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Abstract: We deal with resource modeling and management problems daily, 
but often with frustration because of poorly designed information presentation 
systems. Information visualization techniques have shown great promises in 
revealing evidence, structural patterns, and future trends among large sets of 
data. In this paper, we provide an initial effort in giving a general analysis of 
visualization works for resource data. We define six types of resources, 
propose a resource data type taxonomy, and catalog representative 
visualization examples of this domain in the proposed taxonomy. We discuss 
several important viewing tasks for resources, such as the rendering of contrast 
between resource availability and the lack of resource, relationships among 
resource data, overview of a set of data items, and the history of resource 
evolution. Equally important, we provide an analysis of resource management 
tasks such as scheduling, allocation, and exchangeability analysis. We describe 
our research in using visualization as a thinking tool to augment human's 
cognitive capacity for performing resource management tasks. Several 
examples will be given in the domains of airplane scheduling and network 
bandwidth allocation.  

Key words: information visualization, taxonomy, resource modeling, resource 
management.  
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1. INTRODUCTION 

We deal with resource modeling and management tasks daily. Checking 
on our personal money portfolio, allocation of personnel to a set of tasks 
(e.g., in a hospital) and management of computer equipment in our work 
environment are just few examples of activities concerning resource and 
resource management. Poorly managed resources will lead to critical 
consequences, such as the inability to find an aircraft for a booked flight, a 
emergency room unattended in a hospital, or a sudden significant loss of 
personal asset in the capital market. To take advantage of the exceedingly 
parallel and fast visual processing power that humans possess, graphical 
tools are highly suitable for the task of visually representing resource data. 
Visualization techniques provide unique advantages to help humans 
understand hidden relationships, spot evidence, detect structural patterns, 
and perceive trends. In addition to modeling data properties, these tools can 
also help us understand resource availability versus consumption, 
compare/overview the rise and fall of resources, zoom in onto details of a 
resource in an interactive environment, and filter out uninteresting resources 
according to some criteria. Resource management tasks, such as scheduling 
and allocation, are difficult to perform by trial and error methods. We will 
illustrate how some automatic methods from artificial intelligence can 
transform low level resource data into schedules, such as the assignment of 
aircraft for flying in aviation industry. These abstract data are then mapped 
to visual metaphors, which in tern can prompt resource managers to take the 
right action when resource management problems occur. For example, 
visualization can enable us to spot an overloaded communication network. 
Thus additional resources may be added to areas of links showing low 
capacity in a data map. Or in the case of resource over- or under-utilization 
of aircraft, some rescheduling may be performed. 

This paper is concerned with the visual communication of resource 
information with clarity, accuracy, and efficiency for decision making (the 
graphical excellence notion by Tufte [31]). In the additional objective of 
providing visual cues for resource management tasks, we must also represent 
the intricate relationships among resource data so that such salient 
information becomes explicit. 

We thus start with a working definition of six types of resources, 
including physical, monetary, and information resources. We describe the 
visualization process of resource data, that is, taking data and transforming 
them into graphical representations (views) for display. This model is similar 
to, but simpler than the state reference model proposed by Chi [8]. 

Sections 4 emphasizes on visual contrast between resource availability 
and the lack of resource, and overview techniques.  
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Section 5 discusses visualization techniques for information resource 
management, primarily regarding inter-document and inter-theme 
relationship visualization, as well as visualization of author co-citations. 
Readers will be referred to other works for detailed discussion on this topic, 
since it is a large and active domain by itself, most well known as visual 
information retrieval interfaces (VIRI) [32]. 

Section 6 focuses on our own research, which is concerned with designing 
visual metaphors for resource management tasks. We define and give 
visualization examples in three principal sub-domains, resource scheduling, 
allocation and resource exchangeability analysis. Several visual metaphors 
will be illustrated in the domains of airplane scheduling and network 
bandwidth allocation.  

In Section 7 summarizes the discussion by mapping existing 
visualizations to data types in a modified task by data type taxonomy (TTT) 
[28]. It is our hope that researchers and industrial practitioners will be able to 
match their tasks with a combination of those techniques, as well as discover 
opportunities for new visualization methods in this domain. It is not possible, 
at this point, to provide an exhaustive list of all visualizations in this domain. 

Section 8 talks about related works, comparing and contrasting the 
material discussed here with related works on visualization of network data.  

 

2. TYPES OF RESOURCES  

Here consumers of a resource can be a person, an organization, or an 
operation that will fulfill its functional requirement by the utilization of the 
resource. Although there are more types of resources, we provide definitions 
for six basic ones. The first three notions are concerned with a resource's 
intrinsic properties, such as whether they are consumable, generative, or 
abstract. The next three notions are concerned with relationships among 
resources, such as whether and when multiple consumers can share the same 
resource. Therefore, the last three notions are pertinent to resource 
management problems. Some of the definitions are based on the 
DARPA/Rome laboratory report [2].  

 
1. Consumable - some resource types (e.g., money, fuel) are gone once 

they are allocated to consumers, and resource capacity can only be 
increased through subsequent production of new capacity, or releasing 
(e.g., occupied digital space becomes free).  
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2. Investment resources - they can be either generative or degenerative. 

That is, users of these resources can either gain more resources or risk 
loosing them in investment.  

3. Information resources --- these resources are most abstract. They can be 
simultaneously allocated to multiple consumers in a public domain, 
within a private subscription-only digital library, or within an 
organization. They are reusable and independently sharable. Currently, 
information resources are most likely to be available in searchable 
digital libraries, or on the World Wide Web. We focus our discussion on 
mainly text-based resources, although managing multimedia information 
resources is an active area of study.  

4. Reusable/non-sharable (schedulable resources) -- those that are 
unavailable only while being used by a particular consumer and are 
otherwise available. These resources are non-divisible and their capacity 
must be wholly allocated to a single consumer, e.g., an airplane can be 
assigned to one flight route. Because the only way to share these 
resources is through a scheduling effort, we call them schedulable 
resources. 

5. Reusable/synchronized-sharable (allocable resources) --- these resources 
can be simultaneously allocated to multiple consumers but only in a 
temporally synchronized manner, e.g., communication bandwidths. 
Since allocation is a way to share these resources, we call them allocable 
resources in this paper. 

6. Reusable/independently sharable --- these resources can be 
simultaneously allocated to multiple consumers and used without 
consumer synchronization. Most information resources fall in this 
category. 

 
 

Some resources such as aircraft, trains, public facilities (rooms, stadiums, 
and cinemas) can be modeled at different levels of detail. An aircraft, for 
example, to a flight route is a schedulable resource, but an allocable resource 
to individual passengers. Similarly, a meeting room is schedulable for 
groups of people, but allocable to individuals.  

 

3. VISULIZATION PROCESS OF RESOURCES 

Figure 1 and Figure 2 depict the process of visualizing resource data and 
resource management information respectively. 
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instance, it is possible to view the price of all cars of a catalog (high 
dimensional data structure) in a table (1D view).  

The determining factor for the visual forms are the viewing tasks 
(represented as annotated arrows in both figures). That is, what does a 
viewer achieve in a view? Does he want to compare two stocks (compare), 
does he want to have a general view of all stocks in a market segment, does 
he want to see the evolution of a stock over a 6-month period of time 
(history), or any combination of these activities. There are 9 viewing tasks: 
compare, contrast, relate, overview, history, zoom, detail-on-demand, filter 
and extract. It is a refinement to the 7 tasks defined in the TTT (data type by 
task taxonomy) [28]. In the resource domain, rendering the contrast of the 
same data entity is important. For example, viewers are equally interested in 
seeing free and used disk spaces of the same disk, the positive and negative 
territories of stock performances, or the availability and lack of bandwidth 
capacities of the same network link. Relate refers to the explanation of 
relationships of data using visual means, such as how data items appear 
spatially in various graphics, or in abstract terms such as how a resource is 
assigned to a consumer.  

In the list of 6 types of resources, the first two (consumable, investment) 
go through the information visualization process according to the steps 
depicted in Figure 1. That is, resource data together with the viewing tasks 
determine the final visual forms. No additional processing is needed to 
transform data from one stage to another.  

However, when resources need to be managed, data must be processed 
with additional algorithms (Figure 2). Scheduling, resource allocation, and 
exchangeability algorithms from artificial intelligence are some of the well-
known methods to process such low-level data to task-level knowledge. 
Once data has been transformed, the mapping to the final views is similar to 
that depicted in Figure 1.  That is, a user' viewing tasks will determine the 
final forms of the representations. The visualization component of such 
systems, known as a type of visual thinking tools [24], enable users to 
understand the results of AI programs, involve them in an interactive 
problem solving process, prompt them to add or remove resources, or any 
combination of these activities. 
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4. VISUAL RENDERING OF CONSUMABLE AND 
INVESTMENT RESOURCES 

4.1 Consumable resources 

When a history chart shows the consumption of a resource, the same data 
can be displayed by showing the availability of the same resource. Thus the 
design decisions are whether we will display consumption, availability or 
both, and if both are to be displayed, how do we achieve a visual contrast 
between consumption and availability. This is the reason we list compare 
and contrast as the first viewing tasks.  A look at a very common graphical 
display of resources can illustrate the importance of this issue. Figure 3 uses 
a 1D technique, a pie chart, to depict the allocation of disk spaces in 
Windows systems. According to the legend, the slice of the pie chart in red 
corresponds to free disk space, while blue is for used space. This color-
coding is rather awkward because red is often associated with inhibition, 
thus more intuitively representing used space. We have experimented with 
the use of shades of gray, where solid gray (dark gray) is used for used 
resources, and light gray for free ones. This avoids using colors and possible 
inconsistent use of colors. Figure 2 shows how available and allocated 
network bandwidth are compared and contrasted in light and dark grays on 
the link. Here the link's length represents the total bandwidth between two 
physical locations, and light gray portion shows how much resource is still 
available, after some have been allocated (dark gray) to existing demands. 

 

Figure 3. Pie chart for disk space allocation in Window system 
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Figure 4. Dark gray represents allocated network resource, while light gray represents 
available ones 

The use of solid and unfilled glyphs is another good example for 
comparing and contrasting, as illustrated by Figure 3. Occupation (or 
temporary consumption) of a rental property is both rendered by filled 
squares and the color orange, whereas availability is displayed in yellow, the 
opposite color of orange.  

As these examples show, opposite colors, shades of gray, solid or unfilled 
glyphs are some of the consistent and intuitive ways to visually render 
consumption and availability of consumable resources. It is also important to 
examine a particular context before design decisions are made. For example, 
if shades of gray were used to display the stock of grain of a warehouse, it 
would be better to use solid gray for stocked grain (available resource), and 
light gray for the empty space left in the warehouse.  

 

Figure 5. Availability and occupation of rental properties 

4.2 Investment resources and overview techniques 

Some resources are more interestingly viewed in comparison. In capital 
markets, for example, monetary resources are analyzed as a group in an 
overview. Such information is more traditionally captured in a list, as shown 
in Figure 6. Although simple and understandable by an average person, a 
major disadvantage is that each item calls for the same visual attention even 
though one line can capture the change in stock value of a company with 
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much more significant capitalization than its neighbors. It also requires 
continuous visual scanning for obtaining an overview of all of the data 
represented. A more modern 2D space-filling tool, called Treemaps [14], 
does the job in a more informative and compact way. Each tile in the 
MarketMap [19], shown in Figure 7, represents the capitalization of an 
individual stock, proportional to the total capitalization represented by the 
outmost tile. The performance of each stock is color-coded in green (gain), 
black (no change), or red (loss). It is also possible to customize this color-
coding to yellow (gain), black (no change) and blue (loss). Shades of green 
and red are used to denote the degree of gain or loss. That is, the more green 
it is, the more gain it is. In a single graphics, a user gains an overview of the 
market, perceives the prevalence of an individual item, and learns about the 
distribution of gains and losses in each sector. Furthermore, this graphics 
transforms attentive-costly activity (reading of Figure 6), to a perceptual 
viewing activity, which is pre-attentive and cognitively light [10]. 

 

Figure 6. Gains and losses of stocks visualized in a list 
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Figure 7. MarketMap compactly overviews the stock market's gains and losses  

 

Figure 8. 3D MarketMap shows evolution of the market for a given day 

Monetary resources can change rapidly over time due to investment 
decisions. Histograms are popular for representing assets and other time-
series data. Using a 3D Treemap (Figure 8), the Market Map provides the 
evolution of the market on a given day. For a longer period of time, one 
possible extension is to couple a histogram of a market index with the 
market map. As users pull a vertical line slider on that histogram, the market 
map can be animated to show evolution of the capital market over that 
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period of time. Here we not only obtain a sense of how each sector or each 
company has performed, we are also able to compare the performance in 
relation to, for example the NASDAQ index.  

In order not to divert from a central focus on resources, we will not 
review works on financial data visualization and risk management.  

5. INFORMATION RESOURCES 

Managing information resources is a challenging task today. How do we 
find the right document, compare a document with other documents, find 
similar documents in the same or other collections, find resources of 
authority status (intellectual structure) in a given domain, filter out 
documents based on the interests people of similar profiles (collaborative 
filtering), and make sense of the several themes in a collection of 
documents? Most of these questions are areas of study in information 
retrieval domain [27]. However, employing visual tools to render the results 
of information retrieval algorithms has proven to be very successful because 
it takes advantage of the machine processing power as well as human's 
visual perception power.  

There are three main types of abstract relationships analyzed and 
commonly used for managing document resources: 1) inter-document, 2) 
inter-theme within a collection, and 3) citation relationships. Inter-document 
relationships are based on document similarities between any two documents 
in a collection, while inter-theme relationships identify clusters of themes in 
a collection as well as measure document similarities. Citation relationships 
refer to how people in a given domain view each other's works. Sometimes 
referred to as the intellectual structure, the result of such analysis is useful in 
identifying information resources of authority statuses.  

Chen [5] defined three inter-document similarity metrics, especially 
useful for documents in a hypertext-based information space such as the 
World Wide Web (WWW). Documents are similar 1) if they are directly 
linked to each other (similarity by hypertext links); 2) if they have similar 
term frequencies using the vector-space model (similarity by content), and 3) 
if people access them in sequence using transition probabilities (similarity by 
usage pattern).  

Pathfinder network techniques [29] are then used to reduce the links 
between pair-wise similar documents. This link reduction process can 
transform the original inter-document relationships into a manageable 
network, which is then drawn with spring-model based graph layout 
algorithm. Chen [5] showed networks of inter-document relationships of 
various WWW sites based on linkage, content, and usage pattern. Other 
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works for visualizing information structures of the WWW include the 
Navigational View Builder using ConeTrees and Perspective Walls [20], and 
more dynamic visual systems such as MosaicG [3] and WebNet using 
history of browsing [9]. 

Theme-scape [33] is an example of visual metaphors used to represent 
not only inter-document relationships, but also themes within a collection of 
documents. Mountains and valleys are attractively shown in a 3D landscape 
which overviews the entire information space. Each mountain is a theme and 
its height represents the prevalence of that theme. The depth of each valley, 
on the other hand, is used to show the degree of separation between themes 
(mountains).   

Lin uses Kohonen's feature map, a type of unsupervised learning methods 
[15], to train a neural network to map a set of documents to a 2D map [17]. 
A set of indexing words (or concepts) is first chosen. Then the document 
vectors are used as input to train the feature map. In the final Kohonen map, 
each node is mapped to a node on a 2D grid. Naturally, some nodes would 
have more than one document, reflecting clustering of similar documents in 
those areas (concept areas). This semantic map visualizes the structure and 
distribution of both concepts and documents of a collection, and preserves 
co-occurrences of topical words, e.g., an area under "intelligent" will be 
closer to "system", than "natural".  

Visualizing the structure and distribution of most often cited works is 
another type of resource management tools [6,7,16]. The most commonly 
used technique is called author co-citation analysis (ACA). The basic 
principle is to count how frequently two given authors are simultaneously 
cited. Given a collection of documents (e.g., conference proceedings of a 
certain period), a set of highly cited articles is chosen. Applying ACA, the 
co-citation frequencies produce a correlation matrix, which is a highly 
connected network. Applying Pathfinder network techniques to reduce the 
number of links in such networks, new networks are visually displayed in 
3D. Nodes in such networks form clusters, representing groupings of the 
intellectual structure within that collection. In the given example of [7], a 
collection of articles, appeared in IEEE Computer Graphics and Applications 
from 1982 to 1999, were studied. The 3D knowledge landscape showed five 
clusters as major sub-domains. On top of that structure, the citation impact 
of each author is visually rendered as a high-rise (citation bar). This virtual 
environment is essentially a sense-making tool for users to gain an overview 
of the intellectual structure of the domain, identify authors of scholarly 
authority, and explore and access the details of the information space.  
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6. VISUALIZING RESOURCE MANAGEMENT 

Resource management problems are more complicated to model, 
requiring additional scheduling and allocation algorithms to transform 
resource data into abstract forms before visualization techniques are applied. 
Resource scheduling, allocation, and exchangeability analysis algorithms are 
subject of studies in artificial intelligence and operation research. We 
provide basic definitions of these problems to help understand the objectives 
of the visualization tasks.  

1. Resource scheduling of reusable/non-sharable resources --- A set of 
resources are assigned to a set of consumers so that no two 
consumers use the same resource at any given time. Some examples 
include assigning classrooms for different courses in a university, 
designating aircraft for a set of flying routes in the airline industry, 
and etc. 

2. Resource allocation of reusable/synchronized-sharable resources --- 
A set of resources, which can be shared in a synchronized manner, 
are assigned to multiple consumers, e.g., assigning a certain amount 
of bandwidth in telecommunication or data networks to different 
consumers. These resources are sharable as long as the underlying 
time is consistent among the consumers, e.g., during the operation 
period of networks.  

3. Identification of exchangeable resources --- A set of resources are 
identified as exchangeable if they can satisfy the need of the same 
consumer and one is available to replace the other in time of need. 
Examples include finding available doctors to replace a sick one in a 
hospital, and finding available airplanes to replace the one being 
repaired.  

 
In the following paragraphs, we focus on visual rendering of resource 

management issues by describing the abstract forms coming out of the AI 
algorithms. Then we discuss how visual cues help resource managers answer 
some of the reasoning questions in various task scenarios. 

6.1 Schedulable resources 

The result of scheduling algorithms is a set of assignment of resources to 
their consumers in non-overlapping intervals of time. This abstract form is 
often rendered in temporal visual forms.  

Figure 9 uses a textual list to display the results of assignments of aircraft 
to designated flying routes at Swissair. (SR124 SR125 <- IGD) means that 
aircraft IGD is assigned to flight SR124 (Zurich to New York) and SR125 
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(New York to Zurich). Some lists contain more than two flights, because a 
route consists of multiple segments. A route from Geneva to Zurich, then to 
New York and back to Geneva is a flight of four segments.  

 

Figure 9. Allocating aircraft to flights in a list 

 

Figure 10. Gantt chart reveals more information concerning resource scheduling and 
utilization  

A 2D technique, called the Gantt chart, improves the visual display of the 
same scheduling data by revealing much more information (Figure 10). 
While each row represents an aircraft, the x-axis marks the calendar time. 
Thus, the length of each rectangle renders the total time of a flight. The 
ground time of an aircraft, the idle time of a resource, is the gap between 
rectangles, revealing information about resource over- or under-utilization. 
Furthermore, the rows can be interactively exchanged and shifted, thus 
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allowing managers to group together aircraft of similar resource 
requirements. For example, IGG and IGD are considered to be exchangeable 
because moving the flights of IGG to IGD and vice versa (essentially 
exchange the first two rows) will not cause further exchanges of assignment. 
Some of our early work has been published in [25], which gives more detail 
on visualizing schedulable resources.  

6.2 Allocable resources 

Allocation of reusable/synchronized-sharable resources is a problem of 
dividing available resources into smaller quantities and assigning them to 
resource consumers so as to satisfy the demands maximally. Satisfied 
demands are resource requirement for which resources have been allocated. 
Unsatisfied demands due to lack of resources signal resource bottlenecks and 
show where additional resources can be added. Several objectives can be 
identified for such resource management problems, such as demand 
satisfiability and resource overload in some geographical areas. 

Figure 11 uses a 3-dimensional scatter plot (or 3D landscapes) to depict 
the link capacity distribution of a telecommunication network in 
Switzerland. The matrix representation, making up the floor of the 
landscape, describes the connectivity of the network. The height of each 
cylinder represents the total capacity of that link. The dark gray portion of 
the cylinder represents the allocated part of a link (used resources), while the 
light gray is for the unallocated part. This 3D scatter plot avoids the link 
cluttering problem described in Becker et al (1995) [4], and it can scale to 
large networks if zooming or fisheye view functions are provided.  

To observe resource bottlenecks, Figure 12 shows demand requirements 
between cities in Switzerland. The demands in dark gray show that they have 
been satisfied, while demands in red have not been satisfied. 

 

Figure 11. 3D scatter plot visualizes network capacity  
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Figure 12. Network bandwidth requirement is shown in red  

Since network connectivity information is often associated with 
geographical maps, a technique called data maps [31] is very popular to 
portray resource information on top of geographical information in the same 
graphics. Figure 13 compactly displays information about resource 
distribution (connectivity), allocation, and additional demands in the same 
data map.  The dark gray portion of each link stands for allocated resources, 
while light gray for available ones. The dashed lines show unsatisfied 
demands. Using this graph, a manager can perform allocation on the fly. For 
instance, the demand between Sion and St-Gallen can be either satisfied by 
setting a route from Sion, Lugano, and St-Gallen, or by a route from Sion, 
Geneva, Lausanne, Bern, (Basel, Zurich), and St-Gallen. However, if the 
network capacity stands as it is, the first route, even though geographically 
shorter, is impossible due to lack of resource between Sion and Lugano. A 
manager can also use automatic routing functions, described in detail in [21], 
to satisfy outstanding demands.    
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Figure 13. Data map shows connectivity, resource allocation, and resource availability 

6.3 Resource exchangeability 

Operation rooms must be staffed even though some nurses or doctors 
might be out on sick leaves. Or, due to irregularities caused by maintenance, 
weather, and promotion of certain flights, airlines swap aircraft on a daily 
basis. In short, resources must be always available for critical tasks. At the 
same time, hospitals don't hire extra doctors or nurses, nor airports keep 
extra planes on the tarmac just to anticipate the absence of resources. The 
exchangeable resources are usually designed in the resource management 
system for a small margin of redundancy. The difficult problem in such 
resource management situation is then how to identify resources that can be 
exchanged with others. Here we employ artificial intelligence techniques to 
automatically compute the exchangeability classes. We have developed for 
such purposes a set of algorithms based on constraint satisfaction problem 
solving techniques (Tsang 1993 [30]). They are described in further details 
in two Ph.D. theses [12,21]. The abstract forms computed by these 
algorithms are a set of replacement resources for each identified resource to 
be replaced. Or in the case of network bandwidth allocation, equivalent 
classes of node, each possessing the same routing capacities as others in the 
same class, are computed. We show on how visual metaphors of these 
replacement resources and equivalent classes can augment resource 
managers' cognitive reasoning by explaining the results of computation, 
verifying his gut feelings, as well as providing information for quality 
decision making. 

Figure 14 overviews all possible rescheduled solutions after a human 
operator has requested to replace an airplane. Notice when one airplane is 
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used to replace a malfunctioned one, it often requires the swapping of 
several airplanes (the number of airplanes involved) until a period of time 
for settlement (time span until settlement) has lapsed. Each box in Figure 14 
represents a solution along three characteristics underlying the operation. 
Notice the number of airplanes and the number of exchanges are similar, but 
not always the same since in some solutions an airplane can be involved in 
more than one exchange. By default, the smallest box in all dimensions is the 
best solution. Unfortunately, dynamic criteria such as the willingness of 
certain pilots to exchange, the age of airplanes, and whether an aircraft can 
land in certain countries play an important role.  

Figure 15 uses a Treemap [14] to show the same solution space, but it 
conveys very complementary information. The number of exchanges is still 
visible via the use of hues of blue. The solution space is hierarchically 
divided into sectors, showing the distribution by major participating aircraft. 
For example, the sector labeled as IGD shows all solutions involve using that 
airplane, an information missing in Figure 14. Users can attend to the 
individual characteristics of each airplane in making exchangeability 
decisions much more effectively using this visualization. As the examples 
shown here, decisions cannot be based on the default optimal criteria alone. 
With several visualizations, managers can combine different dynamic 
criteria to select the best solution. 

 

Figure 14. Overview of airplane reallocation solutions 
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Figure 15. Overview of alternative solutions in a treemap 

We have applied similar algorithms to network bandwidth allocation to 
identify resource equivalence, which is defined as a node reachability  
problem of certain capacities. Consider the case where we are interested in 
satisfying demands at 64K or higher capacity. These algorithms compute a 
set of clusters of nodes called blocking island (Figure 16). Routing of up to 
64K between anyone node to any other node within the same island is 
possible. Put in differently, the nodes within the same blocking island can be 
considered as equivalent for a certain communication capacity. For example, 
it is clear from this graph that the current network capacities cannot satisfy 
the demands between Sion and Lugano (128K) and between Sion and Basel 
(128) because they are located on separate islands. Besides answering 
questions regarding resource equivalent classes, this type of tool also allows 
users to identify bottlenecks. That is, as the capacity slider (not shown here) 
goes to higher levels (64K, 128K, and etc), nodes start to break into smaller 
islands. When major demands cannot be satisfied, we give users an 
indication as to where additional resources should be added into the current 
system. 



Visualizing resources and resource management 21
 

 

Figure 16. Network nodes within blocking islands are equivalent in terms of routing capacity 

7. TAXONOMONY FOR RESOURCE 
VISUALIZATION 

To summarize different techniques used for visualizing resource 
representation and resource management problems, we adopt the data type 
by task taxonomy (TTT) [28]. Rather than serving as an exhaustive survey of 
the current work, it is an attempt to call attention to catalog works in this 
area. Our modified TTT has a list of refined tasks, most noticeably the 
addition of compare and contrast. Furthermore, we currently focus our 
discussions on modeling issues (compare, contrast, relate, overview, and 
history), even though many systems presented here support dynamic tasks 
such as zooming, filtering, details-on-demand, filtering, and extract. 
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Table 1. Modified data type by task taxonomy for resource data 

8. RELATED WORK  

Two types of issues concerning network resource visualization can be 
found. There are those techniques visualizing the extrinsic properties of 
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networks such as the geography, topology, network node and link properties. 
The second kind visualizes intrinsic properties of network planning and 
management tasks such as network traffic, congestion, utilization of 
resources, and load balancing.  Most research works address both, but 
certainly with focus on one or the other. However, we have not found any 
works regarding the design of networks in terms of its resource allocation 
and exchangeability issues.  

SeeNet (Becker et al 1995) [4] is one of the pioneer works in network 
visualization and focused more on the intrinsic issues. The topology of 
networks was shown as connectivity graphs overlaid with real maps (e.g., 
the map of the US). Link shading with different scales of thickness and half 
links were used to show link values such as the capacity and direction of 
links. Glyphs with different shapes were used to represent node 
characteristics such as inbound and outbound overload. Finally matrix layout 
was used to alternatively represent link values. To scale up the dimensions of 
networks and personalize the set of parameters displayed, a set of dynamic 
and manipulable parameter tools were design to allow users to select and 
combine several parameters.  For example, filtering allowed showing only 
those links with a range of values, reducing the cluttering problems. 
Animation was used to analyze time-varying data for large networks within 
time periods. The main objective of SeeNet is to allow users to visually 
identify overloads, heavy traffic of critical nodes, pockets of underutilized 
network capacity, as well as to see the trend of overload over periods of 
time.  

Works that emphasize on the extrinsic properties of networks [1, 11, 26] 
use virtual environments as physical metaphors for network management 
tasks. For example, landscape visualization techniques were used to display 
distributed services where towns are sub-networks, and each district of the 
town is in tern a computer. Even though authors emphasize on the 3D 
environment and the related interaction issues, several important tasks have 
been identified that exploit the intrinsic aspect of network data. In all of the 
metaphorical worlds, users were encouraged to identify problems in a 
network tele-maintenance scenario. The 3D environment is a way of visually 
represent difficult tasks and stimulate users to interact with data in order to 
more effectively manage these networks.  

[22] provides a rather comprehensive on-line catalog of visualization 
environments, including visualizing networks. 

Several commercial and public domain visualization tools also address 
network management tasks. Mapnet [18] visualizes the infrastructure of 
multiple international backbone providers using a combination of data map 
and clustering techniques. JTGO from ILOG [13] displays network topology 
as well as represents services with alarm‚ state and performance information. 
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Performance-Copilot [23] from SGI provides 3D tools to monitor computer 
arrays, clusters, as well as Web services and DBMS management. Users can 
more easily understand performance behavior such as resource utilization 
and bottlenecks.  

9. CONCLUSION 

This paper is an initial attempt to study information visualization 
problems for the resource management framework. We provided definitions 
of six types of resources. We discussed the visual rendering of resources as 
they are modeled alone, compared in overview techniques, or as they evolve 
over time. More importantly, we introduced the notion of resource 
scheduling, allocation and exchangeability tasks, and illustrated a set of 
visual tools that help users to perform complex management tasks, such as 
replacing aircraft and routing networks under resource constraints. We 
introduced an adopted TTT (data type by task taxonomy) to provide a 
roadmap to catalog existing prototypes. 
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