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Large memory capacity is in demand
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Benefit of hybrid memory
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Reliability issues with traditional 
memory hierarchy scaling
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Reliability issues with traditional 
memory hierarchy scaling
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Reliability issues with traditional 
memory hierarchy scaling
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Opportunity #1
• Inefficiency of decoupled reliability schemes
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Opportunity #2
• Most cache lines are clean
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Binary Star: design overview
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Binary Star: design overview
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Binary Star: design overview
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Periodic forced writeback
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Consistent cache writeback
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LLC error correction and recovery
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Experiment setup
• Simulators: McSimA+ (Performance), FaultSim

(Reliability)
• 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

• Workloads:
• In-memory/traditional databases workloads (Redis, 

Memcached, TPCC, YCSB, mysql)
• Memory intensive workloads from PARSEC

18



52nd IEEE/ACM International Symposium on Microarchitecture®

Experiment setup
• Resilience schemes:

• Rank level ECC (RECC)
• In-DRAM ECC (IECC)
• Chipkill combined with IECC
• Binary Star

• Workloads:
• In-memory/traditional databases workloads (Redis, 

Memcached, TPCC, YCSB, mysql)
• Memory intensive workloads from PARSEC

19



52nd IEEE/ACM International Symposium on Microarchitecture®

Evaluation: system reliability
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DRAM LLC Main 
memory

No-ECC 28nm DRAM 44032-66150 N/A 0%

RECC 28nm DRAM 8806-13230 N/A 12.50%
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sub-20nm 3D DRAM+DRAM 78211-117912 18.75% 18.75%

IECC+Chipkill
sub-20nm 3D DRAM+DRAM 37949-59518 18.75% 18.75%

RECC 
sub-20nm 3D DRAM+PCM 6352-9963 12.50% 12.79%

Binary Star 
sub-20nm 3D DRAM+PCM

2637-3968 6.25% 12.79%
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Evaluation: devices’ reliability
• 3D-DRAM device error rate (for sub20 nm)

• 1016x reduction compares to RECC 
• 1012x reduction compares to Chipkill+IECC

• Number of writes to NVRAM
• 20% more writes when the periodic force writeback 

interval is 30 mins

21



52nd IEEE/ACM International Symposium on Microarchitecture®

Evaluation: performance
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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

25

Binary Star

28nm RECC DRAM 
with 3D DRAM Cache

28nm RECC DRAM

Sub-20nm 
RECC+IECC DRAM 

with 3D DRAM Cache

Sub-20nm 
RECC+IECC DRAM

Be
tte

r R
el

ia
bi

lit
y

Better Performance



Binary Star: Coordinated Reliability in 
Heterogeneous Memory Systems for 

High Performance and Scalability

Xiao Liu1, David Roberts, Rachata Ausavarungnirun2

Onur Mutlu3, Jishen Zhao1

52nd IEEE/ACM International Symposium on Microarchitecture®

October 12-16, 2019, Columbus, Ohio, USA

1UC San Diego, 2King Mongkut's University of Technology North Bangkok, 3ETH Zurich 



52nd IEEE/ACM International Symposium on Microarchitecture®

Binary Star triggered Wear-leveling
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Binary Star Daemon

29

Normal 
application 
execution

Identify 
erroneous 
processes

RollbackPeriodic forced writeback

Stall all
processes

Retrieve 
data 

with drst

Periodic forced 
writeback interval 

reached

Memory error 
signal

Resume 
all the

processes

Retrieve 
the ckpted

PCBs

1

Stall all
processes

Save all
processes’ 

PCB

Flush 
all caches
with bclwb

5

6 7

89

2

3 4



52nd IEEE/ACM International Symposium on Microarchitecture®

NVRAM latency sensitivity study

30

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

1.02
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x
0.

5x 1x 2x 4x

YCSB TPCC Redis Memcached mysql facesim fluidanimate freqmine vips x264 Gmean

Th
ro

ug
hp

ut



52nd IEEE/ACM International Symposium on Microarchitecture®

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 reliability
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Effect on varying the periodic forced 
writeback interval

34

6.3x
2.3x

1.9x 1.2x 1.1x

0x
2x
4x
6x
8x

10x
12x
14x
16x

1 60 300 600 1800 3600

YCSB TPCC Redis
Memcached mysql facesim
fluidanimate freqmine vips

N
or

m
al

iz
ed

 w
rit

es

17.2x

3D DRAM+PCM

Periodic Forced Writeback Interval (s)


