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Abstract: This paper presents an automated parametric design algorithm for generating residential floor plans in Northern China. The 

algorithm, developed using Grasshopper and Python, enables the rapid generation of standardized residential schemes based on 

predefined design rules and performance criteria. By extracting design features from a database of residential prototypes, the algorithm 

automates the design process, reducing manual effort and enhancing design efficiency. The paper details the algorithm's workflow, 

including parameter extraction, rule-based generation, and performance evaluation, and demonstrates its application through a case 

study of residential design optimization. 
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1. Introduction 
 

1.1 Background of Parametric Design 

 

Parametric design has emerged as a transformative approach 

in the field of architecture, driven by advancements in digital 

technology and computational tools. Unlike traditional design 

methods that rely on manual iterations and subjective 

decision-making, parametric design leverages algorithmic 

processes to automate and optimize design outcomes. This 

shift is particularly significant in residential architecture, 

where the complexity of design requirements and the need for 

efficiency necessitate innovative solutions. Parametric design 

not only enhances the precision and repeatability of design 

tasks but also enables architects to explore a vast array of 

design possibilities within constrained timelines and budgets. 

 

The integration of parametric design with building 

performance simulation tools has further revolutionized 

architectural practice. By embedding performance criteria 

into the design process, architects can now generate schemes 

that are not only aesthetically pleasing but also functionally 

optimized. This is especially critical in regions like Northern 

China, where harsh climatic conditions and stringent energy 

efficiency standards demand rigorous performance-driven 

design approaches [1]. 

 

1.2 Definition and Basic Logic of Parametric Design 

 

Parametric design is fundamentally a design methodology that 

uses parameters and algorithms to define and manipulate 

design elements. The core logic of parametric design lies in 

establishing relationships between design variables and 

outcomes, allowing for dynamic adjustments and iterations. In 

residential architecture, this translates to the ability to modify 

design parameters such as room dimensions, layout 

configurations, and building orientation, and observe their 

impact on performance metrics like energy consumption, 

daylighting, and thermal comfort. 

 

The process typically involves three key steps: 

parameterization, algorithmic generation, and performance 

evaluation. First, design parameters are identified and 

quantified based on functional, aesthetic, and performance 

requirements. Second, these parameters are encoded into an 

algorithm that generates design variations. Finally, the 

generated schemes are evaluated against predefined 

performance criteria to identify optimal solutions [2]. 

 

1.3 Historical Development of Parametric Design 

 

The evolution of parametric design can be traced back to the 

mid-20th century with the advent of computer-aided design 

(CAD) tools. Early pioneers like Luigi Moretti and Ivan 

Sutherland laid the groundwork for parametric design through 

projects such as the Watergate Complex and the Sketchpad 

system. These early efforts focused on leveraging 

computational power to assist in the design process, albeit in 

rudimentary forms. 

 

The 1980s and 1990s saw the development of more 

sophisticated parametric design software, such as 

Pro/ENGINEER and CATIA, which introduced parametric 

modeling capabilities to mainstream architectural practice. 

The turn of the century marked a significant milestone with 

the emergence of Grasshopper, a parametric design plugin for 

Rhino, which democratized access to parametric tools and 

fostered widespread adoption in architectural education and 

practice [3]. 

 

1.4 Parametric Design in Residential Architecture 

 

Residential architecture presents unique opportunities for 

parametric design due to its repetitive yet context-specific 

nature. Standardized floor plans, modular components, and 

recurring spatial relationships lend themselves well to 

algorithmic manipulation. Parametric design can automate the 

generation of residential layouts, optimize spatial 

configurations, and ensure compliance with regulatory and 

performance standards. 

 

In Northern China, where energy efficiency is a critical 

concern, parametric design can be particularly advantageous. 

By integrating performance simulation tools like EnergyPlus 

and Ladybug, architects can evaluate and refine designs based 

on energy consumption, daylighting, and thermal 

performance. This data-driven approach ensures that 

residential designs not only meet but exceed regulatory 

requirements while balancing aesthetic and functional 

considerations [4]. 
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1.5 Advantages of Parametric Design 

 

The adoption of parametric design in residential architecture 

offers several advantages over traditional methods: 

 

1) Efficiency: Automation of repetitive tasks reduces manual 

effort and accelerates the design process. 

 

2) Precision: Algorithmic generation ensures consistency and 

accuracy in design outcomes. 

 

3) Exploration: The ability to generate and evaluate numerous 

design variations fosters innovation and optimality. 

 

4) Adaptability: Parametric models can be easily modified to 

accommodate changing requirements or site conditions. 

 

5) Performance Integration: Seamless integration with 

simulation tools enables performance-driven design 

decisions. 

 

Despite its benefits, parametric design faces certain 

limitations. The initial setup of parametric models requires 

significant technical expertise and time investment. 

Additionally, the reliance on predefined parameters and 

algorithms can constrain creative freedom if not carefully 

managed. There is also a risk of over-optimization, where 

designs prioritize performance metrics at the expense of 

aesthetic or contextual considerations [5]. 

 

Parametric design represents a paradigm shift in architectural 

practice, offering unprecedented opportunities for efficiency, 

precision, and performance integration. In residential 

architecture, particularly in Northern China, its potential to 

address complex design challenges while adhering to 

stringent performance standards makes it an invaluable tool. 

The following chapters will delve into the development and 

application of an automated parametric design algorithm 

tailored for residential floor plans in this context. 

 

2. Algorithm Development for Automated 

Floor Plan Generation 
 

2.1 Overview of the Algorithm 

 

The algorithm presented in this paper is designed to automate 

the generation of residential floor plans in Northern China. 

Developed using Grasshopper and Python, the algorithm 

integrates parametric design principles with performance 

simulation tools to produce standardized yet optimized 

residential schemes. The workflow is structured around three 

core components: parameter extraction, rule-based generation, 

and performance evaluation. 

 

The workflow of the algorithm can be summarized as follows: 

 

1) Input Parameters: Design requirements and performance 

criteria are input into the system. 

 

2) Parameter Extraction: Key design features are extracted 

from the prototype database. 

 

3) Rule-Based Generation: Floor plans are generated 

iteratively according to predefined rules. 

 

4) Performance Simulation: Generated schemes are evaluated 

using simulation tools. 

 

5) Optimization: Iterations continue until a scheme meeting 

all criteria is identified. 

 

2.2 Parameter Extraction 

 

The foundation of any parametric design process lies in the 

identification and quantification of design parameters. For 

residential floor plans, these parameters encompass both 

quantitative and qualitative aspects, including room 

dimensions, layout configurations, building orientation, and 

performance criteria such as energy efficiency and 

daylighting. 

 

A database of residential prototypes was established to extract 

common design features and establish parameter ranges. This 

database included 300 exemplary residential schemes from 

Northern China, covering a range of typologies such as 

one-unit-per-elevator, two-units-per-elevator, and 

corridor-style layouts. Key parameters extracted from this 

database included room dimensions (e.g., living room, 

bedroom, kitchen), spatial relationships (e.g., adjacency, 

nesting), and performance metrics (e.g., window-to-wall 

ratios, thermal transmittance values) [6]. 

 

2.3 Rule-Based Generation 

 

The algorithm employs a set of predefined design rules to 

guide the generation of floor plans. These rules are derived 

from architectural standards, best practices, and contextual 

considerations specific to Northern China. For instance, rules 

may dictate minimum room dimensions, maximum aspect 

ratios, and permissible spatial adjacencies to ensure functional 

and aesthetic coherence. 

 

The generation process begins with the input of design 

parameters such as building footprint, unit count, and desired 

performance criteria. The algorithm then iteratively generates 

potential floor plans by combining rooms and spaces 

according to the established rules. Each iteration is validated 

against the rules to ensure compliance, with non-compliant 

schemes discarded and new iterations initiated. Figure 1 

shows the Grasshopper interface for 3D model generation 

process.  

 

2.4 Integration with Performance Simulation 

 

To ensure that generated floor plans meet performance 

standards, the algorithm integrates with simulation tools like 

EnergyPlus and Ladybug. These tools evaluate design 

variations based on energy consumption, thermal comfort, 

and daylighting performance. The simulation results are fed 

back into the algorithm, guiding further iterations toward 

optimal solutions [7]. Figure 2 shows the implementation of 

Grasshopper algorithm in energy consumption simulation 

process. 
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Figure 1: Grasshopper interface for 3D model generation process

 

 
Figure 2: Implementation of Grasshopper Algorithm in Energy Consumption Simulation Process 
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2.5 Case Study Application 

 

The algorithm was applied to a residential design project in 

Beijing, China, to demonstrate its practical utility. Figure 3 

shows the masterplan and rendering of the case project. The 

case study involved the optimization of a 25-story residential 

building with a one-unit-per-elevator layout. Design 

parameters included room dimensions, building orientation, 

and window-to-wall ratios. The algorithm generated 

numerous design variations, which were evaluated based on 

energy performance and spatial efficiency. The optimal 

scheme demonstrated a 4.2% reduction in total energy load 

compared to the original design, highlighting the algorithm's 

effectiveness in enhancing design performance [8]. 

 

The development of an automated parametric design 

algorithm for residential floor plans represents a significant 

advancement in architectural practice. By integrating 

parameter extraction, rule-based generation, and performance 

simulation, the algorithm enables architects to produce 

optimized designs with minimal manual effort. Future work 

will focus on expanding the algorithm's capabilities to 

accommodate more complex typologies and multi-objective 

optimization scenarios. 

 

 
Figure 3: Masterplan and Rendering of the Case Project 

3. Case Study: Application in Northern 

Chinese Residential Design 
 

The case study focuses on a residential design project located 

in Beijing, China. The project involves the design 

optimization of a 25-story residential building with a 

one-unit-per-elevator layout. This typology is common in 

Northern China due to its efficiency in serving medium to 

high-density residential areas. The building is situated in a 

typical urban context, adhering to the regional climatic 

conditions that require stringent energy efficiency measures.  

 

3.1 Application of the Algorithm 

 

The algorithm was applied to generate and optimize floor 

plans for the residential building. The process began with the 

input of specific design parameters derived from the project's 

requirements, including room dimensions, building 

orientation, and window-to-wall ratios. These parameters 

were fed into the algorithm, which then extracted key design 

features from the prototype database and initiated the iterative 

generation process. 

 

3.2 Iterative Generation and Optimization 

 

Through multiple iterations, the algorithm generated a 

multitude of potential floor plan variations. Each iteration was 

meticulously evaluated against the predefined design rules 

and performance criteria. Non-compliant schemes were 

systematically discarded, and the algorithm continued 

generating new iterations until a set of feasible designs was 

obtained. 

 

3.3 Performance Simulation Integration 

 

The generated floor plans were subjected to rigorous 

performance simulations using tools like EnergyPlus and 

Ladybug. These simulations provided critical data on energy 

consumption, thermal comfort, and daylighting performance. 

The feedback from these simulations was instrumental in 

guiding the algorithm towards further optimizations, ensuring 

that each subsequent iteration moved closer to the optimal 

solution. 

 

3.4 Outcome and Analysis 

 

The optimal scheme derived from the algorithm demonstrated 

a significant 4.2% reduction in total energy load compared to 

the original design. This outcome underscores the algorithm's 

efficacy in enhancing design performance while maintaining 

functional and aesthetic integrity. The case study serves as a 

practical demonstration of how the algorithm can be 

effectively deployed in real-world scenarios to achieve 

substantial energy savings and design efficiencies. Figure 4 

shows some of the design schemes generated by this 

algorithm. 
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Figure 4: Design schemes generated by this algorithm 

4. Performance Evaluation and Optimization 
 

4.1 Performance Evaluation Metrics 

 

The performance evaluation of the generated floor plans was 

based on several critical metrics. Energy consumption was a 

primary focus, measured in terms of heating and cooling loads. 

Thermal comfort was assessed by evaluating the indoor 

temperature distribution and its alignment with recommended 

standards. Daylighting performance was quantified by 

analyzing the distribution and intensity of natural light within  

 

the residential spaces. 

4.2 Optimization Process 

 

The optimization process involved a continuous loop of 

generation, simulation, and feedback. After each iteration of 

floor plan generation, the algorithm would simulate the 

performance based on the established metrics. The results 

were then analyzed to identify areas for improvement, and the 

algorithm would adjust the design parameters accordingly. 

This iterative process continued until the performance criteria 

were satisfactorily met. 
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4.3 Sensitivity Analysis 

 

A sensitivity analysis was conducted to determine the impact 

of individual design parameters on the overall performance. 

Parameters such as room dimensions, window-to-wall ratios, 

and building orientation were varied systematically to observe 

their effects on energy consumption and thermal comfort. 

This analysis provided valuable insights into which 

parameters had the most significant influence on performance, 

guiding the optimization efforts towards the most effective 

design adjustments. 

 

4.4 Multi-Objective Optimization 

 

Given the complex and often conflicting nature of design 

objectives, a multi-objective optimization approach was 

employed. The algorithm balanced energy efficiency, spatial 

efficiency, and aesthetic considerations to arrive at a holistic 

optimal solution. This approach ensured that the final design 

not only performed well in terms of energy metrics but also 

satisfied functional and aesthetic requirements. 

 

5. Conclusion 
 

The research presented in this paper has successfully 

developed and demonstrated an automated parametric design 

algorithm for generating residential floor plans in Northern 

China. The algorithm's ability to integrate parameter 

extraction, rule-based generation, and performance simulation 

has been validated through a practical case study. The results 

have shown that the algorithm can significantly enhance 

design efficiency and performance, producing optimized floor 

plans with reduced energy consumption. 

 

The implications of this research for architectural practice are 

substantial. Architects and design firms can leverage this 

algorithm to streamline their design processes, reduce manual 

effort, and deliver high-performance residential designs 

within tight project timelines. The algorithm's capacity to 

generate and evaluate numerous design variations provides a 

competitive edge in creating innovative and sustainable 

residential solutions. 

 

Future research will focus on expanding the algorithm's 

capabilities to address more complex residential typologies 

and multi-objective optimization scenarios. There is also 

potential to integrate additional performance metrics, such as 

acoustic performance and indoor air quality, into the 

algorithm's evaluation framework. Furthermore, exploring the 

application of this algorithm in other climatic regions and 

building types could open new avenues for research and 

practice in parametric design. 
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