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A Cellular Automata Approach for Understanding Congestion
in Interconnection Networks

TAKASHI YOKOTA," KANEMITSU OOTSU,t FUMIHITO FURUKAWA't
and TAKANOBU BABAf

Interconnection network, which is responsible to communication, is an important key for
constructing effective large-scale multicomputers. Thus, interconnection network was dis-
cussed from many aspects such as topology, flow control, routing function, and so on. In gen-
eral, an interconnection network has a common nature; increment of communication traffic
causes conflict of message packets, thus results in large communication latency. Furthermore,
if the communication traffic exceeds a threshold, the whole system falls into severe saturation,
where packet are scarcely moves and communication performance is seriously degraded. Such
congestion mechanism is not discussed so far. This paper presents a simplified model so that
essential congestion mechanism is clarified, by using cellular automaton (CA). CA shows two
distinct portions within the interconnection network; heavily congested and non-congested
areas. In the former area, as packets block each other, only a few packets can move and
most packets are ‘frozen.” Packets in the latter area can move freely. Such phenomenon is
a kind of phase transition. CA also shows that congested area appears intermittently at the
edge of traffic level. We introduce an entropy measure that represents mobility of packets in
the system. The entropy measure is induced by that of thermal dynamics and it represents
phase transition accompanied by growth of congestion area. We show similar phenomena are
observed in ordinal interconnection network simulation. This implies that our knowledge from
CA simulation is applicable to wide range of interconnection networks.
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Fig.4 Cellular automaton model of a node.
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Fig.5 Cellular automata modeling.
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Fig.6 Symbols used in the CA.
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Fig.9 CA rules at node to channel cells.
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Fig. 10 Offered and accepted traffic.
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Fig.11 Offered traffic and average latency of packets.
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