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Introduction

•
Previous chapter,w

e
hav e

seen

−
processor types and instruction sets

•
In

this chapter,

−
details of instruction representation

−
w

ays to specify operands
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H
ow

M
any O

perands A
re

N
eeded In A

n Instruction?

•
D

oes it depend on the operation being perform
ed, exam

ple
add

w
ould need tw

o,notw
ould need one

•
Problem

 w
ith arbitary num

ber of operands

−
m

ore fetching and decoding tim
e

−
processor w

ill run slow
er
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H
ow

M
any O

perands A
re

N
eeded In A

n Instruction?

•
Problem

 w
ith m

any
operands per instruction

−
longer tim

e to fetch and decode if done w
ith single set of

hardw
are

−
if

parallel hardw
are used, m

ore hardw
are on chip

*
m

ore space needed on chip

*
m

ore pow
er consum

ed

*
higher cost

•
W

hat is the sm
allest num

ber of operands that can be useful
for general com

putation?
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O
ne O

perand P
er Instruction

•
Is

a
single operand per instruction sufficient? H

ow
w

ould
add

be perform
ed

•
Special register called accum

ulator holds default value

•
E

xam
ple add X

 =
>

 accum
ulator <

- accum
ulator +

 X

•
A

dvantage

−
less hardw

are, faster to decode D
isadvantage

−
m

ore program
m

ing instruction for the sam
e operation,

extra load accum
ulator,m

ove from
 accum

ulator
instructions

C
S250 -- Part II

7
D

r.R
ajesh Subram

anyan, 2005



T
w

 o
O

perands P
er Instruction

•
C

om
m

on to have instructions to specify tw
o

values, e.g.add,
m

ult

•
M

ore flexible than using accum
ulator

C
S250 -- Part II

8
D

r.R
ajesh Subram

anyan, 2005



T
hree O

perands P
er Instruction

•
T

hird operand can specify destination

•
E

xam
ple

add R
1 R

2 R
3, w

here
R

3
=

R
1

+
R

2

•
A

dvantage

−
Program

 needs less instructions in
than one or tw

o
operand instructions

•
D

isadvantage

−
M

ore operands m
eans m

ore hardw
are, decoding, few

er
bits for opcode or larger instruction length
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O
perand V

alues

•
A

n
operand could denote a

−
constant

−
register num

ber

−
m

em
ory location.
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E
xam

ple

O
p

eran
d

 th
at sp

ecifi
es a so

u
rce

A
sig

n
ed

 co
n

stan
t

A
n

 u
n

sig
n

ed
 co

n
stan

t
T

h
e co

n
ten

ts o
f a reg

ister
T

h
e valu

e in
 a m

em
o

ry
lo

catio
n

O
p

eran
d

 th
at sp

ecifi
es a d

estin
atio

n

A
sin

g
le reg

ister
A

p
air o

f co
n

tig
u

o
u

s reg
isters

A
m

em
o

r y
lo

catio
n

In a 3-address processor,operands can denote the above
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E
xplicit A

nd Im
plicit O

perand E
ncoding

•
H

ow
 should operands be represented in an instruction

•
Possibilities are

−
im

m
ediate

−
register

−
m

em
ory location

•
Tw

o possibilities

−
im

plicit operand encoding

−
explicit operand encoding
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Im
plicit O

perand E
ncoding

•
M

ultiple opcodes for each operation

•
E

ach opcode corresponds to a unique com
bination of

operands

•
D

isadvantage

−
list of opcodes can becom

e large

O
p

co
d

e 
O

p
eran

d
s

M
ean

in
g

A
d

d
reg

ister 
R

1
R

2 
R

1
←

R
1 

+ 
R

2
A

d
d

im
m

ed
iate sig

n
ed

R
1 I

R
1

←
R

1 
+ 

I
A

d
d

im
m

ed
iate u

n
sig

n
ed

R
1 U

I
R

1
←

R
1 

+ 
U

I
A

d
d

m
em

o
r y

R
1 M

R
1

←
R

1 
+ 

m
em

o
ry[M

]

E
xam

ple of addition instructions for a processor that uses
im

plicit operand encoding
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E
xplicit O

perand E
ncoding

•
A

dditional inform
ation provided by dividing operand field

and reserving som
e bits to specify how

operand value is to be
interpreted

•
A

dvantage

−
instruction set rem

ains sm
all

•
D

isadvantage

−
few

er bits available for operand value

ad
d

o
p

co
d

e
o

p
eran

d
 1

reg
ister

1

o
p

eran
d

 2

reg
ister

2

ad
d

o
p

co
d

e

o
p

eran
d

 1

reg
ister

1

o
p

eran
d

 2
sig

n
ed

in
teg

 er
-93

E
xam

ple of operands in an architecture that uses explicit
operand encoding
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O
perands T

hat C
om

bine M
ultiple V

alues

•
So

far w
e have interpreted operand value as a num

ber that
denotes either a constant, register,or

m
em

ory

•
C

om
bining operand values to obtain true value
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R
egister O

ffset

•
E

xplicit encoding w
ith operand subdivided into three fields, a

register,an
offset and field denoting operand type

•
A

dd register and offset to get true value of operand

ad
d

o
p

co
d

e
o

p
eran

d
 1

reg
ister-

o
ffset

2
-17

o
p

eran
d

 2
reg

ister-
o

ffset
4

76

E
xam

ple of an instruction in w
hich each operand consists of

a
register plus an offset
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T
radeoffs In T

he C
hoice O

f O
perands

•
E

ase of program
m

ing

−
com

plex
form

s of operands m
ake

program
m

ing easier,eg
register-offset, 3 operands per instruction

−
how

ev er
goals below

hav e
to be sacrifi

ced in a tradeoff

•
Few

er instructions

−
increasing expressive pow

er of operands reduces
instructions in a program

−
each instruction is larger
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T
radeoffs In T

he C
hoice O

f O
perands

•
Sm

aller instructions

−
lim

iting operands, set of operand types, m
axim

um
 size of

operands

−
less hardw

are requirem
ents

−
increases instructions in a program

•
L

arger range of im
m

ediate values

−
larger fi

eld allow
s larger values to be stored, but larger

instruction
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T
radeoffs In T

he C
hoice O

f O
perands

•
Faster operand fetch and decode

−
few

er operands allow
s hardw

are to operate faster

•
D

ecreased hardw
are size

−
lim

iting type and com
plexity of operand reduces size of

circuits
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P
rocessor architects have created a variety of operand styles. N

o
single form

 is optim
al for all processors

because the choice
represents a com

prom
ise am

ong functionality,pro gram
size,

hardw
are

required to fetch
values, perform

ance,and ease of
program

m
ing
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A
ddressing

•
Im

m
ediate

−
operand value is a constant

•
D

irect

−
operand value is a register,actual value stored in register
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A
ddressing

•
Indirect

−
operand value is a register,register value is a m

em
ory

address, m
em

ory address has the actual value. T
his is a

single levelof
indirection.

−
E

xam
ple of tw

o
lev elindirection

*
obtain M

, value of operand

*
interpret M

 as a m
em

ory address, and fetch the value
A

from
 m

em
ory

*
interpret A

 as another m
em

ory address, and fetch the
operand from

 m
em

ory
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