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1 Introduction to Python 1.1 The Python langage • Python is an interpreted langage (by opposition to a compiled langage like C or Fortran) • Interpreted language are easier to use than compile language but slower. This is not a problem for scientific calculation because complex algorithms are programmed in C or Fortran. • There are two versions of Python, the version 2 (currently 2.7) and the version 3 (currently 3.4). There are small difference in the syntax. We are using the 2.7 version. This is still the version installed by default on linux. • Python is installed by default on Linux. On Debian/Ubuntu, you need to install the IPython module as well as scientific package sudo apt-get install ipython python-scipy python-numpy sudo apt-get install python-matplotlib spyder



• On windows or mac, install the Anaconda distribution http://continuum.io/downloads. There is a free registration. • Any text editor should work (gedit, ...). The Eclipse IDE is one of the most complete if you want to work on large project. The spyder environnement is convenient for small scripts.



1.2 A taste of Python A first example in Python. The goal is to calculate the value of 𝑒𝑥 . We will use the following Taylor sum : 𝑒𝑥 =



∞ ∑︁ 𝑥𝑛 𝑛! 𝑛=0



We will calculate this sum up to a value 𝑛max of 𝑛 such that 𝑥𝑛 /𝑛! < 𝜖. The variable 𝜖 will set the precision of the calculation (the smaller 𝜖 is, the better is the precision). The Python code that can perform this calculation is x = 3.14 epsilon = 1E-6 result = 0 n = 1 term = 1 # Initial value while abs(term)>epsilon : result = result + term term = term * x/n n = n+1 print result



We see in this example some specificity of Python : variable are not declared and also the block of instruction in the while loop is determined by the indentation (spaces at the beginning of the line). Each nstruction that control a block (while, for, def, if, ...) ends with a colon (‘:’). In order to run this example, simply copy-paste it in a file called exponential.py. In an IPython shell, run the command execfile(’exponentielle.py’). We recommend to use the interactive python (IPython) command shell instead of the regular Python command shell : IPython offers introspection, rich media, shell syntax, tab completion, and history.



1.3 Variable in Python A variable is a symbol that represent a value (an object). This object can be used or modified during the execution of the program. In Python, the value of each variable as a specific type (number, string, or your own type). The creation of a variable is done using the = sign. The interpreter evaluate the right hand side (rhs) and assign to the variable the resul of the evaluation.



Note: In compiled language like C, usually the variable correspond to a place in memory. You should declare the type of the variable so that the compiler can allocate the memory. In those language, the instruction a=1 mean : copy the value of rhs (in this case 1) to the memory designed by the variable a. In C, the memory is created with the variable. In Python, the memory is created with the content. And then is assigned to the variable. Note: The name of a variable is any sequence of letter or number or _ which does not starts with a number. Variable are case sensitive a = 1 A = 2 print a _aA12bZz = 35 # OK 1J = 2 # Error 21A = 2 # Error but not the same as above. Why ?



1.4 Functions Of course the exponential function should be defined as a function. This can be done using the following def exp(x, epsilon=1E-6): """ calculate e to the power x """ result = 0 n = 1 term = 1 # Initial value while abs(term)>epsilon : result = result + term term = term * x/n n = n+1 return result



• The string that follows the definition of the function is a documentation string. It is the public documentation and is available to the user using the help(function_name) command. It is not a comment (starting with a #). Comment are used to explain your code, public documentation are used to describe how to use your function. • Of course the exp function exists already in the math module of python. We will see at the end of this section how to use it.



• The function has an optional argument epsilon. There are three ways to call the function exp(1.5) exp(1.5, 1E-8) exp(1.5, epsilon=1E-8)



In the first way, the default value is used. In the second and third way, the optional value is used. The third way is more convenient, especially when many optional arguments are used.



1.5 Data types in Python This is a brief introduction, look at the official documentation to have more details. Numbers There are three kinds of numbers: • Integer (type int). For example a = 5, in binary a = 0b1001, en hexadecimal a = 0x23. Integer have an unlimited size (print 2**1234) • Floating point number. For example a = 1234.234 or a = 6.2E-34. Numbers are double precision (64 bits). The relative precision is 52 bits, about 10−16 . a = 3.14 print a == a + 1E-15 # False print a == a + 1E-16 # True



• Complex number. They are stored as two floating point number. For example a = 1 + 3J. Operations are between number are : sum +, product *, difference or opposite number -, division / integer division //, modulo % (for example 7%2), power (**).



Warning: By default in Python 2, the division of two integer gives an integer. print 1/2 gives 0. In order to avoid this, on should force Python to use floats : a = 1/2.. In version 3 of Python, this behaviour has disappeared. It is possible to use the command from __future__ import division in order to use float division >>> from __future__ import division >>> print 1/2 0.5



For complex number, one can access to the real and imaginary parts a = 1 print print print



+ 3J a.imag a.real "Norm ", sqrt(a.real**2 + a.imag**2)



Boolean and comparison Boolean have two values : True and False. Operation with boolean are (lowest to highest priority) : or, and and not. Comparison of number : =. In order to test if two values are different, one can use ou !=. Warning: The &, | and ~ symbols are used for the and, or and not on integer bit by bit using binary representation (for example 6 & 5 give 4). They can be misleading when using for boolean and we strongly advise to no use them for boolean operation. print 7==4 | 3==7 # 7==(4 | 3)==7 -> True



Note: exp1 or exp2 is equivalent to exp1 if exp1 else exp2 and exp1 and exp2 is equivalent to exp2 if exp1 else exp1. If the result is known from the evaluation of exp1 then exp2 is not evaluated. The following example works even if x0 and log(x)>4: print "Hello"



Strings Strings can be created using either " or ’ s = "Peter" s = ’Peter’ s = "Peter’s dog"



To create a string with more than one line, use """ s = """Hello What time is it ?"""



One can access to letters of the string in the same way as in a list (see below): s = "Peter" print s[3] # Element number 3, i.e. the fourth one ; i.e "e"



String concatenation is obtain using the ‘+’ sign name = "Peter" message = "Hello" s = message + ", " + name



String formating is used when a variable is inserted in a string. The recommended syntax is the following (it is nor recommended to use the old syntax with the %) hour = 15 minute = 30 s = "It’s {0}:{1}".format(hour, minute) print s



You can specify the argument of format using keys instead of position: hour = 15 minute = 30 s = "It’s {h}:{mn}".format(h=hour, mn=minute) print s



It is possible to specify the way the number is displayed. For example : from math import pi print ’{0:.5f}’.format(pi) # ’3.14159’ c = 299792458. # Speed of light in m/s print ’c = {0:.3e} m/s’.format(c) # ’2.998e+08’



The full syntax (similar to C or Fortran) is described ‘https://docs.python.org/2/library/string.html#formatstrings‘_.



in



Common methods on string are already implemented • split • strip • join • startswith, endswith • lower(), upper() • comparison (alphabetic order) : ‘Peter’>’John’ is True. Example



s = " Where is Brian? Brian is in the kitchen. \r\n" s = s.strip() # string with leading and trailing whitespaces characters word_list = s.split() # list containing the words word_set = set(word_list) print "The sentence contains {0} different words".format(len(word_set)) print "The words are {}.".format(’ and ’.join(list(word_set))) if "Brian" in s: print "The word Brian is in the sentence" print s.upper()



List in python • List creation l = [1, 2, 3, 4] l = [] # Empty list l.append(3) # now l==[3] l.append(4) # now l==[3, 4] l.insert(0,3.24+1j) # now l==[3.24+1j,3,4]



• Modification of an element l[3] = 23



• The command range(n) creates the list [0,1,2, .., n-2, n-1]. This list starts at 0 et contains n numbers (it stops at n-1). • A list can contain elements of any type.



• To create a list from an existing list, one can use a for loop l = [] for i in range(n): l.append(i**2)



• There is a direct way called list comprehension l = [i**2 for i in range(n)]



• List comprehension can be used to filter a list [log(x) for x in my_list if x>0]



• The map function can be used to apply a function on all the element of the list def myfunction(i): if i%2==0: return i**2 else: return i**2-1 map(myfunction, range(5)) # [0,0,4,8,16]



• There are two convenient ways to loop through a list : l = [1, 3, 5, "Pierre"] for elm in l: print elm for i,elm in enumerate(l): print elm, " is the item number ",i," of the list"



We have introduced the for loop. It iterates over all the element of the list. It works for any sequence (like the string). This syntax is quite different from other programming language. Note: We have seen that is is possible to add an element in the list. We have used the syntax l.append(elm). This is object oriented programming. The name of the object is followed by a dot and the name of the function used (this function is called a method) with its argument. Here, the append method is used to add elm to the list l. Furthermore, note that the object l point to the same list. This list is modified. It’s like adding a page to a book (or a ring binder). This behaviour is different from the one described in the previous section with the format method on string. In this case, a new string is created and returned by the format method. The original



string is not modified. The method append applied to a list, modify the list and return nothing.



Tuple Tuples are used to collect few objects together. They look like list, but are not mutable (they cannot be modified) # tuple with first name, name, birthday, and age. someone = (’Jean’, ’Dupont’, ’July 13th, 1973’, 38) print ’Name :’, someone[1]



Tuple are used when a function returns more that one value def fonction(x): return x**2,x**3 a = fonction(4) # a is a tuple a,b = fonction(4) # a->16 ans b->64



Dictionary In list and tuple, elements are indexed by integers. In a dictionary, they are indexed by a key. Usually the key is a string or a number. The example of the previous section is more conveniently implemented using a dictionary someone = {"first_name":"Jean", "name":"Dupont", "birthday":"Jul 13th, 1973", "age":38} print "Name :", someone[’name’]



To loop through a dictionary, use the following for key, val in dct.items(): print key, val



Set Used to represent an unordered set of different elements. For example



a = set([1,2,3]) b = set([3,5,6]) c = a | b # union d = a & b # intersection



Example pwd = raw_input(’Enter a password with at least one punctuation’) punctuation = set("?,.;:!") if (punctuation & set(pwd)) == set(): print "The password should contain at least one punctuation"



Index in Python We have seen the list, str and tuple data type. They can be indexed. One can get an item using square brackets. In Python, the first element is addressed by 0. Negative indexed are from the end (l[-i] is equivalent to l[len(l)-i]). Therefore, the last element is addressed by -1. Slices are used to extract a sub part of a sequence. For example : s = "Hello World" print s[0:5]



The slice determined by start:stop will return a new object of the same type containing elements from start to stop excluded. The length of the new object is stop-start. On can use negative numbers. for example s[1:-1] will return the string without the first and last letters. If start or stop is omitted, then it is replaced by 0 or the length of the object. For example s[1:] will return a string without the first letter. None There is a specific object in Python None. This is the object returned by function that ended without a return statement. The None object is often used as a “flag” to set a specific behaviour. The following log function (to create a log file) can either display the result or save it to a file depending on the value of the file argument. def log(txt, file): if file is None: print txt else: file.write(txt)



1.6 Mutable objects / arguments in functions In Python, a variable is simply an alias for an object that exists in the memory of the computer. An object may have more than one alias. a b c a c



= = = = =



3 # Python creates the object #1 containing 3. a + 4 # Python creates the object #2 containing 7 a # The symbol c point to object #1 b # The symbol a point to object #2 3.14 # The symbol c point to a third object. There is no way # to point to object #1. Python can delete it.



There are two kinds of objects : objects that can be modified (mutable) and those that cannot. List, dictionary or sets are mutable object but numbers or string are not. Let us look to the following example a = [2,3,7] b = a print b[1] a[1] = 4 print b[1] a = [5,6,7,8] print b[1]



• Line 1 : creation of list#1 • Line 2 : b point to the list#1 • Line 3 : python display item 1 of list#1 : it’s 3 • Line 4 : list#1 is modified • Line 5 : python display item 1 of list#1 : it’s 4 • Line 6 : creation of list#2. Variable a point to list#2 and b to list#1 • Line 7 : python display item 1 of list#1 : it’s 4 The instruction a[1] = 4 and the instruction a = [5,6,7,8] are very different. In the first case, the object is modified in the second case a new object is created and linked to variable a When a variable is the argument of a function, the mechanism is the same. Inside the function, the variable point to the same object. If this object is modified by the function, it is modified !



def exemple(arg): print arg[1] arg[1] = 4 print arg[1] arg = [5,6,7,8] a = [1,2,3,4] exemple(a) print a[1]



Exercise : which number is displayed ? a = [1,2,34,45] b = a c = a[1] a[2] = 1 a[1] = 5 print b[2]+c



Local and global variable Inside a function a variable is either local or global (in Python 2). By default, if there is an assignment inside the function (or if the variable is an argument), it is local. When there is no assignment, the variable is global. By default, when the variable is global, one can read the object pointed out by the variable, one can modify it (but we do not assign a new object to the variable). • Global variable a = 1 def example(): print a



• Local variable a = 1 def example(): a = 5 print a



• Bug (python cannot read the local variable) a = 1 def example(): print a



a = 5 print a



There is a general rule : in a function, a global variable should be a well identified constant (like pi) or a well identified object (like a function). Everything else should be an argument of the function. If your function has to many arguments, consider using an object. The global instruction in Python



Forget it !



1.7 Control structure For loop We have introduced the for loop with the list. The for loop works with object such as list, dict, set, string. With those object, the data are stored in the object and the for loop extract those data. The for loop work actually in the more general situation of iterable object (iterator). An iterator is an object that can produce the data for the for loop. The data can be calculated on the fly. For example, in python 2, range returns a list and xrange an iterator. If you want to iterate over two or more objects at the same time, use the zip command. For example : X = [1,3,4,7] Y = [3,5,1,2] for x,y in zip(X,Y): print x,y



If you want to the get the index, then use the enumerate instruction :



X = [1,3,4,7] Y = [3,5,1,2] for i,(x,y) in enumerate(zip(X,Y)): print "Point number {i} at coordinate ({x},{y})’.format(x=x, y=y, i



If you have a list of numbers and you want to iterate of intervals, use the following for start, stop in zip(l[:-1], l[1:]): print ’length = {}’.format(stop-start)



Usually you don’t need the index, and we advise not to use the following : for i in range(len(book)): print book[i]



but, the more human syntax, for page in book: print page



On can exit from a for loop using the break instruction and terminate one iteration using the continue instruction. The else occurs when the loop ends “normally” (withot break) : from math import ceil, sqrt for p in xrange(int(ceil(sqrt(m)))): if p 
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