C2184 Uvod do programovani v Pythonu

8. Chyby a testovani

Chyby v kédu
 Syntaktické chyby (syntax errors) - program nelze vibec spustit
e VyjimKy (exceptions) - program bézi, ale nastane chyba v prubéhu vykonavani
* Systematické chyby - z pohledu Pythonu je vSechno v poradku, program bézi,
ale nedéla to, co chceme
Syntaktické chyby
+ Spatné odsazeni, chybégjici nebo nadbyteéné zavorky, dvojte¢ky apod.

¢ Program nelze vubec spustit

[1]: a = # Chybi prava strana prirazeni
"/tmp/ipykernel 33757/1037938702.py" 1
a = # Chybi prava strana prirazeni

SyntaxError: invalid syntax

[2]: if True:
print('Hello World!') # Chybi odsazeni

"/tmp/ipykernel 33757/2517544079.py" 2
print('Hello World!') # Chybi odsazeni

IndentationError: expected an indented block

[3]1: if True:
print('Hello World!') # Odsazeno 4 mezerami
print('') # Odsazeno tabulatorem



"/tmp/ipykernel 33757/1622295480.py" 3
print('') # Odsazeno tabulatorem

TabError: inconsistent use of tabs and spaces in indentation

+ Casto se chyba odhali aZ na nasledujicim raddku

[4]: import math
a = abs(math.sqrt((10 - 5)**2) # Chybi konec zavorky

print(a) # Python <=3.9 zjisti chybu az tady
"/tmp/ipykernel 33757/1558618991.py" 3
print(a) # Python <=3.9 zjisti chybu az ta vy

SyntaxError: invalid syntax

Vyjimky (exceptions)
* Zabéhu programu (runtime) se zjisti, Zze néco nelze vykonat -> vyhodi se vyjimka
» Typ vyjimky upresnuje, proc to nelze:

- Vestavéné typy vyjimek: https://docs.python.org/3/library/
exceptions.html

- Vétsina knihoven obsahuje vlastni

- Lze zadefinovat vlastni
Bézné typy vyjimek
* NameError - snazime se pouzit proménnou, ktera neexistuje
[5]: print(b)

NameError Traceback (most recent call
~last)

/tmp/ipykernel 33757/324135452.py in

----> 1 print(b)

NameError: name 'b' is not defined

* TypeError - snazime se udélat néco s hodnotou Spatného typu


https://docs.python.org/3/library/exceptions.html
https://docs.python.org/3/library/exceptions.html

[6]: 'abc' + 5

TypeError Traceback (most recent call
~last)

/tmp/ipykernel 33757/475208171.py in
---->1 'abc' +

TypeError: can only concatenate str (not "int") to str

* ValueError - davame funkci argument spravného typu, ale Spatnou hodnotu
[7]: int('12a')

ValueError Traceback (most recent call
~last)

/tmp/ipykernel 33757/762838879.py in
----> 1 int('12a")

ValueError: invalid literal for int() with base 10: '12a‘’

e ZeroDivisionError - snazime se délit nulou

ZeroDivisionError Traceback (most recent call
~last)
/tmp/ipykernel 33757/2405872419.py in
1l x =
> 2y =1/ (x-5)

ZeroDivisionError: division by zero
* IndexError - index je mimo rozsah

[9]: cisla = [1, 2, 8]
cislal[3]

IndexError

Traceback (most recent call
~last)

/tmp/ipykernel 33757/3525130419.py in
1 cisla = [1, 2, 8]



----> 2 cislal3]

IndexError: list index out of range
» KeyError - kli¢ chybi ve slovniku
[10]: slovnik = {'a': 1, 'c': 4}
slovnik['b"']

KeyError Traceback (most recent call
~last)
/tmp/ipykernel 33757/1506280042.py in
1 slovnik = {'a': 1, 'c': 4}

----> 2 slovnik['b"]

KeyError: 'b'

* NotImplementedError - funkce nebo jeji ¢ast jesté neni naimplementovana

[11]: def median(numbers: list[float]) -> float:
sorted numbers = sorted(numbers)
n = len(sorted numbers)
if n % 2 == 1:
return sorted numbers[n//2]
else:
raise NotImplementedError() # TODO add implementation for,
~even n

print(median([2, 8, 51])
print(median([2, 8, 5,

5
NotImplementedError Traceback (most recent call
~last)
/tmp/ipykernel 33757/1827172339.py in
8
9 print(median([2, &, 51))
---> 10 print(median([2, &, 5, 71))
/tmp/ipykernel 33757/1827172339.py in (numbers)
5 return sorted numbers[n//2]
6 else:
----> 7 raise NotImplementedError() # TODO add implementatio

~for even n



[12]:

[13]:

8

9 print(median([2, 8, 5]))

NotImplementedError:

* StopIteration - chceme dalsi hodnotu od iteratoru, ktery se uz vycerpal

iterator = reversed('ab')
next(iterator)
next(iterator)
next(iterator)

StopIteration
~last)
/tmp/ipykernel 33757/616370458.py in
2 next(iterator)
3 next(iterator)
----> 4 next(iterator)

StopIteration:

Traceback (most recent call

* RecursionError - rekurzivni funkce se zacyklila

def factorial(n: int) -> int:
return n * factorial(n-1)

factorial(5)

RecursionError
~last)
/tmp/ipykernel 33757/1772359378.py in
2 return n * factorial(n-
3
----> 4 factorial(5)

/tmp/ipykernel 33757/1772359378.py in
1 def factorial(n: int) -> int:
—eee> 2 return n * factorial(n-
3
4 factorial(5)

Traceback (most recent call

(n)

. lLast 1 frames repeated, from the frame below ..

/tmp/ipykernel 33757/1772359378.py in

(n)



1 def factorial(n: int) -> int:
----> 2 return n * factorial(n-1)

3

4 factorial(5)

RecursionError: maximum recursion depth exceeded

Traceback
» Popisuje, kde nastala vyjimka a jak se tam program dostal

[14]: def print reciprocals(numbers: list[float]) -> None:
for number in numbers:
print reciprocal(number)

def print reciprocal(x: float) -> float:
rec x = reciprocal(x)
print(f'Reciprocal of {x} = {rec x}')

def reciprocal(x: float) -> float:
return 1 / x

print reciprocals([3, 2, 0, 4])

Reciprocal of 3 = 0.3333333333333333
Reciprocal of 2 = 0.5
ZeroDivisionError Traceback (most recent call
~last)
/tmp/ipykernel 33757/3304149666.py in
10 return / X
11
---> 12 print reciprocals([2, 2, O, 4])
/tmp/ipykernel 33757/3304149666.py in (numbers)
1 def print _reciprocals(numbers: list[float]) -> None:
2 for number in numbers:
---->3 print reciprocal(number)
4
5 def print reciprocal(x: float) -> float:
/tmp/ipykernel 33757/3304149666.py in (x)
4
5 def print reciprocal(x: float) -> float:
----> 0 rec x = reciprocal(x)
7 print(f'Reciprocal of {x} = {rec x}')
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8

/tmp/ipykernel 33757/3304149666.py in (x)
8
9 def reciprocal(x: float) -> float:
---> 10 return / X
11
12 print reciprocals([3, 2, 0O, 4])

ZeroDivisionError: division by zero

Otazky:
Nasledujici program vyhodi vyjimku. Jaky bude traceback?

(A) (B) (®)] (D)
<module> <module> <module> <module>
foo(5) foo(5) foo(5) foo(5)
spam(0) spam(0) eggs(1) eggs(1)
eggs(1) spam(0)

def foo(n):
for i in range(n):
if 1 % 2 == 0:
spam(1i)
else:
eggs (i)

def spam(i):
return 1 / (i+1)

def eggs(i):
result = []
for j in range(i):
spam(1i)
return result[i]

foo(5)

Osetreni vyjimky
* Kdyz se umime s konkrétni vyjimkou néjak vyrovnat
* Vyjimku odchytime pomoci bloku try...except
[15]: import math



[16]:

[16]:

[17]:

[17]:

[18]:

def reciprocal(x: float) -> float:

print(f'Calculating 1/{x}...")

try:
result = 1 / x
print('Division completed without problems')
return result

except ZeroDivisionError:
print("Sorry, can't divide by zero "\ () /")
return math.nan # Not-a-number

reciprocal(5)

Calculating 1/5..
Division completed without problems

0.2
reciprocal(0)

Calculating 1/0..
Sorry, can't divide by zero "\ ([0) /

nan

Kombinace vyjimek

try:

number = int(input())

result = 1 / number

print(f'OK: {result}')
except ZeroDivisionError:

print('Nulou nelze délit!"')
except ValueError:

print('Nemizu prevést zadany vstup na ¢islo!')
except (RuntimeError, TypeError, NameError):

pass # jako by se chyba nestala (nedoporucluje se)
except:

print('Chyba vole!")

raise # vyjimka se znovu vyvola

Nem(zu prevést zadany vstup na ¢islo!

Pouziti odchycené vyjimky

* Pomoci except...as...



[19]:

[20]:

[21]:

[21]:

[22]:

[22]:

[23]:

try:
result =5/ 0
print(result)

except ZeroDivisionError as err:
print(f'DoSlo k chybé ({err})!'"')

DoSlo k chybé (division by zero)!

try ... except ... else ... finally

def reciprocal(x: float) -> float:
try:
result = 1 / x
except ZeroDivisionError:
print('Nulou nelze délit')
result = math.inf
else:
print('Probéhlo bez vyjimky!"')
finally:
print('Ja se provedu pokazdé')
return result

reciprocal(0)

Nulou nelze délit
Ja se provedu pokazdé

inf
reciprocal(5)

Probéhlo bez vyjimky!
Ja se provedu pokazdé

0.2

def reciprocal(x: float) -> float:
try:
return 1 / x
except ZeroDivisionError:
print('Nulou nelze délit')
return math.inf
else:
print('Probéhlo bez vyjimky!"')
finally:
print('Jad se FAKT provedu pokazdé')



[24]: reciprocal(0)

Nulou nelze délit
J4d se FAKT provedu pokazdé

[24]: inf
[25]: reciprocal(5)

Ja se FAKT provedu pokazdé
[25]: 0.2

Vyhozeni vyjimky
* Pomoci klicového slova raise
* Vyjimku vytvorime:
- ExceptionType()

- ExceptionType('Error message')

[26]: def factorial(n: int) -> int:
"""Return factorial of a non-negative integer n."""
if not isinstance(n, int):
raise TypeError('n must be int')
if n < 0:
raise ValueError('Cannot calculate factorial of a negative,
~nhumber. ')
result = 1
for i in range(1l, n+l):
result *= i
return result

[27]: factorial(10)
[27]: 3628800

[28]: factorial(-5)

ValueError Traceback (most recent call
~last)

/tmp/ipykernel 33757/3591406149.py in

----> 1 factorial(-5)

/tmp/ipykernel 33757/2601077873.py in (n)
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4 raise TypeError('n must be int')

5 if n<
---->0 raise ValueError('Cannot calculate factorial of a_
shegative number."')
7 result =
8 for i in range(1l, n+1):

ValueError: Cannot calculate factorial of a negative number.

[29]: factorial(2.5)

TypeError Traceback (most recent call
~last)

/tmp/ipykernel 33757/198808047.py in
----> 1 factorial( )

/tmp/ipykernel 33757/2601077873.py in (n)
2 """Return factorial of a non-negative integer n."""
3 if not isinstance(n, int):
----> 4 raise TypeError('n must be int')
5 if n <
6 raise ValueError('Cannot calculate factorial of a,

shegative number."')

TypeError: n must be int

return vs raise
* Oba ukoncuji béh funkce

* return x - tispesné ukonceni, vrati se navratova hodnota x
* raise x - selhdni, vyhodi se vyjimka x

[30]: def fluffy(n):

if n ==

return 'OK'
elif n == 1:

return ValueError(n)
else:

raise ValueError(n)

[31]: fluffy(0) # Uspésné ukonceni, vysledkem je rFetézec 'OK'

[31]: "OK'

11



[32]:

[32]:

[33]:

[34]:

[35]:

fluffy(1l) # Uspésné ukonceni, vysledkem je objekt (vyjimka) typu,
sValueError

ValueError(1)

fluffy(2) # Selhdni, vyhodi se vyjimka typu ValueError

ValueError Traceback (most recent call
~last)

/tmp/ipykernel 33757/4106714567.py in

----> 1 fluffy(2) # Selhani, vyhodi se vyjimka typu ValueError

/tmp/ipykernel 33757/1536240589.py in (n)
5 return ValueError(n)
6 else:

----> 7 raise ValueError(n)

ValueError: 2

* Pouhé raise lze vyuzit v bloku except - znovu vyhazuje odchycenou vyjimku

def reciprocal(x: float) -> float:
try:
return 1 / x
except Exception as ex:
print(f'Nastala vyjimka ({ex})"')
raise

reciprocal(0)

Nastala vyjimka (division by zero)

ZeroDivisionError Traceback (most recent call
~last)

/tmp/ipykernel 33757/367152496.py in

----> 1 reciprocal (0)

/tmp/ipykernel 33757/2298311456.py in (x)
1 def reciprocal(x: float) -> float:
2 try:
---->3 return / X
4 except Exception as ex:
5 print(f'Nastala vyjimka ({ex})"')

12



ZeroDivisionError: division by zero

Otazky:

Co vypiSe nasledujici program?

(A) (B) ©) (D)

Foo Foo Foo Foo
0 0 0 0
Yikes Yikes Yikes Foo
Ni Boo Foo Yikes
Ni 2 Boo
Oh

def foo(x, y):
result = x // vy
print('Foo")
return result

def bar(n):
try:
a = foo(n, n-1)
except ZeroDivisionError:
print('Yikes")
finally:
return a

def blob(n):
try:
for i in range(n):
print(bar(i))
except ZeroDivisionError:
print('Boo")
except ValueError:
print('Bang")
except:
print('Ni")
try:
blob(3)

except:
print('0h")

Testovani

* Umoznuje automaticky zkontrolovat, jestli se funkce chova tak, jak ocekavame
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» Test = popis ocekdavaného chovani na konkrétnim vstupu
» Vysledek testu:

- pass - test prosel, chova se podle ocekavani :)

- fail - test neproSel, chova se jinak :(

* Moduly na testovani: doctest, pytest, unittest...

doctest

* Testy v dokumentaci funkce

- Vypadaji jako interaktivni Python

Modul doctest kontroluje, jestli se funkce chova tak, jak to popisuji testy
* Vice na https://docs.python.org/3/library/doctest.html

» Testy jsou zaroven dokumentaci :)

» NerozliSuje return, print a raise :(

* Neumi input :(

[1]: def cube area(a: float) -> float:
"""Vraci povrch krychle o strané a.
>>> cube area(1)

6
>>> cube area(0.5)
1.5

return 6 * a**3

» Spusténi doctestu primo z programu:

[2]: import doctest
doctest.testmod()

3k 5k >k 3k 3k 3k 5k >k 3k 3k >k 5k 3k 3k 5k >k ok 3k 3k 5k >k >k 3k >k 5k 3k 3k 5k 3k Sk 3k 3k 5k 3k >k 3k 3k 5k 3k 3k 5k 3k 3k 3k 3k 5k 3k 3k 5k >k 5k 3k >k 5k >k 3k 3k >k 5k >k 3k 5k >k ok 3k kok kok ok
File " main ", line 5, in main .cube area
Failed example:
cube area(0.5)
Expected:
1.5
Got:
0.75
3k 5k >k 3k 3k 3k 5k >k 3k 5k >k 5k 3k 3k 5k >k ok 3k 3k 5k 3k 3k 5k 3k 5k 3k 3k 5k 3k >k 3k 3k 5k 3k >k 5k 3k 5k 3k 3k 5k 3k 3k ok >k 5k 3k 3k 5k >k 5k >k >k 5k >k 3k 5k >k 5k >k 3k 5k >k ok >k >k 5k >k >k ok
1 items had failures:
1 of 2 in main .cube area
***Test Failed*** 1 failures.
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[2]: TestResults(failed=1, attempted=2)

* Spusténi doctestu z prikazového radku:
python -m doctest my script.py

» Ukecany mod (verbose) - vzdy vypiSe detaily ke kazdému testu a pocet proslych
a vSech testu:

python -m doctest -v my script.py
* Doctesty mohou byt v samostatném souboru, testy pak spustime:
python -m doctest my tests.txt
» Testovani vyhozeni vyjimKy:
- Kontroluje se pouze prvni a posledni radek tracebacku

[1]: def factorial(n: int) -> int:
"""Return the factorial of n, an integer >= 0.
>>> [factorial(n) for n in range(6)]
[1, 1, 2, 6, 24, 120]
>>> factorial(-1)
Traceback (most recent call last):

ValueError: n must be >= 0
if not n >= 0:
raise ValueError('n must be >= 0')
result =1
factor = 2
while factor <= n:
result *= factor
factor += 1
return result

[2]: import doctest
doctest.testmod()

[2]: TestResults(failed=0, attempted=2)

» Testovani hodnot typu float:

- Potreba zaokrouhleni nebo naformatovani kvili numerickym nepresnostem

[1]: def foo(n, x):
>>> foo(10, 1/10)
1.0
>>> round(foo(10, 1/10), 6)
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1.0

suma = 0.0
for i in range(n):
suma += X

return suma

[2]: import doctest
doctest.testmod()

3k 5k >k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k 5k >k 3k 5k >k >k 5k >k 5k >k >k 5k >k >k >k 3k 5k >k >k 5k >k 5k >k 3k 5k >k >k 5k >k 5k >k 3k 5k >k >k >k >k 5k >k >k >k >k >k >k >k 5k >k >k >k >k >k >k >k >k
File " main_ ", line 3, in _main_.foo
Failed example:
foo (10, 1/10)
Expected:
1.0
Got:
0.9999999999999999

>k >k 5K 3K 5k 5K 3k 3k >k >k 5K 5k 5k 5k 3k 3k >k >k 5K 5k 5k 5k 3k sk kK 3k 5k 5k 5k kK kK 3k 5k ok 5k 3k >k >k K 5k 5k 5k 3k 3k >k kK 3k 5k 5k 3k 3k >k kK 3k 5k ok ok ok >k kK ok ok k k

1 items had failures:
1 of 2 in main_.foo
***xTest Failed*** 1 failures.

[2]: TestResults(failed=1, attempted=2)

* I pokud projdou vsechny testy, neznamena to, ze funkce je spravna!

[1]: def add(a, b):
"""Vrat soucet parametri a, b.
>>> add(2, 2)
4
>>> add(0, 0)
(0]

return a * b

[2]: import doctest
doctest.testmod()

[2]: TestResults(failed=0, attempted=2)
Debugging

* Proces odstranovani chyb (bug = chyba)

 VétsSina vyvojovych prostiedi poskytuje pomucky pro debugovani
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Debugging ve VSCode

* Vytvoreni breakpointu (Cerveny puntik): kliknutim pred cislo radku (F9)

* Spusténi debugovaciho rezimu:
- V Jupyter Notebooku: “Debug Cell” u tlacitka p»
- Ve skriptu: “Run and Debug” na levé listé (F5)

* Debugovaci rezim:
- Zastavi vykonavani programu na prvnim breakpointu nebo pri vyhozeni

vyjimky

- Zobrazuje traceback a aktualni obsah proménnych
- Moznost krokovani:

Continue - na dalsi breakpoint

Step Over - na dalsi radek

Step Into - do funkce

Step Out - ven z funkce

Disconnect - ukonci debugovaci rezim

¥ % ¥ ¥ %

- Debug Console - mozZnost vypisovat/vyhodnocovat vyrazy za béhu programu

[1]: def fibonacci(n: int) -> list[int]:
"wnSpocitej prvnich n prvk( Fibonacciho posloupnosti (SPATNE)
x =[]

in range(n):
.append(b)
=a-+b

= b

= C

return x

TV O X9V o

numbers = fibonacci(8)
print(*numbers)

1124711 16 22

Prikaz assert
* Ovéruje, ze nas predpoklad je splnén, jinak skonc¢i chybou

* Spusténim Pythonu s prepinacem -0 (tj. python -0 script.py) ignorujeme
vSechny asserty

[2]: dimport math
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a=>5
assert a >= 0, 'a must be non-negative'
print(math.sqrt(a))

2.23606797749979

[3]:/a = -5
assert a >= 0, 'a must be non-negative'
print(math.sqrt(a))

AssertionError Traceback (most recent call
~last)
/tmp/ipykernel 33947/674718260.py in
la-=-
----> 2 assert a >= 0, 'a must be non-negative'

3 print(math.sqrt(a))

AssertionError: a must be non-negative

[4]: def celsius to kelvin(temperature C: float) -> float:
ZERO C = -273.15
assert isinstance(temperature C, (float, int)), 'temperature C,
smust be float'

assert temperature C >= ZERO C, 'Colder than absolute zero!'
return temperature C - ZERO C

[5]: celsius to kelvin(-300)

AssertionError Traceback (most recent call
%last)
/tmp/ipykernel 33947/2135464965.py in
----> 1 celsius _to kelvin(- )
/tmp/ipykernel 33947/1847178153.py in (temperature C
2 ZERO C = -
3 assert isinstance(temperature C, (float, int)),,
-'temperature C must be float'
----> 4 assert temperature C >= ZERO C, 'Colder than absolute zer !
5 return temperature C - ZERO C

AssertionError: Colder than absolute zero!
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Staticka typova kontrola - modul mypy

* Umoznuje zkontrolovat, jestli funkce pracuji se spravnymi typy

» Staticka kontrola = kontrolujeme kod, aniz bychom ho spoustéli

Spusténi mypy
* Spusténi kontroly z prikazového radku:
python -m mypy my program.py

* Pokud nemdme nainstalovany mypy, musime ho nejdriv nainstalovat (pomoci
modulu pip):

python -m pip install mypy
(Pokud nemdme ani pip: sudo apt install python3-pip (Ubuntu))

Rozsirujici ucivo
pytest

* Modul pro testovani (alternativa doctestu)
* Prochazi vSechny soubory test * a slozky test*
* Pouziva assert pro validaci

e Vice na https://docs.pytest.org/en/latest/

[ 1: # inc.py:

def inc(x):
return x + 1

[ 1: # test inc.py:
def test answer():
assert inc(3) == 5
pytest - parametrize

[ 1: import pytest
@pytest.mark.parametrize("test input,expected", [

(II3+5II' 8)’
(II2+4II’ 6)’
("6%9", 42),

1)
def test eval(test input, expected):

assert eval(test input) == expected
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