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Abstract  With the innovation of 4G and 5G technologies, traffic is growing rapidly on a tremendous
scale. The varieties of traffic flows have different requirements for Quality of Service (QoS).
Therefore, they are aggregated and thus allocated with different network resources for scheduling
and transmission. The existing flows aggregation methods generally exploit quantitative means,
and they require explicit values and weights for all QoS parameters. However, these factors are
typically uncertain, changeable and imprecise in reality. Moreover, with in-depth research of flow
aggregation, more QoS parameters from the application layer will be considered, such as price,
security, reliability, etc. When these quantitative parameters are considered, it is challenging to
design an aggregation model to consider such complex requirements. So in this paper, a qualitative
method PLM (Preference Logic Model for flows aggregation) is proposed to address the above
issues. Our aggregation model consists of four major parts: (1) we first collect the values of QoS
parameters for Flow F, and then by Grey Relational Analysis (GRA), the imprecise QoS requirements
of Flow F are established in the form of preference descriptions P,,. (2) There may be conflicts

in P,,, so we implement a fast elimination of conflicts based on Hoare logic. Hoare logic does not
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pursue the completeness of its theory. Therefore, in this paper we give a theoretical proof of the
rationality for the conflicts treatment. (3) Then, by means of the preference based non-monotonic
reasoning, an ordered partition of candidate QoS classes R=(E,,E,,,E,) is obtained, where
the QoS classes in E; is superior to E,, and the QoS classes in E, is superior to E;, and so on.
In our specific application scenario, we only need E,, and E,, -, E, can be ignored, so we
reconstructed and merged the forward and backward reasoning of the preference logic. Then the
optimal candidates that best meets the QoS requirements P,, are derived from the dynamic QoS
classes to form the set E. (4) The QoS class in E may be one or more. For the latter, it means
there are several optimal options. Then we introduce the proportional fair algorithm to implement
the final selection. Thus we achieve the flexible aggregation method PLM. It aggregates traffic
flows into the QoS classes based on preference logic in qualitative way, which is a break through
over the existing weight-based quantitative descriptions of QoS requirements, and makes up for
the shortcomings of being sensitive to threshold. In performance evaluation, we conduct extensive
experiments to test the PLM and several state-of-the-art aggregation methods on three datasets,
including the NJUPT dataset, ISP dataset, and UNB ISCX Network Traffic (VPN-nonVPN)
dataset. The experiment results show that, in dynamic environment with high variability, when
the QoS requirements change, or the QoS parameters change, and even the QoS classes change,

PLM can effectively adjust the aggregation to make best use of the limited system resources.

Compared with the existing methods of flows aggregation, the proposed PLM method performs
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better in terms of delay, packet loss rate and throughput.
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guarantee the end to end QoS. It has become a key research
problem in the field of communication.
The existing flows aggregation methods generally exploit

quantitative means, where flows must offer the explicit value
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and weight for all QoS parameters, and the QoS classes are
fixed in the system. However, in reality, the flows” require-
ments of QoS are typically uncertain, imprecise. What’s
more, the QoS classes are changeable. So in this paper, a
qualitative method PLM is proposed based on the preference
logic. It models the QoS requirement of the network flows in
a qualitative way. The experiment results show that the PLM
can adjust the aggregation process to make the best use of the
limited system resources. Compared with the existing flows
aggregation methods, the proposed PLM method performs
better under a highly dynamic environment in terms of delay,
packet loss rate and throughput.
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