Du doan ap luc ctia mdy thé biang XGBoost

Bui Tri Diing! V6 Khanh An! Pham Ngoc Tan'!

Tom tat

Hién nay, dai dich COVID-19 van dang dién bién
phtc tap va gy ra nhitng hau quéa v6 cung nang
né. Nhitng bénh nhan bi tré ning can phai st
dung mdy thé duéi su diéu chinh va gidm sat tif
céc nhan vién y té c6 chuyén mon. Tuy vay, viéc
s6 ca nhiém ting 1én theo cAp s nhan tai mot
s6 khu vuc trén thé gi6i da ddy hé théng y té
roi vao tinh trang qua tai. Do do, viéc xay dung
nhiing mdy thd c6 thé tu dong diéu chinh thong
s6 trong qud trinh diéu tri 12 mot viéc 1am vo
cung thiét thuc trong giai doan nay. Trong bai
nay, ching toi sé tién hanh du doan 4p luc cia
mdy thd 1én bénh nhan qua nhiing thong s6 ciia
mdy thé va tinh trang clia bénh nhén bing thuat
toan XGBoost. Bén canh cac ky thuat hoc siu,
XGBoost 1a mot thuat toan nhiam giai quyét cac
bai todn hoc cé giam sit cho do chinh xac kha
cao va da dat nhiéu chién thing trong cdc cudc thi
trén Kaggle. Hon thé nita, XGBoost con c6 tdc
dd huin luyén nhanh va kh ning tinh todn song
song nhan tan dung stic manh ctia GPU. Tét c4
nhiing nghién ctiu cta ching t6i déu dugc cong
khaitai: https://github.com/DTA-UIT/
Ventilator_Pressure_Prediction

1. Giéi thiéu

Thong thuong, khi mdt bénh nhan giip phai cic van dé vé ho
hép thi cdc béc si sé tién hanh sit dung may thé dé€ bom Oxy
vao bén trong phdi ctia bénh nhén thong qua mot dudng dng
dudc ludng vao khi quan. Tuy nhién, viéc st dung thanh
thao mdy thd 12 mot cong viéc doi hdi rat nhiu kién thic y
khoa. Diéu nay 1a mot trd ngai cuc 16n trong bdi canh tinh
hinh dai dich COVID-19 ngay cang tré nén cing thang tai
nhiéu quéc gia trén thé gidi, din dén hé théng y té bi qua tai
va nhiéu noi khong c6 di ngudn nhan luc 14 nhan vién y té
c6 chuyén mon trong viéc diéu chinh may thd. Mit khéc,
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viéc phét trién nhitng cong nghé mdi d€ cé thé van hanh
dugc mdy thd y té thudng sé rt ton kém va bi gidi han vé
mat y hoc. Vi vy, viéc du doan dp luc thd s€ gitp cac bac
s mo phong lai qua trinh diéu chinh cac thong s6. Qua d6
gilp pha vG di nhiing rao can hién tai.

Tir tru6e t6i nay da c6 nhiéu k§ thuat va thudt todn trong
hoc méy dugc dé xuit dé giai nhidu bai toan nham tiét kiém
ngudn nhan lyc 12 cic chuyén gia trong nganh y té. Mot
trong s& d6 phai ké dén cac thuit todn thudc 16p Gradient
Tree Boosting [5] - mdt nhanh ctia ho thuit todn cay quyét
dinh t6ng hgp (ensemble decision tree) st dung phuong
phép Boosting d€ gia ting do chinh xac cho dit liéu diu ra.
Phuong phip Boosting da dudc ki€ém ching rong rii véi
nhiing két qua state-of-the-art trén nhiéu benchmark khac
nhau [11]. Ngoai ra, cac thuat toan Tree-boosting con dugc
cac k§ su phan mém 4p dung trong viéc thiét ké ra cac
pipeline thich hgp tao nén nhitng trai nghiém tich cuc hon
cho ngudi dung web [7].
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Hinh 1. Vi du vé cdy quyét dinh téng hop
v6i dit liéu dau ra 1a tdng clia cac du dodn tlf cdc ciy quyét dinh

Trong bai bdo cdo nay, chung t6i s€ gidi thiéu XGBoost [1],
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mot thuat todn mdy hoc c6 thé thich nghi (scalable machine
learning system) nam trong ho thuit todn Tree-boosting.
XGBoost da dudc chiing td dudc tinh &n dinh va do chinh
xéc trong nhiéu cudc thi v& hoc mdy va khai ph4 dit liéu.
Ngoai ra, XGboost con 1a mdt cong cu dudc danh gia rat
linh hoat va c6 thé gidi quyét hau hét cac bai toan lién quan
dén hoi quy (regression), phan loai (classification) va xép
hang (ranking). Cu thé hon, khi vita méi dugc gi6i thiéu vao
niam 2014, XGBoost da dem lai chién thing cho 17 ddi trén
tong s6 29 cudc thi trén Kaggle chi trong nim 2015. Trong
s6 17 doi chién thang st dung XGBoost, chi ¢6 8 doi sit
dung md hinh XGBoost don thuan, 9 ddi con lai chon cich
két hop XGBoost véi cic ky thuat hoc may khéc.

Trong bai nghién cifu nay, chiing toi sé tién hanh gidi thiéu
vé cdc cong trinh lién quan dén pham vi ctia XGBoost &
phan 2. Sau d6, ching t6i sé dua ra nén ting ctia XGBoost &
phan 3 va ban luan chi tiét vé thut toan XGBoost ciing nhu
céc uu, nhugc diém ctia n6 & phan 4. Hai phan tiép theo sé
dugc tap trung dé néi vé cach chiing toi thiét ké thuc nghiém
thong qua gidi thiéu va phan tich tap di liéu duge st dung
(phan 5) ciing nhu chi tiét vé d6 do, chi tiét trién khai, két
qua dat dugdc va trién khai ting dung (phan 6). Sau clng,
chiing t6i s& ban ludn md rong vé XGBoost va dua ra nhiing
ban luan va két luan cubi cing vé XGBoost & phan 7 va 8.

2. Cac cong trinh lién quan

Cic thuat todn gradient boosting dang dan tré nén phd bién
dbi vai dit liéu dang bang. Trong nhiing nim vira qua, ching
ta da ching kién rt nhiéu thuat toan boosting ra doi, moi
thut todn lai ¢6 nhiing dic di€m riéng biét. Cu thé, cic thuat
todn khac nhau & viéc trién khai ciing nhu tinh tuong thich
va han ché vé mit ky thuét ctia ching. XGBoost la thuat
toan Gradient Boosting Machine (GBM) dau tién cai thién
dang ké thai gian huén luyén. Tiép theo 1a LightGBM [9]
va CatBoost [4], mdi thudt todn c6 céac ky thuat riéng, chi
yéu lién quan dén co ché phan tach (spliting mechanism).
Céc ban cap nhat clia nhiing thuat todn nay lién tuc dugc ra
mat véi nhiéu tinh ning va khién chiing ngy cang manh mé
hon.

3. Nén tang
3.1. Boosting

Boosting dugc hi€u don gidn 12 tdng hiéu qua clia mo hinh.
Trong hoc mdy, boosting 1a mdt ky thuat hoc téng hop
(ensemble learning) d& chuyén ddi mot gia thuyét yéu thanh
manh dé 1am ting do chinh xdc cia md hinh.

Nhitng quy tic yéu dudgc tao ra & mdi vong lip bdi cac thuat
todn hoc co sé (base learning algorithms), thif ¢6 thé dudc
chia 1am 2 loai: m6 hinh dya trén cay (tree-based learner)
va md hinh dua trén tuyén tinh (linear-based learner). N6i

chung, ciy quyét dinh 12 mé hinh co sé (base learner) mic
dinh cia boosting.

3.2. Hoc tong hop

Hoc tdng hop (ensemble learning) [15] 12 mdt qué trinh ma
trong d6 cic quyét dinh tif nhiéu moé hinh hoc may dugc
két hop dé giam 18i va cai thién viéc du dodn khi so sanh
mo6t mo hinh hoc mdy don. Sau d6 ky thuat biéu quyét t6i
da (maximum voting) dudc st dung trén cic ciy quyét dinh
tong hop dé suy ra du dodn cubi cung.
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Hinh 2. M6 hinh du dodn don va mé hinh téng hgp [6]

Phuong phap hoc tdng hop c6 thé thuc hién theo hai cach:
Bagging (t6ng hop song song) hoic Boosting (téng hop tuan
tu). Trong bai nay, ching t6i chi tip trung vao Boosting do
n6 1a nén tang ctia XGBoost.

3.3. Cach hoat dong caa thuit toan Boosting

Thuat toan Boosting mo hinh yéu (weak learners) méi va
két hop tuan ty cdc du doan clia ching d€ cai thién hiéu suét
tdng thé ctia md hinh. Pbi véi bat ky du dodn sai nao, cic
mau phan loai sai s& dudc gan trong s6 16n hon va cic mau
phén loai diing sé dudc gan trong s6 nhé hon. Cac md hinh
hoc yéu (weak learner models) hoat dong tot hon c6 trong
s6 cao hon trong mo hinh téng hdp cudi cling. Boosting
khong bao gid thay ddi du dodn trude dé va chi sita chita
nhiing du doén tiép theo bing cach hoc hoi nhiing sai 1am.
Vi Boosting st dung chién Iugc tham lam, chiing ta nén dit
tiéu chi diing nhu hiéu suit md hinh (diing s6m) dé ngin
chin tinh trang qua khdp (overfitting) khi huén luyén.

4. Phuong phap

XGBoost, hay con dudc biét dén véi tén day du 1a eXtreme
Gradient Boosting, 13 thuét toan mdy hoc tdng hdp dua
trén cy quyét dinh (decision-tree-based ensemble learning
algorithm). XGBoost dugc phat trién bdi Tiangi Chen va
hién 12 mot phan cda bd suu tap thu vién mi ngudn md
rong va dang dugc phat trién bdi Cong dong Mdy hoc Phan
tan (Distributed Machine Learning Community). Du cho
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Hinh 3. Céach thuat toan Boosting hoat dong [6]

cac md hinh mang neural nhan tao [12] (artificial neural
network) ¢ hiéu suat vuot trdi hon trén nhiing tap di liéu
phi cAu trdc nhu hinh anh, 4m thanh, nhttng md hinh dua
trén cy quyét dinh thuong sé chiém uu thé so v6i cac md
hinh mang neural dbi v6i dit liéu c6 cAu triic nhé hay cac dit
liéu bang biéu.
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Hinh 4. Tong quan vé XGBoost [6]

4.1. So lugc vé cac ki thuét phat trién XGBoost

Dt cho hinh thai don gian nhit ciia XGBoost - md hinh cay
quyét dinh (decision tree) rat dé dé ta c6 thé hinh dung va
hiéu dudc ban chét ctia thuat todn, viéc phat trién nén tang
cho céc md hinh tdng hop dua trén ciy c6 phan khé khin
hon théng qua viéc st dung nhiéu ki thuat khac nhau dé xap
xi dugc dit liéu dau ra véi do 15i 12 nhé nhat. Mot vai ki
thuat va thuat todn ndi bat trong viéc pht trién cdc md hinh
cdy quyét dinh c6 thé dudc ké dén nhu:

* Bagging: 12 hudng tiép can st dung co ché binh chon
(voting) giifa tt ca cac dic trung dé c6 thé cho ra dugc
du dodn dau ra cudi cling.

» Random Forest: 13 thuit todn sit dung co ché voting
cla bagging, tuy nhién, Random Forest [8] chi st dung
voting trén mot sb lugng dic trung nhét dinh dugc chon

ngau nhién dé€ dua ra lya chon tot nhét cho dau ra cia
minh.

* Boosting: 12 hudng tiép can st dung co ché phan hoi
(feedback) dén tli nhiing lua chon diu ra d€ gia ting do
chinh xéc dau ra cia m6 hinh thong qua qu4 trinh danh
gia tich cuc (dynamic evaluation process).

* Gradient Boosting: 1a thuit toan boosting st dung
gradient descent dé tbi thiéu héa do 16i dau ra nhung
khong 1am phic tap héa mo hinh ciy quyét dinh. Su
khac biét gitta boosting va gradient boosting chinh la
cach thuc ca hai thuét toan nay cai thién md hinh dya
trén nhiing du doan 16i.
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Hinh 5. Su tién hod ctia XGBoost bat dau tit mo hinh ciy quyét
dinh [6]

4.2. Uu diém ctia XGBoost

Uu diém 16n nhét ctia XGBoost d6 chinh 1a viéc XGBoost
dugc thiét ké dé gidi quyét viéc khuyét dit liéu trong noi tai.
Viéc xit 1f dit liéu bi khuyét dudc thuc hién thong qua viéc
mo hinh phat hién va du doan xu hudng cta dit lidu bi thiéu
trong tap dif liéu dau vao dé c6 thé dua ra dudc gia tri phu
hop cho phan khuyét d6. Cu thé, XGBoost sé thi sai nhiéu
huéng tiép can khac nhau mdi khi né gip mot diém dit lidu
bi thiéu & mdi node trén cy. Do d6, né c6 kha ning giai
quyét bai toan hop ly hon khi xt 1y nhitng dit liéu khong day
di & cdc giai doan sau (vi du trong giai doan kiém tra hoic
giai doan trién khai phin mém).
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Hinh 6. Chu tric hinh khdi minh hoa viéc hoc song song (parallel
learning) ciia XGBoost [1]
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Ngoai ra, XGBoost con ¢6 kha nang khai thic kha nang xd
ly song song cia mdy tinh va do dé né c6 hiéu nang tinh
todn cao hon rit nhidu so vdi cac thuit toin GBM khac hay
céc thuat toan khac cuing dua trén cdy quyét dinh [14]. Du
cho Boosting 12 mot qua trinh tuan tu, né van c6 kha ning
tinh toan song song. Méi ciy quyét dinh trong XGBoost chi
dudgc tao ra sau khi nhiing cdy cha (ancestor trees) ciia nd
da dudc tao va tit ca céc cy con c6 thé duge xdy dung mot
cach dong thai thong qua viéc sit dung toan bd nhan (core)
ctia CPU. Piéu nay gitip cho XGBoost 1a mot trong nhiing
thuat toan nhanh nhét trong ho céc thuit toan dua trén cay
quyét dinh.

Mot uu diém khéc gitip XGBoost néi troi hon so véi céac
thuat todn khac chinh 12 né cho phép ngudi dung c6 thé tu
do tiiy chinh nhitng muc tiéu t6i vu va nhitng d6 do trong
viéc danh gid va xép hang nhiing 15i gidi cho bai todn.
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Hinh 7. Cach XGBoost tdi uu hoa thuit toin GBM tiéu chuin [6]
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4.3. Khuyét diém ctia XGBoost

Du XGBoost ¢ nhiéu 1gi thé hon so véi céc thuat todn khéc
nhung né van con ton tai nhiéu thiéu sét va bit cap trong
viéc trién khai cho nhiéu loai bai todn cling nhu nhiéu loai
dit liéu khac nhau. Nhu da dé cap, cac ky thuat sit dung mod
hinh mang neural nhan tao sé c6 do chinh x4c 6n dinh va
vugt troi hon so v6i nhiing thuét toan hoc may khac nhu
SVM [2], AdaBoost [13], Logistic Regression [3] hay thim
chi 12 XGBoost. Cho dén nay, chi cé nhitng phuong phap
hoc sau méi c6 kha ning huén luyén trén mot lugng dit lidu
huén luyén khong 16 ma khong bi bao hoa vé mit hiéu suét.
Vi vy, khi s6 lugng cdc mau huén luyén tré nén rit 16n
(chang han nhu 100.000 hay 1.000.000 mau) thi viéc sit
dung cac k¥ thuat hoc siu s€ mang lai hiéu qua cao hon va
t6i wu hon vé mit thoi gian.

Ngoai ra, di XGBoost c6 d6 chinh xic cao hon d6i véi dai
da s6 van dé va c6 cdc dic tinh tinh todn tt, n6 khong mang
lai su khéc biét dang ké so v6i nhiéu phuong phap truyén
théng khac nhu SVM hodc Random Forest, hay thdm chi c6

nhiéu lic hiéu suit ctia XGBoost trd nén cuc ky té khi so
sanh céc thuit toan khac don gian hon trong cung mot bai
toan. Ta chi nén st dung m6 hinh XGBoost khi sé hitu mot
lugng da 16n (nhung khong qua 16n) cac mau dif lidu. Ly do
12 béi vi mo hinh nay sé cb gang tap trung vao mau dif liéu
ma ngudi huin luyén sé truyén vao, khi dif liéu cang phong
phu va da dang ciing nhu pham vi cac trudng hgp hay dic
trung 16n thi mo hinh nay c6 thé phat huy dudgc tot tic dung
ctia no.

4.4. Céc siéu tham s6 quan trong khi sit dung XGBoost

Viéc tim hi€u vé cdc tham s ctia mdt mo hinh 1 rit quan
trong bdi vi ching gitp ngudi st dung (hay ngudi lap trinh)
c6 thé dé dang chinh siia ciing nhu tién hanh tinh chinh
(tuning) cac tham s6 d€ 1am cho mo hinh tt hon. Dudi day,
chiing t6i sé md ta khai quat vé mot vai siéu tham s quan
trong dé€ t&i uu héa md hinh XGBoost:

Pau tién ta phai nhic dén tham sb n_estimators. Khi huin
luyén cac mo hinh hoc sau, chiing ta c6 mot siéu tham sé 1a
s6 lugng epochs. Mbi epoch 1a mot 1an chiing ta cho dit liéu
chay qua m6 hinh. Tham s6 n_estimators clia XGBoost
cing glong nhu s6 lugng epochs trong cac mo hinh hoc sau.
O méi epoch, thuat toan sé tién hanh sira 16i ma mo hinh &
epoch trudc méc phai (hay con dugc biét dén dudi dang quy
trinh boosting).

Bén canh n_estimators, ching ta c6 thé cai thién hiéu suit
clia XGBoost thong qua tham s6 maz_depth. Tham sb nay
thudng dudc st dung dé€ xac dinh do siu clia cdc ciy quyét
dinh trong mo hinh hoc tdng hgp: do sau cang 16n thi sé
gitp cho cac du doan (hay cac quyét dinh) ctia cdy t6t hon
thong qua viéc phic tap héa mod hinh hién c6. Tuy nhién,
néu do siu qua 16n sé khién cho mé hinh ching ta bi qua
khép.

Trong trudng hop dit liéu ching ta bi mét can bing
(imbalanced data), XGBoost cung cip phuong thic dé diéu
chinh do can bang giita cic trong s6 duong va cic trong s
am thong qua tham sb siéu scale_pos_weight: néu thuat
toan chung ta gap truong hgp hoi tu sém khi di liéu qua
mét can bang, ta c6 thé can nhic didu chinh tham sb nay véi
mot gia tri 16n hon 0 hoic c6 thé gan tham s6 nay véi gia
tri 12 ti 1€ gitta tdng cac mau 4m véi téng cac miu ducng
( ) negf'it'ive 'inslances )
Z posmve nstances

Ngoai ra, XGBoost con cho phép 1ap trinh vién diéu chinh
thuét toan theo ¥ mudn thdng qua viéc cung cip cic phuong
thic nhu: phuong phap boosting st dung cho thuit toan (vi
du nhu gbtree hay dart d€ xay dung XGBoost dudi dang
cic cay quyét dinh hay gblinear dé xay dung XGBoost duéi
dang mo hinh tuyén tinh) hay diéu chinh thuat todn xay dung
cay (auto - tu tim thut toan xay dung cdy nhanh nhét thong
qua ham heuristic, exact - st dung giai thuit tham lam,
approx, hist - st dung biéu do tan suit (histogram) d€ ting
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tbc viée xap xi ciy bang giai thuat tham lam, hay tham chi
1a gpu_hist - st dung GPU cho phuong thiic hist da dé cap)
thong qua viéc Iua chon tham sb booster va tree_method
thich hgp.

Nhu bao md hinh hoc mdy truyén théng khiac, XGBoost
cung cip cho chiing ta phuong thiic d€ diéu chinh toc do
hoc trong qua trinh huén luyén thuit toan. Tham s6 dé diéu
chinh t6¢ d6 hoc cho thuit toan dudc xdc dinh 1a tham s
eta hay learning_rate: tdc dd hoc c6 tic dung thay ddi tbe
d% mo hinh di tim cuc tri khi ta tién hanh thuc thi thuat toan,
eta cang thip (trong khoang (0; 1)) thi tbc do md hinh di
tim cuc tri s€ cang chim, va eta cang cao (trong khoang
(1; +00)) thi toc dd mo hinh di tim cyc tri sé cang nhanh.
Ta can phai chon gid tri eta thich hgp mo hinh vi néu eta
qué cao thi md hinh khé c6 thé tim dudc diém cuc tri gan
v6i gid tri toi wu. Tuy nhién, néu eta qua thap thi mo6 hinh
s€ méat rat nhiéu thoi gian d€ c6 thé tim dén vdi cuc tri cia
bai toan.

Cubi cung, XGBoost ciing cung cip cho chiing ta cach xit
ly khi thudt todn bi quéa khdp trong giai doan kiém thii. Khi
mo hinh XGBoost bi quéa khdp, ching ta c6 thé tién hanh
chinh quy ho4 (regularization) mo hinh dé rang budc céc
hé s6 véi cac chudn (norm) L1 va L2, tuong tu v6i viéc st
dung mo hinh Lasso va Ridge trong Hdi quy tuyén tinh. D&
thay ddi cac hé sd chinh quy héa, ta sé tinh chinh tham s
alpha (v6i chudn L1) va tham s6 lambda (v6i chuan L2).
Viéc st dung chuén L1 va L2 cho XGBoost sé mang lai y
nghia tuong ty khi ta tién hanh gidm bac ctia bai toan gitip
cho bai toan trd nén don gian hon.

Ngoai viéc st dung L1 va L2, ta con ¢6 thé gidp cho mo
hinh tranh dudc tinh trang qua khép thong qua viéc si
dung cic tham s6 subsample. Vi du v6i subsample = 0.5,
md hinh sé€ lya chon random 50% mau trong di liéu
ban diu ra d€ huin luyén. Ngoai ra, XGBoost con céc
siéu tham s nhu colsample_bytree, colsample_bylevel
hay colsample_bynode d€ gitip cho md hinh tranh trudng
hop qué khdp. Céc siéu tham sb trong 16p subsample va
colsample thudng s& nam trong nita doan (0; 1]. Néu ta
tinh chinh cdc siéu tham s6 nay & mic vita phai (dudi 0.5),
mo hinh XGBoost sé st dung it dac trung va do d6 tranh
dugc tinh trang quéa khép. Tuy nhién, cin phai luu y ring
néu nhu ta tinh chinh cdc tham sb nay & miic qua cao (trén
0.5), m6 hinh chuing ta sé dé rdi vao tinh trang chua khép
(underfitting).

C6 thé thiy, XGBoost cung cip cho ta rit nhiéu su lua chon
dé thay doi céc siéu tham sb nhiam tity bién mo hinh. Tuy
nhién, ching ta phai tinh chinh cic siéu tham s6 & miic hop
ly d€ dat dugc do chinh x4c hay mifc d6 diéu hoa (harmonic)
tot.

5. Bé dit licu

5.1. M6 ta dit liéu

Trong bai nay, chung t6i sit dung bd dir li€u Ventilator
Pressure Prediction ctia Google Brain'. B dif liéu nay cung
cAp thong tin vé cdc chudi thdi gian thé v6i muc tiéu 1a hoc
cach du doén 4p luc dudng thd trong mach ho hip dua trén
nhiing mbc thai gian khc nhau.

Mbi mbc thdi gian dai dién cho mot pha ho hap kéo dai
khoang 3 gidy. Bo dif liéu dudc sap xép sao cho mdi hang 1a
mot mbe thdi gian ctia hoi thd va dua ra hai tin hiéu diéu
khién, két qua 1a 4ap luc thd, ciing nhu cac thudc tinh lién
quan ctia phdi va mdy thd, dugc mo ta chi tiét & hinh 8.

id breath_id R C time_step u_in u_out pressure
0 1 1 20 50 0.000000 0.083334 0 5.837492
12 1 20 50 0.033652 18.383041 0 5907794
2 3 1 20 50 0.067514 22.509278 0 7.876254
3 4 1 20 50 0.101542 22.808822 0 11.742872
4 5 1 20 50 0.135756 25.355850 0 12.234987

Hinh 8. Vi du vé céc thudc tinh trong 5 hang dau tién ciia tap dit
liéu

Trong do:

* id — dinh danh mdc thdi gian cho toan bd tap dit liéu

* breath_id — dinh danh méc thdi gian gitta cic pha ho
hap

* R — thuoc tinh phdi cho biét mic do tic nghén dudng
dan khi (c6 don vi 1a emH>0/1/s, trong d6: | duge
ki hiéu cho lit va s dudc ki hiéu cho gidy). Vé mit vat
ly, day 1a su thay d6i 4p suét trén mdi 1an thay d6i luu
lugng phdi (luu lugng thd trén mot don vi thoi gian).

* C — thudc tinh phéi cho biét miic do gian nd ctia phéi
(c6 don vi 1a mL/emH,0). V& mit vat 1y, day 1a su
thay d6i thé tich trén mdi lan thay ddi 4p luc thd.

e time_step — mbc thoi gian thuc

o u_in — dau vao diéu khién cho van dién ti hit vao
(inspiratory solenoid valve), gia tri nam trong pham vi
tir 0 dén 100.

o u_out — dau vao diéu khién cho van dién tit thd ra
(exploratory solenoid valve), mang gia tri 0 hodc 1.

o pressure — ap luc thd trong hé ho hip, tinh biang
emH50.

"https://www.kaggle.com/c/ventilator-pressure-prediction



Du doén ap lue cia may thé bang XGBoost

5.2. Phan tich du liéu

DE ¢6 cdi nhin chi tiét hon vé bo dit liéu, chiing tdi da truc
quan héa muc do tuong quan gitta cac thudce tinh thong qua
biéu dd nhiét (heatmap) & hinh 9.
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Hinh 9. Mic do tuong quan gitta cic thudc tinh trong bd di liéu

Ta c6 thé thdy dugc rang: Ngoai hai t§ hop dic trung id
va breath_id, hai dic trung c6 mic do tuong quan 16n nhét
chinh 1a time_step va u_out. Diéu nay 14 bi ta c6 thé quan
sat dugc tién trinh ho hip ctia bénh nhan dang st dung may
thé (dang hit vao hay thd ra).
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Hinh 11. Tan sb u_in

Hinh 12. Tan s u_out Hinh 13. Tin sb pressure

Ngoai ra, dic trung pressure cting c6 mét su phu thudc
khé cao vao dic trung u_in. Diéu nay c6 thé dugc ly gidi

thong qua nguyén ly clia mdy thé: khi ta thay déi gid tri clia
u_in, nghia la ta dang thay ddi 4p suat khong khi c6 trong
phé quan ctia bénh nhan, tuong ing véi gia tri clia bién s6
pressure trong tap du liéu.

Bén canh pressure, thudc tinh C' cling c6 mic do phu thudc
dang k€ vé6i u_in. Khi ta ting hay gidm gid tri clia van dién
tlt hit vao, midc do gidn nd clia phéi ciing sé thay ddi theo
(bién ddi theo thé tich khong khi truyén vao phdi). Nhiing
dic trung con lai c6 mic do tuong quan thip hoic khong
dang k€ 14n nhau.

Bén canh mifc do tuong quan, ta con c6 thé hiéu rd hon vé
cdch phan bb dit liéu thong qua mot sé do thi histogram nhu
6 hinh 10, 11, 12 va 13.

6. Thuc nghiém
6.1. Thang do

Trong qua trinh thyc nghiém, ching t6i st dung thang do 1a
sai sé tuyét doi trung binh (Mean Absolute Error). Pay 1a
mot phuong phap do ludng su khic biét gifia hai bién lién
tuc. Gi st rang X va Y 12 hai bién lién tuc thé hién két qua
du dodn ctia md hinh va két qua thuc té. chiing ta c6 do do
MAE dugc tinh theo cong thuc sau:

1 n
MAE—Ei_Zl|yi—$i| (D

Trong d6, n 12 s6 luong diém dif liéu, z; 1a gia tri thuc cla
tap huin luyén tai diém thi 4, y; 12 gid tri du dodn tai diém
thu 4.

D6 do nay thudng dudgc st dung d€ danh gid su sai khac gitta
mo hinh dy dodn va tap ki€m tra trong céc bai toan hoi quy.
Chi s6 nay cang nho thi mo hinh hoc may cang chinh x4c.

6.2. Chi tiét trién khai

Chiing tdi st dung phuong phap Tim kiém theo lu6i (Grid
Search) [10] d€ lua chon céc siéu tham sd cho XGBoost.
Tim kiém theo 1u6i 12 mot k§ thut tinh chinh cic siéu tham
s6 d€ tim ra bo siéu tham s6 tdi vu nhat. Day 1a mot ky thuat
tim kiém vét can dugc thuc hién trén mot khong gian tim
kiém cu thé dudc dinh nghia trudc. Tim kiém theo lu6i tuy
don gian nhung lai gitp chiing ta tiét kiém thdi gian, cong
sudc va tai nguyén.

Nham dénh gia XGBoost mot cach hiéu qua nhét, ching toi
tién hanh so sanh XGBoost v6i mot s6 md hinh nhu Linear
Regression va LightGBM [9]. Bén canh do, chung tdi cling
st dung ky thuat K-Fold Cross Validation va Grid Search
cho ca ba thuat todn XGBoost, Light GBM va Hoi quy tuyén
tinh (Linear Regression).

Sau khi chay Grid Search ching ti quyét dinh Iya chon cac
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siéu tham s6 ctia LightGBM va XGBoost nhu sau:

Siéu tham s6 Gia tri
booster "gbtree’
gamma 3.2
gpu_id 0

learning_rate 0.1

max_depth 8
n_estimators 5000
predictor "gpu_predictor’
reg_alpha 15.9
reg_lambda 66.1
subsample 0.95
tree_method ’gpu_hist’

Bing 1. Siéu tham s dugc sit dung cho XGBoost

Siéu tham sO Gia tri
bagging_fraction 1.0
bagging_freq 0
boosting_type “gbdt’
feature_fraction 0.90
feature_pre_filter False
lambda_l1 0.0
lambda_12 0.0
learning_rate 0.1
max_depth 8
metric 11
min_child_samples 2
num_leaves 350
objective ‘regression_11’
random_state 42
verbose -1

Bing 2. Siéu tham s6 dugc st dung cho LightGBM

6.3. Két qua

Thuat toan MAE | Thoi gian huan luyén (s)
XGBoost 4.6240 148.32
LightGBM 4.7457 30.9537
Ho6i quy tuyen tinh | 8.09 1.46

Bing 3. Sai s6 tuyét dbi trung binh va thdi gian huin luyén ctia ba
thuat todn: XGBoost, LightGBM va Linear Regression

Két qua cubi ciing chiing tdi dat dugc trén tap kiém tra
(Bang 3) cho thiy tuy XGBoost c6 thoi gian huén luyén lau

nhét nhung vin & miic chap nhan dugc. D&i lai, XGBoost
dat dudc MAE tdt nhit so véi hai thuét toan LgihtGBM va
Hbi quy tuyén tinh. Bén canh d6, LightGBM ciing cho thiy
minh 12 mot ddi thi ddng gom véi XGBoost khi c6 MAE
thua kém khong dang ké va thai gian huén luyén vuot troi.
Ngoai ra, ching t6i cling khao sat mot mo hinh don gian
12 Hoi quy tuyén tinh (Linear Regrression) nhung két qua
khong t6t 1am du thoi gian huén luyén chi hon 1 giay.

6.4. Trién khai ing dung

Dé chitng minh tinh ing dung ctia nghién cdu nay, chiing
t6i c6 phat trién mot ting dung web biang NodeJS cho phép
ngudi dung nhdp vao cac dic trung nhu trong bd du liéu
va dau ra 13 4p luc clia mdy thd 1én bénh nhan. Video
demo dugc cong khai tai: https://github.com/
DTA-UIT/Ventilator_Pressure_Prediction

7. Ban luan

7.1. C6 nén sit dung XGBoost moi liic, moi ngi?

Cau tra 13i di nhién 13 khong. Khi giai quyét mot bai toan
bing hoc mdy, ching ta phai kiém tra tit ca cdc thuit toan
¢6 thé trén mot tap dit liéu dude cho sin mdi ¢ thé khing
dinh dudc thuat toan nao 1a t6t nhit. Bén canh dé, viéc lya
chon ding thuit toan la chua di. Chung ta con phai lua chon
bo siéu tham s6 phit hgp cho thuat toan d6 va diéu nay 1a
khong hé dé dang vdi nhiing thuit todn c6 nhiéu siéu tham
s6 ciing nhu ¢6 pham vi tim kiém siéu tham s6 rong. Ngoai
ra van con nhiéu yéu t6 khac d€ Iva chon thuat toan nhu do
phiic tap, kh niing gidi thich va tinh kha thi khi trién khai.
Do vay, khi dung phai mot bai todn, chiing ta van phai suy
nghi xem 12 nén lya chon thut toan nao dua vao nhiing diéu
trén chit khong nén st dung c¢b dinh mot thuat toan nao do.

7.2. XGBoost liéu ¢6 thé giix vitng dugc vi thé ctia minh?

Tri tu€ nhan tao 1a mdt linh vyc ludén ludén van dong va phat
trién. Do d6, da c6 khong it cac gidi phdp dugc dé xuét dé
thay thé cho XGBoost. Nim 2016, Microsoft di cho ra mit
thuit toan LightGBM va né da nhanh chéng cho thiy mot
tiém ning rat 16n. CatBoost clia Yandex ra mat nim 2017
cling mang lai nhiing két qué rit 4n tugng. Du cdc thuit todn
ndy chua thé danh bai dugc XGBoost hoan toan nhung dé
mot thuat todn ndo d6 c6 thé c6 hiéu ning vugt troi hon
XGBoost thi van dé chi la thai gian ma thoi. Tuy vay, cho
dén khi ké thach thiic m6i xuit hién thi XGBoost van 1a ké
thong tri thé gidi hoc may.

8. Két ludn
Trong nghién cu nay, chuing t6i cling da lam rd dugc nhiing

ly thuyét nén tang ctia XGBoost ciing nhu phan tich mot sb
khia canh ciia bd dit liéu. Ngoai ra, chiing toi da tién hanh so
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sanh XGBoost v6i mot s6 thuat toan khac nhu LightGBM va
Hdi quy tuyén tinh trén tap dif liéu du dodn 4p luc ctia may
thd 1én bénh nhan. Qua nhiing két qua thu dugc, XGBoost
da thé hién hiéu ning t6t nhit so vé6i cac thuat toan khéc
ciing nhu dat dugc thdi gian huén luyén chi hon 2 phit.

Loi cam on

Chiing tdi chan thanh giii 16i cam on dén TS. Nguyén Vinh
Tiép da giang day mon Lap trinh Python cho May hoc ciing
nhu dua ra nhitng 16i gdp y gidp ching t6i chinh stia bai bao
c40 nay.
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