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FOrra Lektionen

« Structs, pekare till structs, arrayer av structs
« Portaddressering med structar

* Funktionspekare

« Structar med funktionspekare
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Innehall

« Minnesrymder
« Stack, Static och Heap

« Unions
* Enums
« Dynamic Memory
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int a = 1;

return aj;

Stack Memory int 8() |

* Fixed size minnespool (e.g. 8SMB)

- Variabler i en funktion allokeras -
(normalt) har it €O ¢

« LIFOkO int ¢ = A() + B();

return c;

int main()
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int F(int i)

{
Stack Memory int a, b;
if(i==8) return 8;
Fixed size minnespool (e.g. 8MB) clec if(i==1) return 1;
 Variabler i en funktion allokeras else {
(normalt) har o = F(i - 1);
A b= F(i - 2);
L4 L”:O kO return a + b;
}
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int sum = @;

vold Af : {

Stack Memory e

Static Memory soid 80) {

« Allokeras nar programmet startar sum += 2;
* Globala variabler hamnar héar

" |+ Variabler med static qualifier et
hamnar har B();
«  Finns allokerat under programets /
livslangd {t main()

(s

orintf{"¥i\n", sum);
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#include <stdio.h>
#define NUM_IMAGES 18

typedef struct

Stack Memory {

int pixel[1@24][10824];
~ | Static Memory } tnoge;
» Allokeras nar programmet startar int main(int argc, char **argy)
* Globala variabler hamnar héar co
" |+ Variabler med static qualifier e TreaeiLmeE
hamnar har '{I;':u’:in‘t i=@; 1 < NUM_IMAGES; i++)
* Finns allokerat under programets For(int r=@; r<1024; r++){
livslangd P magealil pisellelle] -
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Ml nnes rym d| #include <stdio.h>

#define MUM_IMAGES 1@

typedef struct

StaCk Memory { int pixel[1@24][1024];

} Image;
Static Memory
b Image images[MNUM_IMAGES];
» Allokeras nar programmet startar ;
R Globala variabler hamnar har i"t main(int arge, char **argy)
d Varlabler med Statlc quallfler 'F:u’iint i=@; i < MUM_IMAGES; i++:]
. (
hamnar har for(int r=98; ’<1324; r+4+34
» Finns allokerat under programets For(int c=8; c<1024; cH+){
||VS|angd . i*r-:—.ges:i].:i>.5;:|*]::] = 9;
) ]
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#include <stdio.h>
#define MUM_IMAGES 1@

typedef struct

StaCk Memory { int pixel[l@24][1024];
Static Memory } tnoge;

* Allokeras nar programmet startar {t main(int argc, char **argy)
. | * Globala variabler hamnar har static Inoge images[NUM_TMAGES];
« Variabler med static qualifier
.. for(int i=@; i < NUM_IMAGES; i++)

hamnar har ¢

* Finns allokerat under programets *’D"'ii"t r=0; ’<1324i ":H{ g
. . or(int c=8; c<l@id; c+t)
Ilvslangd images[i].pixel[r][c] = @;

¥
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Stack Memory {t main()
Static Memory sigobject * big object = malloc(sizeof(Bigobject));
" |Heap Memory | free(big_objece);

* |, |* Restenavminnet © ’

« Kontrolleras av operativsystemet
» Allokeras dynamiskt med malloc
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Enums

#define MONSTER_TYPE_GOOD @&x@l typedef enum { Nice, Neutral, Evil } MonsterType;
#define MONSTER_TYPE_MEUTRAL @x@2
#define MONSTER_TYPE_EVIL @x@3

typedef struct

ty =f =tr
typedef struct MonsterType type;

} Monster;

Monster;
int attack(Monster * s Player * player)
int attack(Monster * monster, Player * player)
i if(monster->type == Nice) {
if (monster->type == MONSTER_TYPE_GODOD) { /! Do something nice
/ Do something nice 1

et

else if(monster-»type == MONSTER_TYPE_MEUTRAL) {

L

/ Do nothing

Lo g

=
et

else if(monster-s>type == MONSTER_TYPE_EVIL) { else if(monster->type == Evil) {
/ Do something nasty // Do something nasty
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Enums

| typedef enum { Nice, Neutral,

vil } MonsterType;

{

mong

if (monster->type

! Do =omathid
Do something

et

else if(monster-:»typq

/ Do nothing

Lo g

]

else if(monster-:typq

' M o

Do something

#define MOMSTER_TYPE_GOOD @xel
#define MONSTER_TYPE_NEUT typedef
#define MOMSTER_TYPE_EVI tyPECEf
typedef struct

P typedef

MansterTyp

(S

enum { Nice, Meutr

enum { Advanced, B

struct

m

I Monster;

if(monster->type
Do nothing

if({monster->type
' Do something na

1, Evil } MonsterType;

inner } PlayerType;

Beginner) { // Warning, but not error!
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Enums

I
#define MONSTER_TYPE_GOOD @x@l typedef enum { Nice, Meutral, Evil } MonsterType; yees
#define MONSTER TYPE NEU[ typedef enum { Ni{ typedef seginner } PlayerType:
#define MONSTER_TYPE_EVIL tyoedef enum { Ad
tar =F =tpr
typedef struct typedef struct
typedef struct
{ . {
int type; MonsterType type;
et e MonsterType tf _
Monster; . I Monster; .
I Monster; r)
int attack(Monster * mong . e e e e
{ int EttECk:l'-'C"St-E nt sttcckkl'C"Strr‘ MONSTEr, P_n_',-'r.:l" P_s'}':l"_]
if (monster->type ==
/ Do something r if(monster->ty if(monster->type == @) { // Not even a warning.
} ' Do som f// Do something nice
else if(monster-:»typq 1 }
[ Do nothing else if(monst else pe == 1) { Mot even a warning
} . Do notd
else if(monster-:typq }
/ Do something r . h
else if(monst else if(monster-»type == 2) | Not even a warning.
4 L =
Do som ' .
' { Do something nasty
} o g
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#define MOMSTER_TYPE_GOOD &xe|

#define MOMNSTER_TYPE_MEUT
#define MOMSTER_TYPE_EVI

typedef struct

if (monster->type == |

! Do =omathid
Do something

et

else if(monster-:»typq

/ Do nothing

Lo g

]

else if(monster-:typq

!/ Do something

©
©

typedef enum { INFO, ffi =8
WARNING, // = 1
ERROR, ff=2
FATAL ff =73

} LoglLevel;

Loglevel log verbosity = WARNING; // = 1

o— ey

void log(char * message, LoglLevel level)

evel »= log verb

nrintf("Log: ¥s\n", message);

int main()

1

og verbosity = ERROR;

log("Program started."”, INFO)

for(int counter=8; counter<188; counter++) {

log("Counter increased™, INFO);

if(counter > 58) log("Counter is pretty high.", WARNING);

!

=

if(counter ==

if(counter =

@) log("Counter is too high!", ERROR);

923 log("Explosion is imminent!", FATAL};

yees




CHALMERS

UNIVERSITY OF TECHNOLOGY

Unions

int main()

1

union { int an_integer; float a_fleat } wvalue;

alue.an_integer = 3;

printf({"Integer at @x%p = Fi\n", &value.an_integer, value.an_integer);
alue.a float = 123.8f;

printf("Float at @x%¥p = %f\n", &value.a float, value.a_ float);
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int main()

{

typedef struct {

union { -
unsigned int worde; n I O n S

unsigned int status;
i
union {
unsigned int wordl;
struct {
ned short reserved;
ned char ro

ned char rocketl;

ddd.wordl = @xAABB1234;

printf{"ROCKET1 = X%x, ROCKET2 = ¥x, RESERVED = XEx\n",
ddd.rocketl, ddd.rocket2, ddd.reserved);

ketl = @xCC;

printf{"wordl = ¥x\n", ddd.wordl);

Doomsday Device Port Specification

Offset 31302928272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0
0 STATUS

4 ROCKET1 | ROCKET2 reserved
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typedef enum { Fighter, Wizard } MonsterType;

typedef struct

: Unions

char * nam

m

H
MonsterType type; void PrintMonster(Monster * monster)
union { 1

struct :igh:EPSta:s { printf("Name: ¥s\n", monster->name);

int damage; ;witch(T:'ster->t3:ej
int

S
armour:

=)
ag

case Fighter:

b

Fighter\n™);

struct Wizardstats { printf("Weapon damage: ¥i\n™, monster->damage);
int mana_points; printf{"Armour: ¥i\n", monster-:armour);
int hat_size; break;

case Wizard:

float

printf("Wizardin");

printf({"Mana points: ¥i\n", monster-»mana_points);
¥ printf{"Hat Size: ¥i\n", monster->hat_si
} Monster; printf("staff Damage: ¥%f\n", monster-»staff damage);

break;
default:
printf{"Warning: Unknown monster type.'n");

¥

printf("\n");
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typedef enum { Fighter, Wizard } MonsterType;

typedef struct

: Unions

char * name;

MonsterType type; int main()

union { 1
hterStats { Monster monsters[] = 1

"Conan", .type = Fighter, .damage = 5, .armour = 2},

T
(=8

struct

int damage; ams=
—— "e £ wne = WA ward N Pl
i"t armour; 1 - Name CElI'ldEll 3 .t_-,_: = wWlZard, .ma d_pPo1nts = &,

13 Jhat size = 1808, .staff damage =
3 _ _ E

struct WizardStats { ¥ :
PrintMonster({&monsters[a]);

PrintMonster(&monsters[1]);

Staff Dama
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Dynamic Memory

int main()

{

while(1}
{

' Add a monster to the room
For each monster
Fight the monste
IT the monste ies, remove it from the roon
f th < @, player loses

¥

rintf({"Game Owver.'n™);




CHALMERS

UNIVERSITY OF TECHNOLOGY

Dynamic Memory

typedef struct _Monster

int main()

17zl Task Manager
File Options  View

Processes  Pedformance App history Startup  Users Details

Mame
~ Bl Windows Command Processor (3]

u=| SimpleProject.exe
Bl CAWINDOWS\SYSTEM32\cmd.exe
Bl Console Window Host

B=| System

1 Windows Explorer (2]

Fewer details

Services

69%

Status Memory
5,568.4 MB

5,561.1 MB
0.8 MB
6.4 MB

0.1 MB

58.1 MB

1%
Disk

0 MB/s
0 MB/s
0 MB/s
0 MB/s
0.1 MB/s

0%
Metweork
0 Mbps
0 Mbps
0 Mbps
0 Mbps
0 Mbps

0 Mbps

End task
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Dynamic Memory

int main()

1

Monster * first monster = @;
int health = 1@8;

int turn = @;

while(1)

q |c_r'fn:_m:“stfr = current_monster->next_monster;

ne room

- = Creat

If health < @, player

if(health < @) {

printf("You died!\n")};
break;

// If no monsters left in room, player wins
do /

Fight the monster printf("Turn #i: ¥i monsters, health = %i\n™, turn++, num_monsters, health);

»
current_monster-rhealth -= dice printf("Game Over.\n");



CHALMERS

UNIVERSITY OF TECHNOLOGY

Dynamic Memory

......

Monster * RemoveMonster(Monster * first_monster, Monster * d

1 do
printf("Killed a monster!\n"); r
— // Fight
if(first_monster =ad_ ster) { int dice
return first_ 5 current_|

/f If th
if(curr

while{current_monster->next_monster != dead_monster) current_monster

current_monster = current_monster->next_monster; else |
current mon health -= current_monster-»attack;

-»next_monster = dead_monster-»rnext_monster;
free(dead_monster);

) if(current_monster == @) break;
return current_monster; ( = ) 3

else current_monster = current_monster-:n

} while(current_monster != @);
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Dynamic Memory

' For each monster

Monster * RemoveMonster(Monster * first _monster, Monster * d
{ Monster

=

current_monster = first_monster;

printf{"Killed a monster!in"});

Monster * current_monster = fir

while(current_mons ->next_mo

current_monster = current_monster-> health -= :u’re*t_m:nste*—}atte:k;

current_mons
free(dead _mo

return current_monster; else current_monster = current_monster-:n

r-»next_monster = dead_mons

if(current_monster == @) break;

} while(current_monster != @);
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Dynamic Memory

Monster * RemoveMonster(Monster * first_monster, Monster * dead_

{

printf(“Killed a monster!\n");

num_mon s

if(first monster

Monster t_monster->next_monster;

¥

Monster * current monster = first mons RemoveMonster(first_monster, current_monster);

[N
+
m
3

while(current_monster->next_monster != dead_monster)

urrent _monster-attack;
current_monster = current_monster-rnext_monster; -

current_monster->next_monster = dead_monster-»next_monster;

free(dead_mons

return current_monster; } while(current_monster != @)
e(c ent_monster = @);

if(current_monster == @) break;

") else current_monster = current_monster-:n
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Dynamic Memory

typedef struct _Monster

health -= current_mons

== B) break;

int main()

_monster = current_mons
a);

Monster

1{ while(1)

num_monst

7

(Monster *)malloc(sizeof(Monster));
and() ¥ 53

Monster

/ If no

a; if(num_mon
er = B; print
break;
}
P urn %i: %i monsters, health = %i\n®, turn++, num m

!

printf("Game Over.\n"};

r->next_monster;
r, current_monster);

Monster * current_monster =

t_mo

while(curr: ->next_mo

current_monster = current_monster->n
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CAWINDOWS\SYSTEM3 2\ ermnd.exe

urn 0: 1 monsters, health
urn 1: 2 monsters, health
i a monster!
struct _Monster - . 2 FﬂClr'lSter'S, hea-lth
3 monsters, health
4 monsters, health
5 monsters, health
a monster!
a monster!
a monster!
3 monsters, health
4 monsters, health
a monster!
i1led a monster!
fTurn 8: 3 monsters, health
4 monsters, health
a monster!
Turn 10: 4 monsters, health
1lled a monster!
likilled a monster!
8ki1led a monster!
qTurn 11: 2 monsters, health
urn 12: 3 monsters, health
Killed a monster!
Svou died!
jcame Over.
IPress any key to continue




