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Abstract

This paper introduces the Hohlfeld Data Representation (HDR) method,
a deterministic and proportional framework for encoding data using resid-
ual vectors. The method, invented by Christian Heinrich Hohlfeld, uniquely
encodes data points as vectors, defined solely by their length and relative
angle to a reference vector. This approach guarantees the complete and
exact reconstruction of data, providing a fully deterministic and unique
representation without approximation. HDR is particularly advantageous
in applications requiring precise encoding and reconstruction of complex
data structures, such as signal processing, data compression, and cryp-
tography.

1 Introduction

The Hohlfeld Data Representation (HDR) method presents a novel approach
to data encoding and reconstruction. Unlike conventional methods that rely on
assumptions of periodicity or linearity, HDR directly encodes data relationships
without requiring approximations or fitting functions. This guarantees exact
reconstruction by uniquely mapping data points to residual vectors, defined
by their length (amplitude) and relative angle (position) to a reference vector.
The method ensures a fully linked and proportional representation of the data,
preserving all information and enabling accurate reconstruction.

HDR has potential applications in various fields requiring precise and effi-
cient data handling. For instance, in signal processing, HDR can be used to
represent complex waveforms, ensuring that the original signal is reconstructed
exactly without the need for approximation or fitting. In cryptography, the
deterministic nature of HDR encoding makes it suitable for securing sensitive



information, as only authorized parties with the knowledge of the reference vec-
tor and the reconstruction process can recover the original data. Furthermore,
HDR can lead to more efficient storage solutions in data compression by encod-
ing data as residual vectors, potentially reducing the amount of storage space
required without loss of information.

This paper provides the mathematical foundation of HDR, showcasing how
it enables deterministic reconstruction of data from residual vectors and of-
fers a unique solution to data encoding problems that require precise, non-
approximate solutions.

2 Core Principle of the HDR Method

Let a dataset D = {d;,d2,...,d,}, where n represents the number of data
points. Each data point d; is encoded by a residual vector v;, defined by its
length L; and angle 6;, both relative to a reference vector vg. The reference
vector v serves as the origin point for encoding and ensures that all residual
vectors are consistently mapped, preserving proportional relationships. The
vectors are proportionally mapped to a circle centered at the origin, with each
vector encoding a unique and deterministic position corresponding to its data
point.

2.1 Mathematical Representation

The residual vector for each data point v; is defined as:
vi=1L; (cos(ﬁi)% + sin(&ﬁj)

where:

e L; is the length (amplitude) of the vector, representing the magnitude of
data point d;,

e 0, is the angle of the vector, representing the proportional position of d;
on the circle.

The angle 6; is determined using the formula:

p =2
n

This formula ensures that the vectors are evenly distributed across the circle,
with each vector corresponding to a unique proportional position.

Each residual vector v; uniquely represents a data point based on its ampli-
tude L; and phase 6;, ensuring a globally unique and proportional mapping.

Formally, the HDR encoding can be defined as a function:

HDR:D — V,

where D is the set of data points, V = {v1,va,...,Vv,} is the set of residual
vectors, and the function maps each data point d; € D to a unique residual



vector v; € V according to the equations above. This functional notation
provides a concise way to express the mapping between the original data and
their encoded representation as residual vectors.

3 Proportional Mapping and Deterministic Re-
construction

The residual vectors are mapped proportionally, with each vector linked to its
neighbors, ensuring the complete reconstruction of the original data set. The
total length of the circle corresponds to the total sum of the data points, and the
angle of each residual vector represents the relative contribution of each data
point. This proportional mapping defines the relationship between the data
point value and the corresponding residual vector’s length and angle, where
both the magnitude and relative position of the data point within the dataset
are preserved.

The original data can be reconstructed by summing the reference vector vy,
which is typically initialized as a zero vector, and the cumulative sum of residual
vectors up to v;:

7
d; =vg+ ka
k=1

This sum results in the exact reconstruction of the data points, ensuring that no
information is lost during the encoding and decoding process. The combination
of the length and angle of each residual vector encodes both the data point’s
magnitude and its position in the proportional representation, guaranteeing that
the reconstruction is deterministic and exact.

4 Uniqueness of the Data Representation

The Hohlfeld Data Representation method guarantees uniqueness in the encod-
ing and reconstruction process. This uniqueness stems from the fact that the
residual vectors are mapped to a circle, with each vector’s length and angle
representing specific data characteristics. Even if two datasets have the same
total sum, the unique mapping of angles and the proportionality rule for resid-
ual vectors ensures that the reconstruction will always be distinct for different
datasets.

4.1 Guaranteeing Uniqueness

The uniqueness of HDR encoding is derived from the combination of two factors:

* **Distinct Angular Mapping:** Each data point is assigned a unique angle
(0;) on the circle based on its position within the dataset. This ensures that
even if two datasets have identical sums, their data points will be mapped to
different angles, resulting in distinct residual vector representations.



* #*Proportional Length Encoding:** The length of each residual vector (L;)
is directly proportional to the magnitude of the corresponding data point. This
preserves the relative magnitudes of the data points within the dataset, further
contributing to the unique encoding.

Therefore, even with datasets having the same total sum, the combination
of unique angular mapping and proportional length encoding guarantees that
their HDR representations will be distinct, enabling accurate and deterministic
reconstruction of the original data.

To illustrate, consider two datasets: Dy = {1,2,3} and Dy = {2,2,2}.
Although both datasets have the same sum (6), their HDR representations will
be distinct. For D1, the residual vectors will have different lengths and angles,
reflecting the varying magnitudes of the data points. In contrast, for Do, the
residual vectors will have the same length but different angles, capturing the
equal magnitudes but distinct positions of the data points.

5 Applications and Potential

HDR has vast potential for applications across various fields where precise data
encoding and reconstruction are essential. Some notable applications include:

* **Signal Processing®*: HDR can be used to represent complex waveforms,
ensuring that the original signal is reconstructed exactly without the need for
approximation or fitting. For instance, an audio signal can be encoded as a
sequence of residual vectors, preserving the amplitude and phase information of
the sound wave.

* **Data Compression**: By using residual vectors to encode data, HDR
can lead to more efficient storage solutions. In image compression, for example,
HDR can represent pixel values as residual vectors, potentially reducing the
amount of data needed to store the image without loss of information.

* **Cryptography**: The deterministic nature of HDR encoding makes it
an ideal candidate for cryptographic applications, where exact and secure data
reconstruction is critical. Sensitive data can be encoded using HDR, ensuring
that only authorized parties with the knowledge of the reference vector and the
reconstruction process can recover the original information.

* **Non-linear System Analysis**: HDR can be used to capture and recon-
struct complex relationships in non-linear systems, where traditional methods
may fall short in ensuring exactness. In chaotic systems, for example, HDR can
encode the state of the system as a set of residual vectors, allowing for precise
tracking and analysis of the system’s evolution.

6 Conclusion

The Hohlfeld Data Representation (HDR) method provides a robust and deter-
ministic approach to encoding and reconstructing data using residual vectors.
By utilizing proportional mapping and a unique encoding scheme based on the



length and angle of residual vectors, HDR ensures exact, non-approximate re-
construction of the original data. The method’s flexibility and efficiency make
it a powerful tool in fields such as signal processing, data compression, cryptog-
raphy, and non-linear system analysis. The unique and proportional nature of
HDR guarantees a globally unique representation for any dataset, ensuring that
no information is lost during encoding or reconstruction.

7 Disclaimer and Legal Protection

This paper and the Hohlfeld Data Representation (HDR) method described
herein are the sole intellectual property of Christian Heinrich Hohlfeld. All
rights are reserved.

While the author acknowledges the assistance of Al tools in refining the pre-
sentation and language of this paper, the core ideas, concepts, and mathematical
formulations of the HDR method are entirely the author’s original creation.

Any unauthorized reproduction or use of the content of this paper or the
HDR method is strictly prohibited.
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