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Téc d6 d6 thi héa ngay cang ting dang giy 4p luc 16n 1én cac hé théng thoat nude d6 thi cii kj va xubng
clp. Do d6, nhu ciu stta chita, nang cip hoic xay dung méi ha tAng thoat nudc tré nén cip thiét - mot thach
thitc ma nhidu thanh phd trén thé gi¢i dang d6i mit. Bai bio nay dé xut mét phuong phap téi vu héa da
muc tiéu dé lya chon phuong an kich thuéce tiét dién céng cho hé théng thoat nudc do thi. Trong phuong
phép d@ xudt, hai muc tiéu chinh: téng chi phi xdy dung va tdng thé tich ngap dugc cuc tiéu héa ddng thi,
thong qua viéc lya chon duong kinh céng ti mot tap roi rac dinh trude, véi cic rang budc vé ty 1é duong
kinh va vén téc dong chay. Hiéu suit thiy lvc cia hé théng duge mé hinh héa bing chirong trinh mé hinh
quan Iy ntéc muwa mét chidu (Storm Water Management Model, SWMM). Bai toan t6i wu duwgc giai bing
thuét toon MOEA/D-EpDE. Hiéu qua clia phitong phap dwgce minh hoa qua nghién citu trivdng hop hé théng
thoat nuéc d6 thi tai thanh ph Chuncheon, tinh Gangwon, Han Quéc. Két qua cho thdy MOEA/D-EpDE
VIOt trdi so v&i nhidu thudt todn t6i wu da muc tiéu khac vé cic chi s hoi ty, da dang va chit lvong tap
Pareto, déng thdi 14 c6ng cu hitu ich cho quan 1y ha tng d6 thi.

ABSTRACT

Optimization
Drainage systems
Urban flooding
Differential evolution
SWMM

The increasing rate of urbanization is exerting significant strain on aged and deteriorating urban drainage
systems. Consequently, there is a pressing need to develop solutions for repairing, upgrading, or constructing
new drainage infrastructure, a challenge faced by many cities worldwide. This paper proposes a multi-
objective optimization approach to select culvert cross-sectional dimension options for urban drainage
systems. The approach seeks to minimize two key objectives: the overall construction costs and the total
volume of flooding, achieved by selecting pipe diameters from a predefined discrete set, with constraints on
diameter ratios and flow velocities. The hydraulic performance of these systems is modeled using the one-
dimensional Storm Water Management Model (SWMM). The optimization problem is addressed using the
MOEA/D-EpDE algorithm. The efficacy of this methodology is illustrated through a case study of the urban
drainage system in Chuncheon-si, Gangwon-do, Korea. Results indicate that MOEA/D-EpDE outperforms
other multi-objective optimization algorithms in terms of convergence, diversity, and Pareto front quality

metrics, serving as a valuable tool for urban infrastructure management.

1. Gi6i thiéu

trién. Ngép ting hién nay thudng xuyén xay ra tai cac thanh phd 16n,

chtt yéu do dién tich thdm giam, ao hd, kénh rach bi bé tong héa, lam

D6 thi héa nhanh chéng dang dién ra trén toan clu, dic biét tai
céc quéc gia dang phat trién, thic ddy ting truong kinh té - x3 héi,
chuyén dich co cAu kinh té, nang cao thu nhap va chét lvong cude séng.
Céc khu vuc @6 thi la trung tdm tao viéc lam, thu nhép va tiéu thu da
dang san phém, tan dung luc lugng lao dong chét lvong cao va thu hit
diu tu 16n vao ha ting ky thuat. Tuy nhién, d6 thi héa ciing mang lai
nhidu vAn d& khé khan nhy thiéu nha &, gia ting dan cv khu & chudt,
ngheo d6i, cic vin d8 xa hoi va 6 nhim moi tredng. Sy gia ting dan
sb dit ap Iyc 16n 1én ha tAng ki thuat d6 thi, dic biét 1a hé théng thoat

nuéc, 1am trdm trong thém tinh trang ngép ting d6 thi va can trg phat
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giam kha ning chita va thoat nweée. Ngoai ra, bién dbi khi hau lam ting
cuwdng d6 va tAn suit mwa 16n, cang thi thach kha ning cua hé théng
thoét nuée. Nhidu hé théng thu gom nuwdc thai dé thi da cii k§, xuéng
clp, khong dap wng duge nhu ciu thodt nwdce hién dai. Vi vay, viéc
thiét ké va t6i wu héa hé théng thoat nuée dé thi hidu qua 1a yéu ciu
cAp bach.

D6 phite tap clia cac hé théng nay xudt phat tif nhidu yéu t: dic
trung thodt nudc hién tai, anh hudng quy hoach d6 thi tuong lai, tac
dong bién dbi khi hau va ngudn lyc dia phwong. Do d6, viéc ap dung
cac thudt toan téi wu trong quy hoach hé théng thoat niwéc dé thi 14 cin
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thiét. Viéc lua chon giai phap xiy dung ha ting thoat nudc d6 thi cin
duwge dit trong bai toan tbi wu c6 rang budce dé giai quyét hiéu qua cac
yéu ciu da chidu nay.

Céc thudt ton metaheuristic, diic biét 12 ky thuat t6i vu don muc
tiéu (SO0), thudng duoc st dung dé giai quyét cic bai toan téi wu.
Trong tai liéu, thudt toan di truyén (GA) dvgc st dung phd bién, nhu
céc nghién cifu cta Xu va cs. [1] va Lu va cs. [2]. Tuwong t, Fiorillo va
cs. [3] phat trién phwong phdp st dung thudt todn tim kiém hoa 4m
(HS) dé t6i wu mang thoat nuwdc, tip trung cuc tiéu héa chi phi. Li va
cs. [4] d@ xuét thiét ké tbi wu cho hé théng thoat nwéc mua dé thi béng
thuét toan tién héa dua trén di liéu trizc tuyén. Son va cs. [5] phét trién
khung t6i vu dya trén thuit todn Rao cho hé théng thoat nude do6 thi
st dung chwong trinh mé hinh quan 1y nwée mwa mot chiu (Storm
Water Management Model, SWMM). Cac vi du nay nhin manh tng
dung da dang cta thudt toin metaheuristic trong t6i wu héa hé théng
thoat nuéc d6 thi va ha ting lién quan, gitp vieot qua cac d phic tap
trong thiét ké hé théng hiéu qua tridc nhitng thach thic d6 thi va moi
trudong dang thay doi.

Trong cic nhiém vu thiét ké thue té, théng thuong nhidu ham
muc tiéu cin duge xem xét ddng thoi dé dap iing cac yéu ciu chi phi
va ky thuét khac nhau. Céc bai todn phic tap nay d6i khi dugc don
gian héa thanh bai toan tbi wu don muc tiéu (SOO) bing phitong phap
trong sb. Tuy nhién, cach tiép can ndy c6 thé khong hiéu qua, dic biét
khi cac muc tiéu xung dot va doi hoi danh ddi. Do d6, tbi vu da muc
tiéu (MOO) - d4nh gid ddng thi nhidu ham muc tiéu - di thu hit sy
quan tam lén trong nhiéu linh vuc nghién cttu [6-10]. Khic véi SOO
chi cho mot nghiém téi wu duy nhit, MOO tim tip hop cdc nghiém
khéng bi chi phéi (Pareto optimal). Muc tiéu chinh ctia MOO 1a kham
phé va xac dinh cang nhidu nghiém Pareto cang tét, hd trg ra quyét
dinh t6t hon trong cac tinh huéng c6 muc tiéu xung dét.

Trong linh viic thiét ké hé théng thoat nude d6 thi, cac thuit toan
metaheuristic da muc tiéu lién tuc duge dé xuét va ap dung.
Hesarkazzazi va cs. [11] gi6i thiéu khung sang tao dia trén ly thuyét
as thi aé tao bd tri duong 6ng thoat nudce. Azari va Tabesh [12] st
dung thuét toan phén loai khéng chi phéi II (NSGA-2) két hop chi sb
bén vitng toan dién méi dé tdi wu hé théng thoat nwdc muwa do thi.
Tansar va cs. [13] d& xuit khung ra quyét dinh d¢a muc tiéu nham t6i
wu ha ting xanh-x4m bing cach cin bing giita 1oi ich va chi phi dau tw
trong céc didu kién khac nhau. Mét sb nghién cttu xem thiét ké hé théng
thoat nwée do thi 1a bai toan tdi wu nhidu muc tiéu (hon ba muc tiéu)
[14-15]. DPinh 1y “Khong c6 bita trua mién phi” (No Free Lunch) [16]
chira rf?mg khong c6 thuat toan tdi wu ndo vuot tréi hoan toan véi moi
loai bai toan t6i wu. Pidu nay ngu 7 khong c6 thudt toan nao t6t hon tit
¢4 céc thuét toan khac trong moi tinh hubng. Tuy nhién, déi v&i cac 16p
bai toan ti vu cu thé, viéc xac dinh thudt toin metaheuristic hiéu qua
dva trén diic trung riéng 13 kha thi va cin thiét. Do d6, viéc phét trién
va danh gia cac thuit toan metaheuristic m&i van tiép tuc thu hit cac
nha khoa hoc toan ciu nhim cai thién nghiém cho céc thach thic t6i
uwu khéc nhau.

Dufa trén cac phan tich trén, bai bdo nay trinh bay chién lvoc téi
wu da muc tiéu dé wu tién cdc phitong 4n xdy ding hé théng thoat nuée
d6 thi. Phuong phap nhdm cyc tiéu héa hai muc tiéu chinh: téng chi
phi xay dung va tdng thé tich ngip tng, bing cach luwa chon tiét dién
éng phit hop tir tap roi rac dinh triede. Hanh vi thay lyc ctia hé théng
dugc phan tich bing SWMM moét chidu [17]. Bai toan t6i wu dugce giai
bing thuét toAn MOEA/D-EpDE [18]. Hiéu qua cua cach tiép cin duogc
minh hoa qua nghién cttu triudng hop hé théng thoat nuwée db thi tai
thanh phd Chuncheon, tinh Gangwon, Han Qudc.

2. Phuong phép nghién cttu
2.1. Thiét ldp bai todn tbi wu da muc tiéu cho hé théng thodt niéc d6 thi

Trong nghién cttu ndy, hai muc tiéu chinh dugc xem xét bao gébm:
(@D)] téng chi phi x8y dung va (2) téng thé tich ngap ung, v&i bién thiét
ké 1a tiét dién cac dudong dng. Thong thuong, dng dugc chon tit danh
séch chudn c6 nhidu hinh dang va kich thuéc khac nhau. bé don gian,
nghién cttu nay chi xem xét hinh dang dng, coi bién thiét ké 1a cac lya
chon r&i rac tit danh sich xac dinh. Lutu ¥ ring chi phi xay dung cc
kich thwée éng khéc nhau thay dbi déng ké do khéc biét vé vit liéu, 1ip
dit va san xudt. Vi vdy, danh gia chinh xac téng chi phi hé théng doi
hoi thu thép di liéu chi phi cho titng loai 6ng.

Dé hop 1y, danh sach kich thuée dng va chi phi tuwong tng tai
Viét Nam duwgc gia thiét nhu trinh bay & Bang 1. Tl danh sach nay,
duwdng cong quan hé giita dwdng kinh éng va chi phi duoc xdy dung
nhu Hinh 1.

12

y=0.9292x2 + 1.4982x + 0.0755
R*=0.9987

10

[
T

Gid thanh xdy dung
(Triéu dong/m)
Y

3]
T

0 1 1 1 1 L
0 0.5 1 1.5 2 2.5 3

Pudng kinh éng (m)
Hinh 1. Budng cong quan hé giita dwdng kinh éng va chi phi.

Hai ham muc tiéu dugc dinh nghia nhu sau:
z 2 N n;
Téi thiéu héa F(X)= z(c(x,.) > L].J Vi X =(x,.,xy ) (1)
7=1 J=1
Ti thiéu héa F, (X) = total_nodal_flooding (2)
trong @6 X 14 vec-to bién thiét ké, x, 1a dudng kinh éng cho
bién thiét ké thi i; c(x,) 1a gi4 thanh xdy dvng don vi duoc tinh dya

trén cdng thiic trong Hinh 1; n, 1a s6 dwong 6ng st dung loai 6ng loai
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x;; vd Ly la chidu dai duong dng thé j vé6i loai 6ng x,.
Total_nodal_flooding 12 téng thé tich ngap bé miit tai tit ca cac nt trong
mang, dugc tinh t* m6 hinh SWMM.

Bang 1. Danh sach kich thuéc 6ng.

buong kinh (m) Gia thanh xay dung (Triéu déng/m)
0.3 0.70
0.4 0.90
0.5 1.00
0.6 1.20
0.75 1.50
0.8 2.00
0.9 2.20
1.0 2.50
1.25 3.40
1.5 4.50
2.0 6.80
2.5 9.60

Rang budc diu tién dap tng yéu ciu thyc té: duong kinh 6ng
doan truéc khong duge 16n hon dudng kinh éng doan sau:

e (X) = ™) 1<0 vei i=1.,n, (3)
Xﬁdll

7

trong d6 n, 1a két ndi éng-6ng (thudng tai giéng tham); x“**
va x* 1a duwdng kinh éng trude va sau tai két nbi dng-6ng.
Rang budc th hai 14 gi¢i han van téc dong chay trong doan éng:
min(How _velocity (1))
0.3
_ max(flow _velocity(1)) B
4

Crelomin (X) =1 - <0 i=1l,..,m,, &)

CVeIo max (X)

1<0  i=1,.,n,, (5)

trong @6 How _velocity(i) 1a van tbc dong chay trong doan éng
th i.

Pé 4p dung thuit todn metaheuristic cho bai toan c6 didu kién rang
budc dioc mé ta & trén, cin phai chuyén dbi né thanh bai toan khong cé
rang budc. Pé thire hién chuyén ddi nay, phiong phap phat duge st dung
trong nghién cttu nay. Cac rang budc dugc két hgp vao ham muc tiéu,
phuong trinh gbc cong thiic (1) dwge chuyén déi nhi sau:

Téi thiéu héa £ (X) = B (X)x(1+ &, B, + a8, + . B,) (6)

Téi thidu héa F}" (X) = Fy (X)x(1+ oy B + a8, + a8 ) (7)
trong do:
B = imax(Cf”“,O )

By = max(CV“”max,O ) (€]
ﬁ3 _ max(cve]ominio )

v6i o, a, VA a, 1 cdc tham sb phat. C4c tham s& phat phai
@t 16n dé loai boé nghiém khéng kha thi trong qué trinh téi wu. Tuy

nhién, néu qué 16m, t6i wu c6 thé khé tim nghiém kha thi. Trong nghién

cliu nay, cac tham s6 phat dugc chon la: o =2 va o, =, =10.
2.2. M0 hinh héa hé théng thodt mitéc bang SWMM

Trong bai toan t6i wu trén, muc tiéu thi hai cling nh rang budc
tht hai va tht ba tap trung vio viéc hiéu va quan ly hanh vi dong ctia
dong chay trong mang thoat nwéc dé thi. Cac hanh vi déng nay rat quan
trong vi chiing anh hudng tric tiép dén kha ning x@ 1y tai nude bién
ddi va ngin ngap ung. Pé d4nh gia chinh x4c cic rang budc niy, chiing
téi s dung SWMM [17] - co6ng cu manh mé do Co quan Bao vé Moi
truwong Hoa Ky phat trién. Cu thé, SWMMS, phién ban m&i nhét, 14 mé
hinh thiy Ie mot chiéu ma ngudn mé ndi tiéng véi kha niing mé phong
toan dién ca dong luc thiy vin va chit lwgng nuwée ctia hé théng thoat
nuée dé thi.

SWMMS5 déc biét phit hgp cho m6 hinh héa nh¢ tinh linh hoat
trong xit 1y céc didu kién dong chay khac nhau. N6 ¢6 thé mo phong
dong chay én dinh (cho mwa déu), dong séng dong hoc va dong séng
dong lwc hoan chinh (cho mwa ddt ngdt, cudng dé cao). Bing cach nhap
dit liéu mwa chi tiét vaio SWMMS5, phén tich mé phong toan dién mang
thodt nudc do6 thi dugc thuc hién, qua dé xac dinh céac thong s6 quan
trong nhu thé tich ngap b mit tai titng giéng tham va van téc dong
chay tai titng doan éng trong mang.

Céc két qua nay khéng chi 13 diu ra ma con 13 yéu t6 quan trong
dé danh gia sy tuan thi rang budc ctia hé théng. Vi du, duy tri vén téc
dong chay trong giéi han nhét dinh 13 cin thiét dé tranh x6i mon éng
va duy tri chit lvgng nudce. Twong tw, du bao chinh xéac thé tich ngap
ting gitip d4nh gi4 rdi ro tran va thiét ké bién phap giam nhe. Cach tiép
can toan dién nay dam bao mang thoat nieée bén viing, hiéu qua va cé
kha ning hoat déng én dinh dwdi cac 4p e méi triedng khac nhau, tiv
d6 dat duoge muc tiéu thiét ké hé th6ng thoat nuéc viing chic.

2.3. MOEA/D-EpDE

MOEA/D-EpDE dugc cic tic gia gidi thiéu gin déy trong [18] nhu
mét thuit toan t6i vu da muc tiéu tién tién. N6 tich hop thuat toan tién
héa da muc tiéu dia trén phin rd véi phan bd tai nguyén déong
(MOEA/D_DRA) [19] va tién héa vi phan dua trén pbest (EpDE) cho t6i
wu don muc tiéu [20-22]. EpDE sit dung k§j thuat d6t bién ‘DE/pbest/1’,
tao ca thé thit ti¥ cic c4 thé hiéu suit cao. Ky thudt nay can bing gitta hai
chién lvge dot bién DE: ‘DE/rand/1’ va ‘DE/best/1’, tbi vu héa ca kha
ning thim do va khai thac ctia EpDE. Céc nghién cifu cho thiy EpDE tim
dugc nghiém toan cuc t6t hon va héi tu nhanh hon. Ngoi ra, kho luu
trit bén ngoai dwoc tich hop dé nang cao hiéu suit thudt toan.

Thuét toAn MOEA/D dva trén y twdng phan ra bai todn da muc

tiéu thanh nhidu bai toan don muc tiéu (SO0), mdi bai toan tuong Gng
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mot nghiém Pareto. Mit Pareto ctia bai todn da muc tiéu c6 thé dugc
chia thanh nhiéu bai todn SOO giai riéng 1é. Trong MOEA/D gbc, mbi
bai todn con duge phan bd tai nguyén tinh toan bing nhau. Tuy nhién,
do do phtc tap khac nhau gitta céc bai toan con, MOEA/D_DRA dugc
d xuét dé phén bd tai nguyén linh hoat theo do phtic tap cta titng bai
to4n con tai mdi thé hé.

Khung MOEA/D_DRA gitip phan ra bai todn da muc tiéu thanh
céc bai todn SOO d& quan 1y, mbi bai toan dugc giai bing thuét todn
metaheuristic don muc tiéu. Hiéu qua ctia qua trinh phu thuéc 16n vao
hiéu sut ctia thudt toan t6i wu don muc tiéu dugc st dung. Vi 7 twdng
nay, MOEA/D-EpDE dugc thiét ké bang cach tich hop thuit todn EpDE
vao khung MOEA/D_DRA, st dung kho lvu trit bén ngoai dé tinh chinh
két qua thém. Céc buéc chinh ctia thudt todn MOEA/D-EpDE dugce trinh
bay nhu sau [19]:

Budc 1: Khoi tao

Qué trinh t8i wu bit diu bing phan rd bai todn da muc tiéu
(MOO) thanh N bai todn don muc tiéu bing phuong phap Tchebycheff
va N vector trong s6 A/ = {)Hlﬂjz ., A{n}T. Mot quin thé ban ddu P° gdm
NP c4 thé X? dugce tao nghu nhién, va tap lvu trit ngoai "Ex" duge khai
tao v&i P°. Mot tap lan can B(i) = {i,,.., iy} dugc dinh nghia cho médi
bai toan don muc tiéu (i), bao gém T chi s6 ctia cc bai todn con g?m
nhit véi bai toan i, xdc dinh b&i T vector trong s6 gin nhit. Vector
tham chiéu Z = {z,,.., 2,}" Itu cic gia tri t&t nhit z; theo ham muc tiéu
f.. Cac hé s6 nt = 1 duoc khéitaocho (i = 1, ..., N).

BuGc 2: Chon bai toan con dé téi vu

(N/5-m) bai toan con dugc la chon dya trén gia tri !, Ittu trong
tép I.

Bu@c 3: Qua trinh tién héa

Vé&i mbi bai toan con trong I:

Buéc 3.1: Tao cd thé tiém ning

Tao cé thé tidm ning U bing k§ thuét dot bién EpDE, trong d6
Xppest» X2, v X9, dugc chon tif tap 1an can B(i) véi xac sudt nhét dinh
hodic nglu nhién tit toan quin thé P°. Budc nay loai bé cac k§ thuat dot
bién khac nhu dét bién da thifc, giam d6 phtic tap thuit todn.

Buéc 3.2: Cdp nhdt Z

Néu diéu kién z; > f;(U) dugc théa man thi dat z; = f;(U).

Budc 3.3: Cdp nhdt tdp ldn cdn

VGi cac chi sb j ngdu nhién trong B(i), néu gte(U\V,Z) <
g% (XP\A, Z), thi X? dugc thay thé béi U trong quan thé.

Buéc 4: Cap nhat tap luu trit bén ngoai "Ex"

Loai bé céc ca thé bi chi phéi trong "Ex" béi U, va U dugce thém
va0 "Ex" néu khéng ¢6 ca thé nio trong "Ex" chi phéi né, sit dung phén
loai khéng chi phdi va khoang cach déong ddc tit thuat todn NSGA2.

Bu6c 5: Cap nhat it

Gi4 tri * duge cap nhat dinh ky sau mot sb thé hé nhét dinh (vi
du sau 30 thé hé) theo cong thic di dinh.

Buéc 6: Két thiic

Lap lai cac Budc 2 dén 5 cho dén khi dat didu kién dting. Tap
nghiém Pareto cudi ciing c6 thé 14y tit quin thé cudi hoic kho lvu trit

bén ngoai.

Trong Bu6c 3.1, gia tri X,,.s dugc x4c dinh béng viéc tinh lai
g (X\A!,Z) cho toan bd c4 thé trong tap l4n can va lya chon nghu nhién
ti* nhém p * 100 % c4 thé tét nhit. Trong Budc 4, tap luu trit bén ngoai
"Ex" dugc quan ly bing ki thuat phan loai khéng chi phdi va khoang céch
déng dic tir thuét toan NSGA2, duy tri tinh da dang va nghiém t6i vu.

3. Truong hop nghién ciu

Trong phin nay, mang lwéi thoat nuéc ndm & thanh phd
Chuncheon, tinh Gangwon (Han Quéc) sé dugc nghién ctitu. Viéc hiéu
chinh SWMM cho mang 16i cu thé nay da duge thie hién béi Lee va
cs. [23], v6i théng tin chi tiét 6 trong tai liéu tham khao [24]. Khu vire
nghién ciu trai rong trén dién tich 6.6925 ha va dugc chia thanh 21
tiéu lvu vize, nhu minh hoa trong Hinh 2. Mang lwGi thoat niéc bao
gdm 22 éng din, duwdng kinh clia chiing duoce st dung 1am bién thiét
ké cho nghién ctu triedng hop nay.

Hinh 2. Mang thoét nwdc Chuncheon.

280

150

100

0 0.5 1 1.5 2 25 3 35
Elapsed Time (hours)

Hinh 3. Chudi thoi gian mua thiét ké.

Tap céc duwdng kinh céng cho triede 13 (0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8,0.9,1.0,1.1,1.2,1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3,
2.4, 2.5) (m). chidu dai cic doan céng 1a: 52, 89.7, 42.02, 91.14, 118.55,
57.52, 19.15, 61.49, 30.16, 21.68, 125.43, 97.53, 21.62, 31.64, 35.0,
46.23, 57.0, 24.5, 28.29, 42.32, 27.77 va 63.72 (m). Nghién ctu st
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dung tran mua thiét ké chu ky 100 ndm lam chuén. D@ liéu mua kéo
dai 3 gi®? véi khoang thoi gian 10 phit, chudi thoi gian nhu sau: 13.74,
13.74, 13.74, 19.83, 19.83, 19.83, 31.97, 31.97, 63.85, 283.3, 51.54,
31.97, 19.83, 19.83, 19.83, 13.74, 13.74, 13.74, and 13.74, nhu thé
hién & Hinh 3.

Céc tham sb cho thuat toan MOEA/D-EpDE dugc cdu hinh nhuit
sau: Vi thanh ph?in EpDE, céac tham sb duoce dat (A=1) va (B=1) aé
don gian. Xac sut lai chéo st dung tap l4n can ¢b dinh & 0.9. Tap lvu
trit bén ngoai c6 kich thuée tbi da 1a 200, trong khi kich thuée quin
thé 14 100. Téng s6 14n d4nh gia ham muc tiéu thuc hién 1 30,000. M5i
thuat toan duge chay doc 1ap 20 1an dé danh gia sy én dinh.

Trong bai to4n ti wu nay, tip Pareto chinh xdc chua dugce xic
dinh. Do vay, dé c6 co s& so sanh hiéu suét cc thuit toan, tip Pareto
x4p xi duoc sit dung trén co s& xdc dinh né tif toan bd cac nghiém ti
wu tim dugce clia tit ca cac 14n chay clia cdc thudt toan. Hinh 4 minh
hoa tap Pareto gin diing duoc xac dinh theo nguyén tic trén. Tip Pareto
nay thé hién sy d4nh dbi gitta hai muc tiéu: téng chi phi xay dung (truc
hoanh) va téng thé tich ngap tng (truc tung). Cac diém trén tap Pareto
phan bb déu din, bao phit mot khoang rong tit céc giai phap 6 chi phi
thap nhung ngap ting cao dén céc giai phap chi phi cao hon nhing giam
thidu ngép ting hiéu qua. T4p Pareto gin diing dat dugc sy can bing
tdt, v&i chi phi ti thidu khoang 0.5 ty ddng va thé tich ngp ting giam
xubng dwé6i 10,000 m® & cac diém cuic tri.

7,000 x
> » Tét ca cac nghidm t6i wru tim durgc
_ 6,000 - ,
'E 1 Tép Pareto
=] 5,000 -~ )
=
= 4,000 1
15‘6 .
&
o 3,000 A
E.
= 2,000 -
3
& 1,000
0 T
0 1,000 2,000 3,000 4,000
Gié thanh (triéu ddng)

Hinh 4. Tap Pareto gin diing ti toan b nghiém tbi vu tim dugec.

Pé 1am r6 hon hiéu suét ctia cac thuat toan, Hinh 5 so sanh tip
Pareto g?m diing v&i cac nghiém t6i wu tim dwgc tif cdc thudt toan khac
nhau: (a) NSGA2, (b) phén loai khong chi phéi 3 (NSGA3), (¢) Tién héa

vi sai téng quat 3 (GDE3), (d) MOEA/D, (e) thuét toan tién héa Pareto
manh 2 (SPEA2) va (f) MOEA/D-EpDE. Két qua cho thidy MOEA/D-
EpDE c6 phan bé sat v&i tap Pareto nhét, v6i cdc diém phan bd déu va
bao phu tét hon so v&i cac thuét todn con lai. NSGA2 (a) va NSGA3 (b)
thé hién sy hoi tu tdt & viing chi phi thip nhung thiéu da dang & viing
ngép thip. GDE3 (c) va SPEA2 (e) c¢6 nghiém t5i wu phan bd kha tét
nhung van tap trung nhidu & viing c6 gia thanh cao va khéi lvong ngap
thip, trong khi MOEA/D gbc (d) cai thién hon nhung vin kém
MOEA/D-EpDE v& d6 phti va chit lwong diém cue tri. Téng thé,
MOEA/D-EpDE vuot tri nho tich hgp EpDE va kho luu tri¥ bén ngoai,
gitip khai thac t6t hon khong gian nghiém r&1i rac ctia bai toan.

Hinh 6 trinh bay théng ké céc chi s danh gid hiéu suit: (a)
Khoang céch thé hé cai tién (GD +), (b) Khoang céch thé hé dao cai tién
(IGD +) va (c) Siéu khéi lugng (HV). MOEA/D-EpDE thé hién hiéu suét
t6t hon céc thuat todn khéc & ca 3 chi s6 v6i gia tri GD+ va IGD+ nho
nhét va HV 16n nhét. Cu thé, MOEA/D-EpDE c6 gi4 tri GD+ va IGD +
1an luwot 14 6.594 va 5.887, thdp hon rit nhiéu so v&i thudt toan tiép
theo d6 1a NSGA2 véi gia tri 1an Iugt 1a 15.135 va 13.426. Xép thit 3 14
MOEA/D v&i chi s GD + va IGD+ thép va 6n dinh hon cac thuat toan
GDE3, NSGA3 va SPEA2. Trong 3 thudt todn con lai, NSGA3 c6 chi sb
GD+ tét hon so v&i GDE3 va SPEA2 nhung chi s6 IGD + lai khéng t6t
bing chitng to tinh hdi tu cia NSGA3 t6t nhung da dang con yéu. Vé
HV, MOEA/D-EpDE c6 gi4 tri HV 12 17,468,060, xép thi? nhit, tiép theo
la GDE3 véi 17,369,240, NSGA2 vGi 17,363,080. MOEA/D ciing c6 gia
tri HV khé t6t véi d6 phan tan it ditng tiép sau. Ditng cudi cling 12
NSGAS3 v§i gid tri trung binh ctia HV 14 15,932,050 va d6 phéan tén 16n.
Céc két qua nay xac nhan MOEA/D-EpDE hiéu qua hon trong viéc can
b';?mg hoi tu va da dang, dédc biét phut hop v&i bai todn cé rang budc
thuy luc va khong gian roi rac.

Hinh 7 thf)ng ké gid tri tdi thiéu cia cdc ham muc tiéu: (a) muc
tiéu thit nhét (tdng chi phi xay dwng) va (b) muc tiéu thit hai (téng thé
tich ngap tng). P6i v&i muc tiéu chi phi, nhidu thuit ton tim dwoc chi
phi xdy dung nhé nhit 13 488.4 (triéu ddng). Tuy nhién, MOEA/D-
EpDE, MOEA/D v GDE3 ndi troi hon khi luén tim dugc két qua tét
nhét nay so v&i 3 thut toan con lai. V&i muc tiéu ngap tng, cic thuat
toan ludn tim dugc giai phap thiét k& dam bao khéng bi ngap (khdi
lwgng ngap 1a 0) ngoai trit MOEA/D c6 mét 14n chay khong tim dugc
nghiém khong ngap. Biéu niy gép phin chiing minh sifc manh ctia cic
thut todn da muc tiéu trong viéc giai quyét cac bai toan dang nay. Téng
hop céc chi sb duge xem xét trén, MOEA/D-EpDE cho thiy hiéu suit
vuot troi so véi NSGA2, NSGA3, GDE3, MOEA/D va SPEA2.
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Hinh 5. T4p Pareto g?in dting so sanh v§i cac thudt todn: a) NSGA2, b) NSGA3, c¢) GDE3, d) MOEA/D, e) SPEA2 va f) MOEAD-EpDE.
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Hinh 7. Théng ké gié tri tdi thiéu cdc hAm muc tiéu tim duge dbi v6i a) Muc tiéu thit nhat, b) Muc tiéu th¢ hai.

4. Kétluan

Nghién cttu nay da d& xuit va ap dung thanh cong phwong phap
téi wu héa da muc tiéu dua trén thudt toAn MOEA,/D-EpDE dé 1ya chon
phuong an kich thude tiét dién céng cho hé théng thoat nuwéc db thi,
nhim cyc tiéu héa dbng thoi téng chi phi xay dung va thé tich ngap.
Bing cach tich hgp mé hinh thily Iiyc SWMM dé dénh gi4 hiéu suét hé
théng, phuong phap da xt 1y hiéu qua cic rang budc thuc té nhu ty 1é
duwong kinh céng va giéi han vén toc dong chay, dong thoi chuyén dbi
bai todn c6 rang budc thanh khong rang budc qua phwong phap phat.

Qua nghién citu trudng hop hé théng thoat nuéce tai thanh phd

Chuncheon, Han Qudc, két qua cho thiy MOEA/D-EpDE di tim dugc
tap Pareto gin diing da dang va chit lvong cao, v&i sy phan bd déu din
gitta hai muc tiéu xung dot. So sanh v@i céc thuat toan khac (NSGA2,
NSGA3, GDE3, MOEA/D va SPEA2), MOEA/D-EpDE vuogt troi vé céc
chi s6 GD+, IGD+ va HV, chiing té kha nang hoi tu nhanh hon, da
dang t6t hon, va hiéu qua trong viéc tim nghiém cuc tri (chi phi ti
thiéu khoang 488.4 triéu ddng va khéi lvong ngap giam xubng 0 m?).
Diéu nay khing dinh lgi thé clia thuat toan d& xuét trong viéc can bing
tham do va khai théc, dac biét phut hgp v&i khong gian nghiém r¥i rac
va rang budc thiy lyc phic tap.

Phwong phap d& xuét khong chi cung cip cong cu hitu ich cho
quan 1y ha ting d6 thi ma con hd trg ra quyét dinh linh hoat, can nhic
gita chi phi va rti ro ngép lut. Hwéng nghién cttu twong lai c6 thé mé
rong bing céch tich hop cic muc tiéu khdc nhu bén vitng méi trudng
hoic thich tng bién dbi khi hau, ciing nhw 4p dung cho cdc mang lwGi
thoat nuéc 16n hon véi nhiéu rang budc thuc té hon.
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