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Tém tit

Thiét ké t6i uu hé thong phan phdi nuée da duge cong nhan 1a mot bai toan phiic tap do mbi quan hé phi tuyén
gitfa cac dong chay trong cdc doan dng, ban chét rdi rac ctia kich thuéc dudng kinh 6ng, lién quan dén céc rang
budc vé yéu cau thiy luc va didm bao 4p luc yéu cau ma céc phuong phap truyén thong khong thé dé dang gii
quyét. D€ giai quyét van dé nay, bai bio nghién ciu phat trién thuat toan lai ghép gitta s6i xam (GWO) va diéu
hau Harris (HHO) — d€ dat dudc mot su can bang tt nhét giita giai doan thiam do va khai thac. Tinh uu viét
ctia thuat toan GWO-HHO dudc kiém chiing khi dua ra 10i gii toi wu t6t hon cac giai thuat truc day cho hai
hé théng phan phdi nudc tiéu biéu 1a Twoloop va mang ludi Ha Noi. Két qua so sanh ddnh gid cho thiy thuat
toan lai ghép GWO-HHO rat hiéu qua dé giai quyét cac van dé thiét ké mang lu6i hé thong phan phbi nudc véi
két qua vuot trdi so véi GWO ciing nhu céc thuat toan khac trude day trong hai nghién ctiu dién hinh dudc xem
xét. Két qua nay c6 thé ap dung vao thuc tién cho cic thanh phd 16n khi ma nhu cau thay thé cic mang 1uéi cii
ky hién tai ngay cang cip thiét va quan trong.

Tir khod: thuat todn s6i xdm; thuat todn harris hawks; hé théng phan phdi nudc; tdi uu héa.

DEVELOPMENT OF THE HYBRID ALGORITHM GREY WOLF (GWO) - HARRIS HAWKS (HHO) FOR
OPTIMIZING THE CONSTRUCTION COSTS OF WATER DISTRIBUTION NETWORKS

Abstract

The optimal design of a water distribution networks has been recognized as a complex problem due to the non-
linear relationship between flows in the pipe sections, the disconnected nature of the pipe diameter dimensions,
and the relevant constraints on hydraulic requirements and pressure requirements that cannot be easily solved by
traditional methods. To solve this problem, the hybrid algorithm development study between gray wolf (GWO)
and Harris hawk (HHO) is conducted in order to achieve the best balance between the exploration stage and
the mining stage. The superiority of the GWO-HHO algorithm is verified when it provides an optimal solution
to two typical water distribution networks, Twoloop and Hanoi network, which is much better than those of
previous algorithms. The comparison and evaluation result shows that the GWO-HHO hybrid algorithm is ex-
tremely effective to solve the design problems of water distribution networks with superior results compared to
GWO as well as other previous algorithms in the two typical studies to be reviewed. This result can be applied
in practice for large cities when the demand of replacing the existing old networks is more and more urgent and
1mportant.

Keywords: grey wolf algorithm; harris hawks algorithm; water distribution networks; optimization.
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1. Gidi thiéu

Ngay nay, hé théng phan phbi nuéc déng mot vai trd vo cling quan trong trong doi sdng do thi va
ngay ca § nong thon. La mot phan quan trong ctia cd sé ha tang ma viéc xay dung doi héi phai dau tu
v6i mot chi phi ddang ké. Mot thiét ké thich hop c6 thé 1am gidm tSng chi phi xay dung cta du 4n [1]
ciing nhu giup tiét kiém thi nguyén moi trudng. Hé théng cip nudc 12 mot t& hop cdc cong trinh va cac
thiét bi, 1am nhiém vu thu nhan nuéc tif ngudn, 1am sach nuéc, diéu hoa, du trit, van chuyén va phin
phdi nuéc dén céc noi tiéu thu. Mang 1u6i cip nudc 1a mot tap hop céc loai dudng 6ng vé6i cac kich
thuéc khac nhau, 1am nhiém vu van chuyén va phan phdi nude tdi cac diém ding nudc trong pham vi
thiét k&. Mang ludi cAp nu6c 12 mot trong nhitng thanh phan co ban clia hé théng cip nudc, né lién hé
truc tiép t6i cac 6ng dan, tram bom cap II, cac cong trinh diéu hoa du trit (nhu bé chifa nudc va dai
nuée). Chi phi xiy dung mang ludi chiém khoang 70% tdng chi phi xay dung toan bd hé thdng cip
nudc theo Babu va Vijayalakshmi [2]. Diéu nay da lam nay sinh nhu cAu giam chi phi bang cach chon
dudng kinh 6ng thich hgp cho mang trong s6 cic dudng kinh éng c6 sin trén thi truong khac nhau dé
dép ting chi phi t6i thi€u ctia mang ma van ddp dng dudc cc yéu ciu vé thiy luc lién quan téi cic yéu
cau 4p luc va nhu cau niit [3].

V6i muc dich nhu thé, da c6 rit nhiéu nghién cifu ctia nhiéu tac gia khac nhau da va dang cb ging
st dung cic k§ thut t6i wu hda d€ gidi bai todn ndy trong sudt hon ba thap ki qua. Cho dén nay, nhiéu
phuong phap t6i vu héa khac nhau di dudc dé xuat gidi quyét van dé thiét ké mang ludi hé thdng phan
phdi nuée. Mot trong nhitng k¥ thuat toi wu héa dau tién dé gidi quyét vin dé nay 1a phuong phap 1ap
trinh dong (Schaake & Lai) [4], sau d6 1a 1ap trinh tuyén tinh (Alperovits & Shamir) [5], 1ap trinh phi
tuyén (Varma, Narasimhan va Bhallamudi) [6] va phﬁn mém Pipe Flow expert [7] cling da dugc st
dung, tuy nhién cac md hinh nay chi dudc ap dung v6i cac md hinh don gian va cac gia dinh bi rang
budc dan dén t6i uu cuc bo, két qua bai toan thu duge khong hdi tu.

Trong nhiing nim gin diy, c4c thuit todn tién héa thudng dudc vu tién lua chon vi kha niing dbi
phé véi cac van dé phiic tap, phi tuyén tinh va cac van dé t6i uu héa rdi rac nhu 12 thiét ké hé thong
phan phbi nuée. Céc thuat todn tién héa duge st dung rong rai nhét 1a thuat toan di truyén (GA) [8]
dua trén cac quy luat tién héa tu nhién va Iva chon. K€ tir nim 1990, GA da dudc 4p dung rong rai
dé t6i uu hoa thiét k& mang ludi nudc clia nhiéu tic gia [9-12], thuit toan nhay éch xdo tron (SFLA)
ctia Eusuff va Lansey [13], thuat toan tién héa vi phan (DE) ctia Suribabu [14]. Cac thuit toan liy
cAm hiing tli thién nhién bao gdm t6i vu héa bay dan (PSO) va lai ghép (PSO-DE) dudc phat trién bsi
Sedki va Ouaza [15], thudt toan bat chudc hanh vi loai qua (CSA) ctia Hossein Fallah [16], hay gan
day nhét 1a thuét toan c voi (WOA) ciia Riham M. Ezzeldin [17].

Dé ning cao hiéu qua ctia cdc thuit toan tdi vu héa, nhiéu thuat todn lai ghép da dugc phat trién
nhu thut toan lai ghép kién su tir [18], thudt toan c4 voi da muc tiéu [19]. Dbi vé6i bai toan tdi wu chi
phi thiét ké mang lu6i nu6c ciing da c¢6 nhiéu nghién ciiu phat trién va lua chon lai ghép cdc thuét toan
nhu: tdi vu héa bay dan két hop vé6i tim kiém hai hoa (PSO-HS) ctia Geem [20], t6i uu héa bay dan
két hop véi tién héa khac biét (PSO-DE) clia Sedki va Ouazar [15], tim kiém chim cu gdy két hop véi
tim kiém hoa Am (CH-HS) ctia Sheikholeslami [21], tim kiém theo kich thudc dong rdi rac (HDDDS)
cua Tolson va cs. [22].

Nghién ciu nay ap dung thuat toan s6i xam (GWO), 1a mdt thuat toan kham pha méi dugc gidi
thiéu vao nim 2014 bsi Mirjalili [23]. Cho dén hién tai, thuit toan GWO di dudc 4p dung va phat
trién trong nhiéu linh vuc nhu tdi uu ké hoach phan phdi bé tong [24], tdi uu ning ludng tda nha
[24]..., tuy nhién chua dudc ap dung vao bai toan t6i uu chi phi thiét ké mang ludi hé théng phan phbi
nuée. Cac nghién ciiu trude diy da ching minh GWO c6 nhiéu diém manh, phi hop d€ gidi quyét
cdc van dé t6i vu nhu thuat todn don gian, it cdc thong s6 diu vao, téc do hoi tu cao va dic biét 1a
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kha niing khai thac vugt troi. Tuy nhién GWO ciing c6 nhiing diém yéu can khic phuc nhu: yéu & mit
thim do vi thiéu su da dang clia quan thé. Viéc md rong ving tim kiém va tranh t6i wu cuc bd chi
phu thudc vao hai bién trong phuong trinh t6i uu. Do d6, véi bai toan c6 ving khong gian tim kiém
qua 16n, GWO dé roi vao tdi uu cuc bd. Trong nghién citu nay, nham giai quyét van dé hoi tu sém ciia
GWO trong giai doan thim do, thuét toan lai ghép GWO-HHO dudc dé xuit. Thuat toan HHO vdi thé
manh vugt trdi trong giai doan thim do dudc st dung dé khic phuc nhude diém trén cia GWO. HHO
[25] dugc phat trién vao nam 2019 d€ bat chude phong cich sin moi clia diéu hau Harris. Viéc két
hop hai thuit toan nay dudc du doan cung cip mot thudt toan Iva chon tinh niing don gidn va manh
mé, dat dudc mdt su cin bang tot giita giai doan thim do va khai théc.

2. Thiét ké tbi wu hé théng phéan phdi nuée

Thiét ké t6i uwu hé théng phan phdi nuéc 12 phai thiét ké sao cho chi phi mang lai kinh t& nhét cho
bd tri mang lu6i nhung van ddp ting dd cic yéu cau vé miit thiy luc. Trong bai bdo nay, thiét ké tdi
wu mang ludi biang viéc xac dinh gia tri dudng kinh éng hop i v6i chi phi dau tu t6t nhit ma van thoa
min cdc yéu cau vé thiy Iuc 12 pham vi dé tai sé nghién ciiu. Trong d6 Iwa chon kich thudc dudng 6ng
1a cdc bién quyét dinh, trong khi so d6 mang 1udi, chiéu dai duong 6ng, luu lugng tinh toan va yéu cau
ap luc t6i thiéu tai cdc niit 12 thong sb dau vao ctia bai todn.

Bai todn tdi uu héa dudc phat biéu bing phuong trinh toan hoc nhu [11, 15, 17]:

Tong chi phi xdy dung mang ludi:

npipe
Minimize Co = Z ci(Dy) x L; (1)
i=1
trong do: (1) 1a ham muc tiéu, Cy 1a tdng chi phi xay dung mang 1uéi, c¢;(D;) 1a chi phi tinh trén mot
don vi chiéu dai ctia dudng kinh dng D;, L; 1a chiéu dai ctia 6ng i va npipe 1a s6 luong duong 6ng
trong mang ludi. D; 13 dudng kinh ctia 6ng i, dudng kinh mdi 6ng phai thudc bo kich thudc dudng
kinh thuong mai c6 sin:
D; € {D}, Vi € npipe (2)

véi {D} 1a tap hop cac dudng kinh 6ng thuong mai c6 san. Dbi véi bai toan bién rdi rac 1a chon dudng
kinh 6ng D; trong tip hop gia tri {D} bai bdo di sit dung k¥ thuat 1am tron sd nguyén dé chon dudc
gid tri D; {ing v6i mdi vi tri cla gid tri D; trong tap gia tri {D} cho trudc.

Ham muc tiéu trén phai tudn theo cac rang budc sau:

1. Phuong trinh lién tuc: D6i véi titng nit phai thda man phuong trinh lién tuc sau:

Ovio = Ora = Onut (3)

trong d6: Qo luu lugng vao nit, Q,, luu Iugng ra khoi nit, Oy, Iuu lugng tiéu thu tai nut.
2. Phuong trinh quan hé ning lugng: Quan hé ning ludng trong mang vong c6 thé dudc biéu dién

nhu sau:
D= E,=0 )

trong do: /1, 1a t6n that ap lyc tinh toan theo Hazen-Williams hodc Darcy-Weisbach, E,, ning lugng
bom cung cip vao mang.
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3. Ap luc yéu cau tbi thiéu: Dbi vé6i tiing nuit trong mang 1uéi, dp luc yéu ciu tbi thiéu nhu sau:

Hj> HM™; j=1,...M (5)

trong d6: H; 1a dp lyc tai nuit j; H}ni“ 12 4p luc yéu cau tdi thiéu tai nit j; M s6 luong nit trong mang
ludi.

Cic rang budc néu trén dudc thém vao ham muc tiéu (1) nham dua ra mot vin dé tdi uu héa hoan
chinh. Tuy nhién rang budc 1 1a phuong trinh lién tuc va rang budc 2 la phuong trinh quan hé nang
lugng da dugc thdéa man bdi phan mém EPANET khi md hinh va lam viéc trong mdi trudng nay. Do
d6 ta chi can xét rang budc 3 vé ap luc yéu cau tdi thiéu va dugc xi ly bang phuong an ham phat. Vi
thé ham muc tiéu bay gio sé phat biéu theo cong thic:

Minimize C; = Co + C),

trong do: Cy 1a tdng chi phi xdy dung mang ludi, C, 1a ham phat phu thudc vao ap lyc tai nit dudc

tinh theo cong thuc:
Nnode

Cp=px ), (Hjnin—H) ©6)
j=1
trong d6: Nnode tSng sb niit, H; 1a ap lyc tai nit j; H min 12 dp luc yéu cu tdi thiu tai nit j, p 1a hé
s6 phat, p = 0 néu khong vi pham va trudng hop vi pham diéu kién rang budc (5) thi p sé bang gid tri
that 16n, di v6i hai nghién cifu dién hinh trong bai bao liy p = 10,000.

Tép tin mang ludi B6 duong kinh/
(INP) Chi phi

Xac dinh sb luong qu?m thé, sb
vong lap t6i da Max(inter)

Cap nhat vi tri mdi cua tac

nhéan tim kiém

I [}
I I
i

! Giai doan tham do Giai doan khai thac i
1 Cap nhét vi tri theo HHO Cép nhat vi tri theo GWO | !
Tinh chi phi thyc xay 4 - P 1 L3 1
mi Két qua ap lyc tai cac nat ;‘ |
] qua ap lyc tai cac nl i }
i
i i
i i
I I
I I
i i

|

dung mang luéi Co Néu|A| > 1 Néu|A| <1

Cép nhit gia tri tuyét dbi
A

Tinh lai gia tri ham muc tiéu
Z = min(Cy+Cp)

I
|
|
|
|
|
|
; Khong thoa
i
|
I
I
|
|
|
|

Thoa

Hinh 1. So d6 tinh toan t6i wu chi phi xay dung mang lu6i cp nudc
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Trudng hgp ap luc tinh todn thap nht tai cdc nut trén mang lu6i < dp luc yéu cau (H; < Hjmin)
c6 vi pham, chi phi bao gdm chi phi xdy dung thuc t& cong véi chi phi phat.

Cdch vdn hanh bai todn:

Budc dau tién 12 mo phong mang ludi bing chuong trinh EPANET - 1a mot phan mém dugc phat
trién bdi kho cung cip nude va ngudn nude thudce td chitc Bao vé méi trudng cia My (US EPA) nham
muc tiéu thuc hién cdc mo phong tinh chit thiy luc. D€ ting dung EPANET vao bai todn tbi uu can
st dung dén EPANET-Matlab Toolkit 12 mot phan mém ma ngudn md, dudc phat trién ban dau bdi
Trung tim nghién ctiu mang va hé thong thong minh KIOS cta Pai hoc Sip, hoat dong trong mdi
truong Matlab, d€ cung cip giao dién 1ap trinh cho phién ban méi nhit ctia EPANET.

3. Phuong phap nghién ciru
3.1. Thudt todn toi uu soi xdam (GWO)

GWO [23] la thudt todn bat chudc hanh vi x4 hoi ctia loai s6i, hé théng phan cp xa hdi ciia s6i
x4am rt nghiém ngit va c6 bdn cp bic tif cao dén thip Alpha (), Beta (8), Delta () vi Omega (w).
Trong d6 Alpha (@) 12 con dau dan va 12 con s6i chiém wu thé nhit, con Omega (w) c6 vi thé thip nhét
trong hé thdng phan cip. Alpha (@) c6 thé 1a con duc hoic con cdi, 12 con quan ly bay dan tot nht va
c6 trach nhiém dua ra quyét dinh, Beta (8) 1a nhiing con s6i theo sau phu trg gitip Alpha (@) nhung
chiing chiém uu thé cao hon so véi Delta (). Nhiém vu clia nhitng con s6i nay 1a dao tao, linh canh
gdc va ddm bao su an toan cta bay dan. S6i xam c6 vi thé thip nhét trong dan 12 Omega (w), déng
vai tro 1a con phai hy sinh va phai tuan theo nhiing yéu cau va ménh lénh ctia nhitng con séi (@, 3, 6)
trong dan.

MBb hinh todn hoc ctia hé théng phan cip bay dan c6 ba budc chinh 1a theo doi, bao vy va tan
cong con mdi. PE mo phdng toan hoc theo thif bac xa hdi ciia séi khi thiét k& GWO, thuat todn xem
giai phap phit hop nhét 1a Alpha (). Do d6, cac giai phap tot thid hai va thd ba dugc dit tén 12 Beta
(B) va Delta (6). S6i xam c6 thé cap nhat vi tri clia né trong khong gian xung quanh con moéi & bat ki
vi tri ngiu nhién dudc x4c dinh trong budc bao vay con mdi. PE md hinh todn hoc cic budc bao viy
trong GWO cdc phuong trinh sau day dugc dé xuét:

B=[¢X,0-Xw (7)

X+1)=X,0)-AD ®)

< A o Lt A LR R . A AT 1s c s 2 X+ o n
trong do ¢ cho bict sy ldp lai hién tai, A va C la cac vector hé s0, X, 1a vector vi tri cua con mdi, va
_) R . . ’ 2 A~ 7. 7
X biéu thi vector vi tri cia mot con s6i xam.

- =
Cac vecto A va C dudc tinh nhu sau:

A=237 -3 (9)
C =27 (10)

trong d6 céc thanh phin ciia A tuyén tinh gidm tit 2 xubng O trong qué trinh Lip lai va ry, 72 1a cdc
vectd ngau nhién trong [0, 1].

Trong giai doan sin bét, nhitng con s6i ¢6 kha ning nhan ra vi tri cia con mdi va bao vay ching.
Cudc sin bat thudng dugc hudng dan bsi Alpha. PE md phdng theo todn hoc cac hanh vi sin bét ctia
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s6i xdm, gia st rang Alpha la gidi phdp ting vién t6t nhat, Beta va Delta c6 kién thifc t6t vé vi tri tiém
ning ctia con mdi. Sau d6, thuat toan Iuu ba giai phap tét nhit dau tién thu dugc va bat budc cac dbi
tugng tim kiém khac (bao gdm ca Omega) cip nhat vi tri cia chiing theo vi tri ctia cdc dbi tuong tim
kiém t6t nhit. Giai doan khai thac bat dau khi gid tri tuyét d6i ctia A nhd hon 1 (JA| < 1). Biéu dién
todn hoc cap nhit vi tri clia tic nhan tim kiém dugc thé hién trong cdc phuong trinh sau day:

e e
X1+X2+X3

X+1) =
B 3

(11

trong d6 X1, X», X3 12 vi tri ctia ba tic nhan tim kiém t6t nhit Alpha, Beta, Delta va dudc mo hinh héa
la:

— —
X = 3 (12)
- > - —
X, = X5 - 43.0Dp)| (13)
e T o S
Xs = ‘Xé —A3.D5’ (14)

trong d6 D,, Dg, Ds dai dién cho khoang cach dugc sit dung d€ cap nhat vi tri clia ba tdc nhan tiém
kiém tot nhat:

—_ > =
D, = ’cl.xa - X’ (15)
T [ —>
Dy =[C.X5 - (16)
e
Di=lox -X% (17)

3.2. Thudt todn t6i wu diéu hdu Harris (HHO)

HHO [25] 12 mot thuét todn tdi uu héa dugc 1y cam hing tit hanh vi sin moi ctia diéu hau Harris,
thuong dudc goi 1a “surprise pounce” hoic “the seven kills”. Tuy thudc vao tinh chét cac kiéu trén
thoat ctia con moi thi cudc di sin c6 thé hoan thanh trong vai gidy hoic c6 thé mat vai gi. Thuat todn
mo hinh cia HHO bao gdm hai giai doan chinh 13 thim do va khai thic. Giai doan thim do dé cap
dén qud trinh dau va phat hién con mdi.

Thuat toan HHO xem mdi diéu hau Harris 12 mdi tng vién gidi phap, noi ma mdi budc con moi
da dudc ngam sin hoic dudc thé hién bang gidi phdp dé cit tét nhit. Thuit toan mo phdng cac chién
lugc tim chd dau ctia didu hau Harris c6 thé xay ra hai trudng hgp. Kha niing diu tién 1 con diéu hau
sé dau ngiu nhién bit ky trong pham vi quan thé. Diéu kién nay mo phdng khi ¢ > 0,5 theo cong thiic
(18):

Xrana(t) = 11 | Xrana(t) = 2r2X(0)]; q=05

KXrabpin(1) = X)) — 13 (LB + ra(UB ~ LB)); q < 0,5 (18)

Xic+1) = {
Kha ning thi hai la diéu hau Harris sé ddu gan vi tri cdc thanh vién khac trong quan thé va con moi.
Diéu kién nay dugc md hinh theo cong thic (18) khi ¢ < 0,5. Trong d6 )71) (r + 1) la vecto vi tri cia
diéu hau, 12 s6 1an Lip tiép theo, X,quq (¢) 12 diéu hau dudc chon ngiu nhién tir quan thé hién tai, X (¢)
1a vecto vi tri hién tai ctia diéu hau, |, r», r3, r4 va g la cic hé sb ngau nhién trong (0, 1), X,appir (¢) 12
vi tri ctia con moi, X,, 12 vi tri trung binh ctia quan thé diéu hau hién tai, LB va UB 1a cin duéi va trén
clia cic bién.
Trong giai doan khai thac, diéu hau Harris tn cong con moi da dudc xéc dinh & buée trude. C6
bdn kha ning trong thuat toan HHO d€ 1ap mo hinh céc kiéu tin cong khac nhau theo diéu hau Harris.
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Gia st r dai dién cho co hoi trén thodt ctia con moi, trdn thodt thanh cong dudc thé hién bdi r < 0,5,
con r > 0,5 thé hién su thit bai trong viéc tron thoat. Diéu hau sé thuc hién bao vay mém hoic bao
viy cing dé bit con mdi, tily thudc vao co hoi trén thoat ctia con mdi (). Thong sb E trong thuit
toan HHO dudc st dung d€ xac dinh loai tAn cong bao vay. Néu con moi thét bai trong viéc trén thodt
(r > 0,5), bao viy mém dudc chip nhan néu |E| > 0,5, trong khi bao vAy ciing xay ra khi |E| < 0,5.
Mo hinh toan hoc biéu dién bao vay mém dudc mo phdng theo cong thiic (19) va (20), bao vay ciing
dugc mo phdng theo cong thiic (21)

X(t+1) = AX(t) — E I X apic(t) — X(@)| (19)
AX(t) = Xyappir(t) — X(1) (20)
X(t+1) = Xpappir(t) — E|AX(2)] (21)

Déi v6i trudng hop c6 thé trén thodt thanh cong (r < 0,5), bao viy mém xay ra khi |[E| > 0,5, mo
hinh toan hoc dugc md phdng theo cong thiic (22), (24), (25), (26), trong khi bao vy ciing xay ra khi
|E| < 0,5 dugc mo6 phdng theo cong thic (23)—(26)

Y = Xoappit(t) — E|J Xyappin (1) — X(0)] (22)
Y = Xrabpit(t) = E | Xrapbir(t) = Xm(D)] (23)
Z=Y+S XLF(D) (24)
=2 _ ] Yt f(Y) < F(X(1)
Xe+ D)= { Z. if f(Z) < F(X(1)) (23)
LF(x) = 0,01 x 27
[v|?
rd in ()

(7:[ ( ‘:,B)Xsm(z)) 06)

I (%) xpx2

3.3. Thudt todn lai ghép dé xudt (GWO-HHO)

GWO 12 thut to4n tim kiém vi tri t6i uu dua vao hé théng phan cip thif bac, GWO di cung cip
két qua toi wu tot hon khi so sanh v6i mot sb thuat toan thong dung nhu GA, PSO, DA. GWO c6 thé
manh trong giai doan khai thac, tuy nhién lai yéu & mit thim do vi thiéu sy da dang cda quan thé.
Viéc md rong vung tim kiém va tranh tdi wu cuc bd chi phu thudc vio hai bién trong phuong trinh t6i
uu. Do d6, véi bai todn c6 ving khong gian tim kiém qua 16n, GWO dé rai vao tbi uu cuc bd.

Trong nghién ctiu nay, nhim gidi quyét vin dé hdi tu sém ctia GWO trong giai doan thim do,
thuat todn lai ghép GWO-HHO dugc dé xut, thuit toan HHO vé6i thé manh vuot troi trong giai doan
tham do dugc st dung & giai doan nay theo cong thic (18), trong giai doan khai thac thuét toan GWO
dugc st dung theo cong thiic (11). Su két hop lai ghép thuat toin GWO-HHO dudc du dodn sé mang
lai hiéu qua cao, vira khic phuc, cai thién diém yéu va tan dung dugc diém manh ctia mdi thuit toan
trong tiing giai doan.

Hinh 2 cung cip mot luu dd ctia phuong phép lai ghép nham cai thién thuat toan GWO. M6 hinh
lai ghép dé xuit GWO-HHO, tim kiém bat dau véi viéc khdi tao gia tri vecto hé s6 A.

Néu (JA| > 1), giai doan thdim do bt dau, tic nhan tim kiém sé& cap nhat vi tri ctia né dua trén hai
chién lugc. Néu chiing ta gia st c6 c¢o hdi nhu nhau ¢ cho méi chién lugc, chién luge dau tién 13 & gan
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Xac dinh s6 luong quan
thé, so vong lap toi da
Max(iter), ...

‘ Yes
v

Tinh toan lai ham muc tiéu Z theo cong thirc
(2) ing v6i mdi tac nhan tim kiém

1
Cap nhat vi trf téc nhan Tinh toan vi tri cita ba tac
tim kiem theo cong thire {1, nhan tim kiém t5t nht X,
(27) i X,, X3 theo cong thirc (12),

(13),(14)

No § Yes N i l
i | Cap nhat lai vi tri m&i X1y

Cap nhat vi tri & gan cac Chon vi trf neu nhién bit | la trung binh ciia ba tac nhan
thanh vién khac trong on vi tri ngau nhle;“ bat | tim kiém tot nhét X, X, X3
quin thé va con mbi kitrong quinthé ) / theo cong thirc (1)
,,/ \\ T ,’//
Cép nhat gi tri
tuyét déi A
Yes

Hinh 2. Luu dd thuc hién toan lai ghép GWO-HHO

cdc vi tri clia thanh vién khdc trong quan thé va con moéi véi diéu kién g < 0,5 theo cong thic (27),
va chién lugc thif hai 12 chon mdt vi tri ngdu nhién bét ky trong quan thé nhu dugc mo hinh héa trong
cong thic (27) véi diéu kién ¢ > 0,5

41 Xy () = C1X(0) = 2r X (D) g>05 7
D= (X0 - Xu(0) = C (LB + ra(UB - LB): <05 @7
C =2 (28)

trong d6 X (r + 1) 12 vecto vi tri tiép theo ciia tic nhan tim kiém, X, (7) 13 tic nhan tim kiém ngiu
nhién tif quan thé hién tai, X » () 1a vi tri cta con moi, X,, 12 vi tri trung binh clia cic tic nhan tim
kiém, C 12 vecto ngiu nhién tinh theo cong thiic (28), r, 71, > 12 cic hé s6 ngiu nhién trong (0, 1).
Tham s6 C cho phép thuat toan thé hién mic do ngdu nhién cao trong sudt qua trinh t6i wu héa, thic
ddy tham do va trdnh cuc bd.

Khi (JA| < 1), c4c tac nhan tim kiém phai cap nhat vi tri ctia chiing theo vi tri clia ba tic nhan tot
nhét dau tién thu dugc theo cong thiic (11). Céc tham s6 X, X5, X3 12 vi tri cia ba tac nhan tim kiém
tot nhat va dugc mo hinh héa theo cong thic (12), (13), (14).

Dua vao niing lugng ctia con moi, thong sb A dugc st dung dé ki€ém soat giai doan thim do va
giai doan khai thac, A 1a mot gi4 tri ngiu nhién trong khodng [—2a, 2a] trong d6 a 1a mot gia tri ngiu
nhién gidm tuyén tinh tir 2 xudng 0 trong qu4 trinh Lip lai. Khi |A] < 1 diéu d6 c6 nghia 12 con moi
mAt niing lugng va ngiing di chuyén thi tac nhan tim kiém bét dau tAn cong (khai thac), trong khi néu
|A| > 1 c6 nghia 1a con moi khong thé bi tn cong va tac nhan tim kiém phéi buéng bé con moi, kham
phd khong gian tim kiém méi (thim do). |A| dudc x4c dinh theo cong thiic (29):

Al =pan -2 (29)
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3.4. Ddnh gid hiéu sudt cia thudt todn

Panh gid hiéu suit cdia mot thudt toan toi uu héa phu thude vao rat nhiéu yéu té nhu mitc do hiéu
qua, dd tin cdy... Viéc so sdnh hiéu suit clia c4c thuit todn tdi wu héa doi héi phai thuc hién nhiéu
lan chay.

Mot chi b4o hiéu suit phit hop dugce dé xuit dé chi ra hiéu suét chung ctia thuat toan tdi uu héa
dugc gidi thiéu vao ndm 2020 bsi Ezzeldin va Djebedjian [17]

nalgorithm =100 - [0’99 loglo Ngen + 0901 loglo(Ngen - N()bj—eval + 1)] (30)

trong d6: N, 12 tdng 6 lugng ddnh gid, Nopj—evar 12 s6 lugng dénh gid toi thiéu.

4. Panh gia mo6 hinh toan

Hiéu suit ctia mo hinh dua trén GWO-HHO dugc phat trién cho tbi uu héa vin dé thiét ké tdi uu
mang lu6i nuéc dudc danh gia thong qua hai nghién ctiu dién hinh hé théng phan phbi nuéc chuin
ndi tiéng: mang ludi Two-loop, mang ludi Ha Noi.

4.1. Mang ludi Two-loop

Alperovits va Shamir [5] da gi6i thi€u mot 2
mang ludi cAp nudc dé kiém tra phuong phap “gra-
dient 14p trinh tuyén tinh” ctia ho. Mang lu6i ma
tac gid dua ra 1a mang tu chay va c6 mot nguodn cip
va0. Mang nay bao gébm 8 6ng mdi dng c6 thé chon
14 co duong kinh khic nhau, 6 nut, mdt ho chita
va hai vong. Chiéu dai cta tit ca cic dudng 6ng la
1000 m, va gia dinh hé sé6 Hazen-Williams ctia tAt
ca cac 6ng 1a 130. Nhu vay khong gian 16i giai 1a
143 = 1,48 x 10° dap sb cho bai toan. Cach bb tri
mang ludi cia Shamir dudgc cho trong Hinh 3.

Nhu cau tiéu thu tai nit va cao do dudc dua
ra trong Bang 1. Céc don gia cho tung dudng kinh
dng dan cho mot mét chiéu dai nhu trong Bang 2.

(8]

o8

o

Hinh 3. Mang udi cip nuéc Two-loop

Bang 1. Dt liéu nit mang 1uéi Two-loop

Nut Luu lugng (m3/h) Cao d6 mit dit(m) Ap luc t6i thiéu (m)
1 (ngudn) -1120 210 30
2 100 150 30
3 100 160 30
4 120 155 30
5 270 150 30
6 330 165 30
7 200 160 30
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Bang 2. Dit liéu dudng kinh dng va chi phi

STT Puong kinh Chi phi (1 m éng) STT Dbuong kinh Chi phi (1 m éng)

1 25,4 2 8 304,8 50

2 50,8 5 9 355,6 60

3 76,2 8 10 406,4 90

4 101,6 11 11 457,2 130

5 1524 16 12 508 170

6 203,2 23 13 558,8 300

7 254 32 14 609,6 550

Puong cong hoi tu
DE t6i wu héa trudng hop nay, md hinh GWO- 2.0

HHO dudc khdéi chay véi s6 ca thé trong quan thé
1a 25 va s6 vong lip tdi da 1a 75. Thuat toan dudc 15 L
dé xuAt mang lai gidi phap tot nhét 12 419,000 ($). <
Danh gid t6i vu héa hiéu S}]ét thudt todn bing viéc €<, o |
stt dung chi bao hiéu suat theo cong thic (30). s
Bang 3 thé hién két qua ti uu hda ctia cic nghién 5
cifu trudc day va hién tai cho mang ludi Two-loop, 05 1
tht cd déu dat dudc miic chi phi t6i wu 1a 419,000
($). Theo chi sb hiéu sudt, GWO-HHO dudgc xép 0.0 : : : : :
hang thi 2 chi sau FDE ctia Moosavian va Lence 0 365 730 1095 1460 1826

S6 lwong d4nh gia

[26]. Biéu do do hoi tu chi phi va sb lugng danh
glé dlIOC thé hlén trong Hinh 4 va dubng kinh toi Hinh 4. Biéu dd dd hoi tu cua chi phi va sb lu’dng
wu clia mang dugc thé hién trong Bang 4. danh gid

Bang 3. Panh gid hiéu suét ctia cdc gii phap t6i vu mang Two-loop

Tic gia Thuét todn Nen Nobj-eval Chi s6 hiéu Suat 1ugrigm (%)
Eusuffand Lansey [13] SFLA 17,000 11,155 95,7742
Suribabu va Neelakantan [27] PSO 2,000 760 96,7010
Suribabu [14] DE 10,000 1,320 96,0006
Ezzeldin va cs. [28] IDPSO 5,000 549 96,3015
Reca va cs. [29] B-GA 20,000 2,000 95,6994
GA 20,000 6,060 95,7005
El-Ghandour and PSO 2,500 1,650 96,6067
Elbeltagi [30] ACO 25,000 2,650 95,6025
MA 20,000 11,402 95,7026
1,000 197 97,0009
Moosavian and FDE 5,000 197 96,3012
Lence [26] 10,000 197 96,0001
100,000 197 95,0000
Praneeth va cs. [31] WCA 22,000 2,200 95,6580
Ezzeldin and Djebedjian [17] WOA 2,100 1,068 96,6809
GWO 3,000 2,340 96,5294

Nghién ciiu nay GWO-HHO 1,875 1,425 96,7332
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Bang 4. Két qua dudng kinh 6ng t6i uu mang Two-loop

STT 1 2 3 4 5 6 7 8
4572 2540 4064 304,88 4064 2540 2540 254

Puong kinh (mm)

4.2. Mang luéi Ha Noi

Fujiwara va Khang [32] ap dung phuong phap phan tich hai giai doan trong quy hoach mang luéi
phén phdi nudc tai Ha Noi, Viét Nam. Mang 1u6i bao gom 32 nut, 34 dng véi 6 Iva chon ¢d dudng
kinh va 1 hd chifa. CAu tao mang nay gdm 3 vong, gia dinh hé s6 Hazen-Williams ctia tit ca cic dng
1a 130. Tuong tu nhu mang ctia Shamir, mang Ha No6i khong chita bat ky thiét bi bom nao. Khong
gian giai phap clia mang rit 16n 6>* = 2,87 x 10%%, cach bb tri mang Ha Noi dudc dia ra trong Hinh 5.

Hinh 5. Mang 1u6i cAp nuéc Ha Noi

D6 cao clia tit ci cdc nit 12 0 m, ngoai trit hd chifa ¢6 d6 cao 1a 100 m. Cac nhu ciu tiéu thu tai
niit, do dai dudng éng dugc dua ra trong Bang 5 va 6.

Bang 5. Nhu cau tiéu thu tai mit trong mang Ha Noi

Nuit Luu luong nit (m*/h)  Nat  Luu lugng ndt (m*/h) Nt Luu lugng nit (m>/h)

1 (reservoir) —-19940 12 560 23 1045
2 890 13 940 24 820
3 850 14 615 25 170
4 130 15 280 26 900
5 725 16 310 27 370
6 1005 17 865 28 290
7 1350 18 1345 29 360
8 550 19 60 30 360
9 525 20 1275 31 105
10 525 21 930 32 805
11 500 22 485
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Bang 6. Chiéu dai 6ng trong mang Ha Noi

Ong Chidudai (m) Ong Chiéudai(m) Ong Chidudai(m) Ong Chiéu dai (m)
1 100 10 950 19 400 28 750
2 1350 11 1200 20 2200 29 1500
3 900 12 3500 21 1500 30 2000
4 1150 13 800 22 500 31 1600
5 1450 14 500 23 2650 32 150
6 450 15 550 24 1230 33 860
7 850 16 2730 25 1300 34 950
8 850 17 1750 26 850
9 800 18 800 27 300

Bang 7. Chi phi cho tling kich c¢d duong 6ng
TT buong kinh (inch) buong kinh (mm) Chi phi ($/m)

1 12 304,8 45,73
2 16 406,4 70,4

3 20 508 98,38
4 24 609,6 129,33
5 30 762 180,75
6 40 1016 278,28

D€ t6i wu héa trudng hgp nay, md hinh GWO-
HHO dugc khdi chay véi s6 cd thé trong quin
thé 1a 30 va sd vong lap t6i da la 3000. Thuat
toan dugc dé xuit mang lai gidi phdp t6t nhit 1a
6,081 x 10° ($). Panh gid t6i wu héa hiéu suét
thuat toan bang viéc st dung chi bdo hiéu suit
theo cong thiic (30). Bang 8 thé hién két qua tbi
uu hda cda cac nghién ciu trudc diy va nghién
cifu hién tai cho mang luéi Two-loop, tit ca déu
dat dugc miic chi phi t6i uu 1a 6,081 x 10° ($).
Theo chi s6 hiéu suit, FDE ctia Moosavian and
Lence [26] dudc xép hang cao nhét, trong khi d6
GWO-HHO xép hang cao hon Marchi va cs. [33]
st dung GAtrad, GAmod, PSO va DE va Riham
M. Ezzeldin st dung WOA [17]. Biéu dd do hoi
tu ctia chi phi va s luong danh gid dugc thé hién
trong Hinh 6 va dudng kinh téi vu clia mang dudc
thé hién trong Bang 9.
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Bang 8. Panh gid hiéu suét ciia cac giai phap t6i vu mang Ha Noi

Chi s6 hiéu sudt  Giatritdt  Gidtri trung  Gid tri xu

Tac gia Thuit todn Ngen Natgoritim (%) nhit ($ 106) binh ($1 06) nhét ($ 106)
Suribabu [14] DE 10,000 96,0019 6,081 - -
GArad 500,000 94,3050 6,122 6,278 -
Marchi GAnod 500,000 94,3580 6,221 6,347 -
va cs. [33] PSO 500,000 94,3020 6,081 6,265 -
DE 500,000 94,3050 6,162 6,227 -
Sheikholeslami
and Talatahari [21] DSO 60,000 95,2246 6,081 6,128 -
Sheikholeslami CS 60,000 95,2311 6,081 6,195 6,224
va cs. (2016) CSHS 60,000 95,2251 6,081 6,107 6,160
1,000 97,0012 6,081 6,581 -
Moosavian FDE 5,000 96,3012 6,081 6,12 -
and Lence [26] 10,000 96,0001 6,081 6,093 -
100,000 95,0000 6,081 6,088 -
Ezzeldin [17] WOA 180,000 94,7490 6,081 - -
Nghién ciu GWO 150,000 94,8270 6,081 6,212 6,322
nay GWO-HHO 90,000 95,0517 6,081 6,091 6,102

Bang 9. Két qua dudng kinh 6ng t6i vu mang Ha Noi

6ng Dbuong kinh (mm) 6ng Dbuong kinh (mm) 6ng Dbuong kinh (mm)

1 1016 12 609,6 23 1016
2 1016 13 508 24 762
3 1016 14 406.,4 25 762
4 1016 15 304,8 26 508
5 1016 16 304,8 27 304,8
6 1016 17 406,4 28 304,8
7 1016 18 609,6 29 406,4
8 1016 19 508 30 304,8
9 1016 20 1016 31 304,8
10 762 21 508 32 406.,4
11 609,6 22 304,8 33 406,4
12 609,6 29 406.,4 34 609,6

5. Ket luan va de xuat

Bai bdo nay gidi thiéu viéc 4p dung mot k¥ thuat méi dude goi 1a thuét todn tbi wu héa lai ghép
gitta s6i xdim GWO va diéu hau Harris (HHO) d€ thiét ké tdi vu héa mang 1u6i hé théng phan phdi
nude. Hiéu suét ctia mo6 hinh GWO-HHO dudc dénh gid thong qua hai nghién citu dién hinh hé théng
phan phdi nuéc chuin ndi tiéng: mang 1udi Two-loop, mang ludi Ha Noi. Pbi v6i mang Two-loop,
mo hinh di cho ra két qua dat dudc chi phi tdi uu 1a 419,000 ($), va chi s6 hiéu suit 12 96,73% dudc
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xép hang thii 2 trong s6 16 k¥ thuat dudc danh gid. Ddi véi mang Ha Noi, mo hinh ciing da cho ra két
qua dat dugc chi phi t6i wu 1a 6,081 x 10° ($), chi sé hiéu sut 1a 95,05% chi xép thit 8 trong sb 15
ky thuat dudc danh gid. Tuy nhién khi so sanh vé chi sb tim dugc gia tri tot nhit, gia tri trung binh
va gid tri xdu nhit (Bang 8), thuit toan GWO-HHO lai cho thiy dudc di€ém manh khi xép thi 2 trong
tong s6 thut todn dudc xét dén. Diéu nay cho thiy GWO-HHO c6 thé hoi tu nhanh hon cac thuét toan
khac vé& mit tim kiém gidi phap t6t nhat ciing nhu gid tri trung binh tot nhit. Hiéu suit tot hon ctia
GWO-HHO cho nghién ctiu dién hinh nay c6 thé la do khé ning thim do khong gian tim kiém rong
16n ctia HHO v6i su hd trg khai thac hiéu qua cia GWO do d6 ting co hoi tim ra dudc gia tri tbi uu.
Cubi cling, thuat to4n lai ghép GWO-HHO da cdi thién dugc nhiing diém yéu ctia GWO tiéu chuén,
cho thdy dudc su cin bang giita giai doan tham do va khai thac dé cho ra két qua ti uu hon.

Mic du két qua thu dudc 1a rAt 4n tugng, nghién ciiu nay van chua kiém chiing vé6i s6 dé6 mang
1u6i 16n hon, khi ma tdng sb 10i giai kha thi 1a rat 16n va doi héi su cai tién triét d€ hon nita cia mo
hinh tinh toan d€ rit ngan thoi gian chay chuong trinh.
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