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Programming languages allow us to communicate, too
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All expressions can use function call notation
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Anatomy of a Call Expression
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Evaluation procedure for call expressions:

add      (      2       ,      3       )

Operator Operand 0 Operand 1

Operators and operands are expressions

1. Evaluate the operator and operand subexpressions

2. Apply the function that is the value of the operator 
subexpression to the arguments that are the values of 
the operand subexpression

So they evaluate to values
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display “-2”
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abs:
abs(x):

max:
... max(a, b, c, ...):

...

Environments

13

from math import pi
tau = 2 * pi

pi: 3.14

tau: 6.28

The environment does not track where names came from

Binding to a 
numeric value

A frame holds 
name bindings
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Named expressions are a more powerful means of abstraction

15
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return mul(x, x)
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def expressions:

• Create a new function

• Bind a name to it

Monday, August 29, 2011



...

mul:
mul(a,b):

User-Defined Functions

Named values are a simple means of abstraction

Named expressions are a more powerful means of abstraction

15

square(x):

return mul(x, x)

square:

def expressions:

• Create a new function

• Bind a name to it

(Demo)
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Calling User-Defined Functions
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square:

square(x):

return mul(x, x)

...

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

mul:
mul(a,b):
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square(-2)
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Calling User-Defined Functions
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mul:

x: -2

square:

square(x):

return mul(x, x)

... mul(a,b):

Environments 
& Values

Expressions

from operator import mul 
def square(x):
    return mul(x, x)
square(-2)

• Bind formal parameters

• Eval return expression
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x: -2

square:

square(x):

return mul(x, x)

4

return mul(x, x)

... mul(a,b):

Environments 
& Values

Expressions

from operator import mul 
def square(x):
    return mul(x, x)
square(-2)

• Bind formal parameters

• Eval return expression
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Calling User-Defined Functions

18

4

return mul(x, x)

from operator import mul 
def square(x):
    return mul(x, x)
square(-2)

The environment
created for the 
function body

The existing environment in which 
the call expression is evaluated
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Calling User-Defined Functions
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mul:

x: -2

square:

square(x):

return mul(x, x)

4

return mul(x, x)

... mul(a,b):

from operator import mul 
def square(x):
    return mul(x, x)
square(-2)
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return mul(x, x)

return mul(x, x)

... mul(a,b):
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Intrinsic Function Names Don’t Play a Role

21

square

mul:

x: -2

square:

square(x):

return mul(x, x)

return mul(x, x)

... mul(a,b):

Does not get 
inspected

Witness 
Protection 
Program

Functions aren’t 
accessed by their 
intrinsic names!

(Demo)
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Example: Function Application

22

sum_squares: square(x):

return mul(x, x)

def square(x):
    return mul(x,x)
def sum_squares(x, y):
    return add(square(x),square(y))

sum_squares(x, y):

return add(square(x), square(y))

square:

add, mul, ...
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Example: Function Application
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sum_squares: square(x):

return mul(x, x)

def square(x):
    return mul(x,x)
def sum_squares(x,y):
    return add(...)
sum_squares(5, 12)

sum_squares(x, y):

return add(square(x), square(y))

square:

add, mul, ...
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