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Anatomy of a Call Expression

add ( 2 + 2 , mul(3, 4) )
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Operators and operands are also expressions

So they evaluate to values

Evaluation procedure for call expressions:

1. Evaluate the operator and then the operand subexpressions
2. Apply the function that is the value of the operator

to the arguments that are the values of the operands



Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))



Evaluating Nested Expressions

[ mul(add(4, mul(4, 6)), add(3, 5)) ]




Evaluating Nested Expressions

[ mul(add(4, mul(4, 6)), add(3, 5)) ]

mL;l




Evaluating Nested Expressions

add(4, mul(4, 6))

L mul(add(4, mul(4, 6)), add(3, 5)) ]

m&l




Evaluating Nested Expressions

r999(4’ mul(4, 6))

L mul(add(4, mul(4, 6)), add(3, 5)) ]

m&l

a&d




Evaluating Nested Expressions

L mul(add(4, mul(4, 6)), add(3, 5)) ]

—— |

PR
add(4, mul(4, 6))
F—— bl

\,*' 'i'

a&d 4

m&l




Evaluating Nested Expressions

L mul(add(4, mul(4, 6)), add(3, 5)) ]

—— |

m&l

PR
add(4, mul(4, 6))
\'I—n—|'l-r| |—,—|'
a&d 4

[_;u1(4, é;}




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

—_—

\I

add(4, mul(4, 6))
l—»—imn—,—|

a&d




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

—_—

\I

add(4, mul(4, 6))
l—»—imn—,—|

a&d




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

—_—

\I

add(4, mul(4, 6))
l—»—imn—,—|

a&d

m
i el

mul




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

—_—

\I

add(4, mul(4, 6))
l—»—imn—,—|

aad

m
i el

mul




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

—_—

28

\I

add(4, mul(4, 6))
l—»—imn—,—|

aad

m
i el

mul




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5)) ]

(=

m&l

'
&

28

4, 6) [_;dd(3 g;}

PR
add(4 mul(

L
add 4 24

4,
i

[_;u1(4, é;}
R A

mul

4




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

28

'
&

4, 6) [_;dd(3 é;}

s
.
S

PR
add(4 mul(

L
add 4 24

add

3

4,
i

[_;u1(4, é;}
R A

mul

4




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5))

|

(=

m&l

28

'
&

4, 6) [_;dd(3 é;}

.
"
e

s
.
S

PR
add(4 mul(

L
add 4 24

add

3

4,
i

[_;u1(4, é;}
R A

mul

4




Evaluating Nested Expressions

mul(add(4, mul(4, 6)), add(3, 5)) ]

(=

m&l

28

;
4, 6) F]dd(3
P '-,-'

1
e«

PR
add(4 mul(

L
add 4 24

add

W 9----

4,
i

[_;u1(4, é;}
R A

mul

4




Evaluating Nested Expressions

—— |

mul(add(4, mul(4, 6)), add(3, 5)) ]

28

;
4, 6)) E]dd(3
il v

1
e«

mul pE—
add(4 mul(
&‘ v
add 4 24

add

W 9----

4,
i

[_;u1(4, é;}
R A

mul

4




Evaluating Nested Expressions

224

—— |

mul(add(4, mul(4, 6)), add(3, 5)) ]

28

mul pE—
add(4 mul(
&‘ v
add 4 24

4,
i

[_;u1(4, é;}
R A

;
4, 6)) Edd(3
il v

1
e«

add

W 9----

mul

4




Evaluating Nested Expressions

224

mul(add(4, mul(4, 6)), add(3, 5)) ]

(=

m&l

28

JE—
add(4 mul(

N
add 4 24

,
<

[_;u1(4, é;}
R A

;
4, 6) F]dd(3
P '-,-'

1
e«

add

W 9----

mul

4




Evaluating Nested Expressions

224

mul(add(4, mul(4, 6)), add(3, 5)) ]

(=

mt] [ 28
add(4 mul(4
5
add 4 24

;
mie ] [y
il '-,-' I‘“‘s

add

W 9----
(O]

[ Expression tree ]




Evaluating Nested Expressions

mt] [ 28 s
add(4 mul(4 6) [_;dd(3 ;;}
o b
add| | 4 24 add] [ 3 >
mul & 6
o

[ Expression tree ]




Evaluating Nested Expressions

{ nul(add (4, mui(d, 6)), add(3, 5)>}

[ Value of subexpression

;
mie ] [y
il '-,-' I‘“‘s

mul | 28
add(4 mul(4
%,,
add 4 24

add

W 9----
(O]

[ Expression tree ]




Evaluating Nested Expressions

{ nul(add (4, mui(d, 6)), add(3, 5)>}

[ Value of subexpression

1 1st argument to mul

mul | 28
add(4 mu1(4 6) [_;
add| | 4 24 add] [ 3 >

[ Expression tree ]




Evaluating Nested Expressions

Value of the whole expression]

L mul(add(4 mu1(4 6)5, add(3 5)) ]

[ Value of subexpression ,/ 1st argument to mul
Cofmul| | 28
add(4 mu1(4 6) [_;
\, . N
add| | 4 24 add] [ 3 >
mul & é
S B ..

[ Expression tree ]




Print and None

(Demo)



None Indicates that Nothing is Returned



None Indicates that Nothing is Returned

The special value None represents nothing in Python



None Indicates that Nothing is Returned

The special value None represents nothing in Python

A function that does not explicitly return a value will return None



None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression



None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

X *x X



None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):




None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

>>> does_not_return_square(4)



None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

X ¥ X
A .- <{No return ]

>>> does_not_return_square(4)<<[ None value is not displayed ]




None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

X * X
A .- <{No return ]
>>> does_not_return_square(4)<<[ None value is not displayed ]

>>> sixteen = does_not_return_square(4)




None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

The name sixteen >>>: sixteen = does_not_return_square(4)
is now bound to s /

the value None




None Indicates that Nothing is Returned

The special value None represents nothing in Python
A function that does not explicitly return a value will return None

Careful: None 1is not displayed by the interpreter as the value of an expression

>>> def does_not_return_square(x):

>>> does_not_return_square(4)<<[ None value is not displayed ]

The name sixteen >>>: sixteen = does_not_return_square(4)
is now bound to s /

the value None |>>> sixteen + 4
Traceback (most recent call last):

File "<stdin>", 1line 1, in <module>

TypeError: unsupported operand type(s) for +: 'NoneType' and 'int'
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[ Just executed ] [ Import statement ]
from math import pi. Global frame
- §~tau = 2 * pi pi 3.1416
_______________________________________________ PR
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Code (left): Frames (right):

Statements and expressions

Arrows indicate evaluation order
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]
from math import pi. Global frame
- {tau = 2 * pi pi 3.1416
_______________________________________________ PR

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):

Statements and expressions

Arrows indicate evaluation order
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]
from math import pi. Global frame
- {tau = 2 * pi pi 3.1416
_______________________________________________ PR

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):

Statements and expressions Each name is bound to a value

Arrows indicate evaluation order
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]

from math import p1 Global frame

- ) = 2 * pi i |3.
™2 tau =2 *pi © [ name ~pi [3.1416

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):

Statements and expressions Each name is bound to a value

Arrows indicate evaluation order
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]

from math import p1 Global frame

2 tau =2 *pi [ name ppi [3.1416 < vatee |

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):

Statements and expressions Each name is bound to a value

Arrows indicate evaluation order
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]

from math import p1 Global frame

2 tau =2 *pi [ name ppi [3.1416 < vatee |

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):

Statements and expressions Each name is bound to a value

Arrows indicate evaluation order Within a frame, a name cannot be repeated
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Environment Diagrams

Environment diagrams visualize the interpreter’s process.

[ Just executed ] [ Import statement ]

from math import p1 Global frame

2 tau =2 *pi [ name ppi [3.1416 < vatee |

[ Next to execute ] [ Assignment statement }

Code (left): Frames (right):
Statements and expressions Each name is bound to a value
Arrows indicate evaluation order Within a frame, a name cannot be repeated

(Demo: tutor.cs6la.org )

http://pythontutor. con/composingprograns. html#code=f rons20mathi20 impor t520p i%0Ataus20%30%202%204%20p iscunulat ive=falseScur Instr=16node=displaySorigin=composingprograns. j s&py=3&rawInputLstJSON=%5B%5D



Assignment Statements

http://pythontutor. ogr , . ive=falseScurInstr= =display&origi ograms. j s&py=3&rawInputLstISON=45B%5D



Assignment Statements

http://pythontutor. ogr ) ) ive=falseScurInstr=08mode=displaysorigin=composingprograms.  s&py=3&rawInputLstISON=%58%5D



Assignment Statements

=1 Global frame
a-1
b |2

, a=a+b, Db
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Assignment Statements

1 a=1 Global frame
Just executed o =
b

= , a=a+b, Db

21
b |2
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Assignment Statements

[ L 1 a=1 Global frame
Just executed
J b =2 '
, _ a 1
{Next to execute }-' b, a=a+b, Db L
b |2
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Assignment Statements

=1 Global frame

a 1
, a=a+b, Db

L oss
[ Next to execute \J>-' b 2

[ Just executed

Execution rule for assignment statements:
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Assignment Statements

=1 Global frame

a 1
, a=a+b, Db

L oss
[ Next to execute }-' b 2

[ Just executed

Execution rule for assignment statements:

1. Evaluate all expressions to the right of = from left to right.
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Assignment Statements

=1 Global frame

a 1
, a=a+b, Db

L oss
[ Next to execute }-' b 2

[ Just executed

Execution rule for assignment statements:

1. Evaluate all expressions to the right of = from left to right.

2. Bind all names to the left of = to those resulting values in the current frame.

http://pythontutor. posingprograns. ) ) tive=falseScurnstr=0smode=displaySorigin=composingprograns. j s&py=3&rawInputLstISON=%5B%5D



Assignment Statements

[ L a =1 Global frame
Just executed
b = 2
_ a |1
{Next to execute}-’ b, a=a+b, b
b 2
a =1
[ Just executed 1> b =2
b, a=a+ b, b

Execution rule for assignment statements:

1. Evaluate all expressions to the right of = from left to right.

2. Bind all names to the left of = to those resulting values in the current frame.
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Assignment Statements

[ ]> a =1 Global frame
Just executed

b = 2

_ a 1
{Next to execute}-’ b, a=a+ b, b

b 2
a =1 Global frame

b =2

Just executed 1>

[ b, a=a+b, b a 2
b 3

Execution rule for assignment statements:

1. Evaluate all expressions to the right of = from left to right.

2. Bind all names to the left of = to those resulting values in the current frame.
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Calling Functions

(Demo: tutor.cs6la.org )
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Calling User-Defined Functions
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):

1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

from operator import mul Global frame func mul(...)
def square(x):
mul
return mul(x, x) func square(x)
- square
square(-2)
square
X -2
Return

value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

[ Built-in function ]

[ Y/ \
from operator import mul Global frame func mul(...) |
def square(x): T
mul
return mul(x, Xx) func square(x)
- square
square(-2)
square
X -2
Return

value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):

1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame

3. Execute the body of the function in that new environment

[ Built-in function ]

N \
from operator import mul Global frame func mul(...) |
def square(x): T

mul gL Y
return mul(x, x) func square(x):
- _ square B g
square(-2)
User-defined
square function
X -2
Return
value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):

1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame

3. Execute the body of the function in that new environment

[ Built-in function ]

JUSS - \
from operator import mul Global frame func mul(...) |
def square(x): S

mul gL Y
return mul(x, x) func square(x):
- square Teameeegiesesssresnseeaneeaas g
square(-2)
o : User—-defined
[ Local frame }>§ square ; function
. .
Return
value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

[ Built-in function ]

R —— \
from operator import mul Global frame ‘func mul(...) :

def square(x): '

Original name of mul e .
return mul(x, x) function called func square(x):
- . square R N ’
square(-2)
N ;| User—defined
[ Local frame }>§§square§ = function
: X [-2
Return
value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

[ Built-in function ]

...... Mo
from operator import mul Global frame ﬁunc mul(...) |
fefi squaneex) : Original name of mul S
g return mul(x, x) function called func square(x);
square(-2) e et 7 — '
N i | User-defined
[ Local frame }>§ggquareg 5 [ function }

Formal parameter
bound to argument




Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

[ Built-in function ]

R —— ‘
from operator import mul Global frame func mul(...) |
flel) squake ) : Original name of mul e \

return mul(x, x) function called func square(x):
- i square B -
square(-2)
N i | User-defined
[ Local frame }>§§square§ = function

Formal parameter

bound to argument Return value

(not a binding!)




Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

from operator import mul Global frame func mul(...)
def square(x):
mul
return mul(x, x) func square(x)
- square
square(-2)
square
X -2
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value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

from operator import mul Global frame func mul(...)
def square(x):
mul
return mul(x, Xx) func square(x)
- square
square(-2)
square
X -2

A function’s signature has all the

information needed to create a local frame Return
value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

from operator import mul Global frame func mul(...)
def square(x):

mul

return mul(x, Xx) func square(x)
g square
square(-2) e -
J
square
X -2

A function’s signature has all the

information needed to create a local frame Return
value
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Calling User-Defined Functions

Procedure for calling/applying user-defined functions (version 1):
1. Add a local frame
2. Bind the function's formal parameters to its arguments in that frame
3. Execute the body of the function in that new environment

from operator import mul Global frame func mul(...)
def square(x):
mul
return mul(x, Xx) func square(x)
- square )
square(-2) e . .
v P
square
X -2

A function’s signature has all the

information needed to create a local frame Return |,
value
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Life Cycle of a User-Defined Function
What happens?

Def statement:

Call expression:

Calling/Applying:



Life Cycle of a User-Defined Function
What happens?

Def statement: >>> def square( x ):

return mul(x, x)

Call expression:

Calling/Applying:



Life Cycle of a User-Defined Function
What happens?

Def statement: >>> def square( x ):
Def é return mul(x, x)
o E—_—— —a—iii g

Call expression:

Calling/Applying:



Life Cycle of a User-Defined Function
What happens?

bef statement: | Name Ligquare( x ):

Def E return mul(x, x) i
statement | " g

Call expression:

Calling/Applying:



Life Cycle of a User-Defined Function

?
[ Formal parameter ] What happens?

I R — Y
Def statement: I.s_qu_a_r_ex xi):

Def é return mul(x, x)

statement | " ;

Call expression:

Calling/Applying:



Life Cycle of a User-Defined Function

[ Formal parameter ]

P Voo )
Def statement: :§_qy_a_[gl( Xi)

Def }>§ Ereturn mul(x, X)

Call expression:

Calling/Applying:

What happens?



Life Cycle of a User-Defined Function

[ Formal parameter ]

P Vo :
Def statement: :_s__qy_a__lj_e_,‘,( Xi)

Def }>§ Ereturn mul(x, X)

Statement [ s SR

Call expression:

Calling/Applying:

What happens?



Life Cycle of a User-Defined Function

[ Formal parameter ]

P /A
Def statement: :_s__qy_a__lj_e_,‘,( X))

Return
expression

- } Creturnimul(x, x)

Statement [ s SR

Call expression:

Calling/Applying:

What happens?



Life Cycle of a User-Defined Function

[ Formal parameter ]

P /A
Def statement: :§_qy_a_[gﬁ( X))

Return
expression

- } Creturnimul(x, x)

Statement [ s SR

Call expression:

Calling/Applying:

What happens?

A new function is created!



Life Cycle of a User-Defined Function

[ Formal parameter ]

S | A— Return
vet statement: [ Name Lsquore( x); | ©xpression
Def é Ereturn{ﬁﬁ{i;:ugiﬁé
statement [ ‘e LRSI

Call expression:

Calling/Applying:

What happens?

A new function is created!

Name bound to that function
in the current frame



Life Cycle of a User-Defined Function

[ Formal parameter ]

e —— — Return
Def statement: square( (Xi): expression
Def - jreturnimul(x, x) ;|
statement | o moAT '
| Body (return statement)]
Call expression: square(2+2)

Calling/Applying:

What happens?

A new function is created!

Name bound to that function
in the current frame



Life Cycle of a User-Defined Function

[ Formal parameter ]

e ——— Sr— Return

Def statement: | Name Liguare(x): | XPressior
Def - jreturnimul(x, x) ;|
statement | ‘e sAC :

| Body (return statement)]
Call expression: gsquareK2+2)

______ o

operator: square
function: func square(x)

Calling/Applying:

What happens?

A new function is created!

Name bound to that function
in the current frame



Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

e —— — Return
Def statement: square( (x:): expression A new function is created!
Def E Ereturnfmul(x, x)}é E Name bound to that function
statament [ o in the current frame
| Body (return statement)]
. S PO operand: 2+2
Call expression: gsquare§2+2%<:{ ;1gument: 4 }
______ o
operator: square
function: func square(x)

Calling/Applying:



Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

e —— — Return
Def statement: square( (x:): expression A new function is created!
Def é Ereturn{ﬁﬁ{ig:ugiﬁé E Name bound to that function
ctatement [ o ot in the current frame
| Body (return statement)]
. S T operand: 2+2 Operator & operands evaluated
Call expression: gsquare§2+2%<:{ ;1gument: 4 } P P
______ g
operator: square
function: func square(x)

Calling/Applying:



Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

e ——— Sr— Return
Def statement: square( (x:): expression A new function is created!
Def E Ereturnfmul(x, X)}E E Name bound to that function
ctatement [ o ot in the current frame
| Body (return statement)]
. S T operand: 2+2
Call expression: gsquareQ2+2%<:{ ;1gument- . } Operator & operands evaluated
TR e i Function (value of operator)
_ called on arguments
SEEIETOrE SELErE (values of operands)
function: func square(x)

Calling/Applying:



Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

m"m"m"m"mv ________________ Return
Def statement: gggéfg( Xi): expression A new function is created!
Def return ﬁﬁiig:ugiil E Name bound to that function
ctatement I P in the current frame
| Body (return statement)]
A A YA operand: 2+2
Call expression: SQuare(2+2F<:{ gigument' 4 1 Operator & operands evaluated
""" AT i Function (value of operator)
_ called on arguments
operator: square (values of operands)
function: func square(x)

Calling/Applying: square( x ): L_

.




Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

m"m"m"m"mv ________________ Return
Def statement: gggéfg( Xi): expression A new function is created!
Def return ﬁﬁiig:ugiil E Name bound to that function
ctatement i in the current frame
| Body (return statement)]
A A VA operand: 2+2
Call expression: SQuare(2+2F<:{ gigument' 4 1 Operator & operands evaluated
""" AT i Function (value of operator)
_ called on arguments
operator: square (values of operands)
function: func square(x)
Calling/Applying: 'square( x )i L_
1 A

[ Signature




Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

e —— — Return
Def statement: square( (X)) expression A new function is created!
Def é Ereturnfﬁﬁ{i;:ugiﬁé E Name bound to that function
ctatement [ o iAo in the current frame
| Body (return statement)]
. S PO operand: 2+2
Call expression: gsquareQ2+2%<:{ ;1gument- A 1 Operator & operands evaluated
TR S i Function (value of operator)
_ called on arguments
operator: square (values of operands)
function: func square(x)
Calling/Applying: 4 }{%ﬁg@fg{:g ______ Xﬁ L_
1] A

[ Signature




Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]

m"m"m"m"mv ________________ Return
Def statement: square( Xi): expression A new function is created!
Def é return ﬁhii%f"Qii' E Name bound to that function
ctatement [ o iAo in the current frame
| Body (return statement)]
N S YA operand: 2+2
Call expression: square(2+2%<:{ ;1gument- . } Operator & operands evaluated
""" AT i Function (value of operator)
_ called on arguments
operator: square (values of operands)
function: func square(x)

Calling/Applying: 4 p 's"diié'i;é"(""k"')"‘:‘e L

[ Slgnature »16




Life Cycle of a User-Defined Function

What happens?

[ Formal parameter ]
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m"m"m"m"mv ________________ Return
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Life Cycle of a User-Defined Function

?
[ Formal parameter ] What happens?

m"m"m"m"mv ________________ Return
Def statement: gggéfg( Xi): expression A new function is created!
Def return ﬁﬁiig;ugiil E Name bound to that function
ctatement e in the current frame
| Body (return statement)]
A A YA operand: 2+2
Call expression: SQuare(2+2F<:{ gigument' 4 1 Operator & operands evaluated
""" AT i Function (value of operator)
_ called on arguments
operator: square (values of operands)
function: func square(x)

Calling/Applying: a4 } square( X )i

............................ - L_ A new frame is created!

[ Argument j7 [ Slgnature ) V16

[ Return value ]

Parameters bound to arguments

Body is executed




Multiple Environments in One Diagram!

1 from operator import mul
2 def square(x):
3 return mul(x, Xx)

= 4 square(square(3))
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Multiple Environments in One Diagram!

1 from operator import mul Global frame func mul(...)

2 def square(x): mul ‘7
return mul(x, Xx) square ‘
= 4 square(square(3)) B

func square(x) [parent=Global]
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Multiple Environments in One Diagram!

from operator import mul
def square(x):
return mul(x, X)
— square(square(3))

square(square(3))
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Global frame func mul(...)

mul

.////~———%>func square(x) [parent=Global]
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from operator import mul Global frame func mul(...)
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square(square(3))
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Multiple Environments in One Diagram!

from operator import mul Global frame func mul(...)

def square(x): mul

/——>func square(x) [parent=Global]
return mul(x, Xx) square
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square(square(3))

square(3)
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ry
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/——>func square(x) [parent=Global]
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Multiple Environments in One Diagram!

from operator import mul Global frame func mul(...)

def square(x): mul
—) return mul(x, x) square
square(square(3))

func square(x) [parent=Global]

fl: square [parent=Global]
x 3

square(square(3))

func sqhére(x)

square(3)
func sqhére(x) 3
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Multiple Environments in One Diagram!

from operator import mul
def square(x):

—) return mul(x, x)
square(square(3))

square(square(3))

func sqhére(x)

Global frame

mul

square

fl: square [parent=Globall]
x 3

Return
value

func square(x) 3

square(3)
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Multiple Environments in One Diagram!

from operator import mul
def square(x):

—) return mul(x, x)
square(square(3))

Global frame func mul(...)

mul func square(x) [parent=Global]

square

fl: square [parent=Globall]
x 3

Return
value

square(square(3))

func sqhére(x)

9

square
'7‘._|

func square(x)
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Multiple Environments in One Diagram!

from operator import mul
def square(x):

—) return mul(x, x)
square(square(3))

square(square(3))

gy eSSy e

I square (3

Global frame

func mul(...)

mul func square(x) [parent=Global]

square

fl: square [parent=Globall]

func square(x) 3
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Return
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Multiple Environments in One Diagram!

from operator import mul
def square(x):

—) return mul(x, x)
square(square(3))

81
square(square(3))

Global frame

func mul(...)

mul
u ‘ func square(x)

square ‘

ffl: square [parent=Global]

x |3

Return
value

f2: square [parent=Global]

X |9
Return 81
value

'
ry

func sqhére(x) 3
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Multiple Environments in One Diagram!

from operator import mul
def square(x):

—) return mul(x, x)
square(square(3))

81
square(square(3))

Global frame

func mul(...)

[
mu func square(x) [parent=Global]

square

ffl: square [parent=Global]

X |3

Return
value

f2: square [parent=Global]

X |9
Return 81
value

An environment is a sequence of frames.

'
'
ry

e I §dUéFé(m);

func sqhére(x) 3
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Multiple Environments in One Diagram!

from operator import mul Global frame func mul(...)
def square(x):
— return mul(x, X)

square(square(3))

[
mu func square(x) [parent=Global]

square

fl: square [parent=Global]
X |3

Return
value

f2: square [parent=Global]
81 °
square(square(3)) x
— i} .- 1 Return 81
‘ ............ . value
. [ func square(x) 9 |
""""""""""""""""""""""""""""""""" square(3) An environment is a sequence of frames.
e A e The global frame alone OR
func square(x) 3
e A local frame, then the global frame
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Multiple Environments in One Diagram!

from operator import mul o Global frame func mut(....)
def square(x): mul func square(x) [parent=Global]
—) return mul(x, x) square

square(square(3))
fl: square [parent=Global]

X |3

Return
value

f2: square [parent=Global]
81 °
square(square(3)) x
— i} .- 1 Return 81
‘ ............ . value
. [ func square(x) 9 |
""""""""""""""""""""""""""""""""" square(3) An environment is a sequence of frames.
e A e The global frame alone OR
func square(x) 3
e A local frame, then the global frame
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Multiple Environments in One Diagram!

from operator import mul 0 Global frame func mul(...)

def square(x): mul
—) return mul(x, x) square
square(square(3))

func square(x) [parent=Global]

fl: square [parent=Global]

X |3
Return
value
f2: square [parent=Global]
81
X |9
square(square(3))
— i} .- 1 Return 81
et value
.| func square(x) 9 |
""""""""""""""""""""""""""""""""" square(3) An environment is a sequence of frames.
e § e The global frame alone OR
func square(x) 3

e A local frame, then the global frame
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from operator import mul 0 Global frame func mul(...)

def square(x): mul
—) return mul(x, x) square
square(square(3))

func square(x) [parent=Global]
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X |3
Return
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f2: square [parent=Global]
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X |9
square(square(3))
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Names Have No Meaning Without Environments

from operator import mul a Global frame func mul(...)
det square(x) - mul func square(x) [parent=Global]
—) return mul(x, Xx) square

square(square(3))

ffl: square [parent=Global]

X |3

Return
value

f2: square [parent=Global]

X |9

Return 81
value

An environment is a sequence of frames.

e The global frame alone OR

e A local frame, then the global frame
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Names Have No Meaning Without Environments

from operator import mul

def square(x):
—) return mul(x, Xx)
square(square(3))

Every expression is
evaluated in the context
of an environment.
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c Global frame

mul

square

fl: square [parent=Global]

X |3

Return
value

f2: square [parent=Global]

X |9

Return 81
value

func mul(...)

func square(x) [parent=Global]

An environment is a sequence of frames.

e The global frame alone OR

e A local frame, then the global frame
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Names Have No Meaning Without Environments

from operator import mul a Global frame func mul(...)
det square (0 mul func square(x) [parent=Global]
—) return mul(x, Xx) square

square(square(3))
fl: square [parent=Global]
X |3

Return
value

. . f2: square [parent=Global]
Every expression 1s

evaluated in the context X 9
of an environment. Return |g,
value

A name evaluates to the

value bound to that name An environment is a sequence of frames.
in the earliest frame of
the current environment in e The global frame alone OR

which that name is found.
e A local frame, then the global frame

lative=true&curInstr=0&mode=display&origin=composingprograns. js&py=3&rawInputLstISON=%5B%5D

http://pythontutor. con/compos ingprograms . html#code=f rons200perators20 import%20mu



Names Have No Meaning Without Environments

from operator import mul Global frame func mul(...)
det square (0 mul func square(x) [parent=Global]
—) return mul(x, Xx) square

square(square(3))
fl: square [parent=Global]
X |3

Return
value

. . f2: square [parent=Global]
Every expression 1s

evaluated in the context X 9
of an environment. Return |g,
value

A name evaluates to the

value bound to that name An environment is a sequence of frames.
in the earliest frame of
the current environment in e The global frame alone OR

which that name is found.
e A local frame, then the global frame
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Names Have No Meaning Without Environments

from operator import mul Global frame func mul(...)
def square(x): mul func square(x) [parent=Global]
—) return mul(x, Xx) square
square(square(3)) *?
K fl: square [parent=Global]
E X |3
E Return
' value
. . Yemmme 2 f2: square [parent=Global]
Every expression 1s 3
evaluated in the context Rk ke x 9
of an environment. Return | g4
value
A name evaluates to the
value bound to that name An environment is a sequence of frames.
in the earliest frame of
the current environment in e The global frame alone OR
which that name is found.

e A local frame, then the global frame
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Names Have No Meaning Without Environments

from operator import mul Global frame func mul(...)
def square(x):‘ ---------- Y =->» mul func square(x) [parent=Global]
w—p return mul(x, Xx) DU square
square(square(3)) *?
\ f1: square [parent=Global]
E X |3
E Return
' value
. . * f2: square [parent=Global]
Every expression 1s

evaluated in the context [T S
of an environment.

A name evaluates to the
value bound to that name
in the earliest frame of
the current environment in
which that name is found.
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X |9

Return

81
value

An environment is a sequence of frames.

e The global frame alone OR

e A local frame, then the global frame
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Names Have No Meaning Without Environments

from operator import mul Global frame func mul(...)
aet square(x):‘ ---------- y 1> mul func square(x) [parent=Global]
g return mul(x, x) Mo square

square(square(3)) *?

fl: square [parent=Global]

X |3

Return
value

e EEEEEEE---

. . f2: square [parent=Global]
Every expression 1s 3
evaluated in the context Rk ke

X |9

of an environment. Return |g4
value

A name evaluates to the
value bound to that name An environment is a sequence of frames.
in the earliest frame of
the current environment in e The global frame alone OR
which that name is found.

(Demo) e A local frame, then the global frame
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