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Agenda (Thursday, CEST)

10:00 - 11:00 Debugging with Linaro DDT (Lecture)
* 40 minutes of slides
20 minutes of demo

11:00 - 13:00 DDT hands-on (Hunter)
* 10 minutes setup
« 15 minutes saxpy GPU debugging example
« 10 minutes: Introduction to the CloverLeaf example
« 80 minutes CloverlLeaf bugs, 4 bugs, 20 minutes each
* 5 minutes round-up

14:00 - 15:00 Apply DDT to your own code



linaroforge

Bug classification

Crashes -
e One or more processes in application terminates :&-
e Most common and generally easiest to solve /‘

Hangs

e Deadlocks - Stuck waiting for something that never happens
e Livelocks - Making local progress, but no global progress

Race conditions

e One or more threads accessing the same data at the same time in non deterministic way
e Shows up as incorrect answer or sometimes crashes

Incorrect result
e Runs to the end, but the answer is wrong
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Linaro Forge: Where Most of Top Supercomputers
turn for Performance Excellence

Build reliable and optimized code on multiple Server and HPC architectures

Linaro Forge combines

/ ]
Z\ | Performance
Linaro DDT Linaro MAP Linaro Engineering for
Perf R i
Market leading, simple to use Effortless performance : o:’manc? Ieports any arCh IteCturea
HPC debugger for C/C++, analysis for experts and a glance, single-page,
Fortran and Python novices alike. application performance at any Scale
applications. summary.
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GDB Under the hood

Leveraging the gdb community

GDB is the underlying DDT debugger
e Linaro upstreams patches to the GDB community
e Forge team raises and fixes GDB bugs

Nimble at supporting new technologies
e Rely on Hardware vendors to add GDB support
e Rely on Software consortiums to add GDB support
e Helps us to stay current with technologies
e Provides a state of the art debugger
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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 Configurable gdb inferior multiplexing

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 | N
Coroutine (0) [+ GDB (0) S Inferior (0) Coroutine (0)  [¢ Inferior (0)
Multiplexer <> GDB (0)
Forge Backend | s o ’ Forge Backend g
Coroutine (1) <> GDB (1) <> Inferior (1) Coroutine (1) . . Inferior (1)
GDB (M) N
Forge Backend |, ¢ PN . . Forge Backend | ) 2
Coroutine (N-1)  [€ GDB (N-1) «> Inferior (N-1) Coroutine (N-1) [ N Inferior (N-1)
Forge Backend . [ . Forge Backend .
Coroutine (N) » GDB (N) <> Inferior (N) Coroutine (N) Inferior (N)
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Supported Platforms

Python » Fortran Languages
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DDT: Production-scale debugging

Isolate and investigate faults at scale

Who misbehaved?

e Merge stacks from processes and threads
e Sparklines comparing data across processes
e Which MPI rank

Where is the problem?

e Integrated source code editor
e Dynamic data structure visualization

How did it happen?

e Parse diagnostic messages
e Trace variables through execution

Why did it happen?
e Unique “Smart Highlighting”
e Experiment with variable values

]

A}

mmmmmmmmmm

Locals Currenti Line(s) I Current Stack I
Current Line(s) F X
Variable Name l Value l ¥
W |
m_vp. "MII'L 2724 13
[ e et
150120 Zinitialize_pop (initial.f90:119)
150120 Zlinit_communicate (communicate f90:87)
AL-ToR b b= o | é--creale_u\:n_cnmmunicamr (communicate f90:300)
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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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Linaro DDT Debugger Highlights
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The scalable print alternative

) Process stopped st watchpaint "rank* in man (Watchmatrix.c45).

Ol vakse: 0
) Now valus: 1074700400
¥ AWy show this window for watchpants

printfCy 1 v contiae | (i || 11 raeat

 (arge

or (1 =8; 1 «SIZF N; ine)

printt (*

Stop on variable change

© helloc %

A This i then your program. your
8/ else

A 4w test=-1;
5}

46
412 void func3()
8

49 void* 1= (void¥) 1;
A 5o hile(in || 1)
51 free((voig*)i):
A\ oceabiity s of type 'void *, When using void pintrs in calculations,the behaviour s undefined.

Left click to add a breakpoint on line 50
5 {

56 typeThree test;

51 typeThree* t2;

58 inti;

Static analysis warnings on
code errors

if (argu[i] & !stremp(arg(i], “crash®)) {
argv[i] = 0;
printf(*%s", *[char **Jargv[il);
14 ve shall s¢ Program Stopped

}
) ' Processes 0-3:
func(); Memary eror detected in mai (helo.c:118):
func2(); nullpointer dereference or unaligned memory access

fprintf(stderr, 'T . )
Noe: the tter may sametimes occur spuriauly  guard pags re
1 enabled
beinghatched = 1; Tp:Usethe stck sk and the localvariabesto expore your progran's
curtentstate nd denti th source ofthe o,

test.anotherList. |
est.c= '

tost 0 > Continue
beingWatched = 6;

Detect read/write beyond array

bounds

st vt

B | n | st s,

Detect stale memo
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]
B "
Current Group: [ All £ Focus on current: ® Group

Create Group
[x & ProjectFiles

You can open and debug one or more core files generated by your application.

B Application Code

Procedure

© print_fra
> @ External Code

1. On the Welcome page click | Open Core Files |. The | Open Core Files | window opens.

Process

Locals

denominator
numerator

Evaluate

Open Core Files x
Executable: |/home/user/examples/a.out
Core files: | /homejuser/core.1234 Add.. il
/home/user/core.2345 =
/home/user/core.3456 %
/home/user/core.4567 2 print_fraction (numerator, 0);
Stacks (All)
Bl
~ main (div-by-zero.c:28)
print_fraction (div-by-zero.c:10)
Help | ok Cancel

2. Select an executable and a set of core files, then click | OK | to open the core files and start

debugging them.

While Linaro DDT is in this mode, you cannot play, pause, or step, because there is no process
active. You are, however, able to evaluate expressions and browse the variables and stack

frames saved in the core files.

View core files for CPU’s
View core files for GPU'’s

Current Line(s) ~ Current Stack
Current Line(s)
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Memory debugging menu in Linaro DDT

Run

Run: mpirun -n 8 ./mmult2_c.exe Details

Command: [mpirun -n 8 ./mmult2_c.exe |

When manual linking is used,

¥ CUDA: Track allocations: enabled, Detect invalid accesses: disabled Details u ntiC k 13 P re | Oad 7 bOX
¥ Track GPU allocations (also enables CPU memory debugging)

Detect invalid accesses (memcheck)

¥ Memory Debugging: Fast, 1 guard page after, Backtraces, Preload m
Plugins: none Detail

Help | Options Quit

Memory Debugging Options

v Preload the memory debugging library JLanguage: Recommended

Note: Preloading only works for programs linked against shared libraries. If your
program is statically linked, you must relink it against the dmalloc library

manually.
Heap Debugging
Fast Balanced Thorough Custom
gram Sto ppe d Enabled Checks:  basic More Information
Heap Overflow/Underflow Detection
’ Processes 0-3:

Add guard pages to detect out of bounds heap access

Memory error detected in main (leaky.c:60):

Advanced
over node memory threshold limit
Set node memory threshold at percent
Exemplar node' u101462‘vm1 (process 0) Check heap consistency every heap operations
k v Store stack backtraces for memory allocations

Only enable for these processes:

Help Cancel
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Multi-dimensional Array Viewer

What does your data look like at runtime?
Array Expression: [tables[$il[$j] ‘v] [ Evaluate ]
Distributed Array Dil i [RE] How do | view distributed arrays? Cancel
VieW arrays || staggered Array What does this do? ¥ Align Stack Frames
Range of $i Range of $j || Auto-update
e On a single process From: [0 s om0 5|
e Or distributed on many ranks o e B
Display: [Raws :] Display: [Cdumns :]
Use metavariables to browse the array P—— ——
e Example: Siand §j Data Table | statistics

= Goto @ Visualiza [ Export .. Full Window

e Metavariables are unrelated to the variables in your program

i [
e The bounds to view can be specified o WL o 3 o o o 7 o s o u g I
e Visualise draws a 3D representation of the array e SSSIREE
3 4 8 12| 16|
. 4 5[ 10| 15| 20
Data can also be filtered 5otz ol 20
[} 7| 14| 21| 28
“ e, . e 7
e “Only show if”: Svalue>0 for example Svalue being a specific O L wr
element of the array e e
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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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Debugging AMD GPUs

File Edit View Control Tools Window Help

> |

Focus on current: @ Process

EHSKREEBIEtElI! ©
Thread

coa
LPD)

GPU Threads (MatrixMulHIP(float*...

Project Files ®

3

Block 3 (3)(2 S Thread | 5 |3 |18 |$

“ matrixMul.cpp X

Grid size: 4x4x1 Block size: 32x32x1
Lo.. Curre.. Curr.. GP..

N 19 int i = blockIdx.y * blockDim.y + threz® GPU Devices e®
- & Application Code 2&1) int j = blockIdx.x * blockDim.x + threz Attribute Name Value
> / ~ Ranks 0
- m 22 for(int k = 05 k < wA; k++) ~ vega20 2 Devices
i D e S
- = 24 temp += A[ i * wA + k] * B[kx wB + Threads 2400
® Constantlr 25 } Cores 240
® main(intal & 56 T C[ 3 x wB * 3] = temp;
® MatrixMul 27
® MatrixMul 28 __syncthreads();
® MatrixMul 29 |}
» & External Code 30
31 __global__ void MatrixMulHIPShared(float *C
32
33 // Block row and column
24 int hlackRow = hlackTdy - 3
[l » 4
Kernel Progress View | Input/Output  Breakpoints =~ Watchpoints ~ Stacks Evaluate Ll
Kernel Progress View e® Narne Value
Kernel Progress ! =8
. wA 128
w18

|:| not scheduled . scheduled . selected How do | interpret GPU kernel progress?

temp 1.27999914

Debug simultaneously on GPU and CPU
Look and feel exactly the same

Main Features work in GPU

Key (additional) GPU features:

Kernel Progress View

GPU thread in parallel stack view

GPU Thread Selector

GPU Device Pane

Compile with -g (on Hunter: --offload-arch=gfx942)
rocgdb must be in your environment (ROCm)
DDT steps a whole wavefront (64 threads) at a time
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Parallel Stack View

Input/Out... | Breakpo... | Watchpoi... BSES CHHEI T Kernel Progress V... Tracepo... | Tracepoint Out... | Logb...

006 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
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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Case Study: Austrian Scientific Computing (ASC)

Developing a GPU version of an already existing serial algorithm (Marching Tetrahedra). https:/ MArabina et EcatiTaotithin
ithub.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,DZ) 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

<

For each point in the scalar field, it needs to form a "cube" by accessing its 8 neighbours. Due to the Z- S~
major linearization, only the neighbor in the Z-direction (index + 1) is adjacent in memory. Accessing ‘ 5 ‘\/\4
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.


https://github.com/HliasGit/tetra
https://github.com/HliasGit/tetra
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Spotting illegal memory access with Linaro DDT

File Edit View Control Tools Window Help

EER B R

GPU Threads (remove_unnecessary_cubes_SoA_kernel) Block| 0 [3|[o] ] | Thread | 704 |2 | |(a]s] Grid size: 51222x1x1 Block size: 1024x1x1

Project Files

.‘ 0 test_optimized.cu ‘ * marching_tetrahedron_optimized.cu 3 I l Locals ‘ Current Line(s) | Current Stack ~ GPU Devices ‘
|search (ctri+k) | & . - Locals
— —— - if(k != dim.z || j != dim.y || 1 != dim.x){ Name Value
~ & Application Code 3 _ b T
>y m = 1 Tdx.x] fr;"if’;]{',, ato la prima fila v grid 0x1554f8000000
» W Headers = grid[idx + 1]; //caricato ultimo della prima fila » counter 0x1554f6000000
+ B Sources size 52450896
e 5 threshold 0.00039999998989515007
» ) % =
marching_tetrahedron_gpu.cu . do dIdx.x] . gi;diltli;:{+ dim.z]; + d_relevant_cubes 0x1554f6000200
c K N
—_—2
™ s_mem_ Z[blcckDim x] rid[idx + dim.z + 1]; J
4 ; i nostemL S ) _— ) ' I8 s_mem_2 0x155536001004
» m mt_tetra_based.cu all_out false
~ ™ test _optimized.cu s_mem_3[threadldx.x] = grid[idx + dim.z * dim.y]; | k = gg
® main(int arge,char * argvl]) : int > if(Ehreadldx.x == blockDim.x-1){ ., < mem 3 0x155536002008
© 2 y & mi - s_mem_3[blockDim.x] = grid| Program Stopped 704
» [ utils_gpu.cu ] ==,
» & Extemal Code s_mem_4[threadldx.x] = grid[id: & Processes 0-7: em_1 0x155536000000
- f(th iIdx. blockDim.x-1
— it ™ i‘“g‘:m) Process siopped em_4 0x15553600300¢
} iy n false
__syncthreads () ; Reasml)cxlgn: acdress not mapped 10 object (atlempt to access invalid
address)
if( s_mem_i[threadIdx.x] > thrd ‘Your program will probably be terminated if you continue.
s_mem_2[thr > thre You can use the stack controls to see what the process was doing at me time.
— s_mem_3[thr > thrg
‘. Q3 - s mem AT-hread > thra V| Always show this window for signals
Input/Output  Breakpoints ~ Watchpoints ‘ Stacks ‘ Kernel Progress View ~ Tracepoints = Tracepoint Out| b Continue & S
Stacks
Threads ‘GPU Thread: Function *
I ] 0 » main (test_optimized.cu:67)
1 86016 |~ remove_unnecessary_cubes_SoA_kemnel (marching_tetrahedron, uptlmlzed cu: 7)
1 ] 256 remove_unnecessary_( cubes SoA_kernel (marc|
remove_unnecessary cubes SoA_kernel
A
1 1 288 ]
1@ 1503360 | remove _Unnecessary cubes SuA kernel (marching_t tetrahedron _optimized.cu:44)
11 2560 remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:45)
1 992 remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.ci
1|:|17696|:| remove_unnecessary_cubes_SoA_kernel (marching_tetrahedron_optimized.cu:51)
1 I3
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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 mpiexec -n 4 ./simple

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 offline-debugging.html \
--break-at=simple.c:43 --evaluate="recvbuf; sendbuf" \

mpiexec -n 4 ./simple
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Report output
i e e e

=
B
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DDT Demo

_ Running on a local machine, not Hunter: Hunter is a GPU system and these
’ examples are CPU-only
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The Forge GUI and where to run it

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

mydesktop
! | | - O
—_—

mycluster-login

qgsub

Compute Nodes
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Remote connection to Hunter

/ Linaro
A DDT

Linaro
MAP

Get trial licence
Support
linaroforge.com

@ Remote Client ?

Connection Name:

Run and debug a program.

Host Name:

Attach to an already running program.

Open a core file from a previous run. Remote |nsta”ation Directory:

Manually launch the backend yourself. Remote Script:

OPTIONS Private Key:

Remote Launch:

Configure...

Quit

Interval:

KeepAlive Packets:

Remote Launch Settings

Hunter

<username>@hunter.hww.hlirs.de

[lustre/hpe/ws12/ws12.a/ws/vmprusha-ddt-training/linaro/forge/26.0.3

Always look for source files locally
Enable

Test Remote Launch

Cancel
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Remote client and Reverse Connect

+ Install the Linaro Forge 26.0.3 remote client on your laptop (macOS, Windows, Linux)
Remote Launch: Provide your Hunter login, and the Forge install directory on Hunter
You'll be asked for your password and your one-time code (two-factor)

Your job starts ddt --connect ... and waits for the client to connect

Accept the Reverse Connect request in the client

A new Reverse Connect request is available
from x1000c7s2b0On0 for Linaro DDT.

Connect to Remote Host

Command Line: --connect mpiexec -n 4 ./

Connecting to system ...
clover_leaf

<< Hide Terminal

Do you want to accept this request?

[Volumes/linaro-forge-client-26.0.3-macos-x86_64/Linaro Forge Client 26.0.3.app/
Contents/Resources/scripts/remote-exec -C -o ProxyCommand=ssh -q -W %h:%p mars

hunter /lustre/hpe/ws12/ws12.a/ws/vmprusha-ddt-training/linarofforge/26.0.3/libe .
xec/ddt-remoted Help Accept Reject

Cancel
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Running on Hunter

The ddt-training pathis /lustre/hpe/wsl2/wsl2.a/ws/vmprusha-ddt-training

Copy the hands-on: cp -r <ddt-training path>/hunter-handson <your workspace>

Build: c¢d <your workspace>/hunter-handson; make gpu COMPILER=cray
« Run: gsub -v EXAMPLE=saxpy job.sh
Follow the README.ixt guide
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The hands-on

+ saxpy: one wrong value on the GPU. Find it

CloverLeaf: a GPU gas-flow simulation with 4 bugs. Fix them one after the other
Follow the README.txt in hunter-handson

Stuck for 10 minutes? Read the hint

Is my answer right? Volume 20.0 and Mass 12.0 at every step and 535 steps
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Thank you

Go to www.linaroforge.com
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