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The Allinea Environment: Benefits

« At last: a modern integrated environment
for the HPC developer

« Supporting the lifecycle of application
development and improvement

« Productively debug code N ‘

« Enhance application performance | ._
°P i allinea |

environment

« Designed for productivity
» Consistent integrated easy to use tools
* Enables effective HPC development

* Improve system usage

» Fewer failed jobs
« Higher application performance
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Allinea DDT: Fixing bugs made easy

 Atool that allows you to solve
your problems faster

« Control threads and processes
en-masse

« Syntax-highlighting source
browser

 Parallel stacks and variable
views that highlight divergence

» Supports the latest in MPI,
OpenMP, CUDA and more

« CUDA 5.0 and Kepler K20
 Intel Xeon Phi coprocessor

| Locals | Current Line(s) \ Cument Stack
Locals ®
Variable Name Value 4
alys. )
i.argu Ox 7fffffifd1a8
-beingWatched —0
+-bigArray
-(lest — 32767
+-dynamicArray 0x7ffff081558
+-environ Ox7fffffffd1b8
- — 32767
-Mmessage "
-my_rank o Uh
P " lype:int
~source ~ "41/8 processes equal
+-5tatus
J:,.tz 0x7ffff7fcefco
Htahlae
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Allinea DDT: Proven to the extreme

« Scalability by design Stacke (A1)

Frocesses  Function

« User interface that scales o B e
. 150120 Hmain
° H|gh performance tree 150120 2 pop (POP.f0:81)
i 150120 Zinitialize_pop (initial £90:119)
architecture 150120 % init_communicate (communicate 9087)
180119 ] E--create_ncn_mmmunicatur (communicate f290.300)

* Proven performance at : Gl T R
Petascale rapuvaam
« Measured in milliseconds . =

k=1,
do 1 =1, 3

* Routine use at 100,000+

nnnnn

Process stopped in convolute (aray30:147) with

D) — e —————r
C O re S ¥ inpuyOurpur | Breakpoints | Watchpoints ReasonjOngin invabd pemissions for mapped
Stacks (All) object

o Your program will probably be terminated f you
Processes _Function Sl

[ 3
You can use the stack controls 1o see what the

process was doing at the time.

[ ]
1200 B ~mainf (anayf90 77)
1200 el ¥ Aiways show s window for signals

5
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Allinea DDT: More than debugger

* |ntegrated automated
detection of bugs

 Static analysis

« Memory leaks and errors
* Open plugin architecture

 MPI checking tools

» Offline mode - debug In
batch mode

threads = calloc(sizeof(pthread t), nthreads);
ids = calloc(sizeof(int), nthreads);

init mutex();

pthread mutex lock(mutley);
for (i = 0; i < nthreads; ++i) {
ids[i] = i;
pthread create (threads + i, NULL, &thread,
pthread mutex unlock(mutley);
for (i = 0; i < nthreads; ++i)
pthread join (threads[i], NULL);

return 0;

i |
rror Memory leak: threads

rroxr Memory leak: ids

oid *q)

L

volatile int busy = 0;
volatile int locker = 8;
int 1, j;

double k = 1;

int tid = *(int*) q;

/* to be amended by

usleep(rand() % 31);

[l
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Embracing GPUs

GPUs — a rival to traditional processors
» Great price/performance ratios

New languages, compilers, standards

« CUDA, OpenACC, OpenCL, ...

HPC developers need to consider

» Data transfer

» Multiple memory levels

 Grid/block layout and thread scheduling
« Synchronization

Bugs are inevitable

Main

Memory _@

Copy processing data

i Copy the result I
Memory

[Instruct the processing)

for GPU

GPU
(GeForce 8800)

Processing flow

in each core

[ Execute parallel ]
©

s Canen)
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Allinea DDT and CUDA

Supports
* CUDAtoolkits 3.1 --32-40-41-42-5

Makes use of
- NVIDIA C/C++ compiler - nvcc
- NVIDIA debugger - cuda-gdb

Execution model is unusual

- GUI work required to support 32-thread units
(warps) in blocks and grids

Mixed GPU/CPU in one interface
- Interaction with CPUs

- Easy to switch between contexts (stacks,
threads, data...)

- Support multiple nodes

|| current Group: INI

| Search (Ctri+K) ‘:ﬁ 34 m;.- abmtlerr] ]
T
+ [ signal.c = . D I
' 37 Device cede
+- ™ simpleMP.cpp 38 zimple GPU Kernel ti & 1 nunbery

- IFucus on current: @ Group Process Thread Step Threads Together Step CU

o | (o [ e [

Create Group

CUDA Threads (Process 0, simpleMPiKernel) Block = % 0 %imread 0 H: m%{l ) H:
Project Files B | ™ simpleMPI, cpp 3 | ™ simpleMPi.cu M

_Gllnhsl_ voi.d uhwleﬂ?ﬂerml[!lntt . input tio-t » ou.!:wt)

T & simpleMP.cu .
‘  slist.c 41 int tid = blockIdx.x * blockDim.x + threadIds.x: |
+ ¢ snapc_base_clos az output [tid] = sqrt (input([tid]);

+ € snapc_base_fns ' :

+ & snapc_base_ope

: Initialize with random data (between and 1

4 '€ snapc_base_seld Fal

i - - 17 wvoid mltﬂatn(:loat * data, int data.ﬂzel

+- € stacktrace.c 48 [

i = a9 fariint i = N- i < datadizs. it+)
Al LB K| [ [»]

Stacks (All) | Kernel Progress Vi..

INput/Outp... | Breakpoints | Watchpoi... | Tracepoints | Tracepoint Out...
Stacks (All)

Processes Threads GPU Thread Function

g 8 0 +main (simpleMP!.cpp:92)

g 8 172032 2 simpleMPIKernel {simpleMPl.cu:40)

] 8 169984 |-simpleMPIKernel (simpleMPlcu:39)

8 8 1792 mpleMPIKernel (simpleMPl.cu:41)
g—T

[— | 256 HEE

Jiautu:sjnal __home/lecomber /NVIDIA/C/src/sinpleMPI/sinpleMPI. cu:d2

8 Processes: ranks 0-7
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Allinea DDT - CUDA Debugging++

* Productively debug your parallel CUDA code

* Completely understand your parallel CUDA code

* Interact with data, algorithms, codes, programs and applications in
real time

* Develop your parallel CUDA code from scratch

* Port parallel algorithms, codes, programs and
applications to CUDA

* Scale your CUDA algorithms, codes, programs and
applications
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Summary

Allinea Environment In context
Debugging via Allinea DDT

Debugging Parallel CUDA Applications

e Demo

Call to Action

 Evaluate Allinea DDT
http://Iwww.allinea.com/products/ddt-trial
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