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INFORMATION ON RESEARCH RESULTS

General information

Project title: Research scientific bases and solutions to apply artificial intell
gence to identify, support forecasts and warnings about some dangerous hydro
meteorological phenomena in the context of climate change in Vietham.

Code numbeBn KH. 320/ 16

CoordinatorNgo Van Manh

Implementing institution: Information Center and Hydvieteorological Data
Duration 30 months (From July 2018 to December 2020)

Objectives

Identify and provide scientific foundations and solutions to apply artificial-inte
ligence 100 identify and forecast some dangerous hyah&teorological pé-
nomena in the context of climate change in Vietnam

Proposing and applying a few artificial intelligence models to identify ared for
cast a number of dangerous hyaneteorological phenomena inding storms,
heavy rains, cold air, floods and rising sea levels.

Building a system of identification, support for forecasting and warning of some
dangerous hydrmeteorological phenomena based on an appropriate artificial i
telligence model and initiallgeploying experiments in professional forecasting.

Research results

Identification system, support for forecasting and warning of some dangerous
hydro-meteorological phenomena based on appropriate artificial intelligence
model.

Products

Big Data Databasei§ Data stores all data about storms, large rainfall, cold air,
floods, and storm surge.

Report on scientific and practical basis of the application of artificial intelligence
to identify and forecast some dangerous hymeieorological phenomena in the
context of climate change in Vietnam.

Models, algorithms, machine learning mechanisms of some artificial intelligence
models to identify and forecast a number of dangerous hyeéteorological
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phenomena including storms, large heavy rains, cold air, flaodthé Red Ri-
er system), storm surge (coastal of North and North Central).

Report assessing the quality of identification and forecast of some danggrous h
dro-meteorological phenomena based on artificial intelligence model.

The system of identificationupport for forecasting and warning of somenda
gerous hydrameteorological phenomena based on an appropriate artificiil inte
ligence model.

Report process, transfer and product training. Testing and evaluating applicabi
ity of technology in practice.

Generareports, summarreports, topical reports ands8ientific papers.

Transfer alternatives of research results, application address, impact and
benefits of research results

Transferalternatives The products of the project will be transferred to the units
for use in the form of transfer with training for officials at the National Center for
Economic Forecasting and the Northern Central Vietham Television Channels.,
Northeast, Northern Delta, Center for Information and Data on KTTV. Some
products may be dekred immediately during the course of the project.

Application addressgnformation and data center on KTTV, National Center for
Hydrometeorology, Hydrological and Hydrometeorological Station in thehNort
east region, the Northern Delta and the North @é&Qoast.

Benefits: The results of the project will contribute to improving the capacity for
forecasting and warning of dangerous weather such as storms, heavy rains, cold
air, floods and storm surges, contributing to meeting the requirements of the Law
on Prevention and Combat. and Resist. natural disasters and meteorology and
hydrometeorology and hydrological law.
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1B i w@elfnh2nh cblp thi/JJt c¢c,a LQ t i

Trén th]gi i va Vi t Nam, tri tu nhan £b (Artificial Intelligence- A1 ) clL €
xem la mt trong nhng cdng ngh ¢ t I6i ¢ a cu c cach mthg cdng nghip 4.0.
NhiQu qu ¢ gia b Fulghi nhch xu th]phat trd tly/u v © . ny éowd L ilto
L ngaAltrongmimbb” i ng xa hi, t phat tr\d kinh ¥]xa hi,t h a ycar
can quy | c kinh ] Jnlguan s, chinh tr LW e il sI”n ‘nb vathn h * nge
chocéacqu c gia

Trongnhng nfom L@ y: thud toongkri tu nhan tb (Al) va h ¢ may
(ML-machine ke&@ndngrgn)g Ir «i tecoklgggthipent n
(KTTV) va bip “ilkhihdi. Soyi c¢c8c ph<€ehng pQ &mgdpah ©n
trén cac hp h €hn g -tichr phanhAl waiML cécacl i th/]l n sau: (i) cac mo
hinhda trénAI/ML L& xaydngdatrénd liu (data dri vien) ,
ntnglh pB8nh ch2nh x8c nhahmgf ¢& c ¢ Huatimht h
(attribute/feat fhkhh v dad NMnh thai'th ti/]; G)uAEML L
cho phép x| T° ng &l ul n (big data)d i uphcth, d Ii ucé nhiu, phi &
tric, v t h 1§ c6 trong cac bai toan@KTTV. Qanay gitp cho phép xay dg cac
mdhinhhtr d L' o § nhdocdc hin * hg&TTV bl “tnd, suy hivh.

Th c ] trong thi gian gian §n LA yaML L « ~ ¢ & dng vao vic d
' 0 § nbdo ahc hin "ng&XTTV bl ‘tnh, € thwvQd b § o mérén din
rng,Cramer et al . (y20plh7€h nlg« bifihgshph opgd§ Mh L
b § 0 np€m@a2 teanh phd a vao d li' u trong qua kh. Cac thc nchi m
chottyy c8&8c phe€ehng /Jpguf&pa trMiso vd h op hkehn g Qip h § p
th' ng. Nh ng k thud ML hi' n YL ng d ng trong x Iy hinh[nh d a trén hc sau
(Deep Learning) (Stédpdngvachokagah @tri®©QL5) L
gifithud d baottnhdl "k @gdngtrongthctJtrongd b § 0 n j €nGdRA .
thud n "~ y QuuHim gelllrac hiu qu cho nthg tFn kinh nhan®  ( ANW) L
tch d ng milién h khéng giarth igiantrongvicd b§o. C8§8c pw€hng
L& ngdngch yu | ° ph €rerrgy phn§p nHEhegN hron, may
v ® c , trhSupport Vector Machines, vatn s ©u ( DL) thgNlhroang L
nhan £b 1a mé hinhAI/ML L ‘& ap dng nhiQu nhHL Céac k thud ¢ aML/Al L ‘&
ap dng nhiu ntHll trong d bdo hin "h€§ m+@alinlng da trén d bao
|"@g m€a. Trong ylh- lc€ming A &ao thhg N kron nhan tb
(Lap,| ng@h tuyhi)kfhpyvimts méhinhthng k° (MAh<€ AR
chocacdpd liuga c § ¢ awWkmagnhal, kHmg chia d li' u khac nhau (d

1



i u theo ngay, in , t h § n gi cac hamrh)khac nhau. Vic s d, ng nihg

N Rronnhan tbchokjqud Lo&8n Kihal2nh x§&c, n‘hc€ng
sai$ (vaxacstiichosas) h atipcdfcad b § o. _ BidhgNronnhan
thcoétinhcihp L en-b(okxl) a odfon Lin-§ thigh chomoé hinhd béo

khéng cao. Chinh vidy, mt _ Ingénghién cu khac ca baitoandl o § hng!| €
m€a vn ‘th§@ medintngladgpdng c §c p h'@tkmag giarh § p |
séat (unsupervised) cho di' u khéng nhan rfRn gitp phan cm (clustering) va gim

chiud lf'u (di mensi on a\itpthd ToeSdou®at t b €hgn g u a n
cad liucoln h “mgehinhtivi cd bdochih x §rcg | e€a .

nivihin "ngghitiJpbdl ‘tnhge rd®trét i, hin ch<€aQec - n
nghiencu | i ° nh w edmgMLUIAI cho vic d bao (du la Bh ngh). Céac
nghién cu_ng dng A/ML m ich d ng" vi cd bao nhit , VA khdng thay
“inhit , *h€nghBEnh x8c ch+€a cao.

Trén th]gi i a &6 nhng nghién cu ap dng AlI/ML vao congtacdlL o8 n, d

bao cac hin “ng&hiti/t nguy hwhn h € b «diW dangdo bdo (btdrm

surge, storm tide). Cac cacliftich b fun thg€aténfhp c8&c ph€h
phap hc may théng dng (mthg N hkron, cay quyl ‘nlim, i c d a vao ca tw
intancebased learning) /A h p v i cacmd hinh hth'n g ng L, ng | c hay mé
hinhtingkéchochuth i gi a'ncKémah)@robitgin L r@gN Rron

L& d¥%ng nMemayphb/nhck lyd liuvad bdo,d Lo&n c§c
hin “ng@di ‘tnhge b « o ¢ bivi dang cmo®ao.

Nh€ dy s phat tr\d ¢ a cong ngh tinh toan va cac §i thud Al, h ¢ may
hin Yr L &brragnhh g cihn MPBhat trvd cac gii phap mi Wil quy/}
cac\ih Q. r o n g cl KATHHVAI t triing bai toan htr d L o § n bao @hc
hi n " hgehit “@gHl  “tngp Eatrén d i’ u KTTV. Cac md hinlAl/ML L ‘&
apdng il Yyt ¢ac moé hinh'hc m8§ y[n dypcacoméd hinh hin 4L n h €
hchc s©u (Deep L emdhnhmmN RronT r@odiarg pH bi/h
nhitl (KWel trong cac md hinh' tt sdu). Cac mdé hinnbh m&'yx W@ awilf a L
quy/ nhiQu bai toan va'xlyd li'u n R ncchid “hgd li'u, | achn HL
t r ©nlm chiQg phan cm, . §uy nhién, % con co mts veh Qtont n td
V. i cac mo hinhAI/ML khi ap dngcho x Iy d, liu KT ™d b&o cac hin
t “@gthitipbel “tnh EAo'gm: () ChEl ~ h ¢, chihh xac ca tigh X 1y d,
i u v ofn Lo thi n; (i) Vi ¢ a8l hinh cho cac may 6 ( nthgdN kran)
conma n g tnAtihva Beuristicsfoconhng p h€hn § xpShoshpi h
hinh cac hth ng AI/ML m tcacht L, n gWhL tr n g €hiJt kijmd hinh (iii)
Th i gian hth luy n ¢ a cdc mé hinh'tc may conl, n; (iv) Chil * h ¢, chibh



xac cad L o 8dnbdo va dn ‘Lo thi n; (v) Kh[ n £ n § thighic a mé hinh
AIML c h€a c drolndl@atrégmimd hinhip L e n -bdxbh (vigHflkk n h €
ch€a c¢- ¢ §dindyShohcacglil ® §hb§ad cl @ €aicacand b
hinh AI/ML ; (vii) Vi' ¢ KT h p gi a cac mé hintAI/ML v, i cac md hinh trugh

th ngdn ‘Lc®Ppt c nghién cu va dithi n.

V3 vdy, m t trong c8c nhi m v, c¢,a L
LQ c¢c.n t°n tUi mdhioshAUYMLY W khi t&8BcdhindpB8ot ¢
KTTV nguyh€h ibno, me€akH:mg dih2n Irmhg,, |1,
b«o d, a tr°n vi cKIp\wOn t2ch, x| T d_ |

T4VitNam,RMM ntm 2000, k Ihdo thint¥j s hiFurtién HRM
b ful ‘lc€ I €a Y bdo tEVi't N a m Jh nayhcod ni@ mé hinh khéac
nhau L' acaoid nghi@& cuhayd badoth nghimtdVvit Nam nh<€ HF
Et a, RAMS, HRM, MM5 , YWRCF§ ¢ <ld mgTmdvitinhsh h i ° n |
bao, §n p¥n d bao clicing wh la §n p¥nd baotrcti/pt mt h3 nh, c|
c6 k8 hi u chnh nao.

Chohnay, s i ubQmts g hinh, thim ph th cvd, s d n gH) 8
d ng trong Hc[ cac m6 hinhhnco @ Vi't Nam ‘IEEyt tdh s | utoan
cfucaM.TdsS liu t €hgnchitit h hn tr Vi mnNamdnMVit Nanh
th ¢ hin, c6 ep nhd theotng thang haytn g n £ m ° ¢ ticielap vho&rong
bElc md hinhnao. ® S li ugaM: ch y/ud atrén cac quando v tinh trong
thdok 90 v 7 ccptndlMEt ¢ | fhat tri kinh f]xa hic a Vi t Nam, b
sliu n"y L« kRE¥mggtskhuyv ottén Iéinh th Vit Nam khi co
nhngbih rdgln trong KkKhuc fchaywh @Eitdnglll Do L -
sai $ h th ng¥ntdtrong §n pi¥n d bao ¢a mé hinh 1a khdng Wtranh khi.
Bivd, mtd baothng k° n h@énMeM thiff nhan t t nng chdl €
| “@g d bdo, 101 h cacsaish thngt m* h3nh cQkig bBR® Li
Béendh h L - ,ingdy cang ¢ao ca xa hi trong cii * hg@ béo th ngh
cl ng X Xxayatngt bao sau méd hinh.

N« cQ@ nmnphhi€hn g ctpowi Bhpithie®n Qf £ ngng ch® ~ hge
db&8o sau m! h3nh pig€e( 209 7 Vaghi mH¢ Kkalman™ ¢
vaohi uchnhd bdot m* h3nh; BY%i nys CBOTRhnptim™ t b
d bgonh’nge meathd &abdio M gid atréenmts ph€©hng ph§p
truyrthng nhd@ythyh t 2 nfn (MLR), pban tich riéng bi (MDA),
mthg thFn kinh nhan & (ANN) va i quy logistic (LR) t sIn ph¥n ¢ a md hinh
HRM v GSM. Tuy nhi ®ms dmg§ang nohiéStumay Wp h § p
bcl nhnghthchlca ph€hng p HEtY ngMOB Th yvaygngs
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(2009) Lw. nggdhg°ng&c ph&MOBg vp WEpRghm d
bdochomts y/uf k h Z ngtt@@H n h' €, ,d hg.iXn, c Hpohthld béo

72gi chotng6gi mt Chl °~hg@® baocacyut n"y Tc« tlk& g | °n
kWsau khi thc hi n hi u chnh th ng k& sau md hinh UMOS va KFén cac Bn

pidn m!* h3nh. "Mgy mdh ic hrea Q& trong nghién cu

t h e ong @y ké sau md hinh céde nnd nay. Mb  d % i ghiQcnghiém

cu tronapdmge c §c ph Eiygrkgc Lpihva pin t9h Wiang cao

chii " hg@ bdocacyuf khZng€ Tuy nhifnay che€adc- n
nao Q ng d ng Al cho baitoandb § o  knig2 Vi t NAam.

VQd bdon& d©ng do  rng<pyp clc®B8hihe L -xayl =~ t
d ng md hinh riéng; nghién o phat trid méhinh ma ngun m va s d ng md
h3nh t BH€mneyngeai. Thg quan ®nghién cu _rc@ang baod Vi t
Nam cho tiy, h @hg nghién cu chinh & chung vao mé hinh gr, nghién cu s
d ngAltrongd b § o, cbhM d©ng do dikohic h€a L€

Hi' n nay, cac fip och theoh &g d |i' u d a trén thng ké, hc may, tri tu
nhantb L ang n griéy phdi/hrvach bgrminh tinh hiu gqu trén th]gi i.
Tuy nhien QmHb ph€hnehn v bod mts wbh QEFfnpHi "B W@ptc
nghiéncu, dithin ( nt € hgehl o § nbao, tinh dji thich,é ). Th cti n,
tdVit nam c1 ngQ oghi@au ct h en@Al/MLE khoa hc d i u
cho céac baitoan di o § nbao @hc hin “hg@h iti/bEl  “tngdatrénd Ii u
KTTV. Trl mhomkhchkin Qtamctiéuca Qtdi g m cac pha nghién
cu c kkhoa hc va cac di phap k thud trongx Iy d li u Wi/h hanh d
' 0 § nhao dhc hin * hg&TTV nguy hwh.

Céc phan tich trén cholhvi ¢ nghién cu phat trid cac mé hinh tmg ké,
h cmay, tritu nhantb ¢ thwehovicX Iyd liu k hrig, tty€ v £ i vV b rh
trong cac hin "h€@ Kk mgbdit ‘@nhrsguy hwh hay fyracotVit nam nh
b« o, .mdEmr nb, khong khith h , Iclbiw dangedo bdo l1a nhihny ¢ n
thi/t va ©@p bach Sn pi¥n ¢ a Qtdi €L ‘& xay d ng thanh cac cdng ghfn
mQn Vih tr cho céc chuyén gia trong cong tacldo § nbhao ahc hin ° ngakhi
hdu bl “tnhg€ n - i { ¢ tPfnhAnh Wikl khdi & nghim WL §nh ‘gi § h
gul trong th c V]

2M, ¢ ti°u nghi®°n c¢_u

-X8c L "nh v L€a ra L€ c ¢ch s° khoa h’
t o LW nhdn dng v KAVnd&pY m Wmsfr dimg nb
L i kh2 hdu tYi Vi t Nam



-nQ xublt v _ng d,_ng 1@ cnmhon g YomiL Wh:
b8§o m t s KIWingnuyt @ingdm g m b«o, m€a | 1
| Y4nh, |1, n€ ¢ biWn dong do b«o.

-X©y d ng L€ c¢c h” th ng nhdn d4ng, h,
t € KMKIGVnguy hi Wm d, atar°mhed h8amhph¥%2h’ p
khai th  nghi m trong d b8o nghi p v,

3N, i cacgmg °n c_ u

- N, i dung 1: Nghi°n ¢ . u t  ng quan v~
- N, i dung 2: ni Qu tr a, kh[o s§t, t hu
phon t2ch, tl&mh BKFTWvd, tIi Wi u |li°n que
di° " n r,ng, khtng kh2 14nh, T (h” th  ng
Bdc B, , Bdc Trung B, ).

- N, i dung 3: Nghi °n c¢c_ u gi i ph8p qulr
h3nis " ch_. 1i u |, n Big Dat a.

-N, i dung 4: Nghi°n ¢c.u x8c L nh c¢ch s’

tr2 tu nhon tYo trong vi ¢ nhdn dUng,
t€ ng, hlFi vin nguy hiwm t4i Vi t Nam.

- N, i dung 5: Nghiwnn tch u,ngphhi€§tm v~ L§nt
h ¢ m&y, nhdn d4ng, h, tr° d b&8o, cln
(b«o, m€a | . n di n r, ng, kh*ng kh2 | Ynh
-N, i dung 6: . ng d,ng tr2 tuh/]ntw©nht Yy
d. b8o, c¢clnh b8o b«o, m€a | _.n di n r, 6 ng
-N, i dung 7: ng d_,ng tr2 tu nhon t!
d b&8o, clnh bg8o IT (tr°n h" th ng stng
-N, i dung 8: _~ng d,ngnhdd dHdhgnh©nht Ut
d. b8o n€ ¢ biWn d©ng do b«o (ven bi Wn
- N, i dung 9: Xy d, ng m t framework c
v.i ocl8en mhdn d4ng, h, tr° d. Db&8o, cl[nh
r rkdh,tng kh2 1 9nh, 11, n€ ¢ biWn dong dc
- N, i dung 10: Nghi °n c¢. u x©y d, ng qu'

phXm. Th nghi m, L8&8nh gi &8 kh[ ntng _ng
-N, i dung 11: Vi Jto bc88oo ct§om tt dotg LkQ]tt "vi~



4Th" i gian tvh ckihnih nph 2
-Th> i gian th, ¢ hi n: 30 th8ng (T. thS§
-Kinh ph2 th ¢ hi n: 7.800 tri u L%ng
5h nghoga khoa h ¢ v th, c¢c ti_,n c¢c_,a |

ayh nghoackhoa h

-Cung chblp ch s° khoa h ¢ v™ th ¢ ti_n
nhdn d4ng v~ d., bkgoVnmguty shi Wn gn nt @ «nog,
r . ng, khing kh2 1 49nh, |1 (tr°n h” th'  ng

Bdc B, vig Bdg :;Trun

-Cung c¢cblp ch s° khoa h ¢ v_._ng chdc LW
m i trong vi ¢ _ng d,ng trKITV;u nhon t4Y

-Cung cblp ch s° khoa h ¢ v.ng chdc LW
~ng ph- v.i rb, WRanb. khdi'ln r_ ng, |1
trong m t s -xl«gnhh iv tcr oknignhb "ti/J] cnh bi /]n

b)h nghogoa thyxc ti Kn:
N©Ong cao trs3nh L, khoa h ¢ c*ng ngh

-Phg8t triWn c*ng nagly"  nth KBFW, hinhblt L Q7
cfnh b8o b«o, m€a | nh,dlTnvi, n&, ckbt kg
phfn L8p _ng L€ ¢ y°u cfu c_,a Ludt Ph,_n

-Phg8t triWn ctng ¢, h, tr° hin mc_ Lldit rlo\
tr€ ng LY h ¢ v° sau LY h c;

-Ttkng ¢c€ ng ntng | ¢ ph,ng, ch "  ng thi
KTTVhguy hi Wm nh€© b«o, m€a |.n di n r, 6 ng
do bao;

-nXy mnh ng d, ng tr2 tuw8onha@nthd d §tor
KTTV;

- H, tr’ S p h §ganhtl rginWw “v¢ cc@ ¢ n b h Quxh« phh fin
tr°n khu v, ¢ ph2a Bdc do gilm thiWu r_i
kh2 1 9Ynh, |1, n€ ¢ biWn H®hghdo b«o tro

6K/Jt cblu b8o c8o

Ngo“i phfn M Lfu, KIJt |Bugbn,c §o'ct dnig L
LQ t " i Sbcaho€hgqigm Ck€hnth Wig quan vQ vbin L



ChehnRh®m vi, L i 8§pe wmyg,s phlalEmee hpiitat3°: n
tri Wnc_ct!ngh€hnhg mieg§p xAC)BigdatakETV; Ch €hdn g
X©y d, migWwh'k htakl nly, tor 'c8& hb&n t€ ng KT
Ch€ehng 5: ChuyWn gi ao, L o tYo, th ngh

C8§c k/Jt qul LQ tpsicnhdohl € &n ch astthanm

LQ t " i tronmghmu2ttntgm it menAWham gia th, o
th" " nh vi°n ch2nh ¢, n c¢c- L, i ngl c¢c8c nh-
KTTV, Trung t©m D Tringtdn KTV dg in'gc cdina, n
n4i h ¢ B&ch khoa H”™ N,i, Ctng ty ¢ ph
khu:w" g b33ng Bdc B, , nkpagl Bndcv,” Btdid/JpT rn
nghisTm phXm.nc-_nag LgQ pt "hiJJt s. c quam, a&rl@g
t i |° s, h, tr°, giwup L. tdn t3nh, tUo
LQ t i c. a B, T i Vhguphnng CMEhngr € hg

ngh' ph, ¢ w cmgd¢ati hg ,@ h nw, ic JTRyKEHT TV,
Théngt i n v™ D_v'lic&c KOHW v tr ¢ thu,  c T

Tdp thW t8c gil xin ch©n th”"nh c¢8m hi
nhi " m v° Vin ph,ng Ch€hng tr3nh Khoa h’
ng ph:- vTingnKHyackTiadkoa h ¢ L« ch" LY
trong qu§ tr3nh th ¢ hi n LQ t i



1. CHhyNB T° NG QUAW N nj NGHI aN C U
1.1. T" " ng gq@®ad tu Apw@n t WoBigdata) n (
1.1.1.nMnh wagdtlo@anh vyxc I[Al°n quan LAN
1.1.11nMnh Alghoa

Trongkhoa hc may tinhtri tu nhan tb hayAl (Artificial | nt el | i genc e
k hi’ cfi@atri thong minh nhant, 1at r 2t h ! ngthwhin g méye
moéc t r & itrhthd® minh t nhieng a ¢ o'ni . n gTé ' ng,ghudtng €
"tritu nhantb " " h g €d sed n g Wniid T cac may moc (he may tinh) co
knfntnd lgche® che nbtndgth € h hm™  ‘cio ntnhmdfi@en k]
v itamtri n hc@dp™vad"gili quy/T veh QI1].

1.112C8c¢c | ognhuama&l An °n (

ayC8c b”"i to8n Li®©n h3mMh 8p dAng c8c |
Bao djyNhtdn dUdmNpdmXdUng ch_nhad§i ddman g
vi Jtnhday dUn g;nit ddbhg kdhuom nHjt(ii) X I T ng'n,ng.

d" ch t(d Lchn g@fatedbat@i)ni Qu k hi WwaRgbbtics (it) uy /] n
Computer visionTh ¢ vw@Xi TodMEhht huy/JwLdp ,  kGhhoU
(Strategic planning\vi) Tr , tt A ht u’ redm@uter garflecoft

b) C8c | @nh8pvxdch nkgh 8cc§c ph_ _ . ng phsgp Al

Bao ¢ m:L, n Bio-imspirad computingni Qu khHWnth” og
théng minh lai Agent thbng minhni Qu khi WnSuw dg, nkhah L
ph &8 d_ro-b’it un h &Lagnitivdroboticyro-b = t  p h Seavelopmentan  (
roboticy; r6-b = t t ievplutiormary eobofics Chatbof1].

112.nAh ndHgatvr_ tgc vm n LBgdata °n quan |

1.1.21n Mn h Biggdata a

Big data la mtthud ng chovicX lym ttdh pd i url nvaphcth
macac ngdng x lyd li utruyQrth ngkhdngx | T ° cB®@ databao g m cac
thachthc  npha@tichthu thdp, giam sat d i u, tim ki/Jn, chia | StuyQt r
nhch, tr cquan, truytsh v t 2. ri °ng t €.

1.1.22C8c Ll1lc tr_ng cva Big dat a

Khill€ngd lfu( Vol ume) : LD @&y ki °uHbOi Wu nhblt
kh i |1 € ng @._ngl ingunh r SGtL Slah \WirgluyBdy datd?).
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https://vi.wikipedia.org/w/index.php?title=Robotics&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Computer_vision&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Th%E1%BB%B1c_t%E1%BA%BF_%E1%BA%A3o
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https://vi.wikipedia.org/w/index.php?title=Computer_game_bot&action=edit&redlink=1
https://vi.wikipedia.org/wiki/T%E1%BB%B1_%C4%91%E1%BB%99ng_h%C3%B3a
https://vi.wikipedia.org/w/index.php?title=Bio-inspired_computing&action=edit&redlink=1
https://vi.wikipedia.org/wiki/%C4%90i%E1%BB%81u_khi%E1%BB%83n_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/H%E1%BB%87_th%E1%BB%91ng_th%C3%B4ng_minh_lai
https://vi.wikipedia.org/wiki/H%E1%BB%87_th%E1%BB%91ng_th%C3%B4ng_minh_lai
https://vi.wikipedia.org/wiki/T%C3%A1c_t%E1%BB%AD_ph%E1%BA%A7n_m%E1%BB%81m
https://vi.wikipedia.org/wiki/%C4%90i%E1%BB%81u_khi%E1%BB%83n_th%C3%B4ng_minh
https://vi.wikipedia.org/w/index.php?title=Suy_di%E1%BB%85n_t%E1%BB%B1_%C4%91%E1%BB%99ng&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Khai_ph%C3%A1_d%E1%BB%AF_li%E1%BB%87u
https://vi.wikipedia.org/wiki/Khai_ph%C3%A1_d%E1%BB%AF_li%E1%BB%87u
https://vi.wikipedia.org/w/index.php?title=Cognitive_robotics&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Developmental_robotics&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Developmental_robotics&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Evolutionary_robotics&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Chatbot&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Chatbot&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Ph%C3%A2n_t%C3%ADch_k%E1%BB%B9_thu%E1%BA%ADt
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TcL (Velocity): T c¢c L c- thwW hiWu th

gia ttng rblt nhanh; (b) X It idne)l,i cu m
d. i u L€ ¢ xh" dukhioiggpha sinh (mili gidg).
nadthg (Variety):Bi g dat a chehamR®&m Inih’i Qu&dRtdng
cblu tphic oblu tr¥%c (t i2.1i u, blog, h3nh
n . tincdy/chinhxac( Ver aci ty) :ngM tt2 nnhr oonhgbltn hp h. ¢
d i u | diy/lch2lhh xi8Bt ic_tao 8n plhi©nu.t2ch
thiJju ch2nh x8c¢c v° nhi_ u La2jg |~ t2nh <c
Giatr (value): Gi § tr |7 LHc 2. Wm gquan
1.1.23Ki @Qu duv | i Mu cva Big data

Céac 11 d_li" u trong big data gm: (i) D. |i" u c6 & tric (Data Structureq)
(i) D. i u ban & trac (Data Semi Structuredfiii) D, li' u khdng &l tric (Data

Unstructured@0].
< Dv li<u )
(data)

v ! v
C cdutrve B8n cdu trvg Khing cdu trie
(Structured) (Semi Structured) (Unstructured)
Byng dv li<u, sao Il u, T<p XML, Nhtet KT A
1} u trv cho kh=i I} ang cuXc gKi phyn hri \\fi*:jneg)lﬂénim rt]:ar:éh,
In dv li<u mi’n ph2 web, ... ' Ann, €.
Hinh1.l: C8c | oUYi igdlata | i u trong B

1.124Sx kh8c bi Mt giva Big data v~ dv |
D, liuln khac yi d_liu truyQr thng (vi d, kho d Ii u - Data

-

Warehouse) mts LWh clm:Dbliu LY g dHrudtiuln hhn; tr
vbhd liu nhanhcthzdhmh x§20.cao hhn

1.2.n8nh "gnig8 dimhdinhnghi °hngoui ne c
121.{ng dAtngomd dx b8o thyi ti At tui M

- S['n phXmn mé hinh d b&o Deep Thunder ca IBM s d. ng cong ngh Al
vaBigdata Td Lo~ " n ‘crhdy gnhiBM b« mua Crinig They Th
Werther Company va/kh p S li u cé gb ¢ a IBM vao h th ng Al ¢ a The
Werther Corpany. Vis kifhp n” vy, | B MisheohcDeep Thuaderl
m t md hinh d bao thitiJltién tih <£s d. ng cong nghmay hc Wi béo chinh
x §c  ngcathliti/f "ik icacdoanhnghp.M* h3nh BS ¢gngal ng s
i uthitiglchs LWelithi nd béo thi ti/;. Weather Company phan tich King
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100 terabyte dli u h " n g/h h gt ygurlkhac nhau bad gn ngu n ¢ a bén

th ba,d li uv trivathdng qua & g . il €h hn 19 K.i /)0cA nhénrca
Weather Undergrouritil0]. Tichh ps d ng d Ii' u ¢ a Earth Networks, cong ty

cé tr s td Maryland, \h hanh 12.0008m th i tiJptd  h h n ¢ §i@ cuagwi
1.800c[m b/ 50 qu ¢ gia cho ngh g _ il "wdi v sét;Total Lightning Network c6
thWwphat hin s ®t tr oMWdbrd Gofn mOpP 8§ b « dphthitiffn qu
khdb nghit n't€ xlo §y v CongnySTé i til} 8§ alBM c6 quy(h truy ab

vao h th ng dm bi/h quan teb va mé hinh, mt “ hg€nd lfuthityf L€a v =
ntfngAlca | BM W& thionrd Lo § n. JHT 2mthm L2016, h~
cacmdhinhAlca | BMdlhqg $ hn 100l uBEmmpQued &,trsd

t{ Colorado &b trung vaovi cthuthb d lfuthitiy "€ #uthh bicacv
tinh, m8y biayl &ihiwg rnadfngpfn 8@whylirén,cacn - s
L hnx ¥ T° hla NVIDIA (GPU) ¢ ¢ mthh c6 tWwb rad bao thitisp ¢ - L
phan gfi cao trong vai phat, g qu lamtd b§8o ch2nh x8c ¢° nh
s d, ng cho cac doanh nglg vch i va cac hang hang khonBeep Thunder c6 Kh
ntng BdWmgn dcbaothiti/fvith ihthd baot 2 4/hB8gi v.i , L
phanglic ¢ cao (h5L&k®). Dmli wthiti/pcothM ‘& K h p v i phan

tich va hiniinh hoa pht’hp v i nhu ¢u kinh doanh ca nhan.

-Ch quan Whv4 goyehncgialgoa K8(NOAA) gfn L Oy L «
d ng may hc nhiu  h Mefithi n d béo ¢a h .M t nhém camha nghién cu
t NOAA phat hinrarda g @ apidng cac k thud Al cung v i hiwi big vd Iy
vQm?! i * ng co@NElithi n L §Won Lkn gl od§ v, ilhhiQu lod th i ti/} c6
t §cngtitth hdhiti ¢ - ng@ehbdogmcacskin nh€ gitng
nghiém trng,|” ¢ xody va bdoBai bdo ¢a h k/} ludh rag nh ng di ti/h nay co
caic ngdng t h&hnrg» nm “"'ng n°u r », rm@&Eddangmh €hnc
L o8 nctipr ¢ § c ngtctqrdhitw c - ng @boh dfnighh nh€ ntn
| '@ g  ¢t®rabicacngunbih "l n h € " ngurRuy i Hok&gid, tiéu th
n £ ngngtrofg mtkhuv c hadbcong sl /. s ©n[1ib.ay o
Monsanto - Climate Corporation: Nt m 201 3, Mo n% @imdteo L «
Corporation vi gia ch d@ 1 t USD.Trong § cac dch vy ma Climate
Corporation cunglgh, m t dch v n/ tr ng tam chinh_ca né la théng tin d bao
thit/ sia° phehng c Nds dAgmig ry®nkbéc nhau va may
hc Wi ©u h - lao &n§tol dihh riéng cho néng nglpi [111]. n Wgidp
t £ n’gng ki@ t n gbaadva phan tich, Monsarnifo«  ntluHydroBio, m t céng
ty phFn mQn néng nghip c6 tr s t4 Denver, CO. HydroBio' sd, ng kK h p hinh
mhv tinh,d liu HIvad i uthitiJp "alpheh ngeuriy dg théng tin chi i}
vQt @tiéu chondng darN - g i Yipmongdarebl r » hhn ndohdy n " o
10


https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=http://journals.ametsoc.org/doi/10.1175/BAMS-D-16-0123.1&usg=ALkJrhizl9vcKZi5IhQx-xDXZjgHt7nDDg
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=http://journals.ametsoc.org/doi/10.1175/BAMS-D-16-0123.1&usg=ALkJrhizl9vcKZi5IhQx-xDXZjgHt7nDDg
https://www.climate.com/newsroom/the-climate-corporation-acquires-hydrobio-accelerates-delivery-of-data-driven-water-management-insights-for-more-farmers-across-globe/27
https://www.climate.com/newsroom/the-climate-corporation-acquires-hydrobio-accelerates-delivery-of-data-driven-water-management-insights-for-more-farmers-across-globe/27

khing . intf@ n<ey ngt ilangsphi ndum a m€h dvjva co thw
cfithin nt BdNh sguwdng ¢ nay cui cung € L ‘& tich h p vao Climate
FieldView ¢, a Climate CorporatiofiL11].

- Hi Khaghtc#@: (AMS): Al gitp clithi nchbl ° hg@® bao th itiJ}:
Alcothhg i %p b@@od a& h2nh x §ncth ch b rbaotthi tipla m th |
t Tn@hps dng IngcaABb ivicomtkhotangdli uthiti/flchs va
hintd, cothveung dépd lfuvaothet t o8 n t he o fudychdb ang€e n ,
va s | “@g khi giao phi cac Fn xudihi ntrong quakhv icacd Lo&8n trong t
lai. Trong khi khong aicotw L' o 8§y . IF €hn g | thid,Al 4p @ g vik
hc t Emgchac&dlo8nct @y JGU the &U§ BAg cach so sanh
cac d L o &1 k/1 qu quan teb, md hinh c6 tdim hMva dithi nklfnt ng m?
phng,d bAonh@ hhn trawgit€®hhghl x§oWhctaad hhn.
badothiti/,d liu ‘lc€ L €a. tthiddodnms d ngcackthudhctd sWu L
timhW v arata€dLl o 8lratrén d li' u trong qua kh. Cac md hinh thi ti/}
Letbthanht mts L\Wwhd i uphcth, khihd baothiti/jtr thanh mt
bai tp chuyén su®@d lif'u v~ t 2 n hQ hay gho thcva®s. d ngis ¢
mhh t2nhgkt/o &nh nidBhwh & umg @i tdrd i u. Tuy
nhién, sc mthh ¢ a Al va h th' ng h ¢ td sau c6 . ‘& s d n g Whbid va phan
tichcacbd liu Waf iy "y nhanh hhn v~ WhHinKhi x §c
t@ghcM: ( AMS)chlaagvics d ngk thuda Alhin YL L dithgn c
knfntng s margldlli@thiti/ Wtich xudl nh ng hMi bt chinh xéc
v o rhng@akpthivanhng ‘rim@uyl nh L iich chinh 1a Al cé tieung
chd cac mé hinh linh Hdbva nthh nEh hn  §€n £ kd "nh 8 milquan h
phcthgiamts | “@gln c&c t 2inif ‘B kinh hdd va quan sat
I ‘ajf14].

- Tractica Mg ri ng nguth du liMi trong dx baothyi ti&: Ly do khirh Al cfn
_ng d ng nhiu trongd bao thiti/tlad I uKTTV. Hhn  1inh@do ttungv
vaoth itiJthin L bay ménqu: L, theo ddiva'gid i’ u vQcac md may, gio,
nhit  wAhthngthity . H" ng thnrHnbd b g'am gtttk ch  t
li" u th i gian th c. Céng ngh Internet of Things (I0T), cacngod liumi ang
tr ctuyhmingay ¢ ~— n gdnhgecdintarniet, Bin pin mhbtr i, nhi t kv~ QL i
h,a kh!ng kh?cotthwhsmdgli unchitilh , h B n dvdarmd bad u
th i tiJ}. Tractica d bao céng nghA 1l ° & $2d. ng trong d bao thi tiJ s£ LG
553,4 triu USD mi nt m c hloplrcing, pdint@nvadchy v 0o ntm
2025, 31Fwg USD v~ o ntdytRtOring la cad ¢corgay hi
L «full t € v thingcdbio&nitighongengvad liuthitp t €
nharj14].
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122.&ndAng mu rigd xYANONE® mi @n d ©rMgh od o Bl «o

TY Nhd B[, GS. Sooyoul Kim cac céng € « dsngmh g A Nl bdo
n & biwi dang do b&o. Dli' uth nghi mlad li' u quantrcb t cac tEém Hamada,
Matsue, Yonago, Ama va Saigo tlub bivd Tottori (Nnd B[n) &p d ng cho céc
chn b «mi2003, Songda 2004, Megi 20046 hinhnth g ANN L « cl €a
kifqgud b 8 o, cbM@dangHthchjca ph<€hng paK§mpSodybul c
I'Qxubd theo kinh nghim 14 th cont 10 thuc t 3\ehm raltb con thuc tinh
t tnhEl WAL b § o, c biv®dang. Tuy dy v, i 10 thu c tinh chang ta c8*°tcb con.
Ch€ea c¢- ph@a@hgghnpdh®mpcadthuwc tinhti &vl bl§ o, cn €
biwi dang Theo Kim, Sooyoul, et al. "A redlme forecast model using artificial
neural network for afterunner storm surges on the Tottori Coastpdd'[109].

123.¢ng dAng Al LO gi8&m s8t m_a cva We

Weathernews ag tac vi NVIDIAtrongd an.ngdn g XMphat trMd khi”
ntng gi §gan# &t Ehinh xac cao va dbdophanphil g me€a t o”
cfu.D ans d ngcongnghDe e p L e\agifm thivd ¢hi t BY tY cac khu ve
c- thie°nntafy@yefyrdnh<€ n?! ng[15N amh ngCving
t heg xuyénx[yrat hi °n t khin tmap bl QUki nthiti/fvad béo
chitiflatiiquantrn g. Tr o rcangrghd babKTTV tiénti/h v ™" hd h s
tfng, nhan ¢ Widh hanhvh L agig a th pHataridivagp kh - Qkah t n
chinh vati/h . Hha comg nghd béo da trén cac md hinhar Iy hi n t4
Lanfhhgnhiiciacgiihthgané.Do L -, We at hecrhnrerwts L ar
ph€hng /ppdnBrplad atrén AlS d ng cong ngh Deep Learningién tih
t NVI DI Wphah tichvadLl o $man phi °~ hg€ mEeag cadd naysE giup
gifmthithithd d o . mb®g cath cungtgh thong tin d bao Kt h pv i s
i" u quan teb ¢ a cac tEm th i ti/T "al p h.@linh B2 cho they, [nh bén trai la
nhng L&m mOgquan&a b radér thiti/} hi ntd, va hinh[nh bén phi
lamthinhfnh radar L[® mlk®®mt mEahv tinhs d ng cong
ngh Deep LeaQmyangphépfimtngb8o ch2nh x8c hhn

12



Ground Truth Virtual Radar
| Bas J""_.;",. ¥ t
| If"” i yﬁ

"

& .;:V
‘i
e

Hinhl124dnh L8m mOy m€a qu®y meab Lmgdado v~
Weathernews dng c¢c8c si °u mBiwgtilceNVADIWA™ H g
vch hanhcdng ngh Deep Learning. Trong dan nay, cadnh v t i n h, chinh L
Xxac caotdp trung xunggquanh Nlat B[n cung vi caclnh pHn chily  r &nb mdar
L &s dnglamd i’ u huh luy n Wb ra cac hinlinh gi ng mé phng radar
datrénfnhv t i AAhiWith vad b § okl n "h§ niNBiacach khac, ngay
crlivinhngkhuve m”°  héittngs quan g@&tt/nhkhfyad al
hotbt r °thd ‘@h n gc, thijvidh hd tfng quan satf L - € kkdng ¢n thi].
Weathernews dl'nh bdb fulbdag cach'sd ngkhuve ntng Nam € | "
mc tMWhoh t 2 chyngsang cat khu enkha¢l5]. M, t hinh [nh
radarfo ‘lc€brat m thinh[nhv tinh (md phn g) . @& mau Vak b
th phim v i  nWbi sung cadbhtradar thiti/t hi ntd. D &n nay €gilp c6
thwhii  ‘lceQ@ikin "h€® mea khuvctrongkhuve ning Nam C
trce LOy Wheéemg ‘fck

Hinh13: dnh ra La [o L€ ¢ tUYo ra t. m t
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1.24.8ng dAndNM H@ dyx trén8émg Nie] Sudan t

Nghién cu nay s d ng mdé hinh [_]
ANN WIH bgo _ltlidc
theoséng Nile Lod mth g -rant
nhan tb ph bi/h nhE bao g m ba
nhémhobl p L hl) nvtl p
cacl h nfilyuvaoo ‘li¥dpn i
Vi@)mtlpcacl hn fiXpo . ]
Lekrnivi@)mtlpl hn jnputs Hidden layer Outputs
"LFu rd' [112].

Hinh1.4: MY4ng ANN ph

nWyuan séat hiu sutdimé hinh héa_ca ANN, cac tim khac nhau trén séng Nile
I « ° ds€d, ng trong nghién cu nay.THic[ cacd liu ‘lc® Th y [ i Sudan
thu thdp .d €8h g ¢ bang ngayDo tinh liéntcvadghcocad i’ u, 19701985
Lechn |~ m Yghus luy nl(fo u chug), trong khi 1986 1 9 8 7 c dh ®
| * m gth gaC mitth® n Kch bn L' «c kildetra (B[ng 11). Cac tEm khéc
nhaucds &ngWling ¢p d li u flvao, trong khi T\tn Do ng'aclsa L €
dng |furmMLtmé hinh Kf n'itiéuchdq balp L «cafi ghg cho bn
tinh hiing.nWL. § n h " g s8u8l ¢ &hdac md hinh trong cac lng d b&o,sai $
b3nh ph©hngc(tRMSnEg) *~ 0l& «h rtf1Eg].

Blng1l.1: B nKchdnl <h nvak/qul hi uqu ¢ amd hinh

C8c t S Hi " u u m?
Tinh | L€ ¢ | s ¢ m| CBlu trc qufl
hu  (d, ng ¢ a t| Ch.c o ntr o T
t.“i-'u J mo Th i g Th i ¢
hi  u c| xacminh
NE U Tamaniat 0,34672 2,58,1 R2 = 94,32% | R2 = 91,59%
'-AF Tuy/ln t 2 _ _
tien Atbara 0,65328 2 ... | RMSE = 0,338 RMS = 0,374
Logistic, Logistic
Eddeim 0,23007 3,58,1 R2 = 9451% | R2 = 91,62%
Th . 2
- |Tamaniat | 031869 | ' UYY AN ' *| oys = 0333 | RMS = 0,374
Logistic, Logistic

nivithimha |[tI dtm 4dDengda, hiu stHl ¢ a md hinh ANN
L ‘& so sanh v k/} qu th c Y]t Séng NileM®! h3 nh AdN&HyLW L €
o § nc nHlirtht DongolaM, ¢ rc@Hblag giatrd baoHtrlmcng v i
mcOgattdmnay.Do L .c, .ro@td Dongolattagyi g iYad L & ®n
s d, ng ANNs + 212,03 (m)} B[ng1.2
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https://www.sciencedirect.com/topics/engineering/nile-river
https://www.sciencedirect.com/science/article/pii/S1110016814000660#t0005
https://www.sciencedirect.com/topics/engineering/root-mean-square-error
https://www.sciencedirect.com/topics/engineering/root-mean-square-error
https://www.sciencedirect.com/topics/engineering/nile-river
https://www.sciencedirect.com/science/article/pii/S1110016814000660#t0015

B[ng1l.2: Gi a FhdLlloan cho Dongola trong eimg 8 \athang 9 im 1998

Tamaniat Atbara Dongolg D, L l ., i{M ¢ n
Ngay quan sat

M8y L{M8y L(M8y L¢ (m) (m) (m)
08/01/1998 14.30 14.02 12,7 1.31211|71 0, 4§ 225,18
08/02/1998 14.42 14,22 12,98 1.33011|71 0. 3§ 225,36
08/03/1998 14,58 14.365 13,32 1.34®049|1 0. 14 2255
08/04/1998 14,6 14,51 13,36 1.35&%92|1 0. 23 225,62
08/05/1998 14,69 14,6 13,56 1.36016|1 0. 11 2257

Nghién cu nayd L o § nc .nl It dlc theoSéng Nilebag cach's d, ng

ANN.Ph €hn g
cfunhiQub/h WL €a 1o §ad
sanh v i c&c md hinh phc t%h
thu thdo thdn ¢

Mthgn hr

on

p h 8 pi chncfnym tdifh, tlong khi cdc mé hinh kbéyéu
c hANN k6 [ X tB/vQs Lh n [ngkhi so
hhoD& hL -

, tr o'mgthipigded khd 3 n h

t i n, apANKEdunggtp p p h @kl thi nhEiLWd béo 1T .
( ANSNMt ¢ p h @€haglm chi phi phén tich thong tin " a

hinh vath, y vin bag cch gim  ‘Ingeth i gian ddnh cho vic phantich d |i" u.

1.25.¢&ng

dA

ng

ml

Nghién ¢ u naydo Rui Chenva cac cng s th ¢ hi n theotaitr b i
trinh Nghién cu va Phat thid Tr n g WH.Qu ¢ gia ¢ a Trung Quc va Qu Khoa

h ¢ T nhién Quc gia Trung Quc. KJT qul nghiéncu_ngdn g

d bao b&do.cthwh h €
a)TYng

Trong nghién cu, md hinh MLtrong d b&obdol ‘&

gquan

Sau:

\Y

Z mt?

h3nh

h3 o h3Xxc b8Py b(rML )Qu Xc

Ch€ehng

m?t h 3h h
ML dx b8o b«o
chia th”"nh

cthh.vQd b&o ngiin g c bdq m c tiéu clicung la tb ra d bao xac sHivOm t

khuv c ¢ L'nhtrongthigianthcvad b § on hi rig ®th i

gi aan Wivi®~ L

hinh thanhbda Tuy nhién, g i a % ndy,®&L ch cé ki n £ n gl od§ ru tiQh i
than c6 tMphat trd thanhbdohay khéng vafin st theo mua.ca nglin g ¢ béo
t @dnwignhi m v phan I3 va tac y R'i quy trong

trong mi khu v c ,

ML.D o

DT, i i quy logistic (LR), SVM va céac thditoantng h p ,

ngd
thuy/p t t

L - nghién 8wcch y/us dngmts thud

h htrthudm

| p (MLP) va CNNv. i cac chc

t OAg hinh, lbao gm

nh€ Adad®oost
nhi ° M (LRF)N, nglghia Cacthud toan tng h p nay \Qmkuly

t o 8§ Btuylnhiémn, ching X dn
tng = hgrh@ ¢ thwNgoai ra, cac tht toan hc sau(DL)n h€ per c@pt r o

ntncdpvak lyd Ii uhinh[n h,
m t vai trd quan trng trong vic di thi n k: thud d b&o ngun g c bdo[114].
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Data-driven ML model

similarity search

1

I

I \nter\s\ty estimation

Machine Learning in i DT, SVM, RF, MLP, CNN, RNN
5 (] g |ntensity forecasts intensity prediction ‘M d "‘m"ms Tr;:r ”:,mm”;
Tropical Cyclone i GBI SHTEI 2

} intensity change prediction

1

Forecasts

i

i

} path prediction

I

| . - DT, MLP, HRBF, DBN, CNN, RNN,

‘ Track forecasts predictors mining MNN, ConviSTM, GAN, Clustering

I

I

I

I

]

1

s TC wind field forecasts ]
1 i I
: E;‘Z:::::;::she disastrous TC rainfall forecasts SVM, SVR, MLP, SOM, Hybrid i
] storm surge forecasts 1
| !

Physics-based ML model

ap

Hinh 1.5: Sh L m1 h3nh ML d. b&8o b
Hinh1.51ashl” f ch ¢ mé hinh hc mayd b&ob&da Céacthud toan s d. ng trong
md hinh ML g m: R’ i quy logistic (LR), cay quit "nki (DT), r ng ngdi nhién (RF),
m8&y vett (IYMhAi quy . &eBMUR) petceptron nfu | p (MLP),
mthg nhr om(CNN), arifin g hi ighch chung (GAN), thg nhron t §i
(RNN), mthg chc  nt n'g xuy@imtansk/t h p (HRBF), n “ it f chc
(SOM), phan tich thanh ph ch2nh (PCA) th nigcbhnhl 1y
(ConvLSTM)[114]

b) M h3nh ML dxbd 8o nguQn gXc

Céac k thud d béo truydh th ng ch y/u bao gm cac mé hinh’sva th ng
ke.Do LU cmayh« *ds€d n gWll bdo ngun g c va #i c[ cac thut toan
ML L ‘& thwhi n trongBlng 13.

B[ng1.3: May h ¢ trong d b&o ngun g ¢ bdo (xoay theh nhit i)

Nhi m|Thudt Y chinh
LR Ch  n c8c yJju t° d, b&écdt &
ngu - n g ¢
D, Lo&m ongo t €ebngygnl acdnhi |
L, i
DT - -
D n§ e Ph8t hi n nguly®mg nh®nh cs a
hUn c, d t.Lodn |li u v tinh
RF D, Lo8&8n s phg8t tri Wn c¢c_, a
AdaBoost [X8c Li nta ATNDr isWn phlBitnh b«
SVM D Lo&n s, hbh3nd_thinh bhaab
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https://www.mdpi.com/2073-4433/11/7/676/htm#table_body_display_atmosphere-11-00676-t001

Nhi m|Thudt Y chinh
CNN P[\§t hv nt ib@m t hon mi apfk,hw
m h3nh s
TYo d  Db8&8o vOQhbom¥alsdag b
SVR G Im | i d. Lo&8n t heo m¥ka
D.. ol 2§ Cli Ehich2nh x8c ctheemwa§c d
hSn MLP Cung cHBm d helbo m¥%“a vQ hoUt
SOM,FNN|X8c L  nh GPI c¢cho m t tdp K

D b&o hth ngdn: Cactac dic a

I « ‘nkn@En glc hinhthanh bo Bag

cachs d. ng cac b phan I3 phi tuyh (cy quy} nhi (DT), K-lang gidng ofn nhd
(KNN), MLP, phan tich dli' u "nh tinh (QDA) SVM), hdb b phaniditd h p
phi tuyh (AdaBoost va RF)KJT qul cho th} AdaBoost la thd toan hiu qu nht
thinh x& d béo 14 97,2% cho ngua ¢ ¢ bdo so vi cAic md hinh thng ké
tuyyh t2nh "nhohstchrgcac iy d b §o ming KEth p €i MCS/
TCstrong thigiand Lo &§n °l.iA, tiGcdyg ic | nog [mib@ khi th i gian
k ®0 J#h1d, 24hebthdnchi48gi .DT, RF v~  So/sdlsaohi@k:g
ntngl cd§ rmchiingQua L -, Stwddn Hc 'mayt hhuwgd nhi, hot
Lngft h@kanngl od§ n_ isao that toan khac, vit [ truy o nm
trong khdngt 94 %Wh L 96 %, ¢ a oWsdvh hi uBu§l hDA (7Tk%).H ¢
sau co thW ‘& 's d n g Wyl quy/} v Qiiay[114].

D bao hth dai: D b&o s hinh thanh badai i*h niRnd L' o §'nl &gy’
cickhuvcd bfn t h€hng obpinwera dc&a lo&n theo 1
t't h @tfn sud big cac thut toAn he m8§y ¢ I mRBichman ¥& cihg s
L « dsnghi quy . &g cStvViR\HhL Lo § r @ bdotheo muaTrong th
nghimcah, SVRcocacfut d bao ging n hddytiyh tinh (MLR),
n h €nig/} qul clithi n 40,1% so vi MLR. nWelithi n h haki} aull, cac tac
glfcl nghx danog Lb&n ni °nifnQBO) vaoiSYR, #n /i d
thin L 8WL21% k] qu d L o § ra SR, trong khi sai'stuy t " i trung binh
(MAE) (0,97) va trung binh'gsais b3 nh ph€hng ( RMSBtH)N
IFn "k 18831,2% va 29,29414].

d»i

Vi,

L e

(1,

c) M6 hinhMLh e o dx bsgo

M6 hinh th ng ké- L, ng, 1a mt trong nong k thud d b&o hin Yltho cac
L g _labdocTrongnm g nfam L @Wh ra K} gu nhanh chéng va hi
qurh hn ¢ hob §c8rely dlabdo,mi nha nghiénau I gdagcép dng
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hc m8Way d ng cic m6 hinh dl o § ni (Biing 14), va h ch y/u td trung
vaoviccliti/ncack thudad L o § n, achncdcypt d bao.

B[ng1.4: May h c trong d bao theo d&i bdo

Nhi m Thudt Y chinh
HRBE Ph&t htriWnng khainhtdm§8hok%tgen
v’ t2ch h'p
MLP D Lo&8n theo d»i | "¢ xo08y
NQ xublt RNN the€ea th,t VvLW
Lo&n qu: LYo
RNN - . —
nNQ xublt RNN L€ ¢ kfigun ELUd
5 XTND
Lo & MNN Phatt ri Wn m, t m! hthbhnd tLos§
Li c. cac ranh xoay
GAN D Lo&n t Hhekm gd »GANbnagvil nhi n
li " u kh2 t+€ ng
n Q xmdlihhkhdng giast h® i gi an d.  alw
CovLSTMI " Te 0 d»i v© d. Lo&n qu: LY
CNN ThifJt kJ m* h3nh kJ/JtwW W p L
L€ ng &XMNnc. a
Khai DT Khg&m ph8 c¢c8c yJu t°~ d. [Lo§
thacd ol v: L nKTN8&8 c_ a
DBN T3m c8ct XHMg t trong Id_ ch
n“y LW cl[iXTtNmi " n d, bS§o
3 z a
Tem i Cp d_-mean énean m v phanshiboivh c4c YEn
sgi’ ' n b
nhau Ph©n ( ao
Nghi °n c¢_ u vacz8ich yc/hubltt "b «gou y

D baol en g _laibdacCactacgis dng MM&P LB &§n _kvi'nhv ol
I, trong 24 gi ti/ptheo ca [ ¢ xody Bag cach nkb cacs i u quan teb trong 12
gl qua.K/pqu choty RMSE giagiatrd Lo&n vthcv ¢ kllaholl
(1,163)h £t €ehng _aggdatind Eo&n |~ ®o Widnd hith, 9 9)
Quasi Lagrangian (QLM), ME 4’ "E®uqdch2 nh XSy M .°n,
chinh xdccad L o § fim sgu 24 gi, ch ngt rag MLP wh con nhng Hh ch]
L 8 n\Wtrorlg d b&o.Chuywd  rg ¢ a baox[y ra trén ¢ quy mdé khéng gian va
th i gian, va vic h qua mt trong hai quy mé nagé thhlam giim | Lchinh xac ca
hiu ngd Lo8m. L -, c¢§&c. unh gdgy d ngcac frepn ¢ a
mo hinh s 1 " niu Lv Wrxay d.ng cac md hinh khéng giah i gian d a trén
ConvLSTM, ctingh n h ©Hurieam@l r ac k er “mlgo _ladb§ocCacl €
th nghimchotiyy moéhinhhét ngft hhnWb§ingh® ‘chin.
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d) MO6hinhML¢ b&8o chiagyng Li

Cac hanghiéncuvad b § o L'da fuj Lb€a baoae g ticti/p
hotb gian tip théng qua’hc may.Cac mc tiéu choic[ ¢ § ¢’ ng it pe ‘Lc&b
trung vao ba I8 chinh: d L o § nn ¢, @- t hmhgnh thong hay khdng, d
Lo§nng @lr ong tT®hqpln méafic.§ ¢’ ng i p&hanh condi/p
theo 8[ng1.5 , k h ! Whdh Kty rag lcac thdt toan he may the hinf't
cac baitoandl o § nn @ €

B[ng15: Mayh ctrongd b § 0 n @ €blio

Nhi m| Thudt Y chinh
DT h. ¢ t2nh c¢c€ ng L, s d, ng
SVYM nNQ xublt khung h ¢ m8y ‘tro
L b«o
Thi Jt tkr/fackinldng LW ph©n | o
h, c
tinhe € | Khg&m ph8 c¢c8c kh[ nktng <€ c
S v tinh
L béao CNN Q
h, ¢c t2nh c¢c€ ng L, b«o nhe
S d, €HNVABDCNN LW ph©n t2c
h3nh [nh v tinh v" c¢c€ ng
D, Lo8n tr ¢ tiJl]p c8c gi 8§
MLP " I1So s&nh c8§c m! khgk adhaut
m: h3nh d bg§o c¢c€ ng L, t°
i 1 3 ’
D RNN thﬂt kJ] m h3nh d, Lo8n
badoc € | y
y . 1 SQ . .1
L, b<CNN-LSTM Tohl J]t k J] m\ kt3hn hi  kghi *anng dgj
h~ 2D-CNN, 3D-CNN va LSTM
ChuyWnPhsg8t tmt Wh?3 mhtd, Lo&n mUnH
h> ¢ tlv' xJp ch” ng
EA. PSO Cpn d. ng EA hoHc PSO LW d,
D Lo c€ ng hay suy ylJu
vt'ha{/ o7 X8c th ¢ c¢c8c yJJu t° d. bs
L c€ n thay L i c¢c€ ng L,
bao ) : -
RNN S d. ng RNN v, i h s h p
SVM Cp d,ng k: thudt ML LW phe
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Nhi " m Thudt Y chinh
SVM,ANN, [n" nh |1 € ng kh[ ntng d  Los§
RF c8c phehng phgp Al
K-NN Khg&m ph8&8 c8clL&plut h2cRh b«p
e)M* h3nh ML dx b&e"thg$c Li Mdghiae gdy kih

Co nhiQu_. ng d ng thanh cong@aML trongd b 80 g i
bda Cac nha khoa It

cl n3gggtéi m,

qué trinh chuwi g ¢ a b&o co6 tW ‘& d L o § hu g bag may hc va y
n " ycch rg minkela khéng chelli thi n cac mé hinh dbao hin c6 ma
L €a "d¥a Lc88nely cthihm

t@g
c,n

5

drh dbao aggiych¢Blng 1.6).

Bng1.6: May h c trong thi ti/tbdovacacd b § o  ndtlm Kb ¢

. ym@do v -
r mea v |c dangtrong bao trong

Nhi mThudt Y chinh
SVR Phgt ttrhiudit tkd:c W8o gi bQ mH
5 | LSSWM |h, ¢ t2nhrehblngt ge b Q mHt T
t r €gitn M ph, ng tr€ ng ¢giC- b°n tro
trong bao MLP X©y d, ng m* h3nh m®* ph, ng vV
T i €u h-a gi - b«o t d. | i
ThiJJt kJ] ¢c8c m* h3nh d a tr
SVM béo
Thi/Jt kJ milThdohbeao bh80 gi s
D, MLP |[X©y d ng MLP ning LW d bsgo
baol € )
mea ¢ SOM, MLP Ph~§t triWn mtorms3kht mMdng ©LW
b3o dobéao
ANN-MRA [ X©y d. ng m! h3nh d b8o t n
FNN-LLE [Thi JJt kJ sh LY d bg8o | € ng
MLP
D. Lo8n m ¢ ting L, t DbilJn
SVR
D. _ BPN- n“"nh 1€ ng kh[ ntng dd ngl ag
baot 11| ANFIS |c§c phehng ph&p Al
c€e n
MLP Ph§t tri Wn m1 h3 nh tri Qu
LW d, Lo8n nhanh c¢ch-ng
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Nhi mMThudt Y chinh

D Lo&n gi § ta<€ mWM¥Ynmh cEca
thing s b«o nhi t L, i

Deseci be m t mt h3nh dn tb§wyt

ANN-SFM .
ch n kh8ch quan

Sdnghc m8§yd L'k t@1b trong cac khiaéhh khac nhadrong d
b&o bdpbao gmd béongl n g cd béo ngun hinh thanh badheo déibaq d
bdoc @ g, itifnguyhMhvad b § o  indgdo bad gay rauy nhién, nhiu
vbh Qban gli va ph ¢ th v contntdtrongd bdos d ngh cmayC&§ch t €
duymi v~ ph<€ehinylipho § pcacnish Qthinhva | 7 ivcaHa h
thach thc " il i cac nha d baova nghién cu vQcac mod hinh d bao béo

1.26.{ng dAng m!* h3nh hXc s©u (DL) LOG d

MengHua Yenva cac cng s s d. ng thud toAn ESN(Echo State Netwojk
va DeepESNDeepEcho State Netwo)kl'Wd L o §nng €n@é nam n |
Loan K/ quf chotiBfh s t ©€hn g 2agwéams dng DeepESNt h hn E SN
va cac thdt toan nth g -rnchn  t hUgM¥ng lanntruyh  n g (BPN) va hi
quy Vv, ett (SYR),IMATLAB, The MathWorks co.ly ~, chinh xdcca ° hge
m©a. ldo § Aag tAch s d ng DeepESNL ‘& cfi thin L §WTkpm K,
DeepESNlamt ph<€hng pbl&pit Vg h g §ihn g FaiBh

agvzZz duwgulainMu rac v° chuxn h-a duvu | i Mu
Trong nghiéncunay, d liu ‘lc#yt CcThity Trung “©hng n

( https://www.cwb.gov.tw/V7/index.hth va Trung tam Mc .rc®w , U inc
Hawaii (https:// uhslc). soest.hawaii.ediul' ng ¢ ngco 7théng §, bao gm ap st
khéng khi, nhit _ ,L. X¥n,fc §i - ,ngh®@’in.g me&c v it e Do
cac gia fr¢ a cac thong'sk h 2° ngts @] ng trong nghién cu nay tp trung, nén

ph€hng Mh &p’ as hulachuwg h6a mapminmax.
b) Quy tr3nh thiAt | op v° dx Lo8&8n m! h-

ESN ch y/u cung & ki/h trdc va cac nguyérdd h ¢ tdp cé gidm séat cho cac
RNN 23. CHl triic ¢ a ESN c6 th\’ ‘& phan tach thanh bafh | p fuvao, | p X
(A" ch a) val, p fWra (Hinhl.64). Ki/h trac nth g ~ ¢ ti\hi n trong Hinhl.8b,
trong L - liw fEvad calnthgwdinlathigiantirdk, Winla caclp
tr ngs ¢ h€ac L IEb,d latac ham phituyp tinh x (N1~ v réhg théi ¢ at
hchatithi Whi pc@, Wralatr ngs t h u c fagkhi htsh luy n, W la ma
trhtr ng$ béntrongbkh a v~ yfufaiga mhg Hantkichhét (fc) L€
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s d ngtrongmd hinh ESN1adhloth.S n HoncacaclpX .ddéhg” ch a
c. a md hinh ESN trong nghiéne n "y | 7 _d DeepESNHda mén kih

t r Yac E S 8l divi/h. Kiljr@riac DeepESNL ‘& thwhi n trong Hinhl.6c. n W
thuch ti n cho vic gilithich,chc n t ng “dibhgyhai cal p FUtién ga
DeepESN' ‘& 'nth nghoa nh€ sau:

(C) ™) ()

(‘ Ny -th reservoir layer —w
a) e 459
u(n, V: ki n
in /. “-A(NL) O?{ﬁ]
XX
P ‘O-J
: / / ; n
©=10) WD !
Hidden Layer * y(m)
(Reservoir) | x®(n)

2% peservoir layer ) O
RQO_O Wout .
Input Layer Hidden Layer ( Reservoir ) Output Layer W O\\?@) )
W fw)
(b) L I*'reservoir layer 0 "
utput layer
ww | I f| x| I y(n) wo (g ;} ’
I w, | | W Activation function:
Chaos
w Input Layer
G 00

Hinhl6:Cblu tr %c c¢c, a ESN v° DeepESN
nWxac minh thém tinh Khthi ¢ a md hinh ESN / DeepESKNhom tac di s
dng m! h3nh BPN Whchinmd bh§onnhy €tAiRn 117).

Hidden Layer Output Layer

Input Output
wl wi ]
1

700 1
Activation function: Sigmoid
Hinhl17:Ki JJjn tr Y4c BPN
Ngodira,ficoid b § o ng€meha My @®PF)ladbaovQl ‘@ g me€a
Il n hhn mmy&H nh thi bai toAn QPF cOM ‘& chia thanh mt lot cac
b[ng d phong 2 x 2m i b[ng cho mt gia tr n g &y khac nhauHinh 1.9.
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d

Observe ° Forecast

No Total
Yes a b atb
No c d c+d
Total atc b+d |at+bt+c+d
Hinh 1.8: Ki Wm tra kIJt
So

sé&md M a g u(apedrigmau xanh 14 caywit

quan sat Zengwen thanh ph n * Nam v i
xanh lam) Bag cach s d, ng md hinh ESN (a) va md hinh DeepESN (b).

Hinh 1.9:

thwt

Tim

So

4
@ (hour)

(a)

s 8nh

qul

d.

bg§o
thlng

"he mems a ngkoBy mau

[ = Observations || 70 -
——ESN I

S J

Rainfall {mm/hr)
8 8 3

@
S
T

20F

k /]t

nhr on

( m:

T T
Observations | -
~—— DeepESN

Time (hour)

(b)

gu [ ESN (a) va®eepESN (bd . ng
Trong nghién cu nay,nhémtac gi ch ng minh fagd L' 0 § hn g ‘@n<€a
“edh cac nth g

minh th ¢ U]l « _rgyiminh Rag cé twth chind b § 0 n b © m¥&gmobhinh

ESN / DeepESNHi u stHl ¢ a mo hinh DeepESN tt

cac thut toan nvh g -rnahn

tr , MATLAB, The MathWorks co.)D o
' o § hn g ‘@n€ai cas md hinh khacCu i cung, nhom tac gikivh

nhEivaln h “mg€n Jthiusid b § 0 n h€mea
1.27.€ ng A n @ himh ML

Nghién cu

vect h)L\WSNMBmMC

t  hUEM Yngylan tmuyh

L -

LO® dx

b§o

t r o n@EESNN?

c hm t

h hwni mé leinh ESN va
ngvenhi

v
t o

m]

Cc -

h 3 Mba ki&tStid ha xBce e p E

qguy ,vect

, Deetm&BNtt| ~h Wi

t rangt 8c |
¢ at ng tham s Lfu vao Bag cachdsm t tham S Lfu vao khac da trén mo hinh
DeepESNN6chraria g " rlgé m€al § pm l&nh ng théng s quan frng

n""y hlreb i qu qu c gia FCT théng qua cac dan
GADQET (2018), BINDER (2017) va AICE (2019) va LASIGE (2020yong
nghién cu nay, nhém tac §is d ng mt

23

p h €hn'g mayhhstp K hquy

o BnhimbihGvad I o § ns chll * hg®hong

ng

h3 nh

kK h



khi (AQI). Cac K} qu L' ‘& trinh bay chng minh Rag SVR v i h& nhan RBF cho

phép d Lo&n c¢chZ2mgy dbEi®mhjm hang gi, nh€ carbon m
sulfur dioxide,nitrogen dioxide, ozondg mtb Hika v¢t chiidthg it 2, 5, ¢l
nh€ AQI "~ ¢hé magg CgliforniaTheo tiéu chh AQl do CFovquan
M i " ngHeaK3x § cnhKI} qurd baol « °~dtechiny i , ¢hinh xadrén

94,1%.

a)Sc dMByg vetcti (hEVM)

M8y v e trt(BVMhap dngcho cac bai toan phandoM, c tiéu la tim
ki/n siéu pfing phan tich i ‘€ cag_ ip. C § cWhlhdn trén ranh gii ¢ a cac
lp ‘@i | © vte cvh khong gian gia ‘lt@i la siéu pnog.
Hinh1.10 trinh bay mt vi  vQbai toan phan M c6 thhphan tachtugh t 2°mh L €
gili quy/T blag cach'sd ng SYM.SVM nhrmm ¢ L 2ic hl af i mhudagi &
c §c v drcvabiéulphng.

Separating SllppOI't vectors
hyperplane
Ma;‘gin
Hinh1.100B" i t o8n ph©n t8ch tuyl/J]n t
by Mt td dovo | iMu v~™ tizZn xo | T duv 1i Mu

B, d liu ‘lc® d ngtrong nghien.au n "y trich @Kt Chll ~ hge
khéng khi ca EPA-THIc[ cactpch ad i u hang gi, & ghan tach Rag cHl
dnhimhdbthéngs L angE Lo GONO, Sfone, PMs, nhit L L
XM va gid, yi cac quan sat tbang CaliforniaCac s ki n hang gi L' ‘& thu thdp
t 01/01/2 0 1/ 0155/2018. Thg ¢ ng 102090 pn g h i’ c & & nglBEc tigh
X lyd liu trggrh “menkh n t n gg quat hda @ thut toan hc
may. TIQix Iyd liu trg®ogmvicnhdpd liub thi/y, lod b hobsa
I” i cac quan satngbl , bp il li'u  ( bhgHa@huq hoa).

c) C"i LTt tho nghi Mm

SVM c6 ba siéu tham scfn °“lc€© higdéhg x& ‘nh: chc nt%hdt | o
nhan, Rag s chinhquyCv " llthfi L a cUThampshC® pl0- 100;Ula
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t 0,001-0,1.S IfniHp ‘lc€h n WehYy tim kim ngdu nhién ¢n trung binh 60
IFniHp WG “E KB qut t(BMngl.7).
Bng1.7: Tim ki/n ng@ nhién tham'st i  €u  ittdp 8 hi’ u ok 6 nhj m

Bo6 di licu PCA Tap dir liéu chuin hoa

Chit 6 nhiém Chon

» 2
Kernel ChonC g Kemel ChonC Chone p~
&

Co RBF 3 008 0783 RBF 2 0033 0916
S0, RBF 3 0025 0882 RBF 1 0.067 0,948
SO, RBF I 0062 0712 RBF 2 008 0718
Khi quyén RBF 2 0076 0903 RBF 2 002 0979
PM RBF I 0055 0765 RBF 3 0032 0767

TronglBBbngc§8§c gi 8§Cvalt hkuhg€ aoahBui cyvai ¢!
khdicnhauNh - m t 8c gi [ L« s edrsgnm sait €angl
RMSE v° nRMSE LW so s8ni€t8kaim!mh3mhni en’
s d,.ng 70% tdp d. |li u c- sJun.

d KAt qud thxc nghi Mm

C&c kJt qul t hRBFvAPBA SVRRBW LSMR L€ c tr
d b8o ntm c hrblau (GO, NOh 5O, mozdondy 8adPMs, v~ d. b
ch” s° chblt | € Phgf nk hmQing Lké2c (sAQld..ng L W
th nghi m n"y L€ ¢ ph8&8t triWn b3ung Py
Pandas va ScikiearningK/Jt mhu€¢ s au:

D bC&rbon Monoxide (CO)

CackKpqut huclwe b§8o <car bon  owhiotrond eac @ €
vudng cahinh1.11

ao

Hinh11l: Bi Wu L gi 8 tr° carbon monoxic

25



D b8o c8c ph®p L o Califarmieé@agcaahs d ngxcacdnd
hinh d b4do SVRn ©n g m" u W fhecéc gia irquantrds, "h€¢ m v L
mau vang N th cac d baog a mé hinh(hinh1.12).

CO predicted values
1.0 |

0.8 |

. ) r"J l4 L

wwﬂ"w;

Datetime GM'T

—— CO_pt_denorm —— CO_pt_denorm
—— CO_pt_denorm Predicted_CO_denorm
- -~ Predicted_PCA_CO_denorm

Hinh1.12: D b8o c¢c8c ph®p Lo carbon mo
Thngkéwsaisd b§o car bon’ cririmmbayxtiond Bng 1:.8€

Blng1.8: Th ng ké sai'smd hinh d bdovitd d li' u hush luy nva xac nkh

PCA SVR-RBF SVR-RBF
S6 liéu 16i
Téap hudn luyén BO xdc thuc  Tép huidn luyén BO6 xdc thuc
MAE 0,119 0311 0,080 0,211
R 2 0,948 0,769 0,976 0,868
RMSE 0,184 0,492 0,128 0,367
nRMSE 0,032 0,076 0,022 0,057

Nhin chungcl hai mé hinhdb § o c hgBiéncu QU 4L "¢ K u swHlt t
trongvicd L o 8§ n c¢'&cargiof® tnmron o x’icd @alifgniaa n s §t L €
T _ rxg h tA qik dx bdo CO, cac & q¢ dyx bao nhin chung, cac mé hinh
dxb 8 oiclhghién o LZu utl 1B hiMisortttrongvidkL o &8n c W& gi 8§
Sulfur Dioxide (SO2), Nitrogen Dioxide (NO2), Grotinelvel Ozone, Particulate
Matter 2.5 (PM25)vaeh 1hg kh*ng kh2 Air Qualacty I
¢ California.
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e) KAtnl uo

D b&o chil ° hg@®hong khi 1am t céng vic ph ¢ tth do tinh ckil _ niy | ¢
hctinhdbay h hbi/h vill nsheo khdng gian va'thgian ¢ a cac chil 6
nhimvacacB.Ct ng tr3nh n’ tynghifrcutv@h®in hq uby yv enc t |
tr (SVRMW bomc  Bnhimvaht Wk § &nh ¢hinh xd4c AQIPh €hn g
ph§&pcryencu IXxra mt md hinh phd hp vQd nhj m khi quyM hang
gl , cho phép nhémtaclge - ~ ¢ ‘©thinh xac'tt trong vi ¢ md hinh héam g, L
chH 6 nhim nhgCOvaS@ clng nh<€ d®bang@dliforma. g i
Trong t<€hng | aid,lnmdithim ww@heYios ¢ng SWR L

d béoctdl ° hg®hong khi théng qua cac.chQs aTidp d_ [ u v
L'd. limut vidp d. 1i“u |I.n v.i ntiQurfh
c8c m* h3nh d. b8o ch2nh x8c¢c hhn cho c 8
A NO,VAPM:sT i €©u h-a ,vthami st SVBt c¢c. a m?

h€ ng rblt nhiQu b°i vi ¢ | a c@ tstEch_ c
ng hicacmh€hng ph8&8p kh8&c v, i t3m kilJm ngXt

nh€© thudt to8n di tr uCyQanghnbdrbanghién dd €©u h
'nhsosanhBqu't hu ct R vikipgud L4 ° ¢ Kag cac thd toan he

m8y k h §%gNNhn€hg Bayes, cay quy nit, r ng ngd nhién vadp trinh

di truyQn.

1.28.Cung cmp gidi ph8p c¢c*ng nghM phtn

Cing ty Allerigi[li" mh§pgapihognt opbPmL « c
nghi°n ¢c. u v™ cung mblp Qd 8 g Big datat rpohn8gp dp |
bg&o t 6. ti ]t

- Thay id béaoth itiJtbag Al: D, béo thiti/fla mtkhoahc phc
th. Red DHcacthd liukingT L & thu thh t hang ngan vtinh va
trdm quan teb th iti/t m ingay.Thuthdp d liu,  XnB cac ¥ trong cac quan
s§tcth&€hin, v~ s aulqu kW s U ¢cérdabackthi tiJt chinh xac
c6 thwkha I VI niQu quan frng la d li uthiti/T " & €Bu thd va pha tich
trongthigianthc.Als dng ¢ &8c c¢ h€hrtgdo maytnmihravae&n h
ph<€hng [mindyh @tinh todn trén caed Big datal’V\k § cnh dAc i va
I €a |t gl thay} co lién quankhai quat hda dli’ u. Xem xét cac ple tth khac
nhau | i/l bdoufa i/}, tAc nha khoalthin L ardg gs Al L
baothiti/p WL.- ~ &k qu chinh xac, nhanh chong.

- M6 hinh Al, ML cho d bao th i tiJ}: Al's d ng cac mé hinh toan h
sau coti chit cacd li uth itiJt trong qua kh. M, t trong nhng md hinh
ph bi/hlad baothiti/s (NWP). M6 hinh nghién aw v Qu khiW céac &b Big
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d at ac cliuydi ti/p t cac v tinh th i tiJ}, cac tFm chuyM ti/p WEung &b cac
d bao thi ti/f ngda hth hab cac d bdo khi k. RinhiQu ¢ ! ngfut yt € « " b
vic ngdng M4 Lb§nitiJl.h

)
Téng hop di DYt hiae
T li€u cdm bi€n | Thuat todn Al HhalHer i
DU lieu tu
cac cam bién
khac nhau
(gid, nhiét

do, ap suat)

Luu trl?
dir liéu
—

Hinh1.13 M! h3nh c¢c'ng ngh Al trong d
vz od, | BM § & « t mb algi "Hui int t tdwefther.com, Weather
Underground, Weather Company Brand v~ V
cdp v o tdp d. i u th ng k° thtifngi At

c.a ri°nBgM m3«n h, 4t L€ ¢ tidmhm nehynd xHE&ol
thi n. KJt qul c¢c,a vi ¢ mua | 4i n~ "y |~

1.29.S¢9 n phxm c¢ctng nghMi A¥ it haangpidyxy bgo

S¢n phxm do Ctng ty gidi ph8p ctng nc
- 810, Corpora¢ Annexe Sonawala LanGoregaonEast, Mumbai, India, Planet
Earth giai thi Mu.

Nevon Solutions
b3yng c8&ch kJt h°
nhi Qu k: t hudt A

v, | L, ch2nh x8c¢

t hudt cAlgpLal ng

th i tiJt nh€e m{

mUng Ensernobnl,e niNd

propagati on, mYn

mUng-rdNh t " ng h’ plE . i

tosn di truyQn, 7Zevon50|utjons_

c.m m t’hUdt tcH‘|nh1.14: SI'n phXm ctr
VA I, i t i thiW d bg&o th™ i ti ]t
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Nevon Solutions s’ d. ng nhi Qu thlng s’
t’ nh€ nhi t L 6 |, | € tn gt rno@ag,[1Flg " yXm,é . moy ,

1.210. Vai tng eAmBgdaataong | onh vyxyc KTT
1.2.10.1. Vaitrov”™ sx ctaoava hBiAg ad¢ataa trong | o1
D liulnBigdatalamtthudng L ‘&s dn gWkl§ cnhitht ~ hg@n

d i utrén quy mé,In, c6 thMa co dl tric, ban Bl tric va phi &l trdc, t m ts

t i nguy° n mtiuyd thdrhg@hdligu cdng khai, d i’ u dm b, d

i u kho, v.v. . khac nhauQc § cnh &ch g n b &t va .csv, tp hinh[nh, tp

html, v.v.D, liu ‘lc®uthbvacheqb v it c  tHnhamv is tf giipga
situm8y t 2 ndxX lyt'c LE& cho cacng d ng th i gian th c va pim vi
rng W.®alid n"y v 'ngvahhdongkin, f pHiphan tich d li' u va

do cl§&c cphéntichdliuln ‘lc€ L €Ba Hitar €himhlaKh'i ° hge
Vch t ¢ va Bijh thWw'Wphan tich cac bd, i u | n nfRn [th blo thdng tin chinh
xac[113l.Vic gi a _ rd ntgh ayi §lh g Qtft iHiAtr Tthanh mt vbh QL
nghiém fr ng &n quan tam, ning bilh _ ig t ng ngay ca th i ti/ thu hat s chay

¢ akhdngchc 8¢ nh'ngtkchmaconB: §c nh~ pobi@cacd c h,
i ud baoKTTV.NO LHura thach thc chocéac nha nghién @ la Lag saus ki n

th i ti/}, thién taila s ki’ n gi €x[y ra vao ngay mai va trong thgian t i. Nghién
cunhng thaagthilifladnthi} We- “anBQfli 2 c humge c¢
veaquari r o,  nglinhgh €t ° hg€ucsngdavao thitif}, v.v.

nWd bao thiti/}, chingtafn phon'ng@ Ebkhihgd, v~ do L -
ifulnl®&s dng nht€nahch bai cung & nhiu _mgd cho cac
thfm h a thién nhien& ti  rbhe® m€h h, B sét, 1¢ xoay, séng #n, ...
[113]. D, bdothiti/t nht€han nt acdngaghD_Iliul nva ng dng

¢ and, vai tro ca phantichdliul ntrongvicd L o §niti/f ht hiaydi b
| i ° n Jjthiénnai vB ni@ s ki n khac.Cu ¢ s ng hang ngay.@ ching ta ph

thu ¢ tr ¢ ti/p hdb gian tip vaoth i tiJp vQmHukinh v~ mi mg, nbmke

h e g/phehangtavinhiQuyuf k h 8§ ¢ n h &iun, th h ©g Baa hif,iv.\

.. Trongcacjpu t nay, d baothitiphot nfvicacthéngsnhit LI Xn
vafc  Bi6. D béao thitiJt va cdc hin ~hgeKTTV nguy hixh 1a hot | ng
phcth Vythdkhthc,st €hn g atc&gufgvathdongs!| ~ Qi Fm thi}
LWWkac th ¢ d baa Big datard rang la mt céng ¢ thi/ y/u LWrivd khai d bao

th itiJ}, trongthi Yd liu,nhiuc § c h ~ ¢ phatti® t r o n gphéngichh v
IMcO KEqurch2nh x8c v~ vaolcéanhia toAntphan tich &p, dg
trong Big data trong cac mé hinh Al 8ao KTTV.
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12102.éng dAng cva Big data trong | @ognh

D b§o th i tiflh dutw, ic 8 kB€tmEchi A
t €ehng t&8c @B, difhpdpaQakhpg ntrg tlhivdy hc
L« gi %p titngb&€ né khFifAbtndW x8c L nh
t r° nthiéctaibaco, |1 | _t,s b&ad thuyw/ht ivtidgc kh

- Big data chod baoth iti/t Wh:iM tvid vQ ng d ngBig datatrong
d bao thiti/} 1a Deep Thunder.@ IBM.Khéng gin g n hQ@eh th'hg d bao
th i tiJJ cung & thdng tin chung @m t khu v ¢ “ally r ng | n, Deep Thunder
cungd&hbd b8o <cha VWhECKkK3E thwcechhg Hh n h ©sambayt’'w
chinh qugh "alphehng Wec - ‘t¢hddng tin quan ‘tmg trong thi gian
th c.D €i L ©ytslvi'd v@thdng tin ma Deep Thunder cAtbung &b [18]:
(h. ctinh dc khuvccokint x[yral I tnghiémirngScmthh v hg h€
¢ a bdo nhit _ ilL ©ng tuyl hatb me&Q kifh t n&r hsm t khu v c ¢
thwWCacvt r 2nd ed @gokifn £ n'dn b * ig@Hit h, c tinh cac khu vc
cofc  Bi6cOKH nt reap nitdt N ngv trimadu v ngté&intn'g b
thi t hY do bdo nkit Kh[ n £ n g c /§ bay b iy wt§ cac san bay, cthwThong
tin nay H cfn thi} cho K] hotth ki cgp. S d ng Big data chinh qugh "al
ph<€hngwcl:-o §bh t hnbh Q§ay ravbi th i ti/T | tc khEching Xy
ra.Vid , cac nha quy Heh co tehw b tWe h t § n ¢ § ¢ r ipl@ki v h
ntnogdblt.Cl ng Wd khokchnang g ¢ § ¢ hio b6.(\& d, : cac
L g d@g blkdhiuhdabigiél ncoth\l ‘& nang &p).

- Big data chod baoth itiJts ki’ n: Thanh ph Rio de JaneiroBrazil, s
d ng Big data ca Deep ThundefWén k/Jhotth cho THjvah h i 2016.S d, ng
c6ng ngh Big data thanh phs€s d. ngcacdb § o  cHighi nvQb « o | tva |
caictimhat nhi ° n W §@Th]vdh h is€khéngbg i § Fhbliadcs
kin nha€e v

- Bigdatachox lyd liud bdol BM c¢1 ng IHesrcogthiotinm g c
toankhngT c ho Ch g ung Han Qinc2  (tK@Whdn bdbhoan toan cong
ngh Big dataKMAthuthdd hhn 1, 5litek afgynti € nay ™ yi, L, i
mt he | . @asdamhhx | T L §ngk KMpharhtichBag cach's
d, ng Big data KMA s€cé thAeli thi n d bao WQc & g, VA v tri ¢ a bdo nhit
I ivacacléith itisfkhacMt t er abyt e im@hghigt biteerh-n gl v
1.000.000.000.000 byte théng,ttheo ky hiu khoa hc 1a 1.0 x 1012v "W '€yt r
s€Scfnkhdng 1. 50 OM g att @MmbyteBao gm d'v. nh a ¢ a ching,
sxJ/p ch ng 1én nhawn h ‘€t thd@p CD cao 40 feet (12 mét).
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- Big datachod bao, x 8hcthiéh tai: s d ngBig datatrong d bao b&o
Sandy n tbép tPK )1 Pung tam Bdo quc g i sa d, ng<béng ngh Big
datalWwd L' o 8 nb ¢a ¢ hnWrbngeong’ 30 Bn mtchont m ngé.y tr
n- | ts gma t £ QL LcBimhgacknh ngs ki ncod thk[yrat 20
ntm._ a.r €bo L -, "Fb oa@niythimdi&c kth 8§ cX B &t chhun
nhiu W' iphévim hn i h hmggnhfhcéthM «[ysa vao nhngn £ m
1990 héb tcr @Cac.th L o~ fohBthutrpvax Iyd I uth it/ WL
phong nga ri ro cho khach hangb i cacthit hd th i ti/l. Vi d Climate
Corporation,thAnh b ntm 2 0 0 6ch i 8nbac thicti/} da Ho hiwh
chuyén nganhto néng dawWphong ngarirot thi t hd mia mang. Congty s
d ngBig datal'\Wk § cnhdacléiri r o | ip°’mmtklmy a @ thwd a trén
| “@gd i ukh ngT vQL, Xn,lod HIL, n Kecagfr ng trong qua kh, v.v.

1.3.n8nh "gnig§ gmuanhidah nghi°n ¢ u ° tron
1.31.Hi Mh trung, Xxu thA ph8t trio®n Al v
1.32.§ ng dAMNN©Qrong dx b8oallnh | _1ng m,

B%i Minh rfgisn(@®O0W9) aghim dtbh§ on h'ngé m€a c¢ h.
hthd bdo24gidatrén mts ph€hng p lr@&@ thM@S n'hd@y h
tuyh  t 2 nfpn (MLR), pbén tich riéeng bt (MDA), mthg thFn kinh nhan %
(ANN) va R'i quy logistic (LR) t sIn ph¥n ¢ a mé hinh HRM va GSM. Céc
ph€hng t r 3cpét i ¢ime L 2 b B ondhl” ng & d bao xac
sudl CAcMfqa L &§nh giys nt«n gbBdd mkac ditki n Bo§ i
d bdotrct/pt m* h3nh trong L- phhgngdvdhEp ML
qul” nhil vOmHutinh toan. Ngoai ra, vcing mt  p h ‘©h n ‘ong k& th8ap dng h
cho md hih GSM €' e Al nhiQ hi u g h h n _ 8ned hinh HRM. Tuy nhién,
c8§c phehngs dry&ang rgeen cu nay wa b ¢ | nh ng bh chc a
ph€e€hng ph8QthMMS]. truy

133.&ng dMb@® kht'i phAc c¢c8c dv | i Mu thv

M, i LOy, TiJn so Tr nh QuaKIgV, TmUn, hTr
UC Davis (M:) L« gi.,i thi KiTVerngaenghngt
LW d. b§o thgian ttai d h‘eoVit'Nti  NMarkAMEWhd pr
x  I'T d. 1i " u [nh v tinh, [nh radar v,
d. I'i"u vQ d,ng chly, m c¢c n€ c¢c... c¢- tlI
stng H ng, Thg8i nmB3tnrh€ vc [Meyk omiy,, tvhu, c |
Qu ' c. Sau L- s& L€ a ra L §nphh2gai 8T rfumnhy hQ&
Vit Mragmgh’™ n~"y cling kthon plh®pmquame€s@tt
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Qu' ' c ph2a th€ ng ngu n tRng qua tdiePi nl
tiJn t.,i theo gi . Ngu n s i u tre°n I
tog§n LW L€a ra c[nh b8o m ¢ a x[ h” ch
thi t h4i Vv'Q nglfh it v n c¢di®cctl €u d, ©cgsFfml

d b8o me€a, t_. L- Ibly s~ 1i u th_y vtn
m t trong nh_ng n€ ¢ Lang s d,. ng phe€ehi
mi h3nhKT@VLb8bx&cc | dp |~ t @hymigén, taikhd ~ n |
trong b"i to&§8§n d, LeBhAnglchisn hayunRmi

vdn h"nh ¢, a h"ng tritm h'phtdpcTlt@ygl Qub"
to8§n kh:- trond €@ ingec ktfdpmgh rtms e §KEwL™ t h™ n

134.8ng dMa)y b&o |1
1.341Ph_ _ng ph8p nghi°n cou
PGS. TS L° wWbitnc8Nghd nthg sghillar tcr iuwn nkg

mdnopr en thfn kinh vio s, b§o |1 HFc st
Qua nghi°n ¢ _u, ph®©n t2ch h  thtng s8oc
trdm quan trdc, ngo” i vi ¢ Ilguay cnhhinQup hb€

nghi°n c¢c.u L« _ ng dAIoANMhEBWgdphBBomHS
sing t nhhaiB®nh n aCH wvai QphrethnDr phi€wn t r °
quani ha m ¢ n€ ¢ d b&8o v~° c¢c8c yJu t°~ T
d. b8o, m ¢ n€ ¢ tr4Ym quan trdc tre°n tU
LJn th i LiWm d. bg§o c¢c.a c8§c trUm tron
t hudt to8n hg§p t2r °prph @h'ngk p8c nhau, m t d
tuy/Jn t2nh, c¢c,n m t d f@uyHimhdl5t hudt t o8n
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Phén tich di lidu

Lua chon thoi gian du bdo va phuong phép du bdo
thich hop vai dir liéu do dac hién cd trén luu vuc

v
lwa chon dit lidu dé
hiéu chinh va kiém dinh

,
' '

Phén tich héi quy nhiéu bién Mang no ron thin kinh BPNN
st dung SPSS 11.5 sirdung WinNN/NeuroSolutions
1. Phén tich ma tran twong quan 1. Bat du véi mang don gian nhét
> lua chon bien va loai bo tinh 2. Tién hanh training vé testing

da tuyén cua cdc bién doc lap | T SV SR S
3. Thay ddi s6 1dp an va so nut

2. Xay dung cdc phuong trinh hoi trong timg lop va lua chon so
quy dd ¢ R cao nhat trong ca

3. Tién hanh phép thir F test >dé training va testing
ddnh gid sw ton tai cua phuong 4. Thém bién va tién hanh céc
trinh hoi quy hude 2,3 ri so sanh voi R da

4. Tién hanh phép thir T test—> dé tim duge & cudi bude 3. Néu
danh gia su co nghia cua cac hé R4> R3 thi gitr lai bin, néu
s6 hdi quy khang thi loai bién

3. l'iép tuc thuc hién cac budc
1,2.3.4 cho dén khi nao tim
duge R 1dn nhit > duge mang
No ron cén tim

¥ v

| Banh gia mirc dam bao phuong an va luya chon phuong an dur bao |

Phén tich dé lua chon
md hinh ¢é R 1én nhat

Hinh1.l15: C8c b€ ¢ x©y d, ng ph€ehng 8n d,
1.342KAt qud thu L_1c

Th ¢ hi n c8c b€ ¢ t2nh to&n nhe€e L« t
SPSS version 11.5 LW pho©n t2ch h”i quy
4.2 LW x©y d, ng mUng thfn kinh nhon t Yo
Xx©y d,. nng tL& c ph€hng &§n d, Db§8§o m ¢ n<€
ph€hng 8n | " khg8 t°t (>80%) <cho c8c st!n
sing BJjn H[Fi t4Yi tr Y9m Gia V,ng, sl'ng H
Kon t4i tr9m TOnYAntrSmndPi HM Th3SnhRIn h q
bg&o ki Wm t r a hibth@l6cNhrdinn hc hhuony ‘c 8¢ ph<€hng §
T tr€ ¢ 6 h cho c¢c8c stng |, n ° mi Qn tr
v " byng ph€ehng ph8po(BFNNg LtQuf nc -k im hc nlh[@n
80%.Thing th€ ng th3 m* h3nh mng nh ron
Tuy nhi°n, vi ¢ s d,ng m* h3nh BPNN LV
tr3snh d, bg8o Lhn giln c¢c,a ph€khgyfghs8Spglkh
n°n d¥%ng m: h3nh MVR. NJu ng<€ i s d_,n
hoHc Neuro Solutions r”i th3 n°n d¥%ng B
kh8§c th€ ng ths3 tn°quult hdam tk&d oc teh °al khja i
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Ngodiravi "~ ¢ theo d»i dtilJ§oct8g bhchchbi
Log&n vQ | € ng m€a c¢c- thW x[y ra tr°n c8§

v ph®©n t2ch th ng k° me€a |1 do c&c h3n
rblt ¢, atmdp tnEcc dne€ kc§o I c_rangea§ued -6 * n g h Wi
tktkng ¢c€ ng th i gian c[nh bgo I1.

Du bao Kiém tra tai tram Tan An nam 2003

500
800 ’*ﬁ
700 AV
= . 1
£ 600 1
2 500
= 400
=
= 300
201 & Thue do
00 - Dy béo
I:I TINTIT T T IO T T T AR I T R AR IT TR AN TR TN AT R IA R T AR T IN I T AR TR IAA T TA R TA R T AN T AR IT AT T AR 1T Y
15 9 131721252933 374145495357 6163 6973 77 81 83 8Y 43

I'hiri gian (6h)

Hinh1.16: K/t qul dm cb 8o€skéingm KRiom@E@n YANn b 3Jng
hsnh h™i quy nhiQu bilJ

1.343 KAt l uoan

KJgt qul LYt L€ ¢ c¢c.,a nghi°n c¢c_.u cho t
mdng tr2 tu-mAm@nNh Yoo ANNhFn kinh v, i t
BPNN v~ o d. b8o th,y vin. Kh[ ntng _ n

nghitncu BPNN m”™ ¢, n °~ c¢c8c h€ ng kh8c nhe

thudt to8n gili Lo8&8n gen GA LW t3m mUng
chdy m* h3nh. Cfn phrli c¢c- nh_ ng nghi®°n

kh8&c, LHc kbhiu tv Ic’ mih_tnge |i u Lo LYc t "t
m: h3nh v" o ctng t&8c d b&8o t&c nghi p.
1.35.Cp dAng Al trong dx b&8o | _u | _1ng

Cao Ho"wg cH8cd ¢, ng s d_Ln«g nnmAhvhion ket ub &
|l €u |1 € ng LJn h44.Treungv rcg hsit°nng cBau n " vy,
Random ForestRF) vaSupport Vector Mehine (SVM/SVR)L ¢ € ¢ &§p d_ ng

nghi m L i v, ih™m $*mg Hihnm drvn | €u v c
tr€ ng h  p t2nh to&n |~ dngbgo vli€euw It@ &n
ngdn, tlahglL¥yhn h” s d,_ng s° |i vy ckH2 t

r€e ¢ x©y d ng LW kiWm nghi m kh[ nktng
qul cho thbly, ¢l hai m* h3nh LQu L+<€a r a
qua c¢ch” s° NSE trung b3nh LYt tr°n 0, 8
nh&® bgo | €u 1€ ng trung h4n v~ d"i hUn
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m: h3nh L€ ¢ th nghi " m th3® m! h3nh SVI

d. b8o ngdn v' d"i hU4n, trong khi L[L- m!
trung mmMin.h3@%hc Al th nghi m LQu khtng
nhblt d.,ng chl[y IT do c¢c&c mt h3nh khtng
chlfy Il m" €©u ti°n v:o qu§ tr3nh d,ng

v o ¢c- L, t€eHm@u gqu&nngcao]nv h” L-ng vai
nong cao hi u qul[ d., Dbg8o c¢c,a m: h3nh.
sung cho c¢c'ng t&8c d bgo | €u | € ng t i
d, ng h[@#4.n nay

Cacbin fi' v “ochh€et €hgyg c 8mghpr €2 nh t o&n nt

TH1: S dngs liu m<€ea cv h labkstich toan (P(t) va E()4 cac
trdh Tuy H, a,Mdrekh@n H, S'hlny  Is€ng trungbinh ca 2 I8
t rc@ W-trdm Séng Hinh (Q&) va Q(t), vas liu | €u . h nethva gh |
nhdic akd8t rce L - (-RQ@Qmant()t

TH2: S dngs liu m<€ea cv h labkstich toan (P(t) va E(t)4 cac
trdh Tuy H, a, ShpngH, SaHinu, Mbsemy krdng2ainh, In nhElva
nh nhidig akdt rce 1Y 4rimtSéng Hinh (Q(L), Qmax(t1), Qmin(t1)).

TH3:S dngs liu m<€ea cv h labkdtich toan (P(t) va E()4 cac
trm TuyHoaS hn H, a, . nhd rSahiny, |cs°e1g trdngebinh ca k8t  c€
L - 4 tim Soéng Hinh (Q¢)).

Nh3n L § n h u gdic& cdt md linh, cac thdng shinh ¢ a hai md hinh&
L&t ‘€ag cdng ¢ GridSearchCvwwh ¢ - t r o scikit-ldatm Saukhi
L ‘& hi u chnh bRag GridSearchC\gac théng'st i  €ar m!  étnnh bay €
trongBng .id €L Oy

B[ng1.9:Cacthéongsti ©a ©&§c m! h3nghptinhtoang 3 t r

. M6 hinh SVR . Mo hinh RF
Théong s Thong so
THI TH2 TH3 TH1 TH2 TH3
kernel rbf  tbf bl | n_estimators 50 50 50
gamma 0,01 0,01 001 | max_depth 8 8 15
C 5 5 10
epsilon 0.1 0.1 0.1

Sau khich ¢théngd 8 <€u, heé §dcapgngchobd Ii'u
kiwhtratt h8§ng OB/ 2B8d4gl 12/ 20dlliYu moOymi "hhmh
finhs3no thudasteae)n, J} glfod HAo ¢aknd hinh trérchy i d, i’ u nay
sslL'e dWmtg nlh gnid Binhihanighi m trong nghién cu. Cac ni dung
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L&§nh g'ing b(aio dIdindh bag qugtrich dong §; ()L §nh Jjgi §

qfd b8o theo m¥a Jlqq dibi§onhll’§ n it \WgKig§up tnh
todn cho thy di n bih dongchly t r o n hkigti atir alfdiai@ndhinh d
bdoyi , ¢hinh xac cao. Cath's thhng Ku° Qlifi cftv i NSE daol, ng t
0,84-0, 93 v~ RS B1,38Hj060,24 (Bng 1.10Q. C6 thAthby riag céac
moéhinhchotqud b8 o ¢ h?2 n hTHXVBTH3.h hn

Blngl10: T nghpKlqu L § n h [gnit§ glébddong chy ¢ a hai mé hinh

NSE RMSE
THI TH2 TH3 | THI TH2 TH3
SVR 0,85 0,89 093 |5337 4565 30,88
RF 084 092 091 6024 4091 31,98

Trenthctvjvic L8nAqupgd B8 & t he @throba chb K& giai

L eh:thang 1-5, g h &h6 Hiinbivathang 91 2,  d¢h xByira nbiQ trch
| 1 Hrgla g i Yakivih L (2104- 2017).

BngllL T nghpklqu L § nh [onit& ghdbotheo mua @ hai mé hinh

NSE RMSE
Mua o
Méhinh THI TH? TH3 THI TH2 TH3
oaxha  SVR 089 090 093 1524 1468 1101
. RE 085 086 090 18,08 1817 1279
, SVR 081 087 090 89.82 67.29 4845
Miua mura

RF 0,79 09 088 9577 57,10 53,78

KJ3 qu kith nghi m cho ths}, trong b a * ngh € md hinh SVR ciim€u
th/Jkhi cho KF quf d baott  h hbrbi,t lattong mua kho, chduy nHl® TH2 mo
hinhRFcO K quld bdott hhn trong m¥%a me€a.
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Hinh1.172 K/t qul d. b§ohdi€umid €i3nmgh vSWR hv ™ cR|
h® " p t2nh to&n trong ¢g12/8017 LoUn ki Wm

Nghiéencu L «c fal€® nghi m thanh cong hai md hinh Al 1a SVR va RF
trongd b 8§ o [ reg/h i @p dng choh Séng Hinh thuc | ‘@s6ny Ba.
Ba ~ hgrh@ tinh toan 1a d bdo bao dong dly trung binh 3 ngay, trung binh 7
ng "y v~ trung _mdwild bho ngthhdntrgng ek dagkh , L «
L ‘& th nghi m. KJ} qu cho ti5y, o hai md hinh c[b a * ngrh® QLcho K}
qufc -, chinhxack h 8 kodia Uivi L'tmghed b§o [ ngdrung €
b3nh 7 ng "y v~ 1 t h&th qghi nilthi mé lgnh SVRmMAIn h 3 n
chungchoRqu t tnhdl "ik id bdonghvadaikh, trong khi L -
IGchottBys vatri' d baotrung Hh . "iwnid b&o theo miua, cac md hinh
cho K} quf d bao tttrong ¢ mua khd (thang-5) v~ mla AXpai (t h &
Kfgunhnh hhn trongWh®%a gk tth¥mT |~ Qkhdgc m?
d bdochinhxacnmt ¢ &nghhidongcliyl T . L &hin o ngéay la cac
m: h3nh ‘kbhiugntdh@®Ngvaodbdodongchy | 1 m”~ €u t |
qua trinh dong dfy. K/ qul tinh toan t T n@ h p d bao dong cfy trung binh 3
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ng " y. acinhxBcthp h hn JJEoSn g hlang h pcored , Qu tidy 1a do
‘b e&thigiannays daol, ngtrongd liu cao h'hgh gdeEIE uttunge
binh tyn hay thang. K qu d b&o co tM ‘& dithi nnucod i ucol, daiva
chii * hg@€t hNgoadira, vicl achnd Ii'u Flvao phothpla yp t ri

quan frng quy} ‘ntinén hiugyd bdoca m: h3nh. Tifydrong L -

qua kh 1a m ttrong nhng bih fWvao quantmg.Béné&h h L[} @g & i u
I'fu vao (s | “@gfeaturescFnphli _ ILn WH tr cho md hinh Al trong vic khéi
qus8§t ‘ktmdaquiné gi abih flvao va dong diy flra.D a trén nhng
pho©n t2ch v chilngnhdm nghié®a IQEUHIE kKl ng mé hinhSVR
chod b & o [ mMgurung 8nh 3 ngay vathang, va RF chodb § o [ rmgu |
tungbinh1thn . Tuy “irvhiif g | hglh® d bao, hay yéufu d béo

NS

(hh | 1, [ycugakip, dong dy mia m¥@& Yl ngccac mb hinh khac

e

thaythjc ho ¢ §c¢ ‘no! QubEfdo i u dif@ baolak h § t™@kgn g0 hie L «

phan tich cac pfntrén.Nh @y, bénéh h ¢ &8 c p h €Birthgng,gde Bip t
h3nh Al nh<€cdyd mvteongRcFm ishi u gu Wb tr cho céng

tac qun Iy va wh hanh h ch a néi chung va hséng Hinh noi riéng. Tuyhién,
vic. ngdng trong _th@bmign | & iQokprivachd ~ hge i u’

Ua Wh&p dng[44].

1.36.Ph&g8t tri©n m! IhRmhkMRIndoO®kHh2 * nh

Phattrid¥ m! h 3B & Arh khding khi giao thong tcfm biyph L c
bi/hvad li uthitiJ1a K} qu nghién cu ¢ a Hai- Bang Ly thuc  Trr gel n
h ¢ Céng ngh Giao théng ¢h i, HA N i va cac cng s thu ¢ Ynh ¢ Néng
nghip, Ymc nJb gN Wh clinois t9 Chicago, Chicago, IL 60607, Hoa
K8. M, c tiéu chinh ca nghiéncunaylaki m ph 8ngtc 8 @tslbi/h fl
vao trong vic L% oac ¢hs chil ~ hg®hong khi khac nhau’g cach's d ng

logicm kifhpvihaifi ©u h-a medahng (SA)ivati i c€u h -

bfy ht (PSO).Trong cdng trinh nay, m g, d‘a NQ,vaCO ‘lt@® L o §%ag b
cichsdng nbknmtr didit cacthifb cfm n g IWwa valba bih thitiJ}
(nhit L. ¥n t €hingv ¥ntlyt “DLnWxac nkth K} qu, mts bin
phg&p ’lbdinhltoéh, baogn h s t €hng quantuyv “ilireng i
binhNh3 n chungchol®BO nffenhl Cuii ¢ Y2mg, suH ful

r

S

(

a

vaiocaNO2v ™ hydrocacbon pdcho l&knBymhs{i WKHGE n L €

nn g, ¢laNO2vaCO[117].
ayPh_ _ng ph8pnlg. 1 c so
Cacph €hng pcmdyd ‘@hs d ngg m:
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- H th' ng suy luh m d a trén nthg thich ng Thud todn ANFIS K} h p h
thngm v. imth g -ranh

- Ph€hng iphdgup bPSOlap h€hng /jp htg-pa st 4 & ph
bijhndl Wi <€©u h’ .a tham s

- . moéphng Quatrinh méphng “~dpBattid sau PSO thaih n -
mtconge mthhnElLWi <€©u hfua to " n ¢

M>u chinh th ¢: Hi usitHi¢ amé hinhchy/u ‘lc€ L § n Bagaich§ b
dng ba pm@ké: skistuyfth iltrung binh (MAE), saisb3 nh ph€hn
trung binh gc RMSBvah s t €h n g RgGigting aRn3m trong khgngt 0
I/h 1;gi4 tf Rc a 0o (thchangn 1) cho thy hi u sttt  hNagn€ 19, gia
tr RMSEVaMAEthH) hchottby hi u sttt HIAH.

b) Top dv | i Mu

D |i u vQ chblt | € nggbkhlcg Ilkih'2u ribe b
ph8t tri Wn c¢c8c silr om3gnmgthh® nh%n ugh/Mh- - m t
thu thdp L€ ¢ t. thgng 3/2004 L dogiad h§n ¢
thtng;de, alih u ¢c- sJ/un trong truy cdp m
California, rvine (UCI).Tdp d_balni "LUFu ch_  am&y3 5p7h @n[ nt 2gc
khtng hoUt L, ng v~ d. IM tu tth&Hntg b ng’ ap
r€e ¢ s d,_ng LW cung cblp gi § tr° trung
CO-,NO-, O-vaNO-c hMI®Xc, thW, m t cIm biym MOX
cacbon (NMHC)Thihjt ki'm Ba 4 lm bi/fn clng
nhi val L, Xm t €hng ICui ivec¥ngy 8k itham s’
phln &ffiu tSoi@w song,c nilmhElkudmc ung cblp €. c
n" nghd&m ¢hi JJingrd)hNMHC @), CH, (g/m°), NO, (ppb) va NQ
(m).Nh_ ng kJy @Bge€Tcncoi |~ ,Lfue rca gh.ia | K
b3ng c8&8ch | bly gi § tTrongkhir dm gd b3 Inih' né& maam”
LFu ra, nbhm u@@ wWid € c¢c t2nmW@mCOBRIggl,
112t h" ng ktblt - o[ tad&c Wi Hroghlt €od@d, wng

BIng1.12: Tham S td d |i' u va phan tich ftmg ké

CFim Cim| CIm , C C

' Cim b : : CImNhi| n Xl n X
Thing biJ] bi /| bi | - : a "y 1(NOy | (CO)
co NMHC NO, s, bi JJgl L, |t €hndtuy . .

vaito [nfu | nfu ynfu lnfu nfFu [ S YnFu fnfu [nfulnfu

KT h| X, X5 X 3 X 4 Xs X X, X g X X 10
Min (U) | 647 390 322 551 221 |11, 9.2 0,18 2 0,1
Trung | 1120 959 817 1453 | 1058 | 17,8 48,9 0,99 114 | 2,18
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6891415/table/sensors-19-04941-t001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6891415/table/sensors-19-04941-t001/

Thtnd gErHCNE\AECb gl'_rg Eli_I?]qb(i:rj]m Nthi tnéhnxtnd ‘X(N%Z) (C%)
CO NOX S . 2 B s g y * *%
b3 nh
Trung
binh 1085 931 786 1457 1006 | 16,8 49,2 0,95 110 | 1,90
T( b )' 2040 2214 2683 2775 2523 | 44,6 88,7 2,2 333 | 119
Std 219 264 252 353 407 8,84 17.4 0,40 47 1,44
CV (%) 20 28 31 24 38 50 36 41 42 66

c) KAt qud v™ thdo | uon

Quytrinht'i <€u h- a

C6 250 tham'sANFISL &fi <€u h-mgvit €hA qofyvagiaman L
chiQu.Cactham’sc a A N F’lc$b Hag cach's d ng phan cm C-meanBlng

1.13va 1.14hiW th cac tham'svQmé phng, vafi €ucuh - a Y%rcghnl €
choSAvaB O t €efgng

Blhg1l.13: Cacthongsc a, mé phng Blngl.14: CacthbngsvQti <€u
(SA) bfyhd (P S©drge
Tham sé Néng @6 NO 2 Néng d¢ CO Tham sé Néng 36 NO  Nong d§ CO
Quy mé dan sb 40 60 Kich thude bay dan 30 50
$6 14n lap lai t5i da 1000 2000 $6 14n lap lai t6i da 1000 2000
Nhiét 48 ban déu 0,1 01 Quén tinh trong Ivong 0.4 0.4
Ty 1é giam nhiét 6 0,99 0.99 HE 56 hoe tép canhan 1 1
S0 hang xdm trén moi cé nhén 5 5 8 s hoc tap toan ciu 5 2
Ty 16 dot bicn 0.3 0.5 Vian toe toi da 5 5
B lach chudn dét bién 10% 10% o )
Vén toc to1 thidu -5 =5

Hi" u susl mé hinh

Hiusitigca hai m! hawh hlc®m tbpdndBing 1.5. Hinh
1.18lakh n £ n gl od€"m gnND2° dthg Riquy.Cacs li us d ng ANFIS
SAcho(@déhd liu Lbhwa@®ed liuth ngnim.Cacslius d ng
ANFIS-PSO cho (c)db d liu L%oa(d)thd li ukiwh tra. K} ludh, d hai
m: hQrhtdt Myt v~ c - nbkepnANRISPaS O ld’cieng minh la
vat i hhn ANFIB-SKvOn n g, AD va NO2 trongnd hinh.
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(a): Training set

Scaled Predicted Output

- - ~Diagonal
+ Data
——Linear fit

Scaled Predicted Output

S . s
-1 -0.5 0 0.5 1

Scaled Actual Output
(¢): Training set

1

-] s
& &
z 05 =
<) =]
2 B
Y

g 0 2
2 |
g 2
& &~
= 05 - - ~Diagonal| | 2
=2 - Data =
3 —— Linear fit 2
@ : ]
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Scaled Actual Output

(b): Testing set

- - ~Diagonal|
- Data

|~ Linear fit

-1 -0.5 0 0.5
Scaled Actual Output

(d): Testing set

-0.5} - - ~Diagonal
- Data
| ~— Linear fit
o L L T
-1 -0.5 0 0.5
Scaled Actual Output

1

1

Blhg1.15: Théng tin tdmd&bvQkh[ n £ n
d Logmd liu ’lcehiat [

Paura Dataset M6 hinh R RMSE MAE LoiStd Doc
ANFIS-SA 0934 0103 0,075 0102 4223
Dao tao
R ANFIS-PSO 0950 0,090 0063 0089 4234
Nong do NO 2
ANFIS-SA 0935 0,101 0,075 0100 42,11
Thir nghiém
ANFIS-PSO 0,951 0.088 0,064 0087 42.03
ANFIS-SA 0885 0,134 0100 0.134 3773
Dao tao
R ANFIS-PSO 0910 0119 0,088 0119 3951
Nong d CO
ANFIS-SA 0883 0135 0,102 0135 37,65
Thir nghiém
ANFIS-PSO 0907 0121 0,090 0121 39,16

Hinh1.18:
NO,"

KhT

ntng d.

dng h™ |

Ph©n

Blng 1.16t6m tdbcac gia tirg ami Fulvao theo't| phfn
p fBrpcal c 8c
n h &hanmga phan v,

tom b gilli
v.n, nhty

thong s Lfu
va NQ.

trhyh L

v~ o0

ml

t r fngl.17 B
hs ni A Ehgiygt ng phart
° & ¥ trong Hinh 1.19 cho NO, va trong
Hinh 1.20L"i v. i CO ((@ s d. ng ANFISSA va p) s d ng ANFISPSQ. Cac

k h $igthge Uk duled o § n, i s[m bifjn NMHC

B[ng 1.16. Cac gia fr 'fu vao mo hinh

Bién/Phantram Pg P10 P25 Psp P75 Poo P1oo
CambiénCO 1,00 —068 —055 —038 —0,13 0,13 1,00
Cam bién NMHC -1,00 —0,74 —061 —042 —0,19 002 1,00
CambisnNOyx —1,00 —0,83 —073 —061 —047 —031 100
Cambiéns®2 -100 —0.64 —043 —0.19 0,02 022 1,00
Cambifn O3 —100 —072 —054 —032 —005 022 100

Nhiét do -1,00 —0.64 —044 —020 0,10 037 100
B dm trong d&1 —1,00 —-0,60 —-032 0,04 037 064 1,00
B am tuyétdér  —1,00 —0,73 —0,50 —023 006 039 1,00

B[ng1.17: Cac gia frlfu ra mod hinh
N M hinh dwgc si
Piinra Bién 4o Qo Qu Q25 Q75 Qo Qi
dyng
CambiénCO 2137 1057 611 844 1736 4712
Cam bién
27095 15042 —§7.62 10513 20301 38383
NMHC
CimbiénNOy -3177 -1789 -9.63 1089 2376 7776
Cambin SO2 26132 143,70 7646 —6835 -13497 -387.09
ANFIS-SA Cambién03 —3266 -1899 —1031 1329 2612 64,10
Nhigtdy  —1233 684 370 462 877 1841
Pé am nrong
-5545 3383 —1895 1794 3228 5137
doi
B§ am tuyet . .
. . -3546 -2321 -1245 1331 2847 5679
Nong da NO doi
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--Sensor CO — Sensor NMHC — Sensor N()‘ Sensor N()2 ~Sensor CO  Sensor NMHC  Sensor NO

Sensor O, ——Temperature —-Relative humidity ~-Absolute humidity umidity
b)
@ L)
a 100
500 —® — 500 ® 100 T

=50 = 50 A 3

&
250 £ z
S 2
= =
a 2 0 2 0 — 4
2 0 W s s e
s E: ]
-

3 -50¢ 1 & -50
-

2z
= 250

g
g
mow
-
e

&
] ‘ ]
‘ ]
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f

3 -250
-

-100 100 . . I
P 0 10 25 50 75 90 100

500 T — 50 P — . uantile level 3
0 10 25 50 75 90 100 0 10 25 50 75 90 100 @ Quantilelevel
Quantile level Quantile level

Hinh1.19: Pho©n t2ch L Hinh120 Ph©n t2ch L

ap Qo

n ng L. N O n ng OL, C

KJI luch: Nghién cu L «  pdhngtt  mi i h 3Wdh L oA8Langltin
cdyn'ng NO,vaCOhang gi t cfmbih L& big khivad li uthiti/}. 8
bi/h fl v " 0o’ ¢k « nd, o 'gm 5bi/h dm bih khi va 3bi/h th i ti/J]. Hai
m: h3nh @Al L% ea th nghi mla ANFISPSO va ANFISSA. KJT qul
chotycfhai miQioilhrngftt v~ ¢ - nilg nkg°h gnah @P8Q ANF
hod ngtt h htrehdton Wkh[o sat thém vai tro,@ t ng bin Fu'vao riéng T
trong cdc mo hintAl, mt p h ©n nh4e ahihtif} L L «c thicéhi n, c[m
b/nNMHC va NG LH bit [nh “tmme/hL, lhhdy ¢ a d haimdé hinh fing
L, NO,va CO.Md hinhnng, @O ‘lt€hngminhlanbycm h hintdef
cac bih. Tuy nhién, ba b th i ti/t khéng[n h * mg*@ua nt@ /) . EBhinh xac
¢, a m6 hinh.

14. KJJt c¢c hi€ehng

Cacphantich L&8nh ngi ueh3ngtkE°>mh tfm quan
n g h’, Bigdhta vangay cand” €'pch §t tri Wn mUnh m€ tr °n
C8c . ng d_vaBig datagpah oAlg p h Y, La dUng cho n
s" " ng kinmMHitm stx&dihvi'. xu h€ ng waBigdaga t €h
s€ ng d.omg mhiYQu btammggK[TTV* ng t &§c Lo LY
I T thitng tim8a, dlinhv W§o8KTITNI ° KJ/ttaiguig
c.a phfn nghi®°n ¢c.u t°  ng quan vQ clng |
thing tin nQn t[ng ch sthéw agaiPE@® t ' u.

Phfn tiJJ]p theo s€ tr3nh b "y chi ti ]t
tdp s~ 1li " u v"™ ph€ehng phgp nghicthu,6 d_  uws.’
| i u KTTV qu8§ kh_, hiphantichddaé hpmhcphfdmnigt
gi i ph&8p c¢c.a h th ng Big data KTTV;

c.a ctng ngh  hlW nmt&€dn (dMlng.,v "h Altr’ d.

42



2. CHhuNG PHYM VI, n" L, S'ThL NGUP Hh& NG
PHAPNGHI g N C U

Trong ch€ehng!n" g€ ¢kRBNgrung,phrBmhvib’
nghi°n c¢c.u, o8c pmg@hnmg 9 h8&thbi, nag thrgo mgg hn g tr
trong L- tdp hphehagy ph §ph®mhup Khadpy, xngH
c. .u KJJlaph®p, t2ch w@IlthphmBpphfyt,u cfu k:
Big datakKTTV.Cu " i ,c¥%rigl udn gi [i vQ Mmgchim&y ,hc_ /
LW nhdn dUng, bhs € tlr€ cd L ihb 8S©OuK pThwwn t 2 c¢

21.n" i teh%mgy vismmghRi °n c¢c_ u

a) n’i ° ng@ghién cu: cac hin " hg&TTV nguy hMh gm b«o, m€
| ndinr ng, khong khith h , .Icbiwi dangdo bao.

b) Phtm vi nghién cu:

- VQ ng q ng Al trong vi ¢ nhch dchg hinh tljva h tr d b&o, ¢nh béo
b « 0o, . mderar ng, khong khithh khu v c miQy Bdotrong giailL 8h 1 0 _n £ m,
ntm 220078

- VQ ng d ngAl vi ¢ nhch dchg hinh tfjva h tr d bdo,dnh b§o |1
h th ng séng Fngtrong giail. h 1 0 _mim, 20078

- VQ ng d ngAl trong vi c nhdh dchg va h tr cnh béo, d b § o, c biv@
dang do bdohu v ¢ ven bid Bab B va Bds Trung B trong giail B 10 _nt m,
nt m 220078

c) Sh” nghién cu: nWLG  ° & €c mc tiéu ca QLai, cac ni dung
nghién cu th ¢ hi n theohinh 2.1.
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Téng quan vé van dé
nghién cuu

y

Téng quan vé Al

Téng quan tinh

va Big data

hinh nghién ctfiu
ngoai nudc

Y

Y

Téng quan tinh
hinh nghién ctiu
trong nu'dc

P6i tugng, pham vi, s6 liéu
va phuong phap nghién
clru

Déi tudng, pham vi

nghién ctiu

.| Phudng phap céng
"|  nghé Big data

.| Phugng phap céng

nghé ML/AI

;

Phat trién odng cu, phuong
phap va xay dung mé hinh
hé théng AI KTTV

A 4

Phét trién céng cu,

Xay dung CSDL big

phucng phap ML,
Al du béo KTTV

A

data KTTV

Y

Xay dung mé hinh
AI dé& nhan dang,
du’ bdo KTTV

H& théng AI ho
trg du béo bao

Hé thdng CSDL big

N Hé théng AT ho trg | _ data KTTV
du bdo mua Idn
Trién khai hé théng AI hé
trg du bao cac hién tuong Hé théng AT hotrg |
KTTV nguy hiém du bdo KKL
N Hé théng AI hé trg - Hé théng

du béo Il Framework tich
hgp cac module AL

hé trg du bao

Hé thdng Al hé trg
du bdo nudc bién |
dang

—>

Dai KTTV KV Béng
béng Béc BO

A 4
Chuyén giao, dao tao, thir
nghiém va danh gia cac hé
thong AI hé trg du bao cac

Trung tdm Dy’ bao
KTTV QG

bai KTTV KV béng

hién tirgng KTTV nguy hiém | | U !
Dai KTTV KV i
™ BicTrungBs [+ T
Hinh21: Shgh i °n ¢ _u th ¢ hi n LOQ
22.S1i uvphnghi®°n c_u
Trong. ng d, ng c!mhdmghUnAl hEWh thJ v~
b&8o hi n t€ ng, KFITKTTWIlg-uryg hmmWm vai tr
tr;tnrgong phUm vi nghi°n ¢ uhe, ahd® ¢ i
- S liu  k hrig lQmi®
- Sliuthy viEfi vwinm;

- D li utéiphantichacacypt k h Z ngtHe v £ nlii wv tintg
- D li uvQbdoln h “ ¢ blvao Vit Nam;

- D liuvQl Wacacd li' ulién quan;
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- D liuvOm<€andinr ng;

- D i u vQkhéng khi Fhh.

ChitispvQs li uphcy nghifncu nh+€ sau:

221.SX 1 Mu wghZ mlt

- CacldH s liu k hrig kQmthuthdp g m: Nhit _ €£rung b3 nh
nhi ‘tithdbngaytnhit , i cao ng~ "y, | € ng mPa@ ng’
f ¢ )ikhi ap.

- Kh'i " hgghUm vi thu thp S Ii" u: 187 trlim quan teb k h 2 ngtb@nHb
trénphtm vi toan qac.

- Thigians li uthuthdp:trongthi W o 10 _.mim 200078

- Ph€hng :pghodktpu,thdpld ['u: P h€hn’gh bigrh éwh lyc h
biénp théngtind i u  t h e mh @anganhlKTTV.

Minh h a ki quthuthd, X Iys Ii'u  k hrigbQmi®td B[ng 2.1
Blng2.1: Minh h athuthdps li unhit | ttung binh ngay.attm Shn L a

. . . . . Kinh L
Tr9m: S| KeT QU& TEéENH TOCN, CH' N v Lo
T nh LI"U NHI"T n. TRUNG °

nhn v

Nt m .
Ngay Thang
2008 | 1 2 3 4 5 6 7 8 9 10 11 12
1 [ 11.8] 155| 13.4| 22.2| 25.7| 23.6| 24.9| 25| 24| 20.8| 23.3| 11.2
2 |10.4| 16.3] 16.3] 19.7] 26.2| 23.1| 24.9| 25.8| 24.6| 23.5| 23.2| 11.8
3 | 112| 171 16| 21.6| 25.8| 23.7| 23.8| 24.8| 24.4| 24.2| 18.7| 134
4 | 12.6| 18.9| 17.8| 23.7| 24.4| 24.7| 245| 23.6| 22.7| 22.6| 19.7| 143
5 13| 18.6 17| 22.9| 23.5| 24.7| 25.6| 25.3| 23.9| 21.9| 21.7| 142
6 | 15.3| 18.3] 16.1| 24.2| 23.6] 23.5| 24.1| 26.2| 24.2| 22.2| 229| 147
7 | 16| 17.6] 17.5| 25.8| 25.1| 24.2| 25.6| 25.1| 23.7| 21.7| 222 15
8 17| 18.3| 18.9| 27.5| 24.5| 24.5| 25.8| 22.9| 245| 21.8| 18.8| 14.3
9 | 18.4] 19.7| 16.4| 28.4| 23.9| 23.8| 25.1| 23.2| 24.9 23| 164 12

KAt qud t hu tkhho?p ,b 2 omdltT pshXh cl LvMucn ¢ Ih B h
bayt u i sd@?! npghxvm Mc 2: Thu thop, bi °n top
l i Mu kh2 t_ 1 ng bzZ mlt:t hNipi Mtg "Lyi, ttrXdn gc al
m a ng"y,; Li *xm, gi-; kh2 §p.

222.SX i My twhid i v En
- Caclds liuthy wahfi  \vhutid g m:
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+ Sliuthy vmnc n<€l @u,td&cdctththy vin tr°n
v ¢ ¢ ah th ng séng Hng;

+ S i uhli v £ ao sohg, chu&séng,n & bivi dang do béo, nt
n € th y triQu t9 cac ttm quan teb.

+ S liuthientaithy v fin, vShifnx[y r ‘an g, cfi€m vi [nh
h ‘ehg thit hd do thién tai®l t ng khuvc “ally khihdi , | c®éng v
chin h , dailb biwW, ving bi.
_ Khi °hgghthmvithuthp $ I u:

+D liuthy vasetrimtrimthy wvikrn°n h°  t h'-Thgi st n
Binhv® ¢8c trU4m th_y vin tr°n phim v

+ D, li uhliv £ 66 tmtrénvang bwi Qun g N ihriThanhlHo6a
- Thigians li uthuthd: trongthi W o 10 _mim 200078

- Ph€hng :pghodktpu,thdpld [u: P h€hn’gh bigrh éwh lyc h
biénp théngtind i u  t h e mh @anganhlKTTV.

Minh h a k/J& ol tthhw "tvhhdg v tB[ng 2. 2
BIng2.2: Minh K athuthdps li um ¢ _rc®yay ca tim M Cang CHhi

Kinh L.
Vo 21,85
nhn v’

Trdm: M¥% C|lKeT QUY TéENH TOCN, CH
Stng : Nd Tél LI U M C Nh,

Nt m

Ngay Thang

2011

=
N
w

4 5 6 7 8 9 10 11 12

23422 3123Q 31233 2344Q 23435 23427 23427 31233 23424

23422 31230 31233 23437 31239 3123Q 23426 23425 23424

23422 18744 31233 31239 31239 3123Q 23420 23425 23424

23422 13391 31233 31242 31247 31238 23420 23425 23424

23422 15619 31233 31238 31239 31237 23426 31233 23424

23422 31233 31238 31238 31238 31237 23426 23425 23424

23424 18741 31237 31237 31239 3123Q 23420 23425 23424

23423 31235 31233 18748 31238 3123Q 23420 31233 23424

© (0[N0~ [W[N |-
O O |0 |0 |0 |0 |0 |0 O

23422 3123Y 31234 31242 31238 3123Q 23426 23424 23424

a |©O]|O |00 |O|O|O|O |O

~
>
~ |ololo|lolo|o|o o |o

t hu tthhovpy, vxtap H NkdsvXavikimvui °n ¢ o
by tui sdn phhu tCHangph@®mMch23chp, LE8nh gi
|l i Mu thvy .vkn v~° hdi wvin

o]
c

223.SX i Mu t8i phon t2ch
- CaclId s Ii utaiphan ticlva v tinhthu thdp g m:
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+ D, |i' u tai phan tichGi - ,Xn,lap sti, nhit Kkhéng khi, nhit L

mb oM, hilactinge
+ D, li uv tinh: I'nh dchg SATAID, c6 cac kénh phiR1, IR2, IR3, VIS
V. i tFh Ui 10 phat/ 1 kénh phd Ii‘ u.
- Phmvithuthd s Ii' u:
+ D, li' utéi phan tich: dli u tai phan tich,ca Nt B[n (JRA55)
LGh

+ D liuv tinh:Cacv t i nah H'i cm @livihanhbi |

quan KR BFEUIMA).

tLtonh

- Thigian$ li uthuthd: trongthi W n £ m,n Ltm 82 200V.

- Ph€hng :pghodktpu,thdpld ['u: P h€hn’gh bigrh éwh lyc h
biénp théngtind i u t h e mh @anganhlKTTV.

Mi nh hguwl ktJhu t hdiphamtich 19T $Bvrilgithu ng

dung | €dpgdthuitmw vd tinh tUi B[ng 2.

B[ng2.3: Minh h athuthdp cacthéng'sca c8&ngt piEOmgap2 ch L
M « ThtAgT ey nhn Ten fil
1 ncadlnthg gp anl p1l
2 INht 6 L K anl pl
3 |InlchWwlis€hng K anl _p1li
4 |Th" nfn peh cgi - m anl _p17
5 |Th” nfn pé cgi - m anl p1?7
6 [H"m d, ng m?s? anl p1l]

Bng24:Thng k° °“dgthugip d 4 ulnhv tinh Nha B[n

T ng Dung T ng Dung

STT | NEmME " ge e n| STT | NEMP "o | € n

1 2005 37,564 19GB 8 2012 52,425 39,6 GB

2 2006 51,774 30,6 GB 9 2013 52,284 39,6 GB

3 2007 52,44 31,2 GB 10 2014 52,26 40,3 GB

4 2008 52,572 31,7 GB 11 2015 102,12 239 GB

5 2009 52,44 31,8 GB 12 2016 155,6 453 GB

6 2010 52,23 35GB 13 2017 155,2 458 GB

7 2011 52,179 39,9 GB 14 2018 89,949 264 Gb
KAt qud tlhlu gX olpi, Mxot §i pho©n t2ch

cou L_t1c tr3nh b- tu sdn phxm C!ng

gi 8§, tYng hi du Mu t8&8i phon t2ch

a7




22.4.S X i baa

- Céacldi s i ubdothu thdo g m: th' ng ké va théng tin chiffvQc § ¢ ¢ hn

b&o, ap thp nhit _ i;ls li' uvQn & biwi dang do bao.

- Kh'i " hgg@himvithuthp s liu:1 03 ¢ h'nb hokbdn hl* iy
miQh Bdo, miQh Trung va mih Nam

- Thigians li uthuthd: trongth i W n £ m,n Ltm 82 200V.

- Ph€hng :pghodtpu,thdpld ['u: P h€hn’gh bigrh éwh lyc h
biénp théngtind i u  t h e mh @anmganhlKTTV.

Minh h  a kJt qul bty tWHdNmB[Mg 21 5s°
B[ng25 Minhh athdngtinchiifca 1 c¢chn b«o, ATNRN

STT| QT Name |VN Name|Long | Lat | Pmin |Vmax| R1 | R2 | R3 Th™ i g
1 |MANGKHUT |SIEU BAO| 139,8/ 14 | 915 | 105 | 30 | 110| 200| 9/11/2018 0:0f
2 |MANGKHUT |SIEU BAO| 138,6| 13,7 | 915 | 105 | 30 | 110 | 200 | 9/11/2018 0:0f
3 |MANGKHUT |SIEU BAO| 137,5| 13,9 | 915 | 105 | 30 | 110| 200 | 9/11/2018 0:0{
4 |MANGKHUT |SIEU BAO| 136,2| 13,9 | 905 | 110 | 50 | 120 | 240 | 9/12/2018 0:0{
5 |MANGKHUT |SIEU BAO| 135,2| 14 | 905 | 110 | 50 | 150 | 250 | 9/12/2018 0:0f

Minh h a kJ/Jt qu[l ntchbd Wnh ddp@n gx d o Tb «so

500 —Muc nwdce tdng cdng —Thay trigu dy tinh —Nwée dang

400

100
0

224%'6/1996 0:00 24/07/1996 0:00 26/07/1996 0:00

Muc nudc (cm)
[§] I
o o
[} o

Thoi gian (gio)

Hinh22.Dao L, ng ¢, atm ¥ Wi Qu v~ n<€e, ¢ dOng

tre. ¢ v° sauvl%X®hée b«ob Frankile

KAt qud thu thop,vXondHi °snX dauMul _bi«co
phxm Cng vVvi Mc b5: Thu thop, bi °n top,

n ac bi®n d©ng do b«o.
225.8SX i Mu |1

- CacldHs liul T "vthy hih,ithylithuthd g m:nko Whihy v En
)

m¥%a ltrkh, Islcn @mgaonkl n £ igjansthhi n ‘nth b ts, trch |
L\ h3nh tr°n c8c s'ng ch2nh, |1 qu®t
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- Phm vithu thdo S |i" u: Trén cac song chinhBb B .
- Thigian$ li uthuthd: trongthi W n £ m,n Ltm 82 200V.

- Ph€hng :pghodtiu,thdpld [F'u: P h€hn’gh bigrh éwh lyc h
biénp théngtind i u  t h e mh @anmganhlKTTV.

Minh h> a kJt qufl |t HéacBT mép2,7vax28. | T s’
B[ng2.6:Phanbcactehl T ( btir°enn L1m) nktm 2008
. Thang
T Song v v Jvin ] ix [ x [ xi [xn & "
1 |H  ng 1 2 3 2 1 1 - - 10
2 [n” 1 3 4 1 1 1 1 - 12
3 | Thao 2 3 2 2 1 1 1 12
4 | L6 2 3 4 2 1 - - 12
5 | Théi Binh - - 2 1 2 - 1 - 6
6 | Cau - - 2 1 2 - 1 - 6
7 |Th€hng| - - 2 1 2 - 1 - 6
8 |L, c Nal| - - 2 1 2 - 1 - 6
9 |Hoang Long | - - - 1 1 1 - 3
C, ng 6 11 | 21 12 13 4 6 0 73
Bhg27-M c .céonili ntm 2008 tr YBaoB8c silng
Hmax 2008 M ¢ B| Sovo6iTBNN So vo6i 2007
TT | Song Trdm ngay | M. _© Chl ﬁar? frBNN| Chenn r?iolz' Chénh
thang n <. b 2 | gy (cm) ¢ 2007 ¢
(cm) L, n (crﬁ) (cm) (cm) (cm)
1 n- Hoa Bnh |11/VIII | 11800| I 1800({11000 800 |1450Q0 -2700
2 | Thao | YénBai [10/VIlI| 3426 | m | 226 |3075| 351 |3138| 288
3 L6 T.Quang | 9/VIII | 2584 | I 184 | 2533| 51 |2217| 367
4 Hbéng HaN _ i|11/vIll| 1211 | 1l 61 |1077| 134 | 993 | 218
5 Cau ngp (¢ 4/Xl 607 11l 27 | 623 | -16 394 | 213
6 | The€hP. LTh| 28/IX | 689 1] 109 | 610 79 393 | 296
7|L, cC L. c N27/IX | 788 1] 208 | 607 | 181 | 476 | 312
8 [ThaiBinhk Ph [ 28/IX | 539 I 89 | 535 4 399 | 140
9 [H.Long| B° n 1/XI 469 11l 69 | 348 | 121 | 517 -48
B[ng2.8: Minhh as liuthuthp i th y "H,ithy[l itrénh th ng séng Fing
. . a8 Thi Jt k
STT | Ton 4 T°n N ST m Wt T Ij—|]max(m)]] Fiv(km2)
1 B[ n Ch§gj 475,00 2137,70 130,00
2 LaiChau |Hu i Qu
3 Lai Chau
4 N N Pa Khoang 922,40 37,20 26,00 77,20
5 Ndm Ng 8§ 1140,66 5,94 29,00 14,80
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o o 89 T h | f_l t k ,I]

STT [ Ton 6 TN e m TW( €t [ Hmax(m) | Fivkm2)

6 Pe Luéng 525,22 3,28 26,36 23,50

7 H  ng SY 480,20 2,79 23,00 8,60

8 H”  ng Kh. 515,30 2,58 23,00 5,40

9 B[ n Ban 638,50 1,77 30,00 22,70
KAt qud thu thop, xo |IT sX 1iMu |1 p
phxm Ctng viMc 6: SX |iMu vZzZ thri°n hiOM tthh

s'!ng HQng.
226.SX i Mu vZ m_a lan di Mn ring

- Cacldls liumeandinrngthuthh gm:nko  t r@nlgt vmea
lndintng Fo Lt r €ngm@aindint hbe o Hot htSri@@mg "IV g8 mea,
Lk trendgShiaonm dh2 nh, HtOry€OEmay kéo dai_ca cac
't m4eainlk ng.

- Phmvithuthdp S li u:Cactbm L o rém@ln vic n €.
- Thigian$ li uthuthd: trongthi W 1®n £ m,n £tm 82 200V.

- Ph€hng :pghodtpu,thdpld [Fu: P h<€hn’ghbi@hcdgh lyc h
bién tep théng tind [ u  t h e mh ganganhlKTTV.

Minh h a kJ/Jt qul[ ttHu tBHiyagnh2x 9 | T s = |
B[ng2.9: C§ ¢’ tri¥€a n dli nr ng theo thang. @ cackhuv ¢t n £ 80082017

Thang

Khu v
3 4 5 6 7 8 9 10 11 12
Bdc B, 2 6 12 12 31 19 | 22 9 4 2
Bdc TE 2 2 2 7 15 9 23 17 6 0
Trung TB 2 1 2 0 3 2 17 28 24 7
Nam TB 0 2 2 0 2 2 6 16 20 6
Tay Nguyén 0 2 5 8 9 3 12 10 7 1
Nam B, O 1 2 9 7 2 11 6 2 0
T ng 6 14 | 25 36 67 37 | 91 86 63 16

50



56 dot mwa lén

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 TBNN

mm S5 dot mwa lén - —— Linear [Sé dot mura lérn)

ao

Hinh23:Bi Wu L s’ Lt meERAVAITBNN t ntm 2

KAt qud thu thop, xo | T sX |iMu m a
tr3nh by tui sdn ph*xm @mhmomn wi2Mdh, 7 :L8Thin
hitp sX |IiMu m a | an di Mn ring.

227.SX | ikMd ngZ kh?2 | v nh

- Cac | s I ukhdng khi fhhthuthdp gm:c §ct Lgi - m&ad L n
khongkhithh t Lngg c €

- Phmyvithuthgp s i u:Khuv c B B .
- Thigian$ li uthuthd:trongthi W ®n £ m,n Ltm 82 200V.

- Ph€hng :pghodtpu,thdpld ['u: P h<€hn’gh bigrh éh lyc h
bién ep thong tind [ u  t h e mh ganganhlKTTV.

Mi nh h” a kJt qu[l KKLhtudit hBlpalgink2.4. | T s~ |
BMng210: T nghpthngkés 't KKL trong-2000 ntm (20
Ntn T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8 | T9 |T10|T11|T12|C,6 n
2008, 4 6 2 1 4 1 5 5 28
2009| 6 4 2 1 2 1 5 5 28
2010| 5 2 4 5 0 1 3 4 5 29
2011 9 2 8 2 4 1 4 3 5 38
2012| 5 5 3 2 1 2 2 5 6 31
2013| 5 3 2 3 1 1 1 2 5 23
2014 4 4 3 1 1 1 4 7 25
2015| 2 2 4 3 1 2 2 5 21
2016, 4 4 3 1 1 2 4 5 24
2017| 2 2 6 3 3 2 4 6 28
B | 46| 34| 37| 22| 19 1.3119| 38| 54| 275
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Hinh24:S° Lt KKL trong c8c th8&8ng theo tru
Lt khtng kh2 1 Ynh trong c8§c

n
t

KAt qud thu thhpng xkahaMhl usKmpbi MhhAc v A

L 1t c tr3nh by tui sdn phxm Ctng vVvi Mc
tYng hip sX | iMu khing kh2 |unh.

23. K: t Bigdhta

231.C8c gidi ph8p t3m ktrodgBigdamh ©n t 2 ch,

Phantichdliul nlamt _ledan frn gWrich rat cac thong tinfm thij.
M ts ph€hng phsgpliplmédngdriggm: d

Ph_ _ n ggidgrit@mm binh Gia tr trung binh la Bag t ng tHi c[ gia tr cé
trong &b d 1" u chia cho s | "@g cac gia trl' - P h ©h n g gidgrht@mm binh
L& apdng tr ong HL Shg@ bapc &moddinh Al d bao KTTV.

Ph  ng @ gu§ mynhinh- LR (Linear Regression)LR thu ¢ nhom
Supervised_earning (hc c6 giam satH i quy chinhlamt p h€©hn'ong k8h § p
'WthiJ} Ido m' i quan h gi. a m t bi/h ph thu cvamtnhém tp h p cac bih | &
Ip.LRIAMt ph€hn'g gp WE pguitdhli’ uv ibi/h ph thy c co gia tr
lién t c trong khi cac bh | dldp cé thAeé m t trong hai gia trlién t ¢ hd-b la gia
tr phan Id. N6i cach khacLR la mt p h<€hn $wd pLho§8spnh Iy i
thu c(Y) d atrén giatrc abih | did (X). P h €h n gLRt F@g4p dng trong
qua trinh hi luy N K c may camd hinh Alhtr d béo KTTV.

Ph_ _ ngmypnhuSkhi mu nthn g WPm qlianh gi acacypt ngd
nhi °n’ ngeuyén pii@am vicyvicacthd li url n. Vi vdy, phich n
mttdp mdunh trongth d i ul n W6 phng la ri ofn thi}. Qua trinh By
m¥u L, inhiQh k e 'Whil ‘& 1y Uldin ‘lc€ho toan btdp d |i u.
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Ph€hngbpug |& ap dng trong qua trinh' xly d li' u f’vao cho cac md
hinh Alh tr d bao KTTV.

232.K0U thuost xo |1 t2nh to&8n tr°n CSDL
2321TYng quan v @GraphPatabase)Q t h M

Trongl'in toan CSDL I th (GDB) laCSDLs d ng cacchll trac bW
" chocéc truy Wh ng n g hvoi aac nat, cthhvathuc t Woividid v~ _ | €u
d lifu[22].cS DL ththi u g h h@SDL quan hkhilamvicvid | uki}
ni.n Wh khac bit  drhgi #CSDL quan'hv © C SBhLlangénng X 1y d
i'u.Vi CSDih,ngonng!l” c8&c ph<€higth fheglpthuyt ™~ L
th , cac I gi[i thud chung nitivQE” th ¢ m: vel” th, v€ld ™ th, m r ng cay,
cac lung mth g il,© c&c b ’in gt,ol8é.Qu né@yicho HES d. ng
CSDLI thvid liul'® m! hAaght €Bnhius h tr hhx ly
d liuMdhinhhdéadliu t r on ¢ thQSmD45]: Ngdn ng md hinh hoa.d
i'u tr on g thCKE@hinh iba quan htrong mih quln ly h th' ng; Mé hinh
h - @ thlirong mr qun Iy h th" ng.

23.22C8c ph_ _ng ph8p m* h3nh h-a douv I il

- MO tf md hinh Rag cacthatng ¢ a ngdng S dngcaccauh "l i
d liu WK § enh dacthcthne T ng n H iQuaa B. 4 Inda trc ti/p caccau
hica nig€d %mdhinkthoadli u.

- M6 t[ md hinh Bag dc nat (nodeya cacm' i quan h (relationship) S d. ng
c §c n ¥%tYd{ manaoaAd thudtinh th ¢ thvd); cac mi quan h (relation-
s hi %di ndhos kipnigi acéacthc thwlam ré di tric).
- M6 t[ md hinh Bag m' i quan h: S d ng cac mi quan h chi ti/} khi ta co
m t tdp kin cac KW quan h; s d, ng cac quan hchung v i cac thuy c tinh trong cac
Fth L §n'mgd vaconhngyéugu nh €’ n g midilni@hvg khongefn
thiJp phii la m t tdp kin cac quan'h
- M6 hinh hoa cac, ski n: Khi hai hdb nhiuthcttwk h§c nhau t €h
trong cng mt khang th i gian thi mts ki’ n xudl hi n. C6 thwbiWi dj n nh ng
s ki n nay Bag cac node riéng, vajkn i v, i cac th c ttwtham giaskin L -

2323Ng'n ngu xo |T duv |iMu trong CSDL

- Ngbn ng truy vih = th Cypher Cypher la ngdn ngtruy vih ¢ ho “CSDL
th, db Wiid ' cvad hiw "ilv. i c[ cAc nha phat Wi, cac chuyén gia
CSDL Cy pher c h'o dopchtinpkimntgd€g tin trén CSDItheo mt mo
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https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Computing&usg=ALkJrhjuW4jCi09EcjnFfCVerDCC0Da_XA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Graph_(data_structure)&usg=ALkJrhhEkVazK5J3O6qDdYQwcDnFS6V76A
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Graph_(data_structure)&usg=ALkJrhhEkVazK5J3O6qDdYQwcDnFS6V76A
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Semantic_query&usg=ALkJrhhuoteXza-v8m-Ybw0WPmOJ2p1-Zg
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Node_(graph_theory)&usg=ALkJrhiQhzcRc3QSzaKF1z6n8dCRVrb7cw
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Edge_(graph_theory)&usg=ALkJrhj3SuNHnZe6vve_ABk4m4dprDw2uA

hinhg thwh " o L - . Cypher nherieng.gCauctruy biic §lc Hmni@tui |
gmmtm n hQSTART, MATCH va RETURN.

- H qum tf CSDL L th Neo4j Neodjla h quln tr CSDL [’ th Trong
Neodj nd@ ¢ndft h” nhnhq8cC thl oL Vihga "iL " nh g ¢ €
moé f qua thuc tinh¢ca ‘nhvamiquanhgia c'§c nlge’ ¢n®tl bag
ienkl} c..-ngdi&®& c8hc L

~

233. KO t huot | " m such v° tiZn xo |1 dv

Gi athtiha lyd liulaquatrinhxlyd i uthé/gcnhin dithi n
chil ° hg@ i’ u.

2331C8c b_ac tizZn xao |I'T dv |i Mu
Bec 1: Lam dth d i u: 104 b 05’08
nhi u, hi u ch'nh nhng pHn d 1i’ u | Lam sach dirlieu %
khong nid quan;
Bec 2: Tich Apd liu trnd @\
li" ut nhiQu ngu n khac nhau; LS bbin
B €c 3:Bi/j "l 1i" u: chuf hoa d m-/
li" u (data normalization) Bign d&i dif ligu ~2.32.100,50. 48— ~0.02,0.32, 100,0.59,0.48

Thu giam dif ligu attributes attributes

B€c 4 Thugimd liu thu gim . 2 rr . OCTCTTS
k2chcd e @lms phnt) - @
baag kFhpd lifulodb c§db =

L\Wwh d €a(dilm $ chiQuthy c tinh
d liu),gomemd Ii u.

TP s o ns

Hinh25:C8c b€, ¢ ti Qn

~

23.32C8c kv thuot tiZn xo |1 dvu | i Mu
- Lam dkhd i u: Tomibhoa d li u,nhch din K Wihichungcad li' u,
X Iyd Iiub thiuvad Ii ub nhj u
- TichApd liuTichhp “k€tax lyveh Qi €. a h
- Phéat hinvax ly mau thoa giatrd i u.
- Bi/h Citd, lfw L m t.rlihmkdipd li'u fng quat héad i u,
chwr hoad Ii u.

- Thugimd liuK/Jh pkhid Ii u,ch ntd con cac thu tinh, thu gim
chiQi, thu gim ‘Ingtb phan &b y ni mvar ir&k hoéad, i u.
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https://neo4j.com/

2333KU0 thmosu th dv | i Mu
- X lyd i ub thifu: Cacgili phapx Iy d li' ub thiug m: (i) B, qua (i)
X ly tay (khéngt L, ng, bant L ng); (iii) Dung gia tr thay th](t L ng): Hag s
toan ¢c, tr ph bi/h nhHl, trung binh toan,a, trung binhccb ,trd Lo &n; é
(v)y Ng £ nth & h u b thi/u: thi} k/Jt" t CSDL va cac tht, ¢ nhdb I u (céc rang
bucd li u).
- Gill phéap nteh di n piFn £ bién g m: (i) D, a trén phanbth ng ké (ii) D a
trén khdng cach (i) D atrénnat  ;f(iv) D at r ° hchl
234. K0 thuost hXc m8y trong pho©n t2ch B
23.4.1.Cacmébhinth 2c m8y trong ph©n t2ch Big

Machine Learning ML (H ¢ may hdb Mayh c) la m t tdp con ¢a Al. C4c
mé hinhthud toan ML h & g °~ ¢ 8y d ng trong phan tich Big dathia lam 4
nhém: Supervisd_earning, Unsupervisetlearning, SemsupervisedLearning va
Reinforcement.earning[21].

2342K0 thuot L8nh gi 8, ki®©®m LNOnh kAt g

nanh gia va ach n cac mé hinlML la td trungl § n h  \@hi ‘8 kh[k i
ntnglod§mmé&hinhC§c ph€hng ph&8pgn:8&§nh gi § m?

ayPh__ ngmag ht8qpon nht m &trixn (Confusion M

Trong L - : Blng 2.11: Ma trdh niEFm B
a: TP (true positve} MYy mang nh«a L p d ¢
phénl, pL Yarvgo | pd €h.n g
b:FN (falsenegative} m¥1 mang nh« | 0 Yes  No
phan | psaivao | p am. t h

t }] Yes a b

c:FP (false positive) m¥ mang nhan am kphan
| psaivao] pd €h.n g No c d

d:TN (true negativey m¥y mang nhg
phan|pLl Yarvgo | p am.

b)Ph. ng phgHoldou)i a L1t
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Phehng ph§p HOl d l Original set I
C h | a L, 1 | n X u n h | l Training set I Test set I
g \ Training set E Validation set Test set
t d p L , C | d p | B t Training,tuning,and
( tr ai n | n g set ) \' N Classification
. algorithms
(testing set]23]. Th, ¢ hi :I:{—'
I i'- n \ h L , C h 2 n h i gFinalperformanceevaluation
M = trun b3 nh

(M) g Hinh26:Ph€hng ph§8p
xac.
c)Ph_. _ng ph8p Cros n
P h€hn g Crpshk\gafdation la k:
thud phan chiado d lfu b &wn m
thanh k & d Ii' u con cé cung kic ' »
t heTd mivong H s d ng & |

H " E - - l
cond li uhubh luy n (training sety’W |
huth luy n mé hinh va mt tdp con d H o
i'u did WL &nh gi §Giar
r k trigi@=10{23]. e =g, e

Hinh27.Ph€hng ph8p C

24.K: thudt m8ywhnAld4ng, h KTT™VW®™ d. b§o

241.Cacfh . _ ng lphu§gruv v~ tvEinMx okTTW n g v
2411Ph_ _ng ph8p I _u truv v™ t2ch hip

~

ayM* h3nh xo |T duv |iMu ph®©n t&n MapR:

MapReduce la nt mo hinh/gifithudIdp t r 3 nh, Siluguyiznbh d Y%2n g

LQvQX Iy d li ul nBig data Mé hinhc h[n § m cac thao tapi6]:
- Split: Phan chia dli’ u L'fu vao;
- Map: Phan chia_ dli’ u cho nh{u may tinh cing trc hi n;

- Shuffle: Gom nhém d i u fl ra ¢a quéa trinh Maptth tigh Qleho
Reduce;

- Reduce: Tngh pk}aqud Iiu.
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MapRednohbe ntHwa ddfhg cac &p <key, value> <khéa, gia
tr>.D liu ‘lcenth ngh ¢t ndylind bét d h h nngaj§licu gban h
hai chiQu truyQ th ng (quan h cha- con hay con’g la khéa chink khéa ph).

Split Map Shuffle Reduce

Input split

Input split

Input split

Reducer H Output ‘
\ Reducer }——" Output l

Input

Input split

Input split

Hinh28:M* h3nh t ng qus8t c_a Mapr ec
by Nnd ng | op tr3nh Hadoop

¢
[
.

Hadoopl ©~ m, t nQn tIFfng ngu n m , Vvil/Jt b
th ¢ thi c8c . ng d, ng t2nh to8n phon t
| > h” th ng m8y t2nh L«[48]€ ¢ triWn khai

KiJJn tr¥c c¢c, a:Mddd Hapoolpuctlaurst er bao
ch bln | ° kil/Jn trt¥ac nMa ptRdepd utcren nvg'h €n : t §n
- KiJh tric MapReducer gn hai pfn: TaskTracker tr ¢ ti/p th ¢ thi cac tac
v, X lyd Ii" u, JobTracker qun ly va phan chia céng\d cho cac TaskTracker.
- H th'ng HDFS gm hai pl§n: DataNode- n hi ctifpr | €©d li'turmi
DataNode chu trach nhm | ©un tphfn d li u ¢ a h th ng; NameNode-
quln ly cac DataNode h °Lhgcho cac yéufo truy xudid i u.

KiJJn tr%¥c ¢, a Hadoop-Sdlawst erv | "c [k ih/an
MapReduce v° HDFS LQu tu®©n theo kilJln tr
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Master Slave

TaskTracker

PR T— _—— TaskTracker
obTracker ;

TaskTracker
MapReduce layer

HDFS layer

DataNode

DataNode
S

DataNode

Hinh29:C8c¢c th”"nh ph¥fn ¢, a Hadoop CI
c) So dAng HDFS L©® qudn IT | _u truv Big

HDFS (Hadoop Distributed File System):la m t h th ng td tin phantan,
L ‘& thi/t k/JLWehly trénh  th ng nhiQu maytinh L ‘& n" i mthgv, i nhau.HDFS
cokh'n £ mgtr t tchocac ngd ngx Iy d lii ul nBig datd49].

nH MVihic a HDFS

- L€u dtlfurdll nn HDF 8thif KL'W ‘©u nh ng i tin v i kich
the h"ng trtm megabytva,® Rgpeaytbglitve hay t e

- X lyliphfncng: HDFS Kkiphmgngthl i hhnhivéimo L
th ng may tinh. Mt h th" ng HDFS ¢6 tibao g m hang nghimay x ly, m i may
(node) mtp&Facad li u.

- D, li uchtbeche HDFS hét | nig t h eghi m Hfn elhe nhiQu Ifn. M, |
tptin <€l ‘& th, ghid iu v~ Qhoam tpan! Vic o nhd ghithémd i’ u
vao &b tin 1a khong th\th ¢ hi n trén HDFS.

- Di chuywi tinh toan thay vi di chiM d i u: Cacyéu du tinh toan ca_ng
d ng €L & th chintdnodechad Ii' ughnnhil HDFS cung B giao din cho
~ngdngtimkimvadichuyd ¢ h 2 flv trind- li" WgFn nhAl

- Chly trén nhu mh tfhg va thifb:  H D F Sthif kBLWH dang di chu
t nQ tfng nay sang@ tTng khac, thif b nay sang tdib k h § cQunayntb Qi i
ki nthuh § ichovic ngdng HDFS mt cach rng réi.

d X0y dxng ch. _ng tr3nh qudn |IT Big d:

nWxay d ng ¢ h€htnnp quln ly Big data, Hadoop xay d ng goi
org.apache.hadoop.ip tr cac kMid |i' uphuh pv i HadoopchoJavag m cé:

- Nullwritale:t ©h may, i kiwid li" uNull trongJava.

- Text:t ©€h mgy, i kiwWd li" u StringtrongJava.
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- BytesWritablet ‘©h mgy. i ki Byte trongJava.

- BooleanWritablet € h mgy., i ki BooleantrongJava.
- IntWritable:t € h mgy. i ki IntegertrongJava.

- LongWritable:t ‘©h mgyv. i ki LongtrongJava.

- FloatWritableit ©h mgy. i ki FloattrongJava.

- DoubleWritablet ©h mgy. i kiwd DoubletrongJava.

e)T2ch hiPBigdata | i Mu
-T2ch h p d. 1i " u: 1" qug§ tr3nh tr, n
d. |i u c¢c- sJ/un cho qu§ tr3nh khai phg§ d

-Y°u cfu vQ ttichmupBdWdeith. a v° mOu
i " u, giwp cli thi n ut;” c(ili,) qun& nt rb3[noh Kk
L'Jn hoUYt L, ng v~ c¢cblu tr¥%c d. |1i u hi ' n

- C8&c c¢ctng ¢, :t2ch h>p d. i wu
+ Centerprise Data Integratd®dng ¢ cho phép tich’p d I ut L ng[64].

+ Oracle Data Service Integrat®iQ tfng tich hp d i’ utoan dinbao gm
tHic[cacydufutichhpd lfu:t s 1 ™@glnhiusid cao, é

+ Talend Data Integration ™ ¢! ng c. kh8c cho ph®p t
2412Ph_ _ng ph8p xo/KAutdvit Au Mu mmt m§t
a) Khg§i vini MmMgduvdd n Iy rmmhtu y@dsing data)A u

D, li' u mBl mat/ thi/u: Trongth ng k&, thi/u d. li' u hotb thi/u giatr’ x[y
ra khi khéng caiatr d i unaol ‘& | *©chobtJrtrong mtquansatD, li' u
b thifplamts xudl hinph bi/hvacétieén h “me L Sy cadkh]
luch co th\ ‘& ratrat d i u[104].

Cacdhgd liubmiEimat/thipy sau L Oy:

- Thi JJu ngMARNhMIP®si ng at Random): L™ X
tr€eng b’ khuy/JJt khlng |i°n quan f/bJm?2r
m t v'i LHc treng khing b khuyJt kh8c.

- Thi JJu ho”" n t-o0MCAR (MigsiKguCompleiely at Random): La xu
h€ ng b’ khuy/]t c¢c.a m t LHc tr€eng |~ he
n"o gi_._a LHc tr€eng b’ k hcu8yc/] tr “vn gi bcu§ cc gti
treng kh§8c.
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http://www.astera.com/centerprise
http://www.oracle.com/technetwork/middleware/data-service-integrator/overview/index.html
https://www.talend.com/products/data-integration/
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Statistics&usg=ALkJrhi-DynPQ8oMtQohbUqFJIIweDKEDA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Value_(mathematics)&usg=ALkJrhijCpnsKfmGI06iOWJ9km6cvTSFsA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Value_(mathematics)&usg=ALkJrhijCpnsKfmGI06iOWJ9km6cvTSFsA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Variable_(mathematics)&usg=ALkJrhgUT9y5KHXOfN9PRrinwuLflUa3Ig
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Unit_of_observation&usg=ALkJrhiycJh5kcmL_-YWvJLD5t8BVLZAeg#Data_point

- Thi Ju kh*ngMNdRuUu (MheEShng not at Rand
Li Wm d. |i u b" khuy/Jt ph, thu,c v o ¢
treng khsgc.

b)Ph. ng ph8p xo KRRAutddvit Au Mu mmt mgt /
C&8c phetermhg Whhy8ipli ub thiug m[104]:

- Ph€ehng pth:Qpdias g porvdoviricad li ub thiu

- Ph€ehng phtpn :x -Pah@&hng p Wsipcglmd Nuchu an

s/b cho mttd d i u khéng c6 gia trb thi/u bao gm: X6a theodanhsach/ x6a
theo dongva xda theo Ep.

- Ph€ehng  imly&p sug song tufh):lamt phehng ph8&p >
c8§awhd i umitrongpimvicamttdbhprirke c8ded ILa LR b

- Ph€hng phsgpy plB&thud todnch YhoéalkBv ng;Ph€hng
phap tip ach phan bit “iK ; Ph ©h n g nhehttdgt ng pHn.

- Cack thudda tr °n mingshd md th, cuhg@p cac cong.c
b s unWkiWwtitacaickMd liubthip ( MCAR, MAR, WOMN#R) v
cactham'st r o Quoki nidi li u b thisp.

2413Ph_ _ng ph&p xo I T duvu IiMu khtng cl
a)Kh 8i ni Mm gd uw hlaicMuw hkamn? n

D, |i' u khéng clab chdalad |i' u c6 chanhi u khijnn - Ldh khci bac
gia tr chinh xac, d 'nh. Trong thi Y E ad 1" ul n, tinh khéng cho chh hab
tinh xacthcgad li ulamttrongnhn g LVihi x Snbgdd liu. D liu
lién t c phat tid vVQkh'i " hges L athgl fc & 7 khéng chb chhh. Cac
dthg d 1i' u khong clab chda g° m: Tinh khong ceb chda thu ctinlin, k h t g L
blo Lo t €8 nkgbngclbacih tuple[105].

b)Ph. ng phg&p xo I T duvu |IiMu khtng cha

H th ng logic m lo4 2 c6 thagun Iy d |i" u bEl "niti trong d béo thi tif].
Nhenghngnaydb nh “mg®id liunhjuvad lifudt h ®.n Q
kh- kbBEWK lymt “hg®€nd liudnh th ngtinhtoAnhiu ntng ca
va th i gianth chinl n.

Fuzzy GMean clustering la it trong cac k thud khai thac d li' u  ‘lc €
dngviType-2 fuzzy | SMhatbing ¥ st € mgkanhomdli u
mong min WE[i thi n | Bhinh xac véhi u qu. D ochlihg ta c6 X d ng
ph€ehng pahgaach b d n g b FGinzeanyclustering va Type fuzzy
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https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Listwise_deletion&usg=ALkJrhjjy9P0Atq5rWgc0oX65ZJZkI1LAA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Expectation-maximization_algorithm&usg=ALkJrhiZXVahbHP_hppEUBbnMxU8vfYchA
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Partial_identification&usg=ALkJrhhalkYhJQPQdfCHsFsCHj1zIK71Vg
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Measurement_error&usg=ALkJrhhJpz8mj--wI9UPLwwon0boCDedXQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=vi&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Big_data&usg=ALkJrhidjbZY0-fbtw1ZSdEFRMnMHF9vgA

| ogi c SWksdphymohnly kh- KBS Rhe®hyg phnggd n "y
b&IW £t ng t 2 nhadIhabiih ntxw®Edethi e hi uqu (hinh 2.D):

- B €c 1:Nhch dthg céc thif b (c[m bih, v tinh, vw) thu d li' u thé.

- Bc 2: Lam ¢kth cac d i u, D 123 knong 16 rang
. . , .5 v, e a i & (thiéu gia tri, khdng nhat
tiQv x ly d li u(giatr khuys, d khiong ddeg kit quén, nhidu,...)

i uvatihg nkhdng phu'hp). '

- B€c 3: Ap d ng thud toén C- Lam sach dir liéu « Tién xur ly dir liéu
meanClustering phat hind 1" u d ‘

t hreg WLt n, gehirh xac d bao Phan tich di liéu i el Tl Tl

<A . (di lidu thasi tiet) ) :
vanangcaohi ntng. (C-Mean Clustering)

H - . h 4
- B€c4:S dng h thng logic | ogiieudauragiswirs |, [ 4 dumg phuang phip ds

» |rang (Canh bao thi tiét)/* (T"yi']z‘“:u“gy"}ggc)

a

m lod amdth S Ii' u va co
L ‘& quy} L'nh chinh xac va c

L’ te: trtnl’i:ﬂchod béo H\lnh210 M1 h 3 n h X . | T
K1 aut ' khtng chdc ch

2414Ph_ _ng ph8&8p ph8t hi Mn(wgouioc Il &i duv
a) Kh§i ni Mm vddJd gMai nglt Mul aZz

Theo Charu C. Aggarwal, \Wh ngd lai 1a L \wh d li' u khac bit L' 8\sog Kk
v.iphfnconH ¢ atdhd i u[52]. Cac giatrngd lailacacmid li' u Hibit,
cach xa khi phfn | nd i u khac trongdp d 1i' u. C6 i nhiQi nguyén nhan ¢h
quan va khach quarXd tis xuHlhinga ¢ $ ngdilai trongth d i u
nheclinhdd lifu do Ccimgayrapcgci I'@gdothitb,dngc
By M@, thi nghim g ©y [53]. Cac gia trngdd | ‘arig chtah @y nh ng
théng tin hu ichwQnh n gHo LVih bEit h g ¢ah th ngvathcth\Wn h * g€
tiquatrinhsinhdliuMts ph€hng ph@pc B i U rgdd lai
g m[52]: Phan tich gid'tc ¢ tf (Extreme Value AnalysjsCac mé hinh xac &iiva
th' ng ké (Probaitistic and Statistical Models)Cac mdé hinh tufh tinh (Linear
Models);Cac moé hinh da trén lan eh (Proximity-based Models)Cac moé hinh da
trén ly thuy} thong tin(Information Theoretic Models).

b)) Ph&8t hi Mn ngovui | ai -8S8bhordvuv(hi MuMmht

ni Wm ti°u -8$harXem dhmy 1Za m t th" nh phf
binhlaba nhi °u L 6 -Slccoch «hwXrb.bltZ k'8o mlL € d itwW
theo c¥58]g t h.  c
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a — (2.4.1)

Trong L-: x |~ gi8 t+Scocea ki Wm d.i 8§l
c.,a tdp d. i u; @ d NWOu ¢. €chOchbWnht. i
L nh, thhn tgiuBug zb3>nt0; trh W hli- nl _ Lni Winhnd_g i
binh;nju z = 0 thW hi n LiWmd, |i u L- b3

Sau khi tinh toan Zcore c¢cho t_. ng LiWm trong
(threshold) s€& L€Wm tnHiy/Jtsol &p iLWil§ a rc §
|l i  u theb eh@®Xnphhti€h2xlh  chaV, tihddahwge-26g 2. !
<ZScore < +2.5) ¢c- 99% LiWm d_ hlichwXm3

Vi nge -B.g<ZScobe<@3.0)c6998% Li Wm d_. gl ph¥dmn®i
3.0 | Fn L. i obecHgxBEScaev<(+5.0) cd 99.9999426%
LiWm d. i u n3m trong phYm vi 5.0 | fn
~
\
\
013 13,596 34 13% 34.13% |359X\;]=§" 0 13%
e
Hinh21L T |~ Litwmead né¢@ome X, i phon ph’ i
c) Ph&8t hi Mn ngoui | ai cho glot | i Mu mit
Bi Wu Epl oBoxt€ ¢ s d,ng LW Lo khuynh
gi 8 tr° ngoYi | ai eplaott cephida tldip ud.. HiiWi
phfn t€, phfn tho©n c¢c_,a biWu LY bao g m
tdp dhaod igf@Enhpohtel, a tdp d. | i nuQils c x ¢

IQR; (i) T. ph©n v th,  nh®)XT ( MO va ttdp dhe
| © gi & tr  trung V{v)T{. Megh@m)v c_tah_ t dlpa df

| i;(vuGi 8 tr° | . n nhblt (Maximum) <c_a.tdp
N/Ju tdp d. li " u ¢c- ch_a c&8c gi § tr’ ngoa
cUYnh h, p s€ L€ ¢ x8c L n-hntefyratilegRarge).Bcacl f n
Liwm | i u n3um ngo” i rou Mini mum L€ ¢ x
outlier).
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Cg8§c LiWwWm d. | i’

Interquartile Range

Maxi mum L€ ¢ Xer oume e uters
ngoUi lai phri L F |

LiWm d. |i u ng gy ar Meden g3 ok
hi' n b=yng dblu ucH

Box-plot (hirh 2.12 [54]. S R

Hinh212H3 nh d4ng v~ ¢
i u thW hi idipldatr °

dPh. ngoph§pdw | i Mu ngoui | ai
cCg&c LiWm d. |li u ngo4i Il ai c¢c- [nh he
h3nh, vi ¢ x’ | T sao cho ph% W povyvi it d

ph§t [5%.iC° n2 nh- m pthWhxng Iplh &pg~  Im:" u ngoYi

- LoY b khitd d li u: Sau khi phat hn ¢ 8 ngdi ilai tath c hi n x6a
c § cwh tiay khitdb d i u.

- Thay th]b?ag mt gia tr khac: Thay tljgiatr ¢ a ¢ e ngdtilai bng
m t gia tr khac phuhp v itd d Ii u[56].

2415Ph_ _ng ph8p chuxn h-a dv | i Mu
a) Kh 8§ ni Mm chuxn h-a dvuv | i Mu

Churhéad li ula quy trinh x Iy d 1" u chuyt "~ ilchl tric ¢ca cac ¢ d
li" u khac nhau thankinh dhg d lii uchungLamtphfnga ‘tngcBu b d,
i u, hur hda d li' u QEdp Jpvi c chuyd it d liusaukhidliu ‘lce
Iyt h thngngin v ' c tkha cHivaolh<@ ng LTronghqua trinh
thu thdp, phantichdli' u, { @g gb tad€uan sat ma gid'tg, a n6 K khac bit
sovigatr ca c8c quan gsi$tcacksh §tnp @Ay @gbl lai -
Out !l ierphlithDPbinWicchvhéadliu baun L cchiped
i'u ‘trhge ¢yéu du tcrkiBth ¢ hi n cac hud toan trong ray h ¢, niRn
gitp thud toan hiu qu h h[a06].

by C&8c b_ac chuxn h-a douv | i Mu
C§ c, cleh@q hdad li ug m:
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Bac l:Lam dthd liu WoY b . .
nhij u, hi u chnh nhng pFn d i u :
khong ni quan.

Boac 2: Tich hp d liu (data -
integration): trn d i u (merge data
t nhiQ ngln khac nhau vao n
khod Ii u;

Boac 3: Bi/n “ild liu (data
transformation) hay cha hoa d i’ u
(data normalization)s7].

Hinh213Ph©n c¢_ m d I

c)C8c ph_. _ng ph&p Muhux n h-a dv
C8§c ph€ehng ph&8p chuXn h-a d. |i u tro

- Trungtdm héadli u:l = ph<€hng pW&pli Wtrem thod§licu L |
vQxoay quanh gia ti0 thay vi xoay quanh gié trung binh caidp d Ii u.

- Cogiandliulamt phehrcphginvica ckc tlt €ng d
i"'u v ¥cthlc@introng sutquatrinh @ x lyd i u.

- Chufr héa miamax | © p h €hn g [mpnhEfrpng v &ao gigniphm vi
ca HL t r <@g\ c do gidn chang @ phtm vi [0,1] hab [-1,1]. Coéng thc
chung[57]ln h€ s au:

o — 2.42)

- Co giantrung binhlaph€hng ph8p co gi «n xoay (qU
nantrong khqng [0 . 5, 0°.cBHo biwdng th &

o — (2.4.3)

- Chu{r hoa tiéu ch¥: La th ¢ hi n chinh quy héa_dli’ u gitp cho gia trg a
mi L tr€ng c-wdgrung bfRm@hitbg BhAELhbgsphs§p
d. ng r ng rai trong vic chif héa d |i' u ¢ a nhiu thud toan hc may (SVM
logistic regression va ANNs$heo cong thc sau:

A (2.4.4)
- Vect h L:H& oo gidn cac thanh ph g acacvéct hro Lt r €mg ikl © b
saochovét hrb L't r €n g /ps’alu ¢ lddi iBng btheo:
o — (2.45)
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- M« hikba tlr “BnrmpémdBi/h “ilmt L t r Worpomdhanh nt
hotonhiu I t rYssgM ds ph€hng ph &p tmrd@yhgoragphl
bi/nhin n a ymamda® ma hoa onenotvama héa nibhan

Blhg2.12. Ma hoa one hot B[ng2.13: M& hoa nhphan
Mau sdo n, |vang|Xanh| | categoi Binary encode
n, B LM | 1 0 0 cal feature{ —| = | x | x2 | X3 | X4
trer
vang nhém | 0 | 1 0 Cam [~ " 1]1]0|0]O
Xanh 0| O 1 T& |~ "/ 2|0]1]|0]|0O
Xoai |~ " 3|0|0]|1]0
Mit > 4]0]0|0]|1
2416Ph_ _ng ph8p trxc quan h-a dv | i Mu

Khai ni m r ¢ quan hogData Visualization)La vic mé € d li umt cac

L h n[n ot ddéhg cac hininhtr ¢ q u a fng,rod€ LD th, ...[48].
ayC8c ph_ _ng ph8p LO® trxc quan h-a dv
- BiW LeglLine photdsehnsgWiMdind Ii' ucétinh

liéent c.

- BiW " thanhBar c hagrstd ntg¢h@W dins | @g t €hng L
cho céac categories.

a)

b)

ap

Hinh214Tr ¢ quan h-a b=ng bi Wu L L

- BiW * histogramHi st ogr a'm gP lde@d ntghVBW din s
phanb camtmxd Ii u.

- BW " BpBox Plmg  ~ ds®da@ gWblW di n tom tbs phan b
cacacmud i u.
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- BIWL phantanScat t er n @ [ dsed rt g\WwBIW dj n tom tbs
phanb camthotbnhiuecmmdud lfu. Cuha liluilas klhpga?
LIt r t©0xgy.

b)yC&8c c¢c'ng c¢cA hé€ tri1 trxc quan h-a duv

C§c trhedngy Library/Tooltrongrgt n ng. | dfh tf rtnh P
quan hoa dli u trong cdng nghMachine Learning/Deep Learnimg thw

- Numpy/ Sci ptphtoashhe vcim b
- Matpl ot in bdwwad @&, ki "L &
Jupyter Notebook: Web editor, cdMh a th c thi v a confirm K} qui.

- Pandas nxt i ey data nhanh chéng.
Scikit-L e a r n : n chuqr@anivadho Machine Learninga Python.

- Gensi mnxt lkM@énNng t nhién chuyén bt vQtopic model.

- Tensor Fl ow: € o ghantad b i Googe rdsinh the Deep
Learning.

2417Ph_ _ng ph8/p Bir&@us hd idkvi n

a) Kh8i vni Mmc t?2 ah/ di&a@u diiKvu

Trinh din/biWdind liulavicl achncac&ltricd Ii upha hp W
| €u dtlituln Viclachncac&itracd lif uphthph tr vi cqunly,
| €u vatxrly thong tin hiu qu”. BMidind liuftl achn ‘lc€ ph<€hng pt
h cmayhiugqu[59]. M, ¢ L 2abiidend liiug m:

- BiwWdind liu gi %p pho®d i cfiivas bao gnisnphan
b d liu,Htihhvast ‘©dquan ca cac feature, tc quan cac dli ub nhj u,
khuyg thi/p é  Nilg s hiW b/l nay gilp ich 6l |, n trong qud trinh la ch n va
traning mo hinh.

- BiWdin/trinhdind liuh tr viclachnmtthud t o8&n, ph-
phap hc may hiugqu: h tr victi <©u h- -"aqgldnohny tl et ng t
truytimd Fulnh tr vicgqun 1T vd lilu€u tr

b) C8c ph_ _torg npohwedpl K#Mu trong Machine Le
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Trinh di n Trie: Trie la mt chl tric
d liu dAMgn ltm ttd K p cac
xau. Trie cho phép: Thém nb xau, Xoa
m t xau khitd h p va k\h tra xau c6
t'n td trong b h p hay khong.Trie
g m m tg c khéng cha théng tin, trér
micthh | @ky tmmi nat va
L g Lgc B n Y%tWhin-1
xau, gm cac ky t 1a cac ky t thu c
chh trrhogn i€ L - . Hinh215Tr 3 nh di . n

Succinct Trie: ¢6 dblu t r Yac
Tries ni Qu kh&§gd liuitrént
SuccinctTries lacac dliu n ®Q
nay cho phép va hiu gqu trongvi c AA A" ALAR A
truy tim théng tin, ma.vanénd Ii’ u. 7V T\ SV 68 |\  V
. 1111 1011 1110 1101 1001 0000 0011 0000 1111 0010 1111

. 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
) 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

{
{ b

M f
[\

Hinh216: Tr 3 nh di_ n S

Dynamic Tree biW din m t chl trlc L4

d liutru " hg&ay yi cac nit che /7\\

v - con n h e p ar e 1. "4 |/\'I 34 1.3 44
\ /

Ei(j(j()(’ (;); ////;j NI\\\\ / \ //\\ ////;4 ‘i\\\\

12 34 L3 e TP WP A3 4d P 223 1 33

/N J

3344 Y 33 e bk

Hinh217.Tr 3 nh di_  n D\

242.Cacph. _ng tph&mh r %t c¢c8c Ll1c tKTTvg dvu
2421Ph__ ng ph8pr"gisiXmd bc HinAw
a)Khsgi ind Mmoki did mdoaXI|Ili Mung

Gi[m chiQi d Ii" ula qua trinh gim S | “@g cac bih ng&u nhiénhotb cac
thu c tinh ng4 nhién Thu nh hay gimchiQud liulamt o &an trng khi
th c thi cac thdt toan khai pha. dli uvahcmay.M ts ph€hng [mE&§p g
chiQi thu c tinh ¢a d 1Ii' u g m: Principal Component Analysis (PCAPrincipal
Component Regression (PCHPartial Least Squares Regression (PLSR)mmon
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Mapping Multidimensional Scaling (MDS)Projection PursujtLinear Discriminant
Analysis (LDA), Mixture Discriminant Analysis (MDA) Quadratic Discriminant
Analysis (QDA) Flexible Discriminant Analysis (FDAB4].

Gilms | “@gd li u:lathayth]l “@gd liu bfubibiWd nd Iiu
minh hhn. C8c pdieBnd gdgd Hi&paco tham s horb khong

thams.V.iph_ _ " hgal

i u,

'fu. Ph

sao
ng

ng

ph&pmt - - mt hbhdsndsn gWEc
c hrg céc thamisg ad K€ ‘lc€ | €thaytvird Ii u ban
phg§p X h€ungifinrtab Bidirdi rs¢ a d i’ u g m biu

LQ phé&n &m, My m u, vak& hi p khXi du liMu.

ph©n t2ch kh8c bi Mt tuy.

b)) Ph. ng phs§gp

Phan tich khac bi tuy/n tinh LDA) lAmt ph<€hn §mcphi@ 8 di ug |
cho bai toan phan¥ov ~ c 1 nWt &coildmt phehng . mphv8p
cl ng W& apdn g ngthichod hai, tcglmchiQd li' usao cho vic
phan | p hi u qu nhii[66]. V. i LDA,d li uthuchai] p, ° cthi@ th blag mau
L v L eachiplérmt ° Bg8hng. M c tiéu ¢ a ta 1a mt phép chili trong
L - lidu °‘lLc€hipt hail p khérg trang nhau i m ¢ c6 thVnén rd rang phép
chi/u* bén pljilathich hp  h(hinh 2.18,

p h

Hinh218 Ph®p <chi JJu trong ph€ehng phS8g
C8§c. clg®LDAg m: () Tinhveet h t r u nag ) o @)Timhn@ tch
phan tan ca 2 ] p; (iii) C ng 2 ma teh phan tan thanh madr phan tan Ip Y va
tinh nghc h[o.INhch ‘lc@éct 1 b3ag vi c th c hin nhan ma th Y &
; (iv) Tinh gia tr chi/pu &
c) Ph_ phgp
| i WIrav
KO thuot e\ th@ Th ¢ hi n g[m chiQu khéng gian va th gian cho bai toan d
Log8n c&athglii/§. t €&8¢a bgech€hngcecrprinBap  MskRe

a L w.

ng b DM (Diffu@iongMaps chb g iAdnm c hi Zu
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Dir liéu ban dau Do thi dif liéu | Budc ngau nhién _|Khoang cach phd bién
(Initial data) (Graph) g (Random walk) "| (Diffusion Distance)

Y

Phan cum dir liéu |_ Ban do phd bién | Ly thuyét phé
(Clustering) B (Diffusion Maps-DM) |~ (Spectral Theory)

Hinh2.19C8c b€ ¢ ¢, a ph€ehng ph8p s d. ng
Becl:Dngmt tliénkfcaciacmu trong kh!ngE@omgakt
th S = {x1, x2, é, xn}

B€c 2: Ap d ng k thud : . ctng® nhién (random walk), tinh kiing cach
ph bi/h (diffusion distance), va cac tHutoan khai pha dli' u Wehan¢cmd i u.

Bec3:Apdngp h€hn g [np hpd mi/jb(DM) cho quéa trinh nén khdng
gian va thi gian.

Bag cach ap.chg DM trén &b d lfu, p h €©hbM che ki up khlr
quan frng vi ¢ d toan thong tin thi ti/}. K/} qul th ¢ nghim cho thy v i bai
to&8n n®n khlng gi/pgoltt p h@htodg phanhod kmeans o k
khi s d ng khdng cach Euclidean; va bai toan nén th gi an, ph€ehng
kKtgqutt hhn PCA.

dPh.  ngpgphm chiZubld®cph®mu t2ch dv i M

K: thud ¢ thWg'm b ac:B & 1: ac, 1hgsXthanh phn: cacnghién
cuchraragkhéngcémt ph€hnig € §® h» Glocacthanh dgin.
Trong rang buc ¢ a s L, ¢ Id vQth i gian va cac bh ng@ nhién ca d i’ u theo
th i gian (timeseries data), sphan b ¢ a cac bih L ‘&  x ‘&ilt bl cach 's
d. ngcong ¢ t Random Matrix Theory (RMT)Tuy nhién,RMT kho ap ¢dng trong
p h€©hngn 'pyh §bh ot rldnugT H- -, c F¢QxuHEScd ngg ph€hng
phap ca Dray.B oc 2 KiWwh tra k/th p m i gia tf riéng sinh ratb & Wil
quy/} bai toan phan phr, ng (null distribution) B _ac 3: Thu vQcac thanh pfn sau
gua trinh phan tich sau khi cjuhoda, Bag cach s d, ng Varimax. Thudt toan nay
L& s d ngr ngréitrong cn g nd cac nha khoa Ktphan tich d i u th i tiJ],
khi hdu Wthu vQcéc thanh pfn “Lc€ch chuyM. KJJ qul th ¢ nghim trén b d,
li' u NCEP/NCAR cho tBy cac thanh pfn  lc€inhratp h€hn g Quii&p L
thWbao ph nhiQi ch]l th iti/fsovi c8c ph€hng ph&p kh§gc.

e)Ph__ngh®ih8puy tr°n c&c pht n douv | i Mu
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ApdngclobaitoAndmchiud liu "n® me€a t he onh$dhgg ng
Missouri(c, a Allisonva cngs). Cactac dich rarfagtrongkhid L o 8§ nt nhi
ng Y ‘L qu kh[quan,d L o § nng @m€a t bhecon Bh gjvit v
kh6 co thefithi nchidl “ hg@amoé hinhT L -, ¢ §EQxuHS cp y€hng p|
d Log8n digd FalntD liutimivtr2c Lle€a v o c8&§c mt?
gianth igiantruyhthn g, s aagifths chi@8 ivi cgims bi/htdm i
v tri s d ngcéac ¢iti/h ¢ a Slided Inverse Regressionvalb8 nh gi 8§ Nad:
Watson (NadaraysVatson estimator). § qul th c nghimchotisf ph€hng plt
cOthM ‘& ap dngtrén mttd d lfuln. chinhxacca m! hédih L€
thinchod Lo&8hng @n€a ng vy

2422Ph_ _ng ph8p ph©n c¢cAm dvuv [ i Mu
agKhg8i ho©Mmc pm dv | i Mu

La qua trinh nhom nitdp ¢ '§ ¢’ ng®@ao nh@ nhém héb ¢ m (clusters)
sao chio mg@egdingmcm t €hmlgau, nhHienmgecgc L
¢. m khac nhau thi cd skhac nhau. S khoéng ging nhauva s gi' ng nhaul’ ‘&
L § n h  atré§cadgiatthu ctinhmdéfc §¢i h vingt HE€ Lo§c I
kholng cach. Phan en la cong ¢ phantichd i u ‘lc€® d ng trong nhQu_ ng
dng nh€c 5o mdhthohg minh doanh nghp, hotb tim kifm [35].
byC8c ph_ _ng ph8p ph®©n c¢cAm dv | i Mu
Mtsc&c nh-m ph<ehmglc@imgphbifpteon ¢
- Ph€hng ph &plap khoaphab pmc § ¢i  Thg@®3ao & cac nhém
d li u.
- C8¢c ph<€ehng . mph&mpnhdmtiCmic: la't ch ¢ phangcmd i u
theo cac nhém cé clungictric.
- C8c ph<€hnagtrérpnt § plLad ch c phan em d a trén mat | d
iu. noy | " plhgfMnBjgdatd §p- hkh[ nun[@7.x 1T |
- C8c ph<€ehna tprhicgmt the& phancmda t r ifdnlii . €
c) So s8nh c¢c8c ph_. _ ng ph8p ph®©n c¢cAm duv
Céc thut toan phan.cm cé s phu h p riéng cho_tng bai toan va kM d ' u.
Khong cé mt thud toan nad”. § m gfy L. BhocéacloY bai toan.So sanh gia cac
thud toantd B[ng 2.14.

Blng2.14: So sanh gia cac thdt toan phanond i u

Thudt n, ph.c tUp Khl[ ntngv.l
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d. [ i u c
k-means O(Nkd)( t h" i; O(W+k)gkhong gian) Khong
k-medoids | N h ¥means Khoéng
DENCLUE |O(NlogN)(t h® i gi an) Cé
STING ON)(th™ i gian) Co
Tuy/n t2nh v, i s’ [ ~s
CLIQUE (quadratic) v _lii su || €0

Nh &y, eo6 thmthby  phcthvakint ng_ ngpandithud toan la
khac nhayutu8thu ¢ QI Ki n va bai toan_cthw

| T
T -
— =) A
- IBRIIPEsN .=
¢ , s - k
& hifu clinh q
e, NP e N
-
7 :":: el chmer
gt ®
® 4 smu © ) smw
K=2 Ll -
Cion nglu oisén K ddm Ilr . ‘ I+
vio Kcheter TA‘_< 1 x Hitn sk T
AT oy L
tim cia
7 y e cheter
1
@ ©
N - H
Hinh2200 Thudt t o8n phn@ansc, m d. I u

2423Ph_ _ng ph8p ph©nghetehg dbcl i Mu
agKhg8i h®©Mmhywng Llc tr_ng dvuv | i Mu

Phan khgltb tr€ng (S R®gbHIi Helhtr€enghgbpgan t
cich¥phthg c8c t 2 nlt  njwanigng ¢ dahing trang mo hiniM, ¢

L2 ¢ bxjchthg/ phan Bh gl t ( €r@t ur e RWDokrdgmx), LI 7 L
liénquancacachih KL t r/b/p L 2 Whimraltacbh KL t r €dg c -
ntng i ©nEl[60p Phan kh gl t r €ndiuKTdc d T Hghoa

bi t quan frng trong quy} ‘ntichnranhn gkl t r ©rWsay d iigand hinh
d b8§o nh& o db«o, QCE&a hhagphag khpgHElpt g @n g
b) Ph  m@plp-XAp hu ng dg&A (RankiLn@mbased
Ph€hng ofghanthg cE8ct L€ng c Qg tdchxem xgtu a n
cac thuctinhvncécad li' u. Trong fu W} ¢ § iy hip,rc&eh tp och nay
apdngmt phehnongp WEP it b L q ung ga ny irthu ¢ tinh.Cac
thuc t2 miWwphhey t MeDv LidcBn W hotb xéa khib d
i'uMts ph€hng chdogmkith tra b3nh, lpbhhehpai chit,
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tnvah st €ehngnlm@an(i ) Lap!| asguaradiChBtoh eph €hmn
(iif) Fisher Score (FSCORE)

c)C8c ph_ _ng ph8p L-ng g- i (Wrapper M

C8c ph€ehng ph8&8p L-ng g-i th, c chblt th
(risk minimizatsi 8hy,}tr Do §ttdp h@hng{ phsgp
t®m c8ch t2nh xblp x° S

dC8c ph_ _ng ph8p nh¥%ng (Embedded Metl

Ph€hng ph §pchmththanhg vi & €1 quy/} bai toan timlHo  t r ©n g
t"i thiw (min-featurd. Bai toan nay c6 W’ ‘& phat bid  _d &8hg m t bai toan ti
€u Juma co tkbp X |, i trung binh trértoankhéng gian (expected ris|®, v i |, i
trung binh tréndp d 1li" u hush luy n (empirical risk).

2424Ph_  _ng ph8p I xa chXZn L1Tc tr_ng ch
ayC8c khsgi ni Mm vzZ Llc tr_ng v~ | xa cl

nHb tr€ng (ddbapoactctinh( at t ri bngtbiddn, t h:
nh<€  kvectomKlh pvim tvid . Trong bai toan phat’h phan |lp [nh khi
t “@g, mts c §¢b Lt r unmggib,tc  thie ngl @ €aa).

nnh ngacianthi,ctinhlFb t r € g L & chn thy ctinhlHo
t r @nngt qua trinh tim ra nt tdp con cac thuc tinh't M td thu c tinh ¢ a td
d liu bdgwm Trith chn K t r ©n gqud tiinhgifm chiu d li'u
(dimentionality reduction process),l. - ¢ § ct hgti Sfua rc@lm chiu W
tbh th  ndd c8&8€ndg c h dytrong i ¥ pFnmhh nx cach chinh
xacd li'u b Bufi7o].L
M. c L2alhactn Hi t r €lng Trahg h c may, nlah dchg mxu, va
X lymh, trchr ey (f e adhracée gidetnifdaturasy flomto n) t
tdpd li'u b fursaotho caclkb t r irdign chbid li u LWs d ng cho qua
trinh h ¢ mayva t ng quat hoa (generalization).

by C8c ph_. ng ph8p I xa chZn Llc tr_ng ¢

VQc h[n i c trich rt cac thue  t #bn ht d*@inugao gm hai pin: (i)
Xay d ng cac thuc tinh;(ii)L. achncacthuc t #on ht ri€ng .

L achncacthuc t #on ht rl&timgranhngthyc t Udim It hio L
t “@g, I b nh ng thu c tinh th a va gay nhiu nfRAn  t £ rugwH § & cac thdt
toan khai pha_dli' u. L, a ch n thy c tinh c6 tMti/h harh theo hai cacfr1]:
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- Cachl: XJp oY céac thuc tinh theo mttiéuchdqy n ~ o brakthuc |
t2fh tti °n, do  B- v<¢ dnglWwgh@thy ctini d

- Cach2Ch nratp connh nhdimakhonglamdgm Li qué&, tdé nh.
v.icachnaytl, ng Xrfhé | ‘i@gthuctinh,

Ph€hn g, achn8hu ctinhlas f ngh p ¢ abathanh gn: Chirh "k €
timkiym, L §mchil ghg@uc t 2 nb ~ig® a€hn thyc tinhva mod
hinhl a ch nthu c tinh

(). Chi/n “lc@mki/m:L achnthuctinhcottm>& xem nhe€e |~
vbh  Qtim ki/m, t r 0,1 g, bkli®ng khéng gian tim Gn  x §nch ‘LEnet
tdp con thuc tinh lién quan.

(i). h,cl gl achnl athu ctinh: Vic . hg®achnl athuc
tinhti &m2nhimy:Mtla,so s §nh Bhati r c®a sauikhi lachn
thu c tinh;Hai la, ® sanh hai thd toan | a ch n thy c tinh[72].

(ii). Cac Io4 mod hinh |, a ch n thu, ¢ tinh: VQc h[nkb602p h€hng ph§
mo hinhl, a ch n thu c tinh theo hai cach/f och khac nhau la Filter va Wrapper
M6 hinh Filter L achnthycticht he o ph€©hn gqgkhdinggp clSoc hl & -
| “«@g théng tinM6 hinh WrapperL ach n thu ¢ tinhb3ag cachs d n g, chinh
xaccab phanlp nhte toh @ @quidab phan]p (hinh 2.21)

Di ligu Thudt toan

| Tim kiém cac thuje tinh | ) _ phan lap
Dhie lidu
hudn luyén Tép thude tinh

| (Kiém chimg)

Prénh gid cdc

Tip thuje
tinh

s chon két qua

Béanh g cae thuge tinh |

Tap thujc tink

lya chon
| Thuit toan phan lép 48 xuat \ 4
Thuit toan
Dir liéu phin 1ép
kiém tra ).
(Dy doén)

| panhgis |
kétqua |

Céc gia

thuyét

Hinh221: M! h3nh | a ch n thu, c t2nh |
M h3nh Wrapper g m 2 giai LoUn:

- Gi akhllLaachntdpconthuctinnttnhdida t r °n  thinAu ch
xac (cab d i utd hush).
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- Gi aFh2lHoc v~ L &8nh Lgdarn§gandestmg),mhb phan
| ps£h ccactrithct d Iii utd hush thdng qua mt tdp cac thuc tinh t t nhb
Le&chnla, vékiwit@Mbagmth d Iii utest(hinh 2.23)

TIp d
trumg
dugc chon

Trich ru 2% ai é O
rich rat J| Gi3m d3c trung H\n an luyén mo
dac trung hinh

o1 Trich rit d3jc trung Md
. o ligu B
Tap ddc Mo trong tp duge chon hinh
trung hinh
dugc chon

dir lidu

Chon dac trung
Phan loai

ap ap

Hinh222 Sh L™ qu&yt Hinh223 Sh L” qu§ t

2425Ph_  ng ph8Spgpuvph©Mblavhmg o an
a) Ca&ctkh 8i ni Mm duvu | i Mu theo thyi gian

- D, Ii" u theo thi gian (time series data)a lod d i’ u c6 s bi/h " iltheo
th i gian D |li" u nay xud hi n nhiQu trong th ¢ Y]va trong cac bai toakTTV [73].

H

- D lilu th™ i gian th ¢ hay hawhia§ id §tcth @i a
Ldi 1€ ng n"e& UL 1@ d ghiannh

- Ph€hng ph&8p chu, i ‘tth'pihogmi a® c$€ cdhua i
mt biJn duy n/ickkh It hetoh bii Jai sn L

- D li utheo chui th i gian: Trong cac b2 t o&n  a@téndBo d
KTTV, du th€ ng L€ ¢ biWu di, nlideth” dUgp
th ¢ hay chu_ ti cthhd ii ociSadn dli4§ nl ré& nag, an "
nhch |~ t®cd. gliiehu, i t hi€ hggcana tB7:nh 4 t

-Th ' nh phfn xu (Ing temgtrendl compohedtdt ang LW c h’
h€ ng ttng hay gilm c_,a L4i | € ng X tro

-Th"nh phfn m¥%a (sblamsg olhWI! cft'o mpon é&ret
gi fm c_,a LUYi | € ng X t2nh theo m¥%a tron

-Th"nh phfn chu k8 Thc¢ynadl ighdelm " odsmp otnte:
c.a LY 1€ ng X theo chu k8.

-Th"nh phfn bblt the€ :DFgnEkhregul ahago
th€ ng & arc8¢rgingt cthuh iphfin ingy alnh! ng

MHc d% c¢c8c nghi°n ¢ _u ° Vi t Nam cho
gian c¢h, yJJu m, i re ¢ &p d,ng trong | on

74



kJt qul kh[ quan trong |l onh v ¢ n"y |7

theo arm dhogl@V. 1 i u
by Caicph_. _ ngph@m8pt 2ch douv |i Mu theo thyi
S d,ng c8c m* h3nh pho©n t2ch d. i u
(). Qus tr3nh 'tQuBgtb3nh MAELy)( gmi§ tt[ iq
t“i ch2nh, tr8i philfju, ¢  cpdoi(ouhi tu i &

nh€eng kh!'egvphb, bi lm tr c.a n-

R (2.46)
(i). Quatrinht K iquy AR (Autoregressivej m:

Quéa trinht h i quy di 1 AR(1)khdéng cé h chHa c6 dhg sau:

Vi = @Yr—1 + Uy
(2.47)
- Quatrinht hiquy di 1 AR (1) c6 h chHb c6 dhg sau:
Vi =0+ @Qyi—1+ U
(2.48)
- Quatrinht h’iquy dy p AR(p)co d-hg sau:
= q@o+ -1+ 2+...+ —ptu
Ye = @0 T @P1Yr—1 T P2Yr-2 @pYt—p t (2.49)
- Quat r3nh tr'un§iogupARNMA@E; €1~ qug tr3nh

hai qug§ tr3nh t., h”i quy AR v~ trung b3

m Vi=@+@1Y-1+ @2+ F @pYt—p +u+ 8I U1+ E)ZMFZ +...+ Bqur—q (2_4_10)

- D béo quéatrinh AR(pL. ‘& th ¢ h' n théng qua ham sau:

Eyy=u=15=a=u(l-q) @411

-D Lo8n qu§ taddhgmh MA(q)

Vi=pu+u+ 01+ 6w o+ ...+ Oy
(2.4.12)

-D Lo8n qus8 tr3catthgARMA(p; q)
(1= oL = @2 — .= @pl?) (e = ) = (1 OL A 0oL+ 0L 1 (5 419

- D L o § ntrithABIMA(p; d; q)céd dhg:
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(1= @iL— L% — ... — @) (yf — ) = (1 4+ 1L+ o L? + ...+ 6,L) u, (2.414)
(ii). Phehng”ipuyyh ht 2 nh t ctomstepliRai b€
Hiquytuyh t 2 r &p dhg&ho mitd ¢ bon t Loyl ‘& ham

Riquytughtinh' Qo nh€ sau:

. y
flxzg) = x, 3,

(2.415)
Le” ¢ L c.a qus§-stetpLRnimht#h sauhi n tw

I Ly

\LR /

[f(@1) - f(ag)]

LR

fr (=)

Hinh224L € ¢ Ih guey at uy/ln 4teostapLRai b€, c¢
24.3.Cacph . . ng xpoty dgdgemdé hinnhML h €  d x | KBIY
2431Kh8&8i ni Mm hZc m8y
H ¢ may- ML (MachineLearning lamt | ocrglAlV i °n /guan L

nghiencuvaxaydn g c¢ § et cHo@hép daaihth ng"hic"'t L ngt d liu

LWoili quy/; nh ng vih - Q. thWML co lién quan ckhbeche Lnth ng ké vi d hai

| o nb Qinghién cuvicphantichdliu, nh€n, gth kghkg ML td

trung vao s ph c td ¢ acac gfi thud trong vi ¢ th c thi tinh toan.
24.32Mé6hinhtkc ¢ - ¢gSL§Spends8d karning)
a) Kh8i vni Mn8c onng® dhASnngh chvdac m8y <c¢c- gi 81
H ¢ c6 giam s&(SL) 1a "hubh luy n" may tinh da trén nhng quan sat c6 dan

nhan.Nh ng quan sata nh ng cau hi, va nhang a chdng la nhng cau tFl i. Y

t “@g ¢a SL laRag vic ghinh vatng quathdéans quyidt m ttd cau

hi c¢- L &pmagtmh&cdt®Mr[li "Edngcauhi d¥% mglgea t

phli , n h €nlgn guan.Can ng d ng chinh¢ a moé hinh 'hc c6 gidm sasL

la xay d ng cac céng.cphan Idi vah i quyd i u.

by C8c t hsot divad®ng m?* hSLnh hXc m8y
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https://vi.wikipedia.org/wiki/Tr%C3%AD_tu%E1%BB%87_nh%C3%A2n_t%E1%BA%A1o
https://vi.wikipedia.org/wiki/Khoa_h%E1%BB%8Dc_Th%E1%BB%91ng_k%C3%AA

Céac thuttoan p h ‘©h 8 gl ngttorfypd hinh' lc maySL g m:
() Thud toan may vecto htr SVM (Support vector machif¢90]:
M8y v ®t htiguyBVRIamt p h€h i c W ®as ph cth
md hinh Bag cach cng thém gia trnayvao ham i . Wminh h a ta xem xét mt
mo hinhh ¢ maytuy/h tinh d bao cho bi céng th c:
Mo 0O (2.4.16)
Tr on gy l&véet h ng &, @l ~, dlc vawla véet Kfu vao. Gi o va
o Ifn " t1&véet Hfu VAo, gid frlfurath & ¢ a td hush luy n. Céng the tinh
ham | i rsdue
O -mE 6B I Q1 S (2.4.17)
S hthgth nhHig a ham li chinh la gia irph4 | th ¢ t% ¢ a mé hinh, con
s hthgth hailagiatrl i nhdy cfm v i -. N/u ham |i nh h hnthi € khong
pht , Loy "IL& theam tsMEG@ chnli gim LLphcth ¢amd
hinh.Vivdy [ igi[is€c ctWwhoéahamli nh€ csamng t h
QO B 1T 0w ® (2.418)
Trong hL: 1" nho®n t -lhadirudmgd.uyV@®c B€a r
grange kh&8c khtntgh Lhe ctrg iv~'l "L @y8§cl "w@g, t
yJJt SVR+t hC&khiw®c h, tr° khing L-ng g-p tr
h, tr° IL'phEthchomEoh3nh. ‘MM rm3gnhkc’hmhy rlee
phi tuyh tinh thong qua khaimnnhanlsi nh ra c¢c!ng th_ ¢ sau:

MMw B 17 oo © (2.419)
(i) Thud todnd a trénh’ i quylogic (cay quyl " nit) [90]:

M6 hinh h ¢ may c6 giam séat sd ng thud toan hc i i quy logic g m: cay
quyl} nliDT (Decision Tregva phan Ip d a trén & lud. Thud toanDT [90] la
cay phan 18l " tng h blag cach & x/p ching datrén cac giattko t r €ng. |
m tnattrongca ¢ ©y  ng€imtgih; cchhnigi andyinitcongand
thWhi n m tgiatr ¢ thwehobih L :-i. nvAtdi ncBoglafrd bao¢abi/n
mc ti ° u .ccéac hdirctaca€bin ‘lcBWdinbi “h€ _Lnitgt
ti n Yt DTIc&thAL *& h ¢ bag cach chiadp h p ngu n thanh cacd con
d atheo mtkiwhtragiafrthuc t2nh. QU EIHtldmbohcBagug L€
cho m i tdp con & xudl . Qu § quyhdam thanh’khi khong\Wi/p ¢ c th ¢
hinvic chi a’ cih@déykHl Bt phanidi L h nWag d ng thb tng
phfnt ¢ atd con & xudl M, t b phan IH r. ng ngd nhiénRF (random forest)
s dngmts DT LW theli thi nt | phan Id].
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(1) ComputerClassFrequency(T);
(2)

return a leaf;

if OneClass or FewCases

Create a decision node N;

(3) ForEach Attribute A
ComputeGain(A);

4) N.test=AttributeWithBestGain;
(%)
find Threshold;

(6) ForEach T' in the splitting of T
(@] if T is Empty

Child of N is a leaf

else
(8)
©)]

return N

if N.test is continuous

Child of N=FormTree(T");

ComputeErrors of N;

Hinh 2.26: Gi

quy/t L’

Hinh2.25: M6 hinht h u dtC©tyo §
L™ nh

[ m« c_ a
nh C:¢

(i) Thud toan K langgiQhg ofn nhEik-NN (k-Nearest Neighbdr

Lathud toanlWphan |p ¢ '§ ¢’ nd@ a vao khgng cach gn nhHigi a il
t“@gdnxplpvaticic § ci Tmg@ongthd lFuMt "iL’h ¢ ¢pBan
| pd avaoklang gihg ¢ and, klasnguyénd €hn'c Ix& & | £ khigh c

hi n thud toan[92].  Nig €t "ang dohg&hfn g ¢ § c h  Euind khidioge a n
cichgia c8§c nle. CSacthdhEngatht t o§n ndhéen dla u:

hinh tham s ki s L \Wh lan eh ;
xét k 1an eh ¢ a no; phan,Ip
trong t hush luy n gfn nhdig a

L 8 n hwh mii & a &b kikhith b3ag cach
chb mid atrénnhdana LU an” s kh L i
n" c géne

k-Nearest Neighbor

Classify (X, Y,x) // X: training data,Y:
class labels of Xx: unknown sampléor i
=1tomdo

1
Minkowsky: D(x, J-‘)=[Z|_T‘. -V, |r ]

i=1

Manhattan: D(x,y)= ill,- =V |

i=l

Compute distance(Xj; X)

Chebychev: D(x,y)=max |xr_ - }.-j|
i=l

- 142
Euclidean: D(x, }-‘)=[Z|_TJ. -V, |2J

i=1

end for

Compute set / containing indices for the
smallest distances (X*. x). -
L. i . Camberra: D{x,_v]=z
return majority label for {Yjwhere 0 / = |+ 3
Kendall’s Rank Correlation:

2

|xx — Y |

Dlxy)=1-

Z Z sign(x, —x )sign(y, —y,)

m(m—1) "2 5

Hinh227.Thudt Kt b8ng g
n h BINN k

Hinh2.28 Cac hamtintk h o [ n g

(iv) Thud toan d a trén PerceptronhiQu | p MLP (Multi-layer Perceptrgn
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- Thud toan da trén Perceptroorm t | p PLA (Perceptron Learning
Algorithm): Thud todn d a trénPerceptron mt |, plach n "In® b i, €. Xéttng €
L\Whmt, wu Vhi L-phab]psaithitth “IhggbiénQph2 a | "Wm Eho |
I ‘& phanlp L %ng.

- Thud todn da trén PerceptromhiQ | p MLP (Multi-layer Perceptron
Thud toan da trénPerceptron nifu | p 1a & h p ¢ a cac perceptron chia lam 6hi
nhéom,mi  n h - mngv&h hlayer. H&t  ncachingcoM. ‘@@ mdfnh€ s au
tdtfn gfu¥. " o ¢ § ¢ dhtinthruovao x Wy iitinh t ngtr ng $, g it i ham truyd)
r'ichora il qu (1a K} qu ¢ a ham tru@); Kfgqu nay €L ‘@ truyiti c8&c nhr
thu cfngXth nhdl ; ¢ § € nlHPgdmt in h € " U Fuvaozxnly vag i ki3
gu LhtthgX th 2; quatrinhtfiptc cMo klhi ¢ § ctftharachokqut h u

(v) Thud toan hcd atrén thng ké

Thud todn Naives Baye$a m t nhom cac phan b xac sl L' ind agdrén
vi capdn g nhly Bayesvicacgll'n h cldgi a c K tnH41].
P(A|B)P(B) = P(AN B) = P(B|A)P(A) (2.420
Tr on gP(AIBYa& xac skl c Qi ki b iA khi bil} B, P(A) la xac st gil
thuy/} A (tri th ¢ coL ‘& vQgili thuy/t A, c khi ® d |i' u B),P(BJA)la xac
sudl  cQ ki b B khi b} gil thuy/} A,P(B)la xac sl ¢ a d |i' u quan séat B
khtng q umsbdAksgiPthuy’A ndo.Thud t o § nc ap dng trdhgemt
S b i t orgB§n b mo€email 1a spam hay khong; Phaibai vifg tint ¢
thu ¢ | gonchng mgh, chinh tr hay thMhao; Kiwh tra mt % o v fnrmariy
c[m xuc tich cc/tiéu ¢ ¢; S d, ng cho cac pfn mQn nhdh di n khuén b .~ €

(vi) Thud toanh’ i quy logistic

H" i quy logistic B m t cach thng k& nthh € L'\Wmé hinh hoa mt k/3 qul” nh
th ¢ v i m t hotb nhiQu bih gili t h2 ch'.ng Miqudh® gila®ih ph
thu ¢ phan I& va m t hotb nhiQu bip | dldp b g ¢ Scdih x&@ sHis d. ng
m t ham logistic, laAsphanbtich | Ty Thodgi 56 § ©csnd ng trdng
mts t rn@ hp nWhtn dng (Quyl nii cé cho khach hang vay v hay
khéng) n o _en, thanh céng_ca chih dch marketingD, L o8 n doaanh tt
mtsnpMnnid niiD Lo §mgH L é.

c) Nhon Zx ®t8cv m* h3nh hXc m8y <c¢- gi 8m s

Céc thut toan hc may cé giam sat chohkh 'n £ n gb 8do” ttv i@o v |
cac k thud hi n Ylnhhtl hi n nay k/ qu” d baoh a G 4L ¢hinh xac cao,
ngoairahoantoancéWbtb r a c¢c §c m? Whb3amd hihhani nlg h®pn L
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vaithdng "¢ €€fcattmg m? h Nghién clu lettiVap d ng va so

sanh hiu sidid L o §.ra chgii Markov m r ng va sau thd toan hc may ph

bi/h khac, ¢ thMa: L trinh di truyd, Vector h tr Hiquy, Ml(hg nhrson ct
xuyén tam (RBF), Quysb M5, Cay md hinh M5 va klang ging ofn nhiil

nWh tr t rong L §nhn, dnictBy tht oghim bdg chyi th i gian
di n ra hinh thai thi ti/ bl “tnb t&n cacdb d i u cho khu vc Bcb b , B
trung b, v i Holl Wh khi hdu il 1Way. Céic md hinh tmg ké €1 ‘& &p dng
choty c &§c p h €bmaylaporkBrpt rhgttrvi® vik: thud hi n 4L
nhdE Mt L-ng ganghiékbuskitis dng c8c ph@hmmdygcd ph §p
giam sat nay la phathi mi htn® g.uaacéc vimg khitu kh&8c nhau
chinhxacd L o § n. D mg K} qu nay dho tisy hi u qu tich ¢ c raag h
th' ng thong minh datrén mayhc WH L o8n DbKTTVd @ § hr ¢hinh L
xdcd L o § n_ivdcmiv t ‘©h n gthi\if bi & €d trén cac ving khid.

Trong ph m vi nghién ®u cva Ztai chang téi chieso dAng cac mo hinh ¢
may cO giam sat.
2433C. se¢ | 1T thuyAt v ph_. _ng phg&p ngl

nivibditodnd b §8o | 1, A RtroMAhrdg mé mnh tugh tinh
hiugu'v™ ~db& Jnlk ng rdi nil 4p d ng cho d béo d Ii" u theo chui th |
gian Trong nghién a ¢ a Birylo va ¢ng s (2018) nhém tac @il « dsng mod
h3nh ARH MA Slhc mcefms dng3thams, "he® me€a,[yd, ng
bQmHs v t hoc8KJqlfdibaonc® 12 t h 8ra gag h& hind h
ARIMAcéhiu nEtmg Mirzavand vig5@b hirhahed chill « § |
thi gian | ~°t mir um3gntb3tnh€ ¢ thiAg) binmt!Kigw nh t
( ARMA) m?’ ttudgrbimh i it p@ R'i quy (ARIMA) va mé hinh ARIMA
theo mua (SARIMA) vaR h pv im tvailod md hinhtheochithi g Whan L
bdo mc .rc®fm. Cac K} qu th nghi m ch ra rag vi ¢ K} h p cac mé hinh
chu i th i gian di thi n | Ehinh xdc cad bdo mc _rc€gm. Valipour et al.
(2013) L« so 8€md ct ARMA ARIMA va mthg thFn kinh tri tu
nhan £b i i quy (ANN) trong vic d béo dong cfy ¢ a di’'DEz. K qu[ L « “ra h
rd raag moé hinh ARIMAtt hhn ARMAnghimoh® th&ng nhe€enc
nay khéngtt b g -rantrhan £b (ANN) trong th nghi m 60 thang. Yu et al.
(2017) L«mdhgmihe nA Rdl lddd mic e 3 trim t9 ving trung
| ©ua cs ! n gg Glanged} qui cho thy | KEhinh xac ca md hinh ARIMA
gim khi ke2cch8o0 htebng | ° mayche H@uh bty i @ Hh&op
nghh‘h nhe€eng tkihd bAgmde  rc€iiHh. Tacgicl n grady
tinh chl phi tuy tinh va tinh dng ¢ a chyi th i gian c6 tWd¥  Jh & khéng
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chcb chda khi $ d ng tr ¢ ti/p md hinh ARIMA. Vi ey cfn thi} phlli k/T h p céc
o4 m! h3 nhWiaig8ao hin hratuap. d

Trongnhng nfm Ly, c 8&c p mé&thmgké khdoBgptharn
s) (ML) FnHilgn-viio s phiéttrd "t ek ¢ a h th ng d béo, cung
chb cac gfi phap vichiphittgh n h €mgu makchcfns dngd liumc
n & trong qua kh. Nguyen et al. (2015) so sanhthi n t, @ mdchinh’hc may
la LASSO, Random Forest (RF) va Support Vector Regression (SVR) trang vi
bdomc _rc€asdng MeKong. M6 hinh SVR chdikgu[ 't t v, i sai § binh quan
0.486 (m) trong 5 ngay (gid tai § chip nhch ¢ a mdé hinhdb § o _ tlIal0.5mh
O, 75m . Garcia etutadt . t C3WILIRIFMI «rc€a@myhi ° n
trtimga | ‘@$s0nyCagaya 0 Philipines’ M t ©h ngga kif guch bao va
d liuthdchraraghiugd d baottgca ph€hngdnyME@ b&
mc . rc€ thW ‘& dpdngchocactn kh8&c t r °cnsdng Brdrénl €u
khdp Philipines. Pasupa va Jungjareantrat (20163 ti n vi c d bdo mc n€c
trong song Chao PhyraThailLans dng c¢c8c ph €ehgrk@hcpnay8ldpp t h
h'i quy tuyh tinh (LR), hi quy ham nhan (KL), SVR, Kang gihg ¢n nh
(KNN) va r ng ngdi nhién (RF). M6 hinhSVRsding h™ m dfrRadialvah b
d lfutheochuithigian72tih g L « LU €} qul it nhbi® i it | i nhkd

.

khi sosanhyi  p h€hn g piho@ny gi@QTh&® iban 44, ng.

Trongmts nghiéncu kh&c, S ¥VdRminb kiingt ncgh od§ n d , n g
chly ¢ a sbng (Garsole va Rajurkar, 2015; Adnan magcs , 2018;Bafitlhile va Li,
2019). Yangva g s . ( 2 0 IYhanh Il 4o thui th i gian mc _rc&@én
h™ ch a Taiwans Shimenapd g n tnmg tkh® p h €bmay (nhdg BBF, h
Kstar, KNN, RF va cay ngi nhién). K} qul” thi nghi m cho thsy RF chok/t qui d
b §o ch2nh x8c hhn c8chphi@gugt phiEp kh®c
ph€hng cpnégthndh k° kh&8c nh€e FZVM(DTAKKIN, c Oy
L o 8 nc nt®Ang ngay (Wanet al., 2018 Hipnivacngs. (2013Mmg L« ¢
SVMWL bdo mc  rceflhang ngay.a ¢ a Klang H Malaysia so vi h
th ng ANFIS. KFqu L « _rmgiminh rd rangfag SVM{t hhn ANFItS. T
nghiéencu Kk h § c, (Khan v' KCo@&h idbal oyshn &0 6) L
s d ng SVM, nth g -rantnhiQ | p (MLP) va mé hinh t R’i quy theo mua
(SAR)). KIT gul cho thby cach tt nhHitrong ba cach fp odh nay la SVM.

Mt g -rontnhané (ANNs) lamttrongnhng ph€hng m&gpl €
s dngrng r «i tcthypygvioenhhe m! [y3 nh §mHia gd 8§
| @ g . ov@d bdomc .rcGrongnhng nfaomLlL®y ANdpsn WL
d baomc rm&Kimand®o0o (2015), Kasi vi swanat har
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phap hcsauda tr °n A NNsW ithanh,gho @ lg thintt xadnén thu
h Yt” ¢ § §uan tam ca i nhiQu cac nghién au trong 1 0 n &icdng nghip X
gido d ¢ (LeCun et al 2015Mthg LSTM lam t trong nhng mé hinh 'hc sau
L apgdng th nh ct!naoghy ronmg n H&d | tiyle dtlal
(2019)) hdblad bdomc . rc# Hrnjica and Bonacci (2019); Xu et al. (2019)

M6 hinhlaicokifn t ng k h adflith/hc&d nglmé& hinhriéng IGgidp
n ©n g , chénb xat va linh hid ¢ a mo hinh (Zhang (2003). Vifim t s nghién
cu L«ehiimilhpcacldiméhinhd b § owelithi nkh'n &t n gbdomc
n &. (MousaviMirkalaei and Banihabib (2019); Seo et al. (2015); Zhonglet
(2017, 2019); Xu et al.(2019)). Trong nghiérnuc n ~ yc,hWj t rc® Yang t i
hewgkihpARIMAV.i ¢ §c p h ©hmayg khdnh ®ip tinh va hc sau
LSTMchod bdomc . rcfeochuith igian.S mildgca ph€hng ph§p
mo hinh hoa théh pHn tuyh tinh va phi tugh tinh riéng bit v. i mé hinh thng ké
tuy/h tinh ARIMA va md hinh may kt phi tham s phi tuyh tinh LSTM. K} qul”
ca phehng pnh'Syph bgBimyvib d lfu t A otddde Hng

Trong nghién cu gili quy/} baitodn d b § o, ¢ biv@ dang do bao chung toi
nhch they  ter @ ©y ,J/p @h§ cthh tmg Wi b € o, cdaBg do bdo 14 s
dngmdéhinhdbdaostr, tuy nhi°n c¢ §dmHrhQh:3nrtmgnly
tinh toan. Mt cach tip och khac la's d ng cac hud toAn hc m8y Und ‘€en
ron[118]IWHd Lo &§n ‘cuanhmiamc .c€dOng Hy "t c@mrg Lt €
.hg nhe | €6Wngo, khi ap trén kubivd v © Hxtilccal c hn b « (
nhit _il. "Ng€a LIngm&hnpdils§ o, cda®g do bdosdngmts
mo hinhAl [119] 'WH bdo mc _ rc@ang cao ris d ng cAdctham’'sga ¢ hn
b&o nhit _ i:lap suH tdm b&o, bakinh gid | n nhHEL.. K/3 qul cho thBy vi ¢ ding
mth g -rontnhant cho K qult't h h ni méyd) trv véct h. JEIEL «k
chrarrag ph€hngngtdte pharstb v~ khtusdhg heE n t o
ng & €ethinh xac vit ¢ . B bao ntanh. So sanh, v cac mé hinh théng
t h g cac mé hinh da trén nth g -ranked thi gian tinh todn nhanh trong ki
10 phut € cho ra K} qu d bao sau khi high luy n xong mé hinh. Tuy nhién mé
hinhdatrén nth g -ranthay la ghg hp L e rly rbl Bho WhIlT thich chang
hhpnacicmdhinh® n “wnwgt kEE ngkIn L ng “@gdl cac cao
LWwh Qihay Hiquanfrngkhid b § o, c daBg do bo.

244.C8c ph_ _ng ph8p x©y dxng m! h3nh A
24.4.1.Cack § i nNi Mm N _oaifNl mu ng

MUhg n on NN (Neural Network) 1&a nhng mé hinhl ‘& I trinht'i  .€u
Th t n g ng Wb trinh, ta finid cho may tinh b} pHli | " mcg 3,k &

82



chinh xacl'Wmay tinh thc hi n [62]. NgI& trong mt NN, ching ta khéng
finGiO cho may tinh Bif cach gii quyfvih QL Thay NMAR ohik d, il u

quan sat, tim ra §i phap riéeng chobh Qhi ntd. Nt m 2 0 0 6 phht'hin rai
cac k thud h ¢ trong mt loY chli tric fthg m i g ila mth g -rantsau DN-deep
network). Nhng k thud nay hin °Lc§ila h c sAu DL- deep learning)Ngay

nay,DNvaDFL4 ‘EruswH vt trong nhiu vih Qtuan trng vQth giac

may tinh, nieh dthg gi ng néi va x Iy ngdon ng t nhién.

K: thud DL ' a n g c ttivWekhai trén a;

quymdlnbi c8c clng

Microsoft va Facebook. To output

Mt g -ranHNN) la m t lod t/] bao
thfn kinh nhan % (ANN) L& gila x5
perceptron.Vi d. vQhod  nfj ca

perceptionrom h € 2AZAn h in n o

Perceptron

Trongvidt r ° n, p er cfawmo, k1ox2, xESmithim.d.). Mt quy b
LhnfngM 2 nh fatraBogcdttrngs, w1, whacav3-oh 60
hoto 11¢ x'$@cbiliufngtings xj wj xhhmHhm hhins m
gatrng®gnh€ tronaR4lE ng t h

{[Zl if ) ;w;z; < threshold
output = .

if ), wjz; > threshold

(2.421)

Thud toan hc cho nthg NN rHi quan frn g WNIN ¢6 tiwhod | nig cho mc
L2ch n" g: LcR vawito rihg co ttma d i u pixel thé t hinh [nh
L&vil t agquétBagch s .M ctiéuld min NN tim hiw cac trng $§ LW
L'fu rat mthg phan I8l chinh xac ch s . \Wkem céch'hc c6 thhhot  nig © & €
khéng, gf's chingtathchinmt t hiaty trahg mts tr ng $ (hotb sai
I ch) trong nthg. Nh ng gi chinga mun lacho st h a ynh LvQtr ng S nay
chgayramt t hiahyt €hmg t Fuorantgmthy.
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small change in any weight (or bias)

causes a small change in the output

w 4+ A

output+Aoutput

Hinh230:M* h3mhl lmybln mdng NN
Do vdy, cfn cho nmthg NN la cadN kronkich hdt . N g fugaag aN Rronl
sl Li  thamkich&t nh€ h” sauSi gmoi d

1
1+e =

a(z) =
2.422)
Thay x, X, XsV =t r ,wgwss vw bias b 28 otalog L
ra c-roala:n h

1
1+ exp(—)_;wjz; — b) 2.423
nWiWu s, t€hng L ng v.i m! h3nh perc
d€ehng |, n“da KWhiv'L-doe L- G (z) a 1. N-i
d€ehng v~ rblt | -rro,n Isfiwnmod dt | "m xtblpn kx "~ 1,

m t perceptron.

MHk h&c, gil s’ X,
©m. KKIY N! e¥ng
a o0. v vdy, k
nh, , h™ nh wvron sg-,
moid clng gfn rl
ceptron. Ch" kh
nhi Qu sai | ©c¢h-
ceptron. Do v d
hodUt v_ o L f u-rom,
| Yac Lm, t m@ph sE&
n h Knh 231

................
""""
......
.
‘.,

SUM SIGMOID

Hinh231: Cblu t rréaic m,
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Hinh 232 mt  t[ | u”
thing tin ° <c8c 1,
ra c_a -médimg M.h =
LFu v) oL€xc nh z
tr n@) ssau L - 1,
gua h"m k2ch he X,
LFu ra-romo IShau h
nkH on s€ c- Ki J :
g m ba |, pron ° o
Xn v~ | . p Lfu X1y
L« L€ ¢ mBt [ (

Xl“i.uputlayer

(passive nodes)

Hinh2.32:

Xy

output layer

(active nodes)

Ki Jien, at rrmdong |

2.4.4.2M6 hinhm nM -ronh_ ang

t

I An FNN

MLP (Multi-layer Perceptronsla
m tthm -Néhn h € FNNy
(FeedForward Neural Network
C - m, t hay nhi
gi . a Itfmgh o v
ra[74]. Ki JJn tr Yc =,
m: t[ nh+€238rong
Hinh233 MUYnrgo MNhh€ ng
G [ thuy/JNhanc: - mWMnd . p, trongmel,:.., Mn, | |
neuron. Tr ng s ¢, a-l¢g§8d Jkh tgFnmg im,t L €|
ma trmgn LW | ch (bias), Lfu ra, h"m k2c
th., i tre&ng kFnoi mud™® &Pn@Pnfogrh - c, a min
d . a tr°n Lfu v o |'" mXu hubin | uy?Bn p, L
Bp=0,"" o)) =xp,
(2.424)
Vector LftuFnrga tnngm, trmpen Ln€Xw: @ bBim It )
O
(2.4.25)
Trong L-

85



(m) (m) et(m)

T
net}) = (nerf;l,l L h P-Jm) (2.4.26)

WM amatehg J™ J"q"l © v e tdhafuraganthgEl ‘& L[ €a
vao ham kichhd WL 2 n h fu ra @arcacNeuron trongiig th m theo

0;(;?1) — ¢(m) (ner!{;n})
(2.427)

Trong L. ®f"Mtotkw mhs 8dog h~ m n hg@hihham
tangent, ham sigmoid. Trong cdtg X1 't ny ‘©ac neuron&cod ham kich h&
gingnhauvda ©~ ¢ 8c HVimhi@KFh)n rkhh€ h" m si gmoi d.

2.4.43.M06 hinhm nig -ronx 8¢ sumt PNN

MUng -roNhxic su blt PNN
(Probabilistic Neural Networks) = ¢
sh kh' i cch as mURgm
(Radial Basis Functigns d, n
c a s’ Pazen cho
h"mtmd, x8e& s uwklt
thw LYt stk cph®n
t heo ngli7d]aC bBia yt e Y4
mUng PNN g".m c¢c- 4

ArgMAX [—

Hinh234: Ki JJn t rréfcacr
sublt PNN

TFng 1 1a fn g fu Kao, §Fng th 2 la cac ham Gaussian § ng i d i’ u hush

luy nla cac tam hantfng 3lafngtng A ptin hiu fFlrat tfng 2, vafng 4 la

tfn g fu ka(gia tr ham th ¢ v i bai toan hi quy, va § hi u | p v i bai toan phan

| p). i tric vaquatrinnlcga P NN t reth@tgnRBF.C[ mthg RBF va

mthgN kronl> a p | MLQ@ cothwd Yo n \ililuy/T cac bai toan tc cé giam sat

la phan | p (classification) va h quy (regression). Trong khi ¥hg MLP $ d ng

cic]p Ne uwtiohrtoarl’yi ham chuyd thi mthg RBFsdng c¢c8c "h™ m ¢
V. i Fulvao la khdng cacht L\whd li u Jyicactamca c¢ § ¢ ‘hrayfr5lc h s

2444M*  h3nN_-rowmyg

Trong th ¢ tJ] t2nh to8n v~ |l dp | udn
bi Wumdt_, a8§ch t<€ ng minh (b33Jng c§c con s
b°i m8omgbin]Thrgaong tr<€ ng h  p nh€ vdy phe€
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thing tin c¢c- L, bblt L " nh lo4i n~"y |~ d
m (Fuzcz)y &g L€a ra b i Zadeh.

aynlfilnh nghoga Top my

Tdp m (Fuzzy AStongshl€ o £t nkhipfi7gfhoa nh€
= {(x. 1 x e X},
A={(x, paix))|x € X} (2.428)
Trongn[0,1] L€ ¢ g i hl"'m hR'hm,6 t©th (e m
functiAKhmcx)a =1 Akkim( Ry, ¢ O, XA. HkohHucn gt o ph

Q

m A clng c¢c- thw L€ ¢ L ' nh nghoa nh€e sa

A= DieXx “*‘_“Ej""' L if X is discrete
N Iy M\ﬁ if X is continuous
- (2.429)
b) Tr2ch r%¥%t Il uogt my tp mung NN La | ap

M ttrong nhn g Wiy g amthgNNt h @ b phé phanlahd nlg nh€
mthp Len v° Kkrm#Emd gti-h2khl.« Ddu nghiénicu W
nh3m btch héahot | nig ¢ a mthg NN, m ttrong nhn g |, ig@Wi v ng chinh la
trichrat g m t cacmthgNN. Q@i n"y ¢l ng  ngichest ®hmlyg ¢
L ©h nQkhl v £ n @ vahgli quy} vih QB a nfhgNNvaH m . Toant m
iteractiveor (i-o r )" ¢ LnEh  n g hw@@vi cndp dng khai nim f-I” i ng¥ ¢ a
ham logistic{75]. Toanti-or "d.8th nghoa nh+¥€ sau:

a-b

b= .
b= 0 d—b+a b

(2.4.30)
S d ng toan t-or co thMmhif} Id céach the trich rattrithchc ‘lt€d
i utrong Mhg NN 3 | p MLP.

c) M6 hinh Neuro fuzzy ANFIS

ANFIS la mé hinh Neurofuzz
ph bi/h nEik/Th pgi anfhgNN L &
| p MLP va logic, h m . M& hinh
ANFIS c6 6 | p (nnK-K-K-K-1), b\
din ~ th cho md hinh hTSK. Ky t
N trong hinh tron ky hu cho toan't
chu hoa, va x= (x1,x2,...,.xn)T. Hinh235Bi Wu di_ n mt
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2.4.45M06 hinhm nig -ront r u yRNKN Qi
aynflnh rgniggr@antm uy h Qi RNN

ao

MGng-rdth truy h- i @&
Neural Networ k) v q VL g
mt t§c v. cho t ‘T » — La s Ot O
mt chu, i v, i ILj-‘uUI TL TU IU

-1 t+1

c8c ph®p t[76H N6 tach
khg§c, RNN c¢c- khT
tin L€ c¢c t2nh to¢
RNN ch bl[n c¢c- dUn

Hinh236:. Ph®p t rm, Wn
mUng-rdh hY i qu

Vi ¢ t2nh to8n b°n trong RNN L€ ¢ th,
- x| "fuddoH bt
- Satthgthaxp i k®©Il1abh nh ¢ anfhg, 3 I ‘& tinh toan da trén
cfcactthg thdiXy p h 2ca Viiva@H _belLl - :
s =fUx +Ws.)) (2.437)
_ Ham't A g |a m t ham phi tuyh tinh.
- ol "fulatd bt
b) Cackhd notnngg d ¥ ag RNN

Cac. ng d ng ¢ a RNN trong X ly ngdn ng t nhién g m: M6 hinhhda ngén
ng v~ s i rmdch iaynhbh dthg gi ng néi;md t[ hinh [nh.

c) MM\ ng RNN me ring

CacmUYnRNNmM° r,  mg LW c8&8c nh€ ¢ LiWm c, a
th  ng nwMUahgsahi i quy RNN 2 c)hM®@Qug (Biidi q
RNN 2 u giin (Deégp Bidirectional RNNMUY ng b, -nmghd,8TMd(Long
Short Term Memory NetworksCacmUngi hquy LQu c¢- dYng |

mo-Lun | Hp Li | Hpon UiV ci amUnHg gRIMMN chuYKnge
cblu tr¥%c rblt Lhn gigmM d¢&ce mig Lidn met
t €hng t&c LHc bi t v.,i nhau.
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Hinh2372M6L un ml Bup t f ng Hinh238 Mt Lun | Hp
MUNRONN ¢ hu Xn LSTM

2446M0hinhmu ng tx tY choc SOM

MUng KohonenNNhe€m
ti M W, i c8&c n%i
TfFng ra L€ ¢ g i

nwut Lfu v- o L€ ¢ O\
neuron Lfu ra v, i /

MUng Kohonen s
t &©n g tramsglk mX u &

~
]
13
~
wd

"

O

/3

mdng tufn t, t hoBgC
c i-_ n ch 3 r ang. L i-_ u r a Hinh 2.39: Cblu t r Yac mL'l
Kohonen
MUng €Seirganizing Mapsg h b [n | "NNimhngm®ndn
c.a mldng Kohonen. V., i mx,i SLGMi1 tvd'noh [k"h oV
Euclide t. E8C mMemroa kedrdmhtida prototy
[x; — cwl| = min ||x; — ekl .
keA (2.4.31)
Trong L- w kT hi" u ch”™ s ¢c,a neura
center, | - t©m c¢c_, a m tc,.,nh-m vector n Jym

24.47M6hinhm ng -Bnedd®Bi m« h- AEt x Ling

B ma& hoat L ng Auto Encoder- AE (hinh
240 1A mt mthg NN L ‘& hush luy n WE gdag
sao dh®@pl/hlflra ga ndé. Mhg co tw
L'® xem n hm@aipgmomntghc ntn
hda (encoder) h = f (x) va,mb gili ma (decoder
Wb ra mt b[n khéi phc 4 fulvao r = g(h).

Hinh2.40. CbIAE t

NJ/u m t AE thanh cong ch> h n[n 1§ h ¢ cach thi} Idp g(f (x) = x) v i tHic[
cac mi  x . A i} KEWKhong thWh ¢ cach sao chép hoarfch(LeCun
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2015). Cac AE hin UYlcé ki n £ n"aqg quéat hoa yt “@g ¢ a d encoder va
" "mh Jf Bac ank ¥ngdu nhién prcogedN|X) VA RecodedX|N).

decodertc 8 ¢ h

M t AE c6 hai thanh din la encode
f va decoder gM, t s lo4 AE ph

bi/h sau: (1) fYAE
(Undercomplete AE); (i) AE hu
chnh(RRgul ari zed AL
(Sparse AE); (iv) AE vi nhiu
(Denoising AE); (v) AE hiu chnh
bag ham phkt (Regularizing by

Input layer Hidden layers Output layer

decoder

o o Hinh241: Minh h a vQ
Penalizing Derivatives). Undercomplete AE
ay¢ng dAng AE trong gidm chi Zu d
A E I - m t n g d Input Layer Output Layer
sang m t khng ¢ % x
Khi ta gi. i hUun
(m) phli |, n hhn
i " u LFu v o (n) B .
nh€ sparse AE. 1}
hhn n th3 kJJt qu - 2
di. n n®n | 4Yi ¢, a
i " u LFu v~ o L€
gian c¢c- s’ chi Qu ® %
kh{ ntng giIm ch \poa GermQu d. I
b){ ng d&AEmoggp h©n c¢cAm dvuv | i Mu
AE la mgt p h eh"n'g tharﬁ P
¢ md li u N6 cung &p cAc &nh W | rewoe NS s o/
phi tuyh blag cach hc encoder vi 3;8
decoder. Encoder a AE thc s la s, sl % 33555
m t ham anh % phi tuyh va decode e gn
khdiphcd liugct bipXla kg ‘BBl 3 a5
qul ¢, a encoder. Qua trinh naypl 1Y s o

L'WEm blo cac ham anh&hi u quf
nhel WHWidind i ug c.

Hinh2.43; Ph©n c¢_, m

90



2.4.48M06 hinhm nig -ront 2 ch hCNN chop

MUng tNNh chdp CNN (Convoluti®onali Wma.l
t €hng t.  nthke A ntgh®Nng. n- -ddn Lee ct hdlm
| © ¢8c tr ng s -row nch&en bni oas.v "M, ilLfruh v~ o

ao -

h€ ng gi.a tr ng s~ v~ Lfu v~ o, r i the
nkkon s€& cho rsa n(stcohr'em flurdnm i on) Kkh[ vi
s€ cho ra c¢c8c LiwWm s c¢c,a [nh theo m i
tion) n3um ° |  pcomnected). c¥%ng (I, p fully
Ming NN th!ndghdrmh_mntg Lfu v o (m t vec
Xn. M i | . p Xn t-Honp . -imormm, Kk Htp hrc'S8ie Ihfhy
connected) wvron tbltl _cpl tcr@& ch kvo'n gc Scanngh m,
| dp v.i nhau, kh!'ng chiaontbeltbltedc cuk fjt
| mteoput v~ | _ piWmys'thwhdimmMUnlg, pNNp i @rt
th€ ng khing ph% h p v.i nh_ng b_c [nh

K h Xi-ronrB ch ZQonvNets (Convolutional Neural Networks): c$oa n h
Le ¢ sdp xJp theo 3 chi Qontroowemght |  hetis

kJt n" i v,i m t v¥%ng nh, ronong olgp-cblue,
connected.

MUng CNN c¢c- 4 Ino

volutional Layer, ReLU Layer, P6o lJ h\ il\

ing Layer, FulyConnect ed =/l -

trz c¢c8c |, p n"y -

tr Yac Conv Net . V 2 ;;,

ConvNet cho b-10va
mdng ConvNet ©c--
CONV-RELU-POOL-FC:

Hinh 2.44: M, t ki lJln t

- INPUT [32x32x3]li,ch. a c¢c8c Li Wm [nh c¢c_,a b_ c [n
- CONV: M, dn nkw]lti nmit v¥%ng tr°n | _ p tr:
-RELU: L., p n"ykgeh®hotHtng phfn t°

- POOL: L., p ®?2y¢hst€hhegh Fcnrhi Qu wi dt h v ™ h

- FC: L. p n"y s€ t2nh LiWm cho m, i | .

Theo c¢c8ch n "y, tCon[viNretg sc€ othas yoMhc | . p
[nh t.,i c¢class score cu i c¢c¥%ng. M t s |
khing ¢+ tham s’
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2449Ph__ nglL®k8Ping t Xi u mu ng NN

~

a)Khsg8i ypiMmg t Xi: _u mung NN

Lat L nghoa hc may(AutoML), t vi ¢ | ach n thud toan phahp Jjit
L ngl achn HE t r €©ughnhtham’simthg NN.M ts p h €hn gcompgh § p ,
¢ I'W L ngfi g NN g m AutoML, TPOT,GA [77].

b)) Ph. ng ph8p Gi GA(GandiiwAgorithati t r uy Zn

Gilli thua di truy Qv (GA) la thud todn kb cchs'@&h nl ¢t nhién va di
truyQr. Nh ng mdé hinh tinhtoana GAcIBy€mh ngt ¢ h Jjc hhién tih
hoa, bao'gm d's thich nghi, sinh , \t Bi/h. Thud toan di truy [ m t tim
ki/m heuristicvamt ph€lpiig OB mandgt quatrinhchnl ct
nhi°n.cNdngltg MWkrimtlgliphapgntfi ©u cHhoQfc §c v
€u h ikhdng/gian tham'sl, n[77].

Cachdt ng drhttbb t h™ nh GA | abh@®; toan tol& ghépt
toant L tbi/h.

CacthanhphFn  clhc 8GAg m:

- Ma héa (Encoding)

- Kh'i tth qun thwb a rfu (lhnitial
population generation)

- Ham thich nghi (Fitnessunction)

- L achn (Selection)

- Lai ghép (Crossover)

- n, tbi/h (Mutation)

- Chih "k ay th] (Replacemen
Strategy)

- Tiéu chd K} thac (Terminatior
Criteria).

Hinh2.45: Gh MY t hud

hunh® Whic aGA

hu LiWmtnghBong son@GAcdaythuduat &«a8hn
ki JJm s d, ng2tbhime@u pB[lthwhe €tk clk & hpll€
ch bln, chNSTfm ivilJWw xn tltThhiB " ihay © &m hk h §
th2ch nghi v _i 1 ¢c8ch m« h- a.

Nh€ c:Nhénmc LhWm ahBGA |~ t BAdOhW & dm?
hhn c8c thodtt htWw 8&nJtk ht8hcsc t 2 nh to8&n bblt
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245.Cacph_ _  ngx d 8pMNnh Li tiAdgooyKmtwa hM
245.1Ph _ ng vytidugEhpx 8c LMNnh Li tin coy cva
ayni tin coy cva c8c m! h3nh dxy Lo8n

nW L&8nh gi§ chblt 1€ ng d b8o (c- th
r€a ra 3 khg&8i ni m LW ch™ m c L f#At to

- n, chdochdag ad bao:lamc , phohpgi ad bao va kih th ¢ hiw
bi/f c ad bao vién;
- ChHl "hg® ad bdo:mc . ghuhpgi ad baovith ct]x[yra;

-h nghoa ‘lay bépilEmct rthad bdocothyg i “%p ciho nog
raquyl nitiByréhdb 4L “ef@ 2 ¢ h vQkiftha/Jhdtb khacd78].

b)Ph., ng ph8p L&nh gi 8§ Li tin coy <cva
C- hai ph€ehng phg8p LW L8nh gi 8§ L, tin
- Ph€ehng $H8pg t8&c thang La:h fg@updncehng
vic L8&8nh gi §cachthinhfo h m
- Phe€hng Tploe&upn h8aa hinh[nh hdéa cac R qu ¢ acic mod hinh,
LO©y | ° plshHinhg ph§p
CFk/Jt h” p talPn2 LoNcch nh_ ng L8&nh gi § t
h " ¢ mgycmung v~ <c¢8c m! hrddiridng.d Log8n, d.
2452C8c ti °u ch?2 L8nh gi 8 chmt | _ 1 ng «
Murphy (1998)t Hu, o €d?2W§en hchjhts odhe myo
nh€ sau:
- n, I'ch (Biasy Lam c , phu hp gi a trung binhguan teb va trung binh
d bao.
- Tinh lién kJ} (Association) La m ¢ | EhrbchEvQquan h tuy/h tinh gi a
d bdovaquant(vid nh¥s t €hng). quan
- n, chinh xac (Accuracy) La thut ng chungchm ¢ | phuhpgi ad
b&o va thc t/]( x §mh b L quan teb). Sai khac gia gia tr quan teb va gia trd
bg§o chiasais.
- Kintnghbad (Skil): K: ntng ltcahy nlh x 8ic | &k g L
xdccamtd bdosovimtd baothamchu n" o L - .
- n, tin cdy (Reliability): Las phd h p trungbinh gi a cac gia trd bao va
cacgiafrquantes . T h1mgy titt cly€’lc i ti/h nh Bias.
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- n, phéan gili (Resolution):L © n tcig g d bao co tphan Idd tdp cac
s ki n thanh cacdp con cé phan btfn sud khac nhauNghoa | “nhgph ©n
L& khi ~ ddAbho khd€yviphanb nhch ‘lc€ k hi ° cdBbdo. L €

- n, sdo nét( h a ynhty bén- Sharpness).L ©  x_ g ¢cha@ bao cé thv
d b§o ckéegidafrcctr.  nhnlamtthuctihhcad b§8o, treh@g t
L phan gfi.

- n, phanbit ( h @han |lp - Discrimination): LAakh n £ n g d d&o
c6 thWMach bit cac quan b thanh nhn g ~ hgrh@ co fnsilid b§o cao ht
tclacokhntng . ph©n |

- n, bi/h | fig (Uncertainty): Las d a ongk a cac gia trquan teb trong

thmuUl §nh gi § _u\hu ckab gianfrgl bpsShod "he n "y I/ °n q
L Ak h- kdad mo. c

>

Theo truy@h tBhblggd € mM&go tdp trung nh
ch2nh x8c v° k: nktng d, bg§o.

2453Ki ©m LMNnhcvwd m®bH nmgmmwyh_. ng ph8p t h>
ayC8c chz=z sX thXng k° L® ki©Om tra Li 1

nW ki Wm tra L, tidn cldgS@cjiata8§ec mid, hy
th nlg kI s~ Q@mhasdlbasth€BAhg quan biJn t  ng
- H s Cronbach Alpha: 1ah s cho ph®p L gnhl @d fHc &Ke ml
guan s 8t cnQnptbilh-nghiérmaw (bi/h tiQn X1, nhant) thi né c6 phu
hp khing. Hair etdbal8fgR0OOBE HI® saunguy
+ 0. 6. T hhan da kitdog phdahp (c6thm r o n g *~ ngnghiért r €
c u “il * mg®héng c6 pm nhch vOnhant L -. )
+ 0.6- 07: CHgp nhch  “Lc@i cac nghiéncum i.
+ 0.7-0.8: CHgp nhch  “lc.e
+ 0.8-0.95: {t.
+ >= 0.95: Cip nhch  “lc© n h €n g’ t, kém Xéh @fic fh quan séat co
thweohin "h@ fAtmeang bi
- H st€ehng duaglaths chobihmc  BI i/ . agit
bi/h quan sat trong nhan v, i cac bij con H. Tiéu cho§g WE § n h | ghi/j8cdé m
thcs L- ng g  ywo mhang hay khonglahs t €hng MmbmmpHib i
L n  hOBnN/u by quan satcé'hs t €hng /ptrmmh bhn 0.3 t hs
lodnérakhinhant L 8§ n h[78y i §
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b)C8c Li Lo so dAng i(Classificgtionhp " i t o8n ph
Khi xdy d ng m t mé hinh Machine Learningfemt ph®p W&e&mh gi
moé hinh's d ng c6 hiuqu k h * n gWswsanh kfin £ n_ @ cac md hinhCo i
nhi ¢ 8 c h L §mobhhinlg phd&n, Ipnirud vao nh ng bai todn khac nhau ma
chingtasdng c8c ph€ehng ph&8p kh&§amgnlisedgng C§c
la: Accuracy scoreConfusion matrix, Trud=alse PositivéNegative n ‘€ng can g Ho I
t r ©Arep Under the CuryePrecision va Recall. Fdcore

c)C8c Li Lo so dAng trong b”"i to&8n hQi
C&8c ph€ehng phtd edy chcgin’ho Sgiibdoanh i quy g m:

- CAc tiéu chi thegia tr' sai bi ttuy t “il§° m: (i) MAE: Trung binh ca sai
bi ttuyt "iL(ii)) MEDAE: Trung v ¢ a sai bit tuy t " i:l(iii) SAE: T ng sai bit
tuy t " i:l(iv) MAPE MeanAbsolutePercentagdrror.

- CActiéuchitheb 3 nh ph€lmy()ME srung b3nh bs
sai $; (i) MEDSE:Trungv b 3 nh p h €Hiii) $SEsTanig sb3 nh ph€eh
s;(iVVRMSE: &PRPgabtrung b3nh “bh&nMSLEpMestRh n g
SquaredLogarithmicError; (vi) RMSLE: RootMeanSquaredLogarithmicErrors.

- CAc tiéu chi thedkh[o satsai bit t ©him @ ma hinh (i) RRSE Root
RelativeSquaredError; (i) RAE: RelativeAbsoluteError; (iii) Rsq: h s x § cnh. I

- Ti °u ch2z ‘Tlg®hngi §namh gitaugd tr th ¢ va tién
| “@g () Kendal | 6 shthg): iy Rh¢ t & Spearman (phi tham ); (i)
Pearsonor .

dC8c Li Lo ddidrxm@nt pdh®dg@dn nh-m (cl ust

Baog m: () Ch's s BIC; (i) Ch's CalinskiHarabasz(iii) Ch' s Davies
Bouldin index (DBI) (iv) Ch's Silhouette

vamts chs L§nh gi &mp@hSsnl &nh gdh'$ LRBGh gi §
CE (Classication Entropy); Chs L' 8§ n h g D@n'sXriglex (DI) Alternative
Dunn Index (ADI) Ch's SC.

2454Ki ©m LMNnh Li tin cdy xm! ghudlamh bd ul d

Co thkivith  t r tan cdl ¢ a m6 hinh mt cach tr c quan Bag hinh[nh ma
khéng ¢n Jpicac chs thngké,L ® | ° p h€hmW vamiruguy. Céc
ph€hng W hitd g thkdi:@ 78]y

a)So s8nh mot Li ph®©n bX giva thyxc tA
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Cac mo hinh*hi g @hotl, ng
d atrén mt gilf 'nh vQphan b ¢ a
bi/h kT qu ngd nhién, iy moé
hinh chinh xachinh[nh phan b k/}
qul ¢ a n6 € 'ng dthg va tring
Idp vi phan b thc t)Jga U
| “@g dn . &tinh Trén bW
phn cllica m! he&ént
gablagmc , 'ng dhggia?2
phan b, v tri trung tam.Sai sét ca
moé hinh ttWhi n* phfn di n tich
khéng chng Idp.

density
° °

Hinh 2.46:

30 bLco 40
EQD
L o8n

phXm

b) T .
tr Il

qguan t
t A

ng
t hxc

uy
v

Apdngmtbiw ~ tan xfdvamt
" th tuy/h tinh gia 2 vectors
predicted va truth cho phép [khsat

t €hng dJputimmgi a ki gu
¢. a md hinh va quand th c t/}

F

M

R=0.71,p=4e-09

R=0.59,p=3.4e-08

Hinh2.47:
h3nh

50 600 20 30 40 50
truth

Tehng
d,

L o8n

quan

v

t

s 8§t

c) Khd o

thxc tA

Kh[o sat tr c ti/p

trxc
v’ ti °n

k h u yng bai

bi t ¢ a mo6 hinh (over hay undesre
timation), va sai bit nay la ngu
nhién hay c6 ‘hth ng: (D‘hg b\
g y t ahm@ BRAltraan
plot).

n-

Hinh2.48:

C.

a

ml

600
truth

Kh[ o

S 8§t
h3nh

'''''

skah u
v

t
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dKi ©m tra t2znh R_T“‘-“‘
dung mé hinh

S d ng dhg bW * EWkiWwh tra
[ ng th i tinh chinh xac va’hp ly
¢, a md hinh so M quan sat thc.

DLCO

90
age

~

Hinh249 Ki Wr nthr &a” p |1
m: h3nh d. b §

2455Ph_gpnh 8 p gicthio tctBccldyxy Lo8n cva hM

t

C- hai ph®jilntlgchg i 88 nlL cho ¢ &maym:lL mdIn'h: |

hinhLIME, va m6é hinhrS HA P . L I MEc gifi qughkhils @ ngchod Ii' u
dthg dng, SHAP thicimva b quas ph thucthuc t 2 nh fnsDiong @ -
2 mé hinh nay mt cach hp ly, va linh hét.

a)Gidi th2ch thaMEmM! h3nh cAc bi

M6 hinh¢ ¢ b LIME (Local Interpretable ModeAgnostic Explanations)
th ¢ hi n theo quy trinh sawn fu tién, LIME IBy théng tin WL tinh phan phi ¢ a
feature Data inpu} d a vao training dataset vain dung ( ¢ darg) tronge
modelith ng t i @ InEwngtneobject gila explainerVi c dj n gifi s€
I ‘& ap dng cho 1ca thMm i (unseen caseB a u, LIME &p d ng mé hinh cho
toan b nh n g Wi trong khéng gian nhii  n * yg,th i tinh khdng cach gia
C § cWwh thd phn g/hLVthi t r ung  mng@m Icét. tkindBy cach nay®
I ‘& chuyd  t h " n h Wwht(deae). Gi/p theo, LIME chn mts | “@g M
features tiéu M nhdl cho phép moltt t nhbl kholng cach ndi trénCu i cung,
LIMEd ngmtmoé hinhnel L fn ogh o Wen® ehnl,is d ng M features
Lechn | " m prWgifi cntgohrg,a Lc haomodel M& Wintm @ay co
dthg wy/h tinh, hdb m6 hinh DecisioTree[80]. h u /]t mnkHiga L1 ME,
t 2 nbldly i thud toan @lgorithm). LIME khong ph thu ¢ vao bn crHi ¢ a
Algorithm,thdn c h2 n - Kh(Yarkigpngdribilg) LEbén tooig ca moé
h3nh. Do L -Wap dingMiocaca | gtohr i tNaive BaybseKNN
Random Forestie ur al n et wldpmdy cho prEmUMEIHd  ng tdm i
th i Wb, icho mi version ca mé him.
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A) D Lo8n r_ng £ i e tenn T
togn: 1 (t i) | R
Tr€ ng h° p quan "'Z‘
v' o d. li'u L€ ¢ oo
ph i b3nh thene o wn| EEREEES
G&§n tréeaam mhn c ‘S
gfquan t ©m. D) . S
cho thbly s, pho N T O W
te ¢ h c t4i o . ;
c. tr ng s’ . 1€ Hnhase Thudt to§n L
ranhqggy/]t Klasea#l)1 ding blng
0,5).

by Gidi th2zch theo m* h3nh SHAP

SHAP ( SHPl ey exitive exPl ainfait itom2sgh |c
Lo8n rM°agtil Gu c_, a SHAP | " gili tdaéhch d
t2nh to8n s, L-ng g-p c¢c,a t_._ng thu, c t
SHAP t2nh to&n c¢c8c gi 8§ tr Shapley t_ |
t2nh ¢c_,a m t thwW hi n d., |i u L-ng vai
m®™ SHAP mang LJjn cho blng |7 gili th2zct

phhéhg ph8&p phoOn ubng,t hm!, chs3tmhnht uby Jjns t 2 nh.
c8c gi § tr’ LI ME v~ Shapl ey. SHAP ch’ L

M
9(z') = o+ ) _ ¢z
j=1

(2.4.32)

Trong L- g |I'" m* h3nh gili t hzch, z
M |- kz2ch th<e djtlthw nc k{YJIR} tI""i tlhau ,vc® t 2 n
thu ¢ t2nh j, c¢c8c gi 8 tr° Shapley. Vec

t2nh Lhn gi[n h-a.
24.6.Cacmoéhinhr a quytAlh X hdgomm™> phY¥Yng qbad® tr 3
KTTV

Ra quyl nhith ng ké,d bao thng ké la mt trong nhng bai todn quan
tr ng trong khai pha_dlii u va hc may nffn tim ra cac quy ik ¢ a d i u.
Nguyénly caraquyl niith ngkéd baothngkéladavaod li ulchs LW
xay d ng mé hinh thng ké nffm d bao cacdli utrong®€h n g WL €ra quyj
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U'nh.CoOnhiy  c §c p h€hnp nipth Ggkeé, d bao th ngyké khac nhau
tiy thu ¢ vao t n g Hb thd ¢ a cac bai toan, cthWva nhi m v, khai pha d i’ u.

246.1L1T t rmgwyMt lhdgkéttonh B X mS§y

C8&c ph<€ehmgy} prii§img ké ed ts d ng trong md hinh' tc may
nh<€ (Quy} niitheo § thuy} quyl "nii Bayes(ii) Quy] niitheo da vao
xac st tién nghim (Priori probabilities) (i) Quy/} "nii theo da vao xac skl co
L@ kincgatngl p;(iv) Quy] niitheo da vao xac sHl hdu nghi m (Posterior
Probabilities) (v) Quy/T "nli theo xac gl |, i (Probability ofError); (vi) Quy/T "nli
theoRi  r oQ ki n (CénditionalRisk); (vi)) Quy} 'niitheo theo tI' | i phan
lod nh nhHl (Min - Error - Rate Classification)Vvii) Quy/} "nli theo ham phan b
xac s (ix) Quy "nii theo phén ‘b Gauss (x) Quyl nii theo phan M
Minimax; (xi) Quy/} "nhi theo tiéu chi NeymanPearson(xii) Quy/l "ntitheo moé
hinh cay qu§f "nlii DT (DecisionTrees)vacay quy} nhi ID3[40].

2462M* h3nh ra quydia Ulhrh tchhXmgn k°
a) Kh §i ni Mm vZ m* h3nh ra quyAt LMNnh
M6 hinhr a quyJ/Jjt L nh La ti°u chuXn MCDM

(Zadeh,185) | ° m, t clkWggic[i hquw/tqud8§c v bIn
bao g"  m nhiQu ti°u chuiXnc§é bi Ancmamg
C8§c ti°u chwXhnnly’ mh taHch Li Wm mh h” , kh

kh- khtn cho vi ¢ t"ng h p k/Jt qul LE&n|
L nh. Ph€ehng ph&p MCDM s€&€ | € ng h-a c§
c8§c L i t€ ng L§&nr, igit8i tthemwmh?2 rv nggis¥%p cn
L€ ¢ m't chhkbc chdn [82. chuXn x8c hhn

by C8c¢c m! h3nh ra quyAt LMNnh thXng k° |
M t s Im& dcd3snh d, ng ph” biJln hi ' n nay

AHP: Lamtk: thud cé dai  t ME4ch clva phan tich cac gily "nli ph ¢
tY, d a trén toan hc va tam Iy hc. AHP c6 tiwkiwh tra tinh niiil quan trong céch
L § n h _a i rBiga@uy]} nt Quy trinhphan tich theo thbt d hiW, xem xét
nhiQu tiéu chi nh va phan tichgy/u f L'nh tinh M "nCh ° rig.€

ANP:n€ ¢ ng d,ng trong x©y d ng vbin L
c8c m,c ti°u, ti®°uv'chs?g d 8§ mh cchHipW K:Ke&ccrg
ph€hng &n | a ch n t°t nhblt.

DEA:n€ ¢ s d_,ng LW Lo | € ng th., c nghi
qguyJ/J]t L nh (DMU). DEA c¢- |li°n kJIt chHt
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clng ¢, n'y clng L€emcchuXmd, thgomg qim@htc h
L'8nh gi &8 kh[ ntng sIn xublt v° hoUt L, 6 ng

FTOPSISL® ko thudt cung cblp th_ t eu t
L€ehng v,i gili ph8p 2 t€ ng. T2nh to§n

t€ ng t2ch ¢, . ¢ (PI'S) v gili phsg8p 12 1t-
c.a t_ng ¢gili2 AA8Wm ¢~ L nh tr°n. S, |
kho[ng c8ch ngdn nhblt v, i PIS v’ xa nhb

PROMETHEE: Thay Vv3 c¢ch” ra m t quy/teL nh
thee gi %p c¢c8c nh” s[n xublt quyJ/Jti tunb, &
h’ v~ s hi Wu bi/JJt ¢, a h’ vQ c¢c8c vbln L

o

hp I'T cho c¢cblu tr%¥%c vbln LQ L€a ra quyl/t
L t v° hi p | ¢ c¢c.,a m3nh, c¢c8c c¢c. m h” nh
cknh v c¢c8c |T ludn c¢cblu tr%c ph2a sau.

246.3M* h3nh ra qug)a €M ahwyémdeiMBioM) Kk °

M h3nh ra quy/Jt L nh d, a dblf nt m¥ad Q@au
kh&c nhau d, ,a tr°n hai ti°u ch2 thng t
thudn gi_._a c8c chuy®°n gia; 2)kmJ/Johh bB nt

ao

| © t. 1T &H Jenh/hhphfon h™ i n"y d. a tr°n Lh
c§8§c chuy°n gia thay L i T ki/Jn c¢c_,a h |
cang [83].t
X = {.‘f.'] g =y .'1'.'”} (2449)
ntkt X |I'° m t tdp h p h_.u h4n nh_ ng |
t"t nhblt LW t., i Xxblu nhblt, s d,_ng thlng
E = {r’.l. i) I‘:,”_}. (2450)
E |~ tdp c¢c8c 1T ki JJgacchuy°tn€ gniga , tnm, S§ii
t2nh c8ch ri°ng v° ¢+ c¢c8c T kiJn ri°ng
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Qusg8 tr3nh n”"y qu
trong hinh 501. Qusg§g tr?3r T -
n“y L€ c ph§t tr
L ng b, thing til |wi&rEmetos
tr3nh | @amtch3nh K l
L€ o xsc Linn chi [
VAR c8c <cblu tr Y%c l
trong L- L nh ngl m
S . n h blt trz v~ t .
M: h2nh n"y c- c8§ H|nh2.51:t‘Qnuh§ nt hri3Qnuh ng!
-Da tr°n h'agthuhimdmum tsh ¥ ng thuh bi n phap va mt
bi n phap §n.
- Cfhai t i Aguthuk h'tc€x ‘St bal cach so sanh [giphap ca

nhan vi gi[i phap tp thws d n
thay th]trong t ng gili phap.

g nh€e ti°u

‘ctihé@ acdcda chB n h

- M th thngh tr 'ngthuh ‘lc€ x &kcbad cach'sd ng” trén tiéu

chi§r g thuh va mt

ng€i

c Jhphlo i
Qi hanh trong sl ng thuh  Gliué trinh.

L -

Whay y}-c 8t h hiigrgla

L

c

Change - F K
Preferonces Proximity Measure < p F?r%(::zasz No
Preference Orderings - No MAXCYCLE
EXPERTS' _) Utility Functions L Individual Preference
PREFERENCES] Fuzzy Preference Relations Ordered Vector
Multiplicative Preference Relations
Consensus
Transformation Function Measure > C Yes
Aggregation Operators
Collective Preference ol Temporal Collective Pref.
Relation Ordered Vector
- Temporal Collective Pref.
Selection Consensus Ordered Vector is
Process Process Final Consensus Solution
N 3 Qo
Hinh 2.52: M h3nh L ng thudn
. ao ’ ., . S oy ,-- o
Theom! h3*nh n"vy, c 8cngegviy ki/hogalg,iLvel4 k ie*en g

s [’'ng thuh pHi qua caquéa trinhnp  Epil9, h g h 0 a a thush cH LRt
xWrdnh s I®rig thudmkhéng hi t, sau vai vong tho ludh,

saunhiy v ,

LHs vong ti
24.6.1Ra
a) M?

ng

h3nh

L[@a ludh. h
qguyAt
c Oy

‘e

LMNnmdhinthb @npgqluy At hEBnh

quy At
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Machine Leaning c6 mt m6 hinh ra quif nii d a trén cac cau i Mo hinh

nay co tén IaCay quyt MmiDT (DecisionTree) [40]. DecisionTree la mt mé hinh
SupervisedLearning, c6 tWL ‘& ap dng vao § hai bai toanClassification va
c halat r €

RegressionVi ¢ xay d ng m t Decision Tree trén_dli’ u hush luy n

Vi ¢

Tree 1a n6 c6 Wlam vic v i

attribute) dthg categorical
hayx an N,y .

L.

I i "nhxc@oclu bvi vatho ty cvachingM, t Wh i L § n g , a D€uisiorl

cc tl €nngg (¢t I thui c tinhi

“tng T i rt va khdng c6 tht . Vid ,m_ agng n

c

Deci si oncvidelieu cc-n gwHe c'ttno ©nid. b
WhilL8ng _ 4d €u

g m d thu c tinh dhg categorical va lién t (numerig. M t

la DecisionTree it yéu £u vi ¢ chir hoa d Ii" u.

b) M1

ID3 1a m t md hinhthud toanDe ¢ i s i o nc ap ¢ re eho &€ bai toan
phan chia theo Yng (Qassification) ma Hi [ cac thuc

(Categorical. | D3 ¢ ¢ gilalesopybased decision tregds d, ng ham phan

t2

h3nh

ph i Entropy sau

Hinh2.53: M6 hinhC ©y

c Oy

H(p) = — ZPa‘ log(p:)

quyAt

quy /]t
LMnh

L
D3

n h

t QN hhg'phan I

2.452

H(p) = —pilog(pr) — (1 —m) log(1 — p1)

0.6 1

=041

H(

0.24

0.0

0.0 01 02 03 04 05 06 07 08 0.9 1.0

h

Play (Y) or Not (N)

outlook?
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Hinh254 n” th’' h" Hinh255% M! h3nh COy

25. KJJt ch2ehng

C8§c n, Ghehatmg nt t3nhpbYyl viD t €shgli u p
nghi °. Rharctichc §c ph<€hng pBig8datagc tmng (ngh Th™" nh
t hudt c¢c_, a gi i ph8p Big dat a, (i 1)y Gi [
data h, tr° c¢ctng ngh phfn d 2 clho &g cKph\er
ngh h ¢ m8&y, Al LW nhdn d4ng, hg8pt i €ud
tr. v° tiQn x I'T d. 1i u vQ hi " n t€ ng
tr@ng | i u KTTV; (iii) C8c ph€ehng phgp
KTTV; (iv) Ph€ehng ph§p x8c L nh L, tin
(vyCacph€hng ph8p quy/t L nh th ng k° tro
b=ung AI .

Trong Cht®donchung ¥+ fpti Jn h”" " nh: (i) Ph§t
ph&p h ¢ m8y, Al LW h, tBigdataph_ k§o  KTTV
KTTV; (iiimt X®ynwhd Ang LW nhdn dUng, d. b
d ng Framework t2ch h p c8c module h, t
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3. CHhuNG@ PHCT TRCIOMNG C, |, PHhuy NG CPHCP
MAY,Al V& XAY [BIGNDATA KTTV

Ch€hng n"y s€ tr3nh b"y cé&ch®fing quif§)|
h ¢ m8y, Al LW x©y dd. rbg omK TH3Vn hBig Mdta) h X ©
ph,c v, d b8§8o KTTV Tk ¥mgtchht fstg Inkdrmi hWnA Ik h

o

th  ng Al LW h, tr d bS8opc_.cSchWi n t+€ n

o

31. Ph 8§t dagconWn ph€hng hpld&pml L W, tr d |
KTTV

31.1.Ct ngL®Aph&t hi Mn, xomltl m&tc duv | i M
31.1.1Ph 8§t YmgmPm8tc hi Mn, Xd&TIVI meg§c m&o | i
a)So dAng ph__ng ph8p gi 8 trll trung bS?

M t k: thud ph bi/hlas d ngp h€©h n ggiaprht@ng binh ca nh ng
quan sat ma smb mat khong kyra.Ph€hng phg8p o%m " dge tr €
khima s | “@g quan sat co Himat d |i' ula nh. Tuy nhién, khs | “@g gia tr b
mEimatlalnvics dnggiatrtrung binhlamml L ihngh@aili uc
D€ L @iphHal hcodesd ng p h€hgiégr trpng Biph(mear).

from sklearn.datasets import  fetch_california_housing
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import  StratifiedKFold
from sklearn.metrics import mean_squared_error
from math import sqrt

import random

import numpy as np

random.seed(0)

CoNoGA~WNE

10. #Fetching the dataset

11. import pandas as pd

12. dataset = fetch_california_housing()

13. train, target = pd.Dat aFrame(dataset.data), pd.DataFrame(dataset.target)

14. train.columns = [0,1','2,'3,'4','5''6','7"]
15. train.insert(loc=len(train.columns), column='target’, value=target)
16.

17. #Randomly replace 40%of the first column with NaN values
18. column = train['0" ]
19. print (column.size)

20. missing_pct = int(column.size * 0.4)

21. i = [random.choice(range(column.shape[0])) for _ in range(missing_pct)]
22. column[i] = np.NaN

23. print (column.shape[0])

24,

25. #lmpute the values wusing scikit -learn Simplelmpute Class
26. from sklearn.impute  import Simplelmputer

b)So dAng ph__ng ph8p gi 8§ trn xumt hil
K: thud nay s d ng giatrt h f@ xuyén xiil hi n nhHltrong ma Wihay th]
cho céac gia trb mHL n ¢h code thay thgia tr mki b i gia tr t h /@ xuyén xi
hi n trong nA.
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#lmpute the values using scikit -learn Simplelmpute Class

from sklearn.impute  import Simplelmputer
imp_mean = Simplelmputer(  strategy="most_frequent')
imp_mean.fit(train)

imputed_train_df = imp_mean.transform(train)

onkwbdpE

3.1.12Tho nghi Mm °cnt nsg ¢cIN Mu | _ 1 ng m_ a

S dngk thudt r *WehSyld I’ uth c U]t h u c t €c tém quan teb.
Danh séach #m test Rainfall:

1) 48800- MUONG LAY 22.066667556762699.03.1500015258789

2) 48803- LAO CAI 22.5, 103.96666717529297

3) 488 - HA GIANG 22.816667556762693.04.96666717529297

4) 48806- SON LA 21.3333339691162103.9000015258789

5) 48808- CAO BANG 22.66666603088379, 106.25

6) 48811- DIEN BIEN 21.36666679382324203.0

7) 48812- TUYEN QUANG 21.81666755676269%05.2166717529297

8) 48818- HOA BINH 20.81666556762695105.33333587646484

9) 48823- NAM DINH 20.433332443237305, 106.1500015258789

10) 48825- HA DONG 20.96666717529297, 105.75

11) 48826- PHU LIEN 20.799999237060547, 106.63333129882812

12) 48830- LANG SON21.8333339691162106.76667022705078

13) 48833 - BAI CHAY 20.96666717529297107.06666564941406

14) 48837- TIEN YEN 21.3333339691162107.4000015258789

15) 48838 - MONG CAI 21.51666641235351607.96666717529297

16) 48842- HOI XUAN 20.366666793823242,05.08333587646484

Thigianbyd liutestl/ 6/ 20 1W16201R. Tng: 944 ngay ~ 944*83(
obs/ ngay= 7552 dong

105



tram 16
0.0
0.0
0.0
0.0

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

0.0,
0.0,
0.0,
0.0,

-'*0.0, .0, 0.0, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
0.0,
0.3,
0.0,

tram 1 tram 2
0.0,

c =
[0 E
P WWW
OO0 0000000D00DD 00! o Mm S
DOO00O0O00OYODOODD 0O« =~ .
cedddessseddcesdas: &~ C ° “ e “ 0 “ “
L . A ©- 0000080000000 400008000800040
o =} o =} o =} =}
- - - T e T e e S S S S R R
> conoco 00 ,00 ,000WO ,0000 ,000 ,000 ,O
coooocococo0oco0o0co00we = ° “ e O 0 o “
i )} e e e e eI e e e = =] a a cooa o aaa a caa a a
CO000O0000000000D0 00« R B e R R
+— £ coco o0 .00 Ccocoo 0000 a0 naa .o
C e e v e e e e e e e e e a e c O o o o o o o o
CoOO0000000000000 00! I R T T T T S S S S S G S
L . T B UUDUOUU000000000000000400000000
DOO00OO00ONOD0O00DO0W: L e e R
8) cooco 00 00 00000 ,0000 000 N0 O
R o o o O O oM =
I R R e R e e N e e e N e S Y] . LT T e T T S S R e
A T S - coaogaogoagoaaca o caaa o caagaaag 0
CODOO0OOO0O000O0OO0OODOO - preer] [ e R
coco 00 .00 00000 0000 MOoOO . Noa O
rr-..rr;..rr:..rru..rrh.lu o o o 0 O o o
D000 0OO0O0000D0O0DD0O ¢ T R T S S S S S S R S N R S
363333336 gd3cd3888: w B 1 299dedddddsddddddecddddadddece
-« - == cooo 00 00 Co0oa 0000 o000 o000 O
comcocOcOoOcOcOcOcOc0OOD 0O N r,r,O,rOerr,r,rOrrrror,ror,ro
L . P T R 0n ° 000000000000 Ogooocogooo a ooo a 0
coocooooO0o0OO0OO0OOO0OO0OOOC e
- OOOO.OD.DO.OODSD Looocao cca cco .o
B I L L L I - C . ..8 . 8. 9. . T.e. .9 ._ .98 _ .9,
B B R e R e R B B ) Mm «C D000 R00a00 a0 cooogoocagaaa a caa a a
COODO0OO0O0O00O0ODOODD OO R R
_ =S m coco 040 00 .O00cca 0000 o000 .oaa .o
T T a a o O O a a
e i P U U O U
S e - " —_ &w e e N e e R S a cooa o aaa o oaa o 0
¢ = LannesRenRaegaRs
OO0 00000000000000 — coco o0 .00 Ccocoo 0000 o0 .0aa .o
0000000000000 H000O:« o C . .8 .9 .. 9. . ..9. . ..8. .9 . .9,
it .o Lo aan e o] cocogoogoogoaanagoonageaagoang U
eeeeeeeeeoLoeeo0e oo o S cooco o0 .00 cocoo 0000 oo . o0a .o
R A T A Sq r.r.o.rorror.r.rorrrror.ror.ro
eeasaeaa8eeaedea9ar 4 e e e e g R == foodeegooe o ooo o O
0ee0000000N00000000¢ m, coco 00 .00 00000 0000 000 000 .0
P O O : a a o 0 0 a =1
T It e R e e
Seeeee99eeasea9S99" ¢ i © = CooOgoOq00 0000 o a cdaa o caa a naa a 0
ORCOORCOROCOO0ROR0: 3 @ cooco 00 00 COoONG 000G 000 OO0 O
B B R R D P c w S O N - R SN
Seeeeeeeeeeeaeecaes C c OO0 0O 000 cooogoocagaaa o waa o a
PeEeEEeEeEEELoOoLL 0000 \m ¥ cooce o6 00 Gcoacoo oooo oo oo .6
P S o w r,rroyrcrror,r,rcrrrror,rcr,rc
§63c9s9594d5933583« _ S3Sddddaddaddcsdsdsddddcddasddds
0000000000000 00000« c ocooo 00 00 00000 0000 000 NOO O
T T am rrrrOrrOrrorrrrrOrrrrorrrOlrrrOr
eeeseeeeoadoooooooor No) o) ccoa e e S S = = ocgoooagaaan o oaa o a
PReRECeRReeReReROR0: < o cooo 00 .00 Oocoao 0000 o000 .aaa .o
S s i 4 rrrrOrrOrrOrrrrrOrrrrOrrrOrrrO
a9 O D a9 D D A A AL C = = cgaaa a aa o oa O.D gada o coaca o caa o coo o 0
S666600069¥6080000 M« w— D) cococe 06 66 cccco cooc 000 000 .0
o I ceme ac ca ccaca adeca aaa aca a
c cooe o0 oo ocoowo cooo Mmoo aoa ®

N

Uid Ii'u
acac

mblt

m€a b’
“lc €ndi ph ¢ sau ni

ng

e

't hat dacetm.

106

-

D

Hinh 3.2
N isuydcacd li umdimat naySaux ly, d i u

" idl Wamth c tb a fu

m§8 t



0000000000000 000000000000000000

L O T T Y
OO0 Od00O0000000000000000000000000

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L S S S T Y
DCOoO0Od00O0000000000000000000000000

L S S O S S o T T Y
OO0 Od00O0000000000000000000000000

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L S S S T Y
OO0 Od00O0000000000000000000000000

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L S S S T Y
D000 0000000000000000000000x 0000

L S S O S S o T T Y
OO0 Od00O0000000000000000000000000

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L S O S S T T Y
DOMODO0O000000000000d0000000000 00

phgt

K hi

Hinh3.3:D_

3.1.2.Ct ng

I ph&8t hi Mm,goxd IlTaic8c duv

c A

c8c v

trim@msgtcmigMmrc,A x o

3.1.21Ph 8§t

m-

tr3nh Python,

ng ng!'n ng. Il dp
3 the€e vi

.
tr2ch

ng'u” $ie arb o rbra ol

n

£

ab, ng
X u blt
c 12d.4L «¢ ht rc® nh

Col

1

H

H

TAV.THh ic uhigumnp h €kt gSkKwen § p

v

tron

b2414¢ r@ang8 @ hEinWm

t heo

na b ISid hike migango

mxblt 1mM8 tc hvo'

v

H

hi
nge

L\Wh§t

ng

n

~

nghi Mm °cnt medXi dIXi MiLi

3.1.22Tho

r u

tu i c8c t

L i
I £ n

15h,
t t N & m.

Mt

ItioMbu dn hi

a)So dAny
C8&c tr Ums8 aps/ryay
06 h,

03h,

Q

c 8cht hn hia ul i3Wng i

a

12h,

tnr duc

21h theo

tbanh hedpc L WA 3B h

18h,

09 h,

Vi’

. Q
I

g

22h

13h, 16h, 19h

LOy.

s

d e

bl ng

ay

hY

guan teb 8 obs/ng

>

mts trim

é

Blng3.1: Li tk

b = ©
o — =
c| 2

c © >N
oRnu n\e

_AVIQnaleB

S| = @
oo Z

—
olol~N|lo|lo|w|x

LI N|D|o|0|©|~| D

Y o ||| |0|w| o

S|0|® |0 |0 0| 0|0
IS I B IS RS IR

T

T

NidlNnlm|s|(w|o|~
R AR R AR R A K
= = =
n,X,m o

- T | < | o
E|l-|E c

° =

Sl | S| S| D
Z|T|-|>|I|X|c

-
MINO|W|©]|o|®

(2444484

Y oo|oo|o|o|o|R |0

S|0|® |0 |0 0| 0|0
i IS I S IS ol IS o IR

Flo|~|o|lolo|d|o~

T

Dl = | NN

D

m| © m

o - - o 3

clclc n.an
— ]

o |, . nBC.&Am

AP = A =D
S|l T | Ol

—
o|ld|o|o|m|w|lnN

S o|d|old|o|lo|d

Y o|oo|m|o|o|@| oo

S|0|® |0 |0 0| 0|0
A B IR B IS o IS o IS o I N I

T

N1234567

107



STT |[M« t T°n | STT |IM« t| T°n STT | M« t T°n t
8 148808 |[Cao B3| 23 |48852 |Hu/J] 38 48903 |VIing T°7
9 148830 |LUng S| 24 |48860 |Hoang Sa (39 48918 |C*n nfl o
10 |48838 |Modng Cai 25 48855 |n° NJ/UM40 (48910 |Cfn Thh
11 [48837 |Tién Yén 26 (48863 |Qul ng (41 48917 |Ph¥% Qu’
12 |48833 |Bai Chay 27 |48/96 |Ho " i N42 (48907 |RUYch Gi
13 48826 |[PhY% Li | 28 |48870 |[Quy NHK43 48914 |Ca Mau
14 148839 BYch L[| 29 |48873 |TuyHoa
15 148825 |H”™ nt! n| 30 |48877 |Nha Trang

D. li u thu thdp t. c¢c8c trUm L€ ¢ | €
vi ¢ kJt n"i t,i m8y ch, CSDL v" truy »
kholng th i gian t. 01h ng~"y 01/01/ 201
i u g ¢ -Raw Hataseh) L€ ¢ t ng h  p khi
thdp d. | i wu, truyQn nhdn v~° | €u tr_ ¢
quanlLg¥nd, | i u c-i stsiwgh', rmblt sm§t | ( mhé
d. ng cho nh_ nhgW, mcc§cl2sch lci, ut n“y cfn ph
l i u ngoGir YUnain "cyhho 43

R
Hinh34:Mi nh h" a tdp piphasMinh h  a tdp «
ch a d.| Lour Li Wm d_. |i u n

Ti/Jn h"nh L ¢ v" tr2ch xublt d_ 1i u

d. |i " u c,a tr9Ym n"y nh€e sau.

Blng3.2: Théng S tdo d |i' u quan teb ¢ a rlm 48918

Th i Li Wm bdt L01:00:000101-2014
Th i Li Wm kJt t|22:00:003112-2019
T ng s° LiWm d_|17528

S’ Li Wm c- d. || 17 495

S LiWm d. 1i u33

Gi 8 tr  trung b|27.8478

n, | ch chuXn uc|20407
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Gi 8§ tr c. c tiW-13
T ph©n vt h._ 26.4
T ph©n vt h._ 27.8
T. ph©n v th. 29.1
Gi § tr° ¢ ¢ L4i|[390
Hinh36:Bi Wu LY histogram c_,a tdp d_ |i°
b) S dAScgorZze phsg&t hi Mn duv | i Mu nhi Mt L
M« ngu n v~ kJt qul-Ssorea, by p&EShbgnip
trdm 48918 nh€ trong h3nh d€ i LOy:
[15] 1 #Tinh Zscores cho cac diém dir 1liéu cha tram 48918 lwu vao cgt zscores

2 df 48918[ 'zscore'] = (df_48918['48918'] - df _48918['48918'].mean())/df 48918[ '48918"].std(ddof=0)
3 #50 sanh Zscore v&i mdt ngubng (=5), diém nao cé zscore>5 xem xét nhu mdt ngoai lai

4 #Cot outlier cho bigt gia tri zscore c6 1dn hon ngudng hay khéng (@: Khong | 1: €o)

5 df_48918[ 'outlier'] = (abs(df_48918[ 'zscore'])»5).astype(int)

6 #Hién thi nhiing thoi diém xem xét ngoai lai (Zscore>5)

7 df_48918.loc[df_48918.outlier==1]

G 48918 zscore outlier
TimeVN
2015-02-01 16:00:00 -1.3 -14.283356 1
2015-02-10 19:00:00 14.0 -6.785862 1
2015-09-10 10:00:00 39.0 5.464945 1
2016-03-20 13:00:00 11.5  -8.010942 1
2016-04-30 22:00:00 11.5 -8.010942 1
2017-06-15 16:00:00 9.5 -8.991007 1
Hinh3.7:S" d_-SwcgorZze ph8&t hi ' n d. 1i u ngody
Nh€ vdy, theoScoré&hnyg, iphBgpe Zncg It bt cchl
Li Wm d, i u L€ ¢ XTamnmg®tl -1 ¢c-nd¢go dii Wma in
Ov:® 1 LiWm ngoUi |l ai phl[i (zscore>0).
c) So dAng b-pbBaot LEhBOXhi MNn duv | i Mu nh
48918
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Theo WhH ®oxkpiottrong hintB.8a,c6 khanh(u Whid i’ u nmm trén
v " ich&rauMin vaMaxc abMi ' lWQnguyénés ¢ 8t nlQy I We §c L
d I ungd lai. Tuy nhién, trong pfn X lIy,ch x e m x ®Wh dclgwco thic
L, sai khac_ In, tach bit hoantoan khitdp d Ii u. T biw = Box-plot, c6 thM ¢
c § cWh Hgdl lai tréi v i ng eng 189C, cVBhagdllai phliv.i  nng 85C.
Kipqu't § c h Wb Bgdd laltrdi - phii (hinh3.8b).

1 #Dung bidu dd Box-plot cla dir 1liéu nhiét dd tram 48918
2 df _48918.loc[:,[ 48918 ]|].boxplot()

48918

40 o 1 #Hién thi danh sdch ngoai lai trai (left outlier)
- 2 df_48918[df_48918[ '48918']<15][ '48918"]
8 )
TimeVn
0 —— 2015-02-01 16:00:00  -1.3
——1 2015-02-10 19:00:00 14.0
2 2016-03-20 13:00:00  11.5
2016-04-30 22:00:00 11.5
20 ! 2017-06-15 16:00:00 9.5
Name: 48918, dtype: floate4
15 P
10 o 1 #Hién thi danh sdch ngoai lai phdi (right outlier)
T 2 df_48918[df_48918[ '48918"']>35][ '48918" ]
5 -
Timewn
0 2015-09-10 16:00:00 39.0
o Name: 48918, dtype: floate4

(a) (b)

H

Hinh38:Ph&t hi n (a) v° h"m t8ch (b) c§
d Ki ©m chong cBgodLi ©madvuvl] i Muph8t hi Mi

Kigqut huct®ai ph€hBogrepahBMp” Bbx-p | oQ chd
congmt danh W@ & ing@ lal,¢hiti/f n h €BnmgBd n g

Bng3.3: Th i Wh va gia tr quantrdo xem xét ngH lai ¢ a tim 48918

STT Th i Liy Gi§ tr’
1 |201502-01 16:00:00 -1.3
2 | 201502-10 19:00:00 14.0
3 [201509-10 10:00:00 39.0
4 | 20160320 13:00:00 11.5
5 | 201604-30 22:00:00 11.5
6 |201706-15 16:00:00 9.5

D liunhit  thunhth ‘lc€ céac tém quan teb c6 dhg chyi th i gian,
vi b€liuvla3nifns liuDov WHh gnh L ©y Whngddag ¢ L i
cfhkiwhchngd liunaytrongmtchyid liu t €©hgvg Wi LY hait
th i Wb @ gia tr nh nhEiva | n nhE LWminh h a.
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V. i kJt qul kiWm ch_ng d. 1i u nhi t
th i LiWm 16h ng 'y O01hmM3%2015% hiwh® ht3m\y |
i " u thu thdp L€ ¢ tUi dar. iNHii Wm I~ ygHi
Li Wm 16h phl[i ¢ m i t<€hng quan v, i nhi

L- (1l %c 19h). Ngo'i ra, LY th biWu di,.

ng"y t. 1h ng'y 01/ 02/ 2Hnh3%b)Lfmg22Hh Wndi
m c L, sai kh8c d. 1i wu t4i th i LiWm n

1 #Dit 1i8u tai cac thdi diém trong ngay 1 #V& biéu d6 nhiét d§ trong 5 ngay
2 df_48018[ '2015-82-01"] 2 df_48918[ "2915-82-81":'2815-82-85" ].plot(marker="*",color="Blue")

—— 45915
48018
25
TimeVN
2015-02-01 01:00:00 248 20
2015-02-01 04:00:00 246
2015-02-01 07:00:00 248 15
2015-02-01 10:00:00  27.0
10
2015-02-01 13:00:00 272
2015-02-01 16:00:00 1.3 5
2015-02-01 19:00:00 255
2015-02-01 22:00:00 255

0z 03 04 05
Feb

(a) 2015 {b)

Hinh3.9:K/JJt qul (a) v~ {diMWmnkhdingnlLkAm agul (b
tr° thblp nhblt t4Yi trUm 48918

T€hng t, hinhB®t iy hi n kJt qufiga¥Hwml ah
gi 8 tr'tUdao hnhHbltli Wm 10h3.2tsg "hyi W0 /tOr'/ 2t0d
quan tr dc tronHnhB.4ObBtyh WL Oh/id o/ 2061 5t.h" nhi’
kho[ng th' i 1¢i amg"y A@®7YWOVU 2015 LJn 22h
clng d. d°"ng nhdn thbly d. |1i " u quan trd
khg8&c t€hng L i |, n so v,i mHt b=3ung chu
th i LiWm 10% carogrhhgi "ttr L | "1°GBc9 nlivgu 1n3 hy
th ¢ tJ |7 pHAmaxt forkdiindhy ikRKinwwn phl[i |~
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2 #Dit 1idu tai céc thdi diém trong ngay

1 #V& biéu dd nhiét dd trong 5 ngay
3 df_48018[ '2015-80-10" ]

2 df_48918[ "2015-89-18" :"2015-89-15"].plot(marker="0",color="Red")

48918 —8— 48918

38
TimeVN

2015-09-10 01:00:00 274 36
2015-09-10 04:00:00  26.8 »

2015-09-10 07:00:00 278

32
2015-09-10 10:00:00  39.0

2015-09-10 13:00:00 30.7 30

2015-08-10 16:00:00 276 -

2015-09-10 19:00:00 276

2015-09-10 22:00:00 278 ®

11 1z 13 14 15

(@) T (b)

Hinh3.10KJt qu Tl (a‘) v tr3nh di n kJt qul (b
tr thblp nhblt t4di tr4Ym 48918

T. c8c kJt qul ki Wm ch_ ng c¢c- thW kh?3r
ngodi lai, c¢c- gi 8§ tr'  sai Ich&c prhiiti IL.€n c
tre ¢ khi s’ d. ng cho bblt k8 m c L2ch n

ey Xo | T c¢c8&8c duv | i Mu ngovui | ai sau khi

Dod liunayladliudhgchyith igiandowd,chn ph€hng ph§yg
th/jc § cWh Hgoai lai Qgiatrrng ( None) , ctohi Whoeli d - |
thip ( mi ssi ng,s@isad mQ . p s@hn dy dplihusthyu ohung cho
toanb tp d i’ u.

1 #X0r 1y dir 1iéu ngoai lai cla tram 48918

2 df _48918.loc['2015-02-01 16:00:00',[ '48918"]] = None
3 df 48918.loc['2015-02-10 19:00:00',['48918']] = None
4 df 48918.loc["2016-83-20 13:00:00",[ 48918 ]] = None
5 df 48918.loc['2016-04-30 22:00:00',[ '48918"']] = None
6 df _48918.loc['2017-06-15 16:00:00',[ '48918"]] = None
7 df 48918.1loc['2015-09-10 10:00:00',['48918']] = None
Hinh311:X | T d. 1i" u ngodi Il ai tr94g
31.3.C ngL®Achuxn h-a dv |1 Mu KTTV

3131Ph8t tri®®n c¢c*ng c¢cA chuxn h-a dvuv |
a)Phgt ct8rci @rh_. vi Mb® ki MguQhuma h-a dv

Phat trid cac moduleNumPy, SciPyva Randastrongt hve&n ma ngun m
¢ aPythonthchinchc nt n gchbharthrcho dac thao tac toarciva § LW
chirhéad li utronghc m8&y. TNuntPytinh than hu qu cac ning va
matich L &; Scifyicung &cacchec n tmighchoti  Suquy, Wh il
Fourier va nhu  k et khiadhTuh € nRandagh c hi n cacthao tacd Ii' u:
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- n c/ghid liugi ab nh vanhQ "nh dhg file: csv, text, excel, sql dat
base, hdf5;

- Liénkitd i uthdéng minh,xIlyd lfubthiyu. T Lng L @a phdchl
tracvQdthg c6 &l tric;th a yiblgcgad Ii u;

- Tichhp c¢ Rt rafddbchmec, IBfratdhcont tdod Ii ul n;thém, xéa
cacctd i u;

- Tdohpt haiyd If uvigroup bycho phép thc hi n cac toan ttrén
d li'u;
- Ldpchm ctheocaccliucad Ii' u(caoch@uvad i u thgd chiQ).
by Ph8t tri On hau®dc lmdsrSogr lc-Aa duv | i Mu tron
Phat trid cAc cong ¢ thud toan chi hoa d |i” u trong hc mayg” m:

- Thud toan chdr h - a t heo Tumg@mhd d gitu§@entering
data)

- Thudtoanchdy h - a t h e o Coglarehlinuwy(ScalihgSat
- Thudtoanchdqh h - a t h e o Chh Kda migmayp(fegaing);

- Thud toan chop h . a t heo Gd §dmrirgng Ipirth §(mean
normalization);

- Thud tctAn choy h - a t he o Chunr@bantigu cixdh(Standardia-
tion);

-a theoVerhiehbgnpwgp
-a t heoMphicha gk Wim§dipnp
- a t he o Mphoash Nugneric BEraqaling

Thud toan chofn

Thud toan chofn

Thud toan chof
-a t heoMpHoadneHgt. p h &8 p

Thud toan chof

print('Min max scaling')

sklearn preprocessing pp
mms = pp.MinMaxScaler()

:8] - maverage)

data_mms = mms.fit_transform(data)

newdata[:,0:8] = np.divide(newdata[:,0:8], np.array(mmax - mmin))

print(newdata) print(data_mms)

b)

Hinh312Thudt to8n chuXn &gia«n hterou npgh @heni
phapCh u X n bhmaa()mi n
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3.1.32Tho nghi Mm °cn! ndgu acctAi Mu®On d©©ng

Th nghim cong ¢ chip héad liu c®W dO©ng theo ph-€
Chuw4 hoéa tiéu ch¥h (standardisationk/t qul ¢, thwh h € s a u :

—

ol 1 o \
. A
— ‘
—_ w5 os

Hinh313D. | i u m ¢ n€ ¢ biWn tre€e c

314 Thuot to8n x©y dxng m! h3nh dx bS8o
3.1.4.1.Lop trinh di truyZn

L trinh di truyd (Genetic ProgrammingGP) lamt S tWh L h W rd’
[ igi[ibaitodan. Kifn £ n@GRIath ¢ ‘nth n gahnptdanct cdc M Qi |
nay gilp GP lam s | achntuytv i cho bai toan phan tich” hquy ky hi u
[120]. Chinhvivy GPcddngrng wMkayd ng cac mod hinh’h quy cho
cic. ngdngthctvJChnyghh nh€© mtlL oh&nn'hghs ccng GWP L
tbramtchih "W t € 4$1214 Aronh[422]GP "€ € d n g WxAy
d ng md hinh d béo séng thi gianth c. Cac ¥} qu[ ¢ acacnghienaw t r °'n L «
ra raag GP 1a mt cong ¢ LFy h a hG1 cho cac ng d ng d bao cho d i u cac
ving bMi. Trong nghién cu[123]GP "k €d n gWil b § 9 x6Lmon” ng Xy
ra” long song va R qui chotyvics d ngGP co R qur kh[t hi hh® s h
dng ph€hnigguytva § th h g hranmhan & trong vic mé hinh hoa.d
Lo8ns CQu x - i m, n xmuqdg. guwy hn kci§cn G&RIngl « v
trongd b § o, cWa@g do b&o vidy trong bai bao nay tac [gLQxuHi nghién cu
apdngGP Waydng m! Ipirdnly o fit my mod hinh d hiw) cho vic
d b § o, c i@ dang.Ld trinh di truyd (Genetic ProgrammingGP ) ° fvao L
ntm @@ 2ithamvngnfn L €a tgunthic 8¢ che€hng tr
chdng co thivti/h héa mtcacht I ngtrénnhngd liuhwhluyn. Vi nghoa
n"y, 'GP xke& ntpBnt¢dahcm m8y. D, a tre°n |1 t
Darwini®a,r &Pc §c ¢ h€hmndfhgtac ghpi di trug@ théng a  d €
qua qua trinh fh héavachnict nhi Wn3 M ckh@idituyr ( c h€hng
trinh) ft L@ g ~ dy&u §u baitoan.
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BiWdin ch€ehng tr3nh
Ch€hng tr3nhcbWdm
d@dhg coOy, tir omige
gan nhan 1a nt ky hi u thu ¢ td ham
(F) hay tp K} (T).

NOD (AND

Hinh3.14Bi Wu di .

OR

NOT

c h «

To8&ndit truyQn

T o 8 n ai ghép (drossover)

Thwhin qu § t Tihhim scbtthWgi, @ hall cay b mG Toant g m cac

b & sau:

- Ch nm t nGt ngd nhién trén mi cay b mG

- Ho 8'nhalcayconco'ctdhaindtyachn v = " itchhi@aholhhau.

Toan fo Li t bixn (Mutation)

L™ qu§g tbi/hetaimtblnhim
shthW & ttbra.Em ¢ § csah:€

- Ch n ngd nhién mt n't bl ki
trén cay cha (19;

- X6éacayconthent °EeBn;

- Sinh ngd nhién mt cay con mi
vao v tri v. a xoéa.

Parent 1

Hinh3.15: T o § n

Parent 2

.

Tai sinh (reproduction)

N/ m t ca thM. ‘& tai sinh ching&L ‘& sao chép y nguyén vaofauthwy
hay néi cach khac €06 hai ca thigi' ng nhau trong dftn thw

n&nh gi § L, 6t t (fi

M imt ¢ h€hn gcganrnit gid
tr L e gi | tt diadtr ndy s£co
[n h * mg@uantrn g/h ki c ca thheo
L ‘& achn Wh c hincac toan tdi
truyQ hay khéng.

Parent

Hinh3.16: T o § n

.

bi

Nh ey vc§c Wthm t thud toan GP:
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B €c 1:Kh' i t% ngi nhién mt qufn thW(th/Jh 0) cac ca tiM: ‘e ttbrat
tdp ham vadp k/7.

Bec2:Thchinlp(cactiilh) t he ocph $ @ ub # khdth & méan
L @ ki nK}thac (timthy T igifiti <€k WHhS thjh n" o L - ) :

-n8nh  ¢gicGcdccativ

- Ch n1hdb?2cath quFnthWv i xac sidiph thuc v " tot ¢ B chdng
L'Wtham gia vao cac toan di truyQ c.

- T% c4c ca tin i cho qin thwb3ag vi ¢ &p ¢ ng cac phép toan di tr@Qy sau
v.im txacsidl [nk (i)LTai sinh (i) Lai ghép (iii) n, t bi/h.

Sau khi K} thac qué trinh fih héa, ca W' t nhil ¢ a toan b qué trinh chly
L& coi Jjgh € a fua trinh chy.

Béndh h ¢ §c p h-<€el@ntlyngpcayfp} tnl, &pylud quy] nk,
ham thng ké va mth g romfsdc nghien w L « B HRog t BP ¢ |tn
p h€hng [ipbki8pan dgbho vi ., thinh xac cao Bag céch tih hda ra cay
biwthc. Mttrongnhng | T do ¢ hon gpQl@hy la gua trinhitim
kijmgaGPcoORqutt “il inh ng baitoan cé khong gian tim Rin | n.

3.1.4.2.Lop trinh di truyn cho bai toan gb 8 o acibi@ dang do béo

Vics dngldtrinh ditruygh  ( G/MRI) b § 0, c v dang sau baofg
L ©y c¢ 1 nagm tls«nghidrec u 4p d ng. Sahoo va Bhaskarfit24] I « QxiH

g I

t e

sdng GWB Llbo§ncddng@dobdovamglt do c §c tc hiBach «o

thi nghim Uc@hchintréncachbd liut b biwi Od /s tifmgat v i
V'nh Bengal. Cacgqu ' « "rafagd mth g -rantnhané ( ANN) Qv
d baoHIttsovid li uthct] Tuy nhi °n, c@dghiéncy sak
hhnawe § ¢ m! WihBamdau khi thc hi n v i th i gian d bao khac nhau.
Hhn a tinhlinhhétga GW lI'ngchn c¢ &c tLr Waygl nd.cadc md
hinh c6 tWhiwi  “lceMl b §o.cn® ©ng do b « onghiénow Doc
L -, Kiaytipvtic nghien cukhlC n £ n.ga &RWxayld ng cac mé hinh d
bdomc . B & dangsau bdoT r o n.¢c hfm €n h € ¢ h ‘€©a u raeo Wbhaig
toand b 8 o, c biv® dang do bdo, vafbhchdochdhria g ¢ h€a cunam
s dngcongchc m¥%wW b8 o, c b dang.

© GF

hlng

h €a

hi °r
ghi ¢

3155 Thuotmt oB5hnh dx b8o w akhimg dk tMnh Irt

3.151Thuot to8n Gradient Boosting (
a) Gi ai thi Mu
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Thud todn GB 1a mt k: thud K ¢ may cho bai toan phandova R'i quy, n6
sinhramdhinhdl o §n t hBb p ca&rodthinkkdl o §/ju , WL ih3 nh nh
cac cay ra qu nli. N6 xay dng m6 hinhthgbdt rh€ md& ph€hng p
Boosting khac thc hi n, va n6 khai quat hoa chingilcho phépti  €u " mthEm  t
kh[ vi (differentiable loss function)Hi k8.

h ‘tngec a Gradient Boostingdbngli n t quan sat bi Leo Breiman, xem
Breiman (1997125],° ' - B o o Sd¢ HWwh gn Wt@hudntodanti <€u _tr ° n
ham gia thich’hp. Cac thattoan hiquyhin Gr adi ent cavoidblii ng L
Fri edman ngtili® 9 9 )ng8lp och Gradient Boostinghamn g qu §t h |
¢ a Mason va ong s (1999]126]. Mason va cng s gi, i thi u cai min Iy thuy}
vQcacthd t o8 n b oo sdttodmHy  méeo®m ham (funttional gradient
descent ) ngtmdtoah [amth h €whamgia trén khong gian handy
cach chn Ip 14 m t ham (gf thuy/} y/u) ma né cht r o n gg ghalet n @n.

Cach nhin grdl4 n g ha Boosting & Jjl's phat trMd ¢ a cac thdt toan
Boosting trong i@ | oahhc may vathn g  k ° X ‘ai quy kédnphah 18. h
Trong pHn nay ching téi trinh bayiGradient Boosting gii thi u b i Li [131].

Ging nh€ c8c ph€ehng phlpnhBgo Sitl ierdlg nleh §
thanh mt i | e dhhmwy nidlthem mt cach H I4. Cach d dang nidl K[
thich trong bicfnhAi  quy b3 hitiw,p K- €hamgl 2t c% o1 tmd A d
hinh"OLWd L o § n " dheoScong thc ® "Ow b=ng cach ti tiwl | i binh
ph€hng t roudg besdhttung binh qua mtvaitd d il u hush luy n
g acacgiatrth cs ¢ abih flraw

mi .bedé&hp & O ¢aGB,gls raagcé mt md hinh khéng hoan
h[o™O ( b & FUtién, mtmd hinhEylchd L o§n * gungbinhdtrong
d li" u hush luy n c6 thM ‘& $ d, ng). Thut toan GB §i ti/h trén"O bRag céach
xay d ng m t mé hinh mi b?ag cach cngthémmt . c€ hg&IW. €a r a m! h
tt hhn
O w Ow MQo. 3.11
nWim "Q gili phap GB Il fuly i quan sat ma nt "‘Ohoan ljo kéo theo
O w Ow Qw w 3.12
hokb t €hng L<€hng,
MQw w O w 3.13

Do L - EKkh@RW sphfn €0 w.Ging n hng bih thwkhac
¢ a boosting, mi 'O  h ¢ Wi u chnh ham d L' o § n ¢ "©.rkK&ai quét lba y
t “@g nay vi cac ham ril mat khac khong chv.i b 3 n h | ipcho@é&cnsy QU

117



xJ/p hthg va phan |8 babngint quan sat?®ag pHn  d€0® cho mt md
h3nh n"o L- I'ivigOdn diiacham nii@ili( Lb3nh phe
- Ow 8Do o6GBlamtthud t o Bigginh (gradient descent); vartg
quéat héa, no¥h J)i's ghép nivao m t ham nmkdl mat khac va gradient a no.
b) Thuot to8n
Trong nhiu vbh QB ¢ c6 giam sét, ching ta c6 mbi/h Fllracwva mt
v e c taltac bfh Fuvaowlién kit qua mt phan b xac siid ofto. S d ngmt
th htbh luyn whd Bhohd ¢ acacgéatrovawt €ehmg LUfem b i
L2 ch | txgtx¥0d gra hamOw lam fitiW gia tr k8vV ng ¢ a m t ham
mi matd «ioe L «€ dch ré:

O Oj 0 o 3.14
Ph€hng pii$g onhédBiamth cvatimkimmtxg X Ow d @
dhgmtingcotfrngs cgacachaniQowt mtlpQ ‘Ed&i | “ ca&h s
ham hc (y):
Ow B Qe D& &8 o 3.15

Phu hip v inguyénly cctiWi riroth c nghim, ph€ehnggdgtim§p c
m t x5 X "Oc lamt i thiw gia tr trung binh ca ham kil mat trén d |i" u hush
luy n. N- | & mRagnchce bbvfuly i m t md hinh, gm m t ham g
"Ow,vamrng tfang he¢ o pchhémlang t h
Om B 0 wh h 3.16
OCw O w B DWORO @ Q @ h 3.17
tron@ @Wamthamhec c¢ch s88&Pp gl achnhamQt tnhdl’
mi b €ilv i ham nkl mat kil k80 noi chung la #h Qtinh toanti €©u k ht n
kn[t hi . Do LEL halmkgha fag tdah apch g . mg@mdcnhdl “iL
v ibaitoantithiMnay. Nu ch¥%ng tangkelénix®tn gtfioaap | -
cac ham kfivi bH k8trén'Y, chiing ta8cdp nhd m6 hinntheonmm g ph€hng t
sau:

OCw O ® | B 0 A0 @ h 3.18

B 0 R0 ®» 7 0 A0 @ h 3.19

o L-%L h " 'miBE €t ©hgn/gcac hamiOv, i 'Q phB f 8Tuy nhién

t rongghtpr i@, ngd@&rilrk, ching ta8l achnham ng vién

"Qgfn v i gradient cad nhil " ivli “thgh@ nay h s [ c6 thM ‘& tinh toan
vis htr catimkim t r°ngti & ivinhng ph€hng tr3nh
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ra g . mg@p och nay latien nghm,d o L -k h’tcd goilit hah 2'/@h X §
Vi b"i to8&n L« chocxppxthlmaod 8ng.khing thu

Gifcodeca ph<€hng mghuwtp GB t

nfu vao: T hush luy n - whw  hm t ham nill mat ki vi O «fiow , S
IFn Ik O 8

Thud toan:
HKh i t9Yo m* h3nh v,i gi 8§ tr  h3ung:
"Om»B 0 wh 8 3.110
2) V.ia plWhoq
- Tinhtoan giphfn d €:
i B vi'Q pfB R8s 3.111

- Khphamhc cHnghoaQlavicc&ylphfn d€, nghhoa |
luy nching'sd ngid hushluy n oh

- Tinhtodn bis | b=ag cach dji bai toanti € wtchi@ sau:

' B 0 OFO & Q w 8 3.112
- Cdp nhd mé hinh:

Cw O w [ Q w8 3.113
c) Gradient tree boosting

GB WL i h3 nrhg tds& ngvicayraquyf nlh Hbit cay Riquy
va phan 16l - CART trees) vi k 2 ccit 'inth€nh€ | "ccé&hvin " m
t Tni@hp Hbitn "y, Friedmar hia@iailr ph®hng Wh§p
clfityhcdl " hg®&)pcamihamhc ¢ H27%

GB khéi quat b @ th & sEkh pcayraquyl nli'Q o v icac gl phfn
de.ivGlas laga cO©y. ccey clhi as k fuvanghanii mi@h L
rinhau’y MBRAY vad L o § ntgiatr hjag trén mi miQl. S d, ng khai
nim h 'Hn tr f@magaQ Lo ¢ h guvlowcd tAAL ‘& vifl thanhtng:

~

N w B ®p wh 3.114

tron@ ldgiatrd Lo&§n t@&n.Ji/prthieocachs o L&

nhanvigidtr; n”" o L - n” gic§ &thn blg cach's d ng tim ki
tuy/h tinh saochottivihamndl m§t , v © capindh 3mthe Lséa u :
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O6w O & [ 'Q wht OO0 & [Q & 8 odP U

Fri edman ' Ltkd todnmaywao thondd chngiatrti <€©u pho
tachf cho micac mh ¢ a cay, thay cho nigiati | cho d cay. Ong ta'gi
thudtodnditizn n~"y | ° A Tr 6 eoBi thsth okh p @Bad thli h n
giln 104 b, va quy It cdp nht mo hinh tr thanh:

OCw O w B ' p whp B, 0 WhiO & 1 3.116
K2 ¢ h, ctg b €c cay:

0, S node K} thuc trong cac cay, lathamga ph€ehng WIQSp ¢ -
chnhchomttdd liumtcachthc® ng. Qukhiwinké A thophépti L a
S t €hn g _atc8cchihdrong md hinh. Vi 0 ¢ (Cay quyl nii m chb -
Decision Stump), khong ohphép st €hn g_atc& bih. ¥ ii 0 o, m6 hinh cé
thWbao gmcacfn h “mg@hPRbih, ¢é. Hangs i(2009)with xét Rag
T 0 Yt hg hdt  nyftcho Boosting vaR qu't hreg t ©hkhéng L
nhiy dfm "Lv.is | achngautrong khdng nay,d ¢l ~ k h tho ghQL
.ngdngvav p takhdéng ¢n thi} [128].
d Ch=nh h-. a
Kh, p tdo hush luy n qué khit co td¥ /i gilm kh[' n £ n lgai qat ca mo
hinh. M t vai k thud g i la chnh héa gim[n h * ihg@® ¢ qua ag cach ép b
th t ckh p. M ttham § chnh héat nhiénlasifniHbd0 t r ong GB "( ngh
cay trong mé hinh khi cac hamdv ¢ lacé&/raquf nlh ) . 0 Tamgign | i
trén th hush luy n ,  n HH@a qua dao co W JJh c qua. Mt giatr O ti
eu nigedlachnbugcachWhtralid L o§&n ttidSch li mphé
chuf riéng € (validation data set). BérHe h Qulkhivd gia tr 0, m t vai k thud
chnh h-a khéxdmgl ng L€
Co (Shrinkage)

PiFnquanirnggca ph<€hng phtghpaEB phe€bhg ph8p
bi/h “iludcdonhd nh€ sau:

Cw O » '8 Q whm ° ph 3.117
trong L:'lLegamlé& Hao (Al earning rateod)
Th cnghimchraraags dngcactc . B cnh (sao cho 1) thu

Lenhngs clithin L 8W@kh[lnt ng Kk h § i, améuhih sohi GR ¢
makibngs dng ph<€hng h Buy nhigrg N6 /)L t £ ngiant h
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tinh toan trong Ehuth luy n va xac nbh, f ¢ | B ¢ thgd yéu ¢u nhiQu vong H
hhn.

GB ngXu nhién (Stochastic gradient boosting)

Ngay sau gii thi u VQGB, Fr i e @uidm td/x “ilhh v i thud
toannayBa g ph<ehng p ha8BreimBra xem iFegmarc (1999), ¢hw
1 ng tQxuHlrag lni |l €athut todn, mt ham hc ¢ IsSkis p trén
mtmX ¢ o o IBlm& khong thay tt tdp hush luy n. Chay Ra g Qilndy
khdcyi Baggi ng, bpréeddnhgy tipbhi §imo 9 d ng cac i co
c¥ng kztuhtdpghi®@hiehtluyn. Friedmanbils«itgypan s
I § nWWQLk chinhxaccaGBvis t h a iynayl

K2chcmaénlamtpifn ( khDidga Lk 2 cad It unhesh
luy n. Khi'Q p,thud t o § n'nH va trimg8ve miél T trén. Gia fr "Qnh
h hn L & nhéén vao thd toan vatranhhn "hg&hc qusg§, L-ng va
m t lod ch'nh héa. Thdt t o § n' n¢ Inn gn htarnitcéc keéy hi,quy tpH
kh ptdd liunh h h'nm ivong H . Friedmanc(agag 99 t hu
pd¥ JJkFquttchocacdbd lifu c- kénphv "t H€®€®ung @3 nh.
t heegHlgm®, nghgmatphwtuyn “lc€ d n gWkBy d ng m i
hamhc c¢ch s

Cilngnginh€© trobBdh®amdgi algo pMmPPl Ixi§c L
ngoai md con (outof-bag error) caditi/hhiu nt g 88 gb c8&ch L §nl
cacd Lo&8n tmg ngquwahn s &8 d kditronggay dn@hamc h hsc
ti/p t h. e o’ .hg8moai i con gilp tranh ghico mttd d i’ u xac nkth | &

I, nh'eng L &ndds gliti§hhiuh nt rcg vashifnipfi €u.

S guan sat trong cac la

Thchin gradient tr éergshmgchnhindadagajiing t h €
s | “@g nh nhii ¢ a cac quan sat trong cac nodg thic ¢ a cay (tham s nay
I & g i la n.minobsinnode trong géi gbma R, xem Ridgeway (2007)}).32]. N6
I ‘& s d ng trong qua trinh xay ahg cay ag cach b qua nhng phan tach xh
L'/ cac node che s m¥u hush luy nnhh h hin ‘gni "8y . tHo@ip hdi nay gitp
gilm bih “iltrongd L o § oéac la.

Ph&  ih ctY ¢ acay

M t k: thud chnh hoa hu ich khac cho gradient tree boosting l&tph th ¢
tY md hinh ca mé hinh 'hc, xem Tiangi[133]. , ph ¢ th m6 hinh cé tixac
'nh nhisl 8§ trong cbé€Cungt®y €€ m§ mphw” L
thb m! h3 nhgvit@Hmogn ebta s a uwMoll b nh ng nhanh ma
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khong lam gim ham niimatbimt nrgge n =~ d nd kWi chith hdéa khac
nh€et@ténnhnggiatrl § c1 Mgh tm Wrénlohcljua.

e)So dAng

GBcotWL & s dng tr ongh cxfprhfng. May tim kilm web
t h ‘©h H Yaham va Yandex sd. ng bih thwe, a GB trong cac may/p hthg h ¢
maycah .

) T°n gzi

Ph€hng phé&@ibnrhiutéhg khs&c nhau.ithfui edn
k: thuwRiquyga *ng |~ HAM8y GBO (fiGradient Bo
Friedman (1999). Mason vamg s (1999) miéuf |, p ly thuy} t ng quat ca cac
thuu to8&§n nh€e | ° AGB h"mo (Fumgtngpmal G
b/hmanginm choRgi n- | ° AM! h3nh GBO (fiGene
Cac. ngdng t h<@hnhgth ngSalfordsdng c¢c§c f{i‘gnycgCc©y +
tinh bi 0 (pMuAdditi ve Regr esMARTN) Tuldeg sidMOy o
(ATreeMeatio Jlb« kb ®g kH. t h€hng m

3.152Thuot to8n nhon dvng v"™ dx b8o Kkh

Becl:Ti ©u m! h®GBMspdm@hi |®u ‘blagyesdo t h
gianti @BllAuménch nmtb thamsti .€u

B €c 2: Chia ngu nhién d Ii u hush luy n thanh cac gn sao cho'tl
c-/ kh?ng ndnrmg@abdkhong khithh) = 1 g ioadgw L - I
L& kpIld , sauhpl-c8e mt h3 nhgve&dMFntchaHag
ph€hng ph8p v o bitrung v ahdixac sl h «m@al filr nh (hdb

khong khi £hh).

DuliMi: th igianbyd liut 1/ 1/ 2J931/42/2019, cthwianh sach cac
rh trong fil:e csv L2nh k m

- D lifunhit  t443tm, fn s quantrds 3h mt Ifn.
- D liu "he niaa7 tdm, fn st quan teb 6h mt Ifn.

Kiqe:, L©y c¢h¥daoggdtlitunhis ,L v hgl @@mngB6h
t rce 19h h "Wigbamngit y ttutg binh,va'tn g * n g€ m@agay 4
ti/p. K/} qui’ ¢, thWkhi R ¢ thud toan trén cho dli u hush luynt 2 0 1 £ L
ntm 201, t va KEapd ligi 8nttm °n0 19 nh€ sau:

Vaidyb 8o oam@®&dinhifd i - r ung b3 nh it rb®¢géhtixg” " y d
tippovacacttm trong danh s8ch L2nh k m):
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trd m: 48800, auc: tr Ym: 48830, auc:
tr Um: 48811, auc:tr Ym: 48838, auc:
tr UYm: 48806, auc:tr Ym: 48837, auc:
tr UYm: 4 BBTBHI579831233t r Um: 48833, auc:
tr UYm: 48803, auc:tr Ym: 48826, auc:
tr UYm: 48805, auc:tr Ym: 48839, auc:
tr UYm: 48812, auc:tr Ym: 48825, auc:
t r Um: 48808, auc:auc trung [D979854609980867

Voidykb&8o omm@#agling m_ a t monlg mg5Omr)

tr 4m: 48/ 34 , au tr Ym: 4083B69384615a8461.6
tr 4m: 48838, auc tr Ym: 48/ 93, auc:
tr 4m: 48/ 52, auc tr Ym: 48/ 94, auc:
tr 4m: 48/ 50, auc tr Ym: 48863, auc:
tr 4m: 48836, auc tr Ym: 48/ 95, auc:
tr 4m: 48846, auc tr Ym: 48/ 83, auc:
t r Um: 48/ 86, auc tr Ym: 48895, auc:
t r Um: 4 B8 BHA0140845070 t r Um: 48899, auc:
t r Um: 48/ 91, auc auc trung 0.8080880412026845

316.Thuot to8n xOCyhXrmxg gk ‘mtb & nh

D lifugmtc  Bi6tdtam bao, viri tm b&o thc va d bao t cactrung
tam d bao ca 214 cnhat 200«1aln 20119. Chiing t6i tmg ké chra
trung tdm nao dbao chinh xac tam bao,ct . §ié | n nhHi ¢ a bdo trong ban kinh
vakhdngthi g i a nngt i€&crihgng quan tam.

317.Thuost to&§n x©y 8&oxnlgl m* h3nh dx b

D I udthg chyith igianlubn bao'gmpHntuyh t 2 nh cl njg nh€
(Zhang, 2003)Th ¢ t/]1a khéng c6 mt mé hinh'tng quat nao co thx | T ~ o €
thanh cong Ethanh plin tuyh tinh va phi tugh. M6 hinhthngkétuyh t 2 nh nh
ARIMA c6 thwmé hinh héa thanh ph phi tuyh ¢ a d lii u theo chui th i gian
kht n'gctt €n h €H i ugd khilmd hinh hoa thanh ph tuyh tinh(Omer
Faruk, 2010; Valenzuela et al., 2008)r ong Kk hi L. c&tbhngrké h 3 n
khong tham’sn h € SV MKNN Rl LSTM cé thWmo hinh héa H k8 thanh
phfn phituyh nao.Do W6 tHMO KFgu d baott  hrthdm nghién cu LQ
xudk/th p Wilb ramé hinhlaida t r ® ng md hinh #®a riéng Hicac thanh
phFn tuyh tinh va phi tugh ¢ ad i’ utheo chyith i gian.

3171Lxa chZn thuon to8n c¢c8c m! h3nh t|

Cé mts md hinh thng ké tuyh tinh cé thimd hinh héa.d i’ u theo chui
thi gian L8&8ng ch%¥% ARIIMA a&ce MRl MAn h ARRMA
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ARMAé.) Gegenbauer (Whodwaa etdl. G2ORM®Aac I mo
hinh nay di ' nh rag cac quy trinh Ia’clnhc - n g h ¢ ‘arung binhga cic t r
chyic adlk8 mod hinhnaotrongkd n~"y v~ t €©hng_ acgacagia ph
tr quanteb | °  k h i thep thti giam.yTuylhhién moimh ARIMA cé thiph
hpvid Ii'ucochuith igian khéng c L'nh d a vao md hinh ARMA, Bag m t
quy trinh khéac bit gitip chuyd “ithi u qu't d li' u khéng ¢ 'nh sang dli' u
¢ Lnh.

Hh n athi Valipourvacacmgs ( 2 0 1 3 §ra Bag ARIMA c6 hi u suA
tt hhn ARNMMWSYD r’achy®higianc U'nh tr orghudi ai
uyn cingbB8b¥€® @h°m v~ o LbhluymcoarABIMA, chngt r 3 n
t1i |l ut!n/hgaoyut tth@m LIn¥%at kolid dIli"udrbaol.

PARMA (ARMA theo chu I8) sSSmé hinh héa dli' u chyi th i gian c6 ham
trung b3nh, phEehe€lhn g diheoimia (Andeysonlva cacny
s 2013). Cmhdantgsedrdg€hod li ucothuctinhchuld Neiye v
PARMACOtAAK Iy mtmc B~ o _ li-ucdchuith igian khéng ¢ I'nh
nWuchyithi gi an limiatTWéEoéag b d li us d nglQ co thanh
phFn moalam cho d |i' u khong ¢ L nh.

B[ng3.4: K/qu d baotrungpinh12gitica c8&8c ph€hng phg&p AR
va PARMA

Size Method Sim MAE RMSE FSD R NSE

12h GARMA 046 38.03 3999 095 076 -354
PARMA 0.61 17.79 19.73 1.6 0.78 -4.36
ARIMA  0.65 15.07 173 1.01 0.61 -3.08

V3 vdy ARI MA, PARMA v~ GAMRMA |~ nh,_ ng
th " nh phfn phi tuy/Jn t2nh d. i u chu,
ph% h’> prohglt v2 dmt "  tplrhgi 3tdung b3nh c
ARI MA, PARMA, GAMRMAgcbant 1BS&gR&rang i ¢
rng ARMIA t°t hhn L8ng kW so v,i <c8c

ch  n ARI MA cho ph€ehng ph8p | aia gh®phcp
phi t uWNAA mt highcih” nn cc 8uic ph€ehng ph8&8p RF,

ch¥“tng |~ c8c ph€ehng ph8&8p h ¢ th  ng k°
chdn v™ LQu |~ L4Yi di " n cho c8c ph<€ehng
th cEcl ph€hng ph&8p n"y L« L€ ¢ &§p d, ng
li"u th_y vin .theo chu,i th i gian
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3.1.7.2Ch i ti At vZ thuot to8n cva mt h3 nl

Hinh 3.17m6fc §c.ch & p h€Bmnpompnghién a LQxud W
bdod liu | 1T titleigiancM atiéuca p h€hn gd pungvio chc’ t
" i ich ¢ a md hinh d b&o khac nhau, cthwa theo I&1 (tuy/h tinh va phi tugh)
thephd¢tth (m! h3nh L hrtchopitth ilgiannchd theoala s) ki M
h p gi a2 thanh pfn tuyh tinh va phtuy/.

y(t) = L(t) + N(1)
3.118

Trong L- L(t) fntuymtihh vaphitujh t h€ehgh@ P h
thanh pfn nay pifi " & ©c@inht d |i' u theo chuith i gian

o]
1

Pre-processing data

3 ¥ k.

ML Transform p.& p Transfarm ML

= — |

models data ﬂ% data models
Lo

Transform
£ data

MC
model

¥

.ﬁlt_}'b!'idl f{ iﬁr[mn j?

ao

Hinh3.172 Sh L m: h3nh hubln luy n d
Ph€hng Quiitap§nmt 3 gth: 4)iM6 bimh tuyh tinh; (i) M6 hinh
phi tuy; (i) D, baogiafrt €hng | ai .th Fwtiém&ap grigad hinh o
AR M Mtridh xudtl phfn tuyh tinh ¢ a chuyi th i gian (bao'gm d'd li' ufch s
c - p hd®theo tha Bbi/n “ilkkhihdi ) . S @u akh-2 thighanh pfn con
14 vacac giatrtr cachyithigan€lLe&s dng Ifumvlo cho gi
hubh luy n md hinh. Cui cing’ g i ath 3 thiocac giatrt r on g UtssFhan g |
€ ctinht cac md hinh lai khac nhaGhit/} ¢ §c e mif€éh€ sau:
- Mdhinhtuyh t 2 nh AdREp Hidy tr&n@an b gia tr chy i th i gian
LW h u cta€gatr d L o & va pin con H, phfn nay €L ‘& s d, ng la mot
phfn flvaoca . lct 2 (mo6 hinh lai).
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- nHo bittrong nghien cu s dngthamsth t p t hat h&hinh
ARI MMk §cnhthi  t ti ©u Fucvhocs a thd hinh lai. N6 gitp cthW
chuys “ild, li' u chyi th i gian 1 ch@ thanh d I u p ch@.Vivdy ph<€hng
phap hc may thng ké co thvp gn g ~ ¢ Bt bao d Ii u chyith i gian. Gn
chd y rag thay vi chn theo kinh nghim thi thamsp c¢c-cdla€ tr °n ph€
ph&pngldi ut qua trinh xay dng md hinh ARIMA (ham ACF (ham t
t €hng quanShnhy” ngptEn) M ehen Wh 8§ ¢n hl t thi
gian khac nhau

Mt h3nh t-pynwintu¥yn

Thanh pfnconHdga €1 L - ng Vagtrongvic| agfunacac t r

mo hinh tuyh tinh thich hp vi m t mé hinh khéng hoan toan tytinh M nd wh
ch€a tfmphattyhph r ong L -ngchdng tbi khdng thbh& hin b
k8 thanh pln phi tuyh nao khi phantichgh d<€ v "c tfkrh°*m gt hp h €h
ph&p thing k° 'mhcécnd quan hfi'h qupt Lk iy &hong tuyh
tinh. Vi th/]ching t6i x Iy phfn  d3@g b p h €h n gmay th8gké. RN d €
t m: h3nh Adihhviag: L €

e(t) = y(1) - L(1) L 116
Tr on ¢t) | pHn d <o k gia tr d bao ¢a md hinh ARIMA H th |
L\Wh tWt 3 m c thi€quan h phituyh ¢ a chyi th i gian thig(t) c6 th\M ‘&
tinh d avao mdé hinntc maythng k° nh<€ | ° KNN, SVM, R
nghién c u nay nhom nghién @ xay d ng 2 Idd mé hirh lai.

MO hinh 1;

Ynypriar @) = fO(t = 1),y = p). et = 1), =2))

Trong L- f Jh"t hétmisgimh hemayyTh c hinmtvai
b tighth cnghimtrongbd lifus d nglW 3 m Whd nglgiay pha hp
vicacgiatrk h§c nhau (I fu ¢h radriag khigia tr past window In
hhn 2 +tdd§g’ickhengrgi thi nthém va yéufau nhiQu th i gian tinh
t o §n hdygiatr pdst window caf theo kinhnghi m nén la 2.

M6 hinh 2:

Ham thut toand baod li uphituyh nh€ sau

j’;(f) = f(E(f - l)& sees E(I - p)) 3.121

Trong L- f | Th nmt!hat hio@inhhamay th ngyké vy 1a
phfncon Bt hot blael. Vith]giat d baotngh pcuicung la:
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j}hybricﬂ(f) = j:'f(f) + j}arima(f) 3.122

32 XOy digdatap B, ¢ v, d. b8o KTTV theo

3.211C"u tr %c cva Big dat a
Ki/htracg ah th ngBi g d ang lBaogt nhcéethanh phin saf19]:

Batch
— Data Storage z

Data Machine Analytical An::‘yé i
Sources Iearpmg data store reporting

Real-time Stream
< message i { g i
ge ingestion processing

Orchestration

Hinh3.18 Ki JJn tr Yc Bi g dat a

- Data Sourcesd. liungd'n-1 ~ nlhi ‘iE€nhra, baognd li uco
chl trac, d i u phi dib tracvad i u ban &b trac. D i ut nhiQ ngu n khac
nhau _ cdc@®dng, * d i usguanh (giao dch mua/ ban, giao ¢h ngan
h" ng, ¢é)iuthaganthct cacthitb IoT (hinh[nh theo dbit camera,
cmbihnhit L Xn, €.)

- Data Storagen hi | €uli' ut- £ ‘& thif k/JLW €u Ytk i ° hg@d
Incacldl d lfuvi c'Bhedhly kh §c’ crihharaibi d @ u ngun
(Data Sourcg trong md hinh x ly d i’ u theo 16. Hin t4, Apache Hadoop
HDFSL a n gc sl deng ph bi/n WtiW khaithanh pfin nay trong cac hth” ng
Big Data.
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192.168.1.150:9870/explorer.html#/opt/hdfs/datanode/jra55

Hadoop  Overview  Datanodes  Datanode Volume Failures  Snapshot  Startup Progress  Utilities ~

Browse Directory

fopthdfs/datanodel/jrass Gol I
Show 25 v entries Search:
Ik Last Block
Permission Owner Group Size Modified Replication Size Name
drwxr-xr-x manh.ngovan supergroup 0B Qcto111:18 0 0B _delta_log [u}
manhngovan supergroup 4291  Octol 1104 3 126MB  part-00000-141¢5350-0618-47a9-ba31-5ee3fdgalga- [u]
M8 €000.snappy. parquet
] et manh.ngovan supergroup 541.35  Sep2311:10 3 128 MB part-00000 [ul
KB €000.snapj
m} WA manh.ngovan supergroup 568 B Qct011014 3 128 MB part-00000-b1ad590c-7a10-476b-bBae-4929b2cf53b8- [u}
€000.snappy.parquet
0w manh.ngovan supergroup 4458  Octo1 1111 3 126MB  part-00000-b4ebcadr-14aa-4241-9b6d-9a16883C1988- [u]
MB €000 parquet
[ manh.ngovan  supergroup  2.11 Sep23 1115 3 126MB  part-00000-c99e2352-6a21-4650-a154-6ebedicdati- [uf
MB ©000.snappy parquet
00 e manh ngovan supergroup 54135  Sep2311:03 3 126 MB  part-00000-0825b548-0432-4ac4-0n68-8c2c53acheid-
KB €000.snappy. parquet
(] o manhngovan supergroup 53604  Sep2311:10 3 128 MB part-00001-6104622a-8e 1b-48d5-8d87-a4278d880296- [u]
KB €000.snappy. parquet

Hinh319D. | i u tht L€ ¢ | €u tr_ tr°
- Batch ProcessingX 1y d_ Ii' u theo 16- thanh plin nay cho phép xly m t
| “@g | nd li uthéng quavic ~ d'd li' ut céac file ngun,1 cd Ii' utheo céac

L Qu ki nnhAl “nit, tinh toan trén dli’ u, vaghikfguxung 1 fil e L2ch.

- Reaktime Messagelngestion: Thu thdpo d_ li' u th i gian th c- H th ng
Big data c6 tiwhu thdp v © _ E&€ldd dt I u trong thi gian th ¢ ph ¢y cho
vi cX lyd Ii utheo Iting (Streaming Processing).

- Stream ProcessingX ly d. liutheo Ing-t €hngh€ lyxd I u
theo 16, sau khithutip d li uthigianthc, d i udn pHi °E& e theo céac
L @ ki nntEl "nit, tinh toan trén dli’ u, va ghiqufd liu s au ckhy L€

- Analytical Data Store:| €u_ dt If u phantich-1 €u d tlitu  Lec XL
| Tt hheddhg d6 &t MMgtee vLcho cac cong_ cphan tich d li u (Bl
Tools).

- Analysis and Reporting: Phan tich va béo caethanh pfin n "~ yngki& p
t khaithAcd li udatasels er vi ce. Cildong @iht®pquandéa . d
li" u (data visualization), phantich ¢ u, ¢ 1 n/pxubhchc®aolcao khac nhau.

- Orchest rQ phiothanh pfn Qi phi cac céng vic trong mt h
thng Bi gWDrebfodd ngx lyd liu ‘lc#dng sut,t vi cthuthbd
i'u, | €ui utJpl c,tinh toan trén.dli’ u[19].
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3.2.2. T hil /oBig data KTTV

nWhiJ Id Big Dataph, cv. mé hinh Ald L o 8 n

K Otli ¥h hanh céc

b & ttb Id va cHy th nghi mkho d li' utheo quy trinh sathinh 320).

Thu thap di liéu

X&c dinh ciu tric

Chuan bj ha ting

dir liéu cho co s& dit liéu

Bién tap, chinh Iy
dir lié —
£ Xay dung cau truc
Iwru trir dir ligu
Xay dung cng cu
chuyén doi |
Triénkhaico || Trién khai cdy
o s& dirliéu thw muclwu
Nhép di¥ ligu 1| MongoDB file dirligu

|

Kiém tra va bdo cdo

ao

Hinh3.200Sh L t ri WBig#atak&TitTv t hi JJt | dp

3.22.1Du ItihMu t hop

X8c L nh d. i u LFy L., tin cdy |~
ph©n t2ch v d, b8o hoUt L, ng v~ L€ a r a
ti °n, LQ t " L« tiJJn h”"nh LiQu tra, k h[
vOQ«o, m€a | . n di n r_ ng, khtng kh2 | 4n|
dong do b«o (ven bi Wn Bdc B, v’ Bdc Tru

- D liu khAghQma  @dCi 10 "mnNhim), g ung b3 nh
nhi  tithp ngayt nhit i cao ng vy, | € ng m&& ng”
t ¢  )lkhi &p ca i c[ cac ttm quan teb trén toan quc.

- D lifuthy v&in (vI'0 hn £ m) .

(10
- D Ii u tai phan tich @ cac yu t k h 2° ngtHe
trong dgin0 L[n@Gym

nvitnm)

vinlivuv tink

- D lfuvQbdolnh "M blvaoVit Nam tr ofng LIOF . nt m

- D lifuvQl 1% th w "tvacacdli ulién quan trén’hth” ng séng Fing

trong

fn0 n@Gym ¢

- D liuvQm€eandinrng
- D li" u vQkhong khi Fhh trorg

trondgn 10O6ynwt m g
10 fnt MO©yg.
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3222Bi °n top, ch=Znh | T du | i Mu

D. |i u Lp€tc tnhhu Quh hgumnc & h 8§rmgwmhmud.
v’ ngo"i n€e ¢, v.i L, ViheXmiBAnatdplt ki
i " u LQu tu®©n th, c8c a@8@g d&mhb c B¥%mg
th. ¢ hi " n v®™ L€ ¢c b8o c8o chi ti/Jt tron

- Cacdliu nh<€ ngtDmbva®y v iEn tcr drkgchigdoa
khaftnh congtaccimn h b i °_nt,h el o€ nh gtayngdhh KTTV, vi céc I
dliu nQy i hanhmsoatchus liu, Xxngc cl8ngh pthies
i'u v~ L §mMh nod rEg, tijanh mts chinhsa ‘nhdhgd i ucho
phu h p.
- Cacd liu khgc mhingnk@ebiddue U] do tinh chilt ¢ th |
trong dnh bdo d bao, co &l  t r Ycivadhlay Khingghi LOt Li Jhl « t |
h“nh L&8ifht mgdéhg & K u, k' n £ n"gsuny cac khiing thiu trong
chuis liuvati/hhanhc 8§ ¢ p h€hn W “pldblsimtic delihungd *ni

- Cacd lius | €u theordn h thd'khagky t n h € |i' di tai phan tich
U'nhdhg GRIBhaydliuv t i nihditg S AT AdcBYy KWe tra qua cac
cong ¢ hidth d lifuminph2 nh<€ o8 cGRIMBE twiAgrLINg® i t r
hay pffn mQn hiwt th SATAID do JMA cung &b .  C’Sncg tlr<@ng ¢ac d
i"'u n Quy ‘Ld*ghan tich chi fi.

- Cacd liucélienquantrctip JkFquph ©n t 2 ¢ th ngdongt r ° n
H'ng v thW éng do bdo ven\M Bdo B va Bdb Trung B n h € li'di vQ
m€andinr ng khdng khi th h ° ¢.céc chuyén giaQKTTVp h©n t2ch v~
gidk,t L -Ubtigr Qtho thi k/jcac phan tich may Alsau ndyid, n h8M ™ L
phan tich trong b&o céouthd d I uvQm<€eandinr ng¢a Qtai(hinh 3.2).

80

70

60 g
M Bac Bo

50 EBicTb

40 B Trung Tb
[ | T

30 Nam Tb
®m T Nguyén

20 . X
m Nam B

0 - i l&*.mt_,
2 3-4 5-6 7-8 9-10 >10
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ap

Hinh32LBi Wu L vQ t "  ng s° ng "y me€a | n
d, b8o t-20ldtm 2008
3.223X8c LMnh c¢cmu tr%c dvuv | i Mu

Ho4 | niynay co thW. ‘& ti/h hanh song song vhot | niy bién &, chnh ly
dliu. noy QLS tWi ‘€u L &rd Ii' utrongBig data Cac d |i" u thu

thdp €L ‘@ phantich'sl @ g c8ncg ttrh€@ ng tin | €ihcédo® n

tinh cillb sunggad liu nh<€ ¢ §¢ ecat diarirr ng (null), $ phin
thdp phan Tsau &l ph§ ¢ a cac gia tr "niti dhg dall th i gian (timestamp) cho
cac gia frDateTime, ...

Blng3.5: Phan tich &l tric d |i" u tai phan tich

M « Th! AgT ey nhn M c

1 |Cp Hbu Pa MH . © ‘€Hb oHnHIL
83 |n mep mia Qi m MH, o €Hb oHNHIL
118Nhi @fhgt s8&ng + K MH . © ‘€Hb oHnHIL
71in, che nhyng * % 961100 hPa
75|n che ny cao * % 906500 hPa
74In, che nmy trung % 50850 hPa
73|n, che, npChyhbpt W % 8500100 hP3g
2 |Cp Bsugq@Qnyc v.icevi i Pa Mc rc€witrunog
11 |Nhi L K 2m

18|n Ichwis<€hng K 2m
51|n, ¥n ri °ng kg *k 2m

52 (n, Xn t €hing L % 2m
33|Th " nfn peh cgi - m s 10m
34|Th”" nfn pah cgi - m s 10m
3.224X©y dxng cmu tr¥%c | _u truv dvuv |

Ctn trén ditricsacocad li u, Qtaltyh hanh xay dng dall t r Yc

tr d liu. CoOthWM @ mts théng § d i u hab phan tich mt théng § LW
| ©u trang hai hay nify  “tng,*®bving $ i u  n h lBu tdi phan tich hay d

ifuv t i nWifmMthMd du'nngg 1€ td cacdh t r Yacd li@u
L& Qb WImblocOthWW €u L Ertdpd liful nca Waig m:

- Danh m\c: ¢ m cac danh e trim va danh e cac thdng’s Céc b d
liunaycotinhcli t onh’i. 2t thay L

- Chui sXIliMithyigian: FolL t r €©n g _ils”li ugEmtebc h b - Vih i
"ng ntlvabih  t hQu theo th Lgian.
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- Chuéi sXliMi bim Yit Kol t r €©n ¢n tin dnhd&ocd bb§ 0" nlg€ L |
¢ a bdo ca céac trung tam h trén t]gi i. Cac S liu n " yo &Mk khdng xac
'nhthigianbb fulvakl t h Y%c, ~ t T n@d¢héng tin@ongd s i u co
thw hdiy L

- L oi sXIiM: Holtren g “ Ii' U tdiphan tich vi gia tf thong s L& | €u
trong mt ming cac gia trphanbt heo ki ' nt ol L1t .

- FilesXliM:s liuvtinihdig SATAddhgl€ile trong
mcvi c8maodiseliu ‘lce | €uCSDlcohnzgith cHl ntruy xudid
i uhiugu't phfn mQn.

3225X©y dxng ctng c¢cA chuyon LYi

- Cong ¢ chuyw "iL1a pfn m@nt Lng °~ &y dng riéng trong
khudn kh LQt " WehubW “ilt L ngth d liu L «c biéred, chnh ly sang
Big datall « ° ¢t kJ]

- NQ1 t[ng céng ngh: Céac cong c L' ‘& xay d ng brag ngdn ng Idp trinh
C#, Python, cactht cnica ¢ §8'cd b tnSQL gb co.

- Nguyén ly hdt  nrg: lachuyd “ild liusangéh g J S Qtlkhicd r €
thwll ¥an g ¢ § ¢ _ crhet®dds) §rcdgla Mo n gwhBdBcadd it u nay.

Vid mt U codechuwt “ild liu S QL “shadinggJSAN's d ng
th t c ¢ a SQL Servetd hinh 322,

select RTRIM{&m_List.Ten) as _StormQT_Name, RTRIM(Storm_List. TenVN) as
_StormVN_Name, RTRIM(Storm_List.DataType) as FC_Index,
Storm_List.FirstDate as FirstDate,
Storm_List.LastDate as LastDate,
(select Track_Contents.CTime as Obs, Cast((SUBSTRING(Track .Coaterits4)+'
'+SUBSTRING(Track_Contents.CDate ,512)+'
SUBSTRING(Track_Contents.CDate,7,2)) as datetime) as Track_Date,
Track_Contents.[CTime] as CTime, Track_Contents.[KinhDo] as Long
,Track_Contents.[ViDo] as Lat,Track_Contents.[PMin] asi[AN&ck_Contents.[VMax] ag
[VMax],Track_Contents.[R35] as [R35]
,Track_Contents.[R50] as [R50] from JMA as Track_Contents where
Track_Contents.ID=Storm_List.ID
FOR XML AUTO, TYPE, ELEMENTYS)
from ThongTin as Storm_List FOR XML AUTO

Hinh322no4Yn th, t_c chuywn L i d | i’

-

3.226.Chux n b [CNTrchoh M ntgh Xnge duv | i Mu

Chuq b hltfng CNTT cho h th ng CSDL phc v vdh hanh cac mé hinh Al
d bado KTTVgmmay ch, K nimaych theogm, Kfniv ithiJbl €u tr
SAN,¢c th\h h€: s au
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- May ch: May ch phlico ddh hinhfo [Mhiu ntngmamm, L
L& khi "~ hg@nhtoanin,Xx | ¥ hAchuyénnghp, c¢- khinpnd gi ar
i ul n, afitoan caova km £ nrgy xud nhanh chéng. Hth' ng tn nhi t hi u
qul ¢ a o[m blé hdt  nk lién t c trong thi gian dai.Théng § k: thud ch y/u
n h € DBual Socket, Intel® Xeon®128 GB Dual Rank x 4 DDR4ntel® Xeon®
Processqr08 Slot Hot Plug Hard Drived0 TB HDD, DVD-RW; 2 Power Supply
OSh tr .

- VQthifb | €©u SANrThi/fb | €u thBhrmi ,mtio | ©€di liur

lau dai, s d ng cac cong nghgiao tip v © . m<@ohElhin  n 4y blo tihh
blomdvatoan @ d li u,cokiifnt ng kdkhixyrphi. Thong s k: thud

ch yJu n h € usnagngl UP to 211TB raw and 821TR Qu khivdi | €40 t r
TB HDD; H, tr : (6) Maximum, Expansion Shelves support&ito di n may ch:

Fibre andSCSE n (u khvd | € WRedundant storage controlleis2 n h  Ffakt n g
c6: Triple+ ParityRAID for data protection (Triple drive parity plus irddaive
pari ty); TthgnMicrosoft Wiedbwshliinux

3.22.7.C" i LTt c._ se¢ dv |I'i Mu MongoDB
C " iHUCEDL MongoDB trén may ¢chUbuntuthchin t hegcsac b€
- C” b Lc § c ntf gidpsudo apget install libcurl3 openssl

- Download file MongoDB .tar.gz trén trang ,chmongo: https://www.
mongodb. com/downloadenter?jmp=homepage#community

- Gili nén file v a fi vQ tar-zxvf mongodblinux-*-4.0.0.tgz

- T%h bin mt i ng: texp&t PATH=<mongodmstalldirectory>/bin:
$PATH. Tr ong-indtalldi mMmentgordy, dv'agifeénh.h t h€ m

- KJIn'iv. i MongoDB: mongo-host ip:post
3228Tri ©n khai |l u trv duv |I'i Mu v”™o0o ¢

A

Trongcndyeac dliu L «c biéeth, chn h  |'t cat é@ng ¢
chuyst "ild liut Lng s‘amdhgl JSON. Séw ©h: " gohpe d
(insert) vao tronCSDLMongo DB t he o  csBaacd ganiviéigaDB.S h h
tivi khaidli€uvir CSDL MongoDB nh€ h3nh s
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https://www.thegioimaychu.vn/blog/thuat-ngu/iscsi/
https://www.thegioimaychu.vn/blog/thuat-ngu/raid/

Céu trdc Iwu trie
cha dir liéu

Di¥ liéu d bién ¢ Congcychuyén | Dirligudinh dang
tap, chinh Iy ' dbi dir liéu ISON
/
Insert di liéu sir
dung MongoDB
Co st dir liéu methods
MongoDB
Hinh323Ho Yt L' ng nhdp d. |i u b&n t L
3.23.L_ u t r uKTBVArong Biddata
3231L_ u truv sX |i Mu quan trac bzZ milt

nWph c v nghiéncu, phattidth nghim v~ L&8nh gi § 'c8§8c p
may, nkth dthg, h tr d bdomts hin “~hgXTTVnguyhih nh€ b«o,
| ndinrtng, khong khith h, n&lbw d ©ng @to” ib Alhénh thi
thdp, th ng k&, phan tichcaclbs liu k highQm® G thwh h€ s au:

a)Thigians liuvakhi ° hg@im thu thd: Thu thp S |i" u trong vong
10 rtbkrmt m 2010)&h i ° hg@187 tim  k h Ag bdmButhu c T nggc
KTTV trén pimvid n €.

b)Y/uf | €u gmrNhit . €'rung b3 nh Tiththwngay, mhibhi ~ t
Lti cao ng vy, | € ng . mgatcn ykhydp. L., Xm, gi

c)Dbhgva @&l trac s liu | €W litu’ dthg Hng excel minh ha
Blng3.6vadil t r Yctd ph€ucOL r

BIng3.6:Minhh adWis liunhit  ticaottmPhLin ntm 2014

TrUdm: Ph_KeT QU4 TEéENH TOCN, CHKinh L,

T nh: H[I Tél INHIUT n, T 1 Vo L,
nhn v’

Nt m .

Ngay Thang

2014 | 1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 21.5| 23.320.8]| 26.6| 25.2| 33.1| 30.9| 33.9| 27.9| 32.7| 30.4| 23.0
22.1| 20.7 |25.4|24.4| 29.9|33.7| 30.8| 33.5|/30.2| 31.9| 28.3| 16.6
23.4| 24.1 | 20.7| 26.3| 28.9| 34.0| 33.2| 33.6| 30.7| 33.4| 22.8| 18.6
23.5| 26.0 | 20.5] 25.9| 30.0| 32.9| 33.8| 32.8| 32.3| 32.6| 24.7| 18.0
22.7| 21.8 |17.7121.9| 23.1|33.8|29.6|32.4|32.4| 27.5| 27.3| 185
20.2] 21.6 [19.8] 25.6| 25.1| 30.2| 29.9| 30.3| 32.7| 30.7| 24.9| 18.9

OO W|IN
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7 21.7| 23.2 |19.8]| 25.7| 26.6| 31.0| 32.0| 27.7| 32.7|31.6| 23.7|17.2
8 25.0| 19.8 | 20.0| 23.8| 27.8| 33.0| 34.4| 30.7| 31.2| 31.5| 20.2| 20.6
9 17.6] 19.2 118.3] 24.2|33.9|34.2| 33.2| 30.2|31.1| 31.2] 20.3| 20.4

d) VQnhdp va kMih tra d li' u: Nhdp t L, ng vaoc h' ds li' u | n Big Data
m t Ifn blag cong ¢ phfn mQn  Lcephat tid  r i ° n@ ~ ¢ h o kilh Lire
chyithi gi an’d i &mtlEh asATm blo tinh chinh xac cao.

e)L ‘©u danh mc trm quan teb bQmkHb T YGollection T_StationList
f) L €u stlirunhit , ttung binh ngayT4 Collection TT.

g)L €u stlirunhit  tithgb ngay: © Collection Tm

h)L €©u stlirunhit , tli cao ngay: H Collection Tx

) L€u stliru "h€® meaTUrCollecgian RainFall

j) L€u stliru ¥n: T4 Collection Humidity

K\L €u stlirug - . faghvétc  )LTY Collection Wind

) L €u stlirukhi &p: T Collection P

m Sliu meecttn/ WH il o ni@g t

Sl1'@agttm/ Wi il o mPrag hkbhnotht 000 t r
CHitracs liu m+€ea L B gau Callection Rainlh

CHitracs liu méa L ‘& ItUadollection Rain6h

CHitracs liu m&gi L& ItUadollection Rai4dh;

C chil ° hg€ho bi} c6 bao nhiéu gid'tquan tes L “«c ¢ hg&l n WES
s liu “hg@n€a/6h/R4ht L - XrBtc tiledy g as li u.

3232L_ u truv sX | i Mu b«o

- n'nhdhg$ i u:ll ‘& chupd “ilval €u t nhiQ ngl n khac nhau vi
c § mhdhgkhéngthngnidl nh€ Exceld i AMS S serverc h s

- S liubdog aVi tNamL €° ¢ | € bltur _t CdiéetioradBtorms.

- S liu _rcBgoai:cac in tin dnh bdo bdo.a JMA, bao'gm d's i’ u
bdo thc Jva s i u dnh béo bao tcac trung tam In trén th]gi, i n h ®hdy
H" ng Kéng CHll tricl ‘©u s i utrongCollection Warning

3233L_u truv sX |'iMu m a | an di Mn ring

L€u tr. s~ 1i u me€a | . n di nLe cngl @u
t Collection RainFall
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3234L u truv sX |i Mu kh*ng kh?2 [1unh

L€eu tr_. s 1 i uBigdataln® ck ht n Y h tthreon g
b3nh, nhi t L, cao nhblt, n8i tiLlLut B&blp
cac Collection TT, Tx, Tm.

3235L_ u tru sXvliMu thvy vin

nW ph_ ¢ v_, cmhho§tngthrii>wWmict u3, nhghhdm dU4n
vah, tr° d. bg&8o, clnoHbEe, I0Q ttr °in lh« ttih/
ch"nh T, bi°n tdp, ph©n t2ch, L&nh gi §

- LoYs lifuthuttb: M c € I'mgu | €
- Kh'i ° hg@®m thu thd: 260 tEm;

- PiEmvis lfuuc8c trUm tr°n hThaBihhvingc&engr
th,y vein tr°n ph4m vi c¢c[ n<€ c

~Th' i giabd msEml(t «@0lfLm 2008

- Dbhgvadtracd lifu:dbhgf i | e excetlUic -pOt, blul to Yac
- Nhdb d li' uvaoBig data Nhdp t L, ngb3ag pfFn mQn.
Blng3.7-Minhh abWs liumc rc@mMiCangChi ntm 2011

Trdm: M% g KeT QU& T&NH TOCN K\'/tht -
Stng : Nd Bl aN TxP TéIl LI U ‘o
nhn nmm
Nt m .
Ngay Thang
2011 (1| 2 3 4 5 6 7 8 9 10 11 12
1 0 O 0| 23422 31230 31233 23440 23435 23427 23427 31233 23424
2 0 O 0| 23422 31230 31233 23437 31239 31236 23426 23425 23424
3 0 O 0| 23422 18744 31233 31239 31239 31236 23426 23425 23424
4 0 O 0| 23422 13391 31233 31242 31247 31238 23426 23425 23424
5 0 O 0| 23422 15619 31233 31238 31239 31237 23426 31233 23424
6 0 O 0| 23422 31233 31238 31238 31238 31237 23426 23425 23424
7 0 O 0| 23424 18741 31237 31237 31239 31236 23426 23425 23424
8 0 O 0| 23423 31235 31233 18748 31238 31236 23426 31233 23424
9 0 O 0| 23422 31235 31234 31242 31238 31236 23426 23424 23424

- Danhmctimthy vEn L€u trong Collection T
- Sliumc c€lte€l €u tr oWaerléwell | ecti on
- Sliul €edng€enléxr | €u trong Collection Di
- L€u stlru | ftrongBig datal ‘& ¢ ttheomc . r€a titn

t ehmgSliu lc€l €eu tr oWaerléwell | ecti on
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3236L_u truv sX "I inMuachdbii &nt nd©ng do b«o

nW ph, ¢ v_ cphho§tngthrii°win ct. v, nghi m h’
b8o n€ ¢ biWn dong do b«o (veAl blQ@nt Bid
tiJJn h” nbhthbh thdpbi°n tdp, ph©On t2ch,
via, nh®& sau:

- LoYs Iif uthuthd:L cao s-ng;v’"™ c¢chu k8 s:-ng
- Kh'i ° hg@®m thu thdp: 06 trim;

- Pimvis lifuic, a ¢ &ung bMitdQ@oln g N ihrMhanhiHoa

-Th> i giants (ti -2017M4 2014

- Dbhgvadtracd i u: dbhgfileexc el uc -t rgyt, t9ic 01

- Nhdb d Ii' uvaoBig data Nhdp t L, ng bRag piFn mQn.

- Danhmctfmhi vEa IL€u . cdanhmatinthy vimg tro
Collection T_HydroStationList

-Sliu, Bao scnd @du€trong Collection Wayv
- SliuchulBsongl & | €©u trong Collection Wayv

- L€u stliru _rceang do bio tronBig datac £ n theo mc _rc€a
trdm triQu  t ‘©hgrvg thi gian bao trong’sli’ u bdo VitNam. S liu ‘lc€ | €u
trong Collection WaterLevel va Collection dbStorms.

3.237L_ u tlrivMus i Kn t h8m

- S liuvin th8m IL®u trong CS DMruykuthéngas e
qua ngdd °‘lcel €u tr orHinh32dngo DB

Hinh324L<€u tr_ d i " u v tinh Hi maw

-

- Chblu tr ¥c€ I ngi idi¥en s tl EolleatiorvSatellitei n h
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