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Abstract 
Design and detailing decisions result from numerous considerations and boundary conditions. 
Such decisions highly influence the cost and performance of the final design. Typically, architects 
and engineers tend to employ their domain knowledge and reuse successful detailing patterns 
that fulfill the current needs and boundary conditions. Detailing patterns are described through 
building information and the rationale behind them. This paper presents a Parametric Building 
Graph (PBG) for capturing detailing patterns. Additionally, it proposes a framework for 
automatically transferring those patterns to new projects. In more detail, detailing patterns are 
stored as subgraph templates, and then when detailing a new building, a pattern is matched and 
replaced across a graph representation of the building using Graph Rewriting Systems (GRS). 
Finally, the detailed building graph is brought back to the BIM-authoring tool. The paper is 
concluded with a feasibility study that demonstrates the realization of the proposed approach in 
a prototype and a use case. 
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1 Introduction 
Building designs are wealthy with numerous implicit design decisions and domain knowledge. 
Every construction project must ful�ill various owner requirements, regulations, as well as 
boundary conditions (Strug & SŚ lusarczyk 2017). Accordingly, as depicted in Figure 1, satisfying 
these requirements is re�lected within the selected architectural concepts (concept level).  

  
Figure 1. Illustration of the design process through abstraction levels 

 The selected concepts are then realized through modeling and detailing the individual 
elements, including their geometric and semantic information as well as their topological 
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relationships and functional dependencies (design level). For example, a site of a residential 
building close to a highway (where traf�ic is high) requires careful consideration of the designed 
facade, especially in terms of noise reduction techniques. On the other hand, a site facing a nature 
preserve fosters using curtain walls or big windows. Detailing decisions can be as simple as 
deciding on the position of a staircase or as complex as selecting the type of junction between 
walls and slabs, including choosing the combination of their material layers (Schneider-Marin & 
Abualdenien 2019).  
 Detailing decisions signi�icantly in�luence the performance of the resultant building design 
from various aspects, including energy ef�iciency, cost, and comfort (Abualdenien & Borrmann 
2019). Hence, designers typically produce and detail multiple design options to explore and 
evaluate several possibilities at the different phases (Exner et al. 2019). Furthermore, although 
each construction project is unique in its context, designers tend to rely on their domain 
knowledge gained from previous successful projects, following a similar combination of building 
information and their dependencies for achieving similar function or performance. Examples of 
detailing patterns can be the selected material layers of exterior walls from a speci�ic side of the 
building, adding windows shading, or the type of joints between walls and slabs, which has a 
major impact on the transmission of thermal energy and sound (Châteauvieux-Hellwig et al. 
2021). Detailing rationale includes the context information necessary to apply such patterns, such 
as the element’s relative position to the storey’s entrance and building’s orientation (taking into 
account its sun path during the different seasons). Such domain knowledge is bene�icial when 
detailing design options or designing new projects. However, currently, detailing decisions are 
embedded in building models, and detailing rationale is implicit in the designers’ minds, 
hindering their proper management and reuse.  

This paper introduces a parametric building graph (PBG) to capture detailing patterns, 
including the geometric, semantic, topological relationships and the rationale behind them. 
Additionally, it proposes a framework for automatically transfer detailings from one design to 
another, using graph transformation systems. The development of the PBG was based on 
reviewing the currently existing graph representations in the Architecture Engineering and 
Construction (AEC) industry. 

The paper is organized as follows: Section 2 discusses the background and related work. 
Section 3 presents the research methodology, categorizes existing graph representations in the 
AEC industry, and proposes a practical framework for transferring detailing patterns. A feasibility 
study is presented and discussed in Section 4. Finally, Section 5 summarizes our progress hitherto 
and gives an outlook for future research. 

2 Background and Related Work 

2.1 Graph representations in the AEC industry 
For more than a decade, graph structures were used in the AEC industry for various use-cases, 
including path planning (Rüppel et al. 2010; Hamieh et al. 2020), retrieval of similar designs 
(Langenhan et al. 2013), integration of heterogeneous building models (Hor et al. 2016), and 
encoding or engineering knowledge (Vilgertshofer & Borrmann 2017). Graphs structures are 
popular in the different domains due to their ability to represent complex relationships, which is 
the case in BIM (Isaac et al. 2013).  
 According to the graphs developed in the BIM domain, graphs include nodes representing 
building elements, in some cases their properties as well, and edges represent the relationships 
between them (Khalili & Chua 2015; Denis et al. 2017; Donato 2017; Ismail et al. 2018). 
Depending on the use-case, graphs could be as simple as raw nodes and edges, or attributed, 
where nodes and edges hold attributes (key-value pairs). The existing graph representations will 
be discussed in more detail in Section 3, where a categorization of these efforts is provided. 

2.2 Computational design synthesis and graph rewriting 
The �ield of Computational Design Synthesis (CDS) aims to formally describe design knowledge. 
Graphs structures are computationally well supported and capable of describing modular 
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product models. The concept of graph rewriting is described as a production system based on the 
combination of nodes and edges and their transformation rules (Helms et al. 2009).  

Graph rewriting systems (GRS) are prevalent in capturing real-world and engineering design 
rules to synthesize design solutions (Chakrabarti et al. 2011). Rewriting systems are being 
investigated for more than a decade on formalizing design space of multiple domains, including 
mechatronic products (Helms et al. 2009), automotive powertrains (Helms & Shea 2012), multi-
scale shield tunnel products (Vilgertshofer & Borrmann 2017), layout generation of architectural 
designs (Ruiz-Montiel et al. 2013) and evaluation of the connectivity of design solutions (Donato 
2017). Performing graph rewriting requires three main parts: an original graph, a transformation 
subgraph, and a set of logical rules that match a particular subgraph pattern and perform a set of 
operations, including altering, deleting, or replacing nodes, edges, and their attributes. The result 
is an updated graph, where each matched pattern from the original graph is modi�ied according 
to the logical rules.  

The proposed framework in this paper for transferring detailing patterns from one building 
model to another makes use of GRS. The building model is represented as a graph, and the 
detailing decision is represented as a subgraph. Then, based on de�ined matching and rewriting 
patterns, the rewriting system produces a detailed graph of the building model. 

3 Methodology 
The hypothesis of this paper is divided into two main parts: (1) detailing patterns, including 
building information and the rationale behind them, can be captured using a graph 
representation. (2) GRS are capable of automatically transferring detailings between models 
through automatically generated rewriting rules. 

3.1 Proposed approach for capturing and transferring detailing decisions 
The proposed methodology is illustrated in Figure 2. First, designers formulate a detailing 
pattern, through a BIM-authoring tool, by selecting building elements, spaces, their relationships, 
and context information. When formulating a pattern, designers specify which information 
belongs to detailing and which belongs to reasoning when to apply it.  
 

 
Figure 2. Proposed approach for capturing and transferring detailing decisions between models 

 A detailing pattern could include information of one or multiple elements. Such information 
includes: (1) geometric representation, such as shape, material layers, and junction types, (2) 
semantic information, represented with properties that include �ire rating, load bearing, etc., (3) 
context information, describing relations to the nearby elements and the corresponding storey, 
building, or site. Examples of this context information could be the bounding room types, adjacent 
and accessible room types, distance from the entrance, or side of the building. The formulated 
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pattern is transformed into a graph representation and stored as a template in a data store. In the 
end, a detailing pattern can be described as: 

Detailing Pattern = Matching Pattern + Rewriting pattern ( 1 ) 

  Where the matching pattern �inds the corresponding elements and the rewriting pattern 
speci�ies which nodes, edges, and attributes should be added, updated, or deleted. When 
designers detail a new design option or a new project, they can browse and select one of the 
stored patterns. As described before, transferring a detailing pattern to another model is based 
on GRS. Hence, the new model has to be transformed into a graph representation to apply the 
selected pattern on it. Applying the detailing pattern involves �inding all its matches within the 
model graph. Then its corresponding nodes, edges, and their properties will be transformed with 
information from the rewriting pattern, producing a detained BIM model graph. Finally, the detail 
graph is transformed back into a BIM model inside the BIM-authoring tool. 

3.2 BIM-authoring tool and detailing decisions 
An essential step for storing and applying a detailing pattern is the transformation of building 
information from the BIM-authoring tool to a graph, and then back to the BIM-authoring tool after 
the application of detailing. In this paper, we selected Autodesk Revit1 as a BIM-authoring tool 
since its API provides the ability to collect all the necessary information about building elements 
and their topological dependencies. 

Currently, BIM-authoring tools provide various kinds of analysis2 and advanced detailing 
information2 in a parametric way. Accordingly, practitioners are provided with a user-friendly 
interface for detailing their models and specifying geometric constraints. Such capabilities were 
leveraged by researchers for multiple purposes, including performing automatic code compliance 
checking through the de�inition of calculated parameters (Patlakas et al. 2018). As designers use 
the functionalities offered by the BIM-authoring tool to develop their models, we have evaluated 
all the possible actions a designer can perform to detail a building model. This helps in con�ining 
the scope of this research, providing a practically applicable approach. Figure 3 shows a 
categorization of the possible detailing decisions. There are three main categories, geometry, 
semantics, and joints/connections. Geometrically, a designer can add a new geometric element 
(like placing a wall) as well as modify the representation via modelling or changing geometric 
parameters. Modifying the representation via modeling involves manipulating the element’s type 
by re�ining or adding geometric shapes and parts.  

 
Figure 3. An overview of the available detailing decisions in BIM-authoring tools 

Additionally, BIM-authoring tools provide functionalities assisting the modi�ication of the 
geometry through manipulating a set of parameters using their user interface, such as adding a 
new material layer with a speci�ic thickness to a wall. The category of semantics is 
straightforward; a designer can add, modify, or delete a property. Finally, there are two main 
approaches for joining building elements, either horizontally (e.g., when joining two walls) or 
vertically (e.g., when joining a wall and a slab), where each has a set of possible options 
(enumeration). 

 
1 https://www.autodesk.com/products/revit/overview 
2 https://autode.sk/3rWjXc3 | https://autode.sk/3dEYcs1 | https://autode.sk/2RiNksB 
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3.3 Categorization of graph representations  
Based on our literature review, existing graph representations in the AEC industry can be 
categorized into four groups:  

(1) Space connectivity graphs: spaces are represented as nodes, and edges represent either 
or both of the accessibility and adjacency between the different spaces. Connectivity 
graphs were used for evaluating similarity between designs, in a sense of a �ingerprint 
(Langenhan et al. 2013; He et al. 2018), evaluating design quality (Donato 2017), 
reasoning about disability mobility (Strug & SŚ lusarczyk 2017), emergency path planning 
(Rüppel et al. 2010; Ismail et al. 2018), and security analysis (Porter et al. 2014). 

(2) Navigation graphs: for the purpose of simulating pedestrian’s behavior or navigating 
robots and drones, a space graph is not suf�icient. Therefore, a �iner graph representation 
is necessary, including additional special nodes representing visibility points (Kneidl et 
al. 2012) or navigation goals and interaction with the environment (Al Hattab & Hamzeh 
2018; Dubey et al. 2020). 

(3) IFC model graphs: multiple researchers have investigated transforming the IFC building 
models into graph representations (Khalili & Chua 2015; Ismail et al. 2018; Exner et al. 
2019). The resultant nodes do not only represent building elements, but also their 
geometric representations, material layers, and more since the IFC schema is 
substantially expanding with every new release to support additional use-cases 3. In a 
similar sense, ontology approaches were investigated in providing building 
representations for the purpose of seamlessly exchanging BIM models through web 
services, such as the Building Topology Ontology (BOT) (Rasmussen et al. 2019).  

(4) Knowledge representation graphs: multiple researchers have leveraged graphs for 
formalizing knowledge (Solihin & Eastman 2016; Vilgertshofer & Borrmann 2017) and 
linking heterogeneous data models (Hor et al. 2018), where a customized graph 
representation or the combination of multiple graph structures is used. The same applies 
to parametric models, where a speci�ic logic is embedded within the different graph 
nodes.  

 The category closest to our needs for capturing and transferring detailing decisions is the IFC 
model graphs. However, the IFC schema is a strict representation intended to be implemented by 
BIM software vendors to provide a neutral medium for exchanging BIM models. Accordingly, IFC 
is based on a relational model representation, where it includes objecti�ied relationships and 
properties. Such representation is not �lexible enough for capturing the custom detailing patterns 
and is not optimal for the usage as a graph “as-is”; various simpli�ications and manipulations are 
required. Additionally, transferring detailing patterns back to the BIM-authoring tools is an 
essential requirement for this research. Therefore, a simple graph structure that is capable of 
representing spaces and building elements, including their detailing, is necessary.   

3.4 Graph representation for capturing detailing patterns 
Based on investigated detailing decisions and reviewed graph representations in the AEC 
industry, the need for a new and simpli�ied graph representation that is capable of capturing 
detailing patterns was identi�ied. The meta-model of the proposed graph representation is shown 
in Figure 4. A graph comprises at least one node and can include multiple edges. The class 
ElementNode is the parent node class that holds attributes describing a node’s identity as well as 
its corresponding matching and rewriting patterns. In terms of geometric representation, the 
geometric parameters (including the geometric parts, their properties, and order), as well as the 
bounding box of each element, are captured.  

As inheritance nodes from the ElementNode, the GeometricElementNode and 
SpatialContainerNode capture an additional set of properties. Here we differentiate between 
geometric elements that are simple (e.g., a column or a one-layered wall) and assembly (e.g., 
multi-layered wall or multi-part components). The SpatialContainerNode represents any space 
that has an implicit representation, like a storey or a building, while the SpatialElementNode 

 
3 https://technical.buildingsmart.org/standards/ifc/ifc-schema-specifications/ 
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represents the actual spaces, (e.g., modelled rooms and zones). There are three main types of 
edges for describing the relationships between the different kinds of nodes: (1) ContainedIn 
(directed edge), describes the relationship between geometric and spatial elements, where the 
direction speci�ies the containment’s host, for example, a wall is ContainedIn a room, and an 
opening is ContainedIn a wall, (2) IsAdjacent (undirected edge), links adjacent spaces with each 
other, identifying their accessibility, and (3) IsConnected (undirected edge), describes the 
connections and joints between the geometric elements. The connection point between two 
elements is represented through the angle of their bounding boxes and a detailed connection 
position between their faces, using horizontal and vertical anchors and paddings. 

 
Figure 4. Parametric Building Graph (PBG): meta-model (UML diagram) 

 
Figure 5. Illustration of the captured positions, connections, and joints between building elements 
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 Figure 5 highlights multiple concepts that were discussed so far for describing the captured 
geometry. The horizontal and vertical joints show two different options for each. Additionally, 
when describing the connections between the bounding boxes of the elements, the angle, anchor, 
and padding are measured to describe their relative position as either a raw value or percentage. 

3.5 Graph rewriting systems for transferring detailing patterns 
As described previously, we propose transferring detailing patterns using GRS. Graph 
transformations are based on declarative rules that specify a set of modi�ications of graphical 
structures. The essential process of performing graph transformations matches a pattern graph 
within a large graph (a.k.a., host graph) and then applying graph modi�ications. Subgraph 
matching is known as an NP-complete problem (Geiß et al. 2006). A popular algorithm for 
overcoming such a problem is Search Plan (Batz et al. 2007). Search Plan is a heuristic 
optimization algorithm where a sequence of primitive matching operations is performed. In this 
regard, a cost value is assigned to the different operations. Accordingly, such algorithms perform 
matching gradually during runtime on the corresponding host graph. 
 GRS make use of heuristic pattern matching algorithms to perform their graph 
transformations. The con�iguration of such transformation is represented through a set of 
Rewriting Rules. A rule consists of four main parts (see Figure 5). Two parts match a pattern 
according to a set of nodes, edges, as well as logical checks (including if-else conditions) that are 
performed on their properties. For example, a pattern of a wall separating two rooms, where the 
wall’s material is wood and the area of one of the rooms is larger than or equal to 20sqm. To 
prevent encountering in�inite updates and loops through the matched patterns, a Negative 
Pattern is de�ined through a graphlet that acts as a skipping criterion. Typically, a negative pattern 
includes a graphlet of the matching pattern after rewriting. When a pattern passes the negative 
pattern check, a Rewriting Pattern is applied on it. A rewriting pattern includes a description of 
what modi�ications will be performed, including adding, deleting, and modifying nodes, edges, 
and their properties.  

 
Figure 6. Graph rewriting system: structure of a rewriting rule 

 Our approach proposes an automatic generation of rewriting patterns from the captured 
detailing pattern, which is specified through the user interface of the BIM-authoring tool. 
Accordingly, the main advantage of this automation step is to reduce the burden for engineers 
and architects of having additional knowledge in formally defining rewriting rules as a 
prerequisite of using the GRS. 
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4 Feasibility Study 
To evaluate the applicability of the proposed approach, the API of Autodesk Revit was used to 
export the building information into the developed graph representation. Additionally, we have 
selected GrGen.NET (Jakumeit et al. 2010) as a GRS since it provides an API for interacting with 
its algorithmic kernel and its libraries can be integrated within a Revit plugin. GrGen uses the 
Search Plan algorithm to perform subgraph matching. Accordingly, matching a detailing pattern 
is achieved through a sequence of search operations for the individual matching nodes and edges, 
taking into account the structure of the building graph during runtime. 
 With the help of a plug-in developed for Revit, a selected element, like a wall, is visualized 
alongside its corresponding properties, material layers, joints, and connections to adjacent 
elements as well as rooms. Using the user interface, it is possible to select which properties and 
nodes belong to the matching pattern or the rewriting pattern. Then, the formulated detailing 
pattern can be stored in order to be transferred later to another building model. Figure 7 shows 
a snapshot of the developed plugin inside Revit. Here, the detailing pattern is formalized for the 
selected exterior wall, where it is bounding a room with a bedroom as usage, this relationship is 
selected as part of the matching pattern, and two windows, contained in the wall, are selected as 
part of the rewriting pattern. The relative position anchor and padding can be speci�ied through 
the position button beside each row. The formulation of the matching and rewriting patterns 
combines more information about the selected elements under the other tabs. 
 

 
Figure 7. Prototype: Autodesk Revit plugin for capturing and transferring detailing patterns 

In this study, we evaluated the automatic transfer of the detailing decisions discussed in 
Section 3.2 on multiple building designs. As a result, we were able to successfully generate a 
detailed building graph for all the categorized detailing decisions, except automatically editing 
the geometric shapes of a building element type (a.k.a., family). Automatically detailing a type’s 
shape requires extending the proposed graph structure for capturing the geometric operations 
in more detail.  

Figure 8 presents an example of the graph representation and an automatically generated 
rewriting rule. The building graph represents a storey with three rooms that are surrounded by 
simple and assembly walls. The detailing pattern tries to �ind a pattern of two not accessible 
spatial elements, where the area of one of the rooms is bigger than 20sqm, then places a door in 
the wall separating them, according to their relative position, and changes the wall’s material to 
Brick. Such detailing pattern searches for a matching subgraph of nodes and edges (same 
structure) and then checks whether the area is larger than 20sqm. Before transferring the 
detailing pattern, the kitchen and living room were separated by a Concrete wall, and there was 
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no accessibility between them. Once the pattern was matched and rewritten, a door was added to 
the separating wall, and the wall’s material was changed to Brick. 

 
Figure 8. An example of a graph representation and an automatically generated rewriting rule 

5 Conclusions and Future research 
Design and detailing decisions highly in�luence the resultant building’s performance and 
compliance with regulations. Architects and engineers reuse their successful experiences to 
transfer those decisions to new projects and design variants. This paper introduced a simpli�ied 
and parametric building graph that is capable of capturing detailing patterns, including building 
information and the rationale behind them. Additionally, a framework that is based on graph 
transformation systems was proposed for automatically transferring detailing decisions from one 
design to another. Through evaluation of the implemented prototype, the proposed approach was 
able to handle multiple detailing decisions, including adding elements, modifying elements’ 
geometry through parameters, as well as manipulating their semantics.  
 As future work, modifying the element’s type geometry will be investigated in detail. In this 
regard, the fundamental geometric operations will be captured and reproduced through graph 
theory techniques. Additionally, an extensive evaluation of the developed framework on different 
sizes and types of building projects will be investigated. 
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