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Aula 05: Arquitetura do Conjunto de
|nstrucoes
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Distribuicao dos Deslocamentos

e Altamente concentrado em 0 hits
— 26-27% dos deslocamentos sao 0

* 1% dos valores requerem mais que 16 bits

e Maloriados deslocamentos > 14 bits
referem-se a nUmeros negativos

» Dedocamentos de 12 hits: 75 %

 Deslocamentos de 16 hits; 99 %
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|mediatos em Operandos sao
Comuns?

ALUs

o[:IGCC
[0 Spice
W TeX

Compares

Loads

0 20 40 60 80 100
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Qual deve ser o Tamanho de um
|mediato?

» Podem ser usados em operacOes aritméticas,
comparag0es ou moves

o OperacOoesem ALU: 1/2 a 3/4 possuem argumento
constante

e Limites dos valores usados:
— Maioria sio valores positivos
— 50% a 70% cabem em 8 bits
— 75% a 80% cabem em 16 bits
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Operacoes do Conjunto de
Instrucao

Tipos de operacao:

— aritméticaelégica

— transferéncia de dados
— controle

— gistema

- FP

— decimal

— string

— gréfica
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Exemplo do Conjunto de
Instrucoes. 80x86

1 load 22%
2 cond.branch 20%
3 compare 16 %
4 store 12%
5 add 8 %
6 and 6 %
7 sub 5%
8 move r-r 4 %
9 call 1 %
10 return 1%

96 %

Velocidade de execucao para essas instrucoes deve ser levado em consideragao!
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Controle de Fluxo

 4tipos de instrugdes de controle de fluxo
— branch para desvios condicionais (81% / 87%)
— Jump para desvios incondicionais (6% / 4%)
— Chamada e retorno de procedimentos (13% / 11%o)

« Maneiras de se especificar endereco destino

— Relativo ao PC
» Usamenos bits de instrucéo
* Independente da carga do codigo

— Qualquer modo de enderecamento definido
anteriormente
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Branches

* 75% dos branches séo para frente

e Branches mais freglientes saltam 4-7 instrs de
distancia

« Comparacao precendendo um branch
— EQ ou NE (86%) vs. GT/LE (7%) ou LT/GE (7%)

— Maior parte com imediatos (87%), dos quais 50% sao a
constante “ 0"
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Mecanismo para Controle de Salto

+
Condition Code setado p/ ALU setada p/ instr s/ controle
Condition register |testareg c/ resultado simples linstra+
Compara e salta parte dainstr. de branch |1 instr muito trabalho / instr
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Fluxo de Controle
Conclusoes

» Importanciade instrucdes ssimples
* Branches s5o comuns

— Saltos sdo proximos (+/- 100 instrs)
— Redativo a PC com deslocamento > 8 bits

— Necessidade de relativo areg também

e Como switch sdo implementados?
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Qual o Tamanho do Dado
Acessado?

' [
DWordj [
Word
COPonto Flutuante
Halfword M iInteiro
Byte
0 20 40 60 80

DEC Alpha AXP né&o possui byte ou halfword para reduzir circuito no caminho
critico. Uma boa escolha?
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Um “RISC” Tipico

» Formato deinstrucao fixo com 32 bits (3 formatos)

o 32 GPRsde 32 hits (RO contém zero, par de registradores
para DP — Double Precision)

* Instrucoes de ALU com 3-operandos, reg-reg

» Modo de enderacamento Unico paraload/store:
base + deslocamento

— semindirecéo
« Implementacao pipelined
o Cachesdenive 1 distintos para Instrucéo e Dados
» CondicOes de branch simples
» Delayed branch

veja: SPARC, MIPS, MC88100, AMD29000, i960, i860, PARisc, DEC
Alpha, Clipper, CDC 6600, CDC 7600, Cray-1, Cray-2, Cray-3




Exemplo: MIPS

Register-Register
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31 26 25 2120 16 15 1110 6 5 0
Op Rs1 Rs2 Rd Opx
Register-Immediate
31 26 25 2120 16 15 0
Op Rs1 Rd immediate
Branch
31 26 25 2120 16 15 0
Op Rsl Rs2/0Opx immediate
Jump / Call
31 26 25 O
Op target 5
BvErab
Visao e Robdtica
I-type instruction
6 5 16
Opcode rt Immediate
R-type instruction
6 5 5 5 6
Opcode rs rt rd shamt funct
J-type instruction
6 26
Opcode Offset added to PC
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Compilersand | SA

o Compiler Goals
— All correct programs compile correctly
— Most compiled programs execute quickly
— Most programs compile quickly
— Achieve small code size
— Provide debugging support
« Multiple Source Compilers
— Same compiler can compile different languages

e Multiple Target Compilers

— Same compiler can generate code for different
machines
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Compilers Phases

o Compilers use phases to manage complexity
— Front end
» Convert language to intermediate form
— High level optimizer
 Procedure inlining and loop transformations

— Global optimizer

» Global and local optimization, plus register
allocation

— Code generator (and assembler)

» Dependency elimination, instruction selection,
scheduling
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Designing | SA to Improve Compilation

» Provide enough general purpose registers to ease
register allocation ( more than 16)

* Provide regular instruction sets by keeping the
operations, data types, and addressing modes
orthogonal

» Provide primitive constructs rather than trying to map
to ahigh-level language

* Allow compilersto help make the common case fast
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Comparison MIPS with 80x86

* How would you expect the x86 and MIPS
architectures to compare on the following:
— CPI on SPEC benchmarks
— Ease of design and implementation
— Ease of writing assembly language & compilers
— Code density
— Overall performance

» What other advantages/disadvantages are there to
the two architectures?
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Graphics and Multimedia
|nstruction Set Extensions

» Several companies have extended their computer’s
Instruction sets to better support graphics and
multimedia applications

—Intel’s MM X Technology

—Intel’ s Internet Streaming SIMD Extensions
—AMD’s 3DNow! Technology

—3Sun’sVisua Instruction Set

—Motorola sand IBM’s AltiVec Technology
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Graphics and Multimedia
|nstruction Set Extensions

» These extensions improve the performance of
—Computer-aided design
—Internet applications
—Computer visualization
—Video games
— Speech recognition
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MMX Data Types

MM X Technology supports operations on
the following 64-bit integer data types.

Packed byte (eight 8-bit elements)

Packed word (four 16-bit elements)

Packed double word (two 32-bit elements)

Packed quad word (one 64-bit elements)
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SIMD Operations

« MMX Technology allows a Single I nstruction to work on
Multiple pieces of Data (SIMD)

A3 A2 Al AO
B3 B2 B1 BO
A3+B3 A2+B2 Al+B1 AO0+BO

bit el ements

PADDI[W]: Packed add word

* Inthe above example, 4 parallel adds are performed on 16-

 Most MMX instructions only require asingle cycle
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Saturating Arithmetic

« Both wrap-around and saturating adds are
supported

« With saturating arithmetic, results that
overflow/underflow are set to the largest/smal lest

value
a3 a2 al FFFFh asd a2 al FFFFh
¥ ¥ ¥ ¥ ¥ T ¥ ¥
b3 b2 b1l | 8000h b3 b2 bl 8000h
a3+b3| a2+b2 | al+bl| 7FFFh a’3+b3 | a2+b2 | al+bl | FFFFh

PADD[W]: Packed wrap-around add PADDUSW]: Packed saturating add
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Pack and Unpack Instructions

» Pack and unpack instructions provide
conversion between standard data types and

packed data types

bl b0

N\ 7

bl" | b0’ al’

PACKSSDW]: Pack signed, with saturating, double to packed word
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Multiply-Add Operations

« Many graphics applications require multiply-accumulate
operations
— Vector Dot Products
— Matrix Multiplies
— Fast Fourier Transforms (FFTS)
— Filter implementations

as az al al

e H H =

b3 b2 bl b0

a3*b3+a2*b?2 |a1*b1+ a0*b0)

PMADDWD: Packed multiply-add word to double
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V ector Dot Product

A dot product on an 8-element vector can be performed
using 9 MMX instructions

o Without MM X 40 instructions are required

x= Y a(i) * o(i)

|20 | a1 | a2 | 23| |ad | a5 | a6 | a7 |
Pmaddwd * * * * * * * *
0 (et | 2 | 3| k4 5 | &6 | 7 |

|aEI*n:III+a’I*n::1 |aE*c2+33*c3 | |ai1*|::4+35*|::5 |aE*cE+a?*c? |

—_— —_—
Shift to right precision if needed  Shift to right precision if needed

Pacdd | | a0*cO+..+ a3*03| | ad*c4+..+ a7*c7 | Accumulator
a + +
| | | | a0*cO+..+ a7*c7 |

Note: Input data and coefficients are 16-hit precision.
If not, first unpack to 16 bit.
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Packed Compare Instructions

» Packed compare instructions allow a bit mask to
be set or cleared

o Thisisuseful when images with certain qualities
need to be extract

|)(1=green |)(2!=green | X3=green |)(4!=green| | | |

a

PCMpE oy | green | green | green | green |

'

bitmask |l]xFFFF ||unuuu |l]xFFFF |uxuuuu |*-—
4 pixelicvcle
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MM X Instructions

« MMX Technology adds 57 new instructions to the x86 architecture.
» Some of these instructions include

— PADD(b, w, d) Packed addition

— PSUB(b, w, d) Packed subtraction

— PCMPE(b, w, d) Packed compare equal

— PMULLw Packed word multiply low
— PMULHw Packed word multiply high
— PMADDwd Packed word multiply-add
— PSRL(w, d, Q) Pack shift right logical

— PACKSS(whb, dw) Pack data

— PUNPCK (bw, wd, dg) Unpack data
— PAND, POR, PXOR Packed logical operations
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Performance Comparison

» The following shows the performance of
Pentium processors with and without MM X

Technology
Application Without With MMX | Speedup
MM X
Video 155.52 268.70 1.72
Image Processing | 159.03 743.90 4.67
3D geometry 161.52 166.44 1.03
Audio 149.80 318.90 2.13
Overall 156.00 255.43 1.64
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MMX Technology Summary

« MMX technology extends the Intel x86 architecture to improve
the performance of multimedia and graphics applications.

It provides aspeedup of 1.5to 2.0 for certain applications.

 MMX instructions are hand-coded in assembly or implemented
as libraries to achieve high performance.

« MMX datatypes use the x86 floating point registers to avoid
adding state to the processor.

— Makes it easy to handle context switches

—Makesit hard to perform MM X and floating point
instructions at the same time

« Only increase the chip area by about 5%.
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Questions on MM X

* What are the strengths and weaknesses of MM X
Technology?

* How could MM X Technology potentially be
improved?

* How did the developers of MM X preserve
backward compatibility with the x86 architecture?
— Why was this important?
— What are the disadvantages of this approach?

o What restrictiong/limitations are there on the use
of MM X Technology?
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Internet Streaming SIMD ™™
Extensions

* Intel’sInternet Streaming SIMD Extensions (I SSE)
— Help improve the performance of video and 3D applications
— Are designed for streaming data, which is used once and then discarded.
— 70 new instructions beyond MM X Technology
— Adds new 128-hit registers

— Provide the ability to perform parallel floating point operations
» Four parallel operations on 32-bit numbers
» Reciprocal and reciprocal root instructions - normalization
» Packed average instruction — Motion compensation

— Provide data prefetch instructions

— Make certain applications 1.5 to 2.0 times faster
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|SA Mais Popular de Todos  viese e roveies
0s Tempos. O Intel 80x86

e 1971: Intel inventa o microprocessador 4004/8008, 8080
em 1975

» 1975: Gordon Moore percebeu mais uma chance de
construir novo ISA antes do | SA nao se alterar mais por
uma decada

— Contratou pessoal de CS em Oregon

— N&o estavam prontos aindaem 1977 (fizeram 0 432 em
80)

— Iniciaram esforgo parafazer processador de 16 bits

» 1978: 8086 com registradores dedicados, espaco de
enderecamento segmentado, 16 bits

— 8088; versao de barramento de 8 bits do 8086
— Presente no nucleo de memoriado DCC (DCC2600)
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|SA Mais Popular de Todos v« rovsucs
0s Tempos. O Intel 80x86

» 1980: IBM seleciona o 8088 como base parao IBM PC

» 1980: Coprocessador de ponto flutuante 8087
adiciona 60 instrucdes usando um hibrido de
pilha/registrador

» 1982: 80286 enderecamento em 24 bits, protecdo

» 1985: 80386 enderecamento em 32 hits, registradores de 32
bits GPR, paginacéo

o 1989: 80486 & Pentium em 1992: pipelining e
superescalar, mais rapido, FP melhorado

— Pentium com bug no algoritmo de divisao faz Intel perder um
trimestre de lucros trocando chips defeituosos
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Intel 80x86 - Registradores Inteiros

31 15 7
EAX AX| AH AL Accumulator
EBX BX| BH BL Base Addr Reg
ECX CX| CH CL Count Reg, String, Loop
EDX DX| DH DL Data Reg, Multiply, Divide
ESP SP Stack Ptr.
EBP BP Base Ptr (For base or stack seg.)
ESI SI Index Reg, String Source Ptr.
EDI DI Index Reg, String Dest. Ptr.
CS Code Segment
SS Stack Segment
DS Data Segment
ES Extra Segment
FS Data Segment
GS Data Segment
EIP IP Instruction Pointer
FLAGS Condition Codes
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Intel 80x86 - Registradores de
= Ponto Flutuante

79 0

FPRO
FPR1
FPR2
FPR3
FPR4
FPR5
FPR6
FPR7

15 0

Status Top of FP Stack
FP Condition Codes
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=) Utilizacéo dos Registradores
== de Ponto Flutuante do 80x86

NASA 7 Spice
Pilha (20. operando ST(1)) 0.3% 2.0%
Registr. (20. operando ST (i), i>1) 23.3% 8.3%
Memoria 76.3% 89.7%

Pilha ndo é utilizada pel os compiladores do Solaris
para execucao mais rapida
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Formato das Instrucoes do 80x86

Repeat
Lock
Seg. Override
Addr. Override
Size Override
Opcode
Opcode Ext.
mod, reg, r/m
sc, index, base | (Basereg + 25 x Index reg)
Disp 8
Disp 16
Disp 24
Disp 32
Imm 8
Imm 16
Imm 24
Imm 32

Prefixo

Opcode

Espec. addr

Desloc.

Imediato




=) Codificacao das Instrugcoes do
= 80x86: Campos Mod, Reg, R/M
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rw=0 w=1 r/m mod=0 mod=1 mod=2 mod=3
16b 32b 16b 32b 16b 32b 16b 32b
0 AL AX EAX O iaddr=BX+Sl =EAX same same same same same
1 CL CX ECXi1 :addr=BX+DI=ECX: addr addr addr addr as
2 DL DX EDX 2 addr=BP+SI =EDX mod=0 mod=0 :mod=0 mod=0 reg
3 BL BX EBX:3 addr=BP+Sl =EBX: +d8 +d8 +d16 +d32 field
4 AH SP ESP 4 addr=Sl =(sib)! SI+d8  (sib)+d8 SI+d8  (sih)+d32 “
5 CH BP EBP'5 addr=DI =d32 : DI+d8 EBP+d8 DI+d16 EBP+d32
6 DHS ES 6 addr=d16 =ESI : BP+d8 ESI+d8 BP+d16 ESI+d32
7 BI;] DI EDI 1 addr=BX =EDI: BX+d8 EDI+d8 :BX+d16 EDI+d32
; " rim depende de mod e modo da maquina
w do :
opcode Tamanho dos campos: Reg=3 bits,

R/M=3 bits, Mod=2 bits

Index_... Base
0 EAX EAX
1 ECX ECX
2 EDX EDX
3 EBX EBX
4 ¢ noindexESP
5 EBP ifmod=0,d32
if mod !=0, EBP
6 ES ES
7 EDI EDI

&) Codificacao das Instrucoes do
= 80x86: Campos Sc/lndex/Base

Base + Modo Indexado

Escalado

Usado quando:
mod =0,1,2
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em modo de 32 bits

erl/m=4

2-bit Campo de Escala

3-bit Campo da Indice
3-bit Campo da Base
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Utilizac&o dos M odos de Enderecamento
para 80x86 em Modo de 32 hits

Addressing Mode Gcee Espr. NASA7 Spice Avg.
Register indirect 10% 10% 6% 2% 7%
Base + 8-hit disp 46% 43% 32% 4% 31%
Base + 32-hit disp 2% 0% 24% 10% 9%
Indexed 1% 0% 1% 0% 1%
Based indexed + 8b disp 0% 0% 1% 0% 1%
Based indexed + 32b disp 0% 0% 0% 0% 0%
Base + Scaled Indexed 12% 31% 9% 0% 13%
Base + Scaled Index + 8b disp 2% 1% 2% 0% 1%
Base + Scaled Index + 32b disp 6% 2% 2% 33% 11%
32-bit Direct 19% 12%  20% 51% 26%
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Distribuicao do Comprimento das
| nstrucoes do 80x86

[}

SRER S
=2
o

oo oooD

2 e

5 0 7%

,'.gu | Zp
- [ rasar

0% 10%6 20%% 30%

2o instructions at each length
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| nstruction Counts; 80x86 v. DL X

SPEC pgm X86 DLX DLX+86
gcc 3,771,327,742 3,892,063,460 1.03
espresso 2,216,423,413 2,801,294,286 1.26
: 1.11
spice 15,257,026,309 16,965,928,788
BvErab
= Visao e Robédtica
Compilador dalntel vs.
Compiladores Vocé Compra
e 66 MHz Pentium Specint92  SpecFP92
Compilador interno da Intel 64.6 59.7
Melhor compilador 486 (Junho 1993) 57.6 39.9
Compilador tipico p/ 486 em 1990, 41.0 32.5
guando Intel iniciou o projeto
e Inteiro: Intel 1.1X maisrapido, FP 1.5X mais rgpido
« 436 SpecInt92  SpecFP92
Compilador interno da Intel 35.5 17.5
Melhor compilador 486 (Junho 1993) 32.2 16.0
Compilador tipico p/ 486 em 1990, 23.0 12.8

guando Intel iniciou o projeto
e Inteiro: Intel 1.1X maisrapido, FP 1.1X mais rgpido
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Conclusoes sobre Intel 80x86

* Projeto do conjunto de instrucoes do 8086
— Enderegcamento: 16 bitsvs. 32 bits
— Protecdo: segmentacao vs. paginacdo
— Armazenamento temporario: acumulador vs. pilhavs. registradores
« “Algemas’ da compatibilidade binaria afeta a arquitetura
depois de 20 anos

* N&o e muito dificil de fazer mais rapido, como Intel tem
mostrado

» HP/Intel anunciaram esforgo conjunto para projetar novo
conjunto de instrugdes para o ano 2000. Isto significao fim
da arquitetura 80x867

» “Beauty isin the eye of the beholder”

Com 50M de chips/ano vendidos, € a melhor arquitetura do mundo




