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TOM TAT

Bai todn dy bdo trén chudi thoi gian la bai todn quan trong trong nhiéu linh viee va da nhdn
dwoc nhiéu sw quan tam tir cdc nha nghién ciku trong nhitng nam gan day. Trong bai bdo nay,
chiing t6i nghién ciru cdch sir dung bdi todn tim kiém twong tir vao bai todn di bdo trén chudi
thoi gian co xu huwong hodc theo mua. Phuwong phap nay dwoc thuc hién nhw sau: (1) Trich
mot chudi gid tri trén chudi thoi gian ngay trude khoang thoi gian muén die bdo, (2) Sir dung
chudi nay d@é tim k lan cdn gan nhdt (hodc cdc lan cdn trong pham vi mét nguong twong tw T
cho triede) ciia né trong dir lidu qud khir, (3) Trich cdc chudi (cé chiéu dai bang véi chiéu dai
muon du bao) ngay lién sau méi chuéi lan can tim dwoc, va (4) Chuéi dw bdo dwoc xdc dinh
bang cdch tinh trung binh cdc chudi tim dwoc trong bude (3). Két qua thuc nghiém cho thdy
cdch tiép cdn nay cho két qua (vé do chinh xdc va thoi gian thiee thi) ¢é thé canh tranh dwoc
khi so sanh véi két qua dw bdo trén chudi thoi gian ¢é xu hwdng hodc theo mia sir dung mang
no ron nhan tao (ANN). Trong thire nghiém, chiing t6i ciing xem xét anh hwéng cua k va T dén
do chinh xac cua dw bao.

Tir khéa: Chudi thoi gian, dw bdo, tim kiém twong tu.

ABSTRACT

Time series forecasting problem is very important problem in several domains and has
received a lot of interest from researchers in recent years. In this paper, we investigate the
use of pattern matching technique in seasonal or trend time series prediction. This method
is performed as follows: (1) This technique retrieves the sequence prior to the interval to be
forecasted, (2) This sequence is used as a sample for searching k-nearest neighbors or neighbors
within a threshold T in historical data, (3) Sequences next to these found patterns are retrieved
(the length of them are equal to the prediction interval), and (4) The forecasted sequence is
calculated by averaging the sequences found in the 3" step. The experimental results showed
that this approach produces competitive results on seasonal or trend time series in comparison
to artificial neural network (ANN) in terms of prediction accuracy and time efficiency. In our
experiment, we also examine the impact of parameter values k and T on the predictive accuracy.

Keywords: time series, prediction, similarity search.

I. GIOI THIEU

Mot chudi thoi gian 1a mot chudi cac sd
thuc. Mdi s6 biéu didn mét gia tri do duoc tai
nhu’ng khoang th01 gian bang nhau. Di liéu
chudi thoi gian ton tai trong nhiéu tng dung
cua cac linh vuc khac nhau nhu khoa hoc, ky
thuat, kinh té, tai chinh, y hoc, quan ly hanh
chinh, v.v... .

Du bao trén chudi thoi gian 1a mot trong
nhiing cong viéc thach thiic va phirc tap nhat

trong khai pha dit liéu chudi thoi gian. Hé
théng du bao chudi thoi gian du bao céc gia tri
tuong lai cua chudi thoi gian bang cach xem
xét dit 1i€u thu thap dugc trong qua kha. Do
chinh x4c cuia du bao trén chudi thoi gian sé 1a
co s& cho nhiéu tién trinh ra quyét dinh va vi
vdy viéc nghién ctru cai tién do hiéu qua cia
céc phuong phép dy béo s& khong bao gior két
thic. Cac phuong phdp du bao thuong duoc
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chia thanh ba loai: du bao ngén han, trung han
va dai han.

- Du béo ngén han 1a du bao nhiing gi s&
xay ra trong khoang thoi gian ngin &
tuong lai nhu ngy, tuan, thang.

- Du béo trung han la du bao nhitng gi s€
xay ra trong khoang thoi gian dai hon &
tuong lai nhu mot nam, hai nam.

- Du bao dai han 1a dy bao nhitng gi sé
xay ra trong nhiéu nim & twong lai.

Cong viéc cua chung t6i 1a nghién ctru cach
sir dung bai toan tim kiém twong ty trong du
béo trén chudi thoi gian dang mua hodc cé xu
huéng. Pau tién, phuong phép nay trich mot
chudi ngay trudc khoang thoi gian can du bao.
Sau d6, chudi nay dugc dung nhu mot mau dé
tim kiém & 1an can gan nhit hay cac 1an can
trong pham vi mot ngudng T cho trude. Tiép
theo, trich cac chudi (c6 do dai bﬁng vo1 do
dai ctia khoang thoi gian can dy bao) lién ngay
sau mdi 1an c4n tim dugc. Cudi ciing, chudi du
bao duge xac dinh bang cach tinh trung binh
cac chudi vira tim dugc ¢ bude trude.

Trong thuc nghiém, chung t6i so sanh
phuong phép du béo dé xuét véi phuong phap
ANN. Phuong phdp ANN dugc chon dé so
sanh vi no 1a phuong phéap thuong dugce dung
dé dy bao trén chudi thoi gian trong nhiing
nam gan day va c6 kha nang du bao t6t hon
trén dir lidu chudi thoi dang gian phi tuyén,
phuc tap khi so sanh vdi cac phuong phap
truyén théng ([22]). Chiing t6i cling xem xét
anh huong ctia tham s6 k va T téi do chinh xac
cua du bao.

Két qua thuc nghiém cho thdy cach tiép
can nay cho két qua (vé do chinh xac va thoi
gian thuc thi) c6 thé canh tranh dwogc khi so
sanh véi két qua du bao trén chudi thoi gian
co6 xu hudng hoac theo mua s dung mang no
ron nhan tao (ANN).

Phan con lai cta bai bdo dugce to chirc nhu
sau. Trong phan 2, chung t6i trinh bay tém tit
cac kién thirc nén tang va cic két qua nghién
ctru lién quan cua cac tac gia khac. Phan 3 mo
ta phuong phap du bao trén chudi thoi gian
do chung t6i dé xuat. Phan 4 1a phan danh gia

bang thuc nghiém phuong phap dé xuat trén
cac tap dir li€u thuc. Phan 5 1a két luan va
hudéng phat trién.

II. KIEN THUC LIEN QUAN VA CAC
NGHIEN CUU TRUOC PAy

1. Kién thirc lién quan

e Dg do Euclid.
Do do Euclid 1a phuwong phap don gian dé do
do tuong tu cua cac chudi thoi gian. Cho hai

chudi thoi gian Q = {ql, ..., qn} va C = {cl,
..., cn}, do do Euclid gitra Q va C dugc dinh

e Biéu dién MP_C (Middle Point and
Clipping)

Pay la phuong phip thu giam sd chiéu
chudi thoi gian do chung t6i dé xuét trong
nghién ctu trude day [17]. Phuong phap nay
¢6 thé duoc tom tat nhu sau:

Cho mot chudi thoi gian C ¢6 chiéu dai n.
C duoc chia thanh m doan bang nhau (m do
ngudi dung chon). Cac diém giita ctia mdi
doan duoc trich ra va duoc chuyén d6i thanh
chudi nhi phan, trong d6 diém giita dugc
chuyén thanh 1 néu né nam trén duong trung
binh, nguoc lai thi né bang 0. Gi tri trung
binh va chudi nhi phan twong timg duoc luu lai
nhu dic trung cta chudi.

e Ciu tric chi muc da chiéu diung cho

chubi thoi gian

Céu tric chi muc da chiéu thong dung 1a
R-tree va cdc bién thé cua né ([6], [1]). Mot
R-tree 1a mot cdy can bang twong ty nhu
B-tree. Trong mot cAu tric chi muc da chiéu
nhu R-tree hay R*-tree, mdi nut duoc két hop
vol mdt vung bao hinh chit nhat nho nhét
(MBR-Minimum Bounding Recrangle). Mdt
MBR tai mgt nut 1a ving bao nho nhét bao céc
nut con ciia nd. Mdi phan tir trong nut 14 chira
mdt MBR cua chudi thoi gian va mdt con trd
dén ddi twong dir liéu nguyén thuy duoc bao
béi MBR. Piém yéu cta R-tree 1a cac MBR
trong cic nut trén cing mot mic ¢ thé phu
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1ap nhau. Sy phu ldp (overlap) nay c¢6 thé lam
giam hiéu qua thyc thi cia viéc tim kiém dua
vao chi muc.

Chi muc Skyline dugc dé xuét bai Li et
al., 2004 [16]. nham khic phuc tinh trang
phii 1ap (overlap) giita cac hinh chit nhat chan
bén trong cac MBR ciia cac chudi bang cach
dinh nghia mdt ving bao méi goi la viing bao
dwong chan troi (Skyline Bounding Region -
SBR) thay cho MBR. Viing bao SBR ding d¢
xap xi va biéu dién mot nhom céc chudi thoi
gian theo hinh dang chung cia ching. Mot
SBR dugc dinh nghia trong cung khong gian
thoi gian-gid tri nhu chudi thoi gian. SBR cho
phép chung ta dinh nghia m6t ham khoang
cach 1a chan dudi cua khoang cach gitta mot
cdu truy van va mot nhom céc chudi thoi gian.
viing bao SBR chi bao gdm mét viing duy nhat
va khong xay ra tinh trang phu lap. Bang thuc
nghiém, céc tac gia cho thay chi muc dudng
chan troi ¢6 thé cai thién hiéu qua cua bai toan
tim kiém twong ty 1én gap 3 1an [16]

2 Céac nghién ctru trude day

Nhiéu phuong phap du bao chudi thoi gian
da duogc gidi thi¢u va dua vao tng dung trong
thuc té. Mot sé phuong phéap thudong duoc sir
dung cho bai toan du bao dit liéu chudi thoi
gian nhu phuong phdp lam tron theo ham
mil (exponential smoothing) ([7]), m6 hinh
ARIMA (autoregressive integrated moving
average) ([3],[13],[14]), mang no ron nhan
tao (artificial neural network — ANN) ([2], [4],
[81,[9], [21], [22]) va mdy véc to hd trg ([15],
[19]). Trong dd, phuong phap lam tron theo
ham mi va m6 hinh ARIMA 1a cdc md hinh
tuyén tinh vi chtng chi ¢ thé nim bat dugc
céc dac trung tuyén tinh cia chudi thoi gian,
con ANN 1a mot mé hinh phi tuyén da dugc
st dung cho bai toan dy bao dit liéu chudi thoi
gian. Tuy nhién, van dé mo hinh ANN c¢6 thé
xtr ly mét cach hi€u qua dir liéu co6 tinh xu
hudéng va tinh mua hay khong dang 1a mot
véan dé gy ban cii vi c6 nhirg nhan dinh trai
nguoc nhau trong cong dong nghién ciru vé du
bao dit liéu chudi thoi gian [22].
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Nam 2007, Nayak va te Braak da dé xuat
phuong phap du bdo cho dit li¢u thi truong
chung khoan st dung thuat todn gom cum
[18]. Phuong phdp nay dua trén y tuong la
mot cum dugc hinh thanh quanh mot bién ¢b
c¢6 thé duoc dung dé udc lugng cho bién cb &
tuong lai. Cum do can duoc x4c dinh véi ban
kinh nh6 nhét 6 thé.

Ciing trong nam 2007, Troncoso va cac
cong su da dé xuat mot phuong phap du bao
duoc goi 1a phuong phép du bo dwa vao chudi
mau (pattern sequence-based forecasting —
PSF) [20]. Phuong phap nay sir dung thuat
toan k-Means dé gom cum dir liéu va phat
sinh ra mot chudi cac nhin phan cum. Cudi
cung phuong phap thuc hién du bao dua trén
céc nhan nay. Cach tiép can nay da gidi thleu
mot phuong phap luan méi cé thé cung cép
cac qui luat du bao dua trén cdc nhan dir lidu
thu dugc mdt cach tu dong tir thuat toan gom
cum. Nam 2011, phuong phap nay da dugc
g dung du bao gia thi truong dién va nhu cau
su dung dién [5]. Tuy nhién, qua thuc nghiém
chung t6i thay rang két qua du bao phu thudc
vao sd cum va viéc xac dinh sd cum tét nhat
bang cach gom cum nhiéu 1an dé chon ra sb
cum tot nhét s& t6n nhiéu thoi gian. Ngoai ra,
trong mot s6 truong hop bat thuong, néu cac
mau tim kiém khong c6 trong tap huin luyen
phuong phap nay khong thé du bio cac blen
¢ o tuong lai ngay ca khi chidu dai ciia mau
la 1.

Nam 2009, Jang va cac cong su dé nghi mat
phuong phap du bao chudi thoi gian ching
khoéan dua vao thong tin motif [12]. Sau khi
phat hién ra motif quan trong nhat trong mot
chudi thoi gian, motif d6 dugc chia 1am hai
phan: tién t§ (prefix) va hau t6 (postfix). Néu
mau hién hanh cua dit liéu chudi thoi gian
khép véi tién té cua motif, thi ta c6 thé du
doan tri cua budc thoi gian ké tiép dua vao
héu t6 cta motif. Do giai thudt phat hién motif
dugc dung trong cong trinh nay khong duogc
hitu hiéu, nén d6 chinh xac du bao va do hiru
hiéu vé thoi gian tinh todn ctia phuong phap
du bao dua vao motif chua cao.



Nam 2010 va 2012, Huang va cac cong
su dé xuit mot chién luge két hop k-lan can
gan nhét véi mo hinh mdy véc to hd trg binh
phuong t6i thiéu (least square support vector
machine — LS-SVM) dé du bao dai han trén
dit liéu chudi thoi gian [10][11].

III. PHUONG PHAP DE XUAT

Chung t61 st dung thuat toan tim k 1an can
gén nhét hodc tim lan can trong pham vi mot
ngudng cho trudc dwa trén mot ciu tric chi
muc da chiéu nhu chi muc duong chan troi.

Céch tiép can k-1an can gan nhat 1a mot
trong nhitng ky thuat du bao phi tham sb
(non-parametric), hiéu theo nghia nguoi dung
khong phai biét trudec mdi quan hé ly thuyét
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nao giita cac tri xudt va cac tri nhap trong bai
toan du béao, do d6 n6 rat tu nhién va truc giac.
Y tuong chinh cua cach tiép can nay 1 nhan
dang cac mau trong qui khir khép véi miu
hién hanh va dl‘mg tri thirc vé& cach ma chudi
thoi glan bién doi trong qua khir trong nhung
tinh hudng tuong ty dé du bao vé blen doi
trong tuong lai. Ngoai ra, vdi cach tiép can
k-1an can gan nhét ndy, cdc mau du béo c6 thé
duogc hoi tiép trd lai vao tap dir liéu dé sir dung
cho céc 1an du bao sau, nhd vy tim (hor1zon)
cta du béo c6 thé dugc kéo dai theo yéu cau
(k¥ thuat nay duoc goi 1a du bdo lap — iterated
prediction). Hinh 1 trinh bay y tudng co ban
ctia cach tiép can nay.

Dt liéu duoc

chuan hoa

4

Tim cac lan can gan nhat

A

Chén mau

—_ =
, Y
duoe du bao J =

No

Két thuc

y

Mau duoc du bao

Hinh 1. Y tudng co ban ctia cach tiép can dua trén phuong phép so tring mau.

Thuat toan du bao chudi thoi gian dua vao
ky thuat k-1an cén gﬁn nhét dugc thuc hién
nhu sau: Cho mot trang thai (mau) hién hanh
¢6 chiéu dai w trong chudi thoi gian c¢6 chiéu
dai n (w << n) va chuing ta phai du doan chudi
c¢6 chiéu dai m (m < w) s& xdy ra & budc ké
tiép theo thoi gian (tirc 1a du bao m budc vé
phia twong lai). Pau tién, thuat toan s& tim
kiém k 1an c4n gan nhét hay céc lan can trong
mot ngudng T cho trude ddi véi mau d6. Sau
d6, thuat toan 1av cac chudi c6 chiéu dai m

Cac chudi twong tu véi mau

— T

nam ké can bén phai ciia cac 1an can gan nhét
tim duoc & bude trén. Cudi cung, chudi du
béo duoc ude lugng bang cach tinh trung binh
cong cac chudi vira thu duge. Trong trudng
hop can du béo cho céac chudi khac nira, chudi
ude lugng co thé duge chén vao cudi tap dit
liéu dé du bao cho cac mau tiép theo.

Hinh 2 minh hoa béng thi du thuét toan
duoc dé xuat va hinh 3 trinh bay cac budc
chinh cua thuat toan nay.

Chuoi can du doan

Mau

[[Ar31 213121 J41213

/_A_\
2121312121 |

“ﬂ_/

\‘/

%{_/

Tinh TB 25121

%{_)

Chuoi wdc lugng

Hinh 2. Minh hoa thuét toan dugc dé xuét.
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Chu y 1a trong truong hop m < w, ching ta
c6 thé dung mot bién dé luu tich liy cac chudi
wde lugng cho t6i khi m bang véi w. Khi do,
chung ta c6 thé chén chudi tich liiy duge vao
trong cu triic chi muc ma khong can phai xay
dung lai ciu trac chi muc khi quay lai thuc
hién budc 1.

Chuang t61 tng dung phuong phap MP C
[17] két hop véi chi muc dudng chén troi [16]
vao bai toan du bio dua trén viéc so trung
mau dé du bao trén dir liéu chudi thoi gian c6
xu hudng hodc bién d6i theo mua. Chi muc
Skyline dwoc chon st dung vi né nhiéu wu
diém hon so véi R*-tree.

Input: Chudi thoi gian D ¢6 chiéu dain, té[?
kiém tra TS ¢é ‘chiéu’déi n,, chiéu dai ctra s6
w, sO lan can gan nhat k (hoac ngudong T) va
chiéu dai chudi can du bdo m (m < w < n, and
w<<n).

Output: Chudi uéc lugng S c6 chiéu dai m.

1. Thu giam s6 chiéu cac chuoi con ¢d chi¢u
dai w trong D va chén ching vao trong
mot cau truc chi muc da chi€u (n€u can).

2. Lay chuoi S (mau) c¢é chiéu dai w nam
trudc vi tri chuoi ta phai du bao trong TS.

3. Tim k 1an can gan nhat (hay céac lan can
nam trong pham vi ngudng T) cua S.

4. V61 moi lan can gan nhat tim dugc ¢ budc
3, khoi phuc chudi co6 chiéu dai m nam ké
can no trong D.

5. Tinh trung binh cdng cac chuoi tim dugc
& budc 4.

6. Tra lai két qua udc luong & budc 5.

7. Chen chudi udce lugng ¢ bude 5 vao D dé
du bdo cac mau tiép sau va quay lai budc
I (n€u can).

Hinh 3. Cac budc chinh cua thuat toan du
béo theo phuong phap dé xuat.

Chu y 1a trong truong hop m < w, chiing ta
c6 thé dung mot bién dé luu tich lity cac chudi
udce luong cho t6i khi m bang véi w. Khi do,
chung ta c6 thé chén chudi tich liiy duoc vao
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trong cau triic chi muc ma khong can phai xay
dung lai cau trac chi muc khi quay lai thuc
hién budc 1.

IV. PANH GIA BANG THU'C NGHIEM

1. Méi trwong va dir li€éu thue nghiém

Chung t61 so sanh sy thuc thi cua phuong
phap du bdo d¢ xudt véi su thuc thi cia
phuong phap ANN. Thuc nghiém dugc thuc
hién trén bén tap dir liéu thuc: Temperatures
at Savannah International Airport, Fraser
River (FR), Milk production (MP) and Carbon
Dioxide (CD). Phuong phap dé xuit dugc cai
dat bang Microsoft Visual C# trén laptop Core
13, Ram 2GB. ANN (su dung Spice-Neuro)
v6i cu tric sau: 12 nuat input, 3 nat output
cho hai tap dit licu MP va CD, 12 nut output
cho céc tap dir liéu khac. Hai phuong phap du
béo duoc so sanh sy thuc thi trén tit ca céac
doan cua tap dit liéu kiém tra va sau d6 tinh 15
trung binh trong khoang dyu bao.

Céc tap dir liéu dugce chia thanh hai tdp con
theo ti 1¢ xap xi 1a 9:1. Trong d6 iy khoang
90% lam tap hudn luyén va khoang 10% lam
tap kiém tra. Cac tap dit liéu dung trong thuc
nghiém nhu mo ta sau:

e Tap dir liéu Temperatures at Savannah
International Airport, tr 1/1910 dén
12/2010. Tap huén luyén duoc chon tir
1/1910 dén 12/2000 va tap kiém tra tir
1/2001 dén 12/2010.

e Tap dir liéu Fraser River dataset, tu
1/1913 dén 12/1990. Tap huén luyén
dugc chon tir 1/1913 dén 12/1982 va tap
kiém tra tir 1/1983 dén 12/1990.

e Tap dir liéu Milk Production, tir 1/1962
dén 12/1975. Tap huén luyén dugc chon
tir 1/1962 dén 12/1971 va tap kiém tra
tir 1/1972 dén 12/1975.

e Tap dit licu Carbon Dioxide dataset, tir
1/1959 dn 12/2008. Tap huin luyén
dugc chon tir 1/1959 dén 12/1998 va tap
kiém tra tir 1/1999 dén 12/2008.

Tat ca cac tap dir liéu trén dwoc lay tir
web site: http://www.datamarket.com. Hinh
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4 minh hoa hinh dang cua cdc tap dit liéu thuc
nghiém dudi dang do hoa.

2. Tiéu chuan danh gia

Trong bai bao nay, chung t6i sir dung hai
tiéu chuan danh gia thuong dung 1a Ldi trung
binh twong ddi so vdi x_.. (MER - Mean Error
Relative) va Ldi trung binh tuyét d6i (MAE
- Mean Absolute Error) dugc dinh nghia nhu
sau [5]:
° N 5 X

mean

—X

obs.i

N
MER :100xiz

i=1 X

xulode/,f

mean

Trong do, x , la gia tri quan sat duoc, x_
la gia tri tinh dugc boi mo hinh tai thoi diém
i, x__ la gia tri trung binh trong khoang thoi
gian xem xét va N 1a chiéu dai ctia chudi du
bao.

e Ldi trung binh tuyét d6i (MAE).

— X

xmud el ohs.i |

1<
MAE = — >

i=1

|
Il ’l‘\"‘\|\|'||'\" L L
L
| f FAI
LU U R TR UL U R R U LS W I.-.,.".-._..-,,'.l"

(a)Temperatures

(b) Fraser River

#t £

- Taee

¢) Carbon Dioxide

(d) Milk Production

Hinh 4. Minh hoa hinh dang bon tap dit liéu thuc nghiém.

3. Két qua thwe nghiém

Pé xem xét anh huong cua k va ngudng
T t61 do chinh xé&c cua du bdo, chung toi tién
hanh thuc nghiém véi céc gia tri k va T khac
nhau sau d6 tinh trung binh 16i du bao. Bang 1
1a cac 16i du bao cta thuc nghiém trén tap dir
lidu Frazer River vdi k thay d6i tir 1 dén 10.
Béang 1. L4i du bao cua thuc nghiém trén tap
Frazer River voi k khac nhau

MER MER
K (%) MAE &k %) MAE
1| 2662 | 0.055| 6| 2431 0.050
2| 2920 0.060 | 7| 23.29| 0.048
3] 2374 0.049 | 8| 22.70 | 0.047

41 22.46
5| 24.39

0.046 | 9
0.050 | 10

23.00
22.66

0.047
0.047

Két qua thuc nghiém cho thiy 15i du bao
s€ khéc nhau khi thuc nghiém véi céc gia tri k
khac nhau. Trong thuc nghiém nay, ta c6 thé
thiy 15i du bao 1a nho nhét véi k bang 4.

Bang 2 1a két qua 18i du bao khi thuc
nghiém trén tap dir liéu Frazer River vdi cac
gi4 tri T khac nhau. Két qua thuc nghiém cho
théy 16i du bao sé& khac nhau khi thuc nghiém
voi cac gia tri T khac nhau. Trong thuc nghiém
nay, ta c6 thé thay 15i dy bao 1a nho nhét vai
T bang 0.21.



Tap Chi Khoa Hoc Gido Duc Ky Thudt (32/2015)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

81

Bang 2. Loi du bao ciia thwe nghiém trén tip Frazer River véi T khac nhau.

T 0.15 0.17 0.19 0.21 0.23  0.25
0
MER (%) 27.94 27.05 25.64 | 23.11 2599 2591
MAE 0.056 0.055 0.052 | 0.047 0.051 0.052

Bang 3 1a 16i du bao cua thuc nghiém
trén tap dir liéu Frazer River véi gia tri k tdt
nhét khi thuc nghiém du bdo st dung bai toan
k 1an c4n gan nhat (k-NN) va gia tri T tot nhét
khi du bao st dung bai todn tim kiém l4n can
theo ngudng T (Range search). Loi du bdo
dugc tinh cho timg nam. Dong cudi clia bang
1a 18i du béo trung binh trong tam nam. Két
qua thue nghiém cho thiy 16i du bao trong ca
hai truong hop 1a xap xi nhau.

Bing 3. Ldi du bo ciia thue nghiém trén tip
Frazer River véi gia tri & va T tot nhat.

Do gidi han sb trang cua bai bao, trong
bang 5 chung t6i chi trinh bay két qua tong
hop tur thuc nghiém trén céc tap dir li¢u khac
nhau. C4c gia tri trong bang 1 16i du bao trung
binh trong cadc nam thuc hién du bao.

Két qua thuc nghiém cho thdy mic du 16
du bao trong mot vai nam cua phuong phap
do chung t6i dé& xuét 16n hon 16i du béo cua
phuong phap ANN, nhung 16i du bao trung
binh trong cac nam du bdo cua phuong phap
do chiing t6i dé xuét luén nhoé hon 151 du bao
cua phuong phap ANN. Chi ¢é truong hop
thuc nghiém trén tap Carbon Dioxide, 16i
trung binh MAE khi sir dung k 1an cén gan
nhat 12 16n hon mot it so vdi 16i du béao trung
binh MAE cta ANN. Tuy nhién 16i trung binh
MER khi sir dung k 1an can gan nhét thi nho
hon 16i du bao trung binh MER ctia ANN.

Bing 4. Loi dy bdo ciia thyc nghiém

MER (%) MAE
Year NN Range NN Range
search search
1 2427 | 21.87| 0.06 0.06
2 1894 | 16.75| 0.04 0.03
3 28.48 | 2239 | 0.06 0.05
4 15.15| 26.86 | 0.03 0.05
5 25.77 | 22.66 | 0.05 0.05
6 3220 | 2852 0.06 0.05
7 18.57 | 20.86 | 0.04 0.04
8 21.12 | 25.02| 0.04 0.05
Mean 23.06 | 24.16 | 0.05 0.05

Bang 4 la 16i du bao cua thuc nghiém
trén tap dir liéu Temperatures at Savannah
International Airport. Ldi du bao dugc tinh
cho tig nam. Dong cudi ctia bang 14 16i du
bao trung binh trong mudi nam.

trén tap Temperatures at Savannah

International Airport.
MER(%) MAE

Year | /NN | ANN | kNN | ANN

1 7.555 | 17.814 | 0.043 | 0.065

2 6.779 | 11.666 | 0.039 | 0.059

3 8.316 | 11.523 | 0.047 | 0.039

4 6.288 | 10.239 | 0.035 | 0.036

5 7.652 | 8.921 | 0.042 | 0.039

6 8.329 | 10.053 | 0.047 | 0.040

7 7.570 | 9.590 | 0.044 | 0.044

8 7.767 | 11.335 | 0.045 | 0.053

9 5.004 | 8.298 | 0.029 | 0.035

10 | 14.542 | 14.394 | 0.081 | 0.049

Mean 7.980 | 11.383 | 0.045 | 0.046

Bang 5. Lbi du bao trung binh khi thyre
nghiém trén cac tap dir liéu khac nhau.
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MER (%) MAE
Dataset
kNN ANN kNN ANN
Frazer River 23.06 24.16 0.05 0.06
Milk Production 8.06 14.73 0.09 0.10
Carbon Dioxide 3.38 3.61 0.037 0.032

Bén canh viéc danh gia vé do chinh xéc,
chung t6i con so sanh hai phuong phéap du bao
vé thoi gian thuc thi. Bang 6 1a thoi gian thyc
thi (tinh theo gidy) cua hai phuong phap du
béo thuc nghiém trén bon tap dir lidu. Két qua
thuc nghiém cho thay phuong phéap du bao sir
dung k 1an can gan nhat ludn thyc thi nhanh
hon khi so sanh véi phuong phap ANN.
Bang 4. Thue nghiém vé thoi gian thye thi
ciia hai phwong phap du bao trén bon tap

dir liéu.

Dataset ANN k-NN
Temperatures 50 0.262
Milk Production 4 0.464
Carbon Dioxide 37 1.261
Frazer River 58 0.199

V. KET LUAN VA HUONG PHAT TRIEN

TAI LIEU THAM KHAO

Trong bai bao nay, ching t6i da dé xut
phuong phap du bao trén chudi thoi gian dang
mua hodc cé xu hudng sir dung bai todn tim
kiém tuong tu. Trong cach tiép can nay, chiing
t6i st dung phuong phép thu giam s chiéu
MP_C két hop véi chi muc Skyline cho bai
toan tim kiém tuong ty nhim ting nhanh tdc
d6 tim kiém. Chung t6i cling xem xét anh
huong cua k va T dén do chinh xac cua du
bao. Thuc nghiém cho thiy vdi cac gia tri k va
T thich hgp, phuong phap du bao sir dung bai
toan tim kiém twong tu s& cho két qua tét hon
s0 véi ANN vé do chinh xac va thoi gian thuc
thi khi du béo trén chudi thoi gian dang mua
hodc c6 xu hudng.

Trong tuong lai, chung t6i du dinh s¢&
nghién ctru cach xac dinh gia tri tot nhat cho
k va T mét cach tu dong cho bai todn du bdo
sir dung bai todn tim kiém k 14n can gan nhat
hodc su dung bai toan tim lan cén trong mot
ngudng T.
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