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Pamétovy model

Pamét je rozdélena do tri (nékdy ¢tyr) oblasti:
e Kod (code area, mlze byt ROM)

e Staticka data (global memory)

e Zasobnik (stack)

* Halda (heap)

* Tento model je zjednodusSeny!
 Budeme uvazovat programy bézici v jednom vlakne.
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Alokace pameti

 Staticka alokace - pamét je pridélena prakticky v ,,dobé
kompilace®.
— Nelze pouzit pro dynamické datové struktury.

* Alokace na zasobniku - dynamicka alokace na zasobniku
vV ramci soucasného ramce.
— Po skonéeni volani je pamét automaticky de-alokovana.

* Alokace na haldé - dynamicka alokace na haldé,
alokovanou pamét je treba spravovat.

— V jazyce Java to za nas déla ,,Garbage Collector”.
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Priklad

staticky

public class CoffeeMaker {
objekt

static int coffeeCount = 0;
Coffee makeCoffee() {
coffeeCount++;
Coffee c = new Coffee();
c.milk = true;
return c;

automaticky
objekt na
zasobniku

}
public static void main(String[] args) {

CoffeeMaker coffeeMaker;
coffeeMaker = new CoffeeMaker();
Coffee c = coffeeMaker.makeCoffee();

dynamicky
objekt na
haldé
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Sprava zasobniku (automaticka)

* Privolani metody je nutné zachytit vstup do kontextu metody.

* To znamena vytvorit lokalni objekty metody, zaznamenat aktualni
parametry, pripravit misto pro vysledek metody.

 Poznamenat si, kam se po provedeni metody vratit.

* Privystupu z metody je treba tyto pomocné struktury zrusit a
uvolnit, predat navratovou hodnotu a vratit se do mista, kde byla
metoda vyvolana.

* Vhodnou strukturou pro tyto ucely je zasobnik (LIFO).

* Na zasobnik se pri volani metody ukladaji informace ve forme tzv.
aktivacniho zaznamu.
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Aktivacni zaznam (Activation Record)

 Kdyz je metoda volana, tak veskeré informace nutné pro jeji béh
jsou umisteény na zasobnik.

e Tyto informace se nazyvaji aktivacni zaznam (Activation Record -
AR).

* Kdyz volani skonci (return), pak je AR odstranén ze zasobniku.

Exocution
Time
void f(}{ £ starts
()
} 4 g starts
4 Activation
void g(){ h starts record
hi); for k
} k starts Activatdon
I record for h
va.;i{-.;:ljhl[][ % ends
v | 12 "
} i b i e Activation
1 Activation I record for f
g ends recordfor g :
r
f endas
W03'2007 Stack 10

Zdroj: http://ineed.coffee/wp-content/uploads/2011/04/object-oriented-memory-management-java-c++.pdf
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Aktivacni zaznam obsahuje

 Navratova hodnota (Co vracim?) RV

* Adresa navratu (Kam se vracim?) RA

e Ukazatel na zasobnik (Odkud jsem prisel?) SP
 Hodnoty parametri metody.

* Lokalni proménné.
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\" 4
Priklad
public class CoffeeMaker {

public void prepareCoffee() {
/*Prepare the coffee with a standard amount of sugar*/
}
public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */
}
void main(...) {
CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();

‘ Stack Heap
AR (aCoffeeMaker.prepareCof £g :

AR(main)
v ol
Other info in JONE SOV 0/ j’J\ddress 1800 aixss
the Stack CoffeeMaker
25.3.2008 9

Zdroj: http://ineed.coffee/wp-content/uploads/2011/04/object-oriented-memory-management-java-c++.pdf
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\" 4
Priklad
public class CoffeeMaker {

public void prepareCoffee() {
/*Prepare the coffee with a standard amount of sugar*/
}
public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */
}
void main(...) {
CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();

static stack heap
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public class CoffeeMaker {

Priklad

public void prepareCoffee() {

/*Prepare the coffee with a standard amount of sugar*/

}

public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */

}
void main(...) {
CoffeeMaker aCoffeeMaker;

aCoffeeMaker =

new CoffeeMaker();

aCoffeeMaker.prepareCoffee();

static

aCoffeeMaker = null

staticka data
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Priklad
public class CoffeeMaker {

public void prepareCoffee() {

/*Prepare the coffee with a standard amount of sugar*/
}

public void prepareCoffeeSweet(int sugarAm){

/* Prepare the coffee with sugarAm(ount) of sugar */

}
void main(...) {
CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();
}
}
static

aCoffeeMaker =
B CoffeeMaker
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Priklad

public class CoffeeMaker {
public void prepareCoffee() {
/*Prepare the coffee with a standard amount of sugar*/

}
public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */
}
void main(...) {
CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();

}
5
Rv="
RA=...
SP =#820
static this = #1900

aCoffeeMaker = #1900 |
> CoffeeMaker

— halda (#1900)
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\" 4
Priklad
public class CoffeeMaker {

public void prepareCoffee() {

/*Prepare the coffee with a standard amount of sugar*/
‘ }

public void prepareCoffeeSweet(int sugarAm){

/* Prepare the coffee with sugarAm(ount) of sugar */

}

void main(...) {

CoffeeMaker aCoffeeMaker;

aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();

static

aCoffeeMaker = #1900 |
> CoffeeMaker

— halda (#1900)

Karel Richta (FEL CVUT) Sprava paméti B360MO, 2016, Lekce 2, 13/36




\" 4
Priklad
public class CoffeeMaker {

public void prepareCoffee() {
/*Prepare the coffee with a standard amount of sugar*/
}
public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */
}
void main(...) {
CoffeeMaker aCoffeeMaker;

aCoffeeMaker = new CoffeeMaker();
q aCoffeeMaker.prepareCoffee();
}

static

CoffeeMaker

T—— halda (#1900)
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Priklad (po uklidu GC)

public class CoffeeMaker {
public void prepareCoffee() {
/*Prepare the coffee with a standard amount of sugar*/
}
public void prepareCoffeeSweet(int sugarAm){
/* Prepare the coffee with sugarAm(ount) of sugar */
}
void main(...) {
CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();
aCoffeeMaker.prepareCoffee();

=)

static

T—— halda (#1900)
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I
SAR - pro jazyky s blokovou strukturou

e Navratova hodnota (co vracim?) RV

e Adresa navratu (kam se vracim?) RA

e Ukazatel na zasobnik (odkud jsem prisel?) SP
 Hodnoty parametri metody.

* Lokalni proménné.

e Staticky link (odkaz na nadrazeny blok) SL

* Pozn: SAR - Scope Activation Record
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Priklad SAR

id
VOlin%(;{= 3; gaslcEOl Address 2500
{
int 1 = 20;
int j = 9;
s
¥
void f(){
. g(); AR(g)
. a ﬁ
void main(){ Address 1900
f(O); AR(D
} Address 1400
AR(main)
—— Address 1200
SAR(global)  [fiiiiss e —
.’I Address 800

Zdroj: http://ineed.coffee/wp-content/uploads/2011/04/object-oriented-memory-management-java-c++.pdf
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Jiny priklad
public class CoffeeMaker {
public CoffeeMaker(){}
}

CoffeeMaker aCoffeeMaker;
aCoffeeMaker = new CoffeeMaker();

int sugar = 4;

Integer sugarObject = new Integer(3);

Stack Heap
Variableag in l -. —————
- Object of class
the code . Address 4300 | — J
we consgider [|©4300 sugarObject : Integer
4 sugar — o o — —

Object of class
\X“I CoffeMaker

@1800aCoffeeMaken Address 1800

Other info
on the Stack
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Formalismus pro zachyceni obsahu pameéti

 Umoznuje prehledné zaznamenat stav programu.
* Lze ho pouzit pro krokovani programu ,,na papir”.

Hodnoty:

* Logické: true, false

e (Cisla:0,1,-1,2,-2, ...

* Znaky: @’, ‘A, ‘b, ‘B, ...

* Retézce: “Super Fetézec”, ...
e Adresy: null, #1, #2, #3, ...
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Formalismus pro zachyceni obsahu pameéti
(pokr.)

Promeénné:

 Jméno = hodnota
— napf. contents =5, nebo next = #3

 Hodnota proménné musi odpovidat jejimu typu.
Objekty:
* Trida(attrl = hodnl, attr2 = hodn2, ...

— napf. Node(contents = 1, next = #2)

* Jména atributl musi korespondovat s danou tfidou, na jejich poradi
nezalezi. Pokud atributy nezname, mizeme je vypustit:
— Node(...)
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Formalismus pro zachyceni obsahu pameti
(pokr.)

Halda:

 Mapovani z adres na objekty.

— Pouzivame Sipkovou notaci (symbol neni podstatny).
— #1 -> Node(contents = 2, next = #2),
— #2 -> Node(contents = 3, next = #2)

* Na jedné adrese nemohou byt dva objekty.
Statické proménné:

 Tridal.proménnal = hodnotal, Trida2.proménna2 = hodnota2
— Napr. Node.globalhead = #2, Car.totalCount = 10211432

e Statické proménné musi korespondovat s definicemi pouzitych trid.
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BN
Formalismus pro zachyceni obsahu pameéti
(pokr.)

Zasobnik:
Ramec = Stack Frame = Activation Record

o Zdasobnik se sklada z ramcu, kazdy ramec odpovida jedné zavolané
metodeé.

e Uvnitr ramce jsou vypsany existujici lokalni proménné a jejich
hodnoty.
e Ramce zpravidla piSeme nad sebe a oddélujeme vodorovnou carou.
 Nesmime zapomenout na this!
Priklad:
a=3,b=5,this=#1
X =#1, a = “abecede”
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NSNS
Priklad

class Node {
final int v;
Node next;

Node(int v, Node next) {
this.v = v; this.next = next;

}
boolean f(int t) {

// stav B

return v == t || (next != null && next.f(t));
}

public static void main(String[] args) {
Node n = new Node(2, new Node(3, new Node(l, null)));
new Node(1, n);
// stav A
if (n.f(1)) { n.next = null; }
// stav C
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NSNS
Priklad

class Node {
final int v;
Node next;

Node(int v, Node next) {
this.v = v; this.next = next;

}
boolean f(int t) {

// stav B

return v == t || (next != null && next.f(t));
}

public static void main(String[] args) {

Node n = new Node(2, new Node(3, new Node(l, null)));
new Node(1l, n);

// stav A
if (n.f(1)) { n.next = null; }
// stav C stav A:
#1 — Node(v = 1, next = null)
} #2 — Node(v = 3, next = #1)
} #3 — Node(v = 2,next = #2) | n=#3
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stav B: (posledni)

#1 — Node(v = 1,next = null) | this = #1,t =1
#2 — Node(v = 3,next = #1)
class Node { #3 = Node(v = 2, next = #2) | this =#2,t =1

final int v;

this =#3,t =1

Node next;
Node(int v, Node next) {
this.v = v; this.next = next;

n = #3

}
boolean f(int t) {

// stav B

return v == t || (next != null && next.f(t));
}

public static void main(String[] args) {
Node n = new Node(2, new Node(3, new Node(l, null)));
new Node(1, n);
// stav A
if (n.f(1)) { n.next = null; }
// stav C
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NSNS
Priklad

class Node {
final int v;
Node next;

Node(int v, Node next) {
this.v = v; this.next = next;

}
boolean f(int t) {

// stav B

return v == t || (next != null && next.f(t));
}

public static void main(String[] args) {

Node n = new Node(2, new Node(3, new Node(l, null)));
new Node(1l, n);

// stav A
if (n.f(1)) { n.next = null; }
// stav C stav C:
} ( #3—>N0de(v:2,ne:ct:null)|n:#3| )

Karel Richta (FEL CVUT) Sprava paméti




NSNS
Priklad

class Coffee {
public boolean milk;
public Coffee() {}

}
public class CoffeeMaker {
static int coffeeCount = 0;
Coffee makeCoffee() {
coffeeCount++;
Coffee c = new Coffee();
c.milk

true;
return c;

}

public static void main(String[] args) {
CoffeeMaker coffeeMaker;
coffeeMaker = new CoffeeMaker();
Coffee c = coffeeMaker.makeCoffee();
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Uklid paméti - Garbage Collection

 Manudlni sprava paméti mize vést k chybam:
— Uniky paméti (memory leak),
— nesprdvné ukazatele - ukazuji na pamét, ktera jiz neni alokovana.

« GCumoznuje programatorovi se vice soustredit na samotny
program (ovSem za cenu urcité rezie).

* Cil: uvolnit objekty, které nebudou jiz vice pouzivané.

* Dosazitelnost: tranzitivni uzavér ukazatelt zacinajici v korenové
mnoziné (root set) (vSechny lokalni a globalni proménné).
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Metody GC

Algoritmy:

 Reference Counting.

 Mark and Sweep, Mark and Compact, Mark and Copy.
Pristupy:

* Hybrid Collecting - kombinace predchozich.

* Generational Collectors (Java) - zavedeni generaci podle stari
objektu.
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Reference Counting

e Kazdy objekt obsahuje Citac.

* Prirazeni objektu do proménné = snizeni stavu CitacCe starého
objektu a zvyseni stavu Citace objektu nové prirazeného (pokud
existuji).

e Kdyz ¢itac u objektu dosahne 0, objekt se uvolni (jeho pamét
pripadne na free list).

 Nevyhody: velka pridana zatéz, neporadi si s cyklickymi odkazy.
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Priklad

Node x, y;

X = new Node (3, null);
y = X5

X = null;

y = X5

X = null

y = null
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Priklad

Node x, y;
X = new Node (3, null);
y = X,
X = null;
y = X,
- Node { 3, null }
pp— RC=1
y = null
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Node x, y;
X = new Node (3, null);
y = X
X = null;
y = X
X= "
y= —
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Node { 3, nu

'}
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Node x, y;

X = new Node (3, null);
y = X5

X = null;

y

|
X
we
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Node { 3, nu
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Sprava paméti

RC




NSNS
Priklad

Node x, y;
X = new Node (3, null);
y = X;
X = null;
y = X;
Node {3, null }
x = null RC=0
y = null
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Node x, y;

X =

y
X =
y

new Node (3, null);
X5

null;

X5

X = null

y = null
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AN

/

Node {

nu

'}
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B @0
Problém — cyklické odkazy

Node |

RC

Il
=

Node

RC=1
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Mark and Sweep

» Kazdy objekt obsahuje znacku (mark).

e Jednou za Cas dojde ke konstrukci transitivniho uzavéru z korenové
mnoziny a vsechny dosazitelné objekty jsou oznaceny.

 Neoznacené objekty jsou uvolnény (sweep) (pridani jejich paméti
na free-list).
* Zbylé objekty jsou opéet odznaceny.

Karel Richta (FEL CVUT) Sprava paméti



Priklad

Node

Node Node <j//////a
F ~ F
F \
Node
X = - F
Yy = \\
Node —
F Node
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Priklad

Node

Node : Node <f//////» -
T\\
Node
x= " T
Yy = \\
Node —
T Node
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Priklad

v=d

Node —
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Priklad

Node —

T

N

v= a4

Node —
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Priklad

Node —

F

N

v= a4

Node —
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Generachi GC

* \/yuziva statisticky predpoklad, ze mladsi objekty ,, umiraji drive.
e Zavadi generace objektu.
* RU{zné generace udrzuje v riznych pamétovych prostorech.

e Kdyz se tento prostor zaplni, zkouma, zda jsou objekty v ném ,,zive“
— zda je na né odkaz ze starsi generace objektu.

* Proces uklidu se tim zrychluje, nebot se neprobiraji vzdy vSechny
objekty.
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The End

http://ineed.coffee/wp-content/uploads/2011/04/object-oriented-memory-
management-java-c++.pdf
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