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Les arbres binaires de recherche équilibrés (sources principaux)
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1 Implémentation naive

(**********************************************************************
* ARBRES NAIFS
x par Stéphane GLONDU (Awvril 2004)

sk o o K oK SR K KK SR R KKK SR R R K KK SR R KKK SR R K SRR SRR K KK SR R KK K R SRR K KR SRk KK KRR K )
(%% DeEfinition des TYPes kkkksmomorkokkokkok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok ok )
type clef = int

type ’a t =
| Vide
| Noeud of (’a t * clef * ’a x ’a t)

(x% Fonctions pour modules eTLETmes sk ks sk sk sk sk sk sk sk sk ok ok ok ok sk sk sk ok ok ok ok o o o o o o )

let vide = Vide
and gauche = function
| Noeud (gvafvf) —> g
| —> raise Not_found
and droite = function
| Noeud (_, , ,d) —>d
| —> raise Not_found
and clef = function
| Noeud (_,x, , ) —>x
| —> raise Not_found
and dcolor ¢ = ¢.(0)

(%% Vérification et recherche sk skt ko sk ok skokskor ok ko skokokoskokok ok fokskokok % )
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let verifier arbre =
let rec aux inf sup h = function

| Vide —> (0, h)
| Noeud (g,x, ,d) —>
if inf < x && x < sup then begin
let (ng, hg) = aux inf x h g in
let (nd, hd) = aux x sup h d in
(1+ng+nd, 1+ (max hg hd))
end else invalid arg "arbre_incorrect"
in aux min int max int (—1) arbre
let rec rechercher x = function
| Vide —> raise Not_found
| Noeud (g,r, , ) when x < r —> rechercher x g
| Noeud (_,r, ,d) when r < x —> rechercher x d
| Noeud (_, ,v, ) —>v
(k% TMSETtiomn sk kkskskok sk k sokskok sk sk 4ok ok ook sk K Kok ook S KK KK ok Kk S KKk Sk S KK KKK ROk S K % )
let rec inserer nx nv = function
| Vide —> Noeud (Vide, nx, nv, Vide)
| Noeud (g,x,v,d) when nx < x —> Noeud (inserer nx nv g, x, v, d)
| Noeud (g,x,v,d) when x < nx —> Noeud (g, x, v, inserer nx nv d)
| Noeud (g,x,v,d) —> Noeud (g, x, nv, d)
(%% SUDDTESSTON ks sk ok sk ok ok ok ok ok 4ok ok ok ok 3K K Kok o ok o K KK oK oK ok 3K KoK oK o o6 KK KKK K ok 0 % % )
let rec minimum = function
| Vide —> raise Not_found
| Noeud (Vide, x, d, ) —> (x, d)
| Noeud (g, , , ) —> minimum g
let rec supprimer minimum = function
| Vide —> invalid arg "supprimer minimum"
| Noeud (Vide, , , d) —>d
| Noeud (g,x,v,d) —> Noeud (supprimer minimum g, x, v, d)
let fusionner = function
| (Vide, a) | (a, Vide) —> a
| (g7 d) —>
let (x,v) = minimum d in
Noeud (g, x, v, supprimer minimum d)
let rec supprimer nx = function
| Vide —> Vide
| Noeud (g,x,v,d) when nx < x —> Noeud (supprimer nx g, x, v, d)
| Noeud (g,x,v,d) when x < nx —> Noeud (g, x, v, supprimer nx d)
| Noeud (g, , ,d) —> fusionner (g, d)
(56 553 o o o o o K K o KKK SR K SR KR R KR SR KK R SR K R K R R KR SR KR SR KK SR K K R KR R KRR KR % )

2 Arbres AVL

(* ok ok ok ok ok sk sk ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk ok sk sk ok sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok ok sk skook
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*x ARBRES AVL
*x par Stéphane GLONDU (Awvril 2004)

sk ok ok ok ok o S R R KRR KKK KK SR SR SR K K SR SR K R R R R R R R KKK KKK KKK K SR R oK oK K K SR R R KRR KR K R ok % )
(xx Définition des types sk sk ko ok sk ok ook 5k ok skok ok ok sk koK kKR ko ok )

type clef = int
let max_diff = try int_of string (Sys.getenv "AVL MAX DIFF") with —>1

type ’a t =
| Vide
| Noeud of (’a t % int % clef % ’a x ’a t)
let hauteur = function
| Vide —> —1
| Noeud (_,h, , , ) —>h
(x% Fonctions pour modules eTtermes sk &k sk skosk sk skt ok sk ok ok sk ok ok skokok ok %k ok ok )
let vide = Vide

and gauche = function
| Noeud (ga_7_7_7_) —> 8
| —> raise Not_found
and droite = function
| Noeud (_, , , ,d) —>d
| —> raise Not_found
and clef = function
| Noeud (_, ,x, , ) —>x
| —> raise Not_found
and dcolor ¢ = ¢.(0)

(xx Vérification et recherche skt sk skokkokon ok ko ok ok ok okok ok ok sk ok ok ok okoR 0k ok )

let verifier arbre —

let rec aux inf sup = function
| Vide —> (0, —1)
| Noeud (g,h,x, ,d) —>
if inf < x && x < sup && begin
let hg = hauteur g and hd = hauteur d in
if hg > hd then hg — hd <= max_diff && h = hg+l
else hd-hg <= max diff && h = hd+1
end then begin
let ng = fst (aux inf x g) in
let nd = fst (aux x sup d) in
(14+ng+nd, h)
end else invalid arg "arbre_AVL_incorrect"
in aux min int max int arbre
let rec rechercher x = function
| Vide —> raise Not_found
| Noeud (g, ,r, , ) when x < r —> rechercher x g
| Noeud (_, ,r, ,d) when r < x —> rechercher x d
| Noeud (_, , ,v, ) —>v
(%% REEQUILTDT@GE k% skskskskoston sk sk sk s skook skoskotok sk ks sk ok ok skotok ok ok ok sk skoskokok K of Ok sk ok skokok o ok sk ok ok ok )
let construire g x v d =

let h = 1 + max (hauteur g) (hauteur d) in
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Noeud (g,h,x,v,d)

let equilibrer g x v d =
let hg = hauteur g and hd = hauteur d in
let error () = failwith "equilibrer" in
if hg > hd + max_diff then begin
match g with
| Vide —> error ()
| Noeud (gg, ,gx,gv,gd) —>
if hauteur gg >= hauteur gd then
(x Cas 1 %)
construire gg gx gv (construire gd x v d)
else begin
(x Cas 2 x)
match gd with
| Vide —> error ()
| Noeud (gdg, ,gdx,gdv,gdd) —>
construire (construire gg gx gv gdg) gdx gdv (construire gdd x v d)
end
end else if hd > hg + max diff then begin
match d with
| Vide —> error ()
| Noeud (dg, ,dx,dv,dd) —>
if hauteur dd >= hauteur dg then
(x Cas 17 %)
construire (construire g x v dg) dx dv dd
else begin
(x Cas 2’ x)
match dg with
| Vide —> error ()
| Noeud (dgg, ,dgx,dgv,dgd) —>
construire (construire g x v dgg) dgx dgv (construire dgd dx dv dd)
end
end else construire g x v d

(** INSErtiomn sk sksksk sk k% sksk sk sk ok 5k 5 3 sk ok ok ok ok 5k o 3 sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok K ok ok Rk ok ok ok K K *)

let rec inserer nx nv = function
| Vide —> Noeud (Vide, 0, nx, nv, Vide)
| Noeud (g, ,x,v,d) when nx < x —> equilibrer (inserer nx nv g) x v d
| Noeud (g, ,x,v,d) when x < nx —> equilibrer g x v (inserer nx nv d)
| Noeud (g,h, , ,d) —> Noeud (g,h,nx,nv,d)

(** SUPPTESSTON sk k sk sk ok sk sk ok sk ok sk sk ok sk ok sk ok sk ok sk ok sk sk sk ok skok ok skok ok skok ok sk ok skoskok sk ok ok ok ok ok ok *)

let rec minimum = function
| Vide —> raise Not_found
| Noeud (Vide, , x, d, ) —> (x, d)
| Noeud (g, , , , ) —> minimum g
let rec supprimer minimum = function
| Vide —> failwith "supprimer minimum"
| Noeud (Vide, , , ,d) —>d

| Noeud (g, ,x,v,d) —> equilibrer (supprimer minimum g) x v d

let fusionner g d =
match (g, d) with
| (Vide, a) | (a, Vide) —> a
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| _—>
let (x,v) = minimum d in
equilibrer g x v (supprimer minimum d)

let rec supprimer nx = function
| Vide —> Vide
| Noeud (g, ,x,v,d) when nx < x —> equilibrer (supprimer nx g) x v d
| Noeud (g, ,x,v,d) when x < nx —> equilibrer g x v (supprimer nx d)
| Noeud (g, , , ,d) —> fusionner g d

(* ok ok ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok okok ok *)

3 Extension de syntaxe pour les arbres rouge-noir

(xx Extension de syntaxe pour les arbres rouge—noir *)

open Pcaml ;;

EXTEND
GLOBAL: expr patt;
rnterm_exp:
[ [ "("; g = rnterm_exp; r = LIDENT; d = rnterm_exp; ")" —>
<:expr < Noeud $g$ $lid:r~"c"$ $lid:r""x"$ $lid:r""v"$ $d$ >>
| a = LIDENT —> <:expr< $lid:a$ >>
‘ u{n; e = expr; u}u —> e
| "("; g = rnterm_exp; r = LIDENT; "["; ¢ = expr; "|";
d = rnterm_exp; ")" —>
<:expr < Noeud $g$ $c$ $lid:r~"x"$ $lid:r""v"$ $d$ >>
[

rnterm pat:
[ [ "("; g = rnterm_pat; r = LIDENT; d = rnterm_ pat; ")" —>
<:patt < Noeud $g$ $lid:r~"c"$ $lid:r~"x"$ $lid:r""v"$ $d3$ >>
"("; g = rnterm_pat; r =" ": d = rnterm_pat; ")" —>
<:patt < Noeud $g§ _ _ _ $d$ >>
| a = LIDENT —> <:patt< $lid:a$ >>
‘ u{n; p = patt; u}u —>p
| " " —> <:patt< _>>
| "("; g = rnterm pat; r = LIDENT; "["; ¢ = patt; "]";
d = rnterm pat; ")" —>
<:patt < Noeud $g$ $c$ $lid:r~"x"$ $lid:r""v"$ $d$ >>

‘ "(", g = rnterm pat; r = " "; u[n; ¢ = patt; n]u;
d = rnterm pat; ")" —>
<:patt < Noeud $g$ $c$  $d$ >>
Il
expr: LEVEL "simple"
[ [ "@"; rn = rnterm exp —> rn | |;
patt: LEVEL "simple"
[ [ "@"; rn = rnterm pat —> rn | |;
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Arbres rouge-noir

(36 45 ok ot ko ok ok ok K Kk ok K R R KR K R K K R KK K ok K K R Kk K ok K SR KK K ok K K R Kk K R K R KR K ok K
x ARBRES ROUGE-NOIR
x par Stéphane GLONDU (Awvril 2004)

>k ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk ok sk sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok sk sk ok ok sk koo *)

(* *

Définition des types sowssksskkokskskskosok ko sk skok sk skt ok ok sk f sk okokskskok ok ok ok ok skskok ok ok ok ok ok )

type clef = int
type couleur = Rouge | Noir | NoirNoir

type

let
and
and
and
and

(*

let

"a t =
Vide | VideN
Noeud of (’a t x couleur x clef x

b

a * 'a t)

couleur = function
Vide —> Noir
VideN —> NoirNoir

Q. [ec] ) —>c¢

Fonctions pour modules eTternes sk kskskosk koo k koo skokskokok ok ok skokokokok % % )

vide = Vide

gauche = function @Q(g ) —>g | _—> raise Not_found
droite = function @Q(_ _d) —>d | _ —> raise Not_found
clef = function @Q(_ r ) —>rx | _—> raise Not_ found
dcolor ¢ = function

@(_ _[Rouge] ) —>c.(1)
@(_ [Noir | ) —=>c.(2)
—> raise Not_ found

Vérification et recherche sk kokookskskokorok ko s skoskokokokok ok ok okokokokok ok % )

verifier arbre =

let error () = invalid arg "arbre_rouge—noir_incorrect" in
if couleur arbre <> Noir then error ();
let hn def = ref (—1) in

let rec aux inf sup h hn = function
| VideN | @(_ _ [NoirNoir| ) —> error ()
| Vide —>

if 'hn def = —1 then (hn_ def := hn; 0, h)
else (if !'hn def = hn then 0, h else error ())
| @(g 1 d) —>

if inf < rx && rx < sup then begin
let hn’ = hn + (if rc = Noir then 1 else 0) in
let (ng, hg) = aux inf rx h hn’ g in
let (nd, hd) = aux rx sup h hn’ d in
(I4+ngtnd, 1+ (max hg hd))

end else error ()

in aux min_int max_int (—1) 0 arbre

let

rec rechercher x = function
Vide —> raise Not_ found
VideN —> invalid arg "arbre_rouge—noir_incorrect"

@(g r ) when x < rx —> rechercher x g
@(_ r d) when rx < x —> rechercher x d
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let

@ r ) —>rv

INSErtion sk sksksk sk k %k sk sk ok sk 5k 5k 3 ok ok ok ok 5k o % 3k ok ok ok ok % ok % % ok ok ok ok ok o o kK kok ok K K ok kR Ok ok ok K % *)

cor ins g = function

@((a b[Rouge] c¢) d (e f[Rouge] g)) when couleur
((a b[Noir | ¢) d[Rouge| (e f[Noir | g))
((a b[Rouge| (¢ d[Rouge| e)) f g) when couleur
((a b[Rouge] c¢) d[Noir | (e f[Rouge] g))
(((a b[Rouge] c¢) d[Rouge| e) f g) when couleur
((a b[Rouge] ¢) d[Noir ]| (e f[Rouge] g))

cor_ins d = function

@((a b[Rouge] c¢) d (e f[Rouge] g)) when couleur
((a b[Noir | ¢) d[Rouge| (e f[Noir | g))

(a b ((c d[Rouge] e) f[Rouge| g)) when couleur
((a b[Rouge| c¢) d[Noir | (e f[Rouge] g))

(a b (¢ d[Rouge] (e f[Rouge| g))) when couleur
((a b[Rouge] c¢) d[Noir | (e f[Rouge] g))

inserer nx nv a —

let rec aux = function

| VideN —> failwith "inserer"

Vide —>@({Vide} n[Rouge]| {Vide})

@Q(g r d) when rx < nx —> cor_ins_d Q(g r {aux d})

|
| @g r d) when nx < rx —> cor_ins_g @({aux g} r d)
|
|

Q(g _[c] d) —>Q(g nf[c] d)

in match aux a with

| Qg r d) —> @Q(g r[Noir]| d)
| —> failwith "inserer"

Rouge ||
Noir —>

Noir —>

Rouge ||
Noir —>

Noir —>

couleur c

couleur g =

(** Suppression K3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk >k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk 3k >k 3k 3k 3k 3k sk sk skosk sk sk sk ok ok sk ok ok ok ok kok *)

let

let

eclaircir = function

@Q(g r[NoirNoir| d) —> @Q(g r[Noir| d)

VideN —> Vide

—> invalid arg "eclaircir"

cor sup g =

let aux = function
| @la b (¢ d[Noir] e)) when couleur ¢ = Noir && couleur e = Noir —>
a b[lf bc = Rouge then Noir else NoirNoir| (¢ d[Rouge]| ¢))

a(

| @(a b ((c d[Rouge| e) f[Noir | g))
((a b[Noir] ¢) d[bc] (e f[Noir]| g))
(ab (c d[Noir | (e f[Rouge] g)))
((a b[Noir | c) d[bc] (e f[Noir] g))
| —> failwith "cor sup g"

Q
| @
Q

in function

let

| @a b (¢ d[Rouge| e)) when couleur a = NoirNoir —>

@({aux @Q({eclaircir a} b[Rouge] c)} d[Noir] e)

when couleur g =

Noir —>

—>

= Rouge —>

Rouge —>

| @a b c¢) when couleur a = NoirNoir —> aux @Q({eclaircir a} b c¢)
| a

—> a

cor_sup _d =

let aux = function
| @Q((a b[Noir] ¢) d e) when couleur a = Noir && couleur ¢ = Noir —>
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@((a b[Rouge| c¢) d[if dc = Rouge then Noir else NoirNoir| e)

| @((a b[Noir | (¢ d[Rouge] e)) f g) when couleur a = Noir —>
@((a b[Noir| c¢) d[fc] (e f[Noir] g))

| @(((a b[Rouge] c¢) d[Noir | e) f g) —>
@Q((a b[Noir] ¢) d[fc] (e f[Noir] g))

| —> failwith "cor sup d"
in function
| @((a b[Rouge] ¢) d e) when couleur e = NoirNoir —>
@(a b[Noir| {aux @(c d[Rouge] {eclaircir e})})

| @a b ¢) when couleur ¢ = NoirNoir —> aux @Q(a b {eclaircir c})
| a—>a
let assombrir = function
| Vide —~ VideN
| @(a b[Rouge] ¢) —> @(a b[Noir ] ¢)

| @(a b[Noir | ¢) —> @(a b[NoirNoir]| c¢)
| —> invalid arg "assombrir"

let rec minimum = function
| @({Vide} r ) —> (rx, rv)
| @(g ) —> minimum g
| —> failwith "minimum"

let rec supprimer minimum = function
| @({Vide} [Rouge] d) —> d
| @({Vide} [Noir | d) —> assombrir d
| @Q(a b ¢) —> cor_sup g Q({supprimer minimum a} b ¢)
| —> failwith "supprimer minimum"

let fusionner rc = function
| (Vide, a) | (a, Vide) —> if rc = Noir then assombrir a else a
| (g, d) —>
let (rx, rv) = minimum d in

cor_sup_d @Q(g r {supprimer minimum d})

let supprimer nx a =

let rec aux = function
| VideN —> invalid arg "arbre_rouge—noir_incorrect"
Vide —> Vide

|
| @(g r d) when nx < rx —> cor_sup_g @({aux g} r d)
| Qg r d) when rx < nx —> cor_sup_d Q(g r {aux d})
| Q(g [c] d) —> fusionner ¢ (g, d)

in match aux a with
| VideN | Vide —> Vide
| Q(g r d) —>@Q@(g r[Noir| d)

(* Kok ok ok ok ok sk sk ok ok ok sk sk sk skook ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok sk ok sk sk ok sk sk sk sk sk sk sk sk sk skosk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok >i<)
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