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Abstract

Legacy systems that lack technical documentation present significant challenges for database schema recovery, particularly when access to
source code and SQL queries is unavailable. Existing reverse engineering approaches predominantly rely on backend artifacts such as database
logs, schema definitions, or program code, limiting their applicability in undocumented environments. Although GUI-based approaches offer
an alternative by utilizing interface-level information, many existing methods still rely on shallow visual parsing and lack systematic
mechanisms to capture structural and interaction semantics. To address this limitation, this study proposes FCI-ANTREE, a GUI-centric
method for reconstructing conceptual database schemas from legacy form-based systems. The method integrates Form-Centric Interaction
(FCI) to extract candidate entities, attributes, relationships, constraints, and data types from user interactions and validation logic, and Admin
Interface Tree (ANTREE) to model hierarchical relationships and transform them into logical and relational schemas. The objective of this
research is to provide a systematic, interpretable, and semi-automated approach for database reverse engineering without relying on backend
access. The proposed method was evaluated using three case studies: an online store application, a library system, and an inventory application.
The evaluation employed structural consistency analysis, confusion-matrix-based metrics, and quantitative error measurements. The results
show that the method achieved a mean MAE of 1.77, RMSE of 3.16, and R? of 97.09%, along with an average F1-score of 0.8768, indicating a
high level of agreement between reconstructed and reference schemas. These findings demonstrate that FCI-ANTREE provides an effective
and practical solution for database schema reconstruction in legacy systems with limited or no backend accessibility. The method contributes
by introducing an interaction-aware and rule-based framework that enhances the accuracy, interpretability, and applicability of GUI-driven
reverse engineering.
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1. Introduction

The recovery of undocumented database schemas in legacy systems remains a major challenge in software
engineering, especially in organizations that still depend on outdated applications without complete design
documentation [1]. As digital transformation continues to expand, the availability of structured database designs
becomes increasingly important to support data integration, system maintenance, compliance, and modernization
efforts [2], [3]. In developing countries such as Indonesia, many small and medium enterprises still rely on legacy
software for daily operations. However, these systems often lack accessible source code or formal schema
documentation, which increases maintenance difficulty and limits system interoperability [4], [5], [6]. Various
studies have proposed methods for conceptual database schema reconstruction, generally falling into four main
categories: SQL-based extraction, static code analysis, machine learning approaches, and Graphical User Interface
(GUI)-based parsing [7], [8], [9].
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SQL-based recovery methods, such as mining DDL statements and query logs, can achieve high accuracy when full
database access is available [10], [11]. Nevertheless, their effectiveness decreases when log files are incomplete,
corrupted, or unavailable [12], [13]. Static code analysis methods, including call graph tracing and object-relational
mapping extraction, can reveal deeper system logic [6], but they are often limited by programming language
dependency and tightly coupled code structures [14]. Machine learning-based approaches, particularly those using
neural embeddings or transformer models, offer promising levels of automation [15], yet they still face challenges
related to interpretability, adaptability across domains, and dependence on labeled training data [16], [17]. In
contrast, GUI-based methods provide an alternative when source code and SQL access are unavailable, because they
extract data entities and relationships directly from form structures. However, many existing GUI-based approaches
still depend on visual heuristics or shallow parsing, which often leads to partial or ambiguous schema representations
[18]. This condition indicates an important research gap, namely the absence of a systematic GUI-based approach
that can support accurate and interpretable schema reconstruction.

Among these approaches, GUI-based schema recovery has become increasingly relevant because it enables the
extraction of structural semantics directly from user interfaces without relying on backend database access or source
code [19], [20], [21]. This approach is particularly useful in legacy environments where technical documentation is
minimal and direct code-level analysis is difficult [22]. Recent studies have explored several GUI parsing strategies,
including widget-label extraction [23], form-layout mapping [24], [25], and event-driven interaction modeling [26],
[27], all of which aim to infer underlying data structures. Despite these developments, several limitations remain and
continue to restrict the broader use of GUI-driven recovery methods.

First, existing methods often fail to capture deeper semantic structures, such as hierarchical dependencies among
fields or form sections, even though these structures are important for deriving normalized relational schemas [28].
Second, many GUI-based approaches still lack standardized transformation rules that can consistently translate
interface components into valid conceptual models [29][30]. Third, the absence of formal representation models
frequently leads to inconsistent entity boundaries and inaccurate relationship identification, especially in applications
involving multiple related forms [31]. In addition, interaction-level semantics such as validation rules, input
constraints, and cross-field dependencies are often overlooked, despite their importance in identifying database
constraints and attribute relationships [32]. Several studies also report limitations in efficiency when form-based
recovery methods are applied to applications with many forms and complex interaction paths [33]. These issues show
the need for a rule-based and interaction-aware framework that can represent both structural and behavioral
semantics embedded in GUI forms [34], [35]. To address these limitations, this research introduces FCI-ANTREE, a
GUI-based method for reconstructing conceptual database schemas by modeling both structural and interaction
semantics contained in administrative forms [36], [37]. Unlike existing GUI-based methods that rely mainly on visual
parsing, the proposed method combines two main components. The first is Form-Centric Interaction (FCI), which
captures user input behavior, validation logic, and field dependencies. The second is Admin Interface Tree
(ANTREE), which represents GUI forms in a hierarchical structure and supports transformation into ER diagrams
[38], [39]. Through this combination, the method formalizes a rule-based mapping process that interprets nested form
layouts, identifies parent-child relationships among fields, and determines entity boundaries more consistently [40].

The FCI-ANTREE method is informed by earlier studies that emphasize the importance of interaction-aware
modeling in reverse engineering [41]. In this study, the method is developed to reduce schema inconsistency and
improve the completeness of conceptual reconstruction through structured transformation rules and validation of
form elements [42]. Previous research in database engineering has also shown that tree-based representations of
interface structures can improve schema fidelity, particularly when combined with semantic transformation rules and
form-level metadata analysis [43], [44]. By avoiding dependence on SQL logs, source code, and machine learning
models, FCI-ANTREE offers an alternative approach for reconstructing schemas in legacy systems where access to
backend artefacts is limited [39]. Therefore, this method contributes to database reverse engineering by addressing
the need for a more systematic and interpretable GUI-based reconstruction approach.
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2. Literature Review

Reverse engineering in legacy business applications has attracted significant attention, particularly for reconstructing
conceptual database schemas without formal documentation. Existing approaches mainly rely on static code analysis,
database schema parsing, or machine learning techniques [20]. Recent studies highlight key challenges in schema
evolution, including maintaining conceptual integrity and handling semantic drift in poorly documented systems [20].
Meanwhile, heuristic and model-driven methods have shown moderate success in extracting enriched conceptual
models from relational schemas through semi-automated ER diagram generation [45]. Overall, these studies confirm
the importance of schema abstraction in supporting legacy system modernization.

Despite these contributions, the use of GUIs for semantic inference remains limited. Although GUI components
reflect business logic and operational workflows, their role in schema recovery is often overlooked. Prior studies
have highlighted the need to combine schema and UI artifacts to decompose legacy monolithic systems, noting that
backend database structures alone cannot fully capture dynamic business processes [46], [47]. When backend access
is limited, GUI elements provide valuable structural semantics and user-level interaction data. Recent advances in
GUI-driven platforms further suggest that interface layers can support schema extraction when integrated with
effective semantic mapping strategies [48].

However, a unified framework integrating GUI parsing, interaction-aware modeling, and schema optimization is still
lacking. This gap is critical in legacy systems, where GUIs inherently encode field hierarchies, interaction semantics,
and validation rules. Recent migration studies also show that conceptual schemas and Ul components are frequently
neglected despite their importance in preserving business rules during system transformation [49]. To address this
issue, this study proposes FCI-ANTREE, a GUI-centric optimization framework that transforms user interaction
patterns, widget hierarchies, and validation logic into a rule-based pipeline for conceptual schema reconstruction. By
aligning interface semantics with database design principles, the framework extends reverse engineering practices
and provides a scalable, domain-independent solution for recovering conceptual models in undocumented legacy
systems.

3. Methodology

3.1. Dataset

This study uses datasets from three form-based legacy applications to evaluate the FCI-ANTREE method. The cases
represent undocumented environments where GUI forms serve as the primary source for schema reconstruction. The
first case is an open-source online store application for managing cashier data, categories, suppliers, and transactions.
The second uses another open-source form-based application, while the third is an inventory system from Databyte
Media Sinergi with limited backend access. The datasets consist of GUI forms containing components such as text
boxes, combo boxes, radio buttons, labels, and validation elements that reflect operational data processes. Using a
black-box approach, the study captures structural and interaction semantics without relying on backend access or
source code. These datasets are used to evaluate FCI-ANTREE’s ability to infer entities, attributes, relationships,
constraints, and data types from GUI forms. Figure 1 illustrates the conceptual structure of the GUI-based dataset for
schema reconstruction.



Journal of Applied Data Sciences ISSN 2723-6471
Vol. 7, No. 3, September 2026, pp. 1733-1746 1736

GUI-BASED DATASET USED
FOR SCHEMA

/ RECONSTRUCTION \

Case Study 1 Case Study 2 Case Study 3
Open-source Online Store Open-source Form-based Inventory Application
Application Application (Databyte Media Sinergi)
GUI Forms GUI Forms l
Kasir User GUI Forms
Kategori Penerbit Member Registration
Supplier Kategori Supplier
Barang Buku Barang
Pembelian Siswa Peminjam
Penjualan Pengadaan /

GUI COMPONENTS & /
INTERACTION CUES

Labels | Text Boxes |
Combo Boxes | Radio
Buttons
Field Grouping | Layout |
Repeated Entries

Validation | Input
Constraints

i
OBSERVABLE SEMANTIC
INFORMATION
Entities | Attributes |
Relations
Constraints | Data Types |
Referential Clues

)
FCI-ANTREE
RECONSTRUCTION
Conceptual Schema /
ER-Diagram / Relational
Model

Figure 1. Conceptual Structure of GUI-Based Dataset Used for Schema Reconstruction

Figure 1 illustrates the conceptual structure of the GUI-based dataset used in this study. The figure is intended to
show how the dataset is organized from the case-study level to the form level and then to the component level. At the
case-study level, the dataset is drawn from three form-based legacy application contexts. At the form level, each case
contains one or more administrative forms used as the main observation unit. At the component level, each form
contains interface widgets and interaction cues such as labels, text boxes, combo boxes, radio buttons, grouping
patterns, repeated entries, and validation logic. These elements provide the structural and interaction evidence
required by the FCI-ANTREE method to reconstruct conceptual database schemas. For article presentation, six
representative forms from the first case study namely Cashier, Category, Supplier, Goods, Purchase, and Sales are
highlighted to illustrate the reconstruction process in a focused manner. However, the broader evaluation reported in
the dissertation covers three case studies and is not limited to a single point-of-sale environment. The reconstructed
schemas are evaluated by comparing the generated structures with the available reference structures and ER diagrams
from each case study, supported by quantitative performance measures reported in the full dissertation. Therefore, the
GUI-based dataset in this research should be understood not merely as a collection of form screenshots, but as a
structured source of observable semantic information that supports schema recovery in legacy systems lacking
complete technical documentation.

3.2. Research Framework

The research framework of the FCI-ANTREE method is illustrated in figure 2. This framework describes the
sequential process used to recover and reconstruct database design from GUI forms on the user admin side in legacy
systems without relying on source code or SQL queries. The method consists of physical schema recovery using
Form-Centric Interaction (FCI), logical schema recovery using Admin Interface Tree (ANTREE), transformation into
a relational schema, and conceptual model reconstruction in the form of a new ER-Diagram.
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Figure 2. Research Framework of the FCI-FANTREE Method

Figure 2 shows that the process begins with GUI forms on the user admin side as the main input. In the first stage,
FCl is used to analyze and identify GUI form elements and to validate input on form input and form view. This stage
produces candidate database elements consisting of entities, attributes, relations, constraints, and data types, which
represent the result of physical schema recovery. In the next stage, these candidate elements are mapped into the
ANTREE structure to recover the logical schema. After that, the recovered structure is transformed into a relational
schema. In the final stage, the relational schema is reconstructed into a higher conceptual model in the form of a new
ER-Diagram. As indicated in the figure, the main novelties of the method lie in the use of FCI, ANTREE, and the
transformation procedure that integrates both stages into a unified reconstruction process.

3.3. Proposed Model: FCI-ANTREE

As shown in figure 2, the proposed model in this study is the FCI-ANTREE method, which is designed to recover
and reconstruct database design from legacy systems that lack technical documentation. The method uses GUI forms
on the user admin side as the main source of information and does not depend on source code or SQL queries. In this
way, FCI-ANTREE provides an alternative approach for database reverse engineering in systems where backend
artefacts are unavailable or incomplete. Let the set of GUI forms observed from the user admin interface be defined
as:

F= {f1:f2fn} (1)

Each f; denotes one administrative GUI form used as the input source for schema recovery. For each form f;, the FCI
stage analyzes the form elements and input validation to identify candidate database elements. This process can be
expressed as:
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FCI(f) = G 2

C; is the set of candidate database elements extracted from form f;, defined as

C; = {E;, A;R;K;D;} 3)

in which E; denotes candidate entities, A; candidate attributes, R; candidate relations, K; candidate constraints, and D;
candidate data types. This formulation is consistent with the function of FCI in the dissertation, namely identifying
entities, attributes, relations, constraints, and data types from GUI forms on the user admin side. After the candidate
elements are obtained, the ANTREE stage maps them into a tree structure to recover the logical schema. This stage
can be written as

ANTREE(C)) = T; 4)

T; denotes the ANTREE representation of the candidate database elements derived from form f;. Based on this
structure, the recovered logical schema can be represented as

L; is the logical schema recovered from the ANTREE structure. This corresponds to the dissertation statement that
candidate entities and attributes are mapped into the ANTREE tree to obtain the logical schema. In the next stage, the
recovered logical schema is transformed into a relational schema and then reconstructed into a conceptual model in
the form of a new ER-Diagram. This process can be formalized as

Si = T(Ll') (6)

ER; = y(S) (7

S; denotes the relational schema obtained from the logical schema, and E R; denotes the reconstructed conceptual
schema in the form of a new ER-Diagram. Accordingly, the overall reconstruction process of FCI-ANTREE for a
given form f; can be summarized as

ER =y (r ((z) (ANTREE(FCI(ﬁ))))) (8)

Equation (8) does not introduce a new procedure, but only formalizes the sequential recovery process already
described in the proposed method, namely physical schema recovery through FCI, logical schema recovery through
ANTREE, transformation into a relational schema, and conceptual model reconstruction into a new ER-Diagram.
The proposed model therefore contributes a practical and semi-automated method for recovering database design
from undocumented legacy systems. Its main strength lies in the use of GUI form interaction as the primary recovery
source, making it suitable for systems where access to source code or SQL queries is limited. In this context, FCI-
ANTREE offers an efficient and more intuitive approach for researchers and practitioners conducting reverse
engineering of legacy database systems.

4. Results and Discussion

4.1. ANTREE-Based Reconstruction Output for the Cashier Form

For a focused presentation of the reconstruction output, this section highlights the Cashier form from the first case
study. As illustrated in figure 3, the reconstruction output is represented through the ANTREE structure used to map
the main entity and its principal attributes obtained from the GUI form. In the testing procedure described in the
dissertation, candidate entities and attributes identified through the FCI approach are converted into nodes in a tree
structure that represents the interaction between the user and the system.
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Figure 3. ANTREE Structure for Cashier Form

Figure 3 shows that the cashier form is mapped into a single entity, cashier, with four attributes: cashier code,
cashier name, username, and password. This representation reflects the intermediate reconstruction stage, where
GUI-derived information is organized into the ANTREE structure before being transformed into a relational schema
and reconstructed into an ER diagram. Thus, the figure represents the entity—attribute mapping process in the
ANTREE stage rather than the final conceptual schema. This example demonstrates how the FCI-ANTREE method
converts GUI-based information into a structured representation for database schema recovery without relying on
source code or SQL queries. The cashier form is specifically selected because it clearly illustrates the mapping
between the main entity and its attributes within the ANTREE visualization framework.

4.2. Structural Consistency Validation of the Reconstructed Relational Schema

To evaluate the reconstruction results, the relational schema produced by the FCI-ANTREE method was compared
with the reference structure represented by the old ER-Diagram in each case study. This validation was intended to
assess how far the reconstructed structure remained consistent with the original database design after the recovery
and transformation process. As summarized in table 1, the comparison was carried out by examining the number of
entities, attributes, and relations in the old and reconstructed ER-Diagrams, and then calculating the total reference
components, total consistent components, corrected components, consistency level, and correction level.

Table 1. Structural Comparison Before and After Reconstruction Across Three Case Studies

Metric Case Study 1 Case Study 2 Case Study 3
Old Entities 8 9 8
New Entities 6 8 8
Old Attributes 35 48 55
New Attributes 34 47 46
Old Relations 6
New Relations
Total Reference Components 49 64 70
Consistent Components 43 60 55
Corrected Components 7 4 21
Consistency (%) 87.75 93.75 78.57
Correction (%) 14.30 6.25 30.00

The structural comparison shows that the reconstructed schema preserved most of the essential database components
across all three case studies. In Case Study 1, the old ER-Diagram contained 49 reference components, while 43
components in the reconstructed ER-Diagram remained consistent with the reference, resulting in a consistency level
of 87.75% and a correction level of 14.30%. In Case Study 2, the reconstructed schema achieved the highest
consistency, with 60 consistent components out of 64 reference components, corresponding to 93.75% consistency
and 6.25% correction. In Case Study 3, the method reconstructed 55 consistent components out of 70 reference
components, producing 78.57% consistency and 30.00% correction. These results indicate that the method remained
effective even when applied to more structurally complex cases. To provide a visual summary of these results, figure
4 presents the consistency and correction levels of the reconstructed relational schema across the three case studies.
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This figure highlights the extent to which the reconstructed schema remained aligned with the reference structure
after applying the FCI-ANTREE method.
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Figure 4. Structural Consistency of Reconstructed Relational Schema Across Three Case Studies

Figure 4 shows that Case Study 2 achieved the highest structural consistency at 93.75% with the lowest correction
level of 6.25%. Case Study 1 also demonstrated strong structural agreement, with 87.75% consistency and 14.30%
correction. In contrast, Case Study 3 produced the lowest consistency, 78.57%, and the highest correction level,
30.00%, indicating a more complex reconstruction context. Overall, the results confirm that the FCI-ANTREE
method was able to preserve most of the essential database structure across all three case studies.

4.3. Confusion Matrix Analysis of Reconstructed ER-Diagram Components

To complement the structural consistency validation presented in the previous subsection, the reconstruction results
were further evaluated using confusion matrix analysis. In the dissertation, this analysis was applied to the
reconstructed ER-Diagram components in each case study in order to measure the accuracy of component
identification in terms of precision, recall, and F1-score. The evaluation covers the three main schema components,
namely entities, attributes, and relations, and the final comparison is summarized using weighted overall metrics for
each case study.

Table 2. Weighted Overall Confusion-Metric Comparison Across Three Case Studies

Case Study Overall Precision Overall Recall Overall F1-Score

Case Study 1 0.9482 0.8104 0.8709

Case Study 2 0.9667 0.8901 0.9261

Case Study 3 0.8668 0.8056 0.8335
Average Overall 0.9272 0.8354 0.8768

As shown in table 2, Case Study 2 achieved the best overall performance, with an Overall Precision of 0.9667,
Overall Recall of 0.8901, and Overall F1-Score of 0.9261. Case Study 1 produced an Overall F1-Score of 0.8709,
supported by high precision but lower recall, indicating that several components were not fully recovered. Case Study
3 showed the lowest overall performance, with an Overall F1-Score of 0.8335, mainly due to a higher number of
false negatives in the attribute component. Nevertheless, the average overall metrics across the three case studies
remained high, with 0.9272 precision, 0.8354 recall, and 0.8768 F1-score, confirming that the reconstructed ER-
Diagrams were strongly representative of the original database structure. To provide a visual summary of the
confusion-metric evaluation, figure 5 presents the weighted overall precision, recall, and F1-score across the three
case studies. This figure highlights the comparative performance of the FCI-ANTREE method in reconstructing ER-
Diagram components from GUI-based legacy systems.
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Figure 5. Weighted Overall Precision, Recall, and F1-Score Across Three Case Studies

Figure 5 shows that Case Study 2 consistently outperformed the other cases across all three metrics, indicating that its
ER-Diagram structure was more regular and easier to recover through the FCI-ANTREE method. Case Study 1
maintained strong precision but lower recall, suggesting that the reconstructed result was generally correct although
several components were not detected. Case Study 3 produced the lowest recall and F1-score, reflecting the greater
structural complexity of that case. Even so, the overall results across all three case studies demonstrate that FCI—
ANTREE was able to reconstruct entities, attributes, and relations with high accuracy without requiring access to
source code or SQL queries.

4.4. Quantitative Evaluation of Reconstruction Performance

To further evaluate the performance of the proposed method, the reconstruction results were quantitatively assessed
using Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and coefficient of determination (R?). In the
dissertation, these metrics were used to measure how closely the reconstructed ER-Diagram components matched the
reference structure across the three case studies. Together with the confusion-metric analysis presented in the
previous subsection, these numerical indicators provide a complementary view of the quality and representativeness
of the reconstructed schema. As shown in table 3, the proposed method achieved a mean MAE of 1.77 components
and a mean RMSE of 3.16 components. These results indicate that the deviation between the reconstructed schema
and the reference structure remained relatively low across the evaluated case studies. In addition, the (R?). value of
97.09% shows a very high level of agreement between the reconstructed and reference structures, indicating that the
generated ER-Diagrams were highly representative of the original database design.

Table 3. Quantitative Evaluation Results of the FCI-ANTREE Method

Metric Aggregate Result
Mean Absolute Error (MAE) 1.77
Root Mean Squared Error (RMSE) 3.16
R? 97.09%

4.5. Comparison with Previous Reverse Engineering Approaches

To position the contribution of the proposed method, the FCI-ANTREE method was compared with several previous
database reverse engineering approaches discussed in the dissertation, namely Harsh et al. [50], MECDS by
Paradauskas and Laurikaitis [51], Alshugayran et al. [52], and Yeh et al. [53]. The comparison focuses on input
source, data accessibility, user involvement, program-code analysis requirements, ease of use, strengths, and
limitations. As summarized in table 4, this comparison shows the practical and methodological differences between
FCI-ANTREE and previous approaches in recovering database structure from legacy systems.

Table 4. Comparative Analysis of FCI-ANTREE and Previous Database Reverse Engineering Methods

MECDS — Alshuqayran et al
Aspect Harsh et al. [50] Paradauskas & [52] : Yeh et al. [53] FCI-ANTREE
Laurikaitis [51]
Metadata from DDL metadata, data, DDL and Form instances, table
Input GUI forms

DDL (table and program code transaction data schema, and data
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Data Riglgr];ia:;eiss Requires program- Requires clear Requires table and flo)rlrrrfsci;iﬁlétu?femuigll
accessibility code and data analysis master data schema analysis q &
source code source code
User No direct user Requires interaction Relies on structured Users %dentlfy Direct interaction t.hrough
. . . . . relationships through GUI forms, especially at
involvement interaction during code analysis data ;
forms admin level
Program code No code analvsis Yes, for semantic No Yes, for attribute No, focuses on GUI
analysis y analysis identification forms
Technical and Requires Requires good un d?r:fa ilrﬁ; OItlable More user-friendly and
Ease of use database- understanding of code master-data & easier for non-technical
d d schema and database
ependent and data structure management users

Main strength

Main
limitation

Fast and simple

Limited to basic
metadata

More in-depth,
captures richer
semantics

Requires deeper
analysis

Maintains data
quality through
master data

Requires clear
master data

structure

Addresses documentation
limitations

Depends on manual and
domain-based analysis

GUI-based, practical,
efficient, and semi-
automated
Depends on GUI forms,
which may not be
available in all

applications

As shown in table 4, the main distinction of FCI-ANTREE lies in its use of GUI forms as the primary input source.
Unlike previous methods that depend on DDL, transaction data, source code, or schema analysis, FCI-ANTREE
enables schema recovery through direct interaction with GUI forms. This makes the method more applicable in
undocumented legacy systems where backend artefacts are unavailable or incomplete. From the perspective of
implementation, FCI-ANTREE also offers a simpler workflow because the recovery process is performed from GUI
forms on the user admin side without requiring deep program-code inspection. In contrast, several previous methods
still depend on technical access to database metadata, source code, transaction data, or table-level schema structures.
This difference is important because, in many legacy systems, such backend information is no longer fully accessible,
whereas GUI forms remain available as the most visible artefact of the original system.

In terms of usability, the dissertation emphasizes that FCI-ANTREE is more user-friendly and easier to apply for
non-technical users because the reconstruction process can be carried out through interaction with GUI forms rather
than through direct code analysis. In addition, the method is considered practical, efficient, and semi-automated,
which differentiates it from approaches that require more manual interpretation of schemas or deeper technical
expertise. However, the method still has one important limitation, namely its dependence on the availability and
validity of GUI forms as the main recovery source. If the GUI structure is incomplete or no longer available, the
reconstruction process becomes more limited. Overall, this comparison confirms that FCI-ANTREE provides a
practical alternative for database reverse engineering in legacy systems without complete technical documentation.
Its strengths lie in direct GUI-based input, reduced dependence on source code and SQL queries, ease of use, and
semi-automated reconstruction capability. These characteristics make the method especially suitable for
undocumented legacy environments where conventional reverse engineering approaches are difficult to apply.

4.6. Discussion

The results show that the FCI-ANTREE method was effective in recovering and reconstructing database design from
undocumented legacy systems through GUI forms. Across the three case studies, the method preserved most of the
essential schema components, as reflected in the high structural consistency between the old and reconstructed ER-
Diagrams, especially in Case Study 1 and Case Study 2. Although Case Study 3 produced lower consistency, the
reconstructed schema still retained most of the core entities, attributes, and relations required to represent the original
system. These findings are reinforced by the confusion-metric analysis, which produced high average values of
Overall Precision (0.9272), Overall Recall (0.8354), and Overall F1-Score (0.8768). This indicates that the
reconstructed ER-Diagrams were strongly representative of the reference structure, although some components in
more complex cases remained harder to recover than others.

The quantitative evaluation also supports the effectiveness of the method. The aggregate MAE of 1.77 and RMSE of
3.16 indicate relatively low reconstruction error, while the R? value of 97.09% shows a very high agreement between
the reconstructed and reference structures. Together, these results confirm that GUI-based reconstruction can provide
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a reliable alternative when source code or SQL queries are unavailable. Methodologically, the main contribution of
FCI-ANTREE lies in the integration of FCI for GUI-based interaction analysis and ANTREE for logical mapping.
Compared with previous reverse engineering approaches that depend on DDL, source code, transaction data, or
schema files, FCI-ANTREE offers a more practical, efficient, and semi-automated alternative for legacy systems
with limited backend access. However, the method still depends on the availability and validity of GUI form input. If
the GUI structure is incomplete or input patterns are invalid, the resulting reconstruction may affect inferred data
types and constraints. Overall, FCI-ANTREE provides a practical and effective solution for recovering conceptual
database models from legacy applications with limited documentation.

5. Conclusion

This study developed the FCI-ANTREE method to recover and reconstruct database design from undocumented
legacy systems through GUI forms without relying on source code or SQL queries. The method combines Form-
Centric Interaction (FCI) for physical schema recovery and Admin Interface Tree (ANTREE) for logical schema
recovery, followed by transformation into a relational schema and reconstruction into a new ER-Diagram. Evaluation
on three case studies, namely an online store application, a library application, and an inventory system, showed
strong reconstruction performance. The method achieved a mean MAE of 1.77, a mean RMSE of 3.16, an R? value of
97.09%, and an average Overall F1-Score of 0.8768, indicating that the reconstructed ER-Diagrams were highly
representative of the original database structure. Compared with previous database reverse engineering approaches,
FCI-ANTREE offers practical advantages in ease of use, efficiency, and semi-automated GUI-based reconstruction.
However, the method still depends on the availability and validity of GUI form input. Overall, FCI-ANTREE
provides an effective and applicable method for reconstructing legacy databases without documentation.
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