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The demand for energy—efficient, high—performance computing in data—intensive applications
like machine learning necessitates novel computing architectures. This paper contributes to
power—efficient computing by leveraging new principles such as stochastic computing,
innovative neural network topologies, and superconducting devices. Firstly, we introduce an
ultra—compact calculation unit with temporal—spatial reconfigurability based on a Bisection
Neural Network (BNN) topology. This design allows flexible partitioning of processing
elements, achieving spatial reconfigurability by adjusting unit shapes and locations. Temporal
reconfigurability is achieved through stochastic computing logic by adjusting bit—stream
lengths, enhancing accuracy. Experimental results show our unit outperforms state—of-the—art
approximate units in energy efficiency. Secondly, we present SuperSIM, a benchmarking
framework for neural networks using superconducting Josephson devices, focusing on
Adiabatic Quantum Flux Parametron based Processing—in—-Memory architectures. SuperSIM
offers detailed simulations and assessments, supporting various AQFP memory types, clocking
methods, and both single and multi-bit designs. It provides precise measurements of energy
consumption, delay, and area. Case studies examine the impacts of data precision, crossbar
size, operating frequency, and clocking schemes, validating SuperSIM’s effectiveness for
advancing AQFP PIM chip development. These contributions advance energy—efficient
computing architectures and neural network accelerators by introducing temporal and spatial
reconfigurability and providing tools for optimizing superconducting technologies, paving the
way for more efficient and scalable computing systems.



B ROEE

HEEE K4 7ZHU GUANGXIAN

BT D57 T —HEKAT TV r— 2 BT DT RV — RO @ E iR
t;~74/7®*%3 ISR DR, BTV ar Ea—T 4 T =% T 7 F v IS B ThDH, K

iE, R Ea—T 7 R =a—T L Ry N — T ey BRE TS A A7
k@ﬂ@ﬁbb\ﬁ@%@ﬁﬁbf BEHDEOH NI 2—F (7| \_ﬁf’%ﬂ/'@\é 1z, =7
==a—7) 2y T —7 (BNN) MR 2 3-5< IR - 22 [ B0 T4 A AT e %%‘w:fsztﬁd\
AR o =y MARZREL TVD, RREFHIED, HLBRBE A AR L :L%/Mﬁ/b:}:%
Pz iii& 4% Z & TR M2 A R A AT R ELLTUB, e H A FR A AR PTRE MV, B AR —
LDOREEMBEL TOFEE2mDOMERIA Ea—T 7Py 7IZ I EBL T, F2R
i RlE KL=y PNV — RO [ TSmO 2=y OB EN TWHZEaRL
TWD, 218, W17 T 7 ANGANa N—=ZADAEY N Y — %77 F ¢ (T %
W Clo, BIRE a7 o T ANA R L =2 —T L Ry NI — I DR F v —I T — A
7 —2SuperSIMZHEZEL T %, SuperSIM (E, Bk % 7RAQFPAEVZ AT sayd o 7 )51k, v
VI NE YR L TFE OO 5 DR R — N BRI S al—a LA
L, =3 — {48 B EAEA EAEICHIE TED, 7 —AAZ T 4Tl 7 —2f4E, /1
ZON— YA R BERABEL, Z0o% s 7 A% — DD E A AQFP PIMF >~ Bﬁ%é@@*
(295 SuperSIM D ZMEAIRFEL TS, LA OB RRIE, RFHFTHY - 22 ] A FRA Rk ] RE
FEAL, BREE A R b T oY — VAR T DT EABL T, TRV F Jw@mb\ﬂ
AT AT T =R T I F e ma— TN Ry NI =0T 7 e TL— SR K0T
;</7~?7‘/Woc:z‘/t°:.~7“—4‘/7~‘/z?~AL:%éiéi%ﬁﬁb\Tb\éo } ‘ ‘
DL b ARG SUEEN |, B L& 59525030770, Jo T R+ (T5) o
ERVET I&Lﬂﬂﬂﬁé@é%@&m&bé



