
QOS specifications that are scalable and independent of device and data  representations. 

These QOS specifications are translated into presentation plans that are guaranteed not 

to  exceed the error constraints. SQUINT'S admission test demonstrates that a formal 

approach to  QOS management can be implemented efficiently, a t  least in simple cases. 

5.4 Presentation Execution 

In a sense, the SQUINT multimedia player is executing a presentation a t  all times. When 

the view's rate is zero, the presentation is considered stopped, but the presentation view 

must still display the video frames corresponding to the current logical time. A stopped 

presentation is simply a presentation in which logical time does not advance. When the 

rate parameter becomes non-zero, logical time begins to  advance a t  the specified rate and 

the presentation view must be updated accordingly. 

Any change to  the player's QOS specification causes the PresentationManager to  

compute a new presentation plan and to begin executing it. The controls for QOS specifi- 

cation have been described in Sections 5.2, 5.2.2, and 5.2.3. When the position or rate are 

changed, the Presentation view does not create new TrackManager and Clipserver 

components, but instead merely broadcasts a message to  the existing components that 

the logical clock's time mapping has changed. Each component of the plan reads the new 

mapping to  determine what the current sample should be. Interactive changes t o  the 

minimum quality specification cause a re-computation of allowable error limits and these 

new limits are used to  request new Clipservers with sufficient guarantees for resolution, 

image noise, and real-time sampling rate. 

5.4.1 Resource Overload Detection and Handling 

During execution, the TrackManager components compute the actual jitter for video dis- 

plays a t  each output event. The timing error for an output event is just the difference 

tactual - t i d e a l .  Presentation authoring specifies the value of t idear  when an output event 

should occur. The value of tactua l  can be determined approximately a t  runtime as illus- 

trated in Figure 5.12. The measurement accuracy for tactual is limited by the resolution of 



clock control output 

Figure 5.12: Computing bounds for timing error. 

the clock, by the latency of clock reading operations, and by the duration of the output 

operation. Accepting this uncertainty, it is still possible to  compute a bound on timing 

error from the range of possible values for tactual. 

Each TrackManager reads the clock before and after each frame is displayed and com- 

putes the worst-case jitter since the previous frame was displayed. A guarantee violation 

handler is invoked when jitter limits are exceeded. Currently, the handler simply displays 

a message saying that  jitter limits were exceeded. 

5.5 Discussion 

SQUINT illuminates some of the complexity of using formal QOS specifications t o  drive 

resource management. In general, a multimedia player will support interactive views on 

content that  may be distributed over a variety of storage devices. Our experience with 

SQUINT suggests that  media objects should support a protocol for creating specialized 

clip servers with full QOS guarantees. These clip servers may be organized internally as 

pipelines or even trees for distributed media access. A track manager, or some process 

within a clip server may assume ultimate responsibility for the output timing. SQUINT 



demonstrates that simple heuristics allow fast translation of QOS requirements into rea- 

sonable resource scheduling parameters. 

The decision t o  synchronize all controllers with a single clock eliminates many of the 

synchronization concerns that  have been raised by other researchers [41, 34, 581. The use 

of a fixed schedule allows every component of the presentation plan t o  work independent of 

the others while still achieving good overall synchronization. The danger of this approach 

is that  processing delays result in skipped segments of audio and video. The correct choice 

of whether t o  preserve a fixed schedule or t o  preserve information content is application 

dependent. Our QOS specification model allows expression of such a choice through the 

quality estimation function's calibration values. 

The major goal for SQUINT was t o  test the practicality of using formal QOS speci- 

fication in a multimedia player. The informal proof of correctness for the admission test 

demonstrates that  meaningful execution guarantees can be derived from a formal QOS 

specification. While it seems impractical to  provide a proof of correctness for every exten- 

sion of a multimedia player, the existence of a formal semantics for the QOS specifications 

is useful for understanding the goals of a presentation. It seems clear that  the methodol- 

ogy used t o  build and validate SQUINT can be vastly improved, increasing the benefits 

of the formal specification approach. 

The problem of implementing a presentation plan without exposing performance is 

called the mapping dilemma and the use of QOS specifications in a request for multi- 

media services is an example of a metaprotocol [35]. Without a QOS specification, a 

multimedia system does not have enough information t o  control performance aspects of a 

presentation. The result is that  inappropriate implementation choices provide unaccept- 

able performance. A QOS specification describes performance requirements so that  the 

implementation can be specialized for each request. 



Chapter 6 

Related Work 

6.1 QOS Specification 

Much of the  literature on QOS specification focuses on Continuous Media (CM) da ta  

transport services. Anderson identifies the following seven parameters that  can be used 

for reserving a continuous-media transport session: maximum message size, maximum 

message rate, input workahead limit, output workahead limit, maximum logical delay, 

minimum actual delay, minimum unbuffered actual delay [2]. These parameters are de- 

fined in terms of the CM-resource model and are used t o  derive end-to-end guarantees 

for real-time transport of an abstract stream of "messages". This work supplies an im- 

portant analysis of techniques for bounding jitter in continuous media transport but does 

not address other user-level QOS issues such as scalable image quality. Other QOS pa- 

rameters and algorithms have been described for reservation of file system [5, 47, 61, 841, 

CPU [80, 511, and network capacity [22, 90, 42, 3, 86, 891. All of these resource reservation 

approaches characterize bandwidth as a QOS parameter. We do not include bandwidth 

in presentation QOS specifications because it depends on implementation choices for da ta  

encoding. In particular, the physical bandwidth for a media stream will vary a t  each stage 

of a pipeline where the da ta  is compressed, decompressed, or filtered for transport and 

display requirements. By specifying only presentation output behavior and not implemen- 

tation, our specifications are device and data  independent. 

The Multimedia System Services (MSS) architecture defines a set of "core QOS char- 

acteristics" consisting of the following parameters: 

guarantee level: Guaranteed, Best Effort, or No Guarantee 



reliable: True or False 

delay bounds: minimum and maximum delay 

jitter bounds: minimum and maximum delay variance 

bandwidth bounds: minimum and maximum bandwidth 

The  MSS architecture was developed by the Interactive Multimedia Association, an or- 

ganization with representatives from Hewlett-Packard (HP) , IBM and SunSoft [36]. As 

with earlier work, their QOS parameters do not address scalable image quality and are 

oriented toward resource reservations rather than user-level QOS. 

The Multimedia Projects Group a t  Lancaster University is developing the Quality of 

Service Architecture (QOS-A) for multimedia communications [ll]. This architecture ex- 

plicitly recognizes the need for distinct QOS characterizations a t  each level of the protocol 

stack. The objectives of the QOS-A project are t o  define an OSI-compatible architecture 

for QOS management in an Open Distributed Processing (ODP) multimedia environ- 

ment. Application-layer QOS parameters are encapsulated within a set of commonly used 

"channel types". New channel types are created by providing a QOS-mapper service t o  

translate from the channel type name into a QOS specification for the  next layer down. 

As an example, the channel type "StandardVideov is mapped t o  the following parame 

ters: bandwidth=25 Mbps, jitter = 10 ms, delay = 250 ms, traffic type = probabilistic, 

and error rate = The user is able t o  choose among these standard channel types, 

possibly even selecting a different channel type during a presentation. Our work extends 

this architecture by offering a continuum of channel types. The mapping from our QOS 

specifications to  low-level QOS parameters can be accomplished by simple heuristics such 

as those employed in SQUINT, or by more complex algorithms tha t  take into account the 

current resource availability t o  provide the best quality. 

Our work is also distinguished from previous approaches by our methodology for choos- 

ing QOS parameters. Our framework breaks the QOS specification problem into two parts: 

definition of an error model and specification of acceptable quality in terms of the error 



model. We have described a completeness criteria for the definition of error model com- 

ponents. This methodology is similar t o  the formal theory for Epsilon Serializability in 

transaction processing [62]. Using the relational da ta  model, ESR proposes a general 

theory for defining a transaction error metric and using that  metric to determine when 

locking requirements can be relaxed. 

Whether QOS is specified through a set of ad hoc parameters or  through a formal 

model as we have proposed, a correct specification of quality requirements depends on the 

purpose of a presentation and on human perception. 

Higgins describes some of the factors that  determine human perception of image qual- 

ity [31]. Objective measures are given for tone reproduction, sharpness, and graininess. 

His definition of these quantities constitutes an error model for still images that  is more 

expressive than the reference error model proposed in Chapter 4. In particular, tone 

reproduction conveys information about contrast errors and brightness shift, while our 

model can only express local differences in tone. While these measures allow more accu- 

rate user-models for still images, Higgins does not report estimates of image quality from 

a combination of these values. 

Limb reports experiments in which the subjects rated a set of images by how annoying 

the perceived distortions were [40]. The subjective evaluations of distortion are corre- 

lated with root-mean-square-error and other objective measures. His success a t  creating 

a crude quantitative model for image fidelity suggests that  useful empirical models can be 

determined for other multimedia presentation tasks. 

Other researchers have reported empirical determinations of acceptable quality for 

various types of presentation error. Steinmetz documents the perceived level of annoyance 

as a function of synchronization error between audio and video [75]. His results argue for 

acceptable values of synchronization error between -80 ms and +80 ms when users are 

watching a moderate close-up of a person talking. 



6.2 Presentation Planning 

Most existing multimedia systems do not have the capability t o  select different QOS levels 

for the same content. However, future multimedia system will incorporate technology 

for scalable video quality and other tradeoffs between presentation quality and resource 

use [16, 17, 14, 211. Other researchers are only now beginning t o  solve the problem of how 

t o  choose from among many possible presentation plans. 

Nahrstedt and Smith have proposed the QOS Broker technique for presentation plan- 

ning [56]. Application QOS requirements are input t o  a broker-buyer which translates 

, them into requirements for local and remote resources. The broker-buyer first negotiates 

with the local operating system for local resources, rejecting or modifying the application 

requirements if sufficient resources are unavailable. Only when the local resources are 

reserved does the broker-buyer begin negotiations with a remote broker-seller for remote 

resources. The local bandwidth reservations determines the appropriate bandwidth t o  

request from the remote broker. Finally, after both local and remote OS resources have 

been reserved, the broker-buyer requests appropriate communications channels from the 

network subsystem. Nahrstedt and Smith have implemented a prototype of the QOS Bro- 

ker with a telerobotics application. The application QOS requirements are expressed in 

terms of sample size, sample rate, loss rate, and end-to-end delay. The translation of the 

application QOS parameters into network QOS requirements is relatively straightforward 

for fixed-sized samples. 

The Circus multimedia environment from G T E  Labs features a blackboard approach 

for orchestrating resource management [27]. Distributed elements that  provide or require 

multimedia services communicate through a global blackboard where the Orchestrator 

attempts to  configure optimal connections between them. 

The AMOS Multimedia Playout Manager allows integration of multimedia data  in a 

distributed database management system [78]. Physical storage and access for continuous 

media are supported by specialized services that  can perform adaptive prefetching t o  make 

da ta  available on demand in a client's local buffer. A goal of AMOS' adaptive playout 

management scheme is t o  consider user-specific sensitivity t o  presentation deficiencies. 



Scalable media quality is currently supported by redundantly storing the same content 

with different compression factors. QOS goals are expressed in terms of sample rates and 

sample depth. This is a data-encoding-dependent approach t o  QOS specification that  

makes it difficult t o  guarantee the actual quality of a presentation. Our approach to  QOS 

specification allows a complete specification of requirements and da ta  independence. 

Software feedback techniques have been used t o  dynamically adjust stream processing 

workloads t o  available system bandwidth [lo, 13, 66, 801. Our quality estimation function 

can be used with feedback techniques t o  optimize a presentation for the current resource 

availability. For example, a presentation manager can monitor each of the presentation 

error components a t  runtime. Network and processor bandwidth overloads are detected 

by missed deadlines for display events [13]. Many of the techniques described in Chapter 

2 can reduce bandwidth requirements, including switching t o  a more highly compressed 

da ta  source or skipping video frames. The response t o  overload detection should be an 

adaptation of the presentation plan to reduce bandwidth requirements. If each component 

of a presentation plan can predict the error in its outputs, then our quality estimation 

function can be used to drive the adaptation by indicating which new presentation plan 

is likely t o  deliver the best presentation quality. Useful predictions of presentation error 

are possible for clip servers based on source attributes and the assumption that  reduced 

bandwidth requirements will nearly eliminate missed deadlines. However, the predictions 

may prove false if adaptations do not affect the bottleneck resources. The absence of 

overload detection may be used as a signal t o  increase bandwidth requirements in an 

attempt to  improve presentation quality. Our quality estimation function can be used t o  

drive this adaptation as well. 



Chapter 7 

Conclusions 

This thesis has described a new framework for QOS specification in multimedia systems 

and provides a concrete example of useful QOS specifications with formal semantics. 

The primary contributions of our specification semantics are the orthogonal definitions 

of content, view and quality descriptors. These definitions support device independent 

and physical-data independent authoring, playback, and requests for presentation quality. 

The SQUINT multimedia player demonstrates that our QOS specifications can be used 

t o  satisfy a diverse mix of multimedia service requirements. 

7.1 A Framework for Defining Formal QOS Semantics 

Chapter 4 described a formal QOS specification semantics that  can be used t o  provide 

presentation guarantees. The key precondition for optimal resource management in mul- 

timedia systems is t o  identify a metric for presentation quality. The methodology we 

used t o  define such a metric consists of three major steps. First, define an ideal presenta- 

tion. Second, choose an error model that describe the difference between actual and ideal 

presentations. Third, define a quality estimation function in terms of the error model. 

Chapter 4 identifies completeness and soundness criteria t o  help in defining useful error 

models. This methodology distinguishes our work from other descriptions of presentation- 

level QOS parameters. 

The content descriptors defined in Chapter 4 allow a physical-data independent speci- 

fication of logical content and the view descriptors define a device independent mapping of 



logical content onto an ideal presentation. The quality descriptor preserves this physical- 

da ta  and device independence by specifying presentation output behavior rather than 

implementation. Physical-data and device independence increase the portability of a mul- 

timedia application by allowing it to  use the same request for presentation functionality 

on any platform. 

Our content descriptors were designed t o  abstract away or eliminate features that  

distract from the goal of QOS specification while still supporting complex and useful 

authoring tasks. We found that  a very small set of operations could satisfy this goal. 

The result is a stripped down model of multimedia authoring that  may provide a useful 

base for serendipitous investigations. Another deliberate property of the definitions is 

complete orthogonality of content and view descriptors. For example, the author-specified 

size and layout of video windows can be customized in a view to  suit the requirements 

of a playback application. Content and view can be specified independently and reused: 

the same content appearing in many different views and the same view displaying many 

different content descriptors. This orthogonality extends t o  the quality descriptor as well. 

A single quality descriptor can be determined for a class of applications and reused with 

many different content and view descriptors. 

The declaration of an Errorlnterpretation defines a particular error model for describ- 

ing the relation between an actual and an ideal presentation. The error component names 

suggest familiar concepts, but the formal definition of these error components is new.. In 

particular, our model defines temporal jitter as all the timing error that  is not shift (de- 

lay) error, but allows multiple interpretations of timing error and shift error for a given 

presentation. We found that  a unique definition for jitter requires knowledge of a presen- 

tation's implementation. By abandoning an implementation-based definition of error, our 

QOS specifications gain device and physical-data independence. Such QOS specifications 

allow a player freedom t o  choose an optimal implementation according t o  current resource 

availability and cost. 



7.2 An Architecture for Resource Optimization with QOS 

Guarantees 

Chapter 5 describes an architecture for QOS-based resource optimization. The SQUINT 

multimedia player provides a concrete example of this architecture and demonstrates that  

simple heuristics allow fast translation of our QOS specifications into conservative resource 

scheduling parameters. The key components of the architecture are the player that  defines 

the QOS specification, a presentation manager that  reacts t o  changes in the QOS specifi- 

cation, track managers that  interpret the specification for a given output, and specialized 

clip servers that  each supply da ta  from a single source. The track managers and clip 

servers support an admission test protocol for QOS guarantees. 

The proof of correctness for the admission test demonstrates that  meaningful execution 

guarantees can be derived from a presentation-level QOS specification. SQUINT does 

not provide a priori guarantees for resource scheduling, but it does guarantee a viable 

presentation plan. SQUINT reduces CPU and file system usage in response t o  relaxed 

QOS requirements. This feature allows better control of resource allocation in shared 

environments, such as the digital television studio described in Chapter 3. 

7.3 Future Work 

The survey of QOS management techniques in Chapter 2 should be extended t o  discuss 

transport protocols for distributed communications and their effect on presentation qual- 

ity. Despite its incomplete scope, the survey identifies a large space of variables for the 

system designer, including data  location, compression, prefetching and reservation tech- 

niques. SQUINT makes use of only two forms of compression for scaling quality and 

resource management. Multimedia players that  use more of these techniques face in- 

creased planning complexity and will require more sophisticated heuristics. In particular, 

distributed resource reservation algorithms are needed for reliable access t o  remote da ta  

and network resources. 

Empirical studies of user task performance are needed to  improve the quality estima- 

tion function. SQUINT relies on user interface controls to  define QOS requirements. I t  



would be nice for a player to  infer QOS requirements automatically from the application 

mode, perhaps with some consideration of the content and view descriptors. 
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Appendix A 

Glossary 

clip A finite time segment from a single media source. 

Clipserver SQUINT class for delivering a segment of a presentation from a single source. 

complete error model An error model in which arbitrary accuracy can be specified by 

constraints on the magnitude of error model components. 

content Specification of logical output values over time. 

continuous media Common term in literature for digital audio and video, which a p  

proximate continuous real-time signals. 

DBMS Database Management System. 

distributed An activity spanning several computer systems. 

error interpretation A set of functions that  map an actual presentation onto an ideal 

presentation. 

error model A definition of error component functions that  may be used in an error 

interpretation. 

error The difference between an ideal value and an actual value. 

fps Frames per second. 

hypermedia A network of media elements and navigable links between elements. 

jitter error The high-frequency component of an error signal. 

Kbps,Mbps,Gbps Data  throughput units for thousands, millions, and billions of bits 

per second respectively. 



logical output An abstraction for a physical output device such as a video display or an 

audio channel. 

mapping dilemma Object implementation must map high-level functionality onto low- 

level mechanisms, but performance of this mapping decision cannot be hidden from 

clients. 

mapping problem Finding a low-level presentation plan that  satisfies a QOS specifica- 

tion. 

MPEG-1 Motion Picture Experts Group standard for encoding a real-time stream of 

moving pictures. 

presentation descriptor A set of parameters that  specify a presentation. 

presentation Real-time delivery of a composition that  may include multiple media tracks. 

QOS Quality of Service. Fidelity measure of service performance as compared t o  some 

ideal. 

quality Specification of the allowable error between an ideal presentation and the actual 

outputs. 

rate error The  rate of change of shift error. 

reference architecture Chapter 3 describes the elements for QOS playback from stor- 

age. 

resolution The smallest reproducible pulse width. 

resolution error The interval width for computing zError. 

SQUINT Smalltalk QOS User Interface, the prototype multimedia player described in 

Chapter 5. 

sample Data  representing an output value at a single instant of time. 

shift error The low-frequency component of an error signal. 

sound error model An error model for which every specification allows presentations 

that  are sufficiently close t o  the ideal and disallows presentations with unbounded 

error. 

synch error The difference in shift error between two outputs. 



track A composition of clips all t o  be presented on a single output device. 

TrackManager SQUINT main class for presentation execution. Translates QOS requests 

into Clipserver requests. 

PresentationManager SQUINT main class for presentation planning. Translates QOS 

requirements into subordinate TrackManager requests. 

view A mapping from logical content t o  physical device coordinates and real time. 

t. value Either audio signal level or video image intensity. 

zError The average difference between ideal z value and actual z value. 
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