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Objective 009

* Introduce basic features of Paraver and the philosophy on how to use it

* Agenda:
* BSC tools
* Paraver trace format

e Paraver fundamentals
e QOverall structure
* Interpreting displays

e Useful metrics
e Links to more detailed material
* Demo
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BSC — tools framework 00
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Paraver trace format 009

* .prv

#Paraver (12/09/2019 at 20:04):1307231191372_ns:1(4):1:4(1:1,1:1,1:1,1:1),5
c:1:1:4:1:2:3:4

c:1:2:1:1

1:1:1:1:1:0:1819075:2
2:2:1:2:1:0:40000001:1:40000050:6598561843054715:40000033:1:40000133:0
1:2:1:2:1:0:2225892:1
2:2:1:2:1:0:40000018:1:41999999:1:42000050:0:42000059:0:42000000:0:42000008:0:42000055:0

App:process:thread ;.47 963484981:1963501765:8

2:4:1:4:1:1963484981:50000003:39:42000050:2837572510:42000059:1604919108:42000000:35329:42000008:
9913:42000055:715990916:70000001:3:80000001:3:70000002:1:80000002:1:70000003:1:80000003:1
1:3:1:3:1:1963485048:1963487573:1

2:3:1:3:1:1963485048:50000001:0

33:1:3:1:1963476254:1963485048:4:1:4:1:1420589684:1963501765:4:2

events
2)3:1:3:4{1963485048142000050:17685[42000059:25648)42000000:284:42000008:54:42000055:3658
1.3¢1:3:1:1963487573:1963493205:8 A

timestamp - \

Type:value
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Paraver trace format

* .pcf

7/28/2021

EVENT_TYPE

9 50000001 MPI Point-to-point
VALUES

4 MPI_lrecv

3 MPI_Isend

0 Outside MPI

EVENT_TYPE

7 42000050 PAPI_TOT_INS [Instr completed]

7 42000059 PAPI_TOT_CYC [Total cycles]

7 42000002 PAPI_L2_DCM [L2D cache misses]

EVENT_TYPE

0 70000001 Caller atlevel 1
0 70000002 Caller at level 2
0 70000003 Caller at level 3
VALUES

0 End

1 Unresolved
2 _NOT_Found
3 MPI_Test
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What is Paraver

A browser ...

» ..to manipulate (visualize, filter, cut, combine, ...) ....

* ... sequences of time-stamped events (traces) ...

e ... with a multispectral philosophy ...

e ...and a mathematical foundation ...

... agnostic of trace encoding semantics ...

... that happens to be mainly used for performance analysis

7/28/2021
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Paraver mathematical foundation
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Views and .cfgs

* For each view/window, the specification of how to compute the display
from raw data is set through the main Paraver GUI

e Captured in configuration files (.cfg): ~DSL

e Saved and restored
* By instrumentation implementer / user
» Capture semantics/insight, checkpoint, cooperative analysis, bug report, ...

 Distribution repository and direct hints to relevant cfgs
* Modes:

* Basic: simple direct access to change relevant parameters
* Full: complete access to all window setup parameters

* View/window names

e ~ describe metric

* Semantic consistency not enforced by tool
* Rely on provider
* May be checked by analyst
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Multispectral imaging

* Different looks at one reality
 Different spectral bands (light sources and filters)

* Highlight different aspects

e Can combine into false colored but highly informative images

7/28/2021

009




Multispectral timelines 000

MPI call @ Iberia-128-CA.chopl.1lit.shifted.prv

Ced Ibe

ES S
H wer_treev
B wr_ it
% E T ALreiuce
I S ek

8 us 2,199,498 us

Useful Duration @ Iberia-128-CA.chopl.lit.shifted.prv

1

8 us 2,199,498 us

P

i1 1.1, 10 IMN18L B

Useful IPC @ Iberia-128-CA.chopl.lit.shifted.prv

|

d us 2,133 4398 us

NPI caller @ Iberia-128-CA.chopl.lit.shifted.prv

THREAD 1.1.1 _-t_ 3_ ™

THREAD 1.33.1 H et found
THREAD 1.65.1 B rot_Lite_mmeh_y
THREAD 1.97.1 B ret_titr_sxch x

THREAD 1.128.1 4 2,133,438 us

L3 misses per 1860 instr @ Iberia-128-CA.chopl.lit.shifted.prv
THREAD 1.1.1 B 1

THREAD 1.33.1

THREAD 1.65.1

THREAD 1.97.1
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Multispectral statistics

* MPI profile =

% time

2DP - MPI call profile g Iberia-128-CA.chopl.lit.shifted.

20P -~ MPI call profile @ Iberia-

Avg duration

2DP - MPI call profile @ Iberia-128-CA.chopl.lit.shifted.pi
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Multispectral histograms

* Histograms

Useful duration Useful instructions

2DH - useful instructions @ Iberia-128-CA.chopl.lit.shifted.prv

IPC

20H - ipe @ Iberia-128-CA.chopl.lit.shifted.prv
1

.
) i g
% time X - oE
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# bursts

2DC - useful instructions @ Iberia-128-CA.chopl.lit.shifted.prv

2DC - Useful Duration @ Iberia-128-CA.chopl.lit.shifted.prv
p "

e Correlations

chopl.1it.shifted.prv

20C - ipc @ Iberia-128-CA.chopl.lit.shifted.prv
T

Instr
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From events to functions of time

X

File Hints Help

OEE X 4%

Works paces

Useful+MPI+PAPI counters+Call stack references+C MPI events @ Iberia-128-CA.chopl.lit.shifted.prv
Window browser rr LI [ r rr r
THREAD 1.52.1
Iberia-128-CA.chop1.1itshifted.prv ™
— = mP1 call

r Forer r r r
B /IP1 events THREAD 1.53.1

Files & Window Properties 535,348 us 568,646 us
) =
— X
Semantic Maximur 70
Level Thread Types Values
Time unit Microseconds Function |[xyl Firiction: (Al e
E Filter
Communications [] search: [] search:
— : nd
40000003 Flushing Traces
E eventtype [x,y]; 50000001:5000000 ‘: J [ 3MPLisend
. 40000004 I/O Read = 7
Function [x.y1 ‘ ea [ ampLirecy
Types C (@ 40000005 1/0 Write |: 5 MPI_Wait
TypenValue Op | And \_ 40000011 I/O Size ol [ =
H eventvalue All; L 40000012 Tracing
Fundtion Al \: 42000004 L3D cache misses (PAPI_L3_DCM)
values \: 42000050 Instr completed (PAPI_TOT_INS)
Semantic | 42000059 Total cycles (PAPI_TOT_CYC)
[0 50000001 MPI Point-to-point
|§|Automat\c Redraw Force Redraw ‘: 50000002 MPI Collective Comm
|H 50000003 MPI Other
ShortLabels

[ s1nnnnn1 Send Size in MPT Glnhal OP

& cancel " Apply
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From events to functions of time

X
File Hints Help

OEE X 4%

Works paces

Useful+MPI+PAPI counters+Call stack references+C WPI events @ Iberia-128-CA.chopl.lit.shifted.prv
il B ezl re r e " r e r
Iberia-128-CA.chop1.1itshifted.prv ™ LD ScElal)
MP1 call
o evens| . e - . .
THREAD 1.53.1
Files & Window Properties
[E= = 535,348 us 568,646 us
Communications
MPI call @ Iberia-128-CA.chopl.lit.shifted.prv
H Events
B Eventtype THREAD 1.52.1
Function [x,y]
Types 50000001;50000005
Type/Value Op And
THREAD 1.53.1
H eventvalue All;
Function All

Values

535,348 us 568,646 us

B semantic
Top Compose 1 Asls
Top Compose2  Asls
Compose Thread Asls

Thread LastEvtVal

|§|Automat\c Redraw Force Redraw
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From events to functions of time

X

File Hints Help

EEE X 4 @

Works paces

Useful+MPI+PAPI counters+Call stack references+C MPI events @ Iberia-128-CA.chopl.lit.shifted.prv Instruction Events @ Iberia-128-CA.chopl.lit.shifted.prv
Window browser rr For r r Fr r rr Fr " - rF r
THREAD 1.52.1 THREAD 1.52.1
Iberia-128-CA.chop1.1litshifted prv w
— 1= MPIcall

MPI call
" L L] r r " P rr r r r
nstruction Events THREAD 1.53.1 THREAD 1.53.1

Files & Window Properties

535,348 us 568,646 us 535,348 us 568,646 us

B Filter

i L 3 q 2 2
Communications Instructions @ Iberia-128-CA.chopl.lit.shifted.prv

El Events THREAD 1.52.1
H Eventtype iy THREAD 1.52.1

MPI call @ Iberia-128-CA.chopl.lit.shifted.prv

Function =
Dyneivaluelop]fAnd THREAD 1.53.1

H eventvalue Al

Function Al 535,348 uc 568,646 us

Values / 535,348 us 568,646 us

B semantic OO0 AT T T T [ |

Top Compose 1 Asls = e e e et b
Top Compose 2 Asls
Compose Thread Asls

Thread Next EvtVal

Automatic Redraw Force Redraw

7/28/2021 15




Functions of time

7/28/2021

Semantic module

it From Events to functions of time

— Last event value

— MNext event value @ =FEL)
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See extra slides for details
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Piecewise constant functions of time 009

* Events certainly not uniformly distributed in time |
* Piecewise constant functions, but not uniform length of constant interval

 Extrae tries to use same timestamps for several events if they are
fired by the same physical action ... but not all events are necessarily
generated at every timestamp (eg. instrumentation and sampling
events)
 Different functions of time may not change at the same points

* Still, in all cases you can derive/compose any pair of functions of time,
still generating a piecewise constant function of time

* Of course, with potentially different intervals
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Rendering 009

Rendering 000
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* Categorical metrics
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From tables to timelines

* Where in the timeline do the values in certain table columns appear?
. ie. want to see the time distribution of a given routine?

19
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The approach

* The “scientific method” N\
e The engine Generate hypotheses
* Curiosity, interest )
Validate h‘;/potheses
* Tools \\\\///

“Just” instruments to help validate/reject

* Do | have the data in the trace to validate/reject?
* Do | have configuration files exposing the metrics to validate/reject ?
* If not, can | generate the timelines/tables exposing the metrics to validate/reject

* An “infinite loop”:

* there is always a next question
* Decide to Exit: fatigue, honesty
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|II

“useful” cfgs

* Per thread:
e Useful duration
* MPI calls, MPI call duration, message sizes, effective MPI call bandwidth
OpenMP outlined functions
Hardware counters: Instructions, IPC, frequency, cache miss ratios
Link to source: caller / caller line at different call stack levels
Sanity checks: flushing, preempted time

* Aggregated:
* Instantaneous parallelism
* Average instantaneous granularity (useful duration)
* Aggregated useful IPC
» Aggregated effective network bandwidth, memory bandwidth.

7/28/2021
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Further resources

00oY

* paraver v A~ @ X

e BSC Tools
e v [

* More tutorial slides o IEE— o
None © About [ pimemas introduction
* Tools and methodology s -\ 8 revtasers o o

* Introduction & details (( — / é
* Download (https://tools.bsc.es/) @

Selecttutorials to download and install

Help Contents.

* Tools

e Paraver hands on Tutorials:
* Launch paraver

Install using the downjbad dialog

“((

Index

o Barcelon .
* set preferences Tutorials root directory 5 - Conter] o i

Centro Nicional de Supercomputacisn
CFG files (*.cfg) i

¢ Download and follow tutorial

by elicking the Ok button n

2 - =2 Close  1introduction to Analysis with Paraver- MPI

* POP material
* Webinars
* Understand the Performance of your Application with just Three Numbers
* Impact of Sequential Performance on Parallel Codes
* |dentifying Performance Bottlenecks in Hybrid MPI + OpenMP Software

hd Online training (https://pop-coe.eu/further-information/onIine-training)
* Using Paraver

* Advanced POP online Training on Paraver

Close
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Introduction to Analysis with Paraver
MPI

Timelines: Navigation and Basic concepts

Letus go through some basic navigation and analysis functionalties

» Load trace: From the main menu, select File ~ Load Trace.., and select the file
Iberia-128-CA chop1.1it shifted prv.

+ Afterthe file is loaded, from the main menu, select File — Load Configuration... and select
mpi_callcf. A display window will appear with the timeline of which MP! callis being
executed at each point in time by each process. The horizontal axis represents time, from
the start time of the application at the left of the window to the end time at the right. For
every thread, the colors represent the MP! call or black when doing user level computation
outside of MPI.

+ Moving the mouse over the display window you will see at the bottom of the window the
name of the MPI call(the label correspoding to the pointed color)

« Info Panel Double clicking anywhere inside the window will open the Info Panel with the
textual information of the function value in the selected point. Right click inside the
window and select the option Info Panel to hide it

+ Zoom: Click with the Left Button of the mouse to select the starting time of the zoomed
view, drag the mouse over the area of interest, and release the mouse to select the end
time of the zoomed view.

Close

22




0 Performance Optimisation and Productivity
A Centre of Excellence in HPC
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Contact:

https://www.pop-coe.eu  Egsi
pop@bsc.es : '
£ @POP_HPC k
o youtube.com/POPHPC
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