CSES44
Data Management

Lecture13
Query Optimization — Part 2
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Announcements

* Project proposals feedback posted
 Start working on the project!

« HW3 due next Friday, 11/14



lterator Model
or the Pull Model



How Do We Combine Them?
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How Do We Combine Them?

Option 1: 9

materialize intermediate results

Option 2:

Pipeline tuples btw. ops y
o
\ /\
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How Do We Combine Them?

. >
Option 1:
materialize intermediate results
X
Option 2: N
Pipeline tuples btw. ops
D
o
. NS A
Implementation: R S T K M

Operator Interface
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Operator Interface

Volcano model:
» open(), next(), close()
 Pull model

* Volcano optimizer: G.

Graefe’s (Wisconsin) -
SQL Server

« Supported by most
DBMS today



Operator Interface

Volcano model:
» open(), next(), close()
 Pull model

* Volcano optimizer: G.

Graefe’s (Wisconsin) -
SQL Server

« Supported by most
DBMS today

Data-driven model:

open(),produce(),
consume(),close()

Push model

Introduced by Thomas
Neumann in Hyper (at
TU Munich), later
acquired by Tableau

"How to architect...”



Volcano Model

Open()

e Calls open() on the children

o Creates any local data structures
Next()

o May call next() repeatedly on children
o Returns exactly 1 tuple, or EOF
Close()

e Free any local memory



Volcano Example

"Normal” hash-join

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

for y in Supply do Cy.price>100
X = find(y.sno);

output(x,y);

Supplier x Supply y
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Should be
O-y.price>100 (Supply)

Mx.sncr:y.snu \

Uy.price::-lou

"Normal” hash-join

for x in Supplier do
insert(x.sno,

fory in Supply do
X = find(y.sno);
output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \
for y in Supply do Cy.price>100

X = find(y.sno);
output(x,y);

Supplier x Supply y
Pipelining changes
the code significantly
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Volcano Example

"Normal” hash-join

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

Uy.price::-loﬂ

Build
hash table

fory in Supply do
X = find(y.sno);
output(x,y);

Supplier x Supply y
Pipelining changes
the code significantly
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Volcano Example

"Normal” hash-join

for x in Supplier do
iInsert(x.sno, x)

fory in Supply do
X = find(y.sno);
output(x,y);

Pipelining changes
the code significantly

Mx.sncr:y.snu \

BUlld GY.pI"iCE?lUU
hash table
Supplier x\_Blocking Supply y
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Volcano Example

"Normal” hash-join

for x in Supplier do
iInsert(x.sno, x)

Mx.sncr:y.snu \

Uy.price::-l 0

fory in Supply do

X = find(y.sno);
output(x,y); .
Supplier x Blocking

Pipelining changes
the code significantly

Supply y

CSE 544 - Fall 2025 15



Volcano Example

Details

"Normal” hash-join
for x in Supplier do N x.sno=y.sno

iInsert(x.sno, x) \
for y in Supply do Cy-price>100

X = find(y.sno);

output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

open()
for x in Supplier do N x.sno=y.sno
insert(x.sno, x) \
for y in Supply do Oy-price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Volcano Example

"Normal” hash-join

open()
for x in Supplier do N x.sno=y.sno
insert(x.sno, x) \
for y in Supply do Oy-price>100
X = find(y.sno);
output(x,y); open()
Supplier x Supply y
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Volcano Example

"Normal” hash-join

open()
for x in Supplier do N x.sno=y.sno
insert(x.sno, x) \
for y in Supply do Oy-price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Volcano Example

"Normal” hash-join
open()

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

for y in Supply do hh Cy.price>100
X = flnd(ysnO), Build hash table

output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

open
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
Supplier x Supply y
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Volcano Example

"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

open

PMx.sno= =y.sno \

y price>100

next()
next()
Supplier x

Supply y
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Volcano Example

"Normal” hash-join

open()
for x in Supplier do N x.sno=y.sno
iInsert(x.sno, Xx) \
for y in Supply do next() Cy.price>100
X = find(y.sno); next()
output(x,y); next()
Supplier x Supply y
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Volcano Example

"Normal” hash-join
open

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

y price>100

fory in Supply do
X = find(y.sno);
output(x,y);

Hash table
has been built

Supplier x Supply y
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Volcano Example

"Normal” hash-join

open
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y); close()
Supplier x Supply y
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Volcano Example

"Normal” hash-join

open

for x in Supplier do >Mx.sno=y.sno

insert(x.sno, x) \Q

pen()

fory in Supply do Oy.price>100

X = find(y.sno);

output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

open

for x in Supplier do >Mx.sno=y.sno

insert(x.sno, x) \Q

pen()

fory in Supply do Oy.price>100

X = find(y.sno);

output(x,y); open()

Supplier x Supply y
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Volcano Example

"Normal” hash-join

open
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Volcano Example

"Normal” hash-join

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

for y in Supply do Cy.price>100
X = find(y.sno);

output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y

CSE 544 - Fall 2025 30



Volcano Example

"Normal” hash-join

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y); next()
Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()

for x in Supplier do N x.sno=y.sno

insert(x.sno, x) \

next()

fory in Supply do Oy.price>100

X = find(y.sno); condition...

output(x,y); next()

Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()
for x in Supplier do N x.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno); condifion.-. next()
output(x,y); et
Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()
for x in Supplier do N x.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno); condition...
output(x,y); ‘m
Supplier x Supply y
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Volcano Example

Probe in
"Normal” hash-join hash table..
next()
for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);

Supplier x Supply y
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Volcano Example

"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

neXt() —.until found

X.SNO=Y.SRC a match

nXthq()

nex
Uy.price::-lou

Supplier x Supply y
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Volcano Example

"Normal” hash-join

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Volcano Example

Return 1 tuple
"Normal” hash-join

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

for y in Supply do Cy.price>100
X = find(y.sno);

output(x,y);

Supplier x Supply y
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Volcano Example

Repeat same pm
"Normal” hash-join

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);

output(x,y);

Supplier x Supply y
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Volcano Example

MX.SI‘ID=Y.SI‘ID
Describe \

open(), next(), close()
for merge-join

Uy.price:}lou

Supplier x Supply y
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Volcano Example

Describe
open(), next(), close()
for merge-join

Supplier x

MX.SI'ICl:y.SHD

Uy.price::-lou

Both relations
are blocking

Supply y
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation

Lots of confusion in literature on
whether the outer table is blocking,
or the inner table is blocking. >4

(In class: outer table is more logical) o
| 7\

R S T K M
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Volcano Model

Usually: block the outer relation,
pipeline the inner relation

Lots of confusion in literature on
whether the outer table is blocking, X
or the inner table is blocking.

(In class: outer table is more logical) o
| 7\

But may also block everything R S T K M
E.g. merge-join
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Volcano Model

interface Operator {
// initializes operator state
// and sets parameters
void open (...);

// calls next() on its inputs
// processes an input tuple
// produces output tuple(s)
// returns null when done
Tuple next ();

// cleans up (if any)
void close ();



Volcano Model

Example selection operator

1nter‘fa§e.0p(.er‘ator‘ { class Select implements Operator {...
// 1initializes operator state void open (Predicate p,
// and sets parameters Operator c) {

. this.p = p; this.c = c; c.open();

// calls next() on its inputs
// processes an 1input tuple
// produces output tuple(s)
// returns null when done
Tuple next ();

// cleans up (if any)
void close ();



Volcano Model

interface Operator {
// 1initializes operator state
// and sets parameters
void open (...);

// calls next() on its inputs
// processes an 1input tuple
// produces output tuple(s)
// returns null when done
Tuple next ();

// cleans up (if any)
void close ();

Example selection operator

class Select implements Operator {...

void open (Predicate p,
Operator c) {
this.p = p; this.c = c; c.open();
}
Tuple next () {
boolean found = false;
Tuple r = null;
while (!found) {
r = c.next();
if (r == null) break;
found = p(r);
b

return r;

}



Volcano Model

Example selection operator

1nter'1.ca<.:e.0p(?r‘ator‘ { class Select implements Operator {...
// 1initializes operator state void open (Predicate p,

// and sets parameters Operator c) {
. this.p = p; this.c = c; c.open();
Tuple next () {

boolean found = false;

// calls next() on its inputs Tuple r = null;

// processes an input tuple while (Ifound) {
// produces output tuple(s) r = c.next();
// returns null when done LF(r == null) break;
found = p(r);
Tuple next (); }
return r;
: }
// cleans up (1'F any) void close () { c.close(); }
void close (); }



Volcano Model

Query plan execution

Operator q = parse(“SELECT ...”); # sgl -> root of an op tree
q = optimize(q); # op tree -> optimized op tree

95



Volcano Model

Query plan execution

Operator q = parse(“SELECT ...”); # sgl -> root of an op tree
q = optimize(q); # op tree -> optimized op tree

q.open();

56



Volcano Model

Query plan execution

Operator q = parse(“SELECT ...”); # sgl -> root of an op tree
q = optimize(q); # op tree -> optimized op tree

q.open();

while (true) {
Tuple t = g.next();
if (t == null) break; # end of results
else printOnScreen(t); # output tuple

}

57



Volcano Model

Query plan execution

Operator q = parse(“SELECT ...”); # sgl -> root of an op tree
q = optimize(q); # op tree -> optimized op tree

q.open();

while (true) {
Tuple t = g.next();
if (t == null) break; # end of results
else printOnScreen(t); # output tuple

}
g.close();

58



Pipeline v.s. Blocking

* Pipeline
— Tuples move all the way through up the query plan
— Advantages: speed
— Disadvantage: need all hash tables in memory
» Blocking
— Compute and store on disk entire subplan
— Advantage: needs less memory
— Disadvantage: slower
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Vectorized Query Processing

* next() returns a batch of tuples
* Typically 1000 tuples

 This reduced the communication
overhead

CSE 544 - Fall 2025
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Vectorized Query Processing

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Vectorized Query Processing

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Vectorized Query Processing

next()
for x in Supplier do N x.sno=y.sno 1000 tuplesy
iInsert(x.sno, x)

for y in Supply do Cy-price>100
X = find(y.sno);
output(x,y);

Supplier x Supply y
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Vectorized Query Processing

next() Need more..
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
next()
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);
Supplier x Supply y
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Vectorized Query Processing

next()
for x in Supplier do N x.sno=y.sno 1000 tuplesy
iInsert(x.sno, x)

for y in Supply do Cy-price>100
X = find(y.sno);
output(x,y);

Supplier x Supply y
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Vectorized Query Processing

1000 tuples (XD

next()
for x in Supplier do >Mx.sno=y.sno
insert(x.sno, x) \
fory in Supply do Oy.price>100
X = find(y.sno);
output(x,y);

Supplier x Supply y
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Discussion

Volcano iterator model is simple

Used by most RDBMS

Works great when query is interpreted
Doesn’t work well when it is compiled

CSE 544 - Fall 2025
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Discussion

* Volcano iterator model is simple

* Used by most RDBMS

* Works great when query is interpreted
* Doesn’'t work well when it is compiled

What does interpreted or compiled mean?
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The Push Model

CSE 544 - Fall 2025
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Today's Paper

How to Architect a Query Compiler

Query execution: interpret v.s. compile
» \What are the pros/cons?

* What was the traditional approach?
* What changed recently?

CSE 544 - Fall 2025
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Data-Driven Model

Each operator exports four methods:
* Open()

* Produce()
« Consume()

° C|OS€() CSE 544 - Fall 2025
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Data-Driven Model

Each operator exports four methods:
* Open()

* Produce() What do Produce and
Consume do?

« Consume()

o C|OS€() CSE 544 - Fall 2025 72



Data-Driven Model

Each operator exports four methods:
* Open()

called once
» Produce() by parent
called repeatedly
« Consume() by children

° C|OS€() CSE 544 - Fall 2025
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Example

"Normal” hash-join produce()

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

for y in Supply do Oy-price>100
X = find(y.sno);

output(x,y);

Supplier x Supply y
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Example

"Normal” hash-join

produce()
for x in Supplier do M sno=y.sno
insert(x.sno, x) \
fory in Supply do y.price>100
X = find(y.sno);
: pr

output(x,y); oduce()

Supplier x Supply y
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Example

"Normal” hash-join produce()

for x in Supplier do N x.sno=y.sno
insert(x.sno, x) consume() \

fory in Supply do / Oy.price>100
X = find(y.sno);
output(x,y); produce()

Supplier x Supply y
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Example

"Normal” hash-join

produce()
for x in Supplier do N x.sno=y.sno
iInsert(x.sno, Xx) consume
consum
fory in Supply do
X = find(y.sno);
: produce()

output(x,y);

Supplier x

CSE 544 - Fall 2025

y.price>100

Supply y
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Example

"Normal” hash-join produce()
for x in Supplier do N x.sno=y.sno
iInsert(x.sno, Xx) consume
consum

cghsume()
fory in Supply do
X = find(y.sno);
output(x,y);

produce()
Supplier x

CSE 544 - Fall 2025

Uy.price:}lou

Supply y
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Example

"Normal” hash-join produce()

for x in Supplier do N x.sno=y.sno
iInsert(x.sno, x) \

Hash table Oy .price>100
built

fory in Supply do
X = find(y.sno);
output(x,y);

produce()
Supplier x Supply y
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()

Mx.sncr:y.snu \

Supplier x

CSE 544 - Fall 2025

Uy.price::-lou

Supply y
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()
\roduce()

Supplier x

CSE 544 - Fall 2025

Uy.price::-lou

Supply y

81



"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()
\roduce()

Supplier x

CSE 544 - Fall 2025

Uy.price:}\l 00

Lroduce()
Supply y
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Example

"Normal” hash-join produce()
for x in Supplier do N x.sno=y.sno

iInsert(x.sno, Xx) \roduce

. pru:e:::-loﬂ

fory in S_upply do consume \

X = find(y.sno); \ L

output(x,y); roduce()

Supplier x Supply y
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()
\roduce()

Supplier x

CSE 544 - Fall 2025

Uy.price:}\l 00

Lroduce()
Supply y

84



Example

"Normal” hash-join produce()
for x in Supplier do N x.sno=y.sno

iInsert(x.sno, Xx) \roduce

. pru:e:::-loﬂ

fory in S_upply do consume \

X = find(y.sno); \ L

output(x,y); roduce()

Supplier x Supply y
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()
consumN

Supplier x

CSE 544 - Fall 2025

-

produce()

Uy.price:}lou
Consume()L

o

Supply y

roduce()
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

consume()

produce()

Supplier x

CSE 544 - Fall 2025

X SNo=y.sn

consume
produce()

pru:e::-lou
Consume

\ roduce()

Supply y

87



"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()
\roduce()

Supplier x

CSE 544 - Fall 2025

Uy.price:}\l 00

Lroduce()
Supply y
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"Normal” hash-join

for x in Supplier do
iInsert(x.sno, Xx)

fory in Supply do
X = find(y.sno);
output(x,y);

Example

produce()

Supplier x

CSE 544 - Fall 2025

And so on...

X sSNno= y 5Nno
produce()

Consume

pru:e::-\lou

roduce()

Supply y
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Volcano v.s. Data Driven

Ox.B=7

Ox.A=5

R X

CSE 544 - Fall 2025
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Volcano v.s. Data Driven

repeat /* az.next() */

output x
until x.isNull()

Ox.B=7

Ox.A=5

R X

CSE 544 - Fall 2025
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Volcano v.s. Data Driven

Ox.B=7

repeat /* op.next() */
repeat /* g,.next() *//

Ox.A=5

until x.isNull() or x.B=7
output x
until x.isNull()

R X

CSE 544 - Fall 2025



Volcano v.s. Data Driven

Ox.B=7
repeat /* az.next() */
repeat /* g,.next() *//
repeat /* R.next() *//
. Ox.A=5
until x.isNull() or x.A=5

until x.isNull() or x.B=7
output x
until x.isNull()

R X
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Volcano v.s. Data Driven

Ox.B=7
repeat /* az.next() */

repeat /* g,.next() *//

repeat /* R.next() *//
x=R.next() Oy A—F

until x.isNull() or x.A=5

until x.isNull() or x.B=7

output x

until x.isNull()

R X
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Volcano v.s. Data Driven

Ox.B=7
repeat /* az.next() */

repeat /* g,.next() *//

repeat /* R.next() *//
x=R.next()

until x.isNull() or x.A=5

until x.isNull() or x.B=7

output x

until x.isNull()

forxin R /[ R.produce()

R X
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Volcano v.s. Data Driven

Ox.B=7
repeat /* az.next() */

repeat /* g,.next() *//

repeat /* R.next() *//
x=R.next() Oy A—F

until x.isNull() or x.A=5

until x.isNull() or x.B=7

output x

until x.isNull()

forxin R /[ R.produce()
if X.A=5 /] 04.consume()

R X
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Ox.B=7
repeat /* az.next() */

repeat /* g,.next() *//

repeat /* R.next() */I forxin R /I R.produce()
x=R.next() Oy A=5 if X.A=5 /] 04.consume()
' X.A= : _
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output x

R X

until x.isNull()
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Volcano v.s. Data Driven

Ox.B=7
repeat /* az.next() */

repeat /* g,.next() *//

repeat /* R.next() */I forxin R /I R.produce()
x=R.next() Oy A=5 if X.A=5 /] 04.consume()
' X.A= - _
until x.isNull() or x.A=5 if x.B=7 /I op.consume()
until x.isNull() or x.B=7 output x
output x

R X

until x.isNull()
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Ox.B=7

repeat /* az.next() */
repeat /* g,.next() *//

repeat /* R.next() */I forxin R /I R.produce()
x=R.next() Oy A=5 if X.A=5 /] 04.consume()
' X.A= - _
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Volcano v.s. Data Driven

Ox.B=7

repeat /* az.next() */

repeat /* g,.next() *//

reppeat /*Ug_ Zg;ctg * (] forxin R /I R.produce()

x=R.next() Oy A=5 if X.A=5 /] 04.consume()
' X.A= - _

until x.isNull() or x.A=5 if x.B=7 /I op.consume()
until x.isNull() or x.B=7 output x

output x
until x.isNull() R X

Three iterations. Simpler code. Better

isNull tested repeatedly | CSE 544 -Fail 2( instruction cache locality




Call-back

* For any non-commutative operator like
hash-join, consume() must treat
differently calls from left and right child

* Paper’s solution (next)
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Left Right
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consume(rec)

X

Left Right
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consume(rec) Consui
Left Right

CSE 544 - Fall 2025 104



Same consume(rec)
but different actions

consume(rec consume(rec)

(rec)
7ZM

Left Right
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[How to Architect a Query Compiler]

class HashJoin(left: Op, right: Op)

(lkey: KeyFun) (rkey: KeyFun) extends Op { Same Consume(rec)

but different actions

def open() = { // Step 1
S Consume reC Consume rec:
}
def produce() = {
} /
def consume(rec: Record) = { \
Left Right
}
}
(a) (b)

Figure 5: Hash join implementation 1n[(a) Data-centrlc](b)
Data-centric with callbacks model (LB2)
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class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {

def open() = { // Step 1

}
def produce() = {

} 7Z
def consume(rec: Record) = { \\\\\\\\\

Left Right

}
}

(a) (b)
Figure 5: Hash join implementation in[(a) Data-centric](b)
Data-centric with callbacks model (LB2)
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class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {

def open() = { // Step 1
left.parent = this; right.parent = this
left.open; right.open

LY

J

def produce() = {

<
}
def consume(rec: Record) = {

Left Right

}
}

(a) (b)
Figure 5: Hash join implementation in[(a) Data-centric](b)
Data-centric with callbacks model (LB2)
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}
def produce() = { Dxﬂ
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class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {
val hm = new HashMultiMap()
var isleft = true
var parent = null
def open() = { // Step 1

left.parent = this; right.parent = this

left.open; right.open Consume(rec)
}
def produce() = { X4

isLeft = true; 1left.produce() // Step
def consume(rec: Record) = {
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Left Right
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class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {
val hm = new HashMultiMap()
var islLeft = true
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def open() = { // Step 1

left.parent = this; right.parent = this

left.open; right.open Consume(rec)
}
def produce() = { X4

isLeft = true; 1left.produce() // Step

isLeft = false; right.produce()// Step
}

: Record) = {
if (isLeft) // Step 3
hm += (lkey(rec), rec)
produce(
Left Right
}
}
(a) (b)

Figure 5: Hash join implementation in[(a) Data-centric](b)
Data-centric with callbacks model (LB2)




[How to Architect a Query Compiler]

class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {
val hm = new HashMultiMap()
var islLeft = true
var parent = null
def open() = { // Step 1
left.parent = this; right.parent = this
left.open; right.open Consume(rec)
}
def produce() = { X4
isLeft = true; 1left.produce() // Step
isLeft = false; right.produce()// Step
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if (isLeft) // Step 3
hm += (lkey(rec), rec)
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class HashJoin(left: Op, right: Op)

(lkey: KeyFun) (rkey: KeyFun) extends Op {

val hm = new HashMultiMap()
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def open() = { // Step 1
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[How to Architect a Query Compiler]

class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {
val hm = new HashMultiMap()
var islLeft = true
var parent = null

def open() = { // Step 1
left.parent = this; right.parent = this
left.open; right.open Consume(rec)
}
def produce() = { X4
isLeft = true; left.produce() // Step 2
isLeft = false; right.produce()// Step 4
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if (isLeft) // Step 3
hm += (lkey(rec), rec)
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[How to Architect a Query Compiler]

class HashJoin(left: Op, right: Op) Q: There is no for |00p!
(lkey: KeyFun) (rkey: KeyFun) extends Op { .
val hm = new HashMultiMap() Where is the for IOOp?

var isleft = true
var parent = null

def open() = { // Step 1
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}
def produce() = { N
isLeft = true; 1left.produce() // Step 2
isLeft = false; right.produce()// Step 4
}
def consume(rec: Record) = {
if (isLeft) // Step 3
hm += (lkey(rec), rec)
else // Step 5 preduce()
for (lr <- hm(rkey(rec)) .
parent.consume(merge(lr,rec)) Left nght
}
}

(a) (b)
Figure 5: Hash join implementation in[(a) Data—centric](b)
Data-centric with callbacks model (LB2)
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class HashJoin(left: Op, right: Op) Q: There is no for |00p!
(lkey: KeyFun) (rkey: KeyFun) extends Op { .
val hm = new HashMultiMap() Where is the for IOOp?

var islLeft = true
var parent = null
def open() = { // Step 1
left.parent = this; right.parent = this
left.open; right.open
}
def produce() = {
isLeft = true; left.produce() // Step 2
isLeft = false; right.produce()// Step 4
}
def consume(rec: Record) = {
if (isLeft) // Step 3
hm += (lkey(rec), rec)
else // Step 5
for (lr <- hm(rkey(rec))
parent.consume(merge(lr,rec))

consume(rec)

X

A: In some
leaf node

}
}
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Figure 5: Hash join implementation in[(a) Data—centric](b)
Data-centric with callbacks model (LB2)
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class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {
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class HashJoin(left: Op, right: Op)

(lkey: KeyFun) (rkey: KeyFun) extends Op {
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var isleft = true

var parent = null

def open() = { // Step 1
left.parent = this; right.parent = this
left.open; right.open

}
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isLeft = true; 1left.produce() // Step 2
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(a)

class HashJoin(left: Op, right: Op)
(lkey: KeyFun) (rkey: KeyFun) extends Op {

// refactored open, produce, consume
// into single method exec
def exec(cb: Record => Unit) = {
val hm = new HashMultiMap()
left.exec { rec = // Step 1
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cb is the call-back
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Figure 5: Hash join implementation in (a) Data-centric (b)
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Final Discussion

80s and 90s: cost dominated by I/O
 |Interpretation simpler than compilation

* Volcano iterator model also simple

Today: data in memory, cost dominated by CPU
« Compilation has significant advantage

 Alternative: vectorized processing
— Next() returns batch of 1000 tuples
— Interpreter as good as compiled code
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