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Aging challenges in China
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Large language models’ significance

In the era of Large language models

/_J T5 5 GShard Publicly Available
—2019 ___20201 RN 2 panGu-c 3¢ Ernie 3.0
2021 HUAWEI
=~ 14 ~7 PLUG lﬁ'g‘ Jurassic-1
cr1-3 &) ~ .
Codex G ——— 5+ ~ ~ 25! CPM-2
b
- 9-10 7 FLAN 05 1ampA
. mnspur 'Yuan 1.0 ﬁ Pvthi
Anthropic A\ HyperCLOVA — \ @A]phaCode \()] Pythia
webGPT(&) /“'1\2 © chinchilia wos| Vieuna 0 InternLM  f[j Baichuan2
Ernie 3.0 Titan 'éb" InstructGPT @ 2022 " RWKV é‘:vé panGu.z M) MPT #7. QWEN
Gopher@ CodeGen O G w2 b Sparrow {5 Bard [li Baichuan E FLM
o~ | |
GLaM 'C) MT-NLG OPT 00 \ J PaLM 3 Flan-T5 09O LLaMA G PalLM2 250 Aquila2
CodeGeeX * GPT-NeoX-20B [O) 6/ O vy G anpam © CodeGen2 JC Skywork
BLOOM & ciM (©)  Thklnstruct Ai2 \7 o )\¢ Luminous p] StarCoder ... XVERSE
' ' - NLLB
mT0 £ Cohere @ \ x Fal
AlexaT™ O / 11012 ~— my Faleon N Grok-1
BLOOMZ 2023 ~— |
WeLM | ) 14— |
Galatica 0Q | L o >
OPT-IML (X ChatGPT GPT-4 00 LLaMA2

Zhao, W. X., et al. (2023) arXiv

In both Chinese and international communities: oreprint

(1)several gigantic models

(2)dramatic development 4 /10



Large language models’ significance

Al Race

Number of notable machine learning models by
select geographic area, 2003-23

Source: Epoch, 2023 | Chart: 2024 Al Index report
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Al patents by application status by geographic area, 2010-22

Source: Center for Security and Emerging Technology, 2023 | Chart: 2024 Al Index report
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Large language models’ significance

Large language models’ significance

Industrial significance

 Automatic AD detection

Baseline ()
BERTOp
BERT3p
BERT6p
ERNIEOp
ERNIE3p

Precision
Non-AD AD
0.700  0.830
0.742 0.941
0.793  0.947
0.793  0.947
0.793  0.947
0.852 0.952

Recall
Non-AD AD
0.870 0.620
0.958 0.667
0.958 0.750
0.958 0.750
0.958 0.750
0.958 0.833

F1

Non-AD
0.780
0.836
0.868
0.868
0.868
0.902

AD
0.710
0.781
0.837
0.837
0.837
0.889

Acc

0.750
0.813
0.854
0.854
0.854
0.896

Yuan, J., et al. (2021). Frontiers in
Computer Science.

Intellectual significance

* (1) Damaged/degenerated brain
simulation

Hinton, G. E., et al. (1993). Scientific American.

Li, C., et al. (2024). Neuroscience Informatics.

* (2) Brain and model alignment
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Large language models’ significance

- Alignment in vision processing
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Large language models’ significance

- Alignment in auditory processing

a
L2
AN —
DNN Auditory pathway 3.0 mm |C
/Training objective \
L 25 =
[ Masked ][Contrastive] [ ASR ] B
prediction learning ]
\ ~ / H STG wn
- 2.0
/ Contextual representations \ — S~ E i
e Eaae o . 75 a3 _
Query refres@nthtiofs ‘”‘-"‘. \\‘ o o
[HEE B [l BN . . —== ’ U ~— hakalad - n.s
Midbi i = [
Self-attention HiR idbrain juferior | 4 ~ o N 15| o= == D&
, : : 5 s s
Oide S OO0 - ; X ; : T
- - [= RN [ o T S — = - S R ——
\ Transformer layers(x12)/ H Pons - 1'0
1 : Va : -
Local feature extractions \ Encoding E ) E Recording
model : rL % = /simulation hed
[I LIl Temporal convolution E (- uditory E 05
i‘:l"'l"'l"'l"'l : nerve .
Convolution layers (x7) / E E %
0.0
b \e) \*) \ R\
CV\‘\\\ ‘.\,\\*\ c’\\\\\\ ,\.}\'\Q o

| ' \
W"'w *W‘WW : : My
R h input: - .
aw speech inputs v v

Predicted neural activity Actual (recorded/simulated) ! Re prese ntat i On S i n hi e rarCh i Cal I aye rS Of th e D N N

neural activity

oo igeies J\’\/\ e //\/\ﬁ correlated well with the neural activity throughout
the ascending auditory system. " Li Y. etal (2023)

Time Time Nature Neuroscience.

8710



Large language models’ significance

\ Ongoing project: linguistic alignment?
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Conclusions

Take home messages

* China is undergoing demographic aging, characterized by significant
gender imbalances and a rising proportion of individuals in the oldest
age cohorts.

* Converging research from genetic, neural, and pathological
perspectives, both within China and internationally, elucidates the
underlying mechanisms of aging (for details see the abstract).

* Large language models contribute both intellectually and societally to
addressing the challenges associated with an aging population.
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Genetic, Neural, and Alzheimer's Insights

' Genetic Gender differences

unguarded X chromosome hypothesis

biological and cultural evolution

male-female mortality-morbidity paradox
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Genetic, Neural, and Alzheimer's Insights

' Neural preservation in SuperAgers
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Genetic, Neural, and Alzheimer's Insights
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' AD research centers ity
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Cosine similarity of word embeddings for different meanings of homonyms

bert-base-uncased meta/meta-llama-3-70b(compressed)
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bert-base-uncased

Cosine similarity of sentence embeddings between
different meaning

Cosine Similarity Across BERT Layers

0.90

0.88 4

Cosine Similarity

0.86 4

0.84

They made a report on the ship.

Meaningl: “They made a report about the ship.”
Meaning?2: “They made a report while they were on the
ship.”

Cosine similarity of sentence embeddings in
different context

Cosine Similarity Across BERT Layers for the target sentence in different context

0.97 1

0.96

Cosine Similarity

0.95

0.94

contextl = "During their voyage, they spent several hours
each day documenting their findings. They made a report
on the ship.”

context2 = "After inspecting the vessel thoroughly, they
compiled all their observations. They made a report on the
ship.”



meta/meta-llama-3-70b(compressed)
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Syntactic processing located at early layers

Ance during training procese
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Cited from Qin Lang's talk in CBS PolyU, “Decoding language
Structural representation in human brain and LLM'’.
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