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   Key	
  Innova*on	
  
	
   Embedded	
  devices	
  are	
  pervasive	
   in	
  our	
  everyday	
   live	
   in	
  e.g.	
  cellular	
  phones,	
   set-­‐top	
  boxes	
  and	
  TV	
  sets.	
  Their	
  hardware	
  

complexity	
   is	
   increasing	
   exponen=ally	
   and	
   their	
   flexibility	
   is	
   required	
   to	
   adapt	
   them	
   to	
   a	
   wide	
   variety	
   of	
   applica=ons.	
  
Virtualiza=on,	
   widely	
   used	
   in	
   the	
   general-­‐purpose	
   compu=ng	
   domain,	
   allows	
   an	
   effec=ve	
   and	
   clean	
   way	
   to	
   isolate	
  
applica=ons	
  from	
  hardware.	
  However,	
  virtualiza=on	
  on	
  embedded	
  systems	
  is	
  s=ll	
  in	
  its	
  infancy.
The	
  vIr=cal	
  project	
  will	
  develop	
  the	
  virtualiza=on	
  concept	
  in	
  the	
  embedded	
  domain	
  to	
  manage	
  and	
  take	
  advantage	
  of	
  the	
  
wide	
   variety	
   of	
   hardware	
   elements	
   available	
   in	
   SoC	
   mul=core	
   plaIorms,	
   tackling	
   different	
   system	
   layers	
   (hardware,	
  
hypervisor,	
  applica=ons).
The	
   vIritcal	
   project	
  will	
   provide	
  a	
   set	
  of	
  hardware	
   and	
  soLware	
  extensions	
   that	
  will	
   allow	
   improving	
  SoC	
  performance,	
  
programmability,	
  QoS,	
  reliability,	
  security,	
  power	
  consump=on,	
  etc.

Technical	
  approach	
  
The	
  Project	
  will	
  focus	
  on	
  heterogeneous	
  mul=-­‐core	
  processors	
  and	
  specific	
  hardware	
  
accelerators	
  since	
  they	
  allow	
  the	
  required	
  compu=ng	
  power	
  while	
  exhibi=ng	
  a	
  good	
  
performance/waQ	
   ra=o.	
   The	
   aim	
   of	
   the	
   vIr=cal	
   project	
   is	
   to	
   develop	
   a	
   plaIorm	
  
efficient	
  and	
  flexible	
  enough	
  to	
  be	
  used	
  in	
  a	
  wide	
  variety	
  of	
  embedded	
  applica=ons	
  
taking	
  advantage	
  of	
  the	
  hardware	
  components.	
  These	
  efficiency	
  and	
  flexibility	
  could	
  
only	
   be	
   achieved	
   using	
   the	
   virtualiza=on	
   concept,	
   that	
   is,	
   totally	
   decoupling	
  
applica=ons	
  from	
  hardware.
However,	
   virtualiza=on	
  on	
   embedded	
   systems	
   requires	
  par=cular	
   approaches.	
   The	
  
vIr=cal	
  project	
  aims	
  virtualiza=on	
  addressing	
  the	
  specific	
  requirements	
  for	
  effec=ve	
  
embedded	
   virtualiza=on.	
   A	
   virtualiza=on-­‐ready	
   SoC	
   plaIorm	
   and	
   the	
   associated	
  
programming	
  models	
  will	
  be	
  developed,	
  tackling	
  all	
   the	
  system	
  layers:	
  applica=ons,	
  
programming	
  model,	
  hypervisor	
  and	
  hardware.	
  This	
  unique	
  integrated	
  approach	
  will	
  
allow	
   the	
   heterogeneous	
   mul=-­‐cores	
   embedded	
   systems	
   to	
   achieve	
   the	
  
requirements	
  rela=ve	
  to	
  security	
  and	
  protec=on,	
  QoS	
  guarantees,	
  reliability,	
  power	
  
savings,	
  programmability	
  and	
  memory	
  coherency.

SW/HW extensions for virtualized heterogeneous multicore

multi&coreSoC

Hooks to programmable/tunable
NoC features

HW5resource query to
meet a5certain

QoS/energy target

Programmer specifies
QoS/energy constraint

GuestOS/Middleware
(VirtualMachine)

NoC configurationAPIs
GuestOS/Middleware
(VirtualMachine)

NoC configurationAPIs

Programmingmodel
(OpenMP)

NoC configuration
directives

Hypervisor
(resourcemanager)D

Low&level NoC
configurationAPIs

PROGRAMMABLE5ACCELERATOR

INTERCONNECT

SIMD
Local
MEM

SIMD
Local
MEM

SIMD
Local
MEM

SIMD
Local
MEM

SIMD

Local
MEM

SIMD

Local
MEM

SIMD

Local
MEM

SIMD

Local
MEM

L21
MEM

HOST5PROCESSOR

ARM

D$

I$
SPM

ARM

D$

I$
SPM

ARM

D$

I$
SPM

ARM

D$

I$
SPM

I
N
T
E
R
C
O
N
N
E
C
T

L21$

DSP

DSP I/OI/O

switch

mem
ctrl

DMA

switch

switch switch

switch switch

switch

switch

switch

mem
ctrl

SHMEM

HW55
accelerator

SHMEM

IOMMU

IOMMU

IOMMU

IOMMUIOMMU IOMMU

IOMMU
HW55

accelerator

IOMMU

!

Demonstrator	
  and	
  Usage	
  
The	
   project	
   will	
   provide	
   a	
   set	
   of	
   soLware	
   and	
   hardware	
  
extensions	
   that	
   will	
   allow	
   to	
   efficiently	
   manage	
   the	
   hardware	
  
resources	
   available	
   in	
   a	
   SoC	
   mul=core	
   plaIorm	
   improving	
  
programmability,	
   QoS,	
   reliability,	
   security,	
   power	
   saving,	
   etc.	
   A	
  
virtual	
   ver=cal	
   SW-­‐HW	
   heterogeneous	
   mul=core	
   plaIorm	
   that	
  
integrates	
   the	
   best	
  methods	
   and	
   tools	
  developed	
   in	
   the	
  project	
  
will	
   be	
   provided	
   and	
   a	
   physical	
   demonstrator	
   with	
   some	
   of	
  
methods	
  and	
  tools	
  that	
  will	
  allow	
  checking	
  that	
  the	
  final	
  plaIorm	
  
achieves	
   the	
   requirements	
   of	
   virtualiza=on	
   and	
  QoS	
   pursued	
   in	
  
the	
  project.

Scien*fic,	
  Economic	
  and	
  societal	
  Impact

The	
   presence	
   of	
   major	
   European	
   industrial	
  
players	
   in	
   the	
   consor=um	
   will	
   enable	
   rapid	
  
commercialisa=on	
   of	
   the	
   project	
   outputs,	
  
enhancing	
   European	
   compe==veness.	
   In	
  
par=cular,	
   STM	
   will	
   take	
   advantage	
   of	
   the	
  
virtualiza=on	
   of	
   the	
   NoC,	
   IOMMU	
   and	
   memory	
  
for	
  its	
  plaIorm,	
  in	
  collabora=on	
  with	
  UPV	
  and	
  TEI.	
  
VOSYS	
  will	
   contribute	
   to	
   the	
   development	
   of	
   an	
  
open	
   source	
   hypervisor	
   for	
   embedded	
   devices.	
  
UNIBO	
  will	
  contribute	
  to	
  the	
  enhancement	
  of	
  the	
  
OpenMP	
   programming	
   interface	
   for	
   embedded	
  
devices.	
   ARM	
   will	
   provide	
   key	
   processors	
   for	
  
embedded	
  domain.
Universi=es	
   will	
   update	
   educa=onal	
   materials	
  
based	
   on	
   new	
   results	
   and	
   early	
   involving	
   young	
  
genera=on	
  of	
  European	
  researchers.	
  
It	
   is	
   expected	
   that	
   the	
   involved	
   SMEs	
   will	
  
significantly	
   increase	
   its	
   revenue	
   thanks	
   to	
  
products	
  based	
  on	
  the	
  project	
  results.

Key	
  Features

•	
  Heterogeneous	
  virtualiza*on	
  mul*-­‐core	
  plaBorm	
  integra*ng	
  
virtualizable	
  core	
  ARM	
  15	
  and	
  IOMMU	
  combined	
  with	
  NoC.	
  	
  

•	
  	
  Openness	
  (total	
  decoupling	
  from	
  hardware	
  to	
  applica*on	
  soQware),	
  
security,	
  programmability	
  and	
  performance	
  of	
  heterogeneous	
  
mul*core	
  embedded	
  systems.

•	
  New	
  KVM	
  open-­‐source	
  release.	
  Increase	
  of	
  the	
  European	
  visibility	
  in	
  
Virtualiza*on	
  and	
  related	
  Cloud	
  Compu*ng	
  Systems.	
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