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Abstract: In this paper a novel scheme for the representation and actualization of relationships in a system is introduced. Methods, 

systems and devices for indicating relationships between elements in a system using suitable representations of the relationships, 

suitable representations of the elements and suitable representations of associations between the representations of the relationships 

and the representations of the elements in the system are disclosed. The effectiveness of the scheme is demonstrated by applying it to the 

representation of associations between resources in a computer system and illustrating how novel modes of interaction are enabled by 

the principles of the system introduced in this paper. Furthermore, this paper shows how the complex relationships between elements in 

an interactive virtual tour system are simplified on the basis of the principles of the scheme presented here. The application of this 

system to interactive virtual tours highlights the simplification of the management of resources in an interactive virtual tour authoring 

environment utilizing the system. 
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1. Introduction 
 

Many aspects of man-made products and services represent 

abstractions of elements found in nature and human society. 

For example, man-made air-flight is modeled after aspects of 

natural flight as evidenced in birds and insects. Similarly, 

aspects of man-made cameras and related imaging devices 

and systems abstract aspects of naturally-occurring visual 

systems such as the human visual system. This paper 

introduces methods, systems and devices for indicating 

relationships between elements in a system using suitable 

representations of the relationships, suitable representations 

of the elements and suitable representations of associations 

between the representations of the relationships and the 

representations of the elements in the system. A range of 

benefits resulting from the application of the principles of 

the scheme to selected systems is highlighted. 

 

The remainder of this paper is organized as follows: Section 

2 contains a survey of relevant literature. The problem 

definition, methodology/approach and core principles 

underlying the novel element representation and 

actualization scheme introduced in this paper are explained 

in Section 3. In Section 4, results in the form of an 

application of the system to the simplification of the 

management of resources in an interactive virtual tour 

system are discussed. Section 5 discusses further results via 

an application of the system to the representation of 

associations between resources in a computer system. 

Concluding remarks and a discussion of future scope appear 

in Section 6 while Section 7 lists references. 

 

2. Literature Survey 
 

Modern computer systems – including operating systems and 

software applications – contain graphical representations of 

resources such as files, network locations, folders and 

devices. In these systems, resources are generally 

represented as icons. For certain classes of resources such as 

files and folders, standard data structures such as trees are 

used to indicate the relationships between the resources. 

Clicking or double-clicking an icon representing a resource 

is usually associated with an action such as the opening of 

that resource for viewing or further processing or access to 

additional information associated with the resource. Thus, 

these contemporary systems use well-defined and generally 

limited data structures to represent the associations between 

resources and simple symbols such as icons to represent the 

resources themselves. Distributed file systems, despite 

having advantages over more traditional monolithic file 

systems, are equally constrained by the aforementioned 

limitations in addition to issues of consistency, some of 

which are addressed by Triantafillou, P. and Neilson, C. in 

[1]. Issues related to pre-fetching in file systems for MIMD 

(Multiple Instruction stream, Multiple Data stream) 

multiprocessors are discussed by Kotz, D.F. and Ellis, C.S. [2]. 

However, it is desirable in many situations to utilize more 

flexible and possibly dynamic – changing with respect to 

time, events or other stimuli – representations of resources 

and to allow the creation of more powerful associations 

between resources. For example, it would be useful to assign 

a meaningful operation to the drawing of a line between two 

icons on the desktop of a modern operating system. Such an 

operation could be used to link the information represented 

by the icons in a useful way. 

 

3. Problem Definition/Methodology/Approach: 

Core Principles 
 

It is an objective of the scheme introduced in this paper to 

provide methods, systems and devices for indicating 

relationships between elements (such as resources in a 

computer) in a system using suitable representations of the 

relationships, suitable representations of the elements and 

suitable representations of associations between the 

representations of the relationships and the representations of 

the elements in the system. One of the benefits of the 

principles of the scheme introduced in this paper is the 
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simplification of the representation of the relationships 

between elements in a system leading to easier 

comprehension of the information in the system and more 

straightforward application of the information in the 

accomplishment of useful tasks. The principles of the 

scheme introduced in this paper permit simple and intuitive 

representations of complex relationships in systems with 

arbitrary types of elements, relationships and associations. 

Another objective of the scheme introduced in this paper is 

to provide a system for creating and representing dynamic – 

changing with respect to time, events or other stimuli – 

associations between elements. 

 

Figure 1 – a simplified schematic representation of the core 

principles of the system - illustrates the concept behind the 

scheme introduced in this paper. In Figure 1, E1, E2,.., En 

represent elements in the target system; R1, R2,.., Rn 

represent relationships or associations within the system 

where n (typically a non-negative integer) indicates the 

number of elements or relationships. 

 

 
Figure 1: Simplified schematic representation of the core 

principles of the system. 

 

Aspects of the scheme introduced in this paper are disclosed 

in United States Patent Application Number 12/868,832 [3], 

United States Provisional Patent Application Number 

61/243,859 [4] and United States Provisional Patent 

Application Number 61/275,746 [5]. 

 

4. Application to Interactive Virtual Tours: 

Results and Discussion 
 

United States Patent Number 7,567,274 issued to F. Ekpar 

[6] the present inventor and describing methods, systems and 

devices for the creation and management of interactive 

virtual tours describes elements and resources that could be 

contained in a control engine and used to indicate the 

relationships between views in a viewing engine and the 

states of elements in the control engine. The „274 patent also 

introduced bi-directional communication between the control 

and viewing engines and/or other parts of the virtual tour 

system that could be used to facilitate the indication of the 

relationships. Preview elements disposed in 

multidimensional space/time could also be used to represent 

elements (environment maps) and their attributes according 

to the principles of the „274 patent. The scheme introduced 

in this paper improves on the relationship representation 

systems, methods and devices described in the „274 patent 

by introducing general-purpose methods, systems and 

devices for indicating relationships between elements (such 

as resources in a computer) using suitable representations of 

the relationships, suitable representations of the elements and 

suitable representations of associations between the 

representations of the relationships and the representations of 

the elements in the system. 

 

Figure 2 depicts an arrangement that represents the  

application of the scheme introduced in this paper to an 

interactive virtual tour system and indicates map or 

multimedia elements labeled M1, M2,…,MN and contained 

within the two-dimensional grid 10; scene (environment 

map) elements labeled S1, S2,…,SN rendered as nodes on 

the two-dimensional loop 20; compass (view direction 

indicator) elements labeled C1, C2,…,CN contained within 

the two-dimensional grid 30; lines 23, 31, N2 and NN 

representing associations between scene, map or multimedia 

and compass elements and extra representation element, ER 

indicating extra or additional information for the 

representation of one or more elements. The system shown in 

Figure 2 could represent part of a virtual tour system or part 

of any other system that could be represented in the manner 

indicated. 

 
Figure 2: Conceptual representation of selected resources in 

an interactive virtual tour system. 

 

Maps could be added to the system via suitable means such 

as the opening of image files representing the maps or in the 

form of the representation of a global positioning system 

(GPS)-enabled map rendering that could be rendered once or 

updated periodically or dynamically and/or in real time. 

Other suitable means of adding maps could be used. The 

term map as used in this context could refer to a graphical 

representation of the salient features of a location of interest. 

The representation could be in dimensions (for example in 2- 

or 3-dimensions) suitable for the specific system under 

consideration. 

 

Multimedia elements – for example video, audio, images, 

slide shows, animations, general-purpose graphics, text, 

commands and/or suitable combinations of these and/or 

other elements – could be added via a suitable multimedia 

authoring subsystem or any other suitable means.  

 

Scene elements could represent environment maps such as 

those described in United States Patent Number 7,567,274 

[6]. Other suitable representations could also be used. 

 

The extra representation could be in the form of additional 

information about a scene element or any other part of the 

system. For example, this could be in the form of an 

expanded view of the scene showing greater detail. The extra 

representation could also be in the form of methods, systems 
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or devices permitting the execution of a query or search that 

yields additional information about a specific scene or any 

other desired part of the system. 

 

Compass elements could be added to the system by opening 

image files that could be used as direction indicators or via 

the use of any suitable system or element for view direction 

or status indication. 

 

Note that although each type of element (map or multimedia 

element, scene element and compass element) depicted in 

Figure 2 appears in a separate group or category, elements of 

different types could be mixed and matched where 

appropriate. Additionally, elements of any type could be 

used. 

 

The N in M1, M2,…,MN; S1, S2,…,SN; C1, C2,…,CN, N2 

and NN could be 0 (indicating the absence of the element or 

association indicated), 1, 2, 3 or any suitable number. 

 

Although as illustrated in Figure 2, the map or multimedia 

elements are depicted as thumbnails contained within a two-

dimensional grid, the scene elements as nodes in a two-

dimensional loop and the compass elements as thumbnails 

contained within a two-dimensional grid, each category or 

group of elements could be represented in N-dimensional 

space and/or time where N is 1, 2, 3, 4 or any other suitable 

number. Furthermore, elements could be arranged in any 

configuration with any suitable shape or surface. 

 

Any element of any suitable type can be added to the system 

using any suitable representation. 

 

One or more suitable representations of each element could 

be used. For example, a representation depicting a navigable 

view of a scene element could be implemented as a 

thumbnail and used in isolation or in combination with one 

or more representations depicting meaningful events related 

to the scene element such as the activation, deactivation 

and/or rendering time of the scene. 

 

Lines 23, 31, N2 and NN in Figure 2 denote associations 

between elements. For instance, line 23 could indicate a link 

between the scene elements labeled S2 (source scene) and S3 

(target scene) that could be implemented as a hotspot with an 

active region that can be clicked to evoke a desired action 

such as a transition or jump from scene S2 to scene S3.  

Similarly, line N2 could represent a link between scene SN 

(source scene) and scene S2 (target scene). Further, line 31 

could represent a synchronization relationship – similar to 

those described in United States Patent Number 7,567,274 

[6] – between the scene labeled S3 and the map or 

multimedia element labeled M1. In the same vein, line NN 

could represent a synchronization relationship between the 

scene labeled SN and the compass or view direction 

indicator element labeled CN. 

 

It should be understood that any suitable associations 

between any elements or groups of elements could be 

defined. Some associations – such as those represented by 

lines 23 and N2 in Figure 2 – comprise arrows indicating the 

general flow of the association (for example, 23: link from 

scene S2 to scene S3; N2: link from scene SN to scene S2) 

while other associations – such as those represented by lines 

31 and N2 in Figure 2 – comprise of a simple line. Other 

suitable representations of associations such as 1-, 2- or 3-

dimensional representations and/or time varying associations 

and dynamic associations dependent on other stimuli such as 

events defined within the system could also be utilized. 

 

The application of the scheme to an interactive virtual tour 

authoring system is exemplified by the screenshot in Figure 3 

where green lines represent relationships between scenes and 

compasses while red lines represent relationships between 

scenes and maps. Scenes are represented as column 

thumbnails near the center of the screen. 

 

In Figure 4, a thumbnail item is used to represent each map 

and each compass in a virtual tour. Furthermore, a thumbnail 

is used to represent each scene in the virtual tour. Clicking a 

scene thumbnail selects the associated scene and displays 

any map associated with the scene. 

 

 
Figure 3: Screenshot of application exemplifying the 

application of the scheme to an interactive virtual tour 

authoring system. 

 

 
Figure 4: Representation of scenes and associated maps and 

compasses in an interactive virtual tour authoring 

environment. 

 

Associations between elements can be created visually. One 

example of the visual creation of associations in the case of a 

virtual tour system comprising scenes represented as nodes – 
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S1, S2,…, SN – on a loop, maps or floor plans or multimedia 

elements represented as thumbnails – M1, M2,…, MN – and 

compasses represented as thumbnails – C1, C2,…,CN – as 

depicted  in Figure 2, is a method or apparatus permitting an 

operator to draw a line from the representation of one 

element (for example, a line from the node representing a 

specific scene of interest) to the representation of the 

associated element (for example, the thumbnail representing 

a map, multimedia element, compass or a scene within the 

virtual tour) to represent the desired association between the 

source element and the target element.  

 

In the case where the source element is a scene and the target 

element is another scene, the line symbolizing the 

association could represent a scene hotspot defined as an 

active N-dimensional region (where N could be 1, 2, 3, 4 or 

any other suitable dimension) that when activated (for 

example, via a mouse click in a graphics-or based computer 

system) causes actions equivalent to a transition or jump 

from the source scene to the target scene to be carried out. 

The management of this process in an interactive virtual tour 

authoring environment utilizing the scheme introduced in 

this paper is illustrated in Figures 5-8. In Figure 5, a line is 

drawn from the source scene at the top of a loop with 

thumbnails representing scenes in the virtual tour to the 

target scene to the right. Figure 6 demonstrates what happens 

when the cursor reaches the target scene – a higher 

resolution thumbnail of the scene is displayed at the center of 

the loop. When the cursor is released over the target scene, a 

hotspot linking the two scenes is inserted in the first scene 

and this relationship is indicated by an arrow leading from 

the first scene to the second or target scene as shown in 

Figure 7. This process can be repeated for any number of 

scenes that the user wishes to link together. Figure 8 

illustrates a sequence of interlinked scenes and the 

representations (straight lines with arrows originating at the 

first or source scene and pointing to the second or target 

scene) used to indicate the relationships. As is apparent from 

Figure 8, an inspection of the representation clearly reveals 

the linking relationships between the scenes in the virtual 

tour. 

 

 
Figure 5: Initial stages of drawing a line between two scene 

representations in an interactive virtual tour authoring 

environment. 

 
Figure 6: Final stages of drawing a line between two scene 

representations in an interactive virtual tour authoring 

environment. 

 

 
Figure 7: Representation of completed scene linking in an 

interactive virtual tour authoring environment. 

 

 
Figure 8: Sequence of interconnected or linked scenes in an 

interactive virtual tour authoring environment. 

 

Further, in the case where the source element is a scene and 

the target element is a representation of a resource such as a 

website on the Internet [possibly encoded as a Uniform 

Resource Locator (URL) or in any other suitable 

representation], the line symbolizing the association could 

represent a URL hotspot defined as an active N-dimensional 

region (where N could be 1, 2, 3, 4 or any other suitable 

dimension) that when activated (for example, via a mouse 

click in a graphics-or based computer system) causes the 
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associated website or resource to be presented, accessed or 

processed in any desired manner. 

 

The active N-dimensional region of the hotspot mentioned in 

the foregoing discussion could be implemented as a time-

sensitive 2-or 3-dimensional space or other suitable 

representation. In this context, time-sensitivity could be 

implemented as an association between the rendering or 

presentation time of the source scene and the rendering or 

presentation time of the hotspot. More specifically, for 

video-based scenes, the hotspot could be programmed to 

start presenting at a specific time or frame within the scene 

video and to stop presenting at a specific time or frame 

within the scene video. 

 

Visual and/or other suitable representations of elements 

and/or their associations and/or relationships could be 

employed (for instance, by clicking or double-clicking on the 

representation) to specify and/or edit the attributes of the 

underlying elements, associations and/or relationships. 

Figure 9 depicts an interactive virtual tour with elements 

such as maps and hotspots that was authored using the 

principles of the scheme introduced in this paper. 

 

 
Figure 9: Interactive virtual tour with elements such as maps 

and hotspots that was authored using the principles of the 

scheme introduced in this paper. 

 

The principles of the scheme introduced in this paper permit 

the creation and/or management of associations between 

elements in ways other than the visual examples described 

herein. Automatic and/or event-driven and/or dynamic 

association generation and management could be employed 

according to the principles of the scheme introduced in this 

paper. Furthermore, associations could be updated 

dynamically as the number of elements in the system and the 

relationships between them change or in response to other 

suitably defined conditions. 

 

5. Application to Operating Systems: Further 

Results and Discussion 
 

As explained in Section 2, modern computer systems – 

including operating systems and software applications – 

contain graphical representations of resources such as files, 

network locations, folders and devices and utilize well-

defined and generally limited data structures to represent the 

associations between resources and simple symbols such as 

icons to represent the resources themselves. The scheme 

introduced in this paper provides advantageous alternatives. 

Figure 10 shows an additional embodiment illustrating how 

the principles of the scheme introduced in this paper could 

be practiced. In Figure 10, a computer system labeled OS 

(operating system) contains, possibly in addition to other 

elements, resources depicted as R1, R2, R3,…,RN. The 

computer system, OS, could represent a view of an operating 

system such as the desktop while the resources could be 

represented as icons associated with files, folders, cameras, 

networks and other devices, or more generally, any resources 

managed by the system. As illustrated in Figure 10, the 

computer system, OS, could be connected operatively to a 

mediating interface, indicated as MI. The mediating interface 

could be used to facilitate the creation and/or management of 

associations between the elements of the system. Standard 

computer interface systems based on the mouse, keyboard 

and/or related systems could be used to implement the 

mediating interface, MI. Furthermore, brain-computer or 

neuronal interfaces such as those described in United States 

patent application number 12/462671 published on February 

10, 2011 [7] could also be used. Other suitable interfaces 

such as gesture based interfaces could be used where 

appropriate. It should be noted that the mediating interface 

need not be present in all cases but only when required. A set 

of associations or relationships between elements in the 

system are indicated by the connections labeled A12 (link or 

association between resource R1 and resource R2), A1N 

(link or association between resource R1 and resource RN) 

and AN3 (link or association between resource RN and 

resource R3) are shown in Figure 10 and as explained in the 

foregoing description of the preferred embodiment, could 

represent suitably defined relationships between the elements 

or resources. By way of a specific example, an icon 

representing a camera in a computer operating system could 

be linked to another icon representing a folder containing 

picture files retrieved from the camera by drawing a line or 

otherwise defining a similar geometrical entity or a gesture 

in a gesture-based interface system that could be interpreted 

as defining a link between the two resources to establish a 

“synchronization” relationship between the resources such 

that pictures acquired using the camera are automatically 

uploaded as picture files to the connected folder – thus 

synchronizing the two linked or connected resources. Any 

aspect of the system (for instance, the generation of the link 

or connection and/or the management of same) could be 

mediated or facilitated by the mediating interface, MI, of 

Figure 10. 

 
Figure 10: Applying the principles of the scheme to an 

operating system. 
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6. Conclusions and Future Scope 
 

In this paper, a novel scheme for the representation and 

actualization of relationships in a system was introduced. 

Demonstrations of the application of the scheme to the 

simplification of resource management in an interactive 

virtual tour authoring environment and an improved 

operating system were presented. 

 

The principles of the scheme introduced in this paper permit 

the creation and/or management of associations between 

elements in ways other than the visual examples described 

herein. Automatic and/or event-driven and/or dynamic 

association generation and management could be employed 

according to the principles of the scheme introduced in this 

paper. Furthermore, associations could be updated 

dynamically as the number of elements in the system and the 

relationships between them change or in response to other 

suitably defined conditions. 

 

The methods and systems disclosed in the scheme introduced 

in this paper could be used to link or connect multimedia and 

other resources and to facilitate interaction between and/or 

with the resources so linked or connected.  

 

Although the foregoing disclosure described specific 

methods, techniques and systems that could be used to carry 

out the scheme introduced in this paper, it should be 

understood that the scheme introduced in this paper is not 

limited to the foregoing description. Further, it should be 

understood that numerous alternative embodiments and 

equivalents of the scheme described herein may be employed 

in practicing the scheme and that such alternative 

embodiments and equivalents fall within the scope of the 

scheme introduced in this paper.  
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