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ABSTRACT: Recently, LLM (Large Language Model), a rapidly developing generative Al technology, is receiving much attention in the
smart construction field. This study proposes a methodology for implementing an knowledge expert system by linking BIM (Building
Information Modeling), which supports data hub functions in the smart construction domain with LLM. In order to effectively utilize LLM
in a BIM expert system, excessive model learning costs, BIM big data processing, and hallucination problems must be solved. This study
proposes an LLM-based BIM expert system architecture that considers these problems. This study focuses on the RAG (Retrieval-
Augmented Generation) document generation method and search algorithm for effective BIM data retrieval, with the goal of imple-
menting an LLM-based BIM expert system within a small GPU resource. For performance comparison and analysis, a prototype of the
designed system is developed, and implications to be considered when developing an LLM-based BIM expert system are derived.
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Table 1. Data Processing Cost for Retrieval (DPCR) between
specific token in relation to each other tokens based
on file type (DPCR=high,middle,low)

Data file type Structure feature description DPCR

Text files have a chapter structure, and
related information about topics is likely to

1. Text :
be organized around paragraphs or
(e.g. TXT, ) ) | Low
tables. In this case, related information is
PDF, Table) " )
grouped around tokens of a specific topic,
so the cost of information retrieval is low,
Time series data sets such as sensor
data may show repetitive patterns over
time units. In this case, the measurement
2. Scala )
(eg values in the data pattern affect the pat—
) " |tern type together with the surroundin )
Time—series yp 9 W urrou 9 Middle
measurement values, In order to search
sensor
for patterns, the measurement values must
values)

be normalized, and the window size for
calculating the pattern and the model for
learning the pattern must be determined.

The defintion and meaning of image in—
formation vary depending on the purpose,
such as classification and object recogni—
tion. Images generally have a two—dimen—
sional structure, The values that make up
the image are RGB values that express
3. Image |[colors, and the relationship between near—
(e.g. GIF, |by RGB values and changes can be| High

JPG) expressed in the form of a convolution
pattern. The method of obtaining infor—
mation from images requires bidirectional
learning between text and images. This
was developed through CLIP (Contrastive
Language—Image Pretraining. Radford et
al, 2021) technology.

Files in the ontology graph format generally
require following reference information
through links to retrieve tokens related to
a gpecific topic. The graph structure is
very flexible and focuses on data exten—
sibility. This structure is significantly diffe—

(Ae.;r‘anCh rent from the SQL—compatible dat.abase High
STEP OWL) _structurg tha.t allows easy querylng of
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to have no related information near the
tokens of a specific topic, a graph data—
base that supports special indexing and a
search query language such as SPARQL
are required for information retrieval,
BIM |O|E{= Table 101A 7& 401 siEotH, RAGE #Ict

GO[E] X{2| HIE0| =Lt BM HlojH= 23S Sdf Z=7t

roh

t=BMES| =2 143 32 (2024) 25



=0, Figure 39| IFCTHXO0{|A
Sl A QUARAL} HEZ

o
=
&

a

rnroo ‘é_? 40 10
>

oh |—||—

B a HQD:
> =
o
H 4>
g o
o
ikl
ri
i
0Z
HO
on
=l
[
inl
(=)
o
i
1

ol
=
(@)
-

2.3 BIM HIO[E{4l X{2|S I8t RAG Z2MIA FHO

BMI} 22 T2 XM RAGE AIRE 29 3| =
JIRIZ A0 mefshor Sick

A) BM Z22HZ A Hjo|E] X2

B) LLM 2o Test BIM ZiHIZ ZA gi

=
1o

N
4o
w
=
inl
(=)
m
rr
M
>

I
o
0z

0
Hu
0%
H
i
40
_‘>|_\
o

8
< s 2olooF eich HIo[EE M Jhset 83
otz 28 FZ(chunking)0 |2t BTt YRRl HZ
E{7 EIAE X2}t 7Pdet XNE2lE2 g, 18
Me A 2 E20] ZeIEX| %= 7K5d0] 0L 2228
K Selez BMH0|EE MX2/sk= 20| E4Ao|ch 0
AFolM= O] HAIE BM FZol2t sict 222 BM &2
2 LMol 25k FHI”t =X S4oi| w2t lo[E7F »~Lst

1 |

40
hu

0

_LI FI_O r_rl_ I'm
o
1

|H
oo
2

BIMcpyni = {x | Eset, Rsets Pset € T | x € T}

T = {topic *}

Eger = {element *} (1)
R, = {relationship *}

Pge¢ = {property x}

JE e
m K
gy o

il
el
el
i
[
U 1= = 7o o

0 4
= 10
H re
m > o
ol =2
o> _%
- 0
oo
P
20
O
oo
£
oo
H
ne
|0
HM
ru ry
s
£ =2
oo

m
™
X
n
i
_b‘_ J
=
o
no
£

on

1E

m

O

!

2

P

oY

1=

ot

>

30

o [=}

0
gh

;“ e r
2
rr
i
=)
m

z
5
oY
1=
2

>
00
0
rr
kU
>
ro
a
(@)
D
>}
[
40
>
H
rr
1=
m
1o
=

HU o %

no

= O

>
ronjo
E\JO
5w
]

2 E
W
oy
AN

- X
N
=TT
'—‘l_}‘._
=
S
m 2
M
™
o
o |0
~ fu
J0 1>
Rl

ro

N
2
I

26 Journal of KIBIM Vol.14, No.3 (2024)

A-B

TATTEN @

similarity.,s = cos(6) =

AR RA=E O 2MS0 S FE7H 240 /2,
of =Moi| Hl=xet E20| Bl Bh=E Z2. X =Ml H

gt
= H2E dMsh| ofziz 4 Ut

ol

MMR = A-sim(d, Q) — (1 — L) - maxgeep sim{d, d")

d = doacument

0 = guery token

sim = similaritygys (3>
D = selected document set

max = solution maximun function

A = Similarity and Distinction Adjustment Farameters

MMR (Maximum Marginal Relavance)= 2t
Hot 00| MEHE EME 7HO] XHEY HLE Il A
st 2E HE AMSTHA! 3).

BIM RAGOI Al A2 H|0Ef ENZ Tfal FARSTt AHH
N QMZ S5

Figure 5= A 7|25t BM HZnt ZA 2HAS 1ist BM

RAG xf2| mo|Z2fels BHELL,

Q1. BIM query

interface question

answer
A2. User A3. BIM
expert agent

% Al. BIM engineer

&DL BIM domain knowledge
dataset.

Q2. BIM data retriever

input @ generate

R1. prompt

R2. prompt template

R3. LLM
(Large Language Model)

R4. Embedding model

D2. IFC parser E PDF etc E
4 <

D3. BIM chunking

R5. BIM vector
L database

D4. BIM RAG documents |=>| R6. BIM data chunk

Figure 5. LLM based BIM RAG process pipeline
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Table 2. LLM based BIM RAG components description

Name Role
Engineer developing BIM datasets. e.g. BM
A BIM models, IFC file development, COBie main—
y tenance dataset development, 4D/5D si—
engineer ) ) )
mulation results, design and construction
guideline PDF files, etc.
A2 User User who calls and utilizes a BIM expert

agent.

A3. BIM expert
agent

Agent uses BIM RAG pipeline components
to generate information that users need.

D1. BIM domain
knowledge
dataset

Domain knowledge dataset required for the
BIM expert agent. The dataset is a raw
dataset before being input into BIM RAG,
and is in the form of IFC, PDF, and TEXT
files, for example.

D2. IFC parser

lts role is to analyze IFC files and extract
data.

Convert BIM data into a format that can be

D3. Bl
8. .M processed by RAG so that the BIM agent
chunking
can perform well,
D4. BM RAG |Converted BIM  RAG documents. The
documents  |documents contain multiple chunks.
Prompt generated by a prompt template that
R1. Prompt |includes user questions and augmented
search content.
Prompt template suitable for the purpose of
R2. Prompt |BIM agent service. Since this study uses
template RAG, the template consists of instruct,
question, and content sections.
LLM is used as a foundation model. LLM
should be selected according to the agent
purpose. LLM supports open source mo—
R3 LM dels such as Llama, Gemma, and Phi, and

commercial models such as ChatGPT. Note
that each LLM has differences in do—
cument  summarization, code generation,
and knowledge type support.

R4. Embedding

Convert chunks into searchable embedding

model vectors from a vector database.
R5. BIM RAG |Vector database that stores and manages
vector values converted from sequence tokens
database included in chunks into vectors.
R6. BIM data [Data set divided into a format convenient for
chunk RAG processing of BIM data.
BM knowl —relat i
Qt. BIM query | nowledge—related question, expressed
in natural language.
Provides the ability to search BIM knowledge
iNn a vector database. There are various se—
Q2. BIM data |arch methods, such as the similarity cal—
retriever culation mentioned above. The searcher

should be selected considering the agent
and data type.
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A9l n—gram2 745t £, FUS K R HA HAEQ

HOlE EIAE 710 SAIEE 7

M no0| 5t HR0ll= BLEUE ©HY HORtS M2 WSk
=} BLEUE &z HAE0 3 BidE HAE= IEEIS

Sofeltct.

N
BLEU = BP - exp (z Wy, log Pn)
=1

1 ife=r
bF = Lu—%:- fe<r

N = n gram number

wy = 1/N

r = length of reference text

¢ = tatal length of translation text

Pn = geometric average of n gram precisions

- OO0 1/ -

ROUGE X|H= MAE BIAE QOk} ZIZIS 7RI ZEx QOF
o

o] EXg otst 4 lok ROUGEE 0| AIEAIM ZXl=
n-gram2 AEoH AS STE HAE 7F RAMES T2{5iC)
012 &l n—gram XSS(recallS AHAISITH ROUGEE
n—gram TS 7| Yol X 22t MME HAE AR

(@]
A SZHO] TA| JH0il Ciet UX| HEES AlFBITHA! 5).

ZSEReference Texts 2n grames Match(n gram)

ROUGE — N =
z:SERe/’erence Texts Ln grames Count(n gram)

—

5)

BLUES} ROUGE X|EE & 44 CflolEoll Cifet £k
AMs & 4 e ZHOX(2H 21 Ch¥st AJEAS T
O|ES0ll CHet QnjEX Uptys =Fo| ofzig &+ ok
0l OIRZ, H2 nEH HogHACE =3E LIMS Sof
HHO| Hete XHE =3
= 0| REES 902X RAM=(semantic similarity) H7IX|EE
AFZ3IC,
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e 5)2 HLElth RAG CIO[EA 2], M 2 58

dd 2E= 7ololl 0|12 HIAES] 2X5 oitt. 018 #all,

FCOIM HES ZAME 4~ Ql= BM M27t Of0|ME =2 EEf
US LSt

Hotst BM RAG HZ w1810l 229t H0Ef AM2l= mo M
He=2 LRIt molZefelo] HEHE U= 2XI2 0}
oMoz JHLUEQICE 2t mo|XefRlo] HEHEES S S5
SiFE= 7158 LangChaing ARZSIQICE Table 32 0/ 71&
SF Z40|0, Z2EEY] e k= Figure 62F 2Tt

Table 3. LLM based BIM RAG component implementation

Component Implementation
D1. BIM i ) )
) domain Develop IFC files using modelers such as
knowledge .
Reuvit,
dataset

D2. IFC parser

Extract data by parsing IFC using lfcOpen—
Shell.

D3. BIM
chunking

Parsed BIM data is saved in JSON format
and then chunked in a searchable manner.

R2. Prompt
template

A template is defined in the following format:
You are an assistant for question—answering
tasks.

Use the following pieces of retrieved context
to answer the guestion, Please answer the
question concisely. If you don't know the
answer, just say that you don't know.
#Question: {input}

#Context: {context}

R3. LLM

The LLM used in this study is LLama3, an
open source model. ollama and LangChain
were used.

R4. Embedding

The embedding model used FastEmbed.
This model is a fast and lightweight embed—

model ding vector generation model developed by
Qdrant.
R5. BIM RAG The vector database uses chroma, Chroma

vector database

provides convenient vector storage, mana—
gement, and search functions.

Q2. BM data
retriever

The BIM chunk search model applies Equ—
ations 2 and 3. Equations 2, 4, and 5 are
used to analyze the performance of each
search model.

Question =) LLM basd BIM expert agent

>> What are the property set of hallway of S 201?

¥ W LangChain@ chroma

2) Hote HES ZH|(Table 4)

3) Olof| et MER! &x HHE Z4|

4) RMNER), 518X RAIE=(R2), MVR (R3) ZAtEie ZH|
5) MRS MEV} of0|ME Z2EERJ0] UH

6) BLEU (E1), ROGUE (E2), 90| SA=(ER) T tRES ZH
7) MME R Fx gHHZ 2 DEEE Hw

Table 4. Evaluation questions and reference answers

Question Reference answer
1. What is the I . )
Q. . S The classification description of basic
classification

wall: interior — furring (38 mm Stud) is
metal—ramed gypsum board fixed
partitions

description of basic
wallinterior — furring
(38 mm Stud) of wall?

Q2. How many are

o Number of living room in space is 2
living room of space?

Q3. What is the
circulation zone name
of living room which

number is A1027?

The circulation zone name of living room
which number is unit a CirculationZone
Name

The property set of the hallway in
space are Name: Hallway', Number"
'B201, 'OmniClass Table 13 Category"
'13—51 24 11: General Residential Space',
‘Level: 'Level 2, 'Upper Limit: 'Roof,
'Phase: 'New Construction’, 'Category

Q4. What are the pro—
perty set of hallway of
space?
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Code" '13—51 24 11, 'Category Descrip—
tion: 'General Residential Space', 'Cir—
culationZoneName": 'Unit B Circulation—
ZoneName', 'FireAlarmZoneName': 'Unit
B FireAlarmZoneName', 'HistoricPre—
servationZoneName": 'Unit B Historic—
PreservationZoneName', 'LightingZone—
Name: 'Unit B  LightingZoneName',
'OccupancyZoneName': 'Unit B Occu—
pancyZoneName', 'VentilationZoneName'"
'Unit B VentilationZoneName'

Q5. What is the
Onmiclass code of
foyer space?

The OmniClass code of foyer space is
13—51 24 11: general residential space

2 AZOIAM AZSH Oj0| RAIE BIHEER 2 ESHAL
H 22 & sttel 8{%' 10| A(huggingface)2| all-MiniLM—
SR Sof ARREIC) MAE

1215101 cosine SALE AlALSH

27t Ol0[TE Aol Al AFEE GPU
H22l= 53CB & f(N\/\DIA GPU 3090, /& i9 CPU, o222
16CB 2Hg). MME HHE Figure 72t 20| EM2 2loiM
RAG IitHH 24, A2 FE, MyE gHez F1Esl JSON

MUZ XHSIAC

Figure 7. Generated information from question (example)

2t A= g2 iy gHES 2 UMK HEE Aliteio]
i

=] -
Z1E Table 5, Figure 81t 20| He|

Table 5. Test score (average)

Score
re?r'iieer Question ID E1. E2. SeES. "
BLEU | ROUGE | omeme
similarity
Q1 0.935 1.000 0.990
Q2 0.000 0.171 0.703
R Q3 0.547 0.813 0.920
Similarity
Q4 0.129 0.901 0.941
Q5 0.000 0.000 0.064
Q1 0.657 0.878 0.974
R Q2 0000 | 0.000 0.076
Simiarity_ 73 0634 0.929 0.899
score_
threshold Q4 0.108 0.814 0.946
Q5 0.000 0.000 0.064

Q1 0.935 1.000 0.990
Q2 0.000 0.615 0.804
R3. MMR Q3 0.459 0.897 0.901
Q4 0.070 0.628 0.913
Q5 0.652 0.880 0.959
1.000
0.900 0.914
0.800
0.700 —e ® 0.724
0.600 e : _____ -® 0.592
0.500 0423 ~ __-Z.@-—'77
- 0.524
0.400 a2 -l
o0 ¥
0.100
0.000
BLEU ROUGE Semantic similarity

-®-Rl --®-R2 —e—R3

Figure 8. Output quality performance (average) in
LLM-based BIM expert agent

Figure 81t 20, Of0[HES] FE MM SH2 MMR A0
=4 (Semantic similarity=0.914, ROUGE=0.804, BLEU=0.423),
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