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LV HAEC

HIGHLY ADAPTIVE ENERGY-EFFICIENT COMPUTING

DFG SFB 912
(German Science Foundation Collaborative Research Center)

In operations since July-1, 2011

Gerhard P. Fettweis (coordinator)
Wolfgang Lehner (vice coordinator)
Wolfgang Nagel (vice coordinator)




The Communication Bottleneck of Parallel Computing IﬁHAE
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Highly Adaptive Energy-Efficient Computing b

Inter-Chip Communications

«

Optical Interconnect
 adaptive analog/digital circuits for e/o
transceiver
« embedded polymer waveguide
« packaging technologies
(e.g. 3D stacking of Si/lll-V hybrids)
* 90° coupling of laser

Radio Interconnect
on-chip/on-package antenna arrays
analog/digital beamsteering and

interference minimization
100Gb/s

220GHz carrier / 25GHz channel
Qgg'sgﬁi?eﬂ 3D routing & flow management
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Some 3D Details of the HAEC Box QVHAEC

Collaborative Research Center

processor / memory

8x 8 Butler Matrix, layer
8x 8 Butler Matrix, layer 1 :""
>

>

>

processor / memory

Digital Part

Optical interconnect layer




The Outlook: The HAE=T Box in 2030+

Assume 64K processors per chip
128x chips stacked in 3D

in 10x10x10 cm?3 (1 liter)
1636 proc.+ 14746 memory chips
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2x 4x4 chip-stacks on board

4x boards in a box
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= 108 processors!

= 10%x performance of today!




Center for Advancing Electronics Dresden

c_fged

EEEEEEEEE
AAAAAAAAA
EEEEEEEEEEE
nnnnnnn



Comprehensive Approach

“More-Shots-on-Goal”
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Organic electronics
for information

|

Reliable computing

vith unpe” Nle
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Learning from nature's
information processing
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The Tactile Internet
And Its Millisecond



The Tactile Internet B

http://ostseesspezial.de/?p=148
Gerbard Fattweis Py .




Gaming... o B

Gerhard Fettweis Slide 20

http://popular-pics.com/Cool_World_Record LAN_Event Computer_Pictures__ 5
http://gametaffy.com/imho-the-lan-party/



Pedelec: Tactile Control

21



: H . 5G LAB
Free-Viewpoint Video p BT

Ad-Hoc Mobile
“Free-Viewpoint Video”




Tactile Internet Killer App: Free Viewpoint Video

htp: baum rtnerﬂ\a défgadion.html



Reinventing “Latin Classes” » B

Saarbrucken




The Tactile Internet: Remote Controlled Humanoid Robots

http://www.dvice.com a re il/s/2011/05/kinect_controll_l.phpr-'; 7

http://images.gizmag.com/hero/8456_51207105642.jpg
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Human Touch

Gerhard Fettweis
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The Tactile Internet o SERMANY
The Manufacturing Revolution Ahead

ht@'&erryrushmg ret/wp- contewloads/2012/04/ N . - - ‘

robotic_assemmbly_ Ilheljpg http //WWWWI (o o'to P Hp tent/uploads/2013/o
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Design Service: A Job Machine
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Revolution Ahead: The Tactile Internet

Health & Care
Traffic & Mobility

2 Sports & Gym

Steering & Control Edutainment
Communications Manufacturing

Smart Grid

< 4G:
Content

Communications
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5G CHALLENGES
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5G - “Massive” Requirements O cenvANY

Massive resilience

State of the art
’ N - “-

Massive safety and security

Massive fractal heterogeneity




5G LAB

5G — “Massive” Requirements

Massive throughput
Massive low latency
— 5G

Massive resilience

The
Tactile
Internet
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Massive safety and security

Massive fractal heterogenity

> 10Gbit/s per user ~ <1msRTT > 10k sensors per cell < 10=8 gytage < 10712 security 10x10 heterogeneity




5G Research on four Tracks

=

Tactile Internet applications

5G LAB
GERMANY

Silicon systems Mobile edge cloud
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Members on Tracks
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Relevant Startups Generated by Team o SERMANY
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fast actuators Sensors & transceivers

Coordinators: Frank Ellinger, (Gerhard Fettweis), TU Dresden f%d{?:g“g"‘
Starting 2014, appox. €75M project size, 60+ partners |
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1ms Impact e E2r

Computing s

S .»/| Embedded Trans ‘ Tomahawulg,z.', 35
ensor H‘ H PR W RS
| . B o

: 1ms

Embedded _ L —— ) gEs
[ Actuator | Computing H Receiver e ?

> >=0.2ms N
Latency Goals: .
€ S = 0.3 ms > Air Interface € S = 0.5 ms >
Terminal Base Station & Compute
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on-chip link (72GBit/s)
Gerhard Fettweis

serial
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TSMC 65nm LP CMOS
6mm x 6mm

Pads: 465

Gates: 10,2 Millionen

SRAM: 750 kByte

Cores: 20 processor elements
Power 150mW typical

Tapeout: 04/2013
Dresden: 06/2013

Successor of Tomahawk1 (2007):

QO vodafone chair



Block ORI Tomahawk2_core
. PMGT
Diagram ! Duo-PEQ [g3| | UART-
Duo-PE3 A[ VDse od| 2| CM \ I GPIO
VDSP N RISC i -
RISC
%Rn:é—% R((:%?r -« hs-serial - R(alﬁ?rhparallel >
Duo-PE2 1 \IDuo-PE1 22 23» e | 1 % -
VDSP VDSP o = 0) —
RISC RISC = _L DDR-
. _ ADPLL, SDRAM-
hs-serial hs-serial PMGT -
(] Interface O
; o3| |3 |Duo-PEY Duo-PE4
o, FPGA FEC <33 |5 VDSP VDSP
Interface 2=y 21 \ f
v RISC v RISC
i
ADPLL R(%u(’;?r < hs-serial > R(%uﬁt’ AI‘DRAPCIB"IF
A ¥
o3| |22 Duo-PE6/ \Duo-PE5
AVS SD @7 ||Qg [|_VbspP VDSP
Contr. _ ) RISC RISC
hs-serial T

QO vodafone chair



Tomahawk Architecture Framework

SW Application

g
|
|
|
1

N

i S gt
V2] LTS
Bl RS
1k Data
| 4] Flow
)

} task specification chronology

5G LAB

l GERMANY

Control-Plane 1 ( Data-Plane
Local
Lo Memory
Control App. Proc PE1
Flow CM
Local
Global Memory
Memory » J ‘ - PEn
= T3 PE3
A P EIEPEEE e T3(T2 PE2
2 Im|r2lralTalTs| PEL

Dynamic out-of-order task dispatching
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Power Management Architecture
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Ref CLK

DVFS PLEVEL

TCU LQ) /7/ 9o mt VDD,O
- S S . Tt V%%;
= AV — |
X 0 < =
= contr. | |...__ |L C[qd[/
: \VANR :
: _> pDU,Core :
\ w“ AVS adaption |: HPMO N, |
— Voo [ +PHPM1IN,|| Duo PE |
\_VDD,1 ! |
pD,2 it $PHPM 2 N,|| !
v Iyl t i [ DVFS domgair
%DD
+—>ADPLL LUT PMC
- VDo core fG 0
fast‘ DVES switching L g 1 J ------
t I, 2 AO domain “
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Fast DVFS Measurement Result o B

RYAY \Jf\U \JVVVV"VVV

« Ultra fast DVFS level change of Duo-PE in <20ns

QO vodafone chair



SDR Architectures for MIMO 3GPP-LTE/WiMAX ™Y 5o a8

Tomahawk2 Magali [6] Tomahawk [3]

Clocking and Power GALS, local DVFS_» and GALS, local DFS Global clock
Management AVS, power-gating

. Dynamic (flexible, energy : Dynamic (fixed
Scheduling adaptable) Static algorithm)
Peak Performance 105 GOPS (3.6 GFLOP 37 GOPS 40 GOPS
Application for power 4x4 MIMO 3GP 2 MIMO Tx, :
measurements baseband, 60 Vi 0.8 Mbit/s LTEAWIMAX
Power consumption 480 mW @ 1.15V 477 mW @ 1.2V 1.2W @ 1.3V
NoC Throughput (per link) 80 Gbit/s 17 Gbit/s 5.47 Gbit/s
Die size 36mm? 29.6 mm? 100 mm?
Technology 65nm 65nm 130nm

[6] Clermidy, et al., A477mW NoC-based digital baseband for MIMO 4G SDR, ISSCC Dig. Tech.
Papers, pp. 278-279, 2010

QO vodafone chair
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Carrier Grade Wireless: Use cases ‘

Availabilit Coverage/
vailability o
(i) Latency A\{allabll‘lty Speed
R (space)
Traffic saf
raffic safety & > 99.999% < 1ms ~100% < 500kmh
efficiency
I il AieR e > 99.999999% <1ms ~100% n/a
(Motion control)
Telesurgery > 99.999% <1ms n/a n/a
Emergency > 99.999% n/a ~100% n/a

Communication

Others: Power Networks / Smart Grid, Real-Time Remote Computing, Platooning, ESP, Exoskeleton [1]

I [1] Fettweis, G, "The Tactile Internet: Applications and Challenges," Vehicular Technology Magazine, IEEE, vol.9, no.1, pp.64,70, March 2014, I

Planning & Optimization Overview Slide 51 QO vodafone chair



Serious Carrier Grade: 10*via Diversity e

\
# indep.
channels

outage 3%

Gerhard Fettweis Slide 52 QO vodafone chair



2007-2013: World’s Largest Operational » B
LTE-Advanced CoMP Algorithm Testbed

—— -

‘Kongresszemtrum'

-~ Fritz-Forster-Pl.——
QO vodafone chair
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GUI Proxy Statistics

ARTIST4G: Advanced Radio |

) '
%
f' ft15t4’9 ,' Technologles for 4G SysTems
[ 4
o @

TECHNISCHE
@ UNIVERSITAT
DRESDEN

~Demo Par t
Parameter Value Unit
Carrier frequency 266 GHz
-S-ystem bandwidth 20 MI-;z-
:I'-ransmit power 18 dB;n-
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SNR [dB] UE1 UE2
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Combining multiple Rayleigh-fading links “‘ GemANY

’»
. 3
Setting: 10 s 3
R e I — — 1 _ 10-12 — 1 _10-3
* N power-controlled links - R W A, =1-10 Ao =1-10
. £ —_— A, =1—-10"Y =—— A4, =1-10"2
—> only small scale fading matters ~ . .
+ No line of sight = Rayleigh fading 2 10° — A =1-107 —— 4,=1-10
. E S S e H R R S
Total power required g S e e O S—————
for achieving overall availability Ho I e
é 10" 4
Protar = N 2 = N z
T P In(1— (1-4,)WN) B
1()0 ; t } } t
Results: 0 10 20 f 30 4](37 50 60
« In terms of power consumption, # 0 Conn.ecm.o.ns .
utilizing multiple links is beneficial A,  availability desired
P.,s rms power
¢ DNiffarent nntimal nneratina nninte aviat Ppin power threshold

David Ohmann & Gerhard Fettweis Slide 55 QO vodafone chair
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Mobile Edge Cloud / Micro Cloud / Cloud “\ SEnNANY

Distributed Compute

Within 'o; o~
. . '
% Distributed Cloud .’%‘.a%:k
- router Sg

Data Center
| Center 4
/ ~

\

Gerhard Fettweis Slide 57 QO vodafone chair



Mobile Edge Cloud / Micro Cloud / Cloud Ve EX

\ »~

Gerhard Fettweis Slide 58



Networking The Connnection O SERMANY




Single Path Qs




Revolution & Compute & Forward o GERMANY

(Disintergration of packet)




Revolution = Distributed Everything 05““3
Storage/Computing/Networking/...




Cloud Evolution

0
i

Single/Static Distributed/Static Distributed/Agile

Gerhard Fettweis Slide 63
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Telco Markets: A First Glimpse At Germany

care

German ambulatory care ~€35B
= TAM €10B/a

manufacturing

German industrial interconnect revas
= TAM €10B/a

events

‘edutainement’

mobility

smart grid

RN

o 5G LAB
GERMANY

x20
x10

German event/concery
" 7

= TAM €10B/a
Germang ~ 5 ¢nterta|nment €11B)

= g : \\\’/\

>=200x

V et €5B,

=$20T

»smart grid ICT market €27B, $47B by 2020
= TAM €10B/a

emerging

e.g. drones, agriculture, and new gadgets
= TAM €10B/a




Cellular Roadmap of USPs o SERMANY

$20T
GDP

boost

>=>

et 4G - 2012 62008
+ Video everything
ECII;)_t 2002 + 3D Graphics Si
2G - 1992 + Pgs?tionin chance
g
Voice
Messages J

Gerhard Fettweis 66
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Coordinator: Gerhard Fettweis dresden5GLab.org contact@Dresden5GLab.org
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