EE 3755    Homework 2      Due: Nov. 13.
Estimated time to solve:
	Prob.1
	
	5
	minutes
	(15pts)

	Prob.2
	
	10
	minutes
	(10pts)

	Prob.3
	
	4
	hours
	(65pts)

	Having Script File
	5
	minutes
	(10pts)

	Total
	
	4 hours and 20minutes


How to submit?
//  No hard copy.

//  Name your solution file as hw2.v

//  Name your script file   as hw2.txt

//  Leave your solution file(hw2.v) and 

//  your script  file(hw2.txt) on the class account.
Finish your solution file(hw2.v) first, then do the followings:

Use “script  hw2.txt “ command // To take a snap shot of your code. If you don’t know 
// script command, look at the handout.

Use “cat  hw2.v” command     // To display  contents of  your code file.

Use “ncverilog hw2.v”          //To run your code.
then stop the script.
Example) SUN>script  hw2.txt

          SUN>cat hw2.v

          SUN>ncverilog hw2.v

          SUN>  ( stop script  by pressing CTRL-D)

#Do all your work on hw2.v file
After carefully read the problem description, write code on the template file(hw2.v).

## Problem description##

You are required to build a mini processing unit.  module mini_processing_unit(v,ck);
The unit will receive  one long instruction which is actually two small instruction sets  at every clock cycle.

After receiving one long instruction, you have to process the long instruction.
To do this, you have to implement  8 small instructions and use them properly (NOP,LOAD,LI,STORE,ADD,SUB,MULT, and PRINT).
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Table 1. Instruction format for ADD,SUB,and MULT.

OP field value for ADD is 1000, for SUB is 1001, for MULT is 1010.
X means don’t care.

 For ADD operation, the contents of RS1 register 

and RS2 register  will be added and the result will be

saved to RD register. 

 ADD RD,RS1,RS2 ( RD= RS1+RS2.

For SUB operation, the contents of RS1 will be subtracted by  the contents of RS2
and the result will be saved to RD register. 

 SUB RD,RS1,RS2 ( RD = RS1-RS2
 MULT RD,RS1,RS2 (RD = RS1*RS2
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Table  2. Instruction format for LOAD,STORE
OP field value for LOAD is 0001,    for STORE is 0011.

LOAD R, ADDRESS ( R = (ADDRESS). The contents of memory location

designated by ADDRESS field will be loaded to R register.

STORE R,ADDRESS ( (ADDRESS) = R.  The contents of R register will be 

stored to the memory location designated by ADDRESS field.
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Table  3. Instruction format for LI(Load Immediate). 

Load immediate value specified by Immediate field to 

 R  register. OP field value is 0010.

	5
	4
	3
	2
	1
	0
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	O
	P
	
	
	R
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	1
	1
	r
	r
	r
	x
	x
	x
	x
	x
	x
	x
	x
	x


Table  4. Instruction format for PRINT. 

X means don’t care. 

Print the contents of  R  register. 

OP field value is 1011.

	5
	4
	3
	2
	1
	0
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	O
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	0
	0
	0
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	X


Table 5. Instruction format for NOP(no operation)
OP field value is 0000. doing nothing.
	
	The OP Code for
	NOP
	is
	0000

	
	The OP Code for
	LOAD
	is
	0001

	
	The OP Code for
	LI
	is
	0010

	
	The OP Code for
	STORE
	is
	0011

	
	The OP Code for
	ADD
	is
	1000

	
	The OP Code for
	SUB
	is
	1001

	
	The OP Code for
	MULT
	is
	1010

	
	The OP Code for
	PRINT
	is
	1011


Table 6. OP code value for 8 commands.

Assumption about this mini cpu.
This cpu has 8 registers(R0,R1,R2,….R7).

Register R0 always contains 0 value( R0 = 0).

Each register can have 32 bits data.

Each memory location can have 32 bits data.

Example 1.

This is NOT the cpu you are coding.
Each instruction is 16bits long.

Showing this example to help you understand better 

about the cpu you are going to code.

Assume the contents of memory location 10000 is 1.

Assume the contents of memory location 10001 is 1.
	Time
	Instruction
	

	0
	LI R1,2
	R1 <= 2

	1
	LOAD R2,(10000)
	//the contents of R2 will be 1

	
	
	// because the value from memory location 10000 will be

	
	
	// loaded to R1 

	2
	ADD R3,R1,R2
	//R3 <= 3

	3
	LI R4,3
	//R4 <=3

	4
	STORE R3,(10001)
	//(10001) <= 3

	
	
	//the contents of momory location 10001 will be changed

	
	
	// to 3.

	5
	MULT R5,R3,R4
	//R5 <=9 ( 3 multiplied by 3)

	6
	PRINT R5
	// value of R5 which is 9 will be printed.


Table 7.
Example 2.
This is the cpu you are coding.
Each instruction is 32 bits long.

Assume the contents of memory location 10000(binary) is 1.

Assume the contents of memory location 10001(binary) is 1.

	
	Time
	Instruction
	
	

	
	0
	LI R1,2
	LOAD R2,(10000)
	//R1 <= 2;R2<=1

	
	1
	ADD R3,R1,R2
	LI R4,3
	//R3 <=3; R4<=3

	
	2
	STORE R3,(10001)
	MULT R5,R3,R4
	//(10001) <= 3;R5<=9

	
	3
	PRINT R5
	NOP
	// value of R5 which is 

	
	
	
	
	//9 will be printed.


Table 8.
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  Table 9.  Machine codes for the instructions of example 2.
	
	
	
	
	
	

	
	Color Code
	 
	 
	OP code field
	

	
	 
	 
	 
	RD register
	

	
	 
	 
	 
	RS1 register
	

	
	 
	 
	 
	RS2 register
	

	
	 
	 
	 
	Immediate value
	

	
	 
	 
	 
	Address
	

	
	 
	White
	 
	Don't care
	


// End of problem description.
//Template
//Copy this template and name it "hw2.v".

// Problem 0:
// Write down your name and your  account  here

// Your Name :  #######

// Your Account: #######

//
// Problem 1:  Convert the following numbers. (15pts)
//    1.1) Decimal     5      to 8-bit Binary: (2pts)
//     Write your answer here;
//   1.2) Decimal    -5      to 8-bit Binary (2pts)
//     Write your answer here: 
//    1.3) Decimal    5.875  to Binary (as many bits as needed) (3pts)

//     Write your answer here: 
//    1.4) Decimal   -5.875  to IEEE 754 Single Precision (8pts) 

//    (Show in hexadecimal): 

//   Write your answer here: 
//Problem 2:(10pts)
Problem 2.1(5 pts)
//Look at the instruction codes below  and answer.
//Assume the value at the memory location 10000 is 3.
// What will be printed?

//Answer: 
	
	Time
	Instruction
	
	

	
	0
	LI R1,3
	LOAD R2,(10000)
	

	
	1
	ADD R3,R1,R2
	LI R4,3
	

	
	2
	STORE R3,(10001)
	MULT R5,R3,R4
	

	
	3
	PRINT R5
	NOP
	

	
	
	
	
	


//(hint:   think about the example above)
Problem 2.2 (5pts)
//Convert this instruction code into the machine code

   ADD R1,R2,R3  LI R4,3

//Hint: look at the table 6. and table 9.
// The answer is a 32bit number.
//Answer:
Problem 3(65pts).

module instruction_memory();

      reg [31:0] mem [0:7];

      initial

      begin

      mem[0] = 32'b00100010000000100001010000000001;

      mem[1] = 32'b10000110010100000010100000000011;     

      mem[2] = 32'b00110110000000111010101011100000;    

      mem[3] = 32'b10111010000000000000000000000000;      

      mem[4] = 32'b00000000000000000000000000000000;     

      mem[5] = 32'b00000000000000000000000000000000;
      mem[6] = 0;

      mem[7] = 0;

      end

   endmodule

//Instruction Memory Module 

Problem 3.1(5pts)
This following is part of instruction memory contents.

      mem[0] = 32'b00100010000000100001010000000001; //machine code
      mem[1] = 32'b10000110010100000010100000000011;     

      mem[2] = 32'b00110110000000111010101011100000;    

      mem[3] = 32'b10111010000000000000000000000000;      

Convert those machine codes to the instructions(5pts)

(Hint: Look at the Table 8 and Table 9,the opposite of the problem 2.2)

//Answer:

//mem[0]=

//mem[1]=

//mem[2]=

//mem[3]=

module data_memory();

      reg [31:0] mem [0:7];

      initial

      begin

      mem[0] = 2;     

      mem[1] = 3;                

      mem[2] = 1;     //

      mem[3] = 1;     //

      mem[4] = 0;     //

      mem[5] = 0;     //

      mem[6] = 0;

      mem[7] = 0;
      end

   endmodule

//Look at instruction_memory and data_memory.

//You don't have to understand this code.

//This module instruction_memory_read  will read  instruction from memory. 

module instruction_memory_read(v,ck);

      input ck;

      output [31:0] v;

      reg [31:0]  v,index;

      instruction_memory i_m();

      initial index = 0;
      always @(ck)

      begin

          v = i_m.mem[index];

          index = index +1;

      end

endmodule

////////////////////////////////////////////////////// //////

//  Complete the module so it can perform the required functionality(60pts).
//  This mini_processing_unit will take instructions from the instruction memory
// and  process the instruction properly and it will stop after executing PRINT instruction. 

//You may declare more variables and use them.
 module mini_processing_unit(v,ck);

       input ck;

       input [31:0] v;

       reg[31:0] data1,data2,result;
       reg[31:0]  R[0:7];  //R0,R1,R2,R3,R4,R5,R6,R7 registers;
       reg[31:0] index;

       initial  index = 0;

       data_memory dm();

       always @(ck)

       begin

       #1;
/// Write down your code here

/// It should contain code to show the contents of registers(R0,…R7)

// For better understanding about the output format,

//Read Help file which is given at assignment section. 

//You may need these value
//NOP    0000 

//LOAD   0001 

//LI     0010

//STORE  0011 

//ADD    1000

//SUB    1001 

//MULT   1010

//PRINT  1011
/// There will be no penalty for a little bit longer code 

//   as long as your program  produces right answer

//  You may declare more variables and use them.

//Use    dm.mem[index] when you read data from the memory and write data to the data memory.

// For example

// data1 = dm.mem[index];

//dm.mem[index] = result;

end endmodule  //End of your solution for the problem 3.
//////////////////////////////////////////////////////////////////////////////////

////////////////////////////Do not modify this test_all module////////////////////////////////////////////////////

module test_all();

   integer i,j;

    reg ck;

    wire [31:0] vs;

    initial  ck = 0;

    initial begin 

             for(i = 1; i<= 4; i = i+ 1) 

              begin

                 #10;

                 ck = ~ck;

              end

              end

            instruction_memory_read i_m_r(vs,ck);   

            mini_processing_unit m_p_u(vs,ck);

endmodule
//###############YOU MAY CHECK HELP FILE FOR THE FORMAT OF YOUR OUTPUT ####

//###############HELP FILE IS GIVEN ON THE ASSIGNMENTS ########################

