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Extended Abstract
Servers for multimedia digital libraries have to manage huge
amounts of data and pose challenging performance require-
ments. Most notably, for smooth playback of video and au-
dio on client machines the server has to guarantee continu-

ous data streams with just-in-time delivery of the underlying
data fragments. This problem is referred to in the multime-
dia information and networking community as the need for
guaranteed quality of service, in short QoS, where the de-
tails of such guarantees depend on the data and playback
speci�cations (e.g., video formats) [1, 4, 8, 9].
Servers aim to maximize their throughput in terms of the

concurrently sustained number of continuous data streams,
but at the same time have to ensure that each active stream
meets the QoS demands of the clients. Therefore servers
(and potentially also network components) need to employ
an admission control that limits the number of simultane-
ously active streams. For given server resources such as
number of disks, memory size, etc. a new stream is admitted
only if it can be safely determined that all data fragments
of all active streams (including the new one) will meet their
deadlines throughout the duration of these streams. This
kind of QoS is known as a deterministic or worst-case guar-
antee.
As continuous multimedia data like video and audio are

usually encoded with variable bit rate and the detailed quan-
titative behavior of the server can be characterized only
stochastically, worst-case guarantees will typically result in
signi�cant underutilization of the server's performance ca-
pacity. In virtually all digital library applications, clients
would, however, tolerate infrequent \glitches" that result
from not meeting a delivery deadline or dropping a data
fragment. Often such glitches would even be unnoticed by
the user provided they occur infrequently enough. This
consideration leads to the notion of stochastic QoS where
smooth playback of video or audio is guaranteed with a cer-
tain, speci�able, probability close to one. To this end the
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admission control needs a stochastic model that quanti�es
the glitch probability and other derived metrics for given
data characteristics and server resources [10]. In networking
this approach is known as statistical multiplexing [18]. The
�rst part of the talk will elaborate on such stochatic models
and will show how they can be leveraged for a practically
viable multimedia server.
The second part of the talk generalizes this notion of QoS

to other types of data and user requests. Digital libraries
maintain large volumes of \discrete" data objects such as
text, XML, or image documents in addition to the above
mentioned continuous data. QoS for discrete data requests
has largely been ignored by the multimedia community but
is equally important from an application viewpoint. The
server should guarantee that it can provide a requested dis-
crete data object within a speci�ed, user-acceptable, re-
sponse time with probability close to one (e.g., within 2
seconds in 95 percent of all requests). Multimedia digital
libraries should generally be treated as a \soft" real-time

application [5, 15], where guarantees would be \merely"
stochastic as worst-case guarantees are practically infeasi-
ble with a huge number of potentially active clients.
For a given application with speci�c data and workload

characteristics as well as QoS requirements, the server needs
to be properly con�gured so as to provide guarantees for
both continuous data streams as well as discrete data re-
quests. The talk will present how stochastic models can
be used for this purpose. With advanced models it is even
feasible to con�gure a mixed workload server with dynamic
resource sharing among both of these workload classes (i.e.,
without a �xed partitioning of disks or memory) and appro-
priate scheduling [11, 12].
A particularly important mechanism for improving the

response time of discrete data requests to digital libraries
is caching and prefetching, along the entire storage hierar-
chy of client, proxy, and server caches (see, e.g., [2, 7, 14]).
The key for a good caching and prefetching policy is the
(speculative) prediction of near-future data requests based
on statistical pro�ling (see, e.g., [3, 13]). Advanced policies
along these lines take into account several dimensions: the
estimated probability of accessing a data item in the near
future, the current context of user sessions, the variable size
of data objects, and the di�erent performance or availability
characteristics of di�erent servers that a client or proxy in-
teracts with. The third and last part of the talk will discuss
such advanced caching and prefetching policies (e.g., based
on continuous-time Markov chain models) [6, 17] and their



bene�t with regard to QoS guarantees.
The presented work is part of a strategic research direc-

tion that aims at a comprehensive understanding of general
quality guarantees for information services [16]. In addition
to the performance-oriented metrics that are in the focus of
this talk, such a generalized notion of QoS should include
service availability and failure masking, behavioral proper-
ties such as guaranteed termination with certain results, and
the accuracy, completeness, timeliness, credibility, and cost-
e�ectivity of search results. Understanding the tradeo�s,
interdependencies, and composability among these broader
aspects of QoS poses major research challenges that are of
crucial importance for next-generation multimedia digital
libraries.
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