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Té6m t&t. Bai bao dé xuit mot phuong phap méi dé tinh chudn Heo ciia cac hé dong hoc da téc ti
(DTT). Stt dung phuong phap bién tan s6 md rong (BTSMR), mot 16p cac hé dong hoc DTT c6 thé
duge biéu dién dudi dang cac hé tuyén tinh véi BTSMR. Tiép dé, mot phuong phap hiéu qui dé tinh
chuan Hoo duge dé xuét cho cac hé dong hoc DTT ma ciu tric truyén thong cé thé chéo héa dugc.
Viéc tinh toan d6 duge dua vé dang mot bai toan bat ding thiic ma tran tuyén tinh (BDTMTT) c6
thé gidi duge dé dang bdi cac phan mém gidi bai toan t6i uu c6 sdn. Hon nita, mot sé vi du duge
trinh bay dé minh hoa sy hiéu qué ctia phuong phap da dé xuit.

Tit khéa. He da téc tit, chuan Heo, toi wu 161, bat ding thitc ma tran tuyén tinh.

Abstract. In this paper, we propose a new method to computing the Ho, norm of multi-agent
dynamical systems (MADSs). Employing the generalized frequency variable (GFVs) framework, a
class of MADSs can be represented by linear systems with GFVs. Then, an efficient method for
H oo norm computation is proposed for MADSs whose communication topologies are diagonalizable.
The calculation is derived in terms of an LMI problem which can be easily solved by off-the-shelf
optimization solvers. Moreover, some numerical examples are introduced to demonstrate the efficiency
of the proposed method.

Key words. Multi-agent systems, Hoo norm, convex optimization, linear matrix inequalities.

1. GIOI THIEU

Nghién citu vé cac hé DTT cho t6i nay da nhan dugce rat nhiéu sy cht ¥ clia cac nha khoa
hoc trong nhiéu chuyén nganh khac nhau nhu khoa hoc ngusi may, diéu khién hoc, dien-dien
t1, sinh hoc, khoa hoc may tinh, giao thong..., d6 14 do hé DTT 1a4 mot cong cu hitu hiéu giap
chiing ta mo ta va kham pha cic hé thong ké ci trong dsi song con ngusi 1an trong ty nhien.
Mot s6 vi du vé cac he DTT c6 thé ké dén 1a mot nhém céc may bay khong ngudi 14i (UAVs),
mot t6 hop céc robot, mot mang ludi cac méy tinh, mot bay dong vat... Hinh 1 miéu ta mot
mo hinh luéi dién thong minh theo chuan IEEE P2030, mot vi du ctia he DTT trong d6 mdi
tram dién, moéi nha may hay mdi ho tieu thu co thé xem la mot tac tit va ching déu c6 kha
nang phat dién lén ludi hodic tiéu thu dién tit ludi tity theo nhu cau clia ban than ching hoac
cac tac tlt xung quanh.

Viéc nghién citu cac he DTT nay gitp chiing ta c6 cai nhin sau hon vé cac hé théng, dé
tit d6 dé xuét cac phuong phap diéu chinh ching theo ¥ muén ciia ching ta. Tt quan diém
hé thong, ching t6i dua ra mot khéi niem vé cac he DTT nhu sau.
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Hinh 1. Mb ta khéi niém luéi dien thong minh theo chuan IEEE P2030

“Mot he DTT la mot hée thong 16n bao gom trong né cac hé con, mdi hé con dude goi 1a
mot tac ti, va gitta cac tac tit ay c6 sy trao doi thong tin véi nhau dé dat duge mot muc tieu
chung nao dé, dong thoi mdi tac tit ¢6 thé c6 mot muc tiéu rieng”.

Trong linh vic diéu khién, c6 rat nhidu nghién citu da duge cong bd vé cac he DTT. Hau
hét cac nghién citu ay mo ta cac hé DTT nhu 1 cac graph trong dé mdi tac tit 1a mot dinh
clia graph va sy truyen thong giita hai tdc t@ nhu la mot canh ctia graph. Hinh 2 duéi day
minh hoa mot vi du vé cach mo t4 mot hé DTT nhu 1a mot graph.

Hinh 2. M6 ta cac hé dong hoc DTT nhu 1a cac graph trong dé: O la céc dinh graph tugng
trung cho céc téc tit, v — 1a céc canh ctia graph thé hieén chiéu lién he thong tin gitta céc
tac ti

Dua trén su mo ta nay, ta c6 thé 4p dung cac két qua ctia Iy thuyét graph dé nghien ctu
tinh on dinh [1-3], tinh dong qui [1, 4-6], su tao doi hinh [1, 7-9]. Tuy nhién, cdch mo ta nay
thuong dan dén cac hé thu dude c6 kich thuée 16n khi sé lugng tac tit nhiéu, va vi vay khoi
lugng tinh toan ciing sé rat 16n. Diéu nay sé gay tré ngai trong cic ting dung thyc té. Gan day,
nhém téc gid ding dau 1a gido su Hara da dé xuat mot cach mo ta cho mot 16p cac hé dong
hoc DTT nhu 1a cac he tuyén tinh v6i BTSMR [10-12]. Vi cadch mo ta nay, ham truyén dat
cua mot hé DTT duge coi nhu 14 mot ham cua BTSMR, trong d6 BTSMR chinh [a nghich
d4o ham truyén dat cta cac tac tit dong nhat (nghia 1a cac tac tit ¢6 dong hoc giong nhau).
Do d6, mo ta clia cac hé dong hoc DTT bang phuong phap nay c6 kich thude duge gidm di
nhiéu lan so véi phuong phap mo ta bang graph. Diéu nay rat thuan tién cho viéc nghién citu
va diéu khién cac he DTT.

Mit khéc, cac chuan Ha v Heo 12 nhitng chi titu quan trong lien quan dén chat lugng
diéu khién ctia cac he DTT, trong d6 chuan Ho c6 thé ding dé danh gia tdc do dong qui ciia
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cac tac tit, chuan H lien quan dén tinh 6n dinh bén vitg va cic chi tiéu chat lugng bén
vitng khac. Tuy nhién, hién nay chua c6 nhiéu cac cong bo lien quan dén viéc tinh todn cac
chuan nay cho cac he DTT. Mot s6 két qua tinh chuan Ho duge gisi thicu trong [12, 14] va
mot phan tich vé tinh én dinh bén vitng duge trinh bay trong [15]. Ngoai ra, trong [12], mot
s6 phuong phap dé tinh cac chuan Ho va Heoo duge dé xuat cho cac he DTT véi BTSMR,
trong d6 ma tran truyén thong gitta cac tac tit dugc gid st 1a dbi xitng véi viec tinh chuan Ho
v, 1 chuén tic véi viee tinh chudn Heo.

Diéu kién vé tinh chuan tic ctia ma tran truyén thong dé tinh chuan Heo ctia cac he DTT
trong nghién ciu cia Hara [12] dan dén su han ché ctia 16p cac he DTT c6 thé ap dung. Do
vay, trong bai béo nay, ching t6i mudén dé xuit mot phuong phéap méi dé tinh chudn Heo clia
mot 16p cac hé DTT rong hon so véi [12]. Véi 16p cac he DTT nay, chuan Hoo clia mot hé
DTT c6 thé dugc tinh chinh xéc dua trén chuan He clia cac tac tit dong nhéat. Su tinh toan
chuan H., duge dua vé viec gidi mot bai toan BDTMTT ma c6 thé duge giai dé dang nho
cac phan mém giai bai toan tdi wu sdn c6 hién nay. Trong bai béo nay, ching toi ding phan
mém cvx [18] dé giai cac bai toan BDTMTT trén nén MATLAB.

Cac phan tiép theo ctia bai bdo nhu sau. Muc 2 gidi thiéu cach mo ta cac hé dong hoc
DTT nhu I cac hé tuyén tinh véi BTSMR. Muc 3 trinh bay cac két qua tinh chuan He, cho
cac hé dong hoc DTT vé6i ma tran truyén thong 1a ddi xting, va sau dé 1a cac két qua md rong
v6i ma tran truyen thong cé thé chéo hoa duge. Bén canh dé, mot sé vi du duge gisi thieu dé
minh hoa cho tinh hiéu qué ctia phuong phap dé xuat. Cudi cliing, tong két cac két qua chinh
trong bai bao va théo luan cac hudéng phat trién tuong lai.

Trong bai bao st dung cac ky hiéu nhu sau:

® la ki hiéu cia tich Kronecker;

diag() ki hieu ma tran duong chéo;

I, ki hiéu ma tran don vi kich ¢6 n x n;

AT A* 1a ma tran chuyén vi va lien hgp chuyén vi cia A, A— B < 0 vd A— B < 0 nghia
la A — B 1a ma tran ban xac dinh am va xac dinh am;

j 1a s6 phiic don vi;

A(A) 1a tap cac gia tri riéng ctia A.

2. MO TA VAN DE

2.1. Biéu dién cac hé dong hoc PTT véi BTSMR

Trong bao céo nay, ta xem xét cdc hé dong hoc DTT bao gom n tac tit dong nhat, moi tac
t1t 1a mot he tuyén tinh SISO c¢6 ham truyen dat h(s) véi biéu dién t6i thiéu (Ap, by, cp, 0).
Cau tric truyen thong va quan hé vao-ra ctia cd he DTT duge thé hien qua ham truyeén dat
G(s) véi biéu dién t6i thieu A, B, C, D. Kich thudc clia cic ma tran nhu sau: A, € RV, by, €
RY, ¢, € RIX?, A € R"™" B e R™m (¢ RP*", D € RP*™. Khi d6, ham truyén dat ciia
cé hée dong hoc DTT dugce tinh nhu sau [12]:

1

M(s) = C(+—1I, — A) 'B+D. (1)
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Hinh 3 dudi day minh hoa so do khéi cac heé dong hoc DTT nhu 6 cong thiic (1).

D

h(s)

h(s)

h(s)

A

Hinh 3. So dd khéi biéu dién cac hé dong hoc DTT nhu trong cong thiic (1)

1 N . P
bat ¢(s) = ——, khi d6 ham truyen dat cua hé DTT duge viét lai thanh
h(s)

M(s) = G(¢(s))- (2)

Ta c6 thé thay M (s) chinh 1a mot md rong clia G(s) véi bién tan s6 s duge thay bdi ¢(s),
do d6 ¢(s) duge goi 1a BTSMR [12]. Gia sit (A, B,C, D) 1a mot biéu dién ctia M (s) thi theo
[12], ta tinh dugc biéu dién nay nhu sau

A:In®Ah+A®(thh),B:B®bh,czc®ch,D:D. (3)

Tit (3), ta c6 thé tinh duge cac ma tran trang thai ciia mot he dong hoc DTT dya trén cac
ma tran trang thai cia cac tac tit dong nhat va cac ma tran thé hién cau tric truyén thong
ciia he DTT ay. Khi cac ma tran do6 co thé xac dinh duge, ta khong nhing co thé tinh cac ma
tran trang thai cia he DTT, ma con c6 thé tinh cac tiéu chuan chat lugng ctia he DTT, vi
du cac chuan Ho va Heo. Tuy nhién, viéc tinh cac chuan nay tric tiép ti cdc ma tran trang
thai cia he DTT dua theo cac tich Kronecker trong (3) khong phéi 1a cach lam khé quan,
bdi khi s6 lugng cac tac ti 16n thi kich thude ctia (A, B,C, D) sé rat 16n, thoi gian tinh toin
sé rat lau. Thay vao d6, nhu trong cac dé xuat ¢ phan tiép theo, ta sé tinh céc chuan Ha va
Hoo chi v6i cac ma tran trang théai (Ap,bp,cp,0) clia cic tac tit dong nhat va cdc ma tran
trang thai A, B,C, D thé hién ciu tric truyen thong ciia he DTT, ma khong ding dén cac
tich Kronecker trong (3). Dé don gian, ta sé gia st D = 0.

2.2. Tinh chuan #. khi A 12 ma tran chuan tic

Trude khi trinh bay céc két qua méi duge dé xudt ta sé nhic lai cach tinh chudn Heo trong
[12] khi ma tran A 1a chuan tic dé tham khéo.

Dinh ly 1. Gid st A la chuan tdc, nghia lo AA* = A*A, B=1,, C =1,, D =0. Khi dé,
vdi mot sé thuc duong v cho trude thi cdc phdt biéu sau la tuong duong
1) M ($)[ee <. (4)

(ii) V&mmAEAMLHlfSLNm<V. (5)
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R R 1 1

(iii) V6i moi A € A\(A) va¢€¢—{h(jw) tw € R}, tacod ]d)_)\

Dinh 1y 1 cho ta mot cach tinh c6 hé thong chuan H. ctia cac he DTT, dya trén ham
truyen dat clia cac tac tit va gia tri rieng clia ma tran truyén thong. Tuy nhién diéu kién can
la tinh chuan tic ctia ma tran A va céc ma tran B, C la cac ma tran don vi, diéu nay lam cho
16p cac hé DTT c6 thé tinh duge chuan Hso bi gidi han trong pham vi nhd. Thém vao do, ta
chi ¢6 thé tinh dude chiin trén ciia chuan Heo ctia hé DTT theo Dinh 1y 1. Vi thé, bao nay dé
xuat mot phuong phéap méi dé tinh chuan He, mot cach chinh xac cho mot 16p rong hon ctia
cac he DTT. Cu thé, sé dé xuat mot phuong phap méi dé tinh chuan Hso ctia hé DTT ¢6 ma
tran A 1a chéo héa duge va CTC = n?I,, n > 0, v mot truong hop rieng dé 1a khi ma tran
A 1a déi xting.

| <7 (6)

3. CAC KET QUA TINH CHUAN #,,

3.1. Tinh chuan H ciia cac hé cé ciu tric truyén thong déi xing

Trude hét, ta nhic lai cong thitc tinh chuan Heo ctia mot hé tuyén tinh c6 ham truyen dat
M (s) trén khong gian Hardy Hoo nhu sau

IM(s)loo = sup o(M(s)) = ess supoM(jw), 7
Re(s)>0 weR

trong d6 oM (jw) la gia tri suy bién 16n nhat clia ma tran M (jw), hay chinh la gia tri riéng
16n nhat ctia ma tran M (jw)* M (jw).

B6 dé 1. [16] (Biéu dién Jordan) Vdi moi ma tran A € R™ ™, ton tai ma tran khoi duong
chéo J € R™™ va ma tran tric giao P € R™" sao cho A = PJP™!, trong dé cdic phan ti
trén duong chéo cia J la cdc gia tri riéng cia A va P la ma tran modal cia A.

Ap dung B dé 1 v6i A la ma tran déi ximg thi J la ma tran dudng chéo. Ta c6

M (jw)*M (jw) = B (¢(jw)I,, — PTP~HY*CTC(¢(jw)I, — PTJP~H)"'B
= BT P T(¢(jw)I, — J)*PTCTCP(¢(jw)l, — J)"*P'B (8)

Gia sit A = PJP~! la nghiém ctia bai toan t6i wu sau
min tracel,
st. PTCTOP <Y (9)
trong d6 ¥ = diag(o}). Khi &y,

M (jw)*M (jw) = BT P~ (¢(jw) I, — J)*2(¢(jw), — J) ' P7'B

2
O

(p(jw) — Ap)(P(Jw) — Ak)*

—BTpT diag( )P*lB (10)
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trong d6 A\, k = 1,2,...,n la cic gia tri rieng clia ma tran A. Tit do, ta c6 diéu kien du dé
tinh chuan Hs ctia he DTT nhu trong dinh 1y sau.

Dinh ly 2. Néu ta cé thé tim duoc py, sao cho

Ok

— || <pr, k=1,..,n 11
I < ()
thi
1M (s)ooll < 8 (12)
trong do B la loi gidi cta bai todin BDTMTT sau
min [
s.t. BT P~Tdiag(p?)P~1B < B?1,. (13)

Chaing minh: Néu ta tim dudc pg, k = 1,2,...,n sao cho (11) théa méan thi ta c6
2
Tk

(p(jw) — k) (P(jw) — Ak)

— < pp, Yk, w.
Két hop véi (10) ta c6

M (jw)* M (jw) < BT P~"diag(p}) P~ B. (14)
Gia st 5 1a 161 giai ctia bai toan BDTMTT (13) thi tur (14) ta thu duge

M (jw)* M (jw) < 21, <= [|M(s)oo| < 5. (14)
|

Dinh 1y 2 cho phép ta tim dugc chin trén clia chuan Ho ciia cadc hé DTT c6 cau tric
truyen thong déi xing, tuy vay van con cé mot khoang cach gitta chin tren d6 va chuan Heo
thuc ctia cac he DTT. Trong mot sé truong hop, khoang céch nay c6 thé 1a kha 16n, nhu c6
thé thay trong vi du sau day.

Vi du 1. Xét mot hé da tac t bao gom 3 tac tif v6i cac ma tran trang thai clia cac tac ti
dong nhat, va clia cau tric truyén thong trong hé nhu sau

1 2 3 0.5 08

A=12 -2 -1|, B=|-07 1|, C:[zll ? 2] D=0
3 -1 2 15 2
0.1 0.3 2
Ah_[0.4 _0.2}’ b = M cn=1[0.5 0.9].

Dé tinh chuan Hoo ctia he DTT trén, dau tién ta tinh ma tran . Tiép d6, ta tim chan trén
B ctia chuan He ctia hé DTT theo bai toan t6i wu BDTMTT (13), va thu duge 8 = 11.1557.
Trong khi d6, néu ta tinh cac ma tran trang thai (A, B,C,D) clia cd he DTT, roi tinh tryc
tiép chuan Ho ctia he DTT duya trén cac ma tran trang thai dé6 bang MATLAB thi thu dugc
két qua 1a 3.3363. Nhu vay, ta c6 thé thay chin trén ctia chuan Heo thu duge trong Dinh 1y 2
khong sat véi chuan Heo thuc té ctia he DTT. [ ]
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Vay, mot cau hoi tu nhien duge dat ra la, trong truong hgp nao ta co thé tinh chinh xac
chuan H ciia cac he DTT? Cau tra 15i cho cau héi do 1a dinh Iy sau.

Dinh 1y 3. Néu cic he DTT ¢ Dinh lyj 2 théa man them diéu kien CTC = 172In, n >0 va
ta cé thé tinh

Hmum = pp k=1,.n (15)
thi chuan Heo ctia hé DTT la
1M (s)lloe =, (16)
trong do vy la loi gidi cta bai toan BDTMTT sau
min 42,
s.t. BT P~Tdiag(p?)P~'B < 431,. (17)

Chitng minh: Do CTC = n?I, ta cé

M (jw)*M (jw) = n?* BT P~ T (¢(jw) I, — J)*PTP(¢(jw)l, — J)"*P'B
=BT P T ($p(jw) I, — J) *(¢p(jw)l, — J) ' P7'B
772

(d’(jw)In - J)(¢(]w)ln - J)*

- BTP*sz'ag( )P*lB.

Hon nita n

—————— o = pr, k=1,2,...,n.
Suy ra
2 2

2 ; U
- < Ppln Yw = dzag(@(;@) — ) (0(Jw) — Ap)*

Ui
(o(jw) — Ap)(P(Jw) — Ak)

) < diag(p}).
Tu do ta co

M(jw)*M(jw) < B" P~ diag(p}) P! B = M (jw)* M (jw) < ¥*Ip. (18)

Diéu nay c6 nghia la (suy tit dinh nghia ctia chuan Hoo)

M (5)]loo < - (19)
Mat khac, gid si ||M(s)]|co = 72 thi

772

(P(jw) — Ae)(P(jw) — Ak)
Stt dung phan bu Schur [17], ta ¢6 (20) 1a tuong duong véi cac BDTMTT sau véi moi w

BTP—Tdmg( *)P—lB <21, V. (20)
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2

; n —1
diag ( GG@) ) GG@) ) ) i
BTpT ¥ In

>0

2

. n -1 2 -1 T »p—T
= diog (oS GG ) T P BETP
. 772 -1 2 —1 T\—1p—T
= dios( G eee =) <P BN TP

Suy ra

diag(pi) < 3P YBBY)'P~! <= diag(p})™* > v, 2P~ 'BBT P,

Dén day, 4p dung phan bu Schur [17] lan nita, sé c6

diag(p?)~* P7'B

BTPT  Azr | 0 < 121, > BT P~ Tdiag(p?) P~ 'B. (22)
2 In

Do ~ 1a 151 gidi cta bai toan BDTMTT (17) nén

v <72 = [[M(s)] oo (23)
Cudi cung, so sanh (19) va (23) ta thu duge || M(s)|e = 7. [ |

Dé minh hoa cho tinh hiéu qué ctia phuong phap tinh chuan H. da duge gisi thieu trong
Dinh 1y 3, ta xét vi du sau.

Vi du 2. Xét mot hé da téc tit bao gom 3 tac tit v6i cac ma tran trang thai clia cac tac ti
dong nhat va clia cau tric truyen thong A, B, D, Ay, by, ¢j, giong nhu ¢ Vi du 1, rieng ma tran

C nhu sau
6/5 0 2/6/5
35 V5 —1/v5
—2 1 1

O vi du nay ¢6 CTC = 615. Bay gio, ta sé tinh chudn Heo ctia he DTT trén theo hai cach.
O cach thi nhat, ta tinh trye tiép cac tich Kronecker theo cong thitc (3) dé thu duge cdc ma
tran trang thai (A, B,C,D) ciia ca he DTT. Sau d6, ta tinh chuan H, ctia he¢ DTT duya trén
cdc ma tran trang thai dé bing MATLAB dé thu duge ||M(s)||e = 4.8266. Trong cach thi
hai, ta khong tinh tric tiép cdc ma tran trang thai ctia cd hé DTT, thay vao d6 ta tinh theo
cac buée nhu 6 trong Dinh 1y 3. Dau tién, ta tinh py, k = 1,2,3 dé thu dugc

0.4120 0 0
diag(pi) =1 0 216282 0
0 0 0.2679

Tiép dén, ta gidi bai toan BDTMTT (16) dé thu duge chuan Mo ciahé DTT lay = 4.8266.
Gia tri nay chinh bang gia tri thu dugc theo cach tinh thtt nhat. Diéu nay cho thiy phuong
phap dé xuat trong Dinh 1y 3 cho két qua rat chinh xac. [ |
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3.2. Dinh 1y chinh

Cac hée da tac tit 6 trong thuc té khong phai lic nao cling ¢6 cau tric truyén thong hai
chiéu (graph mo t4 he DTT Ia graph vo huéng), ma c6 thé I cau tric truyén thong mot chiéu
(graph mo t& he DTT la graph c¢6 huéng). Hon nita, ngay ca khi cau tric truyén thong cta
heé DTT la hai chiéu thi sy truyén thong gitta hai tac tit ciing khong phai luon luon déi xiing.
Beén canh d6, cau tric truyén thong ciia cdc he DTT thuong 1a phan tan (decentralized) hodc
phi tap trung (distributed) [13]. Do vay, gid thiét vé tinh d6i xiing ctia cau tric truyén thong
ctia cac he DTT trong Dinh 1y 3 da thu hep 16p cac he DTT ma Dinh 1y 3 ¢6 thé ap dung
duge. Vi vay, trong phan nay sé mé rong phuong phap tinh chuan Ho clia cac he DTT da
dé xuat trong Muc 3.1 cho 16p rong hon cac he DTT c¢6 ma tran truyén thong A c6 thé chéo
héa duge. Khi nay, 16p cac hé DTT c¢6 thé 4p dung phuong phap tinh chuan He, da dé xuét
duge mé rong dang ké. Do A 1a chéo héa duge nén noé c6 thé duge biéu dién dudi dang sau
[16]: A = PJP~! trong d6 J la ma tran duong chéo vi cdc phan tit trén duong chéo la céac
gia tri riéng cia A va P 14 mot ma tran kha nghich. Khi dé

M (jw)* M (jw) = BT (¢(jw) I, — PIP~ )" CTC(¢(jw) I, — PIP™')'B
= BTP~*(¢(jw)I, — J)*P*CTCP($(jw)I, — J)'P~'B
(24)

So sanh cong thiic (24) va (18), ta thay su khac nhau 1a PT, P=T trong (18) dugc thay
bang P*, P~* trong (24). Nhu vay, vé mat toan hoc, ta c6 thé thu duge cac két qua tuong tu
nhu trong Muc 3.1 déi véi truong hop nay, khi ma tran A la chéo héa duge. Cu thé, ta thu
dugc cac dinh 1y sau, thé hién céch tinh chuan Heo cho cac hée DTT c¢6 ma tran truyén thong
A ¢6 thé chéo héa duoc.

Dinh 1y 4. Néu ta c6 thé tim dugc py, sao cho

Ok
————— oo < Pk, k=1,2,...,n, 25
trong do ¥ = diag(oy) la nghiém cia bai toan BDTMTT

min traceX

st. PF*CTCP <X (26)
thi ||M(s)]|eo < a, (27)
trong do « la ldi gidi cia bai toan BDTMTT sau

min o

s.t. BTP_*diag(pz)k:L___mP_lB < adll,. (28)

Dinh 1y 5. Néu cic h¢ DTT (1) ¢6 cac ma tran truyén thong théa man cic dieu kién sau:
A la chéo héa duge, CTC =n?I,, n >0, va ta cé thé tinh

n
—————— o =g, k=1,2,...,n, 2
I3ty e = " (29)

thi chuan Heo ctia hé DTT sé dugc tinh bing
[M(s)]loo =&, (30)
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trong do & la loi gidi ciia bai toan BDTMTT sau
min &
s.t. BT P™*diag(p3)k=1,.n P B < &11,. (31)

Cac chitng minh ctia Dinh 1y 4 vA Dinh 1y 5 1a hoan toan tuong tu v6i cac chitng minh ciia
Dinh 1y 2 va Dinh 1y 3, vi thé khong trinh bay lai 6 day.

Tit Dinh 1y 5 ta thay khi cdc he DTT c6 ma tran A la chéo héa duge va ma tran C' thoa
man CTC = n?I,, n > 0 thi chuan He ciia khi cac he DTT c6 thé tinh duge chinh xéac. Cac
dieu kién nay 1o rang 1a dé chat hon rat nhiéu so véi cac dieu kién vé cac ma tran truyen
thong & trong [12]. V6i Dinh Iy 5, ta c6 mot cong cu manh dé tinh chuan Ho clia cac he DTT,
lam co sd cho cac nghién citu sau hon vé cac chi tiéu chat lugng diéu khién trong céc he DTT,
chéng han tinh 6n dinh bén viing hay diéu khién bén viing Hee.

4. KET LUAN

Bai bao da cong b cac két qua méi vé cach tinh chuan Heo ctia cic he DTT véi cac tac
tt dong nhat. Dau tién, mo ta cadc he DTT ay nhu 1a cac hé tuyén tinh v6i BTSMR. Sau do,
deé xuat cach tinh chuan Hs, cho cac hée DTT c¢6 ma tran truyen thong déi xting, va mé rong
la céc ma tran truyén thong chéo hoa duge. Viéc gidi quyét trudng hop tong quat khi ma tran
truyen thong 1a bat ki sé 1a huéng nghién ctu tiép theo trong tuong lai.
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