Computation: Digital and Analog

Digital

(N

\

[

® Programmable
® Configurable

Analog

Soldering
Iron

® Fixed Function
® Custom Design

Large-Scale
FPAA

.2
o,
>
>
i3
&
g
= g
@

SoC FPAA

* Analog & Digital
* Programmable
 Configurable

* Design tools



?

omputing

Why Physical / Analog C

Digital Analog

| |
| | I
| [\ | out
T < | *
Multiplication | = |
(digital: | 2. | /
. | » |
16b1t) I s I
| @ |
| |
. 9 %
| |
| |
______ / I
Ener ' |
&Y x1000 | x1
operation | |
— e
| |
Size | x100 | x1
Expansion of C. Mead’s original hypothesis, 1990
A | I | : |
10k Efficiency wall i l : | :
| | | |
—~ | | .
© | } ARMC rﬂ:eX'A | core i7i 980 ee Curve Fit
é | IBl\/‘i Cell X e
- * Vidia Fermi GTX480
:_;IS i Monarc}j . | Tile64 Vinex6r a Fe
« | ! ! :' ® Atpm N270 | Power Efficiency wall
= v | j Core 2 Qf“’"” I (Production ICs)
2 i S i ’tm§‘320064244:700 1 MAC in 100pJ
§ 30 Athlon X2 B:E2300 i i (10MMAC/mW )
5 |® Pentium Dugl-Core E2140 |
I | I |
0.1 130 nm —ﬂ:» 90 nm —%—} 65 nm —):» 45 nm + 32 nm -i-) ?7? nm [Marr, et. al, 2213]
2000 2002 2004 2006 2008 2010 2012 2014 2016

Year

Power Efficiency Scaling

10MMAC(/s)/W —

100MMAC(/s)/W ——

IMMAC(/s)/mW —
1OMMAC(/s)/mW —
100OMMAC(/s)/mW —
IMMAC(/s)/uW —
10OMMAC(/s)/[uW —
100MMAC(/s)/uW —
IMMAC(/s)/nW —
10MMAC(/s)/nW —
100MMAC(/s)/nW —

IMMAC(/s)/pW —

| 15t DSPs (1978 - 1981)

[Hasler and Marr 2013]

| Energy Efficiency Wall
(32bit inputs)

— Typical Analog VMM

| FPAA compiled Dendritic
Classifier (350nm IC)

Dendritic Classifier
— (350nm IC)

Shrink by
scaling L, V

— (<) Biological Neuron




Digital Computation + Tools <l <l <l <lL<ll < <l <L < <]l <]L<] <
o —~ allallalallallallallalalallallalalla
1 Y allallallallallellall all el all all /]l /A
= -~ [ e <J[==EEEEEEEEEEE
m R\/mﬂ\ bnm_ <.“—‘LB FIbAAAAAAAAAAAAAA
= Q. al[a][al[a][al[a][a][a][al[al[al[al[a][a
Q .D|D.ﬂ+22> ADDDDDDDDDDDDDD
ma : “S\_/W < ==EEEEEEEEEEE
M Oubd ¢_C R AAAAAAAAAAAAAAA
nnvc .nl.a"um M“.m _M PDDDDDDDDDDDDDD
HR7p! ' alfe]lalla]lallallalla]lallallallallella
n M_ o M“m " FAAAAAAAAAAAAAA
lm = . ’ H“u_w <<= EEEEEEEEEEE
ng w 'ﬂ”lllllllllnN P.(IA\ CDDDDDDDDDDDDDD
g2 a ; : I Q
o |
a [ A T )
22| E < il =N Z 5[ 000
S [ EfEis —
19 ¢ &
=< 2P E y
= =
=
.ld_ |||||
9! :
s
. |
1
mmon ?o_
.m_ ?o_ %
|
B o ® 2
JE o~ :
nc_ !
Ag_ ?o"
p—
2 |
‘7 m_ !
<o _ - !

3% L= 3 R
B - T TT ma—— =
! ! m__ln.ww_ 1 O
| ~ ! m_( =9 ol \_/b I
§2INZ | ESES Hne"hr o
= =] Ba gl e <+,
Q _ — [a W | 1 1]
=4 <98Z [ ElEgond b Q
g "o U =
=N _ e — _
= _ </ l
Fc 5 /m s s X\
@ & ™ m|O M " RS
D_ O ! B ++ |
Lo - - ! D_ '
o A >
2, = e
2

sunndwo) (3oeuy)
[BOISAU JOJ JIOMIWEI]



