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Introduction 
Future Architecture (ANR ARFU, good old days) 
"  Massively Manycore Chips: Network-on-Chip (NoC) Based, Shared 

Memory ! 

"  Fault-tolerance issue: Handling permanent faults: 
#  In manufacture 

#  On the field (The chip has been integrated in the final equipment) ! 

Fault-tolerance : On the field, Detection, Deactivation and 
Reconfiguration (ODDR) 

"  Detect each NoC component status 

"  Deactivate the faulty ones 

"  Reconfigure the NoC routing function 



ODDR of NoC in MP2SoC 
1 issue to solve: 
Diagnose and locate the faulty/de-activated components. 
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2D-Mesh NoC (DSPIN) & MP2SoC 

DSPIN: 
"  Distributed Scalable Predictable Interconnect Network 

"  Designed by LIP6 laboratory and physically implemented by ST 
Microelectronics 

"  A typical 2D-Mesh NoC 

"  MP2SoCs architectures 

"  GALS (Globally Asynchronous Locally Synchronous) ! 
# Each subsystem is a synchronous domain 

#  Susbsytem=“cluster” 



MP2SoC & Cluster 
! Up to 4 Processor cores per cluster ! Embedded RAMs 
! Network interface controller (NIC) ! ! Local interconnect 
! Two routers (command / response) ! ! I/O Ports 



X-First Path 
Routing function: X-First 
"  X-First path between a couple of clusters, connects a couple (processor/target) 
"  X-First path is round trip path: “half” for command & “half” for response. 
"  A timer is attached to processor to support timeout. 

When a processor 
executes a memory 
load/store operation, 
the timer is triggered. 
If the transaction 
fails, the timeout 
generates an interrupt 
and the processor 
enters its exception 
mode. 
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NoC Test Strategy 

Detection and Deactivation 
"  Test process executes at each system reboot or chip power-on. 

"  Each NoC component (router/channel) is tested in parallel & isolation. 

"  Faulty components are deactivated. 

"  Deactivated components are configured as “Black Holes” 
# Discards any incoming packet 

# Produces no outgoing packet 

"  Fault-free components are activated. 

"  X-First routing enabled on activated routers 

All faulty/deactivated components must be located 
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Configuration Infrastructure 
Objectives 
" Determine a global configuration master 

" Create a global configuration bus 

"  Identify the faulty/de-activated components of NoC 

" Reconfigure the NoC routing function 

" DCCI (Distributed Cooperative Configuration Infrastructure) is 
proposed and used in our work 



DCCI 
"  Every cluster has his own embedded BIOS, named CF (Configuration 

Firmware) 

"  After NoC test, each cluster runs CF code to do software-based self-
test. Each faulty cluster is deactivated. Each fault-free cluster tries to 
communicate with its neighbor clusters 

"  Finally, a software-based communication tree, spanning and covering 
all fault-free clusters, is created 

"  The tree root is the configuration master,  the tree itself is the  
configuration bus 

"  The tree root can load “black hole” detection software from external 
memory 

"  The tree root can send command, test, configuration orders to each 
node 



Black Hole Detection 
"  The Black Hole detection is a distributed software application 

"  DCCI Tree root loads the software from the external storage device 

"  Tree root distributes the software to each node 

"  Each node tests local X-First paths and marks fault-free NoC 
components 

"  Tree root gathers local results to achieve the global result 
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Coverage of Black Hole Detection 
" C program simulation  
" MP2SoC with 4"4 clusters  
"  Simulated experiments 

#  One single fault injection  
•  one faulty channel  
•  one faulty router 

#  Multi faults injection 
•  1 faulty channel + 1 faulty routers 
•  2 faulty channels 
•  2 faulty routers 
•  1 faulty channel + 2 faulty routers 
•  2 faulty channel + 1 faulty routers 
•  2 faulty channel + 2 faulty routers 

Black Hole detection coverage is 100% 



Execution Time 

"  4"4 MP2SoC architecture containing 16 processors, modeled 
with the cycle-accurate [SoCLib] virtual prototyping platform  

" One single fault 

" The total time is 7.1"106 cycles (without hardware test process): 

#  Time for (DCCI) tree construction: 1:9"106 cycles 

#  Time for for test task distribution: 1:2"106 cycles 

#  Time for test execution: 3.5"106 cycles 

#  Time for test result centralization: 0.5"106 cycles 

0.014 second at 500Mhz 



Application Code Size 

Application Code Size (for a MIPS32 processor): 
"  DCCI : 5 Kbytes 

"  Black Hole Detection : 2.5 Kbytes 
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Conclusion 
•  DCCI dynamically builds a software based communication 

tree, covering all the nodes that have successfully passed the 
local BIST. 

•  DCCI communication infrastructure is a distributed software 
mechanism. The tree root is the configuration master.  

•  Relying on the DCCI tree, the configuration master can locate 
100% of the faulty components (a point-to-point 
communication channel, or a complete router), converted into 
black holes. 

•  The same DCCI communication tree can be used to distribute 
the resulting modified routing functions to the fault-free routers. 

•  The method proposed can be used in any shared memory 
multi-core architecture with a 2D-Mesh NoC. 
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every 800ms { 
    f ; 
    send(x); 
 } 

every 800ms { 
    g ; 
    send (y); 
} 

every 800 ms { 
    receive(x); 
    h ; 
    receive(y); 
    i ; 
 } 
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c 
every 800ms { 
    f ; 
    send(x); 
 } 

every 800ms { 
    g ; 
    send (y); 
} 

every 800 ms { 
    receive(x); 
    h ; 
    receive(y); 
    i ; 
 } 

Time PE1 PE2 PE3 MUX 
0 f g 
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every 650ms { 
    f ; 
    send(x); 
 } 

every 650ms { 
    g ; 
    send (y); 
} 

every 650 ms { 
    receive(x); 
    h ; 
    receive(y); 
    i ; 
 } 
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c 
every 650ms { 
    f ; 
    send(x); 
 } 

every 650ms { 
    g ; 
    send (y); 
} 

every 650 ms { 
    receive(x); 
    h ; 
    receive(y); 
    i ; 
 } 

Time PE1 PE2 PE3 MUX 
0 f g 

100 
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300 
400 
500 h 
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700 
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2 1 N 3 2 1 … N 3 … 
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loop { 
    do N times grant(a) ; 
    do N times grant(b) ; 
} 
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! Distributed shared memory   
-  Global/local addresses 
-  Memory-mapped devices 
-  Simple programming model & tools (gcc cross-compiler) 
 

! VCI/OCP protocol (command and response networks) 
 

! 2D mesh Network-on-Chip 
-  Wormhole packet switching 
-  Fair arbitration 
-  X-first/Y-first wormhole routing for commands/responses 
 

! Simulation support: SystemC-compatible CABA models  (http://www.soclib.fr) 

Tiled MPSoC architectures in SoCLib 
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! Tile architectural choices for 
   better speed 

-  Multi-bank RAM  
-  Separate program RAM/ROM 
-  Low-overhead hardware locks (instead of interrupt-based synchronization) 
-  Crossbar/logarithmic interconnect (reduced contentions) 
-  Write-back caches (and we also change them to LRU for predictability) 
-  DMAs with command buffers 
-  Increased number of CPUs/tile (16) 
 

Tiled MPSoC architectures in SoCLib 
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What’s in a DSPIN NoC router? 
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! 1 NoC router = 5 modules 
! 1 module = 1 MUX + 1DEMUX + control logic 

-  Static (X-first) routing 
-  Fair arbitration 
-  No configuration possible 
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Adding programming to the NoC 
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! Programmability is expensive (mostly in program memory) 
•  Network programs should be seen as equivalent to CPU programs 

! Only the command router 
•  Transfers of data between tiles are performed with write operations 
•  Response network only transfers 2-flits acknowledge packets (negligible contentions) 

! Only arbitration (not routing) 
•  Future work 

I%)',$

Y%=',$

i+3'$ X23'$

D%.27$

_K$

A=7L8
62"[$
J!A$ ;)

%*
0$

J!
A
CJ
Z
A
$

D%
.[
$=
"-
'$

I
2
J
/
0/
:
'

K
!
E
'



Adding programming to the NoC 
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! Programmability is expensive (mostly in program memory) 
•  Network programs should be seen as equivalent to CPU programs 

! Only the command router 
•  Transfers of data between tiles are performed with write operations 
•  Response network only transfers 2-flits acknowledge packets (negligible contentions) 

! Only arbitration (not routing) 
•  Future work 
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Adding programming to the NoC 

__$

! Programmability is expensive (mostly in program memory) 
•  Network programs should be seen as equivalent to CPU programs 

! Only the command router 
•  Transfers of data between tiles are performed with write operations 
•  Response network only transfers 2-flits acknowledge packets (negligible contentions) 

! Only arbitration (not routing) 
•  Future work 
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Adding programming to the NoC 

_`$

! Programmability is expensive (mostly in program memory) 
•  Network programs should be seen as equivalent to CPU programs 

! Only the command router 
•  Transfers of data between tiles are performed with write operations 
•  Response network only transfers 2-flits acknowledge packets (negligible contentions) 

! Only arbitration (not routing) 
•  Future work 
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The North arbiter  
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loop { 
    do 11 times grant(L) ; 
    do 11 times grant(W) ; 
} 
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Adding programming to the NoC 
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The North arbiter  
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loop { 
    do 11 times grant(L) ; 
    do 11 times grant(W) ; 
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! Simple instruction set (5 opcodes) 
•  Ease of implementation 
•  Compact code 
•  Can be optimized 

! No impact on speed 
•  Load next “write” while the current is executed 

! Simple extensions allows data-dependent control 
•  Inspection of packet header 



Assembly code for the North 
MUX of cluster (0,1)  

 
C code for tile (0,0) 

 

Application = 
 CPU programs + communication programs 

Global view of the applications 
;XMK^kN$

;XMk^kN$ ;XMk^KN$

;XMK^KN$ ,MN$

(MN$ *MN$
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!  Existing FFT application , already mapped 
 

! Hand-coded Cooley-Tukey FFT 
implementation (1D, radix 2, 214-216 size 
FFT on a 4x4 MPSoC with 1,2,4,8,16 
CPUs/tile) 

 
!  FFT-dedicated area is just a part of a larger 

MPSoC 
 
!  Other NoC applications transit data through 

the NoC of the FFT-dedicated area 
 

!  Objective: Allowing NoC traffic not belonging to the FFT without slowing 
down the FFT 

 
!  How? Schedule external traffic packets in the time slots where the NoC is 

free 

FFT 

Other application 
components 

_l$
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!  Succession of “butterfly” operations 

!  2n data => n*2n-1 butterfly operations 

_m$

an operation of "butterfly" exchange

Data out 1

Data out 2

Data out 3

Data out 4

Data out 5

Data out 6

Data out 7

Data in 0

Data in 1

Data in 2

Data in 3

Data in 4

Data in 5

Data in 6

Data in 7

Data out 0
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!  Succession of “butterfly” operations 

!  2n data => n*2n-1 butterfly operations 
!  Duration of one butterfly operation – 111 cycles, asymptotically 

`k$
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!  Succession of “butterfly” operations 

!  2n data => n*2n-1 butterfly operations 
!  Duration of one butterfly operation – 111 cycles, asymptotically 
!  Duration of data transmissions – 2.69 cycles/data(dword), asymptotically 

`K$
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!  Succession of “butterfly” operations 

!  2n data => n*2n-1 butterfly operations 
!  Duration of one butterfly operation – 111 cycles, asymptotically 
!  Duration of data transmissions – 2.69 cycles/data(dword), asymptotically 
!  Parallelisation: FFT of size 2n+1, parallelized on 2k+1 processors = 2 FFTs of 

size 2n on 2k processors each, followed by 2n+1 butterflies (parallelized) 
!  Attention to communications 
!  In practice: doubling of the number of CPUs => ~1.8x acceleration If 

data is large enough 
!  Long computation phases separated by global synchronizations   
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!  Succession of “butterfly” operations 

!  2n data => n*2n-1 butterfly operations 
!  Duration of one butterfly operation – 111 cycles, asymptotically 
!  Duration of data transmissions – 2.69 cycles/data(dword), asymptotically 
!  Parallelisation: FFT of size 2n+1, parallelized on 2k+1 processors = 2 FFTs of 

size 2n on 2k processors each, followed by 2n+1 butterflies (parallelized) 
!  Attention to communications 
!  In practice: doubling of the number of CPUs => ~1.8x acceleration If 

data is large enough 
!  Long computation phases separated by global synchronizations 

!  Traffic injection:   

`_$

FFT 

Other application 
components 



YES 
(significantly) 

! F%+3$')2f.$-"r+.L%"$37%T$#%T"$',+$991q$

$

B"*/'*-2:,='-./'LLM'

39.17

48.08

4x4x1 4x4x2 4x4x4 4x4x8 4x4x16

18.53%
P
ar
al
le
l
S
p
ee
d
u
p

Configuration of Platform (Height x Width x CPU/tile)

214 size FFT Simulation

FFT alone
FFT+traffic



YES 
(significantly) 
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Automatic application mapping 

Hardware model 
(NoC-based MPSoCs) 

Dataflow specification 
(Clocked Graph) 

Mapping tool: The Lopht distributing compiler 
Temporal (scheduling) + Spatial (allocation) 

 
 
 

Application = 
 CPU programs + Router programs 

Non-functional specification  
(timing , allocation …) 

CPU1 

CPU2 

CPU3 M
U

X
 

Offline (static) scheduling 
(conditional scheduling tables) 

f h 

g i 

x 

y 
z 

a.k.a. Y-chart,  
platform-based 
design, AAA 
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Automatic application mapping 

Time PE1 PE2 PE3 MUX 
0 f g 
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200 
300 
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500 h 
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800 
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Automatic application mapping 
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! MPSoC hardware model:!
! Computation resources: MPSoC tile = one CPU (x,y)"

! Communication resources: Command NoC router output ports (MUXes)"

! Dataflow : Clocked Graphs [Potop et al. EMSOFT’09]"
!  Non-hierarchic synchronous dataflow "

!  Separation between dataflow and control "

•  Clocks on blocks and dataflow arcs replace classical blocks such as when, current, condact!

! Non-functional constraints!
!   Allocation constraints (“function f must be executed on either CPU1 or CPU2”)"

!   Durations of computations (“executing f on CPU1 takes 10000 cycles in the worst case”)"

Lopht distributing compiler : input specification 

ek$
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! List scheduling on dataflow blocks, optimize allocation and scheduling for 

each block!

! Communication scheduling!
! Communication path = set  of  MUXes along the path, reserved together for a 

transmission"

!  Paths are reserved as a whole " packets cannot be blocked in the NoC."

! Pipelined scheduling, to improve throughput!
!  Successive execution cycles can overlap"

! Generated code for CPUs and Routers:!
!  Communicating sequential processes: One sequential program per CPU or router 

output port"

!  Locality: All computations of a dataflow block are done on local tile data"

!  Inter-tile data transfers are realized by the producer"

!  Synchronization through locks and active wait mechanisms"

Lopht distributing compiler : scheduling heuristic 

eK$
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•  Works on small examples and on an 
embedded application model (CyCab) 

•  Work in progress to add: 
–  Multiple CPUs per tile  

•  more memory banks 
•  memory allocation on these banks ensuring absence of 

temporal interference 
–  Regular applications (A. Cohen) 
–  WCET of parallel code (I. Puaut, Rennes) 

•  Case studies needed 
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