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Background for Advanced Architectures

Key concepts to revise:

— numerical data representation (for error analysis)
—ISA (Instruction Set Architecture)

— how C compilers generate code (a look into assembly code)
* how scalar and structured data are allocated
* how control structures are implemented
* how to call/return from function/procedures
* what architecture features impact performance
— Improvements to enhance performance in a single CPU
* ILP: pipeline, multiple issue, ...
* data parallelism: SIMD/vector processing, ...
* memory hierarchy: cache levels, ...
* thread-level parallelism
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A hierarquia de cache em arquiteturas multicore
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As arquiteturas multicore mais recentes:
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Langcamento da Intel em 2012:
Sandy/Ivy Bridge (8-core)
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Intel in 2016:
Broadwell-EP Xeon (22-core)

Intel® Xeon® Processor E5 v4 Product Family HCC
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Chips da Intel em 2012/13:
Xeon Phi com 60 cores

PCle I10
Logic
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Intel new Phi in 2016:
KNL with 72 cores

Knights Landing Overview
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Exemplo de chip com processadores RISC:
2x ARM’s no A6 do iPhone 5
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Exemplo de chip com processadores RISC:
4+1 ARM'’s no Tegra 4i da NVidia

Tegra 4i

Highest Performing Single-Chip Smartphone Processor

Tegra 4

“R4” _ ' 4+1 Battery Saver Core
New Quad core i .
ARM R4 A9
(2.3Ghz)

Tegra 4 GPU (60 Core)

More Tegra 4 Features:

» Computational Photography
Architecture

* Image Signal Processor

* Video Engine

» Optimized Memory Interface

Integrated
1500 core




Exemplo de chip com processadores RISC:
4+4 ARM'’s no Exynos 5 Octa, Galaxy S 4

Qualcomm:

snapdragon

Performance and Energy-Efficiency

Most energy-efficient processor from ARM Cortex-A7
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AJProenga, Sistemas de Computagdo, UMinho, 2013/14 11

Processadores Intel x86 versus ARM
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HENNESSY PATTERSON

COMPUTER
ARCHITECTURE

A Quantitative Approach
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Key textbook for AA

Computer Architecture, 5th Edition

Hennessy & Patterson

Table of Contents

Printed Text

Chap 1: Fundamentals of Quantitative Design and Analysis

Chap 2: Memory Hierarchy Design

Chap 3: Instruction-Level Parallelism and Its Exploitation

Chap 4: Data-Level Parallelism in Vector, SIMD, and GPU Architectures
Chap 5: Multiprocessors and Thread-Level Parallelism

Chap 6: The Warehouse-Scale Computer

App A: Instruction Set Principles

App B: Review of Memory Hierarchy

App C: Pipelining: Basic and Intermediate Concepts

Online

App D: Storage Systems

App E: Embedded Systems

App F: Interconnection Networks

App G: Vector Processors

App H: Hardware and Software for VLIW and EPIC

App I: Large-Scale Multiprocessors and Scientific Applications
App J: Computer Arithmetic

App K: Survey of Instruction Set Architectures

App L: Historical Perspectives

Recommended textbook (1)

e (=

processor

gramming

Jim Jeffers, James Reinders

| igh-Performance

Contents

1. Introduction

2. High Performance examples
3. Benchmarking Apps

4. Real-world Situations

5. Lots of Data (Vectors)

6. Lots of Tasks (not Threads)
7. Processing Parallelism

8. Coprocessor Architecture

9. Coprocessor System Software
10. Linux on the Coprocessor
11. Math Library

12. MPI

13. Profiling

14. Summary



Recommended textbook (2

SECOND EDITION
Programming Massively
Parallel Processors

MK

Contents

1 Introduction

2 History of GPU Computing

3 Introduction to Data Parallelism and CUDA C

4 Data-Parallel Execution Model

5 CUDA Memories

6 Performance Considerations

7 Floating-Point Considerations

8 Parallel Patterns: Convolution

9 Parallel Patterns: Prefix Sum

10 Parallel Patterns: Sparse Matrix-Vector Multiplication

11 Application Case Study: Advanced MRI Reconstruction

12 Application Case Study: Molecular Visualization and
Analysis

13 Parallel Programming and Computational Thinking

14 An Introduction to OpenCL

15 Parallel Programming with OpenACC

16 Thrust: A Productivity-Oriented Library for CUDA

17 CUDA FORTRAN

18 An Introduction to C11 AMP

19 Programming a Heterogeneous Computing Cluster

20 CUDA Dynamic Parallelism

21 Conclusion and Future Outlook



