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Three Steps of Code Development

 Debugging

— Make sure the code runs and yields correct results
e Profiling

— Analyze the code to identify performance bottlenecks
 Optimization

— Make the code run faster and/or consume less

resources
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Debugging Essentials

 Reproducibility
— Find the scenario where the error is reproducible

e Reduction
— Reduce the problem to its essence

 Deduction
— For hypotheses on what the problem might be

 Experimentation

— Filter out invalid hypotheses
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Debugging Methods

e Write/print/printf
e Compiler flags

— Array bound check, floating point exception etc.

 Debuggers
— Command line: gdb
— Graphic: Totalview, DDT, Valgrind, Eclipse
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What a Debugger Can Do

* Tell you where the program crashes

 Help to gain a better understanding of the
context

 Debuggers cannot

— Tell you how to solve the problem

— Detect a correctness problem
e Validation is very important
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TotalView & DDT

e Powerful debuggers
— Can be used to debug both serial and parallel programs

— Support multiple languages

e Both supports CUDA
— Supported on most architecture/platforms
— Graphic user interface

e Totalview also has a command line interface

— Numerous other features
e Array visualization
* Memory debugging
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Availability

e TotalView
— 8.8.0 on Queen Bee (+totalview-8.8.0)

— 8.3.0 on Queen Bee, Tezpur, Philip and Eric
(+totalview-8.3.0.1)

e DDT
— 2.6 on all LONI and LSU HPC Linux clusters (+ddt-
2.6)
£
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Preparing for a Debugging Session

e Compile the program with debugging turned
on and optimization turned off (-O0 —g)

e Add softenv keys and resoft
e Make sure X Windows works
e Submit an interactive job session
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Working with Debuggers

 One can start debugging by

— Starting the debugger with the executable

— Debugging a core dump

— Attaching to a running (or hanging) process
e Common debugging operations

— Setting up action points

— Controlling the execution

— Examining the value of variables
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Launching a Debugging Session

e Serial program

— Totalview
« totalview <executable> -a <program options>

— DDT
« ddt —start <executable> <program options>

e Parallel program

— Totalview

 mpirun_rsh —tv —np <num_procs> <host list>
<executable> <program options>

e mpirun_rsh —tv —np <num_procs> -hostfile
<path_to hostfile> <executable> <program options>

— DDT
‘ e ddt —start —np <num procs> <executable> <program
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TotalView GUI — Root Window

e Always
appears when
TotalView is
started

 Provides an
overview of all
processes and
threads
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TotalView GUI — Root Window
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TotalView GUI — Process Window

mpirun_rsh=pgi_parallel_debug=.0 [on Eezpur344) =
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 Appears when
TotalView is started

* For parallel
programs each
process/thread
may have its own
process window
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Stack trace pane
Call stack of routines

Stack frame pane\
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— Local variables, registers
and function parameters

Source pane

— Source CO(N
Action points, processes,
threads pane

— Lists of action points

— Lists of processes

— List of threads
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TotalView GUI — Variable Window

e Can be opend by
double-clicking on a
variable name

— Called “dive” in
Totalview terminology

e Display detailed
information of a variable

e One can also edit the
‘data here
N
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DDT GUI

Allinea Distributed Debugging Tool v2.6 (on ericO0L)

Session Control Search View Help
=
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55 read(paramin,®) Hdim rank_left 1073753584
36 call getarg(2,paramin) rankmod 1339040240
;; read(paramin,*) Niter rank_right 127
35 0f (myrank.eq.®) then NELTE Rk
40 weiters, ) ~request2 0
41 write(*, '(A,724,18)") "3ize of the array: ", Ndim +-status
42 write(*, '(A,T24,18) ') "MHumber of iterations: ", Miter - sum 0
43 endi f
44 ~tagl 1
45 ! Calculate the size of the leocal array. ~lag2 2 -
45 nlecal=ndim/numprocs N N
4 v (¢ — [ [»] | Type:none selected
InpuyOutput | Breakpoints = Watches | Stacks (All) Evaluate @®
Stacks (All) @ Expression  Value
- Procs Function
1 | I ,
{ ]
4 =I__ibv_get_async_cvent (device.c:180) o (]
~ I EETITITTI— k- |
= pi (ce 1) 3 o
o U lwy
CENTER FOR COMPUTATION Ready . : ®

& TECHNOLOGY —_Wgy- %,

LONI Fortran Programming Workshop, LSU Feb

2/15/2012

13-16, 2012



LSU
Other Ways of Starting a Debugging

Session

 Open a core file
— Need to select an executable

— Can only browse variables and evaluate
expressions since there is no active process

e Attach to one or more running (or hanging)

processes
P "SR =
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Commonly used commands

Go: start/resume execution
Halt: stop execution
Kill: terminate debugging session

Restart: restart a running
program

Next: run to next source line
WITHOUT stepping into another
function or subroutine

Step: run to next source line

Out: run to the completion of a
function or subroutine
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DDT: Controlling Execution

e Similar commands to o blay/Continue
TotalView Pause
Add Breakpoint...
e Afew more commandsto i sepmo
move up and down stack | Ze
frame + RunTo Line..
— The “align stack frames” oo oo
command is useful to bring | Hottom Stack Frame
paused processes to the ¢ Align Stack Frames With Current

+ same place in the program
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Action Points

e Break points stop the execution when reached
— Can be conditional

e Barrier points synchronize a set of processes of threads

e Evaluation points cause a code segment to be executed
when reached

e Watch points allow the programmer monitor a location
In memory

— Can stop execution or evaluate an expression when its

value changes
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* How to set
— Left click on the line number
— Right click on a line -> “set
breakpoint”
e Will appear in the action point list

Ackion Point Properties (on Eezpurall]
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TotalView: Watch Points

e Monitor a memory location
and stop execution when it

Is overwritten

e How to set

— Right click on a variable ->
“Create watchpoint”

e (Can be conditional

— Example: only watch this
memory location after a
certain number of

iterations
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“ Unconditional ~ Conditional

] Watthpﬂil;t Properties (on tezpur31ll) x|"m Watchpoint Properties (on tezpursil) [X|

1D <new=

+ Unconditional #* Conditional  10: <niews

Type for $newsval/foldval: | double

Expression:

I

w C#+ “ C < Forran

I~ Enahle watchpaint
I~ Plant in share group

Address: | 0x7ibfffesS0  Length in Bytes: | 8

Processes.., |

Address: | 0x7fbfifec=0  Length in Bytes: | 5
I~ Enahle watchpaint
7 Plant in share grougp

Processes.. |

Idist

Idist

oK Delete

Cancel | Help |

oK | Defete | Cancell Help |

LONI Fortran Programming Workshop, LSU

Feb 13-16

2012
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DDT: Breakpoints

———rra] I8 DT - Edit Breakpoint =HEE X 1’}':
+ Sourcel | _ ) ceation
* How to set o s | [
+ @8 Source g gne File: I,nhomeﬂvan1;'trajninglah'Sdulions.-laplace_,sduer.fgl‘l EI -
— Double click on a line o C.
. . o (" Function 1
— Right click on a line -> o &
o H V24 — Applies To
Add breakpoint S —
e Will appear in the i =
. . fie
breakpoint list s e 3]
Ok Cancel |
1| i
Input/Output es
Breakpoints (Process 00
ITIlraads IFlle Iljne ]Funcﬁon ]Cnndiﬁnn IFIIII path I
vV laplace_sdver.fa0 168 /home/lyan]/trininglahy/Sclutions laplace_sdlver.fan
iter.eq.34 /homeflyan]/trmininglab/Sclutionslaplace_sclver.fa0

£
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DDT: Evaluation and Watch Points

e How to set Eoaie
. . . Expression | Value
o 5Ight click on vquabnle - dt 1.0430250141410511
Add to Evaluations” or RS2 555532084666538
“Add to Watchs”

e DDT does not provide
as many options for
evaluation and watch

points

£
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|"]I| counts - main - 1.1 (on tezpur3ll) EEE

{ ”Diving” means File Edit Wiew Tools Window ﬂelp‘

7, . . 11 H| =g | B | e D
S h OWI ng m O re d eta I IS Expression: | counts address: | 0x7fbfffedZ0
alice: | [ Filter:

onanao bJ eCt” Actual Type: | int,pointer:[2][16]

Type: | int[2][]

 One can dive on Ve ]
(o] 00001331d (786213 A
— I [0]11] 0x00000000 (0) J
Va ria b l es [O[E] 000000000 (0)

— Processes/threads

. (0] File =2l Miews Toule  Wincwe H=lp

— Subroutines T f— JI[FE Ko

(o) Szpress on: | co |0 ] Alaress GEAhreT 20

Tupe. |i-| 4

* Use “undive” to go " — o
baCk 402000200 ()

o

o | S
Lsu B
CENTER FOR COMPUTATION BN i
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TotalView: Viewing/Editing Data

* View values and types of variables
— By hovering mouse over the variable
— In stack frame
— In variable window

e Edit variable value and type
— |In stack frame
— In variable window

LSU \

Ld
) L3
CENTER FOR COMPUTATION e A
& TECHNOLOGY L, ., BN
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e Slicing
— Display array
subsection by editing

the slice field in the
variable window

— Form

e [upper bound:lower
bound:stride]

£

il

~
LSU

CENTER FOR COMPUTATION
& TECHNOLOGY

File  Edit  Wiews  Tools  MWindow Help |
11 4 SEAEFIEXEY
Expression: | buffer Address: | 0<00558fB0 [Sparse)
alice: | (1:100:9) Filter:
Actual Type: | INTEGER™,pointer: (100}
Type: | INTEGER™S, painter:()
Field | value |
(1) 0 {0x00000000 A
(6] 3 (O=<000000085)
(11 0 (0=00000000
(18] 9 (0=00000005)
(21 0 {O=<000000007
(26) 5 (0=0000000%5)
(51 0 (O=<00000000)
{36 5 (0<00000005)
41 0 (O=00000000) =
(48] 5 (0=00000005)
(=1 0 (D=00000000)
3)] 3 (O=<000000085)
{61 0 (0=00000000 )
T
[ 3 PS ?
a .

LONI Fortran Programming Workshop, LSU

2/15/2012 Feb 13-16

2012



TotalView: Handling Arrays (2)

e Filtering

— Display array subsection by
applying a filter (filter field
in the variable window)

— Available filter options

e Arithmetic comparison to a
constant

e Comparison to NaNs and Infs

e Conditions can be combined
f by using logic operators
i

il

~
LSU
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File Zdt Miew Todls  wirdxs

=

EB:TE";;IDI’: Eutet

Zlice. | ()

Eotuzl Type: | [M"=GE="4,pcirter: (100}
Avpe: | INTEG=R™ paintar )

[T buffer - /home/lyanl/traininglab/debugging)cell_seq_f- 1.1 (= E[%

Fep

) | B | e N

Acdreze | U aEAsl [zaarse|
siten | fvaluectd and. gvalue le?

|‘falue

i

)
Hi
i
il
d=
JF
a5
JE)
o
E)
2
28
ok

LONI Fortran Programming Workshop, LSU
2012

4 (0:C0200C04)
5 i04C0200C03)
i {1 NI 1)
7 00200007y
4 (0-00200C04)
5 (LA U UL D)
B {0AC0200C03)
7 040200007y
A (0L 0200004
5 i NNArnS)
B (00200003
7 00200007y
4 UL UIIULUAY




INFORMATION
TECHNOLOGY
SERVICES

thufter{1:100) {on gbd)

e Visualization

 Statistics SRV S8 PP M

Fil-  Fdi Wi i || || I|
N0 I 0000000000000 AW 010 000 000001000 1 a 1 | 1 !
;at OmDOCIFEI0] [Spz-ez| Lype: WLEUaR=d point: I{ |‘| I| ! (
Slice: @) ) I| /l I| f
Polber. ¥ A || || II| f | !
( f !
Cour=: 1.1 b ||I /I || |I ; ! I}
Serz Oount. 1 |I fl | ;
St - <=0 I| |I ||I ‘J ||
Hooin: a IV’ II ) II |
Hzeiinw: u ||I (
Median. 5 | |' v
Mea:.: < b L 1 1
vtardacd Uswd=zocn 2. 886151459481z oo ol X A e
Forzz Jwark-l:: d
Thicd Zuvark-1=. )
Luw=_ 2djazenl: 0
Upps= sdjacent: 9
Hall Coont. Neh
Ind indly Gounl: Heh

Denz-nsloz=ad Zounz Hih

é e ks 1040

i Oy

I yid-In B
CENTER FOR COMPUTATION J DI | B B o5
& TECHNOLOGY L, ., BN
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DDT: Handling Arrays

E DDT - Multi-Dimensional Array Viewer

EE——)

— Range of §i
From: 401 -
To: 501 —

Amay Expression: I tsi, §j

u Auto-update

Evaluate

Display: ICdumns vl Display: |Rows -
Aggregate Function: |Sum -
v Filter: I: ﬂ IO
I Stafistics |
450 | 470 | 471 | 472 | a3 | 474 [:a
414 4.4885971595261100e-18  2.9624739970742382e-16 O.6325294547121972e-15 2.0560444720145460e-13 0 3.2446542390234457e-12 4.03199631046800e-1] -
415 4.4904300158148434e-18| 2.96096298786507916e-16 9.6557961775604907e-15 2.0619129847971988e-13| 3.2524915189005680e-121 4.0417354801499458e-11
416 4.5102812856038822e-18 2.9767855203449673e-16 0.6790633971487421e-15 2.0668814147848342e-13  3.260328880727027e-12) 4.0514745639228853e-11
417 4.52112314196826147e-18 2.9839412737085257e-16 9,7023302626046012e-15)  2.071849801044053e-13  3.2681662011524048-12) 4.0612136068136001e-11
418 4.5319649082713473e-18| 2.9910070270720841e-16 9.7255971282406404e-15 2.0768183673050719e-13| 3.2760035125777820e-121 4.0700528337044919e-11
b
A & F amme e F e * i e o e L Tatare b e W R A A AT S e Y N e e ——— e ——"— = - e e A A A "= TR el T
1 ] » I

| —

L
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2/15/2012

Expression “t($i, §)* evaluated for process 0 at 22:49.

Visualize in 3D I Export to Spreads heet... I
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Bugs in Parallel Programs

e Parallel programs are prone to the usual bugs
found in sequential programs, plus

— Erroneous use of language features

— Mismatched parameters, missing mandatory calls etc.
— Defective space decomposition

— Incorrect/improper synchronization

— Hidden serialization
A
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Debugging Parallel Programs

* Everything we talked about TotalView still works
(well, almost)

— Exceptions: stepping over a communication call while
the other processes are stopped or being held

e Additional features

— Scope of Control Commands
e Group/Process/Thread

— Displaying message queues (MPI programs)

L \\‘\ ° Jladﬂ.{,"
LSL)
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Scope of Control Commands

e For serial programs
— Not anissue because there is only one execution stream

e For parallel programs, we need to decide the scope to which a
control command applies

— The process window always focuses on one process/thread

— Need to set the appropriate scope when
e Giving control commands
» Setting action points
— Switch between process/threads
e ?p+/p-?and & +/t-?button
 Through the root window
e Through the process/thread tab

4 =™
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Process/Thread Groups

e Group (control): all processes and threads

e Group (workers): all threads that are executing user
code

e Rank X: current process and its threads
e Process (workers): user threads in the current process
 Thread X.Y: current thread

e User defined group
— Group -> Custom Groups, or

— Create in call graph
~ grap
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e Detect
— Deadlocks

— Load balancing
Issues

e To access

— Tools -> Message
Queue Graph

£
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Options (on gb631)
Filter ] Layout ] Cycle Detection ] Save As..

I Pending Sends Group (Control) _J'I

W Pending Receives
W Unexpected Msgs I Filter on specified message tags:

FPI_COrM_WORLD Ranks:

e T
f:': "‘/_\ H"L - 7 |.F
=3 T
11 2
T LT
! : » -z
| ,{ L
wf

“1|2|3|4|5|5|?|3|9|1n|11|12|13|14|15|

| —

I Show Options At Graph Cpen

ﬁpp'&'l Hide | Help |

LONI Fortran Programming Workshop, LSU

Feb 13-16, 2012




e Quick view of program
state
— Nodes are functions
— Edges are calls
— Look for outliers

e To access
— Tools -> Call Graph
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7 Auto-Arrange

pmpi_finalize_

{1-13)

[ prmpi_reduce_ |[ PMPI_Finalize |

¥ (0 (1-15)

[ FMPI_Reduce || PMPI_Earrier |
[ {(1-13)

[intra_shmem_Reduce |[intra_shmem_Barrier |
o 5, (1-3, 57, 311, .)

MPID_SHMEM_COLL_GetshmemBur |[ PMPL_sendrecy | [MPID_SHMEM_Ct

PRPI_¥aitall

[ MPID_RecvComplete |
T

A

~l
Update | Save As.. |

LONI Fortran Programming Workshop, LSU

2012




DDT: Parallel Stack View

e Shows a tree of functions

merged from every apayOutput’ | Breakpoiss | Warches  Stacks AD |

Process in a group of Stacks (All
processes Procs | Function
e (Can create Process 64 [ [+Iclon
. &4 =l main
groups based on their ST pestngl oLyl 5000
location 1] reell_mpi (cell_mpi.fo0:70)

* Very helpful when dealing e
with a large number of

processes
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Not Covered

e Memory debugging
— Leak detection
— Heap status
— Memory usage
— Memory comparison

e Command line interface
e Command line options
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