Parte 111

Logica de Hoare
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Logica de Hoare

@ Assergoes da Logica de Hoare:

{P}S{Q}
{P} Pré-condicao
S Programa
{Q} Pés-condicéo

@ Significado: qualquer execucéo do programa S
num estado que satisfaz P, se terminar, termina

num estado que satisfaz Q.
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Logica de Hoare

@ Sistema Légico Formal para raciocinar sobre
programas, formulado por Hoare em 1972.
€ Simplificagdo do método (pioneiro) das assercdes
devido a Floyd, concebido para diagramas de fluxo,
tendo em vista linguagens estruturadas.
P :=skip | x:=E|whileCdo Pend|P;P|
if Cthen P else P end |
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Logica de Hoare

@ Assergoes da Logica de Hoare:

{P}S{Q}
{P} Pré-condicéo
S Programa
{Q} Pés-condicéo

@ As condicdes P e Q sdo expressas em logica de
primeira ordem, podendo mencionar variaveis do

programa.
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Logica de Hoare

@ Exemplo de assercéo valida
{x=0}x=x+1{x>0}
{x=0} Pré-condigdo
X:=x+1 Programa
{x>0} Pobs-condicdo
@ As condigdes P e Q sdo expressas em logica de

primeira ordem, podendo mencionar variaveis do
programa.
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Logica de Hoare

€ Exemplo de assercéo valida
{x=0 &y=x}x=x+1{x>0 &y=x-1}
{x=0&y=x} Pré-condicéo
x:=x+1 Programa
{x>0&y=x-1} Pdés-condicéo
@ A pré e p6s condicdo pode mencionar outras
variaveis que ndo surgem no programa.
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Regras de Inferéncia

@ A lbgica de Hoare introduz uma regra de inferéncia para
cada construgdo da linguagem.
@ As regras de inferéncia séo da forma
{P1}S1{Q1} {P2}S2{S2}...{Pn}Sn{Qn}
{P}s{Q}

onde o nimero n de premissas pode ser >= 0. Os

programas Si sdo elementos constituintes de S.
€ Se todas as premissas sdo validas entdo a concluséo é
valida (consisténcia).
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Implicacéao légica

P=>P1 {P1}S{Ql} Q1=>Q
{P}S{Q}

€ Permite usar todo o poder de raciocinio l6gico no

meio de uma prova.
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Sequéncia

{P}S1{R} {R}S2{Q}
{P}S1;82{Q}
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if then else

{P&C}S1{Q} {P&-C}S2{Q}
{P}ifCthenSlelseS2{Q}
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skip

{P}skip{P}
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Afectacao

{P{x/E}}x:=E{P}
€ Exemplos:
{y>08&y>0}x:=y{x>0&y>0}
(y>0)=>(y>0&y>0)=(x>0&y>0){x/y}
{y>0}x=y{x>0&y>0}
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while

{P&C}S{P}
{P}whileCdo S{P&-C}
€ A condicéo P chama-se também “invariante” do
ciclo (while) pois é mantida valida ao longo das
varias iteragdes. O corpo S do ciclo while deve
preservar o invariante P, tendo em conta que a
condicao C é verdadeira no inicio de cada iteracéao.

Exemplo (if then else)

{}if (@a>Db) then
{a>b}={a>b&a=max(ab)}
m:=a{a>b&m=max(a,b) } = {m=max(a,b) }

else
{a<b}{a<b&b=max(ab)}
m:=b {a<b&m=max(ab)}={m=max(ab)}

end { m = max(a,b) }
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Parte 11
Monitores (Hoare)
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Exemplo (while)
{}i:==0;5:=0,{i=0&s=0}=>{s=3%,j}
while (i <>N)do
{s=2i,j&i<>N}
{s=(E")) - (+1)}
i=i+1;
{s=Co))-t=>{s+i=Eo}
S:=s+i;
{s=(CoN}
end {S:(Zij:oj) &i=N}={s=(=N,))
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Monitores (Exemplo 1)
monitor single_resource:
begin busy:Boolean;
nonbusy:condition;
procedure acquire;
begin if busy then nonbusy.wait;
busy := true
end;
procedure release;
begin busy := false;
nonbusy.signal
end;
busy := false; comment inital value;
end single resource;
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Monitores (Exemplo 2a)

monitor bounded_buffer;
begin buffer:array 0..N - 1 of portion;
lastpointer: O..N - 1;
count: 0..N;
nonempty ,nonfullzcondition;

procedure append(x:portion);
begin if count = N then nonfull.wait;
buffer[lastpointer] := x;
lastpointer := lastpointer o I;
count := count + 1;
nonempty.signal
end append;

count := 0; lastpointer := 0;

end bounded buffer;
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Monitores (Exemplo 2b)

bounded buffer:monitor
begin buffer:array 0..N - 1 of portion;
lastpointer: 0..N - 1;
count: 0..N;

nonempty,nonfullzcondition;

procedure remove(result x: portion);
begin if count = 0 then nonempty.wait;
x = buffer[lastpointer (-) count];
count := count — 1;
nonfull.signal
end remove;

count := 0; lastpointer := 0;
end bounded buffer;
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Monitores (Exemplo 3)

alarmclock:monitor
begin now:integer;

wakeup:condition;

procedure wakeme(n:integer);
begin alarmsetting:integer;
alarmsetting := now + n;
while now < alarmsetting do wakeup.wait(alarmsetting);
wakeup.signal ;
comment In case the next process is due to wake up at the same time;
end;
procedure tick;
begin now := now + 1;
wakeup.signal
end;
now := 0;

end alarmclock;
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Monitores (Exemplo 4a)

class readers_and_writers: monitors
begin readercount: integer;
busy:Boolean;
OKtoread, OKtowrite:condition;

procedure startread;
begin if busy or OKtowrite.queue then OKtoread.wait;
readercount := readercount + 1;
OKtoread.signal;
comment Once one reader can start, they all can;
end startread;

procedure endread;
begin readercount := readercount -
if readercount = 0 then OKtowrite.signal
end endread;

readercount := 0;
busy := false:
end readers_and_writers;
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Monitores (Exemplo 4b)

class readers_and_writers: monitors
begin readercount: integer;
busy:Boolean;
Oktoread, OKtowrite:condition;

procedure startwrite;
begin
if readercount > 0 or busy then OKtowrite.wait
busy := true
end starturite;

procedure endwrite;

begin busy :
if OKtoread.queue then OKtoread.signal
else OKtowrite.signal

false;

end endwrite;
readercount := 0;

busy := false:
end readers_and_writers;
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Analise de Objectos

@ Estamos interessados em analisar o
comportamente de objecto, em termos das suas
solicitacdes exteriores,

@ Qualquer chamada de método deve preservar a
consisténcia do objecto, expressa sob a forma de
uma condicao invariante Inv.

€ Assim, para todo o corpo de método S, deve ter-se

{Inv}S{inv}
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Analise de Objectos

€ Para cada método deve determinar-se a sua semantica em termos de

pré e p6s condicdes. Por exemplo:

{queue(@) &q=v@q'}
x = g.dequeue()
{x=v&q=q &queue(@)}

€ A condi¢do Inv deve ser estabelecida pelo estado inicial do objecto (ser

p6s condi¢éo do construtor).
4 Paratodo o método m definido pelo programa S, deve ter-se que

{Inv&PS}S{Inv}

onde PS é a pré condicdo do método.
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Exemplo (Bounded Buffer)

class Buffer {

Queue queue; int N;

sync void write(Val v) {
if (N < Max) { queue.enq(Vv); N++; }
else ERR }

sync Val read() {
if (N>0) { v=queue.deq(); N--; }
else ERR }

Buffer() { queue = new Queue(); N = 0 }

3
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Exemplo (Bounded Buffer)

class Buffer {

// INVARIANT: |Jqueue|] = N & (0 < N < Max)

Queue queue; int N;

sync void write(Val v) {
iT (N < Max) { queue.enq(v); N++; }
else ERR }

sync Val read() {
if (N>0) { v=queue.deq(); N--; }

else ERR }
Buffer() { queue = new Queue(); N =0 }
3
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Exemplo (Bounded Buffer)

class Buffer {
// INVARIANT: |Jqueue|] = N & (0 < N < Max)
Queue queue; int N;
Buffer() {
{7}
queue = new Queue();
{ lqueue|] = 0 }

N=0
{ lqueue] =0 &N=0 3} =
{ INV }
3
3
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Exemplo (Bounded Buffer)

class Buffer {
// INVARIANT: Jqueue|] = N & (0 < N < Max)
Queue queue; int N;
sync void write(Val v) {
{ INV & |queue] < Max }
{ INV & N < Max }
if (N < Max) {
{ INV & (N < Max) }
queue.enq(v); N++;
{ INV }
¥
else { INV & False } ERR { INV } }
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Exemplo (Bounded Buffer)

class Buffer {
// INVARIANT: Jqueue] = N & (0 < N < Max)
Queue queue; int N;
sync Val read() {
{ INV & Jqueue|] > 0 }
{INV&N>03}
if (N>0) {
{INV& (N>0) 3}
v = queue.deq(); N--;
{ INV }
}
else { INV & False } ERR { INV } }
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Exemplo (Bounded Buffer)

class Buffer {

// INVARIANT: | queue | = N & (0 < N < MAX)

Queue queue; int N;

sync void { pre:|queue| < MAX } write(Val v) {
if (N < Max) { queue.enq(v); N++; }
else ERR }

sync Val { pre:]queue| > 0} read() {
if (N>0) { v=queue.deqQ); N--; }

else ERR }
Buffer() { queue = new Queue(); N =0 }
3
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Exemplo (Bounded Buffer)

class Buffer {
// INVARIANT: | queue | = N & (0 < N < MAX)
Queue queue; int N; Condition nonfull, nonempty;
sync void write(vVal v) {
wait(nonfull);
queue.enq(v); N++;
signal (nonempty); }
sync Val read() {
wait(nonempty);
v = queue.deq(); N--;
signal(nonfull);}
Buffer() { queue = new Queue(); N = 0 }
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Regra de Hoare (walit)

{Inv } wait(C) { Inv & Cond(C) }

@ Inv é a condigéo invariante do objecto.

# E importante verificar que Inv é valido em todas as
situagdes em que possa existir uma mudanga de
contexto de execucao (ex: outro thread tome posse
do objecto).
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Regra de Hoare (signal)

{Inv & Cond(C) } signal(C) { Inv}

@ Inv é a condicéo invariante do objecto.

& E importante verificar que Cond(C) é valida antes
de provocar o “acordar” potencial de um thread em

espera na condicéo C.

@ Reflicta na consisténcia das regras wait e signal.
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Regra de Hoare (wait)

{Inv } wait(C) { Inv & cond(C) }

€ Cond(C) é a propriedade denotada pela (variavel
de) condicéo C.
€ No exemplo em discusséo (Bounded Buffer):
— Cond(nonempty) = (N>0)
— Cond(nonfull) = (N < MAX)
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Regra de Hoare (signal)

{Inv & cond(C) } signal(C) { Inv}

€ Cond(C) é a propriedade denotada pela (variavel
de) condicéo C.
€ No exemplo em discussédo (Bounded Buffer):
— Cond(nonempty) = (N>0)
— Cond(nonfull) = (N < MAX)
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Exemplo (Bounded Buffer)

class Buffer {
// INVARIANT: | queue | = N & (0 < N < MAX)
Queue queue; int N; Condition nonfull, nonempty;
sync void write(Val v) {
wait(nonfull);
queue.enq(v); N++;
signal (nonempty); }
sync Val read() {
wait(nonempty);
v = queue.deq(); N--;
signal(nonfull); return v; }
Buffer() { queue = new Queue(); N =0 }
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Exemplo (Bounded Buffer)

class Buffer {

/7 INVARIANT: | queue | = N & (0 < N < MAX)
Queue queue; int N; Condition nonfull, nonempty;

sync void write(Val v) {

{ IV}
wait(nonfull);

£ IV & (N < MAX) 3
queue.enq(v); N++;

{ INV & (N <= MAX)& (N > 0) }

signal (nonempty) ;
£ INn 3
3
Buffer() { queue = new Queue(); N =0 }
3
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Exemplo (Bounded Buffer)

class Buffer {

// INVARIANT: |Jqueue] = N & (0 < N < MAX)
Queue queue; int N; Condition nonfull, nonempty;

sync Val read() {

bs
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£ IN 3
wait(nonempty) ;

{InW&©N>0) }

v = queue.deq(); N--;

LIV & (N>=0) & (N < MAX)}

signal (nonfull);

£ IN 3

return v; }

Buffer() { queue = new Queue(); N =0 }
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Exemplo (Bounded Buffer)

class Buffer {

// INVARIANT: | queue | = N & (0 < N < MAX)
Queue queue; int N; Condition nonfull, nonempty;

sync void { pre: True } write(Val v) {

wait(nonfull);
queue.enq(Vv); N++;
signal (nonempty); }

sync Val { pre: True } read() {
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wait(nonempty);

v = queue.deq(); N--;

signal (nonfull);}

Buffer() { queue = new Queue(); N =0 }
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Implementacéao Java

class Buffer {

// INVARIANT: | queue | = N & (0 < N < MAX)
Queue queue; int N;

sync void { pre: True } write(Val v) {

while(N >= MAX) wait();
queue.eng(Vv); N++;

notifyAll(); }

sync Val { pre: True } read() {
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while(N == 0) wait();
v = queue.deq(); N--;

notifyAll();}
Buffer() { queue = new Queue(); N =0 }
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N Readers & 1 Writer

class NRIW {

¥
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int readercount;
Bool busy;
Condition OKtoread, OKtowrite;

void startread O

{
if (busy) wait(OKtoread);
readercount = readercount + 1;
signal (Oktoread);
i
void Endread ()
{
readercount = readercount - 1;
if (readercount == 0) signal (OKtowrite)
i

RWQ { readercount = 0; busy = false; }
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N Readers & 1 Writer

class NRIW {
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int readercount;
Bool busy;
Condition OKtoread, OKtowrite;

void Startiirite ()

{
if ((readercount > 0) || busy) wait(OKtowrite);
busy = true

X

void Endirite )
{
busy = false;
signal (Oktoread);
X

RWQ { readercount = 0; busy = false; }
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N Readers & 1 Writer

class NR1IW {
int readercount;
Bool busy;
Condition OKtoread, OKtowrite;
/7 { INV = busy => readercount = 0 }
// { Oktoread = — busy }
// { Oktowrite = = busy & (readercount = 0) }

RWO {
readercount = 0;
busy = false;
/7 { IV }
b
b
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N Readers & 1 Writer

class NR1W {
int readercount; Bool busy;
Condition OKtoread, OKtowrite;
// { INV = busy => readercount = 0 }
// { Oktoread = — busy }
// { Oktowrite = — busy & (readercount = 0) }
void Startread () { POST: (readercount > 0) }
{ {mw3
if (busy) { INV & busy } wait(OKtoread);
{ INV & = busy }
signal (Oktoread);
£ INV }
readercount = readercount + 1;
{ INV & (readercount > 0) }

N Readers & 1 Writer

class NR1W {
int readercount; Bool busy;
Condition OKtoread, OKtowrite;
// { INV = busy => readercount = 0 }
// { Oktoread = - busy }
// { Oktowrite = = busy & (readercount = 0) }
void {pre: readercount > 0 } Endread
{ { INV & (readercount > 0) }
{ INV & (readercount > 0) & —busy }
readercount = readercount - 1;
{ INV & (readercount >= 0) & —busy }
if (readercount == 0)
{ INV & (readercount = 0) & —busy }
signal (OKtowrite) { INV }
{INnv 33
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N Readers & 1 Writer

class NRIW {
int readercount; Bool busy;
Condition OKtoread, OKtowrite;
// { INV = busy => readercount = 0 }
// { Oktoread = — busy }
// { Oktowrite = — busy & (readercount = 0) }
void EndWrite O

{
£ W 3
busy = false;
{ INV & — busy }
signal (OKtoread);
{ INV 3

3

b
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b
3
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class NR1W {
int readercount; Bool busy;
Condition OKtoread, OKtowrite;
// { INV = busy => readercount = 0 }
// { Oktoread = — busy }
// { Oktowrite = — busy & (readercount = 0) }
void StartWrite () { POST: (readercount = O & busy) }
{ (w3
if ((readercount <> 0) || busy) {
{ INV & (readercount # 0 v busy) }
wait(OKtowrite); }
{ INV & = busy & (readercount = 0) } }
{ — busy & (readercount = 0) }
busy = true
{ INV & busy & (readercount = 0) } }
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class NRIW {
int readercount;
Bool busy;
Condition OKtoread, OKtowrite;
void Startread ()
{
if (busy) wait(OKtoread);
readercount = readercount + 1;
signal (Oktoread);
X
void {PRE: readercount > 0} Endread ()
{
readercount = readercount - 1;
if (readercount == 0) signal (OKtowrite)
X
RWQ { readercount = 0; busy = false; }
b
© Luis Caires TALMP 2004/2005 162




N Readers & 1 Writer

int readercount;
Bool busy;
Condition OKtoread, OKtowrite;

void Startread () {POST: (readercount > 0) & — busy}

N Readers & 1 Writer

int readercount;
Bool busy;
Condition OKtoread, OKtowrite;

void Startirite () {POST: busy & (readercount = 0) }

{
if ((readercount > 0) || busy) wait(OKtowrite);
busy = true

i

void Endirite O

{
busy = false;
signal (OKtoread);

i

RWQ { readercount = 0; busy = false; }

>
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Implementacéao Java

class NR1W {
int readercount;
Bool busy;

synchronized void Startread () {PRE: (readercound > 0) & — busy }

{
while (busy) waitQ;
readercount = readercount + 1;
notifyAllQ);
3
synchronized void {PRE: (readercound > 0) } Endread ()
{
readercount = readercount - 1;
if (readercount == 0) notifyAllQ;
b
RWQ { readercount = 0; busy = false; }
ks
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{
if (busy) wait(OKtoread);
readercount = readercount + 1;
signal (Oktoread);
3
void {PRE: (readercount > 0) } Endread ()
{
readercount = readercount - 1;
if (readercount == 0) signal(OKtowrite)
3
RW(Q) { readercount = 0; busy = false; }
3
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class ConcurrentHashTable {
int readercount;
Bool busy;
void StartRead () {POST: (readercount > 0) & — busy}
void {PRE: (readercount > 0) } EndRead ()
void StartWrite () {POST: busy & (readercount = 0) }
void EndWrite ()
val Find(Key k) {
StartRead(); { (readercount > 0) & — busy } /* retrieve value from HT */;
EndRead();
¥
Void Insert(Key k) {
startirite(); { busy & (readercount = 0) } /* insert value from HT */ ;
Endwrite(); }
3
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Implementacao Java
class NR1W {
int readercount;
Bool busy;
synchronized void StartWrite () {POST: busy & (readercount = 0) }
{
while ((readercount > 0) || busy) wait(Q);
busy = true
¥
synchronized void {PRE: busy} EndWrite ()
{
busy = false;
notifyAllQ;
¥
RWQ) { readercount = 0; busy = false; }
s
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Discussao

@ As varias filas de espera associadas a cada varidvel-condigéo na
implementagdo sobre monitores séo substituidas por uma Unica fila na
implementacé&o “directa” em Java.

€ O teste centrado nas varidveis-condigéo é substituido por “busy-waiting”
global, e.g.,

while ((readercount > 0) || busy) waitQ);

4 Global, pois a cada objecto a linguagem Java (e C#) associa um Unico
conjunto de threads em espera.

€ Solugdo ® : implementar explicitamente os monitores e as variaveis
condigdo em Java, usando seméforos primitivos.
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Implementacao Java (2)

class NR1IW {

int readercount;

Bool busy;

Monitor mon;

Monitor.Condition OKtoread, Oktowrite;

void Startread ()

{ mon.enter();
if (busy) OKtoread.await();
readercount = readercount + 1;
OKtoread.signal );
mon. leave();

3
RWO { readercount = 0; busy = false;
mon = new Monitor();
OKtoread = new Condition();
OKtowrite = new Condition(); }
I
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Problema 1

@ Defina uma classe Java para implementar

seméforos contadores, com a seguinte estrutura:

class Semaphore {
int nwaits;

acquireQ) { .. }
release() { .. }
3
€ Mostre, usando a l6gica de Hoare, que a sua
implementagéo respeita a condi¢éo invariante:
INV: (0 < nwaits)
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Problema 2

@ Defina uma classe Java para implementar certo tipo de contas
bancérias, com a seguinte estrutura:

class Account {
int balance;

debit(int val) { . }
widthdrauGint vat) { - }
¥
€ Pretende-se que qualquer pedido de levantamento recebido seja
suspenso até que possa ser processados (exista saldo).
€ Assim, poderéo existir varios pedidos (levantamento / depdésito) em
execugdo concorrente.
€ Mostre, usando a légica de Hoare, que a sua implementag&o mantém o
invariante INV: (0 < balance)
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