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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 gueues, 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

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;

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
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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)

M. Geimer JURECA Porting & Tuning Workshop, June 2016 6



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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= 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

M. Geimer JURECA Porting & Tuning Workshop, June 2016 8



Memory and Threading Error Checkers A) JULICH
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= Can detect errors such as

= Memory leaks

= Memory corruption
Allocation/deallocation APl mismatches
lllegal memory accesses
Data races
Deadlocks

= Available on Jureca:
= Valgrind
» |ntel Inspector
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Allinea Performance Reports ma:""ea A) 0LICH

= Single page report provides quick overview of performance
ISsues

= Works on unmodified, optimized executables
= Shows CPU, memory, network, and I/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
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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!

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
89.3 Mb [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.
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= Community instrumentation and measurement Core-P
infrastructure inrastruchare for parale codes
= Developed by a consortium of performance
tool groups

UNIVERSITY OF OREGON

TECHNISCHE
JULICH . ONVERSITAT RWTH

= Common data formats improve tool interoperability

= Supports C, C++, and Fortran using MPI, SHMEM, OpenMP,
POSIX threads, CUDA, OpenCL and combinations

= Highly configurable:

= Basic and advanced profile generation

= Event trace recording

= Using instrumentation and sampling (experimental)
= http://www.score-p.org
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Call-path Profile: Example

n I cube-4.3.0: scorep_bt-mz_C_64x32_sum/summary.cubex 2 & &

File Display Plugins Help

Absolute v Absolute v | Peer percent v
E Metric tree E call tree Flat view & System tree Bl BoxPlot
»-00.00 Time (sec) ~ |~ 00.00 bt =
v-06802.14 Execution >-00.00 mpi_setup 2.3344 2.33
>-®90.11 MPI 00.00 MPI_Bcast
v-00.00 OMP : >-00.00 env_setup
0 0.00 Flush 0 0.00 zone_setup
183.03 Management >-00.00 map_zones
v-00.00 Synchronization 0 0.00 zone_starts 1.8675 1
>-03417.33 Barrier 0 0.00 set_constants
0.63 Critical >-® 10.09 initialize
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...
T 0.00 Minimum Inclusive Time (sec) =
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 ~
S ' All (2048 elements) v
<[ )< > <[ )< >
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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scalasca ¥ ) iLicH

= 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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Example: !)J[’JLICH

uoIeo0|

Wait-state, Critical Path & Delay Analysis
foo foobar
foo bar - foobar m
foo W bar foobar
>
time

(ofe]yy[o[Vi=1ile]s | COmmunication _ Critical path Delay

Searches for walit states in communication & synchronization
Determines a profile of the application’s critical path
ldentifies delays as the root causes of walit states
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Scalasca Trace Analysis Example A JOLICH
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'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" =)
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Vampir Event Trace Visualizer OJULICH
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llllll

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

= 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:
= Detalled view of dynamic application behavior
= Disadvantage:
= Requires event traces (huge amount of data)
= Completely manual analysis
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Vampir Displays
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VYampir - [Trace View - fhome/doleschaftracefilesf/feature-traces/wr

W File Wiew Help
Wiew Chart Filter

EXkOTIERS ¢ v 7 || NN W N O8O R0 NRTR i

io-mem-rusage/wrt. I'h. ot

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 a
1l ,
2 I I i Communication Matrix View
3 _ Mumber of Messages
sl ]
5 11| .
6 1 |
H HE BN | 1
Process 0, Values of Counter "MEM_APP ALLOC“ over Time
Iy VWL : :
S50 M
am
Function Legend Process Ssummary Context View
P Epplication ® Function Summary £ l a9
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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= Very portable tool set for
Instrumentation, measurementand 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, ...)
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TAU: Basic Profile View
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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. Geimer
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= 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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Example: hpcviewer

M. Geimer

Eile Debug Help

e sorc B

670 fkiml
rkj

ak j

delta

& hpcviewer: sor <@jj28103> <

Field[k][j-11;
Rhslk][jl;
Ans[k1[i1;

for (i=l+mod; i<=nxl; i+=2)
674 {

= omega*( fkj[i+l] + fkj[i-1] +fkjpl[i] + fkjml[i]
-4.0%Fki[1] - rkilil );

tmpres += fabs(delta);

fkilil = fkj[i]l + delta;

tmperr += fabs(fkj[i] - akj[il);
1

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

= loop atsor.ci 673 2.00=+06 41.7%% 3.55e+04 0.7%% 2.00=+06 42.0%%

inlined from sor.c: 331 8.38e+05 17.5% 8.38e+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 |
[2]
191M of 400M
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Darshan

= |/O characterization tool logging parallel application
file access

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

Intel Advisor

= Vectorization optimization
Intel Trace Analyzer and Collector

= Graphical tool for understanding MPI application behavior
NVIDIA Visual Profiler

= GPU performance analysis

= Supports CUDA and OpenACC
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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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= VI-HPS (Virtual Institute - High-Productivity Supercomputing)
= |nternational collaboration between tool development groups
= Organizes many tool trainings
= Full/half-day tutorials at conferences
= Multi-day “bring-your-own-code” tuning workshops
= http://www.Vi-hps.org

= POP (Performance Optimization and Productivity)

= EU Centre of Excellence providing performance optimization
services

= http://pop-coe.eu

M. Geimer JURECA Porting & Tuning Workshop, June 2016 26
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