1 General Info

array(a, [T1, T2, ... Tn]) = a > 21 % (@ +4)a > zo % ... % (a+4n) — 1,

a~ 12 aws (v1,a1)%a; = (T2,02)%...an_1 > (T, a,) Where | = 21,29, ...7,

o+ R= ZD? R and R is constant (i.e. doesn’t depend on its variable)

1.1 Join Spawn rules

{P}f{Q} Ifreshin F
{F % P}Spawn f {F xl0O— Q}

spwn

join

{IOo— Q}Join(l) {@}
1.2 Histories
Hist 2 N - list * list
t = (I1,12) 2 ht] = (I, 12)
e bounded h £ IVt > t,t' & h
e last h = min{t|Vt' > t,t' & h}
o listof h £ my(h[last h]) (i.e. (last h) < (., listof h))
e continuous h 2Vttt e hA(t+1)€h— At — (LOA{E+1) < (1,2)
e gapless h2Vte h = Vt' <t t' €h
e stacklike h £Vt € h — J,a,t — (z = L)Vt (l,z::1)
e queuelike h 2Vt € h — I, 2t — (LLw =)Vt (I =ax,l)

e stack_history h £ continuous h A gapless h A bounded v A stacklike h



2 Multiple-thread counter.

int main() {

{ emp}
a = malloc (n);
{ array(a,[-,-,...,-],,}
(1, ¢) = malloc (LOCKZSIZE);
{l— _xc— _xarray(a,[-,-,...,],}
c = 0;
{l— _xcr— O0xarray(a,[-,-,...,],}
MakeLock (1) ;
{ZD%) R« array(a,[-,-,...,],} //R=Xvc—wv
n 1 ES
{ % llj% R array(a, [-, -, ..., }
=0
for (i = 0; i <mnj; i ++) {
i n 1 1
{ ;0= Rjx % ZD%R*array(a,[ll,...,li,,,...,}n}
=0 =i+l
a[i] = Spawn(incr, (1l,c));
i+1 no1 1
{ * ;0= Rjx % ZD%R*array(a,[ll,...,li,li+1,,,...,]n}
=0 j=i+2

}
{ *le—> R; *x array(a, [l1,...,l.]}
j=0
for (i = 0; i <n; i ++)
{ .
{ % R; * % 1;0— R; xarray(a, [l1,...,0,]}
j=0 j=i
Join(a[i]);
i+1

{ % Rj* % ;0= Rjxarray(a,[l1,...,0l,]}
7=0 Jj=i+1
}

{ *j=oR; * array(a, [l1,...,1.)} //R;= ZD% R
{ I{0— Rx*array(a, [l1,...,l.]}

free(a);

{I0— R}

Acquire(1);

{ 10— R+ 3v,,c— (n+vo)*xHold I, R, (n +v,)}
{IO0— R*xc+— nxHold I, R,n}

ret = c;

{ret = n*l0— Rxc+— nxHold [, R,n}

FreeLock (1);

{ret = n*l+— 0*xcr— n}
free(l,c);

{ret = n}

return ret }

-



void incr(1l,c) {
{105 R}
Acquire(1);
{ Jvo, ¢ > v, x Hold l,R,vo*lD%) R}
( *xc)++;

1
{ o, e (vo + 1) * Hold I, R, v, * ZD% R}
Release(1);

1
{102 R}



3 Single Initialize / concurrent read

{ZD%R} \\ R:)\v.initr—>0/\v:J_\/mitr—>1*d—r»—_>vdata/\["l'>v]
data sfirst_access (1) {

{10 R}

Acquire(1);
{ﬂvo,initHOAvO:L\/mitH1*dns—°>data*Holdl,R,vo*lD%R}
\\ where s, =T — v,

if(init) {

{z’m’tH1*df3data*Holdl,R,vo*lD%>R}

{ d+5 datax (init — 1xd 1% data) + Hold I, R, v, * 0% R )
Release (1);

{dﬁdata*llﬂ%R}

return d;
{d»zdata*llil%) RAret=d}
=
}
else {

{ init — 0 % Hold l,R,J_*ZD%R}
InitializeData (d);
{ d ~ data * init — 0 * Hold l,R,J_*ZD%R}

init = 1;
{dl—>data*initb—>1*Holdl,R,J_*lD%>R}
{dédata*(didata*imtwl)*Holdl,R,J_*lD%R}
Release(1)

{d»—%data*lD%R}

return d;

{didata*lD%R/\ret:d}

}
¥
{3w57d5>data*lmf> RAret=d}



4 Stack Producer/consumer

{ emp }
void create ();
{ list € hd }

{ list Is hd }

void isemp ();

{ list Is hd A

ls =eNret =trueV

3z, 0% =z :: | Aret = false }

{ list Is hd }
void enq(int x);
{ list  :: Is hd }

{ list Is hd }

void deq ();

{ls=eANlist Is hd Aret = null Vv
Is = ::1s° Alist Ishd Aret =z }

/x Producer x/
{ ZD% R} \\ R = M\hlist (listof(h)) hd A history_stack h
void produce(x, 1){
{ID> R}
Acql-lire (1);
{ 3ho, list I hd A history_stack h * Hold [, R, ho * ZD% R} \\ [=listof(ho)
enq (x); .
{ list @ :: | hd A history_stack h * Hold I, R, h, * ZD% R}
{ (tist (listof(ho + ¢ < (I, :: 1)) hd A history stack (ho +t < (I, :: 1))
#Hold I, R,ho 107> R} \\ ¢ =last ho +1
Release(1); -
{ID——— R}

t<® (l,z::l)

YV {IO—"—R}

t<® (l,xz::l)

/* Consumer x*/
{ ID% R} \\ R = Ahlist (listof(h)) hd A history_stack h
void consumer (1){

{105 R}

bool cont = true;

{ cont = true/\lD%) R}

while (cont) {
Acquire(1);



{ cont = true A\ 3h,,list [ hd A history_stack h
+Hold [, R, ho 107> R} \\I = listof(ho)
if (isemp() ) {
Release(1);
{ cont = true A ZD%) R}
} else {
{3z,.0 =z :: L A cont = true A
list { hd A history_stack h * Hold I, R, h, * lD%) R}
ret = deq();
{ ret = x A cont = true A
list I hd A history_stack h x Hold I, R, h * ZD% R}
{ ret = x A cont = true A
(list (listof(ho + ¢ < (1,1°))) hd A history_stack k)
#Hold I Rho+ 0%y R} \\ t=last hy+1
Release (1);

{Tet:x/\cont:true/\lD#)R}
t<® (1,17

cont = false;

{ret:a;/\cont:false/\lDﬁR}
tew QL
}

{ cont = true/\lD%) RV cont = false Nret =x Al

}

{cont:false/\ret:a:/\lDﬁR}
LM (1,1

return ret;

}

t=aANIOD—"—— R
{ e v t<® (z:l/ 1) }

™

¥ (1,17)

R}



5 Queue Producer/consumer

struct node
{

int info;

struct node xptr;
bxhd, x t1;

{ emp }
void create ();
{hd — _xtl— _}

{ list (Is( tl,lst) *lst — (z,null) * hd — st }
void enq(int x);
{ list Is :: 2(tl,Ist’) * Ist’ — (z,null) x hd — Ist’ }

{ list Is(tl, Ist) = Ist — (z,null) * hd > Ist }
void deq();
{ls =¢/ list Is(tl,lst) * st — (z,null) *hd — Ist Aret =z }

/% Create an empty queue */
void create ()

{
}

/x Enqueing the queue %/
{ front — _x rear — _ }
void enq(int data)

front = rear = NULL;

if (rear = NULL)

rear = (struct node *)malloc(lxsizeof(struct node));
rear >ptr = NULL;
rear >info = data;
front = rear;
}
else
{

temp=(struct node *)malloc(l*sizeof(struct node));
rear >ptr = temp;
temp >info = data;
temp >ptr = NULL;

rear = temp;



}

count+-+;

}

/+ Displaying the queue elements x/
void display ()

{

frontl = front;

if ((frontl = NULL) && (rear = NULL))
{

printf(”Queue_is _empty” );

return;

}

while (frontl != rear)

{
printf ("%d.”, frontl >info);

frontl = frontl >ptr;

if (frontl rear)
printf ("%d”, frontl >info);

}

/x Dequeing the queue %/
void deq()
{

frontl = front;
if (frontl = NULL)

printf(”\n_.Error:_Trying_to_display_elements_from_empty_queue” );
return;

}

else
if (frontl >ptr != NULL)

frontl = frontl >ptr;
printf(”\n.Dequed_value.: %d”, front >info);
free (front );

front = frontl;

}

else

printf(”\n_Dequed_value.: %d”, front >info);
free (front );
front = NULL;



rear = NULL;
}

count

{ZD%R} \\ R:)\v.initr—>0/\v:J_\/mitr—>1*d—r»—_>vdata/\["l'>v]
data xfirst_access (1) {

{10 R}

Acquire(1);

{Hvo,initHOAvO:L\/mitHl*dnﬂdata*Holdl,R,vo*lD%R}
\\ where s, =T — v,

if(init) {

{z’m’tH1*d»3data*Holdl,R,vo*lD%>R}

(Vo+370

{d»zdata*(initbﬁl*dp — )data)*Hold Z,R,’UO*ZD%)R}
Release (1);
{dlgdata*lD%R}

&3

return d;
{d»zdata*lljsi) RAret=d}
7C)
else {

{ init — 0 % Hold l,R,J_*ZD%R}
InitializeData (d);
{ d ~ data * init — 0 * Hold l,R,J_*ZD%R}

init = 1;
{d|—>data*initl—>1*Holdl,R,J_*lD%>R}

1 1
{ d+* datax (d * data «init — 1) » Hold I, R, L +I0> R }
Release(1)

1
{dﬁ)data*lDf)R}
return d;

1
{dﬁ)data*lD%R/\ret:d}



}
}

{Elws,dlgdata*lD%R/\ret:d}
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