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Vampir Introduction

Visualization of dynamics of
complex parallel processes moo mmm

EEEEN EEEEN
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Requires two components e EEm amEE
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Monitor/Collector (VampirTrace) smEEEED  SEumamm
EREEEEOOOO OO0 NNN
Charts/Browser (Vampir) HTie “Oonmmm
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Available for major platforms vu EH

Open Source (partially) —— O O O O

http://www.vampir.eu
http://www.tu-dresden.de/zih/vampirtrace
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Vampir Toolset Architecture

j% VampirServer }

CACRCRCRCRC

Trace
Bundle
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Vampir 7: Timelines

Vampir - [Trace View

File View Help
View Chart Filter
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Vampir 7: Summaries

—v Vampir - [Trace View - Ei/traces/linpack_deimos_832/hpl0832.0tf]

File View Help
View Chart Filter
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[o” ication Matrix View Me=ge 5 =
Number of Messages 20 GiB 0 GiB
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-:\ : -:' :’ :’ f’a -? # -:" _;:" Vampir - [Trace View - E:/traces/wrf_ 0064 _—_E LI
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ELEESEELEELEE A rie view Hep [ [=][x]
Process 0 B - View Chart Filter
Process 73 & I
ENweTIER = Q- # (WP LN T A S
Process 122 Ftocl i
Process 184 - - | | all Processes, Accumulated Exdusive Time per Functon Group [ Application
| DYN
Process 258 WRF [237.612696 5] W 1o
Process 305 o]
Process 369 YN [944.99392 5] 1 MEM
M MPI
Fiocess 44353* PHYS [513.560112 ] P PHYS
Process 487, [ WRF
Process 554
Process 628
Process 670
MPI [769.39865 s — Contoxt View — AXR
Process 739 #= Process Summary [EJ -
Process 792 Property Value
iDisplay i Process Summary
Function MPI_Wait (206)
Function Group MPI (6)
Cluster Members Process 0
Accumulated Exclusi... 4312356 s
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/0O in HPC Environments

Thousands of clients connected to a file server farm

Dedicated infrastructure, large number of supporting components

File systems often accessed through high level libraries

File systems typically tuned for large I/0O requests

No backup

Beside the 'large&fast’ file system HPC systems have

slow home directory

even more slow archive space

Multi cluster file systems

——
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/O Subsystem Sizes

TU Dresden HRSK System (installed 2006):
2*68 TB: 12 GB/s, >1300 disks, 12 file servers, 48 FC cables
700+ nodes

DARPA HPCS Project (targeted 2010):
High Productivity Computing with millions of components
50.000 spinning disks, 30.000 nodes, 100 PB file systems
millions of cores, 10 billion files per directory , 1 PB single file size
40,000 file creates/sec from a single client node
30 GB/sec single client, 1.5 TB/sec total bandwidth
1 PB single file size

end-to-end data integrity
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How to optimize 1/O?

Instrument all available data sources
Make tools usable for production mode
Create a global view onto the system
Instrument the users application

Run the user code

Correlate and analyze the collected data
Find an optimization strategy

Decide about the layer to implement it

Implement and test again

Check if you killed someone else’s performance

——
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/O Stack in HPC Environments

| Client

application

pNetCDF

HDF5

user space

MPI I/O

POSIX 1/O

VFS

File System

kernel

Block Layer

Network

File Server
Network
GE) File System
~ Block Layer
Network

' RAID Controller

A

Network

Controller Logic
Disks
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/O Analysis Workflow

l

instrumented binary
I/O pattern
node local data —
v l
trace file optimization result

T
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/O Analysis Support in VampirTrace

POSIX I/0

raid controller kernel events

network \ / MPI I/O

file server VampirTrace <+—— memory mapped

\I/

trace file

o
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Instrumented System

Trace Environment

; ........ node
% ........ node
é ......... node
é ......... node

.....network utilization

.......................

.............................................................................

metédata

server

content
server

conient

server

content
server

application events
node local events

trace file

.
---------

;. network utilization

back end performance
controller cache usage
file server performance
metadata rate, locks
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External Tool Architecture

HPC system

preteie
i

trusted area

analysis system

RAID RAID RAID
Controller Controller Controller
database
=

e
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Example — Local and External Counter Values

Vampir - [Trace View - semtex dios 512er IB/dios mpi.otf]
W File View Help

View Chart Filter

EETCEI EIECrE>

Timeline
4q s 4§ s SQ s

Process 20 ead

Process 21 ead

Process 22 ead ; read
Process 23 ead :

Process 22, Values of Counter "bytes received on this IB port" over Time

Process 22, Values of Counter "bytes read on this lustre client" over Time

Function Summary
All Processes. Accumulated Exclusiv...

10000 s Os
MPI
[9517.203866 s |LIBC-/O
i 310.516616s VT _API
19.791424 s |Application

Function Legend
- [l Application
- [ uBc-1/0
- MPI

-l vT_API

0 M H H H : H H
ExtCounter, Values of Counter "deimos /fastfs read bandwidth" over Time

Process Summary
Os
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Example — Local and External Counter Values

File View Help

Vampir - [Trace View - semtex dios 512er IB/dios mpi.otf]

View Chart Filter

Exwe s

25s

Process 505
Process 506
Process 507
Process 508

sync time
sync time

sync time

Timeline

1 —
readjread
N

Process 507, Values of Counter " bytes received on thIS IB port" over Tlme

0Ok

Process 507, Values of Counter "bytes read on this lustre client" over Time

oM

All Processes. Accumulated

Function Summary

Exclusiv...

1000 s O0s

1846.251756 s
912.163544 ¢
319.516616 s

iLIBC-1/O

MPI
VT_API

{ 10.987841 s |Application

—_______Function Legend

- [l Application

LIBC-I/O

. MPI

[ vT_API

ExtCounter, Values of Counter " delmos /fastfs read bandwndth over T|me
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Example — threader simulation with 50 processes

Vampir -'[Trace"View - dios mpi"8.otf]

W File View Help
View Chart Filter

IExLeTERS BV~

Timeline Function Summary
All Processes. Accumulated Exclusive Time per Function

45 s 3000 s 2000 s 1000 s 0=S

: : : : 3839.755555 s gfread
Process 4 =— : — = 253.505656 s [ MP1_Recv
Process 13 = =—=— : = = 96.217507 s | |fopen64
Process 22 — = : = = = E 81.645559 s | ifclose
Process 31 : — L : : : | 44.46538 s [ sync time
Process 40 =— : : — : | 8.230321 s | MPI_Init
Prarece 40 = — : — 1.726846 s |user
ExtCounter, Values of Counter "pc_san: read bandwidth" over Time i H :

Function Legend

0

ExtCounter, Values of Counter "MDS001 remote procedure calls/s" over Time

Process Summary

40s
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Example — threader simulation with 400 processes

Vampir - [Trace View - dios mpi_14.otf]

W File View Help
View Chart Filter

IExuneTERS BV 2

Timeline Function Summary
All Processes. Accumulated Exclusive Time per Function

200 s 50000 s Os
o : : : : 80797.211667% s { fopen64
f0ass 25 70997.165264 s Hfread

Process 79 : : : : : i
Process 133 : S _ 18666.719231 s Hclose
Process 187 | o ‘ 4556.67116 s [l MP1_Init
Process 240 . . 3384.409399 s [l sync time
Process 294 : : : : : 2260.163118 s [| MPI_Barrier
Process 348

: : : : 57.851233 s |user
ExtCounter, Vallies of Counter "pc_san: read bandwidth" over Time i 42.64777 s |MPI_Recv

5 : : : : : 18.371453 s ifopen

4.880204 s |MPI_Comm_create
2.158682 s iwrite
2.11491 s |MPI_Comm_rank

Function Legend

0 : T T : : . —

. : : - [ Application
ExtCounter, Values of Counter "MDS001 remote procedure calls/s" over Time LIBC-I/O
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Example — threader simulation with 1500 processes

W File View Help

Vampir -'[Trace View -"dios mpi_10:.otf]

View Chart Filter

Exwes

Process 99
Process 310
Process 521
Process 732
Process 943
Process 1155
Process 1366

Timeline

450 s

0

Function Summary

All Processes. Accumulated Exclusive Time per Fu...

500000 s

Os

648097.180293 s {fopen64

199190.649038 s {fread

75147.694559 s MPI_Init
71070.913234 s MPI_Barrier

55165.648046 s | |fclose
27093.067334 s lsync time
5096.318344 s |MPI_Recv
1623.554464 s |MPI_Comm_create
1367.653399 s fopen
256.428413 s |user
10.666253 s |write
7.454102 s |MPI_Comm_rank
5.20523 s |MPI_Allreduce
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Comparing the Numbers

Scaling "threader" on Lustre

500,0

450,0

400,0

350,0

M50 processes | —

® 400 processes |

™ 1500 processes

300,0

250,0

200,0

microseconds (avg.)

150,0

100,0

50,0

0,0 -
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File Access Pattern Visualization

what does the Vampir Master Timeline show:
X axis: time

Y axis: processes

v

what is needed for file access patterns: time

X axis: byte range within a single file readstart  1€29€nd  \yrite start  Write end

Y axis: processes

]
, 1

time

process

v

record each write/read access for each byte range in a vector
merge consecutive accesses

write an appropriate enter/leave pair based on the process number and the

access offset/access range into a new trace file
e
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Flash I/O and HDF5

Multiphysics astronomy code

solves a broad range of astrophysical problems
uses HDF5 or pNetCDF for parallel storage access
I/0 kernel available since 2001

revised implementation available since 2006

What has been changed?
instrument both versions

check differences in the |I/O patterns

I
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Pattern - 2001 Version

file descriptor memory pointer write size write offset

= [ r

pwrite( 8: somewhere,

1445340) ;
1445348) ;
1445356) ;
1445364) ;
1445372) ;
1445380) ;
1445388) ;
1445396) ;
1445404) ;
1445412) ;
1445420) ;
1445428) ;

pwrite( somewhere,

pwrite(

somewhere,

pwrite( somewhere,

pwrite(

somewhere,

pwrite( somewhere,
pwrite(

pwrite(

somewhere,

somewhere,

pwrite( somewhere,

pwrite(

somewhere,

pwrite( somewhere,

pwrite(

T T e T e e e O e B
CO OO OO OO OO OO OO0 00 OO0 OO0 OO0 O

CO OO OO0 OO OO0 C0 OO0 O 0O O ©0

somewhere,
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Pattern - 2006 Version

somewhere, 1638400, 1054266916);
somewhere, 1638400, 1264502308);
somewhere, 1638400, 1474737700);
somewhere, 1638400, 1684975140);
somewhere, 1638400, 1895210532);
somewhere, 1638400, 2105445924);
somewhere, 1638400, 2315681316);
somewhere, 1638400, 2525916708);

pwrite(

pwrite(
pwrite(

pwrite(

pwrite(
pwrite(

pwrite(
pwrite(

CO OO0 OO0 OO0 OO 0O O ©0

1:
1:
1:
1:
1:
1:
1:
1:
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Access Pattern Visualization

Vampir'-'[Trace View -"access.otf]
File View Help
View Chart Filter
IExweTIERS B2
Timeline Context View
: 5= Master Timeline £ I -
Property |Va|ue

1400000000 s 1600000000 s

Process 5 Display Master Timeline

Process 14 Type Function
Function Name write

Process 23 Function Group 2

Process 32 Interval Begin 1776950820 s

Process 41 Interval End 1778597412 s
: : i Duration 1646592 s

: W i Source File
Process 59 Source Line

Process 50

Process 68
Process 77
Process 86
Process 95
Process 104
Process 113
Process 122

o

e
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Access Pattern Visualization

Vampir'-'[Trace View -"access.otf]
File View Help
View Chart Filter
IExrneTERSBCV A
Timeline Context View
: 5= Master Timeline £ I -
Property |Va|ue

2550000 s 2600000 s

Process 40 _l?isplay :\:Aastte.er Timeline
; : : unction
Process 42 ' FL):rF:cetion Name write
Function Group 2
: : : Interval Begin 2570116 s
Process 48 Interval End 2574644 s
Process 50 Duration 4528 s
Process 52 Source File
Process 54 : :
Process 56 :
Process 58 -
Process 60 E : )
Process 62
Process 64
Process 66
Process 68
Process 70

Process 44
Process 46

I8 |

S Ll IR IR EEET Source Line

o

e
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Time for Questions
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