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Agenda

* Introduction: before start working with the system

e Software requirements, login information, configuration, system
overview, etc.

* Paraver tutorial: getting familiar with paraver
e A Paraver tutorial to introduce the fundamentals of this tool

* The matrix multiply example: playing with this code
* The matrix multiplication code has appeared during the seminar’s
slides. A good opportunity to try it!
* Tutorial exercises: applying learned lessons (guided examples)

* Heat and N-Body kernels using TAMPI
e LULESH using DLB

* The IFSKer Practice: let's do it!
* Submit your report about your experiences applying TAMPI or DLB




Documents & slides (available on-line)

https://pm.bsc.es/ftp/training/acm-ess-2019
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Software requirements

e SSH: Secure SHell (to connect the HPC system)
* Linux: has native support of secure shell “ssh user@host”

 Windows: need to install a ssh program
* PUuTTY http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
* MobaXterm http://mobaxterm.mobatek.net/download.html

» X Server / X forwarding (for wxparaver or .pdf readers)

-

* Linux: has native support (remember to connect with|“ssh -X user@host’

 Windows: need to install a X server program
* Xming https://sourceforge.net/projects/xming/
* MobaXterm already includes a X server within the package
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Login information

g CO NN ECtI ng to N Ord | | | ( Iogl n) Practical information for the ACM Summer School

XXXXX XXXX XX XXXXX XXXX X XXXXXXXX XX XXXXX XXXX X XXXX XXXXX XXXX XXXXXX
°'n O rd 1 . bSC. eS XXXX XXXXXX X XX XXXXXX XXXX XX XXXXX XXXXXXXX XX XXXXX XXXX X XXXX

XXXXX XXXX XXXXXX X XX XXXXXX X XXXX XXXXX XXXX XXXXXX X XX XXXXXX XXXX
X XXXX XXXXX X XXXX XXXXX XXXX XXXXXX X XX XXXXXX XXXX XXXXXX XXXXXXXXX
X XX XXXXXX

* nord2.bsc.es

e User provided in your badge

XX XXXXX XXXX XX XXXXX XXXX X XXXX XXXXX XXXX XXXXXX X XX XXXXXX XXXX
X XXXX XXXXX XXXX XXXXXX X XX XXXXXX

1 24 July 2019 & ’." . N
ACM Europe Summer School 2019 N . WIFl in Sala Agora

Universitat Politecnica de Catalunya, Barcelona, Spain

XXXXXX
XXXXXX XXXXXXXX

Access to FTP Server for lecture material

XXXXX XXXX XXXXXX X XX XXXXXX XXXX
O l I XXX XXXXXX X XXXX

XXX XX XXXXX X XXXX

S m It h Access to Nord cluster

Student ssh nct01YYY@nord1.bsc.es
Username: nctO1YYY (specific value for YYY included in badge)
Spansors Password: eeeeeeeeee
== e sghpc @E=_ @

rfrsy @

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion



mailto:nct01YYY@nord1.bsc.es

PuTTY: SSH configuration

ﬁ PuTTY Configuration | X
| Basic options for your PuTTY session
— Specify the destination youwantto connectto
= Terminal B . k
-Keyboard Host Name (or IP address) Port efore Open session make sure...
- Bell 22
- Features #® PuTTY Configuration |_X§
= Window Connection type: ; _
()Raw () Telnet (O)Rlogin @SSH  (7)Serial s : : :
....Appearance - Keyboard - | Options controlling $SH X11 forwarding
: - Bell .
Behawo.ur Load, save or delete 3 stored session - Features X11 fowarding
- Translation Soved Sess & Window o
- Selection aved 2essions ~Appearance X display location
-~ Behaviour _
- Colours . Translation Fit.emoteXﬂ.aumenn.catJon prou?co\ o
B--CDI"II"IECT.iDﬂ - .-Selection 1@ MIT-Magic-Cookie-1 () XDM-Authorization-1
-.Data BlEfEUH St?mn?lls[_” g Load ~Colours X authority file for local display
arenostrum T & Connection
- Proxy Minotauro (1) - Data
= Save
- Telnet Minotauro (2) T '"?’E"Wt
- Rlogin PM R Delete e 3
Eﬂ--SSH I Elaaaed :.'--SSHi
~Senal Raspberry (home) o -Kex
\Hostkeys
-Xipher
Close window on exit S
[ JAways () Never (@) Only on clean exit [----xn
-~ Tunnels
--Bugs ™
--More bugs A

Open ] l Cancel

Open ] [ Cancel
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MobaXterm: SSH configuration

7 ot ——————————
Terminal View X server Tools Games Settings Macros Help
Quick « =7 New session Y
® Home computer (xteruel) p
" % Marenostrum I (1)
L - on v7.7 ¢
% Marenostrum I (2) ) sin tanlel
w % Marenostrum I (3) i ) -
§ ® Minotauro (1) N - Session settings X
ﬁ # Minotauro (2) 5 are access
¥ Montblanc (hca) tG - . . . g
ol ® Montblanc (mb) I limote [.]Ii i 5} n L L Y Qj b7 o e 5 '9) fa
® % Powers (1) not persis . " : : ; ]
E ® programming Models (°C) is specifie Telnet  Rsh  Xdmcp RDP VNC FTP  SFTP  Senal File Shell  Browser Mosh
I3 % 5shhca.bsces (gmiranda)
®  Llpc Lantc.
g This is MobaXterm Personal Editio
g allows you to customize MobaXterm ® Basic SSH seftings
your own logo, your parameters, Yy
e1+her an I‘1HI :Lnstalla’rlun pack 9 —
Remote host * Spemfy username Port 22 :f:
¥ Advanced SSH seftings | B Terminal settings | ¢ Bookmark settings
7] X11-Forwarding 7] Compression Remote environment Interactive shell -
Execute command Do not exit after command ends
v Display SFTP browser Follow SSH path (experimental) 2-step authentication
Use private key Extra options 0 m
UNREGISTERED VERSION - Please support MobaXterm by Use proxy (experimental): None 1080 = A 2

Connect through SSH gateway (jump host)

4

Use private key

I ‘ 7 OK ‘ 2 Cancel
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System Overview: Nord Il

9 iDataPlex compute racks. Each one composed of:
* 84 IBM dx360 M4 compute nodes

4 Mellanox 36-port Managed FDR10 IB Switches

2 BNT RackSwitch G8052F (Management Network)

2 BNT RackSwitch G8052F (GPFS Network)

* 4 Power Distribution Units

e All IBM dx360 M4 node contain:
e 2x E5-2670 SandyBridge-EP 2.6GHz cache 20MB 8-core
* 500GB 7200 rpm SATA Il local HDD
* 8x 16G DDR3-1600 DIMMs (8GB/core) Total RAM: 128GB/node

1.9 PB of GPFS disk storage

Interconnection Networks

* Infiniband Mellanox FDR10: High bandwidth network used by parallel applications
communications (MPI)

* Gigabit Ethernet: 10GbitEthernet network used by the GPFS Filesystem.

Operating System: Linux - SuSe Distribution 11 SP3
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Assignment description

https://pm.bsc.es/ftp/training/acm-ess-2019

Toble Of Contents Hybrid Task-Based Programming

Introduction * Introduction

o1-Paraver )

o2-Matrix multiplication o Preliminary knowledge
03-TAMPI o Running Paraver for the first time

o Navigating through Paraver
o MPI+OpenMP example

Software Liability « 02-Matrix multiplication
+ 03-TAMPI

Quick search
o N-body benchmark

Go > Heat difussion
Enter search terms or a module, class or function . 04-DLB
name. e
» 05-IFSKER

¢ Software Liability

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion


https://pm.bsc.es/ftp/training/acm-ess-2019
https://pm.bsc.es/ftp/training/acm-ess-2019
https://pm.bsc.es/ftp/training/acm-ess-2019
https://pm.bsc.es/ftp/training/acm-ess-2019
https://pm.bsc.es/ftp/training/acm-ess-2019
https://pm.bsc.es/ftp/training/acm-ess-2019

01 — Paraver Tutorial

e Getting familiar with Paraver
* You can overlap this exercise with the next matrix multiplication example
* Get traces, analyze them, get the corresponding histograms, etc.
* Complete this sections with the Extrae/Paraver documentation [see more]:
https://tools.bsc.es/tools manuals

O1-Paraver

Preliminary knowledge

What is Paraver?

Paraver was developed to respond to the need to have a qualitative global perception of the application behavior
by visual inspection and then to be able to focus on the detailed quantitative analysis of the problems.
Expressive power, flexibility and the capability of efficiently handling large traces are key features addressed in
the design of Paraver. The clear and modular structure of Paraver plays a significant role towards achieving

these targets.
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02 — Matrix Multiplication example

* This code has been used through this
tutorial

» Several version/techniques are
included in the slides

Overlap computation in tasks and
communication in master

Overlap between computation and
communication in tasks (+ nested)

Can start computation of next block of C
as soon as communication terminates

Can obtain parallelism without
parallelizing fine grain the computation

* Now, you can try it, change it, test it

Play with it
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My first hybrid program

for( it=0; it<node.

allSendRecv (m, down, rbuf, up)

it
mxm( m, n, a, B, (double (*)[n])&C[i] [0] E li ﬂ]

//next C block circular

i = ( )% void mxm m,
/’/swapp .l bl *b, double
tm b f rbuf=ptmp;

pEmes pres fort =0; i<n; i+

1
dgemm (.., a, b,
c+=n; a+=m; b+=n;
}
}

+) {

c)i

int n, double *a
*c ) |

{

MPI_Sen

double (*rbu

void callSendRecv(int m, in
double (*a) [m

1, int g
£f) [m], int uap)

t n,
down

drecv( a, .., rbuf, ..);:
}
@ ......
supe
Center
for( it=0; it<nodes; it++ ) { 6491' \3
#pragma omp task in([n][m]a, B) \
inout (C[i;n] [0;n]) '." )
mxm( m, n, a, B, (double (*)[n])&C[i][0]); SNa
#praqma omp task in([n] [m]a) out([n] [m]rbuf) \‘.'.*_ /
allSendRecv(m, n, a, down, rbuf, up): \‘.
// xt C block circular
(i+n) m; d mxm ( int int double *a,
//swap pointers double *b, double *c ) {
ptmp=a; a=rbuf; rbuf-ptmp;
for (i=0; e
}
#pragma omp taskwait dgemn (.
=n}

+ Can obtain parallelism without
parallelizing fine grain the (
computation
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03 — TAMPI Exercises

* N-Body simulation kernel: system of
bodies interacting one each other

* Heat diffusion kernel: Gauss-Seidel
method solving the heat equation

e Goals of this exercise

* Analyze execution, is there comm.
serialization?

* Adapt the code to exploit TAMPI

* Compare performance results with the
initial version

* Compare traces before/after changes
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Task-Aware MPI (TAMPI)

= External library that targets hybrid OpenMP + MPI
applications
= With this library, applications can benefit from... 7]
= Taskifying both computation and communication phases . . .
= Safe parallel execution of communication tasks ' ’ +
= Exposing more parallelism (removing artificial deps.)
= Natural overlap of communications and computations
= Compatible with mainstream MPI implementations

* Currently supported by /L4
* OmpSs-2 (v. 2018.11 or greater) . . .

= Derivative implementation of LLVM OpenMP (yet to be
released) MPI+OmpSs-2 Application

Task-Aware MPI
(TAMPI) Library

MPI Library Nlno:: Runtime
ibrary

Operating System

@= _@®

Non-Blocking Mode (OpenMP & OmpSs-2)

= Targets the efficient execution of non-blocking MPI operations from inside tasks, but
avoiding the pause/resume of those tasks!

« So, we allow tasks to bind their completion to the finalization of one or more MPI|
rEqueSts Q usually implies the release of task dependencies,
« TAMPI Iwait and TAMPI Iwaitall the freeing of its data structures, etc

* New asynchronous and non-blocking functions that bind the completion of the calling
task to the finalization of the passed MPI requests

+ The calling task will complete when (1) it finishes its execution AND (2) all requests bound
during its execution complete

= Users should declare the proper data dependencieson the comm. data buffersI

Croate Untiock_

#pragma omp task depend(out: recvdata[i], status)
{
MPI_Request request;
MPI_Irecv(&recvdatali], 1, MPI_INT, ©, tag, MPI_COMM_WORLD, &request);
TAMPI_Iwaitall(l, &request, &status);
// recvdata and status cannot be accessed yet!
}
#pragma omp task depend(in: recvdata[i], status)

#prag
{

check_status(&status); ) nt TAMPI_Twait (MPT_| Request *request, MPI_Status *status);
process_data(&recvdata[i]); int TAMPT Twaitall(i nt, MPI_Request *requests

WPI_Status statuses)
Supercomputi -
Cantor
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04 — DLB Exercises

e LULESH: The Shock Hydrodynamics
Challenge Problem

e Goals of this exercise
* Analyze execution, is there imbalance?
* Adapt program in order to use DLB

* Compare performance results with the
initial version

» Compare traces before/after changes
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Exploiting malleability

* Dynamic Load Balance & Resource management
+ Intra/inter process/application

- Library (DLB ISy
Y ( ) thalandng
* Runtime interception (MPIP, OMPT, ...)
* API to hint resource demands
+ Core reallocation policy

w2 ueit %
H £
2

* Opportunity to fight Amdalh’s law e
* Productive / Easy !l! —
« Nxi ﬁ |

+ Hybridize imbalanced regions =

@

‘_Hn
A

Nested Parallelism™.
with LeWI for hybrid appli

Towards the throughput age

* Dynamic resource
sharing/management

* Configuration
independence

+ Amount of resources is
what really matters

* Side effects “ - -
u

* Nx1 can be better than u “
pure MPI 111 i ] i
£ oo
* hope for lazy programmers : -

¢ $12 e MUE MEeR 40D " sr. 60286 104000 MM SR

. i | S i

WP prace o + Partches) WPy processes (s + Partices)
Fluid dominated NN Particle dominated

Barcelona
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05 — IFSKER Practice

* IFSKernel code: a kernel of the OpenlFS application, used in
global forecast and climate reanalyzes (from ECMWF)

e Consider using other interesting codes:
 NTCHEM, Your own application! Send us an email® to confirm “interest”

e Goals of this exercise

* Analysis Phase: check program’s arguments and/or runtime’s options impacting on
the behavior (e.g., number of threads, schedulers, etc.). Scalability/parallel
efficiency. Traces. Histograms.

e Argument: Is there imbalance? Is there comm. serialization? Others?

* Determine (and justify) what is your approach:
e Consider to adapt the code to exploit DLB or TAMPI
* Is there any other technique you consider it can improve the code?

» Compare performance results and traces before/after your contribution
* Highlights. Conclusions. Extensions/next-steps.

1 Send an email to htbp-submit [at] bsc.es
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05 — IFSKER Practice (submit)

* Write a 5-10 pages document report. It should include:

* Initial performance analysis (how the application behaves)
* Scaling/efficiency factors according to...
* Paraver traces/histograms
e Others,...
Proof of concept description (your plan)
Implementation description (what you have done)
* Parallelization, taskyfication, synchronization, etc.
Experiment results (how the application behaves now)
* Version comparison, discussion, compare them with initial analysis
* Experiences and conclusions (what you have learnt)

e Submit a single .tar.gz file (< 20 MB) including the document, source
codes, traces, etc. to htbp-submit [at] bsc.es before September 15t
2019
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