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"Debugging Is twice as hard as writing the code In
the first place. Therefore, if you write the code as
cleverly as possible, you are, by definition, not
smart enough to debug it."

Brian Kernighan
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Software Challenges in HPC

* The relentless march towards larger machines ...

* Does your application scale?
- Can it perform efficiently/effectively — or does it crash?

« Hardware flux — multicore, GPU, Intel MIC, ARM, ...

« Developing and maintaining code for many targets

« New execution models

- Are software changes introducing bugs?
e If so, how can they be fixed?

« Debugging is a vital piece of HPC development
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Bugs In Practice
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M\ forrtl: error (79): process quit (SIGQUIT)

Image PC Routine Line Source
omp-break 0000000000405400 Unknown Unknown Unknown
omp-break 0000000000404B23 Unknown Unknown Unknown

libiomps.so ©0007F6E3ATC6B93  Unknown Unknown Unknown

Aborted (core dumped)
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Some Types of Bugs

Bohr bug

« Steady, dependable bug

Heisenbug

« Vanishes when you try to debug (observe)
Mandelbug

« Complexity and obscurity of the cause is so great that it
appears chaotic

Schroedinbug

o First occurs after someone reads the source file and
deduces that it never worked, after which the program

ceases to work "
allinea
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A New' Vernacular for Bugs

e Defect

* An incorrect program code
- A bug in the code

e |Infection

* An Incorrect program state
- Abug in the state

e Failure

 An observable incorrect program behaviour
- A bug in the behaviour
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TRAFFIC

« Debugging

« Transforming a broken program into a working one
« How?

« Track the problem
Reproduce

Automate - (and simplify) the test case
Find origins — where could the “infection” be from?
Focus — examine the origins

Isolate — narrow down the origins
e Correct — fix and verify the testcase Is successful
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How to Focus and Isolate

e A scientific process?
« Hypothesis, trial and observation, ...
« Requires the ability to understand what a program is doing

e Printf
« Command-line debuggers
« Graphical debuggers

e Other options

Static analysis

Race detection
Valgrind

Manual source code review
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What are Debuggers?

» Tools to inspect the insides of an application whilst it is
running

 Ability to inspect process state

- Inspect process registers, and memory

- Inspect variables and stacktraces (nesting of function calls)
- Step line by line, function by function through an execution
- Stop at a line or function (breakpoint)

- Stop if a memory location changes

 |deal to watch how a program is executed
- Less intrusive on the code than printf

- See exact line of crash — unlike printf
- Test more hypotheses at a time
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How Debuggers Work

« Multiple methods of operation/implementation

 Interpreted interactive environments — Ruby, Perl, etc.

- Everything is under control of the implementation — easy access to the
state of the system

- Relatively easy extension to any interpreter
 Virtual/managed environments — eg. Java

- Public protocols hook into the virtual machine (ie. JDWP API)
« Insert breakpoint, inspect classes and data

 Native executables

- A harder challenge — binaries run wild under operating system control
« Examples: Eclipse, DDT, GDB, Allinea DDT
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Debugging Parallel Applications

e The same need: observation, control, ...

* A complex environment — with complex problems

- More processes, more data

- More Heisenbugs — MPI communication library
Introduces potential non-determinism

 Few options ...
- Cannot use printf or command line debuggers
« Some bugs only occur at scale

- Need to handle thousands of threads/processes
- Needs to be fast to use and easy to understand
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Debugging Parallel GPU Applications

e The same need: observation,
control, ...

« A complex environment —
with complex problems

Explicit data transfer
between host and GPU

Hierarchy of memory levels

Grid/block layout and thread
scheduling

Synchronization

Massively fine-grained
parallel model

« Debugging options ...

Processing flow
on CUDA

-
Execute parallel
in each core

©,
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About Allinea

« HPC development tools company

* Flagship product Allinea DDT

- Now the leading debugger in parallel computing

- The scalable debugger

« Record holder for debugging software on largest machines
* Production use at extreme scale — and desktop

- Wide customer base

» Blue-chip engineering, government and academic research
« Strong collaborative relationships with customers and partners
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Allinea DDT In a nutshell
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« Parallel, multi-threaded, scalar or
hybrid code
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« C, C++, F90, Co-Array Fortran, o el

Processes  Function

signal Seg fautt ¢
Reason/Origin: invalid permissions for mapped

object s
Your program will probably be terminated if you -
continue.

1200 EEMain
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You can use the stack controls to see what the
process was doing at the time.

¥ Always show this window for signals
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« Memory debugging —
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Demo

 Crashes

 Memory errors and leaks
* Deadlocks

* |ncorrect results

 GPU support

http:/lIwww.olcf.ornl.gov/kb_articles/software-jaguar-ddt/
http://www.allinea.com/downloads/ddt_training.tar.gz
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Debugging Parallel CUDA Applications

 Current status

- Software complexity

reﬂeCtS hardware x david@cuda:~/v3-0-17976fcode/ddt fexamples
- : File Edit View Search Terminal Tabs Help
complexity
J(cuda-gdb) info cuda threads
° Cuda_gdb ~ BlockIdx ThreadIdx To BlockIdx ThreadIdx Count virtual PC Filename
1 i (0,0,0) (135,0,0) (63,0,0) 832 0x000000000b4das48 prefix.
- Direct use
. (140,0,0) (0,0,0) (143,0,0) (63,0,0) 256 0x000000000b4da84s prefix.
90
Cha”englng (147,0,0) (0,0,0) (151,0,0) (63,0,0) 320 0x000000000b4das48 prefix.
. . 90
- |nd|reCt use via a (156,0,0) (0,0,0) (158,0,0) (63,0,0) 192 0x006000000b4das48 prefix.
90
(167,0,8) (6,0,0) (168,0,0) (63,0,0) 128 Ox000000000b4daB48 prefix.
debugger o0

(17,0,0) (6,0,0) (172,0,0) (63,0,0) 192 0x000000000b4da848 prefix.
90
(174,0,8) (32,0,0) (188,0,0) (63,0,0) 928 Ox000000000b4daB48 prefix.
90
(191,0,0) (32,0,0) (212,0,0) (63,0,0) 1376 0x000000000b4da848 prefix.

(0,0,0) (237,0,0) (63,0,0) 1472 0x000000000b4das48 prefix.

(239,08,0) (0,0,0) (240,0,8) (63,0,0) 128 0x000000000b4da848 prefix.
---Type <return> to continue, or g <return> to quit---Jj
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Allinea DDT and CUDA

Supports
« CUDATtoolkits 3.1 --3.2-4.0--4.1

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: |All = ]Focus on current: @ Group Process Thread Step Threads Together Step CU

i (o 1 e [

Create Group
mock [0 12) (0 120 o} mvead [0 5 (0 5[0

CUDA Threads (Process 0, simpleMPiKernel)

Project Files B | @ simpleMPl.cpp 3 = ™ simpleMPlLcu 3
Search (Ctri+K) e 34 Ty aborE lEEe) gL, ¢ ¢
- £ signal.c =

ice code

# simpleMPl.cpp

38 Very simple GPU Kernel that computes square roots of input numbers:
] 39 _ global _ L'oid simpleMPIKernel [ﬂimt * input, float * outémtl
- € slist.c ;1 :
€ snapc_base_clog a2
- € snapc_base_fns. i
- L snapc_base_ope
€ snapc_base_sele

int tid = blocklIdx.x * blockDim.x + threadIdx.x;
output [tid] = sgrt (input[tid]);

]

a4

46 tialize an array with random data (between 0 and 1
47 woid initData(float * data, int dataSize)

- € stacktrace.c 48 {
A \7 Fariint i = N. i < data@ize. {4+
1 I s D e | [¥)
Input/Outp... | Breakpoints ] Watchpoi... ] Tracepoints | Tracepoint Out... Stacks (All) | Kernel Progress Vi..
Stacks (All)
Processes Threads GPU Thread Function
8 8 0 »:fmain (simpleMPl.cpp:92)
8 8 172032 = simpleMPIKernel {simpleMPl.cu:40)
8 8 169984 ;--simpleMPlKernel (simpleMPi.cu:39)

8 8 1792 E--simple MPIKernel (simpleMPi.cu:41)

I — £ I 256 simpleMPIKernel (simpleMPl.cu:42)

Jautofs/nal home/lecomber /NVIDIA/C/src/simpleMPI/sinpleMPI. cu:d2

8 Processes: ranks 0-7
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Allinea DDT and CUDA
Core Debugging Capabillities

* The first graphical debugger for NVIDIA CUDA
— Simple and easy to use
— As easy as debugging ordinary (i.e., non-GPU) code

* Core debugging capability
— Breakpoints
— Stepping warps
— Viewing data and thread stacks within the GPU

e Supports advanced features
— CUDA memcheck — memory debugging for CUDA
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Allinea DDT and CUDA
Seamless Integration within the GUI

« View all existing threads in parallel stack view

— At one glance, see all GPU and CPU threads together
— Links with thread selection

— Pick a tree node to select one of the CUDA threads at that location

e Full MPI support
- See GPU and CPU threads from multiple nodes

Stacks (All)

Processes  Threads GPU Thread Function

8 8 0 +main (simpleMPl.cpp:92)

8 8 172032 = simpleMPIKernel (simpleMPl.cu:40)

8 8 169984 FsimpleMPIKernel (simpleMPl.cu:39)

8 8 1792 §--5impleMHl¢I&mel (simpleMPl.cu:41)

2 | 8 7 256 HEE IR <impleMPlKernel (simpleMPl.cu:42)
Jautofs/nal homne/lecomber,/MVIDIA/C/src/sinpleMPI /sinpleMPI.cu:d42
B PFrocesses: ranks 0-7
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Allinea DDT and CUDA
Kernel Progress

 Has my thread calculated the output yet ? Is it to be
scheduled ?

— Contrast with scalar programming

« Keep an eye on your kernel progress across processes

Kernel Progress View | ®
Kernel Progress

Kernels: 7
CUDA thread: <<<(1080,0,0),(0,0,0)==>>
Dimensions: <<<(10000,1,1),(256,1,1)>>>
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Array Visualization Support

& DDT - Multi-Dimensional Array Viewer

Array Expression: [ out[5il

[~]

ns: How do | view distributed arrays?

|+ Align Stack Frames
| | Auto-update

|

Evaluate

Cancel

[ | only show if: E

Data Table | Statis

< Goto kv
i 59 0
60 0
61 0
62 0
63 0
64 | 4224
65 2145
66 4355
67 2278
68 4490
69 2415

& DDT - Visualization
File View Viewpoint

Y[ Process0

 Browse arrays
¢ 1, 2,3, ... dimensions
* Table view

* Filtering
* Look for an outlier

e EXxport

e Save to a
spreadsheet
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Summary

* Bugs and Debugging
 Debugging Essentials via Allinea DDT

e Live Demo
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