Experiment # 8
	Lab Title: 
	Single Cycle processor----Integration of control unit and datapath.

	

	Learning Objectives:
	Development of single cycle processor by integrating it’s control and datapath


In this lab we will complete development of our single cycle processor(SCP) by integrating datapath and control section developed in lab 06 and lab 07 respectively.


We will also debug our  SCP by using timing diagram.

	

	Tools Used:
	1 verilogger pro

2 Pcspim



	

	Procedure:
	

	While performing integration keep two points in your mind. 

· There is no difference made by sequence of module instantiation during integration process.

· We will follow the sequence from left to right and top to bottom, because it will help in debugging using timing diagram.

To complete integration successfully follow given steps.

Step 1:

Ensure that you have following figure in hard form.
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Fig 09.1: Architecture of single cycle processor

Step 2:

 Make sure that you have tested modules for following components.

· PC

· Add_4

· Instruction memory 
16x32

· Register file 

32x32

· Sign extender



· Shifter (left 2)

· Adder

· ALU

· Data memory

16x32

· 32 bit 2to1 Multiplexer

· 5 bit 2to1 Multiplexer

· Control Unit

· ALU Control

Step 3: 
Make following changes in your register file module.

1 intialize first 16 registers by using initial statement in following manner.

initial


begin



regfile[0]  = 0;



.



.



.



.



regfile[15] = 15;

end

2 Declare values of first 7 registers to wires so that we can watch them during simulation.

wire [31:0] R0=regfile[0],

            
      .

                      
.





.

                      
R6=regfile[6];

Step 4: 
Generate binary code for following instruction MIPS instructiuons.


add       $3 , $2 , $1  

sub       $4 , $2 , $1

slt       
$5 , $3 , $2           

sw        $2,   4 ($0)  

lw        $6 ,  4 ($0)

Step 5: 
Copy these binary codes in instruction module as shown below

always@( address )           

0:  data_out=32'h00411820;   

1:  data_out=32'h00412022;

2:  data_out=32'h0062282a;

3:  data_out=32'hac020004;

4:  data_out=32'h8c060004;

5:  data_out=32'h00000000;

6:  data_out=32'h00000000;

.

.

.

.

.

15:  data_out=32'h00000000;

endcase 

Step 6: 
Make a new verilog file and let name it as processor.v

Step 7:

Make a new project let name it project1 and save it.

Step 8:

Add processor.v file(an empty file) to project1.

Step 9:
Add  files of all other above mentioned components in project1 in similar way.

Step 10:  
Now label multiplexers on your handouts  as shown below.

[image: image2.png]4—>]

Resut

Add

Resut] *»
mucs

@ Add
besie
oo
VenToRes
eniea
himiee

opts125) )
Lion

allsrc

[Fedinite
] 1

Fosol s

curl

Rs GEHT
l25-21] Readrognun s Reac bidfRead
ocHs{Read acress S pata Memory
¥ Registers Zero Read data|—
Instruction [31-0] o Result |Wite address
) e reqrun
Instruction =  muoet] Read reg data B o o it
Memory | [i%., [t reg dta I i
i
Toa
159 | 15 (en) s /\
extend) ALY





Fig 09.2: Labeling of multiplexers

Step 11:
Processor port list contains three ports out, rst and clk.

Code for processor without instantiation of any component module should be as followed.

module processor(out,rst,clk);

output 
[31:0] out;

input
rst,clk;

/*

Write code for instantiation of different component modules*/

endmodule
Step 12:
label output of PC and output of mux3 on your handout as follow.
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Fig 09.3: Labeling output of PC

Step 13:
Now after instantiation of PC module, code of processor should be as follow.

module processor(out, rst, clk);

output 
[31:0] out;

input
rst, clk;

//declare wires to establish connections

wire [31:0] pc_out, out_mux3;

// instantiate pc

//syntax for instantiation is 

// module_name object_name (port list);

// order of ports in port list of instantiation should be same as that in original module.

pc pc1 (PC_out,out_mux3,clk, rst);

endmodule

NOTE: while instantiating instruction  memory, connect pc_out[5:2] as address input of instruction memory because our instruction memory is 16x32 and needs only 4 bit
 wide address bus. 


Furthermore, we are choosing bit position 5:2 of pc_out because address provided by PC is aligned as multiple of 4. hence it’s lower two bits are always zero. So bits 5:2 provides correct address for our instruction memory.



	

	

	Exercises:
	

	1 Establish all connections by instantiating all component modules. (see Fig Lab 09.3)

2 Debug your code using timing diagram.
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