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Linaro DDT Debugger Highlights
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The scalable print alternative

Memory Debugging

debug er

t 1< SIZEN; 144)
for (520§ < SIE 0; f+4)
CLIL =0

0 {i= 8 ;i< SIZE M in)
for (j=8; ] < SIZE N jee)

Tor (k=8 ; K < SIZE 0; katl

CILITTT 4= ATLTIRT * BLKITTT:

L1 (nump

ML § Frocezz 0:
Wpr A @  Frocess stopped ak wakchpoint *rank” in man (watchmatrix.c:45).
Old vaks: 0
} New value: 1074700400

) Mways show this window for watchpants

printfy b ¥ Continue I 1 Pousse Pauze Al

 (arge
for (1 =8; 1 < SIZF N; 10v)

printt {

Stop on variable change

~/demo> export NEOReadDebugKeys=1

f 1lib

pBind=1

¥ helloc X

A This fl than your program. your
B else

Aw test=-1;
5}
4%

412 void func3()
8 {

49 woid* 1= (void*) 1;
A 5o nile(in || 1)
51 free((voig*)i):
A\ poreai ity T s o type oid *. When using void pointers in calulations, the behaviour s undefined.

Left click to add a breakpoint on line 50

{
56 typeThree test;
51 typeThree* t2;
58 int i;

Static analysis warnings on

code errors

if (argu[i] 6 !stremp(argv[i], "crash)) {
argv[i] = 6;
printf("%s", *[char **Jargv[i]);
/* we shall sef

Program Stopped

) ' Processes 0-3:
funcl(); Memory ertordetected in main (hello.c:118):
func2(); nullpointer dereference or unaligned memory access

fprintf(stderr, 'T
Nate: the atter may sometimes occur spuriously if guard pages are

enabled

Tip: Use the stack list and the local variables to explore your program's

curtent state and identiy the source ofthe eror,

beingWatched = 1;

test.anotherList. |
test.c= 'p';
beingWatched = 6;

> Continu

Detect read/write beyond array

bounds

PO o P

B | r | st s, |

Detect stale memory
allocations




Terminology

NVIDIA GPU AMD GPU Intel GPU
Name CUDA ROCm Xe
Language CUDA C/C++ and Fortran | HIP SYCL
Execution Unit Warp Wavefront Sub-group
EU Size 32 Threads 64 Threads 8, 16 or 32 Threads
=U GDB GDB Thread GDB Thread
=U Thread Lane Lane (work-item)
Forge GPU Thread Lane Lane Lane

Linaro Forge
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DDT Ul

File Edit
L

Current Group

Al

1 Process controls

2 Process groups  mene QO -
3 Source Code view - = smcncose -

4 Variables — T — :;

5 Evaluate window s "f:
6 Parallel Stack TR

7 Project files ¢ e p

8 Find a file or 07}
function 5

511

Yiew Control

iE"? - A

* Focus on current

Jools Window Help

® Group

512 processes (0-511)

Currently selected:

main (hello.c:141)

1 main (hello.c:148)

o

256 processes (0.2.4.6,8,10,12.14.16.18.20.

171 processes (0.3.6,9,12,15,18.21,24,27,30,... (171 total))

Process Thread
Paused: 512 Playing: 0 Finished: 0
1 {on comp00Q, pid 1003)
(256 total)) Paused: 256 Flayin Finished: 0
Paused: 171
£ helloc X
sprintf(message, “Greetings from process %d!*, my rank); -
printf(“sending message from (%d)\n", my_rank);
dest = 0;
* Use strlen(message)+l to include '\@' */
MPI_Send(message, strlen(message) « 1, MPI CHAR, dest, tag, MPI_COMM WORLD)
beingwWatched--;
{

ny rank == 9 ¢

(source = 1; source < p
printf(“waiting for message
MPI Recvimessage, 180, MPI_CHAR,

source++) {
from (%d)\n

source,

, sSource);
tag, MPI COMM WORLD, &status);

printf(“%s\n", message);:

beingWatched+s+;

}
{i=1; 1< argc; i++)
(argvii] &K !stremplargv(i], "mencrash®))
func3();
(1« 1; 1 < arge; 1++)
(argvii] &5 'stromplargvlil, er*))
) : »
Tracepoints  Tracepoint Output  Logbook Evaluate
»se Name Value
== bigArray(3)
my_rank |
x+y

Locals  Current Line(s)

Locals

Name

angc

argv
beingWatched
bigAray

dest
dynamicArmay
environ

i

message
my_rank

p

source

status

t2

tables

tag

b test

x 0

y

—— 80003

— 10012

Current Stack
*
Value
— 1

— 0

— 50

— 10000
— 12

=]
®
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Debugging Intel Xe GPUs

Using Linaro DDT

Debug code simultaneously on the GPU and the
CPU

Controlling the GPU execution:

° All active threads in a Sub-group will execute in
lockstep. Therefore, DDT will step16 threads at a time.

° Play/Continue runs all GPU threads

U Pause will pause a running kernel

Key (additional) GPU features:
Kernel Progress View

GPU thread in parallel stack view
GPU Thread Selector

GPU Device Pane

Kernels must be compiled with the -g and -O0 flags

Al

Show processes

Create Group

CIEE]EE]

[<]-] Project Files " matrix_mul_sycl... Current Line(s) | Locals | Current Stack
Search (36K) < 48 cout << "Device: " << q.get_device().get_info<info::devic @O GPU Devices
- 49 // Create 2D buffers for matrices, buffer c is bound with “":’a‘::s't'g: alis
2 50 buffer<float, 2> a_buf(range (M, N)); Intel(R) Data Center GPU Max 1550
Z e buffer<float, 2> b_buf (range (N, P)); IDs
. 52 buffer c buf(reinterpret cast<float *>(c_back), range (M, Cores 448
. 53 cout << "Problem size: c(" << M << "," << P << ") = a(" <
¢ 54 << ") * b(" << N << ", " << P << ")\n";
m 55 // Using three command groups to illustrate execution ord\I
56 // first two command groups for initializing matrices is
® _anona07db4f60102(aut¢ 57 // efficient way. It just demonstrates the implicit multi:
s o] |G| 7 Saecition Sxdering
(:):anonao7db4f604021aul 59 // Submit command group to queue to initialize matrix a
® __anona07dbaf60502(aut 60 v q.submit ([&] (auto &h) {
® __anona07dbaf60602(aut 61 // Get write only access to the buffer on a device.
® main() : int 62 accessor a(a_buf, h, write only);
® ValueSame(float afloat b) 63 // Execute kernel.
® VerifyResult(float (* c_bac 64 v h.parallel_for(range (M, N), [=](auto index) {
. 65 // Each element of matrix a is 1.
. Q 66 alindex] = 1.0f;
c 67 12
€ 68 12l
T ~0 // Quhmit ~ammand carnnn ta ciens to initialize matriv h
s
Input/Output | Breakpoints | Watchpoints | Stacks (All) Tracepoints | Tracepoint Output | Logbook | [x]-} Evaluate
06 Kernel Progress View Name Value
Kernel Processes Progress M — 150
N — 300
main::{lambda(auto:... o-1 il
[ not scheduled [I] scheduled [l selected How do | interpret GPU kernel progress? |Type: const int

@@@-@-@---@@@@@-
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Parallel Stack View

Input/Out... | Breakpo... | Watchpoi... B SN HEI T Kernel Progress V... Tracepo... | Tracepoint Out... | Logb...

00 Stacks (Process 0)

Threads GPU Thread Function

1 39734 main::{lambda(auto:1&)#1}::operator()<sycl::_V1::handler>(sycl::_V1::handler&) cc
1 7680 main::{lambda(auto:1&)#2}::operator()<sycl::_V1::handler>(sycl::_V1::handler&) cons
1] 161  main:{lambda(auto:1&)#2}::operator()<sycl::_V1::handler>(sycl::_V1::handler&) cor
1 7664 main::{ /home/rshand/examples/matrix_mul_sycl.cpp:76

1 0 main (mati

Kernel 2: 16 GPU threads
<<<(0,0,0),(128,0,0)>>> ... <<<(0,0,0),(135,0,0)>>> (8 threads):
<<<(0,0,0),(128,1,0)>>> .. <<<(0,0,0),(135,1,0)>>> (8 threads)|

Display location and number of
threads

Click item:
o Select GPU Thread.
o Update variable display.
o  Move Source Code Viewer.

Tooltip displays:
o  GPU Thread Ranges.
o  Size of each range.
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Python Debugging

Linaro DDT - Linaro Forge 23.1

+ Debug Features BE 2 E R NRE ® >
+ Sparklines for Python variables Current Group: (AL . Process © Thread
+ Tracepoints i
. reate Group
® MDA Vlewer x & Project Files mmult... Locals Current Line(s) Current Stack
. 3 @ nr == 0: Locals
+ Mixed language support - . R R Voo g
. :z:‘r':;' : ) ; . :i?;zr:_estyle_array_“. =;":|z;py‘"
+ Improved Evaluations: o ' ; S — i
. . B 1zma.py kernel RCE
° Matrlx ObjeCtS > machinery.py ° - ma;_:
. & main. i z yle_. nat_a) mat_|
+ Array objects , maﬁuiis,,y (e, y at o
@ matfuncs.
+ Pandas DataFrame . 3 (N I NN hon
+ Series objects . | o2
(i+1) *msli
& memmap.py (i+1) *msli
o Py‘thon Specific: Input/Output Breakpoinm Evaluate
Stacks (All) Name | Value
° i rocesses | Function ~ mslice
Stop On uncaught Python exceptlon _r ‘f<m‘0(liule>‘(aIIinea_ddt_trace.py:155)‘ nproc ::12
+ Show F-string variables ——— i

main (mmult.py:134)

+ Mpi4py, NumPy, SciPy

ddt --connect mpiexec -n 8 python3
%allinea_python_debug% ./ mmult.py
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Run DDT in offline mode

Run the application under DDT and halt or report when a failure occurs

You can run the debugger in non-interactive mode

e For long-running jobs / debugging at very high scale
e For automated testing, continuous integration...

To do so, use following arguments:
e S ddt --offline --output=report.html mpirun ./jacobi_omp_mpi_gnu.exe
o --offline enable non-interactive debugging
o --output specifies the name and output of the non-interactive debugging session

e Html

e Txt
o Add --mem-debug to enable memory debugging and memory leak detection

ddt --offline -o jacobi_omp_mpi_gnu_debug.txt \
--trace-at _jacobi.F90:83,residual \

mpiexec ./jacobi omp mpi gnu.exe
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The Forge GUI and where to run it

DDT provides a powerful GUI that can be run in a variety of configurations.

mydesktop mycluster-login

Compute Nodes
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Remote connection to AWS

Linaro
Forge

/ Linaro
¢ DDT

Linaro
MAP

Get trial licence
Support
linaroforge.com

@ Remote Client ?

Run and debug a program.

Attach to an already running program.

Open a core file from a previous run.

Manually launch the backend yourself.

OPTIONS

Remote Launch:
Configure...

QuIT

Remote Installation Directory:

Help

Connection Name:

Host Name:

Remote Script:

Private Key:

KeepAlive Packets:

Interval:

Remote Launch Settings

Aurora|
rshand@login.aurora.alcf.anl.gov (V]

How do | connect via a gateway (multi-hop)?

Jopt/aurora/24.347.0/support/tools/forge/latest

Optional

Optional

Always look for source files locally
Enable

Test Remote Launch

Cancel
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Debug with DDT on Aurora

mpicxx —fsycl —g -00 matrix_mul_sycl.cpp —o matrixmul
gsub -1 select=2 -1 walltime=30:00 -1 filesystems=flare -A gpu_hack —-q gpu_hack_prio -I
. /soft/compilers/oneapi/2025.1.0/debugger/2025. 1/env/vars.sh

https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking—-the-ddt-server—-from-aurora

ddt —-np=24 —--connect —-—-mpi=generic —--mpiargs="--ppn 12 ——envall" ./matrixmul


https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking-the-ddt-server-from-aurora
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Thank you

Go to www.linaroforge.com
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