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In 1999, Daqing Oilfield
Company formed the
concept, Digital Oil Field
(DOF).

DOF 
was born
in Daqing

Digital Oil Field
DaqingOilfield, 1999

Theoretical Debates 
World Wide, 2000

General DOF
DaqingOilfield, 2003

Digital Earth
Former U.S.Vice President Al Gore, 1998

IDOF
World Wide, Now



Background behind DOF

WHY

i g i t a l i l f i e l dOO

Old Logo of DaqingOilfield before 2000

Lƴ ǘƘŜ ƭŀǘŜ мффлΩǎΣ  ǘƘŜ ǘƛŘŜ ƻŦ LƴǘŜǊƴŜǘ Χ
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High Level, High Benefit, 

SustainableDevelopment

100  yr  Oilfield

Digital Oilfield
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Strategies 
for
DOF

The 100 yr oilfield must be a DOF



Central DƻǾΩǘ
the new way of 
industrialization

DOF is one of 
the best 
practices

for IIIReal needs are the internal pushing power,
and technologies make the environment

III = Integration of IT and Industry

IT
Support

1



Information
Construction

Informatization
Construction

IT Construction

Words in China, Japan and in the East 

Industrialize
Industrialization
Automatize
Automatization

Informatize
Informatization
Information
Informationization

Digitization
Digitalization

Intelligentization

Construction = big, long-ǘŜǊƳΣ ŎƻƳǇƭŜȄΧ
Engineering, System,

Oilfield, Oil Field
not only a site, opcs, but also an organization, an enterprise

*- ization
suffix



Primary Applications:мфслΩǎ-мффлΩǎΣ ƳŀǘƘ ŎƻƳǇǳǘƛƴƎΣ Řŀǘŀ 

processing, several professional software apps.

Networks and Intranet:1999 - 2010, Daqing Oilfield Intranet 

was set up, and MISs, IT services developed quickly.

Digital Oil Field : 2010 ς2020, Automated data collection, 

production automation via SCADA and Internet of Things(IOT)

Phase 1

Phase 2

Phase 3

Rich data will create intelligence 

Phase 4 Intelligent Oil Field
Hot,

hot,

hot

2020 ς, Big Data, IOT, Cloud Computing, AI, LLM
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In 1961, first China-made electric computer helped DaqingOilfield to 
compute the famous 146 plan

Phase 1: Primary Applications

Lƴ ǘƘŜ мфтлΩǎΣ DJS-6Computer,
made in China

Before DOF



Cyber180

Before DOF



First Homepage of DaqingOilfield

Before DOF
Phase 2: Networks and Intranet



Concept of DOF Changing
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DOF was from Digital Earth

Phase 3: Digital Oilfield

First official doc
describing DOF

IT Plan 2001 of 
Daqing Oilfield Co. Ltd.
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O
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http://image.baidu.com/i?ct=503316480&z=0&tn=baiduimagedetail&word=%B5%D8%C7%F2&in=13827&cl=2&lm=-1&pn=0&rn=1&di=6152096955&ln=1&fr=bk&ic=0&s=0&se=1&sme=0&tab=
http://image.baidu.com/i?ct=503316480&z=0&tn=baiduimagedetail&word=%B5%D8%C7%F2&in=13827&cl=2&lm=-1&pn=0&rn=1&di=6152096955&ln=1&fr=bk&ic=0&s=0&se=1&sme=0&tab=


Digital Earth is a virtual reference object of the Earth with 

multiple resolutions, three-dimensional representations, 

and embedded massive geographic coordinate system data.

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.

Digital Oilfield is a virtual representation of a certain oilfield, 

which can gather natural and cultural information of the oilfield, 

and people can explore and interact with the virtual entity.

Definition of DOF̹

Digital Earth
Albert Arnold Gore Jr, 1998

Digital Earth Conference
University of Maryland, 1999

Digital Oilfield
Daqing Oilfield, 1999



Digital Earth
Digital oil field is a branch of Digital Earth, and Digital Cities, Digital agriculture and 

other similar, emphasizing the guiding role of Digital Earth and the role of GIS.

Geological Model 
Digital oil field is the field of digital geological model.

Emphasizes that geological entity model of simulation capabilities, interactive and 

geological properties of granularity.

Engineering
Digital oil field is the field of professional application integration body.

Emphasize the application of system integration, data sharing and overall practicality.

Information Management
Digital oil field is the enterprise nervous system.

Emphasize that information flow, business flow, knowledge management, collaborative 

work environment and decision support.

Enterprise Reengineering
Digital oil field is the digital oil field business.

Emphasis on information technology in oilfield's comprehensive, in-depth application, 

taking into account the various genres of digital oilfield technology features and the 

transformation of the business entity.

Attentionto therationalizationandoptimizationof resources,highlightingthestrategic

importanceof digital oilfield.

Technical

DOF

General

DOF

In 2003, a document, The Research on the Modes and the Developing Strategies of Digital Oilfield of Daqing Oilfield Co., 
Ltd.,  by Arthur QuanWang, published

SCHOOLS
AND
MODES 
OFDOF



SCHOOLS
AND
MODES 
OFDOF

Comparison of Different Modes

Practical

Enterprise

Reengineering

Digital Earth

Geological 

Model

Information 

Management

Application 

Engineering
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Connotation of DOF

Technical DOF

General DOF
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ÅModels from Digital Earth applied in oil&gas
ÅVirtual entity of natures of an oil field
Å Integration of all apps in an oil field
ÅDigital model of an oil&gasenterprise
ÅDigital entity of an enterprise
ÅDigital HR



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 oil fields, 
basins, structures, traps, 
reservoirs, pipelines,
Χ

Connotation of DOF

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

Totally Informatized,
Digitized , Networked ,
Smart, Visible



3D 
reservoir 

simulation

Oilfield surface 
GIS

Seismic

Visible 
drilling & 

bore

Portal of 
enterprise

e- Business

Work -
flows and 

ERP

Policies 
manageme

nt

decision -
making 

based- on 
VR

Support from DOF

data

Apps



Digital Oilfield Reference Architecture ( DORA )

Enterprise Reengineering

Portal

Domain Apps MISs

Geologic Models Enterprise Model 

GIS

DB

GIS

Basic

Oilfield

DB

E&P

DB

Oilfield

Engineering

DB

Storage &  

Transportation

DB

Operation & 

Management

DB 

Source DBs

Integration

Strategy

Application

Model

Knowledge

Data Warehouse

Master DB

Source Data

Data

é

Thematic & Knowledge Data Marts

Digital Earth Model

IT Infrastructure Environment

Data Warehouse

ERP SystemsKMS

The Research on the Modes and the Developing Strategies of Digital Oilfield of DaqingOilfield Co., Ltd.,  2003

Accepted
Widely

DaqingOilfield



Digital Oilfield Reference Architecture ( DORA )

Enterprise Reengineering

Portal

Domain Apps MISs

Geologic Models Enterprise Model 

GIS

DB

GIS

Basic

Oilfield

DB

E&P

DB

Oilfield

Engineering

DB

Storage &  

Transportation

DB

Operation & 

Management

DB 

Source DBs

Integration

Strategy

Application

Model

Knowledge

Data Warehouse

Master DB

Source Data

Data

é

Thematic & Knowledge Data Marts

Digital Earth Model

IT Infrastructure Environment

Data Warehouse

ERP SystemsKMS

Technical

Digital

Oilfield

Accepted
Widely

DaqingOilfield

The Research on the Modes and the Developing Strategies of Digital Oilfield of DaqingOilfield Co., Ltd.,  2003



Intelligent and Digital Oil Field (IDOF)

ITἏ ֬

Sensor
Layer

Network
Layer

App
Layer

Upgrade

VM Ware

Phase 4: Intelligent Oilfield
2010 Ҧ2020 ς, Big Data, IOT, Cloud Computing, AI, LLM

DOF 2.0 ?
Smart OF ?
Wyse OF
Internet of things for OF
Cloud Computing

IOT
automatic data 

acquisition
operation control

Cloud
Computing

Based-on DORA



DOF vs xField

Smart Field
e-Field

i-Field

é

DOF in the World
during the same period



The Smart Field (Shell)
measure-model-ŎƻƴǘǊƻƭ  Ҧ ƳŜŀǎǳǊŜ-model-decide-execute

ΧΦΦ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŀǎǎŜǘ ƭƛŦŜŎȅŎƭŜ

DOF in the World
during the same period
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monitoring

optimize

Smart Field

Smart Well
ѻ

ѻ

ѻ

ѻ

ѻ

ѻ

NOT oil field
DOF in the World

during the same period



What is e-Field(BP)

Åe-Field is technology and business processes that provide real-time, continuous, 
and remote monitoring and management of assets from reservoir to point-of-sale.

DOF in the World
during the same period



the e-Field vision (BP)
Åe-Field allows BP to:

Åeliminate surprises in reservoir and facility 
performanceby observing and controlling fluid 
movement

Åradically transform the way we work at the field and 
in the office, integrating upstream disciplines and 
enhancing HSE performance  
Åmake faster management decisions that align with 

business models and market drivers.  

ÅBy 2005, personnel will be able to:
Åfrequently acquire seismic images of the reservoir
Åcapture, monitor, and analyze field data in real-time
Åreview up to the minute integrated reservoir, wells, & 

facilities models
Åuse portals and new visualization tools to access data, 

interpretations, and models.

DOF in the World
during the same period



VISION (Halliburton)DOF in the World
during the same period



OSPAS

Common-To-All Content

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

Ras Tanura

Rabigh
Riyadh

Yanbu

Jeddah

Uthmaniyah

Yanbu
NGP

SGP

SWI

VP Refining VP Gas VP E&P

Ras Tanura Rabigh Riyadh Yanbu Jeddah Uthmaniyah Yanbu NGP SGP SWI

Ras Tanura Rabigh Riyadh Yanbu Jeddah

Ras Tanura Rabigh Riyadh Yanbu Jeddah

Integrated refinery operation information
Integrated natural gas 
operation information

Integrated crude oil
operation information

Production and Operation Intelligent System Decision Center of Saudi Aramco 

DOF in the World



DOF vs xField

Digital Oil Field xField

Vertical From bottom to top. Sites, Fields, Wells

Few about management

Horizontal From tech  to mngt

Professional Apps, MIS, ERP. 

Whole chain.

People and departments 

related to sites

Thinking

view

View from IT. View from real apps.

Complexity Science, tech, mngt é Basic, Simpler

xField , a part of TechDOF





Today,
the era of artificial intelligence has arrived!

William Shakespeare

(Artificial Intelligence )

ÂNew tech
ÂNew mode
ÂNew element

(Big systems View)

ÂNew philosophy
ÂNew epistemology
ÂNew methodology



Development of Human Civilization from BSV

Matter Energy Information/AI

AI systems 
have become 

new important 
production 
factors and 

management 
objects

Collection - Processing - Generation

The future dominated by information
Big Systems View: new philosophy in the AI era

Digital Twin
Metaverse
Blockchain
Quantum Computing
AI
Web 1,. ľ

Agrarian Era

1st Industrial
Revolution

2ndIndustrial
Revolution

3rd Industrial
Revolution

4th Industrial
Revolution

Animal Power

Electric Power
Steam Power

Automation&IT
Intelligence



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

Expert System : Utilizing Rules and Knowledge Bases to Imitate Human Reasoning
Natural Language Processing : 1966 Natural Language Processing Program

Low point period : limitations of expert systems, "AI winter ".
Recovery and Growth : Late Stage Neural Networks and Machine Learning Recovery

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

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



Three Major Schools of AI

Symbolism
Â Based on the Philosophy of Logical Analysis
Â Intelligence = Calculation + Judgment
Â Emphasize rationality, logic, models, and causality
Â Expert system, logical analysis and deduction: Maple(UW)

I know principles

Connectionism
Â Based on System Theory
Â Lqwhooljhqw ʎ Uhodwlrqvkls2Frqqhfwlylw|
Â Emphasize phenomena and reasons rather than causes: 

Cock furzlqj ʐ Euljkw vn|

Â Big data correlation analysis

I have friends

Behaviorism
Â Based on Cybernetics : Intelligence=Perception ᵾ Action
Â Emphasize control and collaboration
Â IoT, intelligent control, autonomous driving, 

digitalization of oil fields

Just do & feel
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Based on the understanding of intelligence

Early Mid Late
1G Expert System

Feigenbaum

1968: DENDRAL
ChemES

Narrow
Domain

1990: Top
2G Expert System

Various Industries

Dead due to
excessive rationality

New Expert System

Knowledge Graph
Learn from Connectionism

Rapid
Development

Artificial Neural Network

McCulloch
1943

MP Model

1949
Hebb

I mprovement

Algorithms emerged
Limited by hardware
Development of 
Cloud computing & 
GPU

LLM

ChatGPT

GPU+BD+LLM
1011 artificial neurons

Google: Transformer

·

2022

Wave

Outbreak

Automation
Wiener
1948

Cybernetics

Qian Xuesen
1954

Engineering 
Cybernetics

Digital Control Intelligent Control

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

Application in all fields
Visual perception
Intelligent Driving
Intelligent remote 
control
Drilling guidance

Growth

2012



Early : Rationality - Symbolism dominated - Expert Systems
Mid : Sensibility - Behaviorism took center stage - Automatic Control
Late / Now : Sensibility - Connectionism Explosion ɊLarge Language Model
Future : Sensibility+Rationality - Integration of Knowledge and Action - Super Intelligence

Inclusion relationship of concepts in AI

AI

Machine Learning

ChatGPT

AGI/ASI
Agent

Expert
Systems

Symbolism

Automatic
Control

Behaviorism

Connectionism

Artificial Neural Network

Three Major Schools of AI

Advantages of schools in different historical periods

Symbolism

Behaviorism Connectionism

Early Mid Late Future

Large Language Model

Deep Learning



Large Language Model (LLM) is a rapidly emerging connectionism AI technology, 
mainly based on artificial neural network algorithms 
(CNN/DNN/RNN/FCN/GAN/Transformer/...): fully imitating the human brains

Neurons in the human brain 
Working via electrical signals

Artificial neurons
Model & Code in Computers

Neural network of human brain
~100 billion nodes

Artificial neural networks
100+billion/more nodes

Cell
Imitation

Overall
Imitation

Imitation of Structure : Artificial Neurons (Brain Cells) † ANN † Artificial Brain

Imitation of Quantity : reaching and surpassing the total number of human brain cells by over 100+ billion

Basic Principles of LLM



�• Convolutional Neural Network (CNN)
Great success has been achieved in areas such as 

computer vision (CV)

�• 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

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

Basic Principles of LLM


