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Outline

= Part I: Welcome to the Vampir Tool Suite
= Event Trace Visualization
= The Vampir Displays _mmm mum

= Vampir & VampirServer

= Part II: Vampir Hands-On
= Visualizing and Analyzing NPB-MZ-MPI / BT

= Part III: Vampir Case Study

= Optimizing COSMO-SPECS VA M P I
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Event Trace Visualization with Vampir

Vi lizati £ d . ti hehavi £ any | | = Timeline charts
isualization of dynamic runtime behaviour at any leve - Application activities and com-

of detail along with statistics and performance metrics munication along a time axis
= Alternative and supplement to automatic analysis

= Typical questions that Vampir helps to answer

= What happens in my application execution during a given time

in @ given process or thread? » Summary charts
= How do the communication patterns of my application execute - Quantitative results for the

? : )
on a real syste_m. _ _ currently selected time interval
= Are there any imbalances in computation, I/O or memory usage

and how do they affect the parallel execution of my application?
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Event Trace Visualization with Vampir
The value of seeing how an application executes on the machine

T TIIITVITT IS |m
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All Prot s, Accumulat dE I TimeperFunctmn
,unu 0s 0s

<
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= Application code computing coulomb forces

= The workload was distributed evenly across
available processes

» The user expected perfect parallelized code

= However the underlying algorithm worked :
differently than expected

Master thread:2 -

All Processes, Accumulated Ex I ve Time per Function Group

1,105.897 s (46.76%)]

EEEZETTTZIZZIEZEEZTEZTZZIEZIZIEZI=ZTZTEZIEZIEZEEZZ
EEFza3azaazzazazaaaa

[1,258.95 5 (53.24%)]

==z==z=z==
anaasaa

Visualization of the application execution
instantly 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

== Master Timeline = all threads’ activities
=57 Process Timeline =) single thread’s activities
]ﬁ Summary Timeline m) all threads’ function call statistics
%@ Performance Radar m) all threads’ performance metrics
1. Counter Data Timeline = sjngle threads’ performance metrics
5? I/O Timeline mp all threads’ I/0 activities
Summary Charts
® Function Summary 4=  Process Summary
=5 Message Summary L8k Communication Matrix View
E/ I/O Summary LE:‘J, Call Tree
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Visualization Modes (1)
Directly on front end or local machine

% vampir

.W i .
—— Multi-Core """ Score-P Trace

Program ' gua) File
k. IR L.

Small/Medium sized

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

o8

% vampirserver start s vampir

VampirServer

IO IC

\
Large Trace File
Score-P ” T,'.ﬁlce (stag s on remote
Many-Core N e 4 i
Program / y machine)
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

% ls $SCRATCH/NPB3.3-MZ-MPI/bin.scorep/\
> scorep bt-mz C 32x4 trace
profile.cubex scorep.cfqg traces.otf2

traces/ traces.def

o

% ls ~tg828282/Tutorial/Experiments/scorep bt-mz C 32x4 trace
profile.cubex scorep.cfqg traces/ traces.def traces.otf2

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

= If you did not follow to
that point, take a
prepared trace
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Installing Vampir on Local Machine

VURTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

o

% scp <user>@stampede2.tacc.utexas.edu: \
/homel/02438/winklerf/vampir/vampir-<x64|linux|mac>*

% scp <user>(@stampede2.tacc.utexas.edu: \

/homel/02438/winklerf/vampir/vampir.license

= Copy Vampir to your local
machine

= Install Vampir using a
demo license

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019)

10



VURTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Starting VampirServer on Stampede

$ vampirserver start » Start VampirServer
Launching VampirServer...
Submitting batch job (this might take a while)... on Stampedez
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Starting VampirServer on Stampede

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

VampirServer 9.4.0 (r1l06706)

Licensed to ZIH, TU Dresden (@ISC 2018)

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

VampirServer <28974> listens on: \

(0401—602.stampede2.tacc.utexas.edu:BOOl@
Copy host:port

= Start VampirServer
on Stampede2

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019)

12



VURTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Start Vampir

5 ssh -N -L 30000:(c401-602.stampede?2.tacc.utexas.edu:30019)\ = Open a port forwarding to

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

host:port from
VampirServer output
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Start Vampir on local computer

File Help

¥ VAMPIR B

Recent Files:

Use the “"Open
Other” option

Open Open Other... ] [ Cancel

R B O ===
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VAMPIR B

L"4
Comparison
Session

Remote File

Select "Remote

File”

| Cancel )

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019) 15



\/1-[4')5; VIRTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

File

Help

Servers:

Default

Description:
Server:

Port:

Authentication: [ None

Connection type: @ Socket

|

[ localhost

| 30000

» More Options

‘ !)Eancel ‘ ‘ ‘gcnnect ‘

Server is
“localhost”

Port is "30000"

Connection

type “Socket”
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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
[ =_— [ =
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

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

Navigation Toolbar

¥ Master thread:0
OMP thread 1:0

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

OMP thread 2:0

OMP thread 3:0

: : sl ; : [SATOSAETN 150mp do @x_solve.f:54
: H : : 89.848 s 5 1$omp implicit ... @z_solve.f:428
¥ Master thread:1 _ "BEIIFPIERDEDEE

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 76.765 s ﬂ 1$omp implicit ... @x_solve.f:407
OMP thread 3:1 : 73128 s [ 1$0mp do @rhs.f:80
w Master thread:2 n PRERIEREDEDIIN] 58.296 s E 1$omp do @rhs.f:301
OMP thread 1:2 : 37.169 s I MPI1_Waitall
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

30.523 s [| 1$omp do @rhs.f:384
24.628 s [| 1$omp implicit ...rier @rhs.f:353
18.324 s ! 1$Somp do @rhs.f:37
15.609 s || 1$omp do @rhs.f:62

Function Legend

OMP thread 1:4 | ' ; ; h B Aoplication
OMP thread 2:4 1] ] ] llpln_--I||Illlll-F“.!F'lFllmlﬂHlﬂl '
OMP thread 3:4 ||lll-lI|ﬂn--I||III|II-FF.!FHIIIF-IEFIH = m(;?ltor

¥ Master thread:5 G

thread 1: |I-l T T T T T T I M omp .
o threns . qqlnlylnnn=m_==m=n:mm=m [ ome_Loop Function Leg end
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 %

E E m &-I E ﬁ @ IE EE ﬂ ﬁ. IE % ﬁ \‘.] |OJSIII ._.I.,|‘ 'r-',"-‘|"|"|‘|- ,l.. I\|,|,33\;64S, l&..l-,l I-..,I, -l |~-l..|.1...I-I.-|.,.-f..l..lh_l, I34Ir-sl,|
Timeline Function Summary

0s 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

o0 Pl Detailed information
* Master thread:2 58. 29555 '$0mpd0 - abOUt fU nCt|OnS,

ovpteadr2 MW EIEEINIE IRy ||n|||q-| 37.169 s

¥ 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

gmg :::::: zz lFlF-"l-.-q!.'l-II.!-I_..-.IIH.II'..HMI!HI , S $omp parallel @rhs.f:28 CO m m U n icati O n a n d
¥ Master thread:3 i 30 523s E 1$omp do @rhs.f:384 h . t.
OMPthread:3 i |[FENI N EmEn T — = —EIHIFI 24.628 s [| 1$omp implicit ...rier @rhs.f:353 sy Nncnronization

oup ivead s WENRHHI T T O ot Dotgngeiognid events for collection

OMP thread 3:3

iy M?)T\;‘:’rtt:rr:aa;:’lz'lll- Functioﬁ Legend Of p ro Ce s Se S .
OMP thread 2.:4 M Application
OMP thread 3:4 = mglmtor
¥ Master thread:5 { . b
OMP thread 1:5 IIIIMI-I _-_I-_FF-FIIFII—QII
ompthread2zs NIRRT R I = gm—ii;’:uﬂ
OMP thread 3:5 ||HIIHIFI!IIHQIquF-n-FIIlHl“!ﬂ = OMP:SYNC
. ™ THREADS

Successfully loaded trace
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Visualization of the NPB-MZ-MPI / BT trace
Summary Timeline &

ErBELERe IIEERL SIS B 2 o R

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

Os

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 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
OMP thread 1:1

83.007 s E 1$omp implicit ,:.'@y_solve.f:406 F ra Cti O n S Of th e
OMP thread 2:1 76.765s E 1$omp implicit ... @x_solve.f:407 n u m b e r Of p ro Cesse S
~ Master thread:2 58.296 s ! 1$omp do @rhs.f:301
OMP thread 1:2 37.169 s [| MPI_waitall
34.295 SI '$omp parallel @rhs.f:28 i nVO | Ved i n g ive n
SO o= activities at a certain

OMP thread 3:1 73128 s [ 1$0mp do @rhs.f:80
that are actively
OMP thread 2:2 |!!EIII|!!llllll!!llllI--!!IIIlIlIMIIEI!!!!! 36.671s [] MPLInit_thread
24.628 sﬂ 1$Somp_ iz
point Iin 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 %

= ﬂ LB R e .3 EE E % ﬁ .(. |OS L -,l. ..r:'f'h|l'|h.|“|3 | |||33764 S lx.,l.,,-.l..-. T .l-ml\..l-.-.|~.,..I.I..r-,_-,._l_.-l;_-_-l. 34 1

Timeline Function Summary
0s 5s 10s ) 15 s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...
: : O0s
» Master thread:0 1Somp do @2_solve 1:52

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

g 1$omp do @y_solve.f:52

1$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

Detailed information

¥ Master thread:2 58.295 s E 1$Somp do @rhs.f:301 a bO Ut d iffe re n t I eve I S
i trend 3 e AT of function calls in a

34.295 SI 1$omp parallel @rhs.f:28
30.523 SE '$omp do @rhs f:-28

stacked bar chart for
an individual process.

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 N
Counter Timeline il

EXxRLBFROIERLSE B4 v [N ]

LLi I
Timeline Function Summary
0s 5s 10s - 15s 20s 25s 30s All Processes, Accumulated Exclusive Time per Functi...

O0s
¥ Master thread:0 ; _ ) _ FIO0SETE i50m .
: s e S ot ! p do @z_solve.f:52
OMP thread 10 IR N NN . .. oo o cove.i:
OMP thread 2:0 ; qulq i -.- AHER @ 1$omp do @x_solve.f:54

OMP thread 3:0 :
¥ Master thread:1 _ BUHCRD L SCRHCO IR DO RCR RO RO

OMP thread 11 O P I T 1

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

OMP thread 2:1 |||.||l|l!“l!I-lmlllll_mlq-l-“qu-l.! 77?3:2: z E :zgmg ::)péi)cr::s,}fg_solve.f:407 D eta I | ed CO u n te r
Master thread:0 538721?35;53% ﬁs[\&:;)aﬁ)rhs.f:?:()‘l I n fo rm atl O n Ove r tl m e

36.671s [] MPLInit_thread

34.295 sl 1$omp parallel @rhs.f:28 fo r a n I n d IVId u a I
30.523 s [| 1$omp do @rhs.f:384 p rocess.

24.628 s ﬂ 1$omp implicit
18.324 s || 1$omp da
15.609 s || 14

Function Legend

Application
M Monitor
; M mPi
1.5 G ........ ; q . OMP
1.0 Gl ™ omP_LooP
0.5 G ________ [ OMP_PARALLEL
™ omP_SYNC
™ THREADS

#ls




\A-HPS VIRTUALINSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Visualization of the NPB-MZ-MPI / BT trace
Performance Radar

N
Al

ErELEREO®T9ER 819 w | os |r||||| A |'|r||| ?4;-.5'1

| 133764 s | LLi
Timeline Function Summary
0s 5s 10s ) 15 s 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

oster thread0 ool oo o a0 Detailed counter
oo et 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.

Values of Metric "PAPI_TOT_INS" over Time in #3’5
OMP thread 1:1 A
OMP thread 3:4

Function Legend

M Application

OMP thread 2.8 . Monitor
OMP thread 1:12 . P!

OMP thread 2:16

OMP thread 2:20 . OMP

OMP thread 1:24

OMP thread 3:27 ™ omp_LooP

B OMP_PARALLEL

| : I 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

Active Description Add

X FLOPS in User Defined Function Edi
it

custom metric.

£ 1/O Bandwidth 5
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 E
Simultaneous Messages Increments per Second E Operation x
Time Spent in MPI_Wait Divide E 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

ErRLEFOTER &

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

Timeline
5s 10 s ~ 155 20s 25s 30s

__J’ :J;J’TH."H;‘{ "Ht ""1("11 4‘,],}_' ‘ﬁ‘"{* :]‘L LL'
?rj’u‘ mrx*ﬁwrﬁr o9 i:l* ‘ﬁ‘ ' __:11]3%” ﬁ? i “, r 1 “IIrITItirr t
} F*FHF 1006800008 100060

..t"r":’“ﬂ“:“i'&"!"“ 1 "“"‘

),1:?:?_ ?
1R

"fﬁ: #l'frﬁ |rir r’hnm‘ “‘Hﬁﬁ%ﬁi v
b '|~ bbbttt 0

B 4 | |

Function Summary
All Processes, Accumulated Exclusive Time per Functl...
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 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
24.628 s H 1$omp implicj
18.324 s || 1$0a

Function Legend

. Application

M Monitor

™ mpi

B omp

™ omP_LOOP

[ OMP_PARALLEL
[ omP_SYNC

™ THREADS

Overview of the
entire application run
across all processes
based on available
pixels on screen.
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Visualization of the NPB-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

S G 4 [

Function Summary

i 25
Timeline

15s

Initialisation Phase

20s

Os 5s 10 s

Os

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

159395

ErxlwERoIERL2ESE & 2 v N2

Timeline

Function Summary
All Processes, Accumulated Exclusive Time per Function

D._Z 5 D.‘_I 5 0.0s

1.990 s 1.992 s

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 Tim... R
Master thread:18 : £ ¢ { :

MPI_Bcast

52.12 ms MAIN_
11.095 ms [[] MPI_Comm_split

£4.224 ms I env_setup_
: 1.609 ms| mpi_setup_

442343 us | MPI_Comm_rank . Late broadcaSt"
Rt bottleneck.

Context View

Master thread:19 Property Value

Master thread:20 Display Master Timeline
Master thread:21 : : : : )

Master thread:22 : - : : : Type Collective
Master thread:23 ; : : 3 Communicator MPI COMM 1
Master thread:24 ) .

Master thread:25 Collective Operation BCAST

Master thread:26

Mumber of Participants 32
Master thread:27

Master thread:28 Root Master thread:0

Master thread:29 ; o : : : Overall Start Time 1.984987 s

m:g:g; EE:E:S;? Overall End Time 1.993207 s
Overall Duration 8.220324 ms




Visualization of the NPB-MZ-MPI / BT trace

Zoom

in: Computation Phase

VIRTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

EXRuLEROTIERLES E%ﬁ'.ﬁ

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

WValues of Metric
OMP thread 3:0
OMP thread 3:2
Master thread:5
OMP thread 1:7
OMP thread 2:9
OMP thread 3:11
OMP thread 3:13
OMP thread 1:16
OMP thread 2:18
OMP thread 2:20
OMP thread 3:22
OMP thread 1:25
OMP thread 1:27
OMP thread 1:29

5;70 s

6.00s

1
1 Iln\-i..d thmll 1

IIlllllJl l: Ir :Il III ||‘1=“||I I| |II II

IPC

|
1 1
I
1
nul
o 1l 1
El [ | = 1 y . l'LII:J-Il'IT Ilu
- f o\ ﬁ“?d
i as vt ey L
- ) n”.||'|f| ]
O o ) 1o
] .I (i | Illu;ll‘l}.
i ] i ok ,”.’l |
. i I a J ] |I'.1|'!! 1
0.00 0.25 0.50 0.75 'I.'E!JU 1.:25 1.50

5"47

6706s
592{s

Function Summary

All Processes, Accumulated Exclusive Time per Function

15 s Os

1.432s E '$0mp |mpI|C|t

0.702 s [| MPI_waitall

Function Legend

0.642 sl 1$omp parallel @rhs.f:28

0.563 s ! 1$omp do @rhs.f:384

0.453 SH 1$omp implicit ...rier @rhs.f:353
0.332s | 1$omp do @rhs.f:37

0.293 s | 1$omp do @add.:22

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

g 1$omp do @z_solve.f:52
g 1$omp do @y_solve.f:52
_ !$omp do @x_solve.f:54
1.69s E 1$omp implicit ...
1.56 s 5 1$omp implicit ...
1.536 s [l 1$omp do @rhs.f:191

@z_solve.f:428
@y_solve.f:406

MPI communication
results in lower
IPC.

. @x_solve.f:407

M Application

M Monitor

™ mpi

B omp

™ omP_LOOP

[ OMP_PARALLEL
™ oMmP_SYNC

™ THREADS
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Visualization of the NPB-MZ-MPI / BT trace |
Overlay Functionality of Master Timeline =

ExrRLEBFEOTIERL S8 6 2 ¢ Lol UGN N

Timeline Function Summary
7.3375 s 7.3400 s 7.3425 s 7.3450 s 7.3475 s 7.3500 s All Processes, Accumulated Exclusive Time per Functi...
. . — . 0.0s
~ Master thread:0 - Metric:  IPC : < Qpactty: '~1‘ -

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

52.151 ms [M 1$omp do @rhs.f:191
47.599 ms M 1$omp do @rhs.f:80

s o ot a9 Find function with
highest IPC value.

OMP thread 1:0 '
OMP thread 2:0 B
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

36.276 ms 1] 1$omp do @rhs.f:301
28.025 msn 1$Somp implicit ... @z_solya
19.046 ms [] 1$omp do @rhs.f,38
14.382 msl 1$omp pa &r28
12.652 ms || 1S4 grcit ...rier @rhs.f:353
somp do @rhs.f:37

_ Context View shows
Property  Value detailed information

OMP thread 1:4 Display Master Timeline
OMP thread 2:4 Type Function a bOUt SeleCted
OMP thread 3:4 - - Location Master thread:4 =
* Master thread:5 Adj u Sta b I e I g Function EI$0mp do @I’th384 fu n Ctl O n [
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

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019) I _
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Visualization of the NPB-MZ-MPI / BT trace

Find Function

n
n
l
n

v e B ® F

xR

Function Summary

All Processes, Accumulated Exclusive Time per Function

Timeline

14.0s

13.5s

13.0s

12.5s

Os

50s

1$omp do @z_solve.f:52

1$omp do @y_solve.f:52

1$omp do @x_solve.f:54

1$omp implicit ...

solve.f:428
@y_solve.f:406

@z

6.084 s M

5.61s [M 1$omp implicit ...
5.592 s [B] 1$omp do @rhs.f:191

5173 s D 1$omp implicit ... @x_solve.f:407

4.865 s E 1$Somp do @rhs.f:80

3.888s E 1$Somp do @rhs.f:301

Execution of function

“1$Somp do @rhs.f

384"

=]
~
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£a.
® G
o £
E 5 o
T 2 T .
= oo
I E E
o o o
S ¢ @
| m | ]
n 0 n
o W ©
© O ™
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results in higher IPC.

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

st

¥ Master th

ead 1:0

—

OMP th

ead 2:0

ut

OMP th

ead 3:0
ead:1

s

OMP th
¥ Master th

=

ead 1:1

pus

OMP th

ead 2:1

—

OMP th

ead 3:1

pus

OMP th
¥ Master thi

ead:2

put

ead 1:2

P

OMP th
OMP th

Master thread:0
OMP thread 1:0

OMP thread 2.0

Function Legend

OMP thread 3:0
Master thread:1
OMP thread 1:1

M Application
M Monitor

™ mpi

OMP thread 2:1

OMP thread 3:1

M omp

[ OMP_PARALLEL

™ omp_LOOP
[ oMP_SYNC

Master thread:2

1.25

1.00

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

Process Summary

B=CE
kRGN

ErNBLEROeIEERL B E b A v |

Timeline

¥ 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

Function Summary:
Overview of the
accumulated
information across all
functions and for a
collection of

Function Summary
All Processes, Accumulated Exclusive Time per Function
800 s 600 s 400 s 200s O0s

e —— T
[S725765 I 150mp do @y._solve.f:52
s 15omp do @x_solve.f:54
89.848s[ | 1somp implicit ... @z_solve.f:428

:83.985s E 1$omp do @rhs.f:191
83.007 s : 1$omp implicit ... @y_solve.f:406

O0s

Process Summary
Individual Processes, Accumulated Exclusive Time per Function
Os 5s 10s 15 s

25s 30s

| Others

ProCcesses.

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

Process Summary:
Overview of the
accumulated

i Others

yOthers

information across all
functions and for
every process
independently.

| Others
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Visualization of the NPB-MZ-MPI / BT trace
Process Summary

B=CE
kRGN

ExBLEROIEGL B & < o | MEMEIIRCIIENIRNCE]

Timeline Function Summary
O0s All Processes, Accumulated Exclusive Time per Function

¥ 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

800s 600 s 400 s 200s 0s

[A008:88 s e T somp do @2_solve.f:52
[ ™ 1somp do @y._solve.f:52

041.054

Individual Processes, Accumulated Exclusive Time per Fun...

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

Process Summary

Os 15 s

1$0...:52 [1$50...:62 [ETeITN | ]

] !$0"':54 L

30s

89.848s[ | 1somp implicit ... @z_solve.f:428

!$omp do @x_solve.f:54

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

83.007 s : 1$omp implicit ... @y_solve.f:406

Process Summary

Similar Processes, Accumulated Exclusive Time per Function

15 s

Find groups of similar
processes and
threads by using
summarized function
information.
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Vampir Case Study:
Optimizing COSMO-SPECS
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COSMO-SPECS Original

ErE FeTER2L2B818 @ 4 Iﬂi.IIII-x-“m-.EL!MIF_SlI“.ﬁl Weather forecast Code

Timeline F]

Os 50 s 100s 150 s 200s 250s 300s 350s 400 s 450 s 500 s 550 s All Processes, Accumulated Exclusive Time per Function Group

20,000s 15,000 s 10,000 s 5,000 s Os
i .04.650: e COSMO-SPECS
Process 1 18,783.7415 MPI
Process 2 11,577.183 s MP_UTIL -
Process 3 1,550.646 s [ Application [ | R t h 1 0 O p
Process 4 1,290.593s| | COUPLE u n W I ro Ce s S e S
Process 5 993.146 s [7] METEO
Process 6 4.366 s| VT_API - O S M O . t h d I
Process? C . weather mode
Process 8
Process 9 ~ Context View M ET E O
Process 10 - B Trace.. A || ( g ro u p
Process 11 Property Value
it Fil JUsers/maweber/ZIH/Traces/Vampir-Tutorial . 1 i
e e w SPECS T microphysics for
Progessa Creator VampirTrace 5.11.2
Process 15 Version 1.11 alpha .
accurate cloud calculation
Process 17 Timer Resolution 50 ns
Process 18 :
Trace Times
:"’cess ;2 Start Thu Nov 3 12:36:57 2011 (13203202177616¢ ( M P a n d M P U I I L g ro u p)
rocess —

Stop Thu Nov 312:46:30 2011 (13203207909206
Process 21 .

Elapsed 00:09:33 (573158989) C I f b t h d I
Process 22 ] m
Process 23 VampirTrace Environment O u p I n g O O O e S
Process 24 VT_MODE TRACE
Process 25 VT_BUFFER_SIZE 200M d ( O U P L E g p
Process 26 VT_SYNC_FLUSH w6 O n e I n ro u
Frocess 27 VT_SYNC_FLUSH_LEVEL 80
Process 28
Process 29 VT_MAX_FLUSHES 1
Process 30 VT_METRICS PAPI_FP_OPS

VT_RUSAGE <not set>
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COSMO-SPECS Original

Ex@wEE O IEw & 'S e G 2 |l 7N N

Process 0

Process 4

Process 8

Process 12
Process 16
Process 20
Process 24
Process 28
Process 32
Process 36
Process 40
Process 44
Process 48
Process 52
Process 56
Process 60
Process 64
Process 68
Process 72
Process 76
Process 80
Process 84
Process 88
Process 92
Process 96

All Processes, Exclusive Time per Function Group

Timeline Function Summary AX
250 s 300 s 350s 400 s 450 s 500 s 550 s All Processes, Accumulated Exclusive Time per Function Group
H H : H H H : 20,000 s 15,000 s 10,000 s 5,000 s Os
23,104.034 s (40.32%) MP
MPI
11,577.183 s (20.2%) MP_UTIL
1,550.646 s (2.71%) [l Application
1,290.593 s (2.25%) | COUPLE
993.146 s (1.73%) 5 METEO
4.366s (0.01%) | VT_API

Os 50s 100s 150's 200s

Increasing MPI_Wait time

v

Function Summary
All Processes, Accumulated Exclusive Time per Function

20,000 s 10,000 s Os
23,104.034 s (40.32%). organize_sbm
MPI_Recv

8,009.115 s (13.98%) sbm_exchange_meteors
5,000.233 s (8.73%) [N MP|_Wait
1,845.621s (3.22%) - sbm_advection_pd_IfT
1,722.447 s (3.01%) [l sbm_remov...e_meteors
1,650.646 s (2.71%) - SBM_PREPARE

100 % i ™
MP_UTIL 1,290.593 s (2.25%) | met_set
gr oo T i) gy e — 746.765 s (1.3%) [ Imorg
s e L . AT T | DO T 246.356 s (0.43%) || org_runge_kutta
229.582 s (0.4%) | MPI_lsend
20 %, [ e e R ISR 179.277 s (0.31%) | MPI_Alireduce
- 55.964 s (0.1%) | MPI_Init
4.366 s (0.01%) | sync time
0% . : : : . : = > - - - 4.212 s (0.01%) | MPI_Bcast

1.017 s (0%) I MPI_Barrier

14,900 s

= Compared to METEO, MP
and MP_UTIL are very
compute intensive,
however this is due to
more complex
calculations and no
performance issue

= Problem: >32% of time
spent in MPI

= MPI runtime share
increases throughout the
application run
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COSMO-SPECS Original

ErRALBROTIERLSE B 4 v m-_

Timeline : Function Summary u ZO O m I n to t h e fl rst t h re e
10s Ms 12s 13s 14s 15s 16s 17s 18s All Processes, Accumulated Exclusive Time per Function Group
Process 0 : : : ; ; ; : : : 400's 300s 200's 100 s 0s . .
Process 4 459.796 s (51.31%) MP I te ra t I O n S
Process 8 2 2s( %) MP_UTIL
Process 12 101.615 s (11.34%) MPI
Pr 16 o -
i s B w MP/MP_UTIL perform four
::22:: ;g 21.6's (2.41%) [77] METEO . . .
process 32 sub-steps in one iteration
Process 40
g = Low MPI time share
Process 52
Process 56 - .
] = Everything is balanced
s:zz::: gg Functio.n Sur.nmary )
:ZEZ:: 2(6) All l:rggessses,sl;(:)ct;mulatzeodoEschu5|1vgoT;me peroF:ncnon a n d I O O k S O k a y
Erocams 64 organize_sorm
Process 88 173.232 s (19.33%) _ sbm_exchange_meteors
Process 92 62.629 s (6.99%) [ MPI_Recv
Process 96 38.278 s (4.27%) = sbm_advection_pd_IfT
37.133 s (4.14%)

: _ = SBM_PREPARE
All Processes, Exclusive Time per Function Group ] : 36.932 5 (4.12%) - sbmiremoy..ezmateors
— : i i : H 30.309 s (3.38%) ! MPI_Wait
27.486 s (3.07%) met_set
16.501 s (1.84%) [T Imorg

5.099 s (0.57%) || org_runge_kutta

4.967 s (0.55%) | MPI_Isend
-2 "4 B 1 =B I B O I BB F I B B 3.706 s (0.41%) || MPI_Allreduce
3.353 ms (0%) | MPI_Comm_size

80 %

60 %

20%
0% ™

32255
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COSMO-SPECS Original

ErRLEFROTERLBE @ 4 5.-.-”_-|--|55s = Zoom into the last three

Timeline Function Summary
558 s 561s 564 s 567 s 570s 573s All Processes, Accumulated Exclusive Time per Function Group
Process 0 : : H H H : 800s 600s 400s 200s Os = =
Process 4 i ir MPI Ite ratlons
Process 12 P roce SS 5 4 Ca u S | N 248.743 5 (14.76%) MP_UTIL . .
Process 16 o, inatbi
e g 32.695 s (1.94%) [ Application || Ve ry h I g h M PI tl I ' l e s h a re

Process 28

ﬁﬁﬂﬁiﬁ‘;’ gg ‘ l _ ' 2.392 5 (0.14%) | VT_API ( > 5 O 0/0 )
' Large load imbalance
caused by MP functions

Process 48
All Processes, Accumulated Exclusive Time per Function
400 s 200s 0s around Process 54 and
LR L C) —

g : 20.203 s (1.2%) | | COUPLE
Process 24 load imbalance = 18.239 5 (1.08%) [] METEO

Process 80
Process 84
Process 88
Process 92
Process 96

Process 52
MPI_Recv

Process 56
Process 60
organize_sbm
220.348 5 (13.08%) [FRNNNN \1p|_\ait Pro cess 6 4

Process 64
Process 68
Process 72
Process 76
170.378 s (10.11%) sbm_exchange_meteors
42109 s (2.5%) sbm_advection_pd_IfT
36.255 5 (2.15%) . sbm_remov...e_meteors
32.695 s (1.94%) . SBM_PREPARE
20.203 s (1.2%) | met_set
14.73 5 (0.87%) [ Imorg
4.545 s (0.27%)' MPI_Isend
3.483 5 (0.21%) ﬂ org_runge_kutta
2.508 s (0.15%) | MPI_Allreduce
2.392 5 (0.14%) | sync time
34.136 ms (0%) | MPI_Gather
25.721 ms (0%) | Imorg_trace_off
13.697 ms (0%) | MPI_Finalize

All Processes, Exclusive Time per Function Group
100 % "

- X

80 %
60 %
40 %
20%

0%

_564.55



VURTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

COSMO-SPECS Original

High FLOPs rates due to
computation Qf clouds in this area

S e . pAPT FP OPS counter

Os 50s 100 s 150 s 200 s 2 400 s 450 s 500 s 550 s All Processes, Accumulated Exclusive Time per Function Group
PrEEaEE0 5! : : H Metric:  PAPIS A - @t x - 20,000 s 15,900 s 10,000 s 5,000 s Os h = h = h F LO P
Process Al 23,0308 @032 SNOWINg nigher S
Process 6 I [TB783 7ATS (32:78%) e wp)
Process 9 11,677.183 s (20.2%) MP_UTIL
o 2 e Meee rates on processes
Process 18 993.146 s (1.73%) [™] METEO
o . i e causing the imbalance
Process 27
Process 30 - .
proces 3 » Reason for imbalance:
Process 39
P 4 = =
e Static grid used for
Process 48
Process 51 Function Summary
e —— distribution of processes.
Process 60 organize_sbm
Process 63 19120/ S8 SHZS:287) | MPI_Recv -
008,15 5 1.56%) S s oxcre. Depending th
et | B s v i epending on the
z:gzzzz ;g i 1,845.621 s (3.22%) [ sbm_advection_pd_IfT .
o
process 5. - I Rl o weather, expensive cloud
P:gzz:z ol . 1,290.593 s (2.25%) m met_set
: 1 746.765 s (1.3%) [ | M
g:gz:z: g; i : | 246.356 :(0_43;,)"‘5 c::_rrgunge_kutta com p u ta tl ons ( M P g rou p)
Process 93 - : 229.582 s (0.4%) | MPL_Isend
Process 96 - | : 179.277 5 (0.31%) || MPI_Allreduce
55904 s 0.1 WPt may be only necessary on

3 3 5 | 4.366 s (0.01%) l sync time
oM 200 M » 400 M » 600 M » 800 M ~ 1,000 M - 1,200M 4.212 s (0.01%) | MPI_Bcast

1.017 5 (0%) | MPI_Barrier J some p Focesses

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019) 39
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COSMO-SPECS FD4

ErNEuLER e 3 IER T-‘.‘.I 518 & 4 mwmmmmwﬂmEWM][MW@%%%@IEHMU@HMMMWMMH&%@SI We ather fo reca St Code

Os 50s 100 s 150 s 200 s 250 s All Processes, Accumulated Exclusive Time per Function Group

ST COSMO-SPECS
EE Run with 100 processes
ST« COSMO: weather model
(METEO group)
SPECS: microphysics for
accurate cloud calculation
e - (MP and MP_UTIL group)

File /Users/maweber/ZIH/Traces/Vai
Creator VampirTrace 5.13b111102

Coupling of both models

Number of Processes 100

Process 0
Process 1
Process 2
Process 3
Process 4
Process 5

Process 6
Process 7
Process 8
Process 9
Process 10 #N®!
Process 11 #5®
Process 12 #N®
Process 13
Process 14
Process 15 2N @)
Process 16 SN ®)
Process 17§
Process 18 %N
Process 19
Process 20 9" OBDIM!
Process 21
Process 22 #N®

Process 23 2
Process 24 SN

Process 25
Process 26
Process 27 2 O8N
Process 28 #N®)

Process 29
Process 30 NOBH

Context View

IR done in COUPLE group
w ™+ Dynamic load balancing
e ~ (FD4 group)

31ST VI-HPS TUNING WORKSHOP (UTK-ICL, KNOXVILLE/TN, 9-12 APRIL 2019) 40
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COSMO-SPECS FD4

Timeline A X Function Summary
Os 50s 100 s 150 s 200s 250s All Processes, Accumulated Exclusive Time per Function Group
3 : H d : H 15,000 s 10,000 s 5,000 s Os

18.307.926s<66.37%) MP N |itigates the balance
3,865.817 s (14.01%) MP_UTIL
3,457.412 s (12.53%) MPI

ks s ros i coupe problems of the original

114.399 s (0.41%) | FD4

ot toom) .o COSMO-SPECS version
= MPI time share is reduced
to <13%
= MPI time share stays
oy — " constant throughout the

File /Users/maweber/ZIH/Traces/Val

Creator VampirTrace 5.13b111102 H H H
application runtime
Number of Processes 100

Timer Resolution 50 ns [ | Ru ntlme reduced by

Trace Times
Start Mon Nov 7 10:38:19 2011 (1320

0% Stop Mon Nov 7 10:42:55 2011 (132C fa Cto r Of 2 . 1 , fro m

Elapsed 00:04:36 (276109382)
0%?

— initially 578s to 276s

Process 0

Process 3

Process 6

Process 9

Process 12
Process 15
Process 18
Process 21
Process 24
Process 27
Process 30
Process 33
Process 36
Process 39
Process 42
Process 45
Process 48
Process 51
Process 54
Process 57
Process 60
Process 63
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Property Value
File [Users/maweber/ZIH/Traces/Val
Creator VampirTrace 5.13b111102
Version 1.11 alpha
Number of Processes 100
Timer Resolution 50 ns
Trace Times
Start Mon Nov 7 10:38:19 2011 (1320
Stop Mon Nov 7 10:42:55 2011 (132C
Elapsed 00:04:36 (276109382)
VT_METRICS PAPI_FP_OPS
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Summary and Conclusion




Summary

VURTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

= Vampir & VampirServer

» Interactive trace visualization and analysis

= Intuitive browsing and zooming

= Scalable to large trace data sizes (20 TiByte)

= Scalable to high parallelism (200,000 processes)

= Vampir for Linux, Windows, and Mac OS X
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