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/* Dynamic memory allocation (DMA) example of an Airplane structure.
It shows a lot of ways to work with structs, arrays, addresses, and
pointers.

Here is the output from the program:

sizeof{struct Airplane) = 88

Using a polinter: Flight 181 goes from Vancouver to Calgary
Not using a pointer: Flight 101 goes from Vancouver to Calgary

Using a pointer: Flight 201 goes from Vancouver to Edmonton
Not using a pointer: Flight 201 goes from Vancouver to Edmonton

Using a pointer: Flight 202 goes from Vancouver to Winnipeg
Not using a pointer: Flight 2082 goes from Vancouver to Winnipeg

Using a pointer: Flight 381 goes from Montreal to Toronto N
Not using a pointer: flight 381 goes from Montreal ‘to Toronto j>
Using a polnter: Flight 401 goes from Toronto te Vancotver

Mot using a pointer: Flight 4@1 goes from Toronto to Vancouver

Using a pointer: Flight 42 goes from Toronto to San Francisce
Not using a pointer: Flight 402 goes from Toronto to San Francisce

Using a pointer: Flight 483 goes from Toronto to Los Angeles
Not using a pointer: Flight 4083 goes from Toronto to Los Angeles ;

e o

Using a pointer: Flight 503 goes from New York to Calgary
Not using a pointer: Flight 583 goes from New York to Calgary

Using a pointer: Flight 5e4 goes from Calgary to“Fort McMurray
Not using a pointer: Flight 54 goes from Calgary to Fort McMurray
Prass any key to continue .

*/

#include <stdio.h>
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#include <stdlib.h> A _& P
#include <string.h> F S AN Lo %i&i\ k.

ﬁ.s; . N & T ; h: N
#define MAX_CITY_LENGTH 32 A giﬁf - i ,,ﬂm%(jmf Juweap £ !mﬁim i
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/* Define an Airplane data type. It holds an Alrplane struct (record) of
related information about one plane. */
struct Airplane {

int flight_number;
char sourceMAX_CITY_LENGTH]; /¥ array of characters */
char destination[MAX_CITY_LENGTH}; /* probably better to use DMA */

1

/* Function prototypes */
void print_airplane{struct Airplane plane); /* copy the struct */
void print_airplane PTR(struct Airplane * plane); /* use a pointer instead
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int main{void)

i

!
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¢ /% AC = Air Canada; WJ = Westlet */ W i J h G e |

! struct Airplane AC; /* allocate one plane */ i oA |

2. struct Airplane wifiel; /¥ allocate an array of 18 planes */ h t;: W €4 g7 gf' ae'? f |

;;“ struct Airplane *  dynamic_AC; /* point to one (or more) planes */ |

3"1“’ struct Airplane *  dynamic_AC2; /* point to one (or more) planes */ U\v;( aC It |

struct Airplane *  dynamic_W3[1e]; /* allocate an array of 18 POINTERS; ’
E;‘n EACH pointer will point to é

one {or more) planes */ fi\ x?{’ ..... £, {"«

struct Airplane *  temp show_me[10];

printf("sizeof(struct Airplane) = %d\n", sizeof(struct Airplane)};

! ]
: E’yc?ﬁ\{)\{/* Example 1: A stand-alone, statically (automatically), allocated recerd. */

AC.flight_number = 181; 35\(—'
strepy(AC.source, “Vancouver"}; /* strcpy_s would be more secure */ k ‘
) strepy(AC.destination, "Calgary™); ‘@ .. ) PIUNE N T
f}k Q print_airplane_PTR(&AC); /* pass an address {pointer) across */ ied E\ifﬁf%@“k’f"if {wi“i‘:\% b Y o
print_airplane(AC); /* copy the whole struct across */
/% Example 2: A statically (automatically) allocated array. Vo g . oy
o, We'll use 2 of the 18 structs in the array. #¥/ i s . :
(g}} /* Example 2a: We'll use the familiar, APSC 160 way [ 3. * . 5 7 "
~ WI[5].flight_number = 201; { :

W
.
o,
i

e

gm«ﬁ* S T SR G
“J 3
Y

strcpy(WI[5].destination, "Edmonton");
print_airplane PTR{&WI[5]}; /* pass an address/pointer */
print_airplane{Wi[5]); /* pass the whole element (a struct) *

y 1 strcpy(W1[5].source, "Vancouver");
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/* Example 2b; We'll use another popular way, using pointer arithmetic.
{(*{(W3 + 6)).flight_number = 2@2; /* same as WI[6] */ E

J( -{V strepy{ (¥*(WJ + 6)).source, "Vancouver™};
{wi 3 strepy( (W3 + 6)->destination, “Winnipeg"); /* also works */
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print_airplane PTR( WJ + 6 }; /* pass an address */
print_airplane( *{Wl + 6) ); /* pass the whole element */
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| /* Example 3: Dynamically allocate exactly one plane. */ i
o dynamic_AC = (struct Airplane *) malloc{ 1 * sizeof(struct Airplane) );
- dynamic AC->flight number = 381; — _ .
strcpy{dynamic_AC->source, "Montreal”}; {,‘ixj plogne s 0 }% {
{‘ strepy(dynamic_AC->destination, "Toronto"}; -
uﬁ“‘“?"i* print_airplane_PTR(dynamic_AC); /* pass an address ¥/ A
. _{Mw print_airplane(*dynamic_AC); /* pass the actual struct */
- . £ o™ 8 7
: B S % ‘\a} { g"\/é%f{éw}f{i 4‘\,& g 4};"{}3{(/5: i
: /¥ Example 4: Dynamlcally allocate more than one plane, but still use
: @ only one pointer. */
dynamic_AC2 = (struct Airplane *) malloc({ 3 * sizeof(struct Airplane) );

& . dynamic_AC2[0],Tlight_number = 401;
MG WE /7 Above line is same as:  (*(dynamic_AC2 + @)).flight_number = 401; */
strepy(dynamic_AC2[@].source, "Tor'onto"),

[i\ Z_, strepy{dynamic_AC2[@].destination, "Vancouver"); {Llﬁ ”ki?lfﬁé& Ai«(ﬁ
print_airplane_PTR{&dynamic_AC2[@]}; /* pass an address */ -
print_airplane{dynamic_AC2[0]); /* pass the struct */ X L
dynamic_AC2[1].flight_number = 402; /
strepy(dynamic_AC2[1}.source, "Toronto"); / . g
strepy(dynamic_AC2[1}.destination, “San Francisco"); . - B &j/{_'jj’*wﬁ?(wij V@ﬁ (ol

print_airplane PTR(&dynamic_AC2[1]);
print_airplane(dynamic_AC2[1]};
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dynamic_AC2[2].flight_number = 403;
strepy(dynamic_AC2[2].source, "Toronto™};
strepy{dynamic_AC2[2].destination, "Los Angeles");
print_airplane_PTR{&dynamic_AC2[2]};
print_airplane(dynamic_AC2[2]};

/* The following dynamic AC2 code, if uncommented, would likely crash the

program. Why?
Uncomment that set of lines, and set a breakpoint on the ™ = 44" line
below to see what the variables leook 1like in memory. Expand the

memory locations in the debugger, and click on "Step Over”.
Note that temp_show_me[] is simply used to help visualize memory

(if dynamic_AC2 doesn't show enocugh information)
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temp_show_me[@] = &dynamic_AC2[0]; '“QfWk(
temp_show_meil] = &dynamic_AC2[1]; L%¢“1
temp_show me{2l = &dynamic_AC2[2]; {

?%%
r* 3

dynamic_AC2[3].flight_number = 4@4;
strepy (dynamic_AC2[3].source, "Toronto");
strepy (dynamic_AC2[3].destination, "Honolulu"};
print_airplane_PTR{&dynamic_AC2[3]};
print_airplane(dynamic_AC2{3]);

/¥ Example 5:

’%BL \.m IZ: 4 C“i{

Use an array of pointers to airplane
EACH pointer can point to zero, one,
airplane structs. By "more", I mean
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structs. . e
or more dynamically allocated

an array of structs. */
&yﬂRM4LWMVJ

dynamlc_wj[e] =
dynamic_W3[1] =
dynamic_W3[77 =
dynamic_W3[81 =
dynamic_W1[9} =

NULL;
NULL;
(struct Airplane *) malloc{ 5 * sizeof

/* zero planes */

i

struct Adrplane) );

(struct Airplane *) malloc( 1 * sizeof(struct Airplane) .);
(struct Airplane *) malloc( 180 * sizeof(struct Airplane) );

/* tet's populate the 5th plane in the 5-element arr
dynamic_W3{7].
P.S.

dynamic_W3I[73{3].flight_number = 583;

Normally, you'd check the return code following the malloc call.

ay pointed to by

strcpy(dynamic_WI[7][3}.s0urce, "New York"); {xjg e o
strepy(dynamic_W3{7]1[3}.destination, "Calgary™); : ; »
print_airplane PTR(&dynamic_WI[7][3]); /* pass the address */ {@ j 7 »
print_airplane(dynamic_WI[7][3]}; /* pass the struct */ - !
| fel |7 | 7 7
/* Useful if setting a breakpoint below (say on the “='584" line). e -
Then, use the debugger’s "Step Over™ button to see the changes as they 503 fugm@ ¥¢¢ %‘ (Aiiﬁa@f?
happen, in the (expanded) temp_show_me[] variable and the E,-j ey { { T
dynamic_W] variable, */ % - XFg ElGhyy (B f§§

temp_show_me[@]
temp_show_me[1]

i

&dynamic_W3[7][e];
&dynamic_W3[7][1];

temp_show_mef2] = &dynamic_W3[7][2]; ggl J
temp_show_mel3] = &dynamic_WI[7][3]; TN 5 3 E ]
temp_show_me(4] = &dynamic_wWI[7][4]; i ; | [
dynamic_WI[7]1[4].Flight_number = 5pa; P [
strepy(dynamic_WI[7][4].source, “Calgary"); v
strepy(dynamic_W1[7][4] .destination, "Fort McMurray"); o . - -
print_airplane PTR{&dynamic_W3[7][4]); /* pass the address */ Lﬁﬁ} : ! v
print_airplane{dynamic_W1[7][41); /* pass the struct */ o o - =

Ll ; ¢ ¢

ey » = =

/¥ It's a good idea to free the memory when you're done with it, * Q.} R . {
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/* LI */

system("pause”);

return 8;
}
/* This function prints the airplane's info using call by value, M%fE e
but without using a pointer in the parameter list. Thus, we T v {'tw'lib{\
copy the whole struct into the function. */ : . 'i
¥01d print_airplane{struct Airplane plane) %ff €§%31:~j 3 {&bikfﬁfﬁ
printf{"Not using a pointer: Flight %#d ", plane.flight_number); = h%(: R
/* The following line also works: ‘ #/ o S. e b
/¥ printf("Not using a pointer: Flight %d ", {(&plane)->flight_number}; */
printf("goes from %s to %s\n", plane.source, plane.destination);
}

/* This function prints an airplane’s info, using a pointer in the
parameter list. Thus, the airplane's struct isn't copied; only its
address is passed to the function, Informally, we sometimes refer to
this as "call by reference", but technically it's “call by value” using

pointers. */ - X Mt: :

void print_airplane_PTR(struct Airplane * plane) “%z WA AT s A

{ ) ’ - >
printf("\n"); ¥£: o gﬁ ¢§jxj'95(ﬁs
printf("Using a polnter: Flight %d ", plane->flight number); v
/# printf("Flight %d ", (*plane).flight_number}; */ /* also works */ . ;{:-,ﬁ -
printf("goes from %s to #%s\n", plane->source, plane->destination); i, gﬁw;;ﬁfa . e

} .




