O Computador do
futuro




Objetivo

- Entender como foi a evolucao da arquitetura
computacional até os dias de hoje.

- Explorar as possibilidades de evolucao das
plataformas computacionais que temos
atualmente.

- Base para a resenha literaria.

- Tendéncias serao base para a suposicao
simplificadora.



Computadores em todos os lugares

Diversas classes de computadores.

. Dispositivos pessoais moveis (PMD).

. Desktops.

. Servidores.

. Clusters / Warehose Scale Computers.

. Embedded computers.
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Lei de Moore

curve shows transistor
count doubling every
two years
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Microprocessor Transistor Counts 1971-2011 & Moore's Law
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1970

Intel 8086 29.000 1978 0.33 (5 MHz)

Primeira geracao de CPUs de uso geral

utilizadas em computadores domeésticos.

Arquitetura simples.
Hierarquia de memoria simples.

Conjunto de instrucoes CISC.



1980

Intel 80286 134.000 1982 1.28 (12 MHz)

Intel 80386 275.000 1985 4.3 (33 MHz)
Intel 80486 1,180,235 1989 8.7 (25 MHz)

Surgimento de processadores RISC.
Influéncia da arquitetura RISC.

Paralelismo a nivel de instrucoes
(Superscalar, RISC, MIPS).
16 e 32 bits CPUs.



1990

PowerPC 603e 2.600.000 1996 0.35um | 423 (300 MHz)
Pentium III 9.500.000 1999 0.25 um | 2,054 (600 MHz)

Mais paralelismo a nivel de instrucao. Mais
unidades de execucao, mais cache.
Pipelines mais complexos.

Crescimento de frequéncia (MHz).

Out of order execution, speculative
execution.

64 bits CPU (MIPS R4000)



2000
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CPUs superscalares esgotadas. Limite entre
complexidade e performance.
Mudanca de paradigma. Multicore e SMT.

Paralelismo a nivel de thread.
RISC dominando PMDs com cpus ARMs.



Sea Change in Architecture: Multicore

HT PHY, link 1 |Slow |fo|Fuses|

128-bit FPU

Load/ | L1 Data
Store | Cache

Execution | L2

Fetch/ C
Decode/ |L1 Instr
Branch |Cache

Northbridge

<IT DDOO

HT PHY, link 3

HT PHY, link 4 |Slow I/O|Fuses

FIGURE 1.9 Inside the AMD Barcelona microprocessor. The left-hand side is a microphotograph of the AMD Barcelona processor
chip, and the right-hand side shows the major blocks in the processor. This chip has four processors or “cores”. The microprocessor in the
laptop in Figure 1.7 has two cores per chip, called an Intel Core 2 Duo. Copyright © 2009 Elsevier, Inc. All rights reserved.




History of Processor Performance

Intel Xeon, 3.6 GHz ___64-Dit Intel Xeon, 3.6 GHz
AMD Opteron, 2.2 GHz g B308

o
&
e
*
=
>
P
=
o
5]
g
B
=
i
o

VAX-11/780 _.-==""
Pz 1.5, VAX-11/785

0
1978 1980 1982 1084 1986 1988 1990 1802 1994 1996 1908 2000 2002 2004 2006

FIGURE 1.16 Growth in processor performance since the mid-1980s. This chart plots performance relative to the VAX 11/780
as measured by the SPECint benchmarks (see Section 1.8). Prior to the mid-1980s, processor performance growth was largely technology-
driven and averaged about 25% per year. The increase in growth to about 52% since then is attributable to more advanced architectural and
organizational ideas. By 2002, this growth led to a difference in performance of about a factor of seven. Performance for floating-point-
oriented calculations has increased even faster. Since 2002, the limits of power, available instruction-level parallelism, and long memory latency
have slowed uniprocessor performance recently, to about 20% per year. Copyright © 2009 Elsevier, Inc. All rights reserved.




45nm

Major POWER® Innovation

-1990 RISC Architecture

-1994 SMP

-1995 Out of Order Execution

-1996 64 Bit Enterprise Architecture
-1997 Hardware Multi-Threading
-2001 Dual Core Processors

-2001 Large System Scaling

-2001 Shared Caches

-2003 On Chip Memory Control
-2003 SMT

95um -2006 Ultra High Frequency

-2006 Dual Scope Coherence Mgmt
-2006 Decimal Float/VSX

-2006 Processor Recovery/Sparing
-2009 Balanced Multi-core Processor
-2009 On Chip EDRAM

.3bum

2005 2010

* Dates represent approximate processor power-on dates, not system availability

[Source: HotChips ‘09] 2




2010
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Xbox One CPU | 5.000.000.000 2013 8 (+S0C)
Apple ABX 3,000,000,000 2014 3 (+S0C)

- RISC dominando PMDs com CPUs ARMs.

- Foco em eficiéncia energética.

- Maior integracao SoC: CPU, Criptografia,
GPU.

- Computacao heterogenea: Cuda, Open CL.

- “Super computador” no seu bolso.



20257 O futuro?

- Foco do trabalho na disciplina.

- Foco nos dispositivos moveis PMDs.
. Eficiéncia energética.

- Vasao e laténcia?

. Processamento paralelo.

. Computacao heterogénea.
- Internet das coisas.

- Software embarcado.



Obrigado.



