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Abstract Software inefficiencies caused by redundant zeros will introduce massive zero values to be loaded or used
for trivial computation, which significantly wastes memory and compute resources. However, the compiler toolchain
still cannot effectively identify the redundant operations dealing with zeros and hardware optimizations handling
redundant zeros have not been adopted in commercial hardware yet. Although ZeroSpy can detect the existence of
redundant zero buried within software and report sufficient information for performance optimization, its detection is
still limited in Intel platform as well as its large overhead. Therefore, we propose a cross-platform tool DrZero to
overcome these limitations. DrZero can detect redundant zeros in both x86 and ARM platforms and it implements
novel online analysis based on buffered tracing for lower overhead. For ARM platform, we propose floating-point
estimation via dataflow analysis to estimate the data type of a memory operand for further detection. The evaluation
results demonstrate that DrZero can detect redundant zeros with code-centric, data-centric analysis on both x86 and
ARM platforms with 45.31x%, 54.20x and 14.12%, 13.40% performance overheads, respectively. Besides, DrZero incurs
37.2% and 55.8% lower time overheads than ZeroSpy with code-centric and data-centric analysis on the x86 platform,
respectively. Based on the optimization guidance revealed by DrZero, we can achieve 1.76x and 2.12x speedups at
maximum on both x86 and ARM platforms after eliminating redundant zeros for evaluated applications. DrZero is
open-source at https://github.com/buaa-hipo/zerospy-drcctprof.
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Fig. 1 An illustration of software inefficiency by inappropriate
use of data structure
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Fig.2 An example of zero-agonistic computation
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Fig. 3 An overview of the cross-platform redundant zeros detection techniques of DrZero
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Fig. 6 The heatmap of the dynamic data object with significant
redundant zeros in NPB-IS program
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Table 1 The Detailed Software and Hardware Configurations of Evaluated X86 and ARM Platform
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Table 2 Fraction of Redundant Zero and Profiling Overheads Reported by DrZero on x86 Platform
R 2 DrZero iRETE x86 T & LHITTRFLL G AR AT 5347 FF 54

L JURE % ‘ L TURELG% i
(52N BB ————————— BRI A R SR BGE 5 — — HHRIFR AT
AL TREBK L3 G LI
BT 2.02 20.30 54.83 125 BT 0.00 0.01 32.15 29.52
CG 10.38 0.00 19.33 1.14 CG 0.86 0.00 57.04 28.68
EP 5.44 0.00 15.61 6.88 EP 0.44 0.00 6.57 135.49
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NPB CC NPB DC
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cC DC
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Table 3 Fraction of Redundant Zero and Profiling Overheads Reported by DrZero on ARM Platform
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Fig. 7 Fraction of integer (INT ) and floating point ( FP) redundant zeros reported by DrZero CC mode on x86 and ARM platforms
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Fig. 8 Fraction of integer (INT ) and floating point ( FP) redundant zeros reported by DrZero DC mode on x86 and ARM platforms
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Fig. 9 Comparison of the performance overhead of CC mode caused by ZeroSpy, DrZero-x86, and DrZero-ARM
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Fig. 10 Comparison of the performance overhead of DC mode caused by ZeroSpy, DrZero-x86, and DrZero-ARM
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Fig. 11 Comparison of the memory overhead of CC mode caused by ZeroSpy, DrZero-x86, and DrZero-ARM
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Fig. 12 Comparison of the memory overhead of DC mode caused by ZeroSpy, DrZero-x86, and DrZero-ARM
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Fig. 13 The operation with the most significant redundant
zeros in NAB reported by DrZero CC mode
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for (j = 0; j < prm—>Natom; j++) {
for (k= 0; k < npairs; k++) {

febk = —(*kappa) x KSCALE / fgbi,

expmkf'= exp (fgbk) / (*diel_ext);

temp6 = qiqj * temp4 x (dielfac+ fgbk x expmkf’);
}
}

Fig. 14 Code snippet containing the most significant redundant
zeros in the egb function of NAB
K114 NAB HYRREL egh LT I ETURF T Bt

if (Ckkappa==0) {
for (j = 0;j < prm—>Natom; j++) {
for (k= 0; k < npairs; k++) {

expmkf=1/ (*diel_ext);
temp6 = qiqj * temp4 x dielfac;
}
}
} else {
for (j = 0;j < prm—>Natom; j++) {
for (k= 0; k < npairs; k++) {

febk = —(*xkappa) x KSCALE | fgbi,
expmkf = exp ( fgbk) / (*diel_ext);
temp6 = qiqj * temp4 x (dielfac+ fgbk x expmkf);
}
}
}

Fig. 15 Code snippet in the egbh function of NAB after
optimization
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Fig. 16 Large fraction of redundant zeros in Fotonik3D
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