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ABSTRACT

In recent years, climate change is one of the environmental problems that
needs to be studied in the Mekong Delta of Vietnam, especially those in
conjunction with temperature and rainfall. As temperature and rainfall
changes directly affect agriculture and aquaculture activities - driving
factors of the delta’s development, the raising question is if such changes
could be forecasted with acceptable level of uncertainties. This paper
presents algorithms and models of adjusting the forecasted rainfall data
obtained from climate data of the SEA-START. A comparison of these
forecast models is conducted by forecast error analysis. A case study is
experimented by using rainfall data in Can Tho city - Vietnam. The results
show that the linear regression model has the greatest forecast error while
the non-linear forecast models give better results. The diversity of these
forecast models can be applied to solve environmental problems in
practice.

TOM TAT

Trong nhimg nam gan day, bién déi khi hdu la mét trong nhing vin de
méi treong can doc nghién ciru o ving d‘ong bang song Ciru Long - Viét
Nam, dac biét la nhitng van dé lién quan dén cdc yéu to nhiét do va luong
muea. Do sw thay doi nhiét dg va lwong mwa anh hwong tryc tlep dén cdc
hoat dong nong nghiép va nuoi trong thiy san - nhitng yéu t6 chinh dan
dén sw phat trién ciia vung dong bang Séng Ciru Long, cau hoi dwoc dat ra
la ligu nhitng thay déi vé nhiét do va luwong mua co thé dwoc du bao véi dé
khéng chdc chin & mike ¢6 thé chap nhin dwoc hay khéng. Bai bdo ndy
trinh bay cdc gidi thudt va mé hinh duw bdo leong miea tir nguon di liéu khi
hau cia SEA-START. Cac mo hinh diy bao nay dwoc so sanh véi nhau
bang phwong phap phan tich loz d béo. Céc két qua trong bai bao nay
cho thay mé hinh hoi qui tuyén tinh c6 16i dw bao cao nhat trong khi cdc
mé hinh dw bdo phi tuyén cho két qud dw bdo t6t hon. Tinh da dang cia
nhitng mé hinh dir bio nay cé thé dwoc g dung dé gidi cac bai toan méi
trueong trong thiec tién.

1 GIOI THIEU

_Hg théng khi hau trai dat bao gom bon thanh
phan: khi quyén, dai duong, khu vuc dong bang va

sinh quyén. Cac tién trinh vat 1y nhu buc xa, tudn
hoan va mua phan ung véi cac tién trinh sinh hoc
nhur tién trinh hip thu carbon do trong cy, cac bién
d6i héa hoc dé hinh thanh nén hé thdng khi hau
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bién d6i phirc tap (McKuffie ef al., 2005). Nhiing
bién ddi phtic tap nay tac dong manh mé dén san
xudt néng nghiép & cac nude trén thé gidi, dic bit
1a cac nude ¢ vung nhiét d6i. O nude ta, cac anh
huong cua bién d6i khi hau d6i véi ngudn tai
nguyén nudc 1€n cac linh vuc nong nghiép va thiy
san 1a méi quan tim hang dau cia cac nha nghién
ciru thuy van hoc. Theo bao cao cua (BO Tai
nguyén va Mai truong, 2011) thi vang dong bang
song Ciru Long (PBSCL) 1a ving dét thép ven blen
cua Viét Nam va la khu vuc bi tdc hai ning né
nhit do bién ddi khi hdu gy ra. Thanh phd Can
Tho nim & trung tim PBSCL véi dic diém la
ning nhiéu va nhiét d6 cao quanh nim. Miia mua
kéo dai tir thang 5 dén thang 10, mua kho tir thang
11 dén thang 4 nim sau. Ngoai ra do nim canh
song Hau nén Can Tho c6 mang ludi song, kénh,
rach kha chang chit. Vung tir gidc Long Xuyén ¢6
dia hinh thap triing va chiu anh huong 1 tryc tiép
hang nam. Theo bao cao cia B¢ Tai nguyén va
Mai truong ndm 2011 thi tri s6 phé bién cua luong
buc xa tong cong trung binh nam la 150-170
kcal/cm2 va tri s6 phd bién vé lwong mua trung
binh nim khoang 1600 dén 2000 mm (Bo Tai
nguyén va Mo6i truong, 2011). Luong mua ngay
16n nhat & Thanh phé Can Tho khoang 150-350
mm. Ca miia mua c6 tir 4 dén 6 thang mua trén 200
mm/thang. Viéc bién ddi khi hau s& 1am thiét hai
cho san xuét néng nghiép do dat dai bi bac mau va
nhiém min, han han bat thuong, 1t lut khong theo
qui luét va nhiéu dich bénh méi hinh thanh,...
Nghién ctru vé tac dong cua bién ddi khi hau
dbi v6i tai nguyén nudc doi hoi phai chi tiét hoa
(downscaling) lugng mua hang ngay tir cac du bao
cap khu vue (Regional Climate Model - RCM). Bai
bao nay dé xuit mot phuong phép downscaling hai
bude dé du bao lwong mua hiang ngdy. Bude dau
tién thyc hién viéc dy bao mot ngay nao d6 c6 mua
hay khong. Budc thir hai s& dyu bao lugng muwa néu
nhu ngay do dugc du bao la c6 mua & budec mot.

Céc phan tiép theo cua bai bao nay nhu sau:
phan 2 trinh bay ngan gon vé cac nghién ctru lién
quan dén mé hinh du bao lwong mua, phan 3 trinh
bay cac mo6 hinh dy bao luong mura. Phan 4 trinh
bay cac két qua thuc nghiém, t1ep theo sau do la
phan két luan va hudng phat trién.

2 NGHIEN CUU LIEN QUAN

Céc chuyén gia da sir dung mo hinh tuan hoan
tong quat (GCM - General Circulation Model) dé
thiét ké md hinh va mé phéng céc tién trinh bién
d6i khi hau trong pham vi toan cu (Ghosh ef al.,
2008). M6 hinh GCM st dung cac bién thoi tiét co
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d6 phan giai thap dé du bao cac bién ddi khi hau
dai han va trung han cho cac vung véi pham vi
rong 16n, do d6 lam cho cac chuyén gia kho khan
trong viéc dy bao anh huong cua bién doi khi hau
dbi voi ngudn tai nguyén nudc tai cic ving cd
pham vi nho. Viéc bién doi két qua dau ra ciia mo
hinh GCM dé dy bao bién dbi khi hu tai cic ving
¢6 pham vi nho hon (nhu: cép x4, 4p, canh dong) 1a
mot bai toan kho vi mé hinh GCM khéng d& cap
dén cac tién trinh co ban xay ra ¢ cac vung co
pham vi nho (vi du: tién trinh béc hoi nude, hip
thu nudc, phan bd lugng mua).

Cac phuong phap downscaling da dugc phat
trién dé tao su lién hé gitra két qua d4u ra cua mod
hinh GCM c6 do phén giai thip véi cac bién thoi
tiét c6 do phéan giai cao hon & cac ving co pham vi
nho. Cac phwong phap downscaling ¢ thé dwoc
phan thanh hai nhém chinh: downscaling thong ké
va downscaling dong. Phuong phap downscaling
thong ké co thé duogc chia thanh bon nhém: phan
loai thoi tiét (weather typing method) (Bardossy et
al., 1992; Von Storch et al., 1993; Bardossy ,
1997), bd sinh di liéu thoi tiét ngau nhién
(stochastic weather generator) (Selker and Haith,
1990; Tung and Haith, 1995; Yu et al., 2002),
phuong phap liy miu lai (resampling method)
(Murphy, 2000; Buishand and Brandsma, 2001;
Palutikor et al., 2002) va phuong phap hdi quy
(regression method).

Phuong phap h6i quy thiét 1ap mot ham tuyén
tinh hodc phi tuyén thuc nghiém giita céc bién thoi
tiét & cap d6 vung co pham vi nho (chp do dia
phuong-local scale) va cac bién & cdp do toan cuc
(global scale) cuia m6 hinh GCM. Phuong phap nay
thuong duoc stir dung vi dé cai dit. Ngoai ra, ham
hdi quy cho downscaling co thé duoc xdy dung
bang mang no-ron (Neural network) (Hewitson and
Crane, 1996; Olsson et al., 2001; Dibike and
Coulibaly, 2006), phan tich twong quan chinh tic
(Burger, 1996; Menzel and Burger, 2002; Chu et
al., 2008) hay méay hoc véc-to hd trg (Support
vector machine) (Tripathi et al., 2006; Anamdhi et
al., 2008). Nghién ctru ciia (Chen et al., 2010) dé
xuit két hop mo hinh phan 16p (mwa hay khong
mua) va md hinh hdi quy st dung may hoc véc to
hd tro.

Nhiéu mé hinh va phin mém downscaling di
dugc hinh thanh va phat trién. Nhung mé hinh
SDSM (Statistical downscaling model) cua Wilby
et al. (2002) dugc st dung nhiéu nhat. Vi du nhu,
Wilby et al. (2006) da két hop SDSM vé6i mot mod
hinh cén bang nudc va mo hinh chét lwong nudc
can bang dé nghién ciru danh gia anh hudng cua
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bién d6i khi hau va sy khong chic chin trong cac
dong chay cua song. Thém vao d6, SDSM thuong
duoc so sanh voi cac phuong phap downscaling
théng ke.

Trong nghién ctu dy bao lwgng mua, ching toi
true tién sir dung md hinh hdi quy tuyén tinh.
Tiép dén, nghién ctru tap trung vao hudng tiép can
dua trén cac mo hinh may hoc tu dong nhu: k lang
giéng (k Nearest Neighbors) (Fix and Hodges,
1952), cay quyét dinh (Decision Trees) (Breiman et
al., 1984), bagging (Breiman, 1996), rimg ngiu
nhién (Random Forests) (Breiman, 2001) va may
hoc véc to hd tro (Support Vector Machines)
(Vapnik, 1995). Chang 61 ciing dé xuat mo hinh
hoc phan cap két hop gitta mo hinh phan 16p va mé
hinh hoi | quy dua trén rung ngau nhién va may hoc
véc to hd tro.

3 MO HINH DU BAO

3.1 Mb hinh hdi quy tuyén tinh (linear
regression - LM)

Hbi quy 1a phuong phap toan hoc dugc ap dung
thuong xuyén trong thong ké dé ‘phan tich mo6i lién
h¢ gilra cac hién tuong kinh té xa hoi. Hoi quy
tuyén tinh dwoc st dung rong réi trong thyc té do
tinh chit don gian hoa cua hdi quy.

Phan tich hdi quy 1a phan tich thong ké dé xac
dinh méi quan hé giita bién phu thude y voi mot
hay nhiéu bién doc 1ap x. M6 hinh hoi quy don
gian nhit 13 ham tuyen tinh (bac 1) dung dé mo ta
mdi quan hé giita bién phu thudc va bién doc 1ap 1a

tuyén tinh. MO hinh héi quy tuyén tinh c6 dang:

y=o+tpx (1
v6i o 1a chan (intercept), B 1a d6 ddc (slope)

Céc tham s6 a, f ciia md hinh dugc ude luong
tir dir liéu quan sat. Xét tap dir liéu gdm m phan tir
X1, X2, ..., Xm trong khong gian n chiéu (bién doc
lap, thudc tinh), c6 gia tri twong ng cia bién phu
thugc (can du bao) 12 y1, y2, ..., ym. Cac tham s a,
S ciia md hinh dugc uée lugng bang phwong phap
binh phuong bé nhat (least squares):

Mn{z[y ot f ]j @
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y=a+pBx

Hinh 1: Héi quy tuyén tinh

Gia tri du bao cho phﬁn tor mdi x dua vao cong
thirc (3):

(3)
KNN)

J=at
3.2 k lang giéng (k Nearest Neighbors -

Giai thuat k lang giéng (kNN) duge Fix va
Hodges dé xudt tir nhimg nim 1952. Pay la
phuong phap rit don gian nhung ciing cho hiéu qua
cao trong khai mo dir liéu (Hastie et al., 2009;
Wu and Kumar, 2009). Gia sir ¢6 tap dir liéu bao
gdm m phin tir x1, X2, ..., Xm trong khong gian n
chiéu, ¢ gia tri tuong tng cua bién phu thudc 1a y1,

Y2y ooy Y.
]
o ]
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Hinh 2: Giai thuit k ling giéng

Giai thuat kNN khong c6 qua triph hoc. Khi du
doan gié tri bién phu thudc cua pl}én tor dir liéu x
moi dén, giai thuét di tim k lang giéng (k=1, 2, ...)
cua x tir tap dir liéu hoc 1a cac phan tir {(x5,y1), ...
(xkpr)}, sau do thuc hién:

— Phan 16p véi binh chon s6 dong trong cac
gia tri {yi, ..., Y&},

— HOi quy véi gia tri trung binh ciia cac

{V1y vees Yi}.
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Qué trinh tim k lang giéng cia x thuong su
dung khoang cach (distance) hay d¢ twong tu
(similarity).

3.3 Cay quyét dinh (Decision Trees - DT)

Cay quyét dinh dé& xuit boi (Breiman er al.,
1984; Quinlan, 1993) 1a m6 hinh may hoc tu dong
sir dung rat nhiéu trong khai mo dir liéu (Wu and
Kumar, 2009) do tinh don gian va hiéu qua. Hinh 3

= overcast

= sunny = rainy

=74

-

=TRUE

=75

€9

¢

=FALSE

-
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minh hoa mét vi du cla cay quyét dinh thu duoc
béng cach hoc tur tap dir liéu, dé dy doan choi Golf
(§ = yes / no?) tir cac bién (thoi tiét, nhiét do, do
am, gi6). M6 hinh rat d& hiéu boi vi chung ta co thé
rt trich luat quyét dinh twong tng véi nut 14 cd
dang IF-THEN duoc tao ra tir viéc thuc hién AND
trén cac diéu kién theo dwong dan tir niit goc dén
nat 1a. Cac luat quyét dinh dé hiéu voi nguoi
su dung.

outlook temp. hum. windy | Play
sunny 85 8b false No
sunny 80 90 true No
overcast 83 78 false Yes
rain 70 96 false Yes
rain 68 80 false Yes
rain 65 70 true No

IF (outlook=sunny) and (humidity <= 75) THEN play=yes

Hinh 3: Cay quyét dinh hoc tir dit liéu cho phép dv bio choi Golf

Xét tap dir liu bao gdm m phan tir x1, X2, ...,
Xm trong khong gian n chiéu, c6 gia tri twong ing
cua bién phu thudc 1a yi, y2, ..., ym. Gidi thuat hoc
tir dit liéu 1a qua trinh xdy dung cay bit dau tir nit
gbc dén nut 1a. Pay 1a giai thuat dé quy phan hoach
tap dir li€u theo cac bién doc lap thanh cac phan
vung chir nhat ro1 nhau ma ¢ do cac phén tr dir liéu
Xi, Xj, ..., Xk cia cung phan vung (ndt 13) cé cac yi,
Vis ..., i 1a thuan khiét:

— Gibng nhau trong van d& phan 16p,

— Tuong ty nhau trong van dé hdi quy.

Giai thuat hoc md hinh cdy quyét dinh tir dit
liéu gdbm 2 budc 16n: xay dung cdy, cit nhanh dé
tranh hoc vet. Qua trinh xdy dung cay duoc lam
nhu sau:

— Bt dau tir nat géc, tht ca cac dit liéu hoc &
nut gbc,

— Néu céc phﬁn tir dir liéu tai 1 nat 1 thuan
khiét thi nat dang xét dugc cho 1a nut 14, gia tri du
béo cua nat 14 cho van d& phan 16p v6i binh chon
s6 dong trong cac gia tri {yi, ..., yk}, cho vin dé hoi
quy véi gia tri trung binh ctia cac {pi, ..., yi}.

— Néu dit liéu & nat quéa hdn loan (cac gia tri

83

Wiy eeey Vi) rat khac nhau) thi nut duge cho 1a nit
trong, tién hanh phéan hoach dir liéu mot cach dé
quy béng viéc chon 1 bién dé thuc hién phéan hoach
t6t nhat co thé.

Mot bién duoc cho 1a tdt duoc st dung dé phéan
hoach dit liéu sao cho két qua thu dugc cay nhd
nhat. Viéc lya chon nay dwa vao cac heuristics:
chon bién sinh ra cac nat thuan khiét nhat. Hién
nay c6 2 giai thuat hoc cay quyét dinh tiéu biéu la
C4.5 cua (Quinlan, 1993), CART cua (Breiman et
al., 1984).

bé danh gia va chon bién khi phéan hoach di
liéu, Quinlan dé nghi st dung d¢ loi thong tin
(chon bién c6 d6 loi thong tin 16n nhat) va ti s do
lgi dya trén ham entropy cua Shannon. D loi
thong tin ciia mot bién duoc tinh béng: do do hédn
loan trudc khi phan hoach trir cho sau khi phan
hoach. Gia sir pe 14 xac suat ma phan tu trong dir
liéu D thudc 16p ye (c =1, C), 46 do hdn loan thong
tin trude khi phan hoach dugc tinh theo cong thirc
entropy (4) nhu sau:

C
Info(D) = —z p.log, p.

c=1

“4)
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Po do hén loan sau k‘hi st dung bién A4 phéan
hoach dit liéu D c6 m phan tir thanh v phan ving
kich thuéc tuwong Gng 1a mi, m2, ..., my dugc tinh
béi (5):

\4 mJ

Info ,(D)==Y —LInfo(D,)

j=1m

Do loi thong tin khi chon bién 4 phéan
hoach dir liéu D thanh v phﬁn duoc tinh bai
cong thirc (6):

Gain(A) = Info(D) — Infoa(D)

©)

(6)

Giai thuat CART cua Breiman va cac cong su
sir dung chi s6 Gini dé phan hoach dit li€u trong
qué trinh xay dung cdy. Gia st pe 1a xac suit ma
phan tir trong dit liéu D thudc 16p ye (c =1, C), chi
s6 Gini dugc tinh theo cong thire (7):

k

Gini (D)=1=Y pj

c=1

™)

Ham Gini nho nhat khi 16p trong D bi léch. Néu
sir dung bién A phéan hoach D kich thudc m thanh 2
tap con Dy (kich thudc mi) va D2 (kich thude my),
ham Gini dugc tinh nhu cong thirc (8). Bién dugc
chon phén hoach dir liéu 14 bién cho gia tri chi s6
Gini nho nhit.

®)

Cho véan dé hoi quy, do do hdn loan thong
tin tai phan vung D dua trén d6 1éch chuin
nhu trong (9) voi u 1a giad tri trung binh cua
cac gia tri y trong D.

S(D)zz(y,- ;u)

Gini (D) = " Gini(D,) + 2 Gini(D,)
m m

)

Néu st dung bién A phan hoach D kich thude
m thanh 2 tap con D (kich thu6c m1) va D2 (kich
thudc m2), dd hon loan sau khi phan hoach dugc
tinh nhu cong thirc (10).
m m
S(D)=—8(D)+—=S(D,) (10)
m m
Bién dugc chon phan hoach dir liéu la bién cho
giNé tri d6 hon loan trudce khi phan hoaqh trir cho do
hon loan sau khi phan hoach la nhé nhat.
Mb hinh cdy quyét dinh sau khi xay dung
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thuong khong manh vé6i nhidu va dé dan dén hoc
vet. Tte 1a mo hinh c6 tinh téng quét thip, chi can
dit liéu kiém tra co thay ddi mot it so véi dit lidu
hoc thi cay quyét dinh du bao sai. Pé khic phuc
khuyét diém nay, Quinlan ciing dé nghi cac chién
lwge cit nhanh trong giai thuét C4.5. C6 2 Iya chon
hodc postpruning (cat nhanh cdy sau khi xay dung
cay) hay prepruning (dimg sém qua trinh phén
nhanh). Trong thuc té, postpruning dugc st dung
nhiéu hon prepruning. Tuy nhién d6 phuc tap cua
viéc cit nhanh sau khi x@y dung cay rét phuc tap,
st dung cac chién lugc dé uée lugng 16i sinh ra bai
mb hinh sau khi cit nhanh.

3.4 Mo hinh Bagging (BagDT)

Tir nhitng nam 1990, cong dong may hoc di
nghién ctru cach dé két hop nhidu mé hinh phén
loai yéu thanh mé hinh tdp hop phan loai manh cai
thién @0 chinh xac cao hon so v6i chi mét moé hinh
phan loai don yéu. Trong phan tich thanh phan 15i
cua giai thuat hoc, Breiman da chi ra trong
(Breiman, 1996), 15i bao gém 2 thanh phan 1a bias
va variance. Thanh phan 15i bias 1a khai niém vé 15
ctia md hinh hoc (khong lién quan dén dir liéu hoc)
va thanh phan 15i variance 1a 16i do tinh bién thién
ctia m6 hinh so v6i tinh ngiu nhién cua cac mau dir
liéu hoc. Muc dich ctia cdc mo hinh tap hop 1a lam
giam variance va/hodc bias cua céc gidi thudt hoc.
Dua trén cach phan tich hiéu qua cta giai thuat hoc
dua trén thanh phﬁn 16i bias va variance, Breiman
dad d& xuit giai thuat hoc Bagging (Bootstrap
AGGregatING) nhiam giam 13i variance cua giai
thuat hoc nhung khong lam tang 15i bias qua nhiéu.
Giai thuat c6 thé duoc tom tit nhu sau:

— Tu tap dir liéu hoc LS ¢6 m phan tir, xay
dung 7 md hinh co s& djc 1ap nhau.

— M5 hinh thir ¢ dugc xay dung trén tap miu
Bootstrap thr ¢ (Idy mau m phan tir c6 hoan lai tir
tap hoc LS).

— Két thuc qua trinh xdy duyng T mé hinh co
s&, ding chién lugc binh chon sb dong dé phan 16p
mdt phan tir x m&i dén hodc gi tri trung binh cho
bai toan hoi quy.

Trong thuc té, giai thuat Bagging cai thién rat
t6t cac md hinh don khéng 6n dinh nhu cay
quyét dinh va thuong c6 thanh phan 13i variance
cao. Hinh 4 1a vi du cta giai thuat Bagging dugc ap
dung cho mé hinh co s& 1a cay quyét dinh.
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Hinh 4: Giai thuit Bagging
cuiia cay quyet dinh

ho1 quy :

phan loai :

3.5 Rirng ngiu nhién (Random Forests - RF)

Tiép can rimg ngau nhién do (Breiman, 2001)
dua ra la mot trong nhimg phwong phap tap hop
mo hinh thanh cong nhét. Giai thuat rimg ngau
nhién tao ra mot tap hop cac cay quyét dinh khong
cit nhanh, mdi cdy dugc xay dung trén tdp miu
bootstrap (nhu Bagging), tai mdi niit phan hoach
tdt nhét duoc thuc hién tr viée chon ngau nhién
mot tap con céac thudc tinh. Loi téng quat cua rung
phu thudc vao do chinh xéac cua tung cay thanh
vién trong rimg va su phu thudc 1an nhau gitra cic
cdy thanh vién. Giai thuat rimg ngiu nhién xay
dung cay khong cit nhanh nhém gilt cho thanh
phan 15i bias thap va dung tinh ngiu nhién dé diéu
khién tinh tuong quan_ thip giita cac cdy trong
rimg. Tiép can ring ngau nhién cho do chinh xac
cao khi so sanh véi cac thuat toan hoc c6 gidm sat
hién nay. Nhu Breiman di dé cp trong (Breiman,
2001), rimg ngdu nhién hoc nhanh, chiu dyng
nhiéu t6t va khong bi tinh trang hoc vet. Giai thuat
rimg ngau nhién sinh ra mo hinh c¢6 do chinh xé4c

S6 chuyén dé: Cong nghé Thong tin (2013): 80-90

LS

Bootstrap-1 Bootstrap-2 Bootstrap-T
' '

B &

Y2(x) y7(x)

N/

W) = () H 0+ V()T

¥4(x)

3(x) = binh chon 6 déng {¥,(x),....7,(x)}
cao dap ung duoc yéu cau thuc tién cho van dé
phan loai, hoi qui. Giai thut rimg ngau nhién
(Hinh 5) c¢6 thé dugc trinh bay ngan gon nhu sau:

— Tu tap dir li€u hoc LS c6 m ph?m tr va n
bien (thudc tinh), xady dung T cay quyet dinh mot
cach dgc lap nhau.

— Mb hinh cdy quyét dinh thir t dugc xay
dung trén tap mau Bootstrap thur t (I&y mau m phan
ttr ¢6 hoan lai tir tap hoc LS).

— Tai nat trong, chon ngiu nhién n’ bién
(n’<<n) va tinh toan phan hoach tot nhat dyua trén
n’ bién nay.

— Cay duogc xay dung dén do sau ti da khong
cat nhanh.

Két thiic qua trinh xdy dung T mé hinh co sd,
ding chién lugc binh chon sé dong dé phan 16p
mdt phan tir méi dén hodc gié tri trung binh cho bai
toan hdi quy.

Tap ol ligu hoc LS
(m phdn t&, n thudc tinh)

Hinh 5: Giai thuat rirng ngiu
nhién

¥.(x)

‘?wfk

NGt trong (khéng phai 14)

LAy ngdu nhién n’thudc tinh
tir n thudc tinh, 84 tinh toén
phan hoach dir ligu.

¥:(x)

w.,.ml/

Phan 16p: binh chon s 8dng trong {7,(x), #,(X).... 9,(x)}
Hi quy: (§,(x) + 9,0) + ...

+9,60)/T
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3.6 May hoc véc to hd trg' (Support Vector
Machines - SVM)

May hoc véc to hd trg (SVM) duge d& xut boi
(Vapnik, 1995) 1a mé hinh hiéu qua va phd bién
cho van dé phan 16p, hdi quy nhimng tap dir
lidu co sb chiéu 16n.

Xét vi du phan 16p nhi phéan tuyén tinh
(hinh 6) véi m phan tir x1, X2, ..., Xm trong khong
gian n chidu, co nhin (16p) cia cac phan tur 13 yi,
V2, vvny Ym €O gid tri I hodc -1. yi = 1, néu x; thude
16p +1 (16p duong, 16p ching ta quan tdm), yi =—1,
néu x; thuoc 16p —1 (16p 4m hay cac 16p con lai).
SVM tim siéu phang téi vu (xac dinh boi véc
to phap tuyén w va do léch cia siéu phang b)
dua trén 2 siéu phéng ho tro cua 2 16p. Cac
phan tr 16p +1 nam bén phai cua siéu phang
hd trg cho 16p +1, cac phan tir 16p -1 ndm phia
bén trai ciia siéu phang hd trg cho 16p -1.
Nhimng phin tr nim ngugc phia voi siéu
phing hd trg dugc coi nhu 16i. Khoang cach 13i
duge biéu dién boi zi > 0 (v6i xi nam ding phia ctia
siéu phang ho trg cta no thi khoang cach 10i twong
ung zi = 0, con ngugc lai thi zi > 0 1a khoang
cach tir diém x; dén siéu phang hd trg tuong tng
cua no).

optimal plane:

wx— b=l N owex—h =51 7 O]
5 T 0O O
e i \
wx—-b=-1 + O
O O
O [ ]
| B c
&/
O

\
gl Al A0S

margin = 2/||w||

Hinh 6: Phén 16p tuyén tinh véi may hoc véc to
ho trg

Khoang cach gitra 2 siéu phing hd tro duoc goi
1a 18. Siéu phang t6i wu (ndm giita 2 siéu phang hd
tro) tim dugc tir 2 tiéu chi 1a cuc dai hoa 1& (18 cang
16n, mo hinh phan 16p cang an toan) va cuc tiéu
hoa 16i. Van dé& din dén viéc giai bai toan quy
hoach toan phuong (11):

min W(w, b, z) = (172) |[wlP +¢ D z, 5.t

i=1

(11)
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yi(wxi—b)+z >1
z 20 (=1, 2, ...,m)
. voi hang ¢ > 0 dugc sir dung dé chinh d6 rong
1€ va 16i.
Giai bai toan quy hoach toan phuong (11), thu
duoc (w, b). Phan lop phan tr x dya vao dau cua
(w.x - b) nhur trong (12). Néu gia tri biéu thirc (w.x

- b) > 0 thi géan nhan cho x la 16p duong (+1),
ngugc lai thi gan nhan cho x 1a 16p am (-1).

predict(x) = sign(w.x — b)

Hinh 7: Hoi quy v6i may hoc véc to hd tro

Méy hoc SVM ciing c6 thé xir 1y bai toan hoi
quy. Trong van d& hdi quy nhu Hinh 7, SVM tim
siéu phang di qua tit ca cac phan tir dit liéu v6i do
léch chuén 13 & Huén luyén may hoc SVM cho xir
ly van dé hdi quy din dén viéc giai bai toan quy
hoach toan phuong (13) nhu sau:

min W(w, b, z*, z) = (1/2) ||w|]* +

¢Y (2 +2z,) st. (13)
i=1

wWXi—b-yi- z¥<eg
~b-yit ziz-¢

z .,z 20(G=1,2, ..., m)

W.Xj

voi héng ¢ > 0 duogc st dung dé chinh do rong
18 va 16i.

Gidi bai toan quy hoach toan phuong (13) s&
thu dugc siéu phang hdi quy (w, b) cia SVM. Du
bao cho phan tr méi dén x dua trén siéu phing
(w, b) dugc tinh theo cong thirc (14):

predict(x) = (w.x - b) (14)

Giai thuat SVM co thé thay thé cac tich vo
hudng trong cac cong thire (11-14) boi ham nhén
(kernel functions), s& cho phep giai quyét mot so
16n cac bai toan phan 16p va hoi quy phi tuyen
Khong c6 bit ky mot thay ddi ndo can thiét vé mat
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giai thuat, viéc lam duy nhét 1a thay thé cac tich vo
hudng cua hai véc to trong cac cong thirc boi
mot trong cac ham nhan co ban duoc dung phd
bién nhur:

— Pathic bac d: K(u, v) = (u.v + c)? (15)
— Radial Basis Function (RBF):
K(u, v) = exp(-plu—vl]°) (16)

3.7 Mo hinh hdi quy phén cip

Chung ta c6 thé sir dung tryc tiép cac mo hinh
hdi quy vira duoc trinh bay dé du bao lwong mua
trong ngay. Mdi mé hinh déu c6 vu diém va khuyét
diém khac nhau. Chang han mé hinh hdi quy tuyén
tinh thi rat don gian, thoi gian xdy dung mé hinh
va du bao nhanh, didu tat yéu 1a d6 chinh xéc ciing
khong cao. Riéng mo hinh kNN ciing don gian, chi
sir dung duy nhét tham s6 1a k = 1, 2, ... 1a s6 lang
giéng, tuy nhién thot gian du bao lau hon do phai
tim kiém lang gleng cua phan tir can du bao. Mo
hinh cdy quyét dinh chi can duy nhat tham s6
minobj = 1,2, ... 12 s6 phan tir tbi thiéu tai mdi nut
14, thoi gian xdy dyng mo hinh va dy bao nhanh,
dat duoc do chinh xac tuwong dbi cao so v6i kNN

va h01 quy tuyén tinh. Bagging va rimg ngiu nhién
thi can thém tham s6 1a s6 luong cay T = 50, 100,..
riéng, rung ngau nhién con sir dung thém tham s6
la s6 bién ngiu nhién sir dung cho phan hoach

(trong khoang {\/; ,5} v6i n 1a sO bién cua dir
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liéu). Cho du phtrc tap, nhung Bagging, rimg ngau
nhién van don gian hon khi so véi may hoc SVM.
Xay dyng mé hinh SVM can thiét ba tham s 1a
hang s6 ¢ > 0 (dé chinh do6 rong 1& va 15i), d6 léch
chudn 1a & va tham s6 ctia ham nhan. Thoi gian
xdy dung mo hinh va du bao rat cao (it nhét 1a bac
2 so v6i so luong phén ta). Mac du phuc tap,
nhung Bagging, ring ngau nhién va SVM la mé
hinh phi tuyén, nén xir 1y tot cho cac van dé phi
tuyen dac bi¢t 1a dy bao lugng mua dang xét
o day.

Hinh 8 minh hoa mé hinh hdi quy phén cép. Di
li€u dugc phan 16p (ClassM) vao mot trong nidm
16p nhu: khong mua (lwong mua = 0), mua nhe
(lugng mua: 0-2,5 mm), mua vira (lugng mua: 2,5-
7,6 mm), mua to (lwong mua: 7,6-50mm), rat to
(lwong mua trén 50 mm). Tuong Gng vai tung 16p,
mot md hinh hdi quy duge xdy dung cho phép du
bao St cac phan tir thude 16p d6 (RegM-i).

Xét vé do phuc tap, xir Iy van dé phan 16p don
gian hon rat nhidu so véi bai toan hdi quy. Hon
nira, qua trinh xdy dyng mé hinh hdi quy cing
phuc tap hon khi can du bao lwvong mua tir tap dir
lidu, c6 mdi quan hé phi tuyén giita bién phu thudc
(lwong mua) v6i nhiéu bién doc lap (birc xa mit
troi, hudng gio, toc d gio, nhiét o). Tir phan tich
trén, chiing toi dé xudt mo hinh hdi quy phan cip,
két hop gitta mé hinh phan 16p va nhiéu mé hinh
hdi quy cuc bo dé nang cao hiéu qua xir 1y cua du
bao lugng mua.

| M6 hinh phén I6p (ClassM) |

(Khéng mua)

Hinh 8: Mé hinh phan cip (phin

Mua

( Réto )

. A v v '
16p + hoi quy) C Nhe ) C vin ) C T )
M4 hinh hdi quy M4 hinh hdi quy M4 hinh hdi quy M4 hinh hdi quy
RegM-1 RegM-2 RegM-3 RegM-4

| I |
'

4 KET QUA THUC NGHIEM

Dé tién hanh danh gi4 hiéu qua ctia cac mé hinh
du bao lugng mua, chiing t6i tién hanh cai dat tat
ca cac chuong trinh dy bao bang ngdén ngir R
(Ihaka and Gentleman, 1996) c6 st dung cac goi
thu vién FNN, rpart, ipred, randomForest, e1071.
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Kétquadubdo O

Chwong trinh bao gdm cac mé hinh: Hdi quy tuyén
tinh (LM), k lang giéng (kNN), Cay quyét dinh
(DT), Bagging (BagDT), Rimg ngau nhién (RF),
May hoc véc to hd trg cho hdi quy SVR, M6 hinh
phan cap: RF phan 16p va RF hoi quy (RFC-RFR),
Mo hinh phan cép: SVC phan 16p va SVR héi quy
(SVC-SVR) d dy bao luong mua.
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Béng 1: Két qua dwa bao lwgng mua cia cac mo hinh

S6 chuyén dé: Cong nghé Thong tin (2013): 80-90

Phwong phap MSE MAE
hdi quy tuyén tinh (Im) 34.161274 4.406217
k lang giéng (k=5) 19.815441 2.593839
cdy quyét dinh (leaf-size=5) 15.508522 2.052494
Bagging (#trees=100) 8.970759 1.481438
rimg ngau nhién (#trees=100, #randim=3) 9.131517 1.545566
mdy hoc SVR (RBF, y=0.01, £=0.1, C= 10%) 17.006430 2.455377
mo hinh phan cip RFC-RFR 10.412143 1.469576
mo hinh phan cip SVC-SVR 20.074542 2.405764

Chung t6i sir dung tap dir lidu (gdm 24 tap con)
tr SEA-START RC c¢6 dia chi website la
http://cc.start.or.th. Dy 1a hé théng phan phdi dir
liéu bién ddi khi hau nam trong chwong trinh hop
tac gitta trung tim START khu vuc Pong Nam A
va ESRI cua Thai Lan. Tap dir li€u thu dugc tu két
qua cua qua trinh mo6 phong phtrc tap cho tung
ngay vai kich thude ludi 1a 20 x 20 km cho toan b
khu vuc song Mékong trong khoang tr nam 1980
dén nam 2006. Chung t6i chi sir dung dit liéu &
ludi gin Can Tho (c6 kinh d6 LON = 105.8 va vi
d6 LAT = 10.2). Téap dir li€u c6 9360 dong (ngay),
mdi dong c6 6 gia trj thudc tinh 13 nhiét d6 (tmax,
tmin), birc xa mat troi (solar radiation), hudng gio
(wind-dir), téc d6 gi6 (wind-speed) va lugng mua
(rainfall). Van dé chung ta can kiém thur 1a xay
dung cac mo6 hinh dy bao st dung tap dit liéu co

dugc dé du bio lugng mua (rainfall) tir 5 thudc
tinh con lai. Chiing toi sir dung nghi thirc kiém thir
hold-out bang cach ldy ngiu nhién 2/3 tap dir liéu
(6240 dong) 1am tap hudn luyén cac mé hinh dy
bao va 1/3 con lai (3120 dong) lam tap kiém tra két
qué dy bao. Két qua du bao dugc danh gia trén tiéu
chi trung binh binh phuong 16i (Mean Square Error
- MSE) va trung binh 13i tuyét d6i (Mean Absolute
Error - MAE). Chung t6i chi st dung tip huin
luyén dé diéu chinh cac tham s6 cua cac mé hinh.
Céac tham sb nay dugc lya chon sao cho dat tiéu chi
15i thap nhat.

Két qua thu dugc tir cac md hinh du bao (véi
céc tham s t6i wu) duge trinh bay trong Bang 1. O
hai cot MSE va MAE, két qua du bao véi 16i thap
nhét duoc in dam, 13i thép thr hai dugc in gach
dudi va 18i thap thire ba dwoc in dam va nghiéng.

A plot of precipitation prediction
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Hinh 9: Két qué du bio 360
ngay cia mé hinh phan cap
RFC-RFR
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Khong c6 gi ngac nhién khi mo hinh hoi quy
tuyén tinh cho 16i du bao cao nhét. Trong khi cac
mod hinh dy bao phi tuyén chimg to nhiéu wu thé
hon. Mic du vdy, mo hinh may hoc véc to hd trg
cho hdi quy SVR va ca mé hinh phan cip SVC-
SVR van chi thing thé khi so sanh v6i kNN va hoi
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quy tuyén tinh. Trong khi d6, mé hinh ciy quyét
dinh don gian ciing cho két qua rat kha quan khi so
sanh voi tét ca cac mo hinh con lai. Tuy nhién, hiéu
qua nhit van 1a phuong phép tdp hop mo hinh nhu
Bagging, rung ngau nhién va mé hinh phén cap
RFC-RFR, cho phép du béo rt chinh xac lugng
mua (16i du béo thap). M6 hinh Bagging du bao
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Vv6i trung binh binh phuong 16i nho I}hét trong khi
md hinh phén cap RFC-RFR c6 the¢ du bdo véi
trung binh 101 tuyét doi 1a nho nhat.

Do thi vé& két qua du bao lwong mua cia 360
ngdy cia md hinh phan cdp RFC-RFR dugc trinh
bay trong Hinh 9. Quan sat do thi nay, chiing ta c6
thé thiy rang mo hinh phan cap RFC-RFR du bao
hiéu qua lugng mua.

5 KET LUAN VA PE XUAT

Nghién ctu ndy da so sdnh cac md hinh du bao
theo phuong phap phan tich 16i duy bao. Phuong
phap downscaling hai budc dugce dé xuét trong bai
b4o nay nham dy bao luong mwa hing ngay va cho
thdy kha nang tng dung ctia cic mo hinh dy bao
lvong mua trong thuc té. Nghién ciru ngay da ap
dung cdc phuong phap Hbi quy tuyén tinh, k lang
giéng, Cay quyét dinh, Bagging, Rung ngau nhién
(RF), Méy hoc véc to hd trg cho hdi quy SVR, Mo
hinh phan cép: RF phan 16p va RF hoi quy (RFC-
RFR), M6 hinh phan cdp: SVC phan 16p va SVR
hdi quy (SVC-SVR) dé dy bao lwong mua tir tap
dir liéu cua SEA-START & lu6i gan Thanh phd
Can Tho. Két qua thuc nghiém cho thiy ring mo
hinh hdi quy tuyén tinh khong phii hgp cho du bao
lugng mua trong khi cdc mo hinh du bao khac nhu
Bagging, rimg ngau nhién va mo hinh phan cip
RFC-RFR du bao chinh xac hon.

Trong twong lai, chung t6i s€ ap dung cac mo
hinh dy bao nay vao dir liéu thyc té cua Thanh phé
Can Tho ngay khi thu thap va tién xir 1y dir lidu.
Chung t6i ¢6 thé nghién ctru ap dung cho cac van
dé du bao tuong tu nhu dy bdo muc nudc, du bao
luu luwong cudc goi dién thoai,... do cdc md hinh
trong bai 1a tong quat cho cac van d& vé du bao.
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