HNEMB-LHNEEEERE

(A

5165

s R ek 55

A
T&EH

K 3%

geRz Al

RAD: AEE
LLIZRKRZE

EHRZES

=

Fhe




01
02
03
04
05

TS

=Re]=E

] Zl] Al4Science

EF Al BN OEHRERZS

SRR (ESRIESERS

ZETT: Al IXEIETFiED




EE

01 ‘ M Al B £l Al4Science




| Rl AIMESE——AI for Science

gCIEI]C? Al for Science

fise HI= P
LT ARKIFER?
A MFIB&RY Ak

|

B M$ﬁ7uhﬂ+
A‘ ﬁﬁﬂ*m Rﬂ-’f—q

ATBEE %ﬁ?




S HE

SHANDONG UNIVERSITY

| Rl AIMESE——AI for Science




| Rl AIMESE——AI for Science

B ATESERANAREINNEBENEFRH THFNEREIN: BIE88/AL
EECIRIIEI A5 (Al for SciencesfAl4Science) .

shissl

1950

ARBFRZAEFRREIZ N KRE LD




| ATERESBEARZF

B A TESRERIKSE RIS ER SR EARS, FIIT AR
I S T R EHE S RIN RIS, SR T SRR SHEHRNE
M, LURBESRIRIA IR,

G R FR
)BEL PRIZE
\ISTRY 2024 &
£ \ " h\ ®
{ y D (505 b .
' 2N U :
@ — ® B
NIV 3 TS
Wil lilans
DEVile Demi John M. 4 &
B:\k/ér Ha(:sr];gis Jarr?per John J. Hopfield Geoffrey E. Hinton Al +*.~:I.$"_ "iﬂﬂgﬁﬁgl%%"
Y [=1-] ﬁ'ﬁgﬂﬁ]
ez g [y @ N
AIphaFoId AT HEZMENEFES



| \TERESERRS

B AISEARFOHRMMEEYARIEER: ARUMEARSERRE, B
RS SN S AR S SO IREER, IR IED (B 0 805 22 1 TE R PG .

O FEm §~§‘$\> H R
SEASEIE g R ssugssm B

@ BETERT ] o}

Al for

A Science
é& HBNSCIRISTT — @ EHETLE
" . _g HENETIZHT

.& DFER @ 4"} 27

IR

7] ~—
>

IRhiRig




| ATERESBEARZF

ATIERSEARZENESIEEHEIRIZNRICEIVER, AE,. 5. £, it

HEREMANESEFES. REFS. BRESLEMEMATERRA, IERS X

|
BRI T ATFTR A HONBAIZER.
|
W, BELRIR, RERIESIE, 7
(SRR STHR
> BETHEXRSHE
> HEUSE BRI
> KEHIRERXR
> RMARFEEA-FIIE
> RS, HEEER

HETHTHOR AR,

AIX STk
> HUEIENSYIENERS
> REBERET

> 1A TREFRERL
INETRY7 R EBRFTR

> IRmSHREEE

> AERET R RER ST
=, HEIREXBZITHS



RS
@1z F 7)\ @ \




ac

| \TERESERR:

B ATERERNE. PRRZUREYZETEEE NN T LREIIR A,

KiFiEix
> REEMEEE > BHELEEE
> WETEERS > BUESIEN
> EHTFEMNEGEFRR d
> TEFEEEESR
5 RGN T2 WiEFEEEEBR

JERARIR

RELIERI TS
|| > BEEUEEEER EAXENIE
T, KRENTE RERIITERES
> BLUBIERITERE

REITERARL

+ AIFINASATIA "IEENRE" MNFFEE-90RAH AN T E/\FUTE—FFZH-90i, LIK
MFHE#-80RFF A 7 &IMTE—FFEE)-80g



| ATERESERREE
ATERAERTS, MRRESEUREN S S MG TR 7 SRREEAR A,
&Gt AT EBRISLIA IS IR, BEIK. E(E.

BHR N EREANENLWIREZNTE, RANKS
BHE AR EECIHLIGHIRRS, MELULIISSIRIERIFEIHL

O -{3 e 1 BFFM 220 FRERHHELEH
*{iii?;f **% gw:geau*mm BeliE 7002 fhERfAEl
e eGSR EREHEIER

BREETHEXRERTNGE, BEENESTRIMCETTERREMRFTHIMEHRIES.



| ATERES AR}

EESFEIYES
A]:IE{/ \_EI g%ﬁﬂj
ey

%ﬁtﬁi rs%’ﬂ’]‘%ﬂ
IRKFH—NEE.
qJE bt} E%ﬁﬂt’E’J
Ii‘“ TEREIEE AR

, e S)EdiE. B
T"E MRS,

ARGt SIS

HIZSHE), Thee. ERFHEHYAR, /9

S RES LI INESFEFARE,

HESN AR U AIEAAICIFT, IERIREES NUAE,

=N

ZIESHEN
]
pedic

B2 5%
'ﬁ!}

121z

B4 Efz  #F3| | &R

[*Mz]%ﬂ?&?" a{a{ﬁ }

I [T

BE AR
j:ltEa:'_.LI:I =] EEEL'F '5}_‘_

AlREEF

13



| 1
o
aap>
ac

N

S5AMHE

AR I EFREY, A Ie R

. B A TR
Wik, MESAREEENRARS, SRR SRR,
B s By K KL By A T 35
g3 -%{ggég%g%%
€ R %IE FER § i, ﬁ‘
Iﬁ;%f& h ﬁ,i;% A : .
gigi*ﬁ%ﬂ 135
> 3 7o :]E. o @;ﬁ}qﬂ»’ g
Shass bty (4R
"BEER" B

AlRIMEE =EHY) AR RS TH SORRIT

14



| ATERES AR}

saxz bilibil




| ATERES AR}

wnenmE Ll




AHYAZ

.0 I <

/

P 2 PRI TN G - <

N\
7

~/
=t

U

(5| ES




| Erip=RIATER

B ETATERE,

HERET N KRR R SESEZFIRE), £ Ald4Science £

EFFPRMAIL. WEmEIZE. EERGIZET. A

DIAGNOSIS OF DISEASES

OUTBREAK
PREDICTION

CLINICAL TRIALS

®

APPLICATIONS
. OF AlIN »
HEALTHCARE

MEDICAL IMAGE
DIAGNOSIS

@

1

DRUG DISCOVERY
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FINDINGS:
SINUS INFLAMMATORY DISEASE:

A\

Il'r

SINUS ANATOMY/VARIANTS:

Carotid and optic cannls [are not/are] dehiscent.

Sphenoid septum [does not insert|inserts] onto the carotid canal.

[No evldenceIEvmence] of Keros type IlI cribriform plate (lateral lamella 8-16 mm). [No
cribriform plate asymmetry.]

Antenor ethmoid canals [do not traverse|traverse] through the ethmoid air cells.

[Lamina papyracea are intact There is a remote medial orbital wall fracture with

prolapse of orbital fat into the [left|right] ethmoid sinus.]

A\

[No evidence of idal (Onodi) cell idal (Onodi) cell on the
[left|right] with the optic nerve coursing through it.]

[No evidence of infraorbital ethmoid (Haller) cell|Infraorbital ethmoid (Haller) cell on
the left|right] that narrows the infundibulum.]

[No concha bullosa.|Concha bullosa present.]

OTHER: [None]

IMPRESSION:
[Normal CT sinus.]

BREFHR Al for healthcare
{RiIZIXa] U + R NE
INREARSELS AR E L H R0
RRITAREY HUEIRBREY
AEE AHUE
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> Fllzg (Predictor) : 5-/1’2% CNIRE TSP S
> f&HEs (Simulator) @ EEIRE. FATRE
> FTNUEFES)BE (Representation Learner) : & "[@E&E&" "BESE"
> (RIRERKES (Hypothesis Generator) : #7 biomarker, #isa

‘ (‘ __________________ I

Ilrr
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Data modalities

Omics dﬁl’

Opportunities

m Precision health

Metabolites K 74 / \ .

b ’ | Digital
immune status, | clinical trials
biomarkers <>
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i i V.
Microbiome & ’
=

EHR/scans

Wearable
biosensors

MATCH
[ 3N ) | Digital twins
a

Ambient
sensors

Virtual health
coach
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surveillance
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EFFAREE

EFRAREE

RERIRERI D X %j%%ﬁm% (X-ray-based Imaging) . Wit
})EEJZ{% (MRI, MR-based Imaging) . EJZ{% (Ultrasound Imaging) . #%ZE&E

= / IheER1& (Nuclear Imaging) . TCFEZFKB (Optical Medical
Imaging) . EREER (Microscopy-based Imaging) .

O
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SHANDONG UNIVERSITY

EFTG RESMHREESIRERYR, AATEREEEZTHNRUFS. 514

?ﬁh’.

A\

vV VV V V V V V V

R SR RIIRM 7 FEME AP TR ESTEEL.

CT (Computed Tomography,
TTEETEE)

Endoscopy (NEE(%)
Fundus (IRES/H%)
Dermoscopy (FZERESHR)
Microscopy (ZHREESHR)

MRI (BFHIRAE)

Ultrasound (#87)

X-ray (X %)

PET (IEBBFARITHTEME)
Histopathology (‘BRJRIETIE)

®) § (9)
(c) (h)
(d) | ()

ir | f"" 5 e %OW%Q.;» 53 ()

gf AR e
S v‘,‘—“ »a; 3 ,.' A ey b)" £ serd
Fig. 1 a CT. b Endoscopy. c Fundus. d Dermoscopy e Microscopy. f MRI. g Ultrasound. h X-ray. i PET. j Hlstopathology
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m FIB(ES 21

FEHITIEEIRTS

FEAIREE ‘n‘ﬁ%ﬂ]i;ﬁﬂF* ERIESRTEFINES, RERAREREEER

SSEN, BHITHFEE, 47( S REIMENERSUEEL.

EMG (Electromyography)

| —— ~

1:34 . - 3 - | Electrodes

Heart Rate

> DEES (ECG) | REVOIEEFENSTEZHN

> WEEES (EEG) : RERARMHZESNRT

> HTL%*':' (EMG) : }iﬁ%ﬂﬂﬁﬂﬁfﬁ'ﬁl_zsbal
PR, MR, MEFERMEES

/ JEZ i
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| 5F / 0%

B oF / BFEE M DNA, RNA, EHRENEY) FE10ER, RRZIBEGRREFNT FIRESS
EIEHE, B Al EEFFHITRIEES. RIREMSIERRNIZOETEERTL,

keS|t
> HEH (Genomics) : DNA Fy53=T=R
> #ERE (Transcriptomics) : HEEFRIAKTFE (RNA-seq)
> TE|HA (Proteomics) : EHFESHEIFH
> Kif#ZE (Metabolomics) : UEH#IEMRSZEL

Hydrophobic potential Superposition




SHANDONG UNIVERSITY

B [GFRSIESEE SEEELETHEF, BSE—
BEXEN. XRKEAR. FAZENZTEUESEE,
HEZIEFBERIEA, Ihee. INESHEEEX.

B NS UBZEEERS, & Al HITEERSEL
F3. hREEERESEFZRZARINZOSIEEM.

dI

-

EZE4%: CT/MRI/ X-ray / 875 (£513(3) )
HIB(ES: ECG / EEG / PR / 4, (FhSThasSm)
%?ﬁﬁ(ﬁm)-Iﬁ\QM\%%\ﬁ%E%
SCIESHESZHIE: MR, £, BEERE

YV V V VY

FattsE: B, ik, XA, REHAEF

@)
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m Al+ E"“'Eﬂ% 155, —RES "SE—E—XE" B, ERESREERE: o8 . 9%
/ . FEN (FE) .
ng-/f’é‘kéﬁ)%ﬂ’ﬂ ZEXERE, BEFNARER

SiEy

Data preparation & Compute Preprocessing and reconstruction
—— DICOM CT CT pre-processing Feature extraction & iR :
NSCLC Radiomics Linear Model inference L y
Bt (@ s -7
— Uéb (’ Denoising and quality enhancement
N=4
N’ | |
Data Manifesto Survival
| Lesion _| Probability
(—) - ((’ Localization (0.95, 0.05)
= = 1 Prediction
N=133
— z
NSCLC Radiogenomics ~ DICOM SEG PyTorch g
3
Imaging Data Commons L Google Cloud Platform ) g Organ segmentation

: /(hégin9,
Zechnice)

Lesion segmentation
and classification

Object Image Instance
Detection Segmentation Segmentation 31



| 5%| (Segmentation)

m $E (ERE: ARETHE—IMER (BFR) BFRREIMEIRE. WREDE. WD EI.
B U-Net B—FmiSss—fR0=aS 0N GIRMmEME, BURKEEMSSRERLE, LMSEERN
BEREFGIE.

> Unet (2D / 3D CNN, Swin)
> nn-Unet (EREEZDEIELZ)

> *MedSAM (Prompt-driven ZZER,EFHE)
32



| #&] (Detection)

B EZERUFEN NEIRE: RGP EIEMEEREXE, FFik "BEFEEMEEXRENE" .
WHIEE S BFHE (Bounding Box) B {&i%Xis, (Region Proposal) , MaAEMSHRGEIRECER.
B FARMBENZG . FARSSMIEN (Surgical Tool Detection)

> FMERIEIN: R-CNN R (S#E)
> EARERHEN: YOLO / RetinaNet (F3ER)
> BEEEHBH:

o ZREHFLE (FPN)

o Hard negative mining

o Detection — Segmentation Bx&Z1&

Oriented Bounding Boxes Detection for Surgical

Instruments in Endoscopic Videos é&rﬁ 1‘@1)'1“ ﬁj\%l]
L faw & / X1, RERIERD
RiER )L "TORZ K"

ANEIDZ B R
IBFRARIE |  ThE. & 2. M
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C1: Features Maps
6@ 28 x 28

2 / % (Classification & Grading)

‘ V'f/»g

SHANDONG UNIVERSITY

C3: Features Maps  S4: Features

16@ 10 x 10

Maps

16@5 x5

C5:120 F6:84

EFEBETH B 5 DR 1253,

Input 2D

1_ S2: Features Maps

Image

L 6@ 14 x 14

Birg: BETEESE, JWERER

R

|

|
32 x32 I_
Patch

—
CLASS
PREDICTION

LUH

Ek E_EEJ_{T#%U'—?EHSO

> B

=

e

Convolutional
Layer

(1) Epidermoid cyst
S

Pooling
Layer

Pooling Convolutional Fully
Layer Layer ~ Connected

Convolutional
Layer

O Em%r—
o KBIHEI
O E’l‘i / :\-_\f\'l\i
/\Q&/ \HH
o P4 (Low / High Grade)
ImIHFEER (Stage I-1V)
> X E
o EXE / ESXEARBFX D

Saliency Map Visualizatiol

(5) Ulnar styloidimpaction

syndrom (9) Pathological frac

m

(10) Shoulder dislocation

(13) Renal cell carcinoma

'.‘('

591‘

(14) Jejunal atresia

(7) Cardiomegaly

(8) Bladder calculus
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|l / 73,

= (Prognosis)

B FE / FafE ESRKENAREIRRE,

MmeERETE=E

FRAFHERTRRHIARRK

KRERBSXEIKYE,

Training .
/ CT image —> TME C.I;zzls:i:‘i.cation Ir.nml;r:e TN'IE \
_ L - Lowj'High Highzl.Higlh o
ﬁ )\J E 1: |‘I V. ?: , L ?:L H h4/:L . Tlr\;l)éna
A ow/ Low | High/ Low
)\I T Multi-Task Deep Learnin:
o fﬁf@_@mﬁ ® &
SMU-1 Cohort
O Eﬁﬁ*ﬁ i) —> Progno-g?:ll(’idiction w w
Alive Disease
S A k - jseasefree = Relapse Do j
o B Zi / RN b "
( Validation \
Task 1 Task 2 Chemotherapy Immunotherapy
TME Classification Prognosis Prediction Response Prediction Response Prediction
o | 7 L 8 1 3 o . Responder
> B | RN RS
o [A])F (risk score / time-to-event) 5 ; - : I -
e a Predicted TME Class 1 I i
O 5 \%lé ( I%J—uzﬁ VS {EEJ—L Bﬁ) ‘:ﬂ"a'%fME 2"1554 C T Time Time Pre1dict2ed 'I?ME“Class
o BJEIFFERIE (MEIEHR) svsUCCA 125 | | svstcoraznatier || (agestiandll) || T Conort
Stanford: n = 123 n=1729 n=303

\

/
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| H)BI) vs. ERFS

B _‘IEJ_ ;E‘ Em % H’\J ‘J:’u %IJ E gg ;:,F Z: — Z'_‘E EE %Jq:; E “ﬁ %2 {% ZK % , Discriminative Models } Ger:1er‘cx1'ive Todels |
image — Output (EehIALEHS) . P \

> MEETEBEGIERTE, REESET AR B \
|5)8%? g

o ERES EMBREFHRIERS TSI, Sl

/ P(YIX) ing Bayes' rule ‘

o HEREIERY BRI TER/IVEATIIEIE S 05T, . |

Specifically meant for Typ Ily 1'h y are NOT used to
classification tasks sification tas k
Discriminative models don't Generative models possess
possess generative properties discriminative properties

> FlpITRE
o DRIAFR
— . _— o Learns the decision boundary
DB e st o e | e > ERTRE
e e g B || e o o o HURTE= R PRI
o Learns the input distribution
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LI}

B ERAFIRHEREFR "WIAE" . R

=P FE S EFRARE

IR

REVE(ENEHE,

H7328.

HFIoE,

B GAN ERTF Wwmghk; VAE 5T AR, FMEFS); Diffusion EHTF mitadis. HEZEIAE,

GAN: Adversarial /
training

x ‘[Discbirg:)ator -

VAE: maximize
variational lower bound

Diffusion models:
Gradually add Gaussian
noise and then reverse

Decoder

Encoder w
5 ‘[ as(zx) | i

X0 X1 X2

Po(x|2)

Generator
G(z)

- — -

=8 IDERIR(RIZ EFH R AR E R ‘7 B9 AREE
GAN FE— RS EREL IEE > BE& 2—RMEER | s & piFRF
VAE FE—NBESETE | HEENEERITPXE | (RERE LENIAARR
Diffusion | FE— IR eSSyt gty AR ({x}) =5 RS FRINS
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A (Vision-Language Models)

]
I

Image
Encoder

\

(a) Image-only

L

arge-scale Pre-Training

[Findings]:

—p V ... aright pleural
effusion. Heart size is
enlarged. No evidence

v of pneumothorax ...
PCL Loss
A S
| [Impression]:
1 No acute cardiopulm-
—> V onary abnormality...

o

IZHMBE S 4R, IRENXS. E
EF VARG R FE—ENTE, SLIEIRSIER

SEEERE

YA

MLM Loss

=

FIA Loss

4

Encoder

—>|

MLM Loss

SR Loss

—> T[F] —>

—PT]]_’

Text
Decoder

=3 |

—5|

(b) Text-only Large-scale Pre-Training

[Findings]:

... aright pleural
effusion. Heart size is
enlarged. No evidence

of pneumothorax ...

.
[Impression]:
No acute cardiopulm-
onary abnormality...

7

... aright pleural
effusion. Heart size is
enlarged. No evidence

!f pneumothorax ...

Te

Image
Encoder

/. \

Encoder

/

xt

-V

\

(Predicted) _ 4 /74 10ss

Similarity Score

T

—T

[Medical Tags]:
1. Pleural Effusion

(Target)

4— -
Similarity Score

[Medical Tags]:
1. Pleural Effusion
2. Cardiomegaly

Knowledge
Base

\

(c) Image-Text Large-scale Pre-Training

\

... aright pleural
effusion. Heart size is

enlarged. No evidence
of pneumothorax ...

\\2

—1

ﬂ:h«/ \Fo

S HE

SHANDONG UNIVERSITY

- V11 | V12 ‘Vm‘ |Vz1 V22 VZM‘ I:‘ ‘VN1| Un2 VNM‘
@
3 m
o 3 s
E 3z — — T
> o >t v (¢hvyg | v | [tz | fives | iva thow | chowa | thiome
g o S AT
° " e
> t12 AT e lfzvz. t,;vu tivau thovns | thhvwe [ thovmu
B
/ > tim ey | thvsa | oou | [efavay | vz | ehivaw thom | elsvac |ty v
> ty1 | s | v [thoue| | thva | thez | thvaw how |t vy, | Frvw]
« of chromophobe renal cell carcinoma, R
The gross appearance - | i e e
of cheGesoptiol 5 —» |~ The gross renal cell carcinoma. N |1 = % B A
=) - An HAE image of renal disease, renal >ty 101 thovia [thovud | |eT, RS Fom thw | thws | thn
s P cancer, chromophot cin = —
= 3 m 3 Ficard A g r i T 3 T T,
g o > t [t2aV | t2302 [t2sPin,| | t23van | E23V2 | t23V2m 2301 | 230Nz | t230Nm
Possible presence of a 8 o ‘“"*""Yh“"%“’“"‘"‘*‘“"°"‘“ = 2 2M Yot el e
sneaky background >3 — |- Melanoma is present. S5 E—
melanom: & 9 * A photomicrograph of cas cell type cancer, o a
3 8 melanom S @ H : : : : : : : : :
3 3 H H : : : : : : : :
3 O
SiT +The tumor has a pale whitish appearance. N -
The tumor has a pale &
— — |  The tumor pale whitish appearance.
‘whitish appearance. 3 g hmnm’l"lm‘mm;” / > tn1 hovn | v [hvae| | thivar | v | thivam TR A AT
> tnz 0,014 | thevie |thavane| | thevas | vz | thvam TROsitiFe
I:l Least-hard Positive |:\ Hardest Negative ‘:] False Negative Mask —1
—> tam thavns | hvea [thae van | thagvar | Ravaa b v, Foevw | thaavna |t

> Hir:

o B& & RS X5F

o MHHE < EFME XI3F

o 3XFF: WE. 12Wh. L.

BFES
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