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Abstract Most traditional garbage collectors commonly use the language level metadata, which
is designed for pointer type searching. However, because it is difficult to use this metadata in
non-volatile memory allocation platforms, a new garbage collection technique is essential for non-
volatile memory utilization. In this paper, we design new metadata for managing information regarding
non-volatile memory allocation called "Allocation Tree”. This metadata is comprised of tree data
structure for fast information lookup and a node that holds an allocation address and an object ID pair
in key-value form. The Garbage Collector starts collecting when there are insufficient non-volatile
memory spaces, and it compares user data and the allocation tree for garbage detection. We develop
this algorithm in a persistent heap based non-volatile memory allocation platform called "HEAPO” for
demonstration.
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Table 1 Comparison of Non-volatile Memories

Item DRAM FRAM PRAM MRAM STT-MRAM NAND
Maturity Product Product Product Product Prototype Product
Byte-addressable Yes Yes Yes Yes Yes No
Non-volatile No Yes Yes Yes Yes Yes
Access time (W/R) 10/10ns 50/75ns 100/20ns 12/12ns 10/10ns 200/25us
Program energy 2pJ 2pJ 100pJ 120p] 0.02pJ 10nJ
Sell size 6F° 6F° 5F° 20F” 4F° 4F°
Endurance 10" 10" 10° 10% 10" 10°
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Table 2 Design Issues of Persistent Object Store

HEAPO [2] NV-Heap [15] Mnemosyne [16] SoftPM [19]
Mapping Static Dynamic Static Dynamic
Global namespace Native NS File system NS None None
Local namespace Yes No No No
Sharing Yes Yes No No
Protection Native ACL File system ACL File system ACL None
Space allocation Non Contiguous Contiguous Contiguous Contiguous
Persistency At allocation At allocation At allocation At commit
Address mode User User User Kernel
Implementation Native heap Memory-mapped file Memory-mapped file Native heap

3 3 Byte-addressable 3 A]2~E] H|al
Table 3 Design Issues of Byte-addressable File system

BPFS [17] PMFS [20] PMBD [21] FRASH [22]
Log-structured NO No No Yes
Compression No No No No
Hybrid Storage No No Yes No
Byte-addressable Yes Yes No Yes
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Threads 2 4 8 16
Created Garbage 28 89 268 470
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Table 5 Created Garbage Number (16 Threads)
Input Nodes 2,000 4,000 8,000 16,000
Created Garbage 209 213 226 470
Created Node 1174 2187 4200 8435
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