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Chapter 3

Tree Construction
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Interconnection Topologies

* Class networks scaling with N

N Logical Properties:

v’ distance, degree

* Physical properties
v length, width

® Fully connected network

v diameter

v outdegree
v cost
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Linear Arf@"é and Rings
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Multidimensional Meshes and Cub

mesh
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Real World 2D mesh

® 1824 node Paragon: 16 x 114 array

https://manara.edu.sy/
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Embeddings in two dimensions

6x3x2

Ix3x3

* Embed multiple logical dimension in one physical dimension using long

wires
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Hypercubes
* Also called binary n-cubes. # of nodes =N=2"

* O(logN) Hops
® Good bisection BW

* Complexity
v Out degree is n = logN
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Tree: 2-D Hierarchy
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Pyramid: 3-D hierarchy
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Problem: Laying Telephone Wire
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ﬁ ﬁ Central office
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Expensive!
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Minimize the total length of wire connecting the customers
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SpanningTree
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SpanningTree
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Minimum Spanning Tree (MST)
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Applications of Minimum-Cost Spanning Trees
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Kruskal’s Algorithm
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* Joseph Bernard Kruskal, Jr
* Kruskal Approach:

v’ Select the minimum weight edge that does not form a cycle

Kruskal's Algorithm:

sort the edges of G in increasing order by length
keep a subgraph S of G, initially empty
for each edge e in sorted order
if the endpoints of e are disconnected in S
addetoS
return S

https://manara.edu.sy/ 22
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Kruskal’s Algorithm

« Create a forest of trees from the vertices

* Repeatedly merge trees by adding “safe edges” until only one tree remains

+ A”safe edge” is an edge of minimum weight which does not create a cycle

forest: {a}, {b}, {c}, {d}, {e}

https://manara.edu.sy/ 23
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Kruskal’s Algorithm

Initialization
a. Create a set for each vertex v€ V
b. Initialize the set of “safe edges” A
comprising the MST to the empty set

c. Sort edges by increasing weight

F={a}, {b}, {c}, {d}, {e}
A=0
E={(a,d), (c,d), (d.e), (a,.),
(b.e), (c.e), (b,d), (a,b)}

https://manara.edu.sy/ 24
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Kruskal’s Algorithm

For each edge (1,v) € Fin increasing order while more than one set remains:

If wand v, belong to different sets /and V
a. add edge (u,v) to the safe edge set
A=AV {(uv)}
b. merge the sets Uand V
F=F-U-V+(UU V)

Return A

* Running time bounded by sorting (or findMin)

https://manara.edu.sy/
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Kruskal’s Algorithm

E={(ad), (5.0), (the), (a0),
(be), (c.e), (b.d), (a,b)}

Forest A
{a}, {b}, {c}, {d}, {e} Z
{a,d}, {b}, {c}, {e} {(a,d)}
{a,d,c}, {b}, {e} {(a,d), (c,d)}
{a,d,c.e}, {b} {(a,d), (c,d), (d.e)}

{a,d,c,e,b} {(a,d), (c,d), (d,e), (b,e)}

25
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Prime’s Algorithm
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Prime’s Algorithm
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Prime’s Algorithm

* Robert Clay Prim
* Prim Approach:

v Choose an arbitrary start node v

v/ Atany point in time, we have connected component N containing v and other nodes V-N

v’ Choose the minimum weight edge from N to V-N

Prim's Algorithm:

let T be a single vertex x

while (T has fewer than n vertices)

{
find the smallest edge connecting T to G-T
add it to T

https://manara.edu.sy/ 31
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Prime’s Algorithm

Initialization
a. Pick a vertex rto be the root
b.Set D(r) =0, parent(r) = null
c. Forall vertices v € V, v#Zr, set D(v) =00
d. Insert all vertices into priority queue P,

using distances as the keys

Vertex Parent
e -

https://manara.edu.sy/ 32
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Prime’s Algorithm
While Pis not empty:
1. Select the next vertex uto add to the tree
u = P.deleteMin()
2. Update the weight of each vertex wadjacent to #which is not in the tree
(e, we P
If weight{u,w) < D(w),
a. parent(w) = u
b. D(w) = weight(u,w)
c. Update the priority queue to reflect

new distance for w

https://manara.edu.sy/
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Prime’s Algorithm Vertex Parent
e -
eld|b|c|a b -
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Vertex Parent
e
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b
c
415|500 :

The MST initially consists of the vertex e, and we update

the distances and parent for its adjacent vertices

https://manara.edu.sy/



Y

6)lioJl

Prime’s Algorithm
Vertex Parent

e -

dibic|a b e
4|5|5|w c =
d e
Vertex Parent

e -

alclb b e
2|45 c d
d e

a d
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Prime’s Algorithm Vertex_Parent

e -
alc|b b e
2 5 C d
d e
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Vertex Parent
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Prime’s Algorithm

Vertex Parent

» o0 T

o ®

Vertex Parent

D OO0 T

o ® Qo
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Prime’s Algorithm

Vertex Parent

D OO T o

[eRN RN eRN0()

37

The final minimum spanning tree

Vertex Parent

D OO T o

[eRN o RN oRN0)}
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Prim's Algorithm — Example 2

https://manara.edu.sy/
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Prim's Algorithm — Example 2
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Prim's Algorithm — Example 2
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Prim's Algorithm — Example 2
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Prim's Algorithm — Example 2

https://manara.edu.sy/

i

é)liall

Prim's Algorithm — Example 2

8 12
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Prim's Algorithm — Example 2
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Prim's Algorithm — Example 2
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Prim's AIgoritleh — Example 2
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Nodes 1 2 3 4 5 6 7 8 9 10
1 - 20 15 10 10 20 35 20 30 20
2 20 - 40 20 15 15 30 10 15 50
3 15 40 = 20 10 10 15 12 17 30
4 10 20 20 - 16 30 10 25 30 15
5 10 15 10 16 - 30 20 12 30 10
6 20 15 10 30 30 - 20 30 15 30
7 35 30 15 10 20 20 - 12 11 20
8 20 10 12 25 12 30 12 - 18 30
9 30 15 17 30 30 15 11 18 - 30
10 20 50 30 15 10 30 20 30 30 -
RTT table
194 8 3 25107 6
WY VYYYYTY YO 43 &0 68 70 757881 85 A%a0
012 5 810121415 20 + + + + + + + +* o
4 7 m 3 58 2 6 91

Join/ Leave events
Max-fanout=2

https://manara.edu.sy/ 48



Kruskal’s Algorithm: best end-to-end delay
(parent P NM)

()

Tree cost=446 sec
mean end-to-end delay =49.56 sec
Max-diameter=80sec

Jle

[AV Kruskal’s Algorithm: best end-to-end delay
deola

N (parent > MM ) + max Diameter<=60
6)lioJl

Tree cost=333 sec
mean end-to-end delay =37 sec
Max-diameter=60sec

https://manara.edu.sy/

Prim’s Algorithm: best end-to-end delay
(RP> parent = NM)

10 10 3 4

Tree cost=321 sec
mean end-to-end delay =35.67 sec
Max-diameter=50sec

Dy 2

deala  Algorithm3: Clusters (Prime in each cluster)
o I In our example: 2 clusters

1and 9are leaders in each cluster

1is principal leader

Tree cost=318 sec
mean end-to-end delay =35.33 sec
Max-diameter=60sec

49
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