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MIPS Processor Architecture

- MIPS: Microprocessor without Interlocked Pipeline Stages

- Design a processor to implement a subset of the core
MIPS instruction set:
1. Arithmetic-logical instructions: add, sub, and, or, slt
2. Memory-reference instructions: 1w, sw
3. Branch instructions: beq, j

- This subset does not include all the instructions (e.g. shift,
multiply, divide, etc.)




(1) Arithmetic-Logical Instruction

-sub regl, reg2, reg3
- Read regqister reg2 and reg3

- Execute the addition to get reg2 - reg3
- Write back the result into reg1

-add, and, or, slt are similar, only the execution
steps are different



(2) Memory-reference Instruction

*lw regl, const num(reg2)

- Read register reg2
- Execute the addition to get reg2 + const
- Access memory to get data based on the address

- Write back the data into reg1

°sw regl, const num(reg2)
- Read register reg1 and reg2

- Execute the addition to get reg2 + const
- Access memory to store data in reg1 based on the address



(3) Branch Instruction

-beq regl, reg2, const num
- Read register reg1 and reg2

- Execute the comparison of reg1 and reg2
- Update PC = PC + 4 + (const_num x 4), if reg1 is equal to reg2

°J const num

- Update PC = (PC & 0xf0O000000) + const_num x 4
- PC & 0xfO000000 keeps the upper 4 bits of PC untouched
- const_num is 26 bits (J-format)



CPU Basic Functional components
- Register file for general-purpose registers
- Memory for instructions and data
- ALU for addition, subtraction, AND, OR, and comparison
- A functional unit for Program Counter

- Other functional units to calculate PC + 4, PC + 4 + (const_num X
4), and (PC & 0xf0000000) + const_num x 4

- Control unit to control other functional units

- Other miscellaneous functional units



Datapath Components

(c) Comparison

Register (32x32) Memory(Cache)
Processor Y
Register Bank |
«— Memory
ﬁ Data

ALU . g
(a) Address Calculation E-:r
(b) Arithmetic-Logic ALU =1 Q

c

3,

apoodoTT




Multiplexer

- Multiplexer (MUX) is a combinational logic

- design to switch one of several input lines through a single common output
line by control signal

Control o ©
How many controls signals =? .+ M I, @
| | Q
ing===1\ 1 : : ';
* | U = out | ! ' ﬂ%
In,., =% A -
Multiple Data Data Selectio Single Dat
et -y “Switch)  Ouput
- For example: 2-to-1 mux,
- Two data inputs: A and B A—{o
- One control input: S u o
- One data output: C B—l1
- Boolean function: ¢ =A-5S+B-S§ T

- 1.e.ifSis0,C=A;ifSis1,C=B S
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Register File

- 32x32 (32 32-bit) Register File  write |
a) Buses (32-bit wide) i
o BusA, Bus B are read ports
(allow to read 2 reqisters at a time)
o Bus W is write port
b) Register Address

o Ra, Rb and Rw are the addresses of the data on Bus A, Bus B and Bus
W respectively.

32x32
Register File

c) RegWr
o Setto 1 to enable write data on Bus W
d) CIk

o Time synchronization for write operation. For read, it is asynchronous.



I
Register File

- To implement two read ports for a register file with n registers, we use two
n-to-1 multiplexers.

- Each of which is 32 bits wide.
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I T
Register File

- To implement the write port for a register file with n registers, we use
an n-to-1 decoder to generate a signal that can be used to determine
which register to write.
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B
Memory

1
- Data memory (Load and Store) A Memwrie
a) Buses (32-bit wide)
o Write data 32 | g2
—<—| Address Read
o Read data data [7
b) 32-bit Address 32, | write Data
¢)  Memory control data TRy
o MemWrite
o  MemRead 1 /\/Mgmﬂg‘gd

o cannot read and write at the same time




T
Arithmetic Logic Unit (ALU)

- ALU performs binary arithmetic and logical operations

ALU operation ALU control Function
0000 AND
- 0001 OR
| - 0010 add
. 0110 subtract
b 0111 set-on-less-than
1100 NOR

- Inputs:

caand b (2 x 32-bit)

o Control (4-bit) for selecting operation (ALUOp)
- Outputs:

o Result (32-bit)
o Zero



Arithmetic Logic Unit (ALU)

- 1-bit ALU design (@AND b)  operaton
- First, understand functionalities "’F 3 a .
- Second, define the ports of a function unit . /1
- Third, design the internal logic as combinational logic (a OR b)

+ 32-bit ALU o o
- Can execute and, or, nor, add, sub, slt - __13;[ peeute

- First build a 1 bit ALU, and use 32 of them
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Single Cycle Processor
- More Building Blocks

- Instruction memory: A memory unit that stores the instructions of a
program supplies an instruction given its address
- Program counter: A register storing the address of the instruction being
executed

- Adder: A unit that increments PC to form the address of next instruction

- Sign extend: Convert 16-bit data to 32-bit data by appending the sign bit

16 times at the most significant side.
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Single Cycle Processor

- The program counter (PC) is
a register that addresses the
next instruction in memory.
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- New addr = current addr + 4

32-bit
instruction
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B
Example #1

(R-type) add $t0 $s1 $s2

opcode $s1 $s2 $t0

-
>Add Select adder function
Register access from control
4 —
ALL aoperatio
— s1 Road - , peration
register 1
=] PC == address e JRead | o
Read .
register 2 £0ro
Instruction > Registers >ALU ALL
’ s1+9s2
, Write result Al
Instruction register Read $s2
memory Write data 2 )

register no |_.| data
| | r| = 1 (Activated |
Instruction fetch and PC update diindi (Activated)

R-type operation: ALU



I
Example #2

- (I-type) Iw $t0, 1200($t1)

Select adder
function from control

ALU oper ation

1 IRead
register 1~ Read $t1 ‘ MemWrite =0
 ——— ]
data 1
Read
Instruction register 2 , lero pP—»
_ Registers >MU ALU | ($t1)+1200
Write result Address Rdez:d
register Read 1200 ata
- data 2
Write
RegWrite | ?EI[I:\E
=1 (Activated)
16 _
1200 Sign ‘ MemRead
extend

=1 (Activated)

Data read from ($t1)+1200

* In load instruction, the ALU performs the address calculation.



Example #3

- (I-type) sw $t0, 1200($t1)

t1

Instruction

Read
register 1 —~—x Read
Read data 1
register 2

Reqgisters
write O
register r——

Write
data

1200

RegWrite |

16

Sign

extend

Select adder

function from control

4 ALL opel ation

$t1
 ——— ]
| Zero p—»
>MU ALU | ($t1)+1200
result
1200

= 1 (Activated)

‘ MemWrite

Address

Write
data

Read
data

Data
memory

‘ MemRead

= 0 (De-activated)




Exam ple #4 To compare for EQUAL, the

idea is to perform a subtraction
and see if the result is ZERO

- (I-type) beq $s1, $s2, 25

opcode $s1 $s2 25

PC + 4 from instruction datapath s

25*4>Add Sum Branch target = (PC+4) + 25*4
s1 r— ALU operation fsrslﬁcczcjr:fr)ct)rlad
ea
Instruction register 1~ Read $s1
s2 Read data 1 "
regiﬁtehg . To branch
Write AN 562 control logic
register
? daRt@aaE*I g Select Branch
5‘;{‘;’ Target Address
to update PC
RegWrite I
=0
25 16




Single Cycle Processor

- Now, we need to combine them into a single datapath,
by devising ways to share some of the resources (e.g.,
ALU) among the different instructions instead of
duplicating them.

- Control and select the operation of the datapath by
generating appropriate control signals (e.g. read/write
signals for memory/registers, selection input for muxes,
ALU control inputs)



B
Single Cycle Processor
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Single Cycle Processor
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