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Agenda

15 minutes Overview of DDT

45 minutes DDT hands-on

15 minutes Overview of MAP and Performance Reports
e 30 minutes MAP and Performance Reports hands-on
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DDT Supported Platforms

Works across hardware architectures and HPC technologies

[Intel Compiler} [ROCm [ CCE } [ACfL} [ GCC } [NVHPC} [ IBM XL }
[Intel MPI] [HPE MPI MPICH J [Open MPI} [] [ IBM Spectrum MPI } W ’.-ﬂ i
[ RHEL 7+ [ SLES 15 J [ Ubuntu 20.04+ J ”:.rm

AMD ROCm NVIDIA CUDA Intel Xe-HPC

[ Intel (x86-64) } [ AMD (x86-64) ] [ arm (aarch64) }
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DDT Highlights

W o tor {1 = 0 ; i < SIZE_N; 14+) :
inputOuput | Breskpons | Wathpine | Tracepons ﬁmﬁ I Sicls(All)i SRR I L © hello.c %

Tracepoini Outpul CLaInn = e A This file is newer than your program. Please recompile then restart your debugging session.
- o li =@ 5 i< SIZE M; ive) 43 else
Tracepoint | Processes | Values logged or (1 =@ ; j < SIZE N; jee) A 44 test=-1;
Tor (k=8 : K < SIZE 0; Katl !
976, ranks - 45}
; ol cl1 - Al1]l%] * BLK ;
vhone 19085 iR, | M .'l NI jeol H‘ 18 mod pey (1101] += Al1]1k] Lkil1] 46
47 & void func3()
960, ranks e
vhone 19081 ks =—— 1 kmax pez AT (nuap 48 {
2161720:23,12 g Frocezs 0: o )
m o . . - 49 void* i = (void¥) 1;
, ranks 2 NPT A J ocess stopped st wakchpaint *rank® in man [watchmatnx.c:45). A 50 vlhlle(iH' “ 'i)
vhone 1085 mype ™ | 21723527 jeol 28 mod :
wienann. | " <l o W P okt vake: 0 51 free((void+)i):
99, ranks ) e A portabitity itis of type 'void *'. When using void pointers in calculations, the behaviour is undefined.
vhone 1081 nunann. T 1 kmax pez ~ Aways show this window for watchpants
——— printf( s e = | — m—— Left click to add a breakpoint on line 50
919, ranks = ontnuc se uze
vhone 9085 D, | M .'l N385 ol H“ 28 mad pey f (arge 5 {
P for (1 = @; 1 < STZF M; i+4) 56 typeThree test;
A [ ( 57 typeThree* t2;
hone 081 a1 P printt (| *1; 58 int i;

The scalable print alternative Stop on variable change Static analysis warnings on code errors

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

Pr ped
} ‘ Processes 0-3:
funcl(); Memory error detected in main (hello.c:118):
func2(); null pointer dereference or unaligned memory access B S re et e bt

fprintf(stderr, "I

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

i -1 enabled
beinghatched = 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.sl ‘7‘ T e
gt Continue
test.c = 'p'; RN e e

beingWatched = ©;

Atocation Datals

| mfn | RS =L Lusiom ARG, . x|

Detect read/write beyond array bounds Detect stale memory allocations
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GPU Debugging

File Edit View Control Tools Window Help
s B3 KEEEIEIEl! ©

Focus on current: ‘® Process Thread

000
LEL]

GPU Threads (MatrixMulHIP(float*... Block (3 |3]2 3 Thread | 5 |3 |18 | Grid size: 4x4x1 Block size: 32x32x1
Project Files @® | @ matrixMul.cpp X Lo.. Curre.. Curr.. GP.
% 19 int i = blockIdx.y x blockDim.y + threz* GPU Devices @®
- & Application Code Al int j = blockIdx.x * blockDim.x + threz Attribute Name Value
2 ~ Ranks 0
» / - .
« B Sources _- - ;w'( int k = 0; k < wA; k++) - VeglaDzo golevices
. - S -
24 temp += A[ i * wA + k] * B[kx w8 + Threads 2400
® Constantlr 75 } Cores 240
® main(intal @ g C[ i * wB + j] = temp;
® MatrixMul 57 I ] =
® MatrixMul 28 __syncthreads();
® MatrixMul 29 }

» & External Code 30
31 ~ global__ void MatrixMulHIPShared(float x(

2 {
// Block row and column
4 int hlackRow = hlackTdy e 3
4 » »
Kernel Progress View | Input/Output = Breakpoints =~ Watchpoints = Stacks Evaluate
Kernel Progress View @® Na.me Value

Kernel Progress : . &2

y—— wA 128
T S S [

temp 127999914

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

ARGONNE
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Support both AMD and Nvidia GPUs
Debug simultaneously on GPU and CPU

Look and feel exactly the same
Main Features work in GPU

Key (additional) GPU features:
e Kernel Progress View
e GPU thread in parallel stack view
e GPU Thread Selector
e GPU Device Pane

For NVIDIA’s nvcc compiler, kernels must be compiled

with the -g -G flags
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Python Debugging

Linaro DDT - Linaro Forge 23.1

- Debug Features A0 S B E B RN E L
. Spark“neS for Python Varlab|eS Current Group:  All ¢ Focus on current: ® Group Process Thread
« Tracepoints [o]lr][2][a][#][s][e][7]

Create Group

* M DA Vi ewe r x 3 Project Files 2 mmult... Locals Current Line(s) Current Stack
. . N r mr == 0: x Local
+ Mixed language support Search (3K) &l fortran style array order: = oeas

- Name | Value .
- 126 mat_a numpy.ndarray (shape=(sz, sz), dtype='d', order='F')
y mat_b numpy.ndarray (shape=(sz, sz), dtype='d', order='F') > comm
@ Ismr.py : mat_c = numpy.ndarray (shape=(sz, sz), dtype='d', order='E') filename "res_Py...

* I m p roved Eval u atIO n S : 2 Isar.py 13 ; r.nat7a numpy.ndarray (shape=(sz*sz), dtype='d', order='C') fortran_style_array_... [ False

. . 3 mat_b numpy.ndarray (shape=(sz*sz), dtype='d', order='C') intercomm Interco...
° Matrlx ObJeCtS 2 Izma.py 3 mat_c = numpy.ndarray (shape=(sz*sz), dtype='d', order='C') kernel "Cc"

H m machinery.py ("{} :_Initializing_matrices oo (mr)) > GERE
¢ Array ObleCtS @ main.py minit (sz, fortran style array order, mat_a) mat_b

B matfuncs.py minit(sz, fortran style array order, mat_b) [0]

° Pandas DataFrame @ matfuncs.py minit (sz, fortran style array order, mat_c) [1000]
o Series ObjeCtS . 3 i ("{}: Sending matrices". (mr) ) [100]

o

i nge (1, nproc) : [101]
) [102]

mat_a_slice = mat_c[:, i*mslice_r: (i+l)*mslice_r] [103]

8 fortran_style array order:
2 mat_c slice = mat_c[:, i*mslice r: (i+l)*mslice r] oaEEssss—— |

memmap.py

- Python Specific: > o a
. Stop on uncaught Python eXCeptlon Input/Output  Breakpoints Watchpoints ~Stacks (All) Tracepoints Tracepoint Output Logbook |X* & Evaluate

* 8 Stacks (All) Name | value

« Show F-string variables in “Current Line” display [FEEENEEEE - i —G

1 (M - <module> (allinea_ddt_trace.py:155) nproc e 8
° I 1 1M - main (allinea_ddt_trace.py:140)
M pl4py’ N u m Py’ SCI Py 1 - <module> (mmult.py:215)
main (mmult.py:134)

ddt --connect mpiexec -n 8 python3
%allinea_python_debug% ./mmult.py

ARGONNE
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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
(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 \

mpiexec ./jacobi_omp mpi gnu.exe

ESC extremecomputingtraining.anl.gov Argonne A
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MAP and Performance Reports Supported Platforms

Works across hardware architectures and HPC technologies

[Intel Compiler} [ROCm [ CCE } [ACfL} [ GCC } [NVHPC} [ IBM XL }
[Intel MPI] [HPE MPI MPICH J [Open MPI} [] [ IBM Spectrum MPI } W ’.-ﬂ i
[ RHEL 7+ [ SLES 15 J [ Ubuntu 20.04+ J ”:.rm

AMD ROCm NVIDIA CUDA

[ Intel (x86-64) } [ AMD (x86-64) ] [ arm (aarch64) }
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Linaro Performance tools

Characterize and understand the performance of HPC application runs

"l"\ Gather a rich set of data
I',’

e Analyses metric around CPU, memory, 10, hardware counters, etc.

Commercially e Possibility for users to add their own metrics
supported by Linaro

@ Build a culture of application performance & efficiency awareness

e Analyses data and reports the information that matters to users

Accurate and e Provides simple guidance to help improve workloads’ efficiency

Astute insight
X Adds value to typical users’ workflows
FT e Define application behaviour and performance expectations
X e Integrate outputs to various systems for validation (eg. continuous integration)
Relevant advice e Can be automated completely (no user intervention)

to avoid pitfalls

extremecomputingtraining.anl.gov Ar onneA
ESC2024 g
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The Performance Roadmap

e : L e Verification
Optimizing high performance applications o @ Validate corrections and

Vectorization optimal performance

® Understand numerical intensity
Cores and vectorization level.

® Discover synchronization ® Hot loops, unvectorized code and
overhead and core utilization GPU performance reveleaed

® Synchronization-heavy code and
implicit barriers are revealed

® Reveal lines of code bottlenecked by
memory access times.

\ ® Trace allocation and use of hot data
e structure

Communication
Workloads ® Track communication performance.

© Detect issues with balance. @ Discover which communication calls

e @ Slow communication calls and are slow and why.

Analyze before you optimize ® Discover lines of code processes.

Bugs @Measure all performance aspects spending a long time in I/0. Dive into partitioning code.
@ Correct application You can't fix what you can't see. b -rl)—;atltceerrfsnd debug slow access

©® Prefer real workloads over artificial tests.

Linaro Forge
Linaro Performance Reports
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Linaro Performance Reports

A high-level view of application performance with “plain English” insights

mpiexec.hydra -host node-1,node-2 -map-by |/O
socket -n 16 -ppn 8 ./Bin/low_freq/../../Src//hydro
arm -i A breakdown of the 16.2% 1/0 time:
PERFORMANCE ./Bin/low_freq/../../../../Input/input_250x125_corner.nml . . % |
REPORTS 2 nodes (8 physical, 8 logical cores per node) Time in reads 0.0%
15 GiB per node Time in writes 100.0% N
16 processes, OMP_NUM_THREADS was 1 )
node-1 Effective process read rate  0.00 bytes/s |
Thu Jul 9 2015 10:32:13 Effective process write rate 1.38 MB/s N

165 seconds (about 3 minutes)

Bin/../Src Most of the time is spent in write operations with a very low

effective transfer rate. This may be caused by contention for the
filesystem or inefficient access patterns. Use an |/O profiler to
investigate which write calls are affected.

Summary: hydro is MPI-bound in this configuration

Time spent running application code. High values are usually good.
Com pUte 20.6% - This is very low; focus on improving MPI or I/O performance first
Time spent in MPI calls. High values are usually bad.
MPI 63.2% _ This is high; check the MPI breakdown for advice on reducing it
Time spent in filesystem 1/0. High values are usually bad.
I /O 16.2% . This is average; check the 1/O breakdown section for optimization advice
ARGONNE . . .
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Linaro Performance Reports Metrics

Lowers expertise requirements by explaining everything in detail right in the report

CPU 1/0O
A breakdown of the 2% CPU time:
Multi-threaded single-core code  30.6% I SIMD A breakdown of how the 53.9% total I/O time was spent:
. — i 0y H H ol . 0/ |
parallelism ¥| OpentiP regions ’° | — leli Time in r
) paralielism L
Scalar numeric ops  9.5% | Time in W
Vector numeric ops  0.0% | & Estimate: Me mo ry
Memory accesses  76.1% Estimatey Per-process memory usage may also affect scaling:
The per-core performance is memory-bound. Use a profiler to
identify time-consuming loops and check their cache Most of tf Mean proce L us t re
performance. transferr| peak proces
Notimeisspd  \/P| ingfﬁcien Peak nod
e , Load wite caly Peaknode | ystre file_operations (per node)
| Ofthe 41.3% total time spentin MPI calls: L —  imbalance The peak nd
Time in collective calls 100.0% 1 the total nurl Mean writg
Time in point-to-point calls 0.0% “ processes 4 En € rgy
P Po e Peak write
Estimated collective rate 4.07 bytes/s |1 A breakdown of how the 32.3 Wh was used:
Estimated point-to-point rate 0 bytes/s | Mean file ¢ CPU 61.9% 1N
?:'I]'Of the timte is sp OpenMP OMP Mean metd system % Wl
is suggests a sig in
synchronization ov{ A breakdown of the 99.5% time in OpenMP regions: — eff|C|ency Mean node power 94.1 W [N
MPI profiler. ) /
Computation * « Peak node power 93.0 W [N
Synchronization 41.1% 1A
System Physical core utilization 100.0% [ Significant time is spent waiting for memory accesses. Reducing
» the CPU clock frequency could reduce overall energy usage.
Usage System load 99.7% 1N

Significant time is spent synchronizing threads in parallel regions.
Check the affected regions with a profiler.

ARGONNE This may be a sign of overly fine-grained parallelism (OpenMP

E S C regions in tight loops) or workload imbalance. extremecomputlngtralnlng anl gOV Argon ne A
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MAP Capabilities

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

MAP is a sampling based scalable profiler s | - —

e Built on same framework as DDT Cuflmegeint S| G ko R S Bl i i

31.9% T e — . B

e Parallel support for MPI, OpenMP, CUDA I P,
e Designed for C/C++/Fortran s e

07:59:11-08:05:59 (408.109s): Main thread compute 2.0 %, OpenMP %, MPI 19.1 %, File I/O 8.6 %, Synchronisation %, OpenMP overhez

Designed for ‘hot-spot’ analysis o

WY V— timestep()

e Stack traces o I

PdV (.FALSE.)

Y Aug mented with pe rformance metrics | Cycles per instruction 0.90 |- it e i

Input/Output | Project Files | OpenMP Stacks | [0} 0.83

Adaptive sampling rate lim ot 0O ]
e Throws data away - 1,000 samples per process BT e e Instructions i P
7.0% 0.7% 615G /s
e Low overhead, scalable and small file size S0% LTI O accesses o [
g:g;/,: : . B 379 M /s e T, S R S e e o
Showing data from 32,000 samples taken over 32 proc L2 Cache Missas 276

125 M /s

NATIONAL LABORATORY
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MAP Highlights

ympute 76 %, MPI 24 %, File |/

Find the peak memory use

30 ! late to the party
|, 8% 31 do j=1,20"nprocs; a=sq
32 end if
33
34 if (pe /= @) then
6% RN, 35 call MPI_SEND(a, size|
36 else
37 do from=1,nprocs-1
h.5% _ 38 call MPI_RECV(b, sij
b 9% o 39 do j=1,50; b=sqrt(b]
). 1% . 40 print *,"Answer fror
41 end do
42 end 1if
43 end do
.0 w34 T call MPI BARRIER(MPI COMM
45
46 if (pe == 0) print *,"fle)
47 = do iterations=1,2
48 a(:) = 1600.0"real(pe+2,

Fix an MPI imbalance

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

otal core time 4 MPI Function(s) on line Sour
= CallActionsSeparatedConcerns [inlined]... stef
= Call [inlined] (Call

=hemelb::net::IteratedAction::CallActi... retu

=hemelb::extraction::PropertyActor:.... End]

= hemelb::extraction::PropertyWrite... prog
hemelb::extraction::LocalPropert...

80.3% M 80.3% PMPI_File_write at MPI |
<0.1% #6 others
<0.1% %1 other

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

Remove 1?0 bottleneck

Hide Metrics...

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

Make sure OpenMP regions make sense

Improve memory access

extremecomputingtraining.anl.gov

{

mmult(size, nproc, mat a, mat

res += A[i*size+k]*B[k*size+j]

MPI Finalize();

muritel(cize. mat c. filename )

Restructure for vectorization

Argonne &
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GPU profiling

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...

— — —— — —

Main thread activity

GPU utilization Ho

67.7 %
0

GPU memory usage tel

41 %
0
100

GPU memory utilization
6.7 %

(N 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

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

Showing data from 900 samples taken over 3 processes (300 per process) + Main Thread View

ARGONNE
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Profile
e Supports both AMD and Nvidia GPUs
e Able to bring up metadata of the profile
e Mixed CPU [green] / GPU [purple] application
e CPU time waiting for GPU Kernels [purple]
e GPU Kernels graph indicating Kernel activity

GUI information
e GUI is consistent across platforms
e Zoom into main thread activity
e Ranked by highest contributors to app time

Argonne &

NATIONAL LABORATORY
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Python Profiling

: Profiled: python3.5 on 2 processes, 1 node, 2 cores (1 per process) Sampled from: Wed Jan 30 2019 18:49:21 (UTC) for 45.1s Hide Metrics...

Main thread activity

19.0 adds support for Python I ——

e Call stacks o
e Time in interpreter et

MPI point-to-point
3.77 k calls/s

H | ol ' ' AF ’ 7
WO rkS W I t h M P I 4 PY | 18:49:21-18:50:06 (45.068s): Main thread compute 42.5 %, MPI 48.4 %, File 1/0 3.8 %, Python interpreter 5.4 %
e Usual MAP metrics | B ez % | T
| “ | Breakdown of the 38.3% time

i I spent on this line:
| L + (dx/ay) Executing instructions 0.0
S d H + (dx/dy) Calling other functions  91.8%
| v/ dx .
Ou rce CO e VI eW | 35 3% il it il ldiatd. 74 S (dv?)dx)) GG Executing Python code 2%l
| - | LI | | 1 N s
e Mixed language support i ——
1 1
, Oop=MPI.MIN) L
, Oop=MPI.MAX) v
[»]
Input/Output | Project Files | Main Thread Stacks \ Functions |
Main Thread Stacks ®
| Total core time A MPI Function(s) on line Source Position [4]
. R = & python3.5 [program] I
Note: Green as Operatlon IS On humpy = ¢ diffusion-fv-2d.py #!/usr/bin/env python diffusion-fv-2d.py:1
. | =Imain main(sys.argv[1l diffusion-fv-2d.py:169
array, so backed by C routine, not 38.3% i Biibbdidll ol it it d [array_subtract, array_ multiply, array... - (un[xlow:xxhigh,0:-2] - un[xlow:xxhigh,1:-1]) * (dy/dx)) / (dy*dx)) diffusion-fv-2d.py:74
i i 28.5%‘.““““# 27.2% + halo ) halo(u, xlow, xhigh, nx, ny, comm, rank, size) diffusion-fv-2d.py:77 )
Python (Wh|Ch would be plnk) Showing data from 2,000 samples taken over 2 processes (1000 per process) Arm Forge 19.0.2 * Main Thread View

map --profile mpiexec -n 2 python ./diffusion-fv-2d.py

ESC extremecomputingtraining.anl.gov Argon ne e
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Compiler Remarks

a )

¥ fpragma (newval, values)

Annotates source code with compiler remarks 1
e Remarks are extracted from the compiler optimisation report © wave_openmp.c:207 __kmpc_fork_call will not be inlined into update
. . . wave openmp.c:167 because its definition is unavailable [inline]
e Compiler remarks are displayed as annotations next to your source code

© wave_openmp.c:207 __kmpc_fork_call will not be inlined into update
wave_openmp.c:167 because its definition is unavailable [inline]

Colour coded
e Their colour indicates the type of remark present in the following priority order: 2nM © wave_openmp.c:207 6 virtual registers copies 1.756000e+01 total
1. Red: failed or missed optimisations copies cost generated in function [regalloc]
2. Green: successful or passed optimisations
3. White: information or analysis notes

wave_openmp.c:207 'update.omp_outlined_debug_ " inlined into
'update.omp_outlined wave_openmp.c:207": always inline attribute at
callsite update.omp_outlined:0:1; [inline]

® wave_openmp.c:207 96 stack bytes in function [prologepilog]

Compiler Remarks menu.
e Specify build directories for non-trivial build systems

L T

- ® wave_openmp.c:207 80 instructions in function [asm-printer]

e Filter out remarks ATITOAT
101 . .AL 1f ((first + j - 1 == 1) || (first + j - 1 == tpoints)) -
14 newvallj] = 0.0;
1 216 do math(j);
17 }
}
ESC extremecomputingtraining.anl.gov AFgOﬂI’]EA
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Thank you

Linaro Website

www.linaro.orq

Linaro Forge Website
www.linaroforge.com

Contacts
Sales: sales@forge.linaro.com

Support: support@forge.linaro.com
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