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Can we reason about custom-made concurrency
constructs without custom-made logics?
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This talk:

* wait() and grant() - pre-existing constructs
for sequentialised access to resources.

* domain-specific behaviour: chains of threads with
in-order access to resources, but out-of-order
signalling.

* different implementations - we envision wait()
and grant() as part of a library.

[Quasi-Static Scheduling for Safe Futures, Navabi, Zhang and Jagannathan, PPoPP’08.]
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http://www.cs.purdue.edu/homes/suresh/papers/ppopp08.pdf
http://www.cs.purdue.edu/homes/suresh/papers/ppopp08.pdf

Results:

Paper:

an abstract specification for wait() and
grant().

proofs that multiple implementations conform
to our specification.

we can reason about client correctness
without requiring knowledge of specific
implementations.

Modular Reasoning for Deterministic Parallelism,
Dodds, Jagannathan, Parkinson, POPL | |.
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ordered resource
transfer




[x] := 0; fa(l) || fb(2);




[x] ;.

----------------

...............

\_

faCv) 1
if(ndet) {

[xX] :=

¥

grant,

sleep(ndet);

¥

Ix]+Dx]+vs |




----------------

[x] 3

...............

\_

faCv) 1

if(ndet) { g
[x] = [xJ+[xJ+v; |:
¥

grant,
sleep(ndet);
5

-----

\_

| fbCv)

1f(ndet) {
wait;
[x] :=

¥

sleep(ndet);

¥

[x]+[x]+v;




Abstract specification

lemp} i:= new() {fut(i, P)xreq(i,P)}
treq(i, P) *x P} grant(z) {emp}

{fut(i,P)}  wait(i) {P}




Abstract specification

lemp} i:= new() {fut(i, P)xreq(i,P)}

{req((i,P)*P} grant(i) Jemp}
Jfut. dreq.

{emp} i := new(Q) {fut(i,P) * req(i,P)}

{req(i, P) * P}  grant(i) {emp}

ffut(i, P)}  wait(i) {P}
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Abstract specification

lemp} i:= new() {fut(i, P)xreq(i,P)}

t

{req(i, P) * P}  grant(i) {em high-level
separation

ffut(i, P)})  wait(i)  {P)




Abstract specification

lemp} i:= new() {fut(i, P)xreq(i,P)}
treq(i, P) *x P} grant(z) {emp}

{fut(i,P)}  wait(i) {P}




fa(l) 1 fb(2) 1

1f(ndet) { 1f(ndet) {
[x] := [x]+[x]+1; wait(1);
¥
[x] = [xJ+[x]+Z;
grant(i); }
sleep(ndet); sleep(ndet);




fa(l) 1

1f(ndet) {

[x] = [x]+[x]+1;

grant(i);

sleep(ndet);

} f{req(i, P)+ P} grant(i) {emp)




fa(l) 1
{req(i,z — {0,1}) % 2 — 0}
1f(ndet) {

[x] = [x]+[x]+1;

grant(i);

sleep(ndet);

} f{req(i, P)+ P} grant(i) {emp)




fa(l) 1
{req(i,z — {0,1}) % 2 — 0}
1f(ndet) {

{req(i,z — {0,1}) % 2 — 0}
[x] := [x]+[x]+1;

grant(i);

sleep(ndet);

} f{req(i, P)+ P} grant(i) {emp)




fa(l) {

{req(i,z — {0,1}) % 2 — 0}
1f(ndet) {
{req(i,z — {0,1}) % 2 — 0}

[x] = [x]+[x]+1;

¥

{req(i,z — {0,1}) x 2 — {0,1}}
grant(i);

sleep(ndet);

} f{req(i, P)+ P} grant(i) {emp)




fa(l) {

{req(i,z — {0,1}) % 2 — 0}
1f(ndet) {
{req(i,z — {0,1}) % 2 — 0}

[x] = [x]+[x]+1;

¥

{req(i,z — {0,1}) x 2 — {0,1}}
grant(i);

{ emp j

sleep(ndet);

} f{req(i, P)+ P} grant(i) {emp)




fa(l) {

{req(i,z — {0,1}) % 2 — 0}
1f(ndet) {
{req(i,z — {0,1}) % 2 — 0}

[x] = [x]+[x]+1;

¥

{req(i,z — {0,1}) x 2 — {0,1}}
grant(i);

{ emp j

sleep(ndet);

{ emp j r

} f{req(i, P)+ P} grant(i) {emp)




fb(2) 1

1f(ndet) {

wait(1);

[x] = [x]+[x]+Z;

sleep(ndet);

{fut@, P)}  wait(id) {P} |




fb(2) {
{fut(i, r — {0, 1})}
if(hdet) {

wait(1);

[x] = [x]+[x]+Z;

sleep(ndet);

{fut@, P)}  wait(id) {P} |




fb(2) 1

{fut(i, r — {0, 1})}
if(hdet) {

ffut(i,z — {0,1})}

wait(1);

[x] = [x]+[x]+Z;

sleep(ndet);

{fut@, P)}  wait(id) {P} |




fb(2) 1

{fut(i, r — {0, 1})}
if(hdet) {

ffut(i,z — {0,1})}

wait(1);
1z {0,1}}
[x] = [x]+[x]+2;

sleep(ndet);

{fut@, P)}  wait(id) {P} |




{fut(z, P)}

wait(z)

1P}

fb(2) {
{fut(i,arke-{O,l})}
1f(ndet) {
{fut(i,a:&»-{o,l})}
wait(1);
{z—{0,1}}
[x] := [x]+[x]+2;

¥

s B0

sleep(ndet);




{fut(z, P)}  wait(%)

fb(2) {
{fut(i, r — {0, 1})}
1f(ndet) {
{fut(i, xr — {0, 1})}
wait(1);
{z—{0,1}}
[x] := [x]+[x]+2;

Vxi—{2,4}
leep(ndet),

fuhr- 1010
}

{futlaZH{O 1}}




simple
implementation




wait(i) { grant(i) 1

while(i.bit 1= 1) { 1.b1t := 1;
skip; }
ks
ks
new() {
1 := alloc(...);
1.b1t := 0;
return 1;
¥
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1.bit — 0OV
(7.bit — 1 % P)

11>

fut(i, P) * [GET]

1(3,P)
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shared resource

1.bit — 0OV
(7.bit — 1 % P)

11>

fut(i, P) * [GET]

1(3,P)
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shared resource

1.bit — 0OV ¢ [QET)
(7.bit — 1 % P)

’ 1(3,P)

higher-order
variable

11>

fut(z, P)

(
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fut(z, P)

a

l shared resource '

1.bit — 0OV

(7.bit — 1 % P)

t

* |GET]

1(3,P)

(

higher-order
variable

capability
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wait(i) {
while(i.b1it !'= 1) {
skip;
¥
¥

(fut(i, P)}  wait(i) {P}
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wait(i) {

while(i.b1t !'= 1) {

skip;

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{fut(i, P)}

while(i.b1t !'= 1) {

skip;

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{‘ut(i, P)}

1.bit — 0V « [GET]
(2.bit — 1 % P) 16.P)
while(i.b1t !'= 1) {

skip;

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{‘ut(i, P)}

1.bit — 0V « [GET]
(2.bit — 1 % P) 16.P)
while(i.b1t !'= 1) {

{ i-bit = 0V (ibit — 1+ P)] [GET]}
skip; |

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{‘ut(i, P)}

1.bit — 0V « [GET]
(2.bit — 1 % P) 16.P)
while(i.b1t !'= 1) {

{ i-bit = 0V (ibit — 1+ P)] [GET]}
skip; |

}

{ i.bit — 1% P 1 * [GET]}

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{‘ut(i, P)}

1.bit — 0V « [GET]
(2.bit — 1 % P) 16.P)
while(i.b1t !'= 1) {

{ i-bit = 0V (ibit — 1+ P)] [GET]}
skip;

}

{ 2.bit — 1% P 1 * [GET]}

// move resource out of the shared area, using the capability.

{ i.bit — 1 1 * GET] P}

r

(fut(i, P)}  wait(i) {P}

¥
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wait(i) {

{‘ut(i, P)}

1.bit — 0V « [GET]
(2.bit — 1 % P) 16.P)
while(i.b1t !'= 1) {

{ i-bit = 0V (ibit — 1+ P)] [GET]}
skip;

}

{ 2.bit — 1% P 1 * [GET]}

// move resource out of the shared area, using the capability.

{ i.bit — 1 1 * GET] P}

// garbage collect.

EP} (fut(i, P)}  wait(i) {P}
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out-of-order
signalling




faCv) {
1f(ndet) {

[x] := [xJ+[x]+v;
¥
grant(i);
sleep(ndet);
5

\_

¥

fbCv) 1

1f(ndet) {

wait(i);

[x] := [xJ+[xJ+v;
¥
sleep(ndet);




fCv,1,3) {
1f(ndet) {

wait(i);

[x] = [x]+[x]+v;
}
grant(j);
sleep(ndet);

¥

\_
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[x] := 0;
f(vl,i1,12) || f(v2,12,13) || f(v3,13,14) ...

f(vl,11,12):
[x]:=[x]+[x]+vl
grant(i2)
sleep(ndet)
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[x] := 0;
f(vl,i1,12) || f(v2,12,13) || f(v3,13,14) ...

f(vl,11,i2): f(v2,12,13):

[x]:=[x]+[x]+v1 ;;;;;5;7 wait(i2)
grant(12) < grant(i3)
sleep(ndet) sleep(ndet)
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[x] := 0;
f(vl,il,i2) || f(v2,12,13) || f(v3,1i3,1i4) ...

f(vl,i1,i2): f(v2,i2,1i3): f(v3,i3,1i4):
wait(i3)
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[x] := 0;
f(vl,il,i2) || f(v2,12,13) || f(v3,1i3,1i4) ...

f(vl,il,i2): f(v2,i2,i3): f(v3,i3,i4): f(v4,i4,i5):
wait(i3) 7 wait(i4)
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S .
fCv,1,3) 1

\_

¥

1f(ndet) {

wait(i);

[x] = [X]+[x]+v;
¥
grant(j);
sleep(ndet);
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S .
FCv,1,3) 1

\_

¥

1f(ndet) {

wait(i);

[x] = [X]+[x]+v;
ks

grant(j);
sleep(ndet);
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___-O-._*,

'(

\_

fCv,1,3) {
1f(ndet) {

wait(i);

[x] = [X]+[x]+v;
Iy
grant(j);
sleep(ndet);

¥
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new();

split(il);
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J——80—00—6

new();

.
p—t
Il

19 1= split(21);

13 := split(21);
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J—00—00—>00—>0

11 := new();

19 1= split(21);
13 := split(21);
14 = split(23);
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new() { split(1) {

1 := alloc(...); n := alloc(...);
1.prev := nil; n.bit := 0;
1.b1t := 0; n.prev := 1.prev;
return 1i; 1.prev := n;
} return n;
3
grant(1) { wait(i) {
1.b1it := 1; do {
} while(i.b1it = 1) {
skip;
¥
1 := 1.prev;
} while (1 !'= nil)
¥
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fut(i, P) * req(i, P)

lemp} i := new() { + pr(z, nil) |
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{pr(z’,z”) o= split(e pr(i, j) * pr(j,i') *
} J plit(z) {fut(j,Q)*req(j,Q)}




N i conanesy J PR d) xpr(dd) 5
{pr(i, i)} j:= split(i) {fut(j, Q) * req(7, Q)}

/

{ I—00—0 |

7 = split( 2 );

{ —>00——>00—0 |




fut(i, P) = req(i, P)

femp} i := new() <\ + pr(z, nil) |

. )

o e () * pr(g, ) +
WPr(L )} Js= PG | 1457 0) x req(j. Q)

{req(i, P) * P}  grant(i)  {emp}

(req(ijp) * fut(i’, P)\
\ * pr(e, i)

> grant(z)  {emp}

{fut(s, P)} wait(z) {P}
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{req(z, P) * P}  grant(i)  {emp}

‘req(i, P) * fut(i/, P)
\ # pr(i, 1)

} grant(z) {emp}
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fut(i, P) * req(z, P)
\ + pr(z, nil) |

{emp} 1 i= new() A

r )

oL e [ pr(iyg) ® pr(G, i) +
WPr(L )} Js= PG | 1457 0) x req(j. Q)

{req(z, P)« P}  grant(i)  {emp}

‘req(i, P) = fut(i’, P)

| epr(i,inf ST Aeme)

ffut(i, P)}  wait(i)  {P}
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fut(i, P) = req(i, P)
+ pr(z, nil) |

{emp} i := new(Q {

R ooy Jopr(i,g) xpr(f,i") *
{pr(i,a')} j:= split(i) {fut(j, Q) * req (], Q)}
{req(z, P) * P}  grant(i)  {emp}

‘req(i, P) * fut(i/, P)
\ x pr(i, 1)

} grant(z)  {emp}

{fut(i, P)}  wait()  {P}




f(x,1,3) 1
1f(ndet) {
wait(i);

[x] = [x]+[x]+v;

grant(3); f
{req(i, P) * P} grant(i) {emp}

‘req(i, P) = fut(i/, P)

sleep(ndet); y pr(i )

> grant(z) {emp}

¥

ffut(i, P)} wait(i) {P}




{fut(i,x — _) * req(J, T — ) * pr(J, 7’)}
if(ndet) {
wait(1);

[x] = [x]+[x]+v;

grant(3); f
{req(i, P) * P} grant(i) {emp}

‘req(i, P) = fut(i/, P)

sleep(ndet); y pr(i )

> grant(z) {emp}

ffut(i, P)} wait(i) {P}




{fut(i, z — ) xreq(j,z +— _) * pr(j, i)}
if(ndet) {
wait(i);
{z— _xreq(j,x — _) *pr(j,7)}
[x] := [x]+[x]+v;

grant(3); f
{req(i, P) * P} grant(i) {emp}

‘req(i, P) = fut(i/, P)

sleep(ndet); y pr(i )

> grant(z) {emp}

ffut(i, P)} wait(i) {P}




{fut(i, z — ) xreq(j,z +— _) * pr(j, i)}
if(ndet) {
wait(i);
{z— _xreq(j,x — _) *pr(j,7)}
[x] := [xJ+[x]+v;
h
{(fut(l"m — _) \V T — _) * req(j,m — _) * Pr(ja @)}
grant(J); 1

{req(i, P) * P} grant(i) {emp}
‘req(i, P) = fut(i/, P)

sleep(ndet); y pr(i )

> grant(z) {emp}

ffut(i, P)} wait(i) {P}




{fut(i, z — ) xreq(j,z +— _) * pr(j, i)}
if(ndet) {
wait(i);
{x — _xreq(J,x — _) * pr(yJ, Z)}
[x] := [xJ+[x]+v;
¥
{(fut(l"m — _) \V T — _) * req(j,m — _) * Pr(ja @)}

grant(J); {
{emp} {req(i, P) * P} grant(i) {emp}

(req(i, P) x fut(i’, P) \

\ *pr(e,i’)

sleep(ndet); ) > grant(z) {emp}

{fut(i, P)} wait(i) {P}




{fut(i, z — ) xreq(j,z +— _) * pr(j, i)}
if(ndet) {
wait(i);
{x — _xreq(J,x — _) * pr(yJ, Z)}
[x] := [xJ+[x]+v;
¥
{(fut(l"m — _) \V T — _) * req(j,m — _) * Pr(ja @)}

grant(J); {
{emp} {req(i, P) * P} grant(i) {emp}

‘req(i, P) * fut(s/, P)
* pr(i,i’) |

sleep(ndet); y

{emp} \

> grant(z) {emp}

ffut(i, P)} wait(i) {P}




Results:

* specifications for wait() & grant() supporting
out-of-order signalling.

* proofs against several implementations (see POPL
paper).

Can we reason about custom-made
concurrency constructs without custom-
made logics?

Yes
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