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1 — Introduction to parallel de

Problems related to parallel HPC debugging applications
o Appearance of errors with a large number of processors
o Appearance of errors after a long computing time
o Blockings

> Result differences due to the execution order of the calculations (sums, in
particular)

o Otbher, ...

Parallel debuggers cannot solve everything despite very powerful functionalities
o Visualisation of variable values for all the tasks
o Synchronisation or not of the tasks or processes
o Attachment of the debugger to all the processes which are running
o Other, ...
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1 — Introduction to pa

.

This document presents several scenarios for which the use of parallel de-
buggers facilitates the correction of errors.
o Two parallel debuggers will be presented :
+ DDT
s TotalView
o The hands-on exercises focus on the HYDRO simulation code, a hybrid (MPI,
OpenMP) parallel code typical of domain decomposition methods.
Errors were introduced exclusively into the parallel parts of this code.
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In the shared memory programming model, data can be stored in one of two places :
o In the shared memory, accessible by all the threads (shared variables)

o In the stack memory space, local to each of the threads (private variables).

See the IDRIS OpenMP courses (http://www.idris.fr/formations/openmp/).



http://www.idris.fr/formations/openmp/

Possible errors :

o Incorrect choice of the explicit status of the variables (shared and private).

o Lack of shared data protection (omitting a critical section). In this example,

the program gives different results during each execution.

program protection
implicit none
integer :: p

p=
!$0MP PARALLEL
p=p=*2

!$0MP END PARALLEL
print *, "p=",p

end program protection

Correction :

!$0MP CRITICAL
p=p*2
!$0MP END CRITICAL
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Possible errors :

o Lack of a synchronisation barrier ; for example, between the use and the
modification of a shared variable in a parallel region, can cause deadlock or false
results.

program synchronisation

implicit none
integer ,dimension(10)

ia

integer i,n,it
integer :: iteration=5
n=1

!$0MP PARALLEL
do it=1,iteration
1$0MP DO
do i=1,10
a(i)=n
enddo
!$0MP END DO
n=sum(a)
enddo
!$0MP END PARALLEL
print *, n
end program synchronisation

Correction :

Replace the line "n=sum(a)"

!$0MP BARRIER

4
Parallel Debugger Utilisation — 3.1 version — January 2017
I. Dupays, M. Flé&




Possible errors :

o Allocation of a private area in a parallel region : A problem of memory overflow
can occur when using a certain number of threads.

implicit none
integer :: nb_tasks,sum_array,i,nt,array_size=400000000
integer,dimension(:),allocatable :: array
!$0MP PARALLEL PRIVATE(nb_tasks, array)
nb_tasks = [UUZNERIINVIENIIVE O
!$0MP SINGLE
do nt=1,nb_tasks

!1$0MP TASK

allocate(array(array_size))

do i=1,array_size,100

array(i)=nt

enddo

sum_array=SUM(array)

print *,sum_array

deallocate (array)

1$0MP END TASK
enddo
1$0MP END SINGLE
!$0MP END PARALLEL
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2.1 — Shared memory model

2 — Some principles of paral
2.1 — Shared memory model

Errors due to OpenMP functionalities

v Pay attention to the implicit status of a variable. A variable declared in a
subroutine is private by default but it is shared if it is initialised when it is
declared. Generally, every static variable is shared. In this example, the program
gives non-deterministic false results.

program implicit

implicit none

!$0MP PARALLEL

call sub()

!$0MP END PARALLEL

end program implicit

subroutine sub()

implicit none

integer :: a=92000

I 0P _GET_THREAD_NUM{OFES 22 LA B FERECAIEW OVP_GET_THREAD_NUM[O)

end subroutine sub

Correction :

Replace the line "integer :: a=92000"
by

integer :: a

a=92000
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2.1 — Shared memory model

2 — Some principles of parallel d

2.1 — Shared memory model
)

Errors due to OpenMP functionalities

v Pay attention to the implicit functionalities of the OpenMP directives. This is
the case of the directive which implies a synchronisation of all
the threads, the opposite of the directive. The following
program gives false and non-deterministic results with and
correct results with [DTZEDEEINER.

program master

implicit none

real, allocatable, dimension(:) :: a,b

integer :: n=10,i

!$0MP PARALLEL

!1$0MP MASTER

allocate(a(n),b(n))

read(9,*) a(l:n)

!$0MP END MASTER

'$0MP DO

do i=1,n
b(i)=.2%a(i)

end do

!1$0MP END DO

!$0MP END PARALLEL

print *, "b=",b

end program master
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o In the distributed memory programming model, each process only has access to
its own memory.

v To access data stored in the memory of other processes, it is necessary to
exchange messages with these processes by calls to communication subroutines.

See the IDRIS MPI course (http://www.idris.fr/formations/mpi/).



http://www.idris.fr/formations/mpi/

2.2 — Distributed memory model

2 — Some principles of parallel
2.2 — Distributed memory model

Possible errors :

o Errors in the communication subroutine arguments (address, size, type of

message) : The values received are different than those sent, giving the possibility

of false results.

integer,parameter :: nb=100
integer,dimension(nb) :: values
if (rank == 2) then
call [VIFWEED)(values (1) ,nb, [VEIREIESA, 5,100, [UEINNVMTIH) , code)

else if (rang == 5) then

end if

call [T (values (1) ,nb , EEENEAIMIIZEREIN, 2, 100 , VEEMEOYMIIIM], status , code)

o Unmatched tags in point-to-point communications : deadlock

integer,parameter : nb=100
integer,dimension(nb) fields
if (rank == 2) then
call [IFMEJE](fields (1) ,nb, IIMAEEERT, 5,100 , MEIMEOTTMIIIN], code)
else if (rank == 5) then
call I (fields(1),nb, MIMIINEGI, 2,200, MEEMEOIIMIUIN , status, code)

end if
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2.2 — Distributed memory model

2 — Some principles of p
2.2 — Distributed memory model

Possible errors :

o Point-to-point (UZEAR]) communications are blocking.
Depending on the MPI implementation, this function passes from buffered mode
(LEEEERIED]) to synchronous mode (FEEBERAB]) when there is a certain message
size.
Therefore, a code can block if the problem size is increased.

! Supposing we have ezactly 2 processes

proc_number=mod (rank+1,2)

call [IEEAD](rank+1000, 1, [WZMEIFEIg:), proc_number, etiquette , [IAIMIUUIIER) , code)

call [[IWM3IY](value, 1, [liMSENEH , proc_number,etiquette , ZINOVIVII0)AN] , &
[MPI_STATUS_IGNORENELLE))
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2 — Some principles of parallel debugging

2.2 — Distributed memory model

Possible errors :

o Incorrect synchronisation of non-blocking communications with and
ViFgEg]. Here there is never a test to be sure that all the communications are
completed (with the function) before re-using them : The sent
values are different than the received values.

! Send to the East neighbour and reception from the West neighbour
CALL [UiNeB¥¥§(u(,), 1, type_row, neighbour(W), &

tag, comm2d, request(1l), code)
CALL [iFEia)(u(,), 1, type_row, neighbour(E), &

tag, comm2d, request(2), code)
! Send to the West neighbour and reception from the East neighbour
CALL [iFidag](u(,),1,type_row,neighbour(E),

tag, comm2d, request(S), code)
CALL [N (u(,),1,type_row,neighbour (W), &

tag, comm2d, request(4), code)

o Stacking of derived datatype constructions or of communicators without
liberating them : surpassing memory reservations.
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2 — Some principles of parallel debugging

2.2 — Distributed memory model

Possible errors :

o Exceeding integer values due to the test case sizes processed in parallel
if (rank==0) then
print *,’ MPI Execution with ’,nb_procs,’ processes (’,dims(1),’x’,dims(2),’)’
print *,’ and ’,nthreads,’ thread by process’
print *,’ Starting time integration, nx = ’,nx,’ ny = ’,ny
print *,’Global size of the domain nx*dims(1)*ny*dims(2) ’,nx*dims(1)*ny*dims(2)

allocate(u_global (nx*dims (1) *ny*dims(2)), STAT=AllocateStatus)
if (AllocateStatus /= 0) then

print *,"s** Not enough memory ** : " ,nx*dims(1)*ny*dims(2)
STOP

end if

u_global (1)=nx*dims (1)

end if

MPI Execution with 512 processes ( 32 x 16 )

and 2 threads by process

Starting time integration, nx = 2000 ny = 4000

Global size of the domain nx*dims(1)*ny*dims(2) -198967296
forrtl: severe (174): SIGSEGV, segmentation fault occurred
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2 — Some principles of parallel debuggin
2.3 — Hybrid model

Remember :

o Each MPI process executes several OpenMP threads.

o The MPI library has a mechanism available which allows you

to choose the level of support for the management of MPI calls by the OpenMP
threads.

required =

call [UiFITF§PRViiIIN) (required,provided, code)

if (nthreads>1.and.provided<required)then
print *,’Multithreading level too small’

endif

o The level of support provided by this function could :

s Be different from the requested level, depending on the MPI implementation.
2 Impose restrictions on the management of MPI calls by the OpenMp threads.

Documentation :

See the IDRIS Hybrid course (http://www.idris.fr/formations/hybride/).
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http://www.idris.fr/formations/hybride/

Possible errors :

o Using [IZEN§Y instead of [N GRS

o Not verifying the level of support provided.
o Not respecting the restrictions imposed by the obtained level of support. For

example, in [IFEEGTTIVEEIRIVEVAS] mode :
v All the threads can make MPI calls but only one at a time. The error is to not
protect these calls.
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FICURE 1 — Debugging diagram
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o HYDRO is a simplified version of the RAMSES astrophysics code.

o Computational fluid dynamics (CFD) code, which resolves 2D compressible Euler
equations of hydrodynamics.

% Finite volume method using a second-order Godunov scheme
with Riemann problem resolution (numerical flux computation) at each interface
on a regular 2D cartesian grid.

% 1500 lines for the sequential F90 version.




o At each timestep, the discretized domain is stored in the
uold(1l:nx,1:ny,1l:nvar) array.

o The uold(i,j,1:nvar) elements of this array are calculated from the following
elements :

s uwold(i-2,j,1:nvar), uold(i-1,j,1:nvar),
uold(i+l,j,1:nvar), uold(i+2,j,1:nvar),
s uwold(i,j-2,1:nvar), uold(i,j-1,1:nvar),
uold(i,j+1,1:nvar), uold(i,j+2,1:nvar).




3.3 — Hybrid version of the HYDRO code

3 — Presentation
3.3 — Hybrid version o

©

Use of an MPI 2D topology

Creation of 4 "phantom" zones for each sub-domain consisting of 2 lines each for
the North and the South, and 2 columns each for the East and the West

o Determination of the neighbours to the North, South, East and West for each
MPI process

¢

o Creation of two datatypes which are composed, respectively, of 2 lines and 2
columns

©

Element exchanges of these 2 datatypes with neighbor processes by using the
phantom zones

o Use of a reduction to calculate a global timestep

ny|
@‘ {E=st]
1

1T—— >
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3 — Presentation o
3.3 — Hybrid version of t

3.3 — Hybrid version of the HYDRO code

MPI 2 MPI 5 MPI 8
— — —

Tho | Tht [ Thz Tho | Th |Thz Tho | The [Th2
IThS Tha [Ths Th3 [tha Jrhs Ths [ Tha ThSI
Thé | Th7 | Ths The |Th7 |Ths Thé | Th7 |The
Tho | Tht [ Thz ho [ Th [ Tha ho [ Tha [ Th2
MBI 1ITh3 Tha [Ths Ths [ Tha [Ths Th3 [ Thal ‘EhSIM 17
Thé | Th7 | The Thé | Th7 | Ths Thé | Th7| Tha
ho [ Thi {Tha ho | Th fha
h3 | tha [rhs Th3 | Tha [Ths
The | Th7 |Ths The | Th7 | The
m MPI3

FICURE 3 — Hybrid version of the HYDRO code

MP1 4
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There are two HPC debuggers which are currently licenced :

o DDT (Allinea)
http://content.allinea.com/downloads/userguide-forge.pdf

o TotalView (Rogue Wave Software)
http://docs.roguewave.com/totalview/8.15.4/pdfs/TotalView_User_Guide.pdf



http://content.allinea.com/downloads/userguide-forge.pdf
http://docs.roguewave.com/totalview/8.15.4/pdfs/TotalView_User_Guide.pdf

DDT allows the debugging of sequential and parallel codes :
o OpenMP
o MPI
o MPI + OpenMP or MPI + CUDA hybrid codes

o Client-server applications




o rm -rf “/.allinea
o module load ddt
o ddt &

‘linea DOT 4.0-31565 <@poincaraint01= <2>.

A
[~ - T—

st
At ansmady g g,
. Opncors
a | | INED Smmnmminn

Manial Launch (Advanced)
Manually launch i backend jourel

FICURE 4 — The start window

o Click on Options



Code Viewer
Appeararce

Help.

Options <@poincareinto1>

Job Submission Settings

¥ Submitjol “mpirun’ cc

Submission templats file: [1gpfs1/gpfslocal/pub/ddil_poincare atf

Subritcomman [i=ubmi

Fegexporjob ;. [lsubmit The job " majsonelasimulaton(d+)" has besn submited

Cancelcommand: [llcancel JOB_ID_TAG

S O
N (NUM_PROCS_T

& Specify in Aun window

 Galeulate from numbe of nodes and procsisses per node

~ Numberof nodes (NUM_NODES_T)

& Specify in Run window

© Galculats from numberof processes and procssses per node

 Processes per node (PROCS_PER_NODE T

© Specify in Run window
& Fixed: [15

EditQueue Submission Parameters...

I Also submit scalar jobs through the auee
¥ Quick Restart

FIcUurRE 5 — Configuration for job submission

o Click on Job Submission

v Find the name of the .qtf file, job submission model.

o Click on Ok, then Run

Parallel Debugger Utilisation — 3.1 version — January 2017

I. Dupays, M. Flé&



_DEBUG_PARALL/poincare_  Details

Application: iningiraining30/TP_DEBUG_PARAL Lipoincare_dema/hydro_mpiomp v | a‘

Arguments: | input_sedov_nolo_250x250.nml v

[ stdin fle: |+l &

Working Dirsetory: ’ndx.‘grpnaimng/lvlmmgﬂﬂ/TFiﬂEEuGﬁPARALUpumcareidsmu!v]‘ =]

- o Complete the fields! :
¥/ MPI: 2 processes, 1 node, OpenMP! Details . .
il mretigmcomags E@ Numberof Nodes: | 1 = M Apphcatlon
N o Arguments
Implementation: OpenMPl, use queue >
) v stdin file
mpirun arguments | -bind-o-socket [¥] N .
= » Working Directory
| OpenMP: 4 threads Details
o MPI
Numberof OpenMP threads: |4 5
= 9 Number of processes
[ cuba < Implementation
|| Memory Debugging 9 mpirun arguments
Queue Submission Parameters: Job Type=mpich, Wall Clock Limit=00:30:00, Nod  Details.. 9 OpenMP
Environment Variables: none Details
- v Number of OpenMP threads
Plugins: none Details
o Click on Submit

FIcURE 6 — Configuration of the execution
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4.2 - DDT

File View Control Search Tools Window Help

rlE S FEBEIEEIE ! A-D-

Gurrent Group: | Al 2 |Focusoncurrent: ® Group () Process () Thread | [] Siep Theads Together
a (EN[EN| |
Greats Group
\ ProjectFiles | _Fortran Modules ‘ f mainfoo X Cur.
Project Files ® T IR T I I N —%— Hode: E90 ~*— 111111111 [a] CurentLine(s)

0 fg || main.£so Variable Name
[Search orlk) R T T T TR TR R AR AR TR TRARERTARARARRARTINARURALE:
£ & Application Code -

=/ & H program hydro_main
[ G souees ] ¢ e pommons

ey i hydro_mpi

B hiene i E B hydro_paramsters

- [ module_hydro_communfeo | 5 hydre_To

& F module_hydro_0.80 . hydro_principal

& F module_hydro_principal 90 i us= Ptim

[ Qmaylvnigeielos 12 implicit nons

4 F mpi_module. 80 i

& F Pimio0 14 real (kind=prec_real) i dt, tps_start_iter, tps stop_iter
& B External Code A

16 1 ——HPT -1
17 | Initialization of WPI environment 2 IR B 13
(4] [¥  Type:none selected

- Wat.. | Stacks |¢]» ‘ InputOutput | Evaluate |

Stacks 6 InputOutput

Processes | Fun

2 Iy

Output For Process:

\ 2
(Ell I [ [+) ‘
Nots: Allinea DDT can only send inputto the mpirun prosess with this MP| implem ntation

Type hers (Enter'to send): [ Mo -]

Ready
FICURE 7 — Principal window

2 Set a breakpoint and click on the green arrow on the top left
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4.2 - DDT

Fle View Contol Searh Tools Window Help

P[E® 3 REBEEEIR ! B-5-

urrent Group: | All % |Focusoncurrent ) Group ® Pracsss ) Thisad | | Step Thrsads Togsther

| Project Fles. || Fortran Modiules. i Mweu X | module_hydro_principal 80 X |/ Locals [ Gure,

PrejeciFies 6Ty e 2] CurrentLine(s)
_—— % 1$0IP BARRTER
(ootoey i Variable Name. Value
101 allocats(q(linx, 1318), = (Linx) ¢ (1inx min 1
& Application Cods T R i T 250
2 /s 103 1 $01P_DO_REDUCTLON (MAX : cournox, cournoy) i E]
B Sources 104 T -miniz, o
= F mainto il -l Tk =
o e & 106 5 do i=1,nx
|8 moduie fyeim: sommn 107 (i, 10) = max(uold(i+2, J,1D) , snallr)
8 roietrn oo [OL08 (i, 1) = uold (142, 1,1U) /q(1,1ID)
oce_ycio_pincip 109 QUL 1V) — uold(is2, §, IV)/qli,ID)
b 1} “" work_space 110 eken = half' (q(i,1U) "' 24q(i, IV) “*2)
z 111 L,18) - uold(i+2,1,18).q(,1D) - ken
- 1 deallocale_worlc_space | |, iy SO R )
i~ godunav 13 i T
o i g
i module_byo. o0 115 call eos(q(ling,ID), =, q(linx, IP),c)
116
117 cournox=max (cournox, maxval (e (1:nx) +abs (q(1nx, 10) ) ) ) Il
Lig cournoy=max (cournoy, maxval (c (1:nx) +abs (q(1:nx, 1V))) ) IR Il I D
(€l I I [})  Type: none selected

nputOuput | Breakpoinis | Waishpoints | Stacks | Tracspoinis | TrasepointOutput |

InputOutput L]
Output For Process: Al (5]
MPT Execution with 2 processes ( 2% 1) i
thrcad by proccss
Staztiogitim tmtagratitn, 250 ny - 250
step= 1 &= 9.681-324 db- 5.081-324
:step- 2 t- 1.576-323 at- 5,681-324

Note: Allinea DDT can only send input o the mpirun process with this MP| implementation

Ty here (Enter to sond) [ o

Ready

FICURE 8 — Breakpoint in an OpenMP parallel region
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FIGURE 9 — Value of variable on each thread



Alinea DOT 4.0-31565 <@poincareintol>

1$01IP DO REDUCTICH (HAX: courmox, cournoy)
0 j=jmin-2, jnax-2

do i=1,mx
QUL TD) = max(uo1d(i+2, §,TD) , snallr)
QUL TU) = uold (142, 1,10) /q(i, D)
QUL TV) = uold(i42,3,1¥) /q(i, TD)
ke x

(111=0. 21 =0, 3o
(11]=0. =0, 5=
([1] - 3939390091

cournox-max (cournox, maxval (c (

cournoy -max (cournoy, maxval (c ( | Tz (1]=0.-0.f8
(111=0.121=0. 5

(11] =0.682170415.

150 B DO
(1] 11558847421
(11]=1.270384570

adatiosats (g ere)
| e (i 1016773210
1501 SHHlGLE | m (11]=1.000117432;
 tocal - courant_factor'ds/nax(c | == thienmeu ]
C4T1 WT_ALLREDUCE (dtLocal, dt, 1,1 DOURLE. £ it
VSOt @b st |

Exteral Code : i e

“nd subroutine enpdt

AL

L

T theead by proceas

1 e- pss2n 0 aen
3t 4.9078-05 ar- 2.6035-05

FIGURE 10 — Breakpoint for the visualisation of an array




A @

MultiDimensional Array Viewer =@poincarsintol >

QoY

Array Expression: [uold(Si, 5], #k)
Distributed Array Dimensions: None =] How do | view distrbuted arrays

Display: [Fows

=] | Display: [Rows =] | Display: [Columns =]

I~ Grly show it |

Data Table | Sttistics |
<) Goo | Visualize £ Export | Full Window

=l Evaluate
Gancsl

“Rangs ot § g of ] P ¥ Align Stack Frames
Fom [1 3 Fem [0 3 | Fem [0 = I Auteryplate
To: [i29 = | 1ot [ome | = [+ =

k

A 2 3 h
2 0 0 0 0
E_ 0.81428309804726784) 10.31043712554729| -57.4990925684857387 15372.639855257199)
4 1213891 -36. 7 et 7
5 1.1230400117379051 3, 7925 268

1 0.00561 1 1556831 0.027437808745417215
A g ddt <@poincarsint0l=> (SRR S
Variable: uold

Original Type: REAL'8, ALLOCATABLE uold(129,254,4)

(NCAV N (EAL"8, ALLOGATABLE uald(129,254.4] Beset

Language: Auto ¥

Help _ Gancel /

FIGURE 11 — Visualisation of an array
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Set the desired breakpoint.

Right click on the breakpoint.

Select Edit breakpoint for All.

Select the program language (C, Fortran),

¢ ¢ ¢ ¢ @

In Condition, specify the break condition ; for example, in Fortran :
j.GE.100.




Attachment on an execution code
o Submit a code execution in batch mode.

o Find the execution node :

Id Owner Submitted ST PRI Class Running On

poincareintOl-adm.26122- xxxxx 6/2 17:52 R 50 clallmds poincare060-adm

o Launch the debugger and click on Attach to an already running program.
o To add this node, click on Choose Hosts.

Aapleaion] E
OnenitP [Grarge WP | * bobug CUDA
st plrearmse i

Automatically-detected jobs | Listof all processes | GDB Server

P

Eilterfor process names containing: | hydro_mpiomp |

¥ Hide forked children (these may ot be partof your job)

Process name Host PID_PPID Fe Exccutable |
S mpirun E 11163 11140 n0

ycho_mpiomp o 1eso

hyco_mpiomp P meso  no

Invert selection | [ Clear selection | | emove selected

Use LauinchMON 1o rapidly attach to MP1 jobs (not installed)

1 nodes soanned,

| [ Rescan nodes | | Atach o fisted processes || Cancel

FICURE 12 — Attachment of an application
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o Click on mpirun, then on Attach to selected processes.

Seen Tl ko s
>A S SRR O

CurniLimt)
Ve tane.

B
[vaie |

Rty

FICURE 13 — Attachment of an application (continued)




TotalView allows debugging sequential and parallel codes :
o OpenMP
o MPI
o MPI + OpenMP or MPI + CUDA hybrid codes




rm -rf ~/.totalview
module load totalview
export OMP_NUM _THREADS=nb_threads

totalview &




(Fo TotalView Debugger <@ada337> [CIEEE)

Start a Debugging Session _—

What would you like to debug?

A new program

A new parallel program

i) )

A core file

A running program (attack;

FIGURE 14 — Start window

o Click on A new parallel program.



Son deat <@adaiaTe e
£2 Parallel Program Session

vor | [Frn] e

FIGURE 15 — Configuration of the execution

o Find "Parallel System", "Tasks".
o Click on PROGRAM DETAILS.




s v e B <A T
= s £2 Parallel Program Session

FICURE 16 — Start of a parallel session

o Find "File Name" and "Arguments"

o Click on DEBUG OPTIONS and tick Enable memory debugging

o Click on Start Session
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Eile Edit View Group Process Thread fction Foint Debug Tools Hindow

sae e & BB - @ 4 9 3

KLL1 Restart |est Step Out. R To|Reoord GoBack Prev UnSbep Callar BackTo Live
o

S o et thresd £
Stack Trace Stack Frane
o curcent thread o current thread

Function hydro_nain in main.f90 JZT=

‘wee hydro_commons
use hydeonpi
use hydro_paraneters
use hydro 10
use Bydco principal
Sapcit nane

ceal (kind=prec_real) dt, tps_start_iter, tps_stop iter

| T tiatization of 11 envizoment
require:

Soll ier_nwoz TreaD. Geguized, pravsdnicnd‘)
)i(nLhuadA)) o proetdadceem
Lk Eeeding.Levdt foe snal1’

[ddcd]

niif
T1PT tining
oLl PTT stort (LASEL="Fydro PTZD")

—

! Jead run parantars
[ 2 call cead par:

o
| ) EE=a )

Re——

FICURE 17 — Principal window

o Set a breakpoint and click on Go.

o The standard outputs of the program appear in the TotalView start window.
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4.3 — TotalView

hydro_mpiomp.0 <@ada337>

RO PR ERL e
2 (000000002)
3 (0500000003

0 (000000000
~2050374762 (0xB4000002)
1e-10

hydzo_ymin I ac_region b13: 71
1 npinvoks pass. )n.:’ FE-TECETTEADND

1 (0500000001} Y
Funct ion HYIRO_FRINCIPAL crpdt. in nosle. hwns.prwml F30 ==L
T oot tine step on guad amterics
Sy - See0

allocate(q(tine, 112), e (1n9) o (1:0%))
1301 00 RN On: couenox, couenoy)

o Jesnine?, jnex-2

T0) < ex(u0ld 32, 3. T0), snalle)
40, T0) = wola(iez, 3 11 /5,

ke - battecedt ) ety 100 2,
ueiddz, 3, ) /G, ) -
»)

eu) B

eall eos(q(1nx. 10), &, (3 TB). ©)

1) saba (9017, 19))
e )

(et 0
e 5

T508°8m 00
dsallocata(q,e,c)
1o st

dt Jocal + coucmnt. Eactordx/ma(cousnr, coutngy, nalle)

Thessss |
7 nain £90433 hydco nains0xII0

L e0se hydto e I 33 gac vegiond 2 133:02299

o_hydro_principsl £00#108 FDRD_PRINCIPAL Swpdtsixiel

FICURE 18 — Breakpoint in an OpenMP parallel region
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1.15 (469330461063d4 )
1.16 (4935050303744 )
1,17 (46938054502144

BA (000000042 )
123 (0x00000081 )
191 (Ox0000000F ¥

7o j - HYDRO_PRINCIPAL cmpdt - 1.1 <@ada337= EFIEE
File Edit Wiew Tools Mindow Help ‘
L1 ]| EEIETIN XY
Expression: | J Fddress: [Multiple
Slice: | Filter:|
Tupe: | INTEGER*4

Thread |value ]
1.1 (46937524971808) 3 {0x00000003)

1,2 (46937534064384) <Has no matching call frame>
1.3 (4697536165632} <Has no matching call frams>
1.4 (46937538266980) <Has no matching call frams>
1.5 (46937671030528) Has no matching call Frame>
1.6 (46937673131776) <Has no matching call frane>
1,7 (46937680267008) Has no matching call frame>
1.8 (46937682366256) <Has no matching call frame>
1.9 (46937688639936) <Has no matching call frams>
1.10 {46937634648064 <Has no matching call Frams>
1.11 (4693769674312} <Has no matching call frams>
1,12 (46937638850560} <Has no matching call Frame>
1,13 {46937700951808 ) <Has no matching call frane>
1,14 (46938041906944 » <Has no matching call frame>

FICURE 19 — Value of variable on each thread
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4.3 — TotalView

7o

hydro_mpiomp.0 <@ada337>

Yoo
File Edit View Group Frocess Thread fction Point Debug Tools Hindow telp
sroe Controty 1| >

s GoBack Prev bidosili g D
Rarl

“HYDRO_PRINCIZAL cupdt™
at 1.75407975493948-05
Block “gb1”

1 1 (0x00000001)
6 (0x00000006)
0_(0x00000000)
-2080374782 (0xB4000002)
smallc 1e-10
courant_factor 0.8
b

5
Lozal variables
code
comn2d

Function HYDRO_PRINCIFAL capelt_in nodkile_hudro_principal .F90. i

Integer (indwprec_int) : 1,3
ceal{kindsprec_cesl) CoenoreD, cournoye0, eken
ceal(kindsprecceal), dimension(:,:), allocatable
resllindsprec real)| | aimension(:) . sllocatable
real(kindeprec_real) :: de_loc:

| compute tine step on grid interior

allocate (q(1imws, 1:18), e (Lorws), o(1:1e0))

15018 D0 REDUCTION HAX: courror, cournoy)
do 3=jmans, jnar-2

hl 1o2 1D), smallr)
";/ (1, ,m;
SRR TS
eken = half'( i, Im"26 (1, IV) #+2)
ﬂ‘ﬁm‘ﬁ%@w&k&m oken

St

call eos (q(1:n%, I0) 0, q(1:nx, T8), €)
cournoxenax (cournor, maxval (¢ (1:19) +abs (g (117, 19)) ))
cournoysaa (cournoy, maxval (e (1:100) +abs (4 (1 rux, T0)

end do

150 1 00

deallocate (q e, c)

1501 STHGL

dtlocal + Courant, foctortgx/mar(cournar, cauroy,

alle)
call LREDUCETdt_local, dt, 1, MPT_DOUBLE_PRECISION, UPT MIN, conn2d, cods)
owe Tip sioce

130 end subroutine capde

Act ion Points | Pracesses | Threads |

=
Eledpd Elnf |

FICURE 20 — Breakpoint for the visualisation of an array
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4.3 — TotalView

o Array Viewer: uold( i, j, k ) <@ada337> RN
Eile Help
Expressionuold
#ctual Type: [REAL', allocatable::(123,254 ,4) Type: [REAL"8 allocatable(. .
Modify array slice:
Dimension | StartIndex | EndIndex | Stride |
Row (i) | 1] 123 1| Update view
| Cotmn_[() | 1] 754 1

Select an index for the ather dimensions:

@i 4 aff 4 o 4
Format Automatic Slice: (1:128:1,1:254:1,1:1:1)

il 2 B e s

(@1 0 00 | 0.571844371336976 1.54|
2 a 0] 0. 137194170163089| 0, 252873215715927 0,981
3 0.314384076318457| 0. 159233887354535| 01 117595Azzgaz‘5‘ 0.21082050411293) 0.897
1 0.717812617164876) 0. 294771580123138] 0, 208314253079943] 0, 457806255601675 1.45
B 1.49605078979316 1 15398018031310| 0. B21516942093306| 1 3975A106052582 149
3 1.13747463403804 1 30759067008563 1 46501073608654] 1 34836763799748] 1.0.

7 1.00351126125425 1,01599413157254 1, 09385304499065 1021947674063 1.00
8 1 121 100006968199836 1 00123132675164 1 00008671723441) 1.00

3 il 1| 1 00000007116457 1 00000D00ND0SDA

i 1 1 1 1

i i 1 1 i

1z 1 1 1 1]

1 i 1 1 1

14 fl 1 1 1

15 1] 1 1 1 ‘
e

FICGURE 21 — Visualisation of an array

Parallel Debugger Utilisation — 3.1 version — January 2017
I. Dupays, M. Flé&



Conditional breakpoint
o Set the desired breakpoint.
o Click on the breakpoint with the right button.
Select Properties.

°

o Click on Fwvaluate,

o Select the program language (C, Fortran).
o

In Expression, specify the condition of the break ; for example, in Fortran :
if (7 > 100) $stop or $count 300
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Attachment on an execution code
o Submit the code execution in batch mode.

o Identify the execution node :

Id Owner Submitted ST PRI Class Running On

ada338.468484.0 XXXXXXX 9/12 16:57 R 100 c8t1 ada210-id

o Launch the debugger and click on A running program(attach).
o Click on the H+ button to add this node.

& Attach to running program(s)

& T

4 Grmons

AT TEDNG

o G R A

FICURE 22 — Attachment of an application
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4.3 — TotalView

Attachment on an execution code

o Click on poe, then on Start Session,

e T e T T T o |

Grous Control) ,! §AF+| @ 493 a 3 M

1LL Restart [Next Step Out Run To|Record GoBack Prey Unften Caller BackTo

T
Stack Trace
pthread_cond_vait,

‘hydco_nain LMAIN__33_par_cegiond_b_125° j
s,

££dd3266100 tps_start_iter: 0
FP-7€£dd3a66160 1.57126669690348¢-316 <derornali
3 £ tps_stop_iter: O
- Fap_smoke_pass._pame,

Registers for the frame

S QEEEEEEEEEEEto0 (-512)
H xd 000000001 (1)

bz OO e o I

Function hudro_nain’L_MATH. P ion. 1z in main.f90 )
| Tnitialize hydro grid
5 call init_hydro

=

1 Main tine loop
do'vhiLe (¢ < Thnd and nstep ¢ nstepaax-1)
1506 SoLE:
nstepenotepsl
15016 BN SioLE

| Seart thing iteration

150

12 Cangeedy tpa start iter « PLYTIEQ
15012 END STHG!

[N [

| Dutput results
S€( on_output .and. MOD(astep, noutput)==0) then
INGLE

IJIT]
Loz

ELE

wh

=}

E

[ 56

e EEEER

FICURE 23 — Attachment of an application (cont’d)

Parallel Debugger Utilisation — 3.1 version — January 2017
I. Dupays, M. Flé&




5 Hands-on exercises

5.1 HYDRO code environment and implementation............... ... oo, 55
5.2 EXEICICE 1 .ttt e 56
5.3 EXEICICE 2 ..ttt 58
5.4 EXEICICE 3 ..ttt 59
5.5 EXEICICE 4 oottt 60
5.6 EXOICICE B .ottt ettt 61
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Platforms used :

©

v For DDT : Cluster with 92 nodes having 16 processors each, and 4 GPU nodes
(poincare, Maison de la Simulation).
s For TotalView : Cluster of 332 nodes (ada, IDRIS).

o Load the environment : . ./env.sh

o Compilation : make (compilation for the debugging : -00 -g)

o Execution in interactive : . /run.sh

o Verification of the results in interactive : . /verif.sh nb_ threads nb_ procs




The goal of the exercises is to obtain a correct version of the code with 4 MPI
processes and 2 OpenMP threads.

o Test the code with 4 MPI processes and 2 OpenMP threads. What happens ?




o Execute the program with 1 MPI process, 1 OpenMP thread. What happens ?
o Use a debugger to locate this error.
o Correct the error.

o Verify that the sequential execution of the code (1 MPI process, 1 OpenMP
thread) is correct.




Test the OpenMP program with 1 MPI process, 4 OpenMP threads.
What happens ?

Execute the program via a debugger.

¢ © ¢ ¢

When the program blocks (the results have ceased), stop the program and regard
where the threads have stopped.

<

Place a breakpoint on the line : print *, "End of the loop" , examine each thread.

Correct the error.

<

©

Verify that the program now runs until the end.




o Verify the results in OpenMP mode (1 MPI process, 16 OpenMP threads) with
the verif.sh script.

o What happens?

o Use a debugger to determine where the error is coming from.

o Find the variable from which dt is calulated.

% Find the location where it is calculated and used, and by which threads.
o Correct the error.

o Verify the results.




o Verify the results in MPI mode (4 MPI processes, 1 OpenMP thread).

o What happens?

o Use a debugger with 4 MPI processes, 1 OpenMP thread.

o Firstly, you can verify if each process has the correct neighbouring array values.
o Correct the error.

o Verify the results in MPI mode (4 MPI processes, 1 OpenMP thread).

o Now, verify the results with 4 MPI processes MPI and 2 OpenMP threads.




2 We are now going to test the program on a larger iteration number, 10 000
instead of the preceding 100.

o To do this, recopy the input_sedov_mnoio_ 250x250 10000.nml file input into
iput_sedov_noto_250x250.nml.

o Verify the results with this new input file with 4 MPI processes, 1 OpenMP
thread via the verif.sh script.
./verif.sh 1 4 10000

2 Some numeric differences appear around the 2000th iteration.

2 An error still remains!!!!




o Use a debugger with 4 MPI processes, 1 OpenMP thread.

9 Verify the communications : Do the received values correspond to the sent
values ? To do this :

» Run the program and click on halt shortly before the step= 2000 display.

v Create a conditional breakpoint to go to iteration 2000.

2 Then verify for each process that the correct data is exchanged between the
processes.

o Correct the error.

o Now verify the results with 4 MPI processes, 1 OpenMP thread, then with 2
OpenMP threads.




1 Introduction to parallel debugging
2 Some principles of parallel debugging
3 Presentation of the HYDRO code

4 HPC debugging tools

ot

Hands-on exercises

6 Large scale debugging

Conclusion
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64/69 6 — Large scale debugging

Case of a code which does not function when there is a large number of execution

threads

% This problem is often difficult to localise and even more so for hybrid codes.

o The parallel debuggers allow refining the zone on which you should concentrate.

o Example on HYDRO
2 Problem size : nx=2000, ny=4000

+» With 512 threads (256 MPI processes, 2 OpenMP threads), the code functions.
» With 1024 threads (512 MPI processes, 2 OpenMP threads OpenMP), the code

crashes.

+runjob --np 512 --envs OMP_NUM_THREADS=2 --ranks-per-node 16
--exe ./hydro_mpiomp --args input_sedov_noio_2000x4000.nml

MPI Execution with 512 processes ( 32 x 16 )

and 2 threads by process

Starting time integration, nx = 2000 ny = 4000

Global size of the domain nx*dims(1)*ny*dims(2) -198967296
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65/69 6 — Large scale debugging

5 iniob=hydro mpiomp>.0 <@luringl> ]|
Flle Edt View Group Process Tnveas ActonPoint Dsbug Tools Window Help
ey (P IIE B |59 8 &
S conte) A ZT e R v i St ot um e

i unbehydro_npiompo0 o -

I\\I\I\I[\I\IHUI\IUHI\IUI\I\I\\I\I\I\\I\I\Il\I\I\IUI\IUHI\IUI\I\I\\I\IH Thread 1 UBSBQZ‘WZU) hydr_mpiomp (Error) ‘Siw-"'aﬂﬂ" VW!B\W"’ [\I\IUI\I\IUI\I\IUI\I\I\\I\I\I\\I\I\Il\I\IUHI\IUI\I\IUI\I\I\\I\I\IHI\I\

T e T o, S [Ponceien by s st ver J
88 roerowoin, s,
Generic start wain ma il
o Tihe Searenain, 2000 (0000007a0)
5 1000 (0;00000¢a0)
1 000000004
Eotniory saghe 1 {00000ty
1 (00000001
1 (Ox0o00o00t)
1 (ox0onoooot)
0 (0,0000000)
1073760160 (OxbEERIS0)
0 (000000000
1iossss (o0000m04400nnon)
NTEGER+d, aliocatable: (1) (nallocated)
(toie) A
Function hydro_mpiini_mpi in mpi_module 190 5 |
T nthresds ~ onp_get_nm_theesds0 5
o rnn S
e
60 i (cangesD) then
print
& b YBT Bxecution with ', procs, * prosssses (' dins(l), ‘x, dina(2), )
€5 print + ' and " nchceads,  thread by process
S i o St dneegration ny
67 print *, 'Global size of the domsin m~dxns(l)~ny‘dxns(27 L moxeding (1) *ny*dins (2)
cint
€ endf
£ (rang=s0) then
aLio¢ate (o global (assding (1) 4 dias (2)) STAT=ALLocatesatus)
1 I (allocstestatus /< 0) the
75 tine 5 T Not enough menory +++ : % mchdin (1) nydins 2)
7 Erop
7 enaif
= U global () =edine (1)
T et
o 7
agtion Points | Pracesses | Threads | 4 JMM
2
5 %

91
359
)

E
o3 414 a5
an sz a1

467 460 469 470 471
5 476 477 a0 4 : 4 2 493 494 495 4% 497 43 499
504 505 500

FICURE 24 — Refine the zone where the problem is located.
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File Edit iew Tools Window Help
1 =] EFEXEY]
Expression: | u_global Address: | 0x1Mffo7 60
Slice:| () Filter: |
Actual Type: | INTEGER™4 allocatable :(0-1)
Type: [ INTEGER™4 allocatabie:()

Ertor
(Unallacatec)

FIGURE 25 — u_ global array

File Edit View Tools Window Help
[pA ] EEAE X IRXEY.
Expression: [ dims Address: | 0<018196ac
Slice:| () Fiter: |
Type: [INTEGER™4(2)
Field |value m|
0] 32 (x00000020)

18 (0x00000010)

FICURE 26 — Grid dimensions
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Mame:

" redims )7y dims(Z] _l

Freferred scope:

I ##igpfeSriwarkgpfesidrisisosissoszB1TP_

“* Eunction / File + Yariable

QK | Cancel Help

File Edit Yiew Tools Window Help
[z1 Ei| EEIEIEXEY:
Expression: | mc'dims(1)"ny*dims(2) Address: [ (None)

Type: [INTEGERd
Value

-198967236 (104240000)

FICURE 27 — A variable Lookup
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1 Introduction to parallel debugging

2 Some principles of parallel debugging
3 Presentation of the HYDRO code

4 HPC debugging tools

5 Hands-on exercises

6 Large scale debugging

7 Conclusion



o "Debugging is twice as hard as writing the code in the first place”.
Brian Kerningham (1974)

> Hence the advice :

> Write the code well.

» Write comments about it.

v Test case.

s Port it on several platforms.
e

o Attention : There is no miracle tool!
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