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1 Introduction

The PGRT project has prototyped a framework for integrating performance anaysis tools for
pardle and distributed systems and for visudizing system and application performance [7]. One
result of PGRT is a component-based specification language called the Visua Object Markup
Language (VOML) [4][5][6]. VOML is an SGML-based language for specifying on-line
performance visudization components. The framework includes two key features that support an
integrated environment for performance problem solving: (1) portability across platform-
dependent user interface toolkits, and (2) a flexible component-based visudization architecture,
EPIRA (Event Processing and Information Rendering Architecture). Furthermore, the framework
is object-oriented and easily distributable via middleware software such as CORBA and DCOM.
VOML is based on two visua-object levels. a device-dependent low level, and a device-
independent high-level. VOML uses SGML for structuring visua aobjects, and Scheme language
scripts for defining performance visuaization semantics. The use of SGML enables development
of a performance visualization infrastructure, from which a designer may construct platform- and
tool-independent visual objects. It may dso facilitate automatic monitoring, anaysis, and
visudization of wide-area distributed applications via network-enabled SGML entity managers.
The use of Scheme for visua object semantics enables both rapid prototyping of visua objects
and customizing of VOs for awide range of platforms.

The Uniform Resource Visudization (URV) project, leveraging PGRT outcomes, has introduced
a new paradigm for congtructing visudizations and for monitoring and viewing complex
pardld/distributed systems [8]. URV supports. (1) standard visualization services; (2) creation
of system-leve views through composition; and (3) sharing of visualization design knowledge.
Uniformity in URV is implemented by describing resource and visuaization components with
XML-based forma descriptors. This facility helps developers to design uniform interfaces for
accessing, viewing, and managing heterogeneous resources. Composition refers to support for
multi-resource visudization. With the compostion facility, the designer can congtruct a
computational system with multiple resources and view systemlevel performance across
resources. Reusability in URV is provided via descriptor registry and discovery. Using a
directory service, users can retrieve existing visuaizations, and by composing them, can construct
a new visudization. Didinctive services of URV include: (1) metadata service to define
visudlizations for any resource in the system, ranging from hardware devices to application
software modules; (2) connection service to bind resource(s) to a visudization; and (3)



composition service to construct a new visudization based on multi-level, composable, reusable,
and distributed components.

2 Uniform Resour ce Visualization

A visudization in URV, termed a URV view, is associated with one or more resources, where a
resource may be a physical entity (e.g., router, sensor) or a logical entity (e.g., process,
scheduler). It consists of a resource part and a visudization part, as illustrated in Figure 1. The
resource part of a URV view consists of a resource and a resour ce-monitoring component. A
resource-monitoring component provides performance monitoring and control services, it
separates a visualization from the physical or logica resource being visualized. The visudization
part of a URV view is termed a visualization component. Each component specifies services
comprised in its interface to other components, eg., rir... mand vy v, ... v, inFigure 1(a). An
interface, called a connector, defines a set of services that are provided by ane component and
required by another component.
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Figure 1. URV view and its elements

A connector binds services between components. However, compared with binding the names of
services in sequential components, plugging together components in a distributed system requires
an explicit description [2][3]. For example, the mechanism for forwarding data between
components may be designed as a unit-sized buffer or a variable-length buffer. A variable-length
buffer ensures that all measured data are eventualy visuadized. Alternatively, a unit-sized buffer
that discards all but the most recent value prevents the visuaization component from lagging
behind the resource-monitoring component. POLYLITH [3] supports these aternatives by
encapsulation in separate software busses, whereby a designer can choose an appropriate bus to
connect the invocation of a required service in one component to the definition of the service
provided by another component. URV supports similar flexibility through its connection service.



3 Component-based Framework for URV

We are developing a component-based framework for structured development of URV views, as
shown in Figure 2. A URV framework consists of metadata (visualization descriptor), a metadata
processing service (netadata service), three URV management services (directory service,
connection service, composition service), and two repositories (component repository, connector

repository).
g e

Resource
Monitoring
Component

Visualization
Component
'

Descriptor

Descriptor

Composition
Service

Directory Service

\

Connection
Service

Cooperate

Component Connector
Repository Repository?
5 B

URV Framework = /

Figure 2. URV framework

A descriptor provides a representation of a component at a level of detail necessary for its
invocation and interconnection, hiding other details. This facility helps developers design
uniform interfaces for accessing, viewing, and interacting with heterogeneous resources. A
metadata service provides descriptor processing methods such as parsing. A directory service
enables users to register resource-monitoring/visudization components for retrieva by other
users. Using a directory service, the framework can locate qualifying components at local or
remote sites. A connection service maintains executable connectors between resource-monitoring
and visuaization components, and provides methods for configuring and controlling a connector.
Connectors are run-time entities that implement a set of rules describing how connected
components interact and react, e.g., to transfer performance data. A composition service supports
the creation of a new visuaization from defined components based on a set of rules.

31 Visualization Descriptors

Descriptors, in genera, alow a designer to specify the interfaces to components rigorously and to
specify component interconnection at these interfaces. An idea description of a component
encompasses the component’ s concept, content, and context [9]. Concept isadescription of what
the component does, including its interface and any operating specifications. Content describes
how the concept is realized or implemented so that users of the component can modify or adapt it
to a specific use. Finaly, context describes the domain of applicability of the component. In a
visudization descriptor, the attributes of data model and interface describe the component’s



concept, and the attributes of graphica representation, its content. This content is essentia to
rules for visudization compostion, which is based on shared attributes of graphical
representations [1]. The attributes of component identification (e.g., hame, location, execution
environment) in a visuaization descriptor denote the component’s context. A URV directory
service uses this context to locate and invoke a particular component. These descriptions are
coded in XML, with advantages such as readability and availability. With this approach,
components may be specified uniformly and be reusable and interoperable.

3.2 Connection Service

A URV connection service provides executable connectors between resource-monitoring and
visudization components, as well as control of these connectors. Each connector is uniquely
typed to provide specific interface characteristics. The connector must also handle heterogeneity,
such as the components themselves or their interaction. For example, depending on the
synchronization policy, a connector must adjust the service invocation timing and data
transferring protocols. Meanwhile, designing every single connector for al different components
is dmost impossible. Instead, we are developing a smal set of template connectors. Each
template connector is configurable to support families of related components that share the same
interface and the same attributes of graphical representation. Thus, connector design addresses a
range of configurations and operations.
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Figure 3. URV connection service

Figure 3 depicts the basic operations of a connection service and their sequencing. Firdt, a
connection service identifies resource-monitoring and visudization components with the
necessary contexts. Next, referencing the component’ s concept, the connection service evaluates
the feasibility of the connection by comparing the interfaces of the components. If it is afeasible
connection, the connection service chooses a template connector that supports these interfaces.
Then the connector is configured; it is speciaized by binding the names of services. Findly, the
connection service plugs components together by invoking the connector. Once invoked, the
connector controls the interaction between components.



3.3 Composition Service

URV can e used to systematize the visuaization of resources. Moreover, the uniformity, or

congistency, in this systematic approach can be leveraged to help designers compose URV views.
Composition enables the automated presentation of systemleve, multiple-resource views in a

dynamic, heterogeneous environment. It also smplifies the process of view cregtion for typica
users, not unlike the use of a chart wizard in a desktop spreadsheet tool. Composing
visudizations—either by merging visudization layers or by designing a new visudization
layer—is difficult. Figure 4 depicts the basic process of visudization composition by a
composition service. Each component is represented by a descriptor, where r denotes a resource-
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Figure 4. Basic process of visualization composition

monitoring component (RMC), and v, a visudization component (VC): Dr; ,Dr, ,Dv; Dv, ,and
Dvs. The type of composition shown in Figure 4, indicated by the ? operator, is referred to as
union. It resultsin anew URV view that synchronizesjoins (spatidly and temporaly) individua
views into a single graph based on a common independent variable. Synchronization composition
between two URV views depends on a concrete set of transformation rules; it is straightforward
given design knowledge about the visudization components. In the example shown, we can
specify a design transformation rigoroudy that matches two different line graphs sharing a
common independent variable and replaces these graphs with a single graph.



We are developing a database of such composition transforms, each of which matches multiple
URV view descriptions and replaces them with a synchronized, but otherwise functionaly
equivaent, view. The process by which the transformations are applied is also depicted in Figure
4. Given two URV views, the separate instances of visuaization descriptors, Dv; and Dv,, are
first aggregated and then replaced through a transformation by a new specification, Dvz. Then,
the composition service obtains a new visudization component (VC3) that supports the same
interface specified in Dvs. Based on al three descriptors, Dr;, Dr,, and Dvs , the connection
service selects a new connector so that the new visudization directly interacts with both resource-
monitoring components, RMC; and RMC,. Finaly, the connector is specidized by binding the
services of the resource-monitoring components (RMC; and RMC, ) and the visuaization
component (VCs;).

URV can dso ad in the design of new visudization layers that represent the cooperation
between/among resources. This type of composition is referred to as synthesis. It is a conscious
activity by a designer that cannot be automated as fully as union. It requires indexing of
visualization components according to a classification scheme. To replace an aggregate of two
independent views with a new one, the designer decouples the aggregate visudization from the
resource-monitoring components (aggregate resource) and specifies a set of search attributes to
guide the search for a new visudization component. A new URV view is completed by
connecting services in the aggregate resource to services in the visualization and vice versa
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