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Tém tit: Dy béo lwong mua la mot trong nhitng bai toan thach thire nhat, vi né thé hién cdc ddc
diém rat déc dao khong ton tai trong dir liéu chudi thoi gian khac. Hon nira, lvong mua la mot thanh
phan chinh va rat can thiét cho viéc dp dung quy hoach tai nguyén nwée. Chinh vi vdy, bai viét nay
tdp trung vao viéc du doan lwong muwa sw dung dir lieu tir Co quan Khi twong Viét Nam. Hién nay
trong hau hét cac nghién ciru dir bdo lirong mua, qud trinh diw béo thirong bi chi phoi boi cdc mé
hinh thong ké, cu thé la sit dung chuéi Markov dwoc mo réng véi dw bdo heong mira (MCRP). Trong
bai bdo nay, nghién civu trinh bay mét phwong phdp méi dé gidi quyét bai todn dw dodn lwong mira
la Idp trinh di truyén (Genetic Programming - GP). Pdy la lan dau tién GP duoc sik dung trong boi
canh dy bdo lwong mwa 6 mot 6 thanh phé' tai Viét Nam. Nghién cvru sé so sanh hiéu sudt ciia GP
va cac thudt toan hoc may khac nhu SVM, MLP, DCT, kNN trén 3 bo dir liéu khdc nhau cua cac thanh
phé tai Viét Nam va bao cdo két qua. Muc tiéu la dé xem liéu GP ¢6 kha nang du bao 16t hon so véi
cdc phirong phap hoc may khac hay khéng? Cdc két qua déu chi ra rang néi chung GP vuot tréi dang
ké so véi cdc phirong phdp hoc may khdc, dé la cdach tiép cdn chii dao trong bai viét.

Tir khoa: Lap trinh di truyén, du bado luwong mua.

Ban Bién tdp nhan bai: 12/09/2019 Ngay phan bién xong: 20/10/2019 Ngay dang bai:25/11/2019

1. Pat van dé

Mua l1a mot hién tugng quan trong trong hé
théng khi hau, c6 ban chit hdn loan c6 anh
huong truc tiép dén quy hoach tai nguyén nudc,
néng nghiép va hé thong sinh hoc. Bai toan du
béo luong mua dit ra kha nhiéu tro ngai, ca trong
nghién ctru va trong thyc tién (lugng mua la
tuong d6i khé dé do duoc chinh xac). Pa c¢6 kha
nhiéu cac nghién ctru duoc thuc hién dé giai
quyét bai toan nay. Trong bai viét nay nghién
clru s& md ta viéce str dung 1ap trinh di truyén dé
ap dung cho bai toan dy bao luwgng mua tich liy.

Muc dich bai viét nay 1a kham pha xem GP ¢6
vuot trol hon so véi cac cach tiép can khac
thuong dugc ap dung trong bai toan du bao
lugng mua hay khong. GP dugc lya chon cho bai

'Hoc vién Ky thudt quadn sy
2Vién Al Viét nam
3Dai hoc MJ-Pia Chat

bado nay chur khong phai cac ky thuat hoc may
khéc, bdi vi GP dua ra 101 giai bai toan ¢ dang
hop trang (gitip ta co thé hiéu duoc su phu thude
cua loi giai vao cac thudc tinh da chon, trai
nguoc voi mo hinh hop den), n6 cho phép ta hiéu
sau hon vé 10i giai. Hon nita, chiing ta c6 thé c6
hiéu dugc phan phi tuyén trong mau di liéu ma
khong can bt ky gia dinh nao lién quan dén dir
lidu. Piéu nay s& cho phép chung ta d& dang dua
ra mot mo hinh du bao co thé phan dnh qué trinh
thay d6i lugng mwa. Xa hon nita, ngudi du bao
c¢6 thé nam bat duoc nhitng sai 1éch hang nam
ma hién tai mot sb cach tiép can truyén théng
khong thé lam duoc (st dung chudi Markov dé
du bdo).

Do d6, dong gop chinh cia bai viét nay 1a
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nghién ctru dé xuat GP v4i mot sé thay d6i nho
ap dung cho bai toan dy bdo lugng mua va so
sanh hiéu suat du doan ctia n6 so véi cac phuong
phap hoc may khac thuong dugc ap dung cho
nhitng bai toan dy bao tuong tu.

Phan con lai cia bai bao nay duoc to chirc
nhu sau. Phan 2 s& trinh bay vé GP bao gom gidi
thiéu chung, va mot sé diém riéng dung cho bai
toan du bao luong mua. Phén 3 s& dua ra cac
tham s6 cu thé ctia GP khi chay thuc nghiém, dir
liéu dé thi nghiém, cung vé&i cac phuong phap
hoc méy khac dé so sanh v6i GP. Phan 4 trinh
bay két qua cua thi nghiém danh gia, phan tich,
so sanh két qua cua cac phuong phap. Cudi cing,
phan 5 két luan lai nhimg phat hién va dé xuit

cac nghién cuu trong tuong lai.

2. Phwong phap nghién ctru

a. Ldp trinh di truyén

Lap trinh di truyén (Genetic Programming -
GP) ra doi vao nam 1992 [3] véi tham vong
nham dua ra mot quan thé cac chuong trinh ma
ching c6 thé tién hoa mot cach tu dong trén
nhirng dit liéu huan luyén. Vi nghia nay, GP
duoc xem nhu 1a mot phﬁn cua hoc may. Dua
trén ly thuyét tién hoa cua Darwinian, GP dua ra
cac chuong trinh ma hoa dudi dang cac chudi di
truyén thong qua qua trinh tién hoa va chon loc
ty nhién dé tim duoc chudi di truyén (chuong
trinh) t6t dap ung duoc yéu cau bai toan.

Biéu dién chwong trinh

Chuong trinh trong GP dugc biéu dién dudi
dang cay, trong d6 mdi nut duoc gan nhin la mot
ky hiéu thudc tap ham (F) hay tap két (T).

c @

Hinh 1. Biéu dién chwong trinh GP

Todn tir di truyén

Toén tir lai ghép (crossover)

Thé hién qua trinh trao d6i nhiém sac thé giira
hai cdy bd me. Toan tir gdm cac budc sau:

« Chon mot nut ngau nhién trén mdi ciy bd
me.

« Hoan d6i hai cay con c6 gdc tai hai nut vira
chon va trao d6i chiing cho nhau.

Toan tir 6t bién (Mutation)

La qua trinh dot bién ciia mot bo nhiém sic
thé duoc tao ra. GOm cac bude sau:

« Chon ngdu nhién mot ndt bat ki trén ciy cha
(me).

TAP CHI KHI TUQNG THUY VAN

» Xda cay con thude ndt duge chon.

« Sinh ngau nhién mot cdy con méi vao vi tri
via xo0a.

Tai sinh (reproduction)

Néu mot ca thé duoc tai sinh chung sé duoc
sao chép y nguyén vao quan thé, hay néi cach
khac 1a s& co hai ca thé giéng nhau trong quan
thé.

Danh gia d6 tt (fitness)

Mobi mot chuong trinh duoc gan mot gia tri
duogc goi 1a d6 tbt, gia tri nay s& c6 anh hudng
quan trong dén viéc ca thé c6 duge lua chon dé
thuc hién cic toan tir di truyén hay khong.
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Hinh 3. Toan tir bién di

Nhu vay cac budc dé chay mot thudt toan GP:

1) Khoi tao ngau nhién mot quan thé (thé hé
0) cac ca thé dugce tao ra tir tap ham va tap Kkét.

2) Thuyc hién lip (cac thé hé) theo cac budce
phu sau cho dén khi thoa man diéu kién két thuc
(tim thay 10i giai ti uu hodc dat dén sb thé hé
nao do):

a. Danh gia do tt cua cac cé thé.

b. Chon 1 hodc 2 c4 thé tir qu'?m thé véi xac
sut phu thudc vao do tdt cua ching dé tham gia
vao cac toan tir di truyén c.

c. Tao céac ca thé méi cho quan thé bang viée
ap dung céac phép toan di truyén sau v6i mot xac
suat da dinh.

* Téi sinh

* Lai ghép

« Dot bién

Sau khi két thuc qua trinh tién hoa, ca thé t6t
nhét cuia toan bd qua trinh chay dugc coi nhu 1a
két qua ctia qua trinh chay.

Bén canh cac phuong phép truyén thong: cdy
quyét dinh, tap luat quyét dinh, ham thong ké va
mang noron cac nghién ctru da cho thay rang GP
cling 1a mot phuong phéap giai bai toan dy bao
v6i d6 chinh xac cao bang cach tién hoa ra cay
biéu thirc. Mot trong nhitng 1y do cho phép ta tin
tuong diéu nay 1a qué trinh tim kiém ctia GP ¢o
két qua tét dbi v6i nhitng bai toan co khong gian
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tim kiém 16n.

b. Ldp trinh di truyén cho dw bdo lwong
mua

Viéc sir dung 1p trinh di truyén (GP) dé du
bao luong mua theo thoi gian thyc dd mé rong
trong nhitng nim gan day. Madsen va cong su
[4] d3 tién hanh so sanh viéc st dung cac md
hinh hdi quy tu dong, AR (p), st dung GP va
mang no-ron dé chinh sira vé 18i du thira ctia mo
hinh ¢6 hiéu chinh. P& danh gia anh huong cua
chat lugng mé hinh mé phong 1én du bao, k¥
thuat sira 16i (hodc cap nhat cac gia tri dau ra) da
duoc 4p dung cho ca md hinh hi¢u chinh va mo
hinh khong hi€u chinh.

Whigham & Crapper [8] dé xuit sir dung GP
dua trén van pham phi ngt canh. Bai bao nay da
xac dinh tap ham GP bao gé)m cac ham sb hoc va
ham mii. Tap két bao gém mot sb gia tri luong
mua trong qua khir cling nhu luong mua trung
binh trong 5, 10, 15, 25, 30, 40, 50, 60 va 100
ngay gan nhat. Nam 2002, Liong va cac cong sy
diung GP dé xac dinh mé hinh mé ta mdi quan
hé gitta lugng mua va dong chay bang cach sir
dung ma hoa c6 dién ciia GP gidng nhu Koza da
dinh nghia [3] Tap ham bao gdm cac ham sé hoc
va ham mii, mo hinh dugc xay dung nhu bai toan
hdi quy. Hai bai bao nay dua ra mo hinh nhung
khong cung cap mot giai thich vat Iy vé hién
tuong.

Khu va cac cong su [2] st dung GP va mang
no-ron dé sinh 15i thoi gian thuc dua trén tién
hoéa cap nhat chuong trinh dé bod sung cho mo
hinhd dy béo thoi gian thye goi [a WRIP (B xtr
1y thong tin thoi tiét radar) dua trén cac phép do
luong mua duoc ghi lai bang radar.

Céc thtr nghiém da duoc thyc hién bang cach
sir dung tong lwong mua va luong mua thuc té,
v6i ca mang no-ron va GP dé t6i uu hoa 16i. Dbi
v6i chitc nang hi¢u chinh, dir liéu dugc ghi lai
trong tran mua thang 12 nam 1999 & luu vuc
nong thon nguge dong tir Taunton, Vuong qudc
Anh da dugc sur dung va, trong qua trinh hop 1¢,
mot udc tinh da dugc thuc hién béng cach su
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dung dir liéu tir thang 4 nam 2000. C6 thé cai
thién du bao dong chay véi mo hinh WRIP st
dung ca 1ap trinh di truyén va mot mang no-ron
nhan tao bing cach cap nhat 18i theo thoi gian
thuc giita dong chay can do va gia tri mé phong
cho t6i da ndm khoang thoi gian. Phuong trinh 1a
Kkét qua cua GP co thé dugc xem nhu mot dang
cai tién ciia mo hinh hoi quy tu dong.

Trong nudc hau nhu chua c6 nghién ctru nao
13 rang vé bai toan dy bao lugng mua, va hau
chic chan rang chua c6 nghién ciru nao sir dung
cong cu hoc may dé du bao luong mua.

3. Thi nghiém

Trong phan niy nghién ciru trinh bay cach
thiét ké thi nghiém va cac tham sb cua GP da
duoc hiéu chinh cho phu hop véi bai toan du bao
luong mua.

a. Tham sé ciia GP

Bdng 1. Tham sé ciia GP

Tham so Gia tri
Téap ham +, -, X, /, sin, cos, In, ¥
Tap két Bién thudc tinh
Kich thudc 1000
quén thé
Thuat toan khoitao  Ramped half-and-half

Po cao l6n nhatcia 15

A

cay
S6 thé h¢ 200

Xéc suét thuc hién 0,9

lai ghép

Xéc sudt thyc hién 0,1

dot bién

Phuong phap chon  Tranh déu kich thudc
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Bang 1 trinh bay cac tham s cu thé dé chay
GP. O day ham danh gia do t6t cia mdi ca thé
nghién ctru st dung ham RMSE (root mean
square error).

GP chay 30 lan mdi lan véi gia tri khoi tao
khac nhau, mdi 1an s& nhan duoc mot 1o giai tot
nhat sau do6 lua chon 151 giai trung vi (median)
ctia ddy 30 101 giai tot nhat d6 dung 1am mé hinh
cubi cling.

b. Dit liéu bai todn

Dir liéu thu nghiém Ia dir liéu do duogc o
Muong Lay (tram 1), Lao Cai (tram 2), Ha
Giang (tram 3), Son La (tram 4), Cao Béang (tram
5), bi¢én Bién (tram 6), Tuyén Quang (tram 7).

BAI BAO KHOA HQC

Dir lidu dugc 1ay tir ngay 1/6/2016 dén ngay
1/1/2019, mdi ngay gom 8 gia tri (do cach nhau
3 gi0).

Sau khi c6 dir liéu dang chudi thoi gian,
nghién ctru chuyén thanh dir liéu phu thude cé
dang:

(1)

Te = f(e—1,Te—2, -+, Te—1)
Trong d6 7+ 1a lugng mua & thoi diém t.
Sau khi chuyén vé dit liéu phu thudc va chon

T = 6, nghién ctru 1ay 5000 ban ghi lam dir liéu
huén luyén, phan con lai 2556 ban ghi lam di
lidu kiém tra.

Tram Muong Lay

80

70 1

Lugng mua

ull
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| 1
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0 50

0 1000

1500 2000 2500

Hinh 4. M{t s6 gia tri lwong muwa do dvoc tai tram Muong Lay

c. Tong quan cdc ky thudt hoc mdy

Pé so sanh GP véi cac ki thuat hoc may khac
khi giai quyét bai toan du bao lwong mua, nghién
ctru lya chon 4 ky thuat hoc méy dua ra mo hinh
du bao chi dya vao dir li¢u va c6 kha nang phan
anh duoc anh xa gitra cac bién dau vao va dau ra
(bai toan du bao) ma khong can xem xét truc tiép
cac quy luat vat Iy cta co ché mua. Nhimg mo
hinh nay hoan toan dya trén thong tin c6 dugc tir
viéc thu thap dir licu. D6 1a cac md hinh sau:

May vec-to hd trg (Support Vector Machine)

May véc to hd tro hdi quy (Support Vector
Regression -SVR) [5], 1a mot phuong phap thanh
cong dé xur phat sy phirc tap md hinh bang cach

cong thém gid tri nay vao ham 16i. P& minh hoa

ta xem xét mot mo hinh tuyén tinh dy bao cho
boi cong thuce (2):

f)=wlx+b (2)

trong d6 w 1a véc-to trong s6, b 1a ¢ dbc va

x 1a véc-to dau vao. Goi x» va y, 1an luot 1a véc-

to dau vao, gia tri dau ra tha m cua tap huin

luyén. Cong thirc tinh ham 16i nhu cong thie (3):

Iym - f(xm)lg (3)

S6 hang thir nhat caa ham 18i chinh 1a gia tri

1
J = 3lwli2 + C S,
phat d6 phtc tap ctia mé hinh, con s6 hang thir
hai 14 gia tri 16i nhay cam véi &. Néu ham 131 nho
hon & thi s& khong phat, day 1a tham sé duoc dua
thém vao dé didu chinh giam d6 phuc tap cia mod

TAP CHi KHI TUQNG THUY VAN
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hinh. Chinh vi vay 10i giai s& cyc tiéu hoa ham
16i nhur cong thire (4):
f(x) = X (ai — am)xmx + b ()
Trong d6 o*m, om 1a nhan t&r Lagrange. Véc-
to hudn luyén dua ra cc s6 nhan Lagrange khéc
khong dugc goi la cac véc-to hd tro va day la
mot khai niém chinh vé 1y thuyét SVR. Cac véc-
to khong hd tro khong dong gop truc tiép vao 10
giai va ) lugng vecto hd trg 1a d6 do do do phire
tap ciia mo hinh. M6 hinh nay dugc mé rong cho
truong hop phi tuyén tinh thong qua khai niém
nhan « sinh ra cong thuc (5):

fO) = Eh-1(am — an)k(xnx) +b ()

Trong thi nghiém nay nghién ctru s stir dung
nhan Gauss.

Cay quyét dinh (Decision Tree - DCT) [6] 1a
mdt kiéu mo hinh dy bao. Mdi mot nit trong cua
ciy tuong ung véi mot bién; canh ndi giita nd
v6i niit con cua nd thé hién mot gia tri cu thé cho
bién d6. Mbi nut 14 dai dién cho gia tri du bao
ctia bién muc tiéu, cho trudc cac gia tri cua cac
bién duoc biéu dién boi dudng di tir nat gde t6i
nut 14 d6. Ky thudt hoc may dung trong cay
quyét dinh dugc goi 1 hoc bang cay quyét dinh,
hay chi goi v&i cai tén ngin gon 1a ciy quyét
dinh.

Cay quyét dinh c6 thé dugc hoc bang cach
chia tap hop ngudn thanh céac tap con dya theo
mot kiém tra gia tri thudc tinh. Qué trinh nay
duoc 1ap lai mot cach d¢ quy cho mdi tap con
dan xuat. Qua trinh dé quy hoan thanh khi khong
thé tiép tuc thuc hién viéc chia tach duoc nira,
hay khi mot phan loai don c6 thé ap dung cho
tig phan tir ciia tap con dan xuat. Mot bo phan
loai rimg ngau nhién (random forest) sir dung
mot sb cay quyét dinh dé co thé cai thién ti 1&
phan loai.

k-ling giéng gan nhit (k Nearest Neighbor
- kNN) [1] 1a phuong phap dé phan 16p cac dbi
tugng dya vao khoang cach gan nhat gitra d6i
tugng can xép 10p va tit ca cac dbi tuong trong
tap dir lidu.

TAP CHI KHI TUQNG THUY VAN

Mot dbi tuong dugc phan 16p dya vao k lang
giéng cua no, k 1a s nguyén duong duoc xac
dinh trudc khi thuc hién thuat toan. Nguoi ta
thuong dung khoang cach Euclidean dé tinh
khoang cach gitta cac ddi tuong.

Mang Perceptron nhiéu l6p (Multi-layer
Perceptron - MLP) [7] 1a mang no-ron nhan tao
duge goi 1a perceptron nhiéu 16p bai vi no 14 tap
hop cua céc perceptron chia 1am nhiéu nhém,
mdi nhém twong Gmg v4i mot layer. Hoat dong
ctia chiing c6 thé dugc md ta nhu sau tai tang dau
vao cac noron nhan tin higu vao xir Iy (tinh tong
trong s, guri t6i ham truyén) rdi cho ra két qua
(1a két qua ctia ham truyén); két qua nay s& dugc
truyén t6i cac noron thudc tang an thi nhat; cac
noron tai day tiép nhan nhu 1a tin hiéu dau vao,
xur Iy va gui két qua dén tang an tha 2;...; qua
trinh tiép tuc cho dén khi cac noron thudc tang ra
cho két qua. Bén mé hinh trén dugc st dung rat
phé bién cho cac bai toan hoc méay va ciing cho
thdy hiéu nang dang ké cua ching.

4. Phan tich két qua

Trong phan nay, ta s& xem xét cac két qua khi
chay GP so vdi cac thuat toan hoc may dién hinh.
Dé so sanh hiéu suat cia GP véi cac phuong
phéap khac nghién ctru sur dung hai d§ do nhu
cong thtrc (6, 7):

\/%Z?:1(YObs,i_Ypre,i)
NRMSE =

(6)

(Yobs,max—Yobsmin)

CcC = Zln:1(YObs,i_yobs)O’pre,i_ypre)

)

\/Z?=1(y0b$,i_370bs) (Yprei—Ypre)

Trong d6 NRMSE (normal root mean
squared error) 1a4 RMSE chuan hoa tinh theo
phan tram, CC (correlation coefficien) 1 hé sb
tuong quan.

Trong cong thuc trén n la do 16n tap huén
luyén, yprei 12 gié tri du bdo cua diém mau i con
Yobsi 1 gid tri do dwoc & diém mau i.

Muc dich cia GP 14 qué trinh tién hoa 1am sao
tim cay két qua c6 gia tri NRMSE nhé va CC
16n.

S thang 11 - 2019
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Hinh 5. Gia tri NRMSE va CC cua cac mo hinh
duw bao voi dir liu tai tram Muwong Lay

Trong hinh 5, gia tri NRMSE cua 5 phuong
phap du bao nim trong khoang tir 0,035 dén
0,045. Con gia tri CC nam trong khoang tir 0,03
dén 0,4. Va ta ciing thay phuong phap GP vira
cho két qua gia tri NRMSE nho va CC 16n nhét
trong 5 phuong phap.

Trong hinh 6, gid tri NRMSE cua 5 phuong

Tram 3

0.060
0.055 1
0.050

@ fnn
@ M

e
=]
B
w

SVM

NRMSE (%)

0.040

0.035

0.030

0.20 025 030 035

cc

Hinh 7. Gia tri NRMSE va CC cua cac mo hinh
dw bao voi dir liéu tai tram Ha Giang

0.05 010 0.15

Trong hinh 7, gia tri NRMSE cua cac mo
hinh ndm trong khoang 0,04 dén 0,05, trong do
gid tri nay ciia SVM va MLP gan nhu bang nhau,
gia tri DCT va GP trung nhau. Gié tri CC cuta cac
phuong phap nam trong khoang tir 0,05 dén 0,35
trong d6 DCT va GP gan nhu bang nhau. Dbi véi
d@r liéu tai tram nay thi hiéu nang cua GP va
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Tram 2
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Hinh 6. Gia tri NRMSE va CC cuia cac moé hinh
duw bao voi div liéu tai tram Lao Cai

phap roi vao khoang tir 0,025 dén 0,030, trong
d6 MLP va SVM kha gin nhau ciing nhu DCT
va GP. Tuy nhién gia tri CC cua SVM nho hon
0 trong khi gia tri nay ctua cac phuong phap con
lai tir 0,1 dén 0,4. Va cling tuong tu nhu dy bao
tram Muong Lay, 10i giai GP cho két qua tot nhat
ca vé NRMSE lan CC.
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Hinh 8. Gia tri NRMSE va CC cua cdac moé hinh
du bao voi dir liéu tai tram Son La

0.00 0.05

DCT la tét nhét.

Két qua trong hinh 8 cho thay gia tri NRMSE
ctia cac phuong phap hoc may hau nhu twong
ddng v6i nhau. Chi c6 gia tri CC 1a khac biét
trong d6 GP ¢6 gia tri CC 16n nhat, MLP, SVM
1a phuong phép cung cap gia tri CC cia dit liéu
du béo kém nhat.
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Hinh 9. Gia tri NRMSE va CC cuia cac mé hinh
dw bao voi div liéu tai tram Cao Bang
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Hinh 10. Gia tri NRMSE va CC cua cac mo
hinh dw bao voi dir liéu tai tram Dién Bién
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Hinh 11. Gia tri NRMSE va CC cua cac mo hinh dy bao voi dir liéu tai tram Tuyén Quang

Két qua trong hinh 9 cho thiy khong co su
khac biét 1am vé két qua ctia 2 md hinh SVM va
MLP, trong khi ¢6 GP van chiém wu thé vuot
troi ca vé hai gia tri nay.

Hinh 10 cho thay kha ning dy béo ciia cac mo
hinh trén dr li¢u tram 6 khong c6 sy khac bi¢t
vé sai s6, chi co gia tri CC khéac nhau, trong d6
DCT c6 gié tri nay 16n nhat, GP thir hai. SVM va
MLP héau nhu ciing khong c6 khac biét.

Két qua trén hinh 11 cho thdy kNN ¢6 gia tri
sai s6 mo6 hinh du béo t6i hon han cac mé hinh
con lai, SVM va MLP tuong duong nhau tuy
nhién CC ciia MLP tot hon. Vi dit liéu tram 7
mo hinh DCT cho két qua tt nhat, GP kém chut
it ca vé 15i va gia tri CC.

TAP CHI KHI TUQNG THUY VAN

Nhu vay trén 7 tap dit liéu thuc té tai 7 tram
khéc nhau, GP cho mé hinh du béo tdt nhét trén
5 tap dir li¢u. Trén cac bai toan con lai GP chi
thua kém so v6i DCT khong dang ké vé sai s6
ctia mo hinh. Céc két qua khing dinh hiéu ning
cua GP vuot trdi so véoi cac mod hinh du bao khac.

Mo hinh két qua tién hoa GP

Dudi day 1a mot cay 101 giai cho bai toan du
bao luong mua ¢ tram 1 13 két qua cia qué trinh
tién hoa ctua GP ¢6 dang:

sqrt(add(mul(mul(sqrt(mul(X4,X3)),X2),add
(mul(mul(X2,X2),mul(X2,X2)),mul(add(X3,X3
),X2))),mul(add(mul(add(X3,X3),sin(X3)),div(
mul(X4,X5),sin(X5))),sin(sqrt(X3))))).

Biéu thirc twong ing vai cay trén 1a:
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VX3 X Xy X Xy X (X5

X sin(X3) + X, X

V&i mé hinh két qua nhu trén viée du bao tro
nén kha dé dang vai cc bién X; chinh 1a cac gia
tri dau vao. Va voi mo hinh nhan dugc ta nhan
thay su phu thudc ctia két qua vao cac tham sé do
cling la mot tham khao dé lua chon dic trung cho
phtt hop bai toan. Pay chinh 13 y nghia hop tring
ctia GP ma chi ¢6 m6 hinh DCT trong s6 4 mo
hinh trén méi co.

5. Két luan

Bai béo trinh bay viéc s dung GP dé du bao
lwong mua tai mot s6 tram quan tric Viét Nam,

+2X3 X X,) + 2X3
Xs
sinXs

(8)

+ sin, /X3

cac két qua cho thiy GP vuot trdi hon vé hiéu
nang so vai cac phuong phap du bao khac (MLP,
SVM, kNN, DCT). Tuy nhién gia tri CC ctia mo
hinh con twong ddi thap, tuc 13 két qua du bao
van con chua doan dugc dung xu thé cua dit liéu.
Chinh vi vdy, trong tuong lai nghién ctru s& tiép
tuc cai tién GP dé thu dugc két qua du bao tot
hon nita. Ngoai ra tham sé phu thudc vao sé gia
tri thoi diém trude ciing can duge didu chinh linh
hoat dé co dugc két qua du bao phu hop voi thuc
te.

Loi cam on: Nghién civu nay dwoc hé tro boi dé tai “Nghién ciru co sé khoa hoc va gidi phdp

wng dung tri tué nhan tao dé nhan dang, hé tro du bao va canh bdo mét sé hién twong khi twong thity
van nguy hiém trong béi canh bién doi khi hdu tai Viét Nam”, ma sé BDKH.34/16-20.”
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A GENETIC PROGRAMMING-BASED RAINFALL PREDICTION USING DATA
FROM THE VIETNAM METEOROLOGICAL AGENCY

Nguyen Thi Hien', Nguyen Xuan Hoai2, Dang Van Nam?3, Ngo Van Manh*
"Le Quy Don Technical University
2Al Academy Vietnam
SHanoi University of Mining and Geology
“Center for Hydro-Meteorological Data and Information

Abstract: Rainfall is one of the most challenging variables to predict, as it exhibits very unique
characteristics that do not exist in other time series data. Moreover, rainfall is a major component
and is essential for applications that surround water resource planning. In particular, this paper is
interested in the prediction of rainfall using data from the Vietnam Meteorological Agency. Cur-
rently in the rainfall prediction literature, the process of predicting rainfall is dominated by statis-
tical models, namely using a Markov chain extended with rainfall prediction (MCRP). In this paper
we outline a new methodology to be carried out by predicting rainfall with Genetic Programming
(GP). This is the first time in the literature that GP is used within the context of rainfall prediction
in some city at Vietnam. We have used a GP to this problem domain and we compare the perform-
ance of the GP and SVM, MLP, DCT, kNN on 3 different data sets of cities at Vietnam and report the
results. The goal is to see whether GP can outperform other machine learning methods. Results in-
dicate that in general GP significantly outperforms other machine learning methods, which is the
dominant approach in the literature.

Keywords: Genetic Programming, rainfall prediction.
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