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B FAMF = o @ FERHP & (label) 5 7= &2
S B P R GE FA LRI AR LA e B
—t I3 ~
TR g i
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age age on admission lab_sodium

S8R =5 lab_leukocyte
admission_datetime  date of admission lab_mean_platelet_volume
ed_diagnosis primary symptom lab_neutrophil
mechvent_fla indicator for mechanical ventilation lab_alt
vitals_temp_ed_first body temperature at ED triage lab_ddimer
vitals_sbp_ed_first  systolic blood pressure at ED triage lab_inr
vitals_dbp_ed_first  diastolic blood pressure at ED triage

vitals_hr_ed_first heart rate at ED triage lab_mch

vitals spo2 ed first  SpO2 at ED triage lab_creatinine
pmhx_diabetes indicator for comorbidity: diabetes lab_mev

pmhx_hld indicator for comorbidity: hyperlipidemia

pmhx_hin indicator for comorbidity: hypertension lab_aptt

pmhx_ihd indicator for comorbidity: ischemic heart disease lab_platelet

pmhx_ckd indicator for comorbidity: chronic kidney disease lab_lymphocyte_percentage

indicator for comorbidity: chronic obstructive pulmonary ~ labh_glucose
pmhx_copd disease lab_neutrophil_percentage

indicator for comorbidity: asthma
pmhx_asthma

indicator for comorbidity: cancer
pmhx_activecancer

indicator for comorbidity: chronic liver disease
pmhx_chronicliver

indicator for comorbidity: stroke
pmhx_stroke

indicator for comorbidity: chronic heart failure
pmhx_chf

indicator for comorbidity: dementia
pmhx_dementia

@ﬁf%wﬁag’
T2 2T T

> FoR e e ® 2 label @
frﬂf;jj;ﬁ % e 1D -t

;Eje.\-‘}}% A ¢fi]abel E > T

APREREET R

lab_ldh
lab_prothrombin_activity
lab_urea
lab_lymphocyte
lab_crp
lab_rdw
lab_hemoglobin
lab_rbc

lab_hct
lab_potassium
lab_ast
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serum sodium

leukocyte count

mean platelet volume

neutrophil count

serum alanine aminostransferase
serum d-dimer

international normalized ratio

serum mean corpuscular hemoglobin
serum creatinine
mean corpuscular volume

activated partial thromboplastin time
platelet count

lymphocyte percentage

serum glucose

neutrophil percentage

lactate dehydrogenase
prothrombin activity

serum urea

lymphocyte count

serum c-reative protein

red blood cell distribution width
serum hemoglobin

red blood cell count

serum hematocrit

serum potassium

serum aspartate aminotransferase
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% ¥ #rie & (Logistic Regression » LR)
,?&*14’?%‘1' fFepe s i~ HIVARE L] i ( Linear Regression) 4 15 » i
ikl (Y) 2 p % (X) 2 Bl b o b fge oo
‘7\%3@3 ¥od Al Ree Rk Eane jForiRid chik ¥ & G
RS S %M{A¢ﬁﬁm%&’mw-{é@\ﬁﬁﬁzﬁ
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2 #E £ (Support Vector Machine » SVM)

L 284 d Vapnik 2 H B8 B > T8 KRB LR AREY &
SRS bR BB AT BN Rt mE L
h- BRARTEY > I B LR G EFSALT G (Hyper
Plane) » #5 3% = TR A &k 4h o 42T 6 GRS A Suf
B (Margin) & &+ & > @ 1T F digd $k A B4 % SVM
B s E ,?,}c,w“' gt #F % £ (Support Vector) e

i % 2153 SVM A s iy AL : A (Hard-margin) 5 &
#iE > A Sl A AL B0d R (Soft-margin) - JRF Friven
PR ¥ A g R s e

~

4 T % (Hyper Plane)

B AR OTRET U - Te TR 2L T %}“
e TARTG o bR TR BB R AE LT U iR
TG o Bl A 0 S A FEAKNALE B AR
ABRED B nF AR o E A LRFEYE S R R AR 4%
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@ @
Fon
9)

# Margin

Bl 2 4T (HyperPlane) 7 % B

7 < & ¥ (Kernel Function )
PR S R VERAS
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iii. %1% 41k (Random Forest » RF)

Random Forest Simplified

Instance

Randomy \
LAER K3.0K K3 R

Tree-1 Tree-2 Tree-n
Class-A Class-B Class-B

Bl 3 %% Z+k (Random Forest) -+ %, B
IS AR RIS E S %;1 CART (Classification and Regression
tree) > I e 2 AR A R TR UK g R REY B
% 2V EEA S SR E £ B M el e (7 Ensemble Method >
#%iF Ensemble Method » % & 5 B 538V B, ka2 fp- B M5 g
YR > MAA T Falicdp b A7 F 2 LR CART #t -
Ensemble Method # i * 2 ;x4
1. Bagging (Bootstrap Aggregation ) :
TERTER R G IRt 1A 4 ATendicdy o PoRauEfe g5 ¢
¥ E4F P~ o @ * Bootstrap TV & ¥y Y 4 ey
BoltZ R E?P BN KBHRA LAGEK BHRADR
NKBAEE (tree) e BN K Bry L w2
g F ﬁmuw&%fWgJﬁm*ﬁﬁiﬁwfemﬁwﬁ#ﬁ
Jﬁtﬂ"*?ﬂ&* o Tt s g R (tree) 2 BFERE £
B 2 BArgRaEL- R ﬁxié M E S (Majority
vote) fFI|E & % o
2. Boosting :
£ Bagging #f 11 » & { A AN e n F Y nE A FH O
P e ‘Uﬁ@%‘%/ﬂ\ PR T B ERF - 4o £ HE 0

2EE SRR S bww’ﬁﬁ%ﬁﬂ”$$§§““%
i #g 74 (misclassified data) i > & &2 28
% o

SEH FRths TR R TS 4 Bagging H{ % 2 hi %
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BE PR BRCR A N FHA S R S EE
i. % ¥ #rie & (Logistic Regression » LR)

EEEE:
AP AR EApRhS g - BRI FR > 20
precision ~ recall ~ Fl-score ~ accuracy » & 7 £ #4255 45 1)} 7 ¢
BT

Data_X = df x[COD["all’]]

Data_Y = df_y[Y]

Training Set_X, Testing Set X, Training Set Y, Testing Set Y = train_test_split(Data X, Data Y, test_size = 0.2, shuffle = False)
sc=StandardScaler ()

sc. fit(Training_Set_X)

Training_Set_X=sc. transform(Training_Set_X)

Testing_Set_X=sc. transform(Testing_Set_X)

model = LogisticRegression()

model. fit(Training_Set_X, Training_Set_Y)

pred_Y = model. predict(Testing_Set_X)

pred_train_Y = model.predict(Training Set_X)& THHIISAE Training_Set X

print (f’ 3% {len(Data_Y. index) } %: #I%#%E (1en (pred_train_Y)}, HIGA4E (1en (pred_Y)}')

******Testing Set*******
Precision: 0.7347
Recall: 0.6667
F1: 0.699
Accuracy: 0.8342

Bl 4 LRAFCBER 12 LAk Y

#importance features

FI = {}

feat_importances = pd.Series(model.coef .ravel(), index=COD[ all’])
Testing Result[Y] = re[ pred Y ]

FI[Y] = feat_importances

show_FI(FI)
FI name = show FI _2(Y, FI)

hospital_outcome

age
lab_neutrophil_percentage 0.688699
lab_leukocyte 0.647015
lab_crp 0.445243
lab_urea 0.389462

Bl 5 LRAR;HER - 22 32 €& ik



FH R
3\ ,Fa’@'ﬁg* = 7&1%& s A B

u){_C ~ max_iter fr penalty o C 4%-] R|4f %
i € A% o WA A ST ARE o 1 R s ARG S
max_iter » B~ 1% X T #c 5 penalty 5 A3 E o AP AE R A
F-B3E LERADERER R FRC/) - BRREREFRE >

penalty ;2% 11 PPy 3 g » ¥ Xk *\fj*ub ST ae Fpt g <+ s

FAPRT e S gt i o TRl TR
& (Model 2)erd T4+ -

* g ] AW o B¥
E S

+

~

30 B u] S Bk

‘ precision

accuracy
1 0.7347 0.8342
100 0.7143 0.8235
0.1 0.7826 0.803
max_iter precision accuracy
100 0.7347 0.8342
500 0.7347 0.8342
max_iter ‘ precision accuracy
12 0.7347 0.8342
11 0.75 0.8396
% 4 ZfHSEELRE
LR Model C ‘ max_iter penalty result
Model 1 1.0 100 12 Precision: ©.7347
NN Recall: ©.6667
(FEK) F1: ©.699
Accuracy: ©.8342
Model 2 0.1 100 12 Precision: ©.7826
Recall: 0.6667
Fl1: .72
Accuracy: ©.8503
Model 3 0.1 100 11 Precision: ©.7317
Recall: ©.5556
F1: ©.6316
Accuracy: 0.8128




2 #5141 (Support Vector Machine - SVM )

A2

SRR @ RPFHEE 2T - B SVM I £

precision -~ recall ~ Fl-score -~ accuracy > # F i%:iFA7 ;845 1 pt 53] eneE

B ik

Data_X = df_x[COD[ all 1]
Data_Y = df_y[Y]

X_train, X_test, y_train, y_test = train_test_split(df_x, df_y, test_size=0.2, random_state=1)

sc = StandardScaler ()

sc. fit (X_train)

X_train_std = sc.transform(X_train)
X test std = sc.transform(X test)
#fit model

model = svc

model. fit (X train std, y_train.values)
pred Y = model. predict(Testing Set_X)

pred_train Y = model.predict(Training Set X)# THHIFN4LE Training Set X
print (£’ 3t {len(Data_Y. index) } %#: #M%4E {len(pred_train Y)}, iHIEk#E {len(pred Y)}')

Precision: 0.9111
Recall: 0.7593
F1: 0.8283
Accuracy: 0.9091

Bl 6 SVM Az AR ~ 112 2R Y

#importance features

FI = {}

feat_importances = pd.Series(model. coef .ravel(),
Testing Result[Y] = re[ pred Y ]

FI[Y] = feat_importances

show_FI (FI)
FI name = show FI 2(Y, FI)

hospital_outcome

lab_leukocyte 1.016098
age 0.844514

lab_neutrophil_percentage 0.461286
lab_ast 0.408425
lab_rbc 0.292921

Bl 7 SVMAENERR -~ 2 #3)2 £ & i

index=COD[’ all’])
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APAKT A FE S A B E Cqr kernel o C A%+ $4384 %7 i 5) 3
PR RIEE RS o L A4 35 5 kernel 7 e o S
B- - B ABo BER AR B R FRCARSE
FES AR o kernel [E 4% rbf PREAEF R c BFA PR Z il s
Gt g ho TRl T OUE RS - fEidcie s (Model 2) thd b -

-

o

%05 B u] RHG R

C ‘ precision accuracy
1 0.9111 0.9091
100 0.9412 0.9519
0.1 0.9048 0.893
kernel ‘ precision accuracy
rbf 0.9111 0.9091
linear 0.7818 0.877

2 6 ZfjEcis R
LR Model ‘ C kernel ‘ result
Model 1 10 I‘bf Precision:

. Recall:
(GEK) F1:

Accuracy:

Model 2 100 rbf Precision:
Recall:
Fl1:
Accuracy:

.9111
.7593
.8283
.9091

00 0@

.9412
. 8889
.9143
.9519

(ORI o)

Model 3 100 linear Precision: ©.7736
Recall: ©.7593

Fl: 0.7664
Accuracy: ©.8663




iii. “£1% 41+ (Random Forest » RF)

I

. 2 , - , s - P - N o
g LR IR 4B 2 9 — B Random Forest 53] » ¥ 35 &
.. ¥ .
1 precision -~ recall ~ Fl-score ~ accuracy » i i% 4255 45 41 ot 53] e
B -
import math
from sklearn.ensemble import RandomForestClassifier
Data_X = df_x[COD["all’]]
Data_Y = df_y[Y]
Training_Set_X, Testing Set_X, Training Set_ Y, Testing Set Y = train_test_split(Data_X, Data Y, test_size = 0.2, shuffle = False)
Testing Result = {} B HAS H (EH)
model = RandomForestClassifier()
model. fit (Training_Set_X, Training Set_ Y)
pred Y = model.predict (Testing Set_X)
pred_train_Y = model.predict(Training_Set_X)# THiMGI%k4E Training_Set X
print (f' 3t {len(Data_VY. index)} %: dll&k%E {len(pred_train_Y)}, #lit4E {len(pred_Y)}")
o .
.
Precision: 0.7692
.
Recall: 0.5556
.
F1: 0.6452
.
Accuracy: 0.8235
Bl 8 RFEAACHEER -~ 1E L %R23E
#importance features
FI = 0
eat_importances = pd.Series(model.feature_importances , index=Training Set X. columns
feat t 1'S (model. feat t lex=T Set_X. colu )
Testing Result[Y] = re[ pred Y ]
FI[Y] = feat_importances

show_FI (FI)
FI_name = show FI_2(Y, FI)

hospital_outcome

age 0.131575

lab_urea 0.060701
vitals_spo2_ed_first  0.056227
lab_neutrophil_percentage 0.049156
lab_creatinine 0.045734

Bl 9 RFAR;BER - 22 #3212 € & ik



SH

A A EE T = 6 %¥k 0 A W E_n_estimators ~ bootstrap {v criterion °
n_estimators ¥ 35 § ¥ B e+ 1% X =t #c ; bootstrap * & £ F F W
# 1% 5 criterion = CART #tiad|~ ﬁ?%}#f}i&ﬁ’léﬁ@ 3 SRS U e
- AR B Ss B R ADIFREG R F IR o n_estimators *
- BRMgr S & fV Hc® - BEEL > bootstrap iE % True PF 8 B F S
criterion 3£ ## & * gini GEFEAF E B - B JBFAP R =
BEfce bant e doT A > P UFRY - Ailcie s (Model2) e

AMPH  RZF LB A o

VAN AT S SR A0 o8
n_estimators precision ‘ accuracy
10 0.7692 0.8235
100 0.7805 0.8342
500 0.7857 0.8396

bootstrap ‘ precision accuracy

True

0.7692

0.8235

False

0.7111

0.8128

citerion ‘ precision accuracy

Gini 0.7692 0.8235
Entropy 0.7561 0.8235
% 8 ZHfEELVRE
LR Model n_estimators booststrap citerion result

Model 1 10 True Gini Precision: ©.7692
P Recall: ©.5556
(FEX) F1: ©.6452
Accuracy: ©.8235
MOdel 2 500 Tme Gll’ll Precision: ©.775
Recall: ©.5741
F1: 8.6596
Accuracy: ©.8289
Model 3 100 True Entropy Precision: 0.7368
Recall: ©.5185
F1: ©.6087
Accur‘acy: 9.8075




iv. ERCAE R RV R
ZRGEEAY F- 25T R BY A= BHECAIRRG
&Pt 8 (Age) V‘F‘; PoMe w3
(lab_neutrophil percentage ) °

Models
LR SVM RF
Age lab_ leukocyte Age
(##) (¥ 5 ) (# &)
lab_neutrophil
Age lab_urea
percentage i L
o (& &) (3% #)
(“F] 4 e m ﬁi)
lab_neutrophil
lab_ leukocyte Vitals_spo2_ed_first
Important ) percentage o
(9 n 3F) ; (& ¥ &)
Feature GREELESEY
lab_ast lab_lymphocyte
lab_crp N g
) Sy whk F s ik percentage
(CF 37) T ‘
(# % AP %) (# = 7%)
lab_neutrophil
lab_urea lab_rbc
. o percentage
(5]4\‘,% %) S IR

((F @ e 5 3k)



BE5%F

R e

EONNE AU 35530 o)y S :};—1 & —precision ~ recall ~ F1- score ~ accuracy *

HEEZ BACU R R LA T

Positive | negative
Predict Tr.u.e Fa‘lr?e
ositive positive | positive
. (TP) | (FP)
Predict Fa]s‘e Truc
negative negative | negative
(FN) (TN)

TP+TN .
: : Ay \]:, %
(1) Accuracy : —————— | LAl AR
. . : ; A |] > 2
(2) Precision : —— @ #L7E £k &
(3) Recall : ———  {[RA L B ARG ECH (B F)
(4) F1 score : S\
2+TP+FP+FN

(2)(3) a3 Fa T3 B > AT 1A A AR

TEAFIEZ BRI ARG SR T2 AR R (R HRESL
Tyo)o % AT E 3 B RO RS NACE 80% 0 @ RF il fp A
Mot B s K- B recall ik A LR fr SVM & 31 4 fhens

S RIS o
F 010 = #°3) fedh d Slcpe B T2 LR R A
Model Precision Recall F1-score Accuracy
LR 69.69% 59.83% 64.24% 81.69%
SVM 69.32% 56.8% 62.23% 80.94%
RF 73.86% 54.13% 62.36% 82.12%
= > TR TR

AL R KITRR B kB EA P A AE T o A K
PB4 8 FH A XT o BB P g A FRE > - B F PR

BRI BHRAEAPT L RO KRGS BHEA D
Fief e o B 5 ITMBIE T > B Y = J 78 Random Forest

(RF) % ¢ &_Logistic Regression (LR)* ¢ ¥ SVM - &+ } 3 e
Recall B¢ > # 12 —F} ] LR e Recall - & “FK A B @ = BHA

Bred- MR AR08 2+« BFAL S = BHA &

Precision 14 L% £ AL S



L AR
FICOVID-19 2 5 & 34 7 5 5 e B A7 7 § £ 7 T rfples
2 > 43t LR ~ SVM ~ RF = B3] % > Recall 4= Fl score % 7 »x#k
Aoy P EFEaz B o d B5%F L RF2ZEmEF ﬁf‘f e
SVMerRo AL MR Y R LA 2 B E A B EE A S H R
% i& ﬁﬁw%?@m,w%fw*omﬁﬂ<&%§rﬂ“%@TM;ﬁﬁﬁﬂ
\#@M HBmFG 2 4hi > ¥ LA SFHAIH L s

THETLF T APT A A 2 AR ) F 2 e Bk
?TD TR MEBLIFIWER %iﬁéx"“‘i&%mfr‘gg’l%f% TR A
TS  f RS B L i g o

B~ ST FH

BE it E:'f;F—_Av\ 47 (Logistic regression, logit model)-5t3+ 35 p? 27 SPSS #% i®
WREEY BEY Eﬁ‘?(Logistic Regression)

sklearn.svm.SVC % pl, 5 30

Sklearn-RandomForest % % #-tk %8 % 9 5. 5 2R5%

ML »* (L= ) % ﬁﬂﬁ(Random Forest). #% ;% 2% 2+ 2_ %=

hings (2011)c * L4ge B4 R L2 g W42 FDC kst -
FzpEF~F1¥ifzoipmgnyg i



https://www.yongxi-stat.com/logistic-regression/
http://www.taroballz.com/2018/07/18/ML_LogisticRegression/
https://www.twblogs.net/a/5b8e11af2b7177188342a841
https://www.twblogs.net/a/5d3f3ebbbd9eee51fbf903a0
https://medium.com/chung-yi/ml%E5%85%A5%E9%96%80-%E5%8D%81%E4%B8%83-%E9%9A%A8%E6%A9%9F%E6%A3%AE%E6%9E%97-random-forest-6afc24871857

