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External Memory Operators



Announcements

HWG6: Part 2 due 11/27. More work than part 1
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Announcements

» Lecture on Wednesday, Nov. 27:
* No in-person lecture
« Recording only

» Monday, Dec. 9, Final Review session
« CSE2 G10
« 10:30 — 12:20 (we may finish earlier)

November 20, 2024 External Memory Operators



External Memory Operators
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Overview

Parameters:

IT(
IB(
IV(

= M

R) = number of tuples in the relation R
R) = number of blocks containing R

R,A) = number of distinct values of attribute R.A

= size of main memory in #pages (blocks)

Goal: minimize number disk I/O’s
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* B(R) < T(R) why?

» \We assume data is uniformly distributed. Then:

T(R)
V(R,A)

|0a=vaiue (R) | =
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External Memory Join Operators

Selection: index-based
Joins:

* Index based join

» Block Nested Loop Join
» Partitioned Hash Join

* Merge Join
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Index-based Selection
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)

CREATE INDEX Pname on Payroll (name)

O name= Jack (P ayro ll)

123 | Jack | TA 222 | Tom
111 Jim 999 | Jack | TA

543 Tom ... 444 | Fred

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text,

Job text,

Salary int)

CREATE INDEX Pname on Payroll (name)

O name= Jack (P ro ll)

Index on
Payroll.Name

Alice Jack

Unclustered

123 | Jack | TA 222 | Tom

111 Jim

999

TA

543 Tom ... 444 | Fred

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text,

Job text,

Salary int)

CREATE INDEX Pname on Payroll (name)

O name= Jack (P ro ll)

Index on
Payroll.Name

Alice Jack

Unclustered

123 | Jack | TA 222 | Tom

111 Jim

TA

543 Tom ... 444 | Fred

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)

CREATE INDEX Pname on Payroll (name)

O name= Jack (P

Alice

Jack

Index

roll)

on

Payroll.Name

Unclustered

123

Jack

TA

111

Jim

543

Tom

¥ 7?‘ >
\
222 | Tom )
... 999 | Jack | TA
444 | Fred ...
\_ V,

Payroll data file

Indexes
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text,

Job text, Salary int)

CREATE INDEX Pname on Payroll (name)

O name= Jack (P ro ll)

Index on
Payroll.Name

Cost =

Unclustered

T(Payroll)
V(Payroll,Name)

Alice Jack Random access!
< X ‘77—-55;————~5 >
123 | Jack | TA 222 | Tom
111 Jim ... 999 | Jack | TA
543 Tom ... 444 | Fred .
\_ >, \_ Y,

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)
CREATE INDEX Pname on Payroll (name)
O name=Jack (Pgyroll) Clustered

Index on
Payroll.Name

Alice Jack

AN .

Fred 222 | Jack .. Jack
111 Alice 123 | Jack | TA 999 | Jack | TA
Alice ... |Jack | ... 444 | Jack Jim

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)
CREATE INDEX Pname on Payroll (name)
O name=Jack (Pgyroll) Clustered

Index on
Payroll.Name

Alice Jack

\ .

Fred 222 | Jack .- Jack
111 Alice 123 | Jack | TA 999 [ Jack | TA
Alice ... |Jack | ... 444 | Jack Jim

Payroll data file
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Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)

CREATE INDEX Pname on Payroll (name)

O name=Jack (Pgyroll) Clustered

Index on
Payroll.Name

Alice Jack
régx W
Fred 222 | Jack | ... .- Jack
111 | Alice 123 | Jack | TA 999 | Jack | TA
Alice ... | Jack | ... 444 | Jack o | Jim
. AN VAN Y,

Payroll data file

November 20, 2024 Indexes



Index-Based Selection

CREATE TABLE Payroll (UserID int, Name text, Job text, Salary int)
CREATE INDEX Pname on Payroll (name)
O name=Jack (Pgyroll) Clustered:
B(Payroll
Cost = —2PayrolD)
Index on V(Payroll, Name)

Payroll.Name

Alice Jack

Sequential access!

Fred 222 | Jack ... | Jack
111 Alice 123 | Jack | TA 999 | Jack | TA
Alice .. |Jdack | ... 444 | Jack .. | Jim
. J \o G J

Payroll data file
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Index-Based Selection

Op=value (R )

» Sequential scan: Cost = B(R)

T(R)

" COStyncustered = 7 R random access
B(R :
" COSt.ystered = ﬁ sequential access
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How will these be answered (assume unclustered)?
. O-Name=]im(Payr0ll)
" 0jop=ra(Payroll)

" Ogender=r (Payroll)
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How will these be answered (assume unclustered)?

V(Payroll,Name) is large
" Oname=jim(Payroll) index Lookup

" 0jop=ra(Payroll)

" Ogender=r (Payroll)
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How will these be answered (assume unclustered)?

V(Payroll,Name) is large
" Oname=jim(Payroll) index Lookup

" 0jop=ra(Payroll)

" g _~(Pavroll V(Payroll,Gender) is small
Gender—F( Y ) Sequential Scan
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How will these be answered (assume unclustered)?

V(Payroll,Name) is large
" Oname=jim(Payroll) index Lookup

D ds on V(Payroll,Job

" g _~(Pavroll V(Payroll,Gender) is small
Gender—F( Y ) Sequential Scan
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Index Join
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Payroll (UserID,Name, Job, Salary)

Payroll NyserID=UserID Rengt Regist (UserID, Car)

for x in Payroll
for v in IndexLookup (Regist,UserID=x.UserID)
output (x,Vy)

T(Payroll)XT(Regist)
Cost =
unclustered V(Regist,UserID)
__ T(Payroll)xB(Regist)
COStclustered —

V(Regist,UserID)

November 20, 2024 Query Execution



R™X,_5S

= Assume index on S.B

_ T(R)T(S)

" COStclustered = V(R,A)
_ T(R)B(S)

u COStclustered - V(R,A)

= Works very well when R is small, e.qg.

SELECT *
FROM Payroll x, Regist vy
WHERE x.Salary > 10000000 and x.UserId=y.UserID
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Nested Loop Joins

RS

forx In Rdo

foryin S do
if join(x,y): output(x,y)

* Nalve nested loop join: B(R) + T(R) * B(S)

= If T(R)=1,000,000 then this is terrible...
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Block Nested Loop Join

ldea: better use of the available memory

= M = # of blocks that fit in main memory
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Block Nested Loop Join

Group of (M-2) pages of R, called a “block”

for each (M-2) pages PR of R do
for each page PS of S do
Main memory join: PR x PS
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Block Nested Loop Join

Group of (M-2) pages of R, called a “block”

for each (M-2) pages PR of R do
for each page PS of S do
Main memory join: PR x PS
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Block Nested Loop Join

Group of (M-2) pages of R, called a “block”

for each (M-2) pages PR of R do
for each page PS of S do
Main memory join: PR x PS
use the remaining page for output
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Block Nested Loop Join

Group of (M-2) pages of R, called a “block”

for each (M-2) pages PR of R do
for each page PS of S do
Main memory join: PR x PS
use the remaining page for output

B(R) + B(R)B(S)/(M-2) disk I/Os. WHY?
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Block Nested Loop Join

M=8 D

1 block = 2 records

RS

November 20, 2024 External Memory Operators



Block Nested Loop Join

M=8 D

1 block = 2 records

RS
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Block Nested Loop Join

T

M=8 Pr D

1 block = 2 records

PS OuUT

RS
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Block Nested Loop Join

T

M=8 Pr D

1 block = 2 records

PS OuUT

RS
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Block Nested Loop Join

R S

R N

" o =
1 block = 2 records

PS OuUT

- J

RS
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Block Nested Loop Join

R

8 8 ) )

S
7
s eramie s SR R ==
1 block = 2 records
OuT
- @ J

RS
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Block Nested Loop Join

R

8 8 ) )

S
N
s eramie s SR R ==
1 block = 2 records
OuT
- @ﬂ /

Need to compute
PR »x PS. Will show

a simple nested loop. R xS
A hash-join is likely better
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Block Nested Loop Join

R

8 8 ) )

S
7
Sl mie s S R ==
1 block = 2 records
OuT
- @ J

RS
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

R

8 8 ) )

o

" GooooD =
1 block = 2 records

OuUT
_ @ y
(£

RS

November 20, 2024 External Memory Operators



Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

R

8 8 ) )

o

M=8 :

=

1 block = 2 records

B D
SNEE

RS
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Block Nested Loop Join

R

8 8 ) )

o

" thooooo =
1 block = 2 records

OuUT
_ @ y
ENEE

RS
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Block Nested Loop Join

R

8 8 ) )

@D
T
M=8 .

N @ OUE J
ﬁ;;

=

1 block = 2 records

X S

November 20, 2024 External Memory Operators



Block Nested Loop Join

R

8 8 ) )

S
s eramie s SR R ==
1 block = 2 records
OuT
__@ .
R

X S
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Block Nested Loop Join

R

8 8 ) )

S
7
s eramie s SR R ==
1 block = 2 records
OuT
- @ J
R

X S
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Block Nested Loop Join

=

1 block = 2 records

RS
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Block Nested Loop Join

Done with
R S this block
(for now)

T oo

" o =
1 block = 2 records

PS OuUT

- J

mumznansnessneres

RS
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Block Nested Loop Join

R S

N HI NI N IN D

T
block
" tponmn .S
1 block = 2 records
OuT
- @ J

RS
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Block Nested Loop Join

|

1

NN s i i i i
1 block = 2 records

RS
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Block Nested Loop Join

R S
Simmmis s a
/ @S@g
R e s I
1 block = 2 records
.8

RS
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Block Nested Loop Join

R S
l c—

8 8 ) ) |
—

/ Done first pass on

<

S
" o =
1 block = 2 records

OuUT

J

mumznansnessneres

RS

More efficient
to organize
PR as a hash table,
and use for each
block of S
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Block Nested Loop Join

S

Done with this
chunk of R
l c—
LL)
\ / Done first pass on S
; =

K
M=8
1 block = 2 records
PS ouT
N /

RS
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Block Nested Loop Join

Read next
R chunk of R S

" thooooo =
1 block = 2 records

RS
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Block Nested Loop Join

NN s i i i i
1 block = 2 records

RS
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Block Nested Loop Join

" thooooo =
1 block = 2 records

RS
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Block Nested Loop Join

" thooooo =
1 block = 2 records

Read R once: B(R)
Read S B(R)/(M-2) times
Total cost: B(R) + B(R)B(S)/(M-2) RxS
We ignore the final write
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Partitioned Hash-Join
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Partitioned Hash-Join

= The outer relation R needs forxin R do
to fit in main memory Insert(x.key, )
* The in,ner relation S foryin S do
doesn’t need to fit x = find(y.key):
output(x,y);
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Partitioned Hash-Join

"R xS, both bigger than main memory

November 20, 2024 External Memory Operators



Partitioned Hash-Join

"R xS, both bigger than main memory

= Step 1.
« Hash partition both R and S
« Store buckets on disk
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Partitioned Hash-Join

"R xS, both bigger than main memory

= Step 1.
« Hash partition both R and S
« Store buckets on disk

= Step 2:
 Read one R-bucket in main memory
« Hash-Join with corresponding S-bucket
» Repeat for all buckets
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
Partitions
S e
1
1
INPUT
2 2
B(R) M-1
e o o . N~
M main memory buffers Disk
~
Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash 2
> function 664
h M-1
B(R) M-1
e o o . N~
M main memory buffers Disk
N
Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash T 2
> function 664
h M-1
B(R) M-1
e o o . N~
M main memory buffers Disk
N

Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash T 2
> function 664
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M main memory buffers Disk
N
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
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1
INPUT 2
2 hash T 2
> function 664
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M main memory buffers Disk
N
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Step 1: Hash-partition

= Partition R into buckets, on disk
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OUTPUT Partitions
S 1 e
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1
INPUT 2
2 hash T 2
> function 664
h M-1
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash T 2
> function 664
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M main memory buffers Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash T 2
> function 664
h M-1
B(R) M-1
e o o . N~
M main memory buffers Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitions
S 1 e
1
1
INPUT 2
2 hash T 2
> function 664
h M-1
B(R) M-1
e o o . N~
M main memory buffers Disk
N

Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

Relation R
OUTPUT Partitionsm
— > 1 — ucke
1 T
INPUT 2
2 hash T 2
> function 664
h M-1
B(R) M-1
e o o . ~N
M main memory buffers Disk
N
Disk
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Step 1: Hash-partition

= Partition R into buckets, on disk

= Partition S
Relation S
OUTPUT Partitionsm
— > 1 — ucke
1 T
INPUT 2
2 hash T 2
> function 664
h M-1
B(S) M-1
e o o . ~N
M main memory buffers Disk
N
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)

Buckets
of R& S

Hash table for partition
R; (< M-1 pages)

[

Y

.

Disk

Join Result
—

>

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
00 0 - é
A h2 [ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
00 0 - é
A h2 [ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
00 0 - é
A h2 [ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
00 0 - é
A h2 [ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

Hash table for partition
R; (< M-1 pages)

[

Y

.

Disk

Join Result
—

>

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

OC

Hash table for partition
R; (< M-1 pages)

[

Y

Disk

Join Result
—

ﬂéhz

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

OC

Hash table for partition
R; (< M-1 pages)

[

Disk

Join Result
—

h2
o =

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

Hash table for partition
R; (< M-1 pages)

[

Disk

Join Result
—

h2
o =

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

[

Disk

Hash table for partition
R; (< M-1 pages)

[

Join Result
— >
L]
L]

¢ 0 0

h2
o =

Input buffer Output
for S buffer

B main memory buffers

Y

—o
Disk
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Step 2: Join Buckets

RS

» Read one R-bucket; hash-partition it using h2 (= h)
= Scan corresponding S bucket and join

Buckets
of R& S

Hash table for partition
R; (< M-1 pages)

[

0]

[

Disk

Join Result

h2
o =

Input buffer Output
for S buffer

B main memory buffers

Y

(-zn()

Disk
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Step 2: Join Buckets

RxS
= Read the next R bucket

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
o 0 0 -
[ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RxS
= Read the next R bucket

Buckets _
ofR& S Join Result
Hash table for partition
>
R, (< M-1 pages) ———
o 0 0
o 0 0 -
[ 2K 2K J
Input buffer Output
for S; buffer .
Disk B main memory buffers Disk
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Step 2: Join Buckets

RS
» Read the next R bucket
= Scan the matching S bucket

Buckets _
ofR& S Join Result
Hash table for partition
S
R, (< M-1 pages) ———
o 0 0
[ 2K 2K J
o0 ¢ > >
Input buffer Output
= for S; buffer .
Disk B main memory buffers Disk
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Partitioned Hash Join

» Cost: 3B(R) + 3B(S)
= Assumption: min(B(R), B(S)) < (M-1)?

November 20, 2024 External Memory Operators



Merge-Join

(if we have time...)
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Merge-Sort

Merge-sort reads/writes sequentially

* Run lengths: 2, 4, 8, 16, ...
* Need log(N) sequential reads and writes

Cost = 2 log(N) B(R)
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Merging n Arrays

Merge n
sorted arrays

Merge(A, A,, ....A) A, ..., A, are sorted
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Merging n Arrays

Merge(A, A, ..., A,) [IlA, ..., A, are sorted
I, =0; ..., 1,=0; J=0
whilei; <N or...ori; =N
let A i ] = min(A[i{], ..., A[i.])
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Merging n Arrays

Merge(A, A, ..., A,) [IlA, ..., A, are sorted
I, =0; ..., 1,=0; J=0
whilei; <N or...ori; =N

let A i ] = min(A[i{], ..., A[i.])

Tlk++] = Ayfi++]
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Merging n Arrays

Merge(A, A, ..., A,) [IlA, ..., A, are sorted
I, =0; ..., 1,=0; J=0
whilei; <N or...ori; =N

let A i ] = min(A[i{], ..., A[i.])

Tlk++] = Ayfi++]

Time = O(|A]| + |Ay| + ... [An])
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Merging n Arrays

Merge(A, A, ..., A,) [IlA, ..., A, are sorted
I, =0; ..., 1,=0; J=0
whilei; <N or...ori; =N

let A i ] = min(A[i{], ..., A[i.])

Tlk++] = Ayfi++]

Time = O(|A]| + |Ay| + ... [An])

Additional log n factor to find min using priority queue
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Merging n Arrays

Merge(A, A, ..., A,) [IlA, ..., A, are sorted
I, =0; ..., 1,=0; J=0
whilei; <N or...ori; =N
let A i ] = min(A[i{], ..., A[i.])
Tlk++] = Ayfi++]

Important:

Need to read
only one element
from each array

Time = O(|A]| + |Ay| + ... [An])

Additional log n factor to find min using priority queue
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Merge-Sort: Step 1

*» Phase 1: load M-1 blocks in memory, sort

> >
: :\\\ Size M-1 pages | |

I |
| | I |
e ~

Disk Main memory
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Merge-Sort: Step 1

*» Phase 1: load M-1 blocks in memory, sort

> < >
: :\\\ Size M-1 pages | |

I |
| | I |
e ~

Disk Main memory
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Merge-Sort: Step 1

*» Phase 1: load M-1 blocks in memory, sort
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...

Read only one block

AN from each run
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...

When full,
o%utput to disk
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...

Continue to
place tuples
here
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...

When done with
these records,
read another block
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Merge-Sort: Steps 2, 3, ...

» Merge M — 1 runs into a new run
= New runs of length (M — 1)?, (M — 1)3,...
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Merge-Sort: Discussion

Size of the runs increases fast
» Example: B=10001

Each block
IS 16Kb
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Merge-Sort: Discussion

Size of the runs increases fast
» Example: B=10001

= Step 1: run length 10000 = 160Mb Each block
Is 16Kb
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Merge-Sort: Discussion

Size of the runs increases fast
» Example: B=10001

= Step 1: run length 10000 = 160Mb Each block
= Step 2: run length 100000000 = 1.6Th, s 16Kb
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Merge-Sort: Discussion

Size of the runs increases fast
» Example: B=10001

= Step 1: run length 10000 = 160Mb Each block
= Step 2: run length 100000000 = 1.6Th, s 16Kb

Usually, 2 steps suffice
Cost = 3B(R)
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Finally: Merge-Join

RxS
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Finally: Merge-Join

RxS
» Create runs of R - B(R)/(M-1) runs
* Create runs of S - B(S)/(M-1) runs
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Finally: Merge-Join

RS

» Create runs of R - B(R)/(M-1) runs
* Create runs of S - B(S)/(M-1) runs
» Use N-way merge to compute the join
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Finally: Merge-Join

RS

» Create runs of R - B(R)/(M-1) runs
* Create runs of S - B(S)/(M-1) runs
» Use N-way merge to compute the join

= Need B(R)+B(S) < (M-1)2 why?
Cost = 3(B(R)+B(S))

November 20, 2024 External Memory Operators



» Basic algorithms:
* Nested loop
« Hash-based
« Sort-based

= |f larger than main memory, partition data by using
temporary files on disk

= Usually one partitioning step suffices: create runs,
or hash-partition

November 20, 2024 External Memory Operators



	Slide 1
	Slide 2: Announcements
	Slide 3: Announcements
	Slide 4: Block Nested Loop Join
	Slide 5: Overview
	Slide 6: Observations
	Slide 7: External Memory Join Operators
	Slide 8: Block Nested Loop Join
	Slide 9: Index-Based Selection
	Slide 10: Index-Based Selection
	Slide 11: Index-Based Selection
	Slide 12: Index-Based Selection
	Slide 13: Index-Based Selection
	Slide 14: Index-Based Selection
	Slide 15: Index-Based Selection
	Slide 16: Index-Based Selection
	Slide 17: Index-Based Selection
	Slide 18: Index-Based Selection
	Slide 19: Question
	Slide 20: Question
	Slide 21: Question
	Slide 22: Question
	Slide 23: Block Nested Loop Join
	Slide 24: Index Join
	Slide 25: Index Join
	Slide 26: Block Nested Loop Join
	Slide 27: Nested Loop Joins
	Slide 28: Block Nested Loop Join
	Slide 29: Block Nested Loop Join
	Slide 30: Block Nested Loop Join
	Slide 31: Block Nested Loop Join
	Slide 32: Block Nested Loop Join
	Slide 33: Block Nested Loop Join
	Slide 34: Block Nested Loop Join
	Slide 35: Block Nested Loop Join
	Slide 36: Block Nested Loop Join
	Slide 37: Block Nested Loop Join
	Slide 38: Block Nested Loop Join
	Slide 39: Block Nested Loop Join
	Slide 40: Block Nested Loop Join
	Slide 41: Block Nested Loop Join
	Slide 42: Block Nested Loop Join
	Slide 43: Block Nested Loop Join
	Slide 44: Block Nested Loop Join
	Slide 45: Block Nested Loop Join
	Slide 46: Block Nested Loop Join
	Slide 47: Block Nested Loop Join
	Slide 48: Block Nested Loop Join
	Slide 49: Block Nested Loop Join
	Slide 50: Block Nested Loop Join
	Slide 51: Block Nested Loop Join
	Slide 52: Block Nested Loop Join
	Slide 53: Block Nested Loop Join
	Slide 54: Block Nested Loop Join
	Slide 55: Block Nested Loop Join
	Slide 56: Block Nested Loop Join
	Slide 57: Block Nested Loop Join
	Slide 58: Block Nested Loop Join
	Slide 59: Block Nested Loop Join
	Slide 60: Block Nested Loop Join
	Slide 61: Block Nested Loop Join
	Slide 62: Block Nested Loop Join
	Slide 63: Block Nested Loop Join
	Slide 64: Merge Sort, Merge Join
	Slide 65: Partitioned Hash-Join
	Slide 66: Partitioned Hash-Join
	Slide 67: Partitioned Hash-Join
	Slide 68: Partitioned Hash-Join
	Slide 69: Step 1: Hash-partition
	Slide 70: Step 1: Hash-partition
	Slide 71: Step 1: Hash-partition
	Slide 72: Step 1: Hash-partition
	Slide 73: Step 1: Hash-partition
	Slide 74: Step 1: Hash-partition
	Slide 75: Step 1: Hash-partition
	Slide 76: Step 1: Hash-partition
	Slide 77: Step 1: Hash-partition
	Slide 78: Step 1: Hash-partition
	Slide 79: Step 1: Hash-partition
	Slide 80: Step 2: Join Buckets
	Slide 81: Step 2: Join Buckets
	Slide 82: Step 2: Join Buckets
	Slide 83: Step 2: Join Buckets
	Slide 84: Step 2: Join Buckets
	Slide 85: Step 2: Join Buckets
	Slide 86: Step 2: Join Buckets
	Slide 87: Step 2: Join Buckets
	Slide 88: Step 2: Join Buckets
	Slide 89: Step 2: Join Buckets
	Slide 90: Step 2: Join Buckets
	Slide 91: Step 2: Join Buckets
	Slide 92: Step 2: Join Buckets
	Slide 93: Step 2: Join Buckets
	Slide 94: Partitioned Hash Join
	Slide 95: Merge Sort, Merge Join
	Slide 96: Merge-Sort
	Slide 97: Merging n Arrays 
	Slide 98: Merging n Arrays 
	Slide 99: Merging n Arrays 
	Slide 100: Merging n Arrays 
	Slide 101: Merging n Arrays 
	Slide 102: Merging n Arrays 
	Slide 103: Merge-Sort: Step 1
	Slide 104: Merge-Sort: Step 1
	Slide 105: Merge-Sort: Step 1
	Slide 106: Merge-Sort: Step 1
	Slide 107: Merge-Sort: Step 1
	Slide 108: Merge-Sort: Step 1
	Slide 109: Merge-Sort: Step 1
	Slide 110: Merge-Sort: Step 1
	Slide 111: Merge-Sort: Steps 2, 3, …
	Slide 112: Merge-Sort: Steps 2, 3, …
	Slide 113: Merge-Sort: Steps 2, 3, …
	Slide 114: Merge-Sort: Steps 2, 3, …
	Slide 115: Merge-Sort: Steps 2, 3, …
	Slide 116: Merge-Sort: Steps 2, 3, …
	Slide 117: Merge-Sort: Steps 2, 3, …
	Slide 118: Merge-Sort: Steps 2, 3, …
	Slide 119: Merge-Sort: Steps 2, 3, …
	Slide 120: Merge-Sort: Steps 2, 3, …
	Slide 121: Merge-Sort: Steps 2, 3, …
	Slide 122: Merge-Sort: Steps 2, 3, …
	Slide 123: Merge-Sort: Steps 2, 3, …
	Slide 124: Merge-Sort: Steps 2, 3, …
	Slide 125: Merge-Sort: Steps 2, 3, …
	Slide 126: Merge-Sort: Steps 2, 3, …
	Slide 127: Merge-Sort: Discussion
	Slide 128: Merge-Sort: Discussion
	Slide 129: Merge-Sort: Discussion
	Slide 130: Merge-Sort: Discussion
	Slide 131: Finally: Merge-Join
	Slide 132: Finally: Merge-Join
	Slide 133: Finally: Merge-Join
	Slide 134: Finally: Merge-Join
	Slide 135: Summary

