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Microprocessor Trend in 40 Years
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten,
=am New plot and data collected for 2010-2015 by K. Rupp, and Trend lines drawn by K.Sano
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$16.7B Acquisition of ALTERA by Intel
(2015)

& ALTERA
(FPGA vendor)
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B® Microsoft

Search engine w/ FPGAs High-speed trading w/ FPGAs

Xeon & FPGA /3§ y
e (intel) | EEES

Bait®mE dwango

Deep learning w/ FPGAs Data centers w/ FPGAs

Power & FPGA
with CAPI

LFPGAs are now serving applications for end users. J
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FPGA Wins Versus
Google TPUs for Al

Microsoft’s Project Brainwave

v DNN processor (DPU) that is programmed/synthesized
on 14nm Stratix10 FPGAs for
deep learning in could services

v" Accelerators linked across

FPGA Performance vs. Data Type

100
i 90
high bandwidth, low-latency gy | TEUEHMOIDI@ N
. . Stratix 10 280 @ 500MHz
fabric to dynamically allocate 80
" . o 65

the resources to optimize their 2 ™

e S 60
utilization. 2

N K

v Significant performance g 10 =

advantages over T 30
Google’s TensorFow (ASIC) 20 12

10
0 o———0—O0—— ®
[M|crosoft HotChips2017] 16-bit int 8-bit int ms-fp9 ms-fp8

P /www-forbes-com.cdn.ampproject.org/c/s/www.forbes.com/sites/moorinsights/2017/08/28/microsoft-fpga-wins-versus-google-tpus-for-ai/amp/
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Xilinx
UltraScale+
NVIDIA GPU EPGA
P2: GPU-accelerated computing F1: FPGA-accelerated computing
Enabling a high degree of parallelism — each Massively parallel — each FPGA includes
GPU has thousands of cores millions of parallel system logic cells
Consistent, well documented set of APIs Flexible — no fixed instruction set, can
(CUDA, OpenACC, OpenCL) implement wide or narrow datapaths
Supported by a wide variety of ISVs and Programmable using available, cloud-based
open source frameworks FPGA development tools

[Amazon HotChips2017] L FPGAD ISV FRFIH - —E XD ED J
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v Deep learning
v Spiking neural network

Tsunami simulation
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AHHF : Stream Processor Generator (SPGen)
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Stream Processing Description (SPD)

X_1in y_in

Name PE; ### Define pipeline “PE”
Main_In {in:: x_in, Yy in};

Main_Out {out::x_out, y out}; 0‘0
) O

EQU eql, t1 = x_in * y in;
EQU eq2, t2 = x_in / y_in;
EQU eq3, x out = tl1 + t2;
EQU eq3, vy out = tl1 - t2; x_out y_out
==1 =] =t
FIECik sT& 77 (DFG)
Name Core; ### Define IP core “Core” x0 0y0O 0 x0 1y0 1
Main_In {in:: x0_0, x0_1, y0_0, yO_1}; L L 1 1
Main_Out {out::x2_0, x2_1, y2 0, y2 1}; PE PE
pell pell
### Description of parallel pipelines for t=0 v v v v
HDL pelO, 123, (x1_0, yl_0) = PE(x0_0O, y0 _0); x1_ 0yl 0 x1 1yl 1
HDL pell, 123, (x1_1, yl 1) = PE(x0_1, y0 1); 1 1 1 1
PE PE
### Description of parallel pipelines for t=1 pe20 pe2l
HDL pe20, 123, (x2_0, y2 0) = PE(x1_0, y1 0); v ¥ v v
HDL pe21, 123, (x2_1, y2_1) = PE(x1_1, y1_1); x2_0y2 0 x2_1y2 1
w 0 b . hfa ]
ES1-J)UEHU fEERY/\— RO T 7HEE
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5‘-_@ j 01— [DFGO)HW%»E/\@H%ﬁ?w l:°>f7“7&¢§%%}
A IIN1 DTN

Main_In {in:: a, b, c, d, e, T};
Main_Out {out:: X, Yy};

EQU eql, t1 = a*b + c*d;
EQU eq2, t2 = c/d - e;

EQU eqg3, X = t1*t2 + 123;
EQU eqg4, vy = tl - t2 + f;

SPD (Stream Processing Description)

ab c def a b c d e T

I3 |

pipe || pipe pipe || pipe
“t1 ” “t2” <—‘ “t1 ” “t2” : : o a

= ReAIEx
Stream Formula (clustering
pipe pipe . . ,
x & y” processor | .« g » pipeline resource
I generator generator ,
mapping)

X y (SPGen) (FPGen) x y
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