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Welcome in the Parallelism Eral

Performance engineering
responsibility shifted over the
years.

Before:
computer architect

Now:
computer architect
+ software developer

50 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2021 by K. Rupp

Plot by Karl Rupp: httos.//github.comy/karlrupp/microprocessor-trend-data intel.



Welcome in the Parallelism Area !

f P

t f
Microprocessor frequency Microprocessor frequency
over Time (history) versus Power consumption

.. performance is not only the computer architect’s job anymore
... performance increase is increasingly the job of the software developer

intel.



Opening Statement

“Parallelism => Performance”
(leads to)

Optimization — making sure the above
statement is true!

intel. s



TOday,S DemOS DPEcho: Data  Parallel  Eulerian
Conservative High Order (DPEcho) for

General-Relativity-Magneto-

Hydrodynamic simulation (GR-MHD) to
model turbulence, wave propagation,
stellar winds andprocesses around
black holes

IMB: Intel® MPI
Benchmark, a set of
microbenchmarks for
testing bandwidth &
performance of MPlin
different configurations

STREAM: four

operations

benchmark (add, Nbody: Calculates the
scale, copy and triad) PR position of particles
for memory profiling using Newton’s Law.

It's not just a good idea.
It's the Law.

Further reading: https.//www.intel.com/content/www/us/en/developer/articles/technical/dpecho-general-relativity-sycl-for-2020-beyond. html intel. 7


https://www.intel.com/content/www/us/en/developer/articles/technical/dpecho-general-relativity-sycl-for-2020-beyond.html

Demo 1-IMB. Intel® MPI (micro)Benchmarks

" Useful for measuring performance/bandwidth for
specific MPI settings

" Written in C, sources in $I_MPI_ROOT/benchmarks/imb/

" Some options:

B Alltoall: name of the test (more here ---->)
® _-npmin A: runs for #ranks=A and larger (powers of 2)

® -msglog D:E: tests message sizes from 2P to 2F

B Example:

mpirun IMB-MPI1 Alltoall -npmin 18 -iter 100 -iter_policy off -msglog 21:21

Learn more: httos;//www.intel.com/content/www/us/en/developer/articles/technical/intel-mpi-benchmarks.html/

Standard Mode

PingPong

PingPongSpecificSource (excluded by default)

PingPongAnySource (excluded by default)

PingPing

PingPingSpecificSource (excluded by default)

PingPingAnySource (excluded by default)

Sendrecy

Exchange

Uniband

Biband

Beast

Allgather

Multiple Mode

Multi-PingPong

Multi-PingPongSpecificSource
(excluded by default)

Multi-PingPonganySource
(excluded by default)

Multi-PingPing

Multi-PingPingSpecificSource
(excluded by default)

Multi-PingPingAnySource
(excluded by default)

Multi-Sendrecy

Multi-Exchange

Multi-Uniband

Multi-Biband

Multi-Beast

Multi-Allgather

intel.


https://www.intel.com/content/www/us/en/developer/articles/technical/intel-mpi-benchmarks.html

Demo 2 - STREAM Benchmark

John D. McCalpin (TACC)

#pragma omp parallel for
for (j=0; j<STREAM ARRAY SIZE; j++) OFlop/2*8Bytes=0
clil = aljl;

#pragma omp parallel for
for (j=0; j<STREAM ARRAY SIZE; j++) 1Flop/3*8Bytes=0.042
b[j] = scalar*c[j];

#pragma omp parallel for

for (j=0; j<STREAM ARRAY_SIZE; j++) 1Flop /3 * 8 Bytes = 0.042
cljl = aljl+bljl;

#pragma omp parallel for

for (j=0; j<STREAM ARRAY SIZE; j++) 2 Flop/4 * 8 Bytes = 0.0625
aljl = b[j] + scalar*c[j];

arithmetic intensity £ 9 = compute-bound (dp)
“reports best bandwidth rate out of 10 iterations arithmetic intensity £ 9 = memory-bound

intel.



Initialization

D emao 3 - D P E C h O SYCL USMallocation grd efc

Flux computation kernel "
. . . - Initialize GR metric function
Data Parallel Eulerian Conservative High reconstruct value at cell S
.. boundari -
Order (DPEcho) for General-Relativity- el N 9
Magneto-Hydrodynamic simulation (GR- e el S
MHD) to model turbulence, S
i . Fill in ghost cells for fluxes o -
wave propagation, stellar winds R
Spacial derivatives kernel o
and processes around black holes. - store derivatives of flux in du 4
Q
Determine global dt 8
-
C
" Writteﬂ il’] C++ W|th MPI+SYCI_ Update conserved vars kernel R
- with du, dt and RK coefficients 5
o
" Three-dimensional cartesian grid discretization T ———— w
conserved variables E
" Adjustable orderinterpolation of values at boundaries Recalculate primitives kernel
- from conserved vars
_ _ File 1/O
" 3 order Runge-Kutta time-stepping scheme -at specified simulation progress
| |
| |
_ _ e
" Hotspots: metric and flux computation, neteston

primitive to conserved (and vice-versa) variables conversion, etc Legend:| HostCode

Further reading: https://www.intel.com/content/www/us/en/developer/articles/technical/dpecho-general-relativity-sycl-for-2020-beyond.html intel "



https://www.intel.com/content/www/us/en/developer/articles/technical/dpecho-general-relativity-sycl-for-2020-beyond.html

The Seven Levels of Parallelism

‘ Inter- Node Parallelism

‘ Intra- Node Parallelism
‘ Core / Thread Level Parallelism
‘ Thread-Level Parallelism with SMT
’ Instruction-level Parallelism

‘ Data Level Parallelism

‘ Accelerator / Offloading Parallelism

intel.



Problem Classes

* Message size

Rank placement
Load Imbalance
RTL Overhead
Network Bandwidth

!

Cluster/Internode
Level

False Sharing
Access with strides
Latency
Bandwidth
NUMA-effect

Threading

Threaded/serial
ratio

Thread Imbalance
RTL overhead

(scheduling,
forking)

Synchronization |

Node/Intranode

|

Level

CPU Core

e parchissues (IPC)

* Vectorization

* FPU usage
efficiency

Core
Level

intel.
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Diagnostics & Profiling Workflow using
Intel® one AP| Base and HPC Toolkits

Cluster

Effective

threading
?

Intel® VVTune

46
L
()]
Q
©
(@
n
0]
O
C
@©
£
O
k5
o
(@
O
-
Q)
QO
Q
Q
<

Intel® VTune

Tune MPI

~ Scalable I ‘ |

Intel® Trace Analyzer

Vectorize

Thread

Intel® Advisor

& Collector

Intel® MPI Tuner

emory
Bandwidth

Sensitive
f?

Optimize
Bandwidth

Intel® VTune

intel.
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Intel” Application Performance Snapshot

. 14
intel.



Intel” Application Performance Snapshot

Application Performance Snapshot

Part of Intel® VTune
" Lightweight
" Firststep to analyze your application!

Your application is MPI bound.

x

This iy bt s By highh by wit i inich the
schema ce MP1 Fbrary settings. Use MPI poofling 1
pestormance Boteneeis.

a al et
Fhoe Il ® Trace Anshzes and Collector to expiore

" Quickdiveinto:
" OpenMP usage
" MPI balance
" CPU utilization
" Memory access efficiency
" Vectorization
" 1/0
" Memory footprint
" MPI-friendly
" Scalable for large workloads
" CLIandHTML reports

OpenMP Imbalance
20Ats

Memery Footprint

Intirconeset Basaidth

ol

P43

275568 of remote accesses 5.2 g
Application Performance Snapshot
Rank-to-rank communication matrix IEEEEEESEEE

FPU Utilization
AR

PET

Learn more: httos;//www.intel.com/content/www/us/en/develop/documentation/get-started-with-application-performance-snapshot/top.htm/

intel.
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https://www.intel.com/content/www/us/en/develop/documentation/get-started-with-application-performance-snapshot/top.html

Intel” APS — CLI| Essentials

Collect Data
(compute node)

Generate Report

Intel® MPI Tuner

Intel® Trace Analyzer
and Collector

(login node)

Identify Next Step

Intel® Vtune

Intel® Application Performance Snapshot

Intel® Advisor

Data collection:

source /opt/intel/oneapi/2023.1/setvars.sh

mpirun <mpi_args> aps <aps_args> <my_app+args>

NEW: mpirun <mpi_args>-aps <my._app+args>

Example of data collection args:
--collection-mode=<mpilomp|hwc]|all>
--stat-level=[1-5] (or export APS_STAT_LEVEL)
--mpi-imbalance=[0-2]

-r=<results_dir>

Example report generation:
aps --report <results_dir> #summary
aps --report -x --format=html <results_dir>  # for time r2r matrix

aps --report -x -v --format=html <results_dir> # for volume r2r matrix

intel.
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Intel” APS — Data Collection Options

Default value if
MPS_STAT _LEVEL=]

Turns off the imbalance

APS_IMBALANCE_TYPE=0

calculation.

Default value if
APS IMBALANCE_TYPE=] MPS_STAT_LEVEL=2 or
higher.

Imbalance is calculated by
calling MPI_Barrier before any
APS_IMBALANCE_TYPE=2
collective operation and

measuring the time of the call.

MPS_STAT _LEVEL=] MPI functions and their time (defaut).

MPI functions and amount of transmitted
data

MPS_STAT_LEVEL=2

MPI functions, commmunicators, and
MPS_STAT _LEVEL=3

message sizes

MPI functions, communicators,
MPS_STAT_LEVEL=4 communication directions and

aggregated traffic for each direction

MPI functions, coommunicators, message
MPS_STAT_LEVEL=5

sizes, and communication directions

Learn More: httos.//www.intel.com/content/www/us/en/develop/documentation/application-snapshot-user-guide/top/analyzing-applications/controlling-amount-of-collected-data.htm/ intel .

17


https://www.intel.com/content/www/us/en/develop/documentation/application-snapshot-user-guide/top/analyzing-applications/controlling-amount-of-collected-data.html

Intel” APS - Summary Report

MPI Time, % of Elapsed Time

— better (3 red flag N tuning
zone potential

communication schema or MPI

84.45%

76.38% —L— 98.6%
0%0% 100%

R Your application is MPI bound. This may
be caused by high busy wait time inside
the library (imbalance), non-optimal

library

settings. Explore the MPI Imbalance
metric if it is available or use MPI profiling
tools like Intel® Trace Analyzer and

bottlenecks.

Collector to explore possible performance

Command:

mpirun aps IMB-MPI1 Allreduce -npmin 32 -iter 100\

-iter_policy off -msglog 21:21
aps --report ./aps_result_*

Application: IMB-MPI1

Report creation date:  2023-06-04 07:27:08
Number of ranks: 32

Ranks per node: 8

HW Platform: Intel(R) Xeon(R) Processor code named Sapphirerapids

Frequency: 2.00 GHz
Logical Core Count per node: 224

Collector type: Event-based sampling driver,Event-based counting driver

5.05s 2.32 5.25

Elapsed Time IPC Rate

SP GFLOPS

0.03 2.88 GHz

DP GFLOPS Average CPU Frequency

MPI Time
4.02s
84.45%R of Elapsed Time

MPI Imbalance
1s
21.86% of Elapsed Time

TOP 5 MPI % of Elapsed
Functions Time
MPI_Init_thread 37.54%
MPI_Allreduce 33.76%
MPI_Barrier 8.77%
MPI_Finalize 4.33%
MPI_Comm_split 0.96%

Memory Footprint

Resident
348.06 MB

Resident per Node
2784.5 MB

Virtual
1077196.47 MB

Virtual Per Node
8617571.75 MB

Physical Core Utilization
3.88%K

cores

discover why the CPU is underutilized.

Your application might underutilize the available logical CPU

because of insufficient parallel work, blocking on synchronization, or too much 1/O.
Perform function or source line-level profiling with tools like Intel® VTune™ Profiler to

Current run Target Tuning Potential
MPI Time 84.45%R <1000
Physical Core Utilization  3.88%Rk >80% |
Memory Stalls 30.25%k <20% ==
Vectorization 98.65% >70%
*

Memory Stalls
30.25%R of Pipeline Slots

Average Physical Core Utilization Cache Stalls

4.33 out of 112 Physical Cores

24.52%R of Cycles

DRAM Stalls
5.85% of Cycles

DRAM Bandwidth

Average 9.99 GB/s
Peak 9.8 GB/s
Bound 0%
NUMA

13.62% of Remote Accesses

Vectorization
98.65% W

Instruction Mix

SP FLOPs

1.32% of uOps

Packed: 100% from SP FP
128-bit: 100%k
256-bit: 0%
512-bit: 0%

Scalar: 0% from SP FP

DP FLOPs

0.03%~" of uOps

Packed: 0% from DP FP
128-bit: 0%
256-bit: 0%
512-bit: 0%

Scalar: 100%R from DP FP

Non-FP
98.62% of uOps

FP Arith/Mem Rd Instr. Ratio
0.04K

FP Arith/Mem Wr Instr. Ratio
0.08R

intel. =



Intel” APS - Rank-to-Rank Matrix

Intel® VTune™ Profiler

Application Performance Snapshot

Intel® VTune™ Profiler

Application Performance Snhapshot

Rank-to-rank communication matrix IEEEEEENEEE

AVG: MAX:
401.334MB  1321.206MB

Rank-to-rank communication matrix FEEEEENNEEN

AVG: MAX:
1.421sec 2.009sec

[P ]
PO P15 P31 _ P15 P31
e/ ANEEEEETE o ANEEEENE"H
EEEEEEETE H EEEEEE"E
u EN EEEEE"E
u EEE EEEE"HE
u EEEE EEE N
u EEEEE EEHH
[ EEEEENE EH H
n EEEEEENE N
EEEEEEEEEEEEEEE ]
EEEEEEEEEEEEEEEE u
AN EEEEEEEEEEEEE ]
EEN EEEEEEEEEEEN H
EEEN EEEEEEEEEEE ]
EEEEE EEEEEEEEEE u
EEEEEN EEEEEEEEE ]
EEEEEEN EEEEEEEE 15 H
EEEEEEEE EEEER EEEEEEEEEEEEEEEN EEEEEEEEEEEEEEE
AEEEEEEEE " EEEEEE T rrrrrrrrrrrrrmrrrrrrrrrrrre

ENEEEEEEEEEEEEEEEN EEEEEEEEEEEEE
EEEEEEEEEET g voume HENENENEEEEE NN

PO p EEEEEEEEE) ~20 - Fo AR n
FEEEEEEEEED 420.402m8 (IR
EEEEEEEEE e AEEEETEEEEEEEER
EEEEEEEEEEEEEEEEEEEEEEETEEEEEEEE
AEEEEEEEEEEEEEEEEEEEEEEE T EEEEEEE

AEEEEEEEEEEEEEEEEEEEEEEEE T
AEEEEEEEEEEEEEEEEEEEEEEEEE T EEEEn
AEEEEEEEEEEEEEEEEEEEEEEEEEETEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEE T EEn
AEEEEEEEEEEEEEEEEEEEEEE e T,
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEETE
piIHNEEEEEEEEEEEEEEEEEEEEEEEEEEEEn

Full summary report can be generated with command . /aps-report -g <path-to-aps-results-folder>

EEEEEEEEEEEEEEEEEEEEEEEEEEE.
i i EENEEEEEEEEEEEEEEEEEEEEEEEn

Full summary report can be generated with command . /aps-report -g <path-to-aps-results-folder>

intel.



Intel” APS — Instrumenting Code Regions

" MPIinstrumentation example (Fortran, C, C++):
call MPI_PControl(5)
call my_function(args)
call MPI_Pcontrol(-5)

=>one APS output folder just for "Region 5"

MPI_PControl(0) pauses all collection

" MPI_PControl(1) resumes all collection

regions 2 to 4 are reserved

Fornon-MPI, use the ITT API*

*ITT API: httos;/www.intel. com/content/www/us/en/develop/documentation/application-snapshot-user-guide/top/analyzing-applications/controlling-amount-of-collected-data.html intel . 20



https://www.intel.com/content/www/us/en/develop/documentation/application-snapshot-user-guide/top/analyzing-applications/controlling-amount-of-collected-data.html

Intel” APS — Next Step”?

Cluster N Intel® Trace Analyzer

" Scalable II Tune MP I & Collector
emory

Effective :
: - Bandwidth
threading Vectorize Sensitive

? 2

Intel® MPI Tuner

Intel® VVTune

Optimize
Bandwidth

Thread

Ie!
L
()]
Q
©
(@
n
0]
O
C
@©
£
O
5
o
(@
O
-
Q)
QO
Q
Q
<

Intel® VTune Intel® Advisor Intel® VTune

intel.
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INntel” MP| Tuner

. 22
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Intel® MPI - Pinning Simulator

® Licache @ L2-cache L3-cache @ Pinned core @ Pinned rank

" Web-based interface Socket 0
HEHHHEBHGHABHBEH
a8 BBBEHG

" loadoutput from cpuinfo (IMPI utility) BHHEBEBGHEHEAS

" Platform configuration options

or manually define configuration
Socket 1

" Provides IMPI environment variable settings BB BHBEHER
for desired pinning GdHHHEHEBGHHHEBHG
HHEHEGH

See more: https;//software.intel. com/content/www/us/en/develop/articles/pinning-simulator-for-intel-mpi-library.html intel ) 23



https://software.intel.com/content/www/us/en/develop/articles/pinning-simulator-for-intel-mpi-library.html

_MPI_ADJUST _* Family

I MPI ADJUST ALLREDUCE MPI Allreduce 1. Recursive doubling

* Environment variables for selecting the algorithm 2 Rabenseifner's

4. Topology aware Reduce + Bcast
5. Binomial gather + scatter
6. Topology aware binominal gather
° 1 1 | + scatter
No recompilation! e
8.Ring
9. Knomial
10. Topology aware SHM-based flat
b Perfo rnance d e p en d sSon 11. Topology aware SHM-based
Knomial
12. Topology aware SHM-based Knary

* Hardware

I _MPI_ADJUST ALLTOALL MPI Alltoall 1. Bruck's

2.1send/Irecv + waitall
3. Pair wise exchange

* Message Size 4. Plums

* Number of MPI ranks I MPI ADJUST BARRIER MPI Barrier 1. Dissemination

2. Recursive doubling
3. Topology aware dissemination
° 4. Topology aware recursive doubling
TO pO I Ogy 5. Binominal gather + scatter

6. Topology aware binominal gather

+ scatter
. . . 7. Topology aware SHM-based flat
® Inte|® M PI prOVIdeS a defaUIt Settlng Wthh ShOUId 8. Topology aware SHM-based

Knomial

9. Topology aware SHM-based Knary

be performant for most cases

See more: httos.//www.intel.com/content/www/us/en/docs/mpi-library/developer-reference-linux/2021-8/i-mpi-adjust-family-environment-variables.html/ intel. 24



_MPI_ADJUST _* Family

C ustom tunin g m ay be p roﬁta b | e fo r: I _MPI_ADJUST ALLREDUCE MPI_Allreduce ;: Ez;il:si\;ief::::ling

3. Reduce + Bcast
4. Topology aware Reduce + Bcast
5. Binomial gather + scatter
. . 6. Topology aware binominal gather
* untested number of ranks configurations psaater
8: Ring s
. . 9. Knomial
* non-standard message sizes (e.g. 512 KB < msg_size < 10.Topology aware SHH-based fa
. Topology aware -base
Knomial

] O 24 K B) 12. Topology aware SHM-based Knary

I _MPI_ADJUST ALLTOALL MPI Alltoall 1. Bruck's

° neW netWOI’k tOpOIOgleS 2.1send/Irecv + waitall

3. Pair wise exchange
4. Plum's

* untested interconnects
I MPI ADJUST BARRIER MPI Barrier 1. Dissemination
2. Recursive doubling
. . . . H 3. Topology aware dissemination
°
a p pl |Cat|0 ns Wlt h h |g h iIm ba Ia nce 4. Topology aware recursive doubling
5. Binominal gather + scatter
6. Topology aware binominal gather
. + scatter
° non 'Sta nda rd/u ser d ef' ned datatypes 7. Topology aware SHM-based flat
8. Topology aware SHM-based
Knomial
9. Topology aware SHM-based Knary

* uncommon collectives (e.g. reduce_scatter)

See more: httos.;//www.intel.com/content/www/us/en/docs/mpi-library/developer-reference-linux/2021-8/i-mpi-adjust-family-environment-variables.html intel.
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Intel® MPI Tuner — Simple Usage

1) Enable autotuner and store results (store is optional):

export I_MPI_TUNING_MODE=auto

export I_MPI_TUNING_BIN_DUMP=./tuning_results.dat
export I_MPI_TUNNING_AUTO_ITER_NUM=1

mpirun <mpi_args> <app with args>

(this run may be slower, due to the tunning)

2) Use the results of autotuner for subsequent launches (optional):

unset I_MPI_TUNING_MODE
export I_MPI_TUNING_BIN=./tuning_results.dat
mpirun <mpi_args> <app with args>

intel.



Intel® MPI Tuner — Simple Usage

MPI_Allreduce

v

MPI_Allreduce

MPI_Allreduce

v

v

MPI_Allreduce

MPI_Allreduce

v

Execution timeline

MPI_Allreduce

MPI_Allreduce

v

v

(performed for each message size/communicator)

v

Istinvocation: Warm-up (not timed)

2 invocation: OOB tuning (timed)

3 invocation: O preset of Allreduce

4% invocation: 1¢t preset of Allreduce

k-th invocation: n preset of Allreduce

(k+1)-th invocation: Best preset of Allreduce

N-th invocation: Best preset of Allreduce

intel.
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Intel® MPI Tuner — More Options

" |_MPI_TUNING_MODE=<auto|auto:application|auto:cluster> (disabled by default)

" |_MPI_TUNING_AUTO_POLICY=<min|max|avg> Which metric to use to select best algorithm (max by default)
" |_MPI_TUNING_AUTO_SYNC=<0|1> Callinternal barrier on every tuning iteration (O by default)

" I_MPIL_TUNING_AUTO_WARMUP_ITER_NUM=<num> (1 by default)

" I_MPI_TUNING_AUTO_ITER_NUM=<num> (1by default)

Suggestion: min #iter per collective/message size/communicator
LMPI_TUNING_AUTO_WARMUP_ITER_NUM + [(range+1)*|_MPI_TUNING_AUTO_ITER_NUM]

" I_MPIL_TUNING_AUTOL_ITER_POLICY_THRESHOLD=<max_mem> Controls message size limit (64Kb default)
" I_MPI_TUNING_AUTO_STORAGE_SIZE=<max_size> Communicator storage size (512 Kb default)

" Merging tuning files:

export I_MPI_TUNING_BIN=tunedl.dat,tuned2.dat # more files allowed
export I_MPI_TUNING_BIN_DUMP=tuning_merged.dat
mpiexec —n 1./dummy_mpi_app

intel.



Troubleshooting MPI Applications

Using System's GDB

Interactive debugging using system's gdb:
$ mpirun -n 4 -gdb IMB-MPI1 allreduce
or
$ mpirun -n 4 —gdba <MP/_PID>

Starts one gdb-server and one gdb-client
per rank. User interacts with gdb-server
only.

$ mpirun -n 4 -gdb ./mpi hello world

mpigdb: attaching to 14395 ./mpi hello world
mpigdb: attaching to 14396 ./mpi hello world
mpigdb: attaching to 14397 ./mpi hello world
mpigdb: attaching to 14398 ./mpi hello world
[0-3] (mpigdb) b ./mpi hello world.c:37

[0-3] Breakpoint 1 at 0x401221: file ./mpi

[0-3] (mpigdb) r
[0-3] Continuing.

reginn
reginn
reginn
reginn

hello world

[1-3]

[0]

[1] Breakpoint 1, printHello (rank=1, size=4) at ./m
[2] Breakpoint 1, printHello (rank=2, size=4) at ./m
[3] Breakpoint 1, printHello (rank=3, size=4) at ./m
[0] Breakpoint 1, printHello (rank=0, size=4) at ./m
[1-3] 37 MPI Get processor name(name, &namele
[0] 37 MPI Get processor name(name, &namele
[0-3] (mpigdb) s

[3] PMPI Get processor name (name=0x7fffdclad250 "",
[0] PMPI Get processor _name (name=0x7ffe79890710 "",
[1] PMPI Get processor name (name=0x7ffe916f4680 "",
[2] PMPI Get processor name (name=0x7ffc3f6ab0d0 "",

[0-3] (mpigdb) s

[0-3] 73 in ../../src/mpi/misc/getpname.c

[0-3] (mpigdb) r
[0-3] Continuing.

intel.
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Troubleshooting MPI
SLURM's multi-prog

" srun —multi-prog ./multiprog.conf

" multiprog.conf example:
# <rank-range> <app-with-args>
O-1./my_app
2 gdb--./my_app
3 vtune -c hpc-performance --./my_app
4 vtune -c memory-access --./my_app

5 ./my_app

intel. =



Troubleshooting MPI

Checking correctness with [ TAC

(Attention: the output can be quite verbose!)

Intel(R) Trace Analyser and Collector Correctness Check:

mpirun -n 4 -check_mpi <app>
or

export LD_PRELOAD=%$3VT_SLIB_DIR}/libVTmc.so:\
$31_MPI_ROOT$/lib/release/libmpi.so
srun <app>

$ mpirun

(..
[0

[0]
[0]
[0]
[0]
[0]
[0]

.)

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

-n 4 -ch

CHECK G

eck_mpi ./mpi hello world

LOBAL:COLLECTIVE:COMM FREE MISMATCH ON

maximum number of errors before aborting: CHEC

maximum
maximum
timeout
timeout
maximum

Hello world: rank

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]

[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]
[2]

number of reports before aborting: CHE
number of times each error is reported
for deadlock detection: DEADLOCK-TIMEO
for deadlock warning: DEADLOCK-WARNING
number of reported pending messages: C

0 of 4 running on rlago-mobl3

ERROR: LOCAL:MPI:CALL FAILED: error

ERROR:
ERROR:

Inv
Err

ERROR:
ERROR:
ERROR:
ERROR:
ERROR:
ERROR:

INFO:

ERROR:
ERROR:
ERROR:

1 error

LOCAL:
Inv
Err

ERROR:
ERROR:
ERROR:
ERROR:
ERROR:
ERROR:

alid rank has value 100 but must be non
or occurred at:

MPI Send(*buf=0x7ffd144f439c, count=1,
printHello (/home/rlago/area5l/demo/mpi
main (/home/rlago/area51/demo/mpi/./mpi
(/usr/1ib/x86 64-1linux-gnu/libc.s0.6)
(/usr/1ib/x86 64-1linux-gnu/libc.s0.6)
_start (/home/rlago/area51l/demo/mpi/mpi
, Llimit CHECK-MAX-ERRORS reached => abo

MPI:CALL FAILED: error

alid rank has value 100 but must be non
or occurred at:

MPI Send(*buf=0x7ffc07714cec, count=1,
printHello (/home/rlago/area5l/demo/mpi
main (/home/rlago/area51/demo/mpi/./mpi
(/usr/1ib/x86 64-1linux-gnu/libc.s0.6)
(/usr/1lib/x86 64-1linux-gnu/libc.so0.6)
_start (/home/rlago/area51/demo/mpi/mpi

intel.
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Intel” Trace Analyzer and Collector
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Intel® Trace Analyzer and Collector
MPI Profiling for Cluster Applications

< . v -
File Options Project Windows Help ICIEIED

. - - . Summary: echo_medium.stf
Understand MPI Appllcatlon across Its fUII runtlme Total time: 9.12e+03 sec. Resources: 32 processes, 4 nodes. Continue >

Ratio Top MPI functions
This section represents a ratio of all MPI calls to the rest of This section lists the most active MPI functions from all MPI calls in the application.

" Find temporal dependencies and bottlenecksCheck
MPI_Sendrecv_replace [N 275 sec (3.01 %)

correctness MPI_Barrier I 232 sec (2.54 %)
MPI_Alireduce 1.12 sec (0.0123 %)
MPI_Finalize 0.0161 sec (0.000177 %)
- .- . . . ;
Evaluate profiling statistics and load balancing e P Gomnm i 00144 sex (0000155 %)
erial Code - 8.61e+03 sec 94.4 %
M OpenMP - 0 sec 0%
M MPI calls - 508 sec 5.5 %

" learn about communication patterns, parameters and

Where to start with analysis
Enr dnnn analucic Af Fha MDIhaind annlicatinn lisl "Cantinge »" to open  To optimize node-level performance use:

performance data P; ‘rfubl:ctionality: !Zﬁzlﬁt:;rn?:;:er{fg:l:r\;?ti hpc-performance and threading efficiency
" ldentify communication hot spots g EE n"SEREEREZS
e } -.. .. ..m .E
" Instrumentation & Tracing > o ot - "
" B B " "
. P | = Bl = -
MPI CheCklng . L .l=... .l-
pis L =A ||
. . s '-l -

" Detect deadlocks, data corruption, error with MPI 5 . WL '._-
parameters, data types, buffers, communications, |»— = — = ot g B EERA.
P2P and collective operations - — = " ="=;I m

wait time P28 = || | | =
|| -] B-
barrier —— o e T
8 Scale to eXtremely Iarge SyStemS N time 11} ol - Y P P . ....

0.0397587 5, Function MP]

intel. =



| TAC - Essentials

* Settrace filename: export VT_LOGFILE_NAME=<filename.stf>
* Settrace type: export VT_LOGFILE_FORMAT=SINGLESTF
* Running with mpirun:

mpirun -trace <app>
* Running with srun:

export LD_PRELOAD=%$:VT_SLIB_DIR$/libVT.s0:$:|_MPI_ROOT$/lib/release/libmpi.so
srun <app>

* By default, only MPlis instrumented. Compile with -tcollect to get trace of full application:
mpiicx —=tcollect <app> # only with legacy compilers :(

Learn More: https://www.intel.com/content/www/us/en/develop/documentation/itac-user-and-reference-quide/top/intel-trace-collector-reference/api-reference.html inte| 34



https://www.intel.com/content/www/us/en/develop/documentation/itac-user-and-reference-guide/top/intel-trace-collector-reference/api-reference.html

I TAC — Reducing Trace Size

Trace File Size

Output size may be MASSIVE! Filter output with:

1400

mpirun -trace-pt2pt or -trace-collectives

1200

Manual code instrumentation via ITAC's API:

1000

800

* VT_initialize/VT_finalize: initializes the collector

File Size in MB

600

* VT_traceon/VT_traceoff: enables/disables trace collection
(statistical datais not affected) 400

200

* VT_funcdef, VT_begin, VT_end: defines aregion name, as
well as its beginning and end

Number of MPI Ranks

* Fortran calls: VTINIT, VTFINIl, VTTRACEON,
VTTRACEOFF, etc

Learn More: https://www.intel.com/content/www/us/en/develop/documentation/itac-user-and-reference-quide/top/intel-trace-collector-reference/api-reference.html intel 35



https://www.intel.com/content/www/us/en/develop/documentation/itac-user-and-reference-guide/top/intel-trace-collector-reference/api-reference.html

I TAC — DPEcho Summary

B2 Eile Options Project Windows Help 2l@|&®|
Summary: echo_medium.stf
Total time: 9.12e+03 sec. Resources: 32 processes, 4 nodes. Continue >

Ratio Top MPI functions

This section represents a ratio of all MPI calls to the rest of This section lists the most active MPI functions from all MPI calls in the application.

your code in the application.

M Serial Code - 8.61e+03 sec 94.4 %
W OpenMP - 0 sec 0%
B MPI calls - 508 sec 5.5 %

MPI_Comm_rank

MPI_Sendrecv_replace IS 275 sec (3.01 %)

MPI_Barrier I—
MPI_Allreduce

MPI_Finalize 0.0161 sec (0.000177 %)

232 sec (2.54 %)
1.12 sec (0.0123 %)

0.0144 sec (0.000158 %)

Where to start with analysis
For deep analysis of the MPIl-bound application click "Continue >" to open
the tracefile View and leverage the Intel® Trace Analyzer functionality:
- Performance Assistant - to identify possible performance problems

- Imbalance Diagram - for detailed imbalance overview

- Tagging/Filtering - for thorough customizable analysis

To optimize node-level performance use:

Intel® VTune™ Profiler for:

- algorithmic level tuning with hpc-performance and threading efficiency
analysis;

- microarchitecture level tuning with general exploration and bandwidth
analysis;

Intel® Advisor for:

- vectorization optimization and thread prototyping.

For more information, see documentation for the respective tool:
Analyzing MPI applications with Intel® VTune™ Profiler
Analyzing MPI applications with Intel® Advisor

V| Show Summary Page when opening a tracefile

intel.
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I TAC — DPEcho Event Timeline

n File Options Project Windows Help
View Charts MNavigate Advanced Layout

EIEIE

T I #,81143178-81.779487:0.636309 |Seconds ~ | [ All Processes |%Major Function Groups | Y 3¢ O b ||
Functizn Aggregaticn
PO MEF - MPI MPll | MPI MPI | MPI MPI ;
T 7 | I N A I = |
P1 MIMPI MPl"JIPl | MPI MBI MPI MPI |
A S A 1 1 | R —
P2 MPL AP MEIN . RPE MBI MPI MPI |
S | L D e =
P3 IR VPHVIENS SRR MPI MPI |
A P VA 8 I
P4 MBI UPL M RIAR AR EL MPI MPI |
P L O L A = I
P5 LS 0 S AUt P MPI MPI |
P T 0 S
P6 MRS A N BRI NP AR MPI MPI | |

-I!'Ilfl'u'll" VI R N N =~ |
P7 WP TP WP MPLE MPI MPI | [
-I "lll I'llllh.'.lll.ll'l]lll_ I N I
L A MPI MPI | MPI_ MPI [

P8
I N || I I """ |
P9 [ZMPE MPL ;| MPI MPI |
il llllll'l.’_.“‘ﬂll-__l
P10 1 M”I 1] WPl MEY MPI MPI |
Ll AV V% RN B N I I "™ |
P11 (LA AT AT A AT AT P MPI MPI |
IIFM.I:I.I:ll1"llilllllnl"lk‘l-—_l
P12 LA S A e R MPI MPI | |~
1 L3
Flat Profile | Load Balance | Call Tree | Call Graph Performance Issue  Duration (%)  Duration
Wait at Barrier  2.80% 569.507e-3 s
| All_Processes d Late Sender 0.28% 57.5341e-3 5
Name - TSelf TSelf TTotal TTotal #Calls #|| Showadvanced..
- All_Processes
Group Application 16.1119 s [N 20.3619 s I 0
Group MPI 4.24994 s Il 4.24994 s Il 2045 W
Description Affected Processes Source Locations (Root Causes)
Select performance issue to see details.
< »
201911 s

intel.
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I'TAC - DP

—cho Message Profile

PO P1 P2 P3 P4 P5 P6 P7 P8 P9 P10P11P12P13P14P15P16P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 5umleai:dDe

P3

P4

P5

P&

P7

P8

Pg

P10

P11

P12

RIS

P14

P15

P16

P17

P18

P19

P20

P21

P22

P23

P24

P25

P26

P27

P28

P29

P30

P31

Sum

Mean

StdDev

intel.
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I TAC — DPEcho Performance Assistant

2 Eile Options Project Windows Help EHENE
View Charts Navigate Advanced Layout

T I ,0.000000-285.037 229 :285.037229 | Seconds ~ | [ All_Processes 7 MPI expanded in (Major Function Groups) Y 3% O §E|| A%

I s Dulnfnnndnd Bo Nl n0RlnE _Bonpan il annlaniin i s Ao nninnolnnAn ol n0nfnn A nlin ol o8 Ao N0ln o A0n 0  Ho Nl pufflnn Auf pan inflaa Haallinnn

Flat Profile | Load Balance | Call Tree | call Graph Performance Issue  Duration (%)  Duration
Wait at Barrier ~ 2.55% 232.461s
| All_Processes g Late Sender 0.03% 2.74357 5
Name « TSelf TSelf TTotal TTotal Late Receiver 0.00% 6.22914e-3 5
- All_Processes
= Group Application 8.6134e+3 s N 9.12119e+3 s
MPI_Comm_size 79e-6 s 79e-6 s
mE:—gngiEr—rank 142.35138692—3 z | 142.35138692—3 z | Description | Affected Processes | Source Locations (Root Causes)
MPI_Wtime 639e-6 s 639e-6 s Late Receiver
MPI_Dims_create 549e-6 s 549e-6 s
MPI_Cart_create 5.87e-3s 5.87e-3s wait time
MPI_Cart_coords 66e-6 s 66e-6 s
MPI_Cart_rank 7le-6s 7le-6s P — send —
MPI_Sendrecv replace  274.999 s | 274999 s |
MPI_Allreduce 1.12447 s 1.12447 s
MPI_Finalize 16.135e-3 s 16.135e-3 s -
- P2 receive
time

This problem occurs when an MPI receive operation is initiated later than the corresponding call to the
blocking MPI send operation which waits for the receive operation to start (such as MPI_Ssend). As a result,
the send operation has to wait for the matching receive operation call.

To resolve this problem:

* Move the call for receiving messages earlier to make sure that send and receive operations happen at
approximately the same time. This can be done by lessening the computation prior to the receive
function call or by adding computation prior to the send function call.

* Use non-blocking send functions (such as MPI_lsend) or send functions that do not wait for the receive
operation to start (MPI_Bsend, MPI_Rsend or MPI_Send) the latter function does not wait when the MPI
internal buffers are not overfilled).

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.

intel.



ITAC — Quantitative Timeline (Sample)
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Intel” V Tune™ Profiler

Save time optimizing code

w W W W

Take advantage of Priority Support

* Connects customers to Intel engineers for confidential inquiries (paid versions)

What's new in 2022 Release (selected)

" Improved Accelerator Profiling
* |dentify occupancy issues on GPU

* ldentify inefficient code paths between host and device
* Multiple GPU systems and MPI applications.

§ New Profiles

* Flame Graph

* CPU Throttling analysis
§ Better Data

* |/O Analysis with support for MPI applications.

§ New HW Support

* Support added for the 3rd Gen Xeon® (i.e. Ice Lake server), Intel®
microarchitectures code named Alder Lake and Alchemist (i.e. DG2)

7]

Performance
Snapshot

ALGORITHM

o 8

Hotspots Anomaly
Detection
(preview)

Accurately profile C, C++, Fortran*, Python*, Go*, Java* or any mix!
Threading, memory, cache, storage & more
Save time: rich analysis leads to insight

PARALLE

~
Threading

Memory
Consumption

LISM
i[:

HPC

Performance
Characterization

ACCELERATORS

GPU Offload GPU

=

CPU/FPGA

Compute/Media Interaction

Hotspots
(preview)

MICROARCHITECTURE
1 wa

Microarchitecture  Memory Access
Exploration

/O
i

Input and Output

PLATFORM ANALYSES

o 10 L

System GPU Rendering  Platform Profiler

Overview (preview)

Advanced Hotspots Hotspots ~ (&

IN NE AMPLIFIER 2018
Analysis Configuration ~ Collection Log ~ Summary  Bottom-up  Caller/Callee  Top-down T tform /

CPU Time

Grouping:| Function / Call Stack v‘@E‘
CPU Time ¥ «/| Context Switch Time [&| Context Switq ~
Function / Call Stack Effective Time by Utilization 2 Overhead
Side 8Poor B0k Bideal B Over Spin Time e Wait Time | Inactive Time | Preemption
updateBusinessAccount 79155 ] 0s 0s 0s 0.055s5 934
mainsompSparallel_for@269 | 7.915s @ [ ] 0s Os 0s 0.055s8 934
~ _ kmp_invoke microtas| 7 9155 0 0s 0s 0s 0.042s5 815
updateBusinessAccoun 0s 0s 0s 0s 0.012s 119
updateCustomerAccount 7.766s | 0s Qs 0s 0.052s 1,111
__kmpc_atomic_fixeds_add 2.772s | 0s s
__kmpc_critical 0s 2.021s 0s 0s 0.014s 262 v
< IR >
D == e 55 525 5ds 5.63 5.8s 65 6.25 2
G| OMP Worker Thread #2 (T1... [ERunning
= OMP Warker Thread #3 (TI._ Sriizd STlies
[ Preemption
rtmtest_openmp (TID: 12732) [CIsynchronization
OMP Waorker Thread #1 (T1... WaCPU Time

wasSpin and Overh .
[0 ®CPU_CLK_UNH .

FILTER 1800% g0 | [Any Proc| [ Any Thread

v| |AnyMn<V‘ |AnyLV‘ ‘ |Userﬁmct\\f| |ShnwinIV‘ |Funct\nrv

Learn more: https.//www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.htm

intel.

42


https://supporttickets.intel.com/

Intel” V Tune™ Profiler - Cookbook

" Analyze Common Performance Bottlenecks — C++ Sample Code
" Analyzing an OpenMP+ and MPI Application — C++ Sample Code
" Performance Analysis Cookbook

* Frequent DRAM Accesses

Remote Socket Accesses

OpenMP* Imbalance and Scheduling Overhead

Profiling in a Docker* Container

(..)
" Matrix Multiply:

e https://qithub.com/oneapi-src/oneAPI-samples/tree/master/Tools/V TuneProfiler/matrix_multiply_vtune

" NBody:

e https://github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/DPC++/N-BodyMethods/N

body/

Link: httos.//www.intel.com/content/www/us/en/develop/documentation/vtune-help/top/introduction/tutorials-and-samples.htm/ intel. 43



http://Mahttps:/github.com/oneapi-src/oneAPI-samples/tree/master/Tools/VTuneProfiler/matrix_multiply_vtune
http://NBodyhttps:/github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/DPC++/N-BodyMethods/Nbody/
http://NBodyhttps:/github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/DPC++/N-BodyMethods/Nbody/

Two Great Ways to Collect Data

Intel” VTune

Software Collector Hardware Collector

Uses OS interrupts Uses the on-chip Performance Monitoring Unit (PMU)

Collects from a single process tree Collect system wide or from a single process tree.

~10ms default resolution | ~Ims default resolution (finer granularity - finds small functions)

Either an Intel® or a compatible processor Requires a genuine Intel® processor for collection
Call stacks show calling sequence Optionally collect call stacks

Works ina VM only when supported by the VM

Works in virtual environments
(e.g., vSphere*, KVM)

No driver required Uses Intel driver or perf if driver not installed

No recompilation - C, C++, C#, Fortran, Java, Python, Assembly

intel. 4



VTune — Analysis GUI

" Performance Snapshot:
summarizes issues and recommends
the next analysis to perform

" Hotspots:
identify time-consuming
functions/regions

" Memory Access*:

identifies memory access- and NUMA-

related issues

" HPC*:
analyses compute-intensive
applications, CPU/GPU utilization,
memory efficiency, vectorization,
threading, etc*

*requires Intel Sample Drivers or perf_event_paranoid <2

ALGORITHM
o W wa
Hotspots Anomaly Memory
Detection Consumption

(preview)

PARALLELISM
~ i[ul:
Threading HPC

Performance

Characterization

ACCELERATORS
| o] | o o]
GPU Offload GPU CPU/FPGA
Compute/Media Interaction
Hotspots

(preview)

o

Performance
Snapshot

MICROARCHITECTURE

1 ] wa
Microarchitecture | Memory Access
Exploration

/O
i

Input and Output

PLATFORM ANALYSES

o % %
System GPU Rendering  Platform Profiler
Overview (preview)
intel. 4



VTune — Data Collection Essentials

" Performance Snapshot:
type: -c performance-snapshot

" Hotspots: Command:

type: -c hotspots
extra: -knob sampling-mode=hw

* Memory Access*: -r <result_path>\
type: -c memory_access
extra: -knob analyze-mem-objects=true

$ vtune -c <analisys_type>\

-- <app>

" HPC*:
type: -c hpc-performance
extra: -analyze-system

* requires Intel Sample Drivers or perf_event_paranoid < 2 intel. 4



V Tune — Seamless Remote Analysis

Not *that* seamless, due to Firewalls, VPNs and etc

" Open webserver in raven (leave terminal open):
$ vtune-server --web-port=12347 --allow-remote-access --data-directory=.

" Copy URL offered by Vtune:
“Serving GUI at https.//<some_IP>:12347/?one-time-token=1234aflbc23(..)”

" Create atunnel from your local machine (leave terminal open):
$ ssh-L12347:<some_IP>:12347 <server_address>

" Open new URL in yourlocal browser, replacing <some_IP> by “localhost”

" Accept the "not secure” connection warning

intel. «



V Tune — Seamless Remote Analysi

0 A Natsecure | hitpsi/flocalh mple%20(matrix/ro0] . - » H
Project Navigator + Welcome r000hs r001ue ~
+ B sample (matrix) Microarchitecture Exploration  Microarchitecture Exploration = @ 1) [NTEL VTUNE PROFILER
r000hs Analysis Configuration  Collection Log ~ Summary  Bottom-up  Event Count  Platform
r001lue Cycles of O Ports Utilized @ 82.7%  of Clockticks
r002ps Cycles of 1 Port Utilized @: 8.1%  of Clockticks
N P —— : r_hpc_stream_mod_srun.... Cycles of 2 Ports Utilized 45%  of Clockticks
oo e . Cycles of 3+ Ports Utilized @ 3.8%  of Clockticks
r_hs_stream_mod_srun.ra...
Project Navigator Welcome r000hs * | Configure Analysis Vector Capacity Usage (FPU) @ 25.0%®
) S T e SR Average CPU Frequency @ 44 GHz
~ B sample (matrix) Hotspots Hotspots by CPU Utilization ~ @ 11 erag quency @ .
Total Thread Count: 9
r000hs Analysis Configuration  Collection Log  Summary ~ Bottom-up  Caller/Callee  Top-downTree Flame Graph  Platform Paused Time O+ 0s

r00lue

. . Hotspots Insights
r002ps Elapsed Time " : 21.051s If you see significant hotspots in the Top Hotspo

r_hpc_stream_mod_srun.... CPU Time @ 166.159s up view for in-depth analysis per function. Othe
S - R N . the Flame Graph view to track critical paths for t
R L L Total Thread Count: 9

r_mao_stream_mod_srun.... Paused Time 0Os Explore Additional Insights
Microarchitecture Usage ' : 12.0% &
Use BiMicroarchitecture Exploration to expld
Top Hotspots application runs on the used hardware.

This section lists the most active functions in your application. Optimizing these
hotspot functions typically results in improving overall application performance.

The metric value is high.
This can indicate that the
significant fraction of
execution pipeline slots
could be stalled due to
demand memory load and
stores. Use Memory
Access analysis to have
the metric breakdown by
memory hierarchy,
memory bandwidth
information, correlation by
memeory objects.

Vectorization
Use < HPC Performance Characterization tq
. . . efficiency of your application. A significant fr
Function Module CPUTime® % of CPU Time arithmetic instructions are scalar. Use Intel A|
multiplyl matrix 166.139s 100.0% reasons why the code was not vectorized.
Outside any known medule]  [Unknown] 0.010s 0.0%
init_arr matrix 0.010s 0.0%

P\ ——
'N/A is applied to non-summable metrics. 1 n f—

81.6% - Memory Bound

WUPipe
Effective CPU Utilization Histogram This diagram represents inefficiencies in CPU usage. Treat it as a pipe with an output flow

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to equgl to th? "pipe efficiency” Fal‘if): (Actual InstrucFions Reﬁred)/(h!aximum POFSible
Instruction Retired). If there are pipeline stalls decreasing the pipe efficiency, the pipe shape
gets more narrow.

Effective Physical Core Utilization " : 84.8% (3.392 out of 4)
1% (6,728 out of 8)

Effective Logical Core Utilization
Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization
value.

ilization
ilization

T T T T T T T ¥ 208
H H 2 H H s . B
M

Simultaneously Utlized Logical CPUS

Collection and Platform Info

intel.



STREAM — Baseline vs "Broken"”

This system uses 8 bytes per array eleme
Array size = 1000000000 (elements), Offsé
Memory per array = 7629.4 MiB (= 7.5 GiB
Total memory required = 22888.2 MiB (= 21
Each kernel will be executed 10 times.

The *best* time for each kernel (exclud
will be used to compute the reported ba

Avg time
035386

035659
051403
051340

Number of Threads requested = 112

Number of Threads counted = 112

Your clock granularity/precision appears

Each test below will take on the order o
(= 34332 clock ticks)

Increase the size of the arrays if this /shows that

you are not getting at least 20 clock ticks per test.

WARNING -- The above is only a rough/guideline.

For best results, please be sure you know the

precision of your system timer.

Function Best Rate MB/s|] Avg /time Min time Max time
Copy: 452770.4 0.035386 0.035338 0.035415
Scale: 450361.7 0.035659 0.035527 0.035943
Add: 467717.7 0.051403 0.051313 0.051461
Triad: 468265.3 0.051340 0.051253 0.051725

Solution Validates: avg error less than 1.000000e-13 on all three
arrays

This system uses 8 bytes per array element.

0 (elements), Offset = 0 (elements)

9.4 MiB (= 7.5 GiB).

= 22888.2 MiB (= 22.4 GiB).

ecuted 10 times.

ach kernel (excluding the first iteration)
te the reported bandwidth.

/precision appears to be 1 microseconds.
ake on the order of 96448 microseconds.
S)
e arrays if this shows that
east 20 clock ticks per test.
y a rough guideline.

sure you know the

Increase the si
you are not getti
WARNING -- The above
For best results, ple
precision“ef your syst

Function Best Rate MB/s | Avg) time Min time Max time
Copy: 275767.0 0.061914 0.058020 0.075499
Scale: 147795.1 0.108587 0.108258 0.109004
Add: 190052.3 0.129685 0.126281 0.138677
Triad: 204746.7 0.119864 0.117218 0.129618

Solution Validates: avg error less than 1.000000e-13 on all three
arrays

intel.
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STREAM -V Tune Hotspot SW Analysis

$ vtune -c hotspots (...)

= Bottom-up = Function/Call Stack:
kernels & func. sorted by CPU Time

" Right-click func. = filter by selection
* Clear all filters button (bottom)

" Selectregion = Zoom & Filter by

Selection

" Double-click func.
Gets redirected to source-code line +

assembly

Hotspots Hotspots by CPU Utilization ~ ® 1]
Analysis Configuration  Collection Log  Summary  Bottom-up

Grouping:‘ Function / Call Stack

Function / Call Stack CPUTime ¥ *
main$omp$parallel@333

L VTUNE PROFILER
Caller/Callee  Top-down Tree M |

[CPU Time
Viewing 1of1 selected stack(s)

| 100.0% (111.687s of 111.687s) |

stream_mod.x!main$omp$parallel@233 - stream_mod.c

b main$omp$parallel@343 99.134s
) __kmp_fork_barrier 777245 | libiomp5.50![OpenMP dispatcher]+0x132 - kmp_runtime.cpp:7875
) _intel_skx_avx512_memcpy 74.137s libiomp5.s0!__kmp_fork_call+0x820 - kmp_runtime.cpp:2338
) main$omp$parallel@323 61.146s libiomp5.50![OpenMP fork]+0x1a4 - kmp.h:358
) main$omp$parallel@286 8.5095 stream_mod.x!main+0xbb8 - stream_mod.c:333
» main 5.722¢ | libc.so.6!__libc_start_main+Oxee - [unknown source filg]
b __kmp_join_barrier 2.011s | stream_mod.x!_start+0x29 - start.5:120
I+ checkSTREAMresults 1.940s
b __kmp_join_call 1.074s
I pthread_create 0.040s
I __kmp_get_global_thread_id_reg 0.040s
ik esitiniasaniv '@ aesn I
O: % — ¢ s 2s as 65 8s 108 125 14s
T|  OMP Primary Thread #0 (TI... [ Running
E A
i Spin and ...
T 1
CPU Utilization
A
FILTER 100.0% x | |Any Pch| |AnyThread V| |Any MudV| |Any UIV| | |User functicV| |Funcli0n5V| |ShuwinlirV|

intel.
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STREAM -V Tune Hotspot HW Analysis

$vtune -c hotspots \

Hotspots ® 2

INTEL VTUNE PROFILER

k b I . d _ h ( ) Analysis Configuration  Collection Log  Summary Bottom-up  Caller/Callee  Top-down Tree  Platform /
no Sal | Ip Ing I ] IO e_ W e Grouping:iFunctionlCaII Stack VIW@
Function / Call Stack CPU Time v 2 ‘ Instructions Retired Microarchitecture Usage ” Module ‘
» main.extracted.73 103.425s (D 7,030,000,000 0.4% stream_mod.x main.extracted.73
main.extracted.78 98.580s (D 6,760,000,000 0.4% stream_mod.x main.extracted.78
__intel_avx_rep_memcpy 76.630s (D 7,330,000,000 0.5% libintlc.so0.5 __intel_avx_rep_memcpy
main.extracted.68 72.795s D 5,730,000,000 0.7% stream_mod.x main.extracted.68
[ . _INTERNAL1311483b::__kmp_wait_template;  45.155s (D 142,270,000,000 25.4% libiomp5.so _INTERNAL1311483b::__kmp_wait_t¢
N eW C OI u I I I n S . __kmp_x86_pause 31.615s D 108,660,000,000 28.2% libiomp5.so __kmp_x86_pause
[Outside any known module] 11.395s @ 19,910,000,000 15.1% [Outside any known module]
main.extracted.58 9.250s @ 1,010,000,000 0.0% stream_mod.x main.extracted.58
kmp_flag_native<unsigned long long, (flag_typ 2.335s | 0 62.2% libiomp5.so kmp_flag_native<unsigned long long, |
) H 1 d checkSTREAMresults 1.260s | 1,320,000,000 7.4% stream_mod.x checkSTREAMresults
I nStrUCt I O ns Retl re _INTERNAL1311483b::__kmp_wait_template 1.220s | 3,680,000,000 27.1% libiomp5.so _INTERNAL1311483b::__kmp_wait_t¢
__kmp_x86_pause 0.700s | 2,260,000,000 30.1% libiomp5.so __kmp_x86_pause
main 0.605s | 300,000,000 3.1% stream_mod.x main
__sched_yield 0.270s | 60,000,000 16.1% libc.so.6 __sched_yield
® ua rC h u Sa g e __intel_avx_rep_memset 0.155s | 0 4.4% libintlc.s0.5 __intel_avx_rep_memset
[Import thunk sched_yield] 0.035s 20,000,000 0.0% libiomp5.so [Import thunk sched_yield]
func@0x892e0 0.020s 120,000,000 0.0% libittnotify_collector.so func@0x892e0
. B - 45s 5s 55s 6s 655 7s 755 8s [Thread v
| | G . o: + nnnannnnnllnannnnnnniinanannnnallinnnnnnnniinanannnnnllonnannnnonlinannnnannniinannnannnlinannl -
N ew rou p N g . 2| OMP Primary Thread #0 (TID... I Running
[ i CPU Time
= OMP Worker Thread #107 (T...

OMP Worker Thread #65 (Tl...
OMP Worker Thread #100 (T...
OMP Worker Thread #95 (Tl...
OMP Worker Thread #92 (Tl...
OMP Worker Thread #90 (Tl...
OMP Worker Thread #72 (Tl...
CPU Time

Physical Core/ Logical Core / Function / Call
Stack

®" New function:

#a Spin and Overhead ...
() @ Clocktick Sample

CPU Time
s CPU Time
i Spin and Overhead ...

FILTER 100.0% ~| | Any Module

VI [AnyUtiIizatinVI | [Userfunctions+1 VI [Functionsonly VI |Showinlinefunc1v

x | Thread | Any Thread
[Outside any known module] = Linux kernel!

intel.
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STREAM -V Tune HPC Anal

vtune —c hpc-performance \
-analyze-system (...)

" -analyze-system requires ulimit-n 24576

" Memory Bound = BW Uetilization Histogram

" Bottom-up »» Zoom in region

SIS

o) i[m]: i(m]: o)
DRAM SOCKET 0 SOCKET 1 DRAM
42.9% Average Physical Core Utilization @ : Average Physical Core Utilization @ : 5.3%

—

30.9% (17.308 out of 56) 37.2% (20.831 out of 56)

NUINAA. O/ ~€Davnndn Accocmno () .. N nos

NUMA: % of Ramaata Aasaaaas DR —
HPC Performance Characterization ® 12

Analysis Configuration  Collection Log  Summary  Bottom-up

Grouping:‘ OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack

5 af

Bandwidth Utilization Histogram

Bandwidth Domain: |DRAM, GB/sec v|
OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Elapsed Time v SP GFLOPS Bandwidth Utilization Histogram (©)
Stack Imbalance | Lock Cont
1800ms
| I
» main.extracted.73$omp$parallel:112@/home/rlago/area51/Irz_d 1.308s 0.000 0.159s 1600ms %) 3,
» main.extracted.78%omp$parallel:112@/home/rlago/area51/Irz_d 1.192s 0.000 0.162s 1400ms il Il
» main.extracted.68$omp$parallel:112@/home/rlago/area51/Irz_d 1.116s 0.000 0.201s 1200ms : > :
» main.extracted.63$omp$parallel:112@/home/rlago/area51/Irz_d 0.639s 0.000 0.066s 1000ms | % |
» main.extracted.58%omp$parallel:112@/home/rlago/area51/Irz_d 0.045s 0.000 0.007s 800ms I | _OB |
» [Serial - outside parallel regions] 0.001s 0.000 I !
600ms |
400ms !
|
|
e
Bandwidth Utilization
a— Top Functions with High Bandwidth Utilization ®
O: o = 2 aa CPU Time
e #a Spin and Overhea...
CPU Time
DRAM Bandwidth
= 2677 Average Bandwidth, ...
_-g » package_O Read
B e s Write
&
m| » package_1 R Total, GB/sec !
g » package_0 100.0% | UPI Utilization Outgoi...
"é“ 4 i UPI Utilization Outgo...
S 100.0% .
%9 » package_1 (0 UPI Bandwidth, GB/sec
(e}
5 GPU Frequency
=]

B8 GPU Frequency

FILTER “ 89.7% % | Process | Any Process v | Module | Any Module \/‘ | [Userfunctions+1

VI lLoops and functions VI IShow inline functions VI

intel.
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STREAM -V Tune Memory Analysis

$ vtune -c memory-access

" Summary shows poor use of L1-L3 cache
" Bottom-Up:

* Ist socket: high bandwidth

» 2nd socket: poor bandwidth (why?)
" Sort by LLC Miss Count

* Arraysall, b[]landc[]arevisible!

-

) Elapsed Time : 9.070s
CPU Time @:
® Memory Bound @:;
L1 Bound @:
L2 Bound @:
L3 Bound @:
& DRAM Bound @:
DRAM Bandwidth Bound @:
Store Bound @:
NUMA: % of Remote Accesses @:
UPI Utilization Bound @:
Loads:
Stores:
(® LLC Miss Count ®:
Total Thread Count:
Paused Time @:

431.310s
100.0% &
29.0%
0.0%
2.7%
43.2% Kk
43.2% Kk
0.9%
0.0%
28.2% &
90,772,350,052
20,031,888,967
995,178,675
112
Os

of Pipeline Slots
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Elapsed Time
of Clockticks

of Elapsed Time

intel.
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STREAM -V Tune Memory Analysis

$vtune -c memory-access \
-knob analyze-mem-objects=true (...)

" Summary shows poor use of L1-L3 cache
" Bottom-Up:

* Ist socket: high bandwidth

* 2nd socket: poor bandwidth (why?)
" Sort by LLC Miss Count

* Arraysall, b[]landc[]arevisible!

Bottom-up

12s 13s 1l4s
| PRI S TR NI SR S |

188 165 DRAM Bandwidth

O: o = e I_ms 1.}5

5 172
E
| b package 0 114,667
m 4
a 57.333
=
3 172 |
(=]

BYrarkaset] 114,667
] 114.703 |
£
3 76.468 |
Ol » package 0 ’
% 38.234 |
3 .
=]
c E
o] 114.703
o ]
=] 86.027

b package_1 i

57.351
28,676 |

57.333 l Al I ' ~= Qutgoing Data, GB/s...

Average Bandwidth, GB...
4 Read
e Write
~ Total, GB/sec
] UPI Utilization Outgoing, ...
UPI Bandwidth, GB/sec
i Total, GB/sec

~~ Qutgoing Non-Data, ...

Grouping:| Memory Object / Function { Allocation Stack

vJisfa]=]

Memory Object / Function / Allocation Stack CPU Time | Memory Bound [ * ‘ Loads

Stores | LLC Miss Count ¥ *» | Average Latency (cy

» stream_mod.x!c (8.0 GB)

» stream_mod.x!'b (8.0 GB)

» stream_mod.x!a (8.0 GB)

» [Unknown]

» libiomp5.s0!__kmp_avail_proc (4.0 B)

I libiomp5.s0!__kmp_use_yield (4.0 B )

b libiomp5.s0!__kmp_nth (4.0B)

b libiomp5.s0!__kmp_xproc (4.0B)

» libiomp5.so!__kmp_dflt_blocktime (4.0 B)

» libiomp5.so!vtable for kmp_flag_64<(bool)0, (bool

3,958,935,343
2,283,174,803
13,498,282,650
30,038,305,881
0
33,196,501,378
0

0
0
0

Any Module v

5,830,269,357 942,125,893
1,290,641,169 932,841,999
2,166,456,132 433,047,660
11,938,750,925 13,843,415
0 0

[¢] 0

0 0

0 0

0 0

0 0

Functions only ~| | Show inline functionv

intel.
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STREAM —Resolving the Cause

Remove filter/zoom

* Select stream_mod.x!a -> list of functions
accessingit

* Double-click main and find problem in source-
code!

* Line 267 was erroneously commented!
Linux first touch policy

* Memory is assigned to NUMA domains when
being touched by the first time

* Here, allmemory isinitialized in the master
thread!

Assembly = & 8 b b

£

Source Line A ‘ Source

e St - bbbl wh b

251 {

252 k = omp_get_num_threads();

253 printf ("Number of Threads requested = %i\n", k);
254 }

255 }

256 #endif

257

258 #ifdef _OPENMP

259 k =0;

260 #pragma omp parallel

261 #pragma omp atomic

262 k++;

263 printf ("Number of Threads counted = %i\n",6k);
264 #endif

265

266 /* Get initial value for system clock. */

267 //#pragma omp parallel for

268 for (j=0; j<STREAM_ARRAY_SIZE; j++) {

269 a[j] = 1.0;

270 b[j] = 2.0;

271 c[j] = 0.0;

272 }

273

274 printf(HLINE);

275

276 if ( (quantum = checktick()) >= 1)

277 printf("Your clock granularity/precision appears to be "
278 "%d microseconds.\n", quantum);

279 else {

280 printf("Your clock granularity appears to be "
281 "less than one microsecond.\n");

282 quantum = 1;

h CPU Time: Total CPU Time: Self Memory |

intel.

55



STREAM —Resolving the Cause

" Remove filter/zoom

* Selectstream_mod.x!a -> list of functions
accessingit

* Double-click main and find problem in source-
code!

* Line 267 was erroneously commented!
" Linux first touch policy

* Memory is assigned to NUMA domains when
being touched by the first time

* Here, allmemory isinitialized in the master
thread!

Memory Access MemoryUsage ~ @ 1) INTELVTUNE PROFILER
Analysis Configuration  Collection Log  Summary  Bottom-up  Platform .
D: g = D(‘?-s u?s 1Is 1,‘25 1‘45 1:;5 1?5 2‘5 Z,IZS z?s zlﬁs ZFS 3|s 325 34s DRAM Bandwidth
= 230_.‘..‘.... v b ool b e ooeo oo bl il [
:g 4 Read
E » package O e e Write
; 76.667 | ~ Total, GB/sec
< | ] UPI Utilization Outgoin...
fa] 230
UPI Bandwidth, GB/sec
O e il 153.333 s Total, GB/sec
1 ~~ Qutgoing Data, GB...
T6.667 ~~ Qutgoing Non-Dat...
g 95.687 |
£
] 63791 ]
U,. p package_1
g 31896 |
=
-] 3
g 95.687
a o
T packaze 0 £3.791
31.896 |
Grouping:| Memory Object / Function / Allocation Stack V| E’
Memory Object / Function / Allocation Stack CPU Time Memory Bound | * Loads Stores LLC Miss Count ¥ |# ‘ Average Latency
» stream.xla (8.0 GB ) 10,598,629,304 3,032,829,533 611,929,932
» stream.x'b (8.0 GB) 5,538,094,025 2345724796 559,652,971
» stream.x!c (8.0GB) 3,745,022,858 4,751,627,328 233,833,994
» [Unknown] 5,167,055,675 2,297 445,500 22,269,722
» libiomp5.so!__kmp_xproc (4.0 B) 0 0 0
I libiomp5.so!__kmp_dflt_blocktime (4.0 B} 16,829,051 0 0
I libiomp5.so!__kmp_hidden_helper_threads_num ( 523,310,949 0 0
) libiomp5.so!__kmp_nth (4.0B) 0 0 0
) libiomp5.so!__kmp_tasking_mode (4.0 B} 0 0 0
) libiomp5.so!__kmp_avail_proc (4.0 B) 0 0 0
FILTER 0 97.2% x | ‘Any Process V‘ Thread | any Thread ~ | Module | any Module V| | |Funct|c|r|s anly V| ‘Shuw inline function: »
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STREAM —Resolving the Cause

(~) Elapsed Time : 13.490s

) CPU Time @: 412.963s
Effective Time (2: 349.344s
(® Spin Time @: 63.609s
(3) Overhead Time 2 0.010s
Instructions Retired: 178,152,000,000
® Microarchitecture Usage (:
CPI Rate @: 5.333K
Total Thread Count: 73
Paused Time @ 0Os

(~) Top Hotspots i

This section lists the most active functions in your application. Optimizing these hotspot

4.0% & of Pipeline Slots

functions typically results in improving overall application performance.

Function Maodule cpuU %0f CPU @
Time Time
main$omp$parallel@333 f}t;exam—"‘ 105.733s 25.6%
main$omp$parallel@343 f]t[:exam—"‘ 91.760s 22.2%
. libintlc.so.
__intel_skx_avx512_memcpy 5 68.045s 16.5%
main$omp$parallel@323 zt[;exam—"‘ 57.319s 13.9%
_INTERNAL92a63c0c::__kmp_wait_template<kmp_fla  libiomp5.s 37.017s 9.0%N
g_64<(bool)0, (hool)1>, (bool)1, (bool)O, (bool)1> 0 o ’
[Others] N/AY i3.089s 12.9% &

(~) Elapsed Time :5.284s

3.9% & of Pipeline Slots

® CPU Time @: 214.262s
Instructions Retired: 73,572,000,000
(%) Microarchitecture Usage @
CPI Rate (@ 6908 N
Total Thread Count: 73
Paused Time @ Os

(~) Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot

functions typically results in improving overall application performance.

Function Module CPU Time ) % of CPU Time

I I l main$omp$parallel@333 stream.x 52.298s 24.4%
main$omp$parallel@343 stream.x 52.207s 24.4%
__intel_skx_avx512_memcpy libintlc.s0.5 35.233s 16.4%
main$omp3$parallel@323 stream.x 34.616s 16.2%

[Outside any known module]  [Unknown] 10.740s 5.0%

[Others] N/A* 29.168sk 13.6% M

*N/A is applied to non-summable metrics.
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57
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Intel” Advisor
Rich Set of Capabilities for High Performance Code Design

G [T h e
o000

Offload Modelling Roofline Analysis Vectorization Thread Prototyping
Optimization
Design offload strategy and Optimize your application Model, tune, and test
ngel performance on for memory and compute. Enable more vector multiple threading designs.

parallelism and improve its
efficiency.

.:.|-<:

Build Heterogeneous
Algorithms

Create and analyze data
flow and dependency
computation graphs.

intel. s



"Automatic” Vectorization Often Not Enough

A good compiler can still benefit greatly from vectorization optimization

Compiler will not always vectorize
" Check for Loop Carried Dependencies

" Force vectorization:
pragma simd (C++) or SIMD directive (Fortran)

Not all vectorization is efficient vectorization

" Stride of 1 is more cache efficient than stride of
2 and greater

" Consider data layout changes
Intel® SIMD Data Layout Templates can help

coSe®
+
o8 ®

Vectorization
Optimization

Enable more vector

parallelism and improve its

efficiency

Vo .

Roofline Analysis

Optimize your application
for memory and compute.

intel. o0


https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt

Advisor — CL| Essentials

" Basic data collection:
action: --collect=survey
advisor <action>\

" Tripcounts data collection: —project-dir=<project_path>\
action: --collect=tripcounts —flop

-- <executable>

After data collection:

" Roofline report:
action: --report=roofline —-report-output=<path_to_file>.html

" Snapshot:
action: --snapshot --pack --cache-sources --cache-binaries ./snapshot

intel. =



struct Particle {
- ublic:
Demo 4 NBOdy ’ Particle() { init();}
void init() {
pos[@] = 0.; pos[1l] = 0.; pos[2] = 0.;
GSimulation_Cpp: vel[0] = 0.; vel[l] = 0.; vel[2] = 0.;
acc[O0] = 0.; acc[l] = 0.; acc[2] = 0.;
for (1 = 0; i < n; i++) { // update acceleration }nmss O
for (j =0; j < n; j++) { real_type pos[3];
real type distance, dx, dy, dz; real_type vell[3];
real type distanceSqr = 0.0; E:gb{ig:;ggi?“
real type distanceInv = 0.0; }s N '
dx = particles[j].pos[0] - particles[i].pos[0]; o
dy = particles[j].pos[1l] - particles[i].pos[1l]; o 00O
dz = particles[j].pos[2] - particles[i].pos[2]; O 5 @ ©
e¥ o ©
distSqr = dx*dx + dy*dy + dz*dz + softeningSquared; 0 o ©
distInv = 1.0 / sqrt(distanceSqr); - Gmm,; _
particles[i].acc[0O] += dx * G * particles[j].mass * distInv * ¢ P}" - —»3(rj_”3)
distInv; fr‘rJ
particles[i].acc[1l] += ..
particles[i].acc[2] += .. - . dv d2x
} F:mazmd——m >
dt

Pure C++ no MP| SYCL nor OpenMP intel.
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Compiling & Running NBody Demo

git clone http://github.com/fbaru-dev/nbody-demo.git

module load oneapi/2023.1

cd ver0/

make

make run

make survey

make roofline

advisor =--report=roofline --project-dir=./adv-ver0 \
--report-output=./ver® roofline.html

advisor =--snapshot --pack --cache-sources --cache-binaries \
--project-dir=./adv-ver0 ./snapshot

intel. =


http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git
http://github.com/fbaru-dev/nbody-demo.git

NBody Demo — HTML Roofline Model

R QM « % | Cores: 1 0n 1 socket(s) @ v || #+ Guidance v —
14.48 4 1 PSS P
104 & R
7 '\'%q’”, 2 P - ,”r ’¢",;”’ ’/’/
— "LrL’,, \%e/’, /,/ "¢ ”5 /’//
e .
ad ST . ot e Scalar Add Peak: 3.97,GFLOPS_
§ '\,QE?" \\_(\."};’ ,,’E’,"E:;’jm =7
> (\\N\Q/ o287 L] 20
PR oS SE PR L
Attention: data 1% RS S S
L -~ - he oC %‘éé,," .7
' R o S =
collection may . G BT -
i N T r o SO\ Vg y
; ' - WAL
Increase runtime up 071 " S o
c 6-(\6 %’@(:5’6\\(\ P %
/ ! 6/\‘},/6\“\ .2 o
(o ] X 0.4 - \f%é(?}‘/f;"a‘\/{\f'\/b
TGS
g O/,’/‘a&\
/,%,}\“?’ Bound by compute
0.15 - 2
emo and memory roofs _ _ _
FLOP/Byte (Arithmetic Intensity)
I I VANEEL

0.018 0.04 0.07 0.1 0.4 07 1 1.96
Physical Cores: 72 2] App Threads: 1 2]
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Sody

Demo — Snapsh

Summmary ?b Survey & Roofline .[l Refinement Reports

£ M Higher instruction set architecture (ISA) available

Sourg

Your application was compiled using the S5E2 instruction set, which is lower than AVX512 - the highest [5A
available on the target machine: Use the -XCORE-AVXS12 or -xHest option. For compatibility with other &)

. F CPU Time
_ = Functio = = E S — Type
o= Total Time Self Time

B [loop in GSimulation::startat G5i ® 3Unopt.. 21,760s 0 24,7605 T Inside vec...
§ start s Function

# main Function

{F sta 1 Y Function
. oop in Vectorized (
@ [loop in GS

3 Top Down Code Analytics  Assembly Q Recommendations @ ‘Why No Vectorization?

Ot

ble on the target machine. To compile the application using the highest I5A
W¥-512 processors use the -XCOMMON-AVX512 option

. Do not show this me
npute Perfor e
Self GFL Selff Al

3,176 I 1,688

Total Time

S5

F

ge again. Use Optionsfor advanced setup

unction Time| %

| —

intel.
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Body Demo — Snapshot

Summmary ?b Survey & Roofline .[l Refinement Reports

£ M Higher instruction set architecture (ISA) available

Your application was compiled using the S5E2 instruction set, which is lower than AVX512 - the highest [5A
available on the target machine: Use the -XCORE-AVXS12 or -xHest option. For compatibility with other &)

ble on the target machine. To compile the application using the highest I5A
W¥-512 processors use the -XCOMMON-AVX512 option

. Do not show this message again. Use Optionsfor advanced setup

cores: 1on 1 sockets) @ « || v Default: FLOAT ~ || T Compare ~ || 4 Guidance ”é"j

nl

]
100 - &
0
[

40

]

2]

|:| 10 ..‘J — e
] 22

(]

[]

4 e =2 Scalar Add Peak: 3.97 GFLOPS
1
0.4 L4
!
Bound by compute and memery reofs
ol ty)

T T T T T T T iy T T - - T
.01 0.04 0.07 0.1 0.4 0.7 1 4 7 10
Physical Cores: 72 @ App Threads: 1 @ Self Elapsed Time: 21.760 s Total Elapsed Time: 21.760 s

Source Top Down Code Analytics  Assembly Q Recommendations @ ‘Why No Vectorization?

Total Time Function Time| %

intel.
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Questions?

intel.
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Amdahl's Law - T e

14.00 / _;::

12.00 "/ -

. §10.M (/ ..-.-..._____, =

“The speedup of a program using = A
multiple processors in parallel - v
computing is limited by the sequential a0 T
fracti f th ] .
raction of the program R AR ERERERER Y
- Gene Amdahl

Speedup = (s +p)/(s+p/N)
=1/(s+p/N)

intel. e



Instruction-level Parallelism (ILP)

Eoad
Buffer

v

z EiN

> 32KBL11$

Store
Buffer

Port 1

!

LEA
MUL

FMA
! ALU
\

| FMA |
¢! I
248 shift |

1
|
i
i
H
1

FMA |
ALU |
Shift |

Reorder
Buffer

Port 5

Y

5
— e -

J - 6
e

Port 6

Y

P

Load Data 2

Port 4 Port 2 Port 3 Port 7

l l l

v
Load/STA Load/STA

L

Load Data 3

Memory Control

intel.
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Collection

How to collect:

mpirun [mpi_options] aps [aps_options] <app> [app_options]

Adjustable collection:

* --collection-mode=[mpilomp|hwc]all] - ‘all’ by default

* --stat-level=[1..5] — from timing to detailed info about message sizes, communicators, destinations.

* --mpi-imbalance=[0..2] - O — disabled, 1 — get imbalance from Intel MPI (default), 2 — using inserted barriers
* Collection control through MPI_Pcontrols and ITT API

Low overhead:
e ~1-2% in default mode

* < 10% in any other mode

intel.



GPU metrics GPU Utilization when Busy

: . 10.95%N
" GPU execution efficiency )

EU State % of EUs

Active 10.95%
" OpenMP offload efficiency dle 54,79

0

* OA HW counters (per node)

* tracing through OMPT (per rank) Stalled 34.4%

[root@nntpat98-144 aps results]# aps --report --metrics="GPU Time" ./aps result with pci/ Offload ACtlUlt},’ % of GPU time
Loading 100.00%
| Metric Table

D s Compute 36.31%
etric Name Node Name Metric Value

GPU Time, s s011-n004 1.3087 ")

GPU Time, s s011-n085 9.004 Overhead 5.1%

[root@nntpat98-144 aps results]# aps --report --metrics="GPU Time (% of Elapsed Time)" ./aps result with pci/

Loading 100.06% Data Transfer 58.59%

| Metric Table

Metric Name Node Name Metric Value

GPU Time (% of Elapsed Time), % of Elapsed Time s011-n004 19.5 GPU Occu pancy

GPU Time (% of Elapsed Time), % of Elapsed Time s811-n0B5 8.1 0
[root@nntpat98-144 aps results]# aps --report --metrics="GPU Time (% of Elapsed Time)","GPU Utilization when Bu 4224‘3‘“ Df P'E'ak UE‘”UE

Loading 160.00%
| Metric Table

| _____________________________________________________________________________
Metric Name Node Name Metric Value
GPU Time (% of Elapsed Time), % of Elapsed Time s011-n004 19.

GPU ( % of Elapsed Time s@11-n@es 8.
GPU s811-n0o84 Z1.
GPU A s@11-n@B5
GPU ' s011-nbo4
GPU Y, % s@11-nBe5
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Outliers

Provide Min, Max, Average

Detect statistical and threshold outliers

e Statistical outlier is based on two-sided Grubbs’s
test with 0.05 significance level

* Highlighting anomalies and asymmetric distribution of work

* Show a potential target for detailed analysis

* Threshold outlier —a metric value breaking the
threshold.

* Show an additional tuning potential for a source breaking the
threshold.

MPI Imbalance, % of Elapsed Time

22.5%
17.44% ———y 3363%
(] — :

+ better 3 red "‘; zone HM tuning potentia

R The application workload is not well balanced
between MPI ranks.For more details about the MPI
communication scheme use Intel® Trace Analyzer
and Collector.

~ Statistical Outliers (24, top 3 below):
Rank 132 : 33.63%

M Rank 204 : 32.97%

103 Rank 228 :32.87%

584 WwTo get more information about outliers please run:
aps --report --metrics='MPI Imbalance'

IR AT

22.5%R~ of Elapsed Time

TOP 5 MPI Functions % of Elapsed Time

MPI_Waitall 23.99%
MPI_Allreduce 17.33%
MPI_Alltoallv 8.66%
MPI_Alltoall 4.39%~M
MPI_Barrier 2.59%

intel.
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Autotuner Example

Configuration possibly slowing down tuning run in favour of results..
* | MPI_TUNING MODE=auto

| MPI_TUNING_AUTO WARMUP_ITER_NUM=1

| MPI_TUNING_AUTO ITER NUM=128

| MPI_TUNING_AUTO SYNC=1

| MPI_TUNING_AUTO ITER POLICY THRESHOLD=4194304

| MPI_TUNING_AUTO _STORAGE_SIZE=4194304

| MPI_TUNING BIN DUMP=./my_tuning file.dat

Apply tuning results via
* | MPI_ TUNING_BIN=./my tuning_file.dat

intel.



Restricting the scope of implementations

Remove failed implementation/s and switch back to the release
version of Intel MPI Library and rerun autotuner. E.g. removing 11

implementation.:

$ export | MPI ADJUST ALLREDUCE LIST=0-10,12-25

This technique can also be used outside of tuning scenarios to find
failed implementations in Intel MPI Library.

intel.



Autotuner mpitune_fast

I I l p I t u n e faSt Scope | Application specific tuning Cluster wide tuning

Intended for Regular users System administrators

* tunes the Intel® MPI Library to the cluster configuration using
autotuner functionality.

e iteratively launches the Intel® MPl Benchmarks with the proper
autotuner environment and generates a tuning file.

e supports Slurm and LSF job managers. mpitune_fast
automatically finds job allocated hosts and performs launches.

e Example
$ mpitune_fast -f ./hostfile -c alltoall,allreduce, barrier

intel. 7



V Tune - Add Custom Counters to the Timeline

Import a file or use the new API

Visualize your software counters on the timeline
" E.g.: Frames/second, packets/second, matrix operations/second
" Quickly see what code is executing when your counters change

Example: Create a counter for temperature and memory usage metrics.

#include "ittnotify.h"
__itt_counter temperatureCounter
__itt_counter memoryUsageCounter
unsigned __int64 temperature;
while (...)

temperature = getTemperature();
__itt_counter_set_value(temperatureCounter, &temperature);
__itt_counter_inc_delta(memoryUsageCounter, getAllocatedMemSize());
__itt_counter_dec_delta(memoryUsageCounter, getDeallocatedMemSize());

-

__itt_counter_destroy(temperatureCounter);
__1itt_counter_destroy(memoryUsageCounter);

__itt_counter_create("Temperature", '"Domain");
__itt_counter_create("Memory Usage", "Domain");

intel.
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