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Abstract 

This paper examines the traffic behavior of the Hicom® LAN CP ring in connection with the 
transm.ission of packet-switched data. The ring in question is a token ring using the single-token 
o.peratl~n and chaining. The sp.ecific application of the CP ring results in very large ring lengths. 
Slmulatlons are used to determine performance characteristics of the ring such as transfer delays 
and token rotation times. The study also includes asymmetric load and different service strategies. 
The overall results show that if a suitable chaining parameter is selected, a throughput close to 
one can be achieved even with large ring lengths. 

1 The Hicom ® LAN CP ring 

The Hicom LAN CP ring (Circuit Packet Switched Ring) is a lo
cal area network for the simultaneous transmission of circuit
switched and packet-switched data over a common fiber op
tic cable [11. To achieve this, the transmission rate of the me
dium is split into two sections. one for the transmission of 
circuit-switched data, the other for the transmission of 
packet-switched data. The CP ring is thus an ideal backbone 
network for linking ISON- and LAN-oriented subnetworks. 
The following examples are typical CP ring applications: 

• networking of PABXs (circuit switching section) 

• connection of remote switches (circuit switching section) 

• multipoint networking of CSMAlCO subnetworks by way 
of MAC bridge functions (packet switching section). 
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Figure 1 Typical configuration for a CP ring application 

Both the circuit switching section and the packet switching 
section provide a transmission rate of 16 Mbit/s. In the circuit 
switching section the transmission capacity is divided into 8 
PCM-30 links (corresponding to 255 x 64 kbit/s, with one 
channel assigned to internal functions) . The packet switching 
section is organized as a token ring as per IEEE 802.5. It can 
be considered as a LAN which is completely independent of 
the circuit switching section. References to the CP ring in the 
following always mean the packet switching section of the 
CP ring. 

The requirements of PABX networking call for very large ring 
lengths. The CP ring was therefore designed for a maximum 
ring length of 100 km. With single-token operation without 
chaining (possible in accordance with IEEE 802.5), only a rela
tively small throughput would be achieved with small pack
ets. The token in this case is not forwarded until the packet 
header has been received by the transmitting station. Taking 
the CP ring parameters into account, a packet must be ap
prox. 1500 bytes in length in order to fill a 100-km ring en
tirely. 

To obtain longer packets and thereby increase throughput, 
packet chaining as provided for in IEEE standard 802.5 is im
plemented in the CP ring: 

A transmitting station can transmit several packets which 
have been chained together to form a 50-called "super pack
et" directly one after the other, even though the individual 
packets are intended for different recipients (i.e. as in the 
case of multiple token operation without having to wait for 
the arrival of the packet header). An important parameter in 
this procedure is the maximum number of chained packets. 
This is the maximum number of packets (per transmission 
process) that can be chained together at one station to form 
a "super packet". 

Accordingly, the operating strategy associated with the CP 
ring at a station can be described as a 

non-exhaustive gated l-limited service, 
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where" l-limited" refers to super packets with the maximum 
number of chained packets. 

Simulations were performed to examine the behavior of the 
CP ring under a variety of loads and with variable param
eters. The results of these simulations are reported in greater 
detail in the sections which follow. The simulation model was 
written in the language GPSS [8] . 

2 Simulation results 

2.1 Basic assumptions 

The basic parameters used for simulation were the typical CP 
ring parameters listed below: 

• Ri ng length : 100 km (and 10 km) 

• Connected stations: 100 

• Data transmission rate : 16 Mbitls 

• Station latency: 24 bits 

• Propagation speed: 180,000 km/s 

These parameters yield ring latencies of 0.7 ms and 0.2 ms for 
the lOO-km and 10-km rings respectively. A packet must be 
1465 bytes long in order to fill the lOO-km ring entirely; with 
the 10-km ring, the packet length must be 417 bytes. 

Traffic measurements [5,6,7] show that in practice the packet 
lengths (user data) tend to concentrate at approx. 30 bytes 
on the one hand and approx. 600 bytes on the other. For this 
reason, we have assumed a two-point distribution for the 
user data. There are packets with 30 bytes of user data and 
others with 600 bytes of user data. Any mean user data 
length between 30 and 600 bytes can be set using a suitable 
ratio between these packets. In the simulations we assumed 
the mean lengths 64, 128 and 256 bytes, with a packet head
er amounting to a further 27 bytes. The overall mean lengths 
were thus 91, 155 and 283 bytes. 

During the investigation we vary the maximum number of 
chained packets, since this number has a decisive impact on 
the efficiency of the ring .The service discipline adopted is the 
non-exhaustive service, with a maximum of one super packet 
being transmitted for each station. 

The efficiency of the ring is characterized by the maximum 
throughput and by the transfer delay as a function of 
throughput. The term "transfer delay" is taken to mean the 
the time between the arrival of a packet at the transmitting 
station and the arrival at the receiving station. 

All data in section 2 relating to the exact value of the maxi
mum throughput is based on the contents of section 3.2. 

2.2 Ring length 100 km 

Let us first consider a ring length of 100 km. The maximum 
number of chained packets is 8. The incoming packets are 
evenly distributed among all stations; the same applies to the 
destination addresses. 

Figure 2 below indicates the mean transfer delay for differ
ent mean user data lengths: 
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Figure 2 Mean transfer delay for mean user data lengths of 64, 128, 256 by

tes and ma)(imum number of chained packets 8. 

With a mean user data length of 64 or 128 bytes, the mean 
length of a super packet comprising 8 packets results in 728 
or 1240 bytes. This is still less than the full ring length. There
fore the maximum throughput is still well below 100% (i.e. 
47% for 64 bytes and 74% for 128 bytes) . For a mean user 
data length of 256 bytes, however, a super packet with 2264 
bytes is on the average longer than the ring and the maxi
mum throughput is just under 100% at 97% . 

By chaining the packets, a considerable increase in the maxi
mum throughput has been achieved . Using the single-token 
operation without chaining, but with all other parameters 
the same, the maximum throughput for a mean user data 
length of 64 bytes is only 4%; for 128 bytes 9% and for 256 
bytes 17% . 

Typically, the curve exhibits a steep rise initially, smoothing 
out to a relatively constant trace in the middle range, fol
lowed by a renewed steep rise when reaching the maximum 
throughput. 

In the lower range the transfer delay is just as long as for the 
single token operation without chaining, since it is highly im
probable that more than one packet is waiting at a station. If 
the throughput value reaches what would be the maximum 
throughput without chaining, there is a steep rise in spite of 
chaining. Chaining does reduce the steep rise, however, and 
the curve assumes a fairly steady, minimal rise. 

This relatively constant curve in the middle range can be ex
plained as follows : In all probability the token will find at 
least one packet (but not more than 8) at each station. It can 
therefore transmit all the packets and the transmission time 
is less than the ring latency. Since the single token operation 
is used, the time spent by the token at a station is the same as 
the ring latency. The mean token rotation time is therefore 
the number of stations multiplied by the ring latency; in our 
case this is 100 x 0.7 ms = 70 ms. Since hardly any packets 
have to wait longer than one token rotation for transmission 
and the token rotation time is fairly constant, the mean 
transfer delay is half the token rotation time (in our case 3S 
ms). 



In the upper range there is a second steep rise as the 
throughput approaches the maximum throughput. As the 
throughput rises, the probability of a packet having to wait 
longer than one token rotation for transmission increases 
and the transfer delay tends to infinity. 

2.3 Ring length 10 km 

The 10-km ring exhibits the same effect. With a mean user 
data length of 64 bytes and the single token operation with
out chaining, the maximum throughput is 20%; chaining 
with 8 as the maximum number of chained packets increases 
this value to 99% . In the middle range the mean transfer de
lay is approx. 0.5 x 100 x 0.2 ms = 10 ms. The rise in the lower 
range is moderate. 

i Mean transfer delay 
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Figure 3 Mean transfer delay for a mean user data length of 64 bytes and a 

ring length of 100 km or 10 km 

2.4 Increasing the maximum number of chained packets 

Particularly with short packets, limiting the number of 
chained packets to 8 means that the ring capacity is inad
equately utilized. By increasing the maximum number of 
chained packets, the middle range, in which the transfer de
lay is relatively constant, can be expanded considerably. Fig
ure 4 below shows the results for the lOO-km ring with a 
mean user data length of 64 bytes. 

Increasing the maximum number of chained packets from 8 
to 20 raises the maximum throughput from 47% to 93%. If 
the number of chained packets is unlimited, the maximum 
throughput is just under 100%. The maximum number of 
chained packets should therefore be set as high as possible. 
In our simulation there were no super packets with more 
than 50 packets. 
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Figure 4 Mean transfer delay for a mean packet length of 64 bytes and with 

the maximum number of cha ined packets : 8, 20 and unl imited 

2.5 Simulaton results of other parameters 

Since the token rotation time fluctuates only slightly, the 
95% quantile lies only marginally above the mean value. Pro
vided that the maximum number of chained packets is well 
above the number of packets arriving at one station during 
one token rotation, the mean transfer delay is roughly half of 
the mean token rotation ti me. The 95% quantile of the trans
fer delay is approximately double the mean value, since there 
is a more or less equal probability that the transfer delay will 
assume any of the values between 0 and the relatively con
stant token rotation time. 

3 Approximations 

3.1 General 

In the analysis of polling systems, a distinction is made be
tween a variety of service disciplines. Accurate results are 
available for the majority of these disciplines as regards mean 
transfer delay, mean token rotation time and maximum 
throughput. The principal assumption in analytical ap
proaches is invariably the independence of the service times 
of consecutive packets. The figure 5 below shows the service 
disciplines dealt with in the literature; the appropriate refer
ences for the various performance parameters are also indi
cated. 

At the outset, the service discipline for the CP ring was de
scribed as a non-exhaustive gated l-limited service (with ·1· 
standing for a super packet with respect to a maximum chain 
length k). The service discipline for the CP ring can therefore 
also be interpreted as a non-exhaustive gated k-limited ser
vice, where k refers to individual packets. In this case it 
should be noted that in general the packet transmission 
times are no longer independent of one another. 

Some special cases should be considered first: A maximum 
number of chained packets of one results in the standard 
non-exhaustive l-limited service. For an unlimited maximum 
number of chained packets and for packet lengths greater 
than the ring we get the non-exhaustive gated unlimited ser-
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vice, which is also capable of analytical assessment. If the 
packets are always longer than the ring, the results of the 
non-exhaustive gated k-limited service operating discipline 
can be employed, with k as the maximum number of chained 
packets. 

holds for k = 1 
T, M: (3) 

Figure 5 Classification of the d ifferent service disciplines and literature refer

ences with regard to analytical results for mean transfer delay and 

token rotation times (T) and maxim um throughput (M) 

In our case, however, the packets to be transmitted are sub
stantially shorter than the ring. Recent measurements (5) 
have confirmed findings to this effect which have been avail
able for some time now [6,7) . In this case, however, the ser
vice times are generally not independent of one another: if n 
packets are chained to form a super packet, the service time 
of the first n-1 packets is exactly the transmission time of the 
corresponding packet on the ring. The service time of the nth 
packet, however, only corresponds to the transmission time 
of this packet if the total of all super packet transmission 
times is greater than the ring latency. Otherwise, the service 
time of the last packet becomes so much larger that the 
transmission time of the super packet corresponds exactly to 
the ring latency. The results of the standard k-limited service 
cannot be used, therefore, since they are always based on in
dependent service times. 

3.2 Maximum throughput 

The maximum throughput achievable by means of chaining is 
bounded by the maximum throughput of the non-exhaustive 
l-limited service during single-token operation, always as
suming the transmission of super packets of maximum 
length. In this case (cf. (3)) the maximum throughput is: 

n * X I R 
S max = 

(E + 'elM) 

where n : maximum number of chained packets 
X : mean packet length (single packet) 
R : data transmission rate 
't" : ring latency 
M : number of stations 
E : mean effective service time of a 

maximum super packet on the ring 

If all the single packets are longer than the ring, this coin
cides exactly with the maximum throughput ,2f the !!..on
exhaustive k-limited service (cf. (4)); in this case E = n * X / R 
holds. 

If the length of an individual packet is assumed as a two
point distribution (X1 = 30 bytes and X2 = 600 bytes plus 
header and p as the probability of length Xl), as mentioned in 
section 2, the mean effective service time is as follows: 

n 

E = L (:) p n-i * u-p/ * max{-C1 en-i) *x1 /R+i*x~ /R} 

i=0 

Figure 6 below shows the rise in maximum throughput 
through the effect of chaining . 
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Figure 6 Maximum throughput for the lOO-km ring as a function of the 

maximum number of cha ined packets, with various mean packet 

lengths 

It is apparent that even with realistically short packet lengths 
a throughput close to one is achieved with a maximum num
ber of 20 chained packets. The simulations reveal that this 
maximum throughput is actually achievable in practice. 

3.3 Mean transfer delay 

Practical application of the ring requires easily evaluated ap
proximations for the mean transfer delay encountered. To 
obtain rough approximations, the following approach is 
adopted: 

• 

• 

Up to the first steep rise, the mean transfer delay for 
single token operation in the exhaustive service with 
single packets is used [3). 

For the second section of the curve we take the mean 
transfer delay for single token operation in the 1-
limited service with maximum chained super packets 
[3J. Due account is taken of the chaining in that the 
mean token rotation time is added to the correspond
ing transfer times if at least one packet is waiting at 
each station on the ring (in the range beyond the first 
steep rise this is highly likely to be the case). 



This method provides rough approximations for the maxi
mum number of chained packets encountered in practice (up 
to 20) and for realistic packet lengths. The following figures 
show examples. 

1 
Mean transfer delay 

100 

ms 

80 

60 

40 

20 

-- Simulation 
--- Approximation 

o~~~~---.---.---r--.---.---.---r-~ 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Throughput -

Figure 7 Approximation for 10-km ring with maximum number of chained 

packets B and mean user data length 64 bytes 
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Figure 8 Approximation for 100-km ring with maximum number of chained 

packets 8 and 20 and mean user data length 64 bytes 

4 Further simulation results 

4.1 Behavior with asymmetrical load 

In general, traffic is not distributed evenly among the sta
tions. We take the following example of asymmetrical load: 
10% of total offered traffic is concentrated on one station 
and the other 90% spread evenly among the remaining 99 
stations. In this case the station with the heavy load has ap
proximately 10 times more offered traffic than the other sta
tions. 

It becomes clear that the maximum throughput for asymmet
ric load and chaining number 8 or 20 is very much smaller 
than for symmetric traffic. This is because the station with the 
heavy traffic is overloaded much sooner than the others. 
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since the token can only pick up 8 or 20 packets during one 
cycle. 

Only when the maximum number of chained packets is in
creased to an amount well above 20, the mean transfer delay 
and maximum throughput values approach those for sym
metric loads. 
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Figure 9 Mean transfer delay with a mean user data length of 64 bytes and 

maximum number of chained packets 8 resp. unlimited 

4.2 Comparison with exhaustive service 

In order to show the influence of the servive discipline on the 
performance parameters of the ring we performed simula
tions for the exhaustive service, too. 
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Figure 10 Mean transfer delay with mean user data lengths of 64. 128 

and 256 bytes and maximum number of chained packets 8 

Under symmetrical load the exhaustive service yields longer 
transfer de,lays than with the non-exhaustive service. 

With the exhaustive service, the small number of packets re
ceived during transmission is sent on immediately after the 
end of this transmission; the ring is utilized inadequately dur
ing this further transmission. There is no such additional 
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transmission with the non-exhaustive service. The following 
figure illustrates that in many cases only one packet is sent 
with the exhaustive service. 
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Figure 11 Distribution of the number of chained packets with a mean 

user data length of 64 bytes. an unl imited number of cha ined 

packets. and a ring throughput of 75% 

Therefore there is even a reduction in the maximum through
put upon changeover from the non-exhaustive to the ex
haustive service. This is a remarkable result because for ser
vice disciplines without chaining, there is generally an in
crease in throughput. 

Conclusions 

This paper examines the traffic behavior of a token ring using 
the single token operation with chaining. An important re
sult is that by increasing the maximum number of chained 
packets it is possible to achieve a throughput close to one, 
even for large ring lengths and small mean packet lengths. In 
the case of asymmetric load, there were practically no differ
ences with respect to mean transfer delay as compared with 
symmetric load, provided that the maximum number of 
chained packets is sufficiently large. An interesting result is 
obtained for the exhaustive service, where the maximum 
throughput is less with larger mean transfer delay than for 
the non-exhaustive service. The maximum throughput and 
the mean transfer delay were approximated for symmetric 
load conditions. There is still room for improvement as far as 
the approximation for mean transfer delay is concerned. 
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