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MvAun NpoypappaTog

e >TATIKN PVNUN (static memory)
e KkaBoAikec & oTaTikeC peTapPAnTeC (globals, static)

e OeopelETal AUTOHATA/OTATIKA, KATA TNV €vapén Tne
EKTEAEONC

e >T10iBa (stack)
e UVNUN VIO NAPAPETPOUC & TOMIKEC HETABANTEC OUVAPTNOEWV
o OeONEVUETAI/ANOOECUEVUETAI AUTOHATA
e N MVAMUN NOU JECUEVETAI YIa Hia KANON ouvapTnong Xel 10XV
HOVO KaTa TnVv dIapKeIa TNG OUYKEKPIMEVNG KANONG
e Auvauikn pvnun / owpoc (heap)
e OeopeveTal/anodeopeVsTal pNTA ANO TOV NPOYPAUMATIOTN
e £XEl IOXU kaB®' OAn Tnv OIAPKEIQ EKTEAECNC TOU NPOYPANNATOC
e ave&apTnTa ano TIC KANOEIC ouvapTnong
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MaTi xpeialeral n duvapikn Pvnun;

e O ANAITNOEIC TOU NPOYPAUNATOC OE UVAN UMNOPEI vVa
€ival AYyVWOTEC TNV wpd TNE ouyypapnc Tou Kwdika
e [1a «O1youpia» PNOPOUUE va XPNOILOMNOINCOUUE Evav
noAU peyalo apiBuo petafAnTwy / nivaka
e OMWC, AUTN N PVNMN I0WC va PNV XpnoiyonoinOsi noTe
e N axpnoIKONOoINTN MVNAKN NPAKTIKA XAveTal — OV UNOpPEi va
dlaTeBei o€ AANa npoypappaTa nou ekteAouvral atov H/Y
e [1a «OIKOVOMIa» UMOPOUUE va XPNOIUOMOINCOUUE evav
HIKPO apiBuo peTaPAnTwV / nivaka
e OUWC, AQUTN N KVNMN IOWC va PNV €ival apkeTn
e TO NpOypauua Oa avaykaoTei va nera&el/xaoesl dsdopeva N
anAd va TepPaTioel
e AUoON: XpNOILOMOIOUNE dUVAMIKN MVAHN!
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Static Memory

read/write
read/write
Program R
Instructions
read/write
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Program
Instructions
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Program
Instructions

-> KANON main
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Heap
Program

Instructions

Stack

-> KANon main -> kAnon fl1
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Heap

Program
Instructions

-> KANon main -> kKAnon f1 -> kAnon 2

Mpoypappatiopog 11 8 >nUpog AGANG
THMMY, MavenioTnuio Osgoahiag lalis@uth.gr



Heap
Program

Instructions

Stack

-> kANON main -> KANon f1 <- enioTpoPn f2
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Heap
Program

Instructions

Stack

-> KANon main -> kAnon fl1
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Heap
Program

Instructions

Stack

-> KANON main <- €NOTPOPN fl
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Program
Instructions

-> KANON main
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Heap
Program

Instructions

Stack

-> KANon main -> kAnon fl1
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Heap

Program
Instructions

Stack

-> KANON main -> KAnon fl
OE0PEUON DUVAMIKAG MVAMUNG ml
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ml

Heap

Program
Instructions

Stack

-> KANON main -> KAnon fl
OE0PEUON DUVAUIKAC MVAMNG m2
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ml

Heap

Program
Instructions

Stack

-> KANON main <- €MIOTPOPN f1
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Program
Instructions

-> KANON main
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ml

Heap

Program
Instructions

-> KANon main -> kAnon f3
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Program
Instructions

-> KANon main -> kAnon f3
anodeopeUOn PVAKNG ml
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Heap

Program
Instructions

-> KANon main -> kAnon f3
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Heap

Program
Instructions

Stack

-> KANON main <- €NOTPOPN 3
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Program
Instructions

-> KANON main
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Program
Instructions

Stack

-> KANON main

deopeuon OUVAMIKAC KVAKNG m3
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Program
Instructions

Stack

-> KANon main -> kAnon fl1
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Program
Instructions

Stack

-> KANON main -> KAnon fl
d€opeuon OUVAMIKAG MVAMNG m4
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X / Heap
Program m3

Instructions
m4

Stack

-> KANON main -> KAnon fl
anodeopeuon dUVAMIKNG MVAMNG m2
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Heap
Program m3

Instructions
m4

Stack

-> KANon main -> kAnon fl1
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Hea
Program x j‘

Instructions _

m4

Stack

-> KANON main -> KAnon fl
anodeopeuon dUVAIKAG YVAKNG m3
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Heap
Program

Instructions /—’—

m4

Stack

-> KANon main -> kAnon fl1
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Heap
Program

Instructions

m4

Stack

-> KANON main <- €NOTPOPN fl
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Program
Instructions

-> KANON main
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Heap

Program
Instructions e
m4
Stack
<- €NIOTPOPN main
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Program
Instructions
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Baoikec ouvapTnoeic duvapikng JVNUNG

#include <stdlib.h>

vold *malloc(size t size);

volid *calloc(size t n, size t size);
volid *realloc(void *p, size t size);
vold free(void *p);
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Baoikec Asitoupyiec (1)

e void *malloc(size t size);
o OEOMEUEl EVA OUVEYXEC TUNMA MVAUNG size bytes
o EMIOTPEPEI evav OEIKTN OTNV APXN TOU TUNHUATOC
e TA NEPIEXOMEVA TNC UVNHUNG BEV apyikonoiouvTal

e MPENEI va EAEYXETAI N TIUN ENIOTPOPNG
e Unopei va givar NULL av dev unapyel diabeoiun pviaun

® vold free(void *ptr);
e anodeOpeVUEl TNV YVAUN oTnNV onoia Osixvel 0 OEIKTNG ptr
e anodeopeUETal OAOKANPO TO AVTIOTOIXO THAMA HVAKNG
* N TIMN TOU OEIKTN ptr MPEMNEI va EXEI ENICTPAPEI ANO KAMOIA
nponyoupevn Asiroupyia O€oPeUONGS HVAKNG
e O&v Pnopei va gival Tuxaia
e N TIYN ToU OEIKTN ptr 5£v35cv\)\c'|Cs| (d€v yiveTal NULL)
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pl = NULL

Y

free

pl = malloc(4);

\\/ & ~ /

free free
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free free
*pl = 'a';
*(pl+l) = 'b';
*(pl+2) = 'c';
*(pl+3) = '\0';

\\/ & ~ /

free free

Mpoypappatiopog 11 37 >nUpog AGANG
THMMY, MavenioTnuio Osgoahiag lalis@uth.gr



\\/ & ~ /

free free

free(pl);

invalid
pl

@

free
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Baoikec AsiToupyiec (2)

 void *calloc(size t nmemb, size t size);
o OEOMEVUEl EVA OUVEYXEG KOUNATI VNUNG nmemb * size bytes
e ENIOTPEPEI evav OEIKTN OTNV APy TOU KOUUATIOU
e TA NEPIEXOMEVA TNG HVNUNG apyikonolouvTal O€ 0

® void *realloc(void *ptr, size t size);

e NPOooapHOClEl TO KOYUATI HVAKNG NOu OEiXVEl 0 OEIKTNG ptr
WOTE va Vivel size bytes

® N TINN TOU OEIKTN ptr &gV al\alel
e TA NPONYOUMEVA NEPIEXOPEVA TNG HvNUNG dev aAAalouv
e TUYOV €niNAEov bytes dev apyikonoiouvTai

* NMPOCOXN: pnopsi va YiVEI avtiypapn Twv 6860|Jévwv
0€ AAAN nsploxr] NG uvnpnq (nou Bsoususml €K VEOU,
E ana)\suespwon NG |JVF||JF|C; nou 6£|xvs| 0 5€IKTI’]C; ptr),
OMOTE N TIUN ENIOTPOPNG OEV €ival ion PE TN TIMN ptr

e av N TIUN ptr €ival NULL YIVETCII OTI Kal oTNV malloc ()
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—~~ -

free free

p2 = realloc (pl,8);

\\/ o ~ )

free free
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\\/ _ )
Y
free free

p2 = realloc (pl,8);

invalid
pl pZ

J
Y
e T
free memory copy
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free *(p2+4) = 'A';
* (p2+5) 'B';
*(p2+6) = 'C';
*(p2+7) = '"\0';

P2
\_ J
h'd
free
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P2
\
l
IR 0 B I AR 3 1 ) VRS R R )
_ ~ /

free

p3 = recalloc(p2,4);

e Y

free free
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free(p2);

invalid invalid

Y

free fl’ee
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free free
p2 = realloc (pl,8);

invalid
pl p2

(

\\/ - ~ )

free free
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'EAEYXOC TIUNG MOU EMICTPEPETAI

e Oimalloc, calloc Kdl realloc ENIOTPEPOUV NULL
av dev unopei va dsopeuTel oon pvnun nTnonke

e H TIUN EMOTPOPNC NPENEI Va EAEYYETAI

e 'QOTE TO NpOYpaupa va yvwpilel oTi dev eAaBe Tnv
HvNpn nou nTnoe
e va AauBavel TIC anapaiTnTeC AnoPAcEIC / EVEPYEIEC

e VA ANOpEUYOVTAl OTNV CUVEXEIQ AKUPEC avapopeC O JEIKTN
UE TIUN NULL (npokaAouv Tov TEPUATIOUO)
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Xpron duvapIikng KVNHNG

e H d1eubuvon Nou enNIOTPEPETAl XpNOILOMOIEITAl
UE anoKAEIOTIKR €uBUVN TOU NpoypaAPUaTIoTn

e 0l AeiToupyiec duvapikng pvnung 6ev yvwpilouv To Nwe
Oa xpnoiponoinBei n pvnun (Meca ano Ti €idouc TUNOUC
dedopevwv Ba ypapTouv/dlaBacTouv Ta NEPIEXOUEVA TNE)
e 2UVvNBwWC Eva Nnpoypappa OeoPeUEl PV OTO
(noAANanAacio) peyeBoC evOC QVTIKEIMEVOU TUMOU T
e Kai n &1euBuvon nou enioTpePETal, avaTibeTal
(Me type casting) o€ pia peTaBAnTn TUNOU T *
e VIO TNV OWOTN anoBnkeuon/epunveia Twv OeOOUEVWV
e O NPoypaupaTIoTNG NMPEMNEl va anodeoHEVEl TNV
duvapIKn Yvnun nou dgv XpNOIKOMOIEI TO NPOYPANMa
e ano@uyn onataiAng Tng d1IaBECIUNG MVAKNG
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#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) {
int a, b, *sumPtr;

OE0EUON KVNKNG ano

scanf ("%d %d", &a, &b); sizeof (int) bytes
sumPtr = j(int *}Imalloc( sizeof (int) )i

1if (sumPtr ==
printf ("no mem

return (1) ; type cast o€ deikTn-0€-aKePAIO

*sumPtr = a + b;
printf ("$d\n", *sumPtr);

i |

|free(SumPtrli__‘_N__~N____ ' '
e N anodeoEUON UVNHNG

return (0) ;
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#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) {
int *table, size, 1i;

size = 1;
table = (int *) malloc(sizeof (int) *size) ;
/* Should check malloc return value */

while (scanf ("%d", &table[size-1]) == 1) {
_Ssizett:
| table =_(int *) realloc(table, sizeof (int)*size);

for (1i=0; 1<size-1; 1i++) {

printf ("sd ", tablel[i]):
} yiati auTo €ivai
printf ("\n"); (mBavo) bug;

free (table);
return (0) ;
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#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) {
int *table, *new table, size, 1;

size = 1;

table = (int *) malloc(sizeof (int));

/* Should check malloc return value */

while (scanf ("%d", &table[size-1]) == 1) {
size++;
new table = (int *) realloc(table, sizeof (int) *size);
if (new table == NULL) {

/* handle the case realloc fails */

}

else {
table = new table;
}
}

for (1=0; i<size-1; i++) {
printf ("sd ", tablel[i]);

}
printf ("\n");

free (table) ;

return (0) ;

} MpoypappaTioyog 11
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[oxUG QUVAMIKNG HVAKNG

e H duvapuikn pviun ueiotatal ka®’ oAn tn S1apKela
TNC EKTEAEONC TOU NPOYPANHATOC
e 'Exel I0XU aveEapTnTad ano To NAAiCI0 CUVAPTNOEWV
e Auvapikn Pvnun nou OECPEVETAl JECA ano ouvapTnon
NAPAPEVEI €V I0YXU AKOPA Kal JETA TNV KANON TNG
e ANOC €vac TPONOC ENIOTPOPNC ANOTEAEOUATWV HETA
ano 1o (Npocwpivo) NepIBAAlov KANoNC ouvapTnong
e N ouvapTnon deoPEVEl OUVAUIKN KV ONOU anobnKeuel Ta
dedopEva, Kal ENIOTPEPEI oav anoTeAeopa Tnv dleubuvon
e To nepiBailov kKAnonc («neAaTnc» TnG ouvapTnong)
NPENEl Va AnNOdECHUEUCEI TNV UVNUN META TNV XpNon
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#include <stdio.h>

int *add(int a, int b) { 5€iKTI’|C; otV OTOiBCI:

int sum; auTo ival Aafoc!
sum = a4 b

returnk&sum)

) - |

int main(int argc, char *argv[]) {
int a, b, *sumPtr;

scanf ("sd 3d", &a, &b);

sumPtr = add(a, b):;
printf ("$d\n", *sumPtr);

return (0) ;
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#include <stdio.h>
#include <stdlib.h>

int *add(int a, int b) {
int *sumPtr = (int *)malloc(sizeof (int));
*sumPtr = a + b;

J auTo €ival cwoTo!

int main(int argc, char *argv[]) {
int a, b, *sumPtr;

scanf ("sd sd", &a, &b);

sumPtr = add(a, b);
printf ("%d\n", *sumPtr);

_____________ QUToq NMOU KAAEOE TNV OUVGPTFIU"I

OUVAMIKN MVAKN Nou OECUEUTNKE

return (0) ; MEoa ano Tnv ouvapTnan

}
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Ioxuc deikTwv

e 'Evac deikTng pe TIUN NULL Npopavwe avTIoTOIXEI O€
akupn dieuBuvaon Nou eV PNopEi va NPooneAACTEI
e Aev 10xU€l TO avTioTpoPo!
e 'Evac deiktng nou O€v €ival NULL HNOpPEi va
avTIOTOIXEl 0 akupn Oleubuvon
e PVNUN Nou dev £xel deopueuBEel ano To Npoypaupa
e VNN NOU £XEl anodeoueuBel ano To Npoypaupa
e MeTa@ TNV free () KANO €ival o O€iKTNG NOU NEPACTNKE
WC NAPAPETPOC VA ApXIKOMOIEITAl pNTA O NULL
e KaBwc kal aAAol OeikTeC nou deixvouv oTnv idia pvnun

e EKTOC av npokeiral va AaBel apeca vea Tiyn n oev 6a
xpnoiuonoinBei note Eava — famous last words!

MpoypappaTioyog 11 55 >nipoc AGANnG
THMMY, MavenioTrpio Osocaliag lalis@uth.gr



free free
free(pl);

invalid invalid

P1N2\
KaAo €ival va apyikornoinbouv 0€ NULL
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KAaoika bugs

1. Mpoonglaon pvnNUNG NEPa ano Ta opia ToU TUAUATOC
nou exel OeOPEUOEI
e avaloyia: npooneAacn PVvNUNG NEpa ano Ta opia evog nivaka
2. Mpoonelaon pvnUNG HETA TNV AnodECEUON
e avaloyia: npoonehacn TUNPATOC TNG OToIBAC META TNV
£NIOTPOPN TNG AVTIOTOIXNG OUVAPTNONC

3. Mapaieipn anodeopeuong pvnune (0Tav nAeov dev
xpelaleral) — memory leaks

e AuoTUXWC, deV npokalouv (navra) aueco opaiuda
e TO NPOYPAMMA MMOPEI Va «OKACE» apyoTeEPA, OE AVUMOMNTO
(kal paIVOUEVIKA EVTEAWC AOXETO) ONMEIO oTOV KWOIKA
e MaBeTe va npoypauuaTi(eTe UE AUCTNPO TPOMO
e XWPIC Va «novTapeTe» o€ sanitization kal debugging
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E€aoknon (yia To oniTi)

e YAOMOINOTE TNV oUVAPTNON
char *strdup2 (const char *str);

OTO NVEUNA TNG «KAVOVIKNG» strdup

e Anuioupyei eva avriypa@o Tou string nou diveral wc
NapapeTPoOC, XPNOINONOIWVTAC SUVAMIKN PVAHN, Kal
ENIOTPEPEI eva OEIKTN OTO TUNMA TNC KVAMNG NOu
deopeubnke — BAENE manual

e O «NEANATNC» TNC OUVAPTNONC EXEI TNV UNOXPEWON
va aneAguBEP®OEl TNV PVNUN Nou OsopeUBNKE
e oOTav dev XpelaleTal aAho To avTiypago

MpoypappaTioyog 11 58 >nipoc AGANnG
THMMY, MavenioTrpio Osocaliag lalis@uth.gr



#include <stdio.h>
#include <stdlib.h>

char *strdup2 (const char *str) {
/* add your implementation here */

}

/* test the above function */

int main(int argc, char *argv[]) {
char *str; int 1i;

for (1 = 0; 1 < argc; i++) {
str = strdup2(argv([i]);
printf ("%$s\n", str);
free(str);

}

return (0) ;
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