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The Module Setup A jOLICH

FORSCHUNGSZENTRUM

= Tools are available through “modules”
= Allows to easily manage different versions of programs
= Works by dynamic modification of a user's environment

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

= Automatically manages dependencies via toolchains

= Consistent setup on JURECA (cluster & booster) and JEWELS
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Most Important Module Commands OJULICH

module

= spider

= spider product
= avail

FORSCHUNGSZENTRUM

# show all products
# show product details
# show all available products

= ]ist # list loaded products
= load product(s) # setup access to product
= unload product(s) # release access

= 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

M. Knobloch
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Compiler and MPI libraries

= Compiler

= Intel C/C++ and Fortran compiler
GNU C/C++ and Fortran compiler
PGl C/C++ and Fortran compiler
Clang C/C++ compiler
NVIDIA CUDA compiler

= MPI libraries
= [ntel MPI
= Parastation MPI
= MVAPICH MPI (CUDA aware)
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Debugging Tools (status: May 2018) A JOLICH
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= TotalView

= DDT

= MUST

= [ntel Inspector
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rrr TOTALVIEW Parallel Debugger #) JOLICH

TECHNOLOGIES FORSCHUNGSZENTRUM

UNIX Symbolic Debugger

for C, C++, F77, F90, PGI HPF, assembler programs

“Standard” debugger
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 gqueues, OpenMP, pthreads)

Scripting and batch debugging
Memory Debugging
CUDA and OpenACC support

= http://www.roguewave.com
= NOTE: License limited to 2048 processes (shared between all users)
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TotalView: Main Window #)0LICH
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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 (46597343473520): 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;

1err
ierr
ierr

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

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

ierr = MPI_Finalize();
return 0;

=]

-

I~
Action Paoints F'rgc:esses] Th[eads] il F'+| T- T+|

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

~ LI
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TotalView: Tools Menu

= Call Graph

w All - Contral Group |6 Erocessl Updata I Close | Help I

fork_wrapper

[start | [_SGIFT_pi_stan |

¥ (i ¥ (24

@E shore_or_leave

Y (@

A

lueue Display Options

- Pending Sends
I Pending Recvs

7 Unexpected Messages

= Message
gqueue
graph
M. Knobloch
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= Data visualization

File  View _li
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alln€a ppT Parallel Debugger #) J0LICH
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UNIX Graphical Debugger for C, C++, F77, F90 programs
Modern, easy-to-use debugger

Special, non-traditional features

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

http://www.allinea.com
NOTE: License limited to 64 processes (shared between all users)
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DDT: Main Window #) JOLICH
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% 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

E=lProject Files

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

‘Vanable Name |Va|ue |
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

W'
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DDT: Non-standard Features #) )0LICH
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v =B%

Select mossages 1o show

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

- Select communicator

MPI_COMM_SELF

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

F F
rom =] rom =] Evaluate
To 11 H | Te 11 ]

Clear
Expression "tables[i][j]" evaluated for process 0 Export data... @ Current Memory Usage @O
on Mon Apr 11 14:16:10 2005 = Graphical View [Table View | §
V_i5 ualize data Ol Lnmsed mery ess roceses n Eie) Unfreed Memory Across Processes (in Bytes)

0|12 (3 (45678 [o [10 11 | = E
|
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
350,000
2 3 6 9 12 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
CPtr: 0xb7248000, size: 2816 a0 S st
. -Ptr: 0xb7244000, size: 14016 B 2t scaton st (715)
- LPtr: 0xb6d35000, size: 16016 0000 B o e
= -Ptr: Oxb6d34100, size: 136 st slomtens e
I-Ptr: Oxb6d32180, size: 96

- - -Ptr: 0xb6d30e00, size: 496
D I I I le n S I O n a LPtr: Oxb6d34e00, size: 128 000
L Ptr: 0xb6d2c000, size: 10416
o]

Array Viewer

Close

= Memory Usage
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Intel Inspector

A jOLICH
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Detects memory and threading errors

= Memory leaks, corruption and illegal accesses

= Data races and deadlocks

= Dynamic instrumentation requiring no recompilation

= Supports C/C++ and Fortran as well as third party libraries

= Multi-level analysis to adjust overhead and analysis capabilities

= API to limit analysis range to
eliminate false positives and
speed-up analysis

M. Knobloch

2x-20x Detect Leaks
Yo
—]| [10-404 Detect Memory Problems|
? il
200-B0 Locate Memery Problems il

Analysis Time Cverhead Mermory Overhead
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Intel Inspector: GUI #) 0LICH

Detect Deadlocks and Data Races INTEL INSPECTOR

e ey e e = e e e

Type Sources Modules State Seventy

)
w9 Data race find_and_fux_theeading_errors.cpp; task_scheduler_inith find_and fix_threading errors.exe R New Eror 3 itemn(s)
up2 Q Datarace blocked range.h; paraliel_forl partitiomer )ty tasih find_and _fie_threading_errors.exe R New Type
WP3 Q Data race wirnvideo h find_and_fix_thresding_ermors.exe R New Data race Titem(s)
Source
S blocked_range.h 1 item(s)
* find_snd_fo_theeading_errorn.c.. 1 iemis)
parallef forh 1 item(s)
partiticnech 1 tern(s)
taskh 1 itern(s)
task_scheduler_inth 1 item(s)
1 itemn(s)
|
1 120 MG , A -
Descnpton Source Functien Module Varuble

Wrate find_and fix threading_errors.cppc105 remder_coe, find_and_fux_threading ertorsexe cobr

fix :‘::'.1::_:‘

Yy«8Ceae & gscene; (!:::_s:

Detect Memory Problems Intel Inspector XE 2015

@ Target Analysis Type || & Collection Log

Problems

Type Sources State

Mismatched allocation/deallocation
Invalid memory access find_and_fix_memory_errors. ...
Memory growth [Unknown]; find_and_fix_me...
Memory growth [Unknewn]; find_and_fix_me...

a1 10f2 D (Al alid mer j :
Description  Source Function Module Object Size  Offset

find_and_fix_memory_errors

P Not fixed
P Confirmed

Write find_and_fix_memory_error... operator() find_and_fix_memory_error...
164 find and fix memory errors.exe
165 for (unsigned int i=0;i<=(mboxsgize||find and fix memory errors.exe
166 local_mbox({i]=0; //Memory Err||fi fix memory error
e  ||find and fix memory error
168 for (int y = r.begin():; y != r.end||tbb _debug.dll!local wait_for a
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MUST #) )0LICH
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= Next generation MPI correctness and portability checker

= http://doc.itc.rwth-aachen.de/display/CCP/Project+MUST

= MUST reports MUST
= 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, mustf9o, ...

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

= See MUST_Output.html report

M. Knobloch SC Introduction, May 2018 17



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

A jOLICH

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

FORSCHUNGSZENTRUM

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
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MUST Deadlock Detection #) JOLICH
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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).

MPI_Send@0
Active MPI Call
comm=A, tag=456
MPI_Send@1 Sub Operation
comm=A, tag=456 comm=A, tag=456
y
MPI_Send@2 A A waits for B and C' B
comm=A, tag=456
C
MPI_Send@3
[ @@ Camsak 00000 |
A waits for B or C
main@example.c:39 A [~ » B
Ranks: 0-3 Tl -
~Al
C
MPI_Send

M. Knobloch SC Introduction, May 2018 19



#) JOLICH

FORSCHUNGSZENTRUM

Performance Analysis Tools



Typical Performance Analysis Procedure !)JULICH
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= 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
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Remark: No Single Solution is Sufficient! !)JULICH
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< 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, ...
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Critical Issues #) JOLICH
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= Accuracy

= Intrusion overhead
= Measurement itself needs time and thus lowers performance

s Perturbation

= Measurement alters program behavior, e.g., memory access
pattern

= Might prevent compiler optimization, e.g. function inlining
= Accuracy of timers & counters
=« Granularity
= How many measurements?

= How much information / processing during each
measurement?

= Tradeoff: Accuracy vs. Expressiveness of data
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Performance Tools (status: May 2018) ) J0LICH
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= Score-P

= Scalasca 2

= Vampir[Server]

= HPCToolkit

= Allinea Performance Reports
= Darshan

= NVIDIA Visual Profiler
= TAU

= Intel VTune Amplifier XE
= |ntel Advisor

= mpiP*

= Extrae/Paraver*

= PAPI*
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Score-P #) )0LICH
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= Community instrumentation and measurement — core-P

infrastructure inrastruchare for parale codes
= Developed by a consortium of performance
tool groups
JULICH .EJEJ(I:\II-I%‘IR:E%GI'IE m “,' T m @T'@“S"ﬂfiﬁ”&ilﬁ???“' 0 UNIVERSITY OF OREGON

= Next generation measurement system of
= Scalasca 2.x
= Vampir
= TAU
= Periscope
= Common data formats improve tool interoperability
= http://www.score-p.org
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C C 1 A jOLICH
German Research School
for Simulation Sciences

= Collection of trace-based performance analysis tools
= Specifically designed for large-scale systems
= Unique features:

= Scalable, automated search for event patterns
representing inefficient behavior

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

= |ncludes convenience / post-processing commands
providing added value

= http://www.scalasca.org
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What is the Key Bottleneck? OJULICH
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= Generate flat MPI profile using Score-P/Scalasca
= Only requires re-linking
= Low runtime overhead

= Provides detailed information on MPI usage
= How much time is spent in which operation?
= How often is each operation called?
= How much data was transferred?

= Limitations:

= Computation on non-master threads and outside
of MPI_Init/MPI_Finalize scope ignored
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Flat MPI Profile: Recipe A jOLICH

FORSCHUNGSZENTRUM

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_<tit/e>”
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Flat MPI Profile: Example

A jOLICH
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% module load Toolchain Score-P Scalasca
% mpif90 -03 -c foo.f90
% mpif90 -03 -c bar.f90
% scorep --nocompiler \
mpif90 -03 -o myprog foo.o bar.o

HEABHUBHH R AR AR AR HHHHR AR AR
## 1In the job script: ##
HUABHHHH R AR AR AR R R AR AR AR

module load Toolchain Scalasca
scalasca -analyze \
srun --tasks-per-node P --ntasks n [...] --exe

HBHBHBHHH AR AR AR AR AR HRHRH1H
## After job finished: ##
HBHBHBHHH AR AR AR AR AR HRHRH 1 H

% scalasca -examine scorep_myprog_Ppnxt_sum

./myprog

4

M. Knobloch SC Introduction, May 2018
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Flat MPI Profile: Example (cont.) A JOLICH
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' IO cube-4.3.0: scorep_bt-mz_C_64_sum/summary.cubex [N CYNE ]

File Display Plugins Help

Absolute v| |Absolute v| | Peer percent v
[ Metric tree [ Call tree  ElFlat view Bl system tree || BoxPlot

-H 379.62 Time (sec) ~ | vm298.70 PARALLEL

—® 5.50e5 Visits (occ) —® 1.39 MPI_Init_thread

-0 0.00 Synchronizations (occ) —® 0.00 MPI_Comm_size

-0 0.00 Communications (occ) i —® 0.00 MPI_Comm_rank

- 9.57e9 Bytes transferred (bytes) ~®0.11 MPI_Comm_split

-0 0.00 MPI file operations (occ) —®0.43 MPI_Bcast

-0 0.00 Computational imbalance (sec) —®3.79 MPI_Isend e

—® 0.00 Minimum Inclusive Time (sec) —®3.32 MPI_Irecv L@ 78.82 MPI Rank 1

—@5.93 Maximum Inclusive Time (sec) —@70.58 MPI_Waitall =

—® 64.00 task_migration_loss —m 0.58 MPI_Barrier

—00.00 task_migration_win —® 0.72 MPI_Reduce

—® 0.00 MPI_Finalize

® 100.00 MP
v-0 - nodecard 13

e

O - hodecard 8
L®97.13 MPI Rank 19

~ (R
B o5 | <t ... All (64 elements) v|
0.00 379.62 (100.00%) 379.62|[0.00 70.58 (18.59%) 379.62|[0.00 0.0®(@000%) 100.00|
[ CSS—
)
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Where is the Key Bottleneck? #) 0LICH
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= Generate call-path profile using Score-P/Scalasca
= Requires re-compilation
= Runtime overhead depends on application characteristics

= Typically needs some care setting up a good measurement
configuration

= Filtering
= Selective instrumentation

= Option 1 (recommended):
Automatic compiler-based instrumentation

= QOption 2:
Manual instrumentation of interesting phases, routines, loops
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Call-path Profile: Recipe A jOLICH
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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>”

2. 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_<titl/e>”
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Call-path Profile: Example A) 0LICH
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% module Toad Toolchain Score-P Scalasca
% scorep mpif90 -03 -c foo.f90
% scorep mpif90 -03 -c bar.f90
% scorep \
mpif90 -03 -o myprog foo.o bar.o

HUABHHHH R AR AR AR R R AR AR AR
## 1In the job script: ##
HEABHHHH R AR AR AR AR AR AR AR

module load Toolchain Scalasca
scalasca -analyze \
srun --tasks-per-node P --ntasks n [...] --exe ./myprog

4
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Call-path Profile: Example (cont.)

A jOLICH
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% 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

= Estimates trace buffer requirements

= Allows to identify canditate functions for filtering
= Computational routines with high visit count

and low time-per-visit ratio
= Region/call-path classification
= MPI (pure MPI library functions)
= OMP (pure OpenMP functions/regions)
= USR (user-level source local computation
= COM (“combined” USR + OpeMP/MPI)
= ANY/ALL (aggregate of all region types)

M. Knobloch SC Introduction, May 2018
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Call-path Profile: Example (cont.) A JOLICH
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% 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 OMmMP
MPI 676,342 550,010 208.98 0.6 379.96 MPI
COM 371,930 735,040 34.61 0.1 47.09 CoM

/LSR 921,918,660 2,110,313,472 3290.11 9.0 1.56 matmul_sub )
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
[...]

4
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Call-path Profile: Filtering #) )0LICH
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= |n this example, the 6 most fequently called routines are
of type USR

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

= Avold measurements to reduce the overhead
<= List routines to be filtered in simple text file
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Filtering: Example A jOLICH
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% cat filter.txt
SCOREP_REGION_NAMES_BEGIN
EXCLUDE
binvcrhs
matmul_sub
matvec_sub
binvrhs
Thsinit
exact_solution
SCOREP_REGION_NAMES_END 7

= Score-P filtering files support
= Wildcards (shell globs)
= Blacklisting
= Whitelisting
= Filtering based on filenames
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Call-path Profile: Example (cont.) A JOLICH
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## To verify effect of filter:

% scalasca -examine -s -f filter.txt \
scorep_myprog_Ppnxt_sum

HUEHBHHBHBH R R BB SRR
## 1In the job script: ##
HEABHHHH R AR AR AR AR AR AR AR

module load UNITE scalasca
scalasca -analyze -f filter.txt \
runjob --ranks-per-node P --np n [...] --exe ./myprog

HBHBHBHHH AR AR AR AR AR HRHRH1H
## After job finished: ##
HBHBHBHHH AR AR AR AR AR AR R H

% scalasca -examine scorep_myprog_Ppnxt_sum [;;7
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Call-path Profile: Example (cont.) #) J0LICH
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' 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 [ 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
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Call-path Profile: Example (cont.)

A jOLICH

FORSCHUNGSZENTRUM
' IO cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex (NN
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
—® 64.00 task_migratio - 27.62 exact_rhs
-ag : : —® 0.09 timer_clear
-03814.83 _exch_qbc 1.3987 1
-m 26.98 adi 1130
-E1363.87 compute_rhs :
-E2401.11 x_solve
-E2717.25 y_solve
-®73.94 z_solve ]
v-®12.92 I$omp parallel @z_solve.... 0.93247 L 0.86
o4 $omp do
1787.77 '$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 0.9004000.56 100,00

[ C——
Selected "!$omp do @z_solve.prep.f:52" )
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Call-path Profile: Example (cont.) #) J0LICH

FORSCHUNGSZENTRUM

» IS cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex

(3
O
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 o
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 #) 0LICH

FORSCHUNGSZENTRUM

= Sampling support
= X86 only

= Measurement can be extensively configured via
environment variables

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

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

= Please ask us or see the user manual for details
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Measurement of CUDA events #) 0LICH

FORSCHUNGSZENTRUM

= Record CUDA events using the CUPTI interface

5 export SCOREP_ CUDA ENABLE=gpu,kernel, idle

= |mportant record types:
= runtime CUDA runtime API

= driver CUDA driver API

" gpu GPU activities

= kernel CUDA kernels

= |dle GPU compute idle time

= memcpy CUDA memory copy

= For all record types consult the Score-P user guide
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Why is the Bottleneck There? A) 0LICH

FORSCHUNGSZENTRUM

= This is highly application dependent!
= Might require additional measurements
= Hardware-counter analysis
= CPU utilization
= Cache behavior
= Selective instrumentation
= Manual/automatic event trace analysis
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HW Counter Measurements w/ Score-P !) JULICH

FORSCHUNGSZENTRUM

= Score-P supports both PAPI preset and native counters
= Available counters: papi_avail or papi_native_avail

% module load PAPI J

= Specify using “SCOREP_METRIC_PAPI” environment variable

HUHHHHHHH AR AR AR AR AR AR R
## 1In the job script: ##
HUHHHHHHHH B AR AR HBHBHRH R

module load UNITE scalasca

export SCOREP_METRIC_PAPI=“PAPI_FP_OPS,PAPI_TOT_CYC"
scalasca -analyze -f filter.txt \

runjob --ranks-per-node P --np n [...] --exe ./myprog

4
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Automatic Trace Analysis w/ Scalasca #) J0LICH

FORSCHUNGSZENTRUM

= |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
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Trace Generation & Analysis w/ Scalasca A JULICH

FORSCHUNGSZENTRUM

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

HUHHHHH AR AR AR AR AR HRHRH R U1
## 1In the job script: ##
HUHHHHH AR AR AR AR AR AR AR R U1

module load Toolchain Scalasca

export SCOREP_TOTAL_MEMORY=120MB # Consult score report
scalasca -analyze -f filter.txt -t \

srun --tasks-per-node P --ntasks n [...] --exe ./myprog

= ATTENTION:
= Traces can quickly become extremely large!

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

= Before flooding the file system, ask us for assistance!
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Scalasca Trace Analysis Example A JOLICH

FORSCHUNGSZENTRUM
'n IO cube-4.3.0: scorep_bt-mz_C_64x32_traceftrace.cubex o & &
File Display Plugins Help
Absolute v| | Absolute v || Peer percent v
& Metric tree | [ call tree ElFlat view | [ System tree [E| BoxPlot
| v-0 0.00 Time (sec) ISH | -~
v-07083.58 Execution 100 2.34
>-®103.81 MPI
v-00.00 OMP
@ 0.00 Flush
>-@ 908.46 Management
v~ 0.00 Synchronization 80 1
v-00.00 Barrier - —
-0 0.00 Explicit 10.34 initialize
v-m 125.33 Implicit >-m 13.78 exact_rhs
3343.76 Wait at Barrier 0 0.00 timer_clear
0 0.00 Task Wait >-m 83.71 exch_qgbc 60 1 +1.39
>-m 0.69 Critical v i
>-00.00 Lock API
0 0.00 Ordered
0 0.00 Overhead
>-@ 3594.87 Idle threads 40 1 L 0.90
8.77e7 Visits (occ) — " :
>-m 128.00 Synchronizations (occ) -00 !$omp do @z_solve.prep...
-0 0.00 Pair-wise synchronizations for R... @ 1795.73 !$omp implicit barrie...
>~ 3.67e5 Communications (occ) >-m 13.14 add
>-® 9.57e9 Bytes transferred (bytes) 0 0.00 MPI_Barrier 20
>-00.00 MPI file operations (occ J0.00 timer_start
>~ 6582.92 Delay costs (sec) L 0.27
>-m 77.42 Wait states (propagating vs. ter...
>-@ 77.39 Wait states (direct vs. indi :
>-® 7.40 Critical path (sec) T 0.00 MPI_Reduce : 0 1.13e-08
>-H 1.52e4 Performance impact (sec) L 0 0.00 print_results L
>-® 2737.14 Computational imbalance (sec) |- 0 0.00 MPI_Finalize . {A” (2048 elements) vJ
<[ J<> <[ )< >
0.00 3343.76 (22.06%) 1.52e4|(0.00 1795.73 (53.70%) 3343.76(|0.00 44 .59 100.00
0.00 1.04 (0.06%) 1795.73
[ - ©—
Selected "OMP thread 10" =)

M. Knobloch SC Introduction, May 2018 48



Vampir Event Trace Visualizer OJULICH

FORSCHUNGSZENTRUM

uuuuu

= Offline trace visualization for Score-P’s
OTF2 trace files

= Visualization of MPI, OpenMP — SR
and application events:

= All diagrams highly customizable (through context menus)

= |Large variety of displays for ANY part of the trace
= http://www.vampir.eu

= Advantage:
= Detailed view of dynamic application behavior
= Disadvantage:
= Requires event traces (huge amount of data)
= Completely manual analysis
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Vampir Displays #) JOLICH

FORSCHUNGSZENTRUM

VYampir - [Trace View - fhome/doleschaftracefilesf/feature-traces/wr io-mem-rusage/wrt. I'h. ot
W File Wiew Help =S
Wiew Chart Filter
=L EmR'S ¢ v 4 IR TR KON USR0S S w00 0
ExLheTERS BC V2
Timeline Function summary
All Processes, Accumulated Exclusive Time p...
0s 55 10 s 15 s 20 s 25s 30 s 35s 40 s 500 s 0s
Process 8
Process 25
Process 42
Process 59
Process 0 : : : : : -
1l : : ,
2 I I i Communication Matrix View
3 _ Mumber of Messages
S
5 11| .
6 {111 |
H HE BN | 1
Process 0, Values of Counter "MEM_APP ALLOC“ over Time
Iy YV : :
S50 M
0 M : : : 5 5 : :
Function Legend Process Ssummary Context View
P Epplication ® Function Summary £ l -
DY
= /o - 10 S 20 s Property ‘\.I’alue ‘I
Mo Display Function Summary
B mEM Function Group MPI (8)
™ el Accumulated Exclusive Time 748.945947 s (29,1983258%)
[ pHvs
B T AP
M wrr
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Vampir: Timeline Diagram #) )0LICH

FORSCHUNGSZENTRUM

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

- L
= Functions L Ko v b
Wiew Chart Filter
' = i EWS ¢ ¢ A | WU NN OSING IRNNmie i
oraanized ENLeTERS HBC V2|
Timeline Function Legend
. M Application
Into groups 0s 5s 10s 15s 20s 255 30s 355 40's M o
: : : o
process 1 L LU i ' E l’lro
. MEM
Process 4 . I
Process 7 PHYS
B vT AP
- C I " Process 10 . WRE
0 Orl ng Process 13
Process 16
by g ro u p Process 19
p 22 Context View
rocess 5= Master Timeline [ l 2
Process 25 Property |\.-’a|ue
Process 28 Display Master Timeline
Process 31 Type . Function
[ | M essa e Function Mame open
Process 34 Function Group I/O
. Process 37 Interval Begin  0.222 5
IlneS Can Interval End  1.365 s
Process 40 Duration 1.143s
Process 43 Source File
I r Source Line
Process 46
Process 49
by tag or procese 52
. Process 55
Slze Process 58
Process 61 g

= Information about states, messages, collective and I/O
operations available through clicking on the representation
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Vampir: Process and Counter Timelines

= Process
timeline
show
call stack
nesting

= Counter
timelines
for
hardware
and
software
counters

M. Knobloch

A jOLICH

FORSCHUNGSZENTRUM

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

W File ‘iew Help
\fiew Chart Filter
SExLoTERS ¢ o 7 NN TR 00N UK TR RO 0
T|me||ne Function Legend
M Application
17.9 s 18.0 s 18.1s 18.2 s 1835 184 s M o
Process 0 i i H i d . [Ie]
R [ E o
A 1 (1T (T T TN ol |
- U, Y S I T —
6 . | | B T AP
; | E | _ | RGE
Process 63 3
2 | g |
3 | |
a LANLII W 1 |||||||||I||I [ | ULEELYL I LTI | 11/l I . Comehew _
5 ! 1 E : !‘m‘\1 i Process Timeline [ l -+
5 | Property |\.-’a|ue
7 | ~| Display Process Timeline
Process 0, Values of Counter ! MEM_APP_ALLOC over Time Type . Functioh
; ; ; Function Name MPI_Wait
Function Group MPI
Interval Begin  18.121 s
50 M Interval End  18.121s
Duration Os
Source File
oM d : : : Source Line
Process 63, Values of Counter "ru_| ut|me overTlme :
_;‘, LI/_L _.,«—-U \j__/ = - \j L/ W N A
0k -
Kl [l 2
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Vampir: Execution Statistics A jOLICH

FORSCHUNGSZENTRUM

Trace View - fhome/dolescha/tracefilesffeature-traces/wri-ped-io-mem-rusage/wri. Ih.
n Agg regated il View Felp x

Wiew Chart Filter
profiling BELOTERS BC VA I T AN NI )

Function Summary
All Processes, Accumulated Exclusive Time per Function Group All Processes, Accumulated Exclusive Time per Function
= = . 30 s 205 10 s 0s
Information s -
- module_radiati...iation_driver_
. .
execution time,

number of calls,

module_microp...ysics_driver_
module_em_m..._step_prep_
module_em_mp_rk_tendency_

10:030524 5 module_small...p_advance_w_

§.797311s ' module_pbl_dr...p_pbl_driver_
. . - MPI [29.185731 s] 8571178 module_advect...dvect_scalar_
I n CI u S IVe/eXC I u S IVe 8207032 module_small..._advance_uv_
7.81899is module_small...dvance_mu_t_
3.885892 s module_small_...p_cale_p_rho_

3.882541s module_small_...II_step_prep_

DVN [135.259444 5] 3.663714 s module_small..._mp_sumflux_

3591342 s MPI_Isend

334529 s | imodule_curnul.. ulus_driver_
2.96p933 5
2614259 s

= Available for all / any
group (activity) or L

PHYS [73.474569 5]

module_em_mp...date_scalar_
module_em_m...ddtend_dry_
module_advec...mp_advect_u_
module_adve...p_advect_w_
module_advec...mp_advect_v_

2.295455 s MPI_lrecv
- 2.147392 s | imodule_surfac...rface_driver_
aI I routl nes (Sym bo IS) 1.739366 s [ module_small_..._step_finish_
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 fmodule_em_m...e_phy_tend_ |

= Available for any part of the trace
= selectable through time line diagram
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Vampir: Process Summary JULICH

FORSCHUNGSZENTRUM

= EXxecution statistics v e ver vy x
ENkheTIERBSBHOVA
over all processes
for comparison

= Clustering mode : e —is e

available for large e e
process counts ot 510 T .

open
_ open
MR wat _ open

- module_driver_[MPIWaI

BN o river_ MR —

)
W File View Help
View Chart Filter

ENLOTIERS & v IR

Process Summary

0s
0s

<[ T[] pemeeEE—

+[ T7) FPiSeseg

1T
guim
[T

1| B .o —open ]
4:[”] y - open Tm.._

]

B§%5==aty
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Vampir: Communication Statistics

Byte and message count,
min/max/avg message length
and min/max/avg bandwidth
for each process pair

Message length
statistics

JULICH

FORSCHUNGSZENTRUM

' File Wiew Help
View Chart Filter
= 1 e p—
ENLOIIERS SO V| NN
Communication Matrix View
Average Bandwidth
© v % © @
o &

Process O
Process 3
Process &
Process 8@
Process 12
Process 15
Process 18

Process 21

Trace View - fhome/doleschajtracefiles/feature-traces/wr

e File View Help
View Chart Filter

ErvkeoTERS ¢ v 7 IR

Message Summary

23.203125 KiB
16.875 KiB
16.453125 KiB
48.398438 KiB
145.1..2KiB
75.839844 KiB
50.800781 KiB
218.4..5KB
36.09375 KiB
35.273438 KiB

Message Summary

1600 MiBfs 1280 MiB/s 960 MiB/s 640 MiB/s 320 MiB/s 0 MiB/s
212.6..BKB =

217.59375 KiB

105.8...2 KIB

M. Knof

108.28125 KB
296.71875 KiB
159.2...5 KB
162.9375 KiB
35.273438KiB
36.09375 KiB
325.875 KiB
318.46875 KiB
147.65625 KiB
48.398438 KiB

53.213465 MiB/s
77.257369
69.472582
67.421276
A61.590886:MiB/s
A57.004166;
#51.100737: MiB/s
432.708147 MiB/s
404.654303 MiB/s

iBfs

7500 6000 4500 2000 1500 A Messag
15.03%062 KiB Property
10.664062 KiB W
10.9375 Kig Message Si

Message Trg

J Process 24
Process 27
Process 30
Process 33
Process 36
Process 39
Process 42
Process 45
Process 48
Process 51
Process 54
Process 57
Process 60

Praress AR

2251

200t

175t

125

oot

of the trace

= Available for any part
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Vampir: CUDA

Detailed information
on kernel execution
and memory
transfers

All statistics and
displays also
available for CUDA
events

M. Knobloch

Example

Vampir - [Trace View .

W File Viaw Help
View Chant Filter

Erike3iE

23167 s

2368s

Procass 1
CUDA[0] 1:1
Thread 1:2
Thread 1.3
Process 2
CUDA[0] 2:1
Thread 2.2 :
Thread 2.3 . _—
Process 3
CUDA[1) 31
Thréad 3.2
Thread 3.3
«

v .

N\

M\

.\._‘

PRr— __L

#) JOLICH

FORSCHUNGSZENTRUM

home/ jucked/Des opixy 0 24x 372 2000

o/t rans of f]

EEE

&S E;L@\ZJ' e S——

2369 2372s

2370 s 23718

’_l—‘l.‘

§

i fmmm—
B

Function Summary

100 ms Oms

CUDA_KERNEL

107719“5"" Application
x 76914ms MPI

] 1877892 ms | CUDA_API
{ <t ms |VTI_CUDA

|

-
-

Al Processas Accumulated Exclusive Time per Fun

CUDA_MEMCPY_SYNC

Cortext View Functon Legend
Master Timaline Application
= % - CUDA_AP!I
Property Value - CUDA_KERNEL
Display Master Timeline sgDA-"E"CP"-SM
1
Type Function VT_CUDA

Function Name dewviceMoveAndMz
Function Group CUDA_KERNEL |

Interval Bagin  23.708293 s
Interval End 23718334 s

lmnmn 0010041 s -
4 !
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VTune Amplifier XE #) JOLICH

FORSCHUNGSZENTRUM

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

= Lock and Wait analysis for OpenMP and TBB
| H P C an aIyS i S fo r q u i C k Ove rVi eW ] HPC Performance Characterization HPC Performance Characterization viewpoint

<[] Collection Log @AnalysisTavget AAnaWsisType & Summary & Bottom-up
Elapsed Time *: 3.859s
GFLOPS “: 4.743

= Bandwidth and memory analysis CPU Utiizaton : 67.6% X

Average CPU Usage : 16,278 Out of 24 logical CPUs
MPI Imbatance 3 2275 (28.5%)

[} I/O an aIySIS MPI Rank on the Critical Path P
MPI Busy Wait 0.0255 (0.2%) | mpr

Serial Time 0.0815 (0.7%) | °
OpenMP Potential Gain @ 0.705s (6.2%) ranks sin
Ll node

CPU Usage Histogram

= OpenCL and GPU profiling s iy

DRAM Bound " : 0.194 R
DA I I P I NUMA: % of Remote Accesses : 0.0%
n O ) n e I O n y Bandwidth Utilization Histogram

FPU Utilization “: 0.3% [

GFLOPS : 4743
Scalar GFLOPS : 4.735

Packed GFLOPS : 0.008
Top 5 hotspot loops (functions) by FPU usage
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Intel VTune Amplifier GUI

M Advanced Hotspots Hotspots viewpoint (change) ©

B -

o
22 Collection Log| | @ Analysis Target

A jOLICH

Intel VTun

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

FORSCHUNGSZENTRUM

e Amplifier XE 2015

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
& mainSompSparallel:3@C:\test\omptest.cpp:56:59 | | 0.574s 46%| 27388 1 17.314 [214551\ 0s| 01235 0s 0s 0s| 0.023s
# mainSompSparalle:3@C:\test\omptest.cpp:76:79 18025 @ 195458 100.000 12165 0.866s 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
< > |l < >
©OQ#Q-Q# _  1s  1500s  2s|___ 2500s  3s 3500 4 4500 Se " 5.500s 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 - 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 i v CPUTI
Green color: threads waiting - “dk CPUTime
corre AN ey | O
< > »
M. Knobloch
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Intel Vtune — GPU analysis #) 0LICH

FORSCHUNGSZENTRUM

™

Advanced Hotspots

e

. comput?no tasks
Gogprg.  Corourg Task Pugose | Computng Tash () [ irstance v % Q X |¥
Computng  _ W = Ty 1ok Oata Trarafer (U Asray GPU Mamor Lampler GPULY Compwt G Yime by GOU Engne ™
TukPupose /™ | Giobal Lecsl ToruTeme W AversgeTeme Int_ SMD . Soe Band. Actwe alled e Read Wrte Busy Bom. Musel - Tedi o g o 0 L s6o6oU @ Vides Cox

200|220 700 TN ow 2353 0238 Q00N 172222660 LS 020« I

Ity

'Mwu 3486000 7209006 1 0000 0017 OISk ORM 180 4285 QN6 Q00 R 0 oonl
% ProcessiV HO«d. 8x8 2495001 460008 4N % 0000 QMmO 40 36 230 AN G0 e eses ons(D
# Teanster 17850006 ARE3e00Ty 4 NMME 6538, G000 OG0 G000 2000 Q00 000 S0 nml

OPenCL keme's 137004 96 0000 QM7 QI 0663 15ME 2351 ANE Q004 47, omnc‘- kemel v

..... 8
and dautransters ———— invocations

B R VR Y R 00 (2065 o Tk (6. #
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Intel Advisor #) jOLICH

FORSCHUNGSZENTRUM

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

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

= Threading Advisor
= |dentify issues before parallelization
= Prototype performance impact of different threading designs
= Find and eliminate data-sharing issues

= Flow-Graph Analysis
= Speed up algorithm design and express parallelism efficiently
= Plan, validate, and model application design

= C/C++ and Fortran with OpenMP and Intel TBB
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Intel Advisor GUI !)JULICH

» A Where should | add vectorization and/or threading parallelism? © Intel Advisor XE 2016
Summary s NIV » Refinement Reports 4 Annotation Report | Suitability Report
Program time: 26.54s | Vectorized Not Vectorized FILTER: | All Modules V| |AllSources Vv ' Filters o
¥ L
: : Self : s Vector... Instruction o
Function Call Sites and Loops Time” | Total Time & @ |LoopType Why No Vectorization? Looee SR Optimizatio
_ # M lloop at loopstl.cop:3962ins... . 0.125s - 0,125s| ‘ | .Exoand AExgand AVX Alnsens; Maske...’ Unrolled
2 V. [loop at loopstl.cpp:6186 in .. | 0.125s | 0.125| ® 1 | Collapse |Collapse __Javx | |Unrolled |
i>[loop at loopstl.cpp:6186in s... 0.062s 0.062s1 [] Remainder
i m [lOOp at lOOpStl.Cpp.; Loop may have Several Vectorized (BOdy) AVX Unrolled
i [l tl l.cpp: i . | | ith early exit
, [loop at loopstl.cpp:5625 in parts or versions Scalar oop with early exits cannot be B . »
Scalar Loop. Not Vi - - cannot be vectorized unless it meets search loop idi iteria |
No loop transformations were applied " " "
< - 1 LOOp summary I Vectorization and compller
’ T T optimization details
Recommendations v
4 : ' A
& 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
@ 1 | from peeled/remainder loops to the loop body. s
: . Recommendations
O Add data padding A for optimization
Potential performance gain: Information not avé i
Confidence this recommendation applies to your code: Information 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
61
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Intel Advisor — Roofline

[z Fenction CallStesand |Vectorized Loops | FLOPS A || Pedarmance (GFLOPS) k@« + xB- |0 gle-Threaded Roots © | [] Show Data =
"= Loops ect.. | Eficiency | Gain...| VL (... | 5ef GFLOPS  self A
1 [laop in fPropagationSwap at | 12288
[E17 loop in fCalcPotential ShanC . AV 09N 4 0271 0125
“I(0 [loap in fsBGKShanChen at Ib... | 12421 0053 DP Ysctor FMA Pask: 6471 GrLops”
0 [loop in fPropagationSwap at .| e I
7 floop in fCollisionBGK st Ibpd .. 15881 0,069 -t et 2
B [loop in fCollisionGK ot Ibps... v (IR ] 350 4 91451 0464 -y g P00 Add Peak 2072 GELOPS,
[ loop in fCollisionBGK at bop... AVX [31% ] 123« 4 47551 0350
<10 [loop in fCallisionBGK at Ibp8...| 08541 0055
<15 [loep in fsBGKShanChen at Ib... | I3 0056 [ | et e R T e e e . e R A Fedk BIGFLOPS
w10 flaop in fCalePatential_Shand . 04901 0125 1
517 [loop in fsBGKShanChen at Ib .. | 15550 008 H —
210 floop in fsBGKShanChen at ... &4l 0053 WL g -
<10 [loop in fCallisionBGK at Ibp8...| 01251 0010 Arithmeic Intensity: 0.35 FLOP/Byte
[#100 floop in fCalcinteraction_Sha... |avk  [EJRINN ]320x 4 3761 0107 el Elapsed Time: 0.351 5
10 flaop in fCallisionBGK at IbpG _. 18871 0462 Total Time: 0.3513
510 [loop in 110_OUTPUT st xifa.. |
< _libm_exp_t9 | 30051 0158
{1410 [loop in FCalcinteraction_Sha ... | 09751 0056 I I
I3 [loop in fCalcinteraction_Sha... | 0e3  oar [] R —
15 [loep in fsBGKShanChen st .. 00537 2 4 e |
1 [lacp in fCallisicn8GK ot Ibp8... vy [EERQNN | 163 2 10791 0083 ol sl it v wral e e 10K
%5 [laop in fsBGKShanChen at Ib... | v E . 106
< 2|« > Self Elazsed Time: 0.351 5 Total Time: 0.351 = Arthmetic Intensity (FLOPBye)
Code Anal
0,351s Traits Giga Flaating-paint Operations Per Secand -
Vectonized (Body, Peeled, Remainder)  Total time ;:rgf;:‘::i; ;azl.i:;:::.ﬂ{:g;m
Type Comersions GFLOPS 4.75488  time-based)wall time from the beginning o the
AVX 0,351s end of loopRunction execution. For single-
Instruction Sef  Self time threaded applications Elapsed ime is equal o
Sel-Time.
* Static instruction Mix Summary™ A Al Arithmeic Intesity - Ratio of Floating-point
¥ Dynamic Instruction Mix Suma.r:awa' 0350 OInermnns. folt 'I'rmsren.m Bites
= Memory 7% (56531250, 0.64) B GFLOP 1,671  Giga Floating-point Operations
" mm :12: mga :ﬁ _- ﬂ&: 19 Floating-point Operations Per Loap Iteration
Data transfers between CPL and memory sub-system (tolal traffic, mcluding LT,
L2, LLC and DRAM traffic)
|y ] 1,23x ©
31% Vectonzation Eficiency Vectonzation Gan hd
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m, !EICG Unlversity) !)JU'—'CH

= Multi-platform sampling-based call-path profiler
= Works on unmodified, optimized executables
= http://npctoolkit.org

= Advantages:
= QOverhead can be easily controlled via sampling interval

= Advantageous for complex C++ codes with many small
functions

= Loop-level analysis (sometimes even individual source lines)
= Supports POSIX threads
= Disadvantages:
= Statistical approach that might miss details
= MPI1/OpenMP time displayed as low-level system calls
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HPCToolkit: Metric Specification #) 0LICH

FORSCHUNGSZENTRUM

= Specified via environment variable HPCRUN_EVENT_LIST

= General format:
“name@interval [;name@interval ...]”

= Possible sample sources:
= WALLCLOCK
= PAPI counters
= |O (use w/o interval spec)
= MEMLEAK (use w/o interval spec)

= [nterval: given in microseconds
= E.g.,, 10000 — 100 samples per second
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Example: hpcviewer

Eile Debug Help

& hpcviewer: sor <@jj28103> <

A jOLICH

e sorc B =a
570 fkiml = Field[k][j-1]; [A]
571 rki = rRhs[k][j];

672 akj = ans[k1[j];
for (i=l+mod; i<=nxl; i+=2)
574 {
E575 delta = omega*( fkjl[i+1] + fkjli-1] +Fkipl[i] + fkjiml[il]
676 -4.0%Fkj[i] - rki[il );
677
678 tmpres += fabs(delta);
679
580 fkj[i]l = fkj[i] + delta;
681
682 tmperr += fabs(fkj[i] - akj[il); —
=% 1 M|

FORSCHUNGSZENTRUM

i Calling Context View | ®, Callers View Ty, Flat View =8
+ G fw W & A &

scope WALLCLOCK (us).[0.0] )  WALLCLOCK (us).[0,0] (E) WALLCLOCK (us).[1.0] (I}  WALLCLOCK (u
Experiment Aggregate Metrics 4.79e+06 100 % 4.79e+06 100 % 4.76e+06 100 % 4.76

=  main 4.79e+06 100 % 4.76e+06 100 %
¥ By sor_iter 4.68e+06 97.7% 4.01e+06 83.7% 4.66e+06 97.7% 3.95
= |oop af sor.c: 344 2.67e+06 55.7% 2.00e+06 41.7% 2.71let06 56.8% 2.00
= inlined from sor.c: 658 2.00e+06 41.7% 2.00e+06 41.7% 2.00e+06 42.0% 2.00

= loop at sor.c: 662 2.00e+06 41.7% 2.00e+06 42.0%

hd loop at sor.c: 673 2.00e+06 41.7%% 3.55e+04 0.7%% 2.00e+06 42.0%%

inlined from sor.c: 331 8.38e+05 17.5% 8.3Be+05 17.5% 7.06e+05 14.8% 7.06
sor.c. 675 6.59e+05 13.8% 6.59e+05 13.8% 6.23e+05 13.1% 6.23
sor.c: 682 2.40e+05 5.0% 2.40e+05 5.0% 3.96e+05 B.3% 3.96
sor.c. 678 1.08e+05 2.2% 1.08e+05 2.2% 8.39=+04 1.8% B.39 |
[»]
191M of 400M [0
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Allinea Performance Reports ma:""ea A) 0LICH
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= Single page report provides quick overview of performance
Issues

= Works on unmodified, optimized executables
= Shows CPU, memory, network and 1/O utilization

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

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

= Note: License limited to 512 processes (with unlimited number
of threads)
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Example Performance Reports

M. Knobloch

A jOLICH

FORSCHUNGSZENTRUM

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

The total wallclock time was spent as follows:

CPU 565% -
MP|  435% -

/O 0.0% |

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/0. High values are usually bad.
This is negligible; there's no need to investigate 1/0 performance.

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

CPU

A breakdown of how the 56.5% total CPU time was spent:
Scalar numericops 27.7% M

Vector numericops  11.3% I

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.

/O

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 /O operations. There's nothing to optimize here!

SC Introduction, May 2018

MPI

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

Time in point-to-point calls 91.8% ]

Estimated collective rate 169 Mb/s I
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 [N

Peak process memory usage  89.3 Mb [N

Peak node memory usage 7.4% |

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.
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Allinea Performance Reports: Example ) J0LICH

FORSCHUNGSZENTRUM

% module load AllineaPerformanceReports

HEABHHHH R AR AR AR R AR AR AR
## 1In the job script: ##
HEABHHHH R AR AR AR R AR AR AR

perf-report --mpi=“slurm® \
srun --procs-per-node=P --nodes=n [...] ./myprog [args]

HBHBHBHHH AR AR AR AR AR HRHRH 1
## After job finished: ##
HBHBHBHHH AR AR AR AR AR HRHRH1H

% less myprog_<NP>p_<DATE>. txt
% tirefox myprog_<NP>p_<DATE>.html
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Darshan #) )0LICH

FORSCHUNGSZENTRUM

= |/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-10, HDF5, PnetCDF, ...
= Doesn’t support mpif90 on BlueGene systems (use mpif77)
= 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

M. Knobloch SC Introduction, May 2018 69



Example Darshan report extract A) JULICH

FORSCHUNGSZENTRUM
jobid: | uid: | nprocs: 4096 | runtime: 175 seconds
Average |/O cost per process 1/O Operation Counts
100 - 3000 ¢
o 80 r 2500 |
£ w
-~ 4]
c @
2 60 @ 2000 |
3 #
) o
,g 40 | = 1500 |
3
(=]
& 20 L C1000 B
8
[e]
0 500 |
2 1,
Qs %,
4+ © 0 . ‘ .
Read Read Write Open Stat Seek Mmap Fsync
Write sommem
Metadata s POSIX . MPI-10 Coll. s
Other (including application compute) s MPI-1O Indep. memssm
/O Sizes 1/O Pattern
2500 3000
2000 | 2500
8
e n
o [
— i © 2000
z 1500 &
'_é < 1500
(=] _ =
= 1000 g
kS =
3 21000 |
© 500 | &
I 500 |
L e 7 w7
S () (”) Q. 0
% 7, ,t’o T, Y. 4"%@"0 %, U & 0 ' 5
T 7 Y % % %@ e Read Write
Total s  Consecutive s
Read s \Write somssem Sequential e
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Darshan: Example #) JOLICH

FORSCHUNGSZENTRUM

% load compiler and MPI module
% module load darshan-runtime darshan-util

HEABHHHH R AR AR AR R AR AR AR
## 1In the job script: ##
HEABHHHH R AR AR AR R AR AR AR

export LD_PRELOAD=$EBROOTDARSHANMINRUNTIME/11ib/1ibdarshan.so
export DARSHAN_LOG_PATH=$PWD

export DARSHAN_LOGFILE=darshan. log

srun --tasks-per-node P --ntasks n [...] ./myprog [args]

HBHBHBHHH AR AR AR AR AR HRHRH 1 H
## After job finished: ##
HBHBHBHHH AR AR AR AR AR HRHRH1H

% darshan-job-summary.pl darshan.log
% gv darshan.pdf

4
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NVIDIA Visual Profiler #)j0LICH

FORSCHUNGSZENTRUM

= Part of the CUDA Toolkit
= Supports all CUDA enabled GPUs
= Supports CUDA and OpenACC on Windows, OS X and Lmux

= Unified CPU and GPU Timeline
= CUDA API trace

= Memory transfers, kernel launches, and other API functions
= Automated performance analysis

= |dentify performance bottlenecks and get optimization
suggestions

= Guided Application Analysis
= Power, thermal, and clock profiling
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NVIDIA Visual Profiler: Example A JULICH

FORSCHUNGSZENTRUM

e View Run Help

EEE Bas Qa8

§ *dct8x8.vp 2 ‘ = O | W Properties 2
| 161.7ms 161.8 ms 161.9 ms
[=] Process: 11119
= Thread:'—1494415584 Start 161.329 ms
Runtime API HEIN cudaMemcpy2D -
Driver API Duration 106.132 us
[=] [0] GeForce GTX 480 Grid Size [ 64,64,1]
[=] Context 1 (CUDA) Block Size [88,1]
F MemCpy (HtoD) Registers/Thread 14
T MemCpy (DtoH) Memcpy DtoH [sync] Shared Memory/Block 512 bytes
F MemCpy (DtoD) - - Memory
[=] Compute CUDAkemelQua... CUDAkemel1IDCT(float*, int... Global Load Effici
¥ 0.7% [101] CUD... obaltoa clency
57 0.3% [10] CUDAK... Global Store Efficiency
¥ 0.0% [2] CUDAKe... CUDAkemelQua... DRAM Utilization

F 0.0% [1] CUDAke... CUDAkemel1IDCT(float*, int... — Instruction
T 0.0% [1] CUDAke...
F 0.0% [1] CUDAke...
F 0.0% [1] CUDAke...
F 0.0% [1] CUDAke...

Branch Divergence Overhe|
Total Replay Overhead
Shared Memory Replay Ovi

= Streams Global Memory Replay Ove
Stream 1 Memcpy DtoH [sync] Global Cache Replay Overt
Local Cache Replay Overhe
— - Occupancy
- L) L . .
& Analysis 22 ‘ﬂ Details| B Console W@ Settings

I I I I Analysis Results

High Branch Divergence Overhead [ 35.1% avg, for kernels accounting for 1.9% of compute ]

Timeline Divergent branches are causing significant instruction issue overhead. More...

Multiprocessor 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...
Kernel Memory 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...
Kernel Instruction

& 0o 0|0
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TAU #) JOLICH

FORSCHUNGSZENTRUM

= Very portable tool set for
Instrumentation, measurement and analysis
of parallel multi-threaded applications

= http://tau.uoregon.edu/

Tuning and Analysis Utilities

= Supports
= Various profiling modes and tracing
= Various forms of code instrumentation
= C, C++, Fortran, Java, Python

= MPI, multi-threading (OpenMP, Pthreads, ...)
Accelerators | |
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TAU: Instrumentation #) JOLICH
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= Flexible instrumentation mechanisms at multiple levels
= Source code
= manual
= automatic
= C, C++, F77/90/95 (Program Database Toolkit (PDT))
= OpenMP (directive rewriting with Opari)
= Object code
= pre-instrumented libraries (e.g., MPI using PMPI)
= statically-linked and dynamically-loaded (e.g., Python)
= EXxecutable code
= dynamic instrumentation (pre-execution) (Dynlinst)
= virtual machine instrumentation (e.g., Java using JVMPI)
= Support for performance mapping
= Support for object-oriented and generic programming
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TAU: Basic Profile View

#) 0LICH

FORSCHUNGSZENTRUM

File Options Windows Help

n,c,t, 0,0,0 - 512proc/samrai/taudata/neutronbackup/rs/sameer/Users/

File Options Windows Help

™

COUNTER NAME: P_WALL_CLOCK_TIME (seconds)

345.5474 [ ' P1_Alireduce()

164951 | algs::HyperbolicLevellntegrator3::advance_bdry_fill_create
103.2566 N algs::HyperbolicLevellntegrator3::advanceLevel()
59.0096 [ algs::HyperbolicLevellntegrator3::fill_new_level_create
37.4482 [ mesh::GriddingAlgorithm3::load_balance_boxes
32.8548 [] algs::HyperbolicLevellntegrator3::advance_bdry_fill_comm

21.4095 [ mesh::GriddingAlgorithm3::findRefinementBoxes()
13.4925 [ algs::HyperbolicLevellntegrator3::coarsen_fluxsum_create
12.6572 algs::HyperbolicLevellntegrator3::coarsen_sync_create
10.4408 ] mesh::GriddingAlgorithm3::find_boxes_containing_tags

8.9215 [l MPI_Init()

8.6893 ] mesh::GriddingAlgorithm3::bdry_fill_tags_create
7.2717 I MPI_Bcast()

7.1321 [ MPI_Wait()

408331 algs::HyperbolicLevellntegrator3::error_bdry_fill_comm
3.6778 | MPI_Finalize()

3.1405 | MPI_Isend()

3.0156 | MPI_Waitall{)

2.3457 mesh::GriddingAlgorithm3::remove_intersections_regrid_all
1.7275 | MPI_Test()

1.6515| algs::HyperbolicLevellntegrator3::fill_new_level_comm
1.3919 | MPI_Comm_rank()

M. Knobloch
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TAU: Callgraph Profile View #) JOLICH

FORSCHUNGSZENTRUM

X Call Graph n,c,t, 0,0,0 - ozone/tests/MFIX/apps/sameer/users/home/sanfs/mnt/

= 2 T ey ‘ S

Box width and
color indicate
different metrics
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TAU: 3D Profile View #) JULICH

He| FORSCHUNGSZENTRUM
X ParaProf Visualizer . ght and COIOr lB@E]
File Options Windows Help |nd|cate dlﬁ:erent

met”CS ; ® Triangle Mesh

Bar Plot

Scatter Plot

Height Metric

Exclusive w | |Time v

Color Metric

8 37T

<. 2836C7 Exclusive v | |Time -

MPI_Barrier(
Function

Thread

Height value 1.2223E8 microseconds

Color value 1.2223E8 microseconds

Mesh Plot | Axes 'j ColorScale | Render |

Orientation
v| Show Axes NW NE
SE® SW
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Documentation #) JOLICH

FORSCHUNGSZENTRUM

= To check latest status and versions
= “‘module spider TOOL”

= Websites
= http://www.fz-juelich.de/ias/jsc/juwels/
= http://www.fz-juelich.de/ias/jsc/jureca/

= User Info
= Parallel Debugging (A) _
] 50T I T
= Parallel Performance Analysis (A) = e
= http://www.vi-hps.org/training/material/ e

= Performance Tools LiveDVD image
= Links to tool websites and documentation ~ poINT i-Hps
= Tutorial slides
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Support #) )0LICH
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= For general support: sc@fz-juelich.de

= Tool-specific support via corresponding mailing lists
= Score-P: support@score-p.org
= Scalasca: scalasca@fz-juelich.de

= Workshops and Trainings:

= Regular VI-HPS Tuning Workshops
= Several days
= Multiple tools, e.g. Score-P, Scalasca, Vampir, TAU, ...
= Bring-your-own-code
= http://www.vi-hps.org/training/tws/

= JSC Porting and Tuning Workshop Series

= WS’s and trainings at several HPC conferences
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