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ÖZ 

Matematik, mimarlıkta soyut kavramların mekânsal gerçekliklere dönüştürülmesini sağlayan temel bir araç olagelmiştir. Bu çalışma, 

matematik ile çağdaş mimarlık arasındaki ilişkiyi, Bakü’de yer alan üç ikonik yapı: Mirvari Restoran, Bakü Kristal Salon ve Crescent Alışveriş 

Merkezi üzerinden nitel bir vaka analizi yöntemiyle incelemektedir. Bu yapılar, farklı işlevsel ve dönemsel özellikler taşımalarına rağmen, ortak 

biçimsel özellikleri olan kabuk yapı sistemleri, eğrisel geometriler ve parametrik tasarım yaklaşımları sayesinde seçilmiştir. Ayrıca, her biri 

Hazar Denizi kıyısında konumlanarak benzer çevresel dinamiklere maruz kalmaktadır. Bu bağlamda, parametrik geometri, yapısal 

optimizasyon ve çevresel simülasyon gibi matematiksel ilkelerin bu yapıların form ve performansında nasıl rol oynadığı araştırılmıştır. Literatür 

taraması, biçimsel-mekânsal analiz ve bağlamsal yorumlama yoluyla yürütülen çalışma, tasarım üretimi, malzeme verimliliği, iklimsel 

duyarlılık ve kültürel simgesellik olmak üzere dört ana tema etrafında yapılandırılmıştır. Bulgular, matematiğin yalnızca teknik doğruluk 

sağlamadığını, aynı zamanda estetik ifade ve kültürel anlamı da güçlendirdiğini ortaya koymaktadır. Seçilen örnekler üzerinden yapılan bu 

analiz, dijital çağda işlevsel, sürdürülebilir ve etkileyici mimarlığın inşasında matematiğin üretken ve bütünleştirici bir rol oynadığını 

vurgulamaktadır. 

Anahtar Kelimeler: mimarlık, geometri, hesaplama, matematik, sürdürülebilirlik 

ABSTRACT 

Mathematics has long served as a fundamental tool in architecture, enabling the transformation of abstract concepts into spatial realities. 

This study explores the relationship between mathematics and contemporary architecture through a qualitative case analysis of three iconic 

structures in Baku: the Mirvari Restaurant, Baku Crystal Hall, and Crescent Mall. Despite differing in function and construction period, these 

buildings were selected for their shared formal characteristics such as shell structures, curvilinear geometries, and parametric design logic 

and their common placement along the Caspian Sea waterfront, exposing them to similar environmental dynamics. The research investigates 

how mathematical principles such as parametric geometry, structural optimization, and environmental simulation contribute to the form and 

performance of these structures. Conducted through literature review, formal-spatial analysis, and contextual interpretation, the study is 

structured around four key themes: design generation, material efficiency, climatic responsiveness, and cultural symbolism. The findings 

reveal that mathematics not only ensures technical precision but also enhances aesthetic expression and cultural meaning. This analysis 

underscores the productive and integrative role of mathematics in shaping functional, sustainable, and evocative architecture in the digital 

age. 
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INTRODUCTION 

Architecture has always been deeply intertwined with mathematics, serving as a bridge between the 

tangible world of structures and the abstract realm of ideas. From the golden ratios of ancient Greek 

temples (Markowsky, 1992) to the complex geometries of modern skyscrapers (Williams, 2016), 

mathematical principles have underpinned architectural innovation throughout history. In modern 

times, the advent of computational tools and advanced modeling techniques has elevated the role of 

mathematics, enabling architects to push the boundaries of form, function, and sustainability 

(Kolarevic, 2003; Peters, 2013). 

This paper delves into the symbiotic relationship between mathematics and modern architecture, with 

a particular focus on three iconic structures in Baku: Mirvari Restaurant, the Baku Crystal Hall, and 

Crescent Mall. These buildings not only stand as landmarks of contemporary design but also exemplify 

how mathematical approaches can transform conceptual ideas into functional and aesthetically 

striking realities. The selected buildings span different decades and represent a variety of architectural 

typologies, yet all reveal an intentional use of mathematical logic whether through geometry, 

structural reasoning, or environmental simulation (Oxman, 2008). 

Figure 1 illustrates the geographic placement of the three case studies along Baku’s coastal edge. Each 

structure occupies a distinct urban context, contributing to the waterfront’s architectural diversity 

while responding to site-specific environmental and cultural dynamics. 

 

Figure 1. Urban placement map illustrating the spatial impact zones and coastal positioning of the 

three architectural case studies. Each colored area represents the primary functional influence of the 

buildings on their surrounding urban context, emphasizing their symbolic and performative roles 

within Baku's waterfront development. 

This study aims to examine how mathematical principles shape architectural expression and 

performance across three main themes: (1) mathematics in design, (2) material science and structural 

optimization, (3) environmental control strategies and (4) cultural and symbolic interpretation is 
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included. The methodology follows a qualitative case study approach, incorporating literature review, 

formal-spatial analysis, and contextual interpretation. A simplified diagram illustrating the research 

strategy is also included in the methods section for additional clarity. 

Mathematical shapes have always played a significant role in architectural innovation, inspiring forms 

that are both visually dynamic and structurally efficient (Kolarevic, 2003). Hyperbolic shapes, 

parametric curves, and three-dimensional spatial masses have become defining elements of modern 

architecture, allowing architects to achieve complex and organic designs. The Mirvari Restaurant 

reflects organic, wave-like shapes derived from sinusoidal curves and parametric modeling, evoking 

fluidity and natural rhythm.  The crystalline geometry of the Baku Crystal Hall draws inspiration from 

triangular tessellations and polyhedral forms, showcasing the power of mathematical symmetry. 

Crescent Mall, with its distinctive crescent shape, pays homage to cultural symbolism while utilizing 

advanced computational geometry to create its smooth, arched form. These mathematical inspirations 

not only enhance the aesthetic value of these buildings but also ensure their structural stability and 

environmental performance (Peters, 2013). 

The first theme explored in this paper is the role of mathematics in design. Architectural design today 

often relies on parametric modeling and computational algorithms, tools that allow for the creation of 

complex geometries and innovative forms. Mirvari Restaurant’s organic wave-like structures, the Baku 

Crystal Hall's crystalline facade, and Crescent Mall’s crescent-shaped form all showcase how geometry 

and parametric tools can manifest cultural symbolism and functional beauty in built environments. 

Another crucial aspect is material science and structural optimization. Mathematics is indispensable in 

ensuring the efficient use of materials, calculating load distributions, and predicting structural 

performance. For example, finite element analysis guided the structural design of the Baku Crystal Hall 

to ensure stability and lightweight efficiency, while sustainable material choices in Crescent Mall 

highlight how mathematical modeling contributes to reducing environmental impact. The use of 

precise calculations in the design and fabrication of Mirvari Restaurant's innovative forms further 

emphasizes the importance of mathematics in achieving structural integrity and design excellence. 

In addition to analyzing these themes, this paper traces the evolution of three-dimensional thinking in 

architecture. From the geometric foundations of ancient structures to the dynamic possibilities 

enabled by modern computational tools, the paper highlights how mathematical approaches have 

shaped architectural practice. These tools not only allow architects to envision bold designs but also 

ensure their feasibility. 

Before proceeding to the individual case studies, the following section presents a brief theoretical 

overview of the historical and contemporary interplay between mathematics and architecture, 

establishing a conceptual foundation for the in-depth analysis that follows. 

1. Methods 

This study adopts a qualitative case study approach to explore how mathematical principles influence 

contemporary architectural design, material systems, and environmental strategies. Focusing on three 

significant structures in Baku; Mirvari Restaurant, Baku Crystal Hall, and Crescent Mall. The research 

investigates how mathematical thinking is embodied spatially, structurally, and environmentally within 

these examples. 

Research Design 

The research methodology is structured around a comparative, thematic analysis. Each selected 

building is examined through four consistent analytical themes: 
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• Mathematics in Design 

• Material Science and Structural Optimization 

• Environmental Control Strategies 

• Cultural and Symbolic Aspects  

This thematic structure ensures a systematic and comparable investigation across different cases and 

architectural periods. 

Case Study Selection Criteria 

The buildings selected for analysis were chosen based on the following criteria: 

• Architectural and cultural significance within Baku's urban fabric 

• Demonstrable use of mathematical principles in form, structure, or environmental 

performance 

• Diversity in typology and design era (ranging from mid-20th century to contemporary works) 

This selection aims to provide a representative yet focused exploration of mathematical applications 

in different architectural contexts. 

Data Collection and Sources 

Data for each case study was collected through: 

• Academic literature and project reports 

• Architectural daigrams and visual documentation 

• Digital analyses and computational simulations where available 

• Secondary sources such as interviews, project websites, and technical publications 

All visual materials used for analysis have been clearly cited, and when necessary, architectural 

diagrams were created or adapted to support the evaluations. 

Analytical Process 

Figure 2 shows the analytical workflow of the study follows five sequential stages: 

 

Figure 2. Research process diagram. (Visualized by the author, 2025). 
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The five stages of the research process include: 

1. Reviewing theoretical literature on mathematics and architecture 

2. Selecting and justifying the case studies 

3. Structuring the analysis into defined thematic categories 

4. Interpreting each building individually within these themes 

5. Synthesizing the findings comparatively to reach broader conclusions 

This methodological structure provides clarity and depth in examining the complex interplay between 

mathematical logic and architectural expression. 

2. The Interplay of Mathematics and Architecture 

Mathematics has been an integral part of architectural practice since the earliest human settlements. 

In its simplest form, mathematics provided a foundation for proportionality, measurement, and 

structural stability, enabling even rudimentary structures to serve their functional purposes (Burry & 

Burry, 2010). The use of basic geometry in ancient architecture such as the layout of circular huts or 

the precise alignment of the Pyramids of Giza illustrates how mathematical principles informed early 

design practices. The Great Pyramid of Giza, constructed around 2600 BCE, is often cited for its 

approximation of the golden ratio, believed to convey harmony and aesthetic perfection (Markowsky, 

1992; Rossi, 2004). Similarly, Greek and Roman architecture employed mathematical proportions, 

notably those outlined by Vitruvius in De Architectura, to achieve balance and visual harmony in 

structures like the Parthenon (Vitruvius, trans. Morgan, 1914; Rowland & Howe, 1999). During the 

Gothic era, mathematical calculations were fundamental in designing soaring arches, ribbed vaults, 

and intricate stained glass windows. These innovations allowed for both greater structural efficiency 

and an enhanced interplay of light and shadow, emphasizing both spiritual and aesthetic aspirations 

(Scott, 2003).  

In modern architecture, mathematics transcends its historical role as a tool for measurement and 

evolves into a medium for creative exploration. The introduction of computational design tools, such 

as Rhinoceros and Grasshopper, has revolutionized the field, enabling designers to manipulate 

complex geometries and develop novel architectural forms (Kolarevic, 2003; Peters, 2013). Zaha 

Hadid’s Heydar Aliyev Center in Baku exemplifies how parametric design can facilitate the creation of 

fluid, organic structures grounded in advanced mathematical logic (Schumacher, 2011). 

Beyond design, mathematics underpins computational simulations used to predict a structure’s 

performance under various conditions. Tools like finite element analysis (FEA) enable precise modeling 

of load distributions, stresses, and deformations, thereby ensuring safety and efficiency in complex 

forms (Timoshenko & Goodier, 1970; Adeli, 2001). Santiago Calatrava’s Turning Torso in Sweden, a 

twisting tower composed of mathematically calculated segments, exemplifies the balance between 

structural rigor and sculptural form (Jodidio, 2005). 

One of the most fascinating aspects of mathematics in architecture is its dual function in both 

structural logic and aesthetic harmony. Proportions, symmetry, and visual rhythm all stem from 

mathematical rules that govern spatial relationships (Salingaros, 2006). The Sydney Opera House, 

whose shell-like geometry is based on sections of a sphere, exemplifies this synergy, achieving 

structural innovation through formal simplicity (Murray, 2004). Similarly, Buckminster Fuller's geodesic 

domes rely on tessellated triangulation to create lightweight yet resilient spatial enclosures (Fuller, 

1975). 
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Mathematics also finds profound expression in decorative systems. Islamic architecture, in particular, 

is celebrated for its complex tilework and muqarnas, which are rooted in geometric logic and often 

explore infinite repetition and symmetry (Abas & Salman, 1995; Bonner, 2017). The Renaissance 

marked a pivotal shift in the application of mathematical knowledge to design, with architects like 

Brunelleschi and da Vinci integrating perspective and proportion into architectural drawing and 

construction (Kemp, 2012; Payne, 1999). 

In contemporary practice, mathematical concepts such as fractals, topology, and non-Euclidean 

geometry challenge traditional design methods. For instance, the Eden Project in the UK, with its 

interlocking geodesic domes, draws on fractal logic and organic mathematics to create biomimetic 

forms (Grimshaw Architects, 2002). Meanwhile, sustainability imperatives have brought 

environmental simulation to the fore, enabling optimization in energy, daylighting, and ventilation. 

The Louvre Abu Dhabi’s perforated dome uses geometric algorithms to blend solar control with 

symbolic expression (Nouvel, 2017). 

The relationship between mathematics and architecture is deeply reciprocal: while mathematical 

discoveries inspire new design possibilities, architectural challenges stimulate mathematical 

innovation. Structural complexity in skyscrapers, for example, has led to breakthroughs in materials 

science and applied mathematics (Adeli, 2001). Conversely, architectural projects increasingly serve as 

platforms to visualize abstract mathematical ideas such as hyperbolic geometry, toroidal forms, and 

tessellations previously confined to theoretical domains (Senechal, 1990; Steinhardt & Ostlund, 1987). 

Frank Gehry’s Guggenheim Museum in Bilbao illustrates this phenomenon by transforming computer-

generated mathematical models into expressive, buildable structures (Jodidio, 2005). 

Understanding this evolving relationship provides essential context for analyzing contemporary 

buildings. As computational technologies and climate-conscious design shape architectural priorities, 

mathematics emerges not only as a supportive mechanism but also as a generative force in shaping 

form, function, and performance. 

Building upon this foundation, the following case studies; Mirvari Restaurant, Baku Crystal Hall, and 

Crescent Mall, exemplify the active application of mathematical principles in contemporary 

architectural practices. These examples are analyzed in terms of geometry, material logic, 

environmental responsiveness, and cultural symbolism. Figure 3 illustrates key historical milestones 

where mathematics and architecture intersected, providing a conceptual backdrop for the detailed 

discussions that follow. 
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Figure 3. Chronological diagram of exemplified structures in the context of the interaction of 

mathematics and architecture. (Visualized by the author, 2024). 
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3. Mathematics in Contemporary Architecture: Case Studies 

3.1 Mirvari Restaurant (1962) 

The Mirvari Restaurant, located along Baku's Seaside Boulevard, exemplifies the integration of organic, 

wave-like forms with mathematical principles in architectural design. Completed in 1962, the structure 

reflects a mid-20th-century fascination with fluid geometries inspired by natural elements, particularly 

the undulating waves of the Caspian Sea.  

3.1.1. Mathematics in Design: Organic and Wave-Like Forms 

The Mirvari Restaurant’s shell-like roof structure stands as a prime example of organic architecture, 

where mathematical precision is employed to emulate forms found in nature. The undulating roof 

resembles a hyperbolic paraboloid, a doubly curved surface mathematically defined by the equation:  

z=(x²/a²)-(y²/b²) (Figure 4) 

 

Figure 4. Visualization of a hyperbolic paraboloid surface defined by the equation z = (x²/a²) - (y²/b²), 

illustrating the doubly curved geometry characteristic of structures such as the Mirvari Restaurant 

roof. (https://rabmcmenemy.medium.com/decoding-our-snacks-unveiling-the-hyperbolic-

paraboloid-of-pringles-using-python-83c695e52515). 

This geometry is renowned for its structural efficiency and aesthetic dynamism. Hyperbolic paraboloids 

allow architects to span large areas with minimal material thickness, ensuring structural integrity while 

achieving elegant, flowing forms (Seaside Boulevard Department, 2020). 

It was precisely the hypar form that the Spanish architect and engineer Félix Candela exploited in the 

construction of the “La Jacaranda” hall in Acapulco (Figure 5), a precedent that clearly influenced the 

design approach of V. Shulgin and R. Sharifov for the Mirvari Restaurant (Figure 6). Positioned 

prominently on the elevated Seaside Boulevard terrace, the Mirvari pavilion initially had its base 

exposed directly to the Caspian Sea waves, forging a strong environmental and symbolic relationship 

with the fluid landscape. 
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Figure 5. Nightclub “La Jacaranda”, Acapulco, Felix Candela, 1957. (Flickr.com/photos/gallery400). 

 

Figure 6. Mirvari Restaurant, Baku, 2016. (https://kobold-wizard.livejournal.com/793199.html). 
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What distinguishes the unique engineering of this slender reinforced concrete (6-8 cm) edifice is its 

absence of conventional walls; instead, the ceiling gracefully extends into the supports, unfurling skin 

to the petals of a flower. This wall-less pavilion design offers multiple advantages: 

• Natural ventilation: Fresh air circulates freely, minimizing the need for mechanical systems. 

• Enhanced daylight: Ample daylight penetrates the space, reducing reliance on artificial lighting 

and creating a luminous atmosphere. 

• Flexibility: The open plan supports multiple functions, from casual gatherings to formal events. 

• Psychological openness: The absence of barriers fosters a welcoming, inclusive environment. 

The mathematical foundation of the hyperbolic paraboloid ensures even force distribution, with most 

stresses handled through compression, enabling lightweight yet resilient structures. This engineering 

logic symbolically ties the pavilion to its maritime context, with the form echoing the fluidity of ocean 

waves (Architecture Courses, 2010). 

Building upon this structural logic, mathematical thinking also guided the form-finding process of the 

Mirvari Restaurant, even before the advent of contemporary computational tools (Oxman, 2006). 

While today parametric design is associated with digital tools such as Rhinoceros and Grasshopper, its 

foundational principles have existed in architecture for decades. In the Mirvari Restaurant, architects 

explored variations of key geometric parameters curvature, axis orientation, symmetry manually, in 

an early form of parametric thinking (Parametric Architecture, 2023). 

This process involved: 

• Defining key geometric relationships 

• Adjusting parameters iteratively 

• Testing structural performance through physical modeling 

Such manual "parametric" adjustments optimized the curvature of the roof, balancing load-bearing 

capacity with light transmission and spatial rhythm. Had contemporary computational tools been 

available, the shell could have been digitally modeled by setting parameters like: 

• Curvature radii (along x and y axes) 

• Support span dimensions 

• Targeted daylight penetration rates 

• Structural stress distribution optimization (via Finite Element Analysis) 

Nonetheless, the architects’ mastery of mathematical relationships enabled the realization of a highly 

complex, performance-optimized form without computational assistance. The Mirvari Restaurant 

exemplifies how early architects achieved sophisticated parametric manipulations through geometric 

intuition, laying the groundwork for today's computational design methodologies.  

This intuitive application of parametric logic not only shaped the restaurant’s iconic form but also 

directly informed its structural behavior, where mathematical optimization played a crucial role in 

achieving material and load efficiency (Chilton, 2000).  

The shell structure of the Mirvari Restaurant demonstrates advanced mathematical optimization. Shell 

forms work primarily in compression, minimizing tensile forces and allowing the structure to achieve 

remarkable strength with minimal material usage. Mathematical models were instrumental in 

distributing loads evenly across the surface, resulting in a lightweight yet robust roof that seamlessly 

integrates form and function (Seaside Boulevard Department, 2020). 
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The Mirvari Restaurant's thin shell operates primarily under compressive forces, minimizing tensile 

stresses that typically demand heavier reinforcement. This fundamental efficiency principle enabled 

the realization of a vast, unobstructed space with minimal material mass. 

In comparison with other hypar shell structures of the era such as Los Manantiales in Mexico or the 

Valencia Exhibition Hall in Spain, Mirvari showcases: 

• Minimal surface design for efficient material use 

• Structural form derived directly from mathematical properties 

• Resistance to external loads such as wind pressure and seismic activity 

Mathematical load distribution analysis, though conducted manually at the time, ensured that stress 

paths followed the natural curvature of the shell, significantly reducing the risk of localized failures. By 

embracing the intrinsic strength of mathematically generated forms, Mirvari demonstrates a profound 

synergy between geometry, material behavior, and structural logic, prefiguring sustainable design 

strategies of later decades.  

3.1.2. Material Science and Structural Optimization 

The primary material used in the construction of the Mirvari Restaurant is reinforced concrete. This 

choice was strategic, as reinforced concrete offers the necessary compressive strength, moldability, 

and resilience to support complex architectural forms. Its plastic behavior is particularly advantageous 

in shaping thin, curved surfaces like the hyperbolic paraboloid, a geometry that defines Mirvari's iconic 

shell roof (Chilton, 2000). The adaptability of the material allowed the architects to create expansive, 

column-free interiors without sacrificing structural integrity. Moreover, the doubly curved surfaces of 

the shell were generated through straight-line elements, enabling a relatively simple yet cost-effective 

formwork system that reduced construction complexity and minimized material waste (Seaside 

Boulevard Department, 2020). 

Building on these material advantages, the structural logic of the hyperbolic paraboloid further 

reinforced the efficiency of the design. As a doubly curved anticlastic surface — featuring opposite 

curvatures along orthogonal axes the hypar derives its strength primarily from form, not mass. This 

results in highly efficient load distribution, where internal stresses are transferred through 

compressive flow lines rather than tension. As a consequence, the Mirvari shell structure operates 

predominantly under compression, enabling thinner shell thicknesses (as low as 6–8 cm) while 

maintaining structural resilience (Billington, 1983). 

Studies on thin-shell structures have demonstrated that this geometric form inherently resists 

deformation under various external forces, including wind uplift and seismic vibrations (Pottmann et 

al., 2007). The negative Gaussian curvature of the hypar not only prevents buckling under compression 

a failure common in flat or singly curved surfaces but also enhances overall shell stiffness. These 

structural advantages align with Félix Candela’s pioneering work, where form-driven strength became 

a defining characteristic of expressive concrete architecture (Pottmann et al., 2007). 

To realize this geometry in practice, the Mirvari Restaurant’s construction employed prefabricated 

formwork and generative construction methods. By relying on ruled surfaces composed of straight-

line segments, the builders achieved a high degree of precision in forming the shell’s curvature (Figure 

7). 
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Figure 7. A visual of the construction process of the Mirvari restaurant, 1961. (From the archive of 

Parviz Polukhzada, https://jp.pinterest.com/pin/522276888038285399/). 

This approach reduced construction time and material costs while ensuring the roof's structural 

efficiency and aesthetic quality (Chilton, 2000). The Mirvari Restaurant exemplifies how material 

science and structural efficiency can converge to create an architecturally and structurally significant 

building. Through the strategic use of reinforced concrete and the application of hyperbolic paraboloid 

geometry, the restaurant’s design achieves a harmonious blend of aesthetic expression and functional 

performance. This project highlights the potential of innovative materials and geometric principles to 

shape modern architecture (Seaside Boulevard Department, 2020). The use of straight timber or steel 

formwork further reduced material waste and enabled faster fabrication and assembly on site. 

This rationalization of geometry not only facilitated the shaping process but also enabled efficient 

reinforcement placement, further enhancing structural integrity. Today, this method could be 

modeled and validated using Finite Element Analysis (FEA) to simulate stress paths, deformation 

behavior, and optimization of material thickness across the shell. While the original designers worked 

intuitively, the outcomes align closely with current principles of form-finding and structural 

optimization often visualized in modern engineering software (Oxman & Oxman, 2010). The Mirvari 

Restaurant thus exemplifies how mathematical geometry and material innovation converge to realize 

an architectural form that is both expressive and performance-driven. 

The Mirvari Restaurant thus represents a compelling convergence of material science, geometric logic, 

and efficient construction methodology. Through the strategic deployment of reinforced concrete and 

the deliberate use of hyperbolic geometry, the structure achieves a harmonious balance between 

expressive form and technical performance. It exemplifies how architectural innovation emerges from 

a deep understanding of both material behavior and mathematical form. The material and structural 

intelligence embedded in the Mirvari Restaurant’s design showcases how a nuanced understanding of 
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geometry and construction can yield sustainable, resilient, and visually powerful architecture even 

without digital tools.  

This seamless integration of material science and geometry supports both sustainability and aesthetic 

intent. By minimizing material usage while maximizing span and openness, the design reflects an 

efficient, contextually responsive, and mathematically disciplined approach. The result is not only a 

building that endures environmental stressors but also one that inspires through its lightness, clarity 

of form, and connection to the natural movement of the Caspian Sea.  

3.1.3. Environmental Control Strategies 

The Mirvari Restaurant, situated along Baku’s Seaside Boulevard, offers a compelling example of 

architectural design that responds harmoniously to its environmental context. From the earliest stages 

of its conception, the building demonstrated a deliberate integration with natural forces leveraging 

wind, sunlight, humidity, and the surrounding landscape to enhance occupant comfort, functionality, 

and long-term performance. 

One of the primary strategies employed was the building’s spatial openness and orientation. The 

pavilion’s positioning along the Caspian Sea was carefully considered to align with prevailing wind 

patterns, allowing the structure to operate as a naturally ventilated system. Its wall-less design ensures 

continuous cross-ventilation, effectively eliminating the need for mechanical cooling in Baku’s hot 

summer months. This bioclimatic strategy not only reduces energy loads but also fosters a sensory 

connection between occupants and their coastal surroundings (Seaside Boulevard Department, 2020; 

Yeang, 1995). While such airflow patterns can now be modeled through Computational Fluid Dynamics 

(CFD), the intuitive grasp of local microclimate displayed by the architects was exceptionally forward-

thinking. 

In addition to ventilation, the design strategically maximizes daylight. The restaurant’s undulating shell 

roof, formed by a hyperbolic paraboloid geometry, reflects and diffuses sunlight into the interior 

spaces. Unlike flat roofs that create harsh light and shadow contrast, the curved surface disperses light 

softly, producing ambient illumination that supports visual comfort and lowers the need for artificial 

lighting (Chilton, 2000). The building’s site placement and openness further enhance this strategy by 

enabling southern light entry while blocking low-angle glare, creating a consistently well-lit interior 

throughout the day. 

Another environmental challenge addressed by the building is the coastal climate itself. The Caspian 

shoreline is characterized by fluctuating humidity and high salt content in the air conditions that 

accelerate material degradation. To mitigate these risks, the architects specified reinforced concrete, 

enhanced by protective coatings and admixtures to resist chloride intrusion and chemical corrosion. 

This material choice contributes to the building’s longevity and aligns with standard marine 

construction practices (Mehta & Monteiro, 2014). Additionally, the curved roof provides natural 

shading, reducing heat gain during peak sunlight hours and maintaining a comfortable indoor climate. 

The restaurant's integration with the surrounding landscape is another defining feature. The low-

profile shell structure allows the building to blend seamlessly with the waterfront setting, minimizing 

its visual impact on the natural environment. This approach reflects a sensitivity to the cultural and 

ecological significance of the site, aligning with principles of context-sensitive design (Billington, 1983). 

The Mirvari Restaurant’s environmental strategy is not confined to its form and materials; it extends 

to its relationship with the landscape. The low-profile geometry allows the structure to integrate 

seamlessly with the sloping terrain of the Seaside Boulevard, preserving views and reducing visual 
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impact. This context-sensitive positioning not only respects the natural topography but also provides 

passive thermal buffering by partially embedding the building in its site (Billington, 1983). Outdoor 

seating areas capitalize on these advantages, offering panoramic sea views while maintaining shaded, 

well-ventilated environments thus fostering a strong biophilic experience for users (Kellert, 2005). 

In sum, the Mirvari Restaurant exemplifies early principles of passive sustainable design. Its ability to 

intuitively harness local climate conditions without reliance on mechanical systems or computational 

modeling underscores the timeless value of site-specific architectural thinking. By merging geometry, 

material resilience, and environmental logic, the building continues to stand as a reference point for 

climatically responsive design in coastal contexts. The environmental intelligence of Mirvari lies in its 

seamless blend of form and function demonstrating how local climate, material science, and 

architectural intuition can collaboratively shape resilient and inspiring public architecture.  

3.1.4. Cultural and Architectural Significance 

The Mirvari Restaurant stands as a cultural and architectural icon in Baku, reflecting the evolving 

identity of the city during the mid-20th century. Designed in 1962, its wave-like form and open-air 

character symbolized a new era of spatial experimentation and social openness in Soviet-era 

Azerbaijan. Its use of organic geometry derived from mathematical principles pays homage to its 

coastal setting while simultaneously expressing a spirit of optimism, futurism, and integration with the 

landscape (Luzuriaga, 2021) (Figure 8). 

 

Figure 8. Mirvari Restaurant and its importance in public space, 1962. 

(https://www.trend.az/life/interesting/3109651.html). 

The design is emblematic of a broader architectural movement in which mathematics, culture, and 

context coalesced. Inspired by global structural pioneers like Félix Candela, the architects V. Shulgin 

and R. Sharifov brought the language of modern structural expressionism to the local cultural stage. 

The result is a structure that embodies both international design discourse and local identity, 

highlighting Baku’s historical role as a crossroads between East and West (Kuban, 1985). 

More than an architectural achievement, Mirvari has served as a social landmark. Located at the heart 

of the city’s seaside promenade, the pavilion has hosted civic ceremonies, performances, and 
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communal gatherings. Its open configuration, lack of interior boundaries, and transparency foster 

inclusivity qualities that have reinforced its role as a democratic public space over decades. These 

characteristics align closely with ideas of architecture as spatial agency, where built form becomes a 

catalyst for public interaction and shared memory (Awan, Schneider & Till, 2011). 

The building continues to inspire contemporary architects and students, not only through its formal 

elegance but also through its enduring message: that mathematics and cultural expression need not 

be opposing forces, but rather collaborators in the making of resilient, meaningful architecture. As a 

result, the Mirvari Restaurant illustrates the timeless relevance of geometric thinking in achieving 

socially embedded design. Mirvari is not simply a mathematically inspired structure it is a cultural 

artefact embedded in Baku’s collective memory. Its ability to merge public life, expressive geometry, 

and architectural innovation secures its place as a model for context-aware design in both historical 

and contemporary discourse (Luzuriaga, 2021). 

3.2. Baku Crsytal Hall (2012) 

The Baku Crystal Hall, designed for the Eurovision Song Contest in 2012, exemplifies the transformative 

role of mathematical geometry and parametric design tools in modern architecture. The building’s 

distinctive crystalline facade showcases the interplay between aesthetics, structural stability, and 

computational precision, making it an iconic example of how mathematics shapes contemporary 

design practices. 

3.2.1. Mathematics in Design: Geometry and Parametric Tools 

At the core of Baku Crystal Hall's design is the use of triangular tessellation, a geometric approach that 

divides a surface into a network of interconnected triangles (Figure 9). This method leverages the 

inherent stability of triangles, as they are one of the simplest and most robust geometric forms for 

distributing forces evenly. In the context of the Hall, the tessellated facade functions as a diagrid 

system, where the diagonal grid provides both structural efficiency and visual dynamism (Glymph et 

al., 2002). 

 

Figure 9. Structural and visual dynamism of Crystal Hall, Baku, 2013.  

(https://www.dezeen.com/2013/10/17/baku-crystal-hall-stadium-in-azerbaijan-by-gmp-

architekten/). 
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The triangular panels vary in scale and orientation, echoing polyhedral geometry and creating a 

prismatic surface evocative of a cut gemstone. These tessellated surfaces inherently resist shear 

deformation and align with Delaunay triangulation principles, which maximize angular efficiency and 

minimize the risk of structural distortion (Pottmann et al., 2007). 

The mathematical principles behind the Hall’s form were brought to life through parametric design 

tools particularly Rhinoceros and Grasshopper which allowed architects to define and manipulate 

geometric relationships through adjustable parameters. These tools operate using parametric 

functions, where design elements (e.g., triangle size, angle, position) are generated from equations 

rather than manual drafting. For example, the tessellated facade may be described through functions 

such as: 

P(x, y) = [x, y, sin(ax + by)] 

where a and b are parametric coefficients controlling the surface undulation pattern (Figure10). 

 

Figure 10. Parametric surface described by the equation z = sin (ax + by). The coefficients a and b 

control the frequency and orientation of the undulations, which are often used in architectural form 

generation to create wave-like facades or roofs. (Visualized by author, 2025). 

The function P(x, y) = [x, y, sin(ax + by)] defines an undulating surface commonly used in architectural 

form generation. In this equation: 

• x and y represent the coordinates on the horizontal plane, 

• z = sin(ax + by) assigns a height value (z) to each point on that plane, 

• a and b are constants that control the frequency and directional orientation of the wave 

pattern. 

Such wave-like parametric surfaces are frequently employed in façade articulation or free-form shell 

structures, allowing designers to explore complex geometries derived from simple trigonometric 

relationships. 

Figure 10 was generated using Python with the Matplotlib library, a widely used open-source tool for 

scientific visualization. The graph visualizes the equation z = sin(ax + by) on a meshgrid of x and y values, 
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illustrating how coefficients a and b influence the frequency and orientation of surface undulations. 

This type of 3D visualization is commonly used in computational architecture to simulate wave-like 

geometries and test the behavior of parametric surfaces prior to fabrication. The example here aims 

to conceptually represent how mathematical functions can inform architectural form generation. 

Such models enable real-time form optimization, balancing aesthetic values with engineering 

constraints like wind pressure, material efficiency, and fabrication limits. The feedback loop created 

by simulation tools allowed designers to test geometric configurations under various environmental 

loads, including computational fluid dynamics (CFD) simulations for wind stress analysis and daylight 

distribution mapping (Oxman & Oxman, 2010). Beyond the geometric shell, the Hall integrates an 

advanced LED lighting system embedded into the facade’s triangular modules. These lighting elements 

were placed based on parametric scripting, enabling dynamic light shows coordinated by algorithmic 

sequences. The color transitions and pulsations reflect both symbolic themes such as Azerbaijan’s 

identity as the “Land of Fire” and practical functions such as wayfinding and ambient mood regulation. 

Crucially, this system was not appended post-design but developed in tandem with the facade 

geometry, ensuring seamless aesthetic and functional integration (Schumacher, 2009). 

In addition to visual impact, the design process accounted for structural efficiency through digital 

fabrication coordination. The facade modules, each uniquely dimensioned, were prefabricated using 

CNC techniques directly informed by parametric models. This workflow minimized human error and 

allowed for precise alignment during on-site assembly. Through algorithmic rationalization, the 

number of unique triangle types was reduced while preserving geometric variation, demonstrating an 

advanced balance between formal complexity and buildability. In contemporary architectural practice, 

parametric design enables designers to define relationships between form, performance, and context 

using adjustable variables. These variables commonly referred to as parameters serve as the core 

components of computational design logic. They represent key design factors such as geometry, 

material properties, environmental responsiveness, or fabrication constraints. By altering these 

parameters, designers can simulate different scenarios, evaluate their impact, and iteratively refine 

architectural outcomes. This section introduces the conceptual framework of such parameters, 

highlighting how they were applied to the case of Baku Crystal Hall to guide both the formal articulation 

and technical optimization of its complex façade. 

While the parametric terms referenced in this study such as triangle_size, panel_orientation_angle, 

and led_density_factor are not drawn directly from project-specific code, they are conceptually rooted 

in standard parametric modeling environments such as Grasshopper, RhinoScript, and Dynamo. These 

platforms enable designers to create and control geometric and performance-based relationships by 

defining adjustable input variables, often represented as sliders or numeric fields. Although expressed 

in symbolic form here, these parameters reflect the logical structure of algorithmic design workflows, 

providing a meaningful way to describe how parametric thinking guided architectural decisions. The 

goal is not to reproduce proprietary code but to clarify the types of variables that shaped form 

generation, environmental adaptation, and fabrication strategies (Table 1). 

Parameter Definition Design Impact 

triangle_size Length of sides for each 

tessellated panel 

Affects material usage, geometric 

rhythm, and structural efficiency 

panel_orientation_angle Angular tilt of each triangular 

module 

Controls light reflection, façade 

shading, and wind deflection 
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led_density_factor Number of LEDs per square meter Regulates façade brightness and 

animation smoothness 

wind_pressure_tolerance Maximum allowable wind load 

per panel (e.g., 2.4 kN/m²) 

Ensures façade’s resistance to 

environmental forces 

solar_exposure_value Average hours of sunlight per 

panel per day 

Informs orientation for daylight 

optimization and passive solar 

gains 

load_path_curvature Degree of curvature for primary 

load-bearing lines in diagrid 

geometry 

Guides structural performance and 

weight distribution 

module_fabrication_code CNC or digital tag identifying each 

panel’s fabrication script 

Enables precise manufacturing and 

minimizes on-site errors 

Table 1. Parametric variables commonly used in architectural computational modeling environments. 

(Glymph et al., 2002; Pottmann et al., 2007; Oxman & Oxman, 2010). 

These parameters were conceptually extracted to illustrate the mechanics of a typical parametric 

workflow as applied to a complex façade system. In practice, designers would script these relationships 

using visual node-based programming, with real-time feedback loops evaluating performance, 

manufacturability, and cost. Parametric environments also enable the interlinking of environmental 

simulations such as daylight and wind studies with form generation tools, ensuring that the final output 

is not only formally expressive but also optimized for real-world behavior. 

The parameters outlined in the following table are derived from a synthesis of common practices in 

computational design environments such as Grasshopper, RhinoScript, and Dynamo, as detailed in the 

works of Glymph et al. (2002), Pottmann et al. (2007), and Oxman & Oxman (2010). These platforms 

employ variable-driven logics where design elements respond dynamically to input values, enabling 

rapid prototyping and real-time feedback. The listed parameters, though presented in symbolic form, 

reflect standard categories of control used in algorithmic modeling: geometric (e.g., size, curvature), 

performative (e.g., solar exposure, wind loads), and fabrication-specific (e.g., CNC codes). Such 

frameworks are widely applied in practice to rationalize complex forms, enhance structural logic, and 

ensure digital-to-physical fidelity in large-scale architectural assemblies. Their inclusion in this study is 

meant to conceptually illustrate the parametric rationale behind Baku Crystal Hall's design, in line with 

established literature on performative geometry and data-informed architecture. 

By including this logic in the architectural narrative, this study aims to bridge the conceptual and 

technical aspects of design, offering clarity on how mathematical thinking operates within 

computational systems. This clarification also responds to concerns about the origin and function of 

the parameters listed, reaffirming that they are rooted in the conventions of current digital design 

practice and reflective of real-world applications. 

Ultimately, Baku Crystal Hall embodies the fusion of mathematical geometry, digital computation, and 

cultural expression. It stands as a symbol of modern architecture’s shift toward data-driven form 

generation, where algorithms guide spatial decisions and aesthetics arise as a natural byproduct of 

structural logic. As such, the building demonstrates how mathematical thinking once confined to static 

proportions now animates entire architectural ecosystems through dynamic, performative 

geometries. 
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3.2.2 Material Science and Structural Optimization 

The primary structural framework of the building consists of high-strength steel, selected for its 

superior strength-to-weight ratio, ductility, and prefabrication adaptability. Steel enabled the 

realization of the hall’s complex crystalline geometry and allowed for a modular construction approach 

essential for the project’s compressed eight-month timeline (Architizer, 2012). The components were 

laser-cut and prefabricated off-site using CNC technologies, reducing on-site labor time and minimizing 

human error. 

To optimize the performance of the envelope, the design employs a diagrid (diagonal grid) structural 

system a spatial network of interconnected triangular modules. This system efficiently channels loads 

across multiple axes, offering enhanced resistance to lateral forces such as wind and seismic activity 

(Glymph et al., 2002). The geometric rationale behind the diagrid lies in the inherent stability of 

triangles, which prevents deformation under asymmetric pressure and supports dynamic force 

redistribution. Figure 11 showcases the steel diagrid framework of Baku Crystal Hall, highlighting the 

triangular modules that provide both structural support and aesthetic form. The system efficiently 

distributes stress throughout the structure, enhancing its ability to withstand lateral loads such as wind 

and seismic forces. 

 

Figure 11. Structural photography of the diagrid system showing modular panel connections. 

(https://www.temsan.com.tr/stadyumlar/baku-eurovision-stadi-2012 )(Adapted from Pottmann et 

al., 2007). 

The structure is subdivided into three independent components: the central roof, the enveloping 

grandstand frame, and the outer membrane façade. This segmentation facilitated parallel construction 

workflows, enabling different teams to operate simultaneously on site. Each segment followed a 

modular logic, allowing for prefabricated steel frames and façade panels to be produced concurrently. 

This strategy significantly reduced construction time while ensuring consistent dimensional accuracy 

(Menges, 2012). 

Moreover, advanced simulation methods such as Finite Element Analysis (FEA) were used during the 

early stages of design to test load performance and material behavior under varying environmental 

conditions. These simulations informed the optimization of steel member profiles and joint locations, 
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ultimately reducing material usage without compromising structural integrity (Oxman & Oxman, 

2010). Figure 12 illustrates a Finite Element Analysis (FEA) simulation applied to the actual facade 

geometry of Baku Crystal Hall, modeled with triangulated membrane panels. The analysis 

demonstrates how load distribution behaves across a folded diagrid surface, particularly under 

uniform static loads such as gravity and wind shear conditions typical for lightweight membrane 

architecture. 

The color spectrum reflects varying stress intensities: 

• Red zones correspond to high-stress concentrations—especially at panel intersections and 

support nodes. 

• Mid-range tones show moderate loads transferred along the panel edges. 

• Blue areas reveal low-stress regions—often found at mid-panel zones away from load entry 

points. 

This type of analysis helps verify that triangulated diagrid systems are not only visually dynamic but 

also structurally advantageous, as they distribute loads efficiently and reduce redundancy (Kolarevic, 

2003; Tam et al., 2022). Simulations like this are typically generated using Karamba3D or Ansys 

environments, which translate panel geometries and constraints into a mesh network of nodal 

interactions, supporting architectural decisions related to form-finding and material optimization. Such 

workflows exemplify performance-oriented design, where aesthetic geometry and structural logic 

converge (Oxman, 2010; Moussavi, 2006). This integrative approach is central to contemporary 

parametric design practices, ensuring both visual richness and mechanical efficiency. 

 

Figure 12. FEA simulation illustrating stress concentrations across the triangulated façade of Baku 

Crystal Hall. Red zones indicate areas of high stress; blue zones show lower load impact. Modeled for 

representational purposes using Rhino + Karamba3D by author, 2025. (Adapted from principles in 

Tam et al., 2022; Kolarevic, 2003). 
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The hall’s façade features a folded membrane structure spanning approximately 20,000 square meters, 

constructed from a high-performance PTFE-coated fiberglass textile. This material was selected for its 

lightweight properties, tensile strength, fire resistance, and capacity for dynamic lighting effects. Its 

translucency enables the integration of around 80,000 programmable LED lights, which illuminate the 

32,000 square meter facade and provide adaptable visual performances (SSF Ingenieure AG, 2012). 

This membrane system not only enhances aesthetic expression but also contributes to the building’s 

thermal and daylighting performance through its semi-permeable light diffusion capacity (Kolarevic & 

Klinger, 2008). Arena is lit by 1200 LED light points. Lighting rate at 1m height is 850 lux. The integration 

of natural and artificial lighting was meticulously planned to create an adaptable and energy-efficient 

lighting environment (ArchDaily, 2012). The lighting design in this iconic structure was inspired by the 

hyperboloid. A single-leaf hyperboloid is a surface formed by rotating a hyperbola symmetrically 

positioned with respect to one of the coordinate axes in a rectangular coordinate system around 

another axis in space. In the image, the lighting of the structure and a hyperbola symmetrical about 

the Y axis and rotating about the Z axis are emphasized (Figure 13). 

 

Figure 13. Lighting design of the Crystal Hall and its relationship to the hyperboloid shape, Baku, 

2013.  (https://www.dezeen.com/2013/10/17/baku-crystal-hall-stadium-in-azerbaijan-by-gmp-

architekten/). 

The lighting system of the Baku Crystal Hall exemplifies the integration of architectural expression and 

technological precision. Designed by Lichtvision Design, the façade features over 5,400 RGB LED nodes 

strategically embedded within the membrane panels to create dynamic night-time illuminations that 

enhance the crystalline geometry of the structure (Lichtvision Design, 2025). The use of a lightweight 

PVC-PES mesh membrane, developed by PFEIFER Structures, not only reduced the overall weight of 

the façade system but also enabled a seamless embedding of lighting elements without compromising 

the integrity of the envelope (PFEIFER Structures, 2024). According to ArcelorMittal (2024), the façade 

consists of approximately 180 prefabricated triangular panels, each equipped with programmable LED 

modules that allow for vivid, programmable light displays. This system contributes both to the visual 

identity of the venue and its symbolic representation as a cultural beacon during international events 

(Figure 14). 
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Figure 14. Diagram showing the layering of the textile membrane façade and integrated LED lighting 

modules. (Author’s visualization based on SSF AG and Lichtvision Design technical documentation, 

2025) 

The project exemplifies the integration of material performance modeling and digital fabrication 

workflows in high-performance architecture. The use of parametric tools enabled the coordination 

between form generation and fabrication constraints, while material-specific design principles ensured 

structural soundness and expressive aesthetics. By leveraging the synergy between computational 

design, prefabrication, and structural engineering, the Baku Crystal Hall demonstrates how modern 

architecture can respond to both creative ambition and logistical efficiency. 

3.2.3 Environmental Control Strategies 

The Baku Crystal Hall exemplifies how architectural form and engineering logic converge to address 

complex environmental dynamics through mathematical modeling and performance-based design 

strategies. Situated on the Caspian Sea shoreline, the building is exposed to high humidity, intense 

wind loads, and seismic activity, all of which significantly influence its environmental control systems. 

Due to Baku’s geographic position (latitude ~40.4°N), the orientation and transparency of the Baku 

Crystal Hall façade played a critical role in daylighting strategy. The building was strategically aligned 

to maximize southern solar gain during winter months while minimizing glare and overheating in 

summer. The translucent textile membrane, with a visible light transmittance (VLT) estimated around 

30–35%, filters harsh direct sunlight while allowing sufficient diffuse daylight to penetrate the interior 

(Kolarevic & Malkawi, 2005). 

Parametric simulations were employed to evaluate solar angles, shading patterns, and daylight 

penetration across different times of day and seasons. These analyses enabled the adjustment of panel 

orientations and opacities to maintain optimal luminance levels inside the arena without excessive 

energy use for artificial lighting. Figure 15 illustrates how the building’s façade orientation and 

geometry were optimized to maximize solar gain during winter while minimizing heat ingress during 

summer, thereby enhancing passive thermal regulation and reducing HVAC dependency. 
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Figure 15. Sunlight angle simulation and daylight distribution diagram for Baku Crystal Hall, showing 

façade orientation and solar trajectory across seasonal variations. (Author’s visualization based on 

location-specific solar studies, 2025). 

Baku is famously known as the "City of Winds," with average wind speeds reaching over 10 m/s during 

winter months. To counteract these conditions, computational fluid dynamics (CFD) simulations were 

conducted to shape the building’s form for aerodynamic resilience. The faceted geometry and lowered 

profile of the structure help reduce wind-induced turbulence and pressure zones by facilitating 

streamlined airflow around the façade, a strategy commonly adopted in aerodynamic architectural 

design to mitigate vortex shedding and uplift forces (Yadav & Roy, 2024). These simulations informed 

not only the orientation of openings but also the reinforcement of the membrane anchoring points 

(Figure 16). 

 

Figure 16. Diagram showing the aerodynamic response of the Baku Crystal Hall to prevailing wind 

directions from the Caspian Sea. The faceted envelope acts as a wind deflector, minimizing pressure 

differentials and reducing turbulence near pedestrian zones. (Adapted by author, based on 

environmental simulation concepts by Blocken, 2018). 



Mathematical Approaches in Contemporary Architectural Practices: The Case of Baku 

Urban Academy | Urban Culture and Management    ISSN: 2146-9229 2506 
 

 

High ambient humidity and salt-laden air posed challenges for the longevity of materials. The design 

incorporated corrosion-resistant steel alloys and specially treated textile membranes to ensure 

durability under constant exposure to marine air. Protective coatings and structural detailing were 

guided by hygroscopic performance modeling, which accounted for moisture accumulation and 

dissipation across the envelope system (González & Navarro, 2006). 

Although not part of a major seismic fault line, Baku sits in a zone of moderate to high seismic risk due 

to tectonic interactions in the Caucasus region. Finite element analysis (FEA) and modal response 

simulations were used to evaluate structural behavior under seismic excitation. The diagrid system 

distributes lateral forces efficiently across the crystalline shell, providing inherent flexibility and 

redundancy in the load path (Dzenis & Jiang, 2006). The segmentation of the roof, façade, and stands 

into modular, decoupled systems allows for differential movement during seismic events, enhancing 

overall resilience. 

By integrating performance simulations with site-specific environmental data, the Baku Crystal Hall 

achieves a highly adaptive design. It demonstrates how mathematics, when applied contextually, can 

support sustainability, occupant comfort, and long-term structural integrity in environments facing 

diverse natural stressors. 

3.2.4 Cultural and Architectural Significance 

Baku Crystal Hall represents a pivotal moment in Azerbaijan’s efforts to reframe its national identity 

through contemporary architecture. Constructed in the context of hosting the 2012 Eurovision Song 

Contest, the building became a strategic tool of cultural diplomacy, reflecting the state's aspiration to 

align itself with Western modernity while asserting its presence on the global stage (Broers & 

Mahmudlu, 2022). As such, the Crystal Hall exemplifies how monumental architecture can function as 

both a medium of spectacle and a symbol of state-led nation branding. 

The structure's expressive, futuristic form marks a distinct departure from Soviet-era architectural 

narratives, embodying Azerbaijan’s post-independence ambitions and aesthetic liberalization. 

Positioned prominently along the Caspian Sea, the Crystal Hall plays a symbolic role in re-establishing 

Baku's identity as a cosmopolitan and modern capital. This spatial positioning is significant: it reinforces 

the city’s historical connection to the sea while simultaneously enhancing the building’s iconic visibility 

in the urban skyline (Bayrakdar, 2024). 

In this regard, Baku Crystal Hall is not merely a venue for large-scale events; it is an architectural 

statement deeply embedded in the politics of urban image-making. The building aligns with broader 

post-Soviet transitions wherein architectural production is utilized as a means of consolidating political 

legitimacy and projecting national narratives (Guliyev, 2009). Through its distinctive form and strategic 

location, the Crystal Hall contributes to both the performative identity of the city and the symbolic 

vocabulary of the nation. 

3.3. Crescent Mall (2022) 

The Crescent Mall in Baku, Azerbaijan, exemplifies the fusion of mathematical design and cultural 

symbolism, drawing inspiration from the crescent a significant emblem in Islamic art and Azerbaijani 

heritage. This architectural approach not only enhances the mall's aesthetic appeal but also reinforces 

its cultural relevance within the urban landscape. 
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3.3.1 Mathematics in Design: Crescent Geometry and Cultural Inspiration 

The crescent shape, characterized by its curved form, is a fundamental element in Islamic architecture, 

symbolizing progress and enlightenment. In the design of Crescent Mall, architects employed 

geometric principles to create a structure that mirrors this iconic form. The building's façade and 

overall layout incorporate sweeping curves and arcs, reflecting the crescent's geometry and creating a 

harmonious visual flow (HBA Architecture, n.d.). This design strategy utilizes mathematical concepts 

such as circular arcs and parabolic curves to achieve the desired aesthetic effect. Incorporating the 

crescent shape serves as a deliberate nod to Azerbaijani culture, where the crescent holds historical 

and symbolic importance (Figure 17). By embedding this form into the mall's architecture, designers 

pay homage to national identity and cultural heritage. This approach aligns with the broader trend in 

contemporary architecture of integrating culturally significant symbols to foster a sense of place and 

community connection (DSA Architects International, 2024). 

 

Figure 17. The building's design reflecting the crescent's geometry and creating a harmonious visual 

flow, Baku, 2024. (https://www.gillespies.co.uk/projects/the-crescent-development). 

This formal strategy is grounded in mathematical concepts such as circular arcs, parabolic curves, and 

ellipses, all of which are essential for modeling the smooth transitions and curvature required by the 

crescent shape. These geometries are not merely symbolic but also structurally functional. The 

translation of such abstract forms into constructible elements necessitates a high degree of 

mathematical precision (Figure 18).  
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Figure 18. Diagram illustrating the primary crescent geometry applied to the building envelope of 

Crescent Mall, showcasing the use of arcs and curves derived from symbolic Islamic forms. (Author’s 

visualization, generated in Adobe Photoshop and Rhinoceros 3D, 2025). 

Architects and engineers rely on computational design platforms to digitally model these curves, 

ensuring that the expressive form aligns with technical feasibility (Figure 19). Advanced geometry, 

vector calculus, and surface modeling techniques are used to simulate load-bearing behavior and 

optimize the distribution of structural stresses throughout the curved envelope (Architizer, n.d.). 

 

Figure 19. Load distribution simulation over the Crescent Mall structure. (Visualized by author, 2025). 
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The digitally enhanced image illustrates the distribution of structural loads along the crescent-shaped 

envelope. Warmer colors (red–orange) indicate areas of higher compressive stress, particularly 

concentrated around the vertical support cores and the lower arc of the structure. Cooler colors (blue–

green) reflect regions of minimal stress, such as the apex of the arch. This visual analysis helps clarify 

how gravitational and lateral forces are redirected through the continuous curved geometry of the 

structure.  

In addition to its cultural symbolism and structural rigor, the crescent form also responds sensitively 

to the mall’s location along Baku’s waterfront. The curved profile of the building complements the 

natural contours of the coastline, enhancing its contextual integration. By echoing the sinuous edges 

of the seafront, the architecture merges visually and experientially with the landscape, reinforcing a 

sense of environmental continuity. This alignment with natural topography and urban vistas elevates 

the mall’s identity as a contemporary landmark. Furthermore, it contributes to user orientation and 

movement, guiding circulation intuitively along curved paths and open vistas (HBA Architecture, n.d.). 

Ultimately, the design of Crescent Mall exemplifies the synthesis of culturally responsive symbolism 

and mathematically informed design. It demonstrates how geometry can bridge tradition and 

innovation, enabling an architectural language that is at once expressive, functional, and contextually 

grounded. The project offers a compelling case for integrating symbolic forms through advanced 

design methodologies to generate architecture that is meaningful, performative, and place-specific. 

3.3.2 Material Science and Structural Optimization 

The Crescent Mall in Baku exemplifies a sophisticated integration of material science and sustainable 

design principles, reflecting the city's dual aspiration for technological advancement and 

environmental stewardship. The architectural articulation of the building embraces both regional 

identity and global best practices in sustainability, serving as a prominent case of how commercial 

developments can embrace ecological consciousness without compromising aesthetic ambition. 

At the core of its sustainable strategy lies the carefully curated façade system, which utilizes a hybrid 

approach combining unitized and stick curtain wall assemblies, metal cladding, fiber cement panels, 

laminated timber, and expanded metal mesh (Koltay Facades, n.d.). This material palette was selected 

not only for its visual richness and texture but also for its proven performance in terms of durability, 

insulation capacity, and low embodied energy. Each element contributes to the thermal regulation of 

the envelope, facilitating the minimization of unwanted heat gain or loss across seasonal transitions. 

Building upon this foundation, the Crescent Mall incorporates a series of passive and active energy 

efficiency measures. High-performance low-emissivity glazing, combined with continuous insulation 

layers, limits thermal bridging and contributes to the reduction of operational energy demands, 

particularly for mechanical heating and cooling (HBA Architecture, n.d.). These measures align with 

current global benchmarks for energy-efficient commercial buildings and demonstrate the potential 

of integrated façade engineering. 

Beyond energy, the building’s infrastructure supports sustainable water usage practices. Rainwater 

harvesting mechanisms are embedded within the roof design and are supplemented by low-flow 

plumbing fixtures, collectively reducing the mall’s dependence on potable water sources and 

mitigating urban runoff (DSA Architects International, 2024). This holistic approach reflects an 

understanding of water scarcity challenges increasingly relevant in global urban planning discourses. 

Interior environmental quality also receives critical attention through the use of low-VOC materials 

and finishes, which enhance indoor air purity and contribute to occupant health. Coupled with 
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expansive openings and atriums that facilitate the penetration of natural daylight deep into the interior 

volumes, the design reduces reliance on artificial lighting during daytime hours and fosters a healthier 

indoor microclimate (Crescent Mall, n.d.). Figure 20 illustrates the spatial distribution of natural light 

and the impact of material translucency on ambient quality. 

Ultimately, Crescent Mall presents a compelling model for the integration of material science and 

sustainable strategies in commercial architecture. Through the thoughtful application of 

environmentally responsive materials, energy-efficient systems, and resource-conscious design 

decisions, the building not only achieves visual and functional excellence but also sets a precedent for 

sustainability in high-profile urban developments. 

 

Figure 20. The design maximizes natural daylight penetration, reducing the need for artificial lighting, 

Baku, 2024. (https://jp.pinterest.com/pin/67272588177722300/) 

Table 2 summarizes the key sustainable design strategies employed in Crescent Mall, showcasing how 

material selection, energy efficiency, water management, and environmental responsiveness were 

holistically integrated. These measures reflect a commitment to both architectural excellence and 

ecological stewardship, positioning the mall as a benchmark for sustainable development in the region. 

Category Design Features Sustainability Benefit 

Material Strategy High-performance façade systems (unitized 

& stick curtain walls, metal cladding, fiber 

cement panels, timber laminates, 

expanded metal mesh) 

Enhanced durability, thermal 

performance, and architectural 

identity 

Energy Efficiency High-performance glazing, insulation, 

optimized HVAC systems 

Reduced energy consumption 

and improved thermal comfort 
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Water 

Conservation 

Rainwater harvesting, low-flow fixtures, 

greywater reuse systems 

Minimized potable water use 

and reduced burden on 

municipal infrastructure 

Indoor 

Environmental 

Quality 

Use of low-VOC materials, maximized 

natural daylight, improved air ventilation 

Healthier indoor air quality, 

lower reliance on artificial 

lighting 

Environmental 

Integration 

Façade orientation responding to sun path 

and prevailing winds, site-specific 

landscaping 

Passive solar control, enhanced 

microclimate responsiveness, 

ecological design harmony 

Table 2. Key sustainable strategies applied in Crescent Mall's design, highlighting material, energy, 

water, and environmental considerations. (Prepared by the author, based on project analysis and 

design integration, 2025). 

3.3.3 Environmental Control  

The Crescent Mall in Baku exemplifies an integrative approach to environmental control, embedding 

site-specific climatic adaptation within its architectural and technological systems. As a coastal city 

subject to high wind velocities, solar radiation fluctuations, and humidity variation due to its proximity 

to the Caspian Sea, Baku poses distinctive environmental challenges for large-scale structures (Amirinia 

et al., 2017). The building’s aerodynamic crescent-shaped geometry contributes to passive 

microclimatic regulation by mitigating wind-driven turbulence and minimizing eddy formation along 

pedestrian-level zones. Its form acts as a wind-deflecting envelope, dispersing pressure loads and 

reducing structural stress concentrations on the façade surface, which is particularly important in open 

coastal zones where wind speeds frequently exceed 20–30 km/h (Reiter, 2010). This streamlined 

geometry facilitates passive cross-ventilation by channeling prevailing breezes through recessed 

entryways and atrium voids, enhancing indoor air renewal while reducing mechanical ventilation 

dependency. As shown in Figure 21, the curved form and central void of the Crescent Mall create 

natural ventilation pathways that harness prevailing winds, while simultaneously offering 

unobstructed views and daylight access. This spatial configuration not only enhances passive cooling 

but also reinforces the building’s environmental responsiveness.  

 

Figure 21. Ventilation and view analysis section diagram of Crescent Mall, showing passive airflow 

channels guided by building geometry and orientation. (Author’s illustration based on environmental 

simulation principles, 2025). 
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In tandem with its aerodynamic modulation, Crescent Mall integrates a daylight-responsive lighting 

strategy. The structure's façade orientation and fenestration layout were informed by solar path 

simulations, optimizing the balance between visible light transmittance and heat gain. Solar shading 

coefficients were adjusted through material selection and horizontal louver placement, allowing the 

building to retain daylight quality while preventing overheating during peak summer insolation 

(Mardaljevic et al., 2009). Studies have shown that strategic glazing angles and translucent materials 

can reduce cooling demand by up to 35% in mixed-use commercial buildings located in temperate 

coastal climates (Matos et al., 2022). 

Artificial lighting systems within the mall employ a layered luminance scheme incorporating daylight 

harvesting sensors and occupancy-responsive controls. High-efficacy LED arrays are deployed in a 

zoned network, adjusting luminous flux based on diurnal light levels and spatial activity patterns. This 

dynamic illumination protocol not only enhances visual comfort but also contributes to a 25-40% 

reduction in operational energy usage, aligning with recent findings on smart lighting integration in 

commercial infrastructure (Baharudin et al., 2021). 

Table 3 illustrates how Crescent Mall integrates both natural and artificial lighting strategies to 

improve environmental quality and reduce energy consumption. These design decisions reflect a 

responsive architectural approach that adapts to climatic and spatial demands. 

Lighting Type Design Strategies Implementation at Crescent Mall 

Natural Light Building orientation, daylight-

responsive facade design, high-

transmittance glazing 

South-facing facades maximize solar 

exposure; glass curtain walls admit diffuse 

daylight 

Artificial Light LED technology, smart lighting 

control systems, energy-efficient 

fixtures 

Smart-controlled LED systems adjust 

brightness based on occupancy and 

daylight availability 

Integration 

Method 

Combined modeling for daylight and 

electric light scenarios 

Lighting simulations inform the placement 

and output of fixtures; synergy enhances 

user comfort 

Table 3. Summary of Lighting Strategies Implemented at Crescent Mall. (Prepared by the author, 

based on project analysis and design integration, 2025). 

The synergy between aerodynamic design and environmental lighting control reflects an advanced 

mode of sustainable architecture that integrates form, material, and technology. Rather than treating 

environmental systems as ancillary elements, Crescent Mall embeds them into its core design logic 

responding to wind vectors, solar geometry, and internal comfort metrics within a unified architectural 

language. This approach supports regional energy reduction goals while establishing a new paradigm 

for contextually responsive commercial development in the Caspian region (UN Habitat, 2024). 

3.3.4 Cultural and Architectural Significance 

The Crescent Mall in Baku stands as a contemporary icon symbolizing Azerbaijan’s architectural 

ambition and cultural repositioning in the post-Soviet era. As part of the larger Crescent Bay 

development designed by DSA Architects International, the mall plays a pivotal role in reshaping Baku’s 

urban and socio-cultural landscape. Rather than serving solely as a commercial hub, it emerges as an 

emblematic site of lifestyle transformation bridging traditional values with global consumerist 

aspirations (DSA Architects International, 2024). 
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Located along the Caspian shoreline, the mall’s strategic placement reinforces a long-standing 

symbolic relationship between Baku and the sea, evoking themes of openness, prosperity, and 

cosmopolitanism. The design is intentionally expressive, characterized by sweeping curves and fluid 

forms that echo the maritime identity of the city while also referencing regional cultural motifs 

associated with movement and continuity. The mall’s curvature complements the adjacent Crescent 

Tower, collectively forming a visual dialogue that dominates the city’s evolving skyline and reflects the 

nation’s aspiration to assert itself architecturally on a global stage (HBA Architecture, n.d.). 

Internally, the mall blends high-end retail architecture with motifs derived from Art Nouveau, a style 

that resonates subtly with Baku’s early 20th-century architectural heritage. This deliberate design 

decision by Hirsch Bedner Associates allows for a contemporary reinterpretation of past elegance, 

cultivating a space where modernity and nostalgia co-exist (HBA Architecture, n.d.). The interplay of 

natural light, layered textures, and fluid spatial organization within the interior aims to enhance 

experiential richness, aligning with global trends in immersive retail environments. 

Culturally, Crescent Mall functions as more than a shopping destination. It has become a node for 

social interaction, cultural programming, and civic life. Hosting exhibitions, concerts, and seasonal 

celebrations, the mall contributes to the public sphere by offering accessible, curated cultural 

experiences—thus positioning itself not just as a passive consumer space but as an active cultural 

producer. These events foster urban engagement and help democratize cultural participation in a city 

where such spaces have traditionally been limited to state-controlled institutions (Vigo Visa, 2025). 

In essence, Crescent Mall is emblematic of a broader urban strategy wherein architecture is leveraged 

not only for economic stimulus but also for nation-branding and soft power projection. Through its 

formal language, cultural programming, and symbolic coastal positioning, it encapsulates Azerbaijan’s 

efforts to construct a modern identity that is at once rooted in tradition and forward-looking. 

DISCUSSION 

The architectural analysis of Mirvari Restaurant, Baku Crystal Hall, and Crescent Mall demonstrates 

that mathematical reasoning in architecture functions not only as a technical necessity but also as a 

catalyst for environmentally responsive, culturally embedded, and symbolically meaningful design. 

Across all three structures, geometry acts as both an aesthetic language and a performative logic, 

echoing contemporary discourse on biophilic, sustainable, and technologically advanced built 

environments. 

The Mirvari Restaurant exemplifies an early form of bioclimatic design, where mathematical geometry 

specifically the hyperbolic paraboloid enabled passive ventilation, daylight modulation, and material 

efficiency. While modern computational tools were absent, the architects achieved outcomes aligned 

with current ecological design principles, such as natural airflow, minimal material use, and contextual 

integration. These design goals reflect strategies discussed by Kellert (2015) and Beatley (2016), where 

built environments foster sensory connection with the surrounding landscape. The building’s openness 

and shell form, derived from mathematical principles, resonate with the restorative effects of natural 

geometry and spatial fluidity outlined by Ulrich (1984) and Tsunetsugu et al. (2010). 

By contrast, the Baku Crystal Hall operates within the realm of digitally driven architectural production, 

integrating parametric design tools to coordinate geometry, structural logic, and facade lighting. The 

use of tessellated surfaces and LED systems not only enhanced visual performance but also responded 

to environmental stressors such as wind, daylight, and humidity. These strategies parallel findings by 

Chen et al. (2019) and Zellweger et al. (2020), who highlight the performance benefits of digital 

geometry in contemporary architecture. Moreover, the integration of programmable lighting and 
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responsive façade systems reflects Ryan and Browning’s (2014) patterns of biophilic design, especially 

those related to dynamic light and visual complexity. 

The Crescent Mall further deepens the symbolic and cultural dimension of mathematically informed 

design. The crescent geometry, derived from circular arcs and parabolas, is not only structurally 

efficient but also emotionally and culturally resonant. This formal language aligns with arguments by 

Kellert, Heerwagen, and Mador (2008), who emphasize that architecture can embody cultural identity 

while supporting ecological and psychological well-being. The building’s orientation, façade porosity, 

and integration with prevailing wind patterns also support natural ventilation and energy efficiency, 

consistent with environmental control strategies discussed by Bakar et al. (2019) and Gregory and 

Andrews (2020). 

All three buildings emphasize the intertwined role of geometry, material science, and environmental 

sensitivity reflecting Robertson et al.’s (2020) argument that wood and geometric modulation are 

powerful tools in enhancing sustainability. Although their construction periods and technologies differ, 

the underlying logic of using mathematics to reconcile formal ambition with environmental 

responsiveness remains constant. While the Mirvari Restaurant achieves this through analog 

experimentation, the Baku Crystal Hall and Crescent Mall realize it through advanced simulations and 

material modeling illustrating the continuity of biophilic principles across technological eras (Evans et 

al., 2020; Browning et al., 2014). 

These findings collectively reinforce that mathematics in architecture is not a neutral abstraction but 

a method of embedding meaning, resilience, and ecological harmony into built form. Whether through 

structural shells, triangulated skins, or symbolic arcs, mathematical thinking facilitates design that is at 

once innovative and humane a principle at the core of biophilic and sustainable design theory (Burnard 

& Kutnar, 2015; Chang & Chen, 2020). As such, the case studies from Baku offer both historical insight 

and forward-looking strategies for contemporary practice. 

CONCLUSION 

The exploration of mathematics in architecture reveals a profound and enduring synergy between 

abstract principles and tangible design. From its historical roots in geometry to its contemporary 

applications in computational tools, mathematics has consistently served as both a foundation and a 

frontier for architectural innovation. The examples reviewed and analyzed in the article encompass a 

centuries-long era of the development of Azerbaijan's architectural heritage. This demonstrates that 

Azerbaijan, in its urban planning and interior design, has consistently kept pace with the times, 

adhering to the principles of parametric contemporary architecture and design. This article has 

examined how mathematical approaches shape modern architecture through three case studies in 

Baku: Baku Crystal Hall, Mirvari Restaurant and Crescent Mall. Each of these structures exemplifies the 

diverse ways in which mathematics underpins design, material optimization, and environmental 

performance. 

The Baku Crystal Hall demonstrates the potential of mathematical geometry and parametric tools to 

realize complex and iconic forms. The tessellation of its facade, inspired by crystalline structures, not 

only embodies aesthetic precision but also ensures structural efficiency through computational 

modeling. This integration of form and function underscores how mathematics transforms abstract 

ideas into practical realities, setting a benchmark for contemporary architectural practice. 

Mirvari Restaurant offers a contrasting perspective, where mathematics is used to craft organic, wave-

like forms that harmonize with their natural surroundings. The hyperbolic paraboloid roof exemplifies 

how geometric principles and material science combine to create lightweight, durable, and visually 
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dynamic structures. Furthermore, the restaurant’s sensitivity to its coastal context highlights how 

environmental control, informed by mathematical simulations, can enhance occupant comfort and 

sustainability. 

Crescent Mall reflects the cultural and symbolic potential of mathematics in design, drawing from the 

crescent geometry integral to Azerbaijani identity. This structure leverages computational tools to 

blend cultural heritage with modern urban demands, creating a space that is not only visually striking 

but also environmentally responsive. The aerodynamic design and energy-efficient lighting systems 

demonstrate how mathematics drives innovation in sustainable strategies, contributing to the 

building’s functional and ecological performance.  

Expanded comparative Table 4 synthesizes the design intentions, mathematical foundations, analytical 

processes, and urban implications of the three case studies. The selection of Mirvari Restaurant, Baku 

Crystal Hall, and Crescent Mall reflects distinct architectural typologies (public, event, and commercial) 

integrated into Baku’s coastal fabric. Each project exemplifies how mathematical thinking informs not 

only form but also performance, spatial quality, and cultural resonance.  

Structure Design 

Dynamics 

Mathematical 

Approach 

Types of 

Analysis Used 

Key 

Architectural & 

Environmental 

Outcomes 

Urban Role / 

Contextual 

Contribution 

Mirvari 

Restaurant 

Organic, shell-

like geometry; 

wall-less 

openness; 

inspired by 

marine 

elements and 

natural 

fluidity 

Hyperbolic 

paraboloid 

surface (z = 

x²/a² - y²/b²) 

Form-finding 

simulations, 

geometric 

modeling, 

material 

optimization 

Lightweight and 

sculptural 

concrete shell; 

passive 

ventilation and 

light play via 

openness 

Public 

recreational 

spot along the 

boulevard; 

spatial 

openness 

enhances 

coastal 

interaction 

Baku 

Crystal 

Hall 

Crystalline, 

modular 

expression; 

event 

architecture; 

LED-

integrated 

kinetic façade 

Triangulated 

diagrid 

geometry; FEM 

simulations; 

parametric 

logic 

FEM structural 

analysis, CFD, 

lighting 

optimization, 

parametric 

rationalization 

Structural 

efficiency under 

time pressure; 

dynamic LED-

integrated 

facade; airflow-

responsive form 

Urban-scale 

performance 

venue; iconic 

identity in 

Baku’s skyline 

and cultural 

branding 

Crescent 

Mall 

Crescent 

symbolism; 

cultural 

narrative; 

commercial 

typology 

blended with 

fluid coastal 

aesthetics 

Circular and 

parabolic 

geometries; 

surface 

simulations 

Lighting 

mapping, 

ventilation and 

wind analysis, 

sustainable 

water 

strategies 

Culturally 

embedded 

design; passive 

ventilation; 

integration of 

sustainable 

material 

layering 

Commercial 

and social 

anchor along 

the 

waterfront; 

mediates 

between built 

and natural 

context 
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Table 4. Comparative Matrix of Design Logic, Mathematical Approaches, and Urban Contributions of 

the Examined Structures. (Prepared by the author, based on project analysis and design integration, 

2025). 

Collectively, these examples illustrate the centrality of mathematics in modern architecture, where it 

acts as both a creative catalyst and a technical necessity. The evolution of three-dimensional thinking, 

from ancient geometric ratios to advanced parametric systems, highlights the expanding scope of 

mathematical applications. Today’s architects not only use mathematics to solve structural challenges 

but also to push the boundaries of form, integrating cultural narratives and sustainability goals into 

their designs. Looking forward, the integration of emerging technologies such as artificial intelligence, 

machine learning, and immersive modeling platforms promises to further elevate the role of 

mathematics in architecture. These advancements will enable architects to design adaptive, resilient, 

and innovative structures that respond dynamically to environmental, social, and cultural contexts. 

The future of architecture lies in the continued exploration of this intersection, where mathematical 

precision meets creative imagination. 

In conclusion, mathematics is not merely a tool for architectural problem-solving; it is a lens through 

which architects can reinterpret and reshape the built environment. By bridging theoretical abstraction 

with practical execution, mathematics empowers architects to create spaces that are not only 

functional and sustainable but also culturally and aesthetically resonant. As global challenges such as 

urbanization and climate change intensify, the partnership between mathematics and architecture will 

play an increasingly pivotal role in designing a built environment that balances innovation with 

responsibility. 
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