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INZIEFCTHLEDEE KT 22 LT, PHETVAZFEL £,

SHEBIRICDOWT, SULEFHE

® RMSE (Root Mean Square/-d Error)

» FHEAT — 50T S FAHE S BOEDSEICDWVT, EO"EOEMTIIDFAIR%E RMSE & W\W\FET.
RMSE HVNEWEE, FRITTIILOTFAEEN SV CFHfiTEFd.
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FRETIIEVERKRT DREIIC -
# FBA>—YosmiiBBEGrFE Lo CaEbLET .
library('GGally')

ggpairs(train, lower=list(continuous=wrap(ggally_points, alpha=.1)))
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nEd,
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® tidymodels > parsnip J\w A —2
~ parsnip N\ —I#FX(E, 82 0— RICE>T, SEOEBEOTFATT ILVE/ERTEFT.

model = linear_reg() %>% 0 Y17 (FUESILOEE) =EE
'set_en'g'i”n'é”["l'm-")m%;ﬁ'ém B . .@ e U'\:‘yﬁ';.\.)?%fci&‘). ’&?Ei
set_mode('regression') %% © TR (ERTHELEOER) EiSE
fit(charge~., train) O BRI EFBAT—IRELTEE

» SO}, FROFAMETIVEERLET.

S o5

FREOIRETIL linear_reg Im*2 regression*2
HR— b BLENRES L - A —FIL svm_linear kernlab regression
HR— ~ MLEIRET )L - RBFA—FJL svm_rbf kernlab*2 regression
AL IA LA NETIL rand_forest ranger*2 regression
Bfc T — 27 >FE7 )L - XGBoost boost_tree xgboost*2 regression
Ta—SILRY hI—IFFIL mip nnet*2 regression
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FIRREERETIIL (EBEEREZMR) HS

# BEEREZILEERLUET. ERRUEFRETILEY R CHEMULETD.
models = Llist()

models[['Llm']] = linear_reg() %>% fit(charge~., train)
models[['lm']]$title = '&HERETIL'
evaluate_model(models[['Im']], test)
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RERRDETINEEOTHES

# SAHLTALANETILEERLETD,
models[['rf']] = rand_forest() %>%
set_mode('regression') %>% fit(charge~., train)
models[['rf']]1$title = 'SUHLIZF LA MEFL'
evaluate_model(models[['rf']], test)
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FRETIET—INMRICERT S
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» VoMY IZETILCE, ARDOBEFERNSCETEHENG 53F 2R cExd, SO,
SYHAATALAPETIVERIRL T, BEAREF I ENREIZEY FEUTERLCHELLD.
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® PFl (Permutation Feature Importance)

- HOIEROBHREEMNIC BT TETELIFABEOR TR, COEBOERE LRI ST &N
TZEFEJ. PFl(E. EHOEES DA ACHUBX TERETIE TR LT, TOEBEXZFETY.
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B R e T VIR0 FiEE LT, &OICPF 12 Z# A LEd, PF I Permutation Feature
Importance DML T, ET ABEWTHNEE 22K T 5 LT, EOEENEETH O EMEINT 5Tk
TT, PRIDOTATTIX U INTT, 7200 PHMEZEHRT S & 212, HOHEHOEREEXNN
IZHTH e, PHIBERYARE(LET, PF I TIE, ZOTHIEEDE{EZ, £OEEOEERE L fiffl
LET,

EHOEREHETDHEND ZLix, TOHFREEDOTICTHEIT) LWVWH 2L TTR, PF I T, #F
MHT =2 ORCTRGERDERDEE T F Ly y vy 7LV LT LEVET, £9T5H2 LT, TOE
BOERETFHNCBNTEZRNVEVWIREZEHLET, 2F0, EEBOWEET —FDOHF T ¥ v 7
LT LPHZTIUE, MR, PRIOREITE/{L, RMSEOEMNEMLUTLENETR, O
WA vy 7NV U BROBEEE L BT L) 2 & TT,

EFVICEIT3EBOEEEZBRLLS

# PFIJOw b=EERULET .

pfi = explainers[['rf'1] %>% model_parts()

plot(pfi) + labs(title=explainers[['rf']]1$title, subtitle=NULL) +
ylab(' ZHDEZHVEZ fz=H L DORMSE') + theme_gray() +
theme(legend.position="none', strip.text=element_blank())
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ERLETFAEDORREZFEIRUELS

® ICE (Individual Conditional Expectation)

» ARDFRCONT., HIFEOEHOEEZ(LSETHT, TN > TFABEHNEDLEDSCELTD
WEANDTETESNSTIOY M ICE LLWWET.
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W T HDE, 1 CE &9 FIETY, Z4uE Individual Conditional Expectation OWE T, &%)
DTRNZANT, HIEROMWEZT 2D LT OBMS TN & XD, PRI E 0O & 512 L TH<
MERRDH Z & T, EOEEITET 2 —ZEHEEEZFo T FIETT,

ERLETFAEDORREZFEIRUELS

# ICEJOy hEERULETD,

ice = explainers[['rf']] %>% predict_profile(test)

plot(ice, variabhles=c('age', 'bmi')) +
labs(title=explainers[['rf']]$title, subtitle=NULL, y='FEIE') +
yLlim(®, 53000) + theme_gray()
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I RHoE@ETIUL, EEENIEFICRELS RoTWNEEAIEVI T NL—TL L LBMIBL - L
Mol LThH, BEREBIZNZIEEDLRDSTEAI LN ZODTN—TRN, T—FDOHFITRIEL
TWDZENGNVET, ZOXHREE, BMI1 EREEREZFF> TOAMOEENFIET D 2 &1
RBINET,

ERLETFAEDORREZFEIRUELS

# PDP (Partial Dependence Plot) Z/EEL &4 .

pdp = explainers[['rf']] %>% model_profile()

plot(pdp, variables=c('age', 'bmi'), geom='profiles') +
lahs(title=explainers[['rf'11$title, subtitle=NULL, y='FBEl{E') +
ylim(0, 53000) + theme_gray() + theme(legend.position="none')
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M 5 2 D 7B e L TIIRTD Z EnTcaFET,

ERLETFAEDORREZFEIRUELS

# PUEOGEcI)L—S{LUIJZPDP (Grouped PDP) %#/EFLE .

gpd = explainers[['rf']] %>% model_profile(groups='smoker')

plot(gpd, variables=c('age', 'bmi'), geom='profiles') +
labs(title=explainers[['rf']1]1$title, subtitle=NULL, y="FHIE"') +
ylim(8, 53000) + theme_gray() + theme(legend.position="none')
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W= DT, FEOBITBRES . 4L POBITIERREE ZRBIT 5 FHRIEO LA L TWET,

BREZELICHREZERET I EBRRLTHEDS

o SUANTALANETILDEER
» PFI{2 SHAP h'5., 5DMZHO S5, BYE - BMI - FHOEEMHHNEVNC LA DD FT.
» @0 PDP #R 35 & @FEROLRICHN. EREOFAEHEENIC EBRLTWA A DFET,

» BMI @ EEEXRA] Grouped PDP % B3 & OBUESOERETIERES (CLLAT BMI OFEEEL 2T,
OBIC BMI=30 DMHETRERBICERITBC O DFET.

PFI PDP Grouped PDP
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MO ET, o, FMOPDPERD & O LI o TEEEO TRIEDL, EAE VI XX, <
SHBIC LR LT 280 4, &5, BMI OBEREFIPD P2 RS &, BEH OER
FNTIEMYEF |\ Z R TBM I OFEZRZITTHEY FRZBM I 830 282 5H7- 0 TEBIZ EFT5
ZEWGMYET, LAY, MIEPEURET L OREIFRICKBSETHEL & 9,

BREGLICHREAERTETILEBRLTHES

# JSv v I ETILORRZ R C RS BT BIRET )L E/ER ULETD .
models[['tr']] = Llinear_reg() %>%

fit(charge~. + I(age®2) + smoker:bmi 491(smoker'*as.numeric(bmi>30)), train)
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B RNy =V DA VA S —/WRILEZHER L. RONDLRWGEITA VA = LET,
pkgs = ¢ ( tidyverse’, ’tidymodels’, ’GGally’, ’patchwork’, ’gridExtra’, ~liver’

"ranger’, ' xgboost’, ’kernlab’, ’nnet’, 'DALEX’, ’shapviz’, ’fastshap’)
for (pkg in pkgs) {

if (lrequire(pkg, quietly=TRUE, character.only=TRUE)) install. packages (pkg)

B T =S agiHiir, BRD DD gender & smoker ZEUfEIL, region ZHIFRL £7,
library ( tidyverse’)
library ( liver’)
data (insurance)
df = insurance %>%
mutate (gender=as. numeric (gender=="female’ ),
smoker=as. numeric (smoker=="yes’)) %>%
select (-region)

df %% str()

# T2 EFEAT =2 EFHMEAT =2 ICaEI L, BI%ROT — 2 AR R L £,
library C tidymodels’)

set. seed (2023)

split_data = initial_split(df, prop=3/4)

train = training(split_data)

test = testing(split_data)

cat (nrow (train), nrow(test))

# BT — 5 OO L BIREE & TAEILLE T
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library ( GGally )

ggpairs (train, lower=list (continuous=wrap(ggally_points, alpha=.1)))

B PHET VIR LT, PHEDO T vy b EFHIIZ R R T 2EBEZERLET,
library ( patchwork’)
evaluate _model = function(model, new data) {
aug = augment (model, new_data=new_data)
loss = rmse(aug, charge, .pred)$.estimate %% round(3)
p = ggplot() + ylim(=3000, 60000) + ylab( T-HIfE )
pl = p + geom_point (aes (x=age, y=.pred), data=aug, alpha=.25) +
labs(title=model$title, x=" 4EH#n)
p2 = p + geom_point (aes(x=charge, y=.pred), data=aug, alpha=.25) +
geom_line (aes (x=c (0, 60000), y=c(0, 60000)), lty=3) +
labs(title=paste C RMSE =", loss), x= EOfE )
pl + p2 + plot_layout (widths=c (4, 3))
}

t BERRTETAEERLET, ERLETHIET VT Y X ML E9,
models = list()

models[[’Im’ ]] = linear_reg() %>% fit(charge ., train)
models[[’ 1m’ 1]$title = " FRIEEIFET LV

evaluate_model (models[[’ 1m’]], test)

# VAR — FxT MVERET IV (BB —3V) ZAERLET,

models[[’svl’]] = svm_linear ) %% set_engine( kernlab’) %>%
set_mode ( regression’) %>% fit(charge ., train)

models[[ svl’ ]]$title = VR — b7 MVEIFET IV - BB —2RV

evaluate_model (models[[ svl’]], test)

# P AR— XY RVEIFET L RBF 7 —F V) ZERL £,
models[ [ svr’]] = svm_rbf () %%

set_mode ( regression’) %% fit(charge™., train)
models[[ svr’ ]1$title = HR— r_Z ML EYFET IV - RBF I —x )V

evaluate_model (models[[ svr’ ]], test)
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B 7 LTH VA NETVEERLET,

models[[’rf’ 1] = rand_forest () %>%
set_mode ( regression’) %>% fit(charge™., train)

models[ [ rf’ ]1$title = T F L7 LA NET NV

evaluate _model (models[[ rf 1], test)

# AE T — AT 4 7 ET IV (X6Boost) ZAERLL E9,
models[[’ gbm’ ]] = boost_tree() %>%

set_mode C regression’) %>% fit(charge™., train)
models[[  gbm’ ]]1$title = AWE. T —AT 4 7 EF /)L — XGBoost

evaluate_model (models[[’ gbm 1], test)

==y bT—7ETVEERLET,

models[['nn’]] = mlp(penalty=10, epochs=600) %>%
set_mode ( regression’) %>% fit(charge ., train)

models[['nn’ ]1]$title = " ==2—F /L%y NU—T EF )V

evaluate_model (models[[ ' nn’ ]], test)

#t B L7 PRIET VI, T — X OOHTIZ H LD

# DALEX /3w 7 — VTP HIE T /L 2R % 72 80 ORTHE 21TV £

library ( shapviz’)

library (' DALEX’ )

explainers = list()

for (name in names(models)) {

explainers[[name]] = DALEX::explain(model=models[[name]]

data=select (test, —charge),
y=test$charge)

explainers[[name]]$title = models[[name]]$title
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# PFI 7’'my b &R LT,

pfi = explainers[[’ rf’]] %>% model_parts()

plot (pfi) + labs(title=explainers[[ rf ]]$title, subtitle=NULL) +
ylab C B OB O 2 728 & D RMSE’) + theme_gray() +

theme (1legend. position="none’, strip. text=element_blank())

# ICE 71y b E{EX L £,

ice = explainers[[’ rf’ ]] %% predict_profile(test)

plot (ice, variables=c( age’, ’bmi’)) +
labs(title=explainers[[ rf’ ]]$title, subtitle=NULL, y=" THME ) +
y1im(0, 53000) + theme_gray ()

#t PDP (Partial Dependence Plot) Z{EX L £

pdp = explainers[[’ rf’ ]J] %% model_profile()

plot (pdp, variables=c( age’, ’bmi’), geom= profiles’) +
labs(title=explainers[[ rf’ ]J]$title, subtitle=NULL, y=" THME ) +

y1im(0, 53000) + theme_gray() + theme(legend. position= none’)

# BEDA T/ L —7{ L= PDP (Grouped PDP) Z/EEIL £,

gpd = explainers[ [ rf’ ]] %% model profile(groups=" smoker )

plot(gpd, variables=c(’ age’, 'bmi’), geom= profiles’) +
labs(title=explainers[[’ rf’ ]]$title, subtitle=NULL, y=" THI{E ) +

y1im (0, 53000) + theme_gray() + theme(legend. position="none’)

B1IEFEADA L AZ L RITEIT 2 SHAP U o — X — 7 4 — VR E{ER L £ 7,
shapl = explainers[[’rf’ ]] %% predict_parts(test[l,], type= shap’)
sv_waterfall (shapviz (shapl)) +
ggtitle(paste(explainers[[ rf’ ]1$title, - 1 ‘FEHDA L AKX L R7)) +
xlab(C THME ) + theme_gray()

#10FHDA L AZ AT 5 SHAP U o —H — 7 4 — VK Z{ER L £,
shap2 = explainers[[’rf’ 1] %% predict_parts(test[10,], type= shap’)

sv_waterfall (shapviz (shap2)) +
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ggtitle (paste(explainers[[ rf’ ]1$title, '— I0FBHDODA L AHX LX) +
xlab(C PHHE ) + theme_gray()

# 79 v 7Ry 7 AT NAOMEIR A RR RSB S B2 EEIRE T VA ER L £,
models[[’ tr’]] = linear_reg() %>%

fit(charge™. + I(age 2) + smoker:bmi + I(smoker*as.numeric (bmi>30)), train)
models[ [’ tr’ J1$title = " BRIRDENFET LV
evaluate_model (models[[ tr’ 1], test)

## Appendix

# ST — & 2RICxEF 5 SHAP Importance Z#HH5 L £,
library ( fastshap’)
pred_parsnip = function(object, newdata) {
predict (object, new_data=newdata)$. pred
}
shap = fastshap: :explain(object=models[[’ rf’ 1],
X=select (train, —charge),
newdata=select (test, —charge),
pred_wrapper=pred_parsnip,
nsim=20)

sv = shapviz(shap, X=test)

p = sv_importance(sv, 'bee’) + ggtitle(models[[ rf 1]$title)
q = sv_importance (sv) + ggtitle (" SHAP Importance’)

ptaq

# BML (2R3 % & THISE 7 /L Grouped PDP % & & CTEKIL £7,
library ( gridExtra’)
plots = 1ist()
for (name in names(explainers)) {
gpd = explainers[[name]] %>% model_profile (groups=" smoker’)
p = plot(gpd, variables=c( bmi’), geom= profiles’) +
labs(title=explainers[[name]]$title, subtitle=NULL, y=NULL) +
y1im(=3000, 60000)
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plots[[namel] = p + theme_gray() + theme(legend. position="none’)
1

grid. arrange (grobs=plots, ncol=3)
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