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PTP Application Development Cycle

oding & Static Analysi
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& PTP Debug - MyMPIProject/tes’ - - Eclipse SDK.
File Edit Refactor Navigate Project  Window Help

3~ W % 0 4- O~ ¢ @ &5 [PTP Debug| BPTP Runti... TC/C++
8 Parallel Debug 3 = O % Breakpoints - Variables &3 67 Expressions = &
ORTE@sco7tutorial: d S ® 0 a o> @ prr=, <
0 jobo2 0@+ Name Value a
> job0s & my_rank 4545765

& num_procs 134515657

% Debug 2 D o o @ source -1076822980
& MyMPIProject [Paralel Application] o dest 1076823128

= & Process 0
< Thread [1] (Suspended)

1 main() testMPI.c:50 80483b0

T —

(5 testMPLe 58 =8| outine =&
K B A o v
L im % R
L im Y 2 mpih
| int =
o [in 7% rank of receiver */ H stdoh
i tag = b +tag for messages * o stingh
a char message[100];  /* storage for age *+/ .
- MPI_Status status ; + retum status for receive * calc_pifint, int) : void
| o main(int, char{]) : int
0 /v startup wer v
| WPI_Init(Sarge, &argy);
| /% find out process rank ¥
| MPI_Comn_rank(MPI_COMM_WORLD, &my_rank); cl
( I
[ Console 52 ) Memory| €] Error Log| (2. Problems % B

2l = ®
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Coding & Static Analysis

 Eclipse provides a wide variety of coding assistance tools

— Project management, Editing and formatting, Navigation, Advanced
searching, Refactoring, Version control

« C/C++ Development Tools (CDT)

— Standard (Makefile) and managed builders, Support for arbitrary
toolchains, Visual debugging using GDB, High level views (outline view,
call hierarchy, type hierarchy, include browser), Refactorings

 Parallel Tools Platform (PTP)

— Fortran, New project wizards (MPI, OpenMP) Content Assist, Hover help,
Built-in API descriptions (MPI, OpenMP, LAPI, UPC), Location of parallel
“artifacts” in code (MPI, OpenMP, PAMI, and UPC), Barrier analysis,

Deadlock detection

« Python Development (PyDev)

— Code completion, type hinting, refactoring, debugging, interactive
console, unittest, code coverage, Django integration

#,OAK RIDGE
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Coding & Static Analysis

 Assistance tools to increase productivity
of parallel programmers LELYAR I,

. : ¥ Show MPI Artifacts
New project wizards (MPI, OpenMP) ! B Show OpenMP Artifacts

Content Assist (command/API completion), /i MPI Barrier Analysis
hover help, built-in API help descriptions in { " Show UPC Artifacts i
an html help uviewu (MPI, OpenMP, LAPI, ‘ ’»’ ShOW' LAPI Al’tlfaCtS

=71

U PC) ¥ Tasks | & Console | [ Problems | MPI Artifact View &3

| I Artifact | Filename
. “« . y s » MPI_Bcast MyMPlproject.c
Location of parallel “artifacts” in code: b P Rece
» MPI_Init MyMPlproject.c
MPI, OpenMP, and UPC »
» MPI_Comm_size MyMPlproject.c
» MPI_Send MyMPlproject.c
o sting.h
o i » MPI Recv MyMPIproject.c
Rn.ms‘:‘va‘:(oihi«alwm = 2 @a MyMPlproject.c
" o L m-yx%m‘rﬂv:‘ MPI Project Settings —p MyMPlproject.c
\_remote_group(MPI_Comm, MP Select the MPI indude path, lib name, library search
&ST = @ MPI_Comm_remote_size(nt,int *) int path, and build command information to be automatically

'© © MPI_Comm_remote_size(MPI_Comm, int *)

Add MPI project settings to this project
< >
elsel - [] Use default information

<] >
NS Include Path: C:/mpich2/include

"
) =
hep 52 ~ Library name: mpi M 3
& EIEEN — =
L Artfact View 3 |n o p

Library search path: C:/mpich2/lib

MPI compile command: | mpicc s
MPI link command:

mpicc|

[J Include sample MPI source file? p eg

‘‘‘‘‘‘‘‘‘‘‘

,,,,,,
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Fortran Development Tools

* Photran features:
— Supports Fortran 77-2008
— Syntax-highlighting editor
— GUI interface to gdb
— Makefile-based compilation
— Compiler error extraction
— Outline view
— Open declaration
— Fortran refactorings
— C preprocessor support

""'Fortran - bstfit.f90 - Eclipse Platform '

e

Eile Edit Navigate Search Project Run Window Help

< Description
P = org.eclipse.photran-samples .

D = whatever2 @ Derived type definition has no components
@ FILE tag must be of type CHARACTER

@ lllegal preprocessor directive

[« D[l 1

rdy B & v | ¥ QO Q- B~ &S A | @ & - v v ¥ (v v 12
[f Fortran Projects 3 =0 bstrit.f90 = B 2% outline R =0
= & v e S R . e L B laz& \S e ¥
= _module Mdataset EI: —
D ESMMFP = implicit none DE v () Mdataset el
¥ {z§>org.eclipse.photran-sam v ) Tdataset
b3 9 pse-p i ! Declare a Tdataset type to hold data points o
b < Binaries type :: Tdataset @ datapt
D (4 src-fixed-form real 11 datapt(4,1000) ° npts
integer 1:onpts
D (4 src-fortran-and-c o real : valsum(4) @ valsum
b (4 src-gaussian-elimination | | /@ real . t.yatsum(4) @ valsum
real toxysum(3) °
P src-includes | logical : has np(2) xysum ||
P (f src-language-features end type Tdataset ® has_np
< & >src-line-fitting end module Mdataset < (J BstFitProj
» % >bstfit.f90 1.1 (ASC ¥ LoadDataSet
program BstFitProj @
5.cvsignore 1.1 (ASCI ShowDataPoints
P (A src-modules [+)//®  use Mdataset [~ @ squareDistances |v)
G 1 [») 1l I [») G [
@ Make Targets 53 = 0O [2 Problems $2  Console Properties » Y =0O
o X 26 errors, 0 warnings, 0 infos
Resource

@® Error: Component 'valsum' at (1) already declared at (2) bstfit.f90

bug138221.f

bug118974.f
bug118961.1 < |
[
&
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Python Development

& PyDev - Robots/src/robots/tests/test_robot.py - Eclipse SDK o Dlﬁl .
File Edit Source Refactoring Mavigate Search Project Pydev Run Commands ‘Window Help [ J Py Dev IS a Python I D E for
[£ pyDev Package Explorer $32 = B[ 7] test_robot $3 =0 .
A& Y 1~ import unittest Alw ECIIpse
- =5 Robots @ 2 import unresolved import -
B ﬁ@src @ 3 import unittest as unused import
B ¢ robots 47
o :  Create/manage Python modules
_init__.py
i é’;’:]test_mhot.py i X
11 @ init_.py & class TestCase (unittest.TestCase):
9 - Full array of Eclipse editing
2 0o ull array of Eclipse editin
@] project 11 def testRobots(self):
.pydevproject 12 from robots.core import Robot featu reS for Python
o python (D:\binipython26S\pythor g robot = Robot ()
14 robot.Walk()
il robot.SayHello ()
16
@317 print undefined varisble = ® Python debugger
18
< | M 19

@z0 def methodHotWithSelf (foo) : -

v =g)[e:s pan S * Interactive console with Python

1B % el V] 22

tyoe ke tot ) inte p reter

“— unittest P
25
4— unresolved_import

26

: 4— unused_import = unittest 27 if name == ' main
= TestCase T =

> @ o el * Integration with Python unittest
‘ 4 Rabot (robots.core)

| g @ e y and code coverage modules
«| | »

[ Writable Insert 28:20 |
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TP Application Development Cycle

Coding & Static Analysis

"3 Make - test.c - Ectipse SDK ==
Fie £t Refoctor Novale Search Promct Run WPl Arifects Window Feb
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R - M MPI_COMM_WORLD test.c. 20 Constant
Retums the rank of the local task in Mt MPI_Comm_size teste 2 Functon Call
the group associated with a v P1_COMM_WORD testc = Constant B
communicator W WP Send teste a1 Functon Cal
M MP1C testc 31 Constant
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Dynamic & Performance Analysis

Application Execution

e0o

- ipse 506
e 156 | O g5+ |24 8 0w 2 e | | |
o wonon 21 . -0

s Conpein e S

R o

o
e

o s e 1 oo o ess mwirTed

0 st e 1 Taon 012”7 | ieesumw

3 S e Seon a7 i s

O v e semone. 7l s
0w e sew a7 los s
0w s seamm a2l 7 s s

B aem wess 1 samw el 7 o sewr

0 w0 s 0o mewm

0 on s s 7 oo
O e 7 semoane. 7 2w

0 asoihee ¢ sl 7 s

0 aeaios pea 1 oo P s
[ o e v

0 e toess. G bl 7 osswwm

0 e s s 7 oo
a0 wiss v semm a2l 7 o s

0 e wess 1 saamwseisl 7 o sewrm
A e s om0 s

< vessages  Console 1

i~ W % 0 4- O~ v &5 [PTP Debug| BPTP Runti... TC/C++
8 Parallel Debug 3 = O % Breakpoints - Variables &3 67 Expressions = &
ORTE@sco7tutorial: d ® 0| Qi e * B >
0 jobo2 (| Name Value
& my_rank 4545765
& num_procs 134515657
pALETIES > il U 91 4 source 1076822080
& MyMPIProject [Paralel Application] o dest 1076823128

= & Process 0
~ i Thread [1] (Suspended)

1 main() testMPI.c:50 80483b0

T —

[4 testMPLc 2T

=02 outline % =a

B R e T

int

int v 2 mpih

int .

int 7% rank of receiver */ # stdoh

int tag = b +tag for messages * o stingh

char message[160];  /* storage for message */ .

VI Status  status ; + return status for receive * cale_pilint, int) : void
o main(int, char{]) : int

/4% start up eI *
WPI_Init(sarge, &argy);

/+ find out process rank *

PT_Comn_rank(MPI_COMM_WORLD, &my_rank) ;
C [
B Console 20 Memory ) Error Log| [£. Problems &

2l = ®
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Application Execution

 Launching & Monitoring

eo0o0 System Monitoring - Eclipse SDK. &N o
- G |0 #5r |03 8 10 b 2 @253 (Q quick Access ,/I 15 | TEc7++ [z System Monitoring | Create, manage, and run configurations
£ Monitors 33 & | % Create a to launch a parallel app in Parallel Perspective W
Status Connection Name System Type =
% lonestar GRIDENGINE
localhost OPENMPI x
forge TORQUE Name: 'shallow
type filter text . . . . . . .
(£ Resources ), ) Application| %5 Debugger| ¢ Arguments | %~ Source| i Environment| I Common |
(] C/C++ Local Application
22 Active Jobs 52 ven ® Ecvie Anpmf; Resource Manager: | OMPI@LargeCluster ]
step owner queue | wall queueda dispatch totalcore status = Java Applet
571243 ilievit norm.. 86400 7  2012.. 4104 RUNNING - ncat Launch Awributes.
571340 kajoh... norm.. 86400 ? 2012. 348 RUNNING T) Java Application
571371 cgg large.. 64800 7 2012 48 RUNNING Jo Junit
571417 jap0l norm.. 86400 7 2012 768 RUNNING 5 JUnit Plug-in Test [‘Simple | Advanced
571419 jap0l norm... 86400 7 2012. 96 RUNNING N
571467 brightzh norm... | 86400 7 2012 72 RUNNING
571507 orvan... norm.. 86400 7 | 2012, 72 RUNNING Number of processes: |1
571539 kyoung norm.. 86400 7 2012 12 RUNNING -
571579 ado  norm. 86400 7 2012 504 RUNNING 72, Task Context Phugein Test
571590 vkcl02 norm.. 86400 7 2012 12 RUNNING
S71640 1949, norm.. 25200 7 Z012. 60 RURNING Vi I Task Context Test Skl o Semuivotbell Nojood
571679 onan.. norm.. 86400 7 2012 72 RUNNING & View Latex Document Prefix
571686 gchou norm.. 86400 7 2012 72 RUNNING
571687 gchou norm.. 86400 7 2012 72 RUNNING
571688 gchou norm. 86400 ? 2012. 72 RUNNING Hosts
571689 gchou norm.. 86400 7 2012 72 RUNNING PR
571690 achou norm.. 86400 7 2012 72 RUNNING Host file: Browse
= Inactive Jobs 52 Y= Host list:
step owner queue | wall queueda dispatch totalcore status
O 437416 mont... ? 7200 2012.. 7 21996 SUBMITTED
O 437421 mont.. ? 7200 2012 7 21996 SUBMITTED
O 437424 mont.. ? 3600 2012, 7 21996 SUBMITTED
O 560748 1g803... ? 86399 2012, 7 1692 SUBMITTED
O 560749 1g803... ? 86399 2012, 7 1692 SUBMITTED
O 561937 tgass... ? 86400 2012, 7 96 SUBMITTED T
O 561939 tgdss... ? 86400 2012, 7 96 SUBMITTED .
O 561940 tgass... ? 86400 2012 7 96 SUBMITTED Filter matched 12 of 12 items
O 561941 tgdss... ? 86400 2012.. 7 96 SUBMITTED X
O 562503 yea 2 86400 2012 7 24 SUBMITTED p . |
O se2504 yza 2 86400 2012, 7 26 SUBMITTED Close R |
O s62506 vea 2 86400 2012. 7 24 SUBMITTED —
O 562888 tods5... ? 86400 2012.. 7 96 SUBMITTED
O 562889 tgds5... ? 86400 2012.. 7 96 SUBMITTED
O 562890 tgds5... ? 86400 2012.. 7 96 SUBMITTED
O 562891 tgds5... ? 86400 2012.. 7 96 SUBMITTED
Ml 562892 t0dss.. ? 86400 2012 7 96 SUBMITTED
Messages ') Console 52 [ Properties [1. Problems i Tasks =0

No consoles to display at this time.

LML DA Driver (lonestan): (90%) -

= Improves visibility into target system

= Single point of interface for launching and
control Open MP|

= Manages interaction with different runtime — e
systems and job schedulers -

a

PBS/Torque

LoadLeveler

DGE
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Application Execution

* Target Configuration Framework

 Extensible framework for launching & monitoring
— System and node status information
— Job status (e.g. position in queue) & application status
— Job submission & control
— Debugger launch

« Configuration files to support different resource managers
— Job schedulers (LoadLeveler, PBS, Torque, SLURM, GridEngine)
— Interactive runtimes (e.g. PE, Open MPI, MPICH2, MVAPICH)
— Systems (AlX, Linux, Power, x86, BG/Q, Cray)

 Local or remote system support
— Command-line tools executed locally or via ssh connection

#,OAK RIDGE
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PTP Application Development Cycle

Coding & Static Analysis Application Execution

- a5
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2D e 55 & .
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S 8 AN S o rmte s ettt v 22 - e e T R
MPI_Comm_rank [ e actoct Flenome | tineto [constroct || Z i Yo 7 T e
o e testc 2 Functon Gall S mnl wmmen 0 i
105 ¥PI_Com_rank (4P1_Com, tac +);{ (| ¥t MPL_Conm.ran testic x Functon Call o e B A i
t PLCOMM_WORD st = Constant T G|y | e
Retums the rank of the local taskin | || 8/ MPL_Comm_sze st = Functon Call Qs EeEy o Eamem
the group associated with v P1_COMM_WORD testc = Constant B E oS i
communseator W veLSend st E Functon Call . o T e
W e CaR 5
e 517 | vercom woro :
Goto e H
B2 M Topes %7 search 58 Rebted Topics I~ ] .
g - > L3 MM_WORLD » Constant ) e Comole 1 rovems 3 7as
[ o e
1 | wrtale SartInsert o cois o oy s e

I -
£ PTP Debug - MyMPIProject/tes’ - Eclipse SDK.
fle Edit Refactor Navigate Project Window Help

3~ W % 0 4- O~ ¢ @ &5 [PTP Debug| BPTP Runti... TC/C++
Parallel Debug &3 ' Breakpoints (- Varlables & 47 Expressions

i parallel Deby =a|e kpoi riables 3 67 =a

ORTE@sco7tutorial: d s e o0& Al @~ * B -
j0b02 o+ v Name Value a
i

2 job0s & my_rank 4545765

& num_procs 134515657
pALETIES > il U 91 4 source 1076822980
< £ MyMPIProject [Parallel Application]  dest 1076823128

= & Process 0
< Thread [1] (Suspended)

1 main() testMPI.c:50 80483b0

T —

(6 testMPlLc 3% =8| & outline 2 =8
« B A e~
int B RN
int v 5 mpin
int .
int 7 rank of receiver +/ # stdoh
int + tag for messages * a0 stringh

tag = ©;

char message[100];  /+ storage for message +/ .

WPI_Status  status ; * return status for receive * calepilnt, int): vold
© main(int, char'(])  int

/4% start up eI *

WI_Init(sarge, Gargv);

/+ find out process rank *
VPI_Conn_rank (MPT_COMM WORLD, Smy_rank); &

C [
B Console 20 Memory ) Error Log| [£. Problems ]

Dynamic & Performance Analysis Application Debugging
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Application Debugging

- PTP Parallel Debugger

& PTP Debug - MyMPIProject/testMPI.c - Eclipse SDK
File Edit Refactor Navigate Search Run Project Window Help

o |3y O Qv (O~ | EE |4

&9 |E2PTP Debug| # PTP Runti... THC/C++

2 Parallel Debug 2 = O 9 Breakpoints = Variables £ &7 Expressions = O
ORTE@sc07tutorial: d S FYEN: & 0 o @ & B -
0 job02 o+ + Name Value
‘¥ job06 % my_rank 4545765
= @ num_procs 134515657

3 v =8
AL o U B se @ % source -1076822980
¥ &3 MyMPIProject [Parallel Application] % dest -1076823128

v &2 Process 0 o 5
v i Thread [1] (Suspended)

.
IE
= 1main() testMPI.c:50 804890 ‘t

[¢) testMPI.c 88 . £ job05:0 =8 g outline 8 =g
{ [~ 2R Y 0 ¥
int my_rank; /* rank of process */ B R X
int num_procs; /* number of processes */ & mpih
int source; /* rank of . .
o int dest = 0; /* rank of 4 stdioh
int tag = 0; /* tag u string.h
char message[100];  /* storage for message */ PO
MPI_Status status ; /* return status for receive */ e calc_pilint, int) : void
o main(int, chart(]) : int

/* start up MPI */
MPI_Init(&argc, &argv);
/* find out process rank */

MPI_Comm_rank(MPI_COMM_WORLD, &my_rank); [v
(

El Console 82 (3 Memory €] Error Log [2 Problems % 6 % Bvriv=0

Mid-scale integrated debugger

Tightly integrated with Eclipse

Supports debugging multiple jobs
simultaneously

Utilizes backend debugger (e.g. gdb) for
low level operations

Targeted at SPMD programming models
Supports mixed MPI & thread
debugging

Single process and group operations
Platform for building new debugging
paradigms

OAK RIDGE
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Application Debugging

« Scalable debugger using multicast reduction
network

* Integrated with PTP and launched using target
configurations

« Supports basic debug commands

* Uses gdb on backend

v v v
process process process

OAK RIDGE
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Coding & Static Analysis

| Make - test.c - Eclipse SDK ==
Fle Eat Refoctor Navgste Sewch Promct Run MPIArifacts Vindon Feb
Ics~He|#@-68-0-CG- % -0-%-|h®|® |8 -5~ [ Evake §2eva
i Moke rojects 53 Navigator = 0| ([0 =80 5 =0
i B8 =y
= & ke
% Q Bnares
o & incuces e
+ = Debug
© [@ teste
3 My .
0 MyProfiotindexed 72 (g 000
~ < message
sprince (message,
aest =
i (message, strien(message)+i,
i
@DHep 217 &
2|0 g ol | < )
D @ Al | [Problems  Consoe | ropertes [ i et atoct view 7 T =
MPT Comm_rask Lot afoct Fename [ tnetio [constnet (]
o W WLt testc 7 Functon Cal
40t MPI_Comn_rank (T Comm, tnc #):| M0 MPI_Comm_ran teste 2 Function Cal
v MPLCOMM_WORLD teste ) Constant
Retums the rank of the local task in Mt MPI_Comm_size teste 2 Functon Call
the group associated with v P1_COMM_WORD testc = Constant q
communicator W WP Send teste a1 Functon Cal
i e st 5 Constant
i teste » Constant
(2 ——
e 3 toste 7 Functon Cal
[ arTopes %7 search 5 Reited Topes -
W Bookmaris

PTP Application Development Cycle=

Application Execution
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= vessges @ Console 51 1 Praems & Tasks

/¥ start up I *
WI_Init(sarge, Gargv);

/+ find out process rank *

PT_Comn_rank(MPI_COMM_WORLD, &my_rank) ; o)
C [
B Console 20 Memory ) Error Log| [£. Problems « B

& PTP Debug - MyMPIProject/tes’ - - Eclipse SDK.
File Edit Refactor Navigate Project  Window Help

3~ W % 0 4- O~ ¢ @ &5 [PTP Debug| BPTP Runti... TC/C++
8 Parallel Debug 3 = O % Breakpoints - Variables &3 67 Expressions = &
ORTE@sco7tutorial: d S ® 0 a o> @ proge=, <
0 jobo2 0@+ Name Value a
> job0s & my_rank 4545765

& num_procs 134515657

% Debug 2 D o o @ source -1076822980
~ E4 MyMPIProject [Parallel Application] & dest -1076823128

~ & Process 0 o E———

= i Thread [1] (Suspended)
1 main() testMPL.c:50 80485b0
L )

(& testMPl.c 3% =8 & outline % =8
T & 4 g o v
L im % R
L im + 2 mpih
| int =
o [in 7% rank of receiver */ H stdoh
i tag = 0; +tag for messages * o stingh
| char message[166];  /* storage for age *+/ .
- MPI_Status status ; + retum status for receive * calc_pifint, int) : void
| o main(int, char{]) : int

2l = ®
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Dynamic & Performance Analysis

* Dynamic Analysis Tools T
Perform analysis on the running

application using external tools

Generate results that must be brought - | | =

back into Eclipse as part of the
development workflow

May require external tool for
visualization or other purposes

T 1 %OAK RIDGE
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Dynamic & Performance Analysis
* Tuning and Analysis Utilities (TAU)

« Graphical Explorer of MPI Programs (GEM)

Instrumentation and transparent re-build of
application executable

Execution of profiled application and collect
performance data

QQQQQ

Performance data visible in Ul

Launches paraprof visualization client from
Eclipse

Formal Dynamic Verification of MPI Applications

Detects all deadlocks, assert violations, MPI
object leaks, and default safety properties

Matches sends and receives

Allows post-verification review of highlighted
bugs
Works with a variety of MPI implementations
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Online Information

* Information about PTP

— Main web site for downloads, documentation, etc.
e http://eclipse.orq/ptp

— Developers’ wiki for designs, planning, meetings, etc.
* http://wiki.eclipse.org/PTP

— Articles and other documents
o http://wiki.eclipse.orq/PTP/articles
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Community

* PTP Mailing lists
— Major announcements (new releases, etc.) - low volume
« http://dev.eclipse.org/mailman/listinfo/ptp-announce
— User discussion and queries - medium volume
* http://dev.eclipse.org/mailman/listinfo/ptp-user

— Developer discussions - higher volume
e http://dev.eclipse.org/mailman/listinfo/ptp-dev
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