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Hands-on: NPB - Build

« Copy NPB sources to your home directory

% cp -rp /work/kg0166/tutorial/NPB3.3-MZ-MPI $WRKDIR

 Move Into source directory

% cd NPB3.3-MZ-MPI

« Select the VampirTrace compiler wrappers

% vim config/make.def
-> comment out line 34, resulting in:

34: #MPIF77 = mpxIf
-> remove the comment from line 44, resulting in:

44: MPIF77 = $(PREP) mpxIf




Hands-on: NPB — Run

« Set up VampirTrace environment

% module load vampirtrace

 Build benchmark

% make clean; make suite PREP="vtf77 -vt:f77"

« Go to bin.vampir directory

% cd bin.vampir

« Submit your application to the batch system

% cp ../jobscript/blizzard/vt.Il .
% llsubmit vt.lI




Hands-on: NPB — Run

 Investigate the output file

% cat nas_bt mz.job.e <ID>

[O]VampirTrace: Maximum number of buffer flushes reached \
(VT_MAX_ FLUSHES=1)
[O]VampirTrace: Tracing switched off permanently

\ T

\

Usually occurs while tracing your
application for the first time — don’t worry !




Hands-on: NPB — Analyze

« Resulting trace files

% Is

bt-mz_W.4

nas_bt mz.0.def.z

nas_bt mz.l.events.z
nas_bt mz.10001.events.z
nas_bt mz.10002.events.z

nas_bt mz.40004.events.z
nas_bt mz.50001.events.z
nas_bt mz.50002.events.z
nas_bt mz.50003.events.z
nas_bt mz.50004.events.z
nas_bt_mz.otf

 Visualization with Vampir7 on lizard:

% ssh -X lizard.dkrz.de
% module load vampir
% vampir




Hands-on: NPB = Initial Trace

r—————

Timeline Function Summary
0.0s 0.5s 1.0s 1.5s 2.0s 25s All Processes, Accumulated Exclusive Time per F...
: : : ; : : 30s 20s 10 s Os
Process 0 T SE—
Thread 0:1 _— 3.568 s OMP-SYNC
Thread 0:2 L 2.15 s? OMP-LOOP
Thread 0:3 :2.008 s [ Appl...tion
Process 1 © 0.771s fimpl
Thread 1:1 <0.1s WGMP—PREG
Thread 1:2 <10 ms |IDMF
Thread 1:3 :
Process 2
Thread 2:1
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Process 3 Context View Function Legend
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1 B vT_API
Connected: localhost .




Hands-on: NPB = Initial Trace
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Function Summary
All Processes, Number of Invocations per Function
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exact_solution
binvcrhs_ m
matvec_sub_
307,833 matmul_sub_
' 12,723 [lihsinit_
12,719 Hbinurhs_
450 |parallel region
128 |copy_x_face_
128 |copy_y_face_
100 |get_comm_index_
88 |timer_clear_
70 |'Somp parallel @initialize.f:28
70 |'Somp do @initialize.f:31
70 |'Somp do @initialize.f:50
64 [1Somp do @exch_gbc.f:208 e

éxact_soluti-on was called 1.8 million
times within 2.6s
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- —
Decrease number of buffer flushes J=Appncﬂmn
1 1 1 MPI
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export VT_BUFFER_SIZE=512M
export VT_THREAD BUFFER_SIZE=$VT_BUFFER_SIZE

Connected: localhost Y
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Hands-on: NPB — Second Trace
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Connected: localhost y.




Hands-on: NPB — Second Trace

Function Summary

All Processes, Number of Invocations per Function
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Connected: localhost y.




Function Filtering

Limit trace size with filtering E;(;;nifliﬁ’t: ?r?et

Environment variable VT _FILTER SPEC shell

% export VT_FILTER_SPEC=/home/user/filter.spec L

* Filter definition file contains a list of filters

my_*;test_*-- 1000
debug *-- 0

calculate -- -1
* .- 1000000

See also the vifilter tool
— can generate a customized filter file
— canreduce the size of existing trace files
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Function Filtering

« Go to bin.vampir directory
« Submit your application to the batch system

% cp ../jobscript/blizzard/vt_filter.ll .
% llsubmit vt_filter.ll ~N—

/Uses a list of filters: \

binvcrhs*
matmul_sub*
matvec_sub*
exact_solution*
binvrhs*
lhs*init*

timer_* /
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Function Filtering

« Use profiling mode to get an overview
export VT_MODE=STAT \

[ Add this to your jobscript ]

 |Investigate result file

% cat nas_bt_mz.prof.txt

excl. time incl. time

*excl. time incl. time calls /call / call name
13.915s 13.915s 32677776 0.425us 0.425us binvcrhs
9.358s 20.359s 3216 2.910ms 6.331ms !$omp do @z_solve.f:52
9.141s 19.822s 3216 2.842ms 6.164ms !$omp do @y_solve.f:52

8.916s 8.916s 32677776 0.272us 0.272us matmul_sub_

« Generate filter specification
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Hands-on: NPB - Filtered Trace

Timeline x| Function Summary
0s 5s 10 s 15 s 20 s 25s 30s 35 s All Processes, Accumulated Exclusive Time per Function Group
: : : o : : : : 300 s 0s

Process 0 : lomp-LOOP
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Connected: localhost
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Hands-on: NPB — Filtered Trace | I(:I%’PS

RRY

Timeline

-~ x| Function Summary

25s 30s 35 s All Processes, Accumulated Exclusive Time per Function Group

: H : : H : : : 0‘ 5
Process 0 42.233 s | OMP-LOOP
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Thread 3:3 : : : ; ; ! ; Display Master Timelil E gn: LOOP
: : : : : : : = Type Function B
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Function Group OMP-LOOP 7 OMP-SYNC
Interval Begin 15.418903 5 - B vT_API
Interval End 15.44888 s

Duration 29.9778 ms

Source Location y_solve f:51

16.7 s - 18.35(1.6 5) Connected: localhost




Hands-on: NPB - Filtered Trace

Process 0

Thread 0:1
Thread 0:2
Thread 0:3
Process 1

Thread 1:1
Thread 1:2
Thread 1:3
Process 2

Thread 2:1
Thread 2:2
Thread 2:3
Process 3

Thread 3:1
Thread 3:2
Thread 3:3
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Connected: localhost Y




Hands-on: NPB - Filtered Trace

Timeline FI.II.I'.ICIZiDI'I-.SI.ImmEW
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: ; : 20 s lq s 0_5
Process 0 | S L5 804 s OMP-LOOP
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Size 66.171875 KiB
Data Rarte 1.145307 GiBf
Communicator MPI Communic

{ : : 5 . = B FI
17.4 s - 17.605 s (0.205 s5) Connected: localhost




Hands-on: NPB - Filtered Trace

Timeline - Function Summary
17.45 s 17.50s 17.60 s All Processes, Accumulated Exclusive Time per Function Group
; : t : : 2s ls 0s

Process 0 f ] 2 846 5 : | OMP-LOOP
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Thread 0:3 . <10 ms |OMP-PREG

Process 1 — . <10 ms |OMP

Thread 1:1 : <10 ms |Application

Thread 1:2 :

Thread 1:3

Process 2

Thread 2:1

Thread 2:2

Thread 2:3 :

Process 3 Function Legend

Thread 3:1 ' & . M Application

Thread 3:2 M mPi

Thread 3:3 1N TN I T 1 O [T = omP

i : : : : B omP-LOOP

P OMP-PREG
™ OMP-SYNC

[
17.4 s - 17.605 s (0.205 s5) Connected: localhost




Hands-on: NPB - Filtered Trace

Timeline Functidn summary
17.50s 17.55 s 17.60 s All Processes, Accumulated Exclusive Time per Function Group
; : o : : 2s ls 0s

Process 0 ] Ll 8465 ' | oMP-LOOP
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Process 2

Thread 2:1

Thread 2:2

Thread 2:3 :

Process 3 Context View Function Legend
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Thread 3:3 Display Master Timelil E g:: LOOP
Type Function B

Function 1Somp do @y_ B OMP-PREG
Function Group OMP-LOOP 7 OMP-SYNC
Interval Begin 17.425006 5 -

Interval End 17.433132 s

Duration B8.12555 ms

Source Location y_solve.f:51

Property WValue

f | e
17.4015 s - 17.407 5 (5.5 ms) Connected: localhost




Hands-on: NPB - Filtered Trace

Timeline - l-l.nttiun“'.summar-,r
17.402 s 17.404 s All Processes, Accumulated Exclusive Time per Function Group
; D0 : & 20 ms 0 ms

Process 0 15omp do @add.f:22 33.688 ms | OMP-LOOP
meador  E— AT T L1153 ms wp
Thread 0:2 add f:22 | 1170 PR 11048 ms 5omp-smc
Thread 0:3 MIHELL [ b B 856.4 s || OMP-PREG
Process 1 . _ _ 682.15 ps [Jomp
Tt 11 e [mction
Thread 1:2 AR
Thread 1:3 | 3 | T T | f

Process 2
Thread 2:1
Thread 2:2

Thread 2:3 : i :
Process 3 Context View Function Legend

Thread 3:1 B ML - % Emp M Application
Thread 3:2 TR TY M mP
Thread 3:3 . | RN R M omp

; : 5 B omp-LOOP
: B OMP-PREG
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f | o
17.4015 s - 17.407 5 (5.5 ms) Connected: localhost




Hands-on: NPB - Filtered Trace

.00 Trace View - localhost:30
=EXiweed

All Processes, Accumulated Exclusive Time per Function
160 s 140 s 120 s 100 s

Function Summary
80 s 60 s

.!Sump do @z_solve.f:51
1Somp do @x_solve.f:53

13omp do @y_solve.f:51
m 1Somp ibarrier @y_solve.f:405

13omp ibarrier @x_solve.f:406
1 7.22 5 1Somp ibarrier @z_solve.f:427

6.863 s [Jl]!Somp do @add.f:22

4.254 5 E!Somp ibarrier @rhs.f:349

4.047 s 1Somp do @rhs.f:380
3.397 s . 1Somp do @initialize.f:50
2.923 s M| MPI_Waitall
2.465 s =!Sump do @rhs.f:80

2.45 s [J]'Somp do @rhs.f:37
2.402 s M !3omp do @rhs.f:297
2.145 s I!Sump do @rhs.f:62
1.796 s D!Sump ibarrier @add.f:33
1.667 s []!Somp do @rhs.f:187
Context View

Function Legend
Emp M Application

| mPi

7 omp

Il omp-LoOP
I OMP-PREG
] OMP-SYNC

Connected: localhost Y
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« PAPI counters can be included in traces

— If VampirTrace was build with PAPI support
— If PAPI is available on the platform

« VT _METRICS specifies a list of PAPI counters

VT_METRICS=PAPI_FP_OPS

« see also the PAPI commands papi_avail and
papi_command_line
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Memory Allocation and I/O counters

« Memory allocation counters can be recorded:
— If VampirTrace build with memory allocation tracing support
— If GNU glibc is used on the platform

intercept glibc functions like “malloc” and “free”
Environment variable VT MEMTRACE

% export VT_MEMTRACE = yes

/O counters can be included In traces
— If VampirTrace was build with I/O tracing support

Standard /O calls like “open” and “read” are recorded
Environment variable VT IOTRACE

% export VT _IOTRACE =yes
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Hands-on: NPB - Filter & Counter Trace

m E’ & W f | III"II-\,,, II-,".r_ [ .I- I|II"' .'I I'I'lll'.ll.ull i I.llllll.'l. 490615 491 13!5
H&n ol e e it i e bl 2 i '"’ﬂ:
Timeline Function Summary
490.7 s 490.8 s 490.9 s 491.0 s 491.1s All Processes, Accumulated Exclusive Time per Funct...

-

: : : : : 3s 25 ls Os
Process 0 : : : : :

e owe-svuc

PRl exch_gbc  DwArkilHiGh_Pc : : “DMF LOOP
add_ compute_rhs_ x_solve_y_salve_ (348 s OMP-FREG

- 0.246 s [ OoMP
T T I [] W—— 81.057 ms WMPI

I-mllﬂﬂ @rhs.f:62 : -- <1oms |

Appl.. . tion

=~ o U 5

Process 0, Values of Counter "PAPI_FP_OPS" over Time Context View Fl.II'ICtIl:!I'I Ln?gend
: : : : : x5 M Application
M mPI

Property Value

Display Counter Data = g:: LOOP
Type Counter -

Location Process 0 M OMP-PREG
Maximum 2.179217 G ™ OMP-SYNC
Average  2.179217GC -
Minimum 2.179217 G
Unit #

Time 261.956073 5

Connected: localhost y




VampirTrace Run-Time Options

VT _PFORM_GDIR
VT _PFORM_LDIR
VT _FILE_PREFIX
VT BUFFER_SIZE
VT _MAX_FLUSHES
VT _MEMTRACE
VT_MPICHECK

VT _IOTRACE

VT _MPITRACE

VT _FILTER_SPEC
VT _GROUPS_SPEC
VT_METRICS

 control options by environment variables:

Directory for final trace files
Directory for intermediate files
Trace file name

Internal trace buffer size

Max number of buffer flushes
Enable memory allocation tracing
Enable MPI checking

Enable I/O tracing

Enable MPI tracing

Name of filter definition file
Name of grouping definition file
PAPI counter selection
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Conclusions and Outlook

« Performance analysis very important in HPC

« Use performance analysis tools for profiling and tracing

« Do not spend effort in DIY solutions,
e.g. like printf-debugging

« Use tracing tools with some precautions
— overhead
— data volume

« Let us know about problems and about feature wishes
« vampirsupport@zih.tu-dresden.de
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Vampir and VampirTraces are
avallable at hitp://www.vampir.eu and

http://www.tu-dresden.de/zih/vampirtrace/ ,
get support via vampirsupport@zih.tu-dresden.de
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