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Abstract 

Most traditional systems produce a fixed quality of 
output under a fixed execution environment given identical 
input, even when the user does not need that quality of 
solution. In this paper, we propose a new software 
architecture that can do quality-driven operations. The key 
concept of the architecture is that it contains multiple 
configurations so that it can adapt itself to fit various user 
requirements and constraints. The adaptation involves the 
tradeoff of a set of quality of service factors in order to 
provide the best feasible performance. A simple application is 
presented to demonstrate the power of the architecture. This 
quality-driving concept can be introduced to many domains; 
in fact, any resource-constrained or pay-per-use applications 
can be improved by the concept to provide a range of quality 
of services. 

Keywords: Quality-Driven Systems, Quality of Service, 
Adaptive Software. 

1. Introduction 

The following features are associated with most 
traditional systems. (1) They produce fixed output under a 
fixed execution environment given identical input. (2) They 
produce fixed quality of output even when the user does not 
need that quality of solution. In a convoluted problem domain, 
however, finding an optimal solution may take an 
unacceptable long time. The wide variation in time 
constraints and user requirement, especially in a dynamic 
environment, often makes it infeasible to find the optimal 
solution. A suboptimal solution, instead, may be obtained 
quickly and found useful. In this case, responsiveness in time 
is sometimes more useful than accuracy in result with a very 
long computation time. 

In this paper, we propose a novel concept - “Quality- 
Driven Systems (QDS),” to cope with the problem. A QDS is 
a system that can adapt itself to satisfy the user’s requirement 
at runtime by accomplishing a given task in such a way that it 
produces an output with some quality level designated by the 
user. A system with this feature is much more feasible, 
efficient, and friendly than traditional ones. For example, a 
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user usually expects a search program to find the optimal 
solution. In some time-critical environment, however, the 
user would desire a useful solution before the deadline rather 
than wait for the optimal solution that comes out after the 
deadline. In this case, a QDS can reconfigure itself so that it 
can satisfy all the constraints specified by the user. 

In general, we want a QDS to adapt itself whenever it 
detects that the current system configuration can not satisfy 
all the constraints. Of course, it is impossible for a QDS to 
satisfy all constraint requirements all the times. In this case, a 
QDS may degrade the system performance, e.g. output 
quality, or even relax some non-critical constraints, in order 
to provide a good enough (acceptable) quality of service for 
the user. Consequently, a QDS not only has the ability of 
reconfiguration but also has meta-control knowledge for 
directing reconfiguration in order to reach advertised quality 
of service. As a matter of fact, a QDS needs to do quality 
evaluation on system-provided service, resource management, 
and quality management. 

There have been lots of research on tradeoff between 
computation quality and computation cost, including anytime 
algorithms [2][17], progressive processing [12][13][ 191, self- 
adaptive systems [8][ 141, resource-bounded reasoning [ IS], 
and fault-tolerance systems [2][9][ 161. Most of these research 
works focus on guaranteeing network flow [ I ] ,  or creating a 
stable, robust, efficient, and fault-tolerant system. 
Development of a QDS may benefit a lot from them, 
although the goal of QDS is focusing more on creating a 
customizable, flexible, and humanized system. 

Section 2 will propose an architecture for quality- 
driven systems. Section 3 illustrates an application of the 
architecture - “a quality-driven 8-puzzle solver”. Related 
works are reported in Section 4 with Section 5 concluding the 
work. 

2. A quality-driven system architecture 

The most important feature of a QDS is that it can 
adapt itself to provide a proper degree of qualiry of service 
(QoS) according to the user requirement. But, what is QoS in 
this sense? We define the QoS of a system to be a set of QoS 
factors that are related to the interactions between the user 
and the system. Example QoS factors include response time, 
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memory requirement, etc. Most of them are related to 
resource. This is because, from the viewpoint of the user, the 
effect of resource consumption on his operations is quite 
important in using a system. Formally, 

QoS = {Q, Q2. ..., Q,. ..., QJ, (1)  

where Q,: i,,, QoS factor. 

Thus, before we start to construct a quality-driven 
system, we need to define a set of QoS factors for the system. 
It is, however, very difficult and impractical trying to define a 
universal set of QoS factors for all domains. For example, the 
QoS factors for a quality-driven multimedia system may 
contain network delay, frame size, and color depth. The QoS 
factors for a quality-driven speech recognizer usually does 
not contain frame size or color depth. Instead, it may contain 
process speed and accuracy. 

The QoS factors in Equ.( 1) are at the system level, and 
are usually not comprehensible by the user. We need a set of 
user-level QoS factors, too. Equ. (2) defines the user-level 
QoS. 

Qost, = (91, q2. .... 9,. ... > q,J, (2) 
where 9,: i,,, user-level QoS factor. 

Now we need a set of mapping functions, Ir;l, such that 
we can relate QoS to QoS,. Formally, we define q, =I; ({e,)), 
meaning that I; knows how to create a solution that meets the 
user-desired q, from the system-level {e,). 

With the concept of QoS in mind, we now present an 
architecture for QDS as shown in Fig. 1. The QoS Manager 
(QoSMan) controls the operation of the whole system. It is 
responsible for deciding a proper system configuration to 
satisfy the user-designated operation quality based on the 
QoS profile information from the QoS information agent and 
resource management information from the resource 
information agent. The modeling information agent is 
responsible for constructing an execution model 
corresponding to the system configuration decided by 
QoSMan. The executor solves the problem based on the 
execution model. We explain the major components of this 
architecture below. 

2.1 QoS profiles 

A QoS profile specifies the co-relationships among the 
QoS factors. A simplest example of QoS profile is shown in 
Fig. 2. It is constructed by diagramming the relationships 
between the output quality and execution time. It can be 
formally specified as Equ. (3). 

Q" (QJ, (3) 

where Q,,EQoS is the output quality factor, Q,cQaS is the 
time quality factor, and&,cAs is the tradeoff function. The QoS 

profile can be used to predict the system behavior and to 
make the best configuration to meet the user requirement. For 
example, if the system has 4 seconds to process the task, the 
output quality is predicted to be around 0.8 in the system- 
level. On the other hand, if the user-designated quality is 0.8, 
the system can find a configuration to get that quality of 
solution in 4 seconds. A simple QoS profile like this makes it 
fairly similar to the performance profile of an anytime 
algorithm [ 171. 
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Fig. 1 Quality-Driven System Architecture 
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Fig. 2 Two-dimensional QoS Profile 

Fig. 3 shows a QoS profile that involves multiple QoS 
factors, including execution time, output quality, and memory 
requirement. This QoS profile not only illustrates the 
behavior of a system, but also tells us that the minimal 
memory requirement for working is 1.5 KB. 
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Fig. 3 Three-dimensional QoS Profile 

2.2. QoS interface 

The QoS interface solicits two types of information 
from the user, namely, problem specification and quality 
specification. The problem specification contains the 
information related to problem solving. The quality 
specification contains desired solution quality andor 
constrained resource. To simplify the interaction with the 
user, the fuzzy technique is introduced to specify what hzzy 
quality level solution, e.g. better or medium, is requested. 
Constrained resources are similarly defined. The major task 
of the QoS interface is thus to perform the inverseJ function 
to derive the corresponding system-level QoS from the user- 
given quality specification. 

2.3. Information agents 

The three information agents assist QoSMan to 
accomplish quality-driven operations by supporting relevant 
information. First, the resource information agent monitors 
the relationships among a variety of resources. Thus, in a 
quality-driven videoconference application if QoSMan wants 
a higher resolution, the resource information agent will check 
for coherent resources. If it finds that the bandwidth is not 
enough, it will notifj, QoSMan of resource constraint 
violation. The QoSMan may tum to degrade the fame rate or 
change the compression policy to cope with the problem. 

The QoS information agent supports the retrieval of a 
QoS profile that meets the retrieval condition set by QoSMan. 
The responsibility of the modeling information agent is to 
construct an execution model based on the system 
configuration concluded by QoSMan. 

2.4. QoS manager 

QoSMan coordinates the whole QDS components. 
Upon receiving the quality specification from the QoS 

interface, QoSMan invokes a negotiation session with the 
QoS information agent and resource information agent. A 
successful QoS negotiation session implies that at least one of 
the system configurations can meet all the user quality 
requirements. QoSMan continues to choose the best system 
configuration according to the user's specification, and then 
informs the modeling information agent to construct a proper 
execution model for the executor to solve this problem 
instance. 

If QoSMan can not find a suitable system configuration 
that meets all quality constraints, it will rectify the QoS 
factors according to the negotiation policy, designated by the 
user, to find an acceptable QoS for the user. Finally, QoSMan 
informs the user of this modified QoS, asking for 
confirmation. 

Should the negotiation fail, e.g. the user requirement 
exceeds system capacity, QoSMan will retum a failure 
notification to the QoS interface. The user will be asked to 
modify his requirement or constraints in order to start a new 
operation with new quality specification. 

3. Applications 

We have constructed a prototype quality-driven system 
- a quality-driven 8-puzzle solver [IO]. It contains two 
distinct configurations to deal with different problem and 
quality specification [lo]. Fig. 4 defines the QoS profile for 
the 8-puzzle solver. Figs. 5 and 6 show two actual QoS 
profiles under different system configurations. 

Q,,: solution quality, 
Q,: initial state quality, 

Fig. 4 The QoS profile definition for the application 
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Fig. 5 QoS profile (1) 
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Fig. 6 QoS profile (2) 

First of all, the QoS interface interacts with the user 
through the dialog as shown in Fig. 7. The user enters the 
initial state along with the desired output quality or execution 
time constraint. Note that the output quality and time 
constraint are expressed in fuzzy concepts. Fig. 8 shows the 
fuzzy concept definition for quality. The QoS interface is 
responsible for translating these user-level factors for j&v, 
which allows the system to estimate the possible interaction 
among the QoS factors and to use that to negotiate with the 
user. 

Fig. 7 User interface of 8-puzzle solver 
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Fig. 8 Fuzzy partition of solution quality 

For example, given the input of Fig. 7. The interface 
will show a dialog box as shown in Fig. 9 to confirm the user 
input as well as to give a prediction on the required time cost. 
The prediction is based on the QoS profile that is related to 
the given problem instance. If the user is not satisfied with 
this predicted result, he is allowed to choose another output 
quality level. Otherwise, the system uses this to actually 
produce an output that meets the user specification as shown 
in Fig. I O .  Note that the QoS profile is used here to determine 
when to stop the system operation. 

Fig. 9 User specification confirmation 

Fig. 10 Output of 8-puzzle solver 

We randomly chose 649 8-puzzle instances and gave it 
to the 8-puzzle solver. Table 1 shows the test results on three 
quality levels. We define the success rate to be the percentage 
of instances that have returned output with quality the same 
as or better than the user-designated quality level. The table 
shows that the quality-driven feature of the system is quite 
successful. 
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4. Related works 

Research projects related to our quality-driven system 
architecture are briefly discussed in this section. First, the 
EPlQ project [ 1 1 I[ 151 provides an end-to-end QoS 
management to facilitate the determination of change on the 
local task requirement corresponding to the QoS change from 
the remote task. The Cactus project [6] [7] introduces a 
micro-protocol to software architecture in order to provide 
the ability of system reconfiguration, and to explore the 
survivability of software under a dynamic environment. It 
provides some customizable, dynamic fine-grained attributes 
of quality of service for distributed systems, including 
dependability, real time, and security. 

Self-adaptive software [SI[ 141 evaluates and changes 
its own behavior when the evaluation indicates that it is not 
accomplishing what the software is intended to do, or when 
better functionality or performance is possible. Progressive 
processing, proposed by Zilberstein [ 12][ 13][ 191, employs 
resource-bounded reasoning techniques and Markov decision 
theory to determine how to satisfy a set of requests under 
time pressure. It trades computational resources for quality of 
results. Value-driven information gathering [4][5] plans an 
information retrieval schedule according to the value of 
information about computational resource and cost. Finally, 
fault-tolerance systems [2][9][ 161 explore how to detect, 
repair or reconfigure, and recover from computational errors 
caused by either hardware or software fault. 

5. Conclusion 

We have described a new software architecture that can 
do quality-driven operations. The key concept of the 
architecture is that it contains multiple configurations so that 
it can adapt itself to fit various user requirements and 
constraints. The adaptation involves the tradeoff of a set of 
QoS factors in order to provide the best feasible performance. 
Such a quality-driven architecture is applicable in many 
domains such as multimedia (in video and audio quality 
control), searching, information gathering, decision-making 
(based on different quality of information source), image 
processing systems, etc. This quality-driving concept can be 
introduced to more domains; in fact, any resource- 
constrained or pay-per-use applications can benefit from the 
concept in providing a range of quality of services. 

Two issues need to be further explored to make this 
architecture a popular one. First, the compilation of QoS 
profiles. The general compilation problem is NP-complete 
[20]. Our current application constructs a QoS profile for a 
system configuration off-line. An on-line QoS profile 
compiler is a necessity for a QDS that can dynamically 
construct a new configuration in order to cope with some 
unforeseeable quality requirement at run time. Second, the 
resource allocation control during reconfiguration. Our 
current application only involves the control of execution 
time. In a real application, both time and space controls are 
very important. 
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