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This Supplementary Information contains:
Figure S1. Illustrations of QAM and QM.
Figure S2. Illustration of memristor read noise.
Figure S3. The impact of cumulative errors on MIR.
Figure S4. Implementation of DFTs with different numbers of point by software (S.) and MIR (M.).
Figure S5. Implementation of 2D DFT.
Table S1. Detailed benchmarks of MIR for MRI and CT image reconstruction tasks.
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[bookmark: _GoBack]Supplementary Figure 1| Illustrations of QAM and QM. a, QAM strategy. A high mapping precision can be achieved because the mapping error is only introduced by the deliberately defined mapping margin (M. M.). b, QM strategy. It results in much lower mapping precision because the overall error (O. E.) now consists of two parts, the quantization error (Q. E.) and the mapping error (M. E.) introduced by the pre-defined mapping margin. Q. L., quantization level. c-e, Illustration of the overall mapping error of QM (e), which combines the quantization error (c) and mapping error (d, with a pre-defined mapping margin of 0.25 μS) together.
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Supplementary Figure 2| Illustration of memristor read noise. a, Illustration of read noise of several representative conductance levels (256 devices are measured for each level). The gray lines represent the read current of each individual device and the colored lines represent the average values of each level. Here, the read voltage is 0.2 V. b, c, the error distribution of two conductance levels (2 μS and 10 μS). Both follow a Gaussian distribution.
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Supplementary Figure 3| The impact of cumulative errors on MIR. a-d, The computing results of 1, 2, 3 and 4 steps of DFT. Here, after a step of DFT is implemented on MIR, the frequency-domain signal is transformed back to time/spatial domain by lossless software IDFT, and the next step of DFT can be again performed by MIR. e, f, the correlation and mean squared error (MSE) of frequency-domain signal after a series of DFT steps.
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Supplementary Figure 4| Implementation of DFTs with different numbers of point by software (S.) and MIR (M.). a, 8-point DFT. b, 16-point DFT. c, 32-point DFT. d, Correlation coefficient of the computing results of MIR and software DFTs with different number of points. This experiment is repeated for 500 times to obtain statistical results.
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Supplementary Figure 5| Implementation of 2D DFT. 2D DFT can be performed by implementing several 1D DFTs. The input image is first divided into column vectors and 1D DFT is implemented for each vector. The computing results of 1D DFT are composed into an intermediate matrix. After transpose, the intermediate matrix is again divided into column vectors and a second 1D DFT is performed, whose output represents the results of 2D DFT.
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Supplementary Table 1| Detailed benchmarks of MIR for MRI and CT image reconstruction tasks. a, Area and energy consumption breakdown of one 320-point IDFT with MIR for the MRI image reconstruction task. BL, bit line. WL, word line. b, Area and energy consumption breakdown of one 768-point DFT/IDFT with MIR for the CT image reconstruction task.
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MIR for MRI reconstruction task

Module Number Area/mm? Energy/nJ
BL driver 1280 0.26 6.01
WL driver 1280 0.07 1.34
Memristor array 800K 0.22 36.04
Sample & hold 640 416 26.75
ADC 320
Shift adder 320 0.44 4.68
Sum - 5.15 74.83

MIR for CT reconstruction task

Module Number Area/mm? Energy/nJ
BL driver 3072 1.25 32.20
WL driver 3072 0.18 1.49
Memristor array 4.5M 1.28 207.62
Sample & hold 1536
ADC 268 9.98 64.20
Shift adder 768 1.05 11.23
Sum - 13.73 316.76
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