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Phase-change 
memory (PCM)

Approximate 
computing

Faster, denser, 
more durable 
memories
Speed Capacity

Accuracy

Much of the data in main 
memory and disk can tolerate 
occasional errors.:)

:(

May scale beyond the limits 
of DRAM and flash. 
Non-volatile.

Cells wear out, limiting 
device lifetime.

High-density MLC 
configurations can be slow.

Accelerate writes to 
multi-level cells.

Extend lifetime by 
reusing failed blocks.
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a normal (precise) multi-level cell
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an approximate cell 

lets the distributions 

overlap

00 01 10 11

iteratively writing 10 to an MLC

target range:

each write pulse is 

imprecise, so many 

iterations are needed

good block

bad block

raw PCM: hard failures make a block unusable

error correction extends blocks’ useful life

corrected block

bad block

correction bits

no
rm

al
iz

ed
 li

fe
tim

e 
(w

rit
es

)

0

0.4

0.8

1.2

1.6

2

mc
sm

m so
r fft lu

zxi
ng

jm
ein

t

ray
tra

ce
r pa nn ml

im
ag

e
mea

n

main-memory benchmarks persistent data
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reuse blocks with uncorrectable failures for approximate data

precise block

approx block

exposed bit error

(prioritizing the correction of higher-order bits)

main-memory benchmarks persistent data

dictates performance 

& error trade-off


