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1. MO PAU

Chuai thoi gian dang dugc st dung nhu mét cong cu hiru hi¢u dé phén tich s6 liéu trong
kinh té, xa hoi cling nhu trong nghién ctru khoa hoc. Chinh do tam quan trong cua linh vyc nay,
rat nhidu tic gia da dé xuat cic cong cu phan tich chudi thoi gian dé trich xuét ra nhitng thong
tin quan trong tir trong day sé liéu dé.

Trong day, phuong phdp chi yéu dé phan tich chudi thoi gian 1a sir dung cic cong cu cua
thong ké nhu hdi quy, phén tich Furie va mot vai cong cu khdc. Nhung hiéu qua nhat ¢6 18 1a
phuong phdp sir dung m6 hinh ARIMA cuia Box-Jenkins. M6 hinh nay da cho mét két qua kha
t6t trong phan tich dit liéu va dang duoc sir dung rat rong rai trong thyc te Tuy nhién, su phirc
tap cua thudt todn da gdy kho khan khi tmg dyng trong phan tich chudi s6 liéu, nhét 12 khi chudi
sO lidu c6 nhitng thay d6i phan dnh sy phi tuyén ctia md hinh.

Dé vuot qua dugc nhimng khé khin trén, gan day nhiéu tic gia di sir dung md hinh chudi
thoi gian mo. Khéi niém tadp mo dugc Zadeh dua ra tr ndm 1965 va ngay cang tim dugc Gng
dung trong nhiéu linh vuc khic nhau nhit 1a trong diéu khién va trf tu¢ nhan tao. Trong linh vyc
phan tich chudi thoi gian, Song va Chissom [10 - 12] d4 dwa ra khdi niém chudi thoi gian mo
khong phu thudc vio thoi gian (chudi thoi gian dirng) va phu thudc vao thoi gian (khdng ding)
dé du bio. Chen [2] da cai tién va dua ra phuong phédp méi don gian va hitu hiéu hon so véi
phuong phap cua Song va Chissom. Trong phuong phép cua minh, thay vi sir dung cdc phép tinh
t6 hop Max-Min phurc tap, Chen da tinh todn bang cdc phép tinh so hoc don gian dé thiét 1ap cdc
mdi quan hé mo. Phuong phép ciia Chen cho hiéu qua cao hon vé mit sai sé dy bdo va giam do
phtre tap cua thuét toan.

Tir céc cong trinh ban dau vé chudi thoi gian mo dugc xuét hién nam 1993, hién nay mé
hinh nay dang duoc su dung dé dy bdo trong rat nhiéu linh vuc cia kinh té hay xa hoi nhu gido
duc dé du bdo s6 sinh vién nhap truong (2, 11] hay trong linh vuc dy bdo that nghiép [6], dan sd
[1], chitng khodn [5, 8] va trong doi song nhu du biao muc ti€u thu dién, hay du bao nhiét do cia
thoi tiét...

Tuy nhién xét vé do chinh xac cua du bao, cac thuat toan trén cho Kkét qud chua cao. bé
nang cao dJ chinh xac ctia dy bdo, mot s6 thuat toan cho mé hinh chudi thoi gian mo lién tiép
duoc dua ra. Chen [2] da sir dung md hinh béc cao cua chudi thoi gian mo dé tinh todn. Sah va
Degtiarev [9] thay vi du bdo chudi thoi gian da st dung chudi thoi gian 12 hiéu s6 bac nhét dé
nang cao do chinh xdc va lam giam do phi tuyén. Py ciing 12 mot phuong phdp hay dugc sir
dung trong md hinh Box-Jenkins d¢ loai bo tinh khong ding ctia chudi thoi gian. Huarng [5] da
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sir dung céc thong tin c¢6 trude trong tinh chat ctia chudi thoi gian nhu muc do ting giam dé dua
ra md hinh heuristic chudi thoi gian mo.

Trong béo cdo nay, ching toi trinh bay mot cai tién md hinh heuristic chudi thdi gian mo va
ap dung mo hinh trong du bdo chi s6 chig khodn. Tu tudng chinh cta phuong phép la sir dung
mot s6 khai niém cua Huarng [5] va Chen, Hsu [4] dé phat trién thuat toan moi. Dua trén thuat
todn deé ra, chung t6i da tinh todn mot bai toan thuc té dua trén dur liéu lay tir thi trudng ching
khoén Dai Loan dé kiém chtng. Két qua thu duoc rat kha quan. D$ chinh xic cta dy bao dugc
nang 1én kha nhiéu so véi cdc thuat todn trudc diy dé ra.

2. MOT SO KHAI NIEM

Trong phan nay, ching ta s& sir dung khai ni¢m va phuong phép du bdo cua chudi thoi gian
mo dugc Song et. al. [10, 11] va Chen [2] dua ra dé xay dung thuét todn dy bdo cho chudi thoi
gian.

2.1 Chudi thoi gian mé
Gia sir U 1a khong gian nén. Khong gian nén nay xdc dinh mot tap hop céc ddi tugng can
nghién ctru. Neéu A 1a mét tdp con rd ctia U thi ta cé thé xac dinh chinh xadc mdt ham déc trung:

[ 0 néu x ndm ngoai A

ta(x) = 3

1 néu X ndm trong A
Nhung v6i mot tap md B trong khong gian nén U thi phéan tir x khong xac dinh chinh xac
duoc. Khi d6 ta c6 dinh nghia:
Tap A 1a mo trén khong gian nén U néu A duoc x4c dinh boi ham:
ta: U—[0.1]

s dugc goi 12 ham thude (Membership function). Con véi bat ki mot phan tir u ndo cia A thi
ham g4 (u) duge goi 12 Ao thudc ciia u vao tdp mo A.

Gia sir Y(t) 1a chudi thoi gian (1=0, 1, 2,...)
U=4uu, .

A={C  ta(u)/uy fha (uz) /vy s (un) /), 2w € U i=1,2,....n}
M (u;) 1a d6 thudc cua u; vao tdp A hay mot cach viét khéc:

A= My (uy) I ﬂA(u2)+...+ﬂA(un)

u, U, u

u, f1a tap nén. Tap mo A trén khong gian nén U dugce viét nhu sau:

Mot sé dinh nghia sau lién quan dén chudi thoi gian mo [5].
Pinh nghia 1: Y(1) (1=...0,1,2,...) 1a mt tap con ctia R'. ¥(1) 1a tp nén trén d6 xdc dinh cdc tap
mo fi(t). F(t) l? tap chura cac tdp fi(t) (i=1, 2,...). Khi d6 ta goi F(t) 1a chudi thoi gian mo xéc
dinh trén tap nén Y(t).

2.2 Méi quan hé mo
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Pinh nghia 2: Tai cic thoi diém 7 va r-1 ¢6 ton tai mot mbi quan hé mo gitta F(1) va F(t-1) sao
cho F(1) = F(1-1) * R(t- 1, t) trong d6 * 1a ki hleu ctia mot toan tir xac dinh trén tap mo. R(t-1, t)
12 méi quan hé mo. Ta ciing c6 thé ki hiéu mbi quan hé mo gitra F(z) va F(z-1) bang ki hiéu F(1-
1) > F(1).

Néu dit F(z-1) = A; va F(t) = A; thi ta ki hi¢u méi quan hé logic mo giira ching nhu sau: A;
—A4;

Pinh nghia 3: Nhém cic mbi quan hé mo.

Céc mdi quan h¢ logic ¢6 the gop lai thanh mot nhém neu trong ki hiéu trén, cing mot vé
trdi s& c6 nhiéu mdi quan hé tai vé phai. Thi du néu ta c6 cic mdi quan hé:

A; > A
A = A,
thi ta ¢6 thé gop chiing thanh nhém cdc méi quan hé logic mo sau:
A > AuA,,.

Pinh nghia 4:

Gia st F(t) suy ra tu F(t-1) va F(t) = F(t-1) * R(t-1, t) cho moi ¢. Néu R(t-1, t) khong phu
thudc vao t thi F(z) duogc goi 1a chudi thoi gian md dimg, con nguoc lai ta ¢6 chudi thoi gian mo
khong dung.

~ Quad trinh dy bdo cho chuéi thoi gian mo ciing duya trén céc budc cua phuong phép 1ap luan
xap xi mo. Nhu tac gia N. C. Ho [7] da tong két 4 budce 1ap luan xap xi md nhu sau:

1. Giai nghia cdc ménh dé mo diéu kién
2. Két nhap céc quan hé mo

3. Tinh két qua tir phép hop thanh

4. Khir mo.

Tir nhitng bude 1ap luan chung nhu trén, dbi v6i chudi thoi gian mo, mot sb tic gia nhu
Song va Chissom [10, 11], Chen [2] d& dua ra mot s6 budc trong phuong phédp luan xur li tdp mo
cho chudi thoi gian. Dudi day ching tdi mo ta thuat toan ctia Chen [2] cac budc thuc hién trong
dy bdo mo hinh chudi thoi gian md. Thuét todn nay bao gdm mét s6 bude sau:

1. Xdc dinh tap U bao gdm khoang gi4 tri cia chudi thoi gian. Khoang nay xéc dinh tir gid
tri nho nhat dén gia tri 16m nhat c6 thé ctia chuoi thoi gian.

2. Chia khoéang gi4 tri

Xdc dinh cac tdp mo trén tap U

MO hod cdc dit liéu chudi thoi gian

Thiét 1ap cdc mbi quan hé md.va nhém céc quan hé mo
Du béo

Giai mo cic két qua du béo

N AW

Céc thuét todn dé du béo theo chudi thoi gian mo cha yéu déu dwa vao bude co ban trén.
Nhiing thay d6i cua cac tdc gid khac nhau chu yéu tai cdc budc tinh todn mdi quan hé¢ mo R(z-
1,t) va dua ra cac luat dé du bao..
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2.3. M6 hinh heuristic cho chudi théi gian mo

Huarng [5] da st dung mo hinh cua Chen [2] va dua vao cac thdng tin c6 san cta chudi thoi
gian dé cai tlen dd chinh xdc va gidm bét cac tinh toan phire tap cua du bdo. Nho st dung nhitng
thong tin c6 san trong chudi thoi gian nén md hinh ctia Huarng dugc goi 13 mo hinh heuristic.

Céc budc thyc hién cia md hinh Huarng cling trién khai theo cdc budc trén. Diéu khic biét
l1a sit dung mot ham £ dé xac dinh moi quan hé logic mo. Duédi diy chiing tdi mo ta cac budc
thuc hién ctia mo hinh heuristic chudi thoi gian mo [5].

Buoc 1: Xac dinh tap nén. Tap nén U duge xdc dinh nhu sau: le”iy gia tri 16n nhat o, va
nho nhat f;, cua chuoi thoi gian va U =[f,,x , fimin]. PO1 khi cé theé mé rdng khoang nay thém
mot gid tri nao dé dé de tinh todn. Chia doan U thanh m khoang con bang nhau uy, uy,...up,.

Bude 2: Xéc dinh céc tip md A; va md hod gid tri. Mdi tap A; gan cho mét bién ngdn ngit
va xac dinh trén cac doan da xac dinh uy, uy,...u,,. Khi d6 cac tdp mo A c6 thé biéu dien nhu sau:

A = My (uy) I auiA(u2)+.“+luAi(um)

u u u
I <A A A 1 A 2 2 2 TR A \ . ~_ 9 A
Budc 3: Thiet 1ap moi quan hé mo va nhém cic moi quan hé mo. Nhu dinh nghia & trén,
doi véi chuoi thoi gian mo ta ¢6 thé xac dinh dugc moi quan hé mo tai moi thoi di€m ¢ va qua do
xac dinh dugc nhém cac moi quan hé mo.

Budrc 4: St dung ham / dé thiét 1ap cic nhém mdi quan hé logic md heuristic
141_> hj (X’Ap]; ApZ; ceey ) = Ap]’ A[}Z’ eeey Apk

Bude 5: Dy bdo. Tir cidc nhém quan hé logic m& heuristic. Cac gid tri chu yéu ldy tir diém
gitra hay trung binh céc diém gitra ciac khoang trong nhom quan hé mo heuristic.

3. PE XUAT MOI CHO CHUOI THOI GIAN MO HEURISTIC
3.1. Mt s6 khai niém

Trudc hét ta can mot s6 khai niém. Cac tip mo Ap,A, ... A, c6 thé sap xép duoc, c6 nghia la
Ar2 A khif2g Néu F(t-1) = A;va F(t) = A; thi khi d6 ta c6 mbi quan hé mo A; = A;. Ngoai
ra ta ciing c6 thé xdc dinh duoc nhom quan hé mo :

A > AL Apo, o Api
Dinh nghia 5. Ham /; phy thudc vao mot tham so x dugc xdc dinh nhu sau:
By (A1 Apsy ooy ) = Appy Ao, ooy A j la mt chi 56
khi cdc chi s6 pl, p2, .... pk > j véix >0
vapl, p2,....pk <j voix <0

Ngoai ra, dé dua ra luat gial mo heristic, ta can thém thong tin thong qua viéc xdc dinh hi¢u
s6 bac nhét va bac 2 cho chudi thoi gian. Gia sur cdc gid tri cua chudi thoi gian tai cic thoi diém
twong Ung t, t-1, -2 1a f{t), f{t-1), f{t-2). Khi d6 cac hi€u s6 bac nhat va bac 2 dugc xdc dinh:

A=fO)—-fa=D; A =(fO)=fE-D))=(ft-D=f(t-2)
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Tuong tu nhu khi khao sat mot ham s, néu hiéu sé bac nhat 1a dwong thi d6 12 ham ting,
cdn hiéu bac nhit 4m thi d6 12 ham giam. Khdi niém hiéu s bac 2 cho phép thém thong tin vé
téc do ting giam cta ham: ham ting (giam) nhanh phy thudc vao hiéu sb bac 2 4m hay duong.

Ngoai ra con xét dén diém lay gia tri trong khoang phan chia trong budc giai mo. Phu thudce
vao do6 ting giam cua chudi thoi gian, cic diém duoc 1ay dé tinh toan trong khoang khong phai
la diém giira khoang nira ma trong thuat toan dudi ddy, chiing tbi s& 1dy cdc diém 0.25 (diém
duéi), 0.5 (diém giita) va 0.75 (diém trén) ctia khoang.

Thuét todn ching toi dé xudt vé ¢ nhitng budc twong ty nhung cé nhirng thay dbi tai budc
1 trong chia khoang gid tri, bude 3 trong viéc xdc dinh ham £ va tinh cdc diém du bdo trong céc
khoang trong nhém cdc mdi quan h¢ mo heuristic. Ham £; tinh tai thoi diém ¢ va dya vao tham
s6 hiéu bac nhat. Diém cai tién cudi ciing 12 cdc quy tic dy béo. Cac gid tri aé tinh dy bdo khong
phai 1a tai diém gifta cua khoang nita ma dy trén cic thong tin c6 san vé hiéu s6 bac 1 va hiéu so
bac 2 dé tinh gid tri tai cdc diém dudi, diém giita va diém trén cua khoang di xdc dinh. Nhu vay,
thong tin vé chudi thdi gian khong chi 14y tir hiéu s6 bac nhét nita ma thém théng tin tir hiéu s6
béc 2 clia cdc gid tri chudi thoi gian.

3.2. Thuit toan dé xuit

Xét bai todn du bdo cho chudi dit liéu chi $6 thi truong chung khodn Pai Loan TAIFEX
[5]. SO liéu dugc dua ra trong bang dudi day.

Béng 1. Gia tri chi sb chirng khoan Pai Loan

NgayThang GiaTriThuc NgayThang GiaTriThuc |NgayThang (GiaTriThuc
03/08/1998 7552 25/08/1998 6949 15/09/1998 6762
04/08/1998 {7560 26/08/1998 6790 16/09/1998 6952,75
05/08/1998 7487 27/08/1998 6835 17/09/1998 6906
06/08/1998 7462 28/08/1998 6695 18/09/1998 6842
07/08/1998 7515 29/08/1998 6728 19/08/1998 7039
10/08/1998 7365 31/08/1998 6566 21/09/1998 6861
11/08/1998 7360 01/09/1998 6409 22/09/1998 6926
12/08/1998 7320 02/09/1998 6430 23/09/1998 6852
13/08/1998 7291 03/09/1998 6200 24/09/1998 6890
14/08/1998 7320 04/09/1998 (6403,2 25/09/1998 6871
15/08/1998 {7300 05/09/1998 (6697,5 28/09/1998 6840
17/08/1998 |7219 07/09/1998 (6722,3 29/09/1998 6806
18/08/1998 7220 08/09/1998 (6859,4 30/09/1998 6787
19/08/1998 7285 09/09/1998 6769,6

0/08/1998 7274 10/09/1998 6709,75

08/1998  [7225 11/09/1998 6726,5

24/08/1998 16955 14/09/1998 6774,55
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Thuét toan cho cho chudi thoi gian md bao gdm céc budc sau diy va dp dung cho sé liéu
tai bang trén.

Buoc 1: Xay dung tap nén U. Xdc dinh gid tri 16n nhét va nho nhit cta chudi thoi gian trén
12 6200 va 7560 diém. Do vay tap nén U duogc xdc dinh l1a gia tri trong khoang [6200,7600]. Ta
s€ chia U thanh 14 khoang uj, uy, ..., uy4 voi d0 rong 1a 100, nhu vady cic khoang s€ la: u; =
[6200,6300], u, = [6300,6400], ..., uy4 = [7500,7600].

Buéce 2: Xac dinh cic tap A, ing voi ting khoang u; xéac dinh tai budce 1. Ta gan ching véi
cdc bién ngodn ngit. Thi du A, = (Thip nhét), A, = ( rat rit thip), A3 = (rat thip), A, = ( thip),
As = (hoi thép), Ag =(dudi trung binh ) , A; = (trung binh), Ag = (trén trung binh), A¢ = (trung
binh cao), Ao = ( hoi cao), A, = (rat cao), A3 = ( rat rat cao), Ay = (cao nhat). V&i mdi tip A;
duoc xac dinh boi mot doan u;.

Bugc 3: Chia lai khoang. Tinh phan b cua céc gid tri chudi thoi gian roi vao céc khoang da
chia. Diéu nay thyc hién dé biét cic khoang nao c6 nhiéu gia tri roi vao dé c6 thé phan khoang
tiép lam tang d6 chinh xéc khi dy béo.

Béng sau déy s& cho thy sy phan bd céc gid tri cia chudi thoi gian roi vao timg khoang:

Béng 2. Phan bb gia tri trong tirng khoang

khoang s6 lwong khoang s6 lwong
6200 - 6300 1 6900 - 7000 5
6300 - 6400 0 7000 - 7100 1
6400 - 6500 3 7100 - 7200 0
6500 - 6600 1 7200 - 7300 6
6600 - 6700 2 7300 - 7400 5
6700 - 6800 9 7400 - 7500 2
6800 - 6900 9 7500 - 7600 3

Xem xét bang trén ta thay sy phan bd céc gid tri tai cic khoang khic nhau 12 khong déu
nhau. C6 47 gid tri trong 14 khoang nén sb lugng trung binh roi vao mdi khoang 12 hon 3.
Nhung c6 nhitng khoangiro vao dén 6 hay 9 gia tri. Vi vdy phai chia nhitng khoang c¢6 nhiéu gia
tri thanh nhitng khoang con dé c6 thé phan bd déu lai cic gia tri nay. Vi vay nhiing khoang nao
6 5, 6 gid tri roi vao ta chia tiép 1am 2 khoang con, con nhitng doan nao c6 8,9 gi4 tri roi vao ta
tiép tuc chia thanh 3 khoang dé sao cho mdi khoang con d6 ¢6 xap xi 3 gid tri roi vao. Két qua s&
hinh thanh 21 khodng sau:

Bang 3. Phan khoang
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u; = [6200 - 6300]

ug = [6766 - 6800]

Ujs= [7100 - 7200]

u, = [6300 - 6400]

ug = [6800 - 6833]

u;6 = [7200 - 7250]

u; = [6400 - 6500]

u;p=[6833 - 6866

uy7=[7250 - 7300]

u, = [6500 - 6600]

u;; = [6866 - 6900

ug=[7300 - 7350

us = [6600 - 6700]

u9=[7350 - 7400

ue=[6700 - 6733]

u;3=[6950 - 7000

Upo = [7400 - 7500

u;=[6733 - 6766]

|
|
u;,=[6900 - 6950]
|
|

u,=[7000 - 7100

|
|
|
|

uy; = [7500 - 7600
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Trong budc nay ta xdc dinh lai cic tip md A, twong tng véi ting khoang va c6 thé gan lai
cac gié tri ngdn ngit cho tung tdp mo nay. Cac tdp mo A; i = 1, 2,..., 21 dugc dinh nghia thong
qua cic ham thudc d€ don gian c6 dang hinh nén nhan 3 gid tri 0, 0.5 va 1 va dugc viét nhu sau:

A, =1/u; + 0.5/u; + 0/u3 +....4+ 0/uyy + O/uy,

A, =0.5M; + 1/, + 0.5/u; +...4+ 0/uyg + 0/uy,

Az =0/u; + 0.5/u, + 1/u3 + 0.5/uy +...+ 0/uyg + 0/uy,

Ao =0/ +0./uy +... + 0.5;5 + 1/u9 + 0.5/uy0 + O/uy,
Ay =0/u; + 0./uy + ...+ 0.5/u9 + 1/uyg + 0.5/uy,;

Ay =0/u; + 0/uy + .4+ 0/uge + 0.5/uy + 1/uy;

Bude 4: Xac dinh mbi quan hé m¢ va nhém quan hé mo
Theo dinh nghia phan trén ta 1ap chudi thoi gian mo twong ng voi céc tdp md & trén va
xdc dinh moi quan hé mo tai thoi diem t = 1, 2,..., 47. C6 thé thay ngay dugc cdc moi quan hé
dau tién nhu sau:
A= Agi, Agi—> Agg, Agg— Agp e, A9 Ag.

Tir day xdc dinh nhém cdc mbi quan hé mo theo dinh nghia ¢ phan trén. Thi du ta c6 thé
nhén dugc mot nhom quan hé¢ mo nhu sau: Ay;— Ajg, Ay, Asj. Toan thé cdc nhém quan hé mo
s& duoc thé hién dudi bang 4.

Bang 4. Nhém méi quan hé me

A= A; A= Az Ap— Ag A Ag— A, A A
As— AL A3LAS Ag— Ag,A7,A Ai— Ap A= Az, Apg
A= A Ag— Ay Au— Ay A= Ay, Az
As— As Ajo—> As,Ag,Ag,Ar1,A L4 A= Az Ase Al Agi— A9, Ano,Asi
As— A4, Aq,As, Al A= A, AnLAn A= Aie A, Als

Bu6c 5: Lap nhém quan hé md cho mdi tap mo
Sau d6, tinh nhém quan hé mo heuristic c¢6 st dung céc tinh chét cua hi¢u ) bac 1 va ham
h, da dugc xdc dinh theo Pinh nghia 5, trong d6 vai tro cta bién x chinh 1a hi€u so6 bac nhat tai
thoi diém t. Nhu vady nhom quan hé mo nay phu thudc vao thoi diém ¢ ctia chudi thoi gian mo.
Thi du nhu cing m¢t nhém quan hé A;y— As5AgAqA;;,A ;4 nhung tai thoi diém nay (¢ = 10) hiéu
s6 bac nhat 1a am thi:
hio( A1 ,As,AsAg A1 ALy ) = As,AgAg
con néu hi¢u s6 bac nhit 1a duong thi ham heuristic s& cho gia tri
hio( A A5, A5, A0 A1, ALy ) = Aj Ay
Str dung ham heuristic nay s€ xdc dinh dugc cic nhém moi quan h¢ mo heuristic cho mdi
thanh phan cua chudi thoi gian mo.
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Buoc 6: Dy bao
_ Surdung ham heuristic dugc mo ta tai Buge 5 dé du bdo gia tri cho chudi thoi gian. Nguyén
tac du bdo nhu sau:

Gia su tai thoi diém £, gid tri mo tai thoi diém nay cta chudi thoi gian mo duoc suy ra tir
gid tri mo tai thoi diem t-1 theo cong thirc F(t) = F(t-1) * R(t-1, t), hay c6 thé viet A;—> A;.

Nhu vay theo cidc phuong phap truyén thong [11, 12], phai tinh dugc mdi quan hé R(z-1, 1).
Trong phwong phdp heuristic [5], moi quan hé¢ duoc sir dung la nhém céc quan hé mo. Trong
phuong phép chiing toi dé xuat, dé du béo gid tri mo A;, ching t6i str dung ham heuristic cho
nhém quan hé mo cua A;. Nhu vay d01 véi moi thoi dlem t ta phai tinh ham A (theo Dinh nghia
5) heuristic tai thoi diém r- 1 tac la mdi quan hé mo cua A;. Nhém mdi quan hé md va nhém méi
quan h¢ m¢ heuristic tai moi thoi diém t dugc tinh toan cu thé theo bang 5.

Béng 5. Nhém quan hé mé va nhém quan hé mé heuristic va diém tinh dé dy bao

Actual index| Gia tri m¢ Higu 80 Higu s0 Nhém quan hé mo Nhom quan hé Piém tinh
bac 1 bac 2 Heuristic

7552 A21
7560 A21 8
7487 A20 -73 -81 A19,A20,A21 A19,A20 0,5, 0,75
7462 A20 -25 48 A20,A21 A20 0,25
7515 A21 53 78 A20,A21 A20,A21 0,5, 0,75
7365 A19 150 97 A19,A20,A21 A19,A20,A21 |0,25, 0,5, 0,75
7360 A19 -5 -155 A18,A19 A18,A19 0,5, 0,75
7330 A18 -30 -25 A18,A19 A18 0,75
7291 A17 -29 1 A16,A17,A18 A16,A17 0,5, 0,75
7320 A18 29 58 A16,A17,A18 A18 0,75
7300 A18 -20 -49 A16,A17,A18 A16,A17,A18 |0,25, 0,5, 0,75
7219 A16 -81 -61 A16,A17,A18 A16 0,75
7220 A16 1 82 A13,A16,A17 A16,A17 0,5, 0,75
7283 A17 63 62 A13,A16,A17 A17 0,75
7274 A17 -9 -72 A16,A17,A18 A16,A17 0,5, 0,75
7225 A16 -49 -40 A16,A17,A18 A16 0,75
6955 A13 -270 -221 A13,A16,A17 A13 0,75
6949 A12 -6 264 A12 A12 0,25
6790 A8 -159 -153 A8,A10 A8 0,75
6835 A10 45 204 A6,A7,A10 A10 0,75

18




Mét thuét todn méi cho mé hinh chudi thei gian mé Heurictic trong dw béo chiing khoan

6695 A5 -140 -185 |A5,A8,A9,A11,A14 A5 0,75
6728 A6 33 173 A6 A6 0,75
6566 A4 -162 -195 A4,A6,A8,A10 A4 0,75
6409 A3 -157 5 A3 A3 0,25
6430 A3 21 178 A1,A3,A5 A3,A5 0,5, 0,75
6200 A1 -230 -251 A1,A3,A5 A1 0,75
6403,2 A3 203,2 433,2 A3 A3 0,75
6697.5 A5 2943 91,1 A1,A3,A5 A5 0,75
6722,3 A6 24,8 -269,5 A6 A6 0,25
6859,4 A10 1371 112,3 A4,A6,A8,A10 A10 0,75
6769,6 A8 -89,8 -226,9 |A5,A8,A9,A11,A14 A5,A8 0,5, 0,75
6709,75 A6 -59,85 29,95 A6,A7,A10 A6 0,25
6726,5 A6 16,75 76,6 A4,A6,A8,A10 A6,A8,A10 0,25, 0,5, 0,75
6774,55 A8 48,05 31,3 A4,A6,A8,A10 A8,A10 0,5, 0,75
6762 A7 -12,55 -60,6 A6,A7,A10 AB,A7 0,5, 0,75
6952,75 A13 190,75 203,3 A13 A13 0,75
6906 A12 -46,75 -237,5 A12 A12 0,75
6842 A10 -64 -17,25 A8,A10 A8,A10 0,5, 0,75
7039 Al14 197 261 A5,A8,A9,A11,A14 Al14 0,75
6861 A1 -178 -375 A1 A1 0,75
6926 A12 65 243 A10,A11,A12 A12 0,75
6852 A10 -74 -139 A8,A10 A8,A10 0,5, 0,75
6890 A11 38 112 A5,A8,A9,A11,A14 A11,A14 0,5, 0,75
6871 A11 -19 -57 A10,A11,A12 A10,A11 0,5, 0,75
6840 A10 -31 -12 A10,A11,A12 A10 0,75
6806 A9 -34 -3 A5,A8,A9,A11,A14 A5,A8,A9 0,25, 0,5, 0,75
6787 A8 -19 15 A8 A8 0,25
Cdc quy tic dw bdo:

Quy tdc 1: Néu quan h¢ mo heuristic cia A; 1a r5ng A;— 0 thi gia tri dy bdo cua F(t) la gia

tri diém gitta m; cua u; .

Quy tdc 2: Néu quan hé md heuristic ciia A; 1a mot mot, nghia 1a A;— A, thi gid tri du bdo
cua F(t) la diém giira, diém trén hodc diém dudi ciia doan u, tuy thudc theo tinh chat cua hiéu so
bac 1 va hi¢u s bac 2 cua chuoi tai thoi diém t (xem bang 6, 1ay gia tri cudi cing bén phai).
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Quy tac 3: Néu quan hé mo heuristic ctia A; 1a mot nhi€u thi ta xac dinh theo cic gid tri
khéc nhau cua cédc khoang u; dua vao céc thong tin ciia chudi thoi gian sau:

béi V0'1 mdi thoi diém 7, ta can cdc gid tri chudi thoi gian f{t- 2 ), fit-1), f( 7). Tai thoi diém ¢,
ta cling can xdc dinh céc hiéu sd bac nhat A = f(t) - f(t-1) va hi€u sdbac 2 A% = = (flt)-f(t-1)) - (fit-
1)-f(t-2)) cua gia tri chudi thoi gian. Dya vao cich x4c dinh ham A(A, AP b ApzsesApm) dé xdc dinh
moi quan hé mo heuristic tai thoi diém ¢ theo gid tri duong hay 4m cua A. Trong bai bdo nay,
ching t6i sir dung ca hiéu $6 bac 2 dé xéc dinh thém tinh chét cta chudi thoi gian. Tuy theo tinh
chat tang, giam cua chudi thoi gian tai thoi diém t dé x4c dinh céc gia tri dy bdo tai cdc khoang
trong moi quan hé md. Mot khoang u; ta xdc dinh cdc gia tri tai giita khoang (0,5), % khoang
(0,75) va ¥4 khoang (0,25). Céc gid tri dugc xdc dinh tuong ng v6i cdc gid tri mo hod A; tuong
tng voi khoang u;. Ta chi quan tim dén 3 gid tri mo hod gan véi A; nhat. Céc gia tri khic 14y tai
diém gan nhat. Do vy, ta c6 quy luat 1iy gid tri tai cdc khoang tuong g nhu bang 6.

Béng 6. Céc diém lay gia tri dw bao trong khoang

Tinh chat chudi | Hiéu bac nhat | Hiéu bac 2 Cac diém lay gia tri
Giam tir tir A<O A’ >0 0,75,...,0,75, 0,5, 0,25
Giam nhanh A<O A’ <0 0,25, ...,0.25,0,5,0,75
tang nhanh A>0 A* >0 0,25, ...,0,25,0,5,0,75
tang tur tr A>0 A’ <0 0,75,...,0,75, 0,5, 0,25

Gia tri du bdo cua chudi thoi gian tai thoi diém 7 1a gid tri trung binh cua céic gid tri tai
khoang dua vao bang trén.

Dua vao béng 6, ta c6 thé tinh du bdo cho chudi thoi gian tai thoi diém z. Chiing t6i dua ra
mot truong hop dé 1am thi du.

Ngay 10/9 va ngay 11/9 ¢6 cdc gid tri twong ung tai bang 1 1a 6709,7 va 6726,5. Con tai
bang 5 1a hai hang dugc bdi den. Gid tri mo cua chudi thoi gian turong Umg 1a Agva Ag (xem cot
tuong Ung thr nhat). Tai thoi diém nay, hi¢u so bac nhat twong ung 1a —59,85 va 16,75 tuc 1a
mot gid tri 4m con mot gid tri dwong. Mdi quan hé ngay 10/9 1a Ag— A . Nhu vdy dé du bdo ta
can nhom quan h¢ Ag— AsA7A . DE tinh quan hé mo heuristic, ta sir dung ham heuristic

ho(A, AsA7A0) = Ag Vi A Am nén chi 1dy céc chi s6 < 6.

Nhu vay gia tri du bao sé roi vao gid tri mo Ay tuong Gmg voi khoang ue = [6700 - 6730].
Gid tri hi€u s6 bac 2 1a duong, do vay d€ xem lay di€ém nao trong khoang dy bdo ta lai xem Bang
6: A <0, A>> 0 nén theo bang trén gid tri nay lay ¢ diém dudicua khoang (0,25). Bi€m nay
twong tng voi gid tri xap xi 6708. Nhu vy ta da du bdo xong thoi diém ngay 10/9.

Tinh tiép du bdo cho ngay 11/9. Dy bdo theo quan hé F(10/9) — F(11/9) hay As;—As
.Nhém quan hé m¢ cia no la Age A4,A6,A8,A 10- Xac dinh nhém quan hé mo heuristic sit dung

ham heuristic v6i hiéu s bac nhét tai thoi diém nay c6 gid tri 16.75 tic 1a gi tri duong, ta thu
duoc nhu sau:

he(A ApAsAsAn) = AsAs,Alp Vi A duong nén chi lay céc chi sé > 6.

Nhu vy gid tri du bdo s& chi ldy trung binh trong cdc khoang ue,us,u;o. Diém lay gid tri
twong ung trong khoang lai xét dau cia hi€u so bac nhat va hi€u bac 2 tai thoi di€ém nay. Tinh
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todn cho thay ca hai gid tri déu dwong nén tinh chit ciia chudi s6 liéu 12 ting nhanh nén cic diém
tinh tuong lﬁ:ng sé 1a 0,25, 0,5, 0,75 cua ba khoér}g trén va du bdo s& la gid tri trung bin}l cua 3
gid tri trén. Diém 0,25 cta khoang ugla 6708. Diém 0,5 cia ug c6 gid tri 1a 6785, con diém 0,75
cua khoang u;, c6 gid tri 1a 6852. Nhu vay gia tri du bdo f{11/9) sé la:

f(11/9) =(6708+6786+6852)/3 = 6781,7 =6782.

Lap duoc bang 6 ta dé dang tinh duoc céc gid tri du bdo.
4. KET QUA TINH TOAN
Chng t6i da str dung thuat todn trén dé tinh todn cdc chi s6 ctia thi truong ching khoén bai
Loan TAIFEX theo s0 li¢u ctiia dua ra trong [5]. Két qua tinh toan nay duwoc so sanh vdi cac két

qué cua thuat todn Chen [2] va thuét todn heuristic hai tham s6 va ba tham sd cua Huarng [5].
Két qua cho trong bang 7.

Béng 7. Két qua tinh toan

Ngay thang/Actual index, Chen |Huarng1| Huarng2 Dw bao
3/8/1998 7552 7450 7450 7450 7550
4/8/1998 7560 7450 7450 7450 7550
5/8/1998 7487 7450 7450 7450 7425
6/8/1998 7462 7500 7450 7500 7425
7/8/1998 7515 7500 7500 7500 7512.5
10/8/1998 7365 7450 7450 7450 7464
11/8/1998 7360 7300 7350 7300 7355
12/8/1998 7330 7300 7300 7300 7334

13/08/1998 7291 7300 7350 7300 7255
14/08/1998 7320 7183.33 7100 7188.33 7334
15/08/1998 7300 7300 7350 7300 7275
17/08/1998 7219 7300 7300 7300 7234
18/08/1998 7220 7183.33 7100 7100 7255
19/08/1998 7283 7183.33 7300 7300 7284

20/08/1998 7274 7183.33 7100 7188.33 7255

21/08/1998 7225 7183.33 7100 7100 7234

24/08/1998 6955 7183.33 7100 7100 6984

25/08/1998 6949 6850 6850 6850 6916

26/08/1998 6790 6850 6850 6850 6790

27/08/1998 6835 6775 6650 6775 6850

28/08/1998 6695 6850 6750 6750 6675

29/08/1998 6728 6750 6750 6750 6720
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trong d6 f; 1a gia tri thuc con g; 1a gid tri du bao.

31/08/1998 6566 6775 6650 6650 6575
1/9/1998 6409 6450 6450 6450 6425
2/9/1998 6430 6450 6550 6550 6562.5
3/9/1998 6193 6450 6350 6350 6275
4/9/1998 6403.2 6450 6450 6450 6475
5/9/1998 6697.5 6450 6550 6550 6675
7/9/1998 6722.3 6750 6750 6750 6710
8/9/1998 6859.4 6775 6850 6850 6850
9/9/1998 6769.6 6850 6750 6750 6720

10/9/1998 | 6709.75 6775 6650 6650 6708
11/9/1998 6726.5 6775 6850 6775 6782

14/09/1998| 6774.55 6775 6850 6775 6818

15/09/1998 6762 6775 6650 6775 6734

16/09/1998| 6952.75 6775 6850 6850 6984

17/09/1998 6906 6850 6950 6850 6934

18/09/1998 6842 6850 6850 6850 6816

19/08/1998 7039 6850 6950 6950 7075

21/09/1998 6861 6850 6850 6850 6886

22/09/1998 6926 6850 6950 6850 6934

23/09/1998 6852 6850 6850 6850 6816

24/09/1998 6890 6850 6950 6850 6978

25/09/1998 6871 6850 6850 6850 6866

28/09/1998 6840 6850 6750 6750 6850

29/09/1998 6806 6850 6750 6850 6743

30/09/1998 6787 6850 6750 6750 6780

MSE 9737 7905 5437 1700

Cot cudi ciing 1a dé tinh sai s trung binh binh phuong MSE theo cong thirc:

D(fi-8)
MSE:I‘=17

n

~Taco thé thay ro do chinh xac ctia phuong phdp méi nay chi bang 1/3 phwong phép tot
nhat ctia Huarng.

Sau day 1a mét so do thi so sdnh céc két qua voi nhau.
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Hinh 1. Db thi két qua dw bao so sanh v&i thuat toan 3 tham sé ctia Huarng
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Hinh 2. So sanh v&i két qué cla thuat toan 2 tham sé ctia Huarng
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Hinh 3. So sanh két qua v&i thuat toan Chen
Chuy: S6 liéu tinh toan dworc lam tron cho dé theo dai.

5. KET LUAN

Ban bdo cdo nay dua ra mot thuit todn mdi cho md hinh chudi thoi gian mo heuristic.
Thuat toan nay phat trién trén co sO thudt todn cua Huarng [5] nhung da cai tién kha nhiéu, chii
yéu 1a chia lai khoang tur tap nén va trong du bdo da liy thém céc thong tin tir tc do ting giam
clia gid tri chudi thoi gian dé x4c dinh diém du bdo trong khoang. Céc két qua tinh toén cho thay
d6 chinh x4c ctia dy bdo dugc ting 1én dang ké so voi cdc thudt todn da xdy dyng trude day nhu
thuat toan heuristic hai bién va ba bién ciia Huarng. Diéu nay thé hién thong qua chi sb trung
binh binh phuong (MSE) cua phuong phap chi bang 1/3 chi s trén ctia phuong phap ba bién cua
Huarng. Ciing c6 thé thay dugc diéu nay thong qua cac d6 thi két qua dua ra ¢ trén. Puong du
béo clia chiing t6i dwa ra bam khd sat voi gid tri thyc té. Dicu nay cho thiy du bao theo phwong
phdp cta ching t6i khd tét. Pat dwoc két qua nay nhd phan chia khoang hop 1i hon va sir dung
duoc céc thong tin thém c6 san cta chudi thoi gian dé du béo.
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SUMMARY

A NEW ALGORITHM FOR FORECASTING STOCK INDEX BASED ON HEURISTIC
FUZZY TIME SERIES MODEL

In this report a new improved method is proposed for time series forecasting based on
results of fuzzy time series. Since Song sand Chissom (1993) proposed the concept of fuzzy time
series and first order fuzzy time series model, a number of reseachers are developped this idea
for time series forecasting. However the accuracy of these algorithms is necessary to improve.
Therefore finding the effective algorithms for time series forecasting is priority.

In this article, we develop an algorithm for heuristic time series model in order to improve
the forecast accuracy of time series. Our modification in this algorithm is exposed in two
aspects: Partition the Universe of discourse into intervals so that distribution of value
observations in these intervals is regular and using the information of first and second orders
differences of time series for definition the law in defuzzification process. An example for
forecasting Tapei index stock is used for demontration of effectiveness of the algorithm.
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