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« Tech.: STM/HCMOS9GPLL (0.13y)
+ 23 NoC units (166 MHz)

* RAM blocks : 81
« CPU: ARM946

* 4.5 Mgates
AHB

« 275 1/0s
 Core area = 70 mm?
« Chip area = 80 mm?

. NOC
« Package : TBGA 420 nodes
« Core power supply: 1.2 V lg’slr:(d

INKS

« 1/0 power supply: 3.3 V
« Power Consumption : 3 Watts max DART

TX units

RAMs
units

ETH unit

RX units

NOCS 2009




)8 # 2!

I Ry to_OR
J A
Ry H
— !
| ™ Ro_to_OR4
IP_data[33:( |
T i LRyl > R_to_OR
OP IP oP /Awepu | R
CTRL_shift |
WEST P P R, to_OR,
Q ; )
Data + Serg [P SYNCAIONAUs Acceptl Accept: > ———> Valid_R_to_OR
Acceptl Node 1 IP_send > n :
oP op | Data + Send | Data + Sgr
o~ Valid_R_to_OR.
—
op [P et WEsT oP P EAST CURR I
——> BopR_toOR
> [] > [5] CUR —_— |
8 58 3 58 R ——"0» BopR_toOR.1
A A
S S
3 2 NXT_Ro
o o 0
SOUTH SOUTH NXT_Ry
72G! M$ !
I " IP_accept ‘ Accepi_fromOR
( B ’ ‘ F: Accept_fromOR.4
NOCS 2009 NOCS 2009
)8 # | 8 * &
valid_R fromiRy e North
, & J valid R fomiR: __n OP_accept
valid R froml T, s a6 0} ————>] ————— n_date[330]
4 B B B%5 Vel ko ta_2ck16 0% Asynchronous - )
Esend[1:0] —_— 1 1_send[1:0]
bopRLfomiR ::l:'—»m]]]—» Eoak T spvnos |
f & J fromiR Eaccept D — Interface PEEEEEEN. L
, bR West Eacoeptl_ack Synchronous
’ ¢ > Sdata[67:0] Unit
Sdata_ack{16 :0] |
4& O # & CLR PRO NLPRO Ssendiz0] — Synchronous —— udaa30
. send1-
= NXT_FROM Ssend ack @~ Ayncr:?onous <+ u_send[10]
0 #5 CUR | 0 SEPED Sacceptl [ Interface » n_acceptL:0]
L Saccept1_ack
FG:, # - R.scp o S
: outh T I
Ryeop fromp; N ot SusP Clock
Ry_eop_ffomip K ————
R_eop fomRy N LR SUSPENDED
Accepi_tolR, n | \XT_STATE
pooep o CUR STATE
l & . >
CTRL_SWITCH
n
Ro_fromiRy > X
R —— < OP_Gate(330) 8 && 4 5
"
Ry_fomiR, N OP_send ( L & O
R_fomiR,y n >

NOCS 2009

NOCS 2009




oM &&N

write_clock
write_data[33
write_enable
full

:0;

le——— read_clock
; —» read_data[33:0]
Fifo Gray read_enable
A-S empty

A-to-S interface

—
Asynchronous side :

Data /Send /Accept
NOC link QDI 4-phase

—

ﬁ{ A-to-S VCO

% A-to-S VC1

S-to-A VCO F

S-to-AVC1 k

—
Synchronous side :

Data /Send /Accept
NOC link synchronous version
—

™ S-to-Ainterface

N |

)8 6

# SH# .
( #& #, B 6!

) $#

(=

\

&
B

0 G: BG!

sync / async
interface mode

to/from ANOC

Data / Send /Accept
NOC link QDI 4-phase

to/from Chip Pads

Data / Send /Accept NOC link :
- synchronous version + clk
- bundled-data async version

NOCS 2009 NOCS 2009
1&$  4- CBC #5
(1 # .C&BC * oot Noth .
(/ * &@. & B * | R
3 Unit |:
4= 5 :
( -"2 & 4 & @5. " !
( #4P 1& 5 West | East
A 1 *[2
* & c"
( GC Lo vo#.  tsouh |
$$ 7 &0 & , cL;Irlltk
LS #$ oc * D
( E& - 0 $6 &, 4Q CR5
$$ 0 # )
(2 #% S$M!" # QR |
(3 4- 1"5CR & #M *2)
NOCS 2009




*/2

$ . 4+ * 5 : v
¢ e
# $0 H#&P 43)5 W eo—H—6-H—¢
( * - 0 $ $# - - | POWER UNIT | | POWER UNIT | | POWER UNIT |
(/- && $ $# o "
( $# i, "3
% 0 #& P $# "
| #$$ 3
$ . # Un!ts_off
( && _ # Un |f5_r5t
( -
; # )8
|
( DC$ SAS=Sync/Async/Sync synchronizer LCG=Local Clock Gating
NOCS 2009 NOCS 2009
*/2 8 J) % ! 2% . #

Synchronous
Noc

protacal

POWER

VDD SELECTION
k

V.CORE POWER DOMAIN

AXX_sas
XXX_fest

pwe bl
pwe_cfg

XXX Mt

E S |.' XXX care
= )
- = §§ SYNCHRONOUS
»g»%%&gq IP CORE
é 2z
.
lock *
Twad | DELAYIDERROG | venl | pauganrr crock Rl
signals 3 Y ] GENERATOR Integfrcs
?
test_sean | reset n
NOCS 2009

*

e e e e

Application
whose Data Unit is the

= Slotsj

Frame [ Il
whose Data Unitis the [ Waiting for 7 j All Data
Slot \_Prevmus UmA ‘_'/_'_/__\‘processedy’
whose Data Unit is the Computation of N
the Next Block
Block HEENEREENREN e
whose Data Unitis the Preparation of
T ‘ . the Next Packet
Packet CLITT AT R TTT S
whose Data Unit is the Contenlion]
in the NoC
it —
Totalidle  90%. If shut off, save 90% of leakage in routers

NOCS 2009




2 1 && 2 1 &&
B Activity detection
e QDI /O monitoring
+ Fork on forward paths ( ! @ $$
+ C-element on ack. paths ( . HCR
e Concurrent flows counter %
+ BOM on an input:  +1 ( 0 & . FR
+ EOM on an output: -1 ( 0 # . R
- /- - R
B Power planning (
e Power switch
+ To regulate core voltage
according to activity
o | evel shifters on all 1/Os
+ To maintain nominal voltage e ]
on network links
NOCS 2009 NOCS 2009
# 0
(2 ## 3, & & 3 0
( $ 0 0
( $ 0 - H#H&&
|
# 0
N ( 4 0J5 DH
8 O $ 0 O 'l # I., . '
($ -
J @ ' "
B *

(&@ B; / B9/

NOCS 2009




Input puiput  Output "C“’{‘t’"' v
ports 4’1 ports 2 %V_VCcontrol Py PV VC control
1 lit » ]l 1 Ty module control
spli R GS :IImerge p R
: — — router | 7] ontol II]] out ]
P —b/Split programming % m%—» P 7 in 1——) ii 2
T ] ]Il] in2— Switching | : ou
_| ' ’—» : module | TI{ )
’ BE ] previous inP——»  Px(P*V) .
router router - X
: outP
local ports _ jﬂr}_.
(to Network Adapter) Non-blocking v link
buffers arbiters
NOCS 2009 NOCS 2009
C6C H J F y $ "
( # 4& 5 (8 & & R
( L (8& & $ 0 #9%
" F$ # () $#
. (=! % &
(?C=>41 5BCC =>4- 5 ) J)
|
( .@HHS$$S %41 : 5 ct > 0
=# "% - &&
( # & #
$& $' 0%

NOCS 2009

NOCS 2009




) 9.

NOCS 2009

%

Link
Length s,
[mm] 70
6.0

5.0

4.0

3.0

20

1.0

0.0

180

NOCS 2009

130 90 65 30 15

Technology Node [nm]

)

0@

NOCS 2009




o+

4 # & $' 5.
(1 *0 ## 4* 5 !
# : , 5

&& # 4: 2 FCC:C5
%0:!! 0

"l -#4 #&! |5

* - >

SRR

X o X o X2 X 1 )Xo Xo)XoXo)Xz2Xo

45 1 1

, 45 S |

NOCS 2009 NOCS 2009
) 9 | clki3] clk(7] ck2]  clk(6] clk(1] clk[5] clk{0]  clk[4]
; A \ \ \
SA SA SA SA
-
] s B
| E— —
™ B
L > Z D c1 i s
™ D c2 i ‘
— c1 c1
c3 | c2 47)
c4 ‘ ‘ o —> > T
# - C11=C1 xor C3 c4 47) C22|
. ) )
C22=C2 xor C4
( C! KDC$ 4F! K -:!- DC$5

NOCS 2009

T=C11 xor C22 o0

(a) (b)

##& $ @QT@@* U && 2B # " 0 & 22 # 1/ &#8 0@ @

NOCS 2009




Thi
|

g
IS 13 id

Data(W-1)(W-2)

OOOOOOOO

# M S,

=

s

5

_|>
_{>

XLopp[N/2]

T90

XLeven[N/2]

— =

1

Eia="

OOOOOOOO

(2]

ol

OOOOOOOO

)9

o

ol

OOOOOOOO




O. # M
E=a -
1 T H #o
T ]
Y
g XLopol1]
82). XLevenl1] B A
’ z{v v}
- A
L S _ } i e
NES=S
&& J #
$# #&& - - $
#0 # 0 && 0 0
(&& 0 $# ' . L%
( 8& $#
( :##40 | 5
2 $# pisTTTE 2 %)?b OE_»P/S

NOCS 2009

NOCS 2009




&& #.
&&
$ # 0
#.
( # &$9
( 9 gR u&
$ 0 - 0
(*-1- | #
Oy | FS
0 0 R — | Output —
) a— ‘ Al 1) x Stage
!
~ ~
ih—x
- $#
- R4 R,
ll$ LDC RDC
# ' O —Vr Ly Lo l
Lx
2 L1 L2 ( Lz Ll)
2(9 S B o kB : .+ B &
sL R sL R 2 L : L
( s D ( ; D
R R

NOCS 2009

NOCS 2009




)9
) # H##
$ -.
(DC,! 0 ?$$
( #

/ & &, 2;DC$4 25

CV # 0

p—0

NOCS 2009 NOCS 2009
7
& (@ " JeJ) "0 @) # @ &$ ! 0 O
T < c@
(@, @ #2@ # 7 $J
* +$ ! ll#$ ?@
(@, @ @# @E # 7 2 W 2T
G45. F: C
#, )8
( @; >B)@ $# /(()@JO)%@ # @ # ce | 0# *.
* # : - "<
% 0-#- $' 3 "2
( 2@; X)@ $# @ ﬁ@/@JO $J #)P & 8
- * <
( ( <@ @; X @J /@30 $ |/ , #
| 4 0 # o0 # LI H@
( . ( @0 #T@! # # & #, ##
-l < C@
( @t T@ ! Y & # 0
e c@
)9
(@ @ # @E # ) & & $$
< D@
( @ " <@/ $ @* @ # @E # = 0l #
L # T < 2@
(@ @ @E # @ /I 0@ I *2/ H@
(@, @ @E # #@ # $$ 2
@ 2 @
( @) O @@), B -7 & 0 4751
2@ &@4 G5 ?2G(??@
NOCS 2009 NOCS 2009




@ @ @ e . |/ [ < 4 5D(?C@
@ " )eE@ z" " @) =@E @ ). %@) &-& F$
%" 14 F5@
@J =@E )@E@ " " @ " % & ) & $# &
$ <4 F5G(C@
T@ ., @ %@ ) / # & : $
D@
E@<@< @/@ I, # $ J*2?4G54 5GH (GHH@
@@o0 @@ 2 & # $# - HE N RN
C?F(CHF@
@ @ @@ = # > * J*2 G454 D5 DF
<@ $ @ $$ 3 & > < 4 F5DH(??@
@E @ #10 > 2 4 H5 HH(H @
@T@E $ > #, $ % -<" H@
@ ) - & > < 4 F5H(D@
@T@E $ @<"00 *- > ! /4 G5 ?H(HH@
@ ", @@ && & $# & & "#$ < 4 F5?
@ ", @@ $$ ( & 2B 4 5GGF(GG?@
@ ", T@ " @E@ $ s > P 8. &
) * 4 F5@
T@ " ., @E@ $ 0 & L, e & v#2l
J*2 @4 G5CC(CDG@
@ @ $ & # #0 #! , " $ < 4 75 ?2C(HC@
@ @ 0 3 [ # 2 41 5 4C5
@, #@ -/ > - por 2 w 2T
E@ T@ #@ # B #2385 $
# &$ J 4C5GG:G ! . c@
@0 # @ #0 0 & #l & - st 0
D@

NOCS 2009

<4 5C(

2H4C54 5

(?G@

HHH@

r8 g

4 5 G(FC@
H@
2

J@FH




