Module 5: 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
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Debugging an Application

Debugging requires interactive access to the application

Since PBS is for batch execution, we will use Open MPI to
provide interactive access to the machine (PBS will
support interactive execution in the future)

First switch to the Parallel Runtime perspective if not
already there

Parallel Runtime - shallow/main.c - Eclipse SDK - ,"UsersfbethfEwsftestllﬂﬁ_ptp404_tutu

e

| TS M 2 R & D - v » Yo <o v £ FiglRemote C/C... 958 Parallel Runt...

(#) Resource Managers 53 = B | El console E3 w bl # B-r5. = O
:'E'DPEH_MN@EUEMCH-UiUC-EdU (Open MPI) Open_MPl@abe.ncsa.viuc.edu:default;jobl
O csa.uiuc.edu (PBS)
# ) Remote@abe.ncsa.viuc.edu (Generic Remote Launch)

B55 Machines B3
Open_MPl@abe.ncsa.viuc.edu: abe.ncsa.uiuc.edu - Root [32]

=== abe_ncsa.uiuc.edu 0

——~ abem5.ncsa.viuc.edu
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Start the Resource Manager

+ If the Open_MPI Resource manager is not already
started (green icon), start it now:

+ Right-click on the resource manager and select
Start Resource Manager from the menu

eNO Parallel Runtime - Eclipse SDK - ,"Us;e;sfgregﬂ]o
.= N | |:|-|_|:| :#;_;: - .} g =¥ *}H - 0 - ::E _':[:' — - th_.]_l -:Z:J':I -

{+) Resource Managers 53 O || Bl console &3
# Remote (Generic Remote faunch) C-Build
1,3"' PBS@abe.ncsa.viuc.edu (FBS)

r MPI
__(B) Open_MP1@abe Adg¢l Resource Manager...

Rgmove Resource Manager
Efiit Resource Manager

aaa i o2 Mn PR P - . iy L . ==
228 Machines &3 et Default Resource Manager | tz- = 0O

PBS@abe.ncsa.uiuc.e
- abem5.ncsa.uiuc.g art Resource Ma“a'ger

B Stop Resource Manager

I Y Y

)
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Create a Debug Configuration

A debug configuration is
essentially the same as a run
configuration (like we used
in modules 3 & 4)

We will re-use the existing
configuration and add debug
information

Use the drop-down next to
the debug button (bug icon)
instead of run button

Select Debug
Configurations... to open
the Debug Configurations
dialog

Module 5

Parallel Runtime - Eclipse - /

8= 1 shallow (pbs)
§= 2 shallow

858 Machines/3 =, | - |{'§-]" =0
Open_MPlflabe.ncsa.uivc.edu: abe.ncsa.uiuc.edu - Root [32]

sa.uiuc.edu d T 1T T1TTIIT1 011
11 [ O I (O O I
22 [ I I O I O

Mode Attributes Process Info
Attribute Value

Mame honestl.ncsa.uiuc.edu

Mode Number 0

Open MPI num 1

il
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Configure the Debugger Tab

o NN ) Debug Configurations

Se I eCt D e b u g g e r tab Create, manage, and run configurations

Create a configuration to launch a parallel application in Parallel Debug Perspective
Select the shallow T
) . S T Name: shallow
CO nfl g u ratl O n 3 it 53 Resources D Application | (9= Arguments ._ﬁ‘. Environment | Synchroni "‘,} Cebugger %::__ Source | =] Comman

Debugger: | SDM

ocal Application

- i . I- = - Wsmp at main() on startup
Make sure SDM is e S e

selected in the
Debugger dropdown :

Check the debugger
path is correct

+ Should be the path to
the sdm executable on
the remote system

Debugger session
address should not
need to be changed

Click on Debug to
launch the program

localhost

Filter matched 16 of 16 items

@
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+ Parallel Debug
view shows job
and processes

Parallel Debug - shallow/main.c - Eclipse - fUsers/grec /testing /workspace

| o | 3> @~ ‘Qv Q- O~ |2 E 4~ - v v
&8 Parallel Debug 52 B m(2e o @0 |G- | &2+
Open_MPl@abe.ncsa.vivcedu: default:job0 - Root [4]

men UEI rForor

= O ||@g Breakpoi |1 Expressi |09=Variables 3

Name

W arge

B @P&mllel Debug | 558 Perallzl Runt... FE Remote C/C..

= Signals :"5 Arrays | 09= variables
= |
Value
1

being debugged

@ pi SO57B05E-30
%% Debug &3 540 | = 3 @D [0 - 18]
y E-‘_—E:hnlhwwnmllp Applicatinn] Feu [0- 18]
8 Process 0 @V [0 - 18]
o Thread [1] (Suspended) @ psi [0 - 18]

Debug view shows

threads and call
stack for individual

processes 19 main.c 53 | = 5B ouune 5

JZMPI_Duzutype *  setup_res(); az W \E‘ e % |
ik math.h

i4main (argc, argv)
; 2 O mp.h

3t int argc;
. char * argv[l; A swdivh
Source view
float pi=4.*(floaz)atan((couble)l.); £+ worker) - void
ShOWS a Cu rre nt Etggt EE:% E:%’ J: ED;;fu:\.cn"dO‘Ec Sliriface halght)- 4y . setup_res(] : MPI_Datatype*
- 11 float wln][nd; /* Merigional wind */ malnit; c‘h.ar 0 3
I I ne I I arke r for aII 12 float psi[nl[m]; /* Velocity streamfuncticn =/ setup.res( : WPI_Datatype
13 float pold[n][nl; update_global_ds(MPI_Datatype
p rocesses 14 float uold[n][n];
T Float wold[nl[nl;
16 float  hlnlln];
17 float z[n][n];
float dummyl|m] ;
float dummy2[n] [m] ;
50 float  tpi=pi+pi;
51 float di=tpi/{float)m;
52 float dj=tp1/{float)1;

& console &1 0 Memory | Z( Problems
Open_MPi@abe.ncsa.uiuc.edudefault jobd

Open Moi Job




Parallel Debug - shallow/main.c - Eclipse - fUsers/grec /testing /workspace

k - - T ' (PR ‘Qv Q- O~ |2 E 4~ v v G Ty iz @P&mllel Debug | 558 Perallzl Runt... FE Remote C/C..
‘ B rea po I ntS VIeW S bug 5 C = | E I —iﬂ% Breakpoi | Expressi 9= Variables 32 5+ Signals | 111 Arrays | 095 variables

Open_MPl@abe.ncsa.vivcedu: default:job0 - Root [4] =t [0 |

shows breakpoints [gz= CITT

W arge 1

that have been set b 3 el

& pi 5.9578B0%5E-39
%% Debug &3 540 e F%oD [0 - 18]

(m O re O n th iS Iate r) ¥ 8=} shallnw [Paralle| Application] ] F@u [0 - 18]
&8 Process 0 Fov [0- 18]
g £ad [1] (Suspended) ¥ psi [0 - 18]

Variables VieW ) = 1 main() main.c:38 4032ca
shows the current

values of variables K& | oy

S - = : - = |
MPI_Duzutype setup_res(); 'az [} \E‘ @ * |

for the currently Linain G, arg) SIS

int argc;

char * argv[]; M swdioh

selected process in [ E————————— =

—+ worker’) : void
float p[n][nl; / ressure (or .-.-‘ee surface heignt) */ "L setup_res(] : MPI_Datatype*

the Debug view o D g e
12 float psi[nl[m]; /* Velocity streamfuncticn =/ setup_res(] : MPI_Datatype
float pold[n][nl; update_glcbal_ds(MPI_Datatype

Outline view (from [
1 float hlnllal;

CDT) of source st

1 float dummy2[n] [m] ;
d 50 float  tpi=pi+pi;
CO e 51 float di=tpi/{float)m;

float dj=tp1/{float)1;

& console &1 0 Memory | Z( Problems
Open_MPi@abe.ncsa.uiuc.edudefault jobd

Open Mai Job




Parallel Debug - shallow/main.c - Eclipse - /Users/grag/testing/workspa
#;5:'@'53.;.6*' O' o [ - - T - =] %Paral

(i ] | Dol | {z}» = O8] ® Breakpol SU" Expressi |G- varial

The buttons in the
Parallel Debug View
control groups of
processes

CI'Ck On the Step Over l-ahaﬂo-.\-|Para|le|.ﬂ.pp|icntion]

&®Process 0 (Suspended

button 1 Thread [1] (Suspended)

= 1 main) main.c50 40326
Observe that all process
icons change to green,
then back to yellow 8 naine 2

. 34 float  pi=4.*(Flootdatan{(doublell.);
39 float  p[n][m]; /* Pressure (or free surface height)
NOtlce that the Current ] flout ulrn][m]; A* Zonul wind */
H | float  v[n][m]; £* Meridional wind */
Ilne marker haS moved to 12 float psi[n][m]; /* Velocity streamfunckion */
= 13 float pole[n][m];
the next source line 14 float  uolc[n][m];
15 float  wole[n][m];
float h[n][m];
float  z[n][m];
float dummyl[m];
float dummy2 [1] [n] ;
float  tpi=pi+oi;
float dimtpils{Floatim;
float dj=tpi/(floatln;
irt 1, j. chunk_size, nxt, prv;

int moster_packzt[£];
float p_start[m];
float u_start[m];
float v_start[m];




Parallel Debug - shallow/main.c — Eclipse - fUsers/greg/testing /works

+ The buttons in the
Debug view are used
to control an
individual process, in
this case process O

43 jobo

%% Debug £2

In_"u'o F-0-0-Q- O 2|2 7
EICEN s

#% parallel Debug 52
Open_MPl@abe.ncsa.vivc edu: default:job0d - Root [4]

i gira

|
E{Zi:]" = O || ® Breakpoi |&7 Expressi |(9=Va

i

1 (& | 2

D@rrr

Name
@ arge
W argy
@ pi
¥ p

Effsh.lllcw [Paralle| Application] - u
&2 Process 0 (Suspepdes b

Click the Step Over
button

You will now see two
current line markers,
the first shows the
position of process 0O,
the second shows the
positions of processes
1-3

1€ main.c 23
3 float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

jaeprPeEad (1) (Suspended)
= 1 maim{) main.c:51 403309

pi=4.*(floatdatan{(double)l.);

pLn][m]; /* Pressure (or free surfaoce height) */
uln][m]; £* Zonal wind */

wv[n][m]; /* Meridional wind */
psi[n][m]; /* Velocity streamfunction */
pold[n][m];

uold[n][m];

vald[n][m];

h[n][m];

z[n][m];

dummyl [m] ;

dummy2 [n][m];

tpi=pl4pi;

di=tpi/{floatlim;

di=tpi/(floatin;

int 1, j, chunk_size, nxt, prv;

int master_packet[4];

float
float

p_start[m];
u_start[m];
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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

Module 5 5-9
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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
a job

Module 5 5-10
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Operations On Process Sets

+ Debug operations on the
Parallel Debug view

toolbar always app|y to the ¥ parallel Debug 52 B ) |2 # 0|8
Open_MPl@abe.ncsa.uiuc.edu: default;job0d - Root [4]
current set: £3job0

+ Resume, suspend, stop,
step into, step over, step

return
. vE f:‘_-ha.llr.:pw [Paralle| A
+ The current process set IS Té,@pi;f_;.‘;esm
- I ¥ 5 Threa (Sus
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

Module 5 5-11
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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
from set
7% Parallel De bug 28 -3 |
COpen_MPl@abe.ncsa.uiuc.edu: default:;jobl - Root [4] Change
ﬁjﬂbﬂ [l FF F Current Set

1% Debug %2 v 2 Delete

¥ 5= shallow [Parallel Application] set
v 5% Process 0

¥ ® Thread [1] (Suspended)

Module 5 5-12



Se'ect the processes i parallel Debug &3 [» || w0 | = {F
you Want in the Set by pr}n_MPl@abe.ncsa.uiuc.edu: defaultjobl - Root [4]

clicking and dragging,
in this Case, the IaSt Create a new set name
th ree i Please enter the new set name.

workers

Click on the Create shallow [Parallel Appli

v &% Process 0 (Suspend
Set bUtton ¥ # Thread [1] (Susp|

1 main{) main

Enter a name for the
set, in this case
workers, and click OK

You will see the view
change to display only
the selected processes
i parallel Debug 3 : B E () | © Fr{f 3 |=x-=0

Open_MPl@abe.ncsa.uivc. edingefault: job0 - workers [3]

£3 job0




Parallel Debug - shallow/main.c - Eclipze - [Users/greg/testing/worksp]

o & | - Q-0:- Q- |- | iz R - 5ls o o T EiEpara
With the workers set . bl e i -
% Parallel De:ug b =3 P, | & {} E'@L . - (4| =70 . 9% Breakpoi .ngExpressi 0= varia

aCtive, CIiCk the Step RIS Liuc.edu: default:job0 - workers ]3]
Over button A

You will see only the
first current line
marker move

% Debug &4
: shallow [Parallel Application]

Step a couple more

times
You should see two line 8 e 53

T LOUT uummy £ LA LM ;

markers, one for the 20 float  teiesicei

. » 51 float di=tpi/(float)m;
single master process, 2 float  dj=tpi/(float)n;
53 int 1, j, chunk_size, nxt, prv;
and One for the 3 int master_packet[4];
56 float _start[n];
worker processes & float  etartCal,
58 float wv_start[n];

j float psi_start[m];
float polé_start[m];
float uolo_start[m];
float wvolo_start[m];
int proc_cnt;
int tid;

MPI_Dotatype * res_type;

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &proc_cnt);//hello
MPI_Comm_rark(MPI_COMM_WORLD, &tid);




paratie=too
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

Module 5 5-15
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Process Registration (2)

[ M ] Parallel Debug - shallow/main.c - Eclips

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 Q= = S 4 P

registered processes in the A IRTTI, L R AR I
Open_MPl@abe.ncsa.vivc.edu: default:job0 - workers [3]

current set £ jobo YT

Since the “workers” set

doesn’t include process O, it S | i+ %~ = O

IS no longer displayed in the ’

Debug view

Module 5



Parallel Debug - shallow/main.c -
+ To register a process, | | %5 @ Q- Q- | O- br]iE | - |81 5 o

dOUbIe_CIICk ItS process pe_MPI@abE.ncs mey, o WTH :d::u]::jObeJ f;-rk?r; 3] I{#’] ¢ llg:" { | g {i‘ 2 I B 5 R e
icon in the Parallel £ icbo
Debug view or select a
nL_meer of processes and — = k2 EX3
CIICk on the reQISter 58—} shallow [Parallel Application]
bUttOn Process 3 (Suspended) Ind|V|dua|

o7 Thread [1] (Suspended)

= 1 main{) main.c:67 403335

processes

Groups (sets)
of processes

TO un-register a Process, [T
double-click on the 60 float pold_start[m];

Bl float wold_start[m];

process icon or select a 61 float vold_start[e];

int proc_cnt;

number of processes and |EEE——_—-

] i MPI_Daotectype * res_type;
click on the unregister T

MPI_Comm_size(MPI_COMM_WORLD, &proc_cnt);/ hello
bUtton MPI_Commr_rank{MPI_COMM_WORLD, S+id};

fprintf{stdout, "my rank is %dwn", tid);

if { prec_ent < 2 )




parallel tool

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

Module 5 5-18
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Colors And Markers

|t main.c 3

The highlight color depends on e bgren
the processes suspended at
that Iine: » :-Ilt‘i:f_:::mr:;t_:?:tgtr:ip;f::gl':ﬂ;i:ﬁDRLD, &proc_cnt);
. MPI_Comm_rank(MPI_COMM_WORLD, &tid};
+ Blue: All registered process(es) | —
+ Orange: A” unreQIStered ! f'pn:".r'ul_f'tﬁ:;. ", "must have at least 2 processes, not %dwn", proc_cnt);
process(es) WPLFinalize();

+ Green: Registered or unregistered !

process with no source line (e.g.
suspended in a library routine)

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 prO(_:esses Multiple markers at this line
suspend at that location -Suspended on unregistered process: 2

-Suspended on registered process: 1

Module 5 5-19



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.

+ 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{
print

MPI_Final

Module 5 5-20



Creating A Breakpoint

+ Select the process set that
the breakpoint should apply
to, in this case, the workers
set

Double-click on the left edge
of an editor window, at the
line on which you want to set
the breakpoint, or right click
and use the Parallel
Breakpoint» Toggle
Breakpoint context menu

The breakpoint is displayed
on the marker bar

faNe Parallel Debug - shallow/main.c - Eclipse - /Users/greg/testing/workspa

=

G| B 0-2rqr |02 L8t G T B perall
% Parallel Debug &3 1= ] | b | = | @g | - {}?‘ -} | {Zt+ = O || % Breakpo |57 Expressi | = Varial
Open_MPl@abe.ncsa.viuc.edu: default:job0 - workers [3]

£ jobo 1 b @

ﬁ Debug &%

¢l main.e £3

8} shallow [Parallel Applicatior]
& Process 3 (Suspended)
o Thread [1] (Suspended)
= 1 main) main.c:38 4032ca

M T _L AR AR R CME T RN RO T, R ET AT
forintf{stdout, "my rank is %¥d\n", tid):

if { proc_ent < 2 )
{
fprintf{stderr,
MPI_Finalize();
return 1;

}

"nust have at least 2 processes, not %d\n", proc_cnt);

if [( (n % {proc_cat - 13 1= @ )]
{

if ( tid == @ )
fFprintf(stderr, "(number of processes - ) must be a multiple of %d\n", n);
MPI_Finalize();
return 1;

1




M MO Parallel Debug - shallow/main.c - Eclipse - (Users/greg/testing/

Switch back to the Root set (B0 8 Q- |O- 1520 - |1 v v =
by Clicking On the Change 5% parallel Debug &2 fifs 100 W | |83 O R=% -.-_|{}-"'1r [zt = E_ % Breakpoi _@E‘Expressi (

#flic.edu: defauit:joﬁt) - Root [4]

Set button L Name

@ arge
& argy

Click on the Resume button — N—— op

- - hh 5 Al [T | A @p
in the Parallel Debug view | i | | &
o Thigfid (1] (Suspended: Breakpoint hit.) @ psi

In this example, the three B o man 30 403365

hread 3] (Suspended)

worker processes have hit the 1P Thread (2] (Suspended)

Process 0

breakpoint, as indicated by \8 Thread (1] (Running)

+£| main.c 23

the yeIIOW process icons and fprintf(stderr, "must have at least 2 processes, not ¥d\n", proc_cnt);

the current line marker T retam 1y
Process O is still running as its [CRESEEEEEEEEEEEEE

icon iS green h i CF;iidn;;Cgtgerr', "{number of processes - 1) must be a multiple of %d\n", n);
Processes 1-3 are suspended Sty

. ¢ 1
on the breakpoint - I
1o} worker(};
3 MPI_Barrier(MPI_COMM_WORLD);
MPI_Finalize();
} else {
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More On Stepping
The Step buttons are only
enabled when all processes : 12 |25 O Qv Q 5

In the active set are —
Suspended (ye"OW iCOﬂ) g4 Parallel Debag 24
Open_MPl@abe.ncsa.viuc.edu: default:job0 - Root [4]

In this case, process O is still sy
running

Switch to the set of
suspended processes (the

workers Set) #E Parallel Debug 53 g AR
You will now see the Step Open_MPl@abe.ncsa.viuc.edu: default:job0 - workers [3]

buttons become enabled £2 jobo 1999
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Breakpoint Information

+ Hover over breakpoint icon
+ Will show the sets this breakpoint applies to

+ Select Breakpoints view
+ Will show all breakpoints in all projects

%2 Breakpoints 23 . 7 Expressions| ™= Variables

3 &;”? B | [ [ =

=1

W & main.c [line: 78] {job0:workers}
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Breakpoints View

+ Use the menu in the breakpoints view to
group breakpoints by type

+ Breakpoints sorted by breakpoint set (process
set)

% Breakpoints 23 . 57 Expressions| 0= Variables =g

M ¥ # workers ~ Add Event Breakpoint (C/C++)...
E‘ @ main.c [line: 78] {job0:workers}

% 1 Breakpoints

oo Select Default Working Set... o5 2 Breakpoint Types

i eo 3 Breakpoint Working Sets
Working Sets... E 4 Files

# Show Qualified Names v " 5 Parallel Breakpoint Set

= 6 Projects
& Focus on Active Task (= 7 Resource Working Sets

i B Advanced...
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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

if (my_rank !'= @) {

/* create message */

sprintf(message, "Greetin
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Terminating A Debug Session

+ Click on the Terminate ElSiS Parallel Debug - sha
icon in the Parallel ' b
Debug view to - =
terminate all processes %% Parallel Debug & (f P> & 0
in the active set Open_MPl@abe.ncsa.uivc.edu: default: job0 - Root [4]

4+ Make sure the Root set fJobo
Is active if you want to
terminate all processes

o NN Parallel Debug - shallow/main.c - Eclip

&% parallel Debug 32 B @mra  |(so|/A[d-
4+ You can also use the Open MPIgabe.nsa.uluc.edu: defaultjobo - Root 4]
terminate icon in the e Wy
Debug view to
terminate the currently

g Parallel Application]
selected process &8 Process 0 (suspended)
o® Thread [1] (Suspended)

= 1 main{) main.c:50 4¢032f6
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