CPU SIMULATOR

What is the CPU SIMULATOR?

CPU Simulator is a scientific Application that you can use to understand the main work of MICE3 CPU which designed by prophesiers of department Engineering.

CPU Simulator helps you to create your own CPU and face all the problems that halt your project. For example, you could think of your own timing diagram and built your states just after you understand the Main Feature of CPU job. 
In a few simple steps, you can write your code, Compile, Download and trace the instructions operation on the Data path.
Objectives:

· Understand the CPU job.
· Let the "student or teacher" keep on touch.
· Can used by student to let his LAB easy to understand.

· Can used by instructor to give him new ideas for LAB explanation.

· The instructor used it as instructing tool parallel with material which are given to student.
· Decrease the gap between the student and instructor.
· The visually and animations Increase the imagination of student.

Project Parts:
1. Components test.

2. Timing.
3. Assembler.
4. Data path.
1. Components test:

The Basic components of CPU are the components that must exist in any of the CPUs. These are PC (program counter) , IR (instruction register) , System memory, ALU (Arithmetic & Logical Unit), a set of the SPR( special purpose registers), a set of general purpose registers (GPR), The Control Unit (CU), Multiplexers (MUXs).

CPU must be built from basic blocks. This is necessary because working at a low level makes the design harder and harder. 

So This part of project displays all CPU components "ALU, PC, Registers, RAM, ROM, MUX …". And  Test gives the user ability to take every part of CPU and manipulate it separately.

The main idea behind it is to grasp CPU components. Just the user can take every part and use it as Black box "inputs and outputs", this interactive way help the user to try all cases he want to test.
But what are these blocks composed from? And how do they function?

· ALU and ALU Structure:

Arithmetic Logic Unit, is a main part of the computer, the device that performs the arithmetic operation like addition and subtraction or logical operations like AND and OR, so any ALU must support the basic operations of arithmetic and logical operations such that any operations is not support by the ALU the CPU can not implement that function which means the more functions the ALU can does the more the CPU can be efficient of course.
ALU always works as it have two inputs  what ever these inputs are (Accumulator, Registers, Memory Data and Immediate Values) and the ALU performs the operation on these inputs and then gives on the output the value of the answer as a combinational logic, so the ALU in general have inputs which have the same size in bits it does the operation on them and an input called ALUOP to select which operation to perform in order to give the output, the output are usually is same size as the input and ALU must give us an indication to the zero output and a carry which is caused by all arithmetic operation.

The operations are:

F=NOT A. One's complement of A.

F=A AND B.

F=A OR B.

F=A XOR B.

F=A+B.

F=A-B.

F=A+1.

F=A-1.

F=A.

F=B.

F=A ROL 1 through carry.

F=A ROR 1 through carry.

Note: F is output, A and B are inputs.

· Program Counter (PC): 
This component is a register that contains the address of the instruction the CPU is already executing. Always it gets incremented at the second state of each instruction to get the address of the next instruction to be executed. so it has a input as load which usually used in Jump instruction if taken and the other inputs is a clock signal to increment PC value or Load it according to Load signal One or Zero. 

· Instruction Register (IR): 

At the process of fetching, the instruction to be executed is stored in this register. The data being stored in this register are used all along the instruction. So its contents are changed once per instruction. The instruction register is also a register. The width of this register is equal to the size of the instruction.
This block has one input and one output, Clock signal causes the reading or writing operation depend on write signal and read signal. 
· Special Purpose registers (SPR): 
A set of registers that are used – by implementation, to store data during executing some instructions. Accumulator (W register) register is an example for these registers. The existence of these registers depends on the instruction set architecture of the CPU and usually as all other registers in the CPU, PC & IR.

This block has one input and one output, Clock signal causes the reading or writing operation depend on write signal and read signal.
· General Purpose Registers (GPR): 

These register are used by the programmers to save certain data during executing some instructions. These instructions are gathered together in the register file. These registers are together called the “register file”.

In our Application we call it RAM "real name in personal computers" to clear the idea of use it in CPU.

As we know that RAM has impeded Blocks which we can read from or writ to, depending on writ and read signal. There are multiple inputs one for selecting address and the other to input data in writ operation, also it has one output.  
· Multiplexers (MUXs): 

The multiplexers are the used as selectors the selects the data to be an input for a certain block. The normal device that is used to select one line of multiple lines. So it has inputs "two or three…" and one output, there are select bits to decide which input must go to output.
2. Timing Diagram Part:
Timing is most important part in design CPU because the timing diagram represents a controller which control all blocks in CPU and decide its work. Our take timing diagram for each instruction on demand this method gives the user the ability to change or built his owns controller.
3. Assembler part:

To make our application more interactive with user we need to Assembler  which the user can enter his code in and compile it then download to ROM.

There is a scrolling Text Box to enable the user to enter his code, the horizontal scroll is an effective way to enter multiple lines.
In addition to Text Box there is a compile Button which takes the text from text box and analyzes it, if there is error "syntax" it return "Assembler  error…" in Output Text Box, else return "Assembler  success…."In the same Output Box. Also there are a Download Button which we use it after compile the code and to be sure that compilation is successful, the result of pressing Download button is to move to another work space "Data Path" and Download all instruction to the ROM blocks as instruction per Block.
To Jump to main menu we use Menu Button. Finally Exit Button which is closes the Application and return to Operating System.
4. Data Path Part:
After we complete our controller and timing diagram the final step is to join components together to built and construct data path.

Data Path describes how components connecting together to represents the instruction's data flow across these components.
In our Application we make the data path interactive to enable the user tracing his instructions step by step.
There are multiple buttons in data path part the first one is FAST GO button, this button used to execute instructions and jump between them without knowing the inner state for these instructions, so after each click the final result appear on data path.
In addition, there are GET READY button and NEXT STATE button, these buttons used to execute instructions step by step and state by state for each instruction, when we need to execute the instruction we click GET READY button then we jump between it state by NEXT STATE button.
Also there are BACK button which return to Compile part, and Timing Button which display the timing diagram for current instruction which is under execution.
Tools used to build Application:

We call that the project is scientific application used as an instruction tool, so the most part in this project depend on Multimedia components like (images, text, Sound,…),in addition to this we need a good program which include power full  language to join these components together and make interactivity.
The Best program which contains multimedia tools and power full language is "Macromedia Flash MX".
In this Application we use Multiple programs, each one has different capabilities from others to support Best Appearance, power full interactivity and toughness :

Macromedia Flash MX: 
Flash MX is Multimedia program that contains Multimedia Tools and Programming tools, Multimedia tools enable us to built infrastructure of interface but the programming tools which is named "Action script" in Flash MX.

Flash MX The main and central program which is used to build this Application.

This programming tools like java script easy to use and built your objects. So we use this program because give better appearance than Visual C++, and support easy motions which are used to explain the works. In the other hand the time need to build the same project in visual c++ or other programming language is huge compare with Flash MX; also it gives beautiful and smooth motion.
Adobe Photoshop: This is a multimedia program used to create and editing static images, this program contains power full tools compare with Microsoft Paint.
So we use this program in our project to build the case of CPU's Components like ALU, ROM, RAM, and IR…
Crystal button: this program is an easy way to create attractive buttons.
Sony Sound Forge: This program used as a tool for editing sound files.
Performance:
When we speak about performance the main thing we consider is CPU utilization and I/O consumes.

As we know that to project under Macromedia Flash MX need two ways:

The first one is to make the animation and motion smoothly on time line frame by frame. The second is to write code "Action script" to manipulate all these motion, but the project which is full dependent on action script better than the others that depend on motions.

Because we use an Interrupt method instead of busy waiting method, this cause the CPU Idle all time except the time followed buttons press, all objects and components on this application has handler an become active if there is an interrupt, which cause good performance.
Platform and requirements:
The result of project which was built in macromedia Flash Mx are "exe" files and "swf'' file this file Is operating system independent this mean work in most operating systems as Microsoft Windows, Linux, Macintosh…,also "swf" files used as activeX in Web pages, this utility enable this project to work on internet.
We need macromedia flash player if we use "swf" file.

Problems:

The main problem face us in this Application is limited capability of "Action Script" for example action script can't write on files but can read.

