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TOM TAT— Trong bai viét nay, chiing 16i trinh bdy tiép cdn xdy dung mé hinh dw bdo dich rdy ndu gdy hai trén lGa. M6 hinh may
hoc véc-to hé tro va rimg ngau nhién la cac mé hinh duogc sir dung phé bzen trong dir bdo do tinh chinh xdc cia ching. Tuy nhién,
viéc cdn chinh mé hinh dé tim cdc siéu tham $6 ciia giai thudt may hoc t6n nhiéu thoi gian tinh todn. Chiing toi dé xudt phdn tan cdc
tac vu cdn chinh mé hinh trén nén Apache Spark (nén tang tinh todn nhém trén bg nho trong), aé rut ngan thoi gian tim kiém cdc
siéu tham s6 ciia gidi thudt hoc khi xdy dung mé hinh dw bdo mgt $6 rdy ndu. Ket qud thyee nghiém cho thdy mng phén tin cong viéc
cdn chinh mé hinh dyw bdo ciia mdy hoc Véc-to hé tro, rimg ngau nhién trén nén Apache Spark dat hiéu qud vé thoi gian khi tang so
lwong nut s dung trong h¢ nhém may tinh. Két qua cua mo hinh 16i wu tim duoc sau khi can chinh mé hinh du béo chinh xac mdt sé
ray ndu khi so sanh véi cae mé hinh hoi quy tuyén tinh, k ling giéng.

Tir khéa— Dy bao mdt sé rdy nau, may hoc véc-to hé tro, rimg ngau nhién, Apache Spark.
I. GIOI THIEU

Ving dong bang séng Ciru Long tir 1au duge xem 1a trung tAm 16n vé san xuat lta gao, nudi trong, danh bat va
ché bién thity san, dong gop 16n vao xuat khau nong thiry san cua ca nude. Theo bio Quéan doi nhan dan s ra ngay 2
thang 1 nam 2015, ngudn tin tir Ban Chi dao Tay Nam Bo cho biét, trong nim 2014, cic tinh ving Pong bang song
Ctru Long (PBSCL) phan dau nang kim ngach xuit khau gao va thiy san 1én 10,2 ty USD, ting trén 21% so véi nim
2014, gop phan dua tong kim ngach xuat khau hang hoa ciia ving trong nim 2015 dat 11,9 ty USD. Céac tinh PBSCL
s€ thuc hién cac bién phap 6n dinh dién tich san xuét IGa 4,2 triéu héc-ta (trong d6, 80% dién tich tréng giéng laa cht
luong cao) va 800.000 héc-ta thiy san dé phén dAu dat san luong 25 triéu tan lGa va 3,7 triéu tAn thiy san phuc vu tiéu
ding trong nudce va ché bién xuét khu. Kinh té ving dong vai trd rat 1on trong phat trién kinh t& ctua nudce ta. Khi kinh
té xa hoi phat trién thi ciing di theo do 1a nan tan pha méi truong tu nhién, 6 nhiém, do bién ddi diéu kién khi hau, gay
ra khong it kho khin tac dong truc tiép den san xudt cua ba con néng dan. ‘Theo Tap chi cong san s6 ra ngay 29 thang
10 nam 2013, Viét Nam duoc Lién hgp qudc x4c dinh 12 mot trong sau qudc gia trén thé gisi chiu tac dong nhiéu nhét
clia tinh trang bién d6i khi hau toan cau. Trong d6, dong bang séng Ciru Long duoc xac dinh 1a mot trong nhitng viing
ciia Viét Nam va thé gidi chiu tac dong va thiét hai nang né nhét do tinh trang bién ddi khi hau va nude bién dang. Tinh
trang nudc bién xam nhdp ngay cang sau vao dét 1ién, 1am nhiéu dién tich la bi nhiém man. Dich bénh phat trién trén
dién rong nhu dich réy nau lam pha hoai lua, tdm ca chét hang loat do bi nhiém bénh hay do tac dong x4u cua moi
truong. Tinh hinh dich hai d4nh hudng rat 16n dén ngudn loi kinh té cta ba con nong dan va ciing anh huong dén phat
trién kinh té, an ninh luvong thuc cia ving.

Chinh vi 1y do trén, xdy dung m6 hinh phuc vu cong tac dy bdo tinh hinh dich hai rat can thiét. Muyc tiéu chinh
1a gitp nha néng tranh dugce rui ro trong san xudt, kip thoi tng pho vai dich hai, bao vé nguon loi kinh te Nghién ctu
cta [Truong et al., 11] d& xut sir dung cong nghé GIS va md hinh hdi quy tuyén tinh dé du béo dich rdy ndu & Dong
Thap. [V@i & Huynh, 16] st dung m6 hinh mang Bayes va xich Markov de dy bao mirc d6 nhim, chay va lan truyén
ry theo thoi gian. [V & Tran, 14], [V6 et al., 15] dé xuit img dung anh vién tham xac dinh hién trang sinh truéng cay
laa canh bao dich hai tinh tai An Giang. [Nguyén, 16] nghién ctru hé thong da tac tir v mo hinh hoa kha ning ra quyét
dinh dya vao nhiéu tiéu chi trong danh gi rii ro con tring hai lla.

Trong pham vi ctia nghién ctru ndy, chiing t6i trinh bay két qua thu dugc tir viéc ap dung cong nghé kham pha
tri thirc va khai mé dit liéu [Fayyad et al., 96] trong phan tich va du bao mat s6 riy nau gay hai trén Ita. Chung t6i tién
hanh diéu tra thu thap s6 liéu tir cac mua vy trude, thye hién cac thao tac tién xir Iy va lam sach dit liéu. Budc tiép theo
thyc hién xay dung m6 hinh phi tuyén, may hoc véc-to hd trg (Support Vector Machines — SVM [Vapnik, 1995]), rimg
ngau nhién (Random Forests — RF [Breiman, 01]), dé du bao mat sb rdy nau. Ching t6i d& xudt phan tan cac tac vu cin
chinh md hinh du béo trén nén ting tinh toan nhom trén b nhd trong, Apache Spark [Zaharia et al., 10], [Apache
Software Foundation, 14]. Két qua thuc nghiém cho thiy ring phan tan cong viéc can chinh mé hinh du béo cua may
hoc véc-to hd tro, rimg ngiu nhién trén nén Apache Spark dat hiéu qua vé thoi gian khi ting s§ lwong nut sir dung
trong hé nhom may tinh. Két qua cua mé hinh tdi vu tim duoc sau khi can chinh mé hinh du bao chinh xac mat sé ray
nau khi so sanh vdi cac md hinh hdi quy tuyén tinh [Hastie et al., 01], k lang giéng [Fix & Hodges, 52].

Phan con lai cta bai viét duoc td chirc nhu sau; ph?m 2 trinh bay tom tat v& cac md hinh du bao mat ) réy nau;
phan 3 trinh bay can chinh moé hinh véi Apache Spark; két qua thuc nghiém dugc trinh bay trong phan 4 trude khi ket
luén va hudng phat trién dugc trinh bay trong phan 5.
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II. CAC MO HINH DU BAO

Hoi quy 1a Jphuong phép toan hoc dugc ap dung thuong xuyén trong thdng ké dé phan tich mi lién hé giira cac
hién twong kinh té xa hoi. Xét tap dir liéu gdbm m phin tir Xy, X,, ..., X trong khong glan n chiéu (bién doc 1ap, thude
tinh), ¢ gia tri tuong tmg cua bién phy thude (can dy bao) 1a Yu, yz, ..., Ym- Phan tich hoi quy 14 phan tich thong ké dé
xac dinh mdi quan hé giira bién phu thugc y véi mot hay nhiéu bién doc lap X.

A. Héi quy tuyén tinh

Hinh 1. Hdi quy tuyén tinh

Hbi quy tuyén tinh duoc sir dung rong rai trong thuc té,do tinh don gian. M6 hinh hoi quy tuyén tinh mé ta mbi
quan h¢ tuyén tinh gitra bien phu thudc y véi mot hay nhi€u bién ddc 1lap X. M6 hinh hoi quy tuyén tinh cé dang:

y = a+ fX 1)
v6i a 1a chan (intercept), £ 1a d6 dbc (slope)

Céc tham sé a, B cia mé hinh duge ude lugng tir dit lidu quan sat (tap dir liéu hudn luyén) bang phuong phap
binh phuong bé nhat (least squares):

m 2
win{ Sl ) | o
Gia tri du bao cho phﬁn tor m&i X dya vao cong thire (3):
y=a+px ®3)
B. My hoc véc-to hé tro

- May hoc véc-to hd trg (SVM) duge dér xuét boi Vapnik tr nam 1995 1a mé hinh hoc hi¢u qua va phé bién cho
van dé phan 16p, hoi quy tuyén tinh va phi tuyén. Xét bai toan hoi quy nhu hinh 2.

wX-b=-g

Hinh 2. Méy hoc véc-to hd trg cho vén dé hdi quy
Giai thuat SVM tim siéu phang tdi wu (xac dinh boi véc-to phap tuyén w va do 1éch cua siéu phing b), di qua tat
ca cac phan tir dir liéu voi do léch chuan 14 & (dua trén 2 siéu phang hd trg, wx—b=¢ vawx—b = -6‘) Nhing phan
tr nam phia ngoai siéu phang hd trg dugc coi nhu 16i. Khoang cach 156i duoc biéu dién béi zi>0 (véi X; ndm phia trong
cua 2 siéu phang hd tro cua né thi khoang cach 16i twong tng z; = 0, con ngugc lai thi z> Ola khoang cach tur diém x;
dén siéu phing hd trg twong Gmg cua n6). Huln luyén may hoc SVM cho xir Iy vin dé hdi quy dan dén viée giai bai
toan quy hoach toan phuong (4) nhu sau:

min ¥(w, b, 2%, 2) = (1/2) [[w|* + ¢ D_(Z; +2;)

i=1
s.t. 4)
wxi—b-yi- zi*<e

wXx—b-yi+ z,>-¢
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2,2 20 (i=1,2, ... m

VOi hdng ¢ > 0 dugc s dung dé chinh dé rong 1é va l6i.

'Giai bai toan quy hoach toan phuong (4) s& thu dugc siéu phang hdi quy (w, b) cia SVM. Dy bao cho phan tir
mai dén X dua trén siéu phang (w, b) duoc tinh theo cong thirc (5):

predict(x) = (W.x - b) ®)

May hoc SVM c6 thé sir dung cac ham nhan khéc nhau dé giai quyét 16p cac bai toan phan 16p phi tuyén
[Cristianini & Shawe-Taylor, 00]. D€ xtr 1y cac van d€ phan 16p phi tuyen, khong can bat ky thay d6i nao hon tir giai
thuat ma chi can thay thé ham nhén tuyén tinh trong cong thirc bang cac ham nhan khac. C6 2 ham nhén phi tuyén pho
bien la:

5 A _ d
e Ham da thuc bac d: K<x,-,xj> = (<x,~ xxj>+1) (6)
e Ham co s6 ban kinh (Radial Basic Function — RBF): K< X, xj> ¢ g, @)

Mb hinh méay hoc SVM cho két qua cao, 6n dinh, chju dyng nhiéu tot va phu hop vdi cac bai toan phan 16p, hoi
quy. Nhiéu trng thanh cong cia SVM da dugc cong bo trong nhiéu linh vuc nhu nhan dang anh, phan loai van ban va
sinh-tin hoc [Guyon, 99].

C. Rirng ngéu nhién

Cay quyét dinh dé xudt boi [Breiman et al., 84], [Quinlan, 93] 14 mo hinh mdy hoc tw dong sir dung rét nhiéu
trong phén tich dy bao va khai m¢ dir liéu do tinh don gian va hiéu qua. Hinh 6 minh hoa mét vi’ du cua cay quyct dinh
thu dugc bang cach hoc tir tap dir liéu, d€ du doan gid tri bién phuy thudc y tir bien x. M6 hinh rat d¢ hiéu boi vi ching

ta co thé rat trich luat quyet dinh tuong ng vo6i nit 14 ¢6 dang IF-THEN dugc tao ra tir viée thye hién AND trén cac
diéu kién theo dudng dan tir ntit gdc dén nut 1a. Cac luat quyét dinh d& hiéu véi nguoi sir dung.

x <0239
T

x < .61

0.5877

0.85
1

0.50
1
o

0.7244 0.5924

Hinh 3. M6 hinh cay quyét dinh cho vin dé hdi quy

Giai thut hoc tir dit liéu 14 qué trinh xdy dung cdy bat ddu tir nut gbc dén nat 14. Giai thuat thuc hién phan
hoach dé quy tap dit liéu theo cac bién doc 1ap thanh cac phan ving siéu chit nhat roi nhau ma & dé cc phan tir dir liéu
Xi, Xj, ..., X cua cung phan vung (nit 1a) ¢6 cac yi, Yj, ..., Y« la tuong tu nhau trong véan dé hdi quy. Giai thuat hoc mo
hinh cay quyét dinh tir dit liéu gdm 2 budc 16n: xay dung cay, cit nhanh dé tranh hoc vet. Qua trinh xay dung cdy dugc
lam nhu sau:

- Bit dau tir nat gbe, tat ca cac dir lidu hoc & nut gbc,

- Néu cac phﬁn tor dir liéu tai 1 nut 1a twong ty nhau thi nit dang xét dugce cho 1a nat 14, gia tri du bao cua nut 14
chinh 1a gia tri trung binh cua céc {y; ...,)x} clia cac phan tir trong nut la.

- Néu dir liéu ¢ niit qua hon loan (céc gi tri i Yk} rat khac nhau) thi nat duge cho la nut trong, tién hanh
phan hoach dir liéu mot cach dé quy bang viéc chon 1 bién dé thuc hién phan hoach tét nhat c6 thé.

Mot bién duoc cho 1a tét duge su dung dé phén hoach dir li¢u sao cho Kkét qua thu dugc cay nho nhét. Viéc lua
chon nay dua vao cac heuristics: chon bién sinh ra c4c nut 14 sém nhat. Dé danh gia va chon bién khi phan hoach dir
li¢u, giai thuat CART cua [Breiman et al., 84] wéc luong do do hdn loan thong tin tai phan viung D dua trén d6 léch
chuén nhu trong (8) v&i u 1a gia tri trung binh ctia cac gia tri y trong D.
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< (Y —)°
S(D) = !
(D) .2:1: ” 8)
} Néu st dung bién A phén hoach D kich thude m thanh 2 tdp con D, (kich thude my) va D, (kich thudc my), do
hon loan sau khi phan hoach dugc tinh nhu cong thire (9):

m, )
S,(D)="% S(D)+ 25(D;)

Bién dugc chon phan hoach dit lidu 13 bién cho gié tri d6 hdn loan sau khi phan hoach 14 nho nhat.

M0 hinh cay quyét dinh sau khi xay dyng thuong khong manh véi nhiéu va dé dan dén hoc vet. Ttre 1a m6 hinh
c6 tinh tong quat thap, chi can dir liéu kiém tra c6 thay d6i mot it so Vi dir liu hoc thi cay quyét dinh dy bao sai. Dé
khic phuc khuyét diém nay, Breiman ciing dé nghi cac chién lugc cat nhanh trong giai thuat CART. C6 2 lya chon
hodc postpruning (cit nhanh cdy sau khi xdy dung ciy) hay prepruning (dimg sém qua trinh phan nhanh). Trong thuc
té, postpruning dugc sir dung nhiéu hon prepruning. Tuy nhién d6 phirc tap cua viéc cit nhanh sau khi xay dung cdy rat
phirc tap, sir dung cac chién lugc dé udc luong 18i sinh ra boi mé hinh sau khi cat nhanh.

5 < - Liy mau bootstrap
Tap huan luyén LS ki aF

2 s "y m phan tit tir tap
m phan tit, n thugce tinh : ”
(o : ) huan luyén LS

Bootstrap-1 I I Bootstrap-2 | Bootstrap-T
Nut trong: chon
DT-1 DT-2 DT-T diém cit lgi nhat
(Gini) trong sb
n’ thuoc tinh
liy ngiu nhién
tit n thuodce tinh
X —, — X /
e X X —
g1(x) ga(x) s jr(z)

Dt béao cho phan tit x
g(z) = [j1(z) + folz) + ... + gr(z)]/T

Hinh 4. M6 hinh rimg ngiu nhién cho vin dé hdi quy

Trong phan tich thanh phan 18i cua giai thuat hoc, Breiman di chi ra trong [Breiman, 96], 15i bao gom 2 thanh
phﬁn la bias va variance. Thanh phf?m 18i bias 1a khai niém vé 15i ciia md hinh hoc (khong lién quan dén dir lidu hoc) va
thanh phan 18i variance 1a 13i do tinh bién thién cuia mé hinh so véi tinh ngdu nhién cua cic mau di liéu hoc. Duya trén
cach phan tich hiéu qua cua giai thuat hoc, Breiman da dé xuét gidi thuat hoc rung ngﬁu nhién [Breiman, 01], tao ra
mot tap hop cac cay quyét dinh khong cit nhanh, mdi cay dwoc xay dung trén tap mau bootstrap (dy mau c6 hoan lai
tir tap hoc), tai moi nat phan hoach t6t nhat dugc thyc hién tir viéc chon ngiu nhién mot tap con cac thudc tinh. Ldi
tong quat ctia rimg phu thudc vao do chinh xac cua timg cdy thanh vién trong rimg va sy phu thugce 1an nhau gitra cac
cdy thanh vién. Giai thudt rimg ngau nhién xay dung cdy khong cat nhanh nham giit cho thanh phan 101 bias thap
(thanh phan 16i bias 1a thanh phan 16i ciia giai thuat hoc, né doc lap véi tap dir liéu hoc) va dung tinh ngau nhién dé
diéu khién tinh tuong quan thap giita cac cdy trong rimng. Giai thuat may hoc rimg ngau nhién (hinh 4) c6 thé dugc
trinh bay ngén gon nhu sau:

e Tir tp dit liéu hoc LS ¢6 m phan tir va n bién (thudc tinh), xay dung T cdy quyét dinh mot cach doc 1ap nhau
e MO hinh cay quyét dinh thtr t dugc xay dung trén tap mau Bootstrap thir t tir tdp hoc LS
e Tai nt trong, chon ngﬁu nhién 1’ bién (n’<<n) va tinh toan phan hoach t5t nhAt duatrén n’ bién nay

e Cay dugc xy dung dén do sau téi da khong cét nhanh.
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Két thuc qua trinh xay dung T mé hinh co s, két qua du bao mot phin tir méi dén x, chinh 1a gié tri trung binh
du bdo cac mé hinh co so trén x.

III. CAN CHINH MO HINH VOI APACHE SPARK

Nhu trinh bay trong [Breiman, 01], rimg ngau nhién hoc nhanh, chiu dung nhiéu tdt va khong bi tinh trang hoc
vet. M hinh rirg ngiu nhién du béo véi @ chinh x4c cao khi so sanh véi cac thuat toan hoc ¢ giam sat hién nay nhu
may hoc SVM [Vapnik, 95], Adaboost [Freund & Schapire, 99]. Chinh vi ly do d6, may hoc véc-to hd trg va rimg ngau
nhién dugc sir dung phd b1en trong cong dong kham pha tri thire va khai thac dir liéu [Wu & Kumar, 09]. Tuy nhién, dé
¢6 duge mo hinh dy bao t6t, cac nha phan tich s6 lidu can phai thyc hién budce can chinh mé hinh trong qua trinh hun
luyén mo hinh du bao.

Mot mé hinh may hoc thudng chiu sy tic dong ctia nhidu tham sb. Véi truong hop ciia mé hinh may hoc véc-to
hd trg, qua trinh huén luyén can diéu chinh 2 siéu tham s6 la tham s ctia ham nhan va hang ¢ > 0 dugc sir dung dé
chinh d6 rong 1& va 16i. Twong ty, qué trinh huan luyén md hinh dy bao rimg ngiu nhién ciing can diéu chinh 4 tham s6
nhu: sé thudc tinh ngéu nhién dwoc sir dung dé tinh phan hoach tai nit trong ciia cay quyét dinh, sb phén tr it nhat dé
thyc hién phan hoach tai nit trong (didu kién duing sém qué trinh phan hoach cua cy quyét dinh), do sau tdi da cta ciy
quyét dinh va tong sb cdy can xay dung trong ring.

R4t kho biét dugc gia tri cac tham s6 12 bao nhiéu duoc su dung dé c6 thé thu duge mod hinh tét nhit néu khong
thuc hién thir sai nhiéu gia tri khac nhau cho cac tham sd. Qua trinh cAn chinh mé hinh dua trén tip céc gia tri khac
nhau cta cac tham s, mdi bo tham sd 1a td hop cta cac tham $6, duge dung dé xay dung mot mo hinh trén tap dir liéu
huén luyén va danh gia Kkét qua du béo trén tap dir li¢u kiém tra. M6 hinh c6 két qua kiém tra tot nhét s& dugc lya chon.
Tién trinh c4n chinh mé hinh thudng mét rat nhiéu thoi gian dic biét 1a khi mé hinh c6 d6 phuc tap cao (nhiéu tham sd)
hodc dit liéu hoc 16n, khi phai xt 1y trén mdt may tinh don. Tuy nhién, chang ta c6 thé théy réng nhiéu tac vu trong
kich ban diéu chinh tham s6 cho mé hinh may hoc la doc 1ap. Pay la diéu kién ly tudng cho viéc thuc hién song song
céc tac vu nay. Ching t6i dé xuat phén tan cac tac vu can chinh mé hinh trén nén tang tinh todn nhém trén bd nhé trong
Apache Spark [Zaharia et al., 10], [Apache Software Foundation, 14] va thu vién spark-sklearn [Hunter & Bradley,
16], dé rit ngan thoi gian tim kiém cac tham s6 t6i wu ctia giai thuat hoc khi xay dung mo hinh du béo.

Phiin tan céac tic vy ciin chinh md hinh

o =\
S,I:mn"fi;I Hou
mo hinh | W
A J
V< 2\
Huo: o
Tip dir ligu mé hinh 2 o \{ M6 hinh 16t nhét ]
A J
V< =\
\ Hl;.JL' o
mb hinh 3 W
A J

Hinh 5. Phan tan cac tic vu can chinh mo hinh trén nén Spark cluster str dung spark-sklearn

Thu vién spark-sklearn cho phép phén phdi tai cong viéc cho mot cum may Spark. M&i may tinh trong cum thuc
hién giai thuat hoc dé huén luyén mo hinh du bao sir dung cac bo tham s6 va giri tra vé két qua thu dugc tuong tmg véi
tung bo tham s6. Nho do, chung ta c6 thé chon dugc b tham s tdi vu cho mé hinh dy bao. Hinh 5 minh hoa qua trinh
can chinh mé hinh trén cym may tinh Apache Spark.

IV. KET QUA THU'C NGHIEM

Dé tién hanh d4nh gid hidu qua cta cic mo hinh dy bao mat sd ray nau, chung toi tién hanh cai dat tt ca cac
chwong trinh du bao bing ngén ngit trong ngdn ngit Python ¢6 str dung géi thu vién Scikit-learn [Pedregosa et al.,
2011]. Thu vién Scikit-learn cung cap céc giai thudt dé xay dung m6 hinh hdi quy tuyén tinh (LM [Hastie et al., 01]), k
lang giéng (kNN [Fix & Hodges, 52]), may hoc véc-to hd trg cho hdi quy (SVR), rimg ngau nhién (RF).

Chung t6i cai dat 1 nhom gdbm 4 may tinh, trong d6 c6 3 may tinh PC, CPU Intel Core i5-4570 3.2 GHz
(4 core), 4 GB RAM va 1 may tinh PC, CPU Intel Core i7-4790, 3.6 GHz (4 core), 16 GB RAM. Tat ca cac may déu
cai dat hé didu hanh Linux (Ubuntu 14.04 LTS), cai dat nén Apache Spark [Zaharia et al., 10], [Apache Software
Foundation, 14], goi thu vién spark-sklearn [Hunter & Bradley, 16], dé thuc hién phan tan cong viéc can chinh md hinh
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du bao cua may hoc véc-to hd tro, rung ng?lu nhién trén nén Apache Spark dat hi¢u qua vé thoi gian. Két qua cua md
hinh t6i wu tim dugc sau khi can chinh mé hinh du bao dugc so sanh vi mo hinh hoi quy tuyén tinh, k lang giéng.

A. Chudn bi tdp div liéu

Chuing t6i da thu thap dir lidu tai dia ban Trung An, Quan Thét Nét, Thanh Phd Can Tho. Tap dit liéu thu dugc
1a két qua diéu tra tai 840 dia diém (phfin tlr), véi 24 thude tinh khac nhau. Sau khi tién xur 1y, loai bo cac thudc tinh
khong dung trong dy bao nhu: sb thir tw, ma rudng, cac thudc tinh co dir liéu nhidu va s6 liéu diéu tra sai léch cling
dugc boé qua nhu: ngay diéu tra, ngdy sa, tudi Ita. Chung t6i thu duge 12 thudc tinh, trong d6 ¢6 11 thudc tinh du bao
dung dé xay dyng md hinh dy bao mat s6 ray (thudc tinh phy thude, c6 gié trj tir 0 dén 12900). Céc thudc tinh dy béo
bao gom:

Kinh d¢

Vido

Gidng lta

Mat d6 sa (kg/ha)

Nhiét d6 khong khi (d6 C)
Am d6 khong khi (%)
Muc nuéce rudng (cm)

So mau 14 laa (s mau: 1/2/3/4/5/6)

© © N o gk~ w PR

Mat s ¢o (cay/m?)
10. S6 chdi/m’
11. Sé 1a/m’
B. Xdy dung va cdn chinh mé hinh dw bdo

Thi nghiém thyc hién xay dung cac mé hinh dy béo su dung tap dir liéu c6 duge dé du bao mat sb rﬁy nau tir 11
thudc tinh dy bao. Ching t6i sir dung nghi thirc kiém thir hold-out bang cach 14y ngau nhién 2/3 tap dit liéu (560 dong)
lam tap huén luyén cac mo hinh dy bao va 1/3 con lai (280 dong) 1am tap kiém tra két qua dy béo. Két qua dyu bao dugc
danh gia trén tiéu chi trung binh 13 tuyét d6i (Mean Absolute Error - MAE). Chung t6i chi sitr dung tap huin luyén dé
diéu chinh céc tham s cta cac md hinh. Cac tham s6 ndy dugc lya chon sao cho dat tiéu chi 16i thép nhét.

Xay dung mé hinh hdi quy tuyén tinh (LM) khong can phai diéu chinh bat ky tham s6 nao.
M0 hinh k lang giéng st dung gia tri k = 1, 2, ..., 10. Két qua du bao chinh xac nhét khi k = 5.

M5 hinh méay hoc véc-to hd tro cho hdi quy (SVR), chiing t6i dé xuét sir dung ham nhan phi tuyén RBF boi vi
tinh téng quat cia ham RBF so véi cac ham nhan phi tuyén khéac [Lin, 03]. Giai thuat may hoc véc-to hd tro xay dung
md hinh dy bio can diéu chinh 3 siéu tham sé: tham s y cia ham nhan RBF, tham s & va hing s6 ¢ duoc sir dung dé
chinh d6 rong 1& va 16i. Chung t6i dé xudt tim kiém bo 3 siéu tham s toi wu trong ludi cac gia tri nhu sau:

Bing 1. Bang gi4 tri ciia cac siéu tham s6 can diéu chinh cho mé hinh dy bao ciia may hoc véc-to hd tro

Tham s6 Gia tri S gia tri
¥ 0.0001, 0.00025, 0.0005, 0.00075, 0.001, 0.0025, 0.005, 0.0075, 0.01, 0.025, 0.05, 0.075, 17
0.1,0.25,0.5,0.75,1
£ 0.1,0.15,0.2, 0.25, 0.3 5
c 1, 10, 100, 1000, 10000, 100000 6
Téng bd 3 siéu tham sb (7, & c) khac nhau 510

Tur bang 1, giai thudt may hoc véc-to hd trg can thir tét ca 510 bo 3 siéu tham s (7, & ¢) khac nhau dé chon ra
dugce mé hinh t8i vu (cho 15i thap nhat) Chung t6i str dung nén tang Apache Spark, khao sat thoi gian huén luyén 510
md hinh khac nhau theo su thay ddi sé luong core duoc ding trén hé nhom 4 may tinh nhu trinh bay. Két qua thu duogc
trinh bay trén hinh 6.
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Hinh 6. Thoi gian huén luyén 510 mo hinh du bao may hoc véc-to hd tro

Két qua thu dugc b 3 siéu tham s6 t6i wu dé huan luyén mé hinh dy bio may hoc véc-to hd tro la: y= 1, &=0.1
va ¢=100000.

Tuong tu, giai thuat rimg ngiu nhién xay dung mé hinh dy bao can diéu chinh 4 tham s6: tham s6 7’ s6 thudc
tinh ngAu nhién dwoc st dung dé tinh phan hoach tai nut trong cua ciy quyét dinh, minobj s6 phan tir it nhat dé thue
hién phan hoach tai nut trong (dleu kién dung sém qua trinh phén hoach cua cay quyet dinh), maxdepth d6 sau tbi da
clia cdy quyét dinh, T téng s6 cdy can xdy dung trong ring. Ching toi dé xuat tim kiém bo 4 tham s t6i vu trong ludi
cac gia tri nhu sau:

Bing 2. Bang gia tri cia cac tham s6 cin diéu chinh cho mé hinh dy bao ciia rimg ngau nhién

Tham s6 Gia tri S gia tri
n' 1,2,3,45,6 6
minobj 1,3,5,7,9, 11 6
maxdepth | 5, 10, khong gidi han 3
T 50, 100, 200 3
Tong b 4 tham sb (n’, minobj, maxdepth, T) khac nhau 324

Trmning tune (4)

Trmning time (4)
=

o0

40

20

e,

'?:é

| ~core 4-core K-care 12-care 16-core

Hinh 7. Thoi gian hun luyén 324 mé hinh dy bio rimg ngiu nhién
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Tir bang 2, giai thut rimg ngiu nhién can thir tit ca 324 b 4 tham s (n’, minobj, maxdepth, T) khac nhau dé
chon ra dugc md hinh du béo chinh xac nhit. Hinh 7 trinh bay thoi gian huén luyén 324 mo6 hinh khéac nhau theo sy
thay ddi sé luong core dugc dung trén hé nhom 4 may tinh. Két qua thu dugc bo 4 tham s6 t&i vu dé huin luyén mo
hinh dy b4o rimng ngau nhién 1a: n” = 3, minobj=5, maxdepth=10 va T=100.

Tir két qua cén chinh mé hinh dy béo cua may hoc véc-to hd trg va rimg ngau nhién trén nén Apache Spark,
chung ta c6 thé thiy rang thoi gian can chinh dé tim bo tham sé cho cac mé hinh dy béo giam gan nhu tuyén tinh khi s6
lugng core duge sir dung ting 1én trong hé¢ nhoém may tinh. Didu nay cho thay dugc hiéu qua vé mat thoi gian khi phan
tan cong viéc can chinh mo hinh dy bao ciia may hoc véc-to hd trg, rimg ngau nhién trén nén Apache Spark.

C. Két qua duw bdo

Tir khi tim duogc bo siéu tham s tdi wru sau bude can chinh cac mo hinh, chung t6i sir dung cac mé hinh téi vu
nay dé du bao mat s6 riy nau. Bang 3, hinh 8 trinh bay két qua du bao thu dugc tir cac mo hinh dugc dénh gia theo tiéu
chi trung binh 13i tuyét d6i. Két qua du bao trong bang 3 véi 18i thap nhat dwoc in dam, 15i thip thir hai dugc gach
dudi. So sanh cac két qua thu dugc tir cac md hinh dy béo, co thé thiy rang mé hinh hoi quy tuyén tinh (LM) cho 15i
du bao cao nhat. Trong khi cac mé hinh dy bao phi tuyén chimg to nhiéu wu thé hon. M6 hinh 5 lang giéng (5NN) cho
két qua du bao chinh x4c hon mé hinh hdi quy tuyén tinh. Dic biét 1a mo hinh hdi quy may hoc véc to hd trg (SVR) va
rimg ngdu nhién (RF) du bio mat sé rdy chinh x4c hon rit nhidu so v6i mé hinh hdi quy tuyén tinh va 5 lang giéng. Mo
hinh SVR va RF giam ty 1& 16i hon 2 1an khi so véi LM, khoang 1.4 14n so v&i 5SNN.

Bang 3.Két qua du bao mét s rdy nau cua cac mé hinh

M0 hinh dw bao Ty 18 16i (MAE)
HOoi quy tuyén tinh (LM) 244.6689

k lang giéng (KNN, k=5) 160.4421
May hoc véc-to ho trg (SVR)

y=1, &=0.1 va c=100000 109.508
Rung ngau nhién (RF) 117.396

n’ = 3, minobj=5, maxdepth=10 va T=100

Prediction results (MAE)

240

220

200

180

Mean Absolute Error

160

140

120

100 BN NN NI
LM SNN SVR RF

Hinh 8. So sanh két qua du bio mat sé ry ndu cua cac mé hinh

V.KET LUAN VA HUONG PHAT TRIEN

Chung 61 vura trinh bay trong bai viét vé tiép can xay dung va can chinh nhanh mé hinh may hoc véc-to hd tro
va rimg ngau nhién trén nén tang Apache Spark, dé dy bao hiéu qua mat s ray nau. Qua trinh xay dung mo hinh may
hoc véc-to hd trg va rimg ngiu nhién mét nhiéu thoi gian diéu chinh cac bo tham so dé tao ra md hinh du bao tdi wu.
Chung t6i dé xudt phan tan cac tac vu cin chinh hai mé hinh du bao ndy trén nén tang tinh toan nhom trén bd nhé
trong, Apache Spark. Thuc nghiém cho thiy ring phan tan cong viéc can chinh mé hinh dy béo ctia may hoc véc-to hd
trg, rimg ngau nhién trén nén Apache Spark dat hiéu qua vé thoi gian khi ting s6 lwong nut sir dung trong hé nhom
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may tinh. Két qua ciia mé hinh tdi vu tim dwoc sau khi can chinh mé hinh dy béo chinh x4c mat sé riy nau khi so sanh
v&i cac md hinh hoi quy tuyén tinh, k 1ang giéng.

Tiép can du bao duoc d& xuit trong bai 1a téng quat cho cac vin d& vé dy bao dich hai. Trong twong lai, ching
t0i s& nghién clru ap dung cho cac van dé du bao tuong tu nhu du bao bénh dao 6n, sdu cudn 14 va cac van dé tuong tu.
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BUILDING PREDICTION MODELS OF BROWN PLANTHOPPER USING
APACHE SPARK

Do Thanh Nghi, Tran Nguyen Minh Thu, Bui Vo Quoc Bao, Pham Nguyen Khang

ABSTRACT— In this paper, we present the approach for building the prediction models of brown planthopper. The support vector
machines and random forests are the most powerful prediction models. Hyperparameter optimization is the problem of choosing a
set of hyperparameters for a learning algorithm, usually spending very long time to get the highest accuracy. Our proposal is to
distributes the most repetitive tasks of model tuning on a PC cluster using Apache Spark. This aim is to reduce runtime of
hyperparameter optimization for building the prediction models of brown planthopper. The numerical test results show that
hyperparameter tuning of support vector machines and random forests in parallel way improve runtime scaling to the number of
nodes used in Spark cluster. The support vector machines model and random forests model using optimized hyperparamters are the
most accurate brown planthopper prediction, compared to the linear regression model and k nearest neighbors.



