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long promenna = 10000000L;
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Pamétovy model Javy

e happens-before
= Caste¢né usporadani

The rules for happens-before are:

Program order rule. Fach action in a thread happens-before every ac-
tion in that thread that comes later in the program order.

Monitor lock rule. An unlock on a monitor lock happens-before every
subsequent lock on that same monitor lock.?

Volatile variable rule. A write to a volatile field happens-before every
subsequent read of that same field.*

Thread start rule. A call to Thread.start on a thread happens-before
every action in the started thread.

Tabulka prevzata z JCiP, Goetz
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Thread termination rule. Any action in a thread happens-before any
other thread detects that thread has terminated, either by success-
fully return from Thread.join or by Thread.isAlive returning
false.

Interruption rule, A thread calling interrupt on another thread
happens-before the interrupted thread detects the interrupt (either
by having InterruptedException thrown, or invoking isInter-
rupted or interrupted).

Finalizer rule. The end of a constructor for an object happens-before
the start of the finalizer for that object.

Transitivity. If A happens-before B, and B happens-before C, then A
happens-before C.

Tabulka prevzata z JCiP, Goetz

Erlang
00000



Pamétovy model Javy
oe

Pamétovy model Javy

e Piggybacking

= spojeni happens-before pravidla s jinym pravidlem, obvykle monitorem
nebo volatile
= radéji nepouzivat
= piiklad: http://kickjava.com/src/java/util/
concurrent/FutureTask. java.htm
# postaveno na tryReleaseShared happens-before tryAcquireShared
+ kombinace volatilni proménné runner, do které tryReleaseShared
zapisuje s program order


http://kickjava.com/src/java/util/concurrent/FutureTask.java.htm
http://kickjava.com/src/java/util/concurrent/FutureTask.java.htm
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void innerSet (V v) {
for (;;) {
int s = getState();
if (ranOrCancelled(s))
return;
if (compareAndSetState (s, RAN))
break;
}
result = v;
releaseShared(0) ;
done () ;

V innerGet () throws InterruptedException JavaDoc, ExecutionExcepti
acquireSharedInterruptibly (0) ;
if (getState() == CANCELLED)
throw new CancellationException JavaDoc();
if (exception != null)
throw new ExecutionException JavaDoc (exception);
return result;

on Jav
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1 protected int tryAcquireShared(int ignore) {
return innerIsDone()? 1 : -1;

3 }
5 [ **

* Implements AQS base release to always signal after setting
7 * final done status by nulling runner thread.

*/
9 protected boolean tryReleaseShared(int ignore) {

runner = null;

1 return true;

}
13

boolean innerIsCancelled() {
15 return getState() == CANCELLED;

}
17

boolean innerIsDone() {
19 return ranOrCancelled(getState()) && runner == null;

}
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e lind inicializace

public class UnsafelazyInitialization {

private static Resource resource; <\ /Y

public static Resource getlInstance() { Y\.
if (resource == null)

resource = new Resource(); // unsafe publication

return resource;

}

static class Resource {

}
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@ThreadSafe
2| public class SafelLazyInitialization {
private static Resource resource;

public synchronized static Resource getInstance() {

6 if (resource == null)
resource = new Resource();
8 return resource;

}

static class Resource {

12 }

e lina inicializace thread-safe
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@ThreadSafe
2| public class EagerInitialization {
private static Resource resource = new Resource();

public static Resource getResource() {
6 return resource;

}

static class Resource {
10 }

e ,dychtivd” inicializace

e vyuziva skute¢nosti, Ze statické inicializatory jsou vzdy dokonceny
pred pouzitim tfidy
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@ThreadSafe

2| public class ResourceFactory {

private static class ResourceHolder ({

4 public static Resource resource = new Resource();

}

public static Resource getResource() {
8 return ResourceFactory.ResourceHolder.resource;

}

static class Resource {

12 }

e idiom liné inicializace s pouzitim holder class
e vyuziva liné inicializace tfid
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public class DoubleCheckedLocking {
private static Resource resource;

public static Resource getlInstance() {

if (resource == null) {
synchronized (DoubleCheckedLocking.class) {
if (resource == null)

resource = new Resource();
}
}

return resource;

Double Checked Locking anti-pattern
e pomiji Moznost, Ze resource je v nedefinovaném stavu

od Java 5.0 mozno spravit pouzitim volatile

nepouzivat
= aniv C/C++!
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Ada

(nékteré priklady z Burns & Wellings: Concurrent and Real-Time Programming in Ada - CRTPA)
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Atomické a volatilni proménné

® pragma Atomic ();

zajistuje atomické aktualizace proménnych

Prirozene_Cislo : Natural;
pragma Atomic (Prirozene_Cislo);

® pragma Atomic_Components ();

zajistuje atomické aktualizace soucasti slozeného typu record

type Byte is range 0 .. 255;
for Byte’Size use 8;
type Moje_ Struktura is

record
Bl : Byte;
B2 : Byte;
B3 : Byte;
B4 : Byte;

end record;
pragma Atomic_Components (Moje_Struktura);
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Atomické a volatilni proménné

Pamétovy model Javy

® pragma Volatile ();
= upozornéni pro kompilator, ze se hodnoty proménnych mohou
neocekdvané ménit
= zejména kompildtor musi zamezit optimalizacim, které by mohly
interferovat (zakazuje cachovani na ¢teni i zapis)

Buffer Zarizeni : Integer;
2| pragma Volatile (Buffer Zarizeni);

® pragma Volatile_ Components ();
= totéz pro komponenty slozeného typu record
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Simpsonuyv algoritmus

e Kompilator mize mit omezeni na maximalni délku atomické
proménné
= pokud je (nesplnitelny) poZadavek na vétsi atomickou proménnou,
musi ho kompilator odmitnout
o Algoritmus pro v&tsi proménné: Simpson’90’
= dva sloty, kazdy o dvou bankach
= do jednoho slotu se zapisuje (round-robin do bank)
= ze druhého slotu se ¢te (posledni zapsana hodnota)
= atomické nastavovani index( slotl a bank
= volatilni zapisy do bank/slot(

generic
type Data is private;
Initial Value : Data;
4| package Simpsons_Algorithm is
procedure Write(Item : Data); —- non-blocking
6 procedure Read (Item : out Data); —- non-blocking
end Simpsons_Algorithm;

~

"H. Simpson, ‘Four-Slot Fully Asynchronous Communication Mechanism; |EE Proceedings, 137 (Pt.E.1),

17-30 (January 1990). Implementace z CRTPA.
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Simpsonuyv algoritmus

package body Simpsons_Algorithm is

type Slot is (First, Second);

Four_Slot : array (Slot, Slot) of Data :=
(First => (Initial_Value, Initial Value),
Second => (Initial Value, Initial Value));

pragma Volatile (Four_Slot);

Next_Slot : array(Slot) of Slot := (First, First);
pragma Volatile (Next_Slot);

Latest : Slot := First;
pragma Atomic(Latest);

Reading : Slot := First;
pragma Atomic (Reading);
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Simpsonuyv algoritmus

procedure Write(Item : Data) is
Pair, Index : Slot;

begin
if Reading = First then
Pair := Second;
else
Pair := First;
end if;
if Latest = First then
Index := Second;
else
Index := First;
end if;
Four_Slot (Pair, Index) := Item;
Next_Slot (Pair) := Index;
Latest := Pair;

end Write;




Simpsondv algoritmus

«or9QA 20/69
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Protected Types — Monitory

e Implementace monitor(

= funkce — nemohou ménit data
procedury — mohou ménit data

entry - strazeny vstup, mohou ménit data
= efektivni paralelizace: podobne ReadWriteLocku v Javé

+ funkce mohou pfistupovat paralelné
# procedury a entries musi pracovat exkluzivné

protected type Muj_Typ is
procedure Nastav_hodnotu (n : Integer);
3 procedure Odnastav_hodnotu;
function Zjisti_ hodnotu return Integer;
entry Pockej na_nastaveni (n : Integer);
private
7 Hodnota : Integer;
Nastaveno : Boolean := False;
9| end Muj_Typ;

[
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Protected Types — monitory

protected body Muj_Typ is
procedure Nastav_hodnotu (n
begin
Hodnota := n;
Nastaveno := True;
end Nastav_hodnotu;

procedure Odnastav_hodnotu is
begin

Nastaveno := False;
end Odnastav_hodnotu;

Integer) is

function Zjisti_ hodnotu return Integer is

begin
return Hodnota;
end Zjisti_ hodnotu;

entry Pockej_na_nastaveni
when Nastaveno is
begin
null;
end Pockej na_nastaveni;
end Muj_Typ;
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Guarded Entries

chranéni dle privatniho stavu

protected type Chraneno_Stavem is
entry Vstup;

private
I : Integer;

end Chraneno_Stavem;

protected body Chraneno_Stavem is
entry Vstup when I > 0 is
begin
null;
end Vstup;
end Chraneno_Stavem;

= pouzivat pouze privatni proménné
= napf.implementace mutexU a semafor(
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Guarded Entries

Chranéni dle atributt

protected type Chraneno_Stavem is
entry Vstup;

private
I : Integer;

end Chraneno_Stavem;

protected body Chraneno_Stavem is
entry Vstup when Vstup’Count > 4 is
begin
null;
end Vstup;
end Chraneno_Stavem;

= moznost pouziti atribut(

= atribut E’ count vrdti pocet zablokovanych vldken na vstupu do entry

E
= napf.implementace bariér

= funguje bezpecné pouze u chranénych objektd, nikoli taskl
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Problém fizeni pfistupu ke zdrojim

e Aspekty synchronizace pozadavki (Bloom, 1979)

1.

ik wnN

typ pozadované sluzby

poradi pozadavka

interni stav pfijimajiciho vldkna
priorita volajiciho

parametry pozadavki
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Problém fizeni pfistupu ke zdrojim

e Definice prikladu problému:

n zdrojl (vidlicek v pfiborniku)
kazdé vlakno si mize pozadovat alokaci 1. .. m zdroju (vidlicek) kde
m<n

e Mozné reseni:

pollovani (zodpovédnost vldkna)
rodiny entries (entry families) pro malé m
podpora piistupu k in parametriim pfeddvanym v ramci volani
rendezvous
+ neniv Adé podporovano
+ implementovano napt. v jazce SR (Synchronizing Resources)
+ problém s efektivitou implementace (bariéra se musi vyhodnocovat pfi
kazdém razeni vlakna do fronty entry, nikoli jen jednou per entry)

requeue
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Rodiny entries

¢ Uplna formalni signatura entry

accept Entry Name (Family Index) (P : Parameters) do

2| —— sequence of statements
exception
4| —— exception handling part

end Entry Name;

e Rodiny entries
= napf. prioritizace a odliseni volajicich vldken

task Multiplexer is
entry Channel(l..3) (X : in Data);
end Multiplexer;

~
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Rodiny entries

e Priklad pouziti s vldknem
= multiplexer vynucuje poradi vstupl cyklicky 1, 2, 3

task body Multiplexer is
begin
loop
for I in 1..3 loop
accept Channel(I) (X : in Data) do
—— consume input data on channel I
end Channel;
end loop;
end loop;
end Multiplexer;
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Rodiny entries

Priklad fizeni zdrojt

type Request_Range is range 1 .. Max;

protected Resource_Controller is
entry Allocate (Request_Range) (R
procedure Release (R : Resource;
private

out Resource);
Amount : Request_Range) ;

Free : Request_Range := Request_Range’Last;

end Resource_Controller;

protected body Resource_Controller

is

entry Allocate(for F in Request_Range) (R : out Resource)

when F <= Free is
begin
Free := Free - F;
end Allocate;
procedure Release (R : Resource;
begin
Free := Free + Amount;
end Release;
end Resource_Controller;

Amount : Request_Range) is
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Rodiny entries

o Priklad fizeni zdroj(
e Problémy
= nevhodné pro vétsi mnozstvi alokovatelnych zdrojd v jednom
pozadavku (m)
= v piipadé soutézeni je vybér ndhodny (prioritu |ze nastavovat v ramci
Real-Time Systems Annex)
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|II

+Eggshell” model volani chranéného objektu

ZAMEK VNEJST SLUPKY

STAV OBJEKTU
]

VUNITRNI SLUPKA

VNEJSI SLUPKA
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+Eggshell” model volani chranéného objektu

VNEJSI SLUPKA

e Prednost entry calls ¢ekajicich ve fronté
o Zamek vnéjsi slupky
= nedovoli vstup do slupky, pokud je jiné vlakno aktivni volanim
procedury nebo entry
= po vstupu se vyhodnocuje asociovana podminka (straz)
= tento mechanismus zajistuje bezpecnost pouziti ' count
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|II

+Eggshell” model volani chranéného objektu

STAV OBJEKTU
]

VNEJSI SLUPKA

e Vnitini slupka
= po vystupu z kazdé procedury a entry se vyhodnocuji podminky a
eventualné se propousti volani ¢ekajici na vnitini slupce
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requeue

e Jak poslat za dvefe nékoho, koho uz jsme si pustili do mistnosti?
e requeue UMoznuje vysunout aktivni vldkno v chrdnéném objektu do
fronty pfed vnitini slupku
= nové volani musi mit stejnou signaturu
= implicitné neni prerusitelné pomoci abort, aby objekt nezdstal v
rozpracovaném stavu
= nové volani muZze byt pferusitelné requeue with abort
e requeue UMi fungovat i napfi¢ vice chrdnénymi objekty/dlohami
= neobvyklé, pouzivat opatrné
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requeue

o

20

22

24

type Request_Range is range 1 .. Max;

protected Resource_Controller is
entry Allocate(R : out Resource; Amount : Request_Range);
procedure Release (R : Resource; Amount : Request_ Range);

private
entry Assign(R : out Resource; Amount : Request_Range);
Free : Request_Range := Request_Range’Last;
New_Resources_Released : Boolean := False;
To_Try : Natural := 0;

end Resource_Controller;

protected body Resource Controller is
entry Allocate(R : out Resource; Amount : Request_Range)
when Free > 0 is
begin
if Amount <= Free then
Free := Free - Amount;
—— allocate
else
requeue Assign;
end if;
end Allocate;
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requeue

entry Assign(R : out Resource; Amount : Request_Range)
when New_Resources_Released is

begin
To_Try := To_Try - 1;
if To_Try = 0 then

New_Resources_Released := False;
end if;
if Amount <= Free then
Free := Free - Amount;
—— allocate
else
requeue Assign;
end if;

end Assign;




o
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requeue

procedure Release (R : Resource; Amount : Request_Range)
begin
Free := Free + Amount;
——- free resources
if Assign’Count > 0 then
To_Try := Assign’Count;
New_Resources_Released := True;
end if;
end Release;
end Resource_Controller;

is
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Ada: Tasks, Rendezvous

e Koncept CSP: Communicating Sequential Processes
= Hoare, 1978
paralelné bézici sekvenéni procesy

= komunikace: zasilani zprav
= synchronizace: synchronni zasilani zprav

+ odesilatel se zablokuje, dokud pfijemce neni schopen pfijmout zpravu
+ pfijemce se zablokuje, dokud neni schopen od odesilatele pfijmout zpravu
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Tasks, Rendezvous

Az A R L

orAe 39/69
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Tasks

® task
= |okélné definované
* bézi od zacatku rozsahu, v némz jsou definované
= dynamicky alokované

¢ accesstyp
+ alokace pomoci new
* béziaz od alokace

= pole tasku
e ukoncovani

= spontanni

= abort



20

22

Ada
0000000000000 000eO00000000000000

Tasks

task T is
end T;

task body T is
begin

makam;
end T;

task type T_Type is
end T;

task body T _Type is
begin
loop
makam;
end loop;
end T_Type;

Pole T : array (1..10) of T Type;
type T _Type Access is access T_Type;

Dynamicky T : T_Type_ Access;
Dynamicky T := new T_Type;
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Parametrizace vlaken

predavani parametr( pii vzniku vlakna
uzite¢né s typy vldken

type Monitor_ Procedure Type is access procedure;

task type Monitor Task Type (Mon Proc : Monitor Procedure_Type) is
entry Run;
entry Stop;
entry Request_ Terminate;

end Monitor_Task Type;
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Parametrizace vlaken

task body Monitor Task Type is

Finish Flag : Boolean := False;
Terminate Flag : Boolean := False;
begin
while not Terminate Flag
loop
select

accept Run;
while not (Finish_Flag or Terminate_Flag)
loop
select
accept Stop do
Finish Flag := True;
end Stop;
else
Mon_Proc.all;
end select;

end loop;
or
accept Request_Terminate do
Terminate_Flag := True;

end Request_Terminate;
end select;
Finish Flag := False;
end loop;
end Monitor_Task_ Type;
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Rendezvous

e mista synchronizace — predavani dat
® entry

= deklarace rendezvous bodu

® in,out, in out parametry
® accept

= implementace v téle tasku
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Tasks, Rendezvous

procedure Taskl is

task Vlakno is
entry ZadejX (X : in Integer);
entry PrectiX (X : out Integer);
end Vlakno;

task body Vlakno is
Hodnota : Integer;
begin
accept ZadejX (X : in Integer) do
Hodnota := X;
end ZadejX;
Hodnota := Hodnota + 1;
accept PrectiX (X : out Integer) do
X := Hodnota;
end PrectiX;
end Vlakno;

Chci_Inkrementovat : Integer;

begin
Vlakno.ZadejX (Chci_Inkrementovat);
Vlakno.PrectiX (Chci_Inkrementovat) ;
end Taskl;




Rendezvous

® select

= vybér z vice accept Moznosti

1

3
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Rendezvous

® select
= Casovany vybér

1

3
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Rendezvous

® select
= Casovany vybér

1

3

«or9QA 48/69



Ada
0000000000000 0O00O0O00O00e0000000000

Rendezvous

vyjimky béhem rendezvous
= jsou doruceny jak volajicimu vldknu, tak i vlastnimu vlaknu
= pokud vyjimka neni osetiena ve vlaknu, je vlakno ukonceno a vyjimka
se nepropaguje do rodice (povazovano za pfilis disruptivni)

begin
select
accept Volani do

raise Chyba;

end Volani;
end select;
exception
when Chyba =>
Naprav_Stav;
when other =>
Oznam_Uzivateli;
end;
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Rendezvous

vyjimky béhem rendezvous
= jsou doruceny jak volajicimu vldknu, tak i vlastnimu vlaknu
= pokud vyjimka neni osetiena ve vlaknu, je vlakno ukonceno a vyjimka
se nepropaguje do rodice (povazovano za pfilis disruptivni)

begin
T.Volani;
exception
when Chyba =>
Oznam_Uzivateli;
end;
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Vnorené Rendezvous

e moznost vicecestné synchronizace

procedure Three_Way is
task User;
task Device;

task Controller is
entry Doio (I : out Integer);
entry Start;
entry Completed (K : Integer);
end Controller;

task body User is ...;
—— includes calls to Controller.Doio(...)
task body Device is
J : Integer;
procedure Read (I : out Integer) is ...;
begin
loop
Controller.Start;
Read (J) ;
Controller.Completed(J) ;
end loop;
end Device;
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Vnorené Rendezvous

e moznost vicecestné synchronizace

task body Controller is
begin
loop

accept Doio (I : out Integer) do

accept Start;

accept Completed (K :

I :=K;
end Completed;
end Doio;
end loop;
end Controller;
begin
null;
end Three_ Way;

Integer) do

C

User Controller.Doio

ontroller

Controller.Start, Device

Controller.Completed
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Chranéné entries u vlaken

podobné jako u chranénych objektl s mirné odliSnou syntaxi

task body Ukazka is
Zinicializovano : Boolean := False;
Hodnota : Data;
begin
loop
select
when Zinicializovano =>
accept Cti (H : out Data) do
H := Hodnota;

end;

or
accept Zapis (H : in Data) do

Hodnota := H;

end;
Zinicializovano := True;

end select;

end loop;

end Ukazka;

= podminka se vyhodnocuje pfi kazdém priichodu pfes select

= pokud neni zZddna podminka splnéna, je vyhozena vyjimka
Program_Error (MOZno pouzit strukturu
select ... else ... end select;)

= zména hodnot mezi testem a rendezvous (viz komentarf u ’ Count)
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Atributy vlaken

e Ada 95 Quality and Style Guide, Section 6.2.3
® ’'Terminated

= bezpecné pouze testovani na True (po ukonceni vldakno nemuze
obzivnout)

® ’'Callable

= bezpecné pouze testovani na False (po ukonceni vldkno nemize
obzZivnout)
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Atributy vlaken

e Ada 95 Quality and Style Guide, Section 6.2.3

’Count

= chovéni vldkna by nemélo zaviset na tomto atributu (pouzivat radéji jen
s chrdnénymi objekty)

select
2| when Transmit’Count > 0 and Receive’Count = 0 =>
accept Transmit;

4 ... <\ S
or
6| accept Receive; Y@\-

8| end select;

stav ’ count se mUze zménit mezi vyhodnocenim a naslednou akci
(napt. volajici pouzil Casové omezené volani a mezi testem a accept se
ukoncil)

= u chrdnénych objektl: kazda prace s frontou je chrdnéna (viz eggshell
model)



Ada
0000000000000 0O00O0O00O000000e000000

Chranéné entries s timeoutem

Nelze implementovat pomoci chranénych typ(, jsou tieba vlakna

task body Ukazka is
Zinicializovano : Boolean := False;
Hodnota : Data;
begin
loop
select
when Zinicializovano =>
accept Cti (H : out Data) do
H := Hodnota;
end;

delay 1.0;
-— neco
end select;
end loop;
end Ukazka;
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Vynucené ukoncovani vlaken
Alternativni priklad

select
T.Ukonci;

or
delay 180xSeconds;
abort T;

end select;

nebo pokud nevéfime, Ze se Uloha po T.ukonci ukonci

select

T.Ukonci;

delay 60xSeconds;
or

delay 180xSeconds;
end select;
abort T;

= pozor na nebezpeli pouZiti abort
pragma Restrictions (No_Abort_Statements);

= ani druhé feseni neni blbuvzdorné (pokud se T.Ukonci muze
zakousnout v rdmci bloku accept, pouZiti requeue)
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Asynchronous Transfer of Control

e Potfeba rychle reagovat na asynchronni udalosti

reakce na chyby (napf. vypadek HW, kvili némuz se akce nikdy
nedokonci)

zmény rezim0 v disledku (neocekdvanych) udélosti

dosazZeni co nejlepsiho vysledku v pfipadé iterativniho prerusitelného
vypoctu

preruseni uzivatelem
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Asynchronous Transfer of Control

e Struktura

select
2 —-— triggering statement
delay 5.0;
4 —— post_trigger_part

Put_Line ("Tudy cesta nevede!");
6| then abort

—-— abortable_ part

8 Prevelevelmidlouhe_Volani;

end select;

L pOkUd abortable_part dobéhne dfive nez triggering_statement,
pokusi se ukondit triggering_statement

= pokud triggering statement dobéhne dfiv nez abortable_part, je
abortable_part ukoncena a provede se Cast post_trigger part

= triggering_statement — Vv Ada 95 delay/entry, v Ada 2005 i procedury

= abortable_part nemusi byt implementovana jako samostatny task




Ada
0000000000000 0O00O0O00O000O000000e000

Asynchronous Transfer of Control

e Priklad: iterativni dlouhy vypocet, chceme nejlepsi odhad v dobé, kdy
jej potiebujeme (J. Barnes, Ada 95)

= chrénény objekt na prfedavani posledniho vysledku

begin Result is

procedure Set_ Estimate(X : in Data);
3 function Get_Estimate return Data;
private
5 Est : Data;
end;

= signaliza¢ni objekt (napf. uZivatel chce vysledek)

begin Trigger is

2 entry Wait;
-— when Flag
4 procedure Signal;
private
6 Flag : Boolean := False;

end;
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Asynchronous Transfer of Control

e Priklad: iterativni dlouhy vypocet, chceme nejlepsi odhad v dobé, kdy
jej potiebujeme (J. Barnes, Ada 95)

= pouziti

1| select
Trigger.Wait;
3| then abort
Computation;
5| end select;

Trigger.Signal;
E := Result.Get_Estimate;

= oddéleni logiky vypoctu od jeho ukoncovani — vypocet nemusi
zjistovat, kdy ma koncit



Pamétovy model Javy Ada

(e}

0000000000000 0O0O0O0O00O000000O00000e0

Asynchronous Transfer of Control

o Vyjimky pfi ATC
= pokud se odehraje jen jedna vyjimka (v jedné z ¢asti), je mozno ji
zachytit
= pokud se odehraji dvé vyjimky soucasné v fidici i prerusitelné casti, je
vyjimka z prerusitelné ¢asti ztracena

Erlang
00000
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Programovani v realném case

e Real-Time and Distributed Systems Annex
= (dynamickeé) priority vlaken pfi volani entries
= monoténni hodiny s vysokou pfesnosti
= restrikce taskl pro specidlni pfipady (Ravenscar profile)
= preemptivni abort
= mnoho dalsiho
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Prehled prednasky

Erlang
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Erlang: distribuované programovani

e Erlang

= funkciondlni programovaci jazyk pro paralelni a distribuované
programovani

= An Erlang Course
http://www.erlang.org/course/course.html

= http://www.erlang.org/doc/reference_manual/
processes.html

= skutec¢né pouzitelny: napf. ejabberd, zpracovéni transakci u
Goldman-Sachs

e Paralelismus na konceptu CSP
= komunikujici procesy
= asynchronni zasilani zprav
= kazdy proces ma sviij ,mailbox”


http://www.erlang.org/course/course.html
http://www.erlang.org/doc/reference_manual/processes.html
http://www.erlang.org/doc/reference_manual/processes.html

Erlang
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Erlang: distribuované programovani

e vytvoreni procesu

spawn (Modul, Exportovana fce, Seznam_argumentu)

e predavani zprav

PID_procesu ! zprava
receive zprava —> udele]j_neco

e registrace procesu

register (nejaky_atom, PID)
whereis (registrovane_jmeno)
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Erlang: distribuované programovani

-module (priklad).
—compile (export_all) .

klient (Pid) ->
Pid ! {self(),pozadavek, ping},
receive
{Pid, odpoved, Odpoved} ->
io:format ("dorazila odpoved ~p~n", [Odpoved]),
Pid ! exit
end,
io:format ("klient skoncil~n").

server () —->
receive
{0d, pozadavek, Pozadavek} ->
io:format ("obdrzel jsem pozadavek ~p od ~p~n",
[Pozadavek, 0d]),
sleep (1000),
Ood ! {self(),odpoved, pong},
server();
_ =
io:format ("server skoncil~n")
end.

Erlang
[e]e]e] lo}
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Erlang: distribuované programovani

sleep (Time) ->
receive
after Time -> void
end.

spust () —>
Pid = spawn(fun server/0),
spawn (fun() -> klient (Pid) end),
io:format ("spusteni server i klient~n", []).

-bash-2.05b$ erl
Erlang (BEAM) emulator version 5.5.2 [source] [async-threads:0]

Eshell V5.5.2 (abort with %G)

1> c(priklad).

{ok,priklad}

2> priklad:spust ().

spusteni server i klient

obdrzel jsem pozadavek ping od <0.37.0>
ok

dorazila odpoved pong

klient skoncil

server skoncil

[hipe]

Erlang
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Erlang: distribuované programovani
e Svéazené (linked) procesy

link (Pid) —-> true
spawn_1link (Modul, Exportovana_fce, Seznam_argumentu)
unlink (Id) -> true

= pokud umre proces, posle o tom zpravu viem, ktefi jej maji
ynalinkovany”

'{'EXIT’, FromPid, Reason}

e Monitorovani procest

'erlang:monitor(process, registrovane_jmeno)

= alternativa k pouziti link{
= pfi ukonceni procesu zasle zpravu

'{'DOWN’, Ref, process, Pid2, Reason}

= vicenasobné volani vytvori vice monitorQ
e Zachytavani Exit signald

'process_flag(trap_exit,true)

= pFi exitu vygeneruje zpravu jako u linku

Erlang
[e]e]e]e] ]
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