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L.oop _never_stops

~(st =[ loop ]=» st'

st st' contra. loop contra.
<{ while true do skip > loopdef
eqn:Heqloopdef.




L.oop _never_stops

induction contra; try discriminate.

st, st! : state
loopdef : com
Heqloopdef : loopdef = <{

r
1

while true do skip

contra : st =[ loopdef ]= st'




L.oop _never_stops

- inversion Heqloopdef; subst; discriminate.

b : bexp
c : com
Heqloopdef : <{ while b do c }> = <{ while true do skip

st : state
H : beval st b = false




L.oop _never_stops

- apply IHcontra2; assumption.

b : bexp

c : com

Heqloopdef : <{ while b do c }> = <{ while true do skip
st, st', st'! : state

H : beval st b = true

contra; : st =[ c ]» st

contrap; : st' =[ while b do c ] st'!

IHcontra; : c = <{ while true do skip 1> -

IHcontra, : <{ while b do c }> = <{ while true do skip




Hoare_repeat : semantics

E_RepeatTrue :

st = C




Hoare repeat : failed proof

P Q : bexp) c,
P C 0)
Q A ~b C
P repeat c b Q A Db
valid_hoare_triple %

P Qb c Hstart Hinv st st'' Heval HP.
<{repeat c b > Hcommand.
Heval;

admit.
IHHeval, HegHcommand

Abort.




Hoare repeat : failed proof

apply (IHHeval2 HegHcommand).

P, Q : Assertion

b : bexp

Cc com

Hstart : : state, st =[ c ] st' > P st » Q st'

Hinv : : state, st =[ ¢ ] st' s Q st A ~ b st > Q st!’
bexp
com

HeqHcommand : <{ repeat cgp bg }> = <{ repeat c

st, st', st'' : state

Heval; : st =[ cg ]= st
H : beval st' bg = false

Heval, : st' =[ repeat cg D > st'!
HP : P st
IHHeval; : cg = <{ repeat c o }> > P st > Q st' A
IHHeval, : <{ repeat cgp bg }> <{ repeat c
P st' >Qst'" A b st"'




Hoare repeat : failed proof

P, Q : Assertion

b : bexp

C com

Hstart : : state,
Hinv : : state, st =[
bg : bexp

Cg : com

HeqHcommand : <{ repeat cg

st, st', st'' : state

Heval; : st =[ cg ]» st

H : beval st' bg = false
Heval, : st' =[ repeat cg
HP : P st

IHHeval; : cp = <{ repeat c

IHHeval, : <{ repeat cg b

P st' >Qst'"'"Abst"'

st > Q st
- b st > Q st

= <{ repeat c




Hoare repeat : failed proof

What we have:

{{ P}}c{{Q}} (Assumption)
{{Q/\~b }} c {{Q}} (Assumption)
{{ P }} repeat c until b end {{ Q }} (IH)

Goal: {{ P }} c ; repeat c until b end {{ Q }}
‘=>’ {{ Q }} repeat c until b end {{ Q }}

BERAREAZRA, UETIEIERBR.



Hoare repeat : key Idea

QADb

valid_hoare_triple
P Qb c Hstart Hinv st st'' Heval HP.
Heval; :

S Bir#fT— inversion |, 5%
{{ Q }} repeat c until b end {{ Q /\ b}}
H#4T induction



Hoare repeat : key Idea

valid_hoare_triple 2
Q b ¢ Hstart Hinv st
Heval; try

Try
Hstart; )

P Q st Hstart;
Heval HP st Hy Hstart.

{re t c b > Hcommand.
Hs; try

HegHcommand;

HeqHcommand;
IHcevaly; try
Hinv _ _

; try




Proof by reflection : Motivation

T ZTAERBER, BAFERFA Cog RITERETIKE

L E R,

N \

temp := reify

N\ \'

bool_prop_reflect goal_ast).

« XIXFHEFR, 1

- H BE R FI A —F 5 tactics SRALTETMT

* BANHE Coq sEBFNE LR EEZXSAY.

Mk A



Proof by reflection : key idea

(ETH«I

T IEAF)

R VERVIE AW,

~1R1ERY Prop 3 i F

: bool_ast

: bool_ast




Proof by reflection : key idea

* B EEWN LT E R E Prop

b
BTrue 2 true
BFalse 2> false
BAnd by by, 2 (bool_ast_denote b;) && (bool_ast_denote by

BOr b; by = (bool_ast_denote bjy) || (bool_ast_denote b,




Proof by reflection : key idea

- IR B ERIEEEN O BRI TR,

: bool_ast

b
BTrue >
BFalse >
BAnd by by 2 (prop_ast_denote bj) A (prop_ast_denote by

BOr by bp » (prop_ast_denote bj;) Vv (prop_ast_denote by

: bool_ast,
bool_ast_denote b = true >
prop_ast_denote b.



Proof by reflection : bonus

 g0{a]F] A proof by reflection & E AR :

abcde,

a+ (b+c) + (d+e) =a+b+c+d+ e.

* (Hard) o] X 3L _Ear B AR (X fE AIAE SR oI SEp B AR, ABXY

TR SR INAEEREMINE R EN B IRE?
« Acknowledgement & Further reading :
« Chapter 15, Certified Programming with Dependent Types by Adam Chlipala




Q&A

* Q1: {4 ==& Calculus of Inductive Constructions?

- Al: ENEE:

« (Simply-typed lambda calculus) {ERE{EFR7E/E L :add 01
* (Polymorphism) {E 88 {E H&E<E L : cons Nat 0 nil

* (Type Operator) ZKAVGE(EFH7EZLEY | : List Nat

* (Dependent type)ZEBUEEH7E{E L : Vec 0 nat (
(WL _E#R4 Calculus of Constructions)

& Inductive datatype
FIRB RS,

£

EKERNTIFK)



Q&A

« Bonus Q1: 4114 Inductive datatype ZE B qg & 7
« Al: 7£ Coq F =17, AT Inductive & X

| TApp . wrong - wrong



Q&A

Further reading:
 Types and Programming Languages by Benjamin Pierce

* self-contained reader-friendly introduction to CoC by Helmut Brandl
« https://hbr.github.io/Lambda-Calculus/cc-tex/cc.pdf



Q&A

* Q2 : Rust unsafe {85 UE IA & A% AE5UE
e A2 :

 Rust unsafe FXABLEE (Jung, Ralf, et al. "RustBelt: Securing the foundations
of the Rust programming language." Proceedings of the ACM on
Programming Languages 2.POPL (2017): 1-34)

s NiZAREIEUE: WIDIREEREKR, RTPNMAERRKTESHRE.




