Consider the following Python program:

nmessage = "The result is

def sunm(nunil, nunt):
sumResult = numl + nun®
return sunResult

def squareSun(val 1, val 2):
squareResult = sum(val 1, val 2)
squareResult = squareResult ** 2
return squareResul t

def main():
result = squareSunm(2, 3)
print(nmessage, result)

mai n()

When the Python interpreter runs this program, what is the sequence of commands executed?



Run Program With the

Python Interpreter
nessage = "The result is"
mai n() ..Qg{g ma. n()

In Function
mai n()

result = squareSum(2, 3) ..99.{!._SquareSun(2 3)

In Function
squareSum( 2, 3)

H

squareResult = sum(val 1, val 2)

T
Substitute the values of val 1 andval 2 .1

In Function
sum(2, 3)

:

sunResult = numl + nun®

Substitute the values of numl and nun®

r
sunmResult =2 + 3 I
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Evaluate2 + 3 ~!
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Send the value 5 back to the caller

FJ

return sunmResul t

Substitute the value of sunResul t 1=

Back In Function
squareSum( 2, 3)
T

oo,

squareResult =5

R |
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............ return 5

squareResult = squareResult ** 2

Substitute the value of squar eResul t -

_____ Yoo,
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r
Evaluate5 ** 2 I_I
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return squareResul t

T
Substitute the value of squar eResul t v —

Back In Function
mai n()

r result = 25
LS T

o
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print (nessage, result)

1
Substitute the values of message andresult _1

—_—_— T ———— ‘|Callprint("The result is", 25)

No value is sent back

Y
IIIIIIIIIIIIIIIIIIIIIIIIIIIII BaCk In FUHCtion
No value is sent back : mai n()
Y
Program Is
Finished

Now consider the following shorter version of the previous program:

nmessage = "The result is"

def sunm(nunil, nunt):
return nuni + nun?®

def squareSun(val 1, val 2):
return sun(val 1, val2) ** 2

def main():
print (message, squareSunm(2, 3))

mai n()

In Function pri nt (" The
result is", 25)

rl

The arguments are
printed on the screen

When the Python interpreter runs this program, what is the sequence of commands executed?




Run Program With

Python Interpreter
nessage = "The result is"
mai n() ..Qg{g.:nal n()

In Function
mai n()

print (nessage, squareSum(2, 3)) -_Qg{{__squareSun(Z, 3)

In Function
squareSum( 2, 3)

H

return sum(val 1, val2) ** 2

T
Substitute the values of val 1 andval 2 1

-
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In Function
sum( 2, 3)

H

return nunml + nun®

T
Substitute the values of numl and nun 1 ,
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I return 2 + 3
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Evaluate?2 + 3 :

Send the value 5 back tO the caller gllllIlllIlllllllIlllIllIIIIIIIIIIIIIIIIIIIIIIL
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Back In Function
squareSum( 2, 3)

1
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return 5 ** 2 1

Evaluate5 ** 2 1 _
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Send the value 25 back to the calleré

Back In Function
mai n()
1

La
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L _pri nt (message, 25) |
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Substitute the value of message -

_—— e e = == - -ICallprint("The result is", 25)

In Function pri nt (" The
result is", 25)

WI

The arguments are
printed on the screen

Y
........................... BaCk In Fun(:tion
No value is sent back : mai n()
Y
Program Is

Finished




What are the variables in this Python program and where are they defined?

|—)// Declared message \\

nmessage = "The result is"

def sun(nunil, nun):
sumResult = nunml + nun®
return sunResult

// Parameter numil \\ // Parameter nun® \\ // Declared sunResul t \\
/ A

def squareSun(val 1, val 2):
squareResul t = sun(val 1, val 2) // Parameter val 1 \\// Parameter val 2 \\// Declared squar eResul t \\

squareResult = squareResult ** 2 y A
return squareResul t

def main():
result = squareSun(2, 3) | Declaredresul t |
print (nmessage, result) _l /

mai n()

The function sun{ . . . ) has three local variables that only exist in sun{ . . . ) : parameters nuni and nun®, and
declared variable sunmResul t . These variables can not be used in any function other than sun{. . . ) ; their scope is
their function, represented here by the grey rectangle around sunt . . .) .

Think of these variables as having a “local scope rule” implicitly attached to their names: nUNML, .y oxists in sun(...)>
UM,y exists in sung...) @nd sumResul t ;v oists in sun(...)- Lhese attachments aren’t actually used in Python;
they’re imaginary devices used here to illustrate a variable’s scope.

The function squar eSun . . . ) hasits own local variables: parameters val 1 and val 2, as well declared variable
squar eResul t . The function mai n() has one local declared variable: r esul t .



Now consider introducing the following bug in mai n() :

def main():
result = squareSunm(2, 3)
print("The val ues are", nunil, "and", nunt)
print(nmessage, result)

The bug may not be obvious here. Try attaching the "local scope rule" to the variable names for r esul t , nuni and
nung:

def main():
resul tonly exists in main() = squar eSun"(Z, 3)
print("The val ues are", numl "and", nunR

) only exists in sun(...)" only exists in sun(...))
print(nmessage, result

only exists in main()

The bug becomes more clear now: the mai n() function is attempting to use variables that only exist in the function
sun{...). But whyisn't this a problem with variable nessage? It's being used in mai n() without issue.

The variable nessage is a global variable; it is not declared inside any function. This means that mressage can be used
everywhere and its scope is the entire program. In this case it's only used in mai n() , but it could also be used in
sun{(...) orsquareSuny...) orboth. Think of this variable as having a “global scope rule” implicitly attached to its
name: MeSSAQe qyists everywhere- Lf you attached all the “scope rules” to the variable names in mai n() it would look
like this:

def main():
re_SU| tonly exists in main() = squar eSun"(Z, 3)
pri nt(rressageexi sts everywhere’ resul tonly exists in nai n())



What if the variable names are changed?

" |—>/ Declared nessage \\

nmessage = "The result is

def sun(nunil, nunt):

// Parameter numil \\ // Parameter nun® \\ // Declared r esul t

\

result = nunl + nun?®
return result

/

/

\

def squareSun(nunil, nun®):
result = sunm(nunl, nunR)
result = result ** 2
return result

// Parameter numil \\ // Parameter nun® \\ / Declared r esul t

\

==

A

A

\

def main():
result = squareSun(2, 3)
print (nmessage, result)

H

// Declared r esul t \\
)

mai n()

Even though many of the variables have the same names, the program operates in exactly the same way. There are still
three independent sets of local variables, listed below with their “scope rules” attached to distinguish between them:

* nurm-onIy exists in sun(...)7nurr20nly exists in sun(...) and r esul tonly exists in sun(...) local to function

sunm(...)

to function squar eSun{. . .)

e result iy exists in min(y l0cal to function nai n()

There are two separate variables in this program with name numil, two separate variables with name nun®, and three
separate variables with name r esul t . A function can only use its own local variables and any global variables; it can
not use variables from other functions, even if they have the same names.

nurm-onIy exists in squareSun(...)>» nun’Qonly exi sts in squareSun(...) and r esul tonly exi sts in squareSun(...) local



