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Abstract  The rise of non-volatile memory (NVM) technology brings many opportunities and
challenges to computer storage systems. Compared with DRAM, NVM has the advantages of non-
volatility, low energy consumption and high storage density as persistent memory. However, it has
the disadvantages of limited erase/write times and high write latency. Therefore, it is necessary to
reduce the write operations to the non-volatile main memory to improve system performance and
extend the lifetime of NVM. To address this problem, this paper proposes ROD, which is a re-
computation scheme based on the out degree of computing nodes. Due to the performance gap between
CPU and memory leading to computing resources waste, ROD selectively discards the computed
results which should be stored into the NVM and re-computes them when needed. By swapping the
storage with computation, ROD reduces the number of writes to the NVM. We have implemented
ROD and evaluated it on Gem5 simulator with NVMain. We also implemented the greedy re-
computation scheme and the store-only scheme as state-of-the-art work to be compared with ROD.
Experimental results from powerstone benchmark show that ROD reduces write operations by 44.3%
on average (up to 68.5%) compared with the store-only scheme. The execution time is reduced by
28.1% on average (up to 68.6%) compared with the store-only scheme, and 9.3% on average (up to
19.4%) compared with the greedy scheme.
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Fig. 1 The re-computation path
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Table 1 Operations on Each Node of Decision (a)

F1 RR(AWNEBNERBRE
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V Input. M, (V)

Vs Input,M, (V3)

Vv, M.(Vy) M. (V3),0(V,)
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Vs M. (V) .M, (V3),re-compute(Vy),0(Vy)

Vi M, (V) M. (Vy) ,M,(V3),recompute(Vy5.6).0(Vy)
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Table 2 Operations on Each Node of Decision (b)

x2 AR ERWRE
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Vi Input. M, (V1)
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Table 3 Re-computation Nodes and Their

Re-computation Paths
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Re-computation Nodes Direct Producers Re-computation Paths
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int rec_x ;3 (int 1) {
return x1+4;
}
int rec_x,(int x2){
return x2 X 23
}
int rec_x5(int 21 ,int 22) ¢
return rec_x3(x1) —rec_x,(x2);
}
int mainQ) {

intx1=1;

int xo=2;

int ry3=ux+4;

int x4=x2X2;

int xs=rec_xs(x1) —rec_x,(x2);

int xg=rec_xs(x1,12)+8;

}

Fig. 7 The implementation of re-computation functions
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Table 4 The Version Configurations of Development Tools

x4 FEIEMBAERE

Develop Tools Versions
Ubuntu Operating System 14.04 LTS
LLVM 8.0.0
C++ Standard 11
G-+ -+ Compiler 4.8.4
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Table 5 The Configurations Parameters of Gem5

K5 GemSEBEESH

Configuration Items Configuration Parameters

Operating System Ubuntu 14.04 LTS

System Mode SE

CPU Type Timing
CPU Clock/GHz 2.3
L, Data Cache Size/KB 64
L, Instruction Cache Size/KB 16
L, Cache Size/ MB 2
Cache Line Size/B 64

Table 6 The Description of Benchmark
% 6 Benchmark &2 #id

Benchmark Description
qurt Square root calculation using floating point
Group three fax decode (single level image
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fir Integer FIR filter
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cre Cyclic redundancy check
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Fig. 8 The number of input nodes and non-input

nodes of different programs
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Fig. 9 The decision results of ROD scheme
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Fig. 10 The decision result of the greedy scheme
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(a) The simulation ticks comparisons among all three schemes
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(b) The simulation ticks comparisons among all three schemes (normalized)

Fig. 11

The performance comparisons among the ROD scheme, the greedy and the store-only schemes
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(b) The simulation ticks comparisons of the greedy scheme
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(c) The simulation ticks comparisons of the store-only scheme
Fig. 12 The performance comparisons between
different latencies with the ROD scheme,

the greedy and the store-only schemes
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(b) The simulation ticks comparisons among all three schemes (normalized)

Fig. 13 The performance comparisons among the ROD scheme,

the greedy and the store-only schemes
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