Introduction

®With many cores on the chip, the communication across them
are facilitated by Network-on-Chip (NoC).

®In the era of dark silicon, different components of the chip are
powered off, whereas; the communication network 1s expected
to be available.

® Among the different NoC component, the SRAM buffers are
the most power hungry.

®In order to reduce the standby power of the NoC 1n such events,
one looks for avenues i1n non-volatile memory (NVM)
technologies.

®The benefits of NVMs are low static power and high density.

®However, NVM buffer suffer from costly write operations and
weak endurance.

®Due to weak endurance, the lifetime of NVM bufters are
limited.

® Further , write variation due to buffer allocation and working set
size restrict the lifetime of NVM buffers.

®In the thesis, we proposed wear-levelling and write reduction
techniques to enhance the lifetime and reduce the effect of
costly write operation of NVM buffers in the dark silicon
scenario.

Wear-Levelling Techniques

® To quantity the write variation we define terms:
® [ntra-VNet Write Variation: Write variation inside the VNet
® [nhter-VNet Write Variation: Write Variation across the VNet

® Static Buffer Assignment to VCs

® Intra-VNet Wear Levelling: WVAR, SET-RR, and SET-VNet-WC
® Dynamic Buffer assignment to VCs

® Inter- and Intra- VNet Wear Levelling: Dy-WVAR

® Processing Element status-based approaches:

® The power status of associated PE 1s taken into considerations
o
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Working Example of WVAR and Hy-WVAR

SET-RR:

In SET-RR, among the
different sets, only one set 1s
used at a time for flit
allocation 1n a round robin

fashion.

SET-VNet-WC:
O SET-VNET-WC 1s the combination of WVAR and SET-RR.

® [n particular, the VNet sets are used 1in a round robin fashion
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SET-RR: Distribution of 1so-area resources
into three sets

and 1nside each set WVAR 1s applied.
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SET-VNET-WC: Selection of VNet at
Kth interval
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SET-VNET-WC: Selection of VNet at
(K+1)th interval

Policy LI IntraV |Lat. Inc.| Energy
(times) (Red.(%)| (%) |Sav. (%)
SET-RR 3.0 D5 16.5 1
SET-VNet-WC 10.7 99.9 16.5
SET-VNET-WC-Hy-WVAR| 366 97.5 ) -26

Dy-WVAR:

® Proposed technique partition the set of router buffer into buffer

groups.

® With each buffer group, a write counter 1s associated.

® Based on the write counter value, different groups are assigned

to different VNet for certain pre-defined interval (/).

® On each interval, the buffer group assignment to the different
VNet 1s changed dynamically.

® Within the interval, the WVAR 1s applied inside the VNET.
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® All the proposed approaches uses NVM buffers that increases

the network latency.

®To mitigate, the hybrid variant: Hy-WVAR, Hy-Dy-WVAR and

SET-VNET-WC-Hy-WVAR have been proposed.

LongLiveNoC: Wear Levelling, Write Reduction and Selective VC allocation for Long lasting Dark Silicon aware NoC Interconnects

Policy LI IntraV / InterV Lat. Energy
(times) Red. (%) Inc.(%) | Sav. (%)
WVAR 3.24 99.97 / - 23 56
Hy-WVAR 19.3 99.99 / - 16 46.2
Dy-WVAR 19.9 99.99 / 99 27 535.8
Hy-Dy-WVAR 335.5 99.99 /99 22 45.65

sBUF-DN, SRAM-FRQSCL:

® These uses SRAM based buffers, and power gates VCs or

reduces router frequency to save energy.

Hy-SEL-ON, Hy-NEIG-SEL-ON, Hy-CRIT-WRD:
® These policies use SRAM and STT-RAM-based VC buffers.
power gates SRAM and activates only

STT VCs for routers associated PE 1s in the dark state
extends the 1dea to the neighbouring

The policy

router’s ports as well.
®In addition to STT VC activation, the policy

allows critical words to go through SRAM V(s irrespective of

associated PE status.

Policy L1 IntraV Lat. Energy
(times) | Red. (%) | Inc.(%) | Sav. (%)
sBUF-DN - - 19 50
SRAM-FRQSCL - - 15 1
Hy-SEL-ON 6.3 98.6 10 52.4
Hy-NEIG-SEL-ON 5.7 98.3 11 61
Hy-CRIT-WRD 9.8 99.7 7 60

Write-ReductionTechniques

® The techniques reduce the number of flits 1n the network which
improves the lifetime and reduces the effect of costly write

operation of NVM

ZENCO:

DidaSel:

®The proposal uses hybrid buffers to store incoming
packets at the router.

®f the number of dirty flits 1n a packet 1s below the
threshold value, then the packet 1s send using STT-RAM
VC otherwise using SRAM VC.

LI Flit Red. Lat. Energy

policy (times) (%)  Inc.(%) Sav. (%)
ZENCO 1.9 48 4 66
ZENCO-RR 54 47 4.5 66
DidaSel 5.05 27 0.82 29.4
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