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Was ist DawnCC?

Was ist OpenACC / OpenMP?
Beispiel

Wie funktioniert DawnCC?

e Memory bound estimation

o Parallelisierbare Schleifen ermitteln
e Pointer restrictification

Vor- & Nachteile

Zusammenfassung
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Was ist DawnCC?

e Source-to-Source compiler
e Automatisiertes Einfiigen von Parallelisierungs- und Offloading-Direktiven
— OpenACC / OpenMP

CPU
GPU

e Static analysis
e Sammlung von LLVM passes
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Was ist OpenACC / OpenMP?

Parallelisierung und Offloading sequentiellen Codes

Erweiterung der C / C++ / Fortran Standards

— Compiler-Direktiven (Meta-Sprache)
— Funktionsbibliothek
— Umgebungsvariablen

e Inkrementeller Ubergang

Portable, auch single-core

OpenMP: Explizite Parallelisierung

OpenACC: Implizite Optimierung
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OpenMP Beispiel

void simple(int a) {
int n[100];

for (int i1 = 0; i < a; ++i) {
nl[i] += 1;

}

® N o o A W N K
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OpenMP Beispiel

void simple(int a) {

2 int n[100];

3 omp target data map(tofrom: n[0:100])
4 omp parallel for

5 for (int i1 = 0; i < a; ++i) {

6 nl[i] += 1;

7 }

s }
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OpenACC Beispiel

void simple(int a) {
int n[100];
acc data pcopyin(n[0:100])
acc kernels loop independent
for (int i1 = 0; i < a; ++i) {
nl[i] += 1;

}

® N o o A W N K
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OpenACC Beispiel

void simple(int a) {
int n[100];
acc data pcopyin(n[0:100]) if(a > 10)
acc kernels loop independent if(a > 10)
for (int i1 = 0; i < a; ++i) {
nl[i] += 1;

}

® N o o A W N K
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Application developers are responsible for correctly using the OpenMP API to
produce a conforming program.

The OpenMP API does not cover compiler-generated automatic
parallelization.

- OpenMP 5.0 Specification
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DawnCC Beispiel: saxpy

1 void saxpy(float a, float* x, float* y, int n) {

2 for (int i = 0; i < n; ++i) {
3 y[il = a * x[i]l + y[il;

4 }

5 }
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DawnCC Beispiel: sa

void saxpy(float a, float* x, float* y, int n) {

10

"
=

12

13

}

long long int tmp;
tmp = n - 1;
char x_y_alias_free = ((x > y + tmp) ||
(y > x + tmp));
omp target data \
map(to:x[0:tmp+1]) map(tofrom:y[0:tmp+1]) \
if (x_y_alias_free)
omp parallel for if(x_y_alias_free)
for (int i = 0; i < n; ++i) {
yl[il = a x x[i] + y[il;
}
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Wie funktioniert DawnCC?




LLVM Passes

Front-end Middle-end Back-end
lex, parse, IR analyze, optimize assemble, link
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LLVM Passes

Front-end Middle-end Back-end
lex, parse, IR analyze, optimize assemble, link

Passes

Module Pass,
Function Pass,

Loop Pass,
Region Pass,
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LLVM Passes

Front-end Middle-end
lex, parse, IR analyze, optimize

-

Passes

Module Pass,
Function Pass,

Loop Pass,
Region Pass,
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Memory Bound Estimation

e Kopieren von Speicher auf Beschleuniger (und zuriick)
e Bendtigt GroRenschitzung des benutzten Speichers
— Symbolic Range Analysis

e Wertebereich eines Integers
e Upper & Lower bound

e Zugriffe auf Array
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Symbolic Range Analysis

e Kompiliere zu LLVM IR

e Finde Range von Symbol i: [/(1), u(1)]
— Fiir jede LLVM IR instruction: Was passiert mit den bounds?
— Branches: Vereinigung

— Konvergenz durch Widening
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Symbolic Range Analysis

e Kompiliere zu LLVM IR

e Finde Range von Symbol i: [/(1), u(1)]
— Fiir jede LLVM IR instruction: Was passiert mit den bounds?
— Branches: Vereinigung
— Konvergenz durch Widening

e Symbolic Range — Memory bound: Zugriffssymbole

- Array x mit basepointer x [0]
- Range von i: [/(1), u(1)]
- Bounds von x[i]: [x[0] + /(1),x[0] + u(1)]
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Symbolic Range Analysis: Beispiel

void test(int x) {

2 int y;

3 y = 3;

a ++y;

5 if (x >= -5) {

6 if (x <= 2) {
7 vy =y *t %
8 A[y]

° }

10 }

11 }
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Symbolic Range Analysis: Beispiel

3 1 void test(int x) {
2 int y;
3 y = 3;
a ++y;
. if (x >= -5) { x: [—00, +oq]
6 if (x <= 2) {
7 vy =y *t %
8 A[y]
0 }
10 }
11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {
— 2 int y;
3 y = 3;
a ++y;
. if (x >= -5) { x: [—00, +oq]
o if (x <= 2) { y: [—o00, +o9]
7 y =yt x;
8 A [y] 00 o
0 }
10 }
11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {
2 int y;
— 3 y = 3;
a ++y;
. if (x >= -5) { x: [—00, +oq]
o if (x <= 2) { y: [3,3]
7 y =y + x;
8 A[y]
° }
10 }
11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {
2 int y;
3 y = 3;
— 4 t+y;
. if (x >= -5) { x: [-00, 409]
. if (x <= 2) { y: [4,4]
7 y =yt x;
8 A[y]
0 }
10 }
11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {
2 int y;

3 y = 3;

a ++y;

s if (x >= -5) { x: [-5, +00]
. if (x <= 2) { y: [4,4]
7 y =yt x;

8 A[y]
0 }

10 }

11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {

2 int y;

3 y = 3;

a ++y;

. if (x >= -5) { x: [-5,2]
— ¢ if (x <= 2) { y: [4,4]

7 y =yt x;

8 A[y]

0 }

10 }

11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {

2 int y;

3 y = 3;

a ++y;

. if (x >= -5) { x: [-5,2]

o if (x <= 2) { y: [-1,6]
— 7 y =yt x;

8 A [y] 00 o

0 }

10 }

11 }
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Symbolic Range Analysis: Beispiel

1 void test(int x) {

2 int y;

3 y = 3; v 0 5

a ++y;

5 if (x >= -5) {

o if (x <= 2) { Aly): T TTTTTTTTTTI

7 y =7 *t % 7 T
- s Aly]... Afo0] A[6]

° }

10 }

11 }
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Parallelisierbare Schleifen

e Welche Schleifen kdnnen annotiert werden?
e Spezialfall:

- Samtliche Datenabhangigkeiten innerhalb des Rumpfes
- Induktionsvariable steigt linear mit Steigung 5 > 0
- Array-Zugriffe Range maximal S breit

o Mehr existieren

— Nicht von DawnCC abgedeckt
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Parallelisierbare Schleifen

e Welche Schleifen konnen annotiert werden?
e Spezialfall:

- Samtliche Datenabhingigkeiten innerhalb des Rumpfes
- Induktionsvariable steigt linear mit Steigung 5 > 0
- Array-Zugriffe Range maximal 3 breit

+ for (int i = 1; i < mn; i += 2) {
2 int tmp = log(i);

3 A[i] = A[i-1]1 + A[i]l + tmp;
a}

— Parallelisierbar
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Parallelisierbare Schleifen

e Welche Schleifen konnen annotiert werden?
e Spezialfall:
- Samtliche Datenabhingigkeiten innerhalb des Rumpfes

- Induktionsvariable steigt linear mit Steigung 5 > 0
- Array-Zugriffe Range maximal 3 breit

1 for (int i =
2 A[i] = A[
s }

1; i < n; i += 2) {
i-1] + A[i+1];

— Nicht parallelisierbar
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Parallelisierbare Schleifen

o Welche Schleifen konnen annotiert werden?

e Spezialfall:
- Samtliche Datenabhingigkeiten innerhalb des Rumpfes
- Induktionsvariable steigt linear mit Steigung 5 > 0
- Array-Zugriffe Range maximal 3 breit

1 for (int i
2 y[l] =
s

0; i < n; ++i) {
* x[i] + y[il;

a

— Parallelisierbar
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Parallelisierbare Schleifen

o Welche Schleifen konnen annotiert werden?

e Spezialfall:
- Samtliche Datenabhingigkeiten innerhalb des Rumpfes
- Induktionsvariable steigt linear mit Steigung 5 > 0
- Array-Zugriffe Range maximal 3 breit

1 for (int i
2 y[l] =
s

0; i < n; ++i) {
* x[i] + y[il;

a

— Parallelisierbar, wenn ...
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Pointer Restrictification

e Vermeiden von pointer aliasing

— Wenn memory bounds nicht iiberschneiden

Kein aliasing von pointern p und g mit ranges [I,, up] und [lg, ug] wenn:
p+lp>q+ugoder g+ lg > p+ up.
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Pointer Restrictification

e Vermeiden von pointer aliasing

— Wenn memory bounds nicht iiberschneiden

Kein aliasing von pointern p und g mit ranges [I,, up] und [lg, ug] wenn:
p+lp>q+ugoder g+ lg > p+ up.

e DawnCC: conditional directives

— Verringert data dependences — mehr Parallelisierung

14/19



DawnCC Beispiel: saxpy

1 void saxpy(float a, float* x, float* y, int n) {

2 for (int i = 0; i < n; ++i) {
3 y[il = a * x[i]l + y[il;

4 }

5 }
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DawnCC Beispiel: sa

void saxpy(float a, float* x, float* y, int n) {

10

"
=

12

13

}

long long int tmp;
tmp = n - 1;
char x_y_alias_free = ((x > y + tmp) ||
(y > x + tmp));
omp target data \
map(to:x[0:tmp+1]) map(tofrom:y[0:tmp+1]) \
if (x_y_alias_free)
omp parallel for if(x_y_alias_free)
for (int i = 0; i < n; ++i) {
yl[il = a x x[i] + y[il;
}
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Coalescing

omp target data map(tofrom: x[0:n-1])
parallel for

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

x[1] += 1i;

omp target data map(tofrom: x[0:n-1])
parallel for

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

x[1] *= 2;

© © N o o A W N K
=
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Coalescing

1 omp target data map(tofrom: x[0:n-1])
2
{
3 parallel for
4 for (int i = 0; i < n; i++) {
5 x[1] += 1i;
o }
7 parallel for
8 for (int i1 = 0; i < n; i++) {
° x[1] *= 2;
10 }
11 }
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DawnCC Vor- & Nachteile

4 Findet Parallelisierbarkeit die ein Mensch evtl. nicht findet

H_

Coalescing: Optimiert in hoher Komplexitat

Verringert Lesbarkeit & Maintainability
e clutter
e coalescing

— Verringert ggf. Performance

e Viele kurze Loops

e Alias checking

— Schedule & move overhead

e Benutzerdefinierte Datenstrukturen

— als Teil groBerer Pipeline im Backend
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DawnCC Zusammenfassung

Source-to-Source Compiler

Automatisiertes Einfiigen von Parallelisierungsdirektiven

— Accelerator Offloading

Erhoht Komplexitat & Compiletime
e Verringert ggf. Laufzeit und Maintainability

— Nicht fiir jedes Programm angemessen
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DawnCC Online Version

http://cuda.dcc.ufmg.br/dawn/index. php

Automatic Parallelization of Code for Mobile Devices

DCC
—

ICEx UF%G

A project sponsored by LG Electronics

DawnCC

The DawnCC tool is a compiler module that estimates the size of dynamically allocated data structures, such as arays and
vectors, In C and C++ programs. It was developed as part of our Dawn project, whose goal Is to automatically detect
parallelizable code in C/C++ programs, and statically alter their source code to include OpenACC or OpenMP directives that can
then be Interpreted by compatible compllers to generate machine code that optimizes parallel tasks to be run on SIMD
architectures, when avallable.

You can see the tool in action by submitting your own C/C++ code. Simply type a valid program in the box, o upioad the
program’s source file to run the analysis, and you wil receive a modified version of your program's code with the parallelization
directives automatically inserted, when applicable. For an interesting use case and examples of annotated code, you can read
this presentation, where DawnCC was used to compile FFmpeg and VLC Media player. More information about our tool is
available in the following publications:

« Automatic Insertion of Copy Annotation I Data-Parallel Programs (Paper, Slides)
» DawnCC: a Source-to-Source Automatic Paralielizer of C and C++ Programs (Paper)
« DawnCC: Automatic Annotation for Data Parallelism and Offloading (Paper) ACM TACO

Universidade Federal de Minas Gerais
Department of Computer Science
Compilers Lab

orpilers
aboratory

1 Example coe, simple array accessing
void funcint a) { l
{100}

inti
for (1= 01 < a;1++) (
PR+ 1

Type the code in the box above or select a C/C++ file to upload. ? Browse.. | Nofile selected,
Choose the output:

Pass statistics. ? || Only annotate parallel loops. ? || Coalescs memory copies. 2
Choose the type of pragmas to be annotated:

Oopenacc ) openmp 4.07

DawnCC Tutorial
Source Code.

I'm not a robot

Compile Source Code
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Symbolic Range Analysis: Beispiel IR

1 define void @test(i32) #0 {

2 %2 = alloca i32, align 4

3 %3 = alloca i32, align 4

4 store 132 5, i32x %3, align 4
5 %5 = add nsw i32 %4, 1

6 store 132 %5, 132 %3, align 4
7
8

1 void test(int x) {

> int v %6 = load i32, i32% %2, align 4
= 3. %7 = icmp sge 132 %6, -5
3 Y = 3 9 br i1 %7, label %8, label %15
o 10
a4 ++y 9
X 11 8:
5 if (X >= —5) { 12 %9 = load i32, i32* %2, align 4
3 - 13 %10 = i le i32 %9, 5
. if (x <= 2) { 40 = icmp sle 132 % .
14 br i1 %10, label %11, label %15
7 y =y +t X3 15
16 11
O A [y] 0coo 17 %12 = load i32, i32% %2, align 4
9 } 18 %13 = load 132, i32* %3, align 4
} 19 %14 = add nsw 132 %13, %12
10 20 store i32 %14, i32x %3, align 4
11 } 21 br label %15
22
23 15
24  ret void



DawnCC Beispiel: saxpy

1 void saxpy(float a, float* x, float* y, int n) {

2 long long int AI1[6];

3 AI1[0] = n + -1;

4+ AT1[1] = 4 * AI1[0];

5 AT1[2] = ATI1[1] + 4;

6 AT1[3] = AI1[2] / 4;

- AI1[4] = (AI1[3] > 0);

s AI1[5] = (AI1[4] 7 AI1[3] : 0);

° char RST_AI1 = 0;

10 RST_AI1 |= !'(((void*) (x + 0) > (voidx*) (y + AI1[5]1))
11 [l ((void*) (y + 0) > (voidx) (x + AI1[5])));

12 #pragma omp target data map(to: x[0:AI1[5]]) (tofrom: y[0:AI1[5]]) if ('RST_AI1)
13 #pragma omp target if (!RST_AI1)

14 #pragma omp parallel for

15 for (int i = 0; i < n; ++i) {
16 y[i]l = a * x[i] + y[i];
17 ¥

18 }
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