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Anticipata (x) Posticipata (x) Simmetrica (x)
if x !'= NULL if x != NULL if x !'= NULL
print (x.key) Posticipata(x.left) Simmetrica (x.left)
Anticipata (x.left) Posticipata(x.right) print (x.key)
Anticipata (x.right) print(x.key) Simmetrica (x.right)
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INORDER-TREE-WALK(_X) ,Z chpeﬂ,‘Il&* J( qdu‘l’a glgoV("'W’O e @(M)
1 ifx#NIL v qd?‘fh’ 1( ?Vochuw Viehe c"llgw‘h e,uﬂawe#e
2 INORDER-TREE-WALK (x.left)

3 stampa x.key 2 volte per ogm nodo

4 INORDER-TREE-WALK (x. right)

Ricevce
TREE-SEARCH (x, k) ITERATIVE-TREE-SEARCH (x, k)
1 if x == NIL or k == x.key 1 while x # NIL and k # x.key
2 return x 2 ifk < x.key
3 ifk < x.key 3 x = x.left
4 return TREE-SEARCH(x. left, k) 4 else x = x.right
5 else return TREE-SEARCH(x. right, k) 51, Sy
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TREE-MINIMUM (x) TREE-MAXIMUM (x)
1 while x.left # NIL 1 while x.right # NIL
2 & = mlli 2 x = x.right
3 return x 3 return x

Suco essave e pre o)é cessIve

TREE-SUCCESSOR (x) ITERATIVE-TREE-SEARCH (x, k)

1 if x.right # NIL :
3 return TREE-MINIMUM (x. right) 1 while x # NIL and k # x.key
3 y=ux.p 2 ifk < x.key
4 while y # NIL and x == y.right 3 x = x.left
2 s d 4 else x = x.right
y=yp
7 return y 5 return x



Inserimento - o(h)

TREE-INSERT(T, 2)

1 y=NIL

2 x = T.root

3 while x # NIL

4 Y=

5 if z.key < x.key
6 x = x.left
7 else x = x.right
8 zp=y

9 if y==NIL
10 T.root = z // Lalbero T era vuoto
11 elseif z.key < y.key
12 y.left = z

13 else y.right = z
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TREE-DELETE(T, 2)

1 if z.left == NIL
TRANSPLANT(T, z, z.right)
elseif z.right == NIL
TRANSPLANT(T, z, z.left)
else y = TREE-MINIMUM(Z. right)
ifyp#z
TRANSPLANT(T, y, y.right)
y.right = z.right
y.right.p =y
10 TRANSPLANT(T, z, y)
11 y.left = z.left
12 y.dleftp =y
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TRANSPLANT(T, u, v)

if u.p ==NIL
T.root = v
elseif v == u.p.left
u.p.left =v
else u.p.right = v
if v % NIL
v.p =u.p

NN B W =

Iz Je&ueh‘l'e Pr 06¢c‘wd

sposte | sotoclbers

M un aHn

Posizone



’Kz al:)( frce

be'fe JV& _(+Vlh8ha A=0o..0p A L:Lo Lq apfay',’eh&’.mo 2 Un [|hsieme O"JMJ{'O J( cznﬂaw,

le A’wh&a o~ e Jemcoswﬁame»‘h minore  Joll, 5erth L se ¢ soddsfs e dele f%uﬂn condizion

Alber raxo-ner:
€ on 2lbevo  biwern d riceve che soddsfe e seguenh ?Wmlb:
@ 06'” nody & raxo o bhevo
@ o rhce ¢ mwe
@Se Un hohr ¢ VD]::)Izugré entremb | suy (ﬁsll Som hevt
@ For ogn naJo,]Luﬂf I cemmin semplci che yemo del hado Jle fagle sve dscondont contehgono lo steso

humevro Al naJ: heri

lz“’eité mesrime Jv [Ad zlécro yoSso-hebo Coh h hool, |'0+th) Zlé(l"*’f)

lz complesite delle operetio clesiche sv1 BST rosso-hevi grite 2 quest lemm dvenhwo- O(‘s ;,)




?O‘h zion|

Ovao s eFFdfueh‘? opeveion 5u8|, 2l£e,w ¥Yos30-hevo i [mlrebbevo Vlolzfe '(. ?’01’"¢+¢' (o»JeMeh+a|:

Lz S‘IVUHUVZ dec ?t/hk*ﬂ"/ Vighe WOJIEQ{'Q

LEFT-ROTATE(T, X)
fymuh Uhe vo“'e zlohe U’ opereione |oozle
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RIGHT-ROTATE(T, y) che preserve lo propmets du ST
a B B 4
LEFT-ROTATE(T, x)
1y = x.right // Imposta y
2 x.right = y.left // Sposta il sottoalbero sinistro di y

nel sottoalbero destro di x.
3 if y.left # T.nil
4 y.left.p = x
S yp=xp // Collega il padre di x a y.
6 ifx.p=="T.nil b
7
8

T.root =y
elseif x == x.p.left @
9 x.p.left =y = s 3
10 else x.p.right = y P =
11 yleft=x // Pone x a sinistra di y. 2
12 xp=y
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RB-INSERT(T, 2)

1 y=Tnil RB-INSERT-FIXUP(T, z)
2 x = T.root 1 while z.p.color == RED
3 while x # T.nil 2 if z.p==z.p.p.left
4 y=x 3 y = z.p.p.right
5 if 7 key < x.key 4 if y.color == RED
o . S z.p.color = BLACK // Caso 1
g ) % — x.lefth 6 y.color = BLACK // Caso 1
SISex, =Heisl, 7 z.p.p-color = RED // Caso 1
8 zp=y 8 z=2z.p.p // Caso 1
9 ify=="T.nil 9 else if z == z.p.right
10 T.root = z 10 z=2z.p // Caso 2
11 elseif z.key < y.key 11 LEFT-ROTATE(T, 2) // Caso 2
12 y.left = z 12 z.p.color = BLACK // Caso 3
: s 13 z.p.p.color = RED // Caso 3
13 el .right =
14 fsle i] :lgT il © 14 RIGHT-ROTATE(T. z.p.p) // Caso 3
15 - e:fht_ ‘;ﬂ” i 15 else (come la clausola then
LoIignt = Linl con “right” e “left” scambiati)
16 z.color = RED 16  T.root.color = BLACK

17  RB-INSERT-FIXUP(T, z)
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RB-DELETE(T, z)
y=2z

[y

2 y-original-color = y.color

3 if z.left == T.nil

4 x = z.right

5 RB-TRANSPLANT(T, z, z.right)
6 elseif z.right == T.nil

7 x = z.left

8 RB-TRANSPLANT(T, z, z.left)
9 else y = TREE-MINIMUM(Z.right)
10 y-original-color = y.color

11 x = y.right

12 ify.p==z

13 x.p=Yy

14 else RB-TRANSPLANT(T, y, y.right)
15 y.right = z.right

16 y.rightp =y

17 RB-TRANSPLANT(T, Z, y)

18 y.left = z.left

19 y.leftp =y

y.color = z.color

21 if y-original-color == BLACK
RB-DELETE-Fixup(T, x)
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RB-TRANSPLANT(T,u,v)

1 ifu.p==T.nil

2 T.root = v

3 elseif u == u.p.left
- u.p.left =v
5 elseu.p.right = v
6 v.p=u.p
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RB-DELETE-Fixup (T, x) Caso 1
1 while x # T.root and x.color == BLACK
2 if x == x.p.left z \d
3 w = x.p.right o B x nuovo w £ ¢
4 if w.color == RED y £ ¢ o By K}
5 w.color = BLACK // Caso 1
6 X.p.color = RED // Caso 1
7 LEFT-ROTATE(T, x.p) // Caso 1
8 w = x.p.right // Caso 1
9 if w. left. color == BLACK and w. right.color == BLACK e
10 w.color = RED // Caso 2
11 X = Xx.p // Caso 2
12 else if w.right.color == BLACK
13 w. left.color = BLACK // Caso 3
14 w.color = RED // Caso 3
15 RIGHT-ROTATE(T, w) // Caso 3
16 w = x.p.right // Caso 3
17 w.color = x.p.color // Caso 4 Ciso3
18 X.p.color = BLACK // Caso 4
19 w.right.color = BLACK // Caso 4
20 LEFT-ROTATE(T, x.p) // Caso 4
21 x = T.root // Caso 4
22 else (come la clausola then con “right” e “left”” scambiati)

23  x.color = BLACK

Caso 4
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T.root __ numero
profondita  dj nodi

0 1
1 2
2 2
3 212
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B-TREE-SEARCH (X, k) B-TREE-CREATE(T)
1 =1
2 whilei <x.nandk > x.key; 1 x = ALLOCATE-NODE()
3 i=i+1 2 x.leaf = TRUE
4 ifi < x.nand k == x.key; 3 x.n=0
5 return (x,i) e
6 elseif x.leaf 4 Disk-WRITE(x)
7 return NIL S5 T.root = x
8 else DISK-READ(x.c¢;)

9 return B-TREE-SEARCH(x.c¢;,k)



Ovidve vn nady 1 un B-Albero
B-TREE-SPLIT-CHILD(X, )

1 z = ALLOCATE-NODE() T root

2 y=2x.c s

3 z.leaf = y.leaf

4 zn=1t-1 T.root

il Aomairiiis ADFHILNP i ArDF L NP
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7 ifnot y.leaf

8 for j = 1tot hLLLLTL T T hnLhLIT, I T T; Ty

9 Z.¢; = y.¢;

10 yn=t_1 o Dvising  dalle redee com t=4

11 for j = x.n+ 1downtoi + 1 | wody wedie viewe divso m due e viene create Uv wwovo hodo
12 X.Cj11 = X.Cj

13 x.¢iyy =2 vadies che conteme le chuve medene 4 r e he lo dve wete
14 for j = x.ndowntoi |

15 x-keyjﬂ =x.keyj A| r come F(ﬁl

16 Xx.key; = y.key,
17 xn=x.n+4+1

18 Disk-WRITE(y)
19 Disk-WRITE(Z)
20 Disk-WRITE(x)
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B-TREE-INSERT(T, k)
1 #'= oot
2 ifrn==2t—1
3 s = ALLOCATE-NODE()
4 T.root = s
5 s.leaf = FALSE
6 sn=20
7 SiCii="T
8 B-TREE-SPLIT-CHILD(s, 1)
9 B-TREE-INSERT-NONFULL(s, k)
0

10 else B-TREE-INSERT-NONFULL(r, k)
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algoritmo search(radice r di un albero 2-3, chiave x) — elem

1. if (7 & una foglia ) then
2 if (z = chiave(r) ) then return elem(r)
3. else return null
4. v; « i-esimo figlio di r
5 if (z < S[r]) then return search(vy, z)
6. else if (7 ha due figli oppure z < M|r] ) then return search(vz, x)
T else return search(vs, x)
IthlWeh+0

Quends  Joblioms Wsevive Un demerto ol terno d mastro bevs 23 ¢ pasiemo Wovre I die sshche
lJmllﬁaLfmo un wodo v sl penvltmo lvello, che dhuvebbe dvente Be,m+ove d v

eovhe de Fel: eggungemo v come wuovo Eigho
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algoritmo split(nodo v)

crea un nuovo nodo w

sia v; I'i-esimo figliodivin 7,1 <i <4

rendi vy e vg figli sinistro e destro di w

if (parent[v] = null) then
crea un nuovo nodo r
rendi w e v figli sinistro e destro di r

else
aggiungi w come figlio di parent[v] immediatamente precedente a v
if ( parent[v] ha quattro figli ) then split(parent[v])
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