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Counseling on the selection of exam boards when taking the high
school graduation exam and choosing the subjects to apply to the
university are very important to high school students. The decision on
this period affects directly to the results of exams. This counseling
supports students in defining the exam subjects early in order to focus
to the carefully preparation and get high results. Moreover, the
recommendation of selecting the subjects in graduation exam based
on studying results will help students determine the most suitable
exam block and major to apply to a university. Variuos soft
computing methods have been used in this problem. In this paper, the
application of... fuzzy neural network in recommending high school
students the suitable subjects in graduation exam based on studying
results is introduced. The proposed method is implemented on data set
collected from Co Loa high school, Dong Anh, Hanoi.
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Viéc tu van viéc chon ban thi khi thi tt nghiép trung hoc phd thdng
va chon khdi trong xét tuyén dai hoc ¢6 y nghia rat quan trong vdi
hoc sinh trung hoc. Pinh hudng ndy c¢é anh huong truc tiép dén két
qua thi cua cac em hoc sinh. Viéc tu van nay giGp hoc sinh sém xac
dinh dugc cac mon thi dé tap trung vao 6n thi va dat két qua tét nhat.
Ddng thoi, khi tu van khdi xét tuyén dua trén két qua hoc tap s& gitp
cho hoc sinh lya chon khéi thi va nganh thi phi hop dé xét tuyén vao
dai hoc. Mot sé phuong phép tinh toan mém da duoc céc nha nghién
ctru &p dung cho tu van hiéu qua nhat. Trong bai bao nay, ching toi
tap trung vao tng dung mang noron md da tac dong trong viée tu vin
hoc sinh trung hoc phé thdng khi lya chon ban thi va khbi xét tuyén
dua trén qua trinh hoc tap cua minh. Chdng toi thur nghiém dya trén
s6 liéu thu thap tai treong trung hoc phéd théng C6 Loa, Pong Anh,
Ha Noi.
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1. Giéi thigu

Ly thuyét tap mo duge gido su Lotfi Zadeh ctia truong Pai hoc California, My xay dung vao
nam 1965 [1], da va dang dwuoc nghién cau, phat trién, tng dung trong rat nhiéu linh vuc nhu
diéu khién hé théng, xu ly anh, nhan dang mau, phan cum, hd tro quyét dinh, du béo,... Hé suy
didn mo 12 mot thanh té quan trong nhat cua tap mo. Hé suy didn mo ¢d 3 loai chinh 1a: hé suy
dién mo Mamdani, hé suy dién mo Takagi - Sugeno, hé suy dién mo Tsukamoto [2]. Hé suy dién
mo danh gia, dinh luong cac suy dién gidng nhu suy dién cia con ngudi va co cach xu ly bién
ngdn ngit nhu & con ngudi. Tuy nhién, trong hé suy dién ma, cac tham sb 1a ¢6 dinh nén qua trinh
suy dign khong mém déo va chinh xéac, boi hé suy didn mo khdng c6 hoic it tap trung vao quéa
trinh hoc.

Mot trong nhitng phuong phap dé khac phuc nhugc diém trén la két hop mang Noron va hé suy
di&n ma trong mang Noron md. Mang Noron md duoc dé xuat boi Jang vao nam 1993 [3]. Trong
d6, mang Noron lam nhiém vu hd trg tinh toan cac tham sé cho hé suy dién mo, vi du nhu ham
thudc, hé luat, @ manh céc luat... Bang cach do, ta c6 thé khai thac dugc kha ning suy luan cua hé
suy dién md va cong cu tinh toan, kha ning hoc cia mang Noron. CAu triic cua mang Noron md
bao gom nhitng 16p chinh sau: 16p dau vao, 16p mo hda, 16p giai mo, 16p dau ra. Hién nay, c6 mot
sb mang Noron mo tiéu biéu nhu: ANFIS, CANFIS, HANFIS, MANFIS, NEFCON, FUN..

Nhom tac gia Rusli va cong su trong [4] da so sanh hiéu suit cia ba md hinh duy bao 1a Hoi
quy logistic, mang Noron nhan tao va mang Noron m& va da chi ra ring mang Noron md cho
hiéu nang tot hon céac phuong phap khac dbi vai bai toan dy béo két qua hoc tap cua sinh vién.
Nhom cua Do va Chen [5] tiép tuc so sénh mang Noron md va cac phuong phéap phén loai khac
nhu may vector hd trg, mang Bayes ngdy tho va mang Noron cd dién va cung chi ra két qua
tuong ty. Trong nhdm cac mang Noron md, mang ANFIS 1a mang kinh dién va duoc sir dung
rong rai cho bai toan du béo két qua hoc tap [6], [7]. M6t sb cai tién cia ANFIS nhu HANFIS
(ANFIS phan cip) va MANFIS (ANFIS da tac dong) cling dugc quan tam nghién cau trong [5],
[8]. M6t s6 nghién ciru lién quan c6 thé xem trong [5], [7], [9]-[11].

Mot trong nhitng ¢ng dung quan trong nhat ciia mang Noron md 1a du béo. Dy béo co the
hiéu 1a viéc tién doan nhiing sy Viéc s& xay ra trong twong lai, trén co sé phan tich khoa hoc vé
dir liéu quan sat da thu thap dugc. Day 1a mot khau rat quan trong trong nhiéu nganh, nhiéu linh
vue, trong d6 c¢6 cong tac quan ly hoc tap cua sinh vién tai cac truong cao dang, dai hoc. Nguoi
quan 1y can cir vao d6 dé c6 nhitng tu van hoac hd trg dé sinh vién dat két qua tot hon. Bén canh
do, du bao két qua hoc tap cua hoc sinh trung hoc phd thong nham danh gia dugc nang luc hoc
sinh théng qua két qua thi dau vao, qua trinh hoc tap, két qua cudi ky, cudi nim, cudi cap,
Ngoai ra, cin cir vao két qua du bao, nha trudng sé c6 bién phap phu hop trong giang day, bo trq
nang cao kién thirc, day ting thoi luong cho hoc sinh dam bao dat két qua cao trong cac ky thi dai
hoc va dinh huéng nghé nghiép cho cac em trong twong lai. Mang Noron ma 1a cong cu hiéu qua
trong cac bai toan du bao voi cac tham sb nhu ham thudc, hé luat, d6 manh céc luat... Bang céach
do, ta co thé khai thac duoc kha niang suy luan cia hé suy didn mo va cdng cu tinh toén, kha ning
hoc cia mang noron trong nang cao hiéu nang du bao.

Cau trlic cua bai bao bao gom: phan 2 trinh bay cac ly thuyét lién quan dén nghién cau. Phan
3 12 c4c ndi dung lién quan dén bai toan dit ra va chi tiét mo hinh sir dung dé giai bai toan. Phan
4 14 céc két qua thuc nghiém trén bo di liéu cu thé dwoc thu thap tai truong trung hoc phé théng
(THPT) Cb Loa, Pong Anh, Ha Noi. Phan cudi cung trong bai bao 1a mot sb két luan va dinh
hudng nghién ciru trong thoi gian toi.

2. Nghién cwu lién quan
2.1. Mgng noron mo

Mang noron m¢ (Fuzzy Neural Network- FNN) hay hé than kinh mo (Neural Fuzzy Systems-
NFS) la su két hop ctia mang noron nhén tao (Artificial Neural network- ANN) va logic mo
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(Fuzzy Logic- FL). Mang noron nhan tao va logic mo déu ¢6 nhimg wu va nhuge diém cua riéng
n6 nhung c6 thé thay viéc tich hop mang noron va logic mo ta s& ké thira cac wu diém cia ca hai
va loai b6 cac nhuge diém caa nhau.

Cdc ddc trung cia mang noron mo [8]

- Mot mang noron mo dua trén mot hé mo dugc dao tao boi mot thuat todn hoc tap dua
trén dir liéu c6 nguon géc tir ly thuyét mang noron. Quy trinh hoc tap (heuristical) hoat dong dua
trén thdng tin cuc bd va chi gay ra nhiing thay doi cuc bo trong hé thong mo co ban.

- CAu tric cia mang noron md bao gdom nhitng 16p chinh sau: 16p dau vao, I6p mo hoa,
16p giai mo, 16p dau ra.

- Mot mang noron mo ¢6 thé duoc biéu dién dudi dang mot tap hop cac quy tac mo tai bat
ky thoi diém nao caa qua trinh hoc. Cling c6 thé tao ra hé thong tir dix liéu huan luyén ban dau, vi
hé thdng ¢ thé duoc khai tao dua trén kién thirc da c6 hodc ngay ca khi khong cé kién thuc truéc
d6 vé cac quy tac mo.

- Qua trinh huan luyén caa mot mang noron mo bi han ché dé dam bao céc tinh chat ngi
nghia cua hé mo co ban.

- Mgt mang noron mo Xap Xi mot ham chua biét n chiéu dugc biéu didn mot phan bang cac
dix liéu huan luyén. Cac quy tic mo duoc ma hoa trong mang nay dai di¢n cho cac mau mo ho va
c6 thé dugc xem nhu 132 nguyén mau cua dit liéu huan luyén.

- Mang noron m¢ duoc biéu dién dudi dang mang noron truyén thing ba 16p dic biét. Lop
dau tién twong @ng véi cac bién dau vao, 16p tha hai twong trung cho cac quy tic mo, 16p thir ba
dai dién cho cac bién dau ra, cac tap mo duoc chuyén doi thanh trong sb két néi (mo).

Nhiéu thuat toan hoc tir linh vuec mé hinh cuc bd va nhitng ki thuat dic biét hon dwoc phét
trién cho mot sé mang noron dugc mo rong dé tinh chinh tu dong nhitng luat mo duya trén di liéu
hop ly. Nhiing k¥ thuét nay da xem hé¢ mo nhu 1a mot kién trac dat lop, twong ty nhu mang noron
théng minh. Bang cach nhu thé, hé mo tré thanh hé noron md, mot kién tric mang noron dic
biét. Mang noron m& da lan dau tién dé xuat viéc thuc thi nhitng mé hinh mo Mamdani dung
kién trc truyén thang [3]. Vi thé, vi du ndi tiéng nhat caa mang noron mo 1a hé suy luan mo dua
trén mang thich nghi (Adaptive Network-based Fuzzy Inference System (ANFIS)) [8]. Nhom cua
Do va Chen [5] tiép tuc so sanh mang noron mo va cac phuong phép phén loai khac nhu may
vector hd trg, mang Naive Bayes, mang noron c¢6 dién va chi ra két qua tuong ty. Trong nhém
c4c mang noron mo, mang ANFIS 14 mang kinh dién va dugc sir dung rong réi cho bai toan dy
bao két qua hoc tap. Mot sb cai tién cia ANFIS nhu HANFIS (ANFIS phan cip) va MANFIS
(ANFIS da tac dong) ciing dugc quan tdm nghién ciru.

hn

Tangl 2 3

Hinh 1. Mang Noron mo
ANFIS la h¢ suy dién mo dya trén mang thich nghi. N6 sir dung tap dit liéu dau vao va dau ra
nhat dinh. Mang ANFIS xay dung nén h¢ thong suy luan mo (FIS), cac thdng so ham lién thudc
cta n6 duoc tinh chinh (diéu chinh) bang cach sir dung cac thuét toan huan luyén cia mang
noron nhu thuat toan lan truyén nguoc hoac la két hop lan truyén véi phuong phap binh phuong
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cuc tiéu. Diéu nay cho phép cac hé mo hoc hoi tir tap di lidu cho trude xay dung duoc md hinh
(Hinh 1).

2.2. Mang noron mo da tac dopng

MANFIS - mang noron mo thich nghi da tac dong [8] 1a mot mang véi nhiéu mang ANFIS
dugc két ndi voi nhau va cho nhiéu dau ra. MANFIS da duoc thiét ké, huan luyén dé giai quyét
cac van dé phi tuyén tinh va phuc tap khong duge md hinh héa mot cach chinh xac vé mat toan
hoc. MANFIS loai bo cac han ché cua cac phuong phap tiép can cd dién dya trén trich xuat
thong tin mong muén bang céach sir dung dir liéu dau vao. Viéc ap dung MANFIS cho mot hé
thdng can c6 du dir liéu dau vao va dau ra thay vi mot phuong trinh toan hoc. MANFIS 6 thé
duoc huan luyén bang cach su dung dir licu dau vao va dau ra dé thich rng voi hé thong Ngoai
ra, MANFIS c6 thé duoc str dung dé giai quyét cac van dé vai dir liéu dau vao khong day du va
khdng chinh xAc.

Mang noron mo da tac dong MANFIS la mét mo rong cua ANFIS. MANFIS hoat dong glong
nhu nhiéu ANFIS dugc két ndi vai nhau va sap xép mot cach song song dé tao ra md hinh ciu
trdc cung cap nhiéu dau ra thay vi chi mot dau ra.

Céu trdc cia mot mang MANFIS tong quat dwoc trinh bay trong hinh 2. Chi tiét céc thanh
phan ciia mang Manfis duoc thé hién trong hinh 3.

v i
x, W g ,/E w‘/Dw‘Q_, U
SR AN [(J=i=
x2 @ . \<A~ »\\ \
AN : ,/// NS00
) \ N \\\ D/ )/ -

ANFIS, -
'

Hinh 2. Mgng Manfis tong thé Hinh 3. Mgng Manfis chi tiét

MANFIS c6 cau trac twong ty nhu hé thdng ANFIS ¢ dién, ngoai trir su khac biét ¢ 16p thi
tu. Su khéc biét 1a su gia tang s6 lugng trong sé cia hé MANFIS cho phép cai thién do chinh xac
ctia sy gan ding. Cau tric ciia hé MANFIS cho nhiéu diu ra caa céc ndt trong mdi 16p tuong tng
dugc biéu dién bang Ui, trong d6 i 1a niit thir i ctia 16p tuong Gng.

Chi tiét thuat toan MANFIS:

Input: Tap dit lidu dau vao, ngudng &

Output: Cac bién daurau;, j=1,n

Begin

Bugc 1: Khai tao ngau nhién vector, v = (Ci1, C21, Ci2, C2, ...., Cin, Cn ), trong d6 Cjj
(vj=1,n,Vi=1,2) va Cj €[0,1];

Budc 2: t=t+1. Tinh do phu thudc cua c4c bién dau vao theo cong thic (1):

0f = g;(x) = (%) 1)

Trong do, g(x) 1a ham gauss:
1 fx—c\2
Hgauss(a) (x,¢,5) = exp [_ Py (2) ] 2)

N
Budc 3: Tinh tich tit ca cac tin hiéu dau vao, 1 gié tri dai dién cho cuong do kich hoat cua
mot quy tac:
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7 of =w; = H}":;gi(xj) 3)
Budc 4: Chuan hoa cuong d6 Kich hoat cia mot quy tac theo céng thuc sau:
3 _ = Wi
=W = (@)

. witwy+.+wy, .
Budc 5: Moi nut tai I6p nay 1a mot nat thich ing xac dinh vai cac tham s6 dugc xac dinh boi
dau ra cua lop 3.
Budc 6: Dau ra dugc tinh theo cong thirc sau:
07 =y; = XNiWify ®)

3. M6 hinh mang noron mo da tac dong trong tw van hoc sinh THPT

Véi bai toan du bao két qua hoc tap caa hoc sinh trung hoc pho thng, dit liéu sir dung 1a két
qua hoc tap cac mdn hoc 16p 11 va hoc ky mét I6p 12 dé giai quyét hai bai toan nho sau:

Bai toan thir 1. Sir dung két qua hoc tap cac mén hoc 16p 11 va hoc ky mét 16p 12 dé du doan
ban thi tot nghiép cua hoc sinh THPT (tu nhién hodc xa hoi). O bai toan nay ta co:

Pau vao: Biém trung binh cac mén hoc Toan, Ly, Hoéa, Sinh, Van, Su, Dia, Anh cua lop 11
va hoc ky 1 16p 12.

Pau ra: Ban thi tét nghiép (tw nhién hoic xa hoi).

Bai toan thir hai. Du bao khdi thi (c6 mén chuyén) cho hoc sinh dya vao két qua hoc tap cac
mon hoc 16p 11 va hoc ky mét 16p 12. Két qua du béo 1a khéi thi THPT québc gia, 1a mét trong
cac khdi A00, A01, B0O, B08, C00, D0O. O bai toan 2 ta c6:

Pau vao: Diém trung binh cac mdn hoc Toan, Ly, Hoa, Sinh, Vin, Si, Pia, Anh cua lop 11
va hoc ky 1 16p 12.

Pau ra: Khi xét tuyén dai hoc tir két qua THPT qudc gia (A00, A01, B0O, BO8, C00, DOO).

Viéc giai bai todn du bao két qua hoc tap cua hoc sinh trung hoc phd théng s& bao gém viéc
giai quyét mot chudi cac bai toan nho hon. Chudi cac bai toan nhé hon nay duoc goi 12 pipeline
caa md hinh hoc may.

Tién x@ 1y dit

Chia dit liéu thanh tip
train va tdp test

Xay dyng va huin luyén
model MANFIS

Kiém tra danh gid model

Hinh 4. Cdc budéc thuc hién cua mo hinh di bao
Trong md hinh nay (Hinh 4), tir dit liéu thu thap chung t6i da tién xur ly dir liéu va chia d liéu
thanh 2 phan, 1 phan Train dé huan luyén mé hinh dua trén mang MANFIS, mét phan Test dé
kiém chirng m6 hinh vira xay dung.
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Khi d6, dau vao ciia mang ciia mé hinh MANFIS 1a Biém trung binh cac mdn hoc Toan, Ly,
Hoa, Sinh, Van, Sir, Dia, Anh cua lép 11 va hoc ky 1 16p 12, sir dung kién tric mang MANFIS
dé duoc trinh bay trong muc 2.2 théng qua cac 16p an cia mé hinh ta thu duoc cac két qua dau ra
tuong ung vai bai toan 1 1a ban thi tot nghiép, vai bai toan 2 1a khoi xét tuyén dai hoc tir két qua
thi THPT quéc gia.

4. Két qua thuc nghiém

Duya vao dir liéu dau vao la két qua hoc tap cua cac mon Toan, Ly, Hoa, Sinh, Van, Su, Dia,
Tiéng Anh cua 283 hoc sinh truong THPT Co Loa, Pong Anh, Ha ndi trong nim 16p 11 va hoc
ky 1 16p 12. Tir tap dit liéu v6i 283 mau, ching tdi chia tap dir liéu training la 198 mau (70%);
tap dir liéu testing 12 85 mau (30%). Bai toan du bao két qua hoc tap cua hoc sinh s& dugc chia
thanh 2 bai toan nho.

>  Bai toan 1 1a de bao ban thi THPT quéc gia

Pau vao: La két qua hoc tap cua cac mén Toéan, Ly, Hoa, Sinh, Van, Str, Dia, Anh cta hoc
sinh nam 16p 11 va hoc ky 1 16p 12. M&i mau dix lidu dau vao la mot vecto 16 chiéu:

Xi =(Xi', xé, xé,xi,xé, xé, x%,xé,xé, xio: xh’x{z’xi& XL;,, xi‘vai'a) (i=1,...,283)

Pau ra: Ban thi tt nghiép tu nhién (TN) hay x& hoi (XH):

Y="XH’ hoac’TN’

Mang MANFIS véi 16 dau vao va 2 dau ra duoc sir dung.

Danh gid mé hinh cho bai toan mot phan 16p véi hai diu ra cia MANFIS thong qua céc chi sb
(ham thudc tiéu dé 23, s6 16p 4n 1a 6). Panh gia véi do chinh xac (Accuracy) va Recall. Két qua
thuc nghiém khi 4p dung 3 mé hinh 1a FIS, ANFIS, MANFIS dugc tinh toan va téng hop trong
bang 1.

Bang 1. Gia trj cac chi s6 ddnh gid cho bai todn 1

Accuracy Recall
FIS 80,16 81,27
ANFIS 83,62 84,37
MANFIS 85,88 85,18

Trong bai toan dy bao ban thi tot nghiép (v6i 2 nhin dau ra) cho hoc sinh trung hoc phé
thong, két qua tir bang 1 cho thiy mé hinh MANFIS c6 d6 chinh x4c cao hon so v&i cac mé hinh
ANFIS, FIS.

>  Bai toan 2. Du dodn khoi thi cho hec sinh THPT

Pau vao: Tuong tu nhu bai toan 1 1a két qua hoc tap ciia cc mon Toan, Ly, Hoa, Sinh, Vin,
Str, Pia, Anh cua 283 hoc sinh nam 16p 11 va hoc ky 1 16p 12. Mi mau dir liéu dau vao la mot
vecto 16 chiéu:

Xi=(xi, X5, X3,%4,XE, X6, X5,X8,%5, Xig, Xi1. X2 X3, Xia Xis,Xi6) (1= 1, ..., 283)

Pau ra: Khoi xét tuyén dai hoc tir két qua thi THPT quéc gia trong cac khdi sau: Y= A00,
A01, B00, B08, C00, D0O0. Sir dung cac tiéu chi danh gia nhu trong bai toan 1, cac mé hinh dugc
cai dit va cho két qua nhu bang 2 dudi day:

Béng 2. Gia trj cac chi s6 ddanh gid cho bai todn 2

Accuracy Recall
FIS 62,73 50,27
ANFIS 64,63 51,02
MANFIS 68,24 51,13

Tir bang 2 ta thdy md hinh MANFIS dy béo mot khoi thi cho hoc sinh THPT véi 6 nhan AQO,
A01, B00, B08, C00, D00 cho két qua chua duoc tot. Tinh (tng dung thuc té chua cao.

5. Két luan
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Bai bao nay gigi thiéu mé hinh mang noron m¢ da tac dong MANFIS trong viéc giai bai toan
dur bdo. Mot mé hinh dugc xay dung va cai dat trén bo da liéu thu thap duoc tir truong THPT CH
Loa, Dong Anh, Ha Noi. Nhom tac gia thuc hién thu thap dir liéu, tien xu ly dir lidu vé két qua
hoc tap cuia 283 hoc sinh voi diém cac mon trong nam 16p 11 va hoc ky 1 16p 12. M6 hinh duogc
cai dat bang ngdn ngit Python va dugc danh gia, so sanh véi 2 md hinh mo khéc (FIS va ANFIS)
qua d6 chinh xac va d6 do Recal. Két qua trong bang 1, 2 chi ra ring md hinh MANFIS c6 hiéu
gua hon cac mé hinh dugc so sanh khi ap dung cho bai toan 1.

Trong nghién ctu tiép theo, nhdm tac gia s& xay dung md hinh cai tién dé tang do chinh xac
cho 10i giai cua bai toan 2. Bong thoi, khai thac nhiéu hon cac théng tin lién quan dén y thirc hoc
tap trén 16p ciing nhu hanh kiém cia hoc sinh dé c6 két qua du bao tot nhat.

TAI LIEU THAM KHAO/ REFERENCES

[1] L. A. Zadeh, “Fuzzy sets,” Information and control, vol. 8, pp. 338-353, 1965.

[2] N. Siddique and H. Adeli, Computational Intelligence: Synergies of Fuzzy Logic, Neural Networks and
Evolutionary Computing. Wiley, 2013.

[3] S. Kar, S. Das, and P. K. Ghosh, "Applications of neuro fuzzy systems: A brief review and future
outline,” Applied Soft Computing, vol. 15, pp. 243-259, 2014.

[4] N. M. Rusli, Z. Ibrahim, and R. M. Janor, “Predicting students’ academic achievement: Comparison
between logistic regression, artificial neural network, and Neuro-fuzzy,” Proceedings of IEEE
International Symposium on Information Technology, 2008, pp. 1-6.

[5] J. F. Chen and Q. H. Do, "A cooperative Cuckoo Search-hierarchical adaptive neuro-fuzzy inference
system approach for predicting student academic performance,” Journal of Intelligent & Fuzzy
Systems: Applications in Engineering and Technology, vol. 27, no. 5, pp. 2551-2561, 2014.

[6] B. Abidin and R. M. Dom, “Prediction of Preclinical Academic Performance using ANFIS
Model,” International Proceedings of Economics Development & Research, 2012, p. 41.

[7] 1. Hidayah, A. E. Permanasari, and N. Ratwastuti, “Student classification for academic performance
prediction using neuro fuzzy in a conventional classroom,” Proceedings of the 2013 IEEE
International Conference on Information Technology and Electrical Engineering, 2013, pp. 221-225.

[8] H. S. Le, D. L. Nguyen, and V. L. Hoang, “A lossless DEM compression for fast retrieval method using
fuzzy clustering and MANFIS neural network,” Engineering Applications of Artificial
Intelligence, vol. 29, pp. 33-42, 2014.

[9] S. G. Milan, A. Roozbahani, N. A. Azar, and S. Javadi, “Development of adaptive neuro fuzzy
inference system—Evolutionary algorithms hybrid models (ANFIS-EA) for prediction of optimal
groundwater exploitation,” Journal of Hydrology, vol. 598, p. 126258, 2021.

[10] K. Siminski, “An outlier-robust neuro—fuzzy system for classification and regression,” International
Journal of Applied Mathematics and Computer Science, vol. 31, no. 2, pp. 303-319, 2021.

[11] M. M. Savrun and M. Inci, “Adaptive neuro-fuzzy inference system combined with genetic algorithm
to improve power extraction capability in fuel cell applications,” Journal of Cleaner Production, vol.
299, p. 126944, 2021.

http://jst.tnu.edu.vn 290 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

