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Context and Motivation

Cilk, UPC, X10, Habanero-Java, Chapel, OpenMP, MPI,
OpenCL...

Parallelism handling in compilers

A Parallel Intermediate Representation
o Trade-off between expressibility and conciseness of representation
o Generic (language-neutral) and simplicity

@ Huge compiler platforms

@ GCC (more than 7 million lines of code)
@ LLVM (more than 1 million lines of code)
o PIPS (600 000 lines of code)

SPIRE: Sequential to Parallel Intermediate Representation Extension
methodology
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@ Design Approach

© PIPS (Sequential) IR

© SPIRE, a Sequential to Parallel IR Extension
@ SPIRE Operational Semantics

@ Validation: Application to LLVM

© Conclusion
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“parallelism or concurrency are operational concepts
that refer not to the program, but to its
execution.” [Dijkstra, 1977]

Execution Synchronization Memory
Language | Parallelism Task Task Point- [ Atomic Model Data dis-
to- tribution
creation join point section
Cilk — spawn sync — cilk_lock | Shared —
(MIT)
Chapel forall begin — sync sync PGAS (on)
(Cray) coforall atomic (Locales)
cobegin
X10(IBM){ foreach async finish next atomic PGAS (at)
Habanero- future force isolated (Places)
Java(Rice) get
OpenMP omp for omp task omp taskwait — omp Shared private,
critical
omp sec- omp section omp barrier omp shared...
tions atomic
OpenCL EnqueueND-| EnqueueTask Finish events | atom add| Distribu- ReadBuffer
RangeKernel EnqueueBarrier ted WriteBuffer
MPI MPI_ Init MPI_spawn MPI_ Finalize — — Distribu- MPI_Send
MPI_Barrier ted MPI_Recv|
SPIRE sequential spawn barrier signal atomic Shar ed, send ,
parallel wait Di stribu-| recv
ted
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PIPS (Sequential) IR in Newgen

i nstruction call + forloop + sequence;

st at ermrent = instructionx declarations:entityx*;
entity = pame:stringxtypexinitial:value;
forl oop = index:entity X
| ower : expr essi on x upper: expr essi on x
st ep: expressi on x body: st at ement ;
sequence = statenents: statenment *;
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SPIRE: Execution

execution = sequential :unit + parallel :unit;

@ Add executi on to control constructs:

e | oop
e sequence

forloop(l,1,n,1,
t[i] =0,
parallel )

forall I in 1..n do
t[i] = 0;

foral | in Chapel, and its SPIRE core language representation
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SPIRE: Synchronization

synchronization = none:unit + _ _
spawn: entity + barrier :unit +
single :bool + atomic :reference;

@ Add synchroni zati on to st at enent

node = OUT_OF ORDER_EXEC MODE_ENABLE;
¢ = clCreateCommandQueue (context, barrier  (

devi ce_i d, node, &err); spawn(zero, k_A(...));
clEnqueueTask (c, k_A, 0, NULL, NULL);| spawn(one, k_B(...))
clEnqueueTask (c, k_B, 0, NULL, NULL);|;
clEnqueueBarrier (¢); spawn(zero, k_C(...))
clEnqueueTask (c, k_C, 0, NULL, NULL);

OpenCL example illustrating spawn and barrier statements, and its
SPIRE core language representation
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SPIRE: Point-to-Point Synchronization (Even

event newEvent (int i);
voi d freeEvent (event e);
voi d signal (event e);
voi d wait (event e);

o Add event as a new type

barrier  (
finish  { ph=newEvent (-(n-1));
phaser ph=new phaser (); forloop(j, 1, n, 1,
for (j = 1;] <= n;j++){ spawn(j, S
async phased ( signal (ph);
ph<SI G WAI T>) { wait ( ph);
S; next ; S signal (ph);
} s).
} parallel );
} freeEvent ( ph)
)

A phaser in Habanero-Java, and its SPIRE core language representation
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Sequential Core Language

SeStnm::=nop | I=E| S;S: | |0oop(E S
S € SPIRE(Stm):: =
nop | I1=E| S;;S; | loop(E S) |
spawn(l,S) |
barrier (S) |

wait (1) | signal (1) |
send(1,17) | recv (I,1)

m € Memory = | de — Value
k € Configuration = Memory x St nt
¢ € Exp — Memory — Value

v =((E)m
(m,| =E) — (m[l — v],nop)
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SPIRE as a Language Transformer

k € Configuration = Memory x St nt

m € State = Proc — Configuration x Procs

1€ Proc=N

¢ € Procs = P(Proc)

dom(w) = {i € Proc/m(i) is defined}

7[i — (k,c)] the state 7 extended at i with (k,c)

K — K
7[i — (k,c)] = 7[i — (K, ¢)]

n=((l )m
7[i = ((m,spawn(l, S)),c)] —
7[i = ((m,nop),cU {n})]
[n = (m,S),0)]

11/14



function = bl ocks: bl ockx;

bl ock = | abel : entity x phi _nodes: phi _nodex* x
i nstructions:instruction* xterm nator;

phi _node = call

instruction = call

term nator = conditional _branch + unconditional _branch +
return;

condi tional _branch = value:entity x| abel _true:entity x
| abel false:entity;

uncondi tional _branch = | abel :entity;

return = val ue:entity;
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Validation:

function = bl ocks: bl ock=*;

bl ock = | abel : entity x phi _nodes: phi _nodex* x
i nstructions:instruction* xterm nator;

phi _node = call;

instruction = call;

term nator = conditional _branch + unconditional branch +
return;

condi tional _branch = value:entity x| abel _true:entity x
| abel false:entity;

uncondi tional _branch = | abel :entity;

return = val ue:entity;
entry:
br label %bl
bb: ; preds = %bbl

sum = 42 %0 = add nsw i32 %umO0, 2

T . % = add nswi32 %.0, 1

for (1205 1<107 1494 ' 1apel  omb1

) Sl = S < &5 bb1: . preds = %bb, %entry
%um 0 = phi i32 [42,%ntry], [ %, %bb]

% .0 = phi i32 [0,%ntry],[%, %b]
% = icmp sle i32 % .0, 10
br il 9%, label %bb, label %bb2
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Validation: SPIRE (LLVM)

function = bl ocks: bl ockx;

bl ock = | abel : entity x phi _nodes: phi _node* x
i nstructions:instruction* xterm nator;

phi _node = call

i nstruction = call

term nator = conditional _branch + unconditional branch +
return;

conditional _branch = value:entity x| abel true:entityx
| abel false:entity;

uncondi ti onal _branch = | abel :entity;

return = value:entity;
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Validation: SPIRE (LLVM)

function = bl ocks: bl ockx;

bl ock = | abel : entity x phi _nodes: phi _node* x
i nstructions:instruction* xterm nator;

phi _node = call

i nstruction = call

term nator = conditional _branch + unconditional branch +
return;

conditional _branch = value:entity x| abel true:entityx
| abel false:entity;

uncondi ti onal _branch = | abel :entity;

return = value:entity;

function ~» function x execution ;

bl ock ~» bl ock x execution ;

instruction ~ instruction x synchronization ;
Intrinsic Functions: send, recv, signal , wait
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Conclusion

@ SPIRE methodology as an IR transformer:
o 10 concepts collected in three groups
execution, synchronization, data distribution
e SPIRE (PIPS), SPIRE (LLVM)
e Operational semantics for SPIRE [Khaldi et al., 2012b]
o Trade-off between expressibility and conciseness of representation
@ Applications:
@ Implementation of SPIRE (PIPS)
o Implementation of a new BDSC-based task parallelization
algorithm [Khaldi et al., 2012a]
@ Generation of OpenMP and MPI code from the same parallel IR

Future Work

o Transformations for parallel languages encoded in SPIRE
@ Representation of the PGAS memory model

@ Addition of programming features such as exceptions and
speculation
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SPIRE: Data Distribution

void send(int dest, entity

buf) ;

void recv (int source, entity buf);

MPl _Init(&rgc, &argv[]);

MPI _Conm r ank( MPI COVMWRLD, &r ank) ;
MPI _Conm si ze( MPI _COVWM WORLD, &si ze);

if (rank == 0)

MPI_Recv (sum sizeof (sum), MPl _FLOAT,
, 1, MPI _COW WORLD, &st at ) ;

else if (rank == 1){
sum = 42;
MPI Send(sum sizeof (sum), MPl _FLOAT,
, 1, MPI CO\/MWRLD),

{/PI _Finalize();

forl oop(rank, 0, si ze, 1,
test (rank==

recv (one, sun,
test (rank==1,
sunr4?2;

1
parallel

)

send (zero, sum,

nop)
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, 1, MPI _COW WORLD, &st at ) ;
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SPIRE: Data Distribution

@ Non-blocking send =

spawn( new, send (zer o, sum)

@ Non-blocking receive =

finish recv = fal se;
spawn( new, recv (one, sun;
atomic (finish_recv=true))

@ Broadcast =

t est (rank==0,
forl oop(rank, 1, si ze, 1,
send (rank, sum,
parallel ),
recv (zero, sum)
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