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Why using a Debugger?

Your program shows incomprehensible behavior, e.g.

— Program terminates abnormally

% 1cc myprog.c —O myprog
% ./myprog
Segmentation fault

— Program produces wrong results

% ./myprog
Pi = 3.573

You want to know what your program is (really) doing

e
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What can a Debugger do?

Observe a running program:
— Print variables (scalars, arrays, structures / derived types, classes)
— Inform about current source code line and function (function call stack)

Control program execution:
— Stop the program at a specific source code line (Breakpoints)

— Stop the program when certain conditions are true (Conditional
Breakpoints and Watchpoints)

— Stop the program before terminating abnormally
— Execute the program line-by-line (Stepping)
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Typical Usage of a Debugger

Development workflow
— Compile the program with -g

Hints:

mpif90 -g myprog.c -o myprog Always compile your
application with the -g flag,
— Run the program under control of the especially during developing
debugger and testing. It adds symbolic

debug info to the binary and
has no performance impact.

ddt <mpirun command> ./myprog

Optimizations often
interfere with debugging

— Use the Debugger to IocaFe the position (e.g. functions or variables of
of the problem and examine variables interest are “optimized
away"). If necessary, compile
— Understand the cause of the problem with the -00 flag to disable
and correct the source code optimizations.

— Repeat until problem is solved

e
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Debugger Operation Modes

Start program under debugger control
— Most common way to use a debugger

— Not useful if you want to observe what the program does after a long
runtime or you do not expect problems

Attach to an already running program

— Program was not started under debugger

— Useful if program has been running for a long time

Core files / core dumps

— Core files are memory state of a crashed program written to file
— Only static analysis of program’s data after termination

— Useful if you don't expect a crash or don't want to wait until a crash
happens (probably after long runtime)

e
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Arm DDT

Distributed Debugging Tool

— Commercial debugging tool by Arm
(Arm acquired Allinea in 2016)

— Languages: C, C++, Fortran

— Parallel Support: Pthreads, OpenMP,
MPI, PGAS languages, CUDA,

— Available for all common HPC platforms
— Intuitive graphical user interface

— More info:

OpenACC

Iﬂ_‘..‘

File Edit View

arm
FORGE
arm
DDT
arm
MAP

RUN
Run and debug a program

ATTACH
Attach to an already running program.

OPEN CORE
Open a core file from a previous run.

MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself.

OPTIONS

Remote Launch: .
| off |

QuIT

https.//developer.arm.com/tools-and-software/server-and-hpc/debug-and-

profile/arm-forge/arm-ddt
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DDT: Program Start

Compile with

Slide 7

% mpicc —-g -00 heatC-MPI.c -o heatC-MPI Debugging
% ddt mpirun -np 4 ./heatC-MPI
On Taurus we use srun instead of mpirun: Start DDT: prepend ddt
a— ddt srun -n 4 ./heatC-MPI _ | to mpirun command line
Run: mpirun -np 4 ./heatC-MPI Details
Command: {mpirun -np 4 ./heatC-MPI \
| OpenMP <A Enable/disbale Openl\/IP
] CUDA and set number of
Memory Debugging threads if necessary
Plugins: none Details
~ Help || options | Run ]\ ouit | Start Program
‘ G —
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DDT: Main Window

File

Edit View Control

o
L S ¢

Tools Window Help

Process and

> thread selection

[Lo ] [B=] =

/

un
PrO CeSS Project Files £ heatC-MPl.c ) Locals | CurrentLine(s) | CurrentStack
CO ntrolo ru n +K) ] € 312 =] /‘:’-;‘;:**H*-M# M-«*;«:;.Mm;«.an.w.{m.m.o A AR A Ak B CorrencLineds) @
g n rogram an me ste in oop. o
° I code 420 E 2 3 2 O::Q'P!ﬁ .4:?**1‘**:1‘ LR E R RS S +:EEZ+ 4\21‘:1‘}( QE‘Q LSS SRS S R RS 0‘:4:/ Ya"able Name I\"a'h'le
t t g 421 @ 1int main (int argc, char** argv) Jranic —1
S Op, S epplng 422 { ) ) [+-argv — Ox7ffifff4d98
423 heatGrid mygrid; o )
424 double dt, dthetamax, energyInitial, energyFinal;
~® healAllocate(heatGrid *grid, intx| -~ BaTaer
- @ heatBoundary(heatGrid* grid, d2 =~ '
# heatDeallocate(heatGrid *grid) : 428 /* initialize MPI * f
® heatinitFunc(double x) : double 429 MPI_Initl&arac, &arqv):]
® heatinitialize(heatGrid* grid) :vo| 430
® heatMPIFree(dataMPI* confightP 431 /* create heatGrid and initialize variables */
- & _heatliPIGather(heatGrid *grid, d 432 heatAllocate(&mygrid, 20, 20);
. atMPISetup(heatGrid *grid, dz 433 heatInitialize(&mygrid);
Sou rce flle ® heatPrint(heatGrid* grid) : void 434 dt = 0.05;
- @ healTimestep(heatGrid* grid, dg 435 dthetamax = 100.0; R .
b rowse r' ® heatTotalEnergy(heatGrid* grid, 436 ‘ Va rl a b | es
. ® main(intarge, char** argv) : int 437 /* setup MPL */ ) ) D
© testc 333 heatMPISetup (&mygrid, &mympi) S . pane
Sl 440 B /* work only for master proce Ource VIeW
441 * No Gather necessary here,
442 @ 1f (mymp1i.rank == < ] oD
- r
| ) [ | («I*] " Type: none selected
[ InputiOutput | Breakpoints | Watchpoints | Stacks (Al | Tracepoints | TracepointOutput | Logbook | Evaluate &)%)

Stacks (All)

S

Expression |Value I

Processes |FUI'ICﬁDI'I /
main (heatC-MPl.c:429)

|4 —

Output, Breakpoints,
Watchpoints, Call stack

X—

Evaluation
window

[Ready|
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DDT: Process Control & Stepping

Step to Step over Step out of
next code function current
Pause line calls funtion
N \ [ £ // ATmIDDT - ArmlForge 1822
FiR\ Edit View \ontrol ols Wi Help
Run L » |8 3 3 HEEVETEIEE ! O
Current Group: Focus on current: @ Group () Process () Thread | | Step Threads Together
A - EEE]
CreaW
4&5 BX [ cn/ prc@ |
Select group / ] ‘& 4 :+:‘+:1-:‘+::?:.+‘:+‘.+‘:+‘:+::+:'+::+ o e o o o jb::#‘+"+‘1+::+‘:0::+::+'r'+':+':+‘:+:‘+:‘+:'+:‘+“+::0::+:‘+::+:+“+::+::f‘:+::+"+:‘+‘ oo
processes M‘“”pr°grama“d“r"”te"p“"gl“’p,
C ) int main (int argc, char** argv)
H gs:iir: baatGrid mygrid;
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Commands may affect
whole group or single
processes / threads

taMPI mvmp1 :
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uble dt, dthetamax, enef Right mouse button
t step, nsteps=20;

at source code line
-> Run to here”
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DDT: Segmentation Fault

oie

| — EEXT
Session Control Search View Help

~ uw O3 = ks et BjEe 1| Processes 2 and

Current Group: W_—IE] Focus on current: ® Group [)/P;o/ 3 C ra S h e d
K EEEE =—] |

Create Group

Project Files (@)X |{

Locals | Current Line(s) | Current Stack

Search (Ctri+K) | % 146 :oul]:{e dtheta; o (=] Current Line(s)
147 ouble mymax = 0.0; :

# Project Files lag Variable Name |Value [l

& @ Source Tree 149 *dthetamax = 0.0; g--dtheta —0

& der Fil 150 [+-grid —0x7

G 8 Header Iles 151 /* calculate the time step: read from theta, write new timestep to thetanew */ i--grid->dk — .

=+ Source Files 152 /* Only calculate on a processes sub-grid */ 400 S

&l B heatC-MPI.c 153 :or (x=mymp1->start_x; x < mympi->start_x + mympi->num_cells_x;x++) [:' -.{.-Qﬂd-:-theta -——2274 egl I lentatlon

154 X =
155 for (y=mympi->start_y; y < mympi->start_y + mympi->num_cells_y; y++) by ES1 Fau It'
156 .
157 A dtheta = ( grid->thetalx-1J{y] + grid->thetal[x+2 - rid->thetalx
158 + ( grid->thetalx][y-1] + grid->thetalx][y+1] - 2*grid->thetalx][y])
159 grid->thetanew[x][y] = grid->thetalx][y] + grid->k * dtheta * dt;

ymax = fmax(fabs(dtheta), mymax); /* save max thetp—= = e Lo

N / T
Llne Where the I reduction to get maximum dtheta of all processe ﬁ PI'OCQSSES 2-3:

Huce (&mymax, dthetamax, 1, MPI_DOUBLE, MPI_MAX, M|

program CraShed theta: copy thetanew to theta */ Process stopped in heatTimestep (heatC-MPIl.c:157)

i-=start x: x < mvmoi->start x + mvmoi-snum cell

i S h Igh | |g hted with signal SIGSEGV (Segmentation fault).

|| stacks | Tracepoints | Tracepoint Output |
Stacks Reason/Origin: address not mapped to object (attempt
Processes |Threads Ifunction | to access invalid address)

2 B 2 B btl_openib_async_thread Your program will probably be terminated if you
continue.

You can use the stack controls to see what the
process was doing at the time.

H |t “Pause” to %/ Always show this window for signals

stop the program — B> Continue | (|| Pause |

2 processes playing Y

g
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DDT: Breakpoints (1/2)

5

Session Control

Search View Help

= B XY

3

'DDT - Edit Breakpoint

&

& Project Files

9 Source Tree
™ Header Files
% Source Files
& [ heatF-MP1.F9(

. 1 =
P E S REBIEEIR ! O-O-
Current Group: | All |+ IFocus on current: ® Group ) Process () Thread [] step Threads Together
A CIEIEIE]
Create Group
[ Pro.. [ Fortra.. |[ ¥  heatF-MPLF90 )
Project Fles (8] l uvuuLE PIECEISEUN . ey Ty iiaA
Search (Ctrl+K) | % 82 mymax = 0.0d0

b s s R

! calculate the time

! rﬂ calculate on a p S C

do y=mympi%start_y, mymp:.%start y + mympl"snum cells y -1
do x=mympi%start_x,mympi%start_x + mympi%num_cells_x -1

write new timestep to theta

dtheta = ( grid%theta(x-1,y) + grid%theta(x+1l,y) - 2*grid%stheta(x,¥

Click to the
margin left of the |
line number

O

|l¥—1-:-|. /
Innt

Or open context g
menu on source

code line

+ ( grid%stheta(x,y-1) + grid%theta(x,y+1) - 2*gridstheta(x,
gridsthetanew(x,y) = gridstheta(x,y) + gridsk * dtheta * dt

mymax = max(abs(dtheta),

end do
end do

mymax) ! save max theta for the exit condi

! Make MPI reduction to get maximum dtheta of all proc

CALL MPI_ALLREDUCE (mymax, dthetamax, 1, MPI_DOUBLE PRECISION, MPI_MAX,

! update theta: copy thetanew to theta
do y=mymp1%start_y, mympl%start y + mympi%num_cells_y -
du x=mympi%start_x,mympi%start_x + mympi%num_cells_x -1

T
\Ek.umns | Watchpoints | Stacks | Tracepoints | Tracepoint Output |

Breakpoints

&

Function

Condition |Start After

heatF-MPI.FS0 heatconduction::heattimestep |y== 0

Language:

~Location:

Eile: [Ihome.’h9!hpcIab7OIDebuggingIOOIheatF-MPI.F90 | J =

Line Number:

() Function |

~Applies To:

Thread:

~Hit Limits:

Process Group: (Al [~

Process: All

[All |~

Stop after n hits:

Start on the n-th pass: j
Trigger every n-th pass: | :]:

Never =

[%| Condition: [y==4

[auto |+

OK

I [ Cancel

Edit breakpoint, e.g.
to add condition

Then hit
run

i

|Ready| ,
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DRESDEN
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DDT: Breakpoints (2/2)

Session Control Search View Help
] =y = = = =
> OO BEELEEIR ! O-5-
Current Group: Focus on current: @ Group (O Process (O Thread [ Step Threads Together

i || - ER

Create Group

I Pro... | Fortra... ]I ¥ heatF-MPLF90 [ | I Locals | Current Line(s) | Current Stack |
Project Files (&)%) 178 . EI Locals &%
—— & 179 integer :: x, y, err .
% 180 double precision :: dtheta, mymax Variable Name |value
— Fdt —0.050000000¢
& Project Files 182 mymax = 0.0dO ~dtheta —o0
& Source Tree 183 jo—
@ 7 Header Files 184 ! calculate the time step: read from theta, write new timestep to thetanew idthetamax 100
&8 Source Files 185 ! Only calculate on a processes sub-grid %'-err =0
g B heatF-MPLFo( 186 do y=mympi%start_y,mympi%start_y + mympi%num_cells_y -1 D -grid
LA 2 187 do x=mympi%start_x,mympi%start_x + mympi%num_cells_x -1 -~ mymax —0
188 [+ mympi ( rank = 0, cal
Qliss dtheta = ( aridstheta(x-1,y) + grid%theta(x+l,y) - 2*gridwtheta(x,y) ) / (gridx | . -1
190 ] + ( gridstheta(x,y-1) + gridstheta(x,y+1) - 2*gridstheta(x,y) ) / (gride || =,
191 gridsthetanew(x,y) = gridstheta(x,y) + grid%k * dtheta * dt y
192
193 mymg
194
195 end dd
196 end do @ Processes 0,2:
197 e
198 ! Make | t :
199 AL Process stopped at breakpoint in
200 heatconduction::heattimestep G
)} | . 4
< ] [« (heatF-MPL.F90:189).
Breakpoints | Watchpoint % Always show this window for user-defined breakpoints = e
Processes -
= Continue

Processes 0 and 2
stopped at conditional
breakpoint

4l | (1r]
Y
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DDT Practical 1: Conditional Breakpoints

M
o°

cd ~/Debugging/c
mpicc -g -00 heatC-MPI.c -o heatC-MPI
ddt srun -n 4 ./heatC-MPI

o®

o®

Fortran 90:

o°

cd ~/Debugging/£90
mpif90 -g -0O0 heatF-MPI.F90 -o heatF-MPI
ddt srun -n 4 ./heatF-MPI

o®

o®

In the DDT run window:
uncheck OpenMP, CUDA,
Task A: Mem. debugging and hit run

— Find out the value of dthetamax after step 10 has been computed.
— Hint: Use a conditional breakpoint in the time stepping loop (main program)
Task B (optional):

— Which process contributed the maximum to dthetamax at the
MPI_Allreduce in heatTimestep after step 10 has been computed?

— Hint: use an additional breakpoint at the MPI_Allreduce, then right click on the
variable mymax in the variables pane and select “Compare Across Processes”

e
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DDT Practical 1: Task A Solution

\ ‘Allinea'DDT'v3.2.1-27702 eyl
Session Control Search View Help

>[lE & KAEELENEIE ! O-D-
Current Group: ]’AII -vJFocus on current: @ Group O Process O Thread |[] Step Threads Together

A B

X

dthetamax =0,512

Create Group
Project Fles  [FIX| | & heatC-MPIl.c | k
[ Search (Ctrl+K) | % ; 1 T o [+] &)X
48 * energy of initial grid * / |
& Project Files 449 heatTotalEne rgy(&mygrid, &energyInitial);
:? ™ Source Tree 450
+- 9 Header Files ‘t L 6 N, e Mo 4 agls
=3 Source Files e f (-1 e -"_-'i'»‘!_-‘*"z' oap Sh ) 000000000000000
B @ heatC-MPLc [N {°r step=1 ; step<=nsteps ; step thetamanx — 0.51246656139334856
; a - — nergyFinal —o0
Q455 heatBoundary (&mygrid, &mympi) ; - .
456 heatTimestep(&mygrid, &mympi, dt, &dthetamax ); nergyinitial — 113.4835937630376
457 {theta = 0x74cde0, th
458 {rank = 0, cart = 0x74
459 * Gather data on process 0 for output* =50
= heatMPIGather (&mygrid, &mympi); | Lstep — 1
Brea kpoint in time s Work w.:‘rﬂ:.,‘ Tor master process#* | ‘
if (mympi.rank == Q) |
t . | { o (2] B
S epplng OO p, ¥ output of final grid * (=] [« | [‘:l,;,l
condition; step== 1 Sl T double
It . p__ s | Watchpoints | Stacks | Tracepoints | Tracepoint Output | Evaluate B
mnnennnn Breakpoints (B)X] ,Expression |Value [ |
| IProcesM |Threads IFiIe |Line |Function |Condition [Start After |Trigger £
heatC-MPl.c| 455 |main
| _ [al2)
Ready| ,

Slide 14
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DDT Practical 1: Task B Solution

Not possible with a single

‘Allinea DDT v3.2.1-27702

3

Session Control Search View Help

[ ] =

breakpoint: variable step is local
in main, variable mymax is local

= [—Y s =) 1] . 0_=n i —ta, 2N . .
\ DDT - Cross-Process Comparison View X7 in heatTim eStep
Expression: | mymax [z) pds Together |
Processes in current group (All, 4 procs) % Align stack frames :
Limit comparisonto (1 I Compare 3: Open context menu for
only show if: | See Examples [ Locals
2l grid->thetals, mymayx, select ,Compare
> = 3”3'3?9“' Variabl i
¥ Use as MPIRank == Create Groups 1 Export Full Window 4 ; -
| 3 N " | Across Processes
l Values | Process(es) | SHEEER el -dthet
0.27774768663151839 2 = r | #dthetamax 7itftfffa7fo
0.38032673944589612 3 Ch°””t’ : B LJfergrid __8“571'2'4’ 63_728 o
Not shown: 0 =0.512466561393
0.51246656139334856 0-1 i =
N Errors: 0 [FeEt— o Add To Evaluations
Adgregetash Ly Add Watchpoint
Numerical: 4 +)
4: Max. value at Sum: 1.68301 i y) Edit Type/Language...
Minimum: 0.277748 Copy Value
processes 0 and 1 | :
Range: 0.234719 = = ) - _ _
el = i | View Array
[«]»]  Type: double . —
Compare Across Processes A
Close e —
— @ [Expression .C.c:mpare Acrc_:-ss Threads
|| lProcesses Threads File Line |Function ICondition Istart After |TriggerE View Pointer Details
heatC-MPl.c| 455 |main step==10 Eind Variable In Files
[ | Sort Members Alphabetically

‘x All all heatC-MPl.c 166 heatTimeste 0
" N

1: Run to breakpoint in

time stepping loop,

2: Then add breakpoint at
MPI_Allreduce in

[Ready|

condition: step==10

TECHNISCHE Parallel Debugging with DDT
@ UNIVERSITAT Matthias Lieber, ZIH
DRESDEN
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DDT: Attach to running program

Program runs - you want
to know what it is doing?

)

% mpif90 -g heatF-MPI-02.F90 -o heatF-MPI-02
% srun -n 4 ./heatF-MPI-02
e e e ‘t::i

Hosts: localhost | Choose Hosts...

Automatically-detected jobs | List of all processes

N/

Start DDT in a
2nd terminal

(o)

©

ddt

File Edit View Control Tools Window Help

arm

heatF-MPI-02 (4 processes on 1 node)

FORGE

Arm DDT - Arm Forge 20.2.1

Application: heatF-MPI1-02
Number of processes: 4
Processes per node: 4
Nodes used: 1 (taurusi6527)

-

Attach to automatically

arm
DDT

RUN
Run and debug a program.

ATTACH
Attach to an already running program

OPEN CORE
Open a core file from a previous run.

detected MPI job

arm
MAP

MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself,

OPTIONS

Remaote Launch:
off

ouIt

Attach to processes: !D-S 100% x0.5 1%
Support
| Tutorials
1 nodes scanned. P s
_ﬂ_ei_p Rescan __r}ot_i.es Attach to heatF-MPI-02 (4 processes) Cancél: |
TECHNISCHE Parallel Debugging with DDT
UNIVERSITAT Matthias Lieber, ZIH
DRESDEN
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DDT: Core Files (1/2)

Check core file size limit

(reports kB) and increase if
mpif90 -g -O00 heatF-MPI-01.F90 -o heatF-MPI-01

% .

% wlimit -o required (sets to 100 MB)
0

$ ulimit -Sc 100000

% export FOR DUMP CORE FILE=yes % Intel Fortran only

% srun -n 2 ./heatF-MPI-01

Segmentation Fault
forrtl: severe (174): SIGSEGV, segmentation fault occurred ____Z,//”/,

srun realizes crash
srun: error: taurusi6595: tasks 0-1: Exited with exit code 1;2__2//////,

Per-process core files

% ls -1h core*

S~ 7
-rw------- 1 gpu59 1111111 42M Jan 27 13:21 core.taurusi6595.taurus.hrsk.tu-dresden.de.3371
—rw--—-—-—---- 1 gpu59 1111111 42M Jan 27 13:21 core.taurusi6595.taurus.hrsk.tu-dresden.de.3372
% ddt

Analyze with DDT

e
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DDT: Core Files (2/2)

] Arm'DDT=Arm Forge 18011 (aufitauruslogin5)’
File Edit View Control Tools Window Help
Executable: [mome/h9.fhpclab70/0ebuggingll6ﬁ90meaﬂ=-MPI—Ol ]
a rm Core files: | /home/h9/hpclab70/Debugging/16/f90/core.22292 S Add..
FORGE O p en Core /home/hg/hpclab70/Debugging/16/f90/core.22293 e e
RUN
Run and d a program
ok [amca |
ATTACH
0 r m Attach to 34 already running program
D DT OPEN CORE
Open a core file from a previous run = Rre DD1 L RinForge T80 SES
File Edit View Control Tools Window Help
MANUAL LAUNCH (ADVANCED) > = PEEEE ! A-2-'00©
a rm Manuaily launch the backend yourself Current Group'IAII_ A-‘}Fncus on current: ® Group () Process () Thread (] Step Threads Together
fa I |
MAP OPTIONS Greate Group
Project Files | Fortran Modules ‘ ¥ heatF-MPI-01.F90 [read-only] (3 |
Remote Launch: ) frEeples B8 g = Lial CE
'-Off "] Search (CI+K) | & 186 integer :: x, y, err Variable Name | Value
5 & Application Cod 181 double precision :: dtheta, mymax dt —0.050000!
E plication Code 182 dtheta —o0
B-m = L F—
Support QuIT 8- B Sources igj mymax = 0.0d0 m::mmx _;nn
® dataMPl 185 | calculate the time step: read from theta, write new timestep to thetanew -grid
Tutorials ® h:?mlln(ata 186 ! Only calculate on a processes sub-grid - mymax —0
I 187 8 do y=mympi%start_y, mympisstart_y + mympitnum_cells_y -1
arm.com 8 hastBoundary 188 @ do x=mympi%start_x,mympi%start_x + mympitum_cells_x -1 '_Tmy'"pr =
® heatConduction 180 u x Rl
::::gf:::f:w 190 & dtheta = E grig::ge:a:x—liy: + grj_:kt:e:a:xd-l,{: . ;'grig:t:eta{x,y} g ,,' ¥ =
i jal: ® heatGrid 191 + ( gridetheta(x,y-1) + gridstheta(x,y+1) - 2+gridetheta(x,y
Licence Serial: 184 ® h::u“;:pun; 192 ] gridethetanew(x,y) - gridstheta(x,y) + gridsk * dtheta ' dt
® heatinitiali 193
Arm FO[gE 18.0.1 4 : ::mm::r;%j 19; mymax = max(abs(dtheta), mymax) ! save max theta for the exit condition
eatMPIGather 19!
® heatMPISety 196 d d
g h::"’fiﬂte " 197 engndu ’
'® heatTimestep 198
1 F heatTotalEnergy 199 | Make MPI reduction to get maximum dtheta of all processes
B- 8 External Cody 208 CALL MPI_ALLREDUCE (mymax, dthetamax, 1, MPI_DOUBLE_PRECISION, MPI_MAX, MPI_C
261
202 | update theta: copy thetanew to theta
4 M 203 5 do y=mympi%start_y, mympitstart_y + mympitnum_cells_y -1
S OWS O Sltl O n O t e C ra S I n E— 204 9 do x=mympi%start_x,mympi%sstart_x + mympitnum_cells x -1
205 gridstheta(x,y) = gridsthetanew(x,y) il
206 end do :
‘Im end do ] EEF g;__@
€ source coae ana values o , e nore e
Stacks &= Evaluate (&)%)
variables at the time of the crash T — R
° step (heatF-MPI-01 F90:192)
But no running or stepping possible!
[Ready]

o
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DDT: Multidimensional Array Visualization

o i Right mouse
Set ra nges Array Expression: [('(grid)).zheta[si]{ﬂ] ]:] Evaluate

7 171 Distributed Array Dimensions: How do | view distributed arrays? m Cl IC k O n a r ray
and Evaluate | ~Range of $i—————~Range of §j

.
(% Align Stack Frames Va rl a b | e
From: From: [ Auto-update
S TR | BT /
Display Display Locals Curren Current Stack
B Curre 5) &
1\ /; H 1}
Visua | VAS] [ only show if: [ | See Exampl Variable Name /[ Tvalue
: —0
[ ta Table | Statistics — ox7fffffffa7e8
Goto Visualize Export  ©. Full Window {theta = 0x74
? @ B e 0x74cdfo
“ - i h that. T Aeakbn
11 12 13 vanl il Add To Evaluations
ijo 0 0 o o Add Watchpoint
it 0 0.88681159560070588 1.3048188290809211| 1.4239999999999999 1. )
Edit Type/Language...
2 5908699 1.7179608286283654 1.9112312334248853 1952 1.l
3 5283654 1.9804744622314747 1.9900310562001513 1.968 1. Copy Value
v Do aea e o Euas 1.8560000000000001| 1. View As >
File View Viewpoint 29k - B
== = 2 D059, 1.8560000000000001| 1.
1513 19068 1. _ Compare Across Processes
8853 1.952 1.@ Compare Across Threads
[77° vormmnmmmmnnmmete (1] o View Pointer Details
| Find Variable In Files
4 9% [] Show variables from control statements
1 [ sort Members Alphabetically

(3| [l Process 2

4
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DDT: Memory Debugging

L Run’

BX

Application: /nome/h9/hpclab70/Debugging/00/c/heatC-MPI-test-memerror

Details

) [T

Application: [fhomelhglhpclabTOIDebugginglOOlcfheatl‘“

Arguments: |

["] stdin file: [

Working Directory: [

%X MPI: 4 processes, SLURM (generic)

Set language,
enabled checks,
guard pages, etc.

Number of Processes:  [4 |3
[] Processes per Node [Z%
Implementation: SLURM (generic) ‘W
srun arguments | [
| OpenMP Details
| CUDA Details
%/ Memory Debugging: Thorough, 1 guard page after, Backtraces, Preload Details...
Configure Parameters
Details
Details
Check “Memory
. " )
Debugging” and (]| st |

click “Details...”

Memory/Debugging'Options’ EIX

|

%] Preload the memory debugging library - Language: [_C_IEJ%ra_n, threads F]

Note: Preloading only works for programs linked against shared libraries. If your
program is statically linked, you must relink it against the dmalloc library manually.

>Heap Debugging

Fast

Custom

Balanced Thorough

)
More Information

Enabled Checks: |-copy,free-protectfree-blank,alloc-blank

~Heap Overflow/Underflow Detection

NN

[%/:Add guard pages to detect out of bounds heap access:
Guard pages: |1 '$] Add guard pages:

~Advanced

Get more
Information

["] Check heap consistency every |100 iij heap operations

(%] Store stack backiraces for memory allocations

] Only enable forthese processes:

100%

SelectAll

This is detected
only if guard pages
are enabled

— a
> ProgramisTANNNP~

X

Processes 0-3:

Message when memory
error is detected, pause
to inspect the error

Memory error detected in he

L

read/write beyond end of allocation
[ ] Suppress memory errors from this line in future

cate (heatC-MPI-test-memerror.c:38):
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DDT Practical 2: Find the Bugs!

Find the bug in each of the three programs!

— Compile and first run normally (4 processes) to observe the behavior, then
use DDT to find the bug

— If the program stops in MPI, DDT may complain about missing source files:
ignore and select an application function in the call stack view

heatC-MPI-01 / heatF-MPI-01

— Produce core dumps (with up to 4 MPI processes) and open with DDT

— You already know this example from the Intro’s practical

heatC-MPI-02 / heatF-MPI-02

— Run without DDT and then attach DDT (use a second terminal session)

— In case of trouble when attaching: ensure that Options - System - Debugger is set to GNU 7.6.2
heatC-MPI-03 / heatF-MPI-03

— Hint: compare arguments of send and receive call

Optional OpenMP task on next slide

e
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DDT Practical 3: Breakpoints with OpenMP (optional)

C: % cd ~/Debugging/c
% icc -g -00 -fopenmp heatC-omp.c -o heatC-omp
% ddt ./heatC-omp
Fortran 900 | ¢ &g ~/Debugging/£90
% ifort -g -0O0 -fopenmp heatF-omp.F90 -o heatF-omp
% ddt ./heatF-omp
C loop order,
Task: Fortran order is X
: : : : interch d! ~
— Run with 4 threads in DDT and find out which L 918%%

thread computes which part of the 20 x 20 grid

(UV)

Hints: y

— Use a breakpoint in the inner compute loop in heatTimestep and examine \

loop variable x, use condition y==1 to jump to the next iteration of the x-loop
— Fortran: x and y are interchanged compared to C, y-loop is parallelized: need to examine y

— Breakpoints in OpenMP parallel regions sometimes behave unexpected - it helps to run a single
thread, while pausing all others: select “Focus on current thread” and select the thread below

Slide 22
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DDT Practical 2 Task 01: Solution (C)

e 20l 58
File Edit View Control Tools Window Help
— B B f :
*MEy0 AEBUHEE O D 00 |0 nation fault writin
Current Group: Focus on current: ® Group () Process () Thread [ | Step Threads Toget] g g
o> [ ] 3
(a CEEE] grid->thetanew[0] in heatAllocate
Create Group g
et g [ ¥ eaceied | Check if the array has been allocated |
Project Files [B)[%) 25 e )X
[ search (ctrl+K) ] & 26 grid->xsize = xsize; Variable Name | value
— — 27 grid->ysize = ysize; =-grid — Ox7fffffff7858
- & Application Code 28 grid->theta = (double**) malloc (sizeof(double ); {theta = 0x6164b0, thetanew =
[ g-m 29 grid->theta [0] = (double*) malloc (sizeof(dou 1ze+2) *(ysize+2)) 0x6164b0
B H Headers 30 0x0
B- B . . . .
z|..-1p|,01( 318 Ior (1 =0; 1 <xsize+2; 1++) <Cannot access memory at add
8 heatc 32 o
e :g:gﬁi‘;‘&; 33 grid->theta [i] = grid->theta  [0]+i*(ysizes2); e
- ® heatDeallocatel 3¢ ] grid->thetanew[i] = grid->thetanew[0]+1¥(ysize+2); 6.9533558061358138e-310
~® heathnitFunc(doy gg I sed: i 2.079947693866876e-317
~ ® heatinitialize(he 8 or (J =0; J < ysize+2; j++) 1.2414507464325953e-312
~~ ® heatMPIFree(dal 37 . o - =g
& heatMPIGather(} 38 grid->theta  [i][j] = 0.0; —
- ® heatMPisetup(h| 39 grid->thetanew[i][j] = 0.0; L =
~ ® heatPrint(heatGr 40 } X1z 20
~ ® heatTimestep(h 41 ¥ ysize —20
- heatTotalEnergy 42
j & main(int argc, c 43 grid->dx = 1.0;
- @ External Code 44 grid->dy = 1.0; @
A8 arid k — 1 M.
1 | <« Tl )
(<] [4]*) i Type: none selected
[ Input/Output | Breakpoints | Watchpoints | Stacks (All) | Tracepoints | Tracepoint Output | Logbook | Evaluate (GIES
Stacks (All) (&)%) | Expression |Va|ue |
Processes |Function /
4 - main (heatC-MPI-01.c:432)
[ 4 heatAllocate (heatC-MPI-01.c:34)
[Ready ,
o
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DDT Practical 2 Task 01: Solution (Fortran)

File Edit View Control Tools Window Help

> E 8 KAEBELETEIE ! B-D- 0 ©

CurrentGroup: Focus on current: ® Group O Process () Thread [ | Step Threads Tog Segmentat|on faU|t Wr|t|ng

[ IEIEIE] grid%thetanew(1,1) in heatTimestep [ ]
43

Create Group

Project... | Forran Mod.._| [ ¥ heatr-MP-o1Fo0 3 | Check if the array has been allocated
Project Files &%) 187 X
ISear(h (Ctrl+K) ] % 183 mymax = 0.0d0 Variable Name lVaIue
= — 184 -dt ——0.050000000000
B+ & Application Code 185 ! calculate the time step: read from theta, writ to thetanew -dtheta ~To
St‘ / 186 ! Only calculate on a processes sub-grid - dthetamax —100
-y 95 e e 187 B do y=mympi%start_y,mympi%start_y + mympi%num_c = -err —0
= ‘*””FZU 188 © do x=mympi%start_x,mympi%start_x + mympi%nu s x -1 ~-grid
~ B heatAllocate 132 dth B i dssth idssth *qridsth 'dD cij-theta
@ Hesisawidny 190 & theta = ( gridstheta(x-1,y) + gridwtheta(x+l,y) - 2*grid%theta(x,y) ) / (gri ' -thetanew «<riot associatads
.. @ heatConduction 191 + ( grid%theta(x,y-1) + grid%theta(x,y+l) - 2*¥grid%theta(x,y) ) / (grid Lxsize 20
- ® heatDeallocate 192 ] gridethetanew(x,y) = gridstheta(x,y) + gridsk * dtheta ' dt Lysize o
@ heatExample 193 . o .dx 1
. @ heatGrid 194 mymax = max(abs(dtheta), mymax) ! save max theta for the exit condition Ld 1
- @ heatinitFunc 195 ky 1
-~ P heatinitialize 196 end do
- # heatMPIFree 197 end do - mymax =0
~ #® heatMPIGather 198 & mympi _
& heatMPISetup 199 ! Make MPI reduction to get maximum dtheta of all processes X -1
- ® heatPrint 200 CALL MPI_ALLREDUCE (mymax, dthetamax, 1, MPI_DOUBLE_PRECISION, MPI_MAX, MPI_COMM_ Wi by B 1
~ # heatTimestep 201
b B st '?Chzam’ta'E"e’gY 202 | update theta: copy thetanew to theta @
- . ernal Code ann al i famde e snde 2 0.mde o i 10 L1
“ = am & D
4] |[«I») Type: none selected
[ Input/Output | Breakpoints | Watchpoints | Stacks (All) | Tracepoints | Tracepoint Output | Logbook | Evaluate &)
Stacks (All) \\ |
Processes | Function / Fortran version
4 )t heatexample (heatF-MPI-01.F90:494)
|2 s heatconduction::heattimestep (heatF-MPI-01.F90:192) Crashes |ater than
/4
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DDT Practical 2 Task 02: Solution

File

Edit View Control Tools Window Help
= El Ee B

b °D & 5 B Ee Bl Bt E ! "0 ©

Current Group: (Al | ~|Focus on current @ Group (O Process () Thread [ Step Threads Together
A CEOEE] ]
Create Group
{ € heatC-MPI-02.c (3 | € recve [read-only [ | CurrentLine(s) | Current Stack

ProjectFiles ~ [@[X] 249 /*Send right column to right neighbor*/ Current Line(s) &)X
250 MPI_Bsend (&(grid-=>thetalmympi->start_x+mympl-=>num_cells_x-1][mympi-=>start_yl), .

S 251 ~ mympi->num _cells_y, MPI_DOUBLE, mympi->right, 123, mympl-=>cart); ‘\fnal.ble hiame ]V’alue

— 252 /*Receive Left border column from left neighbor/ GHgrid —— Ox7ffffit2a68
polication Code = 253 MPI_Recv (&(grid->thetalmympi->start_x-1][mympi->start_yl), E-grid->theta —0x618660
p 254 mymp1->num_cells_y, MPI_DOUBLE, mympi->left, 123, mympi->cart, &status); [#-mympi — Ox7ffffftf2a08

Headers 255 i-mympi->num_cells_y —10
' Sources 256 /*Send upper row to top neighbor*/ ) f-mympi->start_x =l

& heatC-MPI-02.c 257 MPI_Bsend (&(grid->thetalmympi->start_x][mympi->start_yl), “mympi->start_y Bty 1

-~ ® heatAllocate( 258 1, mympi->rowtype, mympl->up, 123, mympl->cart);

~ @ heatBoundar 259 /*Receive lower border row from bottom neighbor#*/ G

- #® heatDeallocz 260 ] MPI Recv (&(grid->thetalmympi->start xJ[mympi->start y+mympi->num cells y]],

- ® heatinitFunc( ggé 1, mympl->rowtype, mympl-=down, 122, mympl-=>cart, &status);

-~ @ heatinitialize| .

i @ heatMPIFree 263 /*Send lower row to bottom neighbor#*/ ) )

" ® heatMPIGath 264 MPI_Bsend (&(grid->thetalmympi->start_x][mympi->start_y+mympi->num_cells_y-1

® heatMPISetu 265 1, mymp1l->rowtype, mympl—:-down_, 123, mympl->cart);

i ® heatPrinthe: 266 /*Receive upper border row from top neighbor#*/

] haatti t‘ 267 MPI_Recv (&(grid->thetalmympi->start_x][mympi->start_y-1]),

: hZ:tTgtnaTEsne 268 1, mympl->rowtype, mympil->up, 123, mympl->cart, &status); .. .

o manomarnie] MG All processes are waiting at this
afm @l s .
| InputOutput | Breakpoints | Watchpoints | Stacks (Al) | Tracepoints | TracepointOutput | Logbook | MP'—ReCV In heatBoundary

SEiRla Reason: Tags are not matching
Processes |Function /|
4 main (heatC-MPI-02.¢:457)
4 I = heatBoundary (heatC-MPI-02.¢
A & PMPI_Recv (recv.c:173)
Ready| ,

o
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DDT Practical 2 Task 03: Solution

| =1 G XA
File Edit View Control Tools Window Help
f = E 3
*MEassBBEBAR! 0O Ranks 1-3 send 4 MPI_DOUBLE,
Current Group: Focus on current: @ Group () Process () Thread [| Step Threads Together . .
P o | | which is wrong and exceeds the ]
Create Grou ‘ receive buffer of rank 0.
[ € heatC-MPI-03.c B | © mpid_abortc [read-only] . | : P
Project Files (&)X 386 ME{_DEUELE, /* old type */ ; [« Current Line(s)
_ 387 &blocktype /* new type */ ); =
Search (Ctri+K) | & | 388 MPI_Type_commit (&blocktype); Xa"ameNf’m'lva'“e
389 gn!alock_snze _
= 390 MPI_Send (block_size, 4, MPI_DOUBLE, O, 50, MPI_COMM WORLD) ; i ==l
® heatAllocate(h 391 MPL_Send (&grid->thetalmympi->start_xJLmympi->start_yi, . ,blocktype, ©, 51, MPI_COMM WORLD); - status {count_lo =1
® heatBoundary( 392
® heatDeallocate 393 MPI_Type_free (&blocktype);
® heatinitFunc(de 394 }
® heatinitialize(h 395 else H
® heatMPIFree(d 306 [ /*Master Receilves data*/ Rank O recelveS
® heatMPIGather 397
® heau:msmp( 398 MPI_Comm_size (MPI_COMM_WORLD, &size); 4 MPl |NT
® heatPrint(heatt Sz for (1 =1; 1 < size; i++) -
: Rz:g:;:;ﬁé 401 /*Receive Block Info*/ / D
® main( 402 MPI Recv (block size, 4, MPI INT, 1, S0, MPI COMM WORLD, &status);
in(int arge, « 403
prmal Cods 404 /* Create datatype to communicate one block#*/
:-ieaders R 405 MPI_Type_vector (
406
Sources - 407 | = : B «| «|»
4 «|» | = :
] G 1. s Process 0: («I>]  Type: none selected
| InputiOutput | Breakpoints | Watchpoints | Stacks (All) A Evaluate Bx
Program stopped at MPID_Abort. 8] | Expression |Vvalue |
Processes IFU"C"°“ / l (%] Always show this window for default breakpoints
100 J=I main (heatC-MPI-03.c:462)
1 BB = heatMPIGather (heatC-MPI-03.c:402) 1 .
1B & PMPI_Recv (recvc:228) > Continue Caution: If ranks 1-3 would send 4
11 EMPIR_Err_return_comm (errutil.c:302)
1B ] B MPIR_Handle_Tatal_error (errutil.c:466) MPI| FLOAT MPI| would not abort
1 — * MPID_Abort (mpid_abort.c:41) = !
AT 5 e QUASIG-ME O3 6464) because the buffer size fits! Only

MUST could detect this error.
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DDT Practical 3: Solution

File Edit View Control Tools Window Help
»[l]EB & REELEEl ! B-D- O
Focus on current: @ Process () Thread [ | Step Threads Together 1 . Run to a brea prlnt N
Threads {
J Q.0© OpenMP parallel for loop
Project Files @I £ heatC-omp.c l Locals | CurrentLine(s) | Current Stack
[Search (crl+K) ] & 151 /* calculate the time step: ta, write new timestep to th[«) - UMt Lnsy &
5 B Application Code 152 /* OpenMP 3.1: New reduction in and max were added for C a Variable Name | value
EF:, 153  #pragma omp parallel for private( , y) reduction(max:dthetamax_re -dt ——0.050000000000000003
B- M Headers 154 3@ for (x=1; x <= grid->xsize;x+ - dtheta —0
8 ¥ Sources 155 { #-grid — Ox7fffffff8130
B heatC-omp.c 156 © for (y=1; y <= grid->ysize ) - grid->k —1
F heatAllocate(heatGrid *¢ 157 [+-grid->theta —0x606010
® heatBoundary(heatGrid* 158 dtheta = ( grid->thetal/-1][y] + grid->theta[x+1][y] - 2*grid @ grid->thetanew —0x6060d0
- ® heatDeallocate(heatGrid 159 + ( grid->theta[x][y-1] + grid->theta[x][y+1] - 2*grid % ==
- @ heatinitFunc(double x) : | @ 160 ] grid->thetanew[x][y] = grid->theta[x][y] + grid->k * dtheta *D iy "
- heatinitialize(heatGrid* ¢ 161
® heatPrint(heatGrid* grid) 162 dthetamax_reduction = fmax(fabs(dtheta), dthetamax_reduction)
B haatTimactanlhaatfarid® 2r,m b
i 8%
R B 3: Compare x across
Threads in current process (Process 0, with 4 threads) [%] Align stack frames th rea d S (Via Cco nteXt
[ Limit comparison to significant figures [ Compare I men U)
(] Only show if: | | see Examples [ — ] (£ Type:
ance Evaluate &)X
| Expression | Val
[ Export - Full Window S piEssion, ke
Values Thread(s) OpenMP thread(s) Th read O ComPUteS X=1 recey X=5
: ; : Thread 1 computes x=6,..., x=10
11 2 2 < etc. .
16 3 3 T| YJ (& | [«]»
J J \\ Ready y
4 | 2: Select bottom call stacks
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