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n EERIEFNYIERER
o IZHEHRIEFFRVSFE SEIN

n HEYIBR{ERF
o %2333 : TableScan

o HEFF¥3#E: SortScan
o Z5|F3%H: IndexScan
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=\ EEREQoin)SSMEE

®= R1(A,C)I<]R2(C,D)
o BRERIMERE

(Nested loops join or Iteration join)
o 33 E#E (Merge join or Sort join)
o &5|3F#E (Index join)
o 1%13%E$#E (Hash join)
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1. BRERTER

Foreachr € R1 Do
Foreach s e R2 do

If r.C =s.C Then output r, s pair

R1

Advanced Database Systems

Matching? R2
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2. JAHEE

(1) if R1 and R2 not sorted, sort them
(2)i<1;]« 1
While (i<T(R1)) A (<T(R2))do {
if R1[ i ].C = R2[ j ].C then
OutputTuples;,
elseif R1[ i ].C > R2[ j ].C then
JJjt1;
elseif R1[ i ].C < R2[j ].C then
[ i+1;
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2. FHEE

Procedure OutputTuples
While (R1[i].C = R2[j].C) A (i < T(R1)) do {
JJ < J;
while (R1[ i ].C = R2[ jj ].C) A (jj £ T(R2)) do {
output pair R1[i], R2[ jj I;
Jj < it

}
| < I+1;

}
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2. FHEE

Example

i R1[i].C R2[j].C j

1 10 S 1

2 20 20 2

3 20 20 3

4 30 30 4

S 40 30 S
50 6
52 7
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3. R5IEE

Foreachr € R1 do{
X « index (R2, C, r.C) Assume R2.C index

Foreachs € Xdo
Output r,s pair
}

Note: X « index(rel, attr, value)

then X = set of rel tuples with attr = value
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4. HHERE

® CLEHIEFIeR#¥ h, range 0 > k
® Buckets for R1: GO, G1, ... Gk
® Buckets for R2: HO, H1, ... Hk

Algorithm

(1) Hash R1 tuples into G buckets
(2) Hash R2 tuples into H buckets
(3) Fori=0to kdo

match tuples in Gi, Hi buckets
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4. MHIFEE

Original
Relation

OUTPUT Partitions

- >

4... 1

INPUT

hash

- function
h




4. BHIFERE

Simple example  hash: even/odd

1 R2 Buckets

5 Even | 248 412 8 14
4 R1 R2

R
2
4
3] 12 Odd: 359 5313 11
5
3
9
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=\ EENENR o

n InFERFEEKNI/0O)MERE
o XANTARBEMBIRPFEFM? (contiguous?)
o XARBREXERMEERF? (ordered?)
o EHEEM FREFERSI? (indexed?)
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1. BRERSESERNH

m Casel: not contiguous
m Case2: contiguous
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1. BRERSERRH

Example 1: not contiguous

m i T(R1)=10,000 T(R2) =5,000
S(R1) = S(R2) =1/10 block --JcZ K/}
MEM = 101 blocks

Cost: For each R1 tuple:
[Read tuple + Read R2]

o

Total =10,000 [1+5000]=50,010,000 IOs
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1. BRERSESERNH

pSUH B T R B
(1) Read 100 blocks of R1
(2) Read all of R2 (using 1 block) + join
(3) Repeat until done
‘| R1 tuples 1
11000 R1 tuples————
M-1 ! |R1 tuples R1 & R2
blocks R1 tuol
X Sl J Repeat 1,2 & 3
R2 tuples - 2
3 .
Buffer (M blocks) | =~~~ Joinin the buffer

Advanced Database Systems

&M (jpq@ustc.edu.cn)



1. BRERFEERH

i

ralky

ORI TS

Cost: For each loop:
Read R1: 1000 I0s (1000 tuples)
Read R2: 5000 IOs (5000 tuples)
Total: 6000 IOs

Total = 10,000 x 6000 = 60,000 IOs
1,000

Better than previous one!
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1. BRERSERRH

® Can we further improve it?
Reverse Join order! Since R1[<]R2<R2 ><]|R1

(1) Read 100 blocks of R2
(2) Read all of R1 (using 1 block) + join
(3) Repeat until done

Total = 5000 x (1000 + 10,000)

1000
= 5x 11,000 = 55,000 IOs
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1. BRERSESERNH

Example 2: contiguous

R2 P<|R1
Cost
For each loop:
Read R2: 100 IOs
Read R1: 1000 IOs
1,100

Total= 5 loops x 1,100 = 5,500 IOs

Advanced Database Systems
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Where are we?

» YEREH IR

" EERIERNSEMEE

n EREEVERI/ O Mkt
o BERTERR NS
o VISHEBRM T <
o FEEBRM M
o BEREBRM 7

—
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2. BHEERH

Y& FH T T BT

m T(R1) =10,000 T(R2) =5,000
S(R1) = S(R2) =1/10 block --yuZH K/
MEM=101 blocks
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2. BHEERH

m Still need to consider

o Contiguous?
o Ordered?
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2. BHEERH

Example 3: contiguous and ordered

Memory

R1
R2

R1

R2

Total cost: Read R1 cost + read R2 cost

Advanced Database Systems

=1000 + 500 = 1,500 10s

&M (jpq@ustc.edu.cn)



2. BHEERH

Example 4: contiguous but not ordered

B Need to sort R1 and R2 first
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2. BHEERH

Example 4: contiguous but not ordered

—MHEF % BB )AHHEF (Merge Sort)

(i) For each 100 blocks of R:
- Read into memory
- Sort in memory
- Write to disk as a chunk
(i) Read all chunks + merge + write out
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2. BHEERH

Advanced Database Systems

Memory

E—EL
// M blocks
Buffer
M blocks \—schunks
\\\ |__—{"M blocks |
Mblocks - ~———— —————
R | ﬁ

> Sorted chunks
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2. BHEERH

Aily
JUy
| |
=
™
X

— Sorted file
B\
H . EEEE
] | > Sorted chunks
—~ HE NN
Memory \ ~
| Disk
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2. BHEERH

Cost: Sort

Each tuple is read, written (first phase)
read, written (second phase)
So each tuple costs 4 10s.

Sort cost R1: 4 x 1,000 =4,000
Sort cost R2: 4 x 500 = 2,000

Total: 6,000 I0s
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2. BHEERH

Example 4: contiguous but not ordered

Cost: Merge join

Sort cost: 6,000
Join cost: 1,500
Total: 7,500 I0s = 5* 1,500 // B&/NTLE5XI0

But nested loop join only costs 5,500
So merge join does not pay off.
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2. BHEERH

Example 4: contiguous but not ordered

But if R1 = 10,000 blocks
R2 = 5,000 blocks

Iterate: 5000 x (100+10,000) = 50 x 10,100
100

= 505,000 |0s
Merge join: 5*(10,000+5,000) = 75,000 IOs

Merge Join (with sort) VWWINS!

Advanced Database Systems £ (jpq@ustc.edu.cn)



2. BHEERH

Example 4: contiguous but not ordered

B Cost : Nested loop join vs. Merge Join

o Nested loop join
B(R2)

Cost = m(M— 1+B(R1))=B(R2)+

o Merge Join
Cost =5(B(R1)+B(R2))

B(R1)B(R2)

1

EEINEIRE

T T
LAl oLAJ

=]

AHY

— \/_,Ir'k

—ANF

=, TY3;

=

= FERE—RER, SXREBRRE,
EfRINER A REMTVIAFER, (BHXRRBRAN, V37

FEIEE
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R1

Advanced Database Systems

7

2. BHEERG O

m A E % BRYAHHEF X MemoryR9E 3K
E.g: B(R1)=1000 and M=10

\

> 100 chunks = to merge, need
100 memory blocks!
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# chunks B¢

SO...

2. BHEERG O

m M EL % BEVAHHE R X MemoryRIE 3Kk

Say M=k, B(R)=x
# chunks = (x/k)

size of chunk =k

AT

L . I:IJA

KjBuffer block3{

(x/k) < k

or k2>x or k> Vx

—

Advanced Database Systems

Buffer block# Y E F MK T3F
FHEF < AR EB(R)
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2. BHEERG O

B ZERIE G

R1 is 1000 blocks, k > 31.62
R2 is 500 blocks, k> 22.36

m E/DEH32/ Buffer blocksF e {TVIFH ZEIE
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2. BHEERH

m 3HFEREE EYGH (for contiguous but not ordered)
o WEHERRIHERAD join A 3HIET

(1) Read R1 and R2 into sorted chunks
(each has M blocks)

(2) Read first blocks of both R1’s chunks
and R2's into buffer

(3) Join in the memory
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2. \FEERS
u VAR A

R2 = T T

Memory _1 1

1% 10 /\
1% 10
’ <

1% 10 Output -

R1’s
Sorted chunks
R2’s
Sorted chunks

L-» BPTHEEIT3 X0 Memory
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2. \AFEERH
n AFEREE AR

m Cost=3 (B(R1)+B(R2))
=3X1,500=4,500

® What are required?
o R1’s #chunks + R2’s #chunks < M

Advanced Database Systems &M (jpg@ustc.edu.cn)



Where we are?

n YR RIRIER

nERRIER S E L

B EREECERI/OR M
o WEBHERRM ST
o VAFTEERM A7
o?ﬁﬁﬁﬁmﬁﬁ<j
o BBIREIERM 47

—
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3. RSIEEFZRH

® R1(A,C)<]R2(C,D)
o Assume R1.C index exists
o Assume R1.C index fits in memory
o Assume R2 contiguous, unordered
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3. RSIEEFZRH

Algorithm

Cost

Advanced Database Systems

for each R2 tuple:
- probe index on R1.C (1)
- if match, read R1 tuple (2)

T(R1)=10,000, T(R2) = 5,000

(0) Read R2 tuples => 500 IOs
(1) Probe index =>No |Os

(2) Read matching R1 tuples => ?
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3. RSIEEFZRH

Matching tuples 3 #05 Hpftit

1. HFR1.CEI##, R2.CE/rE, | /1 R2 tuplefER1H,
ITFEEY p =1

2. £V(R1,C)=5,000, T(R1) = 10,000, 1| F4/R2
tupleZR1RYEFEERSH p = T(R1)/V(R1,C)=2
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3. RSIEEFZRH

Index join 2&#if&+ Cost= B(R2) + T(R2) * p

1. Cost = 500 + 5000*1 = 5,500
2. Cost = 500 + 5000*2 = 10,500

Advanced Database Systems &SI (jpg@ustc.edu.cn)



3. RSIEEFZRH

m NRR1.CLEYIndexA gL PMERNTE?
o Suppose R1.C index is 200 blocks

(MITEZLRZRESR(BRIZERB1R)FFHIN8RE—R
25| AEEMemoryH

(2)Cost to probe index
=(0 10s)*(98/200)+(1 10s)*(102/200)

~ 0.5 10s
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3. RSIEEFZRH

® JRR1.CEHIndexF L TBHERNTE?

®m Cost = B(R2) + T(R2) *(Probe index cost + read tuples)
o Cost =500+ 5000 * (0.5 +1) = 8,000
o Cost =500+ 5000 * (0.5 + 2) =13,000
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Where are we?

= YRR
n ERERMERNSEIEER
n ERECERL/ O M bt

o ERIERLH A

o VISEERR A

o REERRNHH

o BEIERRAAM <

—
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4. WIOEESER i

® Say R1, R2 contiguous but not ordered

® Say 100 hash buckets

(3)Repeat

(1)Read R1, Hash, Write into buckets
(2)Read R2, Hash, Write into buckets

@D Readme_buckeLoLRL@yB(\R/Z)f B(R1))

Note: —iR—Rii5E AR1 bucketF

—2) Read corresponding R1 bucket
C @ Join in the memory

THYER,

FJoin., {BEXXA MmO

Advanced Database Systems
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4. WIEEFER hiordh

i . —— 100
1000 blocks | . Note.
s I e l X143 M — 14N,
Memory 101 blocks 10 blocks TR N —
—— |, BE—HATE

ARTH—R, &

HI% It H £ $IF+H
R) — : 100 | RLEIBRER.
500 blocks - :
1] l
5 blocks

Memory 101 blocks

—
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4. WIEEFER hiordh

buckets buckets
— / .
R2 I
= =
: memory
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4. BHEEFZER v

m Cost: For each block

o Create buckets
+# R1: Read + Write
+# R2: Read + Write

e Join
4 R1: Read
¢ R2: Read

Total : 3 * (B(R1) + B(R2)) = 4,500
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4. WIOEESER i

= Memory required? buckets
Create buckets - T
R — — M-1
B(R) blocks :
. l

Memory M blocks B(R)/(M-1) blocks

Join

B(R)/(M-1) +1< M /

~ B(R) < (M-1)>
~ B(R) < M2

T Load

memory
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4. WIEEFER hiordh

= Memory required?
o For R1><]|R2
o Min(B(R1), B(R2)) < M2
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5. EENZERS

ik Cost M

Nested Loop Join | B(R2)+B(R1)B(R2)/M > 2

Merge Join 5(B(R1)+B(R2)) \/m
z\illrill'ogri\.,]:ér)l 3(B(R1)+B(R2)) \/B(Rl) B D)
Index Join B(R2)+T(R1)T(R2)/V(R1,C) |LB(R1.C)?
Hash Join 3(B(R1)+B(R2)) m

1: suppose B(R2) < B(R1)
2: suppose index fits in memory
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- 5. EENZERS

B Nested loop ok for "small” relations (relative to memory size)

® For equi-join, where relations not sorted and no indexes exist, hash
join usually best

m Sort + merge join good for non-equi-join (e.g., R1.C > R2.C)
m If relations already sorted, use merge join
® If index exists, it could be useful

(depends on the size of expected results)
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 EERRMBRR RYIRTE

m [o]

o HMMZ I RII/ORMEE =
¢ SE A RIBIZ R IRIERT
+ RIS RAYK /)
+ SEINZ I BRIE ARV IR RIETT
© MIIRRMER Z HE S HFE LN
o HIURIERIRE <
o flan, ZXARREREBFF

g |
g |
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1. EERNERT T

= R1(A,C)</R2(C,D): BEEEFEREAHAEZTRTRIIEANE, A
a5 — A_i;&tmﬁ)\RZﬁ&L:j%
o MREEMERE
* BINHXRIERET T
o VAHIERE
» HIFZ BB/ RIEAETTEHFRIEARNRE
o TWo|&EHE
» BRSINXRIEARET
o HFIESE
» BIMNIXRIEAET T, BIIRBHRIEANRE

y -
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1. EERNERT T

= R1(A,C)> R2(C,D)
o R1: 3 x% (Build Relation)
+ EENAT T, EEMNEARRIEZANAET (LREZIXI/0)
o R2: iRIRXHE (Probe Relation)

o EENAT T, EEMIENABuUIld Relationfg, —X—iithiE \Probe
Relationi#{Ti&E#E
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2. EFERN (Join Tree)

B G RERERIZEE IR RN

" WTRERRL, R2, ... , Rn, ZFHEZMERNF, M
I FIRYEEN
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2. EE (Join Tree)
B ERAN LRSN3R

EiRiEEN
Left-deep Join Tree

Advanced Database Systems

RN
Bushy Tree

/

AiRE

N

>
N
T U

300

Right-deep Join Tree
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2. F¥EWN (Join Tree)

N ;jdnfﬁ]%ﬂlb‘if‘ IEFER—Rg R Z fELeft-deep Join Tree

o IBFR1: AENTXZMleft-deep join tree¥ BiE%E /|, EIE
i" .*&#H‘J?}% PR

o HH2: ETARMAERILEMIFZRMAERESH

zi\:
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2. ZFiEH (Join Tree)

B BENPRRBRN—MNEIR, TTRERSEREINF An!
B {ENPDXARBRERET(N)

T(1)=1
T<n>=fz_;f<i>r<n—i>

T(i): i RARARH A FW RS
T(n-i): n-iN< R RIA FRFAREL

B BENNXRNEREREB=T(n)* n!
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2. F¥EWN (Join Tree)

m f5l: 6 XRREZEWE=T(6) * 6! =30240
o T(1) =1, T(2) =1, T(3) =2, T(4) =5, T(5) =14, T(6) = 42
o 6! =720
o LA =6! =720
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2. ¥R (Join Tree)
B A ARE SO AEFEER)

N
/N

N/\U
/N

R

In Memeory

BHEREEALLT L B(RXS XU)+
RIS U B(RX'S XU X T)
4 L 1T
ABEEAN RIS, | BRXS)+
ﬁ@Uki B(R XIS X U)
R,

. B(R)PB(RMS)

A ERTUA U —IREANTF, WERRELE

AFEF

22 A I SRR
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2. F¥EWN (Join Tree)

In Memeory
/N\ EEEENEELR|  BR)
. EUS—
N T1 dL
T U gﬁggifgw U B(R)+B(S)+B(T)

& B NF T Fn-11 kR

# A TTA A—IKEA W, Nn32 R KA TN ZE

Advanced Database Systems
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2. EE (Join Tree)
s EHABRERREEEE RN TR ESHRNEXE

A5 RD< S U
R —IR, HEEIEPET

SN R
D |

J L
7\ HHERFFEA RIS,
1y FEI U
7\ TL
R S NHEEIAEN R,

PSR
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2. F¥EWN (Join Tree)

ERWBFERX R A FTEHE KX

e
. [ ]
join :

ORN—
/@C%

Join & output

Memory

Advanced Database Systems

1

1

1

1

1

1

1

1

1

1

1

1

]

1

1

1

1

1

[ ] |

1

— |

1

oin RS |
J R ——
I L
I T ———

)

1

1

1

cCnw A

]

EHEE R S U

Iterate
7,6,5,4, 3,21

&SI (jpg@ustc.edu.cn)



2. F¥EWN (Join Tree)

" FRARN, FESWEREXR
AT R BI—3, #F

> Egg ST U
/ \N ¥ E S R N\ S
R

RN Sy S < T < U
s LX< RS TR, 7B A R A
RN i1/0

T U  HRIFEENT NEH
AZHEMNX
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3. BIASHRNEIRIFEIERINFF

® Dynamic Programming

o MEHFMHEME FRINHR, FEXKBE—REBEATUSRT—
%g% %?ﬁ) R, AR ESHEFRAN, ZESEEX
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3. BIASHRNEIRIFEIERINFF

B S Fn P RBNERE, WE—IPMEZINMRRANFER, 81
F&E 7 (1mPXR) GiF

o T(R): ® MK/IM&TTHE
o f(®): 2 MIF /YT (FRMAPEIXRFZX/DMBFUERR G TR MKE)
o R MEEETHRI (EREMFF)

REEB G f(n)=f(n-1)+T(n-1)
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3. BIASHRNEIRIFEIERINFF

m[E)ER: SKRENAS KRB EERIF

= SR
o W RINKRAFM2NRRANTERER
o EEINXRENTRR, WHALSE21M KRN TFER

0 ggﬁgﬁ\?&%%%%%, R AT ASE 2P X R M3 KRBT

o EBIRFAFTEN XA FERAL
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3. ESHREIRFFEEIZN
B fl: RKfE R(a b) x S(b,c) XT(c,d) x Ud,a) HIBRFEFEIEIRFF

T(R) = 1000 V(R,a)=100 V(R,b)=200
T(S) =1000 V(S,b)=100 V(S,c)=500
T(T) = 1000 V(T,c)=20 V(T,d)=50

T(U) = 1000 V(U,d)=1000 V(U,a)=50

T[N [N |R
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3. ENASHRE IR EENFF
B IPNKRRRTFESR

{R} {S} {T} {U}

KN 1000 1000 1000 1000
/MR 0 0 0 0
BRI R S T U

Advanced Database Systems
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3. ENASHRE IR EENFF
2PN KRR TFESR

{R,;S} | {RT} | {RU} | {S,T} | {S,U} | {T,U}

KT 5000 | 106 | 10000 | 2000 | 10”6 | 1000
B/MAT 0 0 0 0 0 0

BEFR RIS IR T |RKU|ISIKIT|SKU [T U
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3. BIASHRNEIRIFEIERINFF

B 3N KRN FESR

o *{R,S,T}, {R,S,U}, {R,T,U}, {S,T,Ulu#H

Q ﬁ“ﬁ—ﬂl%ﬁ

ﬂ]/\%ﬁgEﬁkw

%%1’!57'77_123"{75!3']’!*&

Advance

d Database Systems

P

ltt/ \%f’%

H 24 xR 1Y
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3. BIASHRNEIRIFEIERINFF

S

B 3PNRBRNTFER
o 5N {R,S,T}, BT

HFREA, {RSTIEFRIIRETRIA

RIS, RIXIT, SIXIT

o IHME=MITR RN
¢ T RDERM, EFESNMMBITR

(R><I S)><I T

R =T( R>< 8)

=5000
_——

H2 R AR TREE

Advanced Database Systems

(REIT) S

Rr=T( R T)\ARr=T( SD< T)
=1000000
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3. BIASHRNEIRIFEIERINFF

B 3T XRENTFER

{R,S,T} {R,S,U} {R,T,U} {S,T,U}
KANT. 10000 50000 10000 2000
. 2000 5000 1000 1000
w/ M,
Bkl [(SD< T)ID<IR|(RP<I S)><IU (T U< R(TP<IU)> 8
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3. BIASHRNEIRIFEIERINFF

(S T)>AR o) ((SDIT)<IR) < U

+ ((SP<I T)IXI R)#E

-~ (12000

f(n)=f(n-1)+T(n-1)

{ —) RA=T((S><I T)><IR)

=

(RD<] S)><IU CY ((REIS)<IU) < T ) 4R

(TE<I U< R = ((TEIUYXIR) X 8 ) AT
(TE U< 8 o ((TEIU)<IS) DI R =) A4

BRI/

55000
1009

3000

{RS,T} {RSU} {RTU} {STU}
KT, 10000 | 50000 | 10000 2000
B/ 2000 5000 1000 1000
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 FREECERL/OR bt
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® Other operators? -- see textbook
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