The SoftLab Isabelle Chronicles:
Locally Nameless Experiences
in Proving Type Safety

Niko¢ MNamacmupou

EOviko MetooBlo lMoAutexvelo
2 x0An HAekTtpoAOywv Mnxavikwyv
Kal Mnxavikwyv YToAOYIoTwY



[1IEpL TIVOC TPOKEITAl;

e Type safety proofs
Av eva mpoypappa Osv £xel static type errors,
TOTE N EKTEAEON TOU OV 0ONYEL OE GPAAPA

e 2UVNONC TopELa
- syntax
- operational semantics
- type system
- safety = preservation + progress

e Mechanized!
Me tn xpnon kamotou proof assistant

29 AskepBpiou 2006 4th Annual SoftLab PL-Seminar, Nikog NMamacmupou



[lati oAa auta;

e (ylatl type safety;)
e YLATL OXI OTO XAPTL;
- €UKOAO va yivel Aadog

- gUKOAO va “OlopBwbel” eva Aabog

- av Aotmov ipaote OlateOEIPEVOL va KAVOULE
£EOVUXIOTIKN amodELlén oTo XapTl, ylati va pn
XPNOlUOTOLNCOUPE eva proof assistant;
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Ao mou EEKIVINOAYE;

e regions + references otnv Nflint
e = linear types

o = petatpotn linear o€ unrestricted:
e — linear lambda calculus + let!
e = type safety?

e = Coq (0ops)

e — |sabelle
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[lou BploKOpAOTE TWPA;

Wild enthusiasm!

Isabelle era...

'

We're still
not there,
but we're

Despair! ;
trying...

Complete

Incompre-
hension!

-
dep. 06 TouA. 06 >em. 06 Aek. 06
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[Mape maAi, mou akpiBwC
glval To mpoBAnua;
e To peyaAutepo mpoOBAnua etvat
n 0eopeuon petaBAntwy (variable binding)

e Emmiong, Tl “tumo 0edopEVWV” XPNOIHOTTOLW
yla ta mepBaiAovta TUTTWY; [, X:T

e [lwG ta KAvoupe OAA aUTA OTO XAPT;
- ouvNOwWC TO ayVOOUE
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Agcpeuon peTtaBANTwWY

« Named variables

e DeBruijn indices

e Locally nameless

e« Nominal

e Higher-order abstract syntax
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Named variables

e Avaykn peTOvVopaciag
e TM.X. OTNV AVTIKATACTAOCH

x|z := N]

y|z := N]

(PQ)[x == N]
P)[z := N]

Y
P [;'l.’- — f\"T] Q [3_‘,‘. — j\.-*}

avy #x, xat (y g FV(N) 7 x & FV(P))
avy #x, xat y € FV(N) xat x € FV(P),
érnov z & FV(P)UFV(N)

(A
(A P)[f = N]
( )[1 :—\]

e Kal aAAou: typing rule yia abstraction
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DeBruijn indices

e |0ca: Af:t—t. Ax:T. f (f X)
ylveTal: A[t—Tt]. A[t]. 1 (1 0)

o APKETA TMAEOVEKTNHATA, AAAQ...

e Ti ytvetal pe ti¢ “global” variables;

o AvtiKatdaotaon akopd o MOAUTIAOKN:
xpelaletal shifting
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Substitution
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DeBruijn indices

itk <c EESHEE
if k >c

- {k otherwise

A [G+1 ~11(s)]ty
([3=slt1[]~ s]t2)
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Locally nhameless

e |0ca:
- ovopata yia “global” variables
- Kkat DeBruijn indices ywa bound variables

e [TAgoveEKTNpATA:
- avrlkataotaon povo o€ bound variables
- XwpI¢ shifting
- XWpIC peTovouaoia twy named variables

- aAAa avtikataotaon bound variables pe
named variables — “freshening”
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Hands on now!

e [lpotaon dvitin (+1)

- Emacs

- Proofgeneral

- X-symbol

- Isabelle/HOL o€ isar mode (structured proofs)
e Case study

- simply typed lambda calculus

- with heap-stored values

- with references
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Conclusion

e TA CUPTEPAcpata OIKa oag...

(
proof? e
by auto (\‘ | L
(5
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