wA2 % 11 T (= Hl ¥ Eid Vol. 42 No. 11
2019 4 11 A CHINESE JOURNAL OF COMPUTERS Nov. 2019

BXoERENFEENIASERMAN
£ 2 B K £ T

D (EHRRE BB FEIK 400030)
DREZREFAFHEASHTFTRER  MAEYPE 4072 BAHI)

OE ER R REERIT I R SR B AT R A SRR SC R B R . 3E B R A fif i (Non-Volatile
Memory, NVM) i i 432 it 3 & B ALTEff #% ( Dynamic Random Access Memory, DRAM) , H A K I . 5 & )F K
R 32 25 I A2 o AR SR X 20 A1 2 1RT 3 43 3w LA 23 A7 0 98 3 58 [ 0 L 503 T R TR B A Y BRI R 0 TR HE 2R AR
HAR T T AR A B R 4 B R B B AT R E (AeFdy) , AR R BT IX AR T S A R AR 17 M
S RIS 30 45 AR B L R T 5 1 10 7 2 TR R G R T AR R A R BRI 4. 9 L AR SCIE B X NVM A7
A A BR A ] R, Bt TR T A U S MRS B AL T NVM SHEZ R &M T MEB AT E. X T
Linux Swap.M-CLOCK .Dr.Swap J& & W % FE W&, i ] AeFdy SR & fe A B3R A 7 128.5%.87. 4% 5
50. 406, {5 E IR A R R A SCBRIT IR A WA S B B SE T NVM+DRAM & 2[R

RIS FLE AR RAT GG TR 50 5 IR A AT s AT THOR 5 F- 1 Pl
HEESES TP311 DOI & 10.11897/SP.]J.1016. 2019. 02481

Graph Partitioning in the Implementation and Performance Optimization of
A Hybrid Memory System

LI Qi” ZHONG Jiang” LI Xue?

D (College of Computer Science , Chongqing University , Chongqing 400030)

D (School of Information Technology and Electrical Engineering » University of Queensland , Brisbane, 4072 Australia)

Abstract The tremendous scale of modern graph datasets has rapidly increased the demand for
efficient algorithms for graph analysis. A standard approach distributes the graph over a cluster
of computer nodes, but the performing computations on a distributed graph is expensive if the
large amount of data has to be moved. Graph partitioning is the precondition of distributed graph
computing framework, which is a key problem in improving the performance of distributed graph
computing. Streaming graph partitioning is more efficient compared with offline partitioning, it
has been developed continuously in the application of graph partitioning in recent years. Because
of the limitation of memory capacity, the single commodity type computer is difficult to partition
and optimize the massive graphs. Existing methods mainly use distributed cluster to process these
large graph partitioning, while distributed computational resources have become more accessible,
developing distributed graph partitioning algorithms still remains challenging, especially to
non-experts. NVM storage has the advantages of low power consumption, high density, low

latency and byte-addressable, which is the construction of high performance storage system and
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an important means to improve the performance big data system. But NVM storage also has some

disadvantages, such as writing power consumption is higher than reading, write latency is higher

than read, and the write counts of NVM is limited. The asymmetry problem about read and write
in NVM should be paid more attention when using the hybrid NVM and DRAM memory. In this
work, we explore to partition the large graphs under single compute node with hybrid NVM and

DRAM memory. We propose a management strategy based on adjacent edge structure for dynamic

cached data (AeFdy). This strategy converts the cached data structure from the adjacent vertex

structure in the original streaming algorithms to the adjacent edge structure. The experimental

results on 7 real-world graphs show that the average partitioning time of the new method is 4. 9

times faster than that of original method. At the same time, the strategy evaluates the data pages

in NVM and DRAM media by different models according to the characteristics of the streaming

algorithm based on adjacent edge structure, places data pages in different memory media to reduce

system migration operation times and improve the system performance. To demonstrate, the

AeFdy strategy is simulated in the Linux kernel. Compared with the existing hybrid memory

management strategy, such as Linux Swap, M-CLOCK and Dr. Swap, AeFdy improves the

system performance by 128.5%, 87.4% and 50. 4% respectively.
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Background

Graph partitioning is becoming increasingly challenging
as graphs grow in size. The graphs consist of terabytes of
compressed data when stored on disks and are all far too
large for a single commodity type machine to efficiently
perform computations. Currently, the main use of distributed
cluster systems to deal with large graph partitioning,
although distributed computing resources have become more
accessible, but the development of distributed partitioning
algorithms still has challenges, especially for non-experts.

The streaming partitioning has been applied in graph
partitioning in recent years because it is more efficient than
offline partitioning. The latest Fennel algorithm performance
is better than offline software METIS, This paper explores
the use of the hybrid NVM and DRAM memory to solve
streaming partitioning for large graphs in a commodity type
machine. NVM storage has the advantages of low power
consumption, high density, low latency and byte-addressable,
but also has some disadvantages, such as writing power
consumption is higher than reading, write latency is higher

than read, and the write counts of NVM is limited.
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The paper chiefly solves the following two problems:
(1) Using the hybrid NVM and DRAM memory. to solve the
problem of massive graph partitioning; (2) saving the data
pages with different access characteristics in the appropriate
memory space according to the characteristics of different
memory media and the characteristics of streaming algorithm,
so as to reduce the number of system migration operations
and improve the system performance.
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