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m Tools Poll NHR JFAU

" Intel
* Advisor
* VTune Amplifier
* Application Performance Snapshot (APS)
° Trace Analyzer and Collector (ITAC)
® Non-Intel
* GNU gprof profiler

°* NHR@FAU LIKWID
( "Like | Knew What I'm Doing")

* VI-HPS Score-P
(A Joint Performance Measurement Infrastructure for Scalasca, Periscope,
TAU, and Vampir)

* BSC Paraver
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m User and Reference Guides of Tools NHR FAU

= Intel Trace Analyzer and Collector
https://www.intel.com/content/www/us/en/docs/trace-analyzer-collector/user-quide-
reference/2021-10/overview.html
https://www.fau.tv/clip/id/19956

= Intel VTune Profiler Performance Analysis Cookbook
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2024-
O/overview.html

= Score-P: A Joint Performance Measurement Infrastructure for Scalasca, Periscope,
TAU, and Vampir
https://vi-hps.org/training/documentation

= Paraver Performance Analysis Tool
https://tools.bsc.es/paraver

= Arm DDT Debugger
https://developer.arm.com/documentation/101136/22-1-2/DDT
https://fau.tv/clip/id/19957
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Overview NHR|_ |FAU

Intel Hardware Features

- : Intel®
Intel® Omni Intel® Optane™ Multl-cgre Advanced
Path DC persistent Intel vector
Architectur memory Xeon® E);’Ite{\sli@oRfDS(m
nte =
(S processor 512)
Distributed memory 1/0 Threading CPU Core
Message size False Sharing File I/O Threaded/serial ratio  uArch issues (IPC)
Rank placement Access with strides /O latency Thread Imbalance Vectorization
Rank Imbalance Latency I/O waits RTL overhead FPU usage efficiency
\RTL Overhead I Bandwidth System-wide 1/0 (scheduling, forking) \ |
Network Baanwidth NUMA Y Synchronization Y
Cluster Node Core
© Intel
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Overview NHR|_ |FAU

Access with strides  1/O latency ~ Thread Imbalan

Latency I/O waits RTL overhead

\RTL Ove I Bandwidth System-wide I/O (scheduling, forking) I |
Network Ban¥jwidth NUMA Y Synchronization Y
Cluster Node Core
© Intel

Maximum collection times: L®=long (hours) M®=medium (minutes) S®=short (seconds-few minutes)

Application focus
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Intel Trace Collector and Analyzer NHR[_ /FAU

_ Collector: compilation, linking and run
S mpiicc -trace myProg.c -o S${binary}

format
STF: Structured Trace File

ITA
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m NHRJFAU

Basic features

Profiling with graphical
visualization and statistical data



Intel Trace Collector and Analyzer ~ NHR(. JFA

] Intel® Trace Analyzer
File Options Project Windows Help

7 1: fhomelv hpc:
View Charts Navigate Advan(nd Layout

B i | w 17671061751 774596 455 7,490 280 W wriexpandeain () & Y
cevens

Event-based approach that record
user function calls

MPI communication calls . | ‘ ==

I L
176755 176855 17695s 17705s 17715s
. 769.1 7

MPI_Wait
MPI_Send

User_Code
ComputeWAXPBY_ref
ComputeSYMGS_ref

X[ Intel® Trace Analyzer Performance Issue  Duration (%)
Fle Options_Project Windows Help Wait at Barrier  0.15%
i~ Late Sender 0.04%

Name Tself T~ Late Receiver 0.00% 145e3s
. 3 ‘show advanced..
Summary: xhpcg.stf 4 All Processes 200N ACVANCEC.. 18.43e-3 | 2.223e-3
N . . ComputeSPMV_ref 18.7874 s ——————— 18.43e-3 | 2.223e-3
Total time: 1.88e+04 sec. Resources: 9 processes, 1 node. [ ComputeWAXPBY 226e6s 0 0
i N ComputeDotProduct_ref 854.298e-3s | Description Affected Processes
Ratio Top MPI functions ComputeSPMV 41e6s Wait at Barrier
. . . . - " y . - ComputeSYMGS_ref 39.4382s I
This section represents a ratio of all MPI calls to the rest of your ~ This section lists the most active MPI functions from all MPI calls in the application. -
code in the application. ComputeWAXPBY_ref 1.6031s | wait time
ComputeDotProduct 9le6s
654.169e-3s  _ | pg barrier
MPI_Allreduce I 75.8 se| s=no s € e
MPI_Wait I 75.8 se
MPI_Send 7.83 sec (0.0416 %)
MPI_lIrecy | 0.683 sec (0.00363 %)
MPI_Wtime 0.14 sec (0.000745 %)
M Serial Code - 1.86e+04 sec  99.1 %

M MPI calls - 160 sec 0.8%

Where to start with analysis

For deep analysis of the MPI-bound application click "Continue >" to open the
tracefile View and leverage the Intel® Trace Analyzer functionality:

To optimize node-level performance use:
Intel® VTune™ Amplifier XE for:

- Rerformance Assistant - to Identity posible performance prablems ~algorithmic level tuning with hotspots and threading efficiency analysis;
L mbatance Disgram - for demalied wABaIARGE ovErew - microarchitecture level tuning with general exploration and bandwidth analysis;
- Tagging/Filtering - for thorough customizable analysis Intel® Advisor for:

- Vectorization optimization and thread prototyping.

For more information, see documentation for the respective tool:
MPIL icati with Intel® VTune™ Amplifier XE
MPIL icati with Intel® Advisor

[l Show Summary Page when opening a tracefile
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Intel Trace Collector and Analyzer NHR[_ /FAU

Event timeline

eprogram structure

eevent details
efunctions
emessages

ecollectives
operations

1 7T4 s %
1756s
PO
P1
P2
P3
P4
P5
P6
P7
P8

1754s 1758s 1762s 1766s 1770s
1756s 1760s 1764s 1768s 1772s
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Intel Trace Collector and Analyzer NHR[_ /FAU

Quantitative +
guantitative timeline

eprogram structure etransfer duration
eevent details etransfer
efunctions volume
emessages eactivities measure
ecollectives
operations

MPI_Wait

MPI_Send

User_Code
ComputeWAXPBY_ref
ComputeSYMGS_ref
ComputeDotProduct_ref
ComputeSPMV_ref

20e-3s ¥ ¥ Duration of Collective Ops
B Multiple
ERESS — Single
0Os | | | | | | | | I | | | | | | | | l !
1754s 1758s 1762s 1766 s 1770s
1756s 1760s 1764s 1768 s 1772s
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Intel Trace Collector and Analyzer ~ NHR(. JFA

Performance

assistance

eidentify
performance issues
with explanation

etips on potential

solutions
Performance Issue  Duration (%)  Duration Performance Issue  Duration (%)  Duration
Wait at Barrier 0.00% 29.882e-3s Wait at Barrier 0.00% 29.882e-3 s
- Late Broadcast  0.00% 2e-6s - Late Broadcast  0.00% 2e6s
Show advanced.. * Show advanced..

n Affected Processes Source Locations (Root Causes)

Wait at Barrier Process Duration (%)  Duration
Process 6 0.00% 6287e-35
wait time - Process 2 0.00% 574235
Process 4 0.00% 44e3s
- - Process 8 0.00% 4.057e3s
P1 —| barrier Process 3 0.00% 3.992e35
~ Process 0 0.00% 1.988e-35
- Process 7 0.00% 1897e3s
- Process 5 0.00% 151935

This problem occurs when barrier collective operations (such as MPI_Barrier or all-to-
all operations such as MPI_Alltoall which also result in barrier) are not synchronized.

The result is that these operations wait for the last barrier operation to start. Usually
this problem indicates load imbalance in a program.

To resolve this problem, make sure that barrier operations are called at
approximately the same time by all processes. This can be done by adding
computation prior to the earlier barrier calls or by lessening the computation prior to
the later barrier calls.

Affected Processes shows the distribution of the issue duration per process.

Source Locations shows source locations (with corresponding durations) that are root
causes of this problem.
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Intel Trace Collector and Analyzer NHR[_ /FAU

Message profile

eprogram structure etransfer duration eidentify emessage volume,
eevent details etransfer performance issues time, count
efunctions volume with explanation ofinding
emessages eactivities measure *tips on potential communication
' solutions hotspots
ecollectives L
Opera‘tions ‘Communlcatlon
patterns

(PO PL P2 P3 P4 PS (P6 P7 PE Sum Mean itiDe

Receiver

Sender
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Intel Trace Collector and Analyzer

NHRJFAU

Collective ops profile

eall collective
operations for each
process

PO P1 [+ P3 P4 P5 P& P7 P8 s5um Mean StdDev
MPI_Bcast 60e-6 | 6.66667e-6 | 666.667e-9
MPI_Allreduce 4 9.46671 9.80818 75.8164 8.42405 3.81376
Sum 6.98828 | 2.41009 | 14.1332 | 9.46671 | 9.80818 | 2.28142 | 12.1689 | 7.89127 | 10.6684 | 75.8165
Mean 3.49414 | 1.20504 | 7.06659 | 4.73336 | 4.90409 | 1.14071 | 6.08444 | 3.94564 | 5.33422 4.21203
StdDev 3.49413 | 1.20504 | 7.06658 | 4.73335 | 4.90409 | 1.1407 | 6.08444 | 3.94563 | 5.33422 5.00135
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Intel Trace Collector and Analyzer NHR[_ /FAU

Hotspot

Function profile

functions statistics
Call tree
Flat Profile Load Balance Call Tree Call Graph Flat Profile Load Bal Call Tree call Graph . .
i esplit to children of
All_Processes
Name Tself Tself Thotal #Calls  Tself /Call B Grou o]
Name TSelf TSelf TTotal #Calls TSelf /call 4 All_Processes
4 All Processes 4 User_Code 4329945 18.8104e43 s 9 4811045 All_Processes
p=y MPI_Bcast 60e-6s 60e-6 s 9 6.66667e-6 s -
-~ ComputeSPMV_ref 5.46742e+3 s 5.5 9e+3s 44244 123.574e-3s MPI_Comm_rank 1e-6s 166 5 5 111111665 .ﬂltered VIEW Wlth
ComputeWAXPBY 53.862e-3 s 475.234 s 31995 1.68345e-6 S MPI_Comm_size Jeos Jeos 0 333.3330.9 ¢
- ComputeDotProduct_ref 264.986 s | 329.014s 33408 7.9318le-3s MPI_Wtime 95.84e-3 5 95.84e-3 s 156537 612.251e-9s expansion into
ComputeSPMV 15.826e-3 s 2.49945e+3s 10863 1.45687e-6s | MPLAlreduce S gpL8323s SopLE3zss 126 93900e3s
omputeSPMV._ref . e+3s X e+3s .0527e-3 s .
~ ComputeSYMGS_ref 11.9892e+3s 12.0259e+3s 76608 156.5e-3s MPI_Comm_size 36.969¢-3 s 36.969¢-3s 33381 1.10749¢-6 s various MPI and
ComputeWAXPBY_ref 495.263 s 495.263 s 33345 14.8527e-3 s MPI_Comm_rank 17.688e-3 s 17.688e-3 s 33381 529.882e-9 s . .
- ComputeDotProduct 31.118e-3 s 315.682's 32049 970.951le-9s MPLIrecy 175.253e3 5 175.253e-3 5 148360 1.18127e6's Appllcatlon groups
i MPI_Sen 2.13018 s 2.13018 s 148360 14.3582e-6 s
User_Code 432.994s 18.8104e+3 s 2 48.1104 s MPI_Wait 40.7319 s 40.7319 s 148360 274.548e-6 s
MPI_Comm_size 132.739%e-3 s 132.739e-3 s 120861 1.09828e-6s 4 ComputeSYMGS_ref 11.9892e+3 s [ 12.0259e+3 s 76608  156.5e-3 s Load balance
- MPI_Comm_rank 63.288e-3 s 63.288e-3 s 120861 523.643e9s MPI_Comm_size 82.736e-3 s 82.736e-3s 76608 1.07999e-6 s
MPI Finalize 4.043e-3 s 4.043e-3 s 9 449.222e6s MPI_Comm_rank 38.209¢-3 5 38.209e-35 76608 498.76e-9s
. 1 MPI_Irecv 420.928e-3 s 420.928e-3 s 340480 1.23628e-6s
~ MPI_Bcast 60e-6 s 60e-6 s 9 6.66667e-6 s MPI_Send 418757 s 4.18757 s 340480 12.299-6 s
MPI_Irecv 682.73e-3s 682.73e-3 s 537120 1.27109e-6 s MPI_Wait 31.9995s 31.9995 s 340480 93.9836e-6 s C ” h
- MPI_Wtime 140.191e3 s 140.191e-3 s 223353 627.666€-9 s CompuSWAXPBY.ref 20,0829 2008295 1350 1487623 5 all grap
- 4 ComputeDotProduct_ref 10.7614 s 13.3636 s 1359 7.91865e-3 s
MPI_Send 7.83291s 7.83291 s 537120 14.5832e-6s MPI Wime 1.9350-3 1935035 2718 71192169 5
- MPI_Allreduce 75.8164 s 75.8164 s 33534 2.26088e-3 s MPI Allreduce 2.60097 o 560097 & 1359 1.913370.3
MPI_Wait 75.7904 s 75.7904 s 537120 141.105e-6 s 4 ComputeSPMV 15.826e-3 s 2.49945e+3s 10863 1.45687e-6 s
4 ComputeSPMV_ref 2.49475e+3s 2.49943e+3s 10863 229.656e-3 s
MPI_Comm_size 13.031e-3 s 13.03le-3s 10863 1.19958e-6 s
MPI_Comm_rank 7.39%3s 7.39e-3s 10863 680.291e-9s
Load Balance Call Tree Call MPI_Irecv 86.549e-3 s 86.549e-3s 48280 1.79265e-6 5
MPI_Send 151516 s 1.515165 48280 31.3828e6s
Children of All_Processes MPI_Wait 3.059 s 3.059s 48280 63.3595e-6s
4 ComputeWAXPBY 53.862e-3 s 475.234s 31995 1.68345e-6s -
Min.Radius: ‘32 :‘ # Per Row: |4 :‘ 4
PO P1 P2 P3 Legend
ComputeSPMV_ref Flat Profile oad Balance call Call Graph
= ComputeWAXPBY
P ‘ All_Processes v|
= ComputeDotProduct_ref =
= ComputeSPMV Name Tself Tself TTotal #Calls  TSelf /Call
Pa P5 P6 P7 = ComputeSYMGS_ref 4 All_Processes
= ComputeWAXPBY_ref 4 Callers
ComputeDotProduct i ComputeSPMV_ref called by ComputeSPMV 2.49475e+3 s [ 2.49943e+3 s 10863 229.656e-3
User_Code - ComputeSPMV_ref called by User_Code 2.97267e+3 s 3.01576e+3 s 33381 89.0527e-3
= MPI_Comm_size ComputeSPMV_ref 5.46742e+3 s 5.51519e+3 s 44244 123.574e-3
= MPI_Comm_rank 4 Callees
P8 MPI_Finalize - ComputeSPMV_ref calling MPI_Comm_size
= MPI_Bcast - ComputeSPMV_ref calling MPI_Comm_rank
u MPI_Irecv ComputeSPMV_ref calling MPI_lrecv
= MPI Wtime - ComputeSPMV_ref calling MPI_Send
= MPI Send - ComputeSPMV_ref calling MPI_Wait
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m NHRJFAU

Event timeline visualization

MPIl-parallel HPCG



Algorithmic overview:
m preconditioned Conjugate Gradient NHR[ _JFAU

-
Level 1 Coarsening Refining L] ol

> 2 = <—5— - e SYMGS * Prolongation

Po < Xo, 10 Apo . SPMV < SYMGS

fori=1,2, to| max_iterations |do | |:> * Restriction £

Zi <—M_17i_1_
if i=1 then

o Y. e
Dj < Z;j
e ) 5> ED—m-
else

SYMGS
a; —dot_prod(7;_1,2;) A
Bi —aj/ai_y
B pi — Pipi_1+Z; - MG (1)
a; —dot_prod(;_1,Z;)/|dot_prod(p; Aﬁ,-)l
Xir1 < Xi+ap; 8 1 _PPoTB3)
P Fr1—ai APy a [
i - i—1 i i T | H SPMV (1)
if ||r;||2|< | tolerance | then
i F - WAXPBY (3)

https://www.hpcg-benchmark.org
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m MPIl-parallelizable preconditioned CG NHR/[_ JFAU

12 user-defined functions + MPI communication Default

= SYMGS1+SPMV1+restriction+prolongation+SYMGS2 Blue = Computation (user code)

Red = Communication (MPI)

Black lines: Communication dependencies

1602 problem size , 1800 second run, Broadwell EP, one socket, 9 processes, 3 GB memory per process
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MPI-parallelizable preconditioned CG NHR[_JFAU

Broadwell Min Mean Median Varianc Skewnes Kurtosis SD IQR=Q3-Q1
S (ms) (ms)
(ms)
DDOT1 7.355 9.045 8.398 8.474 0.272 -0.913 0.697 0.521 0.663
DDOT?2 8.300 9.270 8.793 8.713 0.109 -0.080 -0.880 0.330 0.305
DDOT3 6.543 6.890 6.725 6.688 0.013 0.129 -0.607 0.112 0.139
60714 s 607,18 s 607,22 s 607.26 5 607.30 s 607.‘34 I 607.38 5 l
607025 607,16 5 607.20 5 607.24 s 607.28 5 607.32 s 0y.86 s 8
o do TS omputeSPMV._ref ComputeComput omputeSPMV_ref 4
N \ | ——
P1 Qo T omputeSPMV_ref ComputeComput omputeSPMV_ref
\ ]
P2 Qo mﬂ‘ NnedlomputeSPMV._ref i !( omputeComput: o omputeSPMV_ref
P3 Com} 1 Jublc@omputeSPMV_ref T : omputeComput _‘
! - | — P2, P6 = slower
P4 Gom ERsINTfiG4t omputeSPMV_ref iComputeComput
\ I I —
P5 CGomp MSIbIEEomputeSPMV_ref ComputeComput::
\ I 1 —
P6 o MPISSINTTIG omputeSPMV._ref {ComputeCompute
\ I | ——
P7 Comp PG omputeSPMV_ref ComputeComputi
\ I |1 —
P8 Qo NG omputeSPMV_ref JComputeComputt
607,10 607"14 s 601‘18 s 607,22 s 607.26 607.30 s 607"34 607.38 5
607025 607,16 5 607.20 5 607.24 s \ 607.28 s 607.32 s 607.86 s

1603 problem size , 1800 second run, Broadwell EP, one socket, 9 processes, 3 GB memory per process
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m Preconditioned CG on Cascade Lake SP NHR|[ |FAU

Cascade Min Max Mean Median Varianc Skewnes Kurtosis SD IQR=Q3-Q1

Lake EP (ms) (ms) (ms) (ms) e s (ms) (ms)
(ms) (ms)

DDOT1 10.592  15.225 12.635 12.426 1.761 0.372 -0.880 1.327 2.162

DDOT?2 11.728 12.577 12.233 12.170 0.078 0.156 -1.142 0.279 0.536

DDOT3 7.603 8.008 7.723 7.686 0.014 1.364 0.909 0.116 0.111

360.805 s 360.807 s 360.809 s 360.811 s 360.813 s 360.815 s 360.817 s 360.819 s 360.821s 360.823 s 360.825 s 361.121s 361.123s | 361.125 s 361.127 s 361.129s | 361.131s 361.133s 361.135 s l
360.806 s 360.808 s 360.810 s 360.812 s 360.814 s 360.816 s 360.818 s 360.820 s 360.822s 360.824 s 3611225 3611245 | 361.126 s 361.128 s 361.130 s 3611325 3611345 361.13€

MPLA

MPL Afiredic

55 360.807 s 360.8095 | 360.811s 360.813 5 360.815s 3608175 |  360.819s 360.82 60.823 5 36005 s 361.121s 361.123 s | 361.125 s 361.127 s 361.129s
360.806 s 360.808 360.810 s 360.812 s 360.814 s 360.816 5 360.818 s 360.820 5 .824 5 3611225 3611245 361.126 s 361.128 s

DDOT1: Zoom-in DDOT2: Zoom-in

P16 = slowest P4 = fastest
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m NHRJFAU

Usage with cautions!



Compiler switches, API

NHR JFAU

XX}
.............................................................................

Be careful

check pinning correctness /
$ impi_info
$ export |_MPI_DEBUG=4

use filtering options for large problems

If not handled carefully,

generates a lot of unnecessary data

............................................................................

Reduce startup time
S traceanalyzer --cli S{binary}.stf -cO —-w

VT API

Manually instrument the code to profile only interesting
parts of an application or a subset of iterations

o

O
O
O
@)

run without ”-trace”

#include <VT.h>

-IS{VT_ROOT}/include

inserting calls to VT _traceoff() and VT _traceon()
VT _begin(mark), VT_end(mark)

Compiler switches

1.
2.

—-trace
—-tcollect -trace
function profile at a high price of maximum overhead

. —tcollect-filter=func.txt -tcollect -

trace

$cat func.txt: 'funcX’ ON|OFF
'.*'" OFF

' . *ComputeDotProduct.*' ON
' *ComputeSYMGS.*' ON

' *ComputeSPMV.*' ON

' *ComputeWAXPBY.*' ON

. —gopt-report

generate a full list of file and function names that the
compiler recognizes from the compilation unit

. —tcollect -gopt-report —-gopt-report-

phase=tcollect

generate an optimization report with tcollect information
to get a list of the file or routine strings that can be
matched by the regular expression filters

Binary instrumentation at runtime

1.

-trace-imbalance
trace only the MPI functions that cause application load
imbalance (idle at some point of the application run)

. —trace-collectives

trace only about collectives operations

. —trace-pt2pt

trace only about point-to-point operations
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Environment variables NHR[ |FAU

1. corresponding environment variables

VT_FLUSH_PREFIX /tmp control directly for temporary flush files 2. command line when running your application
VT_LOGFILE_PREFIX current control directly for physical trace 3. configuration file
working information files
directory $ export VT_CONFIG=<config_file>
VT_LOGFILE_FORMAT STF S.ING.LESTF: rolls all trace files into one # enable all Application activities
file (.single.stf) ACTIVITY Application ON
VT_LOGFILE_NAME ${binary} control the name for the trace file
# disable all MPI activity
VT_MEM_BLOCKSIZE 64 KB trace data in chunks of main memory ACTIVITY MPI OFF
VT_MEM_FLUSHBLOCKS 1024 flushing is started when the number of

# enable all bcasts, barrier, allreduce, recvs and sends

blocks in memory exceeds this threshold SYMBOL MPI WAITALL ON

VT_MEM_MAXBLOCKS 1024 maximum number of blocks in main SYMBOL MPI IRECV ON
memory, if exceed the application is SYMBOL MPI ISEND ON
stopped until AUTOFLUSH/ MEM- SYMBOL MPI BARRIER ON
OVERWRITE/ stop recording trace info SYMBOL MPI ALLREDUCE ON
R AR LA R LR : ....................
VT_CONFIG_RANK 0 control the proces§ that ‘read‘s and parses ] Use ITAC WISE|y
the configuration file : )
with custom
https://www.intel.com/content/www /us/en/docs/trace-analyzer- H filtering preferences

0000000000000000000000000000000000000000000000000

collector/user-guide-reference/2021-10/configuration-options.html
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