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Abstract In this paper, a QoS scheme is given to support applications with QoS requirements under resource
constraint in open system. Specifically, a series of abstract structure, describing characteristics of end-to-end
applications and system resources, as well as algorithms supporting the realization of QoS, are designed in this paper.
The scheme addresses common problems found in open systems supporting QoS guarantees, such as lack of harmony
QoS expressiveness, ect. In order to let as many as possible applications get system service at the same time, the

scheme also supports QoS dynamic degradation.
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Many applications have quality-of-service (QoS) requirements, such as distributed multimedia and
real-time control systems. This is because their users always have requirements for stability and
synchronism of video and audio, etc. Those requirements are users’ QoS requirements that are provided to
system in parameter form by users. Naturally, those parameters are called QoS parameters. Although
application based on QoS in open systems always span several resources, even platforms, users are only
interested in final results. Therefore, QoS requirements are end-to-end.

Generally speaking, most of the researches in QoS are not end-to-end, including many sorts of
applications such as distributed multimedia. Those researches often focus on one or several aspect of the
system!™?. At the first blush, the work on the application, resource, and middle-ware levels can be
organized to provide end-to-end QoS. Unfortunately, most of them cannot yet be coordinated to provide
that function because each is based upon different definitions, protocols, and models. Therefore, some
researches in QoS are done directly from end-to-end perspective ). However their end-to-end QoS work
aims at special application and special network (the most base ATM). Ref. [4] overcome those drawbacks,
which includes three components: QoS application, QoS agent and resource reservation system. In
addition, it employs the resource reservation protocols available in the target network and operating
system. However, it fails to design its components in detail and describe how to organize those protocols
to support the whole system. It also does not support QoS dynamic degradation, which is to be discussed
in this paper.

1 QoS Architecture

The position ship of open system and QoS is shown in Fig.1. Generally speaking, open
system includes several platforms™ and it can support different kind of applications. According to
those characteristics, our QoS architecture includes two components: user service platform and

Received March 15, 2000
* The project supported by National Defense Research Foundation



626 A N B29%

resource service platform, which is used to hide special characteristics of applications and system
resources, respectively. Fig. 2 shows the external view of our QoS architecture.

2 User Service Platform

User service platform sends application with legal QoS parameters to a special application agent that
it belongs to, such as video conferencing agent, etc. And application agent uses translation rules 1 to
express application’s QoS parameters with general form and draws application streaming graph Ap-S-
Graph.
| Data ”Video Appl""" Ap-S-Graph captures the application specifications

at a logical level. It is a directed graph GA={T,E}, where

QoS Achitecture T={t,,t,,,,} represents a set of n processing steps and E

represents the set of directed edges between processing

Resource steps. ¢, is called destination processing step. Each graph

node represents a processing step. The data flow from

Fig- 1 QoS architecture in open system processing step £, to processing step ¢/, is represented by a
directed edge (#;,;) between them. Each node in this graph is labeled with a vector called QoS_para:

QoS_para(t)=[Q1, O, 03]

| User service platform I

| Resource service platform B [ vureeM11,M12] [Ry,M21,M22] [R, M31,M32] [R,, M1 M42] [Ry,MS1,M52]

Fig. 2 The external view of QoS architecture Fig.3 Example application streaming graph

For ¢, Q) represents the resource where the application is beginning, which is often called source
resource, labeled with ry.,.. However, for #,--f,, O, is the type of resource which processing step can
execute. For every processing step, , and (s represent its max and min QoS requirements. Fig.3 shows
the structure of a simplified end-to-end Ap-S-Graph.

3 Resource Service Platform

The main function of resource service platform is to hide physic characteristics of resource and to
assign resource to application. If it is necessary, resource service platform must adjust resource allocation
between application’s max and min QoS parameters to realize QoS degradation and let more applications
get system service at the same time. To do this, three abstract structures and two resource allocation
algorithms are designed in this section.
3.1 Abstract Structures

The resource distribution graph Re-D-Graph={R, E} is an undirected graph, where R={r,r,, -, 7}

}Dﬁ p_ J represents a set of m resources and E represents the
(\40 PO p set of edges which are the connection between two
r:m LO O resources. Each graph node, representing a resource

N in this graph, is labeled with a vector called Res_para:

R, R, R, R, Res_para(r,)=[re,, re,, res;, re,).

Fig4 Re-L-Graph of Fig.3
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re, represents the type of 7;. re, represents the QoS that 7, can provide now. re,, re,represent the max,
min QoS that #; can provide, respectively.

Modifying Re-D-Graph, we can get resource allocation graph Re-A-Graph which records resource
allocation of every application in system: for each edge (r;, ;) in Re-A-Graph, if resource 7, and 7, are
assigned to the same application, we make a special symbol on it.

Resource Layer Graph={ry . G, E} is a directed graph. Here G={R,R;,, -+, R,;} represents a set of
w resource type which application can execute. We use rectangle to express them. Of course, R, is a vector
and its every element represents a resource which belongs to the same resource type R,. We use circle to
express these elements. E represents the set of directed edges. Of course, edge is the connection between
the resources and arrow is the direction of the data flow. Fig.4 shows the Re-L-Graph of Fig.3.
3.2 Resource Allocation Algorithm

Unlike scheduling algorithm[ﬂ, our algorithm considers resource constraint, which includes two sub-
algorithm: Co-D and Do-D. When system resources meet min QoS requirement, algorithm Co-D can
assign resources to application successfully, otherwise algorithm Ro-D must be used to realize QoS
degradation.

3.2.1 Co-D Algorithm

It is assumed that application 4 requires system service. Then Co-D tries to find a path from resource
Fsomee 10 destination resource which the destination processing step of A can execute in Re-L-Graph of 4.
The main process of Co-D is as follows:

1) According to Re-D-Graph and Ap-S-Graph of 4, Co-D draws the Re-L-Graph of 4.

2) For each destination resource, repeat step 3), 4).

3) Use a set of temporary variable TEMP to record re, of resources except 7y in Re-L-Graph of 4.

4) For each directed edge (r, r;)) of Re-L-Graph of 4, assume that the weigh on the edge is the
reciprocal of r/'s TEMP. Using Dijkstra’s shortest path algorithms in Re-L-Graph of 4, we can find out a
shortest path from 7y to destination resource. Then, we subtract QoS that is allocated to 4 temporarily
from its TEMP.

5) The shortest path among these paths that we get during step from 2) to 4) is the path we need.

6) If the work above succeeds, then allocate resources on the shortest path to processing steps,
respectively, and change re, of these resources. Otherwise, call Ro-D to realize QoS degradation.
3.2.2 Do-D algorithm

Ro-D must consider two problems: which application should be degraded and how should the
degradation be done? Assume that applications A,,4,,,4, are in system when new application 4 fails to
request resource. Now, algorithm Ro-D is called. Name resources causing failure as clash resources, and
assume priority of 4;,4,,++,4,, (m<n) is lower than that of 4, therefore, the degradation work is beginning
from the lowest priority application among them. The process of Ro-D is as follows:

1) 4,,4,, -+, A,, are queued from low priority to high priority. Applications that share the same priority
are queued according to the quantity of clash resource from low to high.

2) If this queue is empty, Ro-D is over and the system tells the user to reduce its QoS requirement, or
fetch the left application and label it with B. According to Re-D-Graph, Ro-D finds out all of clash
resources which we assume they are 7, 7,7, and they belong to resource type R;, R;,+,R,,, respectively.

3) Deprive temporarily resources r;, 7,7, from application B. Now, if the system still cannot meet the
min QoS requirement of 4, go to step 2), or next step.
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4) According to the Re-L-Graph of B, allocate temporarily resource »/ ( #/,--,r,") which belongs to R,,
( R;,R,,) and provides the smallest QoS for B among the others in R;, ( R;,*+,R,,). Then find a path which
passes r/ ( #/,~-r,). If there are many paths, choose one that enables the resources to change B to
minimize. Then, allocate resources to B along that path and allocate resources to B. If 4) succeeds, Ro-D is
over, or go to step 5).

5) Recovery resources distribution of 4, go to step 2).

4 Conclusions

A QoS mechanism, which includes three abstract structures and two algorithms, is designed to
support application under resource constraint in open systems in this paper. Our QoS architecture is
highly extensible and platform-independent. In the future, we will discuss QoS in the area of real time
system.
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