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In today’s data-centric world, understanding the intricate relationships within
complex data structures is essential for making informed decisions and
deriving meaningful insights. This article delves into the development of an
application tailored for visualizing hash map data structures. Hash maps, a
fundamental data structure in computer science, are widely used for efficient
data storage and retrieval. However, comprehending the internal workings of
hash maps can be challenging due to their dynamic nature and underlying
complexities. The application discussed in this article offers a solution by
providing users with an intuitive and interactive platform to explore hash
maps comprehensively. Leveraging modern visualization techniques and user-
centered design principles, the application transforms abstract data structures
into visually engaging representations. Users can interact with the hash map
visualization, dynamically adding or removing key-value pairs, adjusting
parameters, and exploring the structure’s nuances in real-time. Key features
of the application include interactive animations to illustrate hash collisions
and resizing. By combining these elements, the application facilitates a deeper
understanding of hash map operations and behaviors. The application’s user
interface is designed to be intuitive and accessible, catering to users with
varying levels of expertise in data structures and visualization. Error handling
mechanisms are implemented to detect and address common issues, such as
invalid input or hash collisions, ensuring the integrity of the visualization
and enhancing the user experience. Overall, this article demonstrates the
transformative potential of visualization techniques in elucidating complex
data structures. By providing a user-friendly platform for visualizing hash
maps, the application empowers users to explore, analyze, and gain insights
from their data effectively. The discussion also highlights avenues for future
research and development, including advanced visualization techniques,
integration with other data structures, and applications in diverse domains
such as education, software development, and data analysis.
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Y cyuacHOMy CBiTi, Opi€HTOBAHOMY Ha JaHi, PO3YMIHHS CKJIAJHUX
B3a€MO3B’SI3KIB y CKIaJHUX CTPYKTypaxX JAHUX Ma€ BOXIMBE 3HAYCHHS IS
OpuiHATTS OOIPYHTOBAaHUX pIllIEHb Ta OTPUMAaHHS 3HA4yIloi iH(opmarii.
VY crarTi inerbes npo po3poOKy HMporpamu, MpU3HA4eHOi AN Bisyasizamii
CTPYKTYp AaHHX Xelll-Mman. Xeml-mamna, ¢pyHIaMeHTallbHa CTPYKTypa JaHUX B
iHpOpMaTuIli, IIMPOKO BUKOPUCTOBYIOTHCS Al €(PEKTUBHOTO 30epiraHHs Ta
nouryKy gaHux. OfHaK 3p0o3yMiTH BHYTPIIIHIO pOOOTY XelI-Man Moxe OyTH
CKJIaIHO yepe3 iX AWHAMIYHy MPUPOIY Ta CKIATHOIII, 10 JeKaTb B OCHOBI
miei cTpyktypu nanux. IIporpama, mpo sKy HaeTbcs Yy CTaTTi, HPOIOHYE
pilICHHS, HAJAIOYM KOPUCTyBauaM IHTYITMBHO 3pO3yMily iHTEpaKTHBHY
wiatopMy Al BCEOIYHOrO BHUBUECHHS XeIlI-Man. BUKOpHCTOBYOUM CydacHi
METO/M Bi3yastizallii if opieHTOBaHI Ha KOPUCTyBada MPUHIUIIN IPOCKTYBAHHS,
Iporpama nepeTBopIoe a0CTPaKTHI CTPYKTYPH AaHHUX y Bi3yalbHO NPHBAOIHBI
npexacTasieHHs. KopucTyBadi MOXyTh B3a€EMOJISITH 3 Bi3yalli3alli€lo Xell-
Many, AWHAMIYHO [ofaroud a0 BHUAANAIONM MapU K04 — 3HAYCHHS,
KOPUT'YIOUH ITapaMeTpPH Ta JOCTIDKYIOUH HIOAHCH CTPYKTYPHU JaHUX Y PEKUMI
peanpHOro uyacy. OCHOBHI (DyHKIII MpOrpaMH BKIIIOYAIOTh IHTCPAaKTHBHY
aHIMaIo A UTIocTpamii Xem-komi3id 1 3MiHHM po3Mipy caMmoi CTPYKTYpH
naHux. IloenHyroun 1i eneMeHTH, Iporpama CHpusie IHOIMIOMY PO3YyMiHHIO
oleparliii xem-manmu Ta MOBeHiHKU. I[HTepdeiic kopucTyBada mporpamu
pO3pO0OIEHUH 1HTYITHBHO 3pO3YMIIMM 1 JOCTYIHHM JUIi KOPHUCTYBadiB
i3 pi3HUM pIBHEM 3HaHb y CTPYKTypax JIaHMX 1 Bi3yamizamii. MexaHizmu
00pOOKH MOMIJIOK peali3oBaHO JUIS BHUSABJICHHS Ta BHPIIICHHS MOUIMPEHUX
npoOrieM, TakuX SIK HeAicHUM Bxin abo komisii xemriB, 3a0e3Medyrodu
IIUTICHICTh Bi3yasmizallii Ta MOKpAN[yIoOYd B3AEMOJII0 3 KOPHUCTYBaueM.
3aranoM 1 CTATTS JEMOHCTPY€E TpaHC(HOpPMALiMHUN TOTEHIial METOJIB
Bizyamizamii A7l 3’ACYBaHHS CKJIAJHHUX CTPYKTYp HaHHX. 3a0e3Medyrodn
3py4Hy IuatdopMy JUId Bidyaizallii Xer-Mail, IporpaMa Ja€ KOpHCTyBadyam
3MOry e()eKTHBHO [OCIiXKYyBaTH, aHAII3yBaTH W OTPUMYBAaTH PO3YyMiHHS
cBOiX maHuX. OOrOBOPEHHS TAKOXK BUCBITIIIOE IIISIXU MaOyTHIX J0CIiIKESHb
1 po3po0OK, BKIIFOYAOUYH MIEPE0BI METOIH Bi3yauisailii, iHTerpaliito 3 iHIMMH
CTPYKTYpPaMH MaHUX 1 3aCTOCYBaHHS B pi3HHX c(epax, TaKUX SK OCBITa,
po3poOKa MporpaMHOTro 3a0e3rNeueHHs i aHalli3 JaHHuX.

1. Introduction. In today’s data-driven world,
the ability to comprehend and manipulate complex
datasets efficiently is paramount. Data structures
serve as the backbone of computer science, provid-
ing organized ways to store, access, and manipulate
data. As datasets grow in size and complexity, the
need for effective visualization techniques becomes
increasingly crucial. Visualization of data structures
bridges the gap between abstract data representations
and human comprehension, offering intuitive ways to
analyze and understand intricate data relationships.

This paper underscores the significance of visu-
alizing data structures, delving into a simple visu-
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alization approach and tools employed to represent
diverse types of data structures effectively. From
fundamental structures like arrays and linked lists to
more intricate ones such as trees, graphs, hash tables
and hash maps, visualizations offer insights into the
inner workings and behaviors of these structures. By
leveraging visual representations, researchers, devel-
opers, and analysts can gain deeper insights, identify
patterns, detect anomalies, and make informed deci-
sions based on their data.

The effectiveness of a visualization heavily relies
on its ability to convey complex information clearly
and concisely. Therefore, this paper also strives to
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put into practice principles of effective visualization
design, including scalability, interactivity, and aes-
thetic appeal.

The research in this area has been extensive.
For example, in [1] a sketch-based interface CSTu-
tor is presented as an environment in which a user’s
sketched diagram and code are combined seamlessly.
The tool analyzes the user’s diagrams in real time and
automatically generates code. The tool is intended to
bridge the gap between the conceptual diagram of a
data structure and the actual implementation. In [2]
a web-based application for visualization of bubble,
sequential and selection sorting algorithms are pre-
sented. [3] demonstrates preliminary work on build-
ing interactive teaching modules for data structures
and algorithms courses that allow students to visu-
alize course material and assess, log and analyze
their learning progress. [4] presents an interactive
visualization tool for understanding data structures.
The work uses the inner execution trace to monitor
the run-time data structure change and render the
corresponding presentation in real-time for review
and analysis. In [5] a dynamic heap analysis system
is described that allows to examine and analyze how
Java programs build and modify data structures. [6]
presents Travioli system that can be used for visual-
izing data-structure traversals. [7] surveys the state of
the art in visualizing dynamin graphs. The review of
this research shows that visualization approaches are
difficult for an average user and are highly specific for
a given context.

In this paper we strive for simplicity in present-
ing the innerworkings of a HashMap by developing a
java-based application for visualization of the given
data structure. We also describe the design of the
application that serves as the basis for the application
implementation.

By elucidating the importance and potential of
visualization techniques, this research endeavors to
inspire further innovation in the field, fostering the
development of simple but more powerful and intui-
tive tools for data analysis and interpretation.

2. Methods. Developing an application for vis-
ualizing a hash map data structure involved several
key steps and methods. Here’s an outline of how we
approached this:

First, we defined the requirements and objectives
of the visualization application. We considered the
target audience, the specific features we wanted to
include, and the platforms on which the application
would run. With the help of this application, the user
must be able to track changes in the hash map and its
structure. The user must be able to add and remove
values from the hash map, search for values by key,
find the size of the structure, and clear it completely.
This application can be used in the process of training
specialists in computer science, as it helps to study
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the innerworkings of hash map data structure, as well
as for individual research.

Next, we chose a Programming Language and
Framework. The project code is written in the Java
programming language version 17. We used the java.
awt and javax.swing packages for the project inter-
face. Next, we performed the User Interface design.
We designed an intuitive user interface that allows
users to interact with the hash map visualization effec-
tively. We considered incorporating features such as
search functionality, tooltips for displaying additional
information, and controls for adjusting visualization
parameters.

The implementation of the Hash Map Data Struc-
ture visualization followed. We developed the under-
lying hash map data structure in java programming
language and implemented methods for adding,
removing, and retrieving key-value pairs. Then, we
chose the Visual Representation of the hash map. This
involved using shapes and symbols to represent indi-
vidual buckets, color-coding, and animations to illus-
trate insertions, deletions, and hash collisions. Next,
we performed Rendering and Display using java.awt
and javax.swing java libraries. We ensured that the
visualization was responsive and could handle large
datasets efficiently. We also considered Interactivity
and implemented interactive features to enhance user
engagement. This included allowing users to interac-
tively add or remove key-value pairs, adjust visual-
ization settings, and explore the hash map structure
dynamically.

Then, Error Handling and Validation phase fol-
lowed. We implemented error handling and valida-
tion mechanisms to ensure the integrity of the hash
map data structure. This included handling edge cases
such as invalid input, hash collisions, and resizing of
the hash table appropriately.

And, finally, we performed Testing and Debug-
ging. We thoroughly tested the visualization appli-
cation to identify and address any bugs or issues,
conducted both unit tests and user acceptance tests to
validate the functionality and usability of the appli-
cation.

3. Implementation of Application and Results

3.1. Screen Design. During the User Interface
design phase, we developed the prototype of the main
screen shown in Figure 1. The screen is divided into
visualization and control panels. The control panel
contains fields for key and value and buttons to per-
form operations with Hash Map data structure.

3.2. UML use-case diagram. After the require-
ment gathering phase, the requirements have been
analyzed and the use-case diagram was created for
use cases UC-01 through UC-06 (see Fig. 2). These
are the use cases: UC-01 Viewing the graphic rep-
resentation of Hash Map data structure, UC-02 Add-
ing an object to the Hash Map data structure, UC-03
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Fig. 1. Screen design

Getting the object by key from the Hash Map data
structure, UC-04 Deleting the object by key from the
Hash Map data structure, UC-05 Clearing the Hash
Map data structure and UC-06 Getting the size of the
Hash Map data structure.

3.3. UML class diagram. After the requirements
have been analyzed for possible classes, the user
interface screen model and the use case diagram cre-
ated, we identified the classes and the relationships
among them shown in Figure 3.

3.5. UML sequence diagrams. After the use-case
and class diagrams were created, we created sequence
diagrams for all use cases from the use-case diagram.
We show one such sequence diagram for use case
UC-02 Adding an object to the Hash Map data struc-
ture in Figure 4.

3.6. Screen shots of application at work. Next,
we show some screen shots of the application dur-
ing its work. Figure 5 shows the main window after
the application has been started. The program has
two panels: a panel for displaying the Hash Map data
structure and a control panel. The initial size of the
Hash Map data structure is 16 cells.

Figure 6 shows adding a new value in the Hash
Map data structure.

Figure 7 shows a scenario when a value is added
to the already occupied cell. As can be seen, a linked
list is created in cell 15.

Figure 8 shows a scenario when the number of ele-
ments added to the Hash Map data structure is greater
than 75% of its capacity. As can be seen, when adding
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User

C-01 Viewing the graphic
representation of HashMap
datastructure

UC-02 Adding object to
HashMap datasiructure

C-03 Getting the object by
key from HashMap
datastructure

{1C-04 Deleting the object b
key from HashMap
datastructure

C-05 Clearing the HashMap
datastructure

C-06 Getting the size of the
HashMap datasiructure

Fig. 2. Use-case diagram
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Fig. 3. UML class diagram

the 13th element, the size of the Hash Map data struc-
ture is doubled.

4. Discussion. The development of our hash map
visualization application offers valuable insights into
the challenges and opportunities inherent in repre-
senting complex data structures in a visual format.
Through the process of designing and implementing
the application, several key points emerge for consid-
eration.

Firstly, the choice of visualization techniques sig-
nificantly impacts the usability and effectiveness of
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the application. By employing intuitive visual rep-
resentations, such as color-coded buckets and inter-
active animations, users can gain a deeper under-
standing of the hash map’s structure and behavior.
However, striking a balance between visual appeal
and clarity is crucial to prevent information overload
and maintain usability.

Secondly, the interactivity features incorporated
into the application play a pivotal role in enhancing
user engagement and exploration. Allowing users to
dynamically interact with the hash map, add or remove
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key-value pairs, and adjust visualization parameters
empowers them to customize their experience and
delve into specific aspects of the data structure. This
emphasizes the importance of user-centered design
principles in developing effective visualization tools.
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Additionally, the application highlights the signifi-
cance of error handling and validation mechanisms in
ensuring the integrity of the hash map data structure.
Handling edge cases such as hash collisions, resiz-
ing, and invalid input gracefully contributes to the
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robustness and reliability of the application. More-
over, providing informative feedback to users when
errors occur enhances the overall user experience and
fosters trust in the application.

Despite the advancements made in developing
the hash map visualization application, several chal-
lenges and opportunities for future improvement
remain. Enhancing the scalability and performance of
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the application to handle larger datasets efficiently is
a critical area for further development. Additionally,
exploring alternative visualization techniques and
incorporating advanced features, such as data cluster-
ing or trend analysis, could enrich the user experience
and expand the application’s capabilities.

5. Conclusion. In conclusion, the development of
the hash map visualization application represents a
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Fig. 8. Doubling the size when reaching 75% capacity

significant step towards facilitating the understanding
and exploration of complex data structures. By lev-
eraging intuitive visual representations, interactive
features, and robust error handling mechanisms, the
application empowers users to gain insights into the
inner workings of hash maps effectively.

While the current version of the application
demonstrates promising functionality and usabil-
ity, there is ample room for further refinement and
innovation. Continued efforts to enhance scalability,
performance, and feature richness will contribute

to the application’s utility and relevance in various
domains, including education, software development,
and data analysis.

Overall, the hash map visualization application
serves as a testament to the transformative poten-
tial of visualization techniques in elucidating intri-
cate data structures. By embracing principles of
user-centered design, innovation, and continuous
improvement, we can unlock new possibilities for
visualizing and understanding complex data in the
digital age.
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