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HPC development Solutions from Linaro

Build reliable and optimized code on multiple Server and HPC architectures

Linaro Forge combines

\K W= ]
Linaro DDT Linaro MAP Linaro
Performance Reports
Market leading, simple to use Effortless performance
HPC debugger for C/C++, analysis for experts and At a glance, single-page, application
Fortran and Python novices alike. performance summary.
applications.
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gdb under the hood

Leveraging the gdb community w =N

O\ AN
GDB is the underlying technology ./% /
e Linaro upstreams patches to the gdb community O‘\i(
e Forge team raises and fixes gdb bugs -~
Nimble at supporting new technologies —— L
e Rely on hardware vendors to add gdb support o 4
e Rely on software consortiums to add gdb support J )
e Helps us to stay current with technologies oS >/7
e Provides a state of the art debugger .
@Z/f
e 0/7/ //
° z o— o T
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Scaling gdb

Tree network topology
e Tree server design is how Forge is able to scale
e Send bulk commands and merge responses
e Aggregate the data instead of broadcasting thousands of responses
e Multiplex for tooling memory reduction (up to 80% reduction)

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

No multiplexing Multiplexing at M:N
Forge Backend |, I : Forge Backend |, » )
Coroutine (0) «> GDB (0) «> Inferior (0) Coroutine (0) < Inferior (0)
> Multiplexer <> GDB (0) ;
Forge Backend |, P . Forge Backend I .
Coroutine (1) [ 7 o8 () U Inferior (1) Coroutine (1) 7y 7'y : —> SRR
GDB (M) | >
Forge Backend |, 2 VN : i Forge Backend |, < ) i
Coroutine (N-1) [€ > GDB (N-1) <> Inferior (N-1) Coroutine (N-1)  [€ Inferior (N-1)
Forge Backend |, | R . Forge Backend o X
Coroutine (N) [~ Goa M) e Nl Coroutine (N) »  Inferior (N)
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DDT Supported platforms

[Intel MPI} [ Svel [MPICH] [Open MPI] [] e Programming Models

L o/

[ RHEL7+ [ SLES 15 j [ Ubuntu 20.04+ W W

AMD ROCm NVIDIA CUDA Intel Xe-HPC GPU Accelerator

‘ Intel (x86-64) l | AMD (x86-64) I | arm (aarch64) I CPU Architecture
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DDT User Interface

1 Process controls

2 Process groups

3 Source Code view

4 Variables

5 Evaluate window

6 Parallel Stack

7 Project files

8 Find a file or function

Compile with -g -O0
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File Edit Yiew Control Jools YWindow Help

5 ? N ! ! © o
Current Group * Focus on current: © Group Process Thread
o 512 processes (0-511) Paused: 512 Playing: 0 Finished: 0
Currently selected: 1 (on comp00O, pid 1003)
256 processes (0.2.4.6,8,10,12.14.16.18.20.... (256 total)) Paused: 256 Flay hed
171 processes (0.3.6.9,12,15.18.21.24,27.30,... (171 total)) Paused: 171
Create Group
Project Files e 2% | F nelloc X ® helloc X Locals  Current Line(s)  Current Stack
. sprintfimessage, “Greetings from process Nd!'*, my rank); « Locals 2N
~ W Application Code printf(“sending message from 1)\n", my_rank); Name value
N p dest = 9; arge —1
. Sources 13 * Use strienimessage)+]l to ir ide . b argv
0 hello.c 34 MPI Send(message, strieni(message) « 1, MPI CHAR, dest, tag, MPI_COMM WORLD) beingWatched w— 0
. had- - +
® _ anonad7adc280108 = } bel?wa" =g . g::ny —0
® _ anonad?adc280208 * my rank ) » dynamucArray
® __anonad7adc280308 - (source = 1; source < p; source++) { » environ
® funcl() : void 1 printf(*waiting for message from (%d)\n", source); i — 0
® func2() : int 14 MPI_Recv(message, 100, MPI_CHAR, source, tag, MPI_COMM WORLD, &status); message
® func3() : void 141 printf("\s\n", message); my_rank e 2
® mainlint argc.char **arg 143 beingWatched+s; p — 512
® typeOne 143 } source - 32767
® typeThree 144 } » status
® typeTwo 14 L 7
14¢ (1= 1; 1 < argc; 1++) » tables
147 (argvii) && !stromplargv(i], “memcrash®)) tag — 50
14 func3(); ’ test
14 x — 10000
| (1 «1; 1 < arge; 1++) y — 12
f (argvii] && 'stromplargvii], “guardafter®)) .
. » . ) - »
InputiOutput  Breakpoints  Watchpoints  Stacks (AN)  Tracepoints  Tracepoint Output  Logbook Evaluate D®
Stacks (All) - Name Value
2 - —
Processes  Function v :g ':‘ZB] - 8.0003
511 mmmm—_ main (hello.c-141) Y- = 30012
1 main (hello.c:148) xry
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DDT Highlights

;ﬁﬁﬁw ror {1 = @ ; 1 « SIZE_M; 14+) % hello.c
le for (3 ; 1 < SIZE O; j+=) X
[

1-0
racepoint Ouput CLiILil = e: A This file is newer than your program. Please recompile then restart your debugging session.
- for {i = @ ; i < SIZE Mi i+s) 43 else
Tracepoint I Processes | Values logged for (J =@ ; ] = STIZE M; jee) A 4 test=-1;
Tor (K =8 ;: K < SIZE D; Ke+)

6, ranks : 5 —AL11IK] = BIKII1- 45}
wonests S (e ] s W0 ey PR R LT 46

! ! 47 = void func3()

90, ranks o
vhone 2081 s —— 1 kmax pez =1 (Nump 48

12 Procesz 0: e o .

(2B, | e e o ot . B . 49 void* i = (void*) 1;

A0, ranks - NPT A - ocess stopped st watchpoint “rank® in man (watchmatrix.c:45). A 50 while(i++ ” 1i)
hone 9085 ~ | NI ol M0 mod . i
g nunaan. | " .'1 K H-‘ il o vanse: 0 51 free((void*)i):

@0, ranks ) o A poreabiiity s of type 'void *. When using void pointers in calculations, the behaviour is undefined.
vhone 1081 DATRBN b =—— 1 kma pez + Aways show this window for watchponts

. . printfe'sd o T ll:' e —r—— Left click to add a breakpoint on line 50
ontnuc 5C e

wosts | e ] sy o 20 o e  large -

m - ' for (1 = @; 1 « SIZE M; i+e) 56 typeThree test;
; ran ( 57 typeThree* t2;
e84 wngnn |0 T P printt ¢*| “i; B it i;

The scalable print alternative

Stop on variable change

Static analysis warnings on code errors

if (argv[i] & !stremp(argv([i], “crash")) {
argv[i] = 0;
printf("%s", *(char **)argv[i]);
/* we shall se

Program Stopped

Memory Debugging ! @ o

funcl(); Memory error detected in main (hello.c:118): o
func2(); null pointer dereference or unaligned memory access seonnt
/demo> export NEOReadDebugKeys=1 fprintf(stderr, T e N o i

Note: the latter may sometimes occur spuriously if guard pages are

in hed = 1; enabled ) . Abocytion Dctads scess
pelnguatched = 1 Tip: Use the stack list and the local variables to explore your program's
current state and identify the source of the error.

test.anotherList.s| m— R ' e

export NEODisableDeepBind=1 beingHatched = 6;

| mefrn e =L Lasivom Ak aioes. . e |

Detect read/write beyond array bounds

U.S. DEPARTMENT

of ENERGY

Argonne Leadership . ..
Argonne & Computing Facility extremecomputingtraining.anl.gov

NATIONAL LABORATORY



http://extremecomputingtraining.anl.gov/

Memory Debugging

Run . . .
_ When manual linking is used,
Run: mpirun -n 8 ./mmult2_c.exe Details
- 11 b}
Command: mpirun -n 8 ./mmult2_c.exe u nthk P reload bOX
OpenMP
; - - - M Deb ing Opti X
v CUDA: Track allocations: enabled, Detect invalid accesses: disabled Details SIOIVLLS Sg ol gt
« Track GPU allocations (also enables CPU memory debugging) | v Preload the memory debugging library| Language: | Recommended =
Detect invalid accesses (memcheck) Note: Preloading only works for programs linked against shared libraries. If your
program is statically linked, you must relink it against the dmalloc library
+ Memory Debugging: Fast, 1 guard page after, Backtraces, Preload manually.

_ Heap Debugging
Plugins: none

Fast Balanced Thorough Custom

' Help |Options|

Enabled Checks: basic More Information

Heap Overflow/Underflow Detection
Program Stopped x
Add guard pages to detect out of bounds heap access

' Processes 0-3:

. . Advanced
Memory error detected in main (leaky.c:60):
Set node memory threshold at percent
over node memory threshold limit Check heap consistency every heap operations
v Store stack backtraces for memory allocations
Exemplar node: ul01462-vm1 (process 0) B 7
b Only enable for these processes:
Help OK | Cancel
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MDA Viewer

What does your data look like at runtime?

View arrays

e On a single process
e Or distributed on many ranks

Use metavariables to browse the array
e Example: Siand $j
e Metavariables are unrelated to the variables in your program

e The bounds to view can be specified
e Visualise draws a 3D representation of the array

Data can also be filtered

e “Only show if”: Svalue>0 for example Svalue being a specific
element of the array
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Multi-Dimensional Array Viewer x

Array Expression: |tab|esl$i]lsj] - I Evaluate ]

Distributed Array Dimensions: |None : How do | view distributed arrays? Cancel

Staggered Array What does this do? ¥ Align Stack Frames

Range of si Range of $j Auto-update
from: [0 2l Fom: [0 S
To: 11 2| ® 11 <)
Display: |Rows % Display: |Columns %
Only show if: | See Examples
Data Table | statistics |
<) Goto P Visualize [ Export .. Full Window
i
0 1 2 3 4 <] 6 7 8 g9
io BBl 2 3| 4 s| e 7 8 9 10
1 2 4 6 8| 10| 12| 14| 16| 18| 20
2 - 6 9| 12| 15| 18| 21| 24| 27| 30
3 4 8| 12| 16| 20| 24| 28| 32| 36| 40
4 5| 10| 15| 20| 25| 30| 35| 40| 45 50
5 6| 12| 18] 24] 30| 36| 42| as| sa] 60
6 7| 14| 21| 28| 35| 42| 49| 56| 63| 70
7 8| 16| 24| 32| 40| 48| 56| 64| 72 80
8 o 18| 27| 36| 45| 54| 63| 72| 81 90
9 10| 20| 30| 40| 50| 60| 70| 80( 90| 100
10 11| 22| 33| 44| 55| 66/ 77| 88[ 99| 110
Help |

2
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GPU Debugging 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
EU GDB GDB Thread GDB Thread
EU Thread Lane Lane (work-item)
Forge GPU Thread Lane Lane Lane
@ Argonne Leadership _ o , U.S. DEPARTMENT
Argonne Computing Facility extremecomputingtraining.anl.gov of ENERGY
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Debugging Intel Xe GPUs

: : o (51 0] ) ] ) ) ) ) ) ) ) ) o) ] ) ) ) ) ) ) o ) ] 2 s
Using Linaro DDT FErErrEEEErEEEEEEEEE s @

Create Group

. 00 Project Files “ matrix_mul_sycl.... Current Line(s) | Locals | Current Stack
Debug COde SlmUItanGOUSIy on the GPU and the CPU Search (%K) © 48 cout << "Device: " << q.get_device() .get_info<info::devic 00 GPU Devices
. 49 // Create 2D buffers for matrices, buffer ¢ is bound with A“';:‘:;"(':_’;‘: Value
2 50 buffer<float, 2> a_bUf(ranqe (M, N)); Intel(R) Data Center GPU Max 1550
. . : 51 buffer<float, 2> b_buf(range(N, P)); IDs 1
Controlllng the GPU executlon: " 52 buffer c_buf(reinterpret cast<float *>(c_back), range (M, Cores 448
. . . . t D3 cout << "Problem size: c(" << M <K< "," <K P <K ") = a(" <
e All active threads in a Sub-group will execute in ‘ 54 << ") * b(" << N << "," << P << ")\n";
. . € 55 // Using three command groups to illustrate execution ord
|OCkStep Therefore, DDT will Step'|6 threads at a time. 56 // first two command groups for initializing matrices is
. ® _anona07db4f60102(aute 7] // efficient way. It just demonstrates the implicit multi
e Play/Continue runs all GPU threads © _moastafo0itin 58 // execution ordering.
. . :: _::zxg7::“:gig§:::: 59 // Submit command group to queue to initialize matrix a
e Pause will pause a running kernel S bt 60 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 a float b) 63 // Execute kernel.
Key (additional) GPU features: ® VertyRusub(foat(*c_bec 64 - h.parallel_for(range(M, N), [=](auto index) {
. : 65 // Each element of matrix a is 1.
e Kernel Progress View » © s6 alindex] = 1.0f;
3 67 1
e GPU thread in parallel stack view ¢ 68 b
€ AQ // Qubhmit ~ammand armianm A rmena tn initializae matriv h
L4 GPU Thread SeIeCtor Input/Output | Breakpoints | Watchpoints | Stacks (All) Kerrel RPNl Tracepoints | Tracepoint Output | Logbook | Q0 Evaluate
. 00 Kernel Progress View Name Value
e GPU Device Pane s e u — 0

- N — 300
main::{lambda(auto:... o-1 -

[] not [ scheduled [l sel d How do | interpret GPU kernel progress? Type: const int

Kernels must be compiled with the -g and -O0 flags
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Debugging Nvidia GPUs

Using Linaro DDT e

Al EIEIEIEIEIEIEEE] B G0 1] 2] 3] (4] (5] (6] (7] (28] (2] (20] (21 (22] (23] (22] (25 (€] (7] (28] (28] (3ol B2

Controlling the GPU execution: — [ et =

e All active threads in a warp will execute in lockstep : e

Therefore, DDT will step 32 threads at a time. Jrmenn vt > —

e Play/Continue runs all GPU threads e e T

e Pause will pause a running kernel
Key (additional) GPU features:

e Kernel Progress View

e GPU thread in parallel stack view

Stacks (All)  Kemnel Progress View  Tracepoints  Tracepoint Output  Logbook GPU Devices  Evaluate
e GPU Thread Selector Cama e Von__ = 88 oruvees —
: so- CNN | - TI—
e GPU Device Pane ) A
‘;;;E‘:E:EE'\Q (;’25

For NVIDIA’s nvcc compiler, kernels must be compiled
with the -g and -G flags AT pr—T Moo e G e st
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Parallel Stack view

Display location and number of threads

Input/Out... | Breakpo... | Watchpoi... B EIS CR R Kernel Progress V... Tracepo...| Tracepoint Out...| Logb...

(x )5 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

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

0 main (Matly . o) 9. 16 GPU threads
_A<<<(0;010) ’ (128;0,0)>>> <<<(0,0|0) ’ (1351010)>>> (8 thread5)=
]<<<(0,0,o) ,(128,1,0)>>> .. <<<(0,0,0),(135,1,0)>>> (8 threads)\

Click stack item

e Select GPU Thread
e Update variable display
e Move Source Code Viewer

Tooltip displays
e GPU Thread Ranges

" ‘/{/
O/L/ N
o >(O//
N /
%
° 7 s

e Size of each range

Argonne Leadership
Computing Facility
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Case Study: Vienne Supercomputing Center (VSC)

Developing a GPU version of an already existing serial algorithm (Marching Tetrahedra). https:// Marching Tetrathera Algorithm
github.com/HliasGit/tetra

1. Scalar Field & Grid 2. Cube Division

+ The aim of the algorithm is to extract the approximation of an iso-surface from a scalar field.
+ The scalar field (whose dimensions are DX,DY,DZ2) is represented as a 3D tensor (of floats)
+ Linearise (flatten) the scalar field to use it in a simpler way on GPU

Used three kernels to develop the GPU version:
+ The first one is a preprocessing step to reduce the computational complexity.
+ Second and the third ones do the needed computation for the algorithm to work.

3. Isoourase Intersction 4. Reconsucted Surface
/ J\

For each point in the scalar field, it needs to form a "cube" by accessing its 8 neighbours. Due to ‘ J{

the Z-major linearization, only the neighbor in the Z-direction (index + 1) is adjacent in memory. /‘% T

Accessing neighbors in the X-direction (e.g., index + DZ*DY) or Y-direction (e.g., index + DZ)

requires calculated memory offsets.

This approach led to "CUDA illegal memory access" errors. The problem was a failure to correctly
handle boundary conditions. When a thread processed a point on the "edge" of the 3D domain (like
at x = DX-1 or y = DY-1), these offset calculations were trying to access memory outside the
allocated array. This boundary-checking logic was not intuitive, used Linaro DDT debugger to
pinpoint these out-of-bounds access.

U.S. DEPARTMENT
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https://github.com/HliasGit/tetra
https://github.com/HliasGit/tetra

Arg

Spotting illegal memory access with Linaro

File Edit View Control

»LI-Di o

Tools Window Help

B EBLEIEBI! O

Focus on current: '@ Process

GPU Threads (remove_unnecessary_cubes_SoA_kernel)

80000
Block [ 0 [2|[o] |[o]:]Thread [ 704 [3][o]:][c]"]

Grid size: 51222x1x1 Block size: 1024x1x1

remove_unnecessary_cubes_SoA_kemel<<<(51222,1,1),(1024,1,1)

Project Files B® | test_optimized.cu 3¢ # marching_tetrahedron_optimized.cu ‘ Locals | Current Line(s) = Current Stack  GPU Devices
ch (Ctri+ % = « Locals
r — — 28 v f(k != dim.z || dim.y || 1 != dim.x){ Name Value
vy . Appllcahon Code < 1 .x] = grid[idx]; i o la prima fila r} N AR OO NN
y o = blockDim.x-1) { // N v grid 0x155 00000
» W Headers ckDim.x] = grid[idx + 1]; to ultimo della prima fila » counter 0x1554f6000000
« P Sources size 52450896
i threshold 0.00039999998989515007
» marching_tetrahedron_gpu.cu = grid[idx + dim.z]l; v d relevant cubes 0x1554f6000200
@ marching tetrahedmon_optimzed, cu = ockDim.x-1}){ j_ B N
= 3E 1.x] = grid[idx + dim.z + 1];
» [ mt_noatom.cu in 9 . » 's_mem_2 0x155536001004
» ™ mt_tetra_based.cu - all out false
> ™ test optimized.cu 39 = grid[idx + dim.z * dim.y]; k 86
® main(int argc,char * argvl]) : int & ani= Lol » s_mem_3 0x155536002008
11 .x] = grid[idx + dim.z * dim.y + 1]; N - -
& iz X 704
» ™ utils_gpu.cu g3 Program Stopped A X 0
» & External Code = grid[idx mem_1 0x15553
1= - Jim.x—1) Process 0: mem 4 0x15553
1e n.x] = gridl[ . i fi 5536
47 U Kernel 1 Thread <<<(0,0,0),(704,0,0)>>> stopped at breakpoint in [-I" alse
4E

__syncthreads (}; >>> (marching_tetrahedron_optimized.cu:40).

o Tf( s_mem_L[Eth enzd v! Always show this window for user-defined breakpoints
32 5_mem_. thre| S
: s thre | = Continue
: ' e 3 fhre| e
Input/Output  Breakpoints  Watchpoints \ Stacks | Kernel Progress View  Tracepoints = Tracepoint Output  Logbook Evaluate
Stacks g | L palie
Threads GPU Thread: Function i
10 0 » main (test_optimized.cu:67)

1 186016 |~ remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:7)

10 ] 288 ]
1 150336 ]
10 ] 2560
11 992 ]
10 ]17696[ |

onne &5
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remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_o
remove_unnecessary cubes SoA kernel (marching_tetrahedron

remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:41)
remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:44)

remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:49)
remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:51)
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Python Debugging

@) Linaro DDT - Linaro Forge 23.1

* Debug Features - 0 B35 S B E B RN E €

*r {1} (%}

* Sparklines for Python variables Current Group: ~ All € Focus on current: ® Group Process Thread

+ Tracepoints o o] o e e
MDA viewer Create Group

. x & Project Files 2 mmult.. Locals Current Line(s) Current Stack
+ Mixed language support = we == 0: x o Locals
- mat s = numpy.ndarzay(shape=(sz, sz), dtype-lill orde--D TS Lo 0
mat b Impy.ndarray (shape (sz, Zz), 1Cype Koy, rder="F"') comm
i " smr. t impy .ndarray ( pe=(sz, sz), ype="'d', order='F' filename "res_Py...
. Improved EvaluatlonS- :sqr.:yy vi .. N e e type-lBll, order=EEE) fortran_style_array_... [ False *
« Matrix objects wais S e e b AL o gioen | [ T
* Array ObjeCts 2:;:‘::”” ® 134 %:‘ 7x‘l_f :x:A.uﬂ — ::::Z

 Pandas DataFrame @ matfuncs.py minit(sz, fortran style array order, mat k (0]

matfuncs.py ; e N ' i R [1000]

kernel o

® Series Objects . "{}: Sending | ';:: ?-:-s". mr) ) ::g?}]
[102]

- Python Specific: it S m e Somslice i ety asice o

@ memmap.py

¢ Stop on uncaught Python exception Input/Output  Breakpoints Watchpoints Stacks (All) Tracepoints Tracepoint Output Logbook X & Evaluate
« Show F-string variables in “Current Line” display == Stacks (A1) e

Processes | Function
: H <module> (allinea_ddt_trace.py:155) nproc e 8
¢ M pI4PY! N u m PY1 SCI Py main (allinea_ddt_trace.py:140)
v <module> (mmult.py:215)
main (mmult.py:134)

ddt --connect mpirun -n 8 python3
%allinea_python_debug% ./mmult.py
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DDT 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 $ 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
(HTML or 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 \
mpirun ./jacobi_omp mpi_gnu.exe
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The Forge GUI and where to run it

Forge provides a powerful GUIs that can be run in a variety of configurations

mycluster-login

mydesktop
! D B O E

gsub

Compute Nodes
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Remote connection to Aurora

Linaro
Forge

Run and debug a program.

Attach to an already running program.
/ Linaro
& D DT Open a core file from a previous run.

AUNCH (ADVANCED

Manually launch the backend yourself.

Linaro
MAP

Remote Launch:
Configure...

Get trial licence
Support
linaroforge.com

@& Remote Client ?
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Connection Name:

Host Name:

Remote Installation Directory:

Remote Script:

Private Key:

KeepAlive Packets:

Interval:

Remote Launch Settings

aurora

rshand@login.aurora.alcf.anl.gov

[lus/flare/projects/Tools/jkwack/Linarofforge/25.0.1

Always look for source files locally

Enable

extremecomputingtraining.anl.gov

Test Remote Launch

Cancel
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Cheat sheet

Training material Interactive Session

1. Getting the examples gsub -I -I select=1 -l walltime=01:00:00 -
cp /flare/ATPESC2026/EXAMPLES/linaro-ddt/linaro-forge-training.tar.gz filesystems=home:flare -A ATPESC2026 -q ATPESC
tar -xf linaro-forge-training.tar.gz

2. Set the path to the forge training folder Forge commands

export FORGE_TRAINING=<path_to_training_folder> ddt --connect  # Reverse connec

ddt --offline # Run DDT wi
map --profile  # Profi
Forge Client (On local machine) perf-report

Install Forge client https.//www.linaroforge.com/downloadForge

Running with a batch script
gsub $FORGE_TRAINING/submit.sh
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https://www.linaroforge.com/downloadForge
https://docs.linaroforge.com/latest/html/forge/forge/introduction_to_forge/ddt.html
https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking-the-ddt-server-from-aurora
https://gitlab.com/Linaro/training/forge/linaro-ddt/-/blob/main/docs/debug-simple-mpi.md?ref_type=heads

Debugging Intel Xe GPUs on Aurora

cd $FORGE_TRAINING/correctness/gpu-intel-mmult

mpicxx --intel -fsycl -ISONEAPI_ROOT/dev-utilities/latest/include -g -O0 matrix_mul_sycl.cpp -0 matrixmul

gsub -l -l select=1 -l walltime=01:00:00 -I filesystems=home:flare -A ATPESC2026 -q ATPESC

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
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https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking-the-ddt-server-from-aurora
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Produced by Argonne National Laboratory, a U.S. Department of Energy Laboratory
managed by UChicagoArgonne, LLC under contract DE-AC02-06CH11357.

Special thanks to the National Energy Research Scientific Computing Center
(NERSC) and Oak Ridge Leadership Computing Facility (OLCF) for the use of their
resources during the training event.

The U.S. Government retains for itself and others acting on its behalf a nonexclusive,
royalty-free license in this video, with the rights to reproduce, to prepare derivative
works, and to display publicly.
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