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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
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: ...

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures: ...
• focus on SIMT/SIMD to hide memory latency: GPU-type approach
• ...

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• ...
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PEZY-SC: Peta_Exa_Zetta_Yotta-SuperComputer:
a 1024-core many-core processor chip, each core 8-way SMT

Green500 list
June’2015
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PEZY-SC: Peta_Exa_Zetta_Yotta-SuperComputer:
a 1024-core many-core processor chip
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Evolution:
the PEZY-SC2

PEZY-SC with 2x 32-bit ARM cores (2015)

PEZY-SC2 with 8x 64-bit MIPS cores sharing 40 MiB LLC (2017)

width:
2048bit
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PEZY-SC2 in Green500

None of these
systems are 

in Nov’19 list, 
only a PEZY-SC2 

in 2nd position
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The PEZY-SCx Road Map

PEZY-SC3
expected in

end 2019
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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
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM Power BlueGene/Q, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures: ...
• ...

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• ...
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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
• 64 bits PowerISA
• 1.6  GHz
• L1  I/D cache => 16 kiB / 16 kiB
• each core: quad-FPU

(4-wide double precision SIMD)
• each core: 4-way SMT

• shared L2 cache: 32 MiB
• dual memory controller
• IBM ended development of 

BlueGene project in 2015...
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IBM Power BlueGene/Q Compute (Sequoia)

Jun’12: #1
Nov’12: #2
Jun’13: #3
Nov’13: #3
Jun’14: #3
Nov’14: #3
Jun’15: #3
Nov’15: #3
Jun’16: #4
Nov’16: #4
Jun’17: #5
Nov’17: #6
Jun’18: #8

Nov’18: #10
Jun’19: #13
Nov’19: #12
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SW26010: the 4x64-core 64-bit RISC processor (w/ 256-bit vector instructions & only cache L1)

One card with two nodes 
(two SW26010 chips)

The Sunway TaihuLight
#1 Jun’16-Nov’18 TOP500
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Replacing the KNC in Tianhe-2A:
the Matrix-2000 accelerator
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Fujitsu's A64FX Arm & PEZY-SC2 in Green500
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Fujitsu's A64FX Arm Chip:
48+4 cores

A64FX Arm:
• Armv8.2-A spec with 

512-bit SVE extensions
• HP math and a dot-product engine
• 4 core memory groups interconnected 

with a double ring bus
• cores in CMG linked by a crossbar to 

a 16-way associative 8 MiB L2 cache 
and to the HBM2 mem controller

• No L3 cache
• a Tofu3 controller on the die
• Cray CS500 will use A64FX package



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 15

Block diagram of 
the A64FX chip
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Tofu 3:
6D mesh/torus interconnect 
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Tofu 3:
6D mesh/torus interconnect 
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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
– PU (Processing Unit) cores with wider vector units

• x86 many-core: Intel MIC / Xeon KNL
• others: IBM BlueGene/Q Compute, ShenWay 260, Matrix-2000, A64FX Arm

– coprocessors (require a host scalar processor): accelerator devices
• on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, PEZY-SC)
• ISA-free architectures, code compiled to silica: FPGA
• ...

– heterogeneous PUs in a SoC: multicore PUs with GPU-cores
• ...



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 19

What is an FPGA

Field-Programmable Gate Arrays (FPGA)
A fabric with 1000s of simple configurable logic cells with LUTs, 
on-chip SRAM, configurable routing and I/O cells
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FPGA as a multiple configurable ISA
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FPGA as a computing accelerator
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CPU vs. GPU vs. FPGA vs. ASIC
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Intel FPGAs
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Integrating programmable acceleration cards at Intel
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