ELE 655
Microprocessor System Design

Class 3 — ISA



« 3 applications areas

» Desktop
« Performance is key
« Code size is no longer a concern
« - both integer and floating point instructions

« Servers
» Focus is on database, file server and WEB applications
» Integers and characters are primary data types
» -2 little emphasis on floating point

 Mobhile / Embedded
« Power and code size are critical
* Floating point is optional
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« GPR architectures dominate

» Registers are fast
» Local to processor
* Logic based instead of memory based

» Registers enhance compiler options

« Reorder calculations
* Not possible on a stack based machine
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« Memory as an operand

ELE 655— Fall 2015



‘\ ~.A.-“- Z.OAI.-

DR e

* Interpreting Memory Addresses

« Big vs Little Endian
« SDRAEKCAB

« Byte Addressed

« Byte / word aligned
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« Addressing Modes
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Addressmg mode  Example instruction Meani
hg
Reg;ster Add R4,R3 When used
Regs[Ra] « Regs [R4] When a value is in a register.
Immediate Add R4,#3 * Regs[Ral

B Gt Add R4,100(R1)

Register indirect Add R4, (R1)

Regs[R4] Regs[R4] + 3

For constants.

Regs[R4] « Regs [R4]
+ Mem[100 + Regs[R1]]

Accessing local variables
(+ simulates register indirect,
direct addressing modes).

Regs[R4] « Regs[R4]
+ Mem[Regs [R1]]

Accessing using a pointer or a
computed address.

Indemd Add R3, (R1 +
: ( R2) Regs[R3] « Regs[R3] Sometimes useful in array
+ Mem[Regs[R1] + Regs[R2]] addressing: R1 = base of array:
E R2 = index amount.
qu;;r Add R1,(1001) Regs[R1] « Regs[R1] Sometimes useful for accessing
absol + Mem[1001] static data; address constant may

need to be large.

Memory indirect Add R1,@(R3)

Regs[R1] « Regs[R1]
+ Mem[Mem[Regs[R3]]1]

Regs[R1] « Regs[R1]
+ Mem[Regs[R2]] :
Regs[R2] « Regs[R2] + d

Autoincrement Add R1, (R2)+
Autodecrement Add R1, —(R2)

Regs[R2] « Regs[R2] - ¢
Regs[R1] « Regs[R1]
+ Mem[Reg ,

Add R1,100(R2) [R3]
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« Addressing Modes

TeX | 1%
Memory indirect spice 6%

TeX |0%

Scaled spice F 16%
gcc | 6%
- " TeX o 24%
egister indirect gp;i o
S 11%
gcc

TeX ” 43%
Immediate gpj 17%
spice 39%
gcc |
Displ t Ten S22 55%
isplacement . o
spice 40%
gcc
0% 10% 20% 30% 40% 50% 60%
Frequency of the addressing mode
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« Addressing Modes

» Displacement — How big?

40%

Percentage of displacement
N
(@)
32

10% -

5% -

Integer average

Floating-point average

0%
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« Addressing Modes

 Immediates — how often?

H Floating-point average
B Integer average

22%

Loads 539,

ALU operations 25%

All instructions 21%

0% 5% 10% 15% 20% 25% 30%

ELE 655— Fall 2015 10 ©tj



« Addressing Modes

* Immediates — how big?
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45% ~

40% -

35% A

30% -

25% A

20% -

15% -

Percentage of immediates

10% -

5% -

-\ 20-30% negative
"""""""""""""""""""""""""""""""" Integer average *

0%
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Number of bits needed for immediate
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* Operands

Integers
» 2’'s compliment
» Byte(8), half word(16), word(32), doubleword(64)

Floating Point
« |EEE 754 standard
» Single precision (32), double precision (64)

Characters
« ASCII — 8 bits
 Unicode — 16 bhits

« BCD
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* Operands
Double word _ 70%
(64 bits) 59%
Word | °0°%
(32 bits) 26%

—

Half word | oy,
(16 bits) 5%

B Floating-point average

Byte | 1% [ Integer average
(8 bits) 10%

0% 20% 40% 60% 80%
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« Operations — control flow

B Floating-point average
M Integer average

8%

Call/return

Jump

82%

Conditional branch
75%

0% 25% 50% 75% 100%
Frequency of branch instructions
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« Operations — control flow

» Branches addresses are known at compile time — PC relative

30%

25%

20%

15%

10%

Percentage of distance

5%

0%

e e e e e . " = = " " — " " " A e EEEeEEeAEAeE. ...
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Integer
.average

-

Floating-point average

e——

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Bits of branch displacement
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« Operations — condition testing
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« Operations — condition testing

[ Floating-point average

5%
- M Integer average

Not equal 29,

16%

Equal 189%

0%

Greater than or equal |G 11%

0%
Greater than 0%

44%
33%

34%

0% 10% 20% 30% 40% 50%
Frequency of comparison types in branches

Less than or equal
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* Instruction Encoding

 Flexibility
« Code Size
* Implementation of decode

Operation and | Address Address Address Address
no. of operands | specifier 1 | field 1 specifier n field n

(a) Variable (e.g., Intel 80x86, VAX)

Operation Address Address Address
field 1 field 2 field 3
(b) Fixed (e.g., Alpha, ARM, MIPS, PowerPC, SPARC, SuperH)
Operation Address Address
specifier field
Operation Address Address Address o . .
specifier 1 specifier 2 field 40 A) COde Slze red uction
Operation Address Address Address
specifier field 1 field 2

(c) Hybrid (e.g., IBM 360/370, MIPS16, Thumb, TI TMS320C54x)
ELE 655— Fall 2015 20 © tj



« Compilers

Dependencies

Language dependent;
machine independent

Somewhat language
dependent; largely machine
independent

Small language dependencies; [

machine dependencies slight
(e.g., register counts/types)

Highly machine dependent;
language independent
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Function
Front end per Transform language to
" language common intermediate form

Intermediate
representation

For example, loop
transformations and
procedure inlining
(also called
procedure integration)

High-level
optimizations

Including global and local
optimizations + register
allocation

Global
optimizer

‘Code generator

Detailed instruction selection
and machine-dependent
optimizations; may include
or be followed by assembler

21
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« A10

« All

« A22
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« ADS

A =B + C ;The operands here are given, not computed
by the code, so copy propagation will not

transform this statement.

2. B=A+ C ;Here Ais a computed value, so transform
the code by substituting

A=B + C to get

=B + C + C ;Now no operand is computed

3. D = A- B ;Both operands are computed so substitute
for both to get

=(B +C)- (B + C + C) ;Simplify algebraically to get
=@ ;This is a given, not computed, operand
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« A8
addr11:10] addr9:5] addr[4:0]
3 two-address instr. 00,01, 1o 00000 to "11111° DOO00" to 11111
Other instructions "1 00000 to "1101 L DOOO0" to 1111
addr[11:10] addr[9:5] addr[4:0]
3 two-address instr. 00, o1, 10 00000 to '11111° 00000 to'11111°
30 one-address instr. 1 00000 to 11101 00000 to'1111 L
45 zero-address instr. 1r "1 00000 to'11111°
1r T 00000 to 01 100"
addr[11:10] addr[9:5] addr[4:0]
3 two-address instr. 00, o1, 1o DO000" to 'L 1111 00000 o' 11111
24 zero-address instr. 11 00000 'O0000 to'10111"
X one-address instr. 11’ D000 to 'L 11T 00000 o' 11111
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« A0

Reasons to increase the number of registers include:

1. Greater freedom to employ compilation techniques that consume registers,
such as loop unrolling, common subexpression elimination, and avoiding
name dependences.

2. More locations that can hold values to pass to subroutines.

3. Reduced need to store and re-load values.

Reasons not to increase the number of registers include:

1. More bits needed to represent a register name, thus increasing the overall
size of an instruction or reducing the size of some other field(s) in the
instruction.

2. More CPU state to save in the event of an exception.

3. Increased chip area and increased power consumption.
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Data size on 32-bit Data size on 64-bit

Data type machine (bytes) machine (bytes)
e A 11 char 1 1

ool 1 1

int 4 4

long 4 8

short 2 2

float 4 4
. 56 > 48 i ! :
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43 4F 4D 50 35 54 45 52

45 52 55 54 4D 50 43 4F

E R u T M P C 0

c. 4F4D, 5055, and 5455. Other misaligned 2-byte words would contain data
from outside the given 64 bits.

d. 52 55 54 4D, 55 54 4D 50, and 54 4D 50 43. Other misaligned 4-byte words
would contain data from outside the given 64 bits.
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