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Abstract

Artificial intelligence (AI) researchers have been developing and refining large language models (LLMs)
that exhibit remarkable capabilities across a variety of domains and tasks, challenging our understanding
of learning and cognition. The latest model developed by OpenAl, GPT-4 [Ope23|, was trained using an Al BIZ&IT 'CARS CULTURE GAMING HEALTH POLICY. SCiE SECURITY  SPACE TECH
unprecedented scale of compute and data. In this paper, we report on our investigation of an early version
of GPT-4, when it was still in active development by OpenAl We contend that (this early version of) GPT-
4 is part of a new cohort of LLMs (along with ChatGPT and Google’s PaLM for example) that exhibit
more general intelligence than previous AI models. We discuss the rising capabilities and implications of
these models. We demonstrate that, beyond its mastery of language, GPT-4 can solve novel and difficult
tasks that span mathematics, coding, vision, medicine, law, psychology and more, without needing any
special prompting. Moreover, in all of these tasks, GPT-4's performance is strikingly close to human-level
performance, and often vastly surpasses prior models such as ChatGPT. Given the breadth and depth of
GPT-4's capabilities, we believe that it could reasonably be viewed as an early (vet still incomplete) version

«°
Sam Altman says “we
are now confident we
on discovering its limitations, and we disciiss the challenges ahead for advancing towards deeper and more k h 'b . 1 d G ”
comprehensive versions of AGI, including tHe possible need for pursuing a new paradigm that moves beyond nOW OW to ul A I

next-word prediction. We conclude with rcﬂ‘ctions on societal influences of the recent technological leap and

of an_artificial general intelligence (AGI) system. In our exploration of GPT-4, we put special emphasis

future research directions. I ce human workers continues in Big Tech, but not
* x_‘ o\ AG\ ed it will happen
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Xl LIMO] 2031 Q= 72X =2 SE82 5o 8o HE, =47, =5t S8 S
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ZE 22| : Scale of time Multi-modal Reasoning Of| : O|O|X| A}1

[ If a train is moving at 60 mph and travels for 3 hours, how far does it go? ]

The train travels 180 miles.

Plain response

Mstot o
Good at

( \ KTO determine the distance traveled, \

K J KSO, the train travels 180 miles. J

use the formula:
Distance = Speed x Time

Given that the speed is 60 mph and
the time is 3 hours:

Distance = 60 mph x 3 hours = 180 miles

Response with intermediate
reasoning steps

+ Deductive or inductive reasoning
(e.g., riddles, math proofs)

+ Chain-of-thought reasoning
(breaking down multi-step problems)

+ Complex decision-making tasks

+ Better generalization to novel
problems

— Fast and cheap responses
(more inference time)

Thought for 1Im 50s >

- Knowledge-based tasks
(hallucination)

in2
— Simple tasks (“overthinking”) 32.5in
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Original Transformer Model Replacement Model
We replace the neurons of the original model with features. There are typically more features

than neurons. Features are sparsely active and often represent interpretable concepts.

The underlying model that we study is a
transformer-based large language model.

output output Feature
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To understand what a feature represents,
we use a feature visualization, which shows
dataset examples for which the feature is
most strongly active. In this example, the
feature fires strongly when the model is
about to say a state capital.
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Figure 1: Costs Incurred in Different GenAl Deployment Approaches
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Training, Education and Literature analysis Planning and scheduling tasks

Specialized virtual assistants and question
answering systems

Scheduling and aligning long-term and short-term

Student instructor for construction hazard training
plans (Amer et al. 2021)

(Uddin et al. 2023)

Virtual assistant expertizing in the HVAC operation
and design (Lu et al. 2024)

Scheduling simple construction tasks

Student report evaluator on sustainability (Castro
(Castro et al. 2024)

etal. 2024)

Manufacturing (Meng et al. 2024) construction tasks (You et al. 2023)

TC and NER capabilities

Virtual assistant specializing in CMS domain with
(Zhong and Goodfellow 2024)

Transforming text instructions to planning goals in
PPDL (Xie et al. 2023)

Safetyianalysisiandihazandiscognition Generating symbolic world models in PPDL from

action descriptions in text (Guan et al. 2023)

[ Bibliometric analysis on Demand-size ] [

Sequence planning for robotic systems on ]

Hazard detection on incident reports of highway
construction (Smetana et al. 2024)

Document generation and compliance

Risk identification and analysis of construction check

Code and data generation, interpretation
and visualization

Simulation of human behavior and thermal
preferences for HVAC settings optimization
(Yang et al. 2024)

(Giudici et al. 2024)

injury report documents (Hassan et al. 2022)

Generation of construction reports from aerial
images (Pu et al. 2024)

Risk identification and classification from
construction specifications (Moon et al. 2022)

Automated compliance check framework
(Chen et al. 2024)

[Creation and control of smart automation routines

energy load profiles (Hu et al. 2024)

Generation/restoration of missing data from J

[ Interpretation of sensor data for occupancy

U L

ion (Quyang and Srivastava 2024)

Building Information Modeling (BIM) and Building Energy Modeling (BEM) functionalities

Generation of BIM files for exterior walls from text Generation, modification and visualization of BEM
descriptions (Jang et al. 2024) objects from text input (Zhang et al. 2024)

visualization of BIM objects through text

Virtual assistant framework for extraction and
(Zheng and Fischer 2023)

Framework for BIM-based DfMA targetting design | | Interpretation and explainability of MLC models for
and construction of pre-fabricated buildings BEM (Zhang and Chen 2024)

(Han et al. 2024)

footprint reduction in buildings

objects through text (Jang and Lee 2023)

[ Generation of building IDFs from text for BEM

[ Extraction, modification and visualization of BIM ]
simulations (Jiang et al. 2024b)

LCA toolkit for design optimization for carbon
(Ptoszaj-Mazurek and Ryriska 2024)

oz U TS HTe ARE HSHO|OfA 0] £0
ANAE 7% 5 MEXQ AT MBS Myeta o

AEE0F = WX ef TS & 0F

Technological and operational challenges

Challenges Future Directions

[ Computational and infrastructure requirements ] [
LA

Optimizing computational efficiency }

[ Model stability, scalability and maintenance Continuous model training and adaptation ]

J

Domain-specific knowledge and data limitations

Challenges Future Directions

Lack of construction-specific knowledge ] Domain-specific training and fine-tuning

Data quality and bias

Standardized data exchange and protocols

[ Continuous madel training and adaptation
[ Models with multi-modal capabilities

[

( J
[ interoperability and seamiess integration |
( J

Heterogeneous and unstructured data

)
)
)
)

Accuracy, reliability and compliance

Challenges Future Directions
Hallucinations and factual inconsistencies ] [ Output quality verification

Data quality and bias

[ Human Al-collaboration

[ Model explainability and transparency

N ey e

Integration with standards and regulations ]
Heterogeneous and unstructured data ]

Ethical, privacy and security concerns

Challenges Future Directions
[ Ethics and responsible Al ] [ Output quality verification ]
[ Privacy and data protection ] [ Human Al-collaboration ]
[ Security and adversarial robustness ] [ Model explainability and transparency ]

=X : “Areview of LLMs and their applications in the architecture, engineering and construction industry”, 2025

https://link.springer.com/article/10.1007/s10462-025-11241-7
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LLMSense 72
...... | At 1:59:00 LLaMA 13B chatGPT 3.5
Patterns of sensor data in the latest 30 mins Patterns of sensor data in the previous
As1.21.00 @ * Illuminance: The illuminance pattern shows 1 hour (between 00:01:00 and 1:29:00) @ “QOccupant
At 1:30:00 I a gradual increase from 0.11 to 0.13 at * Tlluminance: Slight fluctuations .
Iluminance 0.11, 6 1:38:00, followed by a slight decrease throughout the period, with an overall Hich-level D etect}f)n.
Indoor air quality 27.58, P, [ Summary before increasing again at 1:49:00. steady trend. 1gh-ieve Yes
CO2 concentration 600.1, (41 (a) Prompt | Indoor air quality: .... « Indoor air quality: ... Reasoning
Sound pressure level 33.55 s a) Prompt
Design (b) Summarization of (c) Selectively Adding ( %)esignp
Raw Sensor Traces Latest Raw Traces (T;) Historical Traces (Ty)
Smaller LLMs on Edge Larger LLMs on Cloud

A 85 SA(TEHN IS AL A

Dementia Diagnosis Occupant Detection

Model Llama-13B  Llama-70B ChatGPT3.5 Llama-13B Llama-70B ChatGPT3.5
Accuracy 60% 73.3% 76% 60.83% 46.67% 72.08%
Consistency 93.3% 100% 86.7% 81.25% 87.5% 85.42%
Uncertainty 9.3% 0 0 2.08% 0 0
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Text2BIM Z&{| %3 7l - HE|ojjo|

LLM 7|8t CtE OO|ME LA Q2 Text2BIM2 “71I O & AAXOZ HTHSHY| 2ol XA HHOZEEH 3D =
B K= Skt A L = a| =< o
DES d4dg = A= LM 7|8 s O[O HE =R =2 A 01-31 LLM O O|HEQ| o ¥ x'—.—% 250 BIM X%}
=7O| APIE SEHE BHY DER WEshs AlAT LT
5 “I want to build a 2-story hotel with 8 rooms on each floor. The rooms are arranged in groups of 4 on each side,
Global optimization loop . i separated by a 4-meter-wide corridor in the middle. Each room has a door and a window. The doors of the rooms
through human feedback : User instruction

are on the corridor side of the wall, and the windows are on the outside wall of the building. The building should
have a wooden pitched roof and brick walls.”

Productowner fF======== o=

Generate detailed
requirements

Programmer

4

Self-reflection loop
Self-reflective modifications if exceptions
are raised the code

Quality optimization loop
When issues are found in BCF, guide to solve

Evaluate code

Custom Python
interpreter

Generate BIM model

IFC
Rule-based Bck

model checking Reviewer
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II: BERT for Constraint
Classification

III: GPT for Constraint
Analyzing and Tracking

A. Prepare Input Data

L)

Al. Dialogues from
Meeting Minutes

|

B. Implement Text
Segmentation using GPT-3.5

|

o—
0—
]
]

C. Output Corpus by
Topics

P

A2. Prompt |

v

I
|
!
- \ per Topic
|
|

F Implement Batch Training |
& Parameter Tuning '

|

|

|

|

|

! BERT
! TTTTTT
|

|

|

|

|

|

NN

E. Develop BERT
Classification Model

|
|
i D. Clean Text & i
|
|

Remove Stop Words

H. Analyze Constraint
Discussion Sufficiency

J. Constraint Information
Summarization via GPT-4
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LLM2} RAG 7|8t BIM X|A! F

‘,,

ME7t oo]ME AT - BIM H|0|E| 5Z X2| 7=

BIM L|O|EHE 2t o2 HAMoL, ot YES ddot= Y2 £50 &2 I3017] #lof LLMI RAG7|=& HED
X 7 0

| | ]
04 BIM L|O|E 2| SES HMdtn, B

= LT

AA =

questlon

answer

% mterface %

A2. User A3. BIM
expert agent

% A1. BIM engineer

@Dl BIM domain knowledge
dataset

D2. IFC parser
N Vv

D3. BIM chunking

{

>>> What are the property set of hallway of Space, B201?

Q1. BIM query

Q2. BIM data retriever

The property set of the hallway of Space, B201 is:

* Reference: ""
input generate * Name: "Hallway"
* Number: "B201"

* OmniClass Table 13 Category: "13-51 24 11: General Residential Space"

* Level: "Level 2"
R1. prompt

* Upper Limit: "Roof"
* Phase: "New Construction"

* Category Code: "13-51 24 11"

R2. prompt template

R3. LLM
(Large Language Model)

R4. Embedding model

R5. BIM vector
database

D4. BIM RAG documents | =)

R6. BIM data chunk

24
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Pages Images Visual Embeddings "'::g‘:d"d;:;‘s‘a‘ @ 3 Sovsome
’ — <28 ‘
¢ [ profection 1 Lol ) — Evaluate if this °
4 ¥ ) <doctag> po response is .
= fooe @l | “awesome”
2 </doctag> Criteria: \
Cpociing.
Not Awesome
Text Prompts Textual Embeddings
2N M
— (D e 2 i _ .
H User query need to be modified through prompt engineering w "It Xh=3}
{} . (LLM-as-a-judge)
iy, pEsibepeumssiSesasevy = ] No
{ Collection of = & _ = " i
3 : . 2 5 > Mrieve 0st |
i i o & : _Embedded e [Py, ___Retrieved » Teok — ‘
Contract@ documents Vector Chunks " processing  Re-ranker
I = DB Retrieval
. Comorsil  ‘ot.aiid ®
? | P Content
? : . Dense . . : 1 Evaluation  poaluator
& | Data ingestion representation EQ for hybrid search Chunks after re-ranking Agent I
.§ . = Initial Yes
- : : response
: =EQP ueny
Contracts o @ __Embedded > Eng 01 _prompt3» . J
Embedding © Query (EQ) v Generative
p <) o “ 5 TAgE L Query ‘inal Re >
- —Query> ’ Final Response
‘ ’ LLM Agent Eng_02 LLM
User
mEnE XS
08 e s oo B i e —
mm:; R mmon \\ HYDE :“\:‘suul:!y;i:o behr:‘e:r::o \ /';«:%Ea?.m"zgfn’mﬁ?” - _.D__, +
\ remove a wisdom tooth. (
scientiic paper passage foanswer |\ | y
::’:;:esrmm el ‘\ @ depression and anxiety had P4 two studies investigating Y =
How has the COVID-19 pandemic impacted K——— increased by 20% since the Contriever r~———» COVID-19 patients ... significantly [ -_—
mental health? 7 GPT start of the pandemic. f\ higher level of depressive J ]
/i \wnm 48 4sso82 g \\,\ _
wesnnconl | ) ke AR AR e e LLM CHX| E=
UV AM EE ABRE? ———  A3uc O:' -(.)_I' = E}'
instruction query generated document real document =2 a
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What & Why On-premise for sLLM?

AHH| T3 (On-premise)d sLLME 1) HE 20| 2X| siZ, 2) &

Mol g SOl IHE B2/

® EXPEY sLime| EHH

CHelE 2 H|8

Al model pricing
tin $ per 1mn tokens (equivalent to about 1mn words inputted or generated)

2
[=)

SaaS [} Local LLM 2<% H]|

r 3

GPT vs Open Source (AWS)

Cost

v

Utilization

Al A XEet 7|20] 207t dd AHE A4 MOjLt

H| -2 (Total Cost of Ownership)O| 7+&

‘d5d7H(DeepSeek

2ol 715, 3) 7|l At

| == .

2 ok=o o
= O =
=2 9 35

Of StLt L Et.

39

CJ CoT W Liaa-32-38 lostrac
g2 118

l GFT-40

MATH-500

9 Llaxns 314058 Instroct [ ol-mizl DeepSeck-R1

R DeepSeck-R1-Distilk- 1 58 I ol-preview B8 DeepSeck-RI1-Disizll.7TB

AIME2

=

@

5 %
&

£

unk 158 wnk
1) (e)

65 0
718 o S 4B ank

Estimated Monthly Deployment Cost Across Various LLMs

GPT-4 32K

GPT-4 4

Claude 3 Opus -
GPT-4 Turbo q
Claude 2 -
Claude 3 Sonnet
GPT-3.5 Instruct 4
Claude Instant
Lama:2 705 chat
Code Llama -
Claude 3 Haiku
PalM 2 4

Mistral 8x7B Instruct 4

Llama-2 13B Chat

Mistral 7B Instruct -

1 $96.00

5 $60.00

ision {§19.80
i pro {$12.80

$2,700.00
$2,700.00
$1,200.00
$960.00
$540.00

$105.00

$62.40

$46.80
445.00
$29.40

$21.60

$17.40

$10.20
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o 1000

2000 3000 4000 5000

Estimated Deployment Cost per Month ($)
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Zero-shot Prompt

No examples —»  Text:
Sentiment: ...

One-shot Prompt

One example —
Sentiment:

Classify the text into neutral, negative or positive.

Text:
Sentiment:

Classify the text into neutral, negative or positive.

Classify the text into neutral, negative or positive.
Text: | think the food was alright.

H =LA AFS A
7:-|7|-*}7—\ Lt I\°1M7|'
H|4—7HE

X oM =3

Few-shot Prompt

Classify the text into neutral, negative or positive.
Text: | think the food was alright.

Sentiment:

Text: | think the food was great!

Sentiment:

Text: | think the food was horrible...

Sentiment: Negative

Classify the text into neutral, negative or positive.

Text:
Sentiment:

t

2) RAG(Retrieval Augmented Generation, ZAZS 244 d)

Embeddings
Knowledge base Vectorstore
“LLaMA 2= LLM" ] “LLaMA 2= LLM"
2lops ol 2 LLITT] .
"RAGE Al Z2j| 3" .
Embedding
Model o
Prompt Similarity Large
Search
“Llama 2= £ 217t Language Model
e.g., Llama 2
“Llama 2= FA Q7"
“Llama 2=

Al A8 ArE=t 7|0 BE07t= ddE

Cf Qo] 2 Ho|
QEAAR ENEUH
&0l Liamall A&

Zo|ct,

AT A4 MOJLt

<4— Several

3) OIM =

Regular Fine{Tuning

1), 2), 3

28

2E HEA

Embeddin

) Wile

€ Prompt
Engineering
Natural Language

’d(Fine-tuning)

Low-Rank Adaptation

HEX|e 22 52H +F

e

Embeddings

\

Pretrained

Weights W

B Retrieval Augmented

Generation (RAG)

External Knowledge Base

EIFine-Tuning
PEFT

 Quick Iteration
+ Requires no Training
» (Sometimes) No coding

* Query Database
« Requires no Training —
« Allows for Fact Checking

 Best Performance
« Requires Training
» Quality Dataset Necessary

Few-shot

“Here are a few examples...”

Chain-of-Though

“Solve this step-by-step..."

ReAct

“Create thoughts, actions, and

observations...”

Using vector database:

How old is George Clooney?

Prompt
Vector Database

Relevant
external

knowledge
v

(Large Language Model]

e.g., LoRA:
Inputs x
Wa

Pre-trained ,

weights W

\

Embeddings h

Complexity
Quality

SPELIX
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Sl Instruct Set2 =

A1 gfjofEf =

input
1. A2 HZ LR (signing date of the
CONTRACT)?

Data (JSON):
[

"id™: 291495,
"type
"source™ {

"doc_nm": "01 EPC_Contract {IPP Plant)

rev”,

" Mtext”,

Z1t H|O[H
e GO H)

"page_no™: 1286,
"pj_no": "11-047",

"table_name": "contract_elems"
A%=Y b
"input™ "### SIGNATORIES¥n IN
WITNESS whereof this Direct Agreement has

E O [:l-j en executed and is intended to be and
-” | -i;i#nhereby delivered on the date stated at

Total Lump Sum Price®| 10%
3% - Commencement Date 2 HE{ 45% L
3% - Project Office Organizational Chart % Contractor’s Key
Personnel 91 A|
4% - Engineering & Procurement®] Master Schedule 29! Al

Advance Payment

output

{

"summaryAnswer": "4 2fQ|

of ARCZ AZE O QA &

descrlptlveAnswer

Tk N mo

o &
HAE
oL,
=[x &
"keyKeywords": [
"Contract Award Date",
“Effective Date”,

"Document Execution",

=2
o1
=
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The image depicts a yellow metal bar secured with a green and orange cable tied to a metal grate.

The image depicts a yellow beam wrapped in electrical tape on a metal grate, potentially posing a tripping hazard
and requiring immediate attention from site safety management.
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This image depicts a man standing on a metal grate platform, with a wooden pallet and a fan visible beneath him.

The image shows a wooden pallet on top of a metal grate, which poses a risk of falling debris and entrapment for
workers below.
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This image shows a blue flatbed trailer loaded with wooden planks, some of which are stacked on top of one another and
others that are resting against the trailer’s side.

This image shows a large piece of lumber protruding from a pile of wood on a flatbed trailer, posing a potential risk
of falling off and causing injury to workers or damage to equipment.
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This image depicts a large hole in the ground, likely a sinkhole or excavation site, with a person standing at the top and
another at the bottom, surrounded by a metal ladder and other tools.

From a construction site safety management perspective, this image depicts a significant hazard: an open and
unguarded excavation pit with a steep drop-off, posing a substantial risk of injury or fatality to workers and others
in the vicinity.
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The image depicts three workers in hard hats and safety gear, engaged in constructing a metal structure on a metal
platform.

The image shows three construction workers in high-visibility vests and hard hats working on a metal structure,
highlighting the importance of proper safety gear and protocols in preventing accidents and ensuring a safe work
environment.
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This image depicts a metal scaffolding structure, likely being used for construction purposes, with a prominent yellow
oval highlighting a specific section of the scaffolding and a sign that reads "CAUTION: Cable pulling activity in progress,
Pinch points for”.

This image depicts a construction site with a scaffolding system that poses a risk of falling objects, highlighting the
need for proper safety measures to prevent accidents,
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This image shows a close-up of a large industrial structure, with a red rope or cable suspended from the top of the
structure.,
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This image depicts a red cable that poses a risk of entanglement for workers on a construction site, highlighting the
importance of proper cable management and safety protocols,
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