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@+ Ak AL AR S5 DA A5G B B Auo Jxdtel £E F B4 AP IRE 53
5% sy U9+ dvh A2 PR OF RUe A58 84 v g o gatel B4 7] A4 o
W8 FSEE Shed Rud & v

A AN, AoE shbe] TRAAI30E AL PP g B B A2 YR % wd F A% 3
e RS olgstel, Fhae] A ol i B FY] AN ol F Holw shbg AHE & Arh.

A AN, Bape] A ol m BAe] GY] AA ol F AR HE ST WAS00NA, A
o Shbe] TRAM(130)E PR S RUG o) 83lo] A AW o wi Hx] ] A o F
Holw St 5% & Arh. U AAGNM, FIE S5 wDe, BRe] AP o RE AER AFHES I
&8 A9 5 Atk o ANdelA, AR g mae dSHE BT TR Aol koldsH, we ¥
52 AZE 5+ AT

S, B ONAE olo] AlREA @a, PR g mde S AgesA T e @A F A
o A%z AFHES GpE mdd & ok, Holw shie TAMI)E PIE S DL o] gt
FA7E ARAG, & AR @Al ARE AST 5 Ak olF Fael, AM10009] g
g4 o= AnE AT 5 A

A AAdel A, PFE g BEE B} 54 F AAde] QAT IAE o B 7] AL oRE
ARAES F5E AL 5 Ak D AANA, PRE A5 mde Bt 25 F QA JAL A
SRE, 008 JFoR B 47 AAS BA BB dSIED G5 AU 5 ek, A AAdlA, B
A S F AU QA AAR GRE, 309 ol GUUNA HAL T Aol ASHE A, I
B o Rae B 3] AU A 8 Aol ASHES g5 AL & Avk. I AANA, B4}
G F Q9 992 AR 9, 309 EE 09 ol Adeld HAe T ol d3HE 49, &
48 g wae B A7) AAe @ Aol dBIER dsE A F At

o), B4t £ F AAL AR de, B B Auol wFE el FRel web, 548 PAE 9
Ae AT B2 B4 B 558 e DS GU9S AF dw 3 A 24T 5 ok o, B oA
o= shitz AlgEA erch

w9, 7] AN ClRE Bl glo} 30U U oA B, o= s ABHA g, B4} ABF
Sol FF, A, Sael vel, w3 Bael $42 AWshs B4 4} & ndstel vl gEE 44
gk 5ol Wb 7] AA olRg paeks )Eel Hi Ut wae & ot
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BA(S00 M 5T AT 1% A% g (200 AL 5 9
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% o4e 2 ANe A Axeld] nhE e ¥aE A2As s wdol sy B4 Aus] 98 wAwl
o % 5e 2 e 2 Axdel me FAE ok wue] shgol ol gE: TA volgE AWy 9w
Ewlolt}

Ao A, = 1 2 = 45 Fxshd, w2 (110)0] 28H JFA 5 &g 2de FH8 3x Iy 4u
=]

o)
= i= jL
o Azl 5% F B A ol % BAY F7] AY JNE AFAES vg HE 2AY 5 Yok,

oA Aol A, A (100)= PE] gFE J1EAlT T Rds ATwHs vk ouk, 2 AAE ol AlF
HA gFa, HoE o] ZRAAM(130)E AFAT g Edo] TuE A T | V|xdto & F
Shape] Al of i gl gkpe] A7) A ARE S5 s TEAA TR AT ol#d e i Al wE
xpe] A o7 B xe] ] A o R o o] FAEE AW (100) AA A o]Fojd & gla, HE
of AW H/EE= A2"SE 53 o]Fo] A FE Qrt. o3, AW HE 93t Aok dfuto] R ANA
(130)7} 5 g5 BdS SFA7]= 3o® AWses o)

g ArdeA, JFAF TF BZEd2 AF AT RES X F vt d JAF AT BREe B AA4W
dolof52 FA4E F vk, H5Y AAT dolodE A7 HF9 JMFAE (veight values)S ZEa 9lon,
oA (previous) #oloje] AL A} B4 JtEeXE 7o) A4S F8l A% W AARS Fasn. Heo 4l
A dologe] Za e HFY VteAES JA¥AT EE g5 Ade o HAsSE 5 v, dF
o], st& A Fob AFA T BdolM FEI Z(loss) # Ty ZAE(cost) o] #A Ee FHAEE
5 Bao stexEe] AAd g k. ¥ AAEe AS A (DN Deep Neural Network)E XE8e 5 9l

o o E E9o], CNN (Convolutional Neural Network), DNN (Deep Neural Network), RNN (Recurrent Neural
Network), RBM (Restricted Boltzmann Machine), DBN (Deep Belief Network), BRDNN(Bidirectional Recurrent
Deep Neural Network), E#=EW (Transformer), A% Q-UEHZ (Deep Q-Networks) T ¥ (Boosting)

daglF Fol Jou, MEd o FAEA =t

o
o8]

ili7

ra AR N o 5} 2= o xEEE T B
L3, JAFAF sy B, oA sty Rdls ¥8s fx gt JAE

o

F45 228 XGBoost (eXtreme
Gradient Boosting), CatBoost, LGBM(Light Gradient Boosting Model), Random Forest = MLP(Multi-Layer
Perceptron)& 233 4 Qlth. olsh, Ao HE §std, AFA T g5 HE9 st WS, s i

mae S WHoR MYE & Ao,
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~
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ilud
_(|)1J
of>
td
Q
lo
o
)
19
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flo
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& ax 94 Ane ¥4 4

ﬂ!
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sh58 AIE(400) 2 HAES AEMIOZ T

AN, HAES AMEMUDE P4 ot melo] S48 AEMED6 olste] FAJAUEA o nE
At el A AHEEE HelHY & Q.

tob o

O
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(validation) AE(402)2 FEsH= @AAI(S100E X8 = k. A AA]dolA, Hom shte] T2 A A (13
0)E FE8 AEWM0) T 80%s T8 AEMUIDE FE3I, UHA 2095 HF AMEM2)ZE T2 5 9t
g AAdolA, T5) A AE ARES FH AEMDSY AF AEMUR)E FEEE BFL stratified k-
fold validation 71S ol&ste] 32 = drt. & 52 Fxshd, Fd AMEMODE 58 AE400) =
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dolEES e 4 9
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Jol A, XGBoostoll A9 cut-off a2 0.22 AAH=E 4 A}, CatBoostol
Ik, LGBMAl A 9] cut-off e 0.22 AA=E 4 9}, Random Forest ol
otk MLP Edo] A9 cut-off < 0.302 AAE 4 Ar}t. oW, cut-

Score o] mAIEO] rk. A Al
A9 cut-off F& 0.228 A" F 2
A9 cut-off e 0.252 A" F

of f 2 3] A ARG FAddste] o] AMgetEA] F& AR A ARE FESE 7ol HE @
d 4 ot

A Ao A, = 4, = 5 2 = 6aF % o], XGBoost, CatBoost @ LGBM z}zte] mdle 8k 3ol A
EAlskE 5 A B Ao X¥E AEH e diste] I (Blank)®E diAst] gtEdE Y ¢ k. o]
o} &2l Random Forest ¥ MLP R g5 Hgolx EAete 58 34 A Ard x3d A5 dst
o] F%#t(nedian) o2 iAste] g5d AU 5 Aok, ojw, FI#S AS5A Y A @5 T4 =E

AA dolg e Fgks 9w 4 ).

A AAdo A, Al GAE sk 29 Ensemble Model 24 H7FE(600)0] =AIE o] QAth, A1 s sk =
98 XGBoostoll 0.159] 7F&=x], CatBoostol 0.159] 7F&%], LGBMl 0.62] 7} X, Random Forestol 0.05%] 7}
FA Z MLPell 0.059] 7FEXE Fol FE © Rdd £ vk, gwk, B A= olel AdEHA ¢kar, Al &
e s Rde FE ASs FA717] A8kl XGBoost, CatBoost, LGBM, Random Forest 3 MLP ®& Z}7f
of digk 7teAE 2 st Al G5 TEF S AT F Art.

A Ar]eol A, 6boll E=AlE 7HE(610)= Al HFE 5 R F2 Aes A9Ysr] fstd, I5&
dlolEl7t otd, AHAl F2& fste] d¥e A dd HHE o] &ste] dF5H AHE HUiste 5" 1Y +
ATE. A AAo A, ShEE kB FRIF ol= 54 WA g5 S #d AR By, AA F8
< 93te] 9¥E A #E JRE vhE HdelA F51H I dd HARd 5 Q).

6boll =AlE F7FE(610)5 sk, = 6boll =AE F7FE(610)= Al e o5 2R A ARSE o

O, 44 FES 1eig dlolE g olgste] dSE Bate] A of o

sfof kel AQE BPeka, Zhzte] Bk YA AH A o 4E A5 ol ®AH Ak

1% Bool, s A P ARE olgdtel SuE Al PR Sy wad Sy A4S BEelw, AL Y
A Sy BAE ol 88 FE AR AL FPE Sy wde Bxe] AP on o3 PR B
Ak,

=6

A
B B ARE olgdtel 849 ] AN ANE dSHES
& ok BIE(620)7) £AIHO] A,

d Aol A, A2 SdE sy @S Ensemble Model 241 H7FE(620)00 Z=AIH o] Qo). A2 GAE st =
92 XGBoostell 0.1¢] 7F&A], CatBoostel 0.29] 745X, LGBMe 0.059] 7}%%], Random Forestel 0.059] 7}%
Al 2 MLPell 0. 64 7FEAE ol E " 2P ¢ v urtb, 2 JRAIE ol A A Sar, A2 =

a5 —Zri q5s ?}%1\]7]7] 3kl XGBoost, CatBoost, LGBM, Random Forest 3 MLP & Ztzbol of
2= S AT 4= 9t}

)
= =2

B
A AAJf o A, XGBoostollA12] cut-off #2 0.08%2 A< 4 v}, CatBoostol A9 cut-off #< 0.07= A
AE 4= 9k, LGBMlA 9] cut-off > 0.062 AA=E 4= v}, Random Forestol A 2] cut-off #h 0.08% A
49 4 k. MLP B2l A 9 cut-off F 0.1702 AAE 4= A}, olul, cut-off S xte] F7] A4
ARE st 9o 7] AAR ASHEA FL AV AAR SFHA FEA AFER FEIE V0] HE
#d U

A Ao A, X 6eoll =AIE FIFE(620) A2 SFE s Ede FE TS Adsy] gy, d5&
o] 7t otd, AA FEES flste] =g A A-” HHE o] &3te] o FH ANE Friste 5H xY T

% Gdol EAE WIIT(630)E BEFW, E 6do] EAE HIFE(B30)E A2 P g 2 A AFSE st
B Ol o, 9 $E Flstel Ael@ Ul olgalel AR el 4] A ol NI ke
olgalel Wrhe Al E Bela, A7ke] Wrh BRI AR A4 o4 5 o] EAHo]
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6;0
Model AUROC Accurac Precision Recall F1-score
(cut off) y
X%‘%‘;St 0.8751 0.9066 | 0.7139 | 0.6985 | 0.7058
C?é?ZOEC;St 0.8744 | 09059 | 0.7186 | 06572 | 0.6811
LGBM (0.2) | 0.8792 | 09138 | 0.7368 | 0.6667 | 0.6937
Random
Foran )| 08482 | 0.9009 | 0.7011 0.7097 | 0.7052
MLP (0.3) | 0.8478 | 0.8951 0.6843 | 0.6922 | 0.6882
Ensemble
1semb 0.8806 | 0.9124 | 0.7314 | 06874 | 0.7062
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E=H6b
610
Model AUROC Accuracy | Precision Recall F1-score
XGBoost 0.8304 0.9083 0.6599 0.6795 0.6689
CatBoost 0.8106 0.9287 0.7167 0.6311 0.6607
LGBM 0.8242 0.9192 0.6785 0.6467 0.6605
Random | 0.8081 0.9012 | 0.6467 | 06809 | 0.6613
MLP 0.7867 0.8981 0.6308 0.6534 0.6408
Ensemble 0.8305 0.9204 0.6866 0.6602 0.6721
EH6c
6;0
Model . B
(cut off) AUROC Accuracy | Precision Recall F1-score
X%Bgé’ft 0.7658 | 0.8606 | 0.5305 | 0.5810 | 0.5329
0?58007%“ 0.7731 0.8506 | 0.5553 | 0.6747 | 0.5648
LGBM (0.06)| 0.7490 0.8807 0.5340 0.5750 0.5401
Random
Forest (0.08) 0.7708 0.7371 0.5396 0.6979 0.5087
MLP (0.17) 0.7857 0.8951 0.5690 0.6484 0.5876
Ensemble
model 0.7918 0.9009 0.5745 0.6514 0.5944
Zr6d
6;0
Model AUROC Accurac Precision Recall F1-score
(cut off) y
XGBoost 0.7214 0.8350 0.5263 0.5820 0.5221
CatBoost 0.7294 0.8475 0.5359 0.6062 0.5380
LGBM 0.6866 0.8550 0.5231 0.5614 0.5221
Random
Forest 0.6687 0.9549 0.5345 0.5030 0.4970
MLP 0.7042 0.9377 0.5606 0.5427 0.5494
Ensemble 0.7380 0.9314 0.5690 0.5659 0.5674
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EQ73

Serum osmolality
Laclate

Diastolic blood pressure
ALP

Systolic blood pressure
Operation time
Uric acid
NT-ProBNP

D-dimer

Fibrinogen
Neutrophil

Total bilirubin

Body mass index
Pulse rate

Body temperature
CRP

Lipase

Pa02

Mg

eGFR-MDRD (IDMS)
MCcv

FOP

Platelet

P/F ratio

Na

apPTT

FO2

pH

POW

Age

EH7b

Serum osmolality
Lactate

Diastolic blood pressure
Systolic blood pressure
Department

Total cholesterol
NT-ProBNP

ALP

Fibrinogen
Operation time
Upase

Neutrophil

Body temperature
Age

D-dimer

aPTT

Pulse rate

Platelet

BUN

eGFR-MDRD (IDMS)
FOP

Uric acid

Total bilirubin

Pa02

Amylase

Monocyte
Procaicitonin

Total calcium

CRP

Triglyceride

ZIHSd 10-2025-0038867

High

Feature value

-15 -1.0 -05 0.0 05 10
SHAP value (impact on model output)

cen . .

P .

High

Feature value

1
SHAP value (Impact on model output)
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EQ7c

High

Serum osmolality e

ALP - e D

Lactate

Diastolic blood pressure

Operation time

Systolic blood pressure
Neutrophil .

Pulse rate

Uric acid

D-dimer

Pa02

NT-ProBNP

Body temperature

Body mass index

Total bilirubin

Fiorinogen

Mg

CRP

Lipase

©GFR-MDRD (IDMS)

fi02

Platelet

BUN

Mcv

Na

aPTT

P/F ratio

RDW(CV)

pH

cKk-MB

Feature value

0 1 2
SHAP value (impact on model output)

EH7d

High

Serum esmolality .. oae
Lactate .
Department
Fibrinogen
Body temperature
Lipase
Amylase
Platelet
NT-ProBNP
Uric acid
Pulse rate
P/F ratio
Diastolic blood pressure
Total bilirubin
Systolic blood pressure
D-dimer
Body mass index
aPTT
RDW(CV)
Albumin
Respiratory rate
Procalcitonin
€GFR-MDRD (IDMS)
Na
PCT
Creatinine
pH
Mg - - - .

Feature value

BUN —— - e R

Triglyceride &2 (@50 v

0.00 0.05 0.10 0.15 0.20
SHAP value (impact on model output)
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EQ7%

Department
Fibrinogen .

Total Protein

Emergency operation

Age

Na

RDW(CV)

NT-ProBNP
Cardiovascular .

eGFR-CKD-EPI

FRO2

Uric acid

Lactate

P/F ratio

Albumin

Diastolic blood pressure

Total calcium

Pulse rate

Alcohol history

Operation time

Body mass index

Hypertension

pH

MCHC

BUN

CRP

ANC

PaCO2

Serum osmolality

K

214

1its
1A

1il
T

e B

1 ]
&

1itigd

i
t
'

17

1ARA

T

:
.

ST .
- .
..

pr ..
—_—

T
+4

T

-2

EH8a

Emergency operation .
RDW(CV)

Body temperature .

Pulse rate .
Age
Lactate
NT-ProBNP
Serum osmolality
D-dimer
Body mass index
Lymphocyte
aPTT
ALP
PT (INR)
MCV
Operation time
Respiratory rate
WBC
Total calcium
ALT
Diastolic blood pressure
Mg
Lipase
CK-MB
Albumin
eGFR-CKD-EPI
Total cholesterol
Platelet
CK
P/F ratio

- [} 1
SHAP value (impact on model output)

-10

.3

o 15 20 25

0.0 0. 1
SHAP value (impact on model output)
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EH8h

High
Emergency operation —_— e —

Age —--—*—---.— secee oo ses .

Body temperature - ome e enien sessemm s s seesm +
Serum osmolality
RDW(CV) .
Lactate

<
—~ g
-
Pulse rate —~ 3= -
=
&~
P
&

NT-ProBNP
aPTT

D-dimer

PT (sec)

PT (INR)
Amylase

BUN

Albumin

MCV
eGFR-CKD-EPI
Uric acd
Procalcitonin
P/F ratio

FDP

Platelet
Creatinine
Total cholesterol
Operation time
Alcohol history
Respiratory rate
Department
Lipase

ALT

Feature value

-05 0.0 0.5 1.0 15 20
SHAP value (impact on model output)

EH8c

High

Emergency operation

Age

Body temperature
RDW(CV) e T e e e

NT-ProBNP o o .

Lactate + e e et e = ¢ et ey o ..

Pulse rate

Serum osmolality

D-dimer

Respiratory rate

PT {INR)

ALT

aPTT

CK-MB

Operation time

Platelet

Body mass Index

Uric acid

Lymphocyte

MCV

P/F ratio

Procalcitonin

Total calcium

Lipase

ALP

WBC

Mg

Amylase

Diastolic blood pressure

Total cholesterol

Feature value

Low

2 4
SHAP value (impact on model output)
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EH8d

Serum osmolality
Body temperature
NT-ProBNP
Emergency operation
Lactate

PT (%)

PT (sec)

PT (INR)

aPTT

pH

Pulse rate
eGFR-CKD-EPI
hs-Troponin T

Age

D-dimer

BUN

Amylase

Na

Operation time
Albumin

LDH

Base excess

wBC

Phosphorus
Department
€GFR-MDRD (IDMS)
ANC

Fibrinogen
Creatinine
RDW(CV)

EH8e

Emergency operation
Age

Lactate

Serum osmolality
Department

Sex

Total calcium
wBC
eGFR-CKD-EPI
Respiratory rate
Platelet

Pulse rate

Body temperature
Albumin

Kidney

PaCO2

Base excess
Operation time
Sa02

PT (%)

aPTT

Hb

Fibrinogen
Hypertension
Phosphorus
Glucose

Total cholesterol
PCT

BUN

Lymphocyte

—— - e

0.10 0.15
SHAP value {impact on model output)

o e s e c——

o e——
SUCIMINER TSpp P =

e

-0.2

0.0 0.4

02
SHAP value (impact on model output)
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Feature value
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