Can we program machines we
can build?



IT’S MEMORY STUPID
BUT THERE’S MORE TO MOORE...
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Technology Trends
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Implies....
Memory only systems
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By 2020: S1M can get you...

-
Master CPU cores
Slave CPU cores
DSP Slices (M)

LUTs (Millions)

L1 Memory

L2 Memory

L3 Memory

Storage (TB)

x86 [ x86 : OO :

Storage : :
x86 [ x86 : O 0O :
8000 8000 8192
10240 65536
3.74784 28.016
382.1568 3516
80 30 128
640 640 1024
1920 2048
2048
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Apps — That drove Platform adoption
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Memories - Changing Compute
Landscape?

Cloud Example: Data Center FPGA Acceleration
Up to 1/3 of Cloud Service Provider Nodes to Use FPGAs by 2020

Applications: Image Identification

WHAT IS 3D XPoiNT™?

Algorithms: Convolutional Neural
Network

CPU FPGA CPU FPGA CPU + FPGA

Discrete FPGA Co-Packaged CPU + FPGA Integrated CPU + FPGA

Today —

>2X performance increase through integration
Reduces total cost of ownership (TCO) by using standard server infrastructure
Increases flexibility by allowing for rapid implementation of customer IP and algorithms

is-building-fast-low-power-neural-networks-with-fpgas/

3D xpoint and other similar memories could
enable a programmable structure in the metal
stack. That could change the FPGA architecture
and design (2020+)
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Simpler is better

Interaction Methods
Applications

Algorithms, libraries, tools

C, C++, Python, Ruby, Scala, Rust...

Compilers (Jyvm
(01
Hypervisors
BIOS

CPU, DIMM, PCle

Cores, Memory, Interconnects
Gates, ALUs, LUTs...
Xtor, Memory, 10
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Example of a Java program

cClass SomeNumbers

i
static int square (int x)
i

X%X;

}
public static void main (String[] args)
i

int n=20;
(args.length > 0) // change default
n = Integer.parselnt(args[01);
(int i=0; 1 <= n; i++)

System.out.print("The square of " + i +
System.out.printin(square(i));

Simpler is better

Programs vs Interactions

#include<stdio.h>
#include<conio.h>
main()

{

clrser() ;

printf ("I am a new programmer'') ;
getch() ;

s

% Transmission loss
Clear al1; close all; clc

rho=.6; c= 486; % ¢ [m/s] and rho have been computed
Xfor a temperature of 600 Fahrenheit

ctional area of pipe
1%a142; X m

freg=Tinspace(1,11000,1000);

for 11=1:1000
wefreq(i$); kew/c;
FO1)=w/24p);

% with muffler
Tout = [1; 1 1; % dummy values which don't influence
% the fina] result of the transmission loss
het [cas?‘-u§ 2'rhn'(/sl's\n(i'u§ i i-n/rm/c-'s(ngh-m :usgl -ng i;
cos §

ko2 -rha-</se-s1nsv~u cosCkeL
cos(k*L3) Jerhovc/s3vsinCkeL3]

12 g H
T3 *s3/rho/csinCkL3)  cosCk i3

TR0t A=TINT24T3;
Tin = T_tot1*Tout;
powinGi) = .5+ Tin (L) * Tin Q.1
Powout(11) ='.5 « Tout (,1) * Tout' (2,1);
end
Toss = ~10*1oglo(Powout. / Powlnd:
plot(f, 1oss)
x1abel( Freguency [ Hz 1')

ylabel('ds’
titleC Transmission Loss')

Search Air Fares (Round trip () One-way () Multi-city g Easy Search@m@

Tell us the cities and dates of your trip...
LGW to TYO 260ct 31st oct

More fun examples:

» detroit orlando nov7 novi4 2 people

« LA Vegas 1012 1adult 2kids

« bos phl 12oct phl st 1%oct si bos 26oct

HPTS 17 (Ren

u Raman)

& WolframAlpha e

solve x*3-3x72-3x+11=0 a

Input interpretation

salve  x'-3x%-3x+11=0

Resuits:

x=1-72 -2 ~ _18473
1-iV3  1+iV3
+ 2/3

x=1+ o = 24237 - 0.26364

iz F;
1—:#’?*1“‘/?

pEE] =

x=1+ ¥ 2.4237 + 0.28364

ROOtS In the compies plane:

.

AN

Root piot:

Compuad by: Wollrarn Mathon
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C'\eﬂc\l —
Efficieney-Languages{C++/Classembler CUDA/OpenClJaval

Thought — Compute Gap

Interactive| Cancer |Machine| Graph [MultimedialComputer|Software
Cloud Genomics | Learning | Processing| Analysis Vision Radio

Productivity Languages (Python, Scala)

New Programming Frameworks (Tensorflow, DAWN...)

Productivity programmers want to concisely
express problem in application domain

Efficiency programmers focus on packaging
efficient frameworks and libraries for use in
productivity layer

Expressive Programmers Just Think
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Some Reminders...

We always overestimate the change that will occur in the next two years
and underestimate the change that will occur in the next ten. Don't let
yourself be lulled into inaction. Bill Gates

“If you throw enough hardware at the problem, you can get interactivity”
— BigDAWG Stonebraker

“Analyses is dead, Synthesis is King” — Anastasia Ailamaki

Machine learning needs parallel hardware and parallel hardware needs
machine learning - Roland Memsevic (Univ. of Montreal)

People who are really serious about software should make their own
hardware. Alan Kay

— People who are really serious about hardware should make their own software (Yours
Truly©)


http://www.brainyquote.com/quotes/authors/b/bill_gates.html
http://www.brainyquote.com/quotes/authors/a/alan_kay.html

