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Motivation

1 1 Challenge of multicore ubiquity: How can
heroic programmers take advantage of
multicore parallelism?




Motivation

1 1 Challenge of multicore ubiquity: How can
mainstream programmers take (better)

advantage of potential parallelism?
Not heroic programmers
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One Size Does Not Fit All

1+ There are many different kinds of
programmers and programming tasks

1 1 Programmers prefer minimal change

Not the multicore
challenge
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Mainstream Concerns

1 1 Productivity

1 1+ Composability
1 1 Reusability

1 Maintainability
1 1 Reliabllity




Mainstream Ecosystem

.+ Modern technologies developed to address

these goals
Paradigms (OO, generic programming)
Languages (C++, Java, C#, Python, E)
Tools (Visual Studio, Eclipse, Xcode)
Architectures (client/server, multitier, GUI)
Libraries (STL, MFC, libc,E)

1 1 To be relevant, any tool for accessing
parallelism must fit into the mainstream
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Prospects for a Discipline

1 1 Advance what works
[ New j/—\[ Ad-Hoc j
Problems Soﬁons

Practice /

[ Models/ Codification]
Theor
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Why MP| Worked
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Multicore Ubiquity

1 1 Advance what works
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Generic Libraries

1 Stepanov & Musser

Started in Scheme, then Ada, finally C++
C++ allowed abstraction without performance

penalties

1+ STL has been very successful:
Part of the ANSI/ISO C++ Standard Library

Important milestone

IN reuse

Many other C++ libraries have following the GP

paradigm (Boost, M7
Explicit language su

L, BGL, uBLAS, CGAL, E)
pport in C++0x
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Generic Programming Methodology

1.1 Study the concrete implementations of an
algorithm
2.1 Lift away unnecessary requirements to produce a
more abstract algorithm
Catalog these requirements.
Bundle requirements into concepts .
3. Repeat the lifting process until we have obtained

a generic algorithm that:
Instantiates to efficient concrete implementations.
Captures the essence of the Ohigher truthO of that
algorithm.




—

Integer Sum

int accumulate (int! prst,int! last, int init) {
for (int1=0;1< (last” Prst); ++i)
Init += Prst[i];
return Init;




—

Integer Sum

int accumulate (int! prst,int! last, int init) {
for (int1=0;1< (last” Prst); ++i)
Init += Prst[i];
return Init;

}

int accumulate (int! prst,int! last, int init) {

#pragma omp parallel for

for (int1=0;1< (last” Prst); ++i)
Init += Prst[i];

return Init;
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Lifting Summation

int accumulate (int! prst,int! last, int init) {
for (int1=0;1< (last” Prst); ++i)
Init += Prst[i];
return Init;

sum of an array
of integers




Accumulate

template <typename lter, typename T>

. . um of an arra
T accumulate (Iter brst, Iter last, T init) { : ‘fofTT Ty)
_ ] ] ] requires: T +
for (int i=0;i< (last! brst); ++i)
init += Prst|i];
sum of an array sum of an array
return |n|t’ of integers of floats

}
1 T: Assignable, Addable, CopyConstructible

1 1 Iter: RandomAccesslterator
Supports =, ++, C'[ ], |, +=, 1=, >=, >, <, <=
ValueType is Convertible to T




Accumulate

template <typename Inputlterator, typename T,
typename BinaryFunction>
T accumulate (Inputlterator Prst, Inputlterator last
T init, BinaryFunction f) {
for (; brst = last; ++brst)
init = f(init, ! brst);
return init;

}

1+ T: Assignable, Addable, CopyConstructible

11 Iter: Inputlterator
Supports =, ++, C'[ ], !, +=, 1=, >=, >, <, <=
ValueType is Convertibleto T

1+ Func " BinaryFunction.

)" Supports f (x,y) invocation and returns a result. =
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Generic Accumulate

1 1 Generic form captures all accumulation:
Any kind of data (int, float, string)
Any kind of sequence (array, list, file, network)
Any operation (add, multiply, concatenate)
| 1 Instantiates to efficient, concrete
Implementations

double x[10];
double a = accumulate(x, x+10, 0.0, plus<double >());

node! n =cons(1, cons(2, cons(2, null)));
int s = accumulate(n, null, 1, multiplies <int>());




Accumulate in ConceptC++

template <typename Iterator, typename T, typename Op>
requires RandomAccesslterator< Iterator> && Monoid< Op, T>
&& AddOperation< Op> && BuiltinintegralType< T>

T accumulate (Iterator rst, Iterator last, T init, Op f)

{
for (int i=0;i1< (last! rst); ++i)
init = f (init, rst[i]);
return init;
}




Accumulate in ConceptC++

template <typename Iterator, typename T, typename Op>
requires RandomAccesslterator< Iterator> && Monoid< Op, T>
&& AddOperation< Op> && BuiltinintegralType< T>

T accumulate (Iterator rst, Iterator last, T init, Op f)

{

#pragma omp parallel for reduction(+:init)
for (int i=0;i1< (last! rst); ++i)

init = f (init, rstfi]);
return init;




Accumulate in ConceptC++

template <typename Iterator, typename T, typename Op>
requires RandomAccesslterator< Iterator> && Monoid< Op, T>
&& AddOperation< Op> && BuiltinintegralType< T>

T accumulate (Iterator rst, Iterator last, T init, Op f)

{
#pragma omp parallel for reduction(+:init)
for (int i=0;i1< (last! rst); ++i)
init = f (init, rstfi]);
return init;
}

double x[10],
double a = accumulate(x, x+10, 0.0, plus<double >());

node! n =cons(1, cons(2, cons(2, null)));
int s = accumulate(n, null, 1, multiplies <int >()); -




OpenMP and Generic Libraries

Directive/Clause | Shortcoming
omp for Canonical form only
No constraint checking
reduction User-debPned types not supported
User-debPned functions not supported
Miscellany No mechanism for constraint specibcation
No conditional compilation

1 1 Support generic libraries:
Iterators

Function objects

User defined datatypes
Conditional parallelization




—

for (Init-expr ; . Incr-expr) {...}

Expression | Constraints
Init-expr ;

iter_type iterator = init;

iterator = Init;

iterator models RandomAccesslterator

Init is Convertible to iter_type.

iterator rel-op bound-expr

rel-op! <,<=,>,>= 1=

bound-expr ! loop-invariant.

bound-expr is Convertible to iter_type.

Incr-expr Incr-expr-1[,incr-expr-2,...iIncr-expr-nj.

One of the expressions should contain iterator.
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Use case, std::copy()

template <typename Inputlterator, typename Outputlterator>

Outputlterator copy (Inputlterator rst, Inputlterator last, Outputlterator result) {

#pragma omp parallel for

for (; rst!=last; ++rst, ++resulit)
result = rst;

return bPrst;

11 [Prst,lash) copied to [result, result+(last ! brsi).
1 1 Returns (result+(last ! pbrs).

1+ For parallelization:
Inputlterator models RandomAccesslterator.
Outputlterator models RandomAccesslterator.
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reduction (op: oprnd-1],oprnd-2,..,oprnd-n])

Expression | Constraints

op +1," 0, & &&, ||
# Can be overloaded.
Function object.
Model of BinaryFunction or
Model of UnaryFunction .
If BinaryFunction , then model Associative .
# Commutative and ReEntrant optional.
oprnd Builtin or aggregate (struct, class).
Model of CopyConstructible
Model of Assignable .
1.(op, oprnd) | Model of Monoid .




—

Use case: std::accumulate()

template <typename Inputlterator, typename T, typename BinaryFunction>
T accumulate (Inputlterator brst, Inputlterator last, T init, BinaryFunction f){
#pragma omp parallel for reduction(f:init)
for (; brst !=last; ++prst)

init = f (init, ! Prst);
return init;

ra
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—

Use case: std::accumulate()

template <typename Inputlterator, typename T, typename BinaryFunction>
T accumulate (Inputlterator brst, Inputlterator last, T init, BinaryFunction f){
#pragma omp parallel for reduction(f:init)
for (; brst !=last; ++prst)

init = f (init, ! Prst);
return init;

concept _map Monoid< plus< string>, string> {
string identity() { return string(OO};
};
vector< string> string_vec(n);
string init(OCONCATENATEO);
accumulate (string_vec.begin(), string_vec.end(), init, plus< string> ());
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Requires

rec

uires (default)

requires (concept-name:var-1[,var-2,...,var-nj)
requires (cond-expr)
Expression Constraints
default Typecheck for the base conditions.

I Sequential execution on concept-check failure.
I In its abscence, compilation is aborted.

concept-name:var-1[,var-2...,var-n] | var-1,...var-n model concept-name.

cond-expr Returns value Convertible to bool.

Miscellany Used with parallel, for, sections
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Use Case

template < typename Inlter, typename T, typename Func>
requires Inputlterator< Inlter> && BinaryFunction< Func>
&& CopyConstructible< T> && Assignable< T>
T accumulate (Inlter pbrst, Inlter last, T init, Func f) {
#pragma omp parallel for reduction(f:init) requires (default ) \
requires (Commutative:f) \
requires ((last! pbrst)> 100)

for (; Prst I= last, ++Prsi)
init = f (init, " Prst);

1+ default " requirements of for and reduction.
1 (Commutative:f) " Func models Commutative.

H (IaSt | prSPloO) " Collection has at least 100




—

Implementation Status

1 1 Branch of GCC 4.2/4.3
(Concept GCC + GOMP)

1 1 for, reduction, requires
1 1 Coverage of most/all of STL
1 1 No abstraction penalty




Conclusion

. 1+ Follow the Ovirtuous cycleO
1+ Advance what works
1 Meet programmers where they are

1 1 Help them to solve their problems, not ours
And donOt create new problems for them




Conclusion

| 1 First-class support for Generic Libraries

1 Parallelized algorithms retain genericity

.+ Model checking and Debugging are enabled
1 1+ Parallel generic algorithms are efficient




Future Work

1 1 Propose for standardization (3.17?)

1 Study applications for unimplemented

patterns
Searching
Branch-and-Bound
Pattern-matching

1+ Make the implementation robust




Questions?
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Dead Slides Follow
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—

Lifting Summation

Int sum(int* array, int n) {
Int s = 0;
for (int1=0;1<n; ++i)
s = s + array|i];
return s;

}

sum of an array
of integers




—

Lifting Summation

float sum(float* array, int n) {
float s = 0;
for (int1=0;1<n; ++i)
s = s + array|i];
return s;

}

sum of an array sum of an array
of integers of floats




—

Lifting Summation

template<typename T>
T sum(T* array, int n) {
Ts=0;
for (int1=0; 1 <n; ++i)
S = s + array[l];
return s;
1

sum of an array
of T
(requires: T+ T)

sum of an array sum of an array
of integers of floats

T+

pervasive

echnologylabs
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Lifting Summation

double sum(list_node* first, list_node* last) {
double s = 0;
while (first != last) {
s = s + first->data; first = first->next; }
return s;

}

sum of an array
of T
(requires: T+ T)

sum of an array sum of an array sum of a list
of integers of floats of floats
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Lifting Summation

template <Inputlterator Iter>

value type sum(lter first, Iter last) {
value type s = 0;
while (first 1= last)

sum of a range of Ts
(requires: iterator range,

T+T)

sum of an array
of T
(requires: T+ T)
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—

Lifting Summation

accumulate a range of Ts
(requires: iterator range,
op(T, T))

5t) {

sum of a range of Ts
(requires: iterator range,

T+T)

sum of an array
of T
(requires: T+ T)

sum of a list
of floats

sum of an array
of integers

sum of an array
of floats

product of a list
of integers
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Generic Accumulate

template <Inputlterator Iter, typename T,
typename Op>
T accumulate(lter first, Iter last, T s, Op op) {
while (first I= last)
S = op(s, *first++);
return s;

}

1 1 Generic form captures all accumulation:
Any kind of data (int, float, string)
Any kind of sequence (array, list, file, network)
Any operation (add, multiply, concatenate)

=1 Instantiates to efficient, concrete implementations




Generic Accumulate

template <Inputlterator Iter, typename T,
typename Op>
T accumulate(lter first, Iter last, T s, Op op) {
while (first I= last)
S = op(s, *first++);
return s;

}

1 1 Generic form captures all accumulation:
Any kind of data (int, float, string)
Any kind of sequence (array, list, file, network)
Any operation (add, multiply, concatenate)

=1 Instantiates to efficient, concrete implementations




