Introduction:
MIPS is an instruction set developed by Sony, Nintendo, and NEC. MIPS, which stands  for  Million  Instructions  Per  Second,  is a  rating  of  a  Central Processing Unit (CPU), that refers to how many low-level machine code instructions a processor can execute in one second. The core MIPS instruction set architecture determines  many  aspects  of  the  implementation,  which includes an  integer arithmetic-logic  instruction,  the  memory-reference  instructions, and  the  branch instructions.  Much of what needs to be done to implement these instructions is the same, independent of the exact class of instruction. 

In this project we have developed software for simulation a multi-cycle and single cycle MIPS processor.

The multi-cycle data-path split the execution of the instruction into stages, each stage is done in one clock cycle, which make the hardware be shared through the stages, this allow to use less hardware for implementing the processor, while the single cycle all the instruction being executed in one clock cycle.

Objective:

The objective of the project is to simulate the operation of the MIPS processor graphically for both single cycle and multi-cycle MIPS and the simulation are include most of integer instruction set of MIPS assembly instruction set, the set of objectives being achieved in this project and clearly understood:

1- Graphical simulation of single and multi-cycle data-path MIPS processor.
2- Displays each part of the data-path and its function.

3- The three types of MIPS instructions.
a- I-type.
b- R-type.
c- J-type.


4- The four classes of MIPS instructions.
a- The memory-reference instructions as load word and store word.
b- The arithmetic-logical instruction as add, sub, and, or, and slt.
c- The branch instructions as beq, and bne.
d- The jump instruction as j, and jr.


Problem with previous software:
Most of software being developed previously for MIPS simulation was not easy to use which make the user take longer time to able to use it and understand it operations, and previously software has no graphical simulation for the MIPS data-path when it executing instructions, and most of it are web-based programs which make the user to able to use them should be connected to the internet which make it harder to use if there is no internet connection.

Programs and Languages used in implementing the project:
Our project is being designed using C-Sharp from Visual Studio 2005 programming language and Adobe Flash CS3 and its Action Script 3.0.

We have choose  using C-sharp cause of it easy to implement good graphical user interface and we find lack in Flash in some user interface as Open file dialog and Save file dialog which we find it available in C-sharp tools.

The choice of Adobe Flash it for implementing the graphical data-path which is easier to draw the objects and provides abilities to controls the objects using its Action Script to controls which object to animate and which object to stop animating.
The merging between the flash file and C-sharp was using object in C-sharp it name “Shockwave Flash Object” we have added to C-sharp program interface which give us abilities to load flash files within it by using functions implemented in this object.
The communication between C# and flash object is done by using function in the Shockwave Flash object by XML syntax, the XML syntax contains request contains name of functions and its arguments, The flash side should be define the function to be called from external interface.
The communicating between flash and C# done by Action Script by calling a function as external function and the request is sent to C#, in C# side receives the request from flash as XML syntax which have the name of function which flash want to invoke and function arguments. 
Program Elements:
MIPS Single Cycle Data-Path: 

The single data-data path executes one instruction per clock cycle, cause of this the data-path resources can’t be shared between same instruction so if resources needed should be duplicated, the clock cycle rate is determined by longest delay path (load instructions). The clock cycle done in it the following stages, each stage have specific operation and it’s explained below: 

· Fetch: read the instruction from the address referenced by the PC. 

· Decode: decode the instruction and read the operands from the register file. 

a. For R-type instructions: read 2 data from the register file. 

b. For store instructions: read 1 data from the register file. 

· Execute: activate the ALU (or other datapath unit). 

a. For memory reference: address calculation 

b. For arithmetic-logic: ALU computation 

c. For branch: operand comparison 

· Write back: store the result to the register file. 

a. For memory reference: access the memory. 

b. For arithmetic-logic: write the result to the register file. 

c. For branch: modify PC. 

MIPS Multi Cycle Data-Path:
The main difference between a multi-cycle and  single  cycle  MIPS  processor  is the  fact  that  the multi-cycle implementation takes more than one clock cycle to execute an instruction, but  the  exact number of cycles needed to execute one instruction can vary depending  on  the  type  of  instruction. Although the single cycle implementation may appear on the surface to be a faster, more efficient data
path, the multi-cycle data path actually has many more advantages.  The multi-cycle implementation allows a functional unit as an ALU to be used more than once per instruction provided it's used on different clock cycles. This in turn reduces the amount of hardware required.

Allowing the processor to take multiple cycles to execute an instruction is actually an advantage.  For a single cycle processor, it would take a fixed amount of time to execute an instruction, no matter how simple it is. So a simple addition instruction will take as long as a more complicated memory access or memory write instruction. This is not the case in the multi-cycle processor.  If  the  instruction  is  a relatively simple instruction, then  it  takes  the  processor fewer  cycles  and  therefore  less  time  to execute.  If the instruction is relatively more complicated, it can use more cycles, requiring a small amount of time as the single cycle processor to execute.  The ability to allow instructions to have varying numbers of clock cycles to execute and the reuse of functional units are the major advantages of the multi-cycle processor. 
All instructions implemented and their corresponding clock cycles in processor can be found in this simulation. In a multi-cycle MIPS processor, here are five basic stages that the processor goes through.  A very brief overview of each stage is presented in the following. 

Instruction Fetch

In this step, the instruction in memory pointed to by the Program Counter (PC) is loaded from memory. The instruction is read and stored in the Instruction Register (IR) and the PC is incremented by four. 
In this step the processor does not know what the instruction is or does. The operation of incrementing the PC by 4 requires setting the ALUSrcA signal to 0 (to send the PC to the ALU), and ALUOp to 00 (to set the ALU to perform addition).  The operation of sending the PC to the memory requires asserting the control signals MemRead and IRWrite, and setting IorD to 0 to select the PC as the source of the address.  Finally,  the  operation  of  storing  the  incremented   instruction  address into  the  PC  requires  asserting  PCWrite.  The increment of the PC and the instruction memory access can occur in parallel.  The new value of the PC is not visible until the next clock cycle.
1. IR = Memory[PC] 

· MemRead/IRWrite 

· IorD = 0 

2. PC = PC + 4 

· ALUSrcA = 0 

· ALUSrcB = 01 

· ALUOp = 00 

· PCSource = 00 

· PCWrite 
Instructions Decode and Register Fetch 

In this step, several different actions are performed.
First the branch target address is calculated using the ALU before the instruction type is known. This does not interfere with anything because if the instruction is not a branch, the result can be ignored. The registers used in R-type instructions will also be read, which are stored in A and B. The operation of computing the branch target requires setting ALUSrcA to 0 (so that the PC is send to the ALU), ALUSrcB to the value 11 (so that the sign-extended and shifted offset field is send to the ALU), and ALUOp to 00 (so the ALU adds).  The register file accesses and computation of branch target occur in parallel. 
1. A = Reg[IR[25-21]] 

2. B = Reg[IR[20-16]]
(Pre-fetch register content, no additional control is needed) 

3. ALUOut = PC + ( Sign-Extend(IR[15-0]) << 2)
(Calculate branch target in advance) 

· ALUSrcA = 0 

· ALUSrcB = 11 

· ALUOp = 00 

Execution, Memory Address Computation, or Branch Completion

This stage is the first in which the data-path operation is determined by the instruction  class. There are four different instruction classes: Memory Reference, Arithmetic-logical  (R-type), Branch, and Jump. Depending on the instruction, it is either completed at this cycle or data is prepared for use in the next cycle. Of all the instructions, only the branch instructions, which are Branch-class, finish at this stage.
a. Jump: 

1. PC = PC[31-28] || (IR[25-0] << 2) 

· PCWrite 
· PCSource = 10 

b. Branch: 

1. if (A==B) PC = ALUOut
(PC may be written twice) 

· ALUSrcA = 1 

· ALUSrcB = 00 

· ALUOp = 01 

· PCWriteCond 

· PCSource = 01 

c. R-type: 

1. ALUOut = A op B 

· ALUSrcA = 1 

· ALUSrcB = 00 

· ALUOp = 10 

d. Memory Access (Load or Store): 

1. ALUOut = A + Sign-Extend(IR[15-0]) 

· ALUSrcA = 1 

· ALUSrcB = 10 

· ALUOp = 00 

Memory Access and R-type Instruction Write Back
In this cycle, the R-type instructions are completed and the results are stored in the  appropriate registers.  I-type instructions are also completed here, except for those that deal with memory reading or writing. For memory access instructions, the data is stored in the memory data register where it is used in the next cycle. 
a. R-type Execution 

1. Reg[IR[15-11]] = ALUOut 

· RegDst = 1 

· RegWrite 

· MemtoReg = 0 

b. Memory Access 

Load: 

b. MDR = Memory[ALUOut] 

b. MemRead 

b. IorD = 1 

b. Store: 

b. Memory[ALUOut] = B 
(B is read twice in this instruction) 

b. MemWrite 

b. IorD = 1 
Memory Read Completion

In the final stage, the data stored in the memory data register is either written to memory  (in  the case of a store word instruction), or is written to a specified register (in the case of a load  word instruction).  The operation of writing the data into the register file requires setting MemtoReg=1 (to write the result from memory), asserting RegWrite (to cause a write), and setting RegDst = 0 to choose the rt (bits 20-16) field as the register number.
1. Reg[IR[20-16]] = MBR 

· MemtoReg = 1 

· RegWrite 

· RegDst = 0 
MIPS Instruction Set:
In this project, the instructions are executed in multi-cycle and single cycle technique. The processor can be viewed as a pipe made up of several instruction stages. The instructions enter the pipe and proceed through the stages. At the given stage, the appropriate work is done. When an instruction exits the pipe, a new instruction enters. Not all instructions need to pass through all the stages.

There are a total of four classes, memory reference, R-type instruction, Branch instruction, and J-type instruction.
The format of each type of instruction. The length of bits of each parameter in the particular instruction is shown as below:
  R-Type:
	31                 26
	25                 21
	20                16
	15                 11
	10                 00

	OpCode
	RS1
	RS2
	RD
	function


I-Type:
	31                 26
	25                 21
	20                 16
	15                                               00

	OpCode
	RS1
	RS2
	immediate


J-Type:

	31                 26
	25                                                                                                            0

	OpCode
	offset


The stages and clock cycles required by each instruction type to complete execution of each type of instruction is discussed as follow.
Memory reference:
a- Load Word for a LW instruction, the instruction is required to  pass  through  all five stages shown.

	1
	2
	3
	4
	5

	IF
	ID/RF
	EXE
	MEM
	WB


b- Store Word for a SW instruction, the instruction is required to pass through only four stages as shown below.

	1
	2
	3
	4

	IF
	ID/RF
	EXE
	MEM


R-type instruction:


R-type instruction is an ALU instruction, and all ALU instructions do not use the MEM stage. So, all R-type instructions are required to pass through only four stages as shown below.



	1
	2
	3
	4

	IF
	ID/RF
	EXE
	WB


Branch instruction:

A Branch instruction is simpler than a Memory reference instruction and an R-type instruction. It is required to pass through on three stages as shown below.
	1
	2
	3

	IF
	ID/RF
	EXE


J-type instruction:

A J-type instruction is similar to a Branch instruction and also requires passing through only three stages as shown below.
	1
	2
	3

	IF
	ID/RF
	EXE


Available Instructions:
These are list of instruction available for the user to use through code text area

LB, LBU, LH, LHU, LW
SB, SH,  SW
ADD, ADDI, ADDIU, ADDU
SUB, SUBI, SUBIU, SUBU
DIV, DIVU, MULT, MULTU, MFHI, MFLO
SLL, SLLV, SRA, SRAV, SRL, SRLV
AND, ANDI, OR, ORI, XOR, XORI
SEQ, SEQI, SGE, SGEI, SGT, SGTI, SLE, SLEI, SLT, SLTI, SNE, SNEI
J, JR
BEQ, BEQZ, BGEZ, BGTZ, BGLEZ, BLTZ, BNE, BNEZ

Conclusion:

A graphical representation of the operation of a MIPS processor implementation has been created. A multi cycle and single cycle processor model was chosen for the implementation. The layout of the graphical representation has been carefully designed to meet the requirement of being able to run in as standalone windows program, since this project will be displayed on windows, windows resolution should be at least 1024x768 pix otherwise a parts of program will not be visible to the user, the program layout size is being chosen carefully cause most of computers now supports that resolution (1024x768).
