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Phan tich lich st thoi gian phi tuyén danh gia khang chén gian thép c6 do chinh xac cao nhung tén kém
khéi lvong tinh todn. Nghién cttu nay dé xuét ding cic mé hinh hoc méy phén loai trang thai gi¢i han (An
toan/Nguy hiém) dé du bao nhanh chuyén vi déng dt ctia gian phing 39 thanh. Hiéu suét cia nim thuat
toan (hdi quy Logistic, may véc-to hd tro, ritng ngu nhién, LightGBM, mang hoc siu) ditgc d4nh gia toan
dién. Két qua cho thiy ranh gidi an toan phi tuyén citc manh ctia hé két ciu da 1am vé hiéu héa cic mé hinh
tuyén tinh. Nhim han ché tbi da L5i loai II (b6 s6t thiét ké nguy hiém), LightGBM va Random Forest thé hién
s vugt trdi voi chi sé D6 nhay (Recall) va F1-Score cao nhét. Pang chi y, LightGBM c6 téc d6 huén luyén
siéu viét, khic phuc triét dé nhuge diém thét cb chai tinh todn ctia SVM va MLP. Sy cAn b':?mg hoan hao giita
kha nang nhén dién rti ro chinh x4c va téc d6 ciic nhanh khing dinh LightGBM 14 mé hinh thay thé 1y twong

cho bai toan téi wu héa d6 tin ciy két cAu quy mé 16n.

ABSTRACT

Safety classification
Machine learning
Nonlinear steel truss
Seismic

LightGBM

Nonlinear time-history analysis for the seismic evaluation of steel trusses is highly accurate but
computationally expensive. This study proposes the use of machine learning classification models to rapidly
predict the seismic limit state (Safe/Unsafe) of a 39-bar planar truss. The performance of five algorithms
(Logistic Regression, SVM, Random Forest, LightGBM, and MLP) is comprehensively evaluated. The results
demonstrate that the highly nonlinear safety boundary of the structural system renders linear models
ineffective. To strictly minimize Type II errors (failing to detect dangerous designs), LightGBM and Random
Forest exhibit clear superiority by maintaining the highest Recall and F1-Scores. Notably, LightGBM possesses
an exceptional training speed, thoroughly overcoming the computational bottlenecks associated with SVM
and MLP. The perfect balance between accurate risk identification and ultra-fast computational speed

confirms LightGBM as an ideal surrogate model for large-scale structural reliability optimization problems.

1. Gi6i thiéu

Nhim khéc phuc nhitng rio can vé mit chi phi tinh toan, céc

thuit todn Hoc may (Machine Learning - ML) dang tr¢ thanh mot

Dong dat 1a mot trong nhitng tham hoa thién nhién gy hiu qua
nghiém trong nhét d6i véi tinh toan ven ciu tric va kha ning van hanh
clia céc cong trinh x4y dyng [1, 2]. Do d6, viéc thiét ké két cdu khéng
chan 12 mot yéu cau thiét yéu, trong d6 qua trinh kiém soét chuyén vi
ngang (lateral deflection) va d6 1éch tang (inter-story drift) dong vai trd
c6t 161 nhim dam bao an toan sinh mang va gi¢i han mitc d6 hu héng
[3]. Cac phuong phép phén tich khdng chén truyén thong thuong duva
trén gia thiét dan hoéi tuyén tinh, d4n dén viéc khong phan 4nh day du
ng x thye té€ cta két ciu dudi cdc chidn ddong manh. Mic dit phiong
phép phén tich ddng lic hoc phi tuyén theo lich sif thei gian (nonlinear
time-history analysis - NTHA) mang lai d6 chinh x4c cao nhit thong qua
viéc md phong chi tiét cdc ddic tinh phi tuyén vat liéu va hinh hoc,
phuwong phap nay lai doi hoi khéi Iivong tinh to4n khéng 16 va tiéu tén
rat nhiéu thoi gian [4].
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phuong phép tiép can day hita hen nhd kha ning ndm bt va mé hinh
héa céc mdi quan hé phi tuyén phtic tap [5-7]. Bing cach xay ding cdc
mo hinh todn hoc x4p xi (metamodels), thuit todn hoc mdy da dugc
tng dung thanh céng trong nhiéu bai ton k§ thuat két ciu, tiéu biu
nhu: du doén phé cong sut tai trong gi6 trén nha cao tang [8], danh
gia bién dang doc truc ctia bé tdng cdt sgi FRP [9], wdc tinh tng suit
bam dinh [10], du doén stic khéng cit ctia dam [11], d6 bén kéo ctia
bé tong tai ché [12], cling nhu danh gi4 kha ning chiu tai ctia cac két
ciu thép [13, 14].

Dai v6i cdu kién gian, hoc may da chitng minh dwoc hiéu qua
vuot trdi trong cong tdc nhan dang hv hong [15-22] va déng vai tro
nhv mot mo hinh thay thé (surrogate model) gitip gidi quyét cac bai
to4n t8i wu héa mot cach nhanh chéng [23-25]. Dui tdc ddng cla tai
trong dong dat, cic cong cu phin tich di liéu nhv Mang no-ron nhin
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tao (ANN) hay hoc tap két hgp (ensemble learning) ciling dang dugc
quan tAm sau rong nhim du bao phan ng ciu tric [26-28]. D4ng chi
¥, thay vi stt dung mé hinh hoi quy (regression) dé dy bao gi4 tri lién
tuc, mot s6 nghién citu gan day da bit dau 4p dung cdc mo6 hinh phan
loai (classification models) @& nhan dang phiong thitc pha hoai khang
chén [29] hodc danh gid nhanh cip d6 hu hong ctia khung thép [30].
Mac di vay, cdc nghién cifu ¢ng dung mé hinh hoc méy trén két
cdu gian hién nay chu yéu tap trung vao tai trong tinh hodc stt dung mé
hinh héi quy dé du béo gia tri chuyén vi. Viéc chuyén déi bai toan tir
hdi quy sang phan loai (An toan/Nguy hiém) khong chi gitip loai bé céc
nhiéu dy bdo khong can thiét ma con cung cip co s& ra quyét dinh truc
tiép, phuc vu hiéu qua cho cac hé thdng canh bio sém va phan tich do
tin ciy. D€ 14p day khoang trong tri thitc nay, nghién cttu dugc thyc
hién nhim d4nh gia va so sanh toan dién hiéu suit ctia nim thuat todn
hoc may phan loai tién tién (bao gom Hoéi quy Logistic, may véc-to hd
trg, ritng ngau nhién, LightGBM va mang hoc siu) trong viéc nhan dang
trang thai an toan chuyén vi cia gian thép phi tuyén chiu tai trong dong
dat. Két qua ctia nghién cttu ky vong sé cung cip cho ngwdi doc thong
tin chi tiét vé hiéu suit céc thuat todn hoc mdy trong 16p bai toan nay,
qua d6 cé co s& lira chon phit hgp trong thife tién cong viée, cAn bang

gitta d0 chinh x&c phén loai va hiéu qua chi phi tinh toén.

2. Phuong phép nghién cttu
2.1. M6 hinh phdn tich dong luc hoc phi tuyén

Dit liéu ctia nghién c?u dugc tao ra théng qua phuwong phdp phan
tich lich st thoi gian phi tuyén (nonlinear time-history analysis) cua céc
két cau gian thép duédi tac dung cta gia toc nén dong dit. Phuong trinh
chuyén dong gia s tai mdi budc thdi gian t dwge thiét 1ap dya trén
nguyén 1y céng do va phuwong phap Lagrangian cip nhit, c6 dang:

[M)iAu} +[ClHAW} + K, J{Au} = {AP} (1)

Trong d6, {Au}, {Au} va {Au} IAn lwot 13 cac véc-to gia s6 gia
toc, van tdc va chuyén vi ctia cic nit két cdu. Cadc ma tran [A4] va [C]
12 ma trdn khéi lwgng va ma trdn can. Ma trin dd cing tiép tuyén
[K,]=[K,]+[K;]+[K,] bao ham ma tr4n d6 cting dan hoi, do citng
hinh hoc va c4c thanh phan ma tran thé hién ¢ng x phi tuyén vat liéu
(chay déo, mat 6n dinh dan déo sau t6i han). Ma tran can (] duoc
thiét 14p theo mo hinh can Rayleigh:

[Cl=c, M+ B K] (2)

Trong 46, «,, va f, lahé s6 can ty 1é v&i khbi lugng va do cling.
Hai hé s6 nay thudng duge xac dinh bing cach giai hé phiong trinh lién
hé véi ty s6 can thiét ké (thudng 14y & =5% dbi v&i két cAu thép) va hai

thn s goc tu nhién béc thép cia két cAu (o, va o ) nhu sau:

20,0,
Ay =5———
0, +0;
9 (3)
Bx=¢
®; + o,

Phuiiong trinh chuyén dong dugce giai quyét théng qua phiong
phép tich phén tryc tiép Newmark két hgp vGi thuét toan 1ap Newton-

Raphson dé can bing luc du tai mdi gia s6 thoi gian.
2.2. Xdy dung va tién xit ly dit liéu

Co s& dit liéu dugc tao ra tit chuong trinh phén tich két ciu gian
thép st dung NTHA dugc trinh bay ¢ phén trén thong qua phin mém
PAAP [16]. Céc dit liéu nay digc tao nghu nhién trong mién gia tri ctia
céc bién s6 12 tiét dién cta céc thanh gian va dugc tdch thanh 2 tap doc
1ap: tap huén luyén va a tap kiém tra. Ma tran di liéu thd bao gom céc
bién ddc 1ap X (dién tich tiét dién ctia cdc phan tif gian), va bién muc
tiéu yon (12 ty s6 gifta chuyén vi ngang cuc dai va gidi han cho phép).

Dé chuyén d6i bai toan tit phan tich héi quy sang phan loai, mét
ham bude nhay dugc p dung trie tiép 1én bién muc tiéu lién tuc y o
ctia mau thi? i. Trang théi ctia két cdu dioc gan nhan nhi phan dia trén
ngudng an toan 1.0:

. {o khi y,,,. ; 1.0 (An toan)

4
1 khiy,,,  >1.0 (Nguy hiem) @

Do céc bién dién tich tié€t dién c6 bién d6 dao dong va phan bd
khéc nhau, viéc chudn héa dit liéu 1a bit budc nhim dam bao sy héi tu
ctia cac thuat todn nhay cam v&i khoang cach (nhw SVM hay MLP). bac
biét, d€ ngin chin triét € hién twgng ro ri dit liéu (Data Leakage) tif
tap kiém tra vao qué trinh hun luyén mé hinh, phitong phép chudn
héa Z-score (StandardScaler) dWgc ap dung. Cu thé, gia tri trung binh
Hypai; V2 d0 16ch chuin Crain) clia diic tring thit j chi duwgc trich xuat
duy nhét tif tAp huan luyén. Sau d6, cac thong sé nay digc sit dung dé

chu4n héa ca tap huéin luyén va tap kiém tra theo hé phuong trinh sau:

’ X, train,ij .utrain, v

Xiraing — .
train,j (5)
, _ Xtest,ij ~ Merain,j
test,j -
Otrain, j

Viéc thiét lap va tién xi Iy dit liéu mot chidu nhu trén dam bao
rang mé hinh hoc may khéng duigre tiép xtic v&i bat ky thong tin thong ké
ndo clia tap dit liéu kiém tra, qua d6 phan anh chinh xac kha ning téng

quét héa ctia thuat toan dbi véi dit liéu chira tiing thiy trong thuc té.
2.3. Co s6 todn hoc ctia cdc thudt todn hoc mdy

DE thiét 1ap mé hinh thay thé (surrogate model) dy doén trang
théi an toan cua gian thép, nghién ciu lwa chon nam thuét todn dai
dién cho phé cAu triic hoc may tit don gian dén phtc tap: tif mé hinh
tuyén tinh co s¢ (Logistic Regression), mé hinh phén chia khéng gian
bing siéu mit phéng (SVM), cdc md hinh hoc tap két hop dang cay
(Random Forest, LightGBM), cho &én m6 hinh x4p xi phi tuyén phé quat
(MLP). Su da dang nay cho phép danh gia toan dién sy danh d6i (trade-
off) gitta &6 chinh x4c khi ndm bt ng x{ phi tuyén ctia két cdu va chi

phi tinh toan.
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2.3.1. Hoi quy Logistic (Logistic Regression - LR)

LR duogc st dung nhu mdt mé hinh co s& (baseline model). Viéc
ap dung LR nhi#m muc dich kiém chitng mitc do phiic tap ctia bai ton.
Néu LR cho két qua kém, diéu nay minh chiing bing toan hoc riing ranh
gi6i trang thai an toan/nguy hiém cta gian thép duéi dong dat c6 tinh
phi tuyén ciic ky cao, bat budc phai sit dung cac thuét todn Al phiic tap
hon. LR wéc lwgng xdc sudt két ciu roi vao trang thai nguy hiém (y; =
1) théng qua viéc 4nh xa t6 hop tuyén tinh ctia cc bién dau vao x; qua
ham kich hoat Sigmoid:

1

Ply.=1lx,)=
(i =11x) 1+ exp(—(w'x, + b))

©

Muc tiéu ctia qué trinh huén luyén 1 tim kiém véc-to trong s6 w

va hé s chéch b nhim cuc tiéu héa ham mat mat (Log-loss):

Lw,b)=-— 3 [, log(7)+ A=y )log= 3] ?)
i=1

2.3.2. Mdy véc-to hé tro (Support Vector Machine - SVM)

Khi phéan tich lich stt thoi gian phi tuyén cho thdy ng xit déo
ctia két cau 1a phi tuyén manh, SVM 1a m6t thuat todn néi bat nho kha
nang anh xa dit liéu vao khong gian nhiéu chiéu théng qua tha thuat
ham nhén (Kernel trick), gitip thiét 14p ranh gi6i phan 16p ro rang ngay
ca khi dit liéu c6 kich thuwdc vira va nhé. Thay vi téi wu hda xéc suit,
SVM tim kiém mét siéu mit phéng (hyperplane) gitip t3i da héa khoang
céch bién (margin) gitta hai 16p an toan va nguy hiém. Bai toan digc
phét biéu duéi dang t6i wu héa d6i ngdu két hop v&i céc bién 1ong

(slack variables, &) nhdm cho phép mot ty 1€ sai s6 nhét dinh.
. 1 y N
min_, . | =Iwl*+CX & | (8)
2 =1

V6i didu kién rang bude: y,(wig(x,)+b)>1-¢&, Vi.DExtly
tinh phi tuyén cta gian thép, ham nhén co s& xuyén tdm (RBF Kernel)
dugc ap dung:

K(x,,x;)=exp(-yl x, —x, %) (9

v6i y 1a siéu tham s8 kiém so4t tAm anh hiwéng cua cac diém dit

liéu hd trog.

2.3.3. Rirng ngdu nhién (Random Forest - RF)

bic thu dit liéu sinh ra tit phan tich déng dit thuwdng chita do
nhiéu cao do tinh ch4t ngiu nhién cta gia t6c nén. RF thudc ho hoc tap
két hop (Ensemble learning) dva trén ky thuit Bagging, c6 kha ning
giam phuiiong sai (variance) xuét sic, gitip md hinh mién nhiém v&i hién
tuong qué khép (overfitting) va x@ 1y t8t cac nhiéu dong hoc. RF xay
dung mot dinh doc lap
{h(®),h(x),..., b (x)} . Mbi cdy duge huin luyén trén mot tap dif liéu

tip hop gobm K ciy quyét
con 14y mAu ngiu nhién c6 hoan lai (bootstrap sample). Tai mbi nit
phan nhanh, mot tap con ngiu nhién cic dic tring dugce Iva chon dé

tim diém chia t6i 1tu dya trén viéc cyic tiéu héa chi s6 Gini Impurity:

G=1-3 p* (10)

c=0

(trong d6 p, 1a ty 1& mAiu thudc 16p c tai nit d6). K&t qua dy
do4n cudi ciing duoc xdc dinh thoéng qua co ché bau chon da s6
(majority voting):

¥ =mode{h (x,), 5,(x,),..., A (x,)}  (11)

2.3.4. LightGBM (Light Gradient Boosting Machine)
Trong céc phan tich d6 tin cdy ngu nhién (nhv mo6 phéng Monte
Carlo), mé hinh ML cin dy doan hang triéu kich ban. Cac thuat todn
nhw SVM hay MLP thudong gdp khé khin vé thoi gian tinh toan.
LightGBM giai quyét triét dé rao can nay bing cach téi wu héa téc d6
hoc v6i bo nhé thap nhét, tré thanh ¢ong cu manh mé nhét cho céc hé
théng canh béo an toan th&i gian thue. K& thita nguyén ly ting cudng
d06 doc (Gradient Boosting), LightGBM x4y dung cac ciy quyét dinh tuin
tu, trong dé cay sau tip trung stia 16i ctia ciy trudc bing cach khép véi
sai s6 du (pseudo-residuals). Him muc tiéu tich lily sau M buéc lap

c6 dang:

F,=%y b (12)
1

Sy dot phd clia LightGBM nim & ki thuat 14y mau mét phia dwa
trén gradient (GOSS - Gradient-based One-Side Sampling) va chién lugc
phét trién cay theo chidu su cia 14 (Leaf-wise tree growth). Thuét ton
u tién ré nhanh & chiée 14 6 lvong hao hut (loss) 16n nhét, gitip héi tu
cue nhanh so vé&i chién Iwge ré nhanh theo miic (level-wise) truyén méng.
2.3.5. Mang no-ron nhdn tgo da l6p (Multilayer Perceptron - MLP)
Dya trén dinh 1y xdp xi ph6é quat (Universal Approximation
Theorem), MLP cé kha ning bi€u dién moi ham toan hoc phi tuyén phtc
tap nhit. N6 dugc chon dé danh gi4d xem liéu cu tric hoc sau (Deep
Learning) c6 mang lai sy dot phéa vé dd chinh x4c so v6i céc thuat todn
dang céy khi kich thuée dit liéu tdng 1én hay khong. Cau triic ctia MLP
bao gobm mét 16p dau vao, céc 16p 4n (hidden layers) va mot 16p dau
ra. Su bién d6i phi tuyén cua tin hiéu di qua 16p 4n th / dugce biéu
dién qua phuong trinh ma tran:

h(]) :f(w(l)h(l—l) +b(1)) 13)

Trong 6, W va b’ 12 ma tran trong s6 va véc-to chéch, £/(.)
14 ham kich hoat phi tuyén (nhut ReLU: £(z) =max(0,z) ). Tai 16p dau
ra, ham Sigmoid dwoc 4p dung dé tinh toan xac suit phan loai. Qua
trinh cap nhat trong s6 dugc thye hién ty déng théng qua thuét todn
lan truyén nguwoc (Backpropagation) két hop v6i cac bd t6i wu héa theo

gradient (nh Adam ho#ic SGD) nhdm cuc tiéu h6a ham mAt mét.
2.4. Téi vu héa siéu tham s6
Hiéu suit ctia cdc md hinh hoc may phu thudc rat 16n vao viéc

thiét 1ap cac siéu tham s6 (hyperparameters). Thay vi stt dung cac gia

tri méic dinh, nghién cttu nay 4p dung chién Irgc tim kiém ngiu nhién
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(Randomized Search Cross-Validation - RandomizedSearchCV) dé quét
qua khong gian siéu tham s6 cta titng thudt toan. Phiwong phap nay
dugce chitng minh 14 hiéu qua hon vé mit tinh to4n so v&i Grid Search,
d&c biét trong khong gian tham s6 ¢6 s6 chiéu 16n.

Qua trinh t8i u héa digc thite hién véi co ché kiém chéo 3 nép
gdp (3-fold cross-validation) nhdm trdnh hién t@gng qua khép
(overfitting) ngay tit giai doan huin luyén. D& khic phuc si anh hudng
ctia viéc mat can bing dit liéu (néu c6) va nhdn manh vao muc tiéu an
toan, ham muc tiéu ding dé danh gia trong qua trinh tim kiém dwoc
thiét 1ap 1a chi s6 F1-Score thay vi dd chinh xdc (Accuracy) théng
thudng. Cac bd tham s6 t6i wu (v du: tham s6 diéu chuén C cta LR va
SVM; d6 siu t8i da max_depth va t6c dd hoc learning rate cta
LightGBM; hay c4u tric 16p 4n hidden_layer sizes cia MLP) s& duoc

trich xuat va stt dung cho cac buée danh gié tiép theo.
2.5. Tiéu chi ddnh gid hiéu sudt

Dé ligng héa kha ning nhan dién rui ro déng dat cia céc thuat
todn, mot ma tran nham 14n (Confusion Matrix) dugc thiét 1ap. Trong
bai toan ki thuat nay, trang thai “Nguy hiém” (chuyén vi vito't nguéng)
dugc dinh nghia 1a 16p Tich cuc (Positive - Nhén 1), va trang thai “An
toan” 1a 16p Tiéu cye (Negative - Nhdn 0). Bon thanh phén co ban bao
goém: TP (True Positive): S6 mau thiic té Nguy hiém va du doan diing 1a
Nguy hiém. TN (True Negative): S6 mau thuc t& An toan va dy doan
dting 14 An toan. FP (False Positive - L6i loai I): S mau thuc t€ An toan
nhung dy bdo nham 1a Nguy hiém. FN (False Negative - L6i loai IT): S&
mau thiie t& Nguy hiém nhing dy béo sai 1a An toan. Dya trén ma tran
nay, bon chi s6 théng ké dugce st dung dé danh gi4 toan dién mé hinh:

D6 chinh x4c téng thé (Accuracy): Po lwdng ty 1& du doén ding
trén toan bo tép di liéu:

Accuracy = P+ TN 14)
TP+TN + FP+ FN

D6 chinh x4c (Precision): Ty 1é két ciu thic sy nguy hiém trong

0 cac két ciu bi hé thong canh bao:
Precision = _rr (15)
TP + FP
Do nhay (Recall): Ty 1é phat hién thanh cong céc trudng hop két

cu bi hv hong:

Recall = _rr (16)
TP+ FN
Chi sb F1 (F1-Score): La trung binh diéu hoa gitta Precision va Recall:
F1-Score = 2 x Lrecision xRecall =, )

Precision + Recall

Veé mit Ky thuat cong trinh, trong thiét k& khang chin, hu qua
clia viéc xay ra L6i loai II (FN - b s6t mot két cAu nguy hiém din dén
sup d6) 1a tham khdc va t6n kém hon rat nhiéu so vé&i Lai loai I (FP -
canh b4do nham din dén thiét ké thién vé an toan va ton thém vt liéu).
Do d4, chi s6 Recall va F1-Score dugc coi 1a céc tiéu chi quyét dinh
trong nghién cttu ndy. Bén canh do6, Thoi gian huin luyén ciling dugce
ghi nhan d€ so sanh tinh kha thi khi 4p dung thuit to4n vao cé4c bai toan

t6i vu héa quy mo 16n.

2.6. Thiét ldp thu'c nghiém

D€ kiém chitng tinh 6n dinh va kha niing tdng quat héa cta cac
md hinh khi khéi lwgng dit liéu thay d6i, nghién cttu thiét 14p mot quy
trinh danh gia lip. Tap kiém tra dugc gitt ¢6 dinh & mitc 2000 mau dé
tao thi'dc do cong bing. Trong khi dé, kich thuée tap hudn luyén duge
khdo sat & ba miic d6 khéac nhau: 1000, 2000 va 5000 mau.

Dé loai bé céc sai s6 hé théng do viéce chia tach dif liéu ngiu
nhién, tai méi kich thiéc tap hudn luyén, quy trinh d4nh gia dioc lip
lai 10 1an d6c 14p. Trong méi lan chay, cAc miu huén luyén khéc nhau
dugce lva chon ngiu nhién trong tap di liéu huin luyén 16n. Két qua
cudi cling cta céc chi s& hiéu suit (Accuracy, Precision, Recall, F1-
Score, va Thoi gian) 14 gié tri trung binh thong ké ctia 10 l4n chay lip
lai nay. Céch ti€p can nay dam bao cac két luan rit ra vé siic manh cta

tirng thuat todn 1a khach quan va c6 do tin cdy todn hoc cao nhit.
3. Truong hop nghién ciu

DE kiém chting hiéu sudt ctia cic thuit todn phan loai, nghién
cttu tién hanh khao sat triedng hop két ciu gian thép phing 39 thanh
vGi so d6 két cdu nhv trong Hinh 1 gém 39 thanh chia thanh 39 nhém
bién thiét ké 1a dién tich tiét dién thanh 14y trong mién gi4 tri [645.16,
3225.8] (mm?). Gian chiu tdc dong cta tinh tai DL = 150 (kN) tai cic
ntt gian, va gia téc nén dong dat El Centro (PGA=0.319g) nhu trong
Hinh 2 vé&i céc khéi Ivgng tap trung 14y béng 5 (tin) tai nit. Dit liéu
d4iu vao ctia mo hinh hoc may 1a dién tich tiét dién ctia cic nhém thanh
dugce phén chia theo cu tric hinh hoc, déng vai trd 1a cc bién thiét
ké. Muc tiéu ctia bai todn 1a dy doan trang thai an toan ctia két ciu dya
trén gi6i han chuyén vi ngang cuc dai cho phép cta két ciu gian khi
chiu dong dit (14y bing 0.02h vé&i h 1a chigu cao ting gian). Lic nay,
néu ty s6 giita chuyén vi ngang do dugc va gi¢i han cho phép nhé hon
hoic bing 1.0, két ciu duge gan nhin “An toan” (Nhan 0); nguoc lai,
duge gan nhan “Nguy hiém” (Nhan 1).

37 (1) 3g (15) 39

(13) (163—

3x5000

| 3x3000 |

Hinh 1. So' d6 gian phing 39 thanh.
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Gia téc (g)

Thoi gian (giay)
Hinh 2. So' @5 gian phéng 39 thanh.

Hinh 3 thé hién sy phan bd d6 vong ngang t8i da khi gian chiu
dong dat ctia 20000 mau. C6 thé thay ty s6 chuyén vi (d4 chuin héa)
tuén theo mét phan bd x4p xi phan bd chuin nhung c6 phan dudi léch
phai (right-skewed). Pa s6 cac thiét k& ngiu nhién tap trung quanh dai
gia tri ti¥ 0.6 dén 0.9. Pudong ranh giGi ddt nét tai vi tri 1.0 chinh la
ngudng an toan t&i han. Cac diém dit liéu ndm bén phai ngudng nay
dai dién cho céc trang thai két ciu bi pha hoai hodc vigt qué gidi han
déo dudi tac dung cua tai trong déng dat. Dit liéu phén loai ton tai su
mat can béng giita hai 16p, trong d6 s6 Ivgng két ciu dat trang thai "An
toan" chiém ty trong 16n hon dang ké so véi cac kich ban "Nguy hiém".
Trong k§ thuét cong trinh, dic tinh m4t can bing nay 14 hoan toan hop
1y vé&i thuc tién thiét ké; tuy nhién, duéi géc d6 hoc may, né tiém 4n
nguy co md hinh dy¢ doén thién vi vé 16p da s6. Trong nhitng tridng
hop nhu thé nay, viée sit dung F1-Score va Recall 1a phit hgp dé danh

gia chinh x4c ning luc cua cac thuit todn.

=3

= gy Ngudng an toan (1.0)
w3

£ 1500

(=11

=

g.

— 1000
~g

2]

<
8

7 500
&

[

2 4 6

<

Ty s6 D6 véng / (0.02 * h)
Hinh 3. Phéan bé ctia ty s6 giita chuyén vi ngang
do dugc va gidi han cho phép cua gian.

PE dam bao céc mo hinh phat huy t8i da ning lyc nhan dang
ranh gi6i phi tuyén, kj thuat RandomizedSearchCV (kiém chéo 3-fold)
da duwoc 4p dung dé téi wu héa siéu tham s6 dya trén viée cue dai héa
chi s6 F1-Score. Bang 1 trinh bay b6 siéu tham s8 tdi tu cho nam thuét

toan sau qué trinh tim ki€m.

Bang 1. Tham s6 t6i wu cta céc thuét toan.

Cau hinh siéu tham s8 t6i wu
Tham s8 diéu chuén: C = 0.1
Tham s6 diéu chudn: C = 10; Hé so
kernel: y = 0.01

Thuét toan

Hoi quy Logistic (LR)

SVM (RBF)

S6 mau t6i thifu & nat i

min_samples_leaf = 2
Random Forest (RF) ..
Ty 1é mau t6i da: max_samples = 0.9

D0 su t6i da clia cAy: max_depth = 20

Tdc d6 hoc: learning_rate = 0.1

Do sau t6i da: max_depth = 15; SO
LightGBM lvgng 14: num_leaves = 31

biéu chuin L1: reg alpha = 0.1; Piéu

chuén 12: reg lambda = 0.0

C4u trtic 16p 4n: hidden_layer sizes =
(128, 64, 32)
Tham s6 phat (L2 penalty): a = 0.1

MLP (Deep Learning)

Hinh 4 thé hién gia tri F1-Score ctia c4c thuat toan. Quan sat Hinh
4 cho thay, Hoi quy Logistic (LR) cho hiéu suit kém nhit va gin nhu
khong cai thién khi ting kich thuéce dit liéu, chitng minh bing todn hoc
rang ing x1 ctia gian 39 thanh dudi dong dit 13 phi tuyén ciic manh,
viigt qué kha niing phan chia ctia mit phéng tuyén tinh. Mang no-ron
(MLP) cho thdy sy gia ting hiéu sudt manh mé khi lvong dit liéu ting
tif 1000 1én 5000 mAiu, minh ching cho dic tinh doi hiéu dit liéu 16n
ctia hoc siu. Tuy nhién, hai mé hinh Ensemble dang ciy la RF va
LightGBM duy tri vi thé d4n dau tuyét d6i & moi kich thuéc tip huidn
luyén, cho thdy kha ning chéng nhiéu va trich xuit ranh giéi an toan
cue ky 6n dinh.

1.0 Thudt todn
BN Logistic Regression
08 m SVM (RBF)
% 0.6 BN Random Forest
v BN LightGBM
o4 s MLP (Deep Learning)
0.2

.0
1000 2000 5000

Kich thude tip huin luyén (S6 miu)

Hinh 4. So sanh F1-Score ctia c4c thuat toan cho tip kiém tra.

1.0 Thuét todn
N Logistic Regression
08 s SVM (RBF)
Sos B Random Forest
&‘i BN [ightGBM
0.4 s MLP (Deep Learning)
0.2 I
0.0

1000 2000 5000
Kich thude tip hudn Tuyén (S6 miu)

Hinh 5. So sanh Recall ctia c4c thuat toan cho tap kiém tra.

Hinh 5 thé hién chi s8 Recall cta céc thuat toan. Chi s6 Recall
thé hién kha néing hé théng “khéng bé s6t” cac thiét ké nguy hiém (tranh
Ldi loai II). Hinh 5 cho thdy mot xu huéng twong dong véi F1-Score,
nhung 1am néi bat hon nita sy chénh léch gitta cAc md hinh. LightGBM
va RF déu dat mic Recall tiém can 0.9 khi N = 5000, dong nghia vGi

viéc ching phét hién digc 90% cac kich ban sup d6 tiém ning. Viéc
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SVM va MLP c6 chi s6 Recall khong n dinh & tap dit liéu nhé (N = 1000)
cho thiy rti ro khi ttng dung chting cho céc hé théng canh bao sém néu
di liéu mé phong bi han ché.

Hinh 6 trinh bay biéu db th&i gian huén luyén bdc 16 rd rdo can
ng dung cua céc thuit todn. MLP va dic biét 1a SVM tiéu tén thoi
gian tinh to4n ting theo cip sé nhan khi kich thude dit liéu mé rong.
V&i N = 5000, thoi gian huén luyén ctia SVM d4 cao hon LightGBM
hang chuc 14n. Ngugc lai, nhd chién luge phat trién ciy theo chidu sau
cta la (leaf-wise) va k§ thuat GOSS, duwdng biéu dién thoi gian cta
LightGBM gin nhu nim ngang & mtc sat d4y ctia biu d6. N6 cho téc
d6 hoc cuc ky an twgng (chi mat vai phan phén s6 clia gidy) bat chip
lugng dit liéu téang 1én.

10 e
/ .
—~
,%‘ -/
B 10° — Thuét toan
g —— Logistic Regression
3 SVM (RBF)
2 10 —— Random Forest
a —— LightGBM
w0 T— —— MLP (Deep Learning)
e —
1000 2000 5000

Kich thirde tip huén luyén (S& mu)

Hinh 6. So sanh thoi gian huin luyén mé hinh cuta cac thuét toan.

Tl cac phan tich hinh anh va di liéu thyc nghiém trén truong hop
gian 39 thanh, c6 thé khing dinh ring LightGBM mang lai sy danh dbi
t5t nhét trong cc thuit todn dugc xem xét. N6 s& hitu do chinh xac va
d6 nhay (Recall) sanh ngang v&i Ritng ngiu nhién va Mang hoc séu,
nhung lai vieot trdi hoan toan vé téc do tinh toan, bién né tré thanh mé
hinh thay thé 1y twdng nhit cho phan tich db tin ciy két cAu khang chén.

4. Kétluan

Bai bdo da d& xuft st dung cdc mé hinh hoc may phén loai dé danh
gi4 nhanh trang thai an toan khang chin ctia két cAu gian thép phi tuyén,
nhim khéc phuc vAn d& chi phi tinh toan clia phitong phéap phan tich lich
st thoi gian. Két qua kiém chitng trén gian 39 thanh chiu dong dit El
Centro cho thy ranh gi6i an toan két cAu c6 tinh phi tuyén manh, khién
moé hinh co s¢ (HOi quy Logistic) hoan toan kém hiéu qua. Nhim kiém
so4t nghiém ngit L6i loai IT (bd s6t thiét k& nguy hiém), cic thudt toan
hoc tap két hop dang cy nhu LightGBM va Ritng ngiu nhién (RF) da thé
hién sifc manh vwgt trdi khi duy tri chi s6 D6 nhay (Recall) va F1-Score
cao nhét. bic biét, khic v6i sy gia ting thoi gian tinh toan theo cip sb
nhén ctia SVM va Mang no-ron (MLP) theo ¢& tap huén luyén, LightGBM
6 tbe d6 hoi tu cye nhanh nh chién lvoc phat trién cay huwdng 14 va ki
thuét 14y miu GOSS. Tém lai, sy cn bing hoan hao gitta ning luc nhan
dién rui ro chinh xdc va téc do tinh toan siéu viét khéng dinh LightGBM
12 mé hinh thay thé Iy twéng nhit, hd trg dic Ic cho cac hé théng canh

béo sdm va tbi wu héa do tin cay két cAu quy mé 16n.
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