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e Program errors

e Simple debugging
 Graphical debugging
o Totalview

 Intel tools
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e crashes

— segmentation faults (bad memory access)

« often writes core file — snapshot of memory at
the time of the crash

—wrong /O (missing files)
— hardware failures
e Incorrect results
— reasonable but incorrect results
— NaNs — not a numbers — division by O, ...
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e write variables of interest into the stdout
or file

e simplest but cumbersome
— need to recompile and rerun

— need to browse through potentially large
output
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e text only, e.g. gdb, idb

e need to remember commands or their
abbreviations

* need to know lines in the code (or have it
opened in other window) to

 useful for quick code checking on
compute nodes and core dump analysis
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have graphical user interface

freeware or commercial

Eclipse CDT - free

PGI's pdbg — part of PGl compiler suite
Intel development tools

Rogue Wave Totalview - commercial
Allinea DDT - commercial
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e source and machine level debugger
« command line and graphic interface
 serial and parallel debugging support
e supports remote debugging

e supports memory debugging

 allows stepping back (Replay Engine)
e supports CUDA debugging

e runs on variety of platforms
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1. Compile binary with debugging information
« flag -g
gcc —g test.f -0 test
2. Load module and run Totalview
module load totalview
« TV + executable
totalview executable

« TV + core file
totalview executable core fTile

http://www.chpc.utah.edu Slide 8



TOGETHER WE REACH

THE

UNIVERSITY T - Neriioh

OF UTAH™ » " Performance

Computing

= run TV and attach the executable
-start TV
- Start a Debugging Session window
- choose an existing program or define a new one

= run TV and attach running program
- start TV
- pick “A running program (attach)”
- choose process ID and executable file name

3. Totalview operation

= |eft mouse button - select

= right mouse button - menu

= |eft mouse button double click - dive

http://www.chpc.utah.edu Slide 9




TOGETHER WE REACH
THE

Center

UNIVERSITY for High-

OF UTAH™ Performance

Computing
] Il ] il
= Etnus TotalView 5.0 [ | mpirun{trapp_r>,0 [0
File Edit Wiew Tools ‘Window Help File Edit ¥iew Group Process Thread Action Point Tools  Window Help
Aftached I Unettached|  Groups Lag Group |  Contral | Go| Halt| Next| Step| Out| Run To| Next| stepi| | ﬂﬂJJ
D 1001795 T mpirun. (in _ select) 3 Process 1003847: mpirun<trapp_r=-0 (At Breakpoint 4)
= 1003847 B4 mpirun<trapp r>. 0 {in main) m Thread 100347.1: mpirun=trapp_r=.0 (&t Breakpaint 4) [0
141003847 B4 in main Stack Trace Stack Frame
b 1004955 B4 mpirun<trapp_rr. 1 (in main) main, FE=TEff2f20 Function "main":
1/1004955 B4 in main  start, FP=TEFEEE30 arge: 0x00000001 (1)
- 1004633 B4 mpirundtrapp £y 2 (in main) argv: Ox7LE£2134 -» OxTEEE30
1/1004633 E4 in main Lecal variables: @ 000000 (0
- 1000345 F4  mpirunctrapp r>.3 (in main) P = (0)
11000345 54 2 : — tag: 0x00000000 (0)
n main ny_rank: 0x7£f£2fc0 (2147430336
status: (Compound Ohject)
n: 0x00000001 (1)
i: 0x00000000 0)
w local n: 0x0£b70250 (263651920)
. — 2l £ o £ 0TI _l"_
Function main in trapp.c = 1
33 MPI_Sendish, 1, MPI_FLOAT, i, tag, MPT_COMM WORLD) ;
. 34 tag = 2;
¥ 35 MPI_Sendi&n, 1, MPI_INT, i, tag, MPI_COMM WORLD) ;
1E7 = [ 36
I r a7 H
am ¥
1 | 9 else
: 40
— main 1 i { tag = 0;
: . . . 4z MPI_Recw(&a, 1, MPI_FLOAT, 0, tag, MPI_COMM_WORLD, &status);
File Edit View Tools ‘Window Help 43 tag = 1; - R
— - - — — 44 MPI Recw(sh, 1, MPT FLOAT, 0, tag, MPT_COMM WORLD, &status) ;
i 45 tag = 2;
my_rark (Caminatec) [TTTTTTNAAAONON ~c | |2 29 7% (e, 1, 1T 0, g, 12T _WORUD, st
(at Ox7ffflead) Type: int [y 47 b
Filter: 48
STOF h = (h-a)/n;
local n = ;
Process Value 1 ocaln = n/p
local_a = a + my_rank*h*local_n;
mpirun<trapp_r>.0  OxD0000000 (D) local b = local a + h*local n;
mpirun<trapp r».1  Ox00000001 (1) oc nbE(vEd AF 5F Sdha ark. Local 2 local b, Local o ;
mpirun<trapp_r>.2  0x00000002 (2) T — ot ny tok loval 2 docal b Local 1.
mPl]:UI1< trapp_r>. 3 0x00000003 (3) Thread (1) Action Points
171003347 14 in main B 4 line 16 at maln+0xE4 in "trap
T line 27 at main+0x80 in "trap
2 line 49 at main+Oxled in "trs
il Judl |
=) = ] |
— 1

http://www.chpc.utah.edu Slide 10




TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ N 0

Computing

e Data examination

= view data In the variable windows
» change the values of variables

« modify display of the variables

= Vvisualize data

e Action points
- breakpoints and barriers (static or conditional)

. watchpoints
. evaluation of expressions
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o Automatic attachment of child processes
e Create process groups

o Share breakpoints among processes

* Process barrier breakpoints

* Process group single-stepping

* View variables across procs/threads

* Display MPI message queue state
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e Load up an existing program
e Totalview windows
« step through the code
» place breakpoints
e examine variables
 Load a core file
e examine the crash point
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« Stack trace — procedure hierarchy
o Stack frame — variables display
e Source code — code + process

navigation

 Threads list — Iin case of multithreaded
application

e Action points — list of breakpoints,
barriers,...
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 Menu Go/Halt/Next/Step/Hold or shortcuts
» Possible actions (thread,process/group):

= go (9/G)

= halt (h/H)

» Step (source line) (s/S)

= step (instruction) (i/1)

= next (source line) (n/N)

= next (instruction) (x/X)

= run (to selection) (I/R)

« return (out of function) (0/O)
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e Breakpoints and barriers

= toggle location with left mouse (shift for barrier)
= right-click — Properties for options

e Evaluation points
= set conditional breakpoints
= conditionally patch out code

o Watchpoints
= watch for change in a memory location
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e Variable view

= dive (right mouse) on any variable

« change data type

= select an array slice, e.g. (3:3,:)

= filter array values, e.g. .ne. 0

e Variable visualization

- menu Visualize — only up to 2D arrays
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TV automatically attaches all threads

put breakpoint to OpenMP parallel section
to debug threads

variable lamination - show values from all
threads in one window — does not always
WOrk

barrier points — shift-left click
ambiguous action points — select all
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* Process synchronization —
program groups
e Barrier points

e Message queue state
graph and display

L
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 Dynamic memory debugging tool

o display memory status

 paint allocated and deallocated blocks
 find memory leaks

 |dentify dangling pointers

e enable with Tools > Memory Debugger
> Enable memory debugging checkbox
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Allows to reversely debug the code

Must be turned on at the start of
debugging session

Run to the error, then backtrack to the
source of the problem

Helps to capture race conditions and
other hard to reproduce bugs
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* Nvidia CUDA or OpenACC on GPU
 Intel Xeon Phi

e | haven't used it myself but some of our
users did

 If you want to use Iit, let us know
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o Totalview webpage

http://www.roguewave.com/products-services/totalview

e | ocation of Totalview

Arches:/uufs/chpc.utah.edu/sys/installdir/totalview
Some group desktops: 1nquire at CHPC

e Documentation

http://www.roguewave.com/help-
support/documentation/totalview

http://www.chpc.utah.edu/software/docs/par_devel .html
http://www.chpc.utah.edu/software/docs/totalview.html
http://www.chpc.utah.edu/short_courses/Totalview
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* Free for students
e Limited to one computer, 4 processes

e To sign up, e-mail m.cuma@utah.edu:
— name
—e-mall
— university 1D
— anticipated year of graduation
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e complilers check for syntax errors
— some compiler flags help too (-C)

 memory checking tools - many errors
are due to bad memory management
— valgrind — easy to use

— purify — harder to use
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e We have a 2 concurrent user license

* Tools for all stages of development
— Compilers and libraries
— Verification tools
— Profilers

 More Info

https://software.intel.com/en-us/intel-parallel-studio-
Xe
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 Thread checking
— Data races and deadlocks

 Memory checker
— Like leaks or corruption
— Good alternative to Totalview MemoryScape

o Standalone or GUI integration

 More Info
http://software.intel.com/en-us/intel-inspector-xe/
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e Source the environment
module load iInspectorxe

o Compile with —tcheck -g
ifort -openmp -tcheck -g trap.f
 Run tcheck
Inspxe-guil — graphical user interface
inspxe-cl — command line

e Tutorial

https://software.intel.com/en-us/articles/inspectorxe-
tutorials
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 MPI profiler and correctness checker

e Detects violations of MPI standard and errors In
execution environment

e To use correctness checker

module load intel Impi 1tac
setenv VT _CHECK TRACING O
mpirun —check-mpit —n 4 _/myApp

e |[TAC documentation

https://software.intel.com/en-us/intel-trace-analyzer-
support/documentation

http://www.chpc.utah.edu Slide 29



TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ N PR

Computing

 Terminal debuggers

« Compiler vendor debuggers

o Totalview for graphical debugging

e Code checkers and memory checkers

* InspectorXE for thread and memory debugging
 ITAC MPI checker
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