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Artificial Intellligence: 
An Introduction





AI Models
AI models refer to different approaches or frameworks that are used to represent and solve problems in the field of AI.

These models provide a structured way to understand and analyze complex systems and make intelligent decisions.

Source: https://stanford.edu/~shervine/teaching/cs–221/

AI models define how an agent perceives, reasons, and acts.

Different models suit different environments and tasks.

https://stanford.edu/
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AI Models

Reflex-based Models

A reflex-based model simply performs a fixed 
sequence of computations on a given  input. 
Examples   include   most   models   found    in 
machine     learning,     from     simple      linear 
classifiers to artificial neural networks (ANN).

Direct mapping from percept to action;
No memory or internal state;
Fast but limited intelligence.



AI Models

State-based Models
Reflex-based models are too simple for tasks that require more forethought (e.g., in 
playing chess or planning a big trip). State-based models overcome this limitation.

AI agents solve problems by moving between 
states using actions.

Many AI tasks can be framed as:

The world has a current situation (state)

The agent can take actions

Actions change the world into a new state

Goal: find a sequence of actions to reach a goal state

 Used in:

Pathfinding (maps, robot navigation)

Puzzle solving (8-puzzle, Sudoku)

Automated planning

Game AI



AI Models

Core Components of a State-based Problem
A problem is defined by:

1.State space: all possible states

2.Initial state: where we start

3.Actions / Operators: what can be done

4.Transition model: how actions change states

5.Goal test: how to know we’re done

6.Path cost (optional): measure of solution quality



AI Models

Search without knowing where the goal is.
Common methods:

BFS (Breadth-First Search)：expand shallowest nodes first

DFS (Depth-First Search)：go deep first, backtrack later



AI Models

Variables-based models
Logic-based models are a way to represent AI 
problems using formal logic (such as propositional 
logic or first-order logic), where:

Knowledge is written as logical statements (facts and 
rules)

Reasoning is done by applying inference rules

The system can derive new conclusions that logically 
follow from what it already knows

Logic-based models help AI:

Represent human knowledge clearly

Perform reasoning step-by-step

Explain why a conclusion is true

Support rule-based decision systems

Used in:

Expert systems (medical diagnosis, troubleshooting)

Knowledge graphs + reasoning

Legal reasoning

Automated theorem proving

Rule-based agents



AI Models

Components of a Logic-based Model

A typical logic reasoning system includes:

Symbols (objects, properties, relations)

Facts (what is known)

Rules (if–then relationships)

Queries (questions asked to the system)

Inference (reasoning process)

Advantages:

Clear and interpretable reasoning

Explainable decisions (“why true”)

Strong for structured knowledge and rules

Proven mathematical foundation

Challenges:

Hard to model uncertainty (probabilistic events)

Real-world knowledge can be incomplete/noisy

Large-scale reasoning may be expensive

Requires correct formal rules



AI Models

The  progression  from  low–level  to  high–level  AI  models  reflects  an  evolution  towards  more  complex  and 
advanced capabilities. This progression enables increasing complexity, sophistication, memory, and reasoning 
capabilities  in AI systems. 

The  incorporation  of states  and variables enables  more  sophisticated  decision – making   and   capturing    
complex   relationships.   Additionally,    logic–based   AI    models   introduce    logical representations  and   
reasoning   mechanisms,  allowing  for   more   advanced   reasoning   and   handling   of uncertainty.

AI Models

AI Model Progression
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AI Model Progression

 Reflex Models (Low-level AI): Simple and reactive, reflex models map inputs to outputs based on 
predefined rules  or  conditions.  They   lack  internal  states,   making  immediate   responses  suitable   but  
lacking  complex reasoning or memory.

 States  (Intermediate-level  AI):  Crucial  in  higher-level  AI,  states  capture   past  inputs  and  actions,  enabling 
historical context for sophisticated decision-making. They  provide  memory  and track system  evolution over 
time.

 Variables (Intermediate-level AI): Important in both low-level and high-level AI, variables capture 
information and features in the problem domain. They serve as inputs, facilitating predictions and decisions. 
High-level AI models learn complex relationships between variables, enabling advanced reasoning.

 Logic-based  AI   Models  (High-level  AI):  These   models  emphasize  reasoning  and  inference  using   
logical representations.  They  encode  knowledge  through  logical  rules,  deriving  new  information  and  
handling uncertainty. Operating at a higher level of abstraction, they enable complex reasoning and rule-based 
decision- making.



AI Models

Questions

There  are  three  intellectual  traditions  in  AI:  Symbolic  AI,   Neural  AI,  and  Statistical  
AI. Additionally, there are four AI models: Logic-based models, Variable-based models, 
State- based models, and Reflex-based models.

How do these AI models relate to the three intellectual traditions, and how can we assign 
the AI models to their respective traditions?



AI Models

The Answer

 Symbolic AI: Symbolic AI is associated with logic-based models. Logic-based 
models, such as rule-based systems and expert systems, are rooted in symbolic 
AI. They use logical rules and formal reasoning to represent and manipulate 
knowledge.
 Statistical AI:  Statistical  AI  encompasses  various  statistical  models,  including  
reflex-based models and state-based models. Reflex-based models, such as 
linear regression and logistic regression,  are  used  for  data  analysis  and   
modeling  by  capturing   relationships  between variables. State-based models, 
such as Hidden Markov Models (HMMs) and Markov Decision Processes  (MDPs),  
are  employed for  modeling  sequential  data  and  decision-making  under 
uncertainty.

 Neural  AI:   Neural  AI   is  associated  with  variable-based   models.  Variable-
based   models, including neural networks, are a key component of neural AI. 
These models use mathematical algorithms and optimize the values of variables to 
learn and make predictions.





AI Applications
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Physical Health
• Heart Disease
• Alzheimer's disease

Mental Health
• Emotion recognition
• Depression recognition

Baker, Stephanie, and Wei Xiang. "Artificial intelligence of things for smarter healthcare: a survey of advancements, challenges, and opportunities." IEEE 
Communications Surveys & Tutorials 25, no. 2 (2023): 1261-1293.



AI Applications

In Hospital：Auxiliary Diagnosis

p Goal: Precise and Optimized 
p Challenge:  High auality but Few 

and difficult to access

p Goal: Active amd Early
p Challenge:  Expensive equipment, 

low accuracy

Out Hospital：Health Monitering

Fair, Accessible, and Systematic Health Services
--Healthy China 2030 Planning Outline
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Challenge
How to effectively identify 
the difference of ECG signals 
under different categories

The signals of different 
tags are different and 
susceptible to individuality

Question

Anger
Happ
y

Anger
Happ
y

Single-lead ECG



AI Applications

Signal Tansformation Information Loss 

– Target: Recognize emotions via single lead ECG data 

– Innovations:

ü Signal transformation for signal enhancement;

ü Representation learning for effective feature extraction 

and reducing information loss;

– Application: Intelligent interactive system based on 

convenient emotion recognition, i.e., mental health 

monitoring,  user emotion monitoring, etc.



AI Applications

Experiments on WESAD Dataset

Chen, Jian, Yuzhu Hu, Lalit Garg, Thippa Reddy Gadekallu, Gautam Srivastava, and Wei Wang*. "Graph enhanced low-resource ECG 
representation learning for emotion recognition based on wearable internet of things." IEEE Internet of Things Journal, vol. 11, no. 24, pp. 
39056-39068 (2024).（IF 8.9, JCR Q1）



AI Applications

Modeling-Inference-Learning Paradigm
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Modeling-Inference-Learning Paradigm

Modeling: This paradigm involves creating models that represent the problem domain or the 
system being studied. Models serve as abstractions of reality, capturing essential features 
and relationships. They can be created using various techniques such as rule-based systems, 
graphical models, or neural networks.

Inference:  Inference  refers to the  process of  reasoning and drawing conclusions  based on 
available information or evidence. In this paradigm, AI systems use the models and available 
data to make logical deductions,  probabilistic  reasoning,  or  logical  reasoning.  Inference  
enables  AI  systems  to  make decisions, predict outcomes, or generate new knowledge.

Learning: Learning is a key paradigm in AI that focuses on systems acquiring knowledge or 
improving performance through experience or data. Machine learning algorithms, such as 
supervised learning, unsupervised  learning, or  reinforcement  learning,  are  used to train AI 
systems and enable them to adapt, generalize, and make predictions based on new or unseen 
data.



AI Applications

Paradigm: Modeling
• The first  pillar  is  modeling.  Modeling  takes  messy  real  

world problems  and  packages  them  into  neat  formal  
mathematical objects called models, which can be subject 
to rigorous analysis and can be operated on by computers.

•  However, modeling is lossy: not all of the richness of the 
real world  can   be   captured,   and  therefore  there   is   
an  art  of modeling: what does one keep versus ignore?

• (An exception to this are games such as Chess, Go, or 
Sudoku, where the real world is identical to the model.)

• We  might  formulate  the  driving  problem  as  a  route  
finding problem as a graph where nodes represent points 
in the city, edges represent the roads, and the cost of an 
edge represents the traffic on that road.

• If we  do this,  all the  complexities  of  perception  are  
ignored. Alternatively,  we   could   make   a   model   that   
only   looks   at perception and ignores planning.



AI Applications

Paradigm: Inference

• The  second  pillar  is  inference.  Given  a  model,  the  
task  of inference is to answer questions with respect to 
the model. For example, given the model of the city, one 
could ask questions such as: what is the shortest path? 
what is the cheapest path?

• The focus of inference is usually on efficient algorithms 
that can answer these questions.

• For some  models, computational complexity can  be  a 
concern (games such as Go), and usually approximations 
are needed



AI Applications

Paradigm: Learning
•  But where does the model come from? Remember that the 

real world is rich, so if the model is to be faithful, the model 
has to be rich as well. But we cant possibly write down 
such a rich model manually.

• The idea behind (machine) learning is to instead get it from 
data. Instead of constructing a model, one constructs a 
skeleton of a model (more precisely, a model family), which 
is a model without parameters. And then if we have the 
appropriate data, we can run a machine learning algorithm 
to tune the parameters of the model.

With
Parameters

Without
Parameters
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How to Design an AI system？

(1) “What are you attempting to solve for?”
(2) “What is the desired outcome?”



AI Applications

2. Data Collection
– Determine the data needed to train and evaluate the AI system.
– Gather relevant and representative data from various sources.
– Ensure data quality, considering factors like accuracy, completeness, and bias.

3. Data Cleaning and Preprocessing
– Preprocess the collected data to handle missing values, outliers, and inconsistencies.
– Normalize or standardize the data to ensure compatibility and fairness.
– Perform data augmentation techniques if necessary to increase the diversity of the dataset.

4. Data Analysis and Visualization
– Explore and analyze the data to gain insights and identify patterns.
– Utilize statistical methods and visualization techniques to understand the data characteristics.
– Identify correlations between variables and potential dependencies.

How to Design an AI system？
1. Problem Definition and Requirement Analysis

– Identify the problem or goal that the AI system aims to address.
– Understand the specific requirements, constraints, and objectives of the project
– Define the scope of the AI system and the expected outcomes.



AI Applications

How to Design an AI system？
5. Feature Engineering

- Extract or create relevant features from the data that can enhance the model's predictive power.
- Transform the data to a format suitable for the selected AI model.
- Apply techniques such as dimensionality reduction, feature selection, or feature scaling.

6. Model Construction and Training
- Select an appropriate AI model or algorithm that aligns with the project requirements.
- Split the dataset into training, validation, and testing sets.
- Train the model using the training data and optimize its performance through hyperparameter tuning.

7. Model Evaluation and Tuning
- Validate the model using the validation set and assess its performance metrics.
- Iterate on the model, adjusting hyperparameters or trying different algorithms as needed.
- Fine-tune the model to improve its predictive power and generalization capabilities.

8. Model Results Display and Report Output
- Evaluate the trained model using the testing dataset to assess its performance.

- Generate reports or visualizations to communicate and interpret the results.
- Present the findings and insights derived from the AI system's predictions or classifications.
- Provide reports or outputs to stakeholders, decision-makers, or end-users to inform decision-making processes.



AI Applications

How to Design an AI system？
9. Model Deployment and Online Feedback

– Integrate the trained model into a production environment or application.
– Monitor the performance and behavior of the deployed model in real–world scenarios.
– Collect feedback from users or systems interacting with the AI system.
– Continuously improve the model based on feedback and new data to enhance its effectiveness.





AI as Research

AI Research AI Engineering

Asks “why” Asks “how”

Seeks general principles Optimizes specific systems

Publishes theories & models Deploys products

Long-term impact Short-term performance
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https://www.ijcai.org/

https://www.ijcai.org/
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https://aaai.org/conference/aaai/aaai-26/

https://aaai.org/conference/aaai/aaai-26/
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https://iccv.thecvf.com/

https://iccv.thecvf.com/
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https://www.computer.org/csdl/journal/tp

https://www.computer.org/csdl/journal/tp
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https://scholar.google.com/schhp?hl=en

https://scholar.google.com/schhp?hl=en


AI as Research

What constitutes a good paper, a good journal, and a good conference?
First is academic rigor（学术性）. This refers to research and discussion that is specialized and systematic, focusing on a specific 
professional issue within a scientific field. 

Second is scientific validity（科学性）. This characteristic is inherent to the nature of academic papers. 

Third is innovation（创新性）. A paper lacking innovation holds no value whatsoever. 

Fourth is theoretical depth（理论性）. The defining distinction between academic papers and popular science works, practice 
reports, or technical intelligence lies in their theoretical character. 

Fifth is standardization（规范性）. To facilitate communication and application, papers must employ standardized linguistic systems 
and symbolic notation for expression.

CCF: 中国计算机学会
Impact Factor

中科院期刊分区表

Letpub

Count Citations: Find the number of times articles published in the journal in 
2023 and 2024 were cited in 2025.
Count Articles: Find the total number of scholarly articles (citable items) 
published in the journal in 2023 and 2024.
Divide: Divide the citation count (Step 1) by the article count (Step 2)

https://www.ccf.org.cn/
https://www.fenqubiao.com/
https://www.letpub.com.cn/index.php?page=journalapp
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AI as Research

https://www.overleaf.com/

https://www.overleaf.com/


Assignment 1

Search and Download at least 5 papers published in 
top-tier (CCF A) AI venues over the past 5 years 
within a specific research area;
Systematically read and summarize these works;

Write a concise literature review report (formated with 
Latex Via Overleaf).

Detailed information will be released via Canvas soon.

Assignment 1 (Grades account for 10%)

Canvas Submission DDL: 01 March 2026



Thank you!
Innovating into the Future


