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Definition shift_leftl (f: Z -> Z) (x: Z): Z :=
f (x + 1).
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Example shift_leftl_square: forall x,
shift_leftl square x = (x + 1) * (x + 1).
Proof. unfold shift_leftl, square. lia. Qed.

Example shift_leftl_plus_one: forall x,
shift_leftl plus_one x = x + 2.
Proof. unfold shift_leftl, plus_one. lia. Qed.
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Definition shift_leftl' (f: Z -> Z): Z -> Z :=
fun x => f (x + 1).

Coq FiER 1. EZRYEREBF s . Coq P UMFHIRE F fun FKIRE A REL B, fun x: 2 = x + 10
FREFEM— N EARE, BRI EASH, WRENSHEIER =, AR RE TR R 2
x+ 10 o SRR AT DLESHEWTS R, EImSH SRR T DLA RS . B A R A e DU 2 T R A
BN (fun (£: 2 > 2) 2 D) > £ x+ 1 o Coq FHIEXKEEEZEIE T4 1 lambda £iA3.

5 emite terer ML, FATEE LUE SOR —JeR IR 1A LB — AN AL AR .

Definition shift_upl (f: Z -> Z) (x: Z): Z :=
% il



Example shift_upl_square: forall x,
shift_upl square x = x * x + 1.

Proof. unfold shift_upl, square. lia. Qed.

Example shift_upl_plus_one: forall x,
shift_upl plus_one x = x + 2.

Proof. unfold shift_upl, plus_one. lia. Qed.
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Definition func_plus (f g: Z -> Z): Z -> Z :

fun x => f x + g x.

Definition func_mult (f g: Z -> Z): Z -> Z :

fun x => f x * g x.
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Lemma shift_upl_shift_leftl_comm: forall f,

shift_upl (shift_leftl f) = shift_leftl (shift_upl f).
Proof.

intros.

unfold shift_leftl, shift_upl.

reflexivity.
Qed.
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Lemma shift_leftl_func_plus: forall f g,
shift_leftl (func_plus f g) =
func_plus (shift_leftl f) (shift_leftl g).
Proof.
intros.
unfold shift_leftl, func_plus.
reflexivity.
Qed.
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Fact shift_upl_eq: forall f,
shift_upl f = func_plus f (fun x => 1).
Proof.
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Definition mono (f: Z -> Z): Prop :=

forall nm, n <= m -> f n <= f m.
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Example plus_one_mono: mono plus_one.
Proof.

unfold mono, plus_one.

intros.

lia.
Qed.
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Definition Zcomp (f g: Z -> Z): Z -> Z :=
fun x => f (g x).

Lemma mono_compose: forall f g,
mono f ->
mono g ->
mono (Zcomp f g).

Proof.
unfold mono, Zcomp.
intros f g Hf Hg n m Hnom.
pose proof Hg n m Hnm as Hgnm.
pose proof Hf (g n) (g m) Hgnm.
lia.

Qed.
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Lemma const_mono: forall a: Z,
mono (fun x => a).
Proof.
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Example cube_mono: mono (fun x => x * x * X).

Proof.
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Lemma mono_func_plus: forall f g,
mono f ->
mono g ->
mono (func_plus f g).

Proof.

(v FERKLENREIER, M_[Qed]l £ XK. *)
“OiEET MR NE R ECAM . R E R, — A TouE ¢ RASE, HHCYER
}i{ fx(Eyz)=Ff Exy)z o

Definition assoc (f: Z -> Z -> Z): Prop :=
forall x y z,
fx (fyz)=1Ff({xy)z.
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Lemma plus_assoc: assoc (fun x y => x + y).

Proof. unfold assoc. lia. Qed.

Lemma mult_assoc: assoc (fun x y => x * y).

Proof. unfold assoc. nia. Qed.
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Lemma smul_assoc: assoc smul.
Proof.
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Definition preserved_by_shifting up (P: (Z -> Z) -> Prop): Prop :=
forall f, P £ -> P (shift_upl f£).

Definition preserved_by_shifting_left (P: (Z -> Z) -> Prop): Prop :=
forall f, P £ -> P (shift_leftl f).
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Lemma mono_pu: preserved_by_shifting_up mono.
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Lemma mono_pl: preserved_by_shifting_left mono.
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Definition univ_nonneg {A: Type} (f: A -> Z): Prop :=
forall a: A, f a >= 0.

Lemma univ_nonneg_pu: preserved_by_shifting_up univ_nonneg.
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Lemma univ_nonneg_pl: preserved_by_shifting_left univ_nonneg.

(v HERKRLENREIER, M_[Qed]l £ XK. *)

AR, A MEAE 2 SEUER] — S B — ek g BB S| 2, I 5 SEARIE B b A 3 2 5 PR el 5|
M. wEEHS Coq IEMIAHI M BER, 18 SE AT CAE ] i 2 BE AT DUE /X E BAS BHIE ARSI 2
Sk, R RAVECEEN REAMBRIPER, XSRS AAIE B U7 S R AR, A RATHE Coq 4
Rt sl T DA FH B B 5 1818 CREI R s e O = B 8 D) MR I s R X S e R R &R, 4
Ha—HEM . B, HEATEEYN

f(x) =% —32% + 3z
HA&BRVERS, AT RLUE T T i A I 2 U A e B R R B R — 5] B S R B

fla)y=a® =322 +3z=(z—1)3+1
Example mono_ex1: mono (fun x => x * X * x - 3 * X * X + 3 * x).
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Proof.

assert (mono (fun x => x - 1)) as H_minus.
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{ unfold mono. lia. }
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assert (mono (fun x => x + 1)) as H_plus.

{ unfold mono. lia. }
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pose proof cube_mono as H_cube.
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pose proof mono_compose H_plus (mono_compose _ _ H_cube H_minus).

unfold mono.

intros n m Hnm.

unfold mono, Zcomp, plus_one in H.
pose proof H n m Hnm.

nia.

Qed.
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Example mono_ex2: mono (fun x => x * x * x + 3 * x * x + 3 * x).

Proof.
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