Chapter 1 - Introduction to Computer Science and Media Computation

1. What is a program?

A program is a description of a process in a particular programming language that achieves some result that is useful to someone. A program is written in a programming language and can be executed by a computer

2. What is an algorithm?

An algorithm is a description of a process apart from any programming language. An algorithm can be written in English and is a description of a process.  

3. What is memory used for in a computer?

Memory stores everything that the computer is currently working with.

What type of computer scientist studies how recipes are written?  
What type of computer scientist studies how to make a computer think?  
What type of computer scientist studies the units used in recipes?

4. What is Moore’s Law?  What does it have to do with computers getting faster and cheaper?

Gordon Moore, one of the founders of Intel made the claim that the number of transistors would double at the same price every 18 months.  This means that computers are getting faster while the cost remains the same.   

5. Every profession uses computers today.  Use a Web browser and a search engine like Google to find sites that relate your field of study with computer science or computation.  For example, search for “biology computer science” or “management computing.”

6. Look in the classified section of your newspaper.  What kinds of jobs can people get with a degree in computer science?  How much money do they make?  How many jobs are available?

7. Go to http://www.howstuffworks.com and find out how digital cameras work.

Digital cameras have a built-in computer, and all of them record images electronically.  It has a series of lenses that focus light to create an image of a scene. But instead of focusing this light onto a piece of film, it focuses it onto a semiconductor device that records light electronically. A computer then breaks this electronic information down into digital data.
8. Go to http://www.howstuffworks.com and find out how digital recording and CDs work.
Digital recording is the process of turning analog sound waves into the 1s and 0s that computers understand.
In a CD (and any other digital recording technology), the goal is to create a recording with very high fidelity (very high similarity between the original signal and the reproduced signal) and perfect reproduction (the recording sounds the same every single time you play it no matter how many times you play it). 

To accomplish these two goals, digital recording converts the analog wave into a stream of numbers and records the numbers instead of the wave. The conversion is done by a device called an analog-to-digital converter (ADC). To play back the music, the stream of numbers is converted back to an analog wave by a digital-to-analog converter (DAC). The analog wave produced by the DAC is amplified and fed to the speakers to produce the sound. 

9. Go to http://www.howstuff works.com and find out how remote entry devices work.

The two most common remote keyless-entry devices are: 

· The fob that goes on your key ring to lock and unlock your car doors (Many of these fobs also arm and disarm a car alarm system.) 

· The small controller that hangs off your car's sun visor to open and close the garage door
The fob that you carry on your keychain or use to open the garage door is actually a small radio transmitter. When you push a button on the fob, you turn on the transmitter and it sends a code to the receiver (either in the car or in the garage). Inside the car or garage is a radio receiver tuned to the frequency that the transmitter is using (300 or 400 MHz is typical for modern systems).

10. Find an ASCII table on the Web:  A table listing every character and its corresponding numeric representation.  Write down the sequence of numbers whose ASCII values make up your name.

084, 104, 101, 114, 101, 115, 097

11. Find a Unicode table on the Web. What’s the difference between ASCII and Unicode?  How many bytes does each use to represent a character?
The ASCII representation uses 8 bits to store each alphanumeric character (the 8th bit is a parity bit to detect transmission errors.).  The UNICODE representation uses 16 bits to store each alphanumeric character, which allows for many tens of thousands of different characters to be stored or displayed.  The 7-bit ASCII table continues to be the backbone of modern computing and data storage. It is one of the few real standards that all computers understand, and everything from e-mail to web browsing to document editing would not be possible without it. It is so ubiquitous that the terms "text file" and "ASCII file" have come to mean the same thing for most computer users.
The Unicode Standard is a character coding system designed to support the worldwide interchange, processing, and display of the written texts of the diverse languages and technical disciplines of the modern world. In addition, it supports classical and historical texts of many written languages.

12. Consider the representation for pictures described in Section 1.3, where each dot (pixel) in the picture is represented by three bytes, for the red, green, and blue components of the color at that dot.  How many bytes does it take to represent a 640 x 480 picture, a common picture size on the Web?  
640 * 480 =  307,200 pixels; 307,200 * 3 = 921,600 bytes

How many bytes does it take to represent  a 1,024 x 768 picture, a common screen size?  
1024 * 768 = 786,432 pixels; 786,432 * 3 = 2,359,296 bytes

What do you think is meant now by a “3 megapixel” camera? A megapixel is 1 million picture elements.  So, a 3 megapixel camera takes a picture with 3 million picture elements.   
13. How many digits are used in the binary number system?  2 digits

How many digits are used in the decimal number system?  10 digits

How would you represent 3, 5, 8 and 13 in the binary number system?

3 = 11; 5 = 101; 8 = 1000; 13 = 1101

14. What is the hexadecimal number system? A base 16 numbering system

How many digits are used in the hexadecimal number system? 16 possible digits

How would you represent 4, 18, 33, and 64 in this number system?

4 = 4; 18 = 12; 33 = 21; 64 = 40

15. What is the octal number system?  
The octal number system is based on the binary system with a 3-bit boundary. It uses base 8.  
How many digits are used in the octal number system?   8 digits are used:  0-7

How would you represent 4, 18, 33, and 64 in this number system?

4 = 4; 18 = 22; 33 = 41; 64 = 100

18 /8 = 2 remainder 2 = 22

33/8 = 4 remainder 1 = 41

64/8 = 8 – becomes 10 remainder 0 = 100

Divide the decimal number by 8, and write the remainder on the side as the least significant digit. This process is continued by dividing the quotient by 8 and writing the remainder until the quotient is 0. When performing the division, the remainders which will represent the octal equivalent of the decimal number are written beginning at the least significant digit (right) and each new digit is written to the next more significant digit (the left) of the previous digit.
16. How many digits are in one byte? 8 digits equal 1 byte

How many different numbers can be represented by one byte?  256

2^8 = 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 = 256

What if you have two bytes?  512

256 + 256 = 512

Four bytes? 1024
256 + 256 + 256 + 256 = 1024

17. How would you represent negative numbers in bytes?  
For negative numbers, the two's complement convention is used on most modern machines.  Under this system, the bit representation for the negative number -n is obtained by “winding backwards” n times from the bit representation for 0. On a 32-bit machine, for example, to get the bit representation for -1, we wind backwards once from 00000000000000000000000000000000 yielding 11111111111111111111111111111111
Do a search on the Web for “negative numbers” and see what you find.

18. How might you represent a floating point number in terms of bytes?  
Do a search on the Web for “floating point” and see what you find.

Floating point - a method for storing and calculating numbers in which the decimal points do not line up as in fixed point numbers. The significant digits are stored as a unit called the "mantissa," and the location of the radix point (decimal point in base 10) is stored in a separate unit called the "exponent." Floating point methods are used for calculating a large range of numbers quickly.

19. Look up Alan Kay and the Dynabook on the Web.  Who is he, and what does he have to do with media computation?

Famous quote by Alan Kay:  “The best way to predict the future is to invent it.”  Alan Kay was born in Springfield, MA on May 17th 1940.  He is the conceiver of the laptop computer/tablet PC (The Dynabook) concept, which was aimed mostly at giving children access to digital media. Kay is one of the inventors of the Smalltalk programming language and one of the fathers of the idea of Object Oriented Programming. In the 1970s, Kay designed a device he called the "KiddiKomp" which was an inexpensive portable computer with a CRT display to experiment with the idea of portable computing.  Kay's most noteworthy contribution to the world of computer science was that of a shifted paradigm; he changed the way both the industry and the world thinks of computers. Before Kay's work, a computer was a non-personal box that spat text at you. If you wanted to interact with this machine you had to learn to speak its language. Kay, because of his experience with children, his love of education, his diverse interests, and his genius, recognized that users can and should interact with a computer in different ways and should not be limited to only text. He was among the first to represent objects in a computer as pictures -- a metaphor that he further extended by developing the concept of object orientation. He is, clearly, one of the fathers of the modern PC.
20. Look up Alan Turing on the Web.  Who was he, and what does he have to do with our notion of what a computer can do and how encodings work?

Alan Mathison Turing was born in London in 1912. He died at age 41. He was a British mathematician and logician who made major contributions to mathematics, cryptanalysis, logic, philosophy, and biology and to the new areas later named computer science, cognitive science, artificial intelligence, and artificial life. Turing was a founding father of modern cognitive science and a leading early exponent of the hypothesis that the human brain is in large part a digital computing machine. He theorized that the cortex at birth is an “unorganized machine” that through “training” becomes organized “into a universal machine or something like it.” A pioneer of artificial intelligence, Turing proposed (1950) what subsequently became known as the Turing test as a criterion for whether a machine thinks. Turing played a crucial role in designing a primitive, computer-like machine that could decipher at high speed Nazi codes to U-boats in the North Atlantic.  He invented The Universal Turing Machine --  the instructions on the tape governed the behavior of the machine, by changing those instructions, one could induce the machine to perform the functions of all such machines. In other words, depending on the tape it scanned, the same machine could calculate numbers or play chess or do anything else of a comparable nature.

21. Look up Kurt Goedel on the Web.  Who was he, and what amazing things did he do with encodings?
Gödel is best known for his two incompleteness theorems, published in 1931 when he was 25 years of age, one year after finishing his doctorate at the University of Vienna. The more famous incompleteness theorem states that for any self-consistent recursive axiomatic system powerful enough to describe the arithmetic of the natural numbers (Peano arithmetic), there are true propositions about the naturals that cannot be proved from the axioms. To prove this theorem, Gödel developed a technique now known as Gödel numbering, which codes formal expressions as natural numbers.

