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A Brief History

allinea  2014: Release of Allinea tools 5.0, with addition of the new
EQEE?E)MQNTCSE Allinea Performance Reports.

December 2016: Arm extends HPC offering with acquisition of software tools q r m

provider Allinea Software. FO RG E

12 major releases

Lina o FOI’ge 30th January 2023: Linaro to Acquire Arm Forge Software Tools Business.
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HPC Development Solutions from Linaro

Best in class commercially supported tools for HPC

Linaro Forge

%

Debug
Linaro DDT

Profile

Linaro MAP

[

Analyse

Linaro
Performance Reports

Performance Engineering for any architecture, at any scale
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Supported Platforms

imel Compier | |Rocm | [ cce | [ act | | aec | [nvee] [ Buxe | o [T
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Linaro Forge
An interoperable toolkit for debugging

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 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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_inaro DDT

Debugger H

ighlights
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The scalable print alternative

r 144
for ()20 ;) < SIEO; Jo4)

CLAIT = 0
for {i =8 ;i < SIZE N iee)
for (§=8; § « SIZE N joo)
Tor (k= 8 ; k < STZ 0; Kail
CILITT += ALK * BIKITTS
#:
wpr § @ Proccss stopped st watchpaint ‘rank* in man (watchmatrix.c:45).
old vakio: 0
} New valug: 1074700400
7! AWy show this window for watchpants
printf(*

w »gumme| WRuse || 1 Pause Al

© (arge
for (1 =8; 1 < SIZE M; 144)

printt (| “);

Stop on variable change

* helloc %

A Ths il is newerthan your rogram, Plaserecompi the retatyour debugging sesion.

B3 else
Aw test=-1;

5}

46

41 8 void func3()
8 {

49 void® i = (void¥) 1;
Ao while(is || )
51 free((void*)i):
A portasizity i of type oid *. When using vaid pintes n cakclations, the behaviour s undefined.|

Left click to add a breakpoint on fine 50
5 {

56 typeThree test;

51 typeThree* t2;

58 int i;

Static analysis warnings on
code errors

if (argy[i] & !stremp(argv[i], "crash”)) {

argvli] = 6;
printf("%s", *{char **)argv[i:

¥
1+ ve shall sg Program Stopped

} ' Processes 0:3:
funcl(); Memory error detected n main (helo.c18):
func2(); null pinter dereference or unaligned memory access

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

belnghatched = 1; Tip: Use the stack list and the local variables to explore your program's

curent state and deniy the source fthe eror.

test.anotherList.s|
test.c

Detect read/write beyond array
bounds

@

st vt

e ]| we

bt e |

Detect stale mem

allocations
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Multi-dimensional Array Viewer

What does your data look like at runtime?

Array Expression: Itables[$i][sj] |v] [ Evaluate
Distributed Array Dil i Huwdnlviewdi ibuted arrays? [ Cancel
V. |1 staggered Array What does this do? [¥| Align Stack Frames
Range of $i Range of $j || Auto-update
IeW a'rra'yS From: [0 }%] From: [0 }%]
e On a single process = m__B= [ §
. . Display: [Raws :] Display: [Co!umns :]
e Or distributed on many ranks
["] Only show if: :]SeeExamgles
Use metavariables to browse the array o v B e
e Example: Siand $j :
p ) s SJ ) ) ig_nlzza 4 5| e 7 ¢ 9 10\1011|uu|
e Metavariables are unrelated to the variables in your program 2 oo e i o ——
e The bounds to view can be specified I T S S
e Visualise draws a 3D representation of the array CMI R T R R R
8 9l 18/ 27| 36| 45| 54
Data can also be filtered 10l i ool sl e

e “Only show if”: Svalue>0 for example Svalue being a specific
element of the array
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Verification

@Validate corrections and
Vectorization optimal performance

Understand numerical intensity Y
and vectorization level.

The Performance Roadmap Cores

So - e Discover synchronization
Optimizing high performance applications overhead and core utilization

Hot loops, unvectorized code and
GPU performance reveleaed

@Synchronization-heavy code and
implicit barriers are revealed

Improving the efficiency of your parallel
software holds the key to solving more
complex research problems faster. ..~ o

Memory

eReveal lines of code bottlenecked by
memory access times.

This pragmatic, 9 Step best practice guide,
will help you identify and focus on N e o e orheaete
application readiness, bottlenecks and ~ ‘
optimizations one step at a time. = Communication

;Track communication performance.

Workloads Discover which communication calls
@are slow and why.
Detect issues with balance.

L. Vo @Slow communication calls and
Analyze before you optimize ® Discover lines of code processes.

Bugs Measure all performance aspects spending a long time in 1/0. Dive into partitioning code.
eCorrect application You can't fix what you can’t see. ® Trace and debug slow access
patterns.

Prefer real workloads over artificial tests.

Key :O Linaro Forge e

Linaro Performance Repor{s ‘ = " e 7 Linaro Forge
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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, IO, hardware counters, etc.
Commet;;'ﬂlﬁ,’:;pported 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
3 ? 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)

Linaro Forge



_inaro MAP Source Code Profiler Highlights
3 Bee @ + LSRR 30 1 late to the party
! 1.8% 31 do j=1,20"nprocs; a=st
E end 41 Input/Output | Project Files | Main Thread Stacks | Functions
34 8 if (pe /= @) then fain Thread Stacks
6% . . . - ) ’
B - calll BeITSENO (i Taize] otal coretime ~ MPI  Function(s) on line Sour
36 else
373 do from=1,nprocs-1 = CallActionsSeparatedConcerns [inlined]... stef
15 38 call MPI_RECV(b, si: = Call[inlined] Call
1.9% 39 do j=1,50; b=sqrt(b] g ion: i ety
).1% . 40 print *,"Answer fron o
41 end do
42 end if
= o 43 end_do — !
1.0% — 44 TT MPI_BARRIER(MPI_COMM 80.3% 80.3% PMPI_File_write_at MPT
ympute 76 %, MP| 24 %, File I/ = ‘ o ' ot -
46 if (pe == @) print *,"fley <0.1% 1 other
47 = do iterations=1,2 —
48 a(:) = 1000.0"real(pe+2. ihowing data from 32,768 samples taken over 512 processes (64 per process)

Find the peak memory use Fix an MPI imbalance
LU Step Count 250
Hide Metrics...

124
0
Array 1 Error ==L

0.65 k

0
Array 2 Error 272

45.4
0
Array 3 Error 827

157
0
720

5 Arrav A Erear

Make sure OpenMP regions
make sense

Improve memory access Custom Metrics
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[] [ ] [
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
o /ﬁ
100 T oo h = - = =
[
0

CPU floating-point
31.9%

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

\LL timestep ()

CALL PdV(.TRUE.)

OpenMP Stacks

Designed for ‘hot-spot’ analysis st | s T e |

Total core time

e Stack traces
e Augmented with performance metrics -

@ visi
@ ndv mods

5.0% R ule::ndy_ . car. RS N e o
3.1% 2 & Cycles per instruction | e
H : M o1 ¢ oss
Ad a pt I Ve S al I I p I I n g rate Showing data from 32,000 samples taken over 32 processes (1 0 — — —
~ CPU Cycles 353 [

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

Instructions

e Low overhead, scalable and small file size o156 o T
L2 Cache Accesses b -
379M/s [
L2 Cache Misses 270 . )
125 M /s ‘_'.'.;_-','-.'-.~:~.:‘-.\',».'_-’_’--_';'.' _'_'_-.«_-_.'_—.' e
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Thank you

Linaro Forge

Go to
rudy.shand@Ilinaro.org



http://www.linaroforge.com

Hands on examples

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

Forge user guide https://docs.linaroforge.com/23.0.1/html/forge/forge/index.html
/grand/ATPESC2023/Linaro-Forge/examples

Installed as part of Forge tools as well
<forge location>/examples

Use the temporary license shown below
export ALLINEA_FORCE_LICENCE_FILE=/grand/ATPESC2023/Linaro-Forge/Licence.trial

Linaro Forge


https://www.linaroforge.com/downloadForge
https://docs.linaroforge.com/23.0.1/html/forge/forge/index.html

Remote client cheat sheet

Install the Remote Client

https://www.linaroforge.com/downloadForge

Setup the client

1. Open your Remote Client

2. Create a new connection:RemotelLaunch->Configure>Add

3. Hostname: <username>@theta.alcf.anl.gov

4. Remote installation directory: /soft/debuggers/forge-22.0.4-2022-08-02

Setup the remote side

1. gsub -l -n 8 -A ATPESC2023 -q debug-cache-quad -t 30 --atirs filesystems=home,grand,eagle
2. module load forge

3. module unload xalt

4. module unload darshan/3.3.0

5. ddt --connect --mpi="Cray XT/XE/XK (MPl/shmem)" aprun -n 8 ./hello_c

Linaro Forge



Debugging on Thetagpu

The latest Forge modules are not available on thetagpu, but you can you
use the installed software directly

Debug your GPU code using:
ddt --connect gpu_code.exe

Linaro Forge



Profiling on Theta

Although static binaries are created by default on Theta, it is recommended to build
dynamic executables for profiling purposes with the compiler flag -dynamic

If you get library missing errors, reload the intel module

moduleunloadintel

moduleloadintel

If you get GdbmiParser errors set the following environment variable

exportALLINEA_FORCE_DEBUGGER=gdb-82

Linaro Forge



Debugging and Performance Engineering for Nvidia and AMD GPUs

L R I "

(e

Ed Bt EJ B¢ !

= Arm DDT - Arm Forge 19.0.2

Current Group: | A1 [ Focus on current: @) Group ~ Process  Thread | Step Tiveads Together  Step CUDA threads by: ~ Warp (defaul) [
L2

o FEOEEFEE
Gl G

SUDA Threads (Process 0, prefixsumblock)

Project Files. 20

° Go  Grid size: Bx1x1 Block size: 64x1x1

(USRS CurrentLine(s)  Current Stack
Locals oc¢

Linaro
Performance
Reports

pUp! 385
1 node (12 physical, 16 logi
15 GiB per node
1 process
thoth
xB6_64
alderlake
Tue May 30 144401 2023
29 seconds

Vpython3 python-profiling.py
cal cores per node)

Compute

MPI L L,P'ﬂh-"‘w

Summary: python-profiling.py is Python Interpreter-bound in this

Time spent running application code. Hgh vakies are usualy good
This is low; consider mproving MPI or ¥O performance first

Time spent in MPI calls. High values are usually bad.
This is very low ths code may benelil from & higher process count

Time spent in filesysiem 1iO. High values are usually bad
This is negligible; there's no need to nvestigate VO performance

Time spent in the Python interpreter. Calling out to precompied Ibrarics

may be more effcient.

This is average. consider moving more logic to compiled librares

3earch (32K) LY 38 e lopt/python/3.8.5-shared/bin
39
W pmlh 40 _ 0x200059600000
% pmi_base_recvreq.t :2 > :::vvh o gssoon&seooaoo
. m :z ;::m' & x <optimized out>
% pmi_base_sendreq. :: #dafine BLOCK SIZE 64
. m::‘:‘:‘:‘“”’ 47 ¢ _global  void prefixsumblock(int *in, int *out, int length) . ;
B TR e Lttt e et Ty @gonere s configuration
LTSI I S — evomien o¢
R pepami_secrregd s2 out(x] = inixls Ao Namo Vo
% pmi_pami_requost % -
feryeipoanll | R e Compute a7 [
™ pollc 56 for (int & = 1 i < BLOGK_SIZE; & <<= 1) Covrouts Capebmy .70
¥ _PosixSharedMemor 57 1 Numberof SMs 80 MPI 0.0%
@ prefix.cu 58 £ (threadldx.x + i < BLOCK_SIZE &4 X + 1 < length) Warps por SM & B
+ conssumes | e 4 43 = a0 4 supe s tarevy | 2
® cu_main(int argc 6 ' Registers per Lane 256 /
o cummammarot (|63 s 110 00% |
® devicesDump() : S: e en
Input...  Broak.. Watch... [SIGKNMN Troce Tracepoint ... Logbook BOI — oc¢ Py‘(hon 53.3% -
Stacka (A1) 00 Procoseos Nama Vaiuo Interpreter
rocesses  Thveads CUDATiveads __Function A ¥ in {0=0.[1]=1....
1 .
& [ BN ] = [gpfs/alpine/ven013/scratch/nforr/CloverLeaf_CUDA/clover_leaf_6p_1n_4t_cuda_2018-11-05_11-20.map - A
5
1 Profiled: clover leaf on 6 processes, 1 node, 12 cores (2 per process) Sampled from: Mon Nov 5 2018 11:20:26 (UTC-05) for 300.2s
=
Main thread activity
Warp stall reasons
Memory usage
521 M8

11:20:25-11:25:25 (300.205s): MPI 9.0 %, Accelerator 91.0 %
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Python Profiling

21.0 - improved python support
e Call stacks
e Time in interpreter

Works with MPI14PY

e Usual MAP metrics

Source code view
e Mixed language support

Note: Green as operation is on numpy
array, so backed by C routine, not

: 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...
i _
CPU floating-point £y
33%
POSIX 1/O write rate

11.0 kB/s

Memory usage
78.1 MB

0
MPI point-to-point pre |
3.77 k calls/s

SV LA g e

L

Python (which would be pink)

v

Time spent on line 74 ®
{* | Breakdown of the 38.3% time
spent on this line:
N - 5 .
7 ) * (dx/dy) ExeFu(lng mstructtons 0.0%
12 1]) * (dx/dy) Calling other functions  91.8%
3 e S 4 -,: d (/idx!)ix Executing Python code  8.2%]
S TR R TN T 75 =
7 Halo ex ge
lo(u, xlow, xhigh, nx, ny, comm, rank, size)
n, op=MPI.MIN) =
ax, op=MPI.MAX) v
D]
Input/Output | Project Files | Main Thread Stacks | Functions |
Main Thread Stacks ®
Total core time A MPI Function(s) on line Source Position E
= & python3.5 [program]
= ¢ diffusion-fv-2d.py #!/usr/bin/env python diffusion-fv-2d.py:1
= main main(sys.argv[1:]) diffusion-fv-2d.py:169
38.3% sl el hd array _subtract, array_multiply, array... - ( u i-1]) *
28.5% ykiai ke o 27.2% @ halo halo(u, xlow, xhigh, nx, ny, comm, rank, size) diffusion-fv-2d.py:77 =
Showing data from 2,000 samples taken over 2 processes (1000 per process)

Arm Forge 19.0.2 2 Main Thread View

map --profile jsrun -n 2 python3 ./diffusion-fv-2d.py
Linaro Forge



