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1. Introduction

Considering that graph visualization tasks can be automated in order to allow effective interactive manipulation with information being processed, it is clearly seen that such automation requires development of complex GVS (Graph Visualization Software). That is why analysis and definition of requirements is of particular importance as a starting point of development cycle.

This is not a trivial task, as there are many fields that could benefit from automated visualization of graph structures, each with individual characteristics of processing visual data. Of course it is impossible to build perfect GVS that would be able to satisfy all needs simultaneously. Instead authors propose to derive common characteristics of different kinds of visualization tasks in order to build database that consists of generic GVS components (separate module that provides calculations for force-based layout would be a good example) and their description.

Such components could be integrated into functional graph drawing packages on modular basis. Moreover, such organization of development allows defining ready-to-use design templates explicitly tuned for aforementioned types of tasks. These templates would be stored in the same database while holding references to generic GVS components, providing ability to enable compilation of particular GVS  “on the fly”.

This is a long-term goal that requires preliminary researches. In this paper authors propose summary of first step that involves studying of some existing GVS and additional theoretical sources in order to identify the main characteristics of visualization tasks and find dependencies between them and potential GVS components. Authors also propose demonstration of how such concepts would be able to help in development of GVS in particular field.

Taking into consideration the above mentioned, it is possible to identify the following goal: to assist in creation of new GVS by providing mechanism for making design templates for different kinds of tasks. In order to reach this goal, there are being defined four subtasks: 1) to study functionality of some existing graph drawing packages; 2) to derive possible relationships between GVS requirements and generic components; 3) to develop mechanism for managing design templates; 4) to evaluate application of one example template for development of imaginary GVS as a part of generic air traffic control routing system.

2. Overview of modern graph drawing packages

 

Nowadays one can find wide range of solutions that provide aid in graph drawing and analysis although functionality and license terms of them may vary from freeware packages (with basic ability to place nodes on two-dimensional plane and connect them) to complex commercial solution (such kind of software provides full-fledged support for automated positioning of graph elements, ability to visualize data in three dimensions, etc).

Considering that it is impossible to summarize features of all packages and numberless versions of these, authors have decided to pick few distinctive representatives from both freeware and commercial products, namely:

· Graphviz – freeware open source graph visualization software that has several graph layout programs and supports for colours, fonts, tabular node layouts, line styles, hyperlinks, and custom shapes [1].

· Wilmascope 3D – freeware Java 3D application that creates real-time 3D animations of dynamic graph structures. It comes with a number of layout algorithm plugins, and supports the creation of plugins for new layout algorithms [2].
· aiSee – commercial graph drawing tool which automatically calculates a customisable layout of graphs specified in GDL (Graph Description Language). Afterwards this layout is displayed, and can be printed or interactively explored [3].
· Tulip – freeware framework for visualization and edition of graphs that allows navigation through geometric operations as well as the extraction of subgraphs and enhancement of the results obtained by filtering [4].

· yFiles – commercial extensive Java class library that provides algorithms and components enabling the analysis, visualization, and the automatic layout of graphs, diagrams, and networks [5].

Screenshots of main windows of all five packages are presented in Fig.1 (the sequence of fragments A-E corresponds to list ordering above).
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Fig.1. Main windows of different GVS

Although all of these packages were developed independently, it is still possible to distinguish two common primary areas – workspace (a pool that contains interconnected elements of data being drawn) and toolbox (an array of properties, pictograms or menu elements that could trigger possible actions). Content of both areas may be scattered across the screen, resulting in multiple view ports (see Fig 1. fragments C, D), multiple toolboxes (see Fig.1. fragment E) or both. In one particular case there might be displayed only workspace while access to action triggers is provided via external input devices and key bindings.

There exist secondary common characteristics that could be used to describe functionality of GVS, such as: 

1) Support of laying out graphs in three-dimensional space (see Fig.1. fragment B, D) as addition to default planar drawing (see Fig.1. fragment A, C, E).

2) Ability to auto-place graph elements corresponding to known layouts (force-based, orthogonal, tree-shape etc. – refer to [6], [7] for more detailed description) and whether these layouts are turned on (as for Wilmascope 3D) or off (as for Graphviz) by default.

3) Support of making clusters and subgraphs in order to collapse and expand structural parts of large graphs for simplified comprehension and manipulation (as for Wilmascope 3D, aiSee and yFiles).

4) Ability to activate post-processing of already visualized graph structures in order to distinct certain regions of graph body – magnifying lens (see Fig.1. fragment E), hyperbolic fish-eye view etc.

5) Support of importing and exporting produced layouts from/to known graph description languages (GML as for Wilmascope 3D and Tulip, GDL as for aiSee, etc.).

6) Ability to render content of workspace to raster format (such as BMP, JPG or PDF), vector format (such as SVG [8]) or send it directly to printing device.

7) Support of animation of dynamic processes within graphs, for example – Petri Nets (as for yFiles and aiSee).

8) Ability to import third-party plugins for enhanced GVS functionality (as for Tulip).

9) Support of setting up secondary parameters of GVS (such as sensitivity of input devices or individual parameters of layout as for aiSee).

This is not complete list as only obvious self-explaining secondary features were extracted from aforementioned GVS packages. Each graph drawing application field may state its own unique requirements (for example refer to [9], [10]). Although there is one additional characteristic that is of particular interest in scope of this research, namely – GVS source code distribution model and ability to include its library classes as components for new arbitrary software development project. Such library classes can be treated as potential candidates for aforementioned generic GVS components.

One can define three basic models of GVS distribution. The first of them imply precompiled executables without access to source code, the second one provides access to GVS source “per se”, while the third model focuses on explicit reuse of library components. Authors will take a closer look at yFiles package that falls into the third category.

This solution comes in three separate libraries. “yFiles Basic” serves as the "backbone" and contains essential classes and data types for graph analysis tasks. It provides implementations of data types like graph or priority queue. Furthermore it makes a variety of available graph and network algorithms which form toolkit for network analysis tasks. “yFiles Viewer” builds upon “yFiles Basic” and provides graph viewer component and other Swing-based GUI (Graphical User Interface) elements. The viewer component is showcased in the “yEd” graph editor application that can be treated as stand-alone GVS (it corresponds to second distribution model). The third part, “yFiles Layout” is based on “yFiles Basic” too and provides a suite of graph layout algorithms. Different layout styles like hierarchical, orthogonal, or circular are provided as easy-to-integrate components that can be configured programmatically to suit different layout demands. Additionally it provides edge routing algorithms that make it possible to route edges into existing diagrams.

Creation of trivial graph with ten nodes and five edges between them by using built-in classes is presented in Fig.2.
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Fig.2. yFiles source code for creation of trivial graph

Although there are hundreds of main and auxiliary classes in this framework, these are arranged into semantically related categories and documented using UML (Unified Modeling Language) notation. Diagram of classes and interfaces related to graph layout architecture is presented in Fig.3 (note that yFiles libraries are made using Java language, utilizing such concept as interfaces) as an example.
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Fig.3. Part of layout architecture in yFiles
This diagram depicts the graph implementation and is provided by abstract class LayoutGraph that enhances the graph structure with support for positional and dimensional information for all graph elements. Such description is extremely useful in scope of this work as it enables mechanism for providing metadata for content of generic components being stored in database.

Summarizing this overview of graph drawing packages authors may conclude that there exist both primary requirements for GVS – such as presence of workspace, and secondary requirements – such as ability to enable auto-layout mechanisms or reuse of class libraries. The latter case is related to problem how to define and store generic components in database for further use.

3. Deriving relationships between GVS requirements and generic components

 

In this chapter authors provide more detailed insight both in potential GVS requirements and generic components that would be able to satisfy them. On a side note, authors concentrate only on functional GVS requirements as non-functional requirements (for example – minimal allowed frame per second counted during visualization session) greatly differ depending on individual characteristics of software and hardware platforms chosen for implementation.

The list of GVS requirements is presented in the table below. “Type” column denotes whether certain requirement is general (marked as “Archetype”) or derived from related higher-level requirement (marked as “Subtype”). Requirements from previous chapter are being embodied into the table with further classification.

Table 1

List of GVS requirements

	Req. ID
	Requirement description
	Type

	R1
	Support to lay out graphs in three-dimensional space
	Archetype

	R2
	Support of laying out planar graphs
	Subtype

	R3
	Ability to navigate graph data 
	Archetype

	R4
	     Support of translation
	Subtype

	R5
	     Support of rotation
	Subtype

	R6
	     Support of scaling
	Subtype

	R7
	Ability to interact with graph data
	Archetype

	R8
	     Support of selection of graph elements
	Subtype

	R9
	     Support of modification of graph elements
	Subtype

	R10
	     Support of adding new graph elements
	Subtype

	R11
	     Support of removing existing graph elements
	Subtype

	Req. ID
	Requirement description
	Type

	R12
	Ability to auto-place graph elements corresponding to known layouts
	Archetype

	R13
	     Support of force-based layout
	Subtype

	R14
	     Support of orthogonal layout
	Subtype

	R15
	     Support of hierarchical layout
	Subtype

	R16
	     Support of circular layout
	Subtype

	R17
	Ability to alter individual characteristics of graph elements
	Archetype

	R18
	     Support of altering text label of graph elements
	Subtype

	R19
	     Support of altering shape of graph elements
	Subtype

	R20
	     Support of altering size of graph elements
	Subtype

	R21
	     Support of altering colour of graph elements
	Subtype

	R22
	     Support of lighting and texturing of graph elements
	Subtype

	R23
	     Support of altering transparency of graph elements
	Subtype

	R24
	Ability to group structural parts of graphs 
	Archetype

	R25
	     Support of collapsing and expanding structural parts of graphs
	Subtype

	R26
	     Support of port grouping
	Subtype

	R27
	     Support of defining and managing subgraphs
	Subtype

	R28
	Ability to create additional view ports
	Archetype

	R29
	Ability to activate post-processing of already visualized graph structures
	Archetype

	R30
	     Support of magnifying lens
	Subtype

	R31
	     Support of hyperbolic fish-eye view
	Subtype

	R32
	Ability to import and export produced layouts from/to known graph description languages
	Archetype

	R33
	     Support of GDL
	Subtype

	R34
	     Support of GraphML
	Subtype

	R35
	     Support of GML
	Subtype

	R36
	     Support of GXL
	Subtype

	R37
	     Support of GraphXML
	Subtype

	R38
	     Support of XGMML
	Subtype

	R39
	     Support of custom user formats
	Subtype

	R40
	Ability to render content of workspace to external source
	Archetype

	R41
	     Support of non-compressed image formats (BMP, TGA, SVG, etc.)
	Subtype

	R42
	     Support of compressed image formats (JPG, GIF, SVGZ, etc.)
	Subtype

	R43
	     Support of office and Web formats (PDF, DOC, PHP, ASP, etc.)
	Subtype

	R44
	     Support of printing visualized image
	Subtype

	R45
	Ability to work with advanced graphs
	Archetype

	R46
	     Support of dynamic graphs
	Subtype

	R47
	     Support of hypergraphs
	Subtype

	R48
	     Support of nested graphs
	Subtype

	R49
	     Support of Petri Nets
	Subtype

	R50
	Ability to manage repository of templates for common graph structures
	Archetype

	R51
	    Support of saving and loading graphs to/from repository
	Subtype

	R52
	    Support of inheritance of graphs within repository
	Subtype

	R53
	    Support of composition of graphs within repository
	Subtype

	R54
	Ability to explicitly distinguish sets of graph elements
	Archetype

	R55
	     Support of visual distinguishing of cycles
	Subtype

	R56
	     Support of visual distinguishing of shortest paths between nodes
	Subtype

	R57
	     Support of visual distinguishing of spanning trees
	Subtype

	R58
	Ability to import third-party / custom user plugins
	Archetype

	R59
	Ability to animate processes within graphs
	Archetype

	R60
	Ability to set-up arbitrary secondary parameters of GVS
	Archetype


Although this expanded list should be treated as sufficient for most types of basic graph processing tasks it is not complete. Authors doubt that identifying full set of requirements is possible (or even necessary), considering variety of possible graph drawing applications. That is why requirements and corresponding relations to GVS components (see below) must be added upon need in each case.

The next stage involves identifying potential generic components that would be able to satisfy arbitrary list of requirements from previous table. In this case rather than defining each component itself (otherwise trivial conversions like “Ability to render content of workspace to external source” (  “Workspace content render” would be possible) authors rely on naming “packages” of appropriate general concepts and mechanisms. The list of GVS components is presented in the table below (the order is not important).

Table 2

List of GVS components

	Comp. ID
	Component name

	C1
	Two-dimensional graphics package

	C2
	Three-dimensional graphics package

	C3
	Mathematical function package

	C4
	Input / output devices access package

	C5
	Graph theory package

	C6
	Object group picking package

	C7
	Physical laws imitation package

	C8
	Font package

	C9
	Texturing package

	C10
	Lighting package

	C11
	File data parser package

	C12
	Video memory access package

	C13
	GUI library package

	C14
	View transformation matrices package

	C15
	Alpha blending package

	C16
	Layout rules package

	C17
	Inner repository management package

	C18
	Image file package

	C19
	GVS extension package

	C20
	DHTML package

	C21
	Colours and shapes package

	C22
	XML support package


Definition of relationships between both sets is presented below. Authors present this information as a set of tuples in order to save space. Practical implementation of relational database was build to allow convenient conversion between description of requirements and component names as well as offers support for templates (see chapter 4 for details).

Table 3

Relationships between GVS requirements and components

	R1 – C2, C1
	R2 – C1
	R3 – C14
	R4 – C14

	R5 – C14
	R6 – C14
	R7 – C4, C6, C8
	R8 – C4, C6

	R9 – C4, C8
	R10 – C4
	R11 – C4
	R12 – C3, C7, C16

	R13 – C3, C7, C16
	R14 – C3, C16
	R15 – C3, C16
	R16 – C3, C16

	R17 – C4, C8, C9, C10, C14, C15, C21
	R18 – C4, C8
	R19 – C4, C21
	R20 – C4, C14

	R21 – C4, C21
	R22 – C4, C9, C10
	R23 – C4, C15
	R24 – C4

	R25 – C4
	R26 – C4
	R27 – C4
	R28 – C1, C2

	R29 – C12
	R30 – C12
	R31 – C12
	R32 – C11, C22

	R33 – C11
	R34 – C22
	R35 – C22
	R36 – C22

	R37 – C22
	R38 – C11
	R39 – C22
	R40 – C4, C18, C20

	R41 – C18
	R42 – C18
	R43 – C20
	R44 – C4

	R45 – C5
	R46 – C5
	R47 – C5
	R48 – C5

	R49 – C5
	R50 – C11, C17
	R51 – C11
	R52 – C17

	R53 – C17
	R54 – C5, C14, C15, C21
	R55 – C5, C14, C15, C21
	R56 – C5, C14, C15, C21

	R57 – C5, C14, C15, C21
	R58 – C19
	R59 – C12
	R60 – C13


In case if only general archetype requirement (marked with bold) is being specified, it automatically inherits relationships with components from all corresponding subtypes.

4. A mechanism for extraction of list of components from GVS design templates

 

In this chapter authors propose implementation for GVS templates mechanism that is based on relational database model. Authors have chosen MS Access as a simple solution that is able to provide basic understanding of proposed model. All previously declared information about requirements, components and interdependencies of them is a part of database content. The scheme of relationships in such database is provided in Fig.4.


Fig.4. Database relationship scheme
All fields in tables “Components” and “Requirements” correspond to content of tables 1 and 2. Table “Templates” holds ID (“T_ID” field) and names (“T_Name” field) of defined templates. The required transformation allows converting to a list of necessary GVS components from name of an arbitrary template. In order to do so, there are two “many–to–many” relationships being defined between tables. The first one defines dependencies between GVS requirements and components as of table 3. The second one defines list of possible requirements for each GVS template.

The task of retrieving list of components from the template name can be successfully accomplished with a single SQL (Structured Query Language) query – see Fig.5.


Fig.5. SQL query for getting a list of component names

The inner select query (lines of code 4 to 6) allows extracting list of requirements ID for provided template name (marked bold in Fig.4) by examining related relationships in first auxiliary table “TR_Dependencies”. The outer select query (lines of code 1 to 3 and 7) takes previous result as additional constraint while examining relationships in second auxiliary table “RC_Dependencies” in order to retrieve list of component names (marked bold in Fig.4). The “GROUP BY” keyword allows to get rid of duplicates (if any) in resulting table.

In order to verify correctness of this query there is being defined “Generic GVS” template that includes ID of all 60 requirements from table 1. Considering that each component is associated with requirements at least once, disjunction of dependencies of full set of requirements must produce full set of GVS components.

Examples of content of table with templates, according to auxiliary table and full result of executing query defined above are shown in parts (A), (B) and (C) of Fig.6.

Fig.6. Content of tables for templates and result of executing test query 

As we see in part (C), returned set with names of components fully conforms to content of table 3, as expected.

5. Summary of creation and usage of GVS template – a case study

 

In this chapter authors propose a study of development of imaginary GVS as a part of generic ATC (Air Traffic Control) routing system. Authors will start with overall description of this domain and general requirements for related visualization procedures. At the next stage authors will identify individual subtasks to be accomplished in order to extract ID of appropriate requirements from table 1. Finally authors will execute aforementioned mechanism in order to generate list of necessary GVS components as stated above.

ATC is a service provided by ground-based controllers who direct aircraft on the ground and in the air in order to prevent collisions (utilizing lateral, longitudinal and vertical separation) as well as organize and expedite the flow of traffic [11]. The primary tool for such activity is an ODS (Operational Display System) – computer-driven systems showing maps, weather info, airplane routes and digitised real-time radar tracks on an ergonomic console. Considering that most signals come in digital form, additional functionalities might be embedded on optional base (such as trajectory prediction, conflict warnings, arrival optimisation, etc.). Another important feature of such system is ability for pilots to submit flight plans (information about intended flights – general shape of route, waypoints, altitudes of flight control points, etc.) that could be displayed on ODS screen. Integration of all this data on ATC controller’s screen usually results in complex visual image that must be monitored by a human in real time – refer to Fig.7 as example.


Fig.7. Fragment of ATC display data 

In case of busiest airports density of such data volumes might increase even more. Considering that ATC process is a mission-critical task (same relates to any avionics software involved), it is of primary importance to relieve controller’s work by providing him with all necessary information in most possible convenient way.

Upon close inspection of Fig.7 it is possible to conclude that such kind of data can be interpreted as a graph structure with multiple nodes corresponding to objects such as aircrafts, waypoints, towers, etc. At the same time, such concepts as flight paths (either previously submitted via flight plans or those calculated in real-time), open communication channels between different towers, borders that separate different control space regions, etc. might be interpreted as graph edges.

It is possible to derive number of guidelines that defines possible content of such visualization systems:

· There should be only one view port on main ODS display (duplicating information in multiple view ports increases its comprehension time) and it must operate in full screen mode without any additional toolboxes (at each fraction of time controller must be concentrated only on primary ATC data without any distractions).

· Both three-dimensional and planar visualization is necessary. The first one allows for natural interpretation of data, as aircrafts utilize all space dimensions equally. The second one is still necessary because of compatibility with historically dominating sweeping radar systems.

· There is no need to implement any auto layout algorithm as ODS serves for displaying only real-time or pre-loaded data without ability to change its geometrical or structure characteristics (in case of unforeseen changes in flight plan, according information will be generated outside ODS and reloaded into it).

· There is no need to save any data because of the same reason.

· On the contrary, enhanced abilities in relation to data navigation, selection of individual elements and altering its individual appearance characteristics should be provided, as this is essential for effective data monitoring and visual clustering.

The template being build is named “ATC Routing System GVS”. Its content was made based on table 1, taking into consideration previous guidelines. The resulting tuple with requirements is presented in table 4.

Table 4

Requirement tuple for template “ATC Routing System GVS”

	Templ. ID
	Template Name
	ID of related requirements

	T6
	ATC Routing System GVS
	R1, R3, R5, R6, R8, R17, R24, R29, R32, R55, R56


As it is seen, only 11 requirements (out of 60 candidates defined in total) were selected for the implementation. Note that in case if all subtypes of requirements are necessary it is sufficient to include only ID of corresponding archetype (as with R1, R3, etc.). In case if only certain archetype’s subtype requirements are necessary, only these certain ID must be included while omitting archetype ID itself (as with R55 and R56).

Other requirements such as R15 (support of hierarchical layout), R28 (ability to create additional view ports), R43 (support of office and web formats), R49 (support of Petri Nets), R58 (ability to import third-party custom user plugins) etc. are useless in context of described system.

The result of previously defined SQL query execution (by substituting “Tname” with “ATC Routing System GVS” in Fig.5) is presented in Fig.8.


Fig.8. Result of executing query for template “ATC Routing System GVS”

As we see, no unnecessary components (such as “DHTML package” or “Layout rules package”) in the semantic context of the system were included. The number of resulting components is equal to 14 (out of 22 candidates defined in total) so in this case we have covered more than 60% of potential components with definition of less than 20% of potential requirements.

6. Conclusions

This research holds analysis of some modern GVS packages and states possible solutions towards integrated database of generic components that would be able to assist in compiling new GVS. In this research were pointed out the following key points:

1) Although there are many state-of-the-art graph visualization tools, it is possible to define number of general requirements that cover all necessary functionality in graph drawing domain. This leads to unified GVS compiler concept.

2) In this research authors set a base for such automated compiling by defining two primary sets of data, namely – list of requirements, list of generic GVS components as well as relationships between them.

3) The list of requirements may hold two types of elements – archetypes and subtypes. The first case is statement of general requirements that includes all corresponding subtype requirements and their dependencies. The second case conforms to stand-alone requirements without any interdependencies.

4) Authors have introduced formal mechanism for transforming a set of requirements into a set of necessary components based on relational algebra and template concept.

5) Evaluation of these was carried out in imaginary ATC Routing System case study.

The next important problem for further studying is how to define and store implementation of generic GVS components. In this work authors have made initial research in this field by analysing mechanism of providing metadata for content of components being stored in the database (based on current implementation of yFiles class library).

Although the chosen field for case study is effectively a “thought experiment” which may not suit with real ATC implementations and in some safety-critical real-time systems (because of robustness, reliability or other issues), the main idea behind this was to set and demonstrate theoretical base of our general approach, rather than offering complete solution for one specific application field.
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Zabiņako V., Rusakovs P.  Grafu vizualizācijas programmatūras vispārīgo prasību noteikšana

Šīs raksts sniedz moderno grafu vizualizācijas sistēmu (piemēram, “Graphviz”, “yFiles”, “Wilmascope 3D” utt.) salīdzinošo analīzi ar mērķi iegūt un raksturot vispārīgās prasības, kuras varētu būt lietderīgas jaunas grafu vizualizācijas programmatūras veidošanai. Darbā definētas attiecības starp identificētām prasībām un atbilstošajiem nepieciešamajiem vispārīgajiem komponentiem. Tika izpētīti papildus informācijas avoti ar nolūku precizēt šīs prasības. Šī darba galvenais mērķis ir uzlabot jaunas grafu vizualizācijas programmatūras izstrādi, piedāvājot arhitektūras šablonu veidošanas mehānismu dažādu uzdevumu tipiem (piemēram – vispārīgo grafu, diagrammu, komunikācijas tīklu u.tml. attēlošanai). Pētījuma rezultāti prezentēti tabulu veidā. Tas ļauj identificēt nepieciešamo komponenšu kopu sākotnējās projekta izstrādes stadijās (sākot ar sistēmas vēlamo īpašību sarakstu un transformējot to nepieciešamo komponenšu sarakstā). Ir sniegts šādas tabulas izmantošanas piemērs DBPS MS Access vidē uz imagināras gaisa satiksmes kontroles maršrutizācijas sistēmas problēmsfēras bāzes un izdarīti secinājumi par sasniegtajiem rezultātiem, kā arī sniegta informācija par šī pētījuma iespējamo turpinājumu.
Zabiniako V., Rusakov P. Definition of General Requirements for Graph Visualization Software
This paper contains comparative analysis of some modern graph visualization packages (for example, “Graphviz”, “yFiles”, “Wilmascope 3D”, etc) in order to outline and characterize general requirements that could be useful for development of new graph visualization software (GVS). Relations between identified requirements and necessary related components of potential GVS are being derived. To precise these requirements there were studied an additional theoretical information sources. The main goal of this research is to improve development of new GVS providing mechanism of design templates for different kinds of tasks (for example – visualization of general graphs, diagrams, routing and communication networks, etc). The result of this research is presented in tabular form. That allows identifying the set of main components of new frameworks at early stages of software development (starting with a list of desired features and transforming it into a list of necessary components). An example of using such table in DBMS MS Access environment is provided in a study of development of imaginary GVS as a part of generic air traffic control routing system. There is made conclusion about the achieved results. It is presented information about future researches in this field.

Забиняко В., Русаков П. Определение основных требований для программных систем визуализации графов

Данная статья содержит сравнительный анализ некоторых современных программных продуктов, предназначенных для визуализации графов (например, “Graphviz”, “yFiles”, “Wilmascope 3D”, и т. д.). Анализ выполнен с целью выделить и охарактеризовать общие требования, которые могут быть актуальными при разработке подобных систем. В статье определены связи между идентифицированными требованиями и соответствующими абстрактными компонентами, необходимыми для разработки систем визуализации. При написании статьи была изучена дополнительная информация, позволяющая уточнить идентифицированные требования. Главная цель данного исследования – улучшить разработку новых программных систем визуализации графов, используя концепцию механизма архитектурных шаблонов для различного рода задач (например – для отображения абстрактных графов, диаграмм, коммуникационных сетей и т. д.). Результаты исследования представлены в виде таблиц. Такой подход позволяет определить необходимые компоненты системы еще на ранних стадиях разработки (выполняя преобразование исходного набора необходимых характеристик в список компонентов). На примере вымышленной системы для управления и маршрутизации потоков воздушного движения рассмотрено использование подобной таблицы в среде СУБД MS Access. В статье сделаны выводы о достигнутых результатах, а также приведена информация о дальнейших планируемых исследованиях.
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/*1*/ Graph graph = new Graph();


/*2*/ Node n[] = new Node[10];


/*3*/ for (int i=0; i<10; i++)


/*4*/   n[i] = graph.createNode();


/*5*/ Edge e[] = new Edge[5];


/*6*/ for (int i=0, j=0; i<10; i+=2, j++)


/*7*/   e[j] = graph.createEdge(n[i],n[i+1]);
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/*1*/ SELECT A.C_Name


/*2*/ FROM Components AS A, Requirements AS B, RC_Dependencies AS C


/*3*/ WHERE B.R_ID=C.R_ID AND A.C_ID=C.C_ID AND B.R_ID In


/*4*/ (SELECT D.R_ID


/*5*/ FROM Requirements AS D, Templates AS E, TR_Dependencies AS F


/*6*/ WHERE D.R_ID=F.R_ID And E.T_ID=F.T_ID And E.T_Name="TName")


/*7*/ GROUP BY A.C_Name;
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class Graph





class Node





class Edge





interface NodeLayout





interface EdgeLayout





abstract LayoutGraph
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