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Topic: Subprograms for modularity

» Modular decomposition

* Defining C/C++ functions E

 Local variables | | | |
and scope

* Value parameters £E
» Reference parameters

* Return values

* Recursive functions
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Modular decomposition

» Some solutions are too complex to be
easily understood as a unit

* A structured design can be
decomposed into smpler modules

 This breakdown is called procedural
abstraction

* We may continue the breakdown as
needed by stepwise refinement

David Keil  7/03 2

Modular decomposition: case study

230 = gk

E

o
Separate modulesare easier to understand.
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Module hierarchy diagrams

» Example:
Main invokes Input, Calculate, and Output;
Calculate calls Assignand Multiply

in
A. Input I I |

B. Calculate
. Input Daloulahg g
1. Assign ILI -

2. Multiply
C. Output [feer | [Dvuimy |
* A module hierarchy chart shows module

dependencies, whereas aflowchart shows

order of execution.
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Writing and calling C++ functions

Example: Drawing arectangle
voi d horizontal (); Function
voi d vertical (); prototypes
voi d nai n()
hori zontal (); T
vertical (); Function
vertical (); " calls
hori zontal (); J

voi d hori zontal ()
{ cout << “xxxxxxxr << endl; } | Function

void vertical () P definitions
{ cout << “*----- * << endl; }
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3 C/C++ language elements

« A function prototype (declaration)
introduces a function name to the
program

* A function call invokes the function

« A function definition spells out the
function’s content

* A function definition has a header (type;
function I1D; parameters in parentheses)
and a body (compound statement)
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L ocal and global variables

#i ncl ude <i ostream h> [addfunc.cpp]
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int quantity = 2:[5ona variable:
voi d add() accessiblein any function

/1 Displays <quantity> doubl ed.
{

int sum= 2 * quantity;

cout <T"ﬁm~wum << endl;
} Local variable:
accessible only

in one function

voi d mai n()

{ :
add(); ot
} um =
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L ocal variables and scope of access

* A variable declared within a compound
statement is visible only there.

* When afunction is called, an activation
record for the call, containing local
variables, is placed on top of the stack.

* When the function terminates, the stack is

popped and local
variables are dedllocated. tea > ——-—
» Two activation records: mei
slawk
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Value parameters. example
void display_sun(int, int);
voi d main()

cout << “2 + 5 =*;

di spl ay_sum( 2, 5);
} \A}fual value parameters
void display_sum(int a, int b

cout << a + b << endl

Output: Formal value parameters
2+5=17
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Value parameters

» A way for the calling function to pass datato
the called function

» Valueof actual parameter in function call is
copied to the formal parameter declared in
called function’ sdefinition

» Formal parameter islocal, is deallocated when
functionterminates

* Prototype must specify parameter types; defini-
tion must specify parameter names and types

» Parameters may be of any types and quantity
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Actual value parametersare
unaffected by a function call

void add(int, int, int);

voi d main() Output:

{ actual fpsum= 7
int apsum =A0; paramer apsum = 0
add( 3, 4, apsum ; b4
cout << “apsum = " << aps

} formal parameter

void add(int a, int b,int fpsum

fpsum = a + b; Y
cout << “fpsum= " << fpsum << endl;
}
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Value parametersact likelocal variables

voi d display_sun(int a, int b)
/1 Displays (a + b)
{

cout << a << “+" << b << “=";
while (b-- > 0) a++
cout << a << endl;

voi d nain()

int a, b;

cout << “Enter two nunbers”;
cin >> a >> b;

di spl ay_sum(a, b);

di splay_sun(6, 3);
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Reference parameters. example
void add(int, int, int&;

voi d mai n() Functionadd changes

) the value of actual
int result = ) paranﬁa’ result
add(3,4,restlt);
cout << “3 + 4 = " << result;
} Formal reference parameter
void add(int a, int b, int& sum
{
sum= a + b; Reference
operator
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Output: 3 + 4 = 7|

Refer ence parameters

» Reference parameters can communicate data
to andfromacalled function

» Unlikeavalue parameter, aformal reference
parameter is another name
for the same data location as the actual
parameter

* Actual reference parameter must be a
variable

p —

1
e
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Repetitive code and functions

Function return values. example
i nt input_age();

float a,b,c; - n "
L . .. |Aswap function can simplify the : :
gio:t>:<a I>2Pll;lt>>3 ::urrbers. ' podeatleft to: voi d mai n()
if (a>c) { if (a>c) { .
float tenp = a; swap(a, c); int age = input_age();
o fem: if (a>b) cout << “You are “ << age
y ™ .fs(\l\gp(a, ;)): << “ years ol d" << endl;
if (a>h) { [ > C \
float tenp = a; swap(b, c) ; } ‘ ;I'he\(alugl)fl t‘heh
z z tbenp void swap(float& s, float& t) I{ nt i nput —age() \_ uaTcgogw 'nlf[‘:ee
' value used i
} “ M
iff(lb >c) { X float tenp = s; cout << “Your age? “;|return statementin
e cIl i nt input; the function defn
S;tc'enp; t = temp; cin > input;
} ) return input; [Samplel/o
cout << "Y?u i"nput "<<a<<", " Sample /O } Your age: 20
b n s e ssendl |nput 3 nunbers: 3 2 1 You are 20 years ol d.
[sort3.cppl You input 1, 2, 3 03 16

A return value passes data
back to thecalling function

* Thefunction call isan expression

» The return keyword precedesthe returned value
inthe called function

« Thereturn value' stype must betype compatible
with the function’ stype, declared in header

* Thereturn statement terminates the function cal

¢ Thereturned value goes on the stack
for retrieval by the caling function
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sum with return value

int sun(int a, int b);

voi d nain()
{
int past_due, current;
cout << “Enter past due and current: “
cin >> past_due >> current;
cout << “You owe *
<< sum( past_due, current);

}
int sum(int a, int b)
{
return a + b;
}
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Parameter and return-valuetypes

Some examples:
float sun(float a, float b)

return a + b;
}

bool is_even(int n)
return (n %2 == 0);

char nth_char(char s[], int n)
return s[n];
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When a function is not defined

« The compiler ensuresthat identifiers, e.g.,
function names, are declared before use

* Thelinker will detect function callswith
no corresponding definition
#i ncl ude <i ostream h>
i ntxget_age(); Linker error message:
voi dxmai n() “ undefined external”

{ f "
cout << get_a@;becauseof misspelling

}
i ntxget age()
{ int a cin > a; return a; }
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Whereafunction isappropriate

void main()

cout << "Enter an integer: ";
int input;
cin >> input;
int result = 1;
result =result * (input + 1);
result = result * (input + 1);
result = result * (input + 1);
cout << "(" << input

<< " + 1) cubed ="

<< result << endl;

} [cube.cpp]
Problem: modularize this program
to avoid duplicate code.
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Stubstest a top-down design

voi d add() { cout << "Calling <add>\n"; }
void subtract(){ cout << "Calling <subtract>\n"; }
void multiply(){ cout << "Calling <multiply>\n"; }
void divide() { cout << "Calling <dividexn"; }
void nain . —
( 0 "> sub function definitions
char option;
do {
cout << "1 Add\n 2 Subtract\n 3 Miltiply\n”
<< "4 Divide\n 5 Quit" << endl;
cin >> option; Callsto stub

switch (option) { .
case '1': add(): = functions
case '2': subtra 7 break;
case '3': multipfy(); break;

p

case divide(); break; [stub.cpp]

}
} while (option !="'5");
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Recursion implementsaloop
i nt input_age()
/1 Prompts for, returns age,
/1 repeats until gets valid input.
{
cout << “Age? “;
i nt age;
cin >> age;
if (age >= 0) return age;
el se return input_age();

}

¢ A function that callsitself isrecursive

» A base case(as, age>= 0) triggersasimple
result; arecursive case triggers arecursive call

« No base case meansinfinite recursion

Recursive function call
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A recursive function to add

sum(a,b) :{b ifa=0
sum(a- 1, b+1) otherwise

int sun(int a, int b)
/!l Returns a + b. Recursive.

if (a==0)
return b;
el se
return sum(a-1, b+l);
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Recursion usesthe stack
voi d backwards();

voi d main() [backwardcpp]
backwar ds() ; Samplel/O:
} Hel | o
ol l eH
voi d backwar ds() _
{ Questions:
char ch; How many char
cin.get(ch); variables can
if (cht="\n") store how much
backwar ds(); data? How?
cout << ch; i ;
} David Keil 7/03 25

Guidelines for writing
subprograms
* A module has a single purpose

* Its purpose is documented in a comment
at the top

* Code longer than a page usualy should
be broken down

» Experienced programmers avoid side
effects (e.g., output, modification of
global variables)
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Discussion problems

1. Write afunction that returns the absolute
value of the difference betweentwo integers.

2. Convert pseudocodein Topic-7 slide,
“Invariants assure correctness’, to a function
that prompts for 5 numbers and displays
them.

3. Convert pseudocodein Topic-7 dlide,
“Convergence assures termination,” to a
function that returns the floor of the base-2
logarithm of anumber.
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