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Abstract

Structured mapping problems have occurred in many engineering applications due to
their close relationship with the nearness problems involving matrices. These problems
have been studied extensively in the literature. When the mapping problem is inconsis-
tent, the Procrustes problem (least square solution to the problem) has also been studied
over the years. These problems have been studied for various structures arising in the

stability analysis for port-Hamiltonian systems.

An explicit solution (necessary and sufficient condition, characterization, and map-
pings with minimal Frobenius norm) to the dissipative mapping problem is derived. The
minimal-norm dissipative mapping is then used to determine the distance to asymptotic
instability for dissipative-Hamiltonian systems under general structure-preserving pertur-
bations. Motivated by the perturbation analysis of port-Hamiltonian systems, a doubly
structured mapping problem has been defined for various structure classes that include
(skew)-Hermitian, (skew)-symmetric, pseudo(skew)-symmetric, pseudo(skew)-Hermitian,
positive (semi)definite, and dissipative matrices. These mappings are then used to es-
timate eigenpair backward errors of matrix pencils with block and symmetry structure-
preserving perturbations. These pencils arise in the passivity analysis of port-Hamiltonian
systems. If the dissipative mapping is inconsistent, then the dissipative Procrustes prob-
lem (aka non-symmetric positive semidefinite Procrustes problem) has been studied for
the matrix equation AX = B, A, B € R™™ in variable X. A semi-analytical/algorithm

has been proposed to solve this problem with the desired accuracy. This algorithm also
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applies to solving the complex non-Hermitian positive semidefinite Procrustes problem,
where X, B € C™™. The efficiency of the proposed algorithm is illustrated in several
numerical examples. A modified non-symmetric positive semidefinite Procrustes prob-
lem has also been studied for matrix equations AX = B, XC = D in variable X, where

A, BeR™ and C, D € R™™,



HIY

AR O 31 e T FAEATIN & ATY 3o Gfiss HE o HROT F3 ST
3TN F ERAT AT FHEAT o] g‘s"%l aqifecd & goT AT & faEgd
3TETTT ThaT IAT §| ST ATATIAUT hT THEIT I Il &, df auT T Wshecd THEDT
(THEIT T A J ha I GATHT) 7 3 3reTTT H7ar a7 § 1 M- Pociaaa Reeca &
T fEar [AeVuT 7 3cueaT gle arell [afdeat TRIAT31 & foIw s GHEAT3 7 37eTqT=T
fRar T gl

faaeaTRT AT FAEAT & foIv T TUSC HATHTE (37923 3R g feufd, aaor
auTe, 3R FGTAH HITHAIH AES & WY ATAIF0T) YIed R a1 § | AT EXs1T-
HETOT &S & gl TaueThRI-giAee sl JuTferal & T Furifene 3fEuRar & gt
fAuiRa = & O SgAaa-AS 39egy AT &1 3uANer fRar Srar g1 9
giAectae yonferat & Tsasy faRalwor & 9 gre, Tafiest GXw=i quif & ferw ves arger
R AARET @@ear & 9IReg fhar 1 § oad (oken)-efAfeas, (fokon)-
AR, S (faven)-gAafad, oeA(faven)-sfAfeas anfAa g1, gricas (31d) AfRad,
3R Taeaery AfCFT| 57 AGRAVI ST 3T dF sdlich IR FATIAT IAT b 1Y
AT GTEel o STTUI Johars TR T ITHTA ofaTle o fIT FohT STTclT §- TS 2l ETETc
T A AT E-gfAeeaua RTed & AfSHaar eevor & 3cueer gt &1 afg
faaecARRY ATAREUT 39T §, df fauecAsRY Uisheca FHET (3% IR-TATAT AhRIcAS
3Y-TARTT Uishecd THEaT) F1 31T Afcaa TP AX = B, A,B € R T X & TorTw fohar
AT § | T I-TAVUTIcHS / TeaRUFA Fl ifd TérehdT & AT SH HHETT I gl Flal
T JEAT fera ara §| I ToanReH ot

R Sifeer IR-gTATT HeorRTcAs 8- AT WishecH HATAT I T kel & TIT ATeL
gIarg, ST8T X, B € C*n,m| YEATIAd TN R2H FT &TdT s TEITcHS 3eTg0l H IRT§|
AfeTFa AU A X= B, X C = D & W X H Ueh AT IR-GATAT ThRIcAs 3re)-TARRaa
T 1 oY 3reTTT fhar IR §, STET A, B € R2m,n 3 C, D € RAn,m|
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