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Description

The Paper and Pencil Computer. A stripped-down version of an actual computer. It illustrates the way that actual computers work. The Paper and Pencil Computer has a processor (this is the focus of the what we will do), RAM storage, one input device (keyboard), one output device (monitor), and no networking. The Computer executes or carries out a program, which is a list of instructions. If we want to add two numbers, for example 3 + 5, we add them in one step by acting on both numbers at the same time. However, the Paper and Pencil Computer, like virtually all computers, acts on numbers one at a time. Regular RAM locations can store numbers, but not do calculations. A special location, the Accumulator, is used for arithmetic. To add two numbers, the computer loads the first number into the Accumulator, then adds the second number to the contents of the Accumulator. Each computer instruction has two parts, a Operation Code, which says what the instruction is (for example, load into the accumulator or add to the accumulator), and an Address, which is the location in RAM that will be used in the instruction.

Parts of the Paper and Pencil Computer (see the layout sheet).

· RAM. The Paper and Pencil Computer has 32 memory locations, numbered from 0 to 31. Each memory location can hold one binary byte. The number of a RAM location is also called its address.  Besides its address, each memory location also stores a number, its content. While the address is always the same, the content can change from instruction to instruction. It the content of a cell changes, cross out the existing content and write in the new one. In the layout sheet, the address of each RAM location is in small type in the upper-left corner of the cell, and the contents are below in larger type. RAM stores both the program and the data.

· KEYBOARD. Since we don’t have a real keyboard, we list the numbers that the user will type in, from First to Fifth. Some examples may not use the keyboard at all, while other examples may use all five numbers. If keyboard input is called for, use the First number the first time that input is called for, then the second number, and so forth. It is a good idea to cross out each number as you use it, to prevent mistakes.

· MONITOR. This is the computer screen. Again, we don’t have a real monitor, so you will write the output information on the screen. Start at the upper left, then write numbers along the top row, then shift down one row from left to right, and so forth. We will assume that the old output still stays on the screen, and there is a space between each output.

· CPU (Central Processing Unit). The primary object in the CPU is the Accumulator, the place where arithmetic (adding and subtracting) is done. Also in the CPU is a unit that sequences the instructions in the program. Instructions are executed in the order they are listed, unless one particular instruction (PJUMP) tells the sequencing unit to jump out of sequence. The sequencing unit always starts at location 0 and proceeds from there.

· INSTRUCTION SET. Each computer (processor) has its own Instruction Set, the set of instructions that it can execute. The Instruction Set for the Paper and Pencil Computer is listed and described below. Each instruction has two parts, an Operation Code or OpCode that says which instruction to perform, and an Address, that says which RAM location to use.

Instruction Set.

NOTES:

1. Data moves from one location (the source) to a second location (the destination). The data at the source are not changed; the data at the destination are changed to a new value.

2. The address part of the instruction is not shown below. The address is always the address of a RAM location.

	OpCode
	Brief
	Description

	ADD
	Acc ( Acc+Mem
	The contents of the addressed RAM location are added to the Accumulator, replacing the previous contents of the Accumulator. The contents of the addressed RAM location are not changed by this instruction.

	SUB
	Acc ( Acc-Mem
	The contents of the addressed RAM location are subtracted from to the Accumulator, replacing the previous contents of the Accumulator. The contents of the addressed RAM location are not changed by this instruction.

	LOAD
	Mem ( Acc
	The contents of the addressed RAM location replace the previous contents of the Accumulator. The contents of the addressed RAM location are not changed by this instruction.

	STORE
	Acc ( Mem
	The contents of the Accumulator replace the previous contents of the addressed RAM location. The contents of the Accumulator are not changed by this instruction.

	READ
	Kbrd ( Mem
	The input data from the keyboard replace the contents of the addressed RAM location.

	PRINT
	Mem ( Mon
	The contents of the addressed RAM location are displayed on the monitor, to the right of the previous displays, or on the next line. The contents of the addressed RAM location are not changed by this instruction.

	PJUMP
	Exe ( Mem
	If the contents of the Accumulator are positive (not including zero), jump to the instruction in the address.

	STOP
	Stop
	Stop. Done.
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3 bit operation code





5 bit address





8 bit total





How Many Bits?


The Paper and Pencil Computer processes 8 bits at a time (the Pentium 4 processes 32 bits at a time). There are 32 memory locations, which require 5 bits to address. There are 8 operation codes, which require 3 bits to address. Since 3 + 5 = 8, the Paper and Pencil Computer is an 8-bit computer.





Execution Loop:


The Instruction Loop is the cycle that all computers circle around repeatedly, as shown in the diagram to the right.
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