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Nested Structures In C

Nesting one kind of structure inside another structure is a useful
technique In many situations. Often hierarchies of structures
are developed to more accurately reflect the real-world situation
that i1s being modeled or represented by the application
program.

Consider the following two structure definitions:

struct personName {
char firstName [MAXLENGTH];
char middleName [MAXLENGTH] ;
char lastName [MAXLENGTH];

by

struct ucfStudent {
struct personName studentName;
double gpa;
int creditHours;

}studentl;

#
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nested structures example 1.c l nested structures example 2.c ]
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stroct personflame {
char firstHame [MAXTL.ENGETH] -
char middleName [MAXTENGTH] :
char lastHame [MAXTLEMNGTH] »

stract ucfStudent {
=troct perzonilame studentame:
float ooar

i

rEcudentl =

int

i

nt credicHours:

maini()

stroct uctfStudent students:

printf{({"Entexr
scanf("E=",

scanf ("Es=",

student "=
E=student? .. studentName . firstHame) -
student'"s middle
E=ztudent? . studentiName .middlellame) ;

fi

printf(""nEnter =student's

scanf ("E=",

printf ("“nEnter =student's

scanft ("ELt"™,

princf ("\nEnter
scanf ("Fd4d"™,

r=t

ame

la=t

gpa: ")

E=tudentZ . .gpoa) -
student "=
E=ztudent? .. creditcHour=s) -

nuambe

This version of the program uses
normal structure variables with no
pointers to the structure. Thus all
referencing of the members is

done with the dot operator.

[Lanne o

[Lanne o

of creditc

“:l.:

“:l:-

“:l:-

E=ztudent? . studentName . LlastHNam=) ;

Dours .

“:l:-
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[p— —_————— -—- —— i —

33
34 printf ("\n\n");

35 printf ("Information for student 1\n");

36 printf("---———— - Y\n") ;

37 printf("Name: %3 %3 %3'\n", studentl.studentMame.firstName,

38 studentl.studentHame .middlelame, studentl.studentlame.lastHame);
39 printf ("GPL: %4.2f\n", studentl.gpa):

46 printf ("Credit Hours: %d\n", studentl.creditHours);

41 printf ("\n\n");

42

43 printf ("Informetion for student 2\n");

44 printf("--——————— \n") ;

45 printf ("Name: %3 %3 %3\n", student?.studentName.firstName,

46 student?.=studentName.middleName, =tudent?.sztudentName.lastName):
47 printf ("GPA: %4.2f\n", studentZ.gpa);

48 printf ("Credit Hours: %d\n", student2.creditHours);

49

LA printf ("\n\n");

L1 gystem|"PRUSE") ;

L2 return 0;

%3 }//end main functien

L4
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nter student’s first name: Maria “

nter student's middle name: Jenne
nter student’s last name: Lopes
nter student’s gpa: 3.99

nter student’s number of credit houwrs: 97

Information for student 1
Hame: Kristi Marie Albasini
GPA: 3.798

Credit Hours: 115

Information for student 2

Hame: Maria Jenne Lope=
GPA: 3.99
Credit Houwrs: 27

Pressz any key to continue . . . _
-
,H

1
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Nested Structures In C

Nesting one kind of structure inside another structure is a useful
technique In many situations. Often hierarchies of structures
are developed to more accurately reflect the real-world situation
that i1s being modeled or represented by the application
program.

Consider the following two structure definitions:

struct personName ({
char firstName [MAXLENGTH];
char middleName [MAXLENGTH] ;
char lastName [MAXLENGTH] ;

by

struct ucfStudent {
struct personName studentName;
double gpa;
int creditHours;

}studentl, *ptrToStudent;

#
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Nested Structures In C

To access the members of a nested structure requires two
applications of the dot operator (or the pointer structure
operator if dealing with a pointer to a structure.

To access the last name of studentl would require the
following expression:

studentl.studentName.lastName

If we have made the assignment:
ptrToStudent = &studentl

then to access the last name of the student referenced by the
pointer ptrToStudent would require the following
expression:

ptrToStudent->studentName. lastName

#
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rnested structures example 2.c l

1 //Structures In © - Part 2 - nested structurss sxampls =

2 /JAApril 16, 2009 Written by Mazark Lli=swvesllvn

3|

;‘ i;;;ijjem‘j;’_jﬁi;j}lj This version of the program uses both

6 normal structure variables

; Stmcst P:?Sﬂnﬂme EMLEHGTH (studentl, student2, and
ar firstHames : c

? char middleHa_mF[_- [I-L!':!.:{LEHGTI!l] : Student3) and a pomter to the

18 char lastName [MAXLENGTH] : structure (ptrToStudent).

E b Referencing of the members is done

13 struct uwcEStudent { with a mix qf the dot operator and the

14 struoct personMame studentHame: structure pOInter operator.

15 float ogpa:

16 int creditHours=:;

17 } =tudentl = {"Hriszti","Marie", "Alkhaga=sini™, 3.28, 115%}:

i8

19 int main()

28 {

21 struoct ucfStudent student2, student3;

22 stroct ucfStudent *ptrToStudent:

23

24 printf ("Enter student's first name: ") ;

25 scanf ("E=", &=student?.=studentHame.firscHame) ;

26 printf ("WnEnter student's middle mame: ") ;

2% scanf ("E=", &student?.studentHame .middleName) ;

28 printf ("W"nEnter student's last name: ") ;

29 scanf ("%=", &student2.studentllame.lastlames) ;

2 printf (""nEnter =student's gpa: ") :

31 scanft (":£f", &student?.gpa)

32 printf (" nEnter =student's number of credit hour=: ™):
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nezted structurez example 2.c

23 gcanf (":d4d", &=tudent?.creditHoursa) :

34 printf ("\n'\n"}) ;

35

36 SAset pErTaStudent to point to address of student? :

37 ptrToStudent = &ztudent3; Note mix of
38 printf ("Enter student's first name: ") ; —_ rekﬁendng
37 scénf("%;", EptITDStudent—}gtugentHame.firstHame]: OQGT&KHS
4@ printf (""nEnter =student's middle name: ") ; x///

41 scanf ("%=s", aptrToStudent-rstudentMName.middlelName) ;>—

42 printf (""nEnter student's last name: ") ;

43 scanf ("%=2", &E&ptrToStudent-»studentlame.lastlame) :

44 printf ("\nEnter student's gpa: ") ;| i

45 scanft ("ELf", &ptrToStudent->gpal :

46 printf (""nEnter =student's number of credit hours: ")

477 gcanf (":d4d", sptrToStudent-rcreditHours) !

48

49 printf ("\n\n") :

58 printf ("Information for student n")

51 printf (" ——— W™y

52 printf ("MHame: %= %= ETs'wn", studentl.studentHame.firstHame,

53 studentl .. =studentilame . middleMNamse, =tudentl.=studentHame.lastlame) ;
54 printf ("GPL: %4.2f n", =tudentl.gpa):

55 printf ("Credit Hours: dwn", studentl.creditcHours):

56 printf ("Y\on\n") ;

57

58 printf ("Information for =student Z2W\n™) !

59 printf("---—-———H—"—-"-"-""-——--"—————————— W™y o

6A printf ("MHame: %= %= ET=wn", student?.studentHName.firstHame,

61 student?Z .. =s=tudentillame . middleMNamse, =student?.=studentMHame.lastkame) 7
b2 printf ("GPL: %4.2f n", =tudentZ.gpa):

63

R R L AT

—

printf ("Credit Hours: d4dWwn", student?.creditHours) :
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b5

bb printf{"Information for student 3\n");

¥, printf("---mmmm e Yn");

68 printf("Name: %3 %3 %3\n", ptrloStudent->3tudentName.firatName,

69 ptrloStudent->atudentName.middleName, ptrToStudent->studentName.lastName);

78 printf ("GPA: %4.2f\n", ptrToStudent->gpa);
iyl printf("Credit Hours: %d\n", ptrToStudent-rcreditHours);

72

73 printf({™\n\n"); |

74 system("PLUSE"); Note mix of

ot return 0: referencing
operators

?E }. |:|-\.-r. 11---"\.- £ -\.-n—-lr.'\.-
b o e dhd ke

7|
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&@H C:\Courses\COP 3223 - C Programming\Spring 2000\COP 3223 Program Files\Structures In C - Part .. (o=l (= |

nter student’s first name: Maria "

nter student’s middle name: Jenne
nter student’'s last name: Lopez=
nter student’'s gpa: 3.99

nter student’s number of credit hours: 97

nter student’'s first name: Debi
nter student’'s middle name: Lynne
nter student’s last name: Shorter
nter student’'s gpa: 3.7

nter student’s number of credit hours: 89

Information for student 1

ame = Kristi Marie Albasini
PA: 3.98
redit Hours: 115

Information for student 2

ame:= Maria Jenne Lopes
PA: 3.99
redit Houwrs: 27

Information for student 3

ame:= Debi Lynne Shorter
Pa: 3.°77
redit Hours: 87

ress any key to continue . . .
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Nested Structures In C

In addition to more realistic modeling capabilities provided by
nesting structures, another reason to nest structures is to treat
some data as units of data to simplify parameter passing to
functions.

For example, if we wanted to represent a student’s name as
consisting of a first, middle, and last name and we did not have the
person name structure, we would have needed to include 2
additional members in the ucfStudent structure. Thus, it

would resemble the following:

struct ucfStudent {
char firstName [MAXLENGTH] ;
char middleName [MAXLENGTH] ;
char lastName [MAXLENGTH];
double gpa;
int creditHours;

}studentl;

#
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Nested Structures In C

If we wanted to construct a function that just printed the name
members for a given student, the function would require three

parameters.
The function prototype might look like:

void printName (struct ucfStudent.fName [MAX],
struct ucfStudent.mName [MAX],
struct uctfStudent.lName [MAX]) ;

The function call might look like:

printName (studentl.firstName,
studentl.middleName,
studentl.lastName) ;

#
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Nested Structures In C

Whereas, with our nested structure definition, the function
would require just a single parameter and might look like the
following:

The function prototype might look like:
vold printName (struct personName name) ;
The function call might look like:

printName (studentl.studentName) ;

The small sample program on the next page illustrates this
technique.

#
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nested structurez example 3.c

2 //April 18, 20089 Fritten byv: Mark Llewesellvn
3

4 #include <stdio.h>

L #define MAXLEWNGTH 10

[

Y s=truoct personllame {

L] char firstlName [MAXT.ENGTH]

7 char middleName [MAXT.EMNGETH] -

14 char lastHame [MLAXLEMGETH] :

11 }:

12

13 stroct ucfStudent {

14 stroct personMame studentHame ;

15 float gpa:

16 int creditHours=s:;

17 ¥ studentl = {"Eristci","Marie"™, "Albasini"™, 3.93, 115}:
18

1? void printiame (stroct personiflame name)

28 {

21 printf ("Hame: %= %= %='n", name.firstMame, name.middleName, name.lastMame) :
22 retorn;

23 }/Jend printNams function

24

25 int main()

26 {

27 printf ("\n'\n™) ;

28 printf ("Information for =student 1\n"):

29 printf("--—————--— - — —— W™}

34 printHame (studentl.studentHame) ;

31 printcf ("GPFL: %4.Z2fwn", studentl.gpa):

32 printf ("Credit Hours: %2d4dwn", =tudentl.creditHours) :
33
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@ C\Courses\COP 3223 - C Programming\Spring 20091CC.. l o | |ﬂ

Information for student 1

ame: Kristi Marie Albasini
PA: 3.98
redit Hours: 115

ress any key to continue . . .
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Arrays Of Structures

An extremely common and useful technique Is to construct
arrays of structures. That is to say, the elements of the array are
structures rather than primitive data types like integers or
characters.

Arrays of structures can be used to simulate a simple database.

For example, if we wanted to construct a database containing
Information about students at UCF using our ucfStudent

structure we could simply use an array containing 50,000 of
these structures such as:

struct uctfStudent studentDB[50000];

Let’s build such a structure, but let’s assume there are only 10
students instead of 50000+!

’
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[¥] arrapz of nested structures - a databasze example.c

[y

18
11
12
13
14
15
16
17?
18
12
28
21
22
23
24
25
26

(00 =] O N W W D

- - =
rt 2 - array of

$¥include <stdio.h>

$#define MAXLENGTH 15
$#define EMATLSIZE 30
$#define NUMBERCOFSTUDENTS 10

gstruct personName {
char firstNHame [MAXLENGTH]
char middleName [MAXLENGTH]:
char lastName [MAXLENGTH]:
}:

struoct ucfStudent {
gstruct personName =studentName:
char email [EMAILSIZE]:
float gpa:
int creditHours;
}:

typedef struct ucfStudent Student;

-~ 77 =y = A
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[F] arrapz of nested shructures - a databaze example. c

27 void printStudentInfo(Student localStudent)

28 {

29 printf ("Name: %= %=z %=z'\n", localStudent.studentMame.firstName,

3A localStudent. studentHame . middleName,

31 localStudent. studentHame . lastlames) ;

32 printf ("GPL: %4.Z2f\n", localStudent.gpa):

33 printf ("Credit Hours: %d\n", localStudent.creditHours):

34 printf ("Email: %=‘\n\n'n", localStudent.email):

35 return:

36 }//end printStudentInfo fucntion

37

38 int main()

37 {

48 int i; //loop control

41 Student studentDB [NUMBERCFSTUDENTS] =

42 {

43 {"Eristi™, "Marie", "Albasini", "kma@phycics.ucf.edu"™, 3.88, 115},
44 {"Maria"™, "Jenne", "Lopez", "mariafgmail.com"™, 3.99, 97},

45 {"Debi"™, "Lynne", "Shorter", "shorterdeb@fharris.com™, 3.77, 89},
46 {"Hayden™, "Les=slie™, "Panettiere™, "=savethecheerleader.com™, 3.8595, 24},
47 {"Eva"™, "Rose", "Mendes", "lagirl@fgoogle.com", T8, 1103},

48 {"Eristi™, "Anne"™, "Campbell"™, "brazilian@omail.com™, 3.93, 45},
49 {"Eeri"™, "Elizabeth", "Ronson", "imkerifyahoo.com"™, 2.3%9, 20},

LA {"Laura"™, "Suzanne", "Daly", "laurab@fvahoo.com", 3.65, 44},

3 {"Li=sa"™, "Brianne", "Fernandez", "l1bf@gmail.com", 3.86, &5},

L2 {"Heidi"™, "Allison"™, "Tommasini"™, "heidifcs.unlv.edua™, 3.%5, 118}
L3 }:
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| Information for student B8

ame: Kristi Marie Albasini
PAa: 3.98

redit Howr=s: 115

mail: kmalphycics.ucf .edu

Information for student 1

Mame: Maria Jenne Lopez=
GPAa: 3.99

Credit Houwrs: 27

Email: marialBgmail.com

Information for student 2

Mame: Debhi Lynne Shorter
GPA: 3.77

Credit Hour=s:- 89

[Email: shorterdeblfharris.com

Information for student 3

Hame: Hayden Leslie Panettiere
GPA: 3_.95%

Credit Houwr=s: 24

[Email: savethecheerleader.com

Information for student <4

Mame: Eva Rosze Mendes
GPA: 3.78

Credit Hour=s: 118

Email: lagirlf@google.com

Information for student 5

Mame: Krizti Anne Campbell
GPA: 3.99

Credit Hours: 45

Fmail: brazilian@gmail.com

-

% - -

-

B Ch\Coursesh\COP 3223 - C Pregrammingh\Spring 2000,C0OP 3223 Prog... |

Information for student 6

ame:- HKeri Elizabeth Ronson
PA:z 2.99

redit Hours: 28

mail: imkerif@yahoo.com

Information for student 7

ame = Laura Su=zanne Daly
PA: 3.65

redit Hours: <44

mail: laurabhPyahoo.com

Information for student 8

ame:- Lisa Brianne Fernandez
PhA: 3.86

redit Hours: 65

mail: 1bfE@gmail.com

Information for student 7

[ maaZX[ 0 HOBZX[ 0 EONZ |

ame:= Heidi Allison Tommasini
PA:z 3.99

redit Hours: 118

mail: heidifcs.unluv.edn

ress any key to continue . .

<
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Practice Problems

1. Rewrite the program on page 3 so that only
pointers to structures, iIncluding the nested
structure, are used to access the members of the

structure.

2. Rewrite the student database program that
begins on page 14 so that the data to be entered
Into the array (i.e., the database) Is read from a
file rather than via the initializers.
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