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Query optimizers optimizers map ueries to e ecuta le
plans An optimizer is i it maps e ery wuery to
aplant atreturnst e ataspeci e yt e uery is

paper presents or contri uting to our goal o esigning
an implementing an t at ill assist
e elopers an researc ersin t e esign an implemen

tation o uery optimizers
e moti ation or t is or comes rom t e recog
nition t at optimizers are comple an error prone so t

are systems n is eynote a ress at MO
ill atesreporte t attesting a re eale un re so
ugs in t e wuery processor or Q er er At t e

F or s op on n ustrial Aca emic Coopera
tion in ata ase ystems aula a t orne commente
t att e ata asesot arein ustry is ace it a cor
rectness crisis muc li e t e sa ety crisist at ace t e

s auto in ustry a t orne conclu es t at
ata asesot are e elopment must ta e a more ormal
approac to ma e results more ro ust e correctness
issue a ects not only optimizer e elopment ut opti
mizer researc also t e CO ug asone o a
num er o errors re eale y iessling o optimiza
tion tec ni ues or relational ata ases t at ere pu
lise y imt o years eore e emergence
o more comple ata eg o ectoriente an ueries
eg ecision support since iessling s report as only
e acer ate t epro lemo ensuring uery optimizer cor
rectness

e uilt a
ose inputs coul

n earlier or

cCO O O A epro e cor

rect it anautomate t eorempro er nt ispaper e
present complementary or to ar st e e elopment
0 a it t e same correctness
properties A constructs 1 com

positions o algorit ms eg as oin an access met

0 s eg in e scans ose e ecution generatest e re
sult toa uery nt espirito CO O O A our uery
planner generator ill accept a ormal speci cation o a
uery planner as input an use it ot to generate a
uery planner an to eriy its correctness n t is pa
per eta et e rststepto ar st isgoal y presenting

a ormal speci cation o a generic plan alge ra is ap
proac parallels t e approac etoo e ore eret e
ormal speci cation o a logical uery alge ra O A

prece e t e esigno t e ueryre riter generator

e rest o t is paper procee s as ollo s e egin
in ection presenting ac groun in ormal met o s
an  uery optimization e also escri e o e isting
optimizer generator tools i er romt e one e propose
ot ino ectiean esign n ection e present
ormal speci cations o les o recor s our assume un
erlying representation o relations an rele ant prop
erties 0 les eg sort or er or grouping t at can e
inerre an e ploite y t e optimizer to impro et e
plans t ey generate e present our generic plan alge
ra A an its ormal speci cation in ection n
ection es o t e iailityo t isalge ra y trans
lating common (@  ueries into plans e presse it
its operators an in ection e emonstrate some

uery planning rulest at e ae erie it at eo
rem pro er e escri erelate or in ection an
summarize an  iscuss uture or in ection
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Formal met o s are mat ematically ase languages
tec ni ues an tools orspeci ying an eri ying comple
so t are systems Formal met o s tools inclu e: a
in ic t esemantics o a system
can ee presse an an t at
assists e elopers in pro ing certain properties a out
t eir speci e system eg t at t e implementation is
ait ul tot e speci cation
ot are engineers intro uce
sist it t e eri cation o comple sot are systems
ystems communities a e een slo to a apt ormal
met o s tec ni ues in part ecause many o t e early
ormal met o s tools ere i cult touse an also e
cause o t e perceptiont att eirusea e pro i iti e
cost tot e sot are e elopment process ut t e
ne er generation o ormal met o stools are ar easier to
uset ant eir pre ecessors t e arc speci cation
toolan t eorempro er ore ample re uireonlya asic
no le geo iscrete mat ematics An ormalmet o s
tools are no ie e asa ay tore ucet e longterm
costs 0 maintaining an e ugging so t are systems As
im ray points out in is uring A ar a ress
o e elopment costs are no spent maintaining an
e ugging co e ma ingsot aret e only commo ity in
cy erspace t at is getting more e pensi e an less reli
a le Finally t e cost o applying ormal met o s
tools can ere uce 1y targetingt e com
ponents o0 systems: t ose components t at alone eter
minet e correctnesso t esystem Formalmet o s a e
een success ully applie tot e e elopment o suc sys
tems as transaction processing systems compilers
real time systems an net or manage
ment systems Query optimizers represent anot er
natural application o t is tec nology

to as

a et riti al p et pti 1ier

o elpi entiyt e saety critical components o uery
optimizers e s o a generic uery optimizer arc itec
ture in Figure is arc itecture consists o t et ree
components escri e elo

e input to a uery optimizer
is a uery e presse in a user le el uery language suc
as Q is uery rst gets gets su mitte to a uery
translator t at translatest e uery into an internal rep
resentation suc asone ase ont e relational alge ra

e use t e term toreer to a wuerys
internal representation

e ueryre riterre ritesa uery
e pression into an e ui alent wuery e pression t at is
li elytolea t eoptimizer to consi er alternati e plans
For e ample wuery re rites t at unnest a neste uery

ree an optimizer to consi er oin processing strategies
rat ert an einglimite to neste loop algorit ms Op
timizers use uery re riting in one o t o ays ome
eg tar urst re ritea uerye pression into a sin
gle e ui alent uery e pression t at y some euristic
metric is consi ere etter an su mitt ise pression
to t e uery planner Ot ers eg Casca es gen
erate multiple e ui alent uery e pressions uring uery
re riting lea ingt e ecisiontot e uery planner as to
ic resultsint e est plan

e uery planner re ritesa uery
e pression into a an algorit m e presse in terms
o0 operators esigne ore cient atamanagement eg
in e scans sort merge oins an as oins is pro
cess typically in ol es generating a set o alternati e
plans or t e wuery e pression an ¢ oosing one t at
is est accor ing to cost estimates

e correctness o a uery optimizer epen s upon
t ecorrectness o its translator ueryre riteran uery
planner components A translator is correcti translation
results in a uery e pression it t e same semantics as
t e original uery A wuery re riter is correct i e ery
uery gets re ritten toa uery it t e same semantics
A uery planner is correct i t e result o e ecuting a
planist e ataspeci e yt e uerye pression rom
ic it as generate
e wuery re riter an uery planner can e ur
t er su iie to isolate t eir sa ety critical compo
nents All o t e translator is sa ety critical Figure
su iies ot components into an
A repository escri es all possi le ays t at
ueries can e re ritten into ot er ueries or plans A
repository consists o in i i ual or
t at re rite some su set o ueries
in uni orm as ion Controllers are responsi le or ¢ 0os
ing one or more re rites in t e repository to apply to
a gl en uerye pression n many systems t e
istinction et een repository an controller is purely
conceptual n ee itis i cult to e net ese com
ponents in epen ently o one anot er as e ecti e con
troller esignre uiresun erstan ingt especi cre rites
at its isposal utt e istinction e en at only a con
ceptual le el is crucial or i entiying t e sa ety critical
components o t e optimizer peci cally t e re rites
containe in repositories are sa ety critical ereas con
trollers are not ntuiti ely t isis ecause an optimizer
t atonly asaseto correctre ritest atitcan recan
not e ma e incorrect y a controller t at is constraine
to ¢ oose rom t is set us t e sa ety critical com
ponents o t e optimizer are t ose t at re rite uery
e pressions into alternati e uery e pressions or alter
nati e representations: t e uery translator t e uery
re riter repository an t e uery planner repository
pti ier e eratr

in t e mi
in uery op

Optimizer generators ere rst propose
s as a means 0 ac ie ing

timizer e elopment e rst optimizer generator as
o us ic later e ol e into olcano an
Casca es ic intro uce t e i ea o speci ying



an optimizer in terms o a set o is ma e op
timizers e tensi le as one only a to mo iy a set o
rules an regenerate an optimizer to ¢ ange its e a ior
Ot errule ase systems it similare tensi ility goals
ollo e inclu ing tar urst ral an
O

eyon e tensi ility rule ase optimizer generators
arei eal or optimizer eri cation wulesin arule ase
optimizer speci y minor mo i cations o uery e pres
sions t at preser e semantics us t e process o pro
ingarule ase optimizer correct simply re uires pro ing
eac in i i ualruleto ecorrect wutt erule ase sys
tems liste a o e are ill suite or generating eri a le
optimizers asrulesint ese systems get e presse in part
or completely it co e tis i cult to manually pro e
t at co e per orms a gi en tas let alone it an auto
matict eorem pro er n airness ormal eri cation as
not astate o ecti e or any o t ese systems onet e
less a i erent approac to e pressing rules is necessary
as rules comprise t e sa ety critical components o op
timizers ie +t e repositories e rest o t is paper
escri esour or ine pressing uery planner reposito
ries it a ormally speci e plan alge ra

e purpose 0 a uery planner speci cation is:

e a ior o a uery planner
y t e uery planner gen

to speciy t e esire
t at ill e constructe
erator an

toena le eri cationo t e plan generating re rites
it e ecutes

e rststep to ar s ma ing uery planners speci a le
is to ormally speci y a plan alge rasot at optimization
rules e presse in terms o t is alge ra a e some asis

or etermining correctness e are concerne it t o
in s o rules:
A translates a uery e pression into a

plan An e ample translation rule is one t at translates

alogical oin uery into a plan t at per orms a

merge oin a ter sorting t e les storing t e contents o
an

A re rites one plan into anot er pre
suma ly ¢ eaper plan per aps epen ing on satis action
o certain con itions An e ample re nement rule is one
t atre ritesaplant at per orms amerge oin a ter sort
ing its inputs into a plan t at sorts only one o its inputs
ont econ itiont att eot erinput is alrea y sorte in
t e appropriate ay

n ection e present a ormal speci cation o our
generic plan alge ra A ntis ection e present
t e ormal speci cations o t e entities it acts upon:

les 0 recor s assume to et e ay t at relations

are p ysically represente an in e es e ormal
speci cations a e een e ne int e arc alge raic
speci cation language

ample speci cationsares o nin Figures an
arc speci cations e nes te arc e uia
lent o e set trait is parame

Figure : An peci cation o

terize yt etype parameter ere ore t e set spec
i cation o Figure speci est e semantics o any omo
geneous set 0 0 ects o type A trait ast o clauses:
t e clause contains t e signatures o all op
erators associate it t etrait an t e clause
contains t e a ioms t at e net em e set trait o
Figure inclu est estan ar set constructors empty
set an an e nes set mem ers ip an set
e uality in terms o sets e presse in terms o t ese
constructors ote t at is a uilt in trait or
as are etc e pre icate trait o Figure
e nes pre icate properties

an ic reers

to a pre icate t at can e use to sort a le

ile e r

o speci y t e semantics o A e must speciy eac
operator s inputs an outputs For t is purpose e as
sume t at relations are sets o tuples an arerepresente

y leso recor s an t at lesaret earguments
to an o ects returne y plan operators t is impor
tant to note t at our speci cation oesnot re uire lesto

e materialize For e ample t e result o a su uery
mig t ea le ose recor s are not store ut in
stea pipeline to ot er operations asin a ltere scan

t at returns asu seto t erecor so t e leit
scans

ile
File speci cations must a et e ollo ing properties:

o support t e eri cation o translation rules it
is necessary to c aracterize t e o a le




Figure : An peci cation o

Figure : An peci cation o

o recor s to see i t e plan resulting rom trans
lation pro uces t e same ata ast at speci e 'y
t e uery e pressiont at as translate

o support t e eri cation o re nement rules it
is necessary to e a le to ¢ aracterize t e or er in
ic recor sint e le are store

o support t e eri cation o translation an re nement
rules e speciy les as pairs suc t at ist e
relation set represente yt e le an  is an

t at speci est e or er in ic recor s
int e le appear Or ering constraints are iscusse
in ection i en t is representation t e proo o

any translation rule translating uery to plan sim
ply re uires s o ingt at or any le enoting some
relation t at suc t at

returns t e o a le e proo o any
re nement re ning plan into plan simply re uires

s o ingt at or any le
t at

enoting some relation

e arc ormal speci cationo lesiss o nin Fig
ure Operators on les inclu e a constructor
t at accepts a set it sc ema type an an or ering
constraint an constructsa leo recor so sc ema type

Also e ne int e speci cation are escri e
earlier ic returnst e or ering constraint as
sociate it a le an _.  __ e uality on les

otet att o les onot aeto et e leto e
e ual: t ey nee only a et e same contents an t e
same or ering

r eri trai t

e eri cation o atranslationrulere uiress o ingt e
e ui alenceo sete pressions: one eingt elogical uery
e pression t at is translate an t eot er eingt e set
component 0 t e le e pression into  ic it is trans
late eorem pro er eri cation o set e ui alence is
iscusse at lengt in an no urt er ere

e eri cation o a re nement rule is more su tle
For some plans correctness o re nement only re uires
set e ui alence eg plans or ic or eringo t ere
sult is irrele ant Ont eot er an or wueriesre uir
ingor ere results or planst at are ie ose
results are e to ot er plan operators or er preser a
tion is crucial Consi er ore ample asu plant at pro
uces results in sorte or er in preparation or a merge
oin uc a plan cannot e replace it anot er plan
t at ignores or er or pro uces an or ering on some at
tri ute not rele ant to t e oin
us e aset e correctness o are nement rule on

o it preser es ot set an or er e ui alence ote
t at or ere ui alence o plans ee t guarantee t at
recor sin t e results o e ecuting t ese plans e in e
actly t e same or er Consi er or e ample alterna
ti e plans an or a uery t at or ers recor s
in a relation Figure a y in ascen ing
or er uppose t at en is applie to it
returns t e relation s o n in Figure an t at en

is applie to it returns t e relation s 0 n
in Figure c e relations o Figure an ¢ 1ier

an appear in a i erent or erint et o
results o e er ot results are accepta le results to
t is uery ere ore it s oul e accepta le to re ne

into or ice ersa to process t is uery imi

larly consi er plans t at group relation y
n t is case any plans t at return eit er o t e results

s o n in Figures or eoranyo te permuta
tions 0 t ese resultst at ary accor ingtot e or ering
o an or o an

s oul e consi ere accepta le

is loose notion o or eringan grouping ma es it
possi le to speciy uery planners t at are ree to con
si era i erangeo planstosatisyagi en uery ut
more t an t is no le ge o or ering an grouping o
les ma es it possi le to e press re nement
an translation rules t at epen on t ese properties
Fore ample consi eraplant atmustremo e uplicates
rom t eresult o a uery A common uplicate elimina
tion algorit m in ol es rst partitioning a relation ase

on a as unction on entire tuples A as in e is
t en constructe rom t e partitions wuring ic time
uplicate tuples are recognize an iscar e is

e pensi e process can e circum ente 1 t e result o
a uery is alrea y groupe accor ing to some set 0 at
tri utes comprising a ey nt iscase a simple one pass
scan is re uire t at retains one tuple rom eac group

is uplicate elimination is not only less e pensi et an
t e as ase implementation ut also oesnt re uire
prior materialization o t e relation imilarly i a wuery
planner no st at t e recor s containe in one a le
are or ere on a particular attri ute it mig t ¢ oose to
translate a oin o t o relations into a merge oin recog



Figure ale a an ermutations e
nizing t at at least one o t e sort operations re uire as
a preprocessing step is unnecessary
e grouping an or ering c aracteristicso a le are

speci e in an or ering constraint ose speci cation
is s o n in Figure Or ering constraints a et o
constructors: an is associate it a
leeit er ent e lesrecor sareunor ere or en
no or ering in ormation is no n ta es a preor er
pre icate see Figure 0 er pairs o o ects o type
an an or ering constraint as arguments an returns
anot er or ering constraint

An or ering constraint speci est o in s o relation
s ips et eenrecor s ienrecor s an e rite:

i an
i an are

Consi er again
uppose t at t e le

in any le it or ering constraint
relation o Figure a
storing t is relation is speci e as

istrueo t o

suc t at t e pre icate
i is says t at or

recor s  an i
any recor sint e le an

us it must et e caset at prece es all ot er

recor sint e le t at prece es an

an t at ot an prece e inte leo
recor s representing ote t at no prece ence
relations ip e ists et een an ereore t e

s o n in Figures an c
aret eonly

permutations o
i eringonly yt eor ero an

Figure : An peci cation o

possi le ayst at recor s rom can e or ere

accor ing to t is constraint

e a ioms o translate an or ering con

straint into t e prece ence an grouping
relations ips t at must ol et een recor s in a le
e sayst ati t e preor er pre icate

is true 0 a pair o elements ut not true o
t en must prece e nt ee amplea oe t e
or ering a iom eterminest at must prece e

ecause ol so an not o
e sayst ati ol so ot
an t en an are in t e same group

ntuiti ely recor s in t e same group s are prece ence
relations ips it ot errecor sint e le amely i

an are in t e same group t en any recor t at pre
ce es ollo s must prece e ollo an ice ersa



Figure : An peci cation o

upposet att e le or is speci e as

suc t at is true o i
nt iscase t e Or ering A iom generates no prece ence
constraints  ecause is symmetric ut t e
rouping A iom esta lis es t at all recor sin t e le
ic aet esame alue or areint esame group
us t is le representation or ast o groups
0 recor s: one it an t eot er it
is or ering constraint is satis e y ier
ent permutations o t oo ic ares o nin
Figures an e All ot er permutations simply ary
t eor ero an an o an
e su or ering a iom esta lis es t e or ering or
grouping o recor s it in a group et oe ample
or ering constraints iscusse a oe ot a as
t eirsecon aryor ering constraint t esecon argument
to an t ereoret e u grouping A iom generate
no a itional prece ence in ormation ut suppose t at
t e le or is speci e as

suc t at is true o i

accor ing to a le icograp ical or ering an is
ene as eore nt iscase t e Or ering A iom es
ta lis es t at an must prece e

an ut esta lis es no or ering et een

an nor et een an e rouping
A iom generates no a itional in ormation utt e u
grouping A iom esta lis es t at groups o recor st at

s are t e same alue or are or ere in ascen ing

or er on us t is or ering constraint speci es
t e permutation o s o nin Figure or one
ere an ollo an ut no
ot er
Asi e rom t e Or ering rouping an u group

ing A ioms t e speci cation o Figure also e nes

t e ot Ater relations ip et een recor s ic
ol s o i prece es or is in t e same group
as t e trengt relations ip et een or ering
constraints ic ol so i prece ence group
ing relations ips speci e 'y are also speci e ¥y

or ering constraint e uality ic ol si or ering
constraints are o e ual strengt an t e orte
Constraint property 0 or ering constraints

ic ol si t eor ering constraintis e ne in terms
o a ort Or er pre icate ee Figure A sorte
or ering constraint ensures t at a leis in ee or ere
an not ust groupe

e e

Figure s o sa ormal speci cation o primary an sec
on ary in e es e constructor ta esa le
an a sorte or ering constraint as inputs

an returnsanin e t atcan e scanne toretrie et e
recor s o int eor erspeci e y

ein e is a primary in e o er
i ol san asecon aryin e o er i
ol s e rst primaryin e a iomo Figure speci es
t at t e or ering retrie a le y a primary in e must
et e p ysical or ering o t e le itsel e secon
primary in e a iomesta lis est ata lecan a eonly
one primary in e

e rst secon aryin e a iom esta lis es a one to
one relations ip et een recor s in a le it a sec
on ary in e an integers containe in a le or
t ein e e uc et leo asecon aryin e
contains integer re erences tot erecor sint ein e e
le us t e contents o isaset o integers
ist enum er o recor sin suc t at or any integer

int is set returnst erecor in re erence

y again assumingt at isasecon aryin e or

e secon secon aryin e a iom e nest e or er
ing o integers in speci ying an or ering con
straint constructe rom peci cally i t ere
e ist t o recor sin an suc t at
an or integers an

an

t en

nt issection e escri eour eneric
A ecause o space limitations

t e arc a iomst at e net e operators o
stea t ese a iomscan e oun in Appen i A
e operators o A are not ne tey ereco
sen a ter stu ying t e sourceco eo t e ostgres uery

lan A lge ra
e o not inclu e
A n
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Figure : an llustrate
optimizer an t e large o y o literature on ac

cessmet 0 san processing eg assummarize in
an stan ar  ata ase te ts ey are also not
e t e alge ra can easily ee ten e or ne op
erators Qur contri ution is t e ormal speci cation o
t e semantics o t ese operators an t euseo t e or
mal speci cation to eriy t e correctness o
t at speciy o to re rite logical uery e pres
sions into plans an o t atspeciy o
to impro e generate plansi certain con itions ol n
ection e present some o t e translation an re
nement rulest at a e een ormally eri e it t e
arc t eorem pro er

a 1 : a

i en a pair o pre icates t e lter pre icate an

t e stop pre icate an any recor elonging to a
le returnsa leo recor s ra n
rom t atsatisy Ass o ninFigure a t is leo
recor s ill consist o recor s s a e starting at an
possi ly inclu ing  up to some recor suc t at:

all recor sin
t e element

rom to inclusi e satisy ut
oes not satis y

t e last recor in is an all recor s rom to
t e secon to last recor in satisy or

are t e same an eit er oesn t

is t e last recor in

recor s an
satisy or

ut mo es ac ar rat er
t an or ar t roug a le at is or lter an
stop pre icates an an recor elonging to
le returns a le o recor st at
satisy  starting rom an possi ly inclu ing an
mo ing ac ar s Ass o n in Figure

F returnsa let at egins at some recor in

suc t at:

is similar to

inclusi e satisy ut
oes not satis y

all recor sin rom to

t e element

t e rst recor in is an all recor s starting
romt e eginningo t e leto satisy or

are t e same an eit er oesn t

ist e rstrecor in

recor s an
satisy or

not q(k, f(y)) atk, f(2))
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Figure : an illustrate
isli e ut it returns arecor rat ert an

a le Ass o nin Figure ¢ or any stop pre icate
an recor elonging to le
returns t e recor in suc t at:

prece es an allrecor sin rom to satisy
t e stop pre icate ut t e recor t at imme
iately a ter  oes not satis y

all recor s rom
satis y or

ist elast recor int e le i
tot esecon to last recor in

an are t e same recor i oesn t satis y

or 1ist elast recor in

ns ort ot an n t e same recor
t at ollo s recor ut  ereas returns a leo
recor s et een an returns itsel
ear 1 :
e searc operators o A are inary searc

primary in e
searc

searc an sec

on ary in e All o t ese operators

searc or some alue ina le an return a recor
in as a result

i en a unction alue an a le t at is
sorte in ascen ing or escen ing or er
on searc es or a recor in
suc t at uc arecor may not e ist so in

general ass o nin Figure arecor ill e returne

or ic allo t e ollo ing ol :

or e ery recor t at prece es in

is alse For e ample i ere ere an
ere t en all recor s appearing e ore oul
a eagelesst an

Or e ery recor t at ollo s in

ol s For e ample i ere ere an
ere t en an all recor s ollo ing a ter

oul a e age greater t an or e ual to

e e nitions a o esay t ati t ereis no recor or
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ere it is or ere in escen ing or er n escri ing
primaryin e searc es e ill alsoassumet ee istence

0 anin e suc t at
is true e secon ary in e searc oes not re
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is range uery searc es or an t en per orms a
ac ar scan starting rom t e position pre ious to
t e position returne y t e searc an procee ing to
t e eginning o t e le An e ception isma ei is

lesst anore ualt ant e alues o or all recor s
int e le in ic case is returne
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Tra lati le
A translation rule t at translates uery to plan can
e erie ys o ingt at or any le representing

some relation t at
ree e ample translation rules t at a e een er
ie in arc ares o n elo e rsts o st ata
relational oin uery o sets an can e translate
into a neste loop oin 0o any le representations o
an regar lesso t eor eringo recor sint ese les
e secon translation rule sayst at any e ui oin o sets
an can e translate into a merge oin o le rep
resentations o an t at a e eensorte on an
respecti ely any ersion o t is rule t at su stitutes
or eit er or ot occurences o is also
correct e nal translation rule s o st at a selec
tion uery can e translate into a lter scan

e e et le

A re nementrulet atre nesaplan intoaplan can
e eri e ys o ingt at orany le representing a
relation t at all recor or ering relations ipst at result
rom are preser e per aps it more impose
y e e press t is ormally y saying t at

can ere ne into proie t at orany le

an

ree e ample re nement rules t at a e een eri
e in arc ares o n elo ese rules all eliminate
unnecessary sort operations rom plans e rstt o
rules say t at applying a polyp ase merge sort tot e re
sult o eit er anot er polyp ase merge sort or a sta le
e ternal merge sort eliminates t e or ering o recor s
generate y t e initial sort ecauset ee ectso t e
initial sort areun one yt esecon t e initial sort nee
not e one at all
et ir re nement rule in icatest at un er certain
con itions aplant at per ormst o consecuti ee ternal
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t att ere ea unctional epen ency romt e unction
upon ic t e outer sort is ase to t e unction
upon ic t e inner sort is ase ntu
iti ely t is ecause per orming a sta le sort as an outer

sort ill preser e t e or ering o t e inner sort it in
groups pro uce y t e outer sort ie it in t ose
recor s ose alues or aret e same o ac ie e

t e same result it out rstsortingon it must et e
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is tri ially t e case i t ere is a unctional epen ency
rom to asrecor st at a et e same alue or
ill also a et esame alue or

ile many p ysical alge ras a e een propose int e
past eg as aras e no none ae een
e ne it a ormal speci cation e ma e no claims
0 uni ueness 0 our operators n act our ¢ oice o op
erators as inspire y stu ying t e literature an t e
source co e 0 an optimizer ut our goal o  eing
a leto eriyt e correctness o plan generating re rites
per orme y an optimizer is uni ue amongst plan alge
ra proposals
Our notion o or ering constraints is inspire y t e
or ering optimizations o an ot systems
escri e wuse an attri ute list to represent t e or ering
properties o a relation names interesting or
ers t at must e satis e y inputs to Q M ase
operators e goal ereis to pus o n interesting




or ers an perorm early sorts tore ucet e num er
0 sort operations per orme 0 e press grouping a i
tional in ormation is a e in icating ic attri utes
can e permute an ic can eor ere eit erin as
cen ing or escen ing or er uses trans ormation
rules to generate all alternati e plans osol et e pro
lem o e pressing grouping rules are classi e into si
categories accor ingto et er t ey preser e list e ui
alence multiset e ui alence set e ui alence etc

As e tremely large an comple ata ase components
uery optimizers are rittle an error prone Our goal
is to wuil a wuery optimizer generator t at generates
optimizers t at can e ormally eri e as correct
is paper presents or t at mo es us closer to our

goal e a epresente agenericplanalge raan gi en
it a ormal speci cation e a e also ormally speci e
t e les o recor st at plan operators act on an re
turn or ering constraints t at speciy t e or ering or
grouping o recor s in les as ell as recor positions
an in ees e ae emonstrate t e ia ilityo t is
alge ra y presenting a amily o @Q  ueries an A
planst atimplementt em Finally e a es o nsome
o t e translation an re nement rulest at can e eri
e it anautomate t eorem pro er assuminga A
ase representation o plans is rings us closer to
eing a le to ormally eriy t e sa ety critical compo
nent o generate uery planners
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