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TOM TAT - Viéc xdc dinh mirc dg hai Iong ciia nguoi dan vé dich vu twéi tiéu trong chinh sach thiy loi phi ¢é anh hiéng
[om dén cdc t6 chire quan 1y va khai théc cong trinh thuy loi, ngdn sach quoc gia va an sinh xa hoi. Trong bai bdo ndy, cdc mé hinh
hoi quy duogc dp dung cho phan tich hoi quy da bién nham muc dich dir dodn dg hai long ciia nguoi dan vé hé théng twoi tiéu tai
dong bang Séng Hong. Két qud thuc nghiém cho thay mé hinh hoi quy phi tuyén cho két qud tot hon mé hinh tuyén tinh, tinh da
dang va khd thi ciia nhitng mé hinh dw dodn nay c6 thé dwoc dp dung dé xir Iy cdc bai todn vé kinh té trong cdc Iinh vue quan I tdi
nguyén nuoc.

Tir khéa - Hoi quy da bién, LASSO, k ling giéng, mang noron, vécto hé tro hoi quy, rirng ngdu nhién hoi quy, khai phd di
liéu, may hoc

I. PAT VAN DE

V6i mbi hé théng tudi tiéu cu thé tai Viét Nam, viéc danh gia mirc do hai 1ong cua cac ho ding nudc tac dong
16n dén chinh sach thity lgi phi ctia Chinh phi. Tir nhitng nghién ciru, phén tich dinh lugng lién quan dén sy hai long
clia nguoi dan giup Chinh phii diéu chinh chinh sach thuy loi phi phu hop nham nang cao chét lugng dich vu tudi tiéu
nong nghiép. Trong nghién ctru nay, cac moé hinh hoi quy tién tién dugc nghién ciru dé phén tich, du doan murc d6 hai
1ong ctia nguoi dan tai vung dong bang Song Hong, tir 6 Iya chon md hinh phu hop dé ap dung xir Iy cac bai toan vé
kinh té, thuy van trong thuc tién.

Xét md hinh hdi quy tdng quat dé giai bai toan xac dinh mirc d6 hai 1ong cta cac hd dan dung dich vu nude tudi
tiéu, thong thuong dugc viét nhu sau:

Y =fX) + ¢ €Yy

trong d6 € 14 151 cia mo hinh, E(e) = 0, Var(e) = o2. Tap dir lidu dau vao £ = (X;, YN, dung dé xay dyng mo
hinh hdi quy duoc thu thap, khao sat doc 1ap tir cac ho dung nudc vai cac tiéu chi quan sat X (predictor features) va
bién dich Y (response feature) luu gia tri danh gia mirc do hai long cua cac ho dung nude. Trong biéu thie (1), X € RM
va'Y € R! 1a cac bién ngau nhién voi xac sudt P, cuthé, PX=xY =y) la xac suat ma cac bién ngau nhién X, Y nhan
cac gidtrix vay. O day, M la s6 chiéu cua tap dir licu dau vao va N 1a sé mau thu thap dugc. Muc ti€u cua bai toan
hdi quy 1a tim mé hinh ma gia tri wdc lwong cua né dwoc du doan béi ham f(+) c¢6 trung binh sai sé binh phwong (mean
squared errors) cang nho cang tot. Cac md hinh hdi quy trinh bay trong bai bao nay dugc dung nhu 1 ham f: RM — R!
wéc luogng gia tri y € Y tuong tng véi dit lidu dau vao x € RM.

Céc nghién ciru vé danh gia do hai 1ong cua cac ho dung nudc tudi tidu noéi riéng va nhirng bai toan kinh té
lugng noéi chung ¢ Viét Nam, sau bude khao sat va tién xtr ly s6 liéu, mé hinh hdi quy tuyén tinh thuong dugc st dung
dé phan tich su bién thién cua sé liéu, du bao miu trong tuong lai. M6 hinh tuyén tinh dugc wa dung do dé sir dung, dé
cai dat va viéc dién giai két qua kha d& hiéu. Tuy nhién, Kkét qua hdi quy ding mé hinh tuyén tinh thuong co 101 du bao
cao va gap kho khan khi dir liéu phirc tap nhu c6 s6 liéu trong (missing value), s6 liéu khong phai dang 50, sb luong
bién gap nhiéu lan so vai s6 lrong mau. Ngoai ra, 16p nhiing md hinh tuyén tinh cin nhitng gia dinh nhu phan b
chuan, dit liéu quan hé tuyén tinh dé c6 dugc nhiing két qua du bao hop 1y.

Trong nghién ctru ndy, cac mo hinh hdi quy tuyén tinh nhidu bién va phi tuyén duoc nghién ciru ap dung cho bai
toan xac dinh mirc d6 hai long ciia cac ho ding nudc tudi tiu tai dong bang Soéng Hong K¥ thuat klem tra chéo (k-
folds cross validation) [10] dugc sir dung cho cac mo hinh hdi quy trén tap huan luyén dé tim tham sé t6i wu dung cho
du doan dit lidu kiém thir. P do sy quan trong cta cac tiéu chi lién quan dén sy hai long cua cac ho dung nude tudi
tiéu dwoc phan tich, danh gia va hién thi truc quan gitp nha quan ly c6 thém théng tin can thiét dé dau tu, nang cp
dich vu tudi tiéu. Két qua thuc nghiém trong bai bao nay cho thdy mé hinh phi tuyén cho két qua du doan tét hon, dic
biét 14 mé hinh cta t6 hop cac ciy hdi quy, tinh da dang ciia nhimg mo hinh hdi quy nay c6 thé dwoc ing dung giai
quyét 16p cac bai toan hdi quy trong linh vuc kinh té ¢ Viét Nam.

II. CAC MO HINH HOI QUY
A. M5 hinh hoi quy tuyén tinh nhiéu bién

Mo hinh hdi quy tuyen tinh gdm hoi quy don bién (single) va nhiéu bién (multivariate). Hoi quy don bién 1a mod
hinh hdi quy v6i mot bién hodc dic trung (bién doc 1ap), hdi quy da bién 1a mé hinh hoi quy voi nhiéu bién va thudong
dugc st dung rong rai trong thuc té. Vi tap dit liéu dau vao £ cho trude, mé hinh hdi quy tong quat & cong thire (1) co
thé duoc viét lai & dang sau [10]:
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Y=E|X) +¢ 2)
trong d6 € ~ N(0,02) va

N
EQVIX) = fo+ ) Xib 3)

Bo 12 hé sb chin (intercept) va cac f5; lado déc (slope). Pé tim cac hé s6 ciia md hinh, cach tiép can phé bién la
dua trén phuong phap binh phuong nho nhat [11], trong d6 ching ta tim cac hé s6 g = (Bo) By, - Bu)T d€ cuc ticu
hoéa tong binh phuong phan du (residual sum of squares, RSS):

2

N N N
RSS(B) = Zi=1(1/i - E(Yl)())2 = Zi=1 <Yi - Bo — Zj=1xjﬂj> .
4)

Ta can xac dinh vécto 8 cho cac hé sé trong mo hinh hdi quy, gia thiét cac diéu kién cho mé hinh tuyén tinh
duge dap tmg (xem Huber [11]). Cong thirc (4) c6 thé dugc viét nhu sau: RSS(B) = (Y — XB)T(Y — XB). (5)

Néu XX khong suy bién, vécto f duoc xac dinh bang phuong trinh sau:

g =XTX)"1XTy.
1 3\ 4 2 1 —~ N (6)
T (6) ta c6 phuong trinh h6i quy nhiéu bi€n, d€ du doan gia tri méi X = x ta tinh dau ra ¥ ciia mo hinh hoi quy
tuyén tinh nhi€u bién nhu sau:

v =Xp=X"X)"XTY.
‘ @
Hoi quy LASSO
Phuong phap LASSO (Least absolute shrinkage and selection operator) [10], [18] la phuong phap hdi quy tuyen
tinh nhiéu bién c¢6 hiéu chinh mé hinh, phuong phap nay dua thém ham phat vao ham 18i dé 161 hdi quy dat nho nhat:

2
RSS(B) = (=EOI0) + Ay 1.
i= j=
, s , - ®
Trong d6 A 1a hé s6 phat dung d€ diéu chinh m6 hinh, chuén L, dugc dung cho viéc du doan cac tham so. Trong
truong hop A du 16n s& c6 mot s6 tham s6 hoi quy tién dén vé 0, do d6 ching khong dong vai tro gi trong mé hinh hoi
quy. Phuong phap LASSO cling duoc dung cho bai toan lua chon thude tinh, v6i cc bien c6 tham s6 hoéi quy bang 0 ta
¢0 thé loai khoi mo hinh.
B. Phwong phdp hoi quy k ling giéng
Phuong phap k lang gleng ding cho bai toan hdi quy khong ¢6 qua trinh huan luyén dé xay dung mé hinh hoc

[10], khi du doan 1 mau méi, giai thuat tim k k=1, 2,. ) lang gleng gan nhit cia miu nay trong tap dit liéu huin luyén
L, sau d6 tinh gia trj trung binh (hodc trung vi) dé tra vé két qua cudi cing.

Qué trinh tim k lang giéng ctia miu méi thuong sir dung khoang cach Euclidean dugc dinh nghia nhu sau:

M 2
d(xq, xp) = Z(xaj - xbj)z )
j=0

trong d6 X, va x, 1a 2 mau doc lap. )
C. Cay hoi quy

Mb hinh cay hoi quy tach d¢ quy theo hang cua tap dir liu dau vao £ thanh cac tp dit liéu nhé hon, hinh thanh
nuat va la cua cdy. Tai mdi lan tach nat, mot thude tinh va gia tri tach cua thude tinh nay duoc chon dé chia nut thanh 2
nut con, nut con trai va nut con phai.

1. Xay dung cay hdi quy
Goi t 1a nat cha dé tach nhanh trén cdy hdi quy. Viéc tach nhanh trén thudc tinh X dwoc xac dinh boi viée giam

su hon tap [5] tai nut t, ky hiéu AR(X, t). Ky vong ctia Y ¢ niit t dwoc t6i thiéu hoa nhd ham 18i binh phuong sai s6
duoc dinh nghia nhu sau:

R(®) = angminyep ELCY ~ 7] = argminy.ep 1o . (8 = T
Xi€et
(10

Trong d6 N(t) 14 tong sb mau hién tai ¢ nat t va ¥, 1a trung binh miu cia Y tai t.
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Goi s 1a gia tri chia tach thudc tinh X tai nat ¢ thanh nat con trai t;, va nat con phai tr phu thuoc vaio X <s
hodc X > s,t, = {X; €t,X; < s}vatg = {X; €t,X; > s},i = 1.. N. Do bién thién ctia cac mau cho mdi niit con la

R@) =5 2 (=) RE) =35 D (6= R’

X;€ty, Xi€tR
(11
Trong d6 ¥, 1a trung binh mau cua ¢, va Ny (t) 1a kich thuéc mau cua t;. Tuong ty, ¥, va Ng(¢) 1atrung binh
mau va kich thugc mau cia tg.

Nhu vay, viéc giam do hon tap theo viéc chia tach s ddi v6i X duoge tinh nhu sau:

AR(X,t) = R(t) — [R(t)p(t,) + R(tr)P(tR)]-
(12)
Trong d6 p(t,) = N, (t)/N(t) va p(tg) = Ng(t)/N(t) 1a céc ty 1€ quan sat trong ¢, va tg. Diém chia tach
duoc chon trén thudc tinh X cho moi nut ¢t chinh 1a gia tri lam cho AR(X, t) dat cuc dai.

2. Dy doan dung cdy hdi quy

Khi xdy dung cdy hoi quy, ta cin phii tinh ton gi4 tr cho nut 14 ciia cdy, qud trinh nay duge mo ta sau day.
Su dung cac ky hiu cua Breiman [4], goi 6 la vécto chira tham so ngiu nhién dé x4c dinh viéc xay dung cay. Trong
mdi cay hdi quy, ta tinh toan trong s6 duong w; (x;,0) cho mdi mau x; € L. Pt l(x o, t) 1a nat 14 t trong ciy hoi quy.
Cac mau x; € [(x, 6,t) dugc gan céac trong s6 w;(x,0) = 1/N(t), trong do N¢ la s6 mau trong [(x, 6, t). Nghia la viéc
du doan dung ciy hdi quy don gian 1a tinh gia tri trung binh cta cac mau tai nut 1a cia cay.

Véi dit liéu thir nghiém X = x, ¥ 1a gié tri dy doan cua cay hoi quy dugc tinh nhu sau:

N
Y= Z w;(x,0)Y; = Z w; (x, 6)Y;.
i=1 xi,Xi€L(x,0,t)
(13)

D. Mang noron nhdn tao

Mang noron nhén tao gia 1ap qua trinh hoc tap va tinh toan cua bd ndo con nguoi [1], [16]. Mot mang noron
nhan tao dugc xdy dung tir nhitng thanh phan co s& 12 nhirng noron nhén tao gdm nhiéu dau vao va mot dzu ra (Hinh
1). M01 noron nhén tao gia 14p mot noron sinh hoc, gbm mot ngudng kich hoat (bias) va mét ham kich hoat (hay ham
tmyen —transfer function), ddc trung cho tinh chat ctia noron. Céc noron nhén tao dugc lién két voi nhau bing cac két
n6i. Mbi két ndi co trong s0 két ndi (weight), dic trung cho kha nang nh¢ cua mang noron. Qua trinh huén luyén mang
noron 1a 1 qua trinh diéu chinh cac ngudng kich hoat va cac trong s6 két ndi, dua trén dir liéu hoc.

w1
0
X
—_— W
v(t) u(t) - Y
y H() o O 5
o
X ? = 4 X —_—
M = v(1) an‘\,\_(r} %
k=1
Hinh 1. Kién trac mdt noron nhan tao
Trong d6:

v(t): Tong tat ca cac dau vao mo ta toan bo thé nang tac dong & than noron.
Xi(t): Céc bién dau vao (cac dic trung), k=1..M.

wi: Trong s6 lién két ngoai giita cac dau vao k v6i noron hién tai.

H(.): Ham kich hoat.

Y (t): Tin hiéu dau ra noron.

0: Ngudng (1a hang sd), xac dinh ngudng kich hoat.

Khi két hop cac noron lai véi nhau ta ¢6 mot mang noron nhan tao. Tuy theo cach thirc lién két giita cic noron
ma ta co cac loai mang khac nhau nhu: mang truyén thang (Hinh 2), mang phan hoi,... Ta c6 thé xem nhu mang noron
nhan tao biéu thi mé hinh hdi quy theo cong thirc (1) véi X 1a vécto sb lidu dau vao va Y 1a vécto s6 liéu du ra. Uu
diém cia mot mang noron nhén tao 1a n6 cho phép xay dung mot mé hinh tinh toan c6 kha nang hoc dir ligu rat cao. Co
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thé coi mang noron nhan tao la mot hop den cé nhi€u dau vao va nhicu dau ra c6 kha nang hoc duoc moi quan hé giira
dau ra va dau vao dua trén dir liéu duoc hoc.

Input Hidden Layer Output
Layer Layer
Input #1 —-
Input #2 —

Input #3 —=

Input #4 —=

Hinh 2. Mang noron lan truyén thing

Qua trinh huan luyén mang noron dua trén 101 hoi quy gitra gia tri dy doan va gid tri quan sat dugc cua bién
dich, giai thuét huan luyén s& diéu chinh céc trong s6 két ndi cia mang noron nham cuc tiéu héa 18i hdi quy trén cac
mau hudn luyén. Sau khi mang dugc huan luyén thanh cong, cac tri thirc tich luy dugc trong qua trinh huén luyén mang
(c4c ma trén trong $6, cac tham sb tu do, v.v) s€ dugc cap nhat vao co s tri thirc dé su dung trong qua trinh du doan.
C6 nhiéu loai mang noron, nhiéu tang va dwoc dung cho ca bai toan hoc co giam sat va hoc khong giam sat. Trong
nghién ciru nay, chiing t6i cai dit mang noron 1 16p truyén thing, sir dung trong sb suy giam (weight decay) va hé s6
co ctia md hinh dé A tranh tinh trang hoc vet (over-fitting), xem thém & [16].

E. My vécto hé tro hoi quy

May vécto hd tro hoi quy (Support Vector Regression, SVR) [17] tim siéu phing di qua tat ca cac diém dir liéu
vOi do 1éch chuan e. Trong hoi quy € — SV, muc dich la tim mét ham f(X) trong cong thirc (1) co6 sai s6 nhd nhat € so
v6i bién dich Y;:

fX) = wTd(X) +b, (14)

Trong d6 w  R™, ®(X) biéu thi mot ham phi tuyén dugc chuyén tir khong gian RM vao khong gian nhiéu chiéu.

Muc dich & déy 1a cin tim w va b dé gia tri X=x co thé dugc xac dinh bang cach tdi thiéu hoa 151 hdi quy. Tir d6 dan
dén giai bai toan quy hoach toan phwong nhu sau:

. * 1 2 S *
min®(w,b, &,¢) = [uf +C (& +4) (15)
i=1
Vi diéu kién:
Y,—(wX;+b)<e+¢
(WX, - b)-Y, <e+&

&néi 20

O day, &, & 1a hai bién bu [17] va C > 0 dung dé chinh d¢ rong giita 1& va 15i. Dé giai quyét bai toan (15),
trudc tién phai tim cyc tiéu ciia ham L theo w, b, &;, &;.

. * * 1 % %
minL(w,b, @, &, ¢, & ”7’77*):5|M2+Cz[]i1(§i+§i)_2Z1(ni§i+77i*§i)

3 e Y w0 )-0)- Y o +& Y +wl 00X, +b). (16)

Véin;, ni*, o, oci* la cac hé ) Lagrange va théa man diéu kién: m;, T]i*, i, oci* >0,1=1..N.

Lay dao ham cép 1 ctia phwong trinh (16), hdi quy phi tuyén SVR sir dung ham 13i € dugc tinh nhu sau:

N N N
max {—%2(0@ - ai*)(aj - aj)(D(Xi,Xj) — sZ(ai +a;)+ Z Y:(a; — a;‘)}

v6i rang budc:

an

V(e —ai) =0; a;,a; €[0,C]. (18)
Giai biéu thirc (17) véi rang budc (18) xac dinh dugc cac nhan tir Lagrange oy, o . Khi d6, mé hiah hdi quy
SVR dugc trinh bay & (14), véi
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N
- 1
= Z(ai - ai)Xi, b= _EW (Xj +Xk).
1
Trong d6 X; va X 1a 2 vécto ho trg, a; € (0,C) vaa; € (0,C).

SVR ¢ thé dung cac ham nhan khac nhau dé giai quyét 10p cac bai toan hdi quy phi tuyén ma khong can bat ky
mdt thay d6i nao vé mat thudt toan, cac ham nhan duwoc dung thong dung nhu:

—  Ham nhan da ning Gaussian RBF c6 dang: K(u,v) = e °llu-vil*,
- Ham nhan da thitc bac d > 0: K(u,v) = (C + u.v)4

F. Rirng ngdu nhién héi quy

Rung ngau nhién hoi quy (RF) [3], [4] g0m tap hop cac cay hoi quy da trinh bay ¢ muc I1. C. Tir tap dir liéu dau
vao L, RF dung ky thuét lay mau bootstrap c6 hoan lai tao ra nhiéu tap dir liéu khac nhau. Trén mdi tap dir liéu con
nay, liy ngau nhién mot luong co dinh thudc tinh, thuong goi 1a mtry aé xdy dung cay. Mai cay hdi quy duge xay dung
khong cét nhanh véi chidu cao t6i da. Viéc 14y hai 1an ngiu nhién ca mau va thudc tinh di tao ra cac tap dit liéu con
khac nhau gitip RF giam d¢ dao dong (variance) ciia mé hinh hoc.

1. Dy doan bang rimg ngau nhién hdi quy

Viéc xay dung rimg ngiu nhién hdi quy va du doan miu méi dwoc mé ta nhur sau. bat 0 = {6, 3 1a tap gdm K
cac vécto tham sé ngiu nhién cho rimg duogc sinh ra tir £, trong d6 6, 1a mot vécto tham sb ngdu nhién dé xac dinh do
16n cua cay thu k trong rung (k = 1..K). Goi £, 1a tap dit li¢u thu k sinh ra tir £ dung ky thuét bootstrap, trong mdi
cy hoi quy T} tir Ly, ta tinh trong s6 duong w; (i, 6y) cho timg mau x; € L. it [(x, 0, t) lanat 1a t trong cay Ty.
Mau x; € I(x, 0, t) dugc gan cung mot trong so w;(x,0,) = 1/N(t) trong do N(t) 1a s6 cac miu trong l(x O, t).
Trong trudng hop nay, tit ca cac mau trong £, dugc gan trong sé duong va cac mau khong trong £, duoc gan bang 0.

V6i mot cay hoi quy Ty, khi co gia tri thir nghiém X = x thi gia tri du doan ¥, tuong tng:

i ?k~= Z?’:l Wi(xl ek)yl. = in,XiEl(x,Bk,t) Wi(x) gk’)Yl i (18)
Trong s6 w;(x) duoc tinh béi rirng ngau nhién 1a gid tri trung binh cla cac trong sé du doan cua tat ca cac ciy
trong rung. Cong thirc tinh nhu sau:

wi(x) = £ Ty wi(x, 6,0). (19)
Cubi cung, gia tri du doan cua rimg ngau nhién hdi quy dwoc cho boi:
Y =3 w, (Y. (20)

2. Do do sy quan trong cta thudce tinh

Khi cdy hdi quy phén chia tap di liéu ddu vao thanh cac ving khong giao nhau (theo hang), gia tri du doén la
gi4 tri trung binh dwoc gan vao cac vung twong tng (14 cua cdy). Tai mdi budc tinh toan dé tach nat t, theo cong thirc
(12) tit ca cac gia tri cua mdi thude tinh X dwoc xét dé tim diém tach khi dat do giam hdn tap (impurity) AR(X, t) 1a
16n nhét. Do d6, trong qua trinh x4y dung cay hdi quy, viéc giam sy hdn tap trén ting thudc tinh cu thé duoc dung dé
tinh d6 do sy quan trong cua thudc tinh khi dung mo hinh cay [5].

V6i mo hinh rimg ngau nhién, d6 do su quan trong ciia thudc tinh X dwoc tinh bang cach lay gia tri trung binh
clia tat ca cac do do cla cac cay hdi quy doc 1ap. Co mot diém loi trong viéc tinh d6 do sy quan trong cua thudc tinh
ding md hinh rimg ngau nhién 1a d6 do cta cac bién co tuong tac 1An nhau déu dugc xem xét mot cach tu dong, dicu
nay khéc han véi nhitng phwong phép tinh trong quan tuyén tinh nhu Kendall, Pearson. D6 do su quan trong ciia thude
tinh X' con dugc tinh theo cach khac dung phwong phap 1dp hoan vi [13], [14] cho két qua chinh xé4c hon, tuy nhién thoi
gian tinh toan lau hon do chay nhiéu 1an rimg ngau nhién trén tap dit liéu mé rong ¢ 2M chira cac bién gia.

Goi IS, (X;), ISleﬁn lwot 1a 0 do sy quan trong cua thudc tinh X; trong mot cay hoi quy Ti(k=1...K) va trong
mot ring ngau nhién. Tir cong thirc (12), ta tinh d§ do sy quan trong ciia X; tir cay héi quy doc lap nhu sau:
) 1S(X;) = Ster, AR(X;, 1), (20)
va tir rirng ngau nhién la:
1
ISy, =< 3K_, 15, (X)). @1
G. Boosting

Mo hinh boosting [6], [7] ban dau duogc phat trién xir 1y bai toan phan 16p sau d6 dwoc mé rong cho bai toan hoi
quy. Trong muc nay, k¥ thuat dién hinh ciia boosting 1a AdaBoost (4daptive Boost) dugc trinh bay van tit, sau d6 mo
hinh boosting ctia Friedman véi ham co s& 1a cay hdi quy dugc ap dung xir 1y bai toan du doan su hai 1ong ctia cac ho
dan dung nudc tudi tiéu.
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Adaboost 1a mot bo phan loai manh phi tuyén dwa trén hudng tiép can boosting dugc Freund va Schapire dua ra
vao nam 1996 xir ly bai toan phan 16p nhi phén [8]. Adaboost hoat dong trén nguyén tac két hop tuyén tinh cac phan
loai yéu dé hinh thanh mot phén loai manh. Dé co thé két hop cac b phan loai yéu, adaboost sir dung mot trong s6
(weight) de danh déu cac mau kho nhan dang. Trong qua trinh huén luyén, ct m01 phan loai yéu duoc xdy dung, thuat
toan s& tién hanh cép nhat lai trong s6 dé chuan bi cho viéc x4y dung phén loai yéu tlep theo: ting trong sb clia cac mau
bi nhdn dang sai va giam trong so cua cac mau dugc nhan dang dung boi phén loai yeu vira xay dung. Bing cach nay,
cac phan loai yéu sau co thé tap trung vao cac mau ma cac phan loai yéu trude d6 chua thyc hién tt. Sau cung cac
phan loai yeu s& dugc két hop tuy theo mtrc do “tot” cua chung dé tao nén mot phan loai manh.

Cac budc thyc hién thuét toan AdaBoost nhu sau:

- Khoi tao trong s6 ban dau cho tat ca cac mau: véi m la s6 mau dung (tng vdi cac mau cé nhan Y = 1) va /
la s0 mau sai (c6 nhan twong tng Y =-1).

_ 1 1
Wik = om 20
, (22)
- Xay dung T cac phan loai yéu. Lapt=1, ..., T
e V&i mdi mau trong £, xay dung mot phan loai yéu h; véi ngudng 6;va 16i g;.
& = Z AR A
k=1
(23)
e Chonra h; v6i g nho nhét, ta duoc he: X - {1,-1}
e Cap nhat lai trong $6:
w, _ Wek e, he(xi) = yie
ez, e, he (i) # i
(24)
Trong d6: o; = —ln (1:]), (25)
r j Y
va hé s6 Z, dung dé dua w,,, vé doan [0,1] (normalization factor).
- Phan loai manh dugc xay dung :
T
H(x) = diu (Z atht(x)> .
t=1
(26)

Friedman [9] dé xu4t mé hinh may boosting ding ham hoc co s& 1a cdy quyét dinh xir 1y dwoc ca bai toan phan
16p va hdi quy. Y twong chinh khi xdy dung mo hinh hoi quy nhu sau: M6 hinh hoc ban dau khdi tao véi cay hoi quy
va ham 15i cho trudc (thuong ding ham 15i binh phuong), giai thuat tim mo hinh cyc tiéu héa 16i hoi quy. Bude dau
tién, giai thuat du doan bién dau ra ¥; bang cach liy gia tri trung binh cac bién quan sat dugc Y;. Tiép theo 1ap lai K 1an
(s6 cay hdi quy K 1a tham sé cua md hinh) dé thyc hién: (i) Tinh toan phan du E = Y; — ¥; va xdy dung mo hinh cay
hdi quy dung phéan du E 14 bién dich véi muc tiéu cyc tiéu hoa 16i. (ii) Du doan mau ding mé hinh ciy hdi quy & bude
trude do. (iii) Cap nhat ¥; bang cach thém cac gi tri du doan & lén lap trudce vao cac gia tri du doan dugc tao ra trong
bude trude d6. M6 hinh Boosting dung cay hoi quy khac rimg ngau nhién khi cac cy trong Boosting c6 dong gop khac
nhau khi dua ra két qua du doan cudi va cay héi quy sau duoc xdy dung phu thudc cy trude, ngoai ra ching dugc xay
dung v&i chidu cao biét trudc con & rimg ngiu nhién cac cay hdi quy dugc xay dung doc 1ap va khong cét nhanh.

II. KET QUA THU'C NGHIEM
A. Mo td div liéu
Dit lidu dung trong thuc nghiém dwoc thu thap tai ving dong bang Song Hong (tinh Thai Binh, Nam Pinh, Bic
Ninh va Ha N6i) gom 480 ho dung nudc (mau quan sat) va 05 nhom tiéu chi saul:

- Tinh hitu hinh (Tangibility) gdm 7 bién quan sat:
= Cac hé thong tudi, tiéu co chat lwong t6t, dam bao chuyén nudc va phan phdi nude dén cac dién tich can tudi,
tiéu (HH1).
= Cac don vi cung cip danh du kinh phi cho cong tac quan 1y, van hanh va bao dudng hé thong tudi, tidu (HH2).
* Nhén vién thuy loi méc ddng phuc don vi (HH3).
= T} chirc cung cap nudce c6 tai licu huong dan quan ly van hanh cong trinh thuy loi (HH4).
= Hop dong cung cap dich vu dugce trinh bay rat dé hiéu (HHS).
= Cac thiét bj cua to chirc cung cap nude ¢ chat lugng tot (HH6).

1 Phén trong ngodc viét tit tén bién ding cho huén luyén mé hinh hdi quy
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* Viéc duy tu, bao dudng hé théng tu6i duoc thuc hién déu dan va khi can (HH7).
- D¢ tin cy (Reliability) gom 4 bién quan sat:
* Don vi cung cap dich vu tudi, ti€u gioi thiéu day di noi dung hop ddng véi to chirc cung cip nudce ciing nhu
cac ky thuat va cach str dung khi ong ba mudn ding ky st dung (STCI).
= T} chirc cung cap nude thye hién dang dich vu tudi tiéu nhu hop dong (STC2)
= T} chirc cung cap nudce xur ly su cO ngay khi cong trinh hu hong, xuong cap (STC3).

= Tirnam 2008 dén nay to chirc cung cap nude khong dé xay ra bat ky sai sot nao khi tinh chi phi hang thang (STC4)

- Dbodap ung (Responsiveness) gom 9 bién quan sat
=  Nhén vién thuy loi cho 6ng ba biét khi nao thuc hién dich vu tudi tiéu (DDU1).
* Nhan vién thuy loi nhanh chong thyc hién dich vu cho 6ng ba (DDU2).
= T chirc cung cap nude thye hién dang lich cap nude (DDU3).
= T6 chirc cung cap nudc cung cap t6i da kha nang cap nude (DDU4).
= Khéi lugng nude cap dap g t6t nhu cau theo ting giai doan sinh truéng, phat trién clia cay trong (DDUS5).
= Nhén vién thay loi cung cap luén ludn sin sang dép g yéu cu cua 6ng ba (DDUG).
= Chét lugng nudce tudi duge dam bao (DDU7).
= Thoi gian khic phuc hu héng nhanh chéng (DDUS).
= Ong ba khong bao gio phai lp lai cac khiéu nai trude (DDUY).
- Su dam bao (Assurance) gdom 7 bién quan sat:
= Cach cu xir ciia nhan vién gy niém tin cho 6ng ba (SBD1).
= Ong ba cam thay rat an toan khi giao dich v&i t6 chirc cung cip nudc (SBD2).

= Nhén vién thay loi c6 du hiéu biét dé tra 10 tit ca cac cau hoi clia ong ba lién quan dén hé thong tudi, tiéu (SBD3).

= Nhén vién thuy loi cua t6 chtrc cung cap nudc ludn ludbn niém né véi ong ba (SBD4).
= Thoi gian phan phdi nudce t6i cac thira rung ludn ludn du nude trong moi dot tudi (SBDS).
= Tir nim 2008 dén nay nhan vién thuy loi tra 161 dwoc tit ca cac thic méc ciia ong ba lién quan dén s tién ong
ba tra trong thang (SBD6).
* Nhan vién thity loi rat nhanh khic phuc khi hé thong tuéi, tiéu c6 sy ¢b (SBD7).
- Sy ddng cam (Empathy) gdom 7 bién quan sét:
= Nhan vién ky thuét thiy lgi [udn lam viéc vao nhitng gid thuan tién cho o6ng ba (SDC1).

Lich phéan phdi nudc rat thuan tién theo gio san xuét cua gia dinh 6ng ba (SDC3).

Ong ba dugc quan tam va chu y mdi khi thic mic vé dich vu tuéi, tiéu (SDC4).

Té chirc cung cap nuge diéu chinh lich tu6i phu hop véi sy thay dbi cua thoi tiét (SDC5).
= Nhén vién cia to chirc cung cip nudce ludn hiéu rd nhitng nhu cau cua éng ba (SDC6).
= Pon vj cung cip lay loi ich cta 6ng ba 1a muc tiéu phét trién bén vimg ctia ho (SDC7).

Bién dich do su hai long (SHL) cta cac ho dung nude co gia tri kiéu thap phan, SHL e [0.0, 10.0], gia trj cang
cao cang phan anh sy hai 1ong vé chit lugng dich vu tudi tiéu. Cac tiéu chi do ludong chat lwong dich vu & trén duoc liy
theo md hinh Servqual do Parasuraman va dong nghiép [15] @& xuét, phuong phap Cronbach Alpha [2] cling duoc
dung dé kiém dinh dé tin cdy cua cac bién, tién xur 1y ching truée khi dua vao cic md hinh hdi quy dé huan luyén.

B. Tham s6 mé hinh va phwong phdp dinh gid

Chung t6i dung can binh phuong sai s0 (Root mean squared error-RMSE), sai sO tuyét ddi (mean absolute error-
MAE) va hé s6 xac dinh boi (coefficient of determination) R* dé danh gia tinh hiéu qua cta cac mo hinh hdi quy:

RMSE = / TN - 13 MAE——Z Y=Y vaRz =1 =3V (v, - P)/ZN (v - T)).

Trong do: Y;, Yi va ¥ chi gi tri thyuc, gia tri du doan va gia tri trung binh cta mau thir i tuong tng. Mo hinh hoi
quy cho két qua tot 1a mo hinh dat dwgc sai s6 RMSE va MAE nho. Gia tri R? cao 1a mot ddu hiéu cho théy moi lién hé
gifta céc tiéu chi va bién sb SHL chit ché. Gia tri R? cang cao cho thdy mé hinh sir dung dé phan tich c6 kha ning giai
thich cang t6t cac khac biét vé& do hai long gitra cac ho ding nudc.

Goi phan mém caret [12] dugc sir dung dé tién hanh cac thuc nghiém trén moi truong R, cac mé hinh hdi quy
liét ké & muc IT déu duoc tich hop trong goi phan mém nay. Tir tap dit lidu ban dau gdm 480 miu quan sat va 34 tiéu
chi, ching t6i chia lam 2 phén dé huén luyén va kiém thir mo hinh, tap dit liéu huan luyén gom 336 méau (70%) va tap
dit liéu kiém thir gdm 144 mau (30%). Khi xay dung m6 hinh hdi quy, chung t6i sir dung k¥ thuat kiém tra chéo 5-folds
v6i 2 1an lap va dua trén ham 16i RMSE dé tim tham s6 t6i vu cua timg mo hinh, sau d6 lya chon m6 hinh c6 RMSE
nho nhét véi tham s tim duoc dé du doan dit liéu kiém thur. K¥ thuat kiém tra chéo cling cho phép tinh h¢ s6 xéc dinh
bdi R? phan 4nh kha ning giai thich cua tirmg mé hinh hdi quy. Cac thuc nghiém duoc tién hanh trén 2 may phuc vu
dung h¢ diéu hanh Windows Server 2012 64-bit, mdi may co cAu hinh InteIR XeonR CPU E5-2640 2.5 GHz, 24 cores,
8 MB cache va 128 GB RAM. Cac m6 hinh déu dugc cai dat song song sir dung hét 24 cores trén mdi may dé huan
luyén, tim tham s6 i wru va cac thuc nghiém khac.

Khong c6 bat cir ai & To chirc cung cap nude quan tim dén nhitng bilrc xuc clia 6ng ba ve dich vu tudi, tiéu (SDC2).
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C. Két qui du dodn dp hai long vé chit lwong dich vu tudi tiéu

Két qua cac md hinh hoi quy duy doét} d6 hai long cua cac hd dfmg nuc’rc~ vé dich vu tydi tig%u duoc trinh bay
trong Bang 1. 0'3 cot Rz, RMSE va MAE két qua du doan vai R? cao nhat va 1oi dy doan thap nhat dugc in dam va
gach dudi, cac két qua tot thir nhi va thir ba dugc in voi so lugng dau (**) va (***) twong Gng.

Ta c6 thé dé dang nhan thiy mo hinh hdi quy tuyén tinh nhiéu bién c6 két qua du doan kém nhét, mo hinh
LASSO c6 cai thién kha nang dy doan hon so v6i m hinh tuyén tinh nhiéu bién nhung két qua kiém thir vin kém xa
cac mo hinh khac. Cac mo hinh hdi quy phi tuyén t6 1o wu thé hon, cu thé nhu rirng ngau nhién, mang no-ren nhén tao
va k lang giéng c6 két qua du doan vai 161 hdi quy nho. M6 hinh cay hdi quy cho két qua kém nhét theo R* va RMSE,
md hinh may vécto hd tro hdi quy va mé hinh boosting c6 két qua du doan chi hon mé hinh tuyén tinh trén tap dit liéu
kiém thir dang tién hanh thuc nghiém. Két qua trinh bay ¢ Bang 1 ciing cho thiy mé hinh k lang giéng det 16i MAE
thap nhat, day 1a phuong phap hdi quy phi tuyén khd hiéu qua, mé hinh c6 kha ning du doan dat d6 chinh xac cao
trong khi thoi gian tinh toan nhanh. Tuy nhién, xét kha ning dy doan cta cac mo hinh hdi quy liét ké tai Bang 1, ta co
thé thiy r& m6 hinh rimg ngau nhién dy doan chinh x4c nhét.

Bang 1. Két qua cta cac mé hinh hdi quy du dodn d6 hai 1ong vé chit lugng dich vy tudi tiéu trén dit liéu kiém thur.

TT M2 hinh héi quy Tham s6 tdi vu R’ RMSE MAE
1 | Hoi quy tuyén tinh (LM) Mic dinh 0.839 0.267 0.167
2 | Hoi quy LASSO A=0.01 0.844 0.263 0.163
3 | K lang giéng (KNN) k=1 **0.894 | **0.216 0.085
4 | Cay hoi quy (CART) Complexity parameter (cp)=0 0.835 0.272 0.156
5 | Mang no ron nhéan tao (ANN) | Trong s6 phin ra=0.1 va s6 no-ron=9 | ***(.892 | ***(.218 **0.106
6 | May vécto hd tro (SVR) RBF, 6 =0.032, £=0.1 va C =32 0.852 0.255 0.143
7 | Rimg ngau nhién (RF) mtry = 9 va K=1000 0.902 0.208 | ***0.107
8 | Boosting K = 500, interaction.depth = 7 va 0.873 0.237 0.119
shrinkage = 0.1
Hinh 3 hién thi két qua cta cac mo hinh hdi quy .

trén tap hudn luyén (336 mau) dya trén gia tri R* va
duogc sap xép giam dan theo kha ning giai thich khac
biét vé do hai long giira cac ho dung nuée. Ching ta
thdy mo hinh rimg ngiu nhién cho két qua tot nhat, giai
thich khoang 93% cac khac biét vé do hai 1ong giita cic
hd dung nudc tudi ti€u, theo sat 1a md hinh boosting ¢
R?=92.445% va SVR dat R?=92.444%. Xép cudi la
phwong phap cdy hdi quy c6 R* thap nhit, kha ning giai
thich ciia mo6 hinh cdy hdi quy khoang 85% kém hon
md hinh héi quy tuyén tinh nhiéu bién c6 R*=87.481%.
Két qua trén cho thay mo hinh rimg ngau nhién luén dat

. 4 ~. r ) S E—
hiéu qua cao nhat dya vao 10i du doan thap nhat trén tap 0.95
dir liéu kiém thir va kha ning giai thich mé hinh véi R?
tot nhat.

, , .. 3 huln luyén
Két qua huan luyén ctiia caic mé hinh héi quy dva v

trén RMSE so sanh theo ting cép dugc trinh bay ¢

Hinh 4. Puong ké doc (mde 0.0) dugc dung dé lam mdc so sanh, khi hai m6 hinh héi quy co 16i huén luyén RMSE
ngang nhau thi tim ducmg thang nam ngang s& tring véi mc. Néu mé hinh & vi tri bén trai t6t hon thi tim duong keé
ngang léch sang trai so v6i moc, nguoc lai s€ 1éch sang phai. Khi hai m6 hinh hon kém nhau khong dang ké thi duong
ké ngang c6 do dai ngan (vi du LM-LASSO), nguoc lai néu mé hinh hdi quy ndi tréi hon han vé 16i dy doan thi duong
ké ngang sé& kéo dai (chang han LM-KNN).
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So sanh cac mo hinh hoi quy

1 1 1 L 1
SVM - RF P

SVM - Boosting

RF - Boosting

LM - SVM

LM - RF

LM - LASSO s

LM - KNN

LM - CART

LM - Boosting

LM - ANN

LASSO - SVM

LASSO - RF

LASSO - KNN

LASSO - CART

LASSO - Boosting

LASSO - ANN

KNN - SVM

KNN - RF

KNN - CART

KNN - Boosting

NN - ANN

CART - SVM

CART - RF

CART - Boosting

CART - ANN

ANN - SVM
ANN - RF —-o—

ANN - Boosting

T T i T T
02 0.1 0.0 0.1 0.2

Difference in RMSE
Confidence Level 0.998 (multiplicity adjusted)

Hinh 4. So sanh 13i huén luyén RMSE ciia cac mé hinh hdi quy theo timg cap.

Hinh 5 thé hién mbi quan hé gitra 34 tiéu chi
Vv6i gia tri twong quan tuyét dbi tir 0 dén 1. Cac tiéu
chi ¢6 twong quan manh v&i nhau thé hién bang kich
¢& hinh tron va mau xanh ddm (dwdng chéo cia biéu
d6 1a gia tri trong quan cua tiéu chi voi chinh no).
Vi nhing tiéu chi co trong quan yéu hodc khong cd
quan hé v6i nhau sé hién thi trén biéu dd véi mau
xanh nhat va mau tring tuong tng (twong quan bang
0). Ta nhan thiy cac tiéu chi c6 anh huéng 14n nhau
dén dich vy tudi tidu thuong co twong quan manh,
ching han HH1 va DDUS c6 thé Iy giai 1a cac hé
thong tudi tiéu co chat luong tot (HH1) s& khic phuc
hu hong nhanh chéng (DDUS); STC3 va SBD7 c6 thé
hiéu 14 sy c¢b cong trinh duge xtr 1y ngay (STC3) phu
thudc 16n vao nhan vién thuy loi khic phuc nhanh
(SBD7) v.v. Nhirng s6 liéu trén biéu dd tuong quan
clia cac tiéu chi rat d& 1y giai trong bai toan thuc té.

Hinh 6 hién thi d6 do su quan trong cua 34
tiéu chi duogc sip xép theo chiéu giam dan, cac d6 do
ndy dugc tinh theo cong thic (21) tir rimg ngiu
nhién. Ta tha”iy cac tiéu chi nhue HH1, HH7, STC3 c6
d6 quan trong cao, trong &6 HH1="Cdc hé thong tuwéi, tiéu cé chdt heong tot, dam bao chuyén mede va phin phéi nwde
dén cac dién tich can twdi, tiéu"” ¢6 & quan trong cao nhat. Két qua cua 3 tiéu chi trén cd thé ly giai la trong dich vu
cung cap nudc tudi tidu, ho dung nudce quan tam nhat dén cac hé thdng tudi tiéu cé chét lugng tot, do dap g cla don
vi cung cap nudc, nd bao gdm nhimng yéu to nhu duy tu, bao dudng dugc thyc hién day du va déu dan, sua chita sy cd
ngay khi cong trinh hu hong hodc xuong cép, thuc hién dung lich cap nudce, cung cap t6i da kha nang cip nudc, dap
g tot nhu cau theo timg giai doan sinh truéng va phat trién cia ciy trong, chit lugng nude duoc dam bao.
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Cung trong hinh 6, ti€u chi DDU6="Nhdn vién thiy loi
cung cdp luén luén san sang dap ing yéu cdu ctia éng ba" cb
d6 quan trong thap nhéat. Piéu nay ciing dé ly giai khi nhan
vién thuy loi c6 hodc khong dép tng nhiling yéu cau ca nhan
clia cac ho dung nudce ciing khong anh huéng nhiéu dén sy hai
long chung vé chit lwong dich vu tudi tiéu. Nhu vay, mo hinh
hdi quy ngoai kha nang dyu doan con trg gitip ngudi ding phan
tich va hién thi truc quan cac tiéu chi danh gid, gitip nha quan
Iy c6 thém thong tin dé dau tu, nang cp chét lwong dich vu
twdi tiéu nham dap ing cao do hai 10ng ciia ngudi dan.

IV. KET LUAN

Chung t6i da trinh bay cac mé hinh hdi quy du doan
muc d hai long cua cac hd dung nude lién quan dén dich vu
twdi tiéu tai dong bang Séng Hong. Cac m6 hinh hdi quy tuyen
tinh, LASSO, cay h01 quy, k lang giéng, mang noron, vécto hd
trg hoi quy, rimg ngiu nhién va boosting di dugc nghién ciru,
phén tich va so sanh vdi nhau khi du doan d6 hai long cua cac
ho dung nudc tudi tiéu dua trén phuong phép danh gia R?
RMSE va MAE. Két qua thyc nghiém cho thiy mé hinh hoi
quy tuyén tinh tuy dé cai dat va dé sir dung nhung 18i dy doan

cao, cac mo hinh phi tuyén t6 ra vuot trdi hon va kha ning du doan chinh xdc hon, déc biét 1a mé hinh rung ngau nhién
cho két qua dy doan chinh x4c nhét va kha ning giai thich khac biét Ve bién dich gilra cac quan sat t6t nhat. Ngoai ra,
do do su quan trong cua cac tiéu chi cling duoc tinh toan tir rimg ngiu nhién va hién thi tryc quan gitp nha quan ly
ndm bét thong tin can thiét de nang cép dich vu tudi tiéu. Trong tuong lai, chung t6i s€ ap dung két qua nghién ctru mé

rong cho cac bai toan kinh t& va nhitng bai toan lién quan dén dy doan véi s6 chiéu cao & Viét Nam.

V. LOI CAM ON
Xin cam on thidy S Van Quang, Pho truong Khoa kinh té va quan 1y-Trudng Dai hoc Thuy loi di hd trg cung

cép tai lidu va s6 ligu thir nghiém.
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PREDICTING THE QUALITY OF IRRIGATION SERVICES IN THE RED
RIVER DELTA WITH REGRESSION MODELS

Nguyen Thanh Tung
Faculty of Computer Science and Engineering, Thuyloi University, Hanoi, Vietnam

tungnt@tlu.edu.vn
ABSTRACT - To predict the satisfaction of users who use the water services is very important for the fee exemption policy to water
and agriculture services. This policy has positive impacts on the water exploited and management enterprises, the national budget
and social security. In this paper, we present some regression models to predict the satisfaction of users related to the quality of
irrigation service in the red river delta. Experimental results showed that the non-linear regression models achieve lower regression
errors than linear models. The diversity and feasibility of these regression models can be applied for dealing with economic
problems in the domain of water resource management.

Keywords - multivariate regression, LASSO, k nearest neighbors, neuron networks, SVR, random forests, data mining, machine
learning.
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VII. PHU LUC

Céc dong 1énh chinh ciia ngon ngir 1ap trinh R (dung géi caret) duge sir dung khi tién hanh thyc nghiém.

indx <- createFolds (TrainY, k = 5, returnTrain = TRUE)
ctrl <- trainControl (method = "repeatedcv", number = 5, repeats = 2, index = indx)

#####H#HE Linear Model####H#H#H#AHIHHSHHSHIAHSHHHIRH
set.seed (1976)
lmTune <- train(x = TrainX, y = Trainy,
method = "1lm",
trControl = ctrl)
ImTune
LM=predict (lmTune, TestX)
testResults<-data.frame (obs=TestY, LM)
print (R2 (testResults$obs, testResults$LM))
print (RMSE (testResultsS$Sobs, testResults$SLM))

set.seed (1976)

lassoTune <- train(x = TrainX, y = Trainy,

method = "lasso",

trControl = ctrl,

preProc = c("center", "scale"))
lassoTune

testResults$lasso <- predict (lassoTune, TestX)
print (R2 (testResultsS$Sobs, testResults$Lasso))
print (RMSE (testResultsSobs, testResults$SLasso))
plot (lassoTune)

#i###### Regression Trees###tH##H##H#tSHHHSFHHISSHHSSSHISSSHIHSHHSHEHHS
set.seed (1976)

cartTune <- train(x = TrainX, y = Trainy,
method = "rpart",
tuneLength = 25,
trControl = ctrl)
cartTune

cartTune$SfinalModel

testResults$CART <- predict (cartTunesfinalModel, TestX)

print (R2 (testResults$obs, testResults$CART))

print (RMSE (testResultsSobs, testResults$SCART))

plot (cartTune, scales = list(x = list(log = 10)))# Plot the tuning results

HiH#H#HH#HH#H#E K-Nearest Neighbors##########H#H#HSHHHSSHHSSSHIHEHHS
set.seed (1976)

knnTune <- train(x = TrainX, y = Trainy,
method = "knn",
preProc = c("center", "scale"),
tuneGrid = data.frame(k = 1:20),
trControl = ctrl)

knnTune

testResults$SKNN <- predict (knnTune, TestX)
print (R2 (testResultsS$obs, testResults$KNN))
print (RMSE (testResults$obs, testResults$SKNN))
plot (knnTune)

HEHHEHHHHAHBHRHHBFAHISE Support Vector Machines######H#HH#H#HHIHAHFIHAHBHFHHIFAHIHSE
set.seed (1976)
svmRTune <- train(x = TrainX, y = Trainy,
method = "svmRadial",
preProc = c("center", "scale"),
tunelLength = 14,
trControl = ctrl)
svmRTune
testResults$SVR=predict (svmRTune, TestX)
print (R2 (testResults$obs, testResults$SSVR))
print (RMSE (testResults$obs, testResults$SVR))
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plot (svmRTune, scales = list(x = list(log = 2))) # Plot the tuning results
HifHHHERHHH#HRE Random ForestsH###HH##FH#HHHFHHTFHHHTFHHIHAHHSFHHHHRHHHIHRH
mtryGrid <- data.frame (mtry = floor(seqg(5, ncol (TrainX) /2, length = 10)))
set.seed (1976)
rfTune <- train(x = TrainX, y = Trainy,
method = "rf",
tuneGrid = mtryGrid,
ntree = 1000,
importance = TRUE,
trControl = ctrl)
rfTune
testResultsS$RF <- predict (rfTune, TestX)
print (R2 (testResults$obs, testResults$RF))
print (RMSE (testResults$Sobs, testResultsSRF))
plot (rfTune)# Plot the tuning results

rfImp <- varImp (rfTune, scale = FALSE)
plot (rfImp)

HitH##H#HH S HHE Neural NetworksH##########H#H#HHHHHSSFAAHHHHHHHHHHHHHHHHSHES
nnetGrid <- expand.grid(decay = c(0, 0.01, .1),
size = c¢(1, 3, 5, 7, 9, 11, 13),
bag = FALSE)
set.seed (1976)
nnetTune <- train(x = TrainX, y = Trainy,

method = "avNNet",

tuneGrid = nnetGrid,

trControl = ctrl,

preProc = c("center", "scale"),

linout = TRUE,
trace = FALSE,
MaxNWts = 13 * (ncol (TrainX) + 1) + 13 + 1,
maxit = 1000,
allowParallel = FALSE)
nnetTune
testResults$NNet <- predict (nnetTune, TestX)
print (R2 (testResults$obs, testResults$NNet))
print (RMSE (testResultsSobs, testResults$NNet))
plot (nnetTune)

HEHHEHEHHAHHR] Boosting#####fHHHHHHHFHHHHTHHEHH RS HEHFEHS S HAHHEHS S HTHH
gbmGrid <- expand.grid(interaction.depth = seq(l, 7, by = 2),
n.trees = seq(100, 1000, by = 50),
shrinkage = ¢(0.01, 0.1))
set.seed (100)
gbmTune <- train(x = TrainX, y = Trainy,
method = "gbm",
tuneGrid = gbmGrid,
trControl = ctrl,
verbose = FALSE)
gbmTune
testResults$GBM <- predict (gbmTune, TestX)
print (R2 (testResults$obs, testResults$GBM))
print (RMSE (testResultssobs, testResults$SGBM))
plot (gbmTune, auto.key = list(columns = 4, lines = TRUE))

gbmImp <- varImp (gbmTune, scale = FALSE)
plot (gbmImp)



