- -
*x
x |
»

‘o)) NorheastPloleum ey

_Faeand 5E

Architecture for Intelligent & Digital Oilfileds Based-on Al & BSV

General Introduction to IT & Al Applications in Daging Oilfield
Especially for the South Sudanese Visiting Group

Seminar on Digital and Intelligent Transformation

Arthur Quan wang” -
Technical Expert, Snr Engineer, Professor
Deputy GM, Headquarters of Shale Oil of Daging Oilfield Co., Ltd.

Email: wanggquan@petrochina.com.cn Web Site: https://arthurgwang.qgithub.io or https://www.holomind.com.cn

Daging, Dec 10, 2025


mailto:wangquan@petrochina.com.cn
https://arthurqwang.github.io/
https://www.holomind.com.cn/

\  Warm Greetings! Welcome!

‘ T'm Arthur,
the hot very famous Arthur

We are friends,
Even though we do not know

each othervery much; e Do
Fven though we are so different.
But, | miss U, do U believe ? =

From the moment 2 months ago ...




WarmlGreetings!iWelcome!
IymPATEOU

You Can:

Kick me off anytime;
., Interrupt me anytime;
. Ask me anytime;
. Teach me anytime;
Say NOI anytime;
Say Oh Yeah! anytime...



My Key Idea

Intelligent & Digital Oilfield ( IDOF ) , as an open complex system, and a big system,
IS an excellent example for the integration of IT/Al and industry, and New Quality Productivity,
and the New Development Philosophy, which is @ new and strong prompting policy from the
central government.

IDOF, as an advanced concept and an ideal should go the new way of industrialization,
following the principles of Big Systems View (BSV, a kind of totally new systematic
philosophy), combining the Chinese wisdom and the Western methods.

@@@]ﬁm&, a lb)@m@[hma][r[k; ofChineselindustnry,
AlserralbenchmaicoflFeIAllapplicaticniiniChinas
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Digital Earth
Former U.S.Vice President Al Gaté98

Digital Oil Field
DagingOilfield, 1999

Theoretical Bbates
World Wide, 2000

General DOF
DaqgingQilfield, 2003

IDOF
World Wide, Now

In 1999, Daging: Oilfield
Company: formed the
concept, Digital' Oil Field
(DOF).

DOF
was born
iIn Daging
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Old Logo obagingQilfield before 2000
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Background behind DOF
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Central government

IT promotes industries, and industries
accelerate IT development

Daqing Oilfield Co., Ltd.

Reform, New Issues & New Answers

T promotes E&P,
and E&P accelerates
T development

[e09S) [eJaua9s)

Digital Oilfield



Relation between DOF and the
General Strategy of Daqing Oilfield

General Strategy of Daqmg Oilfield

Strategies
for
DOF

The 100 yr oilfield must be a DC
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- Integration of IT and Industry

Technolo
‘ Converge(':r]\%e S
Technology > ’
Technology b Convergence :

Technology Convergence
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Product

Produ
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Industrial Industrial Industrial Industrial
Sector 1 Sector 2 Sector 3 Sectorn

Real needs are the internal pushing power,

and technologies make the environment

HARQING

CentralD 2 @ Q (i
the new way of
Industrialization

DOF iIs one of
the best

practices
for Il



Words in China, Japan and in the East

Industrialize
Industrialization
Automatize
Automatization

Informatize
Informatization
Information
Informationization

Digitization
Digitalization

Oilfield, OIl Field

_ o not only a siteppcs but also an organization, an
Intelligentization

Construction =big, longi SN O2 YLX SE X
Engineering, System,



The route of IT/Al Application in Daqing Oilfield
falls into 4 successive phases

Phase 1 |
@ Primary Applications doc-m @dpn Qa s YIF G K O2 YL

processing, several professional software apps.

Phase 2 |

@ Networks and Intranet1999- 2010 Daging Oilfield Intranet
was set up, and MISs, IT services developed quickly.

Phase 3 |

@ Digital Oil Field :2010¢ 2020 Automated data&ollection,
productionautomation via SCADA and InterneTbings(IOT

PBRESEA ntelligent Oil Field

@ 2020¢ , Big Data, 10T, Cloud Computing, Aé

Rich data will create intelligence




Before DOF
Phase 1: Primary Applications

since 1961, electric computers have been used in more and more areas in Daqing OilField:

A oilfield exploitation A reservoirs simulation
A petroleum geology A reserves calculation
A well-logging interpretation A operational data table drawing

A seismic data processing and interpretation A developing plan making ...

S 7 SRR

In 1961, first Chinenade electric computer helpddagingQilfield to Ly K SDISB@ompaer >
compute the famou446 plan made in China



Before DOF

In the 1980’s,

We set up the first oilfield production MIS in whole China, on a China
made computer.

Helped by the Cyber computer , made in the US.

Cyberl180



Before DOF
Phase 2: Networks and Intranet

Late 1990’s

Internet, Web, C/S and B/S apps,
Databases,

Home Page, Email, Search Engine
OA, MIS, Professional software
Daqing Oilfield Intranet/Extranet
From top to bottom, from HQ to sites
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Phase 3: Digital Qilfield

In the winter of 1999, the story |
of DOF began eee DOF was from Digital Earth

wwwidaging.com

Concept of DOF Changing
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First official doc

describing DOF
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Definition of DOF

Digital Earth is a virtual reference object of the Earth with
multiple resolutions, thredimensional representations,
and embedded massive geographic coordinate sykitm

Digital Earth Is a virtual representation of the Earth, which
can gather natural and cultural information of the Earth.
People can explore and interact with this virtual entity.

IS a virtual representation of a certain oilfield,
which can gather natural and cultural information of the oilfig
and people can explore and interact with the virtual entity.

Digital Earth
Albert Arnold Gorelr 1998

Digital Earth Conference
University of Marylandi999

Digital Oilfield
DaqingQilfield, 1999



In 2003, a documenT,he Research on the Modes and the Developing Strategies of Digital Oilfield of Daging Oilfield

Ltd., by ArthurQuanWang,published
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Technical
DOF

General
DOF



Comparison of Different Modes

[esnaloay
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Practical



Connotation of DOF

Technical DOF
General DOF

2
D
>
D
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A Models from Digital Earth applied @il&gas
A Virtual entity of natures of an oil field

A Integration of all apps in an oil field

A Digital model of amil&gasenterprise

A Digital entity of an enterprise

A Digital HR




Connotation of DOF

Technical DOF

Focus on the technical meaning

GIS, Spatial data,

Multi-class resolution capacity,
Great massive data,
Integration of information,
Multimedia, Virtual,

Digital entity of oll fields,
basins, structures, traps,
reservoirs, pipelines,

X

<~

General DOF

Not only the technical objectives,
But also management objectives.
Part of the overall development
strategy in oilfield enterprises.

TotallyInformatized
Digitized , Networked ,
Smart, Visible




Support from DOF

Oilfield surface

R&[D)

3D
reservoir
simulation

Business
ARYEMEn]t:

Visible
drilling &
bore | Business

flows and
ERP



The Research on the Modes and the Developing Strategies of Digital Ciiaefithg®Dilfield Co., Ltd2003

: - r
Enterprise Reengineering SUEC)Y
Portal KMS Sy | Integration

cle Domain Apps Application

Geologic Models
Digital Earth Model g Model

Knowledge

Data Warehouse

Data Master DB

Oilfield
DB

Source Data

IT Infrastructure Environment

DagingOilfield



The Research on the Modes and the Developing Strategies of Digital Ciiaefithg®Dilfield Co., Ltd2003

A
Enterprise Reengineering Strategy

Application
Model
S Knowledge
Technical L )
Digital Data Warehouse
Oilfield 5 .
Data Master DB

Source Data

Environment

DagingOilfield



Phase4: Intelligent Oilfield
2010MH2020¢ , Big Data, 10T, Cloud Computing, Al, LLM

Intelligentand Digital Oil Field (IDOF)

.
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DOF In the Worlc

during the same period

DOF XFleld

D s &

Smart Field

e-Field -Field



DOF In the Worlc

during the same period

» Smart Field (Shell)

measuremodetO2 y (i N2 f  -midgleMétide®xdatiis
Xod GKNRdAzZAK2dzi GKS FaasSa fAaAFSoe




DOF In the Worlc

NOToll field

during the same period

Smart FielC

Shell@ Smart Fields technoloqy ... integrates digital information _
technology with the latest drilling, seismic and reservoir monitoring
techniques to provide energy more efficiently. Fields can be unmanned,

enabling engineers anywhere to operate them remotely. By
Monitoringa continuous flow of information, engineers can act swiftly

to Optimizeproduction. Operations which might once have taken
several weeks to complete may now take only hours.

Smart Fields technology could increase the average amount of
Broductlon with 10% and oil recovery from a field by around 8%. It also
oosts production rates.

Smart Well

cimprove the overall recovery of hydrocarbons from the reservoir

oadd resources by connecting multiple reservoirs to the well

cincrease oil production and the control of unwanted fluids, including oil and gas
oreduce the number of wells otherwise necessary to drain resources

oreduce maintenance and providing the associated cost savings

cinsure against geological and reservoir uncertainties




DOF In the Worlc

during the same period WhatIS e_FiEId (BP)

Ae-Fieldis technology and business processes that prowégdétime, continuous,
andremote monitoringand management of assets from reservoir to pesfisale.

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Subsurface

____________________________________________________________________________________________________________________



DOF In the Worlc

during the same period

bp

the eField vision (BP)

Je-Field allows BP to:

A eliminate surprises itieservoir and facility
performanceby observing and controlling fluid
movement

A radically transform the way we woikt the field and

IN the office,integrating upstream disciplines and
enhancing HSE performance

A make faster management decisions that align with
business models and market drivers.

Ay 2005, personnel will be able to:
A frequently acquire seismic images of the reservoir
A capture, monitor, and analyze field data in r¢iahe

A review up to the minute integrated reservoir, wells, &
facilities models

A use portals and new visualization tools to access data,
interpretations, and models.



DOF in the Worlc VISION (Halliburton)

during the same period

Real-time
collaboration
(Schlumberger)

Real-time
Resistivity

Decisions at wellsite

Update of
execution plans
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Saudi Aramco
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VP Refining

Common To: Refining (Core) Content Gas Plants QOil Producing

Yanbu Uthmaniyah SGP

RESHERT]E!




DOF vs XFleld

Digital Oil Field XField

Vertical From bottom to top. Sites, Fields, Wells
Few about management

Horizontal Fromtech to  mngt People and departments
Professional Apps, MIS, ERP. | related to sites
Whole chain.
Thinking View from IT. View from real apps.
view
Complexity Science, tech, mngt é Basic, Simpler

XField , a partof TechDOF
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What'’s past is prologue.

Today,
the era of artificial intelligence hemrived!

William Shakespeare

AI (Artificial Intelligence )

A New tech
A New mode
A New element

BSV (Big systems Vlew)

A New philosophy
A Newepistemology
A New methodology




Py Infermation

The  future dominated

Big Systems View: new
Developmentt of HumamCivilization dromom BSV

3rd Industrial RevolliLcn

Revolution ?L <

- _ 4 Intelligence
AULoM A el T

4th Industiial

2nd Industrial
1st Industrial Revolution

Revolution

Electric Power

Steam Power

"""‘"'92}#'*“ o -, : ‘ Do D;)) j;;D s
Fw 12« 22 )& .ﬁ :& 1@ ‘ ‘ ‘ E E_J
4 Animal Power ,.ﬁ o ‘ Al oy~ N
| T 3 ~ 4
First

Generationn

Collectionn -- Processing: -
Matter Energy./ Infarmatio n/Al

philosophy in‘the Al era

Digitah! Twim
Metaverse-
Bleckchainn
Quantum Computing ¢
All
Web 2.0) -+ T
Al systems
have become

new important
production
factors and

management
objects



The Development History of Al
1 Establishment stage (1950s-1960s)

Concept proposal :In 1950, Alan Turing proposed the Turing Test

Important Conference : In 1956, McCarthy, Minsky, and Shannon organized the Dartmouth Conference

to propose the concept of artificial intelligence

Preliminary exploration  : establishment of theoretical foundation and development of basic algorithms
2 Research and application exploration stage (1960-1970s)

Expert System : Utilizing Rules and Knowledge Bases to Imitate Human Reasoning

Natural Language Processing : 1966 Natural Language Processing Program
3 Low point and recovery stage (1970-1990s)

Low point period : limitations of expert systems, "Al winter

Recovery and Growth : Late Stage Neural Networks and Machine Learning Recovery

4 Modern stage (2000s -)

Technological innovation  : breakthroughs in computing power, big data, and deep learning, astonishing
progress

Widely used in various industries such as autonomous driving, natural language processing, medical
diagnosis, intelligent recommendation systems, etc :

Big Language Model : GPT Series for Deep Understanding and Generative Ability of Natural Language

‘5 Future prospects

Al will become the key force leading technological progress and social change. Going deep into various
industries to achieve unprecedented innovation and efficiency improvement



Threee Majonr Scliootsls off All

Based om the-understandingrof intélligence nce

| know principles

Symbeolishm

—
8 A Based onthe Philosophy of Logical Analysis
o A Intelligence = Calculation + Judgment
L A Emphasize rationality, logic, models, and causality
) A Expert system, logical analysis and deduction: ~ Maple(UW)
=,
S
= P | have friend
Z| Connectionismm - haveinenas
A Based on System Theory
A Lgwhooljhgw A Uhodwlrgvkl s2Frggq
A Emphasize phenomena and reasons rather than causes:
Cockf urzlqj zZz Euljkw vn|
A Big data correlation analysis S
R Just do & feel
Behaviorisain

A Based on Cybernetics : Intelligence=Perception 4 ActiO
A Emphasize control and collaboration
A loT, intelligent control, autonomous driving,

digitalization of oil fields

Ajigisuasiesnoeld

Early
1G Expert System

1968: DENDRAL
ChemES

W2 @ Narrow
: Domain
Feigenbaur®

Mid
2G Expert System
1990: Top

Various Industries

Dead due to
excessive rationality

| mprovement

Algorithms emerged
Limited by hardware
Development of
Cloud computing &
GPU

Late

New Expert System
2012 Google
Knowledge Graph
Learn from Connectionis
Rapid
Development

2022
OpenAl

«“

@ K
GPU+BD+LLM

011 artificial neurons

yI\/\P {Xllo[jel
{ 1949
Hebb Google: Transforgger
Outbreak .—_—‘7 - — - — — N

Automation
Wiener
1948
Cybernetics

Qian Xuesen
1954

Engineering

Cybernetics

&
&

Growth

Digital Control

Industry and other
sectors widely used
Auto - production
Industrial robot
Digitalization of oil
fields

Intelligent Control

Application in all fields
Visual perception
Intelligent Driving
Intelligent remote
control

Drilling guidance




Threee Majonr Scitoolsis off All

Advantage®f schoolan different historical periods

Symbolism

Behaviorism

— Early — Mid — Late

Connectionism

Future

Early : Rationality - Symbolism dominated - Expert Systems
Mid : Sensibility - Behaviorism took center stage - Automatic Control

Late / Now : Sensibility - Connectionism Explosion (Large Language M
- Integration of Knowledge and Action

Future : Sensibility+Rationality

Inclusion relationship of concepts in Al

odel

- Super Intelligence

AGI/ASI
Agent

ChatGPT

karge Language Model

Deep Learning

Symbolism

Machine Learninc
Artificial

Neural Network'@/°"sm

Connectionism



Basi¢c PrinciplesSes off LILNVIA

Lange: Language-Model(LLIN)VI ) is a rapidly emerging:¢ conmectionisimnm Alitechnology;y .
mainlyybasedionn artificial:-neuwral-nétwarkork algonthmss
(CNN/DNN/RNN/FCON/GANAransiermer/«x). fullyully imitaiing thehlhumanan braihss

Imitation of Structure  : Artificial Neurons (Brain Cells) t ANN t Atrtificial Brain

Imitation of (;Jg}gantity : reaching and surpassing the total number of human brain cells by over 100+ billion
) i A R

) - [(§ )

“Kfeurons in the human  brain Artificial neurons
Working via electrical signals Model & Code in Computers

it )7 4 i

Artificial neural networks
~100 hillion nodes 100+billion/more nodes

Neural network of human brain



Basic Principles of LLM

In terms of algorithms , the recent success of LLM is mainly due to two reasons

» Convolutional Neural Network (CNN)

Great success has been achieved in areas such as
computer vision (CV)

(a) Diagonal line node

£ SR G BU . "
6 (b) Face node
o ARR55
23)

(c) Cat node =
RS 0

» Transformer(Google © ChatGPT)

. ANN with Attention Mechanism

. Significant breakthroughs have been made in
natural language processing (NLP)

., Attention Mechanism : maintaining coherence
before and after dialogue



