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Area Efﬁcient Neuromorphic Circuit Based on Stochastic Computation Kiwon Yoon, Suhyeong Choi, and Youngsoo Shin School of Electrical Engineering, KAIST Daejeon 34141, Korea Abstract— Neuromorphic circuit can be simpliﬁed by applying stochastic computing, which uses a bit stream. A large number of stochastic number generators (SNGs) allows independent bit streams and hence secures accuracy, but outweighs the advantage of stochastic computing in circuit area. An area efﬁcient SNG design method is proposed, in which a single linear feedback shift register (LFSR) is shared among a number of SNGs; independency of bit streams is made possible through shufﬂed wiring between LFSR and bit stream generators. Proposed design method is applied to a neuromorphic circuit that recognizes handwritten numbers; circuit area is reduced by 86% while prediction accuracy is sacriﬁced by 11% compared to a reference design in which LFSR is not shared.
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Fig. 1. (a) A neuromorphic circuit with stochastic computing, and (b) typical SNG structure. (px=4/8)
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I. I NTRODUCTION A neuron in neuromorphic circuit consists of a few multipliers, an adder, and a threshold function. Since a large number of neurons are required in actual circuit, reducing the area of neuron is very important. Stochastic computing has been applied in neuron design for this purpose [1]. In stochastic computing, a real number p ∈ [0, 1] is represented by the number of 1s (divided by the total number of bits) in a random bit stream S. Let Sx and Sy be two independent bit streams applied to AND gate and px and py be their corresponding real number respectively; the bit stream at the output of AND gate will represent px py implying that AND gate can function as a multiplier. A neuromorphic circuit with stochastic computing is shown in Fig. 1(a). At input layer, each real number p is converted to a bit stream through SNG, which is then applied to a hidden layer (or hidden layers); the output layer ﬁnally makes a decision. A typical structure of SNG is shown in Fig. 1(b), in which LFSR is employed to generate the ﬁnal bit stream. Computation accuracy is mainly determined by how independent each bit stream is. This is intuitively shown in Fig. 2: correlated inputs yield inaccurate multiplication in (a), while accurate result is obtained with independent bit streams in (b). Independency of bit streams is achieved by a LFSR with its own unique seed. However, this causes large area occupied by LFSRs, e.g. 80% of area for LFSRs [2].
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Fig. 2. Multiplication of two (a) correlated bit streams and (b) uncorrelated bit streams.



has different random numbers. Since no SNG contains LFSR anymore, area is drastically reduced. However, rotation gives only n different random numbers at a time, and the number of required SNGs (>1k; for a handwritten number recognition) is far more than n (≤32; [3]). It means that there must be correlated bit streams, because some bit streams are born with same seed. Hence, prediction accuracy becomes low. Proposed design let a m-bit (m > n) LFSR shared by all SNGs through shufﬂed wiring, as described in Fig. 3(b). Among m, n bits are randomly selected and shufﬂed before they are delivered to SNG. As a result, the maximum number of different random numbers at a time is m Pn , which is much larger than n. Thus, bit streams are generated with less correlation, and prediction accuracy is ensured as unique seed design does. Also, area is decreased due to LFSR sharing. III. E XPERIMENTS We built an artiﬁcial neural network that consists of 196, 4 and 10 nodes at input, hidden, and output layer, respectively. Network was trained to predict handwritten numbers [4], and achieved 81% of prediction accuracy. Implementation was done with Verilog and circuit was synthesized with 28nm industrial library [5]. For prediction tests, l values from 10 to 19 were used, where 2l is the length of bit stream.



II. A REA E FFICIENT SNG D ESIGN Sharing a n-bit LFSR by all SNGs via rotated wiring was proposed [3], as shown in Fig. 3(a), where n is the bitwidth of SNG input. A random number is provided to every SNG, and is rotated by hardwiring in the middle so that each SNG
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Fig. 4. Circuit area with three SNG implementation: unique seed, LFSR sharing with rotation, and proposed LFSR sharing with shufﬂed wiring; l is 10, 14, and 18. k-bit rotation
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Fig. 3. (a) LFSR sharing with k-bit rotation, and (b) proposed LFSR sharing with shufﬂed wiring.
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We implemented the network by unique seed, LFSR sharing with rotation, and proposed design. In unique seed design, l-bit LFSRs were used. For the other designs, (l − 1)-bit LFSR was shared by SNGs for pixel values, and l-bit LFSR and shared by SNGs for weights. In LFSR sharing with rotation design, n was equal to l − 1 or l, but in proposed design, m was equal to l − 1 or l, and n was ﬁxed to 9. We measure areas by three designs when l is 10, 14, and 18, as reported in Fig. 4. The number of LFSRs is 1,096 when unique seed design is applied, and it is reduced to 2 by LFSR sharing with rotation and proposed design. As a result, both designs reduce area by 71%, 79% and 81% when l is 10, 14, and 18, respectively. The number of registers in LFSR increases as l increases, thus impact of area reduction becomes bigger as l rises. Prediction accuracies are measured through 200 test images while changing l from 10 to 19, as represented in Fig. 5. As stochastic computing is based on stochastic behavior, computation becomes more accurate as the length of bit stream increases, due to the law of large numbers. Since unique seed and proposed design provide uncorrelated random numbers for SNGs, prediction accuracies of both designs tend to increase as l increases. When l is extended to 19, degradations of prediction accuracy compared to original network are 6% and 11%, respectively. Prediction accuracy of proposed design is almost same as that of unique seed design, which implys that proposed design can be an alternative. Meanwhile, prediction accuracy of LFSR sharing with rotation design is below 30%, which is poor to use, even though area is reduced signiﬁcantly. It is because of correlation between bit streams, which bring an inaccurate computation.
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Prediction accuracy from three SNG implementations while l is



among a number of SNGs has been proposed; independency among bit streams is provided through shufﬂed wiring between LFSR and bit stream generators. The idea has been applied in neuromorphic circuit that recognizes handwritten numbers; circuit area is reduced by 86% while prediction accuracy is sacriﬁced only by 11%. ACKNOWLEDGEMENT This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIP) (No. 2015R1A2A2A01008037). R EFERENCES [1] V. Canals et al., “A new stochastic computing methodology for efﬁcient neural network implementation,” IEEE Trans. Neural Netw. Learn. Syst., vol. 27, no. 3, pp. 551–564, Mar. 2016. [2] W. Qian et al., “An architecture for fault-tolerant computation with stochastic logic,” IEEE Trans. Computers, vol. 60, no. 1, pp. 93–105, Jan. 2011. [3] H. Ichihara et al., “Compact and accurate stochastic circuits with shared random number sources,” in Proc. Int. Conf. on Computer Design, Oct. 2014, pp. 361–366. [4] The MNIST database of handwritten digits. [Online]. Available: http://yann.lecun.com/exdb/mnist/ [5] Design Compiler User Guide, Synopsys, Mountain View, CA, June 2015.



IV. C ONCLUSION Reducing the area of SNGs is a key in neuromorphic circuit design based on stochastic computation. Sharing an LFSR
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