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Inductive tree: Type :=
| Leaf: tree

| Node (1: tree) (v: Z) (r: tree): tree.
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Definition tree_exampleO: tree :=

Node Leaf 1 Leaf.

Definition tree_examplel: tree :=

Node (Node Leaf 0 Leaf) 2 Leaf.

Definition tree_example2a: tree :=

Node (Node Leaf 8 Leaf) 100 (Node Leaf 9 Leaf).

Definition tree_example2b: tree :=

Node (Node Leaf 9 Leaf) 100 (Node Leaf 8 Leaf).

Definition tree_example3a: tree :=

Node (Node Leaf 3 Leaf) 5 tree_example2a.

Definition tree_example3b: tree :=

Node tree_example2b 5 (Node Leaf 3 Leaf).
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Fixpoint tree_height (t: tree): Z :=
match t with
| Leaf => 0
| Node 1 v r => Z.max (tree_height 1) (tree_height r) + 1
end.

Fixpoint tree_size (t: tree): Z :=
match t with
| Leaf => 0
| Node 1 v r => tree_size 1 + tree_size r + 1

end.
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Example Leaf_height:
tree_height Leaf = 0.
Proof. reflexivity. Qed.

Example tree_example2a_height:
tree_height tree_example2a = 2.

Proof. reflexivity. Qed.

Example treeexample3b_size:
tree_size tree_example3b = 5.

Proof. reflexivity. Qed.
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Fixpoint tree_reverse (t: tree): tree :=
match t with
| Leaf => Leaf

| Node 1 v r => Node (tree_reverse r) v (tree_reverse 1)
end.
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Example Leaf_tree_reverse:
tree_reverse Leaf = Leaf.

Proof. reflexivity. Qed.

Example tree_exampleO_tree_reverse:
tree_reverse tree_example0 = tree_exampleO.

Proof. reflexivity. Qed.

Example tree_example3_tree_reverse:
tree_reverse tree_example3a = tree_example3b.

Proof. reflexivity. Qed.
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Lemma Node_inj_left: forall 11 vi1 rl1 12 v2 r2,
Node 11 vl rl = Node 12 v2 r2 ->

11 = 12.
Proof.
intros.

(x* H A, CoqiE HE A F BRI 8 &t £ W 4 _[Node] _H B — X KA F . *)

injection H as H_1 H_v H_r.

(** EEH _[injection] A FE A T _[Node]l & ¥ &M X — M . €% K%L & _H]_HF oK
AT Z&uH:
- H_1: 11 = 12
- Hv: vl = v2
- H.r: rl = r2 x)

rewrite H_1.

reflexivity.

Qed.
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Lemma Node_inj_right: forall 11 vl rl 12 v2 r2,
Node 11 vl r1l = Node 12 v2 r2 ->

rl = r2.
Proof.
intros.

injection H as 7 7 7.
(#x X B, CoqHF A LMWHEREHEMT _[H]_. _[HO]_5 _[H1]_ . T @ A _[applyl_
A B R _[rewrite]l _ B b 5 L IEHH . *)
apply H1.
Qed.
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Lemma Node_inj_value: forall 11 vi1 rl1 12 v2 r2,
Node 11 vl rl1 = Node 12 v2 r2 ->
vl = v2.
Proof.
intros.
injection H as _ 7 _
apply H.
Qed.
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Lemma Leaf_Node_conflict: forall 1 v r,
Leaf = Node 1 v r -> 1 = 2.
Proof.
intros.
(x+ THHRABZENTRFLAFEH T RIEH. %)
discriminate H.
Qed.
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Lemma reverse_result_Leaf: forall t,
tree_reverse t = Leaf ->
t = Leaf.
Proof.
intros.
(x* THEH _[destruct] _#HARE _[tI_REAERHEAT L LT ® . »
destruct t.
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+ reflexivity.
G B—FBERAE_L]I_EZRAER. X0, FEANELARZIAN. ©
+ discriminate H.
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Qed.
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Fact tree_fact_exl: forall t1 t2 t3 x y,

Node tl1 x (Node t2 y t3) = Node tl1 x Leaf -> 1 = 2.
Proof.

intros.

discriminate H.
Qed.
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Fact tree_fact_ex2: forall tl1 v t2,
Node t1 v t2 = t1 -> 1 = 2.
Proof.
intros.
Fail discriminate H.
(k*x *x)

Abort.

Fact tree_fact_ex3: forall t t1 t2 x y,

Node t x t = Node Leaf x (Node tl y t2) -> 1 = 2.
Proof.

intros.

Fail discriminate H.

Abort.
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Fact tree_fact_ex4: forall t1 t2 t3 x y z,

Node t1 x (Node t2 y t3) = Node tl y (Node t3 z t2) -> x = z.
Proof.

intros.

injection H as Hxy ? Hyz 7.

(%% X 2, _[injection H]_# 4 & £ K4 %K :

- Hxy: x =y
- H: t2 = t3
- Hyz: y = z

- HO: t3 = t2
KMEELFARMAA L HT _[Hxyl _ 5 _[Hyz]l _. *)
rewrite Hxy, Hyz.
reflexivity.

Qed.
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Fact tree_fact_ex4_alter: forall tl1 t2 t3 x y z,

Node tl x (Node t2 y t3) = Node tl y (Node t3 z t2) -> x = z.
Proof.

intros.

injection H as.
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- H: x =y
- HO: t2 = t3
- Hl: y =2z

- H2: t3 = t2
KMEELFAROFA L HT _[Hxyl _ 5 _[Hyz]l_. *)
rewrite H, H1.
reflexivity.

Qed.
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Fact tree_fact_exb5: forall 11 vl rl1 12 v2 r2,
tree_reverse (tree_reverse 11) = Node rl vl (Node 12 v2 r2) ->
11 = 12.
Proof.
intros.
Fail injection H.

Abort.
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Fact tree_fact_ex3: forall t t1 t2 x y,

Node t x t = Node Leaf x (Node tl1 y t2) -> 1 = 2.
Proof.

intros.

injection H as H HO.

rewrite H in HO.

discriminate HO.

Qed.



