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Implicit D-Ary AM-Heap

Haejae Jung'

ABSTRACT

This paper proposes an implicit d-ary priority queue, called AM(d)-heap that is a generalized version of AM-heap, in which

insert operation takes constant amortized time and remove operation takes O(logn) time. According to our experimental results, the

best performance was shown when d is 4 or 8. Also, AM(d)-heap is about 1.5~

1.8 times faster than the postorder heap.
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Fig. 1. AM(4)-heap
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1: Algorithm initialize( maxN )
2:{
3 HEAP_EMPTY = -2;

4: HEAP_FULL = d-1; // node 0 is unused.
5

6

7

maxIndex = (maxN/d + 1) * d - 1;
nar = new keyTypelmaxIndex+1]; // node
array
8: t = loga(maxIndex);
9: startLeaf = d5

10:
11: lastRoot = HEAP_EMPTY; // -2! empty
heap
12: lastLeaf = startLeaf - 1;
13: )
Fig. 2. Initialization of AM(d)-heap
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1: Algorithm heapify(r, theKey) // starting from

node r
{
min = r * d; // min: leftmost child
while( min < maxIndex ) {
rmc = min + (d-1); // rmc: rightmost
child

6: for( i = min+1; i <= rmc; i++ )
7: if( narfmin] > narfi] ) min = i;
8
9: if( theKey <= nar[min] ) break;
10: nar[r] = nar[min];
11: r = min; min = d*1;
12: }
13: nar[r] = theKey;
14: }
Fig. 3. Heapify operation of AM(d)-heap
2.3 &l

A9 theKey s A sh7] 913}

A Lot} d vl A9 A2 AL theKeyE lastRoot

FE wxo Adsta §x4E 37 98l heapify( ) &

2o, lastRoot9} lastLeaf S

sue] =g TAE A2 AEYS 7He 71 A &2 theKey
1

~ 0

lastRoot+1)°] d¢] wj4=

22 wolFa gtk owi

1:
2
3:

(OS2I

16:

Algorithm insert( theKey )
{

if( lastRoot==HEAP_FULL ) throws
FullException;

if( (lastRoot+1) == a multiple of d ) {
// insert theKey into the parent of node
lastRoot
lastRoot /= d;
heapify( lastRoot, theKey );
} else {
// make a new component heap
lastRoot = ++lastLeaf;
if(lastLeaf > maxIndex)
lastRoot = lastLeaf = lastLeaf/d;
nar[lastLeaf] = theKey;

)

Fig. 4. Insertion of AM(d)-heap
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Algorithm removeMin( )
{
if(lastRoot==HEAP_EMPTY)throws EmptyException;

1

2

3

4

5 minRoot = curRoot = lastRoot;
6 while( curRoot != firstRoot ) {

7 curRoot = root of left neighbor CH;

8 if( a[minRoot] > alcurRoot] )minRoot = curRoot;
9

}

10: removedKey = narlminRoot]; // save to return
11: heapify( minRoot, nar[lastRoot] );
12:

13: // update variables lastRoot and lastLeaf;
14: if( lastRoot has a child )

15: lastRoot = lastRoot*d + (d-1); //rightmost child
16: else if( lastLeaf == startLeaf ) {

17: // only a single CH was in the heap.

18 lastLeaf-—;

19: lastRoot = HEAP_EMPTY; // empty heap now.
20 }else {

21 lastLeaf——;

22: if( (lastLeaf*d) < maxIndex )

23: lastLeaf = maxIndex;

24: // lastRoot= root of left neighbor CH.

25: lastRoot = lastLeaf;

26: while( (IastRoot+1) % d == 0 ) lastRoot /= d;
2T }

28: return removedKey;

290}

Fig. 6. Remove Algorithm of AM(d)-heap
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