
Sim
ple M

IP
S Instructions

H
ow

 Sim
ple?

M
IP

S has a few
 instructions that resem

ble C
 instructions.  O

ne w
ay to visualize how

M
IP

S instructions w
ork is by visuali

zing the equivalent C
 code.  In addition to understanding how

M
IP

S instructions w
ork, you m

ust be aw
are of a few

 lim
itations and w

arnings to program
m

ing in
th

e
 M

IP
S assem

bly language (the ones not found in C
).

T
he R

egisters (A
ctive M

em
ory)

In M
IP

S
, you cannot sim

ply operate on inform
ation directly from

 the com
puter’s m

ain
m

em
ory, but m

ust first load it into special local m
em

ory called registers.  R
egisters are generally

faster than the m
ain m

em
ory because there is less of it, and it resides directly on the 

M
IP

S C
P

U
(C

entral P
rocessing U

nit).  
M

IP
S has 32 user accessible registers used in program

m
ing.  O

ne of
th

e
 re

g
iste

rs, th
e

 $
0

 o
r 

$
ze

ro register can only have a value of zero.  F
or this reason you cannot

store any data in it (although you can w
rite to it).  T

he rest of the registers are general purpose
registers, usable for any nonspecific instructions.

A
lthough the registers other than 

$
ze

ro are for general use, to m
ake program

m
ing for

M
IP

S easier, certain conventions 1 have been created regarding the 31 general purpose registers.
T

he table show
n below

 roughly outlines how
 all of the registers are supposed to be used

2:

W
hen program

m
ing in assem

bly language, you should alw
ays use the “register nam

es” instead of
the “register num

bers”.  T
his is done in addition to com

m
ents and good organization to clarify

yo
u

r co
d

e
.

A
s you learn m

ore about program
m

ing in 
M

IP
S’s assem

bly language, you should also
learn about the specific functions of the registers that go along w

ith it.  A
t this point in your

understanding, you only need to know
 that the registers $t0 – $t9 and $s0 – $s7 are free for use. I

w
ill clarify the proper use of all the registers later.
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A

 sim
ilar table can be found in 

P
a

tte
rso

n and H
ennessey’s b

o
o

k o
n

 p
a

g
e

 A
-2

3
.

1
I’m

 covering the conventions outlined in Pa
tte

rso
n and H

ennessey’s b
o

o
k, C

om
puter

O
rganization &

 D
esign : T

he H
ardw

are/Softw
are Interface.

return address (used by function call)
31

$ra
fram

e pointer
30

$fp
stack pointer

29
$sp

pointer to global area
28

$gp
reserved for O

S
 kernel

2
6

 –
 2

7
$

k0
 – $

k1
tem

porary (not preserved across call)
2

4
 –

 2
5

$
t8

 – $
t9

saved tem
porary (preserved across call)

1
6

 –
 2

3
$s0 – $s7

tem
porary (not preserved across call)

8
 –

 1
5

$
t0

 –
 $

t7
argum

ents 1
 th

ro
u

g
h

 4
4

 –
 7

$a0 – $a3
expression evaluation and results of a function

2
 –

 3
$v0 – $v1

reserved for assem
bler

1
$

a
t

constant 0
0

$
ze

ro

U
sage

R
egister

num
bers

R
egister

nam
es

F
rom

 now
 on w

hen dealing w
ith 
M

IP
S

, any w
ord that has a dollar sign, ‘$’, before it is a

register or variable in C
.  A

nything lacking the dollar sign is just a num
ber or num

erical value.
T

his w
orks w

ell because in assem
bly language, although you type in num

bers for constants,
som

etim
es you just type in a w

ord that represents a num
erical value.  T

his w
ord is called a 

label
that indicates a particular location in a program

’s code or data space.

Sim
ple M

athem
atics

T
he m

ost sim
ilar of assem

bly instructions are those based on sim
ple m

athem
atical

operations.  T
hese are addition and subtraction.  In fact, the use of addition and subtraction for

m
ore than just addition and subtraction has to be carefully im

plem
ented w

hen program
m

ing using
M

IP
S

.Let’s start w
ith the register addition and subtraction.  In C

, you can add tw
o variables

together and m
ake a third variable equal to the result.  Y

ou can do the sam
e in 

M
IP

S
!

a
d
d
 
$
d
e
s
t
,
 
$
s
r
c
1
,
 
$
s
r
c
2

#
 
$
d
e
s
t
 
=
 
$
s
r
c
1
 
+
 
$
s
r
c
2
;
 
 
/
*
 
s
i
g
n
e
d
 
*
/

s
u
b
 
$
d
e
s
t
,
 
$
s
r
c
1
,
 
$
s
r
c
2

#
 
$
d
e
s
t
 
=
 
$
s
r
c
1
 
-
 
$
s
r
c
2
;
 
 
/
*
 
s
i
g
n
e
d
 
*
/

N
otice that this does not allow

 the use of constants, only operations involving registers.  If a value
isn’t loaded into a register, then you can’t m

ake use of it.  T
he 

$
ze

ro register becom
es handy w

ith
add and subtract.  U

sed in 
$add, it can be used to copy a value in one register to another, or

negate a register’s value.

a
d
d
 
$
d
e
s
t
,
 
$
z
e
r
o
,
 
$
s
r
c

#
 
$
d
e
s
t
 
=
 
$
s
r
c
;
 
 
 
/
*
 
s
i
g
n
e
d
 
*
/

s
u
b
 
$
d
e
s
t
,
 
$
z
e
r
o
,
 
$
s
r
c

#
 
$
d
e
s
t
 
=
 
-
$
s
r
c
;
 
 
/
*
 
s
i
g
n
e
d
 
*
/

In all M
IP

S instructions, you can use a register m
ore than once, so you can m

ake a register equal
to zero as follow

s:

s
u
b
 
$
d
e
s
t
,
 
$
d
e
s
t
,
 
$
d
e
s
t

#
 
$
d
e
s
t
 
-
=
 
$
d
e
s
t
;
 
 
/
*
 
s
i
g
n
e
d
 
*
/

W
e often have constant values w

e w
ant to add to a stored value in C

.  
M

IP
S also has an

instruction for this com
m

only occu
rring event in code.  It’s an 

add im
m

ediate instruction.  It adds
a 16 bit signed 3 integer to the register given.  T

his is also useful just for loading registers w
ith 16

bit values.

a
d
d
i
 
$
d
e
s
t
,
 
$
s
r
c
,
 
n
u
m
b
e
r

#
 
$
d
e
s
t
 
=
 
$
s
r
c
 
+
 
n
u
m
b
e
r
;
 
 
/
*
 
s
i
g
n
e
d
 
*
/

a
d
d
i
 
$
d
e
s
t
,
 
$
z
e
r
o
,
 
n
u
m
b
e
r

#
 
$
d
e
s
t
 
=
 
n
u
m
b
e
r
;
 
 
 
 
 
 
 
 
 /
*
 
s
i
g
n
e
d
 
*
/

T
here are no subtract im

m
ediate instructions because the constant num

ber is allow
ed to be signed.
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S

igned m
eans the m

icroprocessor w
ill allow

 it to have proper positive and negative values.  It’s
not im

portant to know
 how

 this is done at this point in the course.



T
here are tim

es w
hen you don’t w

ant to add som
ething and have a negative num

ber.
W

hen you add signed, you only get half of the range of possible positive values as you w
ould get

if it w
ere unsigned.  T

o handle the cases w
here you could care less about having negative

num
bers, M

IP
S gives unsigned versions of the instructions covered so far:

a
d
d
u
 
$
d
e
s
t
,
 
$
s
r
c
1
,
 
$
s
r
c
2

#
 
$
d
e
s
t
 
=
 
$
s
r
c
1
 
+
 
$
s
r
c
2
;
 
 
/
*
 
u
n
s
i
g
n
e
d
 
*
/

s
u
b
u
 
$
d
e
s
t
,
 
$
s
r
c
1
,
 
$
s
r
c
2

#
 
$
d
e
s
t
 
=
 
$
s
r
c
1
 
-
 
$
s
r
c
2
;
 
 
/
*
 
u
n
s
i
g
n
e
d
 
*
/

a
d
d
i
u
 
$
d
e
s
t
,
 
$
s
r
c
,
 
n
u
m
b
e
r

#
 
$
d
e
s
t
 
=
 
$
s
r
c
 
+
 
n
u
m
b
e
r
;
 
 
/
*
 
u
n
s
i
g
n
e
d
 
*
/

T
o copy a 32 bit value into register, another 

M
IP

S instruction is needed.  
L

oad upper
im

m
ediate replaces the upper 16 bits of a register w

ith the value given.  T
w

o instructions are
needed to properly load a register w

ith a 32 bit num
ber.  F

or right now
, just assum

e that 
ori

w
orks properly for loading a 32 bit value into a register.

l
u
i
 
$
d
e
s
t
,
 
n
u
m
b
e
r

#
 
$
d
e
s
t
 
=
 
(
$
d
e
s
t
 
&
 
0
x
F
F
F
F
0
0
0
0
)
 
|
 
(
n
u
m
b
e
r
 
<
<
 
1
6
)
;

l
u
i
 
$
d
e
s
t
,
 
n
u
m
_
u
p
p
e
r

#
o
r
i
 
$
d
e
s
t
,
 
$
d
e
s
t
,
 
n
u
m
_
l
o
w
e
r

#
 
$
d
e
s
t
 
=
 
n
u
m
;

M
em

ory O
perations

W
hat good is it if you can only use 31 variables w

hen you program
?  S

om
etim

es you need
arrays of values, or need a place to store a value w

hen you run out of the 31 available general
purpose registers and need to use a single register for m

ore than one variable.  W
e need to access

the com
puter’s m

ain m
em

ory!
M

IP
S does this by using pointers to locations in m

em
ory w

here you store values.  W
hen

you load in a value from
 m

em
ory, you m

ust say w
here it is, and w

hen you 
store a value into

m
em

ory, you m
ust also say w

here to put it.  F
or these tw

o operations, 
M

IP
S has tw

o instructions.
O

ne operates on bytes
4, a

n
d

 th
e

 o
th

e
r o

n
 w

o
rd

s
5.  Y

o
u

 ca
n

 u
se

 load w
ord, store w

ord, load byte
unsigned, and store byte.

l
w
 
$
d
e
s
t
,
 
o
f
f
s
e
t
(
$
s
r
c
)

#
 
$
d
e
s
t
 
=
 
*
(
$
s
r
c
 
+
 
o
f
f
s
e
t
)
;
 
 
/
*
 
i
n
t
 
p
o
i
n
t
e
r
 
*
/

s
w
 
$
s
r
c
,
 
o
f
f
s
e
t
(
$
d
e
s
t
)

#
 
*
(
$
d
e
s
t
 
+
 
o
f
f
s
e
t
)
 
=
 
$
s
r
c
;
 
 
/
*
 
i
n
t
 
p
o
i
n
t
e
r
 
*
/

l
b
u
 
$
d
e
s
t
,
 
o
f
f
s
e
t
(
$
s
r
c
)

#
 
$
d
e
s
t
 
=
 
*
(
$
s
r
c
 
+
 
o
f
f
s
e
t
)
;
 
 
/
*
 
c
h
a
r
 
p
o
i
n
t
e
r
 
*
/

s
b
 
$
s
r
c
,
 
o
f
f
s
e
t
(
$
d
e
s
t
)

#
 
*
(
$
d
e
s
t
 
+
 
o
f
f
s
e
t
)
 
=
 
$
s
r
c
;
 
 
/
*
 
c
h
a
r
 
p
o
i
n
t
e
r
 
*
/

T
he value of an address tells w

here our values are in bytes (8 bit increm
ents), how

ever
M

IP
S can only read m

em
ory in w

ord intervals.  T
his m

eans that an address (unless you use one of
the special instructions for loading or storing bytes) m

ust be a m
ultiple of four.  A

n address that
isn’t a m

ultiple of four can lead to undesirable results.

P
age <

 3 >
B

y Joshua Cantrell
jjc@

cory.berkeley.edu

5
A

 w
ord in M

IP
S is 4 bytes (32 bits).

4
A

 byte is 8 bits.

'T
'

'h
'

'e
'

' '

'b
'

'y'
't'

'e
'

's'

1
0

2
4

5
4

3
2

12

0x4000

0x4004

0x4008

0x400C

0x4010

0x4014

...

...

A
D

D
R

E
SSE

S
M

E
M

O
R

Y
&

D
A

T
A

'\0
'

"T
he bytes" is stored at 0x4000.

10245432 is stored at 0x400C
.

{1
, 2} is stored at 0x4010.


