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A NEW TECHNOLOGY SUBSTRATE FOR NETWORKING

4 NoC-connected multi- and many-core architectures both in HPC and embedded\
Intel Xeon Phi Tile-Gx72 Kalray MPPA
Knights Landing 72 cores 256 cores
72 cores Tilera 2013 Kalray Inc. 2013
Intel 2016
Processor 1
Wireless Module
Future system scalability trends will bring several P P

network-on-chip (NoC) concerns to the forefront:

Latency-dominated and distance-sensitive performance.

. . - HDOMI =
Interconnectionenergy does notkeep up with the scalability

trend of computation energy. DMA
Extension to off-chip communicationis not seamless.
Processor 1 General Purpose
Multi-Core Accelerator
/ One promising solution consists of networking communication actors \

by means of

... due to intrinsic capability ofthe lightto transport
informationoverlarge distances atvery high data rates
and low latency with minor dynamic power dissipation.

Mahdi Tala IWES 2016, Italian Workshop on Embedded Systems |

MPSoC Research Group Pisa. Italv 19-20 September 2016



OPTICAL NOC DESIGN SPACE: L ARGELY UNKNOWN

» Research efforts to overcome the technology barriers.
» Hardwired and loosely connected architecture design points based on designer’s intuition.

() Optical Switch
P

2D-HERT

The gap with the system-level ... is currently still huge!

designer...
. | i 4
Very few choices available for How does the
system-level architecture design. - , s T
o~ . - - 7 -
Limited design flexibility, limited \ ~\' look like?
\room for design optimization. S v

Major Requirement: starting from a high-level description of the interconnection system, operate
on and
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~_EDA BEYOND ITS «E-ROOTS»"

[ This is exactly what typical EDA flows do! ]

clk
ﬁltgr park macified scaling and Huffman \ ] ] |
divides signal info | ——y| discrete cosine [ —— quanizing encoding - il Il
32 frequency bands transform (MDCT)
uncompressed|
audio signal ._ ‘
Y \ red 1 regz l’"—;C_]d.-
FFT transforms ] f
signal from psychoacoustical side information ) )
Iir?le domainta [ *|analysis encoding [ —— bt sream formattng Zirdr:zr:s;eadl
frequency domain

High-level specification Register-Tranel \

/ EDA tools can automatically \ —
transform a complex system-on- Technology- __)J—‘
chip design from high-level Independent = _’—\:t} [ —l—};} S
functional description to a Logic Library — _‘“\bJ i
detailed geometric description ol
across all of the intervening [ >0—g
\_levels of abstraction. GaW/
| - .= { Technology-
- Library
Planar geometic shapes Mapped Gate-Level Netlist
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~_EDA BEYOND ITS «E-ROOTS»

Can we extend the paradigms and methodologies of EDA to the context of emerging
silicon photonic interconnect?

fiter bank modied scaingand
dvides signalnfo |y dscretecosive || qantzng
32 frequency bands transform (MDCT)
Se
osi

High-level specification

[ Technology-independent Logic Library |}

TS gem—
i Can we identify equivalent
G LovalNelsl steps for the synthesis of an
Technology LiDiai l Optical Network-on-Chip?

A

m ¥
U
o/ A\
v
.

I ]

o d
Mapped Gate-Level Netlist

W

Planar geometric shapes

Mahdi Tala IWES 2016, Italian Workshop on Embedded Systems §

y MPSoC Research-Group Pisa. Italv 19-20 September 2016



WAVELENGTH-ROUTED OPTICAL NOCS (WRONOCS)

The choice of this work is Wavelength-selective Routing, i.e., all-to-all contention-free connectivity.

No time is spent in routing/decoding and
arbitration.

High communication performance
predictability.

CONS
x Hard to scale to a large number of cores.

The wavelength- selective routing function is ultimately fulfilled by means of two abstract primitives:

1 = =
Wavelength-Routed Topology ! ! = Arfrom = Azfrom

From PDN
ﬁ:: @ @ | : == master Mi == master Mk
; - :
e et O o M |
Modulation stage slave §; ! ' Asfrom @ @ @%l Em O& % Filters

" = Mto = Ato : EmaSter Wi PDs
== slave Si == slave Sk ! 1 Wavelength-Routed Topology Receiver stage Slave Sr
Drop function at initiator’s side. Add function at farget’s side.
Basic building block forthe implementation of the add and of the drop function:
the 1x2 ADD/DROP FILTER

On-resonance signal
Off-resonance signal — —
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__ SYNTHESIS METHODOLOGY

[ We come up with a ]

EEEEEL
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__ SYNTHESIS METHODOLOGY

I. WDM input signal from masters should undergo the drop function by going through n — 7 ADFs, when
assuming the connectivity of n masters with n slaves.

ii. The resolution pattern may differin each row

iii. On each row there must be always one wavelength channel which is not on resonance with any of the

ADFs. @

0 0 O

(x,y,z,H)A (v,z,H)A (z,HA \_AHA - ~

B ( ) < ) ( ) Fixing the parameters of the

(x,y,z,t)B (x,y,t)B (x,y)B (x)B WRG indirectly

C —O—0O—0O—
() - _

D —O—"~0O—"~0O—

(WRG) for a generic 4x4 WRONOoC.

‘n orderfor the topology designpoint to be legal, one constraint should be enforced on the WRG: )
v the wavelengths ofthe ADFs along a singlerow should be differentfrom each other!

A 6\\ /}\\ /-\ Two or more unresolved
1 }\2 channels from the same master
(1,2,3,4)A u (2,3,4)A ~ (2,3,4)A = (3, 4)A' reach one output of the topology!

\ Side effect: one or more slaves will be unreachable from that master!! J /
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__ SYNTHESIS METHODOLOGY ——

: a commontechnology mapping consists of
(PSESs)!

®O

OO0 0 1
el

v

/! Mapping Constraint: )
- Legalmappings arethe combinations without repetitions
C(n,2)

for picking 2 unordered outcomes from n possibilities.

(...assuming 4 masters and 4 slaves, C(4,2)=6 possible mappings)
\ AB,AC,AD,BC,BD,CD

w H Y ’ Legal technology mapping example
L

v

O 0O @™ >

v

OO0 O
00 OO

Legal mapping:

(2)C ()
Y
A \_/ b"

-
1)C B -
B /D( )C () )B An efficient

w
C ®

(1,2.34)C

D

.\
Az As}—(4)C
234 </ (3,4)C O—’

\_ ' J
7\ ' C (.)D
\_/ \_/ @LSJ
CB CA CD
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__ SYNTHESIS METHODOLOGY —

: a commontechnology mapping consists of
(PSESs)!

There are n — 1 ADFs on the associated WRG row for each master.

(n — 71)?>ways to group an ADF filter of A with an ADF filter of B. M— [ ®
only 1 should be selectedforeach topology design point. ™ - @“
A M N N S
/! Mapping Constraint: ™ ~— == N~
- Legalmappings arethe combinations without repetitions | B () 4R ) >
c(n,2) N \—/ —/
for picking 2 unordered outcomes from n possibilities. C ) N () >
(...assuming 4 masters and 4 slaves, C(4,2)=6 possible mappings) — N N
\_ AB,AC,AD,BC,BD,CD D ~ N N -
N N NG g
w H Y ? Legal technology mapping example
x lllegal mapping:
A M M
%)cmz 5 4)|3\/(1 2)@@34()3)_' If the WDM signal from a specific masteris coupled onto another
B ) ” 6\\ AEHEEBLE  row twice (despite the two PSEs are correctly tuned to different
% 32/ wavelengths), the dropped channels end up being recombined
~ N onto the target row.
(1,2,3,4)C @(234)c W)z O_'M)C B :
D A~ N @ (3)c.) - Afewdestinations end up being unreachable
/ -/ 3
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 SYNTHESIS METHODOLOGY —

: a commontechnology mapping consists of
(PSESs)!
There are n — 1 ADFs onthe associated WRG row for each master.

(n — 71)?>ways to group an ADF filter of A with an ADF filter of B.
only 1 should be selectedforeach topology design point.
A
/! Mapping Constraint: )

- Legalmappings arethe combinations without repetitions | B
C(n,2)

for picking 2 unordered outcomes from n possibilities. C
(...assuming 4 magters_and 4 slaves C(4 2)=6 possible manpinas)

N

®O

)OO Qg';

v

v

OO0 O

v

v

00 OO

A 4x4 WRONoC topology can be implemented in 1296 different ways
Forn > 4, the full enumeration of all possible design points becomes  |ing example

x lllegal mappir computationally unaffordable.

A

(&

\_

)
C
CE

()Cm2,3,408 ™ (1,2)CH3,476 If the WDM signal from a specific masteris coupled onto another

B o) o0) WSEBLE  row twice (despite the two PSEs are correctly tuned to different
A\ 32/ wavelengths), the dropped channels end up being recombined
~ N onto the target row.

(1,2,3,4)C A1) A2) (3.4)C O_'M)C

D /\(2'3'4)C ~ (3)c.)D - Afewdestinations end up being unreachable
/ -/ @
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_ SYNTHESIS METHODOLOGY ———

: each master needs 1 distinct channel to communicate with each one of the n slaves, and such n
wavelengths are reused across masters.

Il Assumption: we do not consider real wavelengths at this stage (e.g., 1550 nm) but symbolic ones, such as A1 to Anin an

nxn WRONoC. @ o
= Greedyalgorithm to perform complete wavelength assignment: @
A__ (o r—(o—
Wy \\2) As
A\ TEMT {
should hold on both B A1 \2 (\2)—>
companion rows. N~ A4
When multiple wavelength options are
available for assignment, the algorithm C O @ @_b
selects the one with D
OG0 -
\_J \A\2) A3, (&
Under this assumptions, the J
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__ SYNTHESIS METHODOLOGY

: .as well as the features of . fromthe
annotated WRG.

o

()
O

A O O O > (1,2,3,4)A E (1)A,(2,3,4)B ( (1)C,(2)A,(3)B,(4)D
— - 12341 B34 A E AT o,‘ﬁf* (DA.(3)D,(2,4)B
B o N TR L L
N/ \_/ 2 _ ) 5(1)0,(2)0,(3)&(4)8
VL hd
C O O O > L (1)A,(2)B,(3)D,(4)C
-— (1,234)C) o
o (-2,3,49D t (T)C,(£;38]D U)D,\LJDY(% (1)D,(3)A,(2,4)C
D O O O > (1)D,(2,3,4)C L (1)B,(2)D,(3)C,(4)A
[ The IS provided!!
[ There is only a minor (yet relevant) differencﬂ
the last stage is tuned to A2 because of its preferred choice for
(1,2,3,4)A (1)A,(2,3,4)B ) (1)C,(2)A,(3)B,(4)D
= Baseline A-router: the last stage is tuned to A4 “'2'3'413 (1B.234A  (1C.(2AB4D (VABID.(2.4)8

—> usage of 4 resonator types instead of 3.

(1)D.(2)C,(3)A.(4)B
— j%A,(z)B,(S)D,(/-l)C

(1,2,3,4)C
(1,2.3.4)D (1)C,(2,34D  (1)B,(2)D,(3,4)A (1)D,(3)A,(2,4)C
(1)D,(2,3,4)C — (1)B,(2)D,(3)C,(4)A
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~__ SYNTHESIS METHODOLOGY

: .as well as the features of . fromthe
annotated WRG.

o

()
O

A O O O o (1.23.4)A E ) (DA(2,3.4)B ) (1)C.(2)A,(3)B,(4)D
B o= = (1.2.3.4)8 (B2 A—(HE{2A o,‘ﬁl:* (1DA,(3)D,(2,4)B
O 7~ Yo AN . L (G—
\ -/ N \_/ N ~ f (1)D,(2)C,(3)A,(4)B
C E 7 A . L BU)A,(Z)B,(S)D,M)C
\/ N N i (1,234)C— ——
o= (-2:3,43D t (T)C,(£;38]D iliD,\LJDy(S“'r"*y Lria (1)D,(3)A,(2,4)C
D O O O g (1D.(2.34)C S (1)B,(2)D,(3)C, (4)A
[ The is provided!!

[ There is only a minor (yet relevant) difference l

/ \ige for

A,(3)B,(4)D

= Basd Our synthesis methodology
> usagq of WRONOoC topologies by spanning technology mapping and wavelength C.(3A 4)B
assignment strategies!!

B.(3)D.(4)C

-

C___J (1)D,(2,3,4)C — (1)B.(2)D,(3)C,(4)A
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Actual Physical Clja/nnels and Micro-Ring ResonatoﬁRadiLAssigh/ment

Symbolic channels are then changed into actual physical channels
by selecting a wavelength carrier in the band 1500-1600 nm

(=)

(b)

Transmission

Transmission

r. lr. R
! EM ] TEM ] [EM]
I \ LA A
: | o synthesizer |
1 !;" + T
I AA———
Tr

= Mahdi Tala

Routing-Fault Free Wavelength Selection

4 N\
Maximum Parallelism of Comunication

Flows

\

/> Legal parameter assignments
(wavelength and ring diameter values).
» The maximum level of parallelism that
can be achieved on the topology.
» fabrication process uncertainty has
\ been taken into account. /
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Experimental Results ————

—

What levels of connectivity and communication parallelism can we achieve?

—_— —— — ideal

N
o

wWorst
dxd b-Router

- _‘--‘h.- )

T Bx8 GWOR

=
o

-h'.\-
e

"Hﬁ ExB A-Router
-“__h i

non-idealities

—,
=
-
Lo
v
o
| S
I
i
>
i
=

dxd A-Router
BxE GWOR

8xE8 MRouter
il F

1 1

= Mo. of MRR types s 10

f The maximum communication parallelism P(s): \

(a) scales down by increasing the number of filter types in the topology at hand (e.g., GWOR

has fewer types than A-Router)

b) varies as a function of the fabrication uncertainty (tolerance on MRR radius, laser center

wavelength uncertainty).

\\With state-of-the-art technology parameters, all 8x8 topologies turn out to be infeasible. /



Placement and Routing Techniques

| We assume a 3D Target Architecture l

Array of off-chip Laser Sources
[t (m 0 W

Metwork Interface of Coupler
the Photonic Layer

Photonic Layer

Electronic Layer
Network Interface of
the Electronic Layer

N
e Off-chip Laser sources.

e Optical layer placed on top of an electronic layer.

* Each layer has its Network interfaces distributed in a mesh based structure. )

Mahdi Tala IWES 2016, Italian Workshop on Embedded Systems §




These topologies are fed to ONoC-specific place&route tools (PROTON, PLATON*), that
optimize the physical mappingin terms of:

* A collaboration UNIFE — TU Munich

H Initial PIacementE Global

Placement

These tools perform
place&route at the
Granularity of the
individual photonic

switches

[ Legalization

Layout
Generation
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N E HE T —

The above synthesis methodology was used to generate the entire design space of 4x4
WRONoC topologies, mapped onto the optical layer of a 3D stacked system.
A power model has been applied to each solution:

NMumber of Topologies

=
20 Snake =2 120 mw n8_c3
F0
Lambda-Router = 100 mw n6_c3
0 nd c3
” nd cd
> n3 cd
ot n2 cd
>0 nl c4
10
0 I 3
- - - - — g;‘qr
- — n=_cf 53
T2 28 e g g S &
= or s o i i o = = = >
&R E S og o= o5 >3
-8 - '_.': :; o = ] %
w ST ~
er [mw]

1296 topologies categorized as “c crossingson n critical paths.”

The synthesis methodology has generated new topologies that are more power

efficient than the best solutions reported so far in the literature (A-Router and Snake).
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CONCLUSIONS  ———

This work proposes a

v" Built upon the

The derived abstraction is quite powerful!
v It enables to devised by
researchers’ intuition.

We demonstrate the existence of novel topologies that outperform the existing ones.

We quantify the needed improvement of technology and process parameters to remove the
current severe limitations to the connectivity scale and bit-level parallelism.

Overall, this work is a stepping stone into future work targeting

= Marco Balboni 10th IEEE/ACM International Symposium on (<

MPSoC Research-Group Networks-on-Chip 2016. Nara (JAPAN) ™
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