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The analog-digital-hybrid computing processors have been developed for the
human-computer-interaction (HCI) relevant applications. The approximate computing technologies were

implemented in silicon to offer a different computing methodology from traditional binary processing
on the basis of “ deductive computation” . In this manner, the performances on computing speed and

energy consumption were greatly improved. The ACU processor was successfully developed as the
world-first programmable analog calculator for multi-operand calculation, which greatly speeds up

the widely applied HCI technologies such as CNN.
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(1) The explosive development of HCI along
with Al

During recent years, the human computer in-
teraction (HCI) technologies have been widely
applied due to explosive development (also
demands) of artificial intelligence (Al). In
many tasks of HCI, not only software pro-
grams on PCs but also specially designed
VLSI processors are necessary. Thus, the effi-
cient and well-performance VLSIs for compu-
tations are demanded.

(2) Next generation of computing technolo-

gies for post-Moore era

The road-map of Moore’s Law has been ap-
proaching the end. Innovations of frontier
computing technologies should be explored out
of the main-stream of binary processing. Our
efforts on the approximate computing impact
not only HCI but more general-purpose appli-
cations for next generation of Post-Moore.
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As a core part of HCI processors, the com-
putational units are considered as one of most
challenging technologies. In most cases, the
computations of HClIs are very massive but the
requirement on precision might not be very
high. Thus, sufficiently compact and efficient
computational units are demanded for the
highly parallel processing.

On the other hand, the computations for
HCls are usually very flexible and unpredicta-
ble. Most of previously reported accelerators
are application-domain specified, which means
the functions are hardly reconfigured and
re-programmed.

The goal of our project is to offer efficient
and compact computational units with func-
tional flexibility and programmability. Then, it
becomes feasible to integrate massive compu-
ting cores in highly parallel (such as Google
TPU, it was made by similar strategy to ours).
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Entire project consists two types of efforts:
one is the multi-valued-logic (MVL) proces-
sors; the other one is programmable analog
calculation units.

[MVL-based computational units]

As the first half of this project, we devel-
oped several types of computational processors,
memory systems, and relevant circuits for hu-
man-computer-interaction (HCI) data. From
our previous investigations, it was found that
the HCI data processing is different from gen-
eral purpose calculations: it should be quite
fast and efficient, but inaccuracy tolerant. Thus,
we built many multi-valued-logic processors in
the fashion of FPGA. During the previous year

of this project, we proposed several 4-valued
logic (quaternary) FPGA with benefits of effi-
ciency and interconnections. However, it is
still not satisfying since quaternary data is too
inaccurate for HCI processing. The benefit of
efficiency is easily eaten up by designing com-
plexity. Thus, we developed 16-valued logic
(Hexadecimal) circuitries to compact the in-
terconnections in further. We successfully veri-
fied the behavior of Hexadecimal processors,
which greatly reduce the number of devices
and interconnections. In HCI processing, im-
age recognition for instance, Gaussian function
is very important. Thus, we designed the hex-
adecimal FPGAs to implement functions such
as Gaussian. From our experiments, the de-
signed hexadecimal FPGA carried out all the
expected functions reliably. As we expected,
the hexadecimal processors greatly reduce in-
terconnections (from four to one), which al-
lows us to implement fully parallel computing
for HCI tasks.

[Programmable Analog Calculation Unit]

From the investigations of MVL computing,
we found it is even feasible to improve the
efficiency by extending the MVL to pure ana-
log. However, traditional analog calculators are
usually function specified. Thus, we are de-
veloping programmable analog calculation
units (ACUs). We retrieve the '"computation”
by regression instead of traditional Boolean
logic-based derivations.

we are trying to construct a programmable
network by hardware based on the regression
algorithms. This network is considered as one
ACU to behave as multi-input calculator. The
demanded functions are known and fully listed
as data-base samples to train the regression
net-work, which is considered as “synthesis”
of ACU. Compared to digital ALU, this ACU
computes arbitrary vector functions in re-
al-time (no clock cycles) with compacter
hardware resource. The support vector regres-
sion (SVR) is adapted due to following: 1. It
has well performance for high dimensional
vector regressions; 2. It helps to reduce redun-
dant samples, then shrink our circuit scale; 3.
We hold experiences of circuitries for emulat-
ing and programming SVM node models. It is
expected to build world-first programmable
analog calculators, which has a similar
bit-length with Google TPU but much smaller
chip area.

Then, we are trying to extend the number of
inputs to very high such as nine, which is usu-
ally two or three by traditional ALUs. The
multi-input ACUs are used for the image pro-
cessing algorithms such as CNN to improve
the processing speed.
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[MVL-based computational units]

The MVL-based FPGA structure has been
developed from the project. As seen in the
sided figure, we designed the analog memory,
hexadecimal RAM, and the hexadecimal ad-
dressing block to construct the FPGA-like ar-
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[Programmable ACU]

From our previous experiments, it is feasible to
design function-programmable analog calcula-
tion units (ACUs) with an accuracy loss of
~5%. So far, two-operand ACUs was de-
signed by 600 MOS transistors and perform
one-cycle computations of arbitrary com-
plex functions; 9-operand ACU with similar
performance only consists of 5000 transis-
tors, which is greatly compact compared to
binary ALUs with same accuracy (the energy
efficiency is increased to ~100x to traditional
ALUs; the area is reduced to ~1/20x). As
seen in the sided figure, the regression tech-
nology (powered by SVM) is realized on-chip.
This strategy solves a common problem of
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analog computational circuit: programmabil-

ity. It has been found analog calculators per-
form very high speed, low power and ex-
tremely compact chip area, but suffer from the
poor flexibility, which we solved. By using the
soft-mapping methodology, our works explore
a different direction of analog computing. As
the tentative exploration, we expanded the
programmable ACUs to very highly dimen-
sional vector computing. For instance, it is
even feasible to carry out matrix-production
within ONE clock cycle by ONE calculation
unit. Since the size of ACU could be much
smaller than 8-bit ALU (referenced to Google
TPU) but the computational capacity is higher
(multi-operand), it can be additionally placed
along with ordinary digital modules with slight
overhead.

In general, we successfully developed vari-
ous approximate computing units with com-
pact area and high efficiency, which are suita-
ble to apply in the HCI relevant processors.
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