


























This algorithm takes as input a set of points in and a
real number . It returns a -spanner for .

sort the pairs of distinct points in non-decreasing order of their
distances (breaking ties arbitrarily), and store them in list ;

;
;

consider pairs in sorted order
length of a shortest path in between and ;

;

;
output the graph















This algorithm takes as input two nodes and of , and
returns their lowest common ancestor. We assume for simplicity that
, and neither nor is the root of .

Compute the sequence of nodes in where
, , for , and is the first
node in this sequence that is equal to the root of . Since is not the
root, we have .

Compute the sequence of nodes in where
, , for , and is the first
node in this sequence that is equal to the root of . As in Step 1, we have

.
Compute the integer such that , , . . . ,

, and . Since , we have .
Obviously, .

There are four possible cases to consider:
.

Since , we have and, hence, one of and is
an ancestor of the other. Therefore, the algorithm returns if

, and it returns otherwise.
and .

Since and , one of the nodes
and (both are on the path ) is the lowest common ancestor of
and . Therefore, the algorithm returns if , and

it returns otherwise.
and .

This case is symmetric to Case 4.2. The algorithm returns if
, and it returns otherwise.

and .
Since and , one of the nodes and

is the lowest common ancestor of and . Therefore, the algo-
rithm returns if , and it returns
otherwise.



This algorithm computes the values and for all
nodes that are in the subtree of , and it returns the value .

is a leaf
;

;
;

return
left child of ;
right child of ;

;
;

and
;

swap and , and swap and
;

;
;

return
;

return



This algorithm takes as input two nodes and of the tree
, such that . It computes the group parents of all nodes in

the subtree rooted at .

;
is not a leaf

left child of ;
right child of ;

;













This algorithm takes as input an undirected graph in which
every edge has a positive weight, a vertex of , and a real number

. It returns the set of all vertices for which .
Initialize , as the priority queue containing ,

, as the empty list, and .
If is empty, then go to Step 3. Otherwise, let be a vertex of

for which is minimum. If , then go to Step 3. Otherwise,
, in which case the following Steps 2.1 and 2.2 are made:
Add to the list , set , and delete from

.
For each vertex for which is an edge of and

, distinguish the following two cases:
If , then set

and, if , insert into and set .
If and , then

set and update the priority of in .
After Steps 2.1 and 2.2 have been made, repeat Step 2.

Reset all variables that are to , and
reset all variables with to .

Return the list .







This algorithm takes as input a connected weighted undi-
rected graph . It returns the edge set of a minimum spanning
tree of .

sort the edges of in non-decreasing order of their weights;
let , , be the sorted sequence of edges;

;

;

test if the edge has to be included
index such that ;
index such that ;

adding edge does not introduce a cycle
;

;
;

;
index such that ;

return



This algorithm takes as input a connected weighted undi-
rected graph . It returns the edge set of a minimum spanning
tree of .

arbitrary vertex of ;
;
;

find a vertex and a vertex such that
and is minimum;
;

;
return


































