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Haskell as a Proof Assistant

&+

ghci
data StephenTecher = StephenIsATecher -
data StephenNerd StephenIsANerd

vV Vv

\4

s = StephenIsATecher --
it s -
:: StephenTecher --

n Vv

> isnerd StephenIsATecher = StephenIsANerd --
> :t isnerd --
isnerd :: StephenTecher -> StephenNerd --

> duh = isnerd s :: StephenNerd -
> :t duh --
duh :: StephenNerd -

Propositions

Assumption 1:
Stephen is a Techer
(See my diploma)

Assumption 2:
If he's a techer,
he's a nerd

Check the proof
No errors so yes,
Stephen is a nerd



Coq: An Actual Proof Assistant

Parameters (StephenTecher : Prop) (* Propositions x)
(StephenNerd : Prop).



Coq: An Actual Proof Assistant

Parameters (StephenTecher : Prop) (* Propositions *)
(StephenNerd : Prop).
Hypotheses (stephen : StephenTecher) (* Assumptions *)

(isnerd : StephenTecher -> StephenNerd).



Coq: An Actual Proof Assistant

Parameters (StephenTecher : Prop) (* Propositions x)
(StephenNerd : Prop).

Hypotheses (stephen : StephenTecher) (* Assumptions *)
(isnerd : StephenTecher -> StephenNerd).

Definition duh : StephenNerd := isnerd stephen. (* A proof x*)

Print duh. (* print the proof *)

duh = isnerd stephen
: StephenNerd



Coq: An Actual Proof Assistant

Parameters (StephenTecher : Prop) (* Propositions *)
(StephenNerd : Prop).

Hypotheses (stephen : StephenTecher) (* Assumptions *)
(isnerd : StephenTecher -> StephenNerd).

Definition duh : StephenNerd := isnerd stephen. (* A proof x*)

Print duh. (* print the proof *)

duh = isnerd stephen

: StephenNerd
Theorem duh': StephenNerd. (* More traditional =)
Proof.

exact (isnerd stephen).
Qed.
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pu=blp—plprp tu=blr—>r|TXxT
ex=x|Ax.e
Tpr THp e Product Type: Pairs/Tuples
TEpuinp In C, struct { int fst; char snd; };

I'=piap; andodi I'piap; and-d2 In Haskell, (Int, Char)

r r
e =P In OCaml, int * char
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pu=blp—plprp Tu=b|lT—>T|TXT

ex=x|Ax.e|(ee)|fste|snde

I'=pr TEpo and-c E.g., (1,2) constructs a pair
' P1AD2
fst (1,2) = 1
71—‘ Epinp and-d1 71—‘ Epinpe and-d2

T T snd (1,2) = 2
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I'i-(ep,e) : i x1

I'Fe:mxn l'Fe:nxn
I'—fste: I'snde: n

Take apart a pair; result depends on selected element
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pu=b|lp—plprp|pvp Tu=b|lT—T|TxT |TH+T

ex=x|Ax.e|(ee)|fste|snde

I'—pm Fl—pzand_c I'e1.:q ThHe '
I'+— 1 N\ D2 Fl—(el,ez) T X Ty
piAp

Fl—pl/\pzand_dl Fl—pl/\pzand_dz I'Fe:mxn l'e:nxn

I'p I'p, I'fste: g I'snde: r

Fl—p1 Fl—pz
——orcl _————orc2 A sum or union type: can be either 7; or =
T'-pivpe THpvops yp 101 72

C:union { int 1; char r; }%};
L.p1=ps Haskell: data Suma b =L a | R b
F'eEpivpy Lpptps
I'~ps

or-d Ocaml: type (’a, ’b) sum = L of ’a | R of ’b
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I'=pr TrFp I'e1.:q ThHe '
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Fl—pl/\pzand_dl Fl—pl/\pzand_dz I'Fe:mxnp I'te:mixnp
I'-ps I'-po I'fste: o I'—snde: n

r|_p1 or-cl r|_p2

= —————or<c2 “L e” and “R e” are constructors for the variants
I‘I—plvpz I‘I—plvpz

“e ? e : e” is the destructor

L= ps “Le? e : e3” evaluates to ex[]:= e]
Fl—p1 V P2 F,PZ = ps or
I'~ps

-d “‘Re? e : e3” evaluates to es3[r := e]
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pu=blp—oplpap|pvp

I'—pm I“I—pgand_
Fl—pl/\pz
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Teping qq TEPIAP 4gs

Fl—p1 I'—

D2
Fl—p1 Fl—pz
I‘I—plvpz I‘I—plvpz
L.p1=ps
Fl—plvpz I“,pg = ps or-d

Fl—p3

or-c2

STLC + pairs + sums

Tu=b|lr—>r|TxT |T+7T

ex=x|Ax.e|(ee)|fste|snde|Le|Re|e?e

I'e1.:q ThHe '
Fl—(el,ez) T X Ty
I'He:1ixn 'HFe:1ixn

I'—fste: g

I'He: n
I'Le

I'e

I'snde: r

:TZ

I+

L’s argument must be a 7
R’s argument must be a 7,

I'HRe

T+ T

L e
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pu=blp—=plpaplpvp tisblr—rfrxr |47
ex=x|Ax.e|(ee)|fste|snde|Le|Re|e?e: e
I'—pm Fl—pgand_c I'e1.:q ThHe '
L=piape I'(e,e): mxn
Fl—pl/\pzand_dl Fl—pl/\pzand_dz I'Fe:mxnp I'te:mixnp
I'-ps I'-po I'fste: o I'—snde: n
I'p or-cl I'~po or-c2 I'e:n 'He: n
I'pivp I'=pivp 'tLe:ni+1n F'Re: 1+
T, pr - ps “e1 ? e, : e3” means match el with
rl—PlVPZ rsPZl_P3 4 L1—> e2
or- Rr ->e3

I'~ps
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pu=blp—=plpaplpvp tisblr—rfrxr |47
ex=x|Ax.e|(ee)|fste|snde|Le|Re|e?e: e
I'—pm Fl—pgand_c I'e1.:q ThHe '
I'+— 1 N\ D2 Fl—(el,ez):rlxrz
piAp
l"l—pl/\pgand_d1 Fl—pl/\pgand_dz I'Fe:mxnp I'te:mixn
' p ' py I'—fste: g I'+snde:
p p.
Mor—c] MOI‘-CZ M r Fe: 2
I'=pivp I'=pivp I'+Le: 1+ I'Re:n+n
Lpips Ll:nke:w
Fl—plvpz F,pgl—p3 or-d e :+m Ir :nhe 13

I'-ps T'H(e1?e : e3): 13



