Experiment # 7
	Lab Title: 
	Single Cycle processor----Building Control Unit.

	

	Learning Objectives:
	To build control unit for single cycle processor.


Control unit of a processor consists of components that command the datapath, memory and I/O devices according to the instruction of the program.


Multilevel control scheme is one in which one control unit generates control signals which act as input of second control unit.


We build two separate control units, ALU control and Control.

	

	Tools Used:
	Verilogger pro

	

	Procedure:
	

	Our ALU can perform five arithmetic or logical operations. These are

· AND

· OR

· Add

· Subtract

· Set on less than

For load word and store word instructions, ALU computes the memory address by addition of base register to offset. For branch equal instruction, ALU performs subtraction to check if content of two registers is same or not. For R format instruction ALU performs one of above five listed operations depending on 6 bit function field of instruction. 

Hence for ALU Control we have two set of inputs. One called ALUOp, having width of two bits, determine type of instruction in following way.

Instruction Type

ALUOp[1:0]

Memory reference

00

Branch

01

R Format

10

As bit combination 11 is not used for ALUOp, above table can be revised as

Instruction Type

ALUOp[1:0]

Memory reference

00

Branch

01

R Format

1x

Second set of input is function field of instruction and is 6 bit wide. It determines which operation from five of arithmetic and logical operation is to be performed, when instruction is of R type. 

Instruction 

Instruction type

Function field

lw

Memory reference

xxxxxx

sw

Memory reference

xxxxxx

beq

Branch

xxxxxx

add

R type

100000

sub

R type

100010

and

R type

100100

or

R type

100101

slt

R type

101010

NOTE: see back title page of your book to get function code for different instructions.

As in all five R type instructions, two most significant bits are 10, we can convert them to don’t cares. Table can be refined as follow.

Instruction 

Instruction type

Function field

lw

Memory reference

xxxxxx

sw

Memory reference

xxxxxx

beq

Branch

xxxxxx

add

R type

xx0000

sub

R type

xx0010

and

R type

xx0100

or

R type

xx0101

slt

R type

xx1010

Our ALU should accept these two sets of inputs and generate operation bits as shown below.

ALUOp[1:0]

Function Field[5:0]

Function

Operation[2:0]

00

xxxxxx

Addition

010

x1

xxxxxx

Subtraction

110

1x

xx0000

Addition

010

1x

xx0010

Subtraction

110

1x

xx0100

AND

000

1x

xx0101

OR

001

1x

xx1010

Set on less than

111

This truth table can be implemented by following logic.
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Fig 08.1: Logic for ALU Control

After adding ALU Control, overall architecture should be as follow.
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Fig  08.2: ALU Control added to data path

Control Unit:


While designing control unit, keep following points in mind.

· Two registers to be read are always specified by rs and rt fields of instruction at positions 25:21 and 20:16 respectively.

· Base register for load and store instruction is always at bit positions 25:21

· The 16 bit offset for load, store and branch equal instruction is always at positions 15:0.

· For load destination register is at bit positions 20:16 while for R type instructions it is at bit positions 15:11. Thus, a multiplexer with control signal RegDest is required to select between these two bit positions depending on type of instruction.

When this multiplexer is added architecture gives following look.
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Fig 08.3: Specification of Control signals


Now opcode, which is bit 31:26 of instruction must be fed into Control unit to generate all pink colored signals. Remember that ALUOp is a two bit signal. Furthermore Zero output of ALU must be added with a control signal BEQ from control unit to check whether instruction to be executed is Branch equal or not. When control unit is added, our architecture is completed.
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Fig Lab 08.4: Control path added to data path

Signals generated by control unit are asserted and deasserted in following scheme.

Instruction

Reg

Dst

ALUSrc

Memto

Reg

Reg

Write

Mem

Read

Mem

Write

Branch

ALUop[1:0]

R type

1

0

0

1

0

0

0

10

Lw

0

1

1

1

1

0

0

00

sw

X

1

X

0

0

1

0

00

Beq

X

0

X

0

0

0

1

01

Keeping this table in mind, Control Unit can be implemented by following logic.
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Fig 08.5: Logic for Main Control



	

	

	Exercises:
	

	Write and verify verilog module for 

· ALU Control (see Fig Lab 08.1)

· Control Unit  (see Fig Lab 08.5)



	

	

	

	

	

	

	

	

	

	Lab performed on (date): ___________  Signature: ______________

	Checked by: ________________________   Date: ______________

	Marks Awarded: ____________

	

	Comments: 
	


