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ABSTRACT

To facilitate a better understanding of building codes, the visualization of the embedded
structures of the provisions and requirements of the codes is needed. Existing research efforts
in building code compliance checking mostly do not purposefully represent building codes in
formats that facilitate. human understanding and interaction with the codes, such as XML and
hypertext (text with links to other text). Visual programming commonly represents building
codes more visually as flowcharts. However, flowcharts are static, and the generation of
flowcharts is still manual. To address this lack of interactive visual representation of building
code requirement structures, this paper proposes an automated building code structure
extraction and visualization method for visualizing building code contents in a way that clearly
shows the inter-connections between requirements and allows intuitive user interaction. In this
method, to extract the chapter-section-subsection hierarchical structure and cross-reference
structure, a new extraction method named Building Code Network Generator (BCNG) is

proposed to automatically generate an interactive visualization using a directed network. The
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performance of the proposed BCNG was empirically tested on Chapters 5 and 10 of the
International Building Code 2015, with a resulting precision, recall, and F1-score of 99.4%,
96.3%, and 97.8%, respectively. In addition, the extracted hierarchical and cross-reference
structures were displayed using an open-source network visualization tool to facilitate human
understanding and interactions with the building code requirements in automated compliance

checking systems.
BACKGROUND

Building codes are hard to read, even for experienced architecture; engineering, and
construction (AEC) practitioners. A building code visualization method can help with the
navigation and understanding of building codes. In addition, “treating building code
requirements as iterconnected items instead of isolated ones allows for more holistic
automated code compliance checking. Automated code compliance checking systems require
building code requirements to be represented in a computer-processable format (Zhang and El-
Gohary 2015). However, existing building code representations are limited in two ways. First,
building code representations are limited in.human readability. For example, Tan et al. (2010)
developed a system of decision tables to automatically check the design of building envelopes.
Although software can check a group of decision tables efficiently and accurately, human
errors can be introduced when manually checking multiple decision tables simultaneously.
Zhang and El-Gohary (2016) used.B-Prolog logic rules to represent building codes. Although
B-Prolog logic rules minimized ambiguity and supported a fully automated reasoning process,
knowledge of logic is required to understand these rules. Second, building code representations
in automated compliance ‘checking systems did not explicitly represent connections between
requirements. For ‘€xample, Dimyadi et al. (2016) and Preidel and Borrmann (2017)
represented building' code requirement as flowcharts. Existing building code representations,
although may function well, mostly treated requirements as separate items, with limited to no
consideration of connections with other requirements. However, cross-references in building
codes are abundant. To address this gap, in this research,the authors proposed a new rule-based
relation extraction method, the Building Code Network Generator (BCNG), to extract and
visualize hierarchical and cross-reference structures in building codes. The extraction of cross-
references in building codes supports processing of connections between building code
requirements. Visualization of the hierarchical and cross-reference structures could improve

the readability of building code representations.

—- 2


https://ascelibrary.org/doi/10.1061/9780784483961.105
https://ascelibrary.org/doi/10.1061/9780784483961.105

e Suggested Citation: Xue, X., Zhang, J., and El-Gohary, N. (2022). “Interactive visual
representation of inter-connected requirements in building codes.”
Proc., ASCE Construction Research Congress, ASCE, Reston, VA, 1004-1012.

e Final Published Version can be found in ASCE Database here:
https://ascelibrary.org/doi/10.1061/9780784483961.105

Visual programming in archite ctural, engineering, and construction. Visual programming
aims to improve human programming experience by visual notations and visualization systems
(Blackwell et al. 2001). By combining visual and text notation, visual programming smooths
the steep learning curve of computer programming (Boshernitsan and Downes 2004).
Application areas of visual programing language are numerous, including education (Tsai
2019), robotics (Coronado et al. 2020), geographic information system (GIS) (Cali etal 2011),
and Internet of Things (IoT) (Bak et al. 2020). Many research efforts explored the potential
utilization of visual programming in the AEC domain as well. For example, Ghannad et al.
(2019) used visual programming language (VPL) to validate building information modeling
(BIM) data automatically. Zhu et al. (2020) combined BIM and VPL'in_a segment design
method and tested their proposed method in a tunnel design. Preidel and Borrmann (2017)
developed VPL for automated code compliance checking in general. In contrast to Preidel and
Borrmann’s VPL which needed to be generated manually and'was mainly for rule execution,
there is a need of visualization that can be generated automatically and used for code

requirement understanding and navigation.

Relation extraction. Relation extraction is a natural language processing task that extracts
sematic relationships between entities_from natural language text (Bach and Badaskar 2007).
Relation extraction algorithms use features such as the entities themselves, surrounding words
of the entities, and dependency trees. Because manual feature engineering is difficult, kernels
were used to search well-performing” feature combinations automatically, which gave birth to
feature-based relation extraction algorithms (Bunescuand Mooney 2005; Culotta and Sorensen
2004). The development of machine learning further gave birth to deep learning-based relation
extraction (Zhang and El-Gohary 2021; Liu and El-Gohary 2021; Lv et al. 2016; Nguyen and
Verspoor 2019; Qin'et al. 2018).

METHODOLOGY AND EXPERIMENT

Building codes organize regulatory requirements in a hierarchical structure. One building code
can be comprised of multiple chapters, each of which is devoted to one aspect of requirements
such as: (1) general building heights and areas, (2) fire protection systems, and (3) means of
egress. Building code chapters are further divided into sections and subsections. For example,
Chapter 10 of the International Building Code (IBC) 2015 (International Code Council 2015)

contains 30 sections and one section (e.g., Section 1010.1.10.1) of the chapter could have as
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many as four levels of subsections (Figure 1). This chapter-section-subsection hierarchy is
evident and apparent. However, building codes also contain many cross-references, which are
not explicated in the indexes or tables of content. One section of building codes is likely to
refer to other sections for complementary information. For example, Section 1010.1.9.9 of the
IBC 2015 refers to Section 1010.1.10 of the same code for information about panic and fire
exit hardware. Building codes have many types of cross-references. One section of building
code can refer to: (1) other sections in the same chapter, (2) other chapters, and/or(3) tables,
equations, and terminologies in the code. To address the research gap in representing building
code requirements as connected items, the authors proposed the Building Code Network
Generator (BCNGQG), which is a rule-based relation extraction method that takes a three-step
approach to extract hierarchical and cross-reference structures in the mput.building code and
represent them in a network. BCNG stores the extracted network.elements as a list of edges.
The extraction steps are: regulatory information entity identification, hierarchical structure
extraction, and cross-reference structure extraction. Regulatory information entities are pieces
of the building code that has a title or a heading, such as a section, a chapter, or a table. The
three steps are executed in sequence. When a regulatory information entity is identified, its
linkages to other regulatory information entities in the hierarchical structure and its references
to other regulatory information entities are extracted. The visualization component of BCNG
can render the extracted network in 2D and 3D.

CHAPTER 10 N SECTION 1010 > 1010.1 > 1010.1.10 Ly 1010.1.10.1
MEANS OF EGRESS DOORS, GATES AND TURNSTILES Doors. Panic and fire exit hardware. Installation.

Figure 1. Sample hierarchy.

Regulatory information entities are indicated by titles of a segment of the building code. For
example, the title of a section or a table indicates a regulatory information entity. Regulatory
information entities can refer to other entities and be referenced by other entities. BCNG
supports.five types of entities: chapter, section, table, equation, and terminology.

The extraction of the hierarchical structure aims to extract all sections and subsections
of a chapter in a tree data structure. The root of a tree is the title of the chapter. The child nodes
of the root nodes are the sections of the chapter. The child nodes of a section node are the
subsections of the section. A subsection node can have further child nodes if the subsection has
its own subsections (i.e., subsubsections, etc.). The leaf nodes of the tree are subsections that
do not have further subsections. In the extraction of the hierarchical structure, BCNG creates

edges, where the sources are the parent nodes of the tree and the targets are the child nodes of
— 4 -


https://ascelibrary.org/doi/10.1061/9780784483961.105
https://ascelibrary.org/doi/10.1061/9780784483961.105

e Suggested Citation: Xue, X., Zhang, J., and El-Gohary, N. (2022). “Interactive visual
representation of inter-connected requirements in building codes.”
Proc., ASCE Construction Research Congress, ASCE, Reston, VA, 1004-1012.

e Final Published Version can be found in ASCE Database here:
https://ascelibrary.org/doi/10.1061/9780784483961.105

the tree. A sub-tree of the hierarchical structure of Section 1022 of Chapter 10 of the IBC 2015

is shown in Figure 2.
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CHAPTER 10
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SECTION 1022
EXITS
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General. Exterior exit doors.
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\
N -
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Figure 2. Sample tree.

BCNG utilizes pattern-matching rules.to extract cross-references in the building code
by creating edges that connect sources and targets of cross-references. Itsupports the extraction
of references of a section or subsection of the building code to tables, equations, chapters, and
other sections or subsections. And it renders the extracted networks in 2D and 3D. In the 2D
visualization, names of linked regulatory information entities are connected by lines. In the 3D
visualization, regulatory information entities are represented by colored spheres, and the names
of the entities are annotated nearby. The visualization component of BCNG operates in a cloud
server. After that, the'visualized networks are rendered in a web page, which canbe interacted
with via a webbrowser. BCNG supports multiple interactions, such as zoom in, zoom out, pan,
and rotate.

Dataset preparation. To test the proposed BCNG, the authors experimentally implemented it
on a selected building code sample, Chapters 5 and 10 of the IBC 2015. These two chapters
were selected because they have wide applicability by their provisions related to building area,
height, and means of egress. Chapter 5 is about building area and building height. Chapter 10
is about means of egress. The hierarchical and cross-reference structures of these two chapters

were extracted and visualized. A gold standard, which contains the hierarchical and cross-
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reference structures of these two chapters, was manually developed in the experiment for

evaluation purposes.

Rule development. Because building codes are drafted in different ways by different
authorities, BCNG requires customized rules for different building codes. The authors
developed customized rules for the sample building codes in the implementation of BCNG. To
ensure the scalability and effectiveness of the extraction rules, the authors developed the
following guidelines for rule development: (1) one extraction rule should only extract one type
of hierarchical or cross-reference structure, (2) extraction rules cannot alter results.of other
rules, and (3) extraction rules cannot introduce errors. Guideline #1 means if one rule is
designed to extract references to equations, it cannot be used to extract references to other
contents such as tables. Guideline #2 means if a reference is extracted, it is final. Other rules
cannot delete or modify existing extracted references. Guidelines #1 and #2 give BCNG the
ability to cover new types of cross-references simply by adding new rules. Guideline #3
requires the extraction results of a rule to be checked immediately after the rule is added.
Guideline #3 ensures the accuracy of extraction. The development of extraction rules follows
a data-driven and iterative approach (Figure 3). First, a gold standard of the hierarchical
structure and the cross-reference structure of the sample building code is developed. After that,
extraction rules are developed to extractthe hierarchical structure. Finally, extraction rules that
extract cross-references are developed. The extraction results of the rules were iteratively
checked against the training dataset after each modification of extraction rules to ensure the
accuracy of extraction in the rule development.

Review gold standard (—I

No

h 4

Generate gold
( Start )—} standard Develop rules

Figure 3. Rule development procedure.

Check if all
hierarchical and
cross-reference
structures are
extracted

Regulatory information entity identification rules. BCNG extracts five types of regulatory

information entities: chapter, section, table, equation, and terminology. It uses keywords and
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rules to extract regulatory information entities. A chapter starts with the keyword CHAPTER.
Sections are mentioned in two ways: (1) indicated by keyword SECTION or Section, and (2)
indicated by section numbers. Section numbers are numerical references to sections, which
were entirely composed of numbers and dots. Sections numbers also need to be at least three
characters long and should not end with a dot. This constraint excludes list marks and other
listing numbers. Tables are indicated by keywords 7able(s). Equations are indicated by the
keyword Equation. Terminologies are listed in the terminology sections of building~codes.

Hierarchical structure extraction rules. The hierarchy of a building code can be represented
as a tree structure, which includes all sections and sub-sections of the building code. The
extraction of building code hierarchical structure follows a top-down-appreach. First, root node
begins with the keyword Chapter. Second, the child nodes of the root node are the section
nodes that begin with the keyword Section. Third, the child nodes of a section node are its
subsections. For example, the child nodes of Section 1022 are its subsections, namely, Sections
1022.1 and 1022.2.

Cross-reference extraction rules. Cross-references are described as edges, which start at the
source (i.e., a line of building code that refers to other parts of the building code) and end at
the target (i.e., a regulatory information entity that is being referenced). BCNG requires sources
and targets of cross-references to be the most specific section that a line of building code
belongs to. For example, a line of building code of a chapter belongs to that chapter. Therefore,
although it is correct to saythe source reference is the chapter, this type of cross-references
does not have much value. Instead, sources and targets of references need to be as specific as
possible, i.e., at the lowest.level of subsections.

BCNG implements the following rules to extract sources of cross-references. First, the
most specific_section that a line of building code belongs to is listed at the beginning of the
line. Second, if a line is not associated with a section number, it belongs to the same section of
the Ime before it. Target of cross-reference are defined as regulatory information entities that
are mentioned in a section of building code. The identification of entities and extraction of
cross-references are operated in parallel. Cross-references to a regulatory information entity
are extracted when the entity is identified.

A gold standard of the embedded structure of the sample building code was developed
by the authors prior to the development of rules. The gold standard includes the entire

hierarchy, and all cross-references of the sample building codes. First, all regulatory
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information entities, except for bolded section titles (i.e., already highlighted by bold fonts) in
the sample building code, were identified and highlighted. Second, the hierarchical and cross-
reference structures of the sample building code were manually extracted. The regulatory
information entities and edges were strictly defined. Therefore, the formation of gold standard
was unambiguous. In total, the cross-reference network of Chapter 5 of the IBC 2015 contained
159 regulatory information entities and 318 edges, and the cross-reference network of Chapter
10 of the IBC 2015 contained 562 regulatory information entities and 970 edges.

Results. The results were compared against the gold standard automatically (by a computer
program), which counted true positives (the BCNG extracts an edge that.is in the gold
standard), false positives (the BCNG extracts an edge thatis not in the'gold. standard), and false
negatives (the BCNG does not extract an edge that is in the gold.standard) of the extraction.
True negatives are not applicable to this study because true negative means the BCNG does
not extract an edge that is not in the gold standard. The precision is defined as true positive /
(true positive + false positive). The recall is defined-as true positive / (true positive + false
negative). The Fl-score is defined as 2 * (recall\* precision) / (recall + precision). BCNG
reached 99.7%, 98.0%, and 98.8% precision;-recall, and F1-score on Chapter 5 of the IBC 2015
and 99.4%, 95.8%, and 97.5% precision, recall, and F1-score on Chapter 10 of the IBC 2015.
The overall precision, recall, and Fl-score are 99.4%, 96.3%, and 97.8%, respectively.

The extracted networks of both chapters were visualized in both 2D and 3D. Figures 4
and 5 show the 2D and 3D visualizations of the hierarchical and cross-reference structures of
Chapters 5 and 10, respectively. BCNG also supports the interaction with extracted networks

by zooming in, zooming ' out, pan, and rotating, as illustrated in the figures.
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507.5 Two-story buildings.

507.11 Group E buildings.

Figure 4. 2D visualizations of hierarchical and cross-reference networks of Chapter S of
the International Building Code.2015.

‘L= ‘025.2.5 Obstacles .

§025.2.1 Steps.

’ §o2524 Perimeter demarcation lines
d’JCB 21 lumination Tevel undel ngmaal power.

Figure 5. 3D visualizations of hierarchical and cross-reference networks of Chapter 10
of the International Building Code 2015.

CONCLUSION

This paper presented the BCNG, a rule-based relation extraction method, to extracthierarchical

and cross-reference structures from building codes. Three extraction rule development

guidelines were proposed and followed. An iterative extraction rule development method was

also presented. Customized extraction rules were developed to extract hierarchical and cross-
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reference structures of a sample building code. BCNG reached 99.4%, 96.3%, and 97.8%
precision, recall, and F1l-score on the extraction of the embedded structure of sample building
code. The proposed interactive visualization allows users to interact with the extracted
networks in a familiar and intuitive way to facilitate the understanding of and navigation
through the building code requirements.

LIMITATIONS AND FUTURE WORK

Although BCNG can extract hierarchical and cross-reference structures in building codes, it is
still limited in the types of regulatory information entities it can extract.and the granularity of
the extracted network. For example, BCNG cannot extract references to. other codes yet. If a
building code section lists exceptions to the current section, BCNG cannot distinguish cross-
references in the main body of the section from the exceptions of the.section yet. Future work
could expand the BCNG coverage to increase granularity of extracted networks and extractable
regulatory information entities.
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