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What is Debugging and
Why do you need TotalView?



What is Debugging?

« Debugging is the process of finding and resolving defects or problems
within a computer program or a system.

— Algorithm correctness
— Data correctness

— Scaling/Porting correctness
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TotalView debugger enables you to do:

 Interactive debugging

— Live control of an executing program

- Remote debugging

e - » Debug a program running on another computer

- Post-mortem debugging (core files and reverse debugging)

— Debugging a program after it has crashed or exited

* Memory debugging

PRTTRIIN » Find memory management problems (leaks, corruption ...)

RAM

» Comparing results between executions

Batch debugging (tvscript, CI environments)

— Unattended debugging ML @& @\S
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History of TotalView

Number of architectures supported
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TotalView for HPC and for All

* Leading debug environment for HPC users
— Active development for 30+ years
— Thread specific breakpoints
— Control individual thread execution
— View complex data types easily
— From MacBook to Top500 Supercomputers
« Track memory leaks in running applications
* Supports C/C++ and Fortran on Linux/Unix/Mac
+ Integrated Reverse debugging

« Batch non-interactive debugging.

* Allowing the business to have

— Predictable development schedules

— Less time spent debugging

Fle Edit Group Process

GtThreadExample - Process 1, Thread 1.3 (Breakpoint) - CodeDynamics 2015X

Thread Debug Window Help

Processes & Thread Start Page * | main.cpp poll cel % | worker.cpp % | moc_worker.cpp Call Stack * | Lookup File or Function *
00| 3= 63 ( [
Worker::doWork
Descrij iption #P #T ¥ Members
66 tex. lock(); @D  Vorker:qt_static_metacall
QtThreadEx. 1 1 28 67 bool abort =
68 tex. unlock(];
ool 1§ 1 L1 _ZN11QMetaObjectBactivateEP7Q0b. ..
70 (gbort] { .
111 1 pL1 n Debug| ] <<’ At ker process in Thread *<<threadl ) -current _ZN7QThread11setPriortyENS_8Pri
break;
Breakpoint 1 3 pL35 1 start_thread
13 1 1 pl3 clone
76 QEventLoop Lo -
14 1 1 pL4 ”
78
15 1 1 15
’ 80
83
D
Select process or thread attributes to group bl &7
Stop Reason g Name Tope Value
Arguments
Process ] 0 - Ll
¥| Thread ID this Worker * const  0x014c
Process Held g: ; enit finished(); Block at Line 79
-- -- -- I bort bool Bad
[ I
—
Action Points ¥ | Command Line ¥ | Logger Data View *
DY Tpe | Stop Fle Line Nami Tpe  Value
v PR - | Thread worker.cpp 79 [Add New Expression] ]

Process: QtThreadExample (1) Thread: 1.3 - Frame: Worker::doWork

Nvidia software partner

Breakpoint

File: home/bburns/Downloads/QtThreadExample/worker.cpp Line: 79

FFFFFF
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High Performance Computing Applications

« HPC Applications cover many different computing areas including:
— Healthcare and Medicine
— Modeling and simulation
— Security
— Bioinformatics
— Molecular Dynamics
— Environment (earthquake/tsunami)/Weather

— Machine Learning/Artificial Intelligence
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GPU Debugging



GPU debugging with TotalView

* NVIDIA CUDA support
— Multiple platforms : X86-64, PowerLE, ARM64 (in beta)
— Multiple cards: from Jetson to Volta (Turing testing)
* Features and capabilities include
— Support for dynamic parallelism
— Support for MPI based clusters and multi-card configurations
— Flexible Display and Navigation on the CUDA device
* Physical (device, SM, Warp, Lane)
 Logical (Grid, Block) tuples
— CUDA device window reveals what is running where
— Support for CUDA Core debugging
— Leverages CUDA memcheck

— Support for OpenACC
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UDA Debugging Model Improvements

* Improves and

First in class Unified

Fie Edt Group Process Thread Action Poims

Bookmarks  Debug

Window  Help

Source debugging

Frocesses & Threads %

StartPage ¥ | tx_cu

ida_marmul cu %

Call Stack % | Lookup File or Function %

~—

streamlines debugging
CUDA applications

= 5T GIOCRROW SgPRCKIAX .Y =
oo o3 = - x 1=
Deseription #F AT v 54 Getsubliatrix(c, blockRow, blockCol); = i
nputes one element of Csub
W sreakpoint 1 i ' f . _ZNBcudart jper L4 D P
o7
o _ZNGeudartl
108 threadIdx. x;
Loop over all the sub-m es of that a cudaliemepy
¥ _polnocancel 1 required to conpute Csub ‘
= L (R sone e @
n < (awidth / BLOCK_SIZE); ++m) {
Atrix Asib of A @D man
VEcteas) - x Getsubatrix(a, blockRow, m);
i i a Matrix Bsi GetsubNatrix(B, m, blockcol); ST
CUVDPAUCIKCT... 1 1 __shared__ float AS[BLOCK_SIZE][BLOCK_SIZE];
11 1 1 Load Asub and Bsub from device mendry to sh i
L} Each thread loads one element of each sub-matri Name Type Value
| As[row][col] = cetElement(asub, row, col);
ssfrowl[col] = oetelement(ssub, row, col); Block at Line 58
before starting the computation aA Matrix (atrix)
Select process or thread aftributes to group by 110 L onethreate ()
[] conrol Group nuLEi ATd el tagathar size size 1 0x0000000000000010 (15)
121 e € < BLOCK_SIZE; ++e)
[¥| Share Group f=2 5['°W][f1 w ES[EIHWLIL . 4B Matrix (Mlatrix)
make sure that the precedin =5
fone before loading tuo ne
[] Hostname : ® before loading, d.c Matrix (Matrix)
- dmBlock dim3 (dim3)
dmGrid dim3 (din3)

% | Logger *

play Bookmarks

Data View * | Data View <1-

Type Stop Location

Line

SN Function &

+ Set breakpoints in CPU an

d GPU

kernel code before it is launched on

the GPU

£/ 1 | IEITE Process | ..matmulcu#l71 | . ulcu (ine 171)
v 2  EOTH rProcess . mamulcu107 . uleu (ine 107)

ICIITH Frocess  .mamulcu#107 . ulcu (ine 134)

main e —
VathuKernel “(A glemenis) (@generic floa{10]) \
MathulKernel dimBlock I dim3 11 (cim3) \

7

y

=

[Add Hew Expression]

un.. 11 0x00000002 (2)
0x00000002 (2)
11 0x00000001 (1)

« Compare variables in CPU
and GPU code together
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CUDA Debugging Demo



File Edit Group Process Thread Action Points

Bookmarks Debug  Window Help

ses & Threads

Start Page

Select process or thread arributes to group by:

Control Group
| Share Group

Hostname

ction Points % | Command Line Logger Replay Bookmarks

What do you want to do today?

Debug a Program Debug a Parallel
Program

dids :
=] =

Attach To Process Load Core or

Replay Recording File

What's New

! pplic: ¥ y
for new or missing features or any problems please

oint Support
create Barrier Points to sy

ronize threads and processes has been added
*Set Breakpoint
hi

can now use the Set Breakpoint menu item on a selected source line number to c
it

CUDA Debugging Improvements

hancements include & new GPU navigation bar that allows easy navigation between the

of the GPL, performance impr

displaying
weell as other stability impl

Recent Sessions

. tx_cuda_matmul

tx_mpi_memdebug
=
. t_basic_mpi

- Is

Tips and Tutorials

7

4 TotalView Video Series

Help/Support

Support

Find how to contact us at our Support Center,
https #support roguewave com

Community

Lookup File or Function

Data View

IO+ Type Stop Location

Line Function

[Adld New Expression]

Thread ID
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Python/C++ Debugging



Debugging multiple languages

* Debugging one language is difficult enough

— Especially with many threads/processes

The language intersection is tougher
— Data comparison

— Glue code

Issues are:
— Type mismatches

— Extraneous stack frames

ssssssss
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Why Python ?

Use Python to build applications that call out to C++
Provides access to

— High-performance routines

— Leverage existing algorithms and libraries

— Utilize advanced multi-threaded capabilities
Calling between languages easily enabled using technologies such as SWIG, ctypes, Cython, CFFI, et al

Debugging mixed language applications is not easy

— Good for debugger developers ©

= RogueWave © 2017 Rogue Wave Software, Inc. All Rights Reserved.
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Python debugging with TotalView

* What TotalView provides:
— Easy Python debugging session setup
— Fully integrated Python and C/C++ call stack
+ "Glue” layers between the languages removed
— Easily examine and compare variables in Python and C++

— Utilize reverse debugging and memory debugging

» What TotalView does not provide (yet):
— Setting breakpoints and stepping within Python code

—:'_E: Rogueque © 2018 Rogue Wave Software, Inc. All Rights Reserved. 17
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Demo

#!/usr/bin/python

def callFact():
import tv_python_example as tp
a=3
b=10
c=a+b
ch = "local string”

return tp.fact(a)
if _name

b =2

result = callFact()

print result




Terminal 13 $ 1) 859AM I

o

Terminal

ubuntu:~/demo_2019/PythonExamples> /usr/toolworks/totalview.2019.0.4/bin/totalvi
ew -args python2.7-dbg test_python_types.py

ry

)
B
%
a
5

—
——
b
—
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Python without special debugger support

File Edit Group Process Thread Action Points Bookmarks Debug Window Help
Processes & Threads Start Page * | python.c % | te_python_example.c | Call Stack * | Lookup File or Function
2006 | TE
& fact
Description Members #include "tx_example.h"
includ 1 @D | _wrap fact
W python2.7-dbg (S3) pl .
int fact( n) { _
w [l Breakpoint pi if (n = @){ /* This should probably return an error, but this is simpler */
return o;
w fact pll T
9 (n==2a) {
11 pl1 10 return 1; PyEval_EvalFrameEx
. . H ;
No viewing of Python - =
g y 14 return n * fact{n-1); c call function
3 L
data and code =l oo
int getSquare( n) {
19 return n * n; PyEval_EvalCodeEx
20}
PyEval_EvalCode
id square array(std::vector< std::vector < = > MyATray)
{ run_mod
24 ( i=3; i++)
25 for ( ioJ=z2; J++) Run_FileExFlags
26 myArray[i][]] = getsguare(myarray[1][j]);
Select process or thread attributes to group by e f (
[] Control Group l Lo}
a1 ity 1,3, myArray[1]1031)7
[+] Share Group 32}
+ Arguments
n int 0x00000003 (3)
Action Points ® | Command Line % | Logger * ‘ Replay x [\ Data View
§
Thread 1.1 has appeared Name Type Value
Created process 1 (14759), named "pythonz.7-dbg"
Thread 1.1 has appeared [Add Mew Expression]
Thread 1.1 has exited
Thread 1.1 hit breakpoint 1 at 1line 6 in "fact(int)"
di.<> std
disabled

= Rogyoe}wwaA\IReE © 2017 Rogue Wave Software, Inc. All Rights Reserved. 20



Showing C code with mixed data

Glue code filtered out
Python data and code
available for viewing

python2.7-d

le Edit Group Process Thread Action Points Bookmarks Debug Window Help

s & Threads *

Start Page * ‘ python.c |Ix_py[hun_exam|: e.c ¥ |tes(_py1hun_tu_C.py x

Call Stack » | Lookup File or Function

@@ e | =
D Members
python2.7-dbg (S3) pl
W Breakpoint pi
fact pll
11 plL1l

Select process or thread attributes to group by:

[] control Group

#include ple

fact( n) {
if (n < @){ /* This should probably return an error,
return o;

but this is simpler */

T
3
getsquare( n) {
return n * n;
3
square_array(std::vector< std::vector < = > myArray)
{

i=3; i++)

|

fact
_wrap_fact
&E» “getract
€ Jmoduie>

Shows Python é&

__libc_start_main

( 07 J<e2; J++} Name Type Walue
Share Group myArray[i][j] = getSquare(myarray[i][j]);
Arguments
{ 3; i+4) n int 000000003 (3)
i
fo_d<d: i+l
Action Points % | Command Line % ‘ Logger * | Replay B ® b Data View %
D Type Stop Location Line [ name Type Value |
v 1 | IEIEETE Process | tc_python_example.c 6 n int 000000003 (3)
8a int 0x0000000000000003 (3)
&b int 0x000000000000000a (10)
[Add New Expression]

A C++

C++ data
Py data

= RogueWave
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Stack Transformation Facility

Hides stack frames

Transforms stack frames

Backbone for:
— Python support
— OpenMP support

Useful for any glue code you want to hide

— Language differences

dl.=> dstacktransform list
— Wrapper code Transformation Status: Enabled

Rules

ID Transform Operation Filter
1 RW_Python mod ity image('python[2-9]\.[@8-9]+-dbg"' ), function( 'PyEval_EvalFrameEx')
2 RW_Python remove image( 'python[2-9]%.[8-9])+-dbg")

Transforms

Name Implementation

RW_Python <built-in>

= RogueWave © 2017 Rogue Wave Software, Inc. All Rights Reserved. 22
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TensorFlow basics

Open source
Numerical computation
Usage in machine learning

Written in C++
— Called from Python

sssssss
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TensorFlow

Processes & Threads * | Start ... ® | wth.. ® | ent_ 0.. ¥ | nnist_softma.. ® | pp.. *® | wessin.. ® | f session_help.. % | : a. ¥ ] CallStack ® | Lookup File or Function %
-_— —-_—
@@ 06| == y_ = tf.placenolder(tr.float3z, [None, 181)
Ca+ tensorflow::Sunnamed_namespace:Ex...
Description v | #P #T Memby # The raw formulation of cross-entropy,
& tensorflow::NewLocalExecutor
¥ python2.7-dbg (S3) 1 1 L = tf.reduce_mean( -tf.reduce_sum({y_ * tf.log(cf.nn.softmax(y)),
v H Bn oint 1 1 pl : reduction_indices=[1]}]) tensorflow::DirectSession::GetOrCreate...
¥ tensorfiow 1 1 P11 # can be numerically unstable. tensorflow::DirectSession::Run
. s
11 1 1 pll # S0 here we use tf.nn.softmax_cross_entropy_with_logits on the raw TF_Run_Helper
’ } # gutputs of 'y', and then average across the batch. -
. . . v hread c... 1 4 1.2.5 cross_entropy = tf.reduce_mean( C
M u |t| —th rea d ed a p pl I Catlo n e - * tf.nn.softmax_cross_entropy_with_logits(labels=y_, logits=y)) e
trai T = tf.train.GradientD toptimi 0.5).minimi t
12 1 1 pl.2 rain_step rain.GradientDescentoptimizer( }.minimize(cross_entropy) _wrap_TF_Run
Glue COde removed 13 1 1 pL3 sess = tf.Interactivesession()
tf.global_variables_initializer().run{) _fun_fn
14 1 1 pl4 # Train
Added a rule for wrappers for — in range(asee): o.ca
15 1 1 pl5 Primt "TRAINING .....cvvvueuneinrnnannasansnnas "
batch_xs, batch_ys = mnist.train.next_batch(188) _do_run
sess.run(train_step, Teed_dict={x: batch_xs, y_: batch_ys})
_run
# Test trained model
correct_prediction = ctf.egual(tf.argmax(y, 1), tf.argmax(y_, 1)) un
accuracy = tf.reduce_mean(tf.cast({correct_prediction, tf.float32))
print(sess.run{accuracy, feed_dict={x: mnist.test.images, =
y_: mnist.test.labels})) m e
if _name__ == "_main__"': un
print "ddddddd"
parser = argparse.ArgumentParser() |G | <module>
parser.add_argument('--data_dir', type=str, default='/tmp/tensorflow/mnist/inp
help='Directory for storing input data')
FLAGS, unparsed = parser.parse_known_args() LETE Type TS l
tf.app.run{main=main, argv=[sys.argv[@]] + unparsed) v Arguments
S | e - int 00000000
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Advanced C++ and Data Debugging



Advanced C++ and Data Debugging

#include =functional>
#include <vector>
#include <iostream>
eval(std: :function=double(d Y= f,od le ® = 2.0){
5 return f(x);}
int main{){
1 1 mbc
Q auto glambdal = [](i a, float b) { return a < b; };
Two line lambda
auto glambdaz = [](i a, float && b) {
12 {(a < b)
return 1;
14 (b=a)
15 return -1;
16 return ©;
17 ;
18 bool b = glambdal(3, 3.14);
20 i = glambdaz(3, 3.14);
21 fi i=@; i=18;i++)
22 b = glambdai(i, 3.314+i);
std::function= { ble)> fe = [1{ ®){
26 return 1;%;
auto f1 = [1{ ES T
28 return x;};
decltype(fa) fa[z] = {fe,f1, [1{ ble x){
]
Data View
Name Type | \Malue Iil
* ml cla... (class std:
Mt std:... (std:map=
. Data View
¥ _M_impl str...  (struct std:
b allocator cla... (class std: | Name Type | Value
¥ _M_key co... str... (struct std: il Ha
binary_... str...  (struct std o ut, [ EETE
W _M_header str...  (struct std: Key int (%00000001 (1)
M_color  en.. S red (0] Value int Ox00000001 (1)
- Ox0lidd2e v 1 ma... (Map_element)
Key int Ox00000002 (2)
Value int 000000004 (4)
v 2 ma... (Map_elemant)
Key int 000000003 (3)

- TotalView supports debugging the latest
C++11/14 features including:

— lambdas, transformations for smart
pointers, auto types, R-Value references,
range-based loops, strongly-typed
enumes, initializer lists, user defined literals

 TotalView transforms many of
the C++ and STL containers
such as:

. (class std:map<int,int,std:-less<int> std::allocator<std::pair<const i...

— array, forward_list,

tuple, map, set, vector
and others.

See

This!

=-RogueWave
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Array Slicing, Striding and Filtering (classic Ul)

» Slicing — reduce display to a portion of the array

— [lower_bound:upper_bound] v - main - 1.1 - o x
— [5:10] File Edit View Tools Window Help
-~ , (1.1 14 SR ANE . XS,
» Striding — Skip over elements _
Expression: | v Address: | Ox7FFcB930e690
— [::stride] Slice: | [10:50:5]1[2:4] Filter:  »,20:<,50
Tupe: | double[256][256]
— [::5], [5:10:-1] Field TSI i
[15][2] 0, 23247257 7429766
L [15][2] 0, 2327693514529
* Filtering [15][4] 0, 233134570609245
L [20][2] 0, 307670821809258
Comparison: ==, !=, <, [201[3] 0, 307951180055051
<=,>>= [20][4] 0,308367633408048
[25][2] 0,3080992147462118
— Range of values: [>] low- [251[3] (1, 38127428861 3309
value : [<] high-value [25][4] 0, 381669226564001
[30][2] 0,451939264104528
— IEEE values: $nan, $inf, [20][3] 0,452261466953955
[30104] 0, 45264245024757
$denorm

= RogueWave © 2017 Rogue Wave Software, Inc. All Rights Reserved.
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Array Statistics

Array Statistics - 0 X

File Edit Window Help

L RRRRRRRRER |||||||||-||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
{at 0x7FFcB920e690) Tupe: double[256]1[256]
Slice: [10:50:5]1[4:2:-1]

Filter: »,20:<.50

Count* 12
- Easily display a set of statistics for the cero Count: T
. . Minimum? 0, 23247207 7429766
filtered portion of your array Mazcimum 0, 45264 2430247587
Mediant 0, 3446733904 30483
Mean: 0, 3436046115694 32
Standard Deviation:  0,0854R087351590E5E
First Quartile: 0, 270427346249252
Third Quartile: 0,416829245334354
Lower Adjacent: 0, 23247207 7429766
Upper Adjacent? 0, 45264248024 7587

MaM Count: ]
Infinity Count: 0
Denormal ized Count: O

Checksum: 2710

Update |

|

= Rogyg}wng\(eE © 2017 Rogue Wave Software, Inc. All Rights Reserved. 28



Visualizing Array Data

* Visualizer creates graphic images of your
program'’s array data.

* Visualize one or two dimensional arrays

* View data manually through the Window
> Visualize command on the Data
Window

* Visualize data programmatically using
the $visualize function

v[0:255:4][0:255:4] -

File View Window

0.9793

0.499%

7 0.0004402

248

v[127:127][0:255] - o

File Window

0500 1

Y Axiz 000 -

-0.500

X Axiz

= RogueWave
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Summary

* Use of modern debugger saves you time.

 TotalView can help you because:
— It's cross-platform (the only debugger you ever need)
— Allow you to debug accelerators (GPU) and CPU in one session

— Allow you to debug multiple languages (C++/Python/Fortran)

= RogueWave © 2017 Rogue Wave Software, Inc. All Rights Reserved. 30
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Presenter
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