TAP CHi KHOA HOC VA CONG NGHE Tap 46, sb 4, 2008 Tr. 18-31

TONG HQP HE THONG DIEU KHIEN PHI TUYEN TREN CO SO
LOGIC MO, MANG NO' RON

LE HUNG LAN, NGUYEN VAN TIEM

I. DAT VAN PE

Trong cc hé théng didu khién phi tuyén, ngudi ta ludn nghién ctru tim ra nhitng phuong
phap diéu khién thich nghi nhim nang cao chit lugng didu khién. Xu huéng sir dung li thuyét
diéu khién hi¢n dai nhu 16gic ma [1, 4, 6] va mang no ron [7 - 8] dé nhan dang thanh phan phi
tuyén va tinh toan lwrong diéu khién dé bu lai anh hudng phi tuyen cling dugc quan tdm. Cac
cong trinh {1, 4], cling d& dya trén vige tinh toan nhin dang phi tuyen thanh tung phan tuyen tinh,
trén co s d6 tinh todn hidu chinh tham sé PID. Trong [2 - 3]. lai sir dung nguyén li giit nguyén
PID ddng thai thiét ké thém mach diéu khién ba truc tiép. Bai bio nay sé tdng hop bd dleu khién
thich nghi trén co s& PID két hgp voi 16gic mé, mang no ron cho dbi tugng phi tuyén ¢6 phén
dong hoc tayén tinh & dang téng quat bac .

2. PAT BAI TOAN

&+ Trong thyc t& didu khién, cac ddi tugng diéu khién khi xét dén anh huong cta cic yéu tb
nhu ma sat, diéu kién mai truomg, nhiéu,... thi da sb cac d6i tigng diéu khidn déu c6 ban chit
phi tuyén. Xét mot 16p dbi twong didu khién cé dong hoc co ban ciia phén tuyén tinh trong
trudng hop tong quat 1a khiu quan tinh bac » nhu sau:

P(s): Y(S)= c , )

U(s) s"+a,,s"" +a,,s" +..+a;5+a,

v6i phan tuyén tinh (1), ngudi ta thudng sir dung bd diéu khién PID & dang (2):

()= 1, (0} = K pelt) + Ie(t)dt +ky élt)+ kp é()+ .+ kp, e (). Q)

Thue té dbi twong diéu khién phai duge mé ta bing mé hinh bit dinh sau:
Y= -a, Y Ne)=a, ,y" ) - .~ a 3() - a, ()

+ cult)+ e[ £(0) 30), 50} ()4 A (1))

trong d6 f (y, Vs Voo, y("")) 1a thanh phan phi tuyén va ta gia thiét 12 ham phi tuyén tron (c6
dao ham); d(z) la nhidu tac déng vao hé théng, ddy 1a thanh phin ngiu nhién khéng biét truge.

(3)

Nhur vay dbi tuong (3) bao gdm swr co mit ddy du coa dong hoc phin tuyen tinh (1), phan
phi tuyen va nhidu. Khi tac déng cua phi tuyén va nhifu con yeu thi ¢6 thé sir dung bd didu
khién (2). Khi ¢6 nhiéu va phi tuyen tdc dong manh vao hé thong thi bo didu khién (2) khong
dap tng duoc chit luong diéu khién. Van d& dat ra la phai thiét ké bo didu khién thich nghi dé
nang cao chit luong HTDK (h¢ théng didu khién). Tiép theo ching t6i s& dua ra hai phuong an
thiét ké tng hop bé didu khién thich nghi dya trén co s& 16gic md, mang no ron.
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2. TONG HQP HE THONG DIEU KHIEN THICH NGHI POI1 TUQNG PHI TUYEN
TREN CO SO LOGIC MO

Cic burée tién hanh nhi sau

- Bucc 1: Tim tham $0 PID ciia (2) cho phén tuyén tinh cua doi tugng (1) bing cdc phwong
phdp da biét.

- Budc 2: Xdy dung b dénh gic TSK vé thiét ké bo sung mach diéu khién dya trén b6 danh
TSK.
2.1. Xép xi phiin phi tuyén bing b danh gia TSK

Theo gia thiét ¢ trén thi f(y,j),j},...,y("*')) c6 dao ham va c6 kha ning tuyén tinh hoa
timg doan. Khi d6 mé hinh m& TSK sau la thich hop dé mé ta ham f7,):
R:IF yis A AND y is B, AND ...y""is B

n-1i

THEN ﬁ:s,,fll,y("")+s,,_2‘,.y(”‘2)+...+s1‘,y+r,y+v,; i=12...M,

néu sir dyng b m& hoa singleton va b) giai mo trung binh trong tdm thi ham truyén phi tuyén
J{.) c6 the xap xi vdi dd chinh xdc bat ky bﬁng danh gia:

) Z uf
fO=L— (4)
Z K,

trong d6 x; 1 d6 tin cdy cua lut thi i, (cé thé duge tinh bang min {Juf ,;.t“, ,y } hay tlch
{yf.yf, ...... y75 ]‘} M6 hinh mé xap xi ham phi tuyén nhu hinh 1.

Co s& luat mér Bé danh gid mo

! F g ™)

[y oy ] Suy dién md f
Vi Vaeuis ¥ :

p{ - - a e m o mmm— g :

Ham phi tuyén f7) i} >

Hink 1. M hinh m& xdp xi ham phi tuyén f(.)

Khi d6 ta viét lai (4) nhu sau:
A3y 0)= ¢ (0000). ®

trong do:

§O=—lew @) @) o my OO0 . ) ) 1)

M
DA,

=1
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cac tham sd chua biét:
9(’): [91 (t) Bz(t) o By (f)]: 9;(‘)= I_Sn—]_i L T Va]'
2.2, Diéu khién thich nghi két hop véi PID
Vi dbi tegng (3) ta xdy dung ludt didu khién nhur sau:

)=, 0+ 4 ()= T 5O 0)- 1,0), ©

trong d6 d, = yf,”)(t)+ anflyg,"_])(t)+ wtay, (t)+ ayyy (t)

Thay (6) vao (3) ta dugec: y(")(t) = —a,,_ly(”_l)(t)— a”_zy("‘z)(t)— .= a jz(t)— aoy(t)+

c\ié(yi")(f)‘l" an—lyr(fn_l)(t)+ Ay, (I)“" aoyd(t)"' “Pm(’))" Jﬂr()_ Fou (I)} + C(f()+ d(t))

& 30 - Y00 +a, 0= Y Ot @, (5,0 )+ ay (v, () - ¥ =

T Upp (t) - C(f() - f())_ c(d(t)' S (t)) {7)

Dinh nghia sai sé bam:

elr)=y, ()~ ¥0), ®
trong d6 y.(1) 1a quy dao dit didu khidn mong mudn. Tir (8) va (7) ta cb:
¥ e(")(t)+ an_le("_])(t)+ anfze(”‘z)(t)-l- ot a]é(t)+ aoe(t)+

koe(t)+k, _[e(t)dt +kp o(e)+ K, )+ .+ ke (e)= —c(f(.)— f())- c(d(t)- £,.()
o eNe)+ (ku,,_, +a, )e(’””(r)+ (kDW_2 +a, )e("’z)(t)+ ot (ku, +a )e'(t)+

+ky +a )+, et ==l ()= 7O)-ela)- £, 0). @

Dinh nghia véc to sai s6 bam:

EQ)=[[e@r o) ) &) .. ") (10)
va sai 56 danh gia: .
6.()=0"(r)-6(r). (1)
Khi d6 c6 thé viét lai phuong trinh (9) & dang sau: .
E(t)=A,E+ B, + B, -B.F,, (12)
[0 1 0 0 . 0 ]
0 0 I 0
. 0 0 0 1
voi: 4= ;
0 0 0 0 1
(* kl) (_ kP “ao) (” kn. al) (_ kuz _az) (_ kn . _arr—l)_
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0 0 [0
0 0 0
0 0 0
B, = 0 :B,=| 0 [B,=|0
—rO-70)  |eed]  |-c
Trong phuong trinh Lyapunov:
A'P+PA =-0; (13)

P, Q 1a ma trin déi xung xac dinh dwong, thod min (13) thi hé théng on dinh, chéng han:

[ A I P Pz - v Pian | Fq“ 0o .. 0
B Py Pa - - Paga 0 g¢» . . 0
P = = ;Q = N
_Pn+l _ _pn+l,] pn+1,2 A pn+],n+] i L 0 0 Lt qn+l,n+l i
g, >0i=12,...n+1.
Ta chon ludt thich nghi cho b danh gid mir TSK: | !
() =-6,(t)= cyp(t)P,. . E; ¥ > 0. (14
Thanh phdn bi nhidu: £, =—(D" + &)sign(P, , E), (15)
v6i céc gidi han: )< bl r0)- Up,q . (16)

Trong (16) D" 1a mét h¢ s6 duong, ¥ nghla cla no chinh la gidi han trén cua nhiéu tac déng
vao hé théng; ¢ 1a mét hé s6, né chinh 12 sal $6 yéu céu khl tinh toan nhén dang thanh phén phi
tuyén. Trén thyc té cén phai ¢ gisi han v& nhiéu va sai s6 nhan dang mong muén.

Dinh Ii 1. Hé théng diéu khién (1-3) voi céc Iudt (6), (14-15) Ia on dinh tiém cdn.

Chung minh
Chon ham Lyapunov xac dinh duong:
V(EG)——E PE+5;9 G,; 7> 0. (17)
Liy dao ham (17), ta c6:
V(E,0,)=~ (E PE+ E"PE)+ 21}, (070, +076,)= %(ETPE +E"PE)+ %9}6’5
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V(E,6 ):-lETQE+BT'PE+B"PE+i9Té - BT PEF,, . (18)
e 2 f d y e e c

Tinh toan cac thanh phan:

B P—_C(f() f()) P n+l=[pn+ll Ponzy - - pn+1,n+l];
B P =—cdP, ; B! PEF, =—cf, P..E

n+l
Do do:
V(E’Bf):_%ETQE_C(f()_j() n+1E CdPn+1E+ 1 9 9 +cfbu n+l (19)

Vi cé thé viét:
70=7,0-07,,0- 70)=¢" (6" (1)- ¢ ¢ (06" (1)-6,0)=¢" (), 20)

vi vy (19) c6 dang (21):
H(E.0,)=— 7 -c(f()=4" ()0 €)+ 4" (0.0 F+— 016, +ef, P, E~cdP, B, @D
két hop v6i (14-16), khi d6 taco:
V(E,0,)= —~E 0 —cla+ (07,00 E+ - (0" +lign(®,, E)p, . E<0  (22)
Tir (22) ta xac dinh duge thanh phén:
~cd + (0= 7 O B+ o[- (D7 + )sign(, )P, E =
= —cld +{£0~ 7, O E~cle + D* Jsign(P,, ),m

~cld +(70- 7, ()P E)-cle + D*)p, E <0 khi (B, E > 0)
=0 khi (P, E=0) (23)
a4 (70~ 7, OB+ eD* + )P E <0 i (PLE<0)

Nhu vay theo cich didn giai & trén voi ludt didu khién va cac lujt thich nghi va ham
Lyapunov V() dd chon thi ta ¢6 ham V() > 0 va V() <0 vi vay dinh li d3 dugc ching minh,
So dd chu trac HTPK thich nghi di twong phi tuyén trén co sé bé danh gia TSK nhur hinh 2.

panh gia TSK () |« £ Phin phi tuyén  |o
valt elr) B6 PK PID o ] Péi twgng DK w(t)
B . " phén tuyén tinh >
L c
-)
1 - Tinh toan b
—d,(yd, Vo ,yf, l)) ' Eghié?za;uu N d(f)
¢ S

Hinh 2. So dd céu tric HTDK thich nghi ddi trong phi tuyén trén co s bd danh gia TSK
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3. TONG HQP THUAT TOAN BIEU KHIEN THICH NGHI POI TUQNG PHI TUYEN
BANG KI THUAT KET HQP PID VA MANG NO RON RBF

Cic buée tién hanh
- Bude 1: Tim tham 56 § PID cia (2) cho phdn tuyén tinh ciia d6i tugng (1) bdng cdc phuong

phdp da biét.

- Buoc 2: Xdy dung bg ddnh gicf RBF va thiét ké bé sung mach diéu khién dira trén bg danh
RBF.

3.1. X4p xi phén phi tuyén bing bd dinh gia RBF

Gia thiét rang céc trang thii hé théng ¥ :[y y oy .. y("")]r nim trén tip compact

Qe R (trong truong hop téng quét). Muc tidu didu khién 1a dua y bam theo quy dao mong
muon V.

Dinh nghta sai s6 bam oft)= » ()= »(¢). ta c6 thé viét lai (3) nhu sau:
yd ¥y

et = —an_le("'l) - an_ze("‘z) —.—@é-—a,e—cu— c[f(y, ¥, j},...,y(""))+ d+d, ], 24
vai
I v dut ) Gon ne a . a
dy ===y =Ty S T =y, 25)
c c ¢ ¢

Vi f(y, ¥, jJ,...,y( ))la ham phi tuycn tron nén ¢6 thé ap dung mang xuyén t&m - RBFN
(Radial Basic Function network) 4 xip xi véi gia thiét ¢6 di s6 ham co so ¢=() trén tap

compact: {2 = {YIHYd —Y”S M}; Y, =[yd Vi Vi o yc(fn— ]7;

S 3 Fr y0) = ché(y,y,y, D Mre, (26)

trong d6: @, 1a céc trong s6 “If twdng”, € 14 sai sO xap «i thod man |5| < &)y, ¢ la vécto n chiéu

thé hién trong tim ham co s& thir i, o, la phuong sai thé hién chidu réng ciia ham co so.

Noéi chung cac trong sd li tudng " khong biét va cdn danh gia trong thiét ké b didu khién.

Cén lvu y la tip Q va hing s gii han £, ¢6 thé 16n tuy y.
3.2. Pidu khién thich nghi két hop véi PID

Béng cach dit bién trang thai hé théng

:{Jle(r)dr e é & .. eV, 27
0

tir (24) ta c6 mo6 hinh trang thai twong duong:
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= Az + Bu+ Blf(y, 5.3,y )+ d+ d, | (28)

- - —

0 1 o .. 0 0
0 0 1 .. 0 0
gl S | g 0 _ 29)
0 0 |
0 -a, -a . . —a, | | — ]

Khi téc déng phi tuyén va nhidu con yéu c6 thé sir dung b diéu khién PID chuén ban dau (2):

u, =K, z, (30)
trong do:
Kl =lk, &k Ky ky o K, | G1)
D¢ thiét ké b sung mach thich nghi ta chon siéu mat trugt sau:
S(t) =Kz, (32)
khi dé:
§=K!z=K/(Az+Bu+B(f()+d+d,)). (33)
Néu ta chon luat diéu khién nhu sau:
¢ u=kuy +u g 1y, (34)
trong d6: uz 12 tin hidu diéu khién phan hoi, ua, 12 tin hidu didu khién thich nghi, thi:
§=(K7Bd, + K Az+ K Bu , )+ kK Bs +(K! Bu,, + KX B(f () + d)). (35)
bat:
Uy =— f ()+ é.sz’gn(s)+ du .sign(s) , (36)

vOi di =d,, +7,1>0 bit ky, f() 1a danh gid wée logng cua () va @ y dén quan he:
FO) = £7()+ ¢ taco thé bién ddi thanh phén thi ba cia bidu thic (35) nhu sau:

KIBu , +K]Bf()+K!Bd= K;'B(— j‘()+ é.sign(s)+ d, .sign(s))+ KJZB(f'(.)+ £)+ K} Bd

= —KgB(f(.)— f'(.))+ K{B(g + é.sign(s))+ K;'B(d +d,, .sign(s)) (37)
khi o, néu tiép tuc dat:
u, =—d, - |k B]' K] 4z (38)

thi cudi cting ta s& co:
§=K,Bd,+K] Az + K| B(— d, - (K;‘B)" Kg'Az)+ kK[ Bu,
— k7B(FO- QO+ K7 Ble + bsign(s))+ K7 Bld + 4, sign(s))
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§=KgBd, + K, Az— K| Bd, - K] Az + kK] Bu,
- KgB(f(.)— f*(.))+ K;‘B(e + é.sign(s))+ Kg‘B(d +d,, .sign(s))
§=kK,Bs - K, Bzm: o + K, B(g + é.sign(s))+ KJB(d +du .sign(s)),
i=]

trong do:

Chon céc luat thich nghi:
a’\) = _nls¢1

:7?2|5|=

trong d6 7,,77, 14 céc hing sb duong.

Dinh li 2. H¢ thong diéu khién (1-3), voi cdc ludt (34),(41-42) la én dinh tiém can.
Chirng minh
Chon ham Lyapunov nhu sau:

-3 - L xiar-L kol -of |

1 i=1 2
véi céch chon ham V() nhu (43) thi ham V(®) 14 xéc dinh dwong, Khi dé:
y . 1 " —~ 1 . A 1
V{t)=ss—— K, BY &6, ——K, B(EM —9(— 9)
m m,

=si+ K! Bsi @0, + Kg'B(gM - é]s|

i=0

= kK] Bs® - Kg'Bsifu'“,‘gbl + Kg'Bs(g + é.sign(s))+ K, Bs(d +d,, .sign(s))

i=1

+ K] Bsi &6, + K1 Bley, —0))s

=l

= kKD Bs® + K! Blse + R )+ KJ'B(s_a’ +sd,, .sign(s))+ K BsO.sign(s)— K[ BOls|.

Péy ring s.sign(s)=s, do do:

V()= kK[ Bs* + K. Blss +s|e,, )+ K Blsd +|sid,, )+ K] Bls| - K Bé)s.

va cuoi cung ta tinh dugc:

V()= kK] Bs® + K. Bles + 2, |s)+ K! Blds + d

)
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trong d6 & la sai s6 xdp xi, &,, 12 sai s& xip xi lon nhét cho phép ( gidi han trén cua sai s8), d 12
nhidu tac dong vao hé théng, d, 4 14 gi6i han trén cda nhifu, va véi diéu kign sau: |£| <Ey
ld|<d,,, do d6 (g.s+ &, ]s))> 0;(d.s +d,, Js})> 0. Mzt khic k>0, KI B <0, do dé tit ca
cac tin hiéu trong hé théng déu c6 gi6i han, suy ra V(t ) < 0. Heé théng 6n dinh theo tiéu chuin
on dinh Lyapunov, dinh Ii d3 dugce ching minh.

So b chu tric hé théng didu khién thich nghi trén co s& bd danh gia RBF (hinh 3).

Danh gia RBF £()) O T prin phi tayén e

70

Tinh toédn u,,

Y

AY

yalt elf] Péi tugng DK y,(f )

B§ PK PID ;
) phan tuyén tinh

Y
=

Tinh toan Ups

Hinh 3. So d6 chu trac HTOK thich nghi dbi tugng phi tuyén trén co s& bd danh gia RBF
¢ 4. KET QUA MO PHONG

Vi du hé théng didu khién chéng b6 cirng banh xe 6 td. Ha théng phai dam bao yéu céu dé
trugt tuong d6i gitra banh xe va mit dudng phai dat gia trj t6i wu 4y = 20%, trong khi phanh.Cac
bidu thirc cha chuyén dong cia mot trong 4 banh xe 6 t6 nhu (45), mé men va lyc tac déng 1én
banh xe (hinh 6).

Jo=rF,-T
* e (45)
mv = —F,

trong do: m la Va khbi lugng xe; v 1a tde d6 cia xe; w14 téc db cua banh xe; F, 14 luc phap tuyén;
F 14 lye ma sat banh xe. 7, 14 md men phanh; r 14 ban kinh banh xe; J 12 m6é men quan tinh. D§
trugt cha banh xe duge dinh nghia nhu sau [5]:

_v-aor

A , (46)
y

khi banh xe bi bd cirng hoan toan thi A = 7, khi xe chuyén dongtrdothid = 0.
Luc ma sat banh xe F; duge dinh nghia bai:
Fo= FuA, py, o F, v), 47)
& day w(A, py o F, v) 1a hé sb ma sat giira 16p xe va mit duong, diy 1a mot ham phi tuyén voi
mét kidu phu thuée vao dé trugt (ink 4) [9], 4y 1a hé s6 ma st 16n nhit va thay d6i theo diéu
kién mit dudng, o ta goc lai. Ching ta chi quan tim dén truomg hop khong cé goc 1ai (a = 0).
Ma4 hinh d6i tugng ABS theo d¢ trugt nhu hinh 5.
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HA) A
1,0

0,8

06

0.4

0,2

0 02 04 06 08 [ i%
Hinh 4. Hé sb bam doc theo A khi phanh

Bu(d)
U IERE " 1 A
_’E—‘ \ a ™
v
Hinh 3. Thiét ké md hinh déi tugng ABS Hinkh 6. Cdc md men va lyc tic dong lén banh xe

Céc thong s6 ciia xe nhur sau:

J=1,0 [kg.mzlm = 450 [kg} r = 032 [m} F, = 4414 [N] B = 451,584 [kﬁ}
g

a:0,32|: 1 }rg T =14 [ms]= 0014[3}1)—126[]0”} 35{3};
kg.m 8

h
T.pk Kk

W 4Bs TT(S): 2 - e=—;a= b ;b—ﬂ— c=06531;
- s +as+b Tw Ty T

a=1[294894: b= 41472,

Tham s6 bd PID nhu sau: ~ kp=2,5808.10°; k; = 1,8434.10°, k;, = 10,

Phan phi tuyén chinh 1a h¢ sO ma sat giira banh xe v&i mit dudng va 1a mét ham phu thude
vao dd trugt A (hinh 4). Két qua khi chi tinh todn dén phan tuyen tinh (hinh 7), d6 trugt 4(2) bam
tot d truot i wu 49 mong mudn. Khi tinh toan dén phan phi tuyén va chi sir dung PID trong qua
trinh phanh ma 6 t6 chay tir dudng kho, sang dudng tuyct va sau dé sang duong uot (c6 nghia 13
dleu kién mit dudmng thay dbi (hinh 80)) ta thiy ngay chit lugng phanh khong dam bao d truot
t6i wu (hinh 8a.), khi d6 xe 6 t6 s& bj mét lai gdy nguy hiém. Ki hiéu vfm/s] 14 toc do dai cia xe,
w.r[m/s] 1a téc do ciia banh xe quy d6i sang tdc do dai (hinh 8b).
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SRR Y et g

repepheite

. 3 5
i
———J?
: H
—k 13

Hinh 7. Cac dap (mg cia hé thong diéu khién ABS tuyén tinh

T s Wﬂ*‘d%z g ')'??

Hinh 8. Cac dap g cia hé théng diéu khién ABS phi tuyén sir dung PID

Két qud khi dp dung thuit todn thi nhit (hinh 9, hinh 10). Nhin véo két qua do ta thiy thuat
toan thir nhit da cai thign chét luong, didu khién rét tot méc du khi phanh trong diéu kién mat
dudng thay dbi, trong diéu kién ¢ nhiduy, do trugt A1) vin bam tét gia tri dat t8i wu k= 0,2.

o2} o i

i

9

n ‘ZAW{:

!

inos TN I
! :L‘;\_z‘v;i!!‘l\,‘l‘r-._.-\.\h_._.f1l“‘,‘\‘.".,\M

___U_E :

T AT e TR R

(_ e a’ap wng do tregt

Hinh 10. Céc dap ting cia HTDK mé thich nghi ABS khi tinh dén nhiéu tic déng

Két qua khi ap dung thuat toén thir hai ciing cho chét luong didu khién t6t (hinh 11, hinh
12). Méc da khi phanh trong diéu kién mat dudng thay doi, co sy tac déng cia nhiéu, do trugt

29



At) vin bam bt gia trj dat t6i wu Ay, Nhu vdy xe 6 t6 ludn dam bao dé trugt mong mudn khi
phanh va khdng bi mat lai.

"R e dap iimg hé 56 bim

. <A e dap imng do trugt
Hinh 12. Cée.dap (rng cia HTDK thich nghi ABS sit dung RBFN khi tinh dén nhiéy tic ddng

5. KET LUAN

Bai bio da t6ng hop dugc hai thudt todn didu khién thich nghi doi twong phi tuyén. D6
tugng phi tuyén co phan dong hoc tuyén tinh co ban dang tong quat bac n, phan phi tuyén chua
biét trong trudmg hop tdng quét phu thudc vao trang thai dau ra va cic trang thai dao ham cig
dAu ra. Nhidu tac déng vao hé thdng ciing chua biét. Ban chit clia cac thuat toan la dya trén co
s¢ PID két hgp véi logic mo, mang no ron. Khi phan phi tuyen nhiéu tac déng manh vao hé
thdng thi hé théng s& tw dong tinh toan lugng didu khién thich nghi théng qua mach bu bé sung
vio bd diéu khién PID ban diu. Céac két qua md phong khi 4p dung cho hé thdng didu khién
chéng b6 cirng banh xe 6 6 da lim sang t6 hidu qua cia cac thudt toan da téng hop.
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