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Questions

2 Why do we needtype inference?

2 Can we leveragethe type inferencework in the
programming languagescommnunity?
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COMP 612: Type Infer ence December 6, 2002



Towards High-Lev el Systems
for High-P erformance Computing

2 software engineeringissues

COMP 612: Type Infer ence December 6, 2002



Towards High-Lev el Systems
for High-P erformance Computing

2 software engineeringissues
- bigger, more complicated, applications

COMP 612: Type Infer ence December 6, 2002



Towards High-Lev el Systems
for High-P erformance Computing

2 software engineeringissues
- bigger, more complicated, applications
- fewer peopleto program in low-level languages

COMP 612: Type Infer ence December 6, 2002



Towards High-Lev el Systems
for High-P erformance Computing

2 software engineeringissues
- bigger, more complicated, applications
- fewer peopleto program in low-level languages

2 programmer productivit y
- shortageof programmers,in general
- domain-speci c libraries reducee®ort

COMP 612: Type Infer ence December 6, 2002



Towards High-Lev el Systems
for High-P erformance Computing

2 software engineeringissues
- bigger, more complicated, applications
- fewer peopleto program in low-level languages

2 programmer productivit y
- shortageof programmers,in general
- domain-speci c libraries reducee®ort

2 geweral recern solutions
- systemslike POOMA, CCA, ROSE
- languagedike Matlab, S+
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Telescoping Languages and

Typ e Inference

telescopinglanguagess a strategy for compiling

Nig
Nig

"]_

"]_

eve

eve

typed

anguages

anguagesare typically typelessor weakly

type information is neededfor excient mapping onto

hardware

type information Is neededfor optimizations
- usersoften implicitly intend multiple types

- type information enablesother optimizations
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What I1s a Type?
the universe,V, Is the set of all values
a subset,obeying certain properties, is an ideal

a type Is an ideal
- there are other more complicatedviews of typesas well

the set of all typesforms a lattice

- > Is the set of all values,V

- ? I1s a singletonwith the leastelemen of V
- elemens are orderedby setinclusion, %2
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Example of a Simple System

COMP

> =V
complex
real
1 char cell
Integer
logical
?2 = A
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De ning Terms

having a type membership in the appropriate set

type system a small subsetof all possibleideals
monomorphic type system ead value belongsto at most onetype
polymorphic type system somevaluesmay belongto more than onetype
T, Is a subtype of T» T, T

untyped system the type system consistsof only one set, V
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De ning Terms

having a type membership in the appropriate set

type system a small subsetof all possibleideals
monomorphic type system ead value belongsto at most onetype
polymorphic type system somevaluesmay belongto more than onetype
T, Is asubtypeof T, T u Ty

untyped system the type system consistsof only one set, V

2 languageprimitiv esallow constructing new types
- function de nitions create new function types

- in an object-oriented language,classde nitions create new
data types
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Basic Lam bda Calculus

2 akin to Turing Machine for programming languages

e = X a variable is a , expression
e .= ,(x) e functional abstraction of e
e = e(e) operator e applied to operand e
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Basic Lam bda Calculus

2 akin to Turing Machine for programming languages

e = X a variable is a , expression

e .= ,(x) e functional abstraction of e

e = e(e) operator e applied to operand e
d =  (X) X identit y function

succ = , (X) x+1 successofunction for integers
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Typed . -Calculus

succ = , (X:Int) x+1

2 the above de nition hastypeint ! Int

2 this typed , -calculusis suzcient to descrilke
monomorphictype systems
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Univ ersal Quanti cation
8aid = (xa) X
the above de nition hastypea! a

universalquanti cation is neededto model
polymorphic functions (or generictypes)

ML infers polymorphic function types(modeledby 8)

restricted universalquari cation models
Hindley-Milner  type systems

generaluniversalquani cation models
Girard-Reynolds type systems
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Typ es of Polymorphism

parametric

unlversal

/ inclusion

ploymorphism

\ overloading

ad- hoc

coercion
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Existen tial Quanti cation
p: 9a.t(a)

2 the above meansthat p hasthe typet(a) for some
type a

2 existertial quarti cation enablesmodeling
iInformation hiding

- e.g., private menbers of classean object-oriented languages

2 combining universaland existertial quarti cation
models parametric data abstraction

COMP 612: Type Infer ence December 6, 2002



Bounded Quanti cation
8la - T] e

2 the above meansthat a rangesover all subtypesof T
In the scope of e

2 this involvesde ning a - relation amongtypes,
which models subtyping

2 boundedquarti cation is necessaryto model
Inheritance (inclusion polymorphism) adequately
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Matlab Typesfor Tel. Languages

type = (¢, %2 % A) = <intrinsic type, rank, size, shae>

2 array sizeneededto eliminate dynamic resizing

2 Intrinsic type neededto minimize computation
requiremernt

2 shape usefulin optimization

2 all type information can be usedto specialize
procedures
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Matlab Type Inference
Telescoping Languages Framew ork

the Matlab type systemjust de ned needsbounded

guarti cation to be modeled

- a procedurecan always accepta larger array, thus, has
Inclusion polymorphism

this makestype inferencein telescopinglanguages
cortext very hard

even for straight line code, the problemis N P-hard

needto infer all possiblevalid typesto trigger
specialization
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Matlab Typ e Inference
McCosh's prop ositional-logic approac h

2 static technigue employing procedure-leel
annotations

2 cligue-basedsolution excient under certain
assumptions

2 nds all valid type con gurations
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Matlab Typ e Inference
McCosh's prop ositional-logic approac h

2 static technigue employing procedure-leel
annotations

2 cligue-basedsolution excient under certain
assumptions

2 nds all valid type con gurations

2 Imprecisefor certain cases
- doesnot handle data-dependen typesprecisely

- type information not transferred acrossSSA A-functions
- needsextra support for dynamic inference
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Set-based Typ e Inference
Cormac Flanagan, PhD, Rice 1997

typesare explicitly represemed as setsof values

a speci cation phasebuilds constraints on the setsof
valuesfor ead expressionin the program

a solution phasesolvwesthe set constrains to
computethe least solution

Implemerted for Sdeme,and subsequetly for Java
(MrSpidey)
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Set-based Typ e Inference
Cormac Flanagan, PhD, Rice 1997

2 typesare explicitly represeted as setsof values

2 a speci cation phasebuilds constrairts on the setsof
valuesfor ead expressionin the program

2 a solution phasesolvwesthe set constrains to
computethe least solution

2 iImplemernted for Sdheme,and subsequetly for Java
(MrSpidey)

2 cannot handle overloadedoperators for type inference
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Dep endent Types for Arra 'y Sizes
Hongw el Xi, Frank Pfenning, PLDI 1998

2 dependen typesde ned in terms of an index
- e.g.,atype canbe de ned asint(2)

2 well-typed language(ML) and someannotations
2 carry out the standard ML type inference
2 then build constrairnts from indexed expressions

2 constrairts simpli ed to linear ingeualitiesto solwe
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Dep endent Types for Arra 'y Sizes
Hongw el Xi, Frank Pfenning, PLDI 1998

2 dependen typesde ned in terms of an index
- e.g.,atype canbe de ned asint(2)

2 well-typed language(ML) and someannotations

2 carry out the standard ML type inference

2 then build constrairnts from indexed expressions

2 constrairts simpli ed to linear ingeualitiesto solwe

2 works Iin a limited cortext
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Typ e Inference for Matlab
Luiz DeRose, PhD, UIUC 1995

2 basedon traditional standard data®ow techniques

2 type inferencemapped to a °ow independert
framework

2 jterativ e solver usedto arrive at a xed point
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Typ e Inference for Matlab
Luiz DeRose, PhD, UIUC 1995

basedon traditional standard data®ow techniques

type inferencemapped to a °ow independert
framework

iterativ e solver usedto arrive at a xed point

termination considerationsa®ectthe analysis
- loops handledin an ad-hoc manner
- badkward °ow of information limited to one step

the approad is inadequatefor inter-procedural
analysisor recursion
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Conclusion

high-level programming systemsrapidly becoming
Important for high-performancecomputing

type inferencenecessanyfor e®ectie compilation of
high-level languages

languagetheory provides useful understanding of
Issuesrelated to type inference

compiler writers must nd engineeringsolutions for
practical languages
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Typ e Inference for Arra ys
type = (¢, %2 % A) = <intrinsic type, rank, size, shae>

function [A, F] = pisar (xt, sin _num)

mcos = [];
for n = 1:sin _num
vcos = [];
for 1 = 1:sin _num
vcos = [vcos cos(n*w _est(i))];
end
MCcOS = [ mCcoS VCOS]
end
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Typ e Inference for Arra ys
type = (¢, %2 % A) = <intrinsic type, rank, size, shae>

function [A, F] = pisar (xt, sin _num)

mcos = [];
for n = 1:sin _num
vcos = [];
for 1 = 1:sin _num
vcos = [vcos cos(n*w _est(i))];
end
MCcOS = [ mCcoS VCOS]
end

[size can grow around a Ioop]
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Another Way to Grow Arra ys

A = zeros(1,N);

Alend+1l) = x;

for 1 = 1:2*N
Al) = sart(i);

end

;A.(IS, ) = [1:2*N];

;A.(.:,:,Z) = zeros(3, 2*N);,
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Example 1

A = zeros(1l, N);

>
=
<
N

I

>
~~

X
~—

[
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COMP 612: Type Infer ence

Example 1

A = zeros(1l, N);

¥ = <N>

y = ..

Aly) = ..

Y8 = maxXyg;<y>)
X = ..

AX) = ..

Y8 = max3s; <x>)
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Example 1

A = zeros(l, N);
¥ = <N>

Vi = ...

Alyr) = ...

Y6 = max¥4; <yp)
X1 = ...

AXq) = ...

¥ = max¥s;<xp)
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Example 1

A = zeros(1l, N);
) ¥ = <N>
) Y1 = ..

Alyr) = ..
) ¥8 = max¥4;<yp)
) X1 = ...

AXq) = ...
) Y& = max¥; <xp)
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Example 1

) ¥% = <N>

) Y1 = ...

) ¥8 = max¥i';<yp)
) X1 = ...

) 8 = max¥s';<x)

allocate (A, 34%);
A, = zeros(1l, N);
Alyr) = ..
AXy) = ..
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2

2

Slice Hoisting

Insert ¥ statemens

do SSA corversion

identify the sliceinvolved in computing the %values

hoist the slice beforethe rst useof the array
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B =[ ... ]
X = min(B );
else

end
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Example 2

y - ...
Aly ) = ..
Y =<y >
cC = ...
if (c)
X = min(B ) 2 insert ¥%functions
else
x = 10;
end
AX) =.

YA = maxX¥f;<x>)
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Example 2

Y1 = ...
Aly1) = ..
H = <y>
C1 = ...
If (c1)
B, =[ ... 1
X1 = min(By); 2 insert ¥ functions
else
2 do SSA
Xo = 10;
end
X3 = A(X 1, XZ)
AX g =
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COMP 612: Type Infer ence

Example 2

) Y1 = ...
Aly1) = ..

) ¥ = <y;>

) C1 = ...

) It (C1)

) e R

) X1 = min(B,);

) else

) Xp = 10;

) end

) Xz = AX1, X2)
AXg = ...

) ¥% = max¥4;<xs)

2 Insert ¥ functions
2 do SSA
2 |dentify slice
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Example 2

Y1
Ci
if

[REE

min(B1);

oo
m 1 == -

5.@/0\” I

else

X2 = 10;
end
X3 = A(X 1, X2)

A= <yr> 2 insert ¥%functions
Y4 = maxX¥{f ;<x3z>) 4

allocate (A, ¥4): 2 do SSA
Acly1) = ..

it (c1) 2 jdentify slice

else 2 hoist slice

N N N N N N N N N N N

end
Aix3) = ...
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Example 3

AKX ) = ..
for 1 = 1:N

A =TA 10 )]
end
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Example 3

AKX ) = ..
YPp = <x >
for 1 = 1:N
2 Insert ¥ functions
A =1[A (1 )
Y = P+ < 1>
end
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COMP 612: Type Infer ence

Example 3

Al(X]_) = ...
Y4 = <Xp>
for 11 = 1:N

AQ — A(A].! A@)

¥ = A%, %)

As = [Ay (I 9]

¥R = W+ < 1>
end

2 Insert ¥ functions
2 do SSA
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Example 3

A(Xq) = ...
) ¥ = <xy>
) for i1 = 1:N

AQ = A(A].! A@)

) = AR, Y 2 insert ¥%functions
2 = 3, 73
A = [A, f(i )I; 2 do SSA

) Y =W+ <1> 2 idertify slice

) end
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)
)
)
)
)

COMP 612: Type Infer ence

Example 3

¥ = <X>
for 11 = 1:N
¥ = A%, ¥8)
¥ = ¥+ < 1>
end

allocate (A, 34);

AX1) = ...
for 11 = 1:N
A = AAL, A)
As = [Ax (I 9)];
end

2

2

Insert ¥functions
do SSA

identify slice
hoist the slice
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Adv antages of the Approac h

very simple and fast
- needsonly SSA analysisand linear time

It can leveragemore advancedanalyses,f available
- symbolic analysis
- dependenceanalysis

subsumesgnspector-executorstyle

bene ts from the telescopinglanguagesramework
- procedurespecialization
- procedurestrength reduction

handlesmost commoncases
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Dep endences Can Raise Roadblo cks

Al) = ..

;(": f( A)
AKX) = ...
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Dep endences Can Raise Roadblo cks

Al) = ...
Y = <1>
;(": f( A)

AKX) = ...

¥ = maxy4a; < x>)
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Dep endences Can Raise Roadblo cks

Al) = .
) ¥ =<1>
) x = 1( A

AKX) = ...

) ¥4 = max34 ;< x>)
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Dep endences Can Raise Roadblo cks

A1) = ..
) & = <1>
) x = (A

AKX) = ...

) ¥4 = max34 ;< x>)

[dependenceblocks hoisting
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