Computer Memory and Variables

Abstract Computer Schematic
· Central Processing Unit (CPU)
· Control Unit (CU)
· Arithmetic/Logic Unit (ALU)
· Registers
· Memory
· Hard Drive
· Other I/O Devices

Alphabet Generalizations
· Alphabet: standard set of symbols for communicating
· Real life example: Numeral System (Why are there 10 numbers/symbols?)
· Finger-counting typically uses 10 fingers
· Understanding computer architecture will clarify operations of computer memory

Computer Hardware Fundamentals
· Hard Disk Drive
· Platter has regions of magnetic grains that store magnetic fields (data)
· Head/arm read and write magnetic fields
· Every region of a hard disc carries either a magnetic field or no magnetic fields
· Similar to turntable (storage device that uses rotating discs)
· Internal circuitry components also carry either high voltage or low voltage at a given point
· Region can only story one of two possibilities:
· Possibilities represented by the symbols of the only alphabet the computer truly uses – the binary alphabet (0 and 1)

Binary, Decimal, Hexadecimal

Decimal
· Given a sequence of digits, count by replacing the current right most digit with the next digit
· If the number of the unique digits is exhausted, reset that digit to zero and increment the digit to the left

Hexadecimal
· Digits of the Hexadecimal Number System: 0, 1, 2, 3, 4, 5, 6, 8, 9, A, B, C, D, E, F
· Alphabet that has more than 10 symbols 
· Given a sequence of digits, count by replacing the current rightmost digit with the next digit
· If the number of the unique digits is exhausted, reset that digit to zero and increment the digit to the left
Binary
· A single 0 or 1 is known as a Binary Digit (abbreviated Bit)
· Logical groups of 8 bits are known as bytes
· Storage volume is measured in – kilobytes, megabytes, gigabytes

Programming Fundamentals
· A python program that you write is saved on the hard drive 
· When you run python on that text file, the program is loaded into memory
· To run the file, instructions and data in memory are read by the Central Processing Unit (CPU)

Variables in Memory
· Conceptualize memory as a collection of drawers in a large filing cabinet
· A variable is a label applied to the storage location in computer memory
· The value of 100 is placed at an arbitrary location in memory (ex. 100)
· The label “xyz” is applied to this location
· Subsequent references to “xyz” will use the value stored there

· id: provides the location of a variable
· Expects one argument: name of a variable to be located in memory
· hex: converts value to hexadecimal
· Expects one numerical argument: value to be converted

Variable Assignment
· Assignment statements use the assignment operator (ex. Single “=” sign) and this operator has two operands: left-hand and right-hand side
· Left-side = Variable name/identifier
· Right-side = value/expression (ex. Statement that can provide a value; such as 1+1)

· Assignment statement of the form: <variable> = <expression>
· Corresponds to a Multi-step operation
1. Evaluate the value result of the <expression>
2. Place it into an arbitrary location in memory
3. Label that location with the name <variable>

· Any function that requires an argument of a particular type can, alternatively, use:
· a variable that contains a value of that type
· expression that evaluates to a value of that type
· ex. “line” function requires numerical arguments, but variables with numbers or expressions with numerical results also work


Variable Reassignment
· the term “variable” is used in reference to the fact that the value associated with a variable can change during the execution of a program
· a statement that assigns a new value to an existing variable will effectively lost the reference to the previous value

Data Types
· Binary sequences can be sued to represent different types of data
· Thus, variables can store different data types, most commonly numerical, textual and logical values 
· The previous counting example demonstrated how numerical data can be stored in Binary
· Textual data is easily represented in binary if it is first divided into characters and each character is given a numerical code
· Consider a numeric substitution cipher: 
· A = 1, B = 2, C = 3, … Z = 26
· Hello = 8, 5, 12, 12, 15

ASCII
· American Standard Code for Information Interchange
· Map that specifies which integer should be used to represent each character in a text
· If numbers can be converted into binary and text can be converted into numbers, then text can also be converted into binary 
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· Character sequences 
· To ensure that they are recognized as strings, they must be written in quotation marks
· Ex. print (xyz) – would print the contents of variable xyz vs. print (“xyz”) – would print the three characters x, y, and z





