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Abstract—Ensuring high data quality is a fundamental re-
quirement for developing reliable data analytics and machine 
learning systems, where schema integrity plays a critical role. In 
practice, errors or inconsistencies in data schemas can propagate 
through processing pipelines, ultimately leading to unreliable 
analyses and degraded model performance. Therefore, effective 
mechanisms for schema validation and interpretation are essen-
tial. This paper presents the Schema Validator and Visualizer, a 
unified framework/tool that automates schema validation while 
providing intuitive visual representations of schema structures, 
simultaneously. Specifically, the proposed framework detects 
anomalies, enforces structural and semantic consistency, and 
generates graphical views that enhance interpretability for both 
technical and non-technical users. Furthermore, the proposed 
tool supports multiple data formats, including JSON, CSV, 
and relational databases, thereby ensuring adaptability across 
diverse data science workflows. Additionally, by integrating 
automated validation with interactive visualization, the proposed 
framework streamlines data preparation processes, strengthens 
data governance practices, and reduces manual effort in schema 
management. Consequently, it facilitates the development of 
more reliable and reproducible analytics and machine learning 
pipelines. Moreover, future extensions of the proposed framework 
will focus on incorporating machine learning based anomaly 
detection, real-time schema monitoring, and tighter integration 
with large-scale data ecosystems. Overall, the proposed tool 
advances data quality management and supports more effective 
data-driven decision making. 

 

I. INTRODUCTION 

In contemporary data-driven systems, schemas play a fun-

damental role in defining the structure, constraints, and re-

lationships of structured datasets. They are widely employed 

across databases, application programming interfaces (APIs), 

and configuration files to enforce consistency and correctness. 

Consequently, ensuring schema compliance is essential for 

maintaining data integrity and reducing errors, particularly for 

widely used formats such as JSON (JavaScript Object Nota-

tion), XML (eXtensible Markup Language), and YAML (Yet 

Another Markup Language) [1]–[3]. Despite their importance, 

schema validation is often performed manually or through 

fragmented toolchains, which can lead to inefficiencies, in-

creased error rates, and limited scalability [4], [5]. Moreover, 

prior research has highlighted the inherent challenges asso-

ciated with schema evolution in relational, object-oriented, 

and semi-structured databases, where changes to schemas 

must be carefully managed to preserve consistency across 

dependent components [6]–[9]. At the same time, interactive 

visualization techniques have been shown to improve users’ 

understanding of complex schema structures and relationships, 

significantly [10], [11]. However, existing solutions typically 

address schema validation and visualization as separate tasks, 

requiring developers to switch between multiple tools or rely 

on manual inspection. This separation increases workflow 

complexity and introduces additional opportunities for error, 

particularly in modern data science and machine learning 

pipelines that operate on heterogeneous data sources. 

Against this backdrop, the primary objective of this work is 

to design an automated framework that simplifies and unifies 

the processes of schema validation and visualization. First, the 

proposed framework provides automated schema validation, 

wherein incoming data are systematically checked against 

predefined schemas to ensure compliance with structural and 

semantic constraints. This includes verifying the presence of 

required attributes, enforcing correct data types, and detecting 

structural inconsistencies, with support for widely adopted 

standards such as JSON Schema and XML Schema. Second, 

the proposed framework offers interactive schema visual-

ization, transforming complex and deeply nested schemas 

into intuitive graphical representations. These visualizations 

explicitly depict entities, relationships, constraints, and data 

types, thereby enabling users to interpret schema structures 

more effectively and identify potential issues at an early stage. 

Third, the proposed framework delivers real-time feedback 

during data entry and validation, allowing users to immediately 

observe violations and correct them before they propagate 

downstream. Collectively, these capabilities enhance devel-

oper productivity by reducing reliance on multiple tools and 

streamlining data preparation workflows, while simultaneously 

strengthening data integrity by ensuring that applications 

operate on reliable and consistent datasets. 

Extensive research on schema evolution further highlights 

the need for such an integrated approach. Over the past two 

decades, studies have examined schema change management 

across relational, object-oriented, and XML databases [12]–

[14]. Early efforts focused on propagating schema changes to 

dependent artifacts such as views, queries, and stored proce-

dures, highlighting the difficulty of maintaining consistency in 

evolving systems [2], [3], [6], [8], [9]. Complementary work 

explored formal reasoning techniques for schema constraints 

and mappings, including minimal unsatisfiable subsets [1], 

static analysis using Datalog extensions [4], and automated 

reasoning over schema correspondences [5]. In addition, sev-

eral approaches have been proposed to generate explanations 
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for validation failures and inconsistencies in complex query 

environments [7], [15]. In parallel, both academic and indus-

trial communities have emphasized the importance of robust 

data validation and effective visualization. Practical guidelines 

and tools have demonstrated the value of automated validation 

for improving data quality and reducing manual effort [16], 

[17], while survey studies highlight the role of visual analytics 

in interpreting high-dimensional and multivariate datasets [18], 

[19]. Furthermore, visualization systems developed for digital 

libraries and large hierarchical datasets, such as electronic 

tools and near eastern archaeology digital library (ETANA-

DL), CitiViz (stands for a visual user interface to the CITIDEL 

system, where CITIDEL is the ”computing and information 

technology interactive digital educational library”), and hy-

perbolic tree layouts, illustrate the effectiveness of interactive 

and scalable visualization techniques for complex structured 

data [10], [11], [20]. In practice, data validation is often 

split across specialized tools and custom scripts; industry 

frameworks such as Great Expectations, Deequ, and Ten-

sorFlow Data Validation exemplify production approaches to 

automated data quality checking and pipeline-level validation 

[21]–[23]. Recent surveys document the evolution of schema 

research and summarize open challenges [9]. Nevertheless, 

these approaches rarely integrate validation and visualization 

within a single cohesive framework. 

To address these limitations, this paper introduces a unified 

Schema Validator and Visualizer framework that seamlessly 

integrates automated validation with interactive visualization 

in a single and extensible platform. The key contributions of 

this work are summarized as follows: 

1) The design of an integrated Schema Validator and 

Visualizer framework that unifies automated schema 

validation and interactive visualization, overcoming the 

fragmentation present in existing approaches. 

2) Support for heterogeneous data formats, including 

JSON, CSV, and relational databases, enabling applica-

bility across diverse data science and machine learning 

workflows. 

3) The development of automated mechanisms for anomaly 

detection and schema consistency enforcement, reducing 

manual data preparation effort and minimizing down-

stream modeling errors. 

4) The provision of intuitive graphical representations that 

enhance schema interpretability for both technical and 

non-technical stakeholders. 

5) The establishment of a foundation for future extensibil-

ity, including machine learning–driven anomaly detec-

tion, real-time schema monitoring, and integration with 

large-scale data ecosystems. 

II. PROPOSED SCHEMA VALIDATION AND VISUALIZATION 

TOOL 

The proposed Schema Validator and Visualizer has been 

implemented as either a web-based application or a standalone 

desktop system, with the objective of supporting automated 

validation and interactive visualization of structured datasets. 

 

 

Fig. 1: Unified architecture and control flow of the proposed 

Schema Validator and Visualizer, highlighting validation, vi-

sualization, feedback, and export paths using a consistent 

orthogonal routing scheme. 

 

 

The tool is designed to operate across heterogeneous data 

formats, including JSON, XML, YAML, CSV, and relational 

databases, thereby ensuring broad applicability in contempo-

rary data science and machine learning workflows. To realize 

these capabilities, the system architecture integrates multiple 

modular components that operate cohesively to deliver a 

streamlined and user-centric workflow. Figure 3 provides an 

overview of this unified architecture, illustrating the interaction 

between user interfaces, validation and visualization engines, 

feedback mechanisms, and export modules through a con-

sistent and well-defined control flow. In addition, the archi-

tecture separates user interaction, schema parsing, validation 

logic, visualization, and reporting into modular components, 

enabling real-time feedback and seamless export of validation 

outcomes. 

At the outset, users upload or specify schema definitions, 

which are subsequently parsed by the system to extract 

structural elements, constraints, and interrelationships among 

entities and attributes. In parallel, user-provided datasets are 

automatically validated against the corresponding schema defi-

nitions. This validation process verifies compliance with struc-

tural and semantic rules, including the presence of required 

fields, data type correctness, and consistency constraints. Im-

portantly, validation is performed dynamically, and the system 

provides immediate feedback along with detailed diagnostic 

messages, thereby enabling users to identify and resolve issues 

efficiently. 

In addition to validation, the parsed schema is transformed 

into an interactive graphical representation. This visualization 

allows users to explore entities, attributes, and relationships 

in an intuitive manner through operations such as zooming, 

navigation, and on-demand inspection of schema elements. 

Consequently, complex and deeply nested data structures be-

come more interpretable, supporting both exploratory analysis 

and schema comprehension. Furthermore, validation outcomes 

and corresponding visualizations can be exported in standard 

formats such as PDF and PNG, facilitating reporting, docu-

mentation, and collaborative review. From an implementation 

perspective, the backend of the system is developed primarily 

in Python, leveraging established libraries such as PyYAML 

and jsonschema for schema parsing and validation, and 

Graphviz for generating dynamic visual representations. 
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For web-based deployment, lightweight frameworks such as 

Flask or Django may be employed. Additionally, a simple 

database (e.g., SQLite) can be used to persist validation logs, 

user preferences, and configuration data. On the frontend, 

JavaScript-based components enhance interactivity and re-

sponsiveness of the visualizations. The system is compatible 

with common operating systems, including Windows, macOS, 

and Linux, and requires only modest hardware resources, such 

as a standard GPU for rendering and sufficient memory for 

handling large or complex schemas. 

Finally, the overall design prioritizes extensibility and scal-

ability. In particular, the modular architecture allows for future 

enhancements, including machine learning–based anomaly de-

tection, real-time schema monitoring, and tighter integration 

with large-scale data platforms. By unifying automated schema 

validation and interactive visualization within a single plat-

form, the proposed system addresses the limitations of existing 

approaches that treat these tasks in isolation. As a result, 

it improves usability, reduces manual effort, and supports 

reliable data preparation and quality assurance in modern data-

intensive environments. Collectively, the Schema Validator 

and Visualizer offers a unified and extensible framework that 

bridges technical schema enforcement with human-centered 

interpretation, thereby strengthening data reliability in analyt-

ics and machine learning pipelines. 

A. Input, Output, and Process Modules 

The proposed Schema Validator and Visualizer operates 

by transforming structured inputs into validated and inter-

pretable outputs through a set of well-defined processing 

modules. Specifically, the system accepts two primary inputs: a 

schema file and a corresponding dataset. The schema specifies 

the structural organization, constraints, and interdependencies 

within the data, while the dataset is evaluated against these 

rules to ensure structural and semantic consistency. As sum-

marized in Table I, the system integrates parsing, validation, 

visualization, and feedback functionalities into a cohesive 

workflow. Validation results indicate whether the input data 

conforms to the specified schema, while detailed diagnostic 

messages highlight violations and suggest corrective actions. 

In parallel, the visualization component presents the schema 

structure interactively, enabling users to explore entities, at-

tributes, and relationships more intuitively. Furthermore, the 

system supports exporting both validation reports and visual 

artifacts for documentation, reporting, and downstream analy-

sis. 

Figure 2 complements the tabular description by providing 

a compact visual overview of the interaction between system 

inputs, core processing modules, and generated outputs. By 

jointly presenting structural details in Table I and workflow 

relationships in Figure 2, this subsection clarifies how the pro-

posed system ensures data quality and facilitates understanding 

of complex schema structures prior to their use in analytics or 

machine learning pipelines. 

From a processing perspective, the system is structured as 

a set of tightly integrated modules that collectively enable 

TABLE I: Input, output, and process modules of the proposed 

Schema Validator and Visualizer 
 

Category Component Description 

Input Schema File Schema definition in JSON, XML, 
or YAML format specifying struc-
ture and constraints 

 Dataset Structured data instance to be val- 
idated against the schema 

Process Schema Parser Parses schema and builds internal 
representation for validation 

 Validation 
Engine 

Checks  data  compliance  with 
schema rules and constraints 

 Visualization En- 
gine 

Generates interactive graphical rep- 
resentation of schema structure 

 Feedback 
Module 

Produces real-time validation mes- 
sages and error reports 

Output Validation 
Results 

Pass/fail status with detailed error 
descriptions 

 Schema 
Visualization 

Interactive graphical depiction of 
schema entities and relationships 

 Exported Reports Validation and visualization out- 
puts in PDF, PNG, or CSV formats 

 

Fig. 2: Input–process–output overview of the proposed Schema 

Validator and Visualizer. 

 

automated schema validation and visualization, as illustrated in 

Figure 2. First, the Schema Parser Module analyzes the user-

provided schema and transforms it into an internal abstract 

syntax tree (AST), thereby enabling systematic access to 

schema elements, constraints, and relationships. Building on 

this representation, the Validator Module performs the core 

validation task by checking the input dataset against the 

parsed schema and enforcing structural and semantic compli-

ance. In parallel, the Visualizer Module generates interactive 

graphical representations of the schema using libraries such 

as Graphviz, allowing users to intuitively explore entities, 

attributes, and dependencies. Finally, the Error Reporting 

and Feedback Module provides real-time validation feedback 

and produces detailed, actionable reports that assist users in 

efficiently identifying and resolving detected issues. Together, 

these modules form a cohesive processing pipeline that en-

hances automation, interpretability, and usability in modern 

data-driven workflows. 

B. Design of the Proposed Schema Validation and Visualiza-

tion Tool 

The design phase defines the structural organization and 

implementation strategy of the proposed Schema Validator 

and Visualizer. In particular, it explains how the system 

architecture and data flow are organized to satisfy the identified 

functional and performance requirements. Accordingly, this 

subsection presents the overall system architecture, describes 
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Fig. 3: System architecture of the Schema Validator and 

Visualizer, showing the interaction between the UI, visual-

ization module, parsing engine, validation engine, metadata 

repository, and reporting module. 

 

the roles of its core components, and outlines the workflow 

that enables automated schema validation and interactive vi-

sualization. 

1) System Architecture Overview: The proposed system is 

designed to assist developers and data architects in validating, 

visualizing, and troubleshooting schema-driven data formats 

such as JSON, XML, and YAML. To achieve this objective, 

the architecture adopts a modular and layered design com-

prising user-facing interfaces, schema parsing and validation 

components, visualization modules, and a backend processing 

layer. An overview of this architecture and the interactions 

among its components is illustrated in Figure 3. The design 

emphasizes scalability, modularity, and seamless integration 

with existing data science and machine learning pipelines. 

2) Architecture Description: At the client side, the fron-

tend provides an interactive interface implemented using stan-

dard web technologies, including HTML, CSS, and JavaScript, 

with optional support from frameworks such as React.js or 

Flask. Through this interface, users can upload schema and 

data files, initiate validation processes, explore schema visual-

izations, and review validation results in real time, as depicted 

in Figure 3. 

Complementing the frontend, the backend is implemented 

in Python and is responsible for core processing tasks such 

as schema parsing, validation, and visualization generation. 

Libraries such as jsonschema, lxml, and PyYAML are 

employed to support validation across different schema for-

mats, while visualization functionality is enabled using tools 

such as Graphviz. The backend processes user inputs, validates 

datasets against schemas, generates visual representations, and 

communicates results back to the frontend. 

Within this architecture, schema validation ensures that 

uploaded datasets conform to the structural and semantic 

constraints defined in the schema. Any detected inconsis-

tencies, missing elements, or type mismatches are identified 

and reported to the user through structured feedback paths 

shown in Figure 3. In parallel, schema visualization generates 

graphical representations that depict hierarchical structures, 

relationships, and constraints within the schema, thereby im-

proving interpretability and usability. 

 

 

Fig. 4: Data workflow of the proposed Schema Validator and 

Visualizer, showing validation decisions, color-coded process-

ing stages, and line-number alignment with Algorithm 1. 

 

 

3) Design Considerations: Several key considerations 

guide the system design. First, modularity is achieved by 

separating validation, visualization, error handling, and data 

management into independent components, as reflected in 

the layered architecture in Figure 3. Second, scalability is 

ensured by allowing support for additional schema formats 

and advanced validation rules without disrupting existing 

functionality. Finally, usability is prioritized through intuitive 

interfaces, clear error messages, and interactive visualizations 

that reduce debugging effort and enhance user experience. 

4) Data Workflow: The data workflow describes the se-

quence of operations through which user inputs are pro-

cessed, validated, and transformed into meaningful outputs. 

This workflow ensures systematic handling of schemas and 

datasets, from initial upload to final reporting and visualiza-

tion. Algorithm 1 and Figure 4 jointly illustrate the end-to-

end workflow of the proposed Schema Validator and Visu-

alizer, detailing the sequence of schema parsing, validation, 

visualization, feedback, and export operations. It should be 

noted that the operational workflow of the proposed system 

is summarized in Algorithm 1, which follows the same step 

numbering used in Figure 4 to enable direct correspondence 

between algorithmic steps and visual components. Initially, 

users upload a schema file, typically in JSON, XML, or YAML 

format, along with the corresponding dataset to be validated. 

This interaction is facilitated through the frontend interface, 

which supports standard file selection mechanisms and op-

tional configuration parameters, such as validation settings or 

schema versions. Once the inputs are submitted, the backend 

parses both the schema and the dataset using appropriate 

libraries. Schema parsing extracts structural definitions, con-

straints, and relationships, while dataset parsing converts the 

raw data into an internal representation suitable for validation. 
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Algorithm 1 Data Workflow for Schema Validation and 

Visualization  

1: (L1:  User  Input) User uploads schema file S 
(JSON/XML/YAML) and dataset D 

2: (L2: Parsing) Parse schema S to extract structure, con-

straints, and relationships 

3: (L3: Parsing) Parse dataset D into an internal represen-

tation 

4: (L4: Initialization) Initialize validation report R ← ∅ 
5: (L5: Validation) For each validation rule defined in 

schema S: 

6:  Verify data types, required fields, and structural con-

straints 

7: Check nested objects and attribute dependencies 

8: (L9: Validation) If a violation is detected, record error 

details in report R 
9: (L11: Error Handling) If report R contains errors: 

10: Generate descriptive error messages 

11: Provide corrective suggestions to the user 

12: (L14: Visualization) Generate graphical schema visual-

ization V 
13: (L15: Display) Present validation report R to the user 

14: (L16: Display) Render interactive visualization V on the 

interface 

15: (L17: Export) Allow export of R and V in CSV, PDF, 

PNG, or SVG formats 

16: Return validation report R and visualization V 
 

 
Subsequently, the validation engine compares the parsed 

dataset against the schema. During this step, multiple checks 

are performed, including verification of required fields, data 

type consistency, constraint enforcement, and validation of 

nested structures. If any violations are detected, the system 

generates detailed error messages that specify the type of 

error, the affected elements, and possible corrective actions. In 

parallel, or upon successful validation, the system generates 

a graphical representation of the schema. The visualization 

module transforms the schema structure into an interactive 

graph that highlights entities, attributes, and relationships, 

enabling users to explore complex schemas intuitively. The 

validation results, error reports, and visualizations are then 

returned to the frontend for presentation. Users can interact 

with the visualized schema through zooming and inspection, 

review validation summaries, and identify problematic areas 

efficiently. 

Finally, the system supports exporting the validation reports 

and schema visualizations in multiple formats, such as CSV, 

PDF, PNG, or SVG. This functionality facilitates documen-

tation, collaboration, and further analysis within data science 

and machine learning workflows. 

C. Implementation of the Proposed Schema Validation and 

Visualization Tool 

The implementation of the proposed Schema Validator and 

Visualizer is carried out through a systematic process that 

spans environment configuration, component development, 

integration, and validation. Throughout the implementation, 

particular emphasis is placed on modularity and extensibility, 

ensuring that future enhancements and feature additions can 

be incorporated without disrupting existing functionality. Each 

system component is independently developed and tested, 

followed by integrated evaluation to verify compliance with 

functional and performance requirements. An overview of 

the system components and their interactions is illustrated in 

Figure 3, while the end-to-end operational flow of schema val-

idation and visualization is formally described in Algorithm 1. 

1) Frontend Development: At the user-facing level, the 

frontend is designed to provide an intuitive and responsive 

interface that supports seamless interaction with the system. 

Specifically, users are able to upload schema and data files 

in commonly used formats such as JSON, XML, YAML, 

CSV, and Excel. In addition, the interface allows configu-

ration of validation parameters and the definition of custom 

schema rules. Validation outcomes and schema visualizations 

are presented interactively, enabling users to explore results 

effectively. The frontend can be implemented using JavaScript-

based technologies, with optional support from frameworks 

such as React.js or Flask for web-based deployments. 

2) Backend Development: Complementing the frontend, the 

backend is responsible for executing the core processing logic 

of the system. It handles schema parsing, data validation, and 

visualization generation using Python as the primary devel-

opment language. Libraries such as jsonschema, lxml, 

and PyYAML are employed to support schema validation 

across multiple formats, while Graphviz is utilized to generate 

graphical representations of schema structures. Furthermore, 

the backend produces exportable validation reports in formats 

including CSV, JSON, PDF, and image files, thereby sup-

porting documentation and collaboration needs. The mapping 

between system components and the technologies used for 

their implementation is summarized in Table II. 

3) Schema Validation Logic: Central to the system is the 

schema validation module, which ensures that input datasets 

conform to predefined structural and semantic rules. This 

module verifies data type consistency, checks for required 

fields, and enforces schema constraints and hierarchical re-

lationships. In addition, it detects common data quality issues 

such as missing values, duplicate entries, and numerical out-

liers. All detected violations are systematically logged, and 

detailed validation reports are generated with descriptive error 

messages and suggested corrective actions, thereby facilitating 

efficient debugging and data preparation. The responsibilities 

of individual processing modules and their roles within the 

overall workflow are summarized in Table III. 

4) Schema Visualization: To improve interpretability of 

complex and nested schemas, the system incorporates an 

interactive visualization component. Graphical outputs include 

bar charts for data type distributions, heatmaps for identifying 

missing values, box plots for highlighting numerical outliers, 

and pie charts for representing categorical data distributions. 

These visualizations are designed to be interactive, allowing 
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TABLE II: Implementation components and associated tech-

nologies 
 
 

Component Tools and Technologies 

Frontend 

Interface 

HTML5, CSS, JavaScript; optional frame- 

works such as React.js or Flask for web-

based interaction 

Backend Process- 

ing 

Python 3.x; core logic for schema parsing, 

validation, and visualization orchestration 

Schema Parsing jsonschema, lxml, PyYAML for JSON, 
XML, and YAML schema interpretation 

Validation 

Engine 

Rule-based checks for data types, con- 

straints, required fields, hierarchical consis-

tency 

Visualization 

Module 

Graphviz for schema graph generation; Mat- 

plotlib/Seaborn for statistical visualizations 

Reporting and 

Export 

CSV, JSON, PDF, PNG, SVG generation for 

validation reports and visual outputs 

Data Storage 

(Optional) 

SQLite for validation logs, configuration 

settings, and user metadata 

Deployment Sup- 

port 

Flask/Django (optional), REST APIs, cloud- 

compatible execution 

 

TABLE III: Core functional modules and responsibilities 
 

Module Primary Responsibilities 

Schema 
Parser 
Module 

Converts user-provided schemas into internal abstract 
syntax tree (AST) representations 

Validator 
Module 

Checks datasets against schema rules, detects viola- 
tions, and enforces consistency 

Visualization 
Module 

Generates interactive graphical representations of 
schema structure and relationships 

Error 
Reporting 
Module 

Produces real-time feedback, detailed error diagnos- 
tics, and corrective suggestions 

Export Mod- 
ule 

Enables saving of validation results and visualiza- 
tions in multiple output formats 

 

 

users to zoom, navigate, and inspect schema elements in 

detail, which enhances understanding and supports exploratory 

analysis. 

5) Data Export and Reporting: In addition to on-screen 

analysis, the system provides flexible export functionality. 

Users can save validation results and visualizations in multiple 

formats, including CSV, JSON, PDF, PNG, and SVG, for 

reporting and archival purposes. Moreover, the framework al-

lows users to define custom schema rules, enabling additional 

validation checks tailored to specific application requirements. 

6) Testing and Evaluation: The validation, visualization, 

and reporting stages evaluated in this phase correspond directly 

to the execution steps outlined in Algorithm 1. To ensure 

robustness and reliability, comprehensive testing is performed 

at both module and system levels. Individual components are 

evaluated for correctness and interoperability, followed by 

integration testing to verify end-to-end functionality. Perfor-

mance metrics are assessed to evaluate efficiency, scalability, 

and usability under varying data sizes and schema complexi-

ties. Where necessary, optimization strategies such as caching, 

parallel processing, and optional hardware acceleration (e.g., 

GPU support) are employed to enhance system performance. 

TABLE IV: Hardware and software requirements of the pro-

posed system 
 

Category Specification 

Hardware Requirements 

Processor Modern multi-core processor (Intel 

Core i3 or equivalent and above) 

Memory (RAM) Minimum 4 GB; 8 GB or higher recom- 

mended for large datasets and complex 

schemas 

Storage At least 100 MB free disk space for in- 

stallation; additional space for schema 

files and logs 

Graphics Standard GPU capable of basic render- 

ing for visualization tasks 

Internet Connectivity Optional; required for dependency in- 

stallation, updates, and cloud-based fea-

tures 

Software Requirements 

Operating System Windows 10 or later, macOS Sierra or 

later, or Ubuntu 18.04 or later 

Programming 

Languages 

Python  3.x  (backend  processing); 

JavaScript (optional for web-based 

frontend) 

Schema Processing 

Libraries 
jsonschema, PyYAML, lxml 

Visualization 

Libraries 

Graphviz; Matplotlib or Seaborn (for 

statistical plots) 

Web Frameworks 

(Optional) 

Flask or Django for web-based deploy- 

ment; Jinja2 for templating 

Database (Optional) SQLite for storing validation logs, con- 

figurations, and user preferences 

Development Tools PyCharm,  Visual  Studio  Code,  or 

equivalent Python IDE; Postman for 

API testing 

Version Control Git for source code management and 

collaborative development 

 

 

7) User Interaction and Feedback: User interaction plays 

a critical role in refining system effectiveness. The frontend 

interface continuously displays validation results, error mes-

sages, and visualizations, enabling users to iteratively adjust 

schema rules and inputs. A feedback mechanism supports 

user-driven refinement, allowing insights gained during usage 

to inform iterative improvements in accuracy, usability, and 

overall system effectiveness. 

8) Hardware and Software Requirements: The development 

and deployment of the proposed Schema Validator and Visual-

izer require modest hardware resources and widely supported 

software tools. The detailed hardware and software specifi-

cations are summarized in Table IV. As shown in Table IV, 

the proposed system can be deployed on commonly available 

hardware and relies primarily on open-source software, mak-

ing it suitable for both academic and industrial environments. 

 

D. Deployment of the Proposed Schema Validation and Visu-

alization Tool 

The deployment design of the proposed Schema Validator 

and Visualizer is based on a modular and extensible architec-

ture, in which multiple functional components collaborate to 
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TABLE V: Deployment configurations of the proposed 

Schema Validator and Visualizer 
 

 

 

 

 

 

 

 

 

 

 

Schema Parser Module 
 
 
 

 
Validation Engine 

 
 
 
 

 
User Interface Module 

 

 
Test Cases 

Input Conditions & Expected Output 
 
 

 
Module Testing 

(Unit Tests) 

 
 

 
Integration Testing 

(Module Interactions) 
 
 

 
Acceptance Testing 

(Stakeholder Validation) 

 
 
 
 
 
 
 
 

 
Error Handling Module 

 
 
 
 
 

Visualization Module 
 

 
Detected defects and stakeholder 
feedback are iteratively routed back 
to module testing, enabling correc-
tive actions and re-validation before 
subsequent integration cycles. 

Fig. 5: Testing hierarchy and iterative validation workflow for 

the proposed Schema Validator and Visualizer. 

 

 

support schema parsing, validation, visualization, and report-

ing. This modular design ensures scalability, maintainability, 

and a clear separation of concerns, thereby enabling the system 

to evolve as new requirements and data formats emerge. 

As illustrated in Figure 3, the user interface serves as the 

primary interaction layer, coordinating communication among 

the core system components. Specifically, it interfaces with 

the Schema Parsing and Mapping Engine, the Validation and 

Feedback Engine, the Visualization Module, and the Metadata 

Repository. This layered interaction model facilitates efficient 

schema management while also providing a foundation for 

future extensibility. The deployment configurations supported 

by the system are summarized in Table V. 

At a high level, the system architecture can be viewed 

as comprising three principal functional modules: the Data 

Ingestion Module, the Validation Engine, and the Visualization 

Module. Together, these modules form a cohesive pipeline that 

transforms raw schema and data inputs into validated, inter-

pretable, and actionable outputs. The Data Ingestion Module 

is responsible for accepting structured datasets in multiple for-

mats, including JSON, CSV, and relational database sources. 

It performs initial parsing and preprocessing to ensure that 

data is consistently represented before being forwarded to 

downstream components. In addition, this module supports 

optional integration with external APIs or cloud-based data 

sources, thereby increasing deployment flexibility. Building 

on the ingested data, the Validation Engine constitutes the 

core analytical component of the system. It enforces schema 

compliance by applying predefined rules and automated con-

sistency checks to verify both structural and semantic cor-

rectness. Furthermore, the engine incorporates comprehensive 

error handling and reporting mechanisms, delivering informa-

tive feedback that assists developers and data engineers in 

efficiently diagnosing and correcting schema violations. 

Complementing the validation process, the Visualization 

Module generates interactive graphical representations of 

schemas. These visualizations highlight entities, attributes, 

relationships, and constraints, enabling users to explore com-

plex schema structures in an intuitive manner. Moreover, 

the module supports dynamic updates, ensuring that visual 

representations remain synchronized with validation outcomes. 

From a deployment perspective, the system supports both 

standalone and web-based configurations. In a desktop de-

ployment, all components execute locally, requiring only the 

specified hardware and software resources. Alternatively, in 

a web-based deployment, the system leverages Python-based 

frameworks such as Flask or Django, together with lightweight 

databases (e.g., SQLite), to manage logs, configurations, and 

user sessions. Optional cloud integration further enables re-

mote access, collaborative validation, and centralized storage 

of schemas and reports. 

Finally, the architecture has been deliberately designed 

with extensibility in mind. Its modular structure allows for 

the seamless incorporation of additional data formats, valida-

tion rules, and visualization techniques. Future enhancements, 

such as real-time schema monitoring, machine learning-

driven anomaly detection, and integration with large-scale 

data ecosystems, can therefore be introduced without disrupt-

ing existing functionality. Overall, this architectural design 

provides a robust, flexible, and user-centric foundation that 

unifies schema validation and interactive visualization, thereby 

supporting modern data quality management workflows in data 

science and analytics applications. 

 

III. TESTING AND VALIDATION OF THE PROPOSED 

SCHEMA VALIDATION AND VISUALIZATION TOOL 

 

The testing and validation phase plays a critical role in 

ensuring that the proposed Schema Validator and Visualizer 

operates correctly and satisfies its design and performance 

requirements. Accordingly, this phase involves a systematic 

evaluation of individual components, their interactions, and 

the system as a whole in order to identify defects, verify 

functionality, and ensure robustness. The primary objective 

is to confirm that all modules behave as intended and that 

the overall system is reliable, stable, and suitable for practical 

use. To achieve this objective, testing is conducted at mul-

tiple levels, including unit testing, integration testing, system 

testing, and acceptance testing. Moreover, testing activities are 

performed iteratively throughout development, enabling early 

detection of issues and continuous improvement of system 

quality. Figure 5 illustrates the hierarchical testing strategy and 

the iterative feedback mechanism adopted to ensure system 

correctness and reliability. 

Component Desktop 
Deployment 

Web-Based Deployment 

User 
Interface 

Local GUI Browser-based UI 

Backend 
Services 

Local Python run- 
time 

Server-side Python 
(Flask/Django) 

Visualization 
Engine 

Local rendering Server-rendered or client-side 

Data Stor- 
age 

Local files / SQLite Server database / cloud stor- 
age 

Scalability Limited to local re- 
sources 

Supports multi-user access 
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Fig. 6: Module testing workflow for the proposed Schema 

Validator and Visualizer, showing independent validation of 

core components prior to integration testing. 

 

A. Module Testing 

Module testing focuses on validating the functionality of 

individual components of the Schema Validator and Visualizer 

in isolation. This step ensures that each module performs 

its designated task correctly before being integrated into the 

complete system. Figure 6 illustrates the module-level testing 

workflow adopted in this study, highlighting how individual 

system components are validated independently before inte-

gration. The key modules subjected to unit testing include 

the following. The Schema Parser Module is tested to verify 

accurate parsing of schema definitions expressed in JSON, 

XML, and YAML formats, ensuring that schema structures and 

constraints are correctly extracted. The Validation Engine is 

evaluated to confirm the correctness and robustness of schema 

compliance checks, including detection of missing fields, type 

mismatches, and constraint violations. The Error Handling 

Module is tested to ensure that validation and visualization 

errors are captured and communicated through clear, informa-

tive messages. Finally, the Visualization Module is assessed to 

verify that graphical representations of schemas are generated 

accurately and rendered correctly. 

The module testing process comprises three main steps. 

First, comprehensive test cases are designed to cover valid 

inputs, invalid inputs, edge cases, and boundary conditions. 

Second, these test cases are executed independently for each 

module, and the results are compared against expected out-

comes. Finally, any identified defects are logged and resolved 

before proceeding to integration testing. 

B. Integration Testing 

Integration testing is conducted after successful module 

testing to verify that individual components operate correctly 

when combined into a complete system. In particular, this 

phase focuses on validating the interactions and data flow 

between the frontend interface, backend processing logic, 

validation engine, visualization module, and error handling 

components. Figure 7 illustrates the integration testing work-

flow of the proposed Schema Validator and Visualizer, high-

lighting the interactions among the frontend, backend, valida-

tion, visualization, and error handling modules. During this 

phase, realistic test scenarios are executed to ensure seamless 

Fig. 7: Integration testing workflow of the proposed Schema 

Validator and Visualizer, illustrating interactions among fron-

tend, backend, validation, visualization, and error handling 

modules. 

 

Fig. 8: Acceptance testing workflow for the Schema Validator 

and Visualizer, illustrating stakeholder-driven evaluation and 

iterative system refinement. 

 

communication between components, correct propagation of 

validation results, and proper handling of errors across module 

boundaries. 

C. Acceptance Testing 

Acceptance testing is performed to validate that the Schema 

Validator and Visualizer meets the functional expectations and 

usability requirements of end users and stakeholders. This 

phase is typically carried out using representative datasets and 

real-world usage scenarios. Figure 8 illustrates the acceptance 

testing workflow adopted for the proposed Schema Validator 

and Visualizer, highlighting stakeholder-driven test execution, 

feedback collection, and iterative system refinement to ensure 

alignment with user requirements. Acceptance test scenarios 

include uploading schemas and datasets, validating large or 

complex inputs, generating schema visualizations, and export-

ing validation reports. Stakeholders execute these scenarios to 

assess correctness, responsiveness, and ease of use. Feedback 

obtained during this phase is used to refine system behavior, 

improve usability, and address any remaining gaps between 

user expectations and system performance. 

Finally, the above structured testing and validation process 

ensures that the proposed system is functionally correct, 

robust, and user-centric, thereby supporting reliable schema 

validation and visualization in practical data science and ana- 
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TABLE VI: Summary of testing and validation strategies for 

the proposed Schema Validator and Visualizer 
 

Testing 
Level 

Primary Focus Key Objectives and Activities 

Unit Testing Individual mod-
ules 

Verification of standalone compo-
nents, including schema parsing, 
validation logic, error handling, 
and visualization generation. En-
sures correctness, robustness, and 
proper handling of edge cases. 

Integration 
Testing 

Inter-module in-
teraction 

Assessment of data flow and coor-
dination between frontend, valida-
tion engine, visualization module, 
and error reporting mechanisms. 
Confirms seamless interoperability 
and correct error propagation. 

System Test-
ing 

End-to-end 
system behavior 

Evaluation of the complete sys-
tem under realistic workflows to 
ensure compliance with functional 
and performance requirements, in-
cluding scalability and responsive-
ness. 

Acceptance 
Testing 

User and stake-
holder validation 

Validation of system functionality, 
usability, and reliability through 
real-world scenarios such as 
schema upload, dataset validation, 
visualization, and report export. 
Incorporates user feedback for 
refinement. 

 

lytics workflows. Table VI summarizes the multi-level testing 

strategy adopted to ensure the correctness, robustness, and 

usability of the proposed Schema Validator and Visualizer. 

D. Test Cases and Results 

Test cases provide a systematic mechanism for verifying 

whether a system behaves as intended under predefined con-

ditions. In the proposed Schema Validator and Visualizer, the 

test design emphasizes the evaluation of key functionalities, 

including schema parsing, data validation, error detection, 

performance robustness, and visualization accuracy. Taken 

together, these tests ensure that the system operates reliably 

across a broad range of realistic data engineering scenarios. 

1) Representative Test Cases: To assess system behavior 

under both nominal and adverse conditions, a representative 

set of test cases was designed and is summarized in Ta-

ble VII. These test cases reflect common validation challenges 

encountered in practical data workflows. The first test case 

evaluates the system’s ability to process a valid JSON schema 

together with compliant input data. As expected, no valida-

tion errors are reported and a correct schema visualization 

is generated, thereby confirming baseline functionality. The 

second test case examines robustness against incompatible 

input formats by providing XML data against a JSON schema. 

In this case, the system successfully detects the mismatch 

and reports a clear and informative validation error. The third 

test case focuses on structural violations by omitting required 

fields from the dataset. The system accurately identifies the 

missing fields and produces precise error messages, which 

facilitates efficient debugging. To evaluate scalability, a fourth 

test case involves large JSON or XML datasets. The observed 

TABLE VII: Summary of Representative Test Cases for the 

Schema Validator and Visualizer 
 

TC ID Test Case De-

scription 

Expected Outcome 

TC–1 Valid JSON 

schema with 

compliant JSON 

data 

No validation errors are reported, 

and a correct schema visualization 

is generated. 

TC–2 Valid JSON 

schema with 

incompatible 

data format (e.g., 

XML) 

The system detects the format mis-

match and returns a clear validation 

error message. 

TC–3 Dataset missing 

required fields 

defined in the 

schema 

Missing mandatory fields are iden-

tified, and precise error messages 

are reported. 

TC–4 Large JSON or 

XML dataset 

Validation is completed success-

fully or performance warnings are 

issued based on system limits. 

TC–5 Valid schema vi-

sualization gener-

ation 

An accurate and interpretable 

graphical representation of entities 

and relationships is produced. 

 

 

results indicate that the system either completes validation 

successfully or issues performance-related warnings when 

predefined thresholds are exceeded. Finally, the fifth test case 

concentrates on schema visualization, demonstrating that valid 

schemas are rendered as accurate and interpretable graphical 

representations that clearly depict entities, attributes, and their 

relationships. 

2) Results and Discussion: Beyond functional validation, 

the system provides a sequence of user interfaces that guide 

users through dataset inspection, preprocessing, visualization, 

model configuration, and prediction. Collectively, these output 

screens support end-to-end data workflows and ensure trans-

parent communication of validation results, visual diagnostics, 

and model outputs. The workflow begins with the dataset se-

lection dashboard, shown in Figure 9, and the dataset selection 

interface, shown in Figure 10. This dataset selection interface 

allows users to browse available datasets, access previously 

processed files, or upload new data, thereby serving as the 

primary entry point to the system. Subsequently, the summary 

and statistics screen presented in Figure 11 displays sample 

records and attribute-level statistics, enabling users to inspect 

data quality and identify issues such as missing values or 

inconsistent data types. 

Next, the preprocessing interface, illustrated in Figure 12, 

allows users to select relevant features, remove low-variance 

attributes, and apply preliminary data cleaning operations. 

This step ensures that only informative and well-structured 

data proceed to subsequent validation and modeling stages. 

For exploratory analysis, the visualization selection interface 

enables users to choose variables for graphical inspection. The 

resulting plots, including histograms, correlation heatmaps, 

and boxplots [18], [19], are shown in Figure 14 and assist 

users in understanding data distributions, relationships, and 

structural characteristics that may influence schema compli- 
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Fig. 9: Dataset selection dashboard 

 

Fig. 10: Homepage and dataset selection interface, providing 

access to original and preprocessed datasets, as well as options 

for uploading new data. 

 

Fig. 11: Summary screen displaying the first rows of the 

dataset and detailed variable statistics, enabling users to in-

spect data structure and quality. 

 

 

ance. 

Following exploratory analysis, the model configuration 

screen, shown in Figure 15, allows users to define the target 

variable, select learning algorithms, and specify validation 

parameters and preprocessing strategies. Subsequently, model 

performance results are presented in Figure 16, which displays 

evaluation metrics, confusion matrices, and ROC curves for 

Fig. 12: Preprocessing interface supporting automatic and 

manual feature selection, handling of missing values, and 

removal of low-variability features. 

 

Fig. 13: Graph selection screen where users choose variables 

for histograms, boxplots, and correlation plots before visual-

ization. 

 

Fig. 14: Visualization output screen showing histogram over-

lays, correlation heatmaps, and boxplots for exploratory data 

analysis. 

 

 

classification tasks, thereby enabling objective comparison of 

alternative model configurations. Once a model is finalized, the 

prediction input interface, shown in Figure 17, enables users 

to provide new feature values for generating predictions. The 

corresponding prediction results screen, shown in Figure 18, 
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Fig. 15: Model configuration interface allowing selection of 

algorithm type, target variable, cross-validation settings, and 

scaling options. 

 

Fig. 16: Model evaluation screen presenting classification 

metrics and ROC curve visualization for model performance 

assessment. 

 

Fig. 17: Prediction interface where users input feature values 

to generate model predictions based on trained models. 

 

 

presents model outputs together with probability estimates or 

confidence scores, enhancing interpretability and supporting 

informed decision-making. 

Thus, these output screens form a cohesive and user-

centric workflow that integrates schema validation, exploratory 

analysis, model development, and prediction. By presenting 

Fig. 18: Prediction results screen displaying the predicted 

target value along with class-wise probability estimates. 

 

relevant information clearly at each stage, the proposed system 

improves transparency, usability, and efficiency in modern 

data-driven workflows. 

IV. CONCLUSION 

System testing and validation constitute a critical phase in 

ensuring that the proposed Schema Validator and Visualizer 

operates correctly and fulfills its functional, performance, and 

usability objectives. Accordingly, the system was subjected 

to comprehensive validation through module testing, integra-

tion testing, system-level evaluation, and acceptance testing. 

These testing activities collectively verified the correctness, 

robustness, and reliability of the implemented components. 

Furthermore, the incorporation of iterative user and stake-

holder feedback during the testing process contributed to refin-

ing system behavior and improving overall stability. Beyond 

functional validation, the proposed system offers an effective 

solution for maintaining data quality by integrating automated 

schema validation with interactive visualization. In modern 

data-driven and machine learning workflows, consistent and 

well-defined schemas are essential for ensuring reliable analyt-

ics, reproducible experiments, and accurate model predictions. 

However, manual schema checking and fragmented tooling 

often introduce inefficiencies and errors. By addressing these 

challenges, the proposed framework significantly reduces man-

ual effort while improving transparency and interpretability of 

structured data. 

Moreover, the Schema Validator and Visualizer enhances 

usability by providing intuitive graphical representations of 

schema structures, thereby enabling users to better understand 

entities, attributes, and relationships. At the same time, its 

modular and scalable design allows it to handle large and 

heterogeneous datasets commonly encountered in real-world 

applications. In addition, the system integrates seamlessly 

with existing data engineering and machine learning pipelines, 

making it suitable for deployment in practical production envi-

ronments. Thus, the proposed system contributes a unified and 

reliable framework for schema management, validation, and 

visualization. By strengthening data governance practices and 

minimizing error propagation in data pipelines, the Schema 
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Validator and Visualizer supports data engineers, analysts, 

and machine learning practitioners in developing robust and 

trustworthy data-driven systems. 

REFERENCES 

[1] Bailey, J., Stuckey, P.J.: Discovery of minimal unsatisfiable subsets 
of constraints using hitting set dualization. In: Proceedings of the 
International Symposium on Practical Aspects of Declarative Languages 
(PADL), pp. 174–186 (2005). 

[2] Farre´, C., Teniente, E., Urp´ı, T.: A new approach for checking schema 
validation properties. In: Proceedings of the International Conference on 
Database and Expert Systems Applications (DEXA), pp. 77–86 (2004). 

[3] Farre´, C., Teniente, E., Urp´ı, T.: Checking query containment with the 
CQC method. Data & Knowledge Engineering 53(2), 163–223 (2005). 

[4] Halevy, A.Y., Mumick, I.S., Sagiv, Y., Shmueli, O.: Static analysis in 
Datalog extensions. Journal of the ACM 48(5), 971–1012 (2001). 

[5] Madhavan, J., Bernstein, P.A., Domingos, P., Halevy, A.Y.: Representing 
and reasoning about mappings between domain models. In: Proceedings 
of the AAAI/IAAI Conference, pp. 80–86 (2002). 

[6] Teniente, E., Farre´, C., Urp´ı, T., Beltra´n, C., Gan˜a´n, D.: SVT: Schema 
validation tool for Microsoft SQL Server. In: Proceedings of the 30th 
International Conference on Very Large Data Bases (VLDB), pp. 1349–
1352 (2004). 

[7] Rull, G., Farre´, C., Teniente, E., Urp´ı, T.: Computing explanations for 
unlively queries in databases. In: Proceedings of the ACM International 
Conference on Information and Knowledge Management (CIKM), pp. 
955–958 (2007). 

[8] Manousis, P., Vassiliadis, P., Zarras, A., Papastefanatos, G.: Schema 
Evolution for Databases and Data Warehouses. In: Business Intelligence 
(Lecture Notes in Business Information Processing), Springer, Cham, 
pp.1–31 (2016). 

[9] Brahmia, Z., Grandi, F., Oliboni, B.: A Literature Review on Schema 
Evolution in Databases. Computing Open, 2:2430001 (2024). 

[10] Kampanya, N., Shen, R., Kim, S., North, C., Fox, E.A.: CitiViz: A visual 
user interface to the CITIDEL system. In: Proceedings of the European 
Conference on Digital Libraries (ECDL), pp. 493–504 (2004). 

[11] Lamping, J., Rao, R.: Laying out and visualizing large trees using a 
hyperbolic space. In: Proceedings of the ACM Symposium on User 
Interface Software and Technology (UIST), pp. 13–14 (1994). 

[12] Brahmia, Z., Grandi, F., Oliboni, B.: A literature review on 
schema evolution in databases. Computing Open 2, 2430001 (2024). 
https://doi.org/10.1142/S2972370124300012 

[13] Manousis, P., Vassiliadis, P., Zarras, A., Papastefanatos, G.: Schema 
evolution for databases and data warehouses. In: Zima´nyi, E., Abello´, 
A. (eds.) Business Intelligence. Springer, Cham, pp. 1–31 (2016). 
https://doi.org/10.1007/978-3-319-39243-1 1 

[14] Cleve, A., Gobert, M., Meurice, L., Maes, J., Weber, J.: Understanding 
database schema evolution: A case study. Science of Computer Program-
ming 97, 113–121 (2015). 

[15] Queralt, A., Teniente, E.: Reasoning on UML class diagrams with 
OCL constraints. In: Proceedings of the International Conference on 
Conceptual Modeling (ER), pp. 497–512 (2006). 

[16] Monte Carlo Data: Data validation testing: Techniques, examples, and 
tools (2023). Available at: https://www.montecarlodata.com/blog-data-
validation-testing/ 

[17] Atlan: Data validation: Importance, benefits, and types (2023). Available 
at: https://atlan.com/what-is-data-validation/ 

[18] Datylon: Types of charts and graphs for data visualization (2023). Avail-
able at: https://www.datylon.com/blog/types-of-charts-graphs-examples-
data-visualization 

[19] Hanson, W.: A survey on multivariate data visualization (2023). 
Available at: https://people.stat.sc.edu/hansont/stat730/multivis-report-
winnie.pdf 

[20] Ravindranathan, U., Shen, R., Goncalves, M.A., Fan, W., Fox, E.A., 
Flanagan, J.W.: ETANA-DL: A digital library for integrated handling 
of heterogeneous archaeological data. In: Proceedings of the Joint 
Conference on Digital Libraries (JCDL), pp. 62–71 (2004). 

[21] Great Expectations: Great Expectations — Data testing, profiling, and 
documentation. Open-source project and docs. (Great Expectations, Inc.) 

[22] TensorFlow Data Validation (TFDV): TensorFlow Data Validation — 
data validation for ML pipelines. Google (TFDV) project page. 

[23] Deequ: Deequ — a library for data quality built on top of Apache Spark 
(Amazon). GitHub / docs. 

[24] Zhang, X., O¨ zsoyoglu, Z.M.: Implication and referential constraints: 
A new formal reasoning. IEEE Transactions on Knowledge and Data 
Engineering 9(6), 894–910 (1997). 

[25] Mayr, M., et al.: The Mondial database. Available at: 
http://www.dbis.informatik.uni-goettingen.de/Mondial/ 

https://doi.org/10.1142/S2972370124300012
https://doi.org/10.1007/978-3-319-39243-1
https://www.montecarlodata.com/blog-data-validation-testing/
https://www.montecarlodata.com/blog-data-validation-testing/
https://atlan.com/what-is-data-validation/
https://www.datylon.com/blog/types-of-charts-graphs-examples-
https://www.datylon.com/blog/types-of-charts-graphs-examples-
https://people.stat.sc.edu/hansont/stat730/multivis-report-
https://people.stat.sc.edu/hansont/stat730/multivis-report-
http://www.dbis.informatik.uni-goettingen.de/Mondial/

