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Simple MIPS Program

1  int main() {
2    int x = 1;
3    int y = x + 1;
4  }

1  .data 0x0
2
3  .text 0x3000
4  main:
5    ori  $t0, $0, 1  # int x = 1;
6    addi $t1, $t0, 1 # int y = x + 1;
7
8    ori $v0, $0, 10  # system call code for exit
9    syscall          # exit the program

C code

MIPS code

instruction memory
0x3000

0x3004

0x3008

0x300c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc
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Program in MARS
MARS shows the instruction memory address and the PC



Program in MARS
MARS also shows the OP codes for each instruction



Simple MIPS Program

1  int main() {
2    int x = 1;
3    int y = x + 1;
4  }

1          .data 0x0
2
3          .text 0x3000
4          main:
5  0x3000    ori  $t0, $0, 1  # int x = 1;
6  0x3004    addi $t1, $t0, 1 # int y = x + 1;
7
8  0x3008    ori $v0, $0, 10  # system call code for exit
9  0x300c    syscall          # exit the program

C code

MIPS code

Our program in memory after compilation

instruction memory
pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000



ORI Instruction
The program counter (PC) points to the 1st instruction

pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

$t0

$t1

pc 0x3000

ori  $t0, $0, 1

instruction memory

registers





pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

Instruction format



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000 Fetch instruction PC pointing to



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

The lines are set 
based on the 
appropriate part of 
the instruction

rt

01000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000
rs

00000

01000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

imm

0000 0000 0000 0001

01000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 0001

The control signals are produced by the 
Control Logic using a truth table based 
on the opcode (the funct field for R-type 
instructions and the RESET, IRQ, Z 
signals)

0

0



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

00000

We covered the ALU functions earlier:



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

1) instruction fetched



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

2) control logic set



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

3) ALU inputs set



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

4) ALU result computed



pc -> 0x3000 0x34080001

0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0 0x00000001

$t1

pc 0x3000

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

5) result written to Register File



0x3000 0x34080001

pc -> 0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0 0x00000001

$t1

pc 0x3004

opcode rs rt immediate

001101 00000 01000 0000 0000 0000 0001

ori  $t0, $0,  1

ori  $rt, $rs, imm  ->  R[rt] = R[rs] | signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3000

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

6) PC updated

0x3004



0x3000 0x34080001

pc -> 0x3004 0x21090001

0x3008 0x3402000a

0x300c 0x0000000c

0x3010

0x3014

0x3018

...

registers
$t0 0x00000001

$t1

pc 0x3004

opcode rs rt immediate

001000 01000 01001 0000 0000 0000 0001

addi $t1, $t0, 1

addi $rt, $rs, imm  ->  R[rt] = R[rs] + signext(imm)

31                            26 25              21 20             16 15                                                       0

I-type

0x3004

00000

001101

01000

0000 0000 0000 00010

0
0

X0100

1

X0100
X
1
00

01
1

01
0

000

     REPEAT ...


