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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 (*)
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DELETE 8(lg m 8(lg n o(lg ny (¥)
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FIE-HEAP-INSERT (H, )

1 degreel[x] « 0

2 plx] « NIL

3 child[x] « NIL

4 Jdeft[x] « x

5 right[x] « x

& mark[x] « FALSE

7 concatenate the root list containing x with root list H
8 4if min[H] = NIL or keyl[x] < key[min[H]]

9 then min[H] « =x

10 n[H] « n[H] + 1

COHYLESS | TA'
At=1, ANwm=0 => &I =1

65C+ A{b =C + = OCI)
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FIB-HEAP-UNION (Hl H, 1

1 H « MAKE-FIE-HEAPD()

Z min[H] « min[H,]

3 concatenate the root list of H, with the root list of H

4 if I{min[Hl] = NIL) or I{min[Hz] # NIL and k&)jEnin[Hz]]«i kyy[min[ﬂl]])
5 then min[H] « min[Hz]

G n[H] « n[Hl] + n[Hz]

7 free the objects H, and H,

a return ¥

COMPLESS (TA':




FIE-HEAP-EXTRACT-MIN (H)

1l =z « min[H]

Z if =z # NIL

3 then for each child x of =

4 do add x to the root list of H
5 plx] « HNIL

=] remove z from the root list of H

7 if z = right[z]

=i then min[H] « NIL

9 else min[H] « right[z]

10 CONSOLIDATE (H)

11 n[H] « n[(H] - 1

12 return =



CONSOLIDATE (H)

1 for i « 0 to Din[H]) 14 min[H] « NIL

15 for 1 « 0 to Din[H])

2 do A[i] « NIL
3 for =ach node w in the root list of H 52 do if a[i] # NIL
4 do x < w 17 then add A4[i] to the root list of H
5 d « degreelx] 18 if min[H] = NIL or
keylA[i]] < key[min[H]]

6 while A[d] F NIL

14 then min[H] « A[i]
7 do v « A4[d]
g if kevx] > kev[yv]
9 then sxchange x & ¥
10 FIE-HEAP-LINE (H, v, X} FIE-HEAP-LINE(H, ¥, x)
11 A[d] « MNIL 1 remove ¥ from the root list of H
12 ded+ 1 2 make ¥ a child of x, incrementing degreel[x]

13 A[d] « x 3 mark[v] « FALSE
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COMPLESSrTA' DI PFB-—HEpP—EXTRACT—MIV
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FIB-HEAP-DECREARE-KEY (H, 3, k)

1 if k& > key[x]

2 then error "new key i3 greater than current key"
3 key[x] « k

4 ¥y« plx]

5 if v # NIL and kev[x]l < kevl[y]

& then CUT (H, x, ¥)

7 CASCADING-CUT (H, v)

8 if key[x] < key[min[H]]

9 then min[H] « x



CUT (H, x, ¥)

1

=

3

4

remove x from the child list of W,
add x to the root list of H
plx] « NIL

mark[x] « FALSE

CABCADING-CUT (H, ¥)

1

z « pl]

if =z F NIL
then if mark[yv] = FALSE
then mark[y] « TRUE
else CUT (H, v, z)

CASCADING-CUT (H, z)

decrementing degree[v]
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COMPLESS ITA"Y Pl  FIB-REAP-DECREASE —KEY
SUPPON (AMO CHE tA TRoCepupA CASCAOING -UUT VENGA
CHIATIATA d VOUTE
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FIE-HEAP-DELETE (H, x)
1 FIE-HEAD-DECREASE-KEY(H, x, —-=)

2 FIB-HEAP-EXTRACT-MIN (H)

Conpless ITat Armormzeata = ODM)
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