Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2021, 15 (4V): 145-156

PHAT TRIEN THUAT TOAN DA MUC TIEU CA VOI PE CAN BANG
TAI NGUYEN TRONG TIEN PO DU AN

Pham Piic Thing®?, Nguyén Ping Trinh®*

“Khoa Ky thudt Xdy dung, Truong Pai hoc Bdch Khoa TP. Ho Chi Minh,
268 duong Ly Thuong Kiét, Qudn 10, TP. Ho6 Chi Minh, Viét Nam
*Bai hoc Quéc gia Thanh phé H6 Chi Minh, phuong Linh Trung, qudn Thii Pitc, TP. Ho6 Chi Minh, Viét Nam

Nhdn ngay 09/8/2021, Sita xong 15/9/2021, Chdp nhdn ding 16/9/2021

Tém tit

Cic nha quan ly du 4n phai di mit véi nhitng thach thic khi ho phai can bang céc yéu t6 nguodn luc khac nhau
nhu thdi gian, chi phi, chit lugng, an toan va moi trudng, dic biét 1a khi cic du 4n trd nén 16n va phiic tap hon.
Nghién cifu nay xay dung mot md hinh két hgp giita mo hinh thong tin toa nha (BIM) va tdi uu héa da muc tiéu
(MOO) dé xac dinh su can bing giita cic ngudn luc trong 1ap ké hoach du 4n. Pau tién, mot mo hinh 3D dudc
xdy dung bing phian mém Revit. M6 hinh BIM nay tao bang khéi lugng dé xac dinh cic tai nguyén du 4n can
thiét. Sau d6, thuat toan tbi uu héa ca voi da muc tiéu (MOWO) dudc st dung d€ dua ra cac tap giai phap tdi
vu. Tinh hiéu qua cia mo hinh lai ghép dudc kiém chiing thong qua mot du 4n xay dung thuc té. Thong qua chi
tiéu so sanh, thuit toan MOWO tim kiém dudc cic giai phap khong vuot trdi véi gid tri dd phan b (DM) 16n
nhét 14 28,113; v6i gid tri nho nhét ctia d6 mé rong (SP) 1a 0,872; va gia tri cia thé tich hinh bao (HV) 16n nhét
12 0,875. MOWO da dua ra dugc cic két qué tdi uu véi sy phan bd ddng déu cao cia cic gidi phap so véi thuat
toan di truyén siap xép khong vudt troi II va thuat toan da muc tiéu bay dan.

Tir khod: quan ly du 4n; quan ly tai nguyén du 4n; tién d6; mo hinh héa thong tin cong trinh; t&i uu héa da muc
tiéu ca voi.

DEVELOPING MULTIPLE OBJECTIVE WHALE OPTIMIZATION ALGORITHM FOR RESOURCE TRADE-
OFF IN PROJECT SCHEDULING

Abstract

Project managers face challenges when they must trade-off various resource factors such as time, cost, quality,
safety, and the environment, especially as projects have become bigger and more complex. This paper devel-
ops a hybrid model for determining tradeoffs among resources in project scheduling that integrates building
information modeling (BIM) and multi-objective optimization (MOO). First, a 3D model is built using BIM
construction management software. This BIM model generates a bill of quantities to determine the required
project resources. Then, an adaptive multiple objective whale optimization (MOWO) algorithm is utilized to
provide the optimal solution set. A real project scheduling case study is used to demonstrate the efficiency
and effectiveness of the proposed framework. The comparison results showed that the MOWO generated the
solutions with the highest value of diversification measurement (DM) of 28.113; the lowest spread (SP) value
of 0.872 and the largest value of hyper-volume (HV) of 0.875. MOWO can find the outcome curves with a high
uniform distribution of solutions compared to nondominated sorting genetic algorithm II and multiple objective
particle swarm optimization.

Keywords: construction management; project resource management; scheduling; building information model-
ing; multi-objective whale optimization.
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1. Giéi thiéu

Hiéu qua kinh doanh va su ton tai clia cdc cong ty phu thudc rit 16n vao viéc 1ap ké hoach va Ién
tién do du 4n. Quan ly nguodn Iuc 12 mot phan quan trong trong viéc 1ap ké hoach du 4n cia tit ca céc
cong ty xay dung [1]. Thoi gian va chi phi thuc hién du 4n 13 hai yéu t6 quan trong va ddi 1ap nhau
trong quan ly xdy dung. Thong thuong, viéc gidm thdi lugng du 4n sé 1am ting chi phi truc tiép va
ngudc lai. Qua trinh rit ngan dong thdi thoi gian va chi phi du 4n dugc goi 1a su can bang chi phi thai
gian (TCT — time cost tradeoff), day 13 mot van dé c6t yéu dbi v6i cac nha 1ap ké hoach xay dung.
Viéc can bang dugc hai yéu td quan trong thdi gian va chi phi sé mang lai 1gi thé 16n cho cic cong ty
xay dung véi cac dbi thi canh tranh [2, 3]. Nhiéu nha nghién ciu da st dung nhiéu phuong phép luan
phtt hop d€ ap dung cho véin dé TCT trong qu4 trinh trién khai cac hoat dong du 4n.

Trong c4c nghién ciiu gan day, mot yéu td quan trong khic ngoai yéu t6 thoi gian va chi phi da
dugc thém vao d€ danh gia su thanh cong clia du 4n. Chét ludng ctia du 4n c6 mdi tuong quan chit
ché véi hai yeu td thoi glan va chi phi [4]. Thong thudng, viéc st dung cac phuong phap cong nghe
thip va nguon luc ré tién sé kéo dai thoi gian cia du dn. Ap dung cic cong nghé méi va cic ngudn
luc sén xuét c6 thé 1am gidm thoi gian clia du 4n, nhung 1am ting chi phi cda du dn. Chét lugng du an
xay dung c6 thé giam khi thdi gian hoiic chi phi ctia du 4n giam. Do d6, tinh trang xudng cip va lao
héa clia cdc du 4n xdy dung lién quan nhu cAu, dudng hAm va dudng cao tdc c6 thé xay ra nhanh hon
du kién va chi phi bao tri, phuc hoi hoiic xay dung lai hé théng c6 thé cao hon du kién [5]. Do d6, céac
nha quy hoach xay dung da nd luc giai quyét van dé can bang chét luong, thai gian, va chi phi (TCQT
— time cost quality tradeoff) bang cach dua ra phuong 4n thi cong cho cdc cong tac trong tién do dé
dong thoi giam thiéu thdi gian va chi phi clia du 4n trong khi t6i da hoa chét lugng [6].

Nganh x4y dung, thong qua viéc xdy dung va van hanh cdc toa nha, chiu trach nhiém cudi cung
vé mot loat cic van dé moi trudng [7, 8]. Nguodn chinh gy 6 nhiém khong khi va khi nha kinh c6 lién
quan dén qua trinh xdy dung. San xuét vat liéu xay dung thai ra nhiéu khi cacbonic (CO,) nhit so véi
cac linh vuc cong nghiép khéc. Yéu t6 thanh cong quan trong d€ ddnh gid du 4n 12 viéc cung cip mot
du 4n trong thdi gian, chi phi mong mudbn va véi chit lugng mong mudn. Mot yéu t6 khac, vin dé moi
truong, hiém khi dugc xem xét. Rét it nghién ctiu dugc thuc hién vé t6i vu héa cidc muc tiéu ctia du 4n
c6 xem xét cic van dé moi trudng.

M5 hinh thong tin (BIM) di ndi 1én nhu mot qud trinh sdng tao dé thiét ké va quan 1y cic du 4n
[9]. M6 hinh BIM bao gém thong tin vé hinh dang va céc khia canh khac ctia cong trinh [10]. Cac
ting dung ctia BIM da dudc ghi nhan day dd [11, 12] va dang mé rong sang quan ly du 4n xay dung
[13—15]. Ban dau, BIM dudc st dung dé giam b6t kho khin trong qué trinh thiét ké bang cach hinh
thanh cdc mo hinh xiy dung 3D 4o cho phép hién thi cdc dbi tugng xay dung. Céc ky thuat dua trén
mdy tinh da phat trién nhanh chéng trong nhiing nim gan day din dén nhiing cai tién trong phin mém
mo hinh héa, cung cip cidc mo-dun khic nhau d€ xir Iy nhiéu tré ngai gip phai trong cic linh vuc
khéac nhau, lién quan dén céc vin dé ning lugng va moi truong [16], thiét ké két cAu [17, 18], va thi
cong xay dung [19]. Céc 1gi ich ctia BIM, ching han nhu cai thién cong tic va giao tiép, ciing nhu
truc quan héa du 4n, c6 gid tri trong nhiéu linh vuc, bao gém ca ky thuat xay dung néi chung va quan
ly tai nguyén néi riéng. Trong bai bao nay, BIM dugc dp dung cho viéc trich xuét khdi lugng dé cung
cAp thong s6 dau vao cho bai toan tdi uu.

Téi wu héa da muc tiéu (MOPs - Multi-objective problems) dudc ting dung trong nhiéu linh vuc,
bao géom khoa hoc, ky thut, kinh t€ [20]. K€ tir khi c4c thuit toan tién héa (EAs — Evolutionary
algorithms) dau tién dugc dé xuét d€ giai quyét bai toan da muc tiéu, Céac thuat toan da muc tiéu
(MOEA — multiple objective evolutionary algorithms) da dudc phat trién nhanh chéng [21]. MOEA
da dudc dng dung d€ giai quyét cic van dé tbi wu héa trong nhiéu linh vuc [22, 23]. Toi uu héa ca
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voi (WO - whale optimization) 13 mot thuit toan metaheuristic dua trén bay dan mdi dudc gidi thiéu,
dugc mo phong tit hanh vi ctia cd voi lung g [24]. N6 da dugc dp dung thanh cong d€ gidi quyét cac
van dé t6i vu héa ky thuat khac nhau trong nhiéu linh vuc [25]. Thuat todn c6 khi cAu triic don gidn
va it yéu cAu ngudi van hanh, WO da chiing t6 kha ning cao trong viéc can bang giita chién lugc thim
dd va khai thic va tdc do hoi tu nhanh trong viéc gidi bai todn tdi vu héa don [26, 27]. Mét s6 nha
nghién cifu da st dung céc uu di€ém ctia WO d€ giai quyét nhiéu van dé khach quan véi nhiéu bai bao
nghién cifu xdc minh hiéu suét ctia WO so véi cdc thuit todn da muc tiéu khac [28-30].

Muc tiéu ctia nghién ciu 1a dé xuit mot thuat toan da muc tiéu méi dé gidi quyét bai toan cin
bing cdc tai nguyén trong tién do du dn. Nghién cifu phat trién thuét toan da muc tiéu ca voi dua trén
thuat toan géc don muc tiéu, dong thdi ung dung cong cu BIM dé€ cung cip dii liéu dau vao cho bai
toan toi vu. Tinh mdi va déng gép clia bai bao gom céc diém sau: (1) St dung BIM dé cung cip dif
liéu dau vao cho bai todn t6i vu héa; (2) phat trién thuat todn da muc tiéu mdi; (3) gidi quyét bai todn
cin bing thi nguyén vdi nhiéu muc tiéu ciing nhau trong quan ly xay dung.

2. Bai toan t6i uu héa tai nguyén trong tién do

Mo hinh dugc d& xuit dong can biang bén muc tiéu méau thuin nhau bao gdm thdi gian du 4n, chi
phi, chit lugng va khi thai carbon dioxide (CO,). Thong thudng, thdi gian thuc hién du 4n ngan dan
dén chi phi truc tiép cao va ngudc lai. Tuy nhién, khi riit ngan thdi gian thi cong anh hudng dén chit
lugng thi cdng mot sb cong tic, din dén viéc hu hong sém hon du kién va chi phi bio tri va phuc hoi
cao hon so v6i du toan. Khi giam chi phi du 4n c6 thé phai st dung cic mdy méc, thiét bi cii, dong
thoi céc vat liéu st dung trong du 4n khong dat chat ludng cao din dén lugng khi CO, phat thdi trong
qua trinh thi cong cao. Qua trinh tdi wu héa nhiam muc dich gidm thiéu thdi gian, chi phi va lugng
khi thai carbon dioxide ctia du 4n trong khi t6i da héa chit lugng du 4n, sit dung cdc phuong phap thi
cong thich hgp cho tliing cong tac cua du an.

2.1. Riit ngdn thoi gian du dn

T, = min (Max;= m (ST; + Dy)) (1)

..........

trong d6 S T;, FT;, D; 1an lugt 1a thoi gian bit dau, két thiic va thoi gian can thiét d€ hoan thanh cong
tac i. Su lya chon phuong 4n thi cong sé& quyét dinh thdi gian thuc hién cong tic trong khoang thong
thudng va rit ngan.

2.2. Gidm thiéu chi phi du dn

M
TC,,:CD+C,=Zc,~+CO+bT,, 2)
i=1
M
trong d6 Cp = Z c; 1a tdng chi phi truc tiép ctia du 4n dugc tinh bang t&ng chi phi truc tiép cia tiing
i=1
cong tac. C; 1a chi phi gidn tiép bao gom chi phi chung C, (chi phi vin phong, chi phi huy dong va
céc chi phi ban dau khac) cong thém phan chi phi lién quan dén thdi gian du 4n bT),.
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2.3. Tang chdt luong du dn

Chit lugng téng thé ctia du 4n 1a tdng chit lugng cla tit ca cac cong tac. Ngudn luc ctia du dn c6
thé bao gom vit liéu ctia mdt s6 loai, may méc va nhan cong. Dua trén nghién ciu trude day va dit
liéu thu thap dudc, chit luong ctia mot cdng tac dugce danh gia thong qua chi sd hoat dong chit luong
(QPI,) [31, 32]. M 1a t&ng s cong tac trong mot du an. Do d6, muc tiéu thi ba 1a tdi vu chat luong
tong thé clia du 4n dugc dinh nghia theo cong thi (3)

M
0p = (QPI) /M 3)
i=1

2.4. Gidm thiéu khi CO,

Muc tiéu thit tu 12 gidm thi€u luong phat thai carbon dioxide tong thé ctia du 4n [33, 34], dugc
dinh nghia trong cong thuc (4).

M
CE, = Z (eq + ein);
=1
eqd = Qea* Fe+ Qua*x Fy 4)

m
ein = Z(QI*FI"' Qe * Fe + Qui x Fy)
=1

trong d6 Q.q va Qg 12 dién ning tiéu thu va dau diesel cho mdi cong tic. F, va F, 1an luct 1a hé sb
phat thai carbon (CEF - carbon emission factor) trén mot don vi dién va tiéu thu diesel. Q; 1a muc tiéu
hao vat chét / trong mdt cong tac. Q. va Qg 12 miic tiéu thu dién va diesel d€ van chuyén vat liéu [
cho mdi cong tac. F; 1a hé sb phat thii carbon (CEF) trén mot don vi san xuAt vat liéu /.

3. Mo hinh thuit toan da muc tiéu MOWO va BIM

Phan nay md tA mo hinh lai ghép d€ t6i vu héa su cin bang giita thdi gian, chi phi, chit lugng va
lugng khi thdi carbon dioxide (COy) trong tién d6 du 4n. M6 hinh lai ghép bao gdm hai mo-dun chinh
(xem Hinh 1): (1) mo-dun BIM, (2) md-dun t6i uu héa da muc tiéu. Mi mod-dun dudc mé ta chi tiét
bén dudi.

»  Théongtindauvio |

Quén thé NP giai phap
[XI. 1 X1.25<~~ XI.D]

[XN’. 1s XNP,L“«; XNP. D ]
¥

Minh hga |

Thong tin dy an

Bao vdy con moi

Ham |

Toi wu hoa ca voi

Tim ki€ém con moi

\ \
‘ Lu6i tan cong ‘
| ' |
\ \

Qua trinh chon lgc

Sai * Dling

l< Dynamo| |

Hinh 1. So d6 khéi ctia m6 hinh lai ghép
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3.1. Mo6-dun BIM

Pau tién, mot du an xay dung dugc mo phong trong mdi trudng ao bang phan mém Revit, bao
gdém thong tin hinh hoc chi tiét va di liéu lién quan. Sau d6, nhiéu nit dong véi cac chic ning can
thiét dudc phat trién d€ tao ra cac md hinh BIM tham s6 trong Revit. Lap trinh truc quan dudc st
dung dé€ chuyén ddi thong tin co ban clia toa nha (md hinh Revit) thanh dit liéu diu vao cho mo hinh
t6i uu hoa trong MATLAB.

3.2. Mé-dun téi wu héa da muc tiéu cd voi

Téi wu héa da muc tiéu ca voi (MOWO — multiple objective whale optimization) dudc dé xuat dé
t6i uu héa dong thai thdi gian, chi phi, cht lugng va luong khi thai carbon dioxide trong tién do du 4n
(TCQC). Thuat toan da muc tiéu MOWO 1a mdi va la phién ban da muc tiéu dugc phat trién dua trén
thuat toan gbc téi wu c4 voi (WO) bao gdom céc giai doan khac nhau, d6 13 khéi tao, giai doan bao vay
con mdi, cd dong kiém #n bang ludi bong béng xoan dc, tim kiém con mdi, Iwa chon va két thic. Tuy
nhién, thuit toan MOWO khéc biét v6i thuat todn gbc & cac diém sau. MOWO dudc st dung dé gidi
quyét cic bai todn da muc tiéu (nhiéu hon 1 muc tiéu), trong khi d6 thuit toan gbc WO chi giai quyét
bai toan don muc tiéu (mdt muc tiéu duy nhat). Cic k¥ thuat vuot trdi (dominance concept) dudc st
dung d€ so sanh lua chon hai giai phdp trong khong gian tim kiém. Thém vao dé, cac ky thuit chon
loc nhu sap xép khong vuot troi, ky thuit entroy dugc ap dung dé Iva chon quan thé méi trong qua
trinh t6i vu. Qua trinh t6i uu héa dudc mé ta chi tiét nhu sau:

a. Khéi tao va bién quyét dinh

Thong s6 dau vao ctia thuit todn da muc tiéu cd voi gdbm mdi quan hé giita cic cong tic, thdi gian,
chi phi ¢;, chit luong QPI; va lugng khi thai carbon dioxide cho méi cong tac. TAt ca thong tin du 4n
dugc 14y tit mo-dun BIM. Ngoai ra, cdc thong s6 co ban cia MOWO cin dudc cai dit nhu sd luong
bién quyét dinh (D), ham muc tiéu (O), ca thé trong quan thé (NP), vong Lip tbi da (Gpax).

Phuong phap ngiu nhién dudc st dung dé tao ra NP c4 thé dau tién cia MOWO dudc minh hoa
nhu cong thic (5) v6i x; ; € [0, 1].

Xg.:o:LBi+x,~,j*(UBl-—LB,-);i= 1,D;j=1,NP (5)
Vectd D phan ti trong cong thic (6) thé hién mot giai phap kha thi cho bai toan can bang TCQC
trong cdc du 4n xay dung. Chi sd j cho biét cong tic thif j trong tdng sd D cong tac ctia du 4n.
X= [xi,l’xi,Z, ---,xi,j,---,xi,D] (6)
Phuong 4n thi cong cho mdi cong tac 1a sb nguyén duong. Do dé, can phéi st dung ham Ceil trong
cong thiic (7) d€ chuyén ddi cac bién quyét dinh thanh céc s6 nguyén.
X;; = Ceil (x;j x UB(i)) )
b. Bao vay con moi (Encircling prey phase)
C4 voi lung gl cAn phat hién vi tri con moi dé bao vay va bit chiing trong qua trinh sin moi. Béi
vi vi tri ctia con moi khong dudc biét trudc, thuit toan ca voi cho rang giai phdp ting cti vién tot nhit
hién tai 12 con mdi muc tiéu. Nhitng con c4 voi khac s& cb ging cai thién vi tri ctia chiing d€ gan véi
con moi tot nhit. Cong thiic toan hoc (8) sau day bi€u thi quy trinh di chuyén thiic in ctia ca voi [24].
C = |AX(1) - X(2)|
X(@t+1) =X -B.C (8)
A=2r;B=2ra—-a
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trong d6 X(f) biéu thi vi tri hién tai ctia cd voi va X(¢) 12 vi tri ctia c4 thé c4 voi t6t nhit hién tai; tham
s6 a tuyén tinh gidm tir 2 dén 0 va r 12 mot bién ngiu nhién gitta 0 va 1. Ngoai ra, ky hiéu (.) 12 mot
phép nhan ctia cdc phan td.
c. Tin cong con mdi (Bubble-net attacking phase)

Dé€ Iua chon giita hai phuong phap cap nhat vi tri méi bao gdm md hinh xoan 6¢ hoic cd ché bao
vay thu hep, thuét todn cd voi sit dung xac suat 0,5 dé can bang giita phuong phép ting cudng va da
dang hoéa. Cac ti€u chi dugc mé ta nhu cac phuong trinh (9) sau [24]

C =X - X(1)|
o . 9
X+ 1) = X(tz a.C . nc:u p<0,5 )
C.e’.cos2rma) + X(t) néup >0,5

trong d6 C biéu thi khoang cich gilta con c4 voi thi i va con cé voi tot nhét, « 1a s6 ngiu nhién trong
khoang [—1, 1], p 12 bién ngau nhién tir 0 dén 1, va ky hiéu (.) 12 mot phép nhan ciia cic phan ti.
d. Tim kiém con mdi (Prey search phase)

D& nang cao kha ning thim do va cho phép tim kiém toan cuc clia thuat todn WO, tham s @ dugc
gan ngiu nhién véi gia tri nim ngoai pham vi [—1, 1] d€ di chuyén c4 voi ra xa c4 voi tham chiéu. Chi
tiét dudc biéu thi bang cic phuong trinh (10) sau:

C = |AXrana() = X() a0)
Xt+1)=Xqnqa(t) — @.C

trong d6 X,4,4(f) dudc chon ngiu nhién tir tAp hop hién tai va A gili nguyén cdc gia tri nhu trong
phuong trinh (8).

e. Lua chon quan thé

Sau méi vong lip, thuat todn sé lua chon cic c thé cho quan thé méi & vong lip tiép theo. Tif quan
thé két hop, cac ky thuat sap xép khong vuot trdi (non-dominated sorting) [35] va ky thuét entropy
[36] dudc dp dung d€ lua chon NP ci thé t6t nhit. Pau tién, ky thuat sip xép khong vugt trdi chia
quan thé két hop thanh 16p khong vuot trdi dit tén 12 Fy, Fy, ..., F,. SO ludng c4 thé dugc 1iy sé nam
ti 16p F dén Fy. Sau d6 k§ thuat entropy sé Iua chon chinh xdc NP ci thé.

f. Diéu kién diing
Thuit todn sé& ditng khi dat dén yéu ciu do ngudi dung thiét 1ap vi du nhu s vong lip tdi da G pax
hoic s6 1an danh gia ham muc tiéu. Bai bdo nay cai diit diéu kién dung 12 s6 vong Lip tbi da.

4. Truong hop nghién ciru

Mot du 4n xay dung dan dung tai thanh phé Hd Chi Minh, Viét Nam dudc st dung dé€ minh hoa
mo hinh nghién ciu. Du 4n bao gdm hai tAing hAm va mudi ba tang v6i phuong 4n méng coc. Tt ci
dit lidu ctia cdc cong tac déu dugc trich xuit tif md hinh BIM, thong tin du 4n va nhén dinh cla céc
chuyén gia. Trong trudng hop nghién citu, thuat ngit “cong tac tdng” dudc st dung; Vi du, cong tac
cot clia tAng hai bao gém viée 1p dit c6t thép, van khudn, dd bé tong va thdo van khudn, chiing dudc
dinh nghia 12 mot cong tac. Dit liéu dau vao ctia du 4n gdm mbi quan hé cong tac, phuong 4n thi cong
cho cdc cong tc vdi thong tin vé thdi gian, chi phi, cht lugng, va lugng phét thai CO, dudc thé hién
G trong Bang 1.
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Bang 1. Dit liéu du an

Sé . i Mbi quan hé Lua chon 1 Lua chon 2 Lua chon 3
Cong tac A

T cong tic T C Q CE T C Q CE T C Q CE

1 Cong tic coc - 60 6186 9241 127,52 50 6662 94,57 13622 - - - -

2 Dim, san him thif hai 1FS+2 18 2908 90,54 12591 17 2774 9695 17496 - - - -

3 Cot ting him th hai 2FS+2 18 1103 92,87 130,84 17 1157 97,54 14325 15 1246 83,64 84,77
4 Dam, san tAng him 1 3 17 2610 91,75 11407 16 2736 96,62 10576 15 2947 82,52 89,30
5  Cotclia ting ham dAu tién 4FS+1 7 1063 90,73 1713 6 1115 9846 149,59 - - - -

6  Tang trét bén ngoai 5 7 958 9427 144,11 6 991 9524 154,63 - - - -

7  Tang trét 5 7 521 91,14 16938 6 539 96,64 15386 5 584 84,95 157,67
8  Cot ting trét TFS+1, 6FS+1 3 222 9398 110.66 2 254 94,68 13793 - - - -

9  Ting hai 8 7 533 92,75 16791 6 595 98,15 11423 5 577 8142 162,32
10 Cot tang hai 9FS+1 3 189 9441 10173 2 217 96,31 14681 1 224 81,76 79,08
11  Tingba 10 6 577 94,69 160.78 7 515 96,56 12796 5 533 8598 149,04
12 Cotting ba 11FS+1 3 189 9142 15162 2 217 96,17 78,78 - - - -

13 Ting bén 12 7 515 9407 101.69 6 533 97,16 138,68 5 577 84,13 3535
14 Cot tang bbn 13FS+1 3 189 9246 17772 2 217 9780 112,80 - - - -

15  Téng thi nim 14 7 567 9144 15675 6 586 96,10 14834 5 635 81,71 147,55
16 Cot ting nim 15FS+1 3 177 9498 12453 2 203 9749 13729 1 209 83,92 8543
17  Téng thd sdu 16 7 569 947 15685 6 589 97,80 12888 5 638 81,92 97,37
18  Cot tng sdu 17FS+1 3 177 92,62 15934 2 203 9747 10941 1 209 85,76 100,80
19  Ting thd bay 18 7 569 943 17832 6 589 9890 161,11 - - - -
20  Cot tang bay 19FS+1 3 177 90,31 168.88 2 203 94,81 81,37 - - - -

21  Téng tdm 20 7 569 94,67 106.84 6 589 97,19 9091 - - - -
22 Cot tang tam 21FS+1 3 177 90,52 126.85 2 203 98,05 13838 - - - -
23 Tang chin 22 7 626 90,21 15692 6 647 9824 13537 - - - -
24 Cot tang chin 23FS+1 3 195 938 16754 2 223 98,53 80,95 - - - -
25  Téng thi mudi 24 7 626 9331 11426 6 647 96,22 10631 - - - -
26 Cot tang mudi 25FS+1 3 195 94,16 143,81 2 223 97,51 161,86 1 230 83,58 106,62
27 Tang 11 26 7 626 9459 17573 6 647 98,15 110,56 5 701 81,22 163,12
28  Cot tang mudi mot 27FS+1 3 195 9344 149,08 2 223 97,57 142,12 1 230 81,49 122,02
29  Tang mudi hai 28 7 626 9124 121,08 6 647 9533 16744 5 701 84,78 88,61
30  Cot ting mudi hai 29FS+1 3 195 91,57 170,14 2 223 9831 14233 1 230 82,05 112,81
31  Sansan thugng 30 7 619 92,81 16853 6 640 94,87 13591 5 693 81,08 119,83
32 Cot san san thugng 31FS+1 3 37 91 157,67 2 43 94,99 12048 1 44 8591 111,15
33 Tang mdi 32 7 107 90 156,73 6 111 9430 99,57 5 120 8344 91,62

Ghi chu: T (thdi gian — ngay); C (chi phi ~USD); Q (chét lugng — %); CE (CO, khi thai — Kg).

4.1. Két qud téi uu héa

Ngudi dung phéi cai dit cac thong sb cho thuit toan tdi wu. Nghién ctiu nay phat trién thuat todn
MOWO Ia thuat toan khong tham sd. Do d6, hai thong s co ban gdm sb Iuong quan thé (NP) va sb
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vong Lip tbi da (Gpax) dudc gan gia tri tuong dng 13 150 va 200. D€ loai bé két qua ngiu nhién trong
qua trinh t6i wu, nghién citu thuc hién chay vé6i 30 lan.

Cic két qua tbi uu t6t nhat dugc sap xép theo cac muc tiéu riéng vé thoi gian, chi phi, chét luong,
khi thai CO» va can bang giita cdc muc tiéu dugc trinh bay 6 Bang 2. Bang 2 ciing liét ké cac phuong
4n thi cong cho cdc cong tac. Vi du, nha quan 1y du 4n mudn vu tién vé thoi gian thi giai phap 1 va 2
12 phit hop nhét. Trong khi d6, giai phap 3 va 4 thi mang lai Ia chon t6t nhit néu vu tién vé chi phi.

Bang 2. C4c gidi phap t6t nhit dat dugc bdi moé hinh MOWO-TCT

Thong s6 du 4n

Sap XAé b Phuong an thi cong -

uu tién Thoi gian Chi phi Chét lugng Khi thii CO,
1 Theo 223322223332323333222222232333333 216 26560 89,87 3787.4
o thdigian 213222223332323333222222233333333 217 26537 89,59 3807.4
3 Theo 12LLLLLLLI2LLLLLLLLLLLLLLLLLLLLLL 274 24596 92,89 48313
4 chiphi 12110 1LLLI21LLLLLLLLLLLLLLLLLLLI21 273 24602 93,01 4794,1
5 Theo 12222221.1222222222222222221221.122 250 25321 96,18 44174
6 chitluong 1222222.1.1222221222222222221221.122 251 25302 96,04 44258
7 Theokhi 213322212322322333222122132333333 224 26566 90,60 3639,1
g thiiCO; 113322212322322333.1.22.12.2.132.3333.33 235 26070 90,40 3647,7
9  can  213322222332323333222222132333333 219 26691 90,09 3698.,2
0 bing  2132222.12332323233222222222332323 224 26448 92,19 3825.4

a)

5000

5000

Thoi gian

Hinh 2. Céc gidi phap t6t nhit trén khong gian 3D
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Do khé trinh bay cac giai phap khong vuot trdi trong mot dd thi bon chiéu, cc giai phap khong bi
chi phéi ctia trudng hop nghién cdu duge hién thi trong khong gian ba chiéu nhu trong Hinh 2. Ngoai
ra, Hinh 3 biéu thi su can bing gitta hai muc tiéu bat ky. Vi du, Hinh 3(a) cho thiy rd rang mbi quan
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hé gitta thai gian va chi phi ctia du 4n. Giai phdp S1 s6 hitu thoi gian ngin nhit va giai phap S2 c6 chi
phi thip nhét; nhiing diém khdc 1a cic giai phap thda hiép. Cac dudng cong dudc cung cip gitp cic
nha quan ly du 4n trong qua trinh danh gia du an.

a) b
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2 o 95 W
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2 £ w Y 1
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Hinh 3. C4c gii phdp t6t nhit trén mit phang 2D

4.2. So sdnh két qud

Két qua t6i uu cia thuat toan da muc tiéu c4 voi dudc so sanh véi két qua tim dudc bsi cac thuat
toan thong dung nhu thut todn di truyén sip xép khong vuot troi IT (NSGA-II nondominated sorting
genetic algorithm II) [35] va thuit todn da muc tiéu bay dan (MOPSO — multiple objective particle
swarm optimization) [37]. Hai thong s co ban clia cdc thuit todn dudc cai dit nhu sau: S6 cd thé
trong quan thé 1a 150 va s6 vong lip t6i da 1a 200.

Ngoai ra, cdc thong s6 dic trung cho cdc thuit todn so sanh dudc cai dit nhu sau: Pbi véi, MOPSO,
thong s6 nhan thic va xa hdi ¢; va ¢ 1a 2, thong sd quan tinh w dugc 1y ngiu nhién trong khoang
0,3 dén 0,7. Bbi v6i NSGA-II, xic suét chéo va dot bién dudc dit 1an ludt 1a p. = 0,9 va p,, = 0, 5.

Ky thuat t6i uu héa da muc tiéu thudng st dung cac chi s sau d€ so sanh tinh hiéu qua giita cac
thuat toan. Cac chi sé dugc minh hoa nhu sau:

a) Do phan b6 (DM- Diversification measurement) thé hién do md rong clia cdc gidi phép trong
tap giai phap (cong thiic (11)). Trong d6, Min, Max f; tuong dng la gid tri bé nhét va 16n nhét cia ham
muc tiéu i trong tdng sd k muc tiéu. Gia tri DM cang 16n thé hién tinh hiéu qua cao ctia thuit toan.

DM = \/Z; (Min f; — Maxfl-)z (11)

b) D6 mé rong (SP-Spread) thé hién tinh dong déu cia cic giai phdp, dudc do ludng theo cong
thic (12).
de+dy+ SN d-d
gpo Yt Zl_1|z_' (12)
df+d1+(N—l)d
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trong d6, d; 1a gid tri khoang cach euclid giita hai diém ké nhau trong tap ti uu, d + va d; 1a khoang
cach clia di€ém xa nhit trong tap t6i diém bién. d ngang 1a trung binh ctia tat ca cac khoang cich. N 1a
s6 giai phap tdi uu ma thut todn tim dudc. Gid tri S P cang nho cang tot.

¢) Thé tich hinh bao (HV - hypervolume) thé hién do 16n khong gian cta tap tbi wu (cong thiic
(13)). v; 12 dudng chéo ctia hinh hop chit nhat bao, dudc tir diém thAp nhét dén diém tham khao. Thuat
toan t6t néu cho gid tri HV 16n.

Q|
HV = volume {U v[] (13)
i=1

Két qua so sanh giita ba thuit toan dudc thé hién & Bang 3. Cac gid tri clia cdc chi s6 trong bang
cho thiy, thuat toan MOWO la hiéu qua nhét trong cdc thuit toan so sanh.

Bang 3. Két qua so sanh giita cdc thuat toan

Thuat toan Chi s6 1: DM Chi s6 2: SP Chi s6 3: HV
MOWO 28,113 0,872 0,875
MOPSO 17,371 1,123 0,706
NSGA-II 14,764 1,765 0,701

5. Két luan

Nghién cttu nay da dé xuit mot mo hinh két hop gitta BIM va thuat toan ti uu héa da muc tiéu
MOWO dé€ t6i wu dong thdi thai gian, chi phi, chit lugng va phat thai carbon dioxide (CO,) trong tién
dd du 4n. Thuat to4n da muc tiéu MOWO dudc phét trién dua trén thuit todn gbc WO b?mg cach su
dung céc k¥ thuét vuot troi, ky thudt chon loc nhu sip xép khong vugt trdi, ky thuat entroy.

Mot du 4n xay dung thuc té dugc sit dung dé chiing minh tinh kha thi ctia mé hinh dé xuét trong
viéc tao ra cdc gidi phap khong vuot trdi. Cac két qua tim dudc cung cip cho cdc nha quan ly du 4n
nhiing thong tin hitu ich dé diéu hanh du 4n véi viéc can bang dong thdi cadc muc tiéu vé thai gian,
chi phi, chit lugng va phat thai CO, ctia du 4n. So sanh véi cdc thuat toan phd bién nhu thuét toan di
truyén sap xép khong vuot troi I va thuit todn da muc tiéu bay dan, MOWO dat dudc két qua tot nhit
vé céc chi tiéu so sanh nhu gid tri dd phan b6 (DM), d6 md rong (SP), va gid tri ctia thé tich hinh bao
(HV).

Viéc tim kiém cic két qua tbi wu ctia thuat toan dé xudt MOWO khong phu thudc vao sb luong
bién quyét dinh va ham muc tiéu. Thém vao d6, mo hinh dé xuét dé st dung va van hanh trong may
tinh. Do d6, viéc ting dung mo hinh d& xuit cho cdc bai toan khic trong linh vuc quan ly xay dung
ciing nhu khoa hoc k¥ thuat khac 1 kha thi va mang lai nhiéu két qua thi vi.

Ldi cam on

Nghién cifu dudc tai trg bdi Pai hoc Qubc gia Thanh phd Hd Chi Minh (PHQG-HCM) trong
khudn khé Dé tai ma s6 C2021-20-41.
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