VIRTUAL INSTITUTE i HIGH PRODUCTIVITY SUPERCOMPUTING

Performance Analysis with Vampir

Frank Winkler
Technische Universitat Dresden

HEE EHEE
EEEEDE EEEER
EEEER EEEER
EEEEE EEEEN
EEEE EEER
EEEEEEDE EEEEEEN
EEEEEEED OINNNEEEN
EEEEEEED OfPEEEER
EEEREEOO dofEEEERm
EEEEEOOO ODO0DooEEN
EEEEOO ODoooEE

EEEEO0 ooEEERm
EEEEO aoano dooEm
EEEERECOO0000000DDEEEN

VAMPBIR

I T 0 0 00 00 O
oooo




VURTYUALANSTITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

Outline
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A Event Trace Visualization
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Event Trace Visualization with Vampir

AVisualization of dynamic runtime behaviour at any level
of detail along with statistics and performance metrics
AAlternative and supplement to automatic analysis

ATypical questions that Vampir helps to answer

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

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

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

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019)

ATimeline charts
A Application activities and com -
munication along a time axis

ASummary charts
A Quantitative results for the
currently selected time interval
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Event Trace Visualization with Vampir
The value of seeing how an application executes on the machine
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AThe workload was distributed evenly across
available processes
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Visualization of the application execution
iInstantly shows a problem in the Large imbalance
parallelization approach instantly visible

More than 50%
application time wasted!
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Main Performance Charts of Vampir

Timeline Charts

%MasterTimeline = all threadso6 activities

;'.EiProcessTimeline = single threadbs activities

@SummaryTimeline m all threadsd function call S |

@ Performance Radar m all threadso performance met |

.. Counter Data Timeline = single threadsd performance |

g%l/OTimeline m all threadso |/ O activities
Summary Charts

® Function Summary ﬁ Process Summary

ﬁ Message Summary EEE Communication Matrix View

ﬁ/ /O Summary '-E:l Call Tree
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Visualization Modes (1)
Directly on front end or local machine

% vampir

z

T .w ‘am) (sm) (.“
——4 Multi -Core L0 Score -P Trace
f.\ P:gram- . File
LU L L)

Small/Medium sized
trace

Thread parallel
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Visualization Modes (2)
On local machine with remote VampirServer

% vampirserver start % vampir

VampirServer

IO IC

\
Trace Large Trace File
Score -P . File (stays on remote
Many - Core " '
Program / N mactine)

Parallel application
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Hands -on:
Visualizing and Analyzing NPB-MZ-MPI/BT




Help! Where is my trace file?

VURTYUALANSTITUTE ¥ HIGH PRODUCTIVITY SUPERCOMPUTING

% Ils $SCRATCHNPB3.3- MZ MPI/ bin.scorep /\
> scorep_bt -mz_C_32x4 trace
profile.cubex scorep.cfg traces / traces.def

% Is ~tg828282/Tutorial/Experiments/ scorep_bt
profile.cubex scorep.cfg traces / traces.def

traces.otf2

-mz_C_32x4_trace
traces.otf2

Alf you followed the
Score -P hands -on up to
the trace experiment

Alf you did not follow to
that point, take a
prepared trace

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019)




Installing  Vampir on Local Machine
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% scp <user>@stampede?2.tacc.utexas.edu
/home1/02438/ winklerf /[ vampir /vampir

% scp <user>@stampede2.tacc.utexas.edu

\
- <x64|linux|mac>

\

/homel1/02438/ winklerf /vampir / vampir.license

*

ACopy Vampir to your local
machine

Alnstall Vampir using a
demo license

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019)
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Starting  VampirServer on Stampede

% vampirserver  start AStart VampirServer
Launching VampirServer ...
Submitting batch job (this might take a while)... on Stampedez

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019) 11
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Starting  VampirServer on Stampede

% vampirserver  start AStart VampirServer

Launching VampirServer
Submitting batch job (this might take a while)... on Stampedez

VampirServer  9.4.0 (r10676 )

Licensed to ZIH, TU Dresden (@ISC 2018)

Running 4 analysis processes... (abort with \
vampirserver stop 28974)

VampirServer  <28974> listens on: \
(c401 - 602.stampede2.tacc.utexas.edu:30019 )
Copy host:port

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019) 12
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Start Vampir

% ssh -N -L 30000:0{01 - 602.stampede?2.tacc.utexas.edu:30019 J\ AOpen a port forwarding to

<user>@stampede?2.tacc.utexas.edu Stampede2 to be able to
access the VampirServer

host:port from
VampirServer output

31ST VI -HPS TUNING WORKSHOP (UTK -ICL, KNOXVILLE/TN, 9 -12 APRIL 2 019) 13
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Start Vampir on local computer

File Help

’ VAMPIR B

Recent Files:

Use t he
Ot her o

Open [Open Dther...” Cancel ]
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VAMPIR B

Remote File

Sel

L"4
Comparison
Session

Cancel |
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File

Help

Servers:

Default

Description: [
Server: [ localhost
Port: | 30000

Authentication: [ None

Connection type: @ Socket

» More Options

‘ !)Eancel ‘ ‘ ‘gcnnect ‘

Server is
nlocalhost O

Connection
type nSo
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File Help

Fawvorite Links Path |/ @ @
,ElREcent Traces @ @ @ -

= arch archl arch2

o I v I

bgdata bgfs bgsys

o I v I

bin boot cgroup

1k

All trace files (*.otf, *.o0tf2, *.elg, *.esd)

Open Open Subset... Cancel
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Visualization of the NPB -MZ -MPI / BT trace

i 1
1337645 1 11
Function Summary
All Processes, Accumulated Exclusive Time per Functi...
O0s

1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
@ !$omp do @x_solve.f:54

89.848 s 5 1$omp implicit ... @z_solve.f:428

83.985s E 1$omp do @rhs.f:191

83.007 s E 1$Somp implicit ... @y_solve.f:406

76.765 s E 1$omp implicit ... @x_solve.f:407

73128 s E 1$omp do @rhs.f:80

58.295 s E 1$Somp do @rhs.f:301
37.169 s [| MPL_waitall

Timeline
Os 5s 10s - 15s 20s 25s 30s

Navigation Toolbar

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0

¥ Master thread:1
OMP thread 1:1
OMP thread 2:1
OMP thread 3:1 :
¥ Master thread:2 T e
OMP thread 1:2 '
OMP thread 2:2
OMP thread 3:2

¥ Master thread:3
OMP thread 1:3
OMP thread 2:3
OMP thread 3:3

¥ Master thread:4

Master Timeline

_____ T ; ' _ ; 3 30.523 s [ 1$omp do @rhs.f:384
Pt i = 1 24.628 s [| 1$omp implicit ...rier @rhs.f:353
18.324 s ! 1$Somp do @rhs.f:37
15.609 s || 1$omp do @rhs.f:62

Function Legend

OMP thread 1:4 g ; : : B M Applicati
oMpthreadza i [ININEIIMEEEEEI NN R ppieation
OMP thread 3.4 ||l|l-|||q_-mu|l||n|-pqupnl|lqnluplm = o

¥ Master thread:5 .

gmit:rea:;; w-lylnnn=m—==-=n:m“=m [ omp_Loop Function I—egend
OMP thread 3:5 IIHIIHIFI!II-QIlqu-n-F“-..“!.' [ OMP_PARALLEL

[ omP_sYNC
™ THREADS

Successfully loaded trace
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Visualization of the NPB

-MZ -MPI / BT trace

Master Timeline

=

ExRUBEBROIERL S E B 4 v [ iU

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0
¥ Master thread:1
OMP thread 1:1
OMP thread 2:1
OMP thread 3:1
¥ Master thread:2
OMP thread 1:2
OMP thread 2:2
OMP thread 3:2
¥ Master thread:3
OMP thread 1:3
OMP thread 2:3
OMP thread 3:3
¥ Master thread:4
OMP thread 1:4
OMP thread 2:4
OMP thread 3:4
¥ Master thread:5
OMP thread 1:5
OMP thread 2:5
OMP thread 3:5

Timeline Function Summary

0s 5s 10s - 15s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...

Os

1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
@ !$omp do @x_solve.f:54

89.848 s 5 1$omp implicit ... @z_solve.f:428

83.985s E 1$omp do @rhs.f:191

83.007 s E 1$Somp implicit ... @y_solve.f:406
: 76.765 s E !$omp implicit ... @x_solve.f:407
A —— -llp 73.128 s [} 1$omp do @rhs.f:80
] BRBIDD 5829555|$ompdo

l--lql-llﬂlﬂl--l-ﬁl b IIHIII!-I 37.169 s

lplp.lllml-qqlu-ll—qnlpnlplllmllqllmlml

S '$Somp parallel @rhs.f:28
30 523 s [| 1$omp do @rhs.f:384
—m|-|F| 24.628 s ﬂ 1$omp implicit ...rier @rhs.f:353

|:=ll=m=|=qn=mllmmlnl-mlmpp 18.324 5| 1Somp do @rhs.f:37

15.609 s || 1$omp do @rhs.f:62

Function Legend

M Application
M Monitor

M mPl

||n||q|-| --—ln_pp-mlpm_qm M ome
NP O 8 P TR 1 O Y T 8 PO TPV P PPN SR 8 PO O 7 Ml omp_Loop

||m|qlplplnnqlmqmnm-mmmmqlq ; gms—z’:z’éuﬂ

™ THREADS

Successfully loaded trace

Detailed information
about functions,
communication and
synchronization
events for collection

of processes.
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Visualization of the NPB -MZ - MPI / BT trace
Summary Timeline =

. i 5 i -_— - o 3v4‘..
ErRAuLBROeTERL2E 18 B 2 v IR :
Timeline Function Summary
0s 5s 10s - 15s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...

Os

@ 1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
g !$omp do @x_solve.f:54

89.848 s E 1$omp implicit ... @z_solve.f:428
83.985s E 1$omp do @rhs.f:191

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0 : |

~ Master thread:1 DEDNHDIDDLLLDIDDHILLDDIDDIDHHN j

OMP thread 1:1 -ll!--l-l-----lJ..-l-*._-é---" 83.007 s E I$omp implicit ... @y_solve.f:406 F raCtIO nS Of th e
OMP thread 2:1 |l||.“l!I.l'l.l'l.l'.!.l.“!-m.l-! 76.765s E I$omp implicit ... @x_solve.f:407
OMP thread 3:1 || !-m- ! 73.128 S! 1$Somp do @rhs.f:80 number Of prOceSSGS

¥ Master thread:2
OMP thread 1:2
OMP thread 2:2

58.295 s ! 1$Somp do @rhs.f:301
37.169 s [| MPL_waitall

that are actively
36.671s [| MPLInit_thread . . .
34.295 SI 1$omp parallel @rhs.f:28 |nVO|VEd In g |Ven
30.523s ! 1$omp do @rhs.f:38 = . .
24.628 s [| 1Somp ize activities at a certain
point in time.

All Processes, Exclusive Time per Function Group

Function Legend

M Application

M Monitor

M mPl

M ovp

™ ompP_LoOP

[ OMP_PARALLEL
[ omP_sYNC

™ THREADS
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Visualization of the NPB -MZ -MPI / BT trace
Process Timeline %

ExRLERe IERL SIS B4 v [ iU
Timeline Function Summary

0s 5s 10s ~ 15s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...
: : : O0s

g 1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
g !$omp do @x_solve.f:54

89.848 s 5 1$omp implicit ... @z_solve.f:428
¥ Master thread:1 83.985s E 1$omp do @rhs.f:191

OMP thread 1:1 83.007 s E 1$omp implicit ... @y_solve.f:406
OMP thread 2:1 !I-lm.ﬂlmlnl'l'-l-“!-m.l-' 76.765s E !$omp implicit ... @x_solve.f:407

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0

Detailed information

OMP thread 3:1 lml!lﬂlm.'l'- m TN 1 73.128 s [} 1$0mp do @rhs.f:80 .
¥ Master thread:2 1) | ) 58.295s ! 1$Somp do @rhs.f:301 abOUt d Iffe re nt |eve|S
OMP thread 1:2 37.169 s [| MPI_waitall

36.671 s || MPLInit_thread of function calls in a
o oy i i stacked bar chart for
an individual process.

OMP thread 2:2

Master thread:0

Function Legend

M Application

M Monitor

M mPl

M ovp

™ ompP_LoOP

[ OMP_PARALLEL
[ omP_sYNC

™ THREADS

{3 B & ) BN I ' TR S QY
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Visualization of the NPB -MZ -MPI / BT trace .
Counter Timeline &

ExRuLBROIERLEE B 2 v | iR

Os 5s 10s - 15s 20s 25s 30s

All Processes, Accumulated Exclusive Time per Functi...
O0s

1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
@ !$omp do @x_solve.f:54
89.848 s 5 1$omp implicit ... @z_solve.f:428
83.985s E 1$omp do @rhs.f:191
83.007 s E 1$Somp implicit ... @y_solve.f:406
76.765 s E 1$omp implicit ... @x_solve.f:407
73128 s E 1$omp do @rhs.f:80
58.295 s E 1$Somp do @rhs.f:301
37.169 s [| MPL_waitall
36.671s [| MPLInit_thread

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0

¥ Master thread:1
OMP thread 1:1
OMP thread 2:1

Detailed counter
information over time

Master thread:0

34.295 s !$on_1p p_arallel @rhs.f:28 for an |nd |V|d ual
30.523 s [} 1$omp do @rhs.f:384

24.628 s H 1$omp implicit ..z process .
18.324 s || 1$omp da

15.609 s [| W

Function Legend

R c E— TR SRR S SR R S Application
20 G ; : i M Monitor
o M P
@ 1.5 G : : OMP
Py : .
1.0 G ™ omp_LooOP
0.5 G [ OMP_PARALLEL
: ™ omP_SYNC
5 : : : : 5 : P THREADS
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Visualization of the NPB -MZ -MPI / BT trace
Performance Radar

=N
€

E E m E"u ﬁ ﬁ @ IE EE IE % ﬁ .(: | 0s I| | I|r|||||: *| M||Ir||| ?4I,SI1

1337645 1 11
Timeline Function Summary
0s 5s 10s - 15s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...
: : O0s
¥ Master thread:0 1$omp do @z_solve.f:52

OMP thread 1:0
OMP thread 2:0
OMP thread 3:0
¥ Master thread:1
OMP thread 1:1
OMP thread 2:1

g 1$omp do @y_solve.f:52
@ !$omp do @x_solve.f:54
89.848 s 5 1$omp implicit ... @z_solve.f:428
83.985s E 1$omp do @rhs.f:191
83.007 s E 1$Somp implicit ... @y_solve.f:406
76.765 s ﬂ 1$omp implicit ... @x_solve.f:407

Master thread0 ool oo o a0 Detailed counter
o I information over time

34.295 SI '$omp parallel @rhs.f:28
30.523 s [| 1$omp do @rhs.f:384
24.628 s ﬂ 1$omp implicit ...rie
18.324 s | 1$omp dog@
15.609 s [| g

for a collection
of processes.

Walues of Metric "PAPI_TOT_INS" over Time in #js Function Legend

OMP thread 1:1
OMP thread 3:4
OMP thread 2.8

M Application

- M Monitor

OMP thread 1:12

OMP thread 2:16 M mPl

OMP thread 2:20 [l ovp

OMP thread 1:24

OMP thread 3:27 ™ omp_LooP
B OMP_PARALLEL
™ oMP_SYNC
™ THREADS
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Visualization of the NPB -MZ -MPI / BT trace
Custom Metrics Build -In Editor

[ N ] W Custom Metrics

Add IPC as new
= custom metric.

£ 1/O Bandwidth
Duplicate [ ] [ ] W Custom Metrics
€3 1/0 Volume in Transit
MPI Latencies Remove
Description: |IPC Unit: #/s

Message Data Rate
Message Transfer Times Import...
Message Volume in Transit Export... Metric x
Number of Hits Trace Counter a
Number of Invocations

PAPI_TOT_INS
£ Simultaneous I/O Operations a
Simultaneous Messages Increments per Second a Operation x
Time Spent in MPI_Wait Divide a N

-+ %
Metric 0

Trace Counter

PAPLTOT_CYC

BB <

Ok Increments per Second

m Cancel OK
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Visualization of the NPB -MZ - MPI / BT trace
Fit to chart height feature

ExRLBROTIER zﬂwuwmmw

Timeline Function Summary
O0s 5s 10s 155 20s 25s 30s All Processes, Accumulated Exclusive Time per Functl...
Master thread:0 ——— 0s

@ 1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
g !$omp do @x_solve.f:54

89.848 s E 1$omp implicit ... @z_solve.f:428
83.985s E 1$omp do @rhs.f:191
83.007 s E 1$Somp implicit ... @y_solve.f:406
76.765 s E 1$omp implicit ... @x_solve.f:407
73128 s E 1$omp do @rhs.f:80
58.295 s ! 1$Somp do @rhs.f:301
37.169 s [| MPL_waitall
36.671s [| MPLInit_thread
34.295 SI '$omp parallel @rhs.f:28
30.523 s [| 1$omp do @rhs.f: 384

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 threadit? - 4 gﬁﬁu’rvrg P s ?;d%:hiﬁ??l ssese 24.628 5 | 150mp implic Overview of the
Master thread:18 X LK X 1 X T Y i 18.324 s | 140 . . .

Master thread19 - 4@ @@ S0NRese (9 BB g & ﬁ?(‘l;');;: ) Etr[rr? I}(lg E entire app“ca‘“on run
Master thread:20 : -

Master thread:21
Master thread:22

Function Legend across all processes

Master thread:23 . Application -

Master thread:24 I vonitor based on available
Mostor thread2s - M v ixel

Master thread:27 . bbb _ . 10 Or 001 . OMP plxe S On Screen .
Master thread:28 : » | ) L L L L f L* '['hill]f“h?'ﬂh ‘ 8 ™ omp_LoOP

Master thread:29 OB P800S0 e 00 B OMP_PARALLEL

Master thread:30

Master thread:31 ™ oMP_SYNC

™ THREADS




Visualization of the NPB
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-MZ -MPI / BT trace

Typical program phases

ErdkveR e 3IE

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:16
Master thread:17
Master thread:18
Master thread:19
Master thread:20
Master thread:21
Master thread:22
Master thread:23
Master thread:24
Master thread:25
Master thread:26
Master thread:27
Master thread:28
Master thread:29
Master thread:30
Master thread:31

RACES

Function Summary

i &
Timeline

15s

Initialisation Phase

Os 5s 10 s 20s

O0s

g 1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
g 1$omp do @x_solve.f:54

89.848 s E 1$omp implicit ... @z_solve.f:428
83.985s E 1$omp do @rhs.f:191

83.007 s [7] 1$omp implicit ... @y_solve.f:406
76.765 s E 1$Somp |mpI|C|t @x solve.f:407

Computation Phase

37.169 s | MPL_waitall
36.671s I MPI_Init_thread

34.295 SI '$omp parallel @rhs.f:28
30.523 s [| 1$omp do @rhs.f:384

24.628 s [| 1$omp implicit ...rier @rhs.f:353
18.324 s ! 1$Somp do @rhs.f:37

15.609 s ! 1$Somp do @rhs.f:62

Function Legend Ax

. Application

M Monitor

™ mpi

B omp

™ omP_LOOP

[ OMP_PARALLEL
[ omP_SYNC

™ THREADS
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Visualization of the NPB -MZ -MPI / BT trace
Zoom In: Initialization Phase

ExrEwEBROoTIERL2EE & 2 v NEEEEE

Timeline Function Summary
1.986 s 1.988 s 1.990 s 1.992 5 All Processes, Accumulated Exclusive Time per Function
: : : : 0.2s 01s 0.0s

Master thread:0 IS " : . :
Master thread:1 =~ e s e " : MPI_Bcast
Master thread:2 - 52.12 ms MAIN__
Master thread:3 g 11.095 ms [ MPI_Comm_split
mas:er mreag:g % £4.224 ms I env_setup_ -

aster thread: = : .
Master thread:6 g 1.609 ms || mpi_setup_ n L a t e b r O a d
Master thread:7 = 442.343 ps | MPI_Comm_rank
Master thread:8 " 5 : bottleneCk
Master thread:9 " .
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OMP thread 1:0 M 1$omp do @x_solve.f:54
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Display Master Timeline
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OMP thread 3:4 Location Master thread:4 .
+ Master thread:5 Ad I t bl | Function M $omp do @rhs.f:384 fu nCtI on.
. justable! . !
OMP thread 1:5 _ _ Function Group [ OMP_LOOP

Interval Begin  7.349156 s

0.00 025 050 075 1.00 1.25 150 Interval End 7.34967 s
: : : : : : Duration 514.197995 us
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