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Data structures: a bit array and a wide data array

slot:

data:

<+—— wide —p
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Programming igeally hard: only nine lines,
no CAS, and yostill can’t understand it



Programming igeally hard: only nine lines,

no CAS, and yostill can’t understand it

var reading, latest : bit
slot . arraybit of bit
data : arraybit of arraybit of datatype

procedure

procedure

write
var
begin

end
read :

var
begin

end

(item : datatype);
pair, index : bit;

pair = not(reading);
index := not(slot[pair]);
data[pair, indez| := item;
slot[pair] := index;

latest := pair

datatype;
pair, index : bit;

pair := latest;

reading 1= pair;

index := slot[pair];

read := data[pair, index]

i}



Separation logic



Separation logic

» E — Fis asingle-celled heap with addrdssnd contenk.
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Separation logic

v

E — F is a single-celled heap with addrdssnd contenF.

E — Fo, F1 is atwo-celled heafE — Fo, F1, F» is three cells;

and so on for four-, five-, ... celled heaps.

» E andF must be ‘pure’ expressions that don’t mention the heap
(don't use—).

Ax Bis separation of heaps; A B, AV B, -A, A — B, Vx- P(x),

3x - P(x) are as normalA A B expresses coincidence of heaps;
you don’t need to know about — B.
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Separation logic

E — F is a single-celled heap with addrdssnd contenF.

E — Fo, F1 is atwo-celled heafE — Fo, F1, F» is three cells;
and so on for four-, five-, ... celled heaps.

E andF must be ‘pure’ expressions that don’t mention the heap
(don't use—).

Ax Bis separation of heaps; A B, AV B, -A, A — B, Vx- P(x),
3x - P(x) are as normalA A B expresses coincidence of heaps;
you don’t need to know about — B.

E — Fo, F1 is just shorthand foE — Fox E + 1 — F.
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A modified Hoare logic

» {Q} C{R} is aresourcedndpartial correctnesassertionC
will not go wrong (exceed its allocated resources) if started with
resource), and will, if it terminates, deliver resourdée
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A modified Hoare logic

» {Q} C{R} is aresourcedndpartial correctnesassertionC
will not go wrong (exceed its allocated resources) if started with
resource), and will, if it terminates, deliver resourdée

» The ‘small axioms’ of assignment are

{emp} X:=new) {x— _}

{E — _} disposeE {emp}

{RIE/x|} x:=E{R} (the Hoare axiom

{E— F}x:=[E]{x=FAE~—F} (xnotfreeinE,F)
{E— _}[E] :=F{E—F}
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Three inference rules

{Q} C{R}
. modifies C() free P =
» Theframerule: (PxQIC{P+R) ( N i)

» Theconcurrencyule (has horrid side-condition):

{Q}Ci{R} {Q}Co{R} ... {Qu}Cn{Ri}
{Ql*QZ*"'*Qn}Cl"CZH“'HCn{Rl*Rz*'”*Rn}
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Three inference rules

. {9tc{Rr} . _
» Theframerule: P+QIC{P+R (modifies CNfree P = {})

» Theconcurrencyule (has horrid side-condition):

{Q}Ci{R} {Q}C{R} ... {Qn}Cn{Rn}
{QixQax--*xQn}Ce || Coll -+ || Ch{RL*xRax- - %Ry}

» The CCRrule (hasatrociousside condition):

{(Qx1Ip) NG} C{RxIp}
{Q} with b when G do C od {R}
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Recent simplifications (not explained here)

Permissions (fractions ef, counts of—) to allow sharing of
heap;

Variable permissions, to allow variables to be resource;
Trivial side conditions;
No side conditions at all (very new, this!).
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write:

read:

Nine lines are now ten,
with addedauxiliary proof-variables

with bundle when true do pair := not(reading); wuse := pair od,;
index := not(slot[pair]);

data[pair, indez] := item;

with bundle when true do slot[pair] := index; wuse := —1 od,;
with bundle when true do latest := pair od

with bundle when true do pair := latest od;

with bundle when true do reading := pair od;

with bundle when true do indez := slot[pair]; ruse := indez od,;
read := data[pair, index];

with bundle when true do ruse := —1 od
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What the writer owns

(A point of notation: I've used a special form ef to describe a heap,
just to make the slides easy to read.

For exampledata[pair, index] — _ replaces
data + 2 x pair + index — _.

There is no change in meaning.)
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What the writer owns

(A point of notation: I've used a special form ef to describe a heap,
just to make the slides easy to read.

For exampledata[pair, index] — _ replaces
data + 2 x pair + index — _.

There is no change in meaning.)

latestg s, sloto s, datag 33, wuseq s, pair, index

- slot[0] r5g> - * slot[1] 5> - x
if wuse > 0 then data|pair,indezx] — _ else emp fi
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What the reader owns

readingg s, Tuseq s, datao.3s, pair, index

Fif ruse > O then data[pair, index] — _ else emp fi
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The bundle owns the rest

latesto s, readingg s, sloto s, datag 33, wuseq s, ruseqgs

slot[0] +5z> S(0) % slot[1] r5g> S(1) *
if wuse > O A ruse > 0 then

data[reading, not(ruse)] — _ % data[wuse, S(wuse)] — _
elsf wuse > 0 then

datalwuse, S(wuse)] — _
E3s. data[not(wuse), s(not(wuse))] — _ * data[not(wuse), not(s(not(wuse)))] — —
elsf ruse > O then

data[reading, not(ruse)] — _

data[not(reading), s(not(reading))] — — x data[not(reading), not(s(not(reading))] — _)
else

data — _, _, _, _

fi
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The writer

{ latesto s, slotos, datag 3z, wuseqgs, pair, index = wuse = —1 A slot[0] g - % slot[1] s - }

with bundle when true do pair := not(reading); wuse := pair od;
indez := not(slot[pair));
data[pair, indez] := item;

with bundle when true do slot[pair] := index; wuse := —1 od;

with bundle when true do latest := pair od
{ latesto s, slotos, datag s, wuseqs, pair, index F wuse = —1 A slot[0] s - % slot[1] o - }
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The writer

{ latesto s, slotos, datag 3z, wuseqgs, pair, index = wuse = —1 A slot[0] g - % slot[1] s - }

with bundle when true do pair := not(reading); wuse := pair od;
latesto s, slotos, datag 33, wuseq s, pair, index

slot[pair] o5 i x slot[not(pair)] o * )

 wuse = pair A3 - _
wuse = paur < data[pair,not(i)] — _

indez := not(slot[pair));
data[pair, indez] := item;

with bundle when true do slot[pair] := index; wuse := —1 od;

with bundle when true do latest := pair od
{ latesto s, slotos, datag s, wuseqs, pair, index F wuse = —1 A slot[0] s - % slot[1] o - }
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The writer

{ latesto s, sloto s, datag 33, wuseqs, pair, index E wuse = —1 A slot|0] s - % slot[1] oE - }
with bundle when true do pair := not(reading); wuse := pair od;
latesto s, slotos, datag 33, wuseq s, pair, index

slot[pair] rgz> i % slot[not(pair)] 5z - * )

= wuse = pair A 3i - :
wuse = paur < data[pair,not(i)] — _

indez := not(slot[pair));
latesto s, slotos, datag 33, wuseq s, pair, index
slot[pair] —= not(index) * slot[not pair)] = _ *
E wuse = pair A < [pair] g5 not ) [not(pair)] 55 >

data[pair, index] := item;

with bundle when true do slot[pair] := index; wuse := —1 od;

with bundle when true do latest := pair od

{ latesto s, slotos, datag s, wuseqs, pair, index F wuse = —1 A slot[0] s - % slot[1] e - }
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The writer

latesto s, sloto s, datag 33, wuseqs, pair, index E wuse = —1 A slot|0] s - % slot[1] oE - }
with bundle when true do pair := not(reading); wuse := pair od;
latestos, sloto s, datag 33, wuseg s, pair, index
) slot[pair] ==z i * slot[not(pair)| 2 _ *
E wuse = pair A Ji - [p } 05 [not(pair)} 55
data[pair,not(i)] — _
indez := not(slot[pair));
latesto s, slotos, datag 33, wuseq s, pair, index
slot[pair] =z not(index) * slot[Not(pair)] =z - *
E wuse = pair A < [pair] g5 not ) [not(pair)] 55 >
data[pair, index] := item;
latesto s, slotos, datag 33, wuseq s, pair, index
slot[pair] =5z Not(index) * slot[Not(pair)] 5z - *
data|pair, index]| — item
with bundle when true do slot[pair] := index; wuse := —1 od;

—e | N —N——

E wuse = pair A (

with bundle when true do latest := pair od

{ latesto s, slotos, datag s, wuseqs, pair, index F wuse = —1 A slot[0] s - % slot[1] e - }
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The writer

latesto s, sloto s, datag 33, wuseqs, pair, index E wuse = —1 A slot|0] s - % slot[1] = oE - }
with bundle when true do pair := not(reading); wuse := pair od;

latesto s, slotos, datag 33, wuseq s, pair, index

slot[pair] rgz> i % slot[not(pair)] 5z - * )

E = N
wuse = pair A3 < data[pair,not(i)] —
indez := not(slot[pair));

{ latesto s, slotos, datag 33, wuseq s, pair, index

E wuse = pair A < slof[p(nr] nOt(mde.T,) * slot[not(pair)] e - x >

data[pair, index] := item;
latesto s, slotos, datag 33, wuseq s, pair, index
slot[pair] =5z Not(index) * slot[Not(pair)] 5z - * )

E wuse = pair A
r ( data|pair, index]| — item

with bundle when true do slot[pair] := index; wuse := —1 od;

latesto s, slotos, datag s, wuseqs, pair, index E wuse = —1 A slot[0] e - % slot[1] o - }
with bundle when true do latest := pair od

latesto s, slotos, datag s, wuseqs, pair, index F wuse = —1 A slot[0] e - % slot[1] o - }

e
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Details of the first writer step

latestos, slotos, datag as, wuseos, pair, inder F wuse = —1 A slot[0] oE - % slot[1] oE - }

with bundle when true do
pair := not(reading);
wuse := pair

od;
latestos, sloto s, datag 3z, wuseqs, pair, index
E wuse = pair A 3i - ( slot[pair] w5z 1 x slot[not(pair)] w5z —* data[pair, not(i)] — — )
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Details of the first writer step

latesto s, slotos, datag as, wusegs, pair, index F wuse = —1 A slot[0] 55 - * slot[1] oE - }
with bundle when true do
latest, reading s, slot, datag ee, wuse,pair, index
e = —1 A slot — (0), (1) »
data[not(reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — —
E3s- if ruse > 0 then d ading, Not(ruse)] — _
else data[reading, S(reading)| — — * data[reading, not(s(reading))] — —

W,

fi
pair := not(reading);

wuse 1= pair

od;
latestos, sloto s, datag 3z, wuseqs, pair, index
E wuse = pair A Ji - ( slot[pair] w5z 1 x slot[not(pair)] w5z —* data[pair, not(i)] — — )

P
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Details of the first writer step
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latesto s, slotos, datag s, wusegs, pair, index E wuse = —1 A slot[0] = _* slot[1] oE - }

with bundle when true do

E3s

E3s-

latest, reading s, slot, datag ee, wuse,pair, index

wuse = —1 A slot — s(0), (1)
data[not(reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — —
if ruse > 0 then d 19, Not(ruse)] — _

else data[reading, S(reading)| — — * data[reading, not(s(reading))] — —

fi

pair := not(reading);
latest, readingq s, slot, datag.ee, wuse,pair, index

wuse = —1 A pair = not(reading) A slot — s(0), (1) »
data[not{reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — _ »
if ruse > 0 then data[reading, not(ruse)] — _
else data[reading, s(reading)] — _  data[reading, not(s(reading))] — _
fi

wuse 1= pair

od;

latestos, sloto s, datag 3z, wuseqs, pair, index

F wuse = pair A Ji - ( slot[pair] 55 i % slot[not(pair)] 55 - * data[pair, not(i)] — _ ) }
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Details of the first writer step

05

latesto s, slotos, datag s, wusegs, pair, index E wuse = —1 A slot[0] = _* slot[1] oE - }

with bundle when true do

od;

E3s

E3s-

E3s-

latest, reading s, slot, datag ee, wuse,pair, index

wuse = —1 A slot — s(0), (1)
data[not(reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — —
if ruse > 0 then d 19, Not(ruse)] — _

else data[reading, S(reading)| — — * data[reading, not(s(reading))] — —

fi

pair := not(reading);
latest, readingq s, slot, datag.ee, wuse,pair, index

wuse = —1 A pair = not(reading) A slot — s(0), (1) »
data[not{reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — _ »
if ruse > 0 then data[reading, not(ruse)] — _
else data[reading, s(reading)] — _  data[reading, not(s(reading))] — _
fi

wuse 1= pair
latest, readingg s, slot, datag ee, wuse, pair, index

wuse = pair A pair = nof(reading) A slot — (0), (1) x
data[not(reading), s(not(reading))] — _ x data[not(reading), not(s(not(reading)))] — _ »
if ruse > 0 then data[reading, not(ruse)] — _
clse data[reading, S(reading)] — _ x data[reading, not(s(reading))] — _
fi

latestos, sloto s, datag 3z, wuseqs, pair, index

F wuse = pair A Ji - ( slot[pair] 55 i % slot[not(pair)] 55 % data[pair, not(i)] — _ ) }
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The reader is even easier than the writer!

{ readingg s, rusegs, datag 33, pair, index F ruse = —1 }
with bundle when true do pair := latest od;

with bundle when true do reading := pair od;
with bundle when true do indez := slot[pair]; ruse := indez od;
read := data[pair, index);

with bundle when true do ruse := —1 od
{ readingys, ruseos, dataoss, pair, index F ruse = —1 }
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—~

with bundle when true do indez := slot[pair]; ruse := indez od;

read := data[pair, index);
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The reader is even easier than the writer!

{ readingg s, rusegs, datag 33, pair, index F ruse = —1 }
with bundle when true do pair := latest od;
{ readingg s, rusegs, datag 33, pair, index F ruse = —1 }
with bundle when true do reading := pair od;
{ readingg s, ruseqs, datao,3s, pair, index = ruse = —1 A reading = pair }

with bundle when true do indez := slot[pair]; ruse := indez od;

read := data[pair, index];

with bundle when true do ruse := —1 od
readingg s, ruseos, datag s, pair, inder F ruse = —1 }

—~—
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{ readingg s, rusegs, datag 33, pair, index F ruse = —1 }
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{ readingg s, ruseqs, datao,3s, pair, index = ruse = —1 A reading = pair }
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with bundle when true do ruse := —1 od
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The reader is even easier than the writer!

{ readingg s, ruseos, datag s, pair, index F ruse = —1 }
with bundle when true do pair := latest od;
{ readingg s, rusegs, datag 33, pair, index F ruse = —1 }
with bundle when true do reading := pair od;
{ readingg s, ruseqs, datao,3s, pair, index = ruse = —1 A reading = pair }

with bundle when true do indez := slot[pair]; ruse := indez od;
{ readingq s, ruseq s, datao sz, pair, index £ ruse > 0 A reading = pair A data[pair, indez] — _ }
read := data[pair, index];

readingg s, ruseqs, datao 3z, pair, index

{ E ruse > 0 A reading = pair A Ji - data[pair, index] — i A read = i }
with bundle when true do ruse := —1 od

{ readingys, ruseos, dataoas, pair, index F ruse = =1 }
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The rest of the reader is too easy to bother with

with bundle when true do index := slot[pair]; ruse := index
(in the reader) is very veryerysimilar to
with bundle when true do pair := not(reading); wuse := pair od
(which | just showed you in detail from the writer),
so you don't need to see it.

e
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The rest of the reader is too easy to bother with

with bundle when true do index := slot[pair]; ruse := index
(in the reader) is very veryerysimilar to
with bundle when true do pair := not(reading); wuse := pair od
(which | just showed you in detail from the writer),
so you don't need to see it.
And the rest of the reader is trivial.
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