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Abstract: The design of the interconnection network is one of the main researcbsissulistributed computing with regard to
some specific parameters. This paper works on Modified ChordasRdegree Six (CHRm6) topology. Two broadcasting schemes
for CHRm6 are proposed. The first scheme is for even sourcesrenik the second scheme is for odd source nodes. The proposed
broadcasting schemes give upper and lower bound of broadcast@tgRm6 depends on total number of nodes. We prove the lower
bound on the broadcast timedst- 2 whered is the diameter of the CHRm®6.
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1 Introduction algorithms must be based on simple and without routing
tables or complex arbitration protocoly,[[3].
This paper is devoted to the broadcasting problems on

Interconnection networks can be modeled by graphs an@llodified Chordal Rings Degree Six (CHRm®).
graph theory plays an important field due to this Broadcasting is a process of disseminating a message that
representation graphs. There are a number of networkriginating at originator node of an undirected graph to be
topologies have been studied before such as ring, meshielivered to all nodes in the network4][ The
torus and hypercube. Every topology has specific goalsnterconnection network property is closely related to the
and measured by some parameters. Chordal ringroblem of dissemination of message and is an interesting
communication is one of the most efficient research area3], [4]. The effective dissemination the
communication patterns for parallel interconnection. It message between multiprocessors is significant to ensure
has been discussed in various stages of development. lithe best communication topology for parallel computing.
particular, chordal ring is an undirected circulant graphEvery node plays an important role in the network and
where nodes represent the processing elements and edg®as assuming that holds a piece of message.
represent links between processing elements. In this paper In this paper, we look at the preliminaries of CHRm6
we focus on processing elements as multiprocessors.  in Section 2. Broadcasting schemes were proposed in

Chordal rings are attractive interconnection network Section 3. Section 4 proved the boundary of broadcasting
topologies due to their simple structure and their shorttime for CHRm6. We make our conclusion and work
diameter. Other than diameter, there are some keyecommendation in Section 5.
features of interest such as degree, connectivity,
structures, congestion, asymmetric and routing. [
Routing algorithm is important to determine the set of 2 Preliminaries
paths that message may follow the approach of switching
to identify the mode of operation and the mechanism toArdenet al. [5] proposed the first Chordal Rings Degree 3
direct network resource distribution. Efficient routing (CR3) while the first modified topology for higher degree
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4.A node that receives a message frefhy sends the
message te-sand—s.

5.A node that receives a message frafy sends the
message te-s.

Scheme B: Odd Source Node

1. The node 1 sends the message to the nodes in order of
+s,—s,+hy, —hy and—hs.

2.A node that receives a message frera sends the

P message te-s, +hy, —h; and—hs.

Fig. 1: CHRm6(16,1,2,4,6). ’ ?
9 mé( ) 3.A node that receives a message frara sends the
message te-s, +hy and—h,.
4.A node that receives a message freth, sends the

was analyzed by§]. Definition 1 described about the messagehtc—rsand_—s. . h
connectivity of CHRm6 topology. An even nodes and odd A Node that receives a message frem, sends the
nodes have different connection due to the Definition 1 as ~ MesSage ta-s.
in Fig. 1.

These broadcast schemes A and B are implemented
for the entire networks of CHRm6. The optimum
free-table routing algorithms are implemented into these
broadcasting schemes with condition that it will skip the
path that is redundant and it will take the first path that it
found [2]. It is based on layers shortest patl3. [Fig. 2
and Fig. 3 show the illustration of broadcasting schemes
in general for CHRm6.

We used the atomic structure as in Fig.4 and Fig.5 to

Definition 1.The modified degree six chordal rings called
CHRm6 is an undirected circulant graphs. CHRm6 is
denoted by CHRA{N, s, h1, hy, hs) where N is the number
of nodes, s is a ring edge with length 1, whilehy and hg

are chords by even lengths where 41 hy < h3. CHRm6
consists of one ring with N nodes, where N is positive
even number of nodes. Each even nogleand odd node,

:(2"+1Nare. ao_ldltlonally c%nne(;ted to four.nodes for< show the above schemes completes the broadcast time at

< Nz i is connected t0dyn,)(modN l(2k+hy)(modN 412 The broadcast model stated that a call involves only

+ I(2khg)modNy AN kaking)modny- Tk IS connected o Geo e and one uninformed node. However, there

10 I(2k+1-hp)(modN > 1(2ke-1+hp)(modN)» |(2kc+1-hg)(moany aNd might be cases that two informed nodes might try to inform

|(2k+1+hg)(modn - The values of N andiN and B, N'and -y o e o de because the above schemes do not check

hs must havegcd(N, hy, hp, i) = 2. either the node that is being message forwarded already
informed or not. There are three cases on how the message
is forwarded 7].

3 The Broadcasting Schemes for CHRm6

The minimum number units required to complete
broadcasting from i is denoted as b(i) where i is a source
node {pis for even source node arigis for odd source
node) whereig,i1 € i. The nodes are divided into two
classes to yields symmetry.

Without loss of generality, it is assumed that node 0
is the originator for even source node and node 1 is the
originator for odd source node. The maximum broadcast
time of any node of CHRm6 is called the broadcast time,
b(CHRn®6). The two following schemes are for nodg
(Scheme A) and for node (Scheme B)4]. Broadcasting )
scheme for nodi (Scheme A): ‘@ @' | .

Scheme A: Even Source Node Fig. 2: lllustration of Broadcast Scheme A

1. The node 0 sends the message to the nodes in order of
+s,—s,+h1,—h; and—hs.
2.A node that receives a message frera sends the Case 1.Let nodei finished informing its neighbours and

message ta-s,+hy, —h, and—hg. there is a new nodéto informi again at time. i’ does not
3.A node that receives a message frera sends the make the call to inform then skip to the next node on its
message te-s,+hy and—hs. schedule.
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Fig. 4: lllustration of Broadcast Scheme A for CHRm6

(18,1,4,6,8)

Fig. 5: lllustration of Broadcast Scheme B for CHRm6

(18,1,4,6,8)

Case 2.Let nodei is informs but it is still in the process of

informing its neighbours. Another nodds considering to
informi at timet. Leta be the link through whichwould
inform its neighbor at timé + 1. Letb be the link where

not change its policy of forwarding message addes not
informi. If |a| > |b| theni continue its policy of forwarding
message at time+ 1 based on the Scheme A and Scheme
B and assume that it is informed Byat timet, buti’ does

not send the messagede- b theni andi’ skip forwarding

the message to each other (referred to redundant step) and
proceed with the next step on their message forwarding
schedule.

Case 3.Let two or more nodes try to inform another node
i. Let Ly be the set of links that would inform
simultaneously. Only one link € L4 is chosen to inform

i, if [I] <|h|for all l; € Ly wherei = j. If i is already
informed, the node that informing is considered as
i" =i+1j . If there are two linksl; and —I; such that

|Ij| < [Ii| for all values ofi = j, thus either one of them is
chosen. Both of the schemes imply that all the nades
ori +hwherehy, hy, hs € h are informed when the node
forwards the message to its neighbours. There is nothing
to be done if a node is informed and finished forwarding
the message to all of its uninformed neighbours.
Theorem 1 explains the scenario of the informed node
but is still in active is attempted to be informed again. If
a node was considering to inforirvia the linka at time
t then all the neighbors+ e of i where|e| > |a| are all
informed by timet + 1 the latest.

Theorem 3.1.When a nodeé receives a message \aaat
timet then the nodeb where|b| > |a|, will be informed
at the latest by the time+ 1.

Proof. Let the node is informed at time andi + ¢ where

[c| > |a] is not informed att + 1. Sincei receives the
message through the lirkkthen the nodg =i +ais the
sender of the message. Nogleon its turn receives the
message fronj’ through linka’ such thata’| > |a|. There
should be a node that got informed via licksuch that

¢ = |c| along the path of the nodes which inform each
other ending inj andi. Assume this node as

Lety is the series of calls that starts@tnformsi in T
time units by following a patl® of lengthL, pathP takes
anodextoi.

PathP takes a nodg toy+i—x. If c= —cthenitis
assumed that; andx, be two nodes such thai —c = x
andx — ¢’ = c,. Clearly sincex is informed by itsc’ then
X1 is the node that informs. After being informedx first
informsx, by its —c’. Sincex andx, are informed by their
¢ link then the same series of calls are done by both of
them. It tookT time units forx to inform i after being
informed. Sincex, is informed one time unit aftex is
informed then it will take T + 1 time unit before
X2 +i—x=(x—c)+i-xis informed. Note that
X—C +i—x=1i-c butsincec = —c/, the node + ¢ will
be informed by the timeél + 1. This is contradicts the
initial assumption.

If ¢ = cthen letx; be the node such thai — ¢ = x.
Thus x; is the one who inform. But it is not known

i’ would send message toThere are three cases has to through which nodex; is informed, this imply thatx;

take into account. First ifa] < |b| or a= —b, theni does

might not inform the nodey +i—x=cin T time units
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after being informed. The order in whiohuses its links 4.2 An Upper Bound on CHRm6 Broadcasting
depends on the link through which it is informedxlfs  Time
informed by linke such thaice > 0(i.e both links had the

same sign) then afteq is informed and after it forwards  The proposed broadcasting schemes give the upper bound
the message throughc’ the order of the links that; will of broadcast in CHRm6 which is depends bh The
x is informed, the node; +i —x will be informed. If  the upper bound of the broadcast time will be determined

ce < 0 (i.e the links have different signs) then after gepends on maximum distance it can go towards achieve
xi1sends the message viec' the order of the remaining optimality.

links used byx; will not be the same as that ofx. There
can be a maximum of 2 time units difference between the

time at whichx; forwards the message along the sameg ~onclusion
link a. Given thatx; is informed one time unit before
and adding the possible 2 time units difference. We
conclude that the node
X1 +i—X=X+c +i—x=i+c =i-+cwill be informed

at most one time unit afteris informed. This is again
contradicts the initial assumption.

This paper presents the broadcast problems from
theoretical aspect. The atomic structure of CHRm6 is
used to obtain the results in broadcasting. The broadcast
schemes assure that every node in CHRm6 is informed by
the time at leastl + 2 and above. The broadcast schemes
are based oi. This theory concept is based on no nodes

) ) or links failure. Future research may deal with nodes or
4 Boundary for CHRm6 Broadcasting Time links failure.
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