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Eclipse PTP: Parallel Tools Platform
http://eclipse.org/ptp
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Performance Tools *: based on
TuningFork:
http://www.alphaworks.ibm.com/tech/tuningfork

Parallel Debugger

IBM Contributions

Based on
C/C++ Development Tools: CDT
http://eclipse.org/cdt

* Not yet publicly available on eclipse.org

2 Beth Tibbitts PTP - PLDT May 2007 © 2007 IBM Corporation



IBM Research

PTP / Parallel Language Development Tools
PLDT - overview

= Tools to assist developers in developing parallel codes

= Assistance tools: Identify MPI/OpenMP/LAPI “artifacts”, help
(hover, content assist, etc.)

= Static Analysis tools: OpenMP concurrency analysis, MPI
barrier analysis to detect deadlocks

= Status: above ported to CDT 4.0, in cvs, “PTP/PLDT 2.0”

= Plans/ldeas:

— Code templates, artifact view filtering, “New MPI Project” wizards
— detection of common errors
— refactoring for parallelism

— Similar tools for Fortran (dependent on Fortran parser with CDT-
like AST)

= What other tools would be helpful?
— Multi-core tools? What?
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Parallel Language Development Tools:
PTP MPI Development Tools

Based on the

e . CDT (C/C++
File Edit Refactor MNavigate Search Project Run MPI Artifacts Window Help 2 0 Development
Ies-Hle @ -68-B-6-[3-0-Q- | a® & |§- -5 -0 -2 | Fvake &'3ava Actions to find MPI Toolkit)
[y Mke Projects £2 . Navigator | = 0|@=. ¥ SOjo N\ =0 Artifacts via ,
: ; & | q():: ~ /™ Ilnd OUT process rankK =/ ~ W_
T 5 MyMekePre; Mix MPI Comm rank (MPI COMM WORLD, &my rank); W Statlc anaIyS|S
?B'naries /* find out number of processes */ .:: stri.ng.h
(&) Includes ix (MPI_COMM WORLD, &p): moth
(= Debug - - @ main
[2) test.c =
21 MyProjCPP
% Myy::;NutIndexed if (my_rank™~NgQ0){ :
/* create m®sgage */ L :
:z:zn:fo(!:ess&ge, Greetings from process % M PI Artlfacts
/* use strlen+l so that ' get transmitt -
Mix MPI JSend (message, strlen(mes3age)+l, MPI C B found by anaIySIS
rix Name: MPI_Send =
} Protoype: int MPI_Send(v int, MPI_Datatype, int, int, Comm)|
! o g\ \m\
@Heb 23 ﬁ | = L%' l | = S - Blocking standard mode send. \’\ B N
@ ) | & o
Problems | Console | Properties | M MPI Artifact View &2 )Q“ ]
N g b st > et > Source Markers for
- - M MPI_Init test.c 17 ction Call : :
int MPI_Comm_rank(MFI_Comm, int *); M  MPI_Comm_rank test.c 20 jon Call NaVIQatlon &. ID
=||| Mr MPI_COMM_WORLD test.c 20 Constan!
Retums the rank of the local task in x MPI_Comm_size test.c 2 Function Call N
thi iated with M MPI_COMM_WORLD test.c 23 Constant =
co;\it::uﬁpc:ts::uae e M  MPI_Send test.c 31 Function Call MOUSG hOVGf help
A M MPI_CHAR test.c 31 Constant .
M MPI_COMM_WORLD test.c 32 Constant
- B || o = S And content assist
. ) § Mt MPI_CHAR test.c 37 Constant i
1 AlTopics 7 search ] Repted Topics Mt MPI_COMM_WORLD test.c 38 Constant [v]
e <] w [ /* find out number of processes */ : string.h
] |wiatle | smartinsert | 23:18 | W MPI_Comm size (MPI_COMM WORLD, &p): =
|  MPI Comm x] e
1 © MPI_Comm_rank(int,int %) int [Returns the rank of the local task in the group

if | an o assodated with a communicator.

Context Sensitive Content Assist /m © MPI_Comm, remote_group(intnt ) nt

SPrint g Mp1_Comm_remote_group(MPI_Comm, MP

Help (F1) provides Ctrl-space U ot e i e

© MPI_Comm_remote_size(MPI_Comm, int *)|
MPI Se

des

BB

APl info Suggests } )
completions crsec 18 I - —
P - oo = -
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An API for multi-platform
shared-memory parallel programming in
C/C++ and Fortran.

.Id entlfy File Edit Refactor Navigate Search Project Run LAPI Artifacts MPI Artifacts OpenMP Artj dow Help
Constructs Jr{j' al & Jﬁ'&'@'@'J*'O'Q' JHI&}&@ @@ & & J.@I'%I M CR GRSt
B (0@ c/c++Projects 53 Navigamrl = 5[] Edmiston_Solution... ﬂﬁw o= Outiine 33 1 =imll
.LISt O enMP = Ql&v /* RBllocate memor V i - l"z”&\s O
* v for the arrays. ¥/
p B | @& ndudes x = (double *) malloc( (size t) ( arraySi = : stdo.h
constructs [E g; 'i;be”"?m Y = (double *) malloc( (size t) ( arraySi i :;'I’i‘::
. % [#- (2 vivek's version —allsm : i .ol maﬁ'l..h
° L| N k to source Ba %ﬂ' >IEdmishon_Squﬁon_2.c 15 (asc] || 1 (omp.inuRazallel 0) 4 .8 openmp.h
a} [ LAPIsample ; printf ("OpenMP in parallel”); L
.52L i
C O d e o dgvg_lmdes /* Here's the OpenMP pragma that parallelif ||
#- g pi.cop i
=5 MyCProject
[#-#£5 MyMPIplusOpenMP
A I . C—]g >.-B'4y0penMPproject [lexcvs1.lexingtol|
(= Indudes =
nalysis v
H CFile.c 1.1 (ASCII *kkv)
eldentify scope T o
[+ xForDirective.c 1.1 (ASCII kkv)
of # pragma o} % :xMhpcI:No:l;;aring.c 1.1 (ASCE
. 46} exParallelRegion.c 1.1 (ASCII kv
eldentify common ) ig) exReductonClause.c 1.1 (AsCI4 ||| (o T |
-4} >testOpenMP.c 1.1 (ASCII +kv) \
pro blems (=5 PTPSimulation ) [problems | Console | Properties | MPNartfact View | €5) OpenMP Artfact View 53 i v=8)
.Concurrenc e s R [v]|l | openp artifact | Filename | LineNo | construct |
y @ Yy ] @ omp_in_parallel testOpenMP.c 18 Function Call
. ~ =
ana|yS|S 1D Help 32 = O #pragmaompparalldform \izstOpeni.c 2 OpenMP Pragma
& | @ 1 i l L i Show pragma region
Go To:
f‘@ All Topics S%“ Search =
D’% Related Topics m Bookmarks
E [ | writable SmartInsert | 26:6 |
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OpenMP Concurrency Analysis

el o (Gmemene[Grmeaee NS Analysis of which
58 e ) statements could
et o execute in parallel
®  #pragma omp parallel (based on concurrency
g analysis of Yuan Lin)
for (int i=0; i<a; i++) {
i T Possible future
i extension:
= i —— *Analysis to develop
- strategy for
o parallelizing
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OpenMP problems

e = —
< C/C++ - openMPproblemsDemo.c - Eclipse SDK - C:\ews\runtime-sc06 N L:Jw
File Edit Refactor Navigate Search Project Run MPI Artifacts OpenMP Artifacts FieldAssist Window Help lﬁ
iR NS MMM ASE AU IMCNSE L N1 BRI NI B R S ok
B (BB c/c++Projects 33 Navigator | = 0|l oper c &3 [<] openMPp orig.c | (€] oper E = O |[ 8= outine 23 "\ Make...| = O
& BT ¢ a R e T
& | & &= mycproject [a] /fine *> g [] [1: ® forChecks
&) | ® & MyMPIplusOpentP int 1=1, 3 ; ® barriercheck4
S }'_-;% >MyOpenMPproject [lexcvs1.lexington.ibm =
(2 Indudes L #pragma omp parallel for
: -6 Debug for (i=0; i<3; i++) {
@3 >other A= : : :
(3 >other2 = || : : : // <== CpenMF problem -
@[} >concurrency.c 1.1 (ASCII kkv) m fof(:‘:l; 3<10: 3+ {
# 4 >openMPproblemsDemo.c (ASCII k) I++: =
- [) testOpenMPfunctions.c 1.1 (ASCII +ky[v] b
(<] I J > )
}
= =
@ Hep 2 g void barriercheck4 () r
dB@Ale T
int i, j»
om‘)—m—pam“el ﬁ; #pragma omp parallel for =
) ) . il for(i=0; i<3; i++) {
int omp_in parallel(void) i #pragma omp barrier // <== OpenMP problem
}
This function retums non-zero if it is
called within the dynamic extent of a N E]
parallel region executing in parallel;
otherwise, it retums 0.
Problems  Console Properties ‘@ OpenMP Problems £2 . OpenMP Artifact View i vy=0od
Description Resource In Folder Location
‘@ For directive embedded within another parallel for or parallel sections openMPy demo.c  C:\ewslyuntime-sc06\MyOp proj... 13
GoTo: @ Barrier directive not permitted in region extent of for, ordered, section... openMPproblemsDemo.c  C:\ews\yuntime-sc06\MyOpenMPproj... 25
FB All Topics %ﬂ Search De Related Topics
(Il Bookmarks [ Index a| T | B

Bl Read Me Trim (Bottom) [N

Writable Smart Insert | 13:57

Types of problems targeted for
analysis include:

*Parallel directive dynamically inside
another parallel, establishes single
thread context

*For directive embedded within critical,
ordered, or master extents

*For directive embedded within
another parallel for or parallel sections
*For directive embedded within
another for, sections, or single
directive

*Barrier directive not permitted in
region extent of for, ordered, sections,
single, master, and critical

*Master directive not permitted in
dynamic extent of for, sections, or
single directives

*Ordered directive not permitted in
dynamic extent of critical region

Along with the analysis for finding OpenMP artifacts, common problems are also located, and shown in the OpenMP Problems view.
Like the OpenMP Artifacts view, the OpenMP Problems view can be used to navigate to the source code line by double-clicking on the line in the
problems view.

While these are along the lines of what compilers would probably also find, they are a hint of future
features to find less obvious problems.
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New MPI Project Wizard

=Simplifies creation
of new (managed
make) MPI projects

“Would it be more useful
as a “New MPI Project”
wizard instead of an
added page to “New C
Project” wizard?

*And “New OpenMP
Project” etc?

Beth Tibbitts

MPI Project Settings —>
Select the MPI include path, lib name, library search r
path, and build command information to be automatically

M —

Add MPI project settings to this project
[] use default information

Include Path: | C:jmpich2jinclude

‘ [Browse...]

i |
| C:jmpich2/lib
MPI compile command: I mpicc |
MPI link command: I mpicd| |
[] indude sample MPI source file? 4_ new

Library name:

Library search path: ] [Browse... ]

[ Finish

| [ cancel |
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Parallel Language Development Tools:
MPI Barrier Verification Tool

"2 C/C+ - testMPlbarrier.c - Eclipse SDK - C:\ews\runtime-scOf, Jo&s Action to run

File Edit Refactor Navigate Search Project Sample Menu Run LAPI Artifacts  MPI Artifacts OpenMP Artifacts FieldAssist Window Help

ire- @i n g &6 P00 Q- Bk WM o a® B S v e @ Barrier Verifier

] S XS Gy o
ﬁ /E:] C/C++ Projects %\\yavigaw = O |[f8) testvPibarrier.c 52 [€] concurrency.c I@ matrixio.c l [€) nxtval.c I»B = 0[5 outline 23"\ Make... | = 8
& 5@ | Bls]> ) BRW e~ . .
Ei = . It = ==l MPI_Init(&argc, &argv); j’h— fy b
i éﬁpi:v:;b:njouuon_z P ies @ //MPI_Comm rank (MPI_COMM WORLD, &my rank); = ] :::g h Ver I ar r I e r
S mpi_c » T h . . . C /
© &5 WPBarierandyss /* find out process renk ¥/ i synchronization in C/MPI
® o Binaries E MPI_Comm rank (MPI_COMM WORLD, &my_rank); ® main
- @ indudes il , programs
H (= Debug /* find out number of processes */ ==
| @ {2 testWPIbarier.c MPI_Comm_size (MPI_COMM WORLD, &p):
- =

=5 MPIBarrierAnalysisSM

. @ g Includes ¥/ MPI Barrier (MPI_COMM WORLD):
B B . .
" e e s e 1o . =Synchronization errors lead
# [ blasglue.h . ) , =
i 4 - * Create message * =
] Il; % :f’;:f:lver'h sprintf (message, "Greetings from process %d!", my ra to deadIOCkS and Stal IS .
: i+ IE matrices.h e = (6 . S i [v]
- @ - [(] /* use strlen+l so ﬁu:ll“ \0' get transmitted "/ m_
#-[€ blasglue.c == s = = = | |
: @[ eigensolver_davidson.c (37 |C |Pr |O |0 ‘S IM ["IIE... 23\‘: 03| | Barrier Errors ZZ\\ i v=0 Programmers may have to
- [¢] eigensolver_utils.c i ¥ ||| Error Message Function | Filenar 1 1
18 e | . d ying d
[i] LT @I:Igenso i | mM Barrier Matching Set | Function Filename Linel ||| & "!‘;:"; A L= testiPl S pe n h O u rS tr I n to fl n th e
=0/ Barrier 1(2)  Barrier testMPIbarrier.c 8 = d aments,
rr— =0 Wgme: oww  wawebamwe s || "BPanz0bmes) | source of a deadlock
Function Filename /i Barrier 3 main testMPIbarrier.c 43 = {hfrror - . T A
RS e @Y Barrier 2(1)  main testMPIbarier.c 33 (#-U4 Loop (dynamic number of barriers)
) i . -/ Barrier 3(2)  main testVPIbarrier.c 43 H £ H
o e R it |3 =Static verification tools help
Y4 man testMPIbarrier.c -9/ Barrier 5(1)  main testMPIbarrier.c 64 . .
wopbanwe || WAsans@ mon P @ to eliminate errors before the
W Barrier testMPIbarrier.c
program is executed
[i] I [L] u 11l u [i] 11l U
: 0°

Contact: Evelyn Duesterwald, Yuan Zhang
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MPI Barrier Verification Tool
Program Verified

Fie Edit
iNrEe s

Refactor Navigate Search Project Run LAPI Artifacts Sample Menu MPI Artifacts OpenMP Artifacts Window Help

(@& G G- ($-0-Q- Bk W a® @@ S G-

(@ 8- bl-wme-

@ C/C++ Projects 2 - Navigator| = O[[c nxtval-armci.c | [ collect.c | (& nxtval.c | [ *testMPI.c C &3
s o | B(S)T [~ BR e ¥
= = Examples if (mpi_is_master()) { o stdib.h ~
(2 Includes sub_id = H5Gcreate (id, name, 0 /* ==> default size */ ); U stdio.h (Tl
= MPB matrixio_write_string attr(sub_id, "description", description); o string.h
 ® (= matrices = Jconfig.h
== matrixio HS5Fflush(sub_id, HS5F_SCOPE_GLOBAL) ; o check.h
 ® [B matrixio.h ' scalar.h
- [g evectmatrixio.c . MPI_Barrier (MPI_COMM WORLD) ; = mpiglue.h
@ [¢ fieldio.c } = mpi_utis.h
@ ¢ matrixio.c else { = matrixio.h
i Makefile.in s, (M COMM_WORLD) ; # IF_EXCLUSIVE
- # maxwel # SUPPRESS_HDF5_ER|
@ util sub_id = H5Gopen(id, nai o ° write_attr
: config.h.in } © % open_attr
® (= Tcgmsg ©° read_attr
@[ testCG.c o ° close_attr |
= return sub_id; EI- © matrixio_write_string_|
} ©  matrixio_write_data_;
. © matrixio_read_string_
Barrler M atch void matrixio_close_sub(matrixio_id id) © matrixio_read_data_{
{ # FNAME_SUFFIX
- o CHECK (H5Gclose (id) >= 0, "error closing HDF group"); ™ add_fname_suffix
LIStIng } ® ° matrixio_tritical_se!
B e 4 ° mag;(!o_creat =
©  matrixio_open
 manoopen Show Barrier
Natrixio id matrixio_open_dataset (matrixio_id id, © matrixio_create_sul .
const char *name, © matrixio_close M t h S t
int rank, const int *dims) © matriiu_open_data a C I n g e
{ © matrixio_create_da
int i, rank_copy; o matrixio_close_data
Rid_t space_id, data_id; o matrixio_dataset_ext
hkize t *dims_copy, *maxdims; © matrixio_dataset_del,
© _matrixio_write I'PBLK“B
(<] m >
MPI Barriers % Barrier Matches £ - Problems| Console| i ¥ = O)(wnBarrier Errors 52 - MPI Artifact View| Properties| Search| i v=0d
Barrier Matchi .| Suncticn | Flename | LineNo | IndexNe Error Message | Function Fiename | LineNo | IndexNo |
=-¥% Barrier 1 (2 matrixio_cre... matrxic ¢ 387 1
4 Barrier 2 matrixio_cre... matrixio.c 390 2
"4 Barrier 1 matrixio_cre... matrixio.c 387 1
4 Barrier 2 (2 matrixio_cre... matrixis.c 390 2
® WA Barrier 3 {1 matrivic .. matrixio.c 456 3

i

| Writable Smart Insert | 390 : 18

REET” F oo | @eronoue. |

o microsort.. ~ [T & o ntemet ... ~| (] volme control

Beth Tibbitts PTP - PLDT May 2007
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MPI Barrier Verification Tool
BarrierS nchronizaton Error Found

Fie Edit Refactor Navigate Search Project Run LAPI Artifacts Sample Menu MPI Artifacts OpenMP Artifacts Window Help
rHOEi® (@S E-C B0 A PR a® @ ®F G0
@ C/C++ Projects [@ nxtval-armd.c | @ collect.c | [ nxtval.c | [6 *testMPLc  |& matrixio.c &

BRgc|

8= Qutline 52 Make... | = O
BR o ¥

Navigator| ~ ©

Do @ Bs)T

= &5 Examples
& Includes sub_id = H5Gcreate (id, name, ==> default size */ );
= &= MPB matrixio write_string_attr(sub_id, "descripsion", description);
#-(= matrices .
©-65 matrixio HSFflush (sub_id, HSF SCOPE_GLOBAL) ; Barrl er
@ [8 matrixio.h
[& evectmatrixio.c . MPI_Barrier (MPI_COMM WORLD) ; = E
@ eloc ) Synchronization
® € matrixio.c else {
| Makefie.in // MPI_Barrier (MPI_COMM WORLD) ; E
@ = maxwel rror
@ utl sub_id = H5Gopen(id, name);
- cnfghn ) Counter Example
#-(= Tcgmsg
[ testCG.c
@ (¢ testMPL.c return sub_id;

} mafrixio_write_data_;
atrixio_read_string_
void matrixio close_sub (matrixio_id id) _read_(
{ FNAME_SUFFIX
CHECK (H5Gclose (id) >= 0, "error closing HDF group"); add_fname_suffix
} @ ° matrixio_critical_sectil

® matrixio_create
g R R R

© matrixio_open
© matrixio_close
matrixio_id matrixio_ open_dataset (matrixio_id id, © matrixio_create_sub
const char *name, © matrixio_close_sub
int rank, const int *dims) © matrixio_open_datas
{ © matrixio_create_data |
int i, rank_copy; © matrixio_close_datas
hid_t space_id, data_id; ® matrixio_dataset_exi
hsize_t *dims_copy, *maxdims; © matrixio_dataset_del,
o matrixio write real d
B w | 2l
MPI Barriers % Barrier Matches 52 - Problems| Console| MPI Artifact Viewy/ Properties | Search| i v=o
Barrier Matchi... | Function | Flename | LineNo | IndexNo | | Functiog | Flename | LineNo | IndexNo |
w4 Barrier 1 (0 matrixio_cre... matrixio.c 387 1 ... matrixio.c 381
@ %4 Barrier 2 (1 matrixio_cre... matrixio.c 456 2 =4 Path 1 (1 barrier(s)) 0 0
4 Barrier 1 matrixio.c 387 1
4 Path 2 (0 barrier(s)) 0 0

[f] volume Control | 7 Adobe Acroba..

¥ a1 @D YUR 10:18am
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