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Ung dung thuat toan hoc may LightGBM cho
bai toan héi quy udc luong kha nang chiu tai

cha gian thep s dung phan tich truc tiép
Application of LightGBM algorithm for regression problem of predicting load-carrying

capacity of steel trusses using direct analysis

> TS MAI SY HUNG
Khoa Coéng trinh thay, Trudng Pai hoc Xay dung Ha Noi

TGM TAT

Ky thuat hoc may dua trén tri tug nhan tao dang phat trién hét sic
nhanh chang va the hién hiéu qua to lén trong nhiéu linh vurc coa
cufic siing bao gdm thiét k& cong trinh. Cac ki thuat hoo may
thueng duge xay dyng dya trén |y thuygt va céu tric phic tap, doi
hai ngudi sir dung phéai ca trinh da higu bigt nhat dinh dé sir dung
hiéu qué ching. Ngoai ra, ddi vai méi dang bai toan khac nhau,
hiu qué cla cac thuat todn hoc méy ciing thay ddi. Nhdm cung
cép cho céc ky s thigt k& mat tai lieu tham khao hiru ich vé ing
dung hoc méy trong thigt k& cang trinh, trong bai bao nay, tac gi
gigi thigu thuat todn hoc may LightGBM (light gradient boosting
machine) cho bai toan hdi qui wac legng kha nang chiu téi cha gian
thép. Phén tich truc tigp co xét dén phi tuyén tinh phi dan héi duec
sir dung dé xac dinh khé nang chiu tai cia cang trinh. Trén co s
da. tap dir ligu hudn luyén sé duoc xdy dung vai bign ddu vao [3
tiét dién cia thanh gian va dau ra |a hé sd chiu tai cia cong trinh.
Mat cau thép phéng 113 thanh duge xem xét dé thé hien hieu suat
lam viéc cia LightGBM. K&t qua tinh toan cho thay LightGBM ca da
chinh xac cao trong viéc vac lrgng kha nang chiu tai coa ket céu
gian phi tuygn va ca thé ap dung hd trp cong tac thigt k& hang
ngay.

Tir khaa: Hoc méy; gian; LightGBM; phan tich tryc tigp.

ABSTRACT

Machine learning techniques based on artificial intelligence are
developing very rapidly and showing great effectiveness in many
areas of life including building design. Machine learning techniques
are often built on complex theories and structures, requiring users to
have a certain level of understanding to use them effectively. In
addition, for each different type of problem, the efficiency of machine
learning algorithms also changes. In order to provide design
engineers with a useful reference on the application of machine
learning in building design. in this paper, the author introduces the
LightGBM (light gradient boosting machine) machine |earning
algorithm for the problem. Regression estimates the load-carrying
capacity of steel trusses. Direct analysis taking into account
nonlinear inelasticity is used to determine the |oad-carrying capacity
of the building. On that basis, the training dataset will be built with the
input variable being the cross-section of the truss rod and the output
being the |oad-bearing factor of the building. A 113-bar planar steel
bridge is considered to demonstrate the performance of LightGBM.
Calculation results show that LightGBM has high accuracy in
estimating the |oad-carrying capacity of nonlinear truss structures
and can be applied to support daily design work.

Keyword: Machine |earning; trusses; LightGBM; direct design.

1.DAT VAN BE

Dac tinh tng x{r phi tuyén tur ¢ vat liéu va hinh hoc cta két cau
thép noi chung va gian thép ndi riéng can dugc xem xét trong qua
trinh thiét ké cong trinh. Cac phuong phap truyén théng xét dén
ung x nay théng qua thiét k& 2 budc vai budc thir nhat la tinh
toan ndi luc trong cac cau kién trén co s& st dung phan tich dan
héi tuyén tinh. Sau d6, su an toan clia tiing ciu kién dugc kiém tra
riéng 1& théng qua cac cong thiic cho sén trong tiéu chudn thiét ké
ma cac hé s6 dugc xay dung co6 xét dén do an toan clia cdng trinh
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chiu Ung x phi tuyén. Cac phuong phap nay khéng moé ta dugc
Ung xUf cda cong trinh khi chju tai ciing nhu khong xac dinh dugc
kha nang chiu tai I6n nhat cla cong trinh. D€ khic phuc nhugc
diém nay, cac phuang phap phan tich truc tiép dang ngay dugc su
dung rong rai [1-6]. Trong cach ti€p can nay, tng xir clia cong trinh
bao gébm ca ting xu phi tuyén hinh hoc va phi tuyén vat liéu sé
dugc xac dinh mét cach truc ti€ép trong qua trinh tinh toan va qua
d6 xac dinh dugc kha nang chiu tai clia cong trinh. Chinh vi vay,
phuong phap nay cho phép loai bé viéc kiém tra an toan cho tiing
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cdu kién riéng 1& nhu trong cac phuong phép thiét ké truyén thong.
Ngoai ra, cdc nghién ctu cho thdy phan tich truc ti€p con cé thé
tiét kiém vat liéu [7]. Tuy nhién, cac phuong phap phan tich truc
ti€p s dung thai gian tinh toan nhiéu hon rat nhiéu lan so vai
phan tinh dan héi tuyén tinh. Chinh vi vay, viéc van dung ching
vao cac bai toan phuc tap con kha han ché, dac biét la d6i véi cac
bai toan doi hoi sé lan phan tich két cau rat I6n nhu thiét k& t6i uu
st dung metaheuristic hay tinh toan xac suat hu héng cta céng
trinh theo cac phuong phap mé phéng.

Céc loai md hinh hoc may ¢6 thé xem la mét phuang &n tiém nang
dé giai quyét van dé trén. Trong cac md hinh hoc may, méi quan hé phi
tuyén & muc d6 cao gilta dit liéu dau vao va d lieu dau ra dugc biéu
dién théng qua cac mo hinh dugc huédn luyén dua trén tap dir liéu cho
trudc dugc tao ra bang phan tich tryc tiép, cac dir liéu dau vao va dau
ra dung d€ huan luyén mé hinh hoc may dugc Iy tir két qua phan tich
nang cao nhu da dé cap & trén. LUc nay, cac Ung xU phi tuyén clia cong
trinh c6 thé dugc udc lugng ma khong can thuc hién qua trinh phan
tich phi tuyén tén thai gian. Mot s6 mé hinh hoc may néi tiéng c6 thé
ké dén nhu la: Kriging [8], artificial neural network (ANN) [9], support
vector machines (SVM) [10], polynomial response surface method
(RSM) [11], v.v... Gan day, Microsoft da gidi thiéu mét thuat toan hoc
may rat manh mé la LightGBM dua trén nén tang clia cac thuat toan
cay ra quyét dinh [12]. Thuat toan nay hiéu qua cho ca bai toan héi qui
cling nhu phan loai véi uu diém manh nhat la téc d6 xt ly rat nhanh va
d6 chinh xac cao. Do la thuat todn mdi, viéc ap dung LightGBM vao cac
[inh vuc khac nhau con kha han ché va méi mé. Do vay, can nhiéu
nghién cttu chuyén sau nham phan tich va danh gia toan dién hiéu
qua clia thuat toan nay ddi véi cac I6p bai toan cu thé.

Trén ca s& d9, trong bai bao nay, tac gia sé gidi thiéu noi dung
thuat todn LightGBM va viéc ing dung thudt todn nay trong viéc
giai quyét bai toan héi qui udc lugng kha nang chiju tai cda gian
thép st dung phan tich truc ti€p. Cau gian thép phang 113 thanh
duoc st dung d€ minh hoa cho nghién ctiu. Phan tiép theo cua bai
bao nhu sau: néi dung co ban cutia thuat toan LightGBM dugc trinh
bay trong phan 2; phan ba la cac théng tin co ban cla cau gian
thép 113 thanh; phan 4 trinh bay két qua tinh todn; va cudi cung la
két luan.

2. THUAT TOAN LIGHTGBM

Nguyén ly can ban cla thudt toan LightGBM dugc phat trién tur
moé hinh cdy ra quyét dinh tang cudng do déc Gradient Tree
Boosting (GTB) do Fiedman dé xuat [13, 14]. Cac két qua nghién
ctu cho thdy rang mé hinh LightGBM c6 thé xut ly hiéu qua cac bai
toan vé phan loai, héi quy va xép hang trong hoc may. D& hiéu vé
nguyén ly thuat toan LightGBM, truéc hét chung ta cung tim hiéu
ly thuyét can ban cta thuat toan GTB. Nguyén ly chung ctia GTB laa
thu dugc cau trd I16i cudi cling bang cach két hgp nhiéu cay quyét
dinh va bang cach cong két qua clia tat ca cac cay quyét dinh. Qua
trinh nay da dugc cai thién dé dat dugc muc ting cudng do déc
cuc cao trong thuat toan XGBoost. Su khac biét gitta XGBoost va
GTB la & cach phan chia cay va cach xac dinh gia tri ctia nat 14. Y
tudng c6t 16i la tién hanh mé réng Taylor bac hai cia ham mat mat
dé phu hap véi GTB va gidi thiéu thuat nglt théng thudng cla cay
mot cach théng minh, d€ cong thuc cta khai trién Taylor bac hai co
thé dugc don gian hoéa va gidi quyét bang phuong phap phan tich.
do d6, mét phuaong phdp tdch cdy méi va phuong phap xac dinh
gia tri nut 1a da ra doi. LightGBM dugc t6i uu héa hon nita trén co
@ cai tién cong thic GTB clia XGBoost.

Nguyén ly co ban dugc st dung trong thuat todn GTB la viéc
két hgp cac cdy mé hinh hoc tap co ban yéu (tuc la cé d6 sai s6 cao)
thanh mét cdy mé hinh hoc tdp manh hon theo kiéu tuan tu.

Chung ta c6 thé xem qua trinh hoc cda thuat toan GTB nhu minh
hoa trong Hinh 1. Cay hoc sau dugc xdy dung nham muc dich udc
lugng cac gia tri cila phan sai s6 clia cay hoc ngay trudc. Cudi cing
thi gia tri udc lugng sé la Y, £, (X). M hinh cudi cung sé c6 dang:

f(X):iﬂfh(X?a‘):f/m+pMﬂMh(X;9M)’ M

Trong d6 x la mau va ham h(x;6,)la cay ra quyét dinh thi i.
Céac tham s6 khac dugc tinh nhu sau:
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Hinh. 1. M6 hinh thudt todn GTB

Dé€ nang cao hiéu sudt lam viéc cla mé hinh GTB, trong mo
hinh XGBoost mét thanh phan dugc thém vao trong ham mat mat

(loss function) va don gidn hda viéc tach nut trong cay. Trong GTB,
chiing ta can xac dinh d6 déc tuong tng véi tiing mau {(X/,gj )}N ,

j=1
con trong XGBoost ta can xac dinh dé doc va hé sé Hess tuong (ing

% N
véi tling mau dang: {(xj,gj,hj)} . Lc nay viéc tach nut cta cay
j=1

XGBoost va gia tri tai cac nat dugc tinh dya trén (gj,hj) nhu sau:

2
2 2 G, +G
Gain=— G + G 7(L R) -y
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Trongdo y va A la2hés6émota dd phic tap cta cay bang
céach diéu chinh s6 nut 14 va trong s6 clia téng binh phuang cac gia
tri nUt 1a. GL va Hy 1a téng cla g; va h; clia tt cd mau & phia bén tréi,
Gr va Hr 12 t6ng clia g; va h; clia tdt cd mau & phia bén phai. W; la
gia tri tai nut. Gj va H; la téng clia g; va h; cla tat ca cac mau dugc
chia trong khu vuc ctia nut tha j.

Mé hinh LightGBM dugc t6i uu héa hon nlta trén co s@ thuat toan
XGBoost dugc mé ta & trén. Nhiing t6i uu hda nay dugc thuc hién dé
gidm thdi gian tinh toan, nhung chiing cling c6 thé déng vai trd ngan
chan hién tugng mo hinh qua khép (vi dir liéu goc bi nhiéu, mét sé xa
ly thé c6 thé lam tang kha nang khai quat héa cia mé hinh). Thai gian
tinh toan ctia méi lan tach nut dugc tinh nhu sau:

cost,,.. = feature,, xsample,  xpoint,, , (4)

time num
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28x61m=1708m{56) f)

Hinh. 2. Cau gian thép phang 113 thanh

Trong d6 point,,, thé hién th&i gian (gidy) can thiét,

feature sample,, va point,, la s6 dac diém, s6 miu va sé

num ! num

diém st dung dé phan chia cdy. Nhu vay, thdi gian tinh toan sé phu
thudc vao 3 van dé chinh la: (1) ¢c& mau, (2) s6 dac diém va (3) s6
diém tiém ning dung dé phan chia cay. Trén co s& d6 LightGBM sé&
t6i thi€u hoa cac chi phi nay dugc trén 3 ky thuat cg ban: GOSS
(Gradient unilateral sampling) nham gidm s6 mau, (2) EFB (Feature
binding technology) nham giam s6 dac tinh clia mau va (3) Hist
(Histogram algorithm) nhdm gidm sé diém lua chon.

GOSS gilr tat ca cac déi tugng c6 dé déc I6n va thuc hién lay
mau ngau nhién trén cac déi tugng c6 dé déc nhé. DE bu lai &nh
hudng déi véi phan phéi dir liéu, khi tinh toan muic tang thong tin,
GOSS gidi thiéu mét hé sé nhan cho cac trudng hgp déi tugng co
dd déc nhd. Cu thé, GOSS trudc hét sap xép cac thé hién du liéu
theo gia tri tuyét d6i ctia d6 déc va chon cac ax100% déi tugng
hang dau. Sau d6, n6 ldy mau ngau nhién bx100% d6i tugng trong
phan con lai ctia di liéu. Sau d6, GOSS khuéch dai di liéu dugc lay
mau véi dd doc nhé theo hang s6 (1-a)/b khi tinh toan muc tang
théng tin. Bang cach dé, cac déi tugng chua dugc dao tao sé dugc
tap trung nhiéu hon ma khéng lam thay déi quéa nhiéu dac diém
phan phdi cua dir liéu goc.

EFB duoc xay dung dua trén dac diém la cac du lieu nhiéu
chiéu thudng phan b rat thua thét theo cac chiéu. Su thua thét
cla khéng gian dac trung cung cap cho chiing ta kha nang thiét ké
mot cach ti€p can gan nhu khéng mat du liéu dé giam sé lugng
dac trung. Cu thé, trong mot khéng gian déi tugng thua thét,
nhiéu déi tugng loai trir 1an nhau, nghia la chung khéng bao gid
déng thai nhan cac gia tri khac khéng. Chiang ta co thé két hgp cac
tinh nang bi loai trir mét cach an toan vao mét tinh nang duy nhat
(goi la géi tinh nang bi loai tr). Bang thuat toan quét tinh nang
dugc thiét k& cin than, chung ta c6 thé tao biéu d6 tinh ning

giéng nhau tur cac géi tinh nang cling nhu tur cac tinh nang riéng lé.

Theo céach nay, d6 phtic tap cla viéc xay dung biéu d6 thay d&i tu
O(#data x #téng dic trung) thanh O(#data x # dac trung két hap),
trong d6 # dac trung két hgp << #téng dac trung. Diéu nay gidp
tdng t6c dang k& qua trinh dao tao cay ra quyét dinh ma khong
anh hudng dén d6 chinh xac.

3. AP DUNG TINH TOAN

3.1 Mé hinh cau gian thép phéng

Trong phan nay, mét cau gian thép phdng 113 thanh véi kich
thudc va sg dé cla cau trong Hinh 2 dugc nghién ctru. Cac thanh
gian dugc chia thanh 43 nhom tiét dién khac nhau c6 gia tri trong
khodng [3870.96, 22580.6] (mm2). T6 hgp dugc xem xét Ia
(1.25TT+1.75HT). TT va HT la tinh va hoat tai tac dung dugc lay gia
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tri bang 130 va 80 (kN) tai cac nut gian & dudng xe chay phia trén.
Vat liéu thép dugc st dung la la thép A992 c6 F, =3447MPa va
E =200GPa . Su hu héng ctia cong trinh dugc danh gid théng qua
viéc so sanh gilta kha nang chiu tai cuc han R clia cong trinh va tai
trong tac dung S. D€ don gidn hoa, ta dat LF=R/S. Luc nay, cdng
trinh sé an toan néu LF > 1.0 va ngugc lai. Do vay, trong nghién ctu
nay, thay vi xem xét udc lugng S, ta sé udc lugng LF. 50000 mau
ngau nhién cda gian thép duoc tao ra dé dung lam co s& di liéu
cho viéc hudn luyén mé hinh. Sy phan bé LF ctia 50000 mau dugc
thé hién trong Hinh 3. Dua trén hinh 3 ta c6 thé thay rang ti lé pha
hay cta gian thép la khodng 34.33%.
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Hinh. 3. Phan bé cta 50000 dif liéu

3.2 K&t qua tinh toan va thao luan

Hinh 4 thé hién hiéu suat udc lugng gia tri LF cla thuat toan
LightGBM véi kich ¢& cta tap huan luyén lan lugt la 1000, 2000,
5000, 10000, 20000 va 50000. S& mau cho tap kiém tra dugc c6
dinh 1a 5000 mau. Tuang Ung v6i moi ¢& mau, mo hinh huan luyén
duoc thuc hién doc 1ap 10 lan khac nhau @& tim ra gia tri trung
binh MSE déi véi tap kiém tra thé hién trong hinh. Két qua cho thdy
MSE ctia mé hinh kha nho ( < 0.01) khi ¢& mau tur 5000 tré 1én. Diéu
nay cho thay thuat toan LightGBM dat d6 chinh xac kha cao va d6
chinh xac tang Ién khi ¢c6 mau huén luyén tang lén. Bén canh dé,
Hinh 5 trinh bay th&i gian huan luyén trung binh cta thuat toan véi
cac ¢& mau khac nhau. Ta c6 thé thay rang, thdi gian st dung dé
hudn luyén cta thuat toan LightGBM la kha ngédn. Cu thé, véi c&
mau nhi (<5000), thoi gian hudn luyén ctia mé hinh dudi 25 (gidy).
Khi ¢& mau I6n 1én dén 20000 thi thai gian huan luyén cling chi la
51 (gidy). Con vai ¢d mau rat I6n 1a 50000, thai gian huan luyén cda
mo hinh la 68 (gidy). Thoi gian huan luyén nay hoan toan hiéu qua
cho cac cong viéc thuc té.
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4. KET LUAN

Bai bao gidi thiéu téng quét thuat toan hoc may hién dai
LightGBM. Hiéu suat cda thuat toan dugc danh gia théong qua vi du vé
cau gian thép phang 113 thanh véi 43 bién thiét ké la dién tich tiét
dién cda thanh gian. Bién dau ra cia mé hinh huan luyén la hé sé chiu
tai cla két cau dugc tinh toan sir dung phan tich truc ti€p nham xét
dén tinh chat phi tuyén tinh phi dan héi cla cong trinh. M6 hinh
LightGBM udc lugng gia tri LF véi d6 chinh xac kha cao khi sai s6 MSE
clia mé hinh déi véi tap kiém tra duéi 0.01 khi c& mau huan luyén I6n
hon 5000. Bén canh d6, thai gian huan luyén cia mé hinh LightGBM
cling kha ngan khi chi tiéu tn duai 35 (gidy) cho c& mau huan luyén
dudi 10000. Két qua tinh toan nay cho thay thuat toan LightGBM c6 d6
chinh xac cao va thdi gian tinh toan nhanh, hoan toan c6 thé ting
dung vao cac bai toan thiét ké két cau thép phi tuyén.
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