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Parametric Polymorphism
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class Vector[A](size: Int) {
var arr: Array[A] = new Array[A](size)

def apply(i: Int): A = arr(i)

def update(i: Int, e: A) {
arr(i) = e

i

def resize(newSize: Int) { .. }
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Parametric Polymorphism
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class Vector[A](size: Int) {
var arr: Array[A] = new Array[A](size)

def apply(i: Int): A = arr(i)
def update(i: Int, e: A) {
arr(i) = e

i
def resize(newSize: Int) { .. }
ks
class Vector(size: Int) {
val arr: Array[ 1 =
new Array[ 1(size)
def apply(i: Int): = arr(1)
def update(i: Int, e: ) {
arr(1) = e
Iy
def resize(newSize: Int) { .. }
¥
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Parametric Polymorphism
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class Vector[A](size: Int) {
var arr: Array[A] = new Array[A](size)

def apply(i: Int): A = arr(i)
def update(i: Int, e: A) {
arr(i) = e

i
def resize(newSize: Int) { .. }
Js
class Vector(size: Int) {
val arr: Array[ s
new Array[ 1(size)
def apply(i: Int): =P )
def update(i: Int, e: S5 )
arr(1) = e
by
def resize(newSize: Int) { .. }
¥
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Parametric Polymorphism
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class Vector[A](size: Int) {
var arr: Array[A] = new Array[A](size)

def apply(i: Int): A = arr(i)
def update(i: Int, e: A) {
arr(i) = e

&
} def resize(newSize: Int) { .. } lass Vector(size: Int) {
class Vector(size: Int) {
class Vector(size: Int) { class Vector(size: Int) { |
val arr: Array[ 1= val arr: Array[ 1 = L)
new Array[ 1(size) new Array[Int](size) rr(i)
def iapp iz “Int): = arr(i) def apply(i: Int): = arr(i)| 1
def update(i: Int, e: Yot def update(i: Int, e: ) {
arr(i) = e arr(i) = e
} }
def resize(newSize: Int) { .. } def resize(newSize: Int) { .. }
¥ }
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Example
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val v = new Vector[Int]
v(io) = v(0) + 1

val v = new Vector val v = new Vector
v.update(0, v.update(0,
C Cv.apply(@)) + 1)) v.apply(@) + 1)
4
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Parametric Polymorphism
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o Generics
o compact code

o single representation forces boxing/unboxing ot
primitive types

o Specialization
o good performance
o risk of code explosion
o separate compilation is tricky

5
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Idea
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o separate compilation 1s a must

o specializations are derived at definition site
for primitive types

o reasonable code size
o specialized and type-erased code coexist

o calls are rewritten to specialized versions
opportunistically
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On-demand specialization
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User annotates type parameters, optionally
indicating what types to specialize on.

trait Functionl[@specialized(Int, Float, Double) -T1,
@specialized +R] {
def apply(x: T1): R
¥
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Example
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class Matrix[ A]Cval rows: Int, val cols: Int) {
val arr: Array[Array[A]] = new Array[Array[A]](rows, cols)

def apply(i: Int, j: Int): A = {
1f (1 <0 |l 1 >= rows
EEs—) w5y =2 cols)
throw new IndexOutOfBoundsException

arr(i)(3)
}

def update(i: Int, j: Int, e: A) {
arr(1)(j) = e
Iy
Iy
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Example
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def mult(m: Matrix[Int], n: Matrix[Int]) {
val p = new Matrix[Int](m.rows, n.cols)

for (1 <- @ until m.rows)
for (J <- @ until n.cols) {
var sum = 0
for (k <- @ until n.rows)
sum += m(1, k) * nCk, 73)
p(i, J) = sum
}

Saturday, April 24, 2010



Example
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def mult(m: Matrix[Int], n: Matrix[Int]) {
val p = new (m.rows, n.cols)

for (1 <- @ until m.rows)
for (J <- @ until n.cols) {
var sum = 0
for (k <- @ until n.rows)

sum += (1, k) * (k, 3D
p. (i, j, Sum)
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Performance
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Multiplying two matrices ot
200x100 1s 2.5 times faster
with specialization

11




“Conditional compilation™
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def test[@specialized A](x: A) = x match {
case 1: Int => "int'
case d: Double => "double"
case e: Float => "float"
case _ => "other”

12
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Implementation
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class Vector[ A]l(size: Int) {
val arr: Array[A] = new Array[A](51ze)

def apply(i: Int): A = arr(1i)
def update(i: Int, e: A) {
arr(i)

13
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Implementation
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class Vector(size: Int) {
class Vector[ A]l(size: Int) { val arr: Array[ 1 =
val arr: Array[A] = new Array[A](51ze) new Array[ J(size)
def apply(i: Int): = arr(i)
def apply(i: Int): A = arr(i) def update(i: Int, e: ) {
def update(i: Int, e: A) { arr(i) =
arr(i)
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Implementation
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class Vector(size: Int) {
class Vector[ Al(size: Int) { val arr: Array[ 1 =
val arr: Array[A] = new Array[A](51ze) new Array[ J(size)
def apply(i: Int): = arr(i)
def apply(i: Int): A = arr(1) def update(i: Int, e: ) {
def update(i: Int, e: A) { arr(i) =
arr(i) = e 1
i
i ! }
class Vector(size: Int)

extends Vector[Int] {
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Implementation
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class Vector(size: Int) {

class Vector[ Al(size: Int) { val arr: Array[ ] =

val arr: Array[A] = new Array[A](51ze) new Array[ J(size)

def apply(i: Int): = arr(i)
def apply(i: Int): A = arr(i) def update(i: Int, e: ) {
def update(i: Int, e: A) { arr(i) =
arr(r) = 1

i :
i ! ¥

class Vector(size: Int) class Vector(size: Int)

extends Vector[Int] { extends Vector[Double] {
Iy Iy
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Specialized variants
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Specialized variants are additional methods derived from a method using
specialized type parameters.

class Vector(size: Int) {
def update(i: Int, e: Object) { arr(i) = e }

box/unbox

14
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Specialized variants
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Specialized variants are additional methods derived from a method using
specialized type parameters.

class Vector(size: Int) extends Vector[Int] {
def update(i: Int, e: Object)

box/unbox

15
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Specialized variants
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Specialized variants are additional methods derived from a method using
specialized type parameters.

class Vector(size: Int) extends Vector[Double] {
def update(i: Int, e: Object)

box/unbox

16
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Specialized overrides
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Specialized overrides ensure variants and the generic
version of a method have the same body.

class SyncDoubleVector(size: Int) extends Vector[Double] {
override def update(i: Int, e: Object) = synchronized ..

17
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Specialized overrides
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Specialized overrides ensure variants and the generic
version of a method have the same body.

class SyncDoubleVector(size: Int) extends {
override def update(i: Int, e: Object) =

18
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Specialized overrides
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Specialized overrides ensure variants and the generic
version of a method have the same body.

class SyncDoubleVector(size: Int) extends {
override def update(i: Int, e: Object) =

box/unbox
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Specialization
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o Fields
o only available through accessors

o specialized subclasses add specialized
fields

o Specialized polymorphic methods

o expanded to definitions with no
specialized type parameters

19
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Method Expansion
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class List[@specialized A] {
def ::[@specialized ](x: B): List[B] =
new ::(x, this) ..

20
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Method Expansmn

TEIRE A s L, Tt g BT Vo G DAY A Tty o OV ST A2 I v P gt oA F 2 AR ot S0 oA Sl o ARIE

class List[@specialized A] {
def ::[@specialized ](x: B): List[B] =
w ::(x, this) ..

f ::(x: Int): List[Int] new ::(x, this) // 77

21
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Method Expansion
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class List[@specialized A] {
def ::[@specialized ](x: B): List[B] =
new ::(x, this) ..

def ::(x: Int): List[Int]
¥

o Type bounds may be:

new ::(x, this) // 77

o contlicting
o satisfiable

o valid

21
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Specializing the standard library

A ' d . 3 = . oy o . . v . - - -
s e et Ao tanie . PSRRI S e PRr i S

o functions, tuples, products up to two parameters

o on Int, Long, Double plus Unit and Boolean for
result types

o Range.foreach (fast C-like fors)

o to do (not 1n this Release Candidate)
o array-backed collections
o the Numeric hierarchy

o

22
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Speedup
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o two benchmarks

o funs: tests performance of function literals (maps a
function on an array of 1000 integers)

o arrays. test performance of array-backed
collections (same operation, using a Scala
collection, operation is inlined)

23
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Speedup
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Steady-state Start-up time
Ke)510)
2,500 ms 1.3

1,875 ms 0.975
1,250 ms 0.65
625 ms 0.325
. 0 ms 0
- funs arrays funs arrays

- Specialized [ Generic
£ 24
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What next
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o more specialization in the library
o allow user-defined specialized classes

o for instance, a user-defined bit set
implementation of Set|Boolean]

25
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