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Abstract. Can architectural design be automated? The development 
of CAAD tools led to the point where this question can be relevant. To 
prove that some branches of architectural design can be automatized to 
a substantial extent we aimed at building a digital tool able to perform 
automated preliminary design of residential building in the typology of 
a point block (tower). The algorithmic process was split into three 
consecutive stages corresponding to the traditional design method: 
massing, floorplans layouts and apartments design. The workflow is 
linear, with some form of feedback-loop-driven optimization. The 
result of the study is an algorithmic tool in the Rhino + Grasshopper 
environment automatically proposing a point block of optimal size, 
position and orientation on a given plot, dividing the floorplans into 
flats of optimal size structure and solving the flat layouts. The system 
proved to be working on different plots where the existing buildings 
were used as a reference for performance evaluation. 
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1. Introduction 
“Not all things architectural can be arrived at through drawing” (Evans, 1986) wrote 
Robin Evans pointing on the inevitable separation architects encounter between 
drawing, the traditional medium of design, and building, the final outcome of their 
work (Iwamoto, 2009). Design methods based on software and scripting that emerged 
and became popular among architects (Mitchell, 1970; Alexander, 1967; Stiny & Gips, 
1971) aim at bridging this gap. Currently, Computational Design (CD) challenges 
previous architectural design conventions and praxis which were heavily based on 
manual drafting (Rocker, 2006). CD approaches are increasingly important in 
architecture (Duarte, 2005; Knecht & Koenig, 2010; Kwieciński & Pasternak, 2016; 
Dogan, et al., 2015; Guo & Li, 2017; Hamacher & Kjølsrud, 2014), and Algorithmic 
Design (AD), which is based on algorithms (Terzidis, K., 2004) to generate designs, is 
one of the most promising. Even though not everything in architecture is quantifiable, 
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geometric and interdependent (Meredith, Sasaki, 2008), the AD is the key to 
automation which, besides enhancing design exploration, helps to deal with recurrent 
changes, to obtain results quicker, and supports optimization (Canestrino, G. 2021). 

Considering the complexity and diversity of the design process, apartment 
buildings represent a promising field for automation because of the large number of 
quantitative factors that must be included, e.g.: efficiency, minimum insolation, view 
obstruction (screening) and strong interdependencies like parts-to-whole and whole-
to-parts relation and repetitiveness of units. They all are being addressed at the 
beginning of the design process - Massing Study (MS) that aims at the optimal 
distribution of built form on the plot. The outcomes of MS are 3D building envelope 
and data on areas, types and number of apartments in it. The process is extremely time-
consuming as it requires considering both the complex geometric relationships as well 
as the parameters defined in building code and zoning acts like coverage, density, 
heights, setbacks, daylighting and others. 

Recently, several tools for MS appeared such as Autodesk Spacemaker or Digital 
Blue Foam (DBF). They enable very simplified generation of building blocks and their 
approximate comparative analyses, which do not, however, ensure that the designed 
solutions are the best ones. The generative methods implemented in both projects 
require manual input with strong assumptions from the designer to present interesting 
results. They are rather tools designed to simplify the study of urban compositions 
equipped with the preliminary analysis of results, than programs for optimization or 
automation of architectural design. Some other tools developed to automate the 
residential architecture design such as PRISM, works of Hersey and Freedman (1992), 
Duarte (2005), are based on shape grammars. Some works incorporate ML with voxel 
sampling – Koh (2023). Another approach is evolutionary simulations in concept 
creation augmentation such as works of Dogan, Saratsis and Reinhart (2015), Nahara 
and Terzidis (2006), Showkatbakhsh & Makki(2022), a modular building performance 
assessment and optimization tool (Kiss, Szalay, 2022) or MOT - a script generating, 
analysing, and optimizing a 3D model of an apartment building (Jansen, Piątek, 2020). 
None of them covers the conceptual design process comprehensively, from site 
location and geometry and desired flat structure to apartment design. 

2. Methods 

This project aims at demonstrating that for relevant architectural conceptual tasks we 
can already effectively use AD running on standard PCs. To simplify the problem, we 
limited the task to MS for single buildings and focused on the typology of a point block 
(tower). Despite this simplification the range of the task (“from site to apartments”) is 
still comparable to a real-life situation in architectural practice. Our Design 
Algorithmic Tool (DAT) was developed in Rhinoceros (ver. 6 and 7), Grasshopper 
(v.1.0.0007), Wallacei optimization add-on (v.2.7), LunchBox (v.2020.11.2.0) and 
EleFront add-on (v.4.3.0 and 5.0.0). Computer specs: 8 core @4200 MHz AMD Ryzen 
7 5800X CPU with 2 x 16 GB RAM @1600 MHz, Windows 11 Pro. 

DAT works in three main stages – Optimum Massing, Floor Layouts & Apartment 
layouts. This division corresponds to the traditional design performed by human. To 
search for the best solution DAT operator must change the input parameters (such as 
the expected number and size of flats) and repeat the process. 
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2.1. STAGE 1 – MASSING 
This stage is focused on shaping and placing the building as efficiently as possible, 
according to zoning and building code. To do so design is optimized with several 
factors that are crucial to follow to provide a healthy and habitable space.  

Firstly, the 3D maximum envelope is created, which represents the space possible 
to be filled by the building without casting shadows on the existing buildings. In the 
beginning the plot boundary is inset according to the required setbacks. The remaining 
plot area is extruded to the maximum allowed height. Then Ladybug sunlight analysis 
is used to get proper sun vectors hitting the windows of nearby buildings (according to 
Polish Building Code at least 3 hours of sunlight at equinox is required). The vectors 
that collide with 3D plot boundary volume are transformed into slicing planes which 
cut off the top of the 3D extrusion to get the final volume where the building can be 
placed. Then a schematic building (simplified to cuboid) is placed on the plot (Fig. 1).  

Secondly, we use the multi-objective evolutionary algorithm NSGA-II through 
Wallacei, which after translating the factors into numbers enabled to easily minimize 
all negative impacts that can occur during the massing stage. All parameters of building 
such as position, side lengths, number of floors and height are controlled by the 
algorithm and can be optimized. Several objectives are evaluated. The first objective is 
responsible for controlling if the building fits inside the defined boundary volume. The 
surface of the building is divided into hundreds of points. The algorithm minimizes the 
number of points outside the volume. Second objective is responsible for maximizing 
the gross floor area to achieve maximal residential space simultaneously minimizing 
the footprint of the building. The third objective is responsible for providing at least 3 
hours of sunlight to all residential flats of the designed building. To do so, the number 
of vectors colliding with nearby buildings is minimized. The fourth objective is view 
obstruction defined according to the Polish Building Code. The algorithm minimizes 
the number of windows not meeting the view obstruction rule. The fifth objective is 
responsible for adjusting the building to the urban composition of the site. It analyses 
each of the nearby buildings in a specified distance range and selects the most repetitive 
and dominating facade direction and adjusts the rotation of the building to it. 

Figure 1. Massing optimization steps: 1) Creating a volume according to the plot. 2) Reducing the 
volume by splitting form to comply local law and sun accessibility. 3) Matching the best possible 

solution for the building inside the volume. 
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2.2. STAGE 2 – FLOOR DIVISIONS 

  Number of 
rooms  

Min – max 
area [m2]  

Min – max 
depth [m]  

Min – max 
length [m]  Possible aspect  

M1  1  25 - 37  
5,93 – 7,12  

5,12 – 6,02  Single 

M2  2  37 - 55  6,02 – 8,97  Single or corner 
M3  3  55- 70  

5,93 – 8,12  

7,42 – 10,42  Corner 

M4  4  70 - 100  10,45 – 14,72  
Corner or triple  M5  5  100 - 150  11,00 – 18,00  

Table 1. Selected parameters used as rules for apartment evaluation. 

The goal of this stage is setting the circulation core and apartment outlines on every 
floor in a way that the MS meets the desired apartment schedule, containing desired 
fraction of building area taken by each apartment type. The algorithm based on 
exhaustive search method tests many floorplan variants generated automatically. 

The process of creating a floor division begins with placing a core in the centre of 
the floor. Dividing the floor into apartments starts from creating 4-apartment layouts, 
using 6 (Fig. 2) schemes based on Polish building code and common practice in 
residential architecture design. Secondary divisions are then added, with the constraint 
of not creating single-aspect apartments facing north. By picking sets of primary and 
secondary apartments divisions, layouts with 4, 5, 6, 7 and 8 apartments are generated. 
Apartment labels are then assigned based on predefined areas. Floorplans with 
apartment areas and width outside accepted range are eliminated. The apartments 
which exceed the depth limit are narrowed (Table 1). After creating all possible 
floorplans for the initial core position, a recursive algorithm moves the core by a fixed 
value in 8 directions and repeat the process to provide a greater variety of versions. 

Next, pairs of floorplans are created by matching a layout and its subdivision to 
guarantee a logical building structure. It was proven through trial and error that using 
two different floorplan schemes allows to fulfil any apartment schedule to a satisfying 
extent. Variations are then created, consisting of given two floorplans distributed 
differently amongst all available stories. E.g. if the building consists of 5 floors in total, 
there could be 0 floorplans A and 5 floorplans B, 1 floorplan A and 4 floorplans B, etc. 
For each pair of layouts, percentage of total building area taken by each apartment type 
is calculated. Pair evaluation is based on calculating the difference between the 
obtained and the desired percentage for each type and finding the biggest difference for 
each pair. The best solution is the one in which that value is the smallest. 

Figure 2. Six basic floorplan layouts with their secondary division variants (shown in dotted lines). 
Mirrored variants not presented. 

  

494



AUTOMATING THE ARCHITECTURAL DESIGN OF APARTMENT 
POINT BLOCK 

2.3. STAGE 3 – APARTMENTS 
Basing on an assumption that there is a finite number of acceptable floorplans that fit 
into a standardized rectangular shape, it is possible to create a database of verified 
apartment layouts chosen and adapted to a given boundary. In DAT 5 typical apartment 
layouts were predefined (M1-M5). Each plan is described by parametric, geometric 
variables that can be modified within a defined scope (Figure 3). 

Figure 3. Selected typical layouts and their min. and max. boundaries (dotted lines). 

Upon the algorithm’s start, each apartment set in stage 2 is assigned as one of the 
floorplan types, depending on its area (Table 1). For the simplification of the algorithm, 
the area ranges are programmed to be disjunctive and continuous, hence there is always 
one best match to be chosen. As the numerical data comes from the previous step, 
alongside the guaranteed proportions, no further analysis is needed. The flat is then 
divided into day and night zones – their proportions are adjusted depending on the 
overall size of the flat. Further divisions follow several shape-grammar rules that allow 
for adaptive non-uniform scaling. One of them is a maximum and a minimum width 
of each room type based on the functional analysis of possible furniture and window 
placements. When the outline is ready, the doors are placed. To prove to correctness of 
the layout the kitchen top and water fixtures in the bathrooms are marked. 

3. Results 
The whole workflow starting with massing optimization and ending with apartment 
layout design was tested in real locations in Warsaw, Poland, on the plots with existing 
single point blocks and zoning parameters regarding maximum height and maximum 
density available. For the test purposes the existing point blocks were eliminated from 
the site 3D model and the DAT’s goal was to design a building in this place (Figure 4). 
The difference between existing building and the proposal generated automatically was 
used for evaluating DAT’s performance (Table 2). 

DAT takes up to 25 minutes to complete. Average calculation times per task are: 
Plot analysis: 20sec; Massing optimization: 16 min (@Generation Count = 100, 
Generation Size = 25); Floor Divisions: 6min; Apartments Layout: 2 sec. The process 
can be shortened by reducing generation count or size during the evolutionary 
optimization.  
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Figure   4. Results. Single point blocks and their layouts generated on 5 different plots. Referenced 
existing buildings shown in dashed lines. 
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  Plot 1  Plot 2  Plot 3  Plot 4  Plot 5  
Location in 

Warsaw  
Rzeczypos- 
politej 33  

Lasek 
Brzozowy 12  Branickiego 9  Elbląska 

55  
Szolc-Rogo-
zińskiego 17  

GFA [m2] 1 221  4 989  1 411  1 467  8 604  
ref. GFA [m2] 1 613  8 303  2 368  1 213  9 565  

GFA/  
ref GFA [%] 76 60 60 121 90 

No of floors  3  11  3  3  15  
Building 

height [m] 13 4  13  13 50 

Max height [m] 14.5 40 14.5  15 50 
Apartment 
schedule 

goal/ 
achieved 

[%] 

M1 
M2 
M3 
M4 
M5 

20 / 17 
20 /17 
35 / 43 
20 / 17 
5 / 6 

20 / 22 
20 / 17  
35 / 35 
20 / 20 
5 / 6 

30 / 36 
20 / 9 

30 / 32  
15 / 22 
5 / 1 

10 / 21 
10 / 16 
40 / 37 
20 / 11 
20 / 15 

10 / 15  
30 / 25 
30 / 25  
20 / 30  
10 / 5 

 Table 2. Results comparison. 

Results are analyzed by comparison to values known from existing buildings, 
which are assumed to be valid. The ratio of achieved GFA to the GFA of the referenced 
building is used to evaluate Stage 1 – Massing. Based on five presented cases GFA 
ratio remains between 60% and 121%. The achieved results are better if the referenced 
building plan is approximate to a rectangle, which is a logical result of our 
simplification in applying the cuboid as the only possible shape. 

Stage 2 is evaluated by comparing the proposed and desired apartment. Similar 
ratios are desirable. There is a noticeable correlation between a higher number of 
building floors and better results. Maximum difference between the goal and the result 
is 11 percent points for M2 in 3-storey building (Plot 3). Minimum difference is 0 
percent points for M3 and M4 in 11-storey building (Plot 2). Because only two different 
layouts are assigned for the whole building - more floors allow for better apartment 
structure fine-tuning. 

Stage 3, the apartment layouts generation should be evaluated as non-numeric data 
regarding known residential architecture design principles. Figure 4 presents that all 
plans are drafted correctly and that they match the schematic floor layout. 

4. Discussion 
Despite the positive results presented in the work, in the authors’ opinion, it should be 
clearly emphasized that at the current stage the tool development has a number of 
serious limitations, which include, above all:  

● Limiting the number of buildings to one: For the further development of the project, 
it would be particularly important to enrich the functionality by generating more 
than one building on one plot - such an analysis is more complex but it would make 
the algorithm applicable in much wider group of design cases.  
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● Limited typology: The functionality of the algorithm should also be extended to 
generate buildings other than point blocks. Shape radically simplified to cuboids 
does not allow for using the maximum available space for the building. 
Improvements like podiums or recessed floors would be easy to implement and 
interesting. 

● Flat topography assumption: At the current stage the tool assumes that any terrain 
provided is flat and can be freely built-up.  

● Limited performance: DAT’s computation time varies depending on the machine 
used, as well as the complexity of a given problem, but some optimizations such as 
replacing exhaustive search algorithms in stage 2 could be implemented. Number 
of nearby buildings, and size of the analyzed plot makes crucial difference in tool 
workflow. In case of multiple spaces where building can be generated the 
evolutionary part of the algorithm should process adequately larger generation size 
in goal of broader spectrum of results at early generations.  

● No parking analysis: A significant improvement in the work of the algorithm would 
be the ability to analyze the zoning requirements for parking and the possibilities of 
the plot in this respect. 

● Human interaction is limited to setting the input data. Manual form-finding can be 
done by manipulating the shape of the plot that impacts the footprint. 

5. Conclusions 
DAT aimed at verifying the thesis that architectural design process can be effectively 
automated with algorithmic tools at any stage, with particular emphasis on the creative 
conceptual stage. This thesis was proved by using the algorithm in designing the initial 
urban and architectural concept of a multi-family residential building. The tool defined 
both the optimized massing of the building as well as the apartment layout taking into 
consideration the desired apartment schedule. The project is developmental in nature 
and leaves a lot of room for expansion of the implemented functions. 

The difference between DAT and tools such as DBF or Spacemaker is that the 
presented approach is fully automatic and contextual. It aids in the conceptual phase 
automatically producing viable solutions while the other tools don’t approach the 
conceptual design process holistically starting with the preliminary massing and ending 
with the apartment design, as well as universally to the point that the automation could 
be performed on any plot meeting the basic criteria (such as maximum size). 

We have presented a new simple optimization tool proving that the conceptual 
phase of architectural design is prone to automation. The Tool was verified on 5 
reference building plots in Warsaw, Poland. The results delivered by DAT show that 
the system quickly produces reasonable solutions within the initial limitations 
proposing solutions in the range of 60% to 121% referenced GFA. The use of both 
multi-objective optimization and exhaustive search algorithms within one pipeline 
proved to be effective and fast compared to traditional design process. The results 
presented show that DAT should be developed further in order to eliminate its 
shortcomings and optimize its performance. 
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