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CoqE il

CoqBl SMMEARINES:
o Gallina: FTHIREE T SANTRMIES (—EARLE, BSERH)

Inductive ..., Fixpoint ..., Definition ...

* Ltac: CoqE’JﬁHﬁnm, AT HENEBRRIM AN (A —ER L, EISERED )

simpl ..., intros ..., apply ...

*BTijﬁ'ﬁg§5}E ﬁ*q] I5= |=|l|...\ —5 .

TS I —PMFixpointE X A8 F B
2. M\—"TgoalFta, B2E—Etactic, T S—"goal

WEAFRKT— FtacticsIXE, THE—LLE HIIEARE



CoqiZig

fECoqz, Fid—MiBIAEE:

ZHEMSE Coq®Rm

IERASRER

kA

WUEBRAY A split 0 B2, 1 A3 AY AR destruct

BEX (A) P/AQ split, destruct
FTEX (V) P\ Q left, right, destruct RN A A DX, FRNDERITIE
=S (—) P—>Q intros, apply SINRIZA intros, N FAHH apply
BE (=) ~P B} P —> False contradiction BEENZESR
H True trivial, exact | SENEd
{Fz False contradiction > [E Ep
=19 (v) forall x: T, P x intros, apply SIANT=MERIR
F1E=14 (3) exists x: T, P x exists, destruct TIEBABY A existsMa)i&, {5 AR RS FH destruct
=M (@) P<—>Q split, destruct WEZES
F X=y reflexivity, rewrite, symmetry HERHIE




CoqiZ i ERIT=

* CogRYiZ3EEMZCIC(Calculus of Inductive Constructions)& & :
i. Stlc: KNIz (EMRBUERREN

Eg. Defenition id (x: A) : A := x

ii. Parametric Polymorphism: {E{{x#izL Y
Eg. Defenition id (A: Type) (x: A) : A := x

iii. Type—level Function: ZEBU{k#fiZE Al

iv. Dependent Types: FEKIH{E
Eg. Inductive List(n: nat) : Type := | nil : List O | cons : forall m, List m — List (S m)

v. Inductive Types: 32/ HY



CoqiZ BRIt =

o JFE AN True False F1 70 /R 1B true false I X 3 :
o Tuee— 1 EE, IREN—MME
o False@— T RE, XHBE
o trueflfalse2%/R1E, BT boolZLHY, BIBAHATFif matchZs
* CogeEmENELE, THPE, xBENELER
o P\/~PARKAL
O ~P —>PARYIL



CoqiZ4g-HAth

* ProofObjects:
IRIECUrry—Howard[E#d, Coqim@ el ABIEREKE, EATUEIERE
T fRE B Hproof objectiytaiE

Theorem inj 1" : forall (P Q : Prop), P -> P \/ Q.
Proof.

intros P Q HP. left. apply HP.
Qed.

Definition inj_1 : forall (P Q : Prop), P -> P \/ Q :=
fun P Q HP => or_introl HP.




CoqiZig-Hith

* IndProp: ap@R A AMANME X AET PR Z BN XR
Inductive le : nat -> nat -> Prop :=
| 1le. n (n : nat) : le nn
| le S (nm:nat) (H: lenm) : le n (S m).

Notation "n <= m" := (le n m).

e |IndPrinciple: N InductivezE B4 &HE — 1 AZNRE NI
Inductive tree (X:Type) : Type :=
| leaf (x : X)
| node (t1 t2 : tree X).
Check tree_ind :

forall (X : Type) (P : tree X -> Prop),
(forall x : X, P (leaf X x)) ->
(forall t1 : tree X,

P tl1 -> forall t2 : tree X, P t2 -> P (node X t1 t2)) ->
forall t : tree X, P t.



IMPiE= 5Hoare)Z 45

o IMPHRUIBIE: aexp, bexp,LA&S5F1EE) (assign, seq, if, while, skip)
o IMPRYIEX (FRANEH): ERERT, RBEEENR
I. ENX RZER aeval: aexp —> nat...
ii. EXNKZ aevalR: aexp —> nat —> Prop...
* IMPENIEX (Z1EEHA):
. EXNKZR (KFPIEX) step: state — com —> state —> Prop
ii. HoareiZ4g: {PCQRTERSHEPHEIRT, MITCERSHEQ
ii. EXRNKEZR (INFI1BEX) step: (state * com) —> (state * com) —> Prop



IMPEYERIEIEX. (KP)

(E_Skip)
st =[ skip ]= st o

aeval st a = n
‘= al]= (x !> n : st)

st =[ x

st =0 ¢y 1= st
st’ =0 ¢y 1= st

(E_Seq)

’

st =L eqiep 1= st

beval st b = true
st =[ ¢y 1= st

m

(

st =[ if b then ¢y else ¢p end J=> st’

beval st b = false
st =[ ¢ep J=> st’

(E_IfFalse)
Ass) st =_ if b then ¢y else ¢y end 1=> st’
beval st b = false
(E WhileFalse)
st =[ while b do ¢ end ]=> st
beval st b = true
st =[ ¢ ]=> st’
st’ =[ while b do ¢ end ]=> st’’ _
s (E WhileTrue)
st =[ while b do ¢ end ]=> st
(E IfTrue)



IMPEVER{EIE X (HoareiZ3g)

{P} skip {P}

SKIP P
ASSIGN

{P}c{Q}
{P}ci{R} {R}c{Q}
{P}ci;c{Q}
{PAb}ei{Q} {PA—bjeo{Q]

SEQ

IF
{P}if b then c; else co{Q}
WHILE PN bye{ Py
{P} while b do c{P N —b}



Decorated Imp

{{ X <=3 }}
while X <= 2 do
{({ X <=3 /\ X<=2 1} ->>
{({ X+ 1 <= 3 }}
X =X + 1
{{ X <=3 }}
end
{{ X <=3 /\ ~(X <= 2) }} —>>
{{ X =3 }}

— 1P EANZRZATE—TImpiER, EXRIREL/+MEERJdecoration



Stic

t ::= x (variable)

\x:T,t (abstraction)

t t (application)

true (constant true)

false (constant false)

1f £t then t else t (conditional)

T ::= Bool
I T - T



Stic/VFiEN

value v,
(ST_AppAbs)
(\X:Tz, tl) Vo - [X::‘i"z]tl
tl — tl’
\ (ST_App1)
tl tz — tl t2
value vy
tz —> tz,
> (ST_App2)
Vl tz — Vl t2
(ST IfTrue)

(if true then t; else ty) — t4

i (ST_IfFalse]
(if false then t; else t)) — ty )

b

tl — tl

(if t; then t, else tg) — (if t; then t, else tg)

(ST If)



Stic

UH

Sl

Gamma x = Ty

(T Var)
Gamma - x € Ty

x 2 Tp ; Gamma F ty € T4

(T_Abs)
Gamma + \X:Tz, T = T2_>T1

Gamma F t; € To=>T,
Gamma F to, € To

(T_App)
Gamma F ty to € Ty

(T True)
Gamma + true € Bool

(T False)
Gamma + false € Bool

Gamma + t; € Bool Gamma + t, € Ty Gamma + tz € T4

(T_If)

Gamma F if t; then t, else to € Ty



Sticl¥ i

e Progress: {Hal— P EEUIF RNRIAER A AL K1E

e Preservation: {Fo]— M EEFFRIFRIANERBETIZPREFELEEIER

 Stlc¥ F&: Nat, Let, Pairs, Unit, Sums, Lists, Fix, Records

* Progress, Preservation®m MERET BZEWNAKIL, AMINRENTIEASA—ESLIE (Fix5|
AT EERIIEYFRER)

o EEEIEProgress, preservationf#E S, LLWWRE L T /FMAEDTIN, IBAMATESEHRIAR
AvVA



Reference

o ERIRE:
i BX3uIE: reftm
i. B5|H: 1m
iii. WAE: tm:=1tm
oS Llet..in.., AIMMEHEMUGRLSINNRER (EXZHME—MHMonad)
o ZZBR{HIER:

let newcounter = \_:Unit. W TREEREfH A7
let c = ref 0O in let c1 = newcounter unit in
let c2 = newcounter unit in

let incc = \_:Unit, (c := succ (lc); !c) in let rl = cl.i unitin let rl = cl.iunitin
let decc = \_:Unit, (C = pred (!C); !C) in letr2 =c2.iunitinletr2 =c2.i unitin

. _ r2
tiince, d=decc} KEE—MUntR B REECPRER?
* ZR, HreferenceXLMIE 1B RN




Subtyping

e FERMSIAN: MIRA <: B, BLAEEE—TLTXHP, ARNEWAMUEEELBE
° FEXAR
o REIME: A<: A
o fgiBit: A<: BAB<:C=A<:C
o Records:
Vik € j1--Jn
i, € t1..%m, such that
Je = 1p && S, <: Ty
{i1:81 . im:Smt<t{j1:T1...ju: Th}

-LQSWQ'
A AT AR LB RINEN
o WTRMBASHELTH, HTRYRRERDEN: =22

Sl% SQ<ZT1—> T2
T T
o WFSIMLREASNEM TN ST TS
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