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Based on material from:

https://github.com/spcl/hls_tutorial_examples

Transformations of High-Level Synthesis Codes for High-Performance Computing 

https://arxiv.org/abs/1805.08288

Code examples found at:

Nimbix Alveo Trial
http://spcl.inf.ethz.ch/~definelj/HLS_Tutorial.tar.gz

Virtual machine for emulation

https://www.nimbix.net/alveotrial
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Changing hardware constraints and the physics of computing

[1]: Marc Horowitz, Computing’s Energy Problem (and what we can do about it), ISSC 2014, plenary  
[2]: Moore: Landauer Limit Demonstrated, IEEE Spectrum 2012
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32-bit FP ADD:  0.9 pJ
32-bit FP MUL:  3.2 pJ

2x32 bit from L1 (8 kiB):    10 pJ
2x32 bit from L2 (1 MiB):  100 pJ
2x32 bit from DRAM:         1.3 nJ

…

Three Ls of modern computing:

How to address locality challenges on standard architectures and programming?

D. Unat et al.: “Trends in Data Locality Abstractions for HPC Systems”

IEEE Transactions on Parallel and Distributed Systems (TPDS). Vol 28, Nr. 10, IEEE, Oct. 2017
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Load-store vs. Dataflow architectures
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Turing Award 1977 (Backus): "Surely there must be a less primitive 
way of making big changes in the store than pushing vast numbers 

of words back and forth through the von Neumann bottleneck."

Load-store (“von Neumann”)

Energy per instruction: 70pJ

Source: Mark Horowitz, ISSC’14

Energy per operation: 1-3pJ

Static Dataflow (“non von Neumann”)
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Single Instruction Multiple Data/Threads (SIMD - Vector CPU, SIMT - GPU)

Memory

Cache

RegistersControl

ALUALU

ALUALU

ALUALU

ALUALU

ALUALU
45nm, 0.9 V [1]

Random Access SRAM:

8 kiB: 10 pJ
32 kiB: 20 pJ
1 MiB: 100 pJ

Memory

+

c d ya b

+
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a b c d

45nm, 0.9 V [1]

Single R/W registers: 

32 bit: 0.1 pJ

[1]: Marc Horowitz, Computing’s Energy Problem (and what we can do about it), ISSC 2014, plenary  

High Performance Computing really 
became a data management challenge
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Field Programmable Gate Arrays (FPGA)
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 14 nm Intel Tri-Gate

 1 GHz

 10 TF single precision

 5.5M Logic Elements 

 4-input LUT, register, carry, etc.

 Block RAM: 28.6 MiB

 Hardened DRAM controller DDR 4

 Various options for memory

 Hyper Flex Interconnect with Regs.

 TDP: 125W (estimated)

 14 nm

 ~600 MHz

 8,490 DSPs (3.8 TF single prec.)

 2.5M Logic Elements

 1,082,000 5-input LUTs

 2,164,000 FFs

 Block RAM: 39.4 MiB

 TDP: 225 W

7

High-Performance FPGA Hardware Overview

 12 nm 

 1455 MHz

 5,120 cores (15.7 TF single prec.)

 CUDA programming

 On-chip memory:

 Registers: 20.8 MiB

 L1/SM: 7.7 MiB

 L2 Cache: 6.1 MiB

 TDP: 300W
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Ease of programmability vs. efficiency

ASICFPGA

P
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Reprogrammable

Software
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n

 efficien
cy

Special purpose, 
not programmable

CPU GPU Hybrid

Used in modern
supercomputers

(+CGRA) new frontier?
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FPGAs are already in the cloud since a while 
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Vendors trying to push FPGAs into HPC
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template <typename T>

__global__ void integrateBodies(typename vec4<T>::Type *__restrict__ newPos,

typename vec4<T>::Type *__restrict__ oldPos,

typename vec4<T>::Type *vel,

unsigned int deviceOffset,

unsigned int deviceNumBodies, float deltaTime,

float damping, int numTiles) {

int index = blockIdx.x * blockDim.x + threadIdx.x;

if (index >= deviceNumBodies) {

return;

}

typename vec4<T>::Type position = oldPos[deviceOffset + index];

 Productivity: CUDA enabled GPGPU without hacking the graphics pipeline

 Hardware support: Tesla line with ECC, double/half precision

11

But HPC uses GPUs – why?
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 Productivity: steep learning curve of hardware design, unpolished tools

 Hardware support: low bandwidth, no native floating point units
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FPGA are not used in HPC - why?

 Productivity: OpenCL, HLS, (not so recent) Maxeler and dataflow models
 Major focus on portability now!

 Hardware support: Hardened floating point units, HBM

Recent developments
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 Both major vendors, as well as third parties, now offer HLS tools

 Input C/C++/OpenCL is transformed to the spatial paradigm

 Lift programming from the bit level to the word/datatype level

 Xilinx and Intel both offer a C/C++ and an OpenCL tool

 Xilinx focused on the former, and Altera on the latter

 Many other HLS tools …
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High-level synthesis

Bambu Microsoft Catapult

… many many more (cf. Nane et al.: “A Survey and Evaluation of FPGA High-Level Synthesis Tools”, Oct. 2016)
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Work groups

Shared memory

Private memory

Kernels

Objects

Templates

Compile-time constructs

Primarily concerns interaction between host and device

C++ OpenCL

C

HLS pragmas


