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TY KHOA TOM TAT
Thuat toan mdy hoc Chi phi du 4n trong giai doan ¥ twéng c6 vai trd quan trong dén sy thanh cong ctia mot du an xiy dung.
Weka

Bé tong cbt thép
Uéec tinh khéi lwgng vat tw

KEYWORDS

Céac md hinh chi phi trong giai doan nay thwdng chua chi tiét héa cac chi phi vét tw, may méc thiét bi,
nhén céng. Pidu nay di 1am cdc nha quan 1y du 4n chuwa chit déng dy trit cac ngudn Iyc ngay tit ban diu.
Dic biét chi phi vat tv thudng chiém ty trong 16n trong co cAu chi phi xiy dung cic du an dan dung. Céc
nghién cttu v& wdc tinh khdi lwgng vat tu trude day chi tap trung chi yéu trong linh vie: giao thong, du
4n ning luong, ... cic md hinh wéc tinh khéi Ivgng trong céc du 4n dan dung con han ché va sit dung cac
phin mém tuong dbi khé tiép can cho nhiéu ngudi trong nganh xay dyng. Béng viéc st dung phin mém
Weka, nghién cttu nay s& d& xuét cc thuit toan may hoc phit hop dé xiy dung mé hinh wéc tinh khéi
lwong vat tw cho cac dv 4n dan dung két cAu bé tong cbt thép. Két qua du doan tit mo hinh dé xut s&
duge xép hang nhim dé xult cac thuat toan phit hop cho viée khai thac cdc mé hinh bé téng, van khudn,

X 2 2 X sa 2 A X RN
cot thép cho cac cau kién : méng, cdt, dam va san.

ABSTRACT

Machine learning algorithms
Weka
Reinforced concrete structures

Materials quantity estimation

Conceptual cost models play an important role in the success of a construction project. In this stage, the cost
models often do not detail of materials, equipment and personel. This has prevented project managers from
proactively planning their resources in the early of project. In particular, the cost of materials often take up a
large proportion in the cost structure of civil projects. The previous studies on estimating quantities of materials
only focused mainly in the fields of : traffic, plant projects, ... the models for estimating quantities in civil projects
were limited and used the software that is relatively inaccessible to stakeholders in the construction industry. By
using Weka software, this study will propose suitable machine learning algorithms to build a model to estimate
the quantity of materials for civil projects of reinforced concrete structures. The prediction results from the
proposed model will be ranked in order to propose suitable algorithms for exploiting concrete, formwork, and

reinforcement models for components : foundation, column, beam and floor.

1. Gi6i thidu

cac yéu t6 anh huwong khac. Trong khi thi trudng vat liéu xiy dung

luén bién déng khéng ngitng, néu khéng xét dén yéu t6 vat tu thi sé

Trong giai doan 1én ¥ twéng clia mot du 4n, cic nha phét trién
dv 4n luén cin nhitng thong tin 16 rang vé chi phi xiy dung cta dy
an, nhung trong khi cc thong tin v& ban vé thiét ké, dic diém ky
thuét, du toan so' bo thi rit han ché [1]. Vi vy c6 thé cho ring, viée
c6 duge thong tin vé chi phi xdy dung ngay trong giai doan y twdng,
s& hd trg ngudi phét trién dy 4n c6 nhitng quyét dinh ding dén gép
phin dat dwgc nhitng muc tiéu ctia dy an. Nhiéu mé hinh dé xuét vé
chi phi so bo da dugc thuc hién, cac chi phi a8 dugc mo hinh héa véi
céc cip do khac nhau v@ tinh chinh x4c, diy du va sy phit hop. Céc
cip do nay cé thé dugc cai thién béng ciach mé hinh héa céac khéi
lwong so bo - khéi lugng vat tu, tit d6 sé gitip mitc d6 dv bao chinh
x4c hon vé& wdc tinh chi phi so bd trong mé hinh chi phi. Mit khac,
céc mo hinh chi phi cht yéu wéc tinh chi phi téng hgp chua xét dén

*Lién hé tac gia: pvhson@hcmut.edu.vn
Nhan ngay 28/05/2022, siia xong ngay 23/06,/2022, chip nhan ding 08/09/2022
Link DOI: https://doi.org/10.54772/jomc.05.2022.350

khéng phan 4nh chinh x4c v& chi phi téng hop [2]. Hon nita, theo mét
s6 nghién citu cho thiy chi phi vat tw chiém khoang 42 %, mot sb
treong hop chiém hon 50 % trén téng chi phi xay dung tity thude vio
loai du 4n, bién phép thi céng va pham vi céng viéc [3]. Vi vay, khdi
lwong vat tw va chit lvgng vat tu 13 nhitng yéu t6 anh hwéng nhat
dén chi phi xay dung. [3]

Pé thuc hién nghién ctu nay, di c6 nhidu nghién ctu vé mé
hinh dua trén Al va may hoc (ML) dugc cong bd. May hoc 1a mot linh
vige phét trién cta tri tué nhan tao dwge st dung cho mé hinh héa céc
dit liéu. C6 nhiéu mé hinh dy bdo dwa trén cac dit liéu lich sit. Trong
cic mo hinh méy hoc khéc nhau, thi phé bién 13 mang no-ron nhén
tao (ANNSs), may véc-to hé trg (SVMs), hdi quy da tuyén tinh [4].

JOMC | 89



Tap chi Vit liéu & Xdy dung Tdp 12 S6 05 ndm 2022

M6 hinh khéi lugng so bd trong cac toa nha dan dung da duoc
Yeh (1998) st dung mang ro-ron truyén ngwoc két hop vai hdi quy
théng ké dé wéc tinh trong lwgng cbt thép trong dam va cot, chia wdc
tinh khdi lwgng bé tong va van khudn cho hai cAu kién nay [5]. Céac
bién duoc du doan diing trong nghién cttu nay 1a : s6 lwong ting, b
cuc lwéi (grid layout), téng chiéu cao cong trinh, tai trong déng va
tinh, hé s6 viing dia chin va cuong d6 nén ctia bé téng [5]. Bakhoun
va cong su (1998) da st dung mang no-ron nhan tao dé wéc tinh khéi
lwong bé tong cho mét cong trinh vé ciu & Ai Cap [6]. Idowu va cong
st (2020) da st dung mé hinh hdi quy véc-to hd tro diwa trén nguyén
Iy chon miu c6 hoan lai (Bootstrapped Support Vector Regression
Models). Nghién citu ndy cung cip mot khoang wéc tinh vé khéi
lwong (range quantities) vé& bé tong, thép, van khudn cho céc ciu kién
két cAu : moéng, cot, dim, san. Khoang uvdc tinh vé khdi luong thép,
van khuén & mic twong dbi so véi thuc té, vi vdy cin niang mtc nay
1én cao hon. [3]

Trong nghién cttu nay, cic thuit todn may hoc dugce dé xuit dy
trén yéu t6 : nhitng phwong phap phd bién duge st dung trong nganh
xdy dung. Nghién ctu sé xem xét cac thuat toan nhu : Mang no ron
than kinh nhan tao (ANN), Giai thuét k-1an cén gﬁn nhét (KNN), May
hd tro véc-to hdi quy (SVR) va ky thuat két hop cac thudt toan may
hoc (Ensemble methods). Cac phuong phdp nay da duogc trinh bay
trong céc nghién ctu twong tv nganh xay dung ( [71, [81, [9] [101,).
Cubi ciing, hiéu suét clia cAc mé hinh sé& duoc danh gia béi cac chi sb
nhu : R, RMSE, MAE, MAPE, SI. Trong phin tiép theo s& mo ta céc ky
thuat may hoc dugc xem xét, cic phuong phap nghién ctiu, két qua

va thao luén.

2. Phuong phap nghién ciu
2.1. Cdc thudt todn dp dung xdy dung mé hinh
M6 hinh du bdo dva trén tri théng minh nhdn tgo

pé xay dung mot moé hinh dya trén tri thong minh nhan tao
hiéu qua doi hoi cAn mét tidu chudn cho viée xiy dwng mé hinh khoa
hoc. Trong khoa hoc d@ liéu, mé hinh tiéu biéu duge lya chon d6 1a
kham phé kién thtic trong co s¢ dit liéu (KDD — Knowledge discovery
in database) [11]. Cidc m6 hinh dva trén tri thong minh nhan tao
thuwdong duge chia thanh : mé hinh doc 1ap va mé hinh két hop. Mb
hinh doc 14p sé diing duy nhat mét thuat toan, mé hinh két hop sé két
hop nhidu mé hinh wéc tinh dé wée tinh két qua dAu ra.

Phdn mém mdy hoc

Céc phidn mém hoc may duge danh gia 1a mang lai d6 chinh xac
cho cdc mé hinh du bdo va kha ning dap ing cic nhu ciu khac nhau
clia ngudi sit dung. Bén canh d6, cic phin mém nay con cung cip
giao dién than thién ngudi dung va mang tinh ¥ng dung cao. Céc
phin mém dugce sit dung phéd bién nhw : RapidMiner Studio, IBM SPSS
Modeler, IBM SPSS Statistic, va Weka. Trong d6 phin mém Weka 1a

cong cu dugce xem 1a d& s dung, né dugc viét trén nén tang Java,

duogce phat trién boi Trudng Pai hoc Waikato, New Zealand. Weka hd
tro nhidu muc dich khai pha di liéu tiéu chudn nhv : x@ ly d@ liéu,
phan cum, phan loai, hdi quy, tric quan héa dit liéu, ... [12]

Giai doan hudn luyén

Hudn luyén mo
hinh dy bio

D ligu huin luyén

Tip dit ligu

thu thip

Giai dogn kiém tra

M hinh da duge
hudn luyén

DIt ligu kiém tra

Dinh gid tinh
chinh xdc cia
i figu dur dodn.

DE xudt mo hinh wéc tinh bé tong,
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Hinh 1. Lugc dd nghién ctu.
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Hinh 2. Giao dién phin mém Weka.
Single Model/Cdc mo hinh doc ldp

Trong nghién cttu nay, cdc md hinh wéce tinh doc 1ap sé gdm céc
ky thuat dva trén trf théng minh nhan tao sin c6. Mot vai mé hinh
phd bién dugce trinh bay sau day nhim kham phé thém sy hiéu biét vé
cac mo hinh du bdo doc lap nhu : ANNs, AANNs, SVRs, KNNs.

Mang thdn kinh nhdn tao va Mang thdn kinh nhdn tao b6 sung

Mo hinh mang no-ron nhan tao AANs la mot thuét toan duoc
xdy dung dva trén s¢ mé phong mang no-ron (t& bao than kinh) ctia
ndo bd con ngwdi. Mang truyén thing nhidu 16p 13 mang cho két qua
du béo tét. Mang truyén thing nhiéu 16p c6 cach thitc hoat déng nhw
sau : cac noron tai 16p diu vio nhan tin hiéu diu vio x@ 1y (tinh tdng
trong sb, sau d6 g t&i ham truyén) rdi cho ra két qua (1a két qua cta
ham truyén); két qua nay sé dugc truyén t&i cac noron thudc 16p an
thit nhit; tai dy cic noron tiép nhan nhv 1a tin hiéu diu vao, xit 1y
va guii két qua dén 16p 4n tiép theo; ... qua trinh tiép tuc cho dén khi
cac noron thudc 16p ra cho két qua [13]. Viéc hudn luyén sé dugc
gidm sat cho moi véc-to diu vao — diu ra mong mubn, mot trong sb
thich nghi giam thiéu ham 13i dvoc tinh todn boi mang dua vao su do
luwdng khéc biét gifta diu ra du bao va két qua thuc té [14].

M6 hinh mang no-ron nhan tao bd sung (Additive Artificial

Neural Networks —AANNs) 1a moét siéu mo hinh (meta-model) cé thé
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cai thién hiéu qua ctia mé hinh ANNs cb dién [15]. Viéc thyc hién mé

hinh mang no-ron nhén tao bé sung di dwgc trinh bay [16].
Mdy héi quy hé tro

Méy véc-to hd trg duwgc phat trién béi Vapnik vio nam 1995
dya trén 1y thuyét théng ké hoc va nguyén tic tbi thibu héa rai ro
[17]. SVMs ngay cang duoc st dung nhiéu hon trong viée giai quyét
céc vAn d@ phi tuyén tinh ngay ca v&i dit liéu dwa vao hudn luyén c6
khéi lvong nho [3]. V&i cac vAn dé hdi quy phi tuyén, dit liéu sé
dugc chuyén dbi bing cach sit dung mot ham kernel phi tuyén dé anh
xa vao khoéng gian chidu cao. Cac hyperplanes tuyén tinh sé dugc xiy
dung thém dé hdi quy tuyén tinh cdc dit liéu duége chuyén dbi trong
khéng gian chiéu cao. Cac ham kernel s& ngdm tinh bén trong cac bién
dy doan trong khong gian d6. Vi vdy, hiéu suit ctia mé hinh nay phu
thubc vao Iiva chon tham s6 kernel. Muc tiéu ctia may véc-to hd trg
hdi quy 12 tim ham hdi quy dia trén mét tap di liéu diu vao ding dé
du doén gié tri mong muén (dau ra) [3].

Idowu va cong su da st dung SVM dé mé hinh héa mét thanh
t ctia chi phi — d6 1a khéi lwvgng trong giai doan 1én ¥ twdng cia du
an. Hiéu suét ctia hdi quy vecto hd trg tbt hon nhung con kém so véi
giai thuat KNN [3]...

Gidi thudt lan cdn k-gdn nhdt (k-Nearest Neighbors- KNN)

Giai thuat 14n can k-gAn nhit 1a mot trong nhitng giai thuat don
gian va duoc st dung rong réi dya trén di liéu lich st dé xac dinh diém
lan can g?ln nhét ctia mot diém dit liéu dugc cho. Trong thuat todn nay,
dé tinh toan mot két qua dy doén, cac thuc thé huin luyén (training
instances) nio gin v&i quan sat m&i nhét sé duoc sit dung. Vi vy, su
chinh xé4c ctia két qua dy doan phu thudc nhiéu vio gia tri ctia k [18].
Céc tap dit liéu c6 kich thude cang 16n thi k ¢6 gia tri cang 16n.

Ensemble Model/Cdc mé hinh két hop

Bing viéc két hop cac mo hinh du bdo v&i nhau dé cho ra két
qua dy bao dugc chinh xdc hon, cic mé hinh két hop dang thu hiit sy
cht y trong cong df“)ng st dung céc thuét todn may hoc. Sy két hop
nay gitp mé hinh duv bdo vugt trdi hon so véi cdc mo hinh doc lap
[19]. C4c m6 hinh két hop dwgce d@ xult sau day gitp khai pha trong
viéc ting dung uéc tinh trong nghién cttu nay. M6 hinh két hop cic
thuat todn khac nhau nhu: ANN-SVRs, ANN-KNNs, ANN-SVRs-LR-
CART, ANN-KNNs-LR-CART.

Evalutation Parameters/Cdc chi s6 ddnh gid mé hinh
Céc chi s6 nhu R, RMSE, MAE, MAPE va SI duoc st dung dé

danh gia tinh chinh xac cta cdc mo6 hinh véc tinh duge de xuéht [14].
Céc cong thite tr (1) dén (6) cta céc chi sb sé duoc thé hién nhu sau:

R = nyyy'-E».Cy) @
nEZyH-C y)an(Zy’z)-(Z)")2

trong d6 y’ 14 gid tri wéc tinh, y 12 gia tri thuc té, n 12 s6 dit liéu mAu.

MAE =311y~ y'| @
1 .
MAPE =131, =X )
RSME = [/ S7,(y = y)* “
MaxAE = max(ly — y’|) 5
_1lym Pi=Pmin,i
SI= m =1 (Pmax,i_Pmin,i) (6)

trong d6 m 12 s6 lwong do lwdng hiéu sudt va P; = i do luong hiéu
suét. Chi s SI s& nim trong khoang tit 0 dén 1. Chi sb SI cang tién vé
0 thi mé hinh w&c tinh cang cho két qua wéce tinh chinh xac.

2.2.Nguébn dit liéu va Phdt trién mé hinh
2.2.1 Ngudn dit liéu

Dit liéu dugce thu thap tit 80 du an (48 dy an dan dung, 32 dy
an thuong mai) tit 7 cong ty thiét két két cAu c6 kinh nghiém tit 6-17
nim trong linh vie nay tai Nigeria. Cac chi tiét thiét k& ban vé ky
thuat cic dv 4n déu da duoc phé duyét va duge cung cip dudi dang
bang tinh két qua két ciu [3].

2.2.2 Cai ddt va thuc thi cdc mé hinh dé xudt

Bang 1 trinh bay tém tit vé cac thudc tinh cho céc thuit todn may
hoc dugc d xudt sit dung trong nghién cttu ndy. Cc mé hinh nay bao
gbdm: SVR-PL, SVR-RBF, ANN - 1 16p 4n, ANN - 2 16p 4n, AANN - 1 16p
4n, AANN - 2 16p 4n, KNN - k=2, KNN - k=3, ANN-SVR(PL), ANN-
SVR(RBF), ANN-SVR(RBF) - LR — CART, ANN-SVR(PL) - LR - CART,
ANN-KNN(k=2) - LR — CART, ANN-KNN(k=3) - LR — CART. Céc md

hinh nay sé duoc thuc hién trén nén tang phan mém Weka.

Bang 1. Cac thudc tinh cho m6 hinh.

Bién phan hoi Pon vi Céc bién du doan
Mong_BeTong (FNDN_CONC) m? GFL + GSR + SBC + NF
Dam_BeTong (Beam_CONC) m? GFL + BF + NF
San_BeTong_(Slab_CONC) m? GFL + BF + NF
Cot_BeTong_(Col_CONC) m? GFL + BF + NF
Mong_CotThep_(FNDN_RFT) kg NF + GFL + GSR + SBC
Dam_CotThep_(Beam_RFT) kg GFL + BF + NF
San_CotThep_(Slab_RFT) kg GFL + BF + NF
Cot_CotThep_(Col RFT) kg BF + GFL + NF
Mong_VanKhuon_(FNDN_FMK) m? GSR + GFL + SBC + Qk
Dam_VanKhuon_(Beam_FMK) m? GFL + BF + NF
San_VanKhuon_(Slab_FMK) m? GFL + BF + NF
Cot_VanKhuon_(Col_FMK) m? BF + GFL + Qk
Ghi chia
GFL: Téng tai trong san, GFA: Tong dién tich san, Qk: tai trong dong
GSR: Tbng ttng x(t d4t, SBC: Kha ning chiu luc clia dit
BF: Dién tich xay dung, NF: Chiéu cao, s6 ting
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Trong cac mo6 hinh may hoc, nhim gitp cac m6 hinh duoc khai
quét héa tbt tranh hién twgng hoc qua va hoc thiéu thi dit liéu ban
diu duoc chia lam 2 phan: tap di liéu huin luyén va di lieu kiém tra.
Dé két qua wéc tinh cho két qua chinh x4c hon, Kohavi (1995) [20] de
xuit st dung xac thue chéo 10-16p cho mé hinh. Trong nghién ctu
nay, cac dit liéu thu thap dugc sé duge chia ngiu nhién thanh 2 tap
dit liéu bang phin mém Weka trong dé: 70 % tap dit liéu huin luyén
(56 du 4n) va 30 % tap dit liéu kiém tra (24 dv 4n). Tap di liéu huin
luyén sé dugce stt dung dé tao cdc mé hinh doc lap (ANN, AANNSs,
SVRs, KNNs) va cidc md hinh két hgp (ANN-SVRs, ANN-KNNs, ANN-
SVRs-LR-CART, ANN-KNNs-LR-CART) trong khi d6 tap di liu kiém
tra dugc xem nhu dit liéu “chwa biét” ding dé danh gia hiéu qua cua
cdc mo hinh dugc dé xuit. Luat hoc c6 gidm sat va xac thie chéo 10-
16p (10-folds) s& duge thiic hién trong tap dit liéu huin luyén. Cac mé
hinh dugc dé xuét sé duogc xép hang théng qua chi s6 SI. Cac m6 hinh
6 chi s6 SI thip nhét s& 14 mé hinh cho két qua dy doéan chinh xéc

nhét trong cac mé hinh d xuét.
3. Két qua va thao luan

Cac mo6 hinh may hoc dugc d& xuét trong mo hinh nhu: cidc moé
hinh déc 1ap (ANN, AANNSs, SVRs, KNNs) va cdc mé hinh két hop

1500

1000

Thuc t&

500

0 200 400 600 800
Du Béo_SVR-Poly

Hinh 3. Biéu dd phan tan két qua dy do4n mé hinh SVR-Poly khéi
lwgng bé tong san.

(ANN-SVRs, ANN-KNNs, ANN-SVRs-LR-CART, ANN-KNNs-LR-CART)
dugc st dung wéc tinh khéi lwgng trong giai doan 1én y tuéng bing
d@ liéu thu thap dugc tit 80 du an. Sau khi thuc hién, tinh chinh xac
clia m6 hinh sé& dwgc thé hién trong Bang 2. Thong qua cac chi s6 R,
RMSE, MAE, MAPE trong hai giai doan: hun luyén va kiém tra.

Trong cdc mo hinh dugc d2 xudt, c6 thé théy cac mo hinh doc lap
va md hinh két hop déu cho két qua du doan kha tét. V6i cdc md hinh
wéc tinh khéi lwgng bé téng cho cac ciu kién c6t, dAm va san thi mé
hinh SVR-Poly cho két qua wéc tinh chinh x4c nhét. Trong d6 mé hinh
SVR-Poly wdc tinh khéi Iugng bé téng cot c6 chi sé SI=0,015 thip nhit
trong cdc md hinh duoc dé xuit, MAPE = 44,76 %; RMSE = 26,450 m?,
MAE=19,123 m? trong giai doan huin luyén v trong giai doan kiém
tra céc chi sb nay 1an lugt 1a: 39,93 m? 24,726 m3 16,908 m3. Hinh 3
cho thdy miic d6 tip trung ctia dit liéu 13 t6t khi gia tri wdc tinh va thuc
té ¢6 sy twong quan v&i nhau rit cao. V&i mé hinh SVR-Poly wéc tinh
bé tong cAu kién sin, mo6 hinh niy c6 chi sb SI thip nhét 14 0,0195.
Trong giai doan kiém tra hiéu qua cia moé hinh bing céc chi sb
MAPE = 26,848 %, RMSE=196,55 m? MAE=74,758 m? cho két qua
kha tét. Hinh 4 biéu dién két qua giita du doan — thie té clia m6 hinh
cho thiy db tip trung ctia dit liéu kha cao.

Thue té
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Dy Béo_SVR-Poly

Hinh 4. Biéu dd phén tdn két qua dy dodn mé hinh SVR-Poly khéi
lugng bé tong cot.

Trong mé hinh w&c tinh khéi lwgng bé téng méng cac mé hinh két hop lai phat huy hét cic diém manh ctia ching khi 4/5 thuét toan dé
xuét t&t nhét 14 cdc mé hinh két hgp. Trong d6 mé hinh ANN-KNN(k =2) - LR-CART c6 chi s SI thdp nhét 1a 0,027. Chi s6 MAPE = 56,49 %;
RMSE = 55,12 m% MAE = 39,83 m® trong giai doan huén luyén, trong giai doan kiém tra thi mé hinh nay c6 cic chi s6 MAPE, RMSE, MAE lin
lugt 1a 45,158 %; 65,110 m?; 49,285 m®. Mic du trong giai doan kiém tra thi chi s§ MAPE cho két qua tbt nhung cac chi sb con lai cao hon so v6i

trong giai doan huén luyén. Hinh 6 d4 cho thiy didu nay, khi biéu dd phan tdn mo ta gia tri thyc té va dy doan c6 xu huéng phan tan.
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Hinh 5. Biéu dd phan tan két qua dy doan mé hinh SVR-Poly khéi
lwong bé tong dim.
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Hinh 6. Biéu dd phan tan két qua dy doan mé hinh ANN-KNN_
(Kernel = 2)-LR-CART khéi lvong bé tong méng.
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Bang 2. D6 chinh x4c du dodn ctia mo hinh cho wéc tinh khéi livong vat tuw (bé tong).

Cac chi s6 danh gia sy chinh xéc trong giai doan huén luyén
Tép dit liéu huén luyén (N=56 du 4n, 70 %)

Céc chi sb d4nh gia sy chinh xac trong giai doan kiém tra
Tap dit liéu kiém tra (N = 24 dv 4n, 30%)

Model R | RMSE (m®) | MAE (m®) | MAPE (%) R RMSE (m® | MAE (m® | MAPE (%)

DAM
SVR-RBF 0,717 53,244 38,027 | 45,882% 0,658 91,328 65,440 56,083%
SVR-Poly 0,856 35,255 26,374 | 31,797% 0,703 78,378 57,938 46,323%
ANN-1HL 0,788 42,266 27,806 | 28,882% 0,682 93,055 64,254 39,392%
ANN-2HL 0,802 40,258 26,989 | 28,053% 0,631 89,880 65,533 48,088%
AANN-1HL 0,774 43,792 29,294 | 29,835% 0,687 82,528 60,527 43,731%
AANN-2HL 0,808 39,717 27,886 | 29,689% 0,630 84,934 64,434 51,697%
KNN-K=2 0,793 41,650 28,047 | 29,387% 0,524 95,199 71,467 53,579%
KNN-K=3 0,835 38,096 25,456 | 27,320% 0,452 98,722 74,610 57,439%
ANN-SVR_(PoLy) 0,838 36,996 25,248 | 28,236% 0,694 85,023 59,776 40,676%
ANN-SVR_(RBF) 0,784 43,337 28,745 | 33,015% 0,677 88,436 63,145 45,163%
ANN-SVR_(RBF)-LR-CART 0,847 36,939 25,291 | 29,759% 0,674 86,300 61,253 43,065%
ANN-SVR_(Poly)-LR-CART 0,859 34,478 24,344 | 28,089% 0,685 84,780 59,873 40,980%
ANN-KNN_ (Kernel = 2)-LR-CART | 0,857 34,910 24,451 | 27,254% 0,645 88,956 63,393 42,975%
ANN-KNN_ (Kernel = 3)-LR-CART | 0,863 34,289 23,727 | 26,652% 0,634 89,685 64,041 43,759%

SAN
Model R RMSE (m® | MAE (m®) | MAPE (%) R RMSE (m®) | MAE (m® | MAPE (%)
SVR-RBF 0,777 96,711 65,197 | 49,654% 0,962 292,944 108,317 | 44,023%
SVR-Poly 0,905 55,488 35,731 | 26,149% 0,980 196,550 74,758 26,848%
ANN-1HL 0,807 82,727 49,146 | 33,178% 0,984 196,622 78,934 28,686%
ANN-2HL 0,836 71,858 50,388 | 37,566% 0,983 210,884 87,062 30,762%
AANN-1HL 0,797 85,347 48,917 | 31,482% 0,976 205,472 92,709 38,657%
AANN-2HL 0,841 71,173 49,283 | 36,608% 0,983 206,195 82,738 30,547%
KNN-K=2 0,860 70,202 41,267 | 29,392% 0,951 236,599 93,264 32,500%
KNN-K=3 0,883 66,165 38,867 | 27,999% 0,928 248,010 94,331 34,324%
ANN-SVR_(PoLy) 0,879 63,141 41,330 | 28,790% 0,982 196,485 76,846 27,767%
ANN-SVR_(RBF) 0,805 75,626 50,303 | 37,509% 0,981 243,725 86,828 29,124%
ANN-SVR_(RBF)-LR-CART 0,894 60,980 43,142 | 34,236% 0,976 236,968 85,778 27,527%
ANN-SVR_(Poly)-LR-CART 0,905 54,318 39,059 | 29,462% 0,978 213,477 81,332 27,433%
ANN-KNN_ (Kernel = 2)-LR-CART | 0,911 54,553 37,764 | 29,168% 0,977 223,191 85,919 28,823%
ANN-KNN_ (Kernel = 3)-LR-CART | 0,910 54,576 37,915 | 28,756% 0,973 226,109 85,948 28,970%

cOT
Model R RMSE (m®) | MAE (m®) | MAPE (%) R RMSE (m® | MAE (m®) | MAPE (%)
SVR-RBF 0,706 30,073 21,072 | 60,730% 0,94 47,682 26,557 57,846%
SVR-Poly 0,668 26,450 19,123 | 44,756% 0,94 24,726 16,908 39,935%
ANN-1HL 0,679 25,661 18,573 | 44,700% 0,85 32,560 20,412 41,444%
ANN-2HL 0,656 26,482 19,647 | 48,265% 0,82 34,938 21,134 39,958%
AANN-1HL 0,681 25,589 19,019 | 44,481% 0,84 32,113 21,688 46,702%
AANN-2HL 0,676 25,696 19,187 | 48,128% 0,84 33,338 21,376 45,477%
KNN-K=2 0,697 25,087 19,167 | 44,433% 0,71 43,136 25,363 49,405%
KNN-K=3 0,739 23,919 17,495 | 42,687% 0,72 43,569 24,253 44,930%
ANN-SVR_(PoLy) 0,710 24,606 18,325 | 43,689% 0,92 27,560 17,633 39,041%
ANN-SVR_(RBF) 0,711 26,248 18,247 | 49,777% 0,88 38,096 21,279 45,927%
ANN-SVR_(RBF)-LR-CART 0,765 23,599 17,074 | 45,884% 0,87 37,018 20,337 42,863%
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ANN-SVR_(Poly)-LR-CART 0,760 22,713 16,797 | 42,556% 0,89 31,695 18,767 39,944%
ANN-KNN_ (Kernel = 2)-LR-CART | 0,767 22,655 16,809 | 42,077% 0,83 36,568 21,532 43,335%
ANN-KNN_ (Kernel = 3)-LR-CART | 0,773 22,487 16,586 | 41,884% 0,84 36,606 20,961 41,691%
MONG

Model R RMSE (m®) | MAE (m®) | MAPE (%) R RMSE (m®) MAE (m®) MAPE (%)
SVR-RBF 0,686 60,442 44,962 | 57,167% 0,729 93,943 67,524 66,416%
SVR-Poly 0,636 59,430 44,150 | 59,291% 0,799 73,219 57,739 49,432%
ANN-1HL 0,545 65,817 47,084 | 65,630% 0,747 78,342 59,715 45,055%
ANN-2HL 0,527 76,006 60,374 | 74,883% 0,724 87,158 61,381 42,607%
AANN-1HL 0,408 79,277 54,599 | 70,884% 0,762 72,867 55,567 44,387%
AANN-2HL 0,489 77,008 59,737 | 74,104% 0,742 81,325 57,919 42,716%
KNN-K=2 0,321 76,662 58,416 | 64,647% 0,643 77,930 57,224 59,807%
KNN-K=3 0,398 69,504 52,547 | 65,079% 0,609 79,778 56,525 56,290%
ANN-SVR_(PoLy) 0,664 53,930 37,916 | 57,976% 0,785 73,877 55,006 43,035%
ANN-SVR_(RBF) 0,604 55,220 39,708 | 57,303% 0,755 79,881 57,781 48,349%
ANN-SVR_(RBF)-LR-CART 0,691 50,410 36,294 | 54,726% 0,774 72,438 55,474 49,380%
ANN-SVR_(Poly)-LR-CART 0,698 50,494 35,424 | 55,524% 0,788 69,003 52,875 45,172%
ANN-KNN_ (Kernel = 2)-LR-CART | 0,625 55,123 39,821 | 56,449% 0,803 65,110 49,285 45,158%
ANN-KNN_ (Kernel = 3)-LR-CART | 0,634 54,657 38,716 | 56,879% 0,799 66,626 49,694 44,511%

Bang 3. Xép hang cac m6 hinh dé xuit cho wéc lwong khébi lvgng
(bé tong).

Chu kién M6 hinh SI
Moéng
ANN-KNN_ (Kernel = 2)-LR-CART 0,027
ANN-KNN_ (Kernel = 3)-LR-CART 0,044
ANN-SVR_(Poly)-LR-CART 0,129
ANN-SVR_(PoLy) 0,183
AANN-1HL 0,225
Cot
SVR-Poly 0,015
ANN-SVR_(PoLy) 0,114
ANN-SVR_(Poly)-LR-CART 0,272
ANN-1HL 0,401
ANN-2HL 0,483
Dam
SVR-Poly 0,096
AANN-1HL 0,230
ANN-SVR_(PoLy) 0,238
ANN-SVR_(Poly)-LR-CART 0,246
ANN-SVR_(RBF)-LR-CART 0,348
San
SVR-Poly 0,020
ANN-SVR_(PoLy) 0,038
ANN-1HL 0,058
ANN-SVR_(Poly)-LR-CART 0,147
AANN-2HL 0,156

4. Két luan va dé xuit

Véi céac két qua dat dugce tit cdc md hinh may hoc dugc dé
xuét, phin 16n cidc mé hinh duge lwa chon cho thiy viéc wéc tinh
khéi long so bd cho két qua kha tdt, cho di1 trong giai doan ¥ twéng
dv 4n, cac théng tin v& dy 4n diéu khiém khuyét. Nghién cttu nay hé
tro viéc 14p ké hoach dy tri1 cac ngudn luc cin thiét trong giai doan
sém cua du &n khi ma trudc diy céc chi phi xdy dung chuwa dugc chi
tiét héa (dic biét chi phi vat tw). Théng qua cic két qua cé duoe,
nghién cttu cho thiy sy than thién v& giao dién ngudi diing ctia phan
mém Weka cho nhiéu dbi twong trong nganh xiy dung véi muc dich
wéc tinh cac khéi lwgng so bo ngay tir giai doan y twéng ctia du 4n.

Nghién ctu niy mé ra mot sé huéng nghién cfu cé thé thuc
hién trong tuwong lai nhu: s& dung mot tp di liéu cho céc dy &n dén
dung cao ting, cac loai di 4n khac; Ap dung cic mé hinh d& xuét cho
cong tac hoan thién, MEP...; Kham phé thém cac thuat todn may hoc
doc 1ap, két hop hay cic mé hinh lai khéc (hybrid model); Xét thém

céc bién dua vao mé hinh dé két qua dy doan duge cai thién hon.

L&i cam on: Nghién ctu diuge hd trg bi Trudng Pai hoc Bach
Khoa - PHQG-HCM.
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