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Disclaimer

Performance tools will not
automatically make you code run

faster. They help you understand,
what your code does and where to

put In work.
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Introduction

Why bother with performance analysis?

e Efficient usage of expensive and limited resources
e Scalability to achieve next bigger simulation

Profiling and Tracing

e Have an optimization phase
e just like testing and debugging phase
e Use tools!
e Avoid do-it-yourself-with-printf solutions, really!

o
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Sampling vs. Tracing

Foo: Total Time 0.0815
Bar: Total Time 0.4711

| | |
Sampling

Vv

> 2011/06/30 10:15:12.672865 Enter foo
2011/06/30 10:15:12.894341 Leave foo

Tracing

y

e
)
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Program profiles

Statistics
Execution time
Number of invocaitons
bar
w foo
foo W bar
| |
0 2 4
Timelines

—
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Instrumentation & Measurement

What do you need to do for it?
Use VampirTrace

Instrumentation (automatic with compiler wrappers)

CC-=icc CC=vtcc

CXX=icpc CXX=vicxx

F90=ifc F90=vtf90

MPICC=mpicc MPICC=vtcc -vt.cc mpicc

Re-compile & re-link

Trace Run (run with appropriate test data set)

More details later
o
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Instrumentation & Measurement

What does VampirTrace do in the background?

Instrumentation:

¢ \/la compller wrappers

e By underlying compiler with specific options
e VPl instrumentation with replacement lib

e OpenMP instrumentation with Opari

® Also binary instrumentation with Dyninst

e Partial manual instrumentation
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Instrumentation & Measurement

What does VampirTrace do in the background?

Trace Run:

e Fvent data collection

® Precise time measurement

e Parallel timer synchronization

e Collecting parallel process/thread traces

e Collecting performance counters (from PAPI,

memory usage, POSIX |/O calls and
fork/system/exec calls, CUDA, and more ...

e Monitor GPU usage
e Filtering and grouping of function calls

)
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Event Trace Visualization

Trace Visualization

e Alternative and supplement to automatic analysis
e Show dynamic run-time behavior graphically
e Provide statistics and performance metrics
e Master timeline for parallel processes/threads
e Process timeline plus performance counters
e Statistics summary display
® \lessage statistics
® more
® [nteractive browsing, zooming, selecting
e Adapt statistics to zoom level (time interval)
e Also for very large and highly parallel traces

s ZIH

DRESDEN Titan Summit @ ORNL, Aug 16, 2011 — Guido Juckeland — Slide 10 “Tin lrferoett



Vampir Workflow

”w - -

Multi-Core
( ' Program

CPU = U = U CPU
&.) L“J L“J L.

Vampir
Trace

"~ Many-Core
Program

Trace
File
(OTF)

{7

Trace
L |Bundle

VampirServer
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Vampir

GUI to analyze trace files (OTF)

Main concept: Timeline + statistics

GUI is QT based — available on Linux, Mac, Windows

W () Vampir - [Trace View - localhost 30045://tmpipr nmg 7543/usam otf]
W Hle Edit Chert Flter Window Help
& i = = 705 1055
ErLROTEERSD I el (AT | T w— ]|
Timeline
725 748 765 785 80s 82s 845 26 90s 925 94s 96s 98s 100s 1028 104s

Process 0
Process 85
Process 174
Process 262
Process 351
Process 440
Process 528
Process 617
Process 706
Process 794
Process 883
Process 972
Proce.
Proce..
Proce.,

al 2. transport + reactions
One Timestep

-
I
L
/

3. update solution”

All Processes, Accumul;

Function Summary
ated Exclusive Time per Function

MPI_Wait

[18028% | reaction_rtauxvarcompute
MPL_Allreduce
MPI_Barrier

0.831%
0.732%

0.477%

Schedule:: calculateReceiveSizes
_richards_richardsjacobianpatchl

Scheduler calculateSendsizes
reaction_rreact
“reaction_rkineticmineral
“utility_ludemp

Schedule:: beginCommunication
MPLIsend

Schedule:: processincomingMessages
_reaction_rsolve

LevelSolver:: CellLevelSmoother::solve
[ImPLirecy

0.582% | FAC:CellFACPreconditioner::residual_ealculation

| schedule::communicate
Function Legend

G

M Application
M FLow
B FLow_SETUP
M P

[™ MP1_Barrier

=]

¥ RTAUXVARCOMPUTE

[7] TRANSPORT_SETUP

B UPDATESOLUTION
VT APl

Number of Messages

Frocess u
Process 271

Process 543

Process 815

Process 1087
Process 1359
Process 1631
Process 1903
Process 2160
Process 2430
Process 2702
Process 2974
Process 3246
Process 3518
Process 3790
Process 4062

Communication Matrix View

analysis Engine wurk\uad‘E

TECHNISCHE
UNIVERSITAT

DRESDEN

Titan Summit @ ORNL, Aug 16, 2011 — Guido Juckeland — Slide 12

Center for Infarmation Services &
High Performance Computing



VampirServer

Parallel analysis engine for Vampir

e VP
e pthreads

Scales to > 10,000 analysis processes

Loads the entire uncompressed trace into memory
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Vampir 7: Displays for a WRF trace with 64 processes

Vampir - [Trace View - fhome/dolescha/tracefiles/feature-traces/wri-p6d-io-mem-rusage/wrf. Th.otf]
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Current Scalability Features in Vampir

Fit to chart height feature
of master timeline and performance radar

e Allows visualization of more processes than pixels of
screen are available

Clustering

e Allows detection of outlier processes and groups with
similar behavior

Performance radar

e Highlighting performance conditions of your program
In a global timeline
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Scalability Feature I: Fit to chart height: Pflotran initialization + 1/0
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Scalability feature Il: clustering: Pflotran - first iteration

Ve DIr FaCE VIE Lrant cinfefn i e qrace 9b ErsUUy gpTiotra 1'(].0 EDTL = m
W File View Help

View Chart Filter

ENLOTIERE BG4 R ] D |

Timeline A Function Summary

Process 0, Accumulated Exclusive Time per Function

H

RAT = ALRM = AL RALA =

FProcess Summary TE

D5 ST
0= G s 10 = 15:5

CONDITION M. _ITIOMUPDATE
362 Co. e
102 COMNDITI. . N JPDATE

e || | | || Jconomon_ . TioNuPDATE

3480

28
2347
7187

CONDITION _.. TIOMUPDATE

CONDITION

B e e = e M v v i s w s I v e I I s v e v e v I M w M v I Ry v [y

i

Process
Process 13350
-

é Process 13365 i
Process 13380 . 4
ocess 13395 M ! :
H H H ices
: i : Litin
65445 s d

1

es &



Scalability feature Il: clustering: Pflotran - end of initialization & first iteration
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Performance Radar

Scalability Feature lll

‘@ Performance Radar - /Traces/64_pmp2/pmp.otf - Vampir
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Scalability Feature Il: Performance Radar

[ NN W Trace View - [Traces/64_pmp2/pmp.otf - Vampir
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Scalability Feature Il: Performance Radar

(o NN W Trace View - (Traces/64_pmp2 /pmp.otf - Vampir
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Vampir 1/0 Analysis

Vampir-[Trace View - /home/mkluge/threader scaling trace/dios mpi~23.otf]
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Finding Performance Bottlenecks

Inefficient Communication patterns

Load imbalance / serial parts of the application

Memory bound computation

¢ [nefficient cache usage
e TLB misses
e Use HW counters (PAPI) to detect

|/O bottlenecks

Most time consuming function
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Scalability Feature I: Fit to chart height: Inefficient MPIl_Allgatherv
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Challenges on Jaguar and Titan

Scalability

e Overcome |/O
problems

¢ Find ways to show
that much data

® Hitting a moving target
e Another layer of
heterogenity to display
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Scalability

Current limits on Jaguar

* Tracing up to 8000 Processes

¢ |/O Problem (too many file creates — one per
process)

Prototype already working on Jaguar

¢ Tracing 200,000+ processes
e Opened with 20,000 VampirServer processes

—
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200,000+ Processes in Vampir

Vampir - Trace View - Jaguar:30045:/lustre/widowl/scratch/tilsche/iofsl/traces/542425/merged/s 3d. otf
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GPU Support: CUDA (+OpenCL)

Currently done with Library Wrapping

Application Library

b,
‘Spper \'\br’c“*

Dynamic Linker Enter/Leave
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Reuse known metrics

Thread = Kernel Message = cudaMemCpy

~
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GPU-Memory

e

>
TECHNISCHE ‘ H
UNIVERSITAT ‘ I
D RESDE N Center for Infarmation Services &

Titan Summit @ ORNL, Aug 16, 2011 — Guido Juckeland — Slide 29 High Performance Computing




Asynchronous Events

launch foo Sync_wait Host

N
7

t

—

GPU execution queue

ZiH
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Time stamps for asynchronous events

foo Sync_wait Host
event launch | event
t
47110815 Event

47111234 Event

TR T

: 1 bar
GPU execution queu¢ | N T —

74
|
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PIConGPU - an example for a multi-hybrid application

E E TR — http://picongpu.fzd.de

Dvesden
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1 GPU

Yampir - [Trace Yiew - 7:/Documents,;zih,/Talks +Presentations/Leogang/traces,/picongpu_pure /trace.oth]
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MPI + CUDA

Process 0
Process 1
Thread 1)1
Process 2
Thread 12
Process 3
Thread 1)3
Process 4

Thread 1,4

Low GPU

Utilization
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MPI + pthreads + CUDA

CUDA[1] &1, CUDA[2] 7:1, CUDA[3] 81, CUDA[D] 2:2, Values of Metric "Active Threads" over Time
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What are the GPUs doing

338 s 341s 3445 M7 s 350

CUDA[0] 1:2
CUDA[1] 2:1
CUDA[2] 3:1
CUDA[3] 4:1
CUDA[O] 5:2
CUDA[1] &1
CUDA[2] 7:1
CUDA[3] 8:1
CUDA[O] 9:2
CUDA[1]10:1
CUDA[2] 11:1
CUDA[3] 121
CUDA[0] 13:2
CUDA[1]14:1
CUDA[2] 151
CUDA[3] 16:1

Green: Running a kernel Blue: Idle
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Connection to host processes

Process 1
CLUDAO]1:2
Process 2
CLUDA] 21
Process .
CLUDA[2] 31
Process 4
CLDA[3] 4
Process 5
CLUDA[D] 5:2
Process 6
CLDA[1] &
Process ¥
CLUDA[2] 7
Process 8
CLDA[3] &
Process 9
CLUDA[D] 9:2
Process 10
CUDAM]10:1
Process 11
CLUDAL2] 11:1
Process 12
CUDA[3] 121
Process 13
CUDA[D] 132
Process 14
CUDA] 14:1
Process 15
CUDA[2] 151
Process 16
CUDA[3] 161
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One Process & Thread Group

Ma95g 3E00s 505 3S10s 3515 3SNs
Process 1
CUDA[D] 1:2 L
Thread 1:3

Q) i £l
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Fours steps to get you going at ORNL

1. Recompile application using
VampirTrace

2. Run the application

3. Start VampirServer

4. Connect Vampir to
VampirServer
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Step 1. Recompile application using VampirTrace

First: module load vampirtrace
Use the appropriate compiler wrappers
vice, viCC, vtf77, vtf90
Pick appropriate library (seq, mpi, mt, hyb)
e.g. vtcc —-vt:hyb (recommended)
Pick instrumentation type
—vt:inst compinst (default, compiler instrumentation, all functions)
-vt:inst manual (MPIl, OpenMP, CUDA and manual)
See what's going on behind —vt : show or —vt:verbose
More details —vt :help
Tell your build system to use VampirTrace
./configure -with-CC=“vtcc -vt:hyb” ..
P
) s ZIH
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Step 2. Running the application

Run your application as usual
Make sure the VampirTrace module is loaded
Load module before and gsub -V
module load vampirtrace in the runscript
Control VampirTrace by using environment variables
VT_PFORM_GDIR=traces
mkdir $VT_PFORM_GDIR
lfs setstripe -c 1 $VT_PFORM_GDIR
place trace files in that directory

Use /lustre/widow1 for large runs

—
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Step 2. Running the application (contd.)

Control VampirTrace by using environment variables
VT_FILTER_SPEC=default.filter
cp $VAMPIRTRACE_DIR/etc/default.filter
Reduces resulting trace size by filtering frequently called functions
VT_MAX_FLUSHES=20
Defaults to 1
Allows VT to flush buffer during execution
VT_BUFFER_SIZE=100M
Defaults to 32M
Increases internal buffer size
VT_SYNC_FLUSH=yes
Use that if you have collective ops in your code
Avoids all processes waiting for one process to do trace |/O
But has overhead itsself (extra allreduce on all collective ops!)
VT _METRICS=PAPI FP OPS:PAPI_TOT INS —
UNIVERSITAT ZIH
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Step 3+4. Analyze small traces locally (< 100 MB)

Copy the Vampir GUI / Client to your workstation/laptop

scp home.ccs.ornl.gov:/sw/sources/vampir/client/
vampir-7.*-1386.tar.gz

tar —xzf vampilir-7.*-1386.tar.gz
./vampir/bin/vampir
Client is available for:
Linux {I386, amd64}.tar.gz
Windows {x86, x64}.exe
MacOS as .dmg
Copy trace files to your workstation/laptop
scp -r jaguarpf.ccs.ornl.gov:/tmp/../traces/
Start Vampir on your workstation/laptop

Open trace and enjoy! L
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Step 3. Start VampirServer

VampirServer runs on the compute nodes and needs access to the generated
trace files (.otf, .2)

Currently available on jaguar, smoky, lens

$ module load vampir
$ gsub -V -I -1 size=120,walltime=2:0:0 -A <ACC>
$ vngd-start.sh

Number of processes depends on (size of) the trace
Try Y4 of the cores used by the application
Running out of memory - add nodes

Getting strange MPI errors = reduce process count

—
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Step 4. Connect Vampir to VampirServer (Linux/Mac)

Open an SSH tunnel to the compute node

jaguarpf$ vngd-start.sh
Launching VampirServer Version 2.3.0 with on 12 processes
Found license file: /tmp/work/tilsche/.vampir/etc/lic.dat

Running 11 analysis processes... (abort with Ctrl-C or wvngd-
shutdown)

Server listens on: nid13928:30051

workstation$ ssh -L 30051:nid13928:30051 jaguarpf.ccs.ornl.gov
Open Vampir and “remote open” to
Server: localhost

Port: 30051

—
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Step 4. Connect Vampir to VampirServer (Windows)

We need an SSH tunnel to the compute node

jaguarpf$ vngd-start.sh

Launching VampirServer Version 2.3.0 with

on 12 processes

Found license file: /tmp/work/tilsche/.vampir/etc/lic.dat

Running 11 analysis processes. ..

Server listens on:

Vampir “remote open” to
Server: localhost

Port: 30051

(abort with Ctrl-C or vngd-shutdown)
nid13928:30051

ﬁ PuTTY Cenfiguration

S

Categony:

- Teminal -
- Keyboard

- Bell i
- Features
[=- Window

- Appearance
- Behaviour
- Translation
- Selection

- Colours

[=- Connection

- Data

- Telnet

m

About
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Port forwarding
[ Local ports accept connections from other hosts
[] Remote ports do the same (S5H-2 only)

Forwarded ports:

Add new forwarded port:

Cad
Diestination nid 1352830051

@ Local ) Remote () Dynamic

@ Auto i IPvd i IPv6
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View your application trace:

“Play around” with Vampir to get a feeling about the features

% | Vampir - [Trace View - localhost:3004 i Jesc o o nmg.4320/tra otf]
% file Edit Chart Flter Window Help

& ; = = 705 105 s

EmkeeIERSEG V. 1IN

Timeline
72s 74s 76s 78s 80s 82s 84s 86 s 88s 90 s 92s 94 s 96 s 98s 100 s 102s 104 s

Process 0 7 g A o 3 E
Process 85

Process 174
Process 262
Process 351
Process 440
Process 528

15% 10% 5%

Function Summary

All Processes, Accumulated Exclusive Time per Function

0%

MPI_Wait
_reaction_rtauxvarcompute
MPI_Allreduce

MPI_Barrier
Schedules:caleulateReceivesizes

Process 617 _richards_richardsjacobianpatehl
Process 706 _reactive_transport_rtcalculatetranmatrixpatchl
EFUCESS ;:2 Schedule::calculateSendsizes
rocess
Process 870 _reaction_rreaet
Proce. . 1060 _reaction_rkineticmineral
Proce... 1149 _utility ludemp
Proce... 1238 Scheduler:beginCommunication
Proce... 1326 MPLIsend
Proce... 1415 -
Proce 1a0a Schedule::processincomingMessages
Proce.. 1592 | _reaction_rsolve
Proce... 1681 . | LevelSolver::CellLevelSmoother:solve
Proce... 1769 0.732% [|MPLIrecy
::;gz: 1535 0.582% || FAC::CellFACPrecenditioner:residual_caleulation @
rece” 09s 0.477% | Schedule::communicate
Proce... 2124 Function Legend
Proce... 2213 M ~pplication
Proce... 2301 W FLow
Proce... 2390 [ FLOW SETUP
Proce... 2479 = MPI
Proce... 2567 [ MPI_Barrier
Proce... 2656 D RTAUXVARCOMPUTE
Proce... 2745 SOLVE
Proce... 2833 B TRANSFER
Proce... 2922 [ TRANSPORT
Proce... 3010 . TRANSPORT_REACT
Proce... 3099 [ TRANSPORT SETUP
Proce... 3188 B UPDATESOLUTION
Proce... 3276 VT_API
Proce... 3365
Proce... 3454 Communication Matrix View
Proce.., 3542 Number of Messages
Proce... 3631
Proce... 3720
Proce... 3808
Proce... 3897
Proce... 3986
Froce.. 163 process o
Process 271
Proce... 4252 Process 543
Process 999 [+]] Process 815
4 Process 1087 )
5 Process 1358
5 Process 1631
5 S B A e Process 1803
8 Process 2160
s Process 2430
10 Process 2702
Process 2974
11 Process 3246
12 Process 3518
13 Process 3790
14

Process 4062

One Timestep

3. update solution/

analysis Engine Wurk\uad‘E
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Caution: Effects due to Tracing

/O overhead (flush)
Visibly marked in the trace
‘Long’ time for I/O
|deally only once at the end (invisible) or during barriers
Avoid by applying runtime filters
Measurement overhead
Overhead on function calls
Invisible
Avoid instrumenting tiny frequently called functions

Compare total runtime to get an upper bound on overhead

—
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Summary

Vampir & VampirServer
interactive trace visualization and analysis
intuitive browsing and zooming
scalable to "quite large” trace data sizes (1,5 TByte)
scalable to high parallelism (200,000 processes)

Vampir available for Windows, Linux/Unix and Mac OS X

VampirTrace
convenient instrumentation and measurement infrastructure
hides away complicated details
provides many options and switches for experts

VampirTrace is part of Open MPI 1.3 and higher
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Further information about VampirTrace & Vampir

s  WWW.NCCS.gov/computing-resources/jaguar/software/?software=vampir

« vampir-7.4.0-OLCF3/doc/Manual.pdf

e WWW.vampir.eu

» /sw/sources/vampirtrace/5.11ornl/doc/UserManual.pdf

«  www.tu-dresden.de/zih/vampirtrace

—
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