Moore’s Law and AI, (updated):

When will computers have the capacity of the human brain?

In 1965 Gordon Moore made a prediction.  He noted that computers were rapidly increasing in speed at a rate never before seen in any other industry.  He estimated that computers would double in capacity every 1 – 2 years.  In other words, in three years, computers would be 4 times faster than those before.  Thus computer speed is increasing exponentially.   This trend has been remarkably accurate.  Moore’s prediction has come to be known as Moore’s Law. 

 This leads to an unique problem.  As computers are able to calculate faster and faster, they begin to be able to mimic a living thing’s capacity to think and even learn.  This is called Artificial intelligence.  We call it artificial because humans, rather than nature are creating it.  It has been noted the term artificial is unnecessary; it is indistinguishable from other intelligence.

The question is: When could computer “intelligence” surpass human intelligence?  It is estimated that computers already have the brain capacity of a lizard.  Indeed the fastest supercomputers have the capacity of squirrels.  In 1997, IBM’s supercomputer “Big Blue” was actually able to defeat a human opponent in chess for the first time.  

How can we measure if a computer is more powerful than a brain?  One measurement is a MIPS, or Millions of Instructions Per Second.  This means how fast a computer can work on problems.  The human brain has 100 billion neurons, which are quite fast. It has been estimated that the human brain is capable of 100 million MIPS.

Here is a table listing various animals capacity:

Animal
Estimated MIPS of brain power

Human
100 million

Monkey
1 million

Mouse
500 thousand

Lizard
1 thousand

Spider 
500

Nematode Worm (Earth Worm)
1

Bacterium
.001   (1000 instructions per second)

The year 1947 is considered to be the beginning of computers with the ENIAC computer.  This computer, the size of a room, could do a multiplication problem in 3 seconds, ever since then, computers have pretty much conformed to Moore’s Law. Every time it is predicted we can’t force computers to be any faster, new technology has come along allowing just that.  Coming up is such technology as the Quantum Computer, which is able to use the spin state of atoms to compute!  Another idea is to use the DNA of bacterium to form a living computer.  In any case, Moore’s Law is still amazingly accurate in predicting how fast computers will be. 

Assignment:

***note: Answer all questions for all 4 sections.  All questions must be answered by everyone in the group separately

Part I, the past


Working in groups using  Microsoft excel, you will graph the progress of personal computers from 1971 (the date of the release of the Altair) to the present, based on doubling every 24 months.  We will compare these results to real computers to gage the accuracy of Moore’s Law.  Then your group will graph the future of computers to predict when desktop-type computers will have more computing power than humans.


You must be on a computer with Microsoft Office to do this Assignment.  

Step 1: Start in column A with 1971, and number down this column to the 
present year.  Example 


A

1
1971

2
1972

3
1973

4
1974

5
1975

*******NOTE: keep going until this year!!!***********

Step 2: Next go to the top of column “B” and begin filling in the column with the years for which you have data on computer speed. Make sure the number is in MIPS! Skip the years for which you have no data.  If there is more than 1 computer for that year, average them.

Example:


A
B

1
1971
0.092

2
1972


3
1973


4
1974
0.64

5
1975


Step 3: Now add a third column.  Start with the speed of computers in 1971 (.092 MIPS) and double every 2 years. This represents  Moore's law doubling every 2 years until 2008.

Example:


A
B
C

1
1971
0.092
0.092

2
1972



3
1973

0.184

4
1974
0.64


5
1975

0.368

Step 4: Now make a Line graph of the data.

      2. On the first screen select “series” tab, series 1 is “actual”, series 2 is “predicted”.  For  the “Category (x) axis labels”, press the button at the end of the field, select the letter A above the years. Click next.

     3. Now title the graph ”The Past”  Name the X-axis Years, and the Y-axis MIPS

     4. Answer the following questions in Microsoft word:

Questions:

a) Describe the curve of your graph.  How did it start and end?

b) Compare the two lines, How does Moore’s law compare to the real progress computers made?

c) How many times faster are today’s computers than the first Altair?

d) Is Moore’s Law a good description of the increases seen in computers?

e) How many time faster are todays personal computers than the ENIAC, the first electronic computer (.000001 MIP)?

Part II: the future.

1) Now predict the future speed of computers. On the same excel page number from this year on on in increments of 2 years in column A.  In column B, keep multiplying by the last data by two each step. This is what Moore's Law Predicts

2) When you have exceeded human brain capacity (100,000,000 MIPS), Graph your results from this to the end.  Entitle this graph “The future according to Moore”

Questions:

a) Was this curve similar or different than your previous graph?

b) What year did you predict computers will exceed human intelligence?

c) How old will you be that year?

d) If computers have the capacity to handle data as fast as humans, does that mean they will necessarily have our abilities?  What could be limitations?

Part III:  Overview.

1) Now graph all of your data, from 1974 to the end.  Entitle this graph “Moore’s Law”.  Answer the following according to your results:

a) When did computers have the data ability of Bacteria? Of Worms?

b) What is the current intelligence of computers (in 2004) similar to?

c) What year did you predict computers will surpass human capacity?

d) What do you predict about computers in the future beyond your graph?  Will the trends change?

e) If computers become as smart as humans, will our relationship with them change?  How?

f) How do you feel about Artificial Intelligence?  Do the benefits outweigh the drawbacks?  Explain in a paragraph.

“A” project: Start a similar graph to part 1, but add a D column for every 1.5 years  

a) Is this a better predictor of the actual data shows predicted or worse? Explain.

b) If Moore's law is 1.5 years instead of 2 years doubling, when is human brain power achieved?

PART IV: SUPER COMPUTER SPEED OVER TIME

Look at the following graph, answer the questions:
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a) What was the power of computers in 1946 (the Mark I).

b) What is happening to computer power over time?

c) What happens to human brain power over time? Why?

d) According to the graph, in what year does computer power overtake human brainpower?

e) In what year will you be 40?  What will computer power probably be then?

f) If a computer has 100 million MIPS power, Does that mean it’s as smart as humans? Explain.

g) What are two possibilities of why AI may NOT happen?

h) Look on www.top500.com. What is the speed of today's fastest supercomputer?

