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Abstract Non-volatile memory (NVM) technologies are promising that would change the future of
storage. N'VM possesses many attractive capabilities such as byte addressability, low access latency,
and persistence. It provides a great opportunity for the integration of DRAM and NVM in a unified
main storage space. NVM could access data through the memory bus and CPU related instructions,
which makes it possible to design a fast and persistent storage system in non-volatile memory.
Existing key-value stores proposed for block devices implement NVM as block devices, which conceal
the performance that NVM provides. A few existing key-value stores for NVM fail to provide
consistency when hardware supports (e. g. , cache flush) on power failures are unavailable. In this
paper, we present a non-volatile memory key-value storage system, named TinyKV, which utilizes
the log structure as its core framework. We propose a static concurrent, cache-friendly Hash table
implementation using the characteristics of the key-value workloads. TinyKV separates the
maintenance for data log of each worker thread in order to guarantee high concurrency. In addition,
we implement the log structure technology for memory management and design a multi-tier memory
allocator to ensure consistency. To reduce write latency, we reduce writes to NVM and cache flushing
instructions by using cache flushing instructions. Our experiments demonstrate that TinyKV

outperforms traditional key-value stores in both throughput and scalability.

Key words non-volatile memory (NVM); log structure; key-value store; Hash table; memory
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Fig. 1 Architecture of TinyKV
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AL LA 8 A7 03 SR T S A 0 G B4l A AL

5) {588 N A7 X (reserved memory) & R 7F Hash
FJ5 M 38 R DRy X Hash #9748, %k
I A7k DX N AR AN JE ), B3 ] DA SR A7 it B8 X 4.
Xf Hash 42572 AR B A7 XY B DRI 1] 5 43 D
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Fig. 3 TinyKV Hash table structure
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A PIE B[R — A, b XS has_writer #E4T R
TinyKV ffi f§ CAS JFiEIE B R EAH Y T —1H
JE A 0 A . i AR R R B R X A 8.
TinyKV & T 5 55 HLH PR UE S #5245 02 J5 - #
VB 5 DT AR TIE 2 A 250 3l L B 2 18 e i ol 8 B /s 7 4
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struct HashTable{

@D uintb4_t has_writer:1;
@ uint64_t version:3;

® uint64 t reserved:4;

@ uintb4_t nr_objects:8;
® uint64_t nvm_addr:48;
© } g_htable[0].

Fig. 4 Definition of TinyKV Hash table
& 4 TinyKV Hash £ E X
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HEAT AR AR BT, B S B ICRE rag s SR G FEAR IS nom _
addr Vi) HEAE X %, 25 2 A EEE X % B A H R 1
tag s FRAREEXT H nom _addr $E47 XTI . 5 2 3 fF
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Fig. 5 Layout of a chain element
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Fig. 7 Single thread write throughput
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Fig. 8 Single thread read throughput
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Fig. 9 Write throughput of multi-threads
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