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Why a Debugger?

* It makes it easy to find a bug in your
program, by controlling pace of
running your program

— Examine execution flow of your code
— Check values of variables

* Typical usage scenario

— Set breakpoints (places where you want your
program to stop) and let your program run

— Or advance one line in source code at a time
— Check variables when a breakpoint is reached
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DDT

Distributed Debugging Tool by Allinea

Graphical parallel debugger capable of debugging
— Serial

— OpenMP

— MPI

— CAF

— UPC

— CUDA — NERSC doesn’t have a license on Dirac
Intuitive and simple user interfaces

Scalable

Available on Hopper, Franklin and Carver

Can use it for up to 8192 tasks at NERSC
— Shared among users and machines
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Starting DDT

Start DDT in an interactive batch session
Compile the code with the —g flag

gsub —I —lmppwidth=24 —q debug —V # Hopper/Franklin
gsub —I —lnodes=1:ppn=8 —q debug —V # Carver

o® o\°

cd $PBS_O WORKDIR
module load ddt

o0 o© o
[ ]

ftn —g prog.f # Hopper/Franklin
mpif90 —g prog.f # Carver

o® o\

ddt ./a.out

o\°
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NEeF Starting DDT (cont’d)

e Click on ‘Run and Debug a Program’ in the
Welcome window
« Set in the Run window
— Program name
— Programming mode (MPI, OpenMP,...)
— Number of processes and/or threads

~ oo

X/ DDT - Run
Application: /global/ul/w/wyang/ddtjacobi_mpi Details
Application: [ /globaliul/wiwyang/ddtjacobi_mpi =l BI
O 00 X! DDT - Welcome Arguments: | =
What would you like to do? InputFile: | [ ﬂl
Working Directory: | | BI
I Run and Debug a Program
¥ MPI: 24 processes, Cray XT/XE/XK (MPl/shmem) Details =«
Manua"y Launch a Program Number of processes: |24 Eﬁ
Attach to a Running Programl Implementation: Cray XT/XE/XK (MPl/shmem), no queue  Change...
N = aprun arguments | =
Open Core Files | I~ OpenMP Details
Restore a Checkpoint | I§,CUDA Detalls
I~ Memory Debugging Details
D D I QUIt | Environment Variables: none Details ¥
Plugins: none Details ¥
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DDT Window

(s Ve Vo) X\ Allinea DDT v3.1

Action buttons §ession_gontrol Search View Help
Process/thread_|'>“P nEHGGREELEEIR ! -~

rrent Al F rrent. & Group ¢ Process ¢ Thread Step Threads Together
control =2 Current Group [ ~|Focus on curren p I~ Step . |

Process groups {I"" CIOIERIEIEEIE]E] ] ] fe] ] 2] (2] (4] (5] [e] (7] (8] o] [20] [21] [22] [22]

Create Group

Can have multiple tabs
ProjectFiles & X F_jacobi_mpi.fo0 ) Locals  CurrentLine(s) | Currentstackl
Search (Ctrl+K) | & S integer :: ngr‘ld ! number of grid cells along each axis _a||CurrentLine(s) & X
—— | 10 integer :: ! number of cells: n = ngrid - 1 :
& ProjectFiles 11 integer :: max1ter ! max number of Jacobi iterations Ya,"ableName [ value
= Source Tree 12 real E tol I ranvarnanca tnlerance threshold e —0
. £ Header Files 13 [eal . ameter mpi_comm_world — 1140850688
Sesouceris | 14 integer i, am‘ Source Code e °
- [ 16 integer np, myia * Local Variables for the current stack
17  integer js, je, jsl, jel . . .
”project 18 integer nbr_down, nbr_up, status(mpi_status_size), ierr * Variables in the current |IrIE(S)
19
Navigator" 20 call mpi init(ierr) * Current Stack
21  call mpi comm size(mpi comm world,np,ierr)
for source 22 call mpi_comm_rank (mp1_comm_world,myid,1err) Current line
. 23
files 24 nbr_down = mpi_proc_null
25  nbr_up = mpi_proc_null
26 if (myid = 0) nbr_down = myid - 1
if (myid <np - 1) nbr_up = myid + 1
! Read 1n problem and solver parameters.
31  call read_params(ngrid,maxiter,tol,omega)
3= n o= ngrid - 1
34 | Kl 1]
Jd | 3 | K1 | »|  [Type: none selected
Input/Output | Breakpoints | Watchpoints Stacks I Tracepoints | TracepointOutputl Evaluate g X
Stacks & X [ Expression [value |

Processes | Function
HER obi_mpi (jacobi_mpi.f80:21)

* Input/Output to and from program
* Breakpoints that you set

* Watchpoints that you set

* Parallel stacks

o * Tracepoints you set \l A

* Output from the tracepoints rr ’III
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Navigating Through a Program
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 Play/Continue #
— Run the program
« Pause
« Step Into 1
— Move to the next line of source

— If the next line is a function call, step to the first line of the
function

« Step Over
— Move to the next line of source code
— If the next line is a function call, step over the function
« Step Out g

— To execute the rest of the function and then move to the next line
of the calling function

* Run To Line |
— Run to the selected line .
A
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Process Groups

 Group multiple processes so that actions can be performed on more
than one process at a time

* Group ‘All’ by default
Al Lol 2] a1 ][]

Create Group

« Can create, edit and delete groups

IEE Create a

Create a group with these processes:

[o 12% selectAll | x2 | x05 | 1% |

Group name: |Master

Create Groupl Cancel |
_|

IER | B BN KRB R KA
[o]
Workers N EREN KN ER N KA
Create Group
« Select group
— ‘Current Group’ displays the name of the group in focus
— Source Code Viewer shows the corresponding group color

JJCurrent Group: |A|I 'I Focus on current: ¢ Group ¢ Process ¢ Thread ||' Step Threads Together |
« Cannot create a thread group <
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Parallel Stack

‘Stacks’ tab in the lower left panel

Combines the call trees from many processes and display them
together

This compact display is invaluable when dealing with a large numbers
of processes

Move up and down the stack frame to choose the function (frame) of
interest

— The source pane shows the relevant location accordingly

Hovering your mouse over it reveals the number of processes,
process ranks and thread IDs that are at that location

Can create a new process group by right-clicking on any function

Stacks & X

Processes |Threads I Function |

8 I

| 8 X l+btl _openib_async_thread

| 8 [ = Amemory | leak (memory_leak.f:11)

_ b_ok leak f:27 -
. e ““e'o'ea . Hover your mouse over this line

/global /homes /w/wyang/ddt/ mtl memory_leak . f:27

8 Processes: ranks 0-7

S
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Breakpoints

Many ways to set a breakpoint
— Double-click on a line
— Right click on a line and set from the menu
— Click the Add Breakpoint icon from the tool bar

 Red dot next to the line where a breakpoint is set

« Can be deleted similarly
« Selected breakpoints listed under the breakpoints tab in the
lower left panel
— Can be made active or inactive (15t column)
— Can set a condition using the language’s syntax
— Can set frequency parameters for activation (start, interval, end)
— Can save to or load from a file (right-click)

Input/Output ~ Breakpoints I Watchpoints | Stacks | Tracepoints | Tracepoint Outputl
Breakpoints
Processes Threads File Line Function Condition Start After Trigger Every Stop Afts

g X

memory_leak.f

All all memory_leak.f 39 0 1
S
All all memory_leak f 49 0 1 - A
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NeF Watchpoints

 Watchpoints for variables or expressions (not lines)
— Stops every time a variable or expression changes
 Again, many ways to set
— Right-click on a variable in the Source pane and set
— Right-click in the watchpoints table and select the Add Watchpoint menu item, or
— Drag a variable to the watchpoints table from the Local Variables, Current Line or
Evaluate views
» Selected watchpoints listed under the watchpoints tab in the lower left
panel
— Can be made active or inactive (15t column)
— Can set a condition using the language’s syntax
— Can save to or load from a file (right-click)

« A watchpoint is automatically removed once the target variable goes
out of scope

— To watch the value pointed to by a pointer p when p goes out of scope: right-click on *p

in the watchpoints table and select the Pin to address menu item
Watchpoints 8 X

Processes Expression

#0 memory_leak|val > 0.5

= | Allinea DDT = K|
\i) Processes 0-7:

Process stopped at watchpoint "val > 0.5"
in sub_ok (memory_leak.f:23).

Old value: .FALSE.

New value: TRUE.

) Off ; v Always show this window for watchpoints - A
EER, U.S. DEPARTMENT OF i
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Tracepoints

When a tracepoint is reached

— Prints the file and line number of the tracepoint and the value of variables or
expressions (if requested)

— Similar to putting a print statement: print *, “Hi, I'm here.”

Many ways to set
— Right-click on a line in the source code and select the Add Tracepoint...
— Right-click in the Tracepoints table and select Add Tracepoint, and more...

Green dot next to the line where a tracepoint is set
Selected tracepoints listed under the Tracepoints tab
Tracepoint ouput under the Tracepoint Output tab

Considerable resource consumption if placed in areas that generate a
lot of passing

Alike tracepoints merged across processes: can lose the order/
causality between different processes in the tracepoint output

Tracepoints g X
|Processes IThreads |Fi|e |Line |Function | Condition IStart After |Trigger Every |Stop After IFuII I
All all memory_leak f 23 0 1 - /glok
Tracepoint Output & X
Tracepoint | Processes I Values logged =
memory_lea... |8, ranks 0-7 n: — 1000000 val: — 5.0e+05
memory_lea... |8, ranks 0-7 n: — 1000000 val: — 1.0e+06
7 memory_lea... |8, ranks 0-7 n: — 1000000 val: — 1.5e+06
£Z B>, U-S. DEPARTMENT || \
Y ENERC memory lea... |8, ranks 0-7 n: — 1000000 val: — 2.0e+06 - ”‘
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Checking Data

e Source code pane: Right-click on a variable
for a quick summary (i.e., type and value)

Locals  CurrentLine(s) | CurrentStack |

Variable pane: Generally for local variables Ccurenttinee

Variable Name Value
— Locals " cosx =Y
— Current Line(s): In the current lines ';fm %3
+ Can select multiple lines by clicking and dragging ~ ~* 70

— Current Stack: For stack arguments Evaluate

Expression |Value

* Evaluate pane: Variables or expressions
— Many ways to add to the Evaluate pane...
— Limited Fortran intrinsic functions allowed

Sparklines for variation over processes Sparklines

* (Can change the value of a variable in the
Evaluate pane
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Checking Data (cont’d)

 |If a value varies across processes, the value is

highlighted In green

 When the value changes due to stepping or

switching processes, the value is highlighted
in blue.

* Viewing an array

— Innermost index = fastest moving index

Expression |Value | Expression |Value |

=ic_aray = aray
=+[0] -]
+[1l 4] 4 C, C++: *S} Fortran:
i) c_array[3][5] LB f_array(3,5)

: A
™ U.S. DEPARTMENT OF OfflCe Of frrreer ‘m‘

T
£ S
p \&
&

S Ok o

EN ERGY Science



-l MDA (Multi-dimension

* Right click on an array and select ‘View Array (MDA)’
* Index order: $i, $j,..., same as what’s used in the code

« Canfilter by value: use an expression using $value, $i, $j in the Only
show if window

« Can visualize the array (showing only the filtered values)
« Can show statistics (for the filtered data only)

* Distributed Array Dimension to show data of other processes as well
— The overall size must be the same as the number of processes

Array Expression: |f_array($i, $i) u

1
== DDT - Visualization { el =t

Distributed Array Dimensions: ﬁone 3: How do | view distributed arrays? RV e
—Range of §i—————— —Range of §j}—————————— v Align Stack Frame:
From: |1 = || From: [7 = I™ Auto-update
To: | 3 32 To: | 5 3: Evaluate
Display: |Co|umns vl Display: IRows vI Cancel
v [0 Process0
[V Only show if: |mod($va|ue,3)+$i >2 See Examples
DataTable | Statistics |
<. Goto @Visualize [ Export | FullWindow ’
i
1 2 3
i1 31
2 [ | 2 @ (e |
3 13| 23| 33 rreeaen| | “
4 | 14 34 /xﬂ
5 25| 35




CPC and CTC

 Cross-Process Comparison or Cross-Thread Comparison

— comparison of the value of a variable across MPI processes or
OpenMP threads

— Good for comparing scalars

« How to use: Right-click on a variable and select the View
Actr_oss Processes (CPC) or View Across Threads (CTC)
option

=i 22 DDT - Cross-Process Comparison View izl = =2 DDT - Cross-Thread Comparison View | ;i 7]
Expression: |sumc Z| Expression: |thd |
Processes in current group (All, 8 procs) [V Align stack frames Threads in current process (Process 0, with 6 threads) [V Align stack frames
I~ Limitcomparisonto [T~ =] sf. I™ Limitcomparisonto [~ =] sf.
I™ Only showif: | See Examples I™ Only showif. | See Examples

Cancel Cancel
"7 UseasMPIRank == Create Groups [} Export Full Window ‘ £ Export Full Window ‘7
Values Process(es) — Statistics Values Thread(s) l — Statistics
39781518 iS5 0 1
oS TaeE 7 Count: 8 7y Count: 6
432216406 4 Not shown: O 2 3 Not shown: 0
4.46539021 6 Errors: 0 3 4 Errors: 0
454414797 0 Aggregate: 0 4 S Aggregate: 0
490377617 1 Numerical: 8 5 6 Numerical: 6
497282219 3 Sum: 365372 Sum: 15
531652641 2 Minimum: 3.97815 Minimum: O
Maximum: 531653 Maximum: S
Range: 1.33837 Range: =
Mean: 456714 Mean: 25
Variance: 022019 Variance: 35
nan: 0 nan: 0
-nan: 0 -nan: 0
inf: 0 inf: 0
-inf: 0 -inf: 0
<0: 0 <0: 0
=0: 0 =0: 1
=0: 8 >0: S
o [Berkerey Lac IS




Message Queues

« Examining status of the internal MPI message buffers
when a program hangs
— Can be helpful in detecting deadlock

« Message queue debugging only available on Carver

 Three queues can be examined

— Send Queue:
» Calls to MPI send not yet completed
 Red arrow

— Receive Queue:
» Calls to MPI receive not yet completed
» Green arrow

— Unexpected Message Queue:

» Messages received but MPI receive not yet posted
— This queue not relevant on Carver?

« Dashed blue arrow
« How to use: select ‘View > Message Queues’

>
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Message Queues Examp

deadlock

with

a large

messaqge

always

deadlock

call mpi send(sbuf,n,mpi real,nbr r,taqg,mpi comm world,ierr)

call mpi recv(rbuf,n,mpi real,nbr 1,taqg,mpi comm world, stat,ierr)

call do_something(tbuf,n_t)

call mpi_recv(rbuf,n,mpi_real,nbr_1, tag, mpi_comm_world, stat, ierr)

v send
[V Receive

IV Unexpected

—Select queues to show———————

~Ranks

¢ Show local ranks

& Show global ranks

ator

~Select c

MPI_ COMM WORLD

MPI_COMM_SELF
MPI_COMM_NULL

call do_something(tbuf,n_t)
call mpi_send(sbuf,n,mpi_real,nbr_r, tag, mpi_comm_world, ierr)

=z

DDT -

Queues

4

(s400)
o ____________
| Update I

IV Show queues in table

Text Communicator Queue Pointer From (local) | From (global) To (local) To (globe=]
1|Send: 0x771... |MPI_COMM_... |Send 0x0 4 4 5 5
2|Send: 0x771... |MPI_COMM_... |Send 0x0 2 2 3 3
3|Send: 0x771... MPI_COMM_... |Send 0x0 0 0 1 1 |
4|Send: 0x771... |MPI_COMM_... |Send 0x0 1 1 2 2
5|Send: 0x771... |MPI_COMM_... |Send 0x0 7 7 0 0

| o

4|

el
—Select queues to show———————
@ v Send
2400 IV Receive
@ [4400) @ V' Unexpected
~Ranks
(7
¢ Show local ranks
& Show global ranks
4400
. ( : ) ~Select icator
MPI_COMM_WORLD
MPI_COMM_SELF
MPI_COMM_NULL
® ©)
(ss00)
| Update I
v Show queues in table
Text Communicator Queue Pointer From (local) | From (global) To (local) To (globz=]
1 |Receive: Ox7... |MPI_COMM_... |Receive 0x0 4 3 3
2|Receive: 0x7... |MPI_COMM_... |Receive 0x0 0 7 7
3 |Receive: 0x7... \MPI_COMM_... |Receive 0x0 5 4 4 _
4 |Receive: 0x7... |MPI_COMM_... |Receive 0x0 3 2 2
5 |Receive: 0x7... |MPI_COMM_... |Receive 0x0 2 1 1

Rl

* A loop because of deadlock
* A loop does not necessarily mean deadlock as
MPI send can complete for a small message

Office of
Science
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always ok

call mpi_irecv(rbuf,n,mpi_real,nbr_1, tag, mpi_comm_world, req, ierr)
call do_something(tbuf,n_t)

Message Queues Exampl

call mpi isend(sbuf,n,mpi real,nbr r,tag,mpi comm world, req(2),ier

(cont’d)

message queues look ambiguous

call mpi_irecv(rbuf,n,mpi_real,mpi_any_source, tag, mpi_comm_world, r
call do_something(tbuf,n_t)

call mpi isend(sbuf,n,mpi real,nbr r,taqg,mpi comm world, req(2),ier

call mpi waitall(2, req, stat,ierr)

—Select queues to show—————————
v Send
IV Receive
o [V Unexpected
(1409 ~Ranks
¢ Show local ranks
& Show global ranks
4409 {
o —Select ¢ icator
i MPI_COMM_SELF
4 MPI_COMM_NULL
440 7
(5): (3)
:
O
Update I
Text C icator Queue Pointer From (local) | From (global) To (local) To (glot2]
1 [Send: 0x771... |MPI_COMM_... |Send 0x0 7 7 0 0
2 |Receive: 0x7... |MP_COMM_... |Receive 0x0 7 7 6 6 5
3 |Send: 0x771... |MPI_COMM_... |Send 0x0 5 5 6 6
4 [Receive: 0x7... |MPI_COMM_... |Receive 0x0 5 5 4 4
5 [Send: 0x771... |MPI_COMM_... |Send 0x0 4 4 5 5
~
4 | L

call mpi waitall(2, req, stat,ierr)

—Select queues to show
v send
------------ -
v Receive
o - ‘ v Unexpecte
.E!ﬂ 4400) —Ranks
4400
| ¢ Show local ranks
& Show global ranks
~Select c jcator
(i MP|_ COMM_WORLD
MPI_COMM_SELF
MPI_COMM_NULL
4400} A
(s). (3)
O
| Update I
Text Communicator Queue Pointer From (local) ] From (global) To (local) To (glot2]
1 |[Send: 0x771... |MPI_COMM_... |Send 0x0 3 3 4 4
2 |Receive: 0x7... |MPI_COMM_...  Receive 0x0 3 3 1 1 _
3 |Send: 0x771... |MPI_COMM_... |Send 0x0 5 5 6 6
4 |Receive: 0x7... |MPI_COMM_... | Receive 0x0 5 5 1 1
5 |Send: 0x771... |MPI_COMM_... |Send 0x0 1 1 2 2
~|
4 | L

OK, ‘always’ is a strong word as a message can
end up as a unexpected message

.S. DEPARTMENT OF Office of
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Receive queue messages look ambiguous
because of use of MPI_ANY_SOURCE
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Debugging OpenMP Programs

e The number of threads is

~

o o ° ° X DDT - Run
specified in the Run window - |
Application: /global/ul/w/wyang/ddt/omp/omp.out+hopper Details
’
i Don t SEt OM P_N U M_TH READS Application: [/global/ul/wiwyang/ddt/omp/omp.out+hopper | E‘
befO re Sta rtl ng D DT G U I Arguments: [ =l
* Allinea’s warnings: nnirte { | j ﬂ
. Working Directory: > a8
— Stepping often behaves — —
u ne.XpeCted |y InSIde para”el [V OpenMP: 6 threads Details
regions Number of OpenP threads: [6 =]
— Some compilers optimise i S
parallel loops regardless of the f. Memory Debugung S
. [ Environment Variables: none Detfails
options your specified on the e =

command line

* General impression: difficult
to coordinate threads in a
moderate to complex parallel
region

Run Cance|

ENT,
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« DDT’s thread IDs: 1,2,... (not 0,1,...)

 Random thread in focus (not

thread 1) when a parallel region is

entered
* Synchronize threads using ‘Step

Threads Together’ — otherwise can
lose track of threads in a complex

oo

Ioop Session Control Search View Help

THEERREET TN Y

;JJFocus on current: & Process ¢ Thread) |V Step Threads Together |

Debugging OpenMP Programs
(cont’d)

Need to follow a specific way; otherwise,
things can become difficult to control (or
run into a prob)
Stepping into a parallel region

— Set the ‘Step threads together’ box first

— ‘Runto here’

Stepping out of a parallel region

— Keep the ‘Step threads together’ box on

— ‘Runto here’ to a line outside the parallel
region

Outside a parallel region
— Leave ‘Step threads together’ off manually

6 threads, 000000
. 3
thread 4 in focus iruisries & x| s ompr | Locals  CurrentLine(s) | CurrentStack |
earch (Ctri+K) & 1A 1 program omp _j Current Line(s) & X
—_— 2 integer, parameter :: n = 12 -
'_'P"OledF”es 3 real, allocatable :: a(:), b(:), c(:) YarlabIeName IVaIue
+ 9 Source Tree 4 integer 1 a
3 8 Header Files “ al{{cated(a(n),bb(n), c(n) 5
5 Source Files ¢ call random_number(a) 7
* 4 call random_number(b) (1] 0
5 1$omp parallel do 2] 0
s do i=_1,n _ _ _ - [3] 0
Q10 c(1) = cos(a(1)) * sin(b(1)) Add breakpoint - [4] 0
11 end do e i I -] 0.41047397
12 1$omp end parallel do DA L O 2 S0 2 -[6] 049938094
13 print *, sum(c) Add tracepoint (c, i, cos, a, sin, b, n) 1) 0.48871362
%rl degllocate (a,b,c) Delete breakpoint for process 0 -[8] 0
en Edit breakpoint -[0] 045540645
-[10] 0
Run to here ~[11] 0
N2 0
Copy To Clipboard i 8
Splitview
Open file in editor 4 | _’I
il_, _'l 4« Close | L4 [Type: none selected
Input/Output ] Breakpoints ] Watchpoints Stacks Tracepoints I TracepomtOutputI Evaluate F X
|Stacks & X | Expression |Value
A2, U.S. DEPARTMENT |Thieads | Function I T 0
£ ‘ o ENER 1T J=imain 5[2] 0
@ sl E——1 @ mp_slave
Hover the mouse over to see thread IDs T o
~[] 0.410473973
61 0.499380946




 MPI + OpenMP debugging supported

— Set # of processes and threads in the Run window

Debugging MPI + OpenMP Programs

« But cannot ‘Step Threads Together’ as a process group in a parallel region
— [Each MPI rank needs to take turns to step threads together; select ‘Process’ for ‘Focus on

current’ to do that
— Not easy to debug a complex parallel region for a large tasks
— The feature may be available in a future release

o

X! Allinea DDT v3.1-20638

el e

X/ DDT - Run | session Control Search View Help

= | = =
Application:Igloballu1lewyanglddt/omplmpiomp.out«»hoppqH B = A F [Ee EL Ef ﬂ : ! ﬂ"zl'

*UCurrentGroup: |Al| vIFocus on current: ¢ Group ¢ Process = Thread |7 Step Threads Together |

Arguments: |

Application: |lglobal/u1/w/wyanglddt/omp/mpiomp.out+hopr =
[1a C=E] } 4 MPI tasks with 6 OpenMP threads each;
@@@@@@ Rank 0 and its thread 3 In focus

ProjectFiles & X F mpiompf[Z) |

|i—'ﬂ‘h‘iﬂ\+\‘ S A 1 program mpiomp

{
Input File: | I [Process 0's threads: ]

Working Directory: |

2 include 'mpif.h'

IV MPI: 4 processes, Cray XT/XE/XK (MPl/shmem) integer, parameter :: n = 12

& ProjectFiles

call mpi_comm_rank (mpi_comm_world,me,ierr)
allocate (a(n), b(n), c(n))
call random_number(a)

. - + 9 Source Tree 4 real, allocatable :: a(:), b(:), c(:)
mumberofprocesses.lél E + 9 Header Files 5 in'lt_le.ger'l! r'ne(' )
: ca mp1_init(ierr
Implementation: Cray XT/XE/XK (MPl/shmem), no queue =1 Source Files . Pl

=B B mpiomp f

aprun arguments |

Locals Curre

_4||Current Line(s)

Variable Name
b
e

4

[Type: none selecte

10 call random_number (b)
[V OpenMP: 6 threads 11 !$omp parallel do
12 do i=1,n _ _ _
Number of OpenMP threads: |6 32 13 c(i) = cos(a(i)) * sin(b(1))
14 end do Add breakpoint for thread 0.3
I~ CuDA f '$omp 9“'_’ 23531191 do () Add tracepoint for thread 0.3 (c. i, cos, a. sin, b)
6 print *, me, sum(c )
I Memory Debugging 1? deallocate(a,b,c) ' Add tracepoint for thread 0.3 (3)
18 call mpi_finalize(ierr) R —
i i o d un to here
Environment Variables: none 18 en =
J I I LI Al | CopyTo Cliphoard —I »
Plugins: none i
g \Input/Output | Breakpoints (Thread 3) | Watchpoints (Process0)  Stacks | Tracepoint: Splitview Evaluate
Stacks Open file in editor 8 x

Expression |Value |

Threads Function | Close ;_CE
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Debugging CAF Programs

Options windows

il

DDT - Run

Application: /global/ul/w/wyang/ddt/caffjacobi_caf

Application: |/globallu1/wlwyang/ddt/caf/jacobi_caf

Arguments: |

InputFile: |

Working Directory: |

[V MPI: 24 processes, Cray XT/XE/XK (MPl/ishmem)

| Number of processes: |24 3:

Implementation: Cray XT/XE/XK (MPl/shmem), no queue Cﬂan?e... I

aprun arguments |

I~ OpenMP

I~ cubA

I~ Memory Debugging

Environment Variables: none

‘MPI/UPC Impl tation’ f default ‘Cray XT/XE/XK (MPI/
« Change mplementation’ from defau ray
"to ‘'C XT/XE/XK (Co-A Fort ’using the R d
shmem)’ to ‘Cray o-Array Fortran)’ using the Run an
Working virectory: | I Ul
el i
[V MPI/Co-Array Fortran: 24 images, Cray XT/XE/XK (Co-Array Fortran) Details =«
Detfails «
. NUmberof images: -
_:i—i‘l DDT - Options I/iA Change... |
System Settings =l
Details
g Job Submission MPIUPC Implementation: [Cray XTIXE/XK (PUshmenm) =
- altix-mpi N Details
3 [~ Override default aprun path:  BjyeGene/l
a Remote Launch BlueGene/P J Details
b Debugger: bproc
bull mpi 1 :
Code Viewer bﬂ]lme - Details v
~ N [~ Create Root and Worker§ arou C::§EK (Upcs, mem Details ¥
S| Appearance I~ Use shared symbol caclle GCIpr SMP (no TL) S
Default groups file: | =]
Attach hosts file: | EI
Run Cance|

Plugins: none

Click

Click

OK

o)

R N

* ‘Distributed Array Dimensions’ in MDA can be used for coarrays — used

automatically for static coarrays (but not for allocatable coarrays)

@ ENERGY
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varia

Debugging UPC Programs

Similarly, set ‘MPI/UPC Implementation’ to ‘Cray XT/XE/XK (UPC)’
“UPC Thread” = Process

Usin% CPC or the Distributed Arra

exception could be: local shared memory allocation done with

upc_alloc)

: : / Dimension for MDA for a shared
le is meaningless since all the values are displayed already (an

=4

Allinea DDT v3.1-20638 {il=
Session Control Search View Help
oo B8 REPEIETEIER ! -0~
JJCurrentGroup; All vIFocus on current: ¢ Group ¢ UPC Thread ¢ Native Thread ||' Step Threads Together
Al [o JEI=1E=
Create Group
ProjectFiles & X [ ¢ axbe ) ] Locals  CurrentLine(s) | Current Stack |
Search (Ctrl+K) | & 1 “";'[‘ﬁ';‘{ /3 _a]|current Line(s) & X
& Project Files 1 } bli] =1 % 5; Variable Name [value |
* Source Tree 14 upc_barrier;
+ 9 Header Files 15 }
=49 Source Files 16 )
- CETTR | ! it i)
18 it 1;
19
20 set_b_c();
21
22 upc_forall (i=0; i<N; i++; 1) {
23 cli] = al1] + b[1];
24
25  upc barrier;
27 if (MYTHREAD == 0) printf("suml: %d\n", c[0] + c[N-11);
) return O;
30 } —
_‘l_] L' 4 | >| [Type: none selected
Input/Output ] Breakpoints I Watchpoints ~ Stacks I Tracepoints ] Tracepoint Output Evaluate g X
Stacks & X || Expression |Value =
UPC Threac| Native Threz| Function | 2N
1B 11 E______1#_dmappi_error_handler (dmapp_init.c.686) =
LN — Y — f_dmappi_erml_handler (dmapp_init.c:698) .
2 ]2 J#_dmappi_error_handler (dmapp_init.c:704) 01 0 ;
4 e— w— main (axb.c:25) - 1 A
-2 2 fr n
-0 4
-5l 1 L as]



Memory Debugging

* Intercept calls to the system memory
allocation library to get memory usage
and monitor correct usage

* Overview for the next slides

— Building code for memory debugging

— Getting memory usage info
« Current Memory Usage
* Overall Memory Stats

— Detecting memory leaks (example)
— Detecting heap overflow/underflow + example
— One more memory debugging example

~
<, : A
g,g‘e,.% U.S. DEPARTMENT OF Office of r:rr}‘ ‘m
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Building Code
for Memory Debugging

« Carver
— Build as usual

— Select ‘Preload the memory debugging library’
in DDT’s Memory Debugging Option window
(shown later)

 Hopper/Franklin: See next slides

— See Appendices B and C of the DDT User
Guide for all the complexities

Office of
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Statically Liked Binary on Hopper
for Memory Debugging

Compiler | Fortan | CCn

PGl % ftn -g -c prog.f % cc -g -C prog.c
% ftn -Bddt -o prog prog.o % cc -Bddt -o prog prog.o
% ftn -g -c prog.f % cC -g -C prog.c
% ftn -v -0 prog prog.o # -v to get the last linker line % cC -V -0 prog prog.o
GNU

Rerun the command after inserting ‘-zmuldefs’ after the command and putting ‘S{DDT_LINK_DMALLOCY just before ‘~Ic’
% /opt/gcc/4.6.1/snos/libexec/gec/x86_64-suse-linux/4.6.1/collect2 -zmuldefs ... S{DDT_LINK_DMALLOC} -lc ...

% ftn —g —c prog.f % cc —g —Cc prog.c

% ftn —v —o prog prog.o # -v to get the last linker line % cc —v —0 prog prog.o
Cray L

Do similarly as above:

% /opt/cray/cce/7.4.4/cray-binutils/x86_64-unknown-linux-gnu/bin/ld -zmuldefs ... S{DDT_LINK_DMALLOC} -Ic ...

% ftn —g —c prog.f % cc —g —c prog.c
| | % ftn —v —o prog prog.o # -v to get the last linker line % cc —v —0 prog prog.o

nte

Do similarly as above. There are two locations to put ${DDT_LINK_DMALLOC} as there are two -Ic’s.

% Id -zmuldefs ... ${DDT_LINK_DMALLOC} -Ic ... ${DDT_LINK_DMALLOC} -Ic ...

% ftn -g -WI,--export-dynamic -TENV:frame_pointer=ON -funwind-tables -c prog.f % cc -g -C prog.c

% ftn —v -WI,--export-dynamic -TENV:frame_pointer=ON -funwind-tables -o prog prog.o % ccC -V -0 prog prog.o

PathScale

Do similarly as above:
% /usr/lib64/gcc/x86_64-suse-linux/4.3/collect2 -zmuldefs ... S{DDT_LINK_DMALLOC} -lc ...

 Deselect ‘Preload the memory debugging library’ in the Memory Debugging

Option window .
FR, U-S: DEPARTMENT OF Office of rr/rml I
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Dynamically Linked Binary on
for Memory Debugging

Compiler | Fortan | cC

% ftn -g -c prog.f % ccC -g -C prog.c
PG|’ Cray % ftn —dynamic -o prog prog.o \ % cc -dynamict -o prog prog.o \
S{DDT_LINK_DMALLOC} -WI,--allow-multiple-definition S{DDT_LINK_DMALLOC} -WI,--allow-multiple-definition
% ftn -g -c prog.f % cc -g -C prog.c
GNU, Intel % ftn —dynamic —o prog prog.o \ % cc —dynamic -o prog prog.o \
S{DDT_LINK_DMALLOC} —zmuldefs S{DDT_LINK_DMALLOC} -zmuldefs
% ftn -g -WI,--export-dynamic -TENV:frame_pointer=0ON \ % cc -g -C prog.c
-funwind-tables -c prog.f % cc -dynamic -o prog prog.o \
% ftn —dynamic \ S{DDT_LINK_DMALLOC}-WI,--allow-multiple-definition

PathScale -WI,--export-dynamic -TENV:frame_pointer=0ON \
-funwind-tables -o prog prog.o \
S{DDT_LINK_DMALLOC} -WI,--allow-multiple-definition

 ‘Preload the memory debugging library’ in the Memory Debugging
Option window

» Before running ddt
 Load the same PrgEnv
« Set CRAY_ROOTFS before running ddt
setenv CRAY ROOTFS DSL # for csh/tcsh shell
export CRAY ROOTFS=DSL # for sh/ksh/bash shell

>
\ U.S. DEPARTMENT OF Office of r:—r>| |ﬁ
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* Enable ‘Memory
Debugging’ in the Run
window

* Clicking on ‘Details’ opens
the ‘Memory Debugging
Options’ window for
setting options (next slide)

&R, U.S. DEPARTMENT OF Office of

EN ERGY Science

Starting Memory Debugging

=i DDT - Run |l ®
Application: /global/ul/w/wyang/a.out Details -
Application: |/global/u1/w/wyangla.0uﬁ | El
Arguments: | =1
InputFile: | | El

Working Directory: |

[V MPI: 8 processes, Cray XT/XE/XK (MPl/shmem) Details -
Number of processes: H
Implementation: Cray XT/XE/XK (MPI/shmem), no queue  Change... |
aprun arguments | |
[~ OpenMP Details
I~ cupa Details

q [v Memory Debugging: LoE}No guard pages, Backtraces, Preload
Environment Variables: none Details =
Plugins: none Details ¥

Run Cance|
29




‘Preload the memory debugging library’
on Carver and only for a dynamically

linked executable on Hopper
Select the Language option that best
matches your program

“Often sufficient to leave this to C++/
Threaded”

Heap Debugging level: debugging runs

“fast up to Low”

Heap Overflow/Underflow Detection
— To detect out of bounds array references

Heap interval:

— check the entire heap for consistency every
specified number of memory allocations

Can enable memory debugging for
selected processes only
Options can be changed at run time

— Select ‘Control > Memory Debugging
Options’

— Canincrease debugging option level after a
problem area is reached

Office of

Sp‘ D"*’a;: U.S. DEPARTMENT OF
ENERGY Science

Memory Debugging Options

=4

Memory Debugging Options

[Eim

v Preload the memory debugging library:

Language: |C/Fortran, no threads v|

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

S

‘Minimal (fewest tests, picks up invalid pointers passed to memory functions):

~
~
~
~
~

Runtime (fast, basic tests including fence-post checking, null handling)

Low (adds minimal heap checking, overwriting of allocated/freed space)

Medium (adds full heap checking, always relocates block on realloc)

High (adds checking for arguments to common functions)

Custom: |

r

Gu

—Heap Overflow/Underflow Detection

Add guard pages to detect out of bounds heap access

ard pages: |1 33 Add guard pages |.i.ﬁe| I

r
v
-

—Advanced

Specify heap-check interval: m

Store stack backtraces for memory allocations

Only enable for these processes:

f0-7

100% | Selectall | e | 05| 1

7 I

Cancel |

4




NERSC Current Memory U

= Memory Usage for "All" group (23:55:11) (il

Restrict to the top |8 3: processes

* Live memory usage data camanen | vokver|

Total Across Processes (in Bytes) Current Usage Across Processes (in Bytes)
* Select ‘View > Current Memory ========
U S a ge ’ EE‘E 2 40,000,000 7 i
- ;‘;:":2 35,000,000 | |
* Graphical View = I
— Pie-chart for total memory usage = 00 |51 T T—

Allocation Details |

M =N 20,000,000
( N Byte S ) fo r p rocesses : 421?%?312_ :\y;:f{clfvg:\rzut_anort (44039632 bytes, 12 ptrs)

~Ptr: 0x2aaaaab2b000, size: 10240

MPID_nem_xpmem_setup
MPIDI_PG_Create

_di_intt_paths (dl-load.c)
Other allocations (bytes)

15.000.00!
- Ptr: 0x2aaaacfff000, size: 4000032

- Sta C ke d b ar Cc h a rt ~Ptr: 0x2aaaad3d0000, size: 4000560

~Ptr: 0x2aaaad7a1000, size: 4001088
~Ptr: 0x2aaaadh72000, size: 4001616

Click

* Broken down by functions o e
. . . Plr: 0x2aaaae6e8000, size: 4003200
* Clicking on a block in a bar shows B S A P i e
. . ¢ . . ) - Ptr: aaaaQE .
details in the ‘Allocation Details = Click w——__
box | S

. . . . _IQIOSE
* Clicking on an item in the e

‘Allocation Details’ box shows the
stack backtrace

* Table View
— Detailed data in numbers
— Can be exported to spreadsheet

Pointer: 0x2aaaaf630000
Size: 4005312 bhytes

This pointer was allocated at:

Stack frame |
#7 _start (start.5:113)

#6 __ libc_start_main (libc-start.c:226)
#5 main

#4 memory_leak (memory_leak 90:15)
#3 sub_bad (memory |eakf30:39)
#2 pgf90_alloc03

#1 __hpf_alloc03

#0 __hpf_malloc_without_abort

Clicking on one of the above lines will jump to that location in your code

U.S. DEPARTMENT OF Office of
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NEeRSC Overall Memo

* Select ‘View > Overall
Restricttothetop [ =] processes
Memory Stats’ )

Total Bytes | Total Calls | Current |

* ‘Graph View’ tab for B ——

: I I I I I I I
GraphView | Table View |

- Total Bytes total a”ocated 40,000,000 3 -
and freed bytes so far
. Total Bytes  Total Calls | Current |
o Ta b I e VI ew Total number of memory allocation/deallocation calls |

— Data in numbers

— Total Calls: total allocation ?

20,000,000 —

and deallocation calls so far

—_ cUrrent Rttllhtpl?p ssssssss

140

— Can be exported to
spreadsheet

80

Legend
I allocation calls
deallocation calls

60

40—:'
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1 program memory_leak
2 !... Buggy code prepared for a debugger tutorial.
3 !'... NERSC
4 implicit none
5 include 'mpif.h'
6 integer, parameter :: n = 1000000
7 real val
8 integer 1, 1ierr
9 call mp1i init(ierr)
10 val = 0.
11 do 1=1,10
12 call sub_ok(val,n)
13 end do
14 do 1=1,10
15 call sub_bad(val,n)
16 end do
17 do 1=1,10
18 call sub_badx2(val,n)
19 end do
20 print *, val
21 call mp1i_finalize(ierr)
22 end
23

‘Run to here’ at line 10, 14, 17 and 20
and check memory usage.

U.S. DEPARTMENT OF
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Example

subroutine sub_ok(val,n)
integer n

real val

real, allocatable ::
allocate (a(n))

call random_number(a)
val = val + sum(a)
deallocate(a)

end

a(:)

subroutine sub_bad(val,n)
integer n

real val

real, pointer ::
allocate (a(n))
call random_number(a)
val = val + sum(a)
deallocate(a)

end

al:)

subroutine sub_badx2(val,n)
integer n

real val

real, pointer ::
allocate (a(n))
call random_number(a)
val = val + sum(a)
allocate (a(n))

call random_number(a)
val = val + sum(a)
deallocate(a)

end

a(:)

no memory leak

! ok not to deallocate

memory leak of
4*n bytes per call

! not ok not to deallocate

memory leak of
8*n bytes per call

! not ok to allocate again

I not ok not to deallocate



Detecting Memory Le
Example (cont’d)

« ‘Current Memory Usage’ at, for example, line 20 (gcc/4.6.2, xt-
mpich2/5.4.1, r¥
— Large (~ 120 million bytes) “unexpected” memory usage
— Many pointers for 4 million bytes allocated in subroutines
— Useful info under the Table View, too

|Bestricttothetop|8 3: processes

Total Across Processes (in Bytes) Current Usage Across Processes (in Bytes)
Pointer: 0x2a22b3d3e008 130.000.000
Size: ( 4000000 bytes
LeQ;::k o 120,000,000
This pointer was allocated at: Rank 1 7
Rank 2
Rank 3 7 I I I N I I I
Stack frame I [ | g:: ; 100,000,000 — - - - - - - -
[#3 __libc_start_main (libc-start.c.226) Rank
#2 main (a4 .F30:21) 80,000,000 ] ] ] ] ] ] ]
. " " sub_badx2 (a4.F9
sub_bad (a4.F90)
Allocation Details  — El 60,000,000 Ll Ll Ll Ll Ll Ll Ll

MPIDI_PG_Create
get_mem (memory.c)
Other allocations (bytes)

Ptr: 0x2aaah22f7008, sifle: 4000000
Ptr: 0x2aaah2a39008, sfze: 4000000
Ptr: 0x2aaah323b008, sfze: 4000000 40,000,000
Ptr: 0x2aaab39dd008, sfze: 4000000
=-sub_badx2 (a4.F90:50) (40400000 bytes, 1¢ ptrs)
- Ptr: 0x2aaaae213008, sfze: 4000000
- Ptr: 0x2aaaaeSe4008, sfze: 4000000 20,000,000
- Ptr: 0x2aaaae3b5008, sfize: 4000000
- Ptr: 0x2aaaaed86008, sfze: 4000000
- Ptr: 0x2aaaaf158008, sijfle: 4000000
- Ptr: 0x2aaab 1126008, sifle: 4000000
- Ptr: 0x2aaab26¢8008, sfze: 4000000 Rank0 Rank1 Rank2 Rank3 Rank4 RankS Rank6 Rank7

Clicking on one of the above lines will jump to that

o

Close

| Showthegopls E: locations

| Refresh I EditCustomAIIocatorsml Close |
% U.S. DEPARTMENT OF Ofﬁce Of
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« ‘Overall Memory Stats’ results for rank 0 for a 8-PE run on
Hopper (gcc/4.6.2, xt-mpich2/5.4.1,

Location

Before sub_ok
loop

After 10 calls to
sub_ok

After 10 calls to
sub_bad

After 10 calls to
sub_badx2

Detecting Memo
Example (con

Total
Allocated
bytes

36,348

40,036,348

80,036,348

160,036,348

Total Freed
bytes

13,702

40,013,702

40,013,702

40,013,702

)

Current
Memory Usage
(TAB-TFB)

22,646

22,646

40,022,646

120,022,646

Allocation

166

176

186

206

* Memory leak of ~4 million bytes after each call to sub_bad

* Memory leak of ~8 million bytes after each call to sub_badx2

U.S. DEPARTMENT OF Office of

J VENERGY science
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Total Free

72
82
82

82
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 Detect an out of bound reference
with dynamically allocated arrays
e Set guard pages (page=4KB)
before or after (but not both)
allocated blocks for detection
— For reads and writes

* Fence post checking even if
guard pages are not used

— As long as the debugging level is
‘Runtime’ or above

— A pattern is written into a extra
small portion around an allocated
block and DDT checks this area for
corruption

— Thus, checking only for writes

— Program stops at the next heap
consistency check; thus, the
location can be slightly inaccurate

S_y""'ﬁ,‘% U.S. DEPARTMENT OF OffICe Of
o)

EN ERGY Science

Heap Overflow/Underflow

Detection

N el

X! Memory Debugging Options

[v Preload the memory debugging library:  Language: [C/Fortran, no threads x|

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

" Minimal (fewest tests, picks up invalid pointers passed to memory functions)
¢ Runtime (fast, basic tests including fence-post checking, null handling)

¢ Low (adds minimal heap checking, overwriting of allocated/freed space)

¢ Medium (adds full heap checking, always relocates block on realloc)

¢ High (adds checking for arguments to common functions)

" Custom: | check-fence.free-protect

—Heap Overflow/Underflow Detection

v Add guard pages to detect out of bounds heap access

Guard pages: |1 3: Add guard pages: |After v[

—Advanced

[~ Specify heap-check interval:

v Store stack backtraces for memory allocations

[~ Only enable for these processes:

[03 100% | Selectall | 2 | 05 | 1% |

36



Heap Overflow/Underflow Detection
Example

« With the settings in the previous slide (i.e., 1 guard page set
‘After’), a heap overflow (but not a underflow) is detected

« Guard pages may not function correctly with PGI Fortran as it
wraps F90 allocations in a compiler-handled allocation area

X! Allinea DDT v3.1-20638

e

Session Control Search View Help

|»[u B & = R B ELES

5% ! O~

chrrentGrouplell vl Focus on current: ¢ Group ¢ Process ¢ Thread |l_ Step Threads Together \

| CI=]E] X! Allinea DDT

Create Group PI'OCGSSES 0_3

ProjectFiles & X | f heap_overflow_underflowf [ I ¢

[Search (Ctri+k) & | A 1 program heap_overflow_underflow Memory error detected in heap_overflow_underflow

T Project Files 2 !... A buggy Ce de pr I— ared for a debugger tutorial by NERSC (heap_overﬂow_undenlow.f:14).

: . - include 'mpif.h o Process attempted to read or write beyond the end of

+ [ Source Tree 4 integer, parameter :: n = 1024 heap memory it had allocated

+ 9 Header Files 5 integer, parameter :: ouf = 8 ‘ !

i Source Files real, allocatable :: a(:), b(:) This error will be suppressed for subsequent

8 G heap_overi] 7 integer 1, 1err read/writes to this memory location.
- :f{})cg‘gl—l(gl(;)(legzg)) Tip: Use the stack list and the local variables to explore

10 call random_number(a) your program'’s current state and identify the source of
11 b = cos(a) the error.
1 b(1 = 1-ouf ! read underflow . N
1 le?ouf) = 2222221)3’“ i | ‘, rite J n j_‘,‘ flo [~ Suppress memory errors from this location in future
14 b(n) = cos(a(n+ouf)) ! read overflow
15 b(n+ouf) = cos(a(n)) ! write overflow =5 ContinueI Pause
16 print *, sum(b) — —
17 deallocate (a, b)
18 call mpi_finalize(ierr)
19 end

_‘|_| _’I | | >| [Type: none selected

Stacks I Tracepoints I TracepointOutputI
U.S. DEPARTMENT OF Office Of

EN ERGY Science

Input/Output I Breakpoints | Watchpoints

D>

|Evaluate 8 x
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More Memory Debugging Example

 Deallocating the same memory block twice
 Not sure if it’s DDT who stops the program in this example

000 X/ Allinea DDT v3.1-20638
Session Control Search View Help
| ® LEaRLE ra-s

iniunem@lr:rU|:v |AII J Focus on current: ¢ Group ¢ Process ¢ Thread ||‘ Step Threads Together

| CIEEIE

Create Group
ProjectFiles 8 X |+ free_twicef[) | Locals  CurrentLine(s) | CumentsStack |
| earch (Ctrl+K) &g I A 1 program free_twice _~||current Line(s) & X
— 2 !... A buggy code prepared for a debugger tutorial by NERSC [
7P|101ectF|les 3 include 'mpif.h' — .
+- 9 Source Tree 4 integer, parameter :: n = 1024 (&) '\ DDT - all processes finished.
+ 1 Header Files 5 real, allocatable :: a(:), b(:)
2.3 Source Files ! integer i, ierr - . . .
W e twice | 7 call mpi_init(ierr) P Every.process inyour program has terminated - would you like to restart this
—_— : allocate (a(n), b(n)) : session from the beginning?
call random_number(a)
10 b =1{os(a)
11 deallocate (a)
12 print *, sum(b) NO
13 deallocate (a,b) ! Oops..., leallocating 'a' agailn
14 call mpi_finalize(ierr)
15 end

 wll

K1 B | KT
& X

Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints | Tracepoint Output Evaluate
Input/Qutput & X | Expression Ivalue I

Output For Process: |AII 3:

aprun: 862.7344 ;'

Other: 0: DEALLOCATE: memory at (nil) not allocated =

Other: 0: DEALLOCATE: memory at (nil) not allocated Error message not from DDT? E

. -
~

Other: 0: DEALLOCATE: memory at (nil) not allocated
Note: DDT can only send input to the aprun process with this MPI implementation
iive vi o ! N E N NN ‘

m o ; |||‘
ENERGY Science 38



Opening Core Files

 For post-mortem debugging
« Select ‘Open Core Files’ in the Welcome window
« Specify core files and the executable that generated them

O 00 X DDT - Welcome 000 X/ DDT - Open Core Files

What would you like to do? Executable: ]/global/u1/w/wyanglddt/md/segfault.out+grace

Corefiles: [/global/ul/wiwyang/ddmd/core = Add...

Run and Debug a Program

ik

% Remove
Manually Launch a Program

Attach to a Running Programl
| Open Core Files |

Restore a Checkpoint

DDT ——

Note: Do the following in a batch script in order to generate core files
* Set coredumpsize to unlimited
limit coredumpsize unlimited # for csh/tcsh
ulimit —c unlimited # for sh/ksh/bash
* Remove existing core files
* Run the code <
U.S. DEPARTMENT OF Office of fj}l m
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Opening Core Files (cont’d) ‘

« Cannot run, pause or step

« Can only check variables, stack frames in the core file,
and evaluate expressions

000 X| Allinea DDT v3.1-20638
Session Search View Help

Hb’imi ) ?D‘ 1 i ﬂ ! ﬂv\?lv

||Focus on current: ' Process ¢ Thread |J= Step Threads Together; |

O

Project Files F segfaultf ) I Locals  CurrentLine(s) | Current Stack |
[Search (Ctri+k) & | A 1 program segfault _a||Current Line(s) & X
——— 2 !... A buggy code prepared for a debugger tutorial by NERSC -
& ProjectFiles 3 integer, parameter :: n = 10 Variable Name [value |
+- 9 Source Tree 4 include 'mpif.h'
4. ¢ Header Files |A S real, pointer :: a(:) => null()
2.4 Source Files % 6 rea'{, pointer :: b(:) => nu{{()
- 7 real, pointer :: c(:) => null()
8 0 seofaulti | 8 integer me, i, ierr
9 call mpi_init(ierr)
10 call mpi_comm rank(mpl comm_! wor'Ld me,ierr)
11 ! allocate (a(n), b(n), c(n)) ! Oops, forgot to allocate...
12 call sub(a,b,c, n)
13 print *, sum(c)
14 deallocate (a, b, c)
15 call mpi_finalize(ierr)
16 end
17
18 subroutine sub(a,b,c,n)
19 integer n
20 real a(n), b(n), c(n)
21 call random number(a)
22 call random_number(b)
23 do 1=1,n
24 c(1) = cos(a(i)) * sin(b(i)) —
25 end do
26 end hd
l | _'l Kl | _'I_I [Type: none selected
Input/Output  Stacks | Evaluate & X
Stacks & X | Expression IVaIue | That WwWas the
Function | 5"'3 <notallocated> == bl |
—segfault(segfaultHZ) 10 pro em: \
5 -E Stack backtrace when the code crashed Can evaluate expressions 1 ‘,"
Sclence 40 ‘
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NEeFR Offline Debugging

* Run a code under DDT control, but without user
intervention and without a user interface

— Command-line mode

— Good for quickly getting tracepoint and stacktrace output in a
batch job

— Good for a “parameter study” — checking for an error condition
for a range of a parameter value — which can become tedious
with GUI

— Stacktrace of crashing processes recorded when an error occur

« Use ‘ddt -offline..’ in place of ‘aprun ..’or ‘mpirun
... in your batch script

#l/binscsh
#PBS -1 mppwidth=...

cd $PBS_O_WORKDIR

module load ddt

ddt -offline filename.html -n 4 myprogram argl ... # to get HTML output file

ddt -offline filename -n 4 myprogram argl ... # to get plain text output file

« Ignore the following warnings on Hopper

Warning: Configuration key "solib search path" in block "startup" is not recognised.
Warning: Configuration key "sys root" in block "startup" is not recognised.
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Offline Debugging Options

« -n ... #of processes
— # of OpenMP threads must be specified via OMP_NUM_THREADS environment
variable
e -ddtsession sessionfile
— Use the DDT session file saved during a GUI session using the “Saved Session”
— Session file defines tracepoints and breakpoints

°* -—memory
— Enable memory debugging

« —trace-at LOCATION[,N:M:P],VAR1,bVAR2,..

— Set a tracepoint at LOCATION (either £ile:1ine or function name), beginning
recording after N visits, and recording every M-th subsequent pass until it has been
triggered P times

— Use -’ in N:M:P for the default value

— Record the value of the variable VAR1, VAR2,..
* -break-at LOCATION|[,N:M:P]

— Set a breakpoint similarly

— Stack trace is recorded

— Continue after reaching the breakpoint
* No process group control yet?

— Just group ‘All

~
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Offline Debugging Example

% cat -n offline.f

1 program offline

19 do 1=1,n

11 if {mod{(i,2) == 1) call sub{i,n,a)
12 end do

16 end

17

18 subroutine sub{i,n,a)
21 do j=1,n

22 a(jy = cos{a(ji))
23 end do

24 end

ddt —-offline offline.html -n 4 X\
-trace-at sub,i,a {(1\) \
—break-at offline.f:22,5:3:2 a.out

Incomplete tracepoint output may be
seen on Hopper with a tracepoint near the
end of program if ‘Stop at exit/_exit’ is not
selected in the ‘Control > Default
Breakpoints’ menu during a GUI session
before running the offline debugging
command

U.S. DEPARTMENT OF Office of
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Allinea DDT Offline Log

Messages Tracepoints Output .
details
Messages
[+] Expand All "T-] Collapse All
#|Type| Time |Processes Message
1 i ) 00:00.001 |n/a Launching program /global/ui/w/wyang/ddt/od/offline.out+carver.
2 i ) 00:05.946 |0-3 Startup complete.
» Stacks
3 i ) 00:08.466 |0-3 Process stopped at breakpoint in sub (offline.f:22).
» Stacks
i=1
» Stack for process 0
P Local variables for process 0 (ranges shown for 0-3)
4 \i/ 00:10.991|0-3 Process stopped at breakpoint in sub (offline.f:22).
» Stacks
i=1
» Stack for process 0
» Local variables for process 0 (ranges shown for 0-3)
5| i ) 00:11.046 |n/a Every process in your program has terminated.
Messages Tracepoints Output

Tracepoints

# Time |[Tracepoint Processes Values

1 |00:06.756 |sub 0-3 it — 1a(1): — 0.907922983
2 (00:11.810 |sub 0-3 it— 3a(1): — 0.615384221
3 (00:11.810 |sub 0-3 i: — 5a(1): — 0.816551685
4 (00:11.810 |sub 0-3 it — 7 a(1): — 0.684738338
5 |00:11.810 [sub 0-3 it — 9 a(1): — 0.774584591
6 (00:11.810 |sub 0-3 it— 11 a(1): — 0.714711666
7 (00:11.810 |sub 0-3 i: — 13 a(1): — 0.755282223
8 (00:11.810 |sub 0-3 ir— 15 a(1): — 0.728078127
9 (00:11.810 |sub 0-3 it — 17 a(1): — 0.746454656
10(00:11.810 |sub 0-3 it— 19 a(1): — 0.734100938
11 |00:11.810 |sub 0-3 it — 21 a(1): — 0.742433369
12(00:11.810 |sub 0-3 it — 23 a(1): — 0.736825585

Messages Tracepoints Output
Output

(00
(00
(00
(00

:11.823) Other:
:11.823) Other:
$11.823) Other:
:11.823) Other:

17.70307
70307
17.70307
17.70307

W oN
-
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More Help?

* User guide on each machine
— $DDT DOCDIR/userguide.pdf

% module load ddt
% 1s -1 $DDT_DOCDIR/userguide.pdf
-rw—rw-r—— 1 wyang usg 2746551 Jan 11 12:12 Ausr/common/usg/ddt/3.1-20638/doc/userguide.pdf

— From DDT: Help > User Guide

 http://www.nersc.gov/users/software/
debugging-and-profiling/ddt/
— OK, will update soon...
 http://www.allinea.com/

~
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Hands-on Lab

* Using the PGI compiler, run memory
debugging on Hopper to get memory
usage stats at the 4 locations in
memory_leak.f, mentioned in the
tutorial. Are they correct?

* Repeat after fixing the bugs.

* Do these with both statically- and
dynamically-linked executables.
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