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Debugging with DDT

An interoperable toolkit for debugging

K The de-facto standard for HPC development

e Most widely-used debugger in HPC
e Fully supported by Linaro on Intel, AMD, Arm, Nvidia, AMD GPUs, etc.

State-of-the art debugging capabilities
e Powerful and in-depth error detection mechanisms (including memory debugging)
e Available at any scale (from serial to exascale applications)

Easy to use by everyone

e Unique capabilities to simplify remote interactive sessions
I e Innovative approach to present quintessential information to users
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Linaro DD T Debugger Highlights
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Static analysis warnings on

The scalable print alternative Stop on variable change -

if (arqu[i] & !stremp(argv[i], "crash")) {
argv[i] = 6; o o tutay (2] v

printf("%s", *(char **)arqv(i]); s
/* ve shall sey

} Program Stopped
! ' Processes 0-3:
funcl(); Memory error detected in main (hello.c:118): ]
func2(); null pointer dereference or unaligned memory access ‘ -/‘ :

fprintf(stderr, "I
Note: the latter may sometimes occur spuriously if quard pages are

. -1 enabled 2 s
beinghatched = 1; Tip: Use the stack list and the local variables to explore your program's e

current state and identify the source of the error.
test.anotherList.s|
test.c= 'p';
beinghatched = 0;

PO -
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Detect stale memo

Detect read/write beyond array

bounds allocations
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Multi-dimensional Array 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

Array Expression: | tables[$illsj) I~ Evaluate
Distributed Array Dimensions: How do | view distributed arrays? ‘Tcel
|| Staggered Array What does this do? |¥| Align Stack Frames
Range of si Range of $ || Auto-update
© o
[ Only show if: | | See Examples

Data Table | Statistics

<) Goto 4P Visualize [ Export [ Full Window
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Debug Example - Fortran code

Linaro DDT - Linaro Forge 23.0

File Edit View Control Tools Window Help
U E 3 S0 E EE
Current Group: All
Al Loz s[4 0 Je J[7 ][ J[e J[xo][22][32][23][24 ][15][26][27][18][19]

! 00O

~ Focus on current: ® Group  Process  Thread

]
DIEIGIEIGEIEE]E R R 2] 3] ] 3] ]

Create Group
¥ hello.f x

Project Files | Fortran Modules
Project Files 50 > (domain (my_rank*100000))
Search (Ctri+K s DO i = 1, SIZE(domain)
52 domain(i) = 2*i + 1
~ ¥ Application Code 53 END DO
r ./ 54
» ¥ Headers 55 message="Hello From Me ne
Sources 56
57 PRINT *,"My rank is ",my_rank,"!"
® forge_constants 58
® FUNCL() : INTEGER ©59 LL SUB1()
© hellof77 60 .
® show_consts 61 beingwatched=1
® SUB1 o tag:0
Hi@iEximaliCods 64 ~ IF (my_rank.ne.0) THEN
© 65 PRINT *,"Greetings from process ",my_rank,"!"
66 PRINT *,"Sending message from ",my_rank,"!"
67 dest=0
68 CALL MPI_Send (message,21,MPI_CHARACTER, dest, tag,MPI_COMM_WORLD
69 c,ierr)
70 beingwatched=beingwatched-1
71 ELSE
©72 message="Hello from my proces
7y v DO source=1, (my_size-1)
74 PRINT *,"waiting for message from ", source
15 L MPI_Recv(message,21,MPI_CHARACTER, source, tag, MPI_COMM_WORLD
76 c,stat,ierr)
77 PRINT *,"Message recieved: ",message
78 beingwatched=beingwatched+1
79 0
80
81
82 b gwatched=12
83 (o MPI_Finalize(ierr)
84 beingwatched=0
85 PRINT *,"All done...",my_rank
86 E

| Locals | Current Line(s) ~Current Stack ~Raw Command
* Locals

‘Name Value

» mpi_argv_null

» mpi_argvs_null
mpi_bottom =0

» mpi_errcodes_i...
mpi_in_place =0

» mpi_status_ign...

» mpi_statuses _i...

» mpi_unweighted

» mpi_weights_e...
beingwatched -1
dest =0

» domain
i e 1
ierr =o
message ‘Hello from my process’
my_rank ~0
my_size — 20
source =0
stat o
tag —0
ompi_release_v... — 4

ompi_minor_ve...

ompi_comm_ty.
ompi_comm_ty.
ompi_comm_ty.
ompi_comm_ty.
ompi_comm_ty.
ompi_comm_ty.
‘ompi_comm_ty.
ompi_comm_ty.
ompi_comm_ty.

Input/Output*  Breakpoints =~ Watchpoints Stacks(AII)i‘ Tracepoints  Tracepoint Output  Logbook

Stacks (All)

Processes Threads  Function =

19 119 77 (hello.f:66)
»

ompi_comm_t -
‘Evaluate
Name Value

my size — 20

Type: integer(kind=4)
Ready|
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Linaro Performance tools

Characterize and understand the performance of HPC application runs

l;l’\\ Gather a rich set of data

(/

_" e Analyses metric around CPU, memory, 10, hardware counters, etc.
Commeg‘;'ﬂ',ﬁ'asrzpponed e Possibility for users to add their own metrics

@ Build a culture of application performance & efficiency awareness

e Analyses data and reports the information that matters to users
Accurate and

Astute insight e Provides simple guidance to help improve workloads’ efficiency
? Adds value to typical users’ workflows
X e Define application behaviour and performance expectations
Relevant advice e Integrate outputs to various systems for validation (eg. continuous integration)

to avoid pitfalls . .
e Can be automated completely (no user intervention)
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L} ] ]
a p a I I t I e S Profiled: clover leaf on 32 processes, 4 nodes, 32 cores (1 per process) Sampled from: Tue Nov 8 2016 07:59:11 (UTC) for 408.1s
Application activity ¥
100 T T T i "W "W P - "
it s
ol -
160

CPU floating-point
31.9%

MAP is a sampling based scalable profiler ——

149 MB

. Bu i It O n Same framewo rk aS D DT 07:59:11-08:05:59 (40&1095:’;&" thread compute 2.0 %, OpenMP 60.7 %, MPI 19.1 %, File I/O 8.6 %, Synchronisation %, OpenMP overhe:
e Parallel support for MPI, OpenMP, CUDA e
e Designed for C/C++/Fortran - — e

c()

Designed for ‘hot-spot’ analysis s o T o e

Total core time A MPI Overhead Function(s) on line Source
2

e Stack traces
e Augmented with performance metrics

o
3a% T = Cycles per instruction
26% .. <0.1%
2.3% <0.1% 0.83

Adaptive sampling rate T e e | | —

~ CPU Cycles

]
®
B
B
B

515G /s

e Throws data away - 1,000 samples per process 0

Instructions

e Low overhead, scalable and small file size 615615 ol

L2 Cache Accesses ce0 )
379M/s -
0
L2 Cache Misses ZiE
125M/s - -
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Linaro MAP Source Code Profiler Highlights

ympute 76 %, MPI 24 %, File I/

Find the peak memory use

30 ! late to the party
|.8% 31 do j=1,20"nprocs; a=s
32 end if
33
34 = if (pe /= 8) then
1.6% .. 35 call MPI_SEND(a, size|
36 else
37 8 do from=1,nprocs-1
5% 38 call MPI_RECV(b, si:
b.9% — 39 do j=1,50; b=sqrt(b]
).1% § 46 print *,"Answer fro
41 end do
42 end if
43 end do
1.0% et 44 T call MPI BARRIER(MPI COMM
45
46 if (pe == @) print *,"fle
47 = do iterations=1,2
48 a(:) = 1000.0"real(pe+2

Fix an MPI imbalance

Input/Output | Project Files = Main Thread Stacks | Functions

fain Thread Stacks

otal coretime 4 MPI  Function(s) on line Sour
= CallActionsSeparatedConcerns [inlined]... step
=Call [inlined] Call

“hemelb::net:IteratedAction::CallActi... retu

80.3% I 80.3% PMPI_file_write_at MPI_
<0.1% #6 others
<0.1% #1 other

ihowing data from 32,768 samples taken over 512 processes (64 per process)

Hide Metrics...

, Sleeping © % | CPU floating-point 0 %; Zoom *1 = ©

Make sure OpenMP regions
make sense

Improve memory access

LU Step Count Z=0
124
0 | eeeee—
Array 1 Error 330 —-_\h____
0.65 k
0 B
Array 2 Error 2 -
45.4 Te—
0|
Array 3 Error g2l _—_\ﬁh
157
0

Arrauv A Frear

Custom Metrics
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MAP Example - ROCm AMD GPU

File Edit View Metrics Window Help

Profiled: mixed-cpu-gpu on 3 processes, 1 node, 3 cores (1 per process) Sampled from: Mon Feb 28 21:22:24 2022 for 6.1s  Hide Metrics... P rofi Ie
Main thread activity

e Ran for 6s, taking 300 samples per process

GPU utiiization e Able to bring up metadata of the profile
67.7% ’ B - - " "
. . . .
crumemoryvsage 10— e Mixed CPU [green] / GPU [purple] application
41% ) e CPU time waiting for GPU Kernels [purple]
CPU memery utiization ‘°° e GPU Kernels graph indicating Kernel activity
0 ' >, '’ ! ! ! ! ) S—,
21:22:24-21:22:30 (6.131s): Main thread compute 31.2 %, MPI 7.3 %, Accelerator 61.4 % Zoom &1 = ©
" mixed-cpu-gpu.cpp X G U I Inform at|0n
10  #define BLOCK_SIZE 32 2 . .
1 #detine DURATION 5.0 e GUI is consistent across platforms
?; v { x'.f’rl :'.t void MztrlxMulHIP(fl:at *C, float *A, float *B, int wA, int hA, ° Zoom mto maln thread aCtIVIty
B oat temp = 0;
‘ 17 int 1 = blockIdx.y * blockDim.y + threadldx.y; - & Ranked by highest contributors to app time
Input/Output  Project Files ~ Main Thread Stacks =~ Functions GPU Kernels
GPU Kemels @®
Breakdown “ GPU Kemels ‘Source \
~ & mixed-cpu-gpu [program] GPU: line-level information is not available for ROCm kernels
28.1% | —— @ MatrixMulHIP

25.4% % MatrixMulHIPShared

Showing data from 900 samples taken over 3 processes (300 per process) + Main Thread View
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Performance Reports Example - Python

Jopt/python/3.8.5-shared/bin/python3 python-profiling.py Compute
. 1 node (12 physical, 16 logical cores per node)
Linaro 15 GiB per node

[
Performance 1 process
Reports thoth MPI/__ P _Python
. . x86_64

Report information alderiake }

. . Tue May 30 14:44:01 2023
e Summary of application performance 29 seconds

lopt/python/3.8.5-shared/bin /10
e Actionable insight

e Could integrate into CI/CD N . o
Summary: python-profiling.py is Python Interpreter-bound in this

configuration
G e n e ratl n g a re po rt 46.7% Time spent running application code. High values are usually good.
. Com DUte 170 - This is low; consider improving MPI or I/0O performance first

e Able to generate from a MAP file . .
MPI 0.0% l ﬁme'spent in MPI galls_ High values gre usualty‘bad_

PY Generated through the Command'line : This is very low; this code may benefit from a higher process count

0.0% Time spent in filesystem I/O. High values are usually bad.

o Text Output or HTML repo rt 170 70 ‘ This is negligible; there's no need to investigate I/O performance
Python 5330 - 1[;:[;1; bsgeﬂ;fig :e?feicz)r?on interpreter. Calling out to precompiled libraries
I nterpreter . This is average; consider moving more logic to compiled libraries

This application run was Python Interpreter-bound.
As very little time is spent in MP| calls, this code may also benefit from running at larger scales.
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Running on Frontier

Forge is already on Frontier
module load forge

DDT offline debugging
ddt --offline srun -A <project_id> -t 00:05:00 -p <partition> -N 2 -n 4 --ntasks-per-node=2 ./app

MAP offline profile
map --profile srun -A <project_id> -t 00:05:00 -p <partition> -N 2 -n 4 --ntasks-per-node=2 ./app

Performance report
perf-report srun -A <project_id> -t 00:05:00 -p <partition> -N 2 -n 4 --ntasks-per-node=2 ./app

For remote connection

https://docs.linaroforge.com/latest/html/forge/forge/connecting to a remote system/connecting remotely.html

Linaro Forge


https://docs.linaroforge.com/latest/html/forge/forge/connecting_to_a_remote_system/connecting_remotely.html

Thank you

Linaro Forge
Go to

rudy.shand@linaro.org
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