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The paper compares a number of siralegies devised
to gain access in slotied mulii-channel all-optical
ring networks whose nodes have o distinct transmis-
sion queues for each channel and limited transmais-
sion/reception capabilities, ic., one tunable trans-
mitter and one fivred receiver. The considered ac-
cess stralegies can be subdivided inte two groups, de-
pending on the information used 1o select the nex!
packet for transmission. “A-priori” strailegies select
the packet only according to the knowledge of the state
of transmission quenes. “A-posterior:” sirategies rely
ot the knowledge of the siate of both fransmission
quenes and optical channels. A number of sirategies
belonging Lo the former group were recently proposed
by the authors and offer an intrinsic hardware and
algortthmic stimplicily. Two novel strategies belong-
ing to the latter group are proposed in this paper with
the aim of assessing the trade-offs between complexity
and overall system performance, including achievable
throughput and gquewing delay. Simulation resulls 0b-
tained under several traffic scenarios show that the
increased complexily of a-posieriort strategies pays
off in terms of performance.

1 Introduction

All-optical networks are particularly attractive
due to their capability of providing access to the huge
bandwidth (several THz) available in the fiber with-
outf incurring in the so called “electronic bottleneck”
due to multiple electro/optical conversions. A prac-
tical approach for exploiting the fiber bandwidth is
based on Wavelength Division Multiplexing (WDM)
that partitions it into a set of channels whose indi-
vidual transmission rate matches the speed of the
electronic interfaces at the User/Network Interface
(UNI). WDM is often combined with either space
(i.e., multiple parallel fibers) or time diversity, or
both [1].

Depending on the number of available logical or
physical channels, and the number of nodes in the
network, several system architectures have been pro-
posed (see [2] for a survey), some dedicating each
channel entirely to a single node’s fransmission (e.g.,
[31), some dedicating each channel entirely to a single
node’s reception (e.g., [4]}, and some others providing
a number of channels which are dynamically shared
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by a subset of nodes, or by all nodes, for either trans-
mission or reception. Fiber based ring topologies
have the flexibility to realize any of the above multi-
plexing architectures [4, 5, 6, 7, 8] and offer practical
survivable techniques against faults [9]. Tn addition,
it is possible to divide time into slots of fixed length
and nodes’ transmissions (in the slots) need not be
scheduled in advance since both packet collisions on
the channels and receiver contention at the destina-
tion can be avoided by monitoring the channels prior
to packet transmission [4].

Without loosing generality, in the remainder of
this paper we consider a ring network with a num-
ber of channels that is equal to the number of nodes.
Each channel is associated with a destination node;
thus, a source node willing to transmit a packet to a
given destination must use a slot in the corresponding
channel. Slot synchronization in the system is such
that slots on different channels are perfectly aligned.
In short, in each time slot a node is traversed by
a set of slots, i.e., by a slot on each channel (which
means a slot for each destination), and may decide to
use one of the empty (unused) slots for transmission
towards the corresponding destination node. This
approach has the advantage that each node makes
use of only a single fixed receiver and a fast tunable
transmitter, optical components with proven technol-
ogy [4, 5, and it does not originate packet collisions
on the channels. In addition, receiver contention, i.e.,
packets transmitted on distinct wavelengths that si-
multaneously arrive to the same destination node,
cannot oceur.

In such a multi-channel ring network, since all
source nodes that need to transmit to the same
destination must share the corresponding channel,
medium access control (MAC) protocols are required
to arbitrate the access to the shared channels in each
slot time. The access strategy is the part of the
MAC protocol responsible for selecting the packet,
i.e., the channel, for the node’s next transmission.
It determines network performance, level of fairness
and complexity of the electronic control at the UNIL.

Recently, the anthors proposed a numbet of access
strategies |4, 10, 11] that select the next packet trans-
mission using only information local to the node, i.e.,
the destinations of the packets stored in the transmis-
sion gueues. The advantage of this approach is the
simplicity of the electronic control of the UNI as the
packet is selected prior to monitoring the channels.
Once the packet is selected, only the channel cor-



Figure 1: The logical network topology when M =4

responding to the packet’s destination is monitored
by the UNI in order to determine whether the packet
can be actually transmitted without generating colli-
sion. This group of strategies is termed “a-priori”. In
[10, 11, 12] it is shown that a-priori strategies which
make use of a distinct queue associated with each
channel, well exploit the system handwidth asymp-
totically reaching 100% efficiency and guaranteeing
a reasonable level of fairness when the distribution
of the offered traffic is balanced, i.e., traffic patterns
are uniform. Among the proposed access strategies,
SRR (Synchronous Round Robin) [10, 12] leads to
the best performance. However, the presence of un-
balanced traflic patterns in the system does not allow
fo maintain a perfect SRR access and leads to some
bandwidth waste. This limitation is due to the non-
null probability that the a-priori strategy selects for
transmission a channel whose slot is already busy.

To circumvent this drawback of a-priort strate-
gies this paper proposes two novel sirategies, the
Sequential Priovity Choice (SPC) and the Longest
Queue Choice (LQC), belonging to the group of “a-
postertori” strategies. With these access strategies,
the UNI first monitors the whole set of channels to
establish which slots are empty, then it selects for
transmission one packet among those whose corre-
sponding channel is free. This requires an increase
in the algorithmic and hardware complexity of the
MAC protocol, but it guarantees that it is always
possible to select (if any) a packet that will be suc-
cessfully transmitted.

This study aims at establishing the trade-offs be-
tween the additional complexity required by the a-
posteriori strategies when compared to the a-priori
stralegies and the potential gains in terms of system
capacity and level of fairness.

2 System Description

We consider ring networks providing one dedi-
cated logical channel for transmissions directed to
each destination. Il we denote by &7 the number ol
nodes, a total of M logical channels is available in
the network. All nodes that need to transmit to the
same destination share the same logical channel.
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Fig. 1 depicts the logical network architecture for
case M = 4. The M logical channels run in parallel;
they are slotted and synchronized, so that 3 slots
{one for each deslination node) simultaneously reach
a node every time slot. Full connectivity is achieved
by tuning the transmitter at the source node on a
packet-hy-packet basis. Fixed-length data packets
are transmitted, and the slot size 13 such that one
packet transmission time and the transmitter tuning
time fit into one slot. Each channel is cleared up at
the corresponding destination node, to prevent opti-
cal signal re-circulation in the ring. This means that
each logical ring is interrupted at a (different) node,
and also that the multi-channel ring can be viewed as
a set of staggered logical busses folded in a physical
ring layout. We assume that nodes do not transmit
to themselves.

The channel inspection capability required on ev-
ery channel at each node to avoid collisions among
packets directed to the same destination is obtained
by monitoring the optical power in the channels. If
contentlion arse, priority is always given to in-transit
packets: as a consequence, ohce a packet is transmit-
ted, it will reach tts destination without collision.

Tt can be observed that, due to the ring sym-
metries, each node has a better-than-average access
to the channels leading to some destinations, and a
worse-than-average access to other channels, leading
to some other destinations. If we increasingly num-
ber from i = 0 to i = M —1 the nodes along the prop-
agation direction of the optical signal in the fiber, the
channel on which node 7, 1 = 0,1,...,M — 1, gains
the easiest access is the one leading to node® [{—1|a7.
This occurs because, on the channel associated with
node |7 — 1|3, node 7 doesn’t need to defer its trans-
mission to any other node’ transmission. Conversely,
the channel on which node 7 gains the most diffi-
cult access is the one leading to node |i + 1|3, as,
in order to access this channel, node 7 must defer its
transmission to all transmissions of the M — 2 up-
stream nodes. In general, to distinguish among the
various transmissions, we define the access prioriy of
a packet as the value |7 — ¢|pr, where 7 is the source
node and § is the destination node of the packet. Ac-
cording to this notation, 1 and A — 1 are the lowest
and highest access priorities, respectively.

Each node stores the generated packets in M — 1
distinet (FIFO) transmission queues, one associated
with each destination/channel. Since each queue
stores packets with a specific access priority, for sim-
plicity, we refer to each queue using the access prior-
ity of the corresponding stored packets.

3 A-Posteriori versus a-Priori Access

Strategies

The dependence of the access priority on the po-
sition of the node along the channel intuitively raises
fairness Issues. An extreme case occurs when a
node grabs all the slots on a channel possibly starv-
ing downstream nodes competing {or the access to
the same resource. The MAC protocol of the slot-
ted multi-channel ring must therefore arbitrate the
nodes” access on each channel in order to assure thar
Tair and efficient utilization of every channel band-

1 The notation | - | a7 indicates the modulo A operator.



width is achieved in the system. The key factor of
the MAC protocol that is responsible for achievin
the above objective is the access strategy, adopte§
by the node to select the next packet for transmis-
ston. We recall that the node makes use of a single
tunable transmitter which allows the transmission of
at most one packet per time slot. :

We focus our attention on access strategies that
offer distributed access control and do not require
nodes’ coordination prior to transmission. However,
some strategies require to label all the slots travelling
in the multi-ring with their ordinal number (ie., a
global slot identifier is needed}. Access strategies can
be subdivided into two families, namely a-priori and
a-posteriori access strategies.

A-priori strategies select the packet to be trans-
mitted only on the basis of the distribution of the
packets in the transmission queues of the node, with-
out the knowledge of the channels state. Omnce the
packet has been selected, the channel associated with
the packet’s destination is monitored: if the corre-
sponding slot is free, the packet is successfully trans-
mitted, otherwise, if the slot is busy, the node re-
frains from transmission to avoid collision. In each
time slot this procedure is executed anew.

A-priori strategies are appealing due to their sim-
ple control. They do not require the inspection of
all channels in each time slot as only one channel
must be monitored in order to decide whether the
selected packet can be successfully transmitted or
not. The drawback is that not always the a-priory
choice succeeds in selecting a packet whose destina-
tion channel is free, thus some bandwidth may be
wasted. In fact, since nodes using a-priori strategies
select a packet for a tentative transmission indepen-
dently from the channel state, they can seleet packets
directed to destinatlons whose channel is busy, re-
sulting in contention, even when other packets that
could have been transmitted without contention are
available. A non optimal utilization of the network
capacity 1s therefore expected. This problem was ad-
dressed in previous works that proposed some access
strategies that mitigate this drawback by reducing
contentions among packets whose transmission is at-
tempted in the same slot to the same receiver.

A-posteriori strategies rely on the knowledge of
both the distribution of the packets in the transmis-
slon queues of the node and the current availability
of the channels. First, the node monitors the chan-
nels and detects those with an empty slot. After this
preliminary detection, a packet (if any) chosen from
the queues associated with the free channeis is suc-
cessfully transmitted. We say that non-empty trans-
mission queues cortesponding to destinations whose
slots are sensed free are enabled; a-posteriori strate-
gies thus select one among the packets at the head
of enabled queues.

With an a-posteriori strategy a node is always able
to transmit a packet if it has at least one enabled
transmission queue. Thus, the bandwidth efficiency
issue of a-priori strategies is taken care of at the cost
of some additional complexity of the MAC protocol.
In the optical layer this complexity consists of an ar-
ray of sensors that continuously monitor all the chan-
nels. . At the electronic level this complexity implies
that the node must process the information derived
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from every channel in parallel, thus, requiring addi-
tional fast electronics when compared to the a-priori
approach. In terms of processing, the selection of
the packet must be done only gfter that the state
of all channels has been detected, i.e., the detection
and selection operations must be serialized, a prob-
lem that does not arise in a-priori strategies where
the selection of the packet and the channel inspection
can run in parallel (see [5]). This serialization leads
to an increased signal latency at the node.

Although straightforward, a-posteriori strategies
must pay particular attention to the fairness issue.
Contrary to a-priori strategies where the selection
of the packet 1s totally independent from the avail-
ability of the channels, in a-posteriori strategies the
selection of the packet is affected by the traffic orig-
inated by upstream nodes. Intuitively, this mech-
anism tends to concentrate the packet selection on
those channels that are more often free. As a result,
packets with high access priorities (M — 1, M — 2,
...) are more likely to be transmitted than others,
thus exacerbating the unfairness problem of slotted
ring network. In addition, it must be noted thai the
node does not have any information regarding the ac-
tivity of downstream nodes. As a consequence, each
node can statistically improve its packet transmis-
sions chance in subsequent slots, for example by max-
imizing the number of transmission queues that are
left non-empty after each transmission, but it cannot
maximize the transmission probabilities of the other
{downstream) nodes.

Several a-priori strategies were proposed by the
authors in previous papers {(see [10, 11]); we choose to
compare in this paper two novel a-posteriori strate-
gies with the a-priori strategy called SRR (Syn-
chronous Round Robin), which allows an optimal nti-
hization of the transmission bandwidth under uniform
traffic, as shown in [11, 12]. We expect to overtake
some of the SRR limitations by using a-posteriori
strategies, namely its reduced efliciency under non-
uniform traffic patterns, and the tight requirements
imposed on the ring latency in order to allow the
SRR scheduling to work properly.

The two a-posteriorl access strategies are the Se-
quential Priority Choice (SPC) and the Longest
Queue Choice (LQC). SPC is a direct extension
of SRR to the a-posteriori case, and like SRR, it
performs very well under uniform traffic conditions.
LQC instead privileges transmissions on the more
loaded channel, with the aim of balancing the occu-
pancy of the transmission gueues, thereby improving
the overall network performance.

3.1 The SRR access strategy

The SRR, access strategy is based on a cyclic (pref-
erential} scheduling of transmission queues. This
scheduling 1s obtained by first numbering the slots in
the ring with an incremental counter s. In timeslot s,
node 1 selects for a tentative transmission the oldest
packet with destination {i+k+1|as, with k = |sfpr—q
(where % is called SRR in-frame-slot-label for s): If
the corresponding queue is empty, the transmission
of the oldest packet from the longest queue is af-
tempied. If more than one longest queue exists (a tie
for the longest quene occurs) SRR selects the packet
in the queue with the lowest access priority. In any
case, if the transmission of the selected packet in not



possible because it would generate collision, a new
selection is made in the next slot (labeled s+ 1},
according to the described algorithm.

SRR behaves almost like a single-queue FIFO
strategy for low network loads, while its preferential
scheduling deterministically orthogonalizes nodes’
transmission attempts when all queues are always
non-empty. More precisely, for network loads larger
than the channel capacity, nodes behave like in a
Time Division Multiple Access (TDMA): during a
SRR frame, whose length is equal to M — 1 slots, all
nodes have exactly one access opportunity for trans-
missions toward each other node, and they exploit
this access opportunity deterministically, thereby
avoiding potential conflicts. In this sense SRR is
optimal under uniform traffic conditions. A more
detailed description of the SRR access strategy can
be found in [11].

3.2 The SPC access strategy

According to the SPC strategy, and similarly to
the SRR strategy, node 4 selects for transimission in
slot s the oldest packet in the queue associated with
destination |7 + & + 1|37, with & = |s|ar—1, under
the condition that the queue is enabled, i.e., it is
non-empty and the corresponding channel is free. As
an alternative, SPC selects the oldest packet in the
longest enabled queue. If two or more queues sat-
isfy the condition (a tie for the longest quene occurs)
the lowest access priority among the longest enahled
queunes is selected.

3.3 The LQC access strategy

Nodes following the LQC access strategy always
select for transmission the packet at the head of
the longest enabled queue, 1.e., among queues stor-
ing packets directed to destinations whose channel is
sensed free. If more than one longest enabled queue
exist (a tie for the longest queue occurs), the lowest
priority among longest enabled queues is selected.

The rationale behind the LQC design is the at-
tempt to maximize the number of future transmis-
sions by maximizing the number of quenes left non-
empty after each transmission, thereby improving
overall performance.

4 Performance Comparison
Performance comparison among the three access
strategies is carried out via simulatlon using a net-
work with 16 nodes, l.e., M = 16. In the simulation
madel, packets whose fixed length fits into one slot,
are generated according to a Poisson process whose
rate is denoted by A; at node 4. The total network

traffic is thus A = Zfigl Ai. The probability that
a packet originated at node ¢ is directed to node j
is indicated by pj;, with p;; = 0. The length of the
multi-ring is equivalent to 30 slots (i.e., 6 Km at 1
Gh/s for packets of 1000 bits). We assume that each
transmission queue has a finite capacity of 100 pack-
ets. Packets that cannot find room in the transmis-
sion queue are dropped.
4.1 TUniform traffic scenario

Fig. 2 shows the average queuing delay, mea-
sured in time slots, versus packel priority in a uni-
form traffic scenario, i.e., Ay = A/M Vi and Pij =
1/{M = 1) ¥i # j. Delays are averaged over all
packets with the same access priority at all nodes.
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Four cases are shown, by varying the offered load:
\; = 0.75,0.88,0.94, and 0.97.

In addition to the three access strategies, the de-
lays obtained by TDMA, where successive slots are
statically devoted to transmissions to successive des-
tinations, are shown for comparison.

It can be seen that SRR asymptotically ap-
proaches TDMA for increasing loads. A reduced
queueing delay is achieved by the a-posteriori strate-
gies. At heavy loads, the gain achieved with the a-
posteriori strategles decreases since SRR 1s designed
to be optimal in sustained overload.

Focusing our attention on the two a-posteriori
strategies, 1t can be noticed that LQC has the ten-
dency to reduce the worst queuing delay (correspond-
ing to the packets with the lowest access priority) at
the expenses of the queuing delay of the highest ac-
cess priority packets. This result is confirmed by the
intuition that by giving priority to the transmission
of packets in the longest queues, LQC attempts to
equalize the delay in the transmission quenes. In ad-
dition, LQC achieves a slightly lower overall average
queuning delay since its balancing effect on the average
leads to a larger number of non-empty queues, which
in turns increasges the probability to find a packet for
transmission at any given time slot.

4.2 Varying the ring latency

The performance of SRR 1s sensitive to the ring
length. This fact can be explained considering that,
in order to optimally apply the SRR packet selec-
tion strategy, slot s after one round trip in the ring
must return to the node as slot s + k(A7 — 1), where
k is an integer, in order €0 maintain the same SRR
in-frame-slot-label during the successive tours of the
multi-ring. Only under this condition the source
node maintains a perfect round robin schedule over
the other (destination) nodes. When this condition
is not satisfied by the ring length, the TDMA-like or-
thogonalization of the SRR scheme under heavy load
conditions cannot be achieved. As a consequence, the
ring length, measured in slot times, must be an inte-
ger multiple of the SRR frame, {(i.e. of M — 1 slots):
in Fig. 2 it was taken to be equal to 2x (M —1) = 30
slots. When the ring length does not satisfy the
above constraint, a strong performance degradation
is experimented.

Fig. 3 reports the queuing delay measured at node
0 versus packet priority for each of the three strate-
gies. Traffic is uniform, with A; = 0.88 and the round
trip delay of the ring 1s chosen to be different from
an integer multiple of M — 1 time slots. As expected
SRR reveals to be unfair with a delay factor of 100
between the lowest and the highest priority packets.
Conversely, despite its synchronous scheduling SPC
achieves a queuing delay that is only marginally sen-
sitive to the variation of the ring length. At higher
loads SPC originates a more pronounced unfairness
behavior, whereas LQC, due to its asynchronous ac-
cess, 1s totally unaffected by the ring length at any
load.

4.3 Client-server scenario

We consider next a client-server type of traffic sce-
nario: one node ({ = 15) behaves like a server gener-
ating and attracting a large fraction of the network
throughput; the remaining M — 1 nodes behave like
clients and direct half of their traffic to the server
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Figure 2: Queuing delays by access priorities for the three access strategies and the TDMA scheme for variable
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Figure 3: Queuing delays at node 0 when the ring
length is equal to 34 slots

node, while the other half of the traffic is uniformly
distributed among client nodes. The server generates
an amount of traffic that is equal to half the total
traffic generated by clients; and evenly distributes
it to client nodes. The arrival rates are, therefore,
Ais = Af3 and A = (2/3)A/(M — 1) Vi £ 15, while
prsg = L/{M-1)¥i £ 15, py; = 1/[2(M-2)} Vi, j #
15, i # j, and p; 15 = 1/2 Vi # 15,

An improvement in packet delay performance at
the server node is achieved with respect to SRR by
using either of the two a-posteriorl access strate-
gies, as it can be seen in Fig. 4, where the delay
performance of SRR and SPC are reported for all
source/destination pairs with a network load A =
0.95. A-posteriori strategies allow the server to opti-

mige its transmission scheduling as a souree node,
while SRR forces the server to behave like in a
TDMA scheme, which is optimal only under over-
load. Results not reported for LQC are very similar
to SPC.

No significant differences are found on how the
three strategies treat packets transmitted by the low-
est access priority clients and directed to the server.
The poor access performance of lowest priority clients
on the channel leading to the server are mainly due
to the lack of free slots on that channel (whose load
is 0.9}, therefore also a~posteriori strategies are not
able to improve that situatiomn.

A strong reduction in the delays at client nodes
being at low access priority on the channel leading
to the server when transmiiting toward other client
nodes is observed for the a-posteriori strategy. Un-
der SRR, client nodes close to the server attempt
to transmit packets to other clienis only once for
each SRR frame, when the corresponding transmis-
sion quenes are selected according to the SRR prefer-
ential scheduling algorithm. This occurs because, ev-
ery time the queue scheduled by SRR is found empty,
a transmission is attempted on the server chanmel,
where the transmission queue is very long. As a
consequence, a packet destined to other clients must
wait, on average, at least half the SRR frame be-
fore being successfully transmitted. Under SPC (and
LQC), every time the server channel is found busy,
a packet directed to other clients can be transmit-
ted successfully. Thus, the waiting time of packets
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Figure 4: Queueing delays for SPC (left} and SRR (right) in a client-gerver traffic scenaric
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Figure h: Throughput for SPC, LQC and SRR when

only 8 nodes are active

directed to other clients is shorter.

4.4 Other non-uniform traffic scenarios

Several other traffic scenarios were considered, in
order to exhaustively investigate the differences he-
tween a-posteriori access strategics and SRR, We dis-
cuss gsome relevant results obtained under two traffic
Scenarios.

In the first scenario, only eight nedes (e.g., the
nodes with even index) are active. Each active node
generates the same amount of traffic that is evenly
transmitted towards the other active nodes.

In this case, the a-posteriori access strategies man-
age to fully exploit the network capacity whereas
SRR fails, as documented in Fig. b, where node
throughput vs. node load is plotted. In each node,
once every two slots the transmission queue selected
according to the SRR preferential scheduling 1s found
empty, and the transmission of the packet at the head
of the longest queue is attempted. As a consequence,
also in heavily loaded conditions (i.e. when queunes
are almost never empty) contentions among nodes
are likely to arise.

In the second traffic scenario only three nodes are
active, i.e., nodes (, 1, and 2. Node 0 transmits all

its packets to node 3, node 1 transmits all its packets
to node 4, and finally, node 2 transmits half of its
packets to node 3 and half of its packets to node 4.
Nodes (0 and T generate the same amount of traffic
/\0 = )\1 = 05, while )\2 = 'ZA(] =1.0.

In this case, both SRR and a-posteriori strategies
are not able to fully exploit the network capacity; to
obtain this goal, all the slots on both channels lead-
ing to nodes 3 and 4 must be continuously filled by
the three transmitting nodes. Nodes 0 and 1 should
alternate their transmissions, so as to fill just one
channel in each slot time, leaving the other channel
empty for transmissions of node 2. In this case, node
2 would be able to transmit in each slot on the free
channel.

However, either under SRR or any of the a-
posteriori strafegies, transmissions of nodes 0 and
1 are completely independent; thus, with probability
0.25 nodes 0 and 1 transmit in the same slot time
in two different channels. Node 2 finds both channel
busy, and can not transmit any packet; with proba-
bility 0.25, instead, both channels are left free from
nodes ( and 1, in the same slot time; since node 2
is able to fill only one slot at a time, being equipped
with a single transmitter, this leads to an obvious
threughput inefficiency. In addition. under SRR,
node 2 is not always able to transmit even when a
free channel is left by nodes 0 and 1, since it could
make the wrong a-priorl choice with probability 0.5.
The effect of these phenomena is shown in Fig. 6,
where throughputs experimented by node 2 on the
channels Jeading to nodes 3 and 4 are reported for
the three considered access strategies. SRR performs
worse than both the a-posteriori strategies, but the
maximum achievable throughput is never reached.

5 Conclusions

This paper studied performance versus complexity
trade-offs in two families of access stralegies used in
MAC protocols for slotted multi-channel all-optical
ring networks whose nodes have a distinet transmis-
sion quene for each channel and limited transmis-
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node 2 on the two channels leading to nodes 3 and 4

sion capabilities, i.e.; one tunable transmitter and
one fixed receiver.

The first family, termed a-priori, comprises those
strategies that select the packet for transmission
based on the distribution of the packets in the
transmission queues. The second family, termed a-
posteriori, consists of strategies that select the packet
for transmission after having sensed the channels.
Both families operate solely on local information, i.e.,
network nodes are not aware of other nodes’ state.
Nodes have a “carrier sense” capability to inspect
the channel availability in order to avoid packet col-
lisions in the channels.

We presented two npovel a-posteriori strategies,
SPC and LQC, that require an increase in the hard-
ware and algorithmic complexity with respect to a-
priori strategies, but lead to significant performance
improvements under several traffic patterns. Among
the two a-posteriori strategies, LQC, being based on
a stmpler algorithm and leading essentially to the
same performance of SPC, seems the more promis-
ing. Our conclusion is that the increase of complexity
required by a-posteriori access strategies when com-
pared to a-priori strategies is well jusiified when the
network under design 15 expected to operate under
highly unbalanced traffic scenarios.

Previous works [10, 13, 14] showed that the SRR
access strategy, and in general any a-priori strategy,
does not guarantee by itself the full exploitation of
the network bandwidth when the load on some chan-
nel exceeds the channel capacity. To design a more
effective MAC protocol, a fairness control scheme can
be superposed to SRR to achieve a fair partition of
the network resources among nodes [10, 13]. More-
over, a-priori strategies, even with fairness control,
lack the ability to provide acceptable service to ap-
plications requiring a certain degree of QoS; to over-
come this limitation, in [14] a reservation scheme is
proposed, which permits to efficiently transport real
time traffic in the slotted multi-ring.

Similar considerations apply to the a-posteriori
strategies presented in this paper.
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