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Significant improvement

(e.g., 80% wirelength improvement

over [Google, Nature’21])

The contributions to community

Bring EAs back to the state-of-
the-art for macro placement

Reaffirm the potential of EAs
for chip design
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Deep-time Life Evolution )
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Fundamental Question A high-resolution summary of Cambrian to Early since our collaboration in 2021
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it possible to use large-scale fossil data

[Fan et al., Science, 2020]

General: can be applied to construct
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Fundamental Question of Natural Science — Deep-time Life Evolution
Core Scientific Content of the International Big Science Program Deep-time Digital Earth
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Problem formulation of deep-time life evolution o o s

The problem formulation of deep-time life evolution: max, f(x)

e
U \J \J \ ¥4 \J \ ¥4 %LW’
Solution x : =, ¥ Objective f(x) :
~¥5) o
The permutation of > E = N The “consistency” of the
. %_@ o) o
LAD and FAD events heg — permutation and
Of a” S ecies 28 x 90 = 2520 possible time line sequences (€29] f _I d t
P Compare between the candidate 05511 datd

permutation and massive fossils
Code for eval. exceeds 10,000 lines

[Hannisdal and Peter, Science, 2011;
Fan et al., Science, 2020]

This is a black-box optimization problem
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Previous methods of deep-time life evolution /o Jamda v
Researchers from School of Fossil dataset of China The world’s first high-precision
Earth Sciences and Engineering, Sections: 3122 Species: 11268 curve of marine biodiversity

Nanjing University, China

‘‘‘‘‘‘
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Developed the state-of-the-art method
based on simulated annealing for deep-
time life evolution: CONOP.SAGA

SCIeNCE  contems - News - coreers - Journals - Science: “New dataset and method, drive the
transformation of the entire evolutionary paleontology”

SHARE  RESEARCH ARTICLE

@ A high-resolution summary of Cambrian to Early Nature: “Palaeontologists have charted 300 million

) Triassic marine invertebrate biodiversity

Jun-xuan Fanm, Shu-zhong Shen"'m", Douglas H. Erwin“"S, Peter M. Sadler®, Norman MacLeod', Qiu-min...

China's Top 10 Scientific Advances in 2020

|”

years of Earth’s history in breathtaking detai
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Challenges of deep-time life evolution
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CONOP.SAGA [Fan et al., Science, 2020]

The world’s first high-precision

______________________
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biodiversity | More

based on simulated annealing ~ curve of marine
Fossil dataset of China ”“’;
Sections: 3122 Species: 11268 :> =

“Tianhe Il supercomputer”
7,000,000 CPU hours

Data
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Existing methods:

Computationally Intractable
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Paleozoic marine invertebrates of China | The eval. time
Sections: 3122 increases with

Species: 11268 problem size

Single evaluation
takes minutes
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OLIF developed algOrIthm . CONOP. EA http://\ngW-Iamdag-nju-edU-cn
A Since beginning our collaboration in 2021, we have developed
*Dé_ Reserie s| an evolutionary algorithm for deep-time life evolution
‘ ¢ g 1. Geoscience-Informed Initialization
Sequences fom  Inifaized  HafDNA  Composte  —Fossi Statistically analyze and weight the stratigraphic
— ——— sections in the dataset, prioritizing the critical sections
B E
R ** R §g X
xR K i | = K 2. Diversity-aware crossover operator
Original population “Natural” New population
N selecton Select high-quality solutions from the elite diverse
. s archive for crossover
c ; D 2
T
’ | l 3. Learning-based adaptive mutation operator

2 Mutation B
ol & Q
(8] @ [$]
[0}

3 14

A Recombination

Adaptively adjusts the mutation operator types and
parameters based on historical information
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CONOP.EA - Geoscience-Informed Initialization

— Data-driven analysis

Compute event and section weights

o w(e) = count(e) X ratio(e)
: ‘s 0
® f, % Sec. A
2 o .
\ ® 0’ Sec. B
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_ Geoscience-knowledge-driven analysis

A domain-informed virtual section preserves the relative orders

superposition

regional correlation

biozones :

expert-defined order

Virtual section

Construct the
"Virtual Section”
from high-weight
expert knowledge
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CONOP.EA - Diversity-aware crossover operator

Maintain an archive to store good
permutations with diverse patterns

® |— &

We use Kendall correlation to define the
similarity between two permutations

: ) > sen(w1(i) — 21(5)) sen(2s(d) — 22(5))

Tl = n(n -1 1<i<j<n

LAVIDA

Learning And Mining from DatA
http://www.lamda.nju.edu.cn

Diversity-aware crossover
helps escape local optima
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CONOP.EA - Learning-based adaptive mutation operator e el adusn
{ State s, ’ > ‘ (F;c’:(c:yoﬁifn i_z)e/r\) |% MUtai?neoierator —>| Execute mutation | > ‘ Rewardr; | (J update }
- . ~ ﬁ / Mutation operator \
State Information 4 ) Types Parameters | APPly /Offspring populatio}

Optimization history / Dynamic

Operator history |$ Algorithm |$ Adj. Swap # times : I : | | : : | : : R
T Configuration | Reorder | Strength I::: Ty
Ll b1, PO|ICY r 3 % ~ K /
| L1 11, mm] J k / K ) \ /

Reward feedback

Our learned policy: For example, when recent rewards remain low, the policy selects more global
operators such as Reorder, and stronger mutations with larger #times / strength to escape stagnation
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Our algorithm CONOP.EA is efficient pttp o amda ..

Results on the Eocene-Oligocene marine foraminifera (Sections: 161, Species: 1269)

a
[ CONOPSAGA

35000 |—
CONOP.EA

ﬂ CONOP.SAGA Algorithm Objective Trials
T F tal,
z Runtime 5c[ie?v:ee 2?)20] CONORSAGA
s T —_— / [Fan et al., 34600 40,000
13h:09m .
00| . Science, 2020
Runtime

33m CONOPREA CONOP.EA < 34600 ~9,000
With 40,000 trials, CONOP.EA yields a better The number of trials to achieve the same
objective value, while the average time cost objective value is reduced to

per trial is reduced to 33 /789 ~ 1/23 9000 /40000 ~ 1/4.4

To reach the same objective value, the total runtime of CONOP.EA
is reducedto 1/ (23%x4.4) =1/101.2 of CONOP.SAGA

http://www.lamda.nju.edu.cn/qgianc/
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Our algorithm CONOP.EA is general o/ urm lam hadue

http://www.lamda.nju.edu.cn

CONOP.EA can be applied to construct high-resolution biodiversity change curves
across different geological periods and fossil groups

Fossil records collected L :
by global researchers CONOP.EA Biodiversity change curve
s %l _E= 5
Cambrian marine iy ) & wﬂlmimz X Accura_|tely recgnstruct t_he
invertebrates, g Lyl evolutionary history of life
. T I
Mesozoic bivalves, Rl | Help predict biodiversity crises
etc. s ¥

What Determines
Species Diversity

It provides key support for life evolution

research, one of the four major directions
How and Where Did

Life on Earth Arise in the ongoing paradigm shift of geosciences
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Application of CONOP.EA
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Recreate the history of foraminifera biodiversity
during the E-O transition period

The currently largest
foraminifera dataset
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[Lu, Xue, Deng, et al., Nature Communications, 2026]
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Thanks for listening!
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The problem we solve
Deep-time Life Evolution

Fundamental Question
of Natural Science

The baseline we beat

Science  conen

o A high-resolution summary of Cambrian to Early
o Triassic marine invertebrate biodiversity

CONOP.SAGA
[Fan et al., Science, 2020]

“New dataset and method, drive

SClence the transformation of the entire

evolutionary paleontology”

2020 China’s
Top 10 Scientific Advances

Computational cost:
“Tianhe Il supercomputer”
7,000,000 CPU hours

Methods & Results

Developed CONOP.EA
since our collaboration in 2021

Efficient: nearly 100x speedup, making
it possible to use large-scale fossil data

General: can be applied to construct
diverse biodiversity change curves

Nature Communications 2026

The contributions to community
* Provide a critical application for EAs

* Show EAs can play a significant role
in the current wave of Al for Science
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