DBM S Intemals
Execution and O ptim ization
M ay 10th, 2004

Agenda

® Questions on phage 2 of the project
e Today:DBM S mtemalspart2 —

— Query execution

- Query optim ization
® Nextweek:

- Thursday, notM onday .

- M ostly PhilBemstein on m eta-data
m anagem ent.

Q uery Execution Plans

SELECT S.sname Muyer

FROM Purchase P, Person Q

WHERE P.buyer=Q.name AND
Q.city="seattle’ AND
Q.phone > ‘5430000° ‘

City-seattie”/\ phones'5430000"

=
Quer Pln: Buyer-name (Sinple Nested Loops)
e logical tree —
¢ in plem entation Pumchase Pewon
Cho:ioe atewv (rable scan) (hdex scan)
node Som e opertors are from rehtonal
o scheduling of aljebra, and others e g., scan, gmoup)
operations awe not.

The Leaves of the Plan : Scans

e Table scan: ierate through the records of
the relation.

e Tndex scan:go to the ndex, from there get
the records In the file when would thisbe
better?)

e Sorted scan : produce the relation n oxder.
Tn plem entation depends on relation size.

How do w e com bine O perations?

e The ieratorm odel. Each operation is in plm ented by 3
fimctions:
— Open:setsup the data stuctures and perform s nitdalizations
— GeflVext: retums the the next tuple of the result.
— Close:ends the operations. C leans up the data stuctures.

e Enabkespipelning!

e Contrastw ith data-driven m aterializem odel.

e Sometinest'sthesame (eg., sorted scan).




Im plem enting R elational
O perations
e W ew illconsiderhow t in plem ent:
- Selection (S8 ) Selectsa subsetof row s from relation.
- Projection (p) Deletesunw anted colmns from
relation.
-Join (> ) ATlow susto combine tw o relations.
- Setdifference Tuples n reln.1,butnotin reh.2.
- Union Tuplksinreh.land nhreh.2.
- Aggregation (SUM ,M IV, etc.) and GROUP BY

Schem a forExam ples
Purchase (buyer:string, seller: string, product: integer),
Person (name:string, city:string, phone: integer)

e Purchase:
— Each tuple is40 bytes long, 100 tuplesperpage, 1000
pages (ie., 100,000 tuples, 4M B forthe entire relation) .
® DPerson:
— Each tuple is 50 bytes Iong, 80 tuplesperpage, 500
pages (ie, 40,000 tuples, 2M B forthe entire relation) .

SELECT *
Sinple Selections FROM Person R
WHERE R.phone < ‘543%’
e Ofthe fom s (R)

R .attr Op value

e W ithno index, unsorted: M ustessentially scan the w hole relation;
costisM (HpagesinR).

e W ih an Index on selection attribute: U se Index to find qualifying
data entries, then retrieve conesponding data records.  H ash ndex
usefulonly forequality selections.)

e Resultsize estin ation:

(Size ofR) * reduction factor.
M ore on this hter.

U sng an Index for Selections
e Costdepends on #qualifying tuples, and clustering.

- Costof finding qualifying data entries (typically sm all) plus cost
of retrieving records.

— Th exam ple, assum Ing uniform distrdbution of phones, about54%
of tuples qualify (500 pages, 50000 tuplks). W ith a clusered
ndex, cost is little m ore than 500 I0 s; funclustered, up to 50000
Os!

e Tmportant refinem ent orunclustered ndexes:

1.Find sortthe rid’s of the qualifying data entries.

2. Fetch rids n order. This ensures thateach data page is Iooked at
Justonce (though # of such pages Iikely to be higherthan w ith
clustering) .

Tw o Approaches t© G eneral
Selections
e Firstapproach: Find the most selective access path,
retrieve tuples using i, and apply any rem aning
tem s thatdon’tm atch the Index:
— M ost selective access path: An ndex or file scan that
w e estim ate w il require the few estpage I0 s.
— Considercity= “seattle AND phone< “543% ” :
e A hash Index on city can beused; then,
phone< “543% ” mustbe checked foreach retrieved
wple.
e Sim ilarly, a b-tree Index on phone could be used;
city= “seattle” m ustthen be checked.

Intersection of R ds

e Second approach
— G etsets of rids of data records using each m atching
Index.
— Then Intersect these sets of rids.
- Retreve the records and apply any rem aining tem s.




Im plem enting Projection
SELECT DISTINCT
R.name,
R.phone
® Two parts: FROM Person R

(1) rem ove unw anted attrbutes,
@) r=m ove duplicates from the result.
e R efinem ents to duplicate rem oval:
- Ifan index on a relation contains allw anted
attrbutes, then w e can do an Index-only scan.
- If the Index contains a subsetof the w anted
attrbutes, you can rem ove duplicates ocally.

Equality JoinsW ith One Join Colmn

SELECT *
FROM Person R, Purchase S
WHERE R.name=S.buyer
e R >< S isacomm on operation. The cross product is too lrge. Hence,
perform ing R * S and then a selection is too hefficient.
e Assume:M pages MR, p; tuplesperpage,N pages n S, pg tuples per
page.
- Tourexamples,R isPerson and S is Purchase.
e Costmetric: #ofI0s. W ew ill gnore cutputcosts.

D iscussion

e How would you in plem ent pin?

Sin ple N ested Loops Join

For each tuple rin R do
for each tuple s in S do
if ri == s; then add <r, s> to result

e Foreach tupk In the outer relation R, w e scan the entire inner
rehtion S.

- CosttM + fo, *M ) *N = 1000 + 100¥1000*500 IO s: 140 hours!

e Page-oriented N ested Loops Join: Foreach page ofR , geteach page
of S, and w rite outm atching pairs of uples <r, s>, whererism R -
page and S is n S-page.

- Cost: M +M *N = 1000 + 1000%500 (1 4 hours)

Tndex N ested Loops Join

foreach tuple r in R do
foreach tuple s in S where ri == s; do
add <r, s> to result

e Tfthere isan index on the Join colm n of one whtion (say S), can
m ake itthe nner.

- Cost: M + (M *p;) * costof finding m atching S tuples)

e ForeachR tupk, costof probing S Index isaboutl 2 forhash
Index, 24 forB+ tree. Costof then finding S tuples depends on
clustering.

- Clsered index: 1 10 (typical),unclustered :up to 1 IO permatching S
twple.

Exam ples of Tndex N ested Loops

¢ Hash-ndex on name of Person (@s nney) :
- Scan Purchase: 1000 page IO s, 100*1000 tuplks.
- Foreach Person tupk: 12 IO sto getdamentry n ndex, plus1
I0 to get (the exactly one) m atching Person tupke. Total:
220,000 IO s. 36 m Tnutes)
e Hash-index on buyer of Purchase (s nner):
— Scan Person: 500 page I0 s, 80*500 tupks.
- Foreach Person tupk: 12 IO sto find ndex page w ith data
entries, plus costof retrieving m atching Purchase tuples.
A ssum Ing uniform distrdbution, 2 5 purchases perbuyer 100,000
/40,000). Costof retrieving them is1 or2 5 IO sdepending on
clustering.




B lock N ested Loops Join

e U == one page as an Inputbuffer for scanning the
TnnerS, one page as the outputbuffer, and use all
1em aining pages to hold ~block’’ of outerR .

- Foreach m atching tuple rin R block, s In Sfpage, add
<1, s> to result. Then read nextR -block, scan S, efc.

Join Result
Hash tablke for block of R

Inputbuffer for S O utputbuffer

SortM erge Jon R 3= S)

® SortR and S on the Join column, then scan them t©
doa “meme’’ on the pih column.

— Advance scan of R untilcurnentR -tuple >= cunrentS
tuple, then advance scan of S untilcurent S-tuple >=
currentR tuple; do this untdl currentR tuple = currentS
wple.

- Atthispomt, allR tuplesw ith sam e value and allS
tplesw ith sam e valuematch; output<r, s> forallpairs
of such tuples.

— Then resum e scaning R and S.

Costof SortM erge Jom

e R isscanned once; each S group is scanned once
perm atthing R tuple.

e Cost:t M IogM +N logN + M +N)

e Butmally,wecando tin3 M +N ) with some
trckery .

— The costof scanning,M +N ,couldbeM *N (unlkely!)

e W ith 35,100 or300 bufferpages, both Person and
Purchase can be sorted In 2 passes; total: 7500. (75
seconds) .

Hash-Jon

e Partition both ®lationsusing
hashfhh: R tuples n
partiton iw lonlym atch S
tuples In partition 1.

. L. H ash table for partition
v Read in a partition hagh |  Ril<B-lpages) —

of R, hash it using oo ﬁ1 ’m
h2 (<> h!). Scan =
matching partition éhz O—
of S, search for 00 Tputhufer  Output

forsi buffer
matches. - -

D ik B mainm em ory buffers Disk

CostofH ash-Jomn

e Th partitioning phase, read+w rite both relations; 2 M +N ).
Tn m atching phase, read both relations; M +N IO s.

* Tn ourmmnning exam pk, this isa totalof 4500 IO s. @5
seconds!)

e SortM erge Join vs.H ach Join:

- Givenam ninum am ountofm em ory both have a cost
of3M +N) IO s. Hash Join superioron this count if
relation sizes differgreatly. A lso, Hash Join shown to
be highly parallelizable.

- SortM erge less sensitive to data skew ; result is sorted.

D oublke Pipelined Join (Tukw ila)

2 B

Hash Join D ouble Pipelined H ash Join
8 Partially pipelined :no output
until Imerread
8 Asymmetric (mervs.outer) — 4 Outputsdata inm ediately
behaviorknow ledge 4 Symmetric— rmequires less

source know ledge to optin ize




Query O ptim ization

D iscussion

e How would you build a query optim izer?

Query O ptim ization Process
(sin plified a bit)

e Parse the SQ L query into a gical tree:
- identify distinctblocks (conesponding to nested sub-queries or
views).
® Query rew rite phase:
— apply algebraic tansfom ations to yield a cheaperplan.
— M emge blocks and m ove predicates betw een blocks.
e Optin ize each block : pin ordering.
e Com pkte the optin ization : select scheduling pipelining
stategy) .

Building B locks

e A gebmaic transform ations (m any and
wacky).

e Statisticalm odel: estim ating costs and sizes.
e Finding the best join trees:

— Bottom -up (dynam ic program m Ing) : System -R
e Newerarchiectures:

- Starburst: rew rite and then tree find

— Volkano:allatonce, top-down.

Key Lessons n O ptim ization

e There are m any approaches and m any
details to consider n query optim ization
- Classic search/optin ization problem !
— N otcom pletely solved yet!
e M ain ponts to take aw ay are:
- A gebmaic miles and theiruse In transform atdons
of queries.
- D eciding on join odering: System R style
(Selinger style) optim ization.
— Estim ating cost of plans and sizes of
Inteim ediate results.

O perations (evisited)

e Scan ([index], Eble, predicate) :
- Either index scan ortable scan.
- Ty to push down sargable predicates.
e Selection (filter)
e Prokction @lwaysneed to go to the daa?)
e Joins:nested loop (Indexed), sortm exge,
hash, outer pin.
e G rouping and aggregation usually the last).




A gebmicLaw s

e Comm utative and A ssociative Law s
-RUS=SUR,RU GUT)=RUS)UT
-RNS=SNR,RNENT)=RNS)NT
—-R><S=8><R,R>< B> T)= R><Sp<T

e D isrbutive Law s
—-R>< B8UT) = R><S) U R><T)

AlgebmicLaw s

e Law s Involving selection:
- ScanpeR)=sc.6R)N)=s.R)Ns.R)
- ScorcR)=85.R)U s R)
- sC(R>< S)=SC(R)>< S

e W hen C Ivolves only attrbutes of R

-s.R-S)=s.R)-S
-s.RUS)=s.R)Us,6)
-8.,RNS)=s.R)INS

AgebrmicLaw s

e Exampk: R@,B,C,D),SE,F,G)
- sp3R><8)= ?

~ S a-saNDG=9 RD>:§ S)= ?

AgebmicLaw s

e Law s Involving projections

- PyR><S)=PyP,R)>< P,(8))
oW hereN ,P,Q are gppropriate subsets of attributes
ofM

- PyPyR)=PyyR)
* ExampeRA BCD),SE,F,G)
~PapsR><S)=P,P,R)>< P,(8))

Query R ew rites: Sub-queries

SELECT EmpName
FROM Emp
W HERE EmpAge< 30
AND EmpDepti IN
(SELECT D eptD epti
FROM Dept
W HERE DeptLoc = “Seattke”
AND Em p Em p#=D eptM gr)

The Un-Nested Q uery

SELECT EmpName

FROM Emp,Dept

WHERE EmpAge< 30
AND Emp D ept#=D eptD eptdf
AND DeptLoc = “Seattle”
AND EmpEmp#=DeptM gr




Converting N ested Q ueries

Selectdistinctx nam e, x m aker
From productx
W here x color= “blue”
AND xprice >= ALL (Selecty price
From producty
W here xmaker=ym aker|
AND y color="blie")

Converting N ested Q ueries

Let’s com pute the com plem ent first:

Selectdistnctx nam e, x m aker
From productx
W here x cobr= “blie”
AND xprice < SOM E (Selecty price
From producty
W here xm aker= ym aker|
AND ycolor="blue")

Converting N ested Q ueries

Thisonebecom esa SFW query:

Selectdistinctx nam e, x m aker
From productx, producty
W here x color= “blue” AND xmaker= ym aker]

AND ycolor="blue” AND x price < yprice

This retums exactly the productswe DON T
want, so...

Converting N ested Q ueries

(Selectx nam e, x m aker
From productx
W here x color= “blue”)

EXCEPT

(Selectx nam e, x m aker

From productx, producty

W here x color= “blue” AND xm aker= ym aker]
AND y.color="blie” AND x price < y price)

Sem i-Joins, M agic Sets

® Y ou can’talw ays un-nestsub-queries (i's tricky) .

e Butyou can often use a sam i-join to reduce the
com putation costof the Imerquery .

® A magic setisa supersetof the possible bindings in the
resultof the sub-query.

® Al called “sidew ays inform ation passing” .

® Greatides; remvented every few yearson a regularbasis.

Rew rites:M agic Sets
Create View DepAvgSalA S
(Select E did,Avg E <al) asavgsal
From EmpE
Group By E did)

SelectE eid, E sal

From EmpE,DeptD ,D epAvgSalV

W hereE did=D did AND D did=V did
And E age< 30 and D budget> 100k
And E sal>V avgsal




Rew rites: STPs

SelectE e, E sal

From EmpE,DeptD ,D gpAvgSalV

W here E ddd=D A AND D did=V did
And E age < 30 and D budget> 100k
And E sal>V avgsal

e D epAvgsalneads to be evaluated only fordepartm ents
whereV did IN

SelectE did
From EmpE,DeptD
W here E did=D did
And E age< 30 andD budget> 100K

Supportng V iew s
1. Create View ParthResulas
(SelectE ed, E =8l E dd
From EmpE,DeptD
W here E did=D did
And E age< 30 andD budget> 100K)
2. CreateView FilerAS
SelectD STINCT P did FROM PartihResukP.
2. CreateView Lin iedAvgSalas
(SelectF dd Avg E Sal) asavgSal
From EmpE,FillerF
W here E dd=F did
Group By Fd1d)

And Finally..

Transformm ed query:

Select Peld,Psal
From PartibResultP, Lin iedAvgSalVv
W here P did=V did

And Psal>V avgsal

Rew rites: G roup By and Jon
e Schema:

- Product (pid, unitprice,.. )

- Sales(tdd, date, store, pid, units)

R ew rites O peration htroduction
e Schem a: (pid determ nes cid)

- Category (pid, cid, details) groupBy (cid)
- Sales(tdd, date, store, pid,amount)  Sum (@m cunt)

® Trees:
groupBy (cid) Join
Sum (em ount)
‘ groupBy (i)
i Sum (am ount)
T~
Category g ) Category
Filer (.. ) Scan (Sales Filer (. )
e, P
{cawa}) feama)

® Trees: on
groupBy pid)
Sum {units) groupBy (i)
‘ Sum (nits)
Jojn\ Products
Products Filer aNW )
: : Scan Saks)

Scan Salkes) Filter (N NW ) : :
Fiter@ate 1.0 2 2000) Filter@date n Q2 ,2000)

Schem a forSom e Exam ples

Sailors (sid: integer, sname: string, rating: integer, age: real)
Reserves (sid: integer, bid: integer, day: dates, rname: string)

® Reserves:
— Each tuple is 40 bytes Iong, 100 tuplesperpage, 1000
pages (4000 tuples)
e Sailors:
- Each tuple is 50 bytes long, 80 tuplesperpage, 500
pages @000 tuples).




Query R ew riting : Predicate

sname
m
snam e
0 e100A rathg > 5 ‘
‘ o<
sd-sid
-k Scan; (o Scan;
sH-ed wrie to T 100 rathg > 5 W Tib to
temp T1) T ‘ tem p T2)
Resewes Saibrs Resewes Saiors

The earlierw e process selections, kess tuplesw e need tom anjpulate
higherup 1 the tree.
D isadvantages?

Query Rew rites: Predicate
Pushdown (through grouping)

Sekct bid,M ax (age)

From ReservesR,SaibrsS
W here R sid=S sid
GroupBy bid

HavingM ax (ge) > 40

Sekct bid,M ax (@ge)
From ReservesR,SaibrsS
W here R sid=S sid and
S age > 40
GroupBy bid

e Foreach boat, find the m axin alage of saibrs who've reserved it.

oA dvantage: the size of the o w illbe am aller.

® R equires transfom ation miles specific to the grouping /Aggregation
operators.

oW litwork work fwereplaceM axbyM m?

Query Rew rite:
Predicate M ovearound

Sailing w iz dates: w hen did the youngestof each saibr kvel rentboats?

Sekct sd,date

From V1,V2

W here V1iating=V2iatihg and
Vliage=V2age

N

CrateView V1AS CrateView V2AS
Sekct mtng,M Inge) Sekct sid, mtng, age, date
From SaibrsS From SaibrsS,ReservesR
W here Sage< 20 W here R sid=S sd
Group By mating

Query Rew rite:
Predicate M ovearound
Sailing w iz dates: w hen did the youngestof each safbor kvel rentboats?

. Select s, dae
Fastmove From V1,V2
predicatesup the |y here V1 mating = V2 mthg and
tree. Vlage=V2age,age< 20

N

CreateView V1AS CreateView V2AS
Sekct mtng,M I ge) Sekct sid, rating, age, date
From SaibrsS From SaibrsS,ReservesR
W here S age < 20 W here R sid=S sd
Group By mating

Query Rew rite:
Predicate M ovearound

Sailing w iz dates: w hen did the youngestof each saibr kvel rentboats?

. Sekct sd,date

Fost,move From V1,V2

predicatesup the |y here V1 1ating = V2 mthg and
tree. V1age=V2age,and age < 20

Then, move them
down. .

CrateView V1AS CrateView V2AS

Sekct mtng,M Inge) Sekct sid, mating, age, date
From SaibrsS From SaibrsS,ReservesR
W here Sage< 20 W here R sd=S sd, and
Group By mting Sage< 20.

Query Rew rite Summ ary

e The optin izer can use any sem antically correctmke ©
tansform one query t© another.
e Rukstyto:
- move constantsbetw een blocks (ecause each w illbe optim ized
sepamately)
- Unnestblocks
e Esgpecially in portant i decision supportapplications
w here queries are very com pkx.
e T a few m Tutes of thought, you’Illcom e up w ith yourown
1ew rite. Som e query, som ew here, w llbenefit from it
e Theorem s?




CostE stm ation

e Foreach plan considered, m ustestin ate cost:
— M ustestim ate costof each operation in plan tree.
® D epends on inputcardinalides.

— M ustestim ate size of result foreach operation in tree!
* U se infom ation aboutthe Inputeltions.

e W e'lldiscuss the System R costestm ation
approach.
- Very nexact, butw orks ok In practice.
— M ore sophisticated technigues know n now .

e Forselections and joins, assum e ndependence of predicates.

Size Estm atbon and R eduction
Factors

SELECT attribute list

FROM relation list

WHERE term; AND ... AND term,

e M axinum # tuplks In result is the productor the cardinaliies of
whtions n the FROM clause.

e Consideraquery block :

Reduction factor RF) associated w ith each term reflects the in pact
of the term 1 reducing resultsize. Resulrcardmnality = M ax # tupkes
* productofallRF's.

- Inplicitassum ption that term s are independent!

- Tem oml=valiehasRF 1NKeys(D,given index Ton col

- Tem coll=col hasRF 1M AX NKeys(Tl),NKeys(2))

- Tem colvaliehasRF High (D)-value)/H igh () -Low (1)

Statistics and Catalogs

® N eed inform ation about the relations and ndexes
nvolved. Catalogs typically contain at least:
- # tuples N Tuples) and # pages N Pages) foreach relation.
- # distnctkey values (NKeys) and N Pages foreach index.
- Tnhdex height, ow high key values (Low H igh) foreach tree
Index.
¢ Catalogs updated periodically .
— Updating w heneverdata changes is too expensive; ots of
approxin ation anyw ay, o slight inconsistency ok .
e M ore detailed nform ation (e g., histogram s of the values
n som e field) are som etim es stored.

H istogram s
e Statistics on data m aintaned by the
RDBM S

e M akes size estin ation m uch m ore accurate
(hence, costestim ations are m ore accurate)

H istogram s
e Key to obtaning good costand size
estim ates.
o Com e I several flavors:
— Equi-depth
- Equiw idth
e W hich isbetter?

e Com pressed histogram s: special treatm ent
of frequentvalues.

H istogram s
Em pbyee (s, nam e, salary, phone)
e M alhtain ahistogram on salbry:

Salary: 0.20k 20k.40k | 40k.60k | 60k.80k | 80k.100k | > 100k

Tuples 200 800 5000 12000 6500 500

e T Empbyee) = 25000, butnow weknow the distribution
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H istogram s

Ranks (@nkN am e, salary)
e Estin ate the size of Em ployee Nstanks

Emplyee | 0.20k 20k.40k | 40k.60k | 60k.80k | 80k.100k | > 100k

200 800 5000 12000 6500 500

Ranks 0.20k 20k.40k | 40k.60k | 60k.80k | 80k.100k | > 100k

8 20 40 80 100 2

H istogram s

e Asaume:
- V Empbyee, Salary) = 200
- V Ranks, Salary) = 250
e Then T Em ployee Ranks) =
=Sy, Ty Ty /250 samy
(200x8 + 800x20 + 5000x40 +
12000x80 + 6500x100 + 500x2)/250

Plans forSingle-R elation Q ueries

(Prep fordoin ordering)

e Task: create a query execution plan fora single
Selectproectgroup-by block.

e K ey idea: considereach possble access path t©
the relevant tuples of the relation . Choose the
cheapestone.

¢ The different operations are essentially carried out
together e g., fan Index isused fora selection,
projection is done foreach retrieved tuple, and the
resulting tuples are pipelined nto the aggregate
com putation) .

SELECT S.sid
FROM Sailors S
WHERE S.rating=8

Examplke

e Tfwehave an Index on rating:
- @ANKeys ) *NTuplesR)= (1/10) * 40000 tuples retrieved.
- Clustered index: L NKeys(D) * NPages(D+NPagesR)) = (1/10) * (50+500)
pages are retrieved & 55).
- Unclustered index: 1 NKeys(D)) * N Pages(D+NTuplesR)) = (1/0) *
(50+40000) pages are retreved.
e Tfwehave an Index on sid:
- W ould have to etrieve all tuplesfages. W ith a clustered index, the costis
50+500.
e Domng a file scan: w e retrieve all file pages (500).

D eterm ning Join O dering
e R1 XR2 P<.. . R
e Join tree:

/ B \
> >
o A i treR ¥epresentsliplan . An stin zerndells to nspect
many @11?) join trees

Typesof Join Trees

e Leftdeep:

11



Typesof Join Trees

e Bushy:

Types of Join Trees

e R ightdeep:
/N\N
e 7
R1 \N
R5 / \

R2 R4

R3 < R2 R4
R1 R5
Problem
e Given:aquery R1<I R2< ... X Rn

e A ssum e w e have a fimection cost() thatgives
us the costof every join tree

e Find the best pin tree forthe query

D ynam ic Program m Ing

e Hea: foreach absetof {R1,.. ,Rn}, com pute the best
pln forthatsubset

¢ T increasing orderof setcardinality:
- Stpl:for{r1},{R2},.. ,{Rn}
- Step2:r{R1R2},{R1R3},.. ,{Rn1,Rn}

- Stepn:for{R1,.. ,Rn}

e A subsetof {R1,.. ,Rn} isalo calld a subquery

D ynam ic Program m Ing

e Foreach aibquery Q[0 {R1,... ,Rn}
com pute the follow Ing:
- SizeQ)
- A bestpkn forQ :PlanQ)
— The costof thatplan: CostQ )

D ynam ic Program m Ing

e Step 1:Foreach {R1i} do:
- size((Ri}) =B RY)
- Pln({Ri}) =Ri

- Cost({R1}) = (costof scanning R3)

12



D ynam ic Program m Ing

e Step i:ForeachQ[1{R1,.. ,Rn} of
cardinality ido:
- Compute SizeQ) (ater.. )
- Forevery pairof subqueriesQ /,Q '/
stQ=Q'UQ"
compute costPlnQ ‘) > PlanQ *'))

- CostQ) = the am allest such cost
- Pln Q) = the corresponding plan

D ynam ic Program m Ing

e Retum Plan({R1,.. ,Rn})

D ynam ic Program m Ing

e Summ ary: com putes optim al plans for subqueries:
- stepl:{R1}, {R2},.. ,{Rn}
- step2: {R1,R2},{R1,R3},.. ,{Rn1,Rn}
- Stepn:{R1,.. ,Rn}
® W eused naive size/ostestin ations
e Thpractice:
- more realistic size/oost estim ations (next)
— heuristics forR educing the Search Space
* Restrictto left linear tiees
* Restrictto trees “w ithout cartesian product”
- need more than justone plan foreach subquery:
* “interesting orders’
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