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A Double-Ended Priority Queue with O(1) Insertion Amortized Time
Haejae Jung'

ABSTRACT

Priority queues can be used in applications such as scheduling, sorting, retrival based on a priority like gene searching, shortest paths
computation.

This paper proposes a data structure using array representation for double-ended priority queue in which insertion and deletion takes
O(1) amortized time and O(logn) time, respectively. To the author’s knowledge, all the published array-based data structures for double
ended priority queue support O(logn) time insertion and deletion operations.
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void initialize( numMax ) // numMax @ max. number of elements

{

MinLeaf = 2| log2(numMax)] ; // leftmost leaf node
MaxLeaf = 2+ MinLeaf - 1; // rightmost leaf node

// allocate array A[] and
// initialize lastLeaf and lastp.
A = new Node [MaxLeaf + 1J; // array of nodes
lastLeaf = MinLeaf - 1;
ListNode lastp = null; // reference of right most linked list node
}
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// k @ root node to start to heapify
void heapify_rheap( k )
{
cmp_swap( Alk].lval, Alk].rval );
left = 2xk; // left child of k
while( left < MaxLeaf ) { // #AF2o] &= &<t
max = left;
if( Almax].rval < Alleft+1].rval )
max = left + 1,  // right child of k.
if( Alklrval > Almax].rval ) break;
swap( Alk].rval, Almax].rval );
cmp_swap( Almax].Ival, A[lmax].rval );
k = max; left = 2xk;
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bool insert( Element thedata )

// check if the rval of the last root is infinite value.

if( lastp != NULL && Allastp.rootnode]l.rval == INF ) {
lastroot = lastp.rootnode;
Allastroot].rval = thedata;
heapify_rheap( lastroot );
return TRUE;

// Now, heap is empty, or the last root node has two values.

hl = -1, h2 = -2
if( lastp ) {
if( lastp.rootnode ==
hl = lastp.height;  // vFA 2 U153 o]
sp = lastp.nextp; /) F HE B AE T
if( sp ) h2 = spheight; // vkA B} 912 Y53 =o]
}
if( h1 == h2 ) {
parnode = lastp.rootnode / 2;
Alparnode].lval = thedata; Alparnodel.rval = INF;
heapify_lheap( parnode );
lastp.rootnode = parnode; lastp.height++;
lastp.nextp = sp.nextp;
delete sp; // F WA Y2E & 24A
} else {
lastLeaf++;
AllastLeaf]lval = thedata; AllastLeaf].rval = INF;
np = new ListNode;
np.rootnode = lastLeaf; np.height = 1;
np.nextp = lastp; lastp = np;
}
return TRUE;
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int find_maxnode( void )

maxnode = lastp.rootnode;
leftchild = 2 * maxnode;
if( maxnode.rval == INF && leftchild <= MaxLeaf ) {
rightchild = leftchild +1;
maxnode = leftchild;
if( Alleftchild].rval < Alrightchild]l.rval ) maxnode = rightchild;
}
maxval = Almaxnode].rval;
if( Almaxnodel.rval == INF ) maxval = Almaxnodel.lval;

tmp = lastp.nextp;
while( tmp ) {
if( Altmp.rootnodel.rval > maxval ) {
maxnode = tmp.rootnode;
maxval = Almaxnodel.rval;
}
tmp = tmp.nextp;
}

return maxnode; // node index with maxval
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Element delmax( )

if( lastp == NULL ) return -1; // MI-% is empty.

maxnode = find_maxnode( ); // find the node with max. element

retdata = Almaxnodel.rval;

if( Almaxnode].rval == INF )
retdata = Almaxnode].lval;
lastLeaf——; tmp = lastp; lastp = lastp.nextp; delete tmp;
return retdata;

}

{ // maxnode == lastroot : leaf node

lastroot = lastp.rootnode;

if( Allastroot].rval == INF ) { // lastroot has children, maxnode != lastroot
Almaxnode].rval = Allastroot] lval;
heapify_rheap( maxnode );
if( 2#lastroot < MaxLeaf ) split_heap( );
else { lastLeaf-—; tmp = lastp; lastp = lastp.nextp; delete tmp; }
return retdata;

}

// Now, there is no INF value in MI-heap.

if( lastroot != maxnode ) {
Almaxnode].rval = Allastroot].rval;
heapify_rheap( maxnode );

}

Allastroot].rval = INF;

return retdata;
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void split_heap( void ) // w}A2t W53 FEI} A4S 7HA 3 S5
{
sp = new ListNode;
sp.nextp = lastp.nextp; lastp.nextp = sp;
leftchild = 2 * lastp.rootnode;
lastp.rootnode = leftchild+1; lastp.height—-;
sp.rootnode = leftchild;  sp.height = lastp.height;
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int find_minnode( void )
{

minroot = lastp.rootnode;

tmp = lastp.nextp;
while( tmp ) {
if( Altmp.rootnodel.lval < Alminroot].lval ) {
minroot = tmp.rootroot;
)
tmp = tmp.nextp;

}

return minroot; // node index with minval
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Element delmin( )

{
if( lastp == NULL ) return -1; // MI-§} is empty.

minroot = find_minnode( ); // find the node with min. element
retdata = Al[minroot].lval;

lastroot = lastp.rootnode;

Alminroot].lval = Allastroot].lval;

heapify_lheap( minroot );

if( Allastroot].rval != INF ) {
Allastroot]lval = Allastrootl.rval;  Allastroot]rval = INF;
heapify_lheap( lastroot );
return retdata;

}

// Allastroot].rval is INF.
leftchild = 2 * lastroot;
if( leftchild > MaxLeaf ) { // lastroot is a leaf node.
lastLeaf-—;
tmp = lastp; lastp = lastp.nextp; delete tmp;
}else { // lastroot has children
split_heap( );
}

return retdata;
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