetoandadgearempl e il lustrates a HAVING cl ause with an
aggregate correlated to the surrounding query. For exanple, SELECT * FROM

proj ects p WHERELENIOWn nlddablafdd dxai kilrier t@hﬁ@ﬁﬁnéd1%%ﬁ%§ededﬁf oQixadplt =
p. proj seq GROUP BY enp_seq HAVING M N(t.ipt date) p.stai~t date) This

transfo | orrelation colunnzs to
t he SELE%TH:O?%Y gﬁ){t lgg‘gélon\t/l\’/?: P@EEE%IJE Bs‘?ﬁ@%@ﬁ%&r %s%@?g?p ( SELECT proj _seq,

M N(i pt _date) coI I FROM tinme sheets GROUP BY elllp seq, proj seq) x WHERE
p.proj seflE x.proj seq AND p.start date = x.coll G5 WD O1/9310

PCT/ US01/ 17171 50. The follow ng correl ated exanpl e denonstrates a nerge

wi t h NOFot ¢aniyd¢,e t hat t he

SELECT * FROM employees

WHERE hiredate > ALL
(SELECT hiredate FROM employees
WHERE birthdate > ‘01-JAN-77")

can be transformed to

SELECT e.* FROM employees ¢,
(SELECT MAX(hiredate) coll FROM employees
WHERE birthdate > ‘01-JAN-77") x

WHERE (hiredate > x.coll OR x.coll IS NULL)

20. The following non-correlated example includes a set subquery that is merge-able.

For example,

SELECT * FROM employees

WHERE emp_seq NOT IN
(SELECT emp_seq FROM sal_history
WHERE effective_date = “5-JUL-98)



added criterion in the transformati on contains the ROND of the subquery
table that is interfaced to the sur-ounding quezy. It is inportant to use
the RON Dyaf o@dsi@s "t" rather than "a" because "t" is the p@¥pSsfiheMe!
cluld in the | oin order, "e" is outer j oined to "a" and then "a" is
outer-joined to "t", For exaznp~ e, SELECT ernp-seq FROM enpl oyees a WHERE
e. hi r edahaeNGhsfolMdd {SELECT start date FROM assignnments a, tizne_sheets t
VWHERE e. enp-seq = a.enp,seq AND a. enp-seq = tenp seq AND a. proj seq =
t.proj seq AND t.rpt~date = "OL jan-87" AND a.proj seq = 1) can be
transforned to SELECT e.enp_seq FROM enpl oyees e, assignnents a,
time_sheets t WHERE e. hiredate = a.sta~ date(+) AND e.enp-seq =
* a. err zpSBRBC T ANRON employess exsal_ligtap seq(+) AND a. proj ~seq = t.proj seq(+)
AND t . r pIHERE emp_seq -0d.ejnpnseg ) AND a. proj seq(+) = 1 AND t. ROND 1S 111111
Gr  VWAND &Btlise REREUSO1SLITLAR 51. The foll owing correl ated exanple is
si m | arAND § &igp i epedinael y precedi ng exanpl e 50, except that the inter face
col unui of the Subquery is not the sane as the col Telated table in the
subquel y. For exanpl e START DATE bel ongs to ASSI GNMENTS but T.EMP_SEQ i s
correlated but belongs to a different table. If transitivity is used we can
switch T. EVP| SE? to A EMP SEQ because of the join criteria between T and A
For exanpl e, 2lsEllrdyllewingsqrririolessmpls iogimalar o thprmuediately prgeedenanormnle 30,
(SELECT start_date FROM assiglunents a, tine_sheets t WHERE e. enp”seq =
t . enp_segepiNDralaesnip The gxamjple eligztraes haWEd addodpr-pagsyatdx oro camtntidoriteria.
t.rptydate = "Ol-jan-87" AND a.proj seq = 1) first add the transitivity to
yi el d SELECT [P seq FROM enpl oyees a WHERE e. hir edate NOT IN ( SELECT
start date F assignnments a, tinme_sheets t WHERE e.enp_seq = a.enp_seq
AND a.enp_seq = t.enp_seq AND a.proj seq = t.proj seq AND t.rpt date =
"Ol-jail-87" AND a.proj seqg = 1) we then have the sanme query as in the
previ ous exanpl e 54, which neans the same transformati on OCCULS. 3
SELECT * FROM assignments a
WHERE start_date NOT IN
(SELECT effective date FROM sal history s
WHERE a.emp_seq = s.emp_seq)

can transformed to

SELECT a.* FROM assignments a, sal_history s
WHERE a.start_date = s.effective_date(+)

AND a.emp_seq = s.emp_seq(+)

AND s.emp seq IS NULL

22. The following non-correlated example is similar to the immediately preceding example
21. However, in this example, the subquery has multiple tables. The example below illustrates how
to place the outer-join syntax on the join criteria within the subquery when merged to the
surrounding query.
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"WD 01/9310S PCT/ USQOL/ 17171 52. This correlated exanple is simlar to
exanpl e 50 except now the cable in the subquery corresponding to the
interfacewhidmes i s TI ME SHEETS. The only difference is thafyENRALEIYEES is
outer joined to TI ME SHEETS and then TI| ZE SHEETS is outer joined to

ASSI GNVEI vTTS. Therefore, the added criterion uses ROND of the ASSI GNVENTS
tabl e rpsh@bmplan the TI ME~-SHEETS table as in exanple 50. For exanple,
SELECT enp_seq FROM enpl oyees a WHERE e. hiredate NOT IN (SELECT rpt date
FROM assi gi unents a, tinme_sheets t WHERE e. enp”“seq = tenp-seq AND a. enp seq
= t.enp_seq AND a.proj seq =t.proj seq AND t.proj seq = 1) can be
transfommed to SELECT e.enp seq FRO ~i enpl oyees e, assignnments a, tine

"~ sheets PEWFERE RRAM datusdist t. xpt date(+) AND e.enp seq = i.enp seq(+} AND
tenp seWHERE etapussadyOH)INSBLEGI pptasieq = a. proj seq(+) AND t.proj seq(+) =
1 AND a. ROW BRGMmitbjects P, askighniedtd omi ng correl ated exanple illustrates that
an aggr egat e WHERGDA poatse Esig_}slg}_saq possi bl e transl ation. For exanple, 3

WO O1/ 93105 Wﬁlénﬁ: RiQsest Hy S ':E%;rpﬁ date 1N ( SELECT

MAX(M N(i pt date)) FROMtine_sheets t WHERE -t. pfoj~seq = p.proj seq GROUP
BY enp seq HAVING M N(t.ipt date) = p.start date) would have to transl ated
| NCORRECTLY to PCT/ US01117171 SELECT k FROM projects p, (SELECT pr of seq,
M N(i pt capdtedyanstormed fmx(M N(rpt date)) colt FROLVI time~sheets t GROUP BY
enp_seq, proj seq) x WHERE p.proj seq = X.proj seq AND p.start_date =
x.coll AND p.stop date = x.col 2 However, such an SQL will not conpile and
shoul d therefore be avoided. 54. The follow ng correl ated exanpl e

i 11 ustrgkgpcirhat Fﬁo_w?&aﬁ@tﬂ@étis,tpa-g%e{srp?hs%iglﬂ{bnfsrd terion and aggregate is not
a possi Gerkk ANGHAL Ranfspry exanpl e,

AND p.name(+) = ‘EXPLAIN SQL: DEVELOPMENT’

AND a.proj_seq(+) =p.proj_seq

AND 2.ROWID IS NULL

In the subquery, uniqueness is guaranteed on the intermediately joined table (alias ”p”” in this
case since p.name is unique). At most 1 lowest level child in the join order can be non-unique, alias
“a” in this case. The join order is alias “s”, then “p”, then “a”.

23. The following correlated example may be rather complicated. It should be an outer-join
because of the NOT IN operator. However, the problem is that both aliases “e” and “a” are
correlated with the subquery. The subquery should be mergable because the subquery contains only
1 table so we do not need to guarantee uniqueness.

For example,

SELECT * FROM employees e, assignments a
WHERE e.emp_seq = a.emp_seq
AND e.emp_seq NOT IN
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SELECT * FROM assi gi unents a WHERE a. enp_seq |IN (SELECT enp seq FROM ti ne
sheets t WHERE t.proj seq = a.proj seq AND a.start_date > t.ipt~date GROUP
BY enp_segg;—@,\/;_}%{@ MAX(i pt date) < a.stop date) woul d be | NegEFBESI171
transformed to 70 WO 01/9310s PCT/USOL/ 17171 SELECT * FROM assi gnnents a,
(SELECT enp_seq, proj seq, ipt date, MAX(rpt date) coll FROMtine_sheets t
VHERE t . pr oj (SEOECT a.epiposeqslROMNDn. sifcatstt- date > t.rpi date GROUP BY enp
seq, proj SeqVHBRE 838, seqX WiEREe@. enp_seq = x. enp_seq AND a.proj seq =
X. proj seq ANR8¢, taﬁtéda§§$?E%§}2 date AND a.stop_date > x.coll The
probl em here I s that because of the non-equality criterion "a.start date >
t.rpt date", the T. RPT DATE wll have to be noved to the SELECT |ist as
- well as the GROUP BY. However, the aggregate can not also be noved to the
SELECT |i st dibasebqueryicqn neidisr be nletg?% Ty gy el becayse phithe gerrelafien pptrigi Ifither ow
be equal to RPT DATE. ~ 5. The follow ng coil elated exanple al so
i1l ustr atiegietiatcoanlaggr @gatie aofl iagehce galuenis Srefepéncp asstebtiant sraen sy imtthen.
For exanple, SELECT * FROM assi gi unents a WHERE a. stop_date I N ( SELECT
MAX( M N@ﬁl%tlll@ﬁfg@ulﬂgf BQ%&E%E S8R Ripped\EMEs base 1R 0rR @OrrElafoPéfbri AR
19 Be TN 5 SELECT "~ FROM

BY enp seq) wou CTLY transforned to assi gments

A R G S S S R ek e R

a.proj seq = x.proj seq PCT/USOL/ 17171 The problemis that gou. cannot have
a scal aitransiomathesyogusgaitles toanstommai@m worldiend up vwait TIME SSHBRTS being outer-joined

~

to more than 1 table which is not valid.

The above SQL statement would thus be INCORRECTLY merged to:

SELECT * FROM employees e, assignments a, time_sheets t
WHERE e.emp_seq = a.emp_seq

AND e.emp_seq = t.emp_seq(+)

AND a.proj_seq = t.proj_seq(+)

AND tapt date(+) = ‘20-FEB-94’

AND t.emp_seq IS NULL

and is INCORRECTLY moved to

SELECT * FROM employees e, assignments a,
(SELECT t.emp_seq, t.proj_seq, 1 coll FROM time_sheets t
WHERE t.rpt_date = ‘20-FEB-94’) x

WHERE e.emp_seq = a.emp_seq

AND e.emp_seq = x.emp_seq(+)

AND a.proj_seq = x.proj_seq(-+)

AND x.coll IS NULL

Both of these cases result in an illegal outer-join and should be avoided.
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The follow ng further lists the ways the present systemuses to optim ze
a~.1 SQ staterrent by generating alternative SQ statenents, after the
opti m zat i % has been selected by system or user. Thﬁcfyluggl/]fwﬁ t he
optim zatl on goal should be included in each SQL staterrent transformation.
The systemw || determne all transitivity's in the non join criteria,

det er mi ne al24j oTkisaroteisedaxhngt ds Finmdaratb| exiatngles A8 iimusdsasdlg dbye. Through
transformations. Non-Join Transitivity's Briefly, Iooking at the follow ng

query, Rhhdishty' thE R ER] PHESRIMIhe AisthABARMA & shbivIth SHEFIS2T o\WilERRowing
e.enp_seq = a. errp seq AND a.enp seq = tenp-seq AND a.proj ‘seq = t.proj seq

T thi inﬁﬁlgﬁ%t%em% HEErn PRSI EhECaRle ) Bhiaben e S epponierss

interfaced to "a.enp” or "t.enp-seq” just as well as the original whichis
"e.enp Qecfiampd!%r systenms will not recognize this. By switching to

- "a.enp_seq" the present systemallows the database to utilize the

concat enat ed Fo£ eyaniglélae ongiAGSHAYaNTiSexafdple 2¥EDBd f@k@smned14:US01/ 17171 An

alternative transforn~. ation would be to change "e.enp seq" to "a.enp_seq"

(l'ine 5) as follows: 1 SELECT * FROM enpl oyees e, assigments a,

time_sheets t 2 WHERE e.enp_seq = a.enp_seq 3 AND a.enp~seq = t.enp seq 4

AND a. pr . roj.seq 5 AND a. e seq I N (SELECT enp-seq FROM
depende§%§E§e[qmﬁE§éﬁ§P’]é‘my8ﬁS%W%TES nce the operand, "e.eznp_seq" can
be repl ¥CEERF & #np k6] oL ¥EI ues, the SQL can be witten tluee ways (one
for the ANDgiengl_santd (TN f or t he nunber of different values that can
replace "e. ePEEEQT)t.eMpl tdqFROM Tiae- Sadets tTransi tivities The fol | ow ng
descri bes hovmimx&t &Ny aﬂq;@]ss ltiple non join transitivities. For

exanpl e, gi V‘NNE)*E St g@)e@? SELECT ~' ~ FROM enpl oyees e,
assi grments a, sheets t V\HERE e.en zp seq = a.enp_seq 3 AND a.enp

seq = tenp seq 4 AND a. prol seq = t.proj-seq 5 AND a. pro~ seq = (SELECT

pr oj seq FRO\/I pr 01 ects 6 WHERE nanme =' EXPLAIN SQ.: DEVELOPMENT') 7 AND

e. enp” s &GN ‘éﬁw‘@a@éam dependents 8 WHERE rel ati on ="' SPOUSE' )
The two operands 'a.proj seq" (line 5) and "e.enp-seq"” (line 7) in the two
different non join 73

SELECT * FROM employees e, assignments a, time sheets t
WHERE e.emp_seq = a.emp_seq

AND a.emp_seq =t.emp seq(+)

AND a.proj seq = t.proj_seq(+)

AND t.rpt_date(+) = ‘20-FEB-94’

AND t.emp_seq IS NULL

25. The following correlated example deals with the scalar operator, “=". This example
shows how transitivity in the subquery may be used to determine the subquery is scalar; e.g.
“e.emp_seq =t.emp_seq=a.emp_seq”.

For example,
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WO 01/9310s PCT/USt) 1/ 17171 criteria can be replaced wth equival ent
colums. G her systems wi Il not recognize this. However, the present
system by sy ? ‘e.enp-seq” (line 7) to "a.enp seq" V%éi/U?dthWlt he
dat abase to u{ I'ze the concat enated | cey i ndex on ASSI GNMENTS. The
criterion with "e.en ip_ seq" is the sane as the |ast exanple. The pr esent

syst em g@aE@T SEFREM @66 shaetPf Yroje@dp (l1ne 5) with "t.proj seq”. Tlus means
t hat t el ? X 3) different SQL statements that can be
used (%%?PI‘% I%Qé q}nél%}ﬁe% the original values). Milti-Colum Operands
Wiat a é@é ds. that include multiple colums? For exanple: 1 SELECT r
FROM enpl oye IshiredatesFRPYL employpgsREassieapsn®dq = s. enp_seq 3 AND
(s.enp_seq, VBEREwpoesentae)proiNsel (SELECT enp seq, max(effective date) 5
FROM sal hi smesltn}ﬁsé&EREngyf feecti ve_date <= SYSDATE 7 GROUP BY enp_seq)
The criteri OAND cemp_Seft- templdeqpti ve date” (line 3) represents the non

" join CI’I terion where tranS| tivi ty s can be applied. Since the join clause
says "e.enp_seq"” and "s.enp_seq" are equivalent, there are t vo options for
t he non o operand. The first is the original and the second is
to repl%@g&ge&ans 1megqothh "e.en ip-seq". The question is whether tlus
shoul d be done at all. The reason for the question is that both columms in
the operand reference the sane table, and there is a concatenated i ndex on
both columms. Even if there were only a single colu ixul indexes on both
col uMmsSEZBCT ANROM @32 OsheBET/piSedts b, /dnfdlofdee epmpsigaments anot to worry and

j ust adWHEIQE@ rseqmpjﬁﬂa§ st® the operand, and add a corresponding
CI)lllllladlnjp1 teseliﬁﬁEdeltéSt as follows: SELECT * FROM enpl oyees e,

sal _his m X eq = s.elnp_seq ANA "(e.en zp_seq, s.enhseq,
s. effec I]-e "p]g CT "enp seq", enp_seq, max(effective date) FROM
sal _his €%ti ve_date <= SYSDATE GROUP BY enp~seq) ThlS

S1l 11ph e?%_%(?%f’l@ﬁ_s&ﬁd | ets the database decide which to use. OR ed
Non-Join Criteria Wiat if OR ed criteria exist in the query? If a non join
criterionis OR ed to any of the join

26. The following correlated example deals with the set operator, “IN”.

For example,

SELECT * FROM employees e
WHERE emp_seq IN
(SELECT a.emp_seq FROM assignments a, time_sheets t
WHERE a.emp_seq=t.emp_seq
AND a.proj_seq = t.proj_seq
AND a.proj_seq =1
AND t.rpt_date = ‘20-FEB-94")

could be transformed to
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criteria, the transitivities due to the ORed join criteria can not be
used. The only transitivities that can be used are those that are AND ed.
The foll oy illustrates a query with an OR but noti 1 of
the join ‘g@;(??le/ﬁ% are AND ed to the non-join criterion. SEEgrcéillgglz”@RO\/l
enpl oyees e, assignnents a, tine sheets t WHERE e.enp_seq = a.enl p_seq AND
a. enp Sear BECrenPROSAANByRedY, Qisigififknts 4, tMlCkheifd AND (e.en 1p seq IN
( SELECT: eq g(a%ﬁ;bgg s - WIERE -relation="SPOUSE') ORt.|pt date
= SYSDAlRys O) - ~ PCT/I1 S01 /17171 The fol | owing SQL does
not use r &t ReStls E‘%n%psggi fy the precedence of the criteria. The default,
wher e ARDIS &PETS6AFCrRRSHEf ore ORs, is used. 1 SELECT ~r FROM enpl oyees e,
assi gnmAhtsa.grojtsefs kheets t 2 WHERE e.en yseq = a.enp seq 3 OR e.enp seq
| N ( SELETD trpp,dsizg= FRENEBePendent s 4 WHERE rel ati on=' SPOUSE') S AlWa. enp
seq = t.enp_seq 6 AND a.proj seq =t.proj seq In this case the only join
“criteria that are AND ed to the non join criterion are in lines 5 and G
The transitiyit ; = ¥ ot _be u i nce
none. of the 1 5i 1 EroN Gy ERRAET et T iE Hin e At R PPl A10.50 B
reference "e, erg?. s.eg", there are no %}r mei tive val ues. Quter-Joinsg Wiat if a
11011 j SUTSRtopictitsriadpvadygsande thn onRehths tahies 1 thesmbgquesy-nl this caste ‘tquisieyacahe
next exanple illustrates: SELECT a~ FROM enpl oyees e, assignnments a, tine
sheet s te. \\WEREe enterfpcesteghe sshquary; sleeg(“t)” canBlatesenigh $87) via the PROIs SHQ+olND
a.proj seq =t.proj seq(+) AND e.enp,seq IN (SELECT enp_seq FROM dependents
VHERE T Blabitiofty TaSBEPhlitd Sb Meecdtat@iOWith Ot ved bét8IthoPROY_SBESIHdOPMPASER!
operand on "e.enp seq”, and there are no join criteria whéere the equival ent

col unm j r non-out er - gi. ne bl.e, (there.are no transitive values. 76
wo o1/ §3uhE TR Al ISR Ealin ShEE & TrdlelERr s om ¢ he

previ ous. SELECT * FROM enpl oyees e, assigments a, tinme sheets t WHERE

e. enp_s@@f’ @—;‘aalpé%p seq AND a. enp, seq = tenp”seq(+) AND a.proj seq = t.proj

seq( +)

SELECT * FROM time sheets t
WHERE t.apt_date NOT IN
(SELECT hiredate FROM employees e, assignments a
WHERE a.proj_seq =t.proj_seq
AND e.emp seq=a.emp_seq
AND e.emp_seq = t.emp_seq)

can be transformed to

SELECT t.* FROM time sheets t, employees e, assignments a
WHERE t.apt_date = e.hiredate(+)
AND t.emp_seq = e.emp_seq(+)
AND t.proj_seq = a.proj_seq(+)
AND temp seq=a.emp_seq(+)
AND (a.emp_seq IS NULL OR e.emp_seq IS NULL)
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AND e. enp”seq I N (SELECT enp_seq FROM dependents WHERE rel ati on =" SPOUSE' )

PCT/ US01/ 17171 In tlus exanple, TIME SHEETS is the only outer joined table.
Therefore '6'01%3'1(% exanple, the tr ansitivity "e.enp seq = pefRfhupOth1 can be
used but ¥ e.enp seq" can not be equated to "t. enp seq". Transitivity of

Si mpl e Non- J0| n Criteria The following query will be used to explain this

concept. 1 SEhiEQTa”'"11d:‘mcejm16ﬁyt6€S’ separgee Akasy bR mthedd YWdEIId 18 NUIDL 366 non-
d en ~p seq 3 AND "d.eillp-seq = 1001" The non join criterion is "d.enp_seq

= | 001" lﬁlpdé)'l‘%cﬁﬁnmgf% élﬂaﬁl@%n@@g@?ht&%ased on the join criterion, the

guery co Fewritren as enpl oyees e, dependents d WHERE

e.e~np seq =_d. AND "e.en, 1p = |1 001" Now the non j.ain crlterlon
i's on the Ewﬁgoﬂﬁé‘sﬁaww coptplated gy anle RO LASERR BEBIEEAP PRINT RS BSOS Pl
considered to be a single colum operand with transitivity with two

possi bl submbryesith TIGRGUPIBY tlaust Non-Join Criteria and Nested Sel ects Tlus
" is one area of single colunui transitivity that can be very beneficial. If
the nestkgfegpigt does not have GROUP BY syntax or aggregates in the select
list, and there’is a non join criterion in the main query that references
one of the J oin colums, the nonj oiiz cr iter ion could b a noved to the
nested sel ect. For instance, the non join criterion is "e.enp_seq BETWEEN
1001 and 1010" line 4). 1 SELECT »* FROM enpl oyees e, 2 (SELECT DI STI NCT
enp_seqs %Bﬁﬂ@ﬁ@s&BWPBSmHERE e.enp_seq = x.enp_seq 4 AND "e. enp seq
BETMEENVQHEREaﬁﬂmHNﬁQdMWTNBecause of the join criterion and transitivity,

t he query calSBEECEWAN(gmtamtd)ROMessifith&(ffa~" FROM enpl oyees e, (SELECT
DI STI NCT enp wmgﬁﬂﬂﬂaMmgeﬂgnd@ahﬁjwﬁERE "enp-seq BETWEEN 1001 and 101 0") X
WHERE e. enp_seROTPBO R ggbAND e.en ip-seq BETVEEN 1001 and 1010 The poi nt
is not to consider tlus to be a single colum operand that can take on

mul tiple values, but to sinply duplicate the criterion in the nested

sel ect .
can be transformed to

SELECT * FROM sal_history s,
(SELECT DISTINCT emp_seq, MAX(start_date) coll FROM assignments a
GROUP BY proj_seq, emp_seq) X

WHERE s.emp_seq = x.emp_seq

AND effective date = x.coll

29. The following non-correlated example illustrates transforming an aggregate into an
aggregate of an aggregate when the subquery is moved.

For example,

SELECT * FROM assignments a
WHERE start_date < ANY
(SELECT MIN(pt_date) FROM time_sheets
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78 WO 01/9310s Driving Tables PCT/USOL/ 17171 Ther a can be queries with
non j oin criteria that ar a not indexed. For exanple, there is no way for
an index §&MG4314s0 start the query. There can be queries thafysaPaMe

i ndexed non join criteria. .And finally there can be queries with no non
join criteria. Another inportant consideration is whether the join criteria
are ilidexedGROUPRY pidegq) All this nmust be considered along with what the
optim zation node is. Note the non-join criteria referenced bel ow i ncl ude

t hose where one operand is a subquery. Also note the potential driving

tabl es shquld b d&%erm ned for all subqueries with nore than one table as
wel | ascaf’ﬁ’(?t’r?ﬁﬁfr%“a f. 1f Non-Join Criteria Exist Determining a driving

- table is based on the optim zati on node being used. FIRST ROA5 If the

opt i m zZALBAT FFROMsassighnteotsial RST ROAS, then for tabl el view or nested

sel ect in FrGBRLEGLNAXMBI(ntsdaef cald FROMrtimeisheds t abl e), count the nunber
" of indexed NPROUP B pidj &depx and non indexed non join criteria. If the

tabl e h@q{ﬁijg.s{aﬂd@ﬁ@&il 1 join criteria, then the table can be used to
drive the query. Tf none of the tables have indexed non-join criteria, then
the potential driving tables are those with any non-indexed non join
criteria. ALL ROA5 If the optim zation node is set to ALL ROA5, then for
tabl e/view or nested select in Fromclause (that is not an outer | oined
tabl e), just3Golhe fellnaving speelastl example 1Bistragasiwheni sasubaney Haterfaeed cthegigh an
not. The potential d~.-iving tables are those with any 11011 join criteria.
(The coopwratyt lilte ‘BeAMELahabtee tiansfdahed.m ning the join order.) 79 WO
01/9310s PCT/ US01/ 17171 The followi ng SQL statenent will be used to

illust r?‘&%x%%hﬂa optim zation node transfoiznations. SELECT = FROM

enpl oyees e ependents d, assignnments a WHERE e. enp_seq = d.enp seq AND
e.en Ip seq = a.enp seq AND I nanme |like "SM46 AND fiiame = " ED

SELECT * FROM assignments a

WHERE start_date < ANY
(SELECT MIN(rpt_date) FROM time sheets t
WHERE a.emp seq =t.emp_seq
GROUP BY proj_seq)

would be INCORRECTLY transformed to

SELECT * FROM assignments a,
(SELECT emp_seq, MIN(rpt_date) coll FROM time_sheets t
GROUP BY proj_seq, emp_seq) X

WHERE a.start_date < x.coll

AND a.emp_seq = x.emp_seq

This transformation is incorrect because the subquery is still a set, not a scalar as required.

e.g., per EMP_SEQ, there are still potentially many MIN(rpt_date) values due to the GROUPing by
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AND relation = “SPOUSE' For the above SQ., if the optimzation node is

FI RST ROAN5, EMPLOYEES can be a driving table because of the indexed non
join criteyd 4 NAME (we can forget about the fact that FENAVE,d s Pant of
t he concat%ed?lg}/e 01 ndex). The non join criterion on RELATI O\I&tﬁs not 1 ndexed
so DEPENDENTS can not be a driving table. In addition, there are no non

j oi n crpREJ ISEQNERAIF ENEDT éyélEIQth HhRahY GROEGP BY YaRQ! &@tttaﬂéfoﬂﬁétvdmoﬁlgb' e
is EMPLOYEES. For the above SQ., if the optim zation node is ALL ROA5, both

EMPLOYEE DERPENDENIS,can b riving..tabl es because.t bot h. have non
ot n_crnapr g R e e edfie EabnibBhubt Ve liusai ety st e niR
thus can not be a driving table. If No Non-Join Criter is |If there are

* absol ut®@ the RELRE6A shpnd weking thepgersafe.sad pagegnte pkan agaregpichYhativiaved end with
referential integrity, or thAigh the user join (where the side using the
~uni que thad@axai siotdtienpdastdlarsinden agpdgitbef si ferrvgdid) t he non-uni que index is
the child side), then the driving table should be the top-nost parent. And
t hat shoul d - ﬂn@lr{,v ROME ey ' E
exanpl e, ass‘gﬁl‘é&@hggg&#@arllﬁ ;be er eﬁ‘& al 1At egrP’tqﬂ%qeghtéﬂsea&?%la{ﬂggﬁ%Gg%ﬁ%l e:
SO 01/931(1S PCT/ U 17171 SELECT ~° FROM enpl oyees e, dependents d,
assi gnriehfign Eﬁﬁggt.lé%eq = d.enp seq AND e.enp_seq = a.enp_seq The

j oi n between EMPLOYEES and DEPENDENTS uses a uni que i ndex on the EMPLOYEES
si de and a niter-exainglee theruehecoDEFENDENTS Y itdesfomaebtodi ngl y, EMPLOYEES i s
consi dered the parent, and DEPENDENTS a child. The join between EMPLOYEES
and ASSI GNMENTS uses the uni que index on the EMPLOYEES side. However, there

i's no igeexct A MRORPShAWYIENTS side ( there is an index including EMP SEQ
but t t | ' T t -0n, . Un- | ndexed , | oi
Criteria® w Wﬁ%@%ﬁ#@%@@ TROFHIE et L ore for the exampl e

above, EMPLQ only candidate for driving the query (though
you' | | %@ER%C@H’@—?%WX§B¥PLF% t hat ASSI GNVENTS, due to the lack of join

i ndex, AW ahisedate<deabli dered a potential driver.) Wat about a query where
nore than one table can be considered the top-nost table? The foll owi ng SQ
illustrates. SELECT * FROM enpl oyees e, dept history dh, departnents d
VWHERE e. enp_seq = dh.enp seq AND dh. dept seq = d.dept seq In this case,

bot h EMPLOYE | <l ! : 1
oL ENPLOYERS: f0 BEROSEMENDS, B1c0BAGE0NS. Sl AR ntd FRERSm460L 018K

rpt-date less than e.hiredate but another rpt_date greater than e.hiredate. In the original query, the
subquery with MIN(rpt_date) will return the first data as on of the rows. However, in the above
query, the subquery will return the maximum.

31. The following correlated example is an excellent example where the subquery can not

[T 1)

be moved because of the correlation criteria using the “<” operator, instead of the operator.

For example,

SELECT * FROM sal history s1, employees €
WHERE e.emp_seq =sl.emp_seq
AND sl .effective_date =

(SELECT MIN(s2.effective_date)
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81 WD 01/9310S Un-Indexed Join Criteria PCT/US01/17171 If a table's join
i's not indexed, then that table is a candidate for driving the query if the
optim zat qp is ALL ROVpS. Note that the table can drpapugndds RONS
guery even |? the tabl e doesn't have any non join criteria whereas ot her
tables do. If the optim zation node is FIRST ROAN5, a table like this is not
consi der ed ufFREM sah@istorgrsg non-join criteria on the table. For exanple,
use the preVIWHgRIEOé@rﬁp qugs\glegq) @5 ority to tables with indexed criteria.
The fol | owi ng g% at'[ Ms{ﬂ LECT ~' ~ FROM enpl oyees e,

assi gi nnents a prol ec -a p 0j _seq = p.proj seq AND e.eznp seq =
a.enp seq ASSI GNMENTS in the above query does not have an index on the
"a.proj seq". Therefore ASSI GNMENTS is also a candidate for driving the
query in ALL ROA5 optim zation node. Quter Joins If a table is

ottt ei - onldéet, INGORRBUIH Yntodnshemedéal as a driving table. Accordingly, as
"illustrated in the follow ng exanple, even though there is a non join
criterion on DEPENDENTS, DEPENDENTS still can not be used to drive the
query. SELECT a' FROM enpl oyees e, dependents d WHERE e. enpJseq = d. enp
seq(+) ;,t I ;ﬁ ]%1 : 5 WD 01/ 9310s FROM O ause Nest ed
Sel ects Iﬁtg%ol’ n’g wi !l illushate the problemw th
outer joi ns FhEMReAe? gﬁgﬁ%fg‘?ﬁﬂ&%@?e&/"?% a non join
criterion, @Mbgldisforysgul d always be a dr ruing table. In fact, all
nest ed SELEC‘[’.ﬂi(f)H?d’tB‘érSZanmg'seqosﬁ effegtiveidatd xare joined fir st, whet her or
not theWHEBRE erdip jscEx.chip sefia. In the foll ow ng query, the best plan
occurs Wnanst bfecsivbques =qsofir € j oi ned first, thereby driving the sel ection

of the l&bﬁﬁ@ﬁlh@@z{te&%@&fééﬁvmra% efficiently. This is discussed nore in the
ORDERED Hi nt section bel ow™ SELECT e.enp seq, e.lnane, e.fnane, s.sal,

d. dept ~seq, j.job_seq FROM enpl oyees e, sal _history s, job_history j dept

history d, (SELECT en ~p_seq, MAX(effective date) col | FROM s al. histary
GROUP BY enpOdgdiy:tp makea correct transformation would be to move the table that 5 11Tvolved in'the

non-equality correlation, into the subquery as follows:

SELECT * FROM sal_history sl,
(SELECT e.emp_seq, MIN(s2.effective_date) coll
FROM sal history s2, employees e
WHERE e.emp_seq = s2.emp_seq
AND e.hiredate < s2.effective_date
GROUP BY e.emp seq) x
WHERE sl.emp_seq = x.emp_seq
AND sl.effective_date = x.coll

The solution is to move the EMPLOYEES table into the subquery, and then move the
subquery.

32. The following correlated example is a scalar subquery without an aggregate.
For example,
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(SELECT einp seq, MAX(effective date) coil FROM job history GROUP BY
enp_seq) x2, (SELECT enip_seq, MAX(effective_date} coil FROM dept history

GROUP BY o5834ds X3 WHERE e. enp_seq = s.enp_seq AND e. en-§88nm77i7-
enp_seq AND e.enp seq = d.en zp seq AND s.enip seq = xl.enp seq AND
s.effective date = xl.coll AND j.enp_seq = x2.enp-seq AND j. effective date

= x2. cOSELEMP *dRORPs3 Gfistory’s3- emp_seq AND d. effective date = x3.coll Views
| deal | yyHipYer § &g,lp [ﬂ}oul d"check the view defnution itself for non jour

criteria, as E“ E‘\%%ﬁﬁ%{ taészungthe view If the view definition
contains a Vﬁﬁ% il eIPB X? sively check the views. One level is
enough and o FORSEY “15eF 0 5¢Dhat i s needed. Also |ceep in nind that
the s3 WO 01/93105 view nay be a join of nmultiple tables. PCT/Li S01/17171
To sinmplify the process, consider the view as a potential driving table.
.loin Orders Before deciding on the j oin or der, the system needs to know
' when a ¢ beltankforied teXxanpl e, what are the potential driving tables/views
or nested selects in the Fromclause. (See Driving Tabl es above.) The
ORDERED hint will be used to specify the join order. First, for the SQ
staterrent that we will specify the join order fox, test it wthout an
ORDERE nt. For exanmple, this will be the first pernmutation (wth no
CRDEREDSWFE‘F st"eBR @M Safﬂ@“@%ﬁ“}ﬁ&)’ﬁ@ﬁt%tl ons v~ill be based on the various
dr i vi nHERE es fiettite defee clerddded on. If a SQL statenent has two tables

t hat caANdrs.septdeg =qeieny,sethen there will be at |east tluee peixnutations;
the original and two |1 SIIlg the ORDERED hint wwth the different driving
tabl es. Piclc one of the drivi ng tabl es. Looki ng at the hi erarchy bet ween

t he objects e ncount er. e
"most" non jéo?iqnh(l::%rflof eri & ‘Z‘*f“"é* e%?ﬂ@!% %{%}@Q Qn %%Ete lec %ﬂgcff‘fmpée §J51
criter js if they exist, otherwn se non- |ndexed non j 0|n crlterla and ALL
ROAS | oBRWeY&sin ,ﬂae exapple thgees Adstitions] ¢Presiation eTiterion e eolamn At admigygikey.
After all the objects are joined with non join criteria, the other joins do
not mat This maydedmponintowleatiealugrwidt caredated subljosréest thbi i8 shat Teecobel dtionicrigeria
exanples will illustrate. Exanple 1 The exanple below is for ALL ROA5

opti m zgfdr R PRELUNEHkey MehOIH3REYhould utilize the “=" operator, and the operator used for

additional correlation criteria doesn’t matter. In this case the -correlation -criterion
“t.pt_date>=a.start_date” is not part of the unique key.

For example,

SELECT * FROM time_sheets t
WHERE rpt_date <
(SELECT stop_date FROM assignments a
WHERE a.emp_seq =t.emp_seq
AND a.proj_seq = t.proj_seq
AND tapt_date >= a.start_date)

can be transformed to
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PCT/ USOL/ 17171 SELECT e.'" FROM enpl oyees e, tine_sheets t, projects p,
(SELECT enmp seq, MAX(effective date) colt FROM sal history s WHERE sal >
100 GROUPRYogb%105€d) X WHERE e.enp_seq = tenp seq AND t. ppei/ 86017170 Pr o
seq AND p.nane = PAFO AND t.enp_seq = x.enp_seq AND t.rpt_date = x.col |
There is one non-j oin cr iterion on PRAJECTS and one for the nested

sel ect. s‘EtLeE(IwefaR();\kmnﬁ@rshéelm§agg@mhgg s shown in Fig. 10. As shown in
Fig. 10,whiER. [%&wag@gl &hs the nested select as a child of EMPLOYEES.

Tl us wor use we lalow that SAL HI STORY is a child of
EMPLOYE 'Fh%ng Sé(% §%ﬁlprrg&€hows that the relationship is via transitivity,
as wll FAPOLAE T 4B%%+5%8ed | ater bel ow. Because of the transitivi ty, if

PROJECTSMNY tapic R~ $1#6 495 ving table, we would want to join in the
direction of the nost non join criteria. That neans v~Te want to get to the
_nested select as quickly as possible. Therefore the join should be:

PRQIECTS -> BUMELSHERWmg corftefddstas Ele&ﬁﬂhzesﬁ SENRLSP¥RES? 10 Irfterfab€a SRR @LQﬁE@lEFeCt
is picked as the driver, the join should be: nested select -> TIME SHEETS

- P.RQ] i s M:){eﬁn;slﬂ:s%al dﬁeut%'?ﬁe Q%egta&aatndq'}o G}EBWF@E%SCF' f[erl ain the

previ ous wer e also 1 ndexed, sane ss join orders
woul d be. used. Exarrpl e 2 PCT/ USOl/ 17171 The follow ng exanple is for FIRST
ROW or AL CE&sgEe optim zati on anodes: SELECT ''"~ FROM enpl oyees e, (SELECT

DI STI NCT enp_seq FROM dependents) x WHERE e. en~p_seq = X.enp_seqg AND e. en
~p_seq BETWEEN 1001 and 1010 The join criterion between EMPLOYEES and the
nested sel ect are indexed on both sides. However, since the non-join
criteri QgEIH©ODk le\/[cg,l,ﬁij ted in the nested select (recall the section
above ongiyrRshiddut then both objects can drive the query. Exanple 3

Thi s query | u optim zation node. This is
t he standard aﬁgﬁgj@ﬁ gg?five ﬁgte f:g Sa@HStO oi nt here is that the non
join criteria CotieP-5F4 tﬁ #ands in each criterion is a subqueiy.
Since the other operand in each case is indexed, these are considered

i ndexed non-join criteria.

can be transformed to

SELECT e.* FROM employees e,
(SELECT emp_seq, MIN(effective_date) coll FROM sal_history s
GROUP BY emp_seq) x

WHERE e.emp_seq = x.emp_seq

AND e.hiredate > x.coll

35. The following correiated example illustrates correlation in a HAVING clause. The
solution is that the HAVING clause becomes a criterion in the surrounding query, and the local item
compared in the correlated criterion should appear in the SELECT list of the subquery. It should be
noted that another syntax to check out will be where the subquery has no GROUP BY but does have

a HAVING clause.
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SELECT e.enp_seq, e.lnane, e.fnane, s.sal, d.dept_seq, j.job seq FROM

enpl oyees e, sal _lustory s, job history j, dept history d WHERE e. enp_seq =

S. enp_seq ,Seq = j.enp_seq AND e.enp_seq = d.enp

o of f oot i WO T SE oy MAX(aT fect i ve date] FROM sal mi‘?ﬁ’%}ﬁ‘”@"%‘a WO

01/ 9310 WHERE s. enp~seq = sl.enp_seq AND effective date <= SYSDATE) AND

j - ef fectdreadpice = (SELECT MAX(effective_date) FROMjob history j 1 W-~ERE

j.emp seq = j1.enp seq AND effective date <= SYSDATE) AND d. effective_date

= (SELECT MA~Y(effective_date) FROM dept history dI WHERE d.enp_seq =

dl .enp seq AND effective date <= SYSDATE) PCT/USQOLl/ 17171 The hierar chy for

tlus exanple is shovmin Fig, 11. The dotted lines r epresent the

transi t3IECH*IROM eioplopeesis one of the history tables has an iil dexed non

j oi n crwEHEHRBNOT BRYSTHN be joined directly. Therefore any of the history

tables can bGERLBUIT ¥bitg deqPROM bb@githéites alihe jsRidk Or ders, besides the

" default, arevyagepkeld secdBh ol SEGRY - > DEPT H STORY -> JOB HI STORY ->
EMPLOYEES or A&ff E“‘FF (32 ]i, H'STORY -> DEPT HI STORY -> EMPLOYEES or
DEPT HI STORY '\t GAL THESTORY P4 0B HI STCRY -> EMPLOYEES s7 WD 01J93105 or

PCT1US011171 THPSTORYPSSH0B HI STORY - > DEPT HI STORY -> EMPLOYEES or

JOB H STORY - P HABIOREPY- > S AL HI STORY -> EMPLOYEES or JOB H STORY ->

SAL HI STORY ARG MINSrgRYdate) <EviBEO¥isES Exanpl e 4 Now, what if the

subqueries in exanple 3 were noved to the FROM cl ause? Now t he nested

can be translated to

SELECT * FROM employees e,
(SELECT a.proj_seq, a.emp_seq, MIN(t.rpt_date) coll, 1 col2
FROM assignments a, time_sheets t
WHERE a.proj_seq = t.proj_seq
AND a.emp_seq = t.emp_seq
GROUP BY a.proj_seq, a.emp_seq) X
WHERE e.emp seq = x.emp_seq(+)
AND x.coll <e.hiredate(+)
AND x.co0l2 IS NULL

36. The following is a correlated example where the operator is the NOT IN operator and
there are non-equality correlation criteria. The system should notice that it doesn’t have to move
another copy of the EMP_SEQ column onto the GROUP BY clause because it is already there.

For example,

SELECT * FROM sal history sl
WHERE sl.sal NOT IN
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sel ects can possibly drive the query. It is assuned that this is an ALL
ROWS opti m zati on node. SELECT e.enp_seq, e.lnane, e.filane, s.sal, d.dept
seq, j.jo ,@@ﬁ odiROM enpl oyees e, sal _history s, job_hist oryCT/USm:ﬁgnhl story
d, (SELE p seq, MA~(effective date) coil FRO\/I sal _histoiy WHERE

effecti ve_date <= SYSDATE GROUP BY enp_sec~ x|, (SELECT enp_seq,

MAX( ef f ect i VQSggE@T Mg{] sal BQ@M@Q | Bis®hrPEY V\HERE effective_date <= SYSDATE
GROUP BY enp”ggfh e psg\eq1 I\/AX( effective date) coil FROM

dept _history et}f @gff TE GROUP BY enp_seq) x3 8s WO
01/ 9310s V\HEﬁgfﬁ;?E ﬁ s) e enp~seq = j.enp seq AND
e.enpseq = d: S¢Venp s seq = xl.enp seq AND s.effective date =
xl.coll AND j.enp_seq = x2.enp_seq AND] effective date = x2.col 1l AND
d.enp seq = x3.enp seq AND d. effective date = x3.coll PCT/USOL/ 17171 The

| eer ar cehie fronsformiei texanpl e is shown in Fig. 12. Note that then a are
"transitive j oin criteria between the historical tables because of the

transitivity of EMP SEQ For exanple, since "s.enp seq = x| .en ip_seq",
and "s.enp~seq = e.enp~seq”, and "e.enp seq = j.enp'seq", and "j.enp”seq =

X2. enp e eq = x2.enp seq". In addition, note that

t here a%ﬂ?&ﬁgnfgg%?é?]l—{“émggfor the history tables, just the nested

sel ects f qOpR SEA ﬁ%?@%éﬁ?é@%@ﬁl G?ﬁ{vé"?lﬁe query. |In any case as
ment i oned aboWROM s#_lristopest to the dr iving tables, the nested subqueries
in the FROM cGROSE Barnemp way setleetias tatey 8. Now we have even nore possible
join or (WHERETgl gal:c;ecd,m(-;gam er to view, aliases are given to the nested

sel ect s; AN of %E qf,e;l ect on SAL HI STORY; DN for the nested

Zel ect Q{Nﬁlglf J:—t§/ \{e Crrectil) ge(_};)l as noted previously, the system
oes not se f%&j ~arrangi ng- o cts that have no non- join criteria.
SN -> XL0 H . STORY -> DEPT H STORY -> JOB HI STORY -> EMPLOYEES
S.N. - >OJ¢@1b¥Sm11u>zS@1AE1 pfesfoRvdate. DEPT HI STORY -> JOB HI STCRY - > EMPLOYEES
89 WD 01/9310s PCT/U SO 1 / 17171 DN -> S.N. -> JN -> SAL H STORY -> DEPT
H STORY -> JOB H STORY -> EMPLO1'EES DN -> JN -> S.N. -> SAL HI STORY ->
DEPT HI STORY -> JOB H STORY -> EMPLOYEES JN -> DN -> S.' _~I. -> SAL H STORY

-> DEPT HI STGRY Thigs HeRIdBETARle 1 sEMRl-QY BeRnpld30 3bsdNexcept I in2xAblcHOTRORY
-> DEPT HI STORY -> JOB HI STORY -> EMPLOYEES

subquery does not have an aggregate. Though this query may not be practical, the example is used

to illustrate why a subquery with a GROUP BY should not be moved for any of the ANY, SOME
or ALL operators.

For example,

SELECT * FROM assignments a

WHERE start_date < ALL
(SELECT rpt_date FROM time_sheets t
WHERE a.emp_seq =t.emp_seq
GROUP BY rpt_date
HAVING COUNT(*) > 1)

would be INCORRECTLY transformed to

56



Note again that the latter tables were constant in their order. The initial
order could be changed, 1111t it would always remain constant for the
various jQidosfers. Custered Tables If a table is clustefegusrnoig of the
other tables in the query, those tables should be joined together wthout

i nteunedi ate joins of other tables. For exanple, ASSI GNMENTS, PRQJECTS and

TI ME SHETECRLS FROM&shafRnash cluster. The follow ng query illustrates:
SELECT ~~ FROWI SRR QHRE: | Ratef25h JOAB VLS, Poatl FRIGH Ry sheklsTe sheets t WHERE
e.enp_seq = Q BARESES b [ a..en |g S = tenp seq a.proj seq = p.proj
seq AND a. pr e =, L SBH-2%D t . rpt _date BETWEEN O - JAN-9T AND

' 30- JAN- 97" t _%)@m@eﬁ?qusoy 17171 The hierar chy for this exanple
is shown i n HAYINGCOMETCZni%ive join r el ationships are S110W1111 Fi g.
13 by dWHERE [(stmeglateGakpolt| QR xSWEEBNWAS)a non join criterion. So TIME
SHEETS AND a.&iep tdeq =onkmip dveijf#gr . Because of the clustering and | ack of non
“join criteria anywhere else, all clustered tables should be joined next as
follows: TIME SHEETS -> ASSI GNMENTS -> PRQJECTS -> EMPLOYEES ORDERED Hi nt
The ORDERED hint al ways works. However, the systemw || be nore efficient

if the join criteria allow for the order of the join. Oten this neans
adding join criteria that col Tesponds to the transitivity in the current
join criteriteWaRFMs thet hgrertns afready agrarwing PHRP L R4 B, anid dherg haeioip crifera
explicit join criteria exists. If not then the system should check via

t ransi ttovhe gpumbwideng heerjy oiThue miet eadivprwitls aisppppergoin dver EMH_SEQ wheén e rjeed a
criterion exists, that criterion should be added to the query prior to

t esti nggeafgt.nce paranmeters are al ready i nbedded within the ORDERED hint, the
inplied join criteria should continue to be enbedded in the ORDERED hi nt.

The system di.es.the.ioin qgrder in.,this.: en i th ser to
manual Ty st noroReres haheg by Mg aE R AP EORGE by ek
text for the other optim zation nodes. For the exanple bel ow, although

t her e ienAe beppyedidue foinpquatity erelionbetitgae nl @ biynevedxthe Jinal t»'@,sfoanftteﬂnrﬁ%e@és
exi st via tTall51tlvlity. The way to check is to follow the join paths from
X1 to Xhsufeahatexmapl @ie rbw valbXcdmpareSto thé erigioalzuirsuridinglquesnHeweeyer; with the
enp_seq AND x | .col | = s. effective date". 91

non-equality join criterion in the transformation, multiple rows may be joined.

For example,

SELECT * FROM sal _history sl

WHERE sal < ANY
(SELECT sal FROM sal history s2
WHERE sl.emp_seq !=s2.emp_seq
AND sl .effective_date = s2.effective_date)

would be INCORRECTLY translated to

SELECT sl1.* FROM sal_history sl,
(SELECT emp_seq, effective_date, MAX(sal) coll FROM sal_history s2) x
WHERE s1.sal < x.coll
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WO 01/9310s PCTIUSO /17171 From S to E the join is over EMP_SEQ al so. This
inplicitly provides "xl.enp seq = e.enp_seq". Continuing to follow the join
path to Xg ‘?sgs%sf romE to D also via EMP_SEQ It could thysSrosmiaaid
"xl.enp_seq = d.enp_seq". Finally the path goes fromD to X2 via "d.enp_seq
= x2.enp,seq AND d.effective date = x2.col 1". Accordingly, the path is
final | yAND skeeqp Sseq =xxhpesgy seq”. Since the ORDERED hint wants X1 joined
to X2, AR §heffécipti dukd =kQiffecvd i on, "xI.enp_seq = x2.enp seq" exists,
that criterion shoulTd be added as a paraneter to ORDERED. The sane process
can be perfornmed to get the transitive join criterion between X2 and X3.
For exanple, "x2.enp_seq = x3.enp_seq". Since X3 is not explicitly joined
to E, the systemshould include the join criterion "x3.enp-seq = )
e.emp_seq". Fhe Thadglevag i grovticlagid exampiRptiiis h?ALL’\kppwaionp&uhaq exarpleis
criteria is as follows: SELECTIa + ORDERED(xI, x2,x3,e,s,j,d, "xl.enp

| seq=x2. smilasecxampiheapbae et diipexaanple ustxibe 80X Fagtion 8israd eOVIN firction.
e.enp_seq, e.lnane, e.fnane, s.sal, d.dept seq, j.job_seq FROM enpl oyees e,
sahhi St?i)%x%mﬂ ob history j, dept history d, (SELECT enp seq,

MAX( ef f ect ve_éét e) coll FROM sal histoiy GROUP BY enp seq) xl, (SELECT en
~p_saq, MAX(effective date) coil FROMjob history GROUP BY enp_seq) x2,
(SELECT enp_seq, MAX(effective date) coll FROM dept histoiy GROUP BY ernp
seq) x3 WHERE e.enp seq = s.e seq AND e.enp_seq = j.e~np seq AND e. enp
seq = dSEEﬁCgqumANEI},é).ilélmdﬁl@%ggfmnpl@up@s@eq AND s. effective date = xl|.coll
AND | . eNXIERE birtkPuenplieq AND j.effective_date = x2.col1l AND d.enp_seq =
x3. enp seq AMEEET haaidawerriehedependntad 1 92 WO 01/9310s Nested Sel ects

in FROM C auswfﬁ(ﬁﬁ Q%gaés:eél—-?&e P_sl%ﬁpested select is in the F ROM cl ause and

11011 join crifeéeriare nce | the main SQ nodule, the systemw |
check out noving that criteria to the WHERE cl ause of the nested SELECT.
For exanple the SQ. statenment, SELECT * FROM enpl oyees e, (SELECT DI STI NCT
enp_seq®a &g GansEetdM dependents d WHERE birthdate > “OL ;j an-80') X
VWHERE e.enp seq = x.enp_seq AND x.relation = “SPOUSE' can be transformed to
SELECT ~~ FROM enpl oyees e, (SELECT DI STINCT enp seq, relation FROM
dependents d WHERE birthdate > "Ol-jan-80" AND relation = "SPOUSE' ) x WHERE
€. enp~SQHIECT £BMp Sk, ObirthBkte PRI endpléyeBo8 join criterion is moved to the
subquery 0 Tur thegpf BEYGRorkiRed WIRK(b1haA10)6o1 11 Uold ROV E REakAS &1 I tering
| ater after the |j SROUP BY emp
mp_seq) X
WHERE e.emp_seq = x.emp_seq(+)
AND (e.birthdate > x.coll OR x.col2 IS NULL)

40. The following correlated example illustrates the “<ANY” operator. The only difference

between the <ANY and the “>ANY” operator is that the MAX becomes a MIN.

For example,

SELECT * FROM sal_history sl
WHERE emp_seq = 1001
AND sal <ANY

58



It should be noted that although sone databases may al ready account for
this, nmoving the criteria to the WHERE cl ause woul d be instructive, plus

al 'ows hi QietiRifae specified easier. NOT' ed Logic NOT' ed cpdt/gsdiapiare
general ly not considered herein in tern~.s of optimzing because it doesn't
matter. That is, databases typically automatically handle the transposing
of the NOT' e(SEirECé’FlmiFIQZE\/Isamm&%lOs NVL Function PCTIUS01117171 If the
def aul t par angHERH e &e a@gteh@ns es not equal the operand constant,

then WHERE NANDBQ$lerlitive dbleW blerR¥@diahe) to WHERE 0 = 10 when a NULL is
returned. Accordingly, since the defadlt (0) is not equal to 10, the NVL

function can be dropped, thus allowng the criterion to use the index. If
the criterion can not use an index do not do an 5~tlung. If the colum is
not NULE%HFEFmF%@ﬁe§8)not since there is no reason for the NVL function at
all. WHERE NVL(cost, 0) 0 shoul d not be transposed unl ess other indexed
"criteria exist. For exanple, if this did occur, the systemwould have to
transpose to WHERE cost = 0 OR cost IS NULL. That would still require a

full tagkeregan NFRd‘)Q,pgalq{lﬂ 8F glndexed criterion. For exanple, |ook at the
exanpl e bel o e.enp seq =
o g@%& SRR 3,

d.enp seq AN
= O1- JAN-80" R SIS F%h RilePiE- * FROM enpl oyees e, dependents
d WHERE eauysed g 1B i p seq AND e. h| redate = SYSDATE-7 AND (d. birthdate
" OL- JANIBe!.sabre @.opllr t hdate 1S NULL) now, this can be further transformed
to 94 ANNxD&mP Xeqs SEhEGEq* FROM enpl oyees e, dependents d WHERE e. enp
seq = dABNIDsEeficohMD durdi-nadRbevedSYSDATE-7 AND d. bii-thdate = ' Ol- JAN- 80'
UNI ON ALL SELECT ~~~ FROM enpl oyees e, dependents d WHERE e. en~p-seq =
d. enp seq

‘4 3

41. The following correlated example illustrates the scalar operator,

For example,

SELECT * FROM employees €

WHERE hiredate =
(SELECT MIN(effective date) FROM sal_history s
WHERE e.emp_seq = s.emp_seq)

can be transformed to

SELECT e.* FROM employees e,
(SELECT emp_seq, MIN(effective_date) coll FROM sal_history s
GROUP BY emp_seq) x

WHERE hiredate = x.coll

AND e.emp_seq = x.emp_seq
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AND e. hir edate = SYSDATE-7 AND d. bil-thdate IS NULL PCTI USO1/ 17171 It
becones nore possible to optimze each SQL nodule (e.g., each nested query)
separ at el ¥ygbilofigéli tion, note that the tr ansfonnation doepcigkod/¥g4ude the
standard inequality in the bottomnodule. It does not have. to, since the
ORis v~~ith the same colum. The OR ed criterion wll be discussed in nore

detai | bel ow42ORhe &sllo@ing edirdlsted Beanipdé {Rwiritgs @XBRISES opesedriviaRrd @ shibuery
system ha.udles OR ed cr iteria. For exanple, the SQ statenent, select '~

fromta = = I * f 1 b

(A2 10y OBRPORHT NG R SEIROU R DGR, T it ot g (O RO
col unms nd re null then the approach woul d be: 95 WO U1/ 93106
- sel ect 'E%(glfi?ﬁﬁ%e?%iﬁtk}%uiéﬁ%g}c—la‘f@) UNION ALL select v f1'0111 tab where (A
'=10 OR A IS NULL) AND (B = 20) A WHERE cl ause witten such as, where A =
|0 or (Bore2Mp®D C = 1) can be rewitten as: WHERE A = 10 UNION ALL. WHERE
"A!=10 AND ( B =20 AND C = 1) IS NOT NULL' should be added if colums are

nul | abl e. New Pl an Operations Bl TMAP KEY | TERATI ON PCT/ USOLl/ 17171 Tl us
occur s when a subqueiy outputs nultiple values that then goes to bitnmap

i ndex. i enslalesoev\,hen an 1IN, etc. Previously a BI TMAP OR
handl ed 15 FEE MR I N operator on bitmap index. Qther Hints In
data war ISTS st ar schema can be used to depict one or nore very

large fact t4&BFEECHTHa! ERfAMeasah Nisierysri macy information in the data
war ehouse andWdlERiFbempofeqrslkamensedl er di mensi on 9G
HAVING COUNT(*) > 1)

can be transformed to

SELECT e.* FROM employees e,
(SELECT emp_seq FROM sal_history s
GROUP BY emp_seq
HAVING COUNT(*) > 1) x

WHERE e.emp_seq = x.emp_seq

43. This correlated example is similar to the immediately preceding example 42 where there
is a HAVING clause. However, in this example the GROUP exists as well.

For example,

SELECT * FROM employees e

WHERE EXISTS
(SELECT null FROM sal history s
WHERE e.emp_seq = s.emp_seq
GROUP BY effective date
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WO 01/9310s PCT/ USQOL/ 17171 tables (e.g., |ookup tables), each of w uch
contains information about the entries for a particular attribute in the
fact tabIQ% fy$hed query is a join bet<veen a fact table apgrgssyuapar of

| ool nip ta(fes. Each | ookup table is joined to the fact table using a
primary-lcey to foreign-key join. However, the | ookup tables are not joined
to each ot herHAVEAEGST@UNT(*pndjorl mati on is a cost-based query
transformation ai ned at executing star queries efficiently. Wule a star
optim zation may work well for schemas with a small nunber of dinmensions
and dense fact tables, the star transformati ons may be consi dered as an
alternative %f %ﬁé 8f the following is tnie. For exanple, star

t r ansf of HhPY SHSIRRFIBR useful if the number of dinensions is large or if
the fact table is sparse. Ili addition, the star tr ansfonnations may be
useful if then a ar a quer ies when a not all di mension tables have

" constraining predicates. The star transformation does not rely on conputing
a Cart esEarqIr Q€4BROMfenipl®/edi geNsi on tabl es, which nakes it better suited
for cases wergpfRet HRPNGCTRA, géypﬁggigﬂlhﬁgl number of di mensi ons woul d
|l ead to a Iaqgﬁcgﬁgé s% NPl q C‘%$h£ EW ro havi ng actual matches in
the fact tabl Xbﬁﬁ?ggi H@Q-;rgt —than relying on concatenated indexes,
the star_tra %‘ i bzdé¥ on conbi i ung bitmap i ndexes on individual
fact taBYdEREISHMR. ST e ¢ PRuse%or mati on can thus conbi ne i ndexes
correspondi ng precisely to the constr aired dinensions. Ther a is no need
to create many concatenated i ndexes where the different colum orders match
different patterns of constrained dinensions in different queries. "STAR
TRANSFORMATI ON* - makes the present system use the best plan in which

TRANSFORVATI | st pla ch
tact table and tharaonre i SRR SaPRINSIE vARE: RdioR iR e

w0 01/9310 CI/US01/ 17171 St Lr f ti i t d f t abl
Wit comteg SN APamiasr T8¢ oason iR Biphe SO o ik RO NPIMoT rtenen

acteristics are not supported. Tables with a table hint that is
i nconpatd theesubigtitrya Bowensp, the dBA¥IWatdguse adl disquulify theoonly eow betriengl. | hutnes
(there should be a bitmap index on a fact table colum for the optimzer to

consi defex S8R Ihét kING1@bS AL tYo teWs difalifyifig S5O stifdtefPretiiayRE %ﬁ)gt}r sdiot e
di nrension tables are allowed in the subqueries that are generated)

anti-jo&ped tahles, tables that are already used as a dinension table in a
or Xablilp %’
subquery, ta that are

SELECT * FROM employees e
WHERE EXISTS
(SELECT null FROM sal_history s
HAVING COUNT(*) > 1)

would be INCORRECTLY transformed to

SELECT * FROM employees e,
(SELECT null FROM sal_history s
WHERE ROWNUM =1
HAVING COUNT(*) > 1)
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really unnerged views, which are not view paa-titions, tables that have a
good single-table access path and tables that are too snmall for the

t ransfor miﬁ 6 80)od195s be worthwhile. The fol Il owi ng exanple il pgtiuseiyeirn
reducing the result of a nested select early in the query. For exanple, if
the user entered the query below with the nested select in the FROM cl ause.
SELECT e.'" RROVhempd cyedaecdexahpiallshmis suliqueryrcojrelated tomultiph IEETs sbope.Skhis
MAX(ef fective date) coll FROM sal _histoty s GROUP BY enp seq) x WHERE

€. enp_s @Qarmplk- 8GR ANR ! inPh@lsedtRE dbobe, p"i&lstn’%ﬁ&n ANQl&[t?saﬁﬁt R e ﬁND
t.elnp_ seq = X.enp_seq ANDt rpt date = x.coll "AND'X.co < SY DATE" ‘F
user shaq ave b eri,on th the e ted ect hown

That vegtedBEul e oSt aRe Sider St TR BRShuRE EtaBR 5 R el -
FROM enpl oyees e, tinme sheets t, projects p, (SELECT enp seq,

MAX( ef f eemplieaterhilegushdicy FRomsste atwilt s showndglow.\\/O 01/ 9310s

" PCT/USO1/ 17171 GROUP BY enp_seq "HAVI NG MAX(effective, date) < SYSDATE) "
WHERE e Fenpxaigsle= tenp seq AND t.proj seq = p.proj seq AND p.tnanme = PAFO
AND t.enp seq = x.etnp_seq AND t.tpt_date = x.col | OBJECT INSTANCE If a
table is not accessed during optimzation, the systemw || be unable to

di scern which tables are in the SQ statenent. For exanple, in the

fol |l ow bot h ASSI GNMENTS and PRQJIECTS are only represented
in the %%E%%@%WB}P QY78 £ i ndex accesses. That is, the table does not
need to WHERECREEE® Accordingly, if a user clicks on the index operation
f or ASSI GNVENSBLEOThivhigFROM #seigB@entaaul d be | ughlighted to identify the

rel ati onshi p BEIBREA.chipe s@] @B.eqipdsdghe SQL. SELECT ~" FROM enpl oyees e,
(SELECT DI STI N&D erRpSE®q FROM assi gi nnents a, projects p WHERE a. proj seq =

p.proj seq) x WHE EE@"lﬂuﬁleiﬁROl\f( 180 S%Q@tseq The system shoul d at | east
check if thetable %%%%13 2%1 3 SQL statenent. If it is, then
t he system shoul d \h\g& TP e~ en the user clicks on the index
open ation. OBJECT e‘ﬂ/\ﬁélr?r?lh%erqe) is a nested select in the FROM

cl ause, the present system does not account for the OBJECT | NSTANCE val ue
given to the nested select as well as the OBJECT | NSTANCE 99

‘4

can be transformed first to

SELECT e.* FROM employees ¢
WHERE EXISTS
(SELECT null FROM assignments a,
(SELECT DISTINCT emp_seq, proj_seq FROM time_sheets t) x1
WHERE a.emp_seq =e.emp_seq
AND xl.emp_seq = e.emp_seq
AND x1.proj_seq = a.proj_seq)

and next transformed to

SELECT e.* FROM employees e,
(SELECT DISTINCT a.emp_seq coll, x1.emp_seq col2 FROM assignments a,
(SELECT DISTINCT emp_seq, proj_seq FROM time_sheets t) x1
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WO 0119310s PCT/ US01/ 17171 values given to the objects inside the nested
select. ALTERNATESOL If a user wants a FIRST ROAS node it does not nake
sense in gelg§40d © Mve a subquery to the FROM clause. A pefg€of/fiAl wWays
good, but not necessarlly for a nove. Checlt the exanple of lustorical data
query for exanple. In fact, it mght nmalce sense to | eave the correl ated
subqueri es, dwmxnpfw_e;yqt:mj_@@q)rxel ated to correl ated. When an ORDERED
hint i svwddRe NA11 £@AMESEsy @ j oi n order other than what the original SQ
speci fi k§%0@¥§ggggr§ﬂarz anges the FROM cl ause and passes that to the
dat abase. wever, Wh he systemre-arranges, it still shows the original
ORDERED hi nt vm'th the paraneters. Since the paraneters are not part of the
*actual hint ntax, the systemdrops the paranmeters for the ORDERED hi nt
when di spl ayl ﬁﬂﬁélaﬂﬁfmlsath%’é relativelhsimply. Thespbauernenudd netbernerged,isgiihens
SQL |11 the EDIT wi ndow is: SELECT/*+H NT1 ORDERED(s,d,e,j) */ ''~ FROM

~ enpl oyeasved. ?hh1a@ﬁkﬂﬁyeEHSTEmUhksmmﬁyujﬂmdknkthnsmufﬂmdoMHEREn@mﬁﬂw“&&q =
s.enp_seq AND e.enp_seq = j.enp_seq AND e. enp seq = d. enp_seq AND s. sal >
S00 Al ~ t t t S‘ea-fég&t

s.eff eclp ?{}gf ggnzlggon c&%@@ﬂ) %Iél%géacf% t%l Sé‘l@& h%ts {lll \a/l\n&ir% gl\i/:vtg%:ou gcll Sp na Were
SELECT /' CR% D */ FRO\/I sal _histoiy s , dept history d , enpl oyees a ,
j ob_hi s‘LnEPrVﬁdjt ERECWARS ALY ="s. enp seq AND e. enp-seq = j.enp._seq AND
e.enp~seq = d.enp_seq 100 WO 01/9310a AND s.sal > 500 AND j.job seq = 10
AND d. ef f ect iThe sefaneé trangfomsfation is a/leit dagre coxnfplex bedahseataw therfadre two polgfrine oy e
date PCT/USOL/ 17171 This would be consistent with the di sappearance of the

keywor d difdEiplocaplabes bhe FitfdVes/] thsdRd leaase nahb 8tit were chii@ao@io teREABHIdMg a
speci fic anode shoul d display exactly what would be passed to the database.

This sh t

R e D e
(single_colum .index) benef | t fr reat.ing_a histogram Si nce a
hi st ogr dift Thenfis saﬁw Py g@%@t%‘@t thcosmeletef GriSEe EHIE SHEOMADEMNS & nor mal
di stribution, we need to find the colums that do not have nornal

di stributi onTo better optimize this, the system should notice the transitivity of the criteria before the

move. For example, we had “a.emp_seq = e.emp_seq” and also “x1.emp_seq =e.emp_seq”. This
is equivalent to saying “a.emp_seq = x1.emp_seq”’. Recognizing this would have made the join in

the subquery more efficient and would have resulted in:

SELECT e.* FROM employees e,
(SELECT DISTINCT a.emp_seq coll, x1.emp_seq col2 FROM assignments a,
(SELECT DISTINCT emp_seq, proj_seq FROM time_sheets t) x1
WHERE x1.proj_seq = a.proj_seq
AND a.emp_seq=x1l.emp_seq) x2
WHERE x2.coll =e.emp_seq
AND x2.c0l2 = e.emp_seq

46. An OR operator is considered parent of a subquery. The following example illustrates
where a conversion to a join will produce a wrong answer.
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"HI NTS": For ALL RO VS, when the "joined to table" index is larger than the
tabl e, make FULL. SCOL Check If a subquery is interfaced with the rel ati onal

oper at or, ‘%?Ié sor any formof ALL, the system can di spl gyriR6 {7941 oW ng
nmessage an }’%#P? ght, if possible, the subquety: "If the squuery returns

no row (enpty set), the criterion including the subquery wll evaluate to
TRUE. Lpor ddandpii)cti ons exactly the same as the NOT EXI STS when the subquery
doesn't return a row. " ALTERNATE S Q L When a subquery returns col umms t hat
will feed into criterion referencing the same table, the select List of the
subqueiy shoul d be changed to contain the ROND instead. For exanple, |ook
at lol WO 01/9310i the historical query bel ow, SELECT * FROM enpl oyees e,
* sal _hi sBBEECS cpuniiioRER @Meaplowees= sl . enp seq AND sl .effective date =

( SELECT WidKREflfiedite we' 0tlgaeP7FROM sal _hi story s? WHERE e. enp seq =

s2. enp, s)melﬁlbl_aeqZNQSEEECUV@n“Id_aé@FKel\)EXa‘iDMEby could be transforned to SELECT

~' ~ FROM enpl oyeesygrrgal bijghpl y s| WHERE e. enp_seq = sl.enp_seq AND
sl ."RON D" _ (SELECT "RON D' FROM sal histoly s2 WHERE e. enp seq = s.enp

seq AND s2.effective date <= SYSDATE) HI NT PCT/USOL/ 17171 V~~hen hints ar a
applied, the user has to work at seeing if the hints took affect. The
present system cam provi de feedback to informthe user that the hints did
have t h# te &R sdisggasdad, theqongstaigpvall bees system may 1110l -~11 the user
whet her the ORDERED hint j oined in the specified or der. For queries

i ncluding NOT TN or NOT EXI STS subquery, transitivity can be applied so the
inter face colunns in the surrounding query belong to the sane table. This
merges NOT IN and NOT EXI STS subqueri es because a table cannot outer join

to nore EE TOU% 1ﬁ(.a)t;l e. For exanple the followi ng SQL statenment, 102 WO
01! 9310%1{0%3/&11 ?)1 1717} .
ployees e, (SELECT DISTINCT emp_seq FROM sal_history WHERE sal > 100) x
WHERE hiredate > ‘01-jan-97
OR e.emp_seq = x.emp_seq

One way to see the problem is to now convert the OR to a UNION ALL, as follows:

SELECT count(*)
FROM employees e, (SELECT DISTINCT emp_seq FROM sal_history WHERE sal > 100) x
WHERE hiredate > ‘01-jan-97’

UNION ALL
SELECT count(*)
FROM employees e, (SELECT DISTINCT emp seq FROM sal_history WHERE sal > 100) x
WHERE hiredate > ‘01-jan-97’

47. The following example deals with OR’ed correlation criteria. If the correlation criteria
are OR’ed the conversion to an outer-join is impossible, and the conversion to a NOT IN is complex.

For example,
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SELECT ''~ FROM enpl oyees e, assignnents a V\HERE e.enp_seq = a.enp_seq AND
(e.enp seq, a.stant_date) NOT IN (SELECT enp seq, ipt~date FROM ti ne
sheets) c nverted to SELECT ~' ~ FROM enpl oyees e, a
VWHERE e. e?rlg)@g)qfdi a.enp~seq AND (a.enp_seq, a.start_dat e)qﬁgT INHI(%S%LECT
enp seq, rpt_date FROM tine sheets) which can then be converted to SELECT
e.'"', SELECTERBOBMahpees e, assignnents a, tinme sheets tl WHERE

€. enp_ SWEREN@DE%SIT@ BECTP-I9e0Mal higsssed (+) AND a.start date = tl
.ipt date (+) AND tl. Tﬁﬁe_f—@ﬂlﬁﬁ‘ﬂﬁg exanple illustrates

mergi ng NOT I N and NOT éﬁ%i gerl %% ol n. For exanple, the SQ
statenent, SELECT ~ ?fe INOT E~' . | STS (SELECT ' ~ FROM

assi grments a WHERE e. enp seq = a.enp seq ) 103 V1' O OL/ 93105 will be
converted to SELECT | *+ ALL ROA5 */ e. ~'~ FROM enpl oyees a , (SELECT

DI STTNGT thie aaiersiondo PO eqps petfbrnROMeas s shoeldtde the JollowiMEHERE e. enp_seq =
tl.coll (+) ANDtl.col2 IS NULL however, the subquery should be nerged as
follows SELECT e. ''' FROM enpl oyees a , assigments a WHERE e. enp-seq =
a.enp seq (+ ) AND a.enp seq IS NULL PCT/USQOL/ 17171 The system can convert
SQL 4t o) hen SQL 6, as follows, by noving the constant in the
sui TOUn LS&TE ﬁgﬁ (:I%m& los %g?sub er Iﬁf }jxarrp , original SQL

st at ene ale NO e ?s‘%lpgq) BhSIYRHERE e. enp_seq =

a. enp s&8 hidate NQEINSSELEST. atfeplioy dyteliBONYINAY 8BIELT) enp_seq, rpt date FROM

til ne_sheets)

if the conversion to an outer join is not impossible because it would produce un-parsable syntax:

SELECT e.* FROM employees e, (SELECT DISTINCT effective_date FROM sal_history) x
WHERE e.birthdate = x.effective_date(+)
OR e.hiredate = x.effective_date(+)

48. The following example illustrates that a NOT IN to NOT EXISTS when original
subquery can produce empty set. The subquery was artificially forced to produce an empty set for
demonstration purposes.

For example,

SELECT * FROM employees

WHERE hiredate NOT IN
(SELECT effective_date FROM sal_history
WHERE 1=2)

should be transformed as follows to ensure the same result set is produced:
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SCL 44 can be transfommed to 104 WO O1/931Us SELECT ''" FROM enpl oyees e,
assi gnnments a WHERE e. enp_seq = a.enp~seq AND e.enpVseq NOT IN ( SELECT enp
seq FROM b? gets VWHERE i pt date = 22-FEB-94') S LS whigeh¢ii1he,
trausfoi ~ned to SELECT e.*, a.* FROM enpl oyees e, aSS|grmsnts a, tinme
sheets tI WHERE e.enp_seq = a.enp seq AND a.enp seq = .enp seq (+) AND
tl.ipt SERECT #*)FROMZmiBy&4'e AND t1. ROND IS NULL S L6 PCT/ USOL/ 17171 The
foI I owwg{muymjcgmg)rs be converted because the subquery table has to outer

join to a ta(giEgE R@ﬁ\qsal-rﬂi@toi%?query cannot be outer joined to a

constant al oyees e, assignnents a WHERE e. enp_seq =
a.enp seq A% X ELECT ipt date FROMtine sheets) S L7 If
a subque r& E:%BEEOTEIF{&IOT 3& nstant, merge can be perfonned if all

t abl es %\Nﬁ (GMIQ%Ei%BTOTW@Im 9310 PCT/ USOL/ 17171 when | oi ned. When

mer gi ng the @Bbquely, the constant Ois set to NOT EQUALS to the

col ~espondi NGOBIBAISITA (SHLAAT ‘YFROM sdlatietoeol uim and ORed with

“<child> ROND | S NULIWHERE 1egpnpl e, the SQU statement, SELECT ''"~ FROM
enpl oyees a WHERE (e.enp seq, |Inanme) NOT IN (SELECT enp seq,' SM TH FROM
time sheets WHERE proj seq = 1 AND | pt date ='22-feb-94') S L8 can be
transfonned to

'I'H'_

However, a problem with this solution is that we are back to the original again.
49. The following correlated example illustrates a HAVING clause with an aggregate
correlated to the surrounding query.

For example,

SELECT * FROM projects p

WHERE EXISTS
(SELECT null FROM time_sheets t
WHERE t.proj_seq = p.proj_seq
GROUP BY emp_seq
HAVING MIN(t.rpt_date) = p.start_date)

This transformation may require moving the aggregate and correlation colunms to the

SELECT list as follows:;

SELECT * FROM projects p,
(SELECT proj_seq, MIN(rpt_date) coll FROM time sheets
GROUP BY emp_seq, proj_seq) x

WHERE p.proj_seq = x.proj_seq

AND p.start_date = x.coll
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SELECT e.* FROM enpl oyees e, tine”sheets t|l WHERE e.enp seq = tl.enip seq
(+) AND proj seq (+) =1 AND rpt date (+) =" 22-feb-94' AND {tl. ROND IS
NULL OR IQ?WI 65370s SM TH ) SCL 99 Care nust be exercised whgdrgsdigaphi ng to
transform SQL statenents. For exarrpl e, an attenpt can be nade to transform
the followi ng SQL statenment SELECT "~ FROM enpl oyees a WHERE enp-seq NOT I N
(SELECT a.enp_seq FROM projects p, assiglnnents a WHERE a. proj seq = p.proj
seq 106 WD 01/9310s ORDER BY 1 AND p. nane = 'E3~PLAIN SQ.: DEVELOPMENT')

into the fol sewrRgrohew elafdd/dxa onsﬁat%!vf!u Tﬁl\ﬁ) g R4 tE Rk pyees

e, projects p, assignments a V\HERE é.enp seq = (+) AND a. prol seq

il HENG LT AT VTl By

possible to nerge the original SQ here to the outer query. Thi s woul d
resul t fodhagurqiadingseery: dig yﬂmfrmt togiie therRORED qfrabips inrather thac(a” biebaush &t
systemattenpts to add the ROAND IS NCTLL' clause with an arbitrazy table.

For exafipheloweptme¢lnsbsid il eheGyimt@eifht omefloihditto a0 mREhEn @bk SuRRgoined to
sonetinmes it mght pick the assignnent table, depending on the order in the

FROM cl gpise. This would be incorrect. Care should be exercised to make
certain that the lowest level cluld table is null (e.g., the projects
table). .O her se, the join criteria to the chlldtable(prOJects|ntlus
case), W‘I? ®“be relevant. The following zliles and gui delines shoul d be
foll owed during transformation. A) The present system should convert only
if i) All internediate tables in the join order should be joined to

guar ant ee uni queness. ii) There can be nore than 1 branch. However, at nopst

11 owengLg@qdel@hlsétiRMQu@me&ee non-uni que. All other tables should be
uni que YWASEREYUMIRHateNETERr - I'n other 1lo7

(SELECT start_date FROM assignments a, time_sheets t

WHERE e.emp_seq = a.emp_seq

AND a.emp_seq =t.emp_seq

AND a.proj_seq =t.proj_seq

AND trpt_date = ‘01-jan-87’

AND a.proj_seq =1)

can be transformed to

SELECT e.emp_seq FROM employees e, assignments a, time_sheets t
WHERE e.hiredate = a.start_date(+)

AND e.emp_seq = a.emp_seq(+)

AND a.emp_seq = t.emp_seq(+)

AND a.proj_seq = t.proj_seq(+)

AND trpt_date(+) = ‘01-jan-87’

AND a.proj_seq(+) =1

AND t.ROWID is null
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WO O1/9310 PCT/USA /17171 words, when checking the above SQ., the
assignnents table is the table with the interfaced subqueiy columm. Since
it is not t level child (projects table is joined tgtso11hiA

col ums ih‘ﬁh@@eﬁ ect list or in the where clause join with a constant with
an = operator nust forma unique |cey. However, enp_seq is not a unique
CatllIlI. $pb ThablisWhg@ngtaiahplas SRARE themweaiately P&c@iﬁgrpkaenﬁ@lso,lo

bel ow can be converted, when project nane is a tuiique colum. T1ii) 1f one
of the jnier. UnkL S J , I I

Poi ned 5 puak tecnRiRe Solt B s el HROCHE 4ol as ELATIPE Se s
BY, DI STINCT and HAVING_i s _okay as long as there is no agqregate. \Wen ner
ged, i gHtALEYGROUBAEPIGHEARE SPANEDEIMES HoneSJGAIRS TS hut 3P {SF Qiseerelatcd
clause) v) There is no CONNECT BY syntax vi) There is no set operation
(e.g. Whit@lonkt NUSHifierdn) taBieb dlteangitivitp tisnsed weocaausivéich TENMP SFQRoA. BlsiPh SEQuer
| evel child, add "<child> ROND IS NULL' and OR themtogether. C If there
is a copsladtil of e IdI€ cHtéha PLMHRT dndter face col um and there are ot her
interface colums, change it to an equality criteria to the subquery where
cl ause.FD If there is a constant ul a constant in the subquery interface
cohuma, Y We>const ant to NOT EQUALS to the correspondi ng surrounding
interface colum and OR it with “<child> ROND IS NULL' |og WD 01/9310s
SELECT "° FROM status_|ist WHERE status NOT I N ( SELECT p. status FROM
projects p, assignnents a WHERE a.proj seq = p.proj seq AND p.nan ze

=' EXPLASRLEBQT: enific ¢ed, RN Empldyebsl® PCT/ USOL/ 17171 Correl ated subqueries may
present yvapr e pradwevOdeNer m ni ng whet her or not an outer join can occur.

Speci fical | Y%{%%E@T%ﬁ?t BQIFI{'@)MQ%%

et

[0S ing the correl ated
subquery, th 5L %ﬁ go __y{rgé_ﬁ 10T %ltés?’lt|#%%ﬁ% I ?g grtely nlLI St bel ong
to the sane t e as the"tlablr € %orfel ated to
a.emp_seq = t.emp _seq
AND a.proj_seq = L.proj_seq
AND t.apt_date = ‘01-jan-87°
AND a.proj_seq =1)

first add the transitivity to yield

SELECT emp_seq FROM employees ¢
WHERE e.hiredate NOT IN
(SELECT start_date FROM assignments a, time_sheets t
WHERE e.emp_seq = a.emp_seq
AND a.emp_seq =t.emp_seq
AND a.proj_seq = t.proj_seq
AND t.rpt_date = ‘01-jan-87’
AND a.proj_seq =1)

we then have the same query as in the previous example 50, which means the same transformation

occurs.
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v

t he subquery. For exanple, see the SQ statenents i medi ately bel ow. The
interface colums in the subquery should belong to the sane table as the
tabl e cor fieod 0 the subquely. In the exanple bel ow, thgcti&ERATE col um
belongs to "e.™, as well as one of the correlation criteria, but the other
con elation cr iter ion refer ences "a.". So the leer ge is not possible.
SELECT * FROBR: This cofrelated ekandpleREEsimilapto dkatmpld\EDNexchpt(rokt th€Talfié inetitla bwbridM
enpl oyees e, assigments a WHERE a. proj seq = t.proj seq AND e.enp seq =

a. enp_sesrébh&ing ™ I8 iﬁteH[a@I\fIJO[I_?:Bhﬁﬁﬁ) is> e IS‘HEI?TSWTh@%ﬁ?%ﬁEXreh lis " fn

interface colunzrrs in the subquery nmust belong to the sal ve table

IN
as the rel ated to e [Veee as, l.ong. a3 ui de] i nes i)
and a) Fﬁ&]gggﬁ St (flfjpgl.ea Eﬂv@&ﬁ—%# %819 &?Bﬁﬂ@%ﬁﬁﬁﬂ%&gew% in
the surroundi ng query should belong to the sane table because of the outer
foi n. | ASSERVOFRNTS. herchsstiprdded critamessneBESVIDoGhe 48S]GNNENT S ble rathey
01/9310s PCT/USQOL/ 17171 both time sheets and enpl oyees. This is not |egal.
However thahtaSIMEVS HEETSnalkle aapidxiag@dld 30, convert the SQL 11 statenment shown
above to SQ 12 shown bel ow. Then SQ 12 can be nerged to SQL 13 as shown
bel ow. Ty JIRLER i s possible because both enpl oyees and assi gi unents have
uni que i ndexes oh the interface colun n(s). SELECT ' FROMtine_sheets t
WHERE t.ipt date NOT 1N (SELECT Iliredate FROM enpl oyees e, assigments a
VWHERE a.proj seq = t.proj seq AND t.enp~seq = a.enp seq AND e. enp-seq =
t.enp_seq) SOL 1212 SELECT -'~ FROMtinge sheets t, enployees e,
assi gmEeRLECH app-REq FROY edmplaeeje= t.i pt date AND a.proj seq(+) =
t. proj ~S¢eHERNR. lare@daeiNO&Ed{+) = tenp seq AND e.enp seq(+) = tenp seq AND
(a.rowid |'S MELEOT 1Bt HWFRON dddbbherstih, tindé 3hédts shoul d al so be noted that

you can not L led 5. I N subquery with 11012- COhl I nl |

(const ant, fu&ﬁlﬂ O, eseg. teinn t ubquery sel ect cl ause. For exanple, an
attenpt may b de to r_ahs%Poﬁnqthe following SQ 14 to SQ 15. However,
SQL 15 does BRLSEITHE™YaSfd result set as SQU 14 because of t.~-pt date

= ' 22- FEB- 94' ANPHe1ei 6@ B coul d be changed to t.fpt elate <> ' 22- FEB- 94'
However, we woul d have to guarantee the original subquery returns at

|l east 1 row. This defeats the purpose of the transformation, because we

have t ockebptrhidoimdaguery. 110

SELECT e.emp_seq FROM employees e, assignments a, time_sheets t
WHERE e.hiredate = t.rpt_date(+)

AND e.emp seq =tl.emp_seq(+)

AND t.emp_seq = a.emp_seq(+)

AND t.proj _seq = a.proj_seq(-+)

AND t.proj_seq(+) =1

AND a.ROWID is null

53. The following correlated example illustrates that an aggregate of aggregate is not a
possible translation.

For example,
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“in the FROM I3

WO 01/9310s SELECT =r FROM tine_sheets t WHERE (t.enp seq, t.rpt date) NOT
I N (SELECT elllp seq, '22-FEB-94' FROM enpl oyees) SQ. 14 SELECT/'' ™+
ALL RONE % FROM ti me~sheets t, enployees tl VHERE tgepyuS&hITh
.enp_ seq 3 ARI .rpt"date ="' 22- FEB-94' AND t1.ROND IS NULL SOL 15
Set ~NOT I N NOT EXI STS Subquery Can Be_~uerx PCT/USOL/ 17171 1f an open ator
i s NOT BNLECTNOFREX pidgctd pe fol [ owi ng routine can be called attenpt to
det erm IW;HERE’[SM dm@mhoul d attenpt to convert t he sub-query to a join.
code begin Ifg %le PSia gﬁg@tﬁ%& Rhegl £ct 1ist OR subquery
cont ai ns aggr 1@3{15}0 AV %bpq{)ﬁo quely contains Correct By syntax
OR subquery ¢ ! THEN RETURN FALSE LOOP over each table X
F?é nor a than 1 j oin criterion, apply

transitivity & VMQMQE éptj_gﬁ‘tﬁ)TBsﬁaﬁed§5)rre table, if possible. Initialize

Unique list to enpty Noii Ungiue table := null LOOP over each TABLE in the
" FROM | ist containing interface columms |F Checl cTabi eUni quel ndexCol s return
TRUE ( Checl cTabl eUni quel ndexCol s routine checks for a given table, whether
all theywe@ldiikso @hndidied BAYORRECTTAME | ndexes are present in the where
cl ause and have a ' _' operation and the other operand is a constant or a
correl ated.) THEN add TABLE to the Unique |i st ELSE I n WO 01/9310s | F Non
Ungiue table is null THEN ELSE Non Ungi ue table = TABLE RETURN FALSE
PCT/ USOL/ 17171 END LOOP over each TABLE in the FRO\/I | i st containing
i nt er f aSELESITUHHBROMPPj@RIEP, each TABLE in the FROM | ist contai ning
i nterface colBRRECTPrghsas), MINGiptydefey Al EMAXNDEN (gt edatgbte2 FRANM dinse woeatsli ng
query, U uqueGRIOSIP, BMasinpJRed)ypeojt sdgh &) returns FALSE RETURN FALSE END LOOP
over eaGiERE Ll SEJTQXF ¢4 st containing interface colunuls (Ml ce sure

al |l tabl 2, Jef ned over each TABLE IF TABLE not in unique list and
TABLE <§ﬁ;§g lfnl-(aute ta 13 THEN RETURN FALSE END LOOP over each TABLE RETURN
TRUE e=xco

However, such an SQL will not compile and should therefore be avoided.
54. The following correlated example illustrates that a non-equality correlation criterion and
aggregate is not a possible translation.

For example,

SELECT * FROM assignments a
WHERE a.emp_seq IN
(SELECT emp_seq FROM time sheets t
WHERE t.proj_seq = a.proj_seq
AND a.start_date > t.apt_date
GROUP BY emp_seq
HAVING MAX(rpt_date) < a.stop_date)

would be INCORRECTLY transformed to
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code end Check Unique Input: TABLE PARENT_TABLE NONUNI QUE_TABLE code begin
LOOP over each table Y joined to TABLE IF Y = PARENT TABLE continue |oop IF
Y is in Ugigihigoshdsst or Y is Non unique table (if Y is alr gegysdiphigd,
cainot j oin to another table) THEN RETURN FALSE LOOP over each index of Y
IF all indexed columms are joined to X with = operator OR i ndex colums =
const angEITHEN *aftOM 4QighhieAtsq | i st 112 WO 01/9310s PCT/USOL/ 17171 | F

Checl s Uniq ) T m‘}irsléa:ﬁoLééi ’1]FtN8£{8,UM ﬁntt %)%Lllrleéé ﬁmﬁ%éé)s -{HEN

RETURN FALS oun 0 searc
LOOP over eac in Unique list I'F Non_unique_t abI e i s
nul I Non_uni taziﬁ!“edaie‘?t(rg?-ﬁiét? Y is not unique, make sure no other table

" is j oined t &RGUE BOPewpeicqedioh seabPed®e)di ned to Y IF Z not in Unique |ist

and Z <WHERE arshguecq ableerpTHEN RETURN FALSE END LOOP over each table Z

_ joi ned ANDYa.ptopEeRENN) 44 SE END LOOP over each table Y joined to TABLE
RETURN AR siofleddd xlrbt @atb~YHERE cl ause criteria only references table in

t he nesmggbﬁc&atégx ¢ FROM cl ause, nove it to the nested select. For

exanpl e, the fotrlowi ng SQU SELECT ~° FROM enpl oyees e, (SELECT DI STI NCT

enpJseq, relation FROM dependents d

The problem here is that because of the non-equality criterion “a.start_date > t.rpt_date”, the
T.RPT_DATE will have to be moved to the SELECT list as well as the GROUP BY. However, the
aggregate can not also be moved to the SELECT list since it will contain the wrong group. In fact
the MAX will now be equal to RPT DATE.

55. The following correlated example also illustrates that an aggregate of aggregate is not
possible transformation.

For example,

SELECT * FROM assignments a

WHERE a.stop_date IN
(SELECT MAX(MIN(rpt_date)) FROM time sheets t
WHERE t.proj_seq = a.proj_seq
GROUP BY emp_seq)

would be INCORRECTLY transformed to

SELECT * FROM assignments a,
(SELECT proj_seq, MAX(MIN(1pt_date)) coll FROM time_sheets t
GROUP BY emp_seq, proj_seq) x
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VWHERE birthdate > Ol jan-80") x WHERE e.enp seq = x.enp_seq AND x.relation
=' SPOUSE' can be converted to SELECT FROM enpl oyees e, (SELECT DI STI NCT

enpyseq, ﬁ%@,t/%%g FROM dependents d WHERE birthdate > Ol j@gRrg&inidd WO
01/9310s x.relation = SPOUSE' ) x WHERE e. enp seq = Xx.enp”seq

PCT/ USOL/ 17171 1f a HAVING cl ause criteria does not involve group function,

it can B&IER¥edtdmp dhise= ¥\EHRE cl ause. For exanple, the follow ng SQ

st at emeANTSELE; TsehNAVEroj sequnt (k ) FROM enpl oyees GROUP BY LNAME HAVI NG

LNAME <' D can be transfouued to SELECT LNAME , count (''" ) FROM enpl oyees

VWHERE LNAME < 'D GROUP BY LNAME The present disclosure may be conveniently

i npl emented using one or nore conventional general purpose digital

" conputers an?#or. rver progranugfd according to the teachings of the
present speci f'f B IS AROYWFRIBetdatsR 6 'én‘éé’élﬁﬁ@'e%aéﬁomgﬁﬁmgﬁ%ghﬂrepared

. based on the teachings of the present disclosure. In addition, although the

above-description refers to specific database systens (e.g., Oacle), it

shoul d be understood that the present disclosure is not lin>ted to any

par ti cubpkinfitiidRase or type of database system Nunerous additiona

nodi fications and variations of the present disclosure axe possible in view

of the above-

e i ngs t i herefore to ge nderstood.that w{hin the
scope of ¢ he LB TONGE G s ARk Bodir ke S LB B he SearRen St Beineine
di scl osure may be practiced other than as specifically described herein.
115 by generating alternative SQL statements, after the optimization mode has been selected by system

or user.. The hint for the optimization goal should be included in each SQL statement transformation.
The system will determine all transitivity’s in the non-join criteria, determine all join orders and
determine all the various subquery transformations.

Non-Join Transitivity’s

Briefly, looking at the following query,

SELECT * FROM employees e, assignments a, time_sheets t

WHERE e.emp_seq = a.emp_seq

AND a.emp _seq =t.emp_seq

AND a.proj_seq = t.proj_seq

AND e.emp_seq IN (SELECT emp_seq FROM dependents
WHERE relation = 'SPOUSE")

In this example, the criterion on the subquery of DEPENDENTS can be interfaced to
“a.emp” or “t.emp_seq” just as well as the original which is “e.emp_seq”. Other systems will not
recognize this. By switching to “a.emp_seq” the present system allows the database to utilize the

concatenated key index on ASSIGNMENTS.
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WO 01/9310a PCTI US01117171 What is Clainmed is: A nethod of tuning a

dat abase query, conprising: selecting a database query; parsing the

sel ected dy@kafs query to determ ne rel ationships betweerpdagidorangiof the
sel ect ed dat abase query; selecting an optim zation node froma plurality of
avail abl e optim zation nodes; ttuiing the sel ected database query by

modi fyi ng atAhelsnaioveetrpsidrimaton votldeeste lcbatged e datpabag do alemy deqs dihead) dshe
deteuni ned rel ati onshi ps and the sel ected optim zati on node; and di spl ayi ng
t he nodiiibgd dat abase query. 2. A nethod as r ecited in claim1l, when ein
the parsing determ nes tokens withing the database query, tokens being

wor ds separated by delimters. A nethod as recited in claiml, wherein the
plurality of available optimzation nodes include Cost based and Rul e based
nodes. 4 A nmethod as r_ecited in claim3, wherein the Cost based nodes

i ncl udel Fi r sSEIRWS "rR@Masiap aYaes RodesienpwaLs aptimes sheeliéd as recited in clai m
1, further cOHFRIEEsyPdeecEt aninpisay a cost associated with using the tuned
dat abas® queA¥D Hemp segt=hicah@mseqecited in claim5, further conprising
conparifg a ANET a. Bt cs@qa;ttq;ﬂowsaqh usi ng the sel ected database query to the

cost associa I%pl 7. A nethod as recited
in cl a|§ |, %ﬁ%é{%& t%ggﬁﬁg%m—ﬁggg%%@g?%&g% dat abase query to
ata

det erm he whet her the ase query es at | east one subquery joined
by at least one of a I1G WD O1/9310 NOT EXI STS, a NOT IN and an ALL

cl ause. PCT/USOL/ 17171 8. A method as r ecited in claim?7, further
conprising pronpting a user to select pr eferences to be used during tuning
based on wheS$inee tlichepataidfasmpgsegl’\can be lrejaedatitl sas dvthenealoés, md\&‘]@L Exh BES,

a NOT IN and an ALL clause. 9. A 11lethGd as r ecited 111 Callll 8,

wher ei Ny tihe, BhecSl &k eREERr RO dHR! z!indea%'f&eth@fn?ﬁaﬁér GRS ekiQanbabkt tag rﬁ)&&er

to select at | east” one of a conversion of NOI EXI STS operators to a
oper at of, &Q}g S%((%r}verm on of the sel ected database query to an outer join.

Multiple Non-Join Transitivities
The following describes how the system handles multiple non-join transitivities.

For example, given the SQL statement,

SELECT * FROM employees ¢, assignments a, time_sheets t
WHERE e.emp_seq = a.emp_seq
AND a.emp_seq = t.emp_seq
AND a.proj_seq = t.proj_seq
AND a.proj_seq = (SELECT proj_seq FROM projects

WHERE name = 'EXPLAIN SQL: DEVELOPMENT")
AND e.emp_seq IN (SELECT emp_seq FROM dependents

WHERE relation = 'SPOUSE)

~1ON s DN

o0

The two operands “a.proj_seq” (line 5) and “e.emp_seq” (line 7) in the two different non-join
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10. A method as r ecited in claim8, when ein the preferences include r
ewite prefer ences for enabling a user to select to convert subqueries

j oi ned byyuah,Allpoperator to a join or outer join. 11. A npéfpshias: ecited
in clain1§, en ein the prefer ences include r ewite preferences for
enabling a user to select whether to use at |east one of a NOT EXI STS

oper at otritefig canbeagplaced Wit edidvalen ¢sliinns UDtheesisesn s Wil IR rdey gdizANBls. | Mowever,
operator. 12. A conputer storage medi umincl udi ng conput er execut abl e code

for |ul bieNge@nfd)ARASE, QW8I & S.géd;gghe 99{9&%@@@&@%&?@% G

, lliike 1o
allowing a user to sel'ect a ery;” conp Xecu e code r1or

parsi ng the sel ected dat abase qu etern ne, rel atjonshi ps between
portio ngu&e t 1?1%01’§%tf3’é%,t?‘g{ﬁeyd1§ %ﬁb‘géé@ﬁﬁhﬁgnﬁhﬁf SHERPEWIR ab PP Sed els s same
allowing a user to select an optim zation node froma plurality of

avai | abhsthefast edamplid. dhe meden systevmrpan also repleca itagindjesand dlaef ) withiprog seyd This
sel ect ed dat abase query by nodifying at |east one portion of the selected

dat abas encguethy: thers etk OpbréhRrIgetex %faleﬂi’erérﬁ Isaii amnshbms tanehnttiaiss@1Red 8t this
optim zati on node; and 117 V1' 0 01/9310s PCT/USOL/ 17171 conput er

execut a Qr di spl.ayi ng the nodified database query. 13. A conputer
st oragemr%(i;Ll I g%%agsl%%ag:\/?gﬁ%l n claim12, wherein the parsing determ nes
tokens withing the database query, tokens being words separated by
delimters. 14. A conmputer storage nediumas recited in claim12, wherein
the plurality of available optim zation nodes include Cost based and Rul e
based mdfids-Colimn Apeonydst er storage nmediumas recited in claim 14, wherein
t he Cost based nodes include First Rows node and All Rows node. 16. A
comput efyisk QG SplEALMEARREE bhlihit Bolfl MR dxabiifd her compri sing code for
determ ning a cost associated wth using the tuned database query. 17. A
conputer stor age nediumas recited in claim1 b, further conprising code
for conparing a cost associated with using the sel ected database query to
the cost associated with using the tuned dat abase query. 18. A conputer

st or age lmedi SBLES T EEROM emplayiead ensalphistouy 8 her conpri sing code for parsing
t he sel @ct ed VIHEREasanpueq y sempaeer m ne whet her t he dat abase query
includeg at AaBis.enp sybaeicyive AlakgNby at | east one of a NOT EXISTS, a
NOT IN and ali ALksg EQ?%nplgeq,ﬁ\a%mHﬁ@é dgkprage nediumas recited in
claim1g, further Wéﬁilﬂgﬁp e for pronpting a user to select prefer
ences t% be used te 0N g agggs%&@leé her the database query

7 GROUP BY emp_seq)

The criterion “s.emp_seq, s.effective_date” (line 3) represents the non-join criterion where
transitivity’s can be applied. Since the join clause says “e.emp_seq” and “s.emp seq” are
equivalent, there are two options for the non-join criterion operand. The first is the original and the
second is to replace “s.emp_seq” with “e.emp_seq”.

The question is whether this should be done at all. The reason for the question is that both
columns in the operand reference the same table, and there is a concatenated index on both columns.
Even if there were only a single column indexes on both columns.
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includes at | east one of a NOT EXISTS, a NOT IN and an ALL cl ause. 20. A
conputer stor age nediumas r ecited in claim19, wherein the prefer ences
i ncl ude rw(wg%r eferences for enabling a user to select lﬁﬁ,i@qﬁglﬁne of a
conversion o EXI STS operators to a NOT I N operator and conversion of
the sel ected database query to an outer join. 21. A conputer storage nedium
as recited iThehawerli9,noshe ity dliejusr sdetenstBs dotehbder ThkBoperdt@, Gld 33d ds
PCT/ LSOL/ 17171 rewite preferences for enabling a user to select to convert
subquer {eRsp AR ANmAR MelseRBEERLOFoIYsa J0in or outer loin. 22. A
conputer stor age nediumas recited in claim19, wherein the preferences
include r ewr ite pr efer ences for enabling a user to select whether to
use at | east one of a NOT EXI STS operator and an outer join to convert
subqueries joined by a NOT In operator. 23. A progr am ned conputer system
f or t unbPBGEQT FafRONsemplogess e, sdnipstori ng: a display for displaying at |east
one dat WIHBRE quar esg +e.capusey; a user [llpllt allowng the user to select
a dat abas® quehyp EdRDeaRORG), tbEedivepddy)gr”dat abase queries and an

optim zati ongmaet o deft, Wiyl bdgy nfik e@zﬁe@i\lv@este) optimi zation nodes; and a
processor fo rssgpgds g}gsfel ected da%a asequery to detellnine

: IOfER
relationship ortjons el ect ed dat abase query, and for
timng the 33}”3 %ﬁgﬁé@%%ﬁg&§b&i‘%dl fying at | east one portion of the
sel ect ed dat &H¥QEPERELPPE%d on the determ ned rel ati onshi ps and the
sel ected optim zation node, the nodified database query being displayed to
the user via the display. 24. A systemas recited in claim23, wherein the
parsi ng det eThisRRsplifdsans dadidibi Agl lehiehdddiaes editiewlich tOkaNs bei ng wor ds
separated by delimters. 25. A systemas recited mclaim23, wherein the
plurality of avail able optim zation nodes | nchlde Cost based and Rul e based
nodes. 26. A systemas recited in claim?25, wherein the Cost based nodes
include First Rows npde and All Rows node. 27. A systemas recited in claim
23, wheP& ?Flslt\lﬁ’é']?}ﬂl d€H8r deternines a cast associated with using the tined

dat abase query. 119 WO 01/9310s
What if OR’ed criteria exist in the query? If a non-join criterion is OR’ed to any of the join

criteria, the transitivities due to the OR’ed join criteria can not be used. The only transitivities that
can be used are those that are AND’ed.
The following SQL illustrates a query with an OR, but notice that all of the join criteria are

AND’ed to the non-join criterion.

SELECT * FROM employees e, assignments a, time_sheets t

WHERE e.emp_seq = a.emp_seq

AND a.emp_seq =t.emp_seq

AND a.proj_seq = t.proj_seq

AND (e.emp_seq IN (SELECT emp_seq FROM dependents
WHERE relation = 'SPOUSE")

OR tapt_date = SYSDATE - 7)
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claim 20, WHWEHERE ¢.biep preqf-et.crepceg i nclude r ewite pr eferences for
enabling a Gre.chp_5&] BEISEIECDBMS Neq FROMEIch&RlehRi ned by an ALL open ator
to a jgin or outer-j Oi WHBEE relfictySipmaszy ecited in claim30, wherein the

pr efers enc ~NC _ te pr efer ences for enabling a user to sel ect
whet her5 to gﬁ\rbgténl%egg %}r%{% °L NOT EXI STS operator and an outer-join to

conver® sub i%d¥9) 8fhe tPH-JINOT I n operator. 120
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0% & ()- $10fb8intthned, #.Q¥nSoln) criterion is “e.emp_seq BETWEEN 1001 and 1010” (line 4).

SELECT * FROM employees e,

(SELECT DISTINCT emp_seq FROM dependents) x
WHERE e.emp_seq =x.emp_seq
AND “e.emp_seq BETWEEN 1001 and 10107

DWW N~

Because of the join criterion and transitivity, the query can be rewritten as follows:

SELECT * FROM employees e,
(SELECT DISTINCT emp_seq FROM dependents
WHERE “emp seq BETWEEN 1001 and 1010”) x
WHERE e.emp_seq = x.emp_seq
AND e.emp_seq BETWEEN 1001 and 1010

The point is not to consider this to be a single column operand that can take on multiple

values, but to simply duplicate the criterion in the nested select.

78



f& 10% & () - Y9&8&R ' (dELC$10% & ()-$10% & ()-f$10% & () - 9$10% & () - $10% & (
)-$10% & ()- (y(()d))' *dEbCS, $10% & ()-*$10% & ()-' $10% & ()-% 10% & () - y#10
% & () - & @bfoSios) - ** ¥ 2++++++xmbC&! 10% & () - 10t 10t PCT/US01/17171

10t S5310% & () - 31 10% & ()-0@L0% & ()-.$10% & () -+, s, , 9-- - dEMbCyy! 10% & () - &
“$10% & ()-$10% & ()- $10% & ()-f$10% & () -

9$10% &x(Ying Pabled /| @AEMCS10% & () - $10% & () - $10% & () - &310% & () - $10% &
()-$10% & ()- @O001r 11+2dEmbCY, $10% & () - &* $10% & ()-' $10% & () -9 10% & () -y

0K E O S0 et 23RN0l ol G, 95 RSB

9$10% $10% & $10% & $10% & () - &$10%
| 10% &%‘ ( g155 rgeqpyé}})j@\zm the qu(el)“y )fhere can be )queues that do %ave indexed non-join criteria.

$10% & () y$10% & ()-L$10% & ()-$10% & ()-y!10% & ()-fl10% & ()-78s8879299d
EYNC And finally there can be queries with no non-join criteria. Another important consideration is
&110% & ()-'10% & ()-%10% & ()-y#$10% & ()-9!$10% & ()-$10% & ()-9:e::;q;

r;s; t; dyiNehel Qe ;4B criteria are indexed on both sides, All this must be considered along with what the
10t S5$10% & () -&3$10% & ()-0$10% & () -. $10% & ()- T, S10% & ()-t.

; ><<<0= ({JIIIE\{N & 109 & "()-10%% () -
$10%v&ctp) TR (9 S 8$10%Vv8! () - S& 10%VE () - 0===1>>>?dEYNC
1 1090V&' () -f 10%VE&' () - &$10%VE ()-! 10%VE' ()-yl0%v& ()-f$10%K ()-?| ??8@AK@ANIEY
NC *$10%Vv&' (Dote tlxgugugioin crijgria referenced below mclude those where one operand is a subquery.

109VE! () - f #5109 () - ! $109%VE () - $10%VE () - A\AA$SBI BBBBBAE: / 10M

10M&7" 10%VE' Adso £bte tROMRer(tint cﬁi\ﬁﬁ@vﬁbleé B IOt nineB 1804 ub ) uchie Sk MEoré }haBBBG
CCC! DDxY:/ 10Mb10% & ()-!10% & (

10% & ( s&' 10% & 10NDDYEEEAFFAE: /

10MB109%8; %Q&%@)ﬁﬁ%}w@&}% ()-110% &'(%) 10% & () -f$10% & () - FFSGGGHHHAE
./ 10M Qj /&' 96 10% & ()-f#10% & ()-!$10% & () -

$10% &'Igikpoﬂr of1} {4?% 3‘6% / 10°

10" 710% & () - @$10% & ()-3$10% & ()-0$10% & ()-.$10% & ()- S, $10% & ()-JJIIY
KKL&LXY: /  10Deten0idng o 1 §n9eabs i pasedSnobe @pt(ryllzﬁmm@p bging a$40% & ()-

FIRST ROWS

If the optimization mode is set to FIRST ROWS, then for table/view or nested select in From
clause (that is not an outer-joined table), count the number of indexed non-join criteria and non-
indexed non-join criteria. If the table has any indexed non-join criteria, then the table can be used
to drive the query. If none of the tables have indexed non-join criteria, then the potential driving
tables are those with any non-indexed non-join criteria.
ALL ROWS

If the optimization mode is set to ALL ROWS, then for table/view or nested select in From
clause (that is not an outer-joined table), just count the number of non-join criteria, whether indexed
or not. The potential driving tables are those with any non-join criteria. (The count will be used later
in determining the join order.)
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$10% & ()-S$10% & ()-&$10% & ()-zjj ! kxkkl:1dEDC
ASSIGNMENTS. Accordingly, the only potential driving table is EMPLOYEES.
For the above SQL, if the optimization mode is ALL ROWS, both EMPLOYEES and
DEPENDENTS can be driving tables because they both have non-join criteria. Again,

ASSIGNMENTS does not have any non-join criteria and thus can not be a driving table.

If No Non-Join Criteria

If there are absolutely no non-join criteria, and we know the hierarchy either via referential
integrity, or though the user join (where the side using the unique index is the parent side, and the
side with the non-unique index is the child side), then the driving table should be the top-most
parent. And that should be for both FIRST ROW and ALL ROWS optimization modes.

For example, assume there is no referential integrity in the following example:
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Therefore for the example above, EMPLOYEES would be the only candidate for driving the
query (though you’ll see in the next section that ASSIGNMENTS, due to the lack of join index, may
also be considered a potential driver.)

What about a query where more than one table can be considered the top-most table? The

following SQL illustrates.

SELECT * FROM employees e, dept_history dh, departments d
WHERE e.emp_seq =dh.emp_seq
AND dh.dept_seq = d.dept_seq

In this case, both EMPLOYEES and DEPARTMENTS are parents of DEPT HISTORY.

Accordingly, both can be tested as driving tables.
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avK@ 10RO]\9§/,| a table like this is not considered unless there are non-join criteria on the table. For

example, use the previous rules of giving priority to tables with indexed criteria. The following

example illustrates:

SELECT * FROM employees e, assignments a, projects p
WHERE a.proj_seq = p.proj_seq
AND e.emp seq = a.emp_seq

ASSIGNMENTS in the above query does not have an index on the “a.proj_seq”. Therefore

ASSIGNMENTS is also a candidate for driving the query in ALL ROWS optimization mode.

Outer Joins
If a table is outer-joined, 1t should not be used as a driving table. Accordingly, as illustrated
in the following example, even though there is a non-join criterion on DEPENDENTS,

DEPENDENTS still can not be used to drive the query.

SELECT * FROM employees e, dependents d
WHERE e.emp_seq = d.emp_seq(+)
AND d.relation(+) = ‘SPOUSE’
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SELECT e.emp_seq, ¢.Iname, e.fname, s.sal, d.dept_seq, j.job_seq

FROM employees e, sal_history s, job_history j, dept_history d,
(SELECT emp_seq, MAX(effective_date) coll FROM sal_history
GROUP BY emp_seq) x1,
(SELECT emp_seq, MAX(effective_date) coll FROM job_history
GROUP BY emp_seq) x2.
(SELECT emp_seq, MAX(effective_date) coll FROM dept_history
GROUP BY emp_seq) x3

WHERE e.emp_seq = s.emp_seq

AND e.emp_seq = j.emp_seq

AND e.emp_seq = d.emp_seq

AND s.emp_seq =xl.emp_seq

AND s.effective _date = x1.coll

AND j.emp seq = x2.emp_seq

AND j.effective_date = x2.coll

AND d.emp seq =x3.emp_seq

AND d.effective_date = x3.coll

Views

Ideally, the system should check the view definition itself for non-join criteria, as well as the
query containing the view. If the view definition contains a view, you would not recursively check
the views. One level is enough and often that will be all that is needed. Also keep in mind that the
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The ORDERED hint will be used to specify the join order.

First, for the SQL statement that we will specify the join order for, test it without an
ORDERED hint. For example, this will be the first permutation (with no ORDERED hint) tested.
The other permutations will be based on the various driving tables that were decided on. Ifa SQL
statement has two tables that can drive the query, then there will be at least three permutations; the
original and two using the ORDERED hint with the different driving tables.

Pick one of the driving tables. Looking at the hierarchy between the objects in the FROM
clause, check which join route will encounter the “most” non-join criterta (where FIRST ROWS
looks for indexed non-join criteria if they exist, otherwise non-indexed non-join criteria; and ALL
ROWS looks for just the most non-join criteria, whether indexed or not.) After all the objects are
joined with non-join criteria, the other joins do not matter, so do not create variations of those tables.

The following examples will illustrate.

Example 1
The example below is for ALL ROWS optimization mode.
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There 1s one non-join criterion on PROJECTS and one for the nested select. The hierarchy
for this example is shown in Fig. 10.

As shown in Fig. 10, the hierarchy depicts the nested select as a child of EMPLOYEES. This
works in this case because we know that SAL, HISTORY is a child of EMPLOYEES. The dotted
line shows that the relationship is via transitivity, as will be further described later below.

Because of the transitivity, if PROJECTS is picked as the driving table, we would want to
join in the direction of the most non-join criteria. That means we want to get to the nested select as

quickly as possible. Therefore the join should be:

PROJECTS -> TIME_SHEETS -> nested select -> EMPLOYEES.
If the nested select is picked as the driver, the join should be:

nested select -> TIME_SHEETS -> PROJECTS -> EMPLOYEES

It turns out that all the non-join criteria in the previous SQL were also indexed, so the same
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The following example is for FIRST ROW or ALL,_ROWS optimization modes:

SELECT * FROM employees ¢,
(SELECT DISTINCT emp_seq FROM dependents) x
WHERE e.emp_seq = x.emp_seq
AND e.emp_seq BETWEEN 1001 and 1010
The join criterion between EMPLOYEES and the nested select are indexed on both sides.

However, since the non-join criterion should be duplicated in the nested select (recall the section

above on transitivity), then both objects can drive the query.

Example 3

This query is intended to be used for FIRST ROWS optimization mode.

This is the standard historical data query used. The point here is that the non-join criteria
where one of the operands in each criterion is a subquery. Since the other operand in each case is

indexed, these are considered indexed non-join criteria.

SELECT e.emp_seq, e.Iname, e.fname, s.sal, d.dept_seq, j.job_seq
FROM employees €, sal_history s, job_history j, dept_history d
WHERE e.emp_seq = s.emp_seq
AND e.emp seq = j.emp_seq
AND e.emp_seq = d.emp_seq
AND s.effective_date =

(SELECT MAX(effective_date) FROM sal_history sl
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The hierarchy for this example is shown in Fig. 11. The dotted lines represent the transitive
joins. Since each one of the history tables has an indexed non-join criterion, they can be joined
directly. Therefore any of the history tables can be a driving table. The different join orders, besides
the default, are as follows:

SAL HISTORY ->DEPT HISTORY ->JOB_HISTORY -> EMPLOYEES
or
SAL HISTORY ->JOB_HISTORY ->DEPT_HISTORY -> EMPLOYEES

or

DEPT_HISTORY ->SAL_HISTORY ->JOB_HISTORY -> EMPLOYEES
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JOB_HISTORY ->SAL HISTORY ->DEPT HISTORY -> EMPLOYEES

Example 4
Now, what if the subqueries in example 3 were moved to the FROM clause? Now the nested

selects can possibly drive the query. It is assumed that this is an ALL ROWS optimization mode.

SELECT e.emp_seq, e.Iname, e.fname, s.sal, d.dept_seq, j.job_seq
FROM employees e, sal_history s, job_history j, dept _history d,
(SELECT emp_seq, MAX(effective_date) coll FROM sal_history
WHERE effective_date <= SYSDATE
GROUP BY emp_seq) x1,
(SELECT emp_seq, MAX(effective_date) coll FROM job_history
WHERE effective_date <= SYSDATE
GROUP BY emp_seq) x2,
(SELECT emp_seq, MAX(effective_date) coll FROM dept_history
WHERE effective_date <= SYSDATE
GROUP BY emp_seq) x3
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10s10% o0& () -Thoddcsmclpy for this example'is shown in Fig. 12. Note that there are transitive join criteria

between the historical tables because of the transitivity of EMP_SEQ. For example, since
“s.emp_seq = x1.emp_seq”, and “s.emp_seq = e.emp_seq”, and “e.emp_seq = j.emp_seq”, and
“J.emp_seq =x2.emp_seq”, therefore “x1.emp_seq =x2.emp_seq”.

In addition, note that there are no non-join criteria for the history tables, just the nested
selects. So none of the history tables can drive the query. In any case as mentioned above with
respect to the driving tables, the nested subqueries in the FROM clause can always be drivers.

Now we have even more possible join orders. To make it easier to view, aliases are given to
the nested selects; S.N. for the nested select on SAL,_HISTORY; DN for the nested select on
DEPT HISTORY: etc. In addition, as noted previously, the system does not care about re-arranging

objects that have no non-join criteria.

S.N.->DN -> JN -> SAL HISTORY ->DEPT HISTORY ->JOB_HISTORY -> EMPLOYEES

S.N. ->JN ->DN ->SAL HISTORY ->DEPT HISTORY ->JOB_HISTORY -> EMPLOYEES
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JN ->S.N.->DN ->SAL HISTORY ->DEPT HISTORY ->JOB_HISTORY ->EMPLOYEES

Note again that the latter tables were constant in their order. The initial order could be

changed, but it would always remain constant for the various join orders.

Clustered Tables
If a table is clustered to one of the other tables in the query, those tables should be joined
together without intermediate joins of other tables. For example, ASSIGNMENTS, PROJECTS and

TIME_SHEETS are in the same hash cluster. The following query illustrates:

SELECT * FROM employees e, assignments a, projects p, time_sheets t
WHERE e.emp_seq = a.emp_seq

AND a.emp_seq = t.emp_seq

AND a.proj_seq = p.proj_seq

AND a.proj_seq = t.proj_seq

AND t.rpt_date BETWEEN '01-JAN-97' AND '30-JAN-97'
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will be the only driver. Because of the clustering and lack of non-join criteria anywhere else, all

clustered tables should be joined next as follows:

TIME_SHEETS -> ASSIGNMENTS -> PROJECTS -> EMPLOYEES

ORDERED Hint

The ORDERED hint always works. However, the system will be more efficient if the join
criteria allow for the order of the join. Often this means adding join criteria that corresponds to the
transitivity in the current join criteria.

When picking the join order, the system must check if the explicit join criteria exists. If not
then the system should check via transitivity where the join criterion is implied. If it is, implied join
criterion exists, that criterion should be added to the query prior to tesling. Since parameters are
already imbedded within the ORDERED hint, the implied join criteria should continue to be
embedded in the ORDERED hint. The system handles the join order in this was when allowing the
user to manually use the ORDERED hint, since it is not desirable to modify the SQL text for the
other optimization modes.

For the example below, although there is no explicit join criterion between tables X1 and X2,
a join does exist via transitivity. The way to check is to follow the join paths from X1 to X2. For
example, from X1 to S, the join is “x1.emp_seq = s.emp_seq AND x1.coll = s.effective_date”.
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Since the ORDERED hint wants X1 joined to X2, and the implicit join criterion, “x1.emp_seq =

x2.emp_seq” exists, that criterion should be added as a parameter to ORDERED.

The same process can be performed to get the transitive join criterion between X2 and X3.
For example, “x2.emp_seq = x3.emp_seq”. Since X3 is not explicitly joined to E, the system
should include the join criterion “x3.emp_seq = e.emp_seq”.

The suggested format of the ORDERED hint with implicit join criteria is as follows:

SELECT/*+ ORDERED(x1,x2,x3,¢,s,j,d, “x1.emp_seq=x2.emp_seq”, “x2.emp seq=x3.emp_seq”,
“x3.emp_seq=e.emp_seq”) */ e.emp_seq, e.Iname, e.fname, s.sal, d.dept_seq, ).job_seq
FROM employees e, sal_history s, job_history j, dept_history d,
(SELECT emp_seq, MAX(effective_date) coll FROM sal_history
GROUP BY emp_seq) x1,
(SELECT emp_seq, MAX(effective_date) coll FROM job_history
GROUP BY emp_seq) x2,
(SELECT emp_seq, MAX(effective_date) coll FROM dept_history
GROUP BY emp_seq) x3
WHERE e.emp seq = s.emp_seq
AND e.emp_seq = j.emp_seq
AND e.emp_seq = d.emp_seq
AND s.emp_seq = x1l.emp seq
AND s.effective_date = x1.coll
AND j.emp_seq = x2.emp_seq
AND j.effective_date = x2.col1
AND d.emp_seq = x3.emp_seq
AND d.effective date = x3.coll
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For example the SQL statement,

SELECT * FROM employees e, (SELECT DISTINCT emp_seq, relation
FROM dependents d
WHERE birthdate > ‘01-jan-80) x
WHERE e.emp seq = x.emp_seq
AND x.relation = ‘SPOUSE’

can be transformed to

SELECT * FROM employees e, (SELECT DISTINCT emp_seq, relation
FROM dependents d
WHERE birthdate > ‘01-jan-80’
AND relation = ‘SPOUSE’) x
WHERE e.emp_seq = x.emp_seq

In this case, the non-join criterion is moved to the subquery to further reduce the number of
rows qualified prior to filtering later after the join.

It should be noted that although some databases may already account for this, moving the
criteria to the WHERE clause would be instructive, plus allows hints to be specified easier.
NOT’ed Logic

NOT’ed criterion are generally not considered herein in terms of optimizing because it
doesn’t matter. That is, databases typically automatically handle the transposing of the NOT’ed
criterion.
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example, if this did occur, the system would have to transpose to WHERE cost = 0 OR cost IS
NULL. That would still require a full table scan without other indexed criterion. For example, look
at the example below:

SELECT * FROM employees ¢, dependents d

WHERE e.emp_seq=d.emp_seq

AND e.hiredate = SYSDATE-7
AND NVL(d.birthdate,’01-JAN-80) = *01-JAN-80"

can be transformed to

SELECT * FROM employees e, dependents d

WHERE e.emp_seq = d.emp_seq

AND e.hiredate = SYSDATE-7

AND (d.birthdate = *01-JAN-80" OR d.birthdate IS NULL)

now, this can be further transformed to:
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' AND e.hiredate = SYSDATE-7

AND d.birthdate IS NULL

1t becomes more possible to optimize each SQL module (e.g., each nested query) separately.
In addition, note that the transformation does not include the standard inequality in the bottom
module. It does not have to, since the OR is with the same column. The OR’ed criterion will be

discussed in more detail below.

OR’ed Criteria

The following examples describe how the system handles OR’ed criteria.

For example, the SQL statement,

select * from tab where A=10 OR B=20

can be rewritten as

select * from tab where (A = 10)
UNION ALL
Select * from tab where (A !=10) AND (B =20)

If columns A and B are nullable, then the approach would be:

95



10M 0s$10% o0: 0& ()-!0s$10% - & () s$10% e& () -

10% 0& () -!0410%08& ()-!0410% : & () - >?&?E???27??2°UJ? 10M 10'o0 10'o0

10’ 0710%\%,@{0503 10%00& ()-&3 10% ] & ()-& 10% 0& ()- O$SHA%Gt/17171
-24@ AaBUJ? 10M 13$10% & () -

$10%&'() 110% & ()-0210% & ()-9!'z10% : & ()-9s' 1 10% & () -\ Al AA: BBBZCAEUJ?

10M 1! 10% &e{det & FobDeb&Ieye (A = 10)

$10% & () - STOBIGN(ALL 10% & () - sSMLO% &' () - ZCCDKDj DEDEa@J? 10M  0O(

10% : & () - )'&(eo@@%dﬁ&t abhwHere (A 1=10 OR A IS NULL AND (B =20)

10% ~& () - $10% & ()-3"$10% & ()-$10% & () - DE\ EEEEEEEFXmDC  10M  10%VE () -

10: 10: 10:710% & ()-,510% & ()-2!10% & ()-0( 10% 6& () - FFNFFFFFaBmbC 10M

* z#10 (%E(ﬂ)% "100VE ()- 109& ()-![0 10%& ()-F

10%\/&% AYsp Vit fAHdCrbC  10M

0#z#109%V) M&' () - O#z#10%V&' () - #z#109M & () -

109%V& () -0 z#109%VE& ()-FO z#10%V&' ()-FWHHI I 111111dYNC 10M  10M

where A=100or (B=20AND C=1)
can be rewritten as:

WHERE A =10
UNION ALL
WHERE A =10 AND (B=20AND C=1)

‘IS NOT NULL’ should be added if columns are nullable.

New Plan Operations

BITMAP KEY ITERATION
This occurs when a subquery outputs multiple values that then goes to bitmap index. Check
if happens also when an IN, etc. Previously a BITMAP OR handled multiple values with IN

operator on bitmap index.

Qther Hints
In data warehousing, a star schema can be used to depict one or more very large fact tables
that contain the primary information in the data warehouse and a number of much smaller dimension
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is joined to the fact table using a primary-key to foreign-key join. However, the lookup tables are

not jomed to each other.

The star transformation is a cost-based query transformation aimed at executing star queries
efficiently. While a star optimization may work well for schemas with a small number of
dimensions and dense fact tables, the star transformations may be considered as an alternative if any
of the following is true. For example, star transformations may be useful if the number of
dimensions is large or if the fact table is sparse. In addition, the star transformations may be useful
if there are queries where not all dimension tables have constraining predicates. The star
transformation does not rely on computing a Cartesian product of the dimension tables, which makes
it better suited for cases were fact table sparsity and/or large number of dimensions would lead to
a large Cartesian product with few rows having actual matches in the fact table. In addition, rather
than relying on concatenated indexes, the star transformation is based on combining bitmap indexes
on individual fact table columns. The transformation can thus combine indexes corresponding
precisely to the constrained dimensions. There is no need to create many concatenated indexes
where the different column orders match different patterns of constrained dimensions in different
queries.

“STAR_TRANSFORMATION” - makes the present system use the best plan in which
transformation was used. This occurs when there are bitmap indexes in the fact table and there are
sufficient criteria on the dimension tables.
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foﬁ/l) ! &Bgﬂg%{t% g’gf/go@l:% &%%%@1}?% QﬁeY%Y' SW‘EQ. Tables with a table hint that is

0,
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M A z[ <mBdmote tables (however, remote dimension tables are allowed in the subqueries that are generated),

anti-joined tables, tables that are already used as a dimension table in a subquery, tables that are
really unmerged views, which are not view partitions, tables that have a good single-table access
path and tables that are too small for the trans{formation to be worthwhile.

The following example illustrates reducing the result of a nested select early in the query.

For example, if the user entered the query below with the nested select in the FROM clause.

SELECT e.* FROM employees €, time_sheets t, projects p,
(SELECT emp_seq, MAX(effective_date) coll
FROM sal_history s
GROUP BY emp_seq) x

WHERE e.emp_seq=t.emp_seq

AND t.proj seq = p.proj_seq

AND p.name = ‘PAFQ’

AND t.emp_seq = x.emp_seq

AND trpt_date = x.coll

“AND x.coll < SYSDATE”

The user should have put the cnterion with the nested select as shown below. That way, the

result of the nested select can be reduced early.

SELECT e.* FROM employees e, time_sheets t, projects p,
(SELECT emp_seq, MAX(effective_date) coll
FROM sal_history s
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" 10% & faples 1@reuinl @har SQL statement. For example, in the following SQL statement, both

ASSIGNMENTS and PROJECTS are only represented in the ALL ROWS mode by their index
accesses. That is, the table does not need to be accessed. Accordingly, if a user clicks on the index
operation for ASSIGNMENTS nothing in the SQL would be highlighted to identify the relationship

between the plan and the SQL.

SELECT * FROM employees e,
(SELECT DISTINCT emp_seq FROM assignments a, projects p
WHERE a.proj_seq = p.proj_seq) X

WHERE e.emp_seq = x.emp_seq

The system should at least check if the table is unique in the entire SQL statement. Ifit is,

then the system should highlight the table when the user clicks on the index operation.

OBJECT INSTANCE
When there is a nested select in the FROM clause, the present system does not account for
the OBJECT INSTANCE value given to the nested select as well as the OBJECT INSTANCE
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109&

or even convert non-correlated to correlated.

When an ORDERED hint is added that requests a join order other than what the original SQL
specified, the system re-arranges the FROM clause and passes that to the database. However, when
the system re-arranges, it still shows the original ORDERED hint with the parameters. Since the
parameters are not part of the actual hint syntax, the system drops the parameters for the ORDERED
hint when displaying the HINTS mode for the SQL. For example, if the original SQL in the EDIT

window is:

SELECT/*+HINT1 ORDERED(s,d,e,j) */ *

FROM employees ¢, sal_history s, job_history j, dept_history d
WHERE e.emp_seq = s.emp_seq

AND e.emp seq =j.emp_seq

AND e.emp_seq =d.emp_seq

AND s.sal > 500

AND j.job_seq=10

AND d.effective_date = j.effective_date

AND s.effective_date = j.effective_date

the HINTS 1 window should display:

SELECT /*+ ORDERED */ *

FROM sal_history s, dept_history d , employees e, job_history j
WHERE e.emp_seq = s.emp_seq

AND e.emp_seq = j.emp_seq

AND e.emp seq=d.emp_seq
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REPORTS

A useful report would be one that recommends which “indexed columns (single column
index)” might benefit from creating a histogram. Since a histogram should only be constructed on
columns that do not have a normal distribution, we need to find the columns that do not have normal

distribution.

“HINTS”: For ALL ROWS, when the “joined to table™ index is larger than the table, make FULL.

SQL Check

If a subquery is interfaced with the relational operator, NOT IN, or any form of ALL, the
system can display the following message and highlight, if possible, the subquery:
“If the subquery returns no row (empty set), the criterion including the subquery will

evaluate to TRUE. Ie. it functions exactly the same as the NOT EXISTS when the
subquery doesn’t return a row.”

ALTERNATE SQL

When a subquery returns columns that will feed into criterion referencing the same table, the
select list of the subquery should be changed to contain the ROWID instead. For example, look at
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(SELECT max(effective_date) FROM sal_history s2

WHERE e.emp_seq = s2.emp_seq

AND s2.effective_date <= SYSDATE)

could be transformed to

SELECT * FROM employees e, sal_history sl
WHERE e.emp_seq =sl.emp_seq
AND 51.“ROWID” =
(SELECT “ROWID” FROM sal_history s2
WHERE e.emp_seq = s.emp_seq
AND s2.effective_date <= SYSDATE)

HINTS
When hints are applied, the user has to work at seeing if the hints took affect. The present
system can provide feedback to inform the user that the hints did have the desired affect. For
example, the system may inform the user whether the ORDERED hint joined in the specified order.
For queries including NOT IN or NOT EXISTS subquery, transitivity can be applied so the
interface columns in the surrounding query belong to the same table. This merges NOT IN and NOT
EXISTS subqueries because a table cannot outer-join to more than one table.

For example the following SQL statement,
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can be converted to

SELECT *
FROM employees ¢, assignments a
WHERE e.emp_seq = a.emp_seq
AND (a.emp_seq, a.start_date) NOT IN (SELECT emp_seq, rpt_date
FROM time_sheets)

which can then be converted to

SELECT e.*, a.*

FROM employees e, assignments a, time_sheets t1
WHERE e.emp_seq = a.emp_seq

AND a.emp_seq =tl.emp_seq (+)

AND a.start_date =tl.rpt_date (+)

AND t1.ROWID IS NULL

The following example illustrates merging NOT IN and NOT EXISTS subqueries to join.

For example, the SQL statement,

SELECT *
FROM employees ¢
WHERE NOT EXISTS
(SELECT *
FROM assignments a
WHERE e.emp_seq =a.emp_seq )
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AND tl.col2 IS NULL

however, the subquery should be merged as follows

SELECT e. *

FROM employees e, assignments a
WHERE e.emp seq=a.emp_seq (+)
AND a.emp_seq IS NULL

The system can convert SQL 4 to SQL 5 and then to SQL 6, as follows, by moving the
constant in the surrounding interface column to the subquery.
For example, original SQL statement,
SELECT *
FROM employees e, assignments a
WHERE e.emp_seq = a.emp_seq
AND (e.emp_seq, '22-FEB-94") NOT IN (SELECT emp_seq, rpt_date

FROM time_sheets)
SQL 4

can be transformed to
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which can be transformed to

SELECT e.*, a.*
FROM employees e, assignments a, time_sheets t1
WHERE e.emp_seq = a.emp_seq
AND a.emp_seq =tl.emp_seq (+)
AND tl.rpt_date (+) = "22-FEB-94'
AND t1.ROWID IS NULL
SQL 6

The following query cannot be converted because the subquery table has to outer-join to a

table if merged. The subquery cannot be outer-joined to a constant alone.

SELECT *
FROM employees e, assignments a
WHERE e.emp_seq = a.emp_seq
AND '22-FEB-94' NOT IN (SELECT rpt_date
FROM time_sheets)
SQL 7

If a subquery interface column is a constant, merge can be performed if all tables are unique
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FROM employees e
WHERE (e.emp_seq, Iname) NOT IN (SELECT emp_seq, 'SMITH'
FROM time_sheets
WHERE proj_seq =1
AND 1pt_date = '22-feb-94")
SQL 8

can be transformed to

SELECT e.*
FROM employees e, time_sheets t1
WHERE e.emp seq =tl.emp_seq (+)
AND proj_seq (+)=1
AND rpt_date (+) = '22-feb-94'
AND (t1.ROWID IS NULL
OR Iname <> 'SMITH")
SQL 9

Care must be exercised when attempting to transform SQL statements. For example, an

attempt can be made to transform the following SQL statement

SELECT *
FROM employees e
WHERE emp_seq NOT IN (SELECT a.emp_seq
FROM projects p, assignments a
WHERE a.proj_seq = p.proj_seq
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T SNdYNC a.proj_seq = p.proj_s
AND p.name (+) = 'EXPLAIN SQL: DEVELOPMENT"
AND p.ROWID IS NULL
ORDER BY 1

However, this would not be correct, since it is not possible to merge the original SQL here
to the outer query. This would result in an incorrect transformation.

Another problem may occur if the system attempts to add the ‘ROWID IS NULL’ clause
with an arbitrary table. For example, sometimes the system might pick the projects table and
sometimes it might pick the assignment table, depending on the order in the FROM clause. This
would be incorrect. Care should be exercised to make certain that the lowest level child table is null
(e.g., the projects table). Otherwise, the join criteria to the child table (projects in this case), will not
be relevant.

The following rules and guidelines should be followed during transformation.

A) The present system should convert only if

1) All intermediate tables in the join order should be joined to guarantee uniqueness.

i1) There can be more than 1 branch. However, at most 1 lowest level child table can

be non-unique. All other tables should be unique when joined in order. In other
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column. So this subquery cannot be merged. However, the Example SQL 10 below
can be converted, when project name is a unique column.
iii)  If one of the subquery interface columns is a constant, all tables should be joined to
guarantee uniqueness.
1v) There is no aggregate function (GROUP BY, DISTINCT and HAVING is okay as
long as there is no aggregate. When merged, ignore GROUP BY and DISTINCT and
move HAVING criteria to WHERE clause)
V) There is no CONNECT BY syntax
Vi) There is no set operation (e.g. UNION, MINUS)
vii) Subquery contains no outer join.
B) For each lower level child, add ‘<child>ROWID IS NULL’ and OR them together.
8)) If there is a constant in the surrounding interface column and there are other interface
columns, change it to an equality criteria to the subquery where clause.
D) If there is a constant in a constant in the subquery interface column, set the constant to NOT
EQUALS to the corresponding surrounding interface column and OR it with ‘<child>ROWID IS

NULL’
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Correlated subqueries may present a problem when determining whether or not an outer-join
can occur. Specifically, when the NOT IN operator is interfacing the correlated subquery, the
interface columns in the surrounding query must belong to the same table as the table correlated to
the subquery. For example, see the SQL statements immediately below. The interface columns in
the subquery should belong to the same table as the table correlated to the subquery. In the example
below, the HIREDATE column belongs to “e.”, as well as one of the correlation criteria, but the
other correlation criterion references “a.”. So the merge is not possible.

SELECT * FROM time_sheets t

WHERE t.pt_date NOT IN
(SELECT hiredate FROM employees e, assignments a
WHERE a.proj_seq = t.proj_seq
AND e.emp seq =a.emp_seq

AND e.emp_seq =t.emp_seq)
SQL 11

It is not necessary that “the interface columns in the [NOT IN] subquery must belong to the
same table as the table correlated to the subquery”, as long as rules/guidelines a) i) and a) ii) above
are true. However, the corresponding interface columns in the surrounding query should belong to

the same table because of the outer join. If converted, the assignment table needs to outer join to
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13 as shown below. The merge is possible because both employees and assignments have unique

indexes on the interface column(s).

SELECT * FROM time_sheets t
WHERE t.apt_date NOT IN
(SELECT hiredate FROM employees e, assignments a
WHERE a.proj_seq = t.proj_seq
AND temp seq = a.emp_seq
AND e.emp_seq =t.emp_seq)

SQL 12

SELECT * FROM time_sheets t, employees e, assignments a
WHERE e.hiredate(+) = t.rpt_date

AND a.proj_seq(+) = t.proj_seq

AND a.emp_seq(+) = t.emp_seq

AND e.emp_seq(+) =t.emp_seq

AND (a.rowid IS NULL or e.rowid IS NULL)

SQL 13

It should also be noted that you can not merge NOT EXISTS OR NOT IN subquery with
non-column (constant, function, etc.) in the subquery select clause. For example, an attempt may
be made to transform the following SQL 14 to SQL 15. However, SQL 15 does not produce the
same result set as SQL 14 because of #.rpt_date = '22-FEB-94'. The criteria could be changed to
Lipt_date <> '22-FEB-94'. However, we would have to guarantee the original subquery returns

at least 1 row. This defeats the purpose of the transformation, because we have to keep the subquery.
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SELECT/*+ ALL_ROWS */
t.*
FROM time_sheets t, employees t1
WHERE t.emp_seq =tl.emp seq (+)
AND t.pt_date = '22-FEB-94"
AND t1.ROWID IS NULL
SQL 15

Set NOT_IN NOT EXISTS Subquery Can Be Quer

If an operator is NOT IN or NOT EXISTS, the following routine can be called attempt to
determine whether it should attempt to convert the sub-query to a join.

<<code begin>>

IF subquery contains aggregate in Select list OR subquery contains aggregate in
HAVING clause OR subquery contains Connect By syntax OR subquery contains set
operation THEN RETURN FALSE
LOOP over each table X in the FROM list, if there is more than 1 join criterion, apply
transitivity so the table join to the same table, if possible.
Initialize Unique_list to empty
Non_Ungqiue_table :=null
LOOP over each TABLE in the FROM list containing interface columns
IF CheckTableUniquelndexCols return TRUE
(CheckTableUniquelndexCols routine checks for a given table, whether all
the columns of its any one unique indexes are present in the where clause
and have a '=' operation and the other operand is a constant or a
correlated.)
THEN add TABLE to the Unique_list
ELSE

111



10'10% & ()- 10" 10 10'y7
10% & ()-010% & ()-.$10% & () - S, $10% & () - oy+} ~?2nbC

107! 10% &yl %& ()-1}00 10%& ()-!01 10%&' ()-110% U  per/usoi/17171
& () - sL3105% 2 B NgdEmbC

1010% & () - $10%& ()-$10% & ()-L$10% & ()-$10% & ()- $10% & () - DG A2mbC
102$10% & () -/ $10% & ()F}fyon' 1914@1 ,%)orelgn{ﬂ {@O0%: ()-10,1"@O0%}& ()-,!" @0% &
'()- /bC 10$10% & () TO% & () -10% & ()- 10t 10t 10ty7
10% & () - F4$10% & a2 &0. y10% | &0 y109& 10% & ()-F

()- ()- 5?1% @)&L Ry &0y -y ()-

10% & ()- $10% & () - S$1S/m
10! ($10% & ()- & 10% & %538 po° - 10%&,&&),0 10% 0& ()-0 -10% & ()- -10% & () -

OSTUYVdYNC 10! 10t 10tREUtJRN

10% & () - 1$ NP EQOP b$aioe . TABLE B1DOFROM listedhOdaisg {nterface columns A <YNC

10! 910%wW& (DOOP QR erlOYR TIBIZ GFRhd ORRIM MisZonlDURE (NieFae83dRMkis( ) - S109&' () -
Pkt P dEYNG JI@'@Heé@"/@m@[e(%gl%’/%tél)facm&(ﬁe b7 thé QiEodndi Y kO Kiife list,

109%&: "M Z" ###S$
yo| | 40f (% 10%hohé& ( %ﬁ%&?l%?t%“ﬂ%g () - nf 9% 109%& () - nyy#MLO%& () - 9!

109%& 799 o
y ()-S$ gNﬁ%@Cﬁ over each table in the FROM list containing interface columns

(Make sure all table is joined)
LOQP over each TABLE
IF TABLE not in unique_list and TABLE <> Non_unique_table
THEN
RETURN FALSE
END LOOP over each TABLE
RETURN TRUE
<<code end>>

Check_Unique
Input:

TABLE
PARENT TABLE
NONUNIQUE_TABLE

<<code begin>>

LOOP over each table Y joined to TABLE

IF Y =PARENT TABLE

continue loop
IF Y is in Unique_list or Y is Non_unique_table (if Y is already joined, cannot
join to another table)
THEN RETURN FALSE
LOOP over each index of Y

IF all indexed columns are joined to X with = operator OR index columns

= constant
THEN
add Y to Unique_list
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+F+S++++, } A?bC IF Non_unique_table is null
' Non_unique _table=Y
(Since Y is not unique, make sure no other table is joined to Y)
LOQP over each table Z joined to Y
IF Z not in Unique_list and Z <> Non_unique_table
THEN RETURN FALSE
END LOOP over each table Z joined to Y
ELSE
RETURN FALSE
END LOOQP over each table Y joined to TABLE
RETURN TRUE
<<code end>>

If a WHERE clause criteria only references table in the nested select in the FROM clause, move it
to the nested select.
For example, the following SQL

SELECT *
FROM employees e,
(SELECT DISTINCT emp _seq, relation
FROM dependents d
WHERE birthdate > '01-jan-80") x
WHERE e.emp_seq = x.emp_seq
AND x.relation = 'SPOUSE'

can be converted to

SELECT *
FROM employees e,
(SELECT DISTINCT emp_seq, relation
FROM dependents d
WHERE birthdate > '01-jan-80'
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For example, the following SQL statement

SELECT LNAME , count (*)
FROM employees

GROUP BY LNAME
HAVING LNAME <'D'

can be transformed to

SELECT LNAME , count (*)
FROM employees

WHERE LNAME <D’
GROUP BY LNAME

The present disclosure may be conveniently implemented using one or more conventional
general purpose digital computers and/or servers programmed according to the teachings of the
present specification. Appropriate software coding can readily be prepared based on the
teachings of the present disclosure.

In addition, although the above-description refers to specific database systems (e.g.,
Oracle), it should be understood that the present disclosure is not limited to any particular
database or type of database system.

Numerous additional modifications and variations of the present disclosure are possible

in view of the above-teachings. 1t is therefore to be understood that within the scope of the
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selecting a database query;
parsing the selected database query to determine relationships between portions of the
selected database query;
selecting an optimization mode from a plurality of available optimization modes;
tuning the selected database query by modifying at least one portion of the selected database
query based on the determined relationships and the selected optimization mode; and
displaying the modified database query.
2. A method as recited in claim 1, wherein the parsing determines tokens withing the database
query, tokens being words separated by delimiters.
3. A method as recited in claim 1, wherein the plurality of available optimization modes
include Cost based and Rule based modes.
4. A method as recited in claim 3, wherein the Cost based modes include First Rows mode
and All_Rows mode.
5. A method as recited in claim 1, further comprising determining a cost associated with using
the tuned database query.
6. A method as recited in claim 5, further comprising comparing a cost associated with using
the selected database query to the cost associated with using the tuned database query.
7. A method as recited in claim 1, further comprising parsing the selected database query to

determine whether the database query includes at least one subquery joined by at least one of a
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11. A method as recited in claim 8, wherein the preferences include rewrite preferences for
enabling a user to select whether to use at least one of a NOT EXISTS operator and an outer-join
to convert subqueries joined by a NOT In operator.
12. A computer storage medium including computer executable code for tuning a database
query, comprising;:

computer executable code for allowing a user to select a database query;

computer executable code for parsing the selected database query to determine relationships
between portions of the selected database query;

computer executable code for allowing a user to select an optimization mode from a
plurality of available optimization modes;

computer executable code for tuning the selected database query by modifying at least one
portion of the selected database query based on the determined relationships and the selected
optimization mode; and
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computer executable code for displaying the modified database query.
13. A computer storage medium as recited in claim 12, wherein the parsing determines tokens
withing the database query, tokens being words separated by delimiters.
14. A computer siorage medium as recited in claim 12, wherein the plurality of available
optimization modes include Cost based and Rule based modes.
15. A computer storage medium as recited in claim 14, wherein the Cost based modes include
First Rows mode and All_Rows mode.
16. A computer storage medium as recited in claim 12, further comprising code for
determining a cost associated with using the tuned database query.
17. A computer storage medium as recited in claim 16, further comprising code for comparing
a cost associated with using the selected database query to the cost associated with using the
tuned database query.
18. A computer storage medium as recited in claim 12, further comprising code for parsing
the selected database query to determine whether the database query includes at least one
subquery joined by at least one of a NOT EXISTS, a NOT IN and an ALL clause.
19. A computer storage medium as recited in claim 18, further comprising code for prompting
a user to select preferences to be used during tuning based on whether the database query
includes at least one of a NOT EXISTS, a NOT IN and an ALL clause.
20. A computer storage medium as recited in claim 19, wherein the preferences include
rewrite preferences for enabling a user to select at least one of a conversion of NOT EXISTS
operators to a NOT IN operator and conversion of the selected database query to an outer join.
21. A computer storage medium as recited in claim 19, wherein the preferences include
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rewrite preferences for enabling a user to select to convert subqueries joined by an ALL operator
to a join or outer-join.
22. A computer storage medium as recited in claim 19, wherein the preferences include
rewrite preferences for enabling a user to select whether to use at least one of a NOT EXISTS
operator and an outer-join to convert subgueries joined by a NOT In operator.
23. A programmed computer systemn for tuning a database query, comprising:

a display for displaying at least one database queries to a user;

a user input allowing the user to select a database query from among the displayed database
queries and an optimization mode from a plurality of available optimization modes; and

a processor for parsing the selected database query to determine relationships between
portions of the selected database query, and for tuning the selected database query by modifying
at least one portion of the selected database query based on the determined relationships and the
selecied optimization mode, the modified database query being displayed to the user via the
display.
24. A system as recited in claim 23, wherein the parsing determines tokens withing the
database query, tokens being words separated by delimiters.
25. A system as recited n claim 23, wherein the plurality of available optimization modes
include Cost based and Rule based modes.
26. A system as recited in claim 25, wherein the Cost based modes include First Rows mode
and All_Rows mode.
27. A system as recited in claim 23, wherein the processor determines a cost associated with
using the tuned database query.
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28. A system as recited in claim 27, wherein the processor compares a cost associated with
using the selected database query to the cost associated with using the tuned database query.

29. A system as recited in claim 23, wherein the processor parses the selected database query
to determine whether the database query includes at least one subquery joined by at least one of a
NOT EXISTS, a NOT IN and an ALL clause.

30. A system as reciled in claim 29, wherein the processor prompts the user to select
preferences to be used during tuning based on whether the database query includes at least one of
a NOT EXISTS, a NOT IN and an ALL clause.

31. A system as recited in claim 30, wherein the preferences include rewrite preferences for
enabling a user to select at least one of a conversion of NOT EXISTS operators to a NOT IN
operator and conversion of the selected database query to an outer join.

32. A system as recited in claim 30, wherein the preferences include rewrite preferences for
enabling a user to select to convert subqueries joined by an ALL operator to a join or outer-join.
33. A system as recited in claim 30, wherein the preferences include rewrite preferences for
enabling a user to select whether to use at least one of a NOT EXISTS operator and an outer-join

to convert subqueries joined by a NOT In operator.
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