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YEAR	  2	  



TERAFLUX	  

What	  is	  TERAFLUX	  about	  

Architecture+Programmability+Reliability	  
of	  	  

Future	  (single	  chip)	  
Many-‐cores	  

(targeAng	  1000+	  cores)	  
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Future	  Scenarios	  

G. Hendry, K. Bergman, “Hybrid 
On-chip Data Networks”, 
HotChips-22, Stanford, CA – 
Aug. 2010 

==	  3D	  stacking,	  8nm,	  3D	  transistors,	  Graphene	  

Pawloski,	  May	  2011,	  Exascale	  Seminar,	  Ghent	  
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Fab	  D1X	  (OR),	  42	  (AZ)	  starAng	  the	  14nm	  node	  in	  2013	  
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Session	  Agenda	  

•  TERAFLUX:	  exploi1ng	  dataflow	  parallelism	  in	  
teradevice	  compu1ng	  -‐	  Year	  2,	  Roberto	  Giorgi	  
(UNISI)	  

•  Teraflux	  Architecture,	  Skevos	  Evripidou	  (UCY)	  
•  Reliability	  aspects	  in	  Teraflux,	  Theo	  Ungerer	  (U.	  
Augsburg)	  

•  Teraflux,	  from	  the	  programming	  model	  to	  the	  
execu1on	  model	  Antoniu	  Pop	  (INRIA)	  

•  Panel	  of	  ques1ons	  about	  Teraflux	  Project	  
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DATAFLOW	  

A Scheme of Computation in which 
an activity is initiated by presence of 

the data it needs to perform its 
function	  

(Jack	  Dennis)	  
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Recent	  Projects/Efforts	  towards	  
DATAFLOW	  

•  Maxeler	  (UK)	  selling	  “dataflow	  
computer”	  to	  J.P.	  Morgan	  	  
about	  350x	  speedup	  vs.	  
standard	  x86	  cores	  

•  DARPA	  funding	  25M$	  for	  UPHC	  
program,	  encompassing:	  
–  	  Gao’s	  dataflow	  execuAon	  model	  
(codelet	  based)	  –	  SWARM	  by	  ETI	  

–  Intel’s	  Runnamede	  project	  
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UPHC=Ubiquitus	  	  
High-‐Performance	  CompuAng	  



7	  

	  	  	  	  AbstracAon	  Layer	  
and	  Reliability	  Layer	  

CompilaAon	  
Tools	  

Source	  code	  

Programming	  
Model	  

Data	  
dependencies	  

Transac.onal	  
memory	  

	  	  	  	  Teradevice	  
	  	  	  	  	  hardware	  
	  	  	  	  (simulated)	  

Threads	  

Virtual	  CPUs	  

Extract	  TLP	   Locality	  op.miza.ons	  

T1	  

T2	  T2	  

possibly	  
1,000-‐10,000	  cores...	  

WP2 

WP3 

WP4 

WP5 

WP7 

WP6 

VCPU	   VCPU	   VCPU	   VCPU	   VCPU	  

PC	   PC	   PC	   P	   PCPU	   PCPU	   PCPU	  PCPU	  PC	   PCPU	   PCPU	  PCPU	  

APPLICATIONS	  APPLICATIONS	  

•  1000	  Billion-‐	  or	  1	  TERA-‐	  
device	  compuAng	  
plaoorms	  pose	  new	  
challenges:	  
–  (at	  least)	  

programmability,	  
complexity	  of	  design,	  
reliability	  

•  TERAFLUX	  context:	  
–  High	  performance	  

compuAng	  and	  
applicaAons	  (not	  
necessarily	  embedded)	  

•  TERAFLUX	  scope:	  
–  ExploiAng	  a	  less	  

exploited	  path	  
(DATAFLOW)	  at	  each	  
level	  of	  abstracAon	  

Working	  Hypothesis	  
TERA	  	  LUX.EU	  F	  
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Cj:	  

CL$H	  

PU	  
Core	  level	  HW	  

support	  
(e.g.	  LTSU+LFDU)	  

LEGENDA:	  
n	  =	  #	  of	  nodes	  
m	  =	  #	  of	  cores	  per	  node	  
u=	  	  #	  of	  DRAM	  controllers	  	  insis.ng	  on	  the	  
	  	  	  	  	  	  	  Unified	  Physical	  Address	  Space	  
z	  =	  #	  of	  I/O	  Hubs	  

Cj	  =	  j-‐th	  core	  	  	  (j=1..m)	  

MC	  =	  Memory	  Controller	  

DTSU	  =	  Distributed	  Thread-‐Scheduler	  Unit	  

DFDU	  =	  Distributed	  Fault-‐Detec.on	  Unit	  

LL$H	  =	  Last	  Level	  Cache	  Hierarchy	  

NODE	  
OPTIONAL	  

NoC	  

N1	  
…	  

chip	  

Nn	  

NI	   NI	   NI	   NI	  

NI	  

C1	  

NI	  

Cm	  …	   LL$H	  

Nk:	  

DTSU	  

LOCAL	  INTERCONNECT	  

MEMORY	  

MC	  

NI	  

NODE	  LEVEL	  

CHIP	  LEVEL	  

CORE	  LEVEL	  

node	  

core	  

EXTERNAL	  
or	  OTHER	  	  LAYER	  

CL$H	  =	  Core	  Level	  Cache	  Hierarchy	  
PU	  =	  Processing	  Unit	  
LTSU	  =	  Local	  Thread-‐Scheduler	  Unit	  
LFDU	  =	  Local	  Fault-‐Detec.on	  Unit	  

Nk	  =	  k-‐th	  Node	  	  	  (k=1..n)	  
NI	  =	  Network	  Interface	  
NoC	  =	  Network	  on	  Chip	  

DFDU	  

I/O	  hub	  

NI	  

DEVICES	  DRAM	  MEMORY	  DRAM	  MEMORY	  

MEMORY	  

MC	   …	  

…	  
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Our	  pillars	  
•  FIXED	  and	  MOST-‐USED	  ISA	  (x86)	  

•  MANYCORE	  FULL	  SYSTEM	  SIMULATOR	  (COTSon)	  
•  REAL	  WORLD	  APPLICATIONS	  (e.g.	  GROMACS)	  
•  SYNCHRONIZATION:	  TRANSACTIONAL	  MEMORY	  

•  GCC	  based	  TOOL-‐CHAIN	  
•  OFF-‐THE-‐SHELF	  COMPONENTS	  FOR	  CORES,	  OS,	  
NOC,MEMORY	  HIERARCHY	  

•  FDU	  AND	  TSU	  (Fault	  DetecAon	  Unit	  and	  Thread	  
Scheduling	  Unit)	  
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COTSon	  

Simulator	  
infrastructure	  

.	  .	  .	  

Simulator	  	  
“illusion”	  
(SW	  should	  
only	  assume	  
	  what	  seen	  at	  
this	  level)	   X86-‐64	  ISA	  

cruncher-‐1	  
X86-‐64	  ISA	  
cruncher-‐2	  

X86-‐64	  ISA	  
cruncher-‐3	  

X86-‐64	  ISA	  
cruncher-‐N	  

LINUX	  +	  

	  TFX	  scheduler	  patch	   awareness	  

TSU	  
FDU	  

scheduling	  

TFX	  APPS	  
(e.g.	  GROMACS)	  

LEGACY	  APPS	  
(e.g.	  ORACLE	  DB)	  

(x86-‐64	  ISA	  	  	  	  	  	  &	  	  	  	  NEW	  	  Memory	  Model)	  

DF-‐threads	   L-‐/S-‐threads	  

EvaluaAng	  a	  MANY-‐CORE	  chip	  of	  the	  future	  (2020),	  
i.e.,	  1000+	  cores	  on	  a	  chip	  
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SimulaAon	  booAng	  up	  1024	  cores.	  (1)	  COTSon	  execuAon	  of	  32	  SimNow	  instances.	  
(2)	  Each	  instance	  manages	  32	  cores.	  Host:	  48	  cores,	  256	  GB	  memory	  

Note:	  the	  simula.on	  is	  PARALLEL	  at	  GUEST	  NODE-‐LEVEL	  and	  it’s	  also	  possible	  
to	  distribute	  the	  simula.on	  on	  several	  HOST	  NODES	  
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Major	  Technical	  InnovaAons	  in	  TERAFLUX 	  	  

•  FragmenAng	  the	  ApplicaAons	  in	  Finer	  grained	  DF-‐threads:	  
–  DF-‐threads	  allow	  an	  easy	  way	  to	  decouple	  memory	  accesses,	  therefore	  hiding	  

memory	  latencies,	  balancing	  the	  load,	  managing	  fault,	  temperature	  informaAon	  
without	  fine	  grain	  intervenAon	  of	  the	  sotware.	  

•  Possibility	  to	  repeat	  the	  execuAon	  of	  a	  DF-‐thread	  in	  case	  this	  thread	  happened	  
to	  be	  on	  a	  core	  later	  discovered	  as	  faulty	  

•  Taking	  advantage	  of	  a	  “direct”	  dataflow	  communicaAon	  of	  the	  data	  (through	  
what	  we	  call	  DF-‐frames).	  

•  Synchronizing	  threads	  while	  taking	  advantage	  of	  naAve	  dataflow	  mechanism	  
(e.g.	  several	  threads	  can	  be	  synchronized	  at	  a	  barrier)	  
–  DF-‐threads	  allow	  (atomic	  )	  TransacAonal	  semanAcs	  (DF	  meets	  TM)	  

•  A	  Thread	  Scheduling	  Unit	  	  would	  allow	  fast	  thread	  switching	  and	  scheduling,	  
besides	  the	  OS	  scheduler;	  scalable	  and	  distributed	  

•  A	  Fault	  DetecAon	  Unit	  works	  in	  conjuncAon	  with	  TSU	  
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TERAFLUX	  SIMULATOR	  (COTSon)	  

hcp://cotson.sf.net	  
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HP-‐Labs	  COTSon	  is	  OPEN-‐SOURCE	  
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Exploi.ng	  dataflow	  parallelism	  in	  Teradevice	  Compu.ng	  
PROJECT	  NUMBER:	  249013	  

hcp://teraflux.eu	  

FUTURE	  AND	  
EMERGING	  
TECHNOLOGIES	  
PROJECT	  N.	  249013	  

SEVENTH	  FRAMEWORK	  
PROGRAMME	  THEME	  
FET	  proac.ve	  1	  (ICT-‐2009.8.1)	  	  
Concurrent	  Tera-‐Device	  Compu.ng	  


