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TaDA primitives specification:

F {emp} alloc(n) {®, ret +i— _}
FWn € N.(x — n) CAS(x,a,b) (if n = a then x — b Aret =1 clse x —» nAret =0)

Treiber Stack module implementation:

1 pop(x) {
1 push(x, v) { izg
IEEE'a:l‘lfoc(Q) . while (b=0) {
; b= 0. ) o
_ = B 5 if (h #£ 0) {
5 whllhe.(_b E(;)) { . nh:=[h + 1]
: [n; " 1] —n s b:CAS(X, h: Ilh)
. bi=CAS(x, h, nh) L ’
) } } 11 Vi= [h]
10 12 return v
13 }

TaDA Treiber Stack module specification:

= \Vls.<emp> makeTreiber|() <33. TS(s, ret, F)>
FWis.(TS(s.x,ls)) push(x,v) (TS(s.x,v:ls))
FWis.(TS(s.x,ls)) pop(x) (Jls'. TS(s,x,1s") Nls = ret : Is)



Abstract predicate definition and interpretation:

TS(a,x,1s) = Jan, gn. Treiber, (z, (an, gr)) * [CHANGE], * PtrCpy(ap, Is)

PtrCpy(e, €) £ True
PtrCpy((z,1) : an, 1 : Is) = PtrCpy(ap, [s)

I(Treiber,(z, (an, gn)) = 3h.x — h* Linked(h, ay) * ®(m7l)€gh(3p. x> Lpx [ITEM(z,1,p)]a)

Linked(p,¢) £ p =0
Linked(p, (x,1) : ap) = 3p'.p=x x 2+ 1,p’ * [ITEM(z,1,p")]4 * Linked(p’, az)

(1) vxalvp' HTEM(Q?,Z,p)‘Ia = [ITEM(xalvpﬂa L4 [ITEM(JS,l,p)]a
(2) Va,l,p, ', p'.[ITEM (2,1, p)]s @ [ITEM(z,I',p")]0 & I'=1ADp =p

CHANGE: Vap, gn, L, 2, p. (an, ga) ~ ((z,1) : an, ga)
CHANGE: VZ,ah,gh,'r,p- ((ZE,Z) : a’hvgd) ~ (a’hv (x?l) H—Jgd)



b Wis.(TS(a,x,1s))
(Jan, gn- Treiberq(x, (ap, gn)) * [CHANGE]q * PtrCpy(a,ls))

Abstract

MakeAtomic

a :

(an,gn) ~ ((z,1) : an, gn)

{3an, gi,- Treibera(x, (ap, gn)) * a = ¢}

nh:=alloc(2)

{3an, gn. Treiberq(x, (ap,gn)) *a = #*nh— , }
[nh] :=v

{Hah,gh. Treiber,(x, (ap, gr)) * a = # *nh — v, _}
b:=0

{Hah,gh. Treiber,(x, (Is,an,9n)) *a = ¢ *nh— v, Ab= 0}
while(b=0) {

}

{Sah,gh.’I‘reibera(x, (an,gn)) *a = #*nh—v, Ab= O}
o

10

Vh, an, gn

(x = hxLinked(h, ap) * ® 4,1 g, Gp-z = L,p * [ITEM(2, 1, p)]a))

h:= [x]

o) (x> h x Linked(h, a) * ® (4 1yeq, (3p- @ = L, p * [ITEM(2, 1, p)]a) *h = h)

{3an, gn,p. Treibery(x, (an,gn)) *a = #*nh+—v, Ab=0xh=p}
// To be stable we can only assert that h has a value assigned
[nh + 1] :=h
{3an, gn- Treiber,(x, (ap,gp)) *xa = ¢ xnh — v,h Ab=0}
// Viewshift to introduce new guard, nh isn’t in the shared region so no contradictory guard can exist
{Sah,gh,p. Treiber(x, (ap,gr)) * a & ¢ *xnh +— v, hx [ITEM(nh,v,h)|s Ab = 0}
Vh, an, gn
<x > hx Linked(h,1s) * ®, 1)cg, (3p- + L, p * [ITEM(, l,p)]{,)>
snh > v,h* [ITEM(nh, v,h) |,
b:=CAS(x, h, nh)
<ﬁ b =0 then x + h* Linked(h, ap) * ®(; 1)cg, Gp-z = L,p * [ITEM (2,1, ) ]a) >

penReg

else x — nh x Linked(nh, (nh,v) : ap) * ® (4, (1,p))eg, (F- 2 = Lp* [ITEM(2,1,p)]a) *h = h
// If the update occurs a new head is pre-pended to the linked list used to store the stack
{Hah, a}, gn, gj,-if b =0 then Treiber,(x, (a},,g},)) * a & 4 *nh — v, _}

else a = ((ahsgh)v ((nh7v) : ahvgh))

UpdateRegion

{Hah:gh- ak= ((ZS, ahvgh)v ((Ilh,V) : ahvgh))}

<3ah, gn- Treiber, (%, (nh,v) : ap, gn)) * [CHANGE], * PtrCpy(ap, ls)>

// By application of the definition of PtrCpy

<3a;,,., gn- Treiber, (x, (nh,v) : ap, gn)) * [CHANGE|, * PtrCpy((nh,v) : ap, v : ls)}
(TS(a,x,v:1ls))

Figure 1: Proof of Treiber Stack push



F Wis.(TS(a,x,1s))

Abstract

h:

b:

MakeAtomic

<3a;“ gn. Treiber,(x, (an, gn)) * [CHANGE], * PtrCpy(ay, ls)>
a: ((z,0) : an,gn) ~ (an, (x,1) Wgn)
{Hahvglv Treibera (X7 (alu gh)) *a k= ‘}

=0

{3an, gn. Treiber, (x, (an, gn)) *a = ¢ Ah =0}

=0

{Hah,gh‘ Treiber,(x, (ap,gr)) *a = $Ah=0Ab= ()}
while(b=0) {

{3an, gn- Treibery (x, (ap, gn)) xa = ¢ xb=0}
Vh,an, gn
(x = hx Linked(h, ap) * ®(4.1yeq, 3p- = Lp* [Trem(z, 1, p)]a))
h:= [x]
<th7 hp.x — hxLinked(h, an) * ®(4,1)eg, (3p- @ = I, p* [ITTEM(2,[,p)]a) xh = h *
h# 0= [Item(h, ki hyp)la
O| // From the definition of P, h is either null or points to a binary cell with associated guard
// Use guard axiom 1 to multiply the item guard
{3(1/“9;“ hi, hyp. Treiberq (x, (an, gn)) * a B & * }
(h =0V ((h € dom(ap) Vh € dom(gp) * [ITEM(h, by, hp)]a)) *b =0
// This assertion is stable under the transition system, if h points to a list cell it can be popped out
// of the list but will remain allocated in the shared heaplet defined by gj
if (h # 0) {
{Ha}“ gn> hi, hyp. Treiberq (x, (an, gn)) * a & & * [ITEM(h, hy, hp)a * }
(h € dom(ap) Vh € dom(gp)) *b =10
Vh, an, gn
<x = hx Linked(h, ap) * ® (5 1)eq, (Fp-x = L p* [ITEM(2,1,p)]a) *
[TTEM(h, hy, hp)la * (b € dom(ap) Vh € dom(gp))
nh:=[h + 1]
<x = hx Linked(h, ap) * ® (5 1)eq, (Fp-« = Lp* [ITEM(2, 1, p)]a) *
[TTEM(h, by, hp)la * nh = hy * (b € dom(ap) Vh € dom(gp))
// h still points a binary cell regardless of whether it’s still in the list
// by guard axiom 2 we know the value hasn’t changed
an, gn, hi, hp. Treibera(x, (an, gn)) * a = & * [ITEM(h, by, hp)a * }
h = hy % (b € dom(ap) Vh € dom(gp)) *b =0
Vh,ap, gn
<X — hox Linked(hv ah) * ®(z,l)€gh (Elp T lp* [ITEM(I7 lvp)—la) * >
[TteM(h, by, hp)la *nh = hp * (b € dom(ap) Vh € dom(gp))
b:=CAS(x, h, nh)
<if b=0 then x — h* Linked(h, ay) * ®(4,1)cq, (3p-T — I, p * HTEM(x,l,p)]a)>

on

penReg

OpenRegion

—
B W

else Jaj . x > nh x Linked (nh, aj},) * ® 4 1)cg, (3. = L, p * [ITEM(2, 1, p)a) *
h > hy,nh * [ITEM(h, hy,nh)]q * ap, = (b, hy) @ a),
// If b =1 then h still pointed to the head of the list, we establish the interpretation
// of the region with the first item moved to the garbage heaplet
Jan,a},, gn, gy, if b =0 then Treiber,(x, (a},g},)) * a = ¢
else Ihy.a = (((h, ) : an, gn) (an, (b, hi) Wgp)) *
Treiber,(x, (a,’h7 (h,hy) U g;L)) * [ITEM(h, hy,nh)]q)

UpdateRegion

Jap, a},, gn, g;,-if b = 0 then Treiber,(x, (a},,9},)) * a =
else 3h;.a = (((h, hy) : an, gn), (an, (b, hy) Wap)) *
Treiber, (x, (aj,, (h, h;) U g})) * [ITEM(h, hy,nh)]q)

}

Jan, aj,, gn, gy, hi-a = (b, he) = an, gn), (an, (b, hy) Wgp)) *
Treiber, (x, (Is,a}, (h, hy) W g})) * [ITEM(h, hy,nh)],)
=|Vh,a}, g},

.b% <x — h x Linked(h, a} ) * @(x,l)eg; (3p.x — l,p* [ITEM(z,1,p)]a) *h — hy,nh >
@ | \[IteM(h, Ay, nh)]a
5 v := [h]
OQ <x — h * Linked(h, a} ) * ®<m‘,)€g; (3p.x — l,p* [ItEM(z,l,p)|a) * h — hy,nh* [ITEM(h, hy,nh) ],
v="n
{3an, gn, hi-a = (b, hy) = an,gn), (an, (b, hy) Wap)) *v=h}

return v
{Hahyg}w a = (((h>ret) : ahvgh)v (a}n (h7 ret) @ gh))}

3an, gn,1s'. Treibera(x, (ap, (h,ret) W gy)) * [CHANGE], * Is = ret : Is x PtrCpy(ap, 1))

(31s'. TS(a,x,1s') x Is = ret : Is')

Figure 2: Proof of Treiber Stack pop

)



