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Tom tit: Nghién ciru nay dé xudt mgt mé hinh du béo chudi thoi gian da thudc tinh dya trén Iy thuyét mém trung tinh
(Neutrosophic Soft Sets — NSS) nham néng cao d chinh xdc trong boi canh dir liéu bién dong va chira nhiéu yéu té khong
chéc chan. M6 hinh MA-NSSFTS d‘mfc xay dung dua trén ba thanh phdn chan tri, bdt dinh va phan chan tri, két hop véi
entropy thong tin dé xdc dinh trong sé thudc tinh, ciing co ché ling gieng gan nhdt co trong so trong khong gian NSS. B6
dir liéu TAIEX nim 2004 dwoc sir dung dé kiém chwng mé hinh, véi bon thuge tinh gom gic mo cu"a gid cao nhat, gid thap
nhat va gid dong cu'a Két qua thue nghiém cho thdy MA-NSSFTS dat d¢ chinh xdc cao (chi s6 MAPE = 1.58%). Nghién
cieu khang dinh tiém nang ciia phwong phdp trong phdn tich xu hwéng, dir bdo hanh vi va hé tro ra quyét dinh trong cdc
linh viee ¢6 dit liéu nhiéu nhiéu va khéng xdc dinh.

Tir khéa: Ly thuyét mém trung tinh, Duw bdo chudi thoi gian, Ho tro ra quyét dinh, Trong sé entropy

APPLICATION OF NEUTROSOPHIC SOFT SET THEORY IN BEHAVIORAL
ANALYSIS AND DECISION SUPPORT FOR TIME SERIES DATA

Abstract: This study proposes a multi-attribute time series forecasting model based on Neutrosophic Soft Sets (NSS)
to improve prediction accuracy under fluctuating and highly uncertain data conditions. The proposed MA—-NSSFTS model
integrates the truth, indeterminacy, and falsity components of NSS with an information-entropy—based attribute weighting
scheme and a weighted nearest-neighbor mechanism in the NSS feature space. The 2004 TAIEX dataset, consisting of four
attributes—open, high, low, and close prices—was employed for empirical evaluation. Experimental results demonstrate
that the proposed model achieves high forecasting accuracy (MAPE = 1.58%). These findings highlight the potential of
the model for trend analysis, behavioral forecasting, and decision-support applications in domains characterized by noisy

and uncertain data.
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I. PAT VAN DE

Dit liéu chudi thoi gian dong vai trd quan trong
trong nhiéu linh vuc nhu kinh té, tai chinh, khoa
hoc xa hoi, gido duc va tdm ly hoc, noi cac hién
tuong dugc quan sat lién tuc theo thoi gian va
chiu anh hudng cua nhiéu yéu té bat dinh. Cac
chudi thoi gian hanh vi dic biét phurc tap do chiu
tac dong dong thoi ctia tAm trang, cam xuc, dong
co va mdi truong, dan dén mirc d nhidu va khong
chac chan cao hon so véi cac dir liéu do luong
truyén thong.

Cac mo hinh du béo c6 dién nhu ARIMA,
Holt—Winters hodc cac mé hinh tuyén tinh it hiéu
qua trong moi truong dir liéu nhidu va khong chic
chan. Pé cai thién kha nang xtr Iy mo hd, cic
mo hinh Fuzzy Time Series (FTS) dugc dé xuat
nham biéu dién bién dong bang cac mirc ngdn ngir
thay vi gié tri s6 tuyét d6i. Tuy nhién, FTS truyén
théng van chua thé mé ta sy bat dinh — yéu t6 ¢t
161 trong cac dir liéu hanh vi.

Ly thuyét Neutrosophic Set do Smarandache
phat trién mo rong Fuzzy Set va Intuitionistic
Fuzzy Set. Piém manh 1a mé ta rd rang muirc do
bat dinh (Indeterminacy), yéu to rat quan trong
khi phan tich hanh vi con nguoi. Soft Set cia Maji
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cung cép cong cu xu ly tham s6 linh hoat; su két
hop gitra Soft Set va Neutrosophic Set tao thanh
Neutrosophic Soft Set — NSS, dac biét manh trong
céc bai toan ra quyét dinh da tham s6. NSS duoc
ap dung trong nhiéu linh vyc: Ra quyét dinh nhiéu
thudc tinh; Du bao chudi thoi gian; Téi wu hoa
hanh vi va phan tich mo ho.

Tuy nhién, phan 16n cic nghién ctru NSS dua
trén don thudc tinh hodc coi trong s6 cac thudc
tinh 1a nhu nhau, bd qua vai tro khac biét gitra
cac khia canh cua dir liéu hanh vi. Hon nira, cac
mo hinh hién ¢6 hiém khi tich hop phuong phap
trong s entropy dé ting tinh thich tmg ctia mo
hinh trudc su bién dong cua timg thudc tinh.

T nhitng han ché d6, nghién ciru nay dé
xuat md hinh MA-NSSFTS (Multi-Attribute
Neutrosophic Soft Set Fuzzy Time Series) két
hop: Ly thuyét mém trung tinh; Phuong phap
fuzzification; Trong sd entropy va Ky thuat lang
giéng gan nhit dua trén khoang cach NSS. Muc
tiéu nham cung cAp md hinh phan tich hanh vi va
hd tro ra quyét dinh cé d6 chinh xac cao, c6 thé ap
dung trong céac linh vuc mang tinh bat dinh nhu
tam ly — gido duc, tai chinh hanh vi, phan tich cam
xuc hay danh gia xu hudng hoc tap.
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Phan con lai ciia bai bao dugc cau trac nhu sau:
Muc 2 trinh bay kién thirc nén tang; Muc 3 dé xuat
mod hinh MA-NSSFTS; Muc 4 gidi thi¢u bo dit liéu
va két qua thyc nghi¢m-so sanh; Muc 5 Kkét luan.

II. NOI DUNG NGHIEN CUU

2.1. Cac kién thirc nén tang dé xay dung md
hinh MA-NSSFTS

Pinh nghia 1. Chudi thoi gian hanh vi duoc
su dung trong nhiéu linh vuc nhu tim 1y hoc nhan
thtrc, phan tich cdm xuc, hanh vi tai chinh va gido
duc. Cac dit liéu nay thuong chira mau thuan, bét
dinh va thay d6i khong tuyén tinh (Kim, 2018).
Phén tich hanh vi qua chudi thoi gian doi hoi md
hinh c6 kha ndng nhan dién xu hudéng, phan ung
va nhidu dong thoi.

Pinh nghia 2. Gia su U la tap hop 16n, N(U)
1a tap hop cta tit ca cic tap trung tinh cua U, E
1a mot tap hop cua cac tham sé c6 thé mo ta cac
phén tu cua U va DCE. Sau do, mot tap hop mém
trung tinh N trén U 1a mét tap hop dugce xéc dinh
bdi mot ham gié tri tap hop £ A dai dien cho mot
anh xa: f:E->N(U) nhu vay £ ()= 0 néu e€E-D.
Trong do f N I1a ham xap xi goi 1a ham tap hop
mém trung tinh N. N6 ¢6 thé dugc biéu dién boi
mot cdp (f;E) nhu sau

N=(IN:E)={(e.f,, (©):eeN} ={(e.{x:T, i Iy

; F ... XEU}):e€E}

(e = N(e)’

voi: TfN(c); ItN(c)’ fN(e) [0 1]
Dlnhngh1a3 Giasu A=(T ;1 ;F, );B=(TI;F

) 1a cac tdp mém trung tinh, khodng cach Euchdean

ireo)™ I'I(x) r'F(x)

gitta A, B 1a d(A,B)= JE?=1 2 ., V6
Diroy=Taen = Totens Buco=laep — Inens Bircr= Facep — Focep-

Pinh nghia 4. Gia su Q 1a d do entropy thong
tin, cong thirc dugc dinh nghia boi biéu thirc sau:
Q =X, P(D)logz(P() trong do P(i) bidu
thi x4c suat xuét hién tai thoi diém twong tmg L,
(i=1,2,..,m), trong d6 ZZ: PO =1va0<P@) < 1.

2.2. M6 hinh MA-NSSFTS duoc cii tién tir
cac md hinh chudi thoi gian trong

2.2.1. M6 ta bai toan

Bai toan dat ra trong nghién ctru nay la du bao
gia dong cira ké tiép ctia chudi thoi gian tai chinh
trong diéu kién dit liéu chira nhiéu yéu td bat dinh,
dao dong manh va chiu tac dong cia tam 1y thi
treong. Chudi thoi gian duogc ky hidu duési dang

D={(“ Open, High, ,Low,Close, )It 1,..,T},

trong d6 mdi diém dir heu biéu dlen thong tin
cua mot phién giao dich. Muc ti€u chinh la xay
dung mé hinh c¢6 kha ning hoc dugc quy luat bién
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thién tiém 4n ciia chudi va tir ¢ du bao gia dong
cura Close, dya trén cac ddc trung ctia nhirng phién
trude do.

Pé ting cuong kha ning moé hinh hoa bién
dong, bai toan duoc mé rong bang cach bd sung
hai thudc tinh din xuat: Amplitude thé hién mirc
dao dong trong ngay High -Low va Volume Xap
xi (uoc lugng bién dong dong cua gifra hai phién
lién tiép |Close - Close,_| ). Sau d6, mdi thnac tinh
duoc chuyén thanh chu01 bién th1enAA “Ardi,
gitip nhan manh chiéu hudng chuyén dong thay vi
gid tri tuyét doi.

Thach thic trong tim cua bai toan nam ¢
viéc: (i) Chudi gia tai chinh co tinh phi tuyén,
kho dy doan, va thay dbi lién tuc; (ii) Cac bién
dong nho nhung lién tiép c6 thé dan dén sai léch
16n khi dy béo; (iii) Yéu té tam 1y, nhiéu ngau
nhién va sy khong chic chén tich hop trong di
liéu khién cac phwong phap cd dién d& bi suy
giam hiéu suét.

Do d6, nghién ctru dé xuat tmg dung Mo hinh
MA-NSSFTS nham khai thac vu thé cua Fuzzy
Time Series va Neutrosophic Soft Sets, cho phép
dién giai t6t hon mic d6 bat dinh, dong thoi tao
ra du bao on dinh va chinh xac hon cho chudi thoi
gian tai chinh.

2.2.2. M6 hinh MA-NSSFTS

Céac bude cta thuat toan dé xuit duge mo ta cu
thé nhu sau:

Buére 1: Chuan hoéa dit ligu dau vao

D= {(Av AAt)IAE{ Close, Open, Volume,
Amplitude}},

trong do:

(1) Dit lidu gbc: D={(Date,Open, High,
Low, Close, )I|t= 1,..,T}

(2) Thu¢c tinh Volume: Volume =|Close -

Close(t_l)l.
(3) Thudc tinh bién do dao dong: Amplitude
= High - Low..

(4) Do bién thién: AA=A - Ay

Buée 2: Chudi bién thlen ciia mdi thudc tinh
duoc anh xa sang 5 muc ngdn ngir:

L,= strong down, L= slightdown, L=
equal, L,= slight up, L_= strong up.

Gia tri chuan hoé trung binh tuyét doi:

dA TlZ’ =2 |AA|

Buéc 3: Xéy dung MA-NSS véi cira s6 bac n
=3: W= {L L.}

t-3° t2’
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, , YO . _ count(L;)
+ Tinh x4c suét timg nhan: £~ 3

+ Chuan hoa vé NSS:
Bire™ Taep — Toeps Buo™ lacep — Iscens Bir)™ Facep — Fa(en-

Bué'c 4: Tinh trong s6 entropy cua thudc tinh

LR . -XPilogP;
YA (I-Ep) V(nEA* logs

Buéc 5: Tinh khoang cach NSS c6 trong s6
ANONG) S, w3 (TP + AP+ FF P

Buéc 6: Dy bao FTS: Véi tap huin luyén
T={N(s)Is<t}, ,

+ Lan can gan nhat: s*=arg(min)-rs<t
d(N(t),N(s)). .

+ Du bao d bién thién: Cl(ls_erfACloseS*.
__+ Du bao gia dong cua: Close, = Close ,+
Close,

2.3. Thi nghiém kiém chirng hiéu qua thuat
toan trén bd dir liéu thue té TAIEX 2004, nham
danh gia hiéu ning va so sanh két qua

2.3.1. Di liéu thue nghiém va chi sé danh gid

B9 dir liéu duoc st dung trong nghién ciru 1a
TAIEX 2004, bao gdm chudi gia giao dich hing
ngay ctia Chi s6 Chung khoan Dai Loan (Taiwan
Capitalization Weighted Stock Index — TAIEX)
trong nam 2004. Dir li¢u chtra cac truong thong
tin tiéu chuan cia thi truong tai chinh, bao gom
gia mé cira (Open), gia cao nhat (High), gia thap
nhat (Low) va gia déng cira (Close) cua timng
phién giao dich. Tong cong c6 249 phién giao
dich, phan anh day du cac bién dong theo chu ky
ngan han va cac giai doan ting—giam manh cua thi
truong trong nam. Pay 1a b dir li¢u thuong duoc
stt dung trong cac nghién ctru vé dy bao chudi
thoi gian tai chinh nho tinh bién dong cao va ciu
tric phi tuyén dic trung.

Dé danh gia hiéu qua du bao ctia md hinh MA-
NSSFTS, nghién ctru str dung ba chi sé sai s6 phd
bién trong phan tich chudi thoi gian, bao gom:

(1) Sai s6 tuyét d6i trung binh (Mean Absolute

1 ,

Error): MAE= KIZ’V:I /5) B¢ t/ Chi s6 MAE phan

anh murc d¢ sai l¢ch trung binh gitra gia tri thuc

té va gia tri du bdo, vdi don vi do trung véi don

vi ctia dit lidu dau vao. Gia tri MAE cang nho cho

thiy mé hinh cang on dinh va it sai 1éch tuyét ddi.
(2) Sai s6 cin bac hai trung binh (Root Mean

*
A wy=

Square Error); RMSE=ASY, (5)

Chi s6 RMSE danh gia d6 léch binh phwong,
nhin manh céc sai s 16n. Day 1a chi sé quan trong
trong cac bai toan du béo tai chinh, noi nhiing sai
s6 16n thuong gy anh huong nghiém trong dén
do tin cdy ciia mo hinh.

(3) Sai s6 phan tram tuyét ddi trung binh (Mean
Absolute Percentage Error):

N
1 -
MAPE—100x — i .
N —1 Vi

Chi s6 MAPE do luong sai sé du bao twong
d6i theo phan tram, cho phép danh gia do chinh
xac theo ty 1& thay vi gia tri tuyét déi. MAPE
dudi “2%” duogc xem la muc hiéu qua rat cao dbi
v6i dit liéu tai chinh c6 d6 bién dong manh nhu
TAIEX 2004.

Ba chi s6 nay duoc sir dung dong thoi nham
dam bao danh gié toan dién mirc do on dinh, do
chinh x4c va kha ning kiém so4t sai s6 16n ctia mé
hinh dé xuét.

2.3.2. Két qua thire nghiém

Sau khi 4p dung diy du cac giai doan ciia mo
hinh MA-NSSFTS 1én bd dir li¢u TAIEX 2004,
két qua thyc nghiém thu dugc nhu sau:

MAE = 96.26, RMSE = 128.38, MAPE =
1.58%

Cac két qua trén cho thdy mé hinh dat dugc
d6 chinh xac cao. MAE va RMSE déu nam
trong pham vi thip so véi bién d6 dao dong
trung binh cta chi sé TAIEX trong nim 2004
(khoang 200-300 diém), chémg t6 mo hinh
kiém soat tt sai sd tuyét dbi cling nhu sai
s6 binh phuong. Déac biét, MAPE chi ¢ muc
1.58%, phan anh kha nang du bao theo ty 1¢
rat chinh xac va vuot trdi so voi nhiéu mé hinh
chudi thoi gian truyén thong.

2.3.3. Thao lugn va danh gia

Pé danh gia hiéu qua cua thuat toadn dé xuat,
mot so sanh két qua thuc nghiém duoc tién hanh
v6i nhiéu mo hinh sin c6 trude do, sir dung cling
mot by dir li€u trong khuodn khd ra quyét dinh
da tiéu chi. Cac md hinh dugc so sanh bao gdm
NSS-Entropy va NSS-FTS. Két qua dugc trinh
bay trong Bang 1 bén dudi vé6i cac chi sb twong
tg duogc tinh theo cong thirc d& xuat phia trén va
két qua cong bb trong.
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Bang 1. Bang so sanh két qua thye nghi¢m giira cAc mé hinh

Mo hinh MAE RMSE MAPE
NSS—Entropy N/A 53.60 -128.32 N/A

NSS-FTS 78.25 101.26 1.62%

MA-NSSFTS (dé xuat) 96.26 128.38 1.58%

Nhin chung, Kkét qua thyc nghiém khéng dinh
réng MA-NSSFTS 1a m6 hinh dy bao hi€u qua
cho dit liéu tai chinh c6 tinh bién dong cao, nho
kha ning két hop dong thoi thong tin tir nhidu
thudc tinh va co ché mé hinh hoa bat dinh thong
qua Iy thuyét mém trung tinh.

1. KET LUAN

Nghién ctru dé xuat md hinh MA-NSSFTS tich
hop da thuoc tinh, 1y thuyét mém trung tinh va
trong s entropy, giup xur Iy hiéu qua bét dinh va

nhiéu trong chudi thoi gian. Két qua thuc nghiém
cho théy mé hinh dat hiéu suit du bao cao, MAPE
chi 1.58%. M6 hinh c6 tiém ning tng dung rong
rai trong cac linh vuc nhu tai chinh hanh vi, gido
duc, phan tich tam 1y, danh gia ml'rc dd cam xuc
theo thoi glan va hé ho trg ra quyét dinh. Hudng
phat trién tiép theo gdm: tdi vu hoa tham sd cira
s0, tich hop md hinh hoc sau, m¢ rdng sang dir
liéu cam xuc va hanh vi nguodi dung theo thoi
gian thuc.
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