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THUAT TOAN GIAI BAI TOAN DIEU KHIEN
TOI UU VOT RANG BUOC DANG ALTERNATIVE

VU THANH HA

Hoc vién kg thudt quin su

Summary. This paper is described in great detail algorithm for maximizing the subject function of the
discrete control system with the alternative constrains following final points. The algorithm is based on the
plan notion that is firstly proposed by R. Garbasov and F.M. Kirillova in linear programming.

1. DAT VAN DE
Xét hé didu khién rdi rac cé trang thai dwoc mé td bdi hé phuong trinh sau:
z(t + 1) = Az(t) + bu(t); z(0) = 0;t € T = {0,1,..,¢; — 1}, (1)

trong dé z(t) € R™, u(t) € R, A€ R"*"*, be R"™.

Ham u(t), t € T, duoc goi la diéu khién chip nhan duoc, néu:

1. -1<u(t) <, teT,
2. Quy dao z(t), t € T, twong ng véi dieu khién u(t), ¢t € T, cda hé (1) thod mén

diéu kién:

I(tl) eX=X,UXU..UX;, (2)
Xi={z€eR": Hz=g},l=12, .,k (3)

trong 46 H; € R™*" rankH; = my, gt € R™.
Bai toan dit ra la trong sé céc didu khién chip nhin dwoc, tim déu khién u* =

{u*(t), t € T} lam cuc dai phiém ham muc tiéu
J(u) = C'I(tl). (4)

Rang budc (2) (rang budc alternative) 1am cho bai toan diéu khién t&i wu (1)-(4) trd thanh
khong 151, néi chung da cuc tri. Twong tw nhu trong bai todn quy hoach tuyén tinh 4],
ta goi bai toan (1)-(4) la bai toan digu khién t5i wu véi rang budc dang alternative. Bai
béo nay d¢ cap dén phuong phép gidi bai todn néu trén dé xic dinh diéu khién téi wu

toan cuc.
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II. CO' SO’ THUAT TOAN

2.1. Cac dinh nghia.
Goi (R;) la bai toan:

J(u) = c'z(t1) — maz,
R
{ u € (1. ( ‘)
trong d6
O ={u(t)e R': —1<ut) <1,
z(t + 1) = Az(t) + bu(t); z(0) = 0; Hiz(t;) = a1}
Ky hieu Q= U Q, Ko={1,2,...,k}.
€K,
Khi @6, cé thé viét lai bai toin da cho nhu sau:
{ J(u) = 'z(t1) — max,
u € (. -
Goi ¢(t) 13 nghiém cia hé phuong trinh:
q{t — 1) = Aq(t), q(t, —1)=0b, teT. (5)

Véi mdi | € Ko, ta goi tap chi s8 T;” < T, véi |T?| = m; 1A twa (support) cda bai toin
(Ri) néu detHig(T;?) # 0, trong d6 ¢(T;'*) = {q(t), t € T;'"}.

Tap hop T*? = {T,",T,*, ..., T,"} duoc goi la tua clda bai todn (1)-(4). Cip {w,T;'"}
véi w13 diéu khién chdp nhan duoc va 7% 13 tua cda bai toan (R;) dugc goi 13 diéu
khi€n tua cda bai todn (R;). Ditu khién twa {u, T*?} cda bai toan (1)-(4) dwoc dinh nghia
tuong tu. &

Véi m3i | € Ko, ky hiéu :

M =T\ T, (6)
(10 = cataTN L, e o
A(t) = v/ H — c'|q(t), teT, g
=BT = B A@E -1+, 2 A + ) ®
{ ay _=_ ai(uw) = J(w), w €y, (9)
M=o+ fi,



THUAT TOAN GIAI BAI TOAN DIEU KHIEN ... 17

a=a, =mazq, r € Ko
{ r ’eKo H )

10
T =" = mazy, s € Ko. (10)
Nhin xét.
i) T (2), (3), (4), (5), ta viét dugc:

t—1
‘ J(w) = t§0 cq(t)w(t), Yy, € Oy, Vi€ Ky (11)

. t1—1
H(I(tl) = ‘go H,q(t)u‘(t), Yy € (U, Vl€ K. (12)

ii) Vi =1 < w(t) < 1, nén tir (8) suy ra véi VI € Ko, Yy € 0, VI* c T, ta cé
Bi(w, T;®) > 0.
iii) T céc cdng thic (7)-(11), ta viét duoc:

=vla — t ap ]
w=vig=, B A+, B A), Vi€ Ko, VI C T (13)

Tir cac cong thirc trén, ta cé thé thiy dwoc a; chi phu thude w va v chi phu thudc
tua T;'P.
2.2. Tiéu chuin téi wu va gin téi wu.

Ta néi didu khién u* € 0 1a diéu khi€n t8i wu cda bai todn (1)-(4), néu J(u*) >
J(u), Yue .

Dinh 1y 1. Néu d&u khién twa {u*, T*?} thod man deu kién J(u*) > « thi u* 1i du khién t5i vu
cla bai todn (1)-(4). Chitng minh. Truéc hét, ta sé ching minh ring véi méi l € Ko,

ta ludn cé :
2 J(w), Vi el (14)

That vay, xét didu khién tua 3 dinh nao dé {w, T;"}, ta cé :

oy = J(w), m=a+Bi(u, ")
Xét dieu khién chip nhan dwoc bt ky 7, € Oy, ta cb :

— i1 _ ti~1 _
J(@) - I(w) = "5 v HaOfm() - w(®)] - "5, A0 () - (o)

Dé dang kiém tra ring tong thir nhit bing 0, do vay

J(@) - I(w) =~ 5 AOE(0) - w (o).
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Vi -1 < (t) < 1,w(t) ¢8 dinh, nén
J(ﬁ,) - J(u.[) < A;(§)<0Al(t)[u‘(t) - 1] + Ad?))OAl (t)[u,(t) + 1] = f.

Vay J(w) < J(w) +fi =t fi = 7.

Vi 1a digu khi€n chip nhan duwoc bat ky thude 0, nén v > J(w), Vi € Q, Vi € K.

Tu gid thiét dieu khién tua {u*,T*?} thod man didu kién J(u*) > v, suy ra J(u*) >
>y, VI € Ko. K&t hop véi (14), ta ¢é J(u*) > J(u), Yu € 0. Vay , u* 13 didu khién t3i
wu cda bai todn (1)-(4) (Ppem).

Ta goi diéu khién chdp nhin dugc u € 0 13 didu khién - t3i uvu cda bai todn (1)-(4),
néu J(u*) — J(u) < e

trong d6 ¢ 1a s dwong cho truéc va u* 1a digu khién t5i wu cda bai toan (1)-(4).

Dinh 1y 2.Néu véi e > 0 cho trude, diéu khién tua {u, T*?} thod min: J(u) =aviy—a<e tIu:u
1a diéu khi€n e— t8i wu cda bai todn (1)-(4). Chitng minh. Gia st u* la digu khién t8i vu
cda bai todn (1)-(4). Khi d6, twong tu nhubDinh ly 1, tir gi thi€t, tacd J(u) =a > y—€>
J(u*) — ¢, hay J(u*) — J(u) < € chimg t3 u la diéu khién e— t8i wu cda bai todn (1)-(4).
(Dpcm).

III. XAY DUNG BUGC GIAI BAI TOAN

Theo Dinh 1y 2, néu v— a > ¢ thi ditu kién t8i wu chua dwoc thod man. Ta cin xay
dung thi tuc 13p @€ lam gidm dai lugng v — a.

Gid st s € K, 1a chi 88 chon duoc theo (10). Via, < avanq, = v, nén v — a <
e — &ty = B,. nhir viy, néu B, < e thi ciing c6 v~ a < e. Do d6, trong mdi buéc 13p, ta cin
kiém tra dai lwong B, va lam gidm B, khi 8, > ¢. Theo (9), ta c6 thé gidm B, bing cich
thay d3i diéu khién chip nhin duoc u,, sao cho a,(u,) ting va thay d8i twa T??, sao cho

Ys(A,) gidm.

Gié st & mot bude 13p ndo d6, ta cé duge tdp hop cac thong so:
Q = {T,’p,u,,a,'y,r,s,l € K}

trong d6 K 1a tap con nao d6 cda K, dugc xay dung qua tung budc ldp. Tap hop Q
dwoc xac dinh nhuw trén duoc goi 1a trang thai cda thuat toan tai mdi buéc 18p. Trang
thai dau gdm tip hop K = Ko, cic tua tuy ¥ 7;” c T va cac didu khién chdp nhan duoc

tuy ¥ w € Q, I € Ko. Ti€p tuc xay dung céc budc gidi bai todn nhu sau:
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3.1. Kiém tra diéu kién t8i wu.

Tir tap hop K va céc théng 86 khac cda trang thai, ta d¥t:

a=a, =maza, r€ K,
{ leK (15)

7= = mazy, s € K.

Néu v — a < ¢ thi u, duge xac dinh trong (15) 13 diu khién t8i wu, a 13 gid tri 16n
nhét trén tip O cda ham J(u) va viéc gidi két thic. Néu v — a > ¢, ta chuyén sang bude

ti€p theo.

8.2. Thay d48i diéu khi€n chdp nhin dugc theo huéng dich chuyén sao cho doc theo
huéng d6 gid tri a, ting.
Goi 8 1a chi 88 chon dugc trong (15). Ky hidu:

i

1, néu A,(t) <0,
-1, - néu A,(t) >0,
Xs()=1 4., néua.()=o, (16)
te Ty,
Xo(T2%) = [Hyg(T,?)] " 9o — Hoq(T*)xa(T2)] (17)
Au,(t) = x,(t) — u,(t), te T, (18)

6 = min{1,8(to)},8(to) = min{6(t),t € T:?)}

trong 46
(1 — u,(t))/Au,(t) néu Au,(t) > 0,

(=1 - u,(t))/Au,(t) néu Auy,(t) <0,
00 néu Au,(t) =0,
te T,

Dt u,(t) = u,(t) + 8Au,(t),. RS rang 1, € Q,. Dé dang thdy ring:

o(t) =

Bs (aa; T:p) =’7¢(Aa) — Q, (Ea) = 'YA(Aa) - a.(u,) — ba, (A“-)
= By (ts, ToP) — Oo, (Au,).

T (7)) (8)) (9): (15): (16)) (17) suy ra J(Xe) = v,, do vay
aa(Au’a) = J(Xo - ua) = J(Xa) - J(u,) =Y T Ay = ﬂu

suy ra
Ba (W0, T,7) = Bo(10, T,7) — 6B, (u,, T,")
= (1 - ﬁ)ﬂ,(u,,T:p) < ﬂa(“nT:p)'

Vay, néu thay u, bdi u, thi dai luong 8, da gidm duoc mét lugng 1a 68, > 0.
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3:3. Thay a0i tuva d¢€ 1am gidm g,.
T bidu thic dinh nghia cda f., 7s, ., ta viét duoc:

1A= I+, B AOkO -1+, B AGkO+1) (20)

D¢ xay dung twa méi T.', truwéc hét, dit
A,=A, +06

trong d6 véc to § 1a huéng dich chuyén va s8 o 13 buéc dich chuyén cia dai luong A,.
Ta s& tim véc to § va s3 o, sao cho d8i véi twa méi TY, ta cb 7,(8,) < 7.(A,).

T phuong trinh : v, H,q(T) — A,(T) = ¢'q(T), ta xady dung huéng dich chuyén méi
nhu sau:

§'(T3°) = 6'(T7) [P (T;7)| 7 P (T7), (@)
& day P,(T) = H,q(T). Cé thé chon §(T*?) tuy ¥, nhung d€ don gian tinh toan, ta chon :
§(T,7) = kieq,, (22)

vol ky = —signlu,(to), ee, = {€4,(t),t € TP},

(0 { 0, néut # to,
€ = .
to 1, néut=ty,te TP

1—x,(to), nDéuky =—1,
#o={ () ’ (23)

Xs(to) +1, néuk, =1.

Twong tu nhur trong quy hoach tuyén tinh [4] cé thé chi ra réng dai luong po thyc
chdt 14 van tSc gidm cda v, doc theo huéng § dwoc xay dl}'ﬁ‘g theo (21)-(22). Ta di xac
dinh buéc dich chuyén cuc dai doc theo huémg d6 . Tir cac cong thirc (20)-(23), ta c6
thé viét:

10(Bs) =7 (84) = Buo,
trong d6

= _ () x,(t 1 z §(t)[x,(t) — 1].
Fepot, B S+, B S -1
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R4 rang néu 7 < 0 thi ta vAn c6 thé t¥ng o 1én chirng nao chua xudt hién trong céc
thanh phin cda véc to A, + 06 cic phin t méi bing 0. Gia st & budc i, ta da tinh dwoc
;. Ta tinh s8:

Bit1=pi+ T 6(t)[xe(t) +1]+ =~ I 6(t){xs(t) — 1],
A (8)=0,5(t)>0 A (¢)=0,6(t)<0

trong 6 ALY = A,, A = AY) + 5,6, D8 dai buéce o; dwoc tinh nhu sau:

(3)
_Ag_(ti)t_) : AN()6(t) < 0,t € TP}, (24)

o; = min{—

Qua trinh dirng tai chi s8 v nao 46 ma p,—; < 0 va p, > 0. D3 dai buéc trong cd
qua trinh 1a: -
o=004+ 01+ ...+ 0p~1.
Khi @6
'Ys(za) - 'ya(Ao) = Oolo + T14y + oo+ Op_1fhy 1.

Tu day ta cé:

Bs (ﬁa,T:p) = Ba(us, T,P) = s (Ko) =7 (84) — (as(W) — as(us))

v—1
= ‘,ani“i - 0,8, (un T:p)r

hay
Bu@0 T2 = (1= 0)Bu (w0, T2%) + T o

v—1
= (1= 0)8. (00, T27) — "Bl
<8, (“oyT:p)-
Chi 88 t. tim dugc trong (24) khi i = v — 1 dwoc chon lam phin i dwa vio tva méi . Ta
xay dung twa méi nhu sau:

T = (T*% \ to) Ut..

Nhu viy, sau khi thay d3i diéu khién chdp nhan duoc va tya, dai lwong 8, (u,, T?P)
gidm duoe mdt lwong 68, + Z. oilul. Bay g, thay u, bdi T, twa T;” béi T)",a béi
maz{a,a,}, tdp K bdi K\ {I: y <a}, 7= maz .

Céc thong s8 con lai T;?, w, ar, 1,1 € K \ s, khong thay di. Tiép tuc 13p lai cac budc
da néu & trén chimg nao chua thu dugc nghiém e— t6i wu.
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Iv. TINH HOU HAN CUA THUAT TOAN

Ta néi buée 13p khi chuyén tir {u,, T**} — {u,, T, } duoc goi 13 khdng suy bién,
néu o > 0. Trai lai, buéc 13p dugce goi la suy bién. Twong tu nhu trong quy hoach tuyén
tinh (xem [4-6]) ta c6 thé chimg minh

Dinh 1y 3. Thudt todn da néu cho phép tim duwgc diéu khién t8i wu hodc € - t5i wu cda bai todn

(1)-(4), néu nhu s cdc buéc Iip suy bién xdy ra trong qui trinh gidi 1A mét s6 hitu han.

V. KET QUA THU NGHIEM

Phuong phap don gian dé gidi bai todn (1)-(4) c6 thé tién hanh nhu sau: Lin luot
gidi k bai toan quy hoach tuyé&n tinh (R;). Sau dé so sanh nhiing gi4 tri J(u}), trong 46 u;
13 diéu khién e— t3i wu cda bai toan (R,) & tim diéu khi€n € -t8i wu cda bai toan (1)-(4).
Trong phin nay ching t6i sé 48 cap t&i két qud thi nghiém may tinh nhim so sanh
hiéu qué cda thuat todn d& xuat trong bai viét véi phuong phép don gidn néu trén.
Phin thir nghiém nay trinh bay két qua gidi 30 bai todn dang (1)-(4). M3i bai toan
nay gom tir 10-30 bai toan (R)). o} day cé in ra két qua tinh trung binh cda viéc gidi bing
phuong phap Alternative va két quéd gidi riéng ré tung bai tirng bai toan dang (R)) dé
tién so sanh trén cac khia canh: thdi gian, s8 buéc 13p (trung binh). M&i phuong phap
déu cho cing mét 1o gidi t8i wu. Khi tién hanh thd nghiém, cic 86 liéu duoc chon hoan
toan ngiu nhién. Diéu khi€n chidp nhan dwoc u ban d8u va cac véc to g cb cic thanh
phan bing 0. Véc to b va véc to ¢ c6 cac thanh phan b[i], c[t] € -5, 5], dwoc tao hoan toan
ngau mhién. Ma trin A dugc chon nhuw sau:
aft,i]:=1; afi,i +1] € [5.1,‘0.3]; Vi#i,7#1+1: ali,g]:=0.
Céc phan ti& hfi, 5] cda ma tran H;, ! = 1,2,..,k dugc ldy tir thd tuc tao s8 ngiu
nhién:
Procedure Tsnn(var x,y:real);
Begin
y:=5%*sin(random(180)*pi/180);x:=y+1; ¥
End;
Viéc gan s8 liéu cho ks, ;] dugc thuc hién bdng dong 1énh:
For i:=1 to m do for j:=1 to n do Tsnn(s0,h[i,j]);
véi s0 € [1,3]. Tdp tua T; ciing duwoc chon tuy y, t; dugc ldy bang 200.
Céc két qud so sanh thi nghiém trén may tinh cho thdy thuit ton d& xuit trong

bai ndy té ra wu viét hon so v4i1 phuong phap don gidn néu trén cd vé sd buédc 1¥p va
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théi gian tinh todn. Duéi ddy ching t6i xin don c mdt vai két qua trong s8 cac két qua

dé.

10
15
20
25
30

5

TEST 1: m=3, n=5. TEST 2: m—=4, n=6.
s 82 Ty T s 82 Ty T
105.00 73.67 19.32 13.46 194.00 139.33 58.72 45.14
155.67 108.6% 28.57 19.98 290.00 209.00 85.9066.34
207.00 144.00- 38.10 26.65 382.67 17.67 114.38 86.26
256.33 179.67 47.09 33.22 483.00 85.33 144.65 110.25
306.33 215.33 56.17 39.54 580.00 149.00 172.66 130.20

Cht thich: m,n: Kich thuéc cia ma tran H,.
s1,Ty: S buéc 18p va thoi gian gidi tryc tiép k bai todn mét cach riéng re.
32, T»: S8 buéce 13p va thoi gian gidi bing phwong phap alternative.

Bai bio dwoc hoan thanh véi sy hd trg kinh phf cia Chuong trinh Nghién ciru co

bédn trong linh vuec Khoa hoc Tu nhién.
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