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Table 1 Confidence level of message data latency
Case I: (a = 0.0)

Real-time data latency bound = 0.69 ms.

Non-real-time data latency bound = 154.00 ms.

Dot Real-time Non-real-time
0.25 0.9954 1.0

0.30 0.9898 1.0

0.35 0.9706 1.0

0.40 0.9762 1.0

0.45 0.9691 1.0

0.50 0.9633 1.0

0.55 0.9544 1.0

0.60 0.9503 0.9511

Case II: (o = 0.5)

Real-time data latency bound = 3.50 ms.

Non-real-time data latency bound = 7.05 ms.

Prot Real-time Non-real-time
0.25 1.0 1.0

0.30 1.0 1.0

0.35 1.0 .10

0.40 - 1.0 1.0

0.45 0.9991 0.9990

0.50 0.9891 0.9940

0.55 0.9891 0.9876

0.60 0.9521 0.9517

. = : RT (simulation)
& : NRT (simulation)

Average Data Latency (ms)
)

Total Offered Traffic
Fig. 6 Simulation results for a specific scenario («=0.5)

servative design for the given network traffic allocation. There-
fore Case -1l with- o =0.5 was considered- to-illustrate- the
effectiveness of the redemption timer in the proposed protocol
for a trade-off between a small increase in Dyr and a large
decrease in Dygt. An optimal value of « depends on both the
performance index and the statistical characteristics of RT and
NRT traffic. The role of the preemption timer is, to some
extent, analogous to that of the target token rotation timer

Case I: (Preemption Timer Parameter o=0.0). Figure 5

shows that Dy is practically independent of p,o, whereas Dygt
gradually increases with p,, and this increase becomes very

always affects the network performance, o influences the net-
work performance only when it is necessary, e.g., when the

sharp beyond p,o; =0.55. At a=0.0, an arriving RT message
immediately preempts the bus if the protocol is executing in
the NRT mode and transmits the backlogged RT message (after
allowing for completion of any ongoing NRT message trans-
mission). This results in significant reduction of Dgt. The
periodic preemption and the additional overhead due to con-
tention of RT cycles restrict the protocol operation in the NRT
mode, resulting in delayed transmission of NRT messages.
Therefore, the expected value of Dyrr follows an approxi-
mately exponential profile as p,, is increased. Similar results
are expected from token passing bus and FDDI protocols under
high traffic load conditions [15]. If there exist processes with
very fast dynamics, i.e., short data latency bound on RT mes-
sages, NRT messages would be significantly delayed and the
NRT throughput might be severely limited if the target token
rotation timer (TTRT) of FDDI is set to a small value to satisfy
the bound of Dgr.

Case II: (Preemption Timer Parameter a=0.5). Figure 6
shows how Dyt and Dyrt change with increase in p,,,. Unlike
Case I in Fig. 5, Dyt does not remain constant and Dygt does
not rise sharply. At low p,,, the setting of @ = 0.5 does not
significantly influence the RT message transmissions because
the bus activity timer dominates over the preemption timer.
As po increases, the preemption timer parameter becomes
more effective and Dyt tends to increase. With an increase in
pior» the setting of @ =0.5 reduces the effect of periodic preemp-
tion by RT messages and RT contention period overheads.
Compared to Case 1, a larger amount of bandwidth is available
for NRT message transmissions, which results in decreased
Dnrr. The Cases 1 and 11, discussed above, indicate the ef-
fectiveness of the proposed protocol for timely delivery of RT
messages and also of NRT messages if the medium bandwidth
is used for RT transmissions. Case I with a=0.0 is a con-

350 / Vol. 114, AUGUST 1992

dium or high traffic conditions. This aspect is particularly
important if the network is required to handle RT messages
with extremely short data latency bounds (for example, multi-
robot control systems in inter-cell operations).

6 Summary and Conclusions

A fiber-optic-based protocol has been proposed for com-
puter integrated manufacturing (CIM) networks. The archi-
tecture of the protocol is suitable for heterogeneous traffic in
an office and factory environment. A discrete-event simulation
model of the protocol has been developed to evaluate per-
formance, i.e., delay and throughput, of both real-time and
non-real-time messages under different traffic scenarios. The
protocol performance has been tested by simulation experi-
ments under a specific scenario that represents data commu-
nications in a CIM network environment. The simulation
experiments demonstrate efficacy of the proposed protocol for
priorization of the real-time messages for a better utilization
of the transmission medium bandwidth such that the unused
bandwidth can be made available to the non-real-time traffic.
The results from the two cases (having the preemption timer
parameter o set to 0.0 and 0.5) reveal that, in order to take
advantage of real-time message handling capability of the pro-
posed protocol at high total offered traffic, an optimal value
of a should be selected. Future research is recommended for
development of a methodology for optimization of « under
specified network operating conditions. Another possible area
of research is development of analytical tools for tuning net-
work parameters (such as the preemption timer parameter o
and frame lengths for RT and NRT messages) for efficient
performance of the network. Techniques, such as perturbation
analysis [16, 17], stochastic optimization [18), and learning
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automata [19], may be used for performance management of
the network as proposed by Lee and Ray [20].
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