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Tém tit: Viéc xdc dinh dwoe tdp thong so t6i wu trong hé thong mé hinh thity van thong sé phan bé la

rdt can thiét nham giai quyét cac bai toan thyc tién trong linh viec thuy van va tai nguyén nuwoc. Bai bao

nay trinh bay két qua nghién ciru, g dung ky thudt phdn ra khéng gian muc tiéu nham tim 1oi gidi t6i

wu toan cuc cho cdc thong sé trong mé hinh thiy van phdn bo. Cdc két qua dat dwoe trén bdi todn thir

nghiém da cho thay, ky thudt phan ra khong gian muc tiéu dwa trén tdp huéng tham chiéu da givp bai

todn cé kha nang tim kiém trén toan bé POF (front toi wu Pareto), dam bdo si da dang vé mdu trong

khong gian muc tiéu.

Tur khoa: Tdi vu da muc tiéu, md hinh thity vin phan b, wéc tinh théng sd.

1. MO PAU

Mo hinh thiy vin théng s6 phan bd 1a mot hé
thong ¢ cdu tric rat phirc tap, hau hét cac thanh
phan tham gia vao hé thong nhu mua, thim, bdc
hoi..., déu 1a cac thanh phan phi tuyén duoc biéu
dién boi cac phuong trinh vi phan chira ca bién
khong gian va thoi gian. S6 lugng thong sé can
xéac dinh trong hé thong 14 rat 16n va rat kho xac
dinh. Pac biét bai toan udc tinh thong s6 cho hé
thong s& trd 1én phtc tap hon va doi hoi khéi
lwong tinh toan gia ting theo cdp sd nhan khi s6
chiéu trong khong gian théng s can tim va khong
gian muc tiéu gia ting. Mic du vay ddi véi bai
toan udc tinh thong s6 don muc ti€u (ham muc
tidu vo hudng), ngudi hiéu chinh hé théng van co
thé tim duoc tap thong sb chép nhan duoc dua
trén phuong phap thir sai (phuong phap dang st
dung ph bién & nudc ta hién nay). Tuy nhién chat
lwong bo thong sb tim dugce theo phuong phap thir
sai lai phu thude rat 16n vao muc do hiéu biét vé
hé thdng thuc va mé hinh cua ngudi hiéu chinh,
thuong mang ning tinh chi quan va chéat lwong

'n rung tam Dy bao khi tuong thiy van quoc gia
? Tong cuc Khi twong Thiiy van
y Truong Pai hoc Thuy loi

thap, dac biét 1a phai mét rit nhiéu thoi gian trong
qua trinh hi€u chinh.

bé giai bai toan udc tinh tbi uu thong sb trong
md hinh thuy vin dd cé rat nhiéu coéng trinh
nghién ctru ngoai nudc dugce thuc hién trong hon 2
thap ky vira qua nham xay dung duoc giai thuat
t6i wu hogc chi ra cic phuong phap hiéu chinh mé
hinh ty dong nhanh hon va hi€u qua hon, cac giai
thuat dat duoc tir cong trinh dién hinh c6 thé ké
dén nhu: Giai thuat tién héa sao tron phirc hop cua
truong dai hoc Arizona (shuffled
complexevolution-SCE-UA) (Duan, et al 1994),
thuat toan MOCOM-UA (Yapo, et al 1998); thuat
toan MOSCEM-UA (Vrugt, et al 2003). Cac thanh
tuu dat dugc trong linh vuc nghién clru, tng dung
Iy thuyét toan tdi wu vao bai toan thiiy van trong
hon 2 thap ky qua 14 rat 16n, tuy nhién cic bao cao
vé két qua nghién ru va tng dung tir cic cong
trinh nghién ctru ké trén cho thdy van con ton tai
nhiéu vin d& can phai tiép tuc nghién ctru hoan
thién dé nang cao hon nira hi¢u qua cua cua thuat
toan nhu: thoi gian hi¢u chinh con rat 16n (dac biét
1a khi ap dung cho mé hinh thuy van thong sb
phan bd); bai toan c6 xu hudng hoi tu nhanh khi
) lugng thong s6 can tim 16n hodc cac ham muc
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tiéu co tuong quan cao; cac thuat todn thuong co
hiéu qua khong cao khi cac muc ti€u hi€u chinh
16n;...Bai bao nay trinh bay két qua nghién ciru,
ung dung k¥ thuat phan ra khong gian muc ti€u
nhiam tim 151 gii t6i wu toan cuc cho cac théng sb
trong md hinh thuy vin thong sé phan bd.

2. PHUONG PHAP NGHIEN CUU

2.1 No¢i dung phwong phap

a) Bai toan tdi wu thong sb

Theo (Trin Hong Thai, 2005) hé théng cin
dugc hiéu chinh phu hop véi thuc té théng qua sb
liéu quan tric trude khi ing dung vao thyc té. Néu

. , F (k} 1:;-_ ,
chiing ta ky hi¢u h¢ thong la F'w,p) va so

liéu quan tric 1a % voi k J M™ (M™ 1a khong
gian bién trang thai, cdc bién ma ¢ d6 sb liéu quan
trac dugc sir dung dé udc luong thong sb), bién
quan tric k7 co thé 1a muc nude hodc hru hrong
co duoc tai cac tram do theo thoi gian t; voi j=1,
..., Ny Khi d6 bién quan tric c6 thé duoc mo ta
nhu sau:

zy; = F®(t,w,X) + €,

Trong do W € R* 1 khong gian bién trang
thai ciia hé thong; X 1a khong gian véc to thong sb
cua hé théng; ¢ 1a 18i quan tric véi gia thiét 1a
tuan theo luat phan phéi chudn ¢ ™ N(0.0¢;) , 0
day ki la dd léch chuén cta bién quan tric ZkJ

Bai toan wdc tinh thong s trong hé thong mo
phong qua trinh mua, dong chdy dugc xac dinh

nhu sau: xac dinh tap gia tri thong sé X(X,,... Xy

voi diéu kién rang budc (2) dé ham t6i wu (1) dat
gié tri cuc tiéu

m 1
-

Min N (21 — F™ (tpw. X7)

Min e

e ECONE = Xow L L o2 1)
keM,, j=1 :

X X< XM= 1N (2

Muc tiéu ctia bai toan hiéu chinh thong sé mé
hinh 13 tim tdp vécto théng sé X sao cho chudi
thoi gian E(X) dat cuc tiéu, trong thuc té chudi
E(X) thuong duoc thay thé bang mot hodc nhiéu
cac chi tiéu thong ké (nhu chi sé SLS, Nash,

PDIFF, DRMS,...) duoc biét dén nhu 13 cac ham
muc tiéu hiéu chinh ky hiéu F(X). P6i véi bai toan
hiéu chinh thong s6 tdi wu da muc tiéu (MOP), bai
toan dugc mo ta nhu sau:

Min F(x) = (f,(x), ... £,(x)7 3)

g;(x)=20, j=1,...]
h,=0k=1,.. K
x e N

Sao cho:

Trong do6:

= JvaK lasb cta bat phuong trinh va phuong
trinh rang budc twong ting

= 0 C R"1a khong gian thong sé (khong
gian bién quyét dinh),

» x = (xy,..,x,)7 € 0 1avéc to théng sb

= F: Q -> Rm la ham 4nh xa tr khong gian
thong s6 Q sang khong gian Euclid m chiéu.

= Rm goi la khong gian muc ti€u.

Lua chon tét nhat hién nay dé giai bai toan trén
1a phat trién cac thuat toan theo hudng tién hoa da
muc ti€u (MOEAs). Khi cac ham muc ti€u mau
thuan nhau, s& khong ton tai bat ky mot diém nao
trong khong gian 11 & cac ham muc tiéu déng thoi
dat cuc tri, cach duy nhat 13 phai cn bang giita
cac ham muc tiéu, van d& nay c6 thé duoc giai
quyét bang diéu kién tbi uu Pareto. Khi ay tap 1oi
gidi ctia bai toan tdi wu da muc tiéu s& chira dung
tat ca cac vécto quyét dinh ma & do6 cac vécto muc
tidu tuong ng cta chung khong thé cai thién tét
hon trong bat ky chidu nio ma khong lam suy
giam mot chiéu khac.

b) Giai bai toan theo phwong phap phan ra
khéng gian muc tiéu

Céc tiép can dé giai bai toan téi vu da muc tiéu
trong bai bao nay dugc thuc hién duya trén nén
tang két hop cac thanh tyu di dat duoc cua thuét
toan t6i wu don muc tiéu trong linh vyc thuy vin
va tai nguyén nudéc SCE UA (Duan, et al 1994)
va thuat toan t6i wu da muc tiéu SPEA/R (Jiang, et
al 2017). Khong gian muc tiéu trong bai toan s&
duogc chia thanh cac ving nhé doc 1ap dua trén tap
hudng tham chiéu (W), cach 1am nay s& giup bai
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toan c6 kha nang tim kiém trén toan bo POF (front
t6i uu Pareto), dam bao sy da dang vé méu trong
khong gian muc ti€u. Viéc xay dung tap tham
chiéu W dugc thuc hién nhu sau: Pau tién tim
huong tham chiéu C dugc xéac dinh qua s6 ham
muc tiéu M C(1/M, ..., 1/M), sau do6 toa do cua
cac diém B; (diém cét truc thir i trong khong gian
B, _ (b[-,“

muc tiéu) dugc xac dinh la . b,»:) sao

cho %=1 va bf:Ochotétcé{jqéH 1<j<M, 1<
j <M }. Nhu vay don vi don hinh c6 thé duoc
chia té1 M don hinh nhé hon ky hiéu 1a Simp(i) , &

B

(a)

do6 bién cua cac Simp(i) dugc xac dinh bdi cac
diém C, Bi va Biss (xem Hinh 1). Trén mdi
Simp(i), c4c diém trén canh CB, va CBis1 s&
thirc

duoc sinh  trudc theo

[=C+i(B-0)

dua cong
trong do6 k 1a s6 16p tir dinh
C t6i canh Zi%#1 ¢+ ] (1, k), sau do cac diém
trén cac 16p duogc tao ra theo cong thirc
= £ véit ) 1,...,1), 1
Df, = Df +—(Dfsy — Df) s 1)

1a s6 tham chiéu cho 16p rth ciia Simp(i).

]_ A all LY
- T LY
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. L] i
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(b)

Hinh 1. Cdc giao diém ciia hwéng tham chiéu va mét don vi don hinh.

(a) cdc hudng tham chiéu trén mot Simp(i) va (b) la cdc hudng trong khong gian 3 muc tiéu
(28 huong dwoc sinh ra boi 3 16p) (Jiang, et al 2017)

Nhu vay c6 thé nhan thiy voi k-16p tong sb
hudng tham chiéu cho bai toan t6i wu M muc tiéu
c6 thé duoc xéac dinh theo cong thuc nhu sau:

(s Mk(k + 3)

H:§=Z{Zr+k}+ 1=———+1 )

i=1 \r=1

Tai mdi huéng tham chibu w'eE W,

i € {1, Hy; ], thuat toan xéc dinh khong

gian muc tiéu twong Ung v thong qua dinh
nghia sau:

v ={Fr) e 0| Fl)w < (FG)wi} (5
- ke =
Trong do / € 1L Hii ) x € 0, F(
vécto muc tiéu dd duoc chuidn hoa cua x, va

(F(x),w’) la goc nhon tao bai F () va w' s

dung dinh nghia nay c6 thé d& dang xac dinh duoc
s6 cac ca thé dang co trong khong gian ¥

Bai todn da dugc ma hoa thanh chuong trinh
tinh toan t6i wu da muc tiéu voi tén goi
MSCE_UA c6 kha nang hoat dong song song trén
nhiéu Server hoat dong trong mdi trudng hé diéu
hanh Linux va hé diéu hanh may tinh hiéu nang
cao Cray XC 40 Series (Bui Dinh Lap, 2021).

2.2. Thir nghiém giai thuat

Pé dam bao giai thuat hoat dong hiéu qua,
chinh x4c trude khi ma hoa va trién khai tng dung
trong thuc té. Trong ndi dung nay ching toi tién
hanh thtr nghiém giai thuat thong qua cac bai toan
test mau duoc dé xuét boi (Zitzler, et al 2000) va
(Deb, et al 2002). Bn bai toan test v6i d6 kho
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khac nhau da duoc Iya chon dé tham gia danh gia
muc d¢ hi€u qua va tinh 6n dinh cua gidi thuat,
trong do6: bai toan ZDT1, ZDT6 thuc hi¢n trong
diéu kién t6i wu dong thoi 2 ham muc tiéu véi tap
t6i wu Pareto front 1a ham 16i va ham phan bd

khong déu trén Pareto front; bai toan DTLZI,
DTLZ5 dugc thuc hién trong diéu kién tbi uu
dong thoi 3 ham muc tiéu.

Mo ta toan hoc cua 4 bai toan test dugc trinh
bay nhu trong Bang 1.

Bang 1. Cac bai toan tham gia thir nghiém

Gidi han )
Bai toan thir nghiém va cac ham muc tiéu . Loi gidi toi uu
bien
Bai toan ZDT1:
£6 . E':H]ig”h x;J [0,1]
g[:x:_,_“_,xm] =1+0 HZ. ".'l'!';'r[:'i'ﬂ-— 1] [0,1] Xi:O
= i=2, .,m
hg) =1- Fi/g
Bai toan ZDT6:
Filey)= 1 —exp(—4x,)sin®(6nx,); flx) =g=h xi ) [0.1]
m o3 [0,1] xi=0
(st =1+ 9+(0).  x)/(m—1))
"!=2 i=2,...,m
h(f.g) =1-(fi/g)
Bai toan DTLZ1:
r 1
Minimizef, (x) = S xyx; x5 (1 + g(x,)),
12 X = 0.5
Minimizefy (x) = E-‘fi-":... (1 — 21 + g(x ) Vi € Xy
) ¥ . [0,1]
Minimizefy 4G = 2xy(1 = x2)(1 + gCx)) Z £ =05
1 m=1
Minimizefy, (x) = 5(1 —x W14 gl
\subject to 0 < x; =1, fori=12...n
Bai toan DTLZS:
Min, f;0x) = (1 + g(xNcos(Bym/2) .. cos(Bp a7/ 2)cos(By a7/ 2D )
Min. £x) = (1 + g(x,cos(8,7/2) ...cos(Bpy _ort/2)sin(By, _, w/2).
Min. ) = (1 + g(x))cos(Bym/2) .sin(fy _om/2), 05
: x; = 0.
Min. f ) = (1 + glx,))sin(@,m/2), W
b3 ’ [0’1] M
with & =—————= (1 + 2g(x, )x;). or i= 2,3,....(M—-1 .
STl e f @ -1 S =os
- m=1
gle)= ) (ri—05%
XXy
0=x;=1 fori=12...n A

Coéng cu MatlLab d3a dugc st dung dé mo
phong va danh gia mac do hi¢u qua cua giai thuat

dé xuat thong qua cac bai toan test mau duoc dé
xuit trong bang 1. Trong ndi dung thir nghiém
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ndy, chung t6i Iya chon s6 bién quyét dinh bang 4,
s6 ham muc tiéu bang 2 cho bai toan ZDT1, ZDT6
va bang 3 cho bai toan DTLZ1, DTLZ5. Cac bai
toan kiém thr duoc thuc hién véi kich ¢& mau
bang 250 cho bai toan ZDT1, ZDT6 va bang 1000
cho bai toan DTLZ1, DTLZ5, bién dirng cta thut
toan 1a 10000 lan.

» Cdc chi s6 sit dung dé danh gid hiéu qua
cia gidi thudt dé xuat:

1-Chi s6 IGD
Distance): Str dung dé danh gia chit luong cua

(Inverted Generational

tap 101 giai P trong bai toan kiém thir. Gia thiét
P* 13 tdp hop cac diém phan phdi déu trén
Pareto front trong khong gian muc tiéu, va P la
modt xdp xi Pareto front trong khong gian muc
tidu tim dugc. Khoang cach gitta P* va P ¢o thé
duoc xac dinh nhu sau:
Lyep-d(v. P)

|7
Trong d6 d(v, P) la khoang cach Euclidean

IGD(P",P) =

nho nhit tir diém v toi P. Nhu vay c6 thé thiy
gia tri IGD cang nhd thi hi¢u qua cua thuat toan

cang tot.

2- Chi s HV (Hypervolume): st dung dé quan
sat do 16n cua cac 10i giai xdp xi troi S trong
khong gian muc ti€éu va bién tao boi diém tham
chiéu R = (R1, ..., RM)T trén tat ca cac diém trén
mit t6i vu Pareto.

HV(S) = Leb (| JUi),R:] x. . x [fu (), Ru]

xES

3. KET QUA VA THAO LUAN

Két qua mod phong tip Pareto front trén bai
toan kiém tra ZDT1 va ZDT6 xem Hinh 2, trén
bai toan kiém tra DTLZ1 va ZDT5 xem Hinh 3.
Két qua thir nghiém giai thuat trén 4 bai toan kiém
tra Hinh 2 va Hinh 3 cho thdy 13 rang, thuat toan
dé xuit co thé dat dugec mot su phan bd kha tbt
cia cic diém (1oi giai) trén tip Pareto front.
Khong gian 101 gidi cling da chi ra dugc tinh da
dang cua cac 101 giai trén cac ham muc ti€éu canh
tranh cua tap Pareto front.

Bang 2 ciing cho thay cac chi sb danh gia
muc do hiéu qua cua gidi thuat IGD, HV la kha
tét, toan by cac chi s6 IGD déu c6 gia tri nho
hon 0.1, chi s6 HV nho hon 0.8.

a) Tap Pareto front trén bai toan ZDT1

14+ o
12r
Iy [¢]
o
%‘ ) °
Ny " %y, §
08 ’TD% OQQ 0 )
. Y ¢
06 %Of\% ¢
%% LA
S e, o
041 (O
: (] (0]
%DQC
02 %% (]

b) Tap Pareto front trén bai toan ZDT6

Hinh 2. Két qud mé phong tdp Pareto front qua bai todn kiém tra a) ZDTI va b) ZDT6
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a) Tép Pareto front trén bai toan DTLZ1 b) Tap Pareto front trén bai toan ZDT5

Hinh 3. Két qua mé phong tdp Pareto front qua bai todn kiém tra a) DTLZ1 va b) DTLZ5

Bang 2. Két qua chi sé danh gia mirc d9 hiéu qua ciia giai thuat IGD, HV
(trung binh va d¢ léch chuin) dat dwoc qua cc bai toan kiém tra

ZDT1 ZDT6 DTLZ1 DTLZ5
IGD HV IGD HV IGD HV IGD HV
4.9621e-3 7.1880e-1 6.9891e-2 3.1083e-1 4.6169¢-2 7.6382¢-1 2.9604¢-2 7.6382¢-1
(4.33e-4) (7.32e-4) (5.30e-2) (6.19¢-2) (2.31e-2) (8.01e-2) (4.50e-3) (8.01e-2)
4. KET LUAN thuat dé xuat méi MSCE_UA c6 thé tng dung dé

Céc két qua thr nghiém dat duoc trén cac bai
toan thir nghiém da cho thiy, k¥ thuat phan ra
khong gian muc ti€u dya trén tdp huong tham
chiéu da giup bai toan c6 kha ning tim kiém trén
toan bo POF (front tdi wu Pareto), dam bao su da

t61 wu théng s6 cho cac mé hinh thiy vin thong sb
phan bd. Sy thanh cong ciia cong trinh nghién ctru
nay da lam gidm dugc mdt luong 16n thoi gian,
cong strc va loai bo dugc tinh chi quan ctuia nguoi
hi¢u chinh mé hinh so vdi phuong phap hiéu

dang vé miu trong khong gian muc tiéu. Giai chinh thir sai.
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Abstract:
APPLICATION OF OBJECTIVES SPACE DECOMPOSITION TECHNIQUE SOLVE
THE PARAMETER ESTIMATION PROBLEM IN THE DISTRIBUTED
HYDROLOGICAL MODEL

Determining an optimal parameter set in distributed-hydrological model is very essential to solve
practical issues in the hydrology and water resources. This article presents the results of application of
spatial decomposition technique to find the globally optimal model parameters in the distributed
hydrological model. The results achieved on the basin and the experimental problem have shown that
the spatial decomposition technique based on the reference direction has helped the problem to be
searchable on the entire POF (Pareto-Optimal Front), ensuring diversity of sample in objective space.
Keywords: Multiobjective optimization, distributed hydrological model, parameter estimation
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