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ABSTRACT Two access mechanisms complementary in
performance are the token ring and the slotted ring. While the
token ring outperforms the slotted ring for long messages, the
latter performs significantly better for short messages. As we
show in this paper, the factor that causes this difference is the
number of tokens on the ring. We propose a new network
design in which the number of tokens has been made adaptive,
resulting in a network that can be made to behave like both the
token ring and the slotted ring, or anything in between, i.e. it
performs optimally for any given message length. We present
results that show how the number of tokens on the ring
actually influences the behaviour of the network. We further
present simulation results that show the performance gain that
is achieved by using this principle.

1 INTRODUCTION

Over the last 20 years a lot of research has been conducted
on new access mechanisms for LANs, and more recently High
Speed LANs and MANs. One of the main concerns has been
the performance, in particular the transfer delay. Most of these
networks are designed to perform at their best for a particular
type of load (usually data traffic), but their performance
decreases under loads that have strongly different
characteristics. Because of the uncertainty about the
characteristics and the mix of future (broadband) traffic (see
e.g. [1] and [2]) it is important to search for networks which
can adapt to the traffic characteristics.

Two access mechanisms that are to a certain extent
complementary when it comes to the influence of the message
length on the performance, are the token ring and the slotted
ring. It has been shown in [3] and [4] that for various types of
slotted and token rings, the latter perform significantly better
for long messages, while the former are at their best for short
messages!. Ideally a network should perform well for both
types of load, i.e. it should combine the advantages of both
slotted and token rings in a single network. In this paper we
propose a design which goes in this direction.

In Section 2 of this paper we analyse the difference
between the slotted and the token ring, focusing on the
performance. In Section 3, we introduce the basic concepts of
a new network called Universal Channel Network (UCN),
which is aimed at HSLANs and MANs. We argue that this

1. The Orwell ring has a different behaviour than other slotted rings. Its
behaviour is not considered here.

network combines the advantages of the slotted and the token
ring, by making the mechanism that causes the difference in
performance adaptive. In Section 4 we present simulation
results that show the gain that is achieved by using this
mechanism. This section also gives some insight into the
influence of the number of tokens on the behaviour of UCN.
In Section 5 we draw some conclusions and indicate some
open issues regarding the UCN concept.

2 COMPARING SLOTTED RINGS AND TOKEN
RINGS

Since there are various types of token ring and slotted ring
principles let us first discuss which specific types are of
interest to us. Next we compare the basic differences between
the two types of access mechanisms and show that these cause
the difference in performance. In the sequel we will repeatedly
use the term message with the meaning of a Data Link layer
Service Data Unit (D-SDU).

2.1 Token rings
Three types of token rings are usually distinguished (sce

[5]): single message, single token and multiple-token rings.
We consider only the latter, since the other types are not
suitable for high-speed networks. In a multiple-token ring, ¢.g.
FDDI, a sending station releases the token as soon as it stops
sending. This can result in multiple tokens circulating on the
ring, at most one of which is a free token. We further assume
that the service discipline is gated, i.e. when a station has
acquired the token, it sends all messages that were queued up
at the moment the token was acquired. Compared with the
exhaustive service discipline, which has the highest
(maximum) throughput, the throughput of the gated service
discipline is slightly worse. However, unfairness between
stations, as it could occur with the exhaustive service
discipline, does not occur with the gated service discipline.

2.2 Slotted rings
There are also various types of slotted-ring networks. An

overview and performance comparison of these has becn
presented in [3]. We confine ourselves to rings exclusively
using channel slots, source release of slots and without a limit
on the number of slots a station can use simultaneously. The
channel-slot mechanism was introduced in the Cambridge Fast
Ring [6]. A channel slot is characterised by the fact that it can
be reused by the (source) station which just released it. In the
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other slotted-ring access mechanisms, slots have to be passed
on to the next downstream station after having been released
by the source.

Compared to normal slots, channel slots offer a higher
throughput, which is advantageous for large bulk transfers. For
the transfer of short messages, this advantage disappears. A
drawback of channel slots is the risk of hogging, which
requires a channel slot management system. In our proposal,
this drawback has been eliminated by means of an interrupt
mechanism, and by using a gated service discipline. An
additional advantage of channel slots (as we intend to use
them in our new network) is that unlike in the case of normal
slots, MAC PCI (Protocol Control Information) such as source
and destination address needs to be put in a slot only once.
This is because after the first time a station has used a channel
slot, there is an implicit association between source and
destination. This implies a reduction of the overhead.

2.3 Qualitative considerations

The station which holds the token in a token ring has the
exclusive right to use the ring. Similarly in a slotted ring, the
station which changed the busy flag of a slot from ‘idle' to
‘busy' has the exclusive right to use the slot. This right is
relinquished by putting the (free) token back onto the ring or
by changing the busy flag from 'busy' back to ‘idle',
respectively. Therefore we will also in case of the slotted ring
speak of the token of a slot when we mean the exclusive right
to use the slot.

The fundamental difference between the two systems is that
in the token ring there is a single token that controls the access
to the entire bandwidth, whereas in the slotted ring, there are a
number of tokens, each controlling access to part of the
bandwidth (the transfer capacity of a single slot recurring
periodically).

This difference is also reflected in the performance models
of the two systems: they can be modelled by single and
multiple cyclic server queueing models respectively [7]. Let us
now explain how this difference also causes the difference in
performance characteristics between the token ring and the
slotted ring?2.

2.4_Performance considerations

In [3] an extensive performance evaluation has been made
of a number of high-speed ring proiocols. Among the
protocols that have been compared are the multiple token ring
with exhaustive service and a slotted ring with a combination
of normal and channel slots and in which a station can use
several slots simultaneously. The influence of the average
message length on the mean total sojourn time3 that a message
suffers has been investigated. The performance evaluation

2. There is also another major difference between a token ring and a slotted
ring. We discuss this difference later on.

3. With sojourn time we mean the time interval from the arrival of the first bit
of a message at a (source) station until the last bit of the message has been
received by the destination.

shows that the token ring outperforms the slotted ring when
the average message length is large. For a short average
message length, however, the slotted ring outperforms the
token ring. In other words: for a given message length the
performance depends, amongst other parameters, on the
number of tokens. Therefore, for each type of load there is a
particular number of tokens that provides the best
performance.

This property can be explained by efficiency arguments,
For long messages the token-passing mechanism becomes
more and more efficient, since the ratio of the overhead per
message and the data field (SDU) is small and decreases as the
message length increases. For slotted rings this is not the case.
Long messages are segmented into mini-packets, which fit in a
slot, and which have a constant amount of overhead. As the
message length increases, the overhead grows quasi linearly.
The net result is that for a given effective network utilization
(MAC SDU traffic load), the gross utilization of the
transmission medium will be larger for slotted rings than for
token rings, leading to lower expected sojourn time for the
latter.

For short messages on the other hand the opposite occurs.
Here two effects cause the token passing mechanism to
become less and less efficient as the average message size
decreases. First there is the token passing overhead due to
preamble (assuming an asynchronous' transmission scheme)
and PCI, which is larger than the overhead per mini-packet in
a slotted ring. Typical values are 200 bits for token passing vs.
48 bits for a high-speed slotted ring [7]. The second effect
occurs at low and medium loads. When the message
transmission time becomes short compared to the ring latency,
the token latency, ie. the time a message at the head of a
station queue has to wait until a free token arrives, starls
playing an important role. A token ring, with its single free
token is here at a disadvantage, compared to a slotted ring with
multiple slots, where a number of free tokens are circulating.
This becomes particularly important when, for a given type of
traffic load, transmission speeds are increased.

The conclusion one can draw is that for long messages the
token-passing mechanism is more efficient and tends to offer
better delay performance, while for short messages the slotted
ring is better. An important design goal of UCN is that its
behaviour can be varied in discrete steps between that of a ring
with multiple slots and that of an efficient multiple token
passing ring. In UCN the number of slots, i.e. the number of
tokens can be adapted to the traffic characteristics. In
particular for a given average message size the number of slots
or the slot size can be optimized with respect to the expected
sojourn time. In [8] it is shown that such an optimum exists.

3 THE UCN ACCESS MECHANISM
In this section we discuss specific features of the UCN ring:
the slot layout (Section 3.1), and the grouping mechanism
which adapts the slot size by joining adjacent basic slots
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(Section 3.2). We further argue in Section 3.3 that the UCN
ring can be made to behave like a multiple token ring, with the
corresponding efficiency. In Section 4 we present some
simulation results that show the gain that is achieved by
adapting the group sizes to the load.

3.1 Slot layout
UCN is a slotted ring (see Figure 1). Every slot (also

referred to in this paper as a basic slot) consists of:

a Token bit (T-bit): Access to a slot is controlled by the
token bit. A free slot is characterised by a T-bit equal to
1. A station captures a free slot by setting the T-bit
equal to 0. It can use the slot as long as it needs it
(within the constraints of the gated service discipline).
A slot is released by changing the T-bit back to 1.
Several slots can be used simultaneously by a single
station.

Figure 1: Layout of the UCN ring.

a Contain_PCI bit (P-bit): In UCN a station can use a
slot repeatedly for transferring successive parts of a
message. Only the first time a slot is used it has to
contain the PCI since afterwards both sender and
receiver know that this particular slot is used for
transferring a certain message (Figure 2). The P-bit
indicates that a slot contains the beginning of a
message. This allows substantial savings in overhead
compared to the slotted-ring mechanism used e.g. in the
Cambridge Fast Ring [6] and Cambridge Backbone
Network [9].

a Beginning_of group bit (B-bit): In the initial
situation every basic slot is separately accessible and
therefore has its own token. Adjacent basic slots can be

joined to form a group4, i.e. a single large slot with a
single token. A group can consists of any number of
basic slots, ranging from one to all the basic slots on
the entire UCN ring. Basic slots keep their B-, T- and
P-bits when they are joined. The B_bit is used for
marking the border between adjacent groups. A B-bit
set to 1 indicates the beginning of a new group, while a
B-bit set to 0 indicates that a basic slot belongs to the
same group as the previous one.

a data field. This field contains segments of the
message (Figure 2).

indlcates the
presencs of PCI

[ message |

1lo[1[rci @%l%l__]

BTP BTP
slotx slotx, slotx,
1 cycle later another cycle later

Figure 2: Segmenting messages

Except for slots, the UCN ring also contains two counters
(the promise counter and the request counter), on which the
UCN priority mechanism is based. See [13] for details on the
priority mechanism.

3.2 Grouping
As we saw, the way a system performs depends on the

number of tokens, and therefore on the size of a group. Let us
describe how a station can change the group size. The initial
situation is illustrated in Figure 3a: two groups consisting of a
single basic slot each. Group 1 and 2 are joined by changing
the first (and in this case the only) B-bit of group 2 from 1 to 0
and by removing the token from group 2, because access to a
group is controlled by a single token. The resulting situation is
illustrated in Figure 3b.

The size of a group can be decreased by splitting a group
into a number of smaller groups, each consisting of an integer
number of basic slots. It is necessary to mark the beginning of
each new group with a B-bit of 1, and to put a token into each
of the new groups. This process of splitting is exactly the
opposite of grouping.

Adapting the group size to the general characteristics of the
traffic is only done by a management station. Grouping could
be based on monitoring the traffic on the ring or on a-priori
knowledge about the network load as a function of the time of
the day, e.g. mainly short-message telephone traffic between
9.30 and 11.00 am, and large file transfers between 4 and 5
pm.

4. The term 'group' is introduced (instead of using the term 'slot’) to prevent
confusion with the term basic slot'.
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3.3 Early token release

We have explained how the number of slots and hence also
the slot size can be adapted in the UCN ring. By decreasing
the number of slots to one we claim that the system can be
made to approach the behaviour of a multiple token ring quite
closely, provided the size of the basic slots is sufficiently
small compared to the average message length. Let us give the
qualitative arguments which lead to this conclusion.

In both a slotted ring containing a single slot, and a
multiple-token ring, access to the entire bandwidth is
controlled by a single token. However there are still significant
differences:

- If, in a multiple-token ring, a station has a backlog of
several messages, the transmission of the néxt message
is started immediately after the transmission of the
previous message. Furthermore the token is released
immediately after the transmission of the last message.
Waste of transmission capacity is limited to the passing
of the token from station to station, i.e. it is determined
by the ring latency.

- In a slotted ring a message has to start at the beginnihg
of a slot. Therefore when a message does not exactly fit
in an integer number of slots, waste occurs due to
internal fragmentation. Furthermore, since a token is
passed to a station at the beginning of a slot, the time
between the end of the last message a station has to
transmit and the beginning of the next slot is wasted.
This type of waste generally increases with the slot size
for a given message-length distribution. It can therefore
be substantial in case of a ring containing a single, large
slot.

Hence, compared to the multiple-token ring, the slotted ring
has some inefficiencies which tend to become worse when the

slot size increases. In UCN this problem has been significantly
reduced because large slots, the groups, have a substructure of
basic slots. A message can in principle start at the beginning of
each basic slot within a group, and not just at the beginning of
a group. So, if a message ends and leaves a number of basic
slots within a group unused, they are not wasted, but used for
the transfer of the next message. Fragmentation only occurs
within a basic slot and does not depend on the group size,

The same holds for the passing of the token. While in
ordinary slotted rings the token is put at the beginning of a
slot, in UCN it can be put at the beginning of each basic slot of
a group, therefore minimizing the waste. An example will
clarify this. Consider a group consisting of four basic slots
(Figure 4a) and a message with a length of two basic slots.
Assume further that in our initial situation the token is in the
first basic slot of the group. The station claims the token,
changes the P-bit of the first basic slot to 1 and puts ifs
message into the slot. After the message has been transmitted,
the token of the group is released by putting it into the next
basic slot (basic slot number 3) of the group. The next
backlogged station will take the token out of this basic slot,
change the P-bit to 1 and start transmitting its message (Figure
4b).

We saw that in UCN the amount of waste depends on the
basic slot s‘izc, and not on the group size. We now discuss why
the size of a basic slot can be chosen very small in order to
minimize waste and the difference between the behaviour of
UCN and a multiple token ring with exhaustive service.

In most slotted systems the slot size is a trade-off between
two types of waste:

- PCI waste: since normally every slot needs PCI, an
increase in the slot size means that a message can be
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transferred using less slots and therefore with less

overhead;

Fragmentation waste: a message does not normally fill

up an integer number of slots; on the average the last

slot will only be filled half; therefore, the larger the

slots the larger the fragmentation waste.
In UCN, however, PCI is not sent once per basic slot, but once
per group, regardless of how often the group is used.
Therefore the PCI overhead is independent of the basic slot
size which can be decreased, without incurring an efficiency
penalty, in order to minimize the fragmentation waste. This
further minimizes the difference between the behaviour of
UCN and the multiple token ring with exhaustive service.

4 PERFORMANCE ANALYSIS

In this section we first show how the behaviour of UCN is
actually influenced by the number of groups on the ring. Next
we compare the performance of UCN with that of the token
ring and the slotted ring to see if UCN meets its design goal.
Finally we analyse one of the simulations in more detail to
find out what happens when UCN is not correctly adapted to
the situation in which it operates.

4.1 Intrinsic propetties of UCN

Before we start comparing UCN with the token ring and the
channel slotted ring, we present some results that show the
behaviour of UCN in general. More specific, we want to know
the influence of the number of groups on the performance.

Figure 5 shows the mean access delay, propagation delay,
transmission delay and sojourn time as a function of the
number of groups on the ring. As can be seen, the access delay
decreases when the number of servers is increased. This was to
be expected, since the time a station has to wait for a server
decreases when the number of servers is increased. As we can
see further, the transmission delay increases when the number
of servers is increased. This was to be expected 100, since the
capacity per server decreases when the number of servers is
increased (leaving the total capacity of the ring constant). The
propagation delay does of course not depend on the number of
groups on the ring. We further see that the sojourn time, which
is the sum of the access, transmission and propagation delay,
shows a pronounced minimum for a certain number of servers
(in this case for 10 servers). This in fact illustrates the basic
idea on which UCN is based.

It would be favorable if the number of groups for which the
minimum sojourn time is achieved, would not depend on
factors that change during operation of the ring. This would
mean that the number of groups has to be adjusted to this
optimum number only once, and that the sojourn time would
from then on always be the minimum achievable with UCN.
However, the location of the minimum does depend on
parameters that change during operation (like the amount of
load on the ring). We come to this in Section 4.3.

1500

sojourn

1000

delay (us)

500

transmission

1

1 10 100 1000

number of groups

Figure 5: The access delay, propagation delay,
transmission delay and sojourn time as a function of
the number of groups on the ring. The load consists of
messages with exponentially distributed lengths with a
mean of 80 bytes, utilization = 0.54. (Ring-
configuration parameters: transmission rate 136
Mbit/s, 40 stations connected 1o the ring, 250 ps ring
latency, exponential interarrival times of messages).

4.2 Simulation results

The design goal of UCN was to have a network that could
be made to behave like the slotted ring or the token ring or
anything in between (depending on what offers the lowest
sojourn time). In this section we evaluate by means of
simulation if this goal has been achieved. In our simulations
we compare token ring and slotted ring (as described in the
Sections 2.1 and 2.2) with UCN. Three different situations
have been simulated : one in which the token ring performs
very well, one in which the slotted ring performs very well,
and one intermediate situation.

In our first simulation we compare the three networks using
a load consisting of long, exponentially distributed messages.
As can be seen in Figure 6, for this Joad the token ring
performs substantially better than the slotted ring5. In this
figure it can further be seen that the performance of UCN
closely resembles that of the token ring closely.

5. The curve of the slotted ring seems flat since most of the sojourn time
consists of transfer delay, which is in case of channel slots independent of the
load. Besides, a logarithmic scale has been used, which further flattens the
curve.
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Figure 6: The sojourn time as a function of the load on
the ring, for the token ring, the slotted ring, and UCN.
The load consists of exponentially distributed messages
with a mean length of 800 bytes (excluding the 6-byte
header). UCN has been configured with 4 groups (ring
configuration parameters: see caption Figure 5).

In our second simulation we used a load consisting of short,
fixed-length messages that fit exactly into a single slot. For
this load the slotted ring outperforms the token ring, as can be
seen in Figure 7. As can further be seen, the sojourn time of
UCN approaches that of the slotted ring. Only for very high
loads the sojourn time increases faster than in the case of a
slotted ring.

The third simulation concemns short messages with
exponentially distributed lengths. For this type of load we
expect a ring with 'few' servers to offer a higher performance
than a ring with only a single server (i.e. the token ring) or a
ring with many servers (i.e. the slotted ring). In Figure 8 it can
be seen that this expectation is met: UCN (configured with a
few servers) offers a lower sojourn time than both the token
ring and the slotted ring.

From this it can be concluded that properly configured
UCN meets the expectation in that its performance is better
than or at least equal to that of the slotted ring and the token
ring.

4.3 Sensitivity
In this section we investigate in more detail the last

simulation we performed. The question we address in
particular: how fast does UCN's performance degrade when it
has to operate in a situation to which its number of groups has
not been adjusted optimally. This question is relevant since it

10000
slotted ring
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2
o
E
= 1000
£
3 token ring
o
)
”
UCN
100 - .
] 50 100 150
load {Mblt/s)

Figure 7: The sojourn time as a function of the load on
the ring. The load consists of messages with a constant
length of 44 bytes (excluding the 6-byte header). UCN
has been configured with 80 groups (ring configuration
parameters: see caption Figure 5).

may not be possible to adapt the number of groups as fast as
the operating conditions (e.g. the load) change.

The UCN simulation resuits of Figure 6 have been obtained
using a fixed number of groups for the whole load range. This
also holds for the results in Figure 7. In the simulation of
Figure 8, however, every plotted point of the UCN-curve has
been obtained using the number of groups that provides the
optimum performance for that specific point. In this section
we investigate the effect on the performance when not using
the optimum number of groups.

Figure 9 shows the curve of the token ring and UCN for the
same simulation as shown in Figure 8. Figure 9 also shows the
number of groups that has been used for achieving the UCN-
curve. As can be seen, the number of groups for which the
optimum performance of UCN is achieved, changes
significantly when the load of the network is changed.
However, this does not imply that the performance degrades
significantly when the number of groups used differs from the
optimum number of groups. This is because we don't know yet
the sensitivity to the number of groups. A certain amount of
degradation, however, is to be expected. We come to this now.

Figure 9 shows (in boldface) the curves of UCN configured
with 10 groups (UCN(10)) and 40 groups (UCN(40)). From
these curves we see that the performance of UCN indeed
degrades when not using the optimum number of groups. We
also see that the range for which UCN with a fixed number of
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Figure 8: The sojourn time as a function of the load on
the ring for messages with exponentially distributed
lengths with a mean of 80 bytes (excluding the 6-byte
header) (ring configuration parameters: see caption
Figure 5).

groups performs better than the token ring is quite large.
Recalling that also the good performance of UCN in the
Figures 6 and 7 has been achieved using a fixed number of
groups, we conclude that the performance of UCN is not too
sensitive to the number of groups on the ring to prevent
practical usage of UCN. Another conclusion we can draw from
this is that there may be no need to adapt the number of groups
on the ring in real-time while operating the ring.

, 5 CONCLUSIONS

The token ring and the slotted ring are to a certain extent
complementary with respect to the influence of the message
length on the performance: the token ring outperforms the
slotted ring for long variable-length messages, while the
slotted ring outperforms the token ring for messages that
exactly fit into a single slot. In this paper we argued that the
advantages of both networks can be combined in a slotted ring
in which the slot size can be adapted to the characteristics of
the load. We presented the basic concepts of a network with
this property, the Universal Channel Network (UCN), and we
showed the performance gain that is achieved by using this
concept. We further showed how the performance of UCN
depends on the slot size, but we also saw that the performance
of UCN is not too sensitive to the slot size to prevent practical
usage of UCN.

10000 0
~..opt. ar. of groups
‘\ UCN(10)
128

L]

[-%

=

o

o )
3 -
g ]
o -
E @
= 1000 < 50 €
E 3
g =
° " E
: - '-. £
UCN(40) \ B

H 175
token :
UCN(opt)
100 . s 100
0 50 100 150
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Figure 9: The sojourn time as a function of the load on
the ring for the token ring and for UCN configured with
10 groups, 40 groups, and the optimum number of
groups. The optimum number of groups is also shown.

In this paper it was explained why it is advantageous to
have an adaptive slot size and how the slot size can be made
adaptive. The question of the adaptive control of the slot size
has not been answered yet. Our next research effort to develop
the concept further is aimed at determining how the 'state' of
the network can be estimated effectively, and to develop a
simple algorithm to determine the optimal slot size for a given
state.
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