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HPC Development Solutions from Linaro

Best in class commercially supported tools for Linux and
high-performance computing (HPC)

Linaro Forge

%

Debug Profile Analyse
Linaro DDT Linaro MAP Linaro

Performance Reports

Performance Engineering for any architecture, at any scale
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Linaro Forge
An interoperable toolkit for debugging and profiling

K The de-facto standard for HPC development

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

State-of-the art debugging and profiling capabilities

e Powerful and in-depth error detection mechanisms (including memory debugging)
e Sampling-based profiler to identify and understand bottlenecks
e Available at any scale (from serial to exascale applications)

Easy to use by everyone
e Unique capabilities to simplify remote interactive sessions
e Innovative approach to present quintessential information to users
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Linaro Performance tools

Characterize and understand the performance of HPC application runs

lgl’\\ Gather a rich set of data

%, .

_' e Analyses metric around CPU, memory, 10, hardware counters, etc.
Comme,:;'i':ry,:,zpported 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
10X 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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Supported Platforms

Intel Compiler ROCm

CCE‘ ATfL\ GCC NVHPC‘ llvm l Compiler

klntel Mlﬂ{ Sycl J |

MPICﬂ [Open Mlﬂ [_\ f Opegl\f/'!lz::rget ] Programming Models

[ RHEL 7+

J

[ SLES 15 J [ Ubuntu 20.04+ ]w ’l“““i;l

AMD ROCm

NVIDIA CUDA Intel Xe-HPC GPU Accelerator

[ Intel (x86-64) ] [ AMD (x86-64) ] [ arm (aarch64) ] CPU Architecture
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GDB under the hood
Leveraging the gdb community ﬁ /60

GDB is the underlying technology N e N
e Linaro upstreams patches to the gdb community X O“i(
e Forge team raises and fixes gdb bugs 4

T~

Nimble at supporting new technologies N o oK 84~
e Rely on hardware vendors to add gdb support '—m
e Rely on software consortiums to add gdb support

. . A
e Helps us to stay current with technologies ' /
e Provides a state of the art debugger
" //
e A 0741/ //
L O o—r~— 4
—~ oS/
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Scaling GDB

Tree network topology

e Tree server design is how Forge is able to scale
Send bulk commands and merge responses

[ ]
e Aggregate the data instead of broadcasting thousands of responses
e Configurable gdb inferior multiplexing

VIRTUAL INSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING

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

Forge Backend

Forge Backend

Multiplexing at M:N

L
L

Muitiplexer <> GDB (0)

Inferior (0)

h A

Inferior (1)

GDB (M)

A

Coroutine (N)

Coroutine (0) i GDB(0) « Inerior (0) Coroutine (0)
Forge Backend | [ " Forge Backend
Coroutine (1) Lol GDB (1) i Inerior (1) Coroutine (1)
Forge Backend | 0 N ) . Forge Backend
Coroutine (N-1) |~ | GDB (N-1) [ 5 Inferior (N-1) Coroutine (N-1)
Forge Backend PEEEN GDB (N) > Inferior (N) Forge Backend

Coroutine (N)

A

Inferior (N-1)

7 O

Inferior (N)
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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 I O
socket -n 16 -ppn 8 ./Bin/low_freq/../../Src//hydro /

—j .
./Bin/low_freq/../../../../Input/input_250x125_corner.nml A breakdown of the 16.2% |/O time:
2 nodes (8 physical, 8 logical cores per node)

15 GiB per node Time in reads 0.0% |

16 processes, OMP_NUM_THREADS was 1 Time in writes 100.0% (NN

node-1

Thu Jul 9 2015 10:32:13 Effective process read rate  0.00 bytes/s |

;,65/ S/eswnds (about 3 minutes) Effective process write rate 1.38 MB/s I
In/../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 1/O profiler to

Summary: hydro is MPI-bound in this configuration | investigate which write calls are affected.

20.6% - Time spent running application code. High values are usually good.
Com DUte . This is very low; focus on improving MPI or 1/O performance first
2% _ Time spent in MPI calls. High values are usually bad.
MPI 63. 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 1/0 breakdown section for optimization advice
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Linaro Performance Reports Metrics

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

Multi-threaded U SIMD 110

A breakdown of the % CPU time: A breakdown of how the % total /O time was spent:

| I | single-core code 306% MW - | | | I Ti
para eliIsm —_ ’ para elism ime in reads
OpenMP regions % Time in writes Memory
Scalar numeric ops ~ 9.5% |l Estimated read rate| Per-process memory usage may also affect scaling:
Vector numeric ops  0.0% A Estimated write ratd 1 orocess memory usage 160 Mb I
Memory accesses — Most of the time is §  Peak process mem:
transfer rate. This Lustre
The per-core perform) M P | inefficient access p4 Peak node memory
identify time-consumy write calls are affec Lustre file operations (per node)
performance. 3% total time spentin MPI calls: l.'“:.ﬁ.e;knﬁ'ﬁﬁ,iﬁ“ci” ! '
No time is spent in V| Time in collective calls 100.0% ] processes and mord Mean write I
compiler's vectorizat| Peak write 1] E
be vectorized Time in point-to-point calls 0.0% Load nergy
Esti d collective rate 4.07 bytes/s |1 < I~ - b | Mean file opf breakdown of how the 32.3 Wh was used
Estimated point-to-point rate 0 bytes/s | Im a ance Mean metad CPU 61.9% N
Al of the time is spent in_collective calls with low transfer rate. System % M
This suggests a signific| ,
e it M d ‘ w .
synchronization overhej O pen MPp ean node power
MPI profiler. L Peak node power  98.0 W |
P A breakdown of the 99.5% time in OpenMP regions: OM P
Significant time is spent waiting for memory accesses. Reducing
Computation % —1 . .
effICIenC the CPU clock frequency could reduce overall energy usage.
Synchronization 41.1% 1 y

Physical core utilization % [l

| System
System load 99.7% HH usa e
Significant time is spent synchronizing threads in parallel regions. g
Check the affected regions with a profiler.

This may be a sign of overly fine-grained parallelism (OpenMP
regions in tight loops) or workload imbalance.
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MAP Capabilities

MAP is a sampling based scalable profiler
e Built on same framework as DDT
e Parallel support for MPI, OpenMP, CUDA
e Designed for C/C++/Fortran

Designed for ‘hot-spot’ analysis
e Stack traces
e Augmented with performance metrics

Adaptive sampling rate

e Throws data away - 1,000 samples per process
e Low overhead, scalable and small file size
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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

CPU floating-point

31.9% SRR e pE e e PR P e ittt
0 = .:‘j Lot d——— i — - e mek ww e whe 77 - -—— ) W wa—" .
Memory usage HED
149 MB
[
07:59:11-08:05:59 (408.109s): Main thread compute 2.0 %, OpenMP %, MPI 19.1 %, File /O 8.6 %, Synchronisation %, OpenMP overhez

f hydro.fo0 X

ttttos st

Input/Output | Project Files | OpenMP Stacks | OpenMP Regions | Functions |
OpenMP Stacks
Total core time A MPI Overhead Function(s) on line Source

= & clover_leaf [program]

clover_leaf CALL

= hydro

39.7% suman ™ e 11 advection_module::advection
E: 2 R 8.3% # timestep_module::timestep
70% . 0.7% # pdv_module::pdv
7.0% - <0.1% ) visit
5.0% 1.2% # pdv_module::pdv
3.1% #acce Cycles per instruction i
2.6% 1  flux_
2.3% wresel 83 .
Showing data from 32,000 samples taken over 32 processes (1000 | cpy Cycles 55.3 [ e e—
515G/s
0
Instructions a7 _ ]
61.5G/s
0
L2 Cache Accesses 680
379 M /s o
0
L2 Cache Misses 225 .
125 M /s e s AT
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_inaro MAP Source Code Profiler Highlights
4 A 30 1 late to the party
3 = }.8% 31 do jzl,ZO‘npvocs; a=st
1 E end it Input/Output | Project Files | Main Thread Stacks | Functions
§ 34 = if (pe /= @) then fain Thread Stacks
g 32 dg;“ NEICEN (ATR) otal coretime ~ MPI  Function(s) on line Sour
L — 37 8 do from=1,nprocs-1 = CallActionsSeparatedConcerns [inlined]... stef
= L% 38 call MPLRECV(b, sii = Call [inlined] Call
- Jlj -22 do 121:5?}; ":5‘":“" =hemelb:net:IteratedAction:CallActi... rett
Iy e . Py mg'::‘ + Answer Tror =hemelb::extraction::PropertyActor:... Endl
- 2 end if =hemelb::extraction::PropertyWr
43 end do hemelb::extraction::LocalPropert... locg
0, 0, | 1.0% e 44 Call MPI BARRIER(MPI COMM 80.3% I  80.3% PMPI_file_write_at MPI_
ympute 76 %, MPI 24 %, File |/ i st i
a6 if (pe == 8) print *,*fles <01% #1 other
47 = do iterations=1,2 o
48 a(:) = 1000.0"real(pe+2, ihowing data from 32,768 samples taken over 512 processes (64 per process)

Remove 1?0 bottleneck

Find the peak memory use Fix an MPI imbalance

Hide Metrics...

{

mmult(size, nproc, mat a, mat

= = : ; SRR eallres += Ali*size+k]*B[k*size+]]

. Sleeping © % | CPU floating-point 0 %; Zoom *1 = © MPI_Finalize();
murite(cize. mat r. filename )

Make sure OpenMP regions

Improve memory access Restructure for vectorization

make sense
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Case Study: Fire Dynamics Simulator (FDS)

Issue that we encountered with AWS when porting an app called FDS: https://github.com/
firemodels/fds.

Software for fire & smoke modelling Oxygen Volume Fraction (mol/mol) Siatlation inguts
- Soot yield = 0,03 kg/kg
Collaboration between Arm, AWS and NIST o R

Porting the application from x86_64 to Arm
Graviton.

Spotted an inefficient MPI call routine using MAP

mol/mol

Fair amount of time that was spent on this “inquire” line.

Time (min)

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Spotting the bottleneck with MAP

£ tds_ompi_gnu_linue_512p_16n_1t_2024-01-22_10-42.map - Linaro MAP - Linaro Forge 23.1 - X
File Edit View Metrics Reports Window Help

Profiled: fds ompi_gnu_linux on 512 processes, 16 nodes, 512 cores (1 per process) for 241.85 Sampled from: lun. janv. 22 10: Main Thread Only Hide Metrics

Main thread activity . I I ' ' I

Cydles per instruction > N
043 _ il x I e N3 T e i N 1
Memory usage 8 [
366 MB &
o
10:42:36-10:46:37 (241.7985): Main thread compute 21.8 %, MPI 31.4 %, File /O 16.8 %, Sleeping 9%, Uncategorized 0.0 %
* mainfo0 @ | Time spent on line 571 8 x

Breakdown of the 46.7% time spent on this fine:
Executing instructions  0.0%
Calling functions 100.0% I

PN Arréter le partage

5 ICYC = ICYC + 1 ! Time step iterations

DIAGNOSTICS = .FALSE.

Votre écran est partagé par le biais de I'application tea:

! Check for program stops

(EX .AND. ICYC>-STOP_AT_ITER) T
If (VERBOSE .AND. STOP_STATUS
STOP_STATUS = USER_STOF
DIAGNOSTICS = .TRUE.

see if

e time step

IF (ALL(CHANGE_TIME_STEP_INDEX—1)) DT = MINVAL(DI_NEW)

1 time step

IF ((T+DT+DI_END_FILL)>T_END) DT = MAX(T_END-T+TWO_EPSILON_EB,DT_END_MINIMUM)

Input/Output | Project Files  Main Thread Stacks | Functions | Libraries | /tmp/gec/330/ . conan/data/gec12/12.2.0. 330/ infra/stable/build/
[d5a8180155££75c74£48c98911£0beb481e59b16/gcc-12.2.0/1ibgfortran/io/unix.c:
Main Thread Stacks 1916 e
Total core time [mp1[Function(s) on ine Source from /homee 2.0, 00 Position Library Ij
B fds_ompLgnulinux [program] 20.97% of total core time on the main thread (10.27h) was in 1 function (access) called from this line|
8/ fds PROGRAM DS _ |g 69, of total core time on the main thread (0.48s) in non-function code on this ine main.f90:4
= _gfortran_st_inquire INQUIRE (FILE: main.f90:571 fds_ompi_gnu_linux
=l inquire_via_filename [inlined] source file 10.00% of the total core time (0.48s) was in normal code on the main thread ild/d5a8180155££75c74£48c98911¢... inquire.c:823 libgfortran.so.5.0.0
=I_gfortrani_file_exists source file of the total core time ( ) was spent sleeping hild/d5a8180155££75c74£48c98911L... inquire.c:682 libgfortran.so.5.0.0
Slaccess source £ile not found: /tmp/gcc/330/.conan/data/gecis/12.2.0.330/infra/stable/build/d5a8180155££75c74£48c98911E... unix.c:1916 libgfortran.so.5.0.0
<0.1% # _int_free, free source file not found: /tmp/gcc/330/.conan/data/gccl2/12.2.0.330/infra/stable/build/d5a8180155££75c74£48c98911£... unix.c:1917 libgfortran.so.5.0.0
<0.1% @ _gfortrani_fc_strdup source file not found: /tmp/gcc/330/.conan/data/gecl2/12.2.0.330/infra/stable/build/d5a8180155££75c74£48c98911£... unix.c:1915 libgfortran.so.5.0.0
16.8% # _gfortrani_find_file source file not found: /tmp/gcc/330/.conan/data/gccl2/12.2.0.330/infra/stable/build/d5a8180155££75¢c74£48c98911£... inquire.c:821 libgfortran.so.5.0.0
<0.1% %1 other
a7 a40n  wfde-mach evrhanna TR (TRVET. SPM MONR/S11 CRTT MPSH RXCHDNGR (1) main fan &34 fe amni_amt limey

19-128:4201 -> ip-10-0-19-128
5

Linaro Forge 23.1 [Connected to: (via tunnel) ip-10-

A~ & %@ 714y FRA

@,‘

22/01/2024
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Adding metrics to MAP

.' Linaro Forge Client File Edit View Metrics Reports Compiler Remarks Window Help

® [ ) Preset: Default shand/u29136/mmult_example/mmult_cpu_improve_c_24p_1n_1t_2026-09-03_17-44.map - Linar.
Preset: Activity Timelines

Preset: CPU Instructions

Main thread activity Preset: CPU Time

100 Preset: Energy - - — - - — - - = —
CPU floating-point iL| Preset: 10 LE T ] B R B B LI AR e e
14.1 % __ s ’ 4—._.--_-'—~—'-H-H-H—""_“——._,-_--u—_—___—_F‘_;_,_———__,—v—ﬂ‘_"-’—-_,—‘_‘—_—._—ﬂ_-—'_"‘—_,——'_ﬁ‘“—‘——-ﬂ___,___ s
290 —_——— Preset: Memory =~
, —
Memory usage 4 Preset: MPI [
123 MB R | it
® Activity Timelines >
17:44:07-17:44:16 (9.121s): Main thread compute 4 CPU Instructions 5
- CPU Time > &
£ mmult_cpu_impro... ] 06
17.1% SRR, 73 Energy > KI*Blk*sz+jl;
74 10 >
75
76 } Memory >
. MPI >
78
79
80~ int  Unavailable groups >
81 {

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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mpirun mmult_c 3072 Compute

|Inaro 1 node (96 physical, 192 logical cores per node)
503 GiB per node
PERFORMANCE 24 processes

REPORTS 0210
x86_64

<unknown> MPI 1/0
Wed Sep 2 12:27:53 2026

16 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_c is Compute-bound in this configuration

Time spent running compiled application code. High values are

Compute 68.5% 10.8s [I usually good.

This is average; check the CPU performance section for advice

Time spent in MPI calls. High values are usually bad.
MPI 31.2% 4.9s - This is average; check the MPI breakdown for advice on reducing it

Time spent in filesystem 1/0. High values are usually bad.

1/0 0.3% 0.0s ‘ This is very low; however single-process 1/0 may cause MPI wait
times

This application run was Compute-bound (based on main thread activity). A breakdown of this time and advice for
investigating further is in the CPU section below.
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CPU Metrics issue

CPU

A breakdown of the 68.5% (10.8s) CPU time:
Scalar numeric ops 26.6% 2.9s M

Vector numeric ops 0.0% 0.0s |

73.4% 7.9s

The percentage of time spent in memory access operations,
such as mov, load, store. A portion of the time spent in
instructions that use indirect addressing is also included here.
A high figure here shows the application is memory-bound and
is not able to take full advantage of the CPU resources. Often it
is possible to reduce this figure by analyzing loops for poor
cache performance and problematic memory access patterns,
improving performance significantly. A high percentage of time
spent in memory accesses in an OpenMP program is often a
scalability problem. If each core spends most of its time waiting
for memory, or the L3 cache, then adding further cores rarely
improves matters. Equally, false sharing, in which cores block
attempts to access the same cache lines, and the over-use of
the atomic pragma, show up as increased time spent in memory
accesses.

The per-core performance is memory-bound. Use a profiler to
identify time-consuming loops and check their cache

performance.

No time is spent in vectorized instructions. Check the compiler's

vectorization advice to see why key loops could not be vectorized.

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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MPI
A breakdown of the 31.2% (4.9s) MPI time:

Time in collective calls 76.9% 3.8s [
Time in point-to-point calls 23.1% 1.1s W
Effective process collective rate 0.00 bytes/s |

Effective process point-to-point rate 146 MB/s 1IN

Threads

A breakdown of how multiple threads were used:
Computation % s

Synchronization 0.0% 0.0s |

Physical core utilization 24.9% 1

System load 126.2% Il

No measurable time is spent in multithreaded code.

The system load is high - multiple processes may be sharing one
core.



VIRTUAL INSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING

MAP CPU Metrics Drill down

Profiled: mmult_c on 24 p , 1 node, 24 cores (1 per process) for 16.8s Sampled from: Wed Sep 2 12:27:53 2026

ﬂ & Main Thread Only Hide Metrics

Main thread activity

CPU floating-point |-
22.0 % —al

B D VLS

CPU integer
5.3 %

CPU memory access
75.3 %

4

1

]

:27:53-12:28:03 (9.9365, 63.0% of total): Main thread compute 100.0 %, MPI 0.0 %, File /0 0.0 %

£ mmu...

(x]=} Time spent on line 75
50 FILE *f = fopen(fn, "w+"); i is li
51 Breakdown of the 100.0% time spent on this line:
52 for(int i=0; i<sz; i++) o 5
53 { Executing instructions  100.0% [ —
F s for(int j=0; j<sz; j++) Calling functions 0.0%
55 {
=6 , fprintf(f, "¥g\t", Ali*sz+jl); Time in instructions executed:
57
fprintf (£, "\n"); Scalar floating-point 22.4% IS
Vector floating-point 0.0%
, felose (£); Scalar integer 5.4% Il
Vector integer 0.0%
* |
void mmult (int sz, int nslices, double *A, double *B, double *C) Memory access 75.77
{ Branch
for(int i=0; i<sz/nslices; i++) . .
Other instructions
for(int j=0; j<sz; j++)
*72.2% memory access instructions, 3.5% implicit memory accesses in other
double res = 0.0; instructions, also counted in their categories
72
73 v for(int k=0; k<sz; kt++)
74 {
1o0. o+ NG 75 Tes = A[i*sztk]*B(k*szt3l;
76 )
<0.1% 78 Cli*sz+j] += res;
79 }
80 }
81 |}

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Fixing the cache bottleneck

Profiled: mmult_cpu_improve_c on 24 processes, 1 node, 24 cores (1 per process) for 9.1s Sampled from: Thu Sep 3 17:44:07 2026 ] ﬂ + Main Thread Only Hide Metrics
v

Main thread activity

CPU floating-point
28.8 %

CPU integer
17.4 %

CPU memory access

QR T VR,

60.5 %

:44:07-17:44:11 (3.800s, 41.7% of total): Main thread compute 100.0 %, MPI 0.0 %, File I/O 0.0 % Zoom| &1 =) @ ©

£ mmult_cpu_impro... o6 Time spent on line 73
56 fprintf (£, "$g\t", Ali*sz+j]); . -
57 } Breakdown of the 97.5% time spent on this line:
58 fprintf (£, "\n"); ing i i
59 Executing instructions  100.0% [ —
av Calling functions 0.0%
61 fclose (f) ;
62 } Time in instructions executed:
63
64 Scalar floating-point 29.5% I
65+ void mmult(int sz, int nslices, double *A, double *B, double *C) . 5
66 { Vector floating-point 0.0%
67 v for(int i=0; i<sz/nslices; i++) Scalar integer 15.9% I
68 {

<0.1% 69 v for (int k=0; k<sz; k++) Vector integer 0.0%

70 { -

2.4% - _ for (int 3=0; j<sz; j++) Memory access* 59.6%
12 { Branch

97. 55 AN 73 Cli*sz+j] += A[i*sz+k]*B[k*sz+j]; ) .

74 ¥ Other instructions 242
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mpirun mmult_cpu_improve_c 3072 Compute

Ilnaro 1 node (96 physical, 192 logical cores per node)
503 GiB per node
PERFORMANCE 24 processes

REPORTS <0301
x86_64

<unknown> MPI 1/0
Thu Sep 3 17:44:07 2026

10 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_cpu_improve_c is MPI-bound in this configuration

Time spent running compiled application code. High values are

Compute 49.7% 455 [N usually good.

This is low; consider improving MPI or /O performance first

4 4 Time spent in MPI calls. High values are usually bad.

MPI 9.9% -6s - This is average; check the MPI breakdown for advice on reducing it
Time spent in filesystem 1/0. High values are usually bad.

|/O 0.4% 0.0s ‘ This is very low; however single-process 1/O may cause MPI wait
times

This application run was MPI-bound (based on main thread activity). A breakdown of this time and advice for investigating
further is in the MPI section below.
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MPI issue

MPI

A breakdown of the 49.9% (4.6s) MPI time:
Time in collective calls 83.4% 3.8s 1IN

The percentage of time spent in collective MPI operations
such as MPI_Scatter, MPl_Reduce, and MPI_Barrier.

Time in point-to-point calls 16.6% 0.8s N
Effective process collective rate 0.00 bytes/s |

Effective process point-to-point rate 212 MB/s 1IN

CPU

A breakdown of the 49.7% (4.5s) CPU time:
Scalar numeric ops  43.0% 1.9s [l

Vector numeric ops <0.1% 0.0s |

Memory accesses 56.9% 2.6s HH

The per-core performance is memory-bound. Use a profiler to
identify time-consuming loops and check their cache
performance.

No time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Threads

A breakdown of how multiple threads were used:
Computation % S

Synchronization 0.0% 0.0s |

Physical core utilization 24.9% 1

System load 73.5% W

No measurable time is spent in multithreaded code.

Physical core utilization is low. Try increasing the number of
processes to improve performance.

/0

A breakdown of the 0.4% (0.0s) 1/0O time:
Time in reads 0.0% 0.0s
Time in writes 100.0% 0.0s

Effective process read rate 0.00 bytes/s

Effective process write rate 114 MB/s

Most of the time is spent in write operations with an average
effective transfer rate. It may be possible to achieve faster
effective transfer rates using asynchronous file operations.
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MAP MPI Metrics Drill down

Profiled: mmult_cpu_improve_c on 24 pr

1 node, 24 cores (1 per process) for 9.1s Sampled from: Thu Sep 3 17:44:07 2026

Main thread activity

Hide Metrics
v

37.9 " T = "
POSIX I/O write rate
1.02 MB/s |
0
3.97. 5 ) . . " ———
MPI call duration The total I/O write rate of the application. This may be greater than Disk write
1.66 s transfer if data is written to the cache instead of the storage layer.
49 n [
MPI calls Overall:
0.57 calls/s Minimum: 0 B/s (rank 11) 1
Maximum: 37.9 MB/s (rank 0)
49 . i
MPI point-to-point Mean: 511 kB/s
Peak total summed over all ranks: 37.9 MB/s b
0.36 calls/s N
Cumulative total summed over all ranks: 112 MB
0.2! ]
MPI collectives : |
0.21 calls/s LG i
° Minimum: 0 B/s (rank 0)
N . > Maximum: 37.9 MB/s (rank 0)
g MPI point-to-point bytes Mean: 1.02 MB/s )
000 eR/s Peak total summed over all ranks: 37.9 MB/s
:44:11-17:44: ) { I ]
TR LA IS (P, EROD it Cumulative total summed over all ranks: 112 MB Zoom =
£ mmult_cpu_impro... [x]=] Libraries
186 printf("%d: Sending result matrix...\n", mr); Total core time v |MPI Overhead | Function
187 832 MPI_Finalize
7.2% 188 MPI_Send ( &mat_c[0], slice, MPI_DOUBLE, 0, 500+mr, MPI_COMM WORLD ); 7.2% MPL_Send
189 - -
190 ) <0.1% MPI_Recv
191 v if(mr == 0)
192
193 printf("$d: Writing results...\n", mr);
3.6% 194 mwrite(sz, mat_c, filename );
195 printf("$d: Done.\n", mr);
196 }
197
198 free (mat_a);
199 free (mat_b);
200 free (mat_c);
201
83.2s N 202 MPT Finalize();
ona

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)




VIRTUAL INSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING

Fixing the MPI bottleneck

Profiled: mmult_mpi_improve_c on 24 processes, 1 node, 24 cores (1 per process) for 5.9s Sampled from: Thu Sep 3 17:44:42 2026

Hide Metrics
v

Main thread activity

47.2 —
POSIX I/O write rate i
0.53 MB/s
0 e
705
MPI call duration
67.9 ms ==
0
750 | |
MPI calls
1.59 calls/s - ¥
o —_— - |
750 | |
MPI collectives
0.12 calls/s
0 |
3.54 — .
MPI point-to-point bytes .
0.03 GB/s L
o —
7:44:42-17:44:47 (5.925s): Main thread compute 73.7 %, MPI 7.3 %, File /0 19.0 % Zoom | &1
£ mmult_mpi_impro... [x]=] Libraries
197 Total core time ~ | MPI Overhead | Function
73.6% AN 198 mmult (sz, nproc, mat_a, mat_b, mat_c); 8.4% ol MPI_File_close
5;3 7.3% o MPI_File_open
201 printf("%d: Writing results in parallel...\n", mr); 6.9% . MPI_Recv
202 3.2% .y MPI_File_write_at_all
203 // Every rank directly streams its slice of 'mat c¢' directly to disk 0.4% MPI_Send
19.0% < 204 mwrite parallel(filename, mat c, slice, mr); <0.1% MPI_Finalize
205
206 v if(mr == 0)
207 {
208 printf("%d: Done.\n", mr);
209
210
211 free (mat_a);
212 free (mat_b);
213 free (mat_c);
214
<0.1% 215 MPI_Finalize();
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mpirun mmult_mpi_improve_c 3072 Compute

Ilnaro 1 node (96 physical, 192 logical cores per node)
503 GiB per node
PERFORMANCE 24 processes

REPORTS <0301
x86_64

<unknown> MPI 1/0
Thu Sep 3 17:44:42 2026

6 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_mpi_improve_c is Compute-bound in this
configuration

Time spent running compiled application code. High values are

This is high; check the CPU performance section for advice

Time spent in MPI calls. High values are usually bad.

MPI 7.3%  0.4s I This is very low; this code may benefit from a higher process count
Time spent in filesystem 1/0. High values are usually bad.

I/O 19.0% 1.1s - This is average; check the I/0 breakdown section for optimization

advice

This application run was Compute-bound (based on main thread activity). A breakdown of this time and advice for
investigating further is in the CPU section below.

As very little time is spent in MPI calls, this code may also benefit from running at larger scales.
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Threads issue
Threads

A breakdown of how multiple threads were used:

Computation % S
Synchronization 0.0% 0.0s |
[Physical core utilization| 25.0% 1

Modern CPUs often have multiple logical cores for each
physical core. This is often referred to as hyper-threading.
These logical cores can share logic and arithmetic units. Some
programs perform better when using additional logical cores,
but most HPC codes do not. The value here shows the
percentage utilization of physical cores. A value over 100%
indicates that more threads are executing than there are
physical cores, indicating that hyper-threading is in use. Only
threads actively and simultaneously consuming CPU time are
included in this metric. A program can have many helper
threads that do little except sleep, and are not shown.

System load 74.5% I

No measurable time is spent in multithreaded code.

Physical core utilization is low. Try increasing the number of
processes to improve performance.
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Thread Affinity

A breakdown of how software threads have been pinned to

logical cores (2 per physical core).

Mean utilization 100.0% (48 of 48 cores utilized) 1IN
Max load 1.00 N
Migration opportunity 2.00 1IN
[ERROR] process imbalance detected across Packages
[ERROR] process imbalance detected across NUMA nodes
[ERROR] process imbalance detected across L3 Caches

MPI

A breakdown of the 7.3% (0.4s) MPI time:

Time in collective calls 0.2% 0.0s |

Time in point-to-point calls 99.8% 0.4s N
Effective process collective rate 0.00 bytes/s |
Effective process point-to-point rate 343 MB/s 1IN
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Fixing the MPI bottleneck

Profiled: mmult_mpi_improve_c on 24 processes, 1 node, 24 cores (1 per process) for 5.9s Sampled from: Thu Sep 3 17:44:42 2026

ﬂ + Main Thread Only Hide Metrics
v

Main thread activity

POSIX I/O write rate : ) -
0.53 MB/s Launch Command: mpirun mmult_cpu_improve_c 3072

702 i Process Command: Select an individual process
MPI call duration " Global (launcher) environment variables: ~ Exemplar node's topology (shading shows process affinity bindings): Data taken at: Finalization
67.9 ms ==

0 m===2 - OpenMP  Submission Script ~ Other
H <J Tﬂ‘“ R . Available exemplar nodes:
- oo | Lzcoce || i ol
199 catis/e ] SLURM_EXPORT_ENV  none S e <0301 (0 similar nodes) |

MPI collectives e SLURM_MEM_PER_CPU 2666

0.12 calls/s SLURM_NPROCS 24

. . 3.54 | = —— SLURM_NTASKS 24
MPI point-to-point bytes o

0.03 GB/s SLURM_TRES_PER_TASK cpu=2

Processes on exemplar node:

- - e Rank 0 (PID 390218) _

44:42-17:44:47 (5.925s): Main thread compute 73.7 %, MP1 7.3 %, File I/O 19. p, pecifi i \t vari 2 [=2] Zoom| %1
rarkcr e so0zro) |

— Rank 2 (PID 390220 _ -
¢ mmult_mpi_impro... = ank 2 ( ) Libraries

750
s MPI calls SLURM_CPUS_PER_TASK 2
7::

197 s [ || e | 1zcne | saca |z || 120w | 00| e | 36408 |[ TR0 || czcmne N erhead | Function
73.6% AN, 198 mmult (sz, nproc, mat_a, ma [ o[ | e e e | e e e PR [ e] 2l i selected process: MPI_File_close
; con | [con |[com |[coe |[cwe | [BH]] [ o MPI_File_open
1 printf("%d: Writing result wlllFatl e Fi E, - MPI_Recv
2 Ll MPI_File_write_at_all
3 // Every rank directly str MPI_Send
19.0% | 4 mwrite parallel (filename, MPI_Finalize
5 Commentary:
6v if(mr == 0)
7 { [ERROR] c0301, process imbalance detected across Packages e.g in Package #1 (17 processes total) and Package #0 (7 processes total)

printf("%d: Done.\n", mr [ERROR]c0301, process imbalance detected across NUMA nodes e.g in NUMANode #1 (17 processes total) and NUMANode #0 (7 processes total)
[ERROR] c0301, process imbalance detected across L3 Caches e.g in L3Cache #1 (17 processes total) and L3Cache #0 (7 processes total)
[WARNING] c0301, thread imbalance detected across Packages e.g in Package #1 (17 threads total) and Package #0 (7 threads total)

[WARNING] c0301, thread imbalance detected across NUMA nodes e.g in NUMANode #1 (17 threads total) and NUMANode #0 (7 threads total)

free (mat_a); [WARNING] c0301, thread imbalance detected across L3 Caches e.g in L3Cache #1 (17 threads total) and L3Cache #0 (7 threads total)

free (mat_b);
free (mat_c);

s WN oo

INNNRNRNNNNNNRDNNNNN

PR PR PR O0OO0OO0O0O0000O0O0
@

5 MPI_Finalize(); N
- - Help Options
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Fixing the thread issue

Profiled: mmult_mpi_improve_c on 96 processes, 1 node, 96 cores (1 per process) for 4.8s Sampled from: Thu Sep 3 18:29:04 2026

Main thread activity

CPU floating-point
6.5 %

Memory usage =

139 MB = .
0 Process Command: Select an individual process

18:29:04-18:29:08 (4.777s): Main thread compute 22.7 %, MPI 26.3 %, File I/Q

Launch Command: mpirun mmult_mpi_improve_c 3072

Global (launcher) environment variables:

OpenMP H Submission Script ‘ Other ‘

Exemplar node's topology (shading shows process affinity bindings):

& Main Thread Only

Hide Metrics
v

Thread Affinity Advisor

Data taken at: Finalization

£ mmult_mpi_impro...

=z . . SLURM_CPUS_PER_TASK 2 Available exemplar nodes:

/3 > void mwrite(int sz, double A O Y

88 SLURM_EXPORT_ENV  none ety 0302 (0 similar nodes)

89 ﬂ

90~ void mmult (int sz, int nsl SLURM_MEM_PER_CPU 2666 pse

91 ( lite_at_all

92w  for(int i=0; i<sz/nslice  SLURM_NPROCS 96

93 { 5
<0.1% 9y for(int k=0; k<sz; k++ SLURM_NTASKS 96

25 .
e 2 for (int 3=0; 1 SLURM_TRES_PER_TASK cpu=2 Processes on exemplar node:

97 { Rank 0 (PID 52071) _ P
22.2% e 98 Cli*sz+j] += 3 " K )

99 ) Process-specific environment variables: Rank 1 (PID 52072) _

100 } | ==

L ) Rank 2 (PID 52074) _

102 }

103 netonimim ranae T

104 Threads in selected process:

105+ int main(int argc, char *a

106 {

107 int mr, nproc, sz, slice

108 double *mat_a, *mat_b, *

109 char filename([32];

110 int remainder;

111 MPI_Status st;

112

113 MPI_Init (&argc, &argv); Commentary:

114 MPI_Comm_rank (MPI_COMM W

115 MPI_Comm_size (MPI_COMM W

116

117y $E dme —— oy (T 1

a1
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mpirun mmult_mpi_improve_c 3072 Compute

Iinaro 1 node (96 physical, 192 logical cores per node)
503 GiB per node
PERFORMANCE 96 processes

REPORTS 0302
x86_64

<unknown> MPI 1/0
Thu Sep 3 18:29:04 2026

5 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_mpi_improve_c is |/O-bound in this configuration

Time spent running compiled application code. High values are

Compute 22.7% 1l.1s - usually good.

This is very low; focus on improving MPI or I/O performance first

5 1 Time spent in MPI calls. High values are usually bad.
MPI 6.3% -3s - This is low; this code may benefit from a higher process count

Time spent in filesystem 1/0. High values are usually bad.

|/O 51.0% 2.4s - This is very high; check the 1/0 breakdown section for optimization

advice

This application run was |/O-bound (based on main thread activity). A breakdown of this time and advice for investigating
further is in the |/O section below.

As little time is spent in MPI calls, this code may also benefit from running at larger scales.
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/0 issue
/0

A breakdown of the 51.0% (2.4s) 1/O time:

Time in reads 0.0% 0.0s |
Time in writes 100.0% 2.4s [N
Effective process read rate 0.00 bytes/s |
Effective process write rate 323 kB/s N

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 1/O profiler to
investigate which write calls are affected.

Thread Affinity

A breakdown of how software threads have been pinned to
logical cores (2 per physical core).

Mean utilization 100.0% (192 of 192 cores utilized) N
Max load 1.00 1N
Migration opportunity 2.00 1N
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Threads

A breakdown of how multiple threads were used:

Computation % s
Synchronization 0.0% 0.0s |
Physical core utilization 100.0% B
System load 99.8% 1WA

No measurable time is spent in multithreaded code.

CPU

A breakdown of the 22.7% (1.1s) CPU time:

Scalar numeric ops  42.3% 0.5s [l

Vector numeric ops  0.0% 0.0s |

Memory accesses 57.7% 0.6s [HH

The per-core performance is memory-bound. Use a profiler to

identify time-consuming loops and check their cache
performance.

No time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.
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MAP 1/0O Metrics Drill down

Profiled: mmult_mpi_improve_c on 96 processes, 1 node, 96 cores (1 per process) for 4.8s from: Thu Sep 3 18:29:04 2026

“ & Main Thread Only Hide Metrics
v

Main thread activity

POSIX I/O write rate
0.17 MB/s _

0
. 154
Disk read transfer

0.37 kB/s

0
100 |
Disk write transfer
0.17 MB/s =

380 | |
POSIX write syscall rate L

0.72 calls/s — - - . o=

0 B L}

}.
J

:29:04-18:29:08 (4.777s): Main thread compute 22.7 %, MPI 26.3 %, File I/O 51.0 % Zoom | &1
£ mmult_mpi_impro... ‘ [x]=] Libraries
46 Total core time v [MPI Overhead | Function
7+ void mwrite parallel(char *fn, double *mat_slice, int slice_elements, int mr) 36.0% el MPI_File_open
B % — MPI_R
. ecy
49 MPI_File fh; 2 7n/° MPL_File_cl
50 MPI_Status status; 14.0% | —rfie_close
51 int ierr; 1.0% o MPI_File_write_at_all
52 0.5% MPI_Send
53 // 1. Collectively open the file across all processes for writing <01% MPI_Finalize
54 int amode = MPI_MODE_WRONLY | MPI_MODE_CREATE; )
36.0% ] 55 ierr = MPI File open(MPI_COMM WORLD, fn, amode, MPI_INFO NULL, &fh);
56 (x]=] Time spent on line 56
57 > if (ierr != MPI_SUCCESS) { ee.}
61
62 // 2. Calculate the exact unique byte offset where this rank should start writing.
63 // Based on: rank index * elements per slice * byte-size of a double float.
64 MPI_Offset offset = (MPI_Offset)mr * slice_elements * sizeof (double);
65
66 // 3. Perform a collective parallel write operation
1.0% . 67 MPI_File write_ at_all(fh, offset, mat_slice, slice elements, MPI_DOUBLE, &status);
68
69 // 4. safely close the file handle
14.0% mA 0 MPI_File close (&fh);
71 }
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Summary

Original

mpirun mmult_c 3072 Compute

|Inaro 1 node (96 physical, 192 logical cores per node)
503 GiB per node
PERFORMANCE 24 processes

REPORTS €0210 Q
x86_64 s S

<unknown> MPI /0
Wed Sep 2 12:27:53 2026

16 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_c is Compute-bound in this configuration

Time spent running compiled application code. High values are

Compute 685% 10.8s _ usually good.

This is average; check the CPU performance section for advice

Time spent in MPI calls. High values are usually bad.
MPl 31.2% 4.9s - This is average; check the MPI breakdown for advice on reducing it

Time spent in filesystem 1/0. High values are usually bad.
| ,0" (0] 0.3% 0.0s This is very low; however single-process 1/0 may cause MPI wait
times

This application run was Compute-bound (based on main thread activity). A breakdown of this time and advice for
investigating further is in the CPU section below.
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Optimised

Compute

mpirun mmult_mpi_improve_c 3072
Iinaro 1 node (96 physical, 192 logical cores per node)
= 503 GiB per node
PERFORMANCE 96 processes

REPORTS c0302
x86_64

<unknown> MPI /0
Thu Sep 3 18:29:04 2026

5 seconds

/mnt/vast-nhr/home/rudy.shand/u29136/

mmult_example

Summary: mmult_mpi_improve_c is | und in this configuration

Time spent running compiled application code. High values are

Compute 22.7% 11s [l usually good.

This is very low; focus on improving MPI or 1/0 performance first

- Time spent in MPI calls. High values are usually bad.
MPI 26.3% 1.3s This is low; this code may benefit from a higher process count

Time spent in filesystem 1/0. High values are usually bad.

1/0 51.0% 2.4s This is very high; check the 1/0 breakdown section for optimization
) advice

This application run was |/O-bound (based on main thread activity). A breakdown of this time and advice for investigating
further is in the |/0O section below.

As little time is spent in MPI calls, this code may also benefit from running at larger scales.
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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... P rofi Ie

Main thread activity

e Supports both AMD and Nvidia GPUs
6Py utilzation ) ) T e Able to bring up metadata of the profile
Gpu:miw = e Mixed CPU [green] / GPU [purple] application
41% ) e CPU time waiting for GPU Kernels [purple]
GPU memory utilization ‘°° e GPU Kernels graph indicating Kernel activity
21:22:24-21:22:30 (6.131s): Mai"nmpute 3.1.2 %, h;m. Accele-rator GIA% - ’ T Zoom %1 =

GUI information
detine e GUI is consistent across platforms
===« Zoominto main thread activity

B e Ranked by highest contributors to app time

™ mixed-cpu-gpu.cpp X

]

ti-= Vo ¥ +

4

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
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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 R ot ool o

33%
® Ca" StaCkS | POSIXI/Owriterate %
| 11.0 kB/s
e Time in interpreter | Moy e
MPI point-to-point v

Works with MPI4PY |

| 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 % Zoom A I K

[ ] Usual MAP metrics 77 diffusion-fv-2d.py X Time spent on line 74 @®

Breakdown of the 38.3% time
spent on this line:

", (dx/dy) Executing instructions
*+ (dx/dy) Calling other functions
dx) Executing Python code & |

x
dy/dx)) 7 (dy*dx))

Source code view .
e Mixed language support | e e

ik P n\-n‘wmlu it m

[«

4]

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

a®
| Total core time A MPI Function(s) on line Source Position ‘i
- = & python3.5 [program]
Note: Green as operation is on numpy 2 prbons s lroato stusonfvadopt
- = main diffusion-fv-2d.py:169
array, SO backed by c routlne, not 38.3% ol Wibbnsdollad bt ietsind array_subtract, array_multiply, array. -1]) * (dy/dx)) / (dy*dx)) diffusion-fv- ;74
ZH-S%HMHHHF 27.2% # halo o + B diffusion-fv-2d.py:77 =
Python (WhiCh WOUld be pin k) Showing data from 2,000 samples taken over 2 processes (1000 per process) Arm Forge 19.0.2 * Main Thread View

map —--profile srun -n 2 python3 ./diffusion-fv-2d.py
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Hardware Performance Metrics

MAP uses Linux perf to gather hardware data

On x86 MAP reports on instruction mix
e CPU, vectorization, memory, etc
e Linaro are researching ways to provide the same

Instruction activity via perf
e Raw rates presented - not interpolated
e Need to set the perf_event_paranoid 2 or lower

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)

Cycles per instruction
0.83

CPU Cycles 553 =

515G/s

Instructions
61.5G/s

L2 Cache Accesses
379 M /s

L2 Cache Misses 228
125 M /s

Mispredicted branch instructions 78 | wemmie s i

50.2M/s
0

Stalled backend cycles e

35.1%
0
Stalled frontend cycles HeL

83 %

Stalled cycles HeD
434 %

Non-stalled cycles HeY

56.6 %
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o MAP Diff allows COMPANSONS Of tWO MAP i ot s 0 % o
profiles, useful for identifying performance | - ——————————————————— 1 —&
changes between different parameters, E.m.::m __
compilers, libraries and systems. E,w T, . T

e Use the alignment points view (1) to line up e e et S
phases of execution. - o

e Compare metric graphs of the two profiles a. L FowIzGarr
(2), including metric summaries for each.

e See gaps in activity in the source code ——
viewer (3) and stacks views (4), including =< s —_—

3.7 N -
- - . " 33.0% ignmen! Baseline o
OpenMP Regions View, Functions View, = e s o | e

Lorary view and GPU Kemelsemory | @ v [ —

Transfer View. ey

& P ———
: 308 |
—

125 MB (-10.2 MB)

CPU floating-point W L WL T RS

! 100 5T — = = oo PN

52.8 % (+13.5 %) N B/
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12:24:08-12:25:09 (61.575s): Main thread compute 56.1 %, MPI 43.9 %, Sleeping % Zoom %1 =0
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Diff the cache improvement

Profiled: mmult_cpu_improve_c on 24 processes, 1 node, 24 cores (1 per process) for 9.1s Sampled from: Thu Sep 3 17:44:07 2026 ﬂ & Main Thread Only Hide Metrics
v
Alignment  Baseline @
Boints Current e @

Main thread activity pase e

current

CPU memory access
51.4 %
30.0 %

D_./—’—______.-'_' _._. T
17:44:07-17:44:16 (9.121s): Main thread compute 49.7 % (-18.9 %), MPI 49.9 % (+18.7 %), File 1/0 0.4 % (+0.2 %)

£ mmult_cpu_impro... o6 Time spent on line 73
57 }
58 fprintf (£, "\n"); Breakdown of the 47.1% time spent on this line:
59 } N .
60 Executing instructions  100.0% —

0.4% f; , fclose(f) ; Calling functions 0.0%
6
63 Time in instructions executed:
6
65+ void mmult (int sz, int nslices, double *A, double *B, double *C) Scalar floating-point 29.9% NG
66 { q a
67+  for(int i=0; i<sz/nslices; i++) Vector floating-point 0.0%
b { Scalar integer 15.6% I

<0.1% | | 69 v for(int k=0; k<sz; k++) & ’
70 { Vector integer 0.0%
.1% 71 for (i j=0; j<sz; j++
L | Y [ ne 3707 Jeezs grn) Memory access* 59.5%
47.1% SN b 73 C[i*sz+j] += A[i*sz+k]*B[k*sz+j]; Branch

74 }
75 ) Other instructions |
76 } . . N .
77 } * 52.5% memory access instructions, 7.0% implicit memory accesses in other

7 instructions, also counted in their categories

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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NCCL metrics for ML workloads

Prerequisites R S e )

File Edit View Metrics Reports Compiler Remarks Window Help

Y NCCL>=2.27.3 (ear”er versions do not provide required Profled:ncck-cll-ops on 2 pocesses, 1 node, 2 cores (1 per process) for 395 Sampled fom: Th May 29 09:08:18 2025 D@ [0 g manTheadony | vide Metrics

profiling capabilities).

NCCL op duration
2.2 ps

NCCL sent
5.71 G8/s

NCCL received - ol o
6.36 GB/s || ] L

NCCL ops
7.62 k /s

MAP will collect the following NCCL metrics
. The NCCL op duration metric tracks the time spent in a NCCL op

NCCL collectives
7.62 k /

S S S W

so far, which is measured based on the time the corresponding Tmem ., . ) L
09:08:18-09:08:21 (3.9475): Main thread compute 7.5 %, MPI 0.3 %, Waiting for Accelerator 83.4 %, Sleeping 2.5 % Zom 41 = @

Time spent on line 148 o8|

GPU kernel is active.
. The NCCL sent/received pair of metrics tracks the number of Do X 75 i o S ot s
bytes that NCCL ops operate on per second. NB: This is not the
same as the speed with which data is transmitted over e —
interconnects, as that information is not available.

. The NCCL ops metric tracks the number of NCCL point-to-point

- Breakdown of the 17.8% time spent on this line:

// Done )
H H H H for (auto rank : world.local) { (1)
and collective ops per second, ditto for NCCL collectives metric. 1
Main Thread Stacks B
L nccl-coll-ops.cu:137
17.8% » allReduce()
14.6% [} » beast()
143% ] » broadcast()
141% - » reduce)
12.8% m » reducescatter()
128% ] » allGather()
9.3% ’ re

4.0 o
‘Showing data from 398 samples taken over 2 processes (199 per process, each representing ~ 0.025 wallclock time)

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Profile of an LLM running on A100s

Profiled: python on 2 processes, 1 node, 14 cores (7 per process) for 119.9s  Sampled from: Tue Jun 10 10:43:20 2025

. O ﬂ 2 Main Thread Only Hide Metrics

Hainthread actvity .mWWmW_W“
100 ]

CPU memory access
49.2 %

S St e e R Sy ———— .t

Host-to-device memory transfer rate
36.4 /;

NCCL op duration
0.00 s

NCCL sent
0.94 GB/s

NCCL received
0.94 GB/s

NCCL ops
39.3 /s

NCCL collectives
39.3 /s

GPU memory usage
10.0 %

|
|
N
N

|

o

10:43:26 (+6.596s, 5.6%): Host-to-device memory transfer rate ranged from 0 /s (rank 0) to 104 /s (rank 1) with mean 52.1/s and s.d. 52.1 /s

P train...

(<]

Time spent on line 188

top_p=0.90)

model.generate (x, max_new_tokens-256, temperature=1.0,
- T\n\n" + tokenizer.decode (y[0].tolist()) + "\n\m

1 ( n\nGenerated
model . train ()

Breakdown of the 74.2% time spent on this line:

Executing instructions  0.7% |
_step in range(train_config.gradient_accumulation_steps):

Calling functions 99.3%
dadp:
model.require backward grad sync = micro_step == train config.gradient accumulation steps - 1 B T oG
with ctx
T 2% howe a0 logits, loss = model(X, ¥) Scalar floating-point 0.0%
loss = loss / train config.gradient accumulation steps ) .
4. 254 1 S L X, ¥ - nexi (train batch ites)| Vector floating-point
11.9%

scaler.scale (loss) .backward () Scalar integer

f train config.arad clin '= 0.0: Vector integer
Input/Output | Project Files Functions | GPU Kernels | Libraries
0e Main Thread Stacks
Total core time ~MPI | Function(s) on line Source Position Library
2 python [program]
7 train.py from model import GPT train.py:1

74.2%) 1 el bl el > iter_batches X, Y = next(train batch_iter) train.py:188 [python script]
1.9% scaler.scale(loss) .backward () train.py:189 [python script]
2%l 10 wrapped logits, loss = model (X, Y) train.py:186 [python script]
21% . rate. losses = estimate_loss() train.py:154 [python script]
15% L scaler.step (optimizer) train.py:194 [python script]
180 cheautaarad- THDVariable item( ohi  1nssf = loss.item() * train confim.aradient accumnlation stens train 202 frwthon serint]
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- - - Snapshot Selector
re a I n I V I S O r Change at which point of a run the Affinity data is
shown (Library Load, Initialisation, Finalization).

Launch Command:  srun -n 16 python3 /global/homes/r/rshand/linaro-forge-1 g/performance/mmult.py -s 3072

Process Command: S an individual p

Global (launcher) environment variables:  Exemplar node's topology (shading shows process affinity bindings): Data taken at: Finalization

Exemplar Nodes

OpenMP | Submission Script | Other || yachine Selectable list of exemplars,
SLURM_CPUS_PER_TASK F— P ——— allowing ability to switch data
SLURM_NPROCS nid004343 (0 similar nodes) between nodes of a run. Nodes
SLURM_NTASKS with similar affinity/structures are

SLURM_NTASKS_PER_NODE merged.

Global (launcher) environment variables
List of Environment Variables which were
set at launch which might be relevant to
how threads are distributed.

Processes on sxerpar ot Processes List

List of processes (by MPI rank) of

the selected exemplar. Shows the

key for the node topology diagram
R A TEET) and selecting one shows all threads

Process-specific env vars (ranks 0,4): Rank 3 (PID 1166389) for the process.

SLURMD_DEBUG i | | Rank 4 (PID 1166391) -

SLURM_CPU_BIND Rank 5 (PID 1166393)

Rank 0 (PID 1166384)

Rank 1 (PID 1166385)

SLURM_CPU_BIND_LIST

D_TYPE ; LiCache ‘LICache LiCache L1Cache Threads in selected processes:
L

Process-specific env vars o_VERBOSEaul ; Coe Cone Core e P17 77 000, Threads List
List of Environment Variables which pTioN y 0 . R N e List of all threads for the selected
might affect the afflnlty ofa given rank. 1 . : = : ¥ Main thread (LWP 1166384) 000-0 process. Selepting threads
| NODE_IPADDR 128 - @ pthread (WP 1167181)  032-0) highlights which cores they are
v

SLURM_LOCALID pthread (LWP 1166929)  032-0. bound to in the topology view.

SLURM_MPI_TYPE NUMANode #2 ¥ Main thread (LWP 1166391) 032-04

- [l (multiple items selected)
Commentary:

[ERROR] nid004343, ranks (prccessss ) contain at least one compute thread which has an overlapping thread affinity mask with another

compute thread. e.g. thre:
[INFORMATION] meU4343 number of threads allocated to node may be less than ideal. 48 are currently allocated, but consider using 128 (1 per core) for improved utiization.

Commentary
B Alist of commentary, providing information and
50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY) advice on Memory Imbalance, Core Utilization etc.
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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

mydesktop
! ‘j B O
Compute Nodes .—‘—‘

¢ o

mycluster-login

qsub

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Remote connection

linaro
forge

/ linaro
% DDT
linaro

MAP

Linaro MAP - Lin: @ o

Connection Name:

Host Name:

Remote Installation Directory:

E
Profile a program

LOAD PROFILE DATA FILE

Load a profile data file froma | Private Key:

COMPARE PROFILE DATA FIL

Load two profile data files for ¢ KeepAIive Packets:

OPTIONS Interval:

Remote Launch:

Configure...

Get trial licence
Support
linaroforge.com

QuIT

Help

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Remote Launch Settings

emmy|

emmy (v ]

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

Remote Script:

[scratch/lustre-grete/projects/tr_20260831-vi-hps-tuning/u29136/linaro-forge/

Optional

Optional

Always look for source files locally

Enable

Test Remote Launch
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Hands-On

Training material
cp /scratch/lustre-grete/projects/tr_20260831-vi-hps-tuning/u29136/
linaro-forge/examples/mmult_example.tar.gz .

Training content
mmult examples & makefile
job.sh (Job script for emmy)

Forge Client (On local machine)

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

Running with a batch script
sbatch job.sh

50TH VI-HPS TUNING WORKSHOP (GWDG, GOTTINGEN, GERMANY)
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Forge commands

ddt --connect  # Reverse connect

ddt --offline # Run DDT without GUI
map --profile  # Profile without GUI
perf-report # Generate Performance Report

slurm queue commands

sbatch <jobscript> # Submit a job to queue
squeue # Check job queue
scancel <job-id> # Remove job from queue

Guides

Forge userguide
GWDG HPC Documentation


https://www.linaroforge.com/downloadForge
https://docs.linaroforge.com/latest/html/forge/forge/index.html
https://docs.hpc.gwdg.de/
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Thank You

rudy.shand@linaro.org
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