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Objectives of the session

This session aims to familiarize you with the methods and tools for
debugging, logging, testing, profiling, analyzing your software.
In particular, we will cover tools for Java, Python, JavaScript.

... write code the old-fashioned way

Software




... possibly with some precautions

* try-catch
try { ... } catch (Exception ex) { ... }

* multicatch

try { ... } catch (NullPointerException |IOException ex) { ... }

* finally
try { ... } catch (Exception ex) { ... } finally { ... }

* try with resource:
try (InputStream fis = new FileInputStream(file) ) { ... }
catch (...) { ... }

... and stumble upon an error
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Console in Eclipse

Print values ...

try{
System.out.println("Testing PTree constructor setup");
PTree ret = new PTree(true);
System.out.println("PASSED setup test");
sysout]
return ret;

¥ .

Ctrl + Space

try{
System.out.println("Testing PTree constructor setup");
PTree ret = new PTree(true);
System.out.println("PASSED setup test");
Sys‘tem.out.pr‘in‘tln(b;
return ret;

}

and we comment ... and we decomment ...

and we start again...
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Debugging with Python

Exeeption has sccurred: ValueErrar
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Debugging with Python

https://docs.python.ors

Python debuggers rely on the standard pdb module

The debugger’s prompt is (Pdb). Typical usage to run a program under control of the debugger is:

2>> import pdb

>>> import mymodule

>»> pdb.run( mymodule.test()")
>

ring>(8)2()

continue
> <string>(1)2()
(Pdb) continue
ameError: ‘spam’
> <string )
(Pdb)

d

3/library/pdb.html
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Logging Logging

Print messages with varying degrees of severity Example for Java: log4j framework
* fatal : messages concerning an unexpected stop of the application package com.jmdoudoux.test.logdj;

* error : error messages requiring analysis e.g. exceptions thrown import org.apache.log4j.Logger;

* warn : warning message il e TesilowEil §

info : information messages for example the start or stop of the application, the connection to a
resource, ...

private static Logger logger = Logger.getlogger(TestLog4jl.class);

public static void main(String[] args) {
logger.debug("msg de debogage™);

trace : messages to follow the execution flow

.

debug : debugging messages for example to get the value of variables, ... logger.info("msg d'information”);
logger.warn("msg d'avertissement™);

logger.error(“msg d'erreur”);
logger.fatal("msg d'erreur fatale™);

only during development )

jmdoudou dej/chap-| 1 http doud i/chap-1 1

package com.jmdoudoux.test.log4j;

Logging Logging import org.apache.log4j.Logger;

public class TestlLog4jl {

private static Logger logger = Logger.getlogger(TestLog4jl.class);

Exemple for Java: log4j framework (with Maven) . o (et arge)
public static void main(String args) {
* add log4j:log4j:jar:1.2.x in the list of dependencies in the pom.xml Logger. debug("msg de debogage”);

logger.info("msg d'information™);
logger.warn("msg d'avertissement”);

* configuration file src/main/resources/log4j.properties A S R

logger.fatal("msg d'erreur fatale");

log4j.rootLogger=DEBUG, stdout
log4j.appender.stdout=org.apache.log4dj.ConsoleAppender
log4j.appender.stdout.layout=org.apache.log4j.PatternLayout

logdj.appender.stdout.layout.ConversionPattern=%d [%-5p] (%F:%M:%L) %m¥%n

log4j.rootlLogger=DEBUG, stdout
log4j.appender.stdout=org.apache.log4j.ConsoleAppender
log4j.appender.stdout.layout=org.apache.log4j.PatternLayout

o dlfferent appenders (console, ﬁ|ES, ) log4j.appender.stdout.layout.ConversionPattern=%d [%-5p] (%F:%M:%L) %m¥%n

an example of a logdj properties file

* choice Of the pattern https://logging.apache.org/log4i/1.2/apidocs/org/apache/log4j/PatternLayout.html 2008-06-08 10:16:21,546 [DEBUG] (TestlLogdjl.java:main:13) msg de debogage
2008-06-08 10:16:21,546 [INFO ] (TestlLog4jl.java:main:14) msg d'information

2008-06-08 10:16:21,546 [WARN ] (Testlog4jl.java:main:15) msg d'avertissement
2008-06-08 10:16:21,546 [ERROR] (TestlLog4jl.java:main:1l6) msg d'erreur
19 2008-06-08 10:16:21,546 [FATAL] (TestlLog4jl.java:main:17) msg d'erreur fatale

dei/chap-I 1 imdoudou /chap-| htmitlogpin

imdoudou




Logging

Limit the cost of logging

Logging

Same principles for Python

H logger.debug(“valeur="+valeur+" , i="+i+"

,hext="+next

if (logger.isDebugEnabled()) {

}

logger.debug("valeur="+valeur+" , i="+i+" ,next="+next);

H private static Logger LOGGER = Logger.getlLogger(MaClasse.class);

Logging

Same principles for JavaScript

console.log('hello world');
/7 Prints: hello world, to stdout

console.log('hello %s', ‘world');

/1 Prints: hello world, to stdout

consele.error(new Error(Whoops, something bad happened’));
/1 Prints error message and stack trace to stderr:

//  Error: whoops, something bad happened
12 at [eval]:5:15

" at Script.runInThisContext (node:vm:132:18)

" at Object.runInThisContext (node:vm:309:38)

1" at node:internal/process/execution:77:19

" at [eval]-urapper:6:22

" at evalScript (node:internal/process/execution:76:60)
" at node:internal/main/eval string:23:3

const name = 'Will Robinson';

console.warn(*Danger ${name}! Danger!"};

/7 Prints: Danger Will Rebinson! Danger!, to stderr

https://nodeis.org/api/console.html

Level Numeric value
)s
FORMAT = '%(asctime)-15s %(clientip)s %(user)-8s %(message)s’ CRITICAL 50
logging.basicConfig(format=FORMAT)
d = {"clientip’: '192.168.8.1', 'user': 'fbloggs'} ERROR 40
logger - logging.getlogger( tcpserver®)
logger.warning('Protocol problem: %s', 'connection reset', extra=d) WARNING a0
would print something like
" ¢ INFO 20
2006-62-@8 22:20:02,165 192.168.0.1 fbloggs Protocol problem: connection reset
DEBUG 10
NOTSET 0
21 22
python.org/3/libran html

To read for MCQ test

* Python Basic Logging Tutorial
https://docs.python.org/3/howto/logging.html#basic-logging-tutorial

]
x
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Unit tests- JUnit for Java

* open source framework for the development and execution of
automatable unit tests

[# Package Explorer dt JUnit &2 = O [ EqualsContractjava & [J] StringTests java
$ OB mEY v 1 package pkg;
[Finished after 0.063 seconds 2
3¢ import static org.junit.jupiter.api.Assert]
Runs: 6/6  ®Emors 0  @Failures: 0 2 2 L 250 p
I 5 import org.junit.jupiter.api.Test;
6
4 &l StringTests [Runner: JUnit 5] (0.017 s) 7 public interface EqualsContract<T> extends|
& i Vali 8
& i ompared 9 T createNotEqualValue();
£ retumsZeroWhenComparedToltself() (0.000 s) 1? -
valueDoesNotEqualDifferentValue() (0000s) |1 (52
Eiqmmﬂ 000009 181, default void \VTTEEVESRIINE() (
Go to File 13 T value = createValue();
i valueDoesNo 14 assertEquals(value, value);
Run 15
Debug 16
176 @Test
Expand All 18 default void valueDoesNotEqualNull() {|

27
http: jmdoudou hap-junit.htm

Different types of test

Is the code convenient to work with?
Does the code do the right thing?

Manual

W >annc na
Unit tests
Did we build it right?

Unit tests- JUnit for Java

* open source framework for the development and execution of

automatable unit tests

public class MaClasse {

public static int calculer(int a, int b) {
int res = a + b;

if (a == @) {
res = b *72;

}

if (b == 0) {
res = a * a;

}

return res;

b

hap-junit.htm

26
Automated
import junit.framework.*;
public class MaClasseTest extends TestCase {
public void testCalculer() throws Exception {
assertEquals(2,MaClasse.calculer(1,1));
}
}
28




Unit tests — Multiple frameworks for Python

* Unit Testing Tools

* Mock Testing Tools

* Fuzz Testing Tools

* Web Testing Tools: Browser simulation, Browser automation
* Acceptance/Business Logic Testing Tools

* GUI Testing Tools

* Source Code Checking Tools

* Code Coverage Tools

* Continuous Integration Tools

https://wiki.python.org/moin/PythonTestingToolsTaxonom

Unit tests — Multiple frameworks for Python

Standard unittest module,
* inspired by Junit,
* similar flavor as major unit testing frameworks in other languages.
* Concepts: test fixture, test case, test suite, test runner
import unittest
class TestStringMethods(unittest.TestCase):

def test_upper(self):
self.assertEqual(’foo’ .upper(), 'FO0')

def test_isupper(self):
self.assertTrue('FO0" .isupper())
self.assertFalse('Foo'.isupper())

def test_split(self):
s = “hello world®
self.assertEqual(s.split(), [‘hello’, 'world'])
# check that s.split fails when the separator is not a string
with self.assertRaises(TypeError):
s.split(2)

if _name_ == '_main__':
unittest.main()

https://d thon. libran htm!

Unit tests — Multiple frameworks for Python

the "example” module.

mple module supplies one function, factorial(). For example,

53> factorial (5)

def factorial(n):
“""Return the factorial of n, an exact integer >= 0.

55> [factorial(n) for n in range(6)]

Traceback (most recent cal

VaLueError: n must be >= 0

Factorials of floats are OK, but the float must be an exact integer.
>>> factorial(36.1)
Traceback (most recent call L

ValueError: n must be exact integer
>>> factorial (36.0)
265252859812191058636308480000000

It must also not be ridiculo:
>>> factorial (1e100)
Traceback (most recent call Last):

y Large

OverflowError: n too Large

import math
if not n >=

o

Standard doctest module searches for pieces
of text that look like interactive Python
sessions, and then executes those sessions to
verify that they work exactly as shown.

if _name_ == "_ main_ ":
import doctest
doctest.testmod()

you run example.py directly from the command line

$ python example.py

thon.org/3/librar html

ValueError("n must be >= 07) https:

Unit tests — Multiple frameworks for Python

pytest module,

One of the most widely used Python testing frameworks

* Use assert statements (simpler than unittest)

¢ Auto-discovery of tests modules and functions

* Modular fixtures for managing small or parametrized long-
lived test resources

* Can run unittest test suites out of the box

https://docs.pytest. ted.html

est_sample.py

return x + 1

def test_ansuer():
assert inc(3) = 5

To execute it:

$ pytest

test session starts
platform linux -- Python 3.x.y, pytest-8.x.y, pluggy-1.x.y
rootdir: /home/sweet/project

collected 1 iten

test_sanple.py F [100%]

FATLURES
test_ansuer

def test_ansuer():

> assert inc(3) == 5
E assert 4 == 5
E + where 4 = inc(3)

AssertionError

test_sample.py
"""""""" S UL ——
est_answer - assert 4 == §

1 failed in 0.125 32

FAILED test_sanple.py:




To read for MCQ_test

* doctest documentation (beginning only)
https://docs.python.org/3/library/doctest.htm|

* pytest getting started guide
https://docs.pytest.org/en/stable/getting-started.htm

Profiling the execution of your software: Why ?

* detect memory leaks
* detect application congestion points
* identify possible improvements

Technological foundations of
software development

Debug, log, test, profile, analyze your software
Part 5: Profiling the execution of your software
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Java

* threads, function calls
* number of objects, garbage collector

* connections to databases
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Dynamic vs. static analysis

Pros of dynamic analysis

Technological foundations of

* is able to detect dependencies that cannot be detected in static analysis. Ex: dynamic
I dependencies by reflection, dependency injection, polymorphism.
SOftwa re d eve O pl I le nt * can collect temporal information.

processes real input data. During static analysis it is difficult to impossible to know
which files will be passed as input, which Web requests will come, which user will
Part 6: Static code analysis click, etc.

Debug, log, test, profile, analyze your software

Cons of dynamic analysis
* may have a negative impact on the performance of the application.

* cannot guarantee complete coverage of the source code, as executed, is based on
user interaction or automated testing.
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Develop with style !

"There are two ways of constructing a software design. One way is to make it so simple
that there are obviously no deficiencies. The other way is to make it so complicated that
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