Artificial Intelligence Revision summary

1. The Development of AI

· The first computers were developed in the 1940s;

· Alan Turing described his famous test for AI in 1950;

· The development of AI began with the 'Dartmouth Conference' in 1956;

· Games playing programs (checkers, draughts, chess) were an early success of AI research;

· Early games playing programs were simple rule-based systems, and were not really 'intelligent';

· The development of faster computers, larger memory capacities and new programming techniques have led to the development of much more effective and 'intelligent' games playing programs;

· Early attempts at language processing including Eliza and SHRDLU;

· Eliza was not intelligent - it simply reflected back the user's input;

· Chatterbots have developed from Eliza, and have much larger vocabularies, and mechanisms for 'understanding' user input;

· Chatterbots can be used to give programs a much more user-friendly interface;

· Knowledge representation techniques, including semantic nets and logic programming, were developed to make it possible to develop programs which incorporated large amounts of knowledge;

· Two specialised languages are used in AI: LISP (functional) and Prolog (declarative/logic);

· AI research has made great progress by focussing on domain-specific developments rather than on attempting to create 'general' intelligence;

· Domain specific developments include natural language processing, computer vision, intelligent robots, neural networks and expert systems;

· Faster processors, more memory and increased backing storage capacity have supported the development of AI;

· Parallel processing (using many simple interconnected processors) has many applications in AI.

2. Vision, language and movement

· "Strong AI" is the belief that AI research will eventually lead to the development of an autonomous intelligent machine;

· Some researchers believe that "strong AI" will be possible, because of ever-increasing hardware and software advances;

· Some believe that it is philosophically impossible to achieve "strong AI";

· Major advances have been made in computer vision systems and natural language processing;

· The main stages in computer vision are image acquisition, signal processing, edge detection, object recognition and image understanding;

· A major difficulty is interpreting 2D images as 3D objects;

· The main stages of NLP are speech recognition, natural language understanding, natural language generation and speech synthesis;

· Difficulties in NLP include ambiguity of meaning of words, similar sounding words, grammar inconsistencies and the changing nature of human language;

· NLP can be used for automatic translation, speech driven software, search engines and database interfaces;

· "Dumb" robots, some with sensors, have been used in a range of industrial applications;

· Robots may be described as "intelligent" if they have additional features such as vision systems, adaptive programs, neural nets or the ability to walk;

· Current robotic research is working to overcome a wide range of practical problems associated with both dumb and intelligent robots;

· Robotics raises a number of interesting philosophical, social and legal issues;

· Intelligent software, including fuzzy logic, is being used in control systems for a range of embedded devices including domestic appliances, car engine control system and industrial processes.

3. Artificial Neural Systems

· Neural nets are an attempt to model the human brain to solve problems;

· The human brain is made up of special nerve cells called neurons;

· Each neuron receives inputs (form its dendrites) and gives outputs (through its axon);

· It is possible to create artificial neurons, with several inputs and an output;

· An output is triggered if the sum of the inputs (each multiplied by its "weight") exceeds a threshhold value;

· The human brain has millions of highly interconnected neurons;

· In a neural net, the artificial neurons are arranged in several layers (an input layer, some hidden layers, and an output layer);

· A neural net has to be trained; in the training process, the weight of the links are adjusted until the net gives correct responses;

· The training of the net is an iterative process;

· A neural net is non-deterministic (unlike a normal algorithmic program whose output can be predicted with certainty);

· Neural nets have proved very successful in pattern matching applications;

· Neural nets can be software models, or hard-wired.

4. Expert Systems

· The purpose of an expert system is to draw reasoned conclusions from a body of knowledge in a limited domain;

· Expert systems have advantages over human experts - they are permanent, cost effective, give consistent advice and are portable;

· Expert systems have some disadvantage compared to human experts - they only cover a limited domain, lack common sense, cannot retain new knowledge, are inflexible, and take time and expertise to develop;

· An expert system consists of a user interface, a knowledge base, an inference engine and working memory;

· An expert system shell is an expert system without a knowledge base;

· Expert system shells are use for constructing expert systems;

· Expert systems have been used in a huge and ever-increasing variety of different knowledge domains.

5. Search-based Problem Solving

· Many AI problems can be described in terms of a start state, a goal state and a set of operations;

· These problems can be solved by searching through all possible states to find a solution;

· Two search strategies are breath-first and depth-first searching;

· These strategies can be illustrated using a search tree, with a root, branches and nodes;

· Breadth first search tries all nodes at the first level before moving on to the second level;

· Breadth first search will always find the best solution, but it requires more memory that depth-first search;

· Depth first search completes the search of one branch before backtracking and trying other branches;

· Depth first search uses less memory, but it may not find the best solution, or it may get stuck in an infinite loop;

· Breadth-first and depth-first are both exhaustive search strategies (they try every possibility);

· In real problems, there are often many branches from each node, leading to combinatorial explosion (too many possibilities for the system to search in a reasonable time);

· To reduce the search space, heuristics (rules of thumb) can be used to select the most likely branches;

· A system which can develop its own heuristics could be described as intelligent.

6. Prolog (facts, rules and queries)

· Prolog is a declarative language that is useful in a wide range of AI problems;

· A Prolog program (or knowledge base) is made up of facts and rules;

· These facts and rules are called clauses;

· A fact consists of a predicate and one or more arguments e.g. parent(tom, fred);

· A rule has a goal and one or more sub-goals e.g. brother(X,Y):-parent(Z,X), parent(Z,Y), male(X);

· An argument beginning with a capital letter is a variable;

· To get information out of a Prolog program, the user enters a query e.g. ?parent(X,bill);

· Prolog uses depth-first search to solve queries;

· Prolog searches the knowledge base from top to bottom searching for matching clauses;

· If the goal is matched by a rule, then Prolog attempts to solve each of the sub-goals in turn;

· The process of giving a value to a variable is called instantiation;

· The predicate 'not' can be used in a rule or a query;

· Prolog evaluates a negation by first evaluating the part in brackets, then negating the answer;

· Prolog facts, rules and queries can include numbers e.g. population(algeria,22.2);

· The underscore character (_) can be used as an unbound variable.

7. Prolog (recursion and inheritance)

· A recursive rules is a rule which calls itself;

· To implement recursion requires two rules: the first rule is required to stop the recursive rule being called an infinite number of times, leading to an endless loop;

· A semantic net is a diagram which shows all the relationships in a knowledge base;

· Each arrow in the semantic net can be translated into a Prolog clause;

· Recursive rules can be used to make objects inherit the properties of a group.

