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Beyond Vector/SIMD architectures

Vector/SIMD-extended architectures are hybrid approaches
— mix (super)scalar + vector op capabilities on a single device
— highly pipelined approach to reduce memory access penalty
— tightly-closed access to shared memory: lower latency

» Evolution of Vector/SIMD-extended architectures

— CPU cores with wider vectors and/or SIMD cores:

« DSP VLIW cores with vector capabilities: Texas Instruments (...?)

» PPC cores coupled with SIMD cores: Cell (past...) , IBM Power BQC...

* ARMG64 cores coupled with SIMD cores: from Tegra to Parker (NVidia) (...?)

* x86 many-core: Intel MIC / Xeon KNL, AMD FirePro...

» other many-core: ShenWay 260, Adapteva Epiphany-V...
— coprocessors (require a host scalar processor): accelerator devices

* on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)

 focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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Texas Instruments: Keystone DSP architecture
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Beyond Vector/SIMD architectures

» Evolution of Vector/SIMD-extended architectures

— CPU cores with wider vectors and/or SIMD cores:
« DSP VLIW cores with vector capabilities: Texas Instruments
» PPC cores coupled with SIMD cores: Cell (past...) , IBM Power BQC...
* ARMG64 cores coupled with SIMD cores: from Tegra to Parker (NVidia) (...?)
* x86 many-core: Intel MIC / Xeon KNL, AMD FirePro...
» other many-core: ShenWay 260, Adapteva Epiphany-V...
— coprocessors (require a host scalar processor): accelerator devices
+ on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)

+ focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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IBM Cell Broadband Engine (PPE)

e Heterogeneous multicore processor

e 1x Power Processor Element (PPE)
— 64-bit Power-architecture-compliant processor

— Dual-issue, in-order execution, 2-way SMT processor

|64-bit PowerPC Registers|

32 KB L1 ICache | |32 KB L1 DCache

— PowerPC Processor Unit (PPU)
—32KB L11C, 32 KB L1 DC, VMX unit

— PowerPC Processor Storage Subsystem (PPSS)

— 512 KB L2 Cache

To EIB
— General-purpose processor to run OS and control-intensive code

1
. — Coordinates the tasks performed by the remaining cores
-]

Meeting on Parallel Routine Optimization and Applications — May 26-27, 2008
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IBM Cell Broadband Engine (sPE)

e Heterogeneous multicore processor

* 8x Synergistic Processing Element (SPE)
— Dual-issue, in-order execution, 128-bit SIMD processors

— Synergistic Processor Unit (SPU)

— SIMD ISA (four different granularities) e

. . . 256 KB Local Store (LS)
— 128 x 128-bit SIMD register file -

— 256 KB Local Storage (LS) for code/data

— Memory Flow Controller (MFC)

To EIB

— Memory-mapped I/O registers (MMIO Registers)

T — DMA Controller: commands to transfer data in and out

L]

. — Custom processors specifically designed for data-intensive code
nEE

naes — Providethe main computing power of the Cell BE

Meeting on Parallel Routine Optimization and Applications — May 26-27, 2008
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IBM Cell Broadband Engine (EiB)

¢ Element Interconnect Bus (EIB)

— Interconnects PPE, SPEs, and the memory and I/O interface controllers
— 4 x16 Byte-wide rings (2 clockwise and 2 counterclockwise)

— Up to three simultaneous data transfers per ring

— Shortest path algorithm for transfers e

* Memory Interface Controller (MIC)

25.6 GB/s
— 2Xx Rambus XDR /O memory channels

(accesses on each channel
of 1-8, 16, 32, 64 or 128 Bytes)

e Cell BE Interface (BEI)

s/go 19°52

— 2 X Rambus FlexIO /O channels

Meeting on Parallel Routine Optimization and Applications — May 26-27, 2008
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IBM Cell Broadband Engine (chip)

Architecture

e EEEREEEE
BEEEEE

Meeting on Parallel Routine Optimization and Applications — May 26-27, 2008
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IBM Power BlueGene/Q Compute (chip)

Features:

* launched in 2010/11
(TOP500: #1 in Jun12, #4 in Jun16)

* 18-cores (16 compute,
1 OS support, 1 redundant)
* each 4-way multi-threaded
* 64 bits PowerlSA
e 1.6 GHz
« L1 1I/Dcache =16 kB/16 kB
* each core has Quad FPU
(4-wide double precision SIMD)

* shared L2 cache: 32 MB

HHH SHH
HHHS st FHHE 13 S
S |[fHee T oe ]

* dual memory controller
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IBM Power BlueGene/Q Compute (Sequoia system)
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Blue Gene/Q packaging hierarchy 32 Gompute Gards,
Optical Modules, Link Chips,
3. Compute Card Torus

One single chip module,

2. Module 16 GB DDR3 Memory

Single Chip

-

1. Chip
5b. VO Drawer
8 1/0 Cards 6. Rack 7. System

16 cores ‘ ‘
8 PCle Gen2 slots 2 Midplanes 20PF/s

1,2 or 4 I/O Drawers

5a. Mldplane
16 Node Cards . -

Ref: SC2010

AJProenga, Advanced Architectures, MiEl, UMinho, 2016/17




Beyond Vector/SIMD architectures

» Evolution of Vector/SIMD-extended architectures
— CPU cores with wider vectors and/or SIMD cores:

* ARMG64 cores coupled with SIMD cores: from Tegra to Parker (NVidia) (...?)
+ x86 many-core: Intel MIC / Xeon KNL, AMD FirePro...
» other many-core: ShenWay 260, Adapteva Epiphany-V...

— coprocessors (require a host scalar processor): accelerator devices
+ on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
 focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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NVidia: pathway towards ARM-64 (1)

* Pick a successful line:

Tegra 3, 4, ... » Replace the 32-bit
ARM Cortex A9 by

’ Cortex A15, and

Quad Core, with 5% Companion Core
— Up to 1.4GHz Single Core, 1.3GHz Quad Core

GPU Up to 3x Higher GPU Performance
— 12 Core GeForce GPU

Blu-Ray Quality Video
VIDEO — 1080p High Profile @ 40Mbps

Lower Power than Tegra 2
POWER — Variable Symmetric Multiprocessing (vSMP)

Up to 3x Higher Memory Bandwidth
MEMORY — DDR3L-1500, LPDDR2-1066

IMAGING  Up to 2x Faster ISP (Image Signal Processor)

AUDIO  HD Audio, 7.1 channel surround

2-6x Faster
STORAGE — e.MMC 4.41, 5D3.0, SATA-II

Tegra 3
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NVidia: pathway towards ARM-64 2

» Replace the GPU block by 192 GPU-cores (from Kepler) and
keep the 5x 32-bit CPU cores (Cortex A15) => Tegra K1

Tegra K1

GPU Kepler GPU (192 CUDA Cores)
Open GL 4.4, OpenGL ES3.0, DX11, CUDA 6

' Battery 1
q Saver Core I-

-———l

CPU Quad Core Cortex A15 “r3”
With 5t Battery-Saver Core; 2MB L2 cache

SEEEEEEE SEEEEEEE
SESEEDEE DEDEEEEE .
CAMERA Dual High Performance ISP
— — m w — 1.2 Gigapixel throughput, 100MP sensor

p
IZS)I(’ ARM7 VIDEO VIDEO AUDIO
ENCODER DECODER

Lower Power
POWER 28HPM, Battery Saver Core

3.0 ENGINE MPMI ipigpray - UART

DSI‘;'ISII !I! LLPDDR2 ! !

LPDDR3 SDIO ’c

4K panel, 4K HDMI
DISPLAY | g, "epp, LD, High Speed HDMI 1.4a

<ANVIDIA

NVidia: pathway towards ARM-64 (3

* Replace the 5x 32-bit ARM by 2x4 32-bit Cortex (A57 & A53)

and the 192 Kepler CUDA cores by 256 Maxwell => Tegra X1
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NVidia: pathway towards ARM-64 (s

» Upgrade 32-bit ARM to 32- & 64-bit ARM (Denver 2) and
replace the Maxwell CUDA cores by Pascal ones => Parker

TEGRA KEY FEATURE EVOLUTION

GPU Kepler, 192 CUDA cores Maxwell, 256 CUDA cores Pascal, 256 CUDA cores
4+1 A15, 2ZMB+512K L2 2x Denver 2 2MB L2 +
Eel ARM v7 32b ot v rim bl 4x AS7 2MB L2
Or 2 Denver 1, 2MB L2 ARM v8 64b ARM v8 64b Coherent HMP
64b Architecture
Camera 4 cameras 6 cameras “/.”’(" R
64b LPDDR2/3, DDR3L ek —
Memory 15 GB/s (LP3, DDR3L) 64b LPDDR4, 25GB/s 128b LPDDR4, 50 GB/s, ECC
Displa Dual Pipeline Dual Pipeline Triple Pipeline
Play  4k@30fps 24bpp 4K@60fps 4K@60fps
R, B T Ry A OS]
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NVidia: pathway towards ARM-64 (5

Tegra Roadmap

Computing Everywhere Parker

' Denver CPU
Maxwell GPU
FinFET
Cat6/7
i Logan

Kepler GPU

CUDA

OpenGL 4.3

| Tegra 4

1st LTE SDR Modem
Computational Camera

[
)
=
©
£
—
o

Y

&

il Tegra 3 Project Denver

{stQuac 29 NVIDIA-Designed

1st Power-Saver Core High Performance ARM Core
b f .
1st Dual A9 1gh Ferto

Tegra 2
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Beyond Vector/SIMD architectures

» Evolution of Vector/SIMD-extended architectures
— CPU cores with wider vectors and/or SIMD cores:

+ x86 many-core: Intel MIC / Xeon KNL, AMD FirePro...
» other many-core: ShenWay 260, Adapteva Epiphany-V...

— coprocessors (require a host scalar processor): accelerator devices
+ on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
 focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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Intel MIC: Many Integrated Core

dual-core tiles

Intel evolution, from: Inside the SCC
» Larrabee (8o-core GPU) & SCC
s A B Single-chip
" 5 Cloud
Z g E Computer,
% L2 Cache % 24X
5 g

| MEMORY CONTROLLER

[

System Interface = Display Interface

<
=)
55
4
L
£
3
(=

to MIC:
° Knights Ferry (pre-production, Stampede)
» Knights Corner >

Xeon Phi co-processor up to 61 Pentium cores

* Knights Landing
Xeon Phi full processor,
36x dual-core tiles with 64-bit Atoms
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Intel Knights Corner architecture
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A Spectrum of Possible Use Models

j ' Intel” MIC
Intel® Xeon® Symmetric Processing

Architecture
Processor

o — Intel Xeon processor . Intel MIC Architecture Focused
Stand-alone Ger el Stand-alone

General Purpose Serial Codes with highly parallel

and Parallel Codes phases Highly parallel codes

Foo( )

Intel QVEII®}

Xeon
Codes Foo(’)

Main()
Foo( )

MIC
Codes

Sponsors of Tomorrow: ( in tel)
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The new Knights Landing architecture

Innovation
Innovation

High-bandwidth In-Package Memory

Far Memory

Performance for
memory-bound
workloads

Flexible memory
usage models

/CPU Package
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Intel Knights Landing in 2016:
Xeon Phi com 72 cores

Knights Landing Overview

L2

2x16 X4
Chip: 36 Tiles interconnected by 2D Mesh
Tile: 2 Cores + 2 VPU/core + 1 MB L2

Memory: MCDRAM: 16 GB on-package; High BW
[ R I DDR4: 6 channels @ 2400 up to 384GB

36 Tiles 10: 36 lanes PCle Gen3. 4 lanes of DMI for chipset
connected by L_.| Node: 1-Socketonly

2D Mesh = } Fabric: Omni-Path on-package (not shown)

Interconnect
Vector Peak Perf: 3+TF DP and 6+TF SP Flops
Scalar Perf: ~3x over Knights Corner
Streams Triad (GB/s): MCDRAM : 400+; DDR: 90+

Souve Iriet Allproducts, compuder sysiems, defes nd fguwes
a2 susject o chenge wittou rofce. KNL dsis ane prefiminery be

Omni-path not shown

More details in a later set of slides...
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PEZY-SC: Peta Exa Zetta Yotta-SuperComputer:
a 1024-core many-core processor chip
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Tolal .

J
66734  Advanced Center for Computing and Shoubu - Zeﬁ E5-2618Lv3 8C 2.3GHz, e June’2016
Communication, RIKEN Infiniband FDR(

Computational Astrophysics Laboratory, Satsuki - Zetta: E5-2618L 3 8C 2.3GHz,
2 486 619522 ooy Infiniba ndFD 46.89
Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C

3 1 6,051.30  National Supercomputing Center in Wuxi 1.45GHz, Sunway 15,371.00

ASUS ESC4000 FDR/G2S, Intel Xeon ES-2690v2 10C 3GHz,
Infiniband FDR, AMD FirePro S9150

Sugon Cluster W780l, Xeon E5-2640v3 8C 2.6

4 440 527209  GS|Helmholtz Center

Institute of Modern Physics (IMP),

5 446 4,778.46

Chinese Academy of Sciences QDR, NVIDIA Tesla K80

XStream - Cray CS-Storm, Intel Xeon E5-2680v2
Infiniband FDR, Nvidia K80

6 122 41121 Stanford Research Computing Center

i Ui i
RCleGen3 “ARN PCIeGen3
X8 2Port ] X8 2Port
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» Evolution of Vector/SIMD-extended architectures

— CPU cores with wider vectors and/or SIMD cores:
« DSP VLIW cores with vector capabilities: Texas Instruments
* PPC cores coupled with SIMD cores: Cell , IBM Power BQC...
« ARMG64 cores coupled with SIMD cores: from Tegra to Parker (NVidia)
« x86 many-core: Intel MIC / Xeon KNL, AMD FirePro...
» other many-core: ShenWay 260, Adapteva Epiphany-V...
- coprocessors (require a host scalar processor): accelerator devices
Xeon KNC Expr, PEZY-SC

+ focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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#1 in June’16 TOP500:
Sunway TaihuLight
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Overview of the Sunway TaihuLight System

P\

Sunway
TathuLight
System

Cabinet

(6 Suparnades)

Cabinet Cabinet

(4 Supernedes)

(4 Supernodes) )

40 Cabinets

AJProenga, Advanced Architectures, 256 Nodes = 1 Supernode 256 Nodes = 1 Supernode 256 Nodes = 1 Supernode 256 Nodes = 1 Supernode

#1 in June’16 TOP500:
Sunway TaihuLight

One cabinet
with 4 Supernodes

One Supernode
with 32 boards

One board with 4 cards,
2 up & 2 down
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http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf

http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf



#1 in June’16 TOP500:
Sunway TaihuLight

One card with two nodes
(two SW26010 chips)

lr/' & a

SW26010: the 4x64-core 64-bit RISC processor (with SIMD extensions)
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Network on Chip (NoC)

http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf
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Adapteva announcement in Oct’16:
Epiphany-V, a 1024-core RISC chip
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North 10

South 10
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RISC
CPU

NOC

MEMORY

RISC
CPU

NOC

MEMORY

RISC
CPU -

MEMORY

RISC
cru

MEMORY

1024 64-bit RISC cores
64MB on-chip SRAM
1024 programmable 10s
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Top500: Processor family distribution over all systems

TOP500 Supercomputers by Processor Famil
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Beyond Vector/SIMD architectures
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« Evolution of Vector/SIMD-extended architectures
— CPU cores with wider vectors and/or SIMD cores:

+ focus on SIMT/SIMD to hide memory latency: GPU-type approach
* ISA-free architectures, code compiled to silica: FPGA
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