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MST Query on Dynamic Graph with Square-Root-Decomposition for
Optimization for Controlling Distributed Computing

Yamazaki Kazuaki,a)

Abstract: Distributed computing on mobile entities uses wireless communication for data transportation. Costs and
availability of wireless communication changes affected by surroundings, thus optimal network (corresponds a MST)
also change. Dynamic network can be modeled in dynamic graphs. This paper proposes a method for calculating
Minimum Spanning Tree (MST) on dynamic graphs efficiently. The method is based on square-root-decomposition on
tree nodes and dividing edge set into several sets according vertex dividing. Then, number of edges that candidate for
MST is decreased and we can search edge in shorter time.

Keywords: Dynamic Graphs, Minimum Spanning Trees
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3.1 MST
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Algorithm 1MergeEdgeLists
Require: es1, es2 are sorted edge list
Ensure: es1, es2 will be empty list, result will be sorted
1: functionMergeEdgeLists( es1, es2 )
2: i = 0, j = 0
3: result = [] � [] is a empty list
4: while True do
5: if i = |es1| then
6: result.append(es2)
7: break
8: else if j = |es2| then
9: result.append(es1)
10: break
11: end if
12: if w(es1[i]) ≤ w(es2[j]) then
13: result.appned(es1[i])
14: i = i + 1
15: else
16: result+.appned(es2[j])
17: j = j + 1
18: end if
19: end while
20: es1 = es2 = []
21: return result
22: end function

Algorithm 2MergeClusters
1: procedure MergeClusters ( i, j )
2: inneri = MergeEdgeLists (innteri, innerj)
3: inneri = MergeEdgeLists (inneri, outeri,j)
4: for all k ∈ {c | c ∈ AllClusters \ {i, j}} do
5: outeri,k = MergeEdgeLists (outeri,k, outerj,k)
6: end for
7: end procedure

Algorithm 1
MergeEdgeLists es1, es2

MergeEdgeLists
i, j

Algorithm 2 inneri i
outeri,j i, j

5.2
c ci, c j c

( 1 ) ci
( 2 ) c j
( 3 ) ci, c j

ck ( ck � c ) c, ck

( 1 ) ci, ck
( 2 ) c j, ck

Algorithm 3 SplitEdgeList
Require: es is soted, f is a function that f : E → {True,False}
Ensure: each element e ∈ result1 will satisfy f (e) = True and each ele-

ment e ∈ result2 will not
1: function SplitEdgeList( es, f )
2: result1 = [], result2 = []
3: for all e ∈ es do
4: if f (e) then
5: result1.append(e)
6: else
7: result2.append(e)
8: end if
9: end for
10: return (result1, result2)
11: end function

Algorithm 4 SpliteCluster
1: procedure SplitCluster ( i, j )
2: (inneri, innerj) = SplitEdgeList (inneri, (λe.True ⇔
e is inner edge of cluster i ))

3: (innerj, outeri,j) = SplitEdgeList (inneri, (λe.True ⇔
e is inner edge of cluster j ))

4: for all k ∈ {c | c ∈ AllClusters \ {i, j}} do
5: (outeri,k, outerj,k = SplitEdgeList (outeri,k, (λe.True ⇔
e is outer edge between clusters i, k ))

6: end for
7: end procedure

4 (ii) (i)

Algorithm 3 SplitEdgeList
SplitEdgeList

i i, j
Algorithm

4

5.3
remove(u, v)

remove(u, v) MST (u, v)
(u, v) MST (u, v)

(u, v)
MST (u, v)

MST (u, v)
u, v
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Algorithm 5 RemoveEdge
1: procedure RemoveEdge ( u, v )
2: if NotMST .hasEdge(u, v) then
3: if cluster(u) = cluster(v) then
4: innercluster(u).erase(u, v)
5: else
6: outercluster(u),cluster(v).erase(u, v)
7: end if
8: return
9: end if
10: MST .remove edge((u, v))
11: if cluster(u) = cluster(v) then
12: assign new cluster for vertices such that connected from v on

MST and belongs to cluter(u)
13: SplitCluster(cluster(u), cluster(v))
14: end if
15: c = cluster which has lightest head edge
16: MST .add edge(c[0])
17: c.remove(c[0])
18: MergeClusters (cluster(u), cluster(v))
19: end procedure

Algorithm 5

5.4
add(u, v, x)

w (u, v) MST
(u, v) MST 2
u, v (u, v)
MST

2

( 1 ) (u, v)

( 2 )

(u, v) u-v
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(u, v)
u-v MST
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(u, v) MST

Algorithm 6

6.

6.1

( 1 ) � √|V |�
( 2 ) � √|V |�

� √|V |�√|V |

Algorithm 6 AddEdge
1: procedure AddEdge ( u, v, x )
2: modify w to be w((u, v)) = x
3: e = (p, q) = most heavy edge in u-v path in MST
4: if w(e) ≤ x then
5: if cluster(u) = cluster(v) then
6: innercluster(u).insert((u, v))
7: else
8: outercluster(u),cluster(v).insert((u, v))
9: end if
10: return
11: end if
12: MST .remove edge(e)
13: if cluster(p) = cluster(q) then
14: assign new cluster for vertices such that connected from v on

MST and belongs to cluter(u)
15: SplitCluster (cluster(p), cluster(q))
16: end if
17: outerclusterp ,clusterq .insert(e)
18: MST .add edge((u, v))
19: MergeClusters (cluster(u), cluster(v))
20: end procedure

[4]
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( 4 ) 2 u, v
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1
[sec]

Prim O(|E| log |V |) = O(|V |2 log |V |) 32.71
Kruskal O(|E| log |E|) = O(|V |2 log |V |) 787.31
Enhanced Kruskal O(|E|) = O(|V |2) 60.41

O(|V | √|V |) = O(|V |1.5) 6.57
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