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Brepl2 2B (School of Mathematical Sciences)

1. p #HERS-F/RBREBEHS

ARAREEE 21 [, WAREL S A /RAAr ), 2 bt 20 o o B () 50 )
Z—, PR T MR AAREGER D BEE . B 2 AR N S KR
YT X S BER B EUAS (0 B KTl B AT A BB A p adb ) 175 P AR R 2 ST AH . 1 B
W XUFNBBESEMERE L T H K Deligne MG EAREE LN 2 -7
IRAAHERT NI p JEHIRRAS, FHHMEEERFEIEH T p H2EE -4 RIART N 5
Deligne FIZZ S~ JRAASS 0T A2 . X — AR 512 T H bR FEATI) 32
KyEIEGI R T EEW G, fEHIE Pila-Shankar-Tsimerman ¢ TAT & LR
R Andre—Oort JEAE IR TAE RIS E RN . FHRECR K RIE (EEEL

ForRd)  CGEMEUAIURTIR R EZ —)
p-adic Riemann-Hilbert correspondence

The 21st Hilbert problem, also known as the Riemann-Hilbert problem, was one
of the most important mathematical problems of the last century. It spurred
significant advancements such as the theory of D-modules for complex
algebraic varieties and the Riemann-Hilbert correspondence. Given the great
success of these theories, many mathematicians hope to establish
corresponding theories in the p-adic setting. Prof. Ruochuan LIU and his
collaborators established the p-adic version of Deligne’s Riemann-Hilbert
correspondence on complex algebraic varieties. They also proved the
compatibility of the p-adic Riemann-Hilbert correspondence with Deligne's
Riemann-Hilbert correspondence for any Shimura variety. This work has quickly
attracted widespread attention from colleagues abroad and has led to
significant subsequent developments. It has been applied crucially in the recent
breakthrough work of Pila-Shankar-Tsimerman on the Andre-Oort conjecture
for any
Shimura

variety. The
result was
published in
2023 in the
Journal of the
American ,
Mathematical . (- =]

SOC|ety one Of Editortal Board Logarithmic Riemann-Hilbert correspondences for rigid varieties
)

HTML articles powered by AMS MathViewer @

Journal of the American Mathematical Society

Published by the American Mathematical Society, the Journal of the American Mathematical
Society (JAMS) is devoted to research articles of the highest quality in all areas of
mathematics.

The 2020 MCQ for Journal of the American Mathematical Society is @EED. @

& Journals Home Current volume Articles in press Recently published Allissues : 1988 - Present

the top four
journals in
mathematics.
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Hansheng Diao, Kai-Wen Lan, Ruochuan Liu & Xinwen Zhu, Logarithmic Riemann—Hilbert
correspondences for rigid varieties. Journal of the American Mathematical Society, 36(2),

(2023), 483-562.

Kai-Wen Lan, Ruochuan Liu & Xinwen Zhu, De Rham comparison and Poincaré duality for

rigid varieties. Peking Mathematical Journal, 6, (2023), 143 - 216.

2. — ARV EE AL R % D R e R AR A 1

EAHE XTI S H a ) Constantin-Lax-Majda (gCLM) J5 2 & H T 5t
2 M =YEATT K48 Buler J7 7% H i & har A 250N, 5 0600 2% W 22 TR1 0474 FH ) B 2 —
Erisy . AR R QMR AN SO0, ERIE T gCLM #8050
A a < 1 HBAFAE I AHALA RIS TR RAB AR, 25 th 1 B AEACAAE EXOR 18 21 i R -2
TR R T 2 A5 R A 2 3000 [ A GIE 58 B8 0 B A U i A AR P S AR X —
TAEAON IR =4E Euler 77 FERRA% b)) BAR AT FT 5 (it 18 0O BRAR AN LR, [m]IN
WM IR TT 2 B AR BB R AL T — M i A B RUSARETE

Proving a conjecture on self-similar finite-time blowups of a fluid model

The a-parameterized family of the generalized Constantin-Lax-Majda (gCLM)

equation is an important 1D model for studying the competition between vortex

stretching and advection in the 3D incompressible Euler equations. For the first

time, De HUANG and his research team proved a long standing conjecture on

the gCLM model by establishing the existence of self-similar finite-time blowups

with smooth profiles for the whole range of parameter a < 1 based on a novel

fixed-point method, and they also obtained detailed characterizations and

classification of these self-similar solutions. Their work not only provides new

understanding and ideas for the theoretical study of the blowup problem of the

original 3D

Euler

equations, but

also provides

a novel fixed- “

point iteration i
Self-similar Smuulruny Self-similar Profile

scheme  for o o s e e et e s i . (%)

numerically

computing

self-similar

solutions of -

related ﬂU|d K T S B I R R R % T R

equations.

Rescaled w

De Huang, Xiang Qin, Xiuyuan Wang, and Dongyi Wei. Self-similar finite-time blowups
with smooth profiles of the generalized Constantin-Lax-Majda model. To appear on Archive

for Rational Mechanics and Analysis, 2023.
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3. RIBBNBRARIBLOTIERIGT F V-G

AR I 5 A R 1 B AR HR S B SAF AL S A % TPCC # [1
FEARTT 1 AT RAZ TR G 2 5 52 1) — e 2235 R B A, N2
Tt LA TPCC 25 R vl SE 17 RAR KNSR BR AR o BRAR R B BN M St 2 A
FERCPEA T2 AR E RN ST A, PP A8 4 B AR SUE AL R T2 44
AT T IE TR A, R 9% H o 1R 3 SRR B A ARE OB ) B
[ IS 9, i H T L PR s 4 23 7 238 P s R BA) v 4E B0 PR K 10 70 R SR AE SR AR A
TEZ TR AT Climate Dynamics I, [N T iT4EX AL 8Lt H], W
fif R 1 S A AR I T AN TR TR AR

A statistical review on the optimal fingerprinting approach in climate
change studies

The optimal fingerprinting method for climate change detection and attribution
is the basic method of global climate change research and many IPCC reports.
However, the statistical basis of this method has recently received severe
criticism, which has brought great confusion and challenges to the reliability of
climate change research and results that IPCC reported. Prof. Song Xi Chen’s
team strictly evaluates the science and practicability of the method from
statistical perspectives, provides the statistical conditions for the optimality, and
supplements other missing conditions in current method. Furthermore, they
emphasize the importance of establishing more accurate climate models, and
point out the potential challenges of high-dimensional data at high resolution.
The paper is published in Climate Dynamics, a leading journal on climate
change research. This study responds to criticism about optimal fingerprinting
and settles concerns about this approach in climate change research.

Home > Climate Dynamics > Article

A statistical review on the

optimal fingerprinting approach
in climate change studies

Original Article | Published: 15 October 2023 | (2023) Climate Dnamics
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Mathematical Research)

4. FREHSEILPFRERARR

£ =R IR se A DU -HE R R 7922 Thurston J LA AN 45
TEX—MA T, AR KRR Eoe & = 4nendnds, Xh JLe 3o K 5
HBEMILIA . XBBAR N T IRAFL S = 4Em i, o, se R 75
ABE S A RN, GlE e Gzl T A BRE S R DX s Ik AL e i)
Nielsen AN AFEIREL, TR TROOHERNHME, REPERZES 7 AT
Thurston JEEIAAS 1 o A FRARFR XU = 4ERUE B AEF S A BR NI PSS SR kR T
2023 4F Invent. Math AT GEREC VYR TIR I E 2 —). X2 H 7T = 4E3h Fh ik
B SRR PR 3R i, A O Al R L R e e 1 — R 1 5

Finite-volume hyperbolic 3-manifolds are almost determined by their
finite quotient groups

In the study of topology on 3-manifolds, a prominent method in the past four
decades has been the Thurston Geometrization Conjecture. From this
perspective, the fundamental group largely determines the topology of a 3-
manifold, with hyperbolic geometry being the most important type of manifold.
Prof. Yi LIU independently and completely proved the quasi-projective finitely
rigid nature of the fundamental group for finite-volume hyperbolic 3- manifolds.
He innovatively combined new construction methods of finite coverings with
traditional Nielsen fixed-point index theory, overcoming core technical
difficulties. A key step was establishing the invariance of the Thurston norm
under theorem conditions. The results on the quasi-projective finite rigidity of
finite-volume hyperbolic 3- manifolds were published in the 2023 in the journal
of Invent. Math. This represents a breakthrough in the field of 3-dimensional
topology,

being the
best general
result about
this problem

known JCORM \olume 231, pages 741-804,(2023)  Cite thisarticle Inventiones mathematicae

d ate . Download PDF & @ Access provided by Peking University Aims and scope >

Home > Inventiones mathematicae > Article Tisiai o

mathematicae

Finite-volume hyperbolic 3-
manifolds are almost determined

by their finite quotient groups

Published: 05 September 2022

Yi Liu, Finite-volume hyperbolic 3-manifolds are almost determined by their finite quotient

groups, Invent. Math. 231 (2023), 741--804.

11 / 104


http://bicmr.pku.edu.cn/
http://bicmr.pku.edu.cn/
http://bicmr.pku.edu.cn/

JeARARS (2023 F£E)
PKU Scientific Research Highlights 2023

5. WX 4E/RItIE5183] SLE Byl ik

SLE f&— i Hiiid —4Ege i W B Y R AL AR PR 1) Sy R L th 28, X 4E R 3L 3
W (LCFT) A& — Mtk B AL #h T (1 & 73718 . IV 5 & /8 S 1 SLE A LCFT
HISLIE IR IEAEIFAT 2] 1 SLE BRI RRIVESS R o iZAE AN FUIB A B <5 B 2 — 4
SV B A BAVE SR A T g A, e T R R A R BE T SRR

Integrability of SLE via conformal welding of random surfaces

SLE is a canonical family of random curves describing the scaling limit of two-
dimensional lattice models. Liouville conformal field theory (LCFT) is a quantum
field theory that describes random surfaces. Prof. Xin Sun and collaborators
developed the conformal welding framework for SLE and LCFT, based on which
they obtained integrable
results for SLE. This Communicationson [

. PURE AND APPLIED MATHEMATICS
framework provides a | ==
new approach to study | RESEARCH ARTICLE

the integrability  of | |ntegrability of SLE via conformal welding of

important 2D lattice | random surfaces
models such as

percolation, and paves
the way for the First published: 19 October 2023 | https://doi.org/10.1002/cpa.22180

Morris Ang, Nina Holden, Xin Sun i«

resolution of several
classical problems.

6. Stokes IR 5B THIIRER

Stokes PG IR T 107 i RE IMRAE 77 RUACINIEAT A IBRER T . 30 =+4EKi%
LR SHCA M ER V7 2 U 2E T IRZIMIR R, O EBr BB TERI AR FRibe
ESEEEEIREN T IR 5 E T RN R R R I LA WIS Stokes
BB P A& ) S SRl s SR At 1 AR & T B AT AT TR . CAIE O A,
TRIGEIECHI FOLHL MR D 1 124008 — A 51 B 2 1) 73 A ) i

Stokes phenomena, Poisson—Lie groups and quantum groups

Stokes phenomenon describes the jump of the asymptotics of complex
functions at singularities. It has played significant roles in many subjects of
mathematics and physics. With his collaborator, Xiaomeng Xu discovers a deep
connection between Stokes phenomenon and the representation theory of
quantum groups. This work makes it possible to study the highly transcendental
phenomenon via an algebraic approach. Based on the work, Xiaomeng Xu
team solves some important problems in the field.
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7. ZHES P EIREACEE A ] A B S AR

= HERCHEA R IR R R = EIN AN ISR L R . SR B R S
EAEE Y] AR Hopf BN R ASBEAAFAEA AT LR IR B 8, [RI A3
—EE RO EICR T LTINS T R I A AR, ER T Hopf #E346
PRI ] LR e NPl il X845 RO T — M = i B AR s DAL L AR
Padh b R TH SRR IR R I R RO B TSR Bt 1R B BRI S i

Irreducible SU(2) representations of the fundamental groups of link
complements

Yi Xie and his collaborator
proved that the fundamental
group of a link complements
admits an irreducible meridian-

traceless representation in SU(2) . 1
if and only if the link is not the  OT Meridian-traceless SU(2)-

unknot, the Hopf link, or a Tepresentations of link groups

connected sum of Hopf links. As
a corollary, the link group admits
an irreducible representation in
SU(2) if and only if L is neither the | * Ad¢toMendeley = share 23 cite

unknot nor the Hopf link. httpsif/dol.org/10.1016/).0m 2023108947 2 Get rights and content 7

Advances in Mathematics
Volume 418, 1 April 2023, 108947

MATHENATICS

Yi Xie ® i, Boyu thmg_lj L =

Show more
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8. Zh HMAERT A B MR

BT IR RSB T RHEE 1) B P ) A S 4R . 0 BT AL R AR R
Bt - A5 E R S 1 R OG0 1A A e 4T 2 R 4% o T B 1 i
FOETN R s B EIEROR, R RhE iR T A B BTk, NP
R R T SE AL BT 28 TR 1B A2

The demonstration of multichip multidimensional quantum
entanglement networks

Quantum networks are the foundation for the future implementation of quantum
technology. Prof. Jianwei WANG, Qihuang GONG research team and
collaborators realize the multidimensional quantum entanglement networks
between multiple
integrated photonic
chips. They have
developed wafer-scale
fabrication
technologies for silicon
quantum photonic
chips and proposed an
entanglement
retrieving method,
which opens up a new &
path for further ’
construction of large-scale practical quantum networks.

9. FE4ESRE R S b R BB B RS

FEH I R AR 4R T2 S ARER S B W SURT S o AERTE FCAR R i
PRI RE T, — P AR SR A B SR  E R  S ——Ox  E
PASHHAR TN AR GE I AAAAE T A F A TR 2810, BRI = iR T A
CARARYE R 3R, BOXS 3 LS — ERAS B S IR sL . @ mE 20 7R
HNE LA SRR AR A F RS T B B M B R, BRI A 5 &1
2B JRARE e il S S I ORI T AR O % B, AT SRR T A
FROBC X 2 E LR | A3 R vl 3 A DL R SR A L 2SR A 1 — Bt 7o
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= o
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Discovery of pair density wave state in a two-dimensional high-Tc iron-
based superconductor

Unconventional high-temperature (high-Tc) superconductors and low-
dimensional superconductors are research frontiers in condensed matter
physics. Previous studies of high-Tc cuprate superconductors proposed that an
extraordinary superconducting state, which is formed by finite-momentum
Cooper pairs and referred to as the pair density wave (PDW), can exist in
unconventional high-Tc superconductors as a low-dimensional stripe order.
However, the existence of PDW state in iron-based superconductors and low-
dimensional superconductors has never been experimentally detected. By
using molecular beam epitaxy and scanning tunneling
microscopy/spectroscopy techniques, Prof. Jian Wang’s group and
collaborators discovered the primary pair density wave state in a two-
dimensional iron-based high-Tc superconductor, which provides a new
quantum material platform to study the PDW state and its interplay with the
topological electronic states and unconventional high-Tc superconductivity.

Pair density wave state in a monolayer high-T. iron-based superconductor. Y. Liu, T. Wei, G.

He, Y. Zhang, Z. Wang, J. Wang. Nature 618, 934-939 (2023).

10. 3 0 KA KON R

SET UK R A Kt R it 32 L4 o — M L e R 2 1 . BB
B R ER B S0 40 15 A 1 25 o 1 4 B 5 7 77 UK 26 K MLBEAT T VRS2 i B
WARZE, BT T ST UK K B A o % T AR R T30 B0 A7 1 SR 2 h ok £
LR ST 7 UK f ok i A5 e e ot s A B % 3

Revealing the microscopic process of cubic ice growth

15 / 104



JeARARS (2023 F£E)
PKU Scientific Research Highlights 2023

The nucleation and growth of cubic ice has been a highly controversial scientific
topic in the past few - -

decades. Prof. Enge ;
WANG, Chen JI's g Lo

research group and .
collaborators conducted
in-depth  experiments
and theoretical
explorations on the
growth mechanism of
high-purity single-crystal
cubic ice, revealing the
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understanding of the | i B | A
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between cubic ice and
hexagonal ice in nature.

11. MWB B ERE R RIE

A 2 6 [ b R B G 1) 22 SE R B0 AN 3, Wk 7 R BAAE = 2 22 R T L
RILT EAA B T emi % R E, I I AR R U R R A R I R A,
HIRGER DL 1T T MU R R —— B U R R R R G R
XL R AT AN T AR 2 R AR 18] 2 1 X

Revealing the Formation of Dense Dwarf Galaxy ‘Fossils’

With deep and high-resolution imaging, an international team of astronomers
have captured the eroding remains of more than 100 galaxies in an elusive
state of transformation in the Virgo Cluster. These findings confirm that some
of the densest galaxies in the Universe, dubbed “ultra-compact dwarf galaxies”
(UCDs) are likely the fossil remains of normal nucleated dwarf galaxies that
have been stripped of their outer layers of stars by strong tidal force. These
objects fill long-observed gap between dwarf galaxies and star clusters.
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Dwarf galaxy with » “Strongly nucleated”  UCD with faint
central star cluster ~ Tidal disruption = Ultra— dlffuse galaxy *dwarf galaxy stellar envelope

O 20 O 0

Stellar envelope is stripped away

g 5 "ol ¥ - Similar to

Dwarf galaxy star clusters

2. BAHKBNSRFERRFEBENR

Bk = BOAR B BA X A v AU AT I 7 RGBT AL, IR T R ARG
HARRUE, SR T ARIS S iR S O B R E R, IESE T RR S Ok
FWIRAAAE R G R, @S TR KA SN ERT IR SR R K E R R .

Simulating climate and global monsoon evolution of the Phanerozoic

Prof. Yongyun Hu and his team have done systematic climate simulations of
the Phanerozoic. They addressed that global land-monsoon area and
precipitation intensity are highly anti-correlated, and that both are determined
by continental area, location, and fragmentation. They demonstrated how the
inter-tropical convergence zone is driven by continental configurations.
Combining simulations and geological records, they confirmed there existed
super-tropical cyclones during the hyper-hot event of the early Jurassic. They
also established quantitative relationships of coals and evaporites with
temperature and precipitation.
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Left panels: global monsoon distribution for three typical times. Green shading: monsoon
regions, color scale is annual mean precipitation. Yellow shading indicates dry regions.

Right panels: land-sea distributions of the three typical times. Ma: million years ago.

Emergence of the modern global monsoon from the Pangea Megamonsoon set by
paleogeography.Hu, Y., X. Li, W. R. Boos, J. Guo, J. Lan, Q. Lin, J. Han, J. Zhang, X. Bao, S.
Yuan, Q. Wei, Y. Liu, J. Yang, J. Nie, and Z. Guo, Nature Geoscience 16 1041-1046(2023).

ﬂ»%ﬁi@ﬂ%ﬁ%ﬁ %m%ﬁ@:@%% @f (Kavli Institute for Astronomy and

Astrophysics)

13. RESS5HHZE5H BRI BIRFRBERRMY

HH ] Rk g 22 s R 27 CCPTAD AifF 5 B AR H R HR——500 K F AR BKTH 5
HL B8 (FAST) , RN BIGNHH 2% 5] T3 A0 B B R H , 3R AR E 4755 2% 51
JIEAE T B [F Pk B8 K - R RIBER FBNR E S 5 T 1% 0 T1E.

Found Key Evidence for Existence of Nanohertz Gravitational Waves

A group of Chinese scientists has recently found key evidence for the existence
of nanohertz gravitational waves, marking a new era in nanohertz gravitational
wave research. The research was based on pulsar timing observations carried
out with the Five-hundred-meter Aperture Spherical Telescope (FAST), and was
conducted by the Chinese Pulsar Timing Array (CPTA) collaboration. Prof.
Kejia Lee and his research team played vital roles in the collaboration.
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Probe the Relationship Between the Black Holes and the Host Galaxies

New images from the James Webb Space Telescope (JWST) have revealed,
for the first time, starlight from two massive galaxies hosting actively growing
black holes — quasars — seen less than a billion years after the Big Bang. The
black holes have masses close to a billion times that of the Sun, and the host
galaxy masses are almost one hundred times larger, a ratio similar to what is
found in the more recent universe. A powerful combination of the wide-field
survey of the Subaru Telescope and the JWST has paved a new path to study
the distant universe, reports a new study in Nature.
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Detection of stellar light from quasar host galaxies at z > 6, Ding X.H., Onoue M.,

Silverman J.D., Matsuoka Y., Izumi T. et al. Nature, 2023, 621,51-55.

15. @rBREFRERNELRRE

M ERCHRES, REASRRE 20 NN RIRHIFA G2 ) B br 7]
BA, (RIS PRI e (HST) NS R—vAE - RS (CFHT) A1t
THEERHE (Gemini North) SFHIMLINEE, AL 1 &2 REERBIECEAE
PR, BB A B R 2 AN R, 7R T IR SR AR
T U R B AR Tk

Reveal the Formation of Dense Dwarf Galaxy ‘Fossils’

An international team of astronomers using the Canada-France-Hawai'i
Telescope (CFHT), Gemini North telescope (Gemini North), Hubble Space
Telescope (HST), and Case Western Reserve University's Burrell Schmidt
Telescope, have captured the eroding remains of more than 100 galaxies in an
elusive state of transformation. These findings confirm that some of the densest
galaxies in the Universe, dubbed “ultra-compact dwarfs” (UCDs) are likely the
fossil remains of normal dwarf galaxies that have been stripped of their outer
layers.
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An evolutionary continuum from nucleated dwarf galaxies to star clusters, Ding X., Onoue
M., Silverman J. D., Matsuoka Y., Izumi T., Strauss M. A., Jahnke K., Phillips C. L., Li J.el al.
Nature,2023, 623, 296 - 300.

16. B~@EARERFRIE LR RMEMLEER
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Sheds Light on Evolutionary Paths of Supermassive Black Holes and Their
Host Galaxies

A new paper published in Nature Astronomy provides critical new insights on
the co-evolution of supermassive black holes and their host galaxies. The
research derived structural and photometric properties of host galaxies of
nearly 11,500 redshift < 0.35 unobscured active galactic nuclei (AGNs) using
data from Pan-STARRS1 3PI Steradian Survey to explore the connections
between black hole mass and the properties of host galaxies in the nearby
Universe.
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Prof. Luis C. Ho Elected as a Member of AAAS

Prof. Luis C. Ho, Director of the Kavli Institute for Astronomy and Astrophysics
(KIAA) and Chair Professor of Peking University, has been elected as a new
member of the American Academy of Arts and Sciences (AAAS). The AAAS
honors excellence and convenes leaders from every field to examine new ideas,
address issues of importance to the world, and work together to, as expressed
in its charter, cultivate every art and science which may tend to advance the
interest, honor, dignity, and happiness of a free, independent, and virtuous
people.” Prof. Ho is an internationally renowned astrophysicist, whose
research on supermassive black holes and galaxy evolution covers a wide
range of different but interrelated areas, using all observational techniques
spanning from radio to X-ray energies.

’ﬂﬁ % % ﬁ % T 3{% % ng‘iﬁ ( College of Chemistry and Molecular

Engineering)
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Establishing the linkages of chromatin mark-defined proteome and
genome in living cells

A generalizable strategy with programmable site-specificity for in situ profiling
of histone modifications on unperturbed chromatin remains highly desirable but
challenging. We herein developed a Single-site-resolved multi-omics (SiTomics)
strategy for systematic mapping of dynamic modifications, and subsequent
profiling of chromatinized proteome and genome defined by specific chromatin
marks in living cells. Relying on the orthogonality and programmability of the
genetic code expansion strategy, SiTomics fulfills the unmet need for in situ,
programmable, multi-dimensional probing of site-specific histone lysine
acylations on physiological chromatin, and established direct linkages for
chromatin acylation-defined proteome, genome and functions. SiTomics is
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widely applicable for multi-omics profiling and functional dissection of
modifications beyond acylations and proteins beyond histones.
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Qin F*, Li B, Wang H, Ma S, Li J, Liu S, Kong L, Zheng H, Zhu R, Han Y, Yang M, Li K, Ji X*,
Chen P*, “Linking chromatin acylation mark-defined proteome and genome in living cells”,
Cell, 2023, 186, 1066-1085.
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2D fin field-effect transistors integrated with epitaxial high-k gate oxide

Prof. Hailin PENG and his research team report the epitaxial synthesis of
vertically aligned arrays of 2D fin-oxide heterostructures, a new class of 3D
architecture in which high-mobility 2D semiconductor fin Bi202Se and single-
crystal high-k gate oxide Bi2SeQO5 are epitaxially integrated. They achieved a
remarkable breakthrough in the design of scaled nanoelectronics by creating a
3D vertical fin field-effect transistor (finFET) architecture based on 2D
Bi202Se/Bi2Se05.
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Congwei Tan#, Mengshi Yu#, Junchuan Tang#, Xiaoyin Gao#, Yuling Yin, Yichi Zhang,
Jingyue Wang, Xinyu Gao, Congcong Zhang, Xuehan Zhou, Liming Zheng, Hongtao Liu,
Kaili Jiang, Feng Ding, Hailin Peng*. 2D fin field-effect transistors integrated with epitaxial
high-k gate oxide. Nature 2023, 616, 66-72.
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Reversible C—H Sampling for Direct Functional Group Translocation

The selective elaboration of C—H bonds holds significant importance in
synthetic chemistry. Prof. Yan XU has recently pioneered an innovative
strategy to precisely control site-selectivity in radical-mediated C-H
transformations. This strategy combines multi-positioned hydrogen atom
abstraction with site-selective intramolecular radical trapping, enabling a novel
and valuable C—H transformation: the direct "position swapping" between cyano
groups and unactivated & C—H bonds.
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W fastest radical addition k/Y
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Chen K, Zeng Q, Xie L, Xue Z, Wang J, Xu Y*. Functional-group translocation of cyano
groups by reversible C—H sampling. Nature, 2023, 620, 1007-12.

24 / 104



JeARARS (2023 F£E)
PKU Scientific Research Highlights 2023

21. SREEREREDEIHFE R RN B L& B

SRRL V2 A8 PRI R B 0 S B 1 7™ B R A g G ) . I T IR IR A
&ﬁﬂ%ﬁ;&@”T%%%ﬁﬂﬂ%ﬁ%%ﬁ’ﬁ%&fﬁ%@% R FLIR PR R ] 2 B 2240 T
i R IR TR R, & SRS R &0 K R & Okt FHFXEN
Nature Sustainability 25 M & “Transforming end-of-life plastics for a better
world” , AR IRL A B Z R @ S8k, gl 1Tz %

New Reaction Pathways for Upcycling Polyester Waste Plastics

Professor Ding MA’s team has successfully designed and implemented novel
reaction pathways for upcycling various waste plastics. They have developed a
route to produce the important chemical methyl methacrylate from polylactic
acid plastics, and synthesized phthalic acid and dichloroethane from
chlorinated mixed plastics. Professor Ma was also invited to contribute a world
view article, "Transforming end-of-life plastics for a better world," for Nature
Sustainability, where he discusses the crucial scientific issues and challenges
in plastic waste upcycling, attracting W|despread attention.
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Valorization of waste biodegradable polyester for methyl methacrylate production. B. Sun,
J. Zhang, M. Wang, S. Yu, Y. Xu, S. Tian, Z. Gao, D. Xiao, G. Liu, W. Zhou, M. Wang, D. Ma,
Nature Sustainability 6, 712-719 (2023). Co-upcycling of polyvinyl chloride and polyesters.
R. Cao, M. Zhang, Y. Jiao, Y. Li, B. Sun, D. Xiao, M. Wang, D. Ma, Nature Sustainability
https://doi.org/10.1038/s41893-023-01234-1, (2023). D. Ma, Transforming end-of-life

03gPETa d-OJgWCf ch cycle esidual solid
PVC i TPA [ma inly DHPVC)

e
)

jon (umol h™')

Rate of EDC produc

1.3 M MP, Yield ~ 98%

Tm (h)

plastics for a better world. Nature Sustainability 6, 1142-1143 (2023).
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Monitoring neuropeptide signals in vivo

To understand the functions of crucial neuropeptide signaling in vivo, it is
essential to monitor their dynamics with high sensitivity, specificity, and
spatiotemporal resolution. Prof. Yulong LI's group from the School of Life
Sciences has invented a generic grafting strategy and developed GPCR-
activation-based (GRAB) fluorescent sensors for 7 neuropeptides. These
sensors offer valuable insights into the dynamics of neuropeptides in both
central and peripheral nervous systems. Importantly, the grafting strategy is
scalable, holding great potential for covering a diverse range of neuropeptides,
which offer opportunities to investigate the release, regulation, and role of
neuropeptides in both physiological and pathological states.
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A single photoreceptor splits perception and entrainment by
cotransmission

Vision is a vital sense for many species. How the image-forming pathway
functionally segregates the contrast and irradiance visual signals remains
unknown. Using the advanced multi-electrode patch-clamp recordings
techniques, Prof. Dong-Gen LUO’s team discovered that a type of light-
sensitive cell in fruit flies transmits two chemical messengers in response to the
same light signal. These two molecules act on distinct neurons that have
different functions: one type creates an image and the other synchronizes
biological
rhythms  with
the day-night
cycle. This
work expands
our
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Molecular mechanism controlling the "Pollen Mentor Effect” in plant
distant hybridization

The team led by Professor Li-Jia QU and Associate Research Professor
Sheng ZHONG elucidated the molecular mechanism by which the stigma
recognizes and accepts pollen from the same/closely-related species while
rejects pollen from distant species in model plant Arabidopsis thaliana. They
proposed the "lock-and-
key model" for stigma-
pollen recognition,
clarifying the molecular
regulatory mechanism
establishing the
interspecific/intergeneric
reproductive barrier at the
stigma and providing a
perfect explanation for the
"pollen mentor effect." This
discovery lays a . | ‘ :
theoretical foundation for L.g 5 &y i
and provides an innovative AR N
strategy to  achieving e
distant plant hybridization
via breaking reproductive
barriers.
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Revealing the molecular mechanism of IgM Perception by FcuR

Immunoglobulin M (IgM) is one of the five types of immunoglobulins in the
human body, playing an important role in the early stages of the immune
response. IgM can exist in several distinct forms, including monomeric,
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membrane-bound IgM within the B cell receptor (BCR) complex, pentameric
and hexameric IgM in serum and secretory IgM (slgM) on the mucosal surface.
FcuR (also known as Toso or Faim3) is the only IgM-specific receptor in
mammals, and participates in B cell development, immune homeostasis and
antigen presentation. Prof. Junyu XIAO’s group has revealed the molecular
mechanism of FcuR's specific recognition of different forms of IgM through
structural biology, biochemistry and cell biology methods, laying the foundation
for a deeper understanding of the biological function of IgM.
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Spatiotemporal insight into early pregnancy governed by immune-
featured stromal cells

Endometrial decidualization connecting embryo implantation and placentation
is transient but essential for successful pregnancy, which, however, is not
systematically investigated. Here, we use a scStereo-seq technology to
spatially visualize and define the dynamic functional decidual hubs assembled
by distinct immune, endothelial, trophoblast, and decidual stromal cells (DSCs)
in early pregnant mice. We unravel the DSC transdifferentiation trajectory and
surprisingly discover a dual-featured type of immune-featured DSCs (iDSCs).
We find that immature DSCs attract immune cells and induce decidual
angiogenesis at the mesenchymal-epithelial transition hub during
decidualization initiation. iDSCs enable immune cell recruitment and
suppression, govern vascularization, and promote cytolysis at immune cell
assembling and vascular hubs, respectively, to establish decidual homeostasis
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at a later stage. Interestingly, dysfunctional and spatially disordered iDSCs
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Ancient DNA Reveals the Evolutionary Origin of South China Tigers

Phylogenetics and population genetics analysis of ancient tiger genomes
inform tiger evolution and reveal China as a post-glaciation genetic melting pot
for divergent tiger lineages. Genome-wide monophyly support the South China
tiger as a distinct subspecies, hence resolving its longstanding taxonomic
controversy and setting the scientific foundation for global tiger conservation
and genetic management.
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A Pan-Cancer Single Cell Panorama of Human Natural Killer Cells

Prof. Zemin ZHANG’s lab and collaborators collected a broad spectrum of
published and newly generated scRNA-seq data to construct a comprehensive
tumor-infiltrating human NK cell atlas and explored the heterogeneity of NK
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cells across cancer types and tissues. The comprehensive analyses enhance
the current understanding of NK cells from a pan-cancer view, revealing
composition changes of NK cell populations as well as their expression pattern.
The large-scale data can provide a platform for the exploration of biomarker,
and further promote the application of NK cell-based immunotherapy to a
broader range of cancer patients.

Heterogeneity of tumor-infiltrating NK cells Tumor-associated NK (TaNK) cells
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Tang F, LiJ, Qi L, et al. A pan-cancer single-cell panorama of human natural killer cells[J].
Cell, 2023, 186(19): 4235-4251. e20.
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Mechanism of Reshaping SARS-CoV-2 Immune Imprinting

The continuous emergence of SARS-CoV-2 variants with immune evasion
capabilities underscores the need for updating the components of COVID-19
vaccines. The research group led by Yunlong CAO investigated the degree
and dynamics of immune imprinting in mouse models and human cohorts,
especially focusing on the role of repeated Omicron stimulation. They also
utilized deep mutational scanning data to predict the evolutionary hotspots of
the future XBB lineage. This research not only provides a deep understanding
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of the immune imprinting phenomenon at the level of monoclonal antibody
epitopes but also offers important theoretical guidance for the updating and
usage strategies of global COVID-19 vaccines.
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Yisimayi A, Song W, Wang J, et al. Repeated Omicron exposures override ancestral SARS-

CoV-2 immune imprinting[J]. Nature, 2023: 1-9.
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A New Method to Reveal High-Order Chromatin Structures within
Individual Cells

The high-order three-dimensional organization of regulatory genomic elements
provides a topological basis for gene regulation, but it remains unclear how
multiple regulatory elements across the mammalian genome interact within an
individual cell. Prof. Fuchou TANG's lab developed a method called scNanoHi-
C, which applies Nanopore long-read sequencing to explore genome-wide
proximal high-order chromatin contacts within individual cells. Moreover,
scNanoHi-C is flexible to satisfy different experimental requirements via
alternative sequencing strategies.
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Li W, LuJ, Lu P, et al. scNanoHi-C: a single-cell long-read concatemer sequencing method
to reveal high-order chromatin structures within individual cells[J]. Nature Methods, 2023,

20(10): 1493-1505.
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Strand-selective base editing of human mitochondrial DNA

Around 95% of confirmed mitochondrial diseases-related mutations are point
mutations that could potentially be corrected using base editing approaches.
However, the current CRISPR system encounters obstacles when it comes to
mitochondria. Prof. Wensheng WEIl's team developed innovative
mitochondrial base editing tools mitoBEs (mitochondrial DNA base editors)
which offer the capability for strand-selective and high precision A-to-G and C-
to-T editing in mitochondrial DNA without large insertions and deletions in
mitochondrial DNA. Furthermore, circRNA-encoded mitoBEs successfully
corrected pathogenic mitochondrial DNA mutation in cells derived from
individuals with LHON. mitoBEs offer a precise, efficient DNA editing tool with
broad applicability for therapy in mitochondrial genetic diseases.
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Single-Cell Multi-Omics Technology Revealing the Relationship Between
the 3D Genome Architecture and Gene Expression During Development

In higher eukaryotes, the three-dimensional chromatin structure within the cell
nucleus plays a vital role in cellular function. A research group led by Dong
XING reported a novel single-cell multi-omics technique called HIRES (Hi-C
and RNA-seq employed simultaneously), which, for the first time, enabled
simultaneous detection of the transcriptome and 3D genome at the single-cell
level based on sequencing methods. This powerful tool will help scientists
further understand the relationship between 3D chromatin structure and gene
expression under the context of complex tissue organs and diverse cell types.
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Liu Z, Chen Y, Xia Q, et al. Linking genome structures to functions by simultaneous single-

cell Hi-C and RNA-seq[J]. Science, 2023, 380(6649): 1070-1076.

iﬁﬁﬂﬁl@f ﬁﬁj%%l% (College of Urban and Environmental Sciences)
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Completed the division of Global Plant Geographical Regions

The Macroecology Research Group has published a research paper titled "An
updated floristic map of the world" in Nature Communications. Based on the
establishment of the global distribution and phylogenetic tree of angiosperm
genera, the research team, led by Professor Zhiheng WANG from Peking
University and Professor Carsten Rahbek from the University of Copenhagen,
has redefined the global plant geographical regions. The study delves into the
spatiotemporal dynamics and driving mechanisms of floristic differentiation
among these plant geographical regions.
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Liu, Y., Xu, X., Dimitrov, D., Pellissier, L., Borregaard, M. K., Shrestha, N., Su, X., Luo, A.,
Zimmermann, N. E., Rahbek, C., & Wang, Z. (2023). An updated floristic map of the world.

Nature Communications, 14, 2990.
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Reveals the Impact of Diurnal Temperature Range and Drought
Interaction on Tree Growth

Prof. Hongyan LIU's research team, based on data from 2327 sampling points
of 23 widely distributed tree species in the global tree-ring database, quantified
the interactive effects of diurnal temperature range and drought on tree growth
and their relationship with the hydraulic index of tree species since the early
20th century, using structural equation models, boosted regression tree models,
linear mixed-effect models, and other methods.

The research indicates that future changes in diurnal temperature range may
not alleviate the adverse effects of drought on tree growth. This suggests that
drought could have even more detrimental effects on the growth of all trees,
emphasizing the need to pay attention to how drought-resistant trees cope with
climate change. The study was published in the journal Nature Communications
on October 30, 2023.
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Zhang, X., Rademacher, T., Liu, H., Wang, L., & Manzanedo, R. D. (2023). Fading
regulation of diurnal temperature ranges on drought-induced growth loss for drought-

tolerant tree species. Nature Communications, 14(1), 6916.
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Reveals the Impact of Climate Change on the Supply-Demand Match in
Global Wind and Solar Energy Systems

Prof. Li Shuangcheng's team, in collaboration with partners, comprehensively
assessed the impact of climate change on the supply-demand match in global
wind and solar energy systems based on climate prediction data simulated by
the latest Earth system models participating in the Sixth IPCC Assessment
Report. The research findings hold significant implications for the scientific
development planning and climate change adaptation of wind and solar energy
systems under global energy transition. The paper was published in the journal
Nature Energy with a 5-year impact factor of 63.9.
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Foreign Faculty Member Dr. Kazuo Isobe was Invited to Attend the “New
Year Symposium with Foreign Experts” Held by Premier Li Kegiang

On the afternoon of January 18th, Premier Li Kegiang warmly met with
representatives of foreign experts working in China at the Great Hall of the
People. At the invitation of the Ministry of Science and Technology, our
researcher, Kazuo Isobe, participated in the symposium. During the meeting,
Premier Li Kegiang extended his heartfelt New Year wishes and sincere
greetings to foreign experts and their families in China. He expressed gratitude
for their long-term concern and support for China's reform, opening-up, and
modernization, recognizing their positive contributions to promoting exchanges
and cooperation between China and foreign countries. Premier Li hoped that
foreign experts would leverage their expertise to provide valuable suggestions
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for the Chinese government's work.

Kazuo Isobe expressed great honor as the representative of foreign experts
from Peking University at the symposium. After listening to the Premier's
speech on China's economic development and policies for foreign talent, he
expressed confidence and optimism about working and living in China. He
believes that with the support of national policies, Peking University will
continue to attract and welcome more foreign experts and scholars for
academic visits and work, actively participating in the international cooperation
and exchanges.

37. ZE#IE Bernhard Schmid 3kt EH “EHERES1EBRANR”

SRR AT . H IR K 37 Bernhard  Schmid T+ 2023 4F 5 H %3k
JEE T RFERE AR FH RS ot 2, I3 “dxektitiz” . 5 A 23 H,
2#B5%E N Bernhard Schmid #3572 254T T A2 .

Professor BERNHARD Walter SCHMID Brandli Received Beijing Science
and Technology Award - Zhongguancun Award for International
Cooperation

On May 23, 2023, the College of Urban and Environmental Sciences at Peking
University hosted the award ceremony for the Beijing Science and Technology
Award - Zhongguancun Award for International Cooperation, honoring
Professor BERNHARD Walter SCHMID Brandli. Dean He Canfei warmly
welcomed Professor BERNHARD Walter SCHMID Brandli's visit on behalf of
the college. Dean He expressed that Professor B. Schmid has maintained close
collaboration with the College of Urban and Environmental Sciences,
significantly enhancing the international research level of the college.
Professor B. Schmid delivered an acceptance speech, expressing gratitude for
the long-standing care and support from both institutions. He also expressed
anticipation for future collaborations and exchanges with an increasing number
of young Chinese scholars.
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Magnetofossil records reveal the role of ocean carbon storage in
regulating atmospheric CO2

Ocean oxygenation level is crucial in regulating atmospheric COz2. Prof. Chang
Liao’s team and collaborators utilized a novel magnetofossil approach to
reconstruct Indian Ocean oxygen content over the last ~900 ka, and found a
recurrence of lower Oz and increased carbon storage in glacial Indian Ocean.
The study reveals the important role of oceanic respired carbon pool in
regulating atmospheric COz2, and sheds light on understanding the natural
process of oceanic carbon storage and ocean-atmosphere exchange under
climate change.
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Indian Ocean glacial deoxygenation and respired carbon accumulation during mid-late
Quaternary ice ages. L. Chang, B. Hoogakker, D. Heslop, X. Zhao, A. Roberts, P. De Deckker,
P. Xue, Z. Pei, F. Zeng, R. Huang, B. Huang, S. Wang, T. Berndt, M. Leng, J. Stuut, R.

Harrison. Nature Communications, 14: 4841 (2023).
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Electron transfer rules at surface and deep Earth informed by deep
learning

There has been a lack of universal and theoretical understanding of important
geological phenomena driven by electron transfer at mineral interfaces such as
the Earth’s carbon cycling, hydrogen production from abiotic processes, and
electrical conductivity anomalies of deep geological bodies. Prof. Anhuai LU
and Associate Prof. Yan LI research team and collaborators applied deep-
learning methods to establish an interpretable formula describing the
quantitative dependence of electronegativity of 96 elements on electronic
configuration under arbitrary pressure (0-500 GPa). This work quantitatively
reveals and predicts the electron transfer reactivity of minerals under different
pressures, and firstly provides a quantifiable theoretical basis for the changes
in physical properties driven by electron transfer such as redox chemical
reactivity and electric conductivity of materials in complex Earth systems.
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Electron transfer rules of minerals under pressure informed by machine learning. Y. Li, H.
Wang, Y. Li, H. Ye, Y. Zhang, R. Yin, H. Jia, B. Hou, C. Wang, H. Ding, X. Bai, A. Lu. Nature

Communications 14, 1815 (2023).
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Revealing a new coupling mechanism of surface minerals-
microorganisms-organic matter

The intrinsic interaction mechanism between minerals, microorganisms, and
organic matter, especially the role of mineral weathering in priming effects, has
not yet been revealed and understood. Professor Lu Anhuai's team and
collaborators have discovered that there is a close connection between mineral
weathering and priming effect. The results of this study show that the coupling
relationship between surface inorganic minerals, microorganisms and organic
matter is much richer than previously recognized. It provides new
enlightenment for the study of the co-evolution of earth minerals and
microorganisms in deep time and the impact of Earth’s element cycles on global
climate change.
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Mineral weathering is linked to microbial priming in the critical zone. Fang, Q., Lu, A.*,
Hong, H., Kuzyakov, Y., Algeo, T. J., Zhao, L., Olshansky, Y., Moravec, B., Barrientes,

D., Chorover, J. *, 2023. Nature Communications 14, 345.
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Differential rotation of Earth’s inner core is in reversal

Inner core is at the centre of Earth, surrounded by the liquid outer core. Prof.
Xiaodong SONG's team finds that the previously discovered inner-core
"superrotation" (rotating slightly faster than Earth’s surface) stopped around
2009, and has gradually reversed since then. The inner-core rotation shows an
oscillatory pattern with a period of about 6 to 7 decades, which is correlated
with a few other Earth observations (the Earth's rotation, magnetic field, and
global sea level rise and mean surface temperature), revealing that our dynamic
planet may have a mysterious coupling resonance system from its centre to the
surface.
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Y. Yang and X. Song*. Multidecadal variation of the Earth’s inner-core rotation. Nature

Geoscience 16, 182—187 (2023). https://doi.org/10.1038/s41561-022-01112-Z.
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Prof. Qiugang Zong being elected as the American Geophysical Union
Fellow

Kinetic Alfvén waves (KAWSs) are ubiquitous throughout the plasma universe.
Although they are broadly believed to provide a potential approach for energy
exchange between electromagnetic fields and plasma particles, neither the
detail nor the efficiency of the interactions has been well-determined yet. The
primary difficulty has been the paucity of knowledge of KAWSs’ spatial structure
in observation. Here, we apply a particle-sounding technique to
Magnetospheric Multiscale mission data to quantitatively determine the
perpendicular wavelength of KAWs from ion gyrophase-distribution
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observations. Our results show that method and results shown here provide a
basis for unraveling the effects of KAWs in dissipating energy and accelerating
particles in a number of astrophysical systems, e.g., planetary magnetosphere,
astrophysical shocks, stellar corona and wind, and the interstellar medium.

In September 2023, Prof. Qiugang ZONG was elected as a Fellow of the
American Geophysical Union (AGU) for his breakthroughs in identifying particle
acceleration mechanisms and development of innovative instruments in
magnetospheric research, with a total of 54 people worldwide receiving this
honor. Professor Zong Qiugang is the first scientist in the field of space physics
in Chinese mainland to receive this honor.
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Liu, ZY., Zong, QG., Rankin, R. et al. Particle-sounding of the spatial structure of kinetic

Alfvén waves. Nat Commun 14, 2088 (2023). https://doi.org/10.1038/s41467-023-37881-3.

IR B L'é? f}jk %ﬂ] Z@ﬂ» % % Il% ( School of Psychological and Cognitive

Sciences)
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The human brain biases integration of information passed through social
networks

In a connected society, our beliefs and choices are shaped by the information
received from others. Despite extensive studies on how social networks affect
behavior at the population level, little is known about how the human brain
makes decisions in networked environments. Lusha ZHU’s team shows that
the brain flexibly weighs information received from a social contact according
to how well-connected that contact is on the network responsible for information
transmission. Theoretically and empirically, this network-dependent algorithm
of social learning can give rise to collective maladaptation, including the
propagation of misinformation and biased social consensus.
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Dyadic perceptual learning facilitates learning efficiency and brain
plasticity
The significance of researching and developing brain plasticity is profound. Prof.

Fang FANG's team has for the first time demonstrated how social contexts
significantly facilitate visual perceptual learning and elucidated the underlying
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neural mechanisms. This research underscores the importance of investigating
brain plasticity in the real world from the perspective of complex systems and
presents a safe and efficient method of cognitive enhancement.
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Zhang, Y., Bi, K., Li, J., Wang, Y., & Fang, F. (2023). Dyadic visual perceptual learning on

orientation discrimination. Current Biology, 33(12), 2407-2416.
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Open a new chapter of imaging transcriptomics in primates

Although nonhuman primate is phylogenetically in close proximity to human
being, a complete anatomically-defined atlas of brain transcriptomics in MRI
coordinates is still lacking. Here we generate complementary bulk RNA-
sequencing dataset of 819 samples from 110 brain regions and single-nucleus
RNA-sequencing dataset, and neuroimaging data from 162 cynomolgus
macaques, to examine the link between brain-wide gene expression and
morphometric changes in individuals. These findings demonstrate a brain-wide
transcriptomic atlas of macaque monkey as a stepping stone, which allows an
integrative analysis of microscale attributes including single-cell/nucleus
transcriptomic atlas and a wide variety of macroscale neuroimaging attributes
that inform brain development, morphology and function.
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Bo TT, LiJ, Hu GL, Zhang G, Wang W, Lv Q, Zhao SL, Qin M, Yao XH, Wang MY, Wang GZ,
Wang Z, Brain-wide and cell-specific transcriptomic insights into MRI-derived cortical

morphology in macaque monkeys, Nature Communications, 2023, 14: 1499-1514.
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General-purpose Programming Platform for Brain Dynamics and Brain-
inspired Computing

The team of Prof. Si WU has developed a general-purpose programming
platform for brain dynamics and brain-inspired computing, called BrainPy.
BrainPy adopts the just-in-time compilation technology and develops a number
of easy-to-use, flexible and extensible tools for brain dynamics simulation,
including model construction, simulation, training and analysis. Since open on
GitHub for two years, BrainPy has received over 150,000 downloads, far more
than other brain simulators in the same period, and has won Excellent Project
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Award from Openl for two consecutive years. The book "Neural Modelling in
Action" based on BrainPy has been used as a text book in many universities
and institutes.
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Increasing audiovisual speech integration in autism through enhanced
attention to mouth

Children with autism (AC) exhibit deficits in integrating audiovisual speech,
linked to their decreased time spent looking at the mouth. Research by Li YI's
team and Lihan CHEN's team revealed that blurring the speaker's eyes or
directing attention to the speaker's mouth enhances both mouth-looking time
and audiovisual speech integration in AC during the McGurk task. This study
deepens our understanding of the connection between facial attention and
audiovisual speech integration, offering valuable insights for creating
specialized support to improve audiovisual speech integration in autistic
children.
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Prof. KongjianYU awarded the National Design Award and the Cornelia
Hahn Oberlander Prize, and invited to give two speeches on COP28

Prof. Kongjian YU has led the team in the long-term research and practice of
landscape gardening and landscape planning and design, and has made
outstanding contributions to addressing global climate change, solving urban
flooding and restoring the earth's ecology. In this August, Prof. Kongjian YU
was awarded the National Design Award for Landscape Architecture in this year.
In this October, the Cultural Landscape Foundation (TCLF) announced that Prof.
Kongjian YU won the 2023 Cornelia Hahn Oberlander Prize. The 28th
Conference of the Parties to the United Nations Framework Convention on
Climate Change (COP28) was held in Dubai, United Arab Emirates from
November 30 to December 12, 2023. As an early practitioner and important
promoter of NbS, Professor Yu Kongjian was invited by the International Union
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for Conservation of Nature (IUCN) and the Asian Infrastructure Investment
Bank (AlIB) to give presentations at two high-level conferences, introducing the
Chinese experience of NbS practice to the world and demonstrating the key
role played by landscape architects in mitigating and adapting to climate
change.

49. HEHRFFKEZRPAKFR-ERLRE (BF) HER
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Construction of the Key Laboratory of Water Ecology Protection and

Hydraulic Heritage of the Ministry of Water Resources by the College of
Architecture and Landscape Architecture (Preparation)

Taking water ecology protection and restoration as the research object, the
laboratory has systematically carried out academic research, teaching work
and practical application in response to the theoretical and practical frontiers of
water ecology protection and restoration and water conservancy heritage
research in the context of China's urbanization and industrialization, and has
carried out research on the resilience mechanism of rainfall and flooding in
watersheds and optimization based on the framework of "source-flow-sink", and
established the Sponge Watershed Approach (SWA) and applied it to the Si
River watershed in Zhengzhou. The laboratory has constructed a patterned
landscape pathway to create low-maintenance Sponge Cities, and carried out
a number of applied practices represented by the Bangkat Kotte Forest Park in
Bangkok, Thailand. New achievements have been made in talent cultivation
and team building, active academic exchanges and cooperation at home and
abroad, as well as science popularization and publicity activities.
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PKU-IUCN Joint Global Innovation Center for Nature-Based Solutions
(NbS)

The College of Architecture and Landscape Architecture has prompted the
signing of a Memorandum of Understanding (MoU) between IUCN and Peking
University on August 29, 2023, with the goal of providing a framework for
collaboration between the two parties to support nature-based solutions (NbS)-
related research and practice with a strong academic presence, to jointly build
a NbS Global Innovation Center which promotes nature conservation and
sustainable development in China and elsewhere, and capacity-building for the
conservation professionals' and students in related fields. Meanwhile, together
with the Center for Land Reorganization of the Ministry of Natural Resources,
we are building the NbS Asia Center, and the College is the innovation base of
the NbS Asia Center.

HF%Bt (School of Electronics)

S51. MLREAR PR HE — 4RIk E
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Ballistic two-dimensional transistors with performance exceeding silicon
limit

Prof. Lian-Mao PENG and Chenguang QIU fabricated high-performance 2D
InSe FETs with gate-length scaled down to 10 nanometers and room-
temperature ballistic ratios of up to 83 percent. The scaled 2D InSe FETs show
excellent on-state performance even with an ultralow supply voltage of 0.5 volts,
exceeding those of state-of-the-art silicon FinFETs and all other 2D material-

based devices, and leading to a smaller delay and much lower energy-delay
product than the predicted silicon limit.
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Ballistic two-dimensional InSe transistors. J. Jiang, L. Xu, C. Qiu*, L.-M. Peng*. Nature

616, 470-475 (2023).
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Parallel Chaotic Lidar

The temporal and frequency congestion are long term bottleneck in the light
detection and ranging. Prof. Xingjun WANG and collaborators have developed
a chaotic microcomb based parallel lidar. This advancement has the potential
to reshape the LIiDAR ecosystem, providing a low-cost, efficient, and reliable
solution for the next generation of LiDAR technologies.
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Chen R#*, Shu H#, Shen B#, Lin C#**, Xie W, Liao W, Tao Z, Bowers J*, Wang X*. Breaking the
temporal and frequency congestion of LIDAR by parallel chaos. Nature Photonics, 2023, 17,
306-314.
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Pushing forward carbon nanotube device technology to 90 nm node

Joint Research Group of Prof. Zhiyong ZHANG and Lian-Mao PENG has
demonstrated, for the first time, 90 nm node transistors and circuits based on
aligned carbon nanotubes (A-CNTs), surpassing the electronic performance of
silicon 45 nm node transistors. This group has also explored the possibility of
further reducing the size of carbon-based transistors, illustrating the potential
of A-CNT FETs for high-performance digital ICs at sub-10 nm nodes.
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Scaling aligned carbon nanotube transistors to a sub-10 nm node, Yanxia Lin, Yu Cao,
Sujuan Ding, Panpan Zhang, Lin Xu, Chenchen Liu, Qianlan Hu, Chuanhong Jin, Lian-Mao

Peng, Zhiyong Zhang, Nature Electronics, volume 6, pages 506—515 (2023).

54. WM 6G EfE, FEICHRBRAERARR R AP AREBAIE

B3t 6G FHRTE LR AI AL 25 mAE e L 2 PR W B B R, XA 4F @15 M 58T
R (E RS E X TS = AR A RS E/EE Qs i b —Fh 2 T 5
B AR B P AR A G EF- T 2Rl & AT AL 240, SO R -5 M LL 1 2
i, WIS 5000 N 5G H AR A 65536-QAM [ = 2, R
SEP A G5 NS e LL AN T TR WA R T, AR ATk [ FR4it .

For 6G communications, clone-comb-enabled high-capacity digital-
analogue fronthaul with high-order modulation formats

Targeting at the dual challenges of limited capacity and signal-to-noise ratio in
6G fronthaul, the collaborative research teams from the State Key Laboratory
of Advanced Optical Communication Systems and Networks have made a
pioneering contribution. They have proposed a novel fiber-wireless
convergence fronthaul architecture enabled by cloned optical frequency combs
and digital-analogue radio-over-fiber technique. This breakthrough surpasses
the spectrum efficiency—signal-to-noise ratio constraints, enabling the over
5000 5G users’ simultaneous internet access and achieving ultra-high-order
modulation formats up to 65536-QAM. These advancements mark a significant
leap in both bandwidth and signal-to-noise ratio, positioning it at the forefront of
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global techniques in the field.

Architecture
Fronthaul

RRUs

Y 7 S y A
{ \ Y froa)
’4
o i tion vi
RRUs In temelolvehlcl ’)) inm ial vehicles
Indu Stﬂal\l.»l"mel ntel lhgen” t manufacturing

RRUs

. Digital part

’ Fronth: ’
[ ronthaul [ “Noise removal @

._J

l :Ampllfed residual’
analogue part

4 Time Amplitude recompression wireless signal

c Frequency » T
11T g T T A
DA-ROF data j R
o -l Fronthaul ®_’

Demod. )
Optical frequency comb et S _) -‘=B w:’-
. DA-ROF signal
Pilots Clone comb Recovered wireless signal @

Clone-comb-enabled high-capacity digital-analogue fronthaul with high-order modulation
formats. C. Zhang, Y. Zhu, B. He, J. Lin, R. Liu, Y. Xu, L. Yi, Q. Zhu, W. W. Hu, W. S. Hu, Z.
Chen, X. Xie. Nature Photonics 17, 1000-1008 (2023).

HEBH2BE (School of Computer Science)
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Easy-to-use and Efficient Infrastructure for Foundation Models

Recently, foundation models represented by ChatGPT have shone in a variety
of application scenarios. However, foundation models often have tens of billions,
hundreds of billions or even ftrillions of parameters, and face expensive
calculations, storage, and communication cost, posing huge challenges to Al
infrastructure. Prof. Cui BIN's team from the School of Computer Science,
Peking University, proposed a series of system optimization works for the end-
to-end functionalities of foundation models, such as pre-training, fine-tuning,
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inference, and deployment. Based on Hetu, a high-performance distributed
deep learning system independently developed by the team, numerous key
techniques were developed, such as optimal automatic parallelism, fine-
grained resource management, and workload adaptive optimization. Relevant
results have not only been accepted to top-tier international conferences such
as SIGMOD, VLDB, and ASPLOS, but have also been applied to foundation
model training and inference scenarios of several enterprises such as Tencent,
Alibaba, and ByteDance, improving the performance by up to 80% and saving

nearly 10 million yuan in costs.

Al Models & AT Applications Model Services Industry Solutions
Applications ChatBot/Domain-specific LLM/Diffusion/... Pre-training/SFT/PPO/Serving/ ... WITMED/Content Community/Finance/...
Intert. Transformer/LLM/MoE/AIGC Recommendation Graph Learning LR/GBDT/LDA/...
nierrace
HetuMoE/Hetu-Galvatron HET/HET-GMP/HET-KG HetuGraph/Random Walk HetuML
Operator || Layer || Tensor || Embedding Table AutoGrad ‘ Host/Device Memory Management Execution Scheduler ‘
Runtime Graph Compiler Distributed Strategy ‘ ‘ Consistency Protocol ‘ Parameter Server All/Partial-Reduce Data Loader ‘
‘ Distributed Deployment ‘ ‘ Automatic/Manual Parallel | ‘ Resource/Node Management ‘ Task Scheduling ‘
Computation Kernels Communication Libraries
ibrary
Library Intel MKL Nvidia ~ cuDNN/euBLAS/cuSparse ~ TVM  Hand-craft ZeroMQ ~ NCCL RDMA

The system framework of Hetu.
Miao, X., Wang, Y., Jiang, Y., Shi, C., Nie, X., Zhang, H., & Cui, B. Galvatron: Efficient
Transformer Training over Multiple GPUs Using Automatic Parallelism. VLDB 2023.
Nie, X., Liu, Y., Fu, F., Xue, J., Jiao, D., Miao, X., ... & Cui, B. Angel-PTM: A Scalable and
Economical Large-scale Pre-training System in Tencent. VLDB 2023.
Nie, X., Miao, X., Wang, Z., Yang, Z., Xue, J., Ma, L., ... & Cui, B. FlexMoE: Scaling Large-
scale Sparse Pre-trained Model Training via Dynamic Device Placement. SIGMOD 2023.
Miao, X., Shi, C., Duan, J., Xi, X., Lin, D., Cui, B., & Jia, Z. SpotServe: Serving Generative
Large Language Models on Preemptible Instances. ASPLOS 2024.
Jiang, Y., Fu, F., Miao, X., Nie, X., & Cui, B. Osdp: Optimal sharded data parallel for

distributed deep learning. IJCAI 2023.

Miao, X., Nie, X., Zhang, H., Zhao, T., & Cui, B. Hetu: A highly efficient automatic parallel

distributed deep learning system. SCIS 2023.
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AVS3 8k UHD Video Coding Standard for 8K UHDTV Channel

Prof. Siwei MA and his team led the development of AVS3 video compression
standard, for 8K Ultra-high Definition (UHD) contents, which was been adopted
as the Industry Standards standard for television broadcasting, also been
adopted by DVB and ETSI, as international standard. This team also developed
the AVS3 8K encoding and decoding systems for CCTV (China Central TV
Station) to launch 8K channel. During the Beijing Winter Olympics in 2022,
there were 35 events that have been broadcasted in CCTV-8K channel,
including opening/closing ceremony and other games.

57. VR BEARBABIR B L
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VR Technology Enables Immersive Video Experience

Professor Siwei MA and his team built an immersive video full-link technology
system, proposed virtual viewpoint synthesis technology, efficient 3D video
encoding and real-time reconstruction methods, and developed an end-to-end
interactive low-latency VR live broadcast system, which can save up to 75% of
bandwidth. Significantly improves the multi-dimensional viewing experience of
Olympic/Asian Games events. This system will also provide an important
reference for the establishment of high-level event broadcast standards in the
future, and has been employed in the video broadcast of the 2022 Beijing
Winter Olympics and the 2023 Hangzhou Asian Games.
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Release of the open-sourced Deep Learning Framework for the Spiking
Neural Networks

Spiking Neural Networks (SNNs) have 100x energy efficiency on neuromorphic
chips than that of the traditional neural networks. However, there is no mature
framework available for building and training deep SNNs. Prof. Yonghong
TIAN and his team present an open-source SpikingJelly, which is one of the
first frameworks for spiking deep learning. SpikingJelly provides the highest
simulation performance and full-stack solutions for deep SNNs. SpikingJelly
attracts much interest with about 1000 stars on GitHub and is widely adopted
by researchers by more than 130 publications, as well as extends the
boundaries of neuromorphic computing.
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Revealing the principle of high-precision wireless measurement of
object size and shape, expanding the sensing capability of wireless
signals
Existing wireless sensing theory indicates that accurate measurement of object

size and shape require the use of large-bandwidth, multi-antenna wireless
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systems, which cannot be achieved using narrow-band wireless signals such
as Wi-Fi. By modeling the diffraction effect of wireless signals, Prof. Daqing
ZHANG's team from the School of Computer Science at Peking University
proposed a new method for using narrowband Wi-Fi signals to measure the
size and shape of objects with high precision. By accurately modeling the
relationship between wireless channels and object size and shape at different
locations, the team used commercial Wi-Fi devices to achieve millimeter-level
precision size measurement and shape imaging for the first time, bringing new
theory, innovative applications and expanded sensing capability to the wireless
sensing field.
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Basic Software of Internet of Data

Aiming at the key demands for the development of the digital economy and
digital society by smoothing data circulation system, Prof. Gang HUANG and
his research team invented the data space construction method based on the
complex network of digital object pragmatics (i.e., Internet of Data, loD) by
revealing the data pragmatic mechanism of situational data usage. They have
developed and open-sourced several basic software of oD, including the
address system, pragmatic system, and scheduling system, which were
selected as 2023 TOP 100 Open Source Achievement Award presented by
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International Open Benchmark Council (BenchCouncil). In 2023, based on the
new R&D institution co-founded by Peking University, the National Key
Laboratory of Data Space Technology and System was approved with Prof.
Gang HUANG as the laboratory director. The basic Software of loD has
provided strong support for the implementation of Digital China Strategy on
important industries and regions, such as the registration (right confirmation)
platform for data elements of China’s Industrial Internet, the trustworthy data
infrastructure for Beijing's "Twenty Measures of Data Development", the
nationwide integrated data element circulation and transaction at the Shanghai
Data Exchange, and the cross-border data exchange in Beijing Daxing and
Shanghai Lingang.
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First Demonstration of Sequential Integration for Stacked Gate-All-
Around a-IGZO Nanosheet Transistor

High-performance stacked gate-all-around (GAA) a-IGZO 2-layer nanosheets
field-effect transistors (NSFET) has been demonstrated for the first time, with
the entire thermal budget below 300°C with back-end-of-line (BEOL)
compatibility. The short channel 50 nm-long transistor exhibits a record-high gm
of 1.13 mS/um at Vus =1.5 V and record-high on-state current of 2.05 mA/um at
Vas =1 V, the highest among all IGZO-based FETs. Meanwhile, the same short
channel transistor achieves ultra-low SS of 66 mV/dec, realizing a record-high
quality factor gm/SS larger than 10 for the first time among a-IGZO transistors.
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The investigation of ionic transport in zero-dimensional confined spaces

Investigating ionic transport in sub-nanometer zero-dimensional (0D) confined
spaces is crucial for exploring novel mechanisms of nanofluidic transport and
promoting applications in sensing, detection, and separation. Prof. Luda
WANG’s group develops a series of strategies for constructing 0D confined
spaces in atomically thin graphene by synergistically designing physical
structure and chemical micro-environment. They achieved control of various
ions’ transport in 0D confined spaces, and explored the noise mechanism in
ionic transport across channels. This study deepens the understanding of
transport mechanisms in sub-nanometer nanopores, and provides new ideas
for constructing nanopore devices for sensing, separation, and energy
harvesting.
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Covalently Functionalized Nanopores for Highly Selective Separation of Monovalent Ions. L.
Guo, Y. Liu, H. Zeng, S. Zhang, R. Song, J. Yang, X. Han, Y. Wang, L. Wang*, Advanced
Materials 2023, 2307242.

Low-frequency flicker noise in stochastic ionic transport across atomically thin graphene
nanopores. R. Song, H. Zeng, S. Zhang, Y. Wang, X. Han, X. Chen, L. Wang?*, Cell Reports
Physical Science 2023, 4 (1), 101210.

Preanchoring Enabled Directional Modification of Atomically Thin Membrane for High-
Performance Osmotic Energy Generation. Y. Liu, S. Zhang, R. Song, H. Zeng, L. Wang?*,

Nano Letters 2023, accepted.
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A Sub-100nA Ultra-low Leakage MCU Embedding Always-on Domain
Hybrid Tunnel FET-CMOS on 300mm Foundry Platform

This work firstly demonstrates an ultra-low leakage microcontroller unit (MCU)
based on 55nm tunnel FET (TFET)-CMOS hybrid 300mm foundry platform. By
utilizing the large on-state current and record high on-offf current ratio of the

dopant segregation TFET (DS-TFET), a 1Kbit TFET-Gated-Ground static
random access memory (TGG-SRAM) is implemented in MCU always-on
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domain. A voltage-stacking scheme is proposed to regulate the supply voltage.
Experimental results show that TGG-SRAM and TFET-MCU obtain order of
magnitude standby power reduction, cost 6nA (data retention) and 75nA (deep-
sleep mode) leakage current respectively, indicating the great potential of the
TFET-CMOS hybrid platform for cutting-edge power-dieting MCU.
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Data Process
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Data Transmission
@ 8 @ Technology 250MCMOS & | 55nmCMOS
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Logic&Ctrl. | BUS ~
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Power Management Unit
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A Sub-100nA Ultra-low Leakage MCU Embedding Always-on Domain Hybrid Tunnel FET-
CMOS on 3oomm Foundry Platform. Yaoru Hou#, Kaifeng Wang#, Chenxing Liu-Sun,
Jianfeng Hang, Xinfang Tong, Chunyu Peng, Yongqin Wu, Ye Ren, Weihai Bu, Xin Si, Bo
Liu, Xiulong Wu, Jun Yang, Hao Cai*, Qianqian Huang*, Ru Huang. in IEDM Tech. Dig.,
pp. 35.7.1-35.7.4, 2023.
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The Breakthrough in Computing Bottleneck by SRAM Compute-in-
Memory Al Chip

The era of artificial intelligence imposes extremely high demands on chip
energy efficiency and area efficiency. Professor Huang Ru and Professor Ye Le,
from the Institute of Integrated Circuits, have been devoted to the development
of computing-in-memory (CIM) for many years. Their newly developed SRAM-
based CIM integrated chip has surpassed the world state-of-the-art design by
1.25X and presented at the "Chip Olympics" conference ISSCC 2023. This
technique holds the potential to provide high energy and area efficiency chip
solutions in various Al application, such as large language model, graph
network and visual processing. The research team has dedicated in SRAM-
based CIM development and achieves advanced computing performance using
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domestic processes. This lays a foundation for breaking through the area
efficiency redline of the U.S. chip export control updated on October 17, 2023.
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A 22nm Delta-Sigma Computing-In-Memory (AY.CIM) SRAM Macro with Near-Zero-Mean
Outputs and LSB-First ADCs Achieving 21.38TOPS/W for 8b-MAC Edge Al Processing.
Peiyu Chen, Meng Wu, Wentao Zhao, Jiajia Cui, Zhixuan Wang, Yadong Zhang, Qijun
Wang, Jiayoon Ru, Linxiao Shen, Tianyu Jia, Yufei Ma, Le Ye, Ru Huang, 2023 IEEE
International Solid-State Circuits Conference (ISSCC), San Francisco, CA, USA, 2023, pp.
140-142
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Breaking the Density Limit of Emerging Resistive Memory

High density and high reliability are critical requirements for next-generation
semiconductor memory. For the first time, Prof. Ru HUANG, Prof. Yimao CAl,
and Dr. Zongwei WANG and their research team demonstrate the dynamic
gate resistance random access memory (ReRAM) technology based on
commercial 40nm CMOS platform, achieving a world record for the integration
density of the ReRAM (15.43 Mb/mm?). The ReRAM chip developed by the
team based on dynamic gate technology achieves multi-level data storage (=4
bit/cell) and ultra-long data retention time at extreme temperatures (more than
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10 years at 150°C), showing great potentials in industrial-grade storage
applications.
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Qishen Wang, Yuhang Yang, Zongwei Wang, Shengyu Bao, Jingwei Sun, Linbo Shan, Lin
Bao, Yi Gao, Haisu Zhang, Yaotian Ling, Wuzhi Zhang, Yansheng Wang, Yimao Cai, Ru
huang, A Logic-Process Compatible RRAM with 15.43 Mb/mm2 Density and 10
years@150°C retention using STI-less Dynamic-Gate and Self-Passivation Sidewall, IEEE
International Electron Devices Meeting (IEDM), San Francisco CA, USA, 2023.
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Synergistic analog routing towards silicon-proven applications

Layout design is extremely time-consuming in current analog intergrated circuit
(IC) design flow. Routing is critical to the performance of analog IC layouts,
while the complicated design space in routing hinders further development of
analog layout automation. Prof. Yibo Lin and Prof. Runsheng Wang from the
School of Integrated Circuits propose a synergistic analog routing framework
(SAGERoute). SAGERoute can effectively shrink the routing design space
through holistic and systematic consideration of various constraints, which can
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dramatically speeds up analog IC design closure. This work has been
integrated into the commercial tool from PRIMARIUS and received the Best
Paper Award from DATE 2023.
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SAGERoute: Synergistic Analog Routing Considering Geometric and Electrical Constraints
with Manual Design Compatibility. H. Zhang, X. Gao, H. Luo, J. Song, X. Tang, J. Liu, Y.
Lin, R. Wang, R. Huang. Design, Automation & Test in Europe Conference & Exhibition
(DATE), 2023, Best Paper Award.

% 8B % B ( School of Intelligence Science and

Technology)
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Realistic Co-Speech Gestures Bring Digital Humans to Life

The synthesis of realistic human body gestures based on audio/text input has
been a hot interdisciplinary topic for about thirty years, intersecting
psycholinguistics and computer graphics. A team led by Libin LIU has
innovatively proposed a system that achieves semantic aligment among the
three modalities of text, video, and 3D motion by aligning them through a large-
scale multimodal pretrained model, creating production-level control over the
body movements of digital humans. This system was honored with a Best
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Paper Honorable Mention Award at the top-tier computer graphics conference,
SIGGRAPH 2023. The system provides new insights into researching the
mechanisms and simulations of different human gesture forms and the
implementation of digital human products in the industry.
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Tenglong Ao, Zeyi Zhang, and Libin Liu. 2023. GestureDiffuCLIP: Gesture Diffusion Model
with CLIP Latents. ACM Trans. Graph. 42, 4, Article 42 (August 2023), 18 pages.
https://doi.org/10.1145/3592097
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Al fingerprint automated Identification

Fully automated latent fingerprint identification has always been an open
problem for a long time. Prof. Jufu Feng and his team was the first to propose
a unified fingerprint minutiae extraction network, FingerNet, achieving fully
automated and fast Latent fingerprint identification. Currently, it has been
applied in multiple provinces and cities in China, and a large number of
homicide and major cases have been solved. The achievements of the Peking
University team in helping to solve the backlog of major homicide cases have
been reported by mainstream media such as People's Daily and Science and
Technology Daily, and have had a wide social impact.
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A Deeper Understanding of Graph Neural Networks

Using basic properties in graph theory as a starting point, the research team

led by Liwei Wang and Di He discovered significant limitations in mainstream

graph neural networks. :

The team then proposed ‘S‘and\“g Paper A W

a simple and efficient 0\) o 5%
. o

network aI:Chlt‘e(‘}tllI‘E-E to ICLR

address this critical issue. R

This achievement stood ICLR 2023

out among nearly 5000

submissions and was Rethinking the Expressive Power of GNNs via Graph
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Outstanding Paper Award Bohang Zhang - Shengjie Luo - Liwei Wang - Di He

at the international ’ _ _
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conference ICLR 2023.

Bohang Zhang, Shengjie Luo, Liwei Wang, and Di He. Rethinking the expressive power of

gnns via graph biconnectivity.
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Mechanobiological mechanism of geometric constraints-dominated
bacterial-host interactions

Mechanical microenvironments (e.g., spatially geometric constraints) play a
crucial role in regulating the functions and behaviors of bacteria and host cells.
Jianyong HUANG’s team quantitatively characterizes specific adhesion forces
between bacteria and host cells based on single-cell force spectroscopy,
establishes a mechanochemical coupling model that reveals spatiotemporal
dynamics of heterogeneous adhesion between bacteria and host cells under
spatially geometrical constraints and the underlying mechanobiological
mechanism, and thus identifies the key regulatory role of collagen IV in the
process of *
bacterial-host
interactions. This
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Towards an in-depth understanding of dynamical behaviors of complex
systems

Understanding the stability of complex systems, whether a system can recover
from external perturbations, is a long-standing fundamental scientific issue
concerned by various disciplines. For the first time, Aming LI group and
collaborators reveal the non-monotonic influence of time delay on the stability
of complex systems. Furthermore, by introducing the concept of reactivity, they
address the shortcoming of stability in characterizing the short-term dynamical
behaviors of complex systems. Their research results contribute to an in-depth
understanding of the dynamical behaviors of real-world complex systems and
provide a theoretical foundation for the development of effective strategies for
regulating complex systems.
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Yang, Y., Foster, K.R., Coyte, K.Z., Li, A. Time delays modulate the stability of complex
ecosystems. Nat Ecol Evol 7, 1610-1619 (2023).

Yang, Y., Coyte, K.Z., Foster, K.R., Li, A. Reactivity of complex communities can be more

important than stability. Nat Commun 14, 7204 (2023).
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Isotope effect on radiative thermal transport

Thermal radiation originates from the incessant fluctuations of charge carriers.
The pioneering studies of blackbody in the nineteenth century eventually lead
to the quantum revolution. For the first time in the long history, Prof. Bai SONG
and his team theoretically discovered and systematically revealed the isotope
effect on thermal radiation, in a work that bridges the fields of radiative thermal
transport, phonon physics, and isotope science. This work not only opens up
new avenues for gaining fundamental insights, but also for the extreme control
of thermal radiation, and may find applications in energy conversion, thermal
management, and space exploration.
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L. Xie and B. Song, Isotope effect on radiative thermal transport, Phys. Rev. B 107, 134308
(2023). Highlighted by B. Grocholski et al., Science 380, 809 (2023).
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Inherent spatiotemporal uncertainty of renewable power in China

The inherent uncertainty of renewable energy will pose significant challenges
to the safe and stable operation of future low-carbon energy systems. Prof. Jie
SONG and her team proposed a multiscale spatiotemporal uncertainty analysis
method for renewable energy based on predictive error analysis. They
constructed a standard database of renewable energy forecast error
distribution driven by a combination of statistical learning, deep learning, and
other algorithms at a provincial and hourly level. They found that the first-order
difference and peak ratio of generation series are primary indicators explaining
the uncertainty distribution. They revealed the spatial and temporal random
patterns of wind and photovoltaic power generation in 30 provinces of China.
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Wang, J., Chen, L., Tan, Z., Du, E., Liu, N., Ma, J., Sun, M., Li, C., Song, J., Lu, X., Tan, C.W,
& He, G. Inherent spatiotemporal uncertainty of renewable power in China. Nature

Communications, 14(1), 5379, 2023.
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New equation enables quantum computing of fluid dynamics

A new method is developed to simulate fluid dynamics on a quantum computer
by tweaking the equation of quantum mechanics. Solving the hydrodynamic
Schrodinger equation can be implemented as the quantum simulation of a
special quantum system, where the unknown variable is a two-component wave
function. Classical physical quantities such as fluid density and velocity are then
obtained by measuring the wave function after multiple repeated simulations.
The simulated flow shows very chaotic and entangled vortex tubes as in
classical turbulence. A quantum algorithm with a partial exponential speedup is
developed.

Tangled vortex tubes for isotropic turbulence in the incompressible Schrédinger flow. Z. Meng
and Y. Yang, Quantum computing of fluid dynamics using the hydrodynamic Schrodinger

equation, Physical Review Research, 5, 033182, 2023.

EixiHEHWE R (Wangxuan Institute of Computer

Technology)
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Intelligent Q&A System

Prof. Dongyan ZHAO and his team builds the cloud platform of “Xi’s Articles
Intelligent Q&A System”, which is based on natural language understanding,
intelligent knowledge annotation, question intent understanding, and
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knowledge graph. The platform provides an assistant of learning ideas and
theories through intelligent Q&A and knowledge recommendation. At present,
the system has been put on line for trial operation in Xinhua News Agency.
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The graph database system gStore developed was selected as
opensource achievement from 2022 to 2023

Prof. Lei ZOU's team led the research and development of an open-source
graph database system for knowledge graphs. After more than 10 years of
academic research and engineering development, they proposed some core
technologies of a native graph database system, such as subgraph match-
based query processing and optimization strategy, and won several best paper
awards at important international academic conferences. The graph database
system gStore developed by the team has been applied in many fields such as
government big data services, financial risk management, knowledge
publishing and cultural communication, and was selected as one of the 102
representative opensource achievements by BenchCouncil (International
Testing Committee).
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OctFormer: Octree-based 3D Transformers

Transformers have made great breakthroughs in the understanding and
generation of natural language and images, but they were unable to process
3D data efficiently. Peng-Shuai WANG published a journal paper as an
independent author at SIGGRAPH 2023, the top international conference on
computer graphics. In this paper, he proposes Octree-based 3D transformers
(OctFormer), which improves the efficiency of the existing methods by at least
20 times, providing a solid foundation for general artificial intelligence models
in processing 3D data. Peng-Shuai Wang also won the AsiaGraphics Young
Scholar Award in 2023. This award selects at most one influential young scholar
in the Asia-Pacific region every year to commend his outstanding contributions
in the field of 3D computer graphics.
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Peng-Shuai Wang. OctFormer: Octree-based Transformers for 3D Point Clouds. ACM
Transactions on Graphics (SIGGRAPH), 42(4), 2023.

78. AR Lawyer LLaMA

LA ChatGPT JARER M AR R 5 AR AL A0 F R BN, (EBR = it
SV AU KRB RE Xk LA S8 DR O TS B S il AL ¥ s B IR 14
BATE CRHE AR IR B A% 2 MR 0 5N T2 5 oM AR, 15 K1 B A
ARG A P EPRRE R, IO MR, IR 1 SO R
M Lawyer LLaMA, {EIAFEEMSEKPR R PRI, RN thoy)E s EH
SRR R R R SR AL 1 ] S A B B 2R

Lawyer LLaMA, a Large Language Model for Chinese Legal Domain

Although large language models (LLMs) such as ChatGPT have shown great
performance in general domains, they still lack necessary expertise in specific
domains such as law, hindering their ability to tackle real-world challenges. Dr.
Yansong FENG and his research team developed Lawyer LLaMA, a pioneering
Chinese legal LLM, which has systematically acquired legal knowledge in
Chinese and is equipped with necessary problem-solving skills to tackle real-
world challenges. Lawyer LLaMA has demonstrated excellent performance in
various practical scenarios and paves a viable roadmap for future research in
domain-specific LLMs construction.

Consultation from User
HAEE—T, SISHEEE (RiEs) F—FTEO+HER: FEFR, 5T RIE (RES) B—FTENHEHENE, &
R B2 Law /BEF-+ZA%, KAEREF=TAS. ... EHETIER N ERERET22AS, 476
| would like to ask, what is Retriever Article 1047 of the Civil Code: A man shall BF20F%, NRFRIETEIEERTIRG
the legal age for marriage? attain the age of twenty—two, and a woman ZEIE, BEIAE N TSR,

the age of twenty to enter into matrimony... According to Article 1,047 of the Civil
‘ Code, the legal minimum marriage age is
22 years old for males and 20 years old

ESEALN SEES", BERPNSNIE, "SEER TAUETES SURANER, BE for females. If you insist on getting
ERNFES| BiXETEES. married before reaching the legal
#it Human: BA8ja— T, SIEMETIBREN5 marriage age, the marriage will be
#it BEEFK: (RIER) B—FEFO+HE&: BEFER, .. considered invalid.

### Assistant:

Please refer to the provided "reference articles" and reply to the user's consultation. There
may be irrelevant articles in the "reference articles," so please avoid quoting those
unrelated when replying. —— Lawyer
### Human: | would like to ask, what is the legal minimum age for marriage? LLaMA
### Reference Articles: Article 1047 of the Civil Code: A man shall attain ...
### Assistant:

79 / 104



JeARARS (2023 F£E)
PKU Scientific Research Highlights 2023

57N i% Bl 5 T 5PBE (College of Environmental Sciences and

Engineering)

79. #AEIRBIRIEFACEREE R REHLR

PR FCBLIE) KRR 5 A2 300 1) 5 (X 4802 R e B 2 SR Mk T [ ok 1)
BIb TR XS 2 5 EE L, (H A BR8] KSR T A9 A2 KA AT R 4 AL #1317 R A5 21
TR Bl LSBT A R AT A = B BASCHR AN 70 Bt T 4Bk NOx At Os M il 4
P&, RGVPG T 2014 A 2021 SEEERITHLTE NOs [ZEBGERAES, HIkI
G R A A RE XS NOx SR AR S 1 i B R B O R, B T
NOx F1 VOC Wy [RJJaFHE I B i 3L, BRI T AR 1) K5 el 3R 4t 18
FIRLA, IR AR A B X 2 RS R R B S E 0 E .

The dark side of the air pollution trends

Nocturnal atmospheric oxidation is a process that is critical to air quality and
climate through its regulation of both ozone (O3) and PM2.5 pollution. Despite
this importance, the spatiotemporal variability of nighttime oxidation and its
impacts on a global scale has never been well quantified.

Using a comprehensive surface observational dataset, Prof. Keding LU and
Prof. Yuanhang ZHANG organized an international joint research team
including Peking University and Sun Yat-sen University in China, and the NOAA
Chemical Sciences Laboratory in the United States. The team identified a
nighttime oxidation “hot-spot” in China, represented by rapid production of a
potent nighttime oxidant that results from the dark atmospheric chemistry
known as the nitrate radial, NO3. They constructed a novel framework to
characterize the evolution of nighttime oxidation on emission changes. The new
work shows that explicit consideration of the response of ozone and particulate
matter to nighttime chemical processes in future modeling studies will be of
substantial importance to assessment of air quality and climate responses to
emissions changes.
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Observed level and trend of nocturnal nitrate radical production rate (PNO3) in the warm season
(April — September). Wang, H., Wang, H., Lu, X. et al. Increased night-time oxidation over China
despite widespread decrease across the globe. Nat. Geosci. 16, 217-223 (2023).
https://doi.org/10.1038/s41561-022-01122-x
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The seasonal river regime shifts in cryosphere-fed basins

Climate change and cryosphere degradation have remarkably impacted
riverine water and sediment fluxes from polar and high-mountain regions.
However, the responses of seasonal dynamics and regime shifts in sediment
transport remain largely understudied due to the lack of long-term and fine-
scale hydrological records and the complexity of the underlying
hydrogeomorphic processes.
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Prof. Dongfeng LI's group in College of Environmental Sciences and
Engineering, Peking University, they identified the climate-driven regime shifts
in suspended sediment transport in four distinct basins in the Third Pole,
characterized as glacial, nival, pluvial, and mixed hydrological regimes and
developed a monthly scale sediment-availability-transport model (SAT-M) to
simulate climate-driven sediment dynamics and reproduce such regime shifts.
SAT-M can help facilitate sustainable reservoir operation and river management
in wide cryospheric regions under future climate and hydrological change.

Sediment flux ~ Warmer and wetter
Low High J

!

Jummer:

| Hydrological variability Infrastructure  |! Hydrological variability Infrastructure

" " s d input and
' “ discharge/sediment

. assc Discharge/Sediment |1 Qissc ). ;%I“S kL c"lannel instability

4 pulses

" Melt season vy Melt season

| Freshwater "‘\_/—\_ | Freshwater '\’\/\_
. ecosystem ‘?« |, ecosystem '?A e f
Sediment and .. : Sediment and .. -., ‘
| contaminant and .o T e || contaminant and N b !
. nutrient input &

nutrient input

Increased sediment sources, amplified hydrological variability, and associated social-ecological impacts.
Ting Zhang et al. Shifted sediment-transport regimes by climate change and amplified hydrological
variability in cryosphere-fed rivers.Sci. Adv.9,eadi5019(2023).
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The characteristics of the external cycle of reactive nitrogen

In high-NOx environments, nitrogen oxides (NOx) and nitrous acid (HONO) are
coupled in their internal cycling. Given the catalytic role of NOx in radical chain
propagation, external cycling further promotes the formation of hydroxyl radical,
the most important oxidant in the atmosphere. However, the external cycling of
NOx has not been fully validated due to its large variability and potentially large
uncertainties in its kinetics and mechanisms across the high- to low-NOXx
atmospheres.

Researcher Chunxiang Ye and his research team suggest synthesizing
observational and model evidence, summarizing the fundamental
characteristics of external cycling, and quantifying its impact on the oxidative
capacity of the atmosphere. The results indicate the dominant role of external
cycling in the chemical budget of reactive nitrogen in low-NOx atmospheres and
its significant impact on oxidant photochemistry, and provide new insights into
reactive nitrogen chemistry by synthesizing observational evidence across
high- to low-NOx atmospheres rather than attempting to establish the kinetics
or the dominant mechanism.
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The left reaction scheme describes internal cycling between nitrogen oxides (NO = NO + NO) and
nitrous acid (HONO) in high- NO atmospheres. HONO photolysis is the major route producing OH
radical (OH). The right reaction scheme describes external cycling among oxidative reservior species of
NO (NO), NO, and HONO in low-NO atmospheres. NO -catalysed radical chain propagration takes over
as the major route perturbing OH and ozone (O) chemical production. Ye, C., Zhou, X., Zhang, Y. et al.
Synthesizing evidence for the external cycling of NOx in high- to low-NOx atmospheres. Nat Commun
14, 7995 (2023).
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Twistedly hydrophobic basis with suitable aromatic metrics in covalent
organic networks govern micropollutant decontamination

Water crisis caused by emerging microcontaminants including pharmaceuticals
and endocrine-disrupting chemicals poses great threats to human health.
However, the fact that how to achieve efficient photochemical decomposition of
pollutants while reducing energy consumption in water treatment has been long
ignored. Researcher Wen LIU and his team have rationally explored an
integrated interfacial design strategy for constructing an active and robust
catalyst for photochemically decomposing contaminants. This study provides
an insightful avenue of synergistically regulating electronic structure and
interfacial reaction based on organic porous networks toward an energy-saving
and cost-reducing way for water purification.
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Enhanced food system efficiency is the key to China’s 2060 carbon
neutrality target

Bioenergy with carbon capture and storage, among other negative-emission
technologies, is required for China to achieve carbon neutrality—yet it may
hinder land-based Sustainable Development Goals.

Bioenergy with carbon capture and storage is pivotal for meeting the ambitious
climate mitigation targets set by the Paris Agreement. However, large-scale
bioenergy deployment to combat climate change triggers multiple land-based
sustainability concerns.

Using the Global Biosphere Management Model (GLOBIOM)—China model and
scenario analysis, Researcher Hancheng DAIl's Group investigate how to
mitigate the potential adverse impacts on the food system of ambitious
bioenergy deployment in China and its trading partners. The results show that
simultaneously achieving carbon neutrality, food security and global
sustainability requires a careful combination of these measures.
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The six sustainability indicators include daily per capita calorie intake, agricultural
commodity prices (2000 constant prices), irrigation water, agricultural land (cropland and
grassland), nitrogen fertilizer and GHG emissions from AFOLU. Ren, M., Huang, C., Wu, Y.
et al. Enhanced food system efficiency is the key to China’s 2060 carbon neutrality target.

Nat Food 4, 552—564 (2023).

BHEITEEZF TEWS B L (National Engineering

Research Center for Software Engineering)
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Code Large Language Model CodeShell-7B

In October 2023, the National Engineering Research Center for Software
Engineering of Peking University open-sourced the 7-billion-parameter code
large language model CodeShell on GitHub. As of November 15, CodeShell
ranked first among 7-billion-parameter code large language models on the Big
Code Models Leaderboard on Hugging Face Platform, tied with CodeLLaMA.
Within two days of its release, CodeShell topped the GitHub Trending chart
(ranking first among Python projects), and within two weeks, it garnered over
1,200 stars and more than ten thousand downloads, drawing coverage from
mainstream media at home and abroad, including China News Service,
XinZhiYuan, and Medium, achieving significant social impact.

T 4 Models 4  Win Rate 4 humaneval-python
[ Codellama:-7h 21.08 29.98
@ Codeshell-78 21.08 34.32
A g OctoCoder-158B 19.92 45.3
@ Falcon:-180B 19.9 35.37
(™) CodelLlama-7hb-Python 19.46 40.48
[~ StarCoder-158 19.35 33.57
@ 18.92 30.35
@ 16.35 33.49
® 15.92 28.37
@ 15.73 42.28
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Intelligent Assisted Diagnosis and Treatment System: Doctor XiaoYa

Doctor XiaoYa is an intelligent assisted diagnosis and treatment system
developed by the National Engineering Research Center for Software
Engineering of Peking University. The system integrates multiple deep learning
models trained on multimodal electronic medical records, including models for
disease diagnosis, prognosis prediction, and treatment recommendation. It can
also provide decision evidence for the model's recommendations, enhancing
the interpretability and practicality of the model. The related research results
have been published in more than 20 papers in top international academic
journals and conferences such as TKDE, ICML, KDD, and AAAI, with model
performance surpassing the best international models of the same period.
Doctor XiaoYa has been trialed in six top-tier hospitals including Peking
University Third Hospital, Peking University People's Hospital, and Jiangsu
Provincial People's Hospital, with good results.
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Disorder-Tuned Conductivity in Amorphous Monolayer Carbon

Precisely determining atomic configurations and its structure-property
relationship are the holy grail of amorphous materials research. For the first
time, Assistant Prof. Lei LIU and collaborators have realized the control of
degree of disorder and the quantitative correlation of micro atomic structure and
macro electrical properties in amorphous monolayer carbon. This work reveals
the high tunability of structures and properties of two-dimensional amorphous
materials, and lays the foundation for their device applications.
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H.Tian, Y. Ma, Z. Li, M. Cheng, S. Ning, J. Chen*, W. Zhou*, and L. Liu* et al. Disorder-Tuned
Conductivity in Amorphous Monolayer Carbon. Nature, 2023, 615, 56-61.
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High-efficiency and stable perovskite solar cells

Perovskite solar cells serve as a typical representative of the next generation
of photovoltaic technologies. Nevertheless, these devices encounter formidable
challenges, including uncontrollable material preparation and intrinsic instability.
To tackle these issues, Prof. Huanping ZHOU and collaborators have
developed new methods, including anion-Tr interaction and supramolecular
host-guest chemistry strategies. These approaches effectively mitigate the
formation of nanoscale phase impurities and ion migration behaviors, resulting
in perovskite solar cells that exhibit both high efficiency and stability. The
photovoltaic conversion efficiency of these devices exceeds 26% (certified
25.8%), accompanied by noticeable improvements in long-term operational
stability and day/night cycle stability. These studies lay the foundation for the
precise fabrication of high-performing perovskite solar cells with enhanced
stability.
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Huang, Z., Bai, Y., Huang, X. et al. Anion— interactions suppress phase impurities in

FAPbI3 solar cells. Nature 623, 531—537 (2023).

Zhang, Y., Song, Q., Liu, G. et al. Improved fatigue behaviour of perovskite solar cells with

an interfacial starch—polyiodide buffer layer. Nat. Photon. 17, 1066—1073 (2023).
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Innovating new strategy of stabilizing high-valence ruthenium for acidic
oxygen evolution electrocatalysis

Large-scale production of green hydrogen requires highly-efficient
electrocatalysts that can deliver high current density for oxygen evolution
reaction (OER). Ru shows impressive OER activity yet encounters poor stability.
In this context, Prof. Shaojun GUO and collaborators designed a local
electronic manipulation strategy that efficiently stabilizes high-valence Ru
single sites (Ru SS) on a class of Ni-based phosphate porous hollow spheres.
Both in-situ X-ray absorption fine structures spectra and density functional
theory calculations verified the effectiveness of this strategy and improved
intrinsic stability of as-obtained catalyst. On these basis, general guidelines
were formulated for stabilizing high-valence catalytic sites, which introduced a
double-volcano plot to describe the superior electrocatalytic behaviors of high-
valence Ru SS. To further demonstrate the practicability, as-designed Ru
SS/FeNiPi was further integrated into an industrial-level electrolyzer with a low
Ru loading of 0.081 mg cm-2 realizes a stable industrial current density of 2,000
mA cm-2 at 1.78 V, which is the highest reported value in alkaline electrolyte,
and exceeds that of commercial Pt//RuO2 by 5.7 times. This work provides a
new strategy to control the local electronic structure of Ru SS, which can
stabilize the high valence state of Ru and provide a new material platform for
industrial water electrolysis.
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Synthetic tuning stabilizes a high-valence Ru single site for efficient electrolysis. Shi-Yu Lu,
Bolong Huang, Mingzi Sun, Mingchuan Luo, Meng Jin, Huawei Yang, Qinghua Zhang, Hui
Liu, Peng Zhou, Yuguang Chao, Kun Yin, Changshuai Shang, Junmei Wang, Yan Wang, Fan
Lv, Lin Gu &Shaojun Guo* Nature Synthesis 2023, https://doi.org/10.1038/544160-023-
00444-x.
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Constructing Ga-N5 atomic site catalyst for artificial photosynthesis of
hydrogen peroxide

Hydrogen peroxide photosynthesis from water, air and sunlight is highly
appealing for a sustainable future. Prof. Shaojun GUO and co-workers
rationally designed and controllably synthesized a class of photocatalyst with
Ga-N5 atomic site dispersed on macroporous inverse-opal-type carbon nitride
(CNIO-GaSA). This photocatalyst owns a unique Ga-N5 atomic site that can
efficiently convert water into hydrogen peroxide via a metastable two-electron
water oxidation pathway. The CNIO-GaSA photocatalyst also delivered a high
solar-to-chemical conversion efficiency of 0.4%, exceeding that of the natural
photosynthesis in plants (~0.1%). Installing this CNIO-GaSA photocatalytic in
a flow system realized a 100% efficiency in bacteria removal, along with
excellent stability.

This work provides a novel photocatalyst that enable practical hydrogen
peroxide production via two-electron water oxidation.

Hao Tan, Peng Zhou, Meixian Liu, Qinghua Zhang, Fuyang Liu, Hongyu Guo, Yin Zhou, Yan
Chen, Lingyou Zeng, Lin Gu, Zhanfeng Zheng, Meiping Tong & Shaojun Guo*. Photocatalysis
of water into hydrogen peroxide over an atomic Ga-Nj site. Nature Synthesis, 2023, 2, 557.
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Recognition mechanism of inhibitor and activator by thermogenin

Thermogenin UCP1 is essential for non-shivering thermogenesis and
maintaining the body temperature. However, the structure and mechanism of
UCP1 remained unknown. Prof. Lei CHEN’s group has determined the cryo-
EM structures of UCP1 in complex with inhibitor ATP and activator DNP. These
structures elucidated how UCP1 recognizes its ligands.
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Yunlu Kang and Lei Chen. Structural basis for the binding of DNP and purine nucleotides
onto UCP1. in Nature, 2023, 2023/06/20.
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A live-cell image-based machine learning strategy for reducing variability
in PSC differentiation systems

Functional cell differentiation is currently limited by the substantial line-to-line
and batch-to-batch variabilities, which severely impede the progress of
scientific research and the manufacturing of cell products. In this study, based
on live-cell bright-field images, we developed a strategy harnessing different
ML models, which can identify cell lineage non-invasively, modulate the
differentiation process in real-time, and optimize the differentiation protocol,
improving the invulnerability in PSC-to-functional cell differentiation. It also
provided a better understanding and rational modulation of the differentiation
process for functional cell manufacturing in biomedical applications.
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PSC heterogeneity
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Yang, X., Chen, D., Sun, Q., Wang, Y., Yang, J., Lin, C., Dang, X., Cen, Z., Liang, D., Wei, R.,
XuZ.,Xi, G., Xue, G., Ye, C., Wang L.-P., Zou, P., Wang, S.-Q., Pablo R.-F., Salome P., Chen,
Z., Liu, Y.*, Zhang. J.*, Zhao, Y.*. A live-cell image-based machine learning strategy for
reducing variability in PSC differentiation systems. Cell Discov. doi: 10.1038/541421-023-
00543-1 (2023).
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High-efficiency heart cell regeneration through in situ cardiac
reprogramming

The heart regeneration in adult mammals is a pivotal scientific challenge. The
research team led by Dr. Yang ZHAO has developed an enhanced cell
reprogramming approach integrating transcription factors and chemical small
molecules. They achieved efficient conversion of myofibroblasts into
cardiomyocytes within an acute myocardial infarction model, simultaneously
replenishing the number of cardiomyocytes and ameliorating the cardiac
scarring. This study innovatively introduced stringent dual-recombinase cell
fate tracing systems to address the challenge of nonspecific labeling of
endogenous cardiomyocytes during in situ reprogramming. These findings
provided a new theoretical base for the translational application of
reprogramming methods in heart regeneration.
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Succinate dehydrogenase fine tunes epigenetic and metabolic
homeostasis in hearts

Prof. Heping CHENG and his research team from College of Future
Technology discovered succinate dehydrogenase (SDH) is required for
maintenance of myocardial homeostasis of FAO/glycolysis. Mice with
cardiomyocyte-restricted mutation of SDH developed a dilated cardiomyopathy
and heart failure and displayed a an —

decrease in FAO, while glucose card'm:yome \\\
uptake and glycolysis were | A Vsum:r;: \
augmented, which was reversed by (.\ \M >
enforcing FAO fuels via a high-fat diet. ‘

They found SDH-deficient hearts
exhibited an increase in genome-wide
DNA methylation associated with | K6 —  succinate |

| Mitochondria

accumulation of succinate, resulting in l

changes of myocardial transcriptomic DNA hypermethylation }
landscape. Inhibition of succinate by l
a-ketoglutarate restored \\ FAO genes Nuclear
transcriptional profiles and metabolic Glycolytic genes 1 ‘
disorders. They revealed the essential g l Glycolysis

role for SDH in metabolic remodeling
of failing hearts and highlighted the
potential of therapeutic strategies to
prevent cardiac dysfunction in the
setting of SDH deficiency.
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Figure. Schematic view on succinate-induced epigenetic, metabolic, and cardiac remod
eling. SDH ablation in myocardium leads to succinate accumulation which stimulates

genome-wide DNA hypermethylation. This epigenetic reprogramming suppresses FAO

and induces lipid-to-glucose switch, triggering cardiomyopathy and heart failure. Enfo
rcing FAO fuels via a HFD or inhibition succinate by a-KG protects hearts and incre
ases the viability of mutant animals.

Li W, Quan L, Peng K, Wang Y, Wang X, Chen Q, Cheng H, Ma Q. Succinate dehyd
rogenase is essential for epigenetic and metabolic homeostasis in hearts. Basic Res Ca
rdiol. 2023 Oct 11;118(1):45.

95 / 104



FEABM=ESR (2023 FE)
PKU Scientific Research Highlights 2023

ﬁ@ W A2 Y 2B W58 B (Academy for Advanced Interdisciplinary

Studies)

94. FET NRMEIFGEER G AL HTES Ik ph

HENL VP A BRI R S 2 I PR A T U B A e, SRR EER
WAL G EE R 7 NFSEL LI RERIIRIA T A B3, S 75—
HA ML, S@ e, arin R A a2 b, RERERSAHTT
FEARNZEE RS BORES, FF 7R TR ARACT S SOREACT 1) P T £ 3 2
AN e A7 I R o () B AR

Single-cell aging clock based on human circulating immune system

Establishing an aging clock to assess an individual's biological age represents
a scientific paradigm in aging research. The research group led by Prof.
Jingdong Jackie HAN, in collaboration with other researchers, has developed
a cyclical immune single-cell atlas of the continuous aging process in humans.
They have introduced the first human single-cell aging clock characterized by
high accuracy, interpretability, and scalability. This innovative clock enables a
precise evaluation of the aging and health status of samples, revealing the
crucial role of ribosomal-level negative regulation in balancing inflammation
levels during the aging and healthy longevity processes.
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Human PBMC scRNA-seq-based aging clocks reveal ribosome to inflammation balance as a
single-cell aging hallmark and super longevity. Zhu H, Chen J, Liu K, Gao L, Wu H, Ma L,

Zhou J, Liu Z, Han JJ. Science Advances. 2023 Jun 28;9(26):eabq7599.
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Control of histone demethylation and gene expression by nuclear-
localized a-ketoglutarate dehydrogenase

Methylations on nucleosomal histones play fundamental roles in the regulation
of eukaryotic transcription. The evolutionarily-conserved Jumonji C-domain-
containing histone demethylases (JMJs) dynamically control the level of histone
methylations in eukaryotes. Using the model plant Arabidopsis thaliana, Prof.
Yuehui HE’s team found that the tricarboxylic acid-cycle-associated enzyme,
a-ketoglutarate (a-KG) dehydrogenase (KGDH), enters into the nucleus. Within
the nucleus, KGDH interacts with various JMJs to regulate a-KG-dependent
histone demethylations. They further show that the nuclear targeting of KGDH
is regulated by environmental signals such as light, and that this enzyme
complex binds to thousands of loci in the Arabidopsis genome. The chromatin-
bound KGDH catalyzes a-KG decarboxylation and thus may limit its local
availability to KGDH-coupled JMJs, which inhibits histone demethylation and
thus regulates target

gene expression in Night
plants and likely in
other eukaryotes.
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Control of histone
demethylation by nuclear-

localized a-ketoglutarate

dehydrogenase. Huang F,
Luo X, Ou'Y, Gao Z, Tang
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Mechanism of how plant senses gravity

Gravity affects everything. Understanding how living organisms sense gravity
is a widely studied scientific question. The "starch-statolith” hypothesis,
proposed 120 years ago, suggested that the sedimentation of starch bodies
(amyloplasts) in specific plant cells could initiate gravity perception, yet its
underlying mechanism remained unknown for a long time. This study reveals
that during the process of amyloplasts sedimentation, the TOC proteins on their
surface can carry and guide LAZY

proteins to form a new polarity Gravity-sensing
distribution on the cell membrane, & e
thereby regulating the directional growth Lo =ﬁ%ﬁ
of plants. Consequently, this research  Gravity ' 5'-75"5

deciphers the key mechanism by which
gravity, as a physical signal, transforms
into physiological and biochemical

signals within plants, unraveling a o T
. r @ g Amyloplast
mystery that persisted for 120 years. /\J"‘ sedumenmtuon
The findings have been published in the ' T
s LR AA\.___, Aum Lﬁ(

academic journal "Cell" and are ‘. TOCcomplex
acclaimed as a "milestone work in the -
field of plant gravity sensing."
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Crop switching has the potential to promote sustainable development
of the food system

It is a crucial part of ensuring food security to establish an optimal agriculture
distribution that is commensurate with the bearing capacities of resources and
the environment. Prof. Wei XIE’s team innovatively develops a large-scale crop
switching model with high spatial resolution and multiple sustainability
dimensions. They demonstrate that the current crop distribution in China is not
optimal, elaborate that crop switching can enhance environmental sustainability
and farmer incomes. This work finds a new direction of crop switching and
provides a new path for agriculture to adapt to climate change.
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Crop switching can enhance environmental sustainability and farmer incomes in China. W.
Xie, A. Zhu, T. Ali, Z. Zhang, X. Chen, F. Wu, J. Huang, K. F. Davis. Nature 616, 300-305
2023).
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Enhanced privatization of grassland use rights increases grassland
quality.

The debate over whether private or collective ownership is more effective for
grassland property/use rights continues. Lingling HOU's study is the first to
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reveal that the impact of grassland property rights on grassland quality depends
on the security of privately owned usage rights. Physical measures (like fencing)
or legal safeguards (such as usage certificates) significantly enhance grassland
quality. The study also shows that informal institutions (e.g. village agreements)
play a role even when formal institutes (e.qg. certification of grassland use rights)
are well-established.
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FIGURE 1 Evolution of grassland tenure reform

Hou, Lingling, Pengfei Liu, and Xiaohui Tian. "Grassland tenure reform and grassland

quality in China." American Journal of Agricultural Economics 105.5 (2023): 1388-1404.

AT 5 BE (Institute for Artificial Intelligence)
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Proposing a full spectrum of computing-in-memory technologies

Recently, computing-in-memory (CIM) technologies have received widespread
attention and substantial research investment from both academia and industry.
Zhong SUN, an assistant professor at Peking University, together with a group
of outstanding experts from China, Israel and UK, proposed the concept of a
full spectrum of CIM technology, which made a principled classification of all
types of CIM technologies. This concept provides a platform for comparing the
performance of each different technology and is expected to inspire new types
of CIM technologies.
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Z. Sun*, S. Kvatinsky, X. Si, A. Mehonic, Y. Cai, R. Huang. A full spectrum of computing-in-

memory technologies. Nat. Electron. 6, 823-835 (2023).
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The First Open-Source Safe RLHF Framework for Large Language Models,
Participating in the closed-door Round Table Discussion for Bletchley
Declaration.

As the development of general artificial intelligence (AGI) technology enters a
critical phase, ensuring its safety alignment with human values becomes
particularly important. Yaodong YANG’s team has made significant progress in
this field, having open-sourced the first domestic framework for the safety
alignment of large language models (LLM), providing strong support for
research in the safety and value alignment of LLMs. Additionally, as a
representative of the academic community, YANG YAODONG participated in
the closed-door pre-symposium of the Bletchley Declaration in China. During
the meeting, he engaged in in-depth discussions with the special envoy of the
British Prime Minister and domestic safety governance experts, effectively
conveying the unique insights and contributions of Chinese scholars on the
safety development of AGI.
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Few-shot multimodal word learning with referential uncertainty

Word learning is believed to be one of the most fundamental building blocks of
multimodal understanding and reasoning. Motivated by the capability that
young children can understand a novel word’s meaning merely from a few
examples, Prof. Yixin ZHU and his team developed the MEWL (MachinE Word
Learning) benchmark suite to evaluate and guide machine word learning in
grounded visual scenes, demonstrating a new approach for the evaluation of
multimodal artificial general intelligence.
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Jiang, G., Xu, M., Xin, S., Liang, W., Peng, Y., Zhang, C. & Zhu, Y. (2023). MEWL: Few-shot
multimodal word learning with referential uncertainty. Proceedings of the 4oth International

Conference on Machine Learning, in Proceedings of Machine Learning Research, 202:15144-

15169.
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Network/Protocol Co-Optimization for Communication-Efficient Private
Inference

Prof. Meng LI and his research team proposed a co-optimization framework
for both privacy inference protocols and deep neural network architectures.
His team proposed a new secure convolutional protocol based on the
Winograd transformation as well as a series of neural network-aware
optimizations to dramatically reduce the communication overhead. His team
further proposed a inference communication-aware network optimization
algorithm, which is compatible with the proposed protocols. The co-
optimization framework can simultaneously reduce the communication
overhead for pre-processing stage, online stage, linear operations, and non-
linear operations.
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Comm. (GB) | Online  Pre-proc Comm. (GB) | Online  Pre-proc. Comm. (GB) | Online  Pre-proc Comm. (GB) | Online  Pre-proc
ResNet-18 1 60 ResNet-18 1 29 ResNet-18 0.5 29 ResNet-18 0.5 29
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Wenxuan Zeng, Meng Li, Haichuan Yang, Wen-jie Lu, Runsheng Wang, Ru Huang. CoPriv:
Network/Protocol Co-Optimization for Communication-Efficient Private Inference. Thirty-

seventh Conference on Neural Information Processing Systems (NeurIPS 2023).
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DeepDendrite: A New Generation GPU-Based Brain Simulation
Framework

The primary challenge in detailed brain simulation is the high computational
cost. Prof. Du Kai and his team proposed the "Dendritic Hierarchical Scheduling

Algorithm," optimized for efficiently simulating detailed neuronal theories. They
developed DeepDendrite, a GPU-based framework for accelerating large-scale,
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detailed neural network simulations. This framework significantly outperforms
the mainstream NEURON framework, achieving simulation speeds 2 to 3
orders of magnitude faster. It also pioneered the first artificial neural network
based on detailed neuron models in the field, laying the groundwork for building
more brain-like general intelligence.
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Zhang, Y., He, G., Ma, L. et al. A GPU-based computational framework that bridges neuron
simulation and artificial intelligence. Nat Commun 14, 5798 (2023).
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