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data sets
Cleaning and
organizing data
3.2-5 [70]
2015 BizReport Xplenty

[71] BI 50% 90% BI

90%
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80%

DHEIRT . BUEPRIRAN TR ZEIRAR

sQL
- (RDBMS) Excel

csv

JSON XML

3.2-6



&3

@ Graph-based

Data Model

Relational

Hierarchical

3.2-6

(RDBMS)

ID

RDBMS

ID "

Storage Format

CsV, 50L

JS0ON, XML

RDF, GraphDB

HURGI—FEHMIE | 9

Example

A table of doors in Excel

MNested door objects inside a room

Relationships between building elements

SQL CSV RDBMS

JSON XML

ID 3.2-7
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2 Ay
= T & &
Door ID RoomID | Height (mm) | Width{mm) | Fireproof
ol —
- 01001 101 2000 800 Yas
s
o —
- |D1002 101 2100 BO0 Mo
A
il —
- 010032 102 2000 880 Yas
A
3.2-7 v
JSON XML
3.2-7 JSON 3.2-8 Rooms - ID
LR ] e, ot
i
=2 3 e
iz u-:-;'s"? [ ;‘w_’-'..
[:Ill EE'ID"! i, "Helighe": 2088, =Widen™: Sda, "Flreprooaf®™: "Yes®),
Hl {*L0™; 2, "Height": 318, "Width™: 868, "Flrepreof®: "Na®}
|

N
{

"Ip*: 1
"Daors”

H | (e

¥
1% 1
7 }

&

22,

s —

T

"Helght":

&

2088, “Width®: B854,

EUY

"Ficreproof™: "Yaz"}

3.2-8 JSON
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T (FER) 101 102 ID1001 ID1002 ID1003

3.2-9
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NN
it
(N

= gz =

TABULAR HIERARCHICAL OR GRAPHICAL
STRUCTURED FORM | MESTED VIEW ] REPRESENTATION
BB a3 &4

T | Al | Heghtben m|n1| Fiempmanik o =

[:‘1I c::\c'. im I e | @ e _-_.: R ¢
l—:'] il D I i . oD | el I e

L,
=

3.2-10

XML  JSON

LLM
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3.1-5 CAD (BIM)

3.2-11

Banking and Finance
Healthcare
E-Commerce
Education

Travel and Hospitality
Telecommmunication
Government

Social Media

Real Estate

Construction

Designing

3.2-11

— e
wo. I
oo [ ™~ (FF

Microsaf SO Server _ 2T34% E

M

—
wds [ =5
oo [ o 5
sasicsearch [N 52
pramocts [N 10ax
oace [ r00e

?23

BIM
ERP
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3.2-12

" "[63]

[72]

- 2015

Monopolies or tight control
over critical data formats

Telecommunications: 19705-1080s
Proprietary Protocols SrEs EEEe
Computing Industry:

Open Source Movement

Document Formats:
PDFs and DOCs

Late 1980s to 19905

Web Browsing:
Browser Wars

Mid-1990s to early 2000s

Audio and Video Codecs 1990s-2000s

Media:

3.2-12

IT

3.2-13

API -
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API -

3.2-13

CAD BIM - Input

API

Model-Centric Appmach
& Dependencies M Marketplace

3.2-13 CAD

Ay Fe——a-&-BiIM —a—ar— (D@ B i
- L I| i

e = T MPackages—— 1x

CAD3 S T e e P

closed BIM £ bovelopment [ Export
—a . o o B Manual process 4 Impart
K2 Fors i= Commiunities @ Save Dutput
HIMEEI]—%-—FDHG_E—J,FI—@ B rables
N—ﬂ-‘—'!—:——.nl’a:kmﬂ' P oocs
' Fongl
$—a—A—Dynamo—S—API -G - _ PR Graphs
B _ Word @ pashboard
» » T" Excel
s Powiergl BIM
5 aur A Manager
IE A R

e Saun
#Tynama & AP Rik
SAF T #FAPIRVT
SEMIE & Rieno AP|

.0 & Horg APL & CAD AR
M eyhen

API

LLM

3.2-13
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HiPPO

API

FRS U IEE T E 5 5

[73]

2013 [74]

[74] 3 5
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CAD DWG
1998

15 CAD " DWG"

API DWG
20 80 CAD

CAD [75] DWG
DWG
1996 " DWG "SDK
.NET Framework
Azure Linux GitHub [76].Meta
Facebook Llama

. [77]
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21
SEVED . AIURE EARGH RS F SRR ESE
Open
Source
LLM 2024 25%
[78] LLM 20% 80% 3.2-14
2020 [79] GPU
GPU CPU
Monitor 2019 [80] 100 69%

200-499

71% 500-1999 78%

2000 86%
Synopsys OSSRA 2023 96% [81]
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3.2-14 - 7.4-6 LLM 7.4-4 -

IT

LLM & Al - Powered
Manual Coding Development

a TIME-CONSUMING FASTER
& COSTLY & CHEAPER
3.2-14
LLM
2024 [40]

41.5
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8.8 41.5

2000

ST REE . B AL B RV AR



[82]

closed api
data apps
Coo |28
\— API ab
APL Y o o
"LIAPI
api unstructured
cloud data
3.2-15
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53}

[82] IT
2024 [83]
4.1-14
transformation 10101
B open
% ': data
[ ]
L) =t
"ea é ! E
T
structured
data

common
format

open
source

[84])
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4.1-15

50% 90%

3.2-16

rnnn =1 -

Ul Backend ~

Service ~
o

Saas Database

RO —_—
Al Agent

Ul
S e

LLM & Al-driven Database

3.2-16 LLM

LLM
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3.3.
lIm [ 2 AN L S5 mAZ R BT E A

LLM iX%: ChatGPT, LlaMa, Mistral, Claude, DeepSeek, QWEN, Grok £

RN IE B shil,

LLM

LLM

ChatGPT LLM LLM

LLM - Large Language Models ChatGPT ® (OpenAlI), LlaMa ™ (Meta Al), Mis-

tral DeepSeek™, Grok ™ (xAl), Claude ™ (Anthropic), QWEN™

LLM

Python SQL R  Scala

Pandas Polars DuckDB 2023

Word-

Press Joomla av tor 2005
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LLM

LLaMA Mistral Qwen DeepSeek

AELLM EERE - TIFRIE

ChatGPT, LlaMa, Mistral, Claude, DeepSeek, QWEN, Grok

LLM 2017 Transformer [85]

LLM

8.2-2

- 3.3-1

8.2-2) LLM



s
(LI
4,

1
R ]
Y oA
LR T
LI

" L] B aas 3am aga LT
iW ] [ER T TR R L] e L7 b o aidee & _§
] 1 OO TINRSE RS e A1 i om i 8B

im [T L _—ar 1 am L =n
5 ™ W OLLIME RS AN LR
s " 17 TE RSN MY LT
3 " 11 NaIM AIvRs s B
15 = (PR T L T T

L ]
]
L]
B mnb b

A g ma

3.3-1

LLM -

SQL-query  Python

" B30

LLM

LLM

LLM -
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LR TR T

LLM
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PROJECT
MANAGER
—
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SOLUTION

ifs

—
—_— ..
L L

G () % & -

LLM CHAT
3.3-2 LLM
2024 Wakefield Research  SAP
300 52%
48%
40%
39%
31%
LLM

LLM

[36]

10

47%

38%
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LLM

LLM

ERZRH LLM B 1A B8R

2022
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IT LLM
[ LLM] [ ChatGPT Claude]
[77]
-2024 Epoch Al Ben Cottier
LLM Meta LLaMA DeepSeek
Mistral  Falcon

LLM



Data Control
License
Infrastructure
Customization
Cost
Scalahility
Security & Compliance
Performance & Latency
Integration
Updates & Maintenance
Energy Consumption
Offline Availability
Inference Cost

3.3-3
LLM
[
|
|

LLM

Cloud LLMs (DpenAl, Claude)

Diata is transmitted to third parties

Proprietary, paid

Requires intermnet

Limited

Pay-per-token/request

Easily scalable with cloud resources

Risk of data leaks, may not meet strict
regulations (GOPR, HIPAA}

Faster inference due to cloud
Infrastructure

API-based integration, requires internet

ACCass

Automatically updated by provider

Energy cost Is covered by provider

Mot available without an intermet
connection

Pay-per-use model (cost scales with
usage)

IT
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Local LLMs (DeepSeek, LLaMA)

Data remains within the company's network

Open-saurce (Apache 2.0, MIT)

Operates in an isolated envircnment

Full adaptation to company needs

One-time hardware investment + malntenance
costs

Scaling requires additional local hardware

Full eampliance with internal security policies

Dependent on local hardware, may have higher
latency

Can be tightly integrated with on-premise systems

Requires manual updates and model retraining

High power consumption for inference and
training

Works completely offline

Fixed cost after initial investment
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LLM CRM ERP BI
DeepSeek -R1-7B
1000 API ChatGPT  Claude
GDPR
8 pt
LLM
LLM

LEITFHIABALER LULIAIEIE E C8Y LLM

LLM

Ollama Ollama
1. Windows/Linux/macOS ollama.com

2. Mistral



ollama run mistral "

ChatGPT

Mistral 78

LLaMa 2

Baichuan
7B/13E

Falcon
TB/40B

DeepSeck-

DeepSeek-
R1-78
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LM Studio
Imstudio.ai LM Studio
Falcon  GPT-Neo-X
ChatGPT
GPU
Developer Parameters  Reguirements Features
IGB)
Fast, supports multimoclal
Mistral Al 7 B (FP15} tasks [bext + images), fully
apen-saurce code
High text generation accuracy,
Meta 770 16-48 (FP1&) adaptable for technical tasks,
CC-BY-SA license
Baichu Fast and efficient, great for
i 7-13 8-16 (FP16) large data processing, fully
Intelligence
open-source code
Technology Oipen-source. high
Innovation F-40 B-32 |FP1iG) performance, optimized for fast
Imstitute (TI) work
Multitingual, 128K token
DeepSeek 671 1342 (EF l_E:I / context window, balanced
386 [4-bit)
spead and accuracy
Retains 92% of R1 capabilities
DeepSesk 7 18 {lefl F45 in MATH-500, local
fichig deplayment suppart
3.34 LLM -
3.34 Mistral 7B

LLM

DeepSeek -V3

Best For

Lightweight tasks, mobile
devices, laptops

Complex analytical and
techinical tasiks

Data processing, automating
routine tasks

Wharkloads with limited
computational resources

Large enterprises, Saas
platforms, multitasking
SCENANos

Budget solutions, loT devices,
edge computing

7B
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LLM

CAD

LLM

RAG: Intelligent LLM - ©]15/7) 2 5] 248V ENIE

LLM RAG

Retrieval-Augmented Generation -- -

RAG

RAG

- PDF - -

RAG LLM

PIEES PDF  Excel

RIIMKEN Llamalndex LangChain

CAD

BN+
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constructionite_docs Python

3.3-5

" ( 3.35- 11 -LLM

0@ & Emapy

from llama_index import SimpleDirectoryReader, VectorsStorelndex

# Lead documents from the folder
documents = SimpleDirectoryReader(“constructionsite_docs").load_datal()

6 # Creating a vector index for semantic search
index = VectorStorelIndex, from_documents(documents)

g # Integration with LLM {(e.d., Llama 3)

16 query_endine = index.as_query_enginel)

11 response = guery_engine.query({“what are the return terms in the contracts?”)
12 printi{response)

T ———
33-5LM -

Python Python

LLM
LLM LLM
LLM
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LLM

ETL -Pipeline
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3.4.
5 llm 25587 ide FIAKBIIZF BB

A

PRSI &R M LLM SE30 R Bl fRR 75

LLM
IDE LLM

LLM

(IDE
PyCharm® (JetBrains) Python
Jupyter (IPYNB)
IPYNB Python Notebook Jupyter® Notebook
3.4-1
VS Code® (Microsoft) IPYNB

GitHub Copilot



@ Jupyter Notebook -

3.4-1

thon
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3.4-1 Jupyter Notebook

[ Google Collab™ Kaggle
GPU/TPU

Google Drive

_
jupyter
v

Pipeline

9.2-5

Gemini

Google
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LLM

Anaconda Navigator Py-

T el T]

e u
e 5 TR T = o

- ——— — =i- e T —]
_— e me—— = T o — -
- e, = === - -
I —— ) e -
e D it —_——— = -
G

=

e T | e i T e

ol bl i o i v e WY BT v o e

Jupyter

LLM
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Complexity
Apynb support
Copilots

Computing
resources

For whom

3.4-2

Google Collab

RAG

LLM

ETL Pipelines

7.4-6

PyCharm VS Code
High Medium
Paid Fres
Yes Yes
Local Local

Professionals Universal

7.2-3

Jupyter Notebook

PyCharm

Apache Airflow

7

5 |Im XZ#FH ide FIRKRHIFBFER | 118

Jupyter Notebook Google Colab

Low Low
Built-in Built-in
Yes Yes
Lacal Cloud
Beginners Experimenters

Jupyter Notebook

VS Code
LLM
7.4-4  Apache NiFi 7.4-5 n8n
8
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S8 LLM BYSEATT 2308 HIARRHVRIZE

GitHub Copilot VS Code PyCharm

Cursor VS Code Al
JetBrains Al Assistant JetBrains IDE PyCharm
Amazon CodeWhisperer Copilot AWS
LLM
LLM

Pandas

for Python
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Python Pandas : #MEHUE ooy T A

Pandas Python [86]
Pandas Python DataFrame
Pandas
Python
Python

137,000 [87]

Python

Pandas Python 2022 Pandas 400
3.4-3 2025 1200 LLM

[86]
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Pandas Downloads by Year (PyPI Stats)

1.6B7
Pl '.@.
a
S 800.0M-
;:; 505.0M
400.0M -~
‘_/o' 280.0M
_Aor 1520M
th 13.0M PES'DM t S ;4?'{;“1 T T T | T 1
2015 206 2017 2018 2019 2020 2021 2022 2023 2024
Yeal
o Downloads
3.4-3 Pandas 2024 14
Pandas SQL " SQL "
SQL
Pandas
SQL Pandas Excel
3.4-4 SQL Pandas RAM
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D ProjectM s Location dget]¥) Plam Errell Heus
T iy Firgh Fowt v o 5000000 IMILOEDN NIRRT b Proges
3 Crewrficld Schot  Chicago 3000000 | IMITOET - II00a0  Cavsdebed

b Fikerrsids Pisan San Fangisoe SOMKG0G . JIESO6-6 IedG-la b Frioges

#  Demsyiiioen Bl g - Soarmd 000000 J02TCMN JITLEOT  Col

Pandas I — SQL ¥

®E® & gouppy i

df _grouwpby| "Location' J['Budget (S)' ) . Sumi)

—
V
&
¢

Chigaga 2,000,000 y 1
Faw Yok E000000 ol I _. ;
Bait Frangiien B0 000 B |
Soatthe 3,000,000
3.4-4 Pandas SQL
Pandas ETL Python
SQL
Python Pandas
Pandas LLM - Meta® Face-
book™ 2024 LlaMa 3.1

csv 3.4-5 Pandas
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Llama 3.1

Enter your prompt
Can you plot it in a timeseries?

DF

Structured
data
3.4-5 2024 Meta LlaMa 3.1 Pandas
Pandas
Pandas
[88]
Pandas Excel Excel 100
Pandas 9.1-2 9.1-10 [89]
Pandas
[90] Kaggle.com Google Collab Microsoft® Azure™

Notebooks Amazon SageMaker
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Python DataFrame Pandas

DataFrame : &R EBECERL

DataFrame Pandas 3.4-6
Excel
2Em RAM
DataFrame RAM
4.1-13 9.1-10 Pandas

STRUCTURED
Column names
Columns . it Hame Cistegory Famiy Wame Height  Bounding X Boamdingllostin ¥ & Boxhdin_F Lewel ]I
il = 1
[ 431144} SngieFlush  OST Doors  Srgle-Flush SARPTEATE 201503 -10.438 F.04252 Level
431198 | Singhe-Flush 05T Deer A AESTAITE 132381 1137 4757 Lved 2
|I1d'EJ|. 45747F Sngh Window QST Windows Sangle Windoy 11434 11785 580571 Lirved 2
—
label 488433 | SngleWindow  O5T Windows Srgle Winddy  L058203797 428588 006671
490150 | SrgleFlush 05T Doers. Srgle-Flush LARITEITE 15740 I 2545 -AE-14 Level 1
AF3697 | Basic Wall Q5T WWalls BEasit Wall -38.15 165 49213 Bt 1
AFTEA0 | Basic Wall Q5T Walls Basic Wall 45712 [ Qo708 9,84357 Livd 1
» &
| Missing +* Data«

Index , A
T value

3.4-6

Nvidia 30%
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DataFrame

-Jensen Huang Nvidia [91]

Pandas DataFrame

DataFrame

Pandas #%| Pandas

Pandas 400
17 DataFrame
EE] DataFrame Pandas

N DataFrame

%t DataFrame HITRS|IZE
. DataFrame int" "float" "bool"
"obect" DataFrame

#IEIR(E DataFrame "groupby"

"join" "concat” - -

Series

DataFrame

"datetime64 "

"merge "
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*/\1YE  DataFrame

EIEICAE ¢/ Matplotlib  Seaborn Da-
taFrame
HIEm MBI L . Pandas CSV  Excel
JSON HTML SQL DataFrame
CSV  XLSX Pandas DataFrame RAM
csv XLSX DataFrame
- 3.4-7
8 Parquet Apache Orc JSON Feather
HDF5 8.1-2

% Storage Tabular Tabular Tabular
= Uit Office tasks, data Simple data Data analysis,
& presentation exchange manipulation
g - Compression Built-in MNone Nane (in-memary)
%
. High (memaory
M
E,,-r*g Performance Low edium dependest]
o
e \ High (formatting,
9&_ Complexity styles) Low Low
|‘ L[]
ll% Data Type Support Limnited Very limited Extended
I Medium (memory

i
ﬁ Scalability Low Low limited)

3.4-7 DataFrame

Pandas DataFrame Python
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LLM
| LLMCHAT .
1 I [ ( — v )
1| pandas fl+ & () ¥ a4

|5l P ijl+ O |
© FILTERing

™ Compy e Lews velme 33533 Filter the data in the project to

: :: : “f::: : keep the wall category items in

1 f4ER  femioe Ve PiEw (0 tha PFB].EI.'I

© GROUPing

Group the project by the “Type
Mame” parameter and show the
yvolume of each group

- . Chaase the first 20 types by
: ‘wolumie and show the result
- asa Ple chart
3.4-8 LLMs Pandas
Pandas LLM ChatGPT LlaMa DeepSeek QWEN
Pandas
DataFrame ! ! 3.4-8

Pandas

N B PERETEIESR

LLM
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Python

CAD
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VS Code Jupyter Notebook

XLSX

LLM Pandas

--  Pandas DataFrame LLM

Excel

PDF

(LLM)
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PDF - CAD -

(RegEx)

(LLM)
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4.1.
RAEHREAR N A ST

PR XA PDF . BIA XA ST

3.2-5
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STRUCTURED

UNSTRUCTURED I|

« bills
+ documents
« scan contracts
= invoices,
4.1-1
PDF 4.1-1
o PDF
0 #UEEM  Transform
OCR
B NEANEREHE CSV  XLSX XML
JSON
ETL "ETL

K PDF S AN RASHY R

PDF
PDF CSV  Excel 4.1-2
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UNSTRUCTURED ir‘ STRUCTURED
]
T A ] C 0 P
—— 1 Task Number Task Mame Task Description Assigned To Deadline
e rl 1 Procure Building Matenials  Purchase conchete Srth 211012024
et i 3 2 Foundation Preparation Excavate the pit and installrebar ~ Johnson 2/15/2024
B 4 3 Foundation Concrete Pour  Pour concrete into prepaied pit Williams 2202024
‘_—;._—-_ -— 5 4 Brick Wall Installation Build walls sround the loundation  Brown 2282024
e e B L 5 Rootinstallation Install framework and roof covering  Diavis 102024
== T & Interior Fnishing Complete interor work Miller 202024
il 7 Elecirbcal Work Wiring and socket installation Witson 3725/2024
9 B Exterior Fintshing Facade painting and window fitting  Moore 452024
o 9 Interior Doar Installation Install entrance and interior doors  Taylar 441012024
11 10 Floaring Installatian Lay dewn floor coverings Andersan 471572024
4.1-2 PDF CSV  XLSX
LLM ChatGPT LlaMa Mistral DeepSeek Grok Claude QWEN
StackOverFlow
LLM PDF
2 LLM - CHATGRT LlaMa Mistral DeepSeek Grok Claude QWEN

PDF

DataFrame 2|
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a2

LLM - Python

_Ereatein LLM Chat ___

@8 ® & PDF_to tablepy

import fitz # PyMuPDF
import pandas as pd
import Ee

# Define the path to the PDF file
pdf_path = r'C\Task Number. pdf'

# Step 1: Extracting text from the PDF
def extract_text(pdf_path):

Extract text from a PDF file.
Args: pdf_path (str): Path to the PDF file.
Returns:str: All text extracted from the PDF.

i

document = fitz.open(pdf_path)

text = '*

for page in document:

text += pade.get_text()
Yeturn Text
21 extracted_text = extract_text{pdf_path)
.’lf _' g— = ﬁ — \‘-llr
o

f__ 4 E!—J_,/

Run in 1DE

4.1-3  Python Pandas Fitz LLM PDF

4.1-3 PyCharm Visual Studio

Code (VS Code) Jupyter Notebook Spyder Atom Sublime Text PyDev Eclipse
Thonny Wing IDE Python Intelli) IDEA  JupyterLab Kaggle com

Google Collab Microsoft Azure Notebooks Amazon SageMaker

) " " Pandas "Python Pandas
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" DataFrame DataFrame csv
XLXS
PDF DataFrame DataFrame
Ccsv il
LLM
Create In LLM Chat
N T -
CIGE X
@0 ® A PDF o tsblepy

i Step 2: Conwerting the extracted text to a DataFrame
def text_to_df{text):

N

Convert extracted text to a pandas DataFrame.
Args: text [str): Extracted text from a POF file.
Returns: pandas.DataFrame: DatafFrame representation of the text.
L]
lines = text.split('in'}
data = []
for Line in lines:
if line.stripll: #& Check if line is not empty
data.append(re.split(c'vs{2,}"', line))

# Determine the number of columns based on the longest row
num_columns = max{len{row) for row in data)

£ Create DataFrame with dynamic columns
df = pd.DataFrame{data, ecolumnss[f'Column{i+1}' for i in range(num_columns)])
return df

21 df = text_to_df{extracted_text}

m Save the DataFrame to a £S5V file
24 psJ_path = 'Cr\extracted_table,csy'

7t df.to_esviesv_path, indexsFalse) n J e ml
' ¢

RuniniDE

4.1-4 PDF DataFrame csv

4.1-3 4.1-4

LLM -
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LLM ——> — — -

LLM chat Python

PDF csv PDF csv
4.1-3 4.1-4 LLM PDF

csv

PDF

R JPEG. PNG EIGA NS DI

Excel

Excel

4.1-5
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DAY UNSTRUCTURED TESSERACT
ab STRUCTURED
.1 DATA d OPEN SOURCE ﬁ DATA

OCR ENGINE

el DoopklaFaichusiy i Oofoon ol Wrs Gades

- | Laiiy Fummsis U100 EL g €3 L L 11

i Fofs fmmms  E10D "= [ 120000 (%)
FpowiW  Fesyewgal  C1O0 Rl g 1 [$#5] 170000
Lo Favdfanh  © 100 [ CR™ G0
Coacl Caxrmim 108 W [eF i SAEE
LadlF Cowrwis Lo N £ B 11
FaiM Lo reie €100 im cdsm 00 17
L Faishing  L1OD ) (45711 7000 13
lawtu  Oweglsl 010 B [ i} of 000 a1
[T] T [ i 1L i 180 o DA iz
Fusl)  Depwel iy i FLI [$17] LD
[ Lk 1 1w wae, 20000 o
Bepresbd  Trarmgparls i RET T ] § o
Dwsdl  (hvarhmmd 1 1 percering 10 w1z o (T
ol Pegiign I WL B

4.1-5 OCR
OCR PDF
OCR
Python OCR Tesseract Hp™
Google™ 100
LLM
2 LLM ChatGP, LIaMa, Mistral DeepSeek, Grok, Claude, QWEN

JPEG DataFrame |
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Pytesseract

Create [n LLM Chat

ClOE XY

import pytesseract
from PIL import Image

import pandas as pd

5 # Load the image from file

image_

image

2. # Use

18 text =

path = '/mnt/data/ConstructiontDoc,
= Image.openiimage_path)

Tesseract to convert the image to Text
pytesseract.image_to_string{image, Llang='eng'}

12 # Split the text inte lines and then columns

IOWs =
14 data =
15 & Crea

text.split{'\n')
[Tow.spLit{'it") for row in rows if row.stripl)]

te a DataFrame using pandas

# Assuming the First row is the header
18 df = pd.DataFrame{data[i:], columns=data[e])

# Dizsplay the DataFrame

21 df. head() # Show only the: first Tew rows for brevity

LLM

— X E )

Rumin IDE -

4.1-6 pytesseract Tesseract for Python OCR

Pandas DataFrame

PDF
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PDF 4.1-2 4.1-5
DL
PDF
)
DL (Transofrm)
¥4 Load
4.1-7
DataFrame

DataFrame
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TEXTUAL A— PFG-.-E_I:-‘
DATA — . Hi, we're behind EHOINEER
Yes, we nead to
@ e T L adjust our timeline
u: : L by a week
0 0
TEXTUAL =, '
ETL @)= KEY DATA EXTRACTION INTEGRATION INTO THE
k= 1. Project delayed by rain PROJECT MANAGEMENT
= 2. Need to adjust the schedule by one week
g 4D
CATEGORIZATION AND J Lodog N
CLASSIFICATION (EPR- gL
# Causes of Delays ———
# Schedule Changes
4.1-7
LLM
DataFrame
DataFrame Ccsv 4
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LLM (re - Regex) Pandas (pd) Python -

':r'eate inlLLM Chat

\:.J'k *Q

A Test cateqerypy

isport pandas as pd

— import re
—
e B Sample text data from a discussion petween a manader and an enginesr
text_data = [
—_—
"Hi, we're behind schedule due to the rain”,
E———— "Yes, we need to adjust our timeline by a week".
i
& Extract key information elements
def extract_key_elements(cext):

delay_pattern = "ibehind schedule|delayed) due to the {huw+)"
time_adjust_pattern = T "adjust our timeline by a [\ws}"

delay_search = re,searchidelay_pattern, text)
time_adjust_search = re,searchicvime_adjust_pattern, tText)

delay_reason = delay_search,.groupi2) if delay_search else Naone
time_adjustment = time_adjust_search.group{i]

if time_adjust_search glse None

return delay.reason, time_adjustment

# Applying the function To our teWt data
I extracted_data = [extract_key_elements({texr) for text in text_data]
I # Convert the data into a DataFrame
I df_extracted = pd.DataFrame{extracted_dats,
I I columns=["Cause of Delay', 'Time Ad]ustment 1
- " _\-H\'\
o FE —
. B8 F
Hun i IDE
4.1-8
4.1-7
" RegEx
"because of "

Ilby n
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4.1-9

TEXTUAL

STRUCTURED
DATA f(x)

DATA
—(DH—>

I

Text string Cause of Time
Delay Adjustment
0 rain None
1 Mone week
4.1-9 DataFrame
4.1-9
CAD (BIM)

K CAD #3E (BIM) NS 2T

CAD (BIM) CAD (BIM)

CAD (BIM)

API -
4.1-10
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closed openBIM  closedBIM '

nﬁanijJJWU < ] .Jj
[

M. 7 22 22

LAP A2 ‘Umlﬂ

Tued
Repors
Dtrhl.rnn s

4.1-10 CAD (BIM) API -

CAD (BIM)

4.1-11

API

Dynamo pyRvt Pandamo Pandas+Dynamo  ACC

IfcOpSh  IFCjs CAD (BIM)

CAD

4113 - 3.1-16

IFC
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Model Datasets Systems

F—] CAPEX COMS PMS
| | “CDE ECH CAFN

——ERP1 ERP4 CPM
1 ——=EHS EPM ERPZ

| - | —+BPM ERP2 IHS

CHOOSE PATH TO DATA
]
¥ ¥
File Based Data Based
¥ - ¥
iy rJo_r.ei! data & semi-structed data E structured data
Concept ‘ B closedist B open BiN
1 *

Tools K »

) |
i e

et * SQL Server

Data :ypeg [

ol
Engineer jlrd]

Visualization l L

Work result alg ﬁj UF APl Tahle Ut APl Table
& R | AR

concept . TS TR T

4.1-11 CAD (BIM)

CAD SDK CAD
(BIM)
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DWG" CAD

CAD (BIM)

CAD

4.1-12

Mumber of @ dependencies when working in closed BIM | open 8IM and Data-Centric Approach

Data-Centric Approach
.-n:m...—.ﬂ Dits Engitmer
CAD BIM Input Data i Dute Bnabyat

Faihaga il e gRjierLy

e —— i

=

caDz—| o (B (e | = A it 50x
s -g:c—'+ =| Tuisauia gy Lsdk
“"é ] SER| ot Seseomss.
L DDC
o Dependencies M jarketplace E Dutp ut
£ evelopment B Export i B rables
& Auto-Execution  4) Impart ; H Docs
B Mmanual process B Save : — E Graphs
& Communities Maodel-Centric Approach T @ ashboard
; -4 Excel l{
CAD BIM | Input closed BIM PowerBi e e
q. = = _Ilr\t.m-:-dl:dlvr .
==l g= "0 S5
m.‘ Pofee—pobadages— g L | il ¥
.. . = ’—‘—éﬂ?mmu—é—jl 5! : aﬂmn: :AP:HII::
i _ B FETL N Ay
% I i o & L £ANGD P ARl AR
=" : : im:n & CAD BM
e ! i
mﬂmﬁ gl —g—ap— BB :.
- 1}91 " om T packages— ':
nihs F‘-ﬁrass‘ impﬂ-é-ﬁ.h‘l ********** !
-.Hﬂ
4112 CAD
1996 DWG 2008 DGN 2018 RVT
4.1-13 CAD

CAD (BIM) SDK - CAD (BIM)
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DATAE  DGN  DATA

— L —— e ——

I-H $I1|I1 '.\1|-:|g||E||-r g
| I

TH

CAD

4.1-13 CAD (BIM)
CAD (BIM)
4.1-14
CAD (BIM) CAD BIM
CAD
DOCUMENTATION N
& REPORTING _
STRUCTURED Himt“ EE |
'ANALYZE & SEARCH 3
O ©)
PIPELINES 2l
o en ALIZATION -
= D O i
TA GEOMETRY
DGN —
on
41-14  SDK CAD (BIM)

CAD
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CAD 2 X7 =MV IEE RS ENE D RL R

2024 -
BIM 2002 BIM
2012 CAD [93]
- - ECS
"CAD BIM "
CAD
[93]
usb
Omniverse Isaac Sim [93]
IFC usD JSON 4.1-15
MESH BREP -
NURBS -- 6 JSON
[94]
CAD ERP NWD SVF CP2 CPIXML
usbD DXF

DWG



General
Information

Vear of format creation
Craatar-develaper
Protatypes and predecessars
Initiater in Construction

uwﬂmm
Name of the Alllance

Year of Alliance Formation

Promoting in the construction

©)

Purpose
and Usage

Gaals and Objectives
Usa in Other Industries

Supported Data Types

4.1-15

CPIXML

0 ®

1991

N

2018

TU Bunich Pixair
WGES, STEP PTEX, DAE, GLTF
ADSK ADSK
ADSK ADSK
5 DAl ADUSD
1984 2023
ADSE and Co ADSK and Co
Semantic description and mu.!m“”“ﬂm‘
2 ability visualization
¥ unification
Interoperabdity and Unification for visuallzation
Lemantics and data processing
Pradaminarntty in In film, garnes, VRIAR, and now
construction In construction

Geomatry, object
attributes,
metadata

CAD

Geornetry, shaders, animation,
light, and camera

Usb GLTF OBJ XML

3.1-17
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Comparison | Notes

IFC focuses on construction data,
UsLon 30 graphics

IFC wats Toundid in Germany, USD in Amearica

IFC avblved fram IBES/STEP, USD
Trom PTEX/DAE/GLTF

ADSK initiated the adoption of both
formats in construction

ADSK arganized both alliances
Different alfiances for each format

The IFC pllmance was formed in 1984,
ADUSD for USD in 2093

ADSK and Co actively promotes both formats
in b5 (lal) since the introduction

Compatisan | Notes

IFC for semantics and exchange; US0 for
simplification and visualization

IFC focuses an semantics; USD on visualization

USD is versatila and used in various fields

USD supports a wider range of data types suitable
for complex visualizations, IFC focuses on
construetion-apecific data

NWD CP2 SVF SVF2
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|

CAD
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NEEEG BFRYUENERIES

AREDREBURTZHERE

4.2-1

- HiPPO 219 -
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— %

MINUTES HOURS DAYS
2 D
AGRICULTURAL COMNSTRUCTION
st INDUSTRY INDUSTRY

o=

4.2-1

4.2-1

DA WA ERRY

PDF CAD
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4.2-2

4D CONSTRUCTION SITE

. —BPH o —<EHS
Q—I:EPH ' - =
o, eeg

= GR ~SLAE

Co|l
oo

] sp T

P 5 B

et e = i
A
ERFID= . AMS-+-RPM

L 8]

— -

= ol -- A8

4.2-2

PDF

7.2-14 - 7.2-16 CAD -
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7.3-9 7.3-10

4.1-7- 4.1-10
BI 50% 90%
3.2-5
2016 [95] 80%
4.2-3
20%
Reports and
Documentation g
@ a - Gathering and
Data Analysis and @ ~ Converting
Visualization g E..
Sin [Esv &

4.2-3
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B E BT B
IBM

tolerances and
specifications

clash reports and the
integrated model
schedule

4.2-4
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HESEE

IT

2016

3.1

[96]

15-25%[97]

4.2-4

| need detailed
dimensions and
transportation
requirements

| need the energy
efficiency ratings

and environmental
impact assessments

I require asset
lifecycle data and
maintenance
Eﬂhﬂdu lgs

forecasted material

requirements from =
BIM data -
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CAD (BIM) ERP 4D ERP 5D SCM

4.2-5

@ 9 &

DATA @y OUTPUT
REQUIREMENTS 5 DATA

DATABASE
-&—i
= = ®
K — é o — + "\
A " —
MNEW DATA DATA VERIFICATION
REQUIREMENTS PROCESS

4.2-5
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HEENIES . DESERFTHEETBIER

80% 4.2-6 [98]

CAFM, AMS, PMS, RPM

1.2-4

IT
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LIFE-CYCLE COST

——————————— Dperating and Support

30+ YEARS —

4.2-6 60-80% [99]

CAD 4.2-7

5D
=

CAD - _ERP1_
PVE frame, double-glazed Plagtic window, size!
tnsulated unit, 12001 80 &%, wihdle
sire: T200= 1400 mm profie, double glazing
FYE Wnoow, energy
rating "Cla=s B," location
nd floar, noh facade
id 76X

4.2-7
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3P

ERP

PMIS SCM CAFM

AMS AMS RPM

CAD ERP AMS CAFM

9.1-10 10.1-6




NEEREG  BRHEMERAES | 158

i

Masterformat, OmniClass, Uniclass 7] CoClass: 77X & 4178

4.2-8
E—1% 20 50 80 - Masterformat
SfB
FE_fC 20 90 2010 Excel  Access

ASTM E 1557 OmniClass Uniclass 1997

$£=1C 2010 - - CAD BIM Uni-

class 2015 CoClass



3
2
=] =]
1950 1963
6887
CAD
Classifier
OmniClass
Uniclass 2015
CoClass, CCS

FIRST GENERATION CLASSIFICATION S¥STEN
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SECOND GENERATION CLASSIFICATION SYSTEMS

THIFD GENERATION CLASSIFICATION SYSTEMS

BE/SFA
MASTERFORMAT
', MASTERCOST
! 3 CoClass
4 UNIFORMAT |
: 3 =
3 UNIFORMAT I
| UNIFORMAT
' g ASTME1SS?
Q2 Q9
19731975 1989 1998 2005 2012 2113 2016 2025
I OMMICLASS
CH UNICLASS2 “  LBMICLASS 2015
TALD 2000
BSAR 56
4.2-8
4.2-9 OmniClass 7
CoClass 3 750
Uniclass 2015 7210 4
Table [ Objects Number of classes  Nesting depth
Table 23 Products ‘BBBT 7 levels
Pr— Products 7210 4 levels
Compaonents 750 3 levels
4.2-9

4.2-10
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mmm ;tl.hlmllihgdﬂm ¢aermw ¢@ France i@cmﬂ-

Cast-in-place concnete Bn-situ concrete; 1o BS EN Oirbetan Fundarmertaand, Mur die Tandation en b#ton Founclation wall concrele
foundation wall, 8* thick, 201 and 85 B500; Beton C25/30, armi, dpaisseu 0 cm, sinacture, G2 concrate,
3000 PS5l concrede, includes reinfarced; poured against Expositionskiasss K02, beéton 02530, coffrage 2 thickness 20dmm, with
farme {4 uses), reinforzing encavation Tace; C25/30 200mm Dicka, nkl, faces, armatures HA (B0 HRB400 reinfarcement,
wtesl, cancrete, placement concrete mix 200mm thick Bewshrung (80 kg/m?), kgtmT), mise en geuvne par inclugioe of formmwork,
and sfripping, not including Toundation wall; including Schalurg beld seitig, urd coulage, sibration &1 cure conenels placement,
Exayation ar backiEl Tarrvwar, reinfonsment, Machibehandlung EElon RaNmEs n vigueur, wiliratian, o curing,
pouiring, vibrating and ocuring: ireasuned by cubic meter
L e l!-H‘-E L
= ez -
——— | e
4.2-10
m CCS --
M NS 3451
@ MasterFormat
UniFormat
[ Uniclass 2 BIM
@ OmniClass CSI
CAD (BIM)
1 COBie - "BIM -

" BS 1192-4:2014
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CAD 10.1-6

4.2-8

IT

4.2-11

Ballding A2

ER——
Wil -
| n 'I - Eround floor

METIAE ROk

k 0o, .I Hhﬂ ‘_;ﬂ. Office 3

Compound identilication code of
the elermeant “Window"

Peodisct fegium  Eeparasor  Indoor position

4.2-11

4.2-11
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4.3.
PHEEIRA B

POEEIR . MoRA, PHEEREANYIEEA

IT

4.2-11

4.3-1
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I cvities
i

e Wrael

.—.—I
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ttributes

|

=
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4.3-1 ER

B SRR
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Y CONCEPTUAL

DATA MODEL CONSTRUCTION SITE
| 5D 8D
ses =00 [
[:..A.D o -FEM- o -CAD ERP1 CPM._ [ SHS
3D BIM Lo | | §£_nén
st g g
4.3-2

EIEHHRRE

~=- LOGICAL
~ DATA MODEL

| 1 1
= S ;-
CAD e CPM
E :I'w Pt .
g .. B i
......... — RPN -
4.3-3

IR AR AR T
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PHYSICAL
DATA MODEL

434
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ESE ==
SAKIRA :

RV v pEE = RN
YRR

B HIRE:
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o A B

GATHERING OF CONCEPTUAL

BUSIMESS _}I;:EEP:HTTI'IF'I'IME!“':H e ANDJ/OR LOGICAL —}PI r;:::;:’l i _’:::'Alnlnl ENEN
REQUIREMENTS DATA MODELING

4.3-5

BN TAZPHYSEREIUERIR

(SITE) (WORKER) (EQUIPMENT) (TASK)

(EQUIPMENT_USAGE) TASK

4.3-6
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L? CONCEPTUAL 21{- LOGICAL
. 7 DATA MODEL &~ DATA MODEL

— - TASK
o
“z
IHH m

S

4.3-6

VARCHAR INT DATE

4.3-7

Worker_id
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PHYSICAL
DATA MODEL

|
P Y Yﬂm

1

-

4.3-7

50%
10% 40%

DBMS
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Python SQLite
n SQL n
SQLite SQL SQLite
CAD (BIM) ERP EPM
LLM 4.3-4 FEM CPM
SQLlite
=1 LLM ChatGP, LlaMa, Mistral DeepSeek, Grok, Claude, QWEN

SQLlite




B LLM

L N Database SCOLIe

4.3-8
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Create in LLM Chat

CIOE T Y

import sqlitel

# Connect to SOLite database lor create if it doesn't exist)

conn = sqlite3.connect('econstruction.db')

# Create a cursor object using the cursar() method
CUrsor = conn.cursorl}

# Create table - Structural Impact

cursor.execute( "' 'CREATE TABLE IF NOT EXISTS Structurallmpact |

ID INTEGER PRIMARY KEY,
Element TEXT,
LoadBearingRequirements TEXT,
StructuralImpact TEXT,
InstallationImpact TEXT

JUry

# Create table - Installation Schedule

cursor.execute( '’ ' CREATE TABLE IF NOT EXISTS InstallationSchedule: {

ID INTEGER PRIMARY KEY,
Element TEXT,
InstallationDate DATE,
Contractor TEXT,
SafetyProtocols TEXT

I L) b"

# Commit the changes
conn.commit()

¢ Close the connection
conn.closel}

print{"Database and tables created successfully.")

NZEE )

Run in IDE
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SQLite  Python
Python

-- construction.db  SQLite

construction.db

API

YEZESET (CoE)

CoE

CoE

Excel

SQL _

csv Excel

COE

HEERAREHD

Python

SQLite
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CoE

4.3-9

6-10
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CoE " "
Business
Alignment
Data
iee Talent
Data & Analyti =1 A
nalytcs @; Sysiems
COE t - B Organized By Governance
l@ Technology
Data
Integration Roadmag
Data
Strategy
Crata
Management
4.3-9 CoE
CoE
CoE

4.3-10
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AR AL o B HAE IRV E L. CoE
AeEENSRENE:
REITHIFIEIT !

TCERMNI(E RAMEIR: CoE

&ia PHYSICAL

-

“@E LOGICAL

-

2/} CONCEPTUAL

+ COE & MODEL GOVERNANCE

4.3-10 CoE

CoE

CoE

DataOps

8 " " DataOps

HEERAREHD
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4.4.
ER RGNS RYIE

TRWEM DT KBRER R NS

Gartner

[100] 1290

[101
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ERP -

1))

1))

]

=)

2

2

]

]

]

]

2

2

2

4.4-1

ZP
R T

CAD =% (BIM) : '

TS

& hE LA2)M (CAFM) "

YImeig

4D

6D

CAD

CAD BIM

CAFM

(BIM)"

FEM

ERP -analyst: "I need the scope tables and exact window type for the 5D budget update in our

ERP system to reflect the cost of the new window in the overall project estimate."

REfH| TAE2m "
el "

IR ERP

TA (REAR) "

L NEZS=

Calmast

8D

4D
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T --

4.4-1

PROCESS EXTRA WINDOW ON TEXTUAL A—
THE NORTH SIDE D AT A ——

Wil documrent
warranty s
mainlenance posl-
Inerabaton

Wil cheech nsw
windor for quality
atandards

Updating 40
timaling with tha
rstaltatian

spors for amanging
[= 21

miodel with the
T windaw

window on thie
norih side

OLENT ARCHITECT e FACILITIES LOGISTICE ERP CRIALITY SAFETY COMTROL WORKER PHCSERTY AESET
EPECIALIET EWGIHEER edarA R AMALYET EonTRGL EnGiREER [LTETET 1 WA AGER MAMATER
- % EMOINEER ~ - -

A vainders

details 1 CAFM for

maiTienance
DN g

teed final data for
PEE
managa e

Reewiewing salfety
and compliance for
thi windorw

Adprsting budget
{or the adddional

Design updaie for nstallation
inabauC N amvl

safely profocols

4.4-1

4.4-2
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CAD Projects Documents

0 carr b - X =2

g I el i dpa mACT | D g W indam an T E a

H 162 ElF Esd dpn MO DIg w 03 Wiy i i1 m @

1= ERRE | = TR T T T i 103 Eahs AT o " 9

TEXT FLOAT TEXT L TEXT FLOAT % %

XML

A o o

Reports and Tables = Dashboards s ] (e ]

W e e e . GO D

SIS ot Foudencsmgean VIGGN nfoges e Do e (csv ] [ ey |
g M Sl Famng SMEDMANarSeamed  jane Smiy g AT

FLOAT TERT TEXT FLOAT m m

el

Calculations and work schedules

Huoner

RUFAMA=Wals'2or  GROUPRY IDVIDZID8  1mé  SUMs30MS 1ol WMaE 3w
B Famiy=Door"kiy'  GROUPRZ  IDHI0IS T SUMeER W VLt BSHATI BBA W
R Typediiie= Walli 200 GROUP A3  1D20,021 1hE SUM=Zpe, i 2 a6 pe,
TEXT FLOAT TEXT FORMEL  FLOAT
4.42
4.4-3 4.3-7
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5—0-0 _'gj_'@] i 2z
orours SR T

-8-8-0-8 -

L EHHATICR ERF SO TED “m'
MANAGEHR AHALYET EMMEER "
['gj @ gj_"@] ® ® "
ﬁwm ASEET Fld
M.H.NHHH WU N GEER
443
/|_:\
4.4-1

1.2-4 ERP, CAD,

MEP, CDE, ECM, CPM
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4000

4.4-1

4.4-4

13|
ﬁ| It
=

Sloss e s M-

CAD o -FEM--CAD | ERP1..——CPM.; SMS

CAFM-|— 3D BIM [ o | |

4.4-4
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4.4-1

£EM K Al RegEx 1ENIFRIAT

80% [52]- PDF -

4.4-1

4.4-1

445 - CQMS -
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TEXTUAL A— UNSTRUCTURED 7 STRUCTURED
DATA =  DATA DATA
: Block diagram
Will check new

Requirements

window for quality
standards

Energy EMficiency

Acpuulis Periormance

CaMS

Eormm ot Bty

Womranty Perod s i
Charys Trwmd
J ket
QUALITY
CONTROL
ENGIMEER
445

CQMS -system 4.4-6 "

STRUCTURED

Requirements  °A™™

— Windows N

CQMS By v

Construction Quality Ouahty Controd — Windows M
Managament Software Enginaer

Energy Efficiency As=T 8 AT AR

Acoustic Performance

Warranty Period

4.4-6

[ | @F' E/\] %é& "A++" "B" "A++" "g "

[llA++ll\ IIA+II\ IIAII\ IIAII\ IIBII]%%/_—T,\O
B FHrEE \d{2}dB


https://datadrivenconstruction.io/book/?utm_content=2Bzh
https://datadrivenconstruction.io/book/?utm_content=2Bzh

! “RIEEH"EBM 5

ERRSLFSERIE | 184

["5 E'E"\ ||10 EE ll%] ||>5 (ﬂz) IIO
nBu uC n nDu
udBn n35
dB" "40 dB" "9DB" "100 " RegEx
||5 " n n4 "
[nAn uBn ucu]
["A" "H1" "H2" W1" "W2"] S
IFMIZRIXF (RegEx) Python (Re ) Regex
\d
0 9 [a-z]
[0-9] \d \D \W
RegEXx 4.4-7

GO EBF Rt

]+@[a-zA-Z0-9.-]+\.[a-zA-Z]{2,}$"

H YR EY

\d{4}",

+49(000)000-0000

"\b\d{2}\d{2\\d{2)\d{2)\d{2}\d{2}\d{2}.\d{4\b"

4.4-6

"A [a-zA-Z0-9._%+-

DD.MM.YYYYYY

"\+\d{2)\(\d{3}\)\d{3}-
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EGULAR EXPRESSION
INELIT A5 S l OQUTPUT

(DR REGEX)

USER@EXAMPLE_COM EMAIL ADDRESS VERIFICATION usm@mmpw_@ ]

@EXAMPLE.CO -ZA-TO-9._%-J@IA-ZA-Z0-9. -\ JA-ZAZ] WHEXAMPLE COM €
USER@EXAMPLE COM USER@EXAMPLE CoM 3
123102024 DATE CHECK 188102024 @

12.345.2024 | S\ID{ZHAD{ZRAD(S 123482024 )

D‘!.UT.ZIJZJJ—I 07.01.2024 3

4.4-7

4.4-4

4.4-8

“Winalow B

"W irvedore 1D

“Window o

Investor

Lacolann

‘Sptarial

L "
: “Bolety Bmileg”
"Width™ -

“Haigni*

Trecgy ENiciancy”

. Sointenancs Roguiremenis
COMSTRUG “Fafaly Rerting” “Warranty Poaried”

“Insialinticn Mpthod .
Lm-ru-.n.e'.'lphu Deugn
“Pockoging Fequiren .

. . i &
WA e 1 6
- - "Wl a” §
. : -

“Wanranty Perfod

“Hefilaeament Cpeln”

Enplocemant Cycis™

“Iretallod e Mot
“iretal igton Sohwatuiin®

D -FEM - - CAD
LWI'IM'IIIH'
it - Dl Byl st
“sErusiurnl Impast”

"Gy
d ‘Mintononce Requirements”

“Langth”
“Wdth”
“weghit*
wWalght
“Suppiiar
“Lacd Time"

“Enargy Mfickancy™

“Deaign’
“Whnl Assihatios

"Accaiitic Parlorfrdisee”

“Peckoging Regqueremamts”

4.4-8

4.4-1
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e
T —— i

¥ ggrbigm’
“Lmpeh’
“wiah”
“Halgivi=
Wwigh
“Cellvery Doie
“matalletian Methng

Laestian

"Material”
“Snfety Roting
“Tmengy Eficinncy
‘Wairenonce Boqueem
"Warrardy Period”

“idledah"
“Haight”

“ahgih®
“Widin®

COMSTRU

“Bately Roting
“inutaliisibon et e
“Ernargeacy bprees

mtufiotion Scheduin® “Pae kg ing RagulrEn

Ropéacement Cyclo

"o b

. Window 10
" — Window 0" | |
“Erigray Bk F F Tl :
Enngy EMbce - I NS T “Waranty Pering’
Mnirianince ¥sguirernants” Winstow | I it

" N EBaplo: semani Cypcda”
Cannaity .

“Barghlt
Wi

Waintenonce Ry
“Langth*

“Wideh”
“Mimig i
Walgrt'
“Ruppliee

» Requirements

2
=
-
=
®
=
w

R PR TR

1 Mg

Ty .

e @ i

carn—8-L. e
= = | a
i e
a0 ETE -
n Tamml

e
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H et

- K- I -]

[
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I
I
mﬂ]t":".m
ifl{

g
[1]

4.4-9

CAD
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ESGERNES

4.1-2 4.1-9 4.1-13

4.4-9 -

CAD

2024 3 29 23:00:00

SNAPSHOT OF CAD f—h ON 03/29/2024

-2al DATABASES ] AT 23:00:00 PM

Architect achiecs Architect: CAD/BIM Project

? = —@ = s il el e ot e essi NS iy

‘_'[ WONEW Winidw Mt e |30 b Tampad G s 35 hid
CAD CAD

Comrepidtes A Cormparter Alded

3D

4.4-10 CAD (BIM)
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" CAD (BIM) " CAD (BIM)
4.4-11
9.1-10
- ID TypeName
CAD (BIM)

acavt  Apchitect: CADVBIM Project

NTHaCTsD = ] WERCTURLD =

DATA DGN DATA

4.4-11 CAD

CAD (BIM) 9.1-10 CAD

CAD ID

IIW_N EW n
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E SNAPSHOT OF ALL DATA
i IN DATABASES

e OM03/29/2024 AT 23:00:00 PM

4.4-12

S

T
N
Wk

\

HIEMZRER
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e Hinstursd Engineer S

=== Construction Manager nmisllanon Schedule

o | 5 1 1]
1

= Logisties Misagi Delrery and Slorsge

v Propaity Maringei: Long e s

- =
rhl"l“
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CAD (BIM)

3.1-14 - "

4.4-13

(BIM)

RAW_DATA XLSX (CSV)

RAW DATA

I W |

4.4-13

"Pandas

DWG, NWS, DGN)

Architect: CADSBIM Projest

PDF -

4.4-11

CAD (BIM)

4.4-11

4.4-9

CAD

REQUIREMEMNTS XLSX (CSV)

DATA REQUIREMENTS

- —1l

e

I:::ul: BEQUIRED PARAMETIRS BIUALES FOA VALUES
Wi N
Wi M
Windows N

‘Windowe N

Ahnc

—S2
CAD

Architest: CADSBIM Project

= CHECKED_DATA.XLSX (CSV)

=<\, VERIFIED DATA

"Windows "
Pandas Pandas
4.4-9 CAD

4.4-11

. — e u-_-:q_m_ -

(BIM) (RVT, IFC,
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LLM raw_data.xlsx CAD (BIM)
TR E checked_data.xlsx 1 4.4-
Pandas LLM
raw_data.xlsx "
n " " n " [IA++I IA+I lAl IBI] n n
- Excel
checked_data.xlsx <
LLM Python
_ Creatgin LLM Chat ___
CEExLS
@0 ® A validation.py Sy v .
import pandas as pd
# Load raw data from Excel file

df_data = pd,read_execel{'raw_data.xlsx', sheet_name=8}
# Adding & '"Regulrements Metr' column that checks all conditlons
df_datal'Requirements Met'] = |

(df_datal'Width'] = 8) &

(df_datal'Length'] > 8) &

(df _datal'Energy Rating']l.isin{['A++"', "A+", 'A', 'B']1)) &

(df_datal'Acoustic Performance']

# Save the results to a new Exesl file

df_data.to_excel('checked_data.xlsx', index= False]

== min_acoustic_performance)

-—f)q’"*._Jr

4.4-14 LLM-

Run in IDE

CAD (BIM)

PyCharm Visual Studio Code
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(VS Code) Jupyter Notebook Spyder Atom Sublime Text PyDev Eclipse Thonny
Wing IDE Python Intelli) IDEA  JupyterLab Kaggle com Google

Collab Microsoft Azure Notebooks Amazon SageMaker

( 4.4-14) CAD (BIM) " "W-OLD1 W-OLD2 D-122

IIA++II nAn an nC " ( 4.4_1 5)

W_N EW " n n n

n l|>0 II0.0 n

b CHECKED_DATAXLSX (CSV)

=3 VERIFIED DATA

ID TypeName Location Width Length Material Energy Rating Acoustic Performance Reguirements Met
0 W-NEW Window Morth Side 120 00 Tempersd Glass 15 False
1 ‘W-OLD Window South Skde 100 1400 Double Glazed As s £l Trise
2 W-OLD2 Window East Side 110 160.0 Single Glazed B 25 Trise
3 b-122 Door  Main Entry a0 2100 Solid Cak B 0 Trise
4 4_1 5 n n n mn
4.4-1
4.4-16
4.4-16 1D
Window

" ETL " ETL
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PDF
4.4-1 CAD (BIM)
4.4-16 PDF 4.4-17

[P Proparty Manager: Proparty Managar;

Dl Lang-term Management Long-terrm Manageman
% W i - = PR _’_ g P ’ W
RPM |

4.4-17
- PDF

4.4-18
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e Proparty Maneger; Long Serm Banogemanm Proparty Mansger: Long tem Manageman !
e = I v i 44y st oo [ R ..m
g - ST e — T T T T T " E— -
i AridiiecE CADUVET Paojmct Archiesi- CADVEIM Pinjaci 9
= - S gy ST TR
r . — - . -*— *= —— S _ T e _ s
CAD
= Saruiursl Espinaen Sruchim) impess E
- R R, ' @ __________ ™M
FEM
o~ Conmraetion Manage Fatalanon S hidils (& * LA RaTIGn 9 !
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2
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=~ Logistics Munager: Deinery i Stomge
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4.4-18

PDF - 3D -

3D

7.1-6

7.2-12
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PERENES NEEET RV

4.4-19 -

Use cases

Selection of pariners

Requirement table

Smart  Menithy Height

)
\ Ll
Partnor 1 = S
Partnor 2
Farmor Smart
Partrnr 3
é Fartnar Healthy
Choice of reskdence A=l i
Security  Economy n "*:E"’“m v - Haight
@ @ ity Seeurity
(=150
I 'C-'"::I' FERRAY
City 2
Ciny infrastructu
Tty 3 o5
job setechion Carvpary Salary
Sala i Home office
a — ==} Carmpany wark
' Campary 1 | climate
“ g 2 Campany
nmpany 2 — v
Company 3
4.4-19

4.4-20
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Requirements ETL
Use cases Requirarment table Moils Result
g bLPaE 8
@ _LEXAAS e
| | =g T e
e T Ehans - —
W | e =
S S o L4EE S
=~ - — Wi a

4.4-20

4.4-21 ETL

EEEM (Ex

MinE (Transform )

KPI

AL AT (Load )
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Life's Pipeline
Information ma nagemem—”—necisinn-making

ﬂﬂﬁtﬂ[‘ll—l ]—Hequlremnt: ”

Creatian of mequinsmonis besad on historical data

ETL

5 B i
O Z sorim T

i
i
i
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1
1

T
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H

| |
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Y
e & G i
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[~ - SE—— — P e riaking
T "".L _ s S o
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5.1.
BRI ER AT ENEE

EIRNEMANR: MEHRE. A8

5.1-1

ERP CAD




EHIMBMMATENGE | 202

CONSTRUCTION SITE

KPMG - 2023 50%
87%

[2]

ERP PMIS BPM EPM
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MBEEITBBINTE A

A

9.3-

4D -

EFHRIN = BRAAITENEE
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Recipes

BRTUREGER . BAMBERIEER

5.1-2
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Database of resources

1st grade potatoes Sand lime bricks
<S>
1kg | $2,99 <} 1pes | $1
Black Angus marble beef JCB 3CX backhoe loader

1kg | $26,99 1h | $150

_ ,;_ Broccoli Laborer of the 1st category
g?%ﬂ 1pecs | $1,99 a% 1h | $30

5.1-2

5.1-3
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W A

% - Manual input

Code Description Uit Unlt cost
M-E‘ Delrvery of the mainkand to the siie ol Soo
Dialrwery 10 the. pla-w of imst=llation 'nma 300
Metallic prolike II}JJZI

(]
oAl

5.1-3
5.1-3
HE LR HRERREMITE TREAER
" " 513
1 5.1-4 65 " "

1 " " 65

"CB 3CX " 10 150 6

15 2 30 60
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0 9
@ 0, Xi ERE

@ x0.3 x0.4 x0.1 X2

' kg. | §26,99 1h | $150 1Th | $150
w0 X0.5 x0.2 X2 x30
A5 1poe | 51,99 | pes. | 51,99 1h | 530 1h | 530

% ri%.f_;l, + margins and + margins and 7N @ + marging and + margins and
E;I_ speculation speculation E‘L‘ speculation speculation

5.1-4

5.1-5
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x0.1

GG 1 kg, | $2.99
i x0.3 x0.4
‘s_.“a A kg | 5269 1 Ko, | $26,99

@ 100% 20%
% margins and
speculation
5.1-5
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= x65

| ] 1pes. | §1 1 pes. | §1
i x0.1 X2
S  1h. | $150 1h. | $150
o X2 x30
T 1h. | 530 1h. | $30
N 10% 40%
{ margins and
speculation



https://datadrivenconstruction.io/book/?utm_content=2Bzh

BHIMBRAARITENGEE | 209

Cost Estimation per unit

| 1.1 Frame sheathing pastition up 1o 3.6 m per 1m2

H

Code ‘ Dezeription Unit ‘ Unit cost

RO

i - Manual input

g - Automatic retrieval of data from the previous table
- Item selection and automatic data loading

5.1-6

51-3 -

5.1-3
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*

o

* +* +* +*

* United e @.‘ United . @ £

I! States 2 s Kingdom .! Germany i .! France

« RSMeans Data = BCIS (Bulldimg Cost « STLB-Bau = Bordereau de Prix
« Mational Construction information Service) « BKI Unitaires

Estimator = SMMTINREM2Z = Series de Prix o
Batiprix

ru b TR s

+f
X
- Russia

* GESN

« FER (Federal unit
rates)

« TER (Temitorial
unit rates)

5.1-7

e o p@.:: India =2 @:+ China £ éfummm

« CPWD Analysis of = China Construction = Rawlinsons
Rates Cost Management Construction Cost
s SOR (Schedule of Association Guide
Rates) = GB and GB/T = Cordell Bullding Cost
national standards Guide
TNEECE., WEIEEC S




ERMENARTENEE | 211

5.1-7

I
R

MERAITE: MEEEIME

38

-- 5.1-7

" m2 n CAD n n

5.1-8
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S e

B

ﬁ - Manual input

g - Automatic retrieval
of data from the
previous table

EH - ltem selection
and automatic
data loading

5.1-8

5.1-9
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Project X

$§255 =

Z x7
$9.96 $18.58
L 1pes.  1pes

x10

11]

1
@

Pt =
MII'-_i.1 x0.4
x0.3 x0.4
x0.5 x0.2
5.1-9
5.1-8
CAD

Project X

Z x20

$154

1m?

|

165

x0.1

2

W ¢

x4

$2380

1 pos.
Fal
B
%500
¥
x30
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CAD
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5.2.
TREZEULENIBLENHER

MZZERNOLER FLE . ERAIRMEES R

5.1-8
CAD CAD
3D
6.3-3 CAD (BIM)
CAD
CAD 4D 5D 4D
5D
4D 3D
5D
3D 4D 5D ERP PIMS Excel

B, FM CAD FREVE 4 1AFD
5.1-8

CAD
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30 PDF (PLT) DWG
CAD CAD
6.3-3
CAD
Excel ERP  PMIS

QTO
9) Ll "
2 CAD --" ! CAD
) ERP PMIS Excel --" QTO ERP PMIS

Excel
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2R %5 £

Bl

OST Floors 3

OST _StructuralColumns

3
OST_Stairs 3
QTO CAD
5.1-8
£ N B %= BAMNHE BAE

420 m? 3 150 €/m? 63 000 €
4 3 2450 / 9 800 €
2 3 4300 / 8 600 €

oy > > = 81400 €
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CAD 3D

CAD 5.2-1

CAD

A— &
%_:‘f,; 5D
Project Estimate f ?’_) s’ | _;,_.ﬁ

- Automatic filling

of attributes

5.2-1 CAD

5.2-1
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2024 [20]

79% _ n n

CAD QTO QTO

CAD

QTO Ii2E5% | LEMNIMBEMIEHITHAH

QTO Quantity Take-Off

QTO PDF DWG CAD

CAD QTO
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5.2-2

IMPORTANT DATA
PROCESSING FUNCTIONS

¥ Data Grouping
DBMS e
¢ Data Filtering :
e —QTO

-~ Data Sorting e S
DWH %> Data Aggregation
of Data Merge
CAD & _
g Data Conversion
5.2-2
QTO
QTO
KEEm
BB
el s
1=l
5.2-12 1.1 10%

QTO
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(QTO)
QTO CAD
CAD
QTO 5.2-3
CAD 5.2-3 CAD
"Lamelle 11.5" "MW 11.5" "STB 20.0"

PDF -

QTO
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STRUCTURED

DATA

Get the sum of the volumes of elements by type in project categories

Project ﬁ £ atvancad, sl B itcwall ﬁ#
Category = = ’U
W
e
Types n';'n
Velumen - . -| ’
5.2-3 QTO
6.1-3
CAD CAD
BIM BIM [63] BIM
BIM CAD QTO
CAD BIM 17
5.2-4 CAD (BIM)
CAD API
40 150
m  IfcOopSh (Ffi%=( BIM) Dynamo IronPython (/7= BIM) - ~40 CAD

CAD

QTO
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I IFC_js (/1= BIM) - 150 IFC

[ 5iE CAD L E(BIM) - 17

“& closed data &= semi-structed data

] |
¥ v v v

Concept % @ closedBIM
1

Tools K

Engineer 3 BIM manager or BIM coordinator or BIM specialist
[ 3

Effort ){t‘

m“h A @Mm.m_ 17 Mouseclicks  4() Lines of code

RVT UI, Visual IDE é| RVTUI 9 BIM Ul

Input VL = =
T m— =ET .

Time 3, ca _ _
.O , e'\r\- + TR Qm-r- 114 R

Tan
(R (R MWW 116 1413 wt
Wi 7 MW 178 B AR Lo
2 o] 2L STR 300 17376
I - .:.:'.:': T 5 ST 25060 128 1.4 T3
" . P STRINN Ba7 BH57
DUtput u - - ke R 1Y STH B0 Bk 16.83 LA
§ TR 5 ) .41
- - et T e W Trpmmreand 4.0 LEL i

5.2-4 CAD (BIM) 40 150 QTO
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5.2-4 QTO
- BIM BIM-- QTO - 5.2-4
CAD - (BIM-)
3.2-13
CAD QTO
CAD

4.1-13 QTO 5.2-5 -
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EE structured data [gclosed data J; semi-structed data
' || |
{ Je==——————= l
V]

=" Granuiar
Concept @ [ i
]

Tools K m e
I :

EI'IEII'IPE"[ = il Dufia awiped o T W e sger pf HW eyordingior e DN eisiel

EEN

G openBiM

Effort _"-‘ Jilunesteads QN umeistosts  aisckaicode [ Meuiecica ) Uatsidy T vesrsiis (@) Usestioss 50 Ureafeods

Q@ e I = e @) we @I QU=

e =] e (2] [+ M
+ LLM !
Input |:£:.I P a— £ .“_1-

Cipamony an 5 P e—— [[ue——_1 [ - — P g Bk r— A srr——. .
Steps -‘fr . ] . e =1 Feaen eneen sy e L1 Bpregr i ey T
=SlER b [ ———— | By o — i i B R e Rl

- b Cdmesw [N - gt Mvminny

[T

Timré @ s @it 3 e GO @ s B @ @ i

Output ﬁk

5.2-5

" CAD (BIM) " CAD

QTO

CAD BIM

7.3-10 ETL

2013 "
"[102] [102]

300 500 15%
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BIM
CAD
F A LLM A 190 23ER) QTO Enhfl
4.1-1 4.1-2
CAD (BIM)
4.1-12 4.1-13 QTO
QTO CAD 5.2-5
BIM BIM
API
=) QTO LLM ChatGP LlaMa Mistral

DeepSeek Grok Claude QWEN

CAD -project DataFrame - " " "
1 &
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LT RRY Pandas  Python
creatain LL M Chat

GO *a)

@8 ® & gouppy

df [ {df['Type'l.str.contains("Type 1")}1]

TEEE— e ="y

Run in 15E

5.2-6 LLM " " CAD
DataFrame LLM
LLM
LLM CAD (BIM)
BIM
. n n 5.2'5 == CAD (BIM)
17 40 SQL Pandas
Pandas

df[df['Category'].isin(['OST_Walls'])].groupby('Type')['Volume'].sum()

df (DataFrame) Category " "OST_Walls " "Type "

"Volume "

SQL CAD
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SELECT Type, SUM(Volume) AS TotalVolume

FROM

WHERE Category ='OST_Walls' ( ='0ST_Walls')

GROUP BY Type

PYTHON PANDAS

"OST_ n

IIOST_ n

4)

e80T

.1'-“'4**““‘miflie

e I T L e P
BT Exlimm 1] prmorby | Ty L i | i )

°n§' 1.5

Lemelle 11,5

i 11.3

™ 17.%

STE I1@.%

5TE 25.0 WD 12.0
5T8 30.90

STH 30.0 Bt
Standard

WL Trannasnd 5.0

5.2-7

.00
T4..82
141.28
&7.41
1737
7.3
28,57
14,82
.00
1.61

SQL Pandas LLM

-
r—
-

[

o.-ﬁ' L T

Lmelle 11,5

. o118

"~ 17.5

578 Ik.@

5TH 25.0 WD 12.9
LTH 0.8

STH AD.0 Rot
fiendard

WL Tremnwend 5.0

2,00
TE. A2
131.28
&7.43
173,78

T.33
BE.57
16,82

0.00

1.1

LLM CHAT

ClEETY
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LLM ChatGPT, LLaMa, Mistral, Claude, DeepSeek, QWEN, Grok CAD QTO
CAD -
(BIM-) CAD
5.2-8 LLM -
LLM
CREIETT NUTADIR Create In LLM Chat

baTA = [ F‘:‘.;::f;:‘:":,':f:;fsf.‘";‘:U-,@@ * & )--

agent, run{"""find the total =Velune™ of eleme=nls with Category =OST_Walls® it's in cuble meters™'™]

= Entering new chain. ..

Thought: I nesd to find the total volume of elements with the Category "O0ST_Walla®

Action: python_repl_ast

Action Input: df[df] Category"] == ‘05T _Walls®||*Voleme®|.sum(}

Observation: 3366 GEB00SMIRRNA3

Thought: I mow knew the total wolume of elements with the Category "OST_Walls®

Final Amswer: The total volume of elements with the Cotegory “0ST Walls™ is 3366.G5000000000003 cubic meters.

> Finished chain.

'The total wolume of elements with the Category “0ST_Walls™ is 3366.5000800880843 cublc meters.' i
i
I
o & —_‘-\ I
The totol volume of all elements Ll P C & =7
in the wall category is 3366.68 m* o s JI
Runin IDE
5.2-8 LLM
CAD QTO 5.2-7
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QTO #JA Excel BB FEREFHIDAMNHEDIMEHITIHE

"Windows "

OST Windows IfcWindows

- 5.2-9

DATA =+ RULES ~* TABLES

& New project £42 QTO Check WhiteBaox/BlackBo

b T ren cals L R ] Lagk: =) b rompEry s procsmaEs

w Project @@ Quantity take-off rules sve o

s e i
e = . e e e R
Bl W e Res me mm st 11 el R — e e, T TR R TF N B N
g T e Ry — ] - oan mem - " “h m =
[RCai” gt
5.2-9
2 " " "OST_Windows"

"IfCWindOWS n n " " 1 n

4.4-5
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DataFrame - "Category "

"OST_Windows " "IfcWindows" "Type " "Type 1 d

2 LLM

___I'LIIZ"II'Ill".-‘ll' at
CYr
ClOE XY
ace & group.py
df[ (df "Catesory"]. . lsinl['OST Windows', 'IfcWindows'])l) & (df['Type'].str.contalns{"Type 1"})]

Hur in (DE

5.2-10 Excel
CAD 5.2-10 4.1-13
IDE PyCharm Visual Studio Code (VS Code) Jupyter
Notebook Spyder Atom Sublime Text PyDev Eclipse Thonny Wing IDE
Python Intellij IDEA  JupyterLab Kaggle.com Google Collab Microsoft

Azure Notebooks Amazon SageMaker

] QTO DataFrame "Windows "

LLM

DataFrame - "Category "
"OST_Windows " "IfcWindows " 0. o
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2 LM

__Create jn LLM-Chat
' 5
CEETY
"'._hd I"v.\.-.l')l ,"I
df [ {df['category’].isinl ["05T Windows', 'IfcWindows'1}) & (df['ThermalConductivity'] = 8.5)]

e € Tl [T

‘ Run in IDE

L BN & group.py

—

5.2-11 Pandas Python QTO
LLM 5.2-11 "&"
isin n n n
5.2-12 "formel" X- y-

[ |

[ |

|
Excel 5.2-12

4.1-13

QTO


https://datadrivenconstruction.io/book/?utm_content=2Bzh

TEEXELURENIRGEEMEER | 233

ALL ____, GROUPING REQUIRED

DATA > RULES > TABLES

I’...._ BV P I‘EE.‘T'."‘I'.'HI" " . Stris Mo 2 eck i
e e | =

XE S——

GROUPING

RULES

pos  code descripion  Parametr 1 Expressioni  Parametr 2 Expression2 :ggregaie formel
arameter
3 Walls
11 3149 |Imer|ot- 165 Category QOST_Walls Type Name Interior - 165* Area X1 5y
12 [312  |SPWal 202mm  |Calegory  OST Walls  Type Name  SIP 202mm Wair Volume %1 2y+0.4
13 312 Jeiwt Category  OST_Walls  Type Name  CL_W1* Area A0 5y+2
1 322 imlanlng 300mm__[Calegory QST Walis Type Name Relaining - 300mm*__ Volume X" 1+8+y°0 2
5.2-12QTO
n n CAD
QTO
LLM -- 5.2-12
4.1-13
Excel
=
"basic_sample_project.xlsx "
"Grouping_rules_QTO.xIsx " " " " 2"
n n n 2 n n 1 n QTO
"QTQ_table2.xlsx 4
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LLM

Create In LLM Chat

CIOEXY

L & aliclaln gy

Inpere pandas au pd

Y@ Weading OS5V oand Excel files with project aate and grouping Tules respectivaiy
i df = pd.pead_csvi'_ . finputirac_basic_sample_prodject.wlsx', Llow menory=False)
df _oto = pd.read_swcall'../input//Grosping roles Q70.xis4', headers®, shiprows=[1]]

# Cleaning punesical colunms fn the datafcome by femoding non-nameric chacacters
numeTic_cols = ['area’, '"Volume®, 'Deptin’, 'Midth’, 'Lepgtn’, 'Parimeter’]
¢ dffmumerie_ools] = df (nameric_cols
1e |.applyiilambda col: pd.to_mumeciclcol.astypef{strl .str.oxtract(’{ide, ide} ' J[B); fillnalelil

g Define o Fumction to process each rowe in the grouping rules dotaframe

1% def process. Tow{Towl;
A n GEeup by speclfien pafametiis and SaleulAts Eum dnd Count Folf Che GdEPedSTe [AEMHALET

1 group = df  Browpby i [sou["Paramater 17], Eow["Paramater 271
& Ilirewl "Agaregace Parametar™]]l.aggll sum', 'count'])d
i group = grouplaroup, indey, det_level_values(l].str, contains lgowl"Exprassion?®], remex=Truel]

15 g Perfarm cattulation defiped ln the rules
I groupl'&fter Calculation'] = evalirouw["foceel"], {'=x': drouvg[ sum*], 'wv"': groupl count’]}i
oturn groop.resot_index()

B Apply the funstipn to sach tad in the grpupling fules cdatafroms and conpdtenste the tepults
4 dFEroups = IJU.EUHEHC1IPME$F_FQH|IQUF far _, row In 'ﬂl'_ll'“:h"EGI:DUFHHF.Fﬂﬁﬂi_iﬂﬁﬂ‘xﬂﬂlﬂp-rmﬂi

dg @ Save the processed daga to an Eiecel t4le using the OoenPyil engine
dfgroups; to_sncali ' OTO_tabled, xlsu’, ongine='oponpyal', indox=False)

3.

Runin IDE

]

5.2-13 Python Pandas CAD Excel

5.2-13 CAD- (BIM-)
5.2-14
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QTO TABLE FOR ALL GROUPS OF ELEMENTS
ASSEMBLED BY RULES FROM EXCEL TABLE

5.2-15

Volumetric After
Category, Type N Amou d’: Measure
X ame Barameter nt lds Calculation
0 O5T_Walls Interior - 165 Partition 17 3 424922, 435745, 25.8 m2
1 O5T_Walls SIF 202mm Wall - con 21.85 4 198694, 428588, 13.9 m3
2 |osT walls  cLwi 230 & 493612, 453697, 692 m2
3 O5T_Walls Retaining - 300mm Cc 57.93 10 599841, 599906, 7.7 m3
5.2-14 " "
5.2-13
RVT IFC DWG NWS DGN 5.2-
GROUPBG BECERED
bAa === RULES ---==* TABLES
H‘_" . e 5
: OROUPING
BIM (CAD) RULES
= L N l ﬂ!l-r H-I-]-il : _"-| -, | rs i .P:-I-F ‘;-—u :q:-.re_ H"::_;"" Fivasi
| -n---- wn-- kil mum nam A pm 3 .
| i erer e | oo | mm | v | weew AL l::"’ A PONT Y Bp Wy, . | M S i L
B e s————— T ATE I Wy gty | ONT M T Rems S X L—- ::21-411.
A i et D et gl Wit bS8 | | i | A '_ P ::: n: ! e :.PT!H ::: .:-'HE: mw—' e -"If::rv-‘
- Crmafpm UM Chas
ICEELY
Q7O TABLE FOR ALL GROUPS OF ELEMENTS ASSEMBLED
BY RULES FROM EXCEL TABLE
r.-l-"_;l Typs Nams | m | Barmzurtl | d's | u'“;’" |_I
-] OST_Walle  dsoevior - LES Pk 17 3 dpEAER TS5, E.md 4
B [ONN Walh S e Wall - s e A TSRS, AIESER, 110 mi
2 O5T_Walk {1 WI 3 & 193612, 493657, Bz ml
] o0 _Walli Rataining - Mdwm Co 750 15 S0 TLT ml
5.2-15 Excel BIM (CAD) QTO
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5.3.
4d, 6d -8d 1 — A WHIHNERITE co,

4D EAL: KB LIEE

5.3-1 -

5.3-1

. m Unit price

Concrete Foundation Block per 1 piece. | g

Descriptian ‘ Unikt | Umit cont

1\_ 2

5.3-1
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5.3-1

pi R S HE T RAITT SRR B el

5.3-1 "Bid.Factor"

1.1-1.2

HEE

5.3-1

1.1-11




LLM 3 2024

LLM XLSX

LLM 5.3-1 LLM

2 LLM
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5.3-1

5 1

JPEG

JPEG  5.3-1

2024 5 1 4

B LLM

Block 3 - Curing

Block 3 - Finishing

Block 3 - Concrete Pouring
Block 3 - Reinforcing Stes|
Block 3 - Farmwoark -

Block 3 - Excavation Wark -
= Preparation Wark -
Block 2 - Curing b
Block 2 - Ankshing [
Block 2 - Concrete Peuring F
Block 2 - Aeinforcing Steel
Block 2 - Farmwark -

Block 2 - Excavation Work
Block 2 - Preparation Wark
Biock 1 - Curing [

Black 1 - Finishing |

Block 1 - Concrete Pouring
Block 1 - Reinfarcing Stesl
Block 1 - Farrmwark [

Block 1 - Excavation Wark [

By
g
e

Conatructian St

Biock 1 - Preparatkon Wark fi

Construction Schedule for Concrete Foundation Blocks
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5.3-2

5.3-1 -geometry

5.3-3

18 —R=21 S
gﬁ .5 —~~E=2 5D
Project Estimate f EﬁJ{; | r—}%a
" +=-D2 4D
3 e

- Automatic filling
5;77 of attributes

5.3-3

ERP 5.4-4 CAD

Y EEM = 6D -8D : MEERIERE 22 RIE

6D 7D 8D
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(PMS)

Peizporty
Marsgarmei Facimmn
Seeinkn Ly rsaae

2 =

PMS-5+~CAFM
oM EiTLO e Bafety
[T - [
CPM«=-SMS
5.34
6D
7D
8D --
4D
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(CAFM) (CPM) (SMS)

4
6[3%

7D

BD@

6D 7D

5.3-5

= INFORMATION ON ENVIRONMENTAL SUSTAINABILITY
+ ENVIRONMENTAL IMPACT REPORTS
« DATA ON MATERIALS USED.

= MAINTENANCE PLANS
« EQUIPMENT REPLACEMENT INFORMATION
+* MAINTENANCE COST REPORTS

SAFETY PLANS
REGULAR INSPECTIONS REPORTS
« SAFETY REPORTS

8D

4.1-13
ESG
CAFM  AMS
3D -
6D 7D 8D
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.
oo
LI
|
]

3D 8D®

6D

o riﬂ;"u Width  Langih WeeycEaniiey et ""::_:‘u':’ s i s m"‘ Salety Proroesds
W-NEW  Window 10om - B0W TG2Z kgCOde 8 ynars 20 yaars Annual TN MNE Windows 150 45001
W-OLDA  Window  100om 1400 oW 1522 kgC2e. B years 15 pears Biarreal C8222024  X¥IWindows  DSHA Stancard
W-OLDZ - Window  110om  160Ccm O IS22RpLOZe. - 15 yaars Biannual LEa4Rgee T Q5HA Srandard

D122 Daar Soem  310gm 100 132 kglDde  15years  2Syears Biennial RS0  Daars Lid, Q5HA Standard
5.3-56D -8D -
4.4-1 W-NEW 5.3-5 3D -8D
3D -attributes - CAD
. n n _ n n
W m-120
| o " BREP / MESH "
6D - 89

| 90

m " -1,622 CO,
E% 7D -

. n L 8

. n n 20

. " n__
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" - "XYZ Windows "
" M- ISO 45001

5.3-5

HE RS WHHNE FrEENIER — RN E

6D 5.3-5
CO;
ESG
- LEED® BREEAM®
DGNB®
ESG
HQE Haute Qualité Environnementale WELL WELL
GRESB
ESG

ESG 2000
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ESG
2023 " " ESG -
[103]
- 67%
97% [104]
ESG LEED BREEAM DGNB
ICE
2015 EPA 2006 [105] 5.3-6

/ QTO
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—
UK HE Databasa
UK IE Darabase Coeffident
Carben Emitted in Production |31 LSEER, 1300 ﬂm;'l;':lm mitokg
Pregess Emiksiond |Pieewis Fmitiions
Patesrial Abhrowlated (g DO2ey kg of [Eg COZe/ kg of | Ry /md(K3)
produst) (K1) praduce] (0]
Conrais Comrels 0.12 .12 2
Concrata block Concrets_block o13e .14 A0
Brick Brick .2a .33 2000
e cdium density fiberboiord (MOF] IMDE_________ | 0397 — k- ]
Recytled steel [avg recy content]  [Recycled steel 047 Q.81 RSO
Glass {not including primary mfg.]  [Glass 0.55 (] 2500
Cemant [Portland, masanny] Crment 0,5% 097 1440
LA uminuem {wirging Aluminuim 11 16.16 2roa
5.3-6 ICE EPA
4D 5D
(QTO) n n
n n
=} CAD (BIM)
LLM

from CAD (BIM)
n n <ﬂ
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3 LM
. _Croatein LLN Chint ==
=
|t§1| ;iF:!g! P
Data :ﬁ'.lil.: pandas 3% pd . |
‘ ;r -I p.lj ma;J_.:'.v-'T;.-n:u.:n:al|.'||:.-..I:_-:.1.:'ﬂ;
.rﬂ:::l..'.:l.- a;mmn;:n...‘q_::.-.-.:L_nnl :I..:m:-:n'.mn.-.l.-'s.l.zc-'. "Sum of Uplumes, m®'e'gum®
fix)
|
Sum of
Output ObjectType Amount | Volumes,
-.-, _ - - m: E
-_><] ﬁ B8) TIFC Vebo staallatei L150B 90 x 150] 31 a2
i In IPE " |FC Vebo staallatei L2008 90 x 200 4 80
IFC_betonlatei 200x250 200 x 250 4 68
IFC betonopstort 150x315 150 x 315 12 152
M_Curtain Wall Dbl Glass| 6 0.42
M Curtain Wall Sgl Glass 12 033
5.3-7 LLM ObjectType meoon
COo, 5.3-7
5.3-6 GitHub "CO,_calculating-the-embodied-

carbon.DataDrivenConstruction." [106] [106].

CAD QTO
5.3-8

ESG LEED
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The sum af the
COZ group ':: hmlr‘ COZ emissions
" - mt . . for the group, ¥ -
I G T B TRE T 20 g
IFC_Vebo_staalatei | 2008 602 200 4 B0 MO 00 54000
IFG_betonlmies 2 0Chc? Rl 300 x 250 - Comcrete Jand TREnE
IFC_betonapsiort 1E0c316 160 « 316 12 153 Comcrots 24bh L
H LN 0] ﬂa ;E! jm ] 043 ! 2508 Tl
M Curlan Wall Sgi Giass| 12 013 mEy 1500 [rH)
. U i D
Carbon Emitted in Prodisction [ Bresr vyt cigenrc s e S s
Faassgn Tmuceans |Process Drasgesns
BAatavial Biske pruiabed g D021 g B Ikg CEdi! by ol g RN
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BREP
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CAD /CAE
MESH
6.3-1
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representation representation representation
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6.3-1 BREP
BREP NURBS CAD
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-- BREP IFC
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CAD
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CAD - CAD IFC

CAD - SDK IFC  USD [93]

CAD CAD

MESH ushD " " IFC CAD

BREP

USD DAE gLTF OB]J

LOD, LOI, LOMD - CAD = Zi5Bp9ME—3 35 (BIM)

CAD - (BIM-)
CAD -
(BIM-) LOD - LOI
- LOA LOG
LOD 100 500 LOD 100
LOD 200 LOD 300
LOD 400 LOD 500

CAD BIM 3D
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#7189 CAD #5 (BIM) - AIA, BEP, IDS, LOD, COBie

CAD BIM

CAD

CAD (BIM)

LOD LOI LOA LOG

BEP BIM -- CAD BIM

EIR XX 1F /AIA -

BEP
AIM BIM
AIM  AIM
IDS -
iLOD BIM - LOD
eLOD - LOD CAD (BIM)
APS CAD (BIM) -

CAD BIM LOD LOI LOA LOG BEP EIR AIA AIM IDS iLOD elLOD
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6.4.
TS HFIER LML #17 cad 12(F

CAD #IEME—11 YRS (BIM): BT D AT AT B

CAD (BIM)
CAD - (BIM -)
BIM
CAD BIM
CAD BIM
CAD - (BIM-)
4.3-1
CAD
6.4-1 1-2
API CAD- (BIM) 3-4
5-6 - — — — 2-6 --
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[T

dashtxoard

project dota
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e
model
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6.4-1
CAD (BIM)
6.4-1 1-2 --
2-3 56 CAD
BIM BIM
20 BIM CAD -BIM
[64]
BIM

CAD- (BIM-) API
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CAD CAD SDK
CAD 1995 [75] CAD

[127]
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| API API
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BT S H0HTI&1T . CAD 1 BIM BYZR3E

CAD CAD
6.4-1 1-2
4.3-6

6.4-3

project data

plugin

task
parametrization
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Pl?nndal filling
model
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6.4-3 CAD
CAD 4.3-7
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Grasshopper Dynamo

CAD Blender UE Omniverse
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- Jeffrey Zeldman
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B LM QTO
Type Name Total Area Count
CL_W1 39312 sqm 10
Cawvity wall_sliders a3tsgm 1
Foundation - 300mm Concrete 30,80 sq m 1
Interbor - 165 Partitiaon (1-hr) 1725sqm 3
Interor - Partithan 186,54 sq.m 14
Retaining - 300mm Cancrite 19579 s m 10
SH_Curtain wall 15942 sqgm q
SIP H02mm Wall - conc clad 147659 m &
Wall - Timber Clad 16291 sqm |
6.4-6 QTO CAD - (BIM-)
IFC LLM
n n 1 2 n n
IfcSlab " " "PSet_RVT

_Dimensions Area "
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2 LM IFC

For 8 Floor127mim Slab on Grade, I o1 50mm Exterior Slab on Grade,
B FioorFinish Floor - Ceramic Tile, @ FloorFinish Floor - Wood, and
B RoorResidential - Wood Joist with Subficoring

6.4-7 IFC

6.4-5- 6.4-7 Pandas Python

LLM LLM

LLM 3D CAD (BIM) DWG

LLM 3D

A LLM #1 Pandas E5i7 1T DWG - S+

DWG -
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Pipeline LLM ChatGPT DWG

| ID DWG
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McKinsey's Guide to Overcoming Competition in the Age of Digital

Technology and Artificial Intelligence [130] 2022
1330 [ 2022
1330 70%
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(=] o

collect visualize analyze the decisions

data data lnsaghls data faster

7.1-1
1.2-5
[131]

- Stephen Few

7.1-2
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ETL BEohft @ TR, NIEREUIEALE
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2022 [136]

[137]
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CAD CAD (BIM)

"ETL -process 7.2-1

1. 12EY (1EEX - CAD BIM 7.2-1 1
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ETL (Extract, Transform, Load

ETL 7.2-2
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ETL -payplane

ETL " " 4.4-13
Pandas LLM
ETL $2EY : #UEUE
ETL - ) -
n n CAD (BIM) n
41-1- 4112
DaTAEE DGN DATAGE
= e e e
]1 [[ DATAFRAME
7.2-4 CAD (BIM)
RVT IFC [138]
CAD- (BIM-) 7.2-4 DataFrame


https://datadrivenconstruction.io/book/?utm_content=2Bzh

TEATHERER : AftAFZE etl | 337

__Createin LLM Chat

/ = B
COEYY

& Extract data from CAD-BIM.py

import os

import subprocess
import time

import pandas as pd

path_cony = r'C:\DDC_2023\\'
path = r'C:\IFCprojectsi\’

& Where RvtExporter.exe|IfcExporter.exe is located
# Wnere Revit|IFC filles are stored

def convert_and_walit({path_conv, exporter_name, file_path, extension):
# Staxt the conversion process
subprocess Popen([os. path.Joinlpath_conv, exporter_namea},
file_path], cwd=path_conv)
output_file = os._path.join{path,
f'"{os.path.splitext({os.path.basename({Tile_path))[0])_{extension}.xisx”)

# Conversion process for RAYT and IFC files
for file in os.listdir{path):
full_path = os,.path.join{path, file)
if file.endswith{'.ifc'}):
convert_and_wait(path_conv, 'IfcExporter.exe’, full_path, "ife')
elif file,endswith('.rvt'):
convert_and_wait(path_conv, 'RvtExporter.exe’', full_path, 'rvt'}
# Combine converted Excel files into one dataframe
df = pd.concat([pd.read_excelfos.path.join(path, f)) for £ in os.listdir(path)
if Foendswithd'.x1lsx")], ignore_index=True)

XML -

— RuninIDE ——
7.2-5 Python SDK RVT IFC (df)
DataFrame
Pandas DataFrame csv Excel JSON -
Parquet HDF5 MySQL PostgreSQL SQLite
Oracle Pandas API
Amazon Redshift  Snowflake

=

DeepSeek, Grok, Claude, QWEN

LLM

Microsoft SQL Server

Google BigQuery

CHATGP, LIaMa, Mistral
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MySQL i

B LM
Create in LLM Chat

N\
CIOETY

L N 2 Pipeline.py

import pandas as pd
import mysql.connectox

# Using a context manader to ensure
# that the connecticn is closed automatically
with mysql.connector.connect{host="hostname', database='dbname',
user='username', password='password') as conn:
df = pd.read_sql('SELECT = FROM tablename LIMIT 1&', conn)

\

A

— RBuninIDE

7.2-6 Python MySQL MySQL DataFrame

7.2-5 7.2-6 IDE
PyCharm Visual Studio Code (VS Code) Jupyter Notebook Spyder Atom Sublime Text
PyDev Eclipse Thonny Wing IDE Python Intelli] IDEA  JupyterLab

Kaggle.com Google Collab Microsoft Azure Notebooks Amazon SageMaker

"df " 7.2-5- 25 7.2-6- 8 Pandas
DataFrame "
" ETL -Pipelines Parquet Apache ORC

JSON Feather HDF5 8.1-2

7.2-5 7.2-6
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Transform (RegEx)

4.4-7 "

RPM

IIID
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2015

ETL
RegEx

RegEXx

7.2-7



Property
Manager

=
RPM

Real Proparty
Management

Property Manager:

THEALWEIERR

Long-term Management

D Element Warranty
Period

Replacement

Cycle

W-NEW  Window - 20 years

R
J

Maintenance
Requirements

Annual Inspection

7.2-7
IIID "
NEW" "W-OLD1 " "D-122 "
"NEW" "OLD" 7.2-7 (RegEx)
AW-NEW$ | AW-OLD[0-9]+$ | AD-1[0-91{2}$
Python LLM
Y
DataFrame RegEx "W-NEW "
IIW_OLD n IIA n IIG n

RNTLEZ etl | 340

IIW_
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B LLM
_CreatainLLM Chat
.r’Lr.n ) :* %
Il ] I'. [+ 9
BO® A Foeirepy “‘-‘.EFJ N _)

& Hegfe
fmport e

8 pofine regex patterns for sach coliumn
patterns = |
‘Window ID': ©"*(W-MEW|W-OLD]&-a]+ | D-1[a-9][23)5",
'Enexgy Efficiency': r'f[A-Glhesd’,
‘Warranty Period’; @'"\d+\syearsi”,
"Baplacement_Cycle': ©'*hd+\Gyearss’
w o}

& Define -a verification function HEANE TRdax

def yerify_dats{colimn, pattern):
& apply the pagex pattern to the soecfes and retucn the boolean results
return column. applyl Lanbda x: UUULI:I’E-.I‘MEL‘HEDE[E!II‘I. strilelldy

7 Apply the verification Punction to the DataFrame for sach polumm &ith its respsctive pattamm

for column, pactern in patterns,items():
df[ *verifiad_" + column] = verify_dataldflcolumn}, pattern)

— 4 B

—RUNINIDE —
7.2-8 RegEx
Python 7.2-8 "re " RegEx
DataFrame RegEx
(False/True) DataFrame

csv
JSON  Excel
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ETL Load : ‘B JEFRMEF M £E2E

dashboards Python

Matplotlib 7.2-9 7.2-10

a2

RPM 7.2-7

DataFrame 7.2-7 |
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2 LLM LLM

- Createin LLM Chat .
gy = g
| ({;‘) ( o | * 9 :
®0® & Pipelinepy ‘Hﬂ [V £

# Re-importing necessary libraries for visualization
import matplotlib.pyplot as plt
import seaborn as sns

# Vvisualization 1: Bar Chart
plt.figure(fidsize=(10, 6))
df_visual.plot({kind="bar', stacked=True, color=['green', ‘red'l)
pilt.title{'Data Verification Summary - Bar Chart')
plt.xlabel{'Data Categories')
plt.ylabel('Count')
plt.xticks(rotation=45)
plt.tight_layout()

pLlt.show()

— 4 W E

Ry ln IDE

Data Verification Summary - Bar Chart

= un

L

Count 1of valuas checkead)

Data Categories

7.2-9 RPM 7.2-7 Transform
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2 LLM

Count  lof values ehacked)

__Createdn LLM Chat —

P B

SO ¥4

@0 ® A Ppelinepy <"'=l L : j

# Visualization 3: Line Chart
df_visual.ploti{kind="1line', marker='a', figsize={(18, &})
: plt.title('Data Verification Trend - Line Chart')
4 plt.xlabel('Data Categories')
5 plt.ylabel('cCount'])
& plt.grid(True)

7T plt.show() )
. (A~
—ﬂu. =
Aun in 1DE
Data Verification Trend - Line Chart
4.0k - s
35
3.0¢
—=— Fassed

4 —a= [ailed
201
1.5
1.0} > -

Window 1D Emergy_ Efficiency Warranty Period Hepda{ern:znt._[ycle

Data Categories

7.2-10 7.2-8 Matplotlib
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Seaborn - 7.2-11
Plotly - 7.2-12 7.1-6
Altair -

Dash  Streamlit -

-- LLM

Seaborn

o]

Seaborn

2 LLM
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__Creats in LLM Chat

CEEYY

eaT e & Pipeline.py

# Visualization 2: Heatmap

plt.figure{figsize=(8, 4))

sns.heatmap(df_visual, annot=True, cmap='viridis')
plt.title('Data Verification Summary - Heatmap')
plt.xlabel{'Vexification Status')

plt.ylabel('Data Catedories')

plt.show()

Run in IDE

Data Verification Summary - Heatmap

= 4.0
Window 1D -
&35
& 3.0
= Energy_Efficlency
g
] 25
U
B Warranty Perlod -
a B 2.0
Replacement_Cycle - 4 15
F‘as.!-Eﬂ Failed 19
Verification Status
7.2-11 Seaborn 7.2-8
Plotly 7.1-6

7.2-12
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7.2-12 Plotly CAD- (BIM-)

Bokeh Dash Streamlit

Bokeh Dash

ETL Load: E15/0//#E PDF 344

L]

7.2-9

mrmmed oy W b e v
valuss .. sdifm
W S A Y 1 Tk b

Wy Thn poerel mer nnicaed

oy £ Dt polnr eniermity:

Turtall widiierm A ef dlemie

e p—— e o g

Figie fof i erical Figuife fof numerical
[T e T [N STy

reche L diarmomd L

iy g oo saeng e d gy S g e e A —

WhrRmLT S W i

Streamlit
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PDF
4
LLM PDF
- CremteimLLM Chat
f: ] f}_ 41 - ‘.
| ifﬂl\.i "I * % !
@@ & Ppamepy ‘-._VJ =t g
U 2reate i POF dotument «ith the verificatlosn Eedulrs

with PafPages("verification_results.pdf"} as pdf:

# adding & histofram To the docdrseni

plt. flgurel)

df_pdf .plotikind="bar', stacked=Truwe, celour=|'green”, 'red'])
plt.tithiei"Data verification Summary' )

plt.wlabel('Data categories’)

plt . ylabel( "Count ")

plt, tight _Layoutd)

pdf . cavefigl)

plt.claosei)

¥ Adding & text page with & description

ple, fisurel)

plt.axis{ "off']

texT_stE = ["Verificatlon Resules:in®
"Some data categories have failed the weérificatian process.\.n"
"Please Eevlew the falled catedaries Gnd provide the fslsslhng data.™)

ply tekc(e. i, .5, TeNt_SCr, Wiag=True}

pdf . savafigl}

plr.closea()

7.2-13

Bun o IDE —

L ]
i
)

PDF
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LLM 20 PDF DOC
7.2-13
ETL Load : A FPDF H5)A-alis i+
ETL Load
FPDF Python  PHP
FPDF
PDF
PDF
- FPDF
FPDF HTML HTML FPDF PDF
HTML
HTML LLM
", Python
PDF

from fpdf import FPDF  # FPDF
pdf = FPDF() # PDF -document

pdf.add_page() #
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pdf.set_font("Arial", style='B', size=16) # Arial 16
pdf.cell(200, 10, "Project Report", In=True, align='C") #
pdf.set_font("Arial", size=12) # 12 Arial
pdf.multi_cell(o, 10, .. ")#

pdf.output(r "C:\reports\report.pdf") # PDF -file

Project Report

This document conlains data from the review of progect files...

report.pdf

7.2-14 Python PDF

7.2-14

ETL

Transform
FPDF PDF

7.2-15

o
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data=[
["Item", "Quantity", "Price"], #

["Concrete", "10 m3", "$ 500."], #
['"Rebar", "2 tonnes", "$ 600"], #

["Brick," "5,000 pieces," "$ 750."], #
1

pdf = FPDF () # PDF -document
pdf.add_page() #

pdf.set_font("Arial", size=12) #

for row in data: #

for item in row: #

TEATHEER . AT4LEZE etl | 351

pdf.cell(60, 10, item, border=1) # 60 10
pdf.In() #
pdf.output(r "C:\reports\table.pdf") # PDF -file
flem Quantity Price
Congreia 10 m? 5500
Rebar 2L S600
Brick 5000 pcs $750
7.2-15 PDF
PDF

(ETL)

Excel -

table.pdf

7.2-15

API -
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FPDF

Python  FPDF PDF Matplotlib

import matplotlib.pyplot as plt # Matplotlib

fig, ax = plt.subplots() #

categories = ["Concrete", "Rebar", "Brick"] #
values = [50000, 60000, 75000] #
ax.bar(categories, values) #
plt.ylabel("value,$.") # Y

plt.title("Cost Distribution") #

plt.savefig(r "C:\reports\chart\chart.png") #

pdf = FPDF () # PDF -document
pdf.add_page() #
pdf.set_font("Arial", size=12) #

pdf.cell(200, 10, "Cost Chart", In=True, align='C') #

pdf.image(r "C:\reports\chart\chart.png", x=10, y=30, w=1 OO) #

pdf.output(r "C:\reports\chart_report.pdf") # PDF

PDF X, y-

Matplotlib
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Cost chart
. chart_report.pdf
i
7.2-16 PDF
FPDF
ETL -
FPDF -
ETL Load : RSEANEEIEMARS:
PDF
csv ERP CAFM CPM BI
csv XLSX JSON XML
o LLM ChatGPT, LlaMa,

Mistral DeepSeek, Grok, Claude  QWEN
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DataFrame "verified "

csv

B LLM
_ Crpate In LLM Chat
P — T
IO X -9
@0 @ A Ppelnepy -y et .
# Create a report on the réesults of data validation
report = df.filter{like="verified_').apply({lambda x: x.value_counts{)).T
report.columns = ['Passed', 'Fajled']
report.fillnale, inplace=Trus)
¢ Export the cleaned and verified data to a CsV file
verified_df = dffdf.filter{like="verified. ") . all{axis=1}]
verified_df . to_csv{'verified_data.csv', index=False]
T R
. L,
— ‘AuniniDE
7.2-17 csv
7.2-17 ETL -process -- csv
ETL
ETL -- CAD
PDF ETL

ETL with LLM: =]9{k, #3EK 2 PDF -X /14

ETL -
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ETL PDE -

(LLM) ETL
PDF

DataFrame

PDF

PDF PDF

DataFrame
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2 LLM
_ Createdin LLM Chat
h — g N,
I.' kr-;-\‘l I-" .\ll i
\ )’ N
@5 8® A Pipalinegy e =T i
impoLt as
import pofplumhar
import pandas as pd
def gatract datalbase_falder path}:
Extract maxterlal data from POF Tiles in the specified base
folder dnd all dts subfolders Assunes £sch Line Ln the PDF comtalns
‘Material® followed by material name, quantity, and cost.
data = []
# wWalk thrpugh sach folder and subfoioer in the hase foldor
for folder _path, _, Fiies In si.walkibate folder path)!
for file in filter|lambda #: f.endswleh|'.pdf'), files):
with padrplumber.openies. path. Jadn] frelder_path, Filsh] as pdr:
W Drfcess asef paEe lh the PO
for page in pdf pages;
t Spiicting cext into 1inss
for Line in poge.extract_texti].splicl'\p'):
® Chook it the lire contains material data
if *Marerbal’ in line:
parts = Line.splie(}
o Append dats Eo LAKC ONYELIT UARTITY g Cost o TLoAT
dati.appesd (£ Fila" ! flle, 'materlal': partsill,
‘quantity’s floaat{partsl2]), ‘cost’: Floatiparts[3li})
¥ Comverc 1ist of fictionaries to pancas Datafrano
coturn pd._ DatafFromed{datal
B Lpacify tha base foldsr path contaiming POF Files ond subfoldérs B Lin]=
df = extract_datalc'Ciy')
( >Q & ﬁ E!
— RuninlBE —
7.2-18 LLM Python - PDF -

LLM 7.2-18 Python - PDF -

PyCharm
Visual Studio Code (VS Code) Jupyter Notebook Spyder Atom Sublime Text PyDev
Eclipse Thonny Wing IDE Python Intellij IDEA JupyterLab

Kaggle.com Google Collab Microsoft Azure Notebooks Amazon SageMaker

PDF - LLM 7.2-19

LLM
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7.2-19 LLM

LLM

il il i i POF R

TEALWERER

UNSTRUCTURED

DATA

TEXTUAL

DATA

<

— -

STRUCTURED

DATA

PDF -

I_‘;.
i

R

O = e s . o . e
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DataFrame

7.2-184
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Create in LLM Chat

SO*9e)

import matplotlib.pyplet as plt

# Plotting total cost per material

# Group data by 'material’ and sum up the ‘ecost’ for eaeh material
df . groupby{ 'material')['cost'] .sum(}.plotikind="baz"}
ple.title('Total Cost per Material')

plr.xlabel{ 'Haterial’)

ple.ylabel (' Total Cest'}

ple.showl)

# Plotting total quantity of materials used

# Group data by "material’ and sum up the ‘quantity’ for sach material
df . groupby{ 'material ) ['quantity'].swml),plot{kind="barh"}
ple.title('Total Quantity of Materials Used'})

plr.xlabel('Quantity’)

plt.ylabel( 'Mazerial')

plo.shewl )

X7

Materini

7.2-21 LLM

ETL

LLM

Steel

Run in IDE
7.2-20 LLM - Python matplotlib
Python - 7.2-20
7.2-21
Total Cosk per Matenal Total Quantity of Materials Used Cost Distribution by Material

7.2-22

chat
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(2017 [139]

2017 2030
GDP 55% "
_Createin LLM Chat
Fi .-"rA + H‘-.II Show the differences between ~
| €& (1) * 9, | the new version of the project
\VJ pay = and the lacest version ( >
i, l
Filter the data in the project to e

keep the wall category items:
inthe praject ( >

Groug the project by the "Type
Mame® parameter and show the
volume of each group ( >

Choose the first 20 types by
wolume and show the result as ( >
a Pie chart

Create a POF report with a
table and a graph ( >

7.2-22 Al LLM LLM

ChatGPT LlaMa Mistral Claude DeepSeek QWEN Grok

ETL

Pipelines -
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7.3.
Bz etl HixAl (B18)

BiE . 85 ETL HiEdl #09E

ETL

7.3-1

Input Pipeline Qutput

A A A uﬁ?

ase SIII00000C 1%

N S

Input Pipeline Output

IFC A

RVT N N My |

e SITH0000C i

7.3-1
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7.3-3 ETL

Excel

Bf etl B (EE)
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ETL
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— Company Projects That Are on Servers

CEB|CEECEE
CEE|EEREEES

vé Automated Warkflow script

Mo., Tu.,

Watule e T

IO . {5} 1

" File :

Seript Running
on Schedule Collection

rO0—0—h
EXKEXK
RN
NG00

..{[)

Automatically Generated Data and Reports for Project 1-X i
Qe Qe i
CELCELCH

By @@Ly @k @y @)
7.3-4
7.3-4
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F Default » Dashhaard Agemis Imtasaetive AP1 Aeeaun Tearn
gefnut ¥ FROJECT
DataDrivenConstruction ) | +
| OVEAVIEW & FLOWS 3 CALENDAR o
1-* T .-‘ ..d- |
il - f s |
2%  Summary @ 34 Hours - |
i thee Last sy |
19 100 . |
Hlovw igne syCCesden
7.3-5 Prefect ETL - 7.3-4 10 python
19:00

(AI)
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ETL

7.2-18- 7.2-20

- ETL


https://datadrivenconstruction.io/book/?utm_content=2Bzh

2

B etl A (B8 )

| 365

PDF &

Ccsv
— PDF
LLM
CcSsv DataFrame
IIW_N EW n IIW_OLD n IIA n IIG n




o]

® 0 ® & Pipelinepy

B0 etl B (

LLM

Create in LLM Chat

CIOETY

# Importing necessary libraries

import pandas as pd

import re

import macplotlib.pyplot as plt

from matplotlib.backends.backend_pdf import PdfPasges

# Load data
df = pd.read_csv('path_to_csv_file.csv')

# Define patterns and verify data

patterns = {
'Window_ID': r'*(W-NEW|W-OLD[E-9]+|D-1[0-92]1{2})5",
'Enerdy_Efficiency': r'*[A-G]\+=5",
'Warranty_Period': r'"\d+\syearsS',
'Replacement_Cycle': r'"\d+\syearss'

for column, pattern in patterns.items():

BE)

df['verified_' + column] = df[column].apply(lambda x: bool(re.match{pattern, stx(x)}))

# Create report
report = df.filter(like="'verified_').apply(lambda x: x.wvalue_counts()).T
report.columns = ['Passed', 'Failed']

# Generate PDF
pdf_path = '/mnt/data/verification_results_full_pipeline.pdf'
with PdfPages(pdf_path) as pdf:
# Plot and save bar chart
report.plot(kind="'bar', stacked=True, color=['dreen', 'red'])
plt.title('Data Verification Summary')
plt.xlabel('Data Categories')
plt.ylabel('count")
plt.tight_layout()
pdf.savefig()
plt.close()

# Add text page

plt.figdure()

plt.axis('off')

text_str = "Verification Results Summary"
plt.text(e.1, 0.5, text_str, wrap=True)
pdf.savefig()

plt.close()

pdf_path

Run in IDE

7.3-6 Pipeline (ETL) PDF
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7.3-7
Comparison of the cost of automating the tasks of
extracting data from construction projects
5 D
555X$.
Manigsl
prul:.ag_iuﬁ;qﬂ
j_f.-—'ﬂ-ﬂiaihs_i
000 e
2
Automation through
vendor tools and Saas
o 150X$
54 o 1 X Jracii]
Mumber of projects
7.3-7 [140]
CAD RVT, DWG, DGN, NWS IFC,
CPXML, USD ETL RegEx 7.3-8
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Pandas

= : OST _StructuralColumns, : FireRating IS NULL

. 1D — Excel/PDF
Pandas
df = model_data[model_data[" "1 =="OST_StructuralColumns"]] #
issues = df[df["FireRating"].isnull()] # #
issues[["ElementID"]].to_excel("fire_rating_issues.xIsx") # 1D

- 18 FireRating !
FireRating !
CAD

ID 7.3-10
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DAG f1 Apache Airflow : {7 Eoh b3

Apache Airflow ETL -conveyors

ETL
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DAG
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7.4-1 Apache Airflow DAG -ETL
Airflow ETL Extract, Transform, Load
Apache Airflow SQLite
DAG ETL -

7.4-1
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Apache Airflow
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Airflow
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IMITIALEZATION OF
REQUIRED LIBRARIES

COMBINE
(EXTRACT)
CREATE N
(TRANSFORM)
COMBINE E’E d"j
[EXTRALCT) :)C
CREATE D
(TRANSFORM)
SEND -
(LOAD) E

7.4-2 ETL - Apache Airflow

ETL (EXTRACT, TRANSFORM, LOAD) PIPELINE
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Apache NiFi
NSA 2006 "Niagara Files" 2014
[141]
Apache NiFi Airflow
NiFi
Apache NiFi CAD
NiFi
HAESeEEY S --:n.

o
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7.4-5 Apache NiFi

Apache NiFi
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Apache NiFi Streaming and data transformation Real-time stream processing
Apache Airflow Task orchestration, ETL pipelines Batch planning, DAG processes
nén Integration, automation of business logic Low-code visual orchestration
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SQL LLM

PDF - DWG - RVT - Excel -

Xt

Excel PDF CAD

£ €7 DWH

8.1-1




Files

Stored in isolated structures

Stored in folders with limited
access for a few employees

Require manual search,
opening, and analysis

Difficult to integrate between
systems

8.1-1

REIEFE . DT RITRRIURE BRI

Pandas DataFrame

Pandas DataFrame

CSV  XLSX

Ccsv
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Data

Open and accessible
information flows

Stored in centralized databases
and accessible across multiple

processes

Can be auvtomatically processed
and analyzed in real time

Easily integrated and matched
for analytics

RAM
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Apache ORC Optimised Row Columnar

JSON JavaScript Object Notation

Feather
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HDF5 5
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Microsoft Excel

8.1-2

Parquet ORC

Parquet ORC JSON

Python
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Apache Pandas

Storage Tabular Tabular Columnar Hierarchical Tabular

/@ Hiage mﬁ;‘::‘“" Simpledata  Bigdata,  Scientificdata,  Data analysis,
‘\_/' - exchange analytics large volumes manipulation

4
= . ; : None (in-
% Compression Built-in MNone High Built-in eenon)
o . : : High (memary
- : Performance Low Medium High High dependsnt)
0‘(.-. High
,\f:' Complexity {formatting. Law Medium Medium Low
s " styles)
£H
.ﬂ Dea Tyve Limited Ve bxtended  Extended Extended

Support limited
Medium

ﬁ Scalability Low Low High High (memory limited)

8.1-2
ETL
8.1-3 10,000 10
CSV Parquet XLSX HDF5 ZIP
NumPy Pandas DataFrame
CSV  Parquet XLSX HDF5
ZIP ZIP
ETL - ZIP

Pandas DataFrame
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Original Size 5 cize (MB)  Read Time (s)
(MB)
-
Structured table 18.B2 B.73 0.48
100000 rows
X 10 columns
9.67 9.22 017
12.59 12.59 41.73
8.50 7.62 0.3
.
8.1-3
CSV  HDF5 8.1-3 ZIP
XLSX Z1P
XLSX
Apache Parquet
&2 Apache Parquet L7 1&
Apache Parquet
Pandas CSV  XLSX Parquet

Spark Hadoop
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Parquet
Apache Parquet LLM
2 LLM CHATGP, LlaMa, Mistral DeepSeek, Grok, Claude, QWEN
Pandas DataFrame Apache Parquet
R LM

__ Create jn LLM Chat

(&

aoe & Pandas to parquet.py

1  import pandas as pd

# Create @ DataFrame with constiuction data
construction_data = {
'project.id': [1, 2, 3, 4],
3 'project_name': ['Tower A', 'Bridee B', 'Road C', 'Tunnel D'],
i Tocation®: ['0dity %', "City ¥, 'City 2', 'City w'l,
-] 'cost_million_usd': [288, 158, 188, 3p4]
5}

19 df_projects = pd.DataFrame(construction_data)
# Write the DataFrame to the parquet Tile
|3 parguet_path_projects = '/tmp/construction_data/projects.parguet’
14 df_projects.to_parquetiparquet_path_projects)
print({"Construction project data saved in Lakehouse"),
1 > . - -
r. S~ —
iy B

Run in IDE

8.1-4 Python RAM Apache Parquet

ETL Parquet "cost_million_usd "
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2 LLM

Apache Parquet

cost_million_usd 1.5 d

2 LLM

- Create in LLM Chat

CILTY

ace * ETL parquel py

# Loading construction project data
df _loaded_projects = pd.read_parquet |parquet_path_prajects)

i ® Filtering out projects with a wvalus greater than 5158 million
df _filtered_projects = df_loaded_projects[df_leoaded_projects['cost million_usd'] > 15@]

# Saving the filtered data to a ned Parquet file

filtered_parguet_path_projects = '/tmp/constrvction.datalfiltered_projects.parguet’

df_filtered_projects.to parquet{filtered_parquet_path_projects|

print ("Filtered construction projects data saved to Lakehouse,")
- — .

R C— —R

5 & -1
M A

R i IDE

8.1-5 Apache Parquet ETL
Parquet XLSX CSV
Parquet
DWH

DWH: HIECF HIECE

Parquet
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ERP CAFM CPM CRM

CAD
DWH -
DWH #UIEGE
1.2-4 DWH
DWH
DWH
/8 ETL - 7712 , , -
HUENE - DWH
2024 CAD- [125]

SEHF AT FOFIN - BI -

DWH

8.1-6
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#EA - METL ) ELT BUEZ . MIERBIEE R IENIE
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RDBMS DWH " "

ETL
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Transform, Load 8.1-6
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8.1-7 ETL
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BB Structured Data / DWH / Data Lakehouse

s
g

@ Analytics |# Documents fg/ Simulation & Databases
f 2@ H BLas QU T BPRS
1l =ii® OB o

{3) Enhanced Productivity 2 Stream Processing ¥ Efficient Planning
18 Data Driven Decision Making

8.1-8

P . CEASESRIDEER

DWH

Data Lakehouse
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Data Lakehouse

B FREEdEFER

[ ] B DWH

B XE IVE

Data Lakehouse

/

L

Apache Parquet

Lakehouse

= oo P, e J I—t

2= ﬂ% (B JL

= = h! ﬂ]-l I-IE
Dashboards Documents Reports 53:;12 ﬂaﬁr"‘ii':'g

1

!

T STRUCTURED TEXTUAL r‘” '| GEOMETRIC T Bl ETHUCTUREE: :hﬁ URSTRUCTLRED
HH DATA DATA Cx DATA [ |DATA DATA
8.1-9 Data Lakehouse

ERP  PMIS CAFM
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(DWH) (Data Lake) (Data Lakehouse)
DWH 8.1-10
Traditional Approach Data Warehouse Data Lake Data Lakehousa
Data Types Relational Structured. ready for Raw, semi-structured, or Mix of structured
P Databases analytica unstructured and unstructured
Use C Transactional Reporting, Big data storage, Al, Hybrid analytics, Al,
Systems dashboards, B advanced analylics real-time data
" ol OLTP = reaHime ETL - clean and structure ELT - store raw data, ELT with optimized storage and
ng trangactions before analysis tranaform later real-time processing
5 On-premise Centralized, Decentralized, llexible Combines advanlages of DWH
s SErvers S0L-based formats and DL
MySOL, Snowflake, Redshift, Hadoop, AWS 53, Azure  Databricks, Snowflake, Google
Lo Toaks PostgresSOL BigQuery Data Lake BigLake

8.1-10 DWH, Data Lake = Data Lakehouse

DWH Lakehouse
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CDE, PMIS, ERP 5 DWH #1134

ISO 19650 CDE CDE
(DWH)
BAEYEIE (CDE
CDE CAD (BIM)
CDE
DWH CDE
CDE CAD - 2023
[93, 125] DWH
" PMIS " PMIS
ERP CDE PMIS CDE
PMIS
ERP PMIS
DWH CDE PMIS ERP KPI
(DL)
DWH DWH
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CDE PMIS ERP DWH Data Lake
CDE PMIS ERP DWH Data Lake
8.1-11 CDE
PMIS ERP
CDE, PMIS, ERP DWH, Data Lake
Vendor High (tied to specific solutions Low (flexibility in tool and
2 . Dependency and standards of vendors) platform choice)
Ii? Integration Limited (integration depends on High (easily integrates with
Flexibility vendor solutions) various data sources)
= High (licensing and support Relatively lower (use of open
— -
St costs) technologies and platforms)
_l Data Low (data often locked in High (data stored in open and
Independence proprietary formats) accessible formats)

\% Adaptability to
Q Changes
= Analytical
oo Capabilities
8.1-11 DWH CDE
DWH  Data Lake

Slow (changes require vendor
approval and integration)

Limited (dependent on vendor-
provided solutions)

PMIS ERP

DWH

Fast (adaptation and data
structure modification
without intermediaries)

Extensive (support for a wide
range of analytical tools)
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x y z 1- 6 8.2-1

Bounding Box

minX o miny oY minZ rmaxZ Width Height Depth

Column =15 =3 =25 =15 ] 10 10 L[4} 20
Stairs arl < - =15 =5 0] 10 10 (3] 10
Door i 15 5 15 1] 10 10 10 10

Window 25 as =35 =25 10 20 0 20 20

Balcony 15 25 & B 20 40 10 20 20

8.2-1 -
" 1.5 " k-NN
" " k-NN

8.2-2
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Redis

DWH CDE PMIS

YHEaE). BES/IVE) EHEAX)

8.2-3

Gartner 2017 85%

[144]

PostgreSQL
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Data Governance
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DataOps  VectorOps
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-- DataOps
DataOps DataOps
DataOps Apache Airflow 7.4-4
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DataOps DataOps

VectorOps DataOps

VectorOps

VectorOps DataOps

DataOps VectorOps

VectorOps

CAD DataOps  VectorOps
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0 CSV  XLSX Apache Parquet ORC
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1934 - Jerzy Neumann [145]
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Allen Wallis [146]

1000

9.2-2
A B
A 1 53%
-L- Garrett L. Schuyler

[146]
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9.1-1

2012r.

[147]

- Thomas Landsall-Welfair, "Predicting the nation's current mood," Significance v.9(4),

REIE: DATIEZ L B A ZRF P HIEERETE

[148]

40

Kaggle

100
0o 9.1-2 sV 0@
csv
[148] csv
1980 2019
9.1-3- 9.1-8

1980-2019 " [149].
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e L1 3R FERER S o] e § L R B
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Pandas DataFrame  Python 1,137,695 [148]

Pandas  Matplotlib
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missingno 9.2-6 9.2-7

ace & titanic_missingno.py

1 import pandas as pd
import missingno as msno
import matplotlib.pyplot as plt

B W R

# Load the dataset
& train = pd.read_csvi{'train.ecsv')

B # Visualize missing values

% msno.matrix{crain) P —
1o plt.showl) s PN m
C. i B8

Runin IDE
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L @ fitanic_missingno.py

4 Load the test dataset

train pd.read_csvi'test.csv')

# Visualize missing values
msno,.matrix{test)
plt.show()
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gf = pd.read_csui{file_path)

5 3% E L caolunn nane IO Lowir

i, colimiins df .ooliumns . 865 Loweg ()

B Basie Flors

plr.figurelfigsize=(16, 5])
# Har Chart: Swurvi

ple.subplocil, 3, 1)

if] 'survived" ] . value_countsl ), plotikind="bag",

ple.eitle{"Supvivors ve, Noan-SuEvivers™)
ple.elabel! "Survived (@ = Mo, 1 = ¥es)")

ple, ylabel{ *Count®)

# Histogram: age Ddstritutior

plt.subplot{l, %, I

df{ 'age'] . dropnal ) . plotikindsa ' hist®, bins=38,
ple.citle{"age Disccibusion™)

ple. xlabel{"age"]

plr.ylabel] *Count™)

# Scatter Pioti Fare wu. Age
plo,subplotil, 3, 3)

plt, scatteci{df["ade"], df["fare'], alpha=B._5,
plt.titlel"Fare vs. Age")

ple. xlabal{"ags")

ple,yLabel|"Fare"]

& Ghaw the plot
pli.tighi_layouti)
plr.showl |
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Seore: UEQAS - 318 comments - Titanic - Machine Learning from Disaster e
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|
2 LLM
@9 ® & fianic predictpy
impert pandas as pd
2 import seaborm as sns
[ P
EEJ — * import matplotlib.pyplet as plt
L - 4 from sklearn.model_selectien import train_test_split
& from sklearn.ensemble import RandomForestilassifier
= from sklearm.metrics import dCCUIacy _scare
. ___________________________________________
&0 ® & tianic predictpy
% ! # Load the daraset
=
- 7 train = pd.read_csv('train.csv']
B0 ® & ranic_pradiclpy
§ Conveft categobical date
rraim['Sex'] = readn]"Sex' ] . mopl{"male"r @, ‘Female': 171
traim = train.dropma(subset=['sge"]) # Esoove missirg age values
d
¥ Seleet relevant VeaTube
Features = ["Pelass’, 'Sex”, ‘Age”, "SibSp', “Parch', ‘Fare*l
¥ = train[features]
w = train['Surwived"]
A SpLit The DATALET Ipta ETRINIAE and CERTIME 4#14
¥ txain, X _test, y_tzain, wy_test = train_test_splitiX, y,
teat_si{de=B_ZX, random_state=dl]
fd #® Traim The nodel
model = AandowForestChiossifiez{n catinatare=188, Tandom, stobendd)
nodel Fiti¥ traln, y_tiaind
# Rake predictions
y_ pred = model_ peedict (X _Eest)
4 & Evaluate accuracy
ICCUTACY. = ACCUTACy_scoredy_test, y_pred)
T princ(Ff'Model Actubscy! [accuracy:.af)}”)
-
9.2-10 LLM Random Forest
LLM 9.2-10

RandomForestClassifier
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from sklearn.linear_model import LinmearRegression

ace & Linear regression,py

impart numpy as np

® Data from the i1mage
# Features:! Number of apartments, number of Tloots, project complexity

¥ = np.array([
[5, 7, 21,

[8; 9, 8],
[3, 5, 3]
1
# Targets: Time (days), Cest (5)

y.time = np.acray({276, 338, 2%&])
Y_COST = np.array( (4582088, 5758608, 3262888])

# Croatind linear redression sodels for time and cost
medel_time = LinearRegression(]
model_cost = LinearRegression()

® Training the models

model_time.ficiX, y_time)
model_cost , FIT(X, Y_COST)
# The new project's features

X.new = mp.arrayi{[[&, 4, 7]1]]

# Predicting the time and cost for the new project

predicted_time = model_time.predict{X_new)

predicted_cost = model_cost.predict{X_new) -~ .
||_. S - — \\".I
|
predicted_time, predicted_cost \ L m 4

(array([ 444444441), array([3042337.7TTTTITIE]))

9.3-4LLM

LLM 93-4- 6

93-4- 17-22
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X 40 4 7 9.3-2
X 9.3-4- 24-29

e THA 238 (238.4444444)

ISy $ 3,042,338 (3042337.777)

K-Nearest
Neighbours k-NN X
A KITBE AN A HBT 8] (k-NN)
K-Nearest Neighbours k-NN K-
Nearest Neighbours (k-NN) supervised machine learning
k-NN 8.2-2
9.3-5
X x=4 y=4 z=7
K-NN k- X
X
x=8 y=9 z=6 X 9.3-5



k-nearest neighbors algorithm

The KNN algorithm assumes that similar
things exist in close proximity. In other
words, similar things are near to each other.

Y S

9.3-5 K-NN

k-NN
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Distance between two
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592
(0 =2) < 6,483
4,24/
1 " r[’
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