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Intel Parallel Studio

In the following slides we will give an overview of the tools
avalaible from the Intel Parallel Studio.

You can use these tools on the Cineca HPC machines using

I R
[faffinit@reoeouislez faffinit]S module load intel/pe-xe-2016--binary
[faffinit@ro00uls8le2 faffinit]S$ source SINTEL_HOME/parallel studio xe 2016.3.0867/bin/psxevars.sh
mpsvars.sh: Warning: Hardware events collection is disabled by default. To enable it, run mpsvars.sh with --vtune (recommended) or
--papi option.
Copyright (C) 2009-2016 Intel Corporation. All rights reserved.
Intel(R) Inspector XE 2016 (build 4608803)
Copyright (C) 2009-2016 Intel Corporation. All rights reserved.
Intel(R) VTune(TM) Amplifier XE 2016 (build 463186)
Copyright (C) 2009-2016 Intel Corporation. All rights reserved.
Intel(R) Advisor XE 2016 (build 463413)
[faffinit@roeoulslez faffinit]s |}
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Preliminarly...

Load compiler and Intel MPI:

module load 1ntel
module load intelmpi
(if needed) module load mkl
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Poisson

Check the Makefile:

[faffinit@r@0Ou18102 Poisson-C-0.6.1.4]% cat Makefile
VERSION=0.6.1.4

#DEBUG=-g -debug inline-debug-info
DEBUG=-g

OMP=-qopenmp

#SIMD=-DSIMD

#ISA=-xAVX

#ISA=-xCORE-AVX2

#ISA=-xHOST

#ISA=-xMIC-AVX512

MPI=-DUSE_MPI
#REPORT=-qopt-report5

ADD_ FLAGS=

DEFINES=-DDOUBLE -DUSE_MPI

ey SC AI SuperComputing Applications and Innovation




Level-O0 MPI profiling

export I MPI STATS=ipm

mpirun -np 36 ./poisson.x

check stats.ipm

export I MPI STATS=1

mpirun -np 36 ./poisson.x

check stats.txt
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|_MPI_DEBUG

export I MPI DEBUG=4
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Analysis of the Poisson code

Objectives:

e demonstrate features of Intel Trace Analyzer and Collector

(ITAC) and VTune Amplifier
e find the root cause for suboptimal scaling
e show ways of tuning where the tools indicate suboptimal

performance
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Simple scaling analysis

Just give a look to the code running with different number of
tasks/threads (up to 2 nodes, for example)

Speedup S is defined as S[p]=T[1]/T[p]
Efficiency E is defined as E[p]=S[p]/p

In the ideal case: S[p]=p and E[p]=1
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Before running..

Don’f forget:

- to load the intel modules (and intelmpi)
- to source the psxe.vars
- check the resources you’re running on with cpuinfo
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cpuinfo

[faffinit@reeoul7lel ~1%$ cpuinfo
Intel(R) processor family information utility, Version 5.1.3 Build 20166120 (build id: 14853)
Copyright (C) 2005-2016 Intel Corporation. All rights reserved.

===== Processor composition =====

Processor name : Intel(R) Xeon(R) E5-2695 v3
Packages(sockets) : 2

Cores : 28

Processors{CPUs) : 56

Cores per package : 14

Threads per core : 2

===== Processor identification =====

Processor Thread Id. Core Id. Package Id.
i) ] ] ]
1 0 1 0
2 4] 2 0]
z] 0 3 ]
4 0 4 ]
5 0 5 ]
6 7] 6 0]
7 0 8 7]
8 0 9 0
9 0 10 i)
10 J] 1l 0
11 0 12 ]
12 0 13 0
CINECA 5|13 8 14 0
14 0 7] 1
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Poisson solver

It’s a standard problem (e.g. heat equation).

We will investigate a square 3600x3600 computational grid. It’s
on the edge of the bandwith limitations.

Grid points will be distributed to MPI ranks to a 2D process grid.
The cartesian process grid is a feature of the Poisson solver.
Other programs can have different data distribution.
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Optimal grid?

Which is the optimal choice for the grid partitioning?

3x3 2D process grid 1x9 1D process grid
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Grid and performances
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Measure MPI times with ITAC

[faffinit@rO0Oul17101 ~]$ qsub -I -A cin_priorit -1 select=1:ncpus=36:mpiprocs=36 -1 walltime=15:00
qsub: waiting for job 63431.r000ul7101 to start
qsub: job 63431.r000ul7101 ready

[faffinit@r040c03s01 ~]$ module load intel intelmpi

[faffinit@r040c03s01 ~]$ source /cineca/prod/opt/compilers/intel/pe-xe-2016/binary/itac/9.1.2.024/bin/itacvars.sh
mpsvars.sh: Warning: Hardware events collection is disabled by default. To enable it, run mpsvars.sh with --vtune (
recommended) or --papi option.

[faffinit@r040c03s01 ~]$ cd /marconi_scratch/userinternal/faffinit/Poisson-C-0.6.1.4

[faffinit@r040c03s01 Poisson-C-0.6.1.4]$ mpirun -trace n 16 ./poisson.x

Residuum after 751 iterations = 0.004992
Compute time = 1.543324 [sec]
Perf = 3.406284 [GFlops]

[0] Intel(R) Trace Collector INFO: Writing tracefile poisson.x.stf in /marconi_scratch/userinternal/faffinit/Poisso
n-C-0.6.1.4

et sc AI SuperComputing Applications and Innovation

nd Innovatio:



Comments

e finding the right path in your case can be troublesome: if you
can, use the which or the tab autocompletion...

e use OMP_NUM_THREADS=1

e by default, ITAC creates a .stf file for each process. It results
in a high number of files. To overcome this problem use
export VT LOGFILE FORMAT=STFSINGLE

e after the data collection is completed, you will need a
graphical interface to visualize with ITAC ( -> use RCM)
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Intel® Trace Analyzer
File Options Project Windows Help
= jgalileohomefuserinternal faffinitjpoisson x single.stf Ol =

Summary: poisson.x.single.stf

Total time: 18.8 sec. Resources: 16 processes, 1 node.

Ratio Top MPI functions

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

application.

MPI Allreduce [N ©.722 sec (3.85 %)

MPI_Waitall I 06552 sec (3.47 %)
MPI Isend G 0.484 sec (2.58 %)
MPI lrecy NG 0.43 sec (2.29 %)

MPI_Barrier | 0.0331 sec (0.176 %)

B Serial Code - 16.4sec 87.5 %
B VP calls - 2.34 sec 12.4 %

Where to start with analysis
For deep analysis of the MPI-bound application  To optimize node-level performance use:

click "Continue =" to open the tracefile View Intel® VTune™ Amplifier XE for:
and leverage the Intel® Trace Analyzer - algorithmic lewvel tuning with hotspots and
functionality: threading efficiency analysis;

- microarchitecture level tuning with general
exploration and bandwidth analysis;
Intel® Advisor for:

- Performance Assistant - to identify possible
_ performance problems
CINEC/ - Imbalance NDiaaram - for detaled imbalance

SuperC c;':’\outng Applications and Innovation



Intel® Trace Analyzer wie W

File Options Project Windows Help

w1 fgalilesfhomejuserinternal faffinit/poisson x.single stf
\iew Charts Navigate Advanced Layout

ﬁ | Bl o 0.000000-1.173042:1.172 042 ELIa0er] : Major Function Groups & ‘ *

Flat Profile Load Balance call Tree Call Graph Performance Issue  Duration (%)  Duration
Wait at Barrier 0.18% 34.038e-3 s
- Show advanced...

All_Processes x

Name Tself TSelf TTotal #Calls  TSelf [C;
4 All_Processes

- Group Application 16.4122 s I 157541 s 16 1:0
“ Group MP 234182z 2.34182 s 228848 10.23.

Aftected Pro

Description

Select performance issue to see details.




File Options Project Windows Help

% 1 fgalileofhomefuserinternalfaffinit/poisson.x single stf

View Charts Navigate Advanced Layout

Intel® Trace Analyzer

E | B . 0.000000-1.173042:1.173042 5. Al processes [ mPI expanded in (Major Function Groups) ¢

Flat Profile Load Balance Call Tree

| All_Processes

Call Graph

Name TSelf TSelf TTotal #Calls  Tself /Call TTotal /Call #Procs  TSelf /Proc TTotal /Proc

4} Al Processes
- Group Application 16.4122 s GGG 18.7541 s 16 1.02576 s 1.17213 s 16 1.02576 s 1,17213 s
-~ MPI_Comm_size 226eb6 s 226e-6 s 16 14.125e6s 14.125e6 s 16 14.125e6s 14.125e6 s
- MP|_Comm_rank 264e-6 5 264e-6 5 16 16.5e-6 5 16.5e-6 5 16 16.5e-6 5 16.5e-6 5
~MP|_Finalize 19.994e-3 5 19.994e-3 s 16 1.24962e-3 5 1.24962e-3 s 16 1.24962e-3 5 1.24962e-3 s
~MPI_Isend 483.588e-3 s | 483.588e-3 s B4280 5.73787e-6s 5.7378B7e-6 s 16 30.2242e-3 5 30.2242e-3 s
=~ MPI_Irecv 430.316e-3 5 | 430.316e-3 s B4280 5.10579%9e-6s 5.10579%e-6 5 16 26.8947e-3 5 26.8947e-3 s
- MPl_Wtirme 409e-6 s 409e-6 s 32 12.7812e6s 12.7812e-6 s 16 25.5625e-6 5 25.5625e-6 5
~MPl_Waitall 651.898e-3 s | £51.898e-3 s 48160 13.5361e-6s 13.5361le-65s 16 40.7436e-3 5 40.7436e-3 s
~MPI_Barrier 33.078e-3 s 33.078e-3 s 16 2.06737e-3 5 2.06737e-3 s 16 2.06737e-3 5 2.06737e-3 s
- MPI_Allreduce 722.051e-3 s | 722.051e-3 5 12032 60.010%e-6 s 50.010%e-6 s 16 45.1282e-3 5 45.1282e-3 5




MPI times

The total wall clock run time T[p], is given by the time spent in
MPI plus time spent in computation:

T[p]=T_comp[p]+T_mpi[p]

Speedup and efficiency can be calculated for the compute time
separately:

S _comp[p]=T_comp[1]/T _comp[p]=T[1]/T_comp[p]
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Source of the MPI time

ITAC shows timing of all MPI routines used by an application

The timing of MPI routines may be due to network transfer
times caused by interconnect bandwith limitations (latencies)

The other possibility are waiting times caused by the algorithm:
load imbalance or dependencies
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A network model

® Latency L is defined as the transfer time for a O byte message

e Bandwidth BW is defined as the transfer rate for
asymptotically large messages

® Message volume V is the data amount sent

The transfer time is:
T trans[V] =L+ (1/BW)*V
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ITAC ideal network simulator

It is extremely complicated to simulate a realistic network!

An extreme case — the ideal network — may be simulated by
setting all transfer times to 0. This would mean L=0 and
BW= for the simple model

ITAC offers an ideal network simulation with transfer times set
to zero. Compute times (non MPI) will stay the same

An existing real trace file is used as basis for the simulation
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ITAC ideal network simulator

With a perfectly balanced algorithm the total MPI time will be
vanishing in the ideal case

In most real cases the MPI time will just shrink but not vanish

The remaining part is due to waiting time e.g. when the receiver
is starting to receive before the sender is ready to send

Start simulator with:
Advanced -> Idealization
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File Options Project Windows Help

Intel® Trace Analyzer

™ 1; fgalileofhome/usetinternalfaffinit/poissan.x single stf
View Charts Ravigate Advanced Layout

B | B .. 0.00 ¢ Tagging..

Flat Profile Load B

All_Proces

lame
4 All_Processes
roup Applicatio

MPI_Comm_si
MPI_Cormnm ranP
MPI_Finalize
MPI_lsend
MPI_Irecwv
MPl_WtEime
MPI_Waitall
MPI_Barrier v Show Function Group 'Other!
MPI_Allreduce f22U051e-3's

Command line for Advisor...

-I. Imbalance Diagram...

5. Process Aggregation...
¥ Function Aggregation..,
Default Aggregation

Show Process Group 'Other!

Command line for WVTune Amplifier...

*
Fiasesion i |

- ® . All_Processes [P MPIexpanded in (Major Function Groups) ¢

#Calls  Tself /Call TTotal [Call #Procs  TSelf /Proc
8.7541 s 16
226e-6 s 16
264e-6 s 16
994e-3 s 16 1.24¢
.588e-3 5 84280 5.7.
316e-3 s 84280 5,
408%e-6 s 32
.B98e-3 5 48160 361e-6 ¢
078e-3 s 16 2 0&:?379 3 5
.051e-3 5 12032 60.0109e6 s

1.17213 s
14.125¢ 5
16.5e-
1.24962e-3
5 73787e-6
5.10579e-5
12.?812-.:43
13.5361e6
2.06737e-3
60.0108e-6

L T T RV T BV T
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Waiting time due to dependencies

MPI Recvis pure
= E | 1 _.-:.wzar-unﬁns:ﬂ.muuww O Al Processes [ MagrFunctionGrows @ Y ! * E Waiting time in Side
an ideal trace file

View Charts MNavigate Advanced Layout
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| —T D— _|\_ I‘--_-__,—
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-'— ' Y T [ L S . . O O T . =
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P
p21

MPI_Recv must wait

on MPI_Send call
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MPI time

The simulated MPI time for the ideal network may be regarded as
the waiting time T_wait due to imbalance and dependencies:
T _mpi=T transfer + T_wait

After generation of an ideal trace file the result can be displayed
in the Imbalance Diagram:

Advanced Application -> Imbalance Diagram
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_Tutalm:e ¥ | Choase the dsplay mode [+] Display the application time

12.4294

116526

10.8757

10.0989

77683

§ 99155

&
® 621971

5.43787

4.66103

16 nodes with 24
MPI tasks each

Interconnect time
(T_transfer,acc)
move mouse over bar:

s 3.89 [sec]

Imbalance (T_wait,acc):
0.714621 [sec]

Application(T_comp,acc):
7.5545 [sec]
contains some artificial
startup time




Imbalance diagram

The imbalance diagram displays the relation of transfer to wait
time. Due to the result we can decide how to proceed with
tuning:

e Transfer time (Interconnect) dominates: the algorithm is

balanced but we have to improve the network performance
by e.g. different process placement or new network hardware

e Waiting time (Imbalance) dominates: the algorithm has to be
revisited e.g. better load balancing. New network hardware or
better process placement will not help!
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Testing different grids
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mCompute | 4.4648064 ' 488214 ' 11.452

Compute time almost equal for 2D 24x16 and 1D 384x1 process
— grid. Row vectors are long enough. 3600/16 = 225 for 24x16
e € process grid and 3600 grid points for 384x1 process grid
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Compute time for 1x384 is almost 3X longer probably because
of short vector length 3600/384 <10
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Imbalance time best for 2D because process grid fits perfectly:
local grld (3600/24) x (3600/16) = 150 x 225 grid points
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Imbalance time for 384x1 slightly worse because number of local
grid point rows will vary between 10 and 9 (3600/384 = 9.375).
See next slide(s) for a discussion about the measurement of
imperfect data distribution
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Imbalance time for 1x384 is even larger because of longer
compute time. The imbalance stretches with compute time
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Global load imbalance

A portion of the waiting time is normally due to Global Load Imbalance. The
Global Load Imbalance is measured by determining the maximum per rank
and average compute time over all processes:

T load =T _compute_max -T_compute

=T _mpi-T_mpi_min
T load is the time we may win by achieving a perfect load balance. It should

be lower than the previously calculated MPI time for an ideal network (=
T wait = Imbalance/p)
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Load imbalance: MPI fo
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Split of timings

We have now all components of our split of timings:
T =T _compute + T_mpi

=T compute +T trans+ T wait

=T compute+ T trans+ T load + T_depend

The Imbalance diagram shows only the second line but we might
additionally compute T_load and T_depend for a deeper analysis.
T _depend is called Dependency time. This is just the rest of the
imbalance time T_wait that is not due to the Global Load
Imbalance.
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Refined imbalance diagram
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Message passing profile

Message passing profile displays various characteristics of message
passing in a sender/receiver Matrix

Charts -> Message Profile

The Matrix element N,M corresponds to the message passing
characteristics from rank N to rank M. Change these attributes by:

Right Click -> Attribute to show

Characteristics are: total message volume, message passing time, max,
min, average rate and count
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Intel® Trace Analyzer - [1: /galileo/home/userinternal/faffinit/poisson.x.single. stf]

B All_Pro s [ MPIexpanded in jor Function Groups)

'\{at- me‘r' 0.
- Show advanced...

18.7541 s 16

Bl Time Scale 29666 5 16
MPI_Cormm_rank 264e-6 s 264e6 s 16
MPI_Finalize 19.984e3 s 19.894e3 s 16
MPI_lsend 483.588e3s | 483.588e-3 s 84280
MPI_lrecyv 430.316e-3 s | 430.316e-3 s 84280
MPI_Wtime 409e-6 s 408e5 s 32
MPI_Waitall 551.898e-3 s | 651.898e-3 s 48160
MPI_Barrier 33.078e-3 s 33.078e-3 s 16
- MPI_Allreduce 722.051e-3s | 722.051e-3 s 12032

o —

Description

Select performance issue to
see details.
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Process aggregation

For 16 nodes (384 ranks on IVB) the total Message Passing
profile is not very handy

We may fuse the communication to compute node level. In this
case 384 ranks are fused to 16 compute nodes:

Advanced Process -> Aggregation
This will pop up a new window: check All_Nodes and apply
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Total volume 2D vs 1D distribution

S Intel® Trace Analyzer - [1: C:/Users/hbockhor/Proj. PXT/02_TTAC/2_D/poissonlTC.x 16 PPN P38 Vo.stf) [ |[@ [ 8] & Ime® Trace Analyzer
™ File Options Project Windows Help = File Options Project Windows Help
View Chants Navigate Advanced Layout i 11 C/Users/hbockhor/Projects/ClusterToolsTraining/Poisson_results/TrainingPXT/02_ITAC/1_D_nxl/poissonl TCa_16_PPR o

B | ™ 0000000-0.43875: 0.4 75 m O Al Nodes [ Magor Function Groups ¢
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Average rate: 2D vs 1D distribution

(B Intel® Trace Analyzer - [1: C:/Users/hbockhar/Proj...PXT/02_ITAC/2_D/poissordTCx 16_PPN24_P384 V0otf] | = || 3 [ 2

™ Fide Options Project Windows Help

S Intel® Trace Anshyzer

View Ch » e Advenced Layout
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Number of messages: 2D vs 1D dist
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Message profile: observations

Inter node communication has about the same volume in the 2D
case but 16x more messages are sent

There is just a single inter node message per boundary exchange
in the 1D case ( 3 exchanges per iteration times 100 iterations
== 300 messages)

Communication rate drops so much in the quadratic 2D case
that the total transfer time (Imbalance diagram) is almost
equal for both configurations
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Optimization hints

A compromise between quadratic and 1D processor grid may be more
appropriate here like 48x8 or 96x4. This will reduce the number of
inter node messages and raise the bandwidth for each message

The default rank to node mapping is just linear. This leads to
alternating communication patterns (see following slides)

A better mapping can be achieved by putting all ranks of a rectangular
sub process grid onto a single node. The following slides explain the
ranks to node mapping
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Default mapping for 24x16 grid

AR
24 ranks per
..... 24 .. 30 31 hogg 4 node! One
Node #2 rank per core

3200 (13 38 S A7 W B3 O A ) . 46 47 _

48 49 50 .. 55 56

S | e Additional horizontal
exchange. 16 or 17 boundary

Defining a 16x24

process grid may be
better — why?
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Optimal mapping

HER ' - 'Eff
Node #1

20 .. 23 [Zanimeice —

Node #2
... 36 : 39 40 5 43 ... _
... 52 .. 55 ECHRES ...
. This 6x4 pattern can
BER- - CERE S
nodes. The number

boundary lines

g6 L BeN 10

Gy (e between nodes are:
4 (vertical) and 6
(horizontal)
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Impact of mapping

1024.00
2D with optimized
51200 - mapping shows by
- far the best results!
S
E 256.00 - —+—2D PE grid
a -=|deal
7 ——1D nx1
—+—0Optimized Map
128.00 -
64.00
1 96 192 384 768
oneca @ MPI Ranks
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Detailed visualization of MPI programs

After some global evaluations we may dive now into the MPI
algorithm by showing the temporal evolution with ITAC

Most programs consist of recurring patterns like iterations or
different phases: initialization, computation and I/O

Quantitative timeline shows nicely coarse patterns:
Charts -> Quantitative Timeline
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Quantitative timeline

View ;hms ngate Advanced Layout

= | | i 10,04?35470.049618:0‘002254 9 Al processes [ MP1 expanded in (Major Function Groups) ¢ |* d) b
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=] Iteratlons. Each lteration Height of blue columns is
does 3 boundary

e proportional to # ranks
| exchanges and is finished | inside Application time at
gl by an MPI Allreduce - e

. : the same time
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i
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Event timeline

After identification of basic patterns we may now change to the
more detailed Event Timeline

Event timeline is the most important Chart in ITAC

Temporal development reveals root causes of dependencies due
to suboptimal implementations

Charts -> Event Timeline

CCCCCC
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Single iteration

View Charts Navigate Advanced Layout
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the mapping
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Boundary exchange in ideal networks

MPI times in the ideal network case are due to global load
imbalances and dependencies

Dependencies are e.g. due to order of blocking sends and

receives
The current naive implementation of the boundary exchange
uses blocking sends and receives: MPI_Send, MPI_Recv

The ldeal network simulation helps to clearly identify
dependencies
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Boundary exchange in ideal networks

VESTE

P10

An MPI |Send ":::::-——i'-___—-—_ may be started long
COUIT NAVE o e esem———— before

started already oo mm————
-“-__-.-1_
herel L S . —— e
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Optimization hints

Some of the dependencies may be resolved by using MPI_Isend
and MPI_Irecv with an MPI_Waitall()in the end

In a first step we may just exchange the blocking Sends/Recvs by
the immediate routines and place a MPI_Waitall() at the end.

Data copies of boundary arrays have to be done after the wait
routine

In a second step we may optimize the order of MPI routines and

data copies. Some requests may be ended by a separate
MPI_Wait()
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Comparing ITAC traces

Compare before and after optimization e.g. compare boundary
exchange with blocking Send/Receive to non blocking
Send/Receive

Further potential comparison scenarios:

® Compare ideal to real trace
e Compare different number of ranks
e Compare different mappings
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Comparing ITAC traces

,  Open another
Open tab: View =2 Compare o
- =) comparison

Select tracefile to compare the original one with, and dick "OK". Resulting Comparison View will calaulate the exact differences and speedups.
Press F1 for more detais.

Compare poissonITC.x_16_PPN24_P384 V0.ideal.single.stf with

O 1: C:jusers/hbockhor fProjects/ClusterToolsTr aining/Poisson_results/TrainingPXT/02_ITAC/2_D/poissonITC.x_16_PPN24_P384_V0.ideal.single. stf
(®) 2: C: JUsers/hbockhor [Projects/ClusterToolsTraining /Poisson_results/TrainingPXT/06_EXCHANGE1_ITAC/2_D/poissonITC.x_16_PPN24_P384_V0.ic
I Choose another tracefile... |

[oc | [ comel |
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Trace A: Send/Recv
Trace B: Isend/Irecv/Waitall
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'MPI Wait Time for this
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Instrumentation of user functions

So far, we only see MPI routines and Application time inside
ITAC traces

Navigation becomes far more easy when adding user functions

For evaluation of the impact of optimization we may want to see
the timing of the boundary exchange including all its MPI calls
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ITAC compiler instrumentation

All source files or just the files of interest may be compiled with
the -tcollect flag (Intel compiler only)
The executable has to be linked using this flag, as well

As an alternative (different compiler or code blocks that are not
a function) we might consider to use the ITAC API functions
for instrumentation.
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User functions

View Chats MNovigste Advanced Layout

] E | vor o 0,006 8e -0.007 558 a.mH: T M processes [ topadedn() @ Y ‘ -

Instrumented user functions
like exchangeO can improve
analysis of the MPI algorithm

Exchange routine is on
bottom of the list. But the
total time TTotal also
contains all MPI functions.
e : 2 This time exceeds the

N i i 7o s Allreduce time

1 3
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Intel VTune Amplifier XE

We used ITAC for the analysis of the message passing algorithm

We already saw that computation performance saturated on a
single node

With this tool we may have a closer look to the processor
performance and program structure

VTune Amplifier XE based analysis can be started and performed
by its GUI. Together with MPI on a Cluster which probably
prefers batch usage, we will use the command line interface
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Hotspot analysis

This is the most basic analysis type to start an investigation

The analysis will present hotspots of the calculation for a chosen
MPI rank. Timings go down to source lines or assembly code

The Call Stack provides information about how the function is
called and how much time is due to this branch
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Collecting data

This analysis may be conducted for each of all 384 ranks but probably
we may concentrate on a single rank first:

mpirun -n 1 amplxe-cl —--result-dir hotspots \
—=cgllegt hatspots — poisson.® iy
=i 383 pULSS0N.X

Hotspot analysis is performed on rank O and results are stored in
directory hotspots.0. All other ranks run poisson.x without analysis.
More complex selection of ranks are possible building groups of
ranks doing analysis or not
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Collecting data

A new syntax:

mpirun -n 1 amplxe-cl —--result-dir hotspots \
—=gollect hotspoks —= polisson.x
-n 383 poisson.x

iy
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& <no current projects - Intel VTune Amplifier =
i —
ik Hw » DO ﬁ" Welcome hotspots_38 .. X =

" Basic Hotspots

Groupng: | Function | Call Stadk w| [ha] [Q] [%) [ Data Of nterest (CPU Metrics) T]
o 5 i3 W Viewing 4 1of3 b selected
' CPU Time by Utilization = Ov.
Function / Call Stack Module Function (Full) Source File
@ idie @ Poor [ Ok [ ideal [§ Over o I[ 40.0% (0.0205 of 0.050s)
£ PMPLANL I O lbmpisol20  PMPLAI lireduce. o
1 Alireduce 119.588ms Oms | libmpi.so12.0 1_Allreduce allreduce.c libmpi.50.12.0/PMPL Waitall - waitall.c
+ red bDDD)m;_ Oms poissondXE.x red compute.c .
| :
# PMPY_ Waitall 50.000ms (N Oms libmpisol20  PMPL Waitall waitsllc |- EoissOnAXE texch..x67d - comm.c:526
& _intel_sszed_rep_memcpy 45.655ms [NNG_NN Oms poissonAXE.x _intel_sssed_rep_memcpy paissonAXE.dexch..1960 - comm.c:307
# black 30.000ms (D Oms | poissonAXE.x black compute.c | poissonAXE.xmain+Oxeb - poisson.c: X9
# residuum 238 ms D Oms | poissonAXE.x residuum compute.c B libc-212.50!_libc...Unknown ][ Unknown| .
exchangel 10.000ms [l Oms | poissonAXE.x exchangel comm.c 3 d I I I e re n t
echange _libe_start_|  10.000ms [l Oms | poissonAXE.x exchange comm.c
¥ PMP]_lsend 9.999ms [l Oms libmpisol20 | PMPLlsend isend.c St ac kS fo r
'- R MPI_Waitall
3 3 ; dltall.

L L R L L L L ek L A L L s e

0ls 0.2s - 5 0.6 0.7s 08s 0.9s 1s 11s 1.2s 135 14s 15s 1865
prg.sh (TID: 39388) [¥] ks CPU Time

Click on
prg-ch '71]3?_&3:“03; = E (] ik Overhead an...
S function name | ]|_Dw crusemee

e
ipoissonAXE.x (TID: 3941

—
,

o= ] Source line of
call to exchange

Thread

in poisson.c is

daph_thread_in (TID: 3 cmies l?lcrquw .
s 10 to reveal el shown.
SOUrce view : Exchange is

called 3 times!

Any Module IRl Utilization: IRV
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hotspots 38 .. X

j\'p','-l |0.| Assembly grouping: Imau

CPU Time: Total by Utilization
Bldle @ Poor @ Ok @ Ideal @ Over

20,001 (I

Selected 1 rowf(s):
] ‘ . m

ﬂ <no cument project> - Intel VTune Amplifier
e P D@ @ | wecome
™ Basic Hotspots Hotspots by CPU
@ A Tarowt Analysis Type| | I
(souen, ] [ nsserity |
?_Tl'a Source
205
206 #ifdef USE_MPI
a0 // boundary exchange
208
F. exchange (&p, &) ;
210 d#endif
211
A2
213 // RED update
214
215 red{sp, &gz);
216
7 #ifdef USE_MPI
218 // boundary exchange
il
220 exchange (&p, &3L) ;
o fendif
222
23 /# BLACK update
prl ]
225 black({sp, &gr):
226
27 #ifdef USE_MPI
228 // boundary exchange
229
230 exchange (¢p, &gT) ;
31 fendif
«

20.001ms

CPU Time: Self by Utili *
@ Idie B Poor [ Ok [ Iidea

Oms

[=]

wViewing 4 1of3 P selected stack(s)

Data Of Interest (CPU Metncs)

40.0% (0.0205 of 0.0505) |

hbmpiso1 2.0!PMPL_ Wartall - waitall.c
poissonANEx‘ench. s67d - comm.c526
poissonAXE dexch.. 1960 - comm.c:307
poissonANE.x'mam-0xeb - pous
libe-2.12.50!_libe...Unknown [ Unknown)]

Click on first

stack and
poisson.c line:
shows first call
to exchange at

line 209

Second call at
line 220 shows

up by selecting
another stack
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Advanced hotspots

Hotspot identification using directly the Performance monitoring
Unit (PMU) . Needs special drivers realized by kernel modules
(root rights necessary for installation)

Exchange hotspots by advanced-hotspots in previous command
line

Instructions retired is the basic indicator for processor
utilization.

Maximum is 4 simultaneous instructions per clock-tick.

The output shows CPI: clock-ticks per Instruction. 4 simultaneous

CCCCCC 5 imstxl ctionsmeanidERlF0:25)0,



-

CPU Time:
nstructions Retired:
CFl Rate:

LPU Frequency Aatio:
Eaused Time:
Cyerhead Time:

Spin Time

() Top Hotspots

User Narme:
Operating System:
MPI Process Ranic
Computer Name:
Result Size:
Collection start time:
Collection stop time:
® cru

Marme:

Frequency:

Legical CPU Count:

(%) Elapsed Time: 1.378s

1,377,000,000

Thas section lists the most active functions in your application, Optimizing these hotipot functions typically result)

Function CPU Time

residuum 0.058s
MPIOT CHaL Py 0,055
red 0.053s
ntel 32263 rep memcpy 0.0485
black 00475

(%) CPU Usage Histogram

(%) Collection and Platform Info
This section provides information sbout this collection, including result et size and collection platform data

Application Command Line:

ﬂ*no current project> - Intel VTune Amplfier — B
icw| P D ﬂ.ﬁ-@ Welcome

* Advanced Hotspots Hotspot

advanced-h.. X

M Collectio Ml i Summary JCARER

0.351s

0.686

Instructions Retired: completed Instructions
.- CPI Rate: Clock Ticks per Instruction
‘ CPU Frequency Ratio: >1 : Turbo boost!

Second routine comes from MPI — Progress
Engine
More MPI internal functions shown

prg.sh
hbockior
25.32-3585.0 &i6. 586 64.crtl Red Hat Enterprise Linux Server release 6.5 (Santiage)
0

]

6MB

11:07:12 13/08/2014 UTC

11:07:14 13/08/2004 UTC

Intel{R) Xeon(R) ES/ET v2 processor
17 GHz
48
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h & +D ﬂ'ﬁ-@ Welcome
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advanced-h ...

Groupng: | Functon / Cal Stack = [k

? w :
Function 7 Call Stack (CPU Time by Utilization hs}R:ltucndo... O, ;_:01! CPU :a;qumqr Module Function (Full
Bidle @Fcor 0Ok Bidesl B Over e e
¥ residuum 57917 m< [ 1::300000 Oms 1224 1038 poissonAXEx
& MPIDI_CH3L Progress s4047m: [ i1 00000 Oms 0504 libmpi.so.l20
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7 MPID_nem_mpich_test_recy 75246 [INNEGEGN 121,500.000 Oms 0.756 1.350 libmpiscl2D MPID_nem_mpich_test_recy mypid_nem_in
# MPID_nem_dapi_rc_poll_dyn_opt 20 11138m: 32400000 Oms 1167 1.260 libmpisel20 MPID_nem_dspl_rc_poll_dyn_cpt_20 dapl_poll_rc.c
#MPID_nem_nebwork_poll 9553ms [ 0 Oms 0000 0.935 hbmpisel20 MPID_nem_network_poll mpsd_nem,

# MPIDI_CHE_iSendv a.168ms 5400000 Oms 3000 0.736 lsbmpi.scl20 MPIDI_CH3_iSendv chl_mendv.c
£ MPIDU_Sched_progress 4455ms 20700000 Oms 0,000 0,000 libmpi.so.l20 MPIDU_Sched_progress mipid_sched.c
# MPIDU_Sched _are_pending 3.713ms ' 48,600,000 Oms 0111 0.540 hibmpisol20 MPIDU_Sched_are_pending mypid_sched.c
B _IMPI__intel_sssed_rep_memcpy 21970ms ' 5400000 Oms 2500 1587 hibmpifortsol2.0 L MPT__imtel_szse3_rep_memcpy
# [Outside smy known module] 2970ms . 0 Oms 0000 0675 [Outsade amy known module]
il exchangel 1485msl) 10,800,000 Oms 0.500 1350 poissonaXE.x exchangel comme
1 fune @332 1485} 2,700,000 Oms 2000 1.350 librnbed -rdmav.so  func@0x3032
HMPIDL_CHI_iStarthMsg 1485} 0  Oms 0000 1.350 lsbmpisel20 MPIDI_CH3_iStartMsg ch3_startrmag.c
Selected | row(s): 25.246ms 121,500,000 Oms| 0.756 1.350 -
] bl (T "
T P -~ -
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T p——
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SuperC ompul

n <no current project> - Intel VTune Amplifier
hitw oo @

™ Advanced Hotspots

Weliome

?:_'A Source

213 int n = gr=>lrow;

7. ] int m = gr->lcol;

230

3 double** X nEW = QE-DX_DEW!

32 double** X_cur = gE->¥_cur;

33

234 double resid = 0.0,resid tmp:
235

236 Wpragma omp parallel for privace(
237 for{i=1l; 1< iy 144}

233 #ifdef SIMD

239 fprages simd reduction (+:resid)
440 fendif

41 for{j=1; jeam+l: j++)

242 {

243 double diff = x new[i] (3] -
i resid += diff*diff;

245

245

M7 #ifdef USE MPI

2 resid tmp = resid:

249 MPI_Allreduce {sresid tmp,sre
50 #endif

251

252 #1fd3=ef TIMING S5Y5

253 timer end(d):

254 dendif

255

2 return resid;

adtvanced h x

Q Q %1 |G Assembly groupng: |Address

CPU Time by Utilizatic =

@ idie B Poor OOk I lde

1,3) reduccion

3113m:
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20751ms (I
mid, 1,
Selected 1 row(s):
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1]
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1

43

M1
241
21
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CPU Time by Utilization B pgruce... ov.l =
Assembly Retired an.
@ icie @ Poor O Ok [ ideal [ Over
no| =
Block 13: ol
movepsx OxE (Y Oms 2700000 On
sovapax  0xif  2970ms D 8100000 On
movapax  0x28¢  3.703ms DI 5400000 On
=x 0x32:  2570ms [ 10800,.. Onz
oxz iz 65683m: 10800,.. On I
cxtzgt 6583m: (D 10800,.. On
oxzzq  4455m: (DD 10800,.. On
ox3z(1  5.240m: (N 8100000 On
sxemd, 1 11.350m: N 5500 . On
sxmms, 1 1485ms 2700000 On
vxmme, 1 2970m: [ £100,000 On
tamm?, 1 L48Sms 2700000 On
toemd, 1 2228ms [ B100000 On
txmmS, 1 Oms 5400000 On
AYxzmmE, 1 Omes 5400000 On
b7, 1 07403ms [ 2700000 On
ox8, SEEREL 2700000 On
cmp Arbp, brld
Jb Ox405820 <X
Block 20:
addpd txmmd, W
Highlighted 43 ro... 33414ms 70.200,.. On -
a 1] El it [




Bandwith analysis

The speedup curve for a single node shows saturation for more
than 12 ranks per node (24 cores per node in total)

Intel® VTune Amplifier XE provides a Bandwidth analysis for
proving this assumption

We concentrate on total bandwidth which can be related to the
bandwidth that is delivered by the STREAM benchmark
(~80GB/s on IVB dual Socket)
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BW: Bottom-up sequential run
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Efficiency vs BW
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Optimization hints

Bandwidth can be reduced by combining copy and residuum routine.
This is possible because residuum is at the end and copy at the
beginning of a new iteration

Bandwidth reduction may only have and impact in the bandwidth
limited regime that we observe for this grid size only for less than 4
nodes

Prefetching of data may also improve performance in the copy and
reduction loop

A blocked loop structure for the iteration loop may also improve data
reuse
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Summary

Some methodologies were presented for performing a MPI
analysis

ITAC offers interesting new features like simulation of ideal
traces and the computation of transfer and waiting time

Intel® VTuneTM Amplifier XE analyzes the compute part of the

application. Bandwidth analysis is useful for many HPC
applications
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