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Disclaimer

It is extremely easy to

waste performance!

« Bad MPI (50-90%)

* No node-level parallelism (94%)

* No vectorization (75%)

 Bad memory access pattern (99%)

* In sum: 0.008% of the peak
performance (785 GFLOPs of mira)
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Disclaimer (2)

Performance tools will not automatically
make your code run faster. They help you

understand, what your code does and
where to put in work.

TECHNISCHE g H
UNIVERSITAT z I | |

DRESDEN ATPESC 2016 - Vampir Performance Visualization Slide 3 thon Fertormance Compuiing



Agenda

Welcome to the Vampir Tool Suite

* Mission

« Event Trace Visualization
 Parallel Performance Analysis Approaches

The Vampir Workflow

e Score-P: Instrumentation & Run-Time Measurement
» Vampir & VampirServer

Vampir Performance Charts

Vampir Demo

« Tracing and Visualizing NPB-MZ-MPI / BT

Conclusions
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Mission

Visualization of dynamics

of concurrent processes

Two components / steps [eEsses D SERSEE
Monitor/Collector (Score-P) VAM Fl]
Charts/Browser (Vampir)

Typical questions that Vampir helps to answer:

« What happens in my application execution during a given
time in a given process or thread?

* How do the communication patterns of my application
execute on a real system?

» Are there any imbalances in computation, I/O or memory
usage and how do they affect the parallel execution of my
application?

it LR
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Event Trace Visualization with Vampir

Show dynamic run-time behavior graphically at a
fine level of detail

Provide summaries (profiles) on performance metrics

Timeline charts

— Show application activities and
communication along a time axis

uuuuuuuuuuuuuu

f Function Summary
|All Processes, Accumulated Exclusive Time per Function Group Al 2 ime per F
| 1.5 10005 5005 0s
w [T EETE—

ummary cnarts | N—
| 495.692 s [N MPI
| 116.338 5
| 18.99
| MPI [495.692 5]

— Provide quantitative results for the
currently selected time interval

it LR
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Sampling

Running program is periodically interrupted to take
measurement

Statistical inference of program behavior
Not very detailed information on highly volatile metrics

Requires long-running applications

Works with unmodified executables
—
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Instrumentation

t t t.t t t.tt t t tt o tat
! P 2y P i B P 110 [hzps e ‘

Measurement code is inserted such that every event of interest is
captured directly

Advantage:

Much more detailed information

Disadvantage:
Processing of source-code / executable necessary

Large relative overheads for small functions
e

o
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Sampling + Instrumentation

Function Instrumentation:
main
calculate calculate

|

|
\I’WWWVWVWWVWWWVW
( Trace Buffer |

main
calculate calculate

add

( Trace Buffer |

/‘
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Sampling + Instrumentation

Long running applications:

Requires large buffers or heavy filtering
Creating a filter requires runs in advance
Codes with many small functions (e.g.: C++):

Function instrumentation a challenge
Score-P: Sampling+Tracing

San;ple Sarr;ple Sarrllple

main
calculate calculate calculate

add

v v v v
( Trace Buffer O
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Profiling vs. Tracing

Statistics

Number of Invocations

Execution Time

main
bar
foo 1 2 3 4 5
* Timelines
main 1{0]0) bar foo
main foo bar foo

[
L

Time —
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Terms Used and How They Connect

Profiling Tracing
DilEl : Statistics Timelines
Presentation

| _
gzie(‘)r i Summarization Logging
Data Event-based
Acquisition Instrumentation
Analysis Layer Analysis Technique

e

s
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So what is the right choice?

SO, YOU HAVE DECIDED TO UNDERSTAND WHAT A PROGRAM EXACTLY DOES?

Y —

CONGRATULATIONS!! _L%E-.w@ GET + INSTALL MAGNSJ?IE(;::TION
YOU ARE AHEAD OF !ﬁ"iﬁ E@. THE TOOLS =
99% OF YOUR COLLEAGUES ' " &
SCIENTIST | ENGINEER .
TrER "ARE YOU® WHAT KIND OF \ - |
AR (@ SERIOUS RUNTN || USE comprLer}| INSTRUMENT
' -F‘p.’ AL /\5 }% ABOUT YES! | PROFESSIONAL PROFILING ' WRAPPERS + {} THE CRITICAL
S g . ARE YOU? MODE ‘ FILTERS PARTS
S50 \ THIS? / . ftiisne 4
‘I o &Y
\v MAyBE i ﬁ\)\ﬁi" . ./
3 ! [ - 7
R ) L" ! o iy /,:;_-—4
\3\}:%’ \ 6O USE gprof SLACKER 1 FIND NI
A" <] | OR THELIKE .. | INTERESTINGS ,
LNy | . spoTs
e m— = B fouune forot 2
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Agenda

The Vampir Workflow

e Score-P: Instrumentation & Run-Time Measurement
» Vampir & VampirServer

60 s ZIH
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Tracing — Overview

. —» Appli«l:ation ] e mmI:elrf(I)rmg:erli;u‘:alkization
<4—{ ScoreP } | Data 1;t:::j::::j:: .
— -
Workflow:
Attach Score-P to application
Run with the attached monitor
Result: trace/profile data
Analyze the trace with Vampir
Repeat to:
Adapt instrumentation (“what you measure”)
Evaluate result of a change e
TECHNISCHE



Score-P: Workflow / Instrumentation

<options> icc
<options> icpc

<options> ifc
<options> mpicc

* To see all available options for instrumentation:

S scorep --help
This is the Score-P instrumentation tool. The usage is:

scorep <options> <original command>

Common options are:

—-—instrument-filter=<file>
Specifies the filter file for filtering functions during

compile-time. It applies the same syntax, as the one
used by Score-P during run-time.

—-—-user Fnables user instrumentation.

e

it LR
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Score-P: Workflow / Measurement

* Measurements are configured via environment variables

$ scorep-info config-vars --full

SCOREP ENABLE PROFILING

(... ]
SCOREP ENABLE TRACING

[...]
SCOREP_TOTAL MEMORY
Description: Total memory in bytes for the measurement system
[...]
SCOREP EXPERIMENT DIRECTORY
Description: Name of the experiment directory

[...]

* Example for generating a profile:

$ export SCOREP ENABLE PROFILING=true
export SCOREP ENABLE TRACING=false
S export SCOREP_EXPERIMENT_DIRECTORYZprofile

Ur

S mpirun <instrumented binary>

o

60 Rises ZIH

DRESDEN ATPESC 2016 - Vampir Performance Visualization Slide 17 igh Performance Computing.




Score-P: Sampling + Instrumentation

Score-P since 2.0 supports a combination of:
- Instrumentation for MPl/OpenMP events
- Sampling for everything else

Simple configuration, e.g.:

% export SCOREP ENABLE TRACING=true
% export SCOREP ENABLE UNWINDING—true
% export SCOREP SAMPLING EVENTS=perf cycles@2000000

;

60 Rises ZIH
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Tracing — Score-P Architecture

Scalasca Periscope

Event traces (OTF2) C(a(yl-Jp;g:l p'?;TJE;S

Score-P measurement infrastructure

s s o

Instrumentation wrapper
e el el

Process-level Thread-level ACSSEEICT R Source code Sampling

parallelism parallelism instrumentation interrupts
(MPI1, SHMEM) (OpenMP, Pthreads) (Compiler, PDT, User) (PAPI, PERF)

Hardware counter

Online
(PAPI, rusage, PERF, interface

e

parallelism
(CUDA, OpenCL,
OpenACC)

Application o
TECHNISCHE Z H
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Tracing — Data Sources

Observed:

9
12102500, every 12 hours

Results

Score-P g
Data Sources
User Code Parallel Paradigms Hardware
— Compiler instrum. - MPI - Performance
— Compiler plugin - Pthreads counters (PAPI)

- Sampling *NEW*

- Manual

- Java
(*Experimenal®)

— OpenMP (via Opari)

» via OMPT (*Experimental®)
=> XeonPhi Offload

XeonPhi Native "NEW*

- CUDA

— OpenACC/OpenCL *“NEW*

- OpenShmem (+Cray)

— Plugin counters

Operating
System
— Resource usage




Tracing — Instrumentation
Application
Trace

@ WH Dats

Source level MPI Profiling Interface Runtlmellerary

— Compiler - MPI Pthreads

- Manual - NVIDIA CUDA

- OpenMP with - OpenSHMEM
Opari2 (Cray-SHMEM)

- Tau PDT — External counters

— Plugin counters
Operating System Hardware - OpenCL
— Resource usage — Performance counters - OpenACC

ramm = 4

60 LRiseis ZIH
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Tracing — The Hard Part

4>[ Application
. Trace
WH pai

/. AN

Adds Overhead at runtime

Temporarily stored in
=> Overhead must be low main memory
for meaningful

. = Limited size
performance analysis

Event tracing requires trade-off’s:

= Only add the data sources you need

=> Limit granularity (i.e., filtering)

Thus: Score-P default is a profiling experiment—

it L3
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Score-P: Workflow / Filtering

» Use scorep-score to define a filter

— Exclude short frequently called functions from measurement

* For profiling: reduce measurement overhead (if necessary)
* For tracing: reduce measurement overhead and total trace size

[oool

S5 scorep-score -r profile/profile.cubex
Estimated aggregate size of event trace:
Estimated requirements for largest trace buffer
Estimated memory requirements

(max buf) :
(SCOREP TOTAL MEMORY) :

Flt type max buf [B] visits time[s] time[%] time/visit[us] region
[...]
USR 3,421,305,420 522,844,416 144.46 13.4 0.28 matmul sub
USR 3,421,305,420 522,844,416 102.40 9.5 0.20 matvec sub
USR 3,421,305,420 522,844,416 200.94 18.6 0.38 Dbinvcrhs
USR 150,937,332 22,692,096 5.58 0.5 0.25 binvrhs
USR 150,937,332 22,692,096 13.21 1.2 0.58 1lhsinit
* Filter file:
S vim scorep.filt
SCOREP REGION NAMES BEGIN EXCLUDE
matmul sub
matvec sub
binvcrhs
ATPESC 2016 - Vampir Performance Visualization Slide 23




Tracing — Good Practices

Traces can become large; Their handling challenging

Trace size proportional to: number of processes/threads (width), duration
(length), and measurement detail (depth)

Intermediate flushes => High degree of perturbation
Either use less detail or larger trace buffers
Traces should be written to a parallel file systems
E.g. “/work”, “/scratch”, or “/p/Iscratchc”
Moving large traces can become challenging
However, systems with more memory/core can analyze larger traces

Alternatively, undersubscribe for increased memory/core ratios

o

it LR
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Vampir — Visualization Modes (1)

Directly on front end or local machine

o

% vampir

1.0 ms 2.0 ms

@m=g 4
Vampir

Multi-Core Trace
Score-P . i
Program File § {114 HIR

. (OTF2) ': """""""" ey A e
- ' ! >

/L

Small/Medium sized trace Thread parallel

\

o

Q) i LR
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Vampir — Visualization Modes (2)

On local machine with remote VampirServer

% vamplrserver start —n 12 % vampir

VampirServer

CICRCICRCRC e

ST )

Score-P

f Y
r r— r— r— LAN/WAN
CIWCH

al=l=lg ||| maee
r . Many-Core 2 1| (OTF2) % Large Trace FiIe.
r. Program / ] (stays on remote machine)

MPI parallel application

‘aeEE—

TECHNISCHE
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Visualization: After Tracing

ool Compute Nodes Login Dekstop
~ _fc\-\_ (Batch jobs) S Nodes System

N :’irlrlrl :

N ACICICH) |

ol r"l"l"l"l
"l"l"l"l

“,ﬂs’

’_.’ "

)
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Visualization: Most simple (Analysis on Desktop)

o Compute Nodes
' f"\'s (Batch jobs)

\ GGGG
'k.

File
(OTF2)

’hﬁﬁﬁ

\ -~ ’
"" ’_"'

- "
g™
N>

e -

\ -

\

TECHNISCHE
UNIVERSITAT

Nodes

r | @
(Eic0-
Oo00:

+ Minimal setup (no installations, no batch job)
- Copying of traces to desktop

- Only small traces

Login

Dekstop
System

Visualization and
analysis:

Vampir

W

DRESDEN

ATPESC 2016 - Vampir Performance Visualization

Center for Information Services
High Performance Computing
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Visualization: Best Option (Analysis on HPC system)

+ Best performance, low response time

‘.
A ..{ ;\ s - Tunneling to connect to batch job
c\ \\

,@ m’.

- Installation on desktop system needed

e Compute Nodes
: _."\'s. (Batch ]obs)

Login Dekstop
Nodes System

Trace
File
(OTF2)

= PNl | TCP Socket
i . VampirServer connection

>

\ -

S -

60 iR ZIH
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Visualization: Alternative (Analysis on HPC system)

+ Simpler setup, no installation on desktop

!.
A ..{ ;\ e - X11 forwarding needed (use: ssh —XC ...)
c\ \‘

g, m;

- Bandwidth and response time can be critical

e Compute Nodes
: _."\'~. (Batch ]obs)

Login Dekstop
Nodes System

S AnaIyS|s
i a  VampirServer

S -

60 iR ZIH
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Visualization: Most simple (Analysis on Frontend)

+ Minimal setup (no installations, no batch job)

. "'i ; . - X11 forwarding, bandwidth, and response
F -’ ‘\\l '\"-,‘“ -
", ':-“fla_“gg_: e - Only small traces

me® Compute Nodes Login Dekstop
@) (Batchjobs) W&  Nodes System

~

e A%
s’a’'a’al

P UUU
Trace rr.' r.' r.' r. :’-g @
i | r-. lIr-. lIr-. lIr-. oA\

(OTF2) ' r Wi . -
, ] | | | WA
e WIS T
Ly, ) "',l,g'::-'/ “Visualizatic
i T and analysis:
Vampir
TECHNISCHE H
UNIVERSITAT Z I | |
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Agenda
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Vampir: Main Performance Charts

Timeline Charts

E Master Timeline =) all threads’ activities over time per thread

@ Summary Timeline =) all threads’ activities over time per activity

@ Performance Radar = all threads’ perf-metric over time

%Ef Process Timeline =) single thread'’s activities over time

/. Counter Data Timeline =) single threads perf-metric over time
Summary Charts

@ Function Summary E Process Summary

=3 Message Summary  EE¢ Communication Matrix View

é. /O Summary P

UNIVERSITAT ZIH
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Vampir: Performance Charts

Trace visualization of FDS (Flre Dynamlcs Simulator)
SO T LW e

E R 28 8 ’i‘r.l

L

FRWwe ®

i)

Function Summary

Master Timeline

Communication
Matrix View

Summary Timeline
Process Summary

Function Legend

Process Timeline e
Property Value [ | App‘Iic‘ation
Version 2.0 . = ll;?\(/j:gt;fr?ce
o 0 Number of Processes 16 Pressure
Cou nter Data Tlmel I ne Timer Resolution 454.54004 ps ™ Fire
Monitor
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Vampir: Performance Charts

E Master Timeline

ErRluee FiER

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13

Master thread:14 :

Master thread:15

W Trace View - [Users/fwl/fds/traces.otf2 - Vampir

RN R |_H-\-\II-\II\II\I\I

Timeline Function Summary
Os 5s 10 s 15 s 20s 25s 30s 35s 40 s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: : : : : :© : : : : : : 200s 0s
Radiation
_ Application
Divergence
71709 [ Ml
22.091s D Pressure

2.27 s | Fire

Context View

Detailed information about
functions, communication
and synchronization events

Function Legend

M MmPI
M Application

for collection of processes.

M Radiation
M Divergence
[™ Pressure
™ Fire

Monitor
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Vampir: Performance Charts

E Summary Timeline

Trace View - [Users/fwl /fds/traces.otf2 - Vampir

ENRLROTERLS B2 |[E Sl DENNSIE PRRNES

Timeline Function Summary
Os 5s 10 s 15 s 20s 25s 30s 35s 40 s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: : : : : :© : : : : : : 200 s Os
Master thread:0 356.451s. . | Radiation
Master thread:1 BEESEERN Aopiication

Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8

179.698 s Divergence
1.709 s [ MPI

22.091s D Pressure
2.27 s | Fire

Context View
- » * Summary Timeline etur-nge

Master thread:9 f . \a i i Prope Value

Master thread:10 | FraCtlonS Of the number Of I I Disp[;yy Function Summary
Master thread:11 . Il il )

Master thread:12 processes that are actively = fer o Al Processes
Mactor threndi 14 e iNVoOlved in given activities |mmpemms  cenaed 216

Master thread:15 “ Function Group [MApplication

Value 53.0122%

; ; ; : at a certain point in time.
All Processes, Exclusiye Time per Function Group . - - - -
f ] - : . B i i Function Group [Radiation

90 % Value 39.3613%
Function Group [MPI

75X Radiation ' Value 7.62647%
Time Range Set Zoom

60 % Radiation

45% Function Legend
M mpI

30% M Application
M Radiation

15 % M Divergence
[ Pressure
™ Fire

0%5 Monitor
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Vampir: Performance Charts

™" Process Timeline

ErRukeed

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13

Master thread:14 :

Master thread:15

Master thread:0

-
H O ©0W 0o NGOV A WN =

-
N

Os

5s

W Trace View - [Users/fwl/fds/traces.otf2 - Vampir

RN R |-|-\II-\II!II\I\I

Timeline Function Summary
15s 20s 25s 30s 35s 40s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: : :” : : : : : : 200s 0s
Radiation
_ Application
Divergence
71709 [ Ml
22.091s D Pressure

2.27 s | Fire

Context View
=] TR

Detailed information about Brgey T E—

. . Display Process Timeline
different levels of function Type Function
calls in a stacked bar chart oveton Bloatant vaciation.

for an individual process. g g * Function Group MRadiation

Interval Begin  5.365346 s
Interval End 18.54047 s

Duration 13.175125 s
Call Level 2
(O | L) O NI EI I I TveRonse  sezeom
M NmHNnn nannnn
| I| | | | | | |
| | | | | |
‘ [ I ‘ | l Functlor; Legend
M mpI
M Application
M Radiation
M Divergence
[™ Pressure
™ Fire
Monitor
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Vampir: Performance Charts

E.L« Counter Timeline
W Trace View - [Users/fwl/fds/traces.otf2 - Vampir

ErxBLEOTIERLS B~ | I_'H-|-\II-\II!II\I\I

Timeline

Function Summary

Master thread:3

Os 5s 10s 15s 20s 25s 30s 35s 40 s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: ; ; ; ; i ; ; ; ; ; ; 200 s Os
Master thread:0 Radiation
Master thread:1 _ Application
Master thread:2

179.698 s Divergence
:71.709 s [ MPI

22.091s D Pressure
2.27 s | Fire

Master thread:4
Master thread:5
Master thread:6
Master thread:7

Context View

Master thread:0 Property Value
1 — Oiplay  Counter Dama Timalios
2 IZ::W ﬁmimf;do
3 I, NN fEEeEmnnnm L
Maxi 1.410767 G
+ N FERRsonercammmml | || (I N BN ININIHIE | ,Aa"'m”m 138081625 M
s 7 ‘math_functions.csevl_ . N I Imuiuirlim verage '
6 | [ | S I S NN U - AN BN Minimum 0
7 || I || I Unit #/[s
8 Detailed counter BN Interval Begin 20.8's
9 I I I I Interval End 21s
information over time for Duration 0.2 <
Master thread:0, Values of Metric "PAPI_FP_OPS" over Time .
an individual process. Time Range  Set Zoom
35G _J
306G )
250G Function Legend
M mP1
$ 2:0 G ff e [ [ e e e e M Application
e - S e St B s st e o B s | Bl M Radiation
10 JK SRR OPORRRORORROROOOO SOPSOOSOOUOSOOUUUUOOOE: OO0 & SOPRIROOOOROOOOOOE SOVOUOUOOUSOOUUUUUOOORE SO | Y ) SUPPPURR SUPPUOY I OO I OO OO UYL I IO M Divergence
05G PR SUNDRRS m———— NS AU VU U U [ O U - U A O O I O [ Pressure
’ / { ™ Fire
0: Monitor
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Vampir: Performance Charts

:% Performance Radar

Trace View - [Users/fwl /fds/traces.otf2 - Vampir

ExXRLEOTIEERLS [ | EEEEEE s

Os 5s 10 s

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11

15 s

20s

Timeline

30s 35s 40 s 45 s

Detailed counter
information over time for
a collection of processes.

50s

55s

- Unit #/s

Function Summary
All Processes, Accumulated Exclusive Time ...

200 s Os
Radiation
[STSOSTENNN Application
Divergence
:71.709 s [ MPI
22.091 s [7] Pressure
2.27 s | Fire

Context View
* (") Performance Radar

Property Value

EXE3

Display Performance Radar
Type Counter

Location Master thread:3
Metric ~ PAPI_FP_OPS

Value 3.020679 G
Time 42.7s

Function Legend

Master thread:12 M mpI
Master thread:13 M Application
Master thread:14 M Radiation
Master thread:15 M Divergence
: : [ Pressure
| M Fire
0 . Monitor
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Vampir: Where Do the Metrics Come From?

Custom Metrics Built-In Editor

W Custom Metrics

Active

C RN R R CR R CIgR IR

FLOPS in User Defir
MPI Latencies
Message Data Rate
Message Transfer T
Message Volume in
Number of Hits
Number of Invocat
Simultaneous Mess

Time Spent in MPL_

W Custom Metrics

Description: ‘Wait Time

| Unit: 1/s

Metric

! Function Duration

MPI_Irecv

|Inc|usive

Metric

! Function Duration

'MPI_Wait

|Inc|usive

N Operation

Ld
'Add

| Apply |

| Cancel | |

oK
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Vampir: Performance Charts

® Function Summary

W Trace View - [Users/fwl/fds/traces.otf2 - Vampir

ErBLEOTIERLS & 2| I_'H-\-\II-\II\II\I\I

Function Summary Function Summary
All Processes, Accumulated Exclusive Time per Function Group All Processes, Accumulated Exclusive Time per Function
150 s 75s 0Os
184.148 s rad.init_radiation_

MPI [7.54%] 172.299 s radcompute_radiation.radiation_fvm_
102.811s divg.divergence_part_1_
m divgdivergence_pa...pecies_advection_

33.909s - mass.mass_finite_differences_

30.917 s MPI_Barrier

28.719 s - dump.gas_phase_output_

Radiation [37.48%] 26.788 s I MPI_Allreduce

23.195s - read_input.read_tran_

22.554 s [ tran.ginv_

22.028 s [ pres.pressure_solver_

20.801s - divgdivergence_pa...thalpy_advection_
14.937 s - velo.compute_viscosity_
14.771s - dump.dump_smoke3d_

Divergence [18.89%)]

| Function Summary
All Processes, Number of Invocations per Function
10 M 5M
LS e
_ physical_functions.get_mass_fraction_
[EEO0I000N dump.gas_phase_output_
3,261,648 _ math_functions.erfc_
3,261,648 _ math_functions.erf_
1,539,872 - memory_functions....one_d_pointers_
1,539,872 - memory_functionsa...ge.wall_pointers_
1,438,608 - math_functions.csevl_
640,016 . property_data.janaf_table_
600,288 . init.define_edge_

Application [33.53%]

Overview of the

Context View

= accumulated information

Property Value

Display Function Summary acCross a” fUﬂCtIOﬂS and for 574,560 .turbulence.wall_'model_
Filter All Processes ” . f 565,248 . geometry_functio...ch_other_meshes_
. a Co eCtlon (0) prOCGSSGS 560,000 . property_data.calc_gas_props_
Function Group [™Pressure .
) ) 320,000 I property_data.calc_mix_props_
Accumulated Exclusive Time 22.090677 s 287,872 I memory_functions.allocate_storage_
Percentage 2.32247% 287,872 I init.init_wall_cell_
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Vampir: Performance Charts

=i

Process Summary

ErREkee3IE

Process Summary

Individual Processes, Accumulated Exclusive Time per Function Group

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7
Master thread:8
Master thread:9
Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14
Master thread:15

Os 10's 20s 30s 40s 50s 300 s 200 s 100 s Os
Radiation Dlvergence il Others 356.451 s Radiation
Radiation Divergence il Others _ Application

Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation
Radiation

Process Summary

Similar Processes, Accumulated Exclusive Time per Function Group

W ] Radiation
AN [radiztion
831 ] acizton

[
-

Property

Display

Function Group
Cluster Members

Os

10's

Value

20s

Context View

Process Summary

M Application
Master thread:5, Master thread:4, Master thread:11, and 6 more...

Minimum Accumulated Exclusive Time 14.038701 s

Accumulated Exclusive Time

Max. Accumulated Exclusive Time

15.272333 s
16.107647 s

30s

W Trace View - [Users/fwl/fds/traces.otf2 - Vampir

& 6 G 4|y [ e, -

Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence
Divergence

il Others
i Others

-

W Others
W Others
i Others

W Others
i Others

i Others

i Others
i Others
W Others
i Others

Divergence

40s
Divergence

50s 60 s

Function Summary
All Processes, Accumulated Exclusive Time per Function Group

179.698 s Divergence
71.709 s [N P

.091s D Pressure
2.27 s ﬂ Fire

~

Overview of the
accumulated

information across all
functions and for every

\_Process independently.

\

Clustering:
Grouping of similar
processes by using

summarized
function informationj
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Vampir: Performance Charts

ii Communication Matrix View

W Trace View - [Users/fwl /fds/traces.otf2 - Vampir

=ExREuLwEed

g # o [CHEENT—— e

Number of Messages

Master thread:0
Master thread:1
Master thread:2
Master thread:3
Master thread:4
Master thread:5
Master thread:6
Master thread:7

Master thread:8

Sender

Master thread:9

Master thread:10
Master thread:11
Master thread:12
Master thread:13
Master thread:14

Master thread:15

Communication Matrix View

Receiver

310

290

270

250

230

210

190

170

150

130
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Vampir at Scale: FDS with 8192 cores

Fit to chart height feature in Master Timeline

W Trace View - Chester: ,llustre/atla.s,’prm shared/stf010/winklerf/MPI_SCALE /reference_8192_8_procs_trace_filter/trace/traces.otf2 - Vampir

5
EN B LB © I E G4 D (@ | | S B

Tlmellne Function Summary
Os 100 s 200 s 300 s 400 s 500 3 600 s 700 s 800 s 900 s All Processes, Accumulated Exclusive Time per Function
Master thread:1 - : E : i : ] 2,000,000 s
Master thread:207 - T Il Eesrrosm— o i
Master thread:480 - | 23007606545 MAN
Master thread:480 - 2 —
Master tnreag:ggil - ‘ £ 1,997,224.331 s divg.divergence_part_1_
aster thread:864 - i
Master thread-1004 - 464,258.627 s : pres.pressure_solver_
Master thread:1306 - i 258,161.183 s - MPI_Allreduce
masger :nreag:ggg - | 98,383.802 s [] MPI_Waitall
aster thread: - ‘ . .
Master thread-2000 - ] 77,675.037 s [| MPI_File_write_at
Master tnreag:%%gg - 51,696.982 s || MPI_Gatherv
aster thread: -
Master thread-2500 - | 48,432.479 s MPI_AI'Igatherv
Master thread:2643 - 41,030.476 s || MPI_Init_thread
mastef :nfeagigggg - | 14,804.909 s | divg.divergence_part_2_
aster thread: - .
Master thread-3522 - 2,196.408 s | MPI_File_open
Master thread:3678 - 1,976.264 s | MPI_Startall
Master thread:3967 - |
Master thread:4210 - . .
Master thread:4414 - Context View
Master thread:4601 - | e < Trace Info B R
Master thread:4746 -
Master tnreagmgéo - | Property Value
Master thread:5005 - ! 4 .
Macter thread-2311 - File Chester:/lustre/atlas/
Master tnreag:sgéo - Creator Score-P 2.0-trunk
Master thread:5661 - | .
Master tnreag:gggg - OVGFVIeW Of the ‘ Version 2.0
aster thread: - | Number of Processes 8,192
Master thread:6176 - ’
Master tnreag:gggg - entlre appllcatlon run ‘ Timer Resolution 454.540618 ps
aster thread: -
Master thread-6798 - across all processes | :
Master thread:7003 - Function Legend
Master thread:7153 - based on available LI
Master tnreag:BgZ - ‘ P Pressure
aster thread:7484 -
Master tnreag:Té'g? - pIXG|S on screen. ‘ M Divergence
aster thread:7897 - n ‘ Applicati
Master thread:8132 - : : : : ! : : L Mz;:‘iltc:rmn

Connected: Chester

ATPESC 2016 - Vampir Performance Visualization Slide 44




Agenda

)
| |
)
| |
)
 Tracing and Visualizing NPB-MZ-MPI / BT - tonight
| |
)

"9
) Repuscns ZIH

Center for Infarmation Services &

DRESDEN ATPESC 2016 - Vampir Performance Visualization Slide 45 ioh ertormance Computing




Agenda

Conclusions
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Conclusions

Vampir & VampirServer

* |Interactive trace visualization and analysis

* Intuitive browsing and zooming

« Scalable to large trace data sizes (20 TByte)

« Scalable to high parallelism (200000 processes)
« Vampir for Linux, Windows and Mac OS X

« Common instrumentation and measurement
infrastructure for various analysis tools

» Hides away complicated details
* Provides many options and switches for experts

60 Rises ZiH
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The people behind Vampir, Score-P, and OTF2:

Active

Dr. Holger Brunst
Jens Doleschal
Ronald Geisler
Tobias Hilbrich
Matthias Jurenz

Dr. Andreas Knupfer
Dr. Hartmut Mix
Prof. Wolfgang E. Nagel
Ronny Tschuter
Michael Wagner
Matthias Weber

Bert Wesarg
Thomas William

Johannes Ziegenbalg
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Retired

Alfred Arnold

Laszlo Barabas

Ronny Brendel

Heike McCraw/Jagode
Shino Mathukutty George
Daniel Hackenberg
Robert Henschel

Dr. Matthias Muller
Reinhard Neumann
Frank Noack

Michael Peter

Heide Rohling

Johannes Spazier

Frank Winkler ——

Manuela Winkler Z I l I
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Vampir is available at http://www.vampir.eu
Vampir at Argonne NL: https://www.alcf.anl.gov/vampir
Get support via vampirsupport@zih.tu-dresden.de
Score-P: http://www.vi-hps.org/projects/score-p

=
>
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Vampir Demo: NPB-MZ-MPI / BT

The NAS Parallel Benchmark suite (MPI+OpenMP version)

Available from: http://www.nas.nasa.gov/Software/NPB

3 benchmarks in Fortran77 (bt-mz, lu-mz, sp-mz)

Configurable for various sizes & classes (S, W, A, B, C, D, E)

Benchmark configuration for demo:

Benchmark name: bt-mz
Number of MPI processes: NPROCS=4
Benchmark class: CLASS=W

What does it do?

Solves a discretized version of unsteady, compressible Navier-Stokes
equations in three spatial dimensions

Performs 200 time-steps on a regular 3-dimensional grid -

n¥a
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NPB-MZ-MPI / BT Build

Connect to Mira and add Vampir to the SoftEnv system

% vi .soft
+vampir
% resoft

Copy sources to working directory

% cp /projects/Tools/vampir/tutorial/NPB3.3-MZ-MPI.tar.gz .
% tar xzvf NPB3.3-MZ-MPI.tar.gz
% cd NPB3.3-MZ-MPI

Compile the benchmark:

% make bt-mz CLASS=W NPROCS=4

cd BT-MZ; make CLASS=W NPROCS=4 VERSION=

make: Entering directory 'BT-MZ'

cd ../sys; cc -0 setparams setparams.c

../sys/setparams bt-mz 4 W

mpixlf77 r -c¢ -03 —-gsmp=omp -gextname=flush bt.f
[...]

Built executable ../bin/bt-mz W.4

make: Leaving directory 'BT-MZ'

60 Rises ZIH
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NPB-MZ-MPI / BT Reference Execution

Copy jobscript and launch as a hybrid MPI+OpenMP
application

o o°

o\°

o\

o\°

cd bin

cp ../jobscript/mira/run.sh .

less run.sh

export OMP NUM THREADS=4

runjob -n 4 -p 4 --block S$COBALT PARTNAME --env-all : bt-mz W.4
gsub -A <projid> -t 10 -n 1 --mode script run.sh

cat <jobid>.outpout

NAS Parallel Benchmarks (NPB3.3-MzZ-MPI) - BT-MZ MPI+OpenMP Benchmark
Number of zones: 4 x 4

Iterations: 200 dt: 0.000800

Number of active processes: 4

Total number of threads: 16 ( 4.0 threads/process)

Time step 1

Time step 20

[...]
Time step 200 .
Verification Successful OUtpUt (Or note the run tlme)

to be able to refer to it later

Hint: save the benchmark

BT-MZ Benchmark Completed.
Time in seconds = 2.27

UNIVERSITAT ZIH

DRESDEN

Center for Infarmation Services &
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NPB-MZ-MPI / BT Instrumentation

Edit config/make.def to adjust build configuration

Modify specification of compiler/linker: MPIF77

# SITE- AND/OR PLATFORM-SPECIFIC DEFINITIONS

#MPIF77 = mpix1£f77 r

Uncomment the

# Alternative variants to perform instrumentation Score-P compller

fe wrapper specification
MPIF77 = scorep mpix1lf77 r

# This links MPI Fortran programs; usually the same as ${MPIF77}
FLINK = $(MPIF77)

/K}‘
Q) i LR
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NPB-MZ-MPI / BT Instrumented Build

Return to root directory and clean-up

% make clean

Re-build executable using Score-P compiler wrapper

% make bt-mz CLASS=W NPROCS=4
cd BT-MZ; make CLASS=W NPROCS=4 VERSION=
make: Entering directory 'BT-MZ'
cd ../sys; cc -0 setparams setparams.c
../sys/setparams bt-mz 4 W
scorep mpixlf77 r -c -03 -gsmp=omp -gextname=flush bt.f
[...]
cd ../common; scorep mpixlf77 r -c -03 -gsmp=omp -gextname=flush timers.f
scorep mpixlf77 r -03 -gsmp=omp -gextname=flush -o ../bin.scorep/bt-mz W.4
bt.o initialize.o exact solution.o exact rhs.o set constants.o \
adi.o rhs.o zone setup.o x solve.o y solve.o exch gbc.o \
solve subs.o z solve.o add.o error.o verify.o mpi setup.o \
../common/print results.o ../common/timers.o
Built executable ../bin.scorep/bt-mz W.4
make: Leaving directory 'BT-MZ'

60 Rises ZIH
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NPB-MZ-MPI / BT Summary Measurement Collection

Change to the directory containing the new executable
before running it and adjust configuration

o\°

cd bin.scorep
cp ../jobscript/mira/*
less run profile.sh
export SCOREP ENABLE TRACING=false
export SCOREP ENABLE PROFLING=true
export SCOREP TOTAL MEMORY=100M
export SCOREP EXPERIMENT DIRECTORY=scorep bt-mz W 4x4 sum
export OMP NUM THREADS=4
runjob -n 4 -p 4 --block SCOBALT PARTNAME --env-all : bt-mz W.4
gsub -A <projid> -t 10 -n 1 --mode script run profile.sh
cat <jobid>.outpout
NAS Parallel Benchmarks (NPB3.3-MZ-MPI) - BT-MZ MPI+OpenMP Benchmark
Number of zones: 4 x 4
[...]
Time step 200
Verification Successful

o°

o\°

o°

o\°

BT-MZ Benchmark Completed.
Time in seconds = 12.74

60 Rises ZIH
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NPB-MZ-MPI / BT Summary Analysis Report Examination

Creates experiment directory ./scorep _bt-mz_W 4x4 sum
containing

A record of the measurement configuration (scorep.cfg)

The analysis report that was collated after measurement
(profile.cubex)

% 1ls

scorep bt-mz W 4x4 sum
5 ls scorep bt-mz W 4x4 _sum
profile.cubex scorep. cfg

e

f
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NPB-MZ-MPI / BT Summary Analysis Result Scoring

Report scoring as textual output

flt type
ALL
USR
OMP
COM
MPI

% scorep-score scorep bt-mz W 4x4 sum/profile.cubex

Estimated aggregate size of event trace:

Estimated requirements for largest trace buffer (max tbc):
(hint: When tracing set SCOREP TOTAL MEMORY > max tbc to avoid intermediate ushes
or reduce requirements using file listing names of USR regions to be filterq

max_ tbc time % region
235123428 419.92 100.0 ALL
232516724 78.19 18.6 USR
5973040 121.45 28.9 OMP
314710 1.38 0.3 COM
88898 218.90 52.1 MPI

909683062 bytes
35123428 bvytes

868 MB total memory
224 MB per rank!

Region/callpath classification

MPI (pure MPI library functions)

OMP (pure OpenMP functions/regions)
USR (user-level source local computation)
COM (“combined” USR + OpenMP/MPI)
ANY/ALL (aggregate of all region types)

COM

N

USR COM USR

7\
OMP MPI USR

ZIH
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NPB-MZ-MPI / BT Summary Analysis Report Breakdown

Score report breakdown by region COM

$ scorep-score -r scorep bt-mz W 4x4 sum/profile.cubex ‘/////l\\\\\‘

Loool USR COM USR

flt type max_ tbc time region
ALL / \

o\°

15123428 419.92 100.0
More than 2516724 78.19  18.6 USR OMP MPI USR
223 MB just for EEREE 121.45  28.9 OMP
these 6 regions 14710 1.38 0.3 COM
898 218.90 52.1 MPI
4 )
USR 72578286 18.80 4.5 matmul sub
USR 72578286 20.41 4.9 matvec sub
USR 72578286 33.47 8.0 binvcrhs
USR 6747972 2.91 0.7 lhsinit
USR 6747972 1.88 0.4 binvrhs
USR \_ 2939464 0.71 0.2 exact solution J
OMP 369840 0.14 0.0 !Somp parallel (@exch gbec..
OMP 369840 0.13 0.0 !Somp parallel @exch gbc..
OMP 369840 0.13 0.0 !Somp parallel @exch gbc..
[...]

=

60 iR ZIH
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NPB-MZ-MPI / BT Summary Analysis Report Filtering

Report scoring with prospective filter listing 6 USR regions

% cat ../config/scorep.filt
SCOREP REGION NAMES BEGIN EXCLUDE
binvcrhs*

matmul sub*

matvec sub*

exact solution*

binvrhs*

lhs*init*

timer *

% scorep-score -f ../config/scorep.filt scorep bt-mz W 4x4 sum/profile.cubex

Estimated aggregate size of event trace: (20482398 bytes
Estimated requirements for largest trace buffer (max tbc) :\6377242 bytes
(hint: When tracing set SCOREP TOTAL MEMORY > max tbc to avoid intermediatd
or reduce requirements using file listing names of USR regions to be filte

ushes

20 MB of memory in total,

6 MB per rank!

e

60 iR ZIH
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Advanced Measurement Configuration: Metrics

Available PAPI metrics

Preset events: common set of events deemed relevant and
useful for application performance tuning

Abstraction from specific hardware performance counters,
mapping onto available events done by PAPI internally

% gsub -A <projid> -n 1 --mode cl --proccount 1 -t 10 \
/soft/perftools/papi/bin/papi_ avail
% cat <jobid>.outpout

Native events: set of all events that are available on the CPU
(platform dependent)

% gsub -A <projid> -n 1 --mode cl --proccount 1 -t 10 \
/soft/perftools/papi/bin/papi native avail
% cat <jobid>.outpout

Note:
Due to hardware restrictions
- number of concurrently recorded events is limited
TECHNISCHE - there may be invalid combinations of concurrently recorded events
UNIVERSITAT
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NPB-MZ-MPI / BT Trace Measurement Collection...

Re-run the application using the tracing mode of Score-P

% cd bin.scorep
% less run_ trace.sh
export SCOREP ENABLE TRACING=true
export SCOREP ENABLE PROFLING=false
export SCOREP FILTERING FILE=../config/scorep.filt
export SCOREP TOTAL MEMORY=100M
export SCOREP EXPERIMENT DIRECTORY=scorep bt-mz W 4x4 trace
export SCOREP METRIC PAPI=PAPI FP OPS,PAPI L1 DCM
export OMP NUM THREADS=4
runjob -n 4 -p 4 --block SCOBALT PARTNAME --env-all : bt-mz W.4
gsub -A <projid> -t 10 -n 1 --mode script run_ trace.sh
cat <jobid>.outpout
NAS Parallel Benchmarks (NPB3.3-MZ-MPI) - BT-MZ MPI+OpenMP Benchmark
Number of zones: 4 x 4
[...]
Time step 200
Verification Successful

o° o©

BT-MZ Benchmark Completed.
Time in seconds = 3.49

——
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NPB-MZ-MPI / BT Interactive Trace Analysis with Vampir

Download and install VampirClient for target platform

U 0 0 F=*=

Linux 64bit

scp <user>@mira.alcf.anl.gov:/projects/Tools/vampir/vampir-gui/vampir-*-x86 64.bin .
scp <user>@mira.alcf.anl.gov:/projects/Tools/vampir/vampir-gui/vampir-remote.license .

bash ./vampir-*.bin

Start VampirServer and follow output instructions

S vampirserver start -a <projid> -n 16

Launching VampirServer...

Submitting PBS batch job (this might take a while) ...

** Project 'tools'; job rerouted to queue 'prod-short'

VampirServer 8.2.1 (r8876)

Licensed to Mira Performance Boot Camp 2014

Running 15 analysis processes... (abort with vampirserver stop 28448)
VampirServer <28448> listens on: Q2G-I5-J01.mira.i2b:30066

Please run:
ssh -L 30001:02G-I5-J01.mira.i2b:30066 <user>@mira.alcf.anl.gov

on your desktop to create ssh tunnel to VampirServer.

Start vampir on your desktop and choose 'Open Other -> Remote File'
Description: mira, Server: localhost, Port: 30001
Authentication: None
Connection type: Socket

Tognore "More Options"®

ZIH
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NPB-MZ-MPI1 / BT Trace Analysis with Vampir

Trace View - Mira:/home /winklerf/tutorial/NPB3.3-MZ-MPI/bin.scorep/trace/traces.otf2* - Vampir

File Edit Chart Filter Window Help

EruweOeoTIERE2S

e 000 ol it oLl o

3.619s
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OMPt...d 3:0
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OMPt d 2 2 Al LML L) 8 OO {8 | (0 00 A (I [ N L1
OMPt..d3:2 il 1

OMPE..d 13 -

Timeline Function Summary
0s 1s 2s 3s " All Processes, Accumulated Exclusive...
- — —
e EETSTER— v oop
OMPE.d1:0 9.441s OMP_SYNC

2.029s H OMP_PARALLEL

1.745 s ] Application
1.163 s | MPI

FunctionlLegend ——  @X

-7 Monitor

-l OMP_PARALLEL
- OMP_SYNC

- OMP_LOOP

OMPt...d 2:3 YTy HOMP_API
ompt..d3:3 [N EMP
l i3 -l Application
4 »
Connecte'd: Mira
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Vampir Bonus: Case Study of FDS

 Indentification of program phases

BafBab) W Trace View - Chester: /lustre/atlas/proj-shared /stf010/winklerf/MPI_SCALE/reference_8192_8_procs_trace_filter/trace/traces.otf2 - Vampir

ErlLeOeoTIERLES

(G( || | 5 0Ol

Timeline

Os 100 s 200 s 300 s 400 s 500 s 600 s 700 s 800 s 900 s

Master thread:1
Master thread:207
Master thread:364
Master thread:480
Master thread:664
Master thread:864
Master thread:1004
Master thread:1306
Master thread:1506
Master thread:1769
Master thread:2000
Master thread:2138
Master thread:2320
Master thread:2500
Master thread:2643
Master thread:2909
Master thread:3222
Master thread:3522
Master thread:3678
Master thread:3967
Master thread:4210
Master thread:4414
Master thread:4601
Master thread:4746
Master thread:4910
Master thread:5005
Master thread:5311
Master thread:5410
Master thread:5661
Master thread:5799
Master thread:5975
Master thread:6176
Master thread:6400
Master thread:6608
Master thread:6798
Master thread:7003

Function Summary

| All Processes, Accumulated Exclusive Time per Function

2,000,000 s

MAIN__
LR PZEE T divo.divergence_part_1_
464,258.627 s 5 pres.pressure_solver_
258,161.183 s [ MPI_Allreduce
98,383.802 s [ MPI_Waitall
77,675.037 s || MPI_File_write_at
51,696.982 s | MPI_Gatherv
48,432.479 s | MPI_Allgatherv
41,030.476 s | MPI_Init_thread
14,804.909 s | divg.divergence_part_2_
2,196.408 s | MPI_File_open
1,976.264 s | MPI_Startall

S TEE— i

Context View

E Trace Info n
Property | Value .
File Chester:/lustre/atlas/
Creator Score-P 2.0-trunk
Version 2.0

Number of Processes 8,192

Timer Resolution 454.540618 ps

Function Legend

Master tnreaggggg ™ mPI
Master thread.7484 B Pressure
Mestertheaac7 i
Master thread:d | njtialization Phase Computation Phase Monitor
Connected: Chester
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Vampir Bonus: Case Study of FDS

« Load imbalance in initialization phase

W Trace View - Chester:/lustre/atlas/proj-shared /stf010/winklerf/MPI_SCALE/reference_8192_8_procs_trace_filter/trace/traces.otf2 - Vampir
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Vampir Bonus: Case Study of FDS

* Load imbalance in initialization phase (2)
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Vampir Bonus: Case Study of FDS

« Computation phase
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Vampir Bonus: Case Study of FDS

* Unnecessary synchronization in computation phase
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Vampir Bonus: Case Study of FDS

* |nefficient cache usage in computation phase
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