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Abstract: This study investigates the Bintang Maratur motif of Ulos, a traditional Batak
Toba textile from North Sumatra, Indonesia, by combining cultural semiotics with
complex mathematical analysis using analytic functions. Culturally analyzed via Charles
Sanders Peirce’s triadic semiotic framework (sign, object, interpretant), the motif whose
name translates as “arranged stars”, symbolizes cosmic order, ancestral guidance, and
familial harmony, with each star operating as a sign whose object is celestial regularity
and whose interpretant is social balance within Batak society. Concurrently, its geometry
is rigorously modeled using complex exponential functions, starlike analytic functions,
Fourier series expansions, and conformal mappings, applied to coordinates extracted
from high-resolution images of authentic hand-woven specimens. Our mathematical
formulation reconstructs the eight-pointed star geometry with dimensional deviations
below 2%, while the motif’s mirror and rotational symmetries correspond to angle-
preserving conformal transformations and its repeated leaf elements to convergent power-
series terms. The results establish that traditional Batak weaving embodies sophisticated
geometric logic, bridging indigenous heritage, digital textile modeling, and STEM
education. The framework offers a replicable method for documenting endangered textile
traditions and for developing culturally grounded mathematics instruction in Indonesian
classrooms.

Keywords: Bintang Maratur motif, Ulos, ethnomathematics, analytic functions, starlike
functions, conformal mapping.
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INTRODUCTION

The traditional woven cloth of Batak in Sumatra — Ulos
In the rich tapestry of Indonesian cultural heritage, the Ulos cloth of the Batak

tribe in North Sumatra holds a revered place, embodying not just a piece of fabric but a
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profound narrative of tradition, identity, and symbolism. Ulos, more than a traditional
attire, represents an integral aspect of the Batak people’s life, interwoven with the threads
of their beliefs, rituals, and societal values.

Batak tribe originated as mountain people, where the weather was cold. They
believed in three symbols of human life, namely blood, breath and warmth. The symbol
of warmth is Sun, Fire and Ulos. Among these options, ulos (blanket) is the most
practical, comfortable and easy heating option because it can be used anywhere and
anytime.

The Ulos textile tradition of the Batak Toba people in North Sumatra, Indonesia,
represents a rich cultural heritage. Among its motifs, Bintang Maratur, literally “arranged
stars,” is particularly significant, symbolizing harmony, cosmic order, and familial unity.
Layer groups are three-dimensional crystallographic groups that have translational
symmetries in two dimensions. Recent scholarship has explored this motif not only
through cultural semiotics but also through mathematical frameworks such as analytic
functions, offering interdisciplinary insights that bridge tradition and modern science.

The Diverse Types of Ulos and Their Significance
In Indonesian cultural heritage, the Ulos textile of the Batak tribe in North
Sumatra holds a sacred role, representing a narrative of tradition, identity, and social
structure. Traditionally inhabiting cold mountainous regions, the Batak people identified
three essential sources of human life warmth: the sun, fire, and Ulos. Among these, Ulos
serves as the most accessible and practical warmth provider.
Different Ulos types fulfill distinct ceremonial functions:
1. Ulos Ragi Hotang: Symbolizes the bond of marital love, presented during
weddings.
2. Ulos Sibolang: Characterized by blue hues and arrowhead patterns, used as a
versatile shawl or sarong.
3. Ulos Ragidup: Symbolizes life, prosperity, and long life.
4. Ulos Sadum: Features vibrant red accents and floral motifs, representing joy.
5. Ulos Bintang Maratur: Translates literally to "arranged stars" or "ordered stars,"

symbolizing harmony, discipline, and cosmic guidance.

Cultural and Semiotic Perspectives
Ulos has long been studied as a cultural artifact embedded in Batak rituals,

including weddings, funerals, and rites of passage Siahaan (2019). The Bintang Maratur
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motif conveys values of balance and guidance, reflecting the Batak worldview that human
life should align with universal harmony Simanjuntak (2021). Semiotic analyses, drawing
on Peirce’s theory of signs, interpret the motif as a cultural text that encodes kinship and
spiritual meaning Hutabarat (2020).

The intersection of semiotics and mathematics enriches both ethnographic and
STEM education. Semiotics explains what the motif means, while analytic functions
explain how the motif is structured. Together, they support cultural preservation, digital

innovation, and cross-disciplinary learning Nasution (2023).

Ulos Bintang Maratur

Ulos Bintang Maratur is one of the most meaningful traditional textiles in Batak
culture, symbolizing hope, order, and blessings for a prosperous life. The name Bintang
Maratur can be interpreted as "arranged stars" or "ordered stars,"” reflecting the Batak
philosophy that life should be lived with purpose, harmony, and clear direction.

Motif and Philosophy

The primary motif of Ulos Bintang Maratur consists of zigzag patterns that
resemble sound waves or rhythmic movements. These patterns symbolize the dynamic
nature of human life—filled with ups and downs, challenges, and changes. Despite these
fluctuations, the continuous flow of the design represents resilience, determination, and
the ability to move forward with enthusiasm and perseverance.

Another distinctive feature of this Ulos is the presence of a large star motif, which
symbolizes hope, divine guidance, and a clear direction in life. The star represents light
that guides individuals through uncertainty and serves as a reminder that every journey
should be guided by wisdom, faith, and positive values. As a result, the cloth is regarded

as a symbol of blessings, prosperity, and a bright future for the person who receives it.

Traditional Functions

Ulos Bintang Maratur is traditionally used in several important Batak ceremonies
and family events, including:
Parompa (Baby Carrier Cloth):

Parompa (Baby Carrier Cloth): It is often presented by the maternal side of the

family to a newborn child or grandchild. As a parompa, the cloth carries prayers that the
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child will grow up healthy, receive abundant blessings, and become a source of happiness

and prosperity for the family.

Symbol of Joy and Respect

The cloth is also used to express happiness, honor, and appreciation during
significant milestones and achievements. Presenting this Ulos signifies sincere
congratulations, respect, and prayers for continued success and well-being.

Regional Variations

Although the philosophical meaning of Ulos Bintang Maratur remains consistent
throughout Batak communities, its visual appearance may vary depending on the region
in which it is woven.

In Tapanuli, particularly around Tarutung, the cloth commonly features a large
star motif at each end, making the symbolism of hope and guidance more visually
prominent.

In the Toba region, however, the star motif is not always included. Instead, local
weaving traditions may emphasize the zigzag pattern while maintaining the same cultural

significance.

Cultural Significance

Ulos Bintang Maratur embodies the Batak belief that life is a journey filled with
both challenges and opportunities. Its motifs encourage individuals to remain resilient,
optimistic, and focused on their goals while trusting that blessings and guidance will
accompany them throughout life. Whether given to welcome a newborn or to celebrate
important achievements, this Ulos serves as a heartfelt expression of love,

encouragement, and hopes for a meaningful and prosperous future

Figure 1. Ulos Bintang Maratur
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Ulos Bintang Maratur Textile

/ \

Cultural Semiotics Complex Analysis
- Peirce's Triadic Sign System - Analytic & Univalent Functions
- Philosophy of Harmony & Guidance - Polar/Fourier Transformations
- Ceremonial Functions (Parompa) - Conformal Mappings & Rotations

\ /

Ethnomathematical Synthesis

- Heritage Preservation
- Digital Replication & Al

Cultural & Semiotic Philosophy
Ulos Bintang Maratur is central to Batak rites of passage. As a Parompa (baby
carrier cloth), it is gifted by maternal grandparents to newborns with prayers for health,
wisdom, and prosperity.
The visual design is composed of two primary geometric elements:
1. Zigzag/Wave Patterns: Represent the dynamic, oscillating nature of human
existence, embodying resilience through life's fluctuations.
2. Eight-Pointed Star Motif: Symbolizes divine guidance, light, and structured order

Motif of Ulos Bintang Maratur
In this paper we consider for the following of Bintang Maratur motif.
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Figure 2. Type of Ulos Motifs

Theoretical Foundations: Complex Analysis & Univalent Functions

To establish the mathematical framework for pattern reconstruction, we recall
fundamental concepts in complex function theory.
Definition 1 Conformal Mapping (Nehari, 1952) A mapping w= f(z) is said to be
conformal at a point if it preserves the magnitude and the sense (orientation) of the
angles between any two curves intersecting at that point.

Furthermore, Nehari established that: If f(z) is analytic in a domain D and f'(z) #0

throughout D, then f is conformal in D.

Mathematical Definition
Let w= f(z), where f isanalyticinadomain D.If f'(z)#0, ze D, then f

is called a conformal mapping because it satisfies the following properties:
It preserves the angle between any two intersecting curves. It preserves the orientation

(clockwise or counterclockwise) of the angles. It is locally one-to-one. It locally scales

lengths by the factor |f(z)|. Although lengths and areas generally change under the

mapping, the local geometric shape is preserved up to rotation and scaling.
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Figure 3. Conformal Mapping

Analytic function

A function f(z) defined on a domain D <[ is analytic (holomorphic) if it is
represented locally by convergent power series. Equivalently, f(z)=u(x,y)+iv(X,y)
Definition 2 A function f(z) defined on adomain D [ is analytic (holomorphic) if it
is represented locally by convergent power series. Equivalently, f(z)=u(Xx,y)+iv(X,Y)
(where z=x+1y) is analytic if u(x,y) and v(X,y)have continuous first order partial
derivatives that satisfy the Cauchy-Riemann equations:

u,=v,and v, =-u,.

Univalent Functions, S
Definition 3 (Duren (1983)) The function f is said univalent (or “Schlicht”) if f onto

and normalized. The other word the function f is onto from domain Dto the other
domain f :D — f(D).

The function f is said to be locally univalent at a point z, € D if it is univalent in
some neighbourhood of z,. The primarily with the class S of functions f analytic and
univalent in the unit disc D ={z:z ll,| z|<1}, normalized by conditions f(0)=0 and

f'(0)=1. Thus each f S has a Taylor series expansion of the form
f(z)=2+> a2, a el.
k=2

Subclass of Univalent Analytic function
Starlike Functions
Definition 4. (Duren (1983). A function f S is said to be starlike in domain D if the

image of D under f is starlike domain, f (D)= D, with respect to the origin; the linear
segment joining origin to every other points in D, lies entirely in D, . A starlike function

is a conformal mapping of the unit disc onto a starlike domain with respect to the origin.
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The subclasses of S consisting of the starlike functions is denoted by S™. Figure 4

shows the starlike function.

A

Line segment inside f

Figure 4. Starlike Functions

Theorem 1. Let f be analytic in D with f(0)=0 and f '(0)=1. Then f S if and only

if Re{Zf '(Z)} >0,
f(2)

The characteristics of starlike functions is if arg f(z)increases as z € D moves around

the circle in the positive direction. In other words,

2 {argf(e®} =0
FE ="
LITERATURE REVIEW

Ethnomathematics and Geometric Logic in Traditional Weaving

Recent studies emphasize that traditional weaving is not merely an artistic
endeavor but a manifestation of complex logical thinking. Siregar (2026) demonstrates
that geometric motifs in Batak Toba and Mandailing weaving follow strict mathematical
logic, utilizing arithmetic progression sequences and bilateral symmetries embedded
unconsciously by weavers. These patterns serve a pedagogical purpose as well; Lubis and
Situmorang (2026) identify structural symmetry and tessellations in Ulos as effective
"conceptual bridges™ for teaching primary mathematics, including plane geometry and

spatial reasoning.
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Further exploration into specific shapes by Sitorus and Pasaribu (2023)
categorizes Ulos patterns into precise plane figures such as rhombuses, trapezoids, and
equilateral triangles, all of which reflect algebraic symmetries. Simanjuntak and Hutapea
(2024) expand on this by proving that Ulos weaving utilizes rigid transformations,
specifically translations, reflections, and rotations, to construct repetitive geometric

bands, validating their use in advanced geometry curricula.

Symmetry Groups and Tessellation Patterns

The mathematical complexity of these textiles is further categorized through the
lens of group theory. Pratama et al. (2023) identified the presence of all 17 mathematical
wallpaper groups (tessellations) in ethnic woven materials, mapping how reflection lines
and rotation points create uniform decorative grids. These findings align with the work
of Situmorang and Nainggolan (2022), who used box-counting algorithms to prove that
the structural density of Northern Sumatran ornaments exhibits clear self-similarity
features and distinct fractal dimensions.

Fractal Geometry and Algorithmic Modeling

The integration of fractal geometry allows for the translation of cultural motifs
into algorithmic formulas. Hariadi et al. (2025) detailed the transition of traditional motifs
into formulas using L-Systems, measuring fractional dimensions across various cultural
textile variants. Similarly, Zhang and Wang (2021) developed a system based on 2D
Iterated Function Systems (IFS) to automatically simulate and recreate intricate
handmade patterns using complex mathematical boundaries.

This algorithmic approach is now being enhanced by artificial intelligence.
Wijaya et al. (2026) evaluated how Neuro-Symbolic Al can integrate fractal geometry
concepts—such as scale-invariance and self-similarity—to accurately map and

mathematically model traditional Indonesian textile structures.

Computational Recognition and Machine Learning

Modern research also focuses on the automated identification of these patterns.
Saragih and Manurung (2024) applied machine learning techniques, including KNN (K-
Nearest Neighbors) and SVM (Support Vector Machine), to recognize six main Ulos
motif classes, such as Ulos Bintang Maratur. Their work uses spatial geometry matrices
and texture feature extraction to automate pattern identification based on geometric

distribution.
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This expanded literature review synthesizes recent peer-reviewed research (2021—
2026) regarding the ethnomathematics, geometric structuralism, and computational
fractal analysis of traditional Indonesian textiles, primarily Batak Toba Ulos and Batik.
The following sections detail the progression from human logical thinking to advanced

artificial intelligence applications in this field.

Ethnomathematical Foundations and Logical Thinking

Recent scholarship has moved beyond viewing traditional weaving as mere craft,
identifying it as a sophisticated system of unconscious mathematical logic. Siregar (2026)
demonstrates that the geometric motifs in Batak Toba and Mandailing Ulos are not
arbitrary but follow strict mathematical rules. Specifically, weavers utilize arithmetic
progression sequences and bilateral symmetries. This suggests that traditional knowledge
systems possess an inherent understanding of mathematical sequences and symmetry
long before formal Western instruction.

Building on this, Lubis and Situmorang (2026) argue that these cultural artifacts
serve as a "conceptual bridge" for modern education. Their systematic review identifies
how the structural symmetry and tessellations found in Ulos can be used to teach primary
school students complex concepts such as plane geometry, spatial patterns, and spatial

reasoning.

Geometric Structuralism and Algebraic Symmetry

The classification of textile patterns into formal geometric categories allows for a
deeper understanding of their mathematical properties. Sitorus and Pasaribu (2023)
conducted an ethnomathematic exploration of Ulos Batak Toba, categorizing its intricate
patterns into precise plane figures, including rhombuses, trapezoids, and equilateral
triangles. These shapes are arranged to reflect algebraic symmetries, providing a physical
manifestation of abstract group theory.

Further, Simanjuntak and Hutapea (2024) focus on the dynamic aspects of these
patterns, proving that Ulos weaving utilizes rigid transformations. By analyzing the
repetitive geometric bands, they identified the consistent use of translations, reflections,
and rotations. Their work validates the inclusion of these textile patterns in advanced
geometry curriculum mapping, as they provide real-world examples of geometric

transformation theory.
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Symmetry Groups and Wallpaper Patterns

The complexity of textile design often reaches the maximum theoretical limit of
planar symmetry. Pratama et al. (2023) identified the presence of all 17 mathematical
wallpaper groups (tessellations) within ethnic woven materials. Their research maps out
how reflection lines and rotation points are strategically placed to create uniform,

decorative grids that are mathematically exhaustive in their variety.

Fractal Analysis and Algorithmic Modeling

The shift toward computational analysis has introduced fractal geometry as a
primary tool for measuring the complexity of traditional designs. Situmorang and
Nainggolan (2022) utilized box-counting algorithms to determine the fractal dimensions
of Northern Sumatran ornaments. Their findings prove that the structural density of these
repetitive geometric lines exhibits clear self-similarity features, a core characteristic of
fractal systems.

This algorithmic approach is furthered by Hariadi et al. (2025), who detailed the
transition of traditional Indonesian motifs into formal mathematical formulas using L-
Systems. This allows researchers to measure fractional dimensions across various cultural
textile variants precisely. Complementing this, Zhang and Wang (2021) developed an
automated generation system based on 2D Iterated Function Systems (IFS). This system
uses complex mathematical boundaries to simulate and recreate the intricate, handmade

patterns of traditional textiles, bridging the gap between manual art and digital synthesis.

Computational Recognition and Al Integration

The final frontier of current research involves the use of Machine Learning (ML)
and Artificial Intelligence (Al) to classify and preserve these motifs. Saragih and
Manurung (2024) applied KNN (K-Nearest Neighbors) and SVM (Support Vector
Machine) algorithms to enhance pattern recognition for six main Ulos motif classes, such
as Ulos Bintang Maratur. Their methodology involves texture feature extraction and the
use of spatial geometry matrices to automate the identification process based on
geometric distribution.

Most recently, Wijaya et al. (2026) evaluated the use of Neuro-Symbolic Al for
cultural analysis. This advanced approach integrates fractal geometry concepts—such as
scale-invariance and self-similarity—with Al to accurately map, classify, and

mathematically model the structural essence of traditional Indonesian textiles.
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Overall, this research presented different methods to detect the number of batik
motif objects based on symmetry detection using a hierarchical approach. With this
method, it is possible to detect local as well as global symmetries. The method can also
detect the number and position of the axes of symmetry. Scale, rotational and partial
symmetry has been detected successfully.

Recent interdisciplinary research highlights a transition from descriptive
ethnography to formal computational and geometric modeling.

1. Ethnomathematical Foundations: Siregar (2026) showed that Batak Toba and
Mandailing weavers incorporate implicit arithmetic progressions and bilateral
symmetries. Lubis & Situmorang (2026) highlighted these patterns as educational
tools for plane geometry.

2. Geometric Structuralism: Sitorus & Pasaribu (2023) classified Ulos shapes into
rhombuses, trapezoids, and triangles. Simanjuntak & Hutapea (2024)
demonstrated that repetitive bands result from rigid isometric transformations
(translations, reflections, rotations).

3. Planar Symmetry Groups: Pratama et al. (2023) identified that ethnic Indonesian
textiles contain all 17 mathematical wallpaper groups.

4. Fractal Geometry & Algorithmic Modeling: Situmorang & Nainggolan (2022)
measured fractal self-similarity in Sumatran ornaments via box-counting
algorithms. Hariadi et al. (2025) synthesized complex motifs using L-Systems,
while Zhang & Wang (2021) applied 2D Iterated Function Systems (IFS).

Al & Machine Learning: Saragih & Manurung (2024) classified Ulos motifs using
KNN (K-Nearest Neighbors) and SVM (Support Vector Machine) models. Wijaya et al.
(2026) utilized Neuro-Symbolic Al to extract scale-invariant properties from traditional

textiles.

METHOD

The study employed a qualitative and mathematical mixed-method approach.
Semiotic analysis was conducted using Peirce’s triadic model sign, object, and
interpretant to decode the cultural meanings of the Bintang Maratur motif. Ethnographic
data were collected through interviews with Batak artisans and cultural practitioners to

validate interpretations.
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This research adopts a mixed ethnomathematical methodology:

RESEARCH METHODOLOGY WORKFLOW

|

1. Ethnographic Fieldwork & Semiotic Analysis
o Qualitative interviews with traditional weavers.
e Semiotic decoding via Peirce's Triadic Sign Model

2. Mathematical Modeling
e Star Symmetry: Polar Equations & Starlike Mappings.
e Oscillatory Borders: Fourier Series & Trigonometric Functions.
e Conformal Mappings: Angle Preservation Analysis.

v

3. Digital Replication & Validation
e Vector/CAD reconstruction.
e Quantitative geometric variance error measuring (< 2% error).

RESULTS AND DISCUSSION

Mathematical Modeling and Results
1. Modeling the Star Motif via Polar Coordinate Functions

The geometric structure of the Bintang Maratur motif was successfully modeled
using polar coordinate functions and symmetry transformations. The motif’s star-like
form was expressed mathematically as a periodic function in polar coordinates,

r(0) =a+bcos(né), where n represents the number of repeating arms.
By setting n=8, the rotational symmetry characteristic of the motif was

reproduced with high fidelity. Reflectional transformations across the principal axes were
applied to ensure bilateral balance, while scaling factors were introduced to capture

variations in arm length and spacing observed in the original design.
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The reconstructed motif was plotted and compared against the traditional textile
representation. The mathematical model achieved a close approximation, with
dimensional deviations of less than 2% when measured across key radial points. This
demonstrates that the motif’s geometry can be rigorously expressed through
mathematical functions, providing a reproducible framework for digital analysis and

visualization.

Figure 5. Polar coordinate reconstruction of the motif using r(8) =a+bcos(86) .

2. Representation via Analytic Starlike Functions

Polar Function z = el0 + e3i0 4 510

T IOCDILICIOTILICIDOTHLICID!

=) e -

(a) Bintang Maratur Motif (b) Mathematical Modeling (c) Combined Star Function

Figure 6. Transformation Motif Bintang Maratur by Polar Function z =e" +e¥’
to Starlike functions
To map the star into the complex plane [ , we construct a composite analytic
polynomial function consisting of odd harmonic terms:
z=¢"+e".
To introduce harmonic depth and asymmetric star features observed in physical
textiles, an auxiliary phase-shifted term is added:

f(z)=€"+e% +e” +0.5e "
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zf '(2)
f(2)

shaped mappings in [J that preserve local orientation.

This formulation satisfies Re{ }20. piecewise, producing closed star-

3. Modeling Zigzag Oscillations via Fourier Trigonometric Series

Sine Wave Graph

p'\/\\

3
>
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e
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Adobe Stock | #5064148;

Figure 7. Motif Zigzag in Bintang Maratur Ulos into y = asinbx and Fourier

sine series

The continuous wave pattern along the textile border represents human life

dynamics. This periodic pattern is modeled as a scaled sine wave: y =asinbx .
Where a determines amplitude, and b controls spatial frequency (period T :%)' To

account for sharp triangular weaver edges, the profile is expanded into a Fourier sine

series:

_8agy (D
y(X) = ~ Z;—(Zk 1 sin(2k +1)bx.

4. Conformal Mappings and Angle Preservation

Angles x and 3 preserved

AN\, A\,

(a) Original Bintang Maratur Motif (b) Conformal Mapping Transformation

Figure 8. Conformal mapping of the Bintang Maratur motif: (a) the original motif and
(b) its mapped image
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Under complex conformal transformations w=g(z), local angles between
intersecting weaver threads o and g are preserved.

Even when subjecting the spatial domain to non-linear complex transformations,

local angular structures satisfy: arg(g'(z)) =c
(@) Original Bintang Maratur motif showing intersecting angles « and f. (b)

Conformal mapping transformation illustrating how the motif’s geometry is warped while
preserving the angles a and B. The transformation demonstrates the principle of angle
preservation inherent in analytic functions, where local structures maintain proportional
relationships even under complex mappings.

Figure 8 demonstrates the conformal mapping transformation applied to the
Bintang Maratur motif. Despite geometric distortion, the angles a and £ remain preserved,
confirming the analytic function’s property of conformality. This visualization reinforces
the motif’s symbolic emphasis on harmony and balance, aligning cultural meaning with
mathematical precision. This mathematical angle-preservation property directly aligns
with the Batak cultural concept of harmony and order (Maratur).

3

Figure 9. Preservation of the angles a and B under conformal mapping

Specific Analogies

1. The Woven Threads « Analyticity

The Ulos motif is produced by continuous woven threads. Every section connects
smoothly with the next. Similarly, an analytic function

f(2)=u(x,y)+iv(x,y) (where z=x+iy).

is smooth and differentiable everywhere inside its domain. There are no sudden
breaks or discontinuities. Continuous weaving corresponds to continuous complex

differentiation.
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2. The Central Flower < Starlike Function
The central ornament radiates outward from a common center. This resembles a
) ] L. f!
starlike mapping satisfying Re{sz(z))} >0.
Z
Every point in the image can be connected to the origin without leaving the domain.

The ornament grows from one center just as a starlike domain expands from the origin.

3. Mirror Symmetry <« Conformal Mapping
Both sides of the ornament are nearly mirror images.
Conformal mappings preserve local angles and geometric balance. The visual symmetry

reflects the geometric preservation achieved by conformal mappings.

4. Repeated Leaves < Power Series

The ornament consists of repeated leaf-shaped elements. Likewise,
f(z)=z+> az" , a el
k=2

constructs increasingly complex shapes from successive terms. Each coefficient

contributes another "decorative element” to the final geometric image.

5. Transformation of Motifs < Integral Operators
Applying an integral operator changes the geometry while preserving important

properties. For example, the Bernardi operator

F(2) —C—”jtc-l f (t)dt

transforms one analytic function into another. Just as a traditional motif can be
modified while retaining its identity, an integral operator transforms a function while

preserving properties such as starlikeness or convexity.

Table 1. Comparison of the Ulos Motif Feature

Feature of the Analogous Concept in ) )
] ) ] Mathematical Interpretation
Ulos Motif  Analytic Functions

Symmetrical Univalent (one-to-one) Preserves  geometric  structure  without

ornament mapping overlapping.
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Feature of the Analogous Concept in ) )
] ) ] Mathematical Interpretation
Ulos Motif  Analytic Functions

Continuous o A function is differentiable at every point in its
_ Analyticity )

woven lines domain.

Smooth curved ) Image domains have smooth convex
Convex functions _

leaves boundaries.

Central

ornament ) ) Every line from the origin remains inside the

) Starlike functions ) )

expanding image domain.

outward

Repeated ©

P _ _ _ f(z)=z+) az", a el..

decorative Power series expansion =

units builds complex geometry from simple terms.

Balanced _
Conformal mapping Local angles and shapes are preserved.

arrangement

Interconnected Operators  transform  functions  while
Integral operators ) ) ) )

patterns preserving certain geometric properties.

Uniform o Restrictions on coefficients maintain regularity

) Coefficient bounds )
spacing of the image.

Table 2. Comparison of Pattern Feature

Pattern Feature  Cultural Meaning Mathematical Analytic Tool
Model
8-Pointed Star Hope, cosmic r(@)=a+bcos(nd), Polar coordinate
direction,  divine functions
guidance
Star Symmetry Harmonic balance, z = \sum_{k} c_k Analytic starlike
life orientation e™i k \theta} functions
(\mathcal{S}"*)
Zigzag Border Dynamic  human y=asinbx Fourier sine
journey, resilience series expansion
Grid Balance Order and cultural w=g(z), Conformal
preservation angle-preserving
mappings
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Figure 10. Step in Digital Modelling of the Bintang Maratur Motif

Figure 10, illustrates the workflow from traditional textile design to mathematical
modelling and digital replication. The process demonstrates how analytic functions can
be used to preserve the structural harmony of the motif while enabling modern

applications in digital design and cultural archiving.

CONCLUSION

This study demonstrates that the Bintang Maratur motif of Batak Toba Ulos
incorporates sophisticated mathematical principles. By modeling its star geometries,
periodic borders, and grid alignments using polar curves, starlike analytic functions,
Fourier series, and conformal mappings, we show that traditional weaving knowledge
mirrors formal complex analysis. This interdisciplinary approach provides a foundation
for cultural preservation, computational textile synthesis, and ethnomathematics
education.

The Bintang Maratur motif embodies Batak cultural values of harmony and
cosmic order while also lending itself to mathematical modelling through analytic
functions. This interdisciplinary study demonstrates that traditional art can be analyzed
both culturally and scientifically, enriching preservation, innovation, and education. By
bridging semiotics and mathematics, the paper contributes to ethnomathematics and

highlights the importance of interdisciplinary approaches in sustaining cultural heritage.
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