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Overview

e Aim
o Collect a controlled vocabulary for Compliance Checking (CC)
e Approach
o Extract terminology from building regulations
Classify domain of extracted terminology
|dentify relevant terms from additional resources
Build a span-based graph
Explore using the span-based graph
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Aim: Controlled vocabulary for
Compliance Checking (CC)



Aim: shared conceptualisation for Compliance Checking
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e Lexicon ~ the complete set of meaningful units in our ACC vocabulary
o  Which terms would be required for formulating Compliance Checking rules?
e Potential sources of terms:
o Building Regulations (standards, codes of practice, eurocodes, guidance, etc.)
o  BIM models (vendor specific terms, interoperability ontologies, etc.)
o Domain thesauri and vocabularies (Uniclass, NRM3, BsDD, etc.)
o  Building product datasheets (vendor specific names, product characteristics, etc.)
O

more?
“hot finished hollow section member” owl:equivalentClass (Pr_20_76_52_16) Carbon steel hot-finished hollow sections
rdfs:type (TE_10_70_50) Structural members
skos:broader TATA Celsius® hot finished hollow sections

prov:location BS 5950-8 1990, BS EN 1090-3 2019, and so on...



Aim: shared conceptualisation for Compliance Checking

e First, explore manual approach to build KG

o What terms and relations can we expect?

o Editing the data
m VocBench, Tematres, MS Excel
o Format
m Simple Knowledge Organisation System
(SKOS)
o Reuse existing sources

m Uniclass, NRM3, BSI vocabularies, IFCowil, ..

e Workflow:
1. Manual annotation in MS Excel

2. OntoRefine to convert CSV to SKOS
3. Further editing in VocBench

VocBench Projects

Metadata v

Class Concept Scheme Collection Property Datatype

o % 8 e
[ @ Doors, windows and openings (en)
> @ Earth moving, excavating, blasting plant (en)
[ @ Earthworks (en)
[ @ Energy sources and distribution (en)
@ Environment and physical planning (en)
D @ External works (en)
[ @ Floors and ceilings (en)
< @ General terms (en)
< | bsiBSI_12_16xxx
@ base machine (en)
@ bit(en)
@ crawler tracks (en)
@ drill (en)
@ drill bit (en)
@ hand tool (en)

@ power tool (en)

BSI_12_16xxx

AL C S >

SPARQL Tools v

@ @ Building and Civil Engineering Voca... ®

@ bsi:BSI_12_16x0x
@ Dbsi:BSI_12_16xxx  http/example.com/bsi-6100/ BSI_12_16xxx

= Types:

rdfype

skos:Concept

( <> Top concept of:

< Schemes: -

skos:inScheme

@ Building and Civil Engineering Vocabulary - BSI 6100

- = Broaders: —

skos:broader

@ General terms (en)

r = Lexicalizations:

< Notes:

~ = Ohar

ResView  TermView


https://vocbench.uniroma2.it/
https://vocabularyserver.com/web/

Aim: shared conceptualisation for Compliance Checking

A | X A A A |
Notes
Alternative label(s) related concepts [will not be Uniclass
[semi-colon [Code, e.g.R1_01_02, included in [equivalent
Code Concept/preferred label separated list] semi-colon separated] Definition Application terminology] Source code] NRM3 BS6100 BS6707  otherBS
*
F2_01_01_02_02_04 spray-applied thermal insulation F2_01_01_02_02_06; NBS Uniclass; Pr_35_31_68_84;
F2_01_01_02_02_08;
F2_01_01_02_02_05 polyurethane foam insulation PUR foam F2_01_01_02_02_06; Polyurethane foam Applications can NBS Uniclass; Pr_25_31_28_67;
insulation; thermal insulation  include between
polyurethane foam product, which is  rafters, to
spray insulation; foamed in-situ external walls
PUR foam spray insulation. and as an
insulation; external coating
polyurethane foam to the roofs.
spray; PUR foam
spray;
F2_01_01_02_02_06 spray-applied polyurethane PUR foam F2_01_01_02_02_05; Polyurethane foam BS EN ISO 9229- EN 13165;
insulation; thermal insulation 2020;

F2_01_01_02_02_07

F2_01_01_02_02_08

polyisocyanurate foam insulation

spray-applied polyisocyanurate

polyurethane foam
spray insulation;
PUR foam spray
insulation;
polyurethane foam
spray; PUR foam
spray;

PIR foam insulation; F2_01_01_02_02_08;

PIR;
Polyisocyanurate
insulation;

F2_01.01_02_02_07;

product, which is
foamed in-situ
insulation.

Polyisocyanurate
foam thermal
insulation product,
which is foamed
in-situ insulation.

Polyisocyanurate
foam thermal
insulation product,
which is foamed

Between rafters;
may also be
applied to (the
underside of)
slates and tiles to
stabilize where
nail fatigue is an
issue;

6 workdays of annotation,

302 terms,
130 alternatives,
214 links

BS EN I1SO 9229-
2020;



Aim: shared conceptualisation for Compliance Checking

00 ™)

BS 4422-2

Fire-Vocabulary.pdf

BS 4422:2005

3.271

fault warning routing equipment

intermediate equipment which routes a fault warning signal from the fire alarm control and
indicating equipment to a fault warning receiving station

FED, see fractional effective dose (3.459)
FFFP, see foam concentrate, film-forming fluoroprotein (3.436)

FIC, see fr lirritant ation (3.460)

field rechargeable isher, see isher, field rechargeable (3.247)
3.272
filling density

in an extinguisher or extinguishing system, the mass of extinguishing medium per unit volume of
container (in kg/l)
film-forming fluoroprotein foam concentrate, see foam concentrate, film-forming
fluoroprotein (3.436)
final exit, see exit, final (3.193)

3.273

fire

1) process of
and/or flame, and/or glowing

+ i h

d by the of heat and effluent accompanied by smoke,

2) rapid combustion spreading uncontrolled in time and space
fire alarm, see alarm of fire (3.15)

3.274
fire alarm control and indicating equipment
equipment through which fire detectors can be supplied with power and which:

a) is used to accept a detection signal and actuate a fire alarm signal;

b) is able to pass on the fire detection signal; and

) is used to monitor automatically the correct functioning of the system
3.275

Scraping 16 vocabularies already
results in 8K terms and definitions,
(mostly civil engineering pdfs and
restricted licensing)

BS 6100-9:2007

09 36048 stop end formwork
formwork (01) at a construction joint (11 42013) or
movement joint (11 42004); usually fitted in the vertical plane
09 36049 formwork anchor screw
fastening (01), cast in concrete (01), to provide anchorage for
subsequent formwork (01)
09 36050 seating cleat
device that is fitted to previously cast permanent work, to support the
formwork (01) for the next concrete lift (09 37026)
09 36051 formwork tie
device in formwork (01) used in tension (03 15002) to resist the
pressure from fresh concrete l
09 36052 coil tie
formwork tie (09 36051) that has a central non-recoverable portion
formed of two wire coils connected by rods (01)
09 36053 formwork hanger tie
formwork tie (09 36051) to suspend soffit formwork (09 36016)
09 36054 non-recoverable tie
cast-in tie
formwork tie (09 36051) part of which is left in place
term_id term definition source
0 09 13002 latent hydraulic material hydraulic material that acts by the addition o... ~ BS 6100-9-2007-Building and civil engineering-...
1 0913003 blended hydraulic cement mixture of cement (BS EN 206-1) and latent hyd...  BS 6100-9-2007-Building and civil engineering-...
2 09 13004 clinker solid material (01) formed in high temperature...  BS 6100-9-2007-Building and civil engineering-...
3 09 13006 Portland cement cement (BS EN 206-1) based on ground Portland ...  BS 6100-9-2007-Building and civil engineering-...
4 0913007 calcium aluminate cement  cement (BS EN 206-1) obtained by grinding calc...  BS 6100-9-2007-Building and civil engineering-...
8396 3.7.10 cracking phenomenon caused by external influences resul... BS EN ISO 6927-2021-Buildings and civil engine...
8397 3.7.11 staining discolour or appearance change in a material c... BS EN ISO 6927-2021-Buildings and civil engine...
8398 3.7.12 migration movement of a component of a material across a... BS EN ISO 6927-2021-Buildings and civil engine...
8399 3.7.13 gloss optical property of a surface, characterized b... BS EN ISO 6927-2021-Buildings and civil engine...
8400 3.7.14 dirt retention visible soiling caused by a foreign material o... BS EN ISO 6927-2021-Buildings and civil engine...



Approach to automate the collection
of terms



Approach

Generally, the first steps for deriving an ontology or taxonomy from text are:
1. Term extraction from text
2. ldentify which terms are candidates for concepts
3. Internal and external concept linking

5 | ko Spans, concepts, sources, etc.
— o g S Seee- N T » Explore visual graph

== T ——  bcgwncoms | 2, Build domain KG *,

Internal linking:
Morphological and semantic

—_—— similarity, acronyms, etc. Community detection
External linking: ..., Minimal Spanning Tree
Map to existing vocabulaires Node connectivity metrics

embed and classi fy and knowledge bases

. ) - . - . 3. Identify concepts
identify salient domain terms out-of-domain salient terms from candidates



1. Term extraction from building regulations

------------------------------------------ UK Merged Approved Documents

-

1. Convert PDF documents to a text-based format

2. Split texts into sentences

3. Run SPaR.txt to identify candidate terms for the KG
o Aim is to capture Object spans
o Including Multi-Word Expressions (MWE)

. E o ACt miimimiiminenins semines ACt . % * OBJECT spans indicate either real-world ob-

srarannotation 1 NE fire-fighting lift should only be entered from: jects or distinguishable concepts. They in-

clude proper nouns, compounds, multi-word

tokens | The fire - fighting lift should only be entered from : terms. and multi-word Named Entities. such

tags BH-oBJ IH-oBy & I[H-0BJ IH-oss IH-0BJ BH-act BH-FUNGC BD-AcT ID-ACT BH-pIis | BH-pIS as ‘the Target Emissions Rating’ ‘oﬁ‘ensive

fire-fighting’ and ‘BS 8000-15: 1990’. We in-

Figure 2: Example of an annotated sentence. The determiner at the start of the OBJECT span is taken to be part clude determiners as part of the OBJECT span
of the span. A discontiguous ACTION span is interjected by a FUNCTIONAL span that modifies the Verb-Phrase. during annotation, see Figure 2.

During training the sentence is tokenized and the aim is to predict the correct tags for each token, see the tagging
scheme described in Section 4.1. The identifier for this sentence in the dataset is ‘d_2.14.4_i3_s 0.

Enter text to be parsed: Thermoplastic materials in ceilings, rooflights and lighting diffusers provide a significant hazard in a fire.

{'obj': ['Thermoplastic materials', 'ceilings', 'rooflights', 'lighting diffusers', 'a hazard', 'a fire']}
Parsing took 0.1484229564666748

Data and code @ https://github.com/rubenkruiper/SPaR.txt



https://github.com/rubenkruiper/SPaR.txt

1. Term extraction from building regulations

------------------------------------------ UK Merged Approved Documents

1. Convert PDF documents to a text-based format — includes noise
2. Split texts into sentences — more noise
3. Run SPaR.txt to identify candidate terms for the KG — |lots of noise

o Aim is to capture Object spans
o Including Multi-Word Expressions (MWE)

. E o ACt miimimiiminenins semines ACt . % * OBJECT spans indicate either real-world ob-

srarannotation 1 NE fire-fighting lift should only be entered from: jects or distinguishable concepts. They in-

clude proper nouns, compounds, multi-word

tokens | The fire - fighting lift should only be entered from : terms. and multi-word Named Entities. such

tags BH-oBJ IH-oBy & I[H-0BJ IH-oss IH-0BJ BH-act BH-FUNGC BD-AcT ID-ACT BH-pIis | BH-pIS as ‘the Target Emissions Rating’ ‘oﬁ‘ensive

fire-fighting’ and ‘BS 8000-15: 1990’. We in-

Figure 2: Example of an annotated sentence. The determiner at the start of the OBJECT span is taken to be part clude determiners as part of the OBJECT span
of the span. A discontiguous ACTION span is interjected by a FUNCTIONAL span that modifies the Verb-Phrase. during annotation, see Figure 2.

During training the sentence is tokenized and the aim is to predict the correct tags for each token, see the tagging
scheme described in Section 4.1. The identifier for this sentence in the dataset is ‘d_2.14.4_i3_s 0.

Enter text to be parsed: Thermoplastic materials in ceilings, rooflights and lighting diffusers provide a significant hazard in a fire.

{'obj': ['Thermoplastic materials', 'ceilings', 'rooflights', 'lighting diffusers', 'a hazard', 'a fire']}
Parsing took 0.1484229564666748

Data and code @ https://github.com/rubenkruiper/SPaR.txt



https://github.com/rubenkruiper/SPaR.txt
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Diagram 8 General air supply to a combustion appliance

Table 1.1 List of the approved documents and what they cover

- - - (for sizes see Sections 2, 3 and 4) Table B1 Indoor air pollutants guidance values!?
1 ) f
ction 2B: 3|zes of certai — Pollutant Exposure limit Exposure time Guidance
Open flued F i ildis
floors and roofs for dwe . Dwellings Other buildings Carbon monoxide (CO) 100mg/m’ 15-minute average WHO, 2010
k from house longhorn | ﬁ New Existing’ New Existing’' 30mg/m? T-hour average WHO, 2010
| J—
ng of members Hous oty [T 5 A: Structure 35mg/m? 8-hour average HSE, 2020
Guidance on the sizing glcertam members 282 | . B: Fi oy, Vol 7 Do = S > Bl fher tharn dhwali (occupational exposure)
ors and roofs is given in ‘Span tables for Table 1 ppllance in oom . . - . . N
rei o rgm Toors. callings and roofs o fiec s Ire satety, Volume wellings ire safety, Volume uildings other than dwellings Nitrogen dioxide (NO,) 200ug/m* 1-hour average ~ WHO,2010
iding tr d rafte fs) for dwelli s ithin 1 ana . . . i 0
et by TRADA Svatebie rom Cale adequt T | B C: Site preparation and resistance to contaminants and moisture 40pg/m’ T-year average WHO, 2010
y ) IR | S comn)
g ey o andenValley, High gt‘l‘j:n‘ T = D: Toxic substances Formaldehyde (CH,0) 100pg/m 30-minute average WHO, 2010
native guidance is available in BS EN 1995- is giver . 10pg/m* 1-year average PHE, 2019
004 Design of timber structures with its UK anua © Applance : a
nal Annex and additional guidance givenin  Specifi insoslnce E: Resistance to the passage of sound
>ublished Document PD 6293-1:201% and 'rgm 5( o vk mbustion TVOCH 300pg/m* 8-hour average ECA, 1992/WHO, 2010
Midings, Code of pratics o tober roars oot F: Ventilation Ozone 100pg/m’ DETR, 1994
-oofs for housing. e S )
— G: Sanitation, hot water safety and water efficiency NOTES:
L o 1. No safe levels can be rec fed for benzene or tric| hylene so they have not been considered in the
le 1 Areas at risk from house longhorn beetle | H: Drainage and waste disposal definition of ventilation rates in buildings. The best strategy for reducing their concentration indoors may be to
~ 3 control them at source.
whare —t
e Sona i ; i 2. Evenif the designer and bulder choose to reduce volatle oreanic comoound (VO levels i buildings b
 Borough of Bracknell Foreet the parishes of Sandhurst and Growthome. o | F Y J: Combustion appliances and fuel storage systems B ne desig atrmw(e fiderchocse Dmmu“ MVLU ile oreani u in buildines bv
. |
Borough of Elmbridge . T i iSi i 3. The total volatil d (T
s Dl o lct: e peihon el el el H K: Protection from falling, collision and impact The fotal yolatile arganic compound (7
~ L
e L: Conservation L: Conservation L: Conservation L: Conservation e o ool
Sorough of Surrey Heath of fuel and power of fuel and power of fuel and power of fuel and power -
FLUELESS
> Borough of Rushmoor, the area of the former district of Farnborough L1A New dwellings L1B Existing dwellings L2A New buildings other L2B Existing buildings B3 As an alternative to using TVOC, the
comt
Borough of eldng N 2 than dwellings other than dwellings by robust independent evidence. Pub| po, iy
— Volatile Organic Compounds (VOCs) | : y

n 3: Surface water drainage e, J M: Access to and use gf buildings M: Acces; tg and use of bulldlng§ to be more complex than testing aga \ |
o e oo onfhe Layout /g Volume 1: Dwellings Volume 2: Buildings other than dwellings Where the Health and Safety Executiv R R
ce water drainage systems. It is . arton R N N N Sz -
o drsnage ol il catahinenls e Do P: Electrical safety — dwellings? P: No approved document followed in preference to the guidanc
T URATAT"  Depth of pipes ament Q: No requirement "

312 Referto pa’agrﬁphs 227and 228 of = e g Boikidsi

F1(2), R39, R44 - o o "
water crainage should discharge Pipe gradients and sizes high-speed electronic communications networks her means. The siting, spacing an
pricther inflretion syster B b e ] e access points will depend on the
e 'é’n a wa'emou:kse may require a and gradients of the pipes. & @ hanges of use are covered in Table A2 in Volume 2 - 3pth and size of the runs.
ST 34 nsowesem ey s Requirement F1(2) and regulations 39 and 44 feng B 21 60 : e 47 The provisions described bel|  Seo aacnt e oDt 4
y provison fceanion basrs i e e 3 for other buildings if the supply is shared with a dwelling. »rmal methods of rodding (which n|  for key o distances
> “;m ettt Diagram 3 shows he mﬁ:\f ot drsins o B P—— e direction of flow) and not mecha uid
charge should be made to a acity can be increased by increasing the clearing.

gradient, or by using larger pipes.

systems
wers carry both foul water and
combined systems) in the same
oy do the sewerage undertaker
ce water to discharge into the
wer has enough capacity to take
560 Approved Document H1
me private sewers (drains
an one building that have not
rtaker) also
water and surface water. If a
125 a combin

100mm rainwater drains

not less than 1:225. For minimum gradients
Targer pipes see BS EN 752-4 (see paragraph

Diagram 3 Discharge capacities
rainwater drains
running full

apacity, the surface water should
arate system with its own outfal.
ciroumstances, whero a sowor is

to dranage shoud il be Hrovied
Document Hs).

7 ShoLk s 5356 o sl Plts,

fall intensities

ainfall intensities of 0.014 litres/
/ be assumed for normal

matively the rainfall intensity

d from Diagram 2.

w levels of surface flooding could
of buildings the rainfall intensities
ined from BS EN 752-4

).

(see

ere i svidence of a iabilty
from sewers, o levels in the

h sie make aravty connection
urface water lfting equipment
(see Approved Document H1
102.12).

This section deals with the requirements of Part FI(2) of Schedule 1 and regulations 39 and 44 of the
Building Regulations 2010.

Requirement Limits on application
FL. (2) Fixed systems for mechanical ventilation and any
sociated controls must be commissioned by
testing and adjusting as necessary to secure that
the objective referred to in sub-paragraph () is
met. b, which is used solely for storage; or

Requirement Fl does not apply to a building or
space within a building:

a. into which people do not normally go;

<. whichis a garage used solely in connection with
asingle dwelling.

Information about ventilation
3.

() This regulation applies where paragraph Fii) of Schedule 1 imposes a requirement in relation to bulding
work,

(2) The person carrying out the work shall not later than five days after the work has been completed
give sufficient information to the owner about the building’s ventilation system and its maintenance
requirements so that the ventilation system can be operated in such a manner as to provide adequate
means of ventilation.

This regulation applies to building work in relation to which paragraph FI(2) of Schedule 1 imposes
a requirement, but does not apply to the provision or extension of any fixed system for mechanical
ventilation or any associated controls where testing and adjustment is not possible.

(2) This regulation also applies to bulding work in relation to which paragraph Lib) of Schedule 1 imposes a
requirement, but does not apply to the provision or extension of any fixed building service where testing
and adjustment is not possible or would not affect the energy efficiency of that fixed building service.

(3) Where this regulation applies the person carrying out the work shall, for the purpose of ensuring

dings for stairs
Wl buildings

For means of escape requirements, refer also to Approved Document B: Volume 1 - Dwellinghouses,
and Volume 2 - Buildings other than dwellinghouses.

At the top and bottom of every flight, provide landings the width and length at least as great as the
smallest width of the flight (see Diagram 16).

Alanding:

»

may include part of the floor of the building

o

. should be kept clear of permanent obstructions

o

may have doors to cupboards and ducts that open over a landing at the top of a flight, as
shown in Diagram 17, but only when they are kept shut or locked shut when under normal use.

See para 121
Cupboard

minimum

400mm I

Up

Diagram 1.7

Cupboard onto landing

48 Access points should be one of four types.
ibles 11 and 12 show the depth at which each b.

pe should be used and the recommended

mensions it should have. The dimensions
1ould be increased at junctions if they do not
low enough space for branches. The types are: d.

a. on or near the head of each drain run, and
at a bend and at a change of gradient, and

at a change of pipe size (but see below if it
is at a junction), and

at a junction unless each run can be cleared

from an access point (some junctions can
only be rodded through from one direction).

fable 11 Minimum dimensions for access fittings and inspection chambers

Internal sizes Cover sizes
Type Depthtoinvert Lengthxwidth  Circular Length x width Circular
from cover level (mm x mm) (mm) (mm x mm) (mm)
(m)
Rodding eye As drain but min. 100 Same size as
pipework '
\ccess fitting
mall 150 diam. 0.6 or less,
150 x 100 except where 150 x 100 150 150x 100 * Same size as
uge 225 %100 situated ina 225x 100 225 225100 access fitting
chamber
“epection chamber
shallow 0.6 0or less 225100 1902 - 190"
120rless 450 x 450 450 Min. 430 x 430 430
deep >12 450 x 450 450 Max. 300X 300° Access restricted

to max. 350 ¢




1. Multi-Word Expressions

proper names: Manchester United,

collocations: emotional baggage, heavy rain,

compounds: pinch of salt, friendly fire,

idioms: keep NP in NP’s toes, throw NP to the lions/wolves,
support verbs: wind blows, make a decision, go crazy,
prepositional verbs: look for, talk NP into,

verb-particle constructions: take off, clear up,

lexical bundles: I don’t know whether.

Source: Villavicencio and Idiart (2019)

Many ‘entities’ in the regulations consist
of multiple words.
e  Just think of the different types of wall,
roof, beam, etc.
e All of these can have plural, acronyms,
alternative labels, alternative spelling,
etc.

58.36% of the unique filtered SPaR.txt
concepts are MWEs.

# Most common MWEs (longer than 1 'word')
mwe_c = Counter({k: v for k, v in cleaned_foreground_terms_c.items() if len(k.split(' ')) > 1})
mwe_c.most_common(10)

[('Building Regulations', 636),
('building work', 365),

('Schedule 1', 269),

('building control body', 193),
('Building Regulations 2010', 191),
('approved document', 175),
('Secretary of State', 175),
('parking spaces', 170),

('fire resistance', 136),

('floor area', 111)]

# Most common examples of MWEs (longer than 3 'words')
mwe_c = Counter({k: v for k, v in cleaned_foreground_terms_c.items() if len(k.split(' ')) > 3})
mwe_c.most_common(10)

[('electric vehicle charge points', 87),
('electric vehicle charge point', 51),

('with UK National Annex', 43),

('on - site electricity generation', 42),
('material change of use', 40),

('building primary energy rate', 37),

('Building Regulations 2010 Approved Docu', 33),
('mass per unit area', 30),

('Volume 1 : Dwellings', 29),

('target primary energy rate', 28)]



1. Multi-Word Expressions

proper names: Manchester United,

collocations: emotional baggage, heavy rain,

compounds: pinch of salt, friendly fire,

idioms: keep NP in NP’s toes, throw NP to the lions/wolves,
support verbs: wind blows, make a decision, go crazy,
prepositional verbs: look for, talk NP into,

verb-particle constructions: take off, clear up,

lexical bundles: I don’t know whether.

Source: Villavicencio and Idiart (2019)

Many ‘entities’ in the regulations consist
of multiple words.
e  Just think of the different types of wall,
roof, beam, etc.
e All of these can have plural, acronyms,
alternative labels, alternative spelling,
etc.

58.36% of the unique filtered SPaR.txt
concepts are MWEs.

# Most common MWEs (longer than 1 'word')
mwe_c = Counter({k: v for k, v in cleaned_foreground_terms_c.items() if len(k.split(' ')) > 1})
mwe_c.most_common(10)

[('Building Regulations', 636),
('building work', 365),

('Schedule 1', 269),

('building control body', 193),
('Building Regulations 2010', 191),
('approved document', 175),
('Secretary of State', 175),
('parking spaces', 170),

('fire resistance', 136),

('floor area', 111)]

# Most common examples of MWEs (longer than 3 'words')
mwe_c = Counter({k: v for k, v in cleaned_foreground_terms_c.items() if len(k.split(' ')) > 3})
mwe_c.most_common(10)

[('electric vehicle charge points', 87),
('electric vehicle charge point', 51),

('with UK National Annex', 43),

('on - site electricity generation', 42),
('material change of use', 40),

('building primary energy rate', 37),

('Building Regulations 2010 Approved Docu', 33),
('mass per unit area', 30),

('Volume 1 : Dwellings', 29),

('target primary energy rate', 28)]

Number of MWEs: 14100 (93.87%)

'Shower fittings package',
'Fire performance requirements',
'Railway side reservations',
Notably, Uniclass mostly MWEs —  'Lifting appliances and conveyors',
'Power factor meters',
'Plant fibre-based membranes, liners, flexible sheet and fabrics',
'Lead brick wall systems',
'Chief financial officer',
'Ash urn storing',
'Hand climbing devices'



2. Identify which terms are candidates for concepts

Which terms are relevant to the
building domain?

Foreground corpus:
Merged Approved Documents (MAD)

Background corpus:
5 EU regulations concerning medical devices

1. Similar style of text, yet different domains
2. Not an extreme size difference (<10x)

Also, both corpora openly available.

MAD top 10

‘building’, 1824),

'buildings’, 934),

'guidance’, 887),
'requirements’, 641),
'Building Regulations', 636),
‘dwelling’, 500),

‘work', 490),

‘dwellings', 385),

'building work', 365),
‘document’, 351)

P e e e O

EU med top 10

'device’, 1885),
'devices', 1696),
'manufacturer’, 1587),
'notified body', 1199),
'information’, 799),
'Member States', 686),
'‘Commission, 652),
'requirements’, 604),
'Regulation’, 596),
'market’, 475)

N TN N N N AN N N A~

MAD  EU regulations

sentences 20,598 11,106
SPAR.TXT outputs

Unprocessed objects 123,359 72,375
- Unique 43,937 10,408
Cleaned objects 72,625 60,842
- Unique 5,584 2,948
Combined total unique spans 7,940

- MWEs

4,855 (61.15%)




2. Simple domain classification

Term Frequency-Inverse Document Frequency (TF-IDF) metric:

TF-IDF(t) = log(1 + %) * log(avgIDFE,) (1)

with fc; the number of times term ¢ occurs in the foreground corpus, be; the background corpus
count, and avgIDF the averaged IDF weight over the subword tokens of term ¢.

1.2
Expected domains and example terms:
1.0 A) general domain: test standards
B) building regulations: natural stone cladding
0.8 C) medical domain: clinical investigation
D) general domain: artificial opening

Foreground/Background TFIDF
o o
i o

o
N}

©
o

100 150 200 250 300 350 400 450 500
Nr. of neighbours that occur only in the foreground corpus



2. Top examples domain classification

span_idx num_| ) num_{ 1 |_cnt |_cnt TFIDF_fore_back

test evidence 257 345 155 15 0 0.848365

test standards 264 364 136 4 0 0.782034

material consideration 815 344 156 6 0 0.862601
standards operation 1418 348 152 3 0 0.825333
integrity performance 2530 356 144 3 0 0.828132
test methods 2910 341 159 18 0 0.826993
certification body 3246 359 141 3 0 0.802906
recommendations report 5068 356 144 3 0 0.897145

Expecting general domain

Expecting medical device domain

Foreground/Background TFIDF

o
PP &

100 150

350

e o e e e e e e e M M e R M M e e M e e e

1
1
I
1
1
1
I
I
1
L

) general domain
B) buiding regulations:
€) medical domain
D) general domain:

J— )

400 450 500

Ne. of neighbours that occur only in the foreground corpus

span_idx num_| ) num. | gl cnt |_cnt TFIDF_fore_back

clinical investigations 5704 403 97 0 139 0.0
clinical investigation 5737 405 95 0 220 0.0
evaluation report 6035 380 120 0 8 0.0
testing procedure 6610 376 124 0 6 0.0
clinical application 6657 381 119 0 4 0.0
clinical experience 6687 378 122 0 3 0.0
clinical evaluation 6709 377 1238 0 73 0.0
clinical data 7081 394 106 0 61 0.0

clinical evidence 7457 402 98 0 59 0.0

Expected domains and example terms:

test standards
naturalstone cladding
clinicalinvestigation
artificial opening

span_idx num_| 1 num_{ 1 _cnt

timber blocking 1350 16 484 4

plastic rooflights 2618 19 481 14

fire - protecting suspended ceilings 2635 17 483 4
timber tiling 2717 18 482 8

glazed screens 2815 15 485 12

rafters 3641 12 488 13

natural stone cladding 3901 7 493 5
ventilated discharge stack 4299 16 484 3
relining flues 4509 14 486 3

leading edge door 5329 5 495 3

|_cnt TFIDF_fore_back I

0
0
0

0

0

1034081 |
0993525
1.048071
1.009156
1008365 |
1.040589 I
1104269 |
1079217 |
1.024228 |

1.005022 I

Expecting candidate for concepts
within building regulation domain

Expecting general domain

span_idx num_| gl | num_ gl | gl cnt gl _cnt TFIDF_fore_bac|

tooth crowns 6759 88 412 0 3 0.

indents 3 13 6894 87 413 0 4 0.1
Instructions 7040 89 411 0 8 0.

thermal ignition sources 7079 94 406 0 4 0.
artificial opening 7228 53 447 0 3 0.
drilling sawing 7238 57 443 0 3 0.
retracting 7242 80 420 0 3 0.

therapeutic window 7480 93 407 0 5 0.

4,958 domain and 2,982 general/out-of-domain terms



3. external linking

Which of those 5K ‘candidates for concepts’ occur in other vocabularies?

e Uniclass

o only 598 (4%) of the 15K terms occur verbatim in the 1.274 pages of the UK

Merged Approved documents (MAD)
e WikiData
29% of our 5K domain terms found in WikiData
Many WikiData classes and definitions irrelevant
Annotate 1.2K WikiData classes (46% irrelevant)
When only retaining relevant WikiData matches,
13% of our candidate concepts found in WikiData

o O O O

relevance

<

<

‘<.'~<

<

<

‘<.~<

<

<

I"<

wiki class

a parcel of property land
absence
abstract object
academic discipline
academic major

accidental

acidic oxide
acknowledgement

acoustic wave

action

activity

adapter

adaptive equipment
adhesive

administrative territorial entity
advertising

aero part

aerophone

aerosol

air cooling equipment

air filter

air pollutant

aircraft component

wiki UIDs

[Q3518553]
[Q19829125
[Q7184903]
[Q118628291
[Q4671286']
[Q816335]
[Q1366137]
[Q107329943
[Q3882459]
['Q4026292]
[Q1914636']
[Q4576564]
[Q4680737']
[Q131790]
['Q56061]
[Q37038]
[Q57693916']
[Q659216]
[Q104541]
[Q113953297]
[Q583488]
['Q50429805')
[Q28816538']

first 10 examples

['building site']

['isolation', 'cavity']

[level]

['climate change']
['measurement’, 'performance’]
[flat]

['carbon dioxide']
['certification]

['sound']

['guarding', 'entrance’, 'isolation’
['fire safety’, 'thermal insulation’,
['‘power supply']

['wheelchair']

['‘cement’, 'glue’, 'mortar’]
['protected area’]

['display window']

['diffuser']

['pipe]

['smoke’]

[air conditioning']

['HEPA']

['greenhouse gas']

['elevator’, 'bracing']



3. Internal linking

So far matches all based on exact overlap, we add:

e Morphological similarity
o e.g., ‘structural element’ is morphologically similar to ‘element of structure’.
e Semantic similarity based on distributed representations
o 5 nearest neighbours based on avg. weighted embedding of spans
e Potential acronyms and antonym-based similarity
e Number of shared terms among definitions:

A part of a dwelling which is situated partly )
or entirely below ground level, and is A dwelling, or a usable part of a

distinct from a basement jinthatitisused_______. . K—ﬁmwfmng{%f-da haﬁitable r?orln),
only for storage, he’atlng plant or purposes beal = sl ed Ipar Iyor entirely
other thap_hablianon L . ‘ground level’ o o g_l:(?}{rl\‘eve



subject =

"sound reduction index"
@en

"cellar"@en

"ventilation opening"@e"

"basement"@en

"purge ventilation"®e"

subj_def =

"A quantity, measured i

n a laboratory, which ch
aracterises the sound i

nsulating properties of

a material or building el
ement in a stated frequ
ency band."@e"

"A part of a dwelling wh
ich is situated partly or
entirely below ground le
vel, and is distinct from
a basement in that it is
used only for storage, h
eating plant or purpose

s other than habitation."
@en

"Any means of purpose
- provided ventilation

(whether it is permanen
t or closable) which ope
ns directly to external ai
r, such as the openable
parts of a window, a lou

obj_def e

"A single-number quant "3"" xsdinteger

ity which characterises

the airborne sound insu
lation of a material or b

uilding element in the la
boratory."@en

"A dwelling, or a usable
part of a dwelling (i.e. a
habitable room), that is
situated partly or entirel

y below ground level."®®
n

"Manually controlled ve
ntilation of rooms or sp
aces at a relatively hig
h rate to rapidly dilute p
ollutants and/or water v
apour. Purge ventilation
may be provided by nat

shared_def_terms ¢

néw“xsd:integer

nsn“xsd:integer

total_g

n30"”xsd:integer

v-30--”xsd:integer

n22n“xsd:integer



Using the KG to elucidate salient terms

—————

The surface of a dOOF’WhICh leads into (or

f th to which th
aces) < room or space into W o e ToLIows mto (or faces away from)

------------------------------------- the room\or space into which the
4 “door i is bemg opened — sometimes
é" referred to-as-the push side’.

. : ; . > ‘following edge’
leading edge irec:morphologicallySimilar

irec:semanticallySimilar
numbDefRelterms > X

+
distance between nodes in an unlabelled, undirected graph




Minimum Spanning Tree

air extractien_system

mechanitakventilation

node_of_interest = "mechanical ventilation"

ventilatio ardards

radius = 5
max_community = 20

focussed_graph = nx.ego_graph(network, node_of_interest, radius=radius)
community_of_interest = divide_into_communities(focussed_graph,
node_of_interest,
max_community_size=max_community)

Community [3] of size 12, top 10 spans by degree:
0: ventilation systems [28]

: mechanical ventilation [22]
: ventilation standards [21]

: ventilation strategy [14]

: ventilation rates [14]

: ventilation appliances [14]
: ventilation provision [13]

: ventilation rate [10]

: ventilation requirements [9]
: central heating [8]

WoONOOUTESE WN -

extracérates

ventilation rate ventilationeappliances

entrakheating

ventilatrewsystery

ventitation provision

ventilatign rates

ventilation strategy

ventilation requirements



Types:

https://spans.irec.org/#architectural%20structure

RDF rank:

0

rdfs:label
chimney "

https:/schema.irec.org/#domain
AEC domain ®"

https://schema.irec.org/#wikiDefinition
structure that provides ventilation for exhausting the

hot or toxic flue gases, aerosols and smokes produced
by a boiler, stove, furnace or fireplace inside a building to
the outside atmosphere "




Manual vs automated term collection

Manual

Issues include;

Not being sure if terms added to the KG
actually occur in the regulations

Not knowing when the collected terms
comprehensively describe a small
subdomain

The tediousness of identifying new terms
and relations, especially when definitions are
missing and sources may not be reliable

Benefits include:

Complete control over terms and relations
that are part of the KG

Support from automated term collection

Benefits include:

—

Source and provenance of terms can be
tracked in the KG

Scalable approach (excl. some span-span
metrics), can be assumed to be reasonably
comprehensive if input is representative
Easy to identify related terms, especially
when definitions are present (even from less
reliable sources like WikiData)

Issues include:

—

Contains noise, mostly the type of noise a
human annotator has to filter



Thank you!

]

https://github.com/rubenkruiper/irec

README.md

Intelligent Regulatory Compliancy (iReC)

Scripts and data to reproduce some of the work done for the iReC project, a collaboration between Northumbria
University (NU) and Heriot-Watt University (HWU) that was funded by NU and the Building Research
Establishment (BRE).

How to get started

Download and install the free version of the ¢ for your system. If needed, there are
many tutorials online on how to get started with Anaconda and Jupyter Notebook;

After installing anaconda, open a terminal/console window (mac/linux) or Anaconda prompt (Windows) and verify
your installation by running: 'conda -V

The terminal should return the version of Anaconda that is now installed on your system. Next run conda install
—-c anaconda git -y

Navigate to the directory on your computer where you'd like to create a folder with the code for the iReC project,
e.g., some specific folder for coding projects or simply cd ~/Documents/ Then clone this repository git clone
https://github.com/rubenkruiper/irec.git Sign in to your GitHub account if prompted. Navigate into the new
folder cd irec

1. Create a separate iReC environment that runs python 3.9:

e conda create ——name irec python=3.9 -y

e conda activate irec



