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Model checking [1]

Äîñòîèíñòâà:

I Àâòîìàòèçèðîâàííîñòü

I Âîçìîæíîñòü âåðèôèöèðîâàòü ïàðàëëåëüíûûå ñèñòåìû
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I Êîìáèíàòîðíûé âçðûâ

I Óçêàÿ îáëàñòü ïðèìåíåíèÿ



Ëîãè÷åñêèé âûâîä

I Hoare Logic [2]

I Separation Logic [3,4,5]

I Type theory [6,7,8]



Hoare Logic

I Òðîéêè Õîàðà {P}S{Q}

I Ïðîñòîé èìïåðàòèâíûé ÿçûê

I Ðàñøèðåíèÿ äëÿ óêàçàòåëåé, ïåðåõîäîâ, ïîäïðîãðàìì,
êîíêóðåíòíûõ âû÷èñëåíèé



Ïðèìåð

{ array_length(t) >= 1 and

sorted_array(t,1,array_length(t)) }

l := 1; u := array_length(t); p := 0;

while l <= u do

m := (l + u) / 2;

if t[m] < v then l := m + 1

else if t[m] > v then u := m - 1

else begin p := m; l := u + 1 end

done

{ (1 <= p <= array_length(t) and t[p]=v) or

(p = 0 and not In(t,1,array_length(t))) }



Ïðèìåð

{ array_length(t) >= 1 and

sorted_array(t,1,array_length(t)) }

l := 1; u := array_length(t); p := 0;

while l <= u do

{ invariant 1 <= l and u <= array_length(t)

and 0 <= p <= array_length(t)

and (p = 0 -> In(t,1,array_length(t)) ->

In(t,l,u)) and (p > 0 -> t[p]=v)

variant u - l }

m := (l + u) / 2;

if t[m] < v then l := m + 1

else if t[m] > v then u := m - 1

else begin p := m; l := u + 1 end

done

{ (1 <= p <= array_length(t) and t[p]=v) or

(p = 0 and not In(t,1,array_length(t))) }



Ïðèìåíåíèå

I Hardware veri�cation

I Software veri�cation
I Why [9]

I VCC [10]

I Frama-C [11]



Ëîãè÷åñêèé âûâîä

Äîñòîèíñòâà:

I Ôîðìàëüíîå äîêàçàòåëüñòâî êîððåêòíîñòè

I Ãèáêîñòü

Íåäîñòàòêè:

I Ñëîæíîñòü



Òåîðèÿ Òèïîâ



Èñòîðèÿ[12,49]

I 1900-ûå: Òèïû (Bertrand Russell)

I 1920-ûå: Êîìáèíàòîðíàÿ ëîãèêà (Haskell Curry)

I 1930-ûå: Ëÿìáäà èñ÷èñëåíèå (Alonzo Church)

I 1950-ûå: Ñîîòâåòñòâèå "Òåîðåìû-êàê-òèïû"(Haskell Curry)

I 1960-ûå: Îáîáùåíèå äëÿ ëÿìáäà èñ÷èñëåíèÿ è ïðî÷èõ
ñèñòåì (William Howard)

I 1960-ûå,1970-ûå: ßçûê Automath äëÿ àâòîìàòè÷åñêîé
ïðîâåðêè äîêàçàòåëüñòâ (Nicolaas de Bruijn)

I 1970-ûå: Òåîðèÿ òèïîâ (Martin-Lof)

I 1980-ûå: Ðàçðàáîòêà NuPRL (Robert Constable)

I 1980-ûå: Calculus of Constructions (Thierry Coquand, Gerard
Huet)



Ñèñòåìû

I Theorem provers:
I Coq [13,14]

I HOL [15]

I NuPRL [16]

I ßçûêè:
I Agda2 [17]

I Epigram 2 [18,19,20,21,22]



Òåîðèÿ Òèïîâ

I Òèïû â ÿçûêàõ ïðîãðàììèðîâàíèÿ [23,24]

I Ëåãêîâåñíûé ïîäõîä [25,26,27,28]

I Èçîìîðôèçì Êàððè-Ãîâàðäà [29]

I Çàâèñèìûå òèïû [24,30,31,32,33]

I Òåîðèÿ òèïîâ è äðóãèå ïîäõîäû ê âåðèôèêàöèè [34,35]



Ïðèìåðû



Äðóãèå ïðèìåðû

I Îáîáùåííîå ïðîãðàììèðîâàíèå [22,36]

I Îïèñàíèå ïðîòîêîëîâ, áåçîïàñíûå êàíàëû [25,27,28]

I Îïèñàíèå ôîðìàòîâ äàííûõ/ÿçûêîâ, áåçîïàñíûå ïàðñåðû
[32]

I Îïèñàíèå ñõåìû áàçû äàííûõ, áåçîïàñíûå SQL çàïðîñû
[32]

I Áåçîïàñíàÿ êîíêóðåíòíîñòü (ìóòåêñû, STM) [25,37,38,39]



Äðóãèå ïðèìåðû

I Èñïîëüçîâàíèå òèïîâ â íèçêîóðîâíåâîì ïðîãðàììèðîâàíèè
[24,25,26]

I Áåçîïàñíàÿ ðàáîòà ñ ïàìÿòüþ [24,34]

I Ïàðàìåòðèçîâàííûå âû÷èñëåíèÿ [35,40]

I Ñïåöèôèêàöèÿ ýôôåòîâ [40,41]

I Ñïåöèôèêàöèÿ èñïîëüçîâàíèÿ ðåñóðñîâ [24,42,43,44,45,46]

I Ñïåöèôèêàöèÿ çàâåðøàåìîñòè [47,48]

I ...



Ïðåèìóùåñòâà

I Áåçîïàñíîñòü

I Îòñóòñâèå ïðîâåðîê âî âðåìÿ èñïîëíåíèÿ

I Ìàñøòàáèðóåìîñòü

I Äîêóìåíòàöèÿ

I Ïðîåêòèðîâàíèå
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