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Iterative Hermitian R- conjugate solutions to coupled Sylvester
complex matrix equations with conjugate of two unknowns
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Abstract. This paper presents an iterative algorithm to solve coupled Sylvester complex matrix equations
with conjugate of two unknowns over Hermitian R - conjugate matrices. Necessary and sufficient conditions
are given such that the proposed iterative algorithms converge to the exact solution for arbitrary initial

Hermitian R - conjugate solution matrices Vi, Wi. A numerical example verifies the proposed method is
given.

1. Introduction

In this paper, we use AT, AH, A and tr(A) to denote the transpose, conjugate transpose, conjugate, and the
trace of a matrix A, respectively. The Frobenius norm of A is denoted by||A[|, that is [|A|| = +/Re[ tr(AHA)].

For A € C™", vec(A) is defined as vec (A) = [alTag ------ aﬂT. For two matrices A and B, A ® B is their
Kronecker product. A well-known property of the Kronecker product is for matrices A, B and C with
appropriate dimension vec(ABC) = (CT ® A)vec(B). Let R be an n X n symmetric orthogonal matrix, that
is, RT = R,R? = I, a matrix A € C"™" is termed Hermitian R- conjugate matrix if RAR = A, A" = A. Let
HRC™" represent the set of all Hermitian R - conjugate matrices, that is, HRC™" = {A :RAR = A, AV = A}
where R be an n X n symmetric orthogonal matrix.

Consider the generalized coupled Sylvester—conjugate matrix equations

{ A11VBi1 + CuWDqq + AuEBlz + ClZK/Du =E (1)
A21VBy1 + CyiWDy + A VB + CoWDyp = E;

where A1y, A1z, C11, Cr2, A1, Apz, Co1, Coo € C™*, Byy, B1o, D11, D12, Bo1, By, D21, Doy € €™ and Eq, E; € C™
are given matrices, while V, W € HRC™" are matrices to be determined. Changetal. [10] give the expression
of (R, S) - conjugate solution about AX = C, XB = D by matrix decompositions. Trench investigated a system
of linear equations Az = w for R - conjugate matrices in Trench [12] and min ||[Az — w|| for (R, S) - conjugate
matrices in Trench [13], respectively, where z,w are known column vectors. Bayoumi and Ramadan [4]
provided (R, S) - conjugate solutions for solving coupled Sylvester complex matrix equations with conjugate
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of two unknowns. Dong et al. [9] presented an expression of the Hermitian R - conjugate solution to the
system of complex matrix equations AX = C,XB = D when the solvability conditions are satisfied and
presented necessary and sufficient conditions for the existence of the Hermitian R- conjugate solution to
this system. Bayoumi and Ramadan [3] presented a finite iterative Hermitian R-conjugate solution of the
generalized coupled Sylvester-conjugate matrix equations. Li [11] established an iterative technique to
solve the coupled Sylvester matrix equations 25’:1 AijX;B;ij=C;,i=1,2,...,p over Hermitian R - conjugate
matrices. Bayoumi [5] introduced a relaxed gradient iterative technique for solving coupled Sylvester
conjugate transpose matrix equations with two unknowns. Bayoumi [6] introduced a method based on a
shift-splitting Jacobi-gradient iterative approach for solving the matrix equation AV — VB = C. Bayoumi
[7] offered an accelerated Jacobi-gradient iterative technique for solving the matrix equation AZ — ZB = C.
Bayoumi [8] introduced two iterative methods for solving a complex matrix equation with two unknowns
utilizing a real inner product in a complex matrix space.

This paper is organized as follows: In section 2, we give some definitions and lemmas that will be used
in this paper. In section 3, we propose an iterative algorithm to obtain the solutions to coupled Sylvester
complex matrix equation with conjugate of two unknown over Hermitian R - conjugate matrices, and we
give the convergence properties of these iterative algorithms. Section 4 gives an example to demonstrate
the proposed algorithms.

2. Preliminaries

Lemma 2.1 [1]
For the matrix equation AXB = F where A € C"™, B € C*" and F € C"™" are known matrices and
X € € is the matrix to be determined, an iterative algorithm is constructed as

X(k+1) = X(k) + A"(F = AX(k)B)B" with 0 < < ;=2

If this matrix equation has a unique solution X, then the iterative solution X(k) converges to the unique
solution X, that is, limy_,X (k) = X.
Definition 2.1 Inner product [14]

A real inner product space is a vector space V over the real field R together with an inner product that
is with a map

(L) VXV >R
satisfying the following three axioms for all vectors x,y,z € V and all scalars a € R

1. Symmetry:(x, y) = (y, x).
2. Linearity in the first argument: {ax, y) = a(x, y), (x + y,z) = (x,z) + (Y, 2).
3. Positive definiteness: {x, x)> 0 for all x # 0.

Definition 2.2 [2]
For the space C"™" over the field R, an inner product can be defined as

(A,B) = Re[ tr (AHB )]

Lemma 2.2 [11]

For any X € C™", then X + X! + R(X + X")R € HRC™" where R be an 1 X n symmetric orthogonal
matrix.
Proof

1. [X+XT + R(X + XH)R]H = X + X1 + R(X + XH)R.
2. R[X+XH+R(X+XH)R]R=R(X+XH)R+(X+XH)=X+XH+R(X+XH)R.
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Lemma 2.3
For any X € €, P ¢ HRC™", then (P, XX“KE0R ) — (p x) .
Proof

X+ X"+ RX+ XDHR\ 1 1, om .1, ——
<P, I >=Z(P,X)+Z<P,X >+Z<P,R(X+X )R)

_1 (P, X) + 1 <PH, XH> + i (RPR, (X + XH)>

4

1 1 1)

4(PX)+4(X,P)+—<P,(X+XH)>

1 1

=1 BX+ 7 (BX)+ 3 <P,(X+XH)>
=(P,X).

At the end of this section, we give a very simple fact which will be utilized in the next sections.
Lemma 2.4

For any two square complex matrices A and B, if tr(A) + tr(B) is real, then

tr(A) + tr(B) = tr(A) + tr (B) = tr(A) + tr (B).

3. The Main Results

In this section, we propose an iterative solution to the generalized coupled Sylvester — conjugate matrix
equations given in (1).

Denote fl(V, W) = A11 VB11 + C11 WD11 + A12VB12 + C12WD12,

£(V,W) = A31VBa + Cyi WDy + Ay VBa + CoWDns.

Lemma 3.1

A necessary and sufficient condition of the consistency of the system of matrix equations (1) over
Hermitian R - conjugate matrices is that the following matrix equations

A11VBy1 + CuWD1 + A122B12 + Cu@Dlz =E
AnVBa1 + Co1WDa1 + AnVBay + CnWDy, = Ez
B VAL + DHWCH + BLV Al + DHW'CH =
BHVAH+DHWCH+BHVHAH+DHWHCH— o
AllRVRBll + C11RWRD11 + AuVBlz + C12WD12 = E1
A21RVRB21 + C21RWRD21 + AszBzz + CZZWDZZ = E2
—H —H —H —H —H —H —H —H —H
B11 RVRA11 + D11 RWRC11 + B12 VA12 + D12 WC12 = E1
—H —H —H —H —H —H —H —H —H
321 RVRA21 + D21 RWRCZl + Bzz VA22 + D22 WC22 = Ez

are consistent.
Proof

If the system of matrix equations (1) have solution V*, W* € HRC™" i.e. V' = V*, RV*'R = V* and
WH = W, RW'R = W, it is easy to get that V*, W*are also solutions of Egs. (2). Conversely, if matrix equa-

tions (2) havesolutions Vi, Wy € €™, let V* = 1 [v1 +VH+ R(Vy + Vf)R], W =1 [W1 + Wi + R(W; + W{i)R],
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then V*, W* € HRC"™" and

8452

+ * — —_— 1 _ —
A11V'B11 + CiiW'D11 + A1nV*Bio + C1oW*Dyp = Z [A11V1B11 + A11V{—1B11 + A11RV1RBy1 + A11RV{{RBH

+ C11W1D11 + C11W¥D11 + CllRWlRDH + CHRW_{_IRDH
+ AuVlBlz + Ale_{{Bu + A1pRV1RB1 + AuRV{IRBlz

+ CquDu + Clzw_{{Dlz + C1,RW RD1, + ClzRW{{RDlz ]

1 _ _
=1 [An ViBi1 + CtuWiDq1 + A12ViBio + CioWiD1p

+ A1 V?Bll +Cqp W{{Dn + A12V_¥B12 + C12W_¥D12
+ AllRVlRBll + C11RW]RD11 + A12RV1R312 + C12RW1RD12

+ AnRVHRBy; + CiRWHRDy; + A1RVERBy, + C,RWHRD:, ]

1
=Z[E1+E1+E1+E1]:E1.

— — 1 _ —
A1 VBy1 + CoyWD31 + A VBy + CoWDy, = Z A2 V1By + Aoy V{Ile + A»1RV1RBy; + A21RV¥RB21

+ Cy1W1Dj1 + Cyq W?Dﬂ + CﬂRWlRDzl + C21RW_{_!RD21
+ A22V1B22 + AQQV_{{BQQ + A»RV1RBy, + A22RV{IRB22

+ szWlDzz + C22W_¥D22 + CooRW1RDy; + szRW{IRDzz ]

1 _ __
=1 [A21 V1Ba1 + Co1W1D21 + A2 V1B + CoW1Dop

+ Ao V{{le + Cy W{{Dgl + Azzv{_IBZQ + C22W{{D22

+ Alelele + CQ]RmRDzl + A22RV1RB22 + C22RW1RD22

+ AytRVHRBy; + CylRWHRDy, + A3RVHRBy, + CoRWHRD,, ]

1
:Z[E2+E2+E2+E2]=E2.

Therefore, V*, W* are the solutions of the system of matrix equations (1). So, the solvability of a system
of matrix equations (1) is equivalent to that of matrix equations (2). ]
By rewriting the matrix equations (2) into the equivalent system Sz = b, let

[ Bl ® A1 + BLR® AR DY @ Cry + DILR® CiaR ) [ vec(E;)
B ® Az + BER® AR DY ® Co + DESR® CoR vec(E,)
A ®Bl + ApR®BLR  Ciy®DH + CoR@DER vec(EH)
An ® B + ApR®BELR  Cy ® DY + CoR®DER vec(EH) vec(V)
$=| BiR®AuR+By®A, DpR®CuR+Dyp®Cr | V= vec(Er) z=[ m(w)]
By R® Az R + Byy ® Azy DR ® CaiR + Dy ® Co vec(E2)
A R®BR + A © By CnR®DyR +Cry ® Dy vec(Er')
| A R®By R+ Ap ®Byy CoR® Dy R+ Car @ Dy | | vee(E) |
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We have the following well-known theorem.
Theorem 3.1 [11]

The system of matrix equations (2) has a unique Hermitian R - conjugate solutions iff rank(S, b) = rank(S)
and S has a full column rank.

Now, we present the iterative algorithm shown below for solving the system of matrix equations (1)
over Hermitian R — conjugate matrices
Algorithm I

1. Input matrices A111A12/ Cll/ C12,A21,A22, C21/ C22 S men,Bn, BlZ/ D11, Der B21, Bzz, D21, D22 € Cnxr, LlTld
Eq, E; € Ccmxr,

2. Chosen arbitrary initial Hermitian R - conjugate matrices Vi, Wi € HRC™" where R be an n X n
symmetric orthogonal matrix.

3. Compute

—H——H —H ————=H
Vk+1)= V(k) + % [Aﬁ r1 (k) B + Ajpr1 (k)Byy + AN 2 (k) B, + Ayyra (K)By,
H SRR H PN
+ Bury (k) A11 + Biary (k) A1z + Bury (k) Ay + Bora (k) Ax
— Hi—x — 2 p—

+ RBHVIl_I (k) AHR + RB1or (k) AlzR + RBzﬂ’Iz_I (k) A21R + RByors (k) AzzR .

s
4

—_—H— -  H—
+ D117y (k) C11 + D1ary (k) Ciz + Darrh! (k) Co1 + Daara (k) Caa

—H ——H —H ——H
Wik+1) = W(K) + [cﬁrl (K) D! + oty (0D’ + CtLry (k) DE. + Casrs (K)Ding

+ RCIT7, (5 DELR + RCyo71 (QDysR + RCHr5 (k) DER + RCyyra (D3R

- ——5— - ———g—
+ RDHTI{I (k) C11R + RD1pr1 (k) C1oR + RD211’§I (k) C21R + RDgry (k) CoR .

where

r1 (k) =E1 = fi(V(k),W(k)) = E1 — A1V (k)B11 — C11W(k)D1y — A12V(k)B12 — C1oW(k)D1,

ra(k) = Ex = fo(V (k) , W (k) = E2 — An1 V(K)Ba1 — Cot W(K)D21 — AzaV(k)Baz — CoaW(K) Do

4. If ri(k + 1) = 0,ro(k + 1) = 0, then stop and V}, Wy are the solution; else set k = k + 1 go to STEP 3.
Theorem 3.2
If the system of matrix equations in (1) has a unique Hermitian R - conjugate solutions pair [V*, W'],
then the iterative solution pair [V (k), W (k)] given by algorithm I, converges to [V*, W] for any initial
Hermitian R - conjugate matrices pair [V (1), W (1)] if
2
O<uc< o (3)
with
H = lAnlPlBul? + 1AwlPIBial + A2 IPIBaall* + 1Az Bl
HIC1lPID1 | + ICo2l PID 12l + [IC21 [P ID21 I + ICo2l PID 2 .

Proof
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First, we define the estimation error matrices as

&(k) =V (k) - V* and & (k) = W(K) = W* fork=1,2,-- .

Since V(k), W(k),V*, W* € HRC™", we have

R& (KR = RV(KR = RV'R = V(k) - V* = V(k) — V* = & (k)

R&(K)R = RW(K)R — RW'R = W(k) — W* = W(k) — W* = & (k)
&)= Vil -V =V - V' = & (k)

k) = WH(k) - W = Wi(k) - W* = & (k)

These demonstrate that &; (k) , &, (k) € HRC™"

Denote
Z1(k) = Ané&1(K)Bi1 + Cri&a(k)Di1 + A12&q(k)Baa + Cia&a(k)Dia 4)
Za(k) = Ap&1(K)Bay + Co1&2(k)Da1 + A&y (k)Bay + Con&a(k)Dyy 5)

Utilizing the above error matrices and Algorithm I, we can obtain

—H————H —H ————=H
&ik+1) = &i(k) - % AT Z1 (k) By + ApZy (K)Bya + A3 Zo (k) By + Ay Zs (k)Byy

—_——FH— - H—
+B11Z (k) A1y + B1oZy (k) A1z + BnZY (k) A + BnZs (k) Axn

- s — S — H——n (6)
+ RByyZF (K) AR + RBiyZ; (K) ApR + RBynZB (K) AnR + RBnZ (6) AmR |
—_H———H —H —————H
Ealk+1) = &k) - % ClZy (k) D + C15Z1 (k)Dy, + C5L Zo (k) DR + CpZ5 (k) Doy
—_——H— - H—
+D11Z (k) Ci1 + D12Zy (k) Cia + DnnZY' (k) Co1 + D Zs (k) Coo
7)

e - e
+ RCH Z; (k) DILR + RCyyZy (QDysR + RCE- Z5 (k) DY R + RCyy Z7 () Dy R

_ N — _ — — H—
+ RDHZ‘? (k) C11R + RD1,74 (k) C12R + RD21Z12_I (k) C21R + RDx» 7, (k) szR .

Now, by taking the norm of both sides of (6) and (7) and utilizing the following facts for two square
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, we have

complex matrices tr(AB) = tr(BA), ||A + B|| < ||A]| + ||BIl, IRAR]|| = ||A|| = A
P

€10k + DI = Re (tr (£ (k+1) &1 (k + 1))
= Re(ir(2 (9 &1 (1)) - £ Re (tr([ {7, (k) B, + AiZ1 (Bys + A% 7, (k) BEL
+ Ay 75 (0Ba + BunZH (K) Apy + BaZi 6 Apa + BuZL (K) Asy + BnZs (K) A
+ RAR Z1 (k) BILR + RAyy Z; (OBysR + RAE Z5 (k) BELR + RApZ; (MBysR

+ RBy1 Z (k) AR + RB12Zy (k) "AR + RBy; ZE (k) Az1R + RBy Z5 (k) " AARIE () ))
(8)

[HA 71 (K)BEL + A1y Zy (OByy + AR Z, () BEL + Ay Z ((Boy + BuZL! (K) Any
+ B1pZ; (k) A1y + BnZ (k) Az + By Zz(k) Ap + RAYZ, (kB R

2}

— _— [
+ RBuZl(k) AlzR + RBleg(k)AﬂR +R BzzZz(k) A22 R

Applying properties of the trace of a matrix, one has

Re (tr([A Z, (k) BE + A1221 71 (0B + AR 7, () Bl + A22Z2 G B ZH (k) Ay + BnZi (0 An
+ By ZH (K) Ap + BnZa () A + RAT Z, () BAR + RAy>Zy (OBjgR + RAE Z, (k) BAR + RApZ, (OBasR
+ RBuZ () AR + RB12Z; (k) AR + RBy ZE (k) AR + RBnZa () AnRITE; (k) ))

= Re (tr(Z (9 Anéa (9B + Z1®) Avsts (0 Brz + 78 (0 Anés (0B + 72 () A (9 Bz

+Zy (k) By &1 () A + Z (k)BuEl (k) A12 + Z5 (k) By &1 (k) A, + Zo (k)Bzz& (k)Azz
+ ZH (k) A11R&1 (k) RByy + ZE (k) ApRéEq (k) RBya + ZE (k)A21RE; (k) RBy
+ Z} () AnRE (k) RBn + Zy (0B RE: () RAy, +Zy (k) BILRE; (k) RAL,

+7Z (k)B21R51 (k) RA21 + Z5 (k) BE,RE; (k) RAL, ))

=4Re (”’ (Z?(k) (Anél(k)Bn + Alszu) + Z4 (k) (A21(Sl (k) B + Azszzz) ))

Substituting from the preceding relation into (8), gives
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€2k + DI = 12 (I — 2uRe (b (28 (0) (An 1 (k) By + A&y ()Bra) + Z4 (k) (A &r (6) Boy + A&y (K)B22))

2 —H——F—H —H ——F+——H ———FH—
+ %[”AﬁZl (K) B, + A1,Zy (0Byy + A% Z5 (0) BYL + A30Z; (K)Bay + BuZt (k) An + BraZy (k) Ara

|

1E1( + DIP <IIE (O - 2uRe (tr (ZE (K) (An&r (K) Bu + Arnéy (0Bi2) + Z (k) (Azé1 (K) Bay + Ay (0B22)))
+ 12 (A0 PlB P + A2 PIBaal + A2 PIB2 I + A2l PI1B2IP) (121 (I + 1Z2 (0))

- H— _ —H— e —
+ B21Z? (k) A + By Zz(k) Axp + RAll_Ilzl(k)B{IlR +R AiZl(k)Bi R + RAZZz(k)BI;lR
H————H e —— —H e — —H 2
+RA»Z(k)ByR + RB11 ZH(K)A11R + RB12Z1 (k) A12R + RBy ZH (k)AxR + R BZy(k) Axn R

©9)
Similarly to the above, we can write

€2k + DI <l1E> RIF - 2Re (“’ (Zf (k) (C1152 (k) D11 + C12mD12) + 73 (k) (C21‘£2 (k) Dy + szszz)))

+ 12 (ICuPID1 I + IColPID12l + IIC2lPID2 1P + ICa2lPID22IP) (121 (R)I + 1 Z2(K)I)
(10)

From (9) and (10)
Ex(k + DIF + l1E2(k + DIF <l WIF + 162 (01 = 2Re (¢ (22 (k) (A11&1 () Biy + Apnéy (QBra + Ciaéa (k) Dy
+C12lez) + 73 (k) <A21 &1 (k) Ba1 + A&y (K)Baa + Ca1& (K) Doy + szszz) ))
+ (”AH”Z”BH”Z +|Ax2lPl1Ba2ll® + A2 P1Baall* + 1Azl *(1Boal* + [|Caal Pl D1a |
+ICoPIDIP + ICIPIDAIP + [IC2IPID2IP) (I1Z: (IE + 1Z2(K)IP)
Define the non negative definite function (k) by:
n(k) = & R + 12061
From the previous results, this function can be computed as
n(k+1) = llgnk + DI + g2k + DI
n(k +1) < n(k) = 2uRe (tr (28 (k) Zy (0) + Z& (k) 22 (0))) + p2EUZOIF + 1Z2(0)1) (11)
where

2 2 2 2 2 2 2 2

H = |Au1|FIBu1ll” + lAw2lI°lIB12ll” + [[A21I°1B21 ™ + | A2l B2l
2 2 2 2 2 2 2 2
HICHIFIDuI® + ICIEID I + ICall71D21]l” + [|[Conll7[1D22 ||

ne+1) < k) —2u (I1Zy O +1Z2 OIF) + 1 (H) (121 ®IF +1Z2 RIF)

N+ 1) <060 =200 (1= §H) (11 I +12: GOIP)
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k k
M+ 1) <09 -2u(1- S ) [Z 121 (I + Y 1Zs ()l
m=1 m=1

If the convergence factor pis chosen to satisfy (3), then one has

Y NZam)IP + Y 1 Za(m)P < oo
m=1 m=1

Since the matrix equation (1) has a unique solution pair. It follows from the definition (4) and (5) of Z;(k)
that
limié1 () =0 and limi_eéz (1) =0
Or
limi_oV (@) =V* and limioW (i) = W*
This completes the proof of the theorem.

4. Numerical examples

In this section, we will give two examples to illustrate the effectiveness of our Algorithm I to solve

generalized Sylvester matrix equations (1).
Example 4.1

- 2 14 i 0 —2+1 ] -1-i 2i —i
Given A1 = 0 2i -2-1i , Ay = -1 =31 1+i LA = 1+2i -1 —i
3—-i 1 -1+1 2i 1+2i i -3i 0 2
i 241 0 - -1-i i 3 —2i
,Bu=| -3 1+4+i |,Apn=|2-2i 1 2+i |, Cpu=|1-i 2+i -1
| 0 1 1+i 1-i 3i - 2—-i 1+
[ 0 i 1+i 1-i 2+i 1-i 2+2i
,C21= —i 1 2i ,3212 1-3i —2i /Dll— —i 0
| 1-i -3i 1+1 0 0 0 -1+3i
-1+i 2+2i -1+i -2 0 =3
, Dy = —i 0 ,B1p = —i 1-i |,Bp=|1+i 0
-3 1+3i 2+2i 0 0 2—i
0 2—1i =3i 2+1 =3i 0 0 —i
,Co=| 1+i 2+2i 0 ,D1p = 0 0 ,Cpn = 2+i 1-i 5 ,
-1 0 —2+1 1+i 3 2+2i 0 -3
0 —i 20+ 18; —187 —125i 48 + 14i 11 -29i
Dyp=| 14i 2-2i |, Ey=| 114438 —179+13i |, E,=| —46+16i 155+ 217i
-14+3i —i —46 —86i —75+ 63i —112 +58; -18 + 1361

This system of matrix equations (1) has a unique Hermitian R - conjugate solution of the following form

-8 -3-3i 3+43i
3+3i -2 4i
3-3i 4 -2

-12 3-7i 3+7i
V=

W= 3+7i -2 —2+4i
3-7i 2-4i -2

We apply Algorithm I to solve generalized Sylvester matrix equations (1). When the initial Hermitian
R - conjugate solution matrices are chosen as

4 244 2-4i 4 —1-3i -1+3i 100
Vi=|2-4 2 6i |, Wi=|-1+3i 0 4+4i |,letR=|0 0 1
2+4i —6i 2 “1-3i 4-4i 0 010
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Figure 1: the convergence performance of Algorithm I

According to theorem 3.2, the Algorithm I is convergent for 0 < u < 6.45 x 107*. We can see in fig.1 that
for u = 6.45x 107, u = 6 X 107* and p = 5.5 X 107#, then the iteration stops at k = 1805, k = 1941 , and
k = 2117, respectively. Define the relative iterative error as

IV(k) = VI + [W(k) — WP
k) =
U \/ IVIP + W2

From fig. 1, it is clear that the error f becomes smaller and goes to zero as k increases. The effect of
changing the convergence factor y is illustrated in fig. 1. As we can see, the larger the convergence factor
u, the faster the rate of convergence.

Example 4.2

This example illustrates the theoretical findings of algorithm I for solving the matrix equation (1) with
the following randomly produced matrices
Given Al=randi([-5,4], 10, 10)+i*randi ([-3,5],10,10) , A2 = randi ([-6, 3], 10, 10)+i*randi ([-4, 5] , 10, 10),
E1 = randi([-3,1],10,10) + i = randi ([—6,1],10,10) , E2 = randi ([—4, 2], 10, 10) + i = randi (-5, 4], 10, 10),

C1 = randi ([-1,5],10,10) + i = randi ([-2, 6], 10,10),C2 = randi ([-2,6],10,10) + i * randi ([-1,7], 10, 10),
B1 = randi([-7,3],10,10) + i * randi ([-4, 8] ,10,10) , B2 = randi ([-6,7],10,10) + i * randi ([-5, 4], 10, 10),
D1 = randi([-3,1],10,10) + i * randi ([-8, 4], 10, 10) , D2 = randi([-2,5],10,10) + i  randi ([-7,0], 10, 10),
F1 = randi ([-8,1],10,10) + i = randi ([-3,7],10,10) , F2 = randi ([—6, 5], 10, 10) + i * randi ([-7, 3], 10, 10),
C12 = randi ([-4, 6] ,10,10) + i * randi ([-6, 2], 10,10) , D12 = randi ([-5,4], 10, 10) + i = randi ([—4, 5], 10,10),
C22 = randi([-3,6],10,10) + i = randi ([-3,7],10,10), D22 = randi ([-2,4],10,10) + i = randi ([-8,5], 10, 10),
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Rk, k)= (-1, k=1:n.

If we choose the Hermitian R - conjugate solutions V, W of the matrix equations (1) as follows
v=randi([-2,5],10,10) + i * randi ([-4,4],10,10) ; w = randi ([-3, 2], 10, 10) + i = randi ([-5, 3] ,10,10) ;
V=0v+9"+R@w+09)R,W =w+w + Rw + w)R.

It follows that from the complex matrix equations (1), we can calculate E;, E,. When the initial Hermitian
R - conjugate matrices are selected as V1 = eye (10,10), W1 = eye (10, 10). We can seein fig.2 that the iteration
stops at k = 5903.

063

0.5 3 -

04 -

0 1000 2000 3000 4000 5000
lteration steps

Figure 2: the convergence performance of Algorithm I

5. Conclusions

An iterative algorithm is constructed to give Hermitian R - conjugate solutions to coupled Sylvester
complex matrix equations with conjugate of two unknowns. We have established the necessary and suf-
ficient conditions for the existence of Hermitian R - conjugate solution to system (1). our future work to
determine the optimal value of the convergence factor u. We test the proposed algorithm using MATLAB
and the results verify our theoretical findings.
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