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mchunkptr b, p;
idx += “smallbits & 1; /* Uses next bin if idx empty */

(3{U; | i € [0,63)},n. arena(A, ¥ (Lﬂ?io. U;)u) * least_addr = 5w

*+ nw = [bytes]|, * 8idx > (n+1)w * 2 < idx <32 % smallmapjq, = 1
\ *?io- smallbin; (U;) *?io- treebin; (U; 132)

b = smallbin_at(gm, idx);

(3{U; | i € [0,63)},n. arena(A, & ({52, U;)y) * least_addr = Hw )
< «+ nw = [bytes], * 8idx > (n+ 1)w * 2 < idx <32 x smallmapjq,) =1

* b = smallbins + 8idx * bin(|idx|,b,Usay) * Usax # {}

[ * Xic(0.32)—iax- smallbing(U;) * 92 treebing (Ui s2)

// rename U_idx to U_idx++[p+2w->8idx-1w]

(3{U; | i €[0,63)}, p,n. arena(A, & (Lﬂ?io. U)o W {p+2w—,8idx — 1w})

* least_addr = 5w * nw = [bytes|  * 8idx > (n+ 1w * 2 <idx < 32

* smallmapp4,y = 1 * b = smallbins + 8idx

« b p « pr5S b o« (bnode |idx|)*(p, b, Usax W {p + 2w — 8idx — 1w})

L * Ficio. 32)iax- smallbing(U;) * 2 treebing (U 50)

p = b->fd;

(3{U; | i €[0,63)},n, F. arena(A, & ({02, Us)u W {p + 2w, 8idx — 1w})

* least_addr = 5w * nw = [bytes| 6 * 8idx > (n+ 1w * 2 <idx < 32

* smallmapj4,) =1 * b = smallbins + 8idx

« DS p ok pr2S b o L(pr2 8idx) x pHB F o« F 25 p x (bnode|idx|)*(F,b, Uiax)

/

* *z‘e[o..32)—idx-Smallbmi(Uz’) * *?io.treebini(UHgg)

\
//assert(chunksize(p) == small_index2size(idx));

unlink_first_small_chunk(gm, b, p, idx);

(3{U; | i €[0,63)},n. arena(As & (Wit Uy & {p + 2w, 8idx — 1w})

* least_addr = 5w * nw = [bytes| * 8idx > (n+ 1)w * 2 < idx < 32

L+ 3(p S8 8idx) % prY  ox p 2y *?io- smallbin; (U;) * *?i(). treebin;(Uiy32) |
(MU, |i€[0,63)}, By, Ba,n. coallesced (A, & (Lﬂ?io. Ui)uW{p+ 2w+, 8idx — lw}) )

prevfoot pinuse

* start ———  * start ——— 1 x wublock(top, top + topsize, )
block™ (start,p, B1) * ublock(p,p + 8idx, {p + 2w —, 8idx — 1w})
block™ (p + 8idx, top, Ba) % By W By = A, W (407
least_addr = 5w * nw = [bytes]  * 8idx > (n+ 1)w * 2 < idx < 32

size fd

1 (p =2 8idx) Hdy o p RS *?io.smallbini(Ui) * *?io. treebin; (U; y32) )
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Proof outline vs. Ribbon proof

{x~0 * y=0 * z-0} | x=0 || y»0 || z~0

[X]::]. IX] :=1

{x~>1 % y»0 % z~0} xi>1
y]:=1
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| ist reversal

{list & x}

y = 0;

while {3o,B. list oo x * list By * & = -B-a} (x#0) do {
{3i,a,B,Z. x> i,Zxlistow Z xlistByx*xd=-B-(i-a)}
z ;= [x+1];
{3i,aB. x> i,zxlistowzx*xlistByx*xd=-(if)a}
x+1] :=y;
{3i,a,B. x> iyxlistawzx*listByx*8&=-(i-f)-o}
{3o,B. list v z * list Bx 8 =-B-a}
y =X X = Z;
{3a,B. list o x * list By x & = -B-a}

}

{list -8 y}




while x!'=null {

Ja, 8. listax * listBy * 0 = —0 -«

x # 0

H list By H d=—0 -« ‘

—

Jo, .0/ z.x—14,2 % lista’z x a=i-0d * d=—-0 -« ‘

0%

‘Hi,o/,z.xr%i,z * lista z * a:i'oz"
=

)

dz.x+—1,2 x listaz

z:=[x+1]

listaz










| ist reversal

{list & x}

y = 0;

while {3o,B. list oo x * list By * & = -B-a} (x#0) do {
{3i,a,B,Z. x> i,Zxlistow Z xlistByx*xd=-B-(i-a)}
z ;= [x+1];
{3i,aB. x> i,zxlistowzx*xlistByx*xd=-(if)a}
x+1] :=y;
{3i,a,B. x> iyxlistawzx*listByx*8&=-(i-f)-o}
{3o,B. list v z * list Bx 8 =-B-a}
y =X X = Z;
{3a,B. list o x * list By x & = -B-a}

}

{list -8 y}




while x!'=null {

Ja, 8. listax * listBy * 0 = —0 -«

x # 0

H list By H d=—0 -« ‘

—

Jo, .0/ z.x—14,2 % lista’z x a=i-0d * d=—-0 -« ‘

0%

‘Hi,o/,z.xr%i,z * lista z * a:i'oz"
=

)

dz.x+—1,2 x listaz

z:=[x+1]

listaz




x # 0

‘Eli,o/,z.x%i,z * lista z * oz:z'-o/‘

—

‘Ha,i,a’,z.xwz’,z x lista'z x a=i-ad * d=—-0 -« ‘

! Ho
)

‘ dz.x+—1,2 x listaz

z:=[x+1]

lista z ‘ X1,z

[x+1] :=y

‘ X1,y

‘ list (i - B) x

38 !

(G
DI




—

‘Eli,o/,z.x%i,z * lista z * a:i-o/‘

‘Eloz,z',o/,z.xwi,z x lista'z x a=i-ad * d=—-0 -« ‘

! Ho
i

‘ dz.x+—1,2 x listaz

z:=[x+1]

lista z ‘ X1,z

[x+1] :=y

‘ X1,y

‘ list (i - B) x

__33 !

-
DI
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Proof of unlink first_small_chunk

smallbin|s/s) (U W {P 4 2w +— S — 1w})

Defn of smallbin
_ dx
)

S=8 % 0<i<32 bin(|i|,z,U W {P + 2w S — 1w}) smallmapp = 1
¥ r = smallbin + 2w

Defn of bin

(bnode |i])* (y,z, U W {P + 2w +— S — 1w})

Split bnode list into three.
EIUla U2

TU: Uy 6 Uy (bnode |i)*(y, P, Uy) JFPHL R

x F 2 p

* %(P pSizey S)

* (bnode |i|)*(F, z,Us)

Unroll RTC one step.

(y=P x Uy ={}) Vv (3B.
(bnode |i))*(y, B,Uy W— {B + 2w~ _})
x* BHp ok pilky B) mchunkptr F = P->fd;

Extend scope of 3B. Choose B = x in (bnode |i)*(F, z, Us) L(p size 3)
first disjunct. Y 2

iB

(y=P x Uy ={}xB=x)V
(bnode |i))*(y, B,Uy W= {B + 2w+~ _})
« B p « piiy B)

SN—]

- —

Distribute z -9 Yy x Yy 25 2 into disjunction.

(BHS P « PES B s« y=P x Uy ={} » B=x)V
((bnode lil)*(y, B, Ur 6~ {B + 2w+ _})
* BHGP « PSS B ox kS g s gy 25 2)

Distribute B H% P % P 2% B out of disjunction. Forget
y = P from first disjunct.

(U1:{} * B:J))\/
((bnode |i|)*(y, B,Uy &— {B 4+ 2w+ _})
%z HY g % yﬂ)x)

mchunkptr B = P->bk;

(Ur={} * B=x)V
((bnode |i|)*(y,B, Uy &= {B+ 2w— _})
O EC YRR RE-LO)

(U1 =4} * B=xz)V Iy.
((bnode |i|)*(y,B, Uy &— {B+ 2w— _})
* x»f—d>y * ynimc)




y = P from first disjunct.

(Uy={} * B=2a)V
xSy x2S )

mchunkptr B = P->bk;

Uy={} * B=x)V
((bnode |i|)*(y,B, Uy &— {B+ 2w— _})
%y x2S )

(Uy={} * B=x)VIy.
((bnode |i|)*(y,B, Uy &— {B+ 2w— _})
oz Sy woy 2 g

bindex_t I = small_index(S);

S=8I «x 0<I<32 Uy ={} » B==x)VIy.
* & = smallbin 4 2Iw ((bnode |1|)*(y,B, Uy & {B+ 2w— _})
oz iy oy B g

(bnode |1))*(F, z, Us) smallmapy = 1

if (F==B) {

B=F

Ribbons 1 and 4 contradict second disjunct of ribbon 2; hence B=F = z and U; = {}. Since F = z,
ribbon 5 implies Uy = {}. (See Lemma 1, above.)

v || O={} « L= {}

U={}

clear_smallmap(M,I);

U={}

Defn of bin.

bin(|1|,z,U)

(U ={} » B=2x)VIy.
((bnode |I|)*(y,B, Uy &W— {B+ 2w+ _})
* xrﬁ>y * yﬂmv)

(bnode |I))*(F,z,Us) | |U = Uy 6 Uy smallmapy = 1

From ribbons 1, 2 and 3, deduce U; and U, can’t both be empty. of Jy in ribbon 2, choosing y = F in first disjunct.

Jy.(y=F « Uy ={} * B=x)V (bnode |I))*(F,z,U2) | |U = Uy W Us smallmap
((bnode |I|)*(y,B, Uy &= {B+ 2w+ _})

I ) =U#{}
X TR Y K Yo T)

Jy




Ur={} « Ua={}

U={}

clear_smallmap(M,I);

U={} smallmapy

=U#{})

Defn of bin.

bin(|1|,z,U)

(U1 ={} * B=x)V Iy (bnode |I|)*(F,z,U2) | |U = Uy WUy smallmapy; = 1
((bnode |I|)*(y,B, Uy &w— {B+ 2w+ _})

From ribbons 1, 2 and 3, deduce U; and U, can’t both be empty. of Jy in ribbon 2, choosing y = F in first disjunct.

Jy.(y=F « Uy ={} * B=x)V (bnode |I))*(F,z,U2) | |U = Uy W Us smallmapy
((bnode |I|)*(y,B, Uy &W— {B+ 2w+ _}) =U#{})
w xHY gy ok oy 2Ky x)

Distribute B -% F % F 2% B into disjunction.
_Jdy

(y=F « Uy={} * B=2 x BFLF « F 2% B)v
((bnode |I|)*(y,B, Uy &— {B+ 2w _})
* xHS y x yr2K o« BHOF Fli)B)

Distribute z -9 Yy x Yy 2% 2 out of disjunction.

xﬁ)y yl&x (y=F x Uy ={})V

((bnode |I])*(y,B, Uy & {B+ 2w+ _})
* BHYG F o« F 25 B)

Roll RTC.

(bnOde |I|)*(y7F7 Ul)

Merge two bnode lists.

(bnode |T[)*(y, 2, U)

Defn of bin.

bin(|1,2,U)

Defn of smallbin.

smallbin|s/g) (U)

smallbin|s/g) (U)




Tool support

| x>0 |

IX] :=

1

()

X1

y—0

z—0




Conclusion

e Proof outlines are ® In our full paper:

% big - formalisation in

% clumsy Isabelle

% hard-to-read soundness and
completeness results

Ribbon proofs are description of

v’ scalable prototype tool

v flexible ribbon proof of
V' readable Unix V7 malloc
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