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Abstract. A neural fuzzy system with structure learning based on the adaptive resonance theory
can dynamically partion the input-output spaces and find proper fuzzy rules. The back-propagation
algorithm is then used for tuning membership functions. A nonlinear one-step-ahead control strategy
is applied. Rather than using two nets, here we need only one net. The stability of the tracking
system is also analysed.

Mang noron eo kha nang hoc cau true la rat can thiet khOng nhirng cho di'eu khign cac h~
thong phi tuyen v&i cau true thay d5i, ma con dung M l~p mo hlnh cua doi tmmg trong giai dean
luy~n m'i'-ng- cho di~u khign cac h~ thOng v&i c~u true khOng d5i. Trong [7, 8] chting toi da nghien
ciru m9t so rnang d~c bi~t loai nay - goi la mang eo cau true thich nghi. (; day chung toi gi&i thi~u
m9t h~ thong ma ne ron (Lin C. J., Lin C. T., 1994): co thg thirc hi~n rat mern deo phan chia ma
cac khOng gian dau vao, dau ra va t'! d9ng thanh l~p h~ lu~t - tren eo' sO-li thuyet c~>nghuong
thfch nghi (Adaptive Resonance Theory) trong qua trlnh hoc theo so li~u vao/ra, ma khong yeu
cau ngiro'i st dung phdi cung c~p them nhimg thOng tin nhm tri thtrc ciia chuyen gia v~n hanh,
cllu true thO va cac gia tr] ban dau cho luy~n mang v.v ... [1]. Hoc c~u true theo ART se xt lf tirng
loat cac no' ron diro'c slip xep theo vec to', thay VI tfnh toan cho tirng no' ron 'mi?t, nen toc di? kha
nhanh. ThOng so diro'c hoc theo phirong phap gradient. Day la mi?t phuong phap toi U'Uhoa phi
tuyen, tfnh tcan tirong doi don gian, nhimg co mi?t so nhinrc digm, nlnr: van d~ circ tigu cue b9 ....

Cluing toi nh~n th~y r~ng: trong mi?t so trirong hQ'P co thg bigu di~n sai so xap xi bhg mi?t
ham tuyen tfnh doi v&i vec to' tarn cac t~p ma cila dau ra. Do do, cho cac ne ron trong 16'p 5 eo the'
ap dung thu~t hoc theo phuong phap blnh phirong cue tigu truy hoi - M dam bao U'&chrong dat
toi iru toan cue. V6'i nhirng U'Udigrri tren, h~ thong mo no' ron ART la mi?t cong cv rat thfch hQ'P
cho gicli bai toan di'eu khign thlch nghi t5ng quat: khi doi tmmg phi tuyen eo cllu trtic va thong so
thay d5i, khong biet tnroc. Trong bai, mi?t so so' do di~u khign st dung m~g nrr ron loai nay diroc
phan tfch. Trong do chidn hroc di'eu khign don dau trU'&cmi?t biroc (One-Step-Ahead Control, Vip
P. P. C., Pao Y. H., 1994; Tan Y., Cauwenberghe A. V., 1996) co nhirng d~c dig m dang chu y: ta
chi can mi?t mang cho tfnh dau ra d,! bao y(k + 1), tin hi~u di'eu khign dircc sinh ra kha don gicln,
khOng can l~p mo hinh ngiroc cda doi tirong , va co thg delm belo tfnh 5n dinh cua h~ thOng barn -
m9t van d~ kha phirc t'i'-Pcho cac h~ thong di'eu khign no ron va di~u khign mo, hi~n v~n con rat
It Ht qui [6].

, ~ J ,

2. H~ THONG MO"NO' RON ART

'I'hirc chat la mi?t m'i'-ngno' ron gom 5 lop. Co N no ron dau vao, M no ron dau ra, Cac ham
thudc co dang hlnh thang. So no' ron lu~t b~ng so ne ron q.p ma [no' ron dinh han] ciia cac dau

, , d ". , d'" do! ,. h ' CL d'" - 6" t ~ ., b" h IV"vao, va U'q'c nOI ttrong U'Dg ay u vcn c ung. GC au ra cung c so no' ron ~Pf11q ang.n au. 'Lle

luy~n mang, Vtle to'dau vao x = [Xl. X2, ... XN]T (va vec to' dau ra yeu c'au Zd =I[Zd1, Zd2' .•. 'ZdM ]T)
c'an dU'q'c chu~n hoa va chuygn thanh dang ma bu [Complemeat Coded Form) 'X' (va z~)e,~/ ~er
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, [- =C - =C - =C IT [- 1 - - 1 - - 1 - ITX := Xl, Xl' X2, X2""XN, XN = Xl, - Xl, X2, - X2, ••• :t,N, - XN , (1)

trong d6: x = [Xl. X2, ••• XN IT = x/llxlI, (2)

11 . 11 kf hi~u chu~n Uclit.

2.1. Chile n~ng eua cae nO' ron trong m6i lap

L6-p 1: G~m N no' ron ngon ngir dh vao, dg truy'en tin hi~u vao lap tie'p theo, dmrc rnf ta bhg
ham tfch hop F(-) va ham hoat dQng a(·) nhir sau:

F(x" xn = (x" xn = (Xl, 1- xil, i = 1, 2, ...N va a = F. (3)

L6-p 2: C6 N nh6m no' ron t~p mu d'li.uvao - vai SC>no' ron b~ng nhau. M~i no ron thirc hien mQt
ham thu{lc dang hlnh thang

F = [1- G((2)/,j - (2)/I,j, ,) - G((2)~,j - vit.; ,)]/N va a = F. (4)

Trong d6: (2) I'j kf hi~u d'li.u vao tU- no' ron ngon ngfr thu- i t6-i no ron t~p mu thu- i, (2) I'j = X,j
(2) ~,j va (2) /I,j la hoanh dQ cda dinh tra.i va dinh phai cila hlnh thang;

{

1 ne'u s, > 1

G(s,,) = Sf ne'u 0 ~ 5, ~ 1
o neu s, < 0

(5)

"t la dQ dc>ccd a canh ben hmh thang, bi~u di~n rmrc d{l mu ciia ham thuQc.

L6-p 9: M~i no' ron lu~t trong lap nay c6 N d'li.u vao tU- tift d N no' ron ngon ngfr d'li.u vao, M
thirc hi~n phep tfnh

N

F = L (3) I, va a = F.
,=1

(6)

L6-p 4: Cac no ron t~p mu dh ra c6 2 kigu lam vi~c. Trong kigu truyh tU- du-m len chting thirc
hi~n phep OR moo

F = max((4)/1, (4)/2, .•. , (4)/p) va a = F. (7)

Trong ki~u truyen tU- tren xudng, cimg vai cac khau noi (link) tU- cac lap 5 m~i no ron tac dQng
nhu- m{lt ham thu{lc dang hmh thang vai cac dinh (5)~,j' (5)/I'j - gi6ng nlnr & lap 2.

L6-p 5: C6M c~p no' ron ngon ngfr d'li.u ra thuQc 2 loai, turrng u-ng cho M d'li.u ra, NO" ron loai
thu- nh~t thirc hi~n kigu truyen tit tren xudng, dung cho luy~n mang theo gia trf yeu c'li.u&
dang ma. bu:

F = (Zd, , Zd,) = (Zd, , 1 - Zd,) , i = 1, 2, ... M va a = F. (8)

NO" ron loai thu- hai tlnrc hi~n kigu truy'en tU-dll6-i !en, tac dQng nhir la. bQ giii mu (ro h6a):

F= L (5)t71ij(5)/j va Z, =a=F/L (5)/j, i=l, 2, ... M. (9)
j j

Trong d6: (5) Ij l3. d'li.uvao cua no' ron ngdn ngfr d'li.ura thu- i tU-no ron t~p met d'li.u ra thli' i, (5)t71ij

kf hi~u tarn cda t~p mu
(5)m" = ((5),. .. + (5)/1' .)/2

'J )'J 'J' (10)

Ta tha:y: ham tfch hop (6) cua no' ron lu~t (thu- j) chinh la mo ti m{lt ham thuQc N chieu dang
hlnh thang (4) - goi la ham thu{lc sieu h{lp (Hyperbox) - vai cac dinh
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((2)~1" (2)111,), ••. ((2)~", (2)11,,), •.• ((2)~N,i (2)IIN,),

Nen, neu mang hi~n c6 T", no' ron lu~t, thi se c6 T", ham thudc sieu h9P I Hit .. " I H" .. " I HT% dircc
dinh nghia trong khong gian dliu vao RN, Ttrong t1!, neu cac dliu ra hi~n c6 Tz t~p mo, ta c6 Tz
ham thu9c sieu h9P OH1, •. " OH" .. " OHT• diro'c dinh nghia trong khOng gian dau ra RM, Theo
cac khau n~i It 2 phfa cd a sieu h9P I H den sieu h9P OH, ta l~p dU'qc So' d8 khong gian cua qua
trmh suy di~n rno', Tren So' do c6 tfnh dinh hrong nay, ta c6 thg hi~u d~ dang qua trinh tfnh toan
cling nhir qua trinh h9C dtu true cii a h~ th~ng mo.

2.2. Hoc cau true

H9C dLU true g8m cac qua trinh tv hop mo (Fuzzy Clustering) dliu vao, tv hop mo dau ra -
thirc hi~n dong tho'i tit 2 phia cua m~ng, va qua trinh thanh l~p h~ lu~t,

Qua trinh tl} hen> mu dau vao:

Ta sli- dung thu~t hoc nhanh ART M tim cac thong s~ (2)~i" (2)lIi, cho thanh l~p cac sieu h9P
I Hi' N6i khac di, ta thirc hi~n phep tv hop mo' - hay ph an chia me' - khOng gian dliu vao.

Cho vec to' dliu vao ma bii x', ta tfnh cac gia tri

Si = IX' 1\ wil/(,B + lW, I) j j = I, 2, .. , T", ' (11)

Trong d6: wi goi la vec to' trong bu - thanh l~p tit vec to' toa d9 cac dinh cua sieu h9P I Hi

W.,_[((2),. 1-(2)//1') ((2),. 1_(2)//,,) ((2),. 1_(2)//N,)]T, (12)
3 ,- )1" 3 , •.. , )i" '3'"'' )Ni' 3'

1\ la phep AND me: cho a, b la cac vec to' n chieu

(a 1\ b)i := min(ai' bi) j i = 1, 2, ... nj (13)
chu[n I . I diro'c dinh nghia n

(14)
i=l

,B la h~ng s~: ,B ~ O.

Ta thay: Si bi~u di~n rmrc d9 giong nhau giifa vec to' z' voi vec to' trong bu wi, j = I, 2, ...Tx• Ta
can tim WL giong x' nhat - M c6 th€ coi x thu<$c sieu h<$p I HL. ChI so L diroc xac dinh nhir sau:

SL = max(SI' S2,"· Sr%) ,

S1! c9ng hirong (Resonance) xay ra khi WL dat tieu chuin

(15)

IX' 1\ wLI/lx'l ~ p , (16)

trong d6 pE [0, 1] dtroc chon m<$t each thfch nghi [giam dan theo thoi gian).

Neu di'eu ki~n (16) khong thoa man, can chon chi s~ L mo'i theo (15) - nhtrng nho' phai loai b6 SL
da diro'c thu- ra khoi danh sach (SI, S2, ... SrJ 0- ve phdi. Trong trtrong ho'p tat ca. cac vec to' wi
khOng thoa man (16), thi h9P sieu h9P mrri - ki hi~u b~ng IHL, trng v6i vec to' trong bii WL == x',
dircc thanh l~p. Va m9t no' ron lu~t mrri, cling v&i N no' ron t~p mo- dliu vao mo'i diroc sinh ra.
Theo each thiet ke mang: tat d. N no' ron t~p ma nay diro'c noi voi no' ron lu~t mo i.

Qua trinh tl} hen> mu dau ra:
Ttrong tl,l' nhir tren, Mh luy~n It day la vec to' dau ra yeu cau dang bli z~. Ta ki hi~u sieu h9P

dau ra diroc chon ho~c mo'i diro'c them vao la OH K, va vec to' trong bu tiro'ng trng la

_ [((5) _ (5) ) ((5) _ (5) .) ((5) _ (5) )]T
WK - ~IK' 1 //lK " ••, ~iK' 1 ··,//,K, oo" ~MK' 1 //MK '

'If
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Qua trlnh thanh l,p h~ lu,t:
Ta phai xac djnh dirong nO'i tit sieu h9P d'au vao I H L dgn sieu Mp d'au ra OH K - d~ tlm cac

khau noi tit no' ron lu~t L t&i cac no ron t~p mo- d'au ra nrong ung v&i sieu h9P d'au ra OHK.

BU'uc 1: NEU IHL la mm dlt<?'cthem vao, THI nO'iIHL v&i OHK.

BU'uc E: KHA.C DI: NEU IHL khOng dircc noi v&i OHK tit trutrc, THIlol,Li bo chi so L, thirc hi~n
qua trlnh t\l ho'p mo- d'au vao d~ tlm L m&i thoa man (15), (16). Trlr lai bmrc 1.

BU'uc 3: KHA.C EH; khOng ch thay d5i c~u true.

C~p nh~t cac vec to" trong bu theo lu~t h9C nhanh ART mo:

WL (new) = X' /\ WL (old); WK(new) = Zd' /\ WK(old). (17)

2.3. Hoc thong 80

D~ do'n gian, ta xet trirong hop ml,Lngeo N d'au vao va 1 d'au ra (M = 1). Sau khi da hi~u
chinh lai c1tu true, ta c~pnh~t cac thong s5 cua mang theo phirong phap gradient, M cu'c ti~u hoa
ham sai so

J1 = e~j2, (18)

trong do ea la sai so xa p xi d'au ra

ea = Zd - z. (19)

Lup 5: Lu~t c~p nh~t cho dinh trai cd a ham thuoc nhir sau

(5)~j(k + 1) = (5)~j(k) - Q aJ1ja(5)~j(k).

Theo (rs), (19), (9)' (10) ta tinh diro'c

(5)~j(k + 1) = (5)~j(k) + Q(Zd - z)(5)/jj(2 L (5)/j).
j

(20)

(21)

Ttr011g tlJ, cho dinh phai cua ham thuec

(5) Vj(k + 1) = (5)vj(k) + Q (Zd - z) (5) Ij = j (2 L (5) Ij).
j

(22)

Lup 4: Ta tfnh tin hi~u sai so

(4)Oj:= aJt/a(4)a = aJt/a(5)/j = (aJt/a(5)a).(a(5)aja(5)/j).

Trong do: theo (18), (19), (9) ta tinh

aJt/a(5)a = aJt/az = -(Zd - z)

(23)

(24)

va theo (9), (10) ta eo

a(5)aja(5) t, = ((5)mj L (5) t, - L (5)m/5) Ij) j (L (5)/j)2. (25)
j j j

Lup 3: Tit (7), (23) ta tinh tin hi~u sai so (3)Oj. Sau khi chuan hoa theo dau vao l&n nhat ta dircc

(3)Oj:= aJt/a(3)a = (aJt/a(4)a).(a(4)aja(4)/j).((4)/jj(4)/max) = (4)Oj((4)/jj(4)/max)' (26)

L6-p E: D~ l~p lu~t c~p nh~t cho (2).s'ij' ta tinh dao ham rieng

aJt/a(2)~ij = (aJt/d(3)a).(a(3)aja(2)a).(a(2)aja(2)~ij)' (27)
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'I'hira 85 thu-nhtt (y vg pHi chfnh la (3)Oj. Theo (6) thira 85 thu- hai bang 1. TU- (4), (5) ta c6

a(2)a/a(2) .. (k) = {-"f/N n~u 0 :5 ((2)~ij(k) - xd"f :5 1
~" 0 h" , . kh'. c 0 cac gia tr! ac

(28)

Ta c6 cong thirc
(2)~ij(k + 1) = (2)~ij(k) - Q(3)Oj(a(2)a/a(2)~ij(k)).

Tirong t1!, lu~t c~p nh~t cua (2)Vij la

(2)Vij(k + 1) = (2)Vij(k) - Q(3)Oj(a(2)a/a(2)Vij(k)),

(29)

(30)

trong d6:

(31)

Ghi chu: Chiing toi nhan thily rhg, trong trtrong hop b~t dinh thong s5 cua doi tiro'ng dieu khign
tirong doi nho, thi sau khi diL luyen m~ng xong ta co th~ chl c'an hi~u chinh ham thu{k cua cac no'
ron t~p mo- d'au ra cling dtl. M mo phong SI].' thay d5i cti a doi tircng (nhir vi du trong [2]). Luc do,
thay z = y(k + 1), Zd = y(k + 1) vao (19), (9) ta eo: sai so xap xi ea(k + 1) la ham tuyen tinh doi
v&:ivec ta tarn 8(k) cii a cac t~p mo' d'au ra

ea(k + 1) = y(k + 1) - y(k + 1) = y(k + 1) - <pT(k) 8(k). (32)

Trong do
8(k) = [(5)mdk), (5)m2(k), , (5)mT.(k)(,

<p(k) = [(5)h(k), (5)I2(k), , (5)IT.(k)t.

(33)

(34)

Do do, co th~ stt, dung phuong phap bmh phirong C1!Cti~u truy hoi M phep xap xi dat toi iru toan
cue.

3. UNG DVNG TRONG DIEU KHIEN THicH NGHI PHI TUYEN

Ta xet triro'ng hop kho nhat: khi cau trtic ctla doi tircng thay d5i va hoan toan khong biet:

y(k + 1) = f(x(k)) = f(xdk), ... xn(k); xn+dk), XN (k))
= f(y(k - n + 1)' ... y(k); u(k - m + 1)' u(k)). (35)

3.1. Dieu khi~n art dung mo hinh ngiro'c cua doi tllqng

Phircng phap nay (Chen V. C., 1989; Nguyen D., Windrow B., 1990; Pao Y. H., Philips S.,
Sobajc D. J., 1992; Xiaohong C., Feng G., Jixin Q., 1996 ... ) diL trlnh hay trong [7]. Ta elm 2 h~
thong mo' no' ron ART: h~ thong SI M h9C c~u true va thOng so cua doi nrcng ngiro'c u(k) =
j-l(x(k), y(k + 1)); h~ thong S2 se sao lai cau trtic va thOng so cua SI va sinh ra dieu khi~n
um(k) = j-l(x(k), Ym(k + 1)) - M tac d{mg vao doi ttrong. V~n d'e lJ day la: SI].' ton tai cua phep
hien d5i ngiro'c j-l(-) va de?phrrc tap tlnh toan cho cac h~ thong MIMO.

3.2. Di'eu khi~n don dau trllrrc m{lt bmrc

& day ta chi dung 1 h~ thong met nrr ron ART mi{c noi tiep sau he?di'eu khi~n va song song v&i
d5i tiro'ng. Be?dieu khi~n l~y tin hi~u khong nh irng tU-d'au ra yeu c'au Ym(k + 1), ma con tU- d'au ra
cua mang no' ron. Nen, mang no ron con goi la mang hoi qui [4]. Co th~ mf d. heat de?ng cua h~
thong nhu sau. & thiri digm hl{t d'au qua trinh dieu khien, t~ 0, cau true va thong so cua mang
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cling nhir di'eu khi€n 1.£(0) da dtro'c xac dinh qua qua trlnh luy~n tru-&c d6. T'ai d'au ra cila mang ta
c6: z(O) = y(l) = j(y(-n + 1), ... y(O); u(-m + 1), ... 1.£(0)) - la xap xi d'au ra cila h~ th5ng & thai
di€m ctt mh thu- 1. Nen, gia tr] y(l) nay phai dira vao khau tr~, gifr ch~m lai - M dung vao c~p
nh~t rnang sau chu kl c1t mh T. Con ha.y gia, trong khoang thoi gian tjT E (0, I], hi? dieu khi~n
din tao ra tin hi~u dieu khi~n u(tjT) sac eho blnh phuong sai so e(2) du-m da.y la nho nha:t

J2 = e2(2) = [Ym(2) - j(y(-n + 2), ... y(o), y(I); u(-m + 2), ... u(I)W.
Tai tho'i di€m c;{t mh thu- k = 1, d'au ra y( 1) diro'c do, va cimg vci y(l) gifr ch~m -

chiing diroc sli- dung eho hi~u chinh lai eau true va thOng so ciia m~ng. Voi cac dau vao mo'i
y( -n + 2), ... y(o), y(I); 1.£(-m + 2), ... 1.£(1), tai dau ra cda m~ng da. c~p nh~t ta co z(1) = Y(2) ...
Qua trlnh l~p lai nhir tren va. ctr thg ti~p di~n. T5ng quat, & chu ky clit mh thu- k ta phai tlm
lu~t dieu khi€n u(k) M ctrc ti€u hoa ham sai s5

2 A 2J2 = e (k + 1) = [Ym(k + 1) - f(y(k - n + 1)' ... y(k - 1), y(k); u(k - m + 1), ... u(k))]. (36)

Ta co th€ ap dung phirong phap gradient:

u(k + 1) = u(k) - TJ(aJ2jau(k))
= u(k) + 2TJe(k + l)(aj(y(k - n + 1), ... y(k - 1), y(k); u(k - m + 1), ... u(k))jau(k). (37)

Trong d6: Hng so TJ> O. Dao ham rieng a j(-) j au( k) da. dircc tinh theo thu~t toan lan truyen
ngiroc trong biroc h9C thong so. D€ u(k + 1) t&i gan gia tr] toi U'Ucho- dq'i, can phai chi a chu kl
clit mh T ra nhieu khoang nho va thirc hi~n (37) nhieu lan, ho~c tot nhat ta su' dung cac thiet hi
xli- If tin hieu lien tuc.

Ta xet 'tlnh 5n 'dinh cua h~ thong barn. Bci VI h~ thong mo' la mi?t cong cv xap xi van nang,
nen h~ng each tang so t~p moo dau vao, so lu~t va so t~p ma d'au ra, ta co th€ dat diro'c sai so xap
xi ea(k + 1) nho tiry y. Sai so e(k + 1) & tren chinh la t5ng sai so xap xi va sai so barn:

e (k + 1) = Ym(k + 1) - Y(k + 1)
= (y(k + 1) - y(k + 1)) + (Ym(k + 1) - y(k + 1))
= ea(k + 1)+ edk + 1). (38)

D€ ap dung phirong phap Lyapunov, ta xet trtro'ng hop H tU'&ng: ea(k + 1) = 0, nen e(k + 1) =
edk + 1). Ta chon ham Lyapunov

v = et (k + 1)2 . (39)

TU- d6 tfnh

av jat = 2edk + 1) (aedk + 1)jau(k)) (au(k)jat).

C6 th€ lay g'an dung

AV = 2edk + 1) (aedk + l)jau(k)) Au(k). (40)

Thep (37), (36) ta co

Au(k) = u(k + 1) - u(k) = -2TJedk + 1) (aedk + l)jau(k)).

Thay vao (40)' ta nh~n diroc

AV = -4TJe;(k + 1) (aet(k + l)jau(k))2 ~ O.

Di'eu d6 chirng t6 h~ thong ham la 5n dinh. Ta cling di Mn kgt lu~n d6 ngu khao sat ham nang
- hrong cua m~g no ron [4].
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4. KET LU~N

Tren day chUng toi di mo ta c~u trjic, nguyen ly lam vi~c va phtrong phap hoc cda h~ tMng
mo-ne ron ART. Day la. me?t trong sg nhirng cong cu thfch h9'P nHt d€ xay dimg be?dl{ bao cho
cac doi tU'qng phi tuyen c6 cau truc thay d5i. B9 dieu khi~n d6n db. trtr6-c m9t bU'o-ckU don
giin, dam bao tfnh 5n dinh cda h~ thOng kfn. D~ U.ng de?chfnh xac, ta c6 th~ xet ham sai so phti'c
t'!-Phon - nhir trong [5]

(41)

Plnrong phap tren cling d~ dang ap dung cho cac h~ thong c6 tr~.

Cuoi cung, chiing toi thay rhg: plnrong phap se d~ hi~u, tfnh toan se don gian hon neu thay
cho d.c vec to' ma bu x', zi, WL, WK, ta sd-dung cac vec to' z ", Zd-, WL -, WK-:

X- = [Xl, -X!, X2, -X2, ••• XN, -XN]T, (42)
Zd- = [Zdl' -Zdl, Zd2, -Zd2, ••• ZdM, -ZdM]T, (43)

WL- = (2)s"IL' _(2)VIL), ••• ((2)s"iL' _(2)ViL), ••• ((2)s"NL, _(2)VNL)f, (44)

WK- = [((5)s"IK' _(5)VIK','" ((5)s"iK' _(5)ViK), ••. ((5)s"MK, _(5)VMK)]T. (45)

LU'uy: chu[n h6a cac vec to' X, Zd la. m9t tuy chon nhlm tranh Sl{tang len qua dang s() hro'ng no'
ron t~p rno va. no' ron th~t trong m9t s() trtrimg h9'P [1].
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