Mergeable Heaps

Supportano le operazioni

MAKE-HEAF() DECREASE-KEY(H, x, k)
INSERT(H, x) DELETE(/7, X)
MINTIMUM(A)

EXTRACT-MIN(H)

UNION(H), H5)

Considereremo due immplementazioni
— Heap binomiali
— Heap di1 Fibonacci



MAKE-HEAR()

INSERT(H, x)

MINIMUM{A)

EXTRACT-MIN(H)

UNION(H], H5)

DECREASE-KEY(H, X, k)

DELETE(H, X)

creates and returns a new heap containing no elements.

ingerts node x, whose key field has already been filled in, into
heap H.

returns a pointer to the node in heap & whose key is minimum.

deletes the node from heap A whose key 18 minimum, returning a
pointer to the node.

creates and returns a new heap that contains all the nodes of

heaps | and H5. Heaps #] and H, are "destroyed" by this

operation.

assigns to node x within heap A the new key value £, which 1s
assumed to be no greater than its current key value.

deletes node x from heap A.



Binary heap Binomial heap Fibonaccl heap

Procedure (worst—-caszse) (worst-case) (amortized)
MAEKE-HEAP Bl = N 21
INSERT & (lg n O(lg n) 8i(1)
MINIMUM 21 oflg n) 21
EXTRACT-MIN 8 (1lg n 8 (1lg n) o(lg ny (*)
UNION 8in) Of1lg n) a (1)
DECREASE-KEY @(lg n 8{lg n e(1) (*)
DELETE 8(lg m 8(lg n o(lg ny (¥)

) Costi ammortizzati
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MAKE _BIWOMIAL_HEAP ()

H’ ;:G,QLOC&/‘:Q-M C);
haad CHD 1= MIL
refurn H ;

CoMPLESS (TR
O



BINOMIAL-HEAP-MINIMUM {H)

1

2

3

4

v « NIL
X « head[H]
min « =
while x # NIL
do if key[x] < min
then min « key[x]
Vo« X
X « s81ibling[x]

return v
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BINOMIAL-LINK (v, 2) CoM pPcSS A"

1 plyl « z (C>(11>

2 siblingly] « child[z]

3 child[z] « vy

4 degreelz] « degreel[z]+l



BinoMIAL-HEAP-UNION{ H;, I5)
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H — MaAKE-BInOMIAL-HEAP(}
head[H)| — BinoMIAL-HEAP-MERGE(H|, H)

free the objects H, and ff; but not the lists thev point (o

if head[H] = NIL

then return f/
Prev-x «— NIL
X — head[H]
next-x — sibling{ x|
while nexr-x # NIL

do if (degree|x] # degree[nexi-x]) or
(sibling{next-x] # NIL

and degree[sibling[next-x|) = degree[x])

then prevex « x - Cases | and 2
X — next-x > Cases 1 and 2

else if key|x] < key[rnext-x)
then sibling[x] — sibling{next-x) > Case 3
BinoMiaL-LiNk({next-x, x) i Case 3
else if prev-x = NIL = Case 4
then fiead[H] — next-x & Case 4
else siblinglprev-x| « next-x = Case 4
BinoMiaL-Link(x, next-x) B Case 4
X — nexi-x = Case 4

next-x — sibling[ x)

return Fi
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COrPLESS ITa' B1  BIWONIAL - HBAP — Un(oW
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BINOMIAL-HEAP-INSERT (H, x) S ’A M — 3 WOCL\ CH) .
1 H' & MAKE-BINOMIAL-HEAP () AMLORA LA

2 plx] « NIL COMPLESS(TA! b

3 child[x] « NIL ZINOMIAL-HEAP- [ VSE2T

4 sikling[x] « NIL L
e Olpw

5 degree[x] « 0O
B head[H'] « =

7 H +« BINOMIAL-HEAP-UNION (H,H")



BINOMIAL-HEAP-EXTRACT-MIN (H)

1 find the root x with the minimum key in the root list of H,
and remove x from the root list of H

2 H' « MAKE-BINOMIAL-HEAPI()

3 reverse the order of the linked list of x's children,

and set head[H'] to point to the head of the resulting list

4 H . BINOMIAL-HEAP-UNTON (H, H /

5 return x
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BINOMIAL-HEAP-DECREASE-EEY (H, X, k)

1 if k > keyl[x]

2 then error "new key iz greater than current key"
3 kKey[x] « K

4 v+ x

5 z « plvl]

& while z F NIL and keyly]l < keylz]

N do exchange key[y] « kKey[Z]

8 [ If v and z have satellite fields, exchange them, too.
9 Ve z

10 Z = plv]

COMPLESS IT4" - O(laom)
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BINOMIAL-HEAP-DELETE (H, X)
1 BINOMIAL-HEAP-DECREASE-KEY (H,x,-")

2 BINOMIAL-HEAP-EXTEACT-MIN (H)
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