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< NVIDIA.

Agenda il

. CENTER OF
What to expect from the next 80 minutes EXCELLENCE
" Motivation

* Generating profiles and trace files with Score-P
" Visualizing trace files with Vampir

" Looking into Deep Learning Frameworks
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< NVIDIA.

Disclaimer GPU

CENTER OF

It's extremely easy to waste performance EXCELLENCE

* Poor/no GPU usage (80-90%)
* Bad MPI (50-90%)

" Total: 1% of peak (or worse)

* Performance tools will not “automagically” make your code faster — they just point to
“areas of interest”

N E— D n HELMHOLTZ ZENTAUM
| g [ - DRESDEN ROSSENDORF



<A NVIDIA

GPU

CENTER OF
EXCELLENCE

Motivation

Performance Tuning 101




< NVIDIA.

Profiling vs. Tracing GPU
. . CENTER OF
Preserving the detalls EXCELLENCE
Statistics Number of Invocations Execution Time
main
bar
foo
0 05 1 15 2 25 3 3,5 4 45
T|meI|nes main foo bar
main foo bar foo
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< NVIDIA.

Sampling il
. . . . . CENTER OF
Periodic observations of your application (Pull) EXCELLENCE
S S S S S SR S T |

Time

" 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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< NVIDIA.

Instrumentation

GPU
. . . . . . CENTER OF
Modify application to deliver information (Push) EXCELLENCE
tll tlz tl3 1:4 tlS 56 t17 t18 tlg 510 tll 1t121j_13 t114 -

* 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
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< NVIDIA.

Sampling vs. Tracing GPU

CENTER OF

Comparing both approaches visually EXCELLENCE
main
Function calculate calculate
Instrumen-I
tation: I
(\Il\/\WWWV\WWVWWVVVW\/WWV\Q)I:'/|
Sopc'PA=s

_ calculate :alculate calculate
Sampling:




. . ANVIDIA.
Sampling + Instrumentation GPU

CENTER OF

Combining the best of both worlds EXCELLENCE

U] YA
®O3g) ®O3g) ST

main
calculate

VV V YV V V VV V

* 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
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< NVIDIA.

Terms and How They Relate

GPU
. CENTER OF
Making sure we use the same words EXCELLENCE
Data L
. Profile Timelines
Presentation
] .
Data g Logging
Recording -
] ]
Data Event-based
Acquisition Instrumentation
Analysis Layer Analysis Technique
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Summary
Making the “right” choices

NVIDIA.

GPU

CENTER OF
EXCELLENCE

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

CONGRATULATIONS!!
YOU ARE AHEAD OF
99% OF YOUR COLLEAGUES

.r‘"d‘-‘-_-‘-"“-\.\
“ARE YOU

% SERIOUS
: ABOUT
!,\__A

v \31;3/

MAYBE

YES!

&0 USE gprof
OR THE LIKE ..

el
N

: SELECT
GET + INSTALL | yacnrFrcatron
THE TOOLS e
scrrfmnsr T ENGINEER L OW' il e
e MED
WHAT KIND OF \ -
RUMN TN USE COMPTILER] | INSTRUMENT
PROFESSIONAL PROFILING ! WRAPPERS « |} THE CRITICAL
5 ARE YyOU? MODE \ FILTERS FARTS ]
SLACKER 1 FIND
, INTERESTINGS

SPOTS




<A NVIDIA

GPU

CENTER OF
EXCELLENCE

Generating Traces and Profiles

with Score-P




< NVIDIA.

GPU
CENTER OF

Recording and studying performance data EXCELLENCE

—P[ Application ] Trace
|
Score-p | ——»| Data

= Attach Score-P to application

Overall workflow

* Run with attached monitor ==> trace/profile data
= Study trace with Vampir / profile with Cube

“ Repeat to:
* Adapt instrumentation (“what you measure”)
= Evaluate result of a change
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< NVIDIA.

GPU

CENTER OF

a.k.a. instrumenting your source code EXCELLENCE

Attaching Score-P

<options> pgcc
<options> pgCC

<options> pgfo0
<options> mpicc
<options> nvcc

$ 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 Enables user instrumentation.
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Attaching Score-P

Instrument once — change measurement via runtime variables

< NVIDIA.

GPU

CENTER OF
EXCELLENCE

$ 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

[...]

export SCOREP_ENABLE_PROFILING=true
export SCOREP_ENABLE_TRACING=false

@ B B

$ mpirun <instrumented binary>

export SCOREP_EXPERIMENT_DIRECTORY=profile Profiling Example

NMar
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NVIDIA.

Combined Sampling+Tracing GPU

CENTER OF
EXCELLENCE

Available since Score-P 2.0

$ export SCOREP_ENABLE_TRACING=true
$ export SCOREP_ENABLE_UNWINDING=true
$ export SCOREP_SAMPLING_EVENTS=perf_cycles@2000000

User code is sampled (pull)

Runtime libraries with tracing support use events (push):
MPI
OpenMP / OpenACC / pthreads
CUDA / OpenCL
/O




Things to look at GPU

CENTER OF

What can Score-P record? EXCELLENCE
N

User Functions Parallel Paradigms Hardware

— C/C++/Fortran - MPI — Performance

— Sampling *NEW* — Pthreads counters (PAPI)

— Custom regions — OpenMP — Plugin counters
— XeonPhi Native *NEW*

— Java — CUDA )

— Python — OpenACC/OpenCL *NEW* Operating

(*Experimenal*) — OpenShmem (+Cray) System

— 1/0 (*Experimental*) — Resource usage




NVIDIA.

GPU Tracing GPU

CENTER OF

Example CUDA and OpenACC EXCELLENCE

export SCOREP_ENABLE_TRACING=yes

export SCOREP_TIMER=clock_gettime

export SCOREP_CUDA_ENABLE=driver, kernel, memcpy, flushatexit

export SCOREP_OPENACC_ENABLE=yes

export ACC_PROFLIB=$SCOREP_LIB/libscorep_adapter_openacc_event.so

S

Can be used in combination

Also supports CUPTI counters
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<A NVIDIA.

Limitations GPU
. . CENTER OF
Why tracing is hard EXCELLENCE

Trace

Nl » DPat e 2 e

e i

Adds Overhead at runtime Temporarily stored in main memory

=> Overhead must be low for Limited size
meaningful performance analysis

* Event tracing requires trade-offs:
* Only add the data sources you need
= Limit granularity (i.e., filtering)

" Score-P is a profiling experiment
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<A NVIDIA

GPU

CENTER OF
EXCELLENCE

DEMO:

Generating Traces and Profiles
with Score-P




<A NVIDIA

GPU

CENTER OF
EXCELLENCE

Visualizing

Profiles with CUBE
Traces with Vampir




< NVIDIA.

Bringing it all together GPU

CENTER OF

Score-P + Analysis Tools EXCELLENCE

Call-path profiles
Event traces (OTF2) (CUBE4, TAU)
Hardware counter (PAPI, rusage)

Score-P measurement infrastructure

Instrumentation wrapper |

. . Accelerator-based
Process-level parallelism Thread-level parallelism . Source code

(MPI, SHMEM) (OpenMP, Pthreads) parallelism ————— User instrumentation
(CUDA, OpenCL, OpenACC)

]

Application
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< NVIDIA.

GPU

CENTER OF
EXCELLENCE

CUBE

Interactive profile analysis

= cube 4.1.1 livedvd2: scorep-20120913_1740_557443655223384/profile.cubex

File Display Topology Help

|Abso| ute

v| ‘Absolute

v| |Abso|ute ~

E Metric tree

1.63e2 Visits
767.48 Time
] 0.00 Minimum Inclusive Time

48.58 Maximum Inclusive Time

E Call tree Flat view

[ System tree [ Box Plot

-+ ([l 0.01 MAIN__

o
0
N
3

T
w
]
o
c

©

0.00 MPI_Bcast
00 env_setup_

— [+ - generic cluster
&[] -i06r01c20
B[ - MPI Rank O

5.27e8 bytes_sent
5.27e8 bytes_received

What kind of
performance

0.

0.00 zone_setup_
0.00 map_zones_
0.00 zone_starts_
0.00 set_constants_
5.

1.

0.

3.

0.

e Ed 2y e El

02 initialize_
11 exact_rhs_
00 timer_clear_
67 exch_gbc_
04 adi_
39.91 compute,
1 233.49 x_solve

[1239.34 y_solve
00 alye

Where is it in the
source code?

B
A T I I I

e

(]

A

metrl’? £7.48 (:EIOO.OO%)

In what context?

- @ 3.81 CPU thread 0
@ 3.70 CPU thread 1
@ 3.64 CPU thread 2
L 3.16 CPU thread 3

How is it
distributed across

the processes/threads?
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Vampir

Interactive trace analysis

< NVIDIA.

GPU

CENTER OF
EXCELLENCE

N Ble Edit Chart Fiter Window Help

[
RS- P LA LR e |

5s 10s 15s 20s

25s

0s 30s 355
Master thread:0 -
Master thread:2
Master thread:4
Master thread:6
Master thread:8 -
Master thread:10 -
Master thread:12 -
Master thread:14 -
Master thread:16 -
Master thread:18 -
Master thread:20 -
Master thread:22 -
Master thread:24
Master thread:26 -
Master thread:28 -
Master thread:30
Master thread:32 -
Master thread:34 -
Master thread:36 -
Master thread:38 -
Master thread:40 -
Master thread:42 -
Master thread:44 -
Master thread:46
Master thread:48 -
Master thread:50 -
Master thread:52 -
Master thread:54
Master thread:56 -
Master thread:58 -
Master thread:60 -
Master thread:62 -

Large imbalance
instantly visible

All Processes, Accumulated Exclusive Time per Function
1,000 s 500 s Os
Lz i) — :
—Assignmemlculawr
: 58.101 s (2.46%) [ Assignme...put_data
33.038 s (1.4%) [| MPLInit
23785 (0.1%) | Assignment::output
0.923'5 (0.04%) | MPI_Reduce
0.808 5 (0.03%) | std:basi
53.094 ms (0%) | std::basic...ic_
34.369 ms (0%) | Assignme...Iculator
16.865 ms (0%) | _sti_$E
8.056 ms(O%)\MPI_ nalize

functon Summary
All Processes, Accumulated Exclusive Time per Function Group

1,105.897 s (46.76%)]
[1,258.95 s (53.24%)]

fncton Legena
M Application

M Monitor

M MPI

time wasted
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< NVIDIA.

GPU

CENTER OF

Performance data visualization in a complex environment EXCELLENCE

Vampir

/0 Compute Nodes Login
(Batch jobs) Nodes

Dekstop
System

.
.

.
N—

'_Dn HELMHOLTZ ZENTAUM 25
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Simplest Approach

Use your destop system

< NVIDIA.

GPU

CENTER OF

EXCELLENCE

1/0
< | System

Compute Nodes
(Batch jobs)

- Copying of traces to desktop

- Only small traces

System

Visualization and
analysis:
Vampir

Dekstop l

'_Dn NTRUM
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< NVIDIA.

(Re)Using the HPC Resources

GPU
. . CENTER OF
Run analysis engine on compute nodes, GUI on desktop EXCELLENCE
/0 Compute Nodes Login Dekstop
- System (Batch jobs) Nodes System
N, [g— . > ]
] ] ) | [ o ) |

+ Best performance, low response time

- Tunneling to connect to batch job

NSRRI @ TCPSocket . lizat
VampirServer connection




Vampil‘ GUI <ANVIDIA.

GPU
What do the fancy colors mean? CENTER OF

EXCELLENCE

ace View - /Users/fwl/fds/traces.otf2 - Vampir

ENRELBOTER LS 2| IEH

TN

Function Summary
Master Timeline

Communication
- : Matrix View
Summary Timeline

Process Summary

Process Timeline

Coisenc e

= — RS Ao+ EMR
Property Value = Application
3 Radiation
Version 2.0 ‘M Divergence
Number of Processes 16 ™ Pressure
. N Timer Resolution 454.54004 ps ™ Fire
Counter Data Timeline




Vampir GUI

Timeline Charts

<A NVIDIA.

GPU

CENTER OF
EXCELLENCE

Master Timeline
Summary Timeline
Performance Radar

Process Timeline

1 3§ 3 1 3

Counter Data Timeline

all threads’ activities over time per thread
all threads’ activities over time per activity
all threads’ perf-metric over time

single thread'’s activities over time

single threads perf-metric over time




Vampir GUI

Summary/Profile Charts

< NVIDIA.

GPU

CENTER OF
EXCELLENCE

@ Function Summary
- % Message Summary
g“_/ /O Summary

Process Summary

Communication Matrix View

e CzC
wrr

4 3 3 3 3

runtime/invocation summaries
data transfer statistics

I/0 statistics

Clustering of similar event streams

Pairwise communincation statistics
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Vampir Performance Charts in Detalil
E Master Timeline

< NVIDIA.

GPU

CENTER OF
EXCELLENCE

ErREkee3TIE

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

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

RN R I_'H-|-)II-!|I\II\I\I

Timeline Function Summary
5s 10 s 15 s 20s 25s 30s 35s 40 s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: : : : :© : : : : : : 200s 0s
Radiation
[STSOSTENN Application
Divergence
£71.709 s [ MPI
{ 22.091s [T Pressure

2.27s | Fire

Context View

Detailed information about
functions, communication
and synchronization events

for collection of processes.
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Vampir Performance Charts in Detail

E Summary Timeline

< NVIDIA.

GPU

CENTER OF
EXCELLENCE

Os 5s 10 s 15s

Master thread:0
Master thread:1
Master thread:2
Master thread:3

Al Prcesss c usi?/e Time pEer Functiop Group
90 %
75 %
60 % Radiation
45 %

30%

20s

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

Timeline
25s 30s 35s 40 s 45 s 50s 55s

Fractions of the number of
processes that are actively
involved in given activities
at a certain point in time.

Radiation

EXxRLEOITIERLS B3| I_m--ll-ll\ll\l\l

Function Summary
All Processes, Accumulated Exclusive Time ...
200 s 0Os
Radiation
_ Application
Divergence
71 709's I Ml
varue 35 \QP‘.ILSUH ey

Function Group [Radiation

Value 39.3613%
Function Group [MMPI
Value 7.62647%
Time Range Set Zoom

Function Legend

M wmpi

M Application
M Radiation
M Divergence
™ Pressure
™ Fire

Monitor
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< NVIDIA.

Vampir Performance Charts in Detalil GPU
CENTER OF

w Process Timeline EXCELLENCE

W Trace View - ,’Users/fwl;‘fds,r‘trices.oth - Vampir

EXRLEOIEEGLS @7 Detailed information about

Timeline

AN ININnE

Function Summary

0;5 S;s 10 s 15 s 20 s 2%‘5 d Iffe rent Ievels Of fu nctlon All Processzegbzccumulated %);clusive Time ...
prae e calls in a stacked bar chart | ESEEEm— racaton
Master thread:2 i i | XTI Divergence
Master thread:3 for an IndIVIduaI proceSS. 77- II\JIIPI i

Master thread:4 22.091s D Pressure

=

Interval End 18.54047 s

Master thread:0

1 . E - Duration 13.175125 s
2 ad.init_radiation Call Level 2
; Y Rargs o
4 math functions erfc_
5 L e ]
: — :
7 | Function Legend
8 | LI
9 | M Application
10 | M Radiation
M Divergence
11 ™ Pressure
12 ™ Fire
Monitor
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< NVIDIA.

Vampir Performance Charts in Detalil GPU
EL Counter Timeline exceLLence

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

EXRLROITIEERLS ) EIEEEE— e

Timeline Function Summary
Os Ss 10 s 15 s 20s 25s 30s 35s 40 s 45 s 50s 55s All Processes, Accumulated Exclusive Time ...
: : : : : Fh : : : : : : 200 s Os
Master thread:0 356.451s Radiation
Master thread:1 ‘ BTEESERN Application
Master thread:2 ~ Z0 0 RN SRR v S ye——— 1| 1 Bol fpel N 179.698 s Divergence
Master thread:3 . ‘ I £71.709 s - MPI
Master thread:4 Detalled counter 22.091s D Pressure
Master thread:5 H H H 2.27s | Fire
e information over time
Master thread:7 for an individual Context View
Master thread:8
Master thread:9 f prO Cess.
Master thread:0, Values of Metric "PAPI_FP_OP / / Time Range  Set Zoom
356 e
3.0G
2.8 G % Function Legend
” M mPI
by 206G M Application
15G M Radiation
1.0G | M Divergence
05C e AR LTS ST 3 ,\ l [ Pressure
it 1 . . (= i | M Fire
; ; ; ; : Monitor
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< NVIDIA.

Vampir Performance Charts in Detail GPU

CENTER OF

£@ Performance Radar EXCELLENCE

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

EX@ LB OITEERLS B2 [ e

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 tr-lreac!:o 356.451s Radiation

= = tert :
Values of Metric "PAPI_FP_OPS" over Time in #/s o

Master thread:0 Metric  PAPI_FP_OPS
Master thread:1 < Unit #/s

Master thread:2 Value 3.020679 G
g Detailed counter Time  42.7s
Master thread:5 information over time for

Master thread:6 o

Master thread:7 a collection of processes.

Master thread:8
Master thread:9
Master thread:10

Master thread:11 Functlor; Legend

Master thread:12 M MPI
Master thread:13 M Application
Master thread:14 ’ M Radiation
Master thread:15 —. M Divergence
i : : : [ Pressure
N T : M Fire
0 0.75G 1.50G 2.25G 3.00G 3.75G Monitor
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Vampir Performance Metrics

< NVIDIA.

GPU

CENTER OF
Where do they come from? W Custom Metrics ;
W Custor Description: Wait Time Unit: 1/s
Active Description Metric =
. M ’ i i [ v
v/ FLOPS in User Defined Function Eunstion Durstion |
: ‘ MPI_Irecv
12] MPI Latencies ,
Inclusive (]
¥ | Message Data Rate et x
Add v | "
4 Message Transfer Times y 0 4
4 Message Volume in Transit Metric *
|Function Duration v |
lﬂ Number of Hits MP! Wait
12] Number of Invocations Inclusive |v]
12] Simultaneous Messages
¥ | Time Spent in MPI_Wait
| Apply | | Cancel | | OK |




< NVIDIA.

Vampir Performance Charts in Detalil GPU

CENTER OF

@ Function Summary EXCELLENCE

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

ErxBLEOITIERLSE & 2| I_ﬂ--lll-tll\ll\l\l

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

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

divgdivergence_pa...pecies_advection_
33.909s - mass.mass_finite_differences_
30.917 s [ MPI_Barrier
28.719s - dump.gas_phase_output_
Radiation [37.48%] 26.788 s [ MPI_Allreduce
23.195s - read_input.read_tran_
22.554 s [ tran.ginv_
22.028 s E 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
Number of Invocations per Function

Overview of the )

accumulated information
across all functions and for
a collection of processes.

tran.ginv_

_ physical_functions.get_mass_fraction_

dump.gas_phase_output_

3,261,648 [ math_functions.erfc_

3,261,648 [ math_functions.erf_

51.539.872 - memory_functions....one_d_pointers_
i 2 e

1 I
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< NVIDIA.

Vampir Performance Charts in Detalil GPU

= CENTER OF
Ne= Process Summary EXCELLENCE

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

EX@LESTERLS & 2| MGG l\l-

Process Summary Function Summary
Individual Processes, Accumulated Exclusive Time per Function Group All Processes, Accumulated Exclusive Time per Function Group
0Os 10's 20s 30s 40's 50s 300 s 200 s 100 s Os
Master thread:0  [3EGIEGLET] Divergence il Others 356.451 s Radiation
Master thread:1 Radiation Divergence | i Others Application
Master thread:2 Radiation Divergence il Others Divergence

Master thread:3  [(PIE Al ] Divergence i Others d 71.709 s MPI

Master thread:4 ~ [(EGIETT) Divergence i Others e
Master thread:5  [(EGIEUE Divergence W Others Ove er ew Of th e

Master thread:6 ~ [(ETIEUE Divergence ...l Others

Master thread:7  [[Prelr ey Divergence jl Others accumu Iated

Master thread:8  [(EGIEGET Divergence L. Others 0 0

Master thread:9  [(EGIEGET Divergence ... Others |nf0 rmatIOn aCross a ”

Master thread:10 [3ET[ETIETE Divergence Wl Others

Master thread:11  [;EV:IEGET Divergence W Others fu n Ctl ons an d fo I eve ry

Master thread:12 [{EGIETT) Divergence ) i Others H
Master thread:13  [}EGIEGLE] Divergence process Independently'
Master thread:14 iati Divergence

Master thread:15 iati Divergence \ i \

Process Summary

Similar Processes, Accumulated Exclusive Time per Function Group
0Os 10's 20s
9 I:-:I Radiation
Radiation

o BRI |
3 [.: Radiation

Clustering: Grouping of
similar processes by
using summarized
function information.

Divergence
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< NVIDIA.

Vampir Performance Charts in Detalil GPU

. CENTER OF

Eﬁ Communication Matrix View EXCELLENCE

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

ExBLEOIEELS @ ¢ . [

Communication Matrix View

Number of Messages

Receiver

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
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NVIDIA.

GPU

CENTER OF

Fit to chart height (feat. 200,000+ event streams) EXCELLENCE

Vampir at Scale

Process 13730
Process 20594
Process 27459
Process 34324
Process 41188
Process 48053
Process 54918
Process 61782
Process 68647
Process 75512
Process 82376
Process 89241
Process 96106
Process 102970
Process 109835
Process 116700
Process 123564
Process 130429
Process 137294
Process 144158
Process 151023
Process 157888
Process 164752
Process 171617
Process 178482
Process 185346
Process 192211
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< NVIDIA.

Comparing Traces with Vampir GPU

CENTER OF
EXCELLENCE

' VAMPIR 8

v

Comparison
Session

v B

Local File Remote File




Seeing the differences

W File bet——aharta, Filter Window Help

% - I o
xR ug-e9-
O .. 4-solutioni/traces.... 0s. .

[ .. 4-solution2/traces.... n

[0 . 5-solution3/traces. i

E-R-2-8-8- B4V

< NVIDIA.

GPU

Os is s 3s

v Mas..di2
CU.:2
CU..2

- Mas._d:3
CU...3
CU..:3

* Mas..d:0

.0 e

¥ Mas..d:3
CU..:3 .
CU....3 o
- Mas._d:0
CU....0
CU..:0
CU....0
- Mas._d:1
(Bl
CUL =1
CU...i1
w Mas_d:2
CU..i2
=N

Timeline
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15.167 ms | acc_compute@poissonad.ci192

Function Summary

5.0s 2.5s Os
MPI_Bcast
q cuMemcpyDtoHAsync_v2
main_178_gpu
EEEE 1ossonzd_serisl_43_gpu
cuStreamSynchronize
I.EE main_200_gpu
.27 < I poissan2d_serial 54 gou
.131s cuDevicePrimaryCtxRetain
0.447 s [l cuMemHostAlloc
0.421 5 ] MPI_Sendrecy
0.246 s ||| culaunchKernel
0,182 s || cuMemHostRegister_v2
0.155s | cuMemFreeHost
0.137 s | cuMemcpyAsync
0.125s | MPI_Allreduce
84,265 ms | cuPointerGetAttributes
78.737 ms | MPI_Init
©4.837 ms | main
45,637 ms | cuMemepyHtoDAsYRC w2

Function Summary

All Processes, Accumulated Exclusive Time per Function

0s

7.58

50s 25s Os

MPI_Bicast
cuMemcpyDtoHAsync_v2
1 cuStreamSynchronize
_ main_178_gpu
poisson2d_serial_43_gpu
13045 = main_193_gpu
.27 s I poisson?2d_serial_54_apu
»136 5 cuDevicePrimaryCteRetain
0.442s [l cuMemHostAlloc
0.39 5 ] MPI_Sendrecy
0.198 s |§ culaunchiernel
0.19 s || cuMemHostRegister_v2
0.154 s || cuMemFreeHost
0.135 5 | cuMemcpyAsync
0.126 s | MPI_Allreduce
87.841ms | MPI_Init
83.389 ms | cuPointerGetAttributes
48.775 ms | main
43.844ms | cuMemcpyHtoDAsync_v2
34,705 ms | acc_compute@poisson2d.c: 178
21.711ms | acc_launch_kernel@poisson2d.c: 178
21.516 ms | BUFFER FLUSH
19.493 ms | main_185_gpu_red
17.451ms | acc_wait@poisson2d.c: 178
14,568 ms | acc_compute@poisson2d.c 193
13,536 ms | acc_download @poisson2d.c: 178
12,418 ms | acc_launch_kernel@poisson2d.c:133
12.334ms | acc_upload@poisson2d.c: 178
12.06 ms | acc_data_enter@poisson2d.c: 175
11.049 ms | acc_data_exit@poisson2d.c: 178
10.99 ms | cuMemAlloc_v2
10.978 ms | acc_wait@poisson2d.c: 193
10,651 ms | poisson2d_serial_50_gpu_red
9.266 ms | acc_data_enter @poisson2d.c: 193
9.072ms | cuDeviceCanAccessPeer
8.975ms | acc_data_exit@poisson2d.c: 193
7.872ms | cuMemAllocHost_v2
7.37ms | acc_compute@poissonad_serial.c:43
©.305ms | main_104_gpu
5,008 ms | cuEventCreate
4.86 ms | cuModuleLoadData
4.589ms | acc_launch_kernel@.. sson2d_serial.c:43
3.84ms | acc_wait@poisson2d_serial.c:43
3.326 ms | acc_download@poisson2d_serial. c:43
3.039 ms | poisson2d_serial
2,972 ms | acc_compute @poisson2d_serial.c:64
2.924ms | acc_compute @poisson2d_serial.c:54
2. 732me | naizzar?d eerizl 84 amg




< NVIDIA.

Zooming in DI

W File Edit Chart Filter Window Help
E-x-Bu-E-e-3-E
[ ..4=solution1/traces....

O .. 4-solution2/traces.
O ...5-solution3/traces....

x

"H-£-5-18- BV

25 Te LRI MR AR IR AR

Timefine

7.5ms 2.5ms 0s 10.0ms 7.5ms 5.0ms 2.5ms Os
S T S W, cittemepytoHAsyne_v2 ST S T O, cuemepytoHasyne_v2
main_170_gpu 1 main_178_gpu
[ =i 152 opu SR r:in 193 oo
230,241 ps ] cuLaunchicernel 869.334 s 1 MPI_Sendrecy
51.15ps | cuMemcpyHtoDAsYNC_v2 472,599 ps MPI_Allreduce
43.001 ps | main 459.282 s [l culaunchiernel
42,915 s | acc_compute @noisson2d.c: 170 403,583 s [l] cuMemcpyasync
41,884 ps | main_177_gpu_red 305.165 s [l] cuPointerGetattributes
28,522 ps | acc_launch_kernel@poisson2d.c: 170 181,404 ps | main
17.612 ps | acc_wait@poisson2d,c: 170 114.232 ps || acc_compute @poisson2d.c: 178
17,488 ps | acc_compute@poisson2d.c: 192 102.815 us || cuMemcpyHtoDAsyne_v2
15,986 ps | acc_compute @poisson2d.c: 182 78,105 ps | main_185_gpu_red
16,064 ps | acc_download @poisson2d.c: 170 68,857 ps || acc_launch_kernel@poisson2d.c: 178
15.476 ps | acc_launch_kernel@poisson2d.c: 192 66.94 s | acc_wait@poissan2d.c: 178
14,987 ps | acc_upload @poisson2d.c: 170 58.837 us | acc_launch_kernel@poisson2d.c: 193
12.816 ps | acc_data_exit@poisson2d,c: 192 49.703 ps | acc_download @poisson2d.c: 178
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9.301 ps | acc_dats_enter@poissan2d.c: 192
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Score-P Python Bindings

“ Not yet included in main release
Available on GitHub:
" https://github.com/score-p/scorep_binding_python

NSight/nvvp for single node DL frameworks still better (user instrumentation)

Score-P only choice for MPI-parallel DL frameworks

$ export SCOREP_ENABLE_PROFILING=true
$ export SCOREP_ENABLE_TRACING=false "
$ export SCOREP_EXPERIMENT_DIRECTORY=profile Profiling Example

$ python -m scorep --mpi <script.py>

N E— D n HELMHOLTZ ZENTAUM 46
| g [ - DRESDEN ROSSENDORF
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Vampir is available at http://www.vampir.eu

Vampir at |U: https://kb.iu.edu/d/awbv
Get support via vampirsupport@zih.tu-dresden.de
Score-P: http://www.vi-hps.org/projects/score-p



http://www.vampir.eu/
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