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Large memory capacity Is in demand
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Benefit of hybrid memory
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Better Reliability

Reliablility issues with traditional
memory hierarchy scaling
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Better Reliability

Reliablility issues with traditional
memory hierarchy scaling
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Reliablility issues with traditional
memory hierarchy scaling
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1

Opportunity #

* Inefficiency of decoupled reliability schemes
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Opportunity #2

* Most cache lines are clean
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Errors on the clean cache line can be corrected by data in NVRAM
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Binary Star: design overview
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Binary Star: design overview
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Binary Star: design overview

4 1)
Core Core I Core

L1 Cache| |L1 Cache| === [L1 Cache
Shared SRAM Caches

On-chip 3D-stacked DRAM LLC
(Gigabytes)

Coordinating Wear-Leveling
with data consistency of the
main memory

— —— E—— E—— E—— S T S S S —— S S S S S S S S S S S S S S — S— S—

On-chip Off-chip
Components Components

/ ’.
@ UCSDCSE 1 2
eeeeeeeeeeeeeeeeeeeeeeeeeeeee



Periodic forced writeback

Binary Star Daemon: conducts
Observation 1: Errors in the LLC can periodic forced writebacks
be corrected by consistent data copies in
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NVRAM main memory. Stalls the application
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Consistent cache writeback

Observation 1: Errors in the LLC Observation 2: NVRAM wear Ieveling

can be corrected by consistent data  naturally redirects and maintains the

copies in NVRAM main memory. remapping of data updates to
alternative memory locations.
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NVRAM block
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Binary Star Triggered Wear-leveling

(once each periodic writeback interval)
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LLC error correction and recovery

Error Recovery:
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Experiment setup

- Simulators: McSimA+ (Performance), FaultSim
(Reliability)
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Experiment setup

- Baselines:
- 3D DRAM cache with DRAM main memory
 DRAM main memory only
« 3D DRAM cache with NVRAM main memory (PCM)
* NVRAM main memory only (PCM)
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Experiment setup

* Resilience schemes:
« Rank level ECC (RECC)
* In-DRAM ECC (IECC)
* Chipkill combined with IECC
- Binary Star
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Experiment setup

* Workloads:

 In-memory/traditional databases workloads (Redis,
Memcached, TPCC, YCSB, mysql)

* Memory intensive workloads from PARSEC
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Evaluation: system reliability

Storage cost

DRAM LLC
No-ECC 28nm DRAM 44032-66150 N/A 0%
RECC 28nm DRAM 8806-13230 N/A 12.50%
IECC+RECC 0 :
Sub-50nm 30 DRAM+DRAM 78211-117912 18.75% 18.75%
IECC+Chipkill ) :
T 215 B BRI 37949-59518 18.75% 18.75%
RECC ) :
<ub-20nm 3D DRAM+PCM 6352-9963 12.50% 12.79%
=l Sl 2637-3968 6.25% 12.79%
sub-20nm 3D DRAM+PCM
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Evaluation: devices' reliability
* 3D-DRAM device error rate (for sub20 nm)

« 1076x reduction compares to RECC
« 10"2x reduction compares to Chipkill+|IECC

* Number of writes to NVRAM

« 20% more writes when the periodic force writeback
interval is 30 mins
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Evaluation: performance

Better 3D DRAM+DRAM
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Other results

* NVRAM latency sensitivity study

- Effect on varying the periodic forced writeback
interval

* Performance
* Rollback rate
* Number of writes
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Summary
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Summary
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Binary Star triggered Wear-leveling
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Binary Star Daemon

Periodic forced
writeback interval
reached

Memory error

Periodic forced writeback Rollback
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NVRAM latency sensitivity study
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Effect on varying the periodic forced
writeback interval
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Effect on varying the periodic forced
writeback interval
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Evaluation: 3D-DRAM reliablility
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Effect on varying the periodic forced
writeback interval
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