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Stochastic Computing

O In stochastic computing (SC), information is encoded and processed by streams of
random bits [1].
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Limitations of Stochastic Computing
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 Potential solution: dynamic stochastic Resolution (2"-bit length/N-bit width)

computing (DSC)
* An extreme case: 1-bit SC with
high accuracy.

Accuracy of a unipolar stochastic
multiplier using pseudorandom sequences.
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Dynamic Stochastic Computing Systems

U In a dynamic stochastic computing (DSC) system, the stochastic sequence can encode a
consistently varying signal instead of a static number as in conventional stochastic
computing systems.
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Generation of Dynamic Stochastic Sequences

U Definition: dynamic stochastic sequence (DSS):

A DSS {4, } encoding f(t) satisfies that the kth bit in the random binary sequence has

the expectation,
E[Ag] = f(kT) = yy.

*T 1s the sampling period and is used for the rest of the slides.
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A dynamic SNG (DSNG) can
be realized by comparing each
sampling point with a uniform
random number generated by
the RNG.

A DSS can also be generated by
a A — X modulator [6].



An example of a DSS

U Dynamic stochastic sequence (DSS):
A DSS {A,} encoding f (t) satisfies that the kth bit in the random binary sequence has

the expectation,
E[Ax] = f(KT) = yy.
*T 1s the sampling period and is used for the rest of the slides.

A higher frequency of ‘1’ 1s
observed in the DSS when
the signal is close to 1 and
vice versa.

Original signal
X DSS

0 T s
1(8)

A DSS encoding a 1-Hz sine wave.
The DSS is decimated for a clear view.
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Reconstruction of Dynamic Stochastic Sequences

Q ADaptive DIgital Element (ADDIE) [1, 2] ZN — 1
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*t = (i+ 1)T; N is the bit-width of
the counter; T is the sampling period.

X U 7 . : .
P~ Up/down *Proof is available in the paper.
Down Counter A %0 ‘
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It implements an exponential smoothing Recent information takes larger weight
function. There are also other methods (low- while history information takes smaller

pass filtering) but generally induce more weight.
hardware cost.
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Signal Reconstruction using ADDIE

Q ADaptive DIgital Element (ADDIE) [1, 2]
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A DSS reconstructed by an ADDIE (a) the DSS; (b) reconstructed signal.
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Dynamic Stochastic Circuit for Digital Signal Processing

Conventional xh C tional stochasti y
: < ic logi onventional stochastic sequence
stochastic sequences  x? gjttof?,as?f,: bg;c od; 1 1 )
] y . X "r , LR R enc ln b — x 5 x , LR
encoding x'”, x'?, -- : 5J

Combination circuits

* Conventional stochastic computing for digital signal processing.
A long sequence is typically used to encode one value..

Dynamic stochastic ~ y(D
sequences encoding  x‘?
(), ¥(e), -+

Stochastic logic Dynamic stochastic sequence Y
S, X2, e encoding y(£)=Ax"(t), (1), **)

Combination circuits

* Dynamic stochastic computing for digital signal processing.
A dynamic stochastic sequences is used to encode a signal.
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Stochastic Circuit - Frequency Mixing
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Frequency mixing using a stochastic multiplier.

O Let Xy, Yy and Z;, be the kth bits in the dynamic sequences. X}, and Y}, are independent,
then
E[Zy] = E[Xi]E[Yy] = x(KT)y (kT).
L So the output sequence encodes

z(t) = x()y(¢).
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Frequency Mixing Experiment

O Experiment setup:

Original signal

* x(t): 1 Hz sinusoidal signal;
* y(t): 6 Hz sinusoidal signal.

 x(t) and y(t) are sampled by
216 Hz sampling frequency and
then converted to DSS’s.

* The output sequence is
reconstructed by a 5-bit -
ADDIE. 20

* Reconstructed signal is = | 1 1 1
compared with double- 0 0.5 I 15

. . t(s)
precision result. A trequency mixer multiplying two sine waves.

Double precision
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Stochastic Circuit — Function Approximation

U Function approximation using multiplexing circuit
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 The multiplexing circuit originally computes f(x) = 1/11(2x3 + 3x2 + 6x1) [2].
 If the input sequence encodes x(t) = e~2!, the multiplexing circuit calculates function
composition f[x(t)] = 1/11(2e~%¢ + 3e~* + 6e72).
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Function Approximation Experiment

U Experiment setup:

x(t) = e %t;

x(t) is sampled by 21® Hz
sampling frequency and then
converted to DSS’s.

Reconstructed signal is compared
with double-precision result. For
the double-precision result, it is
assumed that e 2! is given. Only
multipliers and adders are used to

compute the function.

Double precision
— — — DSC

0 I > 3 4
t(s)
Approximation of function composition f[x(t)] =
1/11(2e7%¢ + 3e™* + 6e72%) using DSC.,
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Minimum time (ns)

Hardware Evaluation for Frequency Mixing
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(¢) Frequency mixer by using a fixed- \udth multlpller
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Hardware Evaluation for Function Approximation
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Comparison with A — X Modulation

0 DSS’s and A — ¥ modulated signals
are similar since the generation of the
streams can both be considered as
Bernoulli processes [3,4]. However,
A — ¥ modulated signals may suffer
from correlation issues [5].

U Frequency mixing using two (a) A —
Y modulated signals; (b) DSS’s.
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(b) Results produced by multiplying two dynamic stochastic sequences
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Conclusion

* Dynamic stochastic computing (DSC) is proposed;

* Dynamic stochastic sequences (DSS’s) are used to encode a signal instead of a
static number in DSC;

* Efficient digital signal processing, such as frequency mixing and function
approximation, is enabled by using simplistic stochastic logic;

* A speedup and an energy efficiency improvement by more than 13 and 25 times
for frequency mixing, 31 and 62 times for function approximation are achieved,
compared to conventional stochastic computing
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Thank you for your attention.
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