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+ In Python

1
1.9

>

of an integer and a float: cast int to float, check
of the two values

}(::}i’

True
 Are these two objects (numbers) ?

X is y
False
* These Is and is not examine if the two objects

referred to are the . IS ““stricter”
than ; - , but not vice versa



Python's 1d Function

Returns an integer which is guaranteed to be unique and constant for
this object during its lifetime = the address of the object in memory

Id(objectl) == id(object2) if and only If objectl is object2

x =1

print{id(x))

print{hex{id(x))) # hexadecimal

X =2

print{hex({id(x))) # new object, new memory location

1838246976
@x6d916c4a
@x6d916che



Python’s memory model
The address of an object Is typically not uniquely
determined by its value

X 2% 208+1

¥ 2%F280+1
print(x==y)
print(x is y)
print(hex({id(x)))
print{hex{id(y)))

True

Falsze
@xB2822T1elE
@x3282211d58



Constant memory address for
“small*“ immutable objects

« (Goal: optimize memory access
 Constant memory address independent of execution history

x =1
print(hex{id(x)))
y =1
print(hex(id(y)))
print(x is y)
print(2+3 is 1+4)

<>:6: SyntaxWarning: "is" with a literal. Did you mean "=="?
<>:6: SyntaxWarning: "is" with a literal. Did you mean "=="?
<ipython-input-50-c67e38013c24>:6: SyntaxWarning: "is" with a 1

Ax&d916c48 print(2+3 is 1+4)
@xed9lecdd
True

True True for values -5 — 256. ..



The effect of assignment

X = 257
y = 45/7-28a x = 256

_ = 456-200
Z = X i
print(x is y) print(x is y)

print(x is z)

print{x 1is z)

True
True

Fal=ze
True

Upon z = x : the variable z now refers to the same
object as X, no new object Is created!



Mutable and immutable objects

o Lists are mutable objects

1st = [1,2,3]
prlnt[lst[ 1)
1st[2] = 4
print(lst)

3
[1, 2, 4]

» Strings are not mutable (immutable)

str = "Assaf"
pr1nt[5tr[4]]
str[4] =

.F

TypeError Traceback (most recent call last)
<ipython-input-58-514c296cbl3er> in ()
1 str = "Assaf”
2 print(str[4])
---> 3 str[4] = "d"

TypeError: 'str' object does not support item assignment



Assignment and reassignment (no surprises)

n = 1@
m = n

n =11
print{m)
print{n
18

teaml =
teams = teaml
team2 = "hapoel”
print({team2)
print{teaml)

hapoel
maccabpl

"maccabi”

listl = [1,2,3]
list2 = listl
listl = [6,7,8,2]
orint{list2)
orint{listl)

(1, 2, 3]
(6, 7, B, 9]




Assignment and mutation

listl = [1,2,3]
list2 = listl
listl[e] = 97
print({listl)
print({list2)

97, 2,
97, 2

3.
3.

a



Assignments vs. mutation

) >>> list]l = [1,2,3]
>>> list?2 = listl

>>> 1istl[0] = 97



Assignments vs. mutation

>>> 1listl = [1,2,3]

) >>> ]ist?2 = listl

listl > 1 2

>>> 1istl[0] = 97

« The assignment listl = [1,2,3] creates a list object, [1,2,3], and
a reference from the variable name, list1, to this object.



Assignments vs. mutation

>>> 1listl = [1,2,3]

>>> 1ist?2 = listl
listl > 1 2 3

) >>> 1istl1[0] = 97 /
list2

« The assignment listl = [1,2,3] creates a list object, [1,2,3], and
a reference from the variable name, list1, to this object.

« The assignment list2 = listl does not create a new object. It just creates
a new variable name, list2, which now refers to the same object



Assignments vs. mutation

>>> 1listl = [1,2,3]

>>> ]ist?2 = 1listl

listl » 97 | 2 3

>>> 1ist1[0] = 97 /
—> list2

« The assignment listl = [1,2,3] creates a list object, [1,2,3], and
a reference from the variable name, listl, to this object.

« The assignment list2 = listl does not create a new object. It just creates
a new variable name, list2, which now refers to the same object.

* When we mutate list1[0] = 97, we do not change these
references. Thus, displaying list2 produces [97,2,3].



A graphical view: Python Tutor

Python 3.6 Frames Objects
L listl = [1,2,3] Global frame int
2o list?2 = listl . 2
3 1listi[@] = 97 ist1 |
list2 | int
Edit this code 3
ted
list
0 1 2

:akpoint; use the Back and Forward buttons to jump there.

\

int

@ Program terminated | Forward = | | Last == | 97

pport with a small donation.



http://www.pythontutor.com/visualize.html#code=list1%20%3D%20%5B1,2,3%5D%0Alist2%20%3D%20list1%0Alist1%5B0%5D%20%3D%2097%0A&cumulative=true&curInstr=0&heapPrimitives=true&mode=display&origin=opt-frontend.js&py=3&rawInputLstJSON=%5B%5D&textReferences=false

Mutation does not change the memory
location of an object

listl = [1,2,3]
print{hex({id(listl)))
listi[@] = 97
print{listl)
print{hex({id(listl)))
# repeat assignment
listl = [1,2,3]
print{hex({id(listl)))

Ex82015ba248
(97, 2, 3]

Bx82015ba248
Ex8202=d53268



One more look at mutable object

listl = [1,2,3] Frames Objects
print(hex(id(1listl1)))
1ist2 = list1l Global frame int
print(hex(id(1list2))) list1
list3 = [1,2,3] list2 int
print(hex(id(1list3))) list3 2
print(listl[@] is 1list3[0]) _
print (hex(id(1ist1[@]))) .
print(hex(id(1ist3[©])))

list
Ox1f2dc217200
Ox1f2dc217200
Ox1f2dc254F80 {

True list
Ox7ff9d3ee3720
Ox7ff9d3ee3720




Memory model explained
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Passing arguments to functions

In a function’s call, before execution: arguments’
values are assigned to functions’ parameters by order

calculator(2, 3, “*’)

NN

def calculator(x, y, op):

Ifop =="+"
return x+y

elif ...

else:

return None



Passing arguments to functions

def linear combination(x,y):

y = 2%
return x+y

a,b = 3,4 # simultaneocus assignment

print{linear combination(a,b)) # this is the correct value
print{a) # a has NOT changed

print(b) # b has NOT changed

11
3 The formal parameters

4 x and y are local

3,4 linear_combination 11

\ 4
\




Passing arguments to functions

def linear_combination(x,y):

y = 2%
return x+y

a,b = 3,4 # simultaneous assignment

print({linear combination(a,b)) # this is the correct value
print(a) # a has NOT changed

print(b) # b has NOT changed

11
3
4

Variables a,b are copied from the calling environment (global frame)
to the function frame to variables named X,y (different address!)

The assignment y=2*y changed y inside the body of linear
combination(x,y). This change is kept local, inside the body of the
function. The change is not visible by the calling environment.

Visualize memory view with Pythontutor: https://goo.gl/\/2yo4Z

What if the function argument names are changed to a,b?


https://goo.gl/V2yo4Z

The function stack

Global frame
-> ()




The call stack

def exp(a, b):
R - nDn_nEEatiUE int

10 AR BT

res = 1
for 1 in range(b):
res *= a

return res

result = exp(2,20) + exp(3,15) + exp(5,17)

Visualize the call stack: https://goo.gl/ukWTdS



https://goo.gl/ukWTdS

Passing arguments to functions

The address of the actual parameters is passed to the
corresponding formal parameters in the function.

An assignment to the formal parameter within the function
body creates a new object, and causes the formal parameter
to address it.

This change is not visible to the original caller's
environment.

Contents of mutable arguments (lists) can be changed
within a function

a p——— 4 | 5|6 |7 |8]09




Mutable objects as formal variables

def modify list (lst ,i, wal ):
""" assign val to lst [1] "'
if 1 < len(lst):
1=t [1] = wal
return None

1st = [8,1,2,3,4]
modify list({lst, 3, 188a)
print(lst)

(@, 1, 2, 1008, 4]

« Mutating one of its parameters, the address in the function
remains the same as in the calling environment

« Changes to the calling environment, that not caused
through returned functions' values, are called side effects



Visualize
https://goo.gl/n3JDe9

Python 3.6 Frames Objects
def modify_list (1st ,i, wal ): 6lobal frame function
''' assign val to 1st [i] " modify list(lst, i, wval)
s modify_list
if 1 < len{lst):
1st [i] = val st list
0 1 2 3 =
0 1 2 3 4

return MNone >
modify list
1st = [@,1,2,3,4] st

modify list(lst, 3, 1008)
i |3

Edit this code val 1000



https://goo.gl/n3JDe9

Mutation vs. assignment in functions

2" trial
def nullify(lst): def nullify(lst):
Ist = [] print(hex{id({1lst)))
st = []

print{hex{id{1lst)))
listl = [E,l,l,ﬂ]
nullify({listl) 1stl=[@,1,2,3]
print:listlj print(hex{id(1lstl)))

[IE!I_.. 1, 2, 3] @x17celSheds

nullify(lstl)
print(lstl)
print(hex(id(1stl1}))

@x17celSbeis8
Bx17celr3T48
[@, 1, 2, 3]
Bx17celSbels



Visualize
https://goo.gl/teg T X

Print output (drag lower nght corner to resize)

Python 3.6
1 def nullify(lst):
= 2 1st = []
3 Frames Objects
4 1listl = [8,1,2,3] .
S nullify(listl) Global frame function
) ] : . nullify(lst)
5 print(listl) nullify L
- : list1 list
Edit this code I— o |1 |2
uted 0 1| 2
nullify
reakpoint; use the Back and Forward buttons to jump there. Ist .ﬂiempty list
— Feturn
|._.| value Mone

Step 6 of 7 | Forward = | | Last ==



https://goo.gl/t6gTXi

Another example, with strings

def change str(my str):
print(my_str.replace('a','b")})

my str = 'ababa’
change str(my str)
print(my str)

bbbbb
ababa

Python tutor



http://pythontutor.com/visualize.html#code=def%20change_str%28my_str%29%3A%0A%20%20%20%20print%28my_str.replace%28'a','b'%29%29%0A%0Amy_str%20%3D%20'ababa'%0Achange_str%28my_str%29%0Aprint%28my_str%29&cumulative=false&curInstr=1&heapPrimitives=nevernest&mode=display&origin=opt-frontend.js&py=3&rawInputLstJSON=%5B%5D&textReferences=false

List append

1st = [1,2,3]
print(hex(id(1st)))
lst.append(4)
print(hex(id(1st)}))

Bxlt2dees7bed
Bxlt2dees7bed



What Is the output?

def append sum{my lst):
my lst.append(sum(my lst))
return(my_ lst)

lst = list(range(4))
print{lst)

lst new = append sum(lst)
print{lst)

print(lst new)

@, 1, 2, 3]
e, 1, 2, 3, 6]
@, 1, 2, 3, 6]

¥



Local vs. global variables

def linear combinationl{x):
# where did y come from?

def linear combination(x,y): return x + 2 % y
— +
y = 2% 1 inotiongie
|‘E"tu|"'n };-'-|-}|' 1nedr_comblnatliond| > )
NameError

<ipython-input-28-589187696986> in

----» 1 linear_combinationl(5)
linear_combination : . :
3,4 R — 11 <ipython-input-27-bafta3bd69d28:> in
> > 1 def linear combinationl(x)
2 # where did y come fro
X,y ----» 3 return x + 2 F y

MameError: name 'y’ is not defined

Global variables are accessed inside a function but
defined outside it



Local vs. global variables

def linear combination(x,y):

y = 2%
return xX+y

3,4 linear_combination 11
_ﬁ é
X,y
def linear combinationl(x): y = 5
# where did y come from? linear_combinationl(2)
return x + 2 * y
12
Global scope 2 linear_combination 12

\ 4
\

y=5 X=2




Visualize
Python tutor

def linear combinationl(x):
— return x + 2 * y

y =5
linear combinationl(2)

Frames Objects

Global frame function

linear combinationl(x)
linear _combination1

Y | D

linear combinationl

X 2


http://tiny.cc/fkavfz

Passing arguments to functions - summary

 Functions cannot change immutable objects sent to them
(like numeric types or strings)

 Functions can change mutable objects sent to them (like
lists). Changes made to these object will persist after the
function ends

» Recommended reading:
https://jeffknupp.com/blog/2012/11/13/is-python-
callbyvalue-or-callbyreference-neither/

» Change the value of an outer variable:
« By assignment of its return value
« By accessing memory
» By changing global variables (not advised)



https://jeffknupp.com/blog/2012/11/13/is-python-callbyvalue-or-callbyreference-neither/

