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Abstract: In this paper, we investigate the fairness of stack access algorithms
in overload conditions. We show that conventional Last In First Out free-
access stack algorithms provide unfair channel access at high loads. A subset
of end-users may starve during network overloads as the other nodes capture
the whole channel capacity. We show that the First In First Out free-access
stack protocol can cope with this unfairness problem. The blocked access stack
algorithms are not showing unfairness problems.

Key-words: Stack algorithms, free access, blocked access, fairness, framing,
Cable TV network (CATV network), upstream channel
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Algorithmes en Arbre a Forte Charges: Analyse
de ’Equité et Comportements Singuliers

Résumé : Ce papier nous étudions 1’équité des protocoles d’accés en arbre
dans des conditions de surcharge. Nous montrons que I'implémentation clas-
sique (dernier arrivé premier servi) de l’algorithme d’accés en arbre & arrivée
libre procure un accés inéquitable. L’accés peut étre complétement interdit a
des utilisateurs au bénéfice d’un sous-ensemble de ceux-ci pendant les périodes
de surcharge du réseau. Nous montrons que 'implémentation de 1’algorithme
en arbre & arrivée libre de type premier arrivé premier servi permet de résoudre
ce probléme d’équité. Les protocoles en arbre a accés bloqué ne montrent pas
de probléme d’équité.

Mots-clé : Protocoles d’accés en arbre, accés libre, accés bloqué, équité,
“framing”, réseau cablé de télévision (CATV network), canal montant.



Stack Algorithms at High Loads: Analysis of Unfairness or Singular Behaviours3

1 Introduction

A multiple access network like CATV with a large potential of simultaneously
active end-users has the potentiality to get into temporary overload conditions
with instantaneous demand several times larger than the channel capacity.
When the total offered load is below the channel capacity, it is easy to guar-
antee a fair access to every end-user because there is no way to find a subset
of end-users with enough ressource demand to use the whole bandwidth and
denying thus any other access to other nodes.

In overload situation it is crucial to check that every active end-user obtains
fair access to the available bandwidth, otherwise some end-users will load their
data much faster than other, or in worst case some other end-users will never
get any access. For example when the total demand is twice the channel
capacity, any half of the end-users can steal and occupy the whole bandwidth,
and the other half could be stay in starvation. This is a situation an appropriate
MAC should avoid. Although this article concerns more praticularily the stack
algorithm in the context of CATV (Cable TV) network the results are general
for stack algorithms. However for a good comprehension of the results of this
paper the following references can be helpful [4, 5, 6]

This paper has been proposed as a contribution to the IEEE 802.14 com-
mitee.

2 Stack management

The stack algorithm consists into managing a virtual stack of transmitter
groups. These groups are queued in the virtual stack, ranked from bottom
to top. When a feedback of collision occurs, the group which caused the colli-
sion is split into three subgroups which are stored again in the queue. When a
minislot is granted, a group is called for transmission and is virtually dequeued
from the stack.

There are several ways to implement the stack algorithm which depend on:

1. free or blocked access;

2. stack management.
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We have already analysed the stack algorithms in free access and blocked
access [7]. In this paper we investigate the stack management. Although they
are plenty options in stack management we restrict ourselves on the alternative:

e the Last In First Out (LIFO) management;
e the First In First Out (FIFO) management.

The LIFO management is the most conventional management for stack algo-
rithm in the literature, [1, 2, 3, 8, 9]. It consists into granting minislot to
groups from bottom, and to queueing splitted groups starting from bottom
too. In particular LIFO allows distributed management without permanent
monitoring, since one does not need to know a priori the size of the stack
at feedback time in order to reschedule the retransmissions (one only need to
monitor the sequence of events “collision” and “non-collision” between retrans-
missions). Least but not last, when propagation delay is zero, LIFO exact
delay analysis is tractable.

The FIFO management is less conventional. It consists into granting minis-
lots to groups starting from top, and to queueing splitted groups from bottom.
FIFO does not allow limited sensing distributed management since one must a
priori know the size of the stack in order to correctly schedule retransmissions.

In our implementation, the contention group FIFO stack was merged with
the data request stack . The following example shows how the stack evolves
with time:

Request for m minislots

Collision
minislot allocation
FIFO Tt

Stack

Collision : ‘ m minislots contention minislots

Request for n minislots

e/

Neoison Jrees V78385777777
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Since there is a one-to-one mapping between the FIFO stack and the minis-
lot allocation, there exists a straightforward implementation of this algorithm

in single interleave:

e (1) The algorithm keeps a pointer (counter) to the next first non-allocated

minislot;

e (2) All received requests and collisions are granted (contiguous) minis-
lots at once, beginning at the “counter of the first non-allocated slot”;

e (3) If there are unallocated minislots that would be wasted the head-end
allocates them as root group contention minislots (RQ = 0).

3 Performance

The simulations use the parameters of table 1.

Simulations parameters Values

Number of active stations 200

Distance from stations to headend | 200 km (ranging)
Downstream data transmission rate | infinite

Upstream data transmission rates | 3 Mbits/s
Propagation delay 5 ps/km

Length of simulation 30 seconds
Guardband and pre-amble duration of 5 bytes
Minislot size 16 bytes

Headend processing delay 0 ms

Headend processing scheme

feedback and allocation at each minislot

Table 1: Network Simulation Configuration Parameters

We also use the following assumptions: implicit framing, no piggy-backing,
R computation, Poisson trafic. The size of the packets follows a random dis-

tribution which is given in table 2.

RR n~4130




6 Cédric Adjih , Philippe Jacquet , Paul Miihlethaler

packet length | probability
in bits

512 0.6
1024 0.06
2048 0.04
4096 0.02
8192 0.25
12144 0.03

Table 2: Packet length distribution

The results of the simulations here use the same framework and same

It is not easy to detect unfairness unless by tracing the channel utilization
of every end-user ; thus the total number of bytes transmitted by each of
the 200 stations was logged and is reported in the following graphics. In the
graphics, the 200 values, are represented, sorted by increasing values. When
the protocol is fair, few differences can be spotted between the stations, and
the curve is very close to an horizontal line. When unfairness occurs, the curve
is stepper. When the unfairness leads to some end-users starvation, the curve
remains on zero throughput as long there are starving users and shows a sharp
step when the first non-starving node is encountered.

The graphics are reported for the following amounts of traffic generation:
1.45 Mb/s (high but non overloaded conditions), 2.42 Mb/s (overloaded), and
4.84 Mb/s (overloaded), and for the following algorithms: FIFO blocked access
with entry persistence R, FIFO free access with R, LIFO blocked access with
R, LIFO free access with R, and LIFO free access without R.

3.1 Performance in non overloaded conditions

In high traffic but non overloaded conditions (1.45 Mb/s, mean delay roughly
equal to 40 ms), all the algorithms perform comparatively with respect to
fairness.

The differences of throughput between that stations observed are in part ac-
countable to natural differences of number of generated packets, as illustrated
in the following figure 2

INRIA
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Figure 1: Number of transmitted bytes per station (stations are sorted), input
load 1.4 Mbps.
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Figure 2: Number of generated packets per station.
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Figure 3: Number of transmitted bytes per station (stations are sorted) input
load 2.4 Mbps.

It indicates the number of packets generated by 200 poisson sources (equiv-
alent to 200 sources type 1), for 30 seconds, in a simple experiment.

3.2 Performance in overloaded conditions: unfairness oc-
curence

In overloaded conditions, the FIFO algorithms and the LIFO algorithms with
blocked access perform still closely, and no significant unfairness is observed.

But it appears that in the LIFO case with free access (with or without R),
unfairness occurs, for a load of about 2.4 Mbps: some stations (about 45) are
unable to transmit.

If the load is doubled (second graph, 4.8 Mbps), the number of stations
unable to transmit is also dramatically increased (about 110).

In the following two sections, we attempt to give a quick insight of the
behavior of the different free access algorithms.

INRIA
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Figure 4: Number of transmitted bytes per station (stations are sorted) input
load 4.8 Mbps.

3.2.1 Free access behavior

In infinite poisson population, for the two overload conditions outlined here,
the free access resolution would be instable, and the stacks would grow infinitly.
With finite population, intuitively, the stack can grow enough thus hold enough
colliders, so that only a limited number of stations are left out, and reach a
state of equilibrium.

With a free entry LIFO stack, stations at the top of the stack are infinitely
delayed, and a limited number of stations monopolizes the upstream channel:
in high load, each time a station receives a grant, it still has packets to transmit
with high probability, and makes another request, preventing the stack to
shrink. This phenomenon leads to the shown unfairness.

With free entry FIFO stack, a kind of round-robin (TDMA) emerges. On
a large time scale, every station not in the stack will ultimately collide, and
every station in the FIFO stack will manage to leave the stack, and thus after
a random number of collisions will made a successful request. Therefore the
stations would fairly leave or enter the stack.

RR n~4130
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On smaller time scale, when the stack is around its steady-state mean
size, stations out of the stack might get unfair advantages: as long as they
do not collide, they would be able to make successful requests. Our FIFO
implementations prevent this, since the collision and the data request stacks are
merged: the grant for a successful station is delayed until all previous collision
groups are allocated contention slots, very similarly to low load conditions.

The drawback of FIFO implementations is the number of different RQ
values, since potentially all the stations could be in collision groups in the
stack. The number for bytes for RQ parameter should be large enough: the
theoretical bound for RQ is proportional to the number of stations.

We did not implement packet concatenation in our simulation, but we still
believe that concatenation does not prevent unfairness and may ultimately
increase unfairness. With bounded concatenation the protocol is still unfair
since data allocation is finite per user. With unbounded concatenation unfair-
ness would occur but for other reason than collision resolution since a subset
of users could steal the whole bandwidth with few request.

3.2.2 Blocked access behavior

For blocked access, new requests are prevented to use the upstream channel
until the stack empties. This property prevents the bandwidth to be stolen
by a subset of users unless unbounded concatenation is allowed. Furthermore
any station in any collision group will ultimately be able to make a successful
request unless it enters in indefinitely repeated collision within its group which
happens with probability zero. In the examples of the simulations the blocked
algorithm appears further to be as fair as free access FIFO algorithms.

4 Conclusion

In this article, we have analyzed the behavior of various implicit framing con-
tention resolution algorithms. Simulation results show that, under high input
loads, unfairness occurs with the LIFO stack free access algorithms but that
this unfairness is not present with the FIFO stack free access algorithm. There
is significant unfairness with the stack blocked access algorithms in LIFO or

INRIA
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FIFO mode. Simulation results also show that the use of a dynamic persistence
parameter does not influence the fairness.

We also shown that some variants of FIFO algorithms are very simple to
implement. Simplicity is likely to be an advantage when additional constraints
(for example for quality of service) are to be integrated.
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