
アプロキシメート・コンピューティングを⽤いたコンピュータシステム設計

・計算の⼀部を省略したり，確率的な計算に置きかえたりすることで，計算コストを削減する⼿法
・対象となる⽤途にあわせて適切にアプロキシメート・コンピューティングを利⽤することで，
 ⼩型で省エネ，さらには故障にも強いコンピュータシステムを実現可能

 研究例２：ストカスティック・コンピューティングを⽤いた動体検知システム・超⼩⾯積AI回路設計

 研究例１：補正機構を持つ近似乗算器を⽤いた⾼効率回路設計
補正機構を持つ近似乗算器
近似加算器と補正機構を
組み合わせ，効率のよい
近似乗算器を提案

画像処理やJPEGエンコーダ
への適⽤
・品質を落とさず，回路⾯積，
 遅延，消費電⼒を25〜35%削減

物体検出AIのYOLOに適⽤
検出精度をほぼ維持
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 アプロキシメート・コンピューティング
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ストカスティック・コンピューティング
・ビット列中の1の出現確率で数値を表し，確率的に計算

動体検知システムへ適⽤
・回路⾯積は従来回路の1/266
・ノイズや⼀時故障にも強い
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Fig. 1. A comparison of the fault tolerance capabilities of different hardware implementations for the frame difference based image segmentation algorithm.
The images in the first row are generated by a conventional implementation. The images in the second row are generated using a stochastic implementation.
Soft errors are injected at a rate of (a) 0%; (b) 1%; (c) 2%; (d) 5%; (e) 10%; (f) 15%; (g) 30%.

elements can be developed, more and more applications can
be implemented from conventional computing to stochastic
computing. However, some basic digital image processing
algorithms can still not be efficiently implemented with
stochastic computational elements introduced by previous
work [9]-[13]. For example, image edge detection needs
to compute the absolute value. Median filter based image
enhancement needs a sorting network to compute the median
value. Image contrast stretching needs to use a two-parameter
controllable linear gain function. In this paper, we focus on
how to develop these new stochastic computational elements.
As case studies, we will describe the stochastic imple-
mentations of the four basic image processing algorithms,
which are edge detection, frame difference based image
segmentation, median filter based noise reduction, and image
contrast stretching.

Our main contributions are as follows:

• We introduce and prove a stochastic absolute value
function.

• We give a mathematical analysis of a stochastic tanh

function, which is a key component used in a stochastic
comparator.

• We present a quantitative analysis of a one-parameter
linear gain function, and present a new two-parameter
version.

• We demonstrate how these functions can be used to
implement image edge detection, frame difference based
image segmentation, median filter based image enhance-
ment, and image contrast stretching.

The remainder of this paper is organized as follows.
Section II introduces the background of stochastic com-
puting and its computational elements. Section III presents
the stochastic implementations of four different image pro-
cessing algorithms. Section IV describes the experimen-
tal methodology and measurement results with conclusions
drawn in Section V.

II. STOCHASTIC COMPUTING AND ITS COMPUTATIONAL
ELEMENTS

In stochastic computing, computations in the deterministic
Boolean domain are transformed into probabilistic compu-
tations in the real domain. Two coding formats, unipolar
coding and bipolar coding, are used in stochastic computing
[9]. In the unipolar coding format, a real number x in the
unit interval (i.e., 0  x  1) corresponds to a bit stream
X(t) of length L, where t = 1, 2, ..., L. The probability that
each bit in the stream is one is P (X = 1) = x. For example,
the value x = 0.2 would be represented by a random stream
of bits such as, 0100000100, where 20% of the bits are ”1”
and the remainders are ”0.” In the bipolar coding format,
the range of a real number x is extended to �1  x  1,
however, the probability that each bit in the stream is one
is P (X = 1) = (x + 1)/2. These two coding formats are
the same in essence, and can coexist in a single system. The
trade-off between these two coding formats is that the bipolar
format can deal with negative numbers while, given the same
bit stream length, L, the precision of the unipolar format is
twice that of the bipolar format.

To convert a digital value x to a stochastic bit stream X , or
to convert the stochastic bit stream back to the corresponding
digital value, we need interface circuits. Typical circuits are
the digital to stochastic and stochastic to digital converter
proposed by Brown and Card [11], and the randomizer
and derandomizer unit proposed by Qian et al [13]-[15].
Computational elements in stochastic computing can be
implemented with combinational logic or sequential logic
or a combination of both. We will briefly introduce each of
them in the remainder of this section.

A. Stochastic Computational Elements Based on Combina-

tional Logic

Four basic arithmetic operations - scaled addition, scaled
subtraction, multiplication, and inverse operation - can be
implemented using combinational logic as shown in Fig.
2. Scaled addition can be implemented using a multiplexer
(MUX) for both bipolar and unipolar coding formats. Note
that in Fig. 2, for the bipolar coding format, we define
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例：動画で動きがあるところを
検出する回路

（⼈が歩いている動画から
⼈だけ検出）

00111001
10001000 00001000

8ビット中1が4つあるので
4/8=0.5という確率を表現しています

こちらは2/8 結果は1/8 (=4/8 × 2/8)

掛け算はANDゲート１つで！

従来の
回路

SC
回路

0   0.01      0.02       0.05       0.1        0.15        0.3ビット反転率→

P. Li and D. J. Lilja, ``A low power fault-tolerance architecture for the kernel density estimation based image segmentation algorithm,'' ASAP, 
pp. 161-168, 2011. より引⽤

ご興味をお持ちの⽅は，ぜひご相談ください．
市原英⾏（ichihara@hiroshima-cu.ac.jp）

（参考）4ビット乗算器

AI回路に適⽤
・ニューロン内の乗算に適⽤
・回路⾯積を約1/120まで削減
・認識精度をほぼ維持 +
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 応⽤例・セールスポイント

応⽤例：
◆省電⼒ニューラルネットワーク
◆⼩⾯積動画像処理装置
◆耐故障性を備えた動体検知システム など。

セールスポイント
・研究スタンス：設計対象を限定しない⼀般の「設計法」の提案
  ・システムを構成する LSIやコンピュータなどを単に⼀つの部品として考えるのでなく，
  ソフトウェアやユーザも含めた⼤きなシステムの⼀部としてとらえる視点が重要
・既存の製品の信頼性と価格とのバランスの解析，評価から始まり，
 新たな製品作りに向けての，性能，信頼性，コストに関する最適設計への指針の決定や，
 そのための設計・⽣産⽅式／システムの構築において貢献

https://qr.c-cloud.co.jp/t/e/x4qvh5
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