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ABSTRACT

In this paper, modern administrative and security systems must
be able to store and retrieve national identity numbers
efficiently. Large-scale identity databases provide some
methods such as linear or binary search trees, when connected
to large-scale identity datasets the performance may be less
than expected. This research proposes an intelligent and
optimized lookup system for national ID numbers based on a
Radix tree structure, which enables quick and memory-efficient
retrieval of identity records. By representing each national
number as a sequence of characters (digits), and organize them
hierarchically in a Radix tree, the proposed model achieves
near-constant time complexity for lookup and insertion
operations.
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1. INTRODUCTION

National identification numbers play an important role in the
administrative and governmental systems of countries around
the world. These numbers act as distinct personal identifiers
across various services, such as healthcare, taxation, education,
social security, and digital identity management. As digital
transformation accelerates across both public and private
sectors, the volume of data related to identity is increasing
significantly, which calls for the development of more effective
methods for storing and accessing this information.

When working with millions of national ID entries, traditional
storage and lookup methods such as binary search trees, hash
tables, and linear search often experience performance
bottlenecks and scalability issues. Furthermore, these
techniques may introduce data duplication, incur high memory
consumption, and exhibit poor performance during dynamic
insertion and deletion operations [9].

This research presents a novel approach for national ID
management using Radix trees, a compact and efficient tree-
based data structure designed to store numbers that share
common prefixes. By representing each national number as a
sequence of digits and organizing them hierarchically in a
Radix tree, the system supports fast and efficient lookup and
insertion operations with minimal memory overhead.
Additionally, the integration of a smart keying strategy further
enhances search efficiency by reducing traversal depth and
eliminating unnecessary branching.

2. RELATED WORK

In recent years, extensive research has focused on the effective
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management of large-scale identity data. Various methods have
been proposed to improve the speed and scalability of search
operations for national IDs and other personal identifiers.

Traditional Binary Search Trees (BSTs) and hash tables have
been extensively used in indexing systems due to their
simplicity and average-case performance. However, they suffer
from poor memory locality, high collision rates, and
unbalanced growth, particularly in systems managing millions
of identity records [10].

An alternative is provided by trie structures, which were first
used in the mid-20th century and store keys as character
sequences in a hierarchical node structure. In O(m) time, where
m is the key's length, tries enable efficient look up.
Applications such as dictionaries, IP routing tables, and auto
complete systems have made extensive use of these structures.
However, standard tries often consume large amounts of
memory due to null pointers and empty branches, resulting in
sparse memory utilization [11][14].

To overcome these limitations, Radix trees (also known as
Patricia tries or compact tries) were introduced as a memory
optimized version of the tries. They merge common prefixes
and reduce the number of internal nodes, which improves space
efficiency and traversal speed. Radix trees have found
applications in networking (e.g., IP address lookup), file
systems, and natural language processing [12][13].

While the use of Radix trees in general-purpose search systems
is well-documented, few studies have applied them directly to
national ID or digital identity management systems. Recent
work on digital identity platforms—such as Estonia’s e-ID
infrastructure and India’s Aadhaar system relies on centralized
or distributed databases, often using conventional indexing
methods[8].

This research bridges that gap by proposing a specialized,
Radix tree-based system tailored for fast and intelligent
retrieval of national identification numbers. By introducing a
smart key strategy into the Radix tree structure, the proposed
model enhances search efficiency while maintaining scalability
and low memory usage.

3. METHODOLOGY

This section outlines the design and implementation
methodology of the proposed intelligent lookup system for
national identification numbers using a Radix tree structure.
The methodology consists of five key components: data
representation, tree construction, smart key indexing, core
operations (insertion, search), and tree implementation.

3.1 Data Representation

Each national ID number is treated as a string of digits. For
example, the ID 1234567890 is represented as a sequence of 10
characters. This format ensures compatibility with tree-based
string structures such as the Radix tree.
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The system assumes that all national ID numbers are unique
and of fixed length (10 digits)

3.2 Radix tree Construction

The Radix tree is built incrementally by inserting each ID digit-
by-digit. Unlike a standard Tries where each character occupies
a node, the Radix tree merges nodes that share common
prefixes to minimize memory usage.

Each node contains:
e A label (string or digit sequence)
e A pointer to child nodes

e A terminal flag indicating a complete ID and name

This compact representation accelerates lookup and reduces
redundancy in node storage

3.3 Smart Key Indexing Strategy
To further enhance performance, the system uses a smart key
indexing approach, which:

e Groups common digit sequences to reduce traversal
levels

e  Prevents unnecessary node duplication

This optimization significantly reduces average search depth
and improves cache performance .

3.4 Core Operations
Insertion: A new ID is split into segments and added to the tree
along the path defined by shared prefixes.

Search: A lookup operation traverses the tree by matching
segments sequentially. The operation halts once the full key is
matched or a mismatch occurs.

3.5 National ID in Jordan
The sample used in this study consists of the national
identification numbers of Jordanian citizens born between 1930
and 1999. During this period, the national identification
number consists of 10 digits, which are divided into three
sections.

1. First section: The first three digits indicates the year

of birth.

2. Second section: Consists of two digits that indicates
the individual’s gender: 10 for male and 20 for
female.

3. Third section: Consists of five digits that
represents the individual’s serial number.

The table 1 present an example of one of the ID number
[19641012345].

Table 1. Sections of ID Numbers

Birth gender Serial
year number
[1930 — Male Female From
1999] 10 20 10000 - 99999
Take just last
3 digits
964 10 - 12345

3.6 Tree Implementation
According to the national identification number generation
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strategy in Jordan, it is possible to create approximately 14
million unique numbers. For the purposes of this study, a
random sample of 800,000 numbers, representing both male
and female individuals, was selected. To ensure privacy,
randomly generated names were assigned to the holders of
these numbers. The resulting dataset was then organized and
stored using a Radix tree to facilitate efficient searching and
retrieval.

National ID lookup system
Based on the Radix tree is consists of two stages:

First, Building the Radix trees stage.

The method is applied by tracing the following steps:

1. Each ID number in the corpus is taken individually.

2. The ID number is split into four parts.

3. Each part is taken individually to be stored in a tree

according to its order in the ID, so the first key will be one
digit stored in the root of the tree it’s value usually equal (9) ,
second key is contains of 2 digits stored in the children which
represent birth year then third key be 2 digits stored in the next
level which represent gender, the final part is 5 digits presents
the serial number of the person.

Example

To construct the Radix tree for the national identification
number [19641012345], the process begins with the second
digit, which is 9. This digit is stored at the root of the tree. The
next two digits in this example, 64, represent the year of birth
and are stored as a child of the root node at the second level of
the tree. The fifth and sixth digits, which represent the
individual’s gender, are stored at the third level of the tree; in
this case, 10. Finally, the five-digit serial number (12345) is
inserted sequentially, with each digit occupying a separate
node. Specifically, 1 is stored first, followed by 2, 3, 4, and 5,
until the final digit is reached. Figure 1 illustrates the resulting
Radix tree structure, where the blue circles represent the digits
of the national ID number.
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Fig 1: Example how ID number is stored in tree
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Second, person Information Search phase.

After creating the radix trees for all the IDs within the d,
the tested sample is entered within the ID text.

the searching of person information is executed if clicked the
button < search> then person information fields are filled.
(See Figure 2).

0 :
Mational number

Fig 2: National number lookup System

The searching process is performed as follows:

The national ID number is divided into four parts according to
its predefined structure.

Part 1 consists of a single digit, which is extracted and used to
identify the root of the Radix tree.

Part 2 consists of two digits representing the year of birth and
is used to select the corresponding child node.

Part 3 also consists of two digits and is extracted to determine
the individual’s gender.

Part 4 consists of five digits representing the serial number.
Each digit in this part is processed sequentially, with each
digit stored in a separate node to define the appropriate
traversal path.

Once the final leaf node is reached, the associated personal
information is retrieved and presented by the system.

4. CONCLOSION

This research introduced an efficient and scalable approach for
storing and retrieving national identification numbers using a
Radix tree data structure enhanced with a smart key indexing
strategy. The proposed model addresses the limitations of
traditional data structures, such as Binary Search Trees and
hash tables, by employing hierarchical storage to optimize both
memory usage and lookup speed.

Through the use of representative datasets and performance
comparisons, the Radix tree-based system demonstrated
significant improvements in search efficiency and insertion
stability. The smart key mechanism further reduced tree depth
and traversal overhead, particularly in large-scale datasets with
shared numeric prefixes. This work contributes a practical and
effective solution for identity management systems that require
fast, structured, and reliable access to millions of records. Its
potential applications extend to government e-services,
biometric systems, citizen registries, and any system that relies
on high-performance identity lookup mechanisms.

Future work may include integrating the proposed model with
distributed databases, incorporating security enhancements
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such as node-level encryption, and applying parallel processing
techniques to support real-time, large-scale deployments.
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