Chapter - 23
Modular
Programming



M odules

A module 1s a collection of functions or classes that perform related
functions.

If a program 1s a book, a module 1s a chapter.
Modules consist of a public and private part.

Public Part
Defines how the module is to be used

Is put in a header file to be used by other people

Private Part

Does the work

Contains the “details” that the user does not have to worry about.

Is put in a C++ source file.

Practical C++ Programming Copyright 2003 O'Reilly and Associates Page2



extern modifier

I's used to indicate a function or variable defined in another file.

File: main.cpp

#i ncl ude <i ostreanr

/* nunber of times through the [oop */
extern int counter;

/* routine to increnent the counter */
extern void inc_counter(void);

int main() {
| nt | ndex; /* | oop index */

for (index = 0; index < 10; ++i ndex)

| nc_counter();
std::cout << "Counter is " << counter << '\n';
return (0);

}
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extern modifier

Note: No modifier such as "static".
This indicates a public variable which
can be used (if extern declared) in another file

File: count.cpp
/[* nunber of times through the | oop */
I nt counter = O;

[* trivial exanmple */

void inc_counter() {
++count er;

}

No modifier.
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Modifiersfor Global
Data

Modifier Meaning
ext er n Variable/function is defined in another file.

<blank> Variable/function is defined in thisfile (public) and can
be used in other files.

stati c Variable/functionisloca to thisfile (private).
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Examples

The following is legal:

extern sam
I nt sam = 1; [/ this is |egal

The following is legal, but causes a lot of problems. (Some linkers check for this
and scream when the see it.)
File: main.cpp

int flag = O; [l flag is off

mai n() {
std::cout << "Flag is " << flag << '"\n';
...

File: sub.cpp

int flag = 1; [l flag 1s on
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static 1s OK

File: main.cpp
static Int flag = 0; /1 flag Is off
Int main() {

std::cout << "Flag 1s " << flag << '\n';
}

File: sub.cpp

static iInt flag 1, /[l flag Is on
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Headers, the public
part

Headers contain:

« A comment section describing clearly what the
module does and what 1s available to the user.

* Public class definitions

 Common constants.

* Public structures.

* Prototypes of all the public functions.
 extern declarations for public variables.
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File: 1a.h

/********************************************************

* definitions for the infinite array (ia) class *
* *
*An infinite array is an array whose size can grow *
* as needed. Adding nore elenents to the array *
*wWwll just cause it to grow. *
*x_ _ - ... - - - - .t M M e e e e e e L Y M M L Lo *
* class infinite_ array *
* Menber functions *
* infinite array(void) -- default constructor *
* ~infinite array(void) -- destructor *
* I nt &operator [](int index) *
* gets an elenent of the infinite array *
R I b b b b i i b b b i b i i i i b i i i i S b b i i i i S b i i i i i b b i b i i i i b b i i i i b b i i i Y

[l nunber of elenents to store in each cell of the inf. array
const unsigned int BLOCK SIZE = 100;
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File: 1a.h (continued)

class infinite array {
private:
/'l the data for this bl ock
| nt dat a[ BLOCK _SI ZE] ;

/[l pointer to the next array
class infinite array *next;
public:
[/l Default constructor
Infinite array(void)
{
next = NULL;
nmenset (data, '\0', sizeof(data));

}

/1 Default destructor
~infinite_array(void);

/'l Return a reference to an elenent of the array
I nt &operator[] (const unsigned int index);

'
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Infinite Array Code

Note: In order to use the Infinite array, all you need is the header. The real
work is done in the body of the program which you don’t need to see.

All functions and variables in the body that are not public are declared static
to hide them from the outside world.

Infinite array structure

10
11
12
13
14
15
16
17

18 28
19 29
next 0_] next O_J next Q._> @

elements 0-9 elements 10-19 elements 20-29

20
21
22
23
24
25
26
27

olo|IN|o|lO|l~|lW|IN]|=2]O
olo|IN|o|lO|l~|lW|INM]|=2]O
Olo|IN|o|O|M|lW|IN]|—=]|O
Olo|IN|oOo|O|M|lW|IN]|—=]|O
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1a.Cpp

/********************************************************

*infinite-array -- routines to handle infinite arrays *
* *
* An infinite array is an array that grows as needed. *
* There is no index too large for an infinite array *
* (unl ess we run out of nenory). *

*

R SR I b b e b b i b i b i b i i i i b i b i b i i b i i i S i b i i S i S i b i o S (i b (I b I (b I R e i b Y

/
#i ncl ude <i ostreanp
#i ncl ude <stdlib. h>
#i ncl ude <string. h>

#i ncl ude "ia.h" /'l get commobn definitions
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1a.cpp (continued)

/********************************************************

* operator [] -- find an elenent of an infinite array
*

* Paraneters

* | ndex -- index into the array

*

* Returns

*

Reference to the elenent in the array

*
*
*
*
*
*
*

********************************************************/
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1a.cpp (continued)

int & nfinite array::operator [] (const unsigned iInt index){
/[l pointer to the current bucket
class infinite array *current _ptr;
int current _index; // Index we are working with
current _ptr = this;

current i ndex = index;
while (current i ndex >= BLOCK SI ZE) {
if (current _ptr->next == NULL) {
current _ptr->next = newinfinite_array,;
I f (current _ptr->next == NULL) {
cerr << "Error:Qut of nenory\n";
exit(8);
}
}

current _ptr = current _ptr->next;
current i ndex -= BLOCK Sl ZE;

}

return (current _ptr->datafcurrent index]);
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1a.cpp (continued)

/********************************************************

* ~infinite array -- Destroy the infinite array *
********************************************************/
infinite array::~infinite_ array(void)

/
Note: We use a cute trick here.

Because each bucket in the infinite array is

an infinite array itself, when we destroy

next, it wll destroy all that bucket's "next"s,
and so on, recusively clearing the entire array.

* % ok ok X * ok

*/

I f (next !'= NULL) {
del et e next;
next = NULL;
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Makefile for GNU g++ command

# Make file needs debuggi ng
CFLAGS = -g -Wal |
SRC=i a.cc hist.cc
OBJ=ia.o0 hist.o

all: hist

hist: $(0BJ)
g++ $(CFLAGS) -0 hist $(0BJ)

hist.o:ia.h hist.cc
g++ $(CFLAGS) -c hist.cc

la.o:1a.h ita.cc
g++ $(CFLAGS) -c ia.cc

cl ean:
rmhist 10.0 hist.o
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Using the Infinite array

File: hist.cpp

/********************************************************

hist -- generate a histogramof an array of nunbers

Usage
hist <file>

* % ok ¥ ok

Wher e
* file is the name of the file to work on
khkkhkkhk*khkikhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhihkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkihkkhkhkkhkkhkkhkikhkkhkkhkhkkhkkhkkhkihkkhkkkhkkhkkhkihkkkk*k
#1 ncl ude <i ostreanp
#i ncl ude <fstream h>
#i ncl ude <i omani p. h>

*
*
*
*
*
*
*
*

/

#i ncl ude <stdlib. h>
#i ncl ude <string. h>

#i ncl ude "i a. h"
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hist.cpp (continued)

* the followng definitions define the histogram
*/
const int NUMBER OF LI NES
const int LOW BOUND
const int H GH BOUND
/*
* if we have NUMBER OF LINES data to
* output then each item nust use
* the follow ng factor
*/
const int FACTOR =
((H GH BOUND - LOWBOUND +1) / NUMBER OF LI NES);

50; // # Lines in the result
O: [/ Lowest nunber we record
99; // Hi ghest nunber we record

/'l nunber of characters wide to nake the histogram
const int WDTH = 60;

/[l Array to store the data in
static infinite array data_array;
[l Nunber if itenms in the array
static int data itens;
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hist.cpp (continue)

int main(int argc, char *argv[])

{
void read data(char *nane);// get the data in
void print_histogramvoid);// print the data
I f (argc !'= 2) {
std::cerr << "Error:Wong nunber of argunents\n";
std::cerr << "Usage is:\n";
std::cerr << " hist <data-file>\n";
exit(8);
}
data itens = O;
read data(argv[1]);
print _histogram();
return (0);
}
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/********************************************************

* read data -- read data fromthe input file into *
* t he data_ array. *
* *
* Paraneters *
* nane -- the nane of the file to read *
********************************************************/

void read data(char *nane)

{
| fstreamin file(name); // input file
I nt dat a; [/ data from i nput
I f (in_file.bad()) {
cerr << "Error:Unable to open " << nane << '\n';
exit(8);
}
while (tin file.eof()) {
in file >> data;
/[l 1If we get an eof we ran out of data in |last read
1 f (in_file.eof())
br eak;
data array[data itens] = data;
++data_itens;
}
}
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hist.cpp (continued)

/********************************************************

* print_histogram-- print the histogram out put. *

********************************************************/
void print_histogran(void)
{
/| upper bound for printout
| nt count er s NUMBER _OF_ LI NES] ;
i nt | ow, /1 1ower bound for printout
| nt out _of range = 0;// nunber of 1tens out of bounds
| nt max_count = 0;// biggest counter
fl oat scal e; /] scale for outputting dots
| nt | ndex; /1l index into the data

menset (counters, '\0', sizeof(counters));
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hist.cpp (continued)

for (index = 0; index < data_itens; ++index) {
int data;// data for this point

data = data_array[i ndex];

I f ((data < LOWBOUND) || (data > H GH BOUND))
++out _of range;

el se {
[/ index into counters array
| nt count i ndex;

count i ndex =
int (float(data - LOWBOUND) / FACTOR);

++count er s[ count _i ndex] ;
| f (counters[count index] > max_count)
max_count = counters[count i ndex];

}
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hist.cpp (continued)

scale = float(max_count) / float(WDTH);
| ow = LOW BOUND;
for (index = 0; i1ndex < NUMBER OF LINES; ++i ndex) {

/[l 1ndex for outputting the dots
I nt char i ndex;

I nt nunber of dots; [l nunber of * to out put
std::cout << setw(2) << index << ' ' <<
setW3) << low << "-" <<

setw(3) << low + FACTOR -1 << " (" <<
setw4) << counters[index] << "): ";

nunber of dots = int(float(counters[index]) / scale);
for (char _index = 0; char_index < nunber_ of dots;
++char _i ndex)
std::cout << '*';
std::cout << '\n';
| ow += FACTOR;
}

std::cout << out_of range << " itens out of range\n";

}
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