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ABSTRACT

A combined genetic algorithm and steepest descent method (GA-SD) is
applied to determine the thickness of a 2-D sedimentary basin whose
density contrast varies with depth as a parabolic function. The steepest
descent’s an initial model was the best individual in the population
obtained after evolutionary generations of the genetic algorithm (GA);
then, the steepest descent method (SD) is applied to find a solution based
on the minimum of the objective function. Firstly, it was tested on a
synthetic model; then, it was applied on An Giang and Bac Lieu gravity
anomalies in the Mekong Delta. The computed depths agree well with the
results of the previous studies.

TOM TAT

Thudt gidi di truyén két hop phwong phép giam doc nhat dé tinh bé day
bon tram tich 2-D véi mé hinh la tdp hop nhitng tam hinh chiv nhdt thiang
ding c6 hiéu mdt do thay déi theo do siu la ham parabol. Lot giai ban
ddu ciia phirong phap giam déc nhat la cd thé tot nhat trong quan thé ¢
duwgc sau nhiing thé hé tién héa cia thudt gidi di truyen tir do, phuwong
phdp giam doc nhdt tim loi giai bai todn bang cdch cuec tiéu ham muc tiéu.
Phirong phap dé xudt dwoc kiém tra trén mo hinh; sau do, dung dé tinh bé
day bon tram tich 2-D trén 2 tuyén do di thuong trong hrc An Giang va
Bac Liéu trong viing Pong bang song Ciru Long. Két qua dé sdu tinh todn
bang phwong phdp dwa ra phit hop véi két qua phan tich triede day.

Trich dan: Luong Phudce Toan, 2020. Két hop gitra thudt toan di truyén va phuong phép giam dbc nhé‘g dé xac
dinh d6 sau bon tram tich tir di thuong trong luc 2-D. Tap chi Khoa hoc Truong Pai hoc Can Tho.

56(S6 chuyén dé: Khoa hoc ty nhién)(1): 81-89.

1 MO DPAU

Trong Dia vat 1y, xac dinh d6 sau bdn trim tich
2-D - d6 day 16p tram tich tir di thudng quan sat 1a
dang bai toan nguoc trong lyc. M6 hinh phé bién 1a
tap hop nhitng tam chir nhat thing dung dat lién ké
¢6 hiéu mat do khong ddi (Bott, 1960) hoic thay doi
theo d¢ sau (Rao, 1993, 1994). Bott (1960) st dung
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phuong phap mé hinh tién dé giai bai toan vira néu;
trong d6, mé hinh ban dau, d¢ sau cac tim chit nhat
dugce tinh toan, hiéu chinh dya trén mét céng thuac
¢6 sin nén 10i giai cia bai toan 1a duy nhit khong co
nhiéu lya chon. Trong nhitng thap nién gan day, cac
thuat toan t6i vu toan cuc nhu thuat giai di truyén
(GA) duoc sir dung dé giai bai toan nguoc trong luc
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(Pang Van Liét, 2005; Luong Phude Toan va ctv.,
2013, 2014, 2015). Thuat giai nay 1a mét ky thuat caa
khoa hoc may tinh gitip tim giai phép tdi wu cho cac
van dé t6 hop ti wu dwoc Holland J. H. dua ra nam
1975 (Holland, 1992). GA dua trén su phat sinh cac
s6 Ngau nhién trong cac giai doan khoi tao quan thé,
chon loc, lai ghép, dot bién nén thé hién tinh da tri
trong loi giai; do do, uu diém la giai phap dat dugc
mang tinh t&i uu toan cuc; khuyét diém 1a t6n nhiéu
thoi gian tinh toan. Dé giam thoi gian tinh, mot s6
cong trinh da két hop GA véi cac phuong phép tim
kiém dia phuong — bat dau tir mot 1oi giai ban dau
nhu phuong phap Nelder-Mead (Toan and Liet,
2015) hay Quasi-Newton dé giai bai toan nguoc
trong lyc (Toan and Liet, 2016). Trong do, cac
phuong phap tim kiém dia phuwong dugc dua trong
céc giai doan khac nhau ciia GA. Trong bai nay, két
hop gitta GA va phuong phép giam doc nhat (SD)
(Dennis and Robert, 1996) dugc dung dé giai bai
toan nguoc trong luc; trong do, 10i giai ban dau cua
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SD 1a c4 thé tt nhat trong quan thé cua GA sau khi
dat duoc sb thé hé tién hoa dinh trude. Phuong phap
dé xuat duoc kiém tra trén mo hinh; sau do, tinh do
day 16p tram tich tir di thuong trong luc An Giang,
Bac Liéu ving Ddng bang song Ciru Long.

2 PHUONG PHAP
2.1 Mo hinh bon tram tich

Bon trim tich 2-D xem la dai vo han theo
phwong y; mat cit caa bon tram tich theo phuong x
dugc md hinh hoa bang N tim hinh chit nhat thang
dung dat lién ke, do sau cia mditam la z; (j = 1, 2,
..., N); cac tAm c6 bé rong béng nhau va do sau khac
nhau, mat trén tring voi mat quan sat va diém do dat
tai trung diém canh trén cia mi tam hinh chir nhat
(Hinh 1) nén sb tim hinh chit nhat bang véi sé diém
quan sat. Bai toan xac dinh bé day ciia bon trim tich
1a x4c dinh d6 sdu zj cia cac tim chit nhat tir cac gia
tri cta di thuong quan sat.
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Hinh 1: Mé hinh bén trim tich 2-D

— Ham hiéu mat do

Trong thyc té mat d¢ tram tich tang theo d¢ sau
nén hiéu mat do cua mdi tdm hinh chir nhat giam
theo d6 sau theo qui ludt ham parabol (Rao et al.,
1993):

Ap;

Ap(z) :m

1)

trong do, Ap(z) (g/cm?®) 1a hiéu mat do & do sau
z (km), Apo (g/cm?®) 1a hiéu mat do tai mat quan sat,
a va A 1a cac hang sb.

— Di thuong trong luc cia mo hinh

Di thuong trong lyc g(x) cua mot tim hinh chi
nhat, bé rong 1a 2w, bé day 1a z, mat do thay ddi theo
qui luat ham parabon (1) (Hinh 2) tai mot diém bat
ky P(x,0) nam trén mit quan sat dugc cho boi (Rao
et al., 1993):

Ag(x) = ZGApg((T194 -T,6,)—(T,6,-T,6,)
+In((a —Az2) 1 )(T; - Ty)
r. r
—(TsIn r—3—T6 In ?‘1‘))

2

0 P(x.0)

Hinh 2: TAm chir nhat va P 1 diém quan sat

trong d6, G = 6,672.10* Nm2kg21a hang s6 hap
dan (hé SI), va
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rZ=(x+w)’+z°
~lokhix <0’ (4)
_ [zkhix>0
> |okhix<0’
0, =2+t ((x—w)/z),
0, =nl2+tg™ ((x+w)/2).
Tam thir j tic dung 1én diém do tht i mot gia tri
trong luc la gji cho bdi cong thire (2), (3), (4); do do,

gié tri trong lyc tai diém th i do mé hinh gobm N
tam hinh chit nhat gy ra la:

agi= S gji (j=12,.,N) VOi i lanlugtla 1,2,..., N
j=1

(®)
2.2 Ham muc tiéu

Phuong phap tinh d6 day 16p tram tich 14 sir dung
GA ket hop véi SD dé cuc tiéu ham myc tiéu sau
(Toan and Liet, 2015):

®(m) = MSE(m) + Br.®m(m) (6)

trong d6: MSE(m) ham sai s6 dir liéu (ham sai s6
toan phuong trung binh) dugc cho bai:
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N i N2
MSE(m) — z (gobs Ngcal)
i=1

U]

VGi, Gobs VA Qeal 1an Tuot 14 di thuong quan sat va
di thuong tinh tr mé hinh, m = (z1, z,... Zn) V3,
Dp(m) 12 sai sé “chudn” cua mé hinh nhu sau:

¢m(m) = Z(Z,;l _Z/ )2 (8)

_ trong do, Zi va zi1 12 d sdu ciia hai tim chir nhat
Iién ke, pr 1a tham s6 chinh hoéa Tikhonov nhim can
bang gitra hai gia tri sai s6 MSE(m) va &n(m) va co
gia tri 1a 0,05 (Toan and Liet, 2016).

2.3 Thuat giai GA-SD

Luu dd thuat giai GA-SD duoc minh hoa trong
Hinh 3, gdm 2 chwong trinh tinh 1a GA va SD. Trong
d6, cac budce tinh cua GA dugc tom tit nhu sau
(Haupt, 2004): (a) Khdi tgo quan thé ban dau Pop?
= [my, my, ... mv]'. Trong d6, mdi mo hinh goi la
motcathém; (i = 1, 2,..., M) gdbm N d6 siu cac tim
chir nhat dugc tao ra ngau nhién, M 1a kich thudc
quan thé; (b) Tinh do thich nghi cua cac ca thé bang
ham muc tiéu (6), chon 50% cé thé c6 do thich nghi
t6t nhat dé thyc hién cac toan tur di truyén; (c) Lai
ghép: Trong 50% cé thé c6 do thich nghi tot, chon
ra ting cip ca thé bang phuwong phap két doi ngiu
nhién theo trong sb Vi xac sudt lai ghép 14 0,5, lai
ghép don diém; (d) gt bién: Cac ca thé sau qua
trinh lai ghép s& dot bién don diém véi xac suat dot
bién 14 0,1; (e) Quan thé méi dugc hinh thanh va
quay lai (b) — Tinh gia tri thich nghi cua cac c4 thé
va tlep tuc thuc hién céc phép tinh trong (c) va (d)
cho. dén khi c6 mét ca thé thoa diéu kién mong
mudn. Khi s6 thé h¢ tién hoa 1a Nimax thi chuong trinh
GA dirng - tao ra mot quan thé sau Nmax thé hé tién
hoa; chon 1 ca thé c6 do thich nghi tét nhat trong
quan thé nay lam 16i giai ban dau cho phuong phap
SD.
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Dii liéu vao

v

Khdi tao quan

mate1, mate2=selection(population)

thé
h |
A 4 Quan thé mdi
Tinh gia tri trong luc ly X
thuyét
e =i
_________ A
r 1
Di thudng quan sat | — I
—_—> | Dot bién I
| Offspring_m=mutation(offspring) |
|
' | A |
s | Lai ghép |
Tinh gia tr ham muc | | | offspring=crossover(optmate1,optmate?2) |
tiéu I
|
| A I
: Chon loc |
|
' |
' |

lDung

Phudng phap giam doéc nhat
Optmate = SD(best(quan
thé))

( Ldi giai bai toan )

Hinh 3: Luu dd thuit giai GA-SD

’Phu‘ong phap SD dua trén phép tinh dao bac Vi £(0) = D(My); &(0) = V(M) Tdy va &(1) =
nhat, gom 4 budc tinh sau: D(Mic + i)

—  Buéc 1: Tur 1oi giai ban diu mo, kiém tra diéu
kien (|[V@(mg|| < & NOEC Nysng 1ap < Nimax);
— Budc 2: Tinh hudéng giam dy = - Vd(my) (V

la toan tir Gradien); i = —Co + ./c% —3c3§'(0) (10)

_Trong cac vong 1ap tiép theo do dai budc dugc
diéu chinh bang cong thuc sau:

— Budc 3: Tim d6 dai budc A bang cach cuc 3c3
tiéu &(4) = d(my + Ady), khi d6 do dai buéc ban dau . .
duoc xac dinh bang cong thirc (Dennis and Robert, Trong do, ¢z, Cs tim dugcC bang cach giai phuong
1996; Kelley, 1999): trinh:
0 ) i [CZJ: ) =c0-¢ Ok |
2(E(1) - £(0) - £ (0) 22 283\ 03) | () —&0) - (0)
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V6i Ac va A. 12 hai gia tri trudce cua A
— Budc 4: Thiét 1ap mey = m + Ady, sau d6
xem xét lai diéu kién va lap lai tr Bugc 1 - 4.

Nhoém tac gia Luong Phude Toan va Bang Van
Liét (Toan and Liet, 2015) da két hop gitra thuat giai
di truyén va phuong phéap tim kiém dia phuong
Nelder-Mead dé tinh bé day 16p trim tich. Trong do,
kich thudc quan thé duoc chon 13 16 sb thé hé tién
hoa, 800; trong mdi thé hé tién hoa, phuong phap
Nelder-Mead duoc dua vao sau giai doan chon loc
cia GA. Trong bai nay, két qua chay chwong trinh
cho thay kich thuéc quan thé, 8 va sb thé hé tién hoa,
700 1a thong sb cua thuat giai di truyén duoc lya
chon phu hop véi phuong phéap dé xuat; khi do, ca
thé tét nhat trong quan thé s& thuc hién 33 dén 70
(tty thude vao s6 bién) vong 1ap bang phuong phap
SD dé tim 1oi giai sau cing. Chuong trinh tinh todn
chay trén phan mém Matlab R2015a véi cdu hinh
may tinh: CPU Intel, Core i3-380; RAM 4 Gb; dia
cting SSD 250 Gb. Phwong phép xéac dinh bé day lop
tram tich bang thuat toan GA-SD vira néu s& dugc
kiém tra trén mé hinh; sau d6, ap dung phan tich tai
liéu trong luc trén dir liéu do.

3 UNG DUNG
3.1 Ap dung trén mé hinh

M6 hinh cta bdn tram tich gdm 46 tim chi nhat
thang dung dat lién k& c6 hiéu mat do giam theo do
sau 1a ham parabén; chidu rong cia mdi tim bang
nhau va bang 1 km va do sau cyc dai la
1,5 km tai km thi 22 (Hinh 4). Cac hé sé caa ham
hiéu mat d6 (1) duoc lya chon nhu sau (Toan and
Liet, 2015): Ap = - 0,55 (g/cm?®), a = 0,55 (g/cm?),
va A = - 0,2828 (g/cm3/km). Sir dung cdng thuc (5)
dé tinh gi4 tri di thuong trong luc khong nhiéu va
sau d6 cong nhiéu vao di thuong wvira tinh.
Hinh 5 biéu dién hai di thuong nay trén cing mot do
thi, trong d6 “duong lién” 14 di thuong khong nhiéu
va déu “ * ” 1a di thuong dugc cong nhidu (+
0.2*rand(size(gmoder)) (Toan and Liet, 2015). Hai di
thuong nay duoc sur dung lam di thuong quan sat
trong giai bai toan ngugc trong luc.

1]

-0.4

Z(km)

u] 5 1ID 1I5 20 25 3.0 3I5 4ID 4I5
skrn)
Hinh 4: M6 hinh bdn trim tich

85

Tdp 56, S6 chuyén dé: Khoa hoc tu nhién (2020)(1): 81-89
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Hinh 5: Dj thwong khong chira nhiéu (dwong
lien) va di thwong chira nhiéu (dau « * )

St dung thuat toan GA-SD nhu di trinh bay
trong Muc 2.3 dé giai bai toan nguoc trong luc trén
mo hinh, véi Nsp = 33 trong truong hop di thuong
quan sat khong nhiéu va Nsp = 50 khi dj thuong quan
sat dugc cong nhiéu.

— Truong hop di thuong quan sat khong cong
nhiéu:

Hinh 6 14 mé hinh bon trdm tich c6 duoc sau 700
thé hé tién hoa va duoc dung lam 10i giai ban dau
cho phuong phap tim kiém giam déc nhat. Phuong
phap nay thuc hién 33 vong 18p — Hinh 7 va d¢ séu
bon tram tich tinh dwoc nhu Hinh 8 - tring véi do
sau mo hinh (Hinh 4). Hinh 9 biéu dién duong cong
di thuong tinh tir md hinh vira tinh (ddu “ O ) va
duong lién 1a di thuong quan sat; két qua cho thay
hai di thuong nay hau nhu tring nhau véi gia tri ham
sai s dir lieu MSE (m) = 9,5.10°.

— Truong hgp di thuong quan sat dugc cong
nhiéu:

Hinh 10 12 m6 hinh bdn trdm tich c6 duoc sau
700 thé hé tién hoa tir GA. Tir mé hinh nay, SD

thuc hién 50 vong 1ap véi gia tri ham muc tiéu
nhu Hinh 11. Khi d6, d6 sdu bon trim tich tinh dugc
nhu Hinh 12 — phit hop véi d6 sau mé hinh ban dau
vGi d6 sdu cuc dai 1a 1,55 km tai km tha 22.
Hinh 13 biéu di&n di thuong tinh tir mé hinh vira tinh
(ddu “ O ) va di thudng quan sat (duong lién) véi
sai s dir lisu MSE(m) = 0,0118.

0 1I0 2I0 3I0 4I0
x(km)
Hinh 6: M hinh sau 700 thé hé tién héa
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Hinh 7: Gia tri ham muc tiéu

0 10

20 30 40
x(km)

Hinh 8: M6 hinh tinh

Di thuong quan sat
O Dithuong tinh

20 30 40

x(km)

0 10

Hinh 9: Di thuomg quan sat (dwong lién) va di

thuwong tong hop (dau « O )

20 30 40
x(km)

Hinh 10: M hinh sau 700 thé hé tién hoa

0 10
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Hinh 11: Gia tri ham muc tiéu

z(km)

20 30
x(km)

40

Hinh 12: M6 hinh tinh

Di thuong quan sat
Di thuong tinh

Delta g(mgal)
=

0 10 20 30 10
x(km)
Hinh 13: Di thwong quan sat (dwong lién) va di

thwong téng hop (dau « O )
3.2 Ap dung trén dir li¢u thuc

Dix liéu: sir dung ban d6 Bouguer ciia viing Dong
bang song Ctru Long (PBSCL) ti 1& 1/200.000 dwoc
Phan Quang Quyét thanh 1ap tir cac gia tri do trong
lyc ti 1¢ 1/100.000 ciia Poan Dau khi PBSCL do tir
nim 1976 dén nam 1981 (Phan Quang Quyét,
1985); sau do tinh ban dd di thuong trong luc dia
phuong qua viéc tinh truong trong luc khu vyc 1a da
thic bac hai theo kinh d6 va vi d6 (Pang Van Liét,
1995). Tir ban dd di thuong trong lec dia phuong ti
16 1/200.000, chon ra 2 tuyén do An Giang, Bac Liéu
nhu Hinh 11 (dwdng gach mau tréng); sau d6 ndi suy
gi4 tri vé khoang cach 1 km (sir dung ham spline cua
Matlab) dé tinh do day 16p tich.
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114

10,54

10

9,54

104,5 105 1055

106 106,5

Hinh 14: Di thwong trong lwe dia phwong An Giang va Bac Liéu

3.2.1 Phan tich di thuong trong luc An Giang

Tuyén di thudng An Giang dai 49 km c6 phuong
Tay Bac - Pong Nam di tir toa d6 (105,22° D; 10,4°
B) — vi tri do thtr 1, dén toa do (105,35° B; 10,22°
B) — vi tri do thir 49 nhu Hinh 15. Dj thuong trong
lyc ¢6 gia tri - 8 mgal vé phia Tay Bac, giam kha
nhanh dén gié tri cyc tiéu 1a -22 mgal & km thi 19
va tang dan vé phia Dong Nam dat gid tri - 5 mgal.
Hinh 16 biéu dién log10(®(m)) qua 70 phép lap
bang phuong phap SD v6i mé hinh ban dau tim
duoc sau 700 thé hé tién hoa cia GA. Hinh 17 1a két
Qué tinh toan do day 16p trim tich phan bé trén tuyén
do An Giang qua d6 ude lugng dugce d6 sau cuc dai
14 2,5 km xuét hién & diém do thu 20. Hinh 18 biéu
dién di thuong quan sat (duong lién) va di thuong
tinh (ddu “ O ) véi sai s6 MSE 14 0,0159, thoi gian
tinh 1a 52 gidy.

Delta g(mgal)

0 10 20 30 40 50
x(km)

Hinh 15: Di thwong An Giang

1

g

X
% 05
o X
s oY
®©

v
2051 %
2 *
T Y rrrrer.

2 1 L 1 A A T Y Y

0 10 20 30 40 50 60 70

Hinh 16: Gia tri hAm muc tiéu

z(km)

0 10 20 30 40 50
x(km)

Hinh 17: P$ day 16p trim tich An Giang

Di thuong quan sat
O Dithuong tinh

Delta g(mgal)

x(km)

Hinh 18: Dj thwong quan sat (dwong lién) va di
thwong tong hop (dau “ 0O )
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3.2.2  Phdn tich di thuong trong luc Bac Liéu

Di thuong trong luc Bac Liéu dugc xac dinh trén
mot tuyén doc theo phuong Pong Béc - Tay Nam di
tir toa d6 (105,55° B; 9,53° B) dén toa do (105,31°
D; 9,37° B) dai 64 km, budc do 1a 1km. Trong tinh
toan, toa do (105,55° B; 9,53° B) trung vé6i diém do
thir 1 ¢6 gid tri - 6 mgal; toa do (105,31°D; 9,37° B)
tring voi diém do thir 64 ¢6 gia tri 1a - 7 mgal; gia
tri cuc tiéu cua di thuong 1a - 21 mgal & km thi 28
nhu Hinh 19.

5
T 10t
£
o
s -151
©
la)

-20

0 10 20 30 40 50 60
x(km)
Hinh 19: Di thwong Bac Liéu
__05
c X
=)
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o v
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s
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Hinh 20: Gia tri hAm muc tiéu

Hinh 20 biéu dién 60 gi4 tri log10(P(m)) tinh
bang phuong phap SD véi 16i gidi ban dau tim dugc
sau 700 thé hé¢ tién hoa ctia GA; thoi gian tinh 1a 85
gidy. Hinh 21 13 d¢ day 16p trﬁm tich Bac Liéu tinh
— su phan bd do day 16p trim tich theo tuyén do Bac
Liéu co6 hinh dang twong thich v6i di thudng quan
sat, qua d6 udc lugng dugc do siu cuc dai ¢& 2,2 km
Xuét hién ¢ diém do thtr 28. Hinh 22 biéu dién di
thudng quan sat (dudng lién) va di thuong tinh (ddu
“« O ”) va dat dwoc sai sb MSE

z(km)

40 50 60

20 30
x(km)

Hinh 21: P$ day 16p trim tich Bac Liéu
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Hinh 22: Dj thuwong quan sat (dudng lién) va di
thuwong tong hop (dau « O )

4 KET LUAN

Su két hop gitra nhom cac thudt toan tbi wu toan
cuc va cac phuong phap tim kiém dia phwong duoc
nham tim giai phap tot nhat trong té hop nhiing giai
phap duogc nghién ciru va tng dung trong nhiéu linh
vuc khac nhau. Trong bai nay, mot hinh thic két hop
giita thuat giai di truyén va phwong phap giam dbc
nhat dé cuc tiéu ham muc tiéu; tir d6 xéac dinh duoc
d6 day 16p tram tich An Giang, Bac Liéu véi d6 séu
cuc dai lan luot 14 2,5 km va 2,2 km. D6 sau nay phu
hop véi cac cong trinh nghién ciru trude day (Phan
Quang Quyet, 1985; Dang Vin Ligt, 2005) Vi thoi
gian tinh gidm di gan mot nira (Toan and Liet, 2015).
Huéng phat trién cuia nghién ctru 13 tinh bé day bon
tram tich 3-D bang thuat toan da sir dung.
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