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MODULE SETUP & COMPILER
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THE MODULE SETUP

e Tools are available through “modules”
e Allows to easily manage different versions of programs

e Works by dynamic modification of a user's environment

e Module setup based on EasyBuild and Imod
e Staged, hierarchical setup

e Automatically manages dependencies via toolchains

e Consistent setup on JURECA (cluster & booster) and JEWELS
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MOST IMPORTANT MODULE COMMANDS

module

e spider # show all products

e spider product # show product details

e avail # show all available products
e |ist # list loaded products

e load product(s) # setup access to product

e unload product(s) # release access

Mitglied der Helmholtz-Gemeinschaft

swap productl product?  # replace vl of product with v2

whatis product(s) # print short description
help product(s) # print longer description

show product(s) # show what “settings” are performed
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COMPILER AND MPI LIBRARIES

o Compiler
e Intel C/C++ and Fortran compiler

GNU C/C++ and Fortran compiler

PGI C/C++ and Fortran compiler

Clang C/C++ compiler
NVIDIA CUDA compiler

e MPI libraries
e Intel MPI
e Parastation MPI
e MVAPICH MPI (CUDA aware)
e Open MPI

9 JULICH
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DEBUGGING TOOLS (STATUS: NOV 2018)

e Debugger:
e TotalView
e DDT

e Correctness Checker:

e Intel Inspector
e MUST

9 JULICH
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FHF Totawview

TECHNOLOGIES

e UNIX Symbolic Debugger
for C, C++, F77, F90, PGI HPF, assembler programs

e “Standard” debugger

e Special, non-traditional features

Multi-process and multi-threaded

C++ support (templates, inheritance, inline functions)
F90 support (user types, pointers, modules)

1D + 2D Array Data visualization

Support for parallel debugging (MPI: automatic attach,
message queues, OpenMP, pthreads)

Scripting and batch debugging
Memory Debugging
CUDA and OpenACC support

e http://www.roguewave.com

e NOTE: License limited to 2048 processes (shared betwe' "1

Mitglied der Helmholtz-Gemeinschaft
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TOTALVIEW: MAIN WINDOW

I hm.0 <@jj01c64> -

File Edit “iew Group Process Thread Action Point Debug  Tools  Window Help

Group (Control) _'"| b II - I’ ﬁ @ ﬁ

Go Halt Kill Restart| Mext Step Out Bun To| Prey Uns

Rank 0: him.0 (&t Breakpoint 1)

Thread 1 (469973434795200: hm (&t Breakpoint 1)

Stack Trace Stack Frame
maln, FE=TEL£4A0750£00 |5 ||Punction "main":
__libe_start main, FE=Tff£40752040 ALgC: 0x00000001 (1)
_start, FP=Tf££4075a050 argv: 0x7 £££4075a068
Local wariables:
myrardk 0x00000000 {0)
7 MNP OCS 0x00000004 (4)

Function main in hello-mpi.c

#include <stdio h:
#include <mpi. h:

int main{int argc, char *argwv[]) {
int ilerr, myrank, mmprocs;

MPI Init(&argc, &argw);
MPI Comm_rank (MPI COMM WORLD, Smyrank);
MPI Comm_size(MPI COMM WORLD, Snumprocs);

1err
ierr
ierr

printf ("hello from %d of Zdwn", myrank, numprocs);

ierr = MPI_Finalize();
return 0;

-

Action Points F'rgc:esses] Th[eads]

1 hello-mpi.c#ll main+0x5E

~ LI
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TOTALVIEW: TOOLS MENU

= Call Graph = Data visualization
lﬁ_nﬁi
|

+ &Il Contral Group |‘ Erocessl Update I Close | Help I File View
A
[start | [_SGIFT_pi_stan |
L B} ¥ (24)
@E shore_or_leave -I
Queue Display Options 3
Y@ &
- Pending Sends
fork_wrapper I Pending Recvs
7 Unexpected Messages 4

= Message
gueue
graph  =———= 2
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allinea
DDT

e UNIX Graphical Debugger for C, C++, F77, F90 programs
e Modern, easy-to-use debugger

e Special, non-traditional features

e Multi-process and multi-threaded

1D + 2D array data visualization

Support for MPI parallel debugging
(automatic attach, message queues)

Support for OpenMP (Version 2.x and later)
Support for CUDA and OpenACC
Job submission from within debugger

e http://www.allinea.com

« NOTE: License limited to 64 processes (shared between all users)

JULICH
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DDT: MAIN WINDOW

% Allinea Distributed Debugging Tool v2.4.1.11140 <=@jj01c64>

Session Control Search View Help
[»[uEa& 5 REEIEIEIEIOY- D -

Current Group: All ~ Focus on current: ® Group 2 Process L Thread | | Step Threads Together

Project Navigator =1 hello-mpi.c x

Project Files | Fortran Mod_J :J 1 #include
2 H#include <mpi. h:v-

All 0 1 2 3

Create Group

‘Current |_|ne{s] |Stack |_J

‘Vanable Name |Va|ue |

E=lProject Files

%-EScurce Tree
%-EHeader Files
+-8Source Files

int mainiint argc, char *argvl[l) [
int ierr, nwrank, nunmprocs;

~myrank 0

ierr = MPI_Init (farge, &argv): “NUMpProcs
ierr = MPI_Comm rank (MPI_COMM WORLD, Smryrank) :

ierr MPI_ Comm size (MPI_COMM WORLD, Snunprocs! ;
ntfi"hell 1 %l i rank, numorocs) ;o
13 ierr = MPI_Finalizeli);
14 return 0;
151 -
e (=

K ] ] |Type: none selected

LRt i RS By I ¥ B R

b Input/Output |Breakpoints IWatches iStacks Expression |Value

‘

JULICH

elmholtz-Gemeinschaft Forschungszentrum

Function
4 N B ain (hello-mpi.c:

ess Output

\Proc




DDT: NON-STANDARD FEATURES

v =B%

= Message
Bt DDT - Multi-Dimensional Array Viewer x® q u e u e o
Array expression: ‘tahles[i][_i] v
graph

- Select communicator

Range of i (row) Range of j (column) [ Auto-update

o -
rom =] rom =] Evaluate
To 11 H | Te 11 ]

Clear
Expression "tables[i][j]" evaluated for process 0 R ® Current Memory Usage 0@8
on Mon Apr 11 14:16:10 2005 = Graphical View [Table View | |
V_i5 ua Ii.ZE data o " Unfreed Memory Across Processes (in Bytes)
0|12 (3 (45678 [o [10 11 | = ] —
: o
0 1 2 3 4 5 6 7 8 9 10 11 12 : |
1 2l 4 6 8 10 12 14 16| 18 20 22 24 :
2 3| 6 912 15 18 21 24 27 30 33 36 ||
LY A o M e T I T L T L TS R e W A AA A0 b Allocation Details 300,000
=8 ptrs from 0x80654eb
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2nd largest allocation set (bytes)
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o M u Itl - D I I I le nS I O n aI -Ptr: 0xb6d35000, size: 16016 200,000
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Ar ra VI ewe r i-Ptr: 0xb6d34e00, size: 128 Jo0.000
*-Ptr: 0xb6d2c000, size: 10416

0,000 —

= Memory Usag
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INTEL INSPECTOR

e Detects memory and threading errors
 Memory leaks, corruption and illegal accesses

e Data races and deadlocks
* Dynamic instrumentation requiring no recompilation
e Supports C/C++ and Fortran as well as third party libraries

e Multi-level analysis to adjust overhead and analysis capabilities

e API to limit analysis range to y, 2 Detect Leaks
eliminate false positives and - M
. S |]
Speed-up anaIySIS - 20-80x Locate Memory Problems II|]|]|]|][|
Analysis Time Cverhead Memory Overhead
Mitglied der Helmholtz-Gemeinschaft J Forschungszentrum



INTEL INSPECTOR: GUI

Detect Deadlocks and Data Races

© Target

Analysis Type | I Collection Log

e e AT

=

Type

) Sources
G0 B - |
up2 Q Datarace blocked range.h; paraliel_forl partitiomer )ty tasih
wi @ Data race wirnideo h
|
1 /20 M
Descnpton Source

find_and fix threading_errors.cppc 105 remder_coe_pixel

State
Data race find_and_fo_theeading_erron.cpp; task_scheduler_int.h find_and_fi_threadng_errors.exe R New

Modules

find_and _fie_threading_errors.exe R New
find_and_fix_thresding_ermors.exe R New

Functien Module

Varuble

Error
Type
Data race

Source
blocked_range.h

parallef forh
partiticnech

taskch
task_scheduler_inith

Wrate
103 Primary,.scene = scene;

(!:::_s: eadl eITOI.exe

find_and_fux_threading ertorsexe cobr

render

fnd_and_fo_theeading_etron.c ..

INTEL INSPECTOR

3 item(s)

3 item(s)

1 item(s)
1itemn(s)
1 item(s)
1 itern(s)
1 itern(s)
1 itemn(s)
1 itemn(s)

Intel Inspector XE 2015

‘ £ Detect Memory Problems

Analysis Type || I Collection Log

Sources

- - o> Y
find_and fu_thiteading errorscppct0S render_cme pcel w larget

Type State

Mismatched allocation/deallocation

find_and_fix_memory_errors. ...

Kp2 R Invalid memory access find_and_fix. memory_errors.... * New
@P3 & Memory growth [Unknown]; find_and_fix_me... P Not fixed
P4 & Memory growth [Unknown]; find_and_fix_me... P Confirmed
410 emc 4
Description  Source Function Module Object Size  Offset
Write find_and_fix_memory_error... operator() find_and_fix_memory_error...
164 find and fix memory errors.exe
165 for (unsigned
166 local_mbox(1i
167
168 for (int y =
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MUST

Next generation MPI correctness and portability checker
http://doc.itc.rwth-aachen.de/display/CCP/Project+MUST

MUST reports

= Errors: violations of the MPI-standard

» Warnings: unusual behavior or possible problems
= Notes: harmless but remarkable behavior

» Further: potential deadlock detection

Usage
» Relink application with mustc, mustcxx, mustfoo, ...

= Run application under the control of mustrun (requires one additional MPI
process)

= See MUST_Output.html report

9 JULICH
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MUST DATATYPE MISMATCH

A send and a receive operation use datatypes that do not match! Mismatch occurs at (contiguous)
[0]J(MPI_INT) in the send type and at (MPI_BYTE) in the receive type (consult the MUST manual for a
detailed description of datatype positions). A graphical representation of this situation is available in a
detailed type mismatch view (MUST Output-files/MUST Typemismatch 0.html). The send operation
was started at reference 1, the receive operation was started at reference 2. (Information on
communicator: MPI_COMM_WORLD) (Information on send of count 1 with type:Datatype created at
reference 3 is for C, commited at reference 4, based on the following type(s): { MPI_INT}Typemap =
{(MPL_INT, 0), (MPL_INT, 4)}) (Information on receive of count 8 with type:MPI_BYTE)

|Error

MPI_Sendrecv
called from:
#0
main@example.c:33

reference 2 rank 1:

1_Sendrecv called
om:
0 main@example.c:33

reference 3 rank 0:
1 Type_contiguous
Egled from:
0 main@example.c:29

reference 4 rank 0:

1 Type_commit called
Eﬁﬁm:

0 main@example.c:30

est is highlighted.

MPI_Sendrecv:send

l

MPI_Type_contiguous(count=2)

MPI_Sendrecv:.recv

[

MPI_BYTE

\0]

MPI_INT

The application issued a set of MPI calls that mismatch in type signatures! The graph below shows details on this situation. The first differing item of each involved
communication re

Mitglied der Helmholtz-Gemeinschaft
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MUST DEADLOCK DETECTION

The application issued a set of MPI calls that can cause a deadlock! The graphs below show details on this situation. This includes a wait-for graph that shows
active wait-for dependencies between the processes that cause the deadlock. Note that this process set only includes processes that cause the deadlock and no
further processes. A legend details the wait-for graph components in addition , while a parallel call stack view summarizes the locations of the MPI calls that cause|
the deadlock . Below these graphs, a message queue graph shows active and unmatched point-to-point communications. This graph only includes operations that
could have been intended to match a point-to-point operation that is relevant to the deadlock situation. Finally, a parallel call stack shows the locations of any
operation in the parallel call stack. The leafs of this call stack graph show the components of the message queue graph that they span. The application still runs, if
the deadlock manifested (e.g. caused a hang on this MPI implementation) you can attach to the involved ranks with a debugger or abort the application (if
necessary).

IMPI_COMM_WORLD]

MPI_Send@0
Active MPI Call
comm=A, tag=456
MPlsendel Sub Operation
comm=A, tag=456 comm=A, tag=456
MPI_Send@2 A A waits for B and C' B
comm=A, tag=456
(S
MPI_Send@3
[ camsak 0000000 |
A waits for B or C
main@example.c:39 A Uit » B
Ranks: 0-3 T R
~A
C
MPI_Send

l) JULICH
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L U.UU 1Ime (5ec) - -l U.B3 1IMe 100p - =L - MACNINE Lray AL -
[0 1082.70 Execution | O 562.77 add_sources ] E-0 - cabinet row 1 M
0 0.00 Overhead O 546.62 compute_all_larmor_positions =-0 - cabinet 8
- @ 309.95 sort_particles -0 -cage 0
5.88e4 \isits (occ) 0.06 compute_fields_at_larmor_points -0 -blade 13
2.59el10 Bytes transferred (bytes) = 0.01 rho_splitting =-0 - asic 877
O 0 MPI file operations (occ) - 0.02 setrho -0 - nic 4680
31.52 Computational imbalance (sec) I~ 2525 species 1 =
0O 0.00 Minimum Inclusive Time (sec) 15,61 species 2 -0 - MPI Rank 0
251.21 Maximum Inclusive Time (sec) 148,07 compute_psi0_corr_disp O 0.00 Master thread
O 0 ALLOCATION_SIZE (bytes) 140.32 gyroaverage_fields 1.57 OMP thread 1
[0 O DEALLOCATION_SIZE (bytes) 0.08 push 1.57 OMP thread 2
O 0 bytes_leaked (bytes) 77.41 solve_fem 1.57 OMP thread 3
0O 0.00 maximum_heap_memory_allocated (bytes) 74,34 ksieta 1.57 OMP thread 4
1.74el2 PAPI_LD_INS (z) 55,30 update_picl_and_work2 1.57 OMP thread 5
5.15ell PAPI SR_INS (#) 19.60 update_workl E-0 - MPI Rank 1
2.36el0 PAPI_LZ _TCM () 14,43 becpart O 0.00 Master thread
7.55 MPI_Barrier O 3.48 OMP thread 1
4,47 diagnose @ 3.48 OMP thread 2
0.78 MPI_Allreduce O 3.48 OMP thread 3
0.01 parmowe E 3.48 OMP thread 4
0.00 collisions [ 3.48 OMP thread 5
0.00 quadtree_smoothing
0 237.65 Initialization
0.19 Epilogue
0.07 MPLInit
0.00 MPI_Barrier —
0.00 MPI_Finalize E
0.00 MPI_Comm_size i
@ 0.00 MPI_Comm_rank E (<] [<I*]

PERFORMANCE ANALYSIS TOOLS

9 JULICH
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TODAY: THE “FREE LUNCH” IS OVER

= Moore's law is still in charge, but : : ' .

= Clock rates no longer increase 106 Moore’s Law

= Performance gains only through

. . === Transistors
increased parallelism b = Clockspeed 2
.. . . . .rp- w— P (W) —
= Optimization of applications more difficult o etk

= Increasing application complexity
107

= Multi-physics
= Multi-scale

= Increasing machine complexity

= Hierarchical networks / memory Tl ISSE 1990 2000 2010
= More CPUs / multi-core

% Every doubling of scale reveals a new bottleneck!

9 JULICH
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PERFORMANCE FACTORS

= ‘Sequential” (single core) factors
= Computation
#Choose right algorithm, use optimizing compiler
= Vectorization
#Choose right algorithm, use optimizing compiler
= Cache and memory
% Choose the right data structures and layout
= Input/ output
< Often not given enough attention

& Parallel I/0O matters

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



PERFORMANCE FACTORS

= "Parallel” (multi core/node) factors
= Partitioning / decomposition
< Load balancing
= Communication (i.e., message passing)
= Multithreading
= Core binding
= NUMA
= Synchronization / locking
% More or less understood, good tool support

@) JULICH
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TUNING BASICS

= Successful engineering is a combination of
= The right algorithms and libraries
= Compiler flags and directives
< Thinking !!!

= Measurement is better than guessing
= T0 determine performance bottlenecks
= To compare alternatives
= T0 validate tuning decisions and optimizations
<= After each step!

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



PERFORMANCE ENGINEERING WORKFLOW

v
. = Prepare application (with symbols),
Prepajratlon insert extra code (probes/hooks)
M - = Collection of data relevant to
easulremen execution performance analysis
Analvsi = Calculation of metrics, identification
nalySIS of performance metrics
c . = Presentation of results in an
xamllnatlon intuitive/understandable form
o = Moadifications intended to eliminate/reduce
Optimization performance problems

9 JULICH
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THE 80/20 RULE

= Programs typically spend 80% of their time in 20% of
the code

& Know what matters!

= Developers typically spend 20% of their effort to get
80% of the total speedup possible for the application

< Know when to stop!

= Don't optimize what does not matter
& Make the common case fast!

9 JULICH
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MEASUREMENT TECHNIQUES

A Classification

= How are performance measurements triggered?
= Sampling
= Code instrumentation
= How is performance data recorded?
= Profiling / Runtime summarization
= Tracing
= How is performance data analyzed?
= Online

s Post mortem

9 JULICH
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PROFILING / RUNTIME SUMMARIZATION

= Recording of aggregated information

= Jotal, maximum, minimum, ...
s FOr measurements

= TIme

= Counts

= Function calls, Bytes transferred, Hardware counters

= Over program and system entities

= Functions, call sites, basic blocks, loops, ...

= Processes, threads
<= Profile = summarization of events over execution interval

9 JULICH
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TRACING

= Recording information about significant points (events) during
execution of the program

= Enter/leave of a region (function, loop, ...)
= Send / receive a message, ...

= Save information in event record
= Timestamp, location, event type

= Plus event-specific information (e.g., communicator,
sender / receiver, ...)

s Abstract execution model on level of defined events

= Event trace = Chronologically ordered sequence of
event records

9 JULICH
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TRACING VS. PROFILING

= Tracing advantages

= Event traces preserve the temporal and spatial relationships
among individual events (& context)

= Allows reconstruction of dynamic application behaviour on any
required level of abstraction

= Most general measurement technique
s Profile data can be reconstructed from event traces

= Disadvantages

= Traces can very quickly become extremely large
= Writing events to file at runtime causes perturbation
= Writing tracing software is complicated

= Event buffering, clock synchronization, ...

9 JULICH
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CRITICAL ISSUES

= Accuracy
= Intrusion overhead
= Measurement takes time and thus lowers performance
= Perturbation
= Measurement alters program behaviour
= E.9., memory access pattern
= Accuracy of timers & counters
= Granularity
= How many measurements?
= How much information / processing during each measurement?
< Tradeoff: Accuracy vs. Expressiveness of data

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



TYPICAL PERFORMANCE ANALYSIS
PROCEDURE

= Do | have a performance problem at all?
= Time / speedup / scalability measurements
= What is the key bottleneck (computation / communication)?
= MPI/ OpenMP / flat profiling
= Where is the key bottleneck?
= Call-path profiling, detailed basic block profiling
= Why is it there?
= Hardware counter analysis
= Trace selected parts (to keep trace size manageable)
= Does the code have scalability problems?

= Load imbalance analysis, compare profiles at various
sizes function-by-function, performance modeling

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



REMARK: NO SINGLE SOLUTION IS
SUFFICIENT!

< A combination of different methods, tools and techniques
IS typically needed!

= Analysis

= Statistics, visualization, automatic analysis, data mining, ...
= Measurement

= Sampling / instrumentation, profiling / tracing, ...
= Instrumentation

= Source code / binary, manual / automatic, ... " JULICH
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PERFORMANCE TOOLS (STATUS: NOV 2018)

e Score-P

e Scalasca 2

e Vampir[Server]

o HPCToolkit

e Allinea Performance Reports
e Darshan

* NVIDIA Visual Profiler

e TAU

e Intel VTune Amplifier XE
e Intel Advisor

e MpiP*

o Extrae/Paraver*

o PAPI*

9 JULICH
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SCORE-P

e Community instrumentation and measurement core-P

Scalable performance measurement

i n frastr u Ct u re infrastructure for parallel codes

e Developed by a consortium of performance
tool groups

TECHNISCHE RWTH
J]UL|CH .UNIVERSITAT Tu.rl egmmmmm 0 UNIVERSITY OF OREGON
for Simulation Sciences

e Next generation measurement system of
e Scalasca 2.x
e Vampir
e TAU
e Periscope
e Common data formats improve tool interoperability
e http://www.score-p.org

9 JULICH
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SCORE-P OVERVIEW

Event traces (OTF2) Cfghpglt; p;ﬂis

t
Hardware counter (PAPI, rusage) interface
Score-P measurement infrastructure

Instrumentation wrapper I I
Thread-level Accelerator-based =
parallelism parallelism iri?rtﬁir?t?iggn User instrumentation
{OpenMP, Pthreads) (CUDA, OpenCL) . °

|

|

Process-level
parallelism
(MPI, SHMEM)

Application

y JULICH
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scalasca 3

e Collection of trace-based performance analysis tools
o Specifically designed for large-scale systems

e Unique features:

e Scalable, automated search for event patterns representing inefficient
behavior

o Scalable identification of the critical execution path
e Delay / root-cause analysis
e Based on Score-P for instrumentation and measurement

e Includes convenience / post-processing commands
providing added value

e http://www.scalasca.org

9 JULICH
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WHAT IS THE KEY BOTTLENECK?

e Generate flat MPI profile using Score-P/Scalasca (or mpiP)
e Only requires re-linking

e Low runtime overhead

e Provides detailed information on MPI usage
e How much time is spent in which operation?
 How often is each operation called?

e How much data was transferred?

e Limitations:
e Computation on non-master threads and outside
of MPI_Init/MPI_Finalize scope ignored

9 JULICH
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FLAT MPI PROFILE: RECIPE

1. Prefix your link command with
“scorep --nocompiler”

2. Prefix your MPI launch command with
“scalasca -analyze”

3. After execution, examine analysis results using
“scalasca -examine scorep_<titl/e>”

9 JULICH
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FLAT MPI PROFILE: EXAMPLE (CONT.)

' IO cube-4.3.0: scorep_bt-mz_C_64_sum/summary.cubex (NN
File Display Plugins Help
Absolute v| |Absolute v| | Peer percent v

[ Metric tree

[ Call tree  ElFlat view

-H379.62 Time (sec)

—m® 5.50e5 Visits (occ)

-0 0.00 Synchronizations (occ)

-0 0.00 Communications (occ)

- 9.57e9 Bytes transferred (bytes)
-0 0.00 MPI file operations (occ)

-0 0.00 Computational imbalance (sec)
—® 0.00 Minimum Inclusive Time (sec)
—@5.93 Maximum Inclusive Time (sec)
—® 64.00 task_migration_loss

—00.00 task_migration_win

] >

v @298.70 PARALLEL
—® 1.39 MPI_Init_thread
—® 0.00 MPI_Comm_size
—® 0.00 MPI_Comm_rank
~®0.11 MPI_Comm_split
—®0.43 MPI_Bcast
—~®3.79 MPI_lsend
—®3.32 MPI_Irecv
~E70.58 MPI_Waitall

—m 0.58 MPI_Barrier

—® 0.72 MPI_Reduce

—® 0.00 MPI_Finalize

Bl system tree || BoxPlot

® 100.00 MP
v-0 - nodecard 13

w—

O - hodecard 8
L®97.13 MPI Rank 19

<[

o s || .~ All (64 elements) v
0.00 379.62 (100.00%) 379.62/[0.00 70.58 (18.59%) 379.62|[0.00 0.00/0000%) 100,00
[ U I

Mitglied der Helmholtz-Gemeinschaft
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WHERE IS THE KEY BOTTLENECK?

e Generate call-path profile using Score-P/Scalasca
e Requires re-compilation
e Runtime overhead depends on application characteristics

e Typically needs some care setting up a good measurement
configuration

e Filtering

e Selective instrumentation

e Option 1 (recommended for beginners):
Automatic compiler-based instrumentation

e Option 2 (for in-depth analysis):
Manual instrumentation of interesting phases, routines, loops

9 JULICH
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CALL-PATH PROFILE: RECIPE

1. Prefix your compile & link commands with
“scorep”

2. Prefix your MPI launch command with
“scalasca -analyze”

3. After execution, compare overall runtime with uninstrumented
run to determine overhead

4. If overhead is too high

1. Score measurement using
“scalasca -examine -s scorep_<title>”

Prepare filter file

3. Re-run measurement with filter applied using prefix
“scalasca -analyze -f <filter_file>”

5. After execution, examine analysis results using
“scalasca -examine scorep_<tit/e>”

9 JULICH
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CALL-PATH PROFILE: EXAMPLE (CONT.)

% scalasca -examine -s epik_myprog_Ppnxt_sum
scorep-score -r ./epik_myprog_pPpnxt_sum/profile.cubex
INFO: Score report written to ./scorep_myprog_Ppnxt_sum/scorep.score

4

e Estimates trace buffer requirements
e Allows to identify canditate functions for filtering

® Computational routines with high visit count
and low time-per-visit ratio

e Region/call-path classification

| | COM
e MPI (pure MPI library functions) /$\
e OMP (pure OpenMP functions/regions) USR COM US{Q
. _ . /1N
USR (user-level source local computation USR OMP MPI USR

e COM (“combined” USR + OpeMP/MPI)
« ANY/ALL (aggregate of all region types) 9 JULICH
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CALL-PATH PROFILE: EXAMPLE (CONT.)

M

% less scorep_myprog_Ppnxt_sum/scorep.score

Estimated aggregate size of event trace: 162GB
Estimated requirements for largest trace buffer (max_buf): 2758MB
Estimated memory requirements (SCOREP_TOTAL_MEMORY) : 2822MB

(hint: when tracing set SCOREP_TOTAL_MEMORY=2822MB to avoid
intermediate flushes or reduce requirements using USR regions
filters.)

flt type max_buf[B] visits time[s] time[%] time/ region
visit[us]

ALL 2,891,417,902 6,662,521,083 36581.51 100.0 5.49 ALL
USR 2,858,189,854 6,574,882,113 13618.14 37.2 2.07 USR
OMP 54,327,600 86,353,920 22719.78 62.1 263.10 oOwmP
MPI 676,342 550,010 208.98 0.6 379.96 MPI
COM 371,930 735,040 34.61 0.1 47.09 COM

/GSR 921,918,660 2,110,313,472 3290.11 9.0 1.56 matmul_sub 4\\
USR 921,918,660 2,110,313,472 5914.98 16.2 2.80 binvcrhs
USR 921,918,660 2,110,313,472 3822.64 10.4 1.81 matvec_sub
USR 41,071,134 87,475,200 358.56 1.0 4.10 Thsinit
USR 41,071,134 87,475,200 145.42 0.4 1.66 binvrhs

\\USR 29,194,256 68,892,672 86.15 0.2 1.25 exact_solution/
OMP 3,280,320 3,293,184 15.81 0.0 4.80 !'$Somp parallel
[...]

(gImed aer nenmnortZ-germernscnart v—mmwgﬂwmf



CALL-PATH PROFILE: FILTERING

 In this example, the 6 most fequently called routines are
of type USR

e These routines contribute around 35% of total time
e However, much of that is most likely measurement overhead
e Frequently executed
e Time-per-visit ratio in the order of a few microseconds

& Avoid measurements to reduce the overhead
= List routines to be filtered in simple text file

9 JULICH
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FILTERING: EXAMPLE

e Score-P filtering files support

e Wildcards (shell globs)

» Blacklisting

e Whitelisting

 Filtering based on filenames

@) JULICH
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CALL-PATH PROFILE: EXAMPLE (CONT)

'n IO cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex & Y
File Display Plugins Help
Absolute v Absolute v | Peer percent v
= Metric tree [ Call tree  E] Flat view = System tree [H| BoxPlot

>-H 1.44e4 Time (sec) ~|>mE1.44e4 bt ~| | > m1.44e4 machine JUQUEEN =

8.77e7 Visits (occ)

0 0.00 Synchronizations (occ)

T 0.00 Communications (occ)

9.57e9 Bytes transferred (bytes)

0 0.00 MPI file operations (occ)

2696.16 Computational imbalance (sec)
T 0.00 Minimum Inclusive Time (sec)

6.99 Maximum Inclusive Time (sec)
64.00 task_migration_loss

0 0.00 task_migration_win

B et S Y

. . <| ]< > -
v v [Au (2048 elements) vJ
<[ ]< > <L ]< >
l0.00 1.44e4 (100.00%) 1.44e4{[0.00 1.44e4 (100.00%) 1.44e4|[0.00 1.44e4 (100.00%) 1.44e4

(3)
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CALL-PATH PROFILE: EXAMPLE (CONT)

'n IO cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex &
File Display Plugins Help
Absolute v| |Absolute v| | Peer percent v

[ Metric tree B Call tree | ElFlat view [ System tree | [l BoxPlot

“E 1.44e4 Time (sec) ~ ||~ ®5.75 bt
—m 8.77e7 Visits (occ) - 47.07 mpi_setup 2.33
-0 0.00 Synchronizations (occ) /' w11.42 MPI_Bcast
-0 0.00 Communications (occ) 5 -®2.51 env_setup
- 9.57e9 Bytes transferred (bytes) —® 0.05 zone_setup
-0 0.00 MPI file operations (occ) -®7.25 map_zones
-H 2696.16 Computational imbal —® 0.82 zone_starts
—00.00 Minimum Inclusive Ti —® 0.01 set_constants
~®6.99 Maximum Inclusive -®57.90 initialize
—H 64.00 task mlgratlo - 27.62 exact_rhs
-ag —® 0.09 timer_clear
-03814.83 eXCh_qu 1.3987 1
- 26.98 adi L1 30
-E1363.87 compute_rhs :
-E2401.11 x_solve
-E2717.25 y_solve
-m73.94 z_solve
v-®12.92 I$omp parallel @z_solve... 0.93247 L 0.86
84 $30mp do @z
@1787.77 1$omp implicit barrie... |
-H 140.29 add
—®22.61 MPI_Barrier
—m 0.02 timer_start 0.46
—m 0.03 timer_stop
—m 0.03 timer_read
- 21.37 verify
—® 14.60 MPI_Reduce
—® 0.17 print_results
~ —m 0.06 MPI_Finalize ~
v A v
< J< > < J< >
|0.00 1.44e4 (100.00%) 1.44e4| |0.00 1843.21 (12.80%) 1.44e4| 0.00 0.200+000 .56 100,00
[ C——
Selected "!$omp do @z_solve.prep.f:52" )
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CALL-PATH PROFILE: EXAMPLE (CONT)

cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex

(x

\_'/

File Display Plugins Help

Absolute v Absolute v | Peer percent v
= Metric tree [ Call tree [l Flat view [l System tree [ BoxPlot |
»-00.00 Time (sec) ~ |~ 00.00 bt
v-06802.14 Execution >-00.00 mpi_setu 2.3344 2.33
>-®90.11 MPI
v-00.00 OMP
0 0.00 Flush
183.03 Management
v-00.00 Synchronization 1.8675 1
>-@3417.33 Barrier
0.63 Critical
0 0.00 Lock API >-m 13.93 exact_rhs
0 0.00 Ordered 0 0.00 timer_clear
0 0.00 Overhead >-m117.33 _exch_qbc 1.4007 |1 38
>-@3908.33 Idle threads »-00.00 adi
8.77e7 Visits (occ) >-0388.27 compute_rhs
>0 0.00 Synchronizations (occ) ; >-@ 508.59 x_solve
>-0 0.00 Communications (occ) >-@3570.14 y_solve
>-m 9.57e9 Bytes transferred (bytes) v-00.00 z_solve 0.93377 |
>-00.00 MPI file operations (occ) v-00.00 !'$omp parallel @z_solve.pr... : r0.89
>-H 2696.16 Computational imbalance (sec) 0 0.00 '$omp do @z_solve. prep
0 0.00 Minimum Inclusive Time (sec) bomp imp
6.99 Maximum Inclusive Time (sec) >-m 18.75 add
64.00 task_migration_loss 0 0.00 MPI_Barrier
0 0.00 task_migration_win 0 0.00 timer_start 0.46689
0 0.00 timer_stop
0 0.00 timer_read 10.27
>-m 2.46 verify
0 0.00 MPI_Reduce
0 0.00 print_results 0 1.56e-03
~ 0 0.00 MPI_Finalize ~
v “ | All (2048 elements) ‘|
<[ )< > < )< >
0.00 3417.33 (23.73%) 1.44e4/(0.00 1787.77 (52.31%) 3417.33}/0.00 0.00 (0.00%) 1787.77|
[ . ©——
Selected "!$omp implicit barrier @z_solve.prep.f.428" =]
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SCORE-P: ADVANCED FEATURES

e Measurement can be extensively configured via
environment variables

e Check output of “scorep-info config-vars”
for details

o Allows for targeted measurements:
e Selective recording
e Phase profiling
e Parameter-based profiling

e Please ask us or see the user manual for details

9 JULICH
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WHY IS THE BOTTLENECK THERE?

e This is highly application dependent!
e Might require additional measurements
e Hardware-counter analysis
e CPU utilization
e Cache behavior
e Selective instrumentation
e Manual/automatic event trace analysis

9 JULICH
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HARDWARE COUNTERS

e Counters: set of registers that count processor events, e.g. floating point
operations or cycles

 Number of registers, counters and simultaneously measurable events
vary between platforms

 Can be measured by:

e perf:
e Integrated in Linux since Kernel 2.6.31
e Library and CLI

e LIKWID:
e Direct access to MSRs (requires Kernel module)
e Consists of multiple tools and an API

 PAPI (Performance API)

9 JULICH
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PAPI

e Portable API: Uses the same routines to access counters across all
supported architectures

e Used by most performance analysis tools

e High-level interface:
e Predefined standard events, e.g. PAPI_FP_OPS
e Availability and definition of events varies between platforms
e List of available counters: papi_avail (-d)

e Low-level interface:
e Provides access to all machine specific counters
e Non-portable
e More flexible
e List of available counters: papi_native_avail

IJ JULICH
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Automatic Trace Analysis w/ Scalasca

= |dea: Automatic search for patterns of inefficient behavior
= |dentification of wait states and their root causes
= Classification of behavior & quantification of significance
= Scalable identification of the critical execution path

> Call
© path
Low-level m @ _ 9
event trace s
Location

= Advantages
= Guaranteed to cover the entire event trace
= Quicker than manual/visual trace analysis
= Helps to identify hot-spots for in-depth manual analysis

9 JULICH
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TRACE GENERATION & ANALYSIS W/
SCALASCA

» Enable trace collection & analysis using “-t” option of “scalasca -analyze”

HBHBHBHHHHRHRARHHBH BB AR
## 1In the job script: ##
HBHBHBHHHHR ARG A BH BB AR

module load ENV Score-P Scalasca
export SCOREP_TOTAL_MEMORY=120MB # Consult score report
scalasca -analyze -f filter.txt -t \

runjob --ranks-per-node P --np n [...] --exe ./mypr?g7

e ATTENTION:
e Traces can quickly become extremely large!

e Remember to use proper filtering, selective instrumentation, and Score-P memory
specification

o Before flooding the file system, ask us for assistance!

IJ JULICH
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SCALASCA TRACE ANALYSIS EXAMPLE

[ N} cube-4.3.0: scorep_bt-mz_C_64x32_trace/trace.cubex [ORCINE]
File Display Plugins Help
| Absolute v A

| Metric tree ‘

-3 0.00 Time (sec)
~E37083.58 Execution
%— 103.81 MPI
~-10.00 OMP
00.00 Flush
i 908.46 Management
¥ 3 0.00 Synchronization,
+00.00 Barrier
»-00.00 Explie?
v~ 125.33 Implicit
:
30.00 Task Wait
>-m 0.69 Critical
>-00.00 Lock API
LI:l 0.00 Ordered
~d0.00 Overhead
-3 3594.87 Idle threads
—m 8.77e7 Visits (occ)
-H 128.00 Synchronizations (occ)
-0 0.00 Pair-wise synchronizations for R...
-® 3.67e5 Communications (occ)
~® 9.57e9 Bytes transferred (bytes)
~00.00 MPI file operations (occ) 00.00 timer_start
~H6582.92 Delay costs (sec) 00.00 timer_stop
-® 77.42 Wait states (propaz g vs. ter... 00.00 timer_read
-® 77.39 Wait states (giFgct vs. indirect) (... —= L iavif,
-® 7.40 Critical path (sec)
-H 1.52e4 Performance impact (sec)
~® 2737.14 Computational imbalan

 — e | |\ eo—
0.00 3343.76 (22.06%) 1.52e4|[0.00 1795.73 (53.70%) 3343.76 8'88 10000

4459
1.04 (0.06%) 1795.73
\ - I

percent V]

H | BoxPlot |

3 0.00 zone_starts
0 0.00 set_constants
~® 10.34 initialize

> ®13.78 exact_rhs
00.00 timer_clear
83.71 exch_gbc

P

c70.00 MP|_Barrier

&

& ) JULICH
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VAMPIR EVENT TRACE VISUALIZER

-----

 Offline trace visualization for Score-P’s i,
OTF2 trace files

e Visualization of MPI, OpenMP
and application events:

o All diagrams highly customizable (through context menus)
e Large variety of displays for ANY part of the trace

e http://www.vampir.eu

e Advantage:

e Detailed view of dynamic application behavior
e Disadvantage:

e Requires event traces (huge amount of data)

e Completely manual analysis

9 JULICH
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VAMPIR DISPLAYS

Trace View - /home/dolescha/tracefiles/feature-traces/wr

W File View Help
Wiew Chart Filter

Timeline
O_S 5_5 lq s 15 s 20_ s 25 s 3q s 35? s
Process 8 ] : - . -
Process 25
Process 42
Process 589
Process 0

SNLOTIERS GG v /|| I—— TN

-pb6d-io-mem-rusage/wrf. Lh.ot

Function Summary
All Processes, Accumulated Exclusive Time p...

40 s

242{95072 5
112.424503 s
’ 3.467969 s
2.165661 s

Communication Matrix View

Number of Messages

50M

om

=

Function Legend
M Epplication
B o
B o
Mo
B mEm
™ P
[ pHvs
B vT_ARl
M wrF

Process Ssummary

20 s

Lo

Context View
& Function Summary £ ]

Property |Ua|ue |

Display Function Surmmary
Function Group MPI (5)
Accumulated Exclusive Time 748.945947 s (29.198329%)

Mitglied der Helmholtz-Gemeinschaft

JULICH

Forschungszentrum

/.



VAMPIR: TIMELINE DIAGRAM

e Functions
organized
Into groups

e Coloring
by group

e Message
lines can be
colored by tag or
size

e Information about
states, messages,
collective and I/O

L Bl
W File ‘iew Help
\fiew Chart Filter

Os
Process 1
Process 4
Process 7
Process 10
Process 13
Process 16
Process 19
Process 22
Process 25
Process 28
Process 31
Process 34
Process 37
Process 40
Process 43
Process 46
Process 49
Process 52
Process 55
Process 58

Process 61

K

Vampir - [Trace View - fhome/dolescha/tracefiles/feature-traces/wri-p69-io-mem-rusage/wrt. 1'h. ot

5s

10s

15 s

Timeline

20s

25s

30s

35s

40 s

EXLOTIERS GG o 4 | I NN VD IO NI i

Function Legend

P Application

B o

Mo

Mo

B vEM

PHYS
B vT AP
B wrr
Context View

5= Master Timeline [ l -
Property |\.-’a|ue
Display Master Timeline

Type Function
Function Name open
Function Group /O
Interval Begin  0.222 5

Interval End 1.365 s
Duration 1.143 s
Source File
Source Line

operations available through clicking on the representation

Mitglied der Helmholtz-Gemeinschaft
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VAMPIR: PROCESS AND COUNTER

TIMELINES

e Process
timeline show
call stack
nesting

e Counter
timelines for
hardware and
software
counters

Mitglied der Helmholtz-Gemeinschaft

W File ‘iew Help
\fiew Chart Filter

Timeline

1795 18.0s 18.1s 1825 1835 1845

Process 0 : :
A 1 (1T (T T TN
s W1 WY WU HI !wl“x,
4]

Process 63 :
2 | |
3 | |
a LANLII W ||| |||||||||I||l I LT I At T (I
5 ! 'qu “}ﬂM !Fﬁ
6
7 g |

Process 0, Values of Counter "MEM_APP_ALLOC" over Time

ExLoTERS o v~ I TR NN SN0 TRIN RIS

=

[ L

S50 M
oM - - - -
Process 63, Values of Counter "ru_| ut|me overTlme 5
~ “‘,/_\I“ﬁ\/ \]_J = \] My " — \J“
750 k Ur
0k
Kl [l 2

Function Legend

. Application
D\"N
| e
Mo
B mEM
PHYS
B T AP
B wrr
Context View
7% Process Timeline [ l +
Property |Va|ue
Display Process Timeline

Type Function
Function Name MPI_Wait
Function Group MPI

Interval Begin  18.121 s

Interval End 18.121s
Duration Os
Source File

Source Line

/.

JULICH
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VAMPIR: EXECUTION STATISTICS

e Aggregated e View el

MEIES
View Chart Filter

s il i ) &
pr ofilin g ExLeoT9ERS o v 7 I WG NN NN 15000 NI W (i

Function Summary Function Summary
All Processes, Accumulated Exclusive Time per Function Group All Processes, Accumulated Exclusive Time per Function

information: e T—
execution time, g
number of calls, o
Inclusive/exclusive

w
(=]
=
B
m
Ei

|»

mcduleiemim...jtepiprepi ]
module_em_mp_rk_tendency_
module_small...p_advance_w_
' module_pbl_dr...p_pbl_driver_

MPI [39.185731 s] module_advect..dvect_scalar_

8571178

8.207032 module_small..._advance_uv_
7.81899s module_small...dvance_mu_t_
3.885892 s module_small_...p_calc_p_rho_
3.882541 s module_small_...II_step_prep_
DVN [135.259444 5] 3.663714 s module_small..._mp_sumflux_
3.591342 s MPI_Isend
PHYS [73 474568 5] 234529 s | imodule_curnul. ulus_driver_
2.965933 s module_em_mp...date_scalar_
- 2.614259 s module_em_m...ddtend_dry_
L] AVaI Iab | e fo r al | / any 2.448983 s module_advec...mp_advect_u_

group (activity) or s+ Mo e st

2.295455 5

module_advec...mp_advect_v_
MPI_Irecv
2.147392 s | imodule_surfac...rface_driver_
. 1.739366 s @ module_small_..._step_finish_
al I ro utl n eS (Sym bo | S) 1.265127 s @ module_em_m...o_tendency_
1.141828 s @module_small_..._calc_coef w_

774i4239 ms |{module_physi..._mp_add_aZa_
700.34165 ms module_em_m...e_phy_tend_ |

e Avalilable for any part of the trace
= selectable through time line diagram

@) JULICH
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VAMPIR: PROCESS SUMMARY

e Execution statistics
over all processes
for comparison

e Clustering mode
available for large
process counts

{
' File Wiew Help
View Chart Filter

ErkheIERSBOVAS

[ | Trace View - fhome/doleschajtracefiles/feature-traces/wr
W File View Help
View Chart Filter

Process Summary
0s
0s

e[l 1M
(1

]

=t

a1 1
7[III_] [PremeEEsr—
[ [ (eSSt —

It

H]

ENLOTERS &G v | NN

[ EN odule_ rver [FPIWSEi o [N T
4[|:|:|] T ECRe T T R e o dUle. friver  [UBTWEET T inod...er_[al

open

cpen

_ open
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VAMPIR: COMMUNICATION STATISTICS

' File Wiew Help -]

 Byte and message count,
min/max/avg message length  |=xicegEnsse . < ——1 3"

and min/max/avg bandwidth B S I 1 Y I I Y VY SRSy Y PPy Y
for each process pair

Process 3
Process &
[ ] Message Iength Process 8@ 225¢1
Process 12
. . Process 15 2001
StatIStICS Process 18
Process 21 1750
Trace View - /home/doleschaftracetiles/feature-traces/wr | Process 24
' File View Help Process 27 .
View Chart Filter Process 30
ExLOTEERS GG ¢ I
Message Summary Process 38
7500 6000 4500 2000 1500 4 Messag| Process 39
15.039062 KB 2] o oot | pracess a2 100t
iggg:gf‘:‘g Display | Process 45
23.203125 KiB mz::::: -?; Process 48 75 M
16.875 KiB Process 51
16.453125 KiB Process 54
48.398438 KiB Process 57
145.1..2 KB Process 60

75.839844 KiB
50.800781 KiB
218.4..5KB
36.09375 KiB
35.273438 KiB

Praress AR

Message Summary

1600 MiBfs 1280 MiBfs 960 MiB/s 640 MiBfs 320 MiBfs 0 MiB/s . A -

s 0w = vailable for any part
217.59375 KiB
105.8..2 KB
of the trace
§3.213465 MiBJs 296.71875 KB
77.257369 159.2...5 KiB
59.472582 MiB/fs
67.421276

162.9375 KiB
35.273438KiB

A61.590886:MiB/s 36.09375 KiB e
————— |

A57.004166; 325.875 KiB

#51.100737: MiB/s 318.46875 KiB

432.708147 MiB/s

. . 147.65625 KiB
Mitglied d¢ 204554303 vijs I 43398438 kB Forschungszentrum




VTUNE AMPLIFIER XE

e Feature-rich profiler for Intel platforms
e Supports Python, C/C++ and Fortran
e MPI support continuously improving

e Lock and Wait analysis for OpenMP and TBB

{ HPC Performance Characterization HPC Performance Characterization viewpoint

° H P C an aIySIS for q u I Ck Ove rVI eW 9 [ Collection Log ) Analysis Target  #% Analysis Type  # Summary (3 Bottom-up

Elapsed Time *: 3.859s
GFLOPS “: 4.743

CPU Utilization *: 67.8% &
. . Average CPU Usage : 16,278 Out of 24 logical CPUs
MPI Imbalance 3.227s (28.5%) &
e Bandwidth and memory analysis T
usy Wait s ) MPIImb, & signif

Serial Time 0.081s (0.7%) °
OpenMP Potential Gain : 0.705s (6.2%)  n
t

e |/O analysis

Memory Bound ~: 50.3% [x

Cache Bound : 0.092
DRAM Bound " : 0.194 R

NUMA: % of Remote Accesses : 0.0%

e OpenCL and GPU profiling e o

FPU Utilization *: 0.3% &

(no CUDA, Intel iGPU only) gyooe O

Packed GFLOPS : 0.008
Mitglied der Helmholtz-Gemeinschaft Top 5 hotspot loops (functions) by FPU usage



INTEL VTUNE AMPLIFIER GUI

M Advanced Hotspots Hotspots viewpoint (change) ©

- o
B8 Collection Log| | @ Analysis Target

Intel VTune Amplifier XE 2015

Analysis Type| | B Summary | [ Y:lReuRs % Caller/Callee | % Top-down Tree| | BB Tasks and Frames

Grouping: | OpenMP Region / Thread / Function / Call Stack

v 'Lu Q x
Potential Num. CPU Time ®
= X Potential Gain (% of Elapsed of Insta... s %
OpenMP Region / Thread / Function / Call Stacka Gain Collectoion Ti‘:'ne Ope.. Count Effective Spin Time Overhead Time
Time) thre... Time Imbalan... Lock Conte.. Other Creatio.. Schedulin... Reduct... Other
[#[Serial - outside any region] Os 0.0% 1.940s 2.747s 3.6%4s 0.001s  0.328s Os 0.271s 0s 0.011s
# mainSompSparallel:3@C:\test\omptest.cpp:37:40 0.008s 0.1% 0.661s 8 1 5229s ___0Os 0Os 0Os Os Os 0s 0.015s
& mainSompS$parallel:8@C:\test\omptest.cpp:56:59 0.574s 46%|  2.738¢|8 1 17.314 2.145s 0s| 0.123s 0s 0s 0s| 0.023s
# mainSompSparalle:3@C:\test\omptest.cpp:76:79 18025 = 195458 100.000 12165 0.8665 y0ss  0031s  0017s 13139 0s 0.097s
Selected 1 row(s): Os 0.0% 2.738s 1 17.314s 2.145s 0s 0.123s 0Os 0Os 0s 0.023s
< > < >
o QEQ-Qe 15005 2 | S S e Se 5500 Ruler Area
OMP Master Thread £0 = 7= Region Instance
OMP Worker Thread #6 Red color: threads ¥ Thread [v]
# Rl
OMP Worker Thread #7 spinning @ Running
2 |OMP Worker Thread #4 — ik CPUTi
E OMP Worker Thread #3 y e
OMP Worker Thread #5 _ duk Spin and Overhe...
OMP Worker Thread £2 Brown color: threads calculating [J ¥ Hardware Event Sa...
OMP Worker Thread #1 CPU Time
3 e v CPUTI
Green color: threads waiting - “dk CPUTime
corm AN ey | O
< »
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INTEL VTUNE — GPU ANALYSIS

™

Advanced Hotspots

- : ?forGPU
e - L computnotasks

Gopry  Conpunrg Task Pupose [ Computng Tash (GV) [ Sstance v % Q XK1Y
Compitng | Wom a0 CIRGI 1ok Osta Tranafer (U Arrey GPUMemor..  Semplr  GoyL) Comput 6P Time by 69U Engne ~ | =
Tk Purpose /. | Global leesl TeadTeme W AuenageTome Init SMOD . Soe Band. Actwe alled H&. Reod Wr2e Busy Bom. Maser, . Theeads 0 Render and GPGPU [ Vides Cox E
D0 INTe00] T TN ow 235%] Q2280 Q00N 17422266 LS 020« I i
* Msuie 1 ) TAL-00% 200006  4TH n 0000 G017 OIS4 ORM 180 4285 016 000 N 0 0.00%]
% ProcessiV HO«4. Bx0 2495001 460008 4N % 0000 AP 010 G0 160 130 AN SO0 e eses ona(D)
#Trandter 178500060 44630007 4 MM 6538 0000 G000 000 SO0 QX0 000 GO0 2005
Teo ? L}/
OpenCL kemels 107008 96 0000 Q7 QI 066 3576 2351 Q@ Q004 17, openc'_ kemel : v
and data transfers T invocations
‘‘‘‘‘ - s L - bl St Al ’l'-‘ A e ¥ 97.:'. ‘G' ’
—— ) im Ty Ry E T 1y - (2] GPU Execution Units
- - v - . o ¥
2 N | . | = () ke Cove Fraquarcy
EM“ 002540 (T: 6076 : . , ; [ . - e , (7] ik EU Acruy Mite
unc GOA0NICSA0 (TO: 6351 l[ l ll lfﬂ[ | lll l ] r”l ' e (2] s BU Aoy Actn
Compating Tatk (GPY ‘ 7] il £U Avray Raled
12003 /I -‘-\1.1:{: 7 ] p
GPU bracumscn Units AR ALY, uu-;_“ wi llf y}JLT L\| Ia e Lg(vbé | (7] GPU Compurting Theeeds D
. Pomose: b Computing Theeads...
GPYC Theeads Dxspanch Ny et
smputng Thevsts 0 ‘GPU HW metrics |A_L_LL ol BV et Sl
——— — 1./ ' [~] dhs Samples Bury
< ) J 11
GOV Todure Sampier ‘J’ 4 \‘L | ' / . . . ‘ (<] dhah Sampler 1t Bostlerech
- (7] GPU LI Cache Minses snd
["“’”" e e s if wdrvid [ ik GPU Memory R
GU L) Cache Mitses and Mem. ol .{"} A ;L\ Video Cox v mony Pesd .
Mwu’w&[‘w S ‘,\Mk\; Sl A Y .«’1 ; () theh GPU Memony White -
! -7 . () b GOU L3 Misses, Mias ..
gmmwawim : [ GPU Texture Memory Acc...
.':'.:_ § ?:(MM
. e & pl' - E I mandecnioa. @-(Wtiﬂ\'ﬁ-
g‘ A 7:‘-,|.-\':"- Vo tvg’-:'!'."..' .\_-:.~n~ < --'. omhe || REEn A 4 VRS T VTN N A el ) @B Comgeting Qurue
| [V GPU Software Queve
GPU U .
o heah e hrms by sl hhahainasahagd [Zoue
P ke Render and GPGPU
fame
=4 #W_"go"& | I |
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INTEL ADVISOR

e Vectorization Advisor
* Loops-based analysis to identify vectorization candidates
e Finds save spots to enforce compiler vectorization

* Roofline analysis to explore performance headroom and co-optimize memory and
computation

e Threading Advisor
» |dentify issues before parallelization
e Prototype performance impact of different threading designs

e Find and eliminate data-sharing issues

e Flow-Graph Analysis
e Speed up algorithm design and express parallelism efficiently

* Plan, validate, and model application design

e C/C++ and Fortran with OpenMP and Intel TBB

9 JULICH
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INTEL ADVISOR GUI

» A Where should | add vectorization and/or threading parallelism? O

Intel Advisor XE 2016

Summary x NICCW L » Refinement Reports £ Annotation Report { Suitability Report
Program time: 26.54s| | Vectorized Not Vectorized | FILTER: | All Modules v | | All Sources v ‘I Filters Q
3 - Self : T Vector... Instruction ]
?
Function Call Sites and Loops Tarie Total Time | & @ |Loop Type Why No Vectorization? Loops Set Analysis Optimizatio
1E I lloop at loopstl.cop:3962ins... | 0,125s . 0.125s| | ' ‘Exoand Expand lnserts Maske... Unrolled
v 0.125s| _m
i>[loop at loopstl.cpp:6186ins.. 0.062s 0.062s1 [] Remainder
i m [IOOP at |OOpSﬂ Cpp\ Loop may have Several Vectorized (Body) AVX Unrolled
i, [loop at loopstl.cpp:5625 in parts or versions Scalar loop with garly exits cannot be ... i
{Qcalar Loop. Not Vi - cannot be vectorized unless it meets search loop idi
No loo

0 loop transformations were applied

< ~ | Loop summary

Recommendations

iteria |

Vectorization and compiler
optimization details

~
& 1 | Issue: Ineffective peeled/remainder loop(s) present
All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations
Q 1 I from peeled/remainder loops to the loop body. -
. Recommendations
':‘dd data padding ] for optimization
otential performance gain: Information not av
Confidence this recommendation applies to your code: Informatlon not available until Beta Update release
The trip count is not a multiple of vector length. To fix: Do one of the following:
e Increase size of objects and add iterations so the trip count is a multiple of vector length.
e Increase the size of static and automatic objects, and use a compiler option to add data padding. v

Mitglied der Helmholtz-Gemeinschaft
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INTEL ADVISOR - ROO

A% Survey & Roofline

-

0.351s

Vectonzed (Body, Peeled. Remainder)  Total time

Code Analytics

AVX 0.351s
Inztruction Sef  Self ime

> Stalic instruction M Summa'}'s'

¥ Dynamic instruction Mix Summal]-?’

* Memory 7% (56531250, 0.64) @

* Compute 51% (433406250, 4.93) (N
Other  42% (358031250, 4.07)

) 1.23x

31% Vectonzation Eficiency Vectonzation Gain

0125
0053

0,069
0,464
0,350
0,055
0,056
0,125
0,048
0053
omo
0,107
0,462

0158
0,056
o027

0,083

BE Functicn Call Sites and Vectorized Loops | FLops
= Leops Vect.. | Efficiency | Gain... VL (... | 56 GFLOPS | 5ei A1
1 [loop in fPropagationSwap at |
0 [loop infCalcPatential ShanC _jav  [B%___ Jooix |4 0271
“I0 [laap in fsBGKShanChen at Ib... | 12421
40 [loop in fPropagationSwap at .|
45 flaop in #CollisionBGK at IbpS ... 1,5881
# [laop in fCollisionBGK at lbps .. jave  [TBPRIIN | 358x 4 91451
" Joop in fCollisionBGK at bp... AVX  [31% ] 123x 4 47551
410 [loop in fCollisionBGK at bpd...| 08541
410 [loep in fsBGKShanChen at lb.. | 13131
w5 flaop in fCalcPatential_ShanC . 0,2501
51 [laop in fsBGKShanChen st lb ... | 1,5551
510 [loop in fsBGKShanChen at Ib... | 06241
410 [loop in fCollisionBGK at Ibpd...| 01251
#7 [loep in fCaleinteraction_Sha... |avx  [DEDRINN |3.20x 4 37561
=10 [laep in {CallisienBEK ot IbpG . 1,8871
w5 [laop in NO_OUTPUT at x10f0.—
ul f _libm_exp 19 3,0051
(41D [loop in FCalcinteraction_Sha ... | 09751
40 lloop in fCalcinteraction_Sha.. | 0.9431
45 floop in fBGEShanChen at b ...
# [laop in fCollisionBGK at Ibpg... ave  [TEERINN |16 2 10701
4 [loop in fsBGKShanChen at Ib... |
< > <

Performance (GFLOPS)

16288

0055

FLINE

k(@ «

® B = | [ Use Single-Thrended Roaks ® | [] Show Hisranchical Data

?
oP .Egd__-,. FMA Peake 64 1 GFLOPS

CollizionBGK IbpGET cpp:212

| Perfarmance: 4 75 GFLOPS b
Arthenatic Intenaity. 0.35 FLOP/Bye

Self Elapsed Time: 0.351

Total Time: 0.351 3

2 4 % |
keecep sl bmpraeted e | proermem vonal slapsed ome * 100

N E 00m
2 Sall Elapsad Time: 0,351 Total Time: 0,351 s

Traits

Type Comersions

GFLOPS

Al

GFLOP

FLOP Per
Ireration

4.75488

0,350
1,671
19

1.06
Anthmatic Inbansity (FLOPByta)

-~

Giga Floating-point Oparations Per Second
Per-loop GFLOPS = Total GFLOF | Elapsed
Tirne. Elapsed time is the exclusive (sell-
time-based) wall ime from the beginning to the
end of loopfunction execution, For single-
threaded applications Elapsed Sme is equal fo
Sel-Time,

Al - Arfhmglic InbeSity - Ratio of Floaing-point
Operations to L1 Transferred Byles

Giga Floating-point Operations

Floating-paoint Operations Per Loop leration

Dala transfers between CPU and memavy sub-system (lolal fraffic, including L1,
L2, LLC and DRAM traffic)
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allinea
ALLINEA PERFORMANCE REPORTSﬂ*f“*f*:“

e Single page report provides quick overview of performance issues
e \Works on unmodified, optimized executables
e Shows CPU, memory, network and I/O utilization

e Supports MPI, multi-threading and accelerators
e Saves data in HTML, CVS or text form

e http://www.allinea.com/products/allinea-performance-reports

e Note: License limited to 512 processes (with unlimited number of
threads)

9 JULICH
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EXAMPLE PERFORMANCE REPORTS

Summary: cp2k.popt is CPU-bound in this configuration

The total wallclock time was spent as follows:

CPU 56.5% _
MP|  435% -

/O oo% |

Time spent running application code. High values are usually good.
This is average; check the CPU performance section for optimization advice.

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

Time spent in filesystem I/O. High values are usually bad.
This is negligible; there's no need to investigate 1/0 performance.

This application run was CFPU-bound. A breakdown of this time and advice for investigating further is in the CFPU section below.

CPU

A breakdown of how the 56.5% total CPU time was spent:
Scalar numeric ops  27.7% [l

Vector numericops  11.3% 1

Memory accesses  60.9% [l

Other 0.0 |

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

Little time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.

110

A breakdown of how the 0.0% total I/O time was spent:
Time in reads 0.0% |

Time in writes 0.0%

|
Estimated read rate 0 bytes/s |
Estimated write rate 0 bytes/s |

No time is spent in I/O operations. There's nothing to optimize here!

Mitglied der Helmholtz-Gemeinschaft

MPI

Of the 43.5% total time spent in MPI calls:
Time in collective calls 8.2% 1

Time in point-to-point calls 91.8% ||
Estimated collective rate 169 Mb/s |

Estimated point-to-point rate  50.6 Mb/s [l

The point-to-point transfer rate is low. This can be caused by
inefficient message sizes, such as many small messages, or by
imbalanced workloads causing processes to wait. Use an MPI|
profiler to identify the problematic calls and ranks.

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 82.5Mb [
89.3Mb [N

Peak node memory usage 7.4% |

Peak process memory usage

The peak node memory usage is low. You may be able to reduce
the total number of CPU hours used by running with fewer MPI
processes and more data on each process.

JULICH
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DARSHAN

I/O characterization tool logging parallel application file access

Summary report provides quick overview of performance issues

Works on unmodified, optimized executables

Shows counts of file access operations, times for key operations,
histograms of accesses, etc.

Supports POSIX, MPI-IO, HDF5, PnetCDF, ...
Binary log file written at exit post-processed into PDF report

http://www.mcs.anl.gov/research/projects/darshan/

Open Source: installed on many HPC systems

9 JULICH
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EXAMPLE DARSHAN REPORT EXTRACT

jobid: | uid: | nprocs: 4096 | runtime: 175 seconds

Average I/O cost per process

Percentage of run time

20

Metadata s
Other (including application compute) s

/0O Sizes
2500

2000 [

1500

1000 |

Count (Total, All Procs)

500 I
0 L 1 P
%

Read s \Write sossamm

Mitglied der Helmholtz-Gemeinschaft

3000

2500

2000

1500

1000

Ops (Total, All Processes)

500

3000

2500

2000

All Procs)

- 1500

1000

Ops (Total

500

1/O Operation Counts

Read Write Open Stat Seek Mmap Fsync

POSIX MPI-IO Coll. s
MPI-IO Indep. s

1/0 Pattern

Read Write

Total| mmssm  Consecutive
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NVIDIA VISUAL PROFILER

Part of the CUDA Toolkit

Supports all CUDA enabled GPUs

Supports CUDA and OpenACC on Windows, OS X and Linux

Unified CPU and GPU Timeline
CUDA API trace
e Memory transfers, kernel launches, and other API functions

Automated performance analysis
e |dentify performance bottlenecks and get optimization suggestions

Guided Application Analysis

Power, thermal, and clock profiling

9 JULICH
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re]

)| A

AN\VIIE

A

| mEE Bmao @@ a8
§ *dct8x8.vp 2@‘ = O | W Properties 2 oS
| 161.7 ms 161.8 ms 161.9 ms 162 ms = ernel 1DCT(float*, int, int, int)
[=l Process: 11119 Name iil”i
[=] Thread: -1494415584
Runtime API HEIN cudaMemcpy2D stare - 161,329 ms
Driver API Duration 106.132 ps
=l [0] GeForce GTX 480 Grid Size [64,64,1]
[=l Context 1 (CUDA) Block Size [881]
F MemCpy (HtoD) Registers/Thread 14
F MemCpy (DtoH) Shared Memory/Block 512 bytes
¥ MemCpy (DtoD) - - Memory
[=] Compute CUDAkemelQua... CUDAkemel1IDCT(float*, int... -
S 0.7% [101] CUD... Coov L D
57 0.3% [10] CUDAK... Global Store Efficiency
T 0.0% [2] cuDAke...  [EVTEECNC DRAM Utilization
F 0.0% [1] CUDAke... CUDAkemel1IDCT(float*, int... — Instruction
F 0.0% [1] CUDAKe... Branch Divergence Overhe!
SF 0.0% [1] CUDAke... Total Replay Overhead
SF 0.0% [1] CUDAke... Shared Memory Replay Ov
¥ 0.0% [1] CUDAke...
Bl streams Global Memory Replay Ove
Stream 1 melQua... Akemnel LIDCT(float*, int... Global Cache Replay Overf
Local Cache Replay Overhe
< —— _ || = Occupancy

& Analysis 22 ‘ﬂ Details

B Console

W Settings

Timeline

Multiprocessor
Kernel Memory

& 0o 0|0

Analysis Results

High Branch Divergence Overhead [ 35.1% avg, for kernels accounting for 1.9% of compute ]
Divergent branches are causing significant instruction issue overhead. More...

High Instruction Replay Overhead [ 46.6% avg, for kernels accounting for 39.1% of compute ]
A combination of global, shared, and local memory replays are causing significant instruction issue overhead. More...

High Global Memory Instruction Replay Overhead [ 45.9% avg, for kernels accounting for 39.1% of compute ]
Non-coalesced global memory accesses are causing significant instruction issue overhead. More...
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Performance Optimisation
and Productivity

POP SERVICES
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EU HPCEcosystem [000)

POP COE o

e A Center of Excellence

e On Performance Optimization and Productivity

e Promoting best practices in parallel
programming

e Providing Services
e Precise understanding of application and system behaviour

e Suggestions/support on how to refactor code in the most productive
way

e Horizontal
e Transversal across application areas, platforms and scales
e For (your?) academic AND industrial codes and users

The best: Currently free of charge
@) JULICH
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MOTIVATION

e Why?
e Complexity of machines and codes
- Frequent lack of quantified understanding of actual behaviour
—> Not clear most productive direction of code refactoring

e Important to maximize efficiency (performance, power) of compute
Intensive applications and productivity of the development efforts

e What?
e Parallel programs, mainly MP1/OpenMP
e Also CUDA, OpenCL, OpenACC, Python, ...

9 JULICH
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THE PROCESS ...

@ 0 [} Performance Optimisation and Productivity
’) A Centre of Excellence in Computing Applications
When”

News Request Service Form

e POP I|: October 2015 — March 2018
e POP II: December 2018 — November 2021

Contact Details

nnnnnn

ist
H ow P S Code
- Name of the code

uuuuuuuuuuuu
Scientific/technical area and class o problems it salves *
Subscribe to our Selet v
e Appy
Contribution * B B
() (] ()
N Coredevloper ./ Module developer S User
F . | I . I | t- . r Actessto sources

describing application and needs T 0. O 0w O
https://pop-coe.eu/request-service-form

 Questions? Ask pop@bsc.es

e Selection/assignment process
e |nstall tools @ your production machine (local, PRACE, ...)
e Interactively: Gather data - Analysis - Report

) 9 JULICH
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https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
https://pop-coe.eu/request-service-form
mailto:pop@bsc.es

SERVICES PROVIDED BY THE COE

? Parallel Application Performance Audit = Report
e Primary service
 |dentify performance issues of customer code (at customer site)
o Small effort (< 1 month)
I Parallel Application Performance Plan = Report
e Follow-up on the audit service

 |dentifies the root causes of the issues found and
gualifies and quantifies approaches to address them

e Longer effort (1-3 months)
v" Proof-of-Concept = Software Demonstrator
e Experiments and mock-up tests for customer codes

e Kernel extraction, parallelisation, mini-apps experiments to show
effect of proposed optimisations

« 6 months effort ‘J JULlCH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



