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Concurrencia

Concurrencia =

Ejecución simultánea & Indeterminismo & Interacción

Interacción = Comunicación & Sincronización

Sincronización = Exclusión mutua | Sincronización por condición
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& Indeterminismo & Interacción

Interacción = Comunicación & Sincronización

Sincronización = Exclusión mutua | Sincronización por condición

S. Tamarit (UPM) Concurrencia - Conceptos y notación GII & GMI 2014-2015 1 / 19



Concurrencia

Concurrencia = Ejecución simultánea & Indeterminismo
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Concurrencia = Ejecución simultánea & Indeterminismo & Interacción

Interacción = Comunicación & Sincronización

Sincronización = Exclusión mutua

| Sincronización por condición

S. Tamarit (UPM) Concurrencia - Conceptos y notación GII & GMI 2014-2015 1 / 19



Concurrencia
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Proceso y Programa concurrente

• Programa secuencial: Especificación de la ejecución secuencial de una lista de
instrucciones.

• Proceso: Ejecución de un programa secuencial.

• Programa concurrente: Especificación de dos o más programas que se pueden ejecutar
concurrentemente como procesos paralelos.
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Interacción entre procesos

Interacción = Comunicación & Sincronización

• Comunicación: Permite compartir/enviar datos entre procesos.
• Variables compartidas: Hilos

• Paso de mensajes: Procesos e hilos

• Sincronización
• Enfoque operacional:

• Conjunto de restricciones en el orden de los eventos.

• El programador emplea un mecanismo de sincronización para retrasar la ejecución de un proceso con

el fin de satisfacer dichas restricciones.

• Enfoque axiomático: La semántica de las instrucciones esta definida por axiomas y reglas de

inferencia. (Lógica de la programación)
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Sincronización (Enfoque operacional)

a = 0; P→ b = a; c = b + 1; a = c; Q→ d = a + 2; a = d;

P→ p1; p2; p3; Q→ q1; q2;

entrelazados
p1; p2; p3; q1; q2;

a=3X

p1; p2; q1; p3; q2;

a=2 ×

p1; p2; q1; q2; p3;

a=1 ×

p1; q1; p2; p3; q2;

a=2 ×

p1; q1; p2; q2; p3;

a=1 ×

p1; q1; q2; p2; p3;

a=1 ×

q1; p1; p2; p3; q2;

a=2 ×

q1; p1; p2; q2; p3;

a=1 ×

q1; p1; q2; p2; p3;

a=1 ×

q1; q2; p1; p2; p3;

a=3X

P; Q; or Q; P;
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p1; p2; q1; p3; q2; a=1

×

p1; p2; q1; q2; p3;

a=1 ×

p1; q1; p2; p3; q2;

a=1 ×

p1; q1; p2; q2; p3;

a=1 ×

p1; q1; q2; p2; p3;

a=1 ×

q1; p1; p2; p3; q2;

a=3X

q1; p1; p2; q2; p3;

a=3X

q1; p1; q2; p2; p3;

a=3X

q1; q2; p1; p2; p3;

a=3X
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Sincronización (Enfoque axiomático)

{P} S {Q}

Ejemplo:

P1:

. . .

{ x > 0}
S1: x := 16;

{ x = 16}
. . .

P2:

. . .

{ x < 0}
S2: x := -2;

{ x = -2}
. . .
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Corutinas

• Son como subrutinas, pero permiten transferir el control simétricamente en vez de
manera estrictamente jerárquica.

• El control se transfiere entre corutinas mediante la instrucción resume.

8 • G .R .  Andrews  and F. B. Schneider 

p r o g r a m  P, 

call `4; 

end 

yco?n.ne 
resume B; 

resume  .4; 
resume  B ~ ... 

return 

Figure 1. A use of coroutines. 

one routine at a time. In essence, coroutines 
are concurrent processes in which process 
switching has been completely specified, 
rather than left to the discretion of the 
implementation. 

Statements to implement coroutines 
have been included in discrete event simu- 
lation languages such as SIMULA I [Ny- 
gaard and Dahl, 1978] and its succes- 
sors; the string-processing language SL5 
[Hanson and Griswold, 1978]; and systems 
implementation languages including 
BLISS [Wulf et al., 1971] and most recently 
Modula-2 [Wirth, 1982]. 

2.2 The fork and join Statements 

The f o r k  statement [Dennis and Van 
Horn, 1966; Conway, 1963b], like a call  or 
resume,  specifies that a designated routine 
should start executing. However, the invok- 
ing routine and the invoked routine proceed 
concurrently. To synchronize with comple- 
tion of the invoked routine, the invoking 
routine can execute a jo in  statement. Exe- 
cuting jo in  delays the invoking routine un- 
til the designated invoked routine has ter- 
minated. (The latter routine is often desig- 
nated by a value returned from execution 
of a prior fork.)  A use of f o r k  and join 
follows: 

program P1; program P2; 
, . .  o , o  

fork P2; . . .  
° o .  o o .  

join P2; end 
o , ,  

Execution of P2 is initiated when the f o r k  
in P1 is executed; P1 and 1'2 then execute 
concurrently until either P1 executes the 
join statement or P2 terminates. After P1 
reaches the jo in  and P2 terminates, P1 
executes the statements following the join. 

Because f o r k  and jo in  can appear in 
conditionals and loops, a detailed under- 
standing of program execution is necessary 
to understand which routines will be exe- 
cuted concurrently. Nevertheless, when 
used in a disciplined manner, the state- 
ments are practical and powerful. For ex- 
ample, f o r k  provides a direct mechanism 
for dynamic process creation, including 
multiple activations of the same program 
text. The UNIX 6 operating system [Ritchie 
and Thompson, 1974] makes extensive use 
of variants of f o r k  and join. Similar state- 
ments have also been included in PL/ I  and 
Mesa [Mitchell et al., 1979]. 

2.3 The cobegin Statement 
The cobeg in  statement 7 is a structured 
way of denoting concurrent execution of a 
set of statements. Execution of 
cobegin $1 II $2 II "'" U Sn coend 
causes concurrent execution of $1, $ 2 , . . . ,  
Sn. Each of the Si's may be any statement, 
including a cobeg in  or a block with local 
declarations. Execution of a cobeg in  state- 
ment terminates only when execution of all 
the Si's have terminated. 

Although cobeg in  is not as powerful as 
fo rk / jo in ,  s it is sufficient for specifying 

6 UNIX is a trademark of Bell Laboratories. 
7 This was first called p a r b e g i n  by Dijkstra [1968b]. 
s Execution of a concurrent program can be repre- 
sented by a process flow graph: an acyclic, directed 
graph having one node for each process and an arc 
from one node to another if the second cannot execute 
until the fncst has terminated [Shaw, 1974]. Without 
introducing extra processes or idle time, cobeg in  
and sequencing can only represent series-parallel 
(properly nested) process flow graphs. Using fo rk  and 
j o i n ,  the computation represented by any process flow 
graph can be specified directly. Furthermore, fo rk  can 
be used to create an arbitrary number of concurrent 
processes, whereas cobeg in  as defined in any existing 
language, can be used only to activate a fLxed number 
of processes. 

Computing Surveys, Vol. 15, No. 1, March 1983 

• Cada corutina puede verse como un proceso concurrente (en los cual el cambio entre
procesos ha sido completamente especificado). La ejecución de resume produce la

sincronización entre procesos.

• Aceptable para un único procesador, inadecuado para procesamiento en paralelo real.
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Fork/Join

• La instrucción fork:
• Especifica que una rutina dada debe empezar a ejecutarse

• La rutina invocada y la rutina que ha hecho el fork siguen en paralelo.

• La instrucción join:
• Permite sincronizar con la finalización de la rutina invocada.

• Se retrasa la rutina que ha hecho el join hasta que la rútina invocada termina.

program P1:

. . .

fork P2

. . .

join P2

. . .

program P2:

. . .

. . .

. . .

end

S. Tamarit (UPM) Concurrencia - Conceptos y notación GII & GMI 2014-2015 8 / 19



Fork/Join

• La instrucción fork:
• Especifica que una rutina dada debe empezar a ejecutarse

• La rutina invocada y la rutina que ha hecho el fork siguen en paralelo.

• La instrucción join:
• Permite sincronizar con la finalización de la rutina invocada.

• Se retrasa la rutina que ha hecho el join hasta que la rútina invocada termina.
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Cobegin

• Manera estructurada de denotar ejecución concurrente de un conjunto de instrucciones.
• cobegin S1 ‖ S2 ‖ . . . ‖ Sn coend

• Ejecución concurrente de S1, S2, . . . , Sn.

• No es tan potente como fork/join, pero es suficiente para especificar la mayoŕıa de las
computaciones concurrentes.

• Hace expĺıcita que rutinas son ejecutadas concurrentemente, y proporciona una
estructura de control de una única entrada y salida.

begin /* sequential */

s1;

cobegin /* concurrent */

begin /* sequential */

s2;

s4;

cobegin /* concurrent */

s5;

s6

coend

end;

s3

coend;

s7

end;
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Declaración de procesos

• Proporciona una manera mas clara de declarar que una rutina será ejecutada
concurrentemente.

• Distintas aproximaciones a la hora de ejecutar:
• Todas al principio con un cobegin
• Elegir cuando y que se quiere ejecutar (mediante un fork o similar)
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Primitivas de sincronización

basadas en variables compartidas

Sincronización = Exclusión mutua | Sincronización por condición

Tipos de sincronización

• Exclusión mutua:
• Asegura que una secuencia de instrucciones sea tratada como una operación indivisible.

• Sección critica: Secuencia de instrucciones que debe parecer ejecutarse como una operación

indivisible.

• Ejecución mutuamente exclusiva de secciones cŕıticas.

• Ejemplo: Instrucción x+=1

• Sincronización por condición:
• Consiste en retrasar un proceso hasta que una de las variables compartidas cumpla las

condiciones necesarias para ejecutar la siguiente operación.

• Ejemplo: Sacar elementos de un buffer vaćıo, o meterlos en uno lleno.
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Problemas que pueden darse

• Bloqueo mutuo (Deadlock):
• Estado en el cual dos o más procesos están esperando a evento que nunca ocurrirán.

• Innanición (Starvation):
• Cuando un proceso se retrasa de manera infinita esperando a una condición.

• Si un mecanismo de sincronización lo evite se le llama justo (fair). Si existe un limite superior de

cuanto tiempo el proceso será retrasado, entonces se le llama justo acotado (bounded fair)
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Espera activa (Busy-Waiting)

• Los procesos se dedican a dar valor y a examinar (set & test) variables compartidas.
• Avisar condición→ Dar valor a la variable

• Esperar condición→ Examinar repetidamente la variable hasta que tenga el valor deseado.

• Se llama de esta manera porque un proceso que está esperando a una condición debe
examinar repetidas veces la variable compartida.

• El proceso se dice que está haciendo spinning.

• Las variables compartidas se llaman spinlocks.

• Buen enfoque para implementar sincronización por condición, pero no para exclusión
mutua.
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Espera activa (Busy-Waiting)

Concepts and Notations for Concurrent Programming • 11 

Three shared variables are used as follows that  the finite progress assuraption is not 
to realize the desired synchronization. Boo- invalidated by delays due tO ~synchroniza. 
lean variable enteri (i -- I or 2) is true when 
process Pi is executing its entry protocol or 
its critical section. Variable turn records 
the name of the next process to be granted 
entry into its own critical section; turn is 
used when both processes execute their re- 
spective entry protocols at about the same 
time. The solution is 

p r o g r a m  Mute.,:_ExanTph,; 

var enter l, enter2 : Boolean initial {false~false); 
turn : integer initial ("PI") ;  { or  "P2'" } 

process  P1; 
loop 

Entry_Protocol: 
enterl :=  true: { announce  intent to enter } 
turn : = " P 2 " :  { set priori ty to other  process } 

tion. In general, a synchronization mecha- 
nism is fair if no process is delayed forever, 
waiting for a condition that  occurs infinitely 
often; it is bounded fair if there exists an 
upper bound on how longa process will be 
delayed waiting for a condition that  occurs 
infinitely often. The above protocol is 
bounded fair, since a process waiting to 
enter its critical section is delayed for at 
most one execution of the other process' 
critical section; the variable turn ensures 
this. Peterson [1981] gives operational 
proofs of mutual exiZlusion, deadlock free- 
dom, and fairness; Dijkstra [1981a] gives 
axiomatic ones. 

Synchronization protocols that use only 
wh,e enter2 and turn = "Re" busy-waiting are difficult to design, under- 

do  skip; { wait  if o ther  process is in and  it is his turn  ! 
Critical Section; stand, and prove correct. First, although 
Exi t_Protocol :  

enterl :=./ah'e; { renounce  intent to enter  } 
Noncri t ical  Section 
end 

end: 

process P2: 
loop 

Ent ry_Protocol :  
enter2 := true; { a n n o u n c e  intent to enter } 
turn :=  " P I ' ;  { set pr ior i ty  to other  process ] 
while enterl  and turn ="PI '"  

do skip; { wait  if o ther  process is in and it is his turn  } 
Crit ical  Section: 
Exi t_Protocol :  

enterl :=.false; { renounce  intent  to  enter } 
Noncri t ical  Section 
end 

end 

end. 

In addition to implementing mutual ex- 
clusion, this solution has two other desira- 
ble properties. First, it is deadlock free. 
Deadlock is a state of affairs in which two 
or more processes are waiting for events 
that  will never occur. Above, deadlock 
could occur if each process could spin for- 
ever in its entry protocol; using turn pre- 
cludes deadlock. The second desirable 
property is fairness: 1° if a process is trying 
to enter its critical section, it will eventually 
be able to do so, provided that the other 
process exits its critical section. Fairness is 
a desirable property for a synchronization 
mechanism because its presence ensures 

~ ° A  m o r e  c o m p l e t e  d i s c u s s i o n  o f  f a i r n e s s  a p p e a r s  i n  
L e h m a n n  e t  a l .  [ 1 9 8 1 ] .  

instructions that  make two memory refer- 
ences part of a single indivisible operation 
(e.g., the T S  (test-and-set) instruction on 
the IBM 360/370 processors) help, such 
instructions do n o t  significantly simplify 
the task of designing synchronization pro- 
tocols. Second, busy-waiting wastes pro- 
cessor cycles. A processor executing a spin- 
ning process could usually be  ~employed 
more productively by running other pro- 
cesses until the awaited ~ condition occurs. 
Last, the busy-waiting~approach to syn- 
chronization burdens the programmer with 
deciding both what synchronization is re- 
quired and how to provide it. In reading a 
program that  uses busy-waiting, it may not 
be clear to the reader which program vari- 
ables are used for implementing synchro- 
nization and which are used for, say, inter- 
process communication. 

3.2 Semaphores 

Dijkstra was one of the first to appreciate 
the difficulties of using low-level mecha- 
nisms for process synchronization, and this 
prompted his development of semaphores 
[Dijkstra, 1968a, 19681)]. A semaphore is a 
nonnegative integer-valued variable on 
which two operations are defined: P and V. 
Given a semaphore s, P(s) delays until 
s > 0 and then executes s ~ s - 1; the test 
and decrement ar~ executed as an indivis- 
ible operation. V(s) executes s :ffi s + 1 as 

Compufliig Surveys, VoL 16, No. I, Match 1983 

• Sin bloqueo mutuo: Podŕıa pasar si
cada proceso pudiese hacer spin

infinitamente en su protocolo de

entrada. La variable turn lo impide.

• Justo acotado: Un proceso esperando
a entrar en su sección cŕıtica es

retrasado como mucho una ejecución

de la sección critica del otro proceso.

La variable turn lo asegura.
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Espera activa (Busy-Waiting)

• Los protocolos de sincronización que utilizan únicamente la espera activa son dif́ıciles de
diseñar, comprender y de probar su corrección.

• Se malgastan ciclos de procesador.
• Se carga al programador con la con la responsabilidad de decidir que sincronización se
requiere y como proporcionarla.

• Puede no estar claro para el lector que variables se usan para la sincronización y que
variables se usan para la comunicación entre procesos.
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Semáforos

• Un semáforo es una variable de tipo entero no negativo en el cual se definen dos
operaciones, P y V. Dado un semáforo s,

• P(s) espera hasta que s > 0 y entonces ejecuta s = s − 1
• V(s) ejecuta s = s + 1

• Implementación de cada uno de los tipos de sincronización:
• Exclusión mutua:

• Cada sección cŕıtica es precedida por una operación P y seguida de una operación V en el mismo
semáforo.

• Todas las secciones criticas exclusivas usan el mismo semáforo, que se incializa a 1 (semáforo binario).

• Sincronización por condición:

• Las variables compartidas se usan para representar la condición, y un semáforo asociado con la

condición se usa para conseguir la sincronización.

• Cuando un proceso hace la condición verdad, avisa ejecutando una operación V, mientras que retrasa
su ejecución ejecutando una operación P.

• Suelen utilizarse semáforos generales o también llamados de conteo. Llevan el registro de recursos

compartidos con un determinado número de unidades.
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Semáforos (Exclusión mutua)

12 • G. R. Andrews and F. B. Schneider 

an indivisible operation, n Most  semaphore  
implementat ions  are assumed to exhibit  
fairness: no process delayed while executing 
P(s) will r e m a i n  delayed forever  if V(s) 
operat ions are performed infinitely often. 
T h e  need for fairness arises when a number  
of  processes are s imultaneously delayed, all 
a t tempt ing  to execute a P operat ion on the 
same semaphore.  Clearly, the implementa-  
t ion must  choose which one will be allowed 
to proceed when a V is ul t imately  per- 
formed. A simple way to ensure fairness is 
to awaken processes in the order  in which 
they  were delayed. 

Semaphores  are a very  general  tool for 
solving synchronizat ion problems. T o  im- 
p lement  a solution to the  mutua l  exclusion 
problem, each critical section is preceded 
by  a P operat ion and followed by  a V 
operat ion on the  same semaphore.  All mu- 
tual ly exclusive critical sections use the 
same semaphore,  which is initialized to one. 
Because such a semaphore  only takes on 
the  values zero and one, it  is of ten called a 
binary semaphore.  

To  implement  condit ion synchronization, 
shared variables are used to represent  the  
condition, and a semaphore  associated with 
the  condit ion is used to accomplish the 
synchronization.  After  a process has  made  
the condit ion true, it signals tha t  it has 
done so by  executing a V operation; a pro- 
cess delays unti l  a condit ion is t rue  by  
executing a P operation. A semaphore  tha t  
can take any nonnegat ive value is called a 
general or counting semaphore.  General  
semaphores  are often used for condit ion 
synchronizat ion when controlling resource 
allocation. Such a semaphore  has  as its 
initial value the  initial number  of  units  of 
the  resource; a P is used to delay a process 
until  a free resource uni t  is available; V is 
executed when  a uni t  of the  resource is 
re turned.  Binary  semaphores  are sufficient 

n p is the first letter of the Dutch word "passeren," 
which means "to pass"; V is the first letter of 
"vrygeven," the Dutch word for "to release" [Dijkstra, 
1981b]. Reflecting on the definitions of P and V, 
Dijkstra and his group observed the P might better 
stand for "prolagen" formed from the Dutch words 
"proberen" (meaning "to try") and "verlagen" (mean- 
ing "to decrease") and V for the Dutch word 
"verhogen" meaning "to increase." Some authors use 
wait for P and signal for V. 

for  some types of condit ion synchroniza- 
tion, no tably  those in which a resource has 
only one unit.  

A few examples will i l lustrate uses of 
semaphores.  We show a solution to the  two- 
process mutua l  exclusion problem in te rms 
of semaphores  in the  following: 
program Mutex__Example; 

var mutex : semaphore initial (i); 

process P1; 
loop 

P(mutex); { Entry Protocol } 
Critical Section; 
V(mutex); [ Exit Protocol } 
Noncritical Section 
end 

end; 

process P2; 
loop 

P(mutex); { Entry Protocol } 
Critical Section; 
V(mutex); { Exit Protocol } 
Noncritical Section 
end 

end 

end. 
Notice how simple and symmetr ic  the ent ry  
and exit protocols  are in this solution to the 
mutua l  exclusion problem. In particular,  
this use of P and V ensures bo th  mutua l  
exclusion and absence of deadlock. Also, if 
the  semaphore  implementa t ion  is fair and 
bo th  processes always exit their  critical sec- 
tions, each process eventual ly gets to enter  
its critical section. 

Semaphores  can also be used to solve 
selective mutual  exclusion problems. In the  
latter ,  shared  variables are par t i t ioned into 
disjoint sets. A semaphore  is associated 
with each set and used in the same way as 
mutex above to control  access to the vari- 
ables in t ha t  set. Critical sections tha t  ref- 
erence variables in the  same set execute 
with mutua l  exclusion, bu t  critical sections 
tha t  reference variables in different sets 
execute  concurrent ly.  However,  if two or 
more  processes require s imultaneous access 
to variables in two or more  sets, the  pro- 
g rammer  must  take care or deadlock could 
result.  Suppose tha t  two processes, P1 and 
P2, each require s imultaneous access to sets 
of  shared  variables A and B. Then ,  P1 and 
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• Solución simple y simétrica
• Se asegura la exclusión mutua, está
libre de bloqueos mutuos y además,

si la implementación del semáforo es

justa, esta solución también será

justa.
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Semáforos (Ex. mutua y Sinc. por condición)

Concepts and Notations for Concurrent Programming 

P2 will deadlock if, for example, P1 acquires 
access to set A, P2 acquires access to set B, 
and then both processes try to acquire ac- 
cess to the set that  they do not yet have. 
Deadlock is avoided here (and in general) 
if processes first try to acquire access to the 
same set (e.g., A), and then try to acquire 
access to the other (e.g., B). 

Figure 3 shows how semaphores can be 
used for selective mutual exclusion and con- 
dition synchronization in an implementa- 
tion of our simple example operating 
system. Semaphore in___rnutex is used to 
implement mutually exclusive access to 
input__buffer and out__mutex is used to 
implement mutually exclusive access to 
output_buffer. 12 Because the buffers 
are disjoint, it is possible for opera- 
tions on input__buffer and output__buffer 
to proceed concurrently. Semaphores 
num cards, num__lines, free__cards, and 
free__lines are used for condition synchro- 
nization: num__cards (num__lines) is the 
number of card images (line images) that 
have been deposited but not yet fetched 
from input__buffer (output__buffer); 
free__cards (free__lines) is the number of 
free slots in input__buffer (output__buffer). 
Executing P(num__cards) delays a process 
until there is a card in input___buffer; 
P(free__cards) delays its invoker until 
there is space to insert a card in in- 
put__buffer. Semaphores num__lines and 
free__lines play corresponding roles with 
respect to output__buffer. Note that  before 
accessing a buffer, each process first waits 
for the condition required for access and 
then acquires exclusive access to the buffer. 
If this were not the case, deadlock could 
result. (The order in which V operations 
are performed after the buffer is accessed is 
not critical.) 

Semaphores can be implemented by us- 
ing busy-waiting. More commonly, how- 
ever, they are implemented by system calls 
to a kernel. A kernel {sometimes called a 
supervisor or nucleus) implements proc- 
esses on a processor [Dijkstra, 1968a; Shaw, 

~2 In this solution, careful implementation of the op- 
erations on the buffers obviates the need for sema- 
phores in_mutex  and out_mutex. The semaphores 
tha t  implement condition synchronization are suffi- 
cient to ensure mutually exclusive access to individual 
buffer slots. 

• 13 

program OPSY~,, .... 
vat in_mutex, out.Jnulex : semaphore initial (1, !); 

num_.cards, numJines : semaphoTe initial (0,0); 
free_cards, free-lines : semaphore initial (N,N); 
input_buffer : array [O..N-I] of:cardimage; 
output..buffer : array [O,.N-I] of lineimage; 

process reader; 
var card : cardimage; 
loop 

read card from cardreader; 
POCree_cards); P(in_mutex); 

deposit card in input..buffer; 
V(in_mutex); Y(num...cards) 
end 

end; 

process executer; 
var card : eardimage; 

line : lineimage; 
loop 

P(num_cards); P(in_mutex); 
fetch card from input_buffer; 

V(in_muwx); Y(free-cards); 
process card and generate line; 
P(free..lines); P(out_mutex); 

deposit line in output_buffer; 
V(out_mutex); V(num._lines) 
end 

end; 

process printer; ~ 
var line : lineimage; -~ 
loop 

P(num_lines); P(out_mutex); 
fetch line from output_buffer; 

V(out_mutex); VOrree_lines); 
print line on lineprinter 
end 

end 

end. 

Figure 3. Batch operating system with semaphores. 

1974]. At all times, each process is either 
ready to execute on the processor or is 
blocked, waiting to complete a P operation. 
The kernel maintains a ready list--a queue 
of descriptors for ready processes--and 
multiplexes the processor among these 
processes, running each process for some 
period of time. Descriptors for processes 
that  are blocked on a semaphore are stored 
on a queue associated with that  semaphore; 
they are not stored on the ready list, and 
hence the processes will not be executed. 
Execution of a P or V operation causes a 
trap to a kernel routine. For a P operation, 
if the semaphore is positive, it is decre- 
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• Implementa ambos tipos de
sincronización

• Exclusión mutua: Semáforos

in mutex and out mutex
• Sincronización por condición:

Semáforos num cards, num lines,
free cards and free lines.

• El orden que se hacen la operaciones
P es importante. Un cambio podŕıa
llevar a situaciones de bloqueo

mutuo. El de las operaciones V es
irrelevante.
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Semáforos (Ex. mutua y Sinc. por condición)

Concepts and Notations for Concurrent Programming 
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1974]. At all times, each process is either 
ready to execute on the processor or is 
blocked, waiting to complete a P operation. 
The kernel maintains a ready list--a queue 
of descriptors for ready processes--and 
multiplexes the processor among these 
processes, running each process for some 
period of time. Descriptors for processes 
that  are blocked on a semaphore are stored 
on a queue associated with that  semaphore; 
they are not stored on the ready list, and 
hence the processes will not be executed. 
Execution of a P or V operation causes a 
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• Implementa ambos tipos de
sincronización

• Exclusión mutua: Semáforos

in mutex and out mutex
• Sincronización por condición:

Semáforos num cards, num lines,
free cards and free lines.

• El orden que se hacen la operaciones
P es importante. Un cambio podŕıa
llevar a situaciones de bloqueo

mutuo. El de las operaciones V es
irrelevante.
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Concurrencia (bis)

Concurrencia = Ejecución simultánea & Indeterminismo & Interacción

Interacción = Comunicación & Sincronización

Sincronización = Exclusión mutua | Sincronización por condición
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