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CONTEXT & MOTIVATION



CONTEXT — OPTIMIZATIONS FOR PARALLEL PROGRAMS

Optimizations for sequential aspects

Optimizations for parallel aspects
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CONTEXT — COMPILER OPTIMIZATION

Original Program After Optimizations

inty = 7;

for (i = 0; 1 < N; i++) {
fly, i);

}

g(y);
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CONTEXT — COMPILER OPTIMIZATION

Original Program After Optimizations

inty = 7;

for (i = 0; 1 < N; i++) { for (i = 0; 1 < N; i++) {
f(y, i); f(@, 1);

} }

g(y); g(7);
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MOTIVATION — COMPILER OPTIMIZATION FOR PARALLELISM

Original Program After Optimizations

inty = 7;

#pragma omp parallel for

for (i = 0; i < N; i++) {
fly, 1);

}

g(y);
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MOTIVATION — COMPILER OPTIMIZATION FOR PARALLELISM

Original Program After Optimizations

inty = 7; int y = 7;

#pragma omp parallel for #pragma omp parallel for

for (i = 0; 1 < N; i++) { for (i = 0; 1 < N; i++) {
f(y: 1)1 f(y, 1)1

} }

g(y); s
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SEQUENTIAL PERFORMANCE OF PARALLEL PROGRAMS

Why Is this important?
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SEQUENTIAL PERFORMANCE OF PARALLEL PROGRAMS
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SEQUENTIAL PERFORMANCE OF PARALLEL PROGRAMS

./pathfinder 1000 1000 1 ./Jsrad_v2 2048 2048 0 127 0 127 1 0.5 20
7.5 3.00
4.5148 6.4912 1.077 2.626
0.00% -43.78% 2.75 0.00% -143.83%
20 ===
2.50
6.5
. 2 2.25
9 §
o
> (v
; 60 % 2.00
S s -
= v
€ £
5.5 Lk
1.50
5.0
1.25
- . _
1.00
base.seq base.par base.seq base.par

é versions versions 4/15



EARLY OUTLINING

#pragma omp parallel for
OpenMP Input:  for (int i = ©; 1 < N; i++)
out[i] = In[i] + In[i+N];
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AN ABSTRACT PARALLEL IR

#pragma omp parallel for
OpenMP Input:  for (int i = ©; 1 < N; i++)
out[i] = In[i] + In[i+N];

// Parallel region replaced by an annotated loop
parfor (int i = 0; i < N; i++)
body_fn(i, &N, &In, &0ut);

// Parallel region outlined in the front-end (clang)!
static void body_fn(int i , intx N, float** In, float** Out) {

(x0ut)[i] = (+In)[i] + (+In)[i + (*N)]
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EARLY OUTLINING + TRANSITIVE CALLS

#pragma omp parallel for
OpenMP Input:  for (int i = ©; 1 < N; i++)
out[i] = In[i] + In[i+N];

// Parallel region replaced by a runtime call.
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EARLY OUTLINING + TRANSITIVE CALLS

#pragma omp parallel for
OpenMP Input:  for (int i = ©; 1 < N; i++)
out[i] = In[i] + In[i+N];

// Parallel region replaced by a runtime call.
omp_rt_parallel_for(®, N, &body_fn, &N, &In, &0ut);
// Model transitive call: [body_fn(?, &N, &In, [G0ut);

~ '

// parallel + valid and executable IR

S+ no unintended interactions

for (int| + >TR function pointers arguments in
(*0ut) LLVM-TS + SPEC

- Integration cost per IPO
S | 5/15
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CALL ABSTRACTION IN LLVM

[ CalllInst ] [InvokeInst]

CallSite

Passes
(IPOs)
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CALL ABSTRACTION IN LLVM + TRANSITIVE CALL SITES

[ CalllInst ] [InvokeInst]

A~ A

A

CallSite TransitiveCallSite

A

Passes
(IPOs)

s 6/15




CALL ABSTRACTION IN LLVM + TRANSITIVE CALL SITES

[ CalllInst ] [InvokeInst]

A~ A

A

CallSite TransitiveCallSite

A A

AbstractCallSite

A

Passes
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CALL ABSTRACTION IN LLVM + TRANSITIVE CALL SITES

A} ( A

Call .
Functional Changes for Inter-Procedural

Constant Propagation:

for (int i = 0; i < NumArgs; i++) {

[: Value *ArgOp = ACS.getArgOperand(i);
if (!Argop) {

// handle non-constant

continue;

}

1Site

Passes
a (IPOs) 6/15




INTER-PROCEDURAL OPTIMIZATION
(IPO) IN LLVM




IPO — ATTRIBUTE INFERENCE -03 -DISABLE-INLINING

static intx internal_retl rrw(int =*r@, int =*ril, int *w0);
static intx internal_retO® nw(int *n®, int *w0);

static int* internal_retl_rw(int *r0, int *w0);

int* external_source_ret2 nrw(int *n@, int *r0, int *w0);
int* external_sink_ret2 nrw(int *n@, int *r0, int *w0);
int* external_ret2_nrw(int *n@, int *r0, int *w0);
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IPO — ATTRIBUTE INFERENCE -03 -DISABLE-INLINING

static intx internal_retl rrw(int =*r@, int =*ril, int *w0) {

if (!*ro)
return ril;

internal_retl_rw(r0, wo);
*#WO = *r@ + *ril;
internal_retl_rw(rl, wo);
internal_ret®_nw(r0, wo);
internal_ret®_nw(w0, wo);
external_ret2 nrw(r0, rl, wo);
external_ret2_nrw(rl, r0, wo);
external_sink_ret2_nrw(r0, ri, wo);
external_sink_ret2 nrw(ri, r0, wo);
return internal_ret0_nw(ril, wo);
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IPO — ATTRIBUTE INFERENCE -03 -DISABLE-INLINING

external source ret2 nrw |

external ret2 nrw

mtemaljetljw

external sink ret2 nrw
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external source ret2 nrw |

external ret2 nrw
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=
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IPO — ATTRIBUTE INFERENCE -03 -DISABLE-INLINING

external source ret2 nrw |

/

Interested? See our RFC: "Properly” Derive
Function/Argument/Parameter Attributes

N\

internal retl rrw

internal retl )

external sink ret2 nrw
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IPO — CONSTANT PROPAGATION -03 -DISABLE-INLINING

static int foo(int a, int b) {
returna + b; // 5?

}

int bar() {

return foo(2, 3);

}
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IPO — CONSTANT PROPAGATION -03 -DISABLE-INLINING

struct Pair {

int a, b;
i f
static int foo(int a, int b) { static int foo(struct Pair p) {
return @ + b; // 5? return p.a + p.b; // 5?
} }
int bar() { int bar() {
struct Pair p = {2, 3};
return foo(2, 3); return foo(p);
} }
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struct Pair {

int a, b;
i f
static int foo(int a, int b) { static int foo(struct Pair p) {
return 5; return 5;
} }
int bar() { int bar() {
struct Pair p = {2, 3};
return foo(2, 3); return foo(p);
} }
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IPO — CONSTANT PROPAGATION -03 -DISABLE-INLINING
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IF i f
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IPO — CONSTANT PROPAGATION -03 -DISABLE-INLINING

struct Pair { struct Tuple {
int a, b; int a, b, c, d;
IF i f
static int foo(s L t Tuple t) {
?
return (EEEEE Why? Pipeline is less.tuned and D
} passes are conservative for IPO.
int bar() { int bar() {
struct Pair p = {2, 3}; struct Tuple t = {2, 3, 0, 0};
return foo(&p); return foo(t);
} }
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IPO — OBJECT ARGUMENTS -03 -DISABLE-INLINING

struct Tuple {
int a, b, ¢, d, e, f, g, *h;
it
static
int f(struct Tuple =*t) {
return t->a+t->c+t->e+t->g;

}

int bar(struct Tuple *t) {
t->a = 3; t->e = 7; /* ... x/
f(@;
// ... t->h does escape in f!

}
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IPO — OBJECT ARGUMENTS — 1. FAN OUT EARLY -03 -DISABLE-INLINING

struct Tuple { struct Tuple {
int a, b, ¢, d, e, f, g, *h; int a, b, ¢, d, e, f, g, *h;
it e
static static
int f(struct Tuple =*t) { int f(int a, int c, int e, int g) {
return t->a+t->c+t->e+t->gj; return a + c + e + g;
} }
int bar(struct Tuple *t) { int bar(struct Tuple *t) {
t->a = 3; t->e = 7; /* ... x/ t->a = 3; t->e = 7; /* ... x/
f(t); f(3, t->c, 7, t->g);
// ... t->h does escape in f! // ... t->h does not escape in f!
} }
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IPO — OBJECT ARGUMENTS — 2. OPTIMIZE -03 -DISABLE-INLINING

struct Tuple { struct Tuple {
int a, b, ¢, d, e, f, g, *h; int a, b, ¢, d, e, f, g, *h;
ks };
static static
int f(struct Tuple =t) { int f(int c, int g) {
return t->a+t->c+t->e+t->gj; return 3 + ¢ + 3 + g;
} }
int bar(struct Tuple *t) { int bar(struct Tuple *t) {
t->a = 3; t->e = 7; /* ... x/ t->a = 3; t->e = 7; /* ... x/
f(t); f(t->c, t->g);
// ... t->h does escape in f! // ... t->h does escape in f!
} }

s 9/15



IPO — OBJECT ARGUMENTS — 3. CONDENSE LATE -03 -DISABLE-INLINING

struct Tuple { struct Tuple {
int a, b, ¢, d, e, f, g, *h; int a, b, ¢, d, e, f, g, *h;
ks b
static static
int f(struct Tuple =t) { int f(struct Tuple =t) {
return t->a+t->c+t->e+t->g; return 3 + t->c + 7 + t->g;
} }
int bar(struct Tuple *t) { int bar(struct Tuple *t) {
t->a = 3; t->e = 7; /* ... x/ t->a = 3; t->e = 7; /* ... x/
f(t); f(t);
// ... t->h does escape in f! // ... t->h does escape in f!
} }
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IPO — OBJECT ARGUMENTS — 3. CONDENSE LATE -03 -DISABLE-INLINING

struct Tuple { struct Tuple {
int a, b, ¢, d, e, f, g, *h; int a, b, ¢, d, e, f, g, *h;
ks b
static r )
int f(struct Tup Aggressively unpack object kt) {
return t->a+t- arguments early and condense 7 + t->g;
} argu ments late as an
i Pl 1| alternative/substitution for inlining. |
t->a = 3; t->e = 7; /* ... */ t->a = 3; t->e = 7; /* ... x/
f(t); f(t);
// ... t->h does escape in f! // ... t->h does escape in f!
} }
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IPO — ADDITIONAL PROPOSALS/PROTOTYPES

e track values of fields across function calls, e.g,, closure initialization  [prototype]
e determine performance impact of missing static information [ongoing]
e export attributes for libraries, e.g, add __attribute__((const)) [planned]
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EVALUATION




OPENMP OPTIMIZATIONS

Version Description Opt.
base plain “-03", thus no parallel optimizations

attr attribute propagation through attr. deduction (IPO) I
argp variable privatization through arg. promotion (IPO) Il
n/a constant propagation (IPO)
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS

time in seconds
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J/lulesh 10 1
0.3721 0.3857 0.3765 0.3856 0.3714 0.386 0.3768 0.3663
-3.64% 1.56%
base.s base.p attr.s attr.p argp.s argp.p attr_argp.s attr_argp.p
versions
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS

time in seconds

255!

12225)
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1525
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS

time in milliseconds

220

2115

210

205

200

Jparticlefilter -x 128 -y 128 -z 10 -np 10000 1

199.834 214.991 199.88 205.021 199.892 206.126 201.392 197.505
-7.58% 1.17%
e e —
base.s base.p attr.s attr.p argp.s argp.p attr_argp.s attr_argp.p
versions
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OPENMP OPTIMIZATIONS — PERFORMANCE RESULTS

Jlud lud_omp -n 1 -i 512.dat
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ARRAY CONSTANT PROPAGATION EXAMPLE

double gamma[4][8];
gammal[0][0] = 1;

// ... and so on till .
gammal[3][7] = -1;

Kokkos: :parallel_for(
"CalcFBHourglassForceForElems A",
numElem, KOKKOS LAMBDA(const int &§i2) {
// Use gammal[0][0] ... gamme[3][7]

}
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ARRAY CONSTANT PROPAGATION PERFORMANCE

./lulesh.host -s 40

13.7 13.57 13.48 13.31 13.21

2.65%
13.6

13.4

13V3 %
13.2 %

vanilla_default mod_default mod_specialized mod_specialized_callbacks
versions

seconds
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CONCLUSION

SEQUENTIAL PERFORMANCE OF PARALLEL PROGRAMS
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CONCLUSION

SEQUENTIAL PERFORMANCE OF PARALLEL PROGRAMS CALL ABSTRACTION IN LLVM + TRANSITIVE CALL SITES
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