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Open Source Software, OSS

3.5

99.9%

N


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

2.2.

HENE

TURUERIE A R GRS

DAU
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CAD -

5.4-4

FEIRERS

SaaS
[41]
2008
SLOC 4,000
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" " [42]
1% 2.8% 3.6% 20 60

[43]

2.2-1 2040 22

Productivity growth in Manufacturing, Total Economy, and Construction (1995-2021)
Labour productivity of the added value in volume per hour worked in the EU, 1995-2021 (index 1995=100)

240
w— Manufacturing
w—Total economy
220+ = Canstruction
200
S 180
—
1
& 160}
o
=
x
S 140
&
120
100+
80t A X A A
1995 2000 2005 2010 2015 2020
Year
Source: Eurostat
2.2-1
[44], [45]

2024
[44]
2023 13
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CRUD [

[46]



-2024

/LLM

Al LLM

CRUD

1EEAfE | 52

LLM

LLM LLM

2.2-3
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)
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o

2.2-3 CRUD -
3-6 90% 12
[47]
Dario Amodei LLM Anthropic 2025 3
GitHub Copilot 2025
SQL Pandas

SaaS
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* - J)

=% Data Sorting
9% Data Conversion
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€D Management
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Indicators across contracts,
Resource workflows, and investments
and

happened?

Delay and Project
coat gvenun compéetion
analysis forecasting

schedule
oplimization

A centralized data hub organizes and
refines information for better
consistency

Standardizing, deduplicating, and
correcting Inconsistencies to ensure
data quality and refiability

Muitiple domain-specific databases
capturing structured and unstructured
data across different construction
phases

Continuous Improvement Pipeline

Information flows in from vanous
channels, evolving from manual to
automated updates

R

HDATA = = DATA
GEOMETRIC SE-TRLCTURED

DATA [ |DATA |“/ DATA

2.2-5

[ EEN (0 3.1-1)

API
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3.1-1
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DATA

UNSTRUCTURED

DATA
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DATA
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TEXTUAL
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Inveator

: ? | have added a 4D Assessing risks
al ABEiA seating area on the mﬂm a and updating the
== ‘—L roof. Please check | it

COMS.1! the new design =] |
Sh).=
| require asset
lifecycle data and

maintenance
schedules

oo Need specifications
Making changes \' and quantities of
to the overall materials for the
project model seating area

I am calculating
the load bearing
capacity of the

3.1-3
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R AR
JB Knowledge [17] 67%
XLSX Csv
XLSX SR XML ZIP
Microsoft Excel
CSV #ET
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CSsv

Csv IT

XLSX  CSV 3.1-4

STRUCTURED
MySQL DATA e

MariaDB—— ﬂ% : :—:SQLIite
PostgreSQ LJ

— SQL Server

3.1-4 XLSX  CSV

CSv IT

XLSX  CSV Apache

Parquet Apache ORC Feather HDF5 9

Excel XLSX

ERP, PMIS CAFM, CPM, SCM 3.2-1
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RDBMS

KEAEGEE RDBMS A SQL Bi8iE=

*E5HEE (RDBMS

RDBMS

RDBMS 3.1-5

MySQL RDBMS LAMP Linux Apache MySQL PHP

/Perl/Python

PostgreSQL

Microsoft SQL Server

Oracle #UEE DBMS
IBM DB2 -

SQLite (Open Source) CAD

(BIM)

--MySQL PostgreSQL Microsoft SQL Server Oracle® Database
IBM® DB2  SQLite -- DBMS

3.2-1

Statista [48] RDBMS 2022 DBMS 72%



RDBMS

Mar2025
L

2
3.
4

10.
11,

12,

16.

17.

3.1-5

Rank
Feb2025 Mar2024
1 1
2 2.
3 3.
4 4.
5 5
of 9
¢ o
8 7
9 8.
10 10.
11 12
12, 1
14 13.
15 14
16 16
17 15.
DBMS

Windows macOS

4.3-8

DBMS

Oracle®

MySQL

Microsoft® SQL Server
PostgreSQL
MongoDB
Snowflake®

Redis®
Elasticsearch

IBM Db2

SQLite

Apache Cassandral®
Microsoft Access®
Databricks®
MariaDB

Splunk

Amazon DynamoDB

Microsoft Azure SQL

Linux

3.1-6

Database Model

Relational, Muiti-model
Relational, Muiti-model
Relational, Multi-model
Relational, Multi-model
Document, Multi-model
Relational

Key-value, Multi-rnodel
Multi-model

Relational, Multi-model
Relational

Multi-model
Relational

Multi-model

Relational, Multi-model
Search engine
Multi-model

Relational, Multi-model

PostgreSQL

10-15

Azure
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Open Source vs
Commercial

Commercial
Open Source
Commercial
Open Source
Open Source
Commercial
Open Source
Open Source
Commercial
Open Source
Open Source
Open Source
Commercial
Open Source
Commaercial
Commaercial

Commaercial

[49]

MySQL  SQLite
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PROFESSIONAL DEVELOPERS LEARNING TO CODE
— oo N =
v I > —
B — e [ <~ 5
Microsoft SQU Serves _ 27.34% ?WI PostgreSQL _ 338 m
MorgoDi — 25.66% Micrasodt SQL Secvor - 1z41% m
Redis — 2325% MartaDB - 1234% @
Mariab8 - 17.69% g‘ Firebase Realtime Database - 838%
asticsearc 1533%
casicsearch [ oode [l e grpuctured
Dyramodb - 10.31% Cloud Firestore - 6.75% DATA
Oracle - 10.06% m Microsoft Access - 6.24%
3.1-6  StackOverFlow IT
RDBMS [50]
RDBMS --SQL
SQL

SQL - BEEFETREEMNFTES

SQL Excel

SQL

SQL

SEQUEL-SQL Oracle IBMDB2 Microsoft SQL Server SAP PostgreSQL  MySQL

SQLite  MariaDB [51] SQL Excel

BN ERESESM (DDL) @ SQL
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Excel

m HuER(E (DML): SQL

3.1-7 Excel

W pieEsl (DCL) @ sQL

Excel

1 SkyHigh Towar New Yors 5000000 2023-01-01  3023-2-31 in Progress
2  Greonfieks Schoal  Chicago 2000000 2023-03.01 20230330 Camplated

3 Riverscie Plaza San Francisco 8000000 2023-0515  2024-05-14 in Progress

4 Do 1 Briedg 1 3000000 2023-02.01 20250801 Complated

¥

1 SELECT Location, SUM(Budget($S)) as TotalBudget
FROM ConstructionProjects

- GROUP BY Location;
|
|
|

ece SQL

*

Location Total m
Chicago 2,000,000
New York 5000000
San Francieco 8,000,000
Seattie 3000000
3.1-7 SQL DML
Excel Excel

Excel -- 100
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Excel SQL

Columnar Databases

Data Lakehouse Architecture

Pandas DataFrame Apache Parquet HDF5
- --"DataFrame

Apache Parquet: DWH - "

RS EUE

RS
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80% [52]
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TEXTUAL e EnomEER
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@ schedule due to [ .6t our timeline
— e ] the rain by a week

Word .doc .docx PDF

xt Teams Zoom Google

Meet .mp3 .wav

STRUCTURED

DATA H

A Eis:

EXTRACT
TRANSFORM

ﬁ ' :&% LOAD

e
—4—o—

3.1-10

3.1-10

B AIRF (OCR - --

B SR (NLP -
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-PDF DWG

- MS Project Primavera P6

CAD (BIM -models) -

CAD CAD BIM
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CAD

2D 3D

3000 BCE - 1960s

physical medium
(artefact)

3.1-11 CAD

B RRRAVEAIA CAD (BIM)

B IMEREI

N 0 NE

"AO" DWG PDF PLT
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3.1-11

1960s to present day

(@

digital project data
(CAD data)

3.1-12

3.1-11)

3.1-11)
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) GEOMETRIC VOLUME
m) DATA CONFIRMATION
—— VISUALIZATION
: OF ELEMENTS
\" COLLISION
| CHECK
l
3.1-12
CAD  (BIM)
CAD
CO; 3.1-13 " " QTO
Ebatnbases gs”tems
. CAPEX CQMS PMS
S CDE ECM CAFM
S
S ERP1 ERP4 CPM
Ny ——— EHS EPM ERP3
| BPM ERP2 IHS
GEOMETRIC ) SEMISTRUCTURED STRUCTURED [——
DATA CR) DATA ] DATA H

3.1-13CAD  (BIM)
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CAD CAD

CAD #ufE: Mt EIBUEFE

CAD BIM DWG DXF RVT DGN PLN
DWG
DXF CAD 2D 3D
ASCII
RVT CAD -
IFC CAD (BIM)

PLN DB1 SVF NWC CPIXML BLEND BX3 USD XLSX DAE

3.1-14
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CAD

Geometric properties
of project entities

. Attribute properties
™ h of project entities

r

N =tz | g o UASSET = usp = Doc

P ——

3.1-14 CAD BREP MESH
L IARCIE "CAD(BIM)
n EHEM%-
3.2-1
[ |
CAD(BIM -) --

CAD
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BIM Wa T2

1D47 Window, TypF3, Triple glazing
i@ | Type | Typeotgazing
1047 TypFs Tripte
iD31 Window, TypF5, Double glazing
| e Type of glazing
D31 Typr3 | Double ’

1D123 Door, TypeD1, Left-hand opening

id Type Opening Direction
D123 TypD1 Left-hand
ID781 Wall, TypeWS5, Internal mineral insulation
id Type insulation
10781 TypWw3 Internal mineral

3.1-15
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D’ z:‘mm aoe

Windows Grometry
M| Tyge ] Lengs l B PL BBow P2 Type of ghazing Geommry ]
[l nay Typsa 1500 RERFASLAY RERTRAL R Doutim XN Brer
Il I | Tyes | 1570 | 12ETSNAT | 12875137 Tripin |
Doors
@ | Type |Lumgh | Sbsxri | stz | Openmgos mcerarry
w23 | ot | @00 | 34320061 3461188 Left-hard A,
10424 | Typld "o 124,75137 12875037 Ngnt-bans X oy
Walls
14 | Type | engh | BBoxPY B80xF2 Inwlation Georery ]

oM | Typ'a | Booo Taminsy 7e23633 Irmierval munera| XV, SR

10784 | TypwS A0 167345133 | 167205183 Imernd mineral X, s

X elements

Og@ nilm- tangh | mBexpl | Sseerz | OO Parameter ml

ml TN || OG0 | A 00 o0t T

3.1-16 CAD

CAD(BIM)

3.1-17

CAD BIM BIM

CAD BIM
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BIM
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construcTion CAD (BIM) DATA storac

R
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BIM (BOM)#ESRIH I U AR ER CAD

BIM

BIM 2002

CAD

BOM --

BOM

ERP

BIM

CAD

[54]

20 80

PDM

(53]

CAD (BIM)

CAD

BOM
PLM

3.1-8
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3.1-18 BOM BIM
BOM - XBOM BOM
XBOM BIM
BOM 2002 CAD MCAD
Pro-E@ Pro-E@ 20 80 MCAD
[55]
20 80 CAD [56]
[57] CAD
CAD
Pro-E c BOM CAD MCAD [58]

25
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CAD/CAM
[59]
- Samuel Heisenberg ® MCAD Pro-E
RVT CAD
PDM PLM MRP ERP
CAx CAD CAM CAE BOM eBOM pBOM mBOM

3.1-18

s @NGINEering

framework \
T —EDM— X
cBOM xBOM sBOM EDMS—DMS
eBOM— pBOM — mBOM =8 CPD

. PLM--.
-==—CAD i —BOM :."SCH
x y ERP ¢ -
“MPM

3.1-19 BOM 20 60 CAX
Pro-E BOM CAD BIM
2002-2003 [60][61] 2000 BIM

Pro-E
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CAD 3.1-20 2020
BIM CAD [62]
closed BIM open BIM
Romarus
Karya T C—
Austria o e—
Germany .
Switzeriand SaEE——— e
3.1-20 RVT IFC Pro-E CAD BOM -
BIM
20 BIM ISO
19650 BIM
BIM
BIM
2002 [60] 2003 [61] BIM 20
90 Pro-E BOM PLM
[63]
...... [CAD ] 2002
-BIM , 2003 [61]

BIM 2003 BIM


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

EHESRE | 82

BOM -

BIM

-CAD BIM
20 80

BDS [57] 43 "
BIM [64] 23

3D 1994 IFC

IGES STEP IFC

2003

2000

BIM

[54].

6.1-2

2002

2004

BIM

CAD

2002
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CAD
IGES
STEP[IFC  STEP/IGES ]
IGES STEP
[onn]
[onn]
IGES STEP[IFC] PATRAN
CAD
-CAD IFC BIM " " 2000 [65]
20 80 21 CAD
IFC 20 20
BIM
BIM
CAD BIM
6 BIM BIM IFC

CAD (BIM)
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CAD (BIM)
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PDF CAD

PR WAL SHITNEREM

80% -
Excel (RDBMS)[66] 80%

3.2-3 [52] CAD - PDF

- 55-65%[67]

60%

PER YEAR

%

3.2-3
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3.2-4

MULTILINGUAL T
BABYLON UNIFIED DIALECT

3.2-4
NIST [68]
2002
158
[68]
2016  CrowdFlower [69] 16000

60%

9%
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3.2-5
B IEAEEIREUE (60%):
HIBULEE (19%):
EE/MBEFES (9%) Ve SSES
HithFss (5%)
Mining data
Other for patterns

Building training sets
Building training sets

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

[71] Bl 50% 90% Bl

90%
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80%

PHRAREL . BUEPRIX RN TR ZEX R

SQL
(RDBMS) Excel

CSv

JSON XML

3.2-6
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Data Model Storage Format Example
Relational CsV, SQL A table of doors in Excel
Hierarchical JSON, XML Nested door objects inside a room

Graph-based RDF, GraphDB Relationships between building elements
3.2-6
- SQL CSV RDBMS
JSON XML
(RDBMS)
ID ID 3.2-7
RDBMS
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2 o
=5 B & L
Door ID Room ID Height (mm) | Width(mm) | Fireproof
—
< ID1001 101 2000 900 Yes
A
=
- 101002 101 2100 800 No
A
- |D1003 102 2000 8560 Yes
L A4
3.2-7
JSON
3.2-7 JSON 3.2-8 Rooms - ID
LN doors json
{
: R?u:ui (1 @ @ 3
x e A

I}l “poors"; [

{(*Io": 1,

"Height": 2888, *Nidth™: %88  "Fireproof": "Yes®),

Hl {"ID": 2, "Height": 2180, "Width™: 888, "Fireproof®: "No")

1
N
{

16

"I0¥: 1@2,
12 "Doors": [

IR}

)
14 1
R |

8] l ("Io": 3,

D=

T &

EUN

"Height": 2089, "Width™: 854  "Fireproof": "Yes")

3.2-8 JSON
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e (ER) 101 102 ID1001 ID1002 1D1003

3.2-9
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3.1-5 CAD (BIM)

ERP CAFM " " 3.2-11
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Education irosot socserver D 273+~
Travel and Hospitality woeooe [ 25 <o
Telecommunication wecs [ 25
Government macioos D 7o~ [
Social Media easicsearch ([N 1520+
Real Estate omamoct [ 1031%
oace [ 1008

M
Construction n ??3 ::\:
Designing - e —— ERP
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3.2-12

"[63]

[72]

- 2015

Monopolies or tight control
over critical data formats

Telecommunications: :
9 S- 9 [ S
Proprietary Protocols 1970519805

Late 1980s to 1990s

Computing Industry:
Open Source Movement

Document Formats:
PDFs and DOCs

Web Browsing:
Browser Wars

Media:
Audio and Video Codecs

3.2-12

3.2-13

API -
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API
API -
3.2-13 API
Model-Centric Approach
& Dependencies ™ Marketplace
CAD BIM | Input closed BIM gbwdomm gl!x:::t‘
Q- — » o © M | pracess |
o if + 4 S Communities B Save Output
B8 RVT—$—2-81M B-FORGE-A &) B rables
RVT. %o {Lma:lgages-—r g P8 oocs
328 TSR Y = L e [ Graphs
; - —Dynamo—&—AP| ) $
i ¢ Word @ ashboard
] : Biine—0 T Excel B4 |
vt . PowerBI BIM
I X = t L B Manages
M Cosrdinator

& Dynamo @ AP BIMS
SAFIENT @ APIRVT
SBMIGI & Rivno AP
& foegu APL & CAD AR

0 ryhen

r.
CAD 1 IFC—¢ £-BIM —8—API— (8 \ 8 Dt
CAD 2 r o ==;"' _____ | !
CAD3 38— PPackages 0 1x
| | e
ras hopu—g-Ar ' --------------- Vacthmaingy Stace

0
2

3.2-13CAD -

API

LLM

3.2-13
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HiPPO

API

FRASTUIEE N T 5 T

[73]

2013 [74]

[74] 3 5
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Azure

Facebook

CAD
15 CAD
API
20 80
" DWG "SDK
Linux

DWG
1998
" DWG ™"
DWG
CAD
CAD [75] DWG
DWG 1996
.NET Framework
GitHub [76].Meta
Llama

[77]
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21 -

DIV L FRORS (F N HL B TSN AR LSS
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 --

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

LER T IR . T e B B0 A



[82]

M @
0 [H‘?

closed api
data apps
Co |50
\— API ab
(AP o 0
"LIAPI
api unstructured
cloud data
3.2-15

[82]

2024

4.1-14

transformation

[83]
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IT

10101 :;’\I

open common

data format

é o= é
-_—
oo
structured open

data source

(84])
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4.1-15

50% 90%

3.2-16

(o600 =) i) =)

Ul Backend ~

Service '
e

x

SaaS Database

(oo0 =) @ o>
] 5 Al Agent ~
=5

LLM & Al-driven Database

3.2-16 LLM

LLM
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3.3.
[Im MEFFIRCENN S RETRIERA

LLM HX=": ChatGPT, LlaMa, Mistral, Claude, DeepSeek, QWEN, Grok 52
WMECBLIEB L,

LLM

LLM

ChatGPT LLM LLM

LLM - Large Language Models ChatGPT ® (OpenAl), LlaMa ™ (Meta Al), Mistral

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

LLM

Python SQL R Scala

Pandas Polars DuckDB 2023
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Word-

Press Joomla av tor 2005

LLM

LLaMA Mistral Qwen DeepSeek

AE LM BEERE . TIERE

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

LLM 2017 Transformer [85]

LLM

8.2-2

-- 3.3-1

8.2-2) LLM
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3.3-1

LLM --

SQL -query  Python LLM

" B30 "

LLM

LLM

LLM -
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IT DEPARTMENT

PROJECT
MANAGER

|
' i
!

<>

Y ’

D
U/ -:©~ _____
0 | | 0 -

LLM CHAT

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

LLM

¥
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—_ SOLUTION

<>

i
Il

[36]

47%

10 300

38%
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LLM

LLM

PR LLM B A TSR EIE

2022

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

Mistral Falcon

LLM



Data Control
License
Infrastructure
Customization
Cost
Scalability
Security & Compliance
Performance & Latency
Integration
Updates & Maintenance
Energy Consumption
Offline Avallability
Inference Cost
3.3-3
LLM
|
|
|

Cloud LLMs (OpenAl, Claude)

Data is transmitted to third parties
Proprietary, paid
Requires internet

Limited

Pay-per-token/request

Easily scalable with cloud resources

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

Faster inference due to cloud
Infrastructure

API-based integration, requires internet
access

Automatically updated by provider

Energy cost Is covered by provider

Not avaitable without an internet
connection

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

lim R BAERIEAEAWSSRERSER | 111

Local LLMs (DeepSeek, LLaMA)
Data remains within the company’s network
Open-source (Apache 2.0, MIT)
Operates in an isolated envirenment

Full adaptation to company needs

One-time hardware Investment + maintenance
costs

Scaling requires additional local hardware
Full compliance 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

LETHIABNALERE DANEEZES O LLM

LLM

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

2. Mistral
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ollama run mistral " 100
LM Studio
ChatGPT
[ | Imstudio.ai LM Studio
[ | Falcon GPT-Neo-X
[ | ChatGPT
GPU
Developer Parameters  Requirements Features Best For
(GB)
Fast, supports multimodal - g :
Mistral 78 Mistral Al 7 8 (FP16) tasks (text + images), fully LgMwegEtesks, wohNe
devices, laptops
open-source code
High text generation accuracy., g
LLaMA 2 Meta 7-70 16-48 (FP16]  adaptable for technical tasks, ECOI SN
3 technical tasks
CC-BY-SA license
Fast and efficient, great for ; 3
Baichuan Baichuan . Data processing, automating
78/138 intelligence 7-13 8-16 (FP16) large data processing, fully SRS
open-source code
Technology Open-source, high AT S
;;;:;'; Innovation 7-40 8-32 (FP16) performance, optimized for fast wm':nl::t?:n::trh :mr'ted
Institute (TII) work S e
Multitingual, 128K token Large enterprises, SaaS
Desp = DeepSeek 671 5345 (FPI‘G) d context window, balanced platforms, multitasking
v3 386 (4-bit) R
speed and accuracy sCenarios
; P S
DeepSeek- 1B EpIg)ius DENASIZHOIRL AOROIIES. | ooy solitions: toT devices:
R1-78 DeepSeek 7 4-bit) in MATH-500, local adge compil
deployment support b
3.3-4 LLM -
3.3-4 Mistral 7B 7B

LLM

DeepSeek -V3
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LLM

CAD

LLM

RAG: Intelligent LLM - BIIj310] A B ##EAIBNIE

LLM RAG

Retrieval-Augmented Generation -- -

RAG
RAG
- PDF - -
RAG LLM
PREE PDF  Excel
=3 |MKEN Llamalndex LangChain

CAD

EHEF
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constructionite_docs Python

3.3-5

" ( 3.35- 11 -LLM

® 00 A llamapy

from Llama_index import SimpleDirectoryReader, VectorStoreIndex

# Lead documents from the folder
documents = SimpleDirectoryReader(“constructionsite_docs”).load_data()

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

9 # Integration with LLM (e.g. Llama 3)
query_engine = index.as_query_engine()

11 response = query_engine.query(“what are the return terms in the contracts?”)
2 print(response)

-
3.3-5LM -

Python Python

LLM
LLM LLM

LLM
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LLM

ETL -Pipeline
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3.4.
5 Im =589 ide MIARFRAVIZF LY

EEENFRNE: M LLM SRREIE R G =

LLM
IDE LLM

LLM

(IDE

PyCharm® (JetBrains) Python

Jupyter (IPYNB)

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

GitHub Copilot
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B Jupyter Notebook -
3.4-1 LLM
Anaconda Navigator Py-

thon

(1]
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" s 104 B |
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y g ® e
L '—'.
" e s Gy 157 Mot —-.——.
55 g 12 - —
. Sy o, B 4 T
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3.4-1 Jupyter Notebook Pipeline

B Google Collab™ Kaggle 9.2-5 Jupyter
GPU/TPU -

Google Drive Gemini Google LLM
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PyCharm VS Code Jupyter Notebook Google Colab
Complexity High Medium Low Low
.ipynb support Paid Free Built-in Built-in
Copilots Yes Yes Yes Yes
Compusing Locat Local Local Cloud
resources
For whom Professionals Universal Beginners Experimenters
3.4-2 Jupyter Notebook
Jupyter Notebook
Google Collab PyCharm VS Code
LLM
RAG
LLM
ETL Pipelines 7.2-3 Apache Airflow 7.4-4 Apache NiFi 7.4-5 n8n

7.4-6 7 8


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

5 |Im Z#FH ide FIRKEHIFBFER | 120

S35 LLM BUSERRAT AR AR R RIZD

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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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)

1.6B ]
\o/)\d —

5 1 [
: 1.28 I @ =
3 =5
o
S 800.0MA
T 730.0M
§ 505.0M

400.0M 4

/ 280.0M
A 152.0M
O‘)’HOMPESOM r)__'380M r)_.‘WOMI T T ! T 1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
< 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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1D PrejectMams Location Budget|$) SaDetv EndDete  Stnus

1 Sey Mg Towmt  New Yook 000000 IJMWSOLGE INISRI b Progress
3 Crewrhicidtonca  Cheage 3000000 J0J3OCA JUIS0030 Cmvebeted
1 Fiersin Man S Fancieco 8000000 QU056 Ja-DG-14 W Frogies

& Downtown Bcdge

Pandas ¥

SO0 e & guouppy

-— SQL

00000 JO2TO00N 20230801 Coen

df . groupby(’Location' ) [ 'Budget(5)' ). sum()

Location Total Budgeti$)
Chicaga 2000000
New Yok £000000
San Francisco 000000
Septtie 3000000
3.4-4 Pandas SQL
Pandas ETL Python
SQL
Python Pandas
Pandas LLM - Meta® Face-
book™ 2024 LlaMa 3.1

CSsv 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™
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Notebooks Amazon SageMaker

Python DataFrame Pandas

DataFrame : B@AFREEHIEHRT

DataFrame Pandas 3.4-6
Excel
EG LT RAM
DataFrame RAM
4.1-13 9.1-10 Pandas

STRUCTURED
Column names DATA
Columns s [ Name Category  Fomily Nome Meight  BoundingBioxMin X B BoxMin Y & 5 )

(431144) SngleFlush  OST Doors  Srwle-Flush 688976378 201503 10438 9.80252
431198 | SngleFlush  OST Doons 686976378 13.2281 11207 9.84257
Index | 457479 | Soghe Window  OST Windows Swgle Winddw
label 485432 | Single Window  OST_Windows Sgle Windaw
490150 | Sngleflush  OST_Doors  Srgle-Fush | 688976378

11434 11.985 980671
B.858267717 4.25%86 9.80971

29565 -1E-18

493697 | Baskk Wall QST Wals Basic Wall 01656 49213
497540 | Baskc Wall 05T Wals Basic wall Q.0708 9.84252
Dat
Index ) Missing a
yris * 0 value
3.4-6

Nvidia 30%
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DataFrame

- Jensen Huang Nvidia [91]

Pandas DataFrame

DataFrame

Pandas %%/ Pandas

Pandas 400
Series
17 DataFrame
=5 DataFrame Pandas 0 N-1
N DataFrame
%f DataFrame HITERSIZ DataFrame
. DataFrame int" "float" "bool" "datetime64"
"obect" DataFrame

HEIRIE DataFrame "groupby" "merge "
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"join" "concat" - -

K/ {E  DataFrame

oAk #dE Matplotlib  Seaborn Data-
Frame
HEm ML 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

XLSX csv Pandas DataFrame

% Storage Tabular Tabular Tabular
Usive Office tasks, data Simple data Data analysis,
& presentation exchange manipulation
3 Compression Built-in None None (in-memory)
t
; High (memory
o/' Performance Low Medium e
g L4 a
e High (formatting,
,?.%' Complexity S Low Low
@ Data Type Support Limited Very limited Extended

Medium (memory

ﬁ Scalability Low Low limited)

3.4-7 DataFrame
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Pandas DataFrame Python

LLM

_ LLM CHAT

|:;| pandas

© FILTERIng
et Onpusnt
" Covpery Tee Lew® Velvese Filter the data in the project to
i keep the wall category items in
3 1AGA  feedse Wedee rTw 170 thépijGﬂ

© GROUPing —
= X Group the project by the “Type
: Name" parameter and show the
: volume of each group
© PIEchart
- . Choose the first 20 types by
S volume and show the result
. as a Ple chart
3.4-8 LLMs Pandas
Pandas LLM ChatGPT LlaMa DeepSeek QWEN
Pandas
DataFrame " " 3.4-8
Pandas

N B ARSI ETEESR

LLM


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

C LLM

thon

CAD

Pandas XLSX

--  Pandas

Excel
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VS Code  Jupyter Notebook

LLM Pandas

DataFrame LLM Py-

PDF

(LLM)
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4.1.
REERIR N SIS T

FIUEPE XA, PDF . BIRFIXAFR ARSI

3.2-5
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STRUCTURED

« bills
« documents
* scan contracts
+ invoices.
4.1-1
PDF 4.1-1
u PDF
0 #UREM  Transform
OCR
B NENERESE CSV XLSX XML
JSON
ETL "ETL

R PDF SRR RASHI B

PDF

PDF CSV  Excel 4.1-2
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UNSTRUCTURED Jr. STRUCTURED
N4
i A 8 c 0 P
R R 1 Task Numbet Task Name Task Description Assigned To Deadline
T——— —ry— 2 1 Procure Bullding Matenals  Purchase concrete Smith 2/10/2024
s -l e Il 3 2 Foundation Preparation Excavate the pitand install rebar ~ Johnson 2/15/2024
A '__. = R 3 Foundation Concrete Pour  Pout concrete into prepated pit Williams 272012024
- S — - :E ! 5 4 Brick Wall Installation Bulld walls around the foundation  Brown 2/2812024
e ] B Sl 6 5 Root Installation Install framework and roof covering  Davis 31072024
RSN 7 6 Interior Finishing Complete interior work Miller 320/2024
8 7 Electrical Work Wiring and socket instaltation Witson 3/25/2024
3 8 Extertor Fintshing Facade painting and window fitting  Moore 4/5/2024
10 9 Interior Door Installstion Install entrance and interior doors  Taylor 4/10/2024
1 10 Flooring installation Lay down floor coverings Anderson  4/15/2024
4.1-2 PDF CSV  XLSX
LLM ChatGPT LlaMa Mistral DeepSeek Grok Claude QWEN

StackOverFlow

LLM PDF
] LLM - CHATGRT LlaMa Mistral DeepSeek Grok Claude QWEN
PDF

DataFrame
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o]

LLM - Python

__ Create in LLM Chat

/

(SO*9)

® 0@ & PDF_to_tablepy

import fitz # PyMuPDF
import pandas as pd
import re

# Define the path to the PDF file
pdf_path = x'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.
document = fitz.open(pdf_path)
text = '
for page in document:
text += page.get_text()
return text

extracted_text = extract_text(pdf_path)

B = %
—\)a &y E @J/}

Runin IDE

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 Intellid IDEA  JupyterLab Kaggle com

Google Collab Microsoft Azure Notebooks Amazon SageMaker

) " " Pandas "Python Pandas
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" DataFrame DataFrame CSsv
XLXS
PDF DataFrame DataFrame
CSVv
LLM
Create In LLM Chat
® 0 ® A PDF o tsblepy " @

# Step 2: Converting the extracted text to a DataFrame

def

text_to.df(text):
mun
Convert extracted text to a pandas DataFrame.
Args: text (str): Extracted text from a PDF file.
Returns: pandas,.DataFrame: Dataframe representation of the text.
Ll L]
lines = text.split('\n')
data = []
for line in lines:

if line.strip(): # Check if line is not empty

data.append(re.split(r'\s{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, columnss[f'Column{i+1}' for i in range(num_columns)])
return df

21 df = text_to_df(extracted_text)

23 & Save the DataFrame to a CSV file

24 csy_path = 'C:\extracted_table,csv'

25 df.to_csv(csv_path, indexsFalse) n N PC

Run in IDE

4.1-4 PDF DataFrame Csv

4.1-3 4.1-4

LLM -



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

FRIRE R NEMIEEX | 136

LLM - — — — -

LLM chat Python

PDF CSv PDF Csv

4.1-3 4.1-4 LLM PDF

CSv

PDF

R JPEG. PNG BIREMNSHWIEL

Excel

Excel

4.1-5



TESSERACT
OPEN SOURCE
OCR ENGINE |

4.1-5
OCR
Python
Google™
LLM
2 LLM

oa UNSTRUCTURED
‘| DATA

ol

= DRSS -
= S ¢ weE| 1
T . E Bl
. el wre o e
) «r (S - Sy
e ] & i 4 Amex

— i 4 _wex|
- - O & el a2
- o Ol < =l i
- g =  _awm| A
e s I [ [ » . L o
= = £
;:' : . B -

OCR

100

OCR

OCR
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Cadi Docple B Faio Guaniiy UV
Lasiy Pagusts C100
Feke fxmm  CLO
FoorW  Famvwnt €100
fuia Pevtenn  CLOD
Coacl  Coxrmte €100
LacP  Concree  CLOO
FRCM Do €10
s Frusheyg 100
Lty Cewgld  CL0O
g0 Oter L !
FooD  Dhewnit 1
Ml e 1
oM Traempurts 1
Owett  Overbmsd 1
L] Jonte My L}
Tesseract

ChatGP, LIaMa, Mistral DeepSeek, Grok, Claude, QWEN

o wn
L 2]

10 war €20000
1ampure €200
1 pwcartng 10w o i
| pcastag |0 o'ty

STRUCTURED

“Oetci Yol Wk crded
C500 &G0 11
o000 €1200.00 "

(250 €100

o™ €000

100 € 800,00
(300 000 1
s <x0m 12
€000 <700 13
CRo €200 11
€15 € 15000 13

2w € 140,00
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PDF
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o]

LLM Pytesseract

Create in LLM Chat

CIETY

ece & group.py

import pytesseract
from PIL import Image
import pandas as pd

5 # Load the image from file
6 image_path = '/mnt/data/ConstructiontDODC,
image = Image.open(image_path)

@ # Use Tesseract to convert the image to text
18 text = pytessaract.image_to_string(image, lang='eng')

2 # Split the text into lines and then columns
I rows = text.split{('\n')
4 data = [row.split('\t') for row in rows if row.strip{()l

2 b M s

16 # Create a DataFrame using pandas
# Assuming the first row is the header
15 df = pd.DataFrame{data[i:], columns=datale])

28 # Display the DataFrame
21 df.head() # Show only the first few rows for brevity

— < )

Run in IDE

4.1-6

LLM 4.1-6 pytesseract Tesseract for Python OCR

Pandas DataFrame

PDF
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PDF 4.1-2 4.1-5
e S
PDF
)
PR (Transofrm)
#4  Load
4.1-7
DataFrame

DataFrame
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TEXTUAL A— PROJECT

DATA MANAGER

ll

Hi, we're behind
schedule due to the

ENGINEER

Yes, we need to
adjust our timeline
by a week

TEXTUAL S it
ETL O Z KEY DATA EXTRACTION INTEGRATION INTO THE
E\& 1. Project delayed by rain PROJECT MANAGEMENT
= 2. Need to adjust the schedule by one week
g 4D
CATEGORIZATION AND J oo ol
CLASSIFICATION _EPH- ju"- CPR
# Causes of Delays Bacs
# Schedule Changes
4.1-7
LLM
DataFrame
DataFrame CSVv
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B LLM (re-Regex) Pandas (pd) Python -

Createin LLM Chat

(T S gl
ClOE XY

TEXTUAL ene

DATA ‘
isport pandas as pd

— imporxt re

& Text _category.py

8 Sample text data from a discussion petween a manager and an engineer
text_data = [

"Hi, we're behind schedule due te the rain",

"Yes, we need to adjust our timeline by a week".

g Extract ksy information elements

def extract_key_elements(text):
delay_pattern = r"(behind schedule|delayed) due to the (\w+)"
time_adjust_pattern = r “adjust our timeline by a (\ws)"

delay_search = re.search(delay_pattern, text)
time_adjust_seaxch = ye.search(time_adjust_pattern, text)

delay_reason = delay_search.group(2) if delay_search else None
time_adjustment = time_adjust_search.group(i)
if time_adjust_search else None

<qp |||

return delay_reason, time_adjustment

# Applying the function Lo our text data
extracted_data = [extract_key_elements(text) for text in text_data]

# Convert the data into a DataFrame
df_extracted = pd.DataFrame{extracted_data,
columns=['Cause of Delay’, 'Time Adjustment'])

3.

Aun in IDE

4.1-8

4.

e
\l

RegEXx

"because of "

Ilby "
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4.1-9
TEXTUAL STRUCTURED
DATA f(x) DATA

=— @

. Cause of Time
ERESHinE Delay Adjustment

0 rain None

1 None week
4.1-9 DataFrame

4.1-9
CAD (BIM)
B CAD #4E (BIM) B NSV
CAD (BIM) CAD (BIM)

CAD (BIM) API -

4.1-10
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rJJ-\ ]g]ggg.d open BIM closedBIM
DliYiopen o

Bim Shovel ?
Helﬁs‘to Mine
Roc!

@
® enlon

AQTO
A Validation

Reports
oEihbbord

Hill DATA

4.1-10 CAD (BIM) API -

CAD (BIM)

4.1-11

API

Dynamo pyRvt Pandamo Pandas + Dynamo ACC

lfcopSh  IFCjs CAD (BIM)

CAD

4.1-13 -- 3.1-16

IFC
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Systems

—CAPEX CQMS PMS
| “CDE ECM CAFM
-ERP1 ERP4 CPM
~-EHS EPM ERP3

%e
‘s

~—+BPM ERP2 IHS
CHOOSE PA;I‘H TO DATA
t v
File Based Data Based
L
v
8 closeil data & semi-structed data i structured data
Concept ~ B closedaim 8 openBiv
1 SwciTTINE
Tools x @ syo‘t;m.

Clasatfication of RVT (23] Classification of #C % Table

&

Data type Lj-_ [ | 9 e |
2ad ——.
e oy e e

e Ly e T

At

Engineer J':h

Visualization ' o

Work resuit M4 ’J Ul APl Table Ut API Table
s 4 ﬁ'«/ AR ﬁ' i

concept o [T T

4.1-11 CAD (BIM)

CAD SDK CAD

(BIM)
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CAD (BIM)

CAD

4.1-12

Number of § dependencies when working in closed BIM open 8IM and Data-Centric Approach

Data-Centric Approach

CAD BIM Data @ e —— ()

e

8-+—{2Ryr

Input

R

S —t
@ Dependencies ™ parketplace
£ Development B Export

4 Auto-Execution 4Y Import
A Manual process B Save
42 Communities

Model-Centric Approach

CAD BIM  Input closed BIM

4.1-12 CAD

1996 DWG 2008 DGN 2018

13 CAD

CAD (BIM) SDK -

Dats Englower
Oats Analyst

s o erperty

ittt
it S0x

Tuthautagy Sack

O Ducakrame
0 Pandas Python

DDC

Output

B rables

B8 oocs
(e [ Graphs
R 8

@ oashboard
BIM

BN Manager
HIM Coordimator

Cammunttivs and sxpares
T angy STaCK

& Opramz P AP BING
SAIAVT £ AriavY

& UMD F Ahlso AR

& Farge AP @ CAD AP
0 pycan

RVT 4.1-

CAD (BIM)
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[92]

DATA RVT  DATAE DWG DGN DATAHE
- ———— R T —
4.1-13 CAD (BIM)
CAD (BIM)
4.1-14
CAD (BIM) CAD BIM
CAD

DOCUMENTATION
& REPORTING W
STRUCTURED HAT GPT & % :
FORMATS EROTRIM >
— s scason
= = = !:nocasmroumon Y
B R 2l
IFC .- - ASHBOARDS & DATA .
o ALIZATION ®
) S
ﬁxmosomm S
m SIMULATION ot :
[ ]1w]
41-14  SDK CAD (BIM)

CAD CAD
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CAD R Z=HNE EERESMT IR AR E

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

DWG



General
Information

Year of format creation

Creator-developer
Prototypes and predecessors

o@uamm
Name of the Alllance

Year of Alliance Formation

Promoting in the construction

Purpose
and Usage @
Goals and Objectives

Usa In Other Industries

4.1-15

CPIXML

® Q

1991 2016
TU Munich Pixar
IGES, STEP PTEX, DAE, GLTF
ADSK ADSK
ADSK ADSK
bS (1Al AOUSO
1994 2023
ADSKX and Co ADSK and Co

: —
Semantic description and mu.smpuﬂcumn,
int ability visualization
f unification
Interoperabdity and Unification for visualization
semantics and data processing
Predominantly in In film, games, VR/AR, and now
construction In construction
G”""‘."- object Geometry, shaders, animation,
e, light, and camera
metadata
CAD

USD GLTF OBJ XML

3.1-17
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Comparison / Notes

IFC focuses on construction data,
USD on 3D graphics

IFC was founded in Germany, USD in America

IFC avolved from IGES/STEP, USD
from PTEX/DAE/GLTF

ADSK Initiated the adoption of both
formats in construction

ADSK organized both alliances
Different alliances for each format

The IFC allzance was formed in 1994,
AOQUSD for USD in 2023

ADSK and Co actively promotes both formats
in bS (IAl) since the introduction

Comparison / Notes

1FC for semantics and exchange, USD for
simplification and visuatization

IFC focuses on semantics; USD on visualization

USD is versatile and used in various fields

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

NWD CP2 SVF SVF2
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4.2.
NESEE BRLUERE

REDRERR T HIERE

4.2-1

- HiPPO 219 -
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9
O, .2
il
MINUTES HOURS DAYS
/A D B
BANKIN AGRICULTURAL CONSTRUCTION
INDUSTR$ INDUSTRY INDUSTRY

nD

4.2-1

4.2-1

DA WA SRR

PDF CAD
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4.2-2

4D CONSTRUCTION SITE

AR
o ﬂg%
__;m‘ao
Ql

CPM t-sns«

Slalall
- Jals)

— — ——

{ =l =
~-AMS~-RPH

s

PDF
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7.2-14 - 7.2-16 CAD -

7.3-9 7.3-10

BE

| 153

4.1-7- 4.1-10
BI 50% 90%
3.2-5
2016 [95] 80%
4.2-3
20%
Reports and
Documentation g
@ 5 - Gathering and
Data Analysis and @ ~ Converting
Visualization
= A

‘Data Validation
and Verification

4.2-3
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T EIR I T R

IBM

2016

3.1 [96]

15-25%[97]

4.2-4

I need detailed
dimensions and

| need the energy

" transportation efficiency ratings
!;‘?"[: = requirements and environmental
tolerancesand | JECH. impact assessments

specifications : syl

| require asset
lifecycle data and
maintenance

schedules

forecasted material

clash reports and the \ © requirements from :
integrated model ' BIM data -
schedule .

4.2-4
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CAD (BIM) ERP 4D ERP 5D SCM

4.2-5

2 %% v/
DATA @ N OUTPUT
REQUIREMENTS

DATABASE

-

NEW DATA DATA VERIFICATION
REQUIREMENTS PROCESS

4.2-5
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HEENES . DESERTHERETBIER

80% 4.2-6 [98]

CAFM, AMS, PMS, RPM

1.2-4
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LIFE-CYCLE COST

e Operating and Support

—— Systems Acquisition —————

30+ YEARS

4.2-6 60-80% [99]

CAD 4.2-7

5D

=

CAD ©- _ERP1_
PVC frame, double-glazad Plastic window, size:
Insulated uni, 120x140 em, white
saze: 12001400 mm profie, double glazing
PVE Winoow, energy
rating "Class B," location:
2nd floor, north facade
id 76XX

4.2-7


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

NEEREG  BRHEMERAES | 158

ERP
PMIS SCM CAFM

AMS AMS RPM

CAD ERP AMS CAFM

9.1-10 10.1-6
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3P

=)
s
Kt

Masterformat, OmniClass, Uniclass #1 CoClass: DZEARZHY;

4.2-8
F—t 20 50 80 -- Masterformat
SfB

B 20 90 2010 Excel Access

ASTME 1557 OmniClass Uniclass 1997

$£=1C 2010 - - CAD BIM Uni-

class 2015 CoClass
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FIRST GENERATION CLASSIFICATION SYSTEN
SECOND GENERATION CLASSIFICATION SYSTEMS
THIRD GENERATION CLASSIFICATION SYSTEMS

3 BE/SFE
| 3 MASTERFORMAT
| | ’ MASTERCOST
; ' { | CoClass
| , |4 UNIFORMAT '
| | j : 3 =0
; ; 3 UNIFORMAT I 1
i 7 i ? f UNIFORMAT |
| | . " e |
° A
1950 1963 19731975 1989 ' 1998 2005 2012 2013 2016 2025
|| | OMNICLASS !
| - | | |
¢ cHl CUNICLASS2 ©  UNICLASS 2015
: ( TALD 2000
 psagos  ©
4.2-8
4.2-9 OmniClass 7
6887 CoClass 3 750
Uniclass 2015 7210 4
CAD
Classifier Table / Objects Number of classes  Nesting depth
OmniClass Table 23 Products 6887 7 levels
Uniclass 2015 Pr — Products 7210 4 levels
CoClass, CCS Components 750 3 levels
4.2-9

4.2-10
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B coee

Cast-in-place concrete In-situ concrete; to BS EN Ortbeton Fundamentwand, Mur de fandation en béton Foundation wall concrete
foundation wall, 8° thick, 2067 and 8BS 8500; Beton C25/30, armé, épatssowr 20 cm, stracture, C25 concrote,
3000 PSI s reinforced; poured ags Expost kel xC2, béton C25/30, coffrage 2 thickness 200mm, with
forms {4 uses), reinforcing excavation face; C25/30 200mm Dicke, nkl. faces, armatures HA (B0 HRE400 renforcament,
steel, concrete, placement. concrete mix; 200mm thick Bewehrung (80 kg/m*), kgdm®), mise en ceuvre par inciuste of formmwaork,
and stripping. not including foundation wall; including Schalung bekdasitig, und coulage, vibration et cure concrete placament,
excavation or backfil formywork, reinforcement Nachbehandiung selon narmes eén vigueur, vibration, and curing,
pouring, vibrating and curng. measured by cubic meter.
Qb BUIEE e

— b=l =

4.2-10

= CCS --

B NS 3451

I MasterFormat
UniFormat

M Uniclass 2 BIM

B OmniClass Csl
CAD (BIM)
I COBie - "BIM -

" BS 1192-4:2014
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CAD 10.1-6
4.2-8
IT
4.2-11

$ o o) R L%
PN WAL }g »?—‘b u b
| ; GOD
oo | el R Bullding A2

-Wauutmmuve E.E-th"-'- LA PRI =

VRETING ROOM

Lo Foecf s

Compound Identification code of
the efement “"Window"

‘ D= Bel s
n = .l"'?..:,"' : x
L gm—

Poduct featuwre  Separator  Indoor position

4.2-11
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4.2-11
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4.3.
PHERIEN B

PIEER MIoRA. FERAMYIERR

4.2-11

4.3-1
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- Entities
i

i

| -
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[ Attributes
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4.3-1 ER

B ERUIERE
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5D 8D
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4.3-2
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ZI A G

GATHERING OF CONCEPTUAL

BUSINESS _’;:Eim?sﬂON gy AND/OR LOGICAL —’: :"c :ﬁf;:‘ o _’:::'Alﬂ' Ol SNE o
REQUIREMENTS DATA MODELING

4.3-5

BN TR RIERER

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

(EQUIPMENT_USAGE) TASK

4.3-6
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~=%- LOGICAL
% DATA MODEL

VARCHAR INT DATE

Worker_id
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Python SQLite
" SQL "
SQLite SQL SQLite
CAD (BIM) ERP EPM
LLM 4.3-4 FEM CPM
SQLlite
] LLM ChatGP, LIaMa, Mistral DeepSeek, Grok, Claude, QWEN
SQLlite

4.3-4




2 LLM
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Create in LLM Chat

ClOE LY

import sqlite3

# Connect to SQLite database (or create if it doesn't exist)
conn = sqlite3.connect('construction.db"')

# Create a cursor abject using the cursor() method
cursor = conn.cursor()

# Create table - Structural Impact
cursor.execute('''CREATE TABLE IF NOT EXISTS Structurallmpact (
ID INTEGER PRIMARY KEY,
Element TEXT,
LoadBearingRequirements TEXT,
Structurallmpact TEXT,
InstallationImpact TEXT
)0'.)

# Create table - Installation Schedule
cursor.execute('''CREATE TABLE IF NOT EXISTS InstallationSchedule (
ID INTEGER PRIMARY KEY,
Element TEXT,
InstallationDate DATE,
Contractoxr TEXT,
SafetyProtocols TEXT
AR

# Commit the changes
conn.commit()

# Close the connection
conn.close()

print(“"Database and tables created successfully.")

4z

Run in IDE
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construction.db

API
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CoE

CoE

Excel

SQL

CSsv Excel
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Python

SQLite

CoE
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4.3-9

COE 1] 1]
Business
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Data
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D & Anal yt —1 Operations
ata nalytics @D
= Systems Organized B Governance
COE I .7‘- and IT g y
Technology
Data
Integration Roadmap
$ Data
‘g— Strategy
S
Data
Management
4.3-9 CoE
CoE

CoE
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CAD  (BIM) ERP -

]
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4.4-1
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Wmesie
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QUALITY — A
CONTROL
ENGINEER
4.4-5

CQMS -system 4.4-6

STRUCTURED

Requirements  °A™

-1
et
—4—d

CQMS —B)—

ey Winclows N Acoustic Performance

Construction Quality

Quality Controd
Management Software

—p Windows N
Engineer

Warranty Period

4.4-6

. '@)ﬁl B/‘\j %é& "A++II IIB " "A++” IIB "
[“A++”\ ”A+”\ ”A”\ ”A”\ ”B”]%‘é/—_?\o
B BHAREEN

\d{2}dB

]
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"RIZER"EM 5

["5F" "10 F"F] ">5 (F) '
B "C" D
lldBll
"35dB " "40 dB" "9DB" "100
RegEXx "5 " 3" "4
['A" "B" "C"]
["A™ "H1™ "H2" "B" W1" "W2"] > SR R
IENFRIAT (RegEX) Python (Re ) Regex
\d
0 9 [a-Z]
[0-9] \d \D \W
RegEXx 4.4-7
GOIIE FBF MR {3tk "A[a-zA-Z0-
9._%+-]+@[a-zA-Z0-9.-]+\.[a-zA-Z]{2,}5"
CHEBZEY  "\b\d{2\d{2N\d{2N\d{2Nd{2N\d{2N\d{2}. \d{4}\b" DD.MM.YYYYYY
+49(000)000-0000 \AA{2A(\d{3N\d{3}-

\d{4}" o

4.4-6
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— REGULAR EXPRESSION —
INPUT , _ QUTPUT
(OR REGEX)

USER@EXAMPLE_COM EMAIL ADDRESS VERIFICATION USER@EXAMPLE_COM ©
@EXAMPLE.CO! -ZAZ0-9._%+-J+{DfA-ZA-Z0-9.- ]\ [A-ZA- MAEXAMPLECOM  ©
USER@EXAMPLE.COM USER@EXAMPLE CoM &3

DATE CHECK :
123.10.2024ﬂ 128102024 ©Q

12.345.2024 - $\B\D{ZI\ \D{ZN\D(4} 123482024

01.01.202 01.01.2024

4.4-7

4.4-4

4.4-8

Window D"

‘Window ©°
Location’ 55N _,‘;\“
"Langth” == !

Investor "Window ID"

Locaton

‘Material

“Sotety Roting”

Tnergy Efficiancy”

Maintenance Requiroments”

CONSTRUC

Salet Sing®
Safety Ruting "Warranty Period”
“Instaliotion Method -

feplocemont Cycle

“Emnrgancy Bgress " Desig
‘Packaging Requiren .

“Instaliotion Methad™
“Instaliction Schedule®

n

wlnd-onAID'
‘Cost” ®
“Warranty Period”
"Meplocament Cycin”

% grJ
-FEM- - CAD -ER
“Window ID*

“lood-Dearing Regquirserents”
“Structurnd iImpaet”

“Window 0°
“Type
“Quantity”

“Length” “Mointonance Requirements”

“Width”

“Meight* "Energy Ificiency”
“Waelght “Design”
“Supplier” “Visual Assthetics

Weod Time® "Acoustic Parfoemance”

“Pockaging Requirements’

4.4-8

4.4-1
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- "Window ©°
Window IO

Window 1™
_invesior Locetion

"Motersal
“Safety Rating

“trnergy Eificiancy

“Lengih
“Wiamin®

‘Malmenance Bogquiem)

CONSTRU
“Oellvery Dote’
“nstallation Method”
Instufiotion Schedule”

“Safety Roting
“nstafiation Methed

Imargency Egrass Deslgn
Puckaging Requiren

Y] Window 1D
o y &

‘Warronty Period”

Warranty Period

“Repiacement Cycle

“Type”
"Quantity
“Longth*®
*Width*

Repiecement Cycie”

Waintenance Requirame

“Maight*
Weigm'
“Supplier”
Lead Time"

Tnargy Hiciency

Design’

Vieuat Assthatics

Acoustic Ferformanoce

» Requirements

e O AT SALPL 0N LY

T CAPEX " i
LRl Y~ Bty 1

MS et ERTEATERS Serad A
PPNV o - <o e teraee .

10 10 @

et

e

LT

oo

LTy
et
e
“CAD  Mn

Wt W

——— At

LT

e e

by
wchows
W
e
]
e
EHS ot

b

LT

I - -

CAD
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ESGEENES

4.1-2 4.1-9 4.1-13

4.4-9 -

CAD

2024 3 29 23:00:00

ON 03/29/2024

T_i SNAPSHOT OF CAD
L@ AT 23:00:00 PM

@ DATABASES

Architect achiect  Architect: CAD/BIM Project

- Q] == D TypeNama Larattan Whith angth Matnris FrmeTyy At
Lating Ferformancs
- l WNEW Window N th Sida 120 by Tamperod Gl Ave 35 0DE

Compite Arded Commputer Alded
Desgn Denign

3D

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

actaes  Architect: CAD/BIM Project

‘_] .ﬁ.‘ - e - R Ly ” e
CAD
5
ST T bD — [ AR UMD ) STWCTUED ) SPRLCTURED o=
DATA E RVT DATAE DWG DATAHH DG DATA &

TTTRTRRRERrERRRRRS

4.4-11 CAD

CAD (BIM) 9.1-10 CAD

CAD ID

"W-NEW "
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4.4-12

* SNAPSHOT OF ALL DATA LD e e e pe
&l IN DATABASES CTE e e e e
: CAD =5

fE ON 03/29/2024 AT 23:00:00 PM

] e Birecturst Enginesr: Stustral impaet

L e s e e o e A
P 'g - TEEIN
g~y | ‘ 4D £ - S0 N 3801
® | AEC #r= | FEN
l T o N | I R I By 0 K |
CQP_E"L : : ~ECH- " CONGTRUCTION TITT
ad) o — tallation St
‘!!‘?‘J : el o o IR ] T T e I ' = Construction Manager: nwtallanon Schedule N
=g ' |

= 5p = ' 8D L ¥ D2 o il v gty Wiyl

Logistics Manager: Delivery and Stomge

6D : : = | T i ail
850 “ | s S
2 3] ) SCM
| I =
_______ dod

S50 Property Manager: Long e Musapament

' Q " =
e

4.4-12

1252 BHENINGSRE R

4.4-9
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PDF - CAD (BIM) "
CAD (BIM) 4.4-11
3.1-14 -- " "
4.4-11 4.4-9
4.4-13 CAD
(BIM)
RAW_DATA.XLSX (CSV) REQUIREMENTS XLSX (CSV)
RAW DATA DATA REQUIREMENTS
hewe= prchitect: CAD/BIM Project '::‘;;"' REQUIRED PARAMETERS UALES FOR VALUES
g S o ' . v o > Windzws N
‘—J e -y ! _"Mnd;w,N
CAD Windows N
- ::v'..” Windows N e
aesa  Architect: CAD/BIM Project l
‘_! piam  uame ®on  ae - ——,
E‘A"Q ?‘ — Lo LS -h.-mh- L W
:: CHECKED_DATA.XLSX (CSV)
=4 VERIFIED DATA
4.4-13 "Windows "
"Pandas " Pandas Pandas
4.4-9 CAD (BIM) (RVT, IFC,

DWG, NWS, DGN) 4.4-11
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LLM raw_data.xlsx CAD (BIM)
X EHTRE checked_data.xlsx & 4.4-
13
] Pandas LLM
raw_data.xlsx "
" " " n " [IA++I IA+I IAI IBI] "
" -- Excel
checked_data.xlsx

2 LLM Python

__Creatg in LAM Chat ___

CErLy

eve & Validation.py R

import pandas as pd

# Load raw data from Excel file
df_data = pd.read_excel('raw_data.xlsx', sheet_name=0)

# Adding a 'Regulirements Met' column that checks all conditions
df_data['Requirements Met'] = (
(df _datal'Width'] > @) &
(df _datal'Length'] > @) &
16 (df _datal'Energy Rating']l.isin{['A++', 'A+', 'A', 'B'])) &
1 (df _datal'Acoustic Performance'] = min_acoustic_performance)

4 # Save the results to a new Excel file
15 df_data.to_excel('checked_data.xlsx', index=False)

P . ; e N
—\)q: PC r

Run in IDE

4.4-14 LLM- CAD (BIM)

LLM PyCharm Visual Studio Code
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(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

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

“AkT AT UBM"CT ( 4.4-15)

W-NEW " " " "
" "S0 "0.0"
(™ CHECKED_DATA.XLSX (CSV)
% ]
=4 VERIFIED DATA
ID TypeName Location Width Length Material Energy Rating Acoustic Performance Requirements Met
0 W-NEW Window North Side 120 00 Tempered Glass 35 False
1 W-OLD1 Window South Side 100 1400 Double Glazed Ave 30 True
2 W-0OLD2 Window East Side 110 160.0 Single Glazed B 25 True
3 D-122 Door Main Entry 90 2100 Solid Cak B 30 True

4.4-15

4.4-1

4.4-16

4.4-16 ID
Window

" ETL " ETL
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FMEFER
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e
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==
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P
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sineybend biveliiiay
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e T

Py g

Vssaiisstay Tamm povy

SR ARG

ey Erarsy ey ey

[

TITWA R0V TR YV GTIOD M

SLN3IW3YIND3Y Y1vda

(ASD) XSTX SININIUINDIY

Ay
W oo,
Nwsmay 28‘1 -
o vy

sy

e o
WAy I
oty |

R

N W ‘Wucl o |

Ny

oty 20'

Wy N

II\J
] |
—

le =

I‘ I.... . .-.....
———— —— " . - . —
Meos pos iasag Sedeuny sagnbon
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SPPRDS VORI Saleumy UONINGIL0Y

ety ginpnay ez pagngg
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[rons — W —— ——
10M0IE NI/ OYD SNy
- — -
— .

DRWECe Y w000 Jelewmy kadosg

Viva Mvy

(AS2) XSTX VLYa MYy

4.4-16
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FUFZSRAYPI ALY

PDF

4.4-1 CAD (BIM)

4.4-16 PDF 4.4-17

wemy  PTOparty Manager: Property Manager; A
b ntmegd Longterm Management

Longteermn Management
? o Fhrvesl  Waeredy  Faplameew  Mpsissemr 1 K <
P ua Cpibe e i P «
-— W e -»nn Mot vegmren * SE P ; » Trronly puris —)8
RPM " > s —"' e N -
SIS ’
Segures .

4.4-17

PDF
4.4-18
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Fregerty Manager: Long term Managemant !

e
-
St :

Angtiect CAD/SEM Project

e, - s —

CAD |

s s .
e Strectursl Engineen ftnuotumml fmpe

= Conmraction Manage Patalation Scheduls

i i i -k
— -_—

oo Logistics Manager: Delvery aod Storage
» —_— -

- -

4.4-18

PDF -

R

A ——— S b——— —p—

P i
STThAa EEEENT T T T T T T 77 o I

Archest: CAD/SIM Pmjpct e

- - ——— . -

hos
.

= __,____----_-----.@----------'El

Construction Manager atalunion Schecule
——cre  w— .

_— 77T s

Logistics Manager: Dalivery ano Gtorage ! E

— — —— —
— . e

o B e T T T e R

3D - 7.1-6 7.2-12

3D
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4.4-19 -

Use cases

Selection of partners

Heal Height
g thy igh
W
Oo Partner 1 —
Partnor 2
Farter
Partnor 3
# Fartner
Choce of residence e
Security  Eco y |nlra:l.m<lu o
)
City |
r N
City 2
iy
City 2
job sedection Company
: Elemant/ Waork
Salal Home office
ﬁ eideadd = climate _’ Company
' Company ! G
“ Company 2 nm— Company
Company 3
4.4-19

Smart

4.4-20

Requirement table

Smart
Healthy

Height
Security
Economy

Infrastructy
re

Salary

Work
climate

Home office
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Requirements ETL
Use cases Requirement table Madels Result
i T LTRSS =ns
& - il _gyase - =
- ol %25k [E] =g
P e g o 0 ol 08 A58 =
i TR T savna 2
——— A fer =
- N, v — .  — _—
=e .. . B @52k (B i =
= TR o Whw oy -
4.4-20
4.4-21 ETL

B HERENM BR

B ¥t fsE (Transform)

KPI

B FRNFREESH (Load)
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Life's Pipeline
Information management—n—Decisiowmaking

Contem—J I—-

Creation of requiremonts basaed on historical data

Requirements n ETL

[OoN . —
paw - =3 &
S = &é”#- = ?_'
o= &yan® _ -3
O~ = okl : 2
d A >~ -
ol 0 K = MR
Croation of requeements based on historical data Decision
ST o v pervem making
sgpe E= b
ol - K@l - 2
- — L - %
= ‘{ soks == O
g olsot — = W =
—— K8t . =
L L

4.4-21

N REURR BB BT
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S — -

— 7

N\

v

FRASFIBY[ENT R - RETEANATE RS

ESG

CAD (BIM)
4D
6D -8D
ERP  PMIS

5D



5.1.
EIRME R AT BEAEE

EREMINR . EENE. AT E

5.1-1

ERP CAD

BHRIMBEMAARTENGEE |




BRIMEHRATEMGEE |

KPMG - 2023 50%
87%

[2]

ERP PMISBPM EPM
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MBET BB R A

BETHRIT A

ZHOE

P2

9.3-

4D -

ET RN E BAMAITEMLE
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Recipes

BIRNRRIERE: BRAMEN ITIREE R

5.1-2



BHRIEMEATENGE |

Database of resources

1st grade potatoes Sand lime bricks
S
“ 1kg | $2,99 <7 1pes | $1
Black Angus marble beef JCB 3CX backhoe loader

W 1kg | $26,99 ﬁ 1h | $150

ek

_ Broccoli Laborer of the 1st category
J&5 1pes | $1,99 ﬁ) 1h | $30
3/

5.1-2

5.1-3
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Database of construction resources

H;ﬁg__g' | Delivery of the mainkand to the site total | ;oq
Delivery 1o the piace of mstallation_ 1013!
Metallic profile

IO.:O
% - Manual input

5.1-3

5.1-3

THELYR A IRIER REMITE T2

" " 5.1_3

1 5.1-4 65 " "

"JCB 3CX " 10 150 6

15 2 30 60
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x0.1

Wy x0.3

x041

x0.5

1

LA
X

+ margins and

Py €
'@ + margins and
r speculation

=T - speculation

T
\

%

5.1-4

xOJl
x0.2

S
&

x0.1

1h | $150
8 2
1h ! $30

BN @) + margins and
L= speculation

=T i

BHRIEMEATENGE |

x500

1 pes | S

X2

1h | $150

x30

1h | S30

+ margins and
speculation

5.1-5
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1 pcs 1 pcs

\:/v

x0.1 x0.4

1 kg. | S2 1kg. | §2,9

&, x0.3 x0.4

; 3293’ 1 kg. | $26,9¢ 1kg. | $26,99

x0.5 x0.2

1 pcs 51,99 1 pes $1,99
o (§) 100% 50%
{ margins and

speculation

5.1-5

&

L )
o i

i

D2

<> 1 pes,

BHIBMRATENESR |

$154 $2380

1 m? 1 pcs.
\ | 2y
j . \
X65 x500
$1 1 pes. | $1
x0.1 X2
Th. | $150 1h $150
X2 x30
1h. | 830 1h. | $30
10% 40%
margins and
speculation

5.1-6
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Cost Estimation per unit

1.1 Frame sheathing partition up 1o 3.6 m per 1m2 I

Description Unit ‘ Unit cost

& - Manual input
g - Automatic retrieval of data from the previous table
=R - Item selection and automatic data loading

5.1-6

513 --

-- 5.1-6

5.1-3
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BHIBMRATENESR |

5.1-7
’ - 0 ’ - ‘ -
United * United i 3
.! States ¢ . Kingdom ¢ .! Germany ¢ .: France
« RSMeans Data « BCIS (Building Cost « STLB-Bau « Bordereau de Prix
« National Construction Information Service) « BKI Unitaires
Estimator +« SMM7/NRM2 = Series de Prix ot
Batiprix
L L

Fu i

*

- +* +* +*
@.2’ Russia 2= @.! India - .g' China £

+*
.. Australia
L
» GESN « CPWD Analysis of = China Construction « Rawlinsons
« FER (Federal unit Rates Cost Management Construction Cost
rates) « SOR (Schedule of Assaciation Guide
« TER (Territorial Rates) « GB and GB/T « Cordell Building Cost
unit rates) national standards Guide
u-Jl“ 1k RENEite

WRURRECC S

5.1-7
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5.1-7

RAMERFITE: MEEZIFNE

- 5.1-7

"1lm?2 " CAD

5.1-8

5.1-8



g

BHIBMRATENESR |

Project Estimate

] i =

@ - Manual input

4} - Automatic retrieval
of data from the
previous table

=R - Item selection
and automatic
Uit ot data loading

5.1-8

5.1-8

5.1-9

5.1-9
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$255

}

Project X

Zx7 x10

Project X

BHRIEMEATENGE |

$9.96 $18.58 $154 $2380
= $ 1 pes. 1 pes. Tm? 1 pes.
AAAAA P ] "1
1
x01 x0.4 X65 ,(500
o X0.3 x0.4 4 %01 x2
x0.5 x0.2 & X2 x30
5.1-9
5.1-8
CAD
CAD
", R I S
_\ *~-—e
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IRSEREURBNEBEEMEER |

5.2.
TREZEULEmEZEEREIHER

MZZERPUER A LE . ERARAEESR

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

5D @M, FFM CAD ZREUEM AR
5.1-8

CAD
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30 PDF (PLT) DWG

CAD CAD

6.3-3

CAD

Excel ERP  PMIS

QTO

] CAD --" " CAD
2 ERP PMIS Excel --" QTO ERP PMIS

Excel



]

EF el

OST_Floors

OST_StructuralColumns

OST_Stairs
QTO CAD
5.1-8
Bx B 3=

420 m2 3

4 3

2 3

= - -

IRSEREURBNEBEEMEER |

=

3

3

3
BAINTE SRS
150 €/m2 63 000 €
2450 / 9800 €
4 300 / 8600 €
- 81400 €
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CAD 3D

CAD 5.2-1

CAD

(
&

g_ - Automatic filling
/' of attributes

5.2-1 CAD

52-1 --
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2024

79%

CAD

CAD

QTO T7i2ER%E | BEITNIMBEIIEHTHA

QTO Quantity Take-Off

QTO PDF

CAD QTO

IRSEREURBNEBEEMEER |

[20]

QTO QTO

DWG CAD



5.2-2

DBMS
ERP
DWH
CAD

QTO

QTO

KERE
BB
tIR I

HwERE

QTO

5.2-2

(QTO)

IREEREURBNEGEEMAER |

IMPORTANT DATA
PROCESSING FUNCTIONS

eo0h Pl <G aR

Data Grouping

Data Filtering T—QTO
Data Sorting Quantity Take-Off
Data Aggregation

Data Merge

Data Conversion

5.2-12 1.1 10%
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QTO CAD
CAD
QTO 5.2-3
CAD 5.2-3 CAD
"Lamelle 11.5" "MW 115" "STB 20.0"
PDF -
QTO
GEOMETRIC STRUCTURED
QUGG : TO
DATA 0 DATA HH Q
Get the sum of the volumes of elements by type in project categories }G—I
Projeﬂ ﬁ e advanced sanmphe ifc tcwall
Category §=
l ﬁ 7482 m? MWis 7. 4m
Types g&
.
volumen [l -

5.2-3 QTO
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6.1-3
CAD CAD
BIM BIM [63] BIM
BIM CAD QTO
CAD BIM 17
5.2-4 CAD (BIM)
CAD API
40 150
IfcOpSh (FFEL BIM) - Dynamo IronPython (B =0 BIM) - ~40 CAD
CAD QTO
IFC_js (FF = BIM) - 150 IFC

S CAD TE(BIM)- 17
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“6 closed data += semi-structed data

| |
v v v L4

Concept % 8 closedBIM
1

Tools ‘/\

Engineer 3‘9 BIM manager or BIM coordinator or BIM specialist

A\

Effort 3 13 slock of code @de’m. 17 Mouseclicks  4() Lines of code

RVT U1, Visual IDE e| RVTUI _ e BMUI

— e —
—

Input

s | = B e

| .
. (A= = .|
o o 0""" 2w Q"-I—U“ R

Time

—ic
w
%
l
I
]
|
l

402
- 2 MW 1LS 1413 ML

" i MW 17,9 P P
.00 STH 200 173,76

-~ ” STH 250WD 120 243 A

- QAN 3w ! :

Output b (: - - R 518300 57 8857
p : . STH 30 e il STH 30.0 Sen 16.83 - 13

- . W Tiemwand S 10T W Trenrrwand 3.0 101 WC Trenrmard 5.0 1

5.2-4 CAD (BIM) 40 150 QTO

5.2-4 QTO

-- BIM BIM-- QTO - 5.2-4
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CAD - (BIM-)
3.2-13
CAD QTO
CAD
4.1-13 QTO 5.2-5 -

EE structured data gclosed data ; semi-structed data

' N
}

< Granutar

8 openBimM

Engineer M i ager o4 BIM cxordieston w O spmriebel
Effort ,{-‘ _ ' 13 sleckucode  §7 Musecsn  J00 Unwesteode |7 Maus thicis
1 VT UL Vst (DF e Lo BVT 3 M DE e L
T —— e
Input —: ol
v R B B = B =
Sipiate e e e ) Moy -
ﬁmeé @ e @i 3 oo B @ e (30 s D) e
| © @ o Q. e )
Qutput D]_f, . »
5.2-5
" CAD (BIM) " CAD
QTO

CAD BIM
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7.3-10 ETL
2013 "
"[102] [102]
300 500 15%
BIM
CAD
B/ LLM FSH M EEERY QTO Bt
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 - x " . "
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2 LM Pandas Python

__ Create in LLM Chat

®©® & grouppy

df [ (df['Type']l.str.contains("Type 1"))]
Y — : ~ —

Run in 10k

5.2-6 LLM " " CAD
DataFrame LLM
LLM
LLM CAD (BIM)
BIM
- " " 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' ( ='0OST_Walls")
GROUP BY Type
| LLM - 5.2-7
n " " " IIOST_
" IIOST_ n " "

.

¢

PYTHON PANDAS

‘\,m
sse oomy \L, Sun the \edume calumo, groused by
o] Catgany | dndnlORT atla, '__J TTYDY. DUL only Tor tows where
"OAT Columne’ | 1) grmepty " Tyme ) [ aetime' | xumi ) ‘Category’ s athwr OST Waly' or
@ ‘OST_Columns [+]
lime
D viseconss (¢/>
0 <
: T 1
]
V) S &
5% x 1.5° 0.0 ~ Qs' x 1.5° 0.0 ﬂ
Lamelle 11.%5 74.82 Lamelle 11,5 74.83 2 (.
™ 11.3 141.28 a1la " 11,8 141,28 — L,
™ 17,5 87,43 LA ™ 17.5 87,48 |
STE 20.2 173.78 Lo - 578 20.9 173.78
STE 25.0 WO 12.9 7.33 VULDUT S8 25.2 WO 12,9 7.33 . S
sT8 3.0 88,57 v T8 0.0 88,57
ST8 30.0 R0t 16,82 ST8 30.0 Rot 6.8
Standard .9 Stenderd 0.0
NC Trennwand 5.9 1.61 WC Trennwand 5.9 1.61

5.2-7 SQL Pandas LLM

LLM ChatGPT, LLaMa, Mistral, Claude, DeepSeek, QWEN, Grok CAD QTO
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CAD =
(BIM-) CAD
5.2-8 LLM -
LLM
PROJECT MANAGER Create in LLM Chat

TEXTUAL

DATA

p=J
(i

Find the volume of all wall r/\ s .
elements in the project > @

agent. run({"""find the total "Velume" of elements with Category “0ST _Walls" it's in cubic meters™")

> Entering mew chain...

Thought: I need to find the total volume of elements with the Category "OST_Walls™

Action: python_repl_ast

Action Input: df(df| Category’] == ‘057 _Walls']{ 'Volume').sum()

Observation: 3366.6500080000003

Thought: I mow know the total volume of elements with the Category "OST _Walls®

Final Aaswer: The total volume of elements with the Cotegory “OST Walls™ is 3366.6000000000083 cubic meters.

> Finished chain.

'The total volume of elements with the Category “0ST_Walls™ is 3366.6000800090083 cubic meters.' i
|
i
ot Lo e l
The total volume of all elements Lol P C &= J
in the wall category is 3366.68 m? &4 l
Run in IDE
5.2-8LLM
CAD QTO 5.2-7
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QTO #JF Excel BFRETRIDHANMNRENINE HITITE

"Windows "
OST_Windows IfcWindows
- 5.2-9
DATA 5 GROUPING % REQUIRED
RULES TABLES
& New project § 370 Check WhiteSox/BlackBox
w Project 00 anﬂtyhh-oﬁmiuﬂ‘ =
T s —— o e e s ma
LB LR A b 1 " W - W caed ——— Ll TR IU TV B § B
4 ey P TR ewn " —— e e WO SR B .
R B
5.2-9
4.4-5
)] "OST_Windows"
"IfcWindows " "
DataFrame -- "Category "
"OST_Windows " “IfcWindows" "Type " "Type 1
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B LM
_ Createn LLM Chat
o~ iy
COIGE X -}
® 0@ & gouppy - :
df{ (df['Category’].isin{['0ST _Windows', 'IfcWindows'])) & (df['Type').strx.contains("Type 1"))]

B C ToT [ )y

Runin IDE

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

2 QTO DataFrame "Windows "

LLM

DataFrame -- "Category "

"OST_Windows "™ “IfcWindows " 0.
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2 LLM

_CreateinLLM Chat
/r" =2 22\
CleE XY
l\_@ \_V/ /
dff(df['Category’).isin{['0ST Windows', 'IfcWindows'])) & (df['ThermalConductivity'] = 8.5)]

s O FOT T D

@0 @® & gouppy

T RuniniBE —
5.2-11 Pandas Python QTO
LLM 5.2-11 "&"
isin " " "
5.2-12 "formel" X- y-

[ |

[ |

[ |
Excel 5.2-12

4.1-13

QTO
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ALL ____, GROUPING REQUIRED
DATA > RULES > TABLES
I’-~- Proqeer “ﬁ QTO Check ‘ winte oo Tach I
Presst: il ‘
a GROUPING
Aggregate
pos code description Parametr 1 Expressiont  Parametr 2 Expression2 Pa o formel
1A Walls
11 311 Interior - 165 Category OST_Walis Type Name  Interior - 165° Area x*1.5+y"01
12 [312 SIP Wall 202mm  |Category OST_Walis Type Name  SIP 202mm Wail* Volume W12y+04
13 (312 cL w1 Category OST_Wails  Type Name CL_W1* Area X0 5'y+2
1 (322  |Retaining 300mm _|Category  OST Walls _ Type Name _ Relaining - 300mm* __ Volume  x*1 1484y"02
5.2-12QTO
" " CAD
QTO
LLM - 5.2-12
4.1-13
Excel
)
"basic_sample_project.xlsx "
"Grouping_rules_QTO.xlIsx " " i " 2"
" " " 2ll " 1ll
QTO "QTQ_table2.xlsx
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Create In LLM Chat

CIOE XS

# Weading OSV and Excel fllas With project aata and grouping Tules raspectively
df = pd.read_csv('../input/rac_basic sample_project.xlsx', low. memory=False)
df _gto = pd.read_excel('../input//Grooping rules_Q70.xisx', header«d, skiprowss«[1)])

inpore pandas av po

# Cleaning rnumezical columns. in the dataframe by removing non-nuameric chacacters
nuneric_cols = [‘Area’, 'Volume', 'Oeptn’', 'width', 'Lenztn', 'Perimeter’']

df [numeric_cols] = ¢f [numeric_cols

|.apply(lambda col: pd.to_numericlcol.astypei{str).str.extract('{\ds,\de}')[B), Fillnale}))

¢ Uefine 8 function to process esach row in the grouping tules dotaframe
def process._row{row):
" Group by speclifisn parameters and calculate sum and count for the aderesate parmnoter
group = df.groupby({rou["Parameter 1"], row["#orometer 271
I lrowl“Agaregate Parametar*ll.age((*sum', 'count'])
gxoup = grouplaroup, index,get_level_values(1).str.contains (zow["Expression2®], resex=Truell

8 Parfarm catculation defined in the rules
groupl 'After Calculation'] » evallrou["formel"), {"'x': grouwpl‘sum'],
teturn groop.reset_index()

y': grouwpl[ count']})
# Apply the function to efach row in the grouping fules datafrome and contatenate the repults
drgroups = pd,concat((process_rowizow) for _, row in dr_gro.iterrowsi)]) reses_index(orop=True)

# Save the processed data to an Excel file using the OpenfyXl engine
drfgroups, to_excol('QTO_table2.xlsx', ongine«'openpyxl', index«False)

Run in IDE

5.2-13 Python Pandas CAD Excel

5.2-13 CAD- (BIM-)

5.2-14

QTO TABLE FOR ALL GROUPS OF ELEMENTS
ASSEMBLED BY RULES FROM EXCEL TABLE

Category_x Type Name Amount Id’s Measure

Volumetric After

parameter Calculation

WIiN|= O

OST_Walls  Interior - 165 Partitior 17 3 424922, 425745, 25.8 m2
OST_Walls  SIP 202mm Wall - con 21.95 4 198694, 428588, 13.9 m3
OST_Walls  CL_W1 230 6 493612, 493697, 692 m2
OST_Walls  Retaining - 300mm Cc 57.93 10 599841, 599906, 72.7 m3

5.2-14 " "
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5.2-13

RVT IFC DWG NWS DGN 5.2-15

GROUFPNG REQUERED
SR === RULES ===~ > TABLES
g [ e ‘
g . ' N
Prmmn (—IiT| -
—— . v
\: L OROUPING
's BIM (CAD) G RULES
Ce ] N | o | e S, bt i
| AN Segn et DIT Dows  Segw s AR L0
: Qanm .WAM Vﬁ"l\—"’ x 7.\-' ﬁmﬁ i " =1l
R LRy ————r— |
, “ 'In“.(!',byb_‘:?'l‘?_‘ 1ede
QTO TABLE FOR ALL GROUPS OF ELEMENTS ASSEMBLED
BY RULES FROM EXCEL TABLE
m_n{ Type Name | Volumupt Il-ulll o's | II.'.I |h-
0 |OST_Wailh  iaterior - 165 Partition 17 3 420902, 42545, 25.8.m2 J
1 ONY Wadls  S1P J02mes Wall - com ns 4 1GMOBL, 42050, 139 m}
2 |osTwan  awi 59 © 193612, 493657, 82 m
S |OST Wil Betaining - 300w Ce 790 15 509841 2.7 md
5.2-15 Excel BIM (CAD) QTO
5.2-15
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5.3.
4d, 6d -8d M —E W mHMENITE co,

4D 1RE: KB LEE

5.3-1-

5.3-1

= —i-, 31 Unit price
|MFMMBM|:«1 ml )

Description ’ Unit ‘ Unit cont

5.3-1
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53-1

5.3-1

i = S HE T RIS REN B el

5.3-

5.3-1 "Bid.Factor"

1.1-11

1.1-1.2

HiFE




LLM

LLM

LLM

2

5.3-1

2024

XLSX

LLM

LLM

4d, 6d -8d FI—E LB ENITE co, |

5.3-1

5 1

JPEG

JPEG 5.3-1

2024 5 1

B LLM

Touncation Blocks installation Project

"l W |
_ [

i

5.3-2

Block 3 - Curing

Block 3 - Finishing

Block 3 - Concrete Pouring
Block 3 - Reinforcing Steel
Block 3 - Formwork b

Block 2 - Excavation Wark -
Block 3 - Preparation Wark -
Block 2 - Curing

Block 2 - Anishing -

Block 2 - Concrete Pouring F
Block 2 - Reinforcing Steel -
Block 2 - Formwark

Block 2 - Excavation Work +
Block 2 - Preparation Work -
Biock 1 - Curing

Block 1 - Finishing

Block 1 - Concrete Pouring
Block 1 - Reinforcing Steel
Block 1 - Formwoark |

Construction St

Block 1 - Excavation Wark
Block 1 - Preparation WOn(rn

Construction Schedule for Concrete Foundation Blocks
]

LLM

5.3-2
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53-1

Project Estimate f ﬁ'

.Igi“m

5.3-3

ERP 54-4 CAD

TREREMEOD-8D 1 MBERME

6D 7D 8D

(PMS)

4d, 6d-8d 1= E LR ENI T E co, |

——~H= 1 ==
——fE=2 5D

s

B RIE

s

—+—f52 4D
—-RJH3

- Automatic filling
g of attributes

(CPM) (SMS)
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A

Peepanty

— o 6D
> =

P&S*D*CAF" 7D

T

Lanate saws
E T Fom s gt omw

Corstruonon Safety
Matager Engorent

S = 9

.

CPM«~»SMS :
5.3-4 6D 7D 8D
W 6D
m D
m 3D - -
4D 8D

5.3-5

4d, 6d -8d FI—E LB ENITE co, |

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

4.1-13

ESG

CAFM AMS

3D -

7D 8D
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A o D~ sp?

VREE— r—

o P width e Meeyctanility [SAPhen WaCEanCy- Ty s rams i Yioieent  safaty Protocsis
W-NEW  Window  1200m - S0W 1622 hgCOZe B years 20 years Annual mon XYZ Windows 150 45001
W-0LD1 Wingow 100cm  14Dcm 90% 1522 kgC02e B years 15 years Biannual 0872272024  XYZ Windows OSHA Standard
W-OLD2 Window 110om  160¢m S0% 1522 kgC02e° - 15 years Bianoual 08242024 W O5HA Standard

D122 Daor 40cm  210cm 100% 1322 5gC02  15y0ars  2Syears Blennial 08/25/2024  Doors Ltd, O5HA Standard
5.3-56D -8D -
4.4-1 W-NEW 5.3-5 3D -8D
3D -attributes- CAD
. " LI " "
. " (LI 120
[ | " " " BREP / MESH "
6D - 89

| 90

| -1,622 CO,
BETD -

. " L 8

. " " 20

. " "__
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" - "XYZWindows "
" - ISO 45001

5.3-5

HE "R WHHNE FTEERANBEN i E

6D 5.3-5
CO,
ESG
- LEED® BREEAM®
DGNB®
ESG
HQE Haute Qualité Environnementale WELL WELL
GRESB
ESG
ESG 2000

ESG
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2023 " " ESG -
[103]
- 67%
97% [104]
ESG LEED BREEAM DGNB
2015 EPA 2006 [105] 5.3-6
/
/ QTO
CO:
—
UK ICE Datatase
Carbon Emitted in Production e T ) s Couiciont
Process Emissions | Process Emissions
Material Abbreviated (kg CO2¢e/ kg of (kg CO2e/ bg of
produxt) (£1) product) (X2}

Concrete Comncrete 0.12 012 2400

Concrete block Concrete_block 0.13** 014 2000

Brick | Brick 0.24 0.32 2000

Med| density fiberboard (MDF) |MDF 0.29* 0.32 100

R:q:‘le":! s:::l%g recy <omemjm 0.47 0.81 7850

Glass (not including primary mfg.} |Glass 0.59 0.6 2500

Cement (Portland, masonry) C 0,55 0.57 1440

Aluminum (virgin} Aluminum 12.7% 16.6 2700

5.3-6 ICE EPA

ICE
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4D 5D
(QTO) " "
=) CAD (BIM)
LLM
from CAD (BIM)
B LM
__Croawn in LLM Chat =
CIEET Y
N — S & guppy
Data :n;-ox.:‘ pandas 2z pd
’ af -|au na;x-ci-(?;-uunh:-n'.;.;lnp;av.‘u;\:“h;
:cml'.”- Q;‘.‘;;o\nbzl ';:'(I.u...;“ll.::.“' " :;clm: l .::c:(f.tctAr.l-'sl:o'. 'Sum of Volumes, m''«'sum’)
f(x)
l
Sum of
OUtpUt ObjectType Amount | Volumes,
e TN v |- m®
>q .| B8 [IFC Vebo_staaliatei L1508 90x 150] 31 a2
T RuniniDE ___IFC_Vebo_staallatei_L200B 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 Sal Glass 12 033
5.3-7 LLM ObjectType
CO, 5.3-7
5.3-6 GitHub

"CO,_calculating-the-embodied-
carbon.DataDrivenConstruction."” [106] [106].
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CAD QTO

5.3-8

ESG LEED

Sum of
Amount | Volumes, | CO2 group
- - m -
IFC_Vebo_staalate: L1508 90 x 150] 31 a2 _MDE
IFC_Vebo_stantatei L2008 90x 200/ 4 ) raoF
IFC_betonlates 200260 200 x 250 o ¥
FC_betonopstort_180x315 150 x 315] 12 152 [
6 042 Class
M Curtan Wall Sgi 12 0 Gy

Glass
Carbon Emitted in Production [ st vwmee |

(013| U3EPA 006 L3008
Pacess Fruccons |Process frvacran
Materhal Abbevelatnd g COef vy of Ihg CO0Y by ot
i proza) 1)

Concrate o oA
[Concrate bk Wloc 013 otd
Rrek 0 o
(Medium fiberboard {MDF 0.33% o
o o sl Ty conterd ] aar oal
Glass (ot Inch i y o 03% 06
(Cumunt (Portiand mastewy) 038 osr
n ] {Alumingn 0.7 188

5.3-8 CAD QTO CO,
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LLM
5.4-1 ERP BlackBox /WhiteBox QTO
BlackBox/WhiteBox
ERP
CAD ERP CAD (BIM)
4.1-13 CAD ERP
CAD (BIM) ERP 5.4-2 CAD (BIM)
BUERIOUERAM (1),
ERP HITWIUERIZ (2)

ZEMR—RE (3),

(4) LI
WhiteBox/BlackBox jellfzs L k&E& (QTO



| ERP

EhERL

CAD (BIM)
& New project

Modewig rem s

2—L- ¥ 3
Oy s

QTO

S5it8 (WEAFEE)

B erp M pmis RET |

5 (5

QTO

HEER (6)

a

5.4-2

— Validation ——

Verifications— 4 widwon ruie -

BlackBox and Mapping
4 Automatic data retrieval

r 4 » Calculations 8—» Scheduling @

1, 6 W W
56

BlackBox /WhiteBox

CAD(BIM)

Estmator  Purchaser

==
ERP

Entptine
Protcuron Maveng

S et Cost Estimation
WhiteBox/BlackBox «—
4 ﬁi 9.12 g!ieCk Ligic of Phe coergiany s prodesees . DErUunit
CAD (BIM) @
(5-6)
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B LLM QTO
Type Name Total Area Count
cLw1 39312sqm 10
Cawity wall_sliders 937sgm 1
Foundation - 300mm Concrete 0980sqm 1
Interior - 165 Partition (1-hr) 1725sqm 3
Interior - Partition 18654 sam 14
Retaining - 300mm Concrete 19579 sqm 10
SH_Curtain wall 15942sqm 9
SIP 202mm Wall - conc clad M476sqm 4
Wall - Timber Clad 16291 sgm 8
6.4-6 QTO CAD - (BIM-)
IFC LLM
” ” 1 2 " "
IfcSlab " " "PSet_RVT

_Dimensions Area "
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g LLM IFC

For I Floor:127mm Slab on Grade, B Floor:150mm Exterior Slab on Grade,
W FoorFinish Floor - Ceramic Tile, M FloorFinish Floor - Wood, and
8 Floor:Residential - Wood Joist with Subfiooring

6.4-7 IFC

6.4-5- 6.4-7 Pandas Python

LLM LLM

LLM 3D CAD (BIM) DWG

LLM 3D

AA LLM # Pandas BrhZ 4 DWG - XX

DWG -
LLM

Pipeline LLM ChatGPT DWG

[ | ID DWG
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CAD -
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ChatGPT Python -
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Kaggle .com Pipeline
Kaggle.com "DWG Analyse with ChatGPT | DataDrivenConstruction™
[129].
DWG 4.1-13 DWG
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RegEx --"wall"

=

LLM
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Python
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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%
50%
~ (|5 @ d ~=b d
2 7 Yl
collect visualize analyze the decisions
data data msughts data faster
7.1-1
1.2-5
[131]

- Stephen Few
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@ MEEE-" 82€ /m@ 05 /m3

2 HE/m-" 15% "

2 WEREBENES SES TR "
DataFrame

W PR EMNES: 84.80 /m3€

B PIESTE +4.7

B EVEEX: ~85/m3€

What l Why did it What will What
happened? happen? happen? to do? ﬁ

Descriptive Diagnoatic Prodictive Prascriptive
Analylice Analytics Anadtics Annlytkin mmm mckk‘y
9 indicators across contracts,
= Kl :
ETL Delay and Project Fée..uL:’rce SN and :
generated cost overrun completion ; 'fa«?d :
repons analysis forecasting s
optimization
as A centralized data hub organizes and
Analytics overview panel S, l refines information for better
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1

7.1-3
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K% Python & 7.2-9- 7.2-11 --Python

Matplotlib Seaborn Plotly Bokeh Flask Django

JavaScript D3.js Chart.js JavaScript
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TEATIHEER: NT4aFEE etl

ETL Bopft @ BRAES, NREGELIE

KPIs

2022 [136]
[137]
1916
CAD CAD (BIM)
"ETL -process 7.2-1
1. 1REL (3REX CAD BIM 7.2-1 1
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2. IOiF 7.2-1
2-3
3. i (Transform)
7.2-1 4
4. Ef% (Load) 721 5

Company Projects That Are on Servers

Selected Project -

r_m The Data Handling Process

2 Mtrlbute check
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- — - [ Data in Apps
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ETL -payplane
ETL " " 4.4-13
Pandas LLM
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ETL - )
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7.2-4 CAD  (BIM)

RVT IFC [138]

CAD- (BIM-) 7.2-4 DataFrame


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

® 0 ® & Extractdata from CAD-BIM.py
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Create in LLM Chat

CIEXY

import os

import subprocess
import time

import pandas as pd

path_conv = r'C:\DDC_2023\\' # Where RvtExporter.exe|IfcExporter.exe is located

path = r'C:\IFCprojects\\' # Wnere Revit|IFC files are stored

def convert_and_wait(path_conv, exporter_name, file_path, extension):

# Staxt the conversion process
subprocess.Popen([os.path.join(path_conv, exporter_name),
file_path], cwd=path_conv)

output_file = os.path.join(path,

f"{os.path.splitext(os.path.basename(file_path))[0])_(extension}.xlsx")

# Conversion process for RVT 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,

elif file,endswith(',rvt'):

convert_and_wait(path_conv, 'RvtExporter.exe', full_path,

# Combine converted Excel files into one dataframe

'afel)

‘rvt')

df = pd.concat([pd.read_excel(os.path.join(path, f)) for f in os.listdir(path)

if f,endswith('.xlsx"')], ignore_index=True)

s FoRc >

Runin IDE
7.2-5 Python SDK RVT IFC (df)
DataFrame
Pandas DataFrame Csv Excel JSON - XML -
Parquet HDF5 MySQL PostgreSQL SQLite Microsoft SQL Server
Oracle Pandas API Google BigQuery

Amazon Redshift  Snowflake

=

LLM CHATGP, LlaMa, Mistral

DeepSeek, Grok, Claude, QWEN
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MySQL

g LLM

Create in LLM Chat

v e 2 Pipeline.py /

import pandas as pd
import mysql.connectox

# Using a context manager to ensure
# that the connection 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)

— R

Run in IDE

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 IntelliJ IDEA  JupyterLab
Kaggle.com Google Collab Microsoft Azure Notebooks Amazon SageMaker
"df " 7.2-5- 25 72-6- 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)
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RPM
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2015

ETL
RegEx

RegEx

7.2-7
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Long-term Management

1D Element Warranty
Period

W-NEW  Window - 20 years

A
f

Replacement

Cycle

Maintenance
Requirements

Annual Inspection

7.2-7
IIID "
NEW" "W-OLD1 " "D-122 "
"NEW" "OLD" 7.2-7 (RegEXx)
AW-NEWS$| W-OLD[0-9]+$|"D-1[0-9]{2}$
Python LLM
=)
DataFrame RegEx "W-NEW "
"W-OLD " "ATt O "G™

IIW_
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2 LLM
/_ Creata in LLM Chit \
o =
SOH*4
008 A Ppelinepy Q’ —
& Hagks
import re
& & Define regex patterns for each column

pattemns = |
'Window_ID': r"*{W-NEW|M-OLD{@-9]+|D-1[8-9](2})5",
‘Enersy Efficiency': r'*[A-G]\es$",
'Warranty Period': ¥'*\d«\syears§',
'Replacement_Cycle': ©'*\d+\sysarss'

)

# Define-a verification function u4sing regex
def verify_data{column, pattern):
14 g Apply the ragex pattern te the sories and return the boolean results
return column.apply{lanbda x: bool(re.match(pattern, stxix))))

2 Apply the varification function to the GataFrame for each column with its respective pattern
for column, pattern in patterns.items():
df[‘verifiad_ ' + ceolumn] « verify_dataldflcolumn}, pattern)

Runin IDE =

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

CSsv

JSON  Excel
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ETL Load : @I EFRMEF MY &5

dashboards Python

Matplotlib 7.2-9 7.2-10

o]

RPM 7.2-7

DataFrame 7.2-7
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S LLM LLM

__CreateinLLMChat ___
,/‘ o~ ,'/'T-.: X i \
CLETY
® 0 ® & Pipelinepy \M 7\

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

# Visualization 1: Bar Chart

plt.figure(figsize=(10, 6))

df_visual.plot(kind="'bar', stacked=True, color=['green'
plt.title('Data Verification Summary - Bar Chart')
plt.xlabel('Data Categories')

plt.ylabel('Count')

plt.xticks(rotation=45)

plt.tight_layout()

plt.show()

y 'xed'l)

,r

./’

Runin lDE

Data Verification Summary - Bar Chart

Count lof values checked)

Data Categones

7.2-9 RPM 7.2-7 Transform
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o]

& LM

Create in LLM Chat

esve # Pipeline.py C\.(L ) * 9‘>

# Visualization 3: Line Chart

df _visual.plot(kind="1line', marker='o', figsize=(10, 6))
5 plt.title('Data Verification Trend - Line Chart')
4 plt.xlabel('Data Categories')
plt.ylabel('Count')

o W

plt.grid(True)
7 plt.show()
| (A Z @
—v- -
Run in IDE
Data Verification Trend - Line Chart
4.0} o o
]
2
B 35
=
]
g
3
3 30}
5
£ —o— Fassed
5 25 —o— falled
20t
15
1.0F > -
Window_ID Energy_Efficiency Warranty Period Replacement_Cycle

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

a2

Seaborn

S LM
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__ Create in LLM Chat

(&) % &)

= @ @ 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('Verification Status')

plt.ylabel('Data Categories’)
plt.show()

Run in IDE

Data Verification Summary - Heatmap

- 4.0
Window 1D -
g 3.5
o 3.0
S Energy Efficiency ;
g
1 2.5
(&)
g Warranty Period -
o - 2.0
(=]
Replacement_Cycle - 4 3.3
Pas-sed Failed 1.9
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 Streamlit

ETL Load: Bcht)#E PDF Y
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7.2-9 PDF LLM
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PDF

2 LLM

PDF

Createin LLM Chat
—

ClETLY

¥ Create a POF document with the verificatlon resulrs
with pdfPages('verification_results.pdf') as pdf:
¥ Acding & histogras to the document
- plt. figurel)
! df _pof.plot(kind="bar', stacked~True, colour~|'green”, 'red'))
( plt. title('Data Verification Sumsary')
plt.xlabel('Data Categories')
" plt.ylabel('Count")
plt,tight _Layoutl)
18 pdf.savefigl)
14 plt,.clase()

®0e & Ppeinepy

11 ¥ Adding a text page with a descriptien
o1 ] plt, figure()
15 plt.axis(‘off')
10 text_str = ("verification Resulrs:in®
17 “Somo data categories have failed the verification process.\n"
18 "Please review the falled catedories and provide the missing data.”)
1% plt,text(e.%, &.5, text_str, wrap=True)
pdf . savefigl)
pLt.close()

Aiin in IDE

XA »
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PDF
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FPDF

HTML

)

ETL

TEALWERER

HTML HTML FPDF
HTML

LLM

Python

PDF

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

pdf.add_page() #

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, 20, . ")

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

Project Report

This document contains data from the review of project files...

7.2-14 Python PDF

7.2-14
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PDF

report.pdf
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-]

Transform
FPDF PDF

7.2-15

data=[

["Item", "Quantity", "Price"], #
["Concrete”, "10 m3", "$500."], #
["Rebar", "2 tonnes", "$ 600"], #
["Brick," ""5,000 pieces," "$ 750."], #

]

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

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

for row indata: #

for itemin row: #

THEALWEIERR

RNTLEZ etl | 348

table.pdf

pdf.cell(60, 10, item, border=1) # 60 10

pdf.In() #

pdf.output(r "C:\reports\table.pdf") # PDF -file
Item Quantity Price
Concrete 10om $500
Rebar 21 $600
Brick 5000 pcs $750

7.2-15 PDF

7.2-15
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Excel - API -

2]

Python

FPDF

FPDF

PDF

Matplotlib

Matplotlib



FPDF

TEATNEER

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=100) # PDF Xx,y-

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

Cost chan

Cusl Arocabon

e |

#0009 ¢

seeon |
3

oo |

Lot |

PRt AEZE etl | 350

chart_report.pdf
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FPDF

ETL Load : IREMNEFEIHMARS

PDF
Ccsv ERP CAFM CPM BI
Ccsv XLSX JSON XML
2 LLM ChatGPT, LIaMa,
Mistral DeepSeek, Grok, Claude QWEN
DataFrame "verified_"

CSvV
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__ Create In LLM Chat ==
ClOEX Y

! # Create 2 report on the results of data validation
2 report = df.filter{like="verified_').apply(lambda x: x.value_counts()).T
5 report.columns = ['Passed', 'Failed']

report.fillna(e, inplacesTrue)

eve & Pipeline. py

# Export the cleaned and verified data to a CSV file
verified_ df = df[df.filter(like="verified_').all(axis=1)]
verified_df.to_csv('verified_data.csv', index=False)

— CEJ)'

—

2 Run in IDE

7.2-17 Csv

7.2-17 ETL -process -- Csv

ETL

ETL -- CAD

PDF ETL

ETL with LLM: RIfk, #3ERE PDF -4

ETL --

ETL PDF -

ETL (LLM) ETL
PDF

DataFrame
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] LLM PDF

PDF PDF

DataFrame

2 LLM

Createin LLM Chat

CIOLLY

® 58  # Pipelinegpy

import as
import pdfplumber
import pandas as pd

Oef extract datalbase_folder path):
wee
Extract material data from POF files in the spacified base
folder and all its subfolders Assumes each Line in the PDF contalns
‘Material’ followed by material name, quantity, and cost.
nee
data = []
# walk through each feolder anag
for folder_ path, ., Files in os.walk(base folder path):
14 for file in filter{lumbda ¢: f.endsuith|'.pdf'), files):
witn parplumber.open(os.path.jodn{roldexr_path, rile)) as pdr:

subfoloer In the base folder

1 ¥ Orpcess each page in the PI¥
| for page in pdf,.pages:
1 n Spuicting rext Into 1ines

for line in page.extract_text().spltit('\p'):
& Chock 3f the line co ains material data
if "Marerial' in line:
parts = Line.split()
U Append data to 1List) convert quantity and
data.appena{('File’: file, 'material': partsiil},
‘quantity': fluatipacts(2]), ‘cost’: flaatiparts(3])})

08T T TLoaT

U ¥ Convert 1153 of dictionaries to pandas DataFrame

return pd.DataFrome{data)

# Spacify the base folder path containing POF files and subfolders with POFs
of = extract datalr'C:\')
."\- PC —
s FOR"C -]
Runin IDE
7.2-18 LLM Python - PDF -
LLM 7.2-18 Python - PDF -

PyCharm Vis-

ual Studio Code (VS Code) Jupyter Notebook Spyder Atom Sublime Text PyDev
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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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DataFrame 7.2-18

® 5 ® & Pipelinepy

# Group data by 'material’ and sum up the ‘"quantity' for sach material
15 df.eroupby( 'material’)['quantity'].sum(),plot{kind="barh'}
14 ple.title('Total Quantity of Materials Used')
i5 plt.xlabel{ 'Quantity’)
16 plt.ylabel('Material’)
17 ple.show()
. /o ——
X3
S
Run in IDE
7.2-20 LLM - Python matplotlib
LLM matplotlib Python - 7.2-20
7.2-21
Total Cost per Matenal Total Quantity of Materlals Used Cost Distribution by Material

VL

D W~ e N e

-
. I

/- ._J.'..A SNAL iy e
Steei Concrete Glsss Hastc

Create in LLM Chat

CIOE LY

import matplotlib.pyplot as plt

# Plotting total cost per material

# Group data by 'material' and sum up the ‘cost' for each material
df .eroupby('material')['cost'].sum() . .plot(kind="bar")
plt.title('Total Cost per Material')

plt.xlabel('Material')

plt.ylabel('Total Cost')

plr.show()

# Plotting total quantity of materials used

Materal

7.2-21 LLM

Steel

chat
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7.2-22

(2017 [139]

Show the differences between

the new version of the prbjen
and the latest versjon

Filter the data in the project to
keep the wall category items
in the project

"

Group the project by the "Type
Name® parameter and show the
volume of each group

Claude

Choose the first 20 types by
volume and show the result as
a Pie chart

Create a PDF report with a
table and a graph

LLM

DeepSeek QWEN Grok

2017 2030
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eve & Pipeline.py

I

Bf etl B (EE)

LLM

Create in LLM Chat

CIOE Y

# Importing necessary libraries

import pandas as pd

import re

import matplotlib.pyplot as plt

from matplotlib.backends.backend_pdf import PdfPages

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

# Define patterns and verify data

patterns = {
'Window_ID': r'“(W-NEW|W-0LD[©-9]+|D-1[0-2]1{2})S",
‘Energy_Efficiency': r'*[A-G]\+#$',
'Warranty_Period': r'"*\d+\syearsS',
'Replacement_Cycle': r'~\d+\syearssS'

for column, pattern in patterns.items():

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.value_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=['green', 'red'])
plt.title('Data Verification Summary')
plt.xlabel('Data Categories')
plt.ylabel('Count')
plt.tight_layout()
pdf.savefig()
plt.close()

# Add text pasge

plt.figdure()

plt.axis('off')

text_str = "Verification Results Summary"
plt.text(6.1, 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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= ID - Excel/PDF
Pandas
df = model_data[model_data[" "] =="OST_StructuralColumns"]] #
issues = df[df["FireRating"].isnull()] # #
issues[["ElementID"]].to_excel(*'fire_rating_issues.xlsx") # 1D
] - 18 FireRating "
2 FireRating "
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Airflow
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A

The main task Approach
Apache NiFi Streaming and data transformation Real-time stream processing
Apache Airflow Task orchestration, ETL pipelines Batch planning, DAG processes
n8n Integration, automation of business logic Low-code visual orchestration

7.4-8 Apache Airflow Apache NiFi  n8n

= MATIRERRE T ORIRRR S =

ETL -
O (KPIs)
U Power BI, Tableau, Matplotlib, Plotly)
ETL
UJ ETL CAD
U Python

0 FPDF PDF DOC Excel PDF
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SQL LLM
PDF - DWG - RVT - Excel -
XA
Excel PDF CAD
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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

't

REIEFE . DITRTRIVREB Y

Pandas DataFrame

Pandas DataFrame

CSV  XLSX

| Csv

HIREEMRN : NEREEXBBFERE | 386

Data

Open and accessible
information flows

Stored in centralized databases
and accessible across multiple
processes

Can be automatically processed
and analyzed in real time

Easily integrated and matched
for analytics

RAM
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XLSX  Excel Open XML Spreadsheet

XLSX  CSV

Apache Parquet

Apache ORC Optimised Row Columnar

JSON  JavaScript Object Notation

Feather

(Pandas) R

HDF5 5

HDF5
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Microsoft Excel

8.1-2

Parquet ORC

Parquet ORC JSON

Python
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XLSX csv Apache ODFS Pandas
Parquet DataFrame

F=yr=7 Storage Tabular Tabular Columnar Hierarchical Tabular
() Office tasks.  qinpledats  Bigdata,  Scientificdata,  Data analysis,
v e —— exchange analytics large volumes manipulation
presentation
3
~— - None (in-
/_;\ Compression Built-in None High Built-in memory)
/ Performance Low Medium High High Fighypanon
o 4 € 8 dependent)
o High
,\f? Complexity (formatting, Low Medium Medium Low
I N styles)
£
Decs Dype Limited Ve  Extended  Extended Extended
Support limited
Medium
5 Scalability Low Low High High e b
8.1-2
ETL
8.1-3 10,000 10
CSV Parquet XLSX HDF5 ZIP
NumPy Pandas DataFrame
[ | CSV Parquet XLSX HDF5
o oz ZIP
[ | ETL - ZIP

Pandas DataFrame
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N
? | _\19
- i
—
Original Size
(MB) ZIP Size (MB) Read Time (s)
(
Structured table 18.82 8.73 0.48
100000 rows
x 10 columns
Parquet 9.67 9.22 0.7

D 12.59 12.59 41.73
[

8.50 7.62 013

8.1-3
CSV  HDF5 8.1-3 ZIP
XLSX ZIP

XLSX

Apache Parquet

£/ Apache Parquet L 2%

Apache Parquet

Pandas CSV  XLSX Parquet
Spark Hadoop
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Parquet
Apache Parquet LLM
=) LLM CHATGP, LlaMa, Mistral DeepSeek, Grok, Claude, QWEN
Pandas DataFrame Apache Parquet
2 LLM
__ Create jn LLM Chat
® © ® & Pandas to parquet.py

8.1-4

import pandas as pd

# Create 3 DataFrame with construction data

construction_data = {
'project_id': [1, 2, 3, 4],
'project_name': ['Tower A', 'Bridee B', 'Road C', 'Tunnel D'],
'location’: ['City X', 'City Y', 'City 2',6 ‘'City w'l],
‘cost_million_usd': [206, 150, 100, 388]

}

df_projects = pd.DataFrame(construction_data)
# Write the DataFrame to the parquet file
parquet_path_projects = '/tmp/construction_data/projects.parquet’

df _projects,to_parquet(parquet_path_projects)

print("Construction project data saved in Lakehouse"),

’ %
N p(:
——e T
o Runin IDE
Python RAM Apache Parquet

ETL Parquet "cost_million_usd ™
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8.1-4

] LLM

Apache Parquet

cost_million_usd 1.5

2 LM

, Createin LLMChat

ClOE XY

eve & ETL parquetpy

# Loading construction project data
df_loaded_projects = pd.read_parquet{parquet_gath_projects)

# Filtering out projects with a value greater than $158 million
df _filtered_projects = df_loaded_projects{df_loaded_projects('cost million_usd'] > 156]

# Saving the filtered data to a new Parquet file
filtered _parquet_path_projects = '/tmp/construction_data/filtered_projects.parguet'

dr_riltered_projects.to_parquet{filtered_parquet_path_projects)

11 print("Filtered construction projects data saved to Lakehouse.")

T RuniniDE

8.1-5 Apache Parquet ETL
Parquet XLSX CSV
Parquet
DWH

DWH: BIECF PUEC %

Parquet
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ERP CAFM CPM CRM

CAD
DWH -
DWH (HUECE
1.2-4  DWH
DWH
DWH
B ETL - A2 , , --
HAENIE - DWH
2024 CAD- [125]
SERFA AT FOFIUN - BI -

DWH

8.1-6
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TRANSFORM

l
T
IS

DWH ELT

MG BIRE RE IR

DWH -
RN DWH -
DWH DWH
RDBMS DWH
ETL
ETL - Extract,
Transform, Load 8.1-6
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8.1-7 ETL

ELT

EXTRACT REPLICATE (LOAD) TRANSFORM LOAD

ELT:= - - B -8B

- . BES
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DATA T
LAKE
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. Structured Data l DWH / Data Lakehouse

Pipelines and Workflows

£ Databases

| Documents Q Simulation

QAnalyucs
@ H 8L e QU T BPRS
=< & e O0H ®No

£2) Enhanced Productivity = Stream Processing L¥ Efficient Planning

Data Analysis

¥8 Data Driven Decision Making

8.1-8

LIEE - CEMEEE SRR

DWH

Data Lakehouse
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R
8.1-9
Data Lakehouse
N AR EuREEST Apache Parquet
[ | B DWH Lakehouse
B ZE TR

Data Lakehouse

(IJL

Data Machine
Science  Learning

Dashboards Documents Reports

[

i' 7

STRUCTURED A— TEXTUAL "‘ GEOMETRIC Ai SEMILSTRUCTURED UNSTRUCTURED
AD

HH DATA DATA % DATA DATA DATA

8.1-9 Data Lakehouse

ERP PMIS CAFM
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[ |
[ |
[ |
(DWH) (Data Lake)
DWH 8.1-10
Traditional Approach Data Warehouse
T Relational Structured, ready for
Dete Databases analytics
Transactional Reporting,
Uea Satee Systems dashboards, 81
b OLTP - real-time ETL - clean and structure
aing transactions before analysis
St On-premise Centralized,
ge servers SQL-based
MySQL, Snowflake, Redshift,
Eosmmion oo PostgresaL BigQuery

8.1-10 DWH, Data Lake Data Lakehouse

DWH Lakehouse
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(Data Lakehouse)

Data Lake
Raw, semi-structured, or
unstructured

Big data storage, Al,
advanced analytics

ELT - store raw data,
transform later

Decentralized, flexible
formats

Hadoop, AWS S3, Azure
Data Lake

Data Lakehouse
Mix of structured
and unstructured

Hybrid analytics, Al,
reaktime data

ELT with optimized storage and

real-time processing

Combines advantages of DWH

and DL

Databricks, Snowflake, Google

BigLake
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CDE, PMIS, ERP 3¢ DWH FZHEH

ISO 19650 CDE CDE
(DWH)
BWAHEAFE (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

DWH

(DL)

DWH
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CDE PMIS ERP DWH DatalLake
CDE PMIS ERP DWH Datalake
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)
r:_\P Integration Limited (integration depends on High (easily integrates with
Flexibility vendor solutions) various data sources)
3?.‘ S Cost High (licensing and support Relatively lower (use of open
costs) technologies and platforms)
_1 Data Low (data often locked in High (data stored in open and
=7 Independence proprietary formats) accessible formats)

-
@)

Fast (adaptation and data

@: Adaptability to Slow (changes require vendor i b dification
E? Changes approval and integration) without intermediaries)
=S Analytical Limited (dependent on vendor- Extensive (support for a wide
D[][][] Capabilities provided solutions) range of analytical tools)
8.1-11 DWH CDE PMIS ERP

DWH Data Lake
DWH
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x vy z 1- 6 8.2-1

Bounding Box

15 " K-NN
( K-NN
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}* 40
T 30

Window - 20
T 10

8.2-2

NLP 8.2-2

LLM
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ML

Redis

DWH CDE PMIS

e WES/MY) MEIEEF)

8.2-3

Gartner 2017 85%

[144]

PostgreSQL
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Data Governance

Data Minimalism 8.2-
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DATA 3-Flz DATA
& n—— @ ET U
Output

Automatic data retrieval
—— data conversion

Input —— Validation —
Stew Data —— ] -G Preprocessing— 2 — ) WiteBox/BlackBox

FeDATA  _¢b DATA «——(ER DATA

=== LAKE GOVERNANCE MINIMALISM
Input —— Validation —— Output
4 Automatic data retrieval
I 2 1' — #» data conversion

an!ga!?z.ts—:f--3“:@""‘ﬁ““°"“*"'*'""““'l 6
: 5
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DataOps VectorOps

DataOps Al VectorOps @ #&EUIEIRE


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

RO EEEMELL L | 408

- DataOps
DataOps DataOps
DataOps Apache Airflow 7.4-4
Apache NiFi 7.4-5
ETL - " DataOps
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DataOps
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DataOps DataOps

VectorOps DataOps

VectorOps

VectorOps DataOps

DataOps VectorOps

VectorOps

CAD DataOps VectorOps
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RDBMS DWH

ETL

Miro Lucidchart Draw.io

DataOps , VectorOps
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CAD -

X GB

50 X/50 GB

— vee] [= cee] [= cee][= cee][= vt ==

Distribution of Road Conditions in the Entire Dataset Distrivution of Road Conditions in the Random Sample

Number of Moud Segments
Numbee ol Rowd Segments

2 3 4 2 3 4
Raad Condrion (1 - Excedlent, 5 - Critical)

Rood Conditior: [T - Excellent. 5 . Critice)
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10%

Allen Wallis [146]

1000

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

[146]
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[147]

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

2012r.
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100

100 9.1-2 CcSsv
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40 [148] Ccsv

40 1980 2019
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Pandas DataFrame Python 1,137,695 [148]
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Pandas Matplotlib
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Mes5 AN

WMEs= > MATE R AE R BIES I

ChatGPT LlaMa Mistral DeepSeek

FUEL /’ DATA LAKE /’ HYPE CYCLE KICKOFF

FORMATION FORMATIO
STRUCTURED
|
]
UNSTRU(.:.TU.RED
o [ ::;-::1 oittwrent  Procutivey
THE ORIGIN OF ORIGINS OF THE EMERGENCE OF
FOSSIL FUELS STRUCTURED AND UNSTRUCTURED DATA

9.2-1

[152]

9.2-1


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

HLERZFE IR | 432

- 9.2-2

ML - Machine learning

PIPLINE
DATA LAKE 3 g F
Al @

=
2 | FLow
S
y—

Ca

Technology Peak of Inflated Trough of Slope of Plateau of

Irigger Expectation Dsflusionment  Enlightenment Productivity
Maturity
9.2-2
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21

(ML)

[153]

2023 9

labor productivity in

construction

9.2-3

= f(Al)

4.4-19 4.4-20 4.4-

ML
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MENRIFAE R Fet 30N

9.2-4

'NO DATA
ALLOWED

9.2-4 HiPPO

ML
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Jupyter Notebook

ML

RIBEIIESE:

1912

https://raw.githubusercontent.com/datasciencedojo/datasets/master/titanic.csv

Google Collab

ML

LLM

IBM Big Blue

DATESRARRY "R R AR

2224

[154]

Garry Kasparov

[155]

"Hello World "

1502

Jupyter Notebook

Python
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Deep Thinking

Jupyter Notebook -

Kaggle
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Kaggle 2023 10
Kaggle 194 / 1500 [156]
Kaggle Titanic 9.2-5
Python
train.csv (6115 k8

M.t - - kL L -L

9.2-5 -
1912 2224

(train.csv) (test.csv)

9.2-6 - train.csv 9.2-7 - test.csv

"Survivor "
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@ Passengerld -
| -1 0

@ Pclass- 1 2 3

@ SibSp-
@ Parch-

| HE-

M Embarked C= Q= S=

missingno 9.2-6 9.2-7

® © ® & titanic_missingno.py

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

Vi B W IN =

# Load the dataset
& train = pd.read_csv('train.csv')

8 # Visualize missing values

o msno.matrix(train) F
10 plt.showl) /'\
Z.[E 5

Runin IDE
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Pl P P T R

9.2-6 " "

o0 e # titanic_missingno.py

# Load the test dataset

train pd.read_csv('test.csv')

# Visuvalize missing values
msno.matrix(test)
plt.show()

Pt TR I
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CHATGP, LlaMa, Mistral DeepSeek, Grok, Claude, QWEN

LLM

LLM



Survivors vs. Non-Survivors

500

400

Count
w
Qo
o

200

100}

v & wanic_plol py

lmport pandas as pd
fmpart macplotlib,.pyplot as plt

L | g thas 1ataset
file_path « “/ont/data/titanic.csv”
of = pd.read_csvi{file_path)

# Convert colunn names 1 Lonezease oz consicrency

df . colunns = df .columns.str lower()

¥ Basie Plors

ple.figure(figsize=(18, 5))

o
ple.subplet(l, 3, 1)

# Har Chaxt Su

of [ 'survived® ] . value_counts(), plot(kind="bar',

ple.title{"Survivors vs, Non-Surxvivors")
plt.xlabel{"Survived (& = No, 1 = Yes)")
plt,ylabel("Count™)

# Nistogram: Age Ddstritwutior
plt.subplot(l, %, 2

af{'age'] dropnal) .plot(kinds'hist", bLing=28,
ple.citle("Age Distribution™)
ple.xlabel{“Age")

plt.ylabel{“Count")

® Scatter Mot Fare vs Ae
plt,subplot(l, 3, 3)
plt,scattec({df[’'age"], df{"fare'], 2lpha=s.5,

plt.title("Fare vs. Age")
ple.xlabel{"age")
Label{"Fare")

& Shaw the plot

ple,taght_layoutl)
plr.showl)

Count

o —
Survived (0 = No, 1 = Yes)

9.2-8 LLM

HLERZE IR FN

Create in LLM Chat

CEETY

r=]"'rea’', ‘green'])

olor«'blue’, edgec

slor="purple')

")q-/x
\ o

lor="black")

= )

Run in 10§

Age Distribution

500

Fare vs, Age

| 440
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VgEF> 1750 MERBERSFREIIMAEE

ETL

[7]

Kaggle 1,355,998

[157]  9.2-9

1000

9.2-6

53,963

12




Machine Learning from Disaster

HLEBEIFNIOW | 442

Submit Prediction

Data Code Models Discussion Leaderboard Rules
Titanic Tutorial -~ 16918
Updated 3y ago
20858 comments « Titenic - Machine Laarming from Disaster @ Golg
Titanic competition w/ TensorFlow Decision Forests - 1098
Updated 2y ago
Score: 0.80143 « 318 comments « Titanic - Machine Learning from Disaster 9 Golg o=
Titanic Data Science Solutions - 10723
Updated Sy ago
2590 commants - Titankc - Machine Learning from Disaster 9 Goig =
Exploring Survival on the Titanic - 3968
Updated Ty ago
Score: 0.80382 - 1072 comments - Titanic - Machine Learning from Disaster ® Gold o
9.2-9 53,963 Pipeline Kaggle
150 [157]
9.2-9
CAD -
Kaggle
2 train.csv

LLM
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2 LLM
® 08 & ttanic_predict.py
! impert pandas as pd
) 2 import seaborn as sns
- * import matplotlib.pyplot as plt
— 4 from sklearn.model_selection import train_test_split
5 from sklearn.ensemble import RandomForestClassifier
© from sklearn.metrics import accuracy_score
T —
con ® 5 ® A ttanic_predictpy
.4‘ B ! ® Load the dataset
o
L ] : train = pd.xead_csv('train.csv')
® 59 & tranic_predictpy
¥ Convett categorical dats
train('Sex'] = traini'Sex'] . mop({"male’: o, ‘female': 1}
train = train.dropna(sutset«['Aga‘}) # Reoove miusing age values
‘
8 Select relevant features
features = ["Pelass’, 'Sex", 'aAge", 'SibSp', “Parch', ‘Fare’)
X =« train[features]
y = train['Suzvived']
A Split the dataser Inte ErRining ane TESTINgG s&t1s
X_txain, X_test, y_tzain, y_test = train_test_splitiX, y,
teat_size=8.2, random_state=42)
o .|T|'. 4 N Train tne nodel
t__ 1% model = RandoaForestilossifieri{n ecatimatore=108, random statesdl)
‘—- 0 1¢ model.fit(X tzain, y_train)
—
# Make predgictions
y.pred = model.predict(X test})
21 & Evaluate accuracy
JcCuUTacy = accuracy_scorei{y_test, y_pred)
1 print(f'Model Accuracy: (accuracy:.2f)')
-
9.2-10 LLM Random Forest
LLM 9.2-10

RandomForestClassifier
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Kaggle test.csv 9.2-7 train.csv
9.2-6
test.csv
80%
9.2-10 model.predict
ll25
model.predict 1912
80% 9.2-11
WILL |
SURVIVE OR
WONT 17
m —M- 2 J-No-No-106—
© - L . A py
..... _passenger = pd.Datafyase(['Pelass': [2), "Sax': [0) AY (251 ivsp 1 ¥ h I ¥ [1e
prediction « wodel.predictines passenger)
print{“Suzvived" it predictionle 1 nlas *Did pot survive')

9.2-11

DID NOT SURVIVE

80% probability

80%
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model

structured
formats — AI

Q) —

historical data future data

9.2-12

9.2-13

FEATURES

= DX BF x [ x 1Y
Size of Land Number Location
House area of rooms (Latitude &
Longitude)
CLASSICAL
= -37.7996
. = 200m? 500m? 6
2Min m? X m? X X 144.9984
9.2-13

9.2-14
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FEATURES
A

i / @"\.

b= hox T x B x 19
House Size of Land Number Location
price House area of rooms (Latitude &
Longitude)

ML

XMIn.= A X B X C X D E

9.2-14

9.2-15

¢ Time '

training
dataset

v
-]

' SRS

Algarithm

'] Cost

adeaford cecath |

f

i

[ o= == = -

9.2-15 ML
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9.2-16

RHIE

FIREFIRE

KNN
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m [

L £33 cuoien | XXX Days
B oot [ $X XXX

9.2-17

9.2-17

[159]
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9.3.
HIBAN e S TN Al 2= A HAPR

AT EHINE AN ER ARG

ML

Predictions

How long will we build?

o

Numbar of Numpber Project

How much will it cost? ] ! . ; o apartments | of floora | complexity

I +, Machine
(i - H |
" .a; ~ learning '
e Py [
| b . . '
I I
l_- ‘_-‘ ______ |
9.3-1

9.3-1
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100 10
1 10 10 100 10
50 5
9.3-2 50 5 7 2
80 9
270 330 450 580

Ihe kay porometor of the project

Construction Numbear of Number Project
project apartment | of lloors | complexity

i
09 ENEIER R

9.3-2 X

40 4 7 X

9.3-2
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9.3-2
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Linear Regression

Onginal Data
- Regression Line
30t
. 25¢
=
L
e}
9
s 20
=
o
©
c
215
[
a
10
5t
0 2 4 - 8 10
Independent Variable (X)
9.3-3
X Y
X Y
9.1-7
9.3-2 LLM
2 LLM CHATGP, LlaMa, Mistral DeepSeek, Grok, Claude, QWEN
X

9.3-2
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2 LLM

Create in LLM Chat

COETY

ece # Linear regresson py ‘.;

from skleaxrn.linear_model import LinearRegression
import numpy as np

# Datas from the image
# Features: Number of apartments, number of floofrs, project complexity
X = np.array((
(5 7,.2],
[8, 9, 6],
[3, 5, 3]
1)

# Taregets: Time (days), Cost ($)
y_time = np.array({276, 336, 236])
y_cost = np.array([4582080, 5756008, 3262890])

# Croating 1inear regression » del for time and cost
model_time = LinearRegression()
model_cost » LinearRegression()

# Training the models
model_time.fit(X, y_time)
model_cost,fit(X, y_cost)

# The new project's features

X.new = np.array(({¢, 4, 7]])

# Predicting the time and cost for the nev pro
predicted_time = modei time.predict{X_new)
predicted_cost = model_cost.predict{X_new) /

N ZEE )

Run in IDE

predicrec_time, predictred_cost

/
|
\

(array([238.44444444)), array([3042337.77TTTIT18]))

9.3-4LLM

LLM 93-4- 6

9.34- 17-22
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X 40 4 7 9.3-2
X 9.3-4- 24-29

MEILHES 238 (238.4444444)

S H $3,042,338 (3042337.777)

K-Nearest
Neighbours k-NN X
M K P& AT B AT 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=2
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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. |

7
' ® o
o EEEER

Of

"; L piomect 1« (57 2

! (4]

e U9 e
| L} | )

‘ | -
L ! ' S
3 ® .

9.3-5 K-NN

k-NN

IR

« TEBE: 9.3-5

= HEEFFIEE K DELE K

o BENEHREVERISE: K
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k k-NN

9.3-6

X $ 380 250

k-nearest neighbors algorithm

' 5,92\/ _
ﬂ"- [’ 6,48 3¢
l,m«

+ /
+/l-' 3882000

9.3-6 K

k-Nearest Neighbors k-NN

k-NN
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9.3-7

N-DIMENSIONAL TASK

i F R R R == SR R T
Rl (ool 5 (72 ol [
¢ N R N
» AR
¢ AR
7 N R I N N O
L AAEEREREEEEE

v
E"EUCLIDEAN SPACE

7

$ 3,042,338 9.3-4 k-NN 250
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Python
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CSV  XLSX
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10.1.
FrUlE: BImsNE

KEKMARTE: BROTBIARE

1.1-5
20
Financial
A Indicators A—
andar
Quantitative . r 9{0"5

measures

Correlations Implicit
and trends L relationships
N between
Predictive
& Analytics
Process ‘ '

optimization Machine

‘ Learning

Resource
planning

factors

10.1-1
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LLM

Al LLM

19
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SaaS --

SaaS SaaS

[46]

Matthew Berman Forward Future

7.4-1 - Apache Airflow NiFi

ERP PMIS CDE CAFM

/ 7.4-6



CRM

Python

T RHFDRE:

10.1-3

[AI]

Dynamics

[.].

GitHub  Copilot

Copilot

GitHub Copilot

Copilot  Excel

Python Excel

- Satya Nadella 2024

ANTERE WA TAF=8]

20

12

CRUD[
Excel
Excel
Excel
BG2 [28]
20 30
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Minimize the impact of the human factor

Automition Artificin! Prosctiva risk

Rapidedaptationts: TTTONOeN00 managemant

B Integrated Complete
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Flaxibla processes

Prediction based on

big data staridards

ac ©©

10.1-3 20 21
"ETL--
ETL LLM RFID iR
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FREGERN Uber X ILA 2R AL LD

MESH - CAD (BIM)

ERP  PMIS

1.2-4 CQMS manager
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2016 [5]
20
Uber 10.1-4
Airbnb
20 years ago MO currently
' v
|
= RULES Il'
TAXI 3 CONSTRUCTION
BUSINESS @ PRICE BUSINESS
]
(Vx O COSTS :?T)

CAN LARN?Y l CAN EARNT
e e >
- .45
0
<O e |

Where do you é e What do you =
want to go? want to build? .

10.1-4 10 uber
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2020  [20]
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20
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RFID /
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"Uber "

INVESTOR 9

OR FINANCIA
|usrr:u11::: 4 TOMORROW
4
* BASED
SOLUTIONS SEARCH | ) ON DATA
AND DECISION-MAKING &

P
@ %ﬁ BASED
cost ‘ ON DATA
QUESTIONS
e = g BASED
CALCULATIONS oo ON DATA

.],—
oI m

OBJECT
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A B 10.1-5

CAD

- - 4.2-6

CAD "o ERP  PMIS

10.1-6 --



CAD

™ NVIDIA®

NeMo Curator [161]

[162]
Omniverse 2025
IFC
NeMo Curator Cosmos  Omniverse

10.1-6
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Cosmos

uUsD

Isaac Sim [163]

9.1-10
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10.2.
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[43]

1%
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Productivity in the US economy and the construction sector, by type

s Orverall labor productsaty

w= = Oyersl toral factor productivity

w— CONstruction sector labor productivity

- = Construction sector total factor peoductivity

10.2-1 1950-2020 [43]

2.1-2 1.2-4 1.3-2
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BEARFHEM: BARFHAFARY 1-5 PR

Data-driven Extierianes
decisions 3 8
based Llcjigéigiaosnesd
decisions
Reveal causal Can be refined Cannot'be
relationships between through decision Sy§temathally
facts and reality science to reduce improved
bias
10.2-2
2018
[164]
b
B EHFER 10.1-6
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MAERSFNFHHFK

RAVERF BRI E M

S 1 WIBRGABIRHITEHIT,

IT Draw.io Lucidchart Miro Visio Canva
ERP CAD CAFM CPM SCM
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C CSV  XLSX Parquet
C JSON XML
C " " 4.3-2
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4.3-7
RegEx 4.4-7 " RegEx

RegEx
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%34 K DataOps HLILAIZB TN,

DataOps

8

ETL -
() PDF 4.1-2 4.1-5 4.1-7 Excel CAD -
7.2-4 ERP -
0
7.2-8
(] 7.2-9 7.2-13 7.2-
16
QTO "QTO
0 5.2-5 CAD -
0 5.2-12
0 5.2-15
"Python Pandas " Python

Pandas
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DataFrame XLSX 3.4-6
Python
LLM 7.2-18
Python
7.4-2

DataOps

\%Fr

4.1-2

B4 QB2 SIEAEE SRS

PostgreSQL  MySQL 3.1-7

Google Drive OneDrive JSON
8.1-8
APl SDK
CAD 4.1-13
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HiPPO
"HiPPO " 2.1-9

("
(" Python pandas LLM

4.1-3 4.1-6
C 3.2-15 4.3-6 4.3-7
C LLM

3.4-1

C (IDE) LLM

4.4-14 5.2-13

KPI

[165]



(&)

KSR IRN T3 ARSETER | 488
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Parquet CSV JSON XLSX

8.1-2

3.1-14

XLSX, CAD
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Usb g¢gITF DAE OBJ

- 8.2-1

-~ 8.2-2

Apache Parquet, CSV, ORC PDF,

8.1-2
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