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Powerpoint is turing complete but coq isn'.
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Programming with Coqg
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e LF (Logical Foundations)

e PLF (Programming Language Foundations)



Logical Foundations

o PRE\IRAE
o IBIRILAL
e Coq JmtE
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Inductive list (X: Type) : Type :=
| nil
| cons (x : X) (1 : list X).
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Inductive list (X: Type) : Type :=
| nil
| cons (x : X) (1 : list X).
e 2k (HRNRPHZHEY)
® Jist ﬁ]@i%ifFﬁ% Type->Type E@@@i& (ﬁk*ﬁ%@ﬂﬁ)
o [EFRAESE
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o [EXREN [ \FRIAT
fun X => X * X
o fi[H{k

f: A->B ->C
g: (A ->B) ->C
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o PR (Alphabet)

o 7 (Grammar)
o NI (Axiom Schemata)

o HESHIM| (Inference Rules)

P :
e —f (Consistency)

o 2% (Completeness)
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Coq Znfe: il

Inductive True : Prop :=
| I : True.

Inductive False : Prop := .
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Coq Znfe: il
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Inductive ev : nat -> Prop :=
| ev.O : ev 0@
| ev.SS (n : nat) (H: evn) : ev (S (S n)).
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Coq Zmfe: Tactics
HEMRR

Inductive eq {X:Type} (x:X) : X -> Prop :=
| eq_refl : eq x x.

reflexivity ET apply eq_refl ,
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Coq Zmfe: Tactics
B

Inductive and (P Q : Prop) : Prop :=
| conj : P -> Q -> and P Q.

Notation "P /\ Q" := (and P Q) : type scope.

15



Coq %mfE: Tactics
By

Lemma and_intro' : forall A B : Prop, A -> B -> A /\ B.
Proof.

intros A B HA HB. split. Show Proof.
(* (fun (A B : Prop) (HA : A) (HB : B) => conj ?Goal ?GoalQ) *)
- apply HA.
- apply HB.
Show Proof.
(* (fun (A B : Prop) (HA : A) (HB : B) => conj HA HB) *)
Qed.

split SEfT T apply conj o



Coq %mfE: Tactics
25

Theorem proji1' : forall P Q, P /\ Q -> P.
Proof.

intros P Q HPQ. Show Proof.

(* (fun (P Q : Prop) (HPQ : P /\ Q) => ?Goal) *)

destruct HPQ as [HP HQ]. Show Proof.

(* (fun (P Q : Prop) (HPQ : P /\ Q) => match HPQ with
| conj HP HQ => ?Goal
end) *)

apply HP.

Qed.

destruct IMRIESELAVITAANE XK match .
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Coq 4ife: Tactics
BB

Inductive or (P Q : Prop) : Prop :=
| or _introl : P -> or P Q
| or_intror : Q -> or P Q.

Notation "P \/ Q" := (or P Q) : type scope.

left F4TT apply or_introl ,
right EMT apply or_intror
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Coq 4mfe: Tactics
e LA

Inductive ex {A : Type} (P : A -> Prop) : Prop :=
| ex intro : forall x : A, P x -> ex P.

Notation "'exists' x , p" :=
(ex (fun x => p))
(at level 200, right associativity) : type_scope.

exists n T apply ex_intro with (x:=n) .
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Coq wfe: Tactics
B4R

Definition not (P:Prop) := P -> False.
Notation "~ x" := (not x) : type_ scope.
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Coq 4mfe: Tactics
Solving simple goals:

® assumption

o reflexivity

e trival

¢ aufo

e discriminate

e exact

e contradiction



Coq 4mfe: Tactics

Transforming goals:

intros
simpl
unfold
apply
eapply
rewrite
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Coq 4mfe: Tactics

Transforming goals:

® inversion
* replace
o left/right
® exists

e exfalso
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Coq 4mfe: Tactics

Transforming goals:

revert

generalize dependent
remember

clear

subst
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Coq Zmfe: Tactics

Breaking apart goals and hypotheses:
® split
e destruct

¢ induction

Coq Tactics Cheatsheet
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https://www.cs.cornell.edu/courses/cs3110/2018sp/a5/coq-tactics-cheatsheet.html

Coq 9fe: S5HIIHANTL

Inductive nat : Type :=
| O
| S (n : nat).

CoqXd BEANIE T8 SRR AR A i A A 475 e B

Check nat_ind :
forall P : nat -> Prop,
PO ->
(forall n : nat, Pn ->P (S n)) ->
forall n : nat, P n.
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Programming Language Foundations

o MFES: IMP. Stlc
o WNRPIESN : BIEIBEX (R, /NMP) | REIENX

o XAIRG
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IMP - #4EiE X (K25)

st =[ skip ]=> st

aeval st a = n

(E_Skip)

st=[x:=al=> (x!>n;

st =[ C1 1=> st’
St: :[ C2 ]:> St::

st :[ C1;Co ]:> St!:

EA
st) (EAsgn)

(E_Seq)
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IMP - #E1E X (K

i 1 =%
)
beval st b = true
st =[ ¢y J=> st’

; (E_IfTrue)

st =[ if b then c; else co end ]=> st

beval st b = false
st =[ ¢y 1=> st’

: — (E_IfFalse)

st =[ if b then cy else ¢y end ]=> 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’’

— (E_WhileTrue)
st =[ while b do ¢ end |=> st
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IMP - BB (VD)
AStep:

X / st --> ANum (st x)

al / st --> al’

APlus al a2 / st --> APlus al' a2

aval vl a2 / st --> a2’

APlus vl a2 / st --> APlus vl a2’

APlus (ANum nl1l) (ANum n2) / st --> ANum (nl + n2)

(AS_Id)

(AS_Plus1)

(AS_Plus2)

(AS_Plus2)
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IMP - #EiBE X (VD)
BStep:

al / st --> al’

BEqQ al a2 / st --> BEgq al' a2

aval vl a2 / st --> a2’

BEq vl a2 / st --> BEgq vl a2’

BEq (ANum nl) (ANum n2) / st --> ...

(BS_Eq1)

(BS_EqG2)

(BS_Eq)
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IMP - #EiBE X (VD)
CStep:

al / st --> al’

i:=al1l/ st -->1 :=al' / st

i := ANum n / st --> skip / (1 !-> n ; st)

while bl do c1 end / st -->
if bl then cl; while bl do cl1 end else skip end / st

(CS_AssStep)

(CS_Ass)

(CS_While)
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IMP - #1E1EX UhD)
o #E (Progress)

o {H+: (Preservation)
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IMP - N HHIE

SKIP

{P} skip { P}

SEQ {P}a{R}  {R}c{Q}

{P}cie {Q}

= (P

CONSEQUENCE

= P')

ASSIGN

{Pla/x|} x := a {P}

L APA (@) {PA-ba(Q)

{P} if bthen ¢, else ¢; {Q}

{P}e{Q}  FQ'=Q)

WHILE

{P} c{@Q}

{PAD} c{P}

{P} whilebdo ¢ {P A —b}
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IMP - AHE Y
TEIAAZ S
o TEH55YS: BEMIRISMAHEH

o JEfFaE: BEMEL G IR
o RefRfy: B —IRIEIIERIRTF R

EI/RIZHEIERR:
e [EfTE (Soundness)
o 2% M (Completeness)
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IMP - KBRS
Inductive tm : Type :=
tru : tm
fls : tm
test : tm -> tm -> tm -> tm
zro : tm

scc : tm -> tm
prd : tm -> tm
iszro : tm -> tm.
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IMP - REIR 58

Inductive has_type : tm -> ty -> Prop :

| T.Tru : |- tru \in Bool
| T Fls : |- fls \in Bool
| T Test : forall t1 t2 t3 T,
- t1 \in Bool ->
- t2 \in T ->
- t3 \in T ->
- test t1 t2 t3 \in T
| T Zro : |- zro \in Nat
| T _Scc : forall ti1,
- t1 \in Nat ->
- scc t1 \in Nat
| T Prd : forall ti1,
- t1 \in Nat ->
- prd tl1 \in Nat
| T Iszro : forall ti,
- t1 \in Nat ->
- iszro t1 \in Bool
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Stlc - #RA1EIE X

value Vo
(\‘X:TZ’tl} ’\-"2 — :X:z‘r’zjtl

- X (ST App1)
'tl tz - tl tz

value V1
t2 — tz,

¥

Vl tz — "\-"l 'tz

(if true then ty else t;) — 1t

(if false then t; else ty) —> to

t]. - tlg

(if t; then t, else tz) —> (if t;’ then t, else ts)



Stlc - 2

Gamma x = Ty

Gamma + x € T,

x|—>T2;GammaI—tlETl

Gamma \‘\X:Tz, T1 = T2_>T1

Gamma F t1 € TooT

—

Gamma + t, € T2

Gamma F tl tz = Tl

Gamma + true € Bool

T False
Gamma + false £ Bool o

Gamma + t; € Bool Gamma + t, € Ty Gamma + tz3 € Ty

Gamma F if ty then t, else ts €T
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Stlc - ¥ &
JMABE Z BTG S B

o HIRE

* Let

e Pairs

e Unit

e Sums

® Lists

o HIJHH

e Records
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Parameter Point: Type.
Parameter Line: Type.
Parameter Plane: Type.

Parameter pt on_l: Point -> Line -> Prop.

Parameter pt _on pl: Point -> Plane -> Prop.

Parameter 1 on_pl: Line -> Plane -> Prop.
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Coq &=~ Uk

NHEIL: HRIE — 520K,

Axiom

Axiom
let

Axiom
Axiom

line: V (A B: Point), A # B -> Line.

line_exists: V (A B: Point) (d: A # B),
l := line ABd in Aonl /\ B on 1.

line_exists 1: V (A B: Point) (d: A # B), A on (line A B d).
B d).

line exists r: V (A B: Point) (d: A # B), B on (line A
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i Coq & =~utiA

EH: EEMRA. B, fFE—RCIEAMBZI[H]

(TEZERAB |)

B ASHIER, BE, 617,
Coq: 8617,

A, C: Point
dAC: A # C
1LAC:= 1line A C dAC : Line
HA_TAC: A on line A C dAC
HC_LTAC: C on line A C dAC
E: Point
HE_1TAC: - E on 1line A C dAC
dEA: E # A
dAE: A # E
LAE:= 1line A E dAE : Line
F: Point
HF_1TAE : F on line A E dAE
HEbet: E @ A F

F

dFA: A 7
HF_LAC: - F on 1AC
dFC: F # C

1LFC:= 1ine F C dFC : Line
45
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Inheritance is the base class of evil.
—— Sean Parent

e The requirement of a polymorphic type, by definition, comes from it's use.

* There are no polymorphic type, only a polymorphic use of similar types.
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XF Coq W% F

The name Coq comes from the French word for rooster, CoC (the Calculus of
Constructions) and Thierry Coquand, one of the initial authors of Coq. But it is

also close to the word "cock" which has a slang meaning that some English
speakers consider offensive (it also means a male bird or the firing lever in a
gun). This similarity has already led to some women turning away from Coq and
others getting harassed when they said they were working on Coq. It also makes
some English conversations about Coq with lay persons simply more difficult.
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