Chapter 12
Intelligent Support Systems
Learning Objectives
· Describe artificial intelligence & compare it to conventional computing.

· Identify the characteristics, structure, benefits, & limitations of expert systems.

· Describe natural language processing & voice technologies.

· Describe neural computing & its differences from other computer-based technologies.

· Define intelligent agents and their role in IT.

· Describe the relationship between the Web & intelligent systems.

· Understand the importance of creativity & how it is supported by IT.

Artificial Intelligence & Intelligent Behavior
· Artificial Intelligence (AI) is “behavior by a machine that, if performed by a human being, would be called intelligent.”

· AI’s ultimate goal is to build machines that will mimic human intelligence. 

· AI is concerned with two basic ideas.

· It involves studying the thought processes of humans;

· It deals with representing those processes via machines 

Knowledge & Artificial Intelligence
· AI is frequently associated with the concept of knowledge. 

· Such knowledge consists of facts, concepts, theories, heuristic methods, procedures, and relationships. 

· Knowledge Base = an organized & stored collection of knowledge related to a specific problem (or an opportunity) to be used in an intelligent system. 

· Organizational Knowledge Base = The collection of knowledge related to the operation of an organization.
Conventional Vs. AI Computing 
· Conventional computer programs are based on algorithms. 

· An algorithm is a mathematical formula or sequential procedure that leads to a solution. 

· AI software is based on symbolic processing of knowledge.

· Using symbols, it is possible to create a knowledge base that contains facts, concepts, and the relationships that exist among them.
The Commercial AI Field
Expert Systems (ESs) are computerized advisory programs that attempt to imitate the reasoning processes of experts in solving difficult problems. 

Natural language processing (NLP) gives computer users the ability to communicate with the computer in human languages. 

Speech (Voice) Understanding is the recognition and understanding by a computer of a spoken language. 

Robotics refers to a broad category of systems that combines sensory systems such as vision systems with AI. 

The Commercial AI Field (cont.)
Visual recognition has been defined as the addition of some form of computer intelligence and decision making to digitized visual information received from a machine sensor. 

Intelligent computer-aided instruction (ICAI) refers to the work of machines that can tutor humans.

Machine learning refers to a set of methods that attempt to teach computers to solve problems or to support problem solving by analyzing (learning from) historical cases. 

Handwriting recognition is supported by technologies such as expert systems and neural computing and is available in some pen-based computers.

Expert Systems
· Expert Systems (ES) are an attempt to mimic human experts. 

· Expert systems can either support decision makers or completely replace them.

· Expert systems are the most widely applied & commercially successful AI technology.
CASE: GE Models Human Troubleshooters
Problem:
· GE wanted an effective &  dependable way of disseminating expertise to its engineers & preventing valuable knowledge from “retiring” from the company. 

Solution: 

· GE decided to build an expert system that modeled the way a human troubleshooter works. 

· The system builders spend several months interviewing an employee & transfer their knowledge to a computer. 

· The new diagnostic technology enables a novice engineer to uncover a fault by spending only a few minutes at the computer terminal. 
Results:
· The system is currently installed at every railroad repair shop served by GE.
Expertise & Knowledge
· Expertise is the extensive, task-specific knowledge acquired from training, reading, and experience. 

· The transfer of expertise from an expert to a computer and then to the user involves four activities: 

· knowledge acquisition from experts or other sources. 

· knowledge representation in the computer.

· knowledge inferencing, resulting in a recommendation for novices.

· knowledge transfer to the user. 

Benefits of Expert Systems
· Increased output and productivity

· Increased quality

· Capture and dissemination of scarce expertise


· Operation in hazardous enivronments

· Accessibility to knowledge and help desks


· Reliability


· Increased capabilities of other systems


· Ability to work with incomplete or uncertain information


· Provision of training

· Enhancement of decision-making and problem-solving capabilities

· Decreased decision-making time

· Reduced downtime

Components of Expert Systems
· The knowledge base contains knowledge necessary for understanding, formulating, and solving problems. 

· The blackboard is an area of working memory set aside for the description of a current problem, as specified by the input data.
· The “brain” of the ES is the inference engine, a computer program that provides a methodology for reasoning & formulating conclusions.

Components of Expert Systems (cont.)
· The user interface allows for user-computer dialogue, which can be best carried out in a natural language, usually presented in a Q&As  format and sometimes supplemented by graphics.

· The explanation subsystem can trace responsibility and explain the ES’s behavior by interactively answering questions.

· A knowledge-refining system enables the system to analyze its performance, learn from it, and improve it for future consultations.
Structure & Process of ES
Generic Categories for ES
Interpretation
Inferring situation descriptions from observations.

Prediction
Inferring likely consequences of given situations.

Diagnosis
Inferring system malfunctions from observations.

Design

Configuring objects under constraints.

Planning
Developing plans to achieve goal(s).

Monitoring
Comparing observations to plans, flagging exceptions.

Debugging
Prescribing remedies for malfunctions.

Repair

Executing a plan to administer a prescribed remedy.

Instruction
Diagnosing, debugging, & correcting performance.

Control 

Interpreting, predicting & repairing systems behavior.

Illustrative Examples of ES
· The U.S. Department of Treasury Fights Criminals with an ES.
· By using ES, the agency can detect suspicious transactions and changes in transactions’ patterns. 

· Since its inception in 1993, the ES has helped to uncover more than 100 cases of money-laundering activities each year.

· Helping The Navajo Nation. 

· An ES facilitates self-management of the tribe’s welfare program. 

· The interactive solution integrates the tribe’s unique cultural heritage while following complex federal, state, and tribal guidelines 

· China’s Freight Train System. 

· An expert system determines what and how much to load on each freight car. 

Natural Language Processing [NLP]

Natural Language Understanding 


Investigates methods of allowing a computer to comprehend instructions given in ordinary English, via the keyboard or by voice, so that computers are able to understand people.


Natural Language Generation 


Strives to allow computers to produce ordinary English language, on the screen or by voice (known as voice synthesis), so people can understand computers more easily.

Applications of NLP
· Natural language processing programs have been applied in several areas. 

· The most important are: 

· Human–computer interfaces (mainly to databases)

· Abstracting and summarizing text

· Grammar analysis

· Translation of a natural language to another natural language

· Translation of a computer language to another computer language

· Speech understanding

· Composing letters by machine.

Speech Recognition & Understanding
SPEECH RECOGNITION

 is a process that allows us to communicate with a computer by speaking to it. The computer recognizes words that have been spoken without necessarily interpreting their meanings. 
SPEECH UNDERSTANDING 


refers to the second part of the communication process, where the meaning of the speech is ascertained.
Speech Recognition & Understanding Advantages
· Ease of access. Many more people can speak than can type. As long as communication with a computer depends on typing skills, many people may not be able to use computers effectively. 

· Speed. Even the most competent typists can speak more quickly than they can type. 

· Manual freedom. There are many situations in which computers might be useful to people whose hands are otherwise occupied, such as product assemblers, pilots of aircraft, and busy executives. 

· Remote access. If a remote database includes speech recognition capabilities, you could retrieve information by issuing oral commands into a telephone.

· Accuracy. Typing mistakes are minimized with voice input.
Speech Recognition & Understanding
· Voice Portals allow customers to use an ordinary telephone as an Internet appliance. 

· Customers dial a toll-free number and use voice to request information ranging from a traffic report to stock prices. 

· Synthesis is the technology by which computers speak.

· Sounds that make up words/ phrases are constructed electronically from basic sound components & can be made to form any voice pattern.

· In e-Commerce one may need the capacity to recognize or understand voice AND to support dialogue. 

· Example: IBM’s Via Voice system that lets people interact with the Internet by voice rather than by pointing and clicking with a mouse. 

Neural Computing
· A different approach to intelligent systems is computing with architecture that mimics certain processing capabilities of the brain. 

· The results are knowledge representations and processing based on massive parallel processing, fast retrieval of large amounts of information, and the ability to recognize patterns based on experiences. 

· The technology that attempts to achieve these results is called Neural Computing or Artificial Neural Networks (ANN). 
Components & Structure of ANN
· ANNs are composed of artificial neurons; these are the processing elements. Each of the neurons receives input(s), processes the input(s), and delivers a single or a few outputs.

· The 5 major components in the process include:

·   Inputs



 ( Outputs
·   Summation Function

 ( Weights
·   Transformation Function
Processing Information in the Network
· Each input corresponds to the value of a single attribute. 

· For example, if the problem is to decide on the approval or disapproval of a loan, an attribute can be the borrower’s income level, age, or ownership of a house. 

· All inputs—including qualitative attributes, voice, signals from monitoring equipment, or pictures—must be preprocessed into binary (0 and 1) equivalencies.

· The computed output of the network is the solution to a problem. 

· In the case of the loan application, it may be “yes” or “no.”
Benefits of Neural Systems
· Pattern recognition. Neural networks can analyze large quantities of data to establish patterns/ characteristics in situations where the logic or rules are not known. 

· Fault tolerance. If there are many processing nodes, damage to a few nodes or links does not bring the system to a halt.
· Generalization. When a neural network is presented with an incomplete or previously unseen input, it can generalize to produce a reasonable response.

· Adaptability. The network learns in new environments. 

· Forecasting capabilities. Similar to statistics, prediction is made based on historical data.

Suitable Business Areas for ANNs
· Data mining 

· Tax fraud

· Financial services 

· Loan application evaluation

· Solvency prediction

· New product analysis

· Airline fare management

· Resource allocation

· Identifying takeover targets

· Signature validation

· Prediction

· Insurance fraud detection 

· Credit card fraud detection
· Evaluation of personnel & job candidates

Case: Visa Cracks Down on Fraud
Problem:
· Only 0.2% of Visa International’s turnover in 1995 was lost to fraud, but at $655 million it is a loss well worth addressing. 

Solution:
· Visa invested in a cardholder risk identification system (CRIS) designed to notice inconsistent use, such as sudden expensive non-essentials. 

Results:
· Visa’s participating banks believe the neural technology has been successful. Bank of America has cut fraudulent card use by two-thirds.

· By 1995, Visa member banks loss to counterfeiters dropped by  more than 16 percent. 

Hybrid Systems
· Intelligent systems are frequently integrated with other intelligent systems or with conventional systems such as decision support systems. These form what is known as Hybrid Systems.

· The integrated technologies and their roles are:
· Neural Networks. These are used to predict future market share and growth.

· Expert Systems. These provide intelligent advice on developing market strategy to individuals and to the planning team.

· Fuzzy Logic. This helps deal with uncertainties by simulating the process of human reasoning, allowing the computer to behave less precisely and logically than conventional computers do. 

Intelligent Agents
The following are the major tasks that can be performed by IAs.
1.
Information access & navigation are today’s major applications of IAs.

2.
Decision support & empowerment. Knowledge workers need increased support, especially in decision making. IA can facilitate decision making and empower employees. 

3.
Repetitive office activity. There is a pressing need to automate tasks performed by administrative personnel in functional areas, such as sales or customer support, to reduce labor costs and increase office productivity. 

4.
Mundane personal activity. In a fast-paced society, time-strapped individuals need new ways to minimize the time spent on routine personal tasks, such as booking airline tickets. 

Intelligent Agents (cont.)
The following are the major tasks that can be performed by IAs.
5.
Search & retrieval. Users will have to delegate the tasks of searching and of cost comparison to agents. 

6.
Domain experts. “Expert” software agents could be models of real-world agents, such as translators, lawyers, diplomats, union negotiators, stockbrokers, and even clergy.

7.
Mobile agents. These agents can move from one Internet site to another and can send data to & retrieve data from the user, who can focus on other work in the meantime. 

8.
Clerical & management activities. Intelligent agents can even be used to assist clerks, professional staff, and managers in performing their activities. 

Applications of Intelligent Agents
· User Interface.  Intelligent agent technology allows systems to monitor the user’s actions, develop models of user abilities, and automatically help out when interface problems arise.

· Operating Systems Agents. Agents can assist in the use of operating systems. 

· Spreadsheet Agents. Spreadsheet agents make the software more friendly. 

· Workflow & Task Management Agents. Intelligent agents can be used to ascertain, then automate, user wishes or business processes.

· Negotiation in e-Commerce. A challenging system is one in which agents need to negotiate with each other. Such systems are especially applicable to EC. 
Case: IAs Trim Papermaking Costs
Problem:
· Madison Paper was struggling to compete against larger papermakers. 

· Costs of transportation from suppliers and to customers seemed to be high, paper loss during production was cutting into profits, and scheduling work was difficult and lengthy. 

Solution:
· A multiagent system was implemented that evaluates each of the solutions in light of multiple business objectives (cost, speed of delivery, and so on). 

Results:
· Paper losses were trimmed by about 6 tons /day, as well as 10 percent of freight costs, for annual savings of more than $5 million. 
Using Expert Systems on the Net
· The widespread availability and use of the Internet and intranets now provide the opportunity to disseminate expertise and knowledge to mass audiences. 

· ESs can be transferred over the Net not only to human users, but also to other computerized systems, including DSS, robotics, and databases. 

· The Web also can support the spread of multimedia-based expert systems. 

· Such systems, referred to as Intellimedia Systems, support the integration of extensive multimedia applications and ES. 
Web-Based Intelligent Tutoring Systems
· Intelligent tutoring systems (ITSs) are a cost-effective approach to deliver training to wherever trainees are. 

· Course developers can easily maintain and update training materials.

· Each example or exercise includes the following:

· A multimedia description of the problem, which may evolve over time.

· A description of the correct actions to take, including order-independent, optional, and alternative steps.

· A multimedia explanation of why these steps are correct.

· A list of methods for determining whether students have correctly executed the steps.

· A list of principles that must be learned to take the correct action.
Supporting Creativity
· IAs can increase productivity and quality—but are they really intelligent?

· There are computer programs that do exhibit what we might call creative behavior. Two examples include: 

Limitations of Manual Idea Generation
· There are circumstances where manual methods for idea generation (such as brain storming in a group) are either not economically feasible or not possible. For example, when:
· There is a poor facilitator (or there is no facilitator)

· There is no time to conduct a proper idea-generation session.

· It is too expensive to conduct an idea-generation session.

· The subject matter is too sensitive for a face-to-face idea-generation session.

· There are not enough participants, the mix of participants is not optimal, or there is no climate for idea generation.

· In such cases, it makes sense to try to electronically induce idea generation 

Idea Generation Software
· Idea-generation software is designed to help stimulate a single user or a group to come up with new ideas, options, and choices. 

· The user does all the work, but the software encourages and pushes just like a personal trainer. 

· Some software packages use questions to prompt the user toward new, unexplored patterns of thought. 

· Computer-assisted brainstorming (CAB) programs enhance creative thinking through the use of built-in creativity techniques along with a well-deifined goal-oriented structure. 

· The computer ask questions and urge the user to go on, thus shortening the incubation time for new ideas and creative problem solutions
Idea Generation Software (cont.)
· Onestep is a free browser that among other things indexes your hard drive. 

· Besides allowing you to retrieve data in seconds, it also suggests relationships between the files and other data that can lead to idea generation.

· Group Idea-generation software works somewhat differently from such software for individuals. 

· A large number of ideas are usually generated in a short time.

· These ideas are then organized, debated, and prioritized by the group, all electronically.
Managerial Issues 
· Acquiring knowledge. Intelligent systems are built up on experts’ knowledge. How can an expert be motivated to contribute his or her knowledge?

· Embedded technologies. Intelligent systems are expected to be embedded in at least 20 % of all IT applications in about ten years.

· Ethical issues. Finally, there are several issues related to the use of intelligent systems. The actions performed by an ES can be unethical, or even illegal. There is also the issue of using knowledge extracted from people and replacing people with machines. 

