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Abstract. There are many studies on forecasting models based on fuzzy time series proposed
in recent decades. There are many factors affecting the forecasted results that have been
studied by many authors such as the techniques of dividing the universe of discourse into sub-
intervals, forecasting rules and defuzzification techniques. However, the research results are
still limited and do not satisfy users. In this paper, we propose a method to improve the
efficiency of the fuzzy time series forecasting model on the basis of combining the swarm
optimization algorithm for optimizing the interval length of the universe of discourse and a
new efficient defuzzification technique. The proposed forecasting model is applied to forecast
the number of students enrolled at the University of Alabama from 1971 to 1992. The
experimental results show that the proposed forecasting model is more efficient than the
existing models for both first-order and higher-order fuzzy time series forecasting models.
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Tom tat. Trong vai thap Ky gan day, nhiéu nghién ciru vé mé hinh du béo dya trén chudi thoi
gian mo da duoc dé xuat. Co nhiéu nhan t anh hudng dén két qua du bao da duoc nhiéu tac
gia tap trung nghién ctru nhu k¥ thuat chia khoang tap nén, cac luat dy béo va ky thuat giai
mo. Tuy nhién, cac két qua nghién ctiu van con nhiéu han ché va chua lam hai long nguoi st
dung. Trong bai bao nay, ching tdi dé xuat mot phuong phap nang cao hiéu qua caa mé hinh
du bao chudi thoi gian mo trén co s¢ két hop t6i uu cac khoang chia tap nén bang thuat toan
t6i wu bay dan va ky thuat giai mo maéi hiéu qua. Md hinh du bao duoc dé xuat dugc ung
dung dé du bao sé sinh vién nhap hoc cia Trudng Dai hoc Alabama tir nim 1971 d&én nim
1992. Két qua thuc nghiém cho thay, mé hinh du bao dugc dé xuat hiéu qua hon cac md hinh
du béo hién c6 dbi véi ca chudi thoi gian mo bac nhit va chudi thoi gian mo bac cao.

Tir khoa: du bdo, chudi thai gian mo, gidi mo, quan hé logic me.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. GIOI THIEU

Du bao duoc nhitng su viéc, hién tugng Xay ra trong twong lai ludn 1 mong mudn va mo
wdc cia con ngudi. N6 gilp ching ta hoach dinh va ra quyét dinh tét hon, nang cao hiéu qua
cong viéc, tiét kiém cong sic, thoi gian va chi phi. Do d6, da c6 rat nhiéu cong trinh nghién
clru trong va ngoai nude duge dé xuat nham nang cao do chinh xéac cua két qua du bao di véi
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cac bai toan du béo trong thyc tién.

M6 hinh du bao chudi thoi gian mo dd va dang thu hat cong dong cac nha khoa hoc
nghién ctiu trong nhitng niam gan day nham khac phuc nhitng nhuge diém ciia cac md hinh duy
bao truyén théng (ARMA, ARIMA, MA [1], ...) d6i véi cac mau dix liéu co d6 bién thién 16n,
dir liéu duoc ghi nhan dudi dang nhan ngon ngu: (nhu “low”, “medium”, “high”, “very high”,

...) va s6 mau quan sat it (thuong dudi 50 mau).

M® hinh du bao chudi thoi gian mo duoc Song va Chissom [2] dé xuit nam 1993 va duoc
4p dung dé du bdo sé lwong sinh vién nhap hoc cua truong Pai hoc Alabama [3, 4]. Tuy
nhién, md hinh dy bao cua Song va Chissom sir dung cac phép tinh két hop max-min phuc tap
trong xur ly cac quan hé logic mo va s& tén nhiéu thoi gian tinh toan khi sé lwong cac quan hé
logic mo 16n. Nhan thiy nhuoc diém nay, Chen [5] d3 dé xuat phwong phap hiéu qua hon
trong du bao s lwong sinh vién nhap hoc bang viéc s dung cac phép tinh sé hoc don gian
thay vi cac phép tinh két hop max-min phuc tap trong xu ly cac quan h¢ logic mo. M6 hinh
dy béao chudi thoi gian mo béc cao cling dugc Chen dé xuat nham nang cao do chinh xéac cua
két qua du béo [6]. Dé giai quyet tinh trang 13p lai cua cac quan hé logic mo va phéan anh dugc
tam quan trong cua thir ty Xuat hién cua chung, Yu da gan cho ching cac trong sé theo thir tu
Xuat hién trong nhom quan hé logic mo [7]. Cac nghién ctru trén 1a co s¢ cho mot linh vyc
nghién citu méi Vi cac dé xuat cai tién ca vé phuong phap luan va nghién ctu tng dung.

V& nghién ctu cai tién phuwong phéap luan, cac cong trinh nghién cau tap trung vao cai
tién mo hinh du béo chudi thoi gian mo cua Chen dua trén ba yeu t6 anh huong dén do chinh
xéac cua két qua du bao. Tht nhat, viéc md hoéa mién gia tri cua chudi thoi gian su dung cac
tap mo va tng véi moi tip mo 1a mot khoang chia tap nén. Tha hai, viéc thiét 1ap cac nhom
quan hé logic md phuc vu cho 1ap luan mo. Thir ba, ki thuat giai mo dé tinh toan céc gia tri
du bao rd. Véi yéu td tha nhat, cac tac gia ap dung céc thuat toan tbi vu dé téi wu do dai cua
cdc khoang chia tap nén nhu thuat toén di truyén [8-11], thuat toan tbi wu bay dan [12-17],
phan cum [18, 19], ... Vi yéu t6 tha hai, cac md hinh chudi thai gian me bac cao [6, 9, 11],
mo hinh chum thoi glan mo da nhan t6 (thuong 1 hai nhan t6) [18] duoc dé xuat. Vai yéu td
thar ba, mot s cai tién trong ky thuat giai mo duoce dé xuat. Vi du, Chen da dé xuét ki thuat
giai mo vai gid tri rd cua gia tri dy bao 1a trung binh cong cia cac diém gitra cua cac khoang
chia twong @ng véi cac tap mo bén vé phai caa nhom quan hé logic mo [5]. Yu gan thém
trong sb theo thir tu xuat hién ciia cac tap mo bén vé phai cia cac nhém quan hé mo [7], ...

V& nghién ctu tng dung, md hinh dy béo chudi thoi gian mo duoc wng dung giai quyét
nhiéu bai toan dy bao trong thuc té nhu bai toan du béo s6 sinh vién nhap hoc (the enroliment
forecasting) [3-6, 8, 9, 12, 13, 15-17], dy bao nhiét do (temperature forecasting) [10, 11, 18],
du bo chi s6 ching khoan (stock index forecasting) [7, 10, 11, 14, 18], du b&o nhu cau du
lich (tourlsm demand forecasting) [20], du béo tai nan xe hoi (car road accident forecasting)
[12, 21], ..

Trén co s& cac phan tich trén, ching tdi nghién ciu dé xuat phuong phéap nang cao hi¢u
qua cua mé hinh dy bao chudi thoi gian ma trén co so két hop téi wu cac khoang chia tap nén
bang thuat toan ti wu bay dan va k¥ thuat giai mo méi hiéu qua. Md hinh dy bao duoc dé
Xuit duoc &p dung vao bai toan du bao sé sinh vién nhap hoc cia Truong Pai hoc Alabama tir
nam 1971 dén nam 1992. Két qua thuc nghiém ddi véi bai toan trén cho thay, mé hinh du béo
dugce dé xuat hiéu qua hon cac mé hinh dy bao chudi thai gian mo hién c6 déi véi ca chudi
thoi gian mo bac nhat va chudi thoi gian mo bac cao.

Ngoai Muc Giéi thiéu, phan con lai cua bai bao bao gdm cac muc sau: Muc 2 trinh bay
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mot s6 khai niém lién quan dén chudi thoi gian mo va mot s6 md hinh du bao chudi thoi gian
ma. Muc 3 trinh bay mo hinh du bao chuoi thoi gian mo dugc dé xuat va cac thuc nghiém so
sanh danh gia. Mot so két luan duoc trinh bay trong Muc 4.

2. MO HINH DU BAO CHUOI THOI GIAN MO

2.1. Mt s6 khai niém co ban

Mo hinh du béo chudi thoi gian md duoc Song va Chissom gigi thi¢u nam 1993 [2-4],
trong d6 cdc tac gid da gioi thieu cac khai niém chuoi thoi gian mo, quan hé logic mo. Trong
[5], Chen da cdi tién mo hinh dy bao chudi thoi gian mo cua Song va Chissom va gisi thiu
khai niém nhdm quan hé logic mo. Céc khai niém d6 dugc nhac lai nhu dudi day:
Dinh nghia 1. Chudi thoi gian mo  [2-3]: Cho Y(t) (t=...0, 1, 2, ...) la mét tap con cua R! véi t
la bien thoi gian. Y(t) la tap nen véi cac tap mo fi(t), i = 1, 2, ... duge xéc dinh trén d6. Neu
F(t) 1a mot chuoi cac tap mo fi(t) (i = 1, 2, ...) thi F(t) duoc goi la mot chuoi thoi gian mo trén
Y(t).
Pinh nghia 2. Quan hé logic mo [2-3]: Tai céc thoi diém tvat - 1, néu ton tai mot quan hé
mo R(t - 1, t) gitra F(t - 1) va F(t) sao cho F(t) = F(t - 1) * R(t - 1, t), trong d6 * la mét toan tu
thi c6 thé néi rang F(t) dugc suy ra tir F(t - 1). Méi quan hé gitta F(t) va F(t - 1) duoc dinh
nghia bang ky hi¢u: F(t-1)— F(t). Néu F(t-1) = Ai va F(t) = Aj, quan hé logic mo giita F(t)
va F(t-1) duoc ky higu la A — A,, trong d6 Ai 1a vé trai (trang thai hién thoi) va A 1a vé phai
(trang théi ké tiép) cua quan hé mo.
Pinh nghia 3. Quan hé logic mo bdc A [6]: Cho F(t) 1a mot chudi thoi gian mo. Néu F(t)
duoc suy ra tir F(t—1), F(t-2), ..., F(t=\) va A > 0 thi quan hé logic mo nay duoc biéu dién
boi biéu thic F(t—1), ..., F(t-2), F(t—1) — F(t) va dugc goi la chudi thoi gian mo bac A (4-
order fuzzy time series).

Nhu vy, khi A =1 thi duoc goi 1a chudi thoi gian md bac nhat va khi 4 > 1 thi dugc goi
la chuoi thoi gian mo bac cao.
Pinh nghia 4. Nhém quan hé logic mo [5]: Cac quan hé logic mo ¢6 cing vé trai ¢ thé duoc
nhom lai véi nhau va chung dugc goi la cdc nhdm quan hé logic mo. Gia sir ¢6 cac quan hé
logic mo: A — Ay, A — A, A = Ay, chling co the duge dua vao mot nhém duoc Ky higu
la: A — Ay, A, Ay, - Cac quan hé logic mo béc cao cling duge nhom tuong tu. Chang han,
ta c6 cac quan hé logic mo bac cao ¢ cing vé tréi:

Ai1, Az, ..., Aim — A

Ai1, A2, ..., Aim — Axn

thi c&c quan hé logic mo bac cao nay dugc nhdm thanh mét nhém quan hé logic mo nhu sau:
Ait, A2, ..., Aim — Axt, ..., Akp.

Chen loai bo cac tap mo tring lap bén vé phai cia nhom quan hé logic mo [5]. Nguoc lai,
Yu giir lai cac tap mo 1ap lai bén vé phai caa nhém quan hé logic mo [7]. Vi du, véi cac quan
hé logic mo: Ai — Ax, Ai — Aj, Ai — Ax thi nhém quan hé logic mo trong md hinh ciaa Chen la
Ai — Ay, Aj va trong mé hinh cua Yu la Ai — Ak, Aj, Ax.
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2.2. Mo hinh du bao ctia Song va Chissom

M6 hinh dy bao chudi thoi gian mo lan dau tién dugc Song va Chissom dua ra vao nam
1993 [2-4] va duoc tng dung dé du bao so sinh vjén nhap hoc tai Truong Pai hoc Alabama
véi dir liéu lich sir quan sat 22 nam tir nam 1971 dén 1992.

Chudi thoi gian lan dau tién duoc xem xét dudi goc do bién ngdn ngit va bai toan du béo
da c6 dugc mot cach nhin hoan toan mai trén quan diém ly thuyét tap mo. M6 hinh du béo
dau tién 1a mé hinh du bao chuoi thoi gian mo ding [2, 3] va dugc thuc hién qua cac budc:

Bwéc 1. Xac dinh tap nén U dwa trén tap dit liéu lich st.

Budc 2. Chia tap nén U thanh cac khoang con bang nhau.

Bwéc 3. Xay dung c4c tap mo trén tap nén.

Buéc 4. Mo hoa chudi dit ligu dit ligu lich st.

Buwdc 5. Xay dung cac quan hé mo.

Buwéc 6. Dy bao bang phuong trinh Ai = Ai-1 * R, trong d6 * 14 toan tir max-min.
Bwéc 7. Giai mo cac két qua dy bao.

Trong budc 5, quan hé mo R duge xdc dinh bang biéu thic R = Al x A, , véi moi quan
hé logic mo As > Aq, R :U:;l R, trong d6 x la toan tir min, T 1a phép chuyén vi va U la
phep hop.

2.3. M6 hinh du bao ciia Chen

Nhan thiy nhuoc diém cua viéc sir dung c4c toan tir max-min phic tap trong cac quan hé
mo trong mo hinh du béo cua Song va Chissom [2-4], Chen di cai tién bang viéc sir dung cac
nhom quan hé logic md va cac toan tir sb hoc don gian. M hinh dy bao chudi thoi gian mo
ctiia Chen dugc mo ta ngan gon nhu sau [5]:

Budéc 1. Phan hoach tap nén chudi thoi gian U thanh cac khoang bang nhau us, ua, ..., Up.
Buéc 2. Dinh nghia cac tap mo trén U.

Budéc 3. Mo hoa tap nén U.

Buwéc 4. Thiét 1ap cac quan hé logic mo va cac nhém quan hé logic mo.

Budéc 5. Dy béo va giai mo dir lidu dau ra thanh céc gia tri r5. Trong budc nay, cac luat du
bao va giai mo dugc dinh nghia nhu sau:

Lugt 1. Néu c6 nhém quan hé logic mo A — A, va gia tri 16n nhat cua ham thudc ciia A; roi
vao u;j va diém giira cta uj 1a mj, gié tri du bao tai thoi gian j 1a m.

Ludt 2. Néu c6 nhém guan hé logic mo Ai — Aj1, Aja, ..., Ajx thi ta c6 gid tri du béo mo 1a Ajs,
Aj2, ..., Ajk. Néu mj1, mjo, ..., mjx trong Gmg la diém gitra cua cac khoang ujs, Ujz, ..., Uik, gia tri
du bao rd tai thoi diém du bao, gia sir la thoi diém t, duoc tinh toan theo céng thirc sau:
My, +Mj, +...+ M,

CFV: =
K

1)
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Lugt 3. Néu A —> O, gia tri du bao mo la Ai va gia tri du bao ré m; chinh diém gitra cua
khoang ui.
2.4. M6 hinh du bao ciia Yu

Trong m6 hinh dy bao chudi thoi gian cua Yu [7], cac tap mo ¢6 thé duoc 13p lai & vé
phai cia nhém quan hé logic mo. Do d6, dé gial quyét van dé& l3p lai cua cac tap mo va phan
anh tam quan trong cua chung, cac tap mo ¢ vé phai cua cac nhom quan hé logic mo dwoc gan
cac trong s6 theo thtr tu xuat hién. Trong du bdo va giai mo, luat thir hai trong Budc 5 trong
mé hinh dy béo cua Chen c6 sy thay d6i nhu sau: néu c6 nhém quan hé logic mo Ai — Aj,
Ai2, ..., Ajk V& Mj1, Mz, ..., Mk tuong tng 1a diém gitra cua cac khoang uijt, U, .., Ujk thi gia tri
du béo rd cua thoi diém du bao, gia sir 12 thoi diém t, dugc tinh todn theo cong thirc sau:

CEV; = 1><mj1+2><mjz+...+k><mjk . (2)
1+2+...+Kk

3. MO HINH DU BAO CHUOI THOI GIAN MO PUQC PE XUAT

3.1. M6 hinh dw bao dwoe dé xuat

Tiéu muc nay trinh bay mé hinh dy bao chudi thoi gian m& duoc dé xuat trong bai bao
nay. M@ hinh nay 1a mét cai tién caa mé hinh du béo chudi thoi gian mo cua Yu [7] véi diém
khac 12 mé hinh dyu b4o mai két hop téi wu cac khoang chia tap nén bang thuat toan tbi uu bay
dan va k¥ thuat giai mo méi hiéu qua (céng thic (3)) nham nang cao do chinh xéac cua két qua
du béo.

Bwéc 1: Xac dinh tap nén U bang céch lay gié tri I6n nhét dmax Va nho nhat dmin ciia chudi thoi
gian va U = [dmin - d1, dmax + d2], trong d6 d1, d2 1a cac s6 duong dugc sir dung dé diéu chinh
can trén va can dudi ctia U sao cho U ¢d thé bao phu duoc cac gia tri phat sinh trong qué trinh
du b&o. Cu thé, vai dit liéu sinh vién nhap hoc cua Pai hoc Alabama dwgc quan sat tir nim
1971 dén nim 1992, thi Dmin = 13000 V& Dmax = 20000 va do d6 U = [13000, 200000]. Phan
hoach U thanh m khoang con ui, Uz,...,um Va ti wu d6 dai cua cac khoang con bang thuat toan
ti wu bay dan PSO [22, 23].

Bwoc 2: Xay dyng cac tap mo Ai twong ng vaéi cac khoang con ui.

Budc 3: Mo hoa cac gid tri lich sir ciia chudi thoi gian.

Trong budc ndy, tat ca di liéu lich st dwgc mo héa thanh di liéu mo. Gia st, dix liéu lich
str sinh vién nhap hoc ciia Pai hoc Alabama duoc chia thanh 7 khoang bang nhau nhu trong
cac nghién ctiu cua Song va Chissom [2, 3] va Chen [5]. Cac khoang tir 1 dén 7 duoc gan céc
nh&n ngdn ngir trong tng 1a A, Az, ..., Az. Dit liéu duoc mo héa duoc thé hién trong Bang 1.

Bang 1. Dt liéu sinh vién nhap hoc cia Pai hoc Alabama dugc mo hda véi 7 khoang chia.

8 Dir lidu Dir liéu - Dir liéu YA
Nim P LS Nam . L Dir liéu mo
nhap hec mo nhap hec :
1971 13055 A1 1982 15433 As
1972 13563 A1 1983 15497 Az
1973 13867 A1 1984 15145 Az
1974 14696 A 1985 15163 Az
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1975 15460 As 1986 15984 Az
1976 15311 As 1987 16859 Ay
1977 15603 As 1988 18150 As
1978 15861 As 1989 18970 As
1979 16807 Ay 1990 19328 Az
1980 16919 Ay 1991 19337 A7
1981 16388 Ay 1992 18876 As

Buwéc 4: Xay dung cac quan hé logic mo bac A (A= 1, ..., 9) va cac nhom quan hé logic mo.

Bang 2. Cac quan hé logic md bac nhat va bac 3 trong trudng hop 7 khoang bang nhau.

N | e | i | FO | baenndt | mobies
1971 | 13055 As

1972 | 13563 Ay F(1971) — F(1972) Ar— Ay

1973 | 13867 Ay F(1972) — F(1973) A1 — Ay

1974 | 14696 Az F(1973) — F(1974) A1— A A A, Ar— A
1975 | 15460 As F(1974) — F(1975) Ar— As A, Ar, Ar— A
1976 | 15311 As F(1975) — F(1976) As— As As, Ao, As— A
1977 | 15603 As F(1976) — F(1977) As— As Az, As, As— Ag
1978 | 15861 As F(1977) — F(1978) As — As As, As, As— Ag
1979 | 16807 As F(1978) — F(1979) As— Ag As, As, As— A
1980 | 16919 As F(1979) — F(1980) As— Ay As, As, As— A
1981 | 16388 As F(1980) — F(1981) As— A As, As, As— A
1982 | 15433 As F(1981) — F(1982) As — As As, As, As— Ag
1983 | 15497 As F(1982) — F(1983) As — Ag As, As, As— Ag
1984 | 15145 As F(1983) — F(1984) As— As As, As, As— Ag
1985 | 15163 As F(1984) — F(1985) As — As As, As, As— Ag
1986 | 15984 As F(1985) — F(1986) As — As As, As, As— Ag
1987 | 16859 As F(1986) — F(1987) As — As As, As, As— A
1988 | 18150 As F(1987) — F(1988) As — As As, As, As— As
1989 | 18970 As F(1988) — F(1989) As — As As, As, As— As
1990 | 19328 Ar F(1989) — F(1990) As — A7 As, As, As— A7
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1991 | 19337 As F(1990) — F(1991) A7 — A As, As, Ar— A
1992 | 18876 As F(1991) — F(1992) A7 — Ag As, A7, Ar— As

Vai dir ligu vé s6 sinh vién nhap hoc ciia Pai hoc Alabama trong Bang 1 va s6 khoing
chia la 7 khoang bang nhau thi cac quan hé logic mo bac nhat va bac 3 nhu trong Bang 2.

Sau khi cac quan hé logic mo duoc sinh va sau d6 cac nhém quan hé logic mo dugc sinh
biang cach nhém cac quan hé logic mo cé cing vé tréi theo quy tic nhu Pinh nghia 4. V& phai
cua tat ca cac nhom quan hé logic mo dugc sinh dya trén dit ligu s6 sinh vién nhap hoc cua
Dai hoc Alabama trong trudng hop tap nén dugc chia thanh 7 khoang bang nhau dugc thé
hién trong Bang 3. C6 thé thay rang, cac tip mo bén vé phai cia nhdm quan hé logic mo duoc
phép 1ap lai nhu trong m6 hinh du béo caa Yu [7].

Bang 3. Nhém quan h¢ logic md bac nhat cua dit liéu tL{yén sinh cua truong Pai hoc Alabama trong
truong hop 7 khoang bang nhau.

Nim Dir liégu nhap hoc | Dir ligu mo | Nhom quan hé logic mo
1971 13055 As

1972 13563 A A1, A1, A2

1973 13867 A A1, A1, A2

1974 14696 Az A1, A, A2

1975 15460 As Az

1976 15311 As A3,A3,A3,A4A3,A3,A3,A3,A4
1977 15603 As Az,A3,A3,ALAzAzAz A A,
1978 15861 As A3,A3,A3,ALA3A3,A3Az A4
1979 16807 A4 A3,A3,A3,ALA3,A3A3A3 A
1980 16919 Ay As,A4A3,A6

1981 16388 A4 As,A4Az,As

1982 15433 As As,A4,A3,As

1983 15497 Az Az,Az,A3,ALA3,A3,A3,A3,A,
1984 15145 As A3,A3,A3,ALA3,A3,A3A3A
1985 15163 As A3,A3,A3,ALA3A3,A3Az A4
1986 15984 As Az,Az,AzALAz Az Az Az A,
1987 16859 Ay A3,A3,A3ALA3A3A3Az A
1988 18150 As As,A4,Az,As

1989 18970 As As, A7

1990 19328 As A, A7
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1991 19337 A7 A7, As
1992 18876 As A7, As

Bwéc 5: Xay dung cac luat du bao chudi thoi gian mo va giai mo dé thu duoc cac gia tri rd
nhu sau:

Lugt 1: Néu xuat hién nhém quan hé logic md ¢6 dang Air, Aiz, ..., Aiz — Aj1, A, ..., Aik
(4, k= 1) thi gia tri du bao mo 1a Ajs, Ajz, .., Ajk. Mbi khoang uj (1 < | <K) dugc chia thanh p
khoang con bang nhau va submj; 1a diém gitra cia mot trong p khoang con d6 ma dit liéu thuc
clia nam ¢ d6 thudc vao tap mo Ay 1a 1on nhét roi vao khoang con d6. Trong thuc nghiém,
ching tdi chon p = 4 giéng nhu trong [16]. Gia tri dy bao rd cua nam dy bao, gia st 1a nim t,
duoc tinh toan theo cong thic dudi day:
1x subm;, +2xsubm;, +...+Kkxsubm;,

CFV:= , 3
t 1+2+...+k @)

Vi du, trong Bang 3, gia tri tai dong 3 va cot 4 1a vé phai cua nhdm quan hé logic mo bac
nhét c¢6 ba tap mo As, A, Az tuong tng véi F(1972), F(1973), F(1974). Gia tri thudc 16n nhat
ciia A1 xuét hién tai khoang u; = [13000, 14000). Gia st u; duoc chia thanh 4 khoang bang
nhau, ta c6: uy1 = [13000, 13250), u12 = [13250, 13500), u1,3 = [13500, 13750), u1,4 = [13750,
14000). Dir liéu ndm 1972 1a 13563, nam trong khoang con u1z = [13500, 13750) va diém
gilra cua khodng con uys la (13500 + 13750) / 2 = 13625. Dit li¢u ciia nam 1973 1a 13867,
nam trong khoang con ui4 = [13750, 14000) va diém gitra cuia khoang con uy4 1a 13875. Gia
tri thuoc 16n nhat cua Az xuat hién tai khoang uz = [14000, 15000), do dé, ta c6: uz1 = [14000,
14250), uz2 = [14250, 14500), uz3 = [14500, 14750), uz2,4 = [14750, 14000). D liéu cua nam
1974 1a 14696, nam trong khoang con ;3 = [14500, 14750) va diém giira cua khoang con uz3
la 14625. Gia tri dy b&o rd cia nam 1973 la: (1 x 13625 + 2 x 13875 + 3 x 14625) / (L + 2 +
3) = 14208.33.

Lugt 2: Néu xuat hign nhém quan hé logic mo ¢6 dang A, A,,... A, — @ thi &4p dung
gian d6 bau cir thong théi cua Kuo [13] dé tinh gia tri dy béo rd. Gian do nay cho phép ching
ta nhap trong s6 cho gia tri ngbn ngit qua khir nhat:

M, XW+M, +...+m,
w+(4-1)

CFV, = 4)

trong d6, w 1a trong s6 bau cir dugc khai bao trudc bai ngudi ding, A 1 bac caa quan hé mo,
mii (1 <1< A) 1a diém gitra cua cac khoang uig, Uiz,...Uiz teong (ng.

Tiéu chuan sai s6 binh phuong trung binh (mean square error) MSE dugc sir dung dé
danh gia d6 chinh xé&c cua cac mé hinh du bao va dugc dinh nghia nhu sau :

MSE :%i(ﬁ —A)z?, )

trong do, n la so dir liéu duoc dy bao, Fi va A; 1a tuong u:ng la dir liéu du bao va dit liéu lich
dugc st dung dé huan luyén tai nam i. M hinh du béo nao cé gia tri MSE cang nho thi cang
tt hon.
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3.2. Thuit toan tbi wu bay dan tdi wu dd dai cac khoang chia

Nghién ctu cua Huarng trong [24] da chi ra rang do dai cac khoang chia tap nén anh
huong 16n d&én do chinh xac cua két qua dy béo. Co thé xac dinh céc khoang chia bang cac
diém dau va cac diém cudi caa mdi khoang. Do dé, can phai xac dinh cac diém chia dé ching
tao thanh cac khoang t6i thiéu hoa ham sai sé du bao. Trong bai bao nay, ching tdi sir dung
thuat toan téi vu bay dan PSO [22, 23] dé téi uu d6 dai cua cac khoang chia va ham MSE
(mean square error) dugc chon Ia ham muyc tiéu.

Gia st s6 khoang chia tap nén la n. Khi do6, tip nén U = [do, dn] dugc chia thanh n khoang
V6i cac diém chia la di, da, ..., Gn2, dn1. Céc khodng cua tap nén U 1a; ug = [do, d1], uz = [d,
d2], ..., Un = [dn-1, dn]. MO phan tir (particle) trong thuat toan PSO duoc biéu dién boi mot
vécto n - 1 thanh phan X; = [dy, da, ..., dn2, dna], GtNg Vi cac diém chia. Thuat todn téi uwu s&
tim phan tir X; ¢6 gié tri MSE duoc tinh toan 1a nho nhit.

Thuat toan PSO t6i vu d6 dai cac khoang chia tap nén U duoc mé ta theo cac budc nhu
sau:

Buwéc 1. Khai tao thé hé ban dau gdm m phan tir, mdi phan tir duoc biéu didn boi mot
véc-to X ={ds, da, ..., On2, dn1} (ding dé xéac dinh cac khoang K° = {us, U, ..., Un}) va toc
d6 V.° cua toan bo phan tir. Bién lap t =1

Buwérc 2.

while (t < sé thé hé) do

Buéc 2.1. for each phan tir i do
Thuc hién tha tuc du bdo nhu Muc 3.1.
Tinh gié tri MSE theo cong thirc (5) cho phan tir i.
Cap nhat vi tri tot nhat P' cua phan tir i va vi tri tét nhat P, cta toan b quan
the.

End for

Buéc 2.2. for each phan tir i do

Tinh van toc V' theo cong thuc:

Vi = oV +clxrlx (R = X{ )+ c2xr2x(Py = X{) (6)
trong d6, @ 1a hé s quén tinh (Inertia), c1 1a hé sé tu nhan thac va c2 1a hé
s6 nhan thirc xa hoi, rl va r2 1a hai s6 ngau nhién phan b6 déu trong khoang
[0, 1].

Cap nhat vj tri X! = {d1, da, ..., dn-2, dn-1} cho céc cac phan tar theo cong
thac:

X t+1 X t \/it+l ’ (7)

Sap xép lai cac thanh phan cua X ™.
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End for

Buéc 2.3. Luu lai véc-to X; chira céc khoang chia c6 gia tri MSE nho nhat trong tt
ca cac phan tu.

Tang bién lapt=t+1
End while
3.3. Két qua thwre nghiém va théao ludn

Tié‘u muc nay trinh bay cac Igét qua thuc nghiém cia mo hinh dy bao chudi thoi gian mo
dugc d¢ xuat dugc tng dung dé giai bai toan du bao so sinh vién nhap ,hQC cua Pai hoc
Alabama va danh gia tinh hiéu qua so va&i cdc mo hinh du bao da dugc dé xuat.

Trong budc dau tién caa mé hinh dugce dé xuat cé stir dung thuat toan tbi wu bay dan PSO
[22, 23] dé téi wu do dai cac khoang chia tap nén cua dir liéu lich str thong qua viéc téi thiéu
hoa ham muc tiéu MSE (cong thic (5)). Chung t6i danh gia tinh da dang cua quan thé trong
PSO Ia rat quan trong. Vi vay, trong cac thuc nghiém, s phan tir (particle) mdi thé hé 1a 300,
s6 thé hé 1a 1000, hé sé quan tinh (Inertia) 1a 0.4, hé s6 tu nhan thic ¢l va hé sé nhan thic x&
hoi c2 déu duoc chon 12 2.

Céc thyc nghiém duoc cai dat bang ngdn ngir C# va duoc chay trén may Intel Core i5-
8250U, 1.60GHz CPU, 8GB RAM va hé diéu hanh Microsoft Windows 10 64-bit. Mdi két
qua du b4o cua mo hinh 1 gi tri MSE thip nhat duoc chon trong s6 10 gié tri MSE thu dwoc
sau 10 lan chay.

Trudc tién, nham danh gia tinh hiéu qua ciia md hinh bac nhat, cac két qua thuc nghiém
ctia md hinh du bao chudi thoi gian md bac nhat voi 14 khoang chia dugc so sanh véi két qua
thuc nghiém caa cac md hinh du bao bac nhat vai cung sé khoang chia da duoc dé xuat nhu
m6 hinh CCO6 ciia Chen va Chung [8] sir dung thuat toan di truyén, HPSO [13] sir dung
thuat toan PSO, Uslu [25] sir dung cach tiép can chudi thoi gian mo dua trén trong s duoc
xac dinh boi sb 1an lap cac quan hé logic mo va Chen&Zou [12] st dung thuat toan t6i wu
bay dan va giai mo dya trén ty 16 cua khoang chia. Gia tri MSE duoc sir dung dé so sanh déanh
gié tinh hi¢u qua cua cac mo hinh dy béo.

Bang 4. Két qua dy béo cua cac md hinh khéc nhau.

Niam | S6 lwgng SV | CCO6 | HPSO Uslu | Chen&Zou | Proposed
1971 13055

1972 13563 13714 | 13555 | 13650 13469 13715
1973 13867 13714 | 13994 | 13650 13952 13715
1974 14696 14880 | 14711 | 14836 14596 14703
1975 15460 15467 | 15344 | 15332 15439 15263
1976 15311 15172 | 15411 | 15447 15241 15361
1977 15603 15467 | 15411 | 15447 15925 15361
1978 15861 15861 | 15411 | 15447 15880 15861
1979 16807 15831 | 16816 | 16746 16801 16824
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1980 16919 17106 17140 17075 17009 16920
1981 16388 16380 16464 16380 16260 16388
1982 15433 15464 15457 15504 15435 15450
1983 15497 15172 15447 15431 15212 15361
1984 15145 15172 15447 15077 15282 15361
1985 15163 15467 15332 15297 15344 15236
1986 15984 15467 16027 15848 15714 15983
1987 16859 16831 16746 16835 16833 16833
1988 18150 18055 18211 18145 18016 18150
1989 18970 18998 19059 18880 18937 18992
1990 19328 19300 19059 19418 19345 19362
1991 19337 19149 19059 19260 19147 19362
1992 18876 19149 19059 19031 19152 18857
MSE 35324 22965 422500 23710 10735
20000 — —=&— D{¥ liéu nhap hoc
—e— CCO6
—a&— HPSO
—v— Uslu
19000 ~ —e— Chen&Zou
Proposed
18000
8
£ 17000
o
<«(0-
<
[
> 16000 —
2.
>
A v
15000 — /
/
14000 —
4
13000 —
T T T
1970 1975 1980 1985 1990
Nam
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Hinh 1. So sanh gia tri két qua du béo cta cac mé hinh bac nhét véi sb khoang chia la 14.
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Két qua thuc nghiém duogc the hién trong Bang 4 va dwoc tryc quan héa trong Hinh 1.
Phan tich két qua thuc nghiém trong Bang 4 ta thay ring mé hinh du bao dugc dé xuat
Proposed c6 gia tri MSE 14 10735, thap hon réat nhiéu so véi cac md hinh du bao duogc ddi
sanh CCO6, HPSO, Uslu va Chen&Zou. biéu nay chung to tinh hiéu qua caa md hinh du
bao duoc d& xuat khi 4p dung mé hinh bac nhit.

Bang 5. So sanh hiéu qua cac mé hinh du bao theo cac bac khac nhau.

Bac CCO6 HPSO AFPSO VGPSO Proposed
2 67834 67123 19594 19868 16614
3 31123 31644 31189 31307 716
4 32009 23271 20155 23288 450
5 24948 23534 20366 23552 512
6 26980 23671 22276 23684 524
7 26969 20651 18482 20669 545
8 22387 17106 14778 17116 279
9 18734 17971 15251 17987 307
70000 —m— CCO6
—e— HPSO
—A— AFPSO
60000 — —v— VGPSO
Proposed
50000
% 40000 -
=
©
) 30000
20000
10000
0 -
T T T T T T T T
1 2 3 4 5 6 7 8 9

Hinh 2. So sénh gié tri MSE dbi véi cac md hinh du b4o bac cao.

D¢ danh gia cac mo hinh bac cao, cac thyc nghiém duoc tién hanh vei céc bac tir 2 dén 9
vai so khoang chia tap nén 1a 7 nhu trong cac phuong phap duogc doi sanh. Keét qua thuc

979



Tap chi Khoa hoc Giao thong van tai, Tap 72, S6 8 (10/2021), 967-981

nghiém va so sanh ciia chc mo hinh dy béo bac cao dugc dé xuat va cac mé hinh déi sanh
CCO6, HPSO, AFPSO [15], VGPSO [17] trong giai doan huan luyén dugc thé hién trong
Bang 5 va duogc truc quan hoéa trong Hinh 2.

Co thé quan sat thay rang gia tri MSE cua md hinh dy béo dugce dé xuat thap hon so véi
cac mo hinh ddi sanh rat nhiéu ¢ tat ca cac bac. Ngoai ra, chiing ta c6 thé thiy su bién thién
theo bac cua cac md hinh du béo. Ching han, véi cac md hinh bac cao dwgc dé& xuit
(Proposed), mé hinh bac 2 khéng tét bang mé hinh bac 3, md hinh bac 5 lai khéng tét bing
md hinh bac 4, twong ty mo hinh bac 8 lai tot hon so voi mé hinh bac 9. Bidu nay chang to
rang, trong mo hinh dy b&o chudi thoi gian mo bac cao khdng phai cir md hinh bac cao hon
nao ciing t6t hon mé hinh bac thip hon.

4. KET LUAN

Bai bao trinh bay mé hinh dy bao chudi thoi gian mo duoc dé xuét trén co s¢ két hop
thuat toan toi uu bay dan va ky thuat giai mo méi va ap dung giai bai toan dy béo sb luong
sinh vién nhap hoc cua Dai hoc Alabama dugc quan sat tr nam 1971 dén nam 1992. Cac két
qua thuc nghiém cho thdy mé hinh du bao duoc dé xuat cho két qua du bao t6t hon han so voi
c4c mo hinh du bao chudi thoi gian mo dugc ddi sanh dbi véi ca cac mo hinh bac nhét va bac
cao. Piéu nay chimg t6 tinh hiéu qua cia mo hinh du bao dugc dé xuat va co thé duoc mo
rong ap dung vao mot sd bai toan du bao ¢ Viét Nam nhu du bao san lugng gao hang nam, 5O
nguoi chét do tai nan giao thong hang nam, du bao dén sO quoc gia, ... Pay cling 1a mot trong
cac huong nghién ctu ung dung tlep theo cua chung toi. Vé nghlen ctru phuong phép luén,
chung t6i tiép tuc nghién ciru cai tién mo hinh chudi thdi gian mo phu thudc thoi gian, mo
hinh chudi thoi gian mo bac cao, mé hinh chudi thdi gian mo da nhén t6.
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