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Motivation (Cont.)
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https://github.com/caotic123/PomPom-Language
https://github.com/CircuitCoder/MeowThink
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https://github.com/caotic123/PomPom-Language
https://github.com/CircuitCoder/MeowThink

Motivation (Cont.)

https://github.com/caotic123/PomPom-Language

BEE1E 1000 1TA{E A Rust SEIF—™ Proof Assistant?

Think git

[&: "2000 LOC can (sort of )"
https://github.com/CircuitCoder/MeowThink
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FEREHFREE (CFMT)
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FEREHFREE (CFMT)
EEXT 2 MEY, FMATIRTEAAFRERIF.

"CFMT %1 ZFC &% dsr”
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E5tiZ% - Why

FEREHFREE (CFMT)
EEXT 2 MEY, FMATIRTEAAFRERIF.
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E5tiZ% - How

ZEPE: HEREFRR.
izt P, Q BUERTEMER PAQ — PV Q
EiiZiE #E, UHMEES (&) KA.
WMREH P, B P — Q FLLER Q

-A=A— 1
1l —B

HERZED, HPRNNETEERAEAMIL.
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Curry-Howard X[z

A— B

AT E: EEM A BBAT,
=iXIERA B.

ERAGZE: MREHT A RIE
B, ABAIEH®RT B.
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Curry-Howard X[z

A— B

AT E: EEM A BBAT,
SR ERA B.

ERAE: WRERT ARIE
B, ABAIEH®RT B.

impl Fn(A) -> B
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Curry-Howard X[z

A—B impl Fn(A) -> B
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iR IERA B. S H AR B KA.
ERAGZE: MREHT A RIE

B, ABAIEH®RT B.
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Curry-Howard X[z

A—B impl Fn(A) -> B
EBAAE: EEHARBAT, ZHHE: EF ANBRT,
SR iERg B. ZRBHAR D B WEA.
ER7%GE: MREHT A BIE ERAE: R—1T A XEBHFR
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Curry-Howard X[z

A—B impl Fn(A) -> B

AT E: EEM A BBAT, SIUKHE: EHABRT,

iR IERA B. S H AR B KA.
ERAGZE: MREHT A RIE ERABZE: R—1 A XKBREK
B, ABAIEH®RT B. 7, -1 B HAHERE.

BB e —— X R RY
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We can prove stuff!

fn id<A>(a: A) -> A;

fn concat<A, B, C>(
first: impl Fn(A) -> B,
second: impl Fn(B) -> C
) => impl Fn(A) -> C;
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We can prove stuff!

fn id<A>(a: A) -> A;

fn concat<A, B, C>(
first: impl Fn(A) -> B,
second: impl Fn(B) -> C
) => impl Fn(A) -> C;
A=A
(A-B) - (B— 00— (A= 0
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We can prove stuff!

fn id<A>(a: A) -> A;

fn concat<A, B, C>(
first: A -> B,
second: B -> C

) => (A -> C);

A— A
(A-B) - (B— 00— (A= 0

R
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(A, B)
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(A, B)

// Case study = match
enum Either<A, B> {
Left(A),

Right (B),
}
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AV, T, L

(A, B)
// Case study = match
enum Either<A, B> {
Left(a),
Right (B),
}
struct Trivial; // Or ()
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AV, T, L

(A, B)
// Case study = match
enum Either<A, B> {
Left(a),
Right (B),
}
struct Trivial; // Or ()

enum False {}; // Or !
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We can prove (other) stuff

fn and_to_or<a, b>(and: (a, b)) -> Either<a, b> {
Either::left(and.0)
}

aANb—aVvb
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We can prove (other) stuff

fn and_to_or<A, B>(and: A H B) > (A +B) {
Left(and.first)
}

aANb—aVvb
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We can prove (other) stuff!

LEM Irrefutable

—|ﬂ(P\/ —|P)
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We can prove (other) stuff!

LEM Irrefutable

—|ﬂ(P\/ —|P)

fn lem_irrefutable<P>(
lem_false: (P + (P => 1)) -> !
) > 1t {
let p_to_false: P -> !
= |p: P| lem_false(Left(p));
lem_false(Right(p_to_false))
}
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Wait a minute...

fn bad<T>(t: T) -> ! {
loop { /* Meow */ }
}

fn worse<T>(t: T) -> ! {
// Meow meow
worse (t)

}
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Wait a minute...

fn bad<T>(t: T) -> ! {
loop { /* Meow */ }

}

fn worse<T>(t: T) -> ! {
// Meow meow
worse (t)

}
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Totality checker
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Totality checker
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Totality checker
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—RriZig

AR TRIFIR?

n 2B, Even(n) — n 2B

P gy Proof Assistant - A 3§ Approach



—RriZig

AR TRIFIR?

& Even

|

n 2B, Even(n) — n 2B

Even: B# — #pER
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—RriZig

AR TRIFIR?

& Even

|

n 2B, Even(n) — n 2B

Even: B# — #pER

P: Nat -> Type

P gy Proof Assistant - A 3§ Approach



«O» «Fr o« N



Type -> Type: iZH (Generic)
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Data -> Type??

Type -> Type: iZH (Generic)
Constant -> Type: Const Generic
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Data -> Type??

Type -> Type: iZH (Generic)
Constant -> Type: Const Generic
Data -> Type: Dependent Typing
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Dependent Typing

SIF:

@ Dependent Function: (a: A) -> P(a)
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Dependent Typing

R
@ Dependent Function: (a: A) -> P(a)
@ Dependent Pair: (a: A) x P(a)
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Dependent Typing

R
@ Dependent Function: (a: A) -> P(a)
@ Dependent Pair: (a: A) x P(a)

let dep_fun: (a: A) -> P(a);
dep_fun(some_a): P(some_a);

let dep_pair: (a: A) H P(a);
dep_pair.second: P(dep_pair.first);
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Dependent Typing

R
@ Dependent Function: (a: A) -> P(a)
@ Dependent Pair: (a: A) x P(a)

let dep_fun: (a: A) -> P(a);
dep_fun(some_a): P(some_a);

let dep_pair: (a: A) H P(a);
dep_pair.second: P(dep_pair.first);

gi7: v,3
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fn id<A>(a: A) -> A;
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KRFT

fn id<A>(a: A) -> A;

I
id<A>: A -> A
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KRFT

fn id<A>(a: A) -> A;

I

id<A>: A > A

U

id: (A: Type) -> A > A
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KRFT

fn id<A>(a: A) -> A;

I

id<A>: A > A

U

id: (A: Type) -> A > A
U

fn id(A: Type, a: A) -> A;
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We can prove (more) stuff!

Axiom of Choice...?
MRFF—HESE S() FRIF—1, HALLEHFK—NITE s
e P(i,s), BATEE—MEEEE, NG S() PiEH—1,
FEEENMEENERTHLIBIE P
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We can prove (more) stuff!

Axiom of Choice...?

WRNF—AES S») PRIG—, HALLEHR—TTE s
#RE P(i,s), BAFE—MERRE, WS S() PEH—1,
EREMRERNEREHE TR P

vie l,3se S(i), P(i,s)
%

af: ((i: ) — S(1))
Vie I P(i, (i)
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We can prove (more) stuff!

fn not_exactly_choice(
Index: Type,
Set: Index -> Type,
Pred: Index -> Set -> Type,

all has_elem: (
(i: Index)
-> ((s: Set(i)) H Pred(i, s))
)
) > (
(f: (i: Index) -> Set(i))
H ((any: Index) -> Pred(any, f(any)))
);
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B:m ==(T) n
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Vn: Nat,Vm: Nat,(n = m) — (2n

=2m)
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18

Vn: Nat,¥m: Nat,(n=m) — (2n=2m)

(n: Nat) -> (m: Nat)
-> (n ==(Nat) m)
-> (double(n) ==(Nat) double(m))
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HERIITA

==(_): (T: Type) -> (lhs: T) -> (rhs: T) -> Type
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HERIITA

==(_): (T: Type) -> (lhs: T) -> (rhs: T) -> Type

o R4
refl: (T: Type) -> (x: T) -> (x ==(T) x)
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HERIITA

==(_): (T: Type) -> (lhs: T) -> (rhs: T) -> Type

o HR
refl: (T: Type) -> (x: T) -> (x ==(T) x)

o KA
cast: (T: Type) -> (U: Type) -> (T ==(Type) U) ->
T->TU
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HERIITA

==(_): (T: Type) -> (lhs: T) -> (rhs: T) -> Type

o HR
refl: (T: Type) -> (x: T) -> (x ==(T) x)

o KA
cast: (T: Type) -> (U: Type) -> (T ==(Type) U) ->
T->TU

o BRETFATE
ap: (f: T -> U) -> (a ==(T) b) -> (f(a) ==
(b))
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XiFRME / RIS AR 7
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XiFRME / RIS AR 7

fn eq_sym(
T: Type,
a: T, b: T,

eq: a ==(T) b,
) > b ==(T) a {
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XiFRME / RIS AR 7

fn eq_sym(
T: Type,
a: T, b: T,

eq: a ==(T) b,
) > b ==(T) a {

let start: (a ==(T) a) = refl(T, a);
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XiFRME / RIS AR 7

fn eq_sym(
T: Type,
a: T, b: T,
eq: a ==(T) b,
) => b ==(T) a {
let start: (a ==(T) a) = refl(T, a);

let ty_eq: (a ==(T) a) ==(Type) (b ==(T) a)
= ap(lx: T| { x ==(T) a}, eq);
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XiFRME / RIS AR 7

fn eq_sym(
T: Type,
a: T, b: T,
eq: a ==(T) b,
) > b ==(T) a {

let start: (a ==(T) a) = refl(T, a);

let ty_eq: (a ==(T) a) ==(Type) (b ==

= ap(lx: T| { x ==(T) a}, eq);
cast(/* ... */, ty_eq, start)
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We can prove (even more) stuff

enum C3 {
Zero, One, Two,

}
// Define mul: C3 -> C3 -> C3

fn C3_order_3(

input: C3
) => mul(mul(input, input), input) ==(C3) C3::Zero;
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JALAZE X / ERA

B2 B AHRIE X :
° 0 REAK.
o MR n ZEAY, M4 n HEHEBERY.
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JALAZE X / ERA

Bz B AERENX

°o 0 EHARY.

o WIR n BHARE, M4 n MEHEBRE.
enum Nat {

Zero,

Succ(Nat),
}
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Y4
Xy

£ Nat BYEEEL

fn add(a: Nat, b: Nat) -> Nat {
match a {
Nat::Zero => Db,
Nat::Succ(prev) => Nat::Succ(add(prev, b)),
}
}
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Y4
Xy

£ Nat BYEEEL

fn add(a: Nat, b: Nat) -> Nat {
match a {
Nat::Zero => Db,
Nat::Succ(prev) => Nat::Succ(add(prev, b)),
}
}

B = JFMAE X
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Y4
Xy

£ Nat BYEEEL

fn add_zero(a: Nat)
-> (add(a, Nat::Zero) == a) {
match a {
Nat::Zero => refl(Nat, Nat::Zero),
Nat::Succ(prev) => ap(Nat::Succ, add_zero(prev)),
}
}
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Y4
Xy

£ Nat BYEEEL

fn add_zero(a: Nat)
-> (add(a, Nat::Zero) == a) {
match a {
Nat::Zero => refl(Nat, Nat::Zero),
Nat::Succ(prev) => ap(Nat::Succ, add_zero(prev)),
}
}

B3 = JALIERA
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HE—ARER . T
AL SR B
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HER &

lem: (P + !P)

dne: !'P -> P

peirce: ((P -> Q) ->P) > P
implies: (P -> Q) -> (Q + !'P)
de_morgan: !(!P x !Q) -> P + Q
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{2x|x € Z} =7{2x+ 2|x € Z}
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SMIEE

{2x|x € Z} =7{2x+2|x € Z}
EREEL =7 REF
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SMIEE

{2x|x € Z} :?{2x+ 2|x e Z}
BREEZE =7 RER
o SERSMEM: P > Q) x (Q ->P) > P =4Q
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SMIEE

{2x|x € Z} =7{2x+2|x € Z}

BEREX =7 RER
o AERSMEM: (P -> Q) x (Q >P) ->P =0Q
o RENIMENE: (a > f(a) == ga)) > f ==g¢g
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SMIEE

{2x|x € Z} =7{2x+2|x € Z}

HREE =7 REF
o FREASMEM: (P > Q) x (Q -=> P) -> P =Q
o RENIMENE: (a > f(a) == ga)) > f ==g¢g
e Univalence(ZKRYSPZENM): (A~ B) ~ (A= B)
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@ Type:

<O «Fr «=)r «=)» QA

Type



@ Type: Type
"The set of all sets”
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What is Type

@ Type: Type
"The set of all sets”
JEF 1B (Impredicativity) & Girard's paradox

o Type RFFFKHI

"The class of all sets”
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What is Type

@ Type: Type

"The set of all sets”

JEF 1B (Impredicativity) & Girard's paradox
o Type ZHFFRHY

"The class of all sets”

"List<Type>"
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What is Type

@ Type: Type
"The set of all sets”
JEF 1B (Impredicativity) & Girard's paradox

o Type ZHFFRHY
"The class of all sets”
"List<Type>"

@ Type O € Type 1 € Type 2 ...
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_ ==(a ==(T) b) _
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Axiom K & HoTT

_==(@ ==(T) b) _
\

E: HoTT
KB = v E, HBE = BE, ap = RBMEEEM.

71 Proof Assistant - A J#Bk Approach



That's Alll

Question time!
https://github.com/CircuitCoder/MeowThink
https://github.com/CircuitCoder/LocalNeko
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