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Abstract 7 

When designing new buildings, various constraints must be taken into account. These 8 

constraints encompass factors such as the overall building size, the number, function, and size 9 

of required spaces, and the surrounding neighborhood’s existing buildings, infrastructure, and 10 

natural environment. Presently, these constraints are predominantly considered in a formal 11 

manner during state-of-the-art design processes. This paper proposes a novel approach that aims 12 

to formalize space requirements and utilizes geospatial information surrounding the building 13 

site. This approach facilitates the generation of different design alternatives during the early 14 

design phase. The advantages of this approach are numerous. By representing space 15 

requirements in a machine-readable format, it becomes possible to semi-automatically generate 16 

various design alternatives for a simplified building envelope and a basic space layout. 17 
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Particularly in large areas such as hospital districts or industrial sites, multiple options for the 18 

location of a new building can be explored. Leveraging geospatial information allows designers 19 

to assess whether a specific design variant can be practically implemented at a given location. 20 

This supports the decision-making process in selecting the most promising early design model, 21 

which in turn informs subsequent design steps. This paper introduces two methods, namely 22 

Streamer Early Design Configurator and SDaC Layout Designer, to generate multiple initial 23 

building floor plans. These drafts are enriched with additional data, including placement 24 

information, volume details, and space utilization. Ultimately, the floor plans are exported into 25 

three-dimensional objects and exported in the IFC format. This comprehensive step paves the 26 

way for more efficient and informed building design, promoting greater flexibility and 27 

adaptability in the early stages of the architectural process.   28 

Keywords: Automated layout generation, BIM generation, Evolutionary strategies, 29 

Mathematical programming 30 

1. Introduction 31 

The traditional layout design in the architecture and construction industry is usually 32 

accomplished manually by architects, while computers mostly play the role as modeling, 33 

rendering and printing tool. However, the research of computer-aided layouts design has started 34 

since the 1960s [31], and many approaches and applications have been developed based on 35 

various design mechanisms. In the field of building layout design, there are multiple factors that 36 
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need to be considered at the same time, resulting in increasing complexity of calculation. These 37 

factors include the geometric and topological information of spaces inside the building, as well 38 

as the environment and infrastructures around the building. Generative design frees the 39 

designers from the "trial and error" process, and with the application of artificial intelligence, it 40 

would also improve productivity, safety and quality in not only for the layout designing, but 41 

also in other construction processes [1]. 42 

Building information modeling (BIM) provides a common data environment for 43 

visualization, collaboration, cost estimation, energy performance optimization and facility 44 

management. The early concept of BIM has been proposed since the 1970s, aiming to 45 

comprehensively describe the construction processes in a digital way [8, 9]. The sooner BIM is 46 

applied in the life cycle of a building project, the more it helps to improve the efficiency and 47 

accuracy of the design process while reducing costs and errors. It also provides valuable 48 

information that can be used throughout the entire life cycle of a building, from design to 49 

construction to operation and maintenance. Therefore, the automatic generation of building 50 

layouts and export of BIM models become significantly important in the architect and 51 

construction industry.  52 

In this article two methods are presented for the automatic generation of building layouts, the 53 

Streamer Early Design Configurator (EDC) and the SDaC Layout Designer. This paper starts 54 

with a brief review of the state of the art, introducing different methods used for layout 55 

generation. Second, the Streamer EDC is presented with its workflow and working principle, 56 

the evolutionary algorithms. Then the SDaC Layout Designer is introduced as well as how its 57 
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mathematical model is built based on the program of requirements (PoR). To test and evaluate 58 

both methods, a list of PoR is used in both developed tools and layouts are generated, which are 59 

also exported as openBIM data (IFC). At the end both methods are compared in the summary 60 

and the future research possibilities are discussed. 61 

2. State-of-the-art automated layout generation 62 

Based on the procedure, the problem of layout generation can be classified into two types: 63 

Outside-In and Inside-Out [5]. As is shown in figure 1, Outside-In means designing the interior 64 

layouts within a given space domain, which is limited in size and geometry. Inside-Out means 65 

generating the layouts with spaces that fulfill their requirements, and the building outline is then 66 

determined by the combination of the generated spaces. Most research focus on the Outside-In 67 

design procedure, and so do the approaches that are discussed in this paper. In order to allocate 68 

space to specific domains, various algorithms such as dense packing or subdivision are proposed 69 

[16], combined with different algorithms such as evolutionary strategies. 70 

The research of layout generations has covered a variety of approaches based on different 71 

generating principles, including physically based methods, mathematical optimization, graph-72 

theory aided, cell assignment, space splitting, occupant-trace and machine learning [7], etc. 73 

Despite different principles among these methods, they are commonly combined in the research 74 

for layout generation. The research works have different focus on the generating process, such 75 

as energy performance, travelling distances between spaces, view impedance or space 76 

utilization. 77 
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2.1. Mathematical programming 78 

For the mathematical programming method, the layout generation problems are firstly 79 

formulated with mathematical language. Space layouts are represented with geometric 80 

parameters, while their adjacency and functionalities are transformed into constraints. The 81 

mathematical optimization problem can be solved with the help of different solvers or tool sets, 82 

and the results are turned into layouts for further usage. In [20] an optimization model of the 83 

quantifiable aspects of architectural floorplan layout design is presented, which is solved by 84 

using evolutionary algorithms to make discrete decisions and do global search. Wu [32] 85 

Figure 1: Example of outside-in and inside-out design mode 
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introduces a mix-integer quadratic programming formulation to describe the layout generation 86 

problem, in which the requirements such as size, position and adjacency are transformed to 87 

constraints of the optimization problem. Egor [10] presents a quasi-evolutionary strategy to 88 

generate floor plans in an iterative manner based on the connectivity and adjacency between 89 

specific rooms. 90 

2.2. Graph-theory aided 91 

There is research focusing on the adjacency between spaces in the layout design. Such 92 

relationship is transformed into a topological graph, in which nodes represent spaces and edges 93 

represent connection. Such graph can be turned into 2D matrix for feasibility verification and 94 

arithmetic solution. With the solution of space adjacency, other methods would also be applied 95 

to complete the geometric design for layout generation. Shekhawat presents a tool to construct 96 

dimensioned layouts using graph-theoretical and optimization techniques in [26], in which the 97 

adjacency requirements are given either in an adjacency graph or in a dimensionless layout. 98 

Slusarczyk presents hierarchical graph-based data structures for representing design solutions 99 

together with graph grammars [27], in which the local formulas expressing design properties 100 

are transformed into equivalent graph requirements. 101 

2.3. Cell assignment 102 

The building geometry can be predefined and divided into cells, which are later assigned to 103 

specific spaces. The assignment is based on different rules or requirements such as space's 104 
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dimension, position or its functionality, as well as the space's non-overlapping and shape-105 

continuity. By rastering the building footprint polygon into 2D grids, Lopes proposes a room 106 

expansion algorithm in [17] to generate building layout that fulfills the adjacency and 107 

connectivity constraints. Herr [14] examines the adaptations that cellular automata are typically 108 

subjected to, when they are applied to architectural designing, and discusses the challenges and 109 

opportunities met by designers when employing and developing cellular automata as design 110 

tools. 111 

2.4. Machine learning 112 

Based on data sets of space layouts from real cases, machine learning models become more 113 

and more applicable for automated layout generation. Such model can learn the characteristics 114 

of real space layouts and the experience would be implicitly used for the generation process. 115 

Merrell [19] presents a Bayesian Network to structurally learn the adjacency of rooms, from 116 

which the results are further optimized for detailed design. Chaillou [4] trains generative 117 

adversarial networks (GAN) [12] with real cases floorplan pictures to generate building 118 

footprints, split rooms and place furniture step by step. Nauata [21] also trains GANs and uses 119 

topological graph diagram as input for geometric design of floorplans. 120 

2.5. Overview 121 

One of the challenges of layout generation is, as a user-driven task, the input from the user is 122 

inevitably required, otherwise it will be time consuming to pick up preferred results from 123 
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thousands of computer-generated solutions. In addition, the results are expected to be vectorized 124 

data, so that they can be reused in other applications for further validation and simulation. 125 

3. Streamer Early Design Configurator 126 

The Streamer Early Design Configurator (EDC) was developed as part of the EU funded 127 

industry-driven collaborative research project STREAMER [13, 25, 28]. Goal of the 128 

STREAMER project was to increase energy efficiency of health-care buildings [2]. The EDC 129 

creates early design proposals for large buildings with many rooms with functional 130 

dependencies. 131 

Functional relations between rooms are e.g., that rooms share resources and must be in close 132 

proximity. Therefore, the position of a room is strongly dependent on multiple parameters: 133 

National and international norms and standards, rules based on tacit knowledge and project 134 

specific requirements. These parameters are defined in a common rule set language. 135 

The rooms used in the project are predefined in a program of requirements (PoR) which 136 

contains information such as amount, minimum area, and textual parameters specific to the 137 

STREAMER project (e.g., Room type, accessibility class, hygiene class ...) [29, 30]. 138 

The building where the rooms are placed is a predefined 2D representation. Two modes are 139 

available: A corridor placement mode, where empty rectangular building segments are filled 140 

with corridor layouts (see figure 2) which in turn are filled with the rooms from the PoR and a 141 

free space mode, where no restrictions exist for placing walls, but rooms are still arranged 142 

consecutively in a linear fashion within rectangular free spaces. 143 
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By utilizing an evolutionary algorithm, rooms are placed to generate a floor plan. The floor 144 

plan generates a fitness value that quantifies how effectively it meets the specified requirements. 145 

Possible floor plans are generated by randomly changing the position of rooms. 146 

Only rectangular free space is supported, and only rectangular rooms are placed. 147 

The floor plan with the best fitness can be exported as a BIM model. 148 

3.1. Process description 149 

The building hull is generated or imported. Generated building hulls can be used in corridor 150 

mode, where a corridor layout is placed and then filled with rooms, imported building hulls 151 

provide free spaces that are filled with rooms. Imported building hulls are often used in 152 

refurbishment scenarios. 153 

After loading the PoR and the rule set [22], the algorithm is started and begins with an empty 154 

floor plan as shown in Figure 3. 155 
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The initial state is further processed in parallel. A certain number of mutations is applied 156 

locally to each parallel process. After those mutations the selection takes place. All floor plans 157 

Figure 2: Example of corridor mode in the EDC, corridor layout hatched, resulting free space in gray, initial state without rooms left, added 

rooms right.  

 

Figure 3: Layout generation process 
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with a below average fitness are cleared and restarted. In corridor mode these floor plans may 158 

receive a new corridor layout. The floor plans with above average fitness are replaced with the 159 

floor plan with the best fitness. The floor plan with the best fitness is also displayed graphically 160 

to the end user. The end user also decides if the displayed floor plan is sufficient and stops the 161 

processing. The processing can be resumed if the result is not sufficient. The current result can 162 

also be cloned, in order to develop multiple alternatives. 163 

Mutation occurs by selecting a room either from a list of rooms that have not yet been inserted 164 

or, by removing a room from the floor plan. The selected room is then inserted in a random free 165 

space, either before, after or in between already inserted rooms in the selected free space. If the 166 

free space is empty and the minimum area of the room is larger than the area of the free space, 167 

the mutation fails. If the free space is already full, a random room is removed from the free 168 

space. If the room is still too large the mutation fails. If a room has been removed in favor of 169 

the first selected room, it is inserted with the aforementioned method. This results in a recursion 170 

that is done to a predefined depth before the mutation fails. If the mutation fails, the floor plan 171 

is reset to the valid state before starting the mutation. 172 

3.2. Rule definition and implementation 173 

The fitness of a floor plan is calculated from the sum of all fitness values generated from their 174 

corresponding rules. Rules also have a priority value assigned which is multiplied with the 175 

fitness value to give increase or decrease fitness according to priority. 176 

Rules are defined in a domain specific language and loaded into the EDC. 177 
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Additionally, to user defined rules hard coded rules exist which generate bad fitness values if 178 

rooms are unused (not in the floor plan) or if rooms are not sized to a predefined length and 179 

width ratio. 180 

User defined rules query a number of rooms into a set and apply a relation to them with 181 

predefined parameters. Unary rules apply the relation between all rooms in the same set. Binary 182 

rules apply their relation between rooms in two room sets. 183 

Unary relations are: 184 

⚫ Cluster: All rooms must be connected. 185 

⚫ Cluster (same floor): All rooms must be on the same floor and connected. 186 

⚫ Distance to outer wall: All rooms must be at a minimum or maximum distance to the 187 

outer wall. 188 

⚫ Predefined floor: All rooms must be at the same floor. 189 

Binary relations are: 190 

⚫ Minimum/maximum distance: All rooms from a set must be at a minimum/maximum 191 

distance from another set. 192 

⚫ Same/different floor: All rooms from a set must be on the same/a different floor than 193 

rooms from another set. 194 

⚫ (Partially) Overlapping below/above: All rooms from a set must be (partially) 195 

overlapping below/above another set. 196 

 197 

Jo
urn

al 
Pre-

pro
of



 Journal of Building Engineering 13 

3.2.1. Calculating fitness from rules 198 

Calculating the fitness of a floor plan is executed by calculating the sum of all fitness values 199 

from the current layout states V multiplied with a priority value for each rule as seen in equation 200 

1: 201 

fitnessglobal(V) = ∑ fitness(Vi)
number of rules
i=0 ⋅ priorityi                                (1) 202 

There are three cases. Depending on the rule a different method is used to calculate the fitness 203 

value (see equation 2). 204 

                                      fitness(𝑣) = {

fitnesssoft(𝑣)
fitnesshard(𝑣)

fitnesscombined(𝑣)
                            (2) 205 

The better the rule is fulfilled, the better fitness it gets with the soft calculation method. 206 

                                fitnesssoft(𝑣) = how good the rule is fulfilled                      (3) 207 

The hard fitness (see equation 4) calculation uses a range defined in the rule. If the rule is 208 

evaluated to be in a certain range of target values the fitness is set to a constant best fitness 209 

value, or to a constant bad fitness value else. 210 

fitnesshard(𝑣) = {
best fitness
bad fitness

    if 𝑣 in range
else

                                                 (4) 211 

The combined fitness function (see equation 5) uses a combination of the soft and hard fitness 212 

calculation method. If the rule is evaluated to be in a certain range of target values, the soft 213 

calculation value is used. This means the fitness of this rule is at least good enough but a better 214 

result is possible. If the rule is evaluated to be outside of a certain range of target values the 215 

fitness is a constant bad fitness value. 216 
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fitnesscombined(𝑣) = {
fitnesssoft(𝑣)
bad fitness

    if 𝑣 in range
else

                                          (5) 217 

3.2.2. Example: Distance 218 

Distance between Room A and Room B must be minimal and must be 50 m maximum. 219 

The relation is Distance between ... must be minimal and must be ... maximum, queries are 220 

Room A and Room B and parameter is 50 m. 221 

A good fitness has been reached if distance between Room A and Room B is smaller than 50 222 

m, and will become better the smaller the distance is. Bad fitness would be, if the distance 223 

between Room A and Room B were greater than 50 m. 224 

Distance calculation between rooms is simply calculated between the edges of the rooms. 225 

3.2.3. Example: Cluster 226 

All rooms in Hygiene Class 1 should be clustered. 227 

The query is All rooms in Hygiene Class 1 and the relation is should be clustered. This 228 

example has no parameters. 229 

The largest cluster group defines the fitness. The best fitness is reached if all rooms are in one 230 

cluster. 231 
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DBSCAN [11] is used to create clusters from the rooms. Rooms are connected if they are 232 

directly next to each other or on the other side of a corridor. If a room is connected to more than 233 

three other rooms, it is defined as a core room. If a room has less than three connections but is 234 

reachable through a core point it is part of their cluster. If a room has no neighbors, it is not part 235 

of a cluster. All rooms reachable from a core point without going over non-core points are part 236 

of the same cluster (see figure 4). 237 

4. SDaC Layout Designer 238 

The research project Smart Design and Construction (SDaC) aims to link the heterogeneous 239 

data in the construction industry, make different organizations work together on a platform, and 240 

discover the possibilities of artificial intelligence in architecture engineering and construction 241 

[23]. In this project a platform is built and maintained, on which various applications are 242 

provided to help on different processes through a construction’s life cycle. SDaC Layout 243 

Designer aims to provide various building interior layouts that can be used by other applications 244 

[33]. The spaces of the interior layout are described in a tabular form and are transformed into 245 

Figure 4: DBSCAN applied to rooms, red: core points. yellow: 

reachable points. blue: noise. 
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a mathematical optimization problem. With the help of nonlinear programming solver, multiple 246 

solutions could be found, and each represents a possible layout. These solutions are then 247 

exported as IFC data, which can be read and edited in other CAD software.  248 

4.1. Workflow of the program 249 

To generate the interior layouts, the contour of the building is first drafted. Each floor of the 250 

building can be set with different parameters such as length, width and height. In the SDaC 251 

Layout Designer, the contour of each floor can be an axis-aligned polygon. The core part of the 252 

workflow is to create a room book or import one from other source. This room book contains 253 

the requirements for the layout design, can be edited in the program for different proposal 254 

generations, and will be saved as CSV format for later use. Once the building and the room book 255 

is defined, a mathematical programming problem is created for the layout generation. Every 256 

feasible solution of the optimization problem is acquired once it is found by the solver, until the 257 

optimization is paused or reaches the global optimum. Every solution that is found will be 258 

transformed to a 2D layout and visualized. After the optimization, the result could be exported 259 

to IFC file with 3D modelling data for further usage. 260 

4.1.1. Drafting the building contour 261 

The outline of each floor of the building can differ, but is always limited as axis-aligned 262 

polygon. To simplify the draft in this process, the user can define the length and width of a 263 

rectangle as the bounding box, and optionally select and remove one of the corners to make the 264 

outline into “L” shape. Figure 5 shows the user interface of how to draft the building contour. 265 
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4.1.2. Definition of requirements 266 

The program of requirements can either be imported from CSV data or directly created in the 267 

program. As is shown in figure 6, the user can define the dimension, position of a room, as well 268 

as its neighboring relationship with the other rooms. Figure 7 shows a topological graph, 269 

representing all the adjacency of the requirements.   270 

4.2. Mathematical modeling of the layout design problem 271 

A rectangle is used to represent the room in this early-design stage. The parametric 272 

description of each room with index 𝑖 includes the continuous variables (𝑥𝑖 , 𝑦𝑖) denoting the 273 

bottom-left corner of the rectangle, (𝑙𝑖 , 𝑤𝑖) denoting the length and the width of the rectangle, 274 

and the binary variable 𝑓𝑖𝑘 denotes whether this room is on the 𝑘-th floor or not. These binary 275 

variables follow a basic constraint in equation 6: 276 

Figure 5: User interface for editing building contour 
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∑ 𝑓𝑖𝑘 = 0
𝐾
𝑘=1                   (6) 277 

k denotes the number of floors of the building. 278 

In layout generation, one of the main objectives is to cover the buildable area of each floor as 279 

much as possible. Besides, to reach the user's requirement, the dimension of each room should 280 

be as close as possible to the user's input. It is possible to formulate multiple objectives in the 281 

optimization model, or to formulate them in one equation with user-preferred weight for each 282 

objective as described in equation 7: 283 

min∑ 𝐴(𝑘)𝐾
1 − ∑ 𝑙𝑖𝑤𝑖 +∑ (𝑙𝑖 − 𝑙𝑡𝑖)

2 + (𝑤𝑖 − 𝑤𝑡𝑖)
2𝑁

1
𝑁
1                                (7) 284 

A(k) denotes the buildable area of each floor k and (𝑙𝑡𝑖 , 𝑤𝑡𝑖) represent the target dimension 285 

from the requirements. 286 

The constraints of the optimization model are derived from the requirements of each room. 287 

These constraints are classified as general constraints and specific constraints. General 288 

constraints are considered independently of the room types or building types. These include the 289 

position, dimension and neighboring relationship of the rooms: 290 

Maximal/Minimal area, length, width and aspect ratio 291 

    (𝑙𝑡𝑖 , 𝑤𝑡𝑖)  are the target dimension which is used in the objective function. In practice the 292 

values of (𝑙𝑖 , 𝑤𝑖)  could deviate, but should still be limited within an appropriate interval. In 293 

addition, in order to prevent a room becomes too narrow or too long, its aspect ratio can also be 294 

constrained. 295 

Non-overlap 296 

    No rooms should overlap with each other. The constraint is described in equation 8. 297 

Jo
urn

al 
Pre-

pro
of



 Journal of Building Engineering 19 

    

{
  
 

  
 
𝑥𝑖 ≥ 𝑥𝑗 + 𝑙𝑗 −𝑀(1 − 𝜃𝑖𝑗

𝑅𝑓𝑖𝑗)

𝑥𝑗 ≥ 𝑥𝑖 + 𝑙𝑖 −𝑀(1 − 𝜃𝑖𝑗
𝐿 𝑓𝑖𝑗)

𝑦𝑖 ≥ 𝑦𝑗 +𝑤𝑗 −𝑀(1 − 𝜃𝑖𝑗
𝑇𝑓𝑖𝑗)

𝑦𝑗 ≥ 𝑦𝑖 + 𝑤𝑖 −𝑀(1 − 𝜃𝑖𝑗
𝐵𝑓𝑖𝑗)

𝜃𝑖𝑗
𝑅 + 𝜃𝑖𝑗

𝐿 + 𝜃𝑖𝑗
𝑇 + 𝜃𝑖𝑗

𝐵 − 𝑓𝑖𝑗 ≥ 0

                            (8) 298 

𝜃𝑖𝑗
𝑑(𝑑 = 𝑅, 𝐿, 𝑇, 𝐵) are four binary variables to indicate whether room 𝑖 is on the right, left, 299 

top or bottom side of room 𝑗. 𝑀 is a constant large enough to ensure the inequalities in all 300 

situations. The last inequation indicates that either two rooms are not on the same floor (𝑓𝑖𝑗 =301 

0), or they are on the same floor and should not overlap with each other (𝑓𝑖𝑗 = 0 and at least 302 

one 𝜃𝑖𝑗 equals 0).     303 

Figure 6: User interface of room dialog for editing requirements. 
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Boundary 304 

    A room can be placed on one of the edges of the floor's contour for specific need. For 305 

example (see figure 8 A), in northern hemisphere it is preferred to have living room or bedroom 306 

facing toward south for more sunshine. In this case, assuming there are $n$ south edges on the 307 

floor $k$, the constraint is described in equation 9: 308 

{
 

 
𝑥𝑖 ≥ 𝑥𝑘𝑙1 −𝑀(1 − 𝛽𝑘𝑙𝑓𝑘𝑖)

𝑥𝑖 + 𝑙𝑖 ≤ 𝑥𝑘𝑙2 +𝑀(1 − 𝛽𝑘𝑙𝑓𝑘𝑖)
𝑦𝑖 ≤ 𝑦𝑘𝑙 +𝑀(1 − 𝛽𝑘𝑙𝑓𝑘𝑖)
∑ 𝛽𝑘𝑙𝑓𝑘𝑖 ≥ 1𝑘=1,𝑙=1

                                               (9) 309 

𝛽𝑘𝑙 is a binary variable denoting one of the south edges on floor 𝑘 which is selected to be the 310 

adjacent edge to the room 𝑖. The first three inequations indicate that the bottom edge of the room 311 

and one of the south boundaries in the building overlap with each other. The last inequation 312 

ensures that such of a south boundary must exist in the building.     313 
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     314 

Adjacency 315 

    The adjacency relationship between rooms can be specified for user's different preference. 316 

For example, a guest bathroom is usually adjacent to the entrance, or the master bathroom is 317 

connected to the master bedroom. 318 

{
 
 

 
 

𝑥𝑖 ≤ 𝑥𝑗 + 𝑙𝑗 − 𝑑𝑐𝑖𝑗
𝑥𝑗 ≤ 𝑥𝑖 + 𝑙𝑖 − 𝑑𝑐𝑖𝑗

𝑦𝑖 ≤ 𝑦𝑗 + 𝑤𝑗 − 𝑑(1 − 𝑐𝑖𝑗)

𝑦𝑗 ≤ 𝑦𝑖 + 𝑤𝑖 − 𝑑(1 − 𝑐𝑖𝑗)

∑ 𝑓𝑘𝑖𝑓𝑘𝑗 = 1𝑘=1

                                           (10) 319 

Figure 7: User interface of topological graph, representing 

adjacency of rooms. 
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    Two rooms can be either horizontally or vertically connected. When the binary 320 

variable 𝑐𝑖𝑗 = 1, it means two rooms are connected with an overlap of their top/bottom edges. 321 

In this case the first two inequations ensure a minimum connected length so that a door can be 322 

placed, and the third and fourth inequations forced such an overlap of their edges (see figure 8 323 

B). The last inequation ensures that these two rooms have to be on the same floor.  324 

There are requirements which depend on the room type or building type, and from such 325 

requirements specific constraints can be defined. For example, in a building with multiple floors, 326 

the position and dimension of the stairway on each floor should be the same, i.e. the value of 327 

(𝑥𝑖 , 𝑦𝑖 , 𝑙𝑖 , 𝑤𝑖). In addition, the space with type "Entrance" should be subject to a boundary 328 

constraint, which means it must be placed on one of the edge of the entrance floor's contour. 329 

Figure 8: Example of requirements. A. Boundary requirement. B: 

Adjacency Requirement. 
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4.3. Solving mathematical optimization problem 330 

The mathematical model which is formulated above is a mix-integer nonlinear programming 331 

(MINLP) problem, which can be solved by using mathematical solver based on the branch-and-332 

cut algorithm [24] and interior point method [6]. In the SDaC Layout Designer, the SCIP 333 

Optimization Suite [3] is used. It consists of some software packages centered around the 334 

constraint integer programming framework SCIP, which are used to generate and solve mixed 335 

integer nonlinear programs. The SCIP framework provides various interfaces for different 336 

programming languages and mathematical modelling languages, while a number of solvers can 337 

also be linked and used by it. 338 

The SCIP Optimization Suite allows full control of the solving process, hence it is possible 339 

to retrieve the intermediate results during the solving process. These results might not be 340 

globally optimal, but they are still feasible solutions and the building layouts derived from them 341 

could still be chosen for other reasons such as aesthetic aspect, since the layout design is by all 342 

means a user-driven task. 343 

4.4. BIM model export 344 

Both Streamer EDC and SDaC Layout Designer support export of openBIM model from the 345 

generated layouts. The results can be saved as IFC data, including the building elements such 346 

as floors, walls, doors and windows. The properties of these building elements are saved, as well 347 

as the connecting relationships of the walls and openings elements such as doors and windows. 348 
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Moreover, the space boundaries are also exported, providing the possibility of energy simulation 349 

in further use case. 350 

5. Test Cases 351 

Both projects have different use cases. Using a similar data set results in certain differences. 352 

The following list of rooms from a real-world example is used in both examples: 353 

Room name Area (m2) 

Lobby 4.42 

WC 1.62 

Hallway 3.84 

Living room 35.95 

Dining room 6.35 

Corridor 3.84 

Children’s room 12.19 

Bedroom 18.46 

Bathroom 10.55 

The outer hull of the building has a size of 6.2 m by 11.87 m and a wall thickness of 30 cm.  354 Jo
urn
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5.1. Examples of Streamer EDC 355 

The room list has been extended with STREAMER specific default values (Room Type, 356 

Functional Area Type, Bouwcollege Layer, Hygienic Class, Access Security, User Profile, 357 

Equipment, Construction and Comfort Class). Figure 9 shows an example layout generated by 358 

EDC. Outer hull and free spaces have to be predefined. Corridors and stairs have been removed 359 

from the model, as they are set manually at a predefined position.  360 

Figure 9: Example of a layout generated by EDC. 
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The Streamer EDC is not able to fix the position of a room automatically. The layout has to 361 

be manually pre-limited to a layout with restricted free spaces before the evolutionary 362 

computation (see figure 10). 363 

5.2. Examples of SDaC Layout Designer 364 

The room list above is added with more detail requirements such as target length, width, as 365 

well as some adjacency constraint. The extended room list is then applied in the SDaC Layout 366 

Designer. Figure 11 shows an example of layout generated by the SDaC Layout Designer, it 367 

represents the optimal solution of the mathematical programming problem. The walls are 368 

Figure 10: Limited predefined free spaces (gray) for a building, 

one story and a reserved area for stairs (white) 
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automatically added with a predefined parameter. The door between the rooms represents the 369 

adjacency constraint in the room list. A door is added for the room with type "Entrance" to 370 

connect to the outside. 371 

Figure 12 shows another example of layout, which is retrieved from a suboptimal solution of 372 

the mathematical programming problem. Compared to those in figure 11, some of the rooms in 373 

this layout have different sizes and positions, which still fulfilling all the requirements in the 374 

room list.  375 

5.3. Export of openBIM model 376 

Figure 13 shows the IFC model exported from the generated result by SDaC Layout Designer, 377 

since it supports exporting more entities than Streamer EDC. The doors between rooms 378 

represent the adjacent constraint defined in the program of requirements. The door which 379 

connects the building and the outside is defined by the room type "Entrance". The IFC data can 380 

be read and edited by most CAD-Softwares such as Revit, ArchiCAD, etc. 381 

6. Discussion and Comparison 382 

In this paper, two approaches are proposed for the automatic layout generation, the Streamer 383 

EDC and the SDac Layout Designer. The Streamer EDC uses evolutionary strategies to generate 384 

layout for large-scale building. It combines the rules and program of requirements as input for 385 

the optimization process during the evolution. The SDaC Layout Designer relies more on a 386 

detailed program of requirements to generate layout for residential building. 387 
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6.1. Limit of introduced approaches 388 

The building outline is restricted as axis-aligned polygon, while the rooms can only be 389 

rectangle. Although this is sufficient at the early design phase, but it still needs manual 390 

adjustment for the final design and construction. It is possible to use more complex rectilinear 391 

shapes in the optimization model, but this would increase its number of variables and 392 

constraints, resulting in much more time in the computation. 393 
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The Streamer EDC is developed for the layout generation of health-care building, which is 394 

mostly large scale. One of its most significant goals is to cluster rooms in different area to fulfill 395 

their functionalities. It is found out that the generated layouts differ most of the time, when the 396 

evolutionary computation has to be paused manually, and the theoretic optimum is difficult to 397 

reach in large-scale problem, meaning that the solution that is found is usually a random 398 

suboptimal solution. 399 

Figure 11: Example of optimal layout generated by SDaC Layout Designer  
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The SDaC Layout Designer focuses more on proposing interior layouts for residential 400 

building, which means the requirements of every room are more specific with details. With basic 401 

requirements such as area limitation, various layouts can be retrieved from the suboptimal 402 

solutions found in the optimization. Since there are fewer constraints it would take much more 403 

time to search for all the feasible solutions. When more concrete requirements are added, such 404 

as boundary requirements and adjacency requirements, the feasible region, if still exists, is more 405 

limited and it would take less time for the solver to find feasible solutions. 406 

One of the differences between the Streamer EDC and the SDaC Layout Designer is, how the 407 

room list is configured. In EDC the room type and the amount is given in every room definition, 408 

meaning there should be a certain number of rooms having the similar features. In the SDaC 409 

Layout Designer, every single room has its own definition. Besides, the rooms in Streamer EDC 410 

are connected through a corridor, which is a predefined structure that separates an area into 411 

smaller domains. Such structure would not be given any requirement like those of the rooms. In 412 

SDaC Layout Designer, however, such corridor should either be given as an individual "room" 413 

with specific adjacency requirement in the room list, or be predefined with fixed position and 414 

size. 415 

6.2. Conclusion 416 

As we see, both programs can generate interior layouts and export IFC data [15]. The core 417 

process in both programs is the comprehensive preparation of the program of requirement, 418 

which still requires certain human labor to configure. It is not easy to assure that from a given 419 
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room list there is always a solution to represent a layout, therefore it would be more efficient 420 

when there is a system to verify if it is possible to generate a layout from the given room list. 421 

Such mechanism should be able to verify if the total usable area is large enough or not, or if the 422 

adjacency requirements can form a feasible topological graph. Moreover, generative artificial 423 

intelligence (GAI) is becoming more and more significant nowadays, if it could be applied to 424 

configure the room list, the generating process could be more efficient and more precise. For 425 

Figure 12: Example of suboptimal layout generated by SDaC Layout Designer  
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example, there is already research on generating topological graph by using neural networks 426 

[18]. But this requires a comprehensive analysis of present floorplans as training data, which 427 

would be a part of future research. Another possibility is to combine the clustering function in 428 

Streamer EDC and detail arrangement in SDaC Layout Designer. A hierarchical process could 429 

then be applied in different use cases such as large-scale buildings or residential house. 430 
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Figure 13: Exported 3D Model 
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• Introduction of rule based floor plan generation from program of requirement (PoR) in early design 

phase. 

• Evolutionary algorithms for large scale building layout generation. 

• Mathematical programming for residential house layout generation. 

• Generation of conceptional 3D building information models (BIM) 
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