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This thesis comprises four parts, where the first one presents a novel architecture for
univariate radial basis kernel computation employing stochastic computing. The univariate
radial basic function is optimized using proposed simple stochastic logic circuits. I
validated this approach by comparison with both Bernstein polynomial and
two-dimensional finite-state machine-based implementation. Optimally, the mean absolute
error 1s reduced by 40% and 80% compared to two other well-known approaches,
Bernstein polynomial and two-dimensional [inite-state machine-based implementation,
respectively. In terms of hardware cost, our proposed solution required as much as the
Bernstein method did. Moreover, the proposed approach outperforms the two-dimensional
finite-state machine-based implementation, roughly 54% less hardware cost. Regarding
the critical path delay, the proposed system is less than 12% than others on average.
Besides, the proposed architecture also required 70% less power than two-dimensional
finite-state machine-based implementation.

The second part of the thesis proposes a novel technique implementation of hyperbolic
tanh(ax) and sigmoid(Z2ax) functions for high precision and compact computational
hardware based on stochastic logic. This work demonstrates the stochastic computation of
fanh(ax) and sigmoid(2ax) functions-based Bernstein polynomial using a bipolar format.
The format conversion from bipolar to unipolar format is involved in our implementation.
One achievement 1s that our proposed method is more accurate than the state-of-the-art,
including the FSM-based method, JK-FF, and general unipolar division. On average, 90%
of improvement of this work in terms of mean square error (MAE) has been achieved
while the hardware cost and power consumption are comparable to the previous
approaches.

The third and fourth parts of the thesis propose an in-memory binary spiking neural
network (BSNN) using stochastic computing bitstreams for information encoding. The
residual BSNN learning using a surrogate gradient that shortens the time steps in the
BSNN while maintaining sufficient accuracy is proposed. At the circuit level, presynaptic
spikes are fed to memory units through differential bit lines (BLs), while binarized
weights are stored in a subarray of nonvolatile spin-transfer-torque magneto-resistive
RAM (STT-MRAM). The hardware/software co-simulation results indicate that the
proposed design can deliver a performance of 176.6 TOPS/W for an in-memory
computing (IMC) subarray size of 1x288. The classification accuracy reaches 97.92%
(83.85%) on the MNIST (CIFAR-10) dataset. The impacts of the device nonidealities and
process variations are also thoroughly covered in the analysis.



K 4 Nguyen Van Tinh

GANELEEREOES) (A4 1% 1. 20 0FREE)

AL, /A BIN— Ry = TICHET AR TH D, A 7 a—F 4
YL AEYRH (STIRAM) ZEH LT, 7F7a s TP aront 7y FEEZ
HEL, ARBVRALFIARRLF U ma—F Ry hT—75RELTND, F
L, ANAARTF 47 »avCa—T 4 TRV ABBGED-ODFHF L
Tk T I F o BEEL TS, AFEIL, Bernstein ZHEE L O 2 IRTHRIKRE
v R— ADERE L B LT, EEHREREE TR T 40%3 LT 80%HIBT S 2
CIZEEBh LT, 2o, ARNIRT 47 - u Yy 7 IZESERE O EBRNA—F
M =7 D70, Wi tanh(ax) & sigmoid (2ax) BAELOH LWELEFELZREL T
W5, SABR—FERANDL = R—FHRA~DOEHIT, AEREICEEND, FHEORE
BOFSM ~N— R, JK-FF i, — R =R — T HEIER EOFEFF L gL T,
]~ Fe3h3E (MAE) T 90%DLFEFEMR LD /— R =7 a R h E{HEHBEENIWERD
TR —FLERETHLIEET L, F3, FRT L a—T 1 T ICHERFE
Py hZA M —AZBANE A VAEVERIRLF YRS F T oa—F Ry BT
— % (BSNN) HIBZELTW5B, E7=, +oBELZRDH DD BN ORHAT v 7%
FHET A, (RAAR A FV -4 BSNN 2EFEAREEL TS, B L~V TH,
SFTFABIANAL ZEEBE Y MR BL) N LTAEY 2=y MG Sh, 2ME
LENT-BRIREREAY Y F T A7 7— b7 BEKIEST RAM (STT-MRAM) D
TFUANREEND, N—FT =T /Y7 o2 THRAY I 2 L—a VORER,
BRI (U AEY) AL a—T 47 (IMC) 77 LA B A X 1x288 T 176.6
TOPS/W OIEEER FiET A = LR &7z, £/, MNIST & CIFAR-10 7—# & v hiZ
LT, FNENORBEAEEEN 97.92% (83, 85W) IZE L TWD, T /54 ADIFHEFEM
LT ADIELOEDEBELHEAMICHETI L TVD, LT, N—Fy =T O/ E
b, @&, EELEEHRLTND,

Pk, KBS R, EELEEST S L AR, Lo T, KX
+ (I%) OFGFHLE LTHESHS LD LRBD D,



