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[Abstract]

In this paper, we propose Dynamic Rank Subsetting (DRAS) technique that enhances the
energy-efficiency and the performance of memory system through the data compression. The goal of this
technique is to enable a partial chip access by storing data in a compressed format within a subset of
DRAM chips. To this end, a memory rank is dynamically configured to two independent sub-ranks. When
writing a data block, it is compressed with a data compression algorithm and stored in one of the two
sub-ranks. To service a memory request for the compressed data, only a sub-rank is accessed, whereas, for
a memory request for the uncompressed data, two sub-ranks are accessed as done in the conventional
memory systems. Since DRAS technique requires minimal hardware modification, it can be used in the
conventional memory systems with low hardware overheads. Through experimental evaluation with a
memory simulator, we show that the proposed technique improves the performance of the memory system

by 12% on average and reduces the power consumption of memory system by 24% on average.
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I. Introduction
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II. Background

1. DRAM System

1.1 DRAM System Organization and Operations
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2. Rank subsetting
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ITII. Proposed Scheme

1. Motivation: Data Compression
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2. Dynamic Rank Subsetting with Data
Compression (DRAS)

2.1 Overview
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2.3 Sub-Rank Interleaving
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3. Implementation

3.1 Memory System Architecture
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3.2 Device Control Unit
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Table 1. Simulated System Configuration

Number of Cores 4
Processor Clock 3.2Ghz

L1 Cache 32KB, 8-Way, 64B line, 4 Cycles
L2 Cache 256KB, 8-Way, 64B line, 12 Cycles
LLC (Last-Level Cache) | 8MB, 16-way, 64B line, 30 Cycles
Memory Bus Frequency 1600MHz
Memory Channels 2
Ranks per Channel 1
Bank Groups 4
Banks per Bank Group 4
Rows per Bank 64KB
DRAM Access Timing:
tRCD-tRP-tCAS 22-22-22

tRFC/tREFI 350ns/7.8us
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= 26T 2 Aol Algeflol st ARE Al
Bl 242 Table 1o Qoo Qlch
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Table 2. MIX Workloads

mix1 bzip2, libquantum, astar, cactusADM
mix2 Ibm, omnetpp, mcf, GemsFDTD
mix3 h264ref, milc, bwaves, gcc
mix4 sphinx3, astar, soplex, zeusmp
mix5 bzip2, mcf, dealll, gcc
mixé omnetpp, bwaves, GemsFDTD, cactusADM
mix7 libquantum, milc, sphinx3, Ibm
mix8 leslie3d ,xalancbmk, h264ref, astar
mix9 soplex, dealll, GemsFDTD, cactusADM
mix10 Ibm, sphinx3, leslie3d, h2é4ref
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Fig. 10. Performance
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Fig. 11. Memory Access Latency Reduction with DRAS
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3. Power Consumption
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Fig. 12. Power Consumption of Memory System
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Fig. 13. Energy—Delay Product (EDP)

V. Conclusions
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