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Tom tdi nft dung : PSi v&i mot 1op bai tein t8i wu phi tuy&n hé thdang lon bao gdme
‘N h¢ con tuwong tdc. céc tac gid 4& xudt thudt tosn (8i wu ba mie trén co s& két hop
phueong phap giam theo thanh phin va phwong phap déi ngiu 42 gidi. Phaong phap xip
x1 twong tng cla n6 duge thiét 14p va tinh hoi ty eda thudt tean dugc ehing minh véi cic
gid thiét nhdt dinh.

1. Vé phwong phap 13i wa nhigu mirc 83i véi bai tean hé théng lén

Viéc gidi bai toan t3i wu h2 thdng 1&n bao gém nhidu hd con fuong tac bing phuong
phap phan ra—hiép tic duge d& xuit va nghién ciru rdng rai tr nhivag nfm 60 trén co s&
hai wguyén 1y hiép tic ciia nhém Mésardvic [1]: nguyén 1y ean d6i toong tac va nguyén by
dy doAn tuong tac. Dua trén phuong phiap do6 va sv dung ham Lagrange nguwdi ta di thide
1ap che so 40 160 wu nhidu mdc khic nhau d& x& 17 eic bai toan (6i wa véi troeong hop
ham muc tiéu va cac ring bude cia ching ¢é dang thch duoc (separable). tie la chang cé
dang tdng cla ¢ac ham locat [2, 3, 4} Truong hop khong tich dugc (nonseparable) che
48n nay it degc khio sat vi ham Lagrange & day khong con choe cac bii todn con djc lip
d6i véi cac bién quyét dinh. MAt s tac gid 43 dang ecac phép bién db6i cing véi cac bién
phu d2 dua h¢ thdng vE dang tach dwgc va sau d6 dung thuit tean ba mite 42 gidi {5, 6].
Tuy nhién cach x& Iy nay chi thich hgp che mdt vai 16p hep eke bii tean. '

Trong bai nay chung toi xét moét he¢ phi tuyén dirag khdng tich duoc bao gdm N hé
con twong thc. Ngoai viéc thoa mian cac ring bude lecal va ndi véi nkau qua phueng trink
twong thc, cic h¢ con nay eon chiu tic ddng didu khidn chung va tang budc ndi chung.
DY gidi 16p bai todn ndy, chitug 16i A& xuit ot e dd lip ba mac dya trén sy két hop
-phirong phap gidm theo thinh phian va phwong phap Lagrange.

Y

Cho dén nay viéc khio sat tink hdi tu cda cac qua trinh 1&p trong cic sy 43 nhidu
-mirc n6i chung déu dea vao gia thiét 1a eic bai toan con & me dwéi duge gihi chinh xae.
Th& nhung viée tim nghiém chinh xie cla eic bii toan 40 khdng Whitng khong kinki t§ ma
ahida khi khong thd duge. Trong bai nay s chi ra cic didu kizn dim blo tinh hdi ty ciia
~thuat te4n trong trudng hop nghiém cia eac bli toan mie dudi duge tinh gin dang.

2, D&t bai tean

210 iTa xét bai toan t8i wvu hé daug bao gdm N hé con tuong tic w0l phueng itrimk
vho—ra va phwong trinh twong tic gifra ching nhue sau:

yi = fi(xi, uj, upl, i =4, 2, .., N €218
va
N
¥i= = Cis x4 i=1,72 ..,N Q.
=1
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Tsn'ng dé x; 1a d;!:ﬁ che veeto bifn vae va vecto: didu khién cla ‘hé, con i, i=1, .. Nz
¥j — veclo ra cia h¢ een thir i duge chuy®n dén chc hé con khae (nhu cac diu vdo); ug—
recte ditu khi®n churg t4c dong ddng 1hoi 1én 14t cd chc hé con (vi du, ditu khién te
1rung wong, tham s6 efia mdi trudmg, ...) :
€ — ma trdn (m: X np, x; € R, 55 € R, y; € Rai, i=1, ..o N, u, &€ RO

T (2.1) va (2.2) ta c6

- N

v fEg Wi ug) =y (xi, B ue) — = Ciixj =0 i=1, ., N: .35
, I
i=1.. N S
Ngoai ra gita cac hé con t6n tai rang budc nédi dang:

N

hi(x, u, ug) = 2 hei(xi, uj, uy) <O, r=1, ... M3 2.4}
i=1

Ham muc tiéu cha hé théng c6 dang:

N
Ix, w) = 2 i (xi, ili, Uo) = min (2.5}
=1 n
& diy ta gia thidt:
xi, up) € Gy TR XR™Y, 4o € G, C R (2,6

trong 46 cac 14p Gi, i = 0,1, ..., N, 18i, doéng va gi6i noi; Ji, i=1, ..., N 15i.chat, kh& vi-
liém tue. cic ham fj, b, i=1, .., N, r=1, .., M, 15i, kha vi lién tyc. Ngoai ra bai toan:
(2.3) — (2.4) — (2.5) — €2.6) — (ma ta ky higu 12 (P)) théa min diéu ki¢n chinh qui Sleiter.

Ham Lagrange eta bai toam (P) ¢6 dang sau:

N N ' N
L(x,u, ug, p,8) = = Jilxj, uj, ug) = 2 p’ir((fi(xi, ui u%) — > €4 x,")\+

i=1 i=1 s j=1
M N N Nor
* == by, (xi, uj, v = = Yilx;, ug up) + = p;. filxi, uj, ok
=1 =1 i=1 i=1
N N T N M T N
- = P; Cjixj+ = = s, hp; (xid = = Lilxi, ui. o, p- 8. v (2.7}~
i=1 j=1 i=1 r=1 i=1 :
irong d6 ' ’
N M
. T . T T
‘.'Z,,f(x;. uj, Uy, p, 8) =Ji(xj, uj, uo)-i'pi £i(x;, uj, uo) - E pj Cji x, + 2 Sr.hri)(xit Ui, Ugla-
j:l r=1-

Vo6i ehe gid thiét néu trén, ham Lagrange (2.7) ¢6 didm yén ngua trén t&p G X R™'X Rf»

N

M :
frong 46 G =G, X 61X ... XGN, n = = mj, Ry — odctan duong.céa RY, do d6-no-cho didm-
i=1 .

23§ wu clia bai toan (P){8].

3. Thuét tean

K&t hgp phuong phap giam theo thanh phiin v6i phwong phép d6i ngiu ching t6f:
S8 xudt mot so dd gdbm bai vong lip d® giai bai toan trén.
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1) Chon céc xdp xi ban diu v € G, p = (plo v e _p; ) € RN, s°= (slc e 8°
[+

M
M
SR
: k k.~ 1 k k . k=1 -1
2) Gia s tinh duge pk = (pl . pN), sk = (s] seenr Sy ), x5l = (xI e x:, ])'
k-1 k—1 k—1 k-1 _ k k—1 . k
u =G ,e,uy ) oug o, ta dit u*[0] = o, u [0]=u_ ~ va tinh <% u¥, g

t heo thuit to4n gidm theo thanh phin nh¢ qua trinh 13p hai méc:

- k
i) O mire mot ta gidi N bai toan con ddc 14p véi che pk, s¥ va U [1] 4z bier

min Ly up uk [ p5 s i= 1o No (P
(xj, uj) € Gj

Tw& cic gid thiét v& tinh 18i, kha vi cla cac ham Ji, fj va he, i =1,.., N, r = 1,..., M, tinh

18i d6ng va gidi ndi cta Gy, suy 1a riing véi bAt ky gi4 tri u, € Go, p €E R" va s € Rti_ bai
toan (Pj) s& dat gia tr] cye tidu trén Gj Ta kY hiéu vecto 16i wu cla né qua

k k

(% [1 + 1],11i [t + 1] va chuyén d&n mirc hai.

. ii) O mwe hai ta gidi bai toan t&i wu d6i v&i diu khidn chung u, véi chc uklr+ 1]
=M1 + 1), p¥, s* da biet

min L (x* [1+ 1], u¥ [t+ 1), u,, pk, s5). (P,)
u, € Go ' ‘
Vo6i cac gid thidt d6l véi G, bai toan (P,) ciing c6 ditm (8i wu véi bat ky (x, u) € G va
M
p € Rn. s € R+ cho trude. Ta ky hiéu vecto t8i wu qua u, [{+1] va chuy®n xuéng mte

mot d& tim dieém (xk[1+2], uk[l+2]) tiép theo, v.v...

Sy hoi tu cta qua trinh d6 d6i voi chce gid thiét néu trén di duoc E.’G. Golstein va
P. B. Iudin ching minh & [9]. Ta ky hiéu nghiém ctia né (voi pk va st ¢ dinh) qua

k

k .
X u » Uy ) va chuyén 1én muc 3.

3) Mire ba dugce danh d& tinh c4c vecto nhin tr Lagrange pk"rl vd Kuhn—Tucker
s*+! nhe cac qua trinh lip vé6i bude gidm dian

. ‘N
T N T T " k
P; =pi+deiL(x.u_.uo,p,s)=pi+d(fg(xi,ui,luo)—-zlcijxj)
i=1, .., N 3.1
k+1 k k k N k k k
- k k k¥ k -
s, = [sr+dkvs,- Lix’, v, u_,p .s)]+=[sr + d* Zlhri(xi.ui . "o)]+
l:
r=1,.. M 3.2)
oo
trong do d¥ >0, dX—0, 2 d* = + oo, [a]+ = max '0, af.
. k — oo k=1
»

Sy hoi tu cha thulit toan Gradient ndy véi cée gid thiét néu trén di duwgc G.D.
Maixtropxki xac lap & [10].

Nbu vay thuét toan ba mire bao gébm hai vong lip s dua dén nghi¢m t6i wu toan
cuc ctia bai toan (P) sau hitu han hay vé han buéce 12p.
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4, Thuat tean xdp xi va héi tu

Thuit toan néu & 3. néi chung sau vdo haa budc 1ip méi cho ta aghidm t5i wu. Thup
ra, trong cac bai toan thuyc ti¢o thay cho cac nghiém chinh xae, nhidu khi chi cin dé&n
nghi¢m x&p xi v&i sai s6 nao d6. Vin 48 t4i wu.khong chinh xdc di dugc mot 38 the gui
nghién citu & [7, 11]. S& dung cée ham Lagranae chi tiéa ho da thlf-t t4p sit hdi tw eds
mot s3 thult toan dang gradienl vai gradient duwge tinh gin ding. & bai niy d3i véi so
d5 néu & 3. ching to6i xiy dung mot thuidt toan xiip xi va ching minh tinh hoi ty chad mf.

D& cho gon cach trinh bay ta dwa vdo céc ky hi¢u sau:
v = (p‘. cer P $yp een s“ 7T = (p. 97,
F= (Fl. F:) F; = (f1. fN) F; = (hy, ..., hu)
z= (xg, vy, o Gy, upd, v ).

Khi d6 thuat todn méu & 3, c6 the viét gon lax nhw sau:

1y

= KGR YL LGE, v ) = (p + d¥ Fy @9, [s + d%Fr 9] )T “y
z* G Ang min L (z, v¥%) (4.2)
z € G

. - . . . . oo B (Y
Voi mbdi v& € R" X R_h;_l c¢§ dinh, ta c6 mot day lzk {1] :l— duqc smh ra b&l vong lip

trong hoéi tu dén Z*. P8 lam tiéu chuln do chinh xie ciia bai todan (4.2) ta chon

wh = w1 v5) = max < V,LGE[1], v9, 2400 — 2>
2EG

V:éc chon dai lugng &6 xudt phét tor nhin xét 1a wE¥—0 khi zk[l] - z vd nguoc lai, néw
wh =0 va | Z*[1)] gi6t noi thi 2A[1] =7

BAy gio thay cho nghiém chish xéc z° cfia bai toin ({.2) ta xdc dinh nghi¢m xdp
xi z* nhu sau

zk=zk[l]€!z€G!w(z. vk)<ekf 4.3
Va thay cho (4.1} ta 13y

T LR N ) e

v
. ke s an , .
& day ’e }k—O 1a day &uoc chon truoc hay duge phat sinh trong qua trinh tinh.

Su hoi tu cha thuit toan (4.3) — (4.4) dwge xac 14p nh¢ djoh ly sau :

A

J "' Gt : T T S B
Dinh ly. Néu ngoai cac gid thiét néu ra & bai toan (P), cac didu ki¢a sau ddy duge
thda min:

oa oo H
S AP <t = dk K<+ o
k=0 k=0

thi day didm | (® v¥)] drge sinh b&i thuat tosn (4.3) — (4.0) hoi tu dén didm y&n ngea
cda ham Lagrange 1.(z, v) cla b:ll toan (P).

Chitng minh: Ta ky hiéu tap didm yén Dgua cia ham L(z, v) qua G* X V* Gii l&
v* € V* ta danh gia dai luong ||vEF - v"‘u » k=0, 1, 2..., ddu || | ki hién chudn trowg

khong gian Oeolit.
J L P = ! LRI NN “‘ = V< = v+ vkl gk ”“ + 24% < vE= v F(5) >

(4.5¥
Ta chirng minh bdt ding thirc sau:
vy

<vk—v‘.F(zk)><<zt—z V,L(f,V)) z EG' (1.6)
Th-rc vay, do tinh 18i ¢ia ham J va F, va tinh chit ciia -didm vén ngya, ta c6:

4
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<2* -2 V7L(x v )> < ;- * Ve 1(7 Y+ v V,F(7k)>
>uz“)—1«z‘)+v F %) - ¢ F(z')—uz O R AN
>L(z . )—-L(z,v')—<vk’-—\' ,'F(Z]‘)>'
D?t (4. ﬁ)‘ vio (4 5) ia nhan duoc
] v‘“‘—{ N2 = v 7 4 @R F 4 12+ 2 < 7 = 7%, Y, LG, > (48

. M
MEt khiie, lubn 15n tai s6 a >0 saocho Vz', 2" € G, v ER" X Ry. ta ludn ¢

C g

<V, LEZ . v), 22> < a.max <V, Lz, v), rr—z> 7z - Z"_H-

z € G
: i
Tv bdt ding thiwe cubi va (4.8) cﬁngi nhu tr tinh gigi ndi cha F(z) (didu ndy suy (o tiah
kki vi cfia F va tinh gidi noi elia G) ta .di d&n bit ding thic sau rr
Bkl — v 3 vk - »‘H’ + w2 (d? + 2ad* e* |l 5 — o 4.9

iremg d() W 12 edn trén cia F(z) trén G. Ngoai va do G gioi ndi nén HI >0 sao cho
Hz—2* N <71, VLE G. Khi d6 tir (4.9) ta ¢6 2 bdt ding thuc sau

vkt 2B v TR W @9? + 22 La* e*

k k
=0ve—v* 12+ WD @+ 2a LY de (1.10)
i=o i=o
.vh
Bl = ve s — +W’Z(d’) +"IIZ del, VI>1>0 (4.1
=1

To didu kidn cisa dinh 1y suy ra v& phai cia (4.10) bi chan trén khi k tién dén + «.do 46
lvk l gioi ndi, con tinh gidi noi cla ’zkf suy 1ir finh gi6i noi coa t4p G. Nhu vay. d6i véi
dé3y eon ndo d6 !(z .V )lkél\ tdn tai gi¢i han ma ta ky hiéu qua (7; v).

_~~

BAy gio ta chung minh (z v) 12 didm yén ngua.

k

. - ~~ N
Trude hét 1a thiy ngay réng khi Aoz vavE—v, KEK thi wi—w(z,v)=0,

didw 46 co nghia 1a
z € Arg min L (z,v) (4.12)
z€ G

Tiép theo ta phidi chitng minh z 14 nghiém chip nhén, tac la
F1(z)=0, Fa(2)<0 .13

Phdnc]mnq GxisuF(z)>0 khido Ib>0: F(z) b> 0. Vi ¥ —*znéncésdQ
* Vi >Q thi F(z*) > b Khn dé tur bt ddng thac cudi va (4 0 suy ra Vl\>Q thi v@ <@ Qv
<. <3
* ) @ o0 )
va v=vl+ 2 AP > T dl >+ e
| i=Q i=Q
Nbu vy lh; v = + oe dléu nay mau thuiin voi gia thidt gioi mdi caa day {\k, Do dé

yha\l ’) F(z) <0 =* Fi2 < 0, Ba, giv ta chi ra ring_khong u,c x3y ra bit ding thire

Pl < 0 Gid st khong thé, tac 1a F](z)< 0. Khij a6 ] b;, I‘](1) < b <O va T Qi:
Yk 2 Q thi |y (z') <{ bi:. Theo thuft 1oan (4.4) ta b



Pl =pt+ dfF = ph + 3 AR @ <ph by 2 dl

= J—Ql ‘
Khi k — oo, thi v€ trai cha b4t ding thirc trén tién dén ;)\,c(‘)n vé phai dén — oo, tic la
-~
p = — °. Didu ndy maiu thufin v6i tinh gidi ndi cha {p ! => F](z) = 0, V'Zt .19

duge chirng minh.

Cudi cung ta chi ra ding thic:
T — : ’ -
S . Falz) = O 4.19)
~T
Phan chirng: Gid s&’J". Fa () <0 (truana hop s Fg(z) > O khéng thd xiv ra vi

.8 > 0O va Fy (/) < 0). Bdt ding thux d6 chi xAv ra khi 4dng thms>0va lo(z)<0
Néu vay 3 : Vi > Py thi F2 <o va 4 P, Vk}[’, thi a¥ > 0. .Khi' a6

Vk>P—max fPl. Pzi ta ¢c6 ;
PSP > s=6"+ Z d FH>o,

T tinh chdt cda Fa (2) va G suy ra su tdn tai

min F2 ) = b << 0. Khi a6s <<s"+h Z d? . (.15
P o i=P
Néu h <TO. thi v& phii cha (4.15) bing — oo, vo 1v.

Con néu h = O thi O chinh a4 didm giéi han clia diy xFa (z’)} = Fz(z) = 0. Dij&du m\y
méiu thudn v6i gid thiét cia ching ta, Do d6 phii cé (4.14).

(1.12), (4.13), (4.10) chinh 1a chc didu kién dd (z, v) € G* X V% Vi vecto vt e ve
duge chon bat ky, do dé bat dﬁug thire twong tu (4.11) ciing dang d6i- v(n v € Ve, Dxéu nay
ching minh su héi tu cla v den v* vi v& phii cia (4.11D (voi V‘ = v) c¢6 the
ldm bé tuy ¥ khi J da 16n. Con su hoi tu L'/lii day ’z { dén z suy ngay tir tinh gioi noé{
cia n6 va tinh duy nhdt clia didm giéi han z (vi J (2) 18i chit).

Nh@n ngdy 15-8-1984%
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ABSTRACT

DECOMPOSITION OF INSEPARABLE NOMLINEAR OPTIMIZATION PROBLEMS
BY THE MULTILEVEL HIERARCHICAL METHOD

For solving one class of nonlinear optimization problems of a large-scale stalionary
r.enseparable system. composing N interacting subsystems is proposed a three-level algorithm
based on combination of the component descent method with the dual method. A approxi-
male variant of this algorithm is eslablished and the convegence of last under cerizin con-
ditions is. proved.
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