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Scope of Variables

* Variables are memory locations that are used for the temporary storage of data

* The scope of a variable is the section of code in which it is accessible

varl = ..
The global scope:
Accessible by both functions def fee() :2
var2 = ..
//

Local scopes: /
Two different memory spaces,

Accessible only within their T ———— | |def foo():

functions T var2 = ..
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Scope of Variables - Local Variables

* Local variables are only accessible to the function where they are defined.

* The memory for local variables is only allocated (reserve the memory) when

the function is running and deallocated (free up the memory) when the
function reaches the end.

* Local variables are defined (memory allocated and value stored) each time the
function is called.
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Scope of Variables - Local Variables

def fool() :

string = "Hello World!™"

print (string)

\ 4

string

“Hello World”

Function body is executed

string is a local variable

Function is
done

Memory
deallocated
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Scope of Variables - Global Variables

Variables that are declared within the body of a function have a local scope =
Accessible from inside the function only

* This includes the parameters

Variables that are declared outside the body of a function have a global scope
— Accessible from anywhere in the program

* In Python, global variables can only be modified in global scope.

* They cannot be modified in local scope unless the global keyword is used:
* global variableName
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Scope of Variables - Global Variables

failedChange () :
someGlobalVar = "Without Using Global Keyword"

successfulChange () :

someGlobalVar
someGlobalVar = "Using Global Keyword"
someGlobalVar = "I am Global"
print (someGlobalVar) d I am Global

print (someGlobalVar) d I am Global

successfulChange ()
print (someGlobalVar)

d Us1ng Global Keyword
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Scope of Variables - Variable lifetime

The lifetime of a variable is the time that a variable is allocated a memory
space.

* The memory is allocated at the time of variable declaration

* Global variables exist until the program terminates

* Local variables exist until the function containing it finishes

= UNIVERSITY OF

¥) CALGARY




Memory

w=n UNIVERSITY OF

) CALGARY



10

Memory Organization

* The memory for a program is organized into three regions
* Text (Instructions)

* Dynamic Data (Heap)

e Stack
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Memory Organization

* The memory for a program is organized into three regions

* Text (Instructions): holds program instructions. Contrary to what the name suggests, code
is in binary machine code (not human-readable). Generally read-only.

* Dynamic Data (Heap): objects allocated as the program runs

* Stack: information about function calls, including all pointers for local variables. Very
common to have pointers from the stack into the heap (not common the other way
around).
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Memory Organization

Managed “automatically”

writable; not executable Sta Ck by compiler
Y i

Free Memory ,

Dynamic Data
(Heap)
Text

read-only; executable Initialized when process starts

(Instructions)

writable; not executable Managed by programmer

II:‘:;I UNIVERSITY OF

W) CALGARY

12




13

Memory Organization

Everything in Python is an object. Variables are labels that refer to these
objects.

All objects are stored in the heap.

If the labels (variables) are created in local scope, then the label is stored in the
stack memory. Otherwise, the label is stored in heap memory.

Lets run through a simulation of Python’s memory organization to clarify these
concepts. This simulation simplifies some aspects for clarity’s sake.
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Memory Organization - Walkthrough

Define-a-global variable x by assigning the value 10 to it.

Instructions (code):

14

Stack Memory

Heap Memory
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Memory Organization - Walkthrough

The-value-10 is an object, so it is stored in heap.
The variable is global, so it is stored in heap as well

Instructions (code):

x = 10 #global wvariable

Stack Memory

15

Heap Memory

X

\

10
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Memory Organization - Walkthrough

Define-another variable y = 10

Instructions (code):

x = 10 #global wvariable

Stack Memory

16

Heap Memory

X

\

10
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Memory Organization - Walkthrough

Again;,y-is-global and 10 is an object, so into the heap they go.

Notice that the object 10 is not recreated; to preserve memory space.

Instructions (code):
x = 10 #global wvariable

Stack Memory Heap Memory

y = 10 #global variable

X

\

10
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Memory Organization - Walkthrough

Increment-y by 1.

Instructions (code):

, Stack Memory Heap Memory
x = 10 #global wvariable
y = 10 #global variable
X
/10
y
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Memory Organization - Walkthrough

A new-object, 11, is created and y refers (points) to it.

Instructions (code):

x = 10 #global wvariable
y = 10 #global variable

y += 1 #increment by 1

Stack Memory

19

Heap Memory

X

\

10
11

7

y
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Memory Organization - Walkthrough

Define-a-function, increment, that accepts one argument, a, add one to it and store it in variable z then return z.

Instructions (code):

, Stack Memory Heap Memory
x = 10 #global wvariable
y = 10 #global variable
y += 1 #increment by 1 X

\

10
11

7

y
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Memory Organization - Walkthrough

The-function code is stored in the Text memory. The reference to the function is global so it is stored in the heap.

*This is over simplified for this class’s purposes.

Instructions (code):
x = 10 #global wvariable

Stack Memory Heap Memory

y = 10 #global variable func:increment

y += 1 #increment by 1 X
def increment (a) : \\\
z = a + 1 10
return z 11
Y
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Memory Organization - Walkthrough

Call-increment and pass y to it.

Instructions (code):

x = 10 #global wvariable
y = 10 #global variable
y += 1 #increment by 1
def increment (a) :

z = a + 1

return =z

Stack Memory

Heap Memory

func:increment
X

\

10
11

7

y

22
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Memory Organization - Walkthrough

The-function call gets stored in the stack along with all the local variables.

The parameter a points to the 11 object in the heap. A new object 12 is created and z points to it.

Instructions (code):

x = 10 #global variable
vy = 10 #global variable
y += 1 #increment by 1
def increment (a) :

z = a + 1

return z

Z = 1ncrement (y)

Stack Memory

increment
a//////

T

Heap Memory

func:increment
X

\

10

/y/vvll

L 12
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Memory Organization - Walkthrough

When-the-function execution ends, it gets popped out of the stack; its local variables’ reference are deallocated.
Its returned value is stored in the caller’s scope (global)

Instructions (code):
Stack Memory Heap Memory

x = 10 #global wvariable
y = 10 #global variable func:increment

y += 1 #increment by 1 X

def increment (a): \\\
z = a + 1 10
return z ﬁ 11
7z = 1increment (y) /////////;:j;

incremegE/////////////////»'12

;s

eagll UNIVERSITY OF

[1je3
N\

&% CALGARY

24



Memory Organization - Walkthrough

When-the-function execution ends, it gets popped out of the stack; its local variables’ reference are deallocated.

Its returned value is stored in the caller’s scope (global)

Instructions (code):

x = 10 #global variable
vy = 10 #global variable
y += 1 #increment by 1
def increment (a) :

z = a + 1

return z

Z = 1ncrement (y)

Stack Memory

Heap Memory

func:increment
X

\

10
11

7

Y
12

25
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Memory Organization - Walkthrough

Delete-the-variables y, and z

Instructions (code):

x = 10 #global wvariable
y = 10 #global variable
y += 1 #increment by 1
def increment (a) :

z = a + 1

return z

Z = 1ncrement (y)

Stack Memory

Heap Memory

func:increment
X

\

10
11

7

Y
12
A

26
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Memory Organization - Walkthrough

The-reference is removed. Objects remain in memory.

Instructions (code):

x = 10 #global wvariable
y = 10 #global variable
y += 1 #increment by 1
def increment (a):

z = a + 1

return z
Z = 1ncrement (y)
del vy
del z

Stack Memory

27

Heap Memory

func:increment

\

10
11

X

12
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Memory Organization - Walkthrough

If no-more-references to the object exist, then garbage collection will remove it from memory and free up the
space.

28

Instructions (code):

x = 10 #global wvariable
y = 10 #global variable
y += 1 #increment by 1
def increment (a):

z = a + 1

return z
Z = 1ncrement (y)
del vy
del =z

Stack Memory

Heap Memory

func:increment

X

\\\10
><
><
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Memory Organization - Walkthrough

Starting-fresh...

Instructions (code):

Stack Memory

29

Heap Memory
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Memory Organization - Walkthrough

Consider-the increment function and the new function, decrement, which calls it, decrement its output, and
return the new value.

Instructions (code):

Stack Memory Heap Memory
def increment (a): func:increment
return a + 1 func:decrement

def decrement (b) :
c = increment(b) - 1

return c
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Memory Organization - Walkthrough

Create-a-global variable x = 10.

Instructions (code):

def increment (a):
return a + 1
def decrement (b) :
c = 1ncrement (b)

return c

1

Stack Memory

31

Heap Memory

func:increment

func:decrement
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Memory Organization - Walkthrough

Call-decrement, pass x to it, and store the result iny.

Instructions (code):

def increment (a):
return a + 1

def decrement (b) :
c = i1ncrement(b) - 1
return c

x = 10

Stack Memory

Heap Memory

func:increment
func:decrement
10

X

32
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Memory Organization - Walkthrough

Lets-trace-the execution starting the decrement function call...

Instructions (code):

def increment (a) :
return a + 1

def decrement (b) :

Stack Memory

Heap Memory

func:increment

func:decrement

% 10
c = increment (b) - 1
return c
x = 10
y = decrement (x)
"\‘j‘; UNIVERSITY OF
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Memory Organization - Walkthrough

Lets-trace-the execution starting the decrement function call...

Instructions (code):

def increment (a):
return a + 1

def decrement (b) :
c = increment(b) - 1
return c

x = 10

» y = decrement (x)

Stack Memory

Heap Memory

func:increment
func:decrement
10

X

<expr>

34

A UNIVERSITY OF

&) CALGARY




Memory Organization - Walkthrough

When-decrement is called, its call is pushed into the stack.

Its parameter is created and points to the object 10.

Instructions (code):
Stack Memory

def increment (a):
return a + 1
» def decrement (b) :
c = i1ncrement(b) - 1
return c

x = 10

» y = decrement (x) decrement

b

Heap Memory

func:increment

func:decrement
10

X

<expr>

35
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Memory Organization - Walkthrough

The-next-line is called. It is evaluated as follows: increment(b), then — 1, then assignment to c.

Instructions (code):
Stack Memory Heap Memory

def increment (a) : £ ) £
unc:.incremen

return a + 1
func:decrement
def decrement (b) :
» c = increment(b) - 1 X 10

return c

x = 10
» vy = decrement (x)
decrement
b
<expr>
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Memory Organization - Walkthrough

The-next-line is called. It is evaluated as follows: increment(b), then — 1, then assignment to c.

Instructions (code):
Stack Memory Heap Memory

def increment (a) : func:increment

return a + 1

func:decrement

def decrement (b) : X 10
» c = increment(b) - 1
return c
x = 10
» y = decrement (x) decrement
b
<exp> <expr>
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Memory Organization - Walkthrough

Increment-is called and its parameter a points to 10, as well.

Instructions (code):

Stack Memory Heap Memory
» def increment (a) : .
func:increment
return a + 1
func:decrement
def decrement (b) :
. X 10
» c = 1ncrement (b) - 1 -
increment
return c 5 T
x = 10
» y = decrement (x)
decrement
b
<exp> <expr>
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Memory Organization - Walkthrough

The-return-call does two things: 1) increments a, and 2) return the reference to the caller.

Instructions (code):

def increment (a) :
» return a + 1
def decrement (b) :
» c = 1ncrement (b)
return c
x = 10
» y = decrement (x)

1

Stack Memory Heap Memory
func:increment
func:decrement

X 10
increment
.
decrement
b
<eéxp> <expr>

39
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Memory Organization - Walkthrough

The-return-call does two things: 1) increments a, and 2) return the reference to the caller.

Instructions (code):

Stack Memory Heap Memory
def increment (a): func:increment
» return a + 1 func:decrement
def decrement (b) : X 10
» c = increment (b) - 1 increment
5 — 1 11
return cC
<exp> — ||
x = 10
» y = decrement (x) decrement
b
<exp> <expr>
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Memory Organization - Walkthrough

The-return-call does two things: 1) increments g, and 2) return the reference to the caller, which ends the
increment’s execution.

Instructions (code):

Stack Memory Heap Memory
def :crement (a) : Return a reference func:increment
of 11 to caller
return a + 1 func:decrement
def decrement (b) : X 10
» c = increment (b) - 1 increment
- —T 11
return c d
<exp> — ||
x = 10
» y = decrement (x) decrement
b
<exp> <expr>
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Memory Organization - Walkthrough

Execution-is back to the calling function.

The returned value remains in heap and its reference is returned to the expression.

Instructions (code):

Stack Memory Heap Memory
def increment (a) : func:increment
return a + 1 func:decrement
def decrement (b) : X 10
» c = i1ncrement(b) - 1
return c H
x = 10
» y = decrement (x) decrement
b
<exp> <expr>
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Memory Organization - Walkthrough

The-rest-of-the expression is evaluated. c points to back to 10.

The object 11 has no references, so eventually the garbage collection algorithm will remove it from memory.

Instructions (code):

def increment (a):
return a + 1
def decrement (b) :
» c = 1ncrement (b)
return c
x = 10
» y = decrement (x)

1

Stack Memory

decrement

b
C

43

Heap Memory

func:increment

func:decrement
10

X

X

<expr>
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Memory Organization - Walkthrough

c is-returned to the caller, which terminates the execution of decrement. Local variables are deleted.

Instructions (code):

Stack Memory Heap Memory
def increment (a) : func:increment
return a + 1 func:decrement
def decrement (b) : X 10

c = increment (b)) - 1

» return c

y = decrement (x) decrement

b
C <expr>
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Memory Organization - Walkthrough

The-expression is evaluated and the results are stored iny

Instructions (code):

def increment (a):
return a + 1

def decrement (b) :
c = increment(b) - 1
return c

x = 10

» y = decrement (x)

45

Stack Memory

Heap Memory

func:increment
func:decrement
10

X

<expr>
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Memory Organization - Walkthrough

46

Instructions (code):

def increment (a):
return a + 1

def decrement (b) :
c = 1ncrement (b)
return c

x = 10

y = decrement (x)

1

Stack Memory

Heap Memory

func:increment
func:decrement
10

X
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Onward to ... lists,
dictionaries, and strings.

Jonathan Hudson
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