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Abstract With the advent of non-volatile memories such as Phase Change Memory (PCM or
PRAM) and Magneto Resistive RAM (MRAM), active studies have been carried out on how to replace
Dynamic Random-Access Memory (DRAM) with PRAM. In this paper, we study both endurance and
performance issues of existing join algorithms that are based on PRAM-based computer systems and
have been widely used until now: Block Nested Loop Join, Sort-Merge Join, Grace Hash Join, and
Hybrid Hash Join. Our experimental results show that the existing join algorithms need to be
redesigned to improve both the endurance and performance of PRAMs. To the best of our knowledge,
this is the first research to scientifically study the results of the four join algorithms running on
PRAM-based systems. In this work, our main contribution is the modeling and implementation of a
PRAM-based simulator for a comparative study of the existing join algorithms.
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Table 1 Comparison of memory performance

DRAM NAND Flash FRAM MRAM PRAM
Non-volatile No Yes Yes Yes Yes
Storage unit Capacitor Floating gate Capacitor MT]J Phase change layer
Type Electric charge Electric charge Polarization Resistance size Resistance size
Retention of Information Oyr 10yr 10yr 10yr 10yr
Write latency 50ns 1~2pus 50~100ns 10~50ns 50ns
Read latency 50ns 20~110ns 50~100ns 10~50ns 50ns
Cell Area (relative) 1 0.8 1.3 1
Number of write operations 10 10° 10" - 10" 10" 10°
Commercialization density 1GB 1GB 256KB N/A 128MB
Operating current 100mA 100mA 10mA 10mA 10mA
Logic integration Hard Hard Easy Easy Easy
Applications PC Mobile IC card Anywhere Anywhere
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Table 2 Experimental Environment Parameter

Hardware modeling Value
Page size 4096 bytes
Block size 512 bytes
Disk size 4GB
PRAM word read latency 0.000005 ms
PRAM word write latency 0.000062 ms
Main memory size 32KB

- Input buffer area - 4KB
- Output buffer area - 4KB
- R table area - 8KB
- S table area - 8KB
- Other memory area - 8KB
- Sort memory - 4KB
or Hash memory or 8KB
Table modeling Value

R table

<Department_ID,
Department_Name>

2 columns, 8 bytes
500,000 records
uniform distribution

S table
<Employee_ID,
Department_ID>

2 columns, 8 bytes
5,000,000 records
Zipf's distribution

Output table 3 columns,
12 bytes
Hash modeling Value
Hash range (Number of 10
buckets)
Bucket size 4096 bytes
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Table 3 Comparison of Experimental Result

Block Nested Sort-Merge Grace Hash Hybrid Hash
Memory Write Count 9,797,000,000 564,551,436 99,999,600 99,377,152
Write Count Load Mean 1,594,563.8 78,759.97 12,206.98 12,131.0
Balancing Indicator | Standard Deviation 1,777,922.92 63,441.05 20,134.25 20,009.49
Read Time (ms) 12,536,446.21 4,506.7 20,345.27 20,163.3
Performance - "
Write Time (ms) 607,414.06 35,002.19 6,200.0 6,161.38
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