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Tutorial Outline

Time (Tentative!) Module Topics Presenter
10:30-11:00 1. Eclipse and PTP + Installation of Eclipse and PTP Jay
Installation (can start early as people arrive)
11:00-11:30 2. Introduction & Overview + Eclipse architecture & organization overview Wyatt
11:30-12:00 3. Developing with Eclipse + Eclipse basics; Creating a new project from CVS; Jay

Local, remote, and synchronized projects

12:00-1:00 Lunch
1:00-2:30 3. Developing with Eclipse Continue from before the break... Wyatt
(continued) + Editing C files; MPI Features; Building w/Makefile

+ Resource Managers and launching a parallel app

+ Fortran, Refactoring, other Advanced Features
2:30-3:00 4. Debugging Part A + Debugging an MPI program Jay
3:00-3:30 Break
3:30-4:00 4. Debugging Part B + Debugging an MPI program Jay
4:00-5:00 5a. Performance Tuning & + 1. TAU (Tuning and Analysis Utilities) Wyatt

Analysis Tools ETFw (External Tools Framework)
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Time (Tentative!) Module Topics Presenter
8:30-9:30 5b. Performance Tuning & + 2. Other tool integration with PTP Wyatt/Jay
Analysis Tools
9:30-10:00 6. Developing WRF with + Overview of how to work with WRF from Eclipse Jay
Eclipse
10:00-10:30 Break
10:30-11:30 6. Developing WRF with Overview of how to work with WRF from Eclipse Jay
Eclipse
11:30-12:00 7. Other Tools, Wrapup + Other Tools, website, mailing lists, future features | Jay
12:00-1:00 Lunch
1:00-3:00 Bring your own Wyatt/Jay
code/Advanced TAU
3:00-3:30 Break
Bring your own Wyatt/Jay
3:00-5:00 code/Advanced TAU
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Eclipse Basics 30 Basic-
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Creating a Synchronized project from existing remote dir (Project creation alt. #1) 51 Sync-
Creating a project from CVS — “Team” features — then convert to Synchronized project 73 CVS-
(Project creation alt. #2) — for SC tutorial we will do #2
Eclipse Editor Features 93 Editor-
MPI Programming Features (similar features for OpenMP, UPC, OpenSHMEM, OpenACC) 110 MPI-
Using SSH tunnelling 132 Tunnel-
Building a Project on a remote target 135 Build-
Running an Application on remote target 153 Run-
Fortran 174 Fortran-
Search and Refactoring: Advanced Features 191 Advanced-
NCSA/XSEDE Features: GSI Authentication, MyProxy Login, etc 208 NCSA-
Parallel Debugging 215 Debug-
Performance Tools introduction 250 Perf-
Performance Tools — TAU (Tuning and Analysis Utilities) 253 TAU-
Performance Tools — GEM (Graphical Explorer of MPI Programs) 272 GEM-
Performance Tools — Linuxtools gcov/gprof in Eclipse 308 Linux-

Wrap-up 328 WrapUP-




Final Slides, Installation
Instructions

+Please go to
http://wiki.eclipse.org/PTP/tutorial
s/SEA2013 for slides and
installation instructions




Installation

+ Objective
+ To learn how to install Eclipse and PTP

+ Contents
+ System Prerequisites

+ Eclipse Download and Installation of “Eclipse for
Parallel Application Developers”

4+ Installation Confirmation

+ Updating the PTP within your Eclipse to the latest
release

Installation Install-0

System Prerequisites

+ Local system (running Eclipse)
+ Linux (just about any version)
+ MacOSX (10.5 Leopard or higher)
+ Windows (XP on)
+ Java: Eclipse requires Sun or IBM Java
+ Only need Java runtime environment (JRE)
+ Java 1.6 or higher
+Java 1.6 is the same as JRE 6.0

+ The GNU Java Compiler (GCJ), which comes
standard on Linux, will not work!

+ OpenJDK, distributed with some Linux distributions,
has not been tested by us but should work.

+ See http://wiki.eclipse.org/PTP/installjava

Installation Install-1




Eclipse Packages

+ The current version of Eclipse (4.2) is also
known as “Juno”

+ Eclipse is available in a number of different
packages for different kinds of development
+ http://eclipse.org/downloads
+ For PTP, we recommend the all-in-one
download:
+ Eclipse for Parallel Application Developers

4 Eclipse for Parallel Application Developers,
Downloaded 46,871 Times Details

We often call this the “Parallel Package”

Installation Install-2

Exercise i

1. Download the “Eclipse for Parallel Application
Developers” package to your laptop
+ Your tutorial instructions will provide the location of
the package
+ Make sure you match the architecture with that of
your laptop
2. If your machine is Linux or Mac OS X, untar
the file
+ On Mac OS X you can just double-click in the Finder
3. If your machine is Windows, unzip the file
4. This creates an eclipse folder containing the
executable as well as other support files and
folders

Installation Install-3




Starting Eclipse

4+ Linux

+ From a terminal window, enter
“<eclipse_installation_path>/eclipse/eclipse &”

+ Mac OS X
+ From finder, open the eclipse folder where you installed
+ Double-click on the Eclipse application
+ Or from a terminal window

+ Windows
+ Open the eclipse folder
+ Double-click on the eclipse executable

Installation Install-4

Specifying A Workspace

+ Eclipse prompts for a workspace location at
startup time

+ The workspace contains all user-defined data

+ Projects and resources such as folders and files
+ The default workspace location is fine for this tutorial

ann Workspace Launcher

The prompt can be
turned off

Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choote a workspace folder to use for this session,

Workspace: | [Users/beth/Documents/workspace - Browie..
Use this as the default and do not ask again

Cancel o |

Installation Install-5




+ Displayed when Eclipse is run for the first time
Select “Go to the workbench”

LMl Welcome to Eclipse for Parallel Application Developers.

L)

X Install-6
Installation

Checking for PTP Updates

+ From time-to-time there may be newer PTP
releases than the Juno release
+ Juno and “Parallel package” updates are released only in
September and February
+ PTP maintains its own update site with the most
recent release
+ Bug fix releases can be more frequent than base Eclipse
(e.g. Juno), and what is within the parallel package
+ You must enable (and install from) the PTP-
specific update site before the updates will be
found

+ SEA Note: we will show you specific instructions
on applying a needed update on slide 9

Installation Install-7




Updating PTP

4+ Now select Help>Install New Software...

+ In the Work With: dropdown box, select this update site,
or enter it:

http://download.eclipse.org/tools/ptp/updates/juno
800
Available Software

Check the iterns that you wish to install.

g

&)

Install

Work with: ) PTP - hitp:/, eclipse.org/tools/ptp/updates/juno v Add...

Find more software by working with the “Available Software Sites™

type filter text
Narne Version
» (00 Fortran Development Tools (Photran)
¥ (00 Parallel Teols Platform
¥ (00 Remote Development Tools

Select All Deselect All

Details

Installation Install-8

Updating PTP: SEA

+ Now select Help>Install New Software...

+ Next to Work With: dropdown box, select Add...
800 Install |
Available Software l

| Check the items that you wish to install.

work with: [PTP - htta:/ dipee , T - I
Find more software by working with the “Available Software Sites” preferences.
Name Version

¥ 000 Fortran Development Tools (Photran)
¥ 000 Parallel Tools Platform
¥ LUl Remote Development Tools

Select All Deselect All

Details
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Updating PTP: SEA (2)

@ Add Regasitory [
4+ Label the n |g htly | Mame:  uno Nighty Buid [ Lgaal.

. . Location: tp://download eclipse.org/tools/ptp/builds juno/mighthy |  Archive...
build site, add '
location @ o) [

+ http://download.eclipse.org/too
Is/ptp/builds/juno/nightly
'Iln;mll ] ———— - — e Ug
Available Software - ]
Check the tems that you wish to install, )‘.

Hame Version

Fortran Development Tools (Phetran)
Baeael Teols Plattoem
Rerncte Development Teols

Select All Deselect Al |
Detaly.
. < Show onily the Jatest versions of available software Hide items that are already instalied
INStallation | geu isems by cotegory What s arsad inataled? Install-10

Sheow only software applicable to target emdronment

Updating PTP (2)

+ Easiest option is to check everything - which updates
existing features and adds a few more

Name

> 000 Fortran Development Tools (Photran)
g » U00 Parallel Tools Platform

M U0 Remote Development Tools

Note: for our tutorial, this installs extra features you'’ll
need later anyway (GEM, TAU)

+ Select Next to continue updating PTP
4+ Select Next to confirm features to install
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Updating PTP (3)

+ Accept the License agreement and select Finish

CaE) Installing Software

y istalling Software

R bt
Cancel ) (_Deais »» ) (CRuninSackgrounamy|

+ Don’t restart Eclipse yet!

+ ... see next slide (for one more update) before accepting to restart
Eclipse

4+ ... or you can restart eclipse and do it then

Installation Install-12

Updating PTP —CDT fix

+ Currently CDT (C/C++ Development Tools) needs a fix
for remote includes
+ We'll install from another update site to fix this:
+ In the Work With: dropdown box, add:
http://download.eclipse.org/tools/ptp/updates/juno/cdt
+ Select All

+ Next, Next, accept license, 800 lngial -
Finish — to complete the B ettt it [:.
install / =

Work with: | howpc ) i load eclipse. - - Agd,

Find mare saftware by working with the “Araiable Software Stes” preferences.

Name Version
¥ /1ICOT Remote Inchede Patch
™ DT Remore Include Panch 10.1.201211110935
Select All Deselect All Livem selected
Details
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Updating PTP - restart

+ Select Yes when prompted to restart Eclipse

ann Software Updates

You will need to restan Eclipse for the changes 1o take effect. Would you like to
reStant now?

No [ ves

Installation Install-14

Updating Individual Features

+ It's also possible (but a bit tedious) to update features
without adding any new features
+ Open each feature and check the ones you want to update

Name
+ Icons indicate: Grey plug: already installed O ={'Pp1p Parallel
Double arrow: can be updated | %, PTP Parallel
Color plug: Not installed yet O g+ PTP Parallel

+ Note: if network is slow, consider unchecking:

™ Contact all update sites during install to find required software
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Restart after Install

e [T R —

+ If any new top-level features
are installed, they will be
shown on the welcome screen

+ We only updated PTP, so we
land back at C/C++
Perspective

+ Help>=About or Eclipse > About Eclipse ...
will indicate the release of PTP installed

+ Further Help>Check for Updates will find future updates on
the PTP Update site

Installation Install-16

Exercise i

1. Launch Eclipse and select the default
workspace

Configure Eclipse to check for PTP updates
3. Update all PTP features to the latest level

4. Install the optional features of PTP, including
TAU and GEM

+ Selecting all features accomplishes 3. and 4.
Install the CDT fix

Restart Eclipse once the installation is
completed

N

o o
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Introduction

+ Objective

+ To introduce the Eclipse platform and PTP
+ Contents

+ New and Improved Features

+ What is Eclipse?

+ What is PTP?

Introduction Intro-0

What is Eclipse?

+ A vendor-neutral open-source workbench for
multi-language development

+ A extensible platform for tool integration

+ Plug-in based framework to create, integrate
and utilize software tools

Java C/C++/Fortran Test and
Development Development Performance Parallel Tools
Tools Tools Tools
Platform

Equinox

Introduction Intro-1




Eclipse Features

+ Full development lifecycle support

+ Revision control integration (CVS, SVN, Git)
+ Project dependency management

+ Incremental building

+ Content assistance

+ Context sensitive help

+ Language sensitive searching

+ Multi-language support

+ Debugging

Introduction Intro-2

Parallel Tools Platform (PTP)

+ The Parallel Tools Platform aims to provide a highly
integrated environment specifically designed for parallel
application development

+ Features include:

+ An integrated development environment (IDE) that
supports a wide range of parallel architectures and runtime
systems T — =1

+ A scalable parallel debugger

+ Parallel programming tools ™+ [EECCCCCTT T
(MPI, OpenMP, UPC, etc.) — =

+ Support for the integration ;
of parallel tools S

+ An environment that simplifies the | ==
end-user interaction with parallel systems | == _.

+ http://www.eclipse.org/ptp

Introduction Intro-3




Eclipse PTP Family of Tools

Coding & Analysis Launching &

(C, C++, Fortran) /\ Monitoring

Performance Tuning Parallel Debugging
Introduction (TAU, PPW, ...) Intro-4

How Eclipse is Used
Editing/Compiling

Local Source
Code

Remote
Source Code

Introduction




How Eclipse is Used
Launching/Monitoring

Source Code
Executable

Introduction Intro-6

How Eclipse is Used
Debugging

Source Code
Executable

Introduction Intro-7




How Eclipse is Used
Performance Tuning

Source Code
Executable
Perf. Data

Introduction Intro-8




Eclipse Basics

+ Objective
+ Learn about basic Eclipse workbench concepts:
projects,
+ Learn about projects: local, synchronized, remote
+ Contents
+ Workbench components: Perspectives, Views, Editors
+ Local, remote, and synchronized projects
+ Learn how to create and manage a C project
+ Learn about Eclipse editing features

Eclipse Basics Basic-0

Eclipse Basics

A workbench contains the menus, toolbars, editors and
views that make up the main Eclipse window
The workbench represents
the desktop development . . . ccoae o -
environment T
4+ Contains a set of tools
for resource mgmt
+ Provides a common way ]
of navigating through view
the resources
Multiple workbenches
can be opened at the
same time

Only one workbench can view
be open on a workspace
at a time

Eclipse Basics

view

editor

Basic-1




Perspectives

+ Perspectives define the layout of views and
editors in the workbench

+ They are task oriented, i.e. they contain
specific views for doing certain tasks:
+ C/C++ Perspective for manipulating compiled code
+ Debug Perspective for debugging applications
+ System Monitoring Perspective for monitoring

jobs

+ You can easily switch between perspectives

+ If you are on the Welcome screen now, select
“Go to Workbench” now &

Workbench

Eclipse Basics Basic-2

Switching Perspectives

| Window [T Qe IS,
Minimize Euments/workspace o
o PR eemem—
Toggle Full Screen ~HF s = c.{‘ |
- = 2 s | = [
+ Three ways of changing ot T R
perspectives :  owren M
Show View * [ Remote CjCe+
" Customize Perspective,., G Remote System Explorer ,h.,
1. Choose the Window=>Open | Swe Rerspeatve As. i Toam Smehgonizing |
. - Reset Perspective... o, charell)
Perspective menu option 1 Clase Perspective

Then Choose Other t Close All Perspectives
! Mavigation B Pr meisage ®
! Bring All to Frant jor racy

2. Click on the Open Perspective button in the
upper right corner of

screen (hover over it to
see names) =
ars/beth /Document\workspace "

CHEEER AR
3. Click on a (QQuick Access |
perspective
shortcut button

)| Ty EGC/C++ 14 system Monitoring

7 Tean Symchronizing
X L
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Which Perspective?

+ The current perspective is displayed in the title
bar

C/C++ - MyHelloProject/src/MyHelloProject.c - Eclipse SDK -
S —

Fle Edit Sourte—TRefactor Navigate Search Project Run PAPI Window
My B & o | @y 88v dy G | K> By | v O~ v v | O~
Eclipse Basics Basic-4

4+ The workbench window is
divided up into Views

+ The main purpose of a view is:
+ To provide alternative ways of presenting information
+ For navigation
+ For editing and modifying information

+ Views can have their own menus and toolbars

4+ Items available in menus and toolbars are
available only in that view

+ Menu actions only -
apply to the view Eaatneys 2R X ¢ 770

+ Views can be resized o main() : int

Eclipse Basics Basic-5




Stacked Views

+ Stacked views appear as tabs

+ Selecting a tab brings that view to the
foreground  ace T -

Ge Bie ge @ Br B e 00 Qe | O- 1 B paratel mure. iRemote cit. =

= O Z cuitne I =a
R L LA
| | u wen
e
| & mainh
1
|
1
|
1
|
1
|
Ts memone Tyse Har | (b Remote Erveoem | = O
" BT
hell,
‘Writable Senart Iniert Rerncte Tools Disere 5. L
Eclipse Basics Basic-6

Expand a View

+ Double-click on a view/editor’s tab to fill the
workbench with its content;
+ Repeat to return to original size

-

@ e [ @ | e B

U/

+ Window > Reset Perspective
returns everything to original positions

Eclipse Basics Basic-7




To access help

+ Help>Help Contents\

+ Help>Search

+ Help>Dynamic Help
Help Contents provides
detailed help on different
Eclipse features in a
browser

ann

A kg ] ]+ A hap/127.00.1:59731 /help/index.jip
&3 (0] NSFCramt PTFWki  EG UCwide  PIDEWIki  Ecboie, Jav. sow Leopard € Downld Stats  Gosgle Calendar

Help - Eclipse
[

Search: [ Scooe: Al topics.
Contents. L= =0 1

% warkbench User Guide

% autotools Plug-in User Guide

% C/C+ + Development User Guide

%% €/ + Library Documentation

= %" ChangeLog Editor User Guide

# % Configuring the JAXE Resource Manager
# %" Eclipse Marketplace User Guide

+ % [Git Documentation

Search allows you to
search for help locally, or

using Google
web site

Dynamic Help shows help
related to the current g

% Glov User Guide
“ % GNU Tools
% GProf User Guide

or the Eclipse

% Photran User's Guide

“ % Ubhover Developer's Guide
= % Mylyn Documentation
# % Parallel Tools Platform (PTP) User Guide

# % Remote Development Tools User Guide

# % RSE User Cuide

9 Valgrind User Guide

# % Specile Editor User Guide

& [ % 1 &

Using the help system

Browse topica in the Contents frame (B ) on the left. Cick on a topic
0 P it cinclaysd. Use the Back s Forward buttons 1o navigate
within tha hastory of viawad topics.

Searching |
bt i the nentation,
i & Guary in Bhe Search fieid. Use e Search frame [ 7]t
dnpliny S Saarch view, i can rarmow the scops of your dearch by
nlicting enly th Leclions ye A et in |
Synchronizing

Clkcking the Show in Table of Contents button (1) wil sslect that
f0pic in the navigation inea. Tha Link with Contents bution | 1)
keeps the navigation tres synchronized to the cument topic.

To qackly

context (perspective, view,

etc.)

Eclipse Basics
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Eclipse Preferences

Preferences

rance
F Autotools
» Build
| Code Analysis
| »Code Stre
#Debug
¥ Editor
¥ Content Asslst
Folding
Howers
Mark Occurrences
Save Actions.
Scalabilivy
Symtax Coloring

| FilE
Indexer
Language Mappngs
* New COT Project Wiza
¥ Property Pages Setting
Task Tags
Template Default Valu
ML C/C+» Compiler
HC/C++ Language ¢
ChangelLog
*Forran
FHelp

}

Eclipse Basics

Typing —TENER

Automnatically close

@ “Strings”

o tParentheses) and [square] brackets

[ <Angle> brackets

o racest

Tabulators

o Tab key adjusss indentation of the current line

The tab display m.t {oarrently 4) and whether spaces are MM"I:

q the code style
currest indentation mode uses tabs.

When pasting
o Adjust indernation
In siring berals
 Wrap automatically

Escape text when pasting into a string literal
Aucenatically indent
o Mew lines and braces

Restore Defaults

+ Eclipse Preferences allow
customization of almost
everything

+ To open use

+ Mac: Eclipse>Preferences...

+ Others:
Window=>Preferences...

+ The C/C++ preferences
allow many options to be
altered

+ In this example you can
adjust what happens in
the editor as you type.

Basic-9




0 Preferences. |
Formatter . o i
o Contas e Sosct etz | More C/C++ preferences:
- D i) (s +In this example the
[l . Code Style preferences
e | are shown
e s e fer et gree + These allow code to be
e it automatically
N = . formatted in different
N v whntoms  Rewlons  Contrs Sumewrts  Use Wrappng  Commens WayS

Coraral armnga Prrsa e vt rscan

A, PR, et i G

E -

Eclipse Basics Basic-10

Exercise

1. Change to a different perspective

Experiment with moving and resizing views
+ Move a view from a stack to beside another view
+ Expand a view to maximize it; return to original size

Save the perspective
Reset the perspective
Open Eclipse preferences
Search for “Launching”

Make sure the “Build (if required) before
launching” setting is disabled

N

NO O AW

Eclipse Basics Basic-11




1. Use source code formatting to format a source file, or a region
of a source file

+

2. In Eclipse Preferences, change the C/C++ source code style
formatter, e.g.

+
+

+
+

3. Revert the file back to the original — experiment with

+

Eclipse Basics

Optional Exercise

Best performed after learning about projects, CVS, and editors

Use Source=>Format menu

Change the indentation from 4 to 6

Make line wrapping not take effect until a line has a
maximum line width of 120, instead of the default 80

Save a (new) profile with these settings
Format a source file with these settings

Replace with HEAD, replace with previous from local history,
or reformat using original style

Basic-12




Adding a Remote Shell

+ Objective

+ Learn how to add an additional Eclipse View with a shell
to a remote system

4+ Learn how to do command line interaction with the
remote system right from Eclipse

+ Contents
+ Set up Remote Systems Explorer (RSE) connection
+ Add Remote Shell view
+ Connect to remote system

+ Allow opportunity to inspect remote system, copy file,
etc as needed

Eclipse Basics Shell-0

Add the Remote Systems View i

8 N 0 Show View

+ Open the Remote Systems view > & Profing
b (= Remote Development
+ Open it via Window=>Show View=>Other... v e S
Under Remote Systems, select 2. Remors Scrtchind
Remote Systems P s e
+ Or ... it can be found in the
Remote C/C++ perspective Froms
+ Probably gets added at the .
ann C/C++ - IBM PE Developer Edition - /Users/beth/ews /test1019_eppSR1
bOttom Ter IR 'w"" =fe-f¢:-u-1_»-'a.- & Cancel |
Project Explorer 11 = O =8 ® m =0

Shell in a View Shell-1




+ Select the Remote Systems view,

+ Define a new connection
(buttons may be on the far

b Remote C/C+ » - Eclipse
File Edt Source Refactor MNavigate Search B

right side of the toolbar) o- i '_a s
+ In the New Connection dialog, Remte Systems
Select “SSH Only” “Ei =
| - i
+ Then Next 5 toat st
["8 New Connection -—
|s«m Remote System Type
| Cennecticn for 55H access to remcte systems
: Systemn type:
type filter text
4 = Genersl
By FTP Only
A Linux
Ello
ey by (Experimental)
e Ui
B Windows
Shell in a View Shell-2

Define a new RSE connection (2) i

. Tals New Connection

+ Add system’s host info
+ Then Finish
+ Right click on Ssh
terminals, under your
new connection Conmsnion v (Enesincm e
+ Select Launch Terminal Seseripion: (oo

Remote 5SH Only System Connection
Define connection information

PiNngg profile [ Macintosh-beth i

Host name lineeln.nesa uiue.edu =

o verity bost name
ann

Project £x 4 Resnota 5 3 =o

v & Lo
» S Local Files
T Local Shels
[ lincoln.pcsa.uiue eda
¥ T Shp Files
T S5 Shells

(7)) (_<tack ) Next> )} ( Cancel ) (ESPnishes) |

¢ Refresh F5

Connect...

& Launch Terminal

Properties ®l

Shell in a View T Shell-3




Define a new RSE connection (3) i

B0 Enter Password

+ Add your userid and =
password =~ ——— e o
+ Click through any RSA S
messages
Gneel ) (o)

+ And now you have a
terminal to the remote
system

[tibbitts@honestl ~1§

Shell in a View Shell-4

Notes i

+ Why did we do this?
To show you can gain “traditional” access to a
remote host through Eclipse

+ Why did I have to specify the connection
information again?
Note: RSE “Connection” information is not
shared with PTP Synchronized projects.
PTP will allow using existing connections with
terminal consoles in a future release.

Shell in a View Shell-5




RSE Connection Properties

+ To alter the properties e.g.
of the remote Terminal,

) Remane Systems 12 =i
such as the userid used for i
the login... = o -
+ Open/select the Remote - Connect..

Systems view fuwares
+ Expand your connection

+ Right mouse on Ssh
Terminals and select

Properties for Ssh Terminals

Swbiystem
Properties miEm—
+ In Properties dialog, et -

SE|eCt SubSyStem Port(1-655351 ]2

per 10

Eclipse Basics Basic-6

Exercise

. Add the Remote Systems view to your
workbench

. Connect to the remote machine and open an
ssh terminal

3. Inspect home directory

Eclipse Basics Shell-7




Creating a Synchronized Project

+ Objective
+ Learn how to create and use synchronized projects
+ Learn how to create a sync project directly from source
that already exists on a remote machine
+ Contents
+ Eclipse project types
+ Creating a synchronized project
+ Using synchronize filters
+ Converting an existing project to synchronized
+ Project Creation Alternative #1
In this scenario, we will use code existing on a remote host, and

create a synchronized project which copies it to the local machine

+ (Project Creation Alternative #1 is to check out code from a CVS
source code repository and then convert to a Sync project)

Synchronized Projects Sync-0

Project Types

+ Local
+ Source is located on local machine, builds happen
locally
4+ Remote
+ Source is located on remote machine(s), build and
launch takes place on remote machine(s)
+ Synchronized

+ Source is local, then synchronized with remote
machine(s) (or vice-versa)

+ Building and launching happens remotely
(can also happen locally)

Synchronized Projects Sync-1




[
Executable
Source code
Local Remote
Synchronized Projects Sync-2
Executable
Navigation
Synchronize
Local source g 5| Source code
code copy
Local Remote
Synchronized Projects Sync-3




C, C++, and Fortran Projects
Build types

+ Makefile-based

+ Project contains its own makefile (or makefiles) for
building the application — or other build command

+ Managed

+ Eclipse manages the build process, no makefile
required

Synchronized Projects Sync-4

Create Project

+ This module creates a Synchronized project
from source code already existing on the
remote system

_Or_

+ The CVS module creates a Synchronized
project from a CVS source code repository

Synchronized Sync-5
Projects




Source Code for project

+ Source code exists on remote target

§ pvd
fgpfs/ibmu/tibbitts/shallow
$ 1s -1a

total 2880

drvxr-xr-x 2 tibbitts users 32768 Mar 1é 15:53
drvxr-xr-x 7 tibbitts users 32768 Mar 15 18:38
=rv¥-r--r-- 1 tibbitts users 1741 Feb 11 16:25 calc.c
=r¥=-f=-r==- 1 tibbitts users Z193 Feb 11 16:25 copy.c
-r¥-r--r-- 1 tibbitts users 2873 Jan 25 08:52 decs.h
=r¥=r=-r=- 1 tibbitts users 2306 Feb 11 16:25 diag.c
-rv¥-r--r-- 1 tibbitts users 2380 Feb 11 14:25 dump.c
i 1 tibbitts users 2512 Feb 11 16:25 init.c
~rw-r--r-- 1 tibbitts users 6161 Har 15 19:27 main.c
=r¥=-f=-r'==- 1 tibbitts users 718 Mar 15 18:34 Hakefile
-r¥-r--r-- 1 tibbitts users 1839 Feb 11 1%:25 time.c
-r¥-r--r-- 1 tibbitts users 2194 Feb 11 16:25 tstep.c
=r¥-r--r-- 1 tibbitts users 8505 Feb 11 1&:25 worker.c
s |l

Synchronized Projects Sync-6

Create Synchronized Project

+ In the Project Explorer, right click then choose
+ New=>Synchronized C/C++ Project if your project is C/C++ only

I ¢ Project...

NEW > [ECProject
= C++ Project
Qualified Name [ Fortran Project

BV . Remote C/C++ Project

lete Sl & Synchronized C/C++ Project

(i Synchronized Fortran Project

23 Import.
5 Export... o< Example...
*| Refresh FS < Other.. ®N

HPCT » ™Y

+ New=>Synchronized Fortran Project if your project contains Fortran
files

4+ This adds a Fortran nature so you can access Fortran properties, etc.

Synchronized Projects Sync-7




New Synchronized Project Wizard

+ Enter the Project Name et
Project name must be specified ey
+ E.g. “shallow” &
+ The Local Directory specifies ~. et
- o Use detault locaten
where the local files are located ey e
+ Leave as default Saren drscan = :
+ The Remote Directory specifies — s s
where the remote files are located - e
4+ Select a connection to the remote
machine, or click on New... to create Somcvneacice)
a new one Qoo e o
(See next slide) e —
+ Browse for the directory on the 4 Frtran oa Wiadews
remote machine e
Synchronized Projects Sync-8
+ In the Target Environment Configuration
dial 0og (@00  TargetEnvironment Configuration
Generic Remote Host
+ Enter a Target name Properties for comnecting to a generic hast
for the remote host || rgetcame: [irgs
+ Enter host name, e Y———
user name, and o e
user password or | v o
other Credentials Public key based authentication
+ Select Finish P

If your machine access requires
ssh access through a

frontend/intermediate node, use : )
localhost and port — see L i i
alternate instructions

Synchronized Projects Sync-9




Project Type & Toolchain

Choose the Project Type

+ If you are synchronizing with an
existing project, use Makefile
Project=Empty Project
Otherwise, choose the type of project
you want to create
Choose the toolchain for the remote
build

+ Use a toolchain that most closely

matches the remote system

Choose a toolchain for the local
build

+ This is used for advanced
editing/searching

Use Modify File Filtering... if
required (see later slide)

Click Finish to create the project

+

Synchronized Projects

Sync-10

Synchronized Project

+ Synchronized projects are indicated
with a “synchronized” icon

+ Right click on project to access
Synchronization menu

+ Select Auto-Sync to enable/disable
automatic syncing

+ Project Auto-Sync Settings are used
to determine which configurations are
synchronized (Active only, All or None)

+ Sync Active/All Now to manually
synchronize

+ Filter... to manage synchronization
filters

Synchronized Projects

auow

Build Configurations
Make Targets
Index

v

+ Auto-Sync

Project Auto-Sync Settings Ll  Sync Active

Sync Active Now Sync All
Sync All Now Sync None
Filter...

Sync-11




Synchronize Filters

+ If not all files in the remote project should be
synchronized, a filter can be set up
+ For example, it may not be desirable to synchronize
binary files, or large data files
+ Filters can be created at the same time as the
project is created

+ Click on the Modify File Filtering... button in the
New Project wizard

+ Filters can be added later

+ Right click on the project and select
Synchronization>Filter...

Synchronized Projects Sync-12

Synchronize Filter Dialog

Sync File Exclude/Include List

+ Files can be filtered individually
by selecting/unselecting them in
the File View

4+ Include or exclude files based on
paths

4+ Include or exclude files based on
regular expressions

Synchronized Projects Sync-13




Synchronized Project Properties

Synchronized project — _ —

properties can be configured . S S
>Ilr>.o..|:u

manually B Conturaon  Deiu et L GEC im (Acis] 3] [ i Comtgurtins

Open the project properties,
then select C/C++
Build=Synchronize

Each configuration is
associated with a remote
connection and a root
directory

Can be changed manually,
but only if you know what
you are doing!

o Remote Conguranan
Ramone Provider: | Azmots oot

Connacsion Parge. o ilineis.edu ] | hew

Root Location: | fulfad (e shalow Srowan

Synchronized Projects Sync-14

Changing Remote Connection Information

+ If you need to change remote connection
information (such as username or =oo = s sm—
password), use the Remote - e o s :
Environments view

('b Remote Environments 23 B =0

Target Environment Status — e (11 b b tona
¥ a_Remote Host
- 65T [NNGRN Stopped
Create Zhinc +

Stop the remote

‘ Removlg. \ connection first

+ Right-click and

+ Note: Remote Host may be stopped  Select Edit
+ Any remote interaction starts it
+ No need to restart it explicitly

Synchronized Projects Sync-15




Converting a Local
C/C++/Fortran Project
to a
Synchronized Project

The following slides are for reference.
Our project is already a Synchronized Project.

Synchronized Projects Sync-16

Converting To Synchronized i

If source files exist on the local machine and you wish to
convert it to a Synchronized Project on a remote

SyStem... 800 Hew
Select a wizard p—
4+ Select File>=New=>=0ther... e smoeuwoumnncalysmeronize project resources

+

Open the Remote folder

+ Select Convert C/C++
or Fortran Project to a
Synchronized Project

4+ Click Next>

Synchronized Projects Sync-17




Convert Projects Wizard i

8ano Convert Projects.

+ Select checkbox next to “shallow”

+ Only C/C++/Fortran projects will be in the
list of candidates for conversion to Sync
project

+ For Connection:, click on New...
+ Unless you already have a connection
+ The tutorial instructor will indicate
what to enter for:

+ Target name

+ Host name of remote system

+

Convert to a synchronized project

@ A connection must be velected

Candidates for comvarion

o 1 shaliow

Conssction
Bemete duestory

Sebect configurations to close
o Defauin

User ID s o ot . et

+ Password
4+ Click Finish to close it
4+ The connection name will
appear in the
Convert Projects -
wizard for Connection
Synchronized Projects

Browse

an Imrmediate e 10 the remcte SE)

Cancel

Sync-18

Convert Projects Wizard (2) i

Back in the Convert Projects dialog,
we specify where the remote files
will be stored

+ Enter a directory name in the

Remote Directory field:
select Browse...

8nn Convert Projects

Convert to a synchronized project

@ Remete location must be specified

Candidates for commmicn

o S aiow

Connection: forge
+ Sample: /u/ac/trainXX/shallow \

Typing a new directory name creates it

+ This should normally be an empty directory
— since local files will be copied there

+ Project files will be copied under this
directory

4+ Click Finish

+ The project should synchronize
automatically

Remote Synchronization: (46%) ol -

Synchronized Projects

Remote directory

Sebect configurations to clone
o Dot

o Switch 1o remote conbguration icawies an i

Madify file filerie

Browse.

immediate ¥y 63 the remote site)

Cancel

Sync-19
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Exercise

1. Create a synchronized project

+ Your login information and source directory will be
provided by the tutorial instructor

2. Observe that the project files are copied to your
workspace

3. Open a file in an editor, add a comment, and
save the file

4. Observe that the file is synchronized when you
save the file
+ Watch lower-right status area; confirm on host system

Synchronized Projects Sync-20

Optional Exercise

1. Modify Sync filters to not bring the *.o files and
your executable back from the remote host
+ Rebuild and confirm the files don’t get copied

Synchronized Projects Sync-21
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Eclipse CVS — “Team” Features

+ Objective
+ Learn how to use a source code repository with Eclipse
+ Learn how to create a Synchronized project

+ Contents
+ Checking out project in CVS
+ Setting up a Connection for a Synchronized Project
+ Handling changes; Comparing files (diffs)

+ Project Creation Alternative #2
In this scenario, we will check out code from a CVS source code
repository, setting it up as a synchronized project on a remote host.

+ (Project Creation Alternative #1 in this PTP tutorial is to create a
Synchronized project directly from code existing on a remote host)

CVS Source Code Repository CVS-0

Importing a Project from CVS

+ Switch to CVS Repository
Exploring perspective
+ Window > Open Perspective > Other... —
+ Select CVS Repository Exploring
+ Select OK ’

+ Right click in CVS Repositories
view and select New>Repository

R [2 ) S
Location... .. e ———
r Q- o
| C¥s Repositories £3 S T=n
New > innpmn«yl.u...
Paste Connection %V I
Refresh View
CVS Source Code CVSs-1

Repository




Add CVS Repository

4+ Enter Host: cvs.ncsa.uiuc.edu

+ Repository path:
/CVS/ptp-samples

+ For anonymous access:
+ User: anonymous
+ No password is required
+ Connection type: pserver (default)

4+ For authorized access:

+ User: your userid
+ Password: your password
+ Connection type: change to extssh

4+ Select Finish

(- NaNs] Add CVS Repository
Add a new CVS Repository
Add a new CVS Repository to the CVS Repositories view -
cvs|
Location
Host: Cvs.NCsA. Uiuc.edu v
Repository path: | /CVS/ptp-samples -
Authentication
User: anonymous v
Password: |
Connection

Connection type: | pserver
(=) Use default port
() use port:
(¥ Validate connection on finish
Save password (could trigger secure storage login)

To manage your password, please see Secure Storage'

Configure connection preferences.

@ )
®

Cancel

CVS Source Code
Repository

Cvs-2

Checking out the Project

Expand the repository location
Expand HEAD
Expand samples

+ 4+ ++

Check Out As...

On Check Out As dialog, select
Finish

+

[ XaXe] Check Out As

/-;v'?.uuo

Right click on shallow and select

) CVS Repositories 31 =T

pierver- 3oy Dot £ess v edu [CVS [plp- 13mpies

X project 1.1 New s
» Dhoances Check Out
#50ates Check Out As...

% Tag as Version.
Tag with Existing...

Paste Connection
Compare With.

Expand Al

& Configure Branches and Versions...

The default of — SN
Check out as a Gheck out 133 projec n the workasace
. - Froe e

prOJeCt Conflgured Check out into an existing project.

using the New B it s

Project Wizard” is s

what we want g v
CVS Source Code CVS-3
Repository 2 hext e () )




New Project Wizard

800 New Project

As project is checked out from
CVS, the New Project Wizard
helps you configure the
Eclipse information to be
added to the project

+Expand Remote
+Select
Synchronized C/C++
Project
and click on Next>

Select a wizard

Create a new synchronized project

Wizards:
type filter text

| > = General
P E&C/ICH+
» OV
» (= Fortran
> (= Java
¥ (= Remote
i, Remote C/C++ Project

[&) Ssynchronized Fortran Project

< Back Cancel Finish

CVS Source Code
Repository

Cvs-4

New Project Wizard (2)

1800

New Synchronized Project

Enter ‘shallow’ as project name

© A connection must be selected zr'rc /
Under Project type, expand
Makefile project LEZN
- scroll to the bottom Local directory
Select Empty Project B koo
N Local directory: D Browse
For Remote Toolchain,
- Remote directory
Select Linux GCC
+ In general, choose a toolchain that Connection: New:
matches the compiler you intend to Remote directory: Browse...

use on the remote system
For Local Toolchain
+ If you intend to build on the

Project Type
£ Execut;
© Execur:

€ Execurable (IBM XL Fortran) T By IPC
H FPR— ¥ (> Makefile project ! rueiey
wacosx
local machine, select this; it ppeiielatid MacOSK GCC
is optional ® Hello World C++ Makefle Projec _ Local Toolchain (optional - select 0 or m

Next slide ... connection

Show project types and toolchains only if they are supported on the platform
Modify File Filtering...
@ < Back Cancel

CVS Source Code
Repository

New Synchronized Project

® Empty Project - Fortran

® Demo - Hello World - Fortran
® Demo - Hello World - Fortran us
® Demo - Calculate Pi - Fortran us

Remote Toolchain (select 1 or more)
IBM XL Fortran Tool Chain
Linux Berkeley UPC

able (Gnu Fortran on MacOS
able (Gnu Fortran on Window

~~ Other Toolchain -
Cygwin GCC

€CC Fortran

CNU Autotools Toolchain
18M XL Fortran Tool Chain

Cvs-5




Select Remote Connection:
UCAR SEA Workshop

4+ For Connection:, click on New...
+ Unless you already have a connection 7
+ Target Environment Configuration | Tee eniomen oniguoten L) il
+ Target name: yellowstone (eneric Remote Host ,
‘ Properties for connecting to a generic host
+ Host name of remote system

Target name: yellowstone

+yellowstone.ucar.edu HostInformation
Localhost @ Remote host

+ User ID Host:  yellowstone.ucar.edu
+ Password: do not enter User: jalameds]
Note: if you need to use ssh tunneling™, | et ST T

use Localhost; the Advanced Basstord

button lets you enter the port # Public key based authentication

+ Select Finish

® )

CVS Source Code * See http://wiki.eclipse.org/PTP/FAQ

. B Basic-6
Repository and search for ‘tunnel
8no New Synchronized Project

+ Back in the New © s tn s e

Synchronized Project i e i

dialog, select the Browse... .

button under Remote Ci : e

Directory L L

+ You will be asked for your e
token response L e ém,

+ This is the first time the | wee =

connection is used ? ) (o] [ vt oo
+ For Project Location, Pt el |

enter new directory name.eco Project Locatiorflerestles) %?‘"M

(or select existing dir) o e
+ Hit OK, then Finish & s =

e
Cancel :

CVS Source Code Basic-7
Repository




Project successfully checked out

a Open Associated Perspective?

This kind of project is associated with the C/C++ perspective. Do you want to

+ Switch to the C/C++ Perspective
when prompted after checking
out the code v G

+ You should now see the “shallow” project in your
WOrkSpaCe 800 Eclipse - /Users /beth/Documents [workspace
O ST O - A oo e G g @ Ber & e

el X | ot [Ricrees] Qo
—

S~_Expand the
project root

+ Projectis
synchronized
with remote

host to see the
projects
contents
. problems O Console B Remote Enviconments T3 Terminals “a
-
CVS Source Code CVS-8
Repository

Synchronizing the Project

+ Because we will be running on a remote
system, we must also build on that system

4+ Source files must be available to build
+ The synchronized project does this

+ Files are synchronized automatically when
they are saved

+ A full synchronize is also performed prior to a
build

CVS Source Code CVS-9
Repository




Synchronized Project

+ Back in the Project
Explorer, decorator on — -
project icon indicates L[ Project Explorer &3
synchronized project

+ Double-+ icon

> =5 project
hallow [dev.eclip
+ C Project w/o Sync > [_rj calc.c 1.2

| vic%s_hallow [dev c.m;:sc‘or;\ . = l_rj copy.c 1.2
+ Synchronized Project -

¥ =5 shallow [dev.eclipse.org)

CVS Source Code CVS-10
Repository

Team Features

CVS Source Code CVs-11
Repository




“Team” Features

+ Eclipse supports integration with multiple
version control systems (VCS)
+ CVS, SVN, Git, and others
+ Collectively known as “Team” services
+ Many features are common across VCS
+ Compare/merge
+ History
+ Check-in/check-out
+ Some differences
+ Version numbers
+ Branching

CVS Source Code CVS-12
Repository

Two meanings for ‘Synchronize’

+ PTP’s synchronize

+ Copy files in synchronized projects between local and
remote to mirror them

+ Team synchronize

+ Show differences between local project and source
code repository versions

CVS Source Code Basic-13
Repository




CVS Features

.
» [ time.g 1.2
FoTe

+ Shows version numbers next to———==
each resource S
+ Marks resources that have s
changed B
+ Can also change color (preference S

lected File(s)

option) /%EFI rchrosize wih Repos
+ Context menu for Team —— | - d

operations R

+ Compare to latest, another e —
: T | M
branch, or history “

STy
+ Synchronize* whole project (or
any selected resources)
* Team synchronize

CVS Source Code CVSs-14
Repository

>[5
o]
]

Team

History. r
WP RIS

How to tell that you’ ve
changed something

“ ” void calcuvzh(jstart,jend,p,u,v,cu,cv,h,z, Fsdx, Fsdy)
int j »jend;
+ Open “calc.c oot sttt
Float un][m];
float v[n][m];
M [t :
+ Add comment at line 40 o

float h[n][=];

float z(n)(=);

+ Save file Nt
+ File will be marked “>"
to indicate that it has UK
. ‘ cul3]Cip] = :-Z:(oEJ]E\n]~n(:]t\3):v[1_][\n]f
been modified B I i e e S S

@ -ul310p20)/Cp[3]010+p L3 (ipd+pLipd (ipd+pLipd [11D;
h3I0L] = p[3]01)+0.25%Cu[5]ip] *ul3]Cipd+uliI[1*uliI01]
N 3P (V0P 1+v I G VI [1D);
v " Ce
¥ 125 > shall v ed -

> [>calee 11
» (5 copy.c
» [ decsh

CVS Source Code CVSs-15
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Comparing single file

with what'’s in the repository

Right-click on “calc.c” and
select Compare
With>Latest from HEAD

+ Even if you didn’t create project
from CVS, you can try Compare
With>Local History...

Compare editor will open
showing differences
between local (changed)
file and the original

Buttons allow changes to
be merged from right to
left

Can also navigate

between changes using
buttons

CVS Source Code
Repository

(4 calec & cale.c 88
9, € Compare
¥ @ Translation Unit
# caleuvzn
o0 calcuvzh
@
oo
&9 fadx
O fsdy

€, € Compare Viewer ~
Local File 1.1

float culn]=);

float
float hn)[=);
float z[n][=);
float fsdx, fsdy;

cvin](=d;

int  i,3,ip,jp;

® | Remote File 1.1
float p|
float u(n)(=);
float v(n](=];
float culn)[=);
float cv(n)[a);
float h(a](a);
float z[a)[a];
float fsdx, Fsdy;

* Added a comme:

{
I\‘ int  1,3,ip,3pi

for(3-jstart; =

ip = (iel) ¥ my
<ul31Cip) = 8.5°Cp(31Lip)+p(3](i1)"u(50L
ev[jp][i] - 8.5*(plip1[i)+p[i1[i1)*v[ipP]

atiin) - (reri LTGRO

for(G-3start;j<=jend;je+) {
ip = (3+1) ¥ n;

for (i = < m; ie){

ip = (ie1) % m;
cul§1[ip] = 0.5*(p[j][ip)+p[i1[i2)%y
ev[3p][i] = 8.5*Cp(jpIi1+pi1[i)* v,

z[ipdlip] = (Fsdx*(vl5p]lip)-vlip]Li]
KT PNE SC R T2 o 334

CVS-16

Comparing your project
with what’s in the repository

Right-click on project
name (or any subset)
and select
Team=>=Synchronize
with Repository

Team Synchronizing
perspective will open

List of changed files
appears

Double-click on a file to
see the diff viewer

Buttons allow changes to
be merged from right to
left

Can also navigate
between changes using

buttesSource Code
Repository

800 (;muo«-l
Q ‘ B | @icrcs
&0 synchronize 53 =0 &0calce 82
&tk E') - %, € Compare
- v

£, € Compare Viewsr

Local File 1.1

¢ - Eclipse - /U P

+ 24 Syatem Monioring. GlsCVS Repository Cxploring 0 Team Syncheonizing| (s

TorGi-gatertije-jendizeed| o=
o = (3413 %
For €i =
) Task Reposiories £ =0 History 53 ) Tasks (2. Problems =
G~ = a -
s aaee
Duvocal Revision Branches Tags Revision Time. * At
© s Ay | L osonzuaiad M
0, tctpsecrs " E0lder than T |
ment ersians
<current version> =




Revert To The Latest Version

To replace your project contents to the current
contents of the project in the src code repo,

+ Right-click on the “shallow” project
... and select Replace With>Latest from HEAD

+ Review the resources that will be replaced,
then click OK 4o i cs

The selected elements contain uncommitted changes that will be overwritten.
Should the replace proceed?

@ (" Cancel << Denils ) ok 't)

The following elements contain uncommitted changes that will be overwritten,

Changes
& shaliow
9 calc.c

CVS Source Code CVs-18
Repository

Exercise

+ Check out the shallow project from CVS as a
synchronized project - as described in this
module

Optional Exercise

1. Name every person who modified the Makefile

2. ldentify which parts of the Makefile changed
since revision 1.3

Hint: Right-click the Makefile and select Team > Show History.
Both of these can be done from the History view.

CVS Source Code Repository CVS-19
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Editor Features

+ Objective

+ Learn about Eclipse editor features
+ Contents

+ Saving

+ Editor markers

+ Setting up include paths

+ Code analysis

+ Content assistance and templates

Editor Features Editor-0

Editors

+ An editor for a resource (e.g. a file) opens when you
double-click on a resource

+ The type of editor depends on the type of the resource
+ .c files are opened with the e drmsmn =0

C/C++ editor by default — 3
+ You can use Open With to ™" T v B

use another editor *fase 11y Open

+ In this case the default
editor is fine (double-click)

g C/C++ Editor
¥ & Remate C/C++ Editor
Text Editor

=3 System Editor
Default Editor

»
Other...

+ When an editor opens on a resource, it stays open across
different perspectives

+ An active editor contains menus and toolbars specific to that
editor

Editor Features Editor-1




Saving File in Editor

+ When you change a file in the editor,
an asterisk on the editor’s title bar
indicates unsaved changes

™~

+ Save the changes by using
Command/Ctrl-S or File>=Save

Lt} *hello.c 23

+ Undo last change using Command/Ctrl Z

Editor Features Editor-2

Editor and Outline View

4+ Double-click on ann cicss- —
) < e e o A A T ET e e —
source file B ) a .
+ Editor will open in - o
main view

4+ Outline view is
shown for file in
editor

+ Console shows
results of build,
local runs, etc.

Editor Features Editor-3




Source Code Editors & Markers

+ A source code editor is a i linear_functionc =2 =8
special type of editor for i .
manIDUIatlng source d;uble evaluate(double x)
code K N o

+ Language features are g ——ioblay.n3,0%.2.2.0

- . ¥
highlighted b}

+ Marker bars for showing
+ Breakpoints
+ Errors/warnings
+ Task Tags, Bookmarks
+ Location bar for
navigating to interesting

features in the entire file )l Task tag
lcons: @ Warning
() Error
Editor Features Editor-4

Include Paths (1)

+ In order for editor and build features to work properly, Eclipse needs to know
where your include files are located

4+ The build environment on the remote host knows your include files etc., but
we must tell Eclipse so that indexing, search, completion, etc. will know where

things are
+ Open Project Properties &nn Proparten for whaiow
+ Expand C/C++ General Sraprocessor iadedt Parhi. Mbcowd e e
+ Select Preprocessor . Contpwation: | Difacit_romone [ dcion |

Include Paths

+ Click GNU C, then CDT
User Setting Entries,
then click Add...

+ In upper right, select
Filesystem in pulldown

+ A UNC-style path specifies
//<connection>/<path>

+ Enter Path
//trestles/opt/openmpi/incl
ude

+ Select OK

[ )

Editor Features Editor-5




Include Paths (2)

+ After adding include directory, it should
appear in the list

+ Bug: on Mag, it appears as blank. Close and re-open the twisty to see
the correct value.
00 Properties for shallow
+ Add second value: Prepeocessor in

Configurason: | Do\ semate | Aitive | £ [ Masage Contpurations

Faths, Macros eic. D

//trestles/usr/include

... the same way BTN - e
Larguages trieg Lonries e
Assernbly ¥ ¥ COT Unar Setting Erries
O stien 57t/ om0t o

b B, COT CC Buikin Comaiber Settinga. | Shared | D s
BRCDT Masarged ikt Seming Eatries. | Shared |

You should have

Praject Referesces
ur Db Settings

two entries: Sk Cobprntaos

4 Srow bt sabets

Setting Entries
#“ CDT User Setting Entries

o Emable language settings providen for Shis praject

{5 f ftrestles fusrfinclude A
;_L}fIl!eslles}opt.’openmpi}’include -
N
Editor Features Editor-6

Include Paths (3)

4+ Select OK

+ The C/C++ Indexer should run
+ Lower right status area indicates it

C/C++ Indexer: (54%) - g

+ If not force it via Project Properties>Index>Rebuild

Editor Features Editor-7




Code Analysis (Codan)

+ If you see bug icons in the editor marker bar, they
are likely suggestions from Codan
+ If include files are set correctly, they shouly not appear.

+ Code checkers can flag possible errgrs, even if
code is technically correct s

+ To turn them off, use Preferences (& 3
Window > Preferences or Mac: Eclipse > Preferences @ -
C/C++ > Code Analysis

and uncheck
all problems

tFa=1)1]
. mexa

o Problems 5 & Tasks [ Consote| [ Prey
1 arror, T warnings, O cthers
e Analysis - - Descrigtion
* © Erroes (1 item)
¥ & Warnings (2 Rems)
& Possible assignment in conditien “x=1’
s Pasaible assignment in condition =

+ Select OK to
close . o
Preferences flf icons don’t d|sa|_:)pear:

Right mouse on Project >

Run C/C++ Code Analysis

+You can also enable/disable

v~ . this per project in Project

o hlgnear, - \ !
— Properties )
Editor Features v Unevsakel = - P Editor-8

ALEN LT XL T4

Line Numbers [cmncs

4® * Commonwealth S

+ Text editors can show line numbers in the ol oimrodpme gt
28 #include <stdio.
Ieft C0|umn [ main.c 23 z #include "decs.hf]
#* Commorwealth Scientific and Indy i1 extern void work
iZ MPI_Datatype *
+ To turn on line Teaga.tredcholt Doubl i main Carge, argv
. eiE BEEE it int argc;
numbenng: Breakpoint Types char * argv
. . . . . 37 {
+ Right-mouse click in %’ Run C/C++ Code Analysis : float pi-4
the editor marker bar Resource Configurations 39 :{oat DE”%
: Add Bookmark... oat uln
(at editor left edge)
Add Task...
+ Click on Show Line + Show Quick Diff ~0Q \
Show Annotation [urface height)
Numbers
Folding P ibion */
Preferences...

TroaTvolanyLmy;
float  hln1fml:

Editor Features Editor-9




Navigating to Other Files

+ On demand hyperlink i, & scer o e
+ In main.c line 135:
+ Hold down Command/Ctrl key
e.g. on call to initialise
) . initiolisqlp, w, v, psi, pold, veld, vold, di, dj, z);
+ Click on initialise to navigate dieally &\ powy v by 2
to its definition in the header file | |} ™ §. %
(Exact key combination
depends on your OS)
+ E.g. Command/Ctrl and click on
initia”se \;Tlu’:rl%:ﬁ%_u:o. w, v, psi, pold, uold, vold, di, &j, 2)

float w[n][n];

4+ Open declaration 133 R poolCeEsy,
+ Right-click and select Open

: ;
Declaration will also open the sinctude ot Open Type Hierarchy P
file in which the element is #include «st  Open Call Hierarchy ~XH

.  Quick Outline ®O
declared int mainCvol  Quick Type Hierarchy ®T
4 Explore Macro Expansion B=

+ E.g. in main.c line 29 right-click p "™ Toggle Source/Header  ~Tab
on decs.h and select Open T
Declaration Note: may need to left-click

Editor Features before right-click works Editor-10

Navigating to Remote Files

+ Note: remote includes must be set up
correctly for this to work

+ On demand hyperlink
4+ In main.c line 73: (@ mainc | suio.hy = |m
+ Ctrl-click on fprintf _1*|" Define 1
+ stdio.h on remote system opens
+ Open declaration (or F3)

+ In main.c, right-click and select
Open Declaration e.g on <stdio.h>

4+ File from remote system is opened.
+ Hover over editor name tab to see remote
location.

50 ¢ e
“" Tremotetools: [ [trestles/usr finclude/stdio.h

€99 Standard: 7.19 Inputfoutput <stdio.h>

#ifndef _STDIO_H

Editor Features Editor-11




Content Assist & Templates

+ Type an incomplete function name e.g. “get” into the editor,
and hit ctrl-space

+ Select desired completion value with cursor or mouse

14 int main(void) {
15 puts("!!!Hello World!!l"
get

/* prints !!1lHello World!!! */
w yewinal_unmucsgpe@uiug | 1

** _lineptr,* __n,int _delimit

onst char * __name) : char *

@ getline(char * * __lineptr,” _n,FILE * __strear

. v
& _pstloadavaldauhls = padawn int __ nalam)
- m >

Press "~Space’ to show Template Propos

Hit ctrl-space again

+ Code Templates: type for code templates

‘for’ and Ctrl-space

for |
for - for loop for (int var = @; var < max; ++var) {
1 :‘ Fet [ far - for loop with temporary variable y
More info on code templates later
Editor Features Editor-12

Hover Help

+ Hover the mouse over a program element in
the source file to see additional information

if(gelcn‘())

Name: getenv
Prototype: char * getenv (const char *name)

Description:

This function returns a string that is the value of the environment variable name. You must not modify this
string. In some non-Unix systems not using the GNU library, it might be overwritten by subsequent calls tc
getenv (but not by any other library function). If the environment variable name is not defined, the value is
null pointer.

Header files:
stdlib.h

Editor Features Editor-13




Inactive code

+ Inactive code will appear grayed out in the
CDT editor

260 #define VAL

261 #ifdef VAL

¥ acopy_one_to_two(VAL, ds, res.indx);

263 #else
acopy_one_to_two(res.row, ds, res.indx);

65 #endif

268 //#define VAL
61 #ifdef VAL

acopy_one_to_two(VAL, ds, res.indx);
63 #else
26 acopy_one_to_two(res.row, ds, res.indx);
65 #endif

Editor Features Editor-14

Exercise

1. Open an editor by double clicking on a source file in the
Project Explorer

2. Use the Outline View to navigate to a different line in
the editor

3. Back in main.c, turn on line numbering

4. In main.c, ctrl-click on line 99, master_packet, should
navigate to its definition in the file

5. In worker.c, line 132, hover over variable p to see info

Editor Features Editor-15




Optional Exercise i

Type “for”, then activate content assist
+ Select the for loop with temporary variable template, insert it,
then modify the template variable

+ Surround the code you just inserted with “#if 0” and “#endif” and
observe that it is marked as inactive

+ Save the file

What do these keys do in the editor?

+ Ctrl+L; Ctrl+Shift+P (do it near some brackets)

+ Ctrl+Shift+/;

+ Ctrl+Shift+Y and Ctrl+Shift+X (do it on a word or variable name
e.g.)

+ Alt+Down; Alt+Up

To make sure you didn’t do any damage,

+ Select any source files you changed and do rightmouse > replace with ..
+ (if you made project from CVS) ....Latest from HEAD
+ (If you made project from remote files) ... Local History ....

+ Observe that your changes are gone.

Editor Features Editor-16




MPI Programming

+ Objective
+ Learn about MPI features for your source files

+ Contents
+ Using Editor features for MPI
+ MPI Help features
+ Finding MPI Artifacts
+ MPI New Project Wizards
+ MPI Barrier Analysis

MPI Programming MPI-0

MPI-Specific Features

+ PTP’s Parallel Language Development Tools (PLDT) has
several features specifically for developing MPI code

+ Show MPI Artifacts

+ Code completion / Content Assist
+ Context Sensitive Help for MPI

+ Hover Help

+ MPI Templates in the editor

+ MPI Barrier Analysis

+ PLDT has similar features for OpenMP, UPC,
OpenSHMEM, OpenACC

MPI Programming MPI-1




Show MPI Artifacts

+ In Project Explorer, select a project, folder, or a
single source file

+ The analysis will be run on the selected resources

+ Run the analysis by 800 o+ < Edipne - Usersfbethjevstestptn_____ |
- - IC R LT S fi= e cie Gie | w | Se Qe Qyn Gar
clicking on drop- EERHERRIRED o hiees | R
down menu next to LPoect B O [2 hellomp ::!hn aa[;-iu:z:l\:i:_r Slae ==0
the analySiS button " S hatonan ! Show OpenSHMEM Artifacts Lo
+ Select Show MPI e " e 2
H e » -?:r(a-—on-\:N?:(Ml‘h;u Bay_rar Bl molh
Artifacts e G b s
» MEL Comm_size(MPI_COMM_NORLD, o);
B g MAAmRaviE = 0O
i ®E T
+ Works on local and Bl =6 =
remote files ' T P e
MPI Programming MPI-2

Markers indicate the
location of artifacts in

editor SEEFIPIETE
The MPI1 Artifact View
lists the type and location
of each artifact

Navigate to source code
line by double-clicking on
the artifact

Run the analysis on
another file (or entire

project!) and its markers
will be added to the view

Click on column headings

to sort
Remove markers via =

MPI Programming MPI-3




MPI Editor Features

smain 3 =5 v + Code completion will show all
r: B0 w m| E ;
floet ST Stare(eT: : R the possible MPI keyword
int tid; B completions
MPI_Datatype *  res_type; 1 ik
L toteCiarae. taras: 8 won + Enter the start of a keyword
WPT Comm51\za QU] COMWOALD, bproc_cnt); 0 e then press <ctrl-space>
MPI_Comm_ronk{MPI_COMM_NORLD, Ltid); 4 setup_resD | MRy
o mainler, chare(l

<
# wel | € lborsiunich
& MPI_Barrier{MP|_Comm } int 4 Blocks each task until al tasks have called it

if 1 o MPI_Bcastivoid®, int, MP|_Datatype, int, un_f]

® MPI_Bsend M#M_Datatype, int, int,

4 @ MPI_Bsend_initivoid®, int, MP1_Datatype, int,

@ MPL_Buffer_artachi voic®, int) int i
1| @ MR detachi vald®, int *} int F =0
® MP|_Barrier(MP_Comm comm) : int

float  vold_start[s];

if (| o MPI_Bcastivoid * buffer,int count,MP1_Dataty int proc_cat;
i & MPI_Bsend(void * buf,int count,MP|_Datatype. int vid;
ﬁ ° r.ﬂ Bsend initivoid * bullint count.MPY Dat: © WPI_Dotatype * res_type;
SR Y T ST E— WPI_Init{arge, Aorgv);
WPI_Comm_size(MPI_COMM_NORLD, Lproc_cnt): @

’“P:_rw_!c (MPT_COMM_NORLD, Btid);

+ Hover over MPI API =T wncir e

Prototype: int MP_Comm,_rank(MPi_Comen, int *]

+ Displays the function ““,“(""”?:‘m"’“““"“"“““'“'"‘""“““"“"""“'“;";‘?::;.‘:ii"
prototype and a e
description |[f € (n % (proc_cnt - 133 1= 8 )
" (‘::?n;;(g\:‘efr. “(rumber of processes - 1) sust be o e
MPI Programming MPI-4

Context Sensitive Help

4+ Click mouse, then press help
key when the cursor is within a
function name Mame: M91_Comm_rank
{Protoype:nt MPI_Coenm_rank{MPI_Comem, int )
+ Windows: F1 key pascHption:

| tion:
Beturns the rank of the local task in the assocated with a com

+ Linux: ctrl-F1 key i -
+ MacOS X: Help key or B neb 25 ¢ —
Help»Dynamic Help Related Topics
+ A help view appears (Related :w‘::v-mm.
Topics) which shows Some special

info has been

additional information B edtor view 4‘:“ .
(You may need to click on MPI R Comn L Comm, i1t ) iﬁfed for MPI
API in editor again, to s
populate) Do T T

+ Click on the function name to Concrs s 55 e Top 0 b 3 e

see more information MPI Comm rank
+ Move the help view within your - -

Eclipse workbench, if you like, NAME
by dragging its title tab MPI_Comm_rank - Determines the rank of the

calling process in the communicator.

MPI Programming MPI-5




MPI Templates

+Allows quick entry of common patterns in MPl programming

+ Example:
MPI1 send-receive
+ Enter:
mpisr <ctrl-space>
+ Expands to a send-receive
pattern
+ Highlighted variable names
can all be changed at once
+ Type mpi <ctrl-space> <ctrl-
space> to see all templates

mpi
~| mpiif -~ MPi_Init and Finalize
-| mpisr - MPI Send Receive

un®

MPI Programming

MPI_Comm_rank{MPI_COMM_WORLD, &rank);
MPT_Comm_size(MPI_COMM_WORLD, &p);
if (rank == @){ //ma
printf("Hello From process @: Mum processes: %d\n",p);
for (source = 1; source < p; sources+) {
MPI_Recv(] 199, MPI_CHAR, source, taog,
MPI_COMM_WORLD, &status);
printf("%s\n" ,message);

r task

>
else{ // worker tasks
/* create message */
sprintf(message, "Hello from process ¥d!", my_rank);
dest - @;
/* use strlensl so that '\@' get tronsmitted */
MPI_Send(message, strlen{message)+1, MPI_CHAR,
dest, tag, MPI_COMM_WORLD);
}

Add more templates using Eclipse preferences!
C/C++=Editor=Templates
Extend to other common patterns

MPI-6

MPI Barrier Analysis

& UCe s - MyBarrierfurcibbyBarrier.c - Eclipse SOK - Clews\runtime-cdt40

e D87 Bafaci Soume et Mavgew Gewch Promct Run Wndow Mep

Be0-

e

FEEEEE

oE|

+ Verify barrier
synchronization in C/MPI
programs

For verified programs, lists
barrier statements that
synchronize together
(match)

For synchronization

errors, reports counter
example that illustrates

= and explains the error

Q-

+

Local files only

MPI Programming
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MPI1 Barrier Analysis (2)

Run the Analysis:

+ In the Project
Explorer, select the
project (or directory,
or file) to analyze

+ Select the MPI
Barrier Analysis
action in the pull-
down menu

MPI Programming

L[ Project Explorer 23

N

P |rjcalec 1.1
P |rjcopy.c 1.1
> [pdecs.h 1.3
> | diag.c 1.1

4

v v Bl ¥ GO

> Show MPI Artifacts

# Show OpenMP Artifacts
/// MPI Barrier Analysis
# Show UPC Artifacts

MPI-8

MPI1 Barrier Analysis (3)

+ No Barrier Errors are found (no pop-up

indicating error)
4+ Two barriers are found

Source Refactor Mavigate Search Project Run  Window Help

le) CIC++ = shallow/main.c - Eclipse = [Users/beth/ews/

® _ Eclipse  File Edit
Yala)
| e | & B3
I Project Explorer £

¥ S shallow  [evs.ncsa uiuc.edu]

> [Haalke 1.1
» [Heopye 11
» [Hdecsh 13
» [ o

) e 12
a7 aclealmé 1.1
§ AUTHORS 1.1
jChangelog 1.1

jeempile 1
config.guess 1.1

MPI Programming

v @ | Byr &
=0z
- WPI_Finalize();

B0 Q| OS # |E[]|O-]$-5

if (tid 1= @) {
8 warker(};
e s WPL_Borrier(MPI_COMM_WORLD) ;

MPI_Finclize();
} else {

i MP1 Barrier Matches | W P Barriers tx3

MPI-9




MPI Barrier Analysis Views

W ] Barrers. £2)/% Problems | <] Tasks ) Console |14 Barer Matches | %4t Barrier Errors. i
i i = Functon

- Function s.neq ~ : .
e =o o e =
W0 man i 200 P . £ 9 Looo (dyramsc number of barrers)
WA man ' w L i
WA Barer < 008 Barier 3(2) MayBarier.c s

T 1 u Myflarner.c 3.

MPI Barriers view Barrier Matches view Barrier Errors view

Groups barriers that

Simply lists the barriers ,
match together in a

If there are errors, a

Like MPI Artifacts view, parrier set — all counter-example
double-click to navigate processes must go ShOWS paths with
to source code line (all  through a barrier in the ~ MiSmatched number
3 views) set to prevent a of barriers

deadlock

MPI Programming MP1-10

Barrier Errors

4+ Let’s cause a barrier mismatch error

+ Open worker.c in the editor by double-clicking
on it in Project Explorer

+ At about line 125, | s - mieon

- worker[NEXT];
- 1 jstart = worker[JSTART];
enter a barrier: fhovitest il
! HELE|
+ Type MPI B " * o MP|_Barrier{MPI_Comm ) int & Blocks each task wnail .

recel g MPI_Beastivoid®, int, MPL_Datatype, int, MPL_["|

+ Hit Ctl-space
+ Select MPI_Barrier

+ Add communicator
arg MPI_COMM_WORLD and closing semicolon

..... e s e

MPI_Barrier(MPI_COMM_WORLD);

MPI Programming MPI-11




Barrier Errors (2)

+ Save the file
+ Ctl-S (Mac Command-S) or File > Save
+ Tab should lose asterisk indicating file saved

|c| *worker.c £3 |c| worker.c &3

I I >

+ Run barrier analysis on shallow project again

4+ Select shallow / —
project in Project M G
¥ Show MPI Artifacts

Explorer first " B Show OpenMP Artifacts

/// MPI Barrier Analysis \

# Show UPC Artifacts

MPI Programming MPI-12

Barrier Errors (3)

. Tale MP1 Barrier Analysis

* Barrier Error iS found 1 Found barrier synchronization error(s)!
+ Hit OK to dismiss dialog o)

+ Code diverges on line 87
+ One path has 2 barriers, other has 1

Double-click
on a row in
Barrier Errors

Barrier Matching Set Function Filename ineNo IndexNo A N
v UhiErro main main.c 0 view to find
0 the line it
/iBarrier

[

/4 MPI Barrier Matches /) MPI Barriers //4 MPI Barrier Errors 23 . . Pr

0
main main.c 89 1 .
YliBace worker worker.c 125 3 references in
0 0 the code
i Barrier main main.c 206 2

MPI Programming MPI-13




Fix Barrier Error

2 worker.e B2 €| main.c

+ Fix the Barrier Error | 2 <
before continuing '

+ Doub|e—C|ICk OI"I the "#Fi MPI Barrier Matches | W MP1 Barriers | Barrier Errors E3

MPI_Barrier(MPI_COMM_WORLD);

Barrier Matching Set Function Filparme  LineNo  IndexMo
H H ¥ WhiError main maif\e 87 o
barrier in worker. Wtvain @ b
- - WfiBarrier 1
to quickly navigate
. ¥ WhiPath 2 (1 barrier(s}}
to It WHiBarrier 2 main main.c 206 2

+ Remove the line and save the file

+ Re-run the barrier analysis to check that it has
been fixed

MPI Programming MPI-14

Remove Barrier Markers

+ Run Barrier Analysis again to remove the error

+ Remove the Barrier Markers via the “X” in one
of the MPI Barrier views

/i MPI Barrier Errors 53 il\xy=a0o
Barrier Matching Set Function Filename LineNo
» WfiError main main.c 87

MPI Programming MPI-15




MPI1 New Project Wizards

+ Quick way to make a simple MPI project
+ File > New > C Project

8no € Project
€ Praject
Progect mame must be specified

+ “MPI Hello World”
is good for trying out ™"
Eclipse for MPI -

Choae Al pritem.

Project name:

Project type. Toolchaing
MacO5X Berkeley UPC
Mac0SX GCC

ML C/C++ Tool Chain

@ M Hello World C Project
@ MPI P C Project

® DoenMP Empty € Project

MPI Features for MPI-16
Eclipse

MPI1 New Project Wizards (2)

+ Next> and fill in (optional) Basic Settings

800 C Project
e st — +Next> and fill in MPI Project
Settings

- = +Include path set in MPI

Copyright notde Your copyright notice

T ,,., Preferences can be added to

o project

7 B Cancel Finish

¥ Racs ot Cars Fimirh

MPI Features for MPI-17
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MPI New Project Wizards (3)

+ Select Finish and “MPI Hello World” project
is created

_ﬁ 0.0 " C/C++ - e L /| X3 -Esl-me_— '“_ beth/s [testptp
E Be e e [Or [ fim or G | % [ O B [ S 5
S Q) Quick Acces

a1 | Eerces
| Pz =0 £ helloMPLe IT =8 om ™ =0
| - # Mo h TR
U adioh
U swingh
B mpih
®  maindied,
[£ Problems 11 [ Console h Remote Enviroamants van
O items
E— | Resource Patn
|6 P Artifaces found
MPI Features for MPI-18

Eclipse

MPI1 Preferences

+ Settings for MPI New Project wizards

+ MPI Include paths, if set in MPI
Preferences, are added in MPI New
Project Wizard oo Preferences

type filter text MPI . ew

* Mytyn = .
wParallel Tooks ™ Recognize MPI Artifacts by prefix (MP1_) alone’
> Debug WP inclade paths:

3
CIM New...

» Resource Managers

Viewer 1 build comeman d 10 [ mpice
¥ Remote Develapment
» Remote Systems
¥ Run/Debug & Prompt to include MPY AR found i other kocations (€ onbyl?
* Specfile Editor

MPI build comenand (C++):  maice +

@ Cancel |

MPI Features for MPI-19
Eclipse
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Exercise i

1. Find MPI artifacts in ‘shallow’ project

+ Locate all the MPI communication (send/receive)
calls

2. Use content assist to add an api call
+ E.g., Type MPI_S, hit ctl-space
3. Use hover help

4. Use a template to add an MPI code template
+ On a new line, type mpisr and ctl-space...

MPI Programming MPI-20

Optional Exercise i

1. Insert an MPI_Barrier function call into one of
your source files using content assist
+ E.g. Line 125 of worker.c

2. Save the file

3. Run Barrier Analysis on the project

4. Locate the source of the barrier error and
remove the statement

5. Re-run barrier analysis to observe that the
problem has been fixed

MPI Programming MPI-21
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Building a Project

+ Objective
+ Learn how to build an MPI program on a remote
system
+ Contents
+ How to change build settings
+ How to start a build and view build output
+ How to clean and rebuild a project
+ How to create build targets

Building a Project Build-0

Synchronizing the Project
Prior to Build

+ Because we will be running on a remote
system, we must also build on that system

+ Source files must be available to build

+ We have already created a synchronized
project to do this

+ Files are synchronized automatically when
they are saved

+ A full synchronize is also performed prior to a
build

Build Build-1




Active Build Configuration

+ The “Active” build configuration determines which
system will be used for both synchronizing and building

Project Explorer BT =0
+ Since this is a > g ema e
. New g
Synchronized ‘Re Cowe
Project, the ': Open in New Window
e Copy xC
remote target By o
3 R bl % Delete L3
will be the Active Law  Removefrom .
Bund_ _ 4% Rename. "
Configuration by % iaimpon.
d 3 Export...
default Buitd Project
R Clean Project
+ Right mouse on Refresh "

Project

Close Project
Clo:

Build Configuratio
Make Targets

1 Default_local

+ Next slide confirms where Symchronizay Clean All
this is.... Validate Build Selected...
Show in Remote Systems view
¥ Convert to Fortran Project
Conven To...
Run As *
Build Debug As » Build-2
Profile As »
Compare With -
+ “Where is my project going to build?”
To confirm where each build configuration is located:
+ In Project Properties*, under C/C++ Build, select
Synchronize. You should see the remote connection
and file location
ano Properties for shallow
Synchronize e e w
* Rescurce
Builders.
¥C/Cw v Build Configurabon Default_remote | Active | Manage Configurations...
Build Variables
Discovery Options.
Ervironment
Ernironment Managemer # Remsors Contigueation
Logging
Settings Remaote Provider Remmote Tools
Tool Chain Editer Connection: tresties. sdscedu New...
XL C/Ce+ Compller
* To see Project BLCIC++ Coneral Rt Location Tserg ribsats fshallow Browse
Properties: in Project cvs
Explorer view, right mouse -:1-:‘?::::“”‘
on project and select Praject References Restore Defaults Appiy
Properties... at the bl Lol
bottom of the context 7 Cancel [ _|
menu I
Build Build-3




Start with clean ‘shallow’

+ Start with original ‘shallow’ code:

+ Project checked out from CVS: Changed file:
+Right mouse on project, s
Replace with > Latest from HEAD > [gtime.c 1.2
Latest from HEAD
Restore from Local History... Another Branch or Version...

Also see Compare With ...
+ Other project:

+Right mouse on project,
Restore from local history — finds deleted files

+Right mouse on file, Compare With
or Replace With

Building a Project Build-4

Starting the Build

+ Select the project in Project Explorer

L[ Project Explorer SS

—_ = shallow [dev.eclipse.org]
P Lrjcalcc 1.2
P Lrjcopy.c 1.2

4+ Click on the &- hammer button in toolbar to run a build
using the active build configuration

C/C++ - shallow/calc.c - Eclipse - /Users/

o | 68 & @ _-.. B0 Q- QU | @S O-

plorer 23 =08 ealee B

+ By default, the Build Configuration assumes there is a
Makefile (or makefile) for the project
Building a Project Build-5




Viewing the Build Output
+ Build output will be visible in console

[* Problems | Tasks|

5

| Properties % Remote Environments . Terminals =0

» B9

COT Build Console [shallow]

29:06:10 **** Build of configuration Default_remote for project shallow ****
make all

Unloading compiler-dependent module openmpi/1.4.3

Note: mpicc appears to invoke gecc

mpicc -g -c -0 calc.o calc.c
mpicc =g  -C -0 COpy.0 COpy.C
mpicc -g -¢ -o diag.o diag.c
mpicc =g -¢ -0 init.o init.c
mpicc -g -¢ -0 main.o main.c
mpicc -g -¢ -0 time.o time.c

mpifd@ -g -c -0 tstep.o tstep.f9d

mpicc -g -c -0 worker.o worker.c

mpicc -g ~-¢ -o dump.o dump.c

mpice -g -0 shallow calc.o copy.o diag.o init.o main.o time.o tstep.o worker.o dump.o -1m -lgfortran

@9:26:15 Build Finished (took 4s5.578ms)

Building a Project Build-6

ann —~
- My @ 1 ERrCos | i rsmeron £7Team Symcne. B rwanes covtnsy =
o- ot
Pragan ngieres 11 =0 (8 amx “0 FEoa swa =0
. A = Aav e T
+ Build problems will be  siee
shown in a variety of s
ways - ity
+ Marker on file =—————3 [l . ° E]
4+ Marker on editor Iine/::_3<_/'>
+ Line is highlighted - ey
+ Marker on overview ruler e
+ Listed in the Problems prrte
view et
ﬂ:’“ﬂ-ﬂu
i N " e [0
) . . g | . Tasks| D Comoie T er B Rerote Urvrommerts [ Masory r=o
+ Double-click on line in S T — f—
Problems view to go LI 5
to location of error in b feidvibond e s e ot S i e
the editor

i
[

s g batry

Building a Project Build-7




Forcing a Rebuild

& Console 22
If no changes have been made, o et oo o
make doesn’t think a build is needed ™ FiLil, caie sersens s cpempin i3

Noke: mpicc appeors to imvoke gee

e.g. if you only change the Makefile ke Nothing Lo be done for "al1",

22:04:16 Build Finished Chook 45 370es)

Build Project

In Project Explorer, right click on_—>
project; Select Clean Project 2) Refresh o

Close Project
Close Unrelated Projects

Build console will display results
_—

COT Build Console [shallow?]

22:95:58 **** Cleon-only build of configuration
Default_resote for project shalloa? ***®

make clean

Unloading compiler-dependent module opermpi/1.4.3

Note: mpicc appears to imvoke gec

rm -f shallow colc.o copy.o diog.o init.o moin.o time.o
tstep.o worker.o dusp.o core

Rebu”d project by Clicking On 22:06:90 Build Finished (took 1s.535es)
build button again g.

Building a Project Build-8

Forcing a Resync

Project should resync with remote
system when things change

Sometimes you may need to per— cep
do it explicitly e e g
. . LD Openin New Windaw

Right mouse on project, Ho% mom xc
Synchronization>Sync Active Now X Deee ®

IS.OMII(E. *
Status area in lower right shows [§ S, =
when Synchronization occurs e

St .

Close Project

Close Unrelated Projects

Build Configurations 3

Make Targets »

Index »

[ Synchronization = EERESLT
Project Auto-Syne Settings »

Validate
Show in Remote Systems view

Syne All Now
# Convert to Fortran Project Fhtar.

[

Building a Project Build-9




Creating Make Targets

+ By default AT -
+ The build button will run “make all” kAccuss 23 | 22 5yscem onitoring TR
+ Cleaning a project will run “make clean” _ D (B outige| ® Make Taget 58] = O
+ Sometimes, other build targets are > b
required e oo syme. New Make Target
. = settings
+ Open Make Target view o e
8 0 reate Make Targe
+ Select project and click on New e N
Make Target button i pavemras
+ Enter new target name s
Build Command
+ Modify build command if desired COT—r-
+ New target will appear in view o seios
4 510 on fiest buid error
+ Double click on target to activate F R i project e
Cancel [ —
Building a Project Build-10
+ The build configuration is specified in the project properties
+ Open the properties by right-clicking on the project name in the Project
Explorer view and selecting Properties (bottom of the context menu
list)
- 8no . Properties for shalk
+ C/C++ Bu'ld R C/C++ Build
+ Configure the build command » Resource
+ Default is “make” but this can be e Configuration: | Default [ Active |
changed to anything Build Variables
- - Discovery Options
+ C/Cf+ Build > Settlngs_ Ertronmen —_—
+ Binary and Error parser selection Settings .
+ Tool Chain settings (managed projects _c,gf"f :::f:j“'“" .
only) Pflo_cu References F" —e
. . Refactoring Mistory [ Use default build command
+ C/C++ Build > Environment Run/Debug Setungs N
+ Modify/add environment variables passed '::: S:SHM
to build » Validation Makefile generation
. . Generate Makefiles automatically ¥ Expand Env. ¥
+ C/C++ Build > Logging o
+ Enable/disable build logging Build directory: | Siworkspace_loc:/shallow]

Building a Project Build-11




Selecting Build Configuration

+ Multiple build configurations may be available
+ Remote and local build configuration
+ Build configurations for different architectures
+ The active build configuration is set from the Build
Configurations project context menu

+ Right click on project, then select the build configuration from the
Build Configurations > Set Active menu

. 5 = Lonsole rg
Close Project e

Close Unrelated Projects

Build Configurations » t Active » 1 Default_with_Linux GCC_remote f

Make Targets > Manage... 2 Default_with_MacOSX GCC_local
Index » Build Al B R — )
hronizati > ul |
Synchronization Clean All 305)
Show in Remote Systems view Build Selected...
[¥] Convert to Fortran Project
Convert To...
Building a Project Build-12

Configuring Build Modules

ano Properties for shallow

+ If the remote system —
has Modules installed, a  »resource

Builders

Environment Management

custom set of modules CRT e
can be configured for Evronmant

# Use an enviranment management system to customize the remote by

bu I Id ! ng C/C+ + I;w’)'f-s] Manually specify environment configuration commands
- ettings
projects Synchionize Modules 3.2.9 on forge

Sebect modubes to be loaded. Environment variables Filter list
configured on the Emironments page of this dialog are  characte
set beforehand and may be overwritten.

+ In the project

aQ

properties, navigatg’to T
C/C++ Build = ms g menepeme-foge
. /| g Settings mvapedl Trcl-intel

Environment Senice Conbgurations Ty

* Task Repository mvapich2-1.8alpl-intel-12.0.4-cuda-4.1.28
Management Task Tags mvapich2-1.8alpl-open4-4.5.1

ey anapich2- L RA1pL-0pena-4.5.1-cuda-4.0.17

+ ChECk Use an Clear Selection Select Defaults

environment
management system Best
to customize the 7
remote build
environment

Building a Project Build-13




Configuring Build Modules (2)

o Use an system to the remote build environment
+ Select modules — T
from the ||St Modules 3.2.9 on forge
Select modules to be loaded. Environment variables Filter list (* = any string, 7 = any

configured on the Environments page of this dialog are character):

set beforehand and may be overwritten. -
Q
Enable Name
mpip/3.3-openmpi-forge

+ Use the Fl|tel’ n_f mssftp-client-2.9

. . . mvapich2-1.7rcl-intel-12.0.4
list field to mvapich2-1.8al-intel-12.0.4

H H mvapich2-1.8alpl-intel-12.0.4-cuda-4.1.28
qUICkIy flnd mvapich2-1.8alpl-open64-4.5.1

1 mvapich2-1.8alpl-open64-4.5.1-cuda-4.0.17

modules with a i aaeita ohnc s T
given name Clear Selection Select Defaults Reload List

+ Click Select Defaults to check only those modules that are
present in a new Bash login shell

Building a Project Build-14

Configuring Build Modules (3)

+ To build the project, Eclipse will
+ Open a new Bash login shell
+ Execute module purge
+ Execute module load for each selected module
+ Run make

+ Module commands are displayed in the Console view during build

+ Beware of modules that must be loaded in a particular order, or
that contain common paths like /bin or /usr/bin

El Console 53

CDT Build Console [shallow]
17:53:20 **** Build of configuration Default_remote for project shallow ****
make all

**%* Environment configuration script temporarily stored in /tmp/ptpscript_rhMesG ****
module purge >/dev/null 2>&1

module load cuda-4.0.17

module load cupti/4.0.17

mmdila Vand alakas € A A4 =1

Building a Project Build-15




Configuring Build Modules: SEA i

@ Properties for shallow-03apr2013-test

+ Right click on

| Environment Management

Project, select Suiiders
- . 4 CfCe» Build
Build Variables Configuration: | Default_with_Linux GCC_remote [ A
project properties Dcoven Options
H Environment
* C/C++ B ul Id 3y Enwironment Manag * ] Use an environment management system te custe
E nvi rO nm e nt : 3 o | Manually specify envirenment configuration comng

module purge >/dev/null 2:81;medule load

Management

+ Select “Use an
environment
management system..

+ Select “Manually
specify

environment...”

Add string and then hit OK
module purge >/dev/null 2>&1;module load intel/12.1.5;module load

ncarbinlibs/1.0;module load ncarcompilers/1.0;module load ncarenv/1.0;module load
netcdf/4.2;module load workshop; module load tau

Exercise i

1. Start with your ‘shallow’ project
2. Build the project
3. Edit a source file and introduce a compile error

[ [

+ In main.c, line 97, change ;" to
4+ Save, rebuild, and watch the Console view
4+ Use the Problems view to locate the error

+ Locate the error in the source code by double
clicking on the error in the Problems view

+ Fix the error
4. Rebuild the project and verify there are no build errors

Building a Project Build-18




Optional Exercise i

1. Open the Makefile in Eclipse. Note the line starting with
“tags:” — this defines a make target named tags.

2. Open the Outline view while the Makefile is open. What icon
is used to denote make targets in the Outline?

3. Right-click the tags entry in the Outline view. Add a Make
Target for tags.

4. Open the Make Targets view, and build the tags target.

5. Rename Makefile to Makefile.mk
6. Attempt to build the project; it will fail

7. In the project properties (under the C/C++ Build category),
change the build command to: make —F Makefile.mk

8. Build the project; it should succeed

Building a Project Build-19
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Running an Application

+ Objective
+ Learn how to run an MPI program on a remote system

+ Contents
+ Creating a run configuration
+ Configuring the application run
+ Monitoring the system and jobs
+ Controlling jobs
+ Obtaining job output

Running an Application Run-0

Creating a Run Configuration

- [® hun Contquration: . s - e i
O~ @i~ Qv | O~ Create, manage. and run configurations P
\ Create a cenfigueation te launch & parallel spphation in Paraliel Perspective I\U
| L
Bun As >I O =ik A Configure lounch sestings Freem this distog:
7 finerten - Press the Hew’ bution o creste  confiqursion o the seected ype.
Organize Faxorites..'? :rl :,‘.‘,.‘.‘,,T::l‘::;:u- Press the ‘Duplicate’ button te copy the selected configuration.
B Lumch Group M - Press the Delete” button 1o remove the selected configuntion.
. . i Paraliel Application % - Press the ‘Filter’ butten to configure fikering options.
+ Open the run Conflguratlon S - Edit or view an esisting <onf-9\.|:‘|nnby s:e(t-ng (3
dialog Run>Run (
Configu rations... / | Configure launch perspective settings from the Prrpectives preference page.
+ Select Parallel Application
+ Select the New button
Or, just double-click on : r .
- - Filter matched 4 of 4 ftema.
Parallel Application
to create a new one Z Run ] [ Cose

Note: We use ‘“Launch Configuration ”as a generic term to refer to either a
“‘Run Configuration ”“or a ‘Debug Configuration ”, which is used for debugging.
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Set Run Configuration Name

+ Enter a name for this run configuration
+ E.g. “shallow”

+ This allows you to easily re-run the same application

8.no Run Configurations
Create, manage, and run configurations -
3 Mo target system configuration has been selected ;‘i |
IS N.... .
B4 Resources ) 4= Arg, es | G [T Comman |
[E1C/C++ Application Target System Configuration: | Flease select a target system configuration 0
[¥ ] Fortran Local Appilicatic
Java Appler Connection name: | resties.sdsc.edu : New
Java Agplication
B Launch Group
w 5 Paraliel Application
- New_configuration
Using Parallel Application Launcher - Select other,.. Apply Rewvert
Filter matched 7 of 7 items
@ Close Run
Running an Application Run-2

Configuring the Target System

+ In Resources tab, select

a Target System 2 et s . |

Configuration that Crasts, mamsge, snd rum configurationt 2
corresponds to your target ©) Mo target syt esfguration has been seleted o/
system HEE T ™
+ The tutorial instructor will e tepiegny L) e 1| B it $ywterts| 3 fomen
indicate what Target System [0 FovtranLocal Appicat || | T3 Symam CoaRguintica: |:‘::"‘::“‘:‘:::’:_‘:“::"‘:'l_z z
Configuration to select e e 1€ i G Enine Gene S
+ SEA- use "Ef New_ contigutien £0 LosdLeveles (ot Gene]
- IEM Paraliel Errviteament
IBM Platform LSF e
* Target System Open MP]- Gerre - Intersctne
configurations can be
generic or can be specific -
to a particular system U800 Brch
+ Use the specific oSl 7 | g st g ancher 5

configuration if available,
or the generic

)

Clese.

configuration that most
closely matches your
system
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Configure the Connection

+ Choose a connection to
use to communicate with
the target system

+ If no connection has been
configured, click on the
New button to create a
new one

+ Fill in connection information,
then click ok

+ The new connection
should appear in the
dropdown list

+ SEA: Select the
connection you already
have to
yellowstone.ucar.edu

Running an Application

Create, manags, and run configurations

"5 o |

@ [application]: Apphcation program not specford w
Xe®- Bame: shalow
typef 3 Revowmces . 0] Application | 0 Arguments T Emviromment Synckeonize| T Common

[E] C/C+= Application
[ Fartran Local Apglicati
¥ Launch Geoup

a [ Paraliel Appheaticn

I Mew_configuration

Target Syvtemn Configuration: | BM Platform LSF -

comi ==
Job Submission

Show Only Checked hems
Descrptan Value
¥ Core File Limit:

¥ CPU Tieme Limit:
Ll
v

Dats Limit:
Dispatch A =

Using Pacallel Applicatisn Launcher - 3¢ Aeske
Fater matched § of § e tng bt A : = B
7 Close
Run-4

Resources Tab

+ The content of the
Resources tab will vary
depending on the target
system configuration
selected

+ This example shows the
IBM Platform LSF
configuration

+ For the SEA workshop,
we will indicate the
settings that need to be
set on the next slide

Running an Application

[ Apphcation 9 Liguments T Emveonement | Symchionze T Common
e em Configuration: IBM Platfoom LSF -

Connection name: | yellowstone.ucar.ed | [Mew—

¥ Dont Berun on System Fadure false

4 Cempletien Netdieatan: false

¥ Disgatch Notification false

) Humber of Procesion: 5 r
¥ Onher Options

7] Pass User Limas e

¥ Proess Limit

) Project Name:

¥ Job Queue

) Aute Requese Exit Codes
) Rerun on Syvtem Faiure: [
) Reservation ID:

) Rescurce Regirements:
¥ Estimated Runbme

P Bt L e

g8

Using Pacaliel Application Launcher - 5z Apph Fyert
Cia] =
e =)
Run-5




LSF Settings for SEA Tutorial

Exclusive Execution false

Job is Resizable false

Don’t Rerun on system failure True

Completion_Notification false

Dispatch_Notification false

Number of Processors 5

Pass User Limits True Pull down menu

Project Name SCSG004

Job Queue tutorial 4 /

Rerun on System Failure false /

Estimated Runtime 30 /

Runtime Limit: 30 /

STDERR Path (Append >/gIade/u/home/jalameda/sha/ow—
Your project directory BEEESZENESCIY

STDOUT Path (Append) ’/gIade/u/home/jalameda/s?éllow—

03apr2013-test/
MPI Command mpirun.Isf v

Viewing the Job Script

+ Some target Account: Account to which to charge this job.
configurations will Quewe shared +| Designation of the quewe to which to submit the job.
provide a View Script Pt otz pon-s R ot e e 1 Pt e saved T e
button [usage hint] number_nodes:ppn=N

+ Click On thiS tO VieW the Total Memory Needed: Maximum amount of memaory used by all concurrent
job script that will be Wallclock Time 00:30-00 Maximuem amount of real time during which the job
submitted to the ]Ob MPI Command: engiey= + 1 Which mal eammand 1 use.
scheduler R 8.0 Seript with

= ——H Fipt with euer

+ Batch scheduler Serp i coment s
configurations should Export Emironment: S g
also provide a means of 78S N otp_job
. . . View Script Viev #PBS -l modes=1ppn=5
importing a batch script P15 - yalline=00.35.00

MPI_ARGS="-np 5°
[ “-np" == “${MP_ARCS" | ; then
MPI_ARGS =

L]
€d Joasis/scratchitrestles/ SUSER/SPES_JIOBID
€p [home [tibbitts shaliow/ shallow .
baserame [hame bk /shallow/ shallow

un
W [ =n “S{COMMANDY" | ; then
COMMAND ="$[COMMAND| §{MPI_ARGS) -hosthie SIPES_NODEFILE]  SIMYSCREXE) ~

else
COMMAND ="S[MYSCREXE] *

S{COMMAND]
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0

K_XeX,

+ Select the Application
tab
Choose the
Application program
by clicking the Browse
button and locating the
executable on the
remote machine

+ Use the same

“shallow” executable

Select Display output
from all processes in
a console view

+ X e
[E1E/C++ Application
[ Fartran Local Appiicath
Java Applet
Java Application
B Launeh Croup

B3 Paratiel Appbeation

[hshatiow

Filtes matched 7 of 7 iems.

7

Running an Application

Application Tab

Run Configurations

Create, manage, and run configurations

Creane a configuration to launch a paraliel application

Name: | shallow

I il:ewum Application Y+ Arguments | P Envircement
Peoject

Synchreaize | [T Common
shallow Browse:
Application progran
home tibkerts/ shallow shallow Browse

Copy executable from local Alesystem
Path 1o local executable:
e e o s e e
Using Paraliel Application Launcher - Select other,
Clase | Run
Run-8

Arguments Tab (Optional)

8nn

+ The Arguments tab lets
you supply command-line
arguments to the
application

+ You can also change the
default working directory
when the application
executes

OEED

[E1C/C++ Application
[¥]Fortran Local Applicatio:
Jarva Apghet
Jaa Apgiication
- Launch Group

¥ - Parallel Application

Filter manched 7 of 7 inems

i

Running an Application

Run Configurations

Create, manage, and run configurations
Create a confguration 1o launch  parallel apelication

15 Resources _I)oarm.m.mmm Syncheonize | [] Comman
Program aegurents

Working directory

Name: shabow

o Use default werking directory

Diectary cowie

Using Paraliel Application Liuncher - Seiect other,

Clase [

Run-9




Environment Tab (Optional)

+ The Environment tab
lets you set environment
variables that are passed
to the job submission
command

This is independent of the
Environment Management
(module/softenv) support
described in a separate
module

Running an Application

ann
Create, manage, and run configurations

Create a configuration 1o Liunch 2 parabiel application

Run Configurations.

CCES

ware: | shallow
E Ruacmrons [ ] Apghiation »,“,,w..... £ Common
[E1C/Co+ Application Environement varables 1o set
[V Fartran Local Applicatis ‘Varuble Value
Java Appiet b
Jva Apglication et
B Launch Grows
¥ |3 Paraliel Applicason
Lasncher - Salect pther.
Filter manched 7 of 7 ema.
7 [ [
Run-10

Synchronize Tab (Optional)

The Synchronize tab lets
you specify
upload/download rules
that are execute prior to,
and after the job
execution

Click on the New
upload/download rule
buttons to define rules
The rule defines which file
will be
uploaded/downloaded and
where it will be put

Can be used in
conjunction with program
arguments to supply input
data to the application

Running an Application

(g0 Run Configurations

Create, manage, and run configurations
Add symehronization rules o upload Mles Before the Liunch of 1o ownlosd Nles alter the application termnstes,

Name:  shallow-torgee
T Famourcas [ B) Appicasion (o0 Agmesrs uwm:mm
Synchronize rules:

Upload udes are executed before application starts. Download rules are execused after application finishe:

G4+ Application
lipse Application
[ Foetran Local Application
BT Java Appier
[T Jwva Apglicanion -
Ju e
7 Mt Piug-in Test
B Launch Croup
4 05CI Framewerk
¥ §-5 Paraitel Agplication

Uplsad Ruse

Peite 1oty Toe remote dioeciony dnd 4 bt of Bles 151 58t e upkoaded

o e drmcnory froes ek cosburaion.
(TR

Seected P
Ugload rules enabled e
New wpioad bt 1
Sarncnry
Workapscr
Using Farallel Application Laun Reme 4

Filter matched 11 of 11 imems

Detians for o1 seiected els)
LR
Do bac i chargrd

[——
Forserr e tt-tn
¥ bl lonady awis | Owerwrn

7 Cancel

Run-11




Common Tab (Optional)

ann Run Configurations
Create, manage, and run configurations

available for most launNch | crsesceguesion s s s paraier sosncstion

The Common tab is

lable f W
configuration types (not -
just Parallel Application) Sl 2 CT BT -
voe Hiter tex [5 Rescurces | ) Applicatiom (= Arguments | B Enviranment | Synchy @
Allows the launch EICICe + Asptication e
configuration to be e e caton ||| @1l e
exported to an external Bhanan oA e
file T it Disphay in favorites mesu Ercoding
Juj Piri Pl -ie Test @ proie =) Eeault - inberited (MacRoman)
Can add the launch B aunch G % oeug ot
A ; # O5GI Framework i Ruan
configuration to the ¥ | puraiel Acgication

favorites menu, which is
available on the main 2 Alocaes comsole necessary forinpud
Eclipse toolbar e

Standard Input and Output

Using Paraliel Application Launcher - Siect other..,
Filter matehed 11 of 11 iterss

Select Run to launch

the job | 2 Close (IL: :

Running an Application Run-12

Run

+ Select Run to launch the job

+ You may be asked to switch to the System
Monitoring Perspective

a Confirm Actigns
This launch type allows monstoring of system and job informasion. Do you want to
configure and stan monitoring will switch to System Monitoring perspective if
Pecessaryl? |

[ Remember my decision

+ Select Remember my decision so you
won’ t be asked again

+ Select Yes to switch and launch the job

Building and Running Run-13




System Monitoring Perspective

ann System Monitaring - Eclipse - [Users/beth/ews /test] e
- [ 0- 0 Qriczic ot = =]

System view

H @

J 25 | ic/ces Byovs Reposiory Exploriag 515 System Manitoring | BB Parallel Debug

£ Monitors 1T - |« =0

Jobs running Sats Connection Name System Type
on System 17 restles.sdsc.edu TORQUE Resource Manager

st SyStem: tresties-loging. sdsc.edu £

e L T o
W oss3. 54500 2012

B 10553, jmondal normal | 64800 2012.. 201
B 10553, jpmondal normal | G4BO0 2012 201
10553, jmondal nonmal | 64800 2012.. 201

Active jobs ——5

Inactive jobs

I= Inactive Jobs 1T T=n
MED  owner queve  wal Queved: diaparc totak
[J 1036 ebbins shared 1800 201. 201 5
O 1036, subins shared 7o 7 7
O tos... eivbits shared ror T 7
Messages
\ Messages ) Comiole 32 b RemoteEnvi = O
x| . GBSt D
<3erminateds shallow [Parallel Applicatioe] Runtime process 1

—_—
Console

Running an Application Run-14

Moving views

+ The System Monitoring Perspective overlaps
the Active Jobs and Inactive Jobs views
+ To split them apart and see both at once,

drag the tab for the Inactive Jobs view to
the lower half of its area, and let go of mouse

= Active Jobs ! ] 1= Active Jobs 1 o
step  owner o0 Tqueve dispat totales status SED  owner queue  wall Quewt APt 1OGICE SSatus

O 510.. Bev... noe... .. 0. 7 16 SUBMITTED W 509, k. eigh 172 20.. 20 24 RUNNING
B 510.. Bev... nor.. PO 16 SUBMITTED H 509, wb e 172, 20 20 24 RUNMING
0 510 Bev.. ner 20 ? 16 SUBMITTED @ 509. rdel nor.. 172.. 20.. 20. 4 RUNNING
O 510.. Bev... nee 20 T 16 SUBMITTED W 509 réel. nor.. 172 0. 20 4 RUNNING
O 510 Bev.. nee 0 ? 16 SUBMITTID
O $10... Bev... nor. 0. ! 16 SUBMITTED
B-vv—sov—nar: <0 : AT 12 Inactive Jobs £ vepn
8 o om0 7 16w e e
O 510 Bev.. nor.. 129. M0 7 16 SUBMITTED O 510, B nee. 129 20 T 16 SUBMITTED
O 510 Bev. noe. 129 20. 7 16 SUBMITTED O 510 Bev... nor.. (129, 20.. 7 16 SUBMITTED
O 510.. Bev.. noe.. 129.. 20.. 7 16 SUBMITTED B 510 {8e. |noe... |19 120 | 2 IO ANRATTED
O 510 Bev.. ner.. 129.. 20.. 7 16 SUBMITTED E ::g E o = ::: = :: 2 :: Q:g:g
1 510... Bev.. nee.. 129.. 20 L 16 SUBMITTED AT T - o remp———
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System Monitoring
e b el 0nlSe el Flownlo ol s bl e | 21 ity T
System view, with ] _ o elRe= = -
abstraction of system = P I
configuration s — o
PE T TITT IR i
Hold mouse button o mmimn s
downonajobin ——>§2 ST in B s i
Active Jobs view to  ®@ ZEIT DR GE
see where it is . LT
running in System gis murann o B
view fEEzEs Ak
Hover over node in =72 | [&¢
System view tosee ... 7 =
job running on node AR
in Active Jobs view gl
' LA D4 Do Plorge.inoin. adel: (300 -
Pull down to filter s I]
jobs, or select your (V] Siom oniy g s ] One node with
own I 16 cores
Filters...
Running an Application Run-16

o e 0 G |

@ Resource Masagers B = O[5 sysem: forge.nesa llingis.edu B

() PRS-Caneric-Barch LMLJAXE)
7 SUBMITTED
7 SUBMITTED IR

Job initially appears in
Inactive Jobs view
Moves to the Active Jobs
view when execution

begings !
Returns to Inactive Jobs
view on completion I scovesobs [ 12 macave s 23 =) ¥ -
ep RSl Queue wall queueds dispr 4 10alCORe: SEAUS
Status refreshes s et aim e mh oo O L 3 Sinsarrin !
O 3736.fsched tbbitts debug 1 ? \' -‘“I‘{e‘\v::"o]:)h

automatically every 60 sec
Can force refresh with menu

O Cancel Job
Hold Job

D Release Job
Suspend Job

£ Get Job Error

£ Get Job Output

o Refresh Job Status
X Remaove Job Entry

Running an Application Run-17




Controlling Jobs

B Active Jobs 1

+ Right click on a job to open o ownar aues

W 495 raipt nomal 17

B 500 rarjt eight 43

context menu _/E_ﬁ___ﬂg_;nm_
3
+ Actions will be enabled IFF 300 it ot |53 ©F :

. B 500 it eght 82
+ The job belongs to you B 501 mkb72 nomal 13

B 501 rekb72 nemmal 11

4+ The action is available on the I N
target system £ Refresh Job Status
+ The job is in the correct state for femes b
the action = Inactive Jobs 52
swp  owner queve | wall guewec apac totals st
= =
. - L. rarift eight Y
+ When jOb haS COMPLETED, |t g 501 r:r-j‘ :-:m 75200 201 t & SUBMITTED
. .. N SOL.. rarijt eight 75200 201 7 6 SUBMITTED
O sz lor al 86400 201 7 & SUBMITTED
will remain in the Inactive Bim o mmmmom 7 cam
i 500 £000 20 ? £4 SUBMITTED
JObS view 0 sos :::: zx :m zu: ] (] st::m:u
O 503.. bowu mormad 28800 201 7 4 SUBMITTED
O 504 albers eight 172 201 7 24 SUBMITTED
O 504 albermo eight | 172.. 201 7 24 SUBMITTED
O 504. inca moemal 300 20L.. 7 4 SUBMITTED
O 5oL gw T ? 7 COMPLETED

Running an Application

Run-18

=l
4+ After status Changes to step cwner  gueve | wall ouevedate dipans totak status
3626 fachmed gopal Sebug 600 2011-1. L T SUBMITTED
1 2T fched  gopal debug 600 2010-1.. 7 T SUBMITTED
COMPLETED1 the OUtPUt IS 3769 fsched alberto mormal 43 2011-1. ? 18 SUBMITTED
H 3774 feched dssuth mormal 14, 2011-1 ? 12 SUBMITTED
aval | ab| e 172 Mached  tibbitts ? ? COMPLITIO
3773 fached tibbitts debug L ? 7 COMPLETED

+ Right-click on the job

3777 fuched | >
A78Mfsched  tibbitts  debug

EEl ne Job
+ Select Get Job Output to display e s ©
output sent to standard output (O console 33) [T properties | . Probiems | ) Tasks
. _job.o377T
+ Select Get Job Error to retrieve fene
Potentiol energy 6.585 Kinetic Emery
output sent to standard error - - > & Get Job Error
. . " N b tput
+ SEA: output/error will be in Orcle msber 950 Nadel time in doys 0. ol AATLlellld
. v Potentiol energy 76468 Kinetic Emery o
project directory, force Total Energy 48385.996 Pot, Emstropl [ Refresh Job Status
synchronization to see Cycle nusber 1008  Model bime in days % Remove Job Entry
Potenticl energy 21561.933 K Energy
Total Energy 42009 ot. Enstrophy

+ Output/Error info shows in
Console View

+ Jobs can be removed by
selecting Remove Job Entry

Running an Application

“omayina T
1.805456e-27 mvE

Run-19

10



Add a Monitor

+ You can monitor other systems too
+ In Monitors view, select the ‘+’ button to

add a monitor % weniers 1 sle(®: =0
Status Connection Name System Type
Z

tresties.sdsc.edu TORQUE Resource Manager

+ Choose monitor type and connection;
create a new connection if necessary

I Add Monitoe DOUbIe CIiCk
o new monitor
to start
I
Running an Application Run-20
Exercise i

Start with your ‘shallow’ project

Create a run configuration

Complete the Resources tab

Select the executable in the Application tab
Submit the job

Check the job is visible in the Inactive Jobs view,
moves to the Active Jobs view when it starts running
(although it may be too quick to show up there), then
moves back to the Inactive Jobs view when completed
7. View the job output

8. Remove the job from the Inactive Jobs view

o0 A wNRE

Running an Application Run-21
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Fortran

+ Objectives

+ Learn how to create and convert Fortran projects

+ Learn to use Fortran-specific editing features

+ Learn about Fortran-specific properties/preferences
+ Contents

+ Fortran projects

+ Using the Fortran editor

+ Fortran project properties and workbench preferences
+ Prerequisites

+ Basics (for exercises)

Fortran Projects Fortran-0

MY W

_y PHO-TRAN

VIETINNAMESE PE@
RESTAURANT

TAKE OUT 365-0051

A= Iph Johnson s research group at UIUC used to meet at Pho—TIan
*"&, :.-.




'\'\‘\}"l A

PHO'I'RAN

IDE for Fortran _
TAKE OUT 365-0051

Configuring Fortran Projects

Fortran Projects Fortran-3




Project Properties

+ Right-click Project + Project properties are settings
+ Select Properties... that can be changed for each
[} Project 23 0 8 Remote Systems p roj ect
Vi >shallol (Gev.eclpse.org + Contrast with
> Beoorc 1 workspace preferences,
P \ S— which are the same
Resource Eos regardless of what
= = : project is being edited
T Ty v + e.g., editor colors
N s p— + Set in Window»
ST I . Preferences
(on Mac, Eclipsep»
Preferences)
+ Careful! Dialog is
2 Conw ) G very similar
Fortran Projects Fortran-4

Converting to a Fortran Project

+ Are there categories labeled Fortran General
and Fortran Build in the project properties?

8o props

Type Piter text Resource

Pazh
Type:
Location

No Fortran categories ———» "¢

Pro

LN Do this
once

»
Service Configurations

+ If not, the project is not a Fortran Project
+ Switch to the Fortran Perspective

+ In the Fortran Projects view, right-click on the
project, and click Convert to Fortran Project

+ Don’ t worry; it’ s still a C/C++ project, too ¥ =5 >shallow

+ Every Fortran project is also a C/C++ Project

Fortran Projects Fortran-5




Project Location

+ How to tell where a project

resides?
.00 P ies for shall

Resource =1

+ In the project proper’[i?,@ — e

dialog, select the »C/C++ Bulld

Type, f
Resource category P cenen = [Users beth ews test1027-5¢11-toiorsh

Discovery Options

Ervironment Text file encoding

Paths and Symbaols ®) Inherited from i R

Project References ~

Run/Debug Settings () Other: MacRomar

Service Configurations . - -

Settings ] Store the encoding of derived resources separately
» Task Repository New text file line delimiter

Task Tags

Tool Chain Editor ®) Inherited from container
FValidation ~

Variables ST

WikiText

+ . =}
) ‘s ~
-\2'. Cancel ) 0
Fortran Projects Fortran-6

Error Parsers

+ Are compiler errors not appearing in the @
Problems view? bo s

+ Make sure the correct error parser is enabled

+ In the project properties, navigate to
C++ Build » Settings or Fortran Build »Settings

+ Switch to the Error Parsers tab
+ Check the error parser(s) for your compiler(s)

by parsers RGP

v /CDT CNU Make Error Parser 6.0 (Deprecated)

v = Photran Error Parser for GNU Fortran (gfortran)
v = CDT GNU C/C++ Error Parser

¥ = CDT GNU Linker Error Parser

¥ = CDT GNU Assembler Error Parser

v/ = Photran Error Parser for Absoft Fortran

v <= Photran Error Parser for Intel Fortran 8.1

v = Photran Error Parser for Lahey/Fujitsu Fortran 7.1

Fortran Projects ’ Fortran-7




Fortran Source Form Settings

4+ Fortran files are either free form or fixed form;
some Fortran files are preprocessed (#define, #ifdef, etc.)

+ Source form determined by filename extension
+ Defaults are similar to most Fortran compilers:

Fixed form: .f Lfix for fpp ftn f77
Free form: .fos .fo3 .fos .foo < unpreprocessed
.FO8 .FO3 .F95 .F90 < preprocessed

+ Many features will not work if filename extensions

are associated with the wrong source form
(outline view, content assist, search, refactorings, etc.)

Fortran Projects Fortran-8

Fortran Source Form Settings @

Do this
once
R - NaNs! . Properties for shallow
4+ In the project e fiter o e Sr v
properties, select Py e
Fortran General» CICes bubd Fie Name/Extension Source Form
ovs “F Fixed Form = INCLUDE lines ignored

Source Form

¥ Fortran Build ~.FO3 Free Form - C Preprocessed
¥ Fortran General

Analysis /Refactaring *FO8 Free Form - C Preprocessed

+ SeleCt source fO rm -’m “F77 Fixed Form - INCLUDE lines ignored -
fo r eac h fl | ename Project References ~F90 Free Farm - C Preprocessed -
extens | on 5:;‘;’31::0 Settings “F95 Free Form - C Preprocessed -

» Validation - Fixed Form - INCLUDE lines ignored A
~FoR Fixed Form - INCLUDE lines ignared -
4+ Click OK PP Fined Form - INCLUDE lines ignored -
~FTN Fixed Form - INCLUDE lines ignared -
“f Fixed Form - INCLUDE lines ignared -
~fo3 Free Form -
~f08 Free Farm -
77 Fixed Form - INCLUDE lines ignored ol
@ Cancel | oK J

Fortran Projects Fortran-9




Enabling Fortran Advanced Features

+ Some Fortran features are disabled by default @
+ Must be explicitly enabled Do this

+ In the project properties dialog,
select Fortran General » Analysis/Refactoring
+ Click Enable

) 800 . Properties for shallow
Analysis/ e flver 1o Analysis /Refactoring
Refactoring " Resource To enabe Open Declration, Find Al Referend
b C/C++ Build view, content assist, and refactoring in Fortran)
+ Close and re-open JCle e folwing box. A rogram dtabase (ndes)
. o5 a Fortran file is created or saved.
any Fortran ed Ito rs » r:,‘,,n Build l!ﬁ Enable Fortran analysis/refactoring
¥ Fortran General =1
- [ Enable Fortran Declaration view
+ Th IS turns on th e Paths and Srgrbuhs [ Enable Fortran content assist (Ctrl+Space)
“ ” Source Form -
P h Otran I n d exe r Project ;:f::;m:es © Enable Fortran Hover tips
+ Turn it off if it's slow @ g
Fortran Projects Fortran-10

1. Convert shallow to a Fortran project

2. Make sure errors from the GNU Fortran
compiler will be recognized

3. Make sure *.f90 files are treated as
“Free Form” which is unpreprocessed

4. Make sure search and refactoring will work in
Fortran

Fortran Projects Fortran-11




Advanced Editing

Code Templates

Fortran Projects Fortran-12

Code Templates

(C/C++ and Fortran)

+ Auto-complete common code patterns
+ For loops/do loops, if constructs, etc.
+ Also MPI code templates

+ Included with content assist proposals
(when Ctrl-Space is pressed)
+ E.g., after the last line in tstep.f90, type “sub” and
press Ctrl-Space
+ Press Enter to insert the template

Lh| decs.h L] init.c [A) *tstep.fo0 £2
1 2 3
end do
end subroutine

sub

Fortran Projectsio Fortran-13




Code Templates (2)

(C/C++ and Fortran)

+ After pressing enter to insert the code
template, completion fields are highlighted

\h| decs.h L] init.c [F) *tstep.fo0 53

29— subroutine Enma parameters)

1 end subroutine name

+ Press Tab to move between completion fields

+ Changing one instance of a field changes all
occurrences

Fortran Projects Fortran-14

Exercise i

+ Open tstep.f90 and retype the last loop nest
+ Use the code template to complete the do-loops

+ Use content assist to complete variable names

Fortran Projects Fortran-15




Custom Code Templates

(Fortran)

+ Customize code templates in Window »
Preferences » Fortran » Templates

800 Preferences
type filter text Templates LB
*Ceneral
* ARt Create, edit or remove templates:
BC/Ces Name Context  Description New...
¥ Dynamic Languages o allocate (.}  Fortran  Allocate statement (lower case)
¥Fortran ™ ALLOCATE(..) Fortran  Allocate statement (upper case) Edit.
COT Integration ™ call ... Fortran  Call statement (lower case) -
Editor o cALL ... Fortran  Call statement (upper case)
p o deallocate (..) Fortran  Deallocate statement (lower case) Remo
> Help ™ DEALLOCAT... Fortran  Deallocate statement (upper case]
¥ Install/Update ™ dowhile..e... Fortran  Do-while construct (lower case) e —
»Java ) DOWHILE...... Fortran  Do-while construct (upper case) SRSO S enovec
» Javascript ™ do..enddo  Fortran  Do-loop construct (lower case) —
» Parallel Tools ™ DO..END DO Fortran  Do-loop construct (upper case) Savact
»PHP ™ forall..end... Fortran  Forall construct (lower case)

¥ Plug-in Development
*Remote Systems
*Remote Tools
¥ Run/Debug

Service Configurations

Fortran
Fortran
Fortran
Fetean

Forall construct (upper case)
Function (lower case)
Function (upper case)
Wothan Fanthoiet o #3es)

Import...

Export

+ Can import/export templates to XML files

Fortran Projects
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Search & Refactoring

+ Objectives

+ Develop proficiency using Eclipse’s textual and
language-based search and navigation capabilities

+ Introduce common automated refactorings
+ Contents

+ Searching

+ Refactoring and Transformation
+ Prerequisites

+ Basics

+ Fortran

Advanced Features Advanced-0

Find/Replace within Editor

+ Simple Find within editor buffer
+ Ctrl-F (Mac: Command-F)

M 7 M Find/Replace

[ diag.c 82
Find: proear] -l
Replace with = float ptot,ketot,etot,enstot,ptime,pmean;
int  i.0.000m

G Aoope t4  ptot-.; ketot-9.; ctot-@.; enstot - 0.; pmsan - 0.;
® Forward @ A 5 for (j =8 §<ng e {

Py 4 for (i = 8; i «m ies)

O Backward () Selected lines pmean - pmean+p[il[il;

Options '_ )

(O Case sensitive ¥ Wrap search R - R (a"n);

O wholeword [ Incremental 1 for (3 =8 J<n jeed]

ip = (341} ¥ n;

] Regular expressions for (i = 8; i < m; iee){

ip = (i+1) % m;

; . ketok += p[31[i]%@.25* (w1 [ip]*wliI[ipd+wliI[i]"w[iI0i]
(E5Find =)  (_Replace/Find ) svlipd (v ipd (idev (G0 v (30105

) ) ptot 4= (p[j1[1i]-pmean)*(p[j]1[1i]-pmean);
(_Replace ) ((_ Replace ANl ) 8 etot += h[JI[i];
enstot += z[jpllip]*z(jpl[ip] * @.25%
Gose ) (L1034 (30 0ipdepLipd indeplind[11):
s J

Advanced Features Advanced-1




Mark Occurrences

(C/C++ Only)

+ Double-click on a variable in the CDT editor

+ All occurrences in the source file are
highlighted to make locating the variable
easier

+ Alt-shift-O to turn off (Mac: Alt-Cmd-0O)

C

float ptot, ketot,ctot,enstot,ptime,pmean;
int  i,j,ip, 0P

ptot=8.; ketot}®.; etot-0.; enstot = 0.; pmean = 9.;
for (j - @; j <n; je+) {
for (i =@; i <m; i++) {
pmean - pmean+p[j][i];

}
pmean = pmean/{m*n);
for (j = @; j < n; jed{
ip = (3+1) ¥ n;
for (i = @; 1 <m; i+4){
ip = (iel) ¥ m;
ketot +~ p[j][i]*8.25*Culj]Lip)*ul3][ipd+uli](i]*u3](i]
+v[3p][1]*v el [1+v[1[11*v[31[i10;

Advanced Features Advanced-2

Language-Based Searching

(C/C++ and Fortran)

+ “Knows” what things can Poject_Window b 4 E g, search for every call

be declared in each sl i to a function whose name
language (functions, = R starts with “get”
variables, classes, calice h b
-, * H -
modules, etc.) = | Search can be project- or
o mim] workspace-wide

J Fle Search| % C/Cax Seach | B Fortran Seach | 5 Java Search | %7 Plug-in Search |

Search string (" = any string, 7 = any character): [

7 File Search | 5 CiCe= Seaech | 5 Fortran Search [ juva Search | 57 Plugein Search

get* w 1] Case sensitive

Search patter:
Seasch For Limit Te agla
e - [ Regular ion

il Class / Struct ¥ Function Variable Declarations || Definstions | 7 g
W Union ] Method Eield ¥iReferences ] All Occurrences || T = over=ate =y el
[l 1 Search far Limit te
] Iypedef Mycro Ay Elernent : Common block [ Function. All occumences
W | | #subroutine Module Declarations

Scope | Variable Program & References

@ Werkspace Selecteg rescurces Enclesing pregects (

Working set [ chosse.. Scope
| @ Werkspace Selected rescurces Enclosing projects.
Working set Choose..
H @) [ Customige... Search Cancel
. — |
{ (7} | Customige. Search Cancel
e
Advanced Features Advanced-3




Find References

(C/C++ and Fortran)

+ Finds all of the places where a variable,
function, etc., is used
+ Right-click on an identifier in the editor

+ Click References»Workspace

or References»Project
References » Workspace (%G
Search Text » Project

Working Set...

Make Targets

+ Search view

shows matches P
L = N -
3
-4 -
= =
- . mmu &_cww_mﬂ_mﬁm
Advanced Features Advanced-4

+

Open Declaration

(C/C++ and Fortran)

Jumps to the declaration of [ munec@
a variable, function, etc., 134 o _ o

g va? . . 135 initialise(p, v, v, psi, pold, wold, vold, di, dj, z);
even if it's in a different 136 dieg(l, 8., By Uy Vi By 2

file 138 for (i = 1; i < proc.cnt
139 for (G i

- Sp_star

Left-click to select identifier | . NPTComLIng
. . . . 144 acopy_two_to_eney/ Open Type Hierarchy F4
Right-click on identifier 1 WI_senichu.stof  Open Call Hierarchy ~H

Click Open Declaration Goes to its declaration

in copy.c
C/C++ only:

Can also Ctrl-click
(Mac: Cmd-click) on an

ld main.c | Lc] copye 83 0

beopy(srcfcolumn], dest[column], sizeof(src[column]));

identifier to “hyperlink" to acopy_two_to_one} twodim, onedim, column)
its declaration 63 float  twodimn](n];

64 float  onedim[m];

65 int column;

Advanced Features Advanced-5




Search — Try It!

1. Find every call to MPI_Recv in Shallow.

2. In worker.c, on line 42, there is a declaration
float p[n][m].

a) What is m (local? global? function parameter?)

b) Where is m defined?
¢) How many times is m used in the project?

3. Find every C function in Shallow whose name
contains the word time

Advanced-6

Advanced Features

Refactoring and Transformation

Advanced-7

Advanced Features




Refactoring

(making changes to source code that don’t affect the behavior of the program)

+ Refactoring is the research
motivation for Photran @ lllinois

ik

Rename...

Extract Ie . + lllinois is a leader in refactoring research
Extract Lot 3 ol p o, . .
\PLICIT NONE-- + “Refactoring” was coined in our group
Jntroduce | (Opdyke & Johnson, 1990)
Variable..- ) . .
Encapsulate ¥ + We had the first dissertation...

i blic..-
jvate EntitY Pu 5 e
::;eozr:CIause to USE Srateme

¥ List . + ..and built the first refactoring tool...
Mi jmize ONL [ nsistenl-
ini \ranabhﬂ 5 Dﬂ]o(i i (Roberts, Brant, & Johnson, 1997)
MMON OMMON B )
e ﬁw yariables wl + ..and first supported the C preprocessor
Move o8 {Un(hetkgdi.-- <o (Garrido, 2005)

Ao - + Photran’s agenda: refactorings for HPC,
Un:,?;:ﬁ;oh operdt® language evolution, refactoring framework
{oebuggif“i’ .
+ Photran 7.0: 31 refactorings
Advanced Features Advanced-8

Refactoring Caveats

+ Photran can only refactor free form code that
IS not preprocessed
+ Determined by Source Form settings

(recall from earlier that these are configured in
Project Properties: Fortran General»Source Form)

8 Free Form, Preprocessed: .FO8 .FO3 .F95 .F90
%

+ Refactor menu will be empty if
+ Refactoring not enabled in project properties

(recall from earlier that it is enabled in
Project Properties: Fortran General » Analysis/Refactoring)

4+ The file in the active editor is fixed form

+ The file in the active editor is preprocessed
Advanced Features Advanced-9




Rename Refactoring

(also available in Fortran)

+ Changes the name of a variable, function,
etc., including every use

(change is semantic, not textual, and can be workspace-wide)

+ Only proceeds if the new name will be legal
(aware of scoping rules, namespaces, etc.)

iﬁle Edit Source Mavigate Search Proje
- Shift+AIt+R |

Repame...
- '

Glv §lv

‘(5 Project Explorer
g E Extract Function...

In Java (Murphy-Hill et al., ICSE 2008):

Refactoring

Rename

Extract Local Variable
Move

Extract Method

Change Method Signatre
Inline

Advanced Euract Constant

i 16 Other Refactorings)

Uses

179,571

13,523
13,208
10,581
4,764
4,102
3363

10,924

*5 <o Extract Local Variable Shift+Alt+L
Extract Constant.. Alt+C

Shift+Alt+M

Percentage
TAB%

5.6%
5.5%
4.4%
2.0%
L7%
1.4%
4.5%

+ Switch to C/C++ Perspective
+ Open a source file

4+ In the editor, click on a
variable or function name

4+ Select menu item
Refactor» Rename

+Or use context menu

+ Enter new name
Advanced-10

Rename in File

4+ Position the caret
over an identifier.

+ Press Ctrl-1
(Command-1 on Mac).

4+ Enter a new name.

Changes are
propagated within

the file as you type.

Advanced Features

(C/C++ Only)

el worker.c £3

306 time_unload(prv,nxt, tu_my_id,:
int prv;

int nxt;

int tu_my_id;

int jstart;

int jend;

float dvdt[n][m];

Feighbo_ur_sena(nxt, tu_my,

neighbour_receive(prv, tu.

i

321 neighbour_send(ns_neighbour,n:
int ns_neighbour;
int ns_my_id;
int ns_rec_id;

Advanced-11




Extract Function Refactoring

(also available in Fortran - “Extract Procedure”)

+ Moves statements into a new function, replacing the
statements with a call to that function

+ Local variables are passed as arguments

Changes to be performed

e owan 4+ Select a sequence of
Original Source Refactored Source statements

"*: f_l(' ?-B_’_ 3 Jg{ for (3 =@ 3 < jesd { )

o s e for (L« 41 4 <ot (o> ¢ + Select menu item
! % : Refactor »
— Extract Function...

§ EILMECAN Tprint banmer(y; ]

Printf ablaber oF pofots. In the X direl / L o 4+ Enter new name
7 < Back Cancel k Finish |

Advanced Features

Advanced-12

Introduce ImpLICIT NONE Refactoring

+ Fortran does not require variable declarations
(by default, names starting with I-N are integer variables; others are reals)

+ This adds an IMPLICIT NONE statement and adds explicit
variable declarations for all implicitly declared variables

800 Introduce Implicit None

Changes to be performed LT E
™ ¥ & Introduce Implicit None

] 22 tstep.f90 - shallow

[F] tstep.fo0

Original Source
subroutine tstep(m,n,al
use, intrinsic :: IS0

Refactored Source
subroutine tstep(m,
use, intrinsic ::

amplicit none’ -
integer(kind=C_INT), integer i i
real(kind-C_FLOAT), v integer :: j°

integer(kind=C_INT),

< Back

Cancel

ok

Advanced Features

+ Introduce in a single file by
opening the file and selecting
Refactor»Coding Style»
Introduce IMPLICIT NONE...

+ Introduce in multiple files by
selecting them in the Fortran
Projects view, right-clicking on
the selection, and choosing
Refactor»Coding
Style» Introduce IMPLICIT
NONE...

Advanced-13




Loop Transformations

(Fortran only)

+ Interchange LOOPS CAUTION: No check for behavior preservation
+ Swaps the loop headers in a two-loop nest

+ Select the loop nest, click menu item Refactor» Do Loop »
Interchange Loops (Unchecked)...

L£00.. __Interchange Loops (WUnchecked)

Changes to be performed ErE Tl T
E & Interchange Loops (Unchecked)

1] A" tstep.f30 - shallow

) tstep.fo0

AL

Original Source

Refactored Source

doi=1,m

do j = jstart+l, jend+l

do ) = Jstart+l, jendsl

doi=1,m

prew(i,3) = pold(i,7) + tdt
unew(i,j) = uold(i,3) + tdt
wnew(i,j) = vold({i,j) + tdt

end do
end do

end do
end do

pnew(i,]) = pold(i,]) +
unew(i,j) = wold(i, i) +
vaew(i,j) = vold(i,j) + -

Old version traverses

matrices in row-major order
Advanced Features

New version traverses

in column-major order
(better cache performancepdvanced-14

Loop Transformations

(Fortran only)

+ Unroll Loop

+ Select a loop, click Refactor»Do Loop»Unroll Loop...

doi1 =1, 10
- * %= ] tstep.f90
print *, 10*i Original Source
end do ¥ Don't apply time Filter on First
if ( firststep == @ ) then
4o j = jstortel, jendel
doi=1,m
X pold(i,j) = p(i,j)+alpha*(pne
Unroll 4 wold(i, 1) = w(i,jd+alpho®{une
vold(i,3) = w(i,jdealpha®(vne
- end do
do i1 =1, 10, 4 end do
] end 1f

print *, 10*i

print *, 10*(i+1)

print *, 10*(i+2) | Gceets

print *, 10*(i+3) | %"
end do :.end subroutine

do j = jstartsl, jendel
doi1=1, 8
p{i, 1) = pen(i,j)

Advanced Features

Refactored Source
end do
end if

do j = jstartsl, jendsl
loopUpperbound = =
do i = 1, looplpperBound,4
pCi,3) = pnen(i,j)
w(i, 1) = unew(i, i)
w(i,3) = vnes(i,j)
p(i+1),3) = prew((i+1)
u((1+1),3) = unew((i+1)
w((i+1),3) = vnew((i+1)
PL(i+2),3) = prew((i+2)
u{(i+2),1) = unew((i+s2)
w((i+2),3) = vnew((i+2)
PL(+3),3) = prew((i+3)
u{(i+3),3) = unew((i+3)
w((i+3),3) = vnew((i+3)
end do
end do
end subroutine

Advanced-15




Refactoring & Transformation — i
Exercises

In tstep.f90...

1. Ininit.c, extract the printf statements at

the bottom of the file into a new function
called print_banner

2. In worker.c, change the spellings of
neighbour_send and neighbour_receive

to American English

3. In tstep.f90, make the (Fortran) tstep
subroutine IMPLICIT NONE

Advanced Features Advanced-16




NCSA/XSEDE Features

+ Objectives
+ Install NCSA’s GSI auth and XSEDE support plug-ins
+ Become familiar with the System menu
+ Contents
+ Capabilities
+ Installation
+ Prerequisites
+ (none)

Advanced Features: NCSA/XSEDE NCSA-0

Additional Plug-ins from NCSA

+ NCSA publishes additional plug-ins can be
added onto an existing PTP installation
+ Contribute a System menu to the menu bar
with XSEDE- and NCSA-specific commands
IEEZIN Run_ Window  Help

MyProxy Logon... 8L
Grid Proxy Information...

Open XSEDE User Portal
Select System (Currently Trestles)... {38XS

Open Trestles User Guide ¢®8XU
Open SSH Terminal on Trestles CBXT
Add Remote Environment for Trestles

Add System Monitor for Trestles

Advanced Features: NCSA/XSEDE NCSA-1




System Menu

ESCEN Run  Window Help + Open Web content in Eclipse:
MyProxy Logon...
Grid Proxy Information...

/ + Open XSEDE User Portal
Open XSEDE User Portal

Select System (Currently T:W + Open User Guide for a machine
Open Trestles User Guide

Open SSH Terminal on Trestlese_____ .
Add Remote Environment for Trestles + Open an SSH terminal

Add System Monitor for Trestles (as an Eclipse view)

Eclipse-integrated SSH terminals are provided
by the Remote System Explorer (RSE), one of
the features that is included in the Eclipse for
Parallel Application Developers package.

Advanced Features: NCSA/XSEDE NCSA-2

System Menu

[ECZN Run  Window Help + Shortcuts for common PTP tasks:
MyProxy Logon...
Grid Proxy Information...

+ Add Remote Environment adds a
Open XSEDE User Portal Remote Tools connection for a

particular machine
Select System (Currently Trestles)...

Open Trestles User Guide + Add System Monitor opens the
Open SSH Terminal on Trestles System Monitoring perspective and
Add Remote Environment for TV begins monitoring a particular

Add System Monitor for Trestle machine

Advanced Features: NCSA/XSEDE NCSA-3




System Menu

EEZEN Run Window  Help

MyProxy Logon...
Grid Proxy Information...

Open XSEDE User Portal
Select System (Currently Trestles)...

Open Trestles User Guide

Open SSH Terminal on Trestles

Add Remote Environment for Trestles
Add System Monitor for Trestles

Advanced Features: NCSA/XSEDE

+ The plug-in is preconfigured with

information about XSEDE and
NCSA resources

4+ The bottom four commands

generally prompt for a system

+ Select System can be used to

eliminate this prompt, so these
commands always act on a
particular system

NCSA-4

MyProxy Logon

IEEE Run  Window Help
p—

MyProxy Logon...
Grid Proxy Information...

(. NN ] MyProxy Logon

Credential Management Service

MyProxy Server: | myproxy.teragrid.org -

Username: username
Passphrase: ssssssss

Show Advanced Options

Advanced Features: NCSA/XSEDE

+ MyProxy Logon allows you
to authenticate with a
MyProxy server

+ Often myproxy.teragrid.org

+ It stores a “credential,” which

is usually valid for 12 hours

+ During these 12 hours, SSH
connections to XSEDE
resources will not require a
password; they can use the
stored credential

+ However, you must enter the
correct username for that
machine!

NCSA-5




Installation

=

. Click Help = Install New Software

2. Click Add to open the Add Repository dialog
3. In the Location field, enter
http://forecaster.ncsa.uiuc.edu/updates/juno

and then click OK to close the Add dialog.

= Or, if you copied ncsa-update-size.zip from a USB
drive, click Archive, select that file, and click OK.

4. Select the following:
+ GSI Authentication and MyProxy Logon Support
+ NCSA and XSEDE System Support

5. Click Next and complete the installation

Advanced Features: NCSA/XSEDE NCSA-6




Configuring SSH Tunnel

SSH Tunnel Tunnel-0

Configure the 2
Synchronized Project -
SSH tunnel (1)

+ If your machine access requires ssh access through a
frontend/intermediate node, set up an ssh tunnel before configuring

the project - from command line or e.g. Windows PuTTY, e.g.
ssh -L <port>:<target-host> <userid>@<frontend-host>
(For details see http://wiki.eclipse.org/PTP/FAQ)

+ When you configure the connection for the project
+ Connection: New...

+ The connection will use
the port for the ssh tunnel
(details on next slide)

SSH Tunnel Tunnel-1




Configure connection to

+ In Target Environment Configuration
dialog, enter target name,
and host information

+ 1. Specify Target name

+ 2. If using a tunnel, select

remote host — SSH Tunnel (2)

Configene Remate Synchroniza tion

D A connection mus be salesed

Spachimnizas on Proviger | Gt

Rescne Proveder. | Remote Toon

’ |.§

Localhost and enter userid and

password for remote system
+ For direct access, just
select Remote Host, enter
hostname, userid,
password
+ 3. select the Advanced button
to specify the port
+ Select Finish

7 _irsermal 351 cham setasht

SSH Tunnel

Tar
N\
et
a8 »N based autheen
Fasgword

) Putiic oy

mmmmmmmmm ation

anon

tiseck: 4

Specify port for tunnel

Cancs!

Tunnel-2




Parallel Debugging

+ Objective
+ Learn the basics of debugging parallel programs

+ Contents
+ Launching a debug session
+ The Parallel Debug Perspective
+ Controlling sets of processes
+ Controlling individual processes
+ Parallel Breakpoints
+ Terminating processes

Parallel Debugging Debug-0

Debugging Setup

+ Debugging requires interactive access to the application
+ Can use any of the -Interactive target configurations

+ Torque-Generic-Interactive

+ PBS-Generic-Interactive

+ OpenMPI-Generic-Interactive

Parallel Debugging Debug-1




Create a Debug Configuration

+ A debug configuration is XaXs)
essentially the same asarun JEE- X r B R
configuration (like we used i 1 shallow
in the Running an
Application module)

+ Itis possible to re-use an
existing configuration and
add debug information

- i
[m]
u 648, 1 RUNNING
[/ 1056567... ccc.. sha.. 172.. 20.. 20.. 64 RUNNING
+ Use the drop_down neXt to 1056593... ccc... sha.. 172... 20.. 20.. 64 RUNNING
H B 1056603.. ccc.. sha. 172.. 20.. 20.. 64 RUNNING
the debug button (bug icon) [0 1056676.. wpbl sha... 604.. 20.. 20 16 RUNNING
H @ 1056717... wpbl nor.. 120.. 20.. 20.. 32 RUNNING
InStead Of run bUtton . 1056722... wpbl nor... 120... 20.. 20.. 32 RUNNING
W 1056740.. wpbl nor.. 120.. 20.. 20 32 RUNNING
+ Select Debug W 1056742.. webl nor.. 120.. 20.. 20.. 32 RUNNING
- - E 1056804... cipres sha... 864... 20... 20.. B RUNNING
Configurations... to open Bl 1056808, clong nor.. 864.. 20.. 20.. 128 RUNNING
- - . 1056813... nsc... nor.. 360... 20.. 20.. 128 RUNNING
the Debug Conflguratlons B 1056838 sul.. sha. 115.. 20.. 20.. 1 RUNNING
: W 1056835 sul. sha. 115.. 20.. 20 L RUNNING
dialog [@ 1056840.. sul.. sha.. 115.. 20.. 20.. 1 RUNNING
™ Messages 23 =] Console % Remote Environments
Parallel Debugging Debug-2

Create a New Configuration

[-NaNs)
. . C y n nd run configuration:
+ Select the existing © Mo iompeon s Fam e,
configuration
. 1 = b Kame:  New_configuration
+ Click on the new button to/ G oo Tor e
create a new configuration Bcrcs aoplicason Target System Confguration: (s8usics

[E]E€/C++ Postmortem Debugger
[E]eic++ Remote Application

(¥ |Fortran Local Application

Java Applet

Java Application

B Launch Group

Connection name: | trestles

Name Value
rallel Application
Job Name: Pt ob
- shallow
Remate Java Application Account:

Queue: sharec
Number of nodes: rp—
Total Memory Needed:
Wallclock Time: 00:30:C

Parallel Debugging Debug-3




Configure the Resources Tab

ano Debug Configurationm
Select the new © bt srmnert ot ot o

target system
configuration

Choose the queue
Make sure number of

nodes is correct

Make sure the - o e
mpirun command is . rem .
selected \ — P — T
Select the number of R — B 1
processes (in this > ; R e
case use 5)

2 agrcason e Argumens | §5 Cntgas 1§ Envosnemans Symchwenias| 5, Sourc| =) Comman

Tirtt Syvtom Contgimamon. | o0 101C To0irien torgus intesactas Spenmes

Conrmiion saree: | moatien —

Parallel Debugging Debug-4
Configure the Debug Tab
Select DEDUGYET  _ cu mumm i cmresen e st ey
tab S XS
Choose “gdb-mi” for .- T B e
the Debugger peereil=w
backend P
Click Browse and g e — ;
select “sdm “in your e —_
home directory P
Click Ok
Make sure the
debugger path is
correct
Click on Debug to s e e
launch the program @ = C))
Parallel Debugging Debug-5




Exercise i

1. Open the debug configuration dialog

Create a new configuration

3. Select the edu.sdsc.trestles.torque.interactive.openmpi
target configuration

4. Configure the Debug tab
+  Queue: shared
+ Number of nodes: 1:ppn=5

+ MPI Command: mpirun
+ MPI Number of Processes: 5

5. Launch the debugger

N

Parallel Debugging Debug-6

The Parallel Debug Perspective (1)

+ Parallel Debug 7% oL T
view shows job Breowoon 5 5 W[50 (00| &6 ]38 b 6 o o s 5 e o ]~
and processes i s — = :
being debugged —> rium s 0

W FT=0 raep
- oy

o

» @

+ Debug view shows
threads and call —
stack for individual
processes o

)]
4+ Source view Ml
shows a current ~% 7%
line marker for all
processes
[ ]
D Conrie 12 () memary (2 Probiems = = Q-r-=0

Dpan_Wgabe resn e ade delaatt ob0

Open gt o ==

Parallel Debugging Debug-7




The Parallel Debug Perspective (2)

Ann

+ Breakpoints view o "o s L i e
shows breakpoints &&= =g, 7" - = : .
that have been set P
(more on this later) [~

+ Variables view
shows the current /
values of variabley‘m =
for the currently

selected process in |,
the Debug view

+ Outline view (from

code
U(ﬂo—-nl‘«x 0 Memiry 2 Probiems " “8-r-=0
Parallel Debugging Debug-8
Stepping All Processes
AN Parallel Debug = c = Eclipse - [Users/greg/testis 2pa
+ Thebuttonsinthe o2 0" U % N LT e i e o

Parallel Debug View

Open_MPgabe ncsa.uiuc edu: defasit;
)

control groups of T -
processes et e

. > H - =" Fap

+ Click on the Step Over  Efshavow iharaiel Aoptcation rev
button " 1 Tres 1) Sespentes Lo

+ Observe that all process
icons change to green,

then back to yellow 8 mane &
R 8 Floet
+ Notice that the current ot
line marker has moved to = &
- 4 fl
the next source line “ o e
\ q o
48 float
49 float

L flost
1 float  di-tpi/(Float)s;
float  dj=tpis{Floatdn;

int i, j, chunk_size, nxt, prv;

int master_packet[4];
Flost  p_stort[n];
float  w_stort[m];
floet  w_stort[m];

Parallel Debugging Debug-9




Stepping An Individual Process

AN Parallel Debug - shallow/main.c - Eclipse - [Users), esting /works
+ The buttons in the i 21900 Q- |O-[iE |G ] 6- G G o & B
A B parallel Debug & » W[xa ALY ¥ [+ = 0|9 sreakpoi |5 Expressi |t var

Debug View are used o wmesesuiceds s 00 - root 16

to control an R @ Rarne

individual process, in\ g

this case process 0 oy > & 3o = =0 ron
+ Click the Step Over

button

4+ You will now see two
current line markers,

¥ | shallow [Faraliel Application]
¥ @ Process 0 (Suzpgad

- 3 11] (Suspended)
= I maind main c:51 403309

the first shows the I oo i rostatancsonier 3
position of process 0, b fem ogem
the second shows the 2 o
positions of processes = A ¢
1-3 0 foot WA
\ -{:: cum,-lL;J:
49 floot  dumsy2(n](=);
- 0 floot  tpi=-piepi;
- floot  di=tpi/(fleat)s;

floot  dj=tpi/(floatdn;
int i, j, chunk_size, axt, prv;

int master_packet[4]);
float  p_start[a];
float u_start[a];

Parallel Debugging Debug-10

Process Sets (1)

+ Traditional debuggers apply operations to a single
process

+ Parallel debugging operations apply to a single process
or to arbitrary collections of processes

+ A process set is a means of simultaneously referring to
one or more processes

Parallel Debugging Debug-11




Process Sets (2)

+ When a parallel debug session is first started, all
processes are placed in a set, called the Root set

+ Sets are always associated with a single job
+ A job can have any number of process sets
+ A set can contain from 1 to the number of processes in

ajob
Job 1 kb2

708/9 2N e 2 N

([2q @)@ | /ag 000

&5 Q/ L 2o %% %

20 / \

\\ Y %000

X 9q
Parallel Debugging Debug-12

Operations On Process Sets

+ Debug operations on the
Parallel Debug view

toolbar always apply to the Pl debus = BTG VVEE J el S8 et D
Open_MPi@abe.ncsa.uiuc.edu: default:job0 - Root [4)
current set: £3 job0 o r
+ Resume, suspend, stop,
step into, step over, step
return g B il ; s
) v I~ shallow [Parallel Agflication]
4+ The current process set is ¥ @ Process 0
¥ ;@ Threagdl] (Suspended)

listed next to job name
along with number of
processes in the set

+ The processes in process
set are visible in right hand
part of the view

Root set = all processes

Parallel Debugging Debug-13




Managing Process Sets

+ The remaining icons in the toolbar of the Parallel
Debug view allow you to create, modify, and delete
process sets, and to change the current process set

Create set Remove
\ 70m set
£8 Parallel Debug 2 > .| 5 G & 0= {1 HNeL< B
Open_MPi@abe.ncsa.uiuc.edu: default;job0 - Root [4] \ Change
Bobo R current set

%5 Debug £ T AR i ==pn Delete

v E?hallnw [Parallel Application] Set
¥ Process 0
¥ o Thread [1] (Suspended)
()

Parallel Debugging Debug-14

Creating A New Process Set

+ Select the processes 2 parallel Debug &2 BLE>> .06 0[RA| 0 - = a

Open_MPI@abe.ncsa.uiuc.edu: defaultjobd - Root [4]

. . . jobO
clicking and dragging,
in this case, the last —
three 3 Deby Plens ente the new sesrame. ;

4+ Click on the Create ::égallwumauelmn =
¥ @ Process 0 (Suspend
Set button v o Thread (1) !

i i 4 ancel | [0k
+ Enter a name for the Umalnlemal et -

set, in this case
workers, and click OK

You will see the view
change to display only

the selected processes
£ Parallel Debug R NN ® 0| (- 3| @0
Open_MPi@abe.ncsa.uiuc.edinggfault:job0 - workers [3]

£3 job0 1% % ¥»

+

Parallel Debugging Debug-15




Stepping Using New Process Set

ANnn Parallel Debug - shallow/main.c - Eclipse - [Users/greg/testing/worksp:

i -0 -Q- |O-]E]|B #0010 ¢ . T B

EB Parailel Debug E S LIS = (FF £ |45+ = O % preakpoi %1 Expressi |04 varia
2 Luiucedu: default job0 - workers [3]

With the workers set
active, click the Step
Over button

You will see only the
first current line Broun 2
marker move

Step a couple more
times

You should see two line [ ...=
markers, one for the float tgi-pisis
single master process,
and one for the 3
worker processes

:  shallow [Parallel Application]

Parallel Debugging Debug-16

Process Registration

+ Process set commands apply to groups of
processes

+ For finer control and more detailed
information, a process can be registered and
isolated in the Debug view

+ Registered processes, including their stack
traces and threads, appear in the Debug
view

+ Any number of processes can be registered,
and processes can be registered or
un-registered at any time

Parallel Debugging Debug-17




Process Registration (2)

+ By default, process O was
registered when the debug
session was launched

+ Registered processes are
surrounded by a box and
shown in the Debug view

+ The Debug view only shows
registered processes in the
current set

+ Since the “workers” set
doesn’t include process O, it
is no longer displayed in the
Debug view

Parallel Debugging

A0 Parallel Debug - shallow/main.c - Eclipt
C i [ 100 Qr |Or =B A
BB Parallel Debug B » W2 0 |/QUA |- |m-=0
Open_MPIgabe. nesa.ul.edu: defait job0 - Root [4]
£ jeb0 o rr e

& » = =~ =0

¥ i shaliow [Parallel Apgiication]
¥ 8 Process 0
¥ P Thread (1] (Suspended)

= 1 main) main.c:38 4032ca

ann Parallel Debug - € - Eclips:
|0 Q- OB YT T

U Parallel Debug £ L 1EX 0| F @ m-=0

Open_MPI@abe.nesa.uiuc.edu: defauhtjobd - workers [3)

£3joe0 Lk

Debug-18

Registering A Process

amnn Parallel Debug - shallow/main.c -
+ To register a process, @ % 0% Q- Oy ]S

double-click its process =~ To-sewer e 8. (G000 000 T8 S
icon in the Parallel ) '

Iggbugtvieewao?sglect a ; Wi Groups (sets) T

of processes > & arg

number of processes and : R =, $¥

click on the regiSter "tnuuclw-m-on|/ — = »ou

¥ @8 Process 3 (Suspended) - oy

button Individual > @ pi

¥ @ Thread [1] (Suspended)

= 1 main{) main.c67 403335

processes

+ To un-register a process, B alce | [@ manc 8 B, wustglobal bp.c

double-click on the
process icon or select a
number of processes and
click on the unregister
button

»

Parallel Debugging

float  pold_stert[m];
float wold_start(m];
float wvold_start[m];
int proc_cnt;

int tid;

MPI_Datatype * res_type;

MPI_Init(8arge, Bargv);
MPI_Comm_size(MPI_COMM_WORLD, &proc_cnt);//hello
MPI_Come_ronk(MPI_COMM_WORLD, &tid);

fprintf(stdout, “my rank is %d'\n", tid);

if ¢ cont < 2 )
\{ proc_cnt < 5-19

10



Current Line Marker

+ The current line marker is used to show the
current location of suspended processes

+ In traditional programs, there is a single
current line marker (the exception to this is
multi-threaded programs)

+ In parallel programs, there is a current line
marker for every process

+ The PTP debugger shows one current line
marker for every group of processes at the
same location

Parallel Debugging Debug-20

+ The highlight color depends on tnt 150
the processes suspended at
that line: S

+ Blue: All registered process(es) ~

+ Orange: All unregistered
process(es)

4+ Green: Registered or unregistered
process with no source line (e.g.
suspended in a library routine)

. Bargvd;
MPI_COMM_RORLD, Bproc_cnt);
Comm_rank(MPI_COMM_RORLD, &rid);

if { procent < 2 )

ve ot least 2 processes, not ¥dn®, proc.entd;

% Multiple processes marker
+ The marker depends on the

type of process stopped at that |» Registered process marker
location

® Un-registered process marker
+ Hover over marker for more

details about the processes % |[Multiple markers at this line
suspend at that location -Suspended on unregistered process: 2
-Suspended on registered process: 1

Parallel Debugging Debug-21




Exercise i

1. From the initial debugger session, step all processes
until the current line is just after MPI_Init (line 68)

2. Create a process set called “workers” containing
processes 1-4

3. Step the “worker” processes twice, observe two line
markers

4. Hover over markers to see properties
Switch to the “root” set

6. Step only process O twice so that all processes are now
at line 71 (hint — use the debug view)

b

Parallel Debugging Debug-22

Breakpoints

+ Apply only to processes in the particular set that is
active in the Parallel Debug view when the breakpoint
is created

+ Breakpoints are colored depending on the active
process set and the set the breakpoint applies to:
+ Green indicates the breakpoint set is the same
as the active set.
+ Blue indicates some processes in the breakpoint set are
also in the active set (i.e. the process sets overlap)
+ Yellow indicates the breakpoint set is different from the
active set (i.e. the process sets are disjoint)
+ When the job completes, the breakpoints are
automatically removed )
. else{
F) print:
P MPI_Final

Parallel Debugging Debug-23
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Creating A Breakpoint

+ Select the process set that

the breakpoint should apply .« . srooas o b e
to, in this case, the workers @muwcess & @ 0 (o0 &0 00§ 60070 % base & b |6
set B e =

+ Double-click on the left edge m
of an editor window, at the 2 ks 1t — 2T BT
line on which you want to set = “#mpseees o
the breakpoint, or right click R

and use the Parallel

Breakpoint»Toggle imagtd )

Breakpoint context menu e
+ The breakpoint is displayed U Coroccemt <2

Fprintfistderr, "must have
L2 %

on the marker bar \

" i € (n % (proc_ent = 133 1= 8 3]

BFC bid — 8 )
Terintf{stderr, *(rusber of processes - 1) mest be o multiple of %", nd;

W1 Finalize);
returs 1;

}

Parallel Debugging Debug-24

Hitting the Breakpoint

i [-Yalal Paraliel Debug - shallow/main.c - Eclipse - [Users/greg/testing/w
+ Switch back to the Root set £3- T P T e — =

by clicking on the Change BE paraitel Debug 1 o CICENS to}e = 0% breskpol |81 Exponsst ¢

_Open MAgabe.n u: defauitjobd - Root [4]

Set button B S M
+ Click on the Resume button B S——T

- - Debug > - 2. 0 4 Fep

in the Parallel Debug view  [Tierofas e

¥ 8 Thy "w..mnam [ —— " % e

+ In this example, the three

hread (3] (Suspended)

worker processes have hit the 1P Tress 2] Suspendes

breakpoint, as indicated by / Nf;“::i‘t:"“"”"
the yellow process icons and o iotttotdere, "must hove ot Yemst 2 processes, not Mo, proc.cntss
the current line marker At
+ Process O is still running as its _«: ;‘m-w-«.m-m =)
icon is green : O tntichtdere, “Cousber of srocesses « 1 must be o mulbisle of ', ;
+ Processes 1-3 are suspended & T

on the breakpoint e e g
::::2i«(:;u_cw_-auw}:

Wl _Finalize();
}oelae {

Parallel Debugging Debug-25
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More On Stepping

The Step buttons are only enon

Parallel Debug - sha

enabled when all processes == 250 O @ Qv | O~
in the active set are ' -
suspended (yellow icon) LS TR =

Open_MPI@abe.ncsa.uiuc.edu: default:job0 - Root [4]
—{3] -+ @

In this case, process O is still g0
running

Switch to the set of 800

= | B A

& 0K

Parallel Debug - sha

v (T

suspended processes (the \M‘;:L O-
workers set) B Parallel Debug 3 > B @

i=m | =Y

& 0| RS

You will now see the Step Open_MPI@abe.ncsa.uiuc.edu: defaultjob0 - workers [3]

buttons become enabled £jobo 1w F

Parallel Debugging

Debug-26

-

Breakpoint Information

+ Hover over breakpoint icon

+ Will show the sets this breakpoint applies to

+ Select Breakpoints view
+ Will show all breakpoints in all projects

9 Breakpoints &3 97 Expression:‘.. 0= Variables =
’% h\ H = g . L i
A & main.c [line: 78] {job0:workers}

Parallel Debugging

Debug-27
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Breakpoints View

+ Use the menu in the breakpoints view to
group breakpoints by type

+ Breakpoints sorted by bredkpoint set (process
set)

% Break 2 67 E: ions| - Variables =08

T EREEERIEIEE!

™M ¥ workers Add Event Breakpoint (C/C++)...

™ & main.c [line: 78] {job0:workers}
% 1 Breakpoints
oo Select Default Working Set... &% 2 Breakpoint Types
) 1 t " oo 3 Breakpoint Working Sets
Working Sets... 4 Files

& Show Qualified Names ¥ ¢ 5 Parallel Breakpoint Set

1= 6 Projects

« Focus on Active Task (= 7 Resource Working Sets
P | & 8 Advanced...
Debug-28

Parallel Debugging

Global Breakpoints

+ Apply to all processes and all jobs
+ Used for gaining control at debugger startup

+ To create a global breakpoint
+ First make sure that no jobs are selected (click in white
part of jobs view if necessary)
+ Double-click on the left edge of an editor window
+ Note that if a job is selected, the breakpoint will apply to
the current set

‘s if (my_rank !=0) {
+ I te nessaqe *

sprintf(message, "Greetin

Parallel Debugging Debug-29
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Exercise i

1. Select the “worker” process set

Create a breakpoint by double-clicking on right hand
bar at line 88 (worker function)

Hover over breakpoint to see properties
Switch to “root” process set

Observer breakpoint color changes to blue
Resume all processes

Observe “worker” processes at breakpoint, and process
O still running (green icon)

8. Switch to “worker” process set
9. Step “worker” processes over worker() function
10. Observe output from program

N

N Ok

Parallel Debugging Debug-30

Terminating A Debug Session

+ Click on the Terminate ® 00 Parallel Debug - sha

icon in the Parallel D350 - Qr |O- =] -] 00-
Debug view to \ g ,
terminate all processes & parallel Debug 2 L 0[RS0

in the active set Open_MPl@abe.ncsa.viuc.edu: default:job0 - Root [4]

job0
Make sure the Root set | *2° HER g
is active if you want to
terminate all processes

faNnn Parallel Debug - shal in.c - Eclip:
) 30 Qr | O 2B e -
R paraliel Debug 2 1N LR ir- . =0
_Open_MPi@abe.ncsauiu edu: default:job0 - Root [4]
You can also use the £3jow0 W+
terminate icon in the
Debug view to —— > oo —con
terminate the currently [ i5mion pasicosicaion
selected process O moest i pesried ‘
Parallel Debugging Debug-31
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Cancelling The Job

ann System Monitoring -
Interactive jobs will continue R R EER T
until the reservation time has S— R
expired e '
You can cancel the job once
the debug session is finished s e o

720.. 20 20 8 BUNAING

Locate the job in the Active
Jobs view

4+ Use the view menu to filter for
only your jobs if there are too
many

Right click on the job and
select Cancel Job

va  Resource Configurations L

shallow {13 [Parailel Appbcanion] Runthy
asebi woiting for job 1059509
aswbr job 1059500, Lrestles-fe

[orsitrestles-6-5 18 medule
eetting /P DPEWPL start_j

1-6-5 ~]5 module
reftrestles-6-5 ~]5 module
3-6-5 ~]5 module
3-6-5 ~]5 module
fesesettings o

resh Job Status

Remove Job Entry
_1asne

Parallel Debugging Debug-32

Exercise I
1. Switch to the “root” set
2. Terminate all processes
3. Switch to the System Monitoring perspective
4. Right-click on your running job and select Cancel
Parallel Debugging Debug-33

17



Optional Exercise i

1. Launch another debug job

2. Create a breakpoint at line 71 in main.c

3. Resume all processes

4. Select the Variables view tab if not already selected

5. Observe value of the “tid” variable

6. Register one of the worker processes

7. Select stack frame of worker process in Debug view

8. Observe value of the “tid” variable matches worker
process

9. Switch to the breakpoints view, change grouping

10. Terminate all processes

11. Switch to the System Monitoring perspective and
cancel the job

Parallel Debugging Debug-34
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Performance Tuning
and Analysis Tools

+ Objective

+ Become familiar with tools integrated with PTP, to help
enhance performance of parallel applications

4+ Contents
4+ Overview of ETFw and Performance Tools

Performance and Analysis Perf-0
Tools

PTP/External Tools Framework

formerly “Performance Tools Framework”

Goal:

+ Reduce the “eclipse plumbing”
necessary to integrate tools

+ Provide integration for
instrumentation, measurement, and -
analysis for a variety of performance -
tools

+ Dynamic Tool Definitions:
Workflows & Ul
+ Tools and tool workflows are specified in an XML file

+ Tools are selected and configured in the launch
configuration window

+ Output is generated, managed and analyzed as
specified in the workflow

+ One-click ‘launch’ functionality

+ Support for development tools such as TAU, PPW and
others.

+ Adding new tools is much easier than developing a full ]
Eclipse plug-in

Performance and Analysis Tools Perf-1




Performance Tuning
and Analysis Tools - TAU

+ Objective

+ Become familiar with tools integrated with PTP, to help
enhance performance of parallel applications

+ Contents
+ Performance Tuning and external tools:

+PTP External Tools Framework (ETFw), TAU
Hands-on exercise using TAU with PTP

TAU TAU-1

TAU: Tuning and Analysis Utilities

+ TAU is a performance evaluation tool
+ It supports parallel profiling and tracing
+ Profiling shows you how much (total) time was spent in each routine

+ Tracing shows you when the events take place in each process along
a timeline

+ TAU uses a package called PDT (Performance Database Toolkit) for
automatic instrumentation of the source code

+ Profiling and tracing can measure time as well as hardware
performance counters from your CPU (or GPU!)

+ TAU can automatically instrument your source code (routines, loops,
1/0, memory, phases, etc.)

+ TAU runs on all HPC platforms and it is free (BSD style license)
+ TAU has instrumentation, measurement and analysis tools
+ paraprof is TAU’s 3D profile browser

TAU TAU-2

4/3/2013
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TAU Performance System Architecture

avent Instrumentation event |
selection information  ________ .

.\ other !
S e symbol
. | profiles — — table |
nalysis ' - rofiles fraces
Anal | /p fil 1

Profile Data Management (PerfDMF) Trace Data Management

profile data profile trace trace
translators (XML) database translators storage

Profile Analysis (ParaPro,

Trace Visualizers  Trace Analyzers

“
JumpShot ‘ FProfileGen
Prafile Data Mining (PerfExplorer) Vamir
K e ik Paraver Sa Ipi
: J erver

o

PTP TAU plug-ins

http://www.cs.uoregon.edu/research/tau

+ TAU (Tuning and Analysis Utilities)

+ First implementation of External Tools Framework (ETFw)

+ Eclipse plug-ins wrap TAU functions, make them available
from Eclipse

4+ Full GUI support for the TAU command line interface

+ Performance analysis integrated with development
environment

TAU TAU-4




TAU Integration with PTP

+ TAU: Tuning and

An alys IS Utl I Itl es pi:f:'c“e“ - srlfl:‘ll'.'f instrumentation
8 * TAI._ stub makefile selection
+ Pe rfo rmance d ata * TAU compiler options
collection and analysis L E:ec=tox )
for HPC codes eSO |« AP eavizanment arisle
* TAU environment vaniables
+ Numerous features |
. . .-h::l_\'sil:
+ Command line interface { TAU e dsa— an_weemerse sl —
taulslog? = merged trace data
+ Th e TAU WO rkfl OW: E slog? file — jumpshot visualizaton
+ I nStrU mentation TAU profile data— ?e:f_[)}-i? sIonge—__|
ParaProf visualization
+ Execution
+ Analysis
TAU TAU-5

TAU PTP Installation

+ This tutorial assumes that the TAU extensions for PTP
are installed — they are not included in the
“Eclipse for Parallel Application Developers”

+ The installation section (Module 1) shows how to install
TAU and other features from the PTP update site —
be sure TAU was selected

ann 4 ; Install
) g

Available Software

To confirm:

+Help>Install New Software...
+Select the link “What is already
installed” at the bottom of the

Check the items that you wish to install.

Work with: | hetp://download.ecligse.org /tools/ptp/updates indigo/ 9]

Find more software by working with the “Available Software Siy d iaIOg
T — +You should see the TAU
\’-‘m — Extension
w 4 FTP External Tools Framework TAU Extension
TAU TAU-6

4/3/2013



Installing TAU Analysis Tools

+ The TAU plugin can use ParaProf for visual analysis and TauDB

for organization of profiles
+ To install these utilities on Mac or Linux platforms:

+ Download (browser, curl or wget)
tau.uoregon.edu/tautools.tgz

+ tar -zxf tautools.tgz

+ cd tautools-2.22b

+ ./configure

+ Set path as shown (launch eclipse from this environment)
+ Run ‘taudb_configure --create-default’

+ Java WebStart: tau.uoregon.edu/paraprof

+ TAU Installation, downloads and instructions: tau.uoregon.edu

TAU TAU-7

Assumptions

4+ Obtain and install TAU*

+ Download at tau.uoregon.edu
+ The website includes setup and user guides

+ Set up the $PATH on the remote machine*

+ For TAU you should be able to run ‘which pprof’ on a remote login
and see a result from your TAU bin directory

+ On yellowstone run the following module commands:
module load workshop; module load tau

+ Include ‘eclipse.inc’ in the makefile*
+ Create an empty eclipse.inc file in the same directory as the

makefile
+ Place ‘include eclipse.inc’ in the makefile after regular compiler
definitions
+ ETFw will modify eclipse.inc to set CC/CXX/FC variables
TAU * SC tutorial: this has been done for you TAU-8

4/3/2013



Selective Instrumentation

+ By default tau provides timing data for each
subroutine of your application

+ Selective instrumentation allows you to
include/exclude code from analysis and control
additional analysis features

+ Include/exclude source files or routines

+ Add timers and phases around routines or arbitrary code
+ Instrument loops

+ Note that some instrumentation features require the PDT

+ Right click on calc.c, init.c, diag.c go to the Selective
Instrumention option and select Instrument Loops

+ Note the creation of tau.selective (refresh if needed)

TAU TAU-9

Begin Profile Configuration

+ The ETFw uses the same run configurations and
resource managers as debugging/launching

+ Click on the ‘Run’ menu or the right side of the
Profile button

+ From the dropdown menu select ‘Profile
configurations...’ $:0- % Qe 4r 186 9

£ 1 shallow-pbs-batch
6, copl  Profile As

Organize Favorites...

TAU TAU-10

4/3/2013



Select Configuration

+ Select the shallow configuration
prepared earlier

4+ The Resource and Application

configuration tabs require little or =

Performance Analysis tab is
present in the Profile
Configurations dialfg

no modification
+ We are using the same resource
manager and Torque settings
+ Since we are using a makefile project
the application will be rebuilt in and
run from the previously selected
location

TAU

e

TAU-11

Select Tool/Workflow

+ Select the Performance Analysis tab and
choose the TAU tool set in the ‘Select Tool’

dropdown box

+ Other tools may be available, either installed as
plug-ins or loaded from workflow definition XML files

+ Configuration sub-panes appear depending on the

selected tool

Create, manage, and run configurations

»

10
Build €, €4+ of Fortran applications with performance analysis tools. Launch parallel programs from within Eclipse via the PTR. \J

x - Hame: shallow-trestles

on | Tau Compiler  TAU Runtime | T

Select Tool Tau

- Add Workflow XML File | Remowe WorkPlow XML File

hallow-trestles
B Profile with OPrafile
B Profile with OProfile (Mans

Build the instrumented executable but do not launchit

Select existing performance data to analyze with the selected tool

TAU

Tabs may be
hidden if the
window is too
small

TAU-12

4/3/2013



+ Choose the TAU Makefile tab “

+ All TAU configurations in
remote installation are
available

4+ Check MPI and PDT
checkboxes to filter listed o st @ o e O N cosen
makefiles

+ Make your selection in the
Select Makefile: dropdowr/
box .

+ Select Makefile.tau-icpc-papi-mpi-pdt

TAU TAU-13

Choose PAPI Hardware Counters i

+ When a PAPIl-enabled TAU
configuration is selected the PAPI _
Counter tool becomes available

4+ Select the ‘Select PAPI Counters’
button to open the tool

+ Open the PRESET subtree R et —

+ Select PAPI_L1_DCM (Dam:._f.

misses)

+ Scroll down to select PAPI_FP_INS
(Floating point instructions)

+ Invalid selections are automatically

excluded .
+ Selectok L -
TAU TAU-14
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Compiler Options i

+ TAU Compiler Options
+ Set arguments to TAU compiler scripts
+ Control instrumentation and B e
compilation behavior i
+ Verbose shows activity of compiler
wrapper
+ KeepFiles retains instrumented source
+ PreProcess handles C type ifdefs in
fortran
+ In the Selective Instrumentation tab =
select Internal then hit Apply —— ——
+ Scroll to bottom of the Tau Compiler tab - oo
and activate TauSelectFile to use
tau.selective

TAU TAU-15

Runtime Options i

+ TAU Runtime options

+ Set environment variables used by
TAU

4+ Control data collection behavior
+ Verbose provides debugging info

+ Callpath shows call stack
placement of events

+ Throttling reduces overhead

+ Tracing generates execution \-? :
timelines

[T p———

Track memaory headroom availability at
function entry/exit with a context event

Hover help

TAU TAU-16




Working with Profiles i

+ Profiles are uploaded to T I
selected database et

" Brinted to the console "
printed to the console

+ Profiles may be uploaded to
the TAU Portal for viewing
online

+ tau.nic.uoregon.edu

+ Profiles may be copied to
your workspace and loaded
in ParaProf from the
command line. Select Keep
Profiles

TAU Portal URL: hetps:ftawnic.uoregonedy

TAL Portal Username: |wspear
TAL Portal Password: | smesmassesss

Submit Login Select a workspace

Select Workspace: Testing

TAU cancel Reset All oK TAU-17

Launch TAU Analysis i

+ Once your TAU launch is

configured select ‘Profile’ — —

+ Notice that the project rebuilds with TAU compiler commands

+ The project will execute normally but TAU profiles will be generated

+ TAU profiles will be processed as specified in the launch
configuration.

+ If you have a local profile database the run will show up in the
Performance Data Management view

+ Double click the new entry to view in ParaProf

+ Right click on a function bar and select Show Source Code for
source callback to Eclipse o re o

node 1

node 2

rese 3

nede &

S nodes
e node §
* n moheck rede 7
T aenon e seares node 8

TAU TAU-18
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Paraprof

+ Use ParaProf for profile visualization to identify
performance hotspots
+ Inefficient sequential computation l
+ Communication overhead
+ 10/Memory bottlenecks
+ Load imbalance
+ Suboptimal cache performance
+ Compare multiple trials in PerfExplorer to identify
performance regressions and scaling issues

+ To use ParaProf, install TAU from tau.uoregon.edu or
use Java webstart from tau.uoregon.edu/paraprof

TAU TAU-19

Exercise i

+ Multi-Trial profile comparison
1. Edit the shallow Makefile, adding -O3 to CFLAGS and FFLAGS
2. Rerun the analysis (Run->Profile Configurations. Hit Profile)
3. A second trial, distinguished by a new timestamp, will be
generated

+ It will appear in your Performance Data Manager view if a profile
database is available

+ Also present in the Profile subdirectory of your project directory

+ If you do not see a Profile directory right click on your project and go
to Synchronization->'Sync All Now'

4. Load the two trials in paraprof (on the command line: paraprof
/path/to/tauprofile.xml)

5. Open Windows->ParaProf Manager
. Expand your database down to reveal all trials

7. Right click on each trial and click 'Add Mean to Comparison

Window' to visualize the two trials side by side
TAU TAU-20

[0}
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GEM

Graphical Explorer of MPI Programs

GEM GEM-0

GEM
Graphical Explorer of MPI Programs

+ Dynamic verification for MPI C/C++ that detects:
+ Deadlocks
+ MPI object leaks (e.g. communicators, requests, datatypes)
+ Functionally irrelevant barriers
+ Local assertion violations
+ MPI Send/Recv Type Mismatches

+ Offers rigorous coverage guarantees
+ Complete nondeterministic coverage for MPI (MPI_ANY_SOURCE)
+ Determines relevant interleavings, replaying as necessary

+Examines communication / synchronization
behaviors

GEM GEM-1




GEM - Overview

+ Front-end for In-situ Partial Order (ISP)

Executable

ey | . developed at University of Utah
N fos Scheduler
e = Proc,
T B + Contributes “push-button” C/C++ MPI
. verification and analysis to the
development cycle
MPI Runtime

Automatically instruments and runs user
code, displaying post verification results

Variety of views & tools to facilitate
debugging and MPI runtime
understanding

(Image courtesy of Steve Parker, U of Utah)

GEM

GEM-2

GEM — Views & Tools

Analyzer View
Highlights bugs, and facilitates

post-verification review / debugging

2 Pretiems © Comol  0OM ANIISE - A Bromis 08 Consie

Browser View
Groups and localizes MPI
problems. Maps errors to source
code in Eclipse editor

f F o] ] s emen]

Tansition: 1413  U—
|| =] =] af

[ EETE ep rdes for MPI Calls—
S| ] 2] e st e [

o T L

L]
e oc  Lne 177 Fle g L 186
== Originating all = Matching Calls
' o] [ papep— =l
i, 1
rary [ 1o ctivas s, e+ . i EMEATYPE, nges- L 6. casen, |
T || p———
pa——
o} (2]

GEM

GEM-3




GEM — Views & Tools (cont.)

Happens-Before Viewer

Shows required orderings and communication matches
(currently an external tool - not supported in remote and
synchronized projects)

GEM GEM-4

Plugins for GEM

GEM can be extended to import and analyze
MPI projects from the popular MPI
programming book:

“Parallel Programming with MP1”
by Peter Pacheco

+ Pacheco plugin was developed at University of Utah
(not part of PTP) with full permission by the book’s
author

+ An excellent way to learn MPI1 using PTP/GEM

+ Update Site: nttp://www.cs.utah.edu/formal_verification/Pacheco/

+ Prerequisite: PTP 6.0 with GEM installed

GEM GEM-5




Pacheco Plugin

. Provides a New
Ties in to GEM toolbar button = e bk T [

e EClipse View with
oy programming
examples from book

-

Search Project Run Window F
P—> ¢ - O - w | 4@ 1 &

5=

+ Formally Verify MP| Program
—r—r .

Set Number of Processes T .
2 O b et o C-Prfet 1o mpart Automatically
upte import
examples into
workspace as
Eclipse C
projects

Project Explorer I SO

Build, work with and do
analysis on any of these
example projects using PTP
and GEM
GEM T . GEM-6

GEM PTP Installation

+ This tutorial assumes that the GEM plugin for PTP is
installed — they are not included by default in the
“Eclipse for Parallel Application Developers” package

+ GEM should already be installed for the tutorial, but the
installation section shows how to install GEM from the
PTP update site — be sure GEM was selected

806 Install

Available Software . To confirm:

Check the items that you wish to install, + He|p>|nsta|| NeW Soﬂware
+ Select the link: “What is
already installed” at the bottom

Find more software by working with the “Available Software Siy .
of the dialog
\‘ - + You should see the GEM there

Versio

Work with: | PTP - http:/ fdownload.eclipse.org/tools/ptp/updates  juno

o L PTP Graphical Explorer of MP Programs (GEM) 602

GEM GEM-7




GEM

Hands-on Section

GEM GEM-8

GEM Hands-on (0) 2
Checkout GEM Project s -

4+ (1) Check out GEM project “gem-demo” » o s |
from CVS repo. This is the same repositm
as the shallow project. : '
4+ (2) Check out using New Project Wizard

+ Create a new
Synchronized C Project

e +_(3) Name the project:
= : + “gem-demo”

-+ Empty Makefile Project

_(_/— Linux GCC toolchain for
both remote and local

GEM =) GEM-9




GEM Hands-on (1)
Configure GEM Preferences

+ For the tutorial, you will only
need to set:

“Remote ISP Paths”

+ Window->Preferences—>Parallel Tools>GEM->...

+ Use the following for all remote
paths (ignore local):

—/home/humphrey/isp/bin

+ Leave everything else at defaults
GEM + Click Apply and OK GEM-10

GEM Hands-on (2)
Build GEM Project

+ Right click on gem-demo 2 Project Explorer &2 =B
+ Select “Build Project”

G et

P & Includes

P [f MPI_MatrixMultiply.c 1.1

B Lk MPI_MatrixMultiply.o - [x86_64/le]
y Makefile 1.1

b = shallow |cv

+ Instrumented executable
(.gem extension) is visible

NOTE: The build automatically works here

because the GEM compiler wrapper after build (output in Conso|e)
path is in _the Makefile for the gem- X . . .
demo project + Force a project sync if this is

GEM not visible GEM-11




GEM Hands-on (3) 2
Set Number of Processes

+ Locate the trident ¢ Icon on the Eclipse toolbar
+ From pull-down menu, set number of processes to 2

O~ | ¢~
“* Set Number of Processes
| i Formally Verify MPI Program
S |
GEM GEM-12

GEM Hands-on (4) i

+ Locate file the profiled binary
MPI1_MatrixMultiply.gem in the Project Explorer view

(- Project Explorer & = 0 + Right CIiCk On:
srryssssan MP1_MatrixMultiply.gem
b gl Includes
b (& MPI_MatrixMultiply.c + Select:
b i MPIMatrixMultiply.c - [x86-64/le] + GEM -> Formally Verify Profiled MPI Program
3 Makefile

Debug As v
Profile As v
Team v
L3
v

b efshallow [ov
Compare With
Replace With

i Formally Verify MPI Pronram

Properties Alt+Enter
Exclude from build..

Build Canfigurations. »
Make Targets ]

Finally, wait for analysis. This may take
several seconds and you will see output in the
GEM GEM Console View GEM-13




GEM Hands-on (5) i

+ Notice that three new Eclipse views have opened:
+ See next slide if your views are not positioned correctly

| Problems | & Console i/ GEM Analyzer &3 /' GEM Browser (. GEM Console

+ In the GEM Analyzer View (in focus by default),
notice there was a deadlock detected. No subsequent
errors or warning will be flagged until this is fixed

\ Runtime Report

Deadlock in interleaving 1

+ We can localize and fix this issue using:
+ GEM Analyzer View or the GEM Browser View

+ In this example, we will use the Analyzer View and the transition
navigation buttons

GEM GEM-14

* FIX GEM VIEWS *

(NOTE: you may not need to do this)

Should look
like this now

Simply drag GEM views to position them
underneath the Eclipse Editor

GEM GEM-15




GEM Hands-on (6) i

4+ Double Click on the Gem Analyzer View tab
+ This makes the view fill the workbench window

+ Fix the deadlock using the GEM Analyzer View

+ The GEM Analyzer View
should look similar to
this figure

MPI_MatrixMultiply.c
is open in both code
view windows. This is
where we will trace
execution as and MPI
calls (P2P and collective
matches) can be
examined as they

GEM happened atSRYhtfime

GEM Hands-on (7) i

+ Under Step Order for MPI1 Calls, select Internal
Issue Order. This is the order in which GEM issues
the intercepted MPI calls to the MPI runtime

Step Order for MPI Calls—

+ Using the Transition Group, we will step through the
single interleaving discovered by GEM using the
navigation buttons.

Transition: 0/20776——MMMM

First Transition——*l' : | | ©0| Mo Ranks Locked | w
\ Focus on a specific rank

Previous Transition

Last Transition
Next Transition

GEM GEM-17




GEM Hands-on (8)

+ Using navigation buttons:

+ Navigate to last transition
using last transition button

+ Then single step backward to
transition 25/26 using
previous transition button
T + Looking at 24/25, we see
i it’'s the last call to actually
complete before deadlocking,
so 25/26 is the problem

snsele | GEM Browser | GEM Analyzer I

We are essentially looking at calls as issued to the MPI
GEM runtime and reverse debugging to point of deadlock GEM-18

GEM Hands-on (9)

4+ Double click on the
L ' highlighted recv
R (25/26).

+ This takes you to line
in the Eclipse editor

“_ 4 Notice the comment:
R this loop creates an
R extra recv that will
never have a matching

send
+ Fix as suggested in the
comments
GEM GEM-19
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GEM Hands-on (10)

4+ Rebuild the gem-demo project

* Project Explorer £ = 0 * nght CIiCk on:
= gun-deme. (e rasasic ot MPI1_MatrixMultiply.gem
b gl Includes
b MPIMatrMultplyc + Select:
P MPI-MateixMultiply.o - [«86.64/le] + GEM -> Formally Verify Profiled MPI Program

» Makefile

Debug As »
Prodile As 3
Team v
Comnpare With »
FReplace With »

&1 MPI_MatrixMultiply. ge

b ik shallow

tk Formally Verify MPI Pronram

Properties Alt+Enter

Exclude from build..
Build Configurations. »
Make Targets »

Finally, wait for analysis. This may take
several seconds and you will see output in the
GEM GEM Console View GEM-20

GEM Hands-on (11) i

+ Notice again, the three GEM views:
+ GEM Analyzer, GEM Browser, GEM Console

(2 Problems [J Console i/ GEM Analyzer §3 . ' GEM Browser (. GEM Console

+ In the GEM Analyzer View (in focus by default),
notice there were no MPI errors, e.g. deadlock,
assertion violation, but warnings were issued

Runtime Report

Mo errors found. Check Browser for warnings.

+ Examine these warnings in the GEM Browser View

GEM GEM-21

11



GEM Hands-on (12) i

4+ Click on the tab for the GEM Browser View

B Problems | &2 Tasks | [ Consold(ll GEM Browser £3 |/ GEM Analyzer | (¥, GEM Console

+ Notice GEM has found two types of warnings:
+ FunCtiona”y Irrelevant Barriers (unnecessary synchronization)

4+ Resource Leaks (allocated MPI data types and communicators not freed)

0 errors and 4 wamnings were found

& Deadlocks & i 1. Leaks | Bamiers - o Type Mismatches

(I

+ GEM maps these warnings (and errors) to the
offending line of source code within the Eclipse editor

GEM GEM-22

GEM Hands-on (13) i

4+ Click on Irrelevant Barriers tab
+ Expand the Interleaving 1 tree
4+ Click on the FIB line

4+ Notice you are taken to the
e o o, s corresponding line in the
Eclipse Editor

This MPI1_Barrier() call is
“functionally irrelevant” and
can be safely removed without
changing program behavior
We’'ll investigate this further in
the exercise section at the
end of this section

GEM GEM-23
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GEM Hands-on (14) i

NOTE

Fixing these warnings is left as an exercise
at the end of this section

GEM GEM-24

GEM Hands-on (15) i

+ Briefly examine the GEM help plugin

+ GEM Help also walks through the Managed-Build, PI-C
example created by the new MPI project wizard
+ Help -> Help Contents -> PTP -> GEM

GEM GEM-25
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Reference Slides

+ NOTE: The following slides are not part of the
presentation or hands-on section

+ They are meant to be used as further reference and
to provide more detailed information on:

+ GEM setup, configuration and preference pages
+ Using GEM views

+ Help contribution

+ Troubleshooting

+ GEM Success stories

GEM GEM-26

ISP Installation

+ ISP itself must be installed prior to using GEM

+Download ISP at http://www.cs.utah.edu/fv/ISP

+ Make sure libtool, automake and autoconf are installed.

+ Just untar isp-0.3.1.tar.gz into a tmp directory:
+ Configure and install
+ ./configure -prefix=/my/preferred/install/location
+ make

+ make install
+ This installs binaries and necessary scripts

GEM GEM-27
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GEM Preferences

Set preferences for GEM and its underlying
verification tool, ISP

GEM — GEM-28

GEM Analyzer View
+ Reports program errors, and runtime statistics

+ Debug-style source code stepping of interleavings
+ Point-to-point / Collective Operation matches
+ Internal Issue Order / Program Order views
+ Rank Lock feature — focus on a particular process

2 Postiems [ Consoie | OfM Ariygee £ | GEM Brower . OEM Corasie

+ Also controls:
+ Call Browser

+ Happens Before Viewer launch
+ Re-launching of GEM

= =

e —
[ 5] =] ST s]

[muw-, M Cas—

2 i e 3 e

GEM GEM-29
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GEM Browser View
+ Tabbed browsing for each type of MPI error/warning

+ Each error/warning mapped to offending line of
source code in Eclipse editor

+ One click to visit the Eclipse editor, to examine:
+ Calls involved in deadlock

+ Irrelevant barriers Pt |9 Comede| ¥ O Amve| ¢ 084 Arowomr 38 5000 ovmoe = I—J;D
& ermors and 4 wamings were found i =] ¢
+ MPI ObjeCt LeakS SiteS o Ddocks | o Assertion Violations (i Lenks . krelevant Bamers o Type Mismtches
H [ s resceiestemi e rene e wmes |
+ MPI type mismatches 18 M e e e e 17

4+ Local Assertion Violations

GEM GEM-30

GEM — Help Plugin

Extensive how-to sections, graphical aids and
trouble shooting section

Search [X] Scepe A5 topics |
Comtents == v 2R&la hiledsno
© % Workbanch User Guide Bacilel Tocdy Patforrn (FTPY ysge Cridle * Grng - - "

© €14+ Davelopment User Guide
“ % Eclipse Marketplace User Guide | PTP:
“ % Mylym WikiText User Guide
B Parallel Tools Platiors (FTF) User Guids Foieass £30

* 0 Meseuree Masigers
Launching Facallel Frograms
Manitoring Pacaliel Machines and Jobs
Paratel

3 Extemal ool Fr TP
& cemphical Explover of M Progracs [GEM]

GEM GEM-31
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GEM/ISP Success Stories

+ Umpire Tests
+ http://www.cs.utah.edu/fv/ISP-Tests
+ Documents bugs missed by tests, caught by ISP
+ MADRE (EuroPVM/MPI 2007)
+ Previously documented deadlock detected
+ N-Body Simulation Code
+ Previously unknown resource leak caught during
EuroPVM/MPI 2009 tutorial !
+ Large Case Studies

+ ParMETIS, MPI-BLAST, IRS (Sequoia Benchmark), and a few
SPEC-MPI benchmarks could be handled

+ Full Tutorial including LiveDVD ISO available
+ Visit http://www.cs.utah.edu/fv/GEM

GEM GEM-32

Exercise (1) — Fix MPI Warnings i

1. Comment out the MPI_Barrier call on line 152
of MPI_MatrixMultiply.c

2. Uncomment lines 155 & 156 of the same
source file. These last two lines are the
corresponding “free” for the MPI
communicator that was created and also the
MPI datatype that was committed

3. Build the GEM project again to incorporate
these changes into the profiled executable

4. Re-run GEM and check that there are in fact

no errors or Warnings
GEM GEM-33
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Exercise (2) — Multiple Interleavings

1. Re-run GEM on the gem-demo project using
“3” processes

2. How many Interleavings does GEM report?

3. Use the Interleaving navigation buttons to
explore this. You can reference GEM help for
the documentation on Interleaving navigation
buttons, or simply click the help icon in the
GEM Analyzer View to quickly navigate to
specific help with the GEM Analyzer View

GEM GEM-34
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Gcov and gprof support in linux tools

+ Objective
+ Learn how to use Eclipse-based interfaces to GNU tools
Gcov and Gprof
+ Contents
+ Build with “-pg” for gprof profiling
+ Build with “-ftest-coverage —fprofile-arcs” for gcov

+ Run gcov to determine code coverage — which parts of
your program are logically getting exercised

+ Run gprof to determined which parts of your program
are taking most of the execution time

Linux Tools Linux-0

Linux Tools

http://eclipse.org/linuxtools

@. - + What is Linux Tools?

e

s + http://eclipse.org/linuxtoo

Is/

+ Builds on CDT for C/C++

+ Integrates popular native
development tools such as
Valgrind, OProfile, RPM,
SystemTap, GCov, GProf,
LTTng, etc. — into Eclipse

Linux Tools Linux-1




Linux Tools - Installation

+ Some of the Linux Tools
are included with Eclipse

[-NaNs) Install

Avallabe Scftwars for Parallel Application
Eheck the iterms that you wish to install J.‘_ Developers package

+ Everything you need for

Work with: | Juno - http:/ /download.eclipse.org) releases fjuno v Add...
Find more software by working with the “Available Software Sites” preferences. th |S tutorlal |S | n the
: 5 package
Name ; . ; Version
® 00 General Purpose Tools 1 -
S o + To install manually:
o W+ GCov Integration L.0.0.201209191645 + He|p > |nstall New Software
o g3 Cprof Integration 1.0.0.201209191645 N .
=4 (5 Library Hover help for devhelp documentation  1.0.0,201209191645 + In Work With: Select Juno update site
o G4 LTTng - Linux Tracing Toolkit L11.201209191645 + Under Linux Tools, Select the tools
= 40TTng Kernel Analysis 1.1.1.201209191645 : 4
o L35 OProfile tegration 1.0.0.201209191645 you want or just select all of them
o (g Perf Integration 1.0.0.201209191645 + Some cannot be installed on all
=] g4 SystemTap ID€ and Visuakzation Tools 1.2.0.201209191645 .
4 L valgring Tosls Integration 1.0.0.201209191645 non-Linux platforms
+ Click Next> ... and continue to end of
installation and restart Eclipse when
prompted
Linux Tools Linux-2

Linux Tools - usage

+ With a synchronized project, you only need linuxtools
available on the remote system. (Even the Windows
client can view the gprof and gcov output files.)

+ Compiler flags

+ -pg to profile with gprof for the GNU compilers

+ -ftest-coverage -fprofile-arcs for gcov support
+ It's ok to use both at the same time at low optimization settings

+ Re-run the application

+ With synchronized projects, remember to re-sync to
retrieve the resultant files

+ gprof -s shallow gmon shallow.* : creates a
summary profile (gmon.sum) from MPI programs with a
profile per rank

Linux Tools Linux-3




Project Explorer I

3 ELHpLE I
+ »gmon_shallow. 7325
+ »gmon_shallow. 7326
+ =gmon_shallow. 7327
~gman_shall
-gmon_shallow. 7369
gman_shallow.7370
gman_shallow.7371
-gman_shallow.7372
5 >grmaon.out

& >maingeno

& main.o

+ >Makefile
Sl Makefile.gem 1.2
s Makefile.mk 1.5

Linux Tools

Linux Tools — click to view
+ Double-click gmon.* for gprof view

+ Double-click *.gcno or *.gcda for gcov view

Q B SBremote System Explorer | Bcjce+ s CvS RepositoryExploring | O = 1 @ =

= o ¥om

Binary File
Please enter here the binary file which produced |
workspace...
Please eriter a binary file
Cancel |

Open Binary file_.

= maino
Makefile

&) Makefilegem
Makefile.mi
emtestiile

shallow.pbs
B, timec

& time.geds
¥ time.gene
& time.o

B, tstepic

) tsten 90

i) Cancel ox

Linux-4

Linux Tools

Linux Tools — click to view
+ Double-click gmon.* for gprof view
+ Double-click *.gcno or *.gcda for gcov view,

+ It will ask for binary file location

+ Coverage Result: for Windows, select src file only (do not select the whole
binary file in the radio button of the dialog box)

@ Geov - Open coverage results... @
Binary File
| Please enter hese the binary file which produced the coverage data.
| Stresource loc Fehallow) [ ] [FeSysterme|
[ L It J
| Covernge ekt

& Show caverage details for “tstep.c” only. € \\/iNAOWS ON Iy

Show coverage for the whole selected binary file

oK | concel

Mac/Linux can show

\&]ﬁmgor whole

only

Linux-5




Opening a profile with gprof viewer

Note: since we’ve changed filename from ‘gmon.out’ to gmon_shallow.xxx
we will force the gprof editor to be invoked for the files.

Use Right

[ Project Explorer B =n

» g mitc
® b0 - 8 64be]
" @ maine
* [ maino - (86 _s4/%e]
* B shallow - [x80_t4/le]
* [times
» B time o - [u85_64ke]
» [ mepe
* [@tstep oo
* B tatep.o- [Bo 4]
* [ werkers
» B workers- [84_64%)
& cale geds
5 calc.gom
% copy geda
B copygne
5 diag geda
5 diaggena
5 dump.geda
T dump.geso
wclipaing

gmon_shaliow. 26552
gmon_shallow. 26553
grmon_shallow 26444
& gmoncat
% gmonssm

it geda
F——

Linux Tools

a

gratie. famegalinpwss

Tefcss b

mouse > Open With... > Other ... and choose Gprof Editor

o @

Chesaue the editar For opening gmon_shallow 16531,
@ intemal edton

Extamal pevgrams

# 07D Exanr

1= Evesisdtor

17 Evesiaview

B Fostran tater

 Goow Etor

48 G Comest B

5 Goost Bt

525 Heap Chart

P bt et Birwier

TR —

10 Jawa Bt
Makatia Ftse

rkspace/seshallowd fgmen_shallow 26541

Drogram file: fhomejgalenfworispace/scshabowt shalow
4 byten pav Bucket, each samphe counts. 44 10.000ms

Biame flocation)
* Summary
e

= samples
6
|2

calls

TimeCall

5 = System Manl

Eon .

A outline s not availabl

FogeolH °
vul [@aac @

Linux-6

Gprof tab

Double-click on gmon.out file to open

gprof viewer

gmon file: fhome/arnoldg/workspace/linux_tools_demo/gmon.out
program file: /home/arnoldg/workspace/linux_tools_demo/lcpu
4 bytes per bucket, each sample counts as 10.000ms

Name (location) ~ Samples
= summary 131
= lecpu.c 131
P main V]
= mycos 19
= mycos (1cpu.c:140) 5
0x40094c 5
= mycos (1lcpu.c:30) 14
0x400930 7
0x400938 6
0x40093¢c 1
= work 112
b work (1cpu.c:17) 4
b work (1cpu.c:19) 9
v work (1cpu.c:20)
b work (1cpu.c:21) 17
Linux Tools

Calls

0

100000001

Timey/Call

i gprof &2

1.120s

Linux-7




Run code, inspect gcov display

Double-click on a source file in gcov view to see
code coverage highlighted in source file

1 lcpuc 8 8 lepuc = m|f

Coverage 1cpu.c

[ for (f=0.0; T<10060.0; f+= 0.0001) |
{
}

1 printf("sum= %1f done\n",sum);

(2=

leeeeeesl

106608601

Linux Tools Linux-8

Gcov with a production code, unexecuted region

= rait_perfc 8
Coverage rait_perf.c

/* Now compute parity. */
328777 for (;stripe_count > @; stripe_count--)

o
0
—_—
-~

* Encode 1t. */

—

""""" block_index,
RAIT_BlockSize,
blocks);

10219069

[
et
— .

Linux Tools Linux-9




gprof with shallow project, MPI i

Add compiler flags to Makefile

e Search Proje Run Window Help

G ov aiv @y Y G O i

& Project Explorer & = n < Makefile &2 | (g cale.c O cale.c
- # test

£ €C = mpicc

7 time.c 1.2 CFLAGS = -g -pg -ftest-coverage -fprofile-arcs

o FC = mpif9e

i time.o - [x86_64/le] FFLAGS = -g -pg -ftest-coverage -fprofile-arcs
—

.
.
.
* [4 tstep.c 1
.
.
-

LIB = -lgfortr;n
# intel compiler:
sh tstep.o - [xB6_64/le] #LIB = -lifcore -limf -ldl

3 wemrlenr -

5} tstep.Fa0 1.3

The Makefile CFLAGS and FFLAGS are modified as shown to
support profiling and coverage at the same time.

We have created the Makefile so you should just be able to
uncomment these lines.

Linux Tools Linux-10

gprof with shallow project, MPI (2) i

Modify Run Configuration
Run > Run Configurations ... to modify existing Run Configuration

Create, manage, and run configurations
Create a configuration to launch a paraliel application \LJ

T cm T
bles to set:

® GMON_OUT_PREFIX gman_shallow

= v Name: |shallow

Sl

Make this the fully qualified path+prefix
for gmon output. E.g.
/home/userid/shallow/gmon_shallow
(Otherwise they end up in a scratch dir)

Setup the MPI run configuration with the Environment variable
GMON_OUT_PREFIX defined with a /full/path/name for your
individual MPI rank gmon outputs. By default gmon.out is used but
MPI doesn't do that well and you end up with a profile that's missing
most of the information, so by using GMON_OUT_PREFIX, each MPI
rank adds its process id to its gmon output filename.

Linux Tools Linux-11




gprof with shallow project, MPI (3) i

+Run from Run Configuration dialog &

Project Explarer i

+See build results in
Console

+See new —
files in Project Explorer
(You may need to
force a Sync)

Linux Tools Linux-12

gprof with shallow project, 1 rank i

+Open gmon file with gprof viewer
+Double-click on gmon.out file
-or- since gmon_shallow.xxx has non-standard file types ....

+Right click on gmon_shallow.xxx file and select
Rightmouse >Open With... Other... and select
Gprof Editor 800 Ednorselection ]

Chooss the editor for opening gman_shallow. 20770
Extermal prograss

Linux Tools Linux-13




gprof with shallow project, 1 rank (2) I

View gmon data with gprof viewer

It's interesting to
compare the summary
gmon output to that
from one of the ranks.

This view shows a
gmon.out file (you have
a gmon_shallow.xxx
file) from a single rank.

Linux Tools

gmon File: fhome;/galenwarkspace/shallow/gman.out

home/galen/works

hallowy/shallow

bytes per bucket, each sample counts as 10.000ms

me (lacation)
* Summary
v calee
calcuvzh
* copy.c
* disgc
* mainc
* timec
¥ tstep.f90
¥ tatep
* tstep (tsbep.fodie4)
* tstep (tstep.r50:73)
* tstep (tstep.fo0:75)
* worker.c

+ Samples

o
o
o
1
o
a
3
3
1
1
1
o

Calls

t Problems & Tasks © console I Properties T Remote Emironments & qcoqn.'n[

Time/Call

300000

%Time
| 100.0%
0.0%
0.0%
0.0%
12.5%
0.0%
50.0%
IT5%
ITE%
12.5%
12.5%
12.5%
0.0%

Linux-14

Gprof with shallow project, summary I

Aggregate the gmon output — invoke from a terminal:
gprof -s shallow gmon shallow.*
This creates a gmon.sum file

Force a sync to
see the file in
Project Explorer

Double-click to
open the gmon.sum
File with the

gprof viewer

Linux Tools

# [ problems & Tasks © Console T Pro

Samples
= Summary 23
¥ calee 3
* calowvzh 3
0x801400 1
* caloeh [calecas) 2
0x801154 1
a0t fod 1
* copy.c o
* disge 1
* init.c o
* maine °
* main ]
* setup_fes ]
* update_ghobal_ds ]
" time.c 5
* timetend 5
v tstep.fa0 1
* tstep "
* waorker.c o

2000

Time/Call

ons.
ons.

16,6660

ad.dodu

%Time

100.0%
13.04%
13.04%

< s

a3
%
a3
4.35%
0.0%
A435%
00%
0.0%
0.0%
0.0%
0.0%
217a%
21.T4%
GO.ET%
60.87%
0.0%
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Gprof viewer does not currently
work well on Windows

#4 Remote System Details ) Tasks | 4™ Terminals 23

Windows: gprof with
shallow project,
summary, use a
terminal window to
create text file

a.Invoke cmd line gpref/

b.Sync to see file
c.Double-click to view
txt file

182

The linuxtools team
knows about the issue
with Juno and they’re
working on it.

Linux Tools

| gmon.sum.bd

4802 -»> subroutine tstep(m,n,alpha,jstart,jend,cpold,cucld,

i trestles.sdscedu 51
calc.o
copy.c
copy.gcda
copy . geno
copy.o
decs.h
-bash-3.2%
-bash-3.2%

diag.o
dump.c
dump.gcda
dump.gcno

gmon_shallow. 27898
gmon_shallow. 27891
gmon. sum
BmO'LSLII:I.tXt
dump.o init.c ptp_job.e
eclipse.inc init.gcda ptp_job.e
prof -A shallow gmon.sum > gmon.sum.txt

main.gcda
main.gcno

main.o
Makefile

= David Abramson (DIT) rcodagkoe
= Paul Whiting (DIT) rcopwgkoel.co.rmi
= Martin Dix (DAR) mrd@koel.co.rmit.

Language = BSD ¢ using Argonne NL macros

0/5 = Unix System V

H/MW = Encore Multimax 320

Programmers

use, intrinsic ::
implicit none

150_C_BINDING

integer(kind=C_INT), value :: m, n
real(kind=C_FLOAT), value :: alpha
integer(kind=C_INT), value :: jstart,jend
type(C_PTR), value :: cpold; real(kind=C_FLOAT),

Gcov with shallow project

The gcov view is simlar to the gprof view but keep in mind that you're
looking at code coverage and not necessarily performance or timing
information (though there is a relationship...code not executed is
performing quite well ! ). Also note that multiple executions will
accumulate values in the gcov output files until they are removed or
truncated to zero-length (2nd run to demonstrate this).

Double-click
on any of the

*_gcda or *.gcno oo

to open this = < otalioes

gcov viewer o -
SEri 2
e 8
. u:::!‘jeam.-ﬂ L1
=S .

Linux Tools

# [ problems &Tasks B Console = Properties b ne'o:efnv'en\mmwol & gorot

wstrumented Executed Lini Cowerage %

51

(]
13
E
1]
3
0

298 BN
2 00.0%
{F] 00.0%
& A615%
2% 100.0%
0 oo
n 100w
] 036w
“@ B955%
n 2091
5 00.0%
" 100.0%
a2 00.0%
£ H0o0%
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Gcov with shallow project, i
integration with CDT editor

Selecting (double click) a source code line from either the gcov or
gprof view and you'll see the file and routine highlighted in the
editor. Also notice the support for the .f90 file and its routines.

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

Linux Tools Linux-18

Exercise

Follow directions in previous slides to
1. Add the compiler flags to Makefile

2. Modify run configuration as described (add gmon
prefix), and Run

3. View gmon and gcov files with gprof and gcov
viewers

Linux Tools Linux-19




Optional Exercise

1) Run the shallow application with gcov compiler flags enabled.

a) Re-sync with Sync Active Now under Synchronization

b) View the tstep.gcno file and note the count, then repeat 1)a-b ,
have the counts changed?

2) Compare the tstep.f90 loops at lines 61, 70, 80 in the gprof and
gcov displays .

a) Change the Makefile to use —O3 with FFLAGS and clean/rebuild/re-
run

b) gprof —s shallow gmon_shallow.273* [your most recent gmon_
files from the run you just finished ]

¢) Re-sync the project

d) Does the gprof view of gmon.sum still exactly match up with the
gcov display? If not, what happened to the missing loop(s)?

Linux Tools Linux-20
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WRF & Eclipse

+ Objective
4+ To learn how to work with the Weather Research and
Forecasting (WRF) code with Eclipse
4+ Contents

+ Import WRF from local directory and make into
synchronized project

+ Checkout WRF from CVS repository, and make into
synchronized project

+ Interactive configure script execution
+ Driving makefile from Eclipse

Installation Install-0

WRF Scenarios

+ Case A: User downloads tarball from WRF
download site

+ Case B: User checks out WRF from source
repository
+ Quirks
+ WRF uses a user-interactive configure script to get
things going
+ But, can drive make after configure script is initially
run

WRF WRF-1




Things to watch for

+ Beware of “helpful” archive programs deciding
what is ascii, binary when extracting WRF

from its archive

+ Especially on windows

+ Execute bits do not seem to be set on scripts
+ Trying to understand the source of this issue

+ One scenario not shown (but very possible) is
to move the archive to the remote machine,
extract, and then synchronize the source from

the remote machine

+ Binary filters for synchronization could be very

important
WRF

WRF-2

Case A: WRF on local filesystem

+ Assuming you have
the source download
unpacked on your
local filesystem...

+ Create new, empty
project

+ File=New=>C Project

+ Makefile project,
empty project

+ Linux GCC
+ Project name

+ Finish

Installation

C Project
Create C project of selected type

Project name:  WRF341

| Use default location

(= Makefile project
& Empty Project

@ Demo - Hello World - Fortr

@ Demo - Hello World - Fortr

@ Demo - Calculate Pi - Fortr. ~
n '

Sheow project types and toclchains only

15 crome ==

Toelchains:
Cygwin GCC
GCC Fortran
GNU Autotecls Toolchain
IBM XL Fortran Toel Chain

IIII I Iiilei UPC

MaoPVEY Barbalen: 11D
if they are supported on the platform

L Finish J [ Cancel

s an=-3




Import WRF
B Impore o o v |

Select v
=

Impert resources from the local file system into an existing

+ Import WRF from

local filesystem
+ nght click on project project. .
name, Import ?'ﬂrlr:lp1rtrcg
[ = General

+ General, Filesystem et
\ L;. Existing Projects into Workspace

L, File System

(L Preferences

& CCes

& ovs

@ Cancel
Installation Install-4
Filesystem Browser
[P impon
+ Select Browse to e =
look at your local —
- From directory: | -
filesystem
+ Navigate to source
directory Import rom diectory 55
Select a drectory to import from.
: [ eeomse.. |
. AppData 4
£ Contacts
i Desktop
N 4 g Downloads
\ - wif-34.1
! 4 | WRFV3
| arch
Folder:  WRFV3 =
(wenewrocer ] [oc ) [ conel ]
Install-5

Installation




Select source directory

+ Selecting directory  [Eims ]
automatically selects | o oo =
entire Contents Of From directon:  Ci\Users\trainang\Downlosds\wel-34.1WRFVZ [ Browse..
directory 5 W v 3 Do

[ Fitter Types... | [ selectal | [ Dessectan |
s
Dvenwrite existing resources without waming
Create top-bevel folder
ddvanced >>
@ < Back [EmT Camcel |
Installation Install-6
Add Fortran Flavor to project
R | [ Project Explc Eo.p)' Cfr:l:f
+ Fortran projects are b Dute
. . « [i25 WRF341 - —
derivatives of C/C++ e o
. | G _. d)’:_ .tlf(!
prOJ eCts : : :’3‘" Rename... F2
+ Can add Fortran ppafS—
Flavor easily il
., phyt uild Project
+ Right click on project, © Reg|  CleanProject
select “Convert to ©hl Che e °
Fortran Project” S el Close Unrehted Projecs
cles Build Configurations »
::: Make Targets »
Mak Index »
ii: Validate
REA Show in Remote Systems view
gié
REA Convert To...
REA, Run As »

Installation

Install-7




Convert to a synchronized
project

+ Right click on project
name, New=>Other

o P V[£3 projec |

File Edit Sor
|iFembstmsol =00
- File

Open in New Window File from Template
F
Copy CtteC SIT
Pregect Ex
et B Paste v | @ Class
M Delete Delete | |[F]  Fortran Source File
=
| S WRFd : 69 Fortran Source Folder
Source ¥ |8 Header File
¢ € Source File
Rename... F2 @9 SourceFolder
iy Import [ CProject
i Export. EY Ces Project
G 2
Build Project ¥ Fortran Project

335EF52FTARTRLLLS

Clean Project W, Remote C/Ces Project
£ Refresh F5 | Ei Synchronized C/Ce+ Project
Close Project &) Synchronized Fortran Project
Close Unrelated Projects 4 Eomple.
Build Configurations e T
<o Make Targets 3
Installation b s instali-s

Select conversion wizard...

+ Open Remote, then ) .
“Convert C/C++ or S A— ]
Fortran Project to a o e e s
Synchronized [rpmares
Project”

Project
[E] Synchronized Fortran Project

(2 Rerncte Symtem Explorer

@ b [ neas [ cancel

Installation Install-9




Converting to synchronized
prOjeCE o [ESEr==)
+ Can only convert one '
project at a time
+ New project is eligible—7"""
+ Select open
connection to
yellowstone

+ Destination directo
should autofill

4+ Select Finish

yellowstore ucar.edu | | Mew.

Switch to nemy g immediate sync to the remeot
Madify File Filtering—
? Back Einish Cancel
Installation Install-10

Case A complete

+ We have successfully imported source from
our filesystem, and pushed it to yellowstone

+ Next, we’ll try checking out the code from CVS

WRF WRF-11




CVS

+ Notes
+ | checked WRF into CVS from Eclipse

+If you check in WRF in from a
synchronized project, cannot “remake”
the checked out code into a synchronized
project

+ Hence, the code in the repository is not from a
synchronized project

+But it is an Eclipse project, which
changes things a bit from the earlier
tutorial exercises

WRF WRF-12

Back to CVS repository exploring

+ Change to the CVS Repository Exploring
Perspective

+ Using previous pserver connection, Open
Head, select WRF341 2

s
& CVS Repository Exploring - Eclipse
;f_uﬂ E_dﬁ Mavigate Search Project CVS System Run ﬂrndow.

| = o (D A T ~ e

B | B C/Ces
|

{J) CVS Repositories I
) estsshejalameda@cvs.nesa.viuc.edu/CVS/ptp-samples
4 |} pserveranonymous@ovs.ncsauivc.edu/CVS/ptp-samples
4 | HEAD
= CVSROOT
& lockdir
(= samples
= WRF341

4% Branches
R Versions
o Dates

WRF WRF-13




Check out as

+ Right click on o e )
WRF341 2, select | Chock Out s —

“Check out as...” Select the method of check out 'CE“S'
4+ Note that since this [| Croosehowto checkouttobswr whRALZ
EC|Ipse project1 you @) [Check out as a project in the workspacel

Project Mame: WRF341_2

can only just check
out the project

+ Can rename on the P
way (change project T e 12 e e
name)

'Check out into an existing project

| Checkout subfolders

@ Bock [ Net> | [ Finish [ Concel

WRF - WRF-14

Convert to synchronized project
"2 New R e )
+ File>New>Other> s '

Convert project to sutomatically synchronize project resources ‘

+ Remote, “Convert ..
C/C++ or Fortran —_—

(& General
Project to a i

Synchronized o o

- - B
P rOJ eCt" @m CfC++ or Fortran Project to a Synchronized Project
toa Femote Project

i, Remaote C/Cee Project

£ Synchronized C/Ce + Project

(& Synchronized Fortran Project
(= Remcte System Explorer

Installation Install-15




Interactive Configure

+ Switch to the e
RemOte SyStem B Remote Sys... i1 Rz Team = 0O
Explorer perspective £ & 5

+« B L.ocal
+ Open SSH Terminal B tocness
to yellowstone Thne

T Ssh Shells

+ Ptp_03_01'5he” ) Soh Te—rmnte

T trestles.sd & Refresh 5
b
4+ Don’t enter Comnect..
& Enter Password =)
paSSWO rd s ‘ml::ﬂ 554 Only & Launch Terminal
e
1 Host name: YELLOWSTONE.UCAREDU P ARsE
+ Yubikey... o molnns rpetis
User ID: jalameda
Password (optional): |
Save passwor 4
oK el
WRF ' =L WRF-16

Check permission of configure

25 Remote System Details &) Tasks ™ Terminals &2

i yellowstone.ucar.edu 2

+ Cd to WRF directory o . s scor sirsesor s s et
on yellowstone 5
+ Chmod if necessary: 1 .
+ Run configure, o Tl sk 0 r_ 3 Tacte <o
answering questions
appropriately
+ After configure, you
will have a Makefile
that you can
configure Eclipse to
drive

WRF WRF-17




Synchronization Filtering

+ Git (used in
synchronized
projects) does not
like large, binary
files

+ Suggest to establish
filters on the project,
to prevent
performance issues

+ Right click on
project, Syncronize,
Filter

WRF

Fle bt Seurte Rel
o ®

e

" -
Merstosng T Ramte System Expleres

Profie &

WRF-18

Filters using java regex

@ Sync File Exchude/Include List

File View
-cproject
Jproject

& ptp-sync

(& settings
Makefile
README
README.DA
README.NMM

v README.SSIB

< ==

Show remote files

Pattern View
Exclude regexc
Exclude regec (]
Exclude regex  (f
Exclude regesc  ([*\s]+(L{7
Exclude path:  .ptp-sync
Exclude path:  .settings
Exclude path:  .cproject
Exclude path: . project

Enter Path:

Enter Regec

10



Java Regex reference

+ If not familiar with Java regex, this helped
me:

+ http://www.mkyong.com/reqular-
expressions/10-java-regular-expression-
examples-you-should-know/

WRF WRF-20

Exercise

+ Create a WRF synchronized project

+ Set up some synchronization filters for your
synchonized project

+ Run configure script
+ Make WRF from Eclipse
+ Make run configuration for WRF

WRF WRF-21

11



Sharing source code via CVS

Source + [Repositery Bxplonng 53 Syt

+ Right click on project | ... s )

o [l WRE 2y bmport..
+ Team, Share Project u :u::'.;..‘.
+ Choose appropriate Slo o )

repository S} cotmares

Buikd Configarations

T — " _ & Make Targets
8 shaee P o T e
Share R =
Select tfe reposiory phug-in that wil be ured bo share the selected | Qe | r : Validate
= Show in Remote Systems view
e Comvent To...
S 1 Run As
< it [
P Debuga
F o Profile i B Remet
F Compare With
F Restore from Local Hastory...
:‘B' Fun C/Ce s Code Anabyis
Team
Add/Remeve Rpmibet Warrangs
{ pF41 Seurce »
7 k 5 Cancel g Propirties At-Enter
. — = 8
Installation Install-22

Select appropriate repository

[ hawe Proect _ o) g
Share Project with CVS Repository

+ Select repository S g gy cam s e enlcon. sl
+ Allow project name e ey e et v o O b, e o

open to allow you to comenit your re

to be module name e

® Lse exinting repository location:

[ sextes & e/ VS plp-samples
r = S —— Tk (] spserve et OV ptp- tampl
8 Shave Proect - o i |

Erter Madule Name

Cvs
Sabect the rame of the module in the £VS repesitery. e
# Ui geegect name a1 module name
Ute specfind module rume:

inbis will lhe pesiton)

Installat| © L ke Lot e Install-23




Share

+ And launch the
commit wizard

Installation

12 shore Preject S e o |

| Share Project Resources
Review and commit resources to the repository. Use the context E

menu to perform additional cperations on the resources.

CVS (WRF341) E-B 4 v %
5. WRF341

[¥] Launch the Commit wizard

@ < Back [ cancel

Install-24

File

+ Note that can
classify unknown file
types (and make
persistent)

Installation

types

Add Resources
Unknawn new files detected. lcvs
—

| Mew files with the following unknown names or extenssons have been detected in the
werkspace. Please specify whether these files should be stered a5 text or binary and whether
is decision should be remembered.

Mame/Extension  Content Remember decision?
*100m inan] - Yes

*200m Binary Yes

*400m Birasy Ves

Ak Biraey Ves

“avgthe Binary Ves

*backwards Binary Ves

*bash Binary Ves

" Birasy Ves

“.canorical stanza  Binaey Yes

*edl Binary Ves

*.chem Binary es
*.chim_nemem Binary Yes

code Binary Yes

*.CONVERT Binary Ves

*.comect Binary Ves

*.gsh Binary Yes -

Install-25

13



Add commit comment

+ Commit comment ] E—

@ Commit Files
- - - — - - |
+ Finish, and the oo |
. . Enter & comment for the commit operston, ._C_USJ
commit is done
Intial Commit of WRF 341 for SEﬁTmunl' -
[
file Edt MNavigste Search CVS Project Run .
- i & i o Th i - [ £Choase a previousty entered comments =
Quick Access B | B C/C+- Configuee Comment Templ
1 — f hanges. The 1176 weds the hreshold of 1000. It ke
B @ cvs Repositoris 23 |G Slel® "= o R e A
Al] i @cvs.ncsa.uiuc.edu:/CVS/ptp-samples | | shawe Changes |
4 ' HEAD
- = CVSROOT
& lockdir
L .
= samples
= WRF341
| 4% Branches
@ [chack ] nes Ersh ] [ Cancel | i

Installation Install-26




Tutorial Wrap-up

+ Objective
+ How to find more information on PTP
+ Learn about other tools related to PTP
+ See PTP upcoming features
+ Contents
+ Links to other tools, including performance tools
+ Planned features for new versions of PTP
+ Additional documentation
+ How to get involved

Tutorial Wrap Up WrapUp-0

Useful Eclipse Tools

+ Linux Tools (autotools, valgrind, Oprofile, Gprof)
+ http://eclipse.org/linuxtools (part of Parallel package)
+ Python
+ http://pydev.org
+ Ruby
+ http://www.aptana.com/products/radrails
+ Perl
+ http://www.epic-ide.org
+ VI bindings
+ Vrapper (open source) - http://vrapper.sourceforge.net
+ viPlugin (commercial) - http://www.viplugin.com

Tutorial Wrap Up WrapUp-1




Online Information

+ Information about PTP
+ PTP online help
+http://help.eclipse.org
+ Main web site for downloads, documentation, etc.
+http://eclipse.org/ptp
+ Wiki for designs, planning, meetings, etc.
+http://wiki.eclipse.org/PTP

+ Information about Photran

4+ Main web site for downloads, documentation, etc.
+http://eclipse.org/photran

Tutorial Wrap Up WrapUp-2

Mailing Lists

+ User Mailing Lists
+ PTP
+ http://dev.eclipse.org/mailman/listinfo/ptp-user
+ Photran
+ http://dev.eclipse.org/mailman/listinfo/photran
+ Major announcements (new releases, etc.) - low volume
+ http://dev.eclipse.org/mailman/listinfo/ptp-announce

+ Developer Mailing Lists
+ Developer discussions - higher volume
+ http://dev.eclipse.org/mailman/listinfo/ptp-dev

Tutorial Wrap Up WrapUp-3




Getting Involved

+ See http://eclipse.org/ptp

+ Read the developer documentation on the wiki
+ http://wiki.eclipse.org/PTP

+ Join the mailing lists

+ Attend the monthly developer meetings

+ Conf Call Monthly: Second Tuesday, 1:00 pm ET
+ Details on the PTP wiki

+ Attend the monthly user meetings
+ Teleconf Monthly: 4t Wednesday, 1:00 pm ET
+ Details on the PTP wiki

Tutorial Wrap Up WrapUp-4

PTP Tutorial Wrap-Up

4+ PTP Tutorial @ XSEDE13
+ July 22, 2013; San Diego, CA
+ https://www.xsede.org/web/xsedel3

+ Please complete feedback forms
+ Our paper feedback form (last 2 pages of handout)

4+ Your feedback is valuable!

Thanks for attending
We hope you found it useful

Tutorial Wrap Up WrapUp-5




SEA2013: April 4-5, 2013 A Unified Environment for the Development and
Tutorial Feedback Performance Tuning of Parallel Scientific Applications

Thank you for attending our tutorial/workshop. As a part of an on-going effort to improve the
utility and usability of the tools we are developing, we are asking attendees to answer the
following questions. Note that all answers are anonymous. Comments are welcome anywhere.

1. Eclipse - how useful does Eclipse in general seem to you? (CIRCLE ONE)
1 2 3 4 5
very useful Neutral very useless

2. PTP: How useful does the functionality represented by this tool seem to you?
1 2 3 4 5
very useful Neutral very useless

Would you expect to increase your productivity by using this tool? If so, how much of an
increase in productivity do you think you may achieve by using this? Why?

3. Usability: How usable do you think the tools are with their current interface?
1 2 3 4 5
very usable Neutral very unusable
Was there anything in particular that you found confusing or counterintuitive? If so, what?

Do you have any suggestions for improving the user interface or additional functionality?
Please describe:

4. Other tools?
What other tools would you like to see developed that would have a large impact on your own
productivity?

What other tools would you like to see developed that would have a large impact on the
performance of the applications you work on?

5. Tutorial presentation
How useful was the content of the workshop to your current position?
1 2 3 4 5
very useful neutral very useless

How well presented was the information?

1 2 3 4 5
excellent good satisfactory not so good unacceptable
How well did the instructors handle questions?
1 2 3 4 5

excellent good satisfactory not so good unacceptable



SEA2013: April 4-5, 2013 A Unified Environment for the Development and
Tutorial Feedback Performance Tuning of Parallel Scientific Applications

Is there other material you would have liked to have had presented? If so, what?

Is there material you think should be deleted? If so, what?

6. Your Background:
How many years experience do you have in the IT industry? In HPC?

List languages in which you have written significant programs:
Which is predominant currently? Why?

Do you currently use an IDE (Integrated Development Environment, e.g. Eclipse)? If not, why?

If you’ve used Eclipse in the past, what has it helped you with? Has it helped you accomplish any
science results?

If you have not used Eclipse in the past, what do you see that it could help you with? Do you
think it may help you achieve any new science results faster, perhaps by helping make your
development more efficient?

What is your current job role?

Can you describe the major application(s) you are working on now?

Can you describe what you see as the major bottlenecks to increased productivity where you
work?

Are there any other relevant comments you want to share?

(Optional) Name: Email:

Thank you for your feedback!
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