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Comparison

Single Source File Programs
Programs where al the code is contained within 1 file.
L arge programs results in problems.

Disadvantages
Very long compile time
Errors requires recompilation of entire program
Difficult to edit

Multi-File Programs
Code for aprogram is stored in several source files.

Advantages
Decreases re-compile time for errors.

2

T Modification of codein one file does NOT require compilation

of other files, (exception: if function interfaces have changed).

Programs can be broken into smaller, smpler subsystems.
Separate compilation helps support structured methods and

modular decomposition for developing large systems.
Allows languages to be used in conjunction with other
programming languages.
Eases testing in large systems.
Allows access to system functions, code libraries and
packages.

@ Facilitates code reusability.
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Compilation Files

Separate Compilation Steps
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Object files contain

machine code but not
in executable form.

Step 1
source files compiled 5 [=5
: : =
to object files s
=H
Step 2 =
objectsfiles a.cop
linked to form d /c acpp
executable =
image #=
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cl /c c.pp

A change in one
module (requires
only 1 recompile:

cl /c a.cpp

Followed by relinking:
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d.obj

Object files contain
references (calls) to
external functions that
must be resolved.

Linker programs (Win:
LINK, UNIX: In), are
commonly invoked by
(C/C++) compilers:
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cl /c d.cpp

Changing header files
requires recompiling all
files dependent upon
the header files.

cl /fefilea.cpp b.cpp
c.cpp d.cpp

cl /Fefilea.obj b.obj
c.obj d.obj

cl
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invokes MS C++ compiler

.Cpp equivalentto .c
.0bj

equivalentto .o
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Module Structure
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C++ Module Components

Two Files:

=

T Interface File: (header file .h) contains public declarations of
=

all articles that are accessible (visible) and usable by external
ah  modulesthat include the interfacefile.

T Articlesconsist of constants, typedefs, enum types,

class/struct declarations and function prototypes (only parameter
types need to be specified, parameter names included are ignored
by the compiler).

=
=
acpp T Implementation File: (codefile.c or .cpp) contains private
declarations and definitions of all articles that are inaccessible
(invisible) and NOT usable by external modules that include the
interface file.

T Thefull declarations of the function protypes given in the
header file are specified.

T Articles declared in the implementation file that are NOT
declared in the interface file are considered local/internal to the
module and can only be accessed by the module' s code NOT by

external code.
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Security Issues 5

Traditional C Function Declarations
Parameter type lists cannot be included in Fn declarations

int fn( );

ANSI C compilers will accept traditional C Fn declarations.
Compiler does NOT know the types of the parameters.
Compiler cannot perform type checking on the arguments.

Compiler cannot perform coercion/conversion/promoting
between parameters & arguments.

| ongint = fn(longint);

T above cal will yield incorrect results 0

Mixing Traditional C & C++ Function Declarations
Prototypes are required in C++

In defining functions and their prototypes, using void in the
parameter typeslistsis optional:

voi d fn();, «=» voi d fn( void );

voi d isNOT akeyword in traditional C

int fn();

The above declaration specifies that fn accepts an unknown
number of arguments.

Intro Data Structures & SE



Security Issues (continued) Comyaton

Traditional C Function Invocation Declarations

Function calls prior to fn definitions results in default
declarations.

Example:
fn(x); /* encountered before fn declaration */
Assumed default declaration:

int fn();

Parameter list attributes are unknown.

No type checking or coercion/conversion can be performed.

Traditional C Function Definitions & Invocation
Traditional C fn declaration/definition prior to invocation:

I nt fn(x);
| ong X
(===

Traditional “C” compilers still treat the parameter list
attributes as unknown.

Programmer has the responsibility for ensuring that the
correct number and type of arguments are passed.

C++ Function Prototypes

Compiler performs type checking of parameters &
arguments.

Intro Data Structures & SE
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Global Concerns

Declarations & Definitions
Declarations give only the attributes of identifiers (type).

Definitions give the attributes of identifiers and reserves
storage.

|dentifiers can only be defined once in a program, but may
be declared multiple times.

Definitions should NOT be placed in header files.

Externa Definitions
Definitions that occur outside all functionsin afile.
Scope extends to the end of thefile.

Cannot be accessed outside of file, unless declared as an
extern identifier in separately compiled files.

Array sizes must be given
in definitions but are
optional in declarations.

extern int Xx;
extern void fn(long);

Extern declarations are NOT definitions (no storageis
reserved, no initialization can be performed).

Global (separate compilation) Variables

extern declarations allow for common storage across
compilation units.

extern declarations are to avoided at all costs dueto the

same problems inherent in their use in single file programs.

Intro Data Structures & SE
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Header Inclusion Problem

Problem Statement

Separate files may use the same header file.

T Assume aprogrammer has stored system wide constantsin:
const.h

T Assume const.h isincluded in the modulea header file:
moduleah

T Assume moduleb includes modulea.h and const.h.

const.h header definitions would be duplicated in
moduleb.cpp after preprocessing

Solution: Conditional Compilation
Preprocessor directives:

8

#f #ifdef #ifndef #el i f #el se
#endif #undef  #define
Usage: const.h
#lfn(_jef CONSI_n CONST_His a
#define CONST_H preprocessor
type definitions, identifier not a
constants, etc... C/C++ identifier

#endif

Inclusion of const.h instructs the preprocessor to check if
CONST _H has been previously defined during
preprocessing. If it has not then it is defined and the const.h
declarations are copied into the source, otherwise no
inclusion occurs.

Intro Data Structures & SE
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Portability Compilation  °

def I ned Preprocessor Directive
defined < identifier >

Evaluatesto true if the identifer has been previously defined
In the preprocessing.

Platform Specific Compilation

#def i ne W N9x or #def i ne W NNT2K
#i f defined(WN9x ) Preprocessor
/1 W N9x specific code directives other
#el i f defi ned( W NNT2K) than those covered
/| W NNT2K specific code here are available.
#el se
#endi f
Debugging
Can be utilized to compile or skip diagnostic output
statements #define  DEBUG 1
Two Methods: #i f DEBUG. )
cout << “Debug:” << stringl << endl;
#endi f

#defi ne DEBUG
#i fdef DEBUG

cout << “Debug:” << stringl << endl;
#endi f

Intro Data Structures & SE



Module Scope
Lifetime
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Variables declared above all functionsin a sourcefile (file-
scoped) and inside of main() exist throughout the execution
(life) of the program — since main() drives all other

routines.

All other variables declared inside of functions exist only for
the lifetime (execution) of the function (automatic) —

excluding static (and extern).

Restricted Access
Given the diagram at the right:

The main program only needs to
call routinesin unit A, and does
not reguire any access to
routines, consts, or other
elements in unit B.

Unit A needs only to call the
routinesin unit B.

Nodwaﬁ
or indirect
usage

void main()

[/ mai n. cpp /'l unita.cpp

#include “nmain. h” #include “const.h”
# ncl ude “const. h” #i nclude “unita.h”
# nclude “unita. h” #include “unitb.h”

{
}

Intro Data Structures & SE

/'l unitb.cpp
#i ncl ude *“const.h”
#i ncl ude “unitb.h”
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Design Problem

Restricted Access
Problem: Specia graphical trace/debug routines need to
be executed at particular times during system execution.

T Traceflag is not needed for unitA or unitB.
T Complicates interfaces and exposes trace to possible or
accidental misuse.

main()
trace trace
/’/ trace \\
traceOn() e traceOff()
v
unita() unitb()
triV/ Nce
tracel nsert() traceDelete()
trace trace
/ ‘\ ‘\4
showl nsert() insert() delete() showDelete()

1 — Solution 1: Make Trace global. Simplifiesinterfaces but
does not solve scope problem.

1 - Solution 2: Hide trace in the private declarations of a
separately compiled module, limit access to module
functions.

Intro Data Structures & SE



Code Redesign

tracer.h
#i f ndef TRACER_H
#defi ne TRACER_H

void initTrace(void) ;
voi d traceOn(voi d)

void traceOf (void)

bool traceActive(void);

#endi f

tracer.cpp

#i ncl ude
bool trace;
void initTrace(void)

{ trace = fal se;

voi d traceOn(void)

{ trace = true;

void traceO f(void)

{ trace = fal se;

bool traceActive()

{ return trace;

Computer Science Dept Va Tech Aug., 2001

}

}

}

}
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Localized ‘global’
variable

trace can be accessed
and changed in any

function in tracer.cpp,
but NOT in any code
external to tracer.cpp

Achieves information
hiding/encapsulation
that a class
Implementation would

provide.

©1995-2001 Barnette ND, McQuain WD
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Redesign Solution 13

Tradeoff

Interface simplification achieved at increase of number of
system modules.

/ main()
tracel nit() / l l \
traceOn() unita() unitb() tr aceOff()
tracel nsert() traceDelete()
traceActive() traceActive()
" \4 / ?
/ \ traceActive() / \
showl nsert() insert() delete() showDelete()

Intro Data Structures & SE
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Example: Addresses

Reference

adapted from: “Programming and Problem Solving with
C++”, N. Dale, C. Weems & M. Headington, D.C. Heath,
©1996, 794-808.

Main

4
t o[t ]

someFile entry item st Ejies Lrilleend-
¢ | ¢ length length |
Open For Get Entry | nsert Write
Output Entries
item _
length list
index
found
T T SearchOrd
entry entry
Get Get Phone
Name Number - friends.cpp

. GetEntry.cpp

insert.cpp

Intro Data Structures & SE
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globas.h
#1 fndef GLOBALS H
#defi ne GLOBALS H
#i ncl ude <i ostreanp
#i ncl ude <i omani p> [l For setw()
#i ncl ude <fstreanp /[l For file I/O
#1 ncl ude <cctype> /'l For toupper()
usi ng nanmespace std;
const int MAX FRIENDS = 150; [/ Max nunber of friends
t ypedef char String8 ; /1 8 characters plus '"\0
t ypedef char Stringlbs ; /1 15 characters plus '\0
struct EntryType
{
Stringl5 firstNane;
Stringl5 | ast Name;
I nt ar eaCode; /'l Range 100..999
String8 phoneNunber;
I nt nont h; /! Range 1..12
I nt day; /'l Range 1..31
I nt year, /'l Range 1900.. 2100
b
voi d OpenFor Qutput ( of strean& );
void WiteEntries( const EntryType||, int, ofstrean& );
#endi f

globals.h does NOT correctly model

the structure chart program design.

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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friends.cpp

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

/'l Friends program

/'l This program creates an address book by reading

/[l first names, |ast nanmes, phone nunbers, and birth

/'l dates from standard input and witing an al phabeti cal
/1 listing to an output file

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

#i ncl ude /'l gl obal constants & types
#i ncl ude /| address book buil di ng
#i ncl ude /'l insert sort of address book
int main()
{
Ent ryType addr essBook ; /[l friends' recs
I nt length = 0; // Nunber entries addressBook
EntryType entry; /'l Current rec being read
char response,; /| Response char

of stream friendFile; // Qutput file entries
OpenFor Qut put (friendFil e);

if ( !'friendFile )
return 1;

I/

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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GetEntry.h

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

/'l Friends program
/[l GetEntry.h header file

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

#i fndef GetEntry_H
#define GetEntry_ H

#i ncl ude /'l For gl obal constants & types
void GetEntry( EntryType& );

voi d Get Nane( EntryType& );
voi d Get PhoneNunber( EntryType& );

#endi f Why does GetEntry.h incorrectly model
the design of the program structure chart?

GetEntry.cpp

#i ncl ude [/ For header file

// E R b S b R R S e b i b i b I S R Sk S b S S S R S Sk b b S R R N kS

void GetEntry( /* out */ EntryType& entry )
{
Get Nane(entry);
Get PhoneNunber (entry);
cout <<
<< << endl ;
cin >> entry.nonth >> entry.day >> entry. year;

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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Insert.h

// R R IR I b b b S b b b S b b S S b b i I b SR SR R S I S b S b b I b S S b b b S b S S b b R

/'l Friends program
/'l insert.h header file

// ER R I e b b S S R Sk S b b S b b S S S R R I Sk b S b S b AN S I S

#i f ndef | NSERT H Why does insert.h incorrectly model the
#define | NSERT_H design of the program structure chart?
#rnclude <string. h> . // For strcnp()
'#|nclude * |1 For gl obal constants & types
voi d fﬁgéFF('EhtryType , Int& EntryType );
void SearchOrd( EntryType |, EntryType, int,

int& bool&);

#endi f Should #i ncl udes be placed in the

“header.h” files or the “source.cpp” files?

Insert.cpp

// R R I b b b S b b S b b S b b b b S b7 b S R R AR R b i S b b b b b b i b b b S b b b S b b S I SRR

/'l Friends program
/1l insert.cpp file

-------------
.............
‘.- [

#I ncl ude /| For header file

LY [ 3d
L] us
----------------------

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

void Insert( /*inout*/ EntryType list||, // Changed Li st
/*inout*/ int& length, // List Length
[ *in*/ EntryType item ) // Insert Item
{

/Il Inserts iteminto its proper place in the sorted |i st
/1

}

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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/1 Array.h: a static array of Item vari abl es

Il

/'l This class provides an encapsul ation of a fixed size array.
Il

/'l The Itens are stored in ascending order; it is assunmed that
/1 the relational operators are provided for type Item

#i fndef ARRAY_H
#defi ne ARRAY_H

#i ncl ude <i ostreane
#i ncl ude <i omani p>
usi ng nanespace std;

#i ncl ude
const int SIZE = 1000:;

class Array {

private:
i nt Capacity; /'l max # of elenents list can hold
i nt Usage; /'l # of elenments currently in |ist
Item Li st 7 I/ the list

void ShiftTail Up(int Start); /'l inplementation exercise
void ShiftTail Dowmn(int Start); // inplenentation exercise

publ i c:
Array(ltemlInit = Iltem()); // Each cell stores copy of Init
int getCapacity() const; // retrieve Capacity
int getUsage() const; Il Usage
bool isFull() const; /1l ask if List is ful
bool isEnpty() const; Il or enpty
/1l insert newalue if not a duplicate
bool Insert(const |Item& newal ue);
bool DeleteAtlndex(int Idx); // delete elenent at index |dx
/1 find index of first occurrence of given val ue
int Locate(const Item& toFind) const;

ltem& Get (int Idx); /'l get reference to el enent at
/1l i ndex | dx
~Array(); /'l destroy Array object
1
#endi f

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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/1 Array C ass |nplenentation
Il
#i ncl ude

#1 ncl ude <cstdli b> /1 for NULL
#1 ncl ude <cassert>
usi ng nanespace std,

(EErrrrrr i rrrrrrrrrrrrrirrl il construct or

FHEEEEEEE i riririrrrill Array()
/[l Initializes list entries to the specified val ue.

Il

/'l Paraneters:

Il I nit value to be stored in each cel
Il
/'l Returns: none
Il
/'l Pre: Init has been initialized.
/'l Post: Array object has been constructed with List[]
/1l of di nmension SIZE, usage zero, and each
Il cell holding a copy of Init.
Il
/1l Calls: none
/1 Called by: none
Il
Array::Array(ltemlnit) {

Capacity = Sl ZE;

Usage = 0;

int 1dx;

for (ldx = 0; ldx < Capacity; |dx++)

Li st =1lnit;

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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FEEEEErrr i rrirrl insert functions

FEEEEEEErrrr bbb bbbt rri il Insert

/1 If newal ue does not occur in List[], inserts it in

/'l correct (ordered) position.

Il

/| Paraneters

/1 newval ue Item variable to be inserted.

Il

/'l Returns: true if insertion succeeded; false otherw se
Il

/'l Pre: newval ue has been initialized.

/'l Post: If List[] is full no changes are nade.

Il O herwi se, if newval ue does not occur in

/1l List[] it is inserted at the proper index
/1l and the Usage is adjusted accordingly.

Il

/1 Calls: Shi ft Tai | Up()

/1 Called by: none

Il

bool Array::Insert(const Item& newal ue) {

if (Usage == Capacity) return false; // array is full

int 1dx = O;
while ( (l1dx < Usage) && (newval ue > Li st ) ) {
| dx++;
}
if (newval ue == Li st ) return false; // already present

Shi ft Tai | Up(1dx);

Li st = newval ue;
Usage++;

return true;

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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Static Array Class Source.cpp

(Lt il il delete functions

FEEEEEEEE i i i rririiriiri il bDel eteAtl ndex
/'l Deletes elenment at specified index, if possible.

/1

/| Paraneters

/1 | dx i ndex of itemto be del eted

[/

/! Returns: true if deletion is carried out, false otherw se
[/

/'l Pre: 0 <= ldx < Usage

/'l Post: If Idx is not valid, no changes. O herw se,
/1 the Item variable at |1dx has been renpved.
[/

/] Calls: Shi ft Tai | Down()

/1 Called by: none

[/

bool Array::DeleteAtlndex(int Idx) {
if ( ldx <0 |] Idx >= Usage) return fal se;
Shi ft Tai | Down( | dx) ;

Usage- - ;
return true;

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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FEEEEEEEE i rrrrirriri

[T rrrrrrrrrrrry
/! Returns index of first

FEEEEETEErrr i rirrll retrieval

FELEErrrrrrrirriirrll Locate
occurrence of specified val ue

/1l in List.
Il
/'l Paraneters
/1l Value value to be located in List[]
Il
/'l Returns: If Value occcurs in List[], index of
/1l first occurrence; -1 otherw se.
Il
/'l Pre: Val ue has been initialized.
/'l Post: no changes.
Il
/1l Calls: none
/'l Called by: none
Il
int Array::Locate(const |Item& Val ue) const {

if (Usage == 0) return -1;

int 1dx = 0;

while (1dx < Usage) {

i f (List == Val ue)
return 1dx;
| dx++;
}
return -1;

functions

Computer Science Dept Va Tech Aug., 2001
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FHEEEEEEE i rr i rriririrl Get
/'l Returns reference to List[ldx].
Il
/| Paraneters
Il | dx i ndex of desired Itemvariable
Il
/'l Returns: If Idx is valid, reference to List[ldx];
Il -1 otherw se.
Il
/'l Pre: 0 <= Idx < SI ZE
/'l Post: no changes.
Il
/1l Calls: none
/1 Called by: none
Il

[tem& Array:: Get(int Idx) {
assert (ldx >= 0 && ldx < SIZE);

return List X

}

[Tl array property accessors

FEELEEEEE il getCapacity
/'l Returns Capacity (dinension) of List

Il

/'l Returns: nunber of elenents List[] can hold
Il

/'l Pre: none

/'l Post: no changes.

Il

/'l Calls: none

/1 Called by: none

Il

int Array::getCapacity() const {

return Capacity;

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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FHEEEEErr i riririrrrrilll getUsage
/'l Returns Usage (# cells used) of List

/1]

/|l Returns: nunber of List cells in use
/1]

[l Pre: none

/'l Post: no changes.

/]

/[l Calls: none

/1 Called by: none

/]

int Array::getUsage() const {

return Usage;

}

FLPLLLLrrrrrr i irrrrrrirllloi skul
/! Indicates whether List is full.

/1

[/ Returns: true if List is full; false otherw se
/1]

/1 Pre: none

/'l Post: no changes.

/1]

/] Calls: none

/1 Called by: none

/1]

bool Array::isFull () const {

return (Usage >= Capacity);

Computer Science Dept Va Tech Aug., 2001 Intro Data Structures & SE ©1995-2001 Barnette ND, McQuain WD
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FEELEEEEE il i senpty
/'l Indicates whether List is enpty.

Il

/'l Returns: true if List is enpty; false otherw se
Il

/'l Pre: none

/'l Post: no changes.

Il

/1l Calls: none

/1 Called by: none

Il

bool Array::isEnpty() const {

return (Usage == 0);
}

FEEEEEErr i rrrrrrriirll destructor

FEEEEEEEE i bbb ri i
[l Dumry destructor included for nodifiability.

/1

Array::~Array() {

}
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