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Data classification

LPN 1 2 3 4 5 6 7 8 …
# accesses 5 42 1 0 22 23 111 121 …

cold data hot data
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• exact values

• improve classification quality

• independent from DRAM
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• user data

• spare region for 
meta data

• reduce ECC

• enlarge spare region

Flash layout

user data ECC  LPN

spare regiondata region

user data ECC  AC  LPN

user data ECC  AC  LPN

4 KB 224 Bytes

228 Bytes
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Flash layout

• store access counters 
in a page’s spare region

• increase on write
• on cache miss, 

needs a fetch first

• decrease on GC
• no additional cost

• use DRAM as a cache 
only

• no additional writes

firmware

flash block flash block

DRAM

LPN 22
LPN 23
LPN 44
LPN 45

90

95

84

89

LPN 31
LPN 32
LPN 33
LPN 42

4
4
4
2

cold datahot data

flash block
LPN 1
LPN 2
LPN 3
LPN 4

2
1
1
1

LPN 44 45 42

# accesses 84 89 2



13

Classification threshold

𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡 = 𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡−1 +
(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑡𝑡)

# 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 21.63
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Classification threshold

𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡 = 𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡−1 +
(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑡𝑡)

# 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 25.25
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Classification threshold

𝑓𝑓𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡 = 𝑓𝑓𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡−1 +
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑡𝑡
# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= 43.25
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Classification threshold

𝑓𝑓𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡 = 𝑓𝑓𝑎𝑎𝑎𝑎𝑔𝑔𝑡𝑡−1 +
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑡𝑡 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑔𝑔𝑡𝑡−1

# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 24.3
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Classification threshold
level 0 level 1 level 2 level 3

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 10 × 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 102 × 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 103 × 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
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• 950 GB flash memory
326 MB DRAM

• 7% overprovisioning

• warm up phase

Evaluation
warm 

up
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Evaluation
warm 

up
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SPC1

• 950 GB flash memory
326 MB DRAM

• 7% overprovisioning

• warm up phase

• run SPC1 and TPCC 
sequentially
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TPCC SPC1

• 950 GB flash memory
326 MB DRAM

• 7% overprovisioning

• warm up phase

• run SPC1 and TPCC 
sequentially
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Number of I/O operations

+26%
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Number of I/O operations

-32%
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Number of I/O operations

Please refer to the paper for more results

-8%
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Summary

firmware
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• store access counters 
in spare region

• use DRAM as a cache 
only

• mange access 
counters when written 
or during GC

• use a self-adapting 
classification threshold
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