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a“inea Allinea Software

e Software tools company since 2001
- Allinea DDT - the scalable parallel debugger
- Allinea OPT - the optimization tool for MPl and non-MPI

- Users at all scales - at 1 to 100,000 cores and above
- World's only Petascale debugger!

Simplifying the challenge of multi- and many-core development

- Bugs at scale need a debugger at scale
e ... until recently debuggers limited to ~4,000-8,000 cores

- Bugs on GPUs need a debugger for GPUs
e ... until recently GPU software couldn't be debugged
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allinea Some clients and partners

nvipla
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a“inea Collaborations

%g‘(\F Partnership to develop Petascale debugger with NVIDIA support

National Laboratory

University of California

M Lawrence Livermore  Partnership to develop Petascale/ Exascale tools and standards
National Laboratory

A,gome‘ Partnership on Full Scale debugging on IBM Blue Gene /P & /Q

Allinea DDT is “Debugger of Choice” on NERSC 5 and NERSC

‘ 6 and first implementation on CRAY XE6
e Partnership with CEA French Atomic Energy Authority on scalable
programming and CUDA

Partnership on Keeneland project to help solving software
challenges introduced by mixed architectures




allines Debugging kernels

e Set breakpoints

— Automatically stop on
kernel launch

- Stop at a line of CUDA
code

&
. CUDA Threads Block | 0 [3][ o [3] Thread [ 15 [5][ 15 B[ o [5] Go Grid size: 32
Project Files & ® b

- Hover the mouse for more  [@eoese S
. . + S Source Tree ,1:28 Eoi,oé,o}i]"
iInformation - o -
23 j/f 20 convolutien filter using global memary
24 {_global_ void convzd_globaliuchard* in, uchard* out, int
25
e Step a warp e soongoc oo
28 int index = [y * width + x);
_ FOl IOW the |Og iC Of g; floatd output = make floatal{o.of,0.60f,0.0f, in[index].w
N S ommmeel
| th th h oriint cy=-1; cy<=1; cy
individual threads throug R
the kernel 35 Ior(int cx=-1; cx==1; ++cx)
37

e ... 0rjustrun through to
a crash
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allines Handling regular bugs

 Immediate stop on crash

— - Segmentation fault, or
other memory problems

I -
Lo e - Abort, exit, error handlers

~|' Current Line(s)

ol e _ CUDA errors

do k=1, 3

do1=1, 3
(i, §) = c(d, j) .
PR LR R R | e Scalable handling of
end do @ Distributed Debugging Tool

w Ay oo error messages

Process stopped in convolute (array.f90:147) with

1 signal Segmentation fault. d
B ® [ Input/Output* ] Breakpoints | Watchpoin Reason/Origin: invalid permissions for mapped 1 [ ) Le a p S to th e p ro b I e m
Stacks (Al Ehies _ o s
- Your program will probably be terminated if you -
Processes Functon | o tinue.

1200 I=mMain You can use the stack controls to see what the - S O u rC e C O d e h i g h I i g h te d

12001 Smainf (arrayfa0:77) process was doing at the time.
1200 . convo

¥| Always show this window for signals

o Corire | 5o - Affected processes shown

: - Process stacks displayed
clearly in parallel
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allines Simplifying kernel scale

* View all threads In
parallel stack view

- At one glance, see all GPU
and CPU threads together

[ Input/Output ] Ereakpoints Watchpoints Tracepoints Stacks (All) |

L} | ] | ]
- Links with thread selection = mw I
Processes GPU Threads  Function =
R 8 0 ?u;lc-ne
- PI C k a tre e n O d e to Se I e Ct : E _s?t;g:::zr::ii_async_thread (btl_openib_async.c:343)
one of the CUDA threads | oo
. g 0 ?Tain (simpIeMPI.Fpp:QEJ .
at that location e oo oo iy
| Y sirnpleMPIKernel (simpleMPl.cu:39)
1 32 LsimpleMPIKernel (simpleMPlcu:42) z

* Full MPI support

- See GPU and CPU threads
from multiple nodes
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allines Finding the cause

e Full data browsing

- LOca| and current |ine(S) Locals | CurrentLine(s) | CurrentStack
variables Locals 2
« Show variables relevant e B I
to current position o j
- angv Ox73b6c3led
* Drag in the source code - (argy) |
for more - beingWietched 0
« C, C++, F90 o
- desf 32767
e Shows memory type for S dynamicArray  0x219e890
C U DA *(dynamicArray) 0
- register, shared, ... Trengen Ox7mb6e3s20 |
. \ \ ~1_|Value changed k|
* Smart Highlighting {12 processes equa -

- Scalable and fast
automatic comparison
and change detection
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=] ‘ir'\ea A typical CUDA error

e Grid/block size problems

- Incorrect dimensions lead
to incomplete results S e .

e Easy to see with DDT

- Use the multi-dimensional
array viewer to look at
data and find the rough
edges

- 3D display and filtering
support

- New: displays data from
multiple processes
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a“inea A more serious error

e Grid/block size problems

- Sometimes lead to worse
consequences: over-

- [o[o 3% REELEEIA- D~
W rl t I n g g O O d Va I u e S ’ O r HCurrent Gmup:lAH jFucus on current: & Process ¢ Thread ‘l_ Step Threads Together
C ra S I n g CUDA Threads (Process 0) Block [ 0 =4 [0 = Thread [52 [0 [0 = Go Grid size: 1x1 Block size: 64x1x1

Project Files 2 X | o prefixcu @ | Locals | cur
7y 3 il enu = enustUULKLIUR . X1 B
® 75 outlx] = inlx] + end; Locals
76}
& Project Files 77 ‘ariable Narmme
i 78 -
¥ £ Source Tree 79 __global__ void gathersumends{int ®in, int ®out) x
' . 88 7
#  Header Files al int x = threadldx.x + blockldx.x * BLOCK SIZE; out
— #- 9 Source Files a2 if (x> @) ]
53 outlx] = inlx * BLOCK SIZE - 1]
) else
85 autlx] = 0:
a6 }

“CUDA memcheck” errors

Process stopped in gathersumends <==(1,1),

. o
A mode of execution e L .
Input/Output* | Breakpoints [Process ) | Watches  Sta CUDA_EXCEPTION_1.

Your prograrn will probably be terminated if you nl
] " 1 Stacks continue, L
S I I I I I I a r to D D I S b e 0 n d |Thraads |CuDAThread5 |Functiun You can use the stack controls to see what the
1[0 | 32 s gathersumends [prefix.ou process was doing at the time.
gathersumends (prefix. ¥ always show this window for signals
1] 0 [ I=imain [prefix.cu:193)
b O U n d C h e C kS fO r C P U 1B oL Houdssummer (prefix.cui143) - Gmmaae |||

1] [ E— prefixsum (prefix.cu:119) T

programming
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a“inea

Latest DDT CUDA news

Session Control Search View Help
rEa S BEBBIEEIO-D-
Current Group Focus on current: @ Process Thread

Step Threads Together

o

CUDA Threads (Process 0) Block

Project Files ® | ™ edge.cu

Grid size: 32x32 Block size: 1

:;Q output.y += (float)element.y * convl[cy+1][cx+1];

output.z += (float)element.z * conv[cy+1][ex+1];
& Project Files
#- 9 Source Tree -
+ [ Header Files

+- 9 Source Files 7

out[index] = make_uchar4(output.x, output.y, output.z, output.w);

/// 2D convolution filter using global memory
__global__ void conv2d_global (uchar4® in, uchar4* out, int width)

int x = threadIldx.x + blockIdx.x * BLOCK_SIZE;
int y = threadIdx.y + blockIdx.y * BLOCK_SIZE;
int index = (y * width + x);

float4 output = make_float4(0.0f 0.0f 0.0f in[index].w);

#pragma unroll
for(int cy=-1; cy<=1; ++cy)
{

12 #pragma unroll
)3 for(int cx=-1; cx<=1l; ++cx)

4 {
5 uchar4 element = in[x+cx + (y+cy)*width];
output.x += (float)element.x * conv[cy+1][cx+1];
7 output.y += (float)element.y * conv[cy+1][cx+1];
B output.z += (float)element.z * conv[cy+1][cx+1];
}
out[index] = make_uchar4(output.x, output.y, output.z, output.w);
&l [ [v] (4] /home/nferrington/cuda/edge/edge cu:85 ¥
1 Thread: #2
Breakpoints (Process 0) ] Watches  Stacks
Stacks 1152 GPU threads:

<=<<(25,2),(0,10,0)>>> _ <<<(25,2),(15,15,0)>>> (96 threads) [1048576 1
<=<=<(28,00,(0.0,0)=>> .. <=<<(28,0).(15.1.0)>>> (32 threads) plocks, 1t
<<<(28,0).(0,8,0)>>> .. <=<(28,0),(15,11,0)>>> (64 threads)

Threads CUDA Threads  Function

100 37376 [C-convd global ledge.cu:82) |- 55/0)(0,12,0)>>>  <<<(28,01,(15,13.0)>>> (32 threads)
1 13121 rconv2d_global (edge.cu:83) |<<<(28,0),(0,14,0)>>> .. <<=<(28,0),(15,15,0)>>> (32 threads)
10 7360 onv2d_global (edge.cu:84) ..
1] 1152 [ ]! +conv2d_global (edge.cu 85)

-
1] 0[] “main (edge cu:155)

Type here ('Enter’ to send):

www.allinea.com

SDK 3.1 and SDK 3.2

- Available now in DDT
e Multi-device support
 Fermi and Tesla support

e CUDA Memcheck support
for memory errors

e MPI and CUDA support for
GPU clusters

* Breakpoints, thread
control, and data
evaluation

e Stop on kernel launch

e SDK 4.0 in progress

e C++ kernel debugging
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allines Using DDT on Keeneland

« DDT 2.6.1 is installed and is default

_ To add DDT to your session:
¢ module load ddt

- Presently requires CUDA 3.2
¢ module load cuda/3.2

« Recompile your application to support debugging
_ More than ordinary “-g” - requires “-G” as well

% nvcc -g -G prog.cu -0 prog

- Make copy of the sample and build it
% cp ~dlecomber/prefix.cu ~
% nvcc -G -g prefix.cu -o prefix
- MPI applications supported too - but not today's session
o “Just” add “-G -g” to the nvcc usages

o ~dlecomber/SimpleMPI/src/SimpleMPI has a Makefile that works - feel free to use it
later!
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a“lnea Using DDT on Keeneland

 Now to start debugging

- Load DDT:
% ddt

- Choose “Run and Debug”
- Select “prefix” using the file browser

- The prefix example is not MPI - but it is CUDA
e Tick “Run without MPI support”
e Untick “Run without CUDA support”

- Click “Submit”

- NOTE - DDT submits your job to the queue - including for
scalar jobs on Keeneland - by default

- .... and now for the real debugging!

www.allinea.com SCALE TO NEW HEIGHTS



allinea Getting Help

 Today's example is available on our website
- http://www.allinea.com/ - Downloads/Whitepapers

e Tutorial material covers other topics

- Good exercises for learning more about debugging MPI and
what DDT can do

e Memory debugging
e Multi-dimensional arrays
* Tips and tricks for getting the most out of the debugger

- Fully worked through examples - with additional exercises
e Located at: ~dlecomber/Training on Keeneland system

e ... Allinea is here to help
- support@allinea.com is ready for you!
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