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|N6idun;

= MO hinh chi phi
— Nguyén ly toi wu
— Giai thuat Selinger

= Trién khai cac phép toan trong truy van
— Materialization
— Pipelining

= Cail dat cac phép toan
— Scan-based
— Sort-based
— Using existing indexes
— Hash-based

= U&c lwong chi phi
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|Physical Plan Generation

Logical Query Plan

/ ‘ \ Physical

P1 P2 e Pn plans

‘ ‘ ‘ Costs
C1l C2 . Cn

T

Pick minimum cost one
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|M6 hinh chi phi don gian

Cost(R D' S) = T(R) + T(S)

Cac pheép toan trong CPU chi phi=0
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|Nguyén ly toi v'u

Optimal for “whole”™ made up from
optimal for “parts”




Nm

Nguyén ly toi uu...

Query: R1D>D<I R2D>< R3 > R4 D1 R5

Optimal Plan:
/><\ R5
/><\ R4

R3 R2
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Nm

Nguyén ly toi uu...

Query: R1D>D<I R2D>< R3 > R4 D1 R5
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Nm

Nguyén ly toi uu...

Query: R1D>D<I R2D>< R3 > R4 D1 R5
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Chuy

Query: R1D<1 R2 D ><1 Rn

VAN VN

R2 R3 R3 R1
Optimal Sub-Optimal
for joining R1, R2, R3 | for joining R1, R2, R3

Cd sd dir lieu nang cao @ BM HTTT



N\
N
S
A
It-

/X\ Ry
Sub-Optimal
/><\ R2 for joining R1,...,Rn

R3 R1

Sub-optimal cta sub-plan khdong thé tao dwoc
optimal plan
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|Giéi thuat Selinger

Query: R1D><1 R2D><1 R3 ><I R4

Progress
of
{R1,R2,R3,R4} algorithm

m

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2, R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

ANl

{R1} {R2} {R3} {R4}
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|KV hiéu

OPT ({R1, R2, R3}):
Chi phi cda plan toi wu véi phép ndi R1,R2,R3

T({R1,R2, R3}):
S6 bé trong R1p< R2p<] R3




Giai thuat Selinger...

OPT ({R1, R2, R3}):
" OPT({R1,R2}) +T({R1,R2})+T(R3)

Min < oPT({R2,R3}) +T({R2,R3})+T(R1)

\OPT({Rl, R3}) +T({R1,R3})+T(R2)

Note: chi xét v&i mo hinh chi phi don
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Giai thuat Selinger...
Query: R1D><I R2D><1 R3 > R4

Progress
of
{R1,R2,R3,R4} algorithm

m

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2, R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

ANl

{R1} {R2} {R3} {R4}
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Giai thuat Selinger...
Query: R1><1 R2D>< R3 > R4

Progress
of
{R1,R2,R3,R4} algorithm

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2, R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

N el

{R1} {R2} {R3} {R4}
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Giai thuat Selinger...
Query: R1><1 R2D>< R3 > R4
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Mo hinh chi phi phirc tap

= Cach tiép can chinh: chi phi dwoc tinh dwa trén so lan truy
cap thiét bi lwu trir 1/0O’s

= Plan cost: C6 thé tinh dwa trén nhirng tham sb

Time to completion

Number of I/Os

Number of getNext() calls

Number of tuples (for each relation)
Number of blocks (for each relation)
Number of levels for an index

Number of first-level index blocks
Number of distinct values per attribute

= Tradeoff: Simplicity of estimation Vs. Accurate estimation of

performance as seen by user
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|N6idun;

= Trién khai cac phép toan trong truy van
— Materialization
— Pipelining
= Cail dat cac phép toan
— Scan-based
— Sort-based
— Using existing indexes
— Hash-based
= U&c lwong chi phi
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|Trién khai cac phép toan trong truy van

= Materialization: két qua méot phép toan sé dwoc lwu
trén thiét bi lwu trik, phép toan ké tiép sé doc twr thiét
bi lwu trir do

- Plpellnlng két qua mot phep toan sé dwoc st dung
trwee tiép cho phép toan ké tiép
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| Materialization

Materialized here
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|Iterators: Pipelining

g p ) )
| = M6i phép toan sé ho tro:
/N » Open()
N » GetNext()
OrA=“ S * Close()
R
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|Iterator for Table Scan (R)

Open() { GetNext() {
[** initialize variables */ IF (tis past last tuple in block b) {
b = first block of R; set b to next block;
t = first tuple in block b; IF (there is no next block)
Found = TRUE; [** no more tuples */
} Found = FALSE:;
RETURN EOT,;
ELSE t = first tuple in b;
}
[** return curren le *
Close() { oldt = t: currenttupie o
/** nothing to be done */ set t to next tuple in block b;
J RETURN oldt:
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|Iterator for Select

OrA=:¢
GetNext() {
LOOP:
t = Child.GetNext();
IF (t == EOT) {
O/E*te ir;l(i)tiglize child */ [** no more tuples */
Child.Open(): }RETURN EQT,
} ELSE IF (tA==“C")
Close() { RETURN ft;
[** inform child */ ENDLOOP:

Child.Close(); }
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|Iterator for Sort

T
RA GetNext() {
IF (more tuples)
RETURN next tuple in order;
ELSE RETURN EOT;
}
Open() { Close() {
/** Bulk of the work is here */ [** inform child */
Child.Open(); Child.Close();
Read all tuples from Child }

and sort them
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|Iterator for Tuple Nested Loop Join

>
7N

Lexp Rexp

= TNLJ (conceptually)
for each r € Lexp do
for each s € Rexp do
If Lexp.C = Rexp.C, output r,s

Cd sd dir lieu nang cao @ BM HTTT



|VD1: Left-Deep Plan

TLJ

/ TableScan

TN LJ

/ ~_ RBJC,D)

TableScan TableScan

R1(A,B) R2(B,C)

Question: What is the sequence of getNext() calls?
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|VD2: Right-Deep Plan

TNLJ
>
/ \
TableScan TNLJ
>

TableScan TableScan

R1(A,B) R2(B,C)

Question: What is the sequence of getNext() calls?
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|N6idun;

= Cail dat cac phép toan
— Scan-based
— Sort-based
— Using existing indexes
— Hash-based

= U&c lwong chi phi
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|Nested Loop Join (NLJ)

= NLJ (conceptually)
foreachr € R1 do
foreach s € R2 do
If r.C =s.C then
output r,s pair

Quan hé dwoc lwu triv
= Theo bo
* Theo tirng block

R1 B C C D R?
a 10 10 cat
a 20 > 40 dog
o 10 15 bat
d 30 20
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|Céi dat cac phep toan trong truy van

- Duyét toan bd (chang han v&i NLJ)
- Thi hanh sau khi sap xép (sort-based)
- Str dung index da co6

- Thi hanh st dung ky thuat bam (index trong qua
trinh thi hanh)
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|M6 hinh tinh toan

= CAch tiép can: dwa trén viéc xac dinh so lan doc/ghi
disk-blocks trong khi thi hanh toan tw

= POi v&i ké hoach thi hanh
Cost of query plan = Sum of operator costs

= Gi3 thiét:
— B6 qua chi phi thi hanh truy van trong CPU
— DBMS dworc cai dat tren may tinh c6 1 CPU va 1 HDD
— Chi phi lwu két qua dwoc bd qua (doc 1ap véi viéc cai dat
toan tw)
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|Tham SO

B(R) = s0 khoi blocks ma quan hé R dwoc lwu trén
HDD

T(R) = sO bé trong R
V(R,A) = s gia tri khac nhau cla thudc tinh A trong R

M = sb khdi con ranh trong bd nhé buffer
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|ChL’| y buffer trong DBMS

Read/write

| St dung cac chinh sach ghi:
Buffer = |Least Recently Used (LRU)
Manflger » Second-chance
Block read/urite = Most Recently Used (MRU)

Eij = F[FO

= C6 thé kiém soét tryrc tiép MM (chang han, khong
can s dung VM kiém soat véi OS)
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Giai thuat cai dat

= Chu yéu str dung phwong phap
— Duwa trén sap xép cac bd
— Str dung phwong phap bam — hash (index-on-fly)
— S dung chi muc da xay dwng tr tredc

= PO phirc tap cua giai thuat
— One pass (toan bd di liéu dwoc dwa hét vao buffer)
— Two pass (kich thuwdc cac quan hé I&n hon buffer)
— Multi pass (khi kich thwéc quan hé rat 1én)

= Phan loai toan tw

— Tuple-at-a-time, unary operations(c, )

— Full-relation, unary operations (9o, y)

— Full-relation, binary operations (union, join,...)
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|Phé‘|n cum dir lieu

= Phan cum trong moéi quan hé

R1 R2 R3 R4 R5R5R7R8| "

= Phan cum index

— Cé&c bd dwoc sap thém theo trwdng index 10
va phan thanh bd 10

— Nhirng bo c6 chung gia tri khoé// |1

dwoc goi trong blocks index 19
\

19
19




|Vi du

T(R) =10,000

B(R) =200

Néu R dwoc phan cum = s6 bd/block=10.000/200=50

Gia sr V(R,A) = 40

= Neéu | la chi muc phan cum trén R.A, thi s lwong truy xuat
I0s v&i phép Og a = «5»(R) 12 250/50 = 5

= Néu | 1a chi muc khdng phan cum trén R.A, thi so lan truy
xuat |0s doi v&i phép OR A = «»(R) 12 250 (> B(R))
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|Phé‘|n loai toan tur

BO di liéu Toan quan
he
Pon o, T 0,7V, T
nguyen
Nhi union, join,
nguyeéen difference
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V3éi phép toan trén bo dir lieu-one pass

V6i phép chon o (R) va phép chieur, (R)

= Chi phi: Cost = B(R) or T(R) néu quan hé khéng
dwoc phan cum

= Khong gian b6 nho: M > 1 block

= Nguyén ly chung:

— Mbi lan doc mét block (hodc mét bd néu R khéng phan
cum)

— Tién hanh x& ly v&i bd trong khoi d6
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| VGi phép toan trén toan quan he!_!:

one pass

= Loai bo trung lap &: nguyén ly

— M@i lan doc mot bd, néu xuat hién lan dau, copy bd do
ra output.

— Néu da trng xuat hién, khéng dwa ra output.

= P& nang cao hiéu nang, bd nh& can st dung
bang bam.

= Requirement: ~ B(5(R))<M

4‘) Cd sd dir lieu nang cao @ BM HTTT



|V6i phép toan trén toan quan he:

one pass...

Grouping: gom di¥ liéu theo nhém trong MM.
« Can lwu mét entry cho moi gia tri cda thugc tinh nhom,
thdng qua cau truc phuc vu tim kiém (hash table).
* V&i mc”)i, kiéu nhc}m, lwu gida tri gop (hoac nhirng gia tri lién
guan dén truy van).
— MIN/MAX: Iwu gia tri min/max value da duyét trong
nhom Xxeét.
— COUNT: dém sb lan mot bd thudc nhom xét.
— SUM: cdng don gia tri néu bd do thudéc nhom xét.
- AVG?
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|Céc phép toan nhi nguyéen: One pass

= Yéu cau: v&i 2 quan hé R, S, ddm bao
min(B(R),B(S)) £ M

= Cost =B(R) + B(S)

= Néu R c0 sb blocks I&n hon S, v&i cac phép “set
union, set intersection, set difference, bag
Intersection, bag difference, cartesian product,
natural join”
— Poc S vao MM, tién hanh cac phép toan twong rng voi
trng bb/block cua R.
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|Céc phép toan nhi nguyéen: Two pass

Xét giai thuat NLJ duyét theo tirng block:
= Gia st B(S) =£B(R), vaB(S) > M

= Poc M-1 blocks ciia S vao MM, so sanh vai tat ca
khbi cua R (block by block)

FOR each chunk of M-1 blocks of S DO
FOR each block b of R DO
FOR each tuple t of b DO
find the tuples of S in memory that join with t
output the join of t with each of these tuples

[B(S)/(M-1)] * (M-1 + B(R))
B(S) + B(S)B(R)/(M-1)

|
O
O
n
(o

1
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|Vi du

Néu B(R) = 1000, B(S) = 500, M = 101

= Chi phi thwe hién NLJ :

— Can 5 lan 1ap, méi l1an doc 100 blocks cua S va join voi
1000 blocks cua R.

— Total time = 5*(100 + 1000) = 5500 I/O’s
= Néu ddi thtr tv R va S?

— Can 1ap 10 lan, mdi lan doc 100 blocks R, join v&i 500
blocks cua S, = total =10*(100+500) = 6000 I/O’s.

= Néu st dung dwoc one-pass (B(S) < M)

— Can 1500 1/O’s
45) Cd sd dir lieu nang cao @ BM HTTT



|Two-;ass aI;orithms based on

sorting

= La trwodng hop dac biét cua multi-pass algorithms

Y twéng chinh: dwa trén nhirng phép toan don
nguyén trén R khi B(R) > M
= First pass:
— Poc M blocks cua R vao MM
— Sap xép ndi dung cac blocks da dwa vao
— Ghi két qué sap xép vao M blocks trén thiét bj lwu trip.
= Second pass: tao két qua cudi cuing t¥ nhirng
nhém khoi (trunk) da dwoc sap xép tr budce trén
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Phép loai trung lap 5 s dung sap xep

= Trong pha 2 (merging) , ching ta khong sap xép ma
chi copy moéi bd mot lan.

= Vidu: M=3, moi buffer block chira dwoc 2 bd, R
gbm 17 bbsau:. 2,5,2,1,2,2,4,5,4,3,4,2,1, 5,
2,1, 3

* First pass: ta co dwoc sorted sub-lists sau:
1,2,2,2,2,5
2,3,4,4,4,5
1,1,2,3,5

= Second pass: st dung buffer cho moi sub-list.
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|Vi du...

Sub-list In memory Waiting on disk

R,: 1,2 22 2 5
R,: 2,3 4.4 4 5
Ra: 1, 1 2,3,9

Sub-list In memory Waiting on disk

R,: 2 2,225
R,: 2, 3 4,4,4,5
R, 2,3 5
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|Vi du...

Sub-list In memory Waiting on disk

R,: 5
R,: 3 4,4 4,5
Rj: 3 5

Sub-list In memory Waiting on disk

R,: 5
R,: 4.4 4,5
Rj: 5
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|Vi du...

Sub-list In memory Waiting on disk

R,: 5
R,: 5
R,: 5

Sub-list In memory Waiting on disk
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| Analysis of 6(R)

= Chi phi I/O cho phép §(R) : 2B(R) dé tao sorted
sublists, B(R) dé doc sublists trong pha 2 = 3B(R)

= Chay twong quan R va M:

— V@i M buffers, chi dwoc phép cé toi da M sublists =
B(R)/MsM (B(R)/M is the number of sublists)

> B(R) < M?

— Pé tinh 8(R) can tbi thiéu sqrt(B(R)) blocks MM.
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| Sort-based U, N, -

Vi du: set union. Twong tw voi sort based intersection &
] difference

 Tao sorted sublistscua Rva S
S dung moi buffer cho cac sorted sublists cia R va S

« Xuat mbi bd mot 1an

* Chi phi: cost = 3(B(R) + B(S)) disk I/O’s
* Rang buéc: B(R) + B(S) £ M?
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Join

= \Van dé dat ra: s6 lwong bd ndi tr 2 quan hé cé thé
|&n hon rat nhiéu so voi M

= Giai phap?
— S dung toi da output buffers.
— T&i thiéu hod lwong sorted sublists.
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|Simple sort-based join

.« V&i R(X,Y) ><] S(Y,2) str dung M buffers :

. Sort phase: sap xép ca R va S trén thudc tinh Y

* Merge phase: St dung 2 input buffers cho R va S.

« Poc bd tcoY bé nhat vao buffer clia R, block dau clia S
vao buffer S

« Néu t khéng ndi dwoc voi bd dau trong buffer S, bé t

- Néu khong, doc tat ca b clia R c6 cung gid tri Y nhu t,
dwa vao M-2 buffers con lai, n6i voi S

« Lap lai qua trinh d6 cho dén khi vét hét bé trong R.
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|Vi du

Xét B(R) = 1000, B(S) = 500, M= 101
= Sap xép Rva S, can 4*(B(R) + B(S)) I/O’s (do sau
khi sap xép phai lwu lai trén thiét bi lwu triy)

= \/&i pha ndi, tdng so truy cap I/0’s = B(R) + B(S)
3 Total I/0’s = 5%(B(R) + B(S)) = 7500

= Yéu cau vé MM:
— D& dadm bao sap xép duoc, B(R) € M2 va B(S) £ M?
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Cai thien sort-join?

» Liéu c6 can sap xép hét quan hé?

R — 9 W Join? —

S \(W/

sorted runs

« Disk I/O: 3*(B(R) + B(S))
 Yéu cau: B(R) + B(S) £ M2




| SummaE: sort-based algorithms

Operators | Approx. M required Disk 1/O

Y, O Sqart(B) 3B

U, N, - Sqart( B(R) + B(S) ) 3(B(R)+B(S))
> Sqart( max( B(R),B(S))) |5(B(R)+B(S))
>< Sart( B(R)+B(S) ) 3(B(R)+B(S))
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|Two-pass algorithms based on

hashing

Main idea:
* Thay vi str dung sorted sublists, tao cac partitions, dwa
trén ky thuat bam (hashing)

 Nhirng bd thod man yéu cau phép toan sé dwoc nhom trong cling
partition - bucket

 Pha hai sé tao két qua tir cac partitions st dung one pass
algorithms.
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Creating partitions

= Partitions (buckets) dwgc tao dwa trén tat ca cac thudc tinh ctia quan hé,
ngoai trir cac phép toan lién quan dén grouping va join thi tao trén chinh
thudc tinh lién quan.
Initialize M-1 buckets using M-1 empty buffers;
FOR each block b of relation R DO
read block b into the M-th buffer;
FOR each tuple tin b DO
IF the buffer for bucket h(t) has no room for t THEN
copy the buffer to disk;
initialize a new empty block in that buffer;
copy t to the buffer for bucket h(t);
ENDIF;
ENDFOR;
ENDFOR;
FOR each bucket DO
IF the buffer for this bucket is not empty THEN
write the buffer to disk;
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|Phép loai Iap dua tréen ky thuat bam

= Pass 1: tao cac buckets chira gia tri bam cla tat ca
cac thudc tinh

= Pass 2: v&i moi bucket, str dung giai thuat one-pass
dé loai bo lap.

= Chi phi: Cost = 3B(R) disk I/O’s

= Yéu cau: B(R) £ M*(M-1) hay B(R) < M2
vi kich thire bucket gan bang (B(R)/(M-1)
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|Hash-based ;rouEin; and

aggregation
= Pass 1: tao partitions dwa trén bam thudc tinh
grouping

= Pass 2: v&i moi partition, st dung ky thuat one-pass.

= Chi phi: Cost = 3B(R), yéu cau: B(R) £ M2
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|Hash-based set union

= Pass 1: tao cac partitions R4,...,R,,; cua R, va
S,,...,Sy.1 cuaS (v&i cung ham hash)

= Pass 2: v&i méi cap R, S, tinh R, U S: str dung ky
thuat one-pass.

= Cost: 3(B(R) + B(S))
= Yéu cau: min(B(R),B(S)) € M2

» Twong tw v&i cac phep intersection va difference
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|Partitioned hash-join

= Pass 1: tao céac partitions Ry, ..,R,,; cua R, va S,,
.Sy cua S, dwa trén thudc tinh noi (str dung
chung ham bam)

= Pass 2: v&i méi cap R, S; tinh R, > S, str dung ky
thuat one-pass.
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Partitioned

Hash-Join —R_

uckets
T

1
INPUT 2
Pash.
> unction ¢ oy
e o o h M_l
~
Relation
S
OUTPUT
> 1
INPUT 2
Pash.
> unction
0 0 9
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« B(R) =1000 blocks, B(S) =500 blocks

e« M=101 blocks

« RP<StheoC
- Pau tin, st dung 100 buckets

— Read R
— Hash
— Write buckets
e _ I
R RN EE 100
2 A l

10 blocks

<« »

Twong tw cho S
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 Read one R bucket
e Build memory hash table
« Read corresponding S bucket block by block.

/ S

SN\

Memory
Cost .
> “Bucketize:” Nhin chung:

— Read ite R : ,
~ Read + write S Chi phi Cost = 3(B(R) + B(S))

« Join A X : .
_ Read R Yéu cau: min(B(R),B(S)) £ M
— Read S

Total cost = 3*[1000+500] = 4500
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| Summary of hash-based algorithms

Operators | Approx. M Disk 1/O
required

Y, © Sqrt(B) 3B

U, N, - Sqrt(B(S)) 3(B(R)+B(S))

>< Sqrt(B(S)) 3(B(R)+B(S))

So sanh véi sort-based algo.

Operators | Approx. M required Disk 1/O

Y, O Sqrt(B) 3B

U, N, - Sqrt( B(R) + B(S) ) 3(B(R)+B(S))
>< Sart( max( B(R),B(S) ) ) | 5(B(R)+B(S))

Sart( B(R)+B(S
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|Index-based algorithms: selection

= Thi hanh - (R) khi str dung chi muc a

= Chi phi Cost = chi phi tim trong index (thuwong bo
gua) va
— Néu index dwoc phan cum: B(R)/V(R,a) I/O’s
— Néu khoéng phan cum: T(R)/V(R,a) I/O’s
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|Vi du

5._.(R), c6 B(R) = 1000, T(R) =20,000

* R dwoc phan cum va khdong co index cho a
—->1000 disk I/O’s

= R cO clustering index tai a, va V(R,a) = 100
210 I/O’s

= R c06 khdng non-clustering index tai a, V(R,a) = 100
—20,000/100 = 200 disk I/O’s

Néu V(R,a) = 20,000 (a la khod) — just 1 1/O
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|Index joins

= Gilr st v&i phép ndi R(X,Y) >« S(Y,Z) va S dwoc index theo Y

= Algorithm:
V&i moi bd t cla R, tim cac bg trong S ¢6 gia tri t[Y] va
noi voi t.

= Chi phi Cost = B(R) (to read R) va chi phi noi
— Trung binh, méi bd clia R ndi véi T(S)/V(S,Y) bd cua S.
— Néu S c6 non-clustered index theo Y , phi ndi = T(R)T(S)/V(S,Y)
— Néu S c6 clustered index theoY, phi néi = T(R)B(S)/V(S,Y)
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|Vi du

= T(R) = 10,000, B(R) = 1000 ;
* T(S) = 5000, B(S) = 500, V(S,Y) = 100

= Phép ndi R(X,Y) >« S(Y,Z) co clustering index theo
Y trén S c6 chi phi = 1000 + 10,000%(500/100) =

51,000 I/O’

Bad!! }
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|Tuy nhién, thuc te...

« Gia s coO hai quan hé:
Starsin(title, year, starName)
MovieStar(name, address, gender, birthdate)
trong do6 MovieStar dwoc indexing theo name

« V@i truy van SQL :
SELECT birthdate
FROM Starsin, MovieStar
WHERE title = 'King Kong' AND starName = name;
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|ThL_I’C te...

« Pau tién, thwec hién phép chon trong Starsin thoa man
title='King Kong’. Gia st c6 dwoc 10 tuples.

« S& dung name trong cac bd tim dwoc dé ndi véi MovieStar,
néu khong tinh cac ngoi sao trung tén, ta sé co
V(MovieStar, name) = T(MovieStar)

» Cuoi cting, I/0O cost = B(StarsIn) + T(6,ame=king kong (Starsin))
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|Joins using sorted indexes

Xét phép ndi R(X,Y) >« S(Y,2)

= Néu S co B-tree index theo Y,
— Tao sorted sublists cua of R va

— N&i theo kiéu sap xép, lay cac bd trong S theo the tw da
iIndex

= Néu ca R va S déu co B-tree index theo Y, st dung
Zlgzag-join.
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|Vi du

o T(R) = 10,000, B(R) = 1000,
o T(S)=5000, B(S) =500, V(S,Y) =100, B-Tree index theo Y
o Ca hai quan hé va index déu dwoc phan cum. M = 101 buffers

Joins using sorted indexes

= Tao 10 sorted sublists cua R, cost = 2B(R)

= S dung 10 buffers cho sublists cua R, 1 buffer cho S (index)
= NOGi cAc bd tir cac buffers trén

= Total cost = 2B(R) + B(R) + B(S) + index lookup =
2000 + 1000 + 500 + index lookup = 3500 + index lookup
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|Zi;za; Join

= Gid slr cd Rva S déu co B-Tree indexes theo Y.
= Céac bd trong R v&i nhirng gié tri Y khéng xuat hién trong S
sé bi loai bo, twong tw voi S.

Vi du:

» Gias*RcOY:1,3,44,456:ScodYla:2,2,4,4,6,7
= Bat dau véicap 1va 2.

= Vi1l<2 = bd qua 1 trong R, xét tiép cap 3, 2

= Vi2<3 =>» bd qua 2 trong S.

= Twong tw, bd qua 3 trong R, ndi cac bd 4 va 6

: Chl phi: B(R) + B(S)
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|N6idun;

= U&c lwong chi phi
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Bai toan dat ra

R(a,b) S(b,e)
T(R) =5000 T(5)=2000
V(R,a) = 50
V(R,b) =100 V(S,b) =200
V(8,¢) = 100 2 (rng vién sau déu
& dwoc coi nhw best
logical query plan.
5 Plan nao sé dwgc chon?
a =10
m 2 |
> P
/ \ ) & <]
R ) | / .
Gﬂ' =10 S ﬁﬂ =10 S
Initial logical 2000 | 2000
query plan s000 R s000 R
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|U’6c lweng chi phi thi hanh

= Khéng thé thi hanh query dé - ‘
danh gia cost Can woc lvgng

» Khong thé xac dinh chinn ~ [7 chiphithihanh
xac ngay dwoc nhivng bd div MOl truy van
lieu trung gian

Khi wée lwong, can chu trong:
1. U&c lwong dwoc chi phi chinh xac nhat c6 thé

2. Dé thwc hién dwoc viéc uwoc lwong
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| Projection

= Kich thwde div liéu két qua cta phép chiéu ludn cé
thé xac dinh chinh xac.

1. SO bd trong phép Projection = luén dwoc git
nguyen.
2. Két qua thuwdng co kinh thwdc bé hon.
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|Selection

V&i S = o, (R) , két qua phép chon c6 s6 bd 1a T(S)
=T(R)/ V(R,A)

V&i S = o, (R) , thwong s6 bd dwoc tinh T(S) =
T(R)/2, nhwng tdng quat 1a T(R)/3

V&i S = o, (R), s0 bd két qua dwoc wdc lwong
T(S) = T(R) * [ (V(R,A)-1)V(R,A) |, hay
T(S) = T(R)
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|Selection

V&I S = o: anp p(R) = 0c(op(R)), ta woc lvgng truoc
T(op(R)) va sau do woc lwgng T(S).
Vi du:
S = Ga=10 AND b<20(R)
T(R) = 10,000, V(R,a) =50
T(S) = (1/50)* (1/3) * T(R) = 67

Tuy nhién: woc lveng o,-10 anp a>20(R) ?
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|Selection

» V&i S = 6. or p(R), khi d6 két qua c6 thé dwoc wéc
lwong phi don gian 1a T(S) = T(o:(R)) + T(cp(R)).
— Tuy nhién, c6 thé dan dén trwong hop T(S)>T(R) !
SO b két qua c6 thé wdce lwong chi tiét hon. Gia st
T(R)=n, m; = T(c-(R)) , va m, = T(cp(R)). Khi do:
T(S) = n(1-(1-my/n)(1-m,/n))

= Vidu: S =6,-150rbo(R)- T(R) = 10000, V(R,a) =50
— Néu st dung wée lwong don gian: T(S) = 3533
— Néu str dung wée lwong chi tiét: T(S) = 3466
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|Natural Join R(X,Y) ><S(Y,Z)

Viéc wée lwong phép toan nay twong doi phire
tap, tuy thudéc vao dir liéu thwec cua Rva S

= CO thé két qua khéng c6 bd nao
TR»<«S)=0

= Hodc tat ca cac bd, chang han néu R.Y=S.Y = a thi
T(R >« S) = T(R)*T(S)
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|Gié thiet

Al: Containment of value sets

« Néu V(R,Y) £ V(S,Y), thi tat ca gia tri cia Y trong R dworc coi
nhw co trong Y cua S

« Chang han Y la khoa ngoai cla R, va la khoé trong S

A2:. Preservation of set values

« Né&u A la thudc tinh clia R nhwng khéng phai cia S, thi
V(R>« S, A)=V(R, A)

e Chidung khi Y la khoa ngoai cua R, va la khoa trong S
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|Natural Join...

= Giad slr Y la thudc tinh don, s6 bd két qua cua T(R >< S) la
Néu V(R,Y) < V(S,Y), theo Al, tasuy rar € R sé khép dwoc
v@i vai bb cua S voi xac xuat 1a T(S)/V(S,Y)

> TR D><S) = TR)T(S)V(S,Y)

- Tuwong tw, néu V(S,Y) < V(R,Y), ta c6 thé uwdc lvong duoc
TR ><1 S) = TR T(S)V(R,Y).

. Tl d6 T(R D> S) = T(R*T(S)/max{V(R,Y),V(S,Y)}
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|Vi du

. Xét
R(a,b), T(R)=1000, V(R,b)=20
S(b,c), T(S)=2000, V(S,b)=50, o
V(S,c)=100 A
U(c,d), T(U)=5000, V(U,c)=500 | Iuif;ng o5 bd Kt
vOi phép nGi R > S D> U qua cudi cling
phai déc lap so

» THI. v&i thie tw néi
T(RD><S) = 1000*2000 /50 =40,000 . Két qua trung
T(RD>KS) > U) =40000 *5000 /500 = gian c6 thé co sé
400,000 lwong bé khac

nhau

e TH2:

T(S > U) = 20,000

T(R D> (S P> U)) =1000*20000 / 50 =
400,000
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A

ieu

NoOi tu nhién st dung nhieu thuoc tinh

= Xét phép ndi R(X,Y;,Y,) >< S(Y1,Y-,Z). Khi dé
T(R >« S) = T(R)*T(S)/ (m*m,),
Trong do m, = max{V(R,y,),V(S,y,)}
m = maX{V(R’Y2)’V(S,Y2)}, -
= Thatvay, néur € R, s € S thi xac xuat r va s co thé ndi dwoc
v&i nhau la /max{V(R,y,),V(S,y,)} = 1/m,
= Viylvay2 ddc lap v&i nhau, thé nén T(R < S) = T(R)*T(S)/
(my*m,)
Vi du:
T(R)=1000, V(R,b)=20, V(R,c)=100
T(S)=2000, V(S,d)=50, V(S,e)=50
R(a,b,C) >< g p-s 4 AnD Rc=s.e S(d,€,f)
T(R >« S) = (1000*2000)/(50*100)=400
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|V6i cac pheép toan khac

Nhan chéo Cartesian : T(R x S) =T(R) * T(S)
Bag Union: tbng cac bd thanh phan

Set union: tdng cac bd quan hé c6 sé bd Ién hon véi nira s6 bd cua
guan hé con lai.

Intersection: nira s6 bd clia quan hé c6 so lwgng bé hén
Difference: T(R-S) = T(R) - 1/2*T(S)

Duplicate elimination 6(ay,...,a,) trong R:
T(8(R))= V(R,[al...an]) ~= min[V(R,al)*...*V(R,an), 1/2*T(R)]
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Chon ké hoach

R(a,b) S(,0)
T(R) = 5000 7(3) = 2000
VP(-Rs CE) = b0

V(R,b) =100 V(S.b) = 200
V(S.c) = 100

o S 5
o PN
Mi Ca=10 S O, -10 S
™ 2000 | 2000
R s so00 R so00 R
a) 2 &ng vién sau déu (b)
Initial logical dworc coi nhw best
query plan logical query plan.
Plan nao sé dwgc chon?
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|U’6c luUgng so6 bo _

Plan a D
T( c561210('?) ) - 50 5/ \\ 1000
5000/50 = 100 | |ﬁ
T(S(Gazlo(R)) ) = | . S
min{1*100, 100/2} = 50 100 “a=10
T(S(S) ) — 2000
- s000 X
min{200*100, 2000/2} = 1000
(a)
R(a‘m b) S(E’m {?)
T(R)=5000 T(5)=2000
V(R,a) = 50
V(R,b) =100 V(S,b) =200

vV {S ' “'3] =100
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Udc luong so bo...

100 Gﬂ' =10 S
| 2000
s000 &
(b)
Plan b
T(o.-1o(R)) = -
( 36188/&2))0 =100 Rla,b =l
T(ca-10(R) PIS) = V(R? .-;a) = 50
100*2000/200 = 1000 V(R B) =100 V(S,b) = 200

V(S,¢e) =100
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Udc luong so bo...

T d6, so lwong bd trung gian Ta = 1150 va Th = 1100
S6 lwong bd wée lwong dwoc clia mdi ké hoach Ia:
Tpa = 1400 va Tpa = 1600

< §
50 ,/ \\ 1000 ’ 1000
B & ]
100 Ca=10 5 100 Ca =10 0y
2000 | 2000
so00 & so00 R

fa) )

Vay
- plan co chi phi wéc lwong tot nhat 1a plan b (xét s6 bé trung
gian)

ap a co chi phi tot hon néu xét tdng thé ké haa
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Thir tu noi

= Vi toi wu hoa dwa theo wéc lwong chi phi, viéc xac dinh thi
tw cac phéep ndi tw nhién rat quan trong

« Xet
R(a,b), T(R)leOO, V(R,b):ZO Chu S’i
S(b,c), T(S)=2000, V(S,b)=50, V(S,c)=100
U(c,d), T(U)=5000, V(U,c)=500

v&i phép nGiR >SS DU

1. Giatri wéc
lwong s6 b ket

qua cuoi cling

« TH1: phai déc lap so
T(RP><S)= 1000*2000 /50 =40,000 VQ’i thr tw noi
T((R > S) ><1 U) = 40000 * 5000 / 500 = 400,000 I C I ER Ll
gian c6 thé c6 so

* TH2: lwong bd khéac
T(S P> U) = 20,000 nhau
TR D> (S P> U))=1000*20000 /50 = 400,000
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|N6’i hai quan hé

= Trong mdt so gidi thuat ndi, thi tw phép ndi hai
quan hé cling anh hwdng dén chi phi thi hanh phép
nol.
— Giai thuat one-pass join sé& luén dé quan hé co kich thwéce
bé hon sang trai va sé dwoc doc vao bd nhé trudce.
* Quan hé trai (bé hon) dwoc goi la quan hé co s& (build relation).

 Quan hé phai, dwoc 90| la quan hé do (probe relatlon) dwoc doc
méi 1an tirng block va tirng bd sé& dwoc ndi vai build relation trong
bd nNho.

— Nested-Loop join lubn xem quan hé trai dwgc xét & vong
lap ngoai.
— Index-join lubn xem quan hé phai da dwgc danh chi muc.
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Cay noi quan heé

= V@i phép ndi nhiéu quan hé, co rat nhiéu cach ndi khac nhau
= Cé&c phép ndi c6 thé dwoec minh hoa theo cau trlc cay

< >
/ N / N\
X<l U

>] >

/ \ /N /N
>l T R S T U
/ \ / \

R . T

(a) (b) (c)

left-deep tree A [ bushy tree C righ-deep tree
All right children are All left children are
leaves. leaves.
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|Left-Deep Join Trees

Cau trac dwoc st dung vi v&i phép ndi n quan hé

1. S6 lwong cay LDT cé thé Ién, nhwng khéng Ién bang sb
cay co thé co.
— Sbcay LDT = n!, trong khi s6 cay c6 thé c6 T(n) ==._, .., T()T(n - i)
2. LDT cho phép cai dat hiéu quéa cac giai thuat ndi théng dung
- nested-loop joins va one-pass joins.
— One-pass algorithm can MM cho 2 quan hé trung gian tai mdi thoi
diém.
— Quan hé trai (build relation) nam trong MM.
— Pé tinh RD><S, ta can gitr R va két qua tinh trong MM = can buffer
= B(R) + B(R>S).
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ANm

Uédc luong noi nhiéu quan hé

= Gija st can ndi n quan hé Rip<aRypa pa R, Ta can xay dwng
bang wéc lwong chi phi cua n! LDT dé chon LDT tot nhat

Vidu: | R(a,b) S(b,c)
V(R,a) =100 | V/(S,b) = 100
V(R,b) =200 |V(S,c) =500
T(c,d) u(d,a)

R} 1S} {1} U}
Size 1000 1000 1000 1000

Cost 0 0 0 0

V(T,c) =20 V(U,a) =50 S—_— 3 S - U
S
V(T,d)=50 | V(U,d)=1000 | ppan

{R,S} {R,T} {R,U} {S,T} {S,U} {T,U}
Size 5000 1M 10,000 2000 1M 1000
Cost 0 0 0 0 0 0
BestPlan R><S Roe«T R><U S>aT Ss<aU TraU

Chua y: size dwgc xem nhw s6 bd cla quan hé; cost la s6

0 bd trung gian dwoc sinh ra
-4 Co sé dif liéu nang cao @ BM HTTT






ANA7m

ol n

h

A

IEU qUadn

(SpaT)paR) U
(R><S)><aU) paT
((Tr><aU) < R) >« S
(T ><U) >« S) <R
(T »<U) »< (R »<S)
(R »<T) »< (S r<U)
(S »<T) < (R »<U)

he...

12,000
55,000
11,000
3,000
6,000
2,000,000
12,000
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|T6n; két

= Can cha y hai phwong phap trién khai phép toan
trong truy van:
— Materialization
— Pipelining
= \/&i moi | phép toan trong truy van, co thé st dung
nhiéu giai thuat dé thi hanh
— Scan-based
— Sort-based
— Using existing indexes
— Hash-based
= M&i ké hoach thi hanh truy van ngwoi dung can

dwoc woc lwong chi phi, tim plan co chi phi tot nhat
c6 thé.
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Consider a relation R with attributes 4 and 2 with the following characteristics:

5,000 tuples with 10 tuples per page

A 2-level B+ tree index on attribute 4 with up to 100 index entries per page

Attribute 4 is a candidate key of R

The values that the attribute 4 takes in relation R are uniformly distributed in the range 1
to 100,000.

*® & = @

Answer the following questions

(a) Assuming that the aforesaid index on 4 is unclustered, estimate the number of page
fetches needed to compute the query (yas1000 amw a<sooo (R) . Explain your reasoning.

(b) What would be the cost if the above index were clustered? Again, explain your
reasoning,.
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Suppose we wish to compute the expression

7 {R(a,b) > S(b,¢) = T(c,d))

That is, we join the three relations and produce the result sorted on attribute
b. Let us make the simplifying assumptions:

i.

ii.

1i.

1.

We shall not “join” R and 7 first, because that is a product.

Any other join can be performed with a two-pass sort-join or hash-join.
but in no other way. '

Any relation, or the result of any expression, can be sorted by a two-phase.
multiway merge-sort, but in no other way.

The result of the first join will be passed as an argument to the last join
one block at a time and not stored temporarily on disk.

Each relation occupies 1000 blocks, and the result of either join of two
relations occupies 5000 blocks.

Which query plan uses the fewest disk I/0Os?
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