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Step 1: FindMin in B,

I* O(log N) */
H @ @ m\; I
26 (16) Step Z: Remove B, from H
19) I* O(1) */
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root from B,

0 @3 @ Step\y3: Remove
5) @4 @ I* O(log N) */
63
® Step 4: Merge (I, H”)

I* O(log N) */
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Ir | blo height typedef struct BinNode *Position;

typedef struct Collection *BinQueue;
@ typedef struct BinNode *BinTree; /* missing from p.176 */

""@\t —> struct BinNode
Y T\ e

ElementType Element,;

~—

1§/ — Position LeftChild;
Position NextSibling;
};
struct Collection
{
int CurrentSize; /* total number of nodes */
BinTree TheTrees[ MaxTrees ];

i



BinTree
CombineTrees( BinTree T1, BinTree T2)
{ I merge equal-sized T1 and T2 */

if ( T1->Element > T2->Element )

[* attach the larger one to the smaller one */

return CombineTrees( T2, T1); 7&0\%'\&1] T R R 4%
I* insert T2 to the front of the children list of T1 */
T2->NextSibling = T1->LeftChild;
T1->LeftChild = T2;

return T1;
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BinQ_ueue Merge( BinQueue H1, BinQueue-H2) By B 23 2
{ altni',l';?e T1, T2, Carry = NULL; ~ h(’/if]m‘ polle /4

if ( H1->CurrentSize + H2-> CurrentSize > Capacity ) ErrorMessage();
H1->CurrentSize += H2-> CurrentSize;

(//fgf((/i=0, j=1; j<= H1->CurrentSize; i++. *=2 ) & 741 A k4|74 ) 1|

T1 = H1->TheTrees|[i]; T2 = H2->TheTrees[i]; /*current trees */

J@%WWW X ﬁ switch(4*!!Carry + 2*11T2 + IT1){ 1+ 55sign each digit to a tree */

£, N W&(WWWi% case 1: /* 001 */ break;

5,79\

)case 0: /* 000 */ ‘:\i&'b%:;(\& 0 ‘Z‘ V' [cary] 12 | 11 | R\ =W ‘3)\1%\ 6‘]

case 2: /[* 010 */ H1->TheTrees[i] = T2; H2->TheTrees[i] = NULL; break;
case 4: /*100 */ H1->TheTrees[i]=C : Carry = NULL; break;
case 3: /* 011 */ [E:_a,rry = CombineTrees( T1, T2); |

H1->TheTrees[i] = H2->TheTrees[i] = NULL; break;
case 5: /* 101 */ Carry = CombineTrees( T1, Carry );

H1->TheTrees[i] = NULL; break;
case 6: /* 110 */ Carry = CombineTrees( T2, Carry );

H2->TheTrees[i] = NULL; break;
case 7: /* 111 */ H1->TheTrees[i] = Carry;

Carry = CombineTrees( T1, T2 );
H2->TheTrees[i] = NULL; break;

} I* end switch */

} /* end for-loop */

return H1; /;



ElementType DeleteMin( BinQueue H)
{ BinQueue DeletedQueue;
Position DeletedTree, OldRoot;

ElementType Minltem = Infinity; /* the minimum item to be returned */
inti, j, MinTree; /* MinTree is the index of the tree with the minimum item */

if (IsEmpty(H)) { PnntErrorMessage(), return —Infinity; }

|4 J
for(i=0;i< ax#e@sﬁ'ﬂﬂﬁix)i%ﬁ%\wnmﬂm

if( H->TheTrees[i] && H->TheTrees[i]->Element < Minltem ) {
Minitem = H->TheTrees[i]->Element; MinTree =i; }/*endif?*/
} I* end for-i-loop */
DeletedTree = H->TheTrees[ MinTree ];

H->TheTrees[ MinTree ] = NULL; /* St€p 2: remove the Mi =>H'*/
( OIdRoot = DeletedTree; /* Step 3.1:re )

DeletedTree = DeIetedTree->LeftChiId free(OldRoot); )
DeletedQueue = Initialize(); /* Step 3.2: create H” */
DeletedQueue->CurrentSize = {F<<MinTree ) = 1; /* 2MinTree — 1 */ Miyree 2.7 BAk

for (j=MinTree—1;j>=0;j—=){ I Ruuntree . Gl vot§ . 4 sibl;
DeletedQueue->TheTrees[1]-Delete%Tree \yé ‘gﬂ% m/ﬁ]ﬂ“ﬁg "ﬁ

DeletedTree = DeletedTree->NextSibling; —> sikliny %] AR %ﬂ\?ﬂ‘]@i
DeletedQueue->TheTrees[j]->NextSibling = NULL,;
} /* end for-j-loop */
H->CurrentSize - = DeletedQueue->CurrentSize + 1,
(H = Merge( H, DeletedQueue ); /* Step 4: merge H’ and H” */7
return Minltem; S

[ Claim] A binomial queue of N elements can be built by N
successive insertions in O(N) time.

Proof 1 (Aggregate):

1B, [*step=1*/ Total steps = N
+0|B,; [*step=1, link =1 */
Total links =

+1 Bl Bo /*SteE = 1*/
-1|B, [*step =1, link = 2 */
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Proof 2: (1An insertion that costs ¢ units results in a net increase of 2 — ¢

C/SVJ\/%‘\Z'(% rees in the forest.
C; ::= cost of the ith insertion Wﬁ W’X)V )
e\l = nu j@er of’ ﬁs aﬁﬁhe ith insertion (@, = 0)

C; +(®,—D;;)=2 foralli=1,2,...,N
< !

N
Add all these equations up w==p Z C.+P,—D, =2N

i=1
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ZC =2N — c1> <2N =O(N)

i=1

T worst O(IOg N)a bllt T amortized ~— =2



