What is Intelligence?
When asked their opinions about “human-level artificial intelligence”— many experts understandably reply that these terms haven’t yet been precisely defined, and it’s hard to talk about something that hasn’t been defined.2 In this post, I want to briefly outline an imprecise but useful “working definition” for intelligence we tend to use at MIRI. In a future post I will write about some useful working definitions for artificial general intelligence.
· The ability to acquire and apply knowledge and skills
· Intelligence is the ability to learn about, to learn from, to understand about, and interact with one’s environment.
· Intelligence is the faculty of understanding
· Intelligence is not to make no mistakes but quickly to understand how to make them good
Intelligence is defined as general cognitive problem-solving skills. A mental ability involved in reasoning, perceiving relationships and analogies, calculating, learning quickly… etc. Earlier it was believed that there was one underlying general factor at the intelligence base (the g-factor), but later psychologists maintained that it is more complicated and could not be determined by such a simplistic method. Some psychologists have divided intelligence into subcategories. For example Howard Gardner maintained that it is comprised of seven components: musical, bodily-kinesthetic, logical-mathematical, linguistic, spatial, interpersonal, and intrapersonal. Other definitions are: “Intelligence is what you do when you don’t know what to do.” “Intelligence is a hypothetical idea which we have defined as being reflected by certain types of behavior.”
Is Intelligence Inherited?
It is generally accepted that intelligence is inherited but can also be related to the environment. While studies showed that heredity is an important factor in determining intelligence; it was also suggested that environment is a critical factor in determining the extent of its expression. An investigation done recently revealed that 70 percent of the differences in the twins’ I.Q. scores were attributable to inherited traits. Previous studies had suggested that about 50 percent of the differences in scores were inherited. Studies showed that the grey matter volume is strongly determined by genes, and reflected cognitive performance. It was also suggested that there is a strong genetic influence on IQ, verbal and spatial abilities, So in short our genes determine the quality of our intelligence, our ability to integrate and process information. The level of our intelligence determines how well we cope with changes in our environment. It is believed that race and culture have their share in intelligence as well, but so far there is no confirmed conclusion that intelligence varies from race to race. Environmental factors can play a role as well, but in fact they are capable of slowing down our mental processes more than enhancing it. There is no evidence to indicate that our environment can increase intelligence to a relatively high level.  It is also inherently easier to degrade brain tissue than to create more complex brain tissue. Enhancements in brain structure require long periods of evolutionary selection, in addition to the availability of extraneous sources of energy. While brain degradation can happen in a relatively shorter time.
Intelligence quotient: 
An intelligence quotient, or IQ, is a score derived from one of several standardized tests designed to assess intelligence. The abbreviation "IQ" comes from the German term Intelligenz-Quotient, originally coined by psychologist William Stern. When current IQ tests are developed, the median raw score of the norming sample is defined as IQ 100 and scores each standard deviation (SD) up or down are defined as 15 IQ points greater or less, although this was not always so historically. By this definition, approximately 95 percent of the population scores an IQ between 70 and 130, which is within two standard deviations of the mean.

What is artificial intelligence?
Artificial Intelligence is a branch of Science which deals with helping machines find solutions to complex problems in a more human-like fashion. This generally involves borrowing characteristics from human intelligence, and applying them as algorithms in a computer friendly way. A more or less flexible or efficient approach can be taken depending on the requirements established, which influences how artificial the intelligent behaviour appears.
AI is generally associated with Computer Science, but it has many important links with other fields such as Maths, Psychology, Cognition, Biology and Philosophy, among many others. Our ability to combine knowledge from all these fields will ultimately benefit our progress in the quest of creating an intelligent artificial being.
· It is the science and engineering of making intelligent machines, especially intelligent computer programs. 
· It is related to the similar task of using computers to understand human intelligence, but AI does not have to confine itself to methods that are biologically observable
· The use of computers to solve problems that previously could only be solved by applying human intelligence…. thus something can fit this definition today, but, once we see how the program works and understand the problem, we will not think of it as AI anymore (David Parnas)
· AI is a study in which computer systems are made that think like human beings. Haugeland, 1985 & Bellman, 1978.
· AI is a study in which computer systems are made that act like people. AI is the art of creating computers that perform functions that require intelligence when performed by people. Kurzweil, 1990. 
· AI is the study of how to make computers do things which at the moment people are better at. Rich & Knight, 1991 
· AI is a study in which computers that rationally think are made. Charniac & McDermott, 1985.
· AI is the study of computations that make it possible to perceive, reason and act. Winston, 1992.
· AI is the study in which systems that rationally act are made. AI is considered to be a study that seeks to explain and emulate intelligent behaviour in terms of computational processes. Schalkeoff, 1990. 
· AI is considered to be a branch of computer science that is concerned with the automation of intelligent behavior. Luger & Stubblefield, 1993. 
What’s involved in Intelligence?
· Ability to interact with the real world to perceive, understand, and act e.g., speech recognition and understanding and synthesis, image understanding, ability to take actions, have an effect
· Reasoning and Planning: modeling the external world, given input, solving new problems, planning, and making decisions, the ability to deal with unexpected problems, uncertainties
· Learning and Adaptation:  we are continuously learning and adapting
· our internal models are always being “updated”
· e.g., a baby learning to categorize and recognize animals
Can we build hardware as complex as the brain?
· How complicated is our brain?
· a neuron, or nerve cell, is the basic information processing unit
· estimated to be on the order of 10 12 neurons in a human brain
· many more synapses (10 14) connecting these neurons
· cycle time: 10 -3 seconds (1 millisecond)
· How complex can we make computers?
· 108 or more transistors per CPU 
· supercomputer: hundreds of CPUs, 1012 bits of RAM 
· cycle times: order of 10 - 9 seconds
· Conclusion
· YES: in the near future we can have computers with as many basic processing elements as our brain, but with
· far fewer interconnections (wires or synapses) than the brain
· much faster updates than the brain
· but building hardware is very different from making a computer behave like a brain!
· 
Can Computers Talk?
· This is known as “speech synthesis”
· translate text to phonetic form
· e.g., “fictitious”  -> fik-tish-es 
· use pronunciation rules to map phonemes to actual sound
· e.g., “tish”  -> sequence of basic audio sounds
· Difficulties
· sounds made by this “lookup” approach sound unnatural
· sounds are not independent e.g., “act” and “action”, modern systems (e.g., at AT&T) can handle this pretty well
· a harder problem is emphasis, emotion, etc humans understand what they are saying, machines don’t: so they sound unnatural
· Conclusion: 
· NO, for complete sentences
· YES, for individual words
Can Computers Recognize Speech?
· Speech Recognition:
· mapping sounds from a microphone into a list of words
· classic problem in AI, very difficult
· “Lets talk about how to wreck a nice beach”
· (I really said “________________________”)
· Recognizing single words from a small vocabulary
· systems can do this with high accuracy (order of 99%)
· e.g., directory inquiries 
· limited vocabulary (area codes, city names)
· computer tries to recognize you first, if unsuccessful hands you over to a human operator
· saves millions of dollars a year for the phone companies 
· Recognizing normal speech is much more difficult
· speech is continuous: where are the boundaries between words?
· e.g., An English professor wrote the words: "A woman without her man is nothing" on the board and asked his students to punctuate it correctly. 
All of the males in the class wrote: "A woman, without her man, is nothing." 
All the females in the class wrote: "A woman: without her, man is nothing."  
· large vocabularies
· can be many thousands of possible words, we can use context to help figure out what someone said
· e.g., hypothesize and test
· try telling a waiter in a restaurant:
     “I would like some dream and sugar in my coffee” 
· background noise, other speakers, accents, colds, etc, on normal speech, modern systems are only about 60-70% accurate
Conclusion: 
· NO, normal speech is too complex to accurately recognize
· YES, for restricted problems (small vocabulary, single speaker)
Can Computers Understand speech?
· Understanding is different to recognition:
· “Time flies like an arrow”
· assume the computer can recognize all the words
· how many different interpretations are there? 
· time passes quickly like an arrow?
· “time-flies”  are fond of arrows 
· Understanding is different to recognition:
· “Time flies like an arrow”
· assume the computer can recognize all the words
· how many different interpretations are there?
· time passes quickly like an arrow?
· command: time the flies the way an arrow times the flies
· command: only time those flies which are like an arrow
· “time-flies”  are fond of arrows
· only 1. makes any sense, 
· but how could a computer figure this out?
· clearly humans use a lot of implicit commonsense knowledge in communication
· Conclusion: NO, much of what we say is beyond the capabilities of a computer to understand at present
Can Computers Learn and Adapt ?
· Learning and Adaptation
· consider a computer learning to drive on the freeway
· we could teach it lots of rules about what to do
· or we could let it drive and steer it back on route when it heads for the edge 
· systems like this are under development (e.g., Daimler Benz)
· e.g., RALPH at CMU
· in mid 90’s it drove 98% of the way from Pittsburgh to San Diego without any human assistance
· machine learning allows computers to learn to do things without explicit programming
· many successful applications:	
· requires some “set-up”: does not mean your PC can learn to forecast the stock market or become a brain surgeon
· Conclusion: YES, computers can learn and adapt, when presented with information in the appropriate way
Can Computers “see”?
· Recognition v. Understanding (like Speech)
· Recognition and Understanding of Objects in a scene
· look around this room
· you can effortlessly recognize objects
· human brain can map 2d visual image to 3d “map” 
· Why is visual recognition a hard problem?




· Conclusion: 
· mostly NO: computers can only “see” certain types of objects under limited circumstances
· YES for certain constrained problems (e.g., face recognition)

Can computers plan and make optimal decisions?
· Intelligence
· involves solving problems and making decisions and plans
· e.g., you want to take a holiday in Brazil
· you need to decide on  flights
· you need to get to the airport, etc
· involves a sequence of decisions, plans, and actions
· What makes planning hard?
· the world is not predictable:
· your flight is canceled or there’s a backup on the 405
· there are a potentially huge number of details
· do you consider all flights? all dates?
· no: commonsense constrains your solutions
· AI systems are only successful in constrained planning problems
· Conclusion: NO, real-world planning and decision-making is still beyond the capabilities of modern computers 
· exception: very well-defined, constrained problems 


