


Accepted for ACM MM 97 Conference

feasible. The lowest network cost is achieved by storing all videos
at the users’ sites. This is obviously never feasible due to storage
capacity constraints.

Tree-shaped structures as in Figure 1 connect various users to
a central server through intermediate nodes. If these intermediate
nodes have the capability for storing or caching data, we call the
tree a server hierarchy. Hierarchies that involve caching are an
approach that can be easily adopted in distribution networks as they
are currently available for cable TV networks and for other
distribution networks of telecom operators that may form the basis
of video-on-demand systems. Nussbaumer et al. present in
[Nuss95] a cost calculation for distributing video data along
caching nodes in a distribution tree that connects the central site
and the user sites. Their approach takes both storage and
networking cost in account and calculates the level of the hierarchy
at which a movie, given its popularity, should be stored in order to
minimize the sum of these costs.

Graphs other than trees may be more appropriate as a solution to
this problem. E.g., RedHi [Shah97] allows multiple parent nodes in
a tree-like structure, which allows load balancing and a stability
increase, and [Sheu97] considers an approach that builds queues of
clients which serve other clients in order to reduce server load.
However, the hierarchical approach has the easiest mapping to
existing CATV or Telecom infrastructures.

In order to evaluate the effectiveness of caching and
distribution strategies in such hierarchies, we need to investigate
ways to reduce storage and networking costs, taking the behavior
of the users into account. This implies that among the topics that
have to be considered are storage capacities, network and storage
bandwidth, which are relevant to costs, and delays or the
probability for denial of service, which are relevant to acceptance,
have to be considered.

In a simulation model, hit rates of specific movies are relevant.
For short-term considerations, the Zipf-distribution [Nuss95] is the
accepted model for hit probabilities. For the calculation of optimal
results, a model based on this assumes that each movie is magically
moved onto the server that is at the optimal position for the current
hit probability of the movie, e.g., this is assumed to be done during
off-peak hours.

We want to find viable approaches to video distribution and
caching in a hierarchical system, which comprises the travelling of
movies and not only the optimal placement. Thus, we can not
simply subscribe to the generic possibilities for movie movement.
Instead, we want to model long-term popularity of movies, which
might allow for more efficient travelling of movies. We call these
changes of movie popularity in time the life-cycle of the movie.

This analysis requires that we model user interaction on the
level of individual users requesting single movies in a realistic
order that is hardly smoothed by considering an abstract numbers
base of users or by looking at a numbers base that is too large to
provide the necessary details in behavior. Making an analysis and
checking the behavior of a system model first on this level of detail
may allow the replacement of the individual user and movie model
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to a more general one in more complex systems. As a starting point,
however, it is necessary to have an accurate model to find
inaccuracies in the considerations on the system model.

In order to understand this, we look at various sources of
information including but not limited to earlier literature. In
extension of the earlier results, we give evidence that the day-to-
day changes in rental probability of specific movies results in major
exchange of movie titles in a cache-based algorithm which assumes
that low-load hours can be used to update videos according to the
findings of the previous high-load period. These changes are also
presented in section 4.1. Thus, we propose a simulation model
which takes into account the hit rate changes of movies located in
systems with few customers, e.g. caching head-end servers.

1.3 Outline of the Paper

In the next section we discuss related work on user behavior
models. In Section 3 we consider data sources that can be used for
verification of video models, and introduce the data used for our
study. In Section 4 we verify that the information derived from our
various data sources is both consistent and supports earlier results.
We present also the reasons why a long-term video development
must be considered rather than a single-day model and present our
doubts that these earlier results can provide the basis for a
simulation model of long-term video development. In Section 5 we
present a new model for the simulation of movie life cycles
including the randomness by adding simple user modeling. Finally,
we give a summary and an outlook on future work.

2 Related Work

Various approaches towards modeling the load of video servers
have been proposed in the literature. Usually, there are no
simulation models which consider how much interaction might
take place from the point of the user. Rather, an analysis is
performed to derive the worst case situation that a server (or
network) can cope with. One approach is the modeling of single
video streams as they are accessed and played. This is generally
done in order to understand how the operation of a single machine
or cluster of machines can be optimized. Little and Venkatesh take
this approach in [Litt94b] with the goal of optimizing disk /O
operations in a single system. Their approach is to build an
analytical model for access probabilities based on the work by
Ramarao and Ramamoorthy [Ram91]. In [Tew95], Tewari et al.
optimize the I/O utilization in a server cluster and use Poisson
processes to model the user accesses to the server, with the mean
value chosen according to Little’s Law [Litt61). Golubchik et al.
investigate in [Gol96] means for sharing video streams in a video-
on-demand systems that holds when VCR controls are permitted to
the user. Their user model is analytic and assumes a Poisson arrival
process. Their analysis does not need long-term movie
development.
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Figure 1: Hierarchical video-on-demand system
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