
~;11 * tJfJI it : 
M#J7tfi¥i! 
Linear Systems Theory: 
A Structural Decomposition Approach 

-----,r-----' 

X a 

Ben M. Chen , Zongli Lin , Yacov Shamash 

~*· #*~ ftM~ · ~~ffi @ 



~tt~~JJ!it. : 
M~'ltMi! 
Linear Systems The~ry: 
A Structural .Decomposition Approach 

~*· ~*~ 5M~·~~~ @ 
fft~@) 



Translation from the English language edition: 

Linear Systems Theory: A Structural Decomposition Approach, by Ben M. Chen, Zongli Lin and 

Yacov Shamash 

Copyright © 2004 Birkhiiuser Boston 

Birkhiuser Is a part of Springer Science+ Business Media 

All Rights Reserved. 

*~~)C111Jf*~Ri¥r.&m•IESl·#~01fJtt~tifiJ;*-~Ifir.&ti:t£~iJ;A~~llliEJ.lPi<~i!!ffi~IE 
.ffjl •• (lt-fjpJfii.tlK lll~ IE fl'~Jti20J!U~Ifir.&~fi. *~Iii fi:#Bi$t~ iti ilf"iif, ~~ !;.(fffiiinl::t:l 
~~UP~*~tl<Jfffiii$?t. 

·\ 

*~~-M-~$*·~-tt~~~-.~~--~~··o 
JI~Hf· .•tt~Jto -~·jllt!i!: CU6-6l78l989 1350ll56678 13801310933 

lll~t£11&. ~ (CIP)Itjl 

~tt~~ll~: ~~:frffH!/<fif1JOJlt)~*~, (~)#*~J, (~) ffl !blflt=; $~~. -~t 
~: m$::k~mJl!H±.2oo8. 2 
~.«W-X: Linear Systems Theory: A Structural Decomposition Approach 

ISBN 978-7-302-16367-1 

1. ~... n. <D~· .. ®#··· ®ffl ... ®$··· m. ~tt~~ll~ IV. o23L 1 

lf:lOO.Il&*OO~trr CIP 1'.£~~~(2007)~ 168920% 

.ff •• :£-~ 
·f£~~:13 If 
·f£~-:~.R.Jl. 
~ 11 a tT , tlf iJ; k'F Iii r.& *± 

http://www. tup. com. en • II: 100084 

c- service@ tup. tsinghua. edu. en tt ,;. 411.: 010-62770175 ·-~-: 010-62786544 

~-·-: 010-62772015 .p •• : 010-62776969 

~ • •= tlfiJ;*~~;41 
• n •= .=:fiiJmiiUUurr 
& M:~!EifiJ;~JiS 

*" *= 175X245 ~ •= 22.25 ~ It: 479 T~ 
II ~ , 2008 ~ 2 ~ ~ 1 !.& ~ ~ , 2008 ~ 2 ~ jfH ~~ill 
~ It: 1-3000 

lE 1ft: 39. 00 jG 

*~~;(f:t£)C~~tlf .11~ ,~9{ ,iJj9{ ,Jt9{~~~1Dttlii111 ,if!3~~*~1ilr.&tl 
lfillli'!l!SllX~illl~. llX~It!~: (010)62770177 ~ 3103 f'.fn-~: 025697-01 



~;Aq1Ji.. 11:*ii~~ 9=' wx.&.~~ 
11ft iil 89 -Ef}:-~ Jill *-. ~ 



. ~~~~~~~M••·•tt••~~~-n~••~~~~~~~~~~~*~ 

~M.•tt•m~~.~~~M£~~A£•tt t~-±~~A-mtt~~ffl~~-A~ 

mtt.KAA~*M·Q~~~~~-~~m~~~~~-~&•.~·~*ffl~?tfii 

A~M*ffl~---~~~~.Q·ft··~~~~~~~~m~T~~-*~3AM 
~ ~ JL 1'?t ~, § 15". tt. m ~ ~ ~ ~ ISJ ft.",". tt ~ m ~ JL,fiiJJI ~,, ". f£ * m ~ f-t ~ 
~~"~"•tt•ma<J$~:fi!ijl~:1Jr!"~.im1itiA:1-rEflllt,{~~~~~IA~7Jr!#iJ~T 

•tt••~~~~JL1'£~~7!. ~:;$:~(Ben M. Chen) ·~=f}L·~~:l!:;f.:i=fF~~X 

Jl& (( Linear Systems Theory: · A Structural Decomposition Approach)){£ 2004 1f. EB 

Birkhauser til !l&Util !l& ~#~~til Jl&jjJ t:l i5i:l'*4f· ti *--~ ie ~ ~-trlf?t 5i:.Ylfli~ i.* 
"•tt••~~~*•rt."~mt!t~m~. 

:;t.: ~ ~~ 'L' ~ 'fi. ~~1• tt * m '51 A~~ ffl- fit M 5E ~ ~ J5 ~ ~ * -~ ~ ~ ~, ~ z 
x-t * mtli#il~$tti:"1f ~~&~ -~~t1il ,tr:tinr ~~#il ~ .&~~~&~ -~~#il"~~ w *•. 1f£Jit 
·-~~~~~MT*~~~ft•tt•m~·~~~~1J~.~~F~W~.1J~m-~ 

m.~-•~m~a®*~~-•~-~.m~~~~~til~1'~~~~#il•~~~#ila 

:1Jf!,~~~-?t~~'fi.ffl~A1fmW~JiJ-tt~~~-tt.:i!flt~~?t-r!zM~1f 

-~~~.~Q~~~~~~~~nr~tt~:1f~~¥m.~nr~~~M~~±:fl•~H~ 

•tt~~*-•~~5£tt,tt~~•wtt.:;t.:~~~'fi.ft?t•~:i!fl'*•~~*•rt.~~m 

a•±~r~tt~•m?tfi~-ft±~:1J~tt. -1'~B~M~~.~:;t.:~~~~~ 

10. 2. 2 M~:lf- A<J!~f$, Q:J!flt~~#Wf ~#il r, JiJ ~1m ljiiiJJ T ~ f8 :1R til :$'6 WI. JtjJIJ!'Il~ 
~~~Hz ~lfi!J~ H~ ~lfi!H.:J..&tlt;/JWH/Il~fli!JZ.ISJ~I:t.JQ.** · ~1f:;f.:~~m~.~,~l:. 

m~~~~Q•tt••~~~~~~~~¥•±~.m~~~~tt••~~~e:fl~i!. 

:!m"•tt••~~~~ISJrt.", "•tt•m~JLfiiJ:1frt.", "•tt•mB'~ $~:fi!Ji~:1frt."~. 

"•tt•m~~#i!?t.~"A:fl:1f~m-tt,If.!ll1r~tt~~~:f£it'WfJL±~$it·~~ 

~tt.~. 

*~~m~,~'fi.~~•*mm~~tF~.&~fttF~$1F*Q*•~~M~~~~ 

•. ~~Q~*~ft~20t!t28o•ft*Q$§Uffl~*~*-~±~&AA~.~~e 

~~-~M~tt•m~:i!fi'M~~~J5~~·-~#il~-.~Jitff~T~@~ft#IA 

*ii. ffM T "~x tt ¥ m ~~f1il 7HI¥ ~,~~~. 1f~:i!flt:IJ~ff~~tt~ 16 a~m iiJ ;ltftkrllfi!J 
• ~, :tlll H 2 ~ jfilj ~ H ~ Fi iliiJ ~. ft fO ~:;$: ~ ft ~ ~ i,R ~ 1993 1f l:. $ 1f , '}]~ ~ ftl!. f(]IJ f(]IJ Q ~Jl 

~ffl~*~Em?t~~m•ff·~~.®ft~~M~M=~~-·M·~~~~.~~~ 



N 

A*Ja tt:Sl..®1:J.J¥:.Fii*~~~Jt~fll~89L!Jl~, =fi!it.llt~iP- -~~, :Jf JAJitE!1r T ~JJ89 
~M.~~~~~W=f##89~fflM~~~-001r*.J¥:.ff~~.~JitZ~&-··M·~ 

M89a*.&~:l!JA~~~~®,JtffM~m®T.Ta~*·89~MM~89~~~89 
*-~~~~.:JfffM~W-~~MM~*·~~~~~@ffl~~k891~ttfn*•*~ 
~-g. k89~5&t'i. 2003 iF:W ·~*~~ = til~~:Jtl& T*~?tf::t1:&89-f-f?lli, :Jf:ili#JtM 
~f?lli•n••.JtM.llt~89~*~~•m:l!a•®~•·~•T-@~~tt89•~~E! 
i)(9~, :lli:1:J~ A iWi ~ 89 -~ .1At:l!i!~ilf.'*#att * -{!!!~ 9=' -~~* j:~~.J¥:.~"a 
tt*•89~~*•1!"89~J&. Jill.~ .~'**~~~89•flm~-r ·*~ 89 .P::tlltH~~;.t iWi 
~-~fi~:Je~&:Jf~~wJ:&,~~£~89oo~~fi®•#~~m~~~~~matt~• 

89~MM~89®~~89*·~~~~.~W-®~m•tt*•89~~*·1!·~~i!M*• 
~~*·1!~iSJ'JHil!~k891~ttfn*•*~~~-g. k89~~tt, :Jf~~m .lit~ 91 £~ 
M~#89~~.~;.t~~~M~1!89·-~~~~ff~.Jt~.~&~~:J!WJ:&*~~~J:& 

~~-~89•@,w~~~~~&~:l!*~89~til~#fi~Mm89. 

~*~.P~J:&WJ:&Z~.~1:J*~~-~#®Jt~¥M~89~*~~~.-~-*~ 
9r !!Z, 1:1 * ~ 9=' ::tJ:&~ -~ ff, Jt § ~ ;fifAL.J¥:.~, m~ **, .m,~ N ~, ~13.~ J&k oo -@ :t 
"¥ !;,t 1:1 ff 0 

~kif :.tttt 
2007 ¥ 7 JJ =f:lt:JiO~$*-J¥:. 



••~=~MttMftn~~~~~~~-~~•tt••••~~~m . att•m~ 
=~~~~~~~~~m~T·-~=~~tt.®R~~~~&~~~-~~~#~~ 

~~.a~•m·=~~~~~•••*~d~~~••·~~~-•~&~nz~~ft 
~~~~~~-m~-H~T·-~=~#tt.~--~M~tt~~~z~~H~~ 

•·~•n~~~-A~~~&~~~Mm~~~--~~~~~m.~®~~m~•~ 

-~~-#§5~&~•-••=~~~~~~&~~~-#~~mm&&RB~•~ 

* ~ m !£.. ili*, = ~ *~ ~ tt:.~ B i~.~~ 11t r-rz ft!•A•mm ~~~~ tt • mt£ilitJ ~ i~ rr . 
*~~§~•••••w~tt••~~~~~*•·m~•H~••~~~•~• 

tt.M~*•**ft!~#~oomm~•~m~M~mff•~-•n~~-~~-•~• 
li=l rti*m. ~~ ~~~tt7"C~mft~Jti9l~~tt~~~~~; x!Jgi9J~x~~~ ••. ~ (I{J 

~~~ttm -xr~~ffl~ .--t-~ft~~msi9l~~~~ . ~ - 1-~il~ :ll ~~ilitJ~~ ; ~~ 

~~••·~~~~Mttm--t-~~~~·~~~~~•*~~.an&•~•~tt• 

~--.~~=~Mttm-1-~~li~m~~-~~~=••*R~~-"~ft!•~" 
~~~MW. ~".&~~~~-tt~-~~-"~*·ft!·~"~--~-~~ttz 

IBJ~~~**· 
*~00~~--~MMR~ .~-~~mm~I~~.~&-mft!~~Ifi~~-

~&RA.OL ~*~~-~i:J:firp ,ft1fln OO~iiJ fl d-~. 19T~:t ·~*~~:TfMI$*, 

~OO@~T~~~~~~att•m~~~~~~~-~~~~.--~~WW®.ttft 

fl .• tt.mft!~ilitJ~~~~iilllr.tUR . 

lltr~UL~-WMBiit~$§tJiffl~::k~fi~ ChinS. Hsu ~~--~iM~, ~1-tft 
$§~ffl~::k~*~"~~T~~~~ffl-.~~·tt•m~~~-~ i9JR~~ . M 3 

·~-®·~~-~*li=l~~/9T-·~~~-~ft!~~~.lltr~Ul:~-~-··$!i~ 
ffl~::k~~ Ali Saberi fi~ft!~~~~gyffl~~~Wf::k~~ Pedda Sannuti fj:~.~-~ 
$!i~Jiffl~::k~J)(-1t±~Ul:MIBJ~~i!J T f1!!1f1 ~ Film-'¥f, ~f1!!1fl refttfl '71 AT. tt * 
-~~~f;f-~<SCB>~~.~~*~~*i1l$*· M =&~•~•w Ali Saberi fi~.~ 
~re~- '71 AT l!1-&R~ ~ # R~ lf!M 1¥1 it~. M -Ul:~ -~~ §JIJ.iM Pedda 
Sannuti fi~~-~l4~~lf~OO~M~~xffl'm-'¥f . M=Ul:~1-t~~·iM:ltJ¥-~ilitJ.T. 

fiHR~~F·-~~.~M~-~~~~~ft!-tt¥m~~~OOmfiTF~I¥J~- . 

~:hll~OO~::k~I¥JXIJ~ f%)16~~*~1¥1 MATLAB I.A~~7td~W T ~~ , ¥!j$ 

*~•*~fl~~~m~~~~oo•~TM•.anil~~*••-•n~~••~~ 



VI 

:l1t IN JZ ::k ~ l'fJ f* ~fH* ~ tl , ~ ItT~ ff ± , .fi1 IN fh ff ± , fPJ :tR: ~ ff ± ~ fPJ ll,ij $1!f ± o ft ffl ~ 
ffff1JO:f1t IN .ll.::k~l'fJ**~~fl, ~ IN1~ E f'WffH llPJ ~ tJf1~ E f'Wf::k ~ l'f1 Frank L. Lewis 
~~ ,il::kttJW.m~:;$:::k~l'fJ Iven Mareels ~~ ,1Jn.::k@-~IHI~::k~l'f1 Mehrdad Saif 
~~:ff :ctit~:ff ~l'fJ~;;f(iti~ ,:t£Jit*:~~iM o ~iMt~r1lo:l1t IN JL *~, ~ 1I ~ ~ ::k ¥: , ~11 
~~~::k~E•*~~ftfi& ~ l'fJ¥•m~I~mmTtt•~*~ o 

¥J1J£~1¥J .:E#.lil Williams. Levine ~rlMftff1%~:i!*~~T T mtRI'fJlUlb 0 ft 
flliE~~iti Birkhiiuser I'I"J#i.fCJ .~}Jij;Ji1: Thomas Grasso%~~ Seth Barnes %~Mft 

tnl'f1 !411Jl I~ Frr • m l'f1 'i: Jt m I!f1 • 
:liFo, ftff1JH~ lJl, ~ rp Ffr§f.S l'fJ 4lt-t-~ r!me ~~§;~{£ MA TLAB *JjfF l'fJ~~ tt ¥ 

~IJ'Uft rp o · ~:#ItT t;1 {£ http: I / linearsystemskit. net ( !il(; http: I l hdd. ece. nus. edu. sgl 
~ bmchen/) 1: m¥1JIJUft l'fJ beta /1&:;$: o :i! -1'- IJUft :m-t& :ff I!fJ r f:II!.M ~ rp & f!ll *:fJT ~ii 
itlf:r!l'fJJ.iilffl o M r jj~ ~E. t~ :ff 1f! M II&:;$: l'fJ 1f ~@ l'fJ ii :#, I!P IE Chen< 1988 )[!?] ,Lin 
< 1989 )[84 J ~ Lin~< 1991 )[9oJ Ffr11lli l'f]~~~ttT-¥< SCB) ~Jill.*Xftj:, ftffllli5L!J!tlf¥1Hiltlf 
/l&l'fJIJUft o ~~~ttT-¥<SCB> ;li1::;$:~Ffr§M l'fJ~ftJ1t*frrlHt;;f(z- ,tlf /l&l'fJ IA~ :Ji1: 

¥r Chu ~< 2oo2> [36
] :il:ifr~*:l'f11!1lo~~ l'fJf(ftHtJ!t::/Jr!, j:) .&;;$:~ rf1 JiJT1l-m l'f1tli1Jr! 

*~Jill.l'fj 0 

:;$: ~ :Ji1: ~ :# * ffl LATEX ~~II& o Ffr :ff l'fJ fjj A~ f( {Jl it• ffi MA TLAB ;1C ~ o 1ai 00 IJltl 

IE LINUX rp l'f] XFIG ~ MATLAB rp l'f] SIMULINK Ffr~ ~l'fj o 

M~'*-~,;j)fmJJt-'ff#M 

#. * ;fiJ ' ~ l!l .JJ; -t ft. 3E. 11i .I. JA 
~#}l· ~~~.~mmi911'1~~ 

2004 ~ 6 Jj 



. 1. ~tf?:~:si~············ ........................................................................ 1 

1; 1 ~~ ••••••••~··• .. A••.•••••••••••••· •• .• ·•••· ••·•••••••••••••••••oooooooooo•ooooooooo 'oooooooooooooooo 1 

1. .2 4l-~ til! .oo; •• • .•• • .•••••••••••••••••. • ••••••• •••.•••••••••• •.. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 

1. 3 ~%;fll*i! ·.················································································ 4 

~ 2. -~·illl······································· ................................................ 7 

2. 1 .li'fi't:; .......................................................................................... 7 
. . ' . . . 

2 . 2 ff£: :1: ~ lliJ ;fll r ~ lliJ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 7 . . . . 
2. 3 9i!ll$f-t~fll*ftt ............................................................ ; .............. 9 

2. 3.1 ~l'jtl.J:t,·:i£fll;j(~ ................ :: ........................ · ....... ~ .............. 9 

2.3.2 ~,~{IE{O.~)ordanm •....•..•..•.•.•.••....••...• ~ •.••..••.•.•••....•...•. 11 

2: 3. 3 ~i*9i!II* · ... · ....................•.................................. ; ............. 14 

2. ·3: ·4 ~~{9.:7tfrl¥ .................................. · ......•........•.................... 17 

2. 4' 1[~············; ................................................................................... 19 

2. 4. 1 ff£::1l::ffl:tlc ........................................................................ 19 

z. 4. 2 9i!ll$mtlc ·.-...... : ........ : .......................... ........... > ........ ~ ......... · 20 

. 2. 4. 3 :ii~lltlliJfl1i% 111~ ··············································~············· 20 

2. 4 . . 4 ~~B;f' lliJ fl1f% ffl:fj( ··· ··· ··· ··· ··· ··· ·.·· ··· ··· ··· ··· ··· ··· ···•·· ··· ··· ··· ··· ··· 21 
.2. 4. 5 :ii~B;f'lliJ *~ffl:tlc ...... ~ .................................... ................... 21 
2. 4. 6 ~~B:tlliJ *~7ittlc .............................................................. 22 

~ 3. tlf:f~trflltf?:.;:j ....................................................... ; ............... ; .. 23 

3. 1 .li'fi't:; ... ....................................................................................... 23 

3. 2 ;IJ:i(§;llfiiJJ:i\Z ....................................................................................... 24 

3. 3 *~i~J:Ett ................................................................................. 26 

3. 4 llJfitl:fllllJ~tt ........................ ·:.-.................................................. 29 

3. 5 *~lli:i£tJ:· .......... · ....................................................................... 35 

3. 6 ·~~t~fk ,:ff~~&~.r!J.fllx~~&~.r!J. .......................................................... 37 
3.-7 JLfPir~lliJ···· .......... : .......................................................... : .......... 42 



VID 

:). 8 ~~&t!t!fl1~tf:lt!t!AB<J*ftt .. ························•···········•····················· 46 
3. 9 M;33 ······ ······ ··· ··············· ··············· ··· ··· ············ ··•························ 49 . 4. :7C:!JIKZVJ~/:at:7tttlll~tfti¥J~·························································· 53 

4. 1 -';fi't::··· ...•.........................•......•.•••..•••..•..••.•...•............................ 53 

4.2 §#1¥tJf.····················································································53 

4. 3 x~;IJ¥#f.················································································· 61 
4. 4 xf&jj!tl ¥#f.··· .............................................................................. 75 

4. 5 !.*33 ........................................................................................ ~. 82 

• 5. iE!J!Ij ~~I¥J~· ··•·················•••••••••••••••••••••••································ 85 

5. 1 ~ii?;·························································································· 85 

5. 2 SISO ¥tJf. ······ ····················· ········· ·················· ······ ············ ··· ··· ··· 85 
;). 3 FmlE!i!U¥tJf.·············································································· 93 

5. 4 ~I:Fm 1E !JlU ¥tJf. ··· ··· ······ ··· ······ ············ ······ ············ ··············· ··· ··· 127 

5. 5 ~#J1t7tfll¥tt!.!Jl:B<JYEijij ·······•··················•···································· 136 
5. 6 ¥tJf.~II$B<l Kronecker %fl1 Smith% ············································· 146 
5. 7 ~~IJ;j"fBJ¥tJf. ........•.................................................................. 152 

5. 8 ~33 ·············································································· ,········· 154 • 6. ~.Jf~tftl¥1~············································································ 158 

6. 1 --';fii?; ....................................................................................... 158 

6. 2 SISO ~:n ¥tJf. ······ ··· ······ ······ ········· ············ ············ ······ ··············· 161 

6. 3 MIMC) ~:n¥tJr. ········································································ 168 
6. 4 J£1'1 6. 3. 1 fl1tt!.!Jl:{J<Jii£11JJ ............................................................ 174 

6. 5 ~~atfBJ~:n¥tJr. ...................................................................•. 186 
6. 6 ~33 ....................................................................................... 188 • 7. Xlltl~~ti""Fti!i~!lt~l¥1~ti························································· 191 

7. 1 --';fi't:: ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 19i 

7. 2 :ii~at fBJ ¥ tJf.ilJ ~1ft at fBJ ¥ tJt B<J ~M ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· 192 
7. 3 ~1ttatfBJ ¥tJf.¥1J:ii~B;f fBJ ¥ tJf.B<J ~M ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ... 197 
7. 4 J£1'1 7. 2. 1 B<JYEijij ············ :···················· :··································· 202 



IX 

7. 5 ~:53 •.....•...•....••.••..•.•........•.....•...•..••.........•.............•••......••..... 214 

Ms. ~t!tml=f~M·············································································· 216 

8. 1 ~~ ······················································································· 216 

8.2 F~lE!ilU~tff ··········································································· 217 

8. 3 ~~F~lEJilU~tft ········································································ 225 
8. 4 1lJ It lf.t Iii]~ tiC •.. •.. ••. •. . •.. .•. ..• .•. ... .. . ... ... ... .•. ... ... ... ... ... ... ... ... •.. ... ... 233 

8.5 ~:53 •.•.•.....••.•...•.•...••...•..•.••.••...•....•...•••....•....•••...••................. 238 

M 9. ili'J:~jfft.ll/tll.ftll~lltfCJM~ii· ··········································. 240 

9. 1 -'if~ ......................................................... ··· ............................ 240 

9. 2 ::tii!R;ftl::i:I!R~ .. ~~~B9flillf.t!Cif .......................................•........... 241 

9. 2. 1 SISO ~tiC ········· ··· ··············· ··· ··············· ··· ······ ··· ············ 241 

9. 2. 2 MIMO ~tiC •·•••··•···•·•···••·•·•···•·····••···•··•··•···••················· 244 
9. 3 7t~~~!Cif .................................... ....................................... 248 

9. 4 ~:53 •....••.•.••.••.•..•......• •.••.....•.•..•.••.•. •• ...•••..•. •• ..••..••....•.........••. 258 

• 10. ili'J:~~&Ui~Jllltt~~-fiE-~Ii· ......... ................................. 261 

10. 1 -'if~ ..............................................................•..................... 261 

10.2 :ii~lf.tfiiJ~tlt ........................................................................ 261 

10. 2. 1 iiittf7S;ftl·;ljs:~'fi ······ ····················· ········· ··············· 262 

10. 2. 2 Hz !i$11 ,H~ !ittJ;ftJT-tftWHIII ······································· 271 
10.3 "llJitlf.tfiiJ~tlt ........................................................................ 276 

10. 3. 1 iiittf7S;ftl·;ljs:~'fi ··· ··· ··· ··· ······ ············ ········· ········· ··· 277 

10. 3. 2· Hz !i$11 ,H=!i$tJ;ftJT-tftfWM ······································· 279 
10. 4 ~:53 ......•.•...•..•....................•.•••........•....•....•..•..........•......•.•. 280 

• 11. D~ttW&fi"'FtfCJ-TttMM ························································· 283 

11. 1 -'if~ ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 283 

11. 2 ti: llJ :i2 ~tiC •.. ..• ... ... ... ... ... ... ... ... ... ... ... ... •.. ... ... ... ... ... ... ... ... ... ... 284 

11.3 -~$~:it~tff ..................................................................... 289 

11. 4 ~:53 ..••......•. ••• .• ..•••.•....•.•.•.................. •.....•...... •. ..•......... •..... 302 

M 12. .f*IAM ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· 304 

12. 1 -'if~ .................................................................................... 304 



X 

12. 2 m i>i§~:tti'i~ ............................................................................ 307 

12. 2. 1 § ra.¥~B<J7tfff .................................. _. .. : ................ ~ .. 307 

12. 2. 2 ~~i}l]lll~~~~.¥~B<J1tfff ................................... : ...... 3o8 

12. 2. 3 · .iEJJlU.¥~B<JJtffflllttJ.!1l: .................................... _ ............ 311 

12. 2. 4 9i::lt~l'aJB<J~- ................................ · ........... 1 .............. 316 

12. 2·. 5 ~:1f.¥~·B<J7tfffllltt-J.!11: ................................................ 316 

12.-2. 6· .¥~f51r7tfff ....................................... · ......................... 318 

12. 2. 7 ii·:i:1:i2Hf:~~H /tJI.fJ$~JIJJa~ftef[oooooo~ooooooooooooooooooooooo 320 

12. 2. 8 Jt.~~{IE~~fte~B9~~& iJfH~ifitJ ._. , ............... _ .............. :. 320 
· ·.~. . ' '. . . .. . 

12. 2. 9 -~~ m & i1t r B<J -TtJtfffM .......................................... 325 

-~:>c ...................... ·~· ~ ................................... ~ ,. ... ~ .................. ~ .............. 327 

•s1 ...................................................................................................... 336 



~tt·-~~~~00-~~~~--*~~~~~-~.-~~~~~-@~~
-~~~~00~~-~~-E~k . ~~~oom~ms~~~~~--~*-Mfio ~ 

JA ~I A~~~-~~ J5 , ~ ~ ~ ~ IBJ ~ m ~ -f xt~ tt *. ~ lVf .Jt U - 11 ~I: 1lt m ~, lVf .Jt .:£ 
!mimi&~} ,JA~~tt 'jj}"Xl\'.ft 'jjffift ,}L~ft~:ft;j\ft~ ···*~~, itl!l!1Jff4~ ~ 
~~~~~•A~~,jjfmtt~~~~~ooom•rt••~•~~~·~~T~~fi~ 

~~~~~.&M*,mm~~~~~~~WMM••*HfiTM~~m~tt··~!l!~ 
j&~tiffto 

~tt•m~~~m•tt~~~~~~*~m~lVf.Jtm~JA~~~~ili~~~tt•• 

~~~f-4 ~~~if~ ~fl i!J-fti:YE, ~ll Kalman~ fi!! ~ iffl: 1f[66
'
71

-
73

l , Gilbert[58l, Zadeh ~ 

Desoer[157
J Yf ~ ;t{ ~ ~ *~ ~2: IBJ ~ jjf ~ ft, jjf X!\'. fi ~ ~ ~ ft ~ Jt~ *.:Elm~!~ j!.if f1: o 

Naiduc 1 03l:ftilfxt~~~~lii.IBtMili~~~tt••~~~-:il!:fiT ~ifi~~Wo ~ 20 tit 
tc 60 ~ 70 ~ f-t ili ~~~*-!f. M if f1: ~ DeRusso ~ ( 1965 )[47 J , Ogata ( 1967 )[ 104J, 

Brockett0970)[14 J ,Chen(l970)[32J ,Rosenbrock0970)[11 2J ,Blackman0977)[13J o X;f'f' 20 

tlttc 80 ~ f-t ~ * ~ ~ ft *.~~,It~~~ if f1: ~ Kailath ( 1980 )[?oJ, McC.lamroch 

( 1980)[98], Chen ( 1984 )[33J , DeCarlo ( 1989 )[46 J , Sontag ( 1990 )[ 132J , Antoulas ( 1991 )[3J, 

Callier~ Desoer ( 1991 ) C16J , Rugh ( 1996 )[11 4J , Antsaklis ~ Michel ( 1997 )[4J, DeRusso 

(1998 )[48J , Sontag ( 1998 )[133J , Bay ( 1999 ) [ lo ] , Chen ( 1999 )[34 J , Aplevich ( 2000 )[s J fll 
Trentelman ~(2001) [ 1 4 1 ] o 

~~~*ffl~lii.I~~~~~T~tt·-~~~-*-~fll&~~~~~-~:il!:~. 

m*~~*m~~*•~~~lVf~~ttat~~-~0~~*•#~~-~~~-~.~ 
~~~~~~tt·-~~~M~~-jjf~a~~M~~#·o~~~OO;t{~~~~ttat 

~~--~-*Mfi8jjf~ffl··~~* ;t{~ . b8~fi,jjf~fiflljj}"Xl\'.ftoxt'f'-~jjf 

fi~•• · ~~m~~ ~-~~~~--~~lii.IB#.ujjfmm~ttma*;t{~ ~ jjffifi 

••~-~~~~~~~~~~~~~~Mtto~~~ ~ ~~~~~·•jjf~re•• ;t{ 

~ ~Yrm~mfi•m% o ~~•m*~· mfittma~- §TM .m~~&•fi~~~~ 

~&ffi ~••T~o~~•mm~•~•~-M~~*• ~ ~-~ T••~mfittmao 



2 

~~fi*·~~-M~~~~tt·X~~~~*~~M~.~-~RaM%<m~T~R 

fi:ftjf[)fl] Kalman *~<m~*·~~fll~R~~t~>o 
~00~~~~*·~~~~~-~fll-~~OOB~TmM~~-oM~.~M~~ 

~B~~~~~~~-~fll~~-~~.ftfiW~£·A·T~~~~fifll~Rfi£~ 

ME~~~~fi.~~~·~~~.~~·~~~&*·~~tt~~·o~~MEMfifll 

Hz .!=i H .. ~:B:ft~ifitJ~i~*W:.f:Hfk ,ffr J:J~tt*·~~f'lr~~~~ftt;,t&t:ffJ~~~htl * 
•5HJTflli.9:it~ ~1.!1ZJtJ~·M51 ~Afl1~~~:k1iJf~~~ o iE~ tlll~, ftffJ~ ~· ~fm .ql@IJ®i 

-~~fi*·~~*-~*~~Mffi~oRftfiffr~.-~~~~~-~illJtJ~~*~ 
ll~ Wf 1R ~ ~ ~ fi t;,t ;.~ lilJ B ~ :1! 1iJf ~ ~ Jt ~ fll fff; Jilt 2F <Cheap> ~ ifitJ fa] B < ~ 
Sannutic12 1l ) o Sannuti[12 1l {Ei>J~i'Jljijt ~fllfff;Jilt2F~ifitj ~ 11! ~~fi~, :ii :i:t* j]j ft ff] ffr~ 
itl~- ¥}£ft):;(uniform rank)&~-~~~fll~~·,#,~~ ,ii£11AT~J}tj~~*f;f-~<SCB> 

~f-F-f'lr*·~~~ft~fio m*,Sannuti fiJ Wasonc 1 23 l re~~*fffi~<SCB>~~~1t 

r•T--~~~~-.#-~Tfll~~--~-~~~11!~8~o:li:i:t~Jtl#~m 
SilvermanC 1 3 1 l i'J{J~~-~ ,Sannuti f1l Saberi[ 122l , Saberi f1l Sannuti[11 9l Jt~ T -·~fi ~ 

~ :it * • ~ ~ * f,f- ~ < SCB) ~ ~ ~ o ~ '-* * fffi ~ < SCB) {£ ~ ~ ~ .!=j A ling fiJ 
SchumacherczJ (!{] :tLII!aM*• +*:.f:H ft{, ~ #tl5 ~ ~H)Ij tf:l *• ~ 11! ~~fi, tlll JLfilJ~ifitJ 
~i~~~~~fBJ&X:.filfk~~fit;,t& Morse[Jool :ft1fio M~ ,{£)(~[122,119]~1Jjt)C~, 

fkrM~~f,f-~<SCB>~ffr:ffMfi#N:~~tf:\Wt!ll~iiEIIA o Chenc2 1l :B:iliJ'Gff T~~~, 
~ --F~ fll ~I: F~ i£Jjltl ~ --~ * f,f-~ < SCB> ~ m~ ~, )C ~ [21] xt ffr:ff M~ ~ fffi~ 
<SCB>~Mtt~mfrTF~~iiEIIAo :S:Jli,He fiJ Chenc64l ,He.Chen fiJ Linc 6>lm-~re 

~~*•r••~~-oi£:i:t~~JL•~.ftfifllftfi~*~#-~M~~~ttmBT 

~-~1iJf~.#HM~T~~*~{£~1Jc:k·~~~~~~illJtloftfi{£~ft~-fll~ 

~~~~00~1iJf~~-MB~Jilt-~,@:k~~-{£·~~~~)C~Z~.2F~~§~!! 

re~®~-~~{1:-~.--{£~-m~z~o 

*~:tt* 12 •• ~t;,{~IJ*~ 31-$*0 m 1 $*:1!m 1•-m 3 •• 7!Y&2F~ffr1M 
~~-Mfl.~~fi~-~~~~~~Woml•:l!*~~~~.~~*~tf:l2F~ffrJtJ~ 

~%fll*~.m2•~•Tm~~~~-®~*~•.m3•A~T~tt~-~~~~* 

~~om2•fllm3•-~~JiltT2F~ffrW~~·Mflo 

*~~mzB*!!m4•-m7•·•fi~tf:lT§•~~fll~~~~~tt~•~~ 

f'lr~~*•·:a:~~*•~~~~1iJf~T~•*f'lr~~~MfioA~•&.m4•~mT 
~!MK~fll /!!X:~~i'!~~-~~~*•0 Mr~~!MK~Jl..~~iY!~~~•· ep ~ ~~-.~~ 



3 

~11: 3: ~~ ~ ti:*~~~ tl:..t, 't§ffi T ~~11:~~ )tf(ff < SSD), ~p *~it )tf(ff Jilt~~~ 
~~~I9J~t;Alit~tiH1ht&At:ffL~~l¥JI9J~, ~~Jordan 7tM <RJD> o ~~ ~ itfl!!.l¥17tM 
-f.F .~fil!frl~~ tf:l7tM1J#i:l¥Jfiffi:§Ji:tl:o x-t-r-x.qgi9J *~ .~~ tf:l ~#~~7tM, ~n 
llJ ~~~ )tf(ff ( OSD) ~tR~tfflllJ ~~ ~ )tf(ff ( BDOSD) o ~t -TX~iJ!I] * ~, ~ffl ill llJ !;A ~t 
{IIH&~ tll ~ #Jtfm, ~D llJ:fltl:~ft) )tfm < CSD) ~ tR xt fflllJ rt 11: ~ ~ )tfm < BDCSD> o x.qg 
I9J~ /dX~OO*~l¥1~®7tfmt£rt~-~~WRT~$$ffl,§ffit£M9.~M~l¥1~ 

!!!!1iH / fAfrH 1¥1 Deli lllJ ~ o 
M5·~·6·7t~~X>t~~~tE*~~-~-~l¥1~~7tMo~~~tE*~~~ 

7tfml¥l~·L'~EE Sannuti ~ Saberic 1 221 i£tf:ll¥J~~*li-F~<SCB)o X>t-TF~~JJ!tl*~·~ 

~*li-F~<SCB)~ Aling ~ Schumacherc 2 1 i£tf:ll¥JJL:DHJiH\17tfm~:2js:~{12L J!®~~JtM 

~7F T~tl:*~l¥1*#~~~11: ,§ffi~~~X~~ .~~f!J, -~ llJ :12!:11:~ JLfnJ T-Q IBJ o 
~~-~l¥1~~7tMt£M~~$rt~~~~~WTm*l¥l~ffl,-EJ.ffit£M8·-Mll. 

iJl!tf:ll¥1 - ®:flifitHOJ~ o liijf.F .~fflfflf~i .M 6 -~ :k-~-~l¥1~~7tM ,t£-~ -~1¥1 
rtifitJI'OJ~~tl!.~~Wff!Ml¥1~ffl o 

M7·M~Tt£~~tt~~~l¥1-~~~~tl:o~~tl:~:i2!:~~tt~~it1~$ 

ffl tE f£ * rt ifitj ~ f~ ~ ~ JI ~ , tE fm ~ H = rt ifitj lllJ ~ Bt ill~ W T m ~ ~ ffl o ~ ~jf- _t , I~ 

~1¥1~$~~.-EJ.ffi*f-Frt~*~~#~fl*m~~JI.ew~mB~•~~•••~ 

~Cml¥1"~0 ~~~*···~1J#i:,§ffi•m~-m~MHI¥J~AfiM,.~~~~ 

~~~~tt~~otf~--~,~fi~!;A··~-TJJI!Ml¥J1J~~tl\t£~~ft(:i2!:~~ 

tt) ~~ ~, -M9: 1¥1 ~-~ faJ * ~ < • eat 1BJ * ~) 1¥1 ~~~11:~ ~o 1n1 ~~ ¥U ••~ faJ * ~ 
<~~Bti8J*~)~l¥J, ~n~~~x~~.~~~, llJ:i2!:~~ t;AJitJLfnJT-QfaJzfaJI¥1~~ 0 

*~l¥1~~-*~·4·-·7-~l¥J~~*·t£~tt:fl~*~*fi~~#~l¥JJL 
i'$fflo 

M8-~tl\T-&~tE*~l¥l~#*~~T-7tMI¥JW#i:. -i'~A~ffl&~~~

g~.yJtfm,~M~-l¥1~*~T-7tM~'tl¥1-1'~~;~ -1'~1~$a~T-7tMo 

~®~T-7tMt£~~I~l¥1~$-~8~m~l¥J$ffl,§ffi*~~rt~7tfi~~#o~ 

J.JIJ~A'J\ffl&~ ~~$a~ -TJtfm, :tE-1'~~ A;J\ffl & ~ ~~ti llJ :12!: 1¥1 * ~Jtfm Jilt - 1' J't. 
~-~ffJ&tillJ:i2!:1¥J*~~-i'J't.~·&~~l¥J,a~l¥J~~-~l¥J$~ o ~fil¥J.$: 

~g~ .xt-T-1'~~-~.-E!.M't*fflYM 5 ·l¥J~ftJ7tM .~llJ t;A~ffif M:!iHt!!1~¥'l~ 

@$a~-TJtfm,if.:~§ffi~7~~T-7tM o 

M9·M~Txt-T-i'~~l¥J~tt-~illfr~ftJ~tt~Wl¥lllJntt.~WTilJt;A~ 

1::*#~ftJt~ftl¥Jf~!!J!1;H9;E~~iL ~M~-.:tE Hz ~ H~ ~®$~·rtifitl*~tf,-@

tt*$fflR~~~~l¥J-1'3:~m•.~xtrt~ttn~~~~-Z~l¥J~--£M~.§ 

ffi~#l¥1~~.~~-n••~••tt~:fl~ttn~*l¥l~•Ho~#~*f£mTt£rt 

ifitJxt~i5btfJ1Mlm ~~llJ t:Jillfr*#;fX~l¥1 ~litll, ~~A fflllJ t:J ~lf!!i!!:tEfr!i •L' l¥JrtifitJi.9: 



4 

it 1M! ~ ¥1Ht 00 1¥1 I fj i9: it rf o 

Mlo·~~TMm~5~·~~0·~-~~~*·l¥l~~*M,ftm•ili-~* 

-~I¥J&•~~it~~.~mm~••A~M~~~I¥JM~~~o~~~5~•1¥l~m 

~~~*~mT*•~~*•~m~t¥J3#~*•·~~~~*M~m~t¥JD~.~@~ 

••ft•T*•I¥l~~~~~·~~~.~&~m~~o•$**•~·~5~•tt*~ 
if$~ f-t 1£ $!HPJ~ , :!lll H = 1£ $JJ , H 2 1£ $JJ Jill ~-ffl :ii m fl fg( ~ ~ -T tit M fiiHPJ ~ ~ ff ~ ~ :1: 
~I¥Jf'FJ'!L 

Mll·~~T~~~~-~ili&.TI¥1-TtltM*~~<~M~d&~~-~I¥Jffl 

~L> o i:t£ 30 1¥* .~~$~#~-Ttltffl¥*fPJ~E.~~~T~~l*AI¥J~~ , ·tlui3JltffE~T JLfiiJ 
~~~&:Xf£*-~f-i$JJ J.1 ~ rf I¥J J.illffl, ~ -@ :1: ~ fP] ~ rf, :!lll*llt (decentralized) 1£$JJ, 
~~5c:B: (noninteracting)1£$JJ ,m~~~ilt~1£$JJ ~ H "" 1£$JJ rp!JtlliJ: T ~-1¥1 1fJ ~ o ~~ 

~-d~~~-~ili&.TI¥1-Ttltffi¥*~~.X~~~~~offlM~*•I¥l~~*M·~ 

-·ffE~T~~~~-~ili&.T.-TtltM*~~I¥J~Mtt~#.~fM1£M~A~M1£ 

~iliA~~~m-ffl:iimfll¥1-~*•·•m•iliT~~~@I¥1fft¥o~~-•l¥1*•·•• 

ms•t¥J~~*Mtt*·•m~M-~I¥l*•m~~~m~t¥J•~*•·~~N~ili~~ 

IJ!Hi~ ili & .T -TtltM*fPJ~I¥JM o 

M 12 ·~MT~~:zt;;~~~*tJT~iiit:M:~I¥1 MATLAB IAmo W: I Aml¥1 
beta Jl&:zfl; ~~http: / / linearsystemskit. net d http: / /hdd. ece. nus. edu. sg/ ~ bmchen/ _t ~ 

~T~o 

~~:I~H¥:ffl ~Tr-t~~*iB-: 

R :=~f[~~. 

R ... : =~~fQ~fll¥1~~ • 
N := §~fli¥J~~.llP 0,1,2, ... 

c :=m~~.f-oo, 
K :=~-~~-~~~~UI¥15·~· 

C" :=~-f-OOL.I¥J.!f!Ui:!m, 
C0 

: =~.!f!&tm ~ l¥l~fl~~. 

C0 : = ~.!f!&tm;r~I¥J~fl~~' 
co : = ~ -f- 00 _t 1¥1 1tt4111' 
c :=:tf~-*~-f-00, 



c+ = = Jftl # ~ 3JZ- w. 
Rea ==f;f-it aE C B<J~$. 

lm a ==f;f-il aE C B<JJI$, 

a· ==f;]dil: aE C B<J~;J:tW, 

0 : =~ff-il ,~9i2i1Wt~~l2t. 

I : = A:fl-~~f.{B<Jlf!w~12t, 

lk ==kXk B<Jlf!w~f2t. 

diag { ... } : = xt 111 ~ l2t • 

blkdiag{ ···} : =tRX1111~12t, 

X=[x,1 ] ==Jt~~ x,1 a<J~I2t X, 

X' : = ~ f2t X I]<]~ _'ll , 

XH ==~12t X B<J;J:tW~it. 

det( X) : = ~ f2t X B<J fi~rJ J:\, 
rank (X) : = ~ l2t X B<J fk , 

normrank(X) ==:flJ.!1!~12t X B<J'Iit~fk, 

trace(X) ==~12t X a<J:J!E, 

cond(X) ==~12t X B<J~flf:fl, 

Xt ==~12t X I]<] Moore-Penrose(-f'-J)~, 

,VX) ==~12t X~]<]~ i 1-~W:{a, 

Amin(X) ==A.(X)CR B<J~f2t X B<J:Ql;j\~W:{a, 

A.m •• <X) ==A.(X)C JR B<J~I2t X B<J:Ql:k~W:{a, 

A.(X) ==~12t X B<J~W:{a.i;, 

p(X) ==~12t X ~]<]iff#~. 

u,(X) ==~12t X B<J~ i 1-~Hffa, 

CJmin(X) l=~j2'f X B<J:Ql;j\~:ff-{9:, 

C1max(X) l=~f2t X B<J:Qljc~:ff.{a, 

im(X) ==~j2'f X B<J®:Wtfa~~fa], 

ker(X) ==~12t X B<Jfr<Wt~~fa], 

X ==9i2ii~IBJWtr~fa], 

dim(X) ==r~IBJXI]<]~f.{. 

X j_ ==r~IBJXB<JiEx1~~1BJ, 

c - ' {X} ==r~IB.Ixtf~M C ~B<J~®:. 

5 
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XIV ==~fB]XX>fr~fB]VJfltm89Jfii~fB], 

ffi ==9dlr~I'BJ891Uil, 
(.r,y) :=w;j1'9dl X ;f!l y B<JpHJL 

II • II ==m:~. 

II X II p ==9dl X 1¥1 p m:~.pE[l.=], 

I xI : = 91::1: x 89 Euclidean rg~, 

II X II p ==~~X 89 p m;~. 

II X II F ==~~X 89 Frobenius rg~, 
II K II p : ={Jlf-'% f{(t):!!J(; f{(k) 89 lp m:~' 

Lp ==§T:;fflp rg~:flii&B<J~~~i}-, 

II G liz ==~):£*~ G(s):!!J(; G(z)89 Hz rg~, 

II G II = ==~):£*~ G<s>:!!J(; G<z>89 H= m;~. 

2: ==-1'it~:!!Jt~faB>ti'BJ*~· 

P!(s) ==2: 89*~~~. 

1;(2:) ==Morse /F~jtl ,i=1,2,3,4, 

s; <2:> = =2: B<J:fllll.t~.8 .a 89~.8~~. 
S! (2:) : =2: 89~11&~.8~~, 

s; <2:> ==2: 89:tliifi2~~. 

St (2:) ==2: 89ti:iifi2~f~, 

V'(2:) ==2: 89~~/Fiif%\l.r~IBJ, 

S'<2:> ==2: B<J~jiift£-T~I'BJ, 

R. <2:) : = 2: 89 iif t£~~ /F iif %11. r~ I'BJ , 

N' <2:> : = 2: 895t1ti 89 ~~ ::Fiif%11. r~ I'Bl, 
ill§ .~-'%-*miiEIIJl 89~:5IL 



2.1 ~~ 

-~~~-•£~@~-@~~~~*••~m.~m~•~~~m~~~~-@ 

!tS~fqjg ~, t;J..&~:it ,m~ ,1tf%~1f~-ffl:ii P.N~~4H* m:~ ~)E :X.fllf!mL ~@jig ~x>t 
€oo•~~~R~~~m+~1fmo~@~oo~~~~-~~~~t;J.~~n~~~~» 

4$ • :!OCJtft!!. £:X f! ~~fUrl ftltj ~ ~ ~ f-4 4$ 9=' :m i!J ( Jj)' ~!A!. Barnett(sJ , Chen[22l , Chen[JJ] , 

Desoer ~ Vidyasagar[49J , Golub f1l Van Loan[59J , Huang[6sJ , Kailath[7oJ , Kreyszig[7sJ , 

Saberi ~[ t zoJ ,Suda ~[ tJs J , Trentelman ~[ t4l l , Wielandt[tsoJ ~ Wonham[ 154J ) o 

-~~---~~-~~~·~~~!tS*~:X.B1f~7-o 

-tx:1-J--tt,-f-:it~K _t~~•~rBJo trs~x~-r-~.#13. £*:!it~~~K _t~~ 

•~ rBJ .IJl~f*s~x~r~fBJ 0 -r~rBJs~m~m dims~~ .¥t~s9='~fmlii*~£:Xf!~ 

.:\1:~~·1'-~o 

~It St , sz, ... .Sk E S, k = dim S, ~ll * E fll ~£:X f! ~!k .:\1: ~, liP .R 1f ~ a; = 0 EJt 1f 
k 

~ a;s; =0 n\t.:\1: , IJl~f*i~Jil~:til:*n\tS ~- 1'-!tS o ~ll* V n W= { 0 }, IJl~f$~ 1'-r~ fB] V~ 
i = l 

w~~.:\L~o 

ftffl~~-=l=$ 9=' .Rffl¥1J~1'-1it ffl~9C:it~IBJ, IIP R" <tf-:fi:~K = R )fUC" <t-Fi!:~ JK = C ), 

t;J. .& E ffl ~ r ~ IBJ o ~ t;J. ~ 1'-~ it ~ ~ fR , It ~ll i$?. .r fll y , ~ ~ t;J. ~ R" 9=' , -tl! ~ !:J. ~ C" 
9=' .~ )(:1-J 

(.r ,y ) = I
11 Y = .r( Yt + .Tz Y z + ··· + .r,; y., • (2. 2. 1) 

Jt 9=' ,.Tt ,.Tz • ••• ,.r .. fll Y 1 •Y2 • ••• •Yn ~§;lj :1-J .T fll Y 9=' ~ ~JL .T
11 ~ .T ~ ~UHIB~ Jl ,.r; 

~ .r i ~~;it~ 0 ~ll* (.r ,y ) =0 ,IJliJ~It .r fll y ~iE5C~ 0 

TOOft~OOD~ :it~ ~fllr~ ~9='~-@1itffl~~fllf!R o 

:iE)( 2. 2. I< -T~ fB.J~~) -tVf!lW:1-J9Ci!:~ IBJ X~r~ IBJ, IJl~ r~ IBJ VfUW~~~ 
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S=V+W=={v+wlvEV,wEW}. (2.2.2) 

~ll* VfllW:lH.'lnL.B9 .SiJ!f$1-.7Wl!W!J(J1Ifll ,.fflS=VEBW*;&~. H~ ,:(:E~#tlf~ ""f ,S 

tf5~X!¥J-T~ IBJ o 

:iES( 2. 2. 2<.iE~*~T-2 fB]) ~V~9i::fi:~IBJ XI'J(J-1'--T~ IBJ, !i!UVI'J9i£3t1~~ )(1-J 
V_j_ := {x E XI <x,v> = o, Vv E V}. (2.2.3) 

V _j_ rJI]ff~XI'J(J-1'--T~IBJ o 

:iE)t 2. 2. 3(ifij~fB]~*ti<codimension)) ~V~9i::fi:~IBJXB9-1'--T~IBJ ,x+V;& 

~-1'-::lG~ xE X1c-TVB9~~(coset), ~I'J(J~Sf..1g 

. X+ v: = { w I w ~ X+ v' v E V}. (2. 2. 4) 

( w + V) + (X + V) = ( w + X) + v (2.2.5) 

a<w+ V) = aw + V, (2. 2. 6) 

llJ ~~1IfiliEaJI, ~~~~ T 9\::fi:~ IBJ B9::7G~ o 19f~1:. B9 ~ IBJ P4 ii\iX1c -TV< ~.Mvltkm) B9 
jftj~ IBJ <quotient space)~ ffi! ~ ~ IBJ <factor space), .ffl XIV**-~ o ~ B9 ;ft It P4 iAt VB(]~ 
;ft, .ffl codim V*-~, 

codim V= dim X/ V= dim X- dim V. 

it~X/V#::F~XI'J(J-T~IBJ .~~~V= {0} o 

(2. 2. 7) 

:iE)t 2. 2. 4(~!*ti<J~~-) ~~m~ AE C"' x" (~R"' x "), ep-1'- JAX= C" ( ~ JR") 

¥Jjy= C"'<~R"')I'J9~ti~M ,JilU A I'J(J~~~~IBJ~S£.1-.7 

ker(A) == {x E XI Ax= 0}, 

A B9ft~IBJ~{il~~IBJ~)(1g 

(2. 2. 8) 

im(A) =A X== {Ax I x E X}. (2. 2. 9) 

H~ .ker(A)~XI'J(J-T~IBJ ,im<A>~YB9-T~fBJ o 

:iE)t 2. 2. 5( -1'-T-2fB]t!<:J~·) ~~m~ A E C"'x" (~R"' x "), ep-1'- )AX= C" (~ 

lR" )JIJY= C"' <~R"') B9~tt~M, fll-1'-YB9-T~IBJV,Jiltl:(:E~~ti~M""f, VI'J(J~ft~S£.1-.7 

A- 1 {V} := {x E XI AxE V}, 

H~ .~~XB9-1'--T~fB] o 

. (2. 2. 10) 

:iE)t 2. 2. 6(~~-T-2 fB]) ~~m~ AE C"x "(~R" x "), ep - 1'- )AX= C" (~R") ¥1JX 

B9~tt~M, V~XB9-1'--T~fBJ .~ll* 

AVCV, 

Jilijf*V~ A ::F~I'J(J ,-ill.P4iAt A B9::F~-T~ fa.lo 
(2.2.11) 

""fiii ~-T~ IBJ~· ~ I'J(J - ®fl" .ffltt.l9t: ~S, VfllW~9i::fi:~ fBJ B9-T~ IBJ, J.!Gff1fl" 
(2. 2. 12) 



<v+ W) _L = v _L n w _L . 

<V n W) _L = V_L + W_L , 

S+<vn W) C <S+V) n <S+W), 
sn <v+ W) :::::> csn V) + csn W). 

sn <v+w) = v+<sn W). 

xt-1-~tt~M A lt1A~m~H1U~£B<JT-~f8JVlt1W.~fiTff 

A<vn W) c A vn A w. 
A<V+ W) =A V+A W, 
A-'{Vn W} = A-'{V} n A- '{W}, 
A- ' {V+ W} :::::>A- ' {V} +A-' {W}, 
cA- ' { Vl )_)_ = AB v_L , 
ker(A 11 ) = { im(A) }_!_ , 

jtrp ,AB ~A B<J!i;Jt~~·· fiFo .~rOOB<J~-fft~*: 
A sc v ~AB v_L c s_L . 

9 

(2. 2. 13) 

(2. 2. 14) 

(2. 2. 15) 

(2. 2. 16) 

(2.2.17) 

(2.2.18) 

(2. 2. 19) 

(2.2.20) 

(2.2.21) 

(2. 2. 22) 

(2.2.23) 

(2.2.24) 

l! -11 rarrnm l®i- J!t; ~ * B<J ~II* f-t fllt1 11t m B<J ~II* tt mt • 1-1 7 ff -r '31 m • ~ ffHE «t 
A E C"' x"J!f-fa<J m X n ~li*ic1-J 

a" a, z ••• a,,] 
azl a zz ••• azn 

A= =[a ], 
• • • • IJ . . . . . . . . 

a,) a,nz ••• a,,, 

(2.3.1) 

I!P ~~~ * -1-* ~ "¥-BF ~ ffi -1-~ II* B<J ~. :m m B<J ,J, ~ "¥-BF lt1 rJif, ii ~ ~ ffi ~ B<J ~Hi. i) 7t 
:li.Aa<J~·~)(1g 

(2. 3. 2) 

(2. 3. 3) 

2. 3.1 ~j9JJ~ '~~*~ 
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" 
det(A) = 2::<-nj+1a;jdet(A;j), Vi= 1,2,···,n, (2. 3. 4) 

Jta:f=l,Aij~~~A 69~i fi-fll~j 91J,Fo69(n-l) X (n-l)~jr$o M-TA<t): JR - C"'x", 

~-M~69~·8Mt~~.-~~69~~~~~ 

i.A<t> := [i.a ··<t>]= [a<t>] <2.3.5) dt dt ,, ,, . 

~ll-WJ1'1J69~jr$ AE C"x"fn BE c· x · ~JE AB = BA= I.JJ!tlf* B ~A 69:12! ,ffl A - I 

*~.ff- o ~ll· A :J2!f¥:(:E ,JJltliJi A ~~~~jf 69, ~ JJ!tlit~~Jf 69 o tl:~ ,A ~~~~Jf 69, ~ 

13.1)[~ det(A)#Oo 

rlffi~fi-9tlj\ ,:J2!~jr$fll3J<~69-~~ fflti:J9l:fll~j\, ~~A, BE c•x• fn a E C , ~ 

fn~ 

det(AB) = det<BA) = det(A) • det(B), 

det(A') = det(A), 

det(aA) = a"det(A). 

fN 19: A f1l B ~A~~ ~~HtU~: 69 1J jr$, ~ll· A :lik ~~ ~ Jf 69 , JJ!tl ~ 

de{~ ~]= det(A) • det(B-CA - 1 D) 

~~.~ll· B ~~~~Jf69 ,JJIIJ~ 

de{~ ~]= det(B) • det(A- DB- 1C) 

~~A E c mXn fn BE c •Xm ,JAj\(2. 3. 9) fllj\(2. 3. 10) ~~~ 

detU.., + AB) = detU. + BA). 

~~-1'~~~¥f69 AE C" x ",Jk~JE vHA - 1u#-1 69 u,vE C",~ 

A- 1 IIA- 1 
<A+ H ) - 1 = A- 1 - uv 

uv 1 + VH A- I u' 

(2. 3. 6) 

(2. 3. 7) 

(2. 3. 8) 

(2. 3. 9) 

(2. 3. 10) 

(2.3.11) 

(2. 3. 12) 

.i!it~ Sherman-Morrison 0j\(JA!. Golub f1l Van LoanC591
), ~69fff.)~j\M ~ill~ ~fn 

rtfliiJJll!it a:p 69if $~ @~-~~~'lit~ ffl 69 o r ITfi 69 Sherman-Morrison-Woodbury 0j\ 

~fiijf$ Woodbury 0j\it~~ 69fff.) Z-, 
<A+BCD)- 1 =A- 1 -A- 1 B(DA - 1 B+C- 1 ) - 1 DA - 1

, (2.3.13) 

:.M; a:p , A E C"'x"' f1l C E C"x" ~ ~~ ~ Jf 69 , B f1l D 8 A~ ~ ~ 69 ~ ~, < DA - I B + C - I ) 

~~~~JF69 0 rlffi69~j\~JJIJ~ m: 
U+AB> - 1A = AU+BA>- 1

, 

[I+ C<sl-A>- 1 B]·1 = l-C<sl-A+BC>- 1 B 

(2. 3. 14) 

(2. 3. 15) 

(2. 3. 16) 



11 

~t-Tn!I2'HJ.!(!(J>Jt~<.W.~~::)(~[70]), rilif(f(J~j\11!.~~~ 'lit:ff ffl (!(]: :!IlL*= A ~ B ~~~~ 

~ (!(] ' .91U :ff 

[
A o J-1 

[ A-
1 

o J 
C B = - B- 1 CA - I B- 1 

(2.3.17) 

[A DJ-1 = [A-1 
- A-

1 
DB -

1 
]. 

0 B o B- 1 
(2. 3. 18) 

:!mM-1: A~~~~~(!(] .mu 

[A DJ-1 = [A-1 +A- 1Dt.- 1CA - 1 -A- 1Dt.-1
], . 

C B - t.- 1cA - 1 t.- 1 
(2. 3. 19) 

;it~ ,to ==B-CA-:- 1 Do lf B 11!.~~~~~(!(] .~!ij\(2. 3 . 13>PI1~ 

A- I +A- 1 D<B-cA - 1 D> - 1CA - I = <A-DB- IC> - 1 , 

J!fif,itPIV .. HEj\<2. 3.19>~1Vt 

[
A DJ- 1 = [(A-DB -

1
C> -

1 -A- 1Dt.- 1
]. 

C B - t.- 1 CA - I t.- 1 
(2.3.20) 

liilfif:tt!!., :!zllM-1: B ~~~~~ (!(], 91U 

[
A D J-1 

[ v -1 
- v- 1 

DB-
1 J 

C B = - B- 1C v- 1 B- 1 + B- 1C V- 1 DB- 1 ' 
(2.3.21) 

;it~, V=A- DB- 1 C !*lltt;.B'~ ,:!zllM-1: A 11!.~~~~~(!(] ,!jlU 

[
A D J-1 

[ v -1 
- v -1 

DB-
1 J 

c B = -B- 1cv- l <B-cA- 1D>- I · <2. 3. 22 > 

r liD !it )E A< t > : R - c'"x • ~ B (t > : lR - c .. x P , 1?: fl1 (!(] 5t 10~: -T t Ji!: PI~(!(] , !jllj 

tt[A<t)B(t)] = [ttA (t) ]B<t> + A<t> [ttB (t)]. <2. 3. 23> 

!'ft)E A<t> : R - C"x" , :!zllM-1: A< t) X;f JYT:fl t mJi!:~~ ~~ (!(], 1?; (!(]jt# *. -T t PI !;J.;j(~, 91U 

2. 3. 2 ~, MtiHl~ Jordan ~ 

A ~ [,. , , ••• ,.] ~ r:; 1 . 
lr ... 

(2.3.24) 

(2.3.25) 
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;It~ c.,i= 1.2, •·· ,n ~ r, ,i= 1,2, ··• ,m 7HJH~ A 89~1j ~fj- o ~)(A 89ftk19 {cl ,c2, ···, 

c.,}~ 89:1il:k~ttltlut9dl: 891-~, EOC~fftM19 { r1, r 2 , ···, r..,} ~ :&:k~ tt~J'L 9i: :1:891-

~ ,Jtl rank(A)*~Vj~ ,JW.f&:fl 

rank(A) = dim{im(A)} = n-dim{ker(A)}. 

!;j r ~~-r-m~ftk89-.®:fl Jfittmt 0 ~ AE cm X n~ B E C"Xt .I)!~ 

(2.3.26) 

rank(A) + rank(B)- n ~ rank(AB) ~ min{rank(A) ,rank(B)}, (2. 3. 27) 

l!8.t~ Sylvester ~~j.\ o ~~~*A ~1J89~1:~~m~ ,IJllj 

rank(AB) = rank(B). 

-Ai*i~, ~~~*A ~ B :fllf!lii.l 89£i~ ,IJl~ 

rank( A+ B)~ rank(A) + rank<B). 

(2.3.28) 

(2.3.29) 

m~ftk89it•rr ~~89~fll~tt~ttt~#J7tffl¥ ~®¥IJ T +7t~f11!89tFm. t~Jmrr 2. 3. 4 

~~89~~~7tffl¥,8.t~i;j:fl~Mrr•mm~89ao 

X1r-1-1J89m~ A E C"x" ~-1-f,f-11: A E C , ~~~* 

Ax =A.r(~(Al-Ah=O), (2.3.30) 

x;J-~~1:~~11: .rE C" fflt_ft, IJlljf* A E C ~A 89-1-~ill: ~o )!~ 89 .r P4 fa\X~~ill: ~A lfJ 
~ll* 89 ( :tl )~ill:~· 0 

Jm:(£ ,)>A.j.\(2. 3. 30)8,t~ t;j14J;iH .x-t--:-1-~ill:~ A ,:fl 

rank(Al -A)< n(~det(Al -A)= 0). (2.3.31) 

JYfl;jA89~ill:~8.t~'t89~ill:$lJi.J:\ 

X(A) : = det(Al- A) =A"+ a 1A" - 1 + ... + a. - 1A +a. (2. 3. 32) 

89m,,~.~:fl n-1'-mo J!.®mEi.1tA 89~ill:~i'J<Jm~Jfim-frA(A)={ApAn'"•A·}*~~o 

riiD89ttJ.at~ Cayley-Hamilton ~Jll!, 

(2.3.33) 

p(A) ==max{/ A// A E A(A)}, ( 2. 3. 34) 

" 
trace(A) == 2:;a ,, , (2.3. 35) 

i = l 

" 
trace(A) = 2:;A,. (2.3. 36) 

i = l 

1Nt2:-1-1J89m~ A E C""":fln 1-~tt~J'L89~ID:~:fit .r 1 ,.r2, ... ,.r., 7t§JIJ~~ID:~ 

A I •A2 ' ... •A.,(~-~~lfl~ )lfj~Jl* .~ 

T == [.rl .r2 ... x.,] E C""", (2. 3. 37) 

l!8.t~ A 89~ro:~•m~ .IJl~:fl 



. AI 0 ... 0 I 
0 A2 ••• 0 

T - 1AT = . . . . . . . . . . . . . 
0 0 ··• ,\. 
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(2.3.38) 

M-T-1-/J~~!Vf AE C"x" ,jj 'iitf¥{£-1-~~~jf~~ TE C"x"l!l-1-mti: k .~~ 

] 2 
T - 1AT =] := 

[

jl 

t 

(2.3.39) 

(2.3.40) 

H~~ ,\, E HA),i = 1,2,···,k l!l~ n,=no ;J:\C2.3.39)9=J,J ~~~~#i}itf$~A ~ 
i = l 

Jordan ~1&ffL ~fll{£ Bingulac l1l Luse[12
J Elf ill :itt~- l!~Iilll..t:ill:rr T I& :ill:.~~ T PJ 

t;HtJt: Jordan ~mm~ m ~ti: jc£. mo ~M,fflJ~ ,{Eif:)f Jordan m~atf~~~lt:k~ft{« 
it:M: m~ <!A!. Kailath[7

o] > ,ff!~ll*fm~flfffUm:M:lli, ~PJ i:J{£JI§iifii.119=J~~:It!!.tlffi~tt~ 

tJc~~l!f!~A\~#iJlllJtfll!.~tto lW~:ill:-~nilli ~~.~1f Jordan m~5H!f~t1C~tt~~ 
~IA .{£~~9=J!p~~~Y~ffl o *-iS 3:~~Jffl Jordan ~n!mW#film~fC !lbllli:t*5tt!T o 

""fiiii~*r-~1rm~!Vf~ID:m~-.l!i"~~1it~ m~~~Ao ""f _,J,'W~~lli~~~ 
!Vf~]!~~*o Mrff~-1-~!Vf AE C"x" .~fll~ 

(2.3.41) 

A-A11 A-A11 

Amin ( 2j )~ Jm A;(A) ~ Am•x ( • 2j ) • (2.3.42) 

Jt 9=J j =v'=L 
X>fr A,BE C"x" .~ffl~ i:J""F*r A+B ~~ID:{«~~A: 

max I A;CA+B> I ~JAmuCA 11 A) +J Am •• CBnB) (2.3.43) 
i 

A 11 +A B 11 +B Amin( 2 )+Amin( 2 )~Re,\ , CA+B) 

A 11 +A B 11 +B ~Am•x( 2 )+Am•x( 2 ). (2.3.44) 



14 

xt-TJ't.fl"l§ lll]~J;t(J{J1fli$ A fll B, ftff]fl" ~ r *r AB ~{iE{RB{]fimJ:: 

A(AB) = A(BA) 

max I A;(AB) I~)Amax<AHA) ·)Amax<BHB). 
i 

M-T A E C"x"' fOB E C"'x", # _§_ n>m ,ftffl;ff 
A(AB) = A<BA) U {O,O,···,O}==>trace(AB) = trace<BA). 

~ 

(2.3.45) 

(2.3.46) 

(2.3.47) 

(2.3.48) 

2. 3. 3 ~~~If$ 

ftm~~-~m~w~-@#ffl(J{J~•~Ii!foftm•~~-~~~B{]fll$~~~ 

li!f.~~~m~•w~*mfll~*~~~~R·~~m.ft~~fll*m•~ttl§*B{] 
l'iiJ~ o ~~ -1- A= [a,j] E C'"x", 5zll:'= ~ i:f=- j ~fl" a,j =0, !JIH~ A ~Mffl~ii!f, fl"Bt~ 

7Rnlt 
A = diag{ai ,az, ···.a,}, 

A~ r' A, · .. A,]~ blkdi,g(A;,A,, ... ,A,). 

riTfi~JL~-~ (J{]1fiD~ii$ o ftff1i~~li$ A E R"x" ~ 

1. xtf* B{], 5zOM<! A' =A<~ii$ B{] Ji)ffl"~li£ {Rtj5~~~1Lt.); 
2. tifE~xtl* B{], :tzoM<! A'=- A< ~ii$ B{] JiJTfl"~liE OO:tl5~ttHtii.L); 
3. ~x(J{J ,5zOM<! A' A =AA' = J(~li!f(J{]JiJTfl"~liEOO:~if!.{iL~_t); 
4. ;;;~, :tzoM<!xtmJ:t k 1r A k =oO.l!li!f B{] JiJTfl"~liE mt~S~mt~ >; 
5. ;JJ~,5zOM<! N=AO~!Ii$B{]~li£{lltl5~ 1 ~ 0); 

(2.3.49) 

(2.3.50) 

6. ~~~li$ ,5zoM<! A ~~~~~(J{], ~B{]4ij:-~IJ <~H) Rfl"-1-~r 1 B{]~~~~~ o 

ft ff]i~~ li$ A E C"x" ~ 
1. Hermitian(ffi*(J{j) ,5zOM<! N' =A(~Ii$B{]~li£{Rtl5~~~_t); 

2. Wli$ '5zOM<! AHA =AA H = [(~li$B{]~li£ 1lltl5~!f!.UL~.L); 
3. ~~ , 5zOM<!X;f4I}1-~~~~il: xE C" ,;ff xHAx>O; 

4. $ ~~, 5zOM<!xt4I}1-~iil: xE C" ,fl" xH Ax~O; 
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5. fttJ:E,~Il*X>f4Jt1'~~:lJ 9Cil x E C" ,:fl x 11 A x < O; 

6. -*fttJ:£ .~ll*M4Jt1'9C :it xE C" ,:fl x 11 Ax~O; 

7. ~;;E.~Il* A ~~~iEJ:E,tlL~~-*fttJ:£89. 

~ll* A ~iEIE<-*iEJ:£) 89, ftffJic A>O<A~O); ~ll* A ~ftt);£ < -*"fttJ:£) 89, ftfflic 

A<O<A~O). ~J:EWJ-1' Hermitian~~A.BE C" "' ",~Il*A- B~O,ftff1icA~B; ~ll* 

A-B> O,ftffliC A> B. 

:(£~~fdll1£lfi!JJ:iilffl 9:t, !:j){;j"f$S.X; Hermitian~~ 89 iEJ:Etifn-* iEJ:Etil§ *. 89~ *~ 

j}1Jitftff1~~~. r 00 ~~ :±l *. -T Mf*S.X: Hermitian~~, J:J & iEJ:£ ~ ~ 89 - Jtt.:fl ffl 

~*· 
~Ji:-1' Hermitian~~ AE C"'' ", 't:B~!Yf:ff~{i£00:~~~89, IW .HA) = L~~ ,it z , ... , 

it,}c; JR .~ 

itm,.(A) == min{it(A) }, Amax<A) == max {A(A) } , (2. 3. 51) 

. x 11 A x x 1
·
1 A x 

itm,.(A) = mm - 11 -, itm•x(A) = max - 11 -
_,.,o X X _,;<.o X X 

(2. 3. 52 ) 

-max I A; (A) I ~ A min (A) ~ it;(A) ~ Am,. (A) ~ max I A; (A) I. (2. 3. 53) 
i 

max I it ; (A+B) I ~ max I it ; (A) I+ max I it;(B) I, 
. j j 

Amin(A) +Amin (B) ~ A; (A +B) ~ Amax (A) + Amax (B)' 

Amin <A+ B) ~ min {it max (A)+ Amin (B) ,it"''" (A) + Amax (B) }, 

itm .. <A+B> ~ max{it m .. <A) +.:t"',,(B),,:t.,.,,(A) +.:tm .. <B> }. 

*.-TAB~~{iE{i[tlL:fl~~~~~A: 
max I it ; (AB) I ~ max I .:t;(A) I• max I it ; (B) I 

i i i 

<w~tt: :t£®:~9'1, ~_t~~A~<2. 3. 46) ,:fl~)fn 

(2. 3. 54 ) 

(2.3. 55) 

(2. 3.56) 

(2.3.57) 

(2.3. 58) 

Amin(B)it;(N) ~ A ; (ABA) ~ Amax(B)it;(N ), i = 1,2,•••,n, (2.3, 59) 

;!t9:t,it;(. )~f.I~Ff~itl(. ) ~it 2 (. ) ~ ··· ~it , (.) . 

ftffl9';1]U!, -1' H ermitian ~~~iEJ:E~ <-* iEIE ~), ~ _§_ {)( ~ 't: ~!Yf:ff ~~{if {i[:Ji!: 

iE ~ < ~~ ftt ~ ) ; ~ ftt J:E ~ < * ftt J:E) , ~ H f:z ~ 't: ~ .&r :fl ~ M m ~ :1i!: ftt ~ < ~~ iE 1¥1 ) • re -
1' Hermitian~~ AE C" "' " :!GHt~ 

(2. 3.60) 

(2. 3.61) 
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Azz > 0, A,, -A,zA2z'Arz > 0. (2. 3. 62) 

:ii~ii!1:(9!Jt1~1'~~, ltJ k-( liE~ A ~iE~B<l, ~li Dl~EB<JJYT:ff .±r.:rtm~iEB<J; A~* 

iE~ B<J, ~li Dl ~EB<JJYT:ff .±-r.:rtm~~~:ff!. B<J o M:ff!.~fll*ffl~~~, ill 1tJ k-(~~¥Uff!MB<J 

~~0 

~~w;11' Hermitian~~ A,BE C"x" ,ftffl:ff 

A~ B > 0¢:::}B~ ' ~A~ ' > 0. 

5l1Hf~: A f1l B ~ ltJ 3(: ~ B<J , I!P AB = BA, IJlU 

A>B>O=>N >B* >O. 

~~Hermitian~~ A,B,SE C"x" ,jf_§_ A>O,B>O fJ1 S>O,IJlU 

ASA > BSB=>A >B. 

.:rt < 2. 3. 6 5 ) :tUil& 1J IOJ - ~ :Jf ~ ~ il. , f.!HP ltJ k-( :ff 

(2. 3. 63) 

(2.3.64) 

(2. 3. 65) 

A> B=> :ff:f£ - 1' S = SH > 0,{11:!~~ ASA > BSB. (2. 3. 66) 

:t£m~~tt¥~fll~~~~B<J~~~*~·r00~1':ff*A+BfJ1ABB<J~ttill.~ 

~~:f) Jt]B<J o ~~w;J-t- Hermitian~~ A,BE C"x" ,fN~ A f1l A+ B B<J~{!Etilt:J r00B<J1J 

.:rtf.I~Ff: 

..:t,<A+B) >..:t,(A), i = 1,2,···,n, 

..:t,<A+B> ~..:t;(A), i = 1,2, .. ·,n. 

~~w;J-t- Hermitian~~ A,BE C"x" ,jt~ B>O,ftfll:ff 

A(AB) c R fJ1 ..:t(AB ~') c R, 

I!P AB fJl AB ~ ' B<J~{!Efiltj5~'!);;B<J .~§Jrj:ff 

(AB ~ J) - .rH A.r 
.Am•• - max ~B . 

n'O .r .r 

H~ .~o* A iE~iE~B<l<* iE~) ,IJlu AB fll AB- , B<JJYT:ff~{iEfilm~iEB<J<~~:ff!.) 0 

~~w;J1' Hermitian~~ A ,BE G"x" ,jf li A~O fJ1 B~O,ftffl:ff 

(2. 3. 67) 

(2.3.68) 

(2. 3. 69) 

(2. 3. 70) 

(2.3.71) 

(2. 3. 72) 

(2. 3. 73) 

Amin(B)Am,.(A) ~ Amin(B)trace(A) ~ trace(AB) ~ Amnx(B)trace(A). (2. 3. 74) 
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~~-1-~~ AE cmxn, 'EB<J~:¥f{~iJ&~~SCk 

CT;(A) :=J,t<AHA) =J,t<AA 11
), i = 1,2, .. ·,k, (2.3. 75) 

;l'tq:t k 1 =min{m,n},JNi&l: AHA~ AAH B<J¥HiEfR!;J~J'f1JJ:t1l~Jtl,1IH'&~ u, (A)~ 

CTz (A)~ .. ·~u.(A)~Oo ~)(.A B<J~flf:f(jj 

t. 1 = diag{u1 (A),u2 (A), .. ·,u.(A)}. 

llJ l-'J i.iEI!ij ,H1£iW1-W~~ .~~~A fm~~5tfL:*J 

A= Ut.VH, 

(2. 3. 76) 

(2. 3. 77) 

(2. 3. 78) 

(2.3. 79) 

t. = [t.1 0], ;ff m ~ n. (2. 3. 80) 

J:t <2. 3. 78) B<J5tffJ¥~~ A B<J~:¥fiR5tffJ¥ o ft1iJJ!.I!1£ @I l®i~:¥fiRB<J-@~ ffl ttJ9L 
tt.JBi2.3.1 ~~AE C"' x "~BE C" x P,ftffl~ 

CTmin (A )CTmin (B)~ CTmin (AB) 

i.iE IIJI ft 1fl ~ lH 

~min {CTmax (A)CTmin (B) •CTmin (A)CTmax (B)} 

~ max {CTmax <A )CTmin (B) •CTmin (A )CTmax (B)} 

~ CTmax (AB) 

~ CTmax (A)CTmax (B), 

Amax (BBH )AA H = A[Amax (BBH) J- BBH]AH + ABBH AH, 

1t tl: if. i!J A max ( BBH )[-BBH ~0, Jj!tlftHm J:t ( 2. 3. 70) llJ ~~ 
Am •• (BBH)A,(AAH) ~A;(ABBHAH), 

A max ( BB H ) Am•x ( AA II ) ~ AmRx ( ABB H A H ) ' 

!OC ~1ftjW. .u~ •• ( B )u~ •• (A) ~u~,.. (A B) , [:§ ffff J:t ( 2. 3. 81) B<J~ * ffltiL 

x;frJrB<J~~ A ,BE C"x" ,J:t(2. 3. 84)il!~'*fi 

(2.3.81) 

(2.3.82) 

(2. 3.83) 

(2. 3. 84) 
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O'm .. (B)a,(A) ;?:a,(AB), i = 1,2,···,n. 

Amnx(A'1A)BH B = BH[Amnx(AHA)J- A'1A]B + BHA'1AB 

~ 't l¥J tt J9! , ~ ffll'iJ !;). liE llA 

O'm .. (A)a,(B) )::a,(AB), i = 1,2,···,n. 

mT*.a:~iiJ 
- Amin (BBH )AA II = A[BBH- Amin (BBH) l]AH- ABBH AH 

- Amin CAH A)BH B = B11 [A 11 A- Amin (AHA)J]B- BHAH AB' 

~ ffll'iJ J)J iiE ~ 

(2.3. 85) 

(2.3.86) 

( 2. 3. 87) 

(2.3.88) 

a"';.,CA)a,(B) ~a, CAB), C2. 3. 89) 

i=1,2,···,no 4" i=1 ~ i=n,):.\(2. 3. 82)1¥J~ti:'=l'iJ!;).JAj.\(2. 3. 85),):.\(2. 3. 87)~ 

.itC2. 3. 88)~.it<2. 3. 89)~~~iiJ,7HJIJ£:.i:ft::k~:lii:JH~t~ffii¥J~)(.f§X11.iL • 

;f!J.ffi ~11:19! 2. 3. 1 l¥JYEilA.f§~f~i¥J:1J~, Mrff~i¥J AE C"' x" ~BE C"xp, imctff~ 

!i!!.lt$3t m,n ~ p {i,~ffll'iJ!;J.~I±\:kr AB i¥J!l!:fl@~;!HIL 

1. ~1151:1: n~p,l)llj 

3. ~[L'= min{m,n}~min{m,p} ,])!lj 

4. ~[L'= min{n,p}~min{m,p} ,!J!IJ 
O'min (AB) ~ O'max (A )O'min (B) • 

5. ~IH!l1: p~n~m ~ m~n~p,l)llj 

O'min(AB)):: O'min(A)O'min(B). 

l'iJ!;J.Hm~YETOOI¥J:kr~~A+Bi¥J~~ffi~~;i:.\~~: 

(2.3.90) 

(2. 3. 91) 

(2. 3. 92) 

(2.3.93) 

(2. 3. 94) 

O'max<A+B) ~O'max(A) +O'max(B). (2.3.95) 

JA):.\<2. 3. 78>1¥J%!W~I'iJ !;J.m~!t!!.wl±l .~~A i¥J.fk~:Ji! A i¥J~~~~~ffii¥J1-tL E8 -T 
~ ~ m l¥l * M R 'flfi ~ m iiJ w ~ ~ , t: l¥l * fif f£ 1'1 1 , JYT vJ t: l¥l f£ m ~ ~ tt ~ n- , l'iT !;). '"f!fft 
!t!!.f!fft~H:J~~l¥J.fko ~~{i%fW-tl!l'iJ.ffiritJt:~~~~~~l¥J~o ~~~[l,~[l* A :Ji!~~~~ 

l¥J :11 ~ ' IJliJ 't l¥J ~ 1'1 
A- ' = vt.-•uH. c2. 3. 96) 

lift ,:t£:1( t.- • at, R'flfi~MtT-:1::1(~0 ~~ffi%!Wl¥J~-1-!.ilZffl~:li!itJt:~~l¥Jfjj~o M 
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J:E-1-~~ AE cm Xn ''t l¥l~:i$~ Moore-Penrose j$1¥JJ:E:X.1-J - 1-1t- 1¥1~~ AtE c •Xm' 

~1~ 

1. AAtA=A, 

2. At AAt =At, 

3. AA t = (AN) H ' 

4. At A= (A1 A)H. 

~ q 1-1 A 1¥1~~~~Jf«ll¥!1-lt,Jil~ft:<2. 3. 78)lfl A I¥J~Jf«l?HfPif~£!1T~1-J 

[
6.. OJ A = u 6. V'' = u 0 0 VH ' 

Jt.P 6.. =diag{a, <A) ,az (A), .... a.,(A)} o liT ~1I~YEI3JJ A I¥J~J$1-J 

· [D.-1 OJ At= v ; 0 UH' 

if 1Hit~ 1¥1 tt J9t : 
o~.x n = Onxm• (A1

)
1 =A. (A1 )H = <AH)t' 

AH =AHAAt =AtAAH, <AHA)t =At(A'')t, 

At= (AHA)tAH = AH(AAH)t' 

im(A) = im(AA 1 ) = im(AA H), 

im(A1 ) = im(AH) = im(AtA) = im(AHA), 

im([- NA) = ker(A1A) = ker(A) = im(A 11 ) ..l , 

im([-AAt) = ker(AAt) = ker(N1 ) = ker(A1 ) = im(A) ..l . 

2. 4 fi!l'£ 

(2. 3. 97) 

(2.3.98) 

(2.3.99) 

(2. 3. 100) 

( 2. 3. 101) 

(2. 3. 102) 

(2.3.103) 

(2. 3. 104) 

(2.3.105) 

Mltm*•A-1-~I~~~I¥!K-~*~oMit&IIJ~~M~~~~~-~Itm 

fr J:E :x. 0 

~J:E-1-:f£f;f-A~K ...ti¥J~tt~ fa] X, fffPJ -1-* r .r E XI¥J~«ltt-A ~It< 1M 'lit ffl 
ll.r II*~~):(£~,@ -"fitittl9tl¥ltwl£-"Ftl5~:t£x...ti¥!-1-Mit: 

1. ll.r II >o.~ .:.r*o ~ ll.r II =o.~ .r=O; 

2. lla.rll=lal•ll.rll,'v'aE lK ,'v'.rEX; 

3. ll.r+zll~ll.rll+llzii,V.r,zEXo 
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II X II p : = ( ~ I X; I p (p' 1::::;; p < 00 (2. 4. 1) 
i = l 

II x II = : = max I x, I , (2.4.2) 
i 

;t:tq:t .x1 ,xz ,···,x .. *xE C" B'-351-IL II x liz i:l!P4~ x B'-3 Euclidean m:~.m lxi*M-ft 
~ffi 0 

2. 4. 2 ~lf$ffi!lt 

~J:E-1-mjr$ A=[a,i]E C"' "" ,'ti]{J Frobenius 7it~J:E5C::kJ 
m , II Z min(m,, ) l i Z 

IIAIIF:=(~~ la,i 1

2
) =( ~ cr,(A)) 

i = l j = l i = l 

A B'-1 p 1it~b\9diB'-1 p m:~~~rm*.~P 

. _ II Ax II p _ I 
11 A 11 p • - ~~r 

11 
x 

11 
p -

11 
~ ~~;= ! 1 Ax 11 p· 

,a_.f*:!t!!.i~ ,)(;j--'f p= 1,2 , oo ,ftff11f 
m 

II A II 1 = max~ I aii I , 
) i = l 

II A II 2 = /Amox (AHA) = CTmox (A) • 
l! ill 7Ji fJ\ :1'1 A B'-3 itf 7i1 ~ , ~ 1f 

n 

II A II = = max~ I a,j 1. 
I j = J 

(2.4.3) 

(2. 4. 4) 

(2.4.5) 

(2.4.6) 

(2. 4. 7) 

IIAII ~p(A), (2.4.8) 

;t:tq:t, II A II *A B'-JfffilJ7i1~ .p(A)* A B'-Jil*~ o tt~ ,J!JT1fl!l!tmjr$7it~:f£W~~ r 
*~~~]{] 0 

X1 ff fiJI p E [ 1 , oo ) , ~ L; ~ ffi J!JT 1f mi JE J:J r f£ J9!: B'-3 ItT ilH~-'% g : R+ - R m J!JT ~ nit B'-1 

~f:E~IBJ: r 1 g(t) 1 Pdt < oo . 

M-TfffilJ -1- gEL;; p E [1. oo ), ;It Lp 7itltJ:E )(:1') 

f
= l i p 

llgllp:=( 
0 

lg(t)IPdt) , 1::::;;p <oo. (2. 4. 9) 



~ L~ * jf- J9f :ff nt!UE t:XF tt 19!: 1¥1 fl'i ~ g : JR ! - IR"' J9f ~ ~ 1¥1 ~ tt ~ IBJ : 
lgCt>l <oo , VrE lR+ . 

MrfffilJ -1- gEL~ ,jt L= m:fi}ESf..')g 
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II g II = == sup I g<t> 1. <2. 4.10) 
. 1;;:0 

""f 00 :lH~ :ff ffll¥1 fl'f ~ m: fi 1¥1 Holder /f' ~ :r.\ , 
II fg 11, ~ II f II p • II g II ,, , <2. 4. 11) 

jtr:jl,1 <p<oo~ 1/ p+1 / q=L tl!"iiJt:JiiEI~J:I.~Il* g(t)EL, nL= ,!Jllj g(t)EL2o 

M ff filJ p E [ 1, oo ) , ~ t; * jf- J9f :ff nt!LIE IV- ""f tt 19!: 1¥1 ~ 1tt at IBJ fjlj ~ g : N - R"' J9f m ~ 
1¥1~11:~ IBJ: 

~ 

.2:: I g(k) IP < 00 • 

MfffilJ gEt;, p E [1 .• oo ), jt l p i\tfi}E Sf..')g 

II g II p : = ( i: I g ( k) I p) 
11 

p • 1 ~ p < 00 . 

k = O 

~ l~ * jf- J9f :ff m! )E t:J. "F 11: 19!: 1¥1 fjlj ~ g : N - JR"' m ~ 1¥1 ~ 11: ~ IBJ : 
I g(k) l<oo , 'Vk ~ O. 

xtrff~ gEL~ ,jt L 7iLfi}ESf..')g 

II g II = == sup I g<k> 1. 
k~ O -

(2. 4. 12) 

(2. 4. 13) 

~ll* g(k) E lj" ,!JIUnJ IV- i.i£~ II g II p ~ II g II, <oo ,pE (l, oo ] .2:~~ff l, Clp, PE 

(l, oo ] o _,IVIU.~ ,l)'Ct;ct~:, , pE < I, oo > o 

1 [J= J 1/ 2 II G ll 2 == (
2

rctrace - w G(jw)G(jw)Hdw ) , (2.4.14) 

II G II ' 0 : = sup am .. [G(jw)] = sup 
1

1

1

1 h 1

1

1

1

2 
, 

wE [ O, o ) IJ wiJ 2 = 1 W 2 
(2. 4. 15) 

jtrp ,w(t)~ h<t>7HJIJ:/! G(s) B'.Jffi A~ftil:l:l o 

~ <A , B , C, D ) :!! ~ }E f~ i31 PEi fi ~ ~ G < s ) 1¥1 - 1- ~ ~ ~ IBJ ~ Jll, I!P G < s ) = 

C( sl - A) - I B+ D 0 nr IV- ]l:t~iiEHJL .¥3 J3. {)( .¥3 D= 0 B;f' II G II 2 < 00 0 :(:£ D= 0 B'.Jfff (£ ""f 'nr 
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A' P + PA =- c'c, AQ + QA' =- BB', . (2. 4. 16) 

II G II z = v'trace(B'PB) = v'trace(CQC'). (2. 4.17) 

II G II = a<Jit·lt~JHJJt , ;m:l1~-1-t,-1dit r > ama. <D> . ~~~ 

[ 
A+ BR- 1 D'C y - z BR- 1 B' J 

Mr = , (2. 4. 18) 
- C' ([ + DR - 1 D')C -<A+ BR- 1 D'C) ' 

:(U1Ull!...t~Y:ff -1-*f{iE{O: ,Jt"f:t R : = f I- D'D o ~ll:'=l!f.Fa<J y ff{£, !t~lli~y= y· ,IJ!~ 

II G II = =r· ; ~IJ!~ II G II = =ama.<D) o 

( 2. 4. 19) 

II G II = : = sup Gmax [G(eiw)] = sup 
1
1
1
1 h 1

1
1
1

2
, 

wE[o .z. ] llwii 2 ~ I W z 
(2. 4.20) 

Jt"f:t ,w(k) ~ h(k ):)j-jJIJ~ G(z) a<J~A~~ l:f:l o 

1Ni9:<A ,B,C,D)~ G( z ) a<J-1-~~~fB]~~-L {£ D=O a<J'!fi£ "F, .RJHE"Frmm-t
Lyapunov /JW"f:ta<J-1- P> O Wt Q> O ~frl¥1:f:l*,~lliJ:.Ht•l±lll G II z 7 . ~P 

A' PA - P =- c' c, AQA' - Q =- BB ' , (2. 4.21) 

II G II 2 = v'trace(B'PB) = v'trace(CQC'). (2. 4. 22) 

II G II = a<Jit• ~f.F~~JJJ1 a<J, liT~ *'J ffl ~~tt~~re G<z) ~fft Jllt-1-:i!rt El1 fBJ ¥ ~ o 

liT~ ii£a}) ,{£~~11:~~ "F ,G(z) a<J H = 7i1fi~r'ta<J:i!rtB1fB] ~fft ¥~a<J H = 7i1fi o ft 
1fHH~IlA a<J~, /Fit~:i!rtEI1fBJ ¥~ . ~~~1ttEI1fBJ ¥~, m:ff 

II G1Gz II = :::;;;; II G1 II = • II Gz II =· (2. 4. 23) 

J!-1-*ff:I:~/F~):.\(2. 3. 81)8<J-1-fijl".ijtff£ito 



3.1 ~~ 

ftfi~~---@~$~·-tt"~~--~-~·*•*o*·~~~~~tt. 
~Hm~tt~m•tt~~•*e~~~~~•r~w~N.m~~*$~~•tt••~~ 
A 1'1 *i f-4 ~ ~ tiG i!J < .tzll Antsaklis ~ Michel[4J , Callier ~ Desoerl: 161

, Chen[JJJ, DeCarJo[46 l , 

Kailath[701 
, Rugh[1141 ~ Zheng[1581 

) o ~~!I!, ft ffl :f1f * ffl Chen[331 ~ Zheng[ 1581 ~ ~-~ 

tt~~-~0~-~oo.~~~•m~~••dM~•~~~m~~•Ma.~•tt•• 

~~~~-~~~ < ii1P4 {$~!~&~.~~~)~XII&~.~~~, m )2ft~~ k-{HJLfiiJr~IBJ o 
~@:f1f~soo~•~~*fiW~w~.mm~~-~~r•tt••~~·~*~~~~ 
~ ~tJGj!lj, .tlll Rosenbrock[1121

, Trentelman ~[ 141 1 , Verghese[ 14 61
, Wonham[ 154J .~~ -~M 

~~. (~!A!, Commault ~ Dion[411
, Kouvaritakis ~ MacFarlane[77J, MacFarlane ~ 

Karcanias[96J , Moylan[ 102J, Owens[losJ, Pugh ~ Ratcliffe[1101 ~ Saberi, Chen ~ 

Sannuti[11 5J ) o ~~!I! ,ftf11WiilNAJ9f }liJ 9;1] ~ Kronecker m,m;~* ~I A~ II&~:XII&~.~ 

~~ ,VJHml2tt~~~-*'~T JLfiiJr~IBJ~~WJJllj*$71-~ § Trentelman ~[ 141 J 0 
~@•*•*~~·~*~~~-~~~.msoo•~~-~~Mm~m~m•~o 

ftfi~•~•~•"~•tt"~~••·~~oo~~~~~w~~*~~= 

{

.i(t) =A.r<t>+Bu(t), 
2:: 

y(t) = Cr(t) + Du(t)' 
(3. 1. 1) 

jt~,.r<t>E R" ~--~~.u(t)E lRm ~--~A.y<t>E RP ~--~m.A,B,C ~ D 

~A~~§m~~1it~~II*o §_t~~~~•~•~•"·ftfn:f1fre t ~•»-~(3.1.1) 

~~ .r,u ~ y ~1!i'£o 1B.f&A<3. 1. u~*~~m~£Wxifa,fE!.~ftf11~~ 6 -=~~ 

•~-f*~~~~tt•• .~~J9fm~~:Jf *t1Edr Jf.. <descriptor) ••, jt~~~~jg 

E i (t) =Ax<t> + Bu<t> .jt~ E ~-1-~:Jf~II$ o i!J T~ 6., ftffl~W~i1!!.~~~# 

~~~¥-o tl:~ .2: ~ -1-M'Jii>i§~(:ij!~~~): 
H(s) = C(sl- A) - 1 B +D. 

~fl!-li1!!.. ~~a"'BJ •m~~~ .1g 

{
.r<k+U =A.r<k>+Bu(k), 

2:= 
y(k) = Cx<k>+Du<k>. 

(3. 1. 2) 

(3. 1. 3) 



24 

flilf-t,.r<k>E lR" ~*tft:l*~.u<k>E lR"' ~*tft~A.y<k>E JRP ~*tft~ttlo li'JJ.iil89~* 

:j1f ~ fO it~ B;f IBJ * tft llil tf;- :it!!~ ttl o ~ 1tt B;f IBJ * tft < 3. 1. 3 > 89 f~ li i>N 1'£.1'1 
H(z) = C(zl- A) - 1 B +D. 

~T89~~~*·~§D89•tt*t1t89~*-~= 
1. •ttB1~1r*tft89z;IJ~II(iiJJ.iil; 

2. *t1t~~tt; 

3. PJfittfliPJ~tt; 

4. *t1tPI~ttfOPJ~tt~ltJ; 

5. :ff lill fOx lill ~ J!~( ~ ftJ ; 
6. JLfiiJ -T~ IBJ; 

7. :!* ~ 1i i1! fO Uli tfHJJI A 89 tt l!JL 

(3. 1. 4) 

ftffl(£~-11 !l!~~ttl-ttB1~1r*tft89:1*~fll~ ttl PiPJJ.iil89fU¥o §jt~ J!tA (3. 1. 1) 
89 it~B>tiB.J * tft :!o MrfJJMi*{'f .ro =.r(O) ,:! 89:1*~1r:l: .1· ( t) 89 fU¥~:1*~ llfiiJ f.iil PI~ •It 
-Jt!!~jf-1-J 

( 3. 2. 1) 

1trft .~-J9!~EB'FfJJMi*{'f .ro '11®89llflilf.iil,~=J9!~:$'~$1£1111J u(t)l9f'JI®89Ilflilf.iilo :1'17 
'11 til ~~mfii>Nf.£89~)(, ftffJ5HJlj~J!t-"fiiDWJ#11ftsL: i) *t1tli:ff :$'~$~A, I!P u(t) =0; 
jj) *tftf]Jj!fj~~1'J~ • f!P X o =Oo 

1. ~:$'~$~Aftf-'i} u(t)=O B•t.~~1ft'1<3.1.1)1rJilt 

X= A.r, .r(O) = .r0 • (3. 2. 2) 

= 
.r(t) = ao +all +azl2 + ... = .2:: a,t•' l ~ 0, (3.2.3) 

•-o 

.i-<t) = a1 + 2 a2t + 3 a3t2 + ··· = Aao +A a1 t + Aazt2 + ···. ( 3. 2. 4) 

IN 1'1 ~A< 3. 2. 4 > xt M:ff t~O m~,~ Jllt.:V:., J9T ~ ftffl :ff 
- _1A - _1N -
az - Z a 1 - 2! ao • 

- 1 A - 1 A3 -a 3 = - a > = - ao • 3 - 3! 

- - 1 A* - k 0 1 2 a, - k! a o• =,, , ... , (3. 2. 5) 
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(3.2.6) 

(3. 2. 7) 

(3.2.8) 

2. ~~<3.1.1){£~VJMH~·f4 xo=O fll~~~89;.Hm•A u<t>89tifi£~ .~ffl~J!t~ 

iii 89 ~ J:.\ : 

(3. 2. 9) 

(3. 2. 10) 

(3.2.11) 

llT VJ 11 tfH~ YE J:.\ ( 3. 1. 1) A 1f Vl Mi * f4 x ( 0) = X o 89 ~ ~ njlij !3lZ :1'.1 J:.\ ( 3. 2. 6) fU 
J:.\ ( 3. 2. 11) Zfll • I!P fA¥ 89 ~J:.\ :1'.1 J:.\ ( 3. 2. 1) o J:.\ ( 3. 1. 1) Jl:fl VJ Mi*f4 x( 0) = Xo 89ffl¥ 89 
'lt-f:Eilf!;l:J!fFii£1l)J: ffil~ x, fU Xz :J!J:.\(3. L 1):(:£ x, (0) =xz (0) =xo 89ff!¥o ~.i(t) = 

x , (t)- x z (t), ffil.lltxo =x(O) =0, ~fll:ff 

i = .i, -.i2 = Ax 1 +Bu -Ax 2 - Bu = A.i. (3. 2.12) 

b\ J:.\ ( 3. 2. 6 ) llT ~-!J. x ( t ) = eA' .i o = 0 , I!P x, ( t) = x z ( t) , Xif l9f 1f t ~ 0 Jfl."iL o :lii E , ~ ~ W ttl ~ 
~ < 3. 1. 1 > xt !3ll 89 tuu tl:illfliJ !3ll :1'.1 

y(t) = CeA'xo + L CeA(t -r> Bu(r)dr+ Du(t), t ~ 0. (3. 2. 13) 

:tm"~t!MAIJIPJJ3ll":m89:J!t£~1f-A f~~ 89tif!£ ~, El3 VJMi~~J3/f'JI ®89 PJiiJ!3lZ o xtl!~ 
at rBJ ~~ c 3. 1. 1 HlH>l. :tift" •w: llfi"~PJiiJ !3ll "fll" II* fiP IJIPJ !3ll ":l!m t£~m Mi~f4 ~. 7HJIJ xt 
.Af~~ 

1 

u(t) = fU u(t) = 8(t) (3. 2. 14) 

1 

J9f tr- j:: 89 niP] !3ll , Jt 9=' 8< t > :1! •1:\!.11* /IP ii.i§ flo 

~fittHtiBJ ~~ (3. 1. 3 > 89l;IJ ~ n!PJJ3llllf 1;1 ii ct - .® M. 89 ~ Jll!* it. o {£ V1 Mi* {4 :1'.1 
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k - 1 

x (k) = Akx 0 + I;AH - I Bu(i), k ~ 0, (3.2.15) 
i = O 

k - 1 

y(k) = CA*xo + 2:;CA H - 1Bu(i)+Du(k), k~O. (3. 2. 16) 
i=O 

~M:it!!. ·**"~Wi AIJ!iiJE!Z":fti(I<J~{E&::flWi A ffl"%(J<J11H£ ""f, m ~Mi*f4J9fi31®(J<J** 
:±l Pjii]J3!Z o -*ift" !'fllli~~IJII'iJE!Z"fll " !'flllill* IJPII(iiJE!Z" 7HJIJ:Jti (I<J~J:t <3. 2. 16 ){£~~ Mi*flj: ""f X>f 

tuYAm% 
1 1 

u(k) = fll u(k) = 8(k) (3.2.17) 
1 1 

{ 
1' 

8(k) = 
0, 

k = 0, 

k > 0. 
(3. 2. 18) 

M~tt~~~~:fl·~~-~-(!<J~~.M~~~--~ttoX>t~~tt~m.~~~ 

n~atrBJ~m(3. 1.1)~~~ttatrBJ~m<3. 1. 3) .~•~••~tt(J<J•~J9fttxot(!<Jm~ 
&::fl;.~StuYA u B;f(J<]~~*lL~ o J9T!;..(,X>tn~BtfBJ~m<3.1.1)*i3L~S§~tt8X~ 

.T = Ax, x(O) = X o (3. 3. 1) 

(I<J$Jt~; X>t~~M:BtiBJ~-(3. 1. 3) .8X~ 
x(k + 1) = Ax(k), x(O) = x 0 (3. 3. 2) 

(!<] $Jt ~ 0 A f* :it!!. i3L ~ll:!.'fi!: it ~ B;f IBJ ~ • (3. 1. 1 ) (!<] ~ ~ $Jt ~ X;f4ij: 1'- :fl w. (!<] ~ Mi * ftj: X 0 

m ~ :fl W. (!<] , !Jllj f* ~ ~ m ~ llflj W. (marginally)§~(!<] :!i,lt {£ Lyapunov • ~ r ~ § ~ (!<] , :!i,lt 

:ttMY !'fl:it!!. i3l~•~ (!<] 0 ~ll:!.'fi!: ~• (3. 3. 1) ~-~ (!<]. 1t: xotff •~ Mi*f4. ;tt~~*1L~ m 
t.lij)E 

limx(t) = lim eA'x 0 = 0, (3. 3. 3) 
r - oo t -+ oo 

!Jl~f*i~~-~i1Jfjl(§~ (!<] o l'iJ VJ1lftiiE~ ,Jt~BtiBJ~tt ~- <3. 1. 1) :!i,lt < 3. 3. 1) ~-~ 
(!<] , ~ ll Dt ~ A (!<] ttf tiE tR 1£ ffi tL-*" ~ .lf 00 , if ll « ~ _t (!<] M tiE tR J9f M E!Z (!<] Jordan ~ * !j\ 
!5)1-J 1; ~~~-~i1Jfjl(§~(I<J.~Jl{)(~ A (J<JMti£1«1£7ftL-*".lfoo,I!P HA)cc - o liE 

13AJ!Jtt.~i~B;f, i'iJ!;..(§)tre A ~~fflt Jordan ~m:~. rt~ll 



[

.t 

], = 

1 

1

1 
E C.,x., , i = 1,2,···,q. 

;., 

;.; 

eA' = Pe'' p - I = p 

teA•' ... t"•~leA• ' / (n,- 1)!1 
eA•' ••• t"• 2eA,r / (n, - 2)! 
. . . ' . . . . . . 
0 ..• eA•' 
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(3.3.4) 

(3. 3. 5) 

(3.3.6) 

(3. 3. 7) 

i = 1, 2' ... ' q 0 ~~ ~ ?'&' ~ t - 00 B>t eA•t - 0' ~ ll ~ ~ ;., E c- ' :!! f-F-*' .X;f T ff fiiJ 
Io E R" ,:fl 

p - 1 .ro = 0, (3. 3. 8) 

~li ~~ ;. , E c- ,i= 1,2, ··· ,q !i.lt HA) c c - o ~ -:Jfifi, :tnHIH;f Wf:fl fJ11!a~1lf, ffNtiH* 
M=:flW.,~li~~ .l.(A)CC- UC0 ~,X;j" .l.;(A)E C0 :fl n,=L 

""fifi09~*.X;f3¥dff Lyapunov :Jf~ilt:fil!~ti?ttfi~~:m:~ o 

~113. 3. I ii~IJ;ffii] *~(3. 3. n;J!~Jlil!~ 1'19, ~ll ~ ~ .X;ffffiiJ~~ 1'19 iE~m~ 
Q=Q' E R" x", Lyapunov :Jf~ 

A'P+PA =-Q (3.3.9) 

:fl-1-it-1'19iE~W¥ P=P' E R.x. o 

i.iEM *~09~Jlil!~ti.~'*# A 1'19~n£f«-:flftt;9;;$o Wf~. rifim~l'l9~)( 
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(3. 3. 10) 

~ff]1£!1'ilti~1iEIYJ ,j!:f-FB<J-1- P ~ Lyapunov /Jfj!(3. 3. 9) B<J'It-ffi¥ ,:Jt _§_~i£):£(1{] o 

§)tfE:r.\<3. 3. 10)ftA:r.\<3. 3. 9), llH~ 

A'P + PA = r A' eA'QeAt dt + r eA''QeA'Adt 

=- Q, (3. 3. 11) 

~ff]1£5!!1!.Bf~/_)izJ:f1T~ t-= a;f,:ff eA'-0 (1{]$~0 j!;&ll}J;r.\(3. 3.10)}:£)((1{] P iij{j~ 

~;r.\(3. 3. 9)(J{Jffi¥o 1JT1i£1l}J;r.\(3. 3. 9)ffi¥(J{J'It-ti,~ PI fll P 2 1JW41'-ffi¥,f!P 

A'Pz + P zA =- Q. 

b'-:r.\<3. 3. 12>9='~~:r.\<3. 3.13)1lH~ 

A'CP1- P z ) + CP1- P z )A = 0, 

X;f;r.\ (3, 3. 15) b\ t=O iiJ = fP-Jt llJ~~ 

eA''(P1 -Pz)eA'I = = P1 -Pz = 0. 
t=O 

j!;&ll)J ,;r_\(3. 3.10)Yf):£)(B<J P ~ Lyapunov /Jfj!(3. 3. 9)(J{J'It-f8¥o 

(3. 3. 12) 

(3.3.13) 

(3. 3. 14) 

(3. 3. 16) 

ffil11 Q ~ M f* B<J , ~~ H ?& , P 1i! ~ X;f f* B<J o P B<J iE J£ ti llJ ~.;A b\ "F 00 B<J $ ~ 9=' ~ l±l : X;f 

fffJiJ~I:~B<J .r E R", 

(3.3.17) 

5!~ffil11 Q ~iEJ£B<J ,eA' x;ffffpJ t ~~~1:~:1FB<J o 

&:cV*, :tlll:~ft:1£iEJ:E (I{] P fll Q .fA ,fE Lyapunov /Jfi! ( 3. 3. 9), Ji!~ A (I{] Jifr:fl~W: «<A 
:fffft~$0 1J1iEIYJ5!-,¢.f.,~ A ~A B<J~W:{R,f§l_)iz(J{J~W:9C:fi v::;i::O,I!P 

Av = AV, 

v· A'= A • v·. 



- v· Qv = v · A'Pv + v· PAv = (,\ · +,\)v· Pv = 2Re(,\)v· Pv, 

~~ P fiJ Q ~~.I.E~l¥.1 .YT~ Re<,\) < 0. 
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• 
Jmt£ftf11 @I i'Ji\ (3. l. 1) YTWi~ 1¥.1 ~ ~ L:o ~ iHi 1¥.1 ~~~A flli9 :±l ~ti* § Desoer 

fiJ Vidyasagar([49],~ 59 yt),'E~fflr$T:il!~~l¥.l~~o 

:iEJI 3. 3. 2 :1J .Itt it< 3. 1. U YT Wi ~ 1¥.1 ii ri B>t fBJ ~ ~ L:, :lt 1ft A ~ $T :ili ~ ~ 1¥.1 o t£ 
D=O IJit, I!P L: ~F~ .I.EJJ!~ 1¥.1, ftffl:fl 

1. jill"= uE Li ,JJ!~ yE Lf n L!;, ,y ELf ,y ~Miifi, ~ t - = B>t:fl y(t)-0; 

2. jill"= uEL2',JJ11J yEL~nu, ,.YELf,yjifi,~ t-= B>t:fl y(t)-0; 

3. jill"= u E L: , JJ!IJ y E Lt. , y E Lt. , y ~- 3& ji fi 1¥.1 ; 
4. jill"= uEL: ,jf~ t-= B>t u(t)-u= E Rm ,JJ!~~ t-= B>t Y= E RP ,jf ll~ffifV&~; 

5. jill"= uE L~', 1 <q<= , JJ!~ yE L: fl]y E L: o 

~ D::j:O IJit, I!P L: ~~~ F~ .J.EJJ!IJ 1¥.1, ft 111 ,R 1f :i! t:$1¥.1 ~ "=: jill"= u E L~', 1 ~q~= , JJ!~ 

yE L: o 

ii!:i.\:<3. 3. 6)f!Ji\<3. 3. 7) .Mr~~l¥.1 ~~, nJ ~1ItlliEilJI: f¥t£.J.EI¥.Jti-F:It hm > O 

fll a> O, fj!~~ 

II eA' II ~ hme-·', 'V t ~ 0. (3. 3. 18) 

~Jll 3. 3. 2 I¥.J~~jiJ~jji1-J!t.1ltl~-*iiEI!I:I 0 

""f oo • ft fn i·H~ ~ 1ft B>t fBJ ~ ~ 1¥.1 ~ ~ tt fOJ Bli o jill * x>t & -t-:fl w 1¥.1 tJJ Ml ~ 14 x o • ~ ~ 

li'!J:iill¥.1~~$fl.~~~:fl Wl¥.1, JJlljf/F~fftiJ;f IBJ ~ ~ (3. 3. 2) ~llffi W~~ 1¥.1, t£ Lyapunov ;@: 

5I.. ""f ~ ~ ' ~ fij 1ji .tm i~ ~ ~ ~ 1¥.1 0 jill * ~ ~ ~ ~ ~ 1¥.1 ' jf _§_ M ff 1liJ tJJ Ml ~ f4 X 0 ' :tt ll'l J:iiZ 1¥.1 
~~$ft~x<k>~T.IJHE. 

limx(k) = 1imA*x 0 = 0, (3. 3. 19) 
A: - oo k - oo 

JJ!~ f$ :lt ~ $T :ili ~ ~ 1¥.1 o ~ f!!.{ .tm nJ ~ liE II)] , jill "= A 1¥.1 YT 1f ~ {i£{9: t£ !)i til IMI ~ , t£ !)i til liLt 
~D£{9:1¥.1 Jordan JR:k1J\~ 1, JJ!~~fftB>tiBJ ~~(3. 3. 2)~~~1¥.1 o ~~1¥.1 ~~~$ill!~~ 

1¥.1 ' ~ _§_ f)l ~ ~ iHi 1¥.1 ~ f4 z - Jllt}L : 
1. A I¥.J~Df{R~t£!)itiliMJ ~, I!P ,\(A)CC 0 

o 

2. Mr~~l¥.lff1lir.I.E~~~ Q=Q' E R"x", ~fftB>fiBJ Lyapunov :!Jfj 
A'PA -P =-Q (3.3.20) 

~ftfi-~:1J.tttnr~ttonr~ttl¥.1~~8&3ii1~A*~•--t-~~~~1¥.1~~$JL 

~ o fij !)i.fmi~, jlll"=tE:fl ~I¥.JB>fiBJ ~, 3ii1Jlli;flir~ 1¥.J~iM~ A,~~ 1¥.1 ~~:(£~~~ IBJ 
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M~~MffM-~ft8R~~ffM-~···---~~~~o~f-~-tt~~~

•. ~~tta•mfMff·-~R~~~~~~~8U!:fi~~~-~~-oA~*~·ft 
fn~m~ "Fl!~~~BJ••: 

2::.T=A.r+Bu, .r(O) =.ro, (3. 4. 1) 

~q:t .rE R" ,uE R'" ,AE R" x "~ BE R"x"' o 

~~ 3. 4. 1 ~rl~~ffMfJJ~~flj: .ro ~ffM .r, E R" ,ft::(£-~~IBJ t, > o ~~ittH~ 

-'% u(t) ,tE [O,t 1 ] .~1~~~~-mJ,@ .r(t,) =.r, ,!Jltl.J:\(3. 4. 1 )fjfftt~~ *• 2: ~ ~~ 

~; N!Jltl~~~~~~o 

ftffl:ff"FOO~~~ o 

~113. 4. 1 IEJ:.\<3. 4. 1)~Ji:~-- 2: ~~~~, ~H i>l~~~ 

W , (t) := J: e- A•BB'e- A''dr 

~f}f:fft>O ~~~~JF~ o W , (tHJt•jg 2: ~~~tt grammian ~~ o 

i.iEPJJ ~rl~ W , (t, )~~ t, >O~~~~JF~ ,ftffl~ 
u(t) =-B'e-A'tW~ 1 (t 1 )(.r0 -e- At 1 .r1 ), t E [O,t 1 ], 

!JltlflHt!iJ:\ <3. 2. u ~1~ 

.r(t 1 ) = eAt, .r0 + L' eAu, - o Bu (t)dt 

= eA'• .ro - (J:' eAu, - o BB' e- A', dt) W~ 1 (t,) (.ro -e- A,, .r,) 

= eA'• .r0 -eAt, ( J:' e- At BB' e- A't dt) W~ 1 ( 11 ) (.r0 -e- At , .r 1 ) 

= e·~t , .To - eAt , .To + .1"1 

ttHJ& }£ )(_, 2: ~ ~ ~ ~ 0 

(3. 4. 2) 

(3. 4. 3) 

(3.4.4) 

ftffl3mii& iiEr!*:il!:1-T &1frPJ ~iiEIIA o 1Ni2: 2: ~ ~~~ ,f§_~ W,(t)~~~ t > O ~ 

~JF~ .$~_t ~~liE~, ~·"*tf W , (t, nt f}f:fft, > O ~~JF ~, !Jltlft::(£ -~~~~ ~ 
.ro E R" .~1~ 

(3. 4. 5) 

ft, ' ' ' ' ' = 
0 

(B e-A'.r 0 ) (Be- At .To )dt 

= L I B'e-A''.ro l 2 dt, (3.4.6) 



B'e- A'':r 0 = 0, V t E [O,tl]. 

~ ~ }; :li': PI:tQ B<J. xtrfffiiJ Xi • ttH~HE )(..1ft£ -1'-:tQllitJ u(t)rf~~ 

~~¥1JJ:\<3. 4. 7), PI~~ 

I Xo 1
2 = :r ~ :ro = [- J:' e- A'Bu (t)dt J :r 0 =- J:' u' (t)B' e- A'':r 0 dt = 0. 

fn ~ i&t :r o * o :.m :f' ~ 0 ~!It • xt w, < t) • JiJf :ff t > o n: ~I: -3t :1f B<J 0 

~JI3.4.2 83J:\<3.4.n~5EB<J~~};:li':PI:tQB<J,~13.Dt~ 

rank(Q,) = n, 

~,f;J\~}; B<JPiri~~ 0 
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(3.4.7) 

(3.4.8) 

(3. 4. 9) 

(3. 4. 10) 

• 
(3.4.11) 

(3.4.12) 

iii PJJ ~ ffJ N ?X $l m & iiE 7! o ~ i.i rank < Q, ) = n • f§. }; :li': ~ PI ri B<J • )jltl m fm 
5EJ!I! 3. 4. 1 PI~ 

(3. 4. 13) 

xt~-t t1>o :N:-3t:1FB<Jo lllJ*F,mfm5EJ!I! 3. 4.1 iiEilA~B<J~J:\(3. 4. 7)PI~.f¥t£-1'~1: 

~ B<J :roE R" • rf 1~ 
:r~e-A'B = 0, Vt E [O,tJ]. 

)(;j"):\(3. 4. 14);:J(;kr t (l{J~f{ ,jf~ t=O PI1~ 

... 
(3.·4. 14) 

(3. 4. 15) 

:r ~ [B AB ·•· A"- 1 B] = :r~Q, = 0, (3.4.16) 
~~¥1J :ro *0 B<J$~, PiffE::f:l rank(Q, ) < no Hf'&~fi:f' ~,~!It}; :li': PI:tQB<J o 

& :i::D~, ~ ff] ~ iiE llA : ~ll :!J1i!: }; :li': PI tQ B<J, )jltl rank ( Q,) =no ~ll :!Jii!: }; :li': PI tQ B<J, f.§ :li': 
rank( Q, ) *n, &P rank(Q, ) < n, )jltlf¥:(£ - 1'-~I:~B<J :ro E R", rf1~ :r~ Q, = 0, &P 

:r ~ B = 0, :r ~ AB = 0, ···, :r0 A"- 1 B = 0. 

mfm:J:\<2. 3. 33)tti:J1!B<J Cayley-Hamilton }EJ!I!,:ff 
:r~AkB=O, k=n,n+1,··· 

(3.4.17) 

(3.4.18) 
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(3. 4. 19) 

(3. 4. 20) 

l!~'*tf W, (t)X;j"fff~ t> O :1ih~t:ffl¥J, 1:51Jit:ftHtiHiD11! 3. 4. L~~*tft ~ ~~PJt£1¥J o Ji=f 

l&:;f-Je,ffft;J. Q, &\~nt'ifk o • 
:iEJI 3. 4. 3 El3 it< 3. 4. 1) ~~ I¥J *t!t ~~Pit£ I¥J, ~ H f;z ~ xt A I¥J 4lt~t~tiE ulD, ·• 

i=1,2,···,n,:mnt'iJE 
rank[.\) -A B] = n. (3. 4. 21) 

J!~ ~ J.!1!. ~ ~ PBH ( Popov-Belevitch-Hautus) ~ ~, El3 PopoJ 109 l , Belevitch[11 l , Hautus[63 l 

~!11. 0 

i.iE l!ij 510 * ~ ~ PI tQ I¥J , ~ ffl :m iiE IIA it < 3. 4. 21) ~ 1L ll} IX ;f!J.J=IL& liE 7* o fl!ll i.9: 
it<3. 4. 2l)X;J-PJt£1¥J ~ ~~.1L.I!Pxt;lft® .\., 

rank[.\J-A B] < n, (3.4.22) 
J!f.F~:fft£- ~:=jp~l¥J vE C" ,1lJ!1~ 

v'[.\J -A B] = 0 => v'A = .\,v', v'B = 0, 

v'[B AB ··· A'' - 1 B] = v'Q , = 0, 

:!OC rank(Q, )< n,I!P ~ ~~PJt£1¥Jo J!~;f/eii£11Ait<3. 4. 21)1¥Jfifft~j[_o 
&~~t¥JliE~•~mn~~~~.t;J.re~~*tft~~R;lft~Mat¥JMito~~.re~ 

~*~~~i!J~ 4 i1fl¥J~J.!I!. 4. 4. 1 rp f!fifll¥JPJtQ~#J%~ <CSD) %81, ~*~~ ffff ~ ~ 
T 0 ~fnre~arwm~~~~l¥J*~ 0 • 

~ffltl:~i!J .~J.!I!. 3. 4. 3 "ii.1L T * tft PI t£tt~ * tft~ ~ A I¥J MtiE ~#J Z. fBJ I¥J ~ * o 
510* A l¥JMtiE{ll:mntfiJEit<3. 4. 21) I¥J jfo;ftj:, * tft¥t~ Pit£ I¥J o ~ -~00, 510* A ~ -~ 

:!OC!l! $1¥JMtiE {il~ntfi JEit < 3. 4. 21) I¥J jfo;f4, * tft~~ ~PIt£ I¥J o 1:51 Jlt; ~ ffl ffl\ A rfl ntli JE 
it<3. 4. 21) l¥JMtiE{ll1'JPTt£m~, ~ !Jltl¥t~~Pit£m~ o t£ilf$t£ifitJ *t1ti.9:it~I* rfl .# 
~-~•~~~*tft~PTt£1¥Jo~**tftf!T~I¥J~PTt£m~~•~t¥J.&Pit;J.mS*t£ 

~~ o Pit;J.~u~~t¥J~~&~t£~1ll!~a~.l!t-Fl¥J*t!t¥tffi\1'1PT~~l¥J o 1'1Tt£Fo 

oo~~~fl .~fflJEit~.:x. PI~~l¥J.flll~ 0 

:iE~ 3. 4. 2 5~o*f!f~~Pit£m~~t41Tili8~1¥J .it <3. 4. nt/iiJ£1¥J * t1t ~~~PI~ 
~ I¥J , ~ !Jltl ffl\ ~ ~~PI~~ 1¥J o 

~ffl~t;J.~l¥J~J.!I!.o 
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~!13. 4. 4 x>tJ:\<3. Ln~J:EB<l*m 1:, -nmWJlHi~:~ffl'B<J: 

1. ~~M<A ,B>i: l'iJfAJEB<J; 
2. :(:f:t£-1- FE R"'x" ,!9f%n\ti¥.J~~&l1!l$ 

u = Fx (3.4.23) 

1'iJ ftffi lf-* m$Tili~JE, &P A+ BF 1¥.1 Yf~~UE flU15:t£C- 9=' o 
i.iEM R~~~:it1l:m 4 :iJB<JJ:EJJI! 4. 4.L~I'iJt:Jft~iHIH~~~ 7 ,Yf~:tEJit~ll&iiE 

IIJHtB1l o • 
~fj:_.(Jt!!., M'frOOB<Jx!JIK~ *m 1: .~ffl'JI A l'iJ~ttflll'iJ~~ttB<J•~, 

x=Ax, y=Cr, (3.4.24) 
jt; 9=' xE R" ,yE JRP ,A fO C i:A~ ~ lli£l~B<JJE#~~ o ffi{!ilUJ:, ~llW:R*'JffliJ~:IHi l±l y 

~l'iJ ~:m:~ c~~t~iY!o~~~• x, ~ffF:a: (3. 4. 24 > tl:i!B<J *mi: l'iJ~B<J 0 JJ(fn~ ~ r1! 
fdf! tJJ 1¥.1 JE )(. 

~.*_ 3. 4. 3 ~llW:ff::t£ -1-B;ffa) t1 > O, ft~-lHffiiJ1JJ~~~ x(O) = Xo ~i'iJ ~,MJj!HI 

tt1ti l±l y(t >, t E [o, t1 J J:f:r•lt-.it!!.fdf!JE, ~ffFJ:\ < 3. 4. 24 > tl:i! 1¥.1 * m 1: i: l'iJ ~ 1¥.1; i!i' IJlU, ffF 1: 

i: ~ l'iJ ~ 1¥.1 0 

~fn~-rooB<J~W:o 

~II 3. 4. s E8 J:\ < 3. 4. 24 > ~JE 1¥.1 *m 1: i: l'iJ~B<J, lli .13. fZ lli ~~ 

W o (t) : = J: eA'rc'CeA' dr (3.4. 25) 

x;fYf~ t > O i:~F~:1fl¥.lo Wo <t>~ffl\:1-.7 1: B<JI'iJ~lJ!~ Grammian ~~0 

i.iEM ~llW:M'f~ tl > O 'Wo (tl) i:~F~:1f 1¥.1 ,IJlUimtt t:J rB<J:JfJ:trem~~~ X o »..m~ 

:i:$itl:l y(t)J:jlit·tl:l*: 

W;;- 1(tl)LeA'tc'y(t)dt = W;;- 1(tl)(J:'eA'tc'ceA'dt)xo = X o . 

~ Jit '1: i: l'iJ ~ 1¥.1 0 

ffi & .it!!. , ~ll W: 1: i: l'iJ ~ 1¥.1 , ~ ffl f1ti ~ iiE ~ w o < t > x>t J9f ~ t > o i: ~F ~ :1f 1¥.1 o ~ ffl :m * 
ffl&iiErt?IOiEIIJL ff!li!lt 1: i:l'iJ~B<J,f§.i: Wo<t>M~ t > O i:~:1fi¥.J,J!~Iw-l:~"*li 

W o(tl )X;j-Yf~ t1 > O ~i:~:1FB<J ,1Jllj:(:f:t£-1-~F~1JJ~~~ x o E lR" ,ft~i 

0 = x~Wo (t 1 )x0 = L x~ eA'•c'CeA'x 0 dt = Ly'(t)y(t)dt = L I y(t) l 2 dt, 

i!~-frtr y<t>-o ,tE [o, t1 J o i!~~ l'iJ~fdf! J:E ~F~ B<J1JJ ~~~, * MJ:E )( i'iJ~~ .1: i:~ 
i'iJ~B<lo i!1-*JihiE~ Wo <t)x;fYf~ t > O i:~F~:1fl¥.lo • 

i± 3. 4.1 tE~~I'iJ~tiB;f ,~fflE.~ff!lijt u=O fll~mJ:\<3. 4. 24)UiJ!B<Jx!JIK~* 

m o i!#i9:~!9!~-~tt o :t£ u~O B<Jm&. r, R~fE y(t)~~nlt 

y(t) := y(t)- cf: eA(t - r) Bu(r)dr- Du(t) = CeA'x(O)' 
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iiEI!JHtW~~iEfiffl l'fJ o 
~Ufif.&~;r:\(3.4. 2)lf:t(fj Wc(t)lfl;r:\(3. 4. 25)lf:t(fj Wo(t),~]it)EJJ( 3. 4.llf])E 

l:!l! 3. 4. 5 Zfa] l'fJXt~tt o ~ltl!H& ,;r:\<3. 4. 24)Wi~l'fJ *~I~ J:ifXW.I'fJ, ~ ll {)( ~~ W1 <M 
f~)]f-~ 

i = .A .r + .B u ==-A' .r + c' ii (3. 4. 26) 

~ J:iffil'fJ o f!Jffl)EJJI! 3. 4. 2 lf1)EJJI! 3. 4. 3 J:if:ff~ool'fJ!i1HIL 

~!13. 4. 6 :rt<3. 4. 24>Wi~l'fJ*~ I~ J:iffil'fJ. ~ll {)( ~~oow;j,~z- Jiltj[_ = 

1. I (fJ J:if XW. ~ ~ 

c I CA 
Q == 0 • 

. CA·"_, 

(3.4.27) 

(3.4.28) 

~{1!-(.it!!,A (fj~,@;r:\(3. 4. 28)lfjjj~.®/F~,@;r:\(3. 4. 28)(fj~{iE{i5f~1JP4fl I (fJJ:i}"XW, 

-~ltl/FJ:ifXW..~o~OO~*~J:iff.&~(fj)E~o 

~)( 3. 4. 4 i!llM!:PJT:ff l'fJ/FJ:ifXW.·~~~)E (fJ, Jlltl f$;r:\ < 3. 4. 24) PJTWi~ (fJ }f-~I~ 

J:i}" f.& jj!lj (fJ , =&' Jlltl i,t ~ /F J:if f.& lJ!iJ l'fJ o 

J:ifm)Elf1J:ift&~l'fJ•~~•mwl'fJ.~~~~m~t&mfi~•*~)E~g*~l'fJ 

~-lt1~5t~#oftfi:ff~ool'fJM*o 

~!13. 4. 7 Mr;r:\<3. 1. nWi~l'fJ*~ I, ~ool'fJ~~~~ffrl'fJ: 

1. ~~X;j"(A,C)~Jjff.&?J!~(fj; 

2. +f{E -1'- K E R"xp, {j!~~ A+ KC (fJ PJT:ff~{iE {i~{Ec - 9=t o 

~!It~~~, i;IJ~*~JJW 

i=Ai+Bu-K<y-Ci-Du), .i-o E R" (3.4.29) 

{E/F~~m~~#xo l'fJm~~.R~W~m*~~llilt11!i~•Ai.tJ:if~~~~#f~l'fJ 

~~$JLJ1E x(t),(!p~ t-= Bt:ff e(t) ==x(t)-.i-(t)-Oo i;IJ~}JW(3. 4. 29)jji1jt!ff$~ I l'fJ 

~~XW.il~H~~itffo 

i.iEPJJ Rfn~~-~~wt~zrBJ~ffrttl'fJY£1lJHm11 0 ttJmm 4 •l'fJ)El:!l! 4. 3.1 PJT~lli 
l'fJ :t:. r~~xt <A ,C) l'fJ XW.il~HM~5t~ J:if !:J~Ilff~ .it!! lJEilJJ o ~ ~$51-l'fJYE llJJ i.t~ll1Ill T 
~ To 



M.J:\<3. 1. Ul!JJ:\<3. 4. 29)1lH~ 

e = x- .i = <A+ KC>e. 

.Sl~, R:lfl A+ KC :J~d\JfililkUEI'J<J, ~ t - = 111fl" e(t)-Oo 
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(3.4.30) 

• m:r.t <3. 4. 29) .p B<J.Tf-t~~~& 111!~<3. 4. 23) .p B<J x. ~11l~~~¥IJJ9fi" B<J~r~ ~Sfl-XW. 

~U~B<J- ttl& i'JJ!~iktJ~: 

{
; = <~+BF+KC+KDF) .i--Ky, 

- (3.4.31) 
u = Fx, 

'tl'J<J;IJ~ISJl-~r 4 B<J~Sfl-V.: no re:r.t<3. 1. u Wi~B<J .¥~ 4 l!l~$11~<3. 4. 31 Hll ~{£-I§ 

B<Jffiff.¥~iiJ£;:1g 

(3.4.32) 

[ 
A BF J [I 0 J [A+ BF - BF J [I 0 J-1 

- KC A + BF + KC = I - I 0 A + KC I - I ' 

.Sl~, R:lfl A+ BF l!l A+ KC l'J<JJ9f:fl~UE fatrs{Ec- .P, ;r.t (3. 4. 32) 19f7Fl'J<Jffiff.¥~~:Jl!; 

$Tili~~ B<J o ~ff]tl:~¥1J, X!{l.lJ!Ij~!P(::I*~fi!iit~ B<J~~ :Jl!;~l: it- B<J o "F 00 :Jl1; Luenbergel941 

~ ttl B<J J!-Rlt B<J ~ ~ XW.lJ!~ ~ : 
v = Pv +My + Nu , . v E R', < 3. 4. 33) 

J!~Xt Tx(t) l'J<J-1'115-it, TE lR'x "~-1''/ittU!H$, R:lfl P ~-i'~~l'J<J~~, !:Jlk 

TA -PT = MC, N+MD = TB, 

4- e ==v-Tx ; ~ff]fl" 

e = v- T i = <MC - TA ) x + Pv + ( N + MD - TB ) u 

= Pe + (MC + PT - TA )x + ( N +MD - TB) u = Pe. 

J!f-f,~ t-= fl1,fl" e(t)-oo 

(3. 4. 34) 

jl)§' '~ff] !;,( Mii6~111 fBJ .¥~ (3. 1. 3) B<JiiJ~fj: ( iiJ ij(~fj: LflliiJ XW.f! ( iiJ~~Ijfj:) ~~ 
l'J<J -.~iJillJBIE ~ :lR J! -13, J! ~ ~IH~ l!l at! II11BJ .¥ ~ lH M Eiz B<J o ~ j;IJ ~ ~ J.!l! 3. 4. 2, 

~J.!I! 3. 4. 3 l!l~J.!I! 3. 4. 6 B<J~ 5f!:, t!SiiJ VJ1ItJ:iliizffl ¥1J~~BtfBJ .¥~.P o 

.¥~iiJ~f!B<J~Mt£~~-~B<J-11.¥~J.m~ftM~.P#&:fl•lk.~W'txt~• 

4JJ1'~iktJfiiJ!mt!S~~~I:lfll'J<J o $~__t .xt-11111~~ .¥~iiJ !;,(~~§~:ttl!.~! ttl .¥~iiJ ~· 
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iiB<J~~o @JI®iJ:\<3.l.l)JiJTfl~B<Jjj1jtB<J~~F.miE!iltli!~HtfiiJ~t!t ~.~:ffJ:\:<3. 1. 2) 

JiJT ~ l:f1 B<J f~ :i3H.l§ ~ 
H(s) = C(sl- A) - 1 B +D. 

~~-Miii.~1f1ffl1i&t[B' D']f!l[C D]~~TA~B<.Io )E)(~ B<.lltJ~ii:tzn"F o 
:€~ 3. 5.1 ~mJ:\:<3. 1. nJiJTfl~B<Ji!~atriil~tJc ~.!iltl 

1. :tzn*f¥t£ -1- s B<J:ff JJI!~~ Pi§~, lt:tzni3l~ L< s), it~~ 

L<s)H(s) = I..,, 

Jiltl f$ ~ ~ ft ItT~ B<J 0 

2. :tln*f¥i£ -1- s B<J:ffJJI!~~ Pi§~, lt:tzni.3l~ R<s), it~~ 
H(s)R(s) = lp, 

Jillj f$ ~ ~ tlltJ ~ B<J 0 

3. :tzn*~R!t~ti:ltJ ~x~ttnr ~B<J ,Jiltll$ ~~ItT ~B<J. 

(3. 5. 1) 

(3.5.2) 

(3. 5. 3) 

4. :tln*~a!t~~ti:ltJ ~X~~tlltJ ~B<J, Jiltll$ ~ ~~ 1-t<degenerate) B<J o 
••~)(llTm:-1-llT~~t!t~M~-1-~B<J~tJE.~~t!t~A~mfiJ~t!t~I:H~ 

P~ffi~B<Jo~m.-1-~B<J~tJc#~-~~nr~B<Jo~•B<J~.x~~jj'iitmmTnr~ 

iifll~B<J~tJc.~$A~~~B<J~tJca~nr~B<.Io~fijjM""fOOB<JM~*i.3l~$~~~ 

~:t-f B<J 0 

iJ!J 3. 5.1 ~J!tJ:\:(3. 1. l)fjl~B<J*t!t ~,'"~B<J*~~~~ 

A ~ [; : :J. B ~ ~ l (3. 5. 4) 

(3. 5. 5) 

(3. 5. 6) 

~RH~, fl.'lf~~~B<J .m.~ H<s) B<JtfjtlJ:tm~~ ,JiJT t:J.~~ 1-tB<J o 
t£Htfiil~ ~. x-ttr:nr ~f!lttnr ~ B<JffJUf :tzn "F < !A!.~~x ~c1o2J fll [122]) 0 x-t r tr: nr 

~*t!t ~.t£f]Jfla~f4 I o ""f ·*• ~ JiJTt'1:B<J*tJil:f1 Y ltJ~ffJ¥1:f1it-B<JitJf"1:~~~1:f1 Y 

B<Jrt$Hti~ u o MrtlltJ ~*t!t ~.~~fffiiJfti~ y,.r E W , ~ItT ~M ~ f!ffi)E-1-f-t$1~ 

Au fll-1-f]]fla~f-4 I o .it~i*tJi l:f1 y= y,.r o 
~-~nr~~~.#t£-~fll~ii*t!ttr:fllttnr~~~~B<J~~.m•~-~m~m 
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flo r&rm .~f!lm*m89~~~~%itl9:~ ;JJ,~iJI AJ!®lft~ o ~ffl:l1ftf""f- il :frm 4 

89*m~lr$89 Kronecker ~1!1%B•U~iii:e:i!-'tfiiJJML 

•§·••~~*m~~tt89l!Jl~~~-~~*m~~~~~89o 

~tt*m89~ ~&~ .~ < -tl!f$:1-J~~~ -~~f~~~ .~) ~xll&~ .~ < -tl!f$:1-J~MM- )~~ 

t£mft~-~~~~~Tm~89~fflo~~~~.m~*m89&~&~~~T~•*m 

89±~tttm.~npjl~QinJJJlZ~ift1~~r8J 0 ~¥89~. R~*~*m~ ~~~~~89. m~* 

m&~tf-·00~89&~it~~~--~~o~-~OO.~fimt£-tl!B~Mm*~m~ 

m~ .~ 89 &~xr m ~ * m 89 ~i*tttm~ m ~ 89~ ll(nJ 0 19iJ ~n. ---t ~~='•'1\~ ffl~ .~ < ~~~ 

~89~~~~)X>f~$~•*m89ttfm**~*o~¥89~.~1l&~~~~~~~tfff~ 

tt~&M""fB~~~89.~~~M89~~~m~*m~mr&~oo•o~fiU:1-J.~••~ 

~ ~ * .~ ~ x ~ * .~ < ~ xt M") 89lft~ xt i!!tiu A~ i!!tuli tl:l < SISO) * m* iJi It~ 1m ij! o 
{9ij ~[), X;f T-Jt.~ ""f 00 f~:ii ~ fi 89 SISO * m 

s( s + 1) 
H(s) = s3 +2s2 +3s+4' (3. 6. 1) 

~&~~~··*mtE s=O ~ s= -1 :5HJtj~WJ--t~~~-~ .~xtM-:1-J L X;f=f-Alt89$fllli 
A~$tlm tl:l <MIMO) *m .~ll&~xll&~.~ 89l!Jl~~ ~~1::11t·~ o XNX~ xt:i!®~.~ 89 
~:X.ff:tf~iaL ~ffl~~.J:t-~:X. MIMO *m~~*.~Z.litr.~~iJIA*m11t~f'k 

(normal rank) 89~~ o 
:iE~ 3. 6. 1 ~mt.J:t<3. 1. U:ffli:l£89*m 4.~)(. E89f~jipj§f{ H(s) =C(si-A) - 1 B+ 

D 8911t~f'k:1g .~mlic:1-J normrank{ H(s)}, 
normrank{H(s)} = max{rank[HCU] I I.E C }. (3.6.2) 

19iHn.19iJ 3. 5.1 ~89w.;m~---t 2X2 89f~:ii~lr$.ff!.~E8911t~f'k.R~ 10 ~IH~it 

~~itJ, R~~ffl'!JtWT §OO:&filr:J=t 89~~:5tM!t*, *m11t~f'k891-t~it~&1H~ To 
""fOO~ffl~ ~iJI Alii .J:t<3. 1. 1)~~~ 89-M*m, I!P EE ~lr$1l!15Cgll <A,B,C, D)~ 

mnlt 89 * m 89 ~~~ .~ 89 ~~ o ~ illi:i:i~il!l 89 <Rosen brock)* m~ ir$ c1 12
l , I!P 

[
sl-A -BJ 

P:r<s) := C D . (3.6.3) 

89 Kronecker ~111%*'11 A~~~.~ 89~~ o 
~ ~ ~ m ~ .B 89 ~ ~ mfi < ~ c 96 J) 89·tll ~ ""f • ~ fn ~ ""f oo ~ -r-~ ~ ~ .~ ».. m ~ ~ .~ 
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<~[156]) B<.!JE )(, ::tt"P, llll~~ .. ~t£~~:11:tH1*mB<l~.!HlJE1Jifii:fHfHti:~B<Jff:ffl o 

:iE~ 3. 6. 2 ~mi\<3. 1. uttn:J£B<l*m ~.:!Ill* 
rank{ P.r(,B)} < n + normrank{ H(s)}, (3. 6. 4) 

IJltlfff-:il: ,BE C :li!o ~ B<.l/F~~Bo :!Ill* HC,B)-O,IJltl ,BEC :li!o ~ B<.li5H.~~-~o 
~~JEB<l*m:li!o~~mftat<w1fr£ = W-x~:1'Jiij1!Hillij~) ,ftfnr£~i!J .~~~-~~ 

~ffr-T::le~"f=!JE)( B<JEJTiiHH~~-~ <:!Ill[ 44 ,45]) o 
~~ ,--i'llll~~-~~:li!o~~~-~ ,f!!:li!oXt MIMO *m~IH~.-1'~~~-~~-JE:li!o 

llil~~-~ o ~ffffxt SISO *m~:li!oli'l Ill] B<1 o :fU~B<.!:li!o, )C~~~:ff::ltft!!.~~ B<.l~ .~JE)(, 
:!IIlflfljAf8HIIl~.~, I!P~~xt<A ,B) B<J/Fiij~m~; ~ tf:\ftU1Jl~.~, I!P~~Xt<A,C) B<J/Fiij 
~m~;~A-~tf:\-~~B.~AB<J~JjJ~~~JjJ~M~ffio~~~BB<l·~·~M~ 

~~-~~m~~-~ ,;mf*:1'1 ~ B<l*m~.~ 0 

El3 JE)( ilT ~':!Ill* ,B :li!o ~ B<J ~ ~~ -~ '1Jl1J;ff:(£ -1'~~~9i;: :It XR E C" ~-1' 9i;: :It 'WR E 
C"' .~~~ 

(
.rR ) _ [,81 _c_ A - £] (.rR ) _ P.,_C,B) - - 0. 

. WI( c D WR 
(3. 6. 5) 

~mrexR~~*Ml*:1'J~B<J~~~~B,B~~-B<J~~~~B1J~~~~A·B1J 

~o~ifiia<Jfta~tf:\T~~·B~~B1J~B<J·~·)(o 

~Jj 3. 6. 1 ~ ,8 :li!o ~ B<J/F~~-~ ,:ffli=JJ.i\ZB<J~~~~-~1J~ .rR ~~~A~.~1J~ 
wR o ~ ~ B<lfJ1Ml~~1'l.r o =.rR, *mB<JflfljA:1'J 

U ( ( ) = WR efi' ' ( ~ 0 , (3. 6. 6) 

IJltl ~ B<l~ tf:\ M!~ :1'1~, I!P y(t) =0 .t~O, 1.;.(}1 

.r(t) = .rRefl', t ~ 0. (3, 6. 7) 

~•••·:a:~~B<J:mM~~#~.:a:¥~~1J~~~*TB<l*m•Am%•~~~~:a:* 
m flflj m "P tf:l liJL 

i.iEM §9c .i\C3. 6. 5H~~~~~ffr-T 
A.rR + BwR = ,B.rR, CrR + DwR = 0. (3. 6. 8) 

ftffl"f ifij _1[ 1t ~ ii£ j\ ( 3. 6. 7) :li!o j\ ( 3. 1. 1) ttn j£ B<J * m ~ :(£ fJJ M! ~ flj: .T o = XR ~ 
j\(3.6.6)Ji)f~B<JflfljAftf%u(t)~B<J-o :flHgj\(3. 6. 6)"f=!B<J u(t)~j\(3. 6. 7)~B<J 
.r ( t ) ' ft fll B<J f9fJ JjJ ~.;.( ~ i!J 

A.r + Bu = A.rReP' + BwReP' = (A.rR + BwR)efl' = ,B.rReP' = .i. (3. 6. 9) 
~Itt ,.r(t)~:li!o ~ B<Jt.lliJE fJJM/~flj: .r (0) =.rR B<J~~1Jfi B<J. o ~{3l:!IIl!tt ,j\ ( 3. 6. 7) ~ 
B<J .r(t)~:li!oit-B<J·(~ 3. 2lJ)o ;Jt~*:fJ 

y(t) = Cr(t) + Du (t) = CC.rR + DwR )efl' = 0, l ~ 0. (3. 6. 10) 
.¥.!tt.B~~Tfta 3. 6.1 B<Ji.iEIYL • 

~ B<J:JC~~-~~~~ilT L;.(ffl~~B<J~iHJLlm!~~*JE)( <~.1\!.[105]), X ilT LV.ffl~~ i>B 
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fl:t£x~z~l'l9 Smith-McMillan ~l~010E)( C~ ~[ 41] ,[110] ,[112]f!l[146]) 0 1-J)E)( 

HCs) :t£x~ z~ 1'19~ .8~~, f!Jfflf~J8l PEi ~tm ~ H ( s) :tf:fli!R!ij!$~~ ,8~~ 1'19 Smith

McMillan tNi ~, I!P :tzrHI~: ~ J8l PEi It H < s) :fl - ~ k M- x I!R ~ ,8 1'19 liS, !Jitl H <1 I z) :t£ 
z=O :fl ~:f-f 11Jl-1X1'19:fli!R~.8 o :t£x~ z ~, ~ ,81'19 ~It fi!IIJl"?X:tt- ~)E)( T x I!R ~ ,81'19 
~~0 

?&ffff ,ftf11:t£roo~M*t!fm~ P:~:Cs) i31 Ail~ 1'19 Kronecker ~m;~, EllJ !;,{ ~ll>t H 

~~1'19~~~~~~.11T~~~fllxi!R~~~~o~•~*~•-#m•l'l9•mcxr• 
11})-i;IJ~*t!CM~~ # m~ 1'19), 11J !.;,( iiEIIA <~ Gantmacher[ssJ) ,*t::t£~~~:lf 1'19 ~~ U f!l V, U1! 
~~ P:~: (s) 11J !;,{~Ht/m 1-J 

[

blkdiag{si- J ,L, , ··· ,L, ,Rr1, ··· ,R, , I-sH, I., } 0] 
UP:~:(s)V = I pb m, 0 ' 

0 0 

(3. 6. 11) 
8 

:tzrHJ.!*t!tf¥:t£JL~I'l9f~Pi Af!lf~Pi ill ,o 8.tM~t!.illl'l9~5G#m~ ,si-1 :fl !;,{ r ~ <; ~m~* 
i = l 

(pencil) f1:1gM!fl:;k, 
s-{3; -1 

sin . - J n ({3;) : = 
P,,j P;,j 

(3. 6. 12) 

r

-1 j . 
L,. := s ·. ' 

' · .. -1 

s 

(3. 6. 13) 

. R,, : = [s -.. 1 . . l ' 
s -1 

(3. 6. 14) 

H --~fll Jordan ~1'19, I-sH :fl !.;,( r md 1'19m~* f1:1-J~tffl:;k 

Iq .+l -s]q +I(O) == [

1 

~.s . 1' q, > 0, i = 1,2,···,md,(3.6.15) 
' ' 1 - s 

1 

fi.Jfi 'I'"o 1ft 1'19 mo A D 1'19 fk, I!P mo =rank( D) o 
~fn :fl vJ r 1'19 5E )( 0 



lESl. 3. 6. 3 ~ m ffi .J!: < 3. 1. 1) ~ttl B<J * ~ };, E B<J * ~ m ~ Px < s) A :ff 
.J!: ( 3. 6. 11) ~ .J!: ( 3. 6. 15) ):£ )( B<J Kronecker ~, !J!~ :ff 

'; 

1. fJ, *}; B<JJLfiiJltf.£11 r; ,ftflltf.£11 :2.: np,.j B<J::F~~.~ 'EB<J~.~~#J* 

s; (};) := {np,.l ,np,.2 , ... ,np, .r, }. 

~ll* np,.l =oo·=np,.r, =l,!J!~f$ {J; *-1-f'ij.!:f!::F~~.~o 

2. ):£ )( }; B<Jti:llJ ~~#J 11 
St<};) := {lt,l2, ... ,lpb}. 

3. ):£)(}; B<J1i11J~~#J11 

(3. 6. 16) 

(3.6.17) 

S~(};) := {rl,r2•'",rm,} . (3.6.18) 

4. :ftfEi,mo *}; B<J~IIfl'xlltt~.~B<J1-lL 5:£)(}; B<JIIfl'?X~f~M-B<Jxlltt~.~~ 

#J11 
S! (};) := {QI•Q2•"'•Qmd}, (3.6.19) 

~ffliji ,}; :ff md 1-llfl'?X)HJIJ11 ql •Qn "' ,q'"d B<Jxlltt~ .~ o ~ll* Q1 = ... =q'"d fU m o = 
' o ,!J!~f$}; :ff -~< uniform)B<J,fk ql 0 ~-::tfOO .~u* mo > O ff1 S! (};) =0 ,!J!~f$}; A:ff -~ 

B<J .fk 0 0 

~fflti:~ iiJ, JiJf :ff B<J ::F ~ ~ .~ {J;, i = 1, 2, ... , 8 fU ;ffl J.ilZ B<J ~ .~ ~ #J #J Jilt T Morse It 

~lj [ I OO] 0 Jltj~ 's~ 'St fU S! 7HJIJ xt J.ilZ T Morse 12 '13 fU 14 ~IL ~ Bt if! t±. i!J '~ll * s~ = 

0, !J!~}; *ti:I1I ~B<.I; ~ll* St = 0 ,!J!~*1ii1I ~B<J o ~ll* S~ fU St ~*~ B<3 ,!J!~ *~* 

11J~B<J,ffl!EiOO*~B<ltt***•~@mfl*$#1m.!:f!B<.Io~fiffl~OOB<JM~*~~ 
~@~#Jo 

f§IJ 3.6. 1 ~J!t.J!:(3.l.l)t(lj~B<J*~};,*f19ie~11 

1 1 1 0 0 1 1 0 0 0 0 

0 1 1 0 0 1 1 0 0 0 0 

0 0 1 1 0 1 1 0 0 0 0 

0 0 1 0 0 1 1 0 0 0 0 
A= B= (3. 6. 20) 

1 1 1 1 1 1 1 1 0 0 1 

1 1 1 1 1 1 1 1 1 0 0 

0 0 0 0 0 0 0 1 0 0 0 

1 1 1 1 1 1 1 1 0 1 0 

c~ [~ 
0 0 0 0 1 0 

~]· D ~ [~ 
0 

~J 0 0 0 0 0 1 0 

0 1 0 0 0 0 0 

(3.6.21) 

llJIV.i.iEIIJI<*ffl~ 5. 5. 6 ~B<ltt*)·*ffl~OOB<.I~~ 



~3"* ~Ai ~ it J.! ~ .l. >J 41 

1 0 0 0 0 0 0 0 1 1 1 

0 1 0 0 0 0 0 0 1 . 1 1 

0 0 0 0 0 0 0 0 0 0 -1 

0 0 1 0 0 0 0 0 1 1 1 

0 0 0 1 0 0 0 0 1 1 1 

U= 0 0 0 0 1 0 0 0 0 0 0 

0 0 0 0 0 -1 0 0 0 0 0 

0 0 0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 -1 0 0 0 

0 0 0 0 0 0 -1 0 0 0 0 

0 0 0 0 0 0 0 0 0 1 0 

1 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 0 

V= 0 0 0 0 0 0 0 1 0 0 0 

0 0 ' ' 0 0 0 0 0 0 0 0 1 

0 0 0 0 • 0 0 0 0 0 1 0 

-1 -1 -1 -1 -1 0 1 -1 0 -1 -1 

-1 -1 -1 -1 -1 0 0 -1 1 -1 -1 

-1 -1 -1 - 1 -1 1 0 -1 0 -1 -1 

Jif~-iJIJ.! (f.J Kronecker ~1\!~.:19 

s -1 -1 0 0 0 0 0 0 0 0 0 

0 s -1 0 0 0 0 0 0 0 0 0 

0 0 -1 0 0 0 0 0 0 0 0 

0 0 s -1 0 0 0 0 0 0 0 

0 0 0 s 0 0 0 0 0 0 0 

UPx(s)V = 0 0 0 0 s - 1 0 0 0 0 0 

0 0 0 0 0 0 1 - s 0 0 0 

0 0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 1 -s 0 

0 0 0 0 0 0 0 0 0 1 -s 

0 0 0 0 0 0 0 0 0 0 1 
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l! *F ~ jjJ t: .. HIJ fiJ s ~ < ~) = { 2 } • s t < ~) = { 2 } , s; < ~) = { 1 } , S! < ~) = { 1 , 2 } • I!P ~ :tE s = 1 
:ff--t-~~my~~~~~.~.M-7X7HJrJ:1-J 1 lll2 ~WJ-1'-x~~.~o [§:1-J St (~)fll s; <~)~~ 
~ ,fjft;J, ~ ~ill1t~ 0 

llil*Fil!!. !l(fflr±~¥IJ, ~'J ;t ~Jt~at 1BJ *tft!l5#il~tt, ~111r 1!1!~ .~ fllxl!ll~ .~!15~. t:J 
&nrm!t5#iJ,GnrtV.mWMil!!mrR•~at~*t!Co 

3. 7 JLfij ~~lill 

~fl*t!Clll~M~~~~~~~:ffM*~~+•~mRTm$~~tl:o~M~2o 

tltfc 7 o • f-t • # {£ so • f-t ~I.H:R ~ ~ ~ ~ • ~at .A. ffl ilt 00 ffJIHk: f tJt ffiU/11 fllJ 1m fll ~ .lJL f tJt if~¥ 
*llllOJim, I!P~~i.iit~~ ~~iM~, tV.ft)'Hi~~ftJGX>ttlt~~ l±l ~~llfliJ~~~:~lU'tlli~~ 
(.!A!, Basile f1l Marro[9J ,Schumacherl126J , Willems[15I.152J , Wonham[154J, Wonham fll Morsel155J ) o 
~~_t .~11* t!C~~ 9'1 ~ ::k$71-.;'it.Gnr t;;.~IBi;~il!!f:£~~~~ "F ~ l±l < nr t;;. ~~ 
Wonham ~~-~f1= C 1 5 4 J fll:Ailli ~ Trentelman ~ (l<J ~f1= C 141 J) o Jt) ~~~~ jjJ t;l. ~i mJ 7tf 
il!!-~~fl*t!C~~Ma.;'it-,@·~~~*9=l~*M~~~-m·B~il!!it•l±l*o 

rrl!-~M.!l(fi••*mx~~•.w.~-@~~~~~B<J•*•;'it..~•~nr•~ 

~~fJl·jj}"~~~~oj!@~~~~~tE*M~$~-~~Ht·®··~f'l=Jt),~TtJG 

M*111,H2 fll H= ~ittL !l(ffl~:ff.6ooiiEIIA .l!Jffl~ 5 iJ~!t5#i17tMtt7t(nrt;;.~iWMil!!~i 

fljj!@~~IBJ o 
~Lttffi ~<3. 1. U ~ l±l ~it~ B;f IBJ * t!t ~. # tHt~ .tl:~~ ~ nr -~~ IBJ o tLHWtt 

fl1J: 3. 6. 1 ,f¥:ff--t- ~ ~fJJM~~. llP1i~~~.~~rP1, fll:fl=lill~~ittJffl% ,ft*t!C~ l±l M 
·:1-J· o ~~~~·~~tJ~~~~~rPJ-~&:fl •• fJf:flJ!ff~fJJM~~.fi~~
~ jjJ. ~ ~ IBJ $ ~ JE l! --'- .~ o 

"Foo•* § Trentelman ?$[!4I J ~-~nr·~~IBJ~~)(fllflfllJ: 0 

:lE)( 3. 7. 1 ~L!t~<3. 1. 1)ji~~Jt~fltiBJ *tft ~o X>f ~ ~--1'-fJJM~~ X o E R" ' 

~ll"=f¥f£--t-tlftrA f~i% u(t) .{t~~Hflill~ *t!C~ l±l X>t Yf:ff t~O 1f y(t) =O ,IJlrJfA\~fJJM~ 
~~-~nr•~o~~Yf:ff•~nr•~~~-~Yrm~~~~~.~fA\:1-.7~~-~nra 

~~IBJ .mv· <~)*•~ 0 

"Foo~i31~it>iiEIIA ,J.>\ {il:~v · (~) ~ ~fJJM*f41±l ~, f:Eftm~ l±l y(t) =o ,t~O~~ 
ittJt!fiiAf'l=JtJ"F .~ ~~~*1tidE~M~*tE•~nr•~~IBJV* <~) ~ o 

51 fl3. 7. 1 ~ X o ~ ~ ~fJJM~~ ,jf Jl X o E v· (~) ,u -ft~.l'}X>j"Yf:ff t~O.;ff *tft 
t!fiil±l y(t)=O YfX>till~~A.!J!tlX>tfff:ff t~O.~~*'tidE x(t)EV* (~)0 

i.iEPJJ X;fff~~ t1 ~0 ,!l(ff]~.io =x(ti )~ ~ ~-1'-ifffJJM*'f4 .~)( --1'-iff ~~$tj 
tlftrA:1-Ju(t) =u<t+ti) ,t~Oo ~m~<3. 2. l)jjJ~.l'} 
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.i ( t) = eAt .i o + J: eA«- r> B u ( r) dr 

=eAt (eAt, x 0 + J:' eA<t, - r> Bu(r)dr) +J: eA<t- r> Bu<r+ ti )dr 

(3. 7. 1) 

liH.i!Z 119 ~ ~ ~ ili 
y(t) = C.i(t) + Du(t) = Cr<t + ti) + Du(t + ti) = y(t +tO = o (3. 7. 2) 

XtWf:ff t~O J£ilo tH~~)( 3~ 7.1,.io=x(ti)EV' <4)o Ebr ti ~ff.I19,Wfi~UtE/T:ff 
t~O,:ff x(t)EV' (4)o • 

~rntE § ~~:t~[141]119~J1!~1lA .~~liT%\I.T-~rSJiiT~m!ij-ft!/JJ:t*~)(o 

~~~3. 1. 1 4 119~~1iT%\I.T-~rSJv· <4)~-fftr~..@ rOO*f4119:fi:kT-~rSJv: 

1. [~Jvc<VXO)+im{[~]}o 
2. :(f:(£-1' FE Rmx. ,ft~i<A+BF)VCVl!l<C+DF)V=Oo 

i.iEIIJJ ftf11tt1'GYE~: ~Jl:* xo E v· <4) ,JJ!U xo :(£~..@*f4 1 119fl:kT-~fa]V~ 0 *!I 
'31}]! 3. 7.1.Xtr~~W~*# Xo 119~~ 4,:ff:(£-1' u,ft~4WTF~I19~~ x(t) E v· (4)' 
#.§.Xij"Wf:ff t~O,:ff y(t)=Oo tl:.i!J 

.T<o+) : = lim _!_[x(t)- Xo] E v· (4)' (3. 7. 3) 
t-o• t 

ftfll:ff .r (0+) = Axo + Buo E v· (4) lll Cxo +Duo =0' ;tt I:J:t Uo = u(O) ',g1(;~fft:ll!! 

[~}o + [~}o E (V' (4) X 0). (3. 7. 4) 

wr~ Xo :(£~..@~{4 1 119-T-~fa]V~ 0 

rOOYE~:~#1$.ir~*~~#2$.iro+vc~ ~ffM~..@~#1119T-~~. 

~~xi ,xz , ... ,x .. ·•• .x. j] R• 119- ffl.~,ft~i x1 ,xz , ... ,x, ~VI19-ffl.~o ~{if: 1 -~ 
~:{f:(£ u, E Rm,i=1,2, .. •,r,ft~i 

Ax , +Bu , EV, Cr , +Du , =O. (3.7.5) 

+FE Rm x •~JE Fx ; =u, , i= 1, 2, "' ,r,ftfll:ff 
<A+BF)x, E V, <C+DF)x, = o. 

IN~ XI ,xz , ... ,x, ~VI19~.ftf11:ff 

<A+BF) VE V, <C+DF) V= 0, 

,g1(;~fft:lf!!,*f4 1 ~*~~ftf: 2o 

(3. 7. 6) 

(3. 7. 7) 
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:ft .5 • ~ fn YE f!ij ff fJiJ niiUE fdtt: 2 B9 -r ~ rBJ v:J! v • < 2: ) B9 -r ~ rBJ 0 ~ x o E v:Jt JZt !f 

u(t) =Fx(t) ,Jjl~~ftt 2 ~f!ij~~~~ x(t) E V,:tf .§.XtJYT1f t;?:O,:ff y(t)=Cx(t) +Du(t) = 
<C+DFh(t)=Oo E§Jlt,~·1H~~)(,xo EV* (2:),JYT!;.(VCV* (2:)o ~}11! 3. 7.1ll'JiiEo • 

~Jm~Jll! 3. 1. 1 B9~* .~ffJitJ !;.(:ill:-tv~)( 2: B9~~;fn~~~~~~~xw.-r~rBJ 0 

~)( 3. 7. 2 ~ .ftt Ell~~ I!Y:JCID <A, B, C, D) JYT~ID: B(] *~ 2:, ~ )( vx (2:) :1-J:ft:k B9 
-r~rBJv,ft~i 

<A+ BF) VC V, <C + DF) V= 0, (3. 7. 8) 

jf .§.Xt'f FE lR"xm, <A+ BF) I VB(]~{iE{il:{ECxcc 9=t o H~ ,:!zll*Cx=C ,Jil~Vx =V* o ~ff] 
:ill:-tv~)(,:!zll*Cx=c- UC ,Jil~v - :=vx; :!zll*Cx=c + ,Jil~v+ :=vxo 

~OOB9~)(M~T-~r~~.fff!iJM~~r~~~*~B9~~~~:tE:ff~~~~ 

~~~*·~~B9*~~ili~~~•1.7•o~~B9-T~~~•2:B9~~B9·~~xw.-r~ 

fBJ,mn· <2:)*ffi o 
~)( 3. 7. 3 ~.ftt:i:\<3. 1. nm~B9ii~~IBJ*~ 2:o X o E lR" :J!2: B(]-~:m~~~' 

:!zll*ff::B:-1'-~A fa% u(t);f!l t1 >O,{t~.l'}X;j"JYf:ff tE [O,tl] ,:ff *~til! ili y(t) =0 ;fn~~ 
~~:{E t=t1 lf~¥1J x(tl) =O,]Il~f$~f]J~~~:1g~~~~~~XW.B(] o 2: B(]JYT:ff~~~~~~ 

XW.B9AU~-@-JYT%~B9r~IBJ .~f$:1-J 2: B9~~~~~~xw.r~IBJ .mn · <2:)~ffi 0 

H~ .ttHQi~)( 3. 7. 1 ;fn~)( 3. 7. 3 ~~in · (2:)CV* (2:) o ~OO~ffFil A 2: B9~!ii ~ 

~r~ IBJS (2:) o S ;fO V:tE v x (2: " ) = sx (2:) .i B9 ~ )( __t :J! XtfM B9, ;it 9=t 2:* Ell~ II$119 Jttll 

<A' ,B' ,C' ,D' H!E~ID: o SB9!imJll!ff!UJ~t:1itM~, ~ ~~~ Trentelman ~B(]~ c 141 J 0 

~)( 3. 7. 4 ~.fttEll~~I!Y:JCID<A,B,C,D)JYf~ID:B(]*~ 2:,~ff]~)( 2: B(]~!ii ~~ 

-r~ 1BJsx <2:) :1-JT.W JE 
<A+ KC) Sc S, im(B + KD) c S (3. 7. 9) 

B(]:Qllj\-f-~IBJS o xt'f~ KE JRPx", Ell ~M A+ KC :{Elftj~ IBJ lR I S JYTijf~ B(]~{iE{il § ~ 

:{ECxcc 9='o :!lll*Cx= c ,Jil~~s· :=Sx; :!zll*Cx= c - U C0 ,]1l~~s- :=sx; :!zll* Cx= 
c + ,Jil~~s+ :=sx 0 

M~)(~!;.($1it•xw.••ili·~~-~eyxw.-r~~:J!·~~xw.-r~~:a:•~~-r~ 

IBJ 9=t B9-$:5t, ep 
n · <2:> = v · <2:> n s · <2:). (3. 7. 10) 

~B(]llfft :J!i:Ellfft B9 <W~ii£f!ij ~~.!A!. Trentelman ~[l4 l ] ) o ~ - ~'iit ffl B9r~ IBJ <;fUn · DC 

xt > :J! :5t :ffl• ~ ~ xw. -r ~ 1BJ < m N · ~ ffi > • ~ fir -T ~~ ~ ~ xw. -r ~ 1BJ ;fO s!ii ~ ~ -r ~ 1BJ z. 
;fO , ep 

N" <2:) = v· <2:) + s· <2:). (3. 7. 11) 

fiE .~ff].fi}~)(WJf- 2: B9 .r~IBJ .~:J! Schererc124
"

125J:tf!li:Jll! H=JL.>fftJtWH!IIfiiJ!m 
~:ft)'GiJIAB9o 
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~~ 3. 7. s X>f-'fj:\(3. 1. D~5-EB<1*~ 4l!lff~B<J A E C ,:JUlJ-E:X. 

v. (4) : = { ~ E C" I 3 w E em : o = [A ~AI ~] (~) } , (3. 7. 12) 

s.<4) == {~E C" I 3wE C"+m: (~)= [A~AI ~}}· (3. 7. 13) 

~ll:Jf!:A~4 B<J-1-~~~-~.!JltlV.<4)l!JS.(4)8,t~ 4 f!JJ.ill(J(J~~~-~nrPJ. Hfl.\, 
s.<4)=v,~ <4* )_]_ . 

ftfiN~~~.ftOO~«B<JAM~~~-ey~mms•B<JM~~~tt*H;i:\·#· 
!±DIE. $~J:, ,WIJ 3. 6.1 B<1*~Bt~A«~~B<J~;B::7 ,'t;B<JAfiiJ~~~ey~~i~j}-~-i 

~.ftfi~~OOB<JM~~~W'i?:B<J~«~~~. 

f§tJ 3. 7.1 1Uilf:1Jl!tf9tJ 3. 6. 1 B<1*~ 4l!J<A,B,C,D). ey t;,(~Y£.4 B<1*#AM~ 
~ISJJ-J 

1 0 0 

0 1 0 

0 0 0 

v· <4) = v+<4) = im 
0 0 0 

0 0 1 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

s· <4) = s+<4) = im 
0 0 0 0 

1 0 0 0 

0 1 0 0 

s- <4) = im 

0 0 1 0 

0 0 0 1 

1 0 0 0 0 0 

0 1 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 1 0 0 0 

0 0 0 1 0 0 

0 0 0 0 1 0 

0 0 0 0 0 1 

v - (4) = im 

0 

0 

0 

1 

0 

0 

0 



46 ~·t±~!tJ.!~: tt~~~* 

0 

0 

0 n· (~) = im 

v.<~) = im 

1 

0 

0 

0 

1 0 

0 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

' N* (~) = im 

' s.<~) = im 

i±Xt ,{Eif;M:V;ft!SB>t .~ffl~~ag F ;fO K 1-J 

1 0 

0 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 0 

0 0 

0 -1 

0 1 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

0 1 0 

0 0 1 

0 0 

0 0 

0 0 

0 0 

0 0 

1 0 

0 1 

0 0 

1 1 1 

1 1 1 

1 1 * 

: : : ; ; ;]. K ~- : : : 

* * 1 

* * 0 

* * 1 

0 

0 

0 

0 

0 

0 

0 

1 

;ttq:t "*" ~ir~B9ti1dil: .nwJE)E)(. 3. 7. 2 ;fn)E)(. 3. 7. 4 :*-T!M'VEffia9~:!:JL 

iE~•~-~B9stM~mw~.~~•st~*•)E)(.B9~§~M~~~•~~m-r

~~strBJ *•0 ff!~V~ ,S~ , v + ;fns+ ~;.~.~-T~J!!J .~ffl!HEffl:*lf*B9Cx il)(~C0 UC0 

<Xt li1J r;q 1-~ ~ ISJ ) ;fO C0 <X;f fri r;q 1-~ ~ I'BJ ) o 

~ kA.llrt1Utf!ii£1lJ3 .{£~~~:1f~~ .~A;fn~ ili~~""f .~ttst/f'~*-agf!)Eti, ~~ 
tt '~~tt '~~tt' kA.&§II&;fn~~~.~~¥41·~/f'~ag 0 ~~_t .~1-tt19tf31!~ff1{£fri 
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oo tJ<J i1t'W "P "iii k.t i1f 1l ill ~ ft1 5t fW tt * , 3! it 1ik x>t ~ JE tJ<J ~ ~ ftJ :illi ill ~~ ~ft. tJ<J ~ ~ , ~A l1l 
~ill~-.~-~«B<J~ftJMtt."iiJk.t~~--·ill*oftX:Jik~~B<J~-~~~ff~ 

~~~ft. B<J~~~• r f*M::if'~, 3! .Wf¥!! T ~~JAJ;ij!~< ~• ~~) ¥JJ at~ <tt~:21BJ *:m) 
tJ<J ~.:if' ~ 1t- tJ<J 0 

~J!-1Jm,ftfiMi1f1l~ftoo~••B<J~~~ftJMtt~~M~~rtJ<J*:•.~~& 

i'J! lll. HHJ! A , 3! ~ ~ ~ lllfl ittJ J.ll! i~ "P ~ t:£ 'M' ffl ¥1J ti<J o ~ JE J:\ < 3. 1. 1 ) ~ *: m ti<J :i! ~at IBJ 
~~ 2:.~~~~& iJ!it:Jik~l AJ!littJ~ 

u = Fx +v , 

{
.i = <A+BF) x +Bv, 

2;F : 
y= <C+DF)x+Dv, 

(3. 8. 1) 

(3. 8. 2) 

I!P't Ef:J -1-fiftl<J~~ lm:lCm <A+ BF, B, C+ DF, D) **:W: o *tfi ill iJ!A lll~~& i'J! ti<JM 
~ ~ x>t ~ ti<J , f!! :Jik ~JUfHl J:\ <3. 8. 1 HI~ f-f H J:\ * *: m *fi ill iJt A ti<J ~ J:\ o x>t -T ~ JE ti<J K E 
R"xp ,ftfll:«tlre• illiJ!AB<J~~~~t'1: T -1-fifti<J ~~ 2:K, ffl~~ 1m :lCm <A+ KC, 
B+KD,C,D)**:W:o 

rootJ<J~-tJ:EJ.~*:~T2:B<J~ftJMtt~~~&~lll•ill~Arf*M:~~.§~~~ 

T-:21BJ 0 

~~~3. 8.1 ~.ffiEf:J~~Im:lC~Jl(A,B,C,D)~*:ID:B<J ~~ 2:, ~at~.ffi-1-~~& 

~~~~~FE R'"x" ,JJIIJ Ef:J~~Im:lCm <A+ BF ,B,C+ DF ,D) ~*:ID: t1<J ~~ 2:F Jt.« k.t . 

rMtt: 
1, 2;F jik jjJ fl ( jjJ lA JE) I'I<J ~ ~' ~ Jl & ~ 2; jik jjJ fl ( jjJ lA JE) I'I<J ~ ~; 

2 . 2; F I'I<J 'Rt ~ f/k f1l 2; I'I<J tfl ~ ; 

3. 2:F tJ<J :if'~~ A\~ ftJ l1l 2: tJ<J tll ~ ; 
4. 4F tJ<J x lltt ~A\~ ftJ l1l 2: tJ<J tll ~ ; 
5. 2:F ~ ( tJ:W(;tl) "iiJ ~W(;i!Htti<J, ~ Jl &~ 2: :Jik ( tJ:W(;{i) "iii ~W(;il! -ftti<J; 
6. Vx (2;F) = Vx (2;) f1lSX (2;F) = SX (};); 

7. R . <2:F) = R. <2:) lllN' <2:F) = N' (2:); 
8. V, (2;p ) = V, (2;) l!lS, (2;F ) = S, (};) o 

~M M1~•~• o •3~lllM4~"iiJk.tJArootJ<J•~"Pmm: 

[A + BF - si B J = [A - si B J [ I 0 J. 
C+DF D C D F I 

M2~lllM5~"iiTJArootJ<Jm•m•"P•ill= 

H F ( s) : = ( C + DF) ( si - A - BF) - I B + D 

(3. 8. 3) 
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= (C + DF) (sl- A) - 1 [I- BF(sl- A)- 1 
] -

1 B + D 

= <C+ DFHsl- A)- 1 B[I- F(sl- A)- 1 B]- 1 + D 

= [C(sl- A) - 1 B + D][I- F(sl- A) - 1 B]- 1 

= H(s)[/- F(sl- A) - 1 B]- 1 • (3. 8. 4) 

f§ 1-J [I-F(sl- A) - I B] - 1 {£ ~ .lJZ- 00 ...t.JL-'F-~~~:flj;£)1.. B9, JYf J:J:fl~ 2 Jj! ln~ 5 J9! o 

X;f r~ 6 J9!, JA 1E Jl.. it ItT J:J 141 ilt, vx {£ ~ ~ & iJJ! ""f ~ ~ ~ B9 o ""f 1lii, X;f if Vii~ .IE 
:r.\<3. 7. 9)(19-f-~fiijS,~ffl:fl 

<A+ KC + BF + KDF) S= <A+ KC> S+ <B + KD>FSc S. (3. 8. 5) 

JYf ~ ,sx{EfffPJ~~& iJJ!W""f ~~~(19 o 

tt""f *, ~tHg;rt<3. 7. 10 > lJI :rt < 3. 7. 11 >, R · lJIN* {£ fffPJ ~~ & iJJ! ""f ms~ ~ ~ B9 o 

l!itliEilA T ~ 7 J9! o 

J11. 1:£ *liE llJl ~ 8 J9! , ~tHg v. B91E Jl.. , :fl 

{ [
A + BF - AI B J ( ,.. ) } 

V, o;F) = ~ E C" I 3 w E em : 0 = C + DF D : , 

JJitlX;ffffPJ ~E V, (~F) ,f¥{£-1- wE Cm .~~~ 

0 = [A + BF - AI B J ( ~ ) = [A - AI B J [ I 0 J ( ~ ) 
C + DF D w C D F I w 

0 = [A~ AI ~ J [~) ' 
Jt"fl tW = F~+ Wo )! tf ~ E V.l (~) f f§ Jit V.l (~F) C V.l (~) o Ill] tf Jt!! f "itJ t;,{ li£ ~ V.l (~) C 

V, (~F) • [!;) Jit V, (~) = V, (~F) o ffllll)fF (191Jrt "itJ J:J ~~ iJJS, (~F)= S, (~) o • 

~JI3. 8. 2 ~.ffi-1-~~lm:Jtm<A,B,C,D> JYf~ID:B9~J;E~tJc ~.Ill] lit~ .ffi-1-
.. ttl iJJ!A~~ K E R"xp, JJitl ~K (19~1Itf I!Y:Jtm (A+ KC,B+ KD,C ,D):fl ~ ""ffj:J9!:: 

1. ~K ~ItT %Y. ( ltJf&~O B9 ~ tJt, ~ 13. f)(~ ~ ~ItT %Y. (ItT f&~O B9 ~ tJt; 
2. ~K B91it~f'klJJ ~ (19fHIIl); 

3. ~K B9~~~.~~~lJJ ~ (19fHIIlJ; 
4. ~K B9xl!ll~.~~~lJI ~ B9ff:lllll; 
5. ~K ~ <ti:~:ti") ItT i2!~ifHtB9, ~ 13. f)(~ ~ ~ <ti:~:ti") ItT i2!~ilHtB9; 
6. Vx (~K) = Vx (~) lJJ$x (~K) = Sx (~); 

7. R * (~K)=R· (~)lJIN* (~K)=N· (~); 
8. V, (~K) = V, (~) lJJ$, (~K) = S, (~) o 

iiEM lJ!iEJ.!I! 3. 8. 1 MflfL • 



49 

3. 9 ~>J 

3.t ~mrooft!i!qtB(J!XiJ~.•A u 1-lft!.ffill.•ili y ~ zF Et!~fi''0wB9Et!ffio ® 
i)t lF ~ 2F Et!~B91JJMJEt!ffi?HJIJ1g lV ~ 2V,ft!~B(]VJMJ~~~N:~ft:Et!B9o 

<a) 1t~IXi.I!~B9~~~WI ili 1IWo 
(b) ;j(!XiJ!!B(J!'fi{lii!ft~ll(iijJ.iil o 

(c) ;j(!XiJ~B(J!'fi{liii*f!Pn!PJJ.iilo 

(d) fif(j~!XiJ!!B(J~~'I'.t o 

( e ) fife~IXij~B(JPJrif.t~PJ~'I'.to 

(f) fif(j~~~B(JPJJ2!'1'.to 

<g) fiffl~IXi.I!!B9~~~x~~-~~#;J 0 

3.2 ~~ 

fife~f,Y, il: a~ f3 til, ~lHa!~ A~ A 100 
0 

- e- ' + pe- 2
' J, 

ze- 1 - e- 21 

3. 3 ~~~f.t~tft.T =Ax + Bu ~~ftf x (ti) =x1 , x (t2) =xplJ > O ,tz > O, ii£11)1 

e"' = [E1 (t) Ez (t) ]. 
0 E 3(t) 

(b) iiE IIJI ~tit B(J ri $JJ Gramm ian ~ ~ 1g 

W , (t) = J: e- ArBB'e- A'rdr = E~ (t)£2 (t) . 
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(c) x•t t=0.1s,O. 5s :fll2s,it~H*.33 3.1 'P~~B9 W,(t)o 

3. 5 ;;lJ-J!t-1-/FI'iJ~B9~~.T =Ax+ Bu,Jt'P xE R" ,uE Rm ,fl3liJs! 
rank(Q,) = rank([B AB ···A"- 1 B]) = r < n. 

~{ql ,q2 ,···,q, l~nr~tt~~ Q, m~~fEiJB9-m~.~{q, + l ,···,q.l1-JfffPI~~' 

T = [ql ql 000 Qr Qr+l 000 q.] 

~~I:~Jf!B9~~0 iiEI!IJ .~~~fk 

x = T .i = T [~: ] , .i, E R', .i, E R•- r 

B9%.:a:, Jt'P <A" ,B, >~ l'iJ~B9 o iiEI!IJ ~~B9/FI'iT~m~ ffi A< A")~ tl:lo 
3. 6 ~~r:Br00:1JWWi~B9/FI'iT~~~ 

.I = Ax + Bu , y = Cr , 

*-1-~~~fk~~T:fi!MB9~~~-.i. 

x = T .i = T [ ~o ], 
Io . 

. = + U' Y = [Co 0] ' [
Xo] [A>O 0 J [Xo ] [Bo] [Xo] 
.i o A,"' Aoo .i o Bo .i" 

Jt 'P • <Aoo ,Co )~ l'iJ ~t'f9 • iffl.f3. ~~t'f9 /FI'iJ~m~ EB A <Aoo) ~ lf1 o 

3.1 x-triliit'f9~~~YE~.33 3. s B9~* = 

l
5 1 

. 1 2 
x= 

-2 0 

-1 -1 

. [-2: -3: -~ -2~] [- ~ -~] x = x+ u. 
30 39 - 2 - 27 0 3 

30 43 - 3 - 32 0 1 

3. s x-triliit'f9~~~YE~.33 3. 6 B9~* = 

i ~ n -~ = ~]x+ m•• y ~[I I l]x 
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. l- ~ -~ -~ -~j l~J .r = .r + u' y = [1 1 1 l].r. 
0 0 0 -1 3 

1 2 3 4 4 

3. 9 ~ll*<A,B)~~PTlia9 ,Y£1!ijX>f{ffiiJ aE R , <A+al ,B)if!~~PTlia9 o 
3. 10 :(:E~J.!I! 3. 8. 1 q:t B !~YEIIJIT .~#:fit~& i1!~1&~-1'-~tt~~B9fmlitto 

~u--t-~rYEI!fl~~&i1!PTfm~~&~~~B9PT~tto 

3. 11 ~l.!l! 3. 8. 2 IP:Jf-FYEI!fl 7~1it~ ti:H1!A~i&~-1'-~tt~~B9PJ~tto ~u-
1'-~rYEI!fl~1it-ilii1!APJfm~i&~~~B9PJlitto 

3. 12 YEI!fl~~ 

X~ [~ ~ :Jx + [~] u, y ~ [~ ~ ~]x 
~ti:PJ~B9o~~-1'-~ili 

( 
coswt + wsinwt ) 

y(t) = ' 
e'- coswt 

t ~ 0, 

0 

.r(O) = 1 

WT t" ~ B9 o fOf! ~ t" ~ J:J ...t ~ ili y < t > B9li $1J • A u < t > , lliJ B1 liE l!fJ l! f-F B9li $1J ~ A ~ 1t 
-B9o 

3. 13 

1 0] [0 1] 
0 1 .r + 0 0 u, y = [0 1 O].r 

1 1 1 0 

~:ti:PJ ~(19 o ~ ili -1'-f]J~j'fdlj: .r( 0) fll-1'-li$1J. A u( t), ~ lliJ f"~ -1'-~ ili 
y(t) = acoswt, t ~ 0. 

Y£1!J}l!f-FB9fl~1t-B9 0 
3.14 ,ftJ.ffl~l.!l! 3. 8.1 fl!~l.!l! 3. 8. 2 B9~*·~ff~.¥1B9:1it~&~~M~Ir$ F fl!~ 

.¥1B9-iliiJJ!A~MK ,Y£1!fl~.33 3.12 fl!~.33 3.13 aqp;q-t-~~:fl-1'- 2 M-B9xi!R~.~.l9: 

:fl~~~-~0 
3.15 X;fT-~.33 3.12 aq~~.YEI!fl 

V' ~ n · ~ I o I ~ s· ~ N' ~ im{ ~ m 



V" ~ R " ~ im{[m ~ S" ~ N " ~ R' . 

3. 11 :"J-m-1-~tt*m 

; ~ li r ; }+ ~ ~l"· y ~ [~ ~ ~ ~}· 
ii£11A 't £ nJ l$, nJtQ;fllnJXW.B<J o WilE~ 't1fp;q 1- 1 llfi" B<J x ~~ .~ < 1:!9 rm 'lit ~f'kjg 2), t£s= 1 

1f-1-AM~ft19Z;fllftB~B19ZB<J~~~~o&iiE·~~~~~~*mB<l~~ 

~.~ o 

3.1s Mrt~33 3.17 B<J~m.fiff!J:EAMr~fBJv· ,n· ,s· ;fUN· 0 

3. 19 ii£11AAMr~ IBJS,t£ffMJ:E1it~~& illfTt!S~~~B<J o 
3. 20 iiEIIAAM r~ IB.Jv · , V, ;fUS,t£ffMJ:E1it*'" l±lillfA T £~~B<J o 



4.1 ~~ 

{£J!-~£.~ffl~IAL;J.r 3 flt~~HI"J~ttat::.P~Wdff89~~1t5tff¥flt*o fil-M: 
89$~·~-~~.l!®~••m~••-®ol!-~~*m1t*89*~~*•~m89. 
l!®lt*~~~~€~~~M~89£-M:~-89~~tt5tff¥f89Hu~o*~~~mL;J.r~ 

1-~ID!89~-: 

1. ffi)E#9;1!~ A 11~89 §13~-.I'!P 

x =Ax. 

x =Ax, y = Cx. 

3. El3 9£~xt<A, B) ~11~89x~ij!~ ~-, ep 
x =Ax+ Bu. 

l!£m:-r, ~-<4. 1. 2) fl!<4. 1. 3)~m:!LxtfM89 0 

(4. 1. 1) 

(4. 1. 2) 

(4. 1. 3) 

Af*!t!!.i~.~ffl)t~ § 13~-<4. 1. 1) ~I A~)Ett~~5tff¥f<SSD) fll~ Jordan 5tff¥f 
<RJD); ?&€~1±lx!MU;IJ~-(4. 1. 2)89WJflt5tff¥f, ep~~~~JtWf<OSD)fi!JttR~JH~ 
~~~5tff¥f<BDOSm o :HHQixtfMl*Jl,~x~ij!~~-<4. 1. 3)-tl?.~Wif*JtWf, ep~t£~~ 

5tff¥f ( CSD) fi!JttR~JH ~ t£~ ~ 5tff¥f < BDCSD) o l! ®Jj-Wf {£€ 00 ~1J £ fl !if. !/c -T £ ~ 
~ 89 ~ • 89 ~ *·~~ ~ m, E" ffl ~ L;J. i~~Wftk:ilf $ ~ • fl! t£$1HnJ 1m 89 *-~, ~n~~~fll tJt.~-T 
~89~ff<~ ~[31 ,92]) !:Jlft..~-¥-TtJtM~fnJ18i < ~ ~[22 ,23 ,86]) o 

~m~nr~ttat~~ § r€1~• 2:: 

x = Ax, x E lR". ( 4. 2. 1) 

xtl!f.F - 1- § 13 ~- .~ffl{£J!-1J £~1±l Wiflt~~-ft5tff¥f, ep~)Ett~~JtWf <SSD) fiJ 
~Jordan 5tff¥f<RJD) o 

~~~ 4. 2. I<SSD) ~ ffl:J:.\(4. 2. 1) Jfl )E#9£ ~A ~~VE 89 § 13 ~. 2:, f¥{£- 1-~1: 
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[

A_ 0 

T - 1 AT =A = 0 Ao 
. 0 0 

(4. 2. 2) 

;lt!:fl A - E R"- x,_ ,HA- ) c c - , Ao E R"•x"o ,..\ <Ao) C C0
, A + E R"+ x,+ .HA+) c c + o 

SSD 7t ~ 7t 1A! T ~~;I]~ , ~~~;I]~ , ~ .& fiHfHliLt. 89 ~{if tlllll~~ 89 ;I]~ o 
j!1-~1k T 89ff:t£ttllJ1I~b'-Ji5ifii89~ Jordan ~111*7tffH'ilL ftfll~r*~~ 

tf:l-1-~i!itt89•r!*~JI]_tifii89 SSDo ~~_t,{£fi5ifii8911!~ Jordan fll~ Jordan~ 
111*89:iil'l!:fl ,j!£89 SSD llJ Jftri&ffti:{ilit)t:*flfo 

~iii:iil'l89~••~•~-r•~89~~=~-1-~~~~ID:m89~~.ff:t£-1-$ 

~~~1k, f!Pl§J.ill89~ID:~:It~~, llJ~tffJ 1t19f~~ 89~~ o ffl19T~ 89~~~ID:{il ,19f~ 
89~~~~ID:{ilfll19f~89S~_t~{iE{il~:fr-et£&g -~!:fl,j!~~ID:{ilHMA~~ 

89 'ftffl~llJ !d. it. tf:l & § l§J.ill89~ID:~ fa) ·*.l£1li ld.!E~~~~j;R~fff {t1gj\ (4. 2. 2) 

89~1ko rifii89ttJiiittJt:r!* § Chen[191 o 
SSD -!V. 1 

f!J Jfl ti:{il~~ 89 ~ Schur 7t ~ ( ~ .1\!. Golub fll Van Loan[591
), tJG i!J -1- iE 3C ~ ~ 

PIE R"" " .fj!~'~t~~~Ht k fl 

P)
1 

API = M = [~' ~' ~:: : I ' 
0 0 •·• M* 

(4.2.3) 

;lt !:fl , * :r.f ~;~Vi~ x ~ ~ ~ 89 ~ ~ o ~ 4i 1- i = 1 , 2 , · · · , k , M, :lilt:# A~ 89 f,f> It , ~ll M, = 
p ; .!OC#A Eb- ~;j"J:~{iE {ili!l.l£89- 1- 2 X 2 ~~ .~ll p; ±jw, o ffii 13. p ; , i= 1, 2, ... ,k At!C 
j.:J r lX ff f.l~ ~lj 89 p 1 ~}-!2 ~ ''' ~P* o 

SSD -!V. 2 

~ n- ,no fll n+ Jj-jjlj1g A :(£c - ,C" fi] C+ _t~{iE{il891-ti:, ~H>t~ 

[
[, +n J 

T -o = P1 -O 
0 

• 

~o 89~H.I£TA89~{iE{il!:fl$iE~ID:{il19f~l.ill89m1-~ID:~:It~~o 

SSD -!V. 3 

lf}?Xf!Jffl~ Schur :fr~*tJGilJ~ -1-iE3C~~ P z E R"x" ,fj!~' 

P;' HlP, ~ Q ~ ~- ~· ~J 

(4. 2. 4) 

(4. 2. 5) 



T + = P z [I~+ ]. 

~~~H~TA~~-~-~~~~-~-~~-~~ 0 

SSD~·4 

~ 

[
A-o 0 J 

T ! 'AT, = 
0 

A+ , 

it 9=' .HA- o) cc- U C0 ,A( A + ) cc+ o 

SSD~·S 
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(4.2.6) 

(4. 2. 7) 

(4.2.8) 

~;j"~jr$ A- oN?Xf!JJij?);; Schur )tiff~ ,tJG~J-~~3C~If$ N 1 E R< "- + no> X<n_ ho> .~~ 

(4.2.9) 

(4. 2. 10) 

SSD~·6 

~~If$-A- o-Nf!Jffl-?X?);; Schur )tiff~, tJG~J~3C~If$ N 2 E R <n_ +no> X<n_ ho> .~1~ 

N2' (- A_o)Nz = [~o ;J, 
Jtl=j=l .H50 )CC0 ,,,HS+ )CC+ o ~)(. 

SSD~·7 

ilFo .~ 

[
z, o J z, = [Z- Zo]ftl T= T, 0 I.+ . 

(4.2.11) 

(4. 2. 12) 

(4. 2. 13) 

T - 'AT =A=[~- ;o ~ l, (4.2.14) 

0 0 A + 

Jtl=j=l ,\(A_ )CC- ,A<Ao )CC0 fO A(A_,_ )CC+ o :i!¥-f!tie~T~~tt~#il?tfff~Jl:?*, 
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_t OOB<J)l:f!B ~~:(£[87]~ m m PJ§~ ssd. m ~Jl. :t£~J.!I!~ialltfEiJ *~Bt, W-JJI~_t PI 
vJ xt _too B<J 11 lll1 1m vJ ~ i& • liP m: !IT~ f.l~ *f UE m B<J f.l~ J¥ • vJ ~~ill JYT '$ ~ ~ • w: ~ ~ re ~ J:E ~ 

~ A B<J tif tiE ffi 7t Jilt 3 1-$ 7t , 7HJ~ :t£ c<') < :(£ !)'! W: 1M! pg B<J ~ f;f- It • ~ > , co < :t£ !)'! W: 1M! _t B<J 

~ f;f, It.~ > fl1 C0 < :(£ !)'! W: 1M! ~~ B<J ~ f,f.lt. ~ > • fiiJ IlL~:~ :1: !IT f.liP~J ~ Schur 7t ft B<J lli1 
I¥. ~tH¥i Chen [191 B<J~i'HliL PI!;,( ~Jffl_t 00-#i:~~ill-1-ral !)'!:lJf!*~¥1]~~ T, Jkffii~Jru 

l! f-F B<J 7t fW • ~ a 1'1 ~ .lfL 00 _t !)'! UL 1M! pg B<J -1- f,f.lt , f§. :If' ~ A B<J tif tiE ffi , }:£ )( -1- !IT B<J 

~~ 

A= ; [<A +an-I <A -a/)+ <A +a· n -I <A -a·[)], (4. 2. 15) 

;M;~ .a·~ a I'I<J~~~. ~~H~~ii£11)} ,A~~~~. !t"F*,X;f A *ffl SSD ~- 1-SSD ~ 

!lJ 7 .~~ill~~ T,19WJ 

[

.A_ 0 0 l 
T - 1 AT = o Ao ~ , 

0 0 A, 

(4. 2. 16) 

jt ~ A <A- )CC- •A <Ao )CC0 fa A <A+ ) c c+ • ftffl PI I)J iiE ~<.ill Chen[191
), fflllll f-F B<.l T 

PI L;,(~~HIJ 

[

A_ 0 0 l 
r-·1 AT = 0 Ao 0 , 

0 0 A+ 

(4. 2. 17) 

;M;~ A(A_ )CC0 ,A(Ao )CC0 flJ A(A+ )CC0 
o ~iaB;ffB]*~I'J<.J~J:Eft~ft])tjf-tfL:(£[87]~ 

m m PJ§~~JruT .8;t~ dssd. m . 

ft ffl ffl "F 00 B<J 19t1 f- X;f :lJ #i: :ilH'T 7Ji[ ~ o 

fJtJ 4. 2. 1 :>IS.ffiJ:\(4. 2. 1 )jtQ~B<J ~ 7€1*~ 4. *~~~1'1 

-1 -1 -3 -1 -1 

0 2 4 4 4 

A = 0 -2 -2 -3 -3 , (4. 2. 18) 

1 1 1 0 0 

-1 -1 -1 1 1 

E B<.l t;f tiE 00: :(£ o , - 1 , 1 , - 2 j fl1 2 j o * ffl }:£ J.!l! 4. 2. 1 B<.l SSD • #;; , liP [ 8 7 ] ~ B<J m Ei9 f{ 

ssd. m, ft ffl :ff 
0. 57735 0.47385 0. 66493 0 0.57735 

0 -0. 81277 0.07790 0 0 

T1 = 0 0. 33892 -0. 74283 0 -0. 57735 ' 
-0. 57735 0 0 0. 70711 0 

0.57735 0 0 -0. 70711 0. 57735 



57 

-1 0 0 0 0 

0 0. 21932 3.44308 0 0 

T! 1ATI = 0 - 1. 17572 -0. 21932 0 0 

0 0 0 0 0 

0 0 0 0 1 

t!J m [ 8 7 J ~ B<J m m.ti: dssd. m llHi 
0 -0. 57735 0. 57735 0. 78072 -0. 23906 

0 0 0 -0. 59739 -0. 55659 

T 2 = 0 0 -0. 57735 -0. 18332 0. 79565 

0. 70711 0.57735 0 0 0 

-0.70711 -0.57735 0.57735 0 0 

~ffl~--~~~~AB<J8~ttM~~-

0 0 0 0 0 

0 -1 0 0 0 

0 0 1 0 0 

0 0 0 1. 15182 - 2. 39096 

0 0 0 2. 22785 - 1. 15182 

~OO:fl-m § #I~Ufta<J~-#~M, l!P~ Jordan ~ffi¥<RJD) o )C~~xt~~j!J Jordan 

;ijl. ~'i1J~ B>t JilT ff :(£ B<J ti: ~it ~nEJ ~ E. :ff Jt: ~ B<J Jl ff1¥ o ??.; ffii , Jordan % iP »:: 1iJf 1E ~ tt * ~ (I<] 

:ff3'&I Jl o 

:iE:ll 4. 2. 2(RJD) ~ mt.J:\<4. 2. 1) 9=' EE ~'fit~~ A E R"x" JiJT~{i£ (I<]§ #I*~ 4, ;ff 

:(£-1-~~~~~~ TE R"x"f!lmti: k .~~i 

(4. 2. 19) 

xt!fft-1'-~ J 1 , i= 1,2, ··· ,k, :till* A; E ,\(A) »::~B<J, !J!U:ff L;A ""f B<J%J:\: 

- rA· .. 1 ·. I 
], - 1 ' 

,\ , 

,\ , 

(4 . 2. 20) 
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], ~ [A, 1.: ~: J A.~[_:: ::J. (4.2.21) 

ftfll llJ J;..( 1£-i.f $~f445 r:f:l ~ iU..t oo;!k 1 ordan :ijl.f(J.* B<J m-'if. < ~n~ ~ Wonhamc154
J > 0 

~oo.ftfi~Mili-~~•tt•a*••~•To•1£~2•~miliB<Jm~.~•#•B<J 

m•1£~~r:f:!B~~-~B<J~~.ffi··~~~-#-..tB<J~~.~~~$#~fflB<lo;!k 

Jordan *1£*45 r:f:l 3::~J.illffl1£l!l!ie?ttff o 
tt7t~I!'i:il!!.f'Jffl)El!l! 4. 2. 1 B<J~ •• ~i!J-~~~~#lll~m*f4M-B<J~· PE 

p - 1 AP = [A, A, . . . I ' 
At 

(4. 2. 22) 

;It~, T-~II$ A; E R"i x., , i= 1. 2, ··· .e, ~ -'-B<l:!OCI!'ill<J < ~n· n;> 1) ;!k~VE m A;; ii!.~llJ 

~~-B<J!illl:!'ill<J<~n• n; >2>!'i~VE-~1 A; li!A; o ~0· i#j,91U A;#Ajo J!l!!;;~llJJ;..( 

ffl ~ oo B<J :i1l11l * ;!k EL 
1. #)l: A B<J~VEmo ~A; =,u;+jw .. w;;;:?!O,i= 1,2, ···.f.~ A B<l~~ J'!-~~~fJU1Uf5 

B<J ~Iii] ~VIm, I!P A; #Ak, i#k o f!i Jffl ,u1 <;_,uz <;_ ···<;_,ut ~1 A; :ill:fif.l~.l¥, ~n-~ Jlk = ,uH 1 , 91U 
f!ilffl Wk <WH 1~1 Ak li!AH I:ill:fif.l~.l¥0 

2. ~ k ~mJE /11 = /12 = •••=pi<,UHI l]<j-~-~-o ):£_)( -~):£1lt~II$ 

A = A - f1k + fl= H I I' 
2 

(4.2.23) 

~;(£C- ~~ k ~~lii]B<J~V£-, ~~~V£-B<J;!k$~-T (,uk- ,UHI )/ 2, ;(£.fl~_tfi~~ 
m:mo f'Jffl)El!l! 4. 2. 1 ~Mt:e B<J~)Ett~fJJ?t!WJJa, llJ J;..(~i!J-~~- T1 .~~~ 

(4. 2.24) 

(4. 2. 25) 

;Jtr:f:! ,A~,k§~T~VEm A; ,i= 1,2, ... ,k; AHI .ti2~T~Mm A; ,i=k+ l.k+2, •·• ,fo M 
AH l.f:m:!r..t oo B<J:i:tl11l. ~llT J;..(~MffJ tt A. 41I:~~m12 ~ T tH liiJ;!k$B<J~m:m 0 

3. M~~~lii]~Vf-A; =,ul+jw; ,i=1,2,···,k B<JA~,p)!l!!;;~V£mB1£~ 1 :!VB;fJ;..( 

w1 < wz< ··· < wk B<Jjj.:ij':f.I~~~T ,)E)(-~)E#~!I$ 

(4. 2. 26) 
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(4. 2. 27) 

llJ jj -liE~ • A JHi -1-!)! fill I'!<J iHiE tl1 :(£ c- . JiJT :fl ;tt ft!!. I'!<J iHiE tl1 tiS:(£ c + o ~J m ~ J1 4. 2. 1 

(J<J SSD -~ ,llJ jjftiJJ-1-~~ T2t ft~' 

(4.2.28) 

(4. 2. 29) 

;lt "f:t ,A, fl. ~:fl-1- !)!fill (J<Jt<]:1i£ {il A, .At .• :flf;j:1i£ {il A., i = 2, 3, •·· ,k o X;f At.. 1! ~_t 00 (J<J 

:iifl,llJI;,(~iJJ-1-~Jo~:Jf~~ T, ,.,ft~ 

(4.2.30) 

j\(4. 2. 22>!~¥-fi'!<J?HkX;fffJ~J!:o 

X;f A; ~~fti'!<J4i1:1- A ; ,~ fl1 Jl:(£ ~j ffl J!: < 2. 3. 39 > I'!<J ~ ~tL ~ iiJ -1- ~F ~ :Jf 1'!<J ~~ 

5 i = S; E R"; X "; • re A, ~ J.& Jordan ~ 1fi. ~ 0 X;f Jt. :fl f;j:1i£ {il A; = f.l i + jw, ;filA : = f.li - jw; (J<J 

4i1:1- A,, ;Jt q:t w; >O, ~fi1UJ Jffl Fa rna '" Matthews[szJ ~)( -1-llfi'!<J ( 2n,) X (2n;)~~ 

Z:= ' ' <4.2.31) 
[
A; - 11J n w ;J n . l 

' -w;l ,; A; -p.;l ,; . 

~1!!~~-u-EIIJJ ,z, :(£ 0 :fl n, 1-~t<J:1i£{i,:(£±j2w; :fl n ; 1-~Jit<J:1i£tl1o ~)( -1-J£1if~~ 

Z, = (Z,+wJ) - 1 (Z, -wJ), (4.2.32) 

'f:::(£-1 :fl n, 1-t<J:1i£{il.~:fl n, 1-~~~t<J:1i£{il,lj!HtHI~~i1:~~:5tffN~J14. 2.I.ftffH' 
iJJ -1-~F~:Jf~~ S? E R ( Zn, ) X ( 2n;) ,{t~' 

- [Z;o 0] <S? )_, Z ,S ? = _ , 
0 z .. 

(4.2.33) 
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flJ:il:~:ff-~~ S! E JR"; A"; .~~~ 

<S! ) - ! ziOs! = bikdiagU6 .n .n .n. ··· ,J:;; ,J:;;}. 

jt 9=' ,]0' ~~~1>.7 ,m= 1,2, ··· .a;o 

[
0 I. - 1 J 

} ~" = 1m • 

0 0 

it~ fJ1 :JI;Ij Jt 

[Sl ~~J= [SI.l S!:til XI .! X}:tj' 
S; so ' .. ! i.l ·- ' 0 52. 1 sr·lnil x 2.! x;:til i . l i .l 

(4.2.34) 

(4. 2. 35) 

(4.2.36) 

s!.l s~· '' ;J1 . XI. I XI ... 
'• CJ; lo(lj I ""; i. a;'a; 

52.1 52.n. x 2.! x~· ";tf . 
""; i ott/'1 i lot1; l o (lj 1 

:].(4.2.37) 

jtr:j:r ,S):! ,ST.·! ,X):.!lO X7:!~ n ; X 1 ~It )!Cit, m= 1, 2, ···.a; lO k = 1. 2, ···, n,., o r 00):£ 

)(~1- n; X n; ~~J.tm~. 

S- .. = [s.~.-~~ s2-~l ... s ~. l .. d s2 ·~·d ..• s!. l s·2. ! ... s!.•;. . s 2·"; •. ] 
l o l o l o lo(l j lo (1 j lof1 j I l o (Jj I • 

lillii~ 

S= (4. 2. 38) 

s, 
lO T= PSE lR":.: " o lm:t£~'ilJ ~1(~ii£1l)I T - 1 AT J'l.:ff}:EJ.I 4. 2. 2 Pfffta~~ Jordan mm; 
~0 l!<.i!Br~{£[87]9='ffl-1- rjd. m ~ m wlt*~lm7 o ~fflfflrOO~~Jr*ilii~...t.OO 

~~ :~'L 

1JIJ 4. 2. 2 ~m--t-:tm~<4. 2. nPJrm~~ 13 rit.¥~ 2:.~~tm~1-1 
3 2 2 2 2 2 

3 1 2 3 2 2 

4 0 2 2 3 2 
A= (4. 2. 39) 

4 0 2 1 4 2 

4 0 3 0 4 2 

-20 -4 -12 -9 -16 -11 

~Jffl[87]~~ m Pi§~ rjd. m,~ffH~flJ A ~-1-~ Jordan mm:Jttw1>.7 
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0 1 1 0 0 0 

-1 0 0 1 0 0 

0 0 0 1 0 0 
]= 

0 0 -1 0 0 0 
(4.2.40) 

0 0 0 0 0 1 

0 0 0 0 -1 0 

:ltlfll.iiZI'f.J:tt~~~~lt$11 

0 0 -0. 12251 0.04504 -0.07311 -0. 53231 

-0. 63.824 -0.50617 0.26812 0.09233 0.24639 -0.13302 

-0. 13207 -1. 14440 0.22084 0.48295 -0. 15290 0. 18649 
T= 

-0. 13207 - 1. 14440 -0.41740 -0.02322 -0. 15290 0. 18649 

-0. 13207 - 1. 14440 0.08877 -0. 66145 -0. 15290 0. 18649 

1. 03444 3.93938 0.00090 -0. 01943 0.58813 0.33547 

.T = A.r, y = Cr, (4. 3.1) 

:lt ~ .r E lR" :lfo :tit~ , y ER P :lfo. ili , A fO C :lfo Jt. :ff lf1 l.iiZ ~1U'l (f.] ~ It$ o i! ff (f.] ~ ~ :ff ilf $ 
~1i1% ,j{Jll'iJ~~~1i1%fll~~~H~1i1%<~~ Chen[33 l fO Kailath[7oJ ) o }!.1!!'~1il%tEiJf 
~-~~~(f.JI'iJ~tt":lfo$.:fffflt'f.Joill:lfoi!.i!!'~1i1%~~~~~--ili~~~~~tE 

t'f.J~~~tt o i! -11x1:XlB!i91~~<4. 3. 1 ).ttl ~f'll~fl!%, llP~~~H~~~ffHOSO) fO 
7HJ.! X1 ffJ l'iJ ~~ ~ ~fffl < BDOSO) o i! .~!!' ~ 1i1% ~ ~ ~ "ll!: rr :tit~ fO. ili ~ ~ o "F iti (f.] 
~l11!1tit~T OSD t'f.J~tto 

:fE~ 4. 3.1 ~m:XiB!i91~~<4. 3. 1). Jt ~ c :lfoiAf!kt'f.J ,JilUff:t£~~~~ t'f.Jtt~~~ 
T , E R"x" ftl~p~~ (f.Jfljj ttl~~ ToE R pxp ,fj!1~~~E t'f.J~~fll~ ttl iA JE 

(4.3.2) 

-
.To i;, ) 

.r i.2 
.r= ' i = 1,2,···,p, y= (4. 3. 3) 

(4.3.4) 
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rmxt i=L2,···,p,:fl 

i, = A;.i ;+L;y, y; = [1 O].i;, 

;tt~ L; ,i= 1.2, ···, p,;J!-@J't.:fl ~ ~!Ht~I¥JJ;E1it~lt$ ,Jf 13. 

A; = [: /•, -~]. 
p 

(4.3.5) 

(4.3.6) 

~It$ Ao I¥J£i~Jg no X no,jt~ no: = n- 2:k., . .HAo) §~T~It$xf(C,A) I¥JJ9T:fl:if'lij" 
i=l 

xw.m~ .~~o: = {kl ,kz, ••• ,kp} JJl~:I!<C,A> I¥JitJXW.f.£itr~o 

;;E JJI! 4. 3. 1 t¥J tiHI~: nr ~ m ~; .. rF 1! :ho ~ ~ t¥J :Jn:t * ~ JJN. : 

Ao * 0 ... 
* 

0 * /•, - 1 * 
0 * 0 ... 

* T ;; 1AT, = 

0 * 0 ... 
* 

0 * 0 ... 
* 

lr1 

r-•cT ~ [ '
0 1 0 ... 0 

0 s • 

0 0 0 ... 1 

;tt~, * ~~x3C~~t¥J~It$:7G~ 0 

OSD 1¥J I!H~ ffJ¥ ft~ =f 00 4. 3. 1 9=J o 

0 

0 

0 

h - 1 p 

0 

l 

ft.~: ~lUtl~:!k~~(I(Jffi~~-~.Y. (I(J~i'U!Ht. 

00 4. 3. 1 ~i!US~fQ1tMB97f-~OO 

(4. 3. 7) 

(4.3.8) 

i.iE M ~ ffl * ffl ~ tl:l OSD ~ J!N.I¥J ~ :!.P-~ iii Jf ~ * iiE f!f1 ;;E JJI! 4. 3. 1. J:XF YE f!f1 I¥J 3C 
llt :1! liffriA pq :fE I¥J lJt 7t ~ i5L M =f x ~ i9J ~U!C < 4. 3. n , ~ ffl :fl 



~M~*~•wy~••*~.~~•mw~~*•m~M~~-~~~~~0 
OSD iVa 1 fJJ~it 

ffir~~ c~~fk~.~fnte-ttJ%~ 
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(4.3.9) 

(4. 3. 10) 

Jt lfl • ci ~ f!J 1f. ~!I! 1r ~ fT 'J;;; it. i = 1 , 2, ··• • P 0 ~ &: -t- c , i = 1 • 2, ··· • p. ~ fn ~ nc xt- -t-
1Uk~~ Z;.E~fJJ~it~ 

Z; := C;. 

1 

1 

fp 1 

(4. 3. 11) 

(4 . 3. 12) 

W:'Ji;;J::#fWt ~ffltf,f,~ffl~ OSD $-!JJ 2 ~ ~f-tM~ 1fl o tl:~ ,f 1fl ~:lG~:#fWt 0 JYT~~, 

:llfti nt~--t-~'J;;;it 0 ~-:/Jiti .zi ~~-=rtt:m~~1m. #mntJYT~ ~~~~~~~~
$%o~fJ1~f-tlfl~~ 

(4. 3. 13) 

fll--t-~~~~z .-e:mWtm-rmnt~~~~o :l!®~~~~ ~~~. ~P~~:il!!M~Ifl~ 

fm~:hll!lf~:JG~ o :llfti~ w :=oo 

OSD iVa 2 X;f·~~ili··*~ 
:l!-$-:#f~~~--.~~/fflt~-1'-~'Ji;:ito~ 

!I 

f = ~2 • 

fp 

~&:1'-~F~:lG~ J; ,i=1 ,2,··· .p.~flltef!Jill~~~~~~~-!lf~~ 

l
ei. I 
C;.z 

Z; = . ' 

C; .• , 

Jtlfl .a; =rank(Z;) o ~ .r; .• , : =C; .• ,.r ,!J!tl:ff 

(4.3.14) 

(4. 3. 15) 
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""f0099~~:Jil:MJYT:fl ~:fl~~~tiT-;t- J; 99 Z; :ill::fi-99 o 
-~I !Ul:'= 

(4. 3. 16) 

(4.3.17) 

:l!~'*ff~ i 1-tii ill 99fR:fr:Hft .P~:fl!!$99fR:fr:H, ~~lll:-tv-99~hJLJYT kHE Z fO 
Z; ~~jg 

z : = · [ z J' Z; : = [ Z; ] ' 
C; .• ,A C; .• ,A 

r&Jax-ttiT-;t-m J,=Fo 99""F -1- zi lll:fr~~ 0 

-~ 2 ~ll* 

(4. 3. 18) 

rank [ [c;~A J] = rank(Z), (4. 3. 19) 

•~i1-~ili99fR:frft.Pe~&:fl!!$99fR:frHTo~~re~;t-~•J.P99~;t-mJ, 

~~ ::Jgff-·~, ~m X>t~tii ill~· ~f!Hlt~>J( ~ 7 , !tl I z :;~g 
(4.3.20) 

~~•~•m~~~-99~~~•0 ~~~ 
~: = W + 1 fO kw :=a;. (4.3.21) 

jg7Jaoo99•~··~~-re~~~:;~g 

z = Zz (4. 3.22) 

M j=1,2,···,w,ftffl:fl 

(4.3.23) 

c c- Ak .- l 
j.kj j.l I 

k0099~~~~MJYT:fl~;t-{\Ih=/=099~:ill:fiott~~-%2.P,~;t-~·/9=t:fl- 1-

:7G:t{~Jllt Ttif-·~, ffil~ f :liU~·~~nlt~~·. 
~ll * f = 0 , ft ffl :7f 1m OSD tv!JJ 3 , ;~I'll!~ @I iiJ OSD tv!JJ 2 o 
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OSD ~· 3 f]J~~~ 
:(:EOSD~!JJ 2 ~. ~if1~~B!'5:~~¥IJ7-mflf!{H k~tk z ,···,kp, ~..@ k, ~ 

p 

k z ~ ··· ~ kp o1l- no = n- 2.:: k, ,So 1-J - 1' no X n B<J)E'Iit~~ ,{if!~~ 
i= l 

s := [~ l 
-
Xo 

x= 

-
Xp 

X;,J 

X;. z 
X; = ' i = 1,2,···,p. 

t£~,X;f i=1,2,···,p, 

X;.l = C,,,.:r = y,, 

C N - ' X ;, k, = i.l I x, 

- -
.i:-,, 1 = C,, 1 i = C,. 1Ax = X;.z, 

iz=C,Ai =C,A2 x =x 3 , I• /, lo lo 

P min l k; + l.k
1

! 

· c- A*·- ' · c- A·· "" "" X;,k, = i . l ' X= i .l 'X = L....J L....J Q; ,,, jX , .j • 
. f = I j = I 

p k, 

i o = Ao Xo + 2.:: L:Ao,. jX, ,j. 

OSD ~- 4 :itt:-~ fi01ti\<4. 3. 32) 

):E)(.-1'-*'fB<.Jtt~~· 

s= l j = l 

(4.3.24) 

(4. 3. 25) 

(4.3.26) 

(4. 3.27) 

(4. 3. 28) 

(4.3.29) 

(4.3.30) 

(4. 3. 31) 

(4. 3. 32) 

(4.3.33) 



66 

.To 

.r= (4.3.34) 

p min l .t; + l.k
1

} 

.r;.t- ~ ~ a ;.,. j.r .• • j - t, 
s=l j = .t; + l 

.:C; . t 
p min{.t; + l . .t, } 

.:C; ·-

.r;.z 
(4.3.35) 

.T; .z - ~ ~ a;., . j.Ts.j- t ,+ l 
.t:=l j = ll; 

p min {.t; -t- l .lt
1

t 

.r;.t, - ~ ~ a ; . ,.j.T s.j- l 
s=l j =2 

p min{.t; + l . .t
1

) 

Y; : = .T;,) = .T;.t - ~ ~ a ;. ,,jX s. j - k; 

·' = I j=k; + l 

p p 

= X ;.I- ~·a; . s .•; + tX.,,l = )1;- ~a;.s.k;+ IYs' (4. 3. 36) 
s= l s= l 

J!~iY}y,=i;. tH;Yi t'f.J - 1-~t£ffl.i}-,i=l,2,•••,po T£;@:t£J:\(4. 3. 35)f!l 

J:\( 4. 3. 36) t'f.J~)( ~, ~ k> k, B>t .ai. s. t W::1'J~ o J!f-t~:fl 
p minlk; + l • .t, } 

i.=.r.-"'"' lo j lo j LJ LJ a ;.s. j .I s.j- 1 

s=l }=2 

p min{k; + l.k
1

} p min{.t( f-l • .t
1

) 

~ ~ a ;., . j.T s.j - ~ ~ a ; . , .j.r s. j 
s= l j=l 

p 

~a;d.tXs,l 
s = l 

p 

~ii ; . .~.l is.l ' 
s=l 

p min{k;+ l.k
1 
I 

ii .k;- 1 = .i-; . .t; - t - ~ ~ a;.,.1 .r .~. 1-2 
s=l } =3 

p min{ k; + l .k
1

) 

= .r;.t, - ~ ~ a;.,. j.r s.j- l 
.(= 1 j = 3 

p min(k; + l . .t
1

) p min{.t; + l..t
1

) 

= .i,.t, + ~ ~ a,.,.j.r s. j - t - ~ ~ a ;., . j.r ,.j- t 

s= l } = 2 s = l j = 3 

(4. 3. 37) 
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p p 

= X;.k, + ~a;., . z X, .J = X;.k; + ~ a;.,.z X,. J' (4.3.38) 
s= l s= l 

P minl k;+ I .k
1

) 

.f;. I = .i:; . t - ~ ~ Q ;.:s .j X s .j- lt ; 

s = l j =lt;+ l 

p min{k; + l .Jt.
1

) 

= X;.z - ~ ~ a;.,.Jx •·i-k,+1 
·'= 1 j = k;+ l 

p min{k; + l.lt
1

) P min { k; + l ~ k1 ) 

= i:;. z + ~ ~ a;.,.ix ,.J- k,+1- ~ ~ a;.,.jx ,.J- k,+1 
s = 1 j = k; .s= I j= k; + l 

p p 

= i: ,.z + ~a •. , .• ,x •. l = i: ,. z +~a; . , .• , .i •. 1. (4. 3. 39) 
s= l s= l 

p k, 

i o = Ao Xo + ~ ~ A o.,.j .i ,.i. (4. 3. 40) 
.f=l j=l 

OSD ~- 5 Jll:-~fij-f.t.J:.\<4. 3. 40) 

Jll\tE~ffHIEfJG-1'-~fR , fj!~~i:o l'f.JiYJ~:/JtiLR ffi i:,. 1 *~ffi, s= 1, 2, ···, p o 
:t!O* max{k1 ,kz , ••• ,kp} =1, llJ!;Hl~""fiifl'f.J-=f~l}J, ffil1ltl~IP:I OSD ~!}16 ; N!l!tl .~ 

- -
i ==O, .Xo .o ==xo,Ao ... j.o ==Ao .•. j,fAfiJ:J""fl¥.1-=f~l}Jo 

-T~a 5.1 tB'Gtl:~i!J 
It - ; 

p ' 

io. ; = A o i:o. i + 2:: ~ A o .•. j.i .i .•. j. (4. 3. 41) 
s= l j = I 

i:o . i+ 1 : = i:o.;- f :"-\ .. -.k,- i. i x .• . k_, - i- 1' (4. 3. 42) 
s = l 

p lt1 - i p p 

= A o i:o.; + ~ ~ A o ..• . j.i .i .•. j- ~ A o .•. k,--i.i (i: ,.k, ; + ~a •. k.i+Z i:k .l) 
s = l j= l s= l k = l 

/J p lt
1 

- i - 1 

= A o i:o .i +1 + ~ A o A o .•. k, - i.i .i •·•, - i- 1 + ~ ~ A o .•. j.i .i .. . J 
s = l 

p p 

- ~ ~ A o .•. k,- i.i a ,.k. i+Z i:k.1· 
s = l k = l 

s= l j = I 

(4. 3. 43) 
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~;&, fE.)::\(4. 3. 43) q:tjflj * T .i,,,, - ; 's= 1, 2' •••' Po JYf IV.' X;J'-®~ ~ B"J ~'/it 9C ii:Ao ... j.i+ 1 ' 

5:\ < 4. 3. 43 > nr vJ !fi:lff~ :1'1 
k - i - 1 p • 

i o.i -l 1 = A o .io . i-t- 1 + ~ ~ Ao .... j.i -t- 1 .i,,i . (4. 3. 44) 
$= 1 j = l .· 

T-'!VW s. 2 !.Ill:'= i = max{k1 ,k2 , ••• ,kp } -2 ,'J.\Hfl~~IPJ OSD $-~ 6; N!J!IJ .~ i : = 

i+1,;&J5!fi:~T-$-~ 5. L 

OSD '!VW 6 ~JR 

p 

i o = A o Xo + ~ Ao .. .i,.l . (4.3.45) 

ttHW5:\ < 4. 3. 45 > fllj\ < 4. 3. 37) ~ 5:\ (4. 3. 39 >, ~~15 B"J *~E. r£~ OSD :m5:\ 0 ~ 

Jlt,5CJiltT~J.!I! 4. 3.1 B"JiilJIJL J:J...tJn!B"Jit{4E.~tE[87]q:tffl MATLAB j)j§f[ osd. m 

~~T o • 

ft ff1 ffl ~ mi B"J fff!J T-* iJii ~ OSD o 

fll 

19114. 3.1 -;tyffl:.)::\( 4. 3 .1)ttQ:l£B"J~~lYJ*~·*fl~~:1'1 

1 0 0 0 -1 0 

- 2 -1 4 -2 3 0 

-2 -1 3 -1 3 0 
A= 

1 1 -2 3 -2 0 

2 1 -2 2 -3 0 

1 1 -1 1 1 - 1 

c _ [ 1 1 o o 1 o
0

]. 
-1 0 1 -1 1 

ft fll * ~ OSD ~'It B"J $-~ * ft} ~ Jijf~ B"J :lit~ ;fll ~ :±! ~ ~ o 

OSD '!17 tJ 1 fJJ Mi 1t 
tt7t:ilHr5t#t 

1 0 0 1 

0 1 - 1 1 

zl : = cl = [ 1 1 0 0 1 0 J' 
Z z : = Cz = [- 1 0 1 - 1 1 0], 

(4.3.46) 

(4.3. 47) 



z: = C = [ 1 1 0 0 1 OJ 
-1 0 1 -1 1 0' 

la--t-~B<J~~.z ==c J. 
OSD ~~~ 2 x>t~~fHuHlLi!~>J<~ 

tl:~¥1J 

C1.1A = [1 0 2 0 -1 0]. 

~ ~ - ~ ~ ~]' 
0 2 0 -1 0 

Zl := [C~IIA]= [~ ~ ~ ~ - ~ ~]. 
llil f-f, [!;) :1-1 fz = 1 =FO, ft ffHt ~ 

Z2 =[C2.1 ]=[-1 0 1 -1 1 0] 

c2 .1 A = [- 2 - 1 3 - 2 3 o J. 

Zz : = [ Zz J = [- 1 0 1 - 1 1 o
0

]. 
C2.1A -2 -1 3 -2 3 

69 
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i2::ff ~11:~ fl = 1 '~ffl?t;f.I 

z~=[ci.IJ=[1 1 o o 1 o
0
J. 

C~, 2 1 0 2 0 - 1 

C1 .zA= [-5 -3 8 -4 8 0], 

rank([ Z J)= 5 > rank(Z) = 4, 
C .z A 

~ ,IE til:J~ 1 I¥J 'ht l5L ' J!JT !;). ~ ffl ii 
1 

-1 

1 0 0 

0 1 -1 

1 0 

1 0 

1 0 2 0 -1 0' 

-2 -1 3 -2 3 0 

-5 -3 8 -4 8 0 

z~ : = [ z~ J = [ ~ ~ ~ ~ - ~ ~l-
c~. z A 

-5 -3 8 -4 8 0 

~ ;t;F • f!;J 1g fz = 1 • ~ffl?t ;i.I 

_ [Cz.1 J- [-1 Zz - -
Cz.z - 2 

0 1 - 1 1 OJ' 
-1 3 -2 3 0 

Cz.zA = [-2 -1 3 -1 3 0], 

rank( [Cz~AJ) = 5 = rank(Z), 

E~JE'ht% 21¥J~f4,RP3:\<4. 3.19)0 f;§Jlt,~fflii 

I = ( ~~ ) : = ( ~ ) ' 

o 1 -1 1 oJ=: [ '- J= [cl.l]. 
-1 3 -2 3 o 21 -c 1. 2 



wl=w+1=1, k1 l=rank(Z 1 )=2. 

!= [;:]= [~]· 

~ ~ ~ - ~ ~]' 
-3 8 -4 8 0 

c~.3A = [- 3 - 1 4 2 4 o J, 

rank[[ z ]) '- 5 = rank(Z), 
c~.3A . 

7ll!i JE tit~ 2 (I(] *{4 o J9T VJ ~fll~ 

-1 0 1 -1 1 0 

Z I=[!]= 

-2 -1 3 -2 3 0 

1 1 0 0 1 0 

1 0 2 0 -1 0 
-· [iJ = 

-5 -3 8 -4 8 0 

w I= w+ 1 = 2, k 2 = rank(Z 2 ) = 3. 

f§~tf-~9Cit f Br2~$~~7 .}9f~~¥1J OSD tV. 30 

OSD ~- 3 f]JtJj-~~ 
H f& , no = 6- 5 = L ~ ff: So 1 = [ 0 0 0 0 0 1]3IO~.ffltfJ1tl3-~~ 

0 0 0 0 0 1 

-1 0 1 -1 1 0 

5 I= [~] = 
-2 -1 3 -2 3 0 

1 1 0 0 1 0 

1 0 2 0 -1 0 

-5 -3 8 -4 8 0 

71 
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-
.To ["''] Sx = x = 
- - = [.T j, J]. -
.TJ ' .TJ .Tz = .Tz.z • 

.rl.z 
- .Tz.J .Tz 

-1 0.3333 -2 1 -0.3333 0. 6667 

0 0 1 0 0 0 

x = SAS- 1 x = 
0 1 -2 0 0 1 

0 0 0 0 1 0 
-.r 

0 0 0 0 0 1 

0 6 -14 0 0 5 

OSD iUS 4 

*im OSD tv!JJ 4 a9ii£~ .~fm~f!J~-1-~~~~~~ W, 
1 0 0 0 0 0 

0 1 0 -1 0 0 

0 2 1 0 -1 0 
W= 

0 0 0 1 0 0 

0 0 0 -5 1 0 

0 14 0 0 - 5 1 

:t£~1-~~~~-r, 

.To .Tz. I 

w .r = .r = XI = [.Tj, J] .TJ ' .rl.2 ' 
Xz = .Tz.z ' 

.Tz .Tz .3 

~ff]:ff 

-1 - 5 -2 1 1 0. 6667 

0 - 2 1 -2 0 0 

.i = WSAS - 1 w- 1 i = 
0 1 0 1 0 0 

.i 
0 0 0 5 1 0 

0 -14 0 -14 0 1 

0 6 0 6 0 0 
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= [-1 1] wo . 
1 0 

OSD -HT• S 

~~*m~~~~-*~~~ ~~-~~~ - •m~~~~~re~• · •~•• 
~~ 

1 2 0 0 -0.6667 0 

0 1 0 0 0 0 

0 0 1 0 0 0 
M 1 = 

0 0 0 1 0 0 

0 0 0 0 1 0 

0 0 0 0 0 1 

-1 2. 3333 0 6.3333 0. 3333 0 

0 -2 1 -2 0 0 

0 1 0 1 0 0 

0 0 0 5 1 0 

0 -14 0 -14 0 1 

0 6 0 6 0 0 

1 0 0 - 0. 3333 0 0 

0 1 0 0 0 0 

0 0 1 0 0 0 

0 0 0 1 0 0 

0 0 0 0 1 0 

0 0 0 0 0 1 

OSD -HT• 6 ~* 
:liifti ~~~~~til~~~ ~?f§JrJ 1J 

0 2 2 -1 - 0. 6667 -0.5556 

0 0 -2 2 0. 3333 0. 4444 

0 -2 -1 3 1 0.3333 
T , = (M2 MIWS) - 1 = 

0 -7 - 3 3 2 1 

0 -2 0 0 0.3333 0. 1111 

1 - 2 0 0. 3333 0.6667 0 
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-1 2.3333 0 4.3333 0 0 

0 -2 1 -2 0 0 

0 1 0 1 0 0 

0 0 0 5 1 0 

0 -14 0 -14 0 1 

0 6 0 6 0 0 

T o CT, . - 1 = [0 11 0 I 0 0 OJ 
0 0 0 1 0 0 

H;&.~~Jii09~Uft :li!JlJ:\<4. 3. 7)~J:\<4. 3. 8)19fftiHt09Xli'.1lUJta~:frWH~J:t. 

:m 111 Jl1. tE ~ 1±\ x !Jg ~ ~tit !1lt m ~ X;f < C, A ) 09 ~ - fl! :fr ft¥ , liP I9T iVl 09 * X1 ffJ i1J l!t ttl #J 
:frf(;J <BDOSD). 

~f.l 4. 3. 2(BD0SD) ~ fttx!Jg ~,¥tit ( 4. 3. 1), ;lt q:t ( C,A) ~ iij" l!tll~ 09, 9ltl fftE-

(4.3.48) 

c 0 ... 0 

* c2 0 

T -;; 1CT, = (4. 3. 49) 

* * ... c. 

* * ... * 

[
* I •. -1] 

A; = * ' 
0 

, C; = [ 1 o ·· · o]. (4.3.50) 

• 
Hf&, :Z:K; = n. 

i = l 



75 

i.iEII,q :1!1-~J.!I!~ r -il~~J.!I! 4. 4. 2 B<JxtfM%ito BDOSD B<JitMIIIiiEI!I1fll~J.!I! 4. 4. 2 

~8<1-f.Fo llJL;A:(£[87]~1~ilH$dlm:%B<J MATLAB ~f4~~ bdosd. mo • 

iJ\1 4. 3. 2 ~mxJm;tJ~~<4. 3. u ,Jt:f!IJ1ZB<Jm~1-J 
1 0 0 0 -1 

-2 -1 3 

A= -2 -1 

4 -2 

3 -1 3' C=[ 0 0 0 0 11]. (4.3.51) 
-1 0 1 -1 

1 1 -2 

2 1 -2 

~Jffl[87]8<J bdosd. m,ftff11~flj 

3 -2 

2 -3 

9.202258 

- 18. 404516 

T = ' 
- 27. 606773 

-27.606773 

0 

9.202258 9.202258 11. 985440 

0 0 - 15. 621333 

- 9. 202258 0 0 

- 18. 404516 - 9. 202258 0 

0 0 2. 783182 

To = [- ~· 783182 - ~- 302446 J' 
3 1 0 0 0 

-3 0 1 0 0 

T ;:1 AT, = 1 0 0 1 0 

0 0 0 0 1 

0 0 0 0 0 

20.334987 

-44. 080817 

-6. 419075 

9.202258 

8.349547 

T -;; ICT, =[ 1 0 0 0 0 ]. 
- 9. 202258 0 0 -9. 202258 -27. 606773 

:J!.®tt~~J.!I! 4. 3. 2 ~8<1 BDOSD%ito 1~11H'&,k=1 f1l x:1 =5o 

' 

ftfll~:(:£~1 ili VJ r x~lJ~ ~~ ~ B<JriitJJ~~~:frffl <CSD> fll:fr~xt!JJ llJli~~?H!¥ 

<BDCSD>, 

x = Ax + Bu , < 4. 4. 1) 

Jt~,xE R" ~.tt~.uE R"' ~WiiAo litriliiBt~~lLCSD f1l BDCSD ~~1:~ OSD f1l 
BDOSD B<Jx-ff~ o ftfflr± ~i!J ,CSD il!it~:im 'lit B<J Brunovsky ;ij1. m:% ( ~ Brunovsky[Js] ) o 
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f!=Ll~:: IPJ¥-FB<l~*l!!:(:E 1967 ~ttEI:J Luenbergei95
J ~~ttl o CSD ~f8¥1R:fflll\US/fJJ.fiH DC~I'OJ 

I!B<l~itiA<~ ~[31. 92]), ffii BDCSD :(£*' H= JL:>f=ftt*'*liii'OJI! <~ ~[22, 23 ,86]), kJ 

~:(£~6-B<l~~*~~~**'B<l~~~~~~~~mo 

:iE!I 4. 4.HCSD) ~f!t:X~~~ * ~ (4. 4. 1), ;It~ B ~71Ui.fk 8<], JJ!tl:ff:(::E~F~~ 8<] :f;R 

~lti*'"A~~ T , E R"x"lll T; E R"'x"' .~~~~~~B<J~Altl:i:R~nuJJE 

X= T , .i, u = T ; u. (4.4.2) 

-
X o 

x= 
X;.z 

, i=1,2,···,m, u= 
U z 

(4. 4. 3) 

Xm Um 

(4. 4. 4) 

jf llxt i= 1. 2, ··· ,m, 

(4. 4. 5) 

(4. 4. 6) 

m 

~~ A o B<J£tf{~ no X no .;It~ no = n- 2::k.,A<Ao) §~T~~X;j'(A,B) B<JFJT:ff~ltJrl 
i = l 

~~offiimfi~~C:= {kl,kzo···,k,.} ~f*.::Jg(A,B) B<JitJrlfHiifio 

~J.I4. 4. 1lli~J.I4. 3. 1 A<l~*M~ o ltJrl'li~~**' CSD 11J~~.::Jg~~%P:;, ~p 

A o 0 0 •.. 0 0 0 ... 0 

0 0 1., - 1 0 0 0 ... 0 

* * * ... * * 1 .•. 0 
A= ' B = (4.4. 7) 

0 0 0 ••• 0 Ik;., - 1 0 •.. 0 

* * * ... * * 
0 ..• 1 

;It~.* ~~:X~~~B<J~~.-tl!ltJffll!l 4. 4.1 FJT~B<J00%*~~ 0 :(£[87]~11Jk)~~ilJ 

MATLAB *Xftf:~:OOB<J-1'- m i?J§fi csd. mo *#ltJkJ~~~ 12 -~~-T:i!-1'- m Bi§f[B<J 

~ffli~~JL 



tt•~~-~~~~ffi~~~~~~ttm~. 

004. 4. I l:!llitJK!'i'i~?U¥~m!: 

-2 0 0 0 0 0 

6 3 2 -1 0 1 

A= 5 4 2 -1 0 ' B= 1 

10 8 5 -2 0 3 

11 7 4 -2 0 2 
l!Jffl[87]~B<J m Pl§J.i csd. m llH~ 

1 0 0 0 0 

0 -1 0 0 1 

T = • 0 -2 1 1 1 ' T = [0 
I 1 

2 -5 1 1 3 

0 -3 0 1 2 

-2 0 0 0 0 

1 1 0 0 0 

0 

0 

1 . 

1 

0 

~] 

0 0 

0 0 0 0 0 , T ;:1 BT; = 
0 0 0 0 1 0 0 
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(4.4.8) 

5 -1 1 1 2 0 1 

fl]@I'J<J<A,B)"ilJ~ttftr!l.i1-JC= {1.2}. :i!1-~~X;f{£-2 ~ 1 ~~§11J~M1-~"ilJ~ 

r -5EJ.f~'*r?ttRM1fl "ilJ~~~?t~<BDCSD> I'J<J. 
:iEJ:I4. 4. 2<BOCSD> ~ .ffix~?J!~ ¥ ~ (4. 4. 1), ;tt ~<A ,B)~ "ilJ~ 89, JilU;(f{£ -1-

mJ.i k~m ~ k 1-m!l.i~ihct •"2, ... '"*' ~.&~t:~~I'J<J~~ T , ~ T; .~~~~~hii'J<J¥~ 

~~c4: ,B) ==<T; 1 AT, , T; 1 BT;)Jt-~rooi'J<J%~: 
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[
AI 0 0 I [BI * ... * 

- 0 Az 0 - 0 B2 "· * 
A= . . , B = . . . . . . . 

0 0 A. o o B. 

(4.4. 9) 

:;t:t 9=' , A fO B ;o i = 1, 2 , .. · , k , ~ CSD ~ lt 

A. ~ [ ~ :.: ~ J. B. ~ m . (4. 4. 10) 

• 
::t:t"P, * ;~Vf>x:k~Jli¥Jm~ o .llH'~, 2::;"' = no 

i = J 

i.iE IIJJ i! 1'-~1[~ B{J:ff{£ 11 {£ Wonhamc154J 9=' E ~ iiE 19'1 o J.IG ffl {£)!!I!~ tf:l IE ChenczzJ 

~tf:l(I{J~~m~ T, fO T; B{J~~ttJt:f!o 

1!1d1H~HiU!I! 4. 2. 2 B9~* .~~J-1'-~~~#B{J~~ QE R"x" .{t~~m~ A ~~~iiJ 

~Jordan mm:~, I!P 

[

XI 

A= Q- 1AQ = 
Xz ·.. I' 

X, 

(4. 4. 11) 

Jl, 

n, 
, i = 1,2, .. ·,t. (4. 4. 12) 

i!.!E A;= fl i +jw, E HA) 'W; ~0' ~ll * i l * iz, !Jl~ A;, *A•z 0 ffif 13.' xt 4ij: 1- i E {1' 2' ... 't'} fO 
s = 1 , 2 , · · · , f1; , ~ll * w, = 0 , !Jl~ ] ~. E R"•• x "•• ff ~ 1¥J 1 ordan ~ 

1:. ~ r· .~ p: J. (4. 4. 13) 

I [ fli W; J 
' A, = , ' 

A, lz -w, fl• 

1\, . 

(4. 4. 14) 
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Bl, m, B"' II 

Bl., m., B'" ,., 
m, m, B"' 21 

B = Q- 'B = m., B~., Bi., 
(4. 4. 15) 

B:, m, B"' tl 

B:., £ 2 ,., B"' ,., 
~i~~~YE, <A ,B) l'fJi'iJ~tt:l:'*tfX1"4JJ1- i= 1,2, ··· ,e, if:(:£ -1- B;, , vE { 1, 2, ···, 

m} .~~4<Jl; ,B;, )~ i'iJ~(fj ,J!~-fftf~ll* .t ~~IIi ,B;,(fJ:fil-6-fj-~~~; ~ll* ,l; ~~ 
~IIi ,!Jltl B;, (fj:fil,6j.ijfj-~y~ -fj-~~~0 [§Jtt .~i~~~¥!J-1-9dl 

It"] tz1 
T, = ; , t" =1=0, 

lml 

(4. 4. 16) 

Bl., 

- -
B, = BT, = 

8 ~., 
( 4. 4. 17) 

~~4<Jl; ,B),)~ i'iJ~I'fJ o El3 r~ Jordan ~JUtU~ l'fJ~~~#Ho nil ?;:-n;z ?···?;:-n;.; , fll n;, 
s> 1 :.m ~ll* (fj~{i£ ~#;} :(:EB I r ~ ~ i'iJ ~ l'fJ 0 [!;! Jtt~i ~ ~ -J,j£ f!ij 'ff :(:£ ~~ ~ :1F l'fJ ~ 1* T.:, ' 
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i =1 , 2 ,· ·· ,f ,f!f!~ 

T i -
sl - ( 4. 4. 18) 

.8!1 

~m . ( T;l )- 1 .8 !2 
( 4. 4. 19 ) 

B:l1; 

it"P , <J l, ,B)I )~ n]"~l'J<J o j!.@n]"t;.{Jfl CSD ~:JtB<JtfJ*!J!i#J<JA!.~ J!I! 4. 4. 1 )*~~L r 
oouHTf.I~~~Jft~, 

In ~ - ~ In I n - n 
<P .• 1 )-

1 
· .• A ·.. P ,1 

7;1 7;1 

=blkdiag {] 1 ... ] 1 ] 2 ... ]•1 ... ] 2 •• • ]•,} 
A1 ' ' A1 ' A1 t t A1 ' ' A1 t t ;.1 

Bl 1 Bf1 B"' I I 

i3 :1 i3~~ Bii 

l:, 
r1 

0 

~]~ 
0 Bf2 B'" t il 

... 12 

n - l21 1 ... 
<P,) ) - 1 

T,, B t~, i3i.l Bi.
1 

0 0 

0 ... 

0 i3~ i3;z 

0 f32 ,., ir ,., 



n, 

<A, ,i3, > == 

ll, B!, 
t 

~llT~I'flo~.lltff:t£-1'-~1:~~8<1~~ X, E Rk, xk, ,Jt~ k, = ~n,, .~~ 

Xi ' A, X,= A,= 

i = l 

0 1 0 0 

0 0 1 0 

0 0 0 ... 1 

* * * ... * 

0 

0 

Xi ' B, = B, = 

0 

1 

blkdiag{]i , .... n, , .... n , .. ·,J~, }, 
I I I I 
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(4.4.20) 

(4.4.21) 

(4.4.22) 

m~_t ilfiB<J:i:tW .~llJ kJ. ?t~ <A2, B2 > o m ~ *:i:tWMB:t k- 2 7X, Jt ~ k = max{a, .a2, ... , 

at}, llT J;.H~ iiJ 5E l1l! 4. 4. 2 FJT ~ * 8<1 ~ 7i1 ffL 5E l1l! Ef:J .lit 1~ iiL ~ "= t£ [ 87 J ~ Jfl m iiB It 
bdcsd. m ~JJ.I!o • 

ftfnm--rooB<Jf91Jr*~*i!-:&T 0 



82 

f§tj 4. 4. 2 ~.L!t:X~~~~tff.<4. 4. 1) .;M;~fl~~ A~ B 1g 

10 00 00 16 

01 00 00 25 

00 01 10 34 
A= , B= 

0 0 -1 0 0 1 4 3 

00 00 01 52 

0 0 0 0 -1 0 6 1 

ftJJfJ[87]8'-J MATLAB PJ§fl bdcsd. m, ftffH!lilfFOOJ9T~B'-J~~~~~E B'-1 ~t!t.: 

-2. 10371 0 -4. 20741 

-2. 31866 0 -4.63731 

-0.21495 9. 10545 -3.17845 
T., = 

-5.71205 2.53360 3.82330 

3.17845 -0. 21495 0.21495 

-2. 96350 6. 14195 -6. 14195 

T = [- 0. 48477 
I -0,26982 

0 1 0 0 0 0 

0 0 1 0 0 0 

0 

0 

-3.17845 

2. 10371 

-0. 21495 

6. 14195 

~.97828] 

-2. 10371 0. 7852Al 

-2.31866 -0.71249 

-2.53360 0 

-2. 74855 0 

-2.96350 0 

-3.17845 0 

0 -0. 56147 

0 -0. 29865 

0 0 0 1 0 0 0 - 0. 32323 
T ; ' AT, = , T; ' BTj = 

0 0 0 0 1 0 0 -0. 76184 

1 - 1 2 - 2 1 0 1 - 1. 20895 

0 0 0 0 0 1 0 1 

J!~tJJ.~iiETJ:i::Jlll4. 4. 2 8'-J~:l\J!:o 
a:~. i! - :il:B'-1~ :l'J!:~xt:itf~B>tfEiJ ~tff.~~ B'-1. ~fll x-t~l£B>t fEiJ ~tff.m~lE f!fft B'-1 o 

4. 5 ~>J 

4.1 iiEilJJ: ~n:l\J!:.l ~v 5H}rj~~~A B'-J~{i£fil~~{i£9;::il:.mtl-.l ~v ~-A B'-1~ 

{iEfil~~{i£9i: :il: oiiE~~~~v~l~~{i£9i::il:rm~1Ef!fftB'-lo 

4. 2 ~.Ltt-1- _t)t~X;j"ffJJ:E'iit~~ 

[
A 1 A . J A= E R"x"' 

0 A z 

;lt!fl,A, E lR"' x .. , ~ Az E R"' x .. , ~:fl ~ ~ 8'-J ~{i£ Ulo ~~ ~ T z E R"x .. , 8'-J ~1j * ~ A ~ 
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A<Az > 89~UE~feJ, I!P A 9=t A<Az > 89~UE ~lt;JJI) )( t.HiE 'kli < ~n:JJ!:ff:?£ 89~ > Wf*nlt 89 
~-~fiij,~ 

[
A, OJ 

T - 'AT = _ , 
0 Az 

Jt!f:t •• HAz) =).(Az) o 

4. ~ xt-1'~1tfli89)E-m-9;1!~ A ;JJJ-1'~1t a fl ;.<A>, I a I= 1•iiEf!IJ 

A=~ [<A+an -'<A-a])+<A+a· n -'<A-a· J)] 

~-1'~899;1!~0 a · ~ a 89~~Wo iiEf!IJ: ~n:JJ!:-1'~~~:n~~ T M!m 

T - 'AT = [A~ A~ ~], 
o 0 A+ 

Jt!f:t ;.<A- >cc- ,A<Ao >ceo ;JJJ A<A, >cc+ ,Jiltl 

[

A_ 0 

T - 'AT = 0 A o 

0 0 

Jt!f:t ).(A _ )cctv ,).(A0 )CCC' ;JJJ ).(A~ >ceo 0 
4. 4 Jlrfoo899;1!~*~Y£f',f,>J 4.1-f',f,>J 4. 3 89~*· 

A=~~ ~-~1 0 -1 1 . 

0 0 -1 

4. S ~)E -1'9;1!~ AE R"x", 'E 89~UE flij;J). = p+ jw, ~~W J;)).. = p- jw, Jt 9=t 
w#Oo )E)( -1'ffi89<2n) X (2n)9;i!~, 

Z = [A- pi wi J 
-wi A- pi ' 

ii£f!IJ9;f!~ z fl n 1'~UE«tt£ O,:fin/21'~UE«t?£ j2w,:fi n/21'~UE«tt£-j2wo m 
~J 4. 2. 2 899;1!~ A *~YEJ:iii89!i!i:JJ!:o 

4. 6 x-trxoo:;~J~~ 

[
1 2 3] 

.r = 4 5 6 x, 

7 8 9 
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it'jft£$1JH~f1J?tfm<OSD) o 
4. 7 f1J:ii!!-1'7C~i;fJ~U1E<A,O,'tJl~k,(~~i1: (i)(A,O:Jf::jjJ~B<J; CiiHA,C)B<J 

jjJxJI':Ii:fiH~:1'JO= {2,2}; (iii)A B<J~VEOO::tE O,L2 f!l 3o 
4.8 f1J:ii!! - 1':JC~jj!~¥m<A,B),'tJl~k,(~~i1: (i)(A,B):Jf::jjJt£B<]; Cii)J{.~ 

jjJt£'f1tlrf.{C={1,1,2 }; Ciii)A B<J~ti{fi{E 1_2,3 fO 4o 

4. 9 X>trt*33 4. 8 Wf1~i'JB<J:JC~ij!~¥m.it'jf#!X>tffljjJt£~f1J?tMCBDCSD) o 

4. 10 ~)E-1':JC~jj!1J¥m 

x~[' .1 · .• l y~[a * ... *]"· 

;J'tJ:f,l.E .aE ltL ij£1lJl: ~il15l.~a:;t:OBt,¥m:Jf::jjJ~B<Jo 

4. 11 ~)E-1':JC~ij!1J¥m 

.1\ = [ f1 w J E JR2X2 ' w * 0' f3 = [/31 ] E JR2 ' 
- w f1 {3z 

ii aJJ : ~ H f5l ~ 13* o 11-t. * m :Jf:: jjJ t£ B<J 0 

4. 12 ~)E-1' jjJt£X;fCA ,B) ,;JtJ:j=l A E lR"x" fOB E lR"x"' o ij£1ljj: !IO:lf!: A ~ - 1' JL 
fi!J:j:f£:1g r B<J~Vf 00:, I!P2:1'~Vf{fi,~,;tt~ r #!Jordan#!, !Jllj m~ro 



5.1 ~~ 

~~--M,ftfiM~~~~~-d~~~~-*~~~fi~~~*-*ffM~* 

ffJlf o jg 7 fY!fft~~ -T1J:Mi, ftffl~ JAlj!flru A flllj!flru l±l < SISO) * .1fMi, ~ffl ~ M-~ ~ 
Fm JE!il~~~Afll~~ l±l <MIMO) *•M~*ffllf ~W~fft~ o it~*, %t~M~~Fm 1E 
Jil~ MIMO *•~*ffllf, k-(Jk~*fm.Z ~~m~ ~ *•tiftt~W~fff.~ o :liiffl, i:J - Mil:~ 

--~~*-~M~*ffllf-*M**•o 
~ 5. 3 1l ~ Fm JE!il~ *• ~M~*M- 9=', E!P tif~~fff-~ <scm, tB- ffl7 Sannutl #I 

SaberiE12 2J ~it*~~, fE!:lf::iJEil.Jj i:t~ fllf!Jiii)l:#d~ ~ ff1 fill,~ 110 7 if ~fJ[ ~M *, tif~lj ~ 
ffl-~-tv-~~*f\:tf[l22]9=' tt~~~l!fttv-~ 0 )l:rt~mt~~-T1t11 .-tl!~ -T*fflf~ 

MATLAB ~*F~*Xf-t~*t-*~Jmo fe~~i:t~r *•*fmn!Z~ ~ I¥JM~ ,ftffl~'fe~ 
ff!lff}c[122] 9=' :i! 00 1¥1-~ lilJ 1m o *. *'1 ffl Chen[2

l ] 9=' 1¥1 M * M- ~ * .1¥1 Yf:ff M ~ tiftl: 
-T k-( Fmjt!ii£1Jij, fill~~ l±l 7 Chen ~E 24 J *. -T - ~ ~ ~ :1: * .tif ~ ~ tT> ~<scm~ 1¥1 
Kronecker ~7[% #I Smith %1¥1 rJ;J ~~ * o 

5. 2 SISO ~~ 

~m~OO%i\1¥J SISO *•· 
2: : i = A.r + Bu, y = C.r, ( 5. 2. 1) 

;lt 9=' .r E R" , u E R #I y E R *~I] 1'1 ~ ~ , flru A #I flru :±l o fl!l 19: 2: I¥J f~ ~ Pi§ ~ ~ ~ tli jg ~ , :ff 
k-{~*.-T 2: 1¥Jt;f~~tf>~<SCB)*ff!lfo 

~~~ 5.2.1 ~mi\<5. 2.l)JiJTWi~I¥J SISO *•· ff~~~~#B<J~~JlftrA#Itlrul±l 
~~~~ r , E R"x" ,r; E R #I r oE R ,fe 2: I¥J~~2 1BJ*M-n!Zw-i1-r2 fa] .r, #l.rd. ~w-i 

1-T-2~*MM~721¥J:ff~fll~~·~M~ . *ffllfffl,*•I¥1EI¥J~~,~Aflltlrul±l 

21BJ ~ k-( ~ -m1f~Wi~ = 

.r = r , i ' y = ro y' u = r; ii' (5. 2. 2) 
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.T. = A •• .r. + L .d y, 

.T.d = Ed • .r. + E1.r1 + Ez.rz + ··· + E.d .r.d + ii,. 
ffii ll ,HA •• )-§. * 7 *~ B<.l Ji)f:fl :>!'1f~ .~, nd ;I! 4 B<Jf[JX;f !Wi". 

(5. 2. 3) 

(5. 2. 4) 

(5.2.5) 

(5.2.6) 

(5. 2. 7) 

(5.2.8) 

iiEM ~lm 5. 2.1 B<J~:t:~nOO 5. 2. 1 JiJT~. riiiiifl1t€'itf:U9iiJiJTi'IB<J r .. r; lO ro 
B<.!Jf:i! ·*~li 4 B<.li$i~:frfft¥< I!Pt.lJt~~~~ SCB> o ~~lmB<.liiEiiJJJ'} lt~lm 5. 3. 1 B<J 

- Ai * ~ B<J iiE Ji)J faJ-'¥!- ~~ ~ , ill :l! ~Lt.: .\!Hi~ :l! ~ -ffit B<J • 

~--~ 
~.m~~~~~ff-~rn~~~~~~ttmft. 

00 5. 2. 1 SISO ~#t~~7tfi¥(1(Jjf-;@: 

SISo-SCB -87. 1 ifft ~ f[f X;f !Wi" 1'£ 

4B<Jfti~M-~~~~~•my*•••o+~~~ 

CB = CAB = ··· = CA "d- z B = 0 (5.2.9) 

{3==CA"r 1B¥=0. (5.2.10) 

tt~ ,;i\(5. 2. 9);fn;i\(5. 2. 10)~11)J:(£ ~ B<.l.Aln. tt\Zfa]:fl nd 1'1:kJ:t£B<.lfR:frft. :i! 
:t£€iiill<J;i\(5. 2. 13);fn;i\(5. 2. 16)q:t~~7if~:l&:ifffl 0 riii~ n. ==n-nd 0 



SIS(}-SCB 117. 2 #iJ;QI:fJJ~(l<J~~3f~ 

~ Zo ~-1- n. Xn (I<J~'Iitn!~.~~' 

z == [~:J == 

I o 

Zo 

c 
CA 

Zo 

c 
x== I 2 ==ZI= CA I. 

x,d 

.i-1 = Ci = CAI + CBu = CAI = I2, y = I1, 

.i-2 = CA i = CA 2 I+ CABu = CA 2 I = I 3 , 

" d 

.T,d = Ed. I o + ~ y,I; + [3u, 
i = l 

"d 

Xo = Aooi o + ~ao .;.l' ; +{3ou. 
i= l 

Siso-sco 117• 3 )}.. I o (I<J~~1fl'l"Pr~* u 

)}..j\(5.2. 16)~~, 

" d 

u = ~ [ .T,d - Ed. I o - ~ Y;I ; ], 

~'*j\(5. 2.17);fl 

~ ~ 

Xo = A oo i o + ~ao .;I ; + 1[ .T,d - Eda.l'o - ~ Y;X;] 

"d 

= A .. I o +' ~ ao.;I i + 13 .T,d' 
i = l 
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(5. 2.11) 

(5. 2. 12) 

(5. 2. 13) 

(5. 2. 14) 

(5.2.15) 

(5. 2. 16) 

(5. 2. 17) 

(5. 2. 18) 

(5. 2. 19) 
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.i0 : = Io - {3x .. d ' (5.2.20) 

?&J§"t£*~ l'f.J1it~9dla o. ;, i = 1, 2, ···, nd "FPJ1~ 
"d 

i o = Xo - ~ .r .. d = A •• xo + .z= ao.;I i + ~ .r .. d - ~ .r,.d 
i = l 

"d 

= A •• <.To + ~x .. d) + .z= ao .;I i 
i = l 

"d 

= A •• Io + .z= ao. ;I i • (5.2.21) 
i= J 

"d 

x,.t = Ed. x o + .z= y,x , + f3u 
i = J 

"d 

= Ed. Xo + Ed. ~x .. d + .z= y,x, + f3u 
i = l 

" d 

= Ed. Xo + .z= y,x; + f3u. (5. 2. 22) 
i = I 

SIS()-SCB ~ill 5 M..io l'f.J~~1Jl§!jj!j~ I z , ••. ,x," 

~n:!l!: nd=I.JJ!tlri :f:ftiU~~~I'f.J16,~.~[0] SISO-SCBZf;!ll6o i!iJJ!Ij,~ s :=O,i-o.o := 

i-o,ao.o.• :=ao .• flli o. i :=y,,i=1,2,···,nd,?&J§":it!:.A 'Fool'f.J~f~rzv!llo 

r~S 5.1 tr7t . ~ff1Br£:fl 
"d - .s 

io. , = A •• Io., + .z= a,.o.;I i 
i = l 

"d 

.r,.d = Ed. Xo., + 2:: r ,.;I i + f3u. 
i = l 

. . 
i"o .. ~ + l = .fo.s - (i s.O. "(I - s i "d - s - 1 

"d - s - 1 

+ .z= il s.o .;X; + li .s .o.,d - .(X "d - s - li s.o, ,d - s.T "d- .f 
i = l 

"d - s - 1 

= A .. Xo .. d · l +<A., a ... o ... d - , )x .. _-, - 1 + 2:: a,, o,;I i• 

i = l 

(5.2.23) 

(5. 2. 24) 

(5. 2. 25) 

(5.2.26) 



"d 

.T,d = Ed. io .• + 2: y,,;:r; + f3u 
i = l 

"d 

= Ed. (io .• + J + a ,.o ... d- ,:r "d -.-~ )+ 2: Y,.;:r i + {3u 
i = l 

" d 

= Ed. io .• + J +Ed. a •. o ... d·- ,:r .. d- .- 1 + 2: Y,.;:r i + {3u. 
i = l 

"d - s - 1 

io .. +J =A., i o .• +J + 2: a,+J.o .;X;. 
i=l 

xt..g.:~Qa<J11tfl9i2:1:r>+ J. i ,i= 1.2, ... ,nd- s-1 ,fEJ:\:<5. 2. 27)11Ulfi131-.J 
"d 

.T,d = Ed, io. d J + 2: Y ,+ J.;X; + f3u. 
i = l 
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(5. 2. 27) 

(5. 2.28) 

(5.2.29) 

-T~Il S. 2 ~ll* s = nd- 2, ~ffl E. f2~~ i'J T J9f1ffl tl<J!a *, ~ rPJ SISO-SCB $-!11 6; 

N JJ!U , -t s : = s + 1. 11} @l iiJ -=f $- !11 5. L 
SIS()-SCB ~ W 6 !a* 

illll5 '-t 

:r, : = io .• + J ' y = ro y = y' r - 1 -u= · u=-u 
' {3 

JJ!HfH~J:\:<5. 2. 13)~J:\C5. 2. 15)~J:\<5. 2. 28)~J:\<5. 2. 31)11J~~ 

(5.2.30) 

(5.2.31) 

(5.2.32) 

(5.2.33) 

(5.2.34) 

.T,d = Ed.:r. + E1 :r1 + ··· + E,d:r"d + u. (5. 2. 35) 

llJVJ.Htt~l±l ,nd :l! 2: tl<J;f§X;f!lfl'flo :(£ 5. 4 l)q:t .~ffl~iiE~ A<A .. )j! - ~~HfE 2: 

tl<J~~·~o • 
tt :@: i'J JE JJI! 5. 2. 1 'ft 1¥1 tUtr l±l ~ ~ PJ ~ :1'1 1. ~n c = L ~ fn JfrF iii 1¥1 fY!J -r * i1i! 1r- _t iii 

tl<J :i1 ;W o i~ fY!J -=f * § Chen[zzJ o 
f§fj S. 2. 1 ~ Ltt Ell .r\ ( 5. 2. 1) ~ H:ll¥1 SISO * ~ 2:, Jt q:t 

A ~ rt ~ ~ ~r B ~ r;1 (5. 2. 36) 
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~~Jtff!¥ I B<Jttl'ltzn~ o 

1. ~IU!U*I:I:i;Jt~ 

-t: 1Y. r.rr oo B<J -r t~; • 0 

(a) 1Bt:fl 

c = [0 3 -2 0]. 

y = C i = CA x + CBu = [- 2 - 1 0 1 ]x + 0 • u. 

(b) ~~ CB=O,~fllit. 

y = CA 2 x + CABu = [ 1 - 1 - 3 1 ]x + 0 • u. 

(c) ~~ CAB=O,~fllnt~itJt: 

y< 3
> = CA 3 x+CA 2 Bu =- [8 10 12 17]x-6 • u. 

~~ CN B:f:O,FJft;HtrP:I~ -tf; o 

CA Z= ~~ ]· 

CA 2 

~~F~~B<J9di 0 ~.5~)( -mflia<J~~~•.r. 

-x= 
Xo I Zo I x. c 
X z 

1 = Zx = CA X = 

X J CA 2 

x 1 = Xz, 

y 

y 
.. 
y 

.i-3 =- 72xo- 9x.- 27x2 + 10x3 - 6u. 

3. aUtit<S. 2. 40) '*' tfC.J u 

JA1rl'l<5. 2. 43)1lJ~f 

(5.2.37) 

( 5. 2. 38) 

(5.2.39) 

(5.2.40) 

(5.2.41) 

(5. 2. 42) 

(5.2.43) 



. 4 1 11 1 . 
.To =- .To - z.r'- G.T2- 6 I 3 . 

~ffJB~tE.i-o 'PB<J u ~r~~T ,f!!:!!!IHE.i- 3 i31A TJ':\<5. 2. 45>'P. 

l!-t.!dY.m~1--=r~•· 

(a)~ 

- - 2 
.To. I 1 = .To - 3.r2 • 

! 4 - 1 9 
Io . 1 =- .To. I - -z.r, - z.Tz 

.i-3 =- 72 i'o. I - 9.r, - 75.rz + 22.r3 - 6u. 

- - + 9 
Io.2 1 = .To. I z.T' • 

! 4 - + 35 
I o.2 =- Io. 2 Z.r' 

I3 =- 72 Xo.2 + 315.z·, - 75.r2 + 22.r3 - 6u. 
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(5.2.44) 

(5. 2. 45) 

(5. 2. 46) 

(5. 2. 47) 

(5. 2.48) 

(5.2.49) 

(5.2.50) 

(5.2.51) 

(5. 2. 52) 

(5. 2. 53) 

(5.2.54) 
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r = { r~ • 0 

0 

x. : = X o.z 

x . 

x = r . x = r , 
.Tz 

9/ 2 - 2/ 3 

1 0 

0 1 

0 0 

1~61[ ~ 
0 -2 

1 1 

0 0 

3 -2 
-1 0 
-1 -3 

r - 1 -u= ;u=- 6 u, y = r oy= 1. y. 

~1r 

(5. 2. 55) 

(5. 2. 56) 

(5.2.57) 

(5. 2. 58) 

(5. 2. 59) 

(5. 2. 60) 

(5.2.61) 

.i:J =- 72.r. + 315.r1 - 75.r2 + 22.r3 + u, (5. 2. 62) 

l!~~~JJI[ 5. 2.1 B"JIDAT o ~...t?tfmB"JOOIDf8Hf7RrOO 5. 2. 2 q:to ~~*tfet£-41f 

-1-~~~-~.:.f§XtM'j;J 3C~i!fiJL1f-1- 3 M'Bf.Jxlltt~.~)o 
35 -T y 

.. 
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roo~ mt-Aitl'f.IF~ iE9l~~tt¥t~E 2;, 

{

.i: =Ax +Bu, 
(5. 3. 1) 

y = Cx, 

;It~ x E R" ,u E Rm ;fO y E R P jJ ~~ ,*fj A;flltiHI:l. :lf')lc - Aittt, $l ia: B ;fO C '«l5~m~ 

I'J<J , ~ ffl :fl r iti I'J<J * -T 4 I'J<J !a ffiJ < ~p ~ '* * ftf-~ ~ scm ?HW o 

:IE: !I s. 3. I ~ m liJ .J:t <5. 3. 1) FJT~VR I'J<J F~ i£9!~ ¥tiE o f¥{£ -1- ~~ ~:1f I'J<J ~ ~~ 

~r. E JR•Xn '-1-~~~:1fi'J<J$\fg/:H ~~ r oE JRPX P ;fll-1-~~~:1f (J<J*fi A~~r; E RmXm 'jjJ !;.{ 
fl 7R ~ I'J<J FJT :fl !a ffiJ ~ tt o A i* :itB i.si , ~ ~ :fl 

x =r,i , y =ro.Y• u=r; ii (5. 3. 2) 

x. 

i = (5. 3. 3 ) 

( 5. 3. 4 ) 

ii = [ : : ) , ud E R"'d , uc E R"', • (5. 3. 5) 

~~~:11: xd jjJ !;.{it:ilf-~?ffWjJ 

( 5. 3. 6) 

Id.mtl 

Xd.i.2 

, i = 1, 2, ·· · , md , (5. 3. 7) 
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.r = ' 

.1\.1 

.XC', mr-

u = ' 

i = 1. 2 , • •• , Ph , 

u,, , 

u,.2 

t = 1,2, .. ·,m, , 

.T. = A ••. r . + L.b Y~> + L.c~ YJ • 

xt4it1--=f ¥~ .rb.i , i= 1. 2 , ···, P~o, 

XL .i.t, = L~od . i . t ; Y b + L lxl.i. t;Y d ' 

xt 4It1--=f ¥~ .r,,; 'i= 1,2' ... ,m, ' 

(5,3.8) 

(5.3.9) 

(5. 3. 10) 

(5. 3. 11) 

(5. 3. 12) 

(5. 3. 13) 

(5. 3. 14) 

(5. 3. 15 ) 

(5. 3. 16) 

( 5. 3. 17) 

(5. 3. 18) 

(5. 3. 19) 

(5.3.20) 
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(5. 3. 21) 

;M; 9=' ,A •• ,L.", ··· ,Ad.i.d:li!:A:fl iii~ !if£1'19~ 1it~~ o 
i.iEIIJ.I Mr-Rll:B9F~ iE9ltl $~:it ~~:)tfW, ftJ~~J*~f,j~ < SCB) 1'19~*![1,~ fJ1 

~J.!ll. 5. 2. 1 l'f9Y£PA1C~~IIl] o ~1f MIMO ~~tr.J:StfW:i:tfM~J!!i ~-~ ,f§.*J9t~:li!:~ 

mm~~-Aff1.iliZ~B9~:St~~.fflM:li!:M~~-ili~-~··*~oM®M-Rlt 
1'19 MIMO ~tlf, Plfmff:{£ 3 f'ji~MB9~:$t~~: 

l.M~~-A~~H~.m~~-ili~*B9~o~f'ji~MB9~~~T~~~tlfi'J9X 

I!R~,.~~ftJ,fl1tT~J.i!Lr .rd 1'19-T~fBJo 
2.M~~-A~~H~.f§.:li!:~t£~~~ili~*B9~o~f'ji~MB9~W1tT~J.i!Lr 

.r, 1'19-T~fB] 0 

3. ~H:M~~-AH~.m.:li!:t£~~-ili~*B9~o ~f'ji~MB9~ll1tT~J.i!Lr .rb 
1'19-T~~o 

~@.Y~~~1it#~fm~*M~~tlfi'J9~B~~~~o~·B:Sti'J9-T~~~~r~. 

~fJl~~I'J9~~~.¢.(~*.Xo X.-Xh-Xc fJl .rd I'J9T~tJfH~{£00 5. 3. 1 "f=t o 

Xc.i.l 

~-
itt, t£ .rd.i rr m~itliJi-!k~lf- tr%l\'!}:IH.Ii:fi~~~iii:(I(J - 1-~ttmfr. t£ .r,. , rr m ~itziJij;; 
~.7?-lllil:fi a+c (I{Jfi'i"q.~~~~:fit .r,l!J ... , (I(J - 1-~tt!.llfr: JflfiHI~ti:IJi:!k~m(I(Jffi-17~• 

lfl~it Yd liJ Yh (I{J - ~~tttfi-fr: JlH81~][1Jjj;;~jf-(I(Jffl".\}~Wfi:tl~:lit Yo l'r'~ - ~~tt!.Jlfr . 

00 5. 3. I MIMO ~t/H1i~5tfH'J(]00:if-
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~oo~~~•~re~~*~*-~*~r¥~. 
SCB "!V !jJ 1 fJJ lfrl-ft 
rn -rm~ c :Jilor11£~~ ,ftfnre-t~'1*19 

c~ IH (5.3.22) 

Jt~ C;o i= 1.2, ···, p, ~lf:l:!U!lul. ~rr9C:I:. M-T4it1- C;o i = 1, 2, ... , p, ftff1ti5*Dc-
1-lf:lfiil~~~9ie~ Z, ,f]]lfrl-f.tj; 

z, == c,. 
ft ffllli. JI'IJ at~ )(_ - 1- f;f, ii!;; 9C :1: f j; 

1 

1 

fp 1 

(5. 3.23) 

(5.3. 24) 

't;:j1ff'F:1gf,f,ii!;;, ffl:(£ SCB ~~ 2 ~~f-tl:t~ ~. t£#, :(£-~~U!rrl:t~ ~ ,f ~]G·:j1f 

tlt~lHt,:ft~~19~9C:I:. ~ -1100, Z, #ftlt:tt1Jo*'T~~-r. ~~J!Jf~~~~~~-$ 

*·fnlfrlit~~ff 
Z== C, (5.3.25) 

!V.N 31-~~m~ Zd,Wd fO Zbo tt#.Zd-Wd fO zb :j1f*jj1Jffl*~~~ xd,Ud fO Xb lf:)~~ 

~~~-~~m~JI'IJ~~~~~.~:f:El:t~~rr~~fi*'T~~•~A.~~~~~•~M 

jjlJ~rffl~flj:*~Jil..~ll MATLAB. :lii:J§,ftffl~ v ==0 fO w ==0. 

~B"!VW2 M¥~-ili~§·*~ 

~-~-••utrr~/~19-1-•9<2:1:.~ 

!t 

f = ~2 • 

fp 

M4it1-~IO~~· f , ,i= 1,2 , ... ,p,:feff:lfiil~~~m~m:~19 

z, = 

c .. l 
c,.2 

(5.3.26) 

(5.3.27) 



VJ "F 89t&~:mM J9f:ff"T-;E;& f , ~~~89 Z, :ilHT o 
.,.~ 1 :tm:!JJ!: 
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(5.3.28) 

rank [ [ c:.dB]] > rank(Wd), (5. 3. 29) 

~~-i~~Wm*U89~*··~*~T-~~-~Ao~~~*Bm89~ •. #H 
~~~~m*U89~~~0~·····~~~-A:ff~~89X~·~o~~~-% 

"F , ft ffltE "T- ;t- 912 :II I ~ 89 "T- ;t-& f, It jj "T- :II o , RP ~ 1.1: M ~ ~ ~ W ~ :I: :ill:-~ B'~ ;J( -'i¥ o 
'*.litk.(~~.X>t~~ zd ~ wd Ul:fi~ll"F89!11: 

zd == [
2

dJ. wd == [ wd ]· 
Z, C ..• ,B 

v : = v + 1 ~ Qv : = a; ' 

Wxt"F -~"f-;E;{'ll J;#-0 89 Z, UI:~-Tf&~ o 
-~2 ~ll:!JJ!: 

(5. 3. 30) 

(5.3.31) 

rank [ [ c:,dB]] ~ rank(Wd), (5. 3. 32) 

~~aA C...,B ~1lf:J!~912it .!~12Af~ Wd 89fi 89 ~ttm -&l- o tE i:, iiJ J!,\l.~jj 1.1:, ftfll e. i~ 
.~,;tHJhRW Tv ~X~~.~ ,J9T k.( zd jjJVJ~mjj 

~j=1,2,···,v 89Ml£"F, 

cd.l.q, B 

cd. z.q, B 

(5.3.33) 

(5.3.34) 

(5.3.35) 
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v 

C. .• ,B = ~{3 •. ,cd.j.";B. 
j= l 

v 

c .. , = c,. , - ~p •. ,cd., .• j-.,+, 
j = l 

v 

C;.z = C,.z - ~{3 •. ,cd.j.q; -•• +Z 
j= l 

v 

t ... , = c •.• , - ~p •. ,cd., .• j 
j=l 

2:.!1!.19: Cd., .. t£ s~O lit'-'~· ~~U~~~ii£ 
q1 -a, +l~l, j = l,z, ... ,v, 

(5.3.36) 

(5.3.37) 

(5.3.38) 

l!~liiJ:rc •. , :Jl]jjl.- l±l~~ c B<JrrB<J~ttm'iS. Jl:B:~IHI;t\<5. 3. 36>~;tt<5. 3. 37) .~i~~ 
~iiE.X>tr s=1,2,···.a, . 

C,,,B = 0, 

ffiix-t s=l ,z, .... a,-1 ,)(;j'jjt.®;.f:;f-Jt r •... j ,"fl 

c ... ,+, = t ... ,A, 

~15 5C>t"F oo B<Jr'M~i!rr~~. 
T11~ 2.1 ~11* 

rank I [· z ] I> rank(Z), 
C,.cr;+ l 

(5. 3. 39) 

(5.3.40) 

(5.3.41) 

(5.3.42) 

,V!tl~~ i -t-•lil:.f:IL~~B<Jbt"P~"flJ!$B<JfR?tH. 1lW ~i!-~:ilkt~H.R. "Fiti5C;f Z ~ Z, 

J!Jf: 

c,,, 

(5.3.43) [ 
z ] Zz= . ' c ... ,,, 

Z, I= 

C;.z 



f&fi:i~tr -1-tlf,~Ui: j,-=/=0 l'f9 Z, :il!:fi~~ o 
-Til~ 2. 2 :!Ill:'= 

rank [ [· z ]] = rank(Z), 
C, .a;+ l 
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(5.3.44) 

~8~i1-·W~~I't-J~B~~N«~~HTo·~~H~~&«~~-1--A"UB 

~~:sRT ,jFf8 .rb ~~~l't-J-=f:2faL ~i!#tit~r ,ftffJfef;f-~9C:I: f 'fll't-J~Eill't-Jtlf, 

~m J, 'B.1-l o.~IJA~ti!-t-•w~:I:~N;JU'f ,Jf~§JIJXif z, ~ zb ut:fi:!IIlrl't-J!ft} = 

z, := (5.3.45) 

't~ffl=f~)(if(y.J~~~· .rb '~"-t 
w : = w + 1 ~ lw : = a;. (5.3.46) 

1-1 T m ml't-JM!ffl, ftfnre zb ~ 1-1 

(5. 3. 47) 

[

Cb.j.tl cb.j.2 
zb.j = : ' j = 1,2,···,w. 

cb.j. l j . 

(5.3.48) 

~_t~~'.IZ,~MJYT«f,f-~UL J.-=l=o l'f9 Z, U!:fi o tt~, ~i£~~1f~ 1 ~~~-=ftit 

~ 2. 2!fl ,f,f-~9C:I: f lfl~«-1-Jt~tt•~JXf,f, :l:~o EFT~ ,f :&~~IJX1-J~9C:I:o fir 
*,flll"=f=O,JJIU~i!J SCBtJ;. 3,:aJJIU~@li!J SCBtJ;. 2o 

SCB -!J7. 3 lfl fa]~~ 

-t md = v' re zd 1ti: ~ 1-1 

[

Zd.t 

Zd.2 
z d = . , 

zd~"'d 
(5.3.49) 
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l
wd.l 

wd. 2 

Wd= 

w: ... d 

[

Zb.l 

zb.2 
zb = . , 

zb.p" 

"'d ph 

nd = ~ q,, nb = ~ l,, no = n - nd - nb, 
i = l i = l 

(5. 3. 50) 

(5. 3. 51) 

(5.3.52) 

(5.3.53) 

:!! ~~ ~ ~ 1¥1 o ~ Htr 00 1¥1 Jtffti- f.f , ft fflli # :iZHf Zhd ~~fa] 1¥1 ~ ~ ~ Zo t¥1ll' o 1m:(£ J:E )(. 
flft¥1~~~· 

(5.3.54) 

, i = 1 , 2, ··· , Pb , ( 5. 3. 55) 

' :rd .; = , i = 1 , 2 , .. · , md. (5.3.56) 
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w = [~:J (5. 3. 57) 

:l!~l:~~t'f9 o liil*F:tt!!., PI :i21; Wd ~~fa] t'f9~f1:.1;J W , t'f9fi ,f&fti~)(fdft'f9~A~:It 

(5.3.58) 

(5. 3. 59) 

y = [~:]=My, (5.3.60) 

Yd . l xd.I.I 

Yd. 2 xd.2 .1 
Yd = (5.3.61) 

Yd.md I d. md . 1 

- -
Yb.l X b. I. I 
- -

- Yb.2 Xb.2.1 
Yb = (5. 3. 62) 

- -
Yb.ph Xb .ph. l 

SCB ~- 4 6ffl~ xd 

:mt«A<5. 3. 54)fiJA<5. 3. 58))t}JIJ~)(t'f9~~fllftA~~.~ffl:ff 

(5.3.63) 

;ttrp A oo ,Aob ,Aod,Bo,fll Bod:J!-.®~'Ijt~~o x>t&-t-7-~t!f. xd.;,i=1,2,···,md,*ti 

A< 5. 3. 30) ,A<5. 3. 33)- A<5. 3. 35 >filA< 5. 3. 40 >, xtr~.®~ ~ t'f9 ~ 'llt~~ Ad.;.o, 

Ad.;.b ,Ad.;.d fiJ Ld.;.1 ,j = 1, 2, •·· ,q; -1, ~ffl:ff 

(5.3.64) 

(5. 3. 65) 
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.Td.i .• , = Ad. ;.o X o + Ad.i.b Xb + Ad.i.dxd + ud.i• (5. 3. 66) 

mtm SCB tV!JJ 2 B<Ji:tN ,ftffl~ll!~~~YE Ld.i.jA~%l't 

0]. (5.3.67) 

:xtr*~.rb.i•i=1,2, .. ·,pb,mtml't<5. 3. 39>,J't<5. 3. 4o>~l't<5. 3. 44>,:xtr;ltt.J!tt 

JE 1itrr9i:2 :fit abb.i.s.j ,abd.;.,.j ~ [ b.i.i 'ftfll ~ 
- -
Yb.i = Xb.i.l ' (5. 3.68) 

(5.3.69) 

• ph minU,. + l./.s } md minU; + l.q1 ) 

Xb.i.li = ~ ~ abb.i ..•. j Xb,.j + ~ ~ abd.i.s.jXd.s.j• (5. 3. 70) 
s= l j = l s= l j=l 

ff!.:liLZ9l~1fN<5. 3. 70)jf~JlJ:E~ 5. 3.1 9=tJ9TWHl!B<J%l'to ftfllfl~i31AU!:-$ 

I'J<J~~.V.H!J!~~j!$J1-I'J<J;IJ~R*~~tfE~:fit Yb ~ Ydo 

SCB ~· s lifO):£ Xb 
):£)( 

Yb.I 

Yb.2 
Yb := (5.3.71) 

ph min{l,. + l./
1

} 

:= .rb.i.l- ~ ~ -
ahb. i.J" ,; .r b.s.J- t,. 

J= l j=L,. + l 

md mintl ,. + l.q
1

) 

- ~ ~ abd. i.s.jX d.s.j- 1; ' (5. 3. 72) 
s=l j = L,. + l 

pb minU,. + I./
1

} 

Xb.i. 2 : = .rb.i.2- ~ ~ abb.i ..•. j Xb.s.j- l;t-1 
.f= l j=l; 

md minU,. + l.q
1

} 

- ~ ~ atxt .;.s.;.r d.J.;- t,. + t ' (5. 3. 73) 
s=l j=l; 

ph min{l ,. + l./
1

) 

: = .rb.i.t, -1- ~ ~ -
abb. i.s .j .r b.l.j- 2 

J= 1 j = 3 

md min l l; + l.q
1

) 

- ~ ~ abd.; •.•• jx d •.•• j- 2 , (5. 3. 74) 
j=J j = 3 



-
pit min \ 1, + 1./1 ~ 

Xb .i. l; : = Xb.i.l; - 2..: 2..: Qbb .r.s . j X b .J .j- 1 

s= I j = Z 

md minU; + l .qs} 

2..: 2..: abd. i.s.jX d . .• . j - 1 ' 
)= I j = 2 

ph minf i; + I./s} 

2..: 2..: a bb .i .s. j X b. s.j- 1; 
s= l j = l; + l 

'"d min f l; + l.q~ ) 

2..: 2..: abd .; . .•. jx d.s.}- 1; 
s= l j = l;+ l 

Pt. 

2..: ahb. i.J.L; + t Ib.J.J 
s- l 

'"d 

2..: abd. i.s .l;+ l Xd,s.l 
s= l 

Ph "'d 

= Xb.i. l- .Z..:abh.i .s . i; + l Yb .s - .Z..:abd.i . s.l;-1- lYd .s • 

- 1 - 1 
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(5. 3. 75) 

(5. 3. 76) 

PI~ •Yb. J~: Yd lll.Yb B<J-1'-~-HHil if 0 t£~ ':(:E.Jt ( 5. 3. 72)- A ( 5. 3. 76) 8<1 )£ )( t:p' 

~ t>l, B;f ,ti abb. ;.,.t =O; ~ l>q, B;f ,ti abd. i .•. t=O. Jll:(:Eiif~ 
p11 minll;+ l ./s } 

~ 

Xb,i.t; = Xb. i. l; 2..: 2..: abb .i .s . j X h.s.j- 1 
s= l j zs 2 

md minll; + l . qs} 

2..: 2..: a bd.i.s.j X d.s.j- 1 
s = 1 j =2 

/Jh m~n {l; + l./s) "'d mini!; + I •'Is) 

2..: 2..: abb.i .•. 1 .I b ... , + 2..: 2..: a bd.i.s. j X d. s.j 
s= l j = l :~ = 1 j = l 

pit min(/; -t- 1. /, I 

2..: 2..: a bb. i .s.j (xb.s.j + L~o .•. j- t Yd) 
s=l j=2 

"'d min{l; + l. qs) 

2..: 2..: atx~.; .•. , (xd. s. j + L d . . •.j- t Yd) 
s= l j = Z 

"" "'d 

.Z..:abh.i.s. l It.., .l + .Z..:abd. i.s .tXd .s. l 
s= l s= l 

p1, minll; -t- 1, /
1

) 

- 2..: 2..: a bb.;. , .,L b. s.j- t Yd 
s= l j = Z 

"'d min{l; -t- l.q, I 

2..: 2..: atxJ .i . •. j Ld. s.j I Yd 
.t= I j = Z 

(5. 3. 77) 
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Jt ~ 'Lbb. i.l; lO Lbd.i.li 89 J.E)( EE A~ JjJ' ~ 0 Xif.Y;lft@ J.E 1it~-T9dil: Lbb.i.l, - 1 lO Lbd .i.t,- 1 'ft1f1 
t11:ff 

ph min{/; + 1.1,) 

.rb.;.t, - 1 = .i:b.i.t, - 1 - ~ ~ abb.;. , ,j i b ... j- 2 
s=I j =3 

"'d minU;+ l .q
1 

> 

- ~ ~ abd.; .,. j .r d ..• . j- 2 
.r= l j=3 

ph minU; + l .1
1

) 

- ~ ~ abb.; ,,.j (xb .•. j- 1 + Ib .•. j- 2 Yd) 
s= I j =3 

md minU;+ I.q
1

) 

- ~ ~ a bd .;.,.j (.rd .•. j- 1 + Ld .•. j- 2Yd) 
Ji = l j =3 

pb minU; + l. /
1

) "'d minll(+ l.q
1

) 

=xb.i./,- ~ ~ abb.i .,. j .rb .•. j- 1- ~ ~ abd.; ., ,j.rd .•. j- 1 
s= l j = 2 s= l j =2 

pb 111(1 

+ ~ahb . ; .•. 2 Xb. ,. l + ~abd. ;.,.2 .rd ... . l +Ib. i.t,- IYd 
.~ = I s= i 

p11 min( l; + l . /
1

) "'d min (/(H .q.•) 

- ~ ~ abb.;.,, jLb .•. j- 2Yd - ~ ~ abd.;, ,. jLd .•. j-·2Yd 
s= l j = 3 s= I j = 3 

=.rb.;.t, + Lbb.;.t,- 1 Yb + Lbd .i.t,- 1 Y d· ( 5. 3. 78) 

lii'Jf-f, Xij';l(t@:iztfffit~ 89 L"b·• ·• lO L bd. i.k ,k = l,- 2, l , - 3, ···, 1, ftffl:ff 

!!! :(£ B ~£ re r * t1t .r" 13HJU±l * 7 , 1f 1l :N: EfT WL~ 89 *A o 

rl"'f*·A<5. 3. 63)~1UH'&Jj)'l;_{i!J(~:1-J 

(5.3. 79) 

I o = A oo .To + A oh.rh + A od.rd + B odUd + B oc Uc ' (5. 3. 80) 
Xij'~@~~J.E..'X.89J.E1it~~ Ad.i.O Ad.i.blll Ad.i.d •A(5. 3. 64)~A(5. 3. 66)Jj)'i&1§Jg 

(5. 3. 81) 

(5.3.82) 

.i-d. i. "• = Ad .;.o .To + Ad .i.b.rb + Ad .; .d.rd + ud.i· ( 5. 3. 83) 
~ff1~'$~X>fA(5. 3. 80)Jtl:-~:lt!!.~H!I!' l;_(flfe .To *•.liltr~ rSJ .r. lO X c 'ffij 1l ~:I! 

$:5t8919J~.R1&*1dr•ili Yd·Y" ll!t£ilitJuco 
SCB '!V. 6 1>'-A<5. 3. 80) 9=t7~-* ud 

EEA(5. 3. 83)Jj)'~~ 



Ad.2.o Ad.2.b Ad.2.d 
Xo- Xb- Xd• 

SCB -H;;. 7 ~J:l:;(5. 3. 85) 'f:trflj*.T d.;.q, ,i= 1,2, ··· ,m" 

~)(ilf~tt~~· 

.io : = Xo - Bod 

= j\
00 

Xo- B od 
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(5. 3. 84) 

(5.3.85) 

(5.3.86) 

(5.3.87) 

Jtqot ,}Ld ~};£ .)(. EB A 'f:tllJ .W. o lilJ~ ,j\( 5. 3. 70) fllj.\(5. 3. 83) 'f:t ~ Xo ~ ffl.io ~IHtti' E 
~¥~l~L&J:\<5. 3. 70)fl]j\(5. 3. 83)qot Xd ~¥~PJ~PJI~~1JJ:\JiiJTJi:)(o f&ffij ,)!® 

¥~fllil!- $- ~ 71-ffff :Jf ~ :.f1J !R:. o 1-1 7 {£ r- $- .P ~ $. ffl, Xt r ~ ~ };£ 1it 9<:: it Aob.;.j fll 

A od .;.j ,fEJ:\(5. 3. 87)~Ej1g 

~~ 1i md ~ 

io = Aoo Xn + 2.:: 2.::Aoh . ;.jX b.;.j + 2.:: 2.::Aod.;.jXd . ;.j + Boc u, .. (5.3.88) 
i = I j = I i = l j = l 



SCB iP"W 8 bl..J:\:<5. 3. 88) !fi7j1j-£: .rb.i.j ,j=2 ,3, •·· ,l, ,i= 1,2, ••• ,pb ~ .rd.i.j ,j =2, 

3, ··· , q,, i = 1, 2, ···, md o 

Jm:(£~~B<J~~:Ji!:~!E~.io ftl;k~I'J<]i;IJ~.Rffl Yd.,s= 1, 2, ··· ,md ~ Yb.s ,s= 1,2' ···' 

Ph *~~0 
5!1l:W: max{ql ,qz , ••• ,q..,d .l1 ,lz , ••• ,Lp .. } =1, 1!illl"FOOI'J<Jrtf;!JJITff1I1t¥IJ SCB tf;!JJ 9, 

:a !JliJ 'flJ Mi'ft i : = 0 • 19: X o.o : = Xo ; Aob.s.j.O : = Aob.s.j' S = 1 • 2' •••' Pb 'j = 1 • 2 • ••• • l , ; 

A od. s. j.o : = A od.s. j ,s= 1, 2, ···, md ,j = 1, 2, ··· ,q,, t!l.rr "F OOB<Jrtf;DL 

T-iP"W 8. I § jlc, tt:f.¥1J 
Ph Is - i md q, - i 

io.i = Aoo X o.i + 2.:; 2.:; A ob.s.j.iX b.s.j + 2.:; 2.:; A od.s.j.iX d.s. j + Boc Uco 
.(= I j = 1 s= l j = I 

:m ff1~:(£_t Dfi B<J~];5j:\ !fljj1j-£: Xd. s. q, - ; 's= 1 '2' ••• ,md ~ Xb.s.t, - ; ,s= 1 '2' ••• 'Ph o 

~)(. 

Pt. md 

.To.i + l : = .io. ; - 2.:; A ob.s. t, - ;,;Xb.s. l, - i - 1 - 2.:; A odoJ.q, - ;.;X d .s .q, - i - 1 ' 
s= l s= l 

5!1l:W: l , -i-1~0, 19: Aob .•. t, - •·• =O; 5!1l:W: q, - i-1~0 , 19: Aod .•.. ,,- •·• =Oo ~H~J:\:(5. 3. 68) ~ 

j:\(5. 3. 83) ,:fl 
ph "'d 

.fo.i+l = i o. i - """Aob. s. l - i.i Xb.s.l - i-1 - """Aod .... q -i.i X d.s.q -i-1 LJ s J .L...J J J 

.f = l J= l 

"" 1, - ; ,d '1, - ; 

= A oo Xo .i + 2.:; 2.:;Aob .•. j.i.rb,.j+ 2.:; 2.:;Aod.s.j.iXd,.j 
J= l j = l s= l j ::o:::: ) 

Pt. 

- """Aob .•. t - •·• (.rb .•. t -• + Lb ... t - i-1 Yd) 6 J s J 

s= l 

'"d 

- """Aod .•.. , -•·• (.rd .... , -• + Ld .•.. , -i-1 Yd) + B oc lie L...J J J J 

s= l 

ph 1, - i- l "'rt q, - i- 1 

= A oo Xo.i + 2.:; 2.:; A ob.s.j.iX b.s.j + 2.:; 2.:; A od .•. j.iX d.s.j 
.f = l j = l .f = ) j = l 

pb 

- """Aub .•. t - i.,Lb .•. t -i-1 Yd L...J ' ' 

"'d 

- ""'Aod. s. q - i.iLd. s.q - i-1 Yd + B oc Uco L...J ' ' 
(5. 3.89) 

s=l 

~?'&, :mfll E. t2:(£J:\ < 5. 3. 89) !fl7j1j-£: T !9f:fl .rd ... q, - •, s= 1, 2, ... , md ~ !9f:fl .rb .•. ,, - •, s = 1, 

2' '"' Pbo .i!f-f itPJ 1:.-( Xf;lft®~ ~ I'J<J ~ 1lt" 9dl Aob. s.j.i +l ~ Aod.s.j .i +l • fEJ:\ (5. 3. 89) I 
~ :'h 



pb 1$ - i- 1 

io.i+l =Aoo io .i+l + 2: 2: A ob.s. j.i+ l X b.s. j 
s= l j = l 

md q
1

- i- 1 

+ 2: 2: Aod. s. j.i+t xd .•. 1 + Bo, ii,. 
s= l j = l 
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(5.3.90) 

-TtV. 8. 2 ~ll.J!: i=max{qpqz , ... ,qmd ,L~>Lz , ••• ,LPt, } -2 ,)j!U~¥1J SCB ~- 9; :a )j!U~ 
i ==i+l.Jl!@I¥JJr~W 8.l,~llJitiJ:,.1[¥JJltlio . ; + t~l'tkl'f9i;/J~!:f:l..R::ff Yd ltl Ybo 

SCB tV. 9 7f1Af x . ltl x , 

i:o = A oo I o + LobYb + LodYd + Bo, Uco . ' (5. 3. 91) 

"FJM~fllJ.illffl~ 4 iJ~lll! 4. 4.11'19~.J!:,Xt<Aoo .Bo, >:ill:fi?tfWo ~fHi~lll! 4. 4.1,ff::(£-

1-~l: "itJf 1'19 no X no ~~ To. ltl-1-~1:-itJf 1'19 m , X m , ~~ T o; , 11]'1;,{ ~}£ "FJM 1'197tfW: 

(5. 3. 92) 

U c. L 

X c. 2 X c, i . 2 

' Xc.i = (5.3.93) 

;It !:f:l, { r1 , rz , ··• ,r m, } :/!~~Xf<Aoo 'Bo, ) 1'1911J~fif.iti: o ~fllltJ :ill:-~fE x . ltl x, 1'19i;IJ~ 

1ffi~ Jllt~ll"F%J:t: 

(5. 3. 94) 

Xf4if:1- x ,,; , i= 1, 2, ··· ,m,, t:llk -.®~#~~, ::ff 

.i,,;. t = x ,,;,z + L,b. i.t Yb + Lcd.i.t Yd • (5. 3. 95) 

x,,,, ,, = A,,, .• x . + A ,,,,,x, + L,b,;. ,,Yb + Lro.;.,,Yd + u,,,. (5. 3. 97) 

~~.:kr xd 1'19i;IJ~:1ifi"PI'I9 x o, I!Pi.\<5. 3. 81)-J:\(5. 3. 83), ffi51V.ml1t!l'l9:1ilt:it x. ltl 

x, ft~o ~§JIJ:/!M4if:1-r ~ tft. xd. ; , i = 1, 2, ... , md, Mr~~~ ~ 1'19 ~#~it Ad.; .• , 

Ad.i. b ,Ad.i.c ltl Ad.i.d, ::ff 

(5. 3. 98) 

(5.3.99) 

(5. 3. 100) 
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(5. 3. 101) 

(5. 3. 102) 

Xb .i. l; ~ Lbb.i. I;Yb + L bd .i.I;Yd· (5. 3. 103) 
:M:!Ji, ~ffltl:~flJ Morse[looJ (!<] ~~:nifi91J l1 , l 2 , 13 :fn 14 , ~~ffl':lt!!, ~):£ *~ ~ (!<] ~ 

~~ ... ~~t1il ,:tti1T~~l1i1 s~ ,:tci1T~~l1i1 st :fnx~~.~~l1i1 s:, <~)ESt 3. 6. 3)msi1J !;.{ 

mWA:lt!!MkOOB<J~t1iJ%M~M~oA~:lt!!&. 

S~ (~) = 12 = {rl ,r2 , ... ,rm,} , St (~) = 13 = U1 ,l2 , ... ,lpb}, (5. 3. 104) 

S! (~) = 14 = {ql •Q2 ,•••,qmd}' (5.3.105) 

11 :fn A •• B<J~ID:~#;J:fl;k,ep~{if{D::fnl§J.i!Z Jordan :!IRB<J:k'J'o l!~ti£{£ 5. 6-;l~~:fl 

itHIII B<J ~ iiE o 

~.tit .~ffl E.~JVt 7 -:Nl!:Fm iBltl ~~fil:*~~l1i1%M~~~~f;f-~<scm B<JJt:r! o 

• 
~ ffl ilff 00 B<J f91J -T * 7Jl: ~ ~ Jr rt; o 
ffl.l5. 3. 1 ~mmJ'\<5. 3. nJYT:&~B<JFm.IE!Jltl*~ ~.Jt~ 

0 0 2 -1 2 0 -1 2 0 -1 0 2 2 

0 2 4 -5 3 2 -4 3 2 -4 0 5 0 

0 -1 -1 1 0 -1 1 0 -1 1 -1 -1 1 

0 0 0 3 -2 0 3 -3 0 3 1 -1 0 

0 2 2 0 -2 2 1 -3 2 1 1 1 -2 

0 3 3 -1 -2 3 0 -2 3 0 2 2 -3 

A= 0 3 3 -1 -2 3 -1 -1 3 0 1 3 -3 • 
0 3 3 -1 -2 3 -1 0 3 0 1 4 -3 

0 2 2 1 -1 2 0 0 2 1 1 3 -1 

1 1 1 1 0 1 0 1 1 0 2 2 0 

0 0 -2 4 -2 0 2 -2 0 2 1 -2 0 

0 -:-1 -3 7 -3 -1 4 -3 -1 4 2 -4 

-1 0 0 1 1 0 -1 2 0 -1 0 0 2 



~ s -t ;1. Jfl] ~ we. 99 71- Wf 109 

1 1 0 0 

1 1 1 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 1 1 1 

B= 0 1 1 1 

0 1 2 2 

1 1 1 1 

1 1 1 1 

0 0 0 0 

0 0 0 0 

1 1 1 0 

~ 

c = [~ ~ ~ - ~ - ~ ~ - ~ - ~ ~ - ~ - ~ ~ - ~]. 
0 1 1 0 -1 1 0 -1 1 0 1 0 -1 

0 0 0 1 -1 0 1 -1 0 1 1 -1 0 

ft ffl f1C JffU£ J1l! 5. 4. 1 rf:l ~~f.£ YE ~ 1¥1 it¥~ :!V !11 ~tut 2: ~ ~ !$1 ~ 7t f87l , ~p ~ ~ ~iHif-~ 
<scm ?tffl o 

SCB :!f7 S 1 fJJ 1lf:i it 
1§ .JtM c uHr?t:IIR 

lei [o 1 1 Cz 0 0 0 
C - -- -

c3 o 1 1 

c 0 0 0 

-1 

1 

0 

1 

0 1 -1 0 

-1 1 0 -1 

-1 1 0 -1 

-1 0 1 -1 

1 

1 
f := I ' z :=C. 

1 

1 -1 

1 0 

1 0 

0 1 

-~ ~ -~]· 
1 0 -1 

1 -1 0 

~:ff Zd :=[],Wd :=[]~ Zb :=[],jtrp[}~ffi~I¥J~II$o :ft,€19: v :=o ~w :=Oo 

~B:!VS2 M¥-~ilil¥1~-*~ 
tt~ilj 
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II 1 

!2 1 j:= 
!3 1 

J. 1 

;lt rp /1 = 1 '~fi1Jt1i! ttl 
Z1 = [CI.I] = [0 1 1 - 1 0 1 - 1 0 1 - 1 - 1 2 - 1], 

it)i:ili 

rank [ [C~dBJ] = 0 = rank(Wd), 

't:~JEtlt% 21¥l;iHt:.~PP:<s. 3. 32)0 ""Foo~c~.~ =c~. ~ ,:JfitJt: 

t~. 2 = t~.~A = co o o 2 - 1 o 2 - 2 o 2 1 - 1 oJ. 

1~~~~YE 

conk [ [c~J ] ~ 5 > conk(Z) ~ 4, 

:l!fll-=ftit% 2. 1 :.m~' ~PP: ( 5. 3. 42) 0 [§ Jtt '~filM z fll z I J!if~ll""f: 
0 1 1 -1 0 1 -1 0 1 -1 -1 2 

Z:=[-z]= 
0 0 0 1 -1 1 0 -1 1 0 0 0 

0 1 1 0 -1 1 0 -1 1 0 1 0 
c1.2 

0 0 0 1 -1 0 1 -1 0 1 1 -1 

0 0 0 2 -1 0 2 -2 0 2 1 -1 

[llJ f.F 1m' [§ :1'1 ! 2 = 1 '~ ffl 7t 1!! ili 
Z2 =[C2. 1J=[O 0 0 1 -1 1 0 -1 1 0 0 0 OJ, 

C2 .1 B = [ 1 1 o o J. 

-1 

0 

-1 

0 

0 
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-tmJEfrf~ 1 I¥J*#, I!Pit<5. 3. 29) .~IIJUom 21-WI I:H~ :fl: ltl:k~I¥JfJHtHliHtt¥1J 7-
1-*'#f. WI A o l:l5l Jlt, JU1 i2: f z : = o, J:J ~ 11}1 /1' 11} X>t l! 1-WI tfpj( ~ , Jj)f t;,t ~ 

f, 1 

f z 0 
/= ·-

! 3 1 

! 4 1 

~B>tii 

Zd:=[~:J=[O 0 01-110-110 0 0 0], 

wd = [ wd J = [1 1 o o] 
Cz.1B 

v:=v+1=1, q,=rank(Zz)=l. 

:ft111Jilt£~J.ll!r --t-• m ~• 0 11}7XI:l5!1-J 13 = 1 ,:ftfn?t• m 
Z3 =[C3.I]=[O 1 1 0 -1 1 0 -1 1 0 1 0 -1], 

l!J!:frf~ 2' 

Zd = [Zd.1J= [Cd.I.q1 ]= [0 0 0 1 -1 1 0 -1 1 0 0 0 OJ 

wd = [1 1 o o]. 

c 3. 1 = c 3.1 - c d.I.q, = [0 1 1 -1 0 0 0 0 0 0 1 0 -1] 

~ 

CJ.Z = CJ.IA = [1 1 1 -4 2 1 -3 2 1 -3 -1 3 -1]. 

roo~~ 

<ank [ [c~J] ~ 6 > <ank(Zl ~ s, 

-tmJE-rm~ 2. 1t¥J*f4o :ft1n~ 



112 ~·ti ~ M.J.! *: it :+tJ ~Wf.i!-

0 1 1 -1 0 1 -1 0 1 -1 -1 2 - 1 

0 0 0 1 -1 1 0 -1 1 0 0 0 0 

z := [-~ l = 
0 1 1 0 -1 1 0 -1 1 0 1 0 -1 

CJ.z 0 0 0 1 -1 0 1 -1 0 1 1 -1 0 

0 0 0 2 -1 0 2 -2 0 2 1 -1 0 

1 1 1 -4 2 1 -3 2 1 -3 -1 3 -1 

1 1 - 1 0 0 0 0 0 0 1 0 - 1 ]. 

1 1 -4 2 1 -3 2 1 -3 -1 3 -1 

ffi -T :18: Ja" -1' lit- iit f)L I 4 = L ~ 1fHflil tl:l 
z, = [ c4 ·' J = [ o o o 1 - 1 o 1 - 1 o 1 1 - 1 o J , 

c .. ,B=[1 1 o o]. 

rank[[c~dBJ] = 1 = rank(Wd). 

~~-T11i% 2. tt~.FJ.{£~1f1B~~1~¥U 

Zd = [Zd.,]= (Cd.I.",J= [0 o o 1 -1 1 o -1 1 0 0 0 0] 

wd = [1 1 o o]. 
lm.~ ,C4., B=Wd. ~1ilPTit)l: 

c 4. 1 =c.,- cd., .. ,, = [o o o o o -1 1 o -1 1 1 -1 o] 

C4. 2 =C4.,A=[1 o o -3 2 o -3 3 o -3 -1 2 o]. 

~"f*·~~ 

rank [ [c~J] = 7 > rank(Z) = 6, 

~~rrtff% 2.1. ~1fHE z ;fl1 z4 li~jJ 
1 1 -1 0 1 -1 0 1 -1 -1 2 -1 

0 0 0 1 -1 1 0 -1 1 0 0 0 0 

Z:=[.z]= 

0 1 1 0 -1 1 0 -1 1 0 1 0 -1 

0 0 0 1 -1 0 1 -1 0 1 1 -1 0 
c4.2 0 0 0 2 -1 0 2 -2 0 2 1 -1 0 

1 1 1 -4 2 1 -3 2 1 -3 -1 3 -1 

1 0 0 -3 2 0 -3 3 0 -3 -1 2 0 
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z, : = [c4· '] = [o o o o o - 1 1 o - 1 1 1 -1 o
0

J. 
• 1 0 0 -3 2 0 -3 3 0 -3 -1 2 C.z 

f, 1 

f z 0 
!= ! 3 1 

!4 1 

i~Hf%~~-T o.~~1fUt SCB zv!JJ 2. ~:19 J, = 1 ,Jtf!'J?t. ttl 

Z, = [~:::J= [~ ~ ~ -~ -~ ~ -~ -~ ~ -~ -1 2 -1] 
1 -1 0 ' 

it;lf 

rank([c:dB])= 1 = ran~(Wd), 
l! 111 r 11Hf~ 2 • .3?: .tlt , Jt fll B !N~ ¥1J 

Zd =[Zd.,J=[Cd.I.q1 ]=[0 0 0 1 -1 1 0 -1 1 0 0 0 0] 

wd = [1 1 o o] . 
~~:ff C1.2 B=2Wd ,JtfiTilJit•te 

C~,,=C~,,=[O 1 1 -1 0 1 -1 0 1 -1 -1 2 -1], 

C,.z =C~, z -2C. ~. . , = [o o o o 1 -2 2 o -2 2 1 -1 o] 

C~, 3 =C, .zA=[2 1 1 -3 1 1 -3 2 1 -3 o 3 -1]. 

1~~~~li£ 
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[
cl .l] = [o 1 1 - 1 o 
c 0 0 0 0 1 -2 

1. 2 

1 -1 0 1 -1 -1 2 

2 0 -2 2 1 -1 

w == w+1 = 1, l 1 = rank(Z1) = 2. it. JIJ ! 3 = 1 '~ fl17fllf l±l 
z

3 
= [CJ.I J = [0 1 1 - 1 0 0 0 0 0 0 1 0 - 1 J 

c 3.2 1 1 1 - 4 2 1 - 3 2 1 - 3 - 1 3 - 1 ' 

C3.2B=[-1 -10 0], rank[[c:dnJ]=1=rank(Wd), 

E~JE'I#~ 21'f.l*f4o ~f-f,1-JT:1ffl~!ffL~fnr.om 

Zd = [Zd.1J= [Cd.I..,J= [0 0 0 1 -1 1 0 -1 1 0 0 0 OJ 

wd = [1 1 o o]. 
H?& c1 .2 B= -wd o ?&.FoitJJI±l 

c 3.1=c3.1=co 1 1-1 o o o o o o 1 o -1J, 

c 3.2 = c 3.2 + c d.l.ql = [1 1 1 -3 1 2 -3 1 2 -3 -1 3 -1] 

c 3.3 = c 3.2 A = c- 2 1 1 1 - 1 1 1 - 2 1 1 o - 1 o J. 
~oo~YE 

rank [ [c~J] = 8 > rank(Z) = 7, 

E~JET-1#~ 2. L J9TVJ.ffl z fll z 3 lUk1-J 
0 1 1 -1 0 1 -1 0 1 -1 -1 2 

0 0 0 1 -1 1 0 -1 1 0 0 0 

0 1 1 0 -1 1 0 -1 1 0 1 0 

Z==[-z]= 
0 0 0 1 -1 0 1 -1 0 1 1 -1 

c 3.3 0 0 0 2 -1 0 2 -2 0 2 1 -1 

1 1 1 -4 2 1 -3 2 1 -3 - 1 3 

1 0 0 -3 2 0 -3 3 0 -3 -1 2 

-2 1 1 1 -1 1 1 -2 1 1 0 -1 

-1 

0 

-1 

0 

0 

-1 

0 

0 
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[c ... l [ o 
1 1 -1 0 0 0 0 0 0 1 0 -I] 

z3 = ~3 .z = - ~ 1 1 -3 1 2 -3 1 2 -3 -1 3 -1. 

1 1 1 -1 1 1 -2 1 1 0 -1 0 
Ca.a 

ttr*.r±•¥~J J4=1.~ffl« 

24 
= [c •.• J = [o o o o o - 1 1 o - 1 · 1 1 -1 o

0
] . 

c •. z 1 0 0 - 3 2 0 - 3 3 0 - 3 - 1 2 

C4 .z B = [- 2 - 2 0 0] , rank [ [ W d J ] = 1 = rank ( W d ) , 
C4.zB 

~ti!IUEntm 2. ~fn~ilt 

zd = [ zd .• J = [ cd .•.• , ] = [ o o o 1 - 1 1 o - 1 1 o o o o J 

wd = [1 1 o o]. 
B.~:.fl c4 .z B= -2wd. ~.llittJJI:f:l 

c •.• =c4 .• =co o o o o -1 1 o -1 1 1 -1 oJ, 

C4. 2 =C4.2 +2Cd.I.9, = [1 0 0 -1 0 2 -3 1 2 -3 -1 2 OJ 

c4.3 = c4.2A = c-3 -1 -1 5 -2 -1 4 -3 -1 4 o -4 2J, 

#lltiiiE 

rank [ [c~J) = 8 = rank(Z), 

l!:tolitrrrfiYm 2. 2. lJil!1'-•l:f:l~:fl:to~~B9~"Pe.N::.fl~~B9~?tt~.m~ii 1. :=o, 
f;f-;t;;c:I:.~&:1-J 

J. 0 

fz 0 
/= 

! 3 1 

J. 0 

ifflllte z4 lJI zb tf~:1-J 

- [c···]- [" 0 0 0 0 -1 1 0 -1 1 1 -1 
~]. Z4 1 - -

-1 2 2 - 1 0 0 0 -3 1 -3 -1 2 c •. z 

z . _ [ zb J _ [ zb .• J 
b'- Z4 - zb.z 
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~ [~ 
1 1 -1 0 1 -1 0 1 -1 -1 2 

~~l 0 0 0 1 -2 2 0 -2 2 1 -1 

0 0 0 0 -1 1 0 -1 1 1 -1 

0 0 -1 0 2 -3 1 2 -3 -1 2 

lfi.ii 
w==w+1=2, l 2 := rank(Z4 ) ::: 2. 

i!-~tt•i'J /J=Lr~?tJtHli 

l'l [ 0 1 1 -1 0 0 0 0 0 0 1 0 

~ '] ZJ =:= c J.z - 1 1 1 -3 1 2 -3 1 2 -3 -1 3 -1 ' 

C3 , 3 -2 1 1 1 -1 1 1 -2 1 1 0 -1 0 

it• 

C3 •3 B=[1 1 1 0], rank[[Wd J)=2>rank(Wd)=1, 
C3.3B 

-~'IW~ 1. ~:i!1-.l:lH1J~~(I(J~Jtll!iU~~iiJ T -1-~~-A ,J9f ~ 12: /3 =O<:i!H>t~ 
it*:lt 1 et~7e~'-' o T) ,tf~ zd ~ wd '-' 

u 
0 0 1 -1 1 0 -1 1 

1 1 -1 0 0 0 0 0 

1 1 -3 1 2 -3 1 2 

1 1 1 - 1 1 1 -2 1 

~ ~ ~ -~]· 
-3 -1 3 -1 . 

1 0 -1 0 

[ wd J [wd.l J [1 
1 0 

~] wd == c 3.3B = wd. z = 1 1 1 

~.& v l=v+1=2,q2 =rank(Z3 )=3. 

SCB'87.3 Jflfij]1f~ 

13- nd - nb = 5 • -TI!~~-1- no X n (1()~12j: 

0 -1 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 1 0 0 0 

Zo = 0 0 0 0 0 0 1 0 0 0 0 0 o. ' 
0 0 1 0 0 0 0 1 0 1 0 0 0 

0 1 0 0 0 0 0 0 1 1 0 0 0 

~~ 
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0 -1 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 1 0 0 0 0 0 0 

0 0 1 0 0 0 0 1 0 1 0 0 0 

0 1 0 0 0 0 0 0 1 1 0 0 0 

s~ [~} 
0 1 1 -1 0 1 -1 0 1 -1 -1 2 -1 

0 0 0 0 1 -2 2 0 -2 2 1 -1 0 

0 0 0 0 0 -1 1 0 -1 1 1 -1 0 

1 0 0 -1 0 2 -3 1 2 -3 -1 2 0 

0 0 0 1 -1 1 0 -1 1 0 0 0 0 

0 1 1 -1 0 0 0 0 0 0 1 0 ~1 

1 1 1 -3 1 2 -3 1 2 -3 -1 3 -1 

-2 1 1 1 -1 1 1 -2 1 1 0 -1 0 

M=[ -~ ~ ~]. 
0 0 0 

-1 0 1 

~1n~JJJT~~Jii(J9~~c4~ ,BI ,C1) == <SAS- 1 ,SBW- 1 ,McS- 1) ,Jt~ 
-6 -3 -2 1 0 -5 -8 -8 -14 4 1 4 -5 

14 9 6 -3 0 9 16 10 28 -6 2 -11 8 

5 4 2 -1 0 3 2 1 5 0 3 -3 1 

14 11 7 -3 0 8 10 4 20 -3 5 -11 4 

23 16 10 -5 0 14 23 12 41 -8 5 -18 11 

0 0 0 0 0 0 1 0 0 2 0 0 0 

0 0 0 0 0 1 1 2 2 0 0 0 0 

0 0 0 0 0 0 0 0 . 1 -2 0 0 0 

0 0 0 0 0 0 0 0 0 0 -1 -1 1 

4 3 2 -1 0 2 6 1 8 1 1 -4 2 

0 0 0 0 0 0 0 0 0 -1 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 

4 3 2 -1 0 1 3 -1 4 0 3 -1 1 
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0 -1 0 0 

0 2 1 0 

0 0 1 1 

-1 2 3 1 

0 3 2 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

0 0 0 0 

0 1 0 0 

cl = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~]. 
0 0 0 0 1 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 0 0 0 6 

SCB tV. 4 Xd (I(Jflft ~ 

~~_t.~ xd ~~89f-.¥~e.~t£~:i:1: SCB ~- 3 ~~J689.¥~JflitJEfUIUJH.Rili 

*7·*M-~Jfl~r~~J689~~--A~-ili~·B9~~.re~~J689.¥~~~~~ 

:Jt!fl 
-6 -3 

14 9 

Aoo = 5 4 

14 11 

23 16 

-5 

9 

Aob = 3 

8 

14 

~.X b. I ~~B<J;/J~~ 

-2 

6 

2 

7 

10 

-8 

16 

2 

10 

23 

. 

1 0 0 -1 0 0 

-3 0 0 2 1 0 

-1 0 , Bod = 0 0 ' Boc = 1 1 ' 
-3 0 -1 2 3 1 

-5 0 

-8 -14 

10 28 

1 5 ' 
4 20 

12 41 

0 3 

4 1 
' -6 2 

Aod = 0 3 

-3 5 

-8 5 

2 0 

4 -5 
-11 8 

-3 1 

-11 4 

-18 11 

.Tb, l.l = xb.l.2 + 2yd.l , 
- -
Yb.l = Xb, I . I' (5. 3. 106) 



. 
xb.z.t = xb.z.z - 2yd.t, 

- -
Yb.2 = Xb.2.l ' 

. 
xb.z.z =- .rd.z.t - xd.z .z + .rd.z.J, 

~.rd. I ~ll~I¥J;IJ~1-J 
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(5. 3. 107) 

(5. 3. 108) 

(5. 3. 109) 

.id.l.t = [4 3 2 -1 O].ro+[2 6 1 8]xb+[1 1 -4 2].rd+ud.t• 

Yd.t =.rd.l.t. JI:Jii~~ .rd.z.m*I¥J;/J~ 

.id.2.3 = [ 4 3 2 -1 O].ro + [1 3 -1 · 4Jxb + [o 3 -1 1]xd + ud.Z• 

~ xd .m*I¥Jr~tff~.P.JfNI!II¥Jffl~.t&ffii~xb .m*I¥J$:fr!tl/l'~ • .ro tl!S:fri'l~iti£-

~:frfW. 

SCB tiT. 5 -~Xb 
*•~(5. 3. 72).-...~(5. 3. 76)~~(5. 3. 106).-...~(5. 3. 109) ,ftfi1~Jijx-J" Xb ~ Yb 

.P.Jf111¥J~fk1-J 

Xb,t.l = Xb ,l.l • Yb . l = Xb,l.l = Yb. l ' (5. 3. 110) 

Xb.l.2 = .rb.l.2- Xb.l.l -2 .rb.2.1' (5. 3. 111) 
- (5. 3. 112) Xb.2 .l = Xb.2.l - Xd.2.l • Yb.2 = Xb.2.l = .Yb.2 - Yd.2 ~ 

Xb.2.2 = Xb.2.2 + .rd.2.1 - .rd.2.2' (5. 3. 113) 

i!~iftrriiii¥J~~~• m~fk. 
1 0 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 0 0 0 0 0 0 0 

sb = 0 0 0 0 0 -1 1 -2 0 0 0 0 0 

0 0 0 0 0 0 0 1 0 0 -1 0 0 

0 0 0 0 0 0 0 0 1 0 1 -1 0 

0 0 0 0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 



120 ~·li.~M.J£~: tt~~tf* 

~ 
0 0 

~l 1 0 
Mb= 

0 1 

-1 0 
...... ...... - - - -

~~.E~~tff1-J<Az ,Bz ,Cz) : = <Sb A, Sb ' ,Sb B, ,Mb C, Sh') ,Jtrp 
-6 -3 -2 1 0 -13 -8 -24 -14 4 -9 -10 

14 9 6 -3 0 25 16 42 28 -6 16 17 

5 4 2 -1 0 5 2 5 5 0 3 2 

14 11 7 -3 0 18 10 24 20 -3 9 9 

23 16 10 -5 0 37 23 58 41 -8 22 23 

0 0 0 0 0 1 1 2 0 2 2 0 

Az= 0 0 0 0 0 1 0 2 0 2 2 0 

0 0 0 0 0 0 0 0 1 -1 -1 0 

0 0 0 0 0 0 0 0 0 -1 -1 0 

4 3 2 -1 0 8 6 13 8 1 6 4 

0 0 0 0 0 0 0 0 0 -1 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 

4 3 2 -1 0 4 3 5 4 0 4 3 
- - -- -
Bz =B, ~Cz =C, .!OC~:liH~~~IBJ/JN 

it rfl Aoo , Bod , Boc ~ lftJ-W ~ llJ riiJ • 
-13 -8 -24 -14 4 -9 -10 -5 

25 16 42 28 -6 16 17 8 

Aob = 5 2 5 5 ' Aod = 0 3 2 1 

18 10 24 20 -3 9 9 4 

37 23 58 41 -8 22 23 11 

~ Xb.l *tJ;k~;/)~1-J 

.rb.I.I = Xb.I.Z + Yh.l + 2yb.2 + 2yd,l + 2yd.2' Yb.l = Xb.I.I' 

.Z.b.1.z = Yb.l + 2yh.z + 2yd,, + 2yd. z , 
~ xh.z liJ;k~;IJ~Jg 

Xb.z.z =- Yd.I - Yd. z • 
~X d. I *tJ;k~;/)~1-J 

-5 

8 
1 

4 

11 

0 
0 
0 

0 

2 
0 

1 
1 

(5.3.114) 

' 

.Z.d.I.I = [4 3 2 -1 O] x 0 + [8 6 13 8]xb + [1 6 4 2]xd + ud .I , 

Yd. I =xd.I .I • ~ xd.zlll;k~;IJ~Jg 



.Td.2.J = [4 3 2 -1 O].ro + [4 3 5 4].rb + [0 4 3 1].rd + ud.2· 

lfl .rd lll~~r~tltet~~WTMm~~J:l:T o 

SCB 117• 6 bl.J:l:<5. 3.114)'flffl~ ud 

M. .rd ~z;IJ~1JW 'filii~ 

[
.id.l.ll [4 3 2 - 1 OJ [8 

Ud = - .To -
.rd.2.3 4 3 2 - 1 0 4 

6 13 8].r ~ [1 6 4 
3 54b 043 

~1tftAJ:l:<5. 3. 114) ,fl" 

X o = A oo .To + Aob.Tb + Aod .Td +Bod [~d . I. I]+ Bo. ii, • 
xd.2.J 

Jt'fl~¥J!~~ Aoo ,Aoblfl Aod liJ.1IltifJf:tfl*o 

s.(:B ~• 1 .M.J:t<5. 3. 115)'flffl~.Td.l.llfi.Td .2.3 

~)(-1'JT~~~~· 

(
.rd.l. l) io 1 = .To - Bod · • 

. .rd.2.3 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 -2 
[Is Sol = O 

To1 J 
Is ' 

To1 = 0 0 0 0 0 0 0 0 • 

0 0 0 0 1 0 0 -2. 

0 0 0 0 0 0 0 -3 

-2 0 0 0 0 -9 -5 -19 -10 4 -5 -7 

6 3 2 -1 0 17 10 32 20 -5 8 11 

5 4 2 -1 0 5 2 5 5 1 3 2 

10 8 5 -2 0 18 10 27 20 0 7 7 

11 7 4 -2 0 25 14 43 29 -6 10 14 

0 0 0 0 0 1 1 2 0 2 2 0 

0 0 0 0 0 1 0 2 0 2 2 0 

0 0 0 0 0 0 0 0 1 -1 -1 0 

0 0 0 0 0 0 0 0 0 -1 -1 0 

4 3 2 -1 0 8 6 13 8 2 6 4 

0 0 0 0 0 0 0 0 0 -1 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 

4 3 2 -1 0 4 3 5 4 1 4 3 

(5. 3. 115) 

-2 

4 

2 

6 

7 

0 

0 

0 

0 

2 

0 

1 

1 
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0 0 0 0 

0 0 1 0 

0 0 1 1 

0 0 3 1 

0 0 2 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

0 0 0 0 

0 1 0 0 

SCB tV. 8 ~ln .ro ~*09;/J~q:tm-* .rb.1.z ,.rb.z.z ,.rd.z.zln .rd.z .J 

tJjt,lJAJ q:t~ .rb.l.z ,.rb.z.zln .rd.2.3~*09~~.~fnm¥~J~~~fk 
5 0 10 0 0 0 2 0 

-10 0 -20 0 0 0 -4 0 
[Is Toz ]. 

Soz = O Toz = -2 0 -5 0 0 0 -2 0 
Is 

-10 0 -20 0 0 0 -6 0 

-14 0 -29 0 0 0 -7 0 

-2 0 0 0 0 6 0 11 0 4 -5 -3 0 

6 3 2 -1 0 1 0 2 0 -5 8 9 0 

5 4 2 -1 0 12 0 21 0 2 4 6 0 

10 8 5 -2 0 28 0 52 0 0 7 17 0 

11 7 4 -2 0 14 0 25 0 -5 11 16 0 

0 0 0 0 0 1 1 2 0 2 2 0 0 

0 0 0 0 0 1 0 2 0 2 2 0 0 

0 0 0 0 0 0 0 0 1 -1 -1 0 0 

0 0 0 0 0 0 0 0 0 -1 -1 0 0 

4 3 2 -1 0 12 6 23 8 2 6 6 2 

0 0 0 0 0 0 0 0 0 -1 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 

4 3 2 -1 0 8 3 15 4 1 4 5 1 



[Is 
SoJ = O T o3 J' 

Is 
T o3 = 

-2 0 0 0 0 

6 3 2 -1 0 

5 4 2 -1 0 

10 8 5 -2 0 

11 7 4 -2 0 

0 0 0 0 0 

As = 0 0 0 0 0 

0 0 0 0 6 
0 0 0 0 0 

4 3 2 -1 0 

0 0 0 0 0 

0 0 0 0 0 

4 3 2 -1 0 

SCB ~· 9 5}-. x. ~ x, 

- - -
~fBl~Jiii'J(J~t!f<A s ,Bs ,C s >PJ~ 

-2 0 0 0 0 

6 3 2 -1 0 

0 0 

0 0 

0 0 

0 0 

0 0 

6 0 

1 0 

12 0 

28 0 

14 0 

1 1 

1 0 

0 0 

0 0 

12 6 

0 0 

0 0 

8 3 

6 11 

1 2 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

11 0 

2 0 

21, 0 

52 0 

25 0 

2 0 

2 0 

0 1 

0 0 

23 8 

0 0 

0 0 

15 4 

3 

-9 

-6 

-17 

-16 

1 1 

4 12 

8 20 

17 45 

11 31 

2 2 

2 2 

-1 -1 

~ 1 

2 

-1 

0 

1 

1 1 

4 12 

-1 

16 

0 

0 

14 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

1 

0 

5 

' 

0 

0 

0 

() 

0 

0 

0 

0 

0 

2 

0 

1 

1 

0 0 

1 0 

123 

5 4 2 - 1 0 .To + 12 21 Yb + 8 20 Yd + 1 1 lie• 

10 8 5 - 2 0 28 52 17 45 3 1 

11 7 4 - 2 0 14 25 11 31 2 0 

riii ,JlH11Wlfflm 4 -~J.ll! 4. 4. 1 I'J(J!tHILtem~xt<Aoo ,Bo, >5}-fWJ& CSD ~A. tt•, 
<Aoo ,Bo,>i.t~~ 4. 4. 1 P.Jf~ili I'J(Jm~xt, EBA<4. 4. 8)PJ~rtt~~-AI'J(J~~~ 

(5. 3. 116) 
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1 0 0 0 0 

0 -1 0 0 1 

0 -2 1 1 1 

2 -5 1 1 3 

0 -3 0 1 2 

[0 1] ' To;= ' 
1 Q 

-2 0 0 0 0 0 0 

1 1000 00 

1::1= o o o o o [::]+LobYb+LodYd+ 1 o u •. 

0 0001 00 

5 -1 1 1 2 0 1 

<A~R ,Bo. ) ~PJ~ttmtt1-J { r1 ,r2} = { 1 ,2} .~IJJ.I;ffi"'i1-r ~t/flfl x. ~~~. 2:J!!4r ~t/f 
~if11U£1i/5-W~ l:tl. 

SCB ~· 10 !j!j~ 
~.g. JiJffi ~!t!i *,~111m JIJ T llii ~ ~~ ~Jffi A ,fil:tllfl~~~~~ll$: 

r ~ [ ~ 
1 -1 

~l 
0 1 

~l -1 1 

r ~ l: 0 0 
I ' -1 1 0 0 1 1 0 

0 0 0 1 1 0 

-1 -1 1 -1 3 -3 0 0 0 1 2 1 0 

-1 0 5 0 10 0 0 0 0 0 3 2 1 

0 -1 -2 0 -4 -1 0 0 0 0 0 0 0 

0 0 1 1 0 1 0 0 0 0 0 0 0 

0 0 0 1 -1 0 0 0 0 0 0 0 0 

1 -1 2 0 4 0 1 0 1 0 4 1 0 

r. = 0 -2 2 0 5 0 1 1 1 0 6 2 0 ' 
1 -3 7 0 14 1 1 1 2 -1 11 4 1 

0 -2 4 0 9 0 0 1 1 0 7 3 1 

1 -1 5 0 10 0 0 0 1 0 6 2 1 

1 1 0 2 0 4 0 0 0 0 0 0 0 

1 1 1 2 1 4 0 0 0 0 0 0 0 

0 0 2 1 6 2 0 0 0 0 2 2 1 

t£~i*~~¥ <SCB) ~!t!if*JT, :11:~~~~~ tit c-1 • .B. C)= <r ; 1Af',, r ; 1Br;. 

r; 1 Cf',)~ 



-2 0 6 0 11 0 0 () 0 1 1 0 

1 1 -2 0 -5 0 0 0 0 1 1 0 

0 0 1 1 2 0 0 0 0 2 2 0 

0 0 1 0 2 0 0 0 0 2 2 0 

0 0 0 0 0 1 0 0 0 -1 -1 0 

0 0 0 0 0 0 0 0 0 -1 -l 0 

A= 0 0 -1 0 -2 0 0 0 0 1 1 0 

0 0 10 0 16 0 0 0 1 4 8 0 

5 -1 -1 0 -3 0 1 1 2 5 13 0 

2 -2 12 6 23 8 1 1 2 2 16 6 

0 0 0 0 0 0 0 0 0 -1 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 

2 -2 8 3 15 4 1 1 2 1 14 5 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

B= 0 0 1 0 

0 0 0 0 

0 0 0 1 

1 0 0 0 

0 0 0 0 

0 0 0 0 

0 1 0 0 

C= o o o o o o o o o 1 o o. ~ 
0 0 0 0 0 0 0 0 1 0 0 01 

0 1 0 0 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 0 0 

~1GIUi~!A!., l'iJ v.J.ffl?i:~Et'I<J ~t!f~~ '** AllUt tH ?i: :lt~~~ 
.r. Xb.I .I 

Xc . l .l 
Xb Xb.I. Z 

X = r. ' Xb = ' Xc = Xc.2.1 ' xd = 
X c X b.2. 1 

.T (',2 .2 
xd .rb.2.2 

Xd.I.I 

Xd.Z.I 

xd.z.z 

.r d.2.3 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

1 

1 
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Y = r. (::), _ [Yd.I) _ [Yb.I) Yd- . • Yb- • 
Yd.Z Yb.Z 

lll x. lti*~I'J(]~~]Jfi~ 

x.=[-~ ~Jx.+[_: ~~]Yb+G ~]Yd• 

Xb.I.l = Xb.l.Z + [1 2]yb + [2 2]yd' Yb.l = Xb.I.l' 

Xb.I.Z = [1 2]yb + [2 2]yd 

Xb.Z.Z =-[1 1]Yd• 

lll x. lti*I'J(]~~]Jfi~ 

Xc.l .l =- [1 2]yb + [1 1]yd + Uc.l 

Xc.Z.l = Xc.z.z + [10 16]yb + [4 8]yd, 

(5. 3. 117) 

i .. z.z = [5 -1]x.+[1 1 2]x.-[1 3]yb+[5 13]yd+u •. z, 

ln Xd lf:I*I'J(J~~JJf'i~ 

id, 1• 1 = [2 - 2]x. + [12 6 23 8]xb + [1 1 2]x. 

+ [2 16 6 2]xd + ud.I, 

id.z.3 = [2 - 2]x. + [8 3 15 14]xb + [1 1 2]x. 

+ [1 14 5 1]xd + ud.Z· 

JAJ;1...ti'J(J!ti~?tfWPJ 1;1m~J&fi" lli, ~)E~tlfi'J(J Morse ~~ttifi, PJ :19!!ti~ J;1Jkx 
Ill~ .¢.i. !ti ~ ~ 

s: (}.;) = lz = { r1 , rz} = { 1. 2} , 

St (}.;) = 13 = {li ,lz} = {2,2}, 

S! (}.;) =I.= {qpqz} = {1,3}, 
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~~-~~.ftfi~MW-~~$Fm~~~~---~-~*···-~S~ 
<SCB), ii!~x-J"PJT:fl~~flll*·r~M~Mfl:M WFm~YEIY1 o Af**lJL it:~!:~ Jtriti 
~~~Fm~!il~•• ~. 

{
.X= Ax +Bu, 

(5. 4. 1) 
y=Cx+Du, 

Jt~,xE R",uE Rm lnyE R~ :~!:~ ~~~,tljj'A®.Wo :::t'9i=-~fl:,flUi[B' D']® 
[C D]~:i:ti.fA:~ o 

~~Fm~!il~--~-~*rldM-~t;f-.<SCB>® 5. 3 ~'P~Fm~!il~--~t&Jt 

~{I;.{ .f§.~ilf~lillffl 'P .#:::t'-~re.:r•• Xb ® X c *•i!Jffl*H~' w•~re®M~· 
·:::f'~~-~~~~jc~T·· x . J!:i£-iJ;.it!!.*•iJJ~~,II(QJ'jt~~(dii(QJ'jt:::{'§~)liJ:::f' 

~~~~~~PJTx-tlill~.:r~~oftfire~@~~-~~roo~~~'Po 

li!J.I s. 4.HSCB) Mrlil.lt<5. 4.DM~~-- ~ .ff~~~~#~~~--W®.A 

~~ r .- ro ® ri.reM~~ ~*•i!J 6 -1'-T~I'BJo ~@-T~fBJ7i;~titl£7:fli!R®~I!Il~ 
~-~~!JJ..·a~PJJ9!M~o 

~~~~-•A®•w~~lilroo~-m/Jfltitl£: 

y= 

X = f', X' y = f' 0 Y' U = f'i U ' 

x . 
x. 

Xb X z 
i = ' x . = X~ ' x d -

Xc 
X~ 

x d Xmd 

Y1 
Yo Uo 

Y z 
Yd ' Yd = ' u = ud ' 
Yb Uc 

Ymd 

.X-; = A;;;. x-; + B o. Yo + L~yd + L ;;i, yb, 

x~ = A~. x~ + B~. Yo + L~dYd + L~bYb, 

.X~ = A;t. x~ + B ci. y o + L~dYd + L~bYb , 

ud = 

Xb = AbbXb +Bob Yo + Lbdyd • Yb = Cbxb' 

(5.4.2) 

(5.4.3) 

(5.4.4) 

(5.4.5) 

(5.4.6) 

(5. 4. 7) 

(5.4.8) 
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i c = A cc .rc + Boc Yo + Lct.Yh + LcdYd 

+ Bc (E ;.;,.r~ + ~ . .r~ + E ;1~.T~ ) + Bcuc' 

Y o = C0,. .1·~ + C'6 • .r~ + Cc;,. .r; + Coh.Tb + C oc.Tc + Cod.Td + Uo • 

M4'if1- i=1,2,··· , md , fl 

X;= B'l; ( U, + E -;;. .r~ + £'? • .1' ~ + £ ;~ .1'~ + E;b .l'b + E;c.l'c + E;d.Td) 

+ A";.r , + L;oYo + L,d yd, 

y ,=C'I;.l',, yd =Cd.rd. 
md 

(5. 4. 9) 

(5. 4. 10) 

(5. 4. 11) 

(5. 4. 12) 

j!lf! .~~ .r;· ,.1'~ ,.1'~ ,.l'b ,.l'c ~ .rd l'f9£tfk7HJ1J:J! n~ ,n~ ,n: ,nb ,nc ~ nd = L.:q, , lffl~~ .1' ; 
i= l 

1'19 !tfkX;f 4'iff- i = 1, 2, ••• ,md :J! q, o ~Jttj ~It Uo , ud ~ Uc 1'19 £t fk 7HJIJ :J! m o , md ~ me= 

m-mo -md,lfflfitf:l~lt y o ,yd ~ Yb l'f9£tfk7HJIJ:J! Po=mo,pd=md ~ pb=p-po -Pdo 

~~ A'l, ,Bq; :fll C,/; 1'19mJ:t:.t! 

[0 lq -- 1 J [OJ A9 = ' , B,1. = , C9 . = [1,0,···,0]. 
' 0 0 . 1 . 

(5. 4. 13) 

113l~ .1' , ,i= 1.2. ••• ,md IV. q,~qi + l l'l91fJ:\fl~?~ , JilU~It$ L,dl'l9mJ:t:J! 

L,d = u .. l e •. 2 •• • e •.• - 1 o ··· o], <5. 4. 14> 

;lt!fl ,Jifii-fi:fe~~~. lfflllfi .l(A,;,; )CC- ,,l(A~. )CC0 ~ HA! )CC+ o lii)f-f .~fflfi 

(Ace , Be) :J! liT~ 1'19 ~ <Abb , Cb) :J! liT%\'. ffJ o 

iiEM ~~~~YEIIA ,ff:(£~1:~~1'19~~ U ~ V .~~~ 

UDV = [ I~o :J. (5. 4. 15) 

;ltt:p ,mo :J!~jr!f D 1'19~ o ~~_t 'liJ :i2t; U ~ iE3e~lf!f o ~~-Aifi ,:f£*1311! .~Jflmlii 
~It$ D Jt.:fl1fN < 5. 4. 15 >:.bill (f]mJ:t o ;:\ < 5. 4. n J9TWi~(fJ ~~~liT VJlfi:~~ ~ 

(5. 4. 16) 

(5.4.17) 

(5. 4. 18) 
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~tHlUElll! 5. 3. 1 09~*, llJ l~H~iiHI:~:}t 09~~ ,.Afll. ttl~~ r . , r i f!lr o, X>t F 
.m i£9ltl*'~ 

{

.X= A 1x+B1 u1 

. (5. 4 .. 20) 
y 1 = C1x 

~Jl~~?Hf~,;Jt~ A, ==A-BoCoo ~tHW~ 4 -~lll! 4. 2.1 09~*· llJ;Jf x. ltt-$:7)

iliiJ x; ,x~ fa xt , EB Jltlij"~~lll! 5. 4. 1 09~ :~1i!:o • 
~Tsoo09~m.~nre~09~~*••~d~~~~09~~~ 

it~ 

A= r;;-' Ar. =A, + BoCo 

A~ 

0 

0 

0 

B,E~ 

BdE d. 

Bo. 

m. 

0 

A~. 

0 

0 

B.~. 

Bd~a 

0 

0 

A+ ... 
0 

B,Et, 

BdEl 

L;:bcb 0 

L~bcb 0 

L~bcb 0 

Abb 0 

L,bcb A ce 

BdEdb BdEd, 

B~ [ J + CO. C::. Cit, Cob Co, Cod , 
Bob 

Bo, 

Bod 

Bo. 0 0 

m. 0 0 

B = r ; 'Bri = [Bo B. ]= 
Bt. 0 0 

Bob 0 0 

Boc 0 B, 

Bod Bd 0 

[c;, c::. Cit, Cob 
c = r - 'cr = [Co]= o 0 0 0 

0 ' c 
' 0 0 0 ch 

[I~, 
0 

~l D= r - 'vr = D = 0 0 I !' 

0 

Add = Aid + Bd Edd + Ldd Cd 

L~ Cd 

L~dcd 

L~ Cd 

LbdCd 

LroCd 

Add 

(5.4.21) 

(5.4.22) 

Coc c .. ] 
0 cd , (5.4.23) 

0 0 

(5.4.24) 

(5.4.25) 
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X;j"~@jt:fl)!~!tU'ii'J9~1it~~ Ldd~ Edd~il..~:fl 

A;d = blkdiag {A • • A. , ···,A. } , (5. 4. 26) 
I 2 "'d 

Bd = blkdiag{B. ,B. ,···,B. }, Cd = blkdiag{C •• c. ,···,C. },(5.4.27) 
I 2 '"d 1 2 md 

:it 9=', <A.i .B.i .c.;) :mJ,}:\ (5. 4. 13) Wf~ )C 

-~~~~~MW~W*~B9:1:~ttao~m~fi~.~@ttai'J9~~~~~-~ 

liPMWo 

t!E.Il s. 4. 1 M~ ~t!t: 4 :1! ~AAI.I'J9 < ~~IlO, ~ ll & ~ ~j{tf X>t <Aob~ , Cob• > :1! ~ AAI. < ~ 
~~)I'J9 ,jt9=J 

[ A •• A ·-ob··- BE A:J. 
[Co. c ·-ob• •- E 

Coc]. 
c ca da Edc 

[K 0 

~l A. •~ ~- A~ Co. := [C~ Co. C~ J. 

0 A+ .. 
Ed. I= [E d". £0da Ed~ ], Ec. :=[E.;;. ~. E :.]. 

[
Bo. L.d J' B := 

con Bob Lbd 

r!~] ~~~] ~~~] 
Bo. : = ~~: , L.b : = ~~: , L.d : = ~~ . 

~{ll.{Jt!! ,4 :J! ~ft ( ~f1(~) I'J9 • ~ Ji & ~~~X;j"(Acon • Boon) :J! ~ft( ~fA~) I'J9 o 

(5.4.28) 

(5.4.29) 

(5. 4. 30) 

(5.4.31) 

(5.4.32) 

t!E.Il 5.4.2 !IH~*~-tt!~,l:\!t!!MW T 41'19~~~-~~'iit~~.A.f*:fl~~tta: 
1. H(s) I'J91it~~~T mo +md o 

2. 41'19~~~-~;l!A ..; I'J9~U£{l,:J! A,: ,A~.~ A:.; ~ID:{li'J9~fHto 

~~.4 :J!:IiifJ\lfJ{lL,~ll{)[~ n~+n: =0; ~9I~it:J!~I::IiiJJ'lHUlo 

~T B.~*f+$:1:~~~~-~.~ X. :1!-1-~1:~:1\'!~!k~~. ~~re A .. ~!k¥1J 

,l:\(2. 3. 39)Wf~I'J9 Jordan ;~&m:m.I!P 

X~ 1 A •• X. = 1 = blkdiag{]l ,]p···,Jd, 
jt9=J ].,i= 1,2, ·•• ,k,;J!-@ n; X n; 1'19 Jordan~, 

. [0 I. -I] ]; = diag{a;,a;,•••,a; }+ 
0 

~ . 

(5.4.33) 

(5.4.34) 

X;J"{ffiiJM~I'J9 aE .l(A .. ), "i2: A .. :fl r. 1-~ a lH~~ 1'19 Jordan~ o ~ n •. I .n •. 2 ... ,n •.•• :J!4i}1-

Jordan ~1'19!tt'i ,9{~ft1J1iji a :1! 41'19-1-~~~-~ ,Jt:fl$:1:!15~ S.* (4)(~ ~[115]), 

s:(4) = {n •. I,na.2• "',n •.•• }. (5. 4. 35) 
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'· 
a B<JJLfPJ:I:flit~ r •• a B<Jf-tf£:1:1'£~ ~ n •. ; a 

i = l 

TOOB<J~f:t~lj 11!11 T 2: B<Jilll~~.?.i: (blocking zero) B<Jf:tmi<~ .!li!. Chen ~[zs J ). 

~Jl s. 4. 3 1Fli2: IE 3!: < 5. 4. I>~~ B<J ~tft 2: ~ llJt-Ho 1tJ ~B<J. !JIIJ --t-f,f-ftJrf£ a~ 
2: B<Jil:ll~~.?.\ ,(!p H(a) =0, ~J:l-{)t~ a ~2: I'I<J~~~.?.\ ,J't.:ff JLfPJ:I:flr. =mo +md, &it 
~ H(s)I'I<J1jt~fk. 

O)Jg 

M~*-&11J~-ffiM3·~~~B<J2:B<J~~~~-~.TOOB<Jftmtm~T~-~. 

~Jl s. 4. 4 2: J't.1f mo =rank<D> -t-~ llfl'B<J~~~ .?.\. 2: I'I<J~~~ .?.i:M#J < l!fl"?X::k-'f 

s;: (2;) = { qpqzo ... ,q.,d } , ( 5. 4. 36) 

RP4il:-t- q; flHill-'f-1' q; ilfl'I'I<J~~~ .?.i:. ~§Jij:lf!!., xtF~ iE!JIU SISO ~tft ;r,~fl11f s;: <2:> = 
{ ql } 'Jt ~ ql ~ 2: B<J ll'l xt ~ 0 ~0 * mo = 0 fO ql = qz = ... = q,.rl '.!OC mo #- 0 fO s: ( 2:) = 0' 
!JIU~~~tft 2: J't.:ff-~fk(uniform rank) . 

~~~IHT-~<SCB> i;H~M !)ii'I<J:IJ3!:-ffi T ~~~tft 2: B<JitJ ~M#J. 
~Jls. 4. s ~~ ~tft :r ~tim ~B<J, ~ J:l& ~ .rb <IN Jlt Yh >~ff.::(£; ~ti..llJ ~B<J, ~ 

J:l & ~ .r c < f!;1 Jlt u c > ~ ff. ::(£ ; ~ 1tJ ~ B<J , ~ H f~ ~ .z·b f1l .r c ~ ~ ff. ::(£ • lffl J:l , 2: ~ :iiHt a~ 
(degenerate),~ J:l-{)t ~ .rb fO .r< t'J)ff.::(£. 

M~*•re:rB<J~~~OO*~•JL-t-~~I'I<JB*.~~k.~~~0011J~~*M1-1 
X= x.-EB X~ EB x.+EB XhEB XcE:B xd. (5. 4. 37) 

~ m. , x; f!l m ~ B<J ~ ~ ~ .?.i: ll'l-* !fX , RP A:., B<J ~ {iE m ~ :r B<J m ~ B<J ~ ~ ~ .?.i: • ~ fr.t :tm, 
~~~*~~:rB<J&-'f~wm~f!l~•~~-B<J~~•~li'I-*U.~-:noo.~~ti 
ltJ ~ M #;] ll'!.* , l!P ~ J:l -i>t ~ X h = { o } at , ~ t1t Jl ti llJ ~ B<J • lffl X c fO ti..llJ ~ :f!:l .* , l!P ~ J:l f~ 
~ Xc = { 0 } at , ~ tJt ~ ti..llJ ~ B<J • :ft !§ , X" fO 2: ::(£~~:iii; :9.1: B<J ~ .?.\ ll'i.* • 

IEM~*·~~~B<J~~tltf!l*#~~JLfPJ~~OOZOOff.::(fli'J~B<JU~.TOOB<Jtt 
miiiEIIAT ~®U~. 

~J.i 5.4.6 ~~ 3. 7. 2 ~~~ 3. 7. 4 ~~~B<JJLfPJ~~fBJ~: 

1. x .- EBX~ E:BXc 5!EnltV (2;) 

2. X,+ E8Xc5!EliltV' (2;) 

3. x .- E8X.0 (BX;' E:Bx, 5!Enltv- <2:> 

4. X,' E8XcE8X" 5!EliltS (2;) 

5. X.- Ef)X~ E8Xc E8X"5iEJiltS 1 
(2;) 

6. XcE8X"5iEJiltS' (2;) 

7. Xc 5iE Jilt R • ( 2:) 
8. X. E8X~ E8X ;" E:BXc E8X"5!E!iXN' (2;) 

~l.i s.4. 1 ~~ 3. 7. 5 ~~~B<JJLfPI~~rBJs. <:r>f!lv.<:r>ltJ~it•J-J 
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{ I
).} -A., o o 

0 ¥ 1,. 0 
~(~)=im ~ 0 0 ~ 

0 0 0 

(5.4.38) 

im{YIM} = ker[Cb<Aub+KbCb-AJ) - •], (5. 4.39) 
jt~, Kb ~fffilJ :ft.:ff ~ ~~f£1¥1~11$, tfl1l ,IE A ~~A bb + KbCh I¥J~i!E {lL R ~ CAub, Cb > 
~PI ~1¥1, l!f-F 1¥1 Kb ~.~-~f¥:(£ o 

{ l
x ... 

v. (];) ~ im r, ~ (5.4.40) 

jt~ '~II$ x ... 1¥1:9tl%nX 7 -T~fa] 

{ ~. E C"· l <AI -A"" >~. = o} (5.4.41) 

X,,:= <A" +B,.F,- A]) -- 1 B , , (5.4.42) 
jt~.F, ~fffilJA:ff~~~f£1¥1~1!$.tflll)E A~~ Ac, +B, F, I¥J~fi{lL !fflf-F,R :l~HAc, , 

B,) ~ PI~ 1¥1' ~ ff :(£ l! ¥-F 1¥1 F , 0 ~ ?& ' ~0 * A ft A (A"" ) ' 8,A: :ff v, ( ~) c v X ( ~) 

fi]S, (~) =:JS' <~> o 

ftiDffl~OOI¥JM-T*~~~ki¥J~~tt~ o 
fJtJ 5. 4. 1 NiX~ mtffftJ 5. 3. 1 1¥1 ~~~,en~ mt- 1-~!!*lm:ldll CA .B ,C, D>, jt ~ 1¥1 

CA,B,C>fl]{9tj 5.3.11¥J:ff:llff],D=Oo :(£ffftj 5.3.1 ~Bt2~~¥1J7tE~;E~~~~¥1J~~~ 
ttt~cscm 1¥1/Yf~~~ 0 1g 7 it1f~f* JLfilr -T ~ rBJ. ftfn~~f!J m J:E:ti 4. 2. 1 1¥1 ~ ** 
:itt:-~%ffl¥fll .r, :ff:I~I¥J-T ~~, I!PA< 5. 3. 117> o ~~IJJ!k, :ff~OOM .r, 1¥1-T~~, 

x , = [ 0. 9487 OJ [.r:]' 
-0. 3162 1 .r, 

:f4ftE .r, 1¥1 ~~~~¥!J xtJfl %A, I!P 

[
.i-;- ]= [-2 OJ[.r;: ]+[6.3246 11.5950] +[1.0541 1.0541] 
.i-~ · 0 1 .r; 0 - 1. 3333 Yh 1. 3333 1. 3333 Yd· 

~fH¥~~iiEl±l .~ret~ liT~ -tlL~ liT~, 't :(£- o. 618 fiJ 1. 618 ];t;f;i ~% ~IJ :ff ];t;f;i 1- ~PI ~:m 
~ ,:(£ o ~:ff -1-~liT~:m~ ~ ~;£~~ ~ A:ff'lit~t'k 2 ,:(£ -2 :ff -1-~;£1¥1~~~.~, 

:(£1:ff-1-~~J;EI¥J~~~~o't:ft.:ff~~·~~~ 

s,:, c~> = {1.3}. 

~ jg .rh fiJ .r, ~IHtH'1.:f£~~%/m ~, * ~ret~~;tt liT :12, m~~tc liT :12, I!P ~-1-ilHt* 

~o~l¥l~~JLfilJ-T~~-~M~~%fm~mm~.'t:ID~ 
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-2 0 0 0 

-3 0 0 0 

1 0 0 0 

0 0 0 0 

0 0 0 0 

4 1 0 1 
v- (~) = im 2 1 1 1 

6 1 1 2 
2 0 1 1 

4 0 0 1 

2 0 0 0 

2 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

0 0 0 0 

1 1 0 1 
v+ (~) = im 2 1 1 1 

3 1 1 2 
2 0 1 1 

1 0 0 1 
-1 0 0 0 

-1 0 0 0 

0 0 0 0 

-2 1 0 0 0 

-3 0 0 0 0 

1 1 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

4 1 1 0 1 
v· (~) = im 2 2 1 1 

6 3 1 1 2 
2 2 0 1 1 

4 1 0 0 1 
2 -1 0 0 0 

2 -1 0 0 0 

0 0 0 0 0 



134 **. •ti. ,f. t.V.! ie : tk l'H)- ... * 
- 1 0 0 0 1 2 1 0 

0 0 0 0 0 3 2 1 
-1 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

-1 1 0 1 0 4 1 0 

s- (,!) = im - 2 1 1 1 0 6 2 0 

-3 1 1 2 - 1 11 4 1 
-2 0 1 1 0 7 3 1 
-1 0 0 1 0 6 2 1 

1 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

0 0 0 0 0 2 2 1 
-2 0 0 0 1 2 1 0 

- 3 0 0 0 0 3 2 1 
1 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

4 1 0 1 0 4 1 0 

s+ (,!) = im 2 1 1 1 0 6 2 0 

6 1 1 2 -1 11 4 1 

2 0 1 1 0 7 3 1 
4 0 0 1 0 6 2 1 
2 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

0 0 0 0 0 2 2 1 

0 0 0 1 2 1 0 

0 0 0 0 3 2 1 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 0 1 0 4 1 0 

s· (,!) = im 1 1 1 0 6 2 0 

1 1 2 -1 11 4 1 
0 1 1 0 7 3 1 

0 0 1 0 6 2 1 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 2 2 1 



~5- .iE. J•J ~ t;;t 6lJ 7)- .... 135 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 1 

'R • (l:) = im 1 1 1 
1 2 

0 1 1 
0 0 1 
0 0 0 

0 0 0 

0 0 0 

-2 -1 0 0 0 1 2 1 0 

-3 0 0 0 0 0 3 2 1 

1 -1 0 0 0 0 0 0 0 
·. 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

4 -1 1 0 1 0 4 1 0 

N* (l:) = im 2 -2 1 1 1 0 6 2 0 

6 -3 1 1 2 -1 11 4 1 

2 -2 0 1 1 0 7 3 1 

4 -1 0 0 1 0 6 2 1 

2 1 0 0 0 0 0 0 0 

2 1 0 0 0 0 0 0 0 

0 0 0 0 0 0 2 2 1 
-2 0 0 

-3 0 0 

1 0 0 

0 0 0 

0 0 0 

4 -4 -3 
vl (l:) = im 2 -2 -1 ' ;\ =- 2, 

6 -2 -4 

2 2 -1 

4 0 -5 
2 0 0 

2 0 0 

0 0 0 



136 ~ ·ti i. !V.! ~ : tHfJ ~ Af * 
-2 0 2 0 0 0 1 2 1 0 

-3 10 10 0 0 0 0 3 2 1 

1 -5 - 4 0 0 0 0 0 0 0 

0 1 1 0 0 0 0 0 0 0 

0 -1 0 0 0 0 0 0 0 0 

4 4 4 1 0 1 0 4 1 0 

S, (4)=im 2 5 5 1 1 1 0 6 2 0 ' ,\ = 1. 
6 15 14 1 1 2 -1 11 4 1 

2 9 9 0 1 1 0 7 3 1 

4 10 10 0 0 1 0 6 2 1 

2 4 2 0 0 0 0 0 0 0 

2 5 3 0 0 0 0 0 0 0 

0 8 7 0 0 0 0 2 2 1 

~ffl11~¥1J ,,\= -2 ~ ,\=1 )HjiJMJ.iiZT 4 i'J<J~~~~~~i'J<j~~~.~D 

roo, ~ffJM 5. 4 1J !9f~ ill i'J<J-M~FF~ iEJJ!tl ~ MC~~*ftt~ <scm i'J<J !9ffi tt.m!:ill: 
frF~i'J<JiiEIIJL :1-JTfOi!'f!~JA!.,f.!:!~9c-Mtt,.5oo~®i9:~~~Mf 4 E.~!i~~JV(;~ 

J1l! 5. 4. 1 i'J<J%:r\ ':!!l1:~~:r\ ( 5. 4. 21) ~ :r\ (5. 4. 24) i'J<J ~lt%:r\' ~p I A . 

L,~o Cb 0 L.dcd 

0 Abb 0 LbdCd 
A- + BoCo, 

BeE co Lc~o Cb A ,.c Lro Cd 

BdEd. BdEdb BdEdc Add+ BdEdd + Ldd Cd 

[B,, 0 0 

J _ Bolo 0 0 
B = [Bo B, -

Be Boc 0 

Bod Bd 0 



Bd = blkdiag{B,, ,B,, ,···,B,, }, Cd = blkdiag{C" ,C,,
2

, .. ·,C" }, 
1 2 m0 I md 

;tt 9=t A,; ,B,; :fll C,,; , i = 1. 2, ... , md, ~ll.lt< 5. 4. 13) J!Jf~5C 

tt.IM 5. 4. 1 tf.Ji.iEIIJJ ~5( -1'-~~& ~~ _M~II$ F jJ 

~· 
Cob Coc 

F =- da Edb Edc 

CA 0 0 

JJ!tl:ff 

A+BF = 
o Abb 0 

0 Lrh Cb Ace [

A.. L,bCb 0 

0 0 0 

tt~¥Jj <Arc, B e ) :Ji!: liJri I'J<J, JJ!tl MfffliJ .l E C , tl):ff 

rank[ A+ BF - ,l[ 

c"'] E;d , 

L.dcd I 
LbdCd 

LrdCd · 

A.id + LddC 

[
A.. L.b C" J [ Bo. L.d J 

Aeon = A ' Bcon = [BcunO Bcon l J = • 
0 hb Bob Lbd 
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(5. 5. 1) 

lllJB1it~iiJ <Ad:l, Bd ,C) I'J<J~~~f1J ,¥tliJ ~1itiH~¥Jj, ~ li {)[~[Aeon- .ll B,-onJ~:Ii:k 

fkBt,[A+BF-H B]:Ji!::li:kf;L ~!g~JI 3. 8.1.~lif~~<Acon'Bcon)~liJri<liJUi 
~) Bt, <A,£):}! liJri<liJU{~) l'fJ o 

~ M !t!!. , liT ~ iiE !YI , ~ li f~ ~ < A ob, , Cb, ) :;!! liT %11. < liT f& iY!~ ) B1 , < A , C ) ~ liT %11. < liT ~ 
jY!Ij) I'J<J 0 • 

tt.IM 5. 4. 2 l'f.Ji.iEIIJJ ~5(,& ~~_M~II$ F ~ll.J:\C5. 5. l)J!jf~ .~:±li1tA~_M~II$ K 1g 

(5. 5. 2) 
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[A. 0 0 

)J - 0 Abb 0 
A~ A+BF+KC+KDF ~ ~ 

0 A" 
0 0 

[~ 
0 

H B = B+KD = 
0 

0 

Bd 

~ 
0 0 

~·] C= C+DF = 0 0 

cb 0 

b = D = ~~~o : : 1· l 0 0 0 

~~~ ... 0 

iHs) = C<si- /\)-1 i3 + b = l (5. 5. 3) 

1 

1 
(5.5.4) 

1 

normrank{ H(s) } = normrank { H(s)} = m o + md. 

fir*, ffl ~J.!I! 3. 8. 1 fri~J.!I! 3. 8. z PTr.o .1: frli t'J<J~~~lH~::flJfRl B9. ~HtHxtt~ 
tJt~~~.~aqj;£)( .~ll:W: 

[
A- ai !3] -

rank _ _ < n + normrank { H ( s) } = n + m o + md , 

C D 
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liltl!'Hf,lt a £ia9-1-~~~-~ o lii]B;f, tl:!:¥1J <Aid ,Bd ,Cd) B9~~~#;J~ <Abb ,Cb )~ jjJ 

~aq, <A" ,Be>~ jjJ~aq$~ ,ftffl:ff 
' 

[i\ -a/ 
rank{P>:(a) }= rank C !] 

A •• -al 0 0 0 0 0 0 

0 Abh- al 0 0 0 0 0 

0 0 A ce -a[ 0 0 0 Be 

=rank 0 0 0 Add- al 0 Bd 0 

0 0 0 0 1,0 0 0 

0 0 0 cd 0 0 0 

0 cb 0 0 0 0 0 

= nb + nc + nd + mo + md + rank {A •• - al } . 

~~, ~H ~ ~ aE -\(A •• > B;f, P>: <a> B9 f'kM r n + mo +md o IN .lit ,i;aq ~ ~~.~,~~fit 
it!!,.~ aq~~~-~ E8 A •• B9~hl:«£f!Jflk:)E, ~~-\(A:,; ) ,-\(A~. )~ -\(A:,; ) B9~it o E8 .llt%mt 
T ttmt s. 4. 2 B9iifJ1JL • 

~Jl S. 4. 3 tfliiEIIJJ E8 )E)( .a~~ B9-1-llli·~-~, !:'*fr P(a) =C<al .. - A) - 1 B+ 
D=Oo ft1fl)E.)( 

[wt W z ••• w,] = lm 

z , = (al ,. -A)- 1 Bw,, i = 1,2,···,m. 

~~~~. (z~ .w~)' ,i=l ,2,··· ,m,~filiJ{fL#t.fli,@ 

f!JT !:.La~~ B9JLfiiJ1ti:f£J;J r. B9~~~ .~, :Jf:nlij JE ~14 r.~mo + md o 1fl.~:tUHlh. >mo + 
md, ~~~~~-jj£PJJ .~ ~~jjJ~ -lli.~jjJ Xlt, ~ ~ ~ jjJ~ ~ jjJ X!tB9fN i9::t1J * ~ o IN .lit, '• = 

Jt lfl Z; 'i = 1, 2' ... 'm ~~tt~!I!JL B9 0 ~ ffH£fti oo-lli.:iff-iiEPJJ tWit i = 1, 2' ... ,m ~~tt~!I!JL 

B'-J . tJ 96 ,ffil\9: w; ,i= 1,2, ... ,m .~~ii:t1J*B9 ,Jjlljf¥{£'/tf£ c, ,i= 1,2, ... ,m, f9!~~ 
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m m 

Z o = .2: C;Z ; =f=. 0 ftl W 0 = .2: C;W ; ~ 0. 
i = l i= l 

(ai.,- A>zo = Bwo = 0 ftJ Cz o + Dwo = Czo = 0. 

IN .Lit a~ :r B<Jflfi ilifWM~ .~, £:j :r ~ llJ~IlJ~B<J®i9:.fH:f-!@ o :l!itiiEilJJ 7 w; , i= 1, 2, ···, m 

~ ~JHi ~ .1z: B<J 0 ~ oo 5tt m 
P(a)[wl W2 ••• Wm]=[C(ai.,-A) - 1B+D][wl W2 ••• wm]=O, 

:l!:l'*ff P(a) =0 ,19f r.t a~ ;r B<JIIll~~-~ o • 

~Jj[ 5. 4. 4 tf.JiiEI\ij E8~J.I3. 8.1 ftl~J.I3. 8. 21lJ~i.:r fni:B<Jx~~-~~.f§lii.IB<Jo 

.m~:i\<5. 5. 3)ftl:i\<5. 5. 4) .~ JR.iB<J .~:f~fft1q :r B<J, ~?XiW;r o B<J~~~A1q 

S! <;r) = S! (i;) = {ql ,qp ••· ,q'"). 

li'iiili~:r :fl m o 1-~~x~~-~0 • 
~Jj[ 5. 4. 5 tf.JiiEP,ij liilfF~,m~~J.I 3. 8. 1 fn~J.I 3. 8. 2, ~ 13. & ~i~H (s) ~ ( ti. 

~tl • ~tiS~~) liT :12111 ,;r ~ H (s)~ ( ti.~tl, ~tiS~~) liT l9! B<J o ti.&l" 5. 4. 5 B<J~1i:'= liT 
J:Jb\:i\< 5. 5. 3) ~ B<J-ffli!HEil'i ~~ ili o • 

~ JJt 5. 4. 6 tf.J iiE 1\ij ft ffl .R M v· < :r) B<J JL ffiJ -=f ~ IHJ B<J ~ t1 :ilH'T iiE I!JL llP 

j 
I.. 0 } 

v· (;r) = x. EB Xc = im r , 
0 0 

. 
0 I .. , 

0 0 

IN 1q~~ ~tit :r B ®i9:1qrtiftJ :5t!W B<J -m :it. 19T r.t r, =I .. o .m ~ ~ J.l 3. 8. 2, v· t£ ff ffiJ ~ 
ili i1t A~~~~~ B<J o ftffl~fHilliil:i\ < 5. 5. 2) M~ B<Jttd ttl 11lAJt ~m!I* K, !JliJ llJ~i I A .. 

0 0 

AMXJ 
- 0 Abb 0 
A= A+KC = 

A ce BeE c. 0 

BdEd. BdEdb BdEd, 

0 0 

~,] f3 = B+KD = B = 
0 0 

0 0 

0 Bd 

~i~ E8 <A ,[3 ,c ,D) 19T;&~B<J ~tit ,!JliJ .R~iiEilJJ 
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j [/" v· d:> ~ ;m
1 

:· 1~. ] f· 
gtey !;..(1t:7HiEIYJ v· <~> B<Jtt.&L 

1t J't~ll.J:t< 5. 5. 1 >~~f-f~~--1-~~ F, !J!U ey~~ 

[A. 0 0 

}J • • 0 Ahh 0 
A+BF ~ ~ 0 A •• 

0 0 

C+DF ~ [: 

0 0 

~1 0 0 

ch 0 

~i~~ ~Jil, xHffiiJ 

w !: E X. (B X, ~ ;m :· ~m· 
ftffl:ff 

~. 

0 
~= 

~. 

0 

A .. ~. 

E ;m{ 
1,/\ 

~:.J}~ x. (BXoo cA. +BF>~ = 
0 0 

A,. ~, 0 

0 0 

!;..(_& 

<C+DF>~= 0. 

H~.x. Ef)x, ~ lR" 9='B<J<A+BF>-~~f-:2fBJ,:Jf§.*tE ker<C+DF>9='. tiM 
v· a<J~)( .~ffl:ff 

x. EB Xc c v· <i>. (5.5.5) 
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<C+DF>'= o. 

3:\<5. 5. 6)~3:\<5. 5. 7>-'*ffMfffiiJ 'E v· <i:>, 

<C+DFHA+BF>k'=O, k=O,I.···,n-1. 
eutt.ttHiJ:\<5. 5. 5>~3:\<5. 5. s>llJ~' 

I. 0 . 
<C+DFHA+BF>k 

0 0 

0 I. 
< 

0 0 

= 0, k=O,l,···,n-1. 

Fn>- Co. FdO- Cod] 
Fro- Ed. Fdd- Edd . 

Fcc Fdc 

[

F.o FI:JJ Fn> 

C+DF= o
0 

o o 
ch o 

I A. 

0 

A+nft = 
0 Abb 

B. F •• B.Fbc 

BdF.d BdFbd 

I
I .. 

. 0 
<C+ DF> : 

0 

0 

A"+ B.Fcc 

BdFcd 

F.o = 0, Fn> = 0 

B,q. 
Ad.!* 

(5. 5. 6) 

(5. 5. 7) 

(5. 5. 8) 

( 5. 5. 9) 
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~ * 0 * l C+DF = o o Cd , 

· cb o o 
(5. 5. 10) 

;tt!fl, ~~ * ~m-~x*jt~(I(J~~ 0 xt k = 1 fiiiJff.l!:< 5. 5. 9>, *~ Jtti'J.Jt < 5. 5. 1o >, 

<C+DF><A+BF> =In CdB~Fbd ~ 
l~ CbAbb 0 

(5. 5. 11) 

-~-(I() iji-* , Jt fiTiiJ ~;AYE JYj xt ff fiiJ iE IU!l k, 

Cd(Add' )HBdF.d = 0, Cd(Add' )~ - 1 BdFro = 0 (5. 5. 12) 

<C+DF><A+BF>* =lao : ~ cd<;;d· >*]· <5.5.13> 

l~ Cb<Abb)* 0 0 

(l;J -:h ff (A;; , Bd , Cd ) ~liT f;! , liT AAI., liT J2 fn 7.2: ff ~ ~ ~ -~ (I()$~ , Jt fl11iJ !;A~~ 'fl.~ :li!1. ~' Jlj 

J}--i'!i!i:JJ!:: F .d =0 lll Fro =Oo ~t£XiffffiiJ 

~j\(5. 5.8)llJj\(5.5. 13)1iJ~' 

~. 

~ = ~b E v· <i:> , 
~c 

~d 

Cb<Abb)*~b = 0, k = O,l,···,n-1, 

(l;J -:h<Abb ,Cb)~liJ~(I(J ,J!~~Yj ~b =O,;Jf ll 
Cd<A;d· )*~d +• • ~b = Cd<A.ki )k~d = O, k = 0,1,···,n-1, 

t:§ -:R <A;; , cd > -m~ PI ~(I(), l!~ JYj ~d = o o ~ Jlt, 

, ~ ~ E ;mm· I }~ x. $ x. 

v· (i;) c x. EB Xc. 

~~.~j\(5. 5. 5)llJj\(5. 5.14)1iJ~:±l!i!l:Jil!:o 

(5. 5. 14) 
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~ ft( :it!!. • ft ffl~HJ * m fll _t mHI'I llill¥1 tV- !11 ~tniE aA tt mt 5. 4. 6 ~ ::lt 1m -r ~ 1B1 1¥1 tt mL 

• 
111M 5. 4. 71'(.Ji.iEPil ftf!'H!Ei.iEHAV,<2:)1¥J11:m!o tiHIJEJll! 3. 8.1 f!IJEJll! 3. 8. 2, V.tEff 

fiiJ:I*~& Mfllflfli ftMA rtiH~:~~l¥1, &fJ:J, fHHiEHA 

v.<i) = imi ~~M ~ lJ, o x<. 
0 0 

f.t JE J:J iiE HA v. <2:) 1¥1 ttftt , ;tt ~ , i.tm 11: mJ: 5. 4. 2 1¥1 iiE aA ~ J9T J£ :X. , x M :1!- -1' ~ ~ , 't 1¥1 7tl 
~Jil/;7-=f~IBJ 

{ ~. E C"· I O.I - A .. ) ~. = o} 

' • 

XcA = <A ce + BeFe- ,\[) - 1 Bet 

;lt~ ,Fe :f!Jt:fl~~~HtU*il¥1~~.ft~~ A ee +BeFe-AI :f!PJ~l¥10 

xtfffiiJ ~E V, (i), m liJE )( 3. 7. 5, if:(£ --1'~:11: wE C"', ft~~ 

A •• -,\I 0 0 0 0 0 0 ~. 

0 Ahb- ,\[ 0 0 0 0 0 ~h 

0 0 A ce -,\[ 0 0 0 Be ~e 

0 0 0 Add-,\[ 0 Bd 0 ~d=0.(5.5.15) 

0 0 0 0 

0 0 0 cd 

0 ch 0 0 

J "'o 

0 

0 

0 

0 

0 

0 

0 

0 

W o 

W e 

(5. 5. 16) 

(5.5.17) 
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f§ 1'1 <A;d ,Bd, cd) :Jik1f (!{], ~ ~frll9:;ff ~~~ .~ (!{], JiJT J:J ~d =o frl Wd =o 0 ~111-tl!.:fl 

<Ac, -AI)~' + B,w, = 0, 

~' = (Acc +B,F, -;.J) - 1 B, (F, ~, -w,) = X,A(F,~, -w, ). 

f§J.It,~, Eim { XcA }o 11H'&, 

r E imm· ~'II ~ v, <i> c iml1" ~'II 

~clll· 

(5. 5. 18) 

~1fl:fl ~b =0' ~d =0' ~. E im{ X RA } 'J!~llA ()./-A •• )~. =0 '# _§_ ~c E im{ xcA} '~fftrfH'£ 

-1-~JJ:w, .fj!~~ 

JiJT ~L ~ 1fl :fl 
<A" + B,F, - ;.[)~, = B, w, => <Ac, - ;.[)~, + B,<F, ~, - w, ) = 0. 

W o 

W = Wd 

w, 

0 

0 

(5. 5. 19) 
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• 
5. 6 ~~~~(I{J Kronecker ~f;n Smith ~ 

:f£:1! -"il J:fl, ~fll:#f~iiE~ ~ ~ 71-Kff !OC~~*+i'T- lit ( SCB) :Jik :till fiiJjt}fl *if ~!t!J. it. 
ffi,):\(5. 4.1)Wf~jf--*~ ~ B<J Kronecker ij!7tli~(~~ 3 tf 3. 61J)liJ-*~<Rosenbrock) 
~~B<J Smith *0 t:Ht.~fllr.nl!.~ B<1-*~~~ ,P~<s>B<1 Kronecker ij!fii:*i£~1:~:1f~ 
~ JIY A lll ~ t!Fi': ~ r" ri lll r o r :Jik ~ ~ B<J • 1£ ff fiiJ ~ ~ & iJJt lll ~ l:f:H'B! A r -tl! :Jik ~ ~ B<J 0 

:1!1-$~1tT ~bU;.t r B<J~JJ "Plf m. 

= [si- <A+ .B_i +_R_c + R D F> - <B +D_ R D>] 
C+DF 

= [sf ~:KF - ;K] ' 

;tt "P <A ,.B .c, D > :lik~~15 B<J-* ~, -ta<J~jf-1-J 

(5. 6. 1) 

A=r ;;- 1Ar, . B=r;;- 1Bri. C=r: ~cr,. D=L 1Dri. <5.6.2> 

:t£~~15 -*~B<1*+iT-r .FlllK 7J-jJ1J:Jik~~& i1! lll~ w. i'S!Attt M~~ 0 m:15. rn ~~1m :JC 

m (AKF ,BK ,CF ,D) Wf~jf-B<J *~ ~KF ,:Jik:(£~~& i'S!liJfW ttliJJiA~r ~~15 B<J *~ o 
~f11J£:(£1ij"!;,tii£RA ,P!(s)B<J Kronecker ij!fii:*fm~7l;~j8J:i1 ~ B<J~~*+if-lit<SCB) 

mRor008:Jik::h.7ii:%~~~-~B<J$~:1F~~UlllVB<J·~~--~o 

KCF ~- 1 it• ~ B<J~~*+if-litCSCB) 
J.ilZJfl 5. 3 "illll 5. 4 1l B<J~ "=*~ fiJ ~1:~:1f B<J~~ ,fjpj A llltlt ttl~~ r , E C"x", ri E 

R'" x"' lll f oE w xp ,'fii!~~Hft~-*~ ~ lij" I:J~~ ¥1J~l11! 5. 4. 1 B<J~~*+if-lit ( SCB) r, !OC~ 
:lik r oo B<J +iT-ll m J.:t = 

0 

0 
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Bu. 0 

~.] B = [Bo 
Bob 0 

B,] = 
Boe 0 

Bod Bd 

_ [Co J [Co. Coh Cue Cod] 
c = cl = o o o c d , 

o ch o o 
~1nut:--'Wt:i::t:¥1J Ad'd ,Bd ffl Cd :fr FOO(!{J%5:1:, 

Ad'd = blkdiag{A,, ,···,A, } 
I mrl 

(5.6.3) 

Bd = blkdiag{B,, ,···,B" }, Cd = blkdiag{Cq ,···,C., }, (5.6.4) 
I ~ I ~ 

jt 9=' ,Aq, ,B., ~ C,,, , i= 1 ,2, ·•· , md ~Jl ~J:t< 5. 4. 13) 19f~ Sl.. o ~at, ~fnfi'Hi A •• :J! Jordan 

~1Yf%,1!P 

A •• = blkdiag{] •. 1 ,] •. 2 , ••• ,] •. k} , 

jt 9=' ] •·" i = 1, 2, ···, k :Jl-.® n, X n, (!{] Jordan ~, 

[
0 I , - 1 J 

] •. .; = diag {a,.a,,· ··,a,} + 
0 

~ , 

<Abb,Ch>:J!~~ 4. 3.1 9=t(!{JnJ'x!Ua#iJ7tf!i¥%,1!P 

A"b = A1~" + LhbC" = blkdiag{A""· I , ···,A""·"" } + LboCh 

( \ = blkdiag< c~..1 , ···, ch . p~ >, 

[
0 J,_,J 

Ahb .• = 
0 

~ , c h .• =[l o], i=l.2,···,p". 

illli, 1l!Hi<Aee, B,. > :Jl~~ 4. 4. 1 (!{Jn]'~~ftl?tfli¥%, I!P 
Ace = Ar: + BrEcc = bJkdiag{Acr .l '••• ,Are.m,} +BeE, ... 

Br = bJkdiag{Bc.l , ··· ,B, .. m,. }, 

[0 h--1 J [OJ Arr.i = Q ~ ' B, .. ; = 
1 

' i = 1 '2 ' ... 'me. 

(5. 6. 5) 

(5. 6. 6) 

(5. 6. 7) 

(5. 6. 8) 

(5.6.9) 

(5. 6. 10) 

( 5. 6. 11) 

(5.6.12) 
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Bo. L.d L,h 

K =-
Bob Lbd Lbb 

Boo Lod Lob 

Bod Ldd 0 

~~ ~~ ~iif •~KF (f.j~Jf-11 

A /UI 0 0 0 0 0 

~,] 0 A1:h 0 0 0 0 
AKF = ' BK = 

0 0 0 0 Ao: 0 

0 0 0 A;d 0 Bd 

c. ~ [~ 
0 0 

~l r~, 
0 

~l 0 0 D= 0 

c" 0 0 

KCF "!P'a 3 ~* 
JW.{£ "ilJ ~). ~~ fij !(!Jt!!.~iiE ,'f:l .~KF ((.] (Rosen brock)* tlt9i! ~Jl- :ff r Iii((.]% A 0 

L ffiJillr J •. ,I¥-J$5t11 

I

s- a -1 

sl - ] · = , 
l\· 1 

s-a, - 1 

s -a; 

J!B~~A(3. 6. 12)1¥-J%A o 

2. ffJJill'f'<A""·;ocb.i)I¥-J$5t1J 

[
- 1 o J [ ch.i J 

0 I,, sl - Abb.i = 

l!Br£~A:<3. 6. 13)1¥-J%A: o 
3. f§Jill'f'(A oo. i ,Bo.i ) I¥-J$5j-1J 

[

s - 1 

[sJ - A oc.i - Bc.i] = 
s 
_J 

(5. 6. 13) 

(5.6.14) 

(5.6.15) 

(5. 6. 16) 

(5.6.17) 

(5. 6. 18) 

(5. 6. 19) 



.i!Br?:~:r.\(3. 6. 14)1'J<J*:r.\ o 

4. :iii JB , ffi ill 'f" <A,, , B "• , C.,, > 1'1'~ $ Jt :1'1 

lo 
1 

u - . 
'I ; - ~ 0 

0 

nH~ 

[sl- A,,. u ' 
"• c· 

fJ; 

J!~:r.\(3. 6. 15)1'J<J*Ao 

s -1 

1 

0 

s -1 0 

s - 1 

0 0 0 

_!J v, ~~ l~ 
0 ... 

' 0 1 

1 0 

ll 
-s 

~l -B"'] -V ,, -
· 0 ' 1 
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(5.6.20) 

n (5.6.21) 

( 5. 6. 22) 

2:KF (I{J ~HJt~ lr$1'J{J Kronecker m 1i1*. E.lt~fft:lt!!. .2: I'J{J * ~~ lr$ (3. 6. 11). liT IV. :illi :tl;;lj 
m1£:r.\<5. 6. 18>#l:r.\<5. 6. 2n/9Tff-B<J~~_t~1Jo - ®~~f!l~ ~ B<J~~~~i'l , rn !lt7tnll: 
J:j!o 

IV. _t~ii!t Px <s) I'J{J Kronecker ~.W.1i1* I'J{J.j! B r?: {£[87] 9=t ffl m i?.i§ ~ kef. m ~1m 7 o 

~OO~ffl:ilt:fi*~~lr$ Px(s)I'J{] Smith *I'J<Jit. o @1/e.W Rosenbrock #I Storey ~AfiflJ. 

~ c 11 3 li:j:t Smith *I'J<J)E SC ~)E -1-~J.Yi:r.\~lr$ A <s >, {£[113] 9=t :ffiiE llfi, ff::t£tf!m~~ 
Ad(s)fO ~(s),~~~ 

[
D(s) OJ S(s) = Ad(s)A(s) N(s) = 

0 0 
, ( 5.6.23) 

D(s) = diag{p 1 (s),p2 (s), .. ·,p,(s) }, (5.6.24) 

Jti:j:t,4IJ:1- p,(s),i=1,2,· .. ,r,~1P9!*~1'1 11'J{J~J9!;r.\,p ; (s):Jik P; t J(s), i=1,2, .. ·, 

r-1 I'J<JI!;Iro r±~ .--t-tf!m~lr$~- 1-1fi'J{J~J.Yi:r.\~lr$, 't(I{JffjiJ:r.\~-1-~~ ~ -m·~o 

;r.\(5. 6. 23)J:j:ti'J{J S(s)~~~jg A(s)I'J{J Smith ~Ji1.1i1*E.lt Smith * o :(£~jiji'J{JJ};J~J:j:t .~ffl 

:f4Y£11Ji .~Jffl~~Jtffl¥tt:t ,2: B<J *~~lr$ P ~ <s> B<J Smith* liT VJ:at1H~iiJ o 

SMITH~- 1 ~)E Px(s) 1'1'~ Kronecker* 

~ll liiJWJOOI'J{J.j!-f$, liT IV. ~J ffl 2: I'J<J%:~ ~IH'f- ¥ < SCBHtE~ )E P:r < s) I'J{J Kronecker 

mm;* o f§.~M'f"it• P:r<s> I'J{J Smith* .~ffl~~!N:illi:tl~~~t'He A,. Jtffl¥i1J Jordan 
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m,m;* ,J!~~~~~a<J~N~ o ftfflil A .. f~Ht= -1'-~{~HI!Ir$ o tl:~, ;(:£ Kronecker ~N.7i1 
*l=fl a<J~~~:iE-.tlll~~~ffa<J, ~Jlt~!f!.m 0 

SMITH iUS 2 frl@:iE!f!.m~~ 

1. *'1 ffl Rosen brock lO Storeyl 11 3
J q:t ~ 3 Jltl'l<J ;iE Jm 7. 4 l'l<J iiE llJ] i:1: fi! , ~~ ~ ~ iiE llJ] 

j\;(5. 6.17)"f:tl'l<J sf- J •. ,~t:J~nlt Smith* 
, . - 1 

~ 
(sf-] •. ,) ~ diag{1,···,1,(s-a,)''; }. (5.6.25) 

Ji '.t, *'lffl [113] .P l'l<Ji:tfil, ~ t;HtJr :±l WJ-t-!f!.m~~ M. Cs) lO N. c s), ~~~ sl- A ., 

!t~~¥1] Smith*, I!P 
M. (s)(sl-A •• )N. Cs) = {p •. 1 (s),p •. 2 (s),···,p .. ... Cs)}. 

_liP_~ ,j!.®~Jg!j\;ltJ~:iE*~ ~ l'l<J/F~~l~(~~lll:k~. 

2. ltli\:<5. 6.18)"f:tl'l<J<Abb. i' Cb.i);f§X;j"J1ZI'l<J$5tJ'{.:ff-1'-:i£'ffl·a<J Smith*: 

[ It, J =-l ~ .. · j r-s 
1 

. ' j It, . 
0 : ·. . -1 

/· ... s 1 - s 

tt~, 1: iifinfil.P :ftltla<J~-Jffi-~-1'- !f!.mmlr$ 0 

(5.6.26) 

( 5. 6. 27) 

3. ~{I!UI!!., lO i\; c 5. 6. 19) !:fl l'l<J c A".·' , Bc.i ) lH X1 J1Z $ 5t l'l<J Smith * tl!. ~ -1'- ;iE '.t 
mlr$: 

[t, 0] ~ I ,, [·' -I l N,, (s), 

s -1 

(5. 6. 28) 

N ,, (s) =-l; ::: ., j [ 1~ ~] 
s'' ••• s 1 ' 

(5.6.29) 

~-1'-!f!.mm~o 

4. !Hi ,j\;(5. 6. 21) .Pllllli-'f<A., ,B,,, ,C.,, >$5tl'l<J Smith *~-1'-!f!.&mlr$: 

I .,,+l = I., I I [
1 ~ .s j [I ' ::: '; j . 

- s • s 

1 1 

(5.6.30) 

1: oo n fila<J :a: Fo - Jffi- x ~ • m m lr$ • 
flHQii\:<5. 6. 26>~J:\;c5. 6. 30), t:J,& -~~ ~ l'l<Jti~~~JI~, ~ t:J~~¥1J!f!.m~~ M(s) 

#I NCs) ,fj!~~ 



[ D~<s) o
0

J, 
M<.dP~(s)N(s) = -

- 0 

"hC'd 
~ 

Dx(s) = diag{ 1 ,··· ,1 ,p,.,J (s) ,p •. z(s) , ••• ,p ..... (s)}, 

3!£ ,nbcJ =nb +n, +nd +mo +mJ. 

ftfifflTOO~~~*~~*~~~-. 
f§tJ s. 6.1 ~m:r.t<5. 4.uJiJT~~~¥t!f.;l't9=t 

A=[-~ -i ~ :1. B= [H1 
-1 3 1 1 1 0 
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(5.6.31) 

(5.6.32) 

(5.6.33) 

c=[~ ~ ~ ~]. D=[~ ~]. <5.6.34> 

¥t!fE.~~~~~*f,f-JtCSCB)~:Jfj;r.tT ,;(:£ 1 :fl-1-/F~~.~.n.=nh=n, =nd=1. 

mii KCF ~- 1---KCF ~- 3 ~Jpt;,ftffH~iiJ 

- [1 F= 
1 

1 

0 

0 
U= 

0 

0 

0 

-3 -1 

0 -1 

0 0 

0 0 

1 0 

0 1 

0 0 

0 0 

K= 

0 0 -1 

0 0 -1 

0 1 1 

0 1 2 ' 

-1 0 0 

0 1 0 

't:lE Px(s)~~iiJ Kronecker :iji.1J1:Jfj, I!P 

s -1 

0 

0 

0 

0 

0 

[-~ -~1 AKF = [~ ~ ~ ~1 
-1 -2' 0 0 0 0' 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 1 0 0 0 0 

0 0 1 0 0 0 
V= 

0 0 0 0 0 1 

1 -3 -1 0 1 -1 

1 0 -1 1 0 0 

0 0 0 0 0 

-1 0 0 0 0 

s 0 0 0 0 

0 s -1 0 0 

0 0 0 1 -s 

0 0 0 0 1 
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0 0 0 0 0 1 

0 0 1 0 1 2 

0 0 0 -1 0 0 
M(s) = 

0 0 0 0 1 0 

1 0 0 0 0 -1 

0 -1 0 0 -1 s -1 

0 0 0 0 1 0 

1 0 0 0 0 0 

0 0 0 0 0 -1 
N(s) = 

0 0 0 1 0 0 

-3 0 1 s-1 1 1 

0 -1 0 0 1 s -1 

;It~ ,det[M(s) ]= -1 ~ det[N(s)] = 1, Ere Px(s)~~¥1J Smith :m, liP 
1 0 0 0 0 0 

0 1 0 0 0 0 

0 0 1 0 0 0 
M(s)P;r (s)N(s) = 

0 0 0 1 0 0 

0 0 0 0 s -1 0 

0 0 0 0 0 0 

~?&, ~~ _t P r < s) B'-1 Smith%~ 1¥1 < 5, 5) :lG~ ~ ~:r_m jc\ s-1, i!~ Ei1 ~ B'-1 :if'~~ AUW 
f'~ B'-1 0 

xt-T- MB'-J~WXB>tfBJ ~t!C, ~~~lHf-!15< SCB) ~~~?tfWJL-'f ~ 5. 4 111¥1 it~ B1 fBJ 

~t!C~~-~ o ~T·H~~.~i!-11~re~WXB>t~~t!CB'-l~*aM-~oftfi~~ 

lit B'-1 ~ WI B>t fBJ ~ tfC * ff- ~ 
{
.r <k + 1) =A.r <k )+Bu (k), 

(5. 7. 1) 
y(k) = C.r(k)+Du<k), 

;It~ .r E R" ,uE lR"' ~ yE JRP ~ ~ B'-J~~ Jtu A~$DU ttl o ftff1111J~®i9:[B' D']~[C D] 

~ ntll f),; 89 0 

:iEJIS. 7.1(DSC8) X;f-=fEifjc\(5. 7.1)~J"EB'-J~tfe ~.:ff~~~~#B'-J~~,flfliili~flfli 
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A~~ r. ,ro ~ r; .re*m7tff!¥i1J 61-~~-r~rBJ ,J!J!t.~~r~IBJ'lt~tra~T *ml¥1:ff 
!!& ~ ~ !!& ~F.!. !a f1iJ !:) J1.. ilJ ~!a f1iJ 0 

!ffl¥1~~ JtA~~I±I ~IBJ IE i:J ~ -m:1Jf1ltra~: 
x= r,i, y= ro ji, u = r; ;;, (5. 7. 2) 

x . XI 
X, 

Xb 
0 

Xz 
x= ' x. = x . ' Xd = (5. 7. 3) 

Xc 
+ x . 

xd Xmd 

Y1 ul 
Yo Uo 

Yz Uz 
y = Yd ' Yd = u = Ud ' Ud = (5. 7. 4) 

Yb Uc 
y,d u,d 

x -; <k + 1) = A -;. x -; (k) + B~. yo (k) +L-;dyd(k) + L-;b yb(k), <5. 7. 5) 

x~ <k + 1) = A~. x~ (k) + Bg, y 0 (k) + L~dyd(k) + L~byb (k), (5. 7. 6) 

x ; <k+ 1) = A ;t. x ,t (k) +Bt.yo (k) +L;dyd(k) +L;byb(k), (5. 7. 7) 

a:"<k+U =Ab"x"<k>+Bo~>Yo <k>+Lwyd(k), yb(k) =C".z·"(k), (5.7.8) 

Xc(k + 1) =AccXc (k) + Boc Yo(k) + Lcb Yb(k) + L cd Yd(k) 

+Bc [E ~, x; (k) +~.x~ (k) +E:.x;· (k)]+Bcuc(k), (5. 7.9) 

Yo<k) =C.;;; x -; (k) + cg.x~ (k) +Co~ x; <k) +Co"x"(k) 

+CocXc (k) +Codxd(k) +uo(k), (5. 7.10) 

X1 4ij: 1- i = 1 , 2, ·· · , md , 

X; (k + 1) =A.,; X; (k) + L;o Yo (k) + L;dYd (k) + B,,Ju; (k) + E ;:; x -; (k) 

+E.'.x~ (k) +E;:x ; <k) +E;" x"(k) +E;cxc(k) +E;dxd(k)], (5. 7.11) 

y;(k) = c".x;<k>, yd<k> = cdxd<k>. <5. 7.12) 

"'<I 

J!.lf!, ~~ x ; ,x~ ,x;; ,Xb ,x< ~ xd I¥J~ft7f~lj~ n; ,n~ ,n_'" ,nb, li e ~ nd = 2.:: q; , fffl)(t4ij: 
i = l 

1-i=1,2,···,md,~~ X; I¥J~ft~ q ;~ 1Q$fJ~il Uo ,Ud fO Uc I¥J~~:)t-JJ1J~ mo,md fO 
me= m - mo - md' fffl fUoi lfl ~:it Yo , Yd ~ Yb I¥J ~ ~ Jt ~lj ~ Po = mo , Pd = md fli Ph = P 

Po- pd o ~~A,, ,B,,, ~ C"· 1¥J:m.J:t~ 

[0 /" 1 J [OJ A" = ' , B,, = , C., = [1,0,···,0]. 
' 0 0 ' 1 ' 

( 5. 7. 13) 

fNi)t X;, i = 1, 2, ··· ,md ~tii: q; ~q; 1 1 1¥J:1J.J:tfi~:91J 1¥J, ~~ L;d A:ff ~~IJ 1¥J:m.J:t 
L;d = [ t';. l t';.z ••• t'; .; 1 0 ··· 0], (5.7.1 4) 
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;}t!fll'J(J:Qlfii-~T~1'l~o ]!-~!{k,HA,: )CC0 ,HA~. )CC0 ~ HA:.; )CC8 o lii]f.F!{k, 

<A-c , Be) H: PI~ l'f1, <Abt. ,Ch) H: PIXW.l'fJ o 
"/A!lttlltfBJ *~l'f1~~7HW~i!~BtfBJ * ~l'fJ~~?tfW~ liilf.F l'fJttm!, i!Pttm! 5. 4. 1 ~ 

ttm! 5. 4. 7 0 

:a5,ftfi~mwl'f1~.~~•~M~~oo~f.Fl'f1*~~~ttmt#~•~re~~oo 

Xt.,Xc ~ Xd ?tfWiiUJHtHbt.~~)E*~l'fJ~~~m~Bt<ill-conditioned), Pifm~W~ 
~{ilitJHOJ!m o M Jtt~~Am l'fJ~tfPI !;..( ~~ Chu ~[JGJ l'fJ:il:ili~ "=, 1J~.ll! lJEIIJIT :(:Et9:~ fJ(e 

tJJ l'fJ fJt?tHbi l'fJfffl£ ""f, 71-~ x. ,Xb ,Xc ~ Xd, PI!;..( J.illffl-J!!J JL-'f .JE3C l'fJ ~~* ~~ o ft 
ffl E.~~Jfl m ~~~~ 7 fiBffll'fJJt:r!, P4fi\t scbraw. mo :(:EIJ'Uft[s7J 4t ,ftfll~ :l:*=ffl~ffi 
~)EttMI'fJ m Bi§~ o ~~ &,~re~ *~71-fWiiJfJt?tHbi l'fJ%J:tllt. PI l;..(*ffl 5. 3 "ill'fJl'J 
it.~ Sannuti ~ Saberi [ I ZZ] l'J(J:1fr!;f{JI:t~.~Jt:r!'fffl~~yl'J(J~f-t~~o 

5. 8 ti>J 

5. 1 X;f SISO *~ 

j ~ l: ~ ~ } + [} y ~ [ 1 - 1 1 - 1 ]I, 

it·~~*f;f,~CSCB) o mm*~l'fJ;f{JX;fM'~~~~-~ o 
5. 2 f!Jffl~~*f,f-~<SCB) l'fJttm!~~-1-lm M"l'fJPI~PIX!tl'fJ SISO * ~ ~, ~ J!t 

""f 00 l'fJ 5 fllfff l£ : 
(a)~ t9:~~~~-~ ,;f{JX•tM"::h 4 o 
(b)~ ~-1-~~~-~:(£{1} ,;f{JX;fM'::h 30 

< c) ~ ~ ~ 1-~ ~ ~ .~ 7t §JrJ :(£ { 1. 2 } , ;ftl M M- ::h 2 o 
< d ) ~ ~ -=: 1-~ ~ ~ .~ 7t §JrJ :(£ { 1. 2 , 3 } , ;ftl M M- 1'1 1 o 
(e) ~ ~ lm1-~~~ .~ ?t§Jrj:(£ { ±j, ± 1}, ;f{J MM-1'1 0 0 

5. 3 X;f MIMO *~ 
1 1 

-1 -2 

0 

2 

-~j .T + l ~ -~j u 
0 0 -1 1 

3 4 1 0 
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}~~M-7X:1'1 1 B<Jxi!R~ . .a 0 
5.4 M MIMO~~ 

X~[-; 
1 1 

-:Jdr~-l -1 -2 

0 0 0 -1 1 

2 3 4 1 0 

~ 

y= [~ ~ ~ ~]x+[~ ~Ju. 
it•r.f~*f;f-~<SCB) o ~ii£~~:1! ilJ :i!!B<.l, Ill] lit~ l±l ~~B<.l=l'~~ . .a~xi!R~ . .a~~ o 

5. 5 ~JJljr.f~*f,f-~ <SCB) B<.ltim!~;ll! -1-1!!1 M" ilJ :i!!, ilJ ~ ~ ilJ X!t 8<J MIMO ~ ~ 

~. ~ mr oo B<J'IlflS?. = 

<a) ~ :l!F~ iEJiliJ B<J, :ff -1-xi!R~ . .a~~ s;, = { 1,3} ,J!*.IIA ~ li:ff=l'~~ . .a 0 
<b) ~ :l!Fm iEJiliJ B<J ,:ff -1-xi!R~ . .a~~ s;, = { 2, 2} ,J!*.IIA ~ li:fi=l'~~ . .a 0 
<c) ~ :l!Fm iE!il~B<.l ,:ff -1-=l'~~ . .a:(:£ { 1} ~-1-xi!R~ . .a~~ s;, = { 1 ,2} o 
<d) ~ :l!Fm iE!il~B<.l ,:ffM1-=l'~~B:(:£ { ±j}~-1-xi!R~ . .a~~ s:, = { 1,1} o 
<e) ~ :l!~~Fm iE!il~B<J ,:ff .=: 1-=l'~~ . .a:(:£ { 1, ±j} ~-1-xi!R~ . .a~~ s:, = { 1 l 0 
<f) ~ :l!~~Fm iE!il~ B<J, :ff 1m1-=l'~~ . .a:(:£ { ± 1, ±j l ~li:ff M-7XiWi -r- o B<Jxi!R~ . .a 0 
5. 6 ~;ll!-1- .=: mr Fm iE!il~ ~;tilT :i!!B<J ~~ ~, :ffM1-UI A~-1-~ l±l, :ff !;.{ r ~ 

f'lr 'lit l5?. : 
<a) ~ :ff -1-M-lXJ'J 2 B<Jxi!R~ . .a, li:ff=l'~~ . .a o 
(b) ~:ff-1-M-lXJ'J 1 B<.Jxi!R~ . .a.:ff-1-=l'~~-.a:(:£{-1}0 

w~-~B<J~~~-:l!ilJ~@=l'ilJX!tB<.lo 

5. 7 ~;ll!-1- = M-Fm iE!il~ ~:li:ilJ :i!! B<J ~~ ~. :ff -1-~ A ~M-t-•l±l, :ff !;,( r ~ 
f'lr1if~: 

(a) ~ :ff -1-M-lXJ'J 2 B<.lxi!R~ . .a, &:ff=l'~~ . .ao 
<b) ~ :ff -1-~7X:1'1 1 B<Jxi!R~ . .a. :ff -1- =l'~~ . .a:(:£ { -1 l 0 

w~-~B<J~~~-:l!=l'ilJ~@ilJX!tB<.lo 

5. s ~ ;ll! =mr ~ ~ ~. -t: A:ff !;,( r B<J r.ttt = < i )~ ret=l' :l!tc m=l' :l!t~nr :i!!; < ii)~ :l!=l' 
nr~~=l'ilJX!t; <iii)~ li:ff:ff I!R~ . .a, li:ffiWi -r- o mr B<Jxi!R~ . .a; < iv)~ :l!~~Fm iE!il~ B<J, 
[C D]~[B' D'];J!f.WfkB<J o 

5.9 Mt%:53 5. Lt~JJ 5. 3 ~t%:53 5. 4 EFT~~B<J~~.it.JLfiiJT-~fBJV' ,s· , 
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R* ~N· o 

5. 10 M~.33 5. 3 ~~.33 5. 4 19f~~B<J ~UJE, itJl: .\ = 1 B18<JJLfiiJ -=f~ I'BJV,~ ~s. o 

5.11 ~.ltt-1- SISO ~~ 4,£E.~2H:~JJI! 5. 2.1 9='B<J SCB %5:\,I!P 

. . 
.Tz = .TJ ' ••• ,.r,d- 1 = .r,d ' 

:!OCitH:14!1r$%5!: 
A •• L.d 0 0 .r. 0 

0 0 1 0 .r, 0 

.i = A.r + Bu = .Tz + u 

0 0 0 1 0 

Ed. E, Ez End :r,d 1 

y = C.r = [0 1 0 ... O].r. 

~ 

K. K. 
0 0 

B ==B+ 

0 0 

0 1 

Mtlr~~i .~m1-J.i =Ax+ Bu ~ y =C.r ~~~~~lHff-£<SCB) 0 iiEilA: 4 ~f:ff lll.I*F 

B<J fiJ X>J"IIJr o lllJB1i.iEIJJ}: i B<J ~~~ .~ EB Aaa :=A .. - K.Eda B<J~ti£{li~ lfL 

5.12 liH~~JJI! 5. 3.1 liJ~~.4 B<J~.rd ftl-*~B<JHJ-t--=f~~lifk.(~m1-J 

Yd.i = [1 O].rd.i· .., 
liE II}} : )}... ud.i i!J yd . ; B<J -=f ~ ~H: liJ J2!:, lift£~ liJ %11. B<J, ~ 1f ~ ~ ~ .~ o J! ~ f!ij ~ .rd fil -*~ 
8<J ~ 1- -=f ~ ~)}... tm' A ud i!J ~ ili Yd :Ji!;; liJ J2!:, liJ t£ liJ %11. ~ ~ 1f ~ ~ ~ .~ B<J o 

5. 13 X>f~.)J 5. 3 ~~.33 5. 4 19f~~B<J~~.f!ffl~ Kronecker ~fi'i%~ Smith %o 

5. 14 ~~-1-~11:~~ 4,:Jfffi ~JJI! 5. 4. 1 ~~~~*tf-£<SCB> ,iiEilAf£100: 5. 4. 6 

9=' B<J s· , RP 
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s· Cil ~ ;J r , ~1~. ~ f· 
1 0 I .. d 

5.15 ~~--t-tttt~U!f.2:,:tfffi~l11! 5. 4.1 ~~~1!~tf.tti<SCB>,ii£f!ijfj:~ 5. 4. 7 

qot 1'19 SA• , I!P 
;.I- A •• 0 0 0 

0 yb.l 0 0 
SA (2:) = im r , 

0 0 I .. 0 
' 

0 0 0 I.," 

Jtqot 

im{Yb.l} = ker[Cb<Abb + KbCb- ;.[) - 1
], 

K b :JHf fiiJ-1'-A :ffl~ ~~HtU'l 1'19 ~ !2'f , 7A JE A bb + K b Cb r£ ;. 79: 1f ~ill: ffi 1'19 ~ JIL 



6.1 ~~ 

t£:1! -~ 9=', ~ ffl ff Mi *. tl: 1! 1-~ 1¥1 ~ 11 B;f ~ ~ * tJt 1¥1 tj!j f1iJ %!W, I!P ~ 11 ~Jr. 
(descriptor) *tlto ~Jf-*tlt:im 1jtt£:::)(~9='ill~1J )~ Sl... *t1t (generalized systems), 1±1 mi. 
t£if$~~$iffl 9=',@. 1! I til* t1t, f:~ 1Jr * t1t, ~ ~ 71-trr ll1 1: ~ * t1t 9=' < 1'iJ ~ ~ Dai[nJ . 

Kuijper[79l ln Lewis[RO) ) 0 -~ _t. m1.~1: m 9=' I¥! if$* tlt:tE*!m I.Ji!::~Jf-1¥1 0 !:§ 1.7 ~z 
~~ii¥JIA*~J.li!~Jf-*t1t, 'llt'llt ffliEij!tl * t1t* m 1-t!OC:i.!If~ Eo t£i!I 30 ~ 9=', ~'lfJi!::~J 
fflft-~Ji!::~M~~I¥!~11~Jf-*tltl¥ltj!j~7ttrr.e•~T~$~-I¥!~~*-ti:<~~ 
Chu lO Mehrmann[37 l , Chu lO Ho[Js] , Fliess[sJJ, Geerts[ 57 l , Lewis[so-s2J, Lewis llJ 
Ozcaldiran[sJJ , Loiseau[93 l , Malabre[97 l , Misra ~[99 l , Van Dooren[143 .IHJ, Verghese[146 l , 

Zhou ~[ l s i ) . ~~&~*.I¥!~~)(~) o -Ah~*, ~-¥ JiJT~7!P & ~Jf-*tltl¥lilf~I fl:8~ 
M~$iiE~*t1CI¥l~Mml.~'lf:i!®mi#~Ji!::~~l¥lo 

xt ~~~Jr.* t1t , ~ ~ llllll1 :X: llll ~ ,g tj!j ~ , l'iT ~ tj!j ~ :1! *F 1¥1 * t1t f:i!i f1il 11 mt , e. ~ Jt: 7t ~ 
7f-T t£!WtR:4H~I':filfitHiiJ 1m 9=' JiJf 2t ~1'1'-J:I: ~fl:ffl, @.1! H2, H = :filfitJ ll1-=ftlt!W*IJI < ~~[22] 
ll1 [ 120 J) o M ffii , ~Jr.* tJt 1¥1 tj!j f~ 11 mt ll1 E ffl t£ ~Jr.* tJt :fi lfitHiiJ 1m 9=' 1¥1 $i ffl , t£ x ~ 9=' 79: 
~W~$.~1¥J:I:~ot£:J!-~rp,~fi-~l±j-~$~-~11~JF*tJci¥Jtj!j~Jt-~*o 

ll1M5~1¥l*t1C~M$.,:J!*FI¥l~*l'iJ~~Rll1m7f--~~Jf-*t1CI¥lM~11mt.illl'iJ~R 

1.7Ji!::M5~iE~*t1CM$.M*I¥l~MmloffiJi!::m~~~2tmJ.,M-~$~M~Jf-*t1C 

mfttj!j~:$t!W£~-~ol'iJ~B~.:i!*FI¥!7t!W~*~·d1.7MtR:*•~Jf-*t1C:fiM~ 

1m 1¥1 ~ }J I Jl, :~m H 2 ll1 H ,a :fi ifitJ, tl ~ ~ M"ln -=f tit fW *Ill, 3! 9. Ji!:: ;t.t 9=' 1¥1 ~ 1- f§IJ -T ffii E. o 
3! -~1¥1M*, ~§JIJJi!::M'f-ji~Bti'Ei.J *tlt, .±~Ji!::ftH~[64 ,65] 9=' E.~ I¥Jilf~tj!j- o 

~ .ffi -1- ji ~ B;j" I'Ei.J * tJt • 2: ~ jf- 1.7 

i E i = Ax + Bu , 
2;: 

y=Cr+Du. 
(6.1.1) 

;J.t9=' ,.rE R ",u E lR"' lOy E W )tjJIJJi!:: ~tJcl¥!~~ ,~Altl~ 1±1, E ,A ,B ,ClOD Ji!::Jl~ )ij 
~~-I¥Jj;£1jt~~o ~~~- rank(E)<n,lj!lj *tlt 2: ~~Jf-1¥! o :im 1it, 1J T lft:*.*tlti¥JfWI¥J 
ffMJI:_iSI...11, t£m ~ 9=' ~ff18ffill i_i~j;£ 1¥l~Jf-*t1t 2: Ji!oiE:I;W. (regular) I¥J,I!P M Ji)f~ 1¥1 s E 
C ,::ff det(s£- A) ~Oo ~t5t_t, Kronecker :I;W.1iU~ ( F~~ifl"~~ "F 1¥1~ ~:!R (matrix 
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pencil) (f) -ffl #f.% 5:\) ff ~ tf; *#f. (f)~#;) 51- fW 51- fJT 9=t ~fj ¥1J 7 )ri JiL ffl o Malabre[nJ m tl:l 7 
-~ JLfPI1Jf! .#~1 A 7 ~tf!*#f(f.J~#iJ~':ll:tL M~~~:>c:iJlf!ltJVJ.~tl:l .~ ®}E:X.~it 

ftl!:fi*M~~* <matrix pencil) IJi 9=t m tl:l (f.)~*~- ¥.t (f), E;feilf $ JLfiiJ~~#i11Jiii 

(f.J~*M~••#fml~7~tf!*#fo 
f£~ 3 :iJ(f.JiE!Jltl*#f'fl B!£tf¥1J, Kronecker MT.fff..%tl~ 7 ¥#f. (f.)~ ~~X~~.~ 

~#;] < I!P~':ll:nt~, invariant indices),~ lkli~ :t=l~~ IBJ~#;J o ItT t;,t ;fE liilf-f (f.J1t*3til¥1J 
~tf! ¥#f~':ll:11f~(f.J}E)( 9=' ()A!. Malabre[97J ) o ftffl ~i!t, :!.lll*:fff£Ji~ ~ ~ £t~(fj ~~~ 
tf!}E'Rf~~ p ~Q.M!~fi 

Q<sM, - N, )P = sM2 - N 2 , (6. 1. 2) 

Jiltljtij-1'- m X n £t(f]~~* sM 1 - N, ~ sM2 - N 2 ~F~~1fl" (f) o f£ Gantmacher[ssJ lfl B 

!£liE~, t£F~~1fl"~ )( r ,fffPJ~~* sM- N milT ~':ll:~¥1JM!.fff..?ftxtffl%, I!P 
_ _ [blkdiag{si-1,L, ,···,L, .R , ... ,R ,I-sH} OJ 
Q<sM- N)P = I q I p • 

0 0 
(6. 1. 3) 

f£:<fi:titlf! ,ftfll~*ti: 

PI(s) = sM- N = s[: ~]- [_AC ~ D]= [sE ~A -DB]. (6. 1. 4) 
I!P~ 2: ffi*~(f] (Rosen brock) *#f.~~* otfJ:\( 6. 1. 3) lfl ,Rk ~ Lk Jt~lj~ k X (k + 1) 

~<k + u x k mxtffl*. 

Rk == 
[

s - 1 

(6.1.5) 

6 

1 ~Jordan MT.fff..%, sl- 1 ~ t:J. r .2:: d, 1-* f1=1-JE(f.JxtffltR, 
i = l 

sl m . . - 1m . . ({3;) : = 
lo} ,, , 

(6. 1. 6) 
s ~·~3; _ 1 1. 

s- {3; 

j = 1,2,···,d, ,i=1,2,···,o,H ~-~~Jordan Ml.fff..%,1-sH ~t;Ar d 1-*it1-JE(f] 

xtffltR' 

I d , -.,].. ., (0) •~ [1 ~.s • 1' 
J J 1 - s 

1 

(6. 1. 7) 

j = 1,2,···,do!Jltl{(s-[3Y'•·i ,j = 1,2,· .. ,d,} ~f£f3, ,i = 1,2, .. ·,o(f.J~~~:<fi:ffi!ro11r 
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fffi~ { r , ,r2 , ••• ,rp} lO U1 ,L2, ... ,L,, } Jt~lj~1:Jll!ti:fi!j\11rfL { 0 /s )"i ,j = 1, 2, ··· ,d } ~~ 

15& ~ *ffil -T oL 89t;5#i/~1!:11~ :X~~rt: 89 ~t!r.:tR 89 ~1!:11r~ o Mr-at~ ~t!r., 1;· lO 1L 
~~m~?t~~~t!r.:tR89~lllt:c89fi~m~.-ar~~t!r.89~15&lll~~•~t;5#il ~ ~~* 

89~ ~&lll~~&~* ~ -Tiflt~~ 0 

f.£~, -at~~t!r. L 89 ~~:tR 89~1!:11r~89it~~~11tml if! o ~~ - A2:11, ~ffl ffiilii E B~ 

%J:t~ 

E = [~ ~l (6. 1. 8) 

JYf kJ. , A , B lO C ~ if§ J.ilZ 89 ?t :JIR 

A = [A"" A ,, J' B = [B" J' C = [ C, C,]. 
A ,, A , B, 

(6.1.9) 

re J:t < 6. 1. 4 ) JYr 7R 89 ~ t1t. * :m trr EJ ::AI 

-B, ] sl- Ax - Bx 
-B, = [ ].<6.1.10) 

D C Dx 

~~~1m ,L 89~1!:11r~~1fl"r EE <A x ,Bx ,C ,Dx) !Yr*lR89JEJj!tl ~t!f.89~1!:11r~ , ffiJ ffi'i~ 
kJ. it~ l±l !Yf~ 89 ~ 1!:11r~ (~!A!. [ 91]) o M. J:t ( 6. 1. 10) if!~ 1t $T, -a)-~~ t!t, 89 Kronecker 
AA\ rfL% :tF ~ flli ;lflj ~ ~ t1t. 89 !Yf ~ t;5 f1i1 11 J9l: , ~ ::AI t: *" JE mu ~ t1t. 89 ~- *F 89 ! :t:E l!- :&r '*' , ~ 
m89~~tf:~~:t:E~1!:m~89it•~·rm~m~~t:J.reM~~•89~~~~*•~~~ 

~~S?t89#i/m11•~.J!8S?t~~~lll~l5&·~~~.kl.&M~~t!r.89~mt;5#i/ •• 
ffi:k 0 

~@89~.-at~~t!r.li!JE~~t!r.:t:Et;5#ii~00~*•89~~oMr.at~~•*~·~m 

m~•~~-.~8~~1!:·~~~•·*~-ar~~·89~~~~~11ttf:m~H~~~ 

JR" ~ fBJ .~ - 8 mtl~flftrA1!: :1i lllt:ff1 89 ~~ 89~ 11~11~ o J! - ·!YfM l±l 89?tM:Jt *, #f 
flli~ El ~:ft!!.?t]l!; :±l-a)-~~t!r.89JL~~~(redundant dynamics), ffi1 Kronecker AA\VfL%~~ 
~~J!~89o.Tl!8M~891119l:t:J.*,~m*-~~-.~~89~~1!:•li!M5•891E 

Jj!tl ~ • :ff #I ft( 89 t;5 #iJ 11 J9l: 0 

;ru oo B t:£ m 1±1 , :t:E M lk:-~ ?tl-at ~ ~ m ~ i!itlfOJ »li ~ oo , *" JE Jj!IJ ~ m ffi xt 1ill , l! - • r:p 
891t*1ill•flli~~-~*F89~fflo~m•~•89~.~:k-at~~t!r.lll~~89m~~~~ 

~~~OO,J!--89t;5··~-lk:~~-at~~t!r.lll~~MB89£WIA o 

*• 89:tcf.l~1!1l~: 6. 21l~M SISO ~t!r.t;5#il?tM89.~,6. 31lM:±l T -Ai MIMO 

~t!r.t;5#il?tM-~li!J!~~t!r.89t;5#i/1119l: ,6. 3 l)r:j:lt;5.89iiEIIJJ~:(:E 6. 4 11 ,6. 51)~};1 
]l!;~B;f fB] ~ t!t, o 

:(:EJ!-·r:j:l' u< v> *lR U 89 V rsfi~~' :;It 9=' V ~~~fA~~ o fiHf~ 8~F-m ':(:E~~ 
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~I }8lJI:j:)( B{]fffl£ ~, ~fiHratre u'"> ~nit s"u o ~11[8{] s ~~?tJFf, .!!X;~~ Laplace ':lfl!k 
8{] ':lfil: 0 

6. 2 SISO ~:¥f~~ 

:6: ~- i3 rp , ~ fil ~ ltt it< 6. 1. 1) rp m = p = 1 at 8{] -at :1f; ~UfL iE !Ill FJT *4 , SISO ~UJE 

M~?t~B9#•w~-H$':lfii:~-M~?t~B9#•m•M$o~m$!8l~.~m:a:~

i3 rp ffil i~ ~ 8{] :tR: ~':If. X ( t) ;(£ t = 0 at~ t 8{] :ii ~ iiB ~ ' :ff !;,{ ~ }E J.!IL 
:iEJ16. 2. 1 ~Jttit(6. 1. 1) rf P = m = 1 atB{]-tfj'j;~-~. TI'JjJEiil1itB9iE:mr.ffffili2:, 

I!PXt s E C ,:ff det(sE- A)~ Oof¥1£~~-tfj'j;B{]:(.R:~ ,~All!~ l:l:l ':lfl!kr. E lR"x" ,rj E lR 
;fO r o E R , VJ lk -1' n X n B{]~~-tf:1f;9a!II$ r, (s), 1: B{]Jt~~ s 8{] $~it, FJT:ff ~@~ill T 
ffl t;A ~1Jl'oH11WiJ£B9 ~ B9M~?t~, 

x , 

x = r, i, x= (6.2.1) 
x. 

x, E R"• , x, E lR"· , x. E R"· , y = ro y, u = ri ii (6. 2. 2) 

X,= 0, 

(6. 2. 3) 

x. = A •• x. +Bo. y, 

X,= 0, 

(6. 2. 4) 

.:i-d.," = Md.x. + LddYd + ii' "> , y = Yd = xdl· 

~11[ ,v ~-"i'~~fft 8{]~~ ,A •• ,Bo. J~ J5 ,L.d ,Md.ll! Ldd ( !!llJ!i!:f¥;(£8{]0) ~J'l.:ff ~ ~ m~ 
B99ii!II$ .a, ~~~~:fif,il: o 

iiEPJ:I t;A ~ ~*-T ~ B9M~?t~B9~$-~~ff1iE~ o 
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SISQ-SDDS ~- 1 :ffl$:frff!¥ 
mm :>c~ oaic43

] • l! -$~re~~ B<J ~ Jt. *' ~ :fr 1A! nit -1- iE Jiltl B<J r *' ~ ~ -1-!M':~ 
B<J~#r *~<JBOO~J.tt1-J EA :frff!¥ > o JU11Bttl:~¥1J, ~~*'~<6. 1. n B<.liE~ttflh.i 
~'*#.fftE-1-~f;]dl [3.{j!~ft det({3E+A>=FOo ft"F* .~)( 

E= ({3E+A) - 1E. (6.2.5) 

mm~ Jordan ~m::frff!¥, ftPJEJI4. 2. 2 ,.fft£-1-1F~#B<J~~ TE R"x" ,fj!~ft 

- r£1 0 l TET - 1 = _ , 
_ 0 E2 

[
£-1 0 l 

p = I - - 1 T([3E +A> - I' Q = T - l. 
0 <1,.

2 
- {3 E 2 ) . 

[

£-I 
PEQ= ~ 

0 
_ _ 1]T<[3E+A) -1ET -1 

(1,.
2 

-{3Ez) 

0 l -TET - 1 

u - f3E >-I 
"2 2 

:Jt 9=t • N = < t 2 - f3 t 2 > - I £ 2 0 /I'~ liE ~ • x-t ff fiiJ iE tn~ h • 

Nh =Nh 2 (1,.
2 

-{3E2) - 1 E2(/,.
2 

-{3E2) - 1 E2 

= Nh - 2 (/ - {3E ) - I(/ - {3E ) - IE E 
"2 2 "2 2 2 2 

(6.2.6) 

(6. 2. 7) 

(6.2.8) 

(6. 2. 9) 

EH r £ 2 ~ ;;; ~ B<J ' ~ ~ N m ~ 1- ;;; ~ ~ ~ 0 "F 00 ' tl: ~ ¥1J ( {3 E + A) - I A = I,. -

f3 E • ft fflff 



[

f;- t 
PAQ = ~ 

0 ~ _,] T<f3E +A> _, AT _, 
(1,

2
- f3E 2 ) 

0 l ~ ~ T<I.- j3E)T - 1 

<I -j3E >-' "2 2 

[
A, 0 l 

= 0 1,2 • 

~ fl1 [iij f.F Jlf ~ lH Ell it!!. ttJ Jt 

PB = [!J '" CQ = [C, C2 ] 

~~.-~~-~--~Uilf~·?t·d~~~~~--: 

{

Ni z =xz+B2u, 
~2 : 

Yz = Czx 2, 

it~ ,x, E R"•'" Xz E R"2 ,n, +n2 =n,y= Yt + Y2 o 

SIS<>-SDDs "tV. 2 ~2 ~Jt-
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(6. 2. 10) 

(6.2.11) 

(6. 2. 12) 

(6. 2. 13) 

:.llll* B2=0,~fl1:fl x,=x2 ,n,=nzox. =@,n. =O '"v=Oo tEi!flrffi~~ • ~ifi~:l:J: 
f1~3JafT,1ltl~in:J SISQ-SDDS ~- 30 

tE B2#0 ~ffil£~ ,,mm~JJ 4. 4. l.;fftE-~~~-~~~~ T2 '"a#O,~~~ 

(6. 2. 14) 

[
]cO Nee ] [B2e ] 

T 2'NT2 = 0 l .. ,, T 2'B2 = 
0 

(6. 2. 15) 

(6. 2. 16) 
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jt ~, <J rll ,Bzc H~: llJfiM. jl;] 1>.7 N ~-~~II$, FJT1f B<J ~VI 00:1>.7 o, Bzc ~~IJ ~ :tit,~ ~!if ..t 
( J rll • Bzc ) llJ !.;A it~ 1-J 

(6.2.17) 

' 
],,,X, = :r, . (6. 2. 18) 

2: ~ '*li'. {£ x<t>< t = o > ~ t B<J Itii m fi B<J 1'N 1:9: r. xt FJT1f B<J t 1r .r. = o. t:J..& 
(6. 2. 19) 

(6.2.20 ) 

. . 
U = ai vvd ,Ivvd = .X vvd - 1 ' • • • , .Xvz = X vi • (6.2.21) 

(6.2.22) 

jt~,v=max(O,vd-1) • fil±l Yz llTit~JR1-J 

Y 2 = C zc .Tv + C zc .Tz = Czc .Tv• (6. 2.23 ) 

SIS<>-SDDS tV. 3 :5tffti1 ~ B<J1f!ILHil7CiSLt~.~~~ 
%\l.~j:\';(6. 2.12) ,j:\';(6. 2.13) 3\(6. 2. 18) ,.J::\';(6. 2. 21) , .J::\';(6. 2. 22)~j:\';(6. 2. 23 )' 

${£~~~~~~~B~it~~~rma<Jm.J::\: 

.r, = 0, Ie = _!_u <v> , 
a 

.i v2 = _!_u (v) ' 

a 

{ x = ~~ +~: · 
y=C.r+Du, 

(6.2.24) 

( 6. 2. 25) 

(6.2.26) 

(6. 2.27) 



Jtrp 
X! AI 0 0 0 aB! 0 

X v2 0 0 0 0 0 1 
-

A= B= x= 
I vvd - J 0 0 1 0 0 0 

.X vvd 0 0 0 1 0 0 

~n* vd>L.!ilU 

ii = _!_U <v> , E = [Cl C v2 ... 
C vvd - 1 C vvd J t D = Cvl• 

a 

~"* Vd =1 • .!ilU 

ii=_!_u, A=A1, B=aB 1 , E=C1, D=C2, . 
a 

~ fflff !;,{ T WJ ~:IF IRJ 'flY (5L 
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11~ 1 D*o, ll=l Ell r~J! 6. 2. 1 l'f.Jffi% 1. :(£J!~'flf<£ T, ~!Hi~~ ~'¥1J xd = o, 

(6.2.28) 

y =Ex. + Da - I u< v> =Ex. + D z~<v> . (6. 2. 29) 

11~ 2 D=o, ll=llillr~J! 6. 2. 1 l'f.JTI!f% 2 • .ffHi~J! 5. 2. L:ff:(£~~~:1FI'f.J~~d\, 

I\ fll I\, ~~fllX>tJ.:\<6. 2. 27)Wf~l'f.J ~U!fuHr~nT *t~F~~ 

- - (x. ) 
X= r. X= r. Xd ' y = ro Y• ii = _!_u <v> = I\ u< v> , 

a 

.ftHiJ.:\<6. 2. 22)nJ~' 

Bd = [~]. cd = [1 o ••• o]. 

1 -
-u( v ) = ri u <v) . 
a 

Eit.tlt7i;Jil(;7~~ SISO ~:Jf¥~1'f.J!E.fiiJ:7t··~· 

~fifflTOOI'f.JM~*~~~OOI'f.J:fr·~*· 

(6.2.30) 

(6.2.31) 

(6.2.32) 

(6.2.33) 

(6.2.34) 

• 



166 ~·li.~tA.SI~: M~~tf>k 

fif 6. 2. 1 ~ Jlt A ( 6. 1. 1) JiJi ~.l'fCJ-~ # ~tit • :lt lft 
1 0 0 0 0 

0 0 1 1 0 

E= 0 0 0 1 0 • A= 
0 0 0 0 0 

0 0 1 1 0 

1 0 1 

0 1 0 

1 0 1 

0 1 0 

1 0 1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 

, B = 0 

0 

1 

C = [o 1 o o 0], D = o. 
1t j\;~jf {3= -1, :Jf~ iiJ 

1.4142 

0 

1. 4142 

0 

- 0. 7071 

1. 2248 

- 1. 4142 - o. 7071 

0 - 1. 2248 

p = 0 - 1. 4142 - 1. 4142 1. 4142 1.4142 • 

1 

Q= 

0 

0 

0. 7071 

0 

0 

0 

-0.7071 

-1 

0 

0.4083 

0 

- o. 8165 

0 

0.4083 

0 1 

0 1 0 

0 0 0 

0. 7071 0 1 

0 0 0 • 

-0.7071 0 0 

0 1 0 

0 0 0 1 0 0 0 0 

0 1 0 0 0 

0 0 

0 0 0 0 0 

PEQ = 0 0 1 0 0 , PAQ = 0 0 0 0 0 

00000 00010 

00000 00001 

0. 7071 

-1.2247 

PB = 1.4142 , CQ = [0 0 0. 7071 0 1], 

1 

0 

:ltlft .n, =3 lO n2 =2. ~~l'fCJ~#~tltPJit?HW.flltriliil'fCJ-=f ~tit: 

(6.2.35) 

(6.2.36) 



N = [~ ~], B2 = [~]. C2 = [0 1]. 

t£ •• B2 ~~'J.I2 B~:J!J:\:<6. 2.15) M~~l'f<Hf~J:\,ftf11~ 
a=-1, x.=O, u=-x., x . =x.=-u, vd=1, 

-
X= Xt t 

{x = ~~+~~· 
y=Cx+Du, 

- 1 u = -u =-u, 
a 

A= A 1 = o o o , 
[

0 0 0] 
B = aB 1 = L 2248 

[

- 0. 7071] 

0 0 0 - 1. 4142 

E =c. = [o o o. 7071], l5 = o, 
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'EX;J-~7 SISG-SDDS~:W 3l'f<JM~ 2. ~1Hi~ll5. 2.1l'f<J~1U1Lftfi1~3-¥1JFJT~l'f<J~~
.I:I:Iln.A1Nf~~~. 

[

0 - 1 0. 7071] 
r. = 1 0 - 1. 2248 ' ro = 1' 

0 0 1.4142 
r\ =-1, 

-t:re•M~~-~~~~M~l'f<JM~~J:\: 
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0 0 0 1 0 

0 -1 0 1 1 

r . = 0 -1. 2248 0 1. 2248 0 

- 1. 4142 -2. 1213 0 2. 1213 1. 4142 

0 -1 -1 1 1 

0 0 0. 4083 -0.7071 0 

1 0 0 0 1 

r , = 0 0 - 0. 8165 0 1 

0 0 0 0 -1 

0 1 0.4083 0. 7071 -1 

lll 
r i = 1, ro = 1. 

~~~~re~~*~~~~~~%~ 

0 0 0 0 0 1 0 0 0 0 0 

0 0 0 0 0 . o 1 0 0 0 1 

0 0 1 0 0 .r= 0 0 0 0 0 .r + 0 ii 

0 0 0 1 0 0 0 0 0 0 0 
-

0 0 0 0 1 0 0 0 0 0 1 

lll 
y = [1 o I o 0 l1] .i. 

?tf&¥JJ5a<J¥~1tf~:l:fli~jj 

.r, = 0, .re =-u, 

i: = [0 • 0 ~].r. + [~}d 

~. 3 MIMO ~:Jf~tlf 

an•~~~ooa<J~·~~~A~$~·~~*~~~?t~&¥.&M•wm~~~a<J 
ttl9J:. jj7~itmBfli,~~?tf&¥~~tt•rt~.bUJf~tt!9J:a<JYEII~~~ 6. 411~. 

:iEli6.3.HSDDS) ~lttj.\:(6. I.nm:lRa<J$~:1:~11:~~¥~ ~. x;j sE C ~JE 

det(sE- A) :;i: 0. 

1. ff~lll~f;f-x~B<.l~l::fflmfl n, ,n. ,n. ,nb ,n, ,nd ,md ,mo ,m, ,pb ,.!lll:'= md > O,Jjl~~ iE 
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2. ff::ff~F~:1f 8<J~~ll!$t l:iHE11t~£l!: r , E R""'" lU r o E R•"'P, !;,{.&_-1-m X m B<l~F 

~:1ft!IU A~£l!: ri Cs), 't:B<JJmmlr!fB<JJt~ ~-® s B<J $J.m~ < I!P E B<Jlm§. * T -*f'lltlt?tJt: 
r); -1- n x n B<l~F~:1f~~ r. (s), 't:B<JJt~~ s B<l$J.m~ oPfi:fl ~®, ~ l±l T I B<J!a#il 

?tffl¥ ,if llH~:lt!!.tll.R T!a#ilttml: o 

IB<Jta#il?t~~!;,{m~oo-mnw~~= 

.r=r, i, y=ro.Y• u=rj<s)u (6.3.1) 

.r, 

.r. 
Yo Uo 

.r. 
.r= (6.3.2) 

.rb 

.r, 

.rd 

.rdl 

.rd2 
.rd = (6. 3. 3) 

Xdmd 

.. 
},z .Tz = Iz' (6.3.4) 

(6. 3. 5) 

i . = A .. .r. + B o. Yo + L.dYd + L.byb + sL.,(s).r,, (6. 3. 6) 

( 6. 3. 7) 

Yb = Cb.rb+Cb,.r, +sCb, (s).r,, (6. 3. 8) 

i , = A " .r' + B o. Y o + L,dyd + L,byb + B , M ,, .r. + B,u, + sL .. (s).r,, (6. 3. 9) 

Y o = Co, .r, + Cob.Ib + Co, . .r, + Cod.rd + Uo + C.,.r, + sCo., (s).r,' (6. 3. 10) 

M-T&1- i= 1.2, ... ,md ll! - ®)E'ilts<JA:fl ~ ~~Ht~B<Jrmlr!f, t;,t.&Jt•~ s B<J ~J.m~B<J 
m ~rtf, :fl 

md 

+ B"; ( ud, + M, • .r. + MiJ,.rb + M,,. x c + 2:: Mii.r di ) , 
j = l 

( 6. 3. 11) 
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"'d 

i!!f! ,:f:R~ :r, ,:r. ,:r. ,:rb ,:r. ~ :rd l¥1mfl?HJIJ~ n, ,n. ,n. ,nb ,n. ~ nd = .2:q,; ffiiXif4ij1-
;=t 

i=1,2,···,md,:rd, I'J(J!Ifl~q,o rtlfi!J9i:tl uo,ud ~ u. 1'19mfl?HJIJ~ mo~md ~ m.=m

mo -md, ffii.HfF:ltlt Yo.Yd ~ Yb 1¥Jmfl?HJIJ~ mo ,md ~Ph= p-mo -md o ~~X;f(Abh, 

cb >~ nr~l¥1, <Ace .B.>~ 11J;11'19, = Jtm. <A.,, .B., .c., > 1'19~1!:~ 

[0 I. -I] [OJ A. = · ' , B. = , c. = [ 1 0 · · · 0] , 
' 0 0 ' 1 ' 

(6. 3. 13) 

fl1ilia: :rd; ,i= 1,2, ··· ,md 1;1 q,<,_q, + II¥1:/JJ:\fl~jtl ,Jiltl~~ L,d:ff~~I'J(J~j\; 

L,d = [L,I L,z ·•· L,,_l 0 ·•· 0], (6. 3. 14) 

~'P ,fiJii-~-T~1-.7~o 

~}! 6. 3. 1 'P .~~)tfffi'J(J~:iilfii.JEIIJ}{E~ -l)l=j:r~ lfl o 1;1 ~ I'J(J~J! 6. 3. 1 I'J(Jff£~~ 

:±l7~~?tf8¥1¥JraJIIA~~~J!: ,J!JL. 7~JlC~~I¥J~fft-**'o H£~1¥Ji.JEI!JHS1H~J! 6. 3. 1 

1'19 ~iii 1i i.iE IIJJ i:U'l o •it 6. 3.1 ~1! 6. 3. 1 .p .2: I¥J~~?tfff11Jl;.(:&~ :!m~: 

E= r . <s>Er. =E. - E, (s) + 'l'(s) (6.3.15) 

1,, 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 N ., (s) 0 0 0 0 0 

0 0 I •• 0 0 0 L., < s) 0 0 0 0 0 

0 0 0 I •~. 0 0 
+ '1'( s) • 

Lh, (s) 0 0 0 0 0 

0 0 0 0 I •, 0 L cz ( S) 0 0 0 0 0 

0 0 0 0 0 I "d 
Ld, (s) 0 0 0 0 0 

A= r . <s>Ar. =A, +s'l'(s) 

I .. 0 0 0 0 0 
z 

0 I., 0 0 0 0 . 
BoCo + 

0 0 A .. L.bcb 0 L.dcd + s'l'(s), (6. 3. 16) . 
0 0 0 Abb 0 LbdCd 

0 0 B.M •• L.b cb A ce LroCd 

0 0 BdMd. BdMdb BdMd. Add 



~6-t ~Jf- Ndic.#J ~.._ 

0 0 0 

Boe Bde Brc 

Bo. 0 0 
B = r c<s>Br;(s) = B, = 

Bob 0 0 

Boc 0 B. 

Od Bd 0 

[

C0, 0 · Co. Cob 

c = r ;;- 1 cr. = c, + w. = c , o o · o 

cb, o o c" 

Coc Cod] 
0 cd + 'P'c' 
0 0 . 

i5 ~ r ; ' Dr,(.,) ~ D, + 'l'o(>) ~ ll~, ~ ~]+ 'l',(>), 

Jt9=', 'f!'(s)~-1-:lG~ 1-J-J!l:; s $J9!Jti¥J n X n ~~, 

Bo = 

0 

0 

Bo. 
' Co = [0 0 Co. Cob Coc Cod] 

Bob 

Boc 

Bod 

Jt9=' ,'fi'R( s )~jG:t(1g- J!l:; s $19!Jti¥J~~o 
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(6.3.17) 

(6. 3. 18) 

(6. 3. 19) 

(6.3.20) 

(6.3.21) 

~it 6. 3. 2 ~ 2:, 1-.l-1--tf:1f~~ ,ffl;,£1jt~~lm:7G~Il<E, ,A, B, .C. ,D, ) *~ffi, · 
'EI¥J-ffliii?Bfl1-.l 

H , (s) = C, (sE , -A, ) - 1 B, +D,. 

~ H < s > 1-.1 Jjj{ -tt J'f ~ ~ < 6. 1. n l'l9 -ffl ii i?B It , JJlU 

(6.3.22) 

H(s) = C( sE- A) - 1 B + D = r oH , (s)r i 1 (s), (6. 3. 23) 

2: ~ llA • Jjj{ .¥ ~ 2: ~¥J -ffl ii ea ~tl!l m 2: , ~ ~ ~¥J -ffl ii ea ~t z fEiJ El3 ~~= -tt 1f ~ !1!: .ffi J&: .¥ 0 

Jtr *. ~fn~m tf:l~¥J~. fl3l 19: 2: ~¥J~~~:I: .r <t)t£ t=o ~ t ~¥J:it~ ea~t. #li:fl ~ 
*-AUI: ,J!Q~~'*« ,JA .r<o- ) i!J .r <o+) B>tli:fl fi)~~, JJlU~R~~iiEilA, lt < 6. 3. 4) ~'* 
.« X>t 19T :fl t :fl .r , = o o t£ 2: t-t - 1- H: ~ ~ij l'l9 fl3l i~ r , .~, !MiH~ 7Ht¥ 9=' ~~~It l'l9 #JJ.ll! timt 
:!Lor= 

1. ~ ~ .r, ~~fit~ l'l9 • x>t 19T :fl Bt fEiJ t tl5 ~ ~ o 'E ret /l' fm ~ .¥ ~ ~ A Elf rt ft!J , tt! /l' 5¥: 
Jtft!!.~~l'l9~~ 0 
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2. ~~ x . m:.li!:Jft~l'J<J ,·§:~T WdJt$lA~itfll'tffll'J<J~~IIfl"?X~fll'J<J~11m-g. o 
3. ~~ :r. ret/Ffm~~H!ftlfUA1Iit~i!itJ .m/F~~~tlfg :±ll'J<J1Iit~PinJ o 
4. $l :±l Y b fll~ ~ Xb /F ~fffJiJtuu A l'J<J 1I it~ ll(ii) '~'if 't PI [:J ~ i!J tlfU :±l Yd l'J<J IBJ it~ 

i!itJ o mL§., <Abb ,cb Hf~nlt TPIAAI.M ,J!~IIJH~~ :rb :.li!: PIAAI.l'J<J o 
5. ~~ :r, 1Iit~$l A u, ~i!itJ, f§.M ff fJiJ. :±l i9: :fl1I it~ PJPJo <A", B, )J~ nit T PI~ 

xt ,J!~IIA~~ :r, :.li!: PI~l'J<J 0 

6. ~• ud,3M:i:t-m q. 1-fJHtH~i!itJtlftt :±l Yd• . rm !iYr:flB<J~~ :rd, :.li!: PI~fllPIAAI.B<J 0 

ftfim~-~~-.-~~~l'J<JJYf:fl/F~11£Bm3M3M:i:tM~Jt~mRoM~ 

J='l!6. 3. 1 J:f:t 4l'J<JM~Jt~/F~fiJ:fj~Jt!!.~···~~~ff:(£JC~l'J<J~~~·o~:1-J:flt~~ 
:fit :r, 11fl~:1g~.~~~:it :re .R:.li!:~~$lA~:itfll'tffll'J<J~fll'J<J~11m-g.,]IitJii.UilW::Jt:;>j( 

aPI~re~JF~~~~i!J-1-~ffl-l'J<.J~~~Jf~~olYf!:J ,MtlfUA- $l l±ll'J<J*~*~~~l'J<J 
~. • ~ B<J ~ JF ~~PI rJ ~ffl-JW.~mt ~ r B<J ~~ ~ JF ~ ~ = 

x, = A" :r' + Bo,Yo + L,dyd + L ,b yb + B,M,.:r. + B,u, , 

Yo = Co. :r. + Cob Xb + Co, :r, + Cod:rd + Uo • 

M 4iJ: 1- i = 1, 2, · ·· , md , 

11/d 

+ B", ( ud, + M,.:r, + M,b:rb + M,,:r, + 2.:: M,j:r dj ), 

(6. 3. 24) 

(6. 3. 25) 

(6.3.26) 
(6.3.27) 

(6. 3.28) 

Yd• =C",:r,, Yd = Cd:rd. (6. 3. 29) 
~~.ftfi:flJI~•m·*~J'f~~B<J~$~~fll~~JI~M•PI~~~JW.mrR~JF~ 

~oJ!:.li!:*·M~Jt~:Jt:;>j(l'J<Jfi£~11£o 

ftffl:(£-ntriiiE.f~~i!J .~JI6. 3. 1 l'J<JM~Jt~Jt.:flll~~~~:n~~ 4 M~11£l'J<J 

*f.~ o ftffl.:(£PI ~i1f~:tznM M~~7tfff"f:t1~i!J 4 l'J<J ~~11£, :tznPITJt~11 , Pitlri9!tlf£, 
~.&:fl~fi1:£~~.~M~ o 

§5tMJ'c~<.!A!. Dai[43
J ) "P* @IJ®l~11~Jf~~~~11, Pif1!~11fllPitlrij!tl11l'J<J~ :X. o 

~)( 6. 3.I<tl.~~, iifil~t!UOiif*illl~) :tzn.*fW:$1J!:J:\ det(sE- A) B<Jm8:(£ 
c- ~ ,JJIIJ~:J:\<6. 1. nt~l£B<J~~ 4 :.li!:~~B<J 0 :tzn*f¥:(:£ - 1-Jt.:fl~ ~ !tfll'J<J~#~jr$ 

F .~1~ det<sE-A- BF)l'J<Jm~~~l'J<J ,JJIIJ~~~~PITJt~l'J<J o ~f!;.(Jt!!.,:tzn•ff::(:£-1- Jt. 

:fl~~!tfll'J<J~#~jr$ K .~~~ det( sE-A- KC) B<Jm~~~l'J<j ,J)!tl~~~~ PitlrlJ!tll'J<J o 
afn:fl rJ r B<J11£ 0 

~Jj 6. 3.I<iifil~~~iif*lJIIJ~) j:\(6. 1. l)~~l'J<J~~ 4 ~ PITJt~l'J<J' ~_§. fJt .¥3 
(A,on ,Bron )~ PITJt~l'J<J; 4 ~ PI~~tll'J<J • ~ J3. f5l. ~ <Aob, ,Cab, )~ PI~i9!tll'J<J ';it~ 



tl 2 89 Kronecker AA1.1ff.% ( ~ ~ MalabreE97l ) o 

:iE.>l. 6. 3. 2<~Jf•t.o ~~~* 

rank { Px<a) } < n + normrank{ H(s)}, 

!Jllj ~fl a E C 8.t~$:1-JN::.it < 6. 1. 1) Wi~ B'~~:J=f ~ m 2 l¥J/f'~~ .~ o it t:p, 
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(6.3.30) 

(6.3.31) 

(6. 3. 32) 

H(s) = C(sE- A) - I B + D, (6. 3. 33) 

normrank { H<s) } ~~ H(s) 89 'iit~f'k, 8.tN::~ )( :1-1 :(£ !11- Jt.:fl ~ ~ fl 89 s 89 :fl J1l! P1§ fl~ 

_t89f'k,Px<s>N::.it<6.1. 4 >.P89~ 2ltL~89~m~~*o .it<6. 1. 6>"Pl¥J {3; x-tmzT 2 89 
::p~~.~o 

~T89tta~~289/f'~~~~~~~-~~:rtMM~~~.PmR. 

tti.Bi6.3.2<~Jf•F.a."M"~a> 2 89/f'~~.~~A •• 89~uHao 2 89'/it~f'k~r 

ftffli£~iU,A •• 89 Jordan ~Ji'.1ff.M~MJ1LT~m89 MorseE iooJ II ~Uo ~llJF_t:(£if$11l 

m .P .:ill:-tP-il!!~~~/f'~~.~z;tJ~;f§.*ll* 89~~~ :ti »:::fl m ~ &Hfl! 89, epre x . ~~~ 

li~$~ ,/f'fi~$~~N:~~~_t/f'~~.~;ffi.*89$~ 0 .mtl~Jll! 4. 2. 1 ,f¥1£ - 1-~1: 

~:1f89:tit~~~, lt~lli3tN:: T , .~~~ 

x;- rA~. o o 1 
x . = T. X~ ' T;; 1 A .. T . = 0 A~. 0 ' 

x;t 0 0 A;:;. 
(6. 3. 34) 

j'l;t:p ,ACA,: )CC - :1-J~~ 89/f' ~~.~,A (A~. ) C C0 :1g ~~_t 89 /f' ~~ .~ •A (A~ ) c c+ ~ 

/f'~~89/f'~~.~ 0 

~~~m 2 89xlll.t~.~M~~~~)(:1-J.it<6. 1. 7) .P Px<s) 89 Kronecker AA1.1ff.%89 
;ffiJ.iiZ89*M#il o i:I!~J:JJ1LfflAJ9fp.i]~89 Smith- McMillan %!!lG MorseE1ooJ 8914 ~lj*~)( o 

tti.Bi 6. 3. 3< :7ti!R.F.ii:ta~ > 2 Jt. :fl m o 1- o M-89xlll.t~ .~ o2 89xlll.t~.~M~<:kr 

0 l!ft) :1g 

5,~, (2) = {ql,qz ,···,q," } , (6.3.35) 

I!PMiJJ:-1- i= 1,2, ··· ,md .2 ~§JIJ:fl - 1- q ; M-89xlll.t~ .~ 0 

Jt: •t± Jfi 6. 3. 3 Y- 1t :i.: ~ ~ ft.) ~- ~it, ~ iL o d7 T 1t ~ ~it, tk A ~ .!f- ft.) tt ~, ~ 
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A< 6. 1. n ?Jj" ~ .:il frlJ ~ ~ tt frlJ X.~*.?., tHiJ ._A< 6. 3. 35) :t ~ ;r;; Ji1 o 

am~~~M~*•*~~~ili•~••~~~mM~oM*•~•·~~m~ 
[B' D']~[C D]~:lil:kflk~li1lt'lflSi'. .~ll*f¥:(£-1-:fl:flm~mfl L(s) .~~i 

L(s)H(s) = 1,., (6. 3. 36) 

91U•m ~ ~~fft:it!!. ,H(s)~ti:~m~; ~*f¥:(£-1-:fl:flm~mfl R(s) .~~i 

H(s)R(s) = lp, (6. 3. 37) 

mu•m ~~:s-~m~; lll:-~:!t!!..~n*ft{~t~:~m.:x~:s-~m.Jtu~it~~m~; ~n*ft{ 
::f~ti:~ m. X::f~:fi~m .910 ~~::f~m~~il!-ft<degenerate) ~ o~ I'J<JAi*I'J<J~mM~ 
li1J¥-f~j.\ ( 6. 1. 5) '=P Px (s) ~ Kronecke~ J;£1i~Jf~ '=P ~J.iili'J<J~M~ I'J<Jti:~:fi I'J<J:II:JJ'ttffi:fl 
~o~~~ ,:fi~ti::ll!J,ttifl*jJIJ~fft~<Abb ,Cb) ~~~ttttfft:~<A"' ,Be) ~~~ttt:J 

fl,J!~*jJij)(;JJ.iilT Morse[Ioo] ~ 13 fll 12 jtlo 

~Jl6. 3. 4(iif)!f!~) ~ ~:fi~ m~, ~Jl &~ xb( l!;JlJ:t Yb) ::ff¥:(£; ~ft~ mi'J<J, 
~ll&~ xc<!!;Jllt u c ) ::ff¥:(£; ~~m~.~ll&~ Xb fll X c .::ff¥:(£o 

ftf11J£:t£~ ili ntril '=P .:E~M*~ie-YEI!fl, I!P~:JI 6. 3. 1 fll't~~:fl"M~tta o 
lEll6. J.tt'J<Ji.iEM rifii~-~$~:11:·~-·M~*-I'J<Jii~JH!o 

MIMo-SDDS -!V. 1 t<JJ~*

i!-~~re~~(J<J·~··*·d-1-~~~-·fll-1-Jt.:flMRM~~-~~-

mo i!-~l1!6. 2 il'=PI'J<J SISQ-SDDS ~- 1 ~li1J .it~~!IG¥1JA1-~~-~m~ PE R.x. 

~QE R·x ·,~~i 

PEQ = I ' PAQ = [
J.. OJ [A 1 0] 
0 N 0 1 .. 2 

(6.4.1) 

PB = [~:J· ~ = [C, C2 ], (6.4.2) 

Jtrp ,A, ,B, ,Bz ,C, l1l Cz ~A:fll!~!tfi~m~.N ~-1-A:fll!~ttifii'J<JlJ~m~. H: 

:!zll~~ h,l!p Nh - ':i=O ffii Nh=Oo ~fft:it!!., ~ ~-*-drifiiA-1-~··= 

{

.i-1 = A 1x 1 +B,u, 
~I I 

y 1 = C1x 1 +Du 
<o.4.3) 



{

Niz = .Tz +Bzu, 
.Iz : 

Yz = Cz.rz • 

;ltt.ft ,.rt E R"1 '" .Tz E R"2 ,nt +nz =n '"Y = Yt + Yz o 

MIM~SDDS 'HT. 2 .r, '" .r. B9?HW 
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(6.4.4) 

.:E ~ B9 !Hi JiHfl*l .Iz t.ft < N , Bz ) n! jrff X>t B9 liT ll ln ~ liT lx'! $ 7t o * ~ m 4 • tft B9 ~ 
JM 4. 4.1 '"~JM 4. 4. 2,f¥t£~~~#B9~Hif-?.4:~ 

.rz = T , xz , u = Ti u, 

A (.r.) .r.z .rz = , .r. = , .r, E R"·, 
.r, 

u= 

:r VPI~ 

Ivi.l 

.r., E RP;' .r., = 
Iv;,z 

, i = 1, 2, ... , n. , 

[
1. N,.l = 
0 1 •, 

Btt 

0 

A [B. J Bz = T ; 1 Bz Ti = 
0 

= 
0 

1 •1 

0 

0 

0 

Btz 

Bzz 

0 

0 

1 •2 

0 

0 

0 

0 

1 •• 
0 

Bt •• 

Bz •• 

B,.e"e 

A 

Uz 

A 

u •• 

A 

u. 

. N ,.ez 

1. 
' 

Btz 

Bz, 

B,..,z 

0 0 0 0 

(6.4.5) 

(6.4.6) 

jt q:t , < 1. , B. ) ~liT ll B9 o ifii !1. , m r N ~. ~ n! jrff , JYi !;.( 1 ., '" 1 ., B9 ~ ID: {t ~ t£ 0 , 1 •. , 

N,"B'''" B,i (J(J~J!:;~ 



176 ~·ti ~diU.!~: M#J~'f* 

r~ 
1 

Il 
TJ iz .l 

m· fvi = N;, = B;; = 
0 'YJ iz. p;-- 1 

0 0 1) ;z,.p; 

I 
b;,,J 

b .. ~. ~ · ' 

} ,., Xz = Xz' 

xt i=1,2,···,n., 

.. , 
J viXv; + N ;, X,= Iv; +B;; U; + ~ Bij Uj +B;, U. ' 

j = i j-. 1 

.. , 
J vi I vi = Iv; + B;; U; + ~ Bij Uj + B;, Uo - (N;, X,). 

j = i -1- 1 

.. , 
Ivi . Z = Iv; ,J + ~ bij ,l Uj +b;,, J U.- T} ;, ,JX, , 

j = i + l 

.. , 
Iv;. J = Iv; .z + ~ b;J .Z UJ +b; ,,z u.- T}; ,, 2 x, , 

j=i -1- 1 

.. , 
X vi.p; = X vi.p; - 1 + ~ b;j · P; - 1 it,j + b;z,p;- 1 it* - TJ iz.p .·- l iz' 

j = i + l , 

. + . 
U; =- Xvi.p; TJ;z . p;Xz• 

P;- 2 "e P; - 2 P; 

(6.4.7) 

(6. 4. 8) 

(6.4.9) 

(6. 4. 10) 

( 6. 4. 11) 

(6 . 4. 12) 

(6. 4. 13) 

- ·<p.- I> "'"" "'""b ·w "'""b ·< <> +"'"" w (6 4 14) X vi. I -- U ; ' - L..J L..J ij .k + L Uj - L...J iz,k + l U. L..J 1J ;z, kXz • • • 
k=O j= i+ J k=O k = I 

xt-T-1-5G~ :1-1 s ~J'ffi-~a<Jit~9dl: t/J; (s), ~)( -1-Kllfa<J~A~ft 
P; 

· - +"'"" w_ (). U; -- Xvi.l L...J 1J ;z .kX z - «/J; S U' (6.4.15) 
k = J 



~ ~ 

Xvi .2 2: b'l .lXvJ·P, + 2: bij .l Uj +biz.l U. 
, ~ , + l & p > I j ~ i+ l &p1 ~ 1 

P; "e 

-u,+ 2:TJ ,,.,:r~" + 2: b,1 ., 1J1,.pi:, , 
k- 2 j~ i+ l &pj > l J 

"c "~ 

Xvi.3 = Xvi.2- 2: bij.2Xvj.pj + 2: bij. 2 Uj 
j=i+l&pj>l j=i+ l&pj =l 

:r = . 

"• 

+b,,.z u.-TJ,,.2x, + 2: b,1.z 1J1,.pi:, , 
j=i+l&pj >l J 

"• 

+b;,. p,- l U. -TJ iz. p- li,+ 2: biJ .p, - l'TJjz.pX,. 
I j=i + l &pj > l J 

u. = 

P., 

+ "' w - Xvnc.l L.J TJn z,olX z 
.t=l lr 

X v2 . l 

=-u. + =- u. + sN .. (s):r,, 
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(6. 4. 16) 

(6.4.17) 

(6. 4. 18) 

;lt t:f:l, N ., (s) ~Jt# 1J s ~lJ!J:tf'I<J~~ o Jll{£~~ ?§~~liE, J:t ( 6. 4. 4) .P ~~Iii f'I<J *' ~ 4 z 

11J~:t:flf~J£~r%J:t 
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},z .i-z = .X,z' 

x. =- u. + sN.,(s)x,, 
(6. 4. 19) 

Y 2 = c2 .i-2 + D2. u. + [s D2, (s) + C.]x,' 

Jt~ ,.i-2 i!J.*T Xv q:t}9f;ff:::J':(£ X e q:ti]<J~~~Jil: ,A2- B2.- B2, ,C2- D2r l!JC, ;J~J~fl~~~ 

fla<J~'iit~~ ,B2, <s> l!ID2, <s> ~~~ ~-J!t. s $J.Wi\:B<J~~ o ffff H.Xif-J!t.A:fl ~ ~ ~fl 

a<J~1it~~AihBI. ,B1. ,C12, D1 . l!JD1. ,"t;,(}ii-.1!1;.~·~ s $J.Wi\:a<J~~B1,(s) l!J 

D1,(s) ,i\:(6. 4. 3) fijfjf-B<J ~~ llJ~lfi:Mf~~ 

{
XI = A1x1 + ~1 2 ~2 + ~~· ~· + ~~· ~ · + s ~~ , (s)x,, 
Yl = Clxl + cl2 X 2 +Die u. + Dl. u. + s Dl,(s)x,' 

(6.4.20) 

M IMQ-SDDS "!!7 ll 3 iE !JIU~ tJt I]<]* fflt l!l :ft Jli I]<] ?t f8¥ 
~li~M r ~t!t<6. 4. 19> lll<6. 4. 20) q:t*Ji'tiE!Jl~ ~t!t, ~Jii Mit< 6. 1. u J9fff- a<JW-~t!t 

l_iil.ffliE!iliJ~t!t~*, J:J~~~~~?tfft¥ o tlHliii\:<6. 4. 19>l!li\:<6. 4. 20> .~fl11~i!JiE!Jl~ ~t!t 

_ {x=Ax+Bu+B,<s>x,, 
~: 

y = Cx+Du+D.<s>x,, 

A= [A1 ~1 2 ], B = [~ 1 • ~ 1 
·] , [s~~z(s)l· B,(s) = _ 

o A 2 B2. B2. s B 2, < s) 

(6.4.21) 

(6.4.22) 

(6. 4. 23) 

(6.4.24) 

C=[CI C2+CI2], D=[DI. +D2. Dl.]. (6.4.25) 

*~~J.ll! 5. 4. 1 B<l~* llJ~ ,;ff:(£~~~Jfll<J~~ [\ E R;; x;; ,jtq:t n=n-n. -n, ,f\ E 

RJ'xPl!J I\ E R"'x"' o ~.X{~Jjiz.ffl}!J!t.~~JJ;f, I!P 

Yo Uo 

:r = r , ii=I\ii=£\ (6.4.26) 
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;lt!:fl X, E R"• , Xb E R"•·, x , E R"·· , Xd E R"rl , u0 E R"o, u, E R"', , ud E R"'d, Yo E R"o, 

Yb E R Pto 'Yd E R"'rl ' 

• Yd = 

xd,n 

.T. = A.,x. + B o. Yo + L,d yd + L.bYt. + sL., ( s )x,, 

.ib = Abbxb + BobYo + LtxtYd + sLb, (s)x,, 

Yb = Cbxb + C~o,x, + sCb,(s)x,, 

"'d 

+ B", ( ud, + M ,,x. + M,bXt. + M,,x, + 2.::: M,ix di), 
j ~ t 

(6.4.27) 

(6.4.28) 

(6.4.29) 

(6.4.30) 

(6.4.32) 

(6.4.33) 

Ydi =C,,,x di + C,,,,x, + sC.,, (s)x, •Yd = Cdxd + Cd,x, + sCd, (s)x,, (6. 4. 34) 

;It .:P <A,, ,B., , C,,, )~ J:\ < 6. 3. 13) !9f~ I¥J~~~J:\ o .?e:llt, :lt~ T ~Jll! 6. 3. 1 I¥JiiEIIJ1 o • 

:lila, ftfflii:~~lJfff.~ 6. 3. 1 ~fff.~ 6. 3. 2 1¥1~ Jli!: llJ J:J~ k-( _t I¥J#iliilU:J:~~-~l\1 

1ti f.!:11BJJ! 1¥1 fff. ~ .:P ~~ilL 

ta~~-~lJHAiiEIIJJ - £!.~ T J:J ~~ 1-'31 J.!l!l¥1~ Jli!:, ~Jf ~ ~~#i!JtW¥-1119!: I¥JiiE 

IIJ1~1lf J:J*ffl~~ 5 tt 5. 5 11 !9fl£1EJi!IJ ¥~;t:IH~MI¥J1J#;*ll!:~i o 

~lll6. 4. 1 ~ lttffl <E ,A ,B ,C ,D) ~~1¥1 ~~ ~.~:tf~J:\< 6. 1. 1) !9ftNil£1¥J~~ 

~ fB]~J:\, Ji!IJMiffPJTPi Ji det(sE- A- BF> ;t= 0 1¥1~~& iJJ!jf .M FE R"'x", L;,( <E ,A+ BF, 

B,C+ DF ,D) ~~1¥J~~Jj_iJJ!~~ ~F ~ k-(~1119!:: 

1. ~F~IlfUi~I¥J,~J3.f~~~~llfUi~I¥J; 

2. ~~- ~ ~ 1¥1-.t~alf!lli.l; 

3. ~F ~ ~ ~lfllli.ll¥1/f'~~,¢,\~#ij; 

4. ~F ~ ~ ~lfllli)I¥J:£i!R~ ,¢,\~#ij; 

5. ~F ~(ti:,;(:J!OCtJ5/F~) llf~I¥J,~Jlf~~ ~~(ti:,:fl!OCtJ5/F~) llf~I¥J o 

i.iEIIJJ ~-~~BMI¥1 o ~2~~L;,(~fff.~.:P~ffi: 

H F ( s) : = C C + DF )( s E - A - BF) - t B + D 

=CC+DF)(sE-A> - '[I-BFCsE-A) '] 'B+D 

= <C+ DFHsE- A) - 1 B[I- F(sE- A> _, B] - '+ D 
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=[C<sE- A) - I B + D][l- F<sE- A) - I B] - 1 

= H(s)[1- F<sE- A) - I B] - 1
• 

[
A+BF-sE B]= [A-s£ B][l o]. 

C+DF D C D F I 

(6.4.35) 

(6.4.36) 

!-') ]k:(±J\ ( 6. 1. 2) Pff~ 8'-J~~ ~ jf }:£ 1lt 1!:~ ~'PI ( s) :IF 1!:fi :Jil::F~ ~fir 8'-J $~'PI l~Ht- :±l 
~3,4~5J..9L • 

sl II 6. 4. 2 ~ .ffi El3 <E ,A, B, C, D) Pff~~ 8'-J ¥,~ 4 W(;;f:Ji!::J\ < 6. 1. 1) Pfftit~ 8'-J ~~ 
~ J'Ei]%J\ ,!J!tlx-frnt!i )E det(s£- A- KC) ~0 8'-J }:£ 11ft!fg :±l i1!A!I M K E R"xp, El3 ( E ,A+ 

KC ,B+ K D ,C ,D) Pff~~ 8'-Jtlfg :±l i1!A¥.~ 4K ;fl l;J ~ (f.Jfi)9j:: 

1. 4K :Jil:: PI f&imiJ 8'-J, ~ H fX ~ 4 :Jil:: PI f&m~ 8'-J; 
2. 4K ~ 4 ;fl";ftjlRJB'-J'ilt~~; 

3. 4K ~ 4 ;fl";ftjlRJ B'-J/F1!:~,~~~; 

4. 4K ~ 4 ;fl";ftjlRJB'-J:XII&~,~~~; 

5. 4K :Ji!::<ti: ,;tlW(;~/F:Ji!:: HiJ )28'-J, ~Ji fX~ 4 :Jil::Cti: ,;tlW(;~/F:Jil:: )PI )28'-J o 

i.iE ~ ~ ;;ll J1l! 6. 4. 1 :Jil::xtfM 8'-J 0 • 
*11.litl~ 6. 3. 2 '1!:~!5 8'-J * ~ 4 , ~'**~ B'-Jfil9l: ;ftj IRJ 0 ~jf * ~~f1Jfi)9j: 8'-JiiE a)] 

~ lE !J!IJ ¥, ~ 8'-J ;ftl ~ , ft ffl fE ~ 11\¥1 ~ ~ j!HJ! 8'-J ~ ;f o 

ftili:f£~00B'-JM~~-~--~jf¥,~B'-J~~*·~~B'-Jft}9j:o 

~ 

f§IJ 6.4.1 ~ffii\C6.1.1)Pfffti~B'-J~jf¥,~,;t:t~ 

E= 

0 0 0 0 

0 0 1 0 0 

0 0 -1 1 -2 

0 0 -1 1 -3 

0 -1 0 0 0 

0 0 1 0 -1 

0 -1 0 0 0 

C=[ 1 -2 0 0 
1 -1 -1 1 

MIMQ-SDDS ~- 1 1JJ?t*M 

0 0 

0 0 

0 2 

0 3 ' A= l 1, 

1 0 

0 1 

1 0 

1 

0 

1 1 

- 1 0 

-2 1 

B= -1 1 

-1 0 

-2 1 

-1 0 

/Fxtt~Jm, ~}:£¥,~ E.i'~:Jil::j\(6. 4. 2) Pff~ B'-J%J\ .;t:t~ n1 = 1, nz =6, 

0 

1 

1 

1 

1 

1 

1 

(6.4.37) 

(6.4.38) 



1 OJ 
0 0 

u, 

0 1 0 0 0 0 

0 -1 1 -2 0 2 

0 -1 1 0 3 -3. 
Ni z = Xz = Xz + B z u = Xz + 

-1 0 0 1 0 0 

0 1 0 -1 0 1 

-1 0 0 0 1 0 

Yz = Czxz = [- 2 0 0 1 2 - 01]xz. 
-1 -1 1 0 1 

MIM<>-SDDS ~- 2 X, fll x . B<J:5Hfl1t 
f!J ffl [87] B<J IJ'Uft, ~~ ¥1J p;q -1'~~ ~ :ff~~ 

1 0 0 0 0 0 

0 1 0 0 0 1 

-1 

-2 

-1 

-1 

-2 

-1 

011000 [
100

] , T;= 1

10

1 o
1

, 
0 0 0 1 0 0 

T = ' 

0 

0 

0 
T~ ' NT , = 

0 

0 

0 

1 0 0 0 1 1 

0 0 0 1 0 1 

-u, 

Xv = (Xv!), U = T; Uz • 
X vz -u. 

1 0 0 0 1 

0 1 0 0 1 

0 0 0 0 1 

0 0 0 1 1 

0 0 0 0 1 

0 0 0 0 0 

Cz T , = [0 0 0 I 0 211 J. 
. 0 0 1 0 1 0 

0 

0 

1 

0 

0 

0 
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0 1 

1 1 

1 1 
u 

0 1 

1 1 

0 1 

0 1 

1 1 

0 0 

0 1 

1 0 

0 0 
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Iv1.2=.rv1.1+u.-.T,, } 

~vi. J =.rv1. 2 +~2+u. -.T,, 

U1 =-.rvl.3 +.r,, 

. (6.4.39) 

. +- . } ~v2 .~= Iv2.1 ~· -.r,, 

U2 - Iv2.2 +.r,, 
(6.4.40) 

0 • .T, = .r, => .r, = 0' (6.4.41) 

(6. 4. 42) 

- :.: .: - + .: + . + .. + (3) -- u 1 - u 2 - (u . u.) (.r, .r, .r, ) 

.rv2. 1 =- u2- u. + (.i-, +x,). 

.. . . 
u. = [~' l = [~' + ~ 2 + u. + u •] = [52 

u2 Uz + u. 0 -u. 

(
X vi. I) [I,+ I:+ .T~J)] 

.r. = =- u. + . .. =- u. + 5N ., ( 5) .r, , 
Iv2.1 .r, + .r, 

[

5
2 + s + 1] 

N .,(5) = , 
s+ 1 

mUJ:\<6. 4. 39>~J:\<6. 4. 4o>PJt;J.m:fif1-J 

i-vl. 3 = X v1. 2 -.rvz. z +U.' 
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x2 = ::::: = [

0

0
1 ~ -~]~2 - [~ ~]u.+ [~]u. +s[

52
:
5
].r .. (6.4.43) 

.r v2,2 0 0 0 1 1 S 

lii.J~.j\(6. 4. 42)PJ:j:~::Jg 

B1 T; = [2 1 0], DT; = [~ ~ ~]. 
*~j\(6. 4. 39) ,j\;(6. 4. 40) ~j\(6. 4. 45) .2:1 PJ:I:~::h 

x1 =.r1+[0 -2 -1]x2+3s.r, 

Y1 = [~J.r~ + [~ ~ ~]x2 + s[~].r,. 
MIMo-SDDS tiT. 3 .iE!iltl*'~li9m.lilt~:fiJ§Ii9:$HW 

(6.4.44) 

(6.4.45) 

(6.4.46) 

(6.4.47) 

tej\<6. 4. 43> ,j\;<6. 4. 44> ,j\;<6. 4. 46>~j\<6. 4. 47)m~rr-®.~fnmJ~J-1-tllf 

IttJ li9 iE mu *' ~ 
{

.r = ~.T+~u+~.<s>.r,, 

y = C.T +Du+D.<s>.r,, 

x = [:: l, u = [~ ·. ], 

- r~ ~ -~ -~l A= ' 
0 1 0 -1 

0 0 0 0 

- - [1 0 0 1] 
C- ' 1 0 1 1 

~~ll!ZJf:l[87]1i9IJ'Ui, PJ~-JJ 

[ 

0 0 0] [ 3] - - 1 0 1 - s2 + s 
B = 0 o 1 ' B,<s> = s 0 

0 -1 1 s 

_ [0 0 OJ _ [s + 1] 
D = o o 0 ' D,(s) = 0 . 

- ~ ~]' 
1 0 

1\ = 12, 



n. = 1, nb = 0, n. = 1 , nd = 2, 

- [ud] - . udl 
U = r; Uc = r; Udz 

- [Ydl] ' y = ro ' 
Ydz 

u. 

r-1AJ' = I ~ ' ' -2 

-3 

0 -1 2 

r-•u. ~ ~~ 
0 

~I. -1 2 -1 0 

' 0 1 -2 • ' 1 0 

1 -1 -1 0 1 

-31 _ _ s2 + s 
r ,;- 1 B,(s) = s s+3 

s+3 

0 • .r, = :r,' 

[1] [0 0 J [/+s+1] 
:r • =- 0 u . - 2 - 1 ud + s s + 1 :r' ' 

.T. = 2:r. + [- 1 2]yd- 3s:r , , 

.T. =- :r. + :r. + [2 - 1]yd + u. + sU + s):r,, 

[.rdll [-2] [OJ [ 1 -2] [s+3] . = x . + :r, + Yd + ud + s :r, 
:r d2 - 3 1 - 1 - 1 s + 3 

Yd = [Ydl]= [:rdl]+[s+1]:r,. 
Ydz :rdz 0 

)A_t iffia<J)tfll!pp~~~t~~, ~Ji:*~~:tillJ J2!B<J, t£ s= 2 ;ff -1'-~~~ .~, ;ff WJ-1'- 1 

~B<J~~·~-~Ji:-~;ff-1'-~-~·B<J~~~-.;ffWJ-t-~~~~*~~A~~fi 

B<J~~~ttm~B<J~~~·-~®~~~•rr*~~~~~~...t~n~B<J.~T~~ 

tt ' ft 111 ~ :±l JYT '$ B<J ~ ~ ~ ~rtf : 
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0 0 0 0 -1 0 1 

0 -1 ? -52 52 - s 0 s- s2 s·- s 

0 s 0 0 -5-1 -s s 

r.<s) = -1 -1 -2 2 -1 1 1 ' 
0 -1 s2 - s- 1 - s2 s2 - s 1 s- s2 

1 1 + s 2 -2 1- s -1-s 5-1 
1 2+5 3 -2 1-5 -2-5 s -1 

0 0 0 -1 0 0 0 

0 -1 0 0 0 0 0 

1 0 0 0 1 -1 1 
r = . 0 0 0 0 1 -2 2 

0 0 -1 0 0 0 0 

1 -1 0 1 0 1 0 

1 0 -1 0 0 0 0 

~ 

r ;-1
(5) = [ 5~1 =: ~ ]· ro = [~ ~]. 

- 52 + 25 + 1 - 5 - 5- 1 

~filii~~IJ, ~ 5 :ff*I'J<J~A~~ r; (5)~~...t~'*ff 

::1 = [ ~ ~ ~] u + ~~ = ~ ~] u + [- ~ ~ . ~] u. 
ud2 - 1 0 0 ~ - 1 - 1 1 0 - 1 

4 l'fJ ~ ¥41 7tffli'J<J m IIJH~ :a:< JA~JfHt 6. 3. n :1-1 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

E. = 0 0 0 1 0 0 0 

0 0 0 0 1 0 0 

0 0 0 0 0 1 0 

0 0 0 0 0 0 1 

1 0 0 0 0 0 0 

0 1 0 0 0 0 0 

0 0 1 0 0 0 0 

A , = 0 0 0 2 0 -1 2 

0 0 0 1 -1 2 - 1 

0 0 0 -2 0 1 -2 

0 0 0 -3 1 -1 -1 
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0 0 0 
0 0 1 

2 -1 0 

B = ' 0 0 0 
0 0 1 
1 0 0 
0 1 0 

c = [1 I o o I o o 1 o], D = [o o
0 

o
0

] 
s 0 0 0 0 0 0 1 ' 0 

0 0 0 0 0 0 0 

s2 + s + 1 0 0 0 0 0 0 

s+ 1 0 0 0 0 0 0 

E,(s) = -3 0 0 0 0 0 0 

s2 + s 0 0 0 0 0 0 

s+3 0 0 0 0 0 0 

s+3 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 -1 s+1 -s-1 

0 0 0 -1 0 -1 0 

']I'( s) = 0 0 0 0 0 0 0 

0 0 0 0 -1 s+1 -s-1 

0 0 0 -1 0 -1 0 

0 0 0 -1 0 -1 0 

"¥ = [o o o 1 o 1 o], 'l"d(s) = [-1 / s o o
0
]. 

c 0000000 0 0 

1R~~~YE 

H(s) = C<sE- A) · I B + D = r . [C,(sE, - A,) - l B, + D , ]r,-1 (s). 

:(£ 2:-il .P , fll it~ IJit fSJ ~Uff ~ ~ ftt , ft fl1 ~ ~ 1:1:\-A!t ~ f£ IJit fSJ ~ ~ ~Uff (J{J ~ ~ 7H8¥ 
fll~fl(J{J~~fta.ftn~~•(J{J•f£1Jit~~~••~(J{J•~~ 
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4
:{Ex<k+l) =Ax(k)+Bu(k), 

y(k) = C x(k) + D u(k), 
(6.5.1) 

jtl=j:l ,xE R" ,uE R"' ;fiJ y E RP 7HJU~~tJUJ'.J:I*~ ,.A;f!J~ 1±1, E ,A,B ,C ;fiJ D ~${.~~ 

.~Hlfl89~1itm~ o ~ffltl!ffil i&t 4 ~iEAA'.89, ~p M z E C ~ det < zE- A) :;;Eo, ~roo 89 
~Jio 

~116. s. I ~~it <6. 5. u J9f1Nii£89~M:IJ;ffBJ~#~tJf 4, niiUExiJ"r zE C , ~ 
det(zE-A):;iEO,!JIU.ff:t£~~~#89~~;f!J-i±l~~ r ,ER"x";f!J r oE RPxp; ld.lk-1- m X m 

89~~~#~A~~r;<z>, 'E89~ffi - J!!;; z 89 $19!J:tl9fm~< ~P'£89~-E! ~ T ~fi!RtriPJ# 
UzJf:r); -1- nXn 89~~~#~~ r . (z) E R"x" ,£89:7t·~ z 89$19!i.\o J9f~j!J!!;;,~ 

1±1 T 4 89~t417tf&l,Hit:tm~i±l T~tiilf.fmL 

489~~*~~~V.mroo89n~m*1Niit 

x = r • .r, y = r 0 .Y, u = r; < z) ii 

x, 

x . 
Yo Uo 

x. 
x= Y = Yb , u = u, , 

Xb 

x, 

Xd 

Xdl 

xdz 
xd = 

Xdmd 

x,(k) = 0, 

x , (k) = B .o uo(k) +B., u, (k) +Bedud(k), 

x, (k + 1) = A •• x. (k) + B o.Yo (k) + L.dyd (k) + L .bYb (k), 

xb(k + 1) = Abbxb(k) + B obYo(k) + Lbdyd(k), yb(k) = Cbxb(k), 

x, (k + 1) = A"x' (k) + B o, Yo (k) + Ledyd (k) + L,byb (k) 

+ B , M ,. x. (k) + B , u, (k), 

Yo ( k) = Co.x. ( k) + CobXb ( k) +Co, X, ( k) + CodXd ( k) + Uo ( k), 

X>t4IJ1- i= 1,2 , ... ,md ,Xifr~ ~~fl89~1itm~, 

(6.5.2) 

(6. 5. 3) 

(6.5.4) 

(6. 5. 5) 

(6. 5. 6) 

(6. 5. 7) 

(6. 5. 8) 

(6.5.9) 

(6. 5. 10) 
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+ A",.r di (k) + L;oY o (k) + L,dyd (k), 

Yd;(k) = C",.r, (k), Yd = Cd.rd(k), 
'"d 

( 6. 5. 11) 

(6. 5. 12) 

~!I!.~~ .r".r .. .r. ,.rb>.rc lll.rd 89~fUl(:5j-jjlj1J n,_n. ,n.-nhnc lJl nd = ~q; , lTff .rd; 89~i 
i=l 

~j(5{f4ij:1- i = 1. 2, ···, md ~ Q; orlfttJ9C:I: Uo-Ud lJl u, 89 ~~:fr§itl1J m o ,md lJl m, = m

m o - md, llff~ ttl9Cit Y o ,yd lll Yb 89~~:frjj1J~ m o ,md lJl Ph = P- m o -md o (Abb ,Cb) ~ 

llJ~89.<A cc ,B, ) ~llJrl89.<A"• ,B"• ,C", ) 89%J:\1.7 

[0 ~ -~] [OJ A . = ' , B . = , C . = [1 0 ··· O]. 
'1, 0 0 "· 1 '1, 

(6. 5. 13) 

L,d = [L;I L;2 ··· L,,_l 0 ··· 0], (6. 5. 14) 

L;d(J9:fii,6-fj-~1J~o 

:iii -6 , ~ fil tl: ~ ¥1J .J~Ht~ B>t fa] iij- :1f * ~ 89 ~ ~ f£ J9t lll 6. 3 11 ~ 89 :ii ~ Bt fBJ * ~ ;f{J ~ 

M 0 tE~**•89stf~ .~fn~m te 89~ ,iij-:1f *~B<nll!iBlllrlllitHvfnlE~~~*m. ~~ 
oo•~~iij-:1f*~lllrlM.lEW~~$89Hnr~oftm;f{jffl,*•~•~89~•~** 

~1-Hn®l~89-1-I~I:ft.o 

6. 6 ~>] 

6. 1 'lit ffl 89 PID rliblJW 

u(t) = K" e(t) + KL e( r)dr + Kd e(t)' 

~@··~~FM~~~~~89~~~~%J:\,ffi~llJ~·-~~iij-:1f*~89%J:.t o ~ 

~~""f891ij-:1f*~~Jil7 ..t0089 PIDrlllitJW: 

[~ ~ ~] i ~ ~ ~ ~] x+ [- } t) 



.r, 

.r = .r2 ' .r, = t e(r)dr. .r2 = e(t)' .r3 = e(t), 

.r3 

6. 2 ii£PJrFITfiB9~~~Uff~~33 6. 1 9=' PID ~$tj~B<J~-f'l!~m'.: 

[~ ~ ~] X ~ [~ ! ~] x+ [- J(t) 
u(t) = [K; Kr Kd].r. 

6. 3 YE~t1;33 6. 1 :fll~33 6. 2 19f~B9~~~~ -~=Hi:! 

Xaux = [~ ~].raux+[~ ~}aux 

[0 -1] [0 1] 
Yaux = K- K .Taux + K O Uaux 

' p d 

19f-~B<J~~~~A~~~B<JM~~~--o 
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6. 4 Y£~~33 6. 1 19f~B9~~¥~~~:AAI.B9 o X1¥~~t!G~I:~~B919f~~~ P :fll 
Q .U!!~~He~x-t 

[

1 0 0] [0 1 0] <E ,A) = 0 0 0 , 0 1 0 

0 1 0 0 0 1 

PJWt~~~ EA 51-WH~J:C\o 

6. s X1t*33 6.1 19f~B9~~¥~~~M#iJ5tfWo ~YEffh~ 6. 3. 1 :fllflit: 6. 3. 2 B<JM 
*0 ~*33 6. 1 JiJT~B<J PID ~$tj~B<Jffll81mBf.firftit: 6. 3. 2 B<JM*~? 

6. 6 ~JifHe~:JR sE-A B9 Kronecker :AA1.1i1% ,tJG:±l~~~(f<J-X>f::tf~<E ,A)~JN. EA 

:5t ffi1Hf.l 1i 7! o 

6.1 xt~~¥~ 

E i = A.r + Bu , y = C.r + Du 

-l~ ~ ~ ~] -l~ ~ ~ ~] -l~ ~] E- , A- , B-
1101 0000 10 

0000 1110 11 
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[1 1 1 1] [o o
0
J. 

C= 1 o 1 -1' D= 0 

~Jffl...tmH~UIJB<J~~?tfW~iiEttJ9t 6. 3. 1-tt19t 6. 3. 4. 

6. 8 ~:iil-1-~WJ-Afll WJ.l:tl B<J 6 llfl" ~Hif, ~ n, = n. = n. = nb =n. = nd = 1, {E 

-1 ~ -1-~~~.~. ~lt~t&, Wf~i¥11 B<J ~UifR{~J!tcjjJ im .-tl!~J!;tjjf Jm, :fl. -1- 1 llfl" 

B<J~~·~.WH.~~-1-M·~·B<J~~~-.~-1-~~~···8·A~· 

~*· 



7.1 ~~ 

~~--~.-~~~OO*Mili-~~•tt$~•••~m•tt~~m•tt~•~ 

~fil~tt~~M o ftffl:m~A·t~Ht~m-tt<~m-tt>~M~ .-~~-ttll>t~~$ 
~-i!~B>traJ <~lall>tfaJ > ••~:fl~~x~~ -~~fil, t;J.& llf ~tt~ttJJ!:!znfilJ~MfiJ~ 
*IJ>t~(j!~IJ>t~)--~~~~ftJo~~--~~~~-B~~*~*~·-~·t;}.· 

~~l= czz ] ~ .n~m~mTm•tt~M~'Effl~~fiJ~M~tt~~*·*~-~~ Riccati 

~~~~~~~~*ll>t~H- ~~~~o~~--~,ft~~~~~~k;f!~~-ft

-~~~i!~ll>t~~~~*ll>t~~z~~--o~M8·U~·~·~-·~~:W:~~ 

~~-~•tt••~m&J!:flm~.•~*B>t~••~~~*~o 

m•tt~~m•tt~M~fl*~llitJ~f~%~~~~tJfiJI7Z~fflo ~[22]~ Bt£ 

iiEPJJ, m•tt~-~~*ll>tiBJ R~ ~llitJ ~mf:tfiiit., t;J.}k~~~-*ll>tiBJ Riccati ~~ 

~ ~ ~ # 11! ~ ~ ffl o ~-. ~ ~ :W: :a 1f!. ili Jm ~ Chen ~ W ellerl301 ~ o ~ ~ k , ~ i!'~ 

B>t~~~*B>t~m~"•~•~iliJm~~$I~•~·~•*~fl*~~•••it. 
fl*ffl%~~o~~:fl~$~*~~~.~--A~·~~-~~MB.Ati~.~ 

flft ~ ~ ~ • • m • tt ~ • < .!A!. c 7 J ~ c 55 J > 0 fl. 'If m • tt ~ • ~ fiJ r- rz ~ m , f!! J! x ~ ~ 
~~i!~ll>t~--~~-~fiJ~tt~filJ~~~~*B>t~--~~~tt~~OOM~
J:t~~~ ,:!zll:fl~~x~~ -~~fiJ .llf ~~fto ftffl~:i( 'x~~:fl ~~-~~fiJ~~llitJ 

•••it~~w:m~~m.~~-~~m•tt~•~~·~~fiJ:flM~•it*~fl* 
~ llitJ * ~ , Jf 13. J! x-t Jm :fl ~. ~ ~ M * ~ ~ ~ :fl ~~X~ •. ¢!..~ fiJ ~ M ~- f!ll *~ 1E 
(~.!A!,[6]~[60]) 0 

~~-•~ ,ftfn~oo•a~~AJ9TJ!J~~m•tt<~m•tt>~•~ ,ap 

s=a(z-l) ~ z=a+s 
z+l a-s 

(7. 1. 1) 

-~~i!~ll>tiBJ <~*B11BJ >•ttB;f~~ ·-~~fiJJ!:!z!lfilJ~MfiJ~*B11BJ <i!~ll>tiBJ). 

-~, IIP:fl~~X~~.¢i..~fil .llf~~fiJ, t;J.JkJLfilJ~~IBJ o 



:t£1! --;lrp, ftffl~ m 1V. T :it~BtfBJ~ttat::F~*~ 2:c, 

{

.i = A.r + Bu, 
2:c : 

y=C.r+Du, 
(7. 2. 1) 

;tt r:p .r E R" ,y E RP , u E R"' ,A ,B ,C f!l D ~Jl:ff ~ .¥Hl~l¥J~Ir$ o::F~-~tt ,ff!li9:~ir$ 

[C D] f!l[B' D'] m~7Af')(l¥J ,2:c :fff~:iiill§~ 

Gc(s) = C(sl-A) - 1B+D. 

~~ool¥l:it•at~*~~m~~tt~•·m 

(7. 2. 2) 

s= ~(=~~)=a(=~~) (7.2.3) 

*f"t~i\<7. 2. 2)rpl¥J s,;ttr:p T=2/a ~*f-fP<i.IWL ~ll!iil.J:\::<7. 2. 3)EJT~.~~tt~-1it 

WI a = -:---'-::~ 

tan(wl T / 2) 
(7.2.4) 

~F1: 7 l:V!IF.f~ (Pre-warped) Tustin ll[f~, JltB;f~ ~ B;f fB] f!l~ M:Bt fB] l¥1 JPjiU~ IIJ(i] ~ :(£~ $ 

WI ~tfi'J~o J!;f-f .~~~HIJ~M:BtfBJ *~ 

(7.2.5) 

TOO l¥J'Jil.!l!~ ili 7 Gd (z) l¥1 1H~:f:R:~~ fBJ ~Jil. [55] r:p :ff;f{Jf~ l¥J!i'LML 

~I !17. 2.1 :t£~~tt~-<7. 2. 3) T .J:\<7. 2. n EJTtNi:l£1¥J:it~Bt18J*~ 2:c 1¥J~M: 

f.t!i!i * Gd (z) l¥1-1'-:f:R:~~ 18J ~Jil~ 
- -. {.r(k + 1) = A.r(k) + Bu(k), 

2:d • - -
y(k) = C.r(k) + Du(k), 

A= (al +AHa! -A) - 1
, 

B = ffa<ai- A) - 1 B, 

C = ffaC<ai- A) - I, 

D = D + C ( al - A) - I B , 

(7. 2. 6) 

(7. 2. 7) 



A = (a/ + A) ( al - A) - 1 
, 

B = 2a(al -A) - 2 B, 

c =c. 

A= (a/ +AHa/ -A) - 1
, 

B = B, 

C = 2aC<ai- A) - 2
, 

D = D+ C<al- A) - 1 B. 

~ltliH'& , i£ i! !1!. ft 111 iflli A ;(£ a ~ 79: :ff ~{IE ftL 
i.iE IIJJ § )t ' ~~ ~ ~ ~liE 

Gd(z)=C(a:~~I-A) 1 B+D 

= < z + 1) C[ a< z - 1 )[ - < z + 1) A] - I B + D 

= (z + l)C(a/- A) - I [ zl -(a/+ A Hal- A) - I] - I B + D 
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(7. 2. 8) 

(7. 2. 9) 

= zC(al- A) - I (zl- A) - I B + [C(a/- A) - I (zl- A) - t B + D]. ( 7. 2. 10) 

~~l:~i31 A Gd (z) =zC(al- A) - I (zl- A) - I B ,!JIUiiT~~ 

{

i(k + 1) =A' :i(k) + (al -A') - 1C' ii(k) 
(7.2.11) 

y(k) = B' :i(k+l) = B' A' :i(k) +B'(al -A') - 1 C' ii(k) 

~ G~ (z)t¥1~~~18]~~ • f51Jit 

Gd(z) =C(al-A) - 1 (z/-A) - 1AB+C<al-A) - 1 B. (7.2.12) 

re.:a: < 7. 2. 12 H-tA.:a: (7. 2. 10) liT~~ 

Gd (z) = C(a/- A) - I (zl- A) - I <A+ [)B + [C(ai- A) - I B + D] 

= C<zi -A) - 1B +D. 
f51.tlt:ffi31JJ.I! 7. 2. 1 1¥1~*0 • 

"F 00 1¥1 ~ lJ.I! ~ .ft T ~, fll ~d ~ ¥iJ ~ tt Z. 18] t¥J ;f!L![ $: ~ , ~ i!-. t¥J :tf< ,c,, 1*1 ~ o liE ~ ~~ 
'lit ~ JJJ!.AA VJ :1-1 T m llfH!L~ • n!{ i£ 7. 4 11 q:r o 

~11 7. 2. 1 ~Itt :a: (7. 2. 1) Wii£ B<J)i~Bt IS]-* tfE ~' , El3 1m ft~Jl <A, B ,C, D) *~ 

~,;It: qor A;(£ a 79::ff~{IE 00:. i£~~tt1e~ < 7. 2. 3) "F, ;a: <7. 2. 6) Wii£ B'-J~WiBt 18] ~tff 

~d rn ;a: < 7. 2 . 7 ) 19T ~ t¥J 1m ft m < 1\ • i3 , c , L)) * ~ ~ o ft ff1 :ff k-( "F 1¥1 ~ tt : 
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1. 2:d 8913T t£ CiiJ fOE ) 11 ~ I3T AAl. < I3T ~ iJO 11 : 

(a) <A,B) M~I3Tt£<13TUUE) 89.~_§:()[~<A,B> x1~13Tt£<13TUt~> 89o 

< b> <A, c > xt~ 13TAAJ.< 13f~lj!0 89, ~ H f)(~ <A ,C)~ 13TAAJ.< 13f~ij!f> 89 o 

2. ~~-;1}-J'f.:tR~ ,~ l:l:\ ~~A~~, J:Jlft..:tR~& tm~~ l:l:\i"»!AW~89~*: 
(a) MfffPJ~~89~~-;1f-J't.:tR~ ,~ I:M ~fljjA~~ T , , To ~ T;, ll!l:lttll 

<T ;:- 1 AT, , T ;: 1 BT;, r ;; l CT, , r ;;1 DT; > 

<T ;:- 1 AT, , T ~- ~ BT;, T ;; 1 CT, , T: 1 DT;) 

~~~11~~~~M~89·~~00--o 

(7. 2. 13) 

(7.2.14) 

(b) x1-TfffPJ~1~ A+ BF ~a i2::fl~{IEfil89 FE R'"x", ~ )( -1-~~-;1}-Jt.m~ 

T;:= I+F<al-A-BF) - 1B 
= [l-F(a[-A) - 1£] - IE JR"'x"' 

F: = ffaF<ai- A- BF) - IE lR"'x". 

ljltl~J:-\(7. 2. 3)~~89~~11~~~ .-1-.ffl 
<A+ BF ,B,C+ DF ,D), 

~~89:ii~~rm•t1f 2:,F •~MJaffi 

(7. 2. 15) 

(7. 2. 16) 

(7.2.17) 

<A+ BF ,BT; ,c + i5F' ,i5f; > <7. 2. 18> 

~~~ 89-~B;ffa] .tft 2:dF oftffltt~iiJ ,2;,F ~ 2:, ~Jt~m~ F 1-J:tR~& i!J!W~ ~~Ja 

99 ffi~•t!t; 2:dF ~ 2:d ~Jt~m~ P 1-l:tR~& tmw~. J:Jlft..~~-;1}-Jt.WiA~~ t; ~~Ja89 
ffi~-tJfo 

(c) MfffPJ~1~ A+ KC ~a i2::fl~{IEfil89 K E R•xp .~)( -1-~~-;1}-Jt.m~ 

K :=ffa<al-A-KC) - 1 K. 

ljltl~J:-\(7. 2. 3)~~89~~11~~~ .-1-.ffl 
<A+ KC ,B + KD ,C,D) 

~~~89:ii~~fa] .tft 2:,K -~t-J"Jaffi 

(7. 2. 19) 

(7.2.20) 

(7.2.21) 

<A+KC,B+Ri5,f ;; 1C,f ;;'i5> <7.2.22) 

~ ~~ 89 • ~ ~ 1a.J • t1t 2:dK 0 ft 111 tt ~ iiJ ,2;,K ~ 2:, ~Jt ~m ~ K 1-1 tt m mAw~~~ Ja 
89ffi~-t1f; 2:dK~ 2:d~Jt~m~ R. 1-J•l:l:\tmAW, J:Jlft..~~-;1}-J't.tt l:l:\ ~~ To ~~Ja89 ffi 
~-tJfo 



3. ~d (J{JI'iJ:J2!~~¥4J~~m~ l z ~ 13 711: 

(a) l z ( ~d ) = lz ( ~' ) , Ia ( ~d ) = Ia ( ~' ) o 

< b) ~d ~ tc < t~ ) m :!2! (J{J , ~ ..El fJl ~ ~, ~ tc < t~ ) nr :!2! (J{J 0 

< c) ~d ~ < ~ ~ ) nr :!2! (J{J , ~ ..El-& ~ ~, ~ < ~ ~ ) nr :!2! (J{J 0 

4. ~d (J{J/f'~~A J:Jlk~ JltflJ*(J{J~fAJ EI:J ~oo~1-$7HH~: 

<a)~~, (J{Jx~~.~~fAJ<M-?X:k-T 0)1J 
s:. c~, )= {ql,qz,···,q .. d}, 

!iltl z= -1 ~ ~d (J{J-1-~~~.~ ,Jl:flm~~fAJ 
s ..: l (~d)= {ql •Qz , ••• ,qmd }. 

<b)~ s =a# a~~, (J{J-1-~~~.~.A:flm~~fAJ 

S.* (~, )= {n •. I,n •. z,••·,n •. ,,}, 

!iltl z=f3= <a+aY/(a -a)~~fttB;j"fa] ~~ ~d (J{J-1-/~'~~.~ ,Jl:flm~~fAJ 
s; (~d)= {no.l•n •. z····,n •. ,). 

5. ~d (J{Jx~~.~~fAJEI:I vJ ~~ms7H11.~ = 
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(7.2.23) 

(7.2.24) 

(7.2.25) 

(7. 2. 26) 

(a) ~ m0 = rank(D) ,md ~ ~' (J{]IIfl'?X:k-T 0 (J{]x~~.~.~-~, lil.JB;j"~ r. 11 ~' {£ s= 

a (J{]~~~.~(j{]JL1PJm:~, Jillj:fl rank(D) =mo +md -r. o 
(b) ~ s=a 1J~J:EJ!~B;j'fa]~~ ~ , (J{]-1-~~~.~ ,Jl:flm:~~fAJ 

5,7 (~, )= {n •. I,n •. z ,···,n •. , .. }, 

!iiU7!6fttMfSJ ~~ ~d :fl-1-x~~.~~¥41< M-?Xil11i -To) 
s:. c~d)= {n •. l.n •. z ,···,n •. ,.} . 

6. JL 1liJ -=f ~ fBJ (J{J ~ M #I! JE : 
(a) v+ <~, ) =s- <~d ) 

<b) s + c~, )=v- <~d) 

i.iEM J,\!.~7.41lo 

(7. 2. 27) 

(7.2.28) 

• 
~ ffl :fl ~ oo ]J;li 1-:fl 1m (J{J ffE iQ: , ~ - 1-~ * -T ~d (J{J :il!J' ~~I= fi 'J' flJ {}I ~f! ; ~ .= 1-~ 

~*f-F,P.IJM T ~rPJ-T~B;J"<!!X~ffr:ltt!~ a-= B;J") .~d (J{J7.11fJ!If!Jlll: o 
mit 7. 2.1 ~.f!t-1-:i!~B;J"fB] ~~ ~, ~{E~~f£~~<7. 2. 3) ~ J9TM E\Z(J{J~fttB;j' 

ISJ ~ ~ ~d , !iiHtHg J:E J1l! 7. 2. 1 If! (J{J 4 < a) ~ 4 < b) , :fl 

1. ~d (j{JJ9f:fl/F~~.~i${£.Ui:!MI J:kJ '~..El-& ~ ~' (j{JJ9f:fl~~~.~i${E7fti:-*1Z-00' 
#..Elli:flM-7Xil11i-T o (J{]x~~.~o 

2. ~d tE. Ui: IMI __t :fl ~ ~ ~ .~ , ~ J3. fJl ~ ~, tE II~ __t :fl ~ ~ ~ .~ , ~I !!X ~, ~ :9 :fl-
1-M-7Xil11i-T o (J{]x~~.~o 

3. ~d tE.Ui:IMI5'~:fl~~~.~.~..El-&~ ~, :t£7fti-*1Z-oo:fl/F~~.~o 

mit 7. 2. 2 ~ .f!t:i!~B;J"ISJ ~~ ~, ~{f~~f!~~< 7. 2. 3) ~ J9TM Ell (J{J~1tiB;J"ISJ ~ 
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~ 2:d ,!J!tl1tHgJ:EJ11! 7. 2. 1, ~*~J!:IWJ T ~r~< ff!~::f'J;J~>M ,2:d :fl ~;.,t T B<J$fili~tl:: 
1. 2:d t9: :fl (l11j r o 11f1 B<J ~ !Itt~.~ , ~p J>A . .tlfii A ¥1J ttjj ili t9: :fl ~ i.!L 

2. ~ll:Jil:!: 2:c ~:fl fffPJ(l11j r 0 Mi'B<J~IItt~ .~ '!J!tl };d {£ z= -1 :fl-~~:fl ~ ~ m:~~ 

f1;j B<J :f ~ ~ .~ 0 

3. ~n * };d ~ :fl ~J ~ B<J :f ~ ~ .~ 1¥1 ~ ' !J!tl ~ [li] r z = 1 .~ 0 :fl ~ 1¥1 ~ ' ;fiJ 4 c 1¥1 ~ }:£ 1¥1 
:f~~.~lflxtl!iza<J };d a<J:f~~.~.~, ~~J:Ea<J '# b\!)tlliiMJ P'l~ [li] r z= 1 .~ 0 li:tl* ';fiJ 

2:, a<J:f~J:E a<J:f~~ .~lf~Xt J.ill a<J 2:d a<J :f ~~ .~ ,~,~:f~J:E a<J, # Jlb\!)tlli IMJ ?'~ ~ rPl z= 1 
.~ o !liFo ,2:, a<.!KIUIIL.ta<J:f~~.~ .~,~~~M¥IJ!)tlli1MJ...t .~ fliJ z= 1 .~ o 

T oo 1¥1 f9tJ T-?IUf- 7 J:E l1l! 7. 2. 1 1¥1 ~ :lil:!: o 

~J 7. 2.1 ~.ffi-1-i!~a-ti'BJ ~~ 2:, , ll!l:lC~lHA,B ,C,D) 19 
1 1 0 0 1 0 0 0 

0 1 1 0 1 0 0 0 

0 0 1 0 1 0 0 0 
A= ' B= (7.2.29) 

0 0 0 3 1 0 1 0 

0 0 0 0 0 1 0 0 

1 1 1 1 1 1 0 1 

;fiJ 

c = [~ ~ ~ ~I ~ ~]. D = [~ I~]. (7. 2. 30) 

~ ffl tl: ~ ¥IJ , ...too 1¥1 ~ ~ 2:, E. ~~ ~ J:E l1l! 5. 4. 1 1¥1 ~~~fiT-~ < scm 1¥1 %;a: 7 , mL!3. 2:< 

~ 'ilJt£, 'ilJX!l'.fll'ilJ l£ 1¥1, :fl-1- 0 Mi-1¥1 ~!Itt~.~ ;fiJ -1- 2 l!fl 1¥1 ~~~ .~, ~p S! <2:c) = { 2} o 

~ ~ 2:, {£ s = 2 ;fiJ s = 1 ?HJIJ :fl ~ 1-:f ~ ~ .~ , ~ :fl ~ f1;J s: ( 2:, ) = { 1 } ;fiJ S t ( 2:, ) = { 3 } o 

1. ~n:lil:!: a= 1, ~ffl1~¥IJ-1-~~a-trBJ ~~ 2:d, E13 ~~ llY:lCID <A .i3 ,c ,D>~ffi, ;M;q:t 

1 2 - 3 1 0 -2 1 -2 

-2 -1 2 0 0 0 0 0 

0 -2 1 0 0 0 - 12 0 0 
A= B=-

0 {) 1 -2 0 0 2 -1 0 

0 0 -2 0 -1 0 0 0 

0 0 -2 0 -2 -1 0 0 

C=JZ[O o 1-1 o o]. D=_!_[1 o
0

]. 
2 0 0 -2 0 0 0 2 0 

f!J ffl [87] 1¥1 I~~fL ~ ffl~ :00, 2:d f!ff! ~~'iii t£, 'iii XW.fll 'iii l£ 1¥1, :fl-1- o 11f1 1¥1 ~!Itt~ 
.~ fll - 1- 3 llfla<J~IItt~ .~, ~p S! (};d)= { 3} o 2:d {£ z=- 3 fll z= -1 tl!?HJ1J:fl~1-:f~ 

~.~ ,Jt.:fl~f1il s-:3 <2:d > = o} fll s-: 1 <2:d) = {2} 0 
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2. ~ll * a = 2 • ft fil ~~ iJj Jj - 1'-~ ~ B;f fB] Jfo. !1f. 4u • 
0 - 2 -5 3 -3 -3 3 -3 

-2 -1 -2 2 -2 -2 2 -2 

A= 
-1 -2 0 1 -1 -1 - 1 1 -1 

B=-
1 2 3 -6 1 1 2 -5 1 

-1 -2 -3 1 -2 -1 1 -1 

-2 -4 -6 2 -6 -3 2 -2 
fll 

c= ~[-~ -~ -~ -~ -~ -~J. D= ![-~ -~J. 
:!! 1'-*' !Jt. ~ItT~ ' ItT X!{!. flllij" ~ 99 ,:fj - 1'- 0 M" 99 :X; ~ ~ -~ fll - 1'- 1 M" 99 :X; ~ ~ .~ • ~p 

S! < 4d ) = { 1} o B :(£ z = 3 f1l z = - 1 tl! :)t§}rj 1f p;tj 1'-~ ~ ~ .~ , Jl:ff ~ #J s; < 4d ) = { 3 } f1l 
s: l <4d > = { 2} .5!!3)Em! 7. 2. 1 99~*f!:l~ 0 

ftn:t:El!-~m•wfllo-~f!:l~~tl9~•·~~99~*m~~~tt~•·re~~~ 

~¥!1f..MR--t-~M~~lfo.!Je oftnM~B~~~tt~~~¥!1f.idHM •• ~~ 
- -

_ . { x (k+1) =Ax(k)+Bu(k), 
4d. - -

y(k) = Cx(k) + Du(k), 
(7. 3. 1) 

jtq:t x E R",y E R P,u E R"',A:j3,c fi!D ~Jl:ff~~m~t19~1r$o~~-~tt.iNia: 

cc i5J fi![B' i5'J m~~f'k99~1Itt.4" :fff~:iiPiSi~ 
- - -- -Hd(z) = C<zl-A) - 1B+D. 

j.\(7. 3. 2)FJT~99~~~tt~altJ~:.Affl 
a+s z=
a- s 

(7. 3. 2) 

(7.3.3) 

Hc(s) = c(a+si- A:) -lB+D. (7.3.4) a-s 
r0099iJim!flliJim! 7. 2.1 f!:l~f!;.(,.W T Hc < s >99~~~fBJ~Jilo 

~1117.3.1 :t:E~~~tt~a<7. 3. 3>r ,j.\<7. 3. uFJTtra~99~~atfBJJfo.!Jf.id ~• 
M~~MB>ffBJ¥!Jf. Hc(s) ,£99~~~fB]~Jil~ 

_ {.i = Ax + Bu , 
4 c : 

y=Cx+Du, 
(7. 3. 5) 
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A = a(A +]) - I (A-[), 

B=ffa<A+l) -1B, 
c = ffa c <A + n - I • 

D = D- C<A +[) - I B' 

A = a(A +[) - I (A-[), 

B = 2a(A + n-2 B' 
c = c;. 
D= D-C<A+l) -1B, 

A = a <A + [) - I <A - J), 

B = B, 

c = 2a c <A+ n-2
, 

D = i5- C<A + n -l i3. 

~~ H t!.\ , ~ ffl iN 12:A {£ - 1 i9: :ff ~ {iE til o 
rltiB<J~J;!I!~fi!.{-T~J;!I! 1. 2. L 

(7. 3. 6) 

(7. 3. 7) 

(7. 3. 8) 

~· '· 3. 1 ~m.J:t<7. 3. u JifittitB<J~M:IJ;ffSJ *'tltid. ffli1Y5Gm <A. i3. c. i5> *~ 
lR ,:;ttr:fn!~A t£ -1 ii:ff~MtilotEl2~~tt~fk<7. 3. 3> r .~fftB<Jit~IJ;ffSJ *'tlt.<7. 3. s> 

B<Ji. m.J:t<7. 3. 6) J9T7RB<J11!1:7Gm<A,B,C,D) ~lR o~ffl:ffrltiB<J~tt: 

1. i . B<J llT ~ (llJ "'~ ) tt fiJ llT ~ ( llT ~ ~~tj) tE : 

<a> <A,B> x>t:J!Ilf~<llfi.il~> B<J.~Htt~<A,B> x>t:J!Ilf~<llfi.il~> B<lo 

<b> <A,C> X>t:J!Ilf~<llf~~O B<J.~Htt~<A,C> :J!Ilf~<llf~~O B<lo 

2. ~~~~~~ ,Wi :±l fOWl A~~, J:J.lk~~& MfllWi' :±li1JlA$rB<l~*: 
(a) X>tfffpJ~~~#~~ ,tfJ :±l f!JWi'A~fk T , , To fiJ T;, 11!1:7Gm 

<T;: 1AT,, T;: 1 BT;, T-;; 1CT, , T-;; 1 DT;) 

<T;:1 AT,' T;: 1 BT; 'T -;; 1CT, 'T -;; 1 DT;) 

t£i2!~~tt~fk< 7. 3. 3 > r J9Tx>t mz B<Jit~B>tiBJ *'tit o 

(7. 3. 9) 

(7. 3. 10) 

<b> x>tfffPJ~~-lJA+BF {£-1 ii*~Mtill¥1 FE R"'x" .~J(-1'-~~~~n!~ 



F l= /2(l F(l +A+ BF) - 1 E JRmXn• 

!iltl:t£Jm~~tt~~<7. 3. 3>r. rn 
<A+ .Bft ,.B ,c + DF .D> 

M-~~~~~~--i.-~M~Ei=! 
<A+ BF ,BT; ,C+ DF ,DT;) 
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(7.3.11) 

(7. 3. 12) 

(7. 3. 13) 

(7. 3. 14) 

M-~~~~~fBJ-~cFo tl:;@:~JjjdF~id:t:E!t~~~ F 1g~~&i1Jf~rM%Jit~f;fllf • 

• ; jdF~id:t:E!t~~~ F 1g~~&i1Jl~, t:JliU~~#·A~~ T; rM%Jit~f;fllf-~o 

(c) MfffiiJ~~-JJA +K C :(£-1 ti:ff~VE{il~ KE lR"xp .~)( -1-~~~#~~ 

K ==ffaU+A+Kc> -1K. 
!iltl:t£:if!~~tt~ft<7. 3. 3>r. rn 

<A+ R c . .B + R i5 ,c .D> 

M-~~~~~~--i.-~M~Ei=! 
<A+ KC ,B + KD, T~ 1 C, T~ 1 D), 

(7. 3. 15) 

(7. 3. 16) 

(7. 3.17) 

(7. 3. 18) 

M-~~~~~fBJ •• i,Ko ftffltl:!:~IJidK~jd :t£11~~~ R 1g•ilii1J!A~rM%Jit 

~f;flJi'.tlt; i,K~i,:t£11~~~ K 1g•ilitmA~.~liU~~~-ili~~ To rM%Jit~ 
f;fllf •• 0 

3. i, ~"iiJim~!i'i#il/f'~ffifi 12 fll 13 ?tl: 

(a) l2 ( i c ) = l2 ( i d ) fll 13 ( i, ) = 13 ( i d ) o 

<b> i, ~ti.<tn mJm~.~Hfil~ id ~ti.<tn "iiJlm~o 

(c) i, ~(/f'~) "iiiJm~.~.fif)l~ id ~(/f'~) "iiilm~o 

4. i, ~/f'~~Afll'Effl ~!i'i#il Eb ~ rWHli57Hlllit: 

<a)~ id ~x!IM~l~\!i'i#il<l!fl-7X:Xr o> 1g 

S! (id)= {ql,q2o•••,qmd}, 

Jiltl s=a ~ ic~-1-/f'~~-~ ,A:ff~fi!i'i#iJ 

s: (jc)= {qpqn•••,qmd}. 

(b) ~ z=a:f:-1 ~jd ~-1-/f'~~-~ ,A:ff~fi!i'i#il 

(7. 3. 19) 

(7. 3. 20) 
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s.* <id) = {n •. l .n •. z , .... n •. ,,}' (7.3.21) 

a-1 -
!Jltl s=f3=a a+ 1 »:l!~flitfa:J *~4, B<J-1-~~~.~ ,Jt.:ff:MIHa#il 

(7. 3. 22) 

5. i , B<Jx~~.~ga#J ffi ~oop;ij1-$7HI1~ = 

(a) 4- mo = rank(D), 4- md :1-Jid 1.6 -T 0 M" (J(] xl!il~ .~ .~l'l, 1Plflit4- r - 1 :1-Jid tE~ ~ 
~ .~ z= -1 ~ B<J JLfiiJ:Mfl, !i!U :ff rank( D)= mo +md- r - 1 o 

(b) 4- z= -1 :1-J~)E~fttll;fiBJ *~id I'J<J-1-~~~.~ ,Jt.:ff:Mflga#J 

S!_I(id)= {n - I.I•n - I.z•"',n - 1. ._
1

}, 

mui , :ff--t-x~~.~<llf6-T o IDf)ga~ 

S! (i, )= {n - I.I•n - I.z•"',n - 1. ._
1

}. 

6. JLfiiJ r~ IBJ B<J ~M~ JE: 

(a) v- <id) =s+ <i, ) 
<b) s- <id) =v+ <i, ) 
i.iE IIJ.l ~ fP1 -T 5E J.1 7. 2. 1 B<J liE 11A o 

ftfiffl~ooi'J<J~r*M~kooi'J<Jga*o 

iJtJ 1. 3.1 ~m~itflitiBJ~ttflit~~*~id .~~~~mJEm<ii • .B ,c ,D):1-J 

A= 

-1 0 0 1 0 1 0 

0 -1 1 1 0 1 1 

0 

0 

1 

1 

0 

0 -1 1 0 1 1 

0 0 1 0 1 1 ' 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

0 0 1 0 0 

0 0 0 0 1 

0 0 0 0 0 

0 0 

0 0 0 

0 0 0 

B = 0 0 0 , 

0 0 1 

1 0 0 

0 1 0 

(7. 3. 23) 

(7. 3. 24) 

• 

(7. 3. 25) 

(7. 3. 26) 

IPl f-f • k oo B<J * ~ e. r~ ~ ga #iJ 7t ffJ¥ B<J ~ .J:t T 0 ~II! ~ JJ, ~ m: • i d ~ PT ~ , PT xw. fll m 1t 

B<J , l!P ~ ~ »:: :tr: PI J2! , -tl1 ~ »:: 1i PI J2! o :ff w;j 1- 1 M- B<J x ~ ~ .~ , l!P S! < i d ) = { 1 , 1} , 

lz ( i d ) = { 1 } fll 13 ( i d ) = { 1 } o E -tl1 :ff - 1-~ ~ ~ .~ :t£ z = - 1 , ga #iJ :1-J s:: 1 ( i d ) = { 1 , 2 } o 

Ji\Zffl '11 J.l 7. 3. 1 (J(Jga. < ~ .P a= 1) PI~~i, (J(] <A ,B ,C, D)~~ :1-.7 



f,7~ xt ~ ·li. 't ~ r tt ~ # ·ti {!!] ~ M 201 

5 0 0 -2 0 -2 2 1 -1 0 

0 3 4 -2 2 -2 -2 1 1 -1 

0 -2 3 0 0 0 0 0 0 0 

A= 0 0 2 -1 0 0 0 ' B =J2 0 0 0 ' 
-2 0 -2 2 -1 2 0 -1 0 1 
-2 0 -2 2 0 1 0 0 0 0 

2 0 - 2 0 0 0 1 0 0 0 

c ~ J2[ ~ 
0 -1 1 0 0 

~l D~ ~ 
0 

~l 0 1 -1 0 0 0 
-1 0 1 0 0 0 0 

.flJ.ffl[87]B9~ftJ: IA~, ~fl?j;~ ~YEi c ~ ltJ~, ltJ ~*"if! ft B9, A:ff x llll ~ .~ ~ftl 
S! <Ic)={1,2},Iz<Ic)={l}*" I3<Ic)={l }o mLILictE s =1 :ff-1-::f~~-~.Jt.:ff 

~ftj St (I c )={1,1 } ,*"~J.!I! 7,3,1 (J9~*l!:J~o 
:ftJ5,t£~:~0!-1lB9B>tf~,ftfflt£00 7. 3.1 ~.ffl00%119:/JA*·~'~tE~~tt~~*" 

:12!~~tt~~rB9~ftl~M.3C*' 0 

ilJ i2!tt I 

~at~ <, 

JliiiJ / 
i-QfaJ ' 

~~~ 
,_#JM~ 

JtllR~ 
.~ts~ 

'> JliiiJ 
/ i-Qfii] 



7. 4 )Em! 7. 2. 1 1¥-Jijfll,ij 

ftffl{£i!-l1rFJl~l±l~J17. 2.1 B<Ji.fgmY£RJL ~T~~Falflft!~~-Altfi,{£. 
-t-YE~rF~fiH'iti-\<7. 2. 3)'ftB<J1itf! a~ l.RP a=2/ T=L ftfll~~J'ff!YERJii!-t-~Jio 

- -l<a) ~ ,B :1M t¥1--t-~ti£{«, RP ,BE HA) o ~n* A {£a= 1 ~ti:fl~ti£ {«, t:J ,& a= 

<,B-1) / <,e+n~ A B<J~ti£{«,RP aEHA),JiliHIU~~~YE,B=;t:-L ""FOO~m~~* 

[,Bl - A B J = [,Bl - ( I - A) - I ([ + A) J2 ([ - A) - I B J 

= ([ -A) - I [,B<I- A) - ([+A) J2B] 

= ([ - A) - I [ <,B- 1) I- <,B+ l)A J2B] 

= ([-A) - I [ai- A B) . 
[
(jj + 1 )[ n 0 l 

0 J2I ... 

~~, rank[,BI- A B] = rank[ai- A B] ,fjf J:J:fl l(a) t¥1~* o 
l(b) ft!l(a)X1~o 

2(a) ~J'ff!B<JYERJH~~~o 

2(b) 1tH~BIJ17.2.1.E8<A+BF,B,C+DF,D)fJT~~B<.Ii cF {£~tiGi'i~~""ft¥1~ 

~Btfa] ~~i dF EB <AF 'BF 'CF 'DF )~~ ';lt 1ft 

A F = ([ + A + 13F )(I - A - BF) - I ' 

B F = J2 ([ - A - BF) - I B ' 
(7. 4. 1) 

CF = J2<C+ DF)(I- A- BF) - I' 

DF = D+<C+DF)(J-A-BF) - 1 B. 

t:Jj'C@IJ®!~ 2 :ilt'ft B<J~~ti!~it, RPi-\<2. 3. 14) ft!i-\<2. 3. 15), J!{EffHrftfll t¥1~* 
rF~~~'ilt~ffUlJ, 

[I+X<si-Z) - 1¥] - 1 = l-X(sl-Z+YX) - 1¥. 

ti ""f * ' l1 ~ i!J 
A F = ([ + A + BF )(I - A - BF) - I 

= ([ + A + BF )( I - A) - I [I - BF ([ - A) - I ] - I 

=[A+ BFU- A) - 1 ][J- BFU- A) - I ] - 1 

(7. 4. 2) 

(7. 4. 3) 



= [A+ BF<I- A) - I ][I+ BF<I- A- BF) - I] 

=A +ABF<I -A- BF) - 1+BF<I -A) - 1[I + BF<I -A- BF) - 1
] 

=A +ABF<I- A- BF) - 1+ BF<I- A) - I <I- A)(I- A- BF) - 1 

=A +ABF<I-A- BF) - 1+ BF<I-A- BF) - 1 

- -= A + (A + 1) BF <I - A - BF) - I 

= A + 2 (I -A) - I BF (I - A - BF) - I 

=A+BF 

B F = .j2 (1 - A - BF) - I B 

= .JZ[I- (1- A) - 1 BF] - 1 (1- A) - I B 

= .j2(1- A) - I B[I- F<I- A) - I B] - l = BT.. 

IRJB>t:ff 

CF= v'Z<C+ DF)(I- A- BF) - 1 

= .J2<C+ DF)(I- A) - 1 [I- BF(I- A) - I ] - 1 

= .J2<C+ DF)(I- A) - 1 [I+ BF<I- A- BF) - 1
] 

= .jZC( I- A) - I+.JZDF( I- A) - I 

+.J2<C+ DF><I- A) - 1 BF<I- A- BF) - I 

= C +.JZ[DF<I- A) - I <I- A- BF) 

+ <C+ DF)(I- A) - I BF]<I- A- BF) - 1 

= C +.JZ[DF- DF<I- A) - I BF + C<I- A) - I BF + DF<I- A) - I BF] 

X (I- A- BF) - I 

= C + [D+ C<I- A) - 1 B].J2F<I- A- BF) - 1 

= c +DF 

DF= D+ <C+ DF)(I -A- BF) - 1 B 

= D+ <C+ DF)[I- <I -A) - 1 BF] - 1 (1-A) - 1 B 

= D + <C+ DF)(I- A> - I B[I- F<I- A) - I B] - 1 

= {D[I- F<I- A) - I B] + <C+ DF)(I- A) - 1 B}I\ 

= {D- DF(I--'- A) - I B + C<I- A) - 1 B + DF<I- A) - 1 B}f, 

= i5T.. 
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~f.F~7tnltT 2(b)I¥Jii£1lJL 
2(c) ~-Jffi-lfl2(b)~:X;j~I¥Jo 
fit !!b-=f~ti 2(a) ~2(c), ~J~$7tt¥JiiEilJ3 ~f§ ~ jWj .$To ~FJT ffll ~, {E~~ ~jf:jj\ ~, 

~Wlll~A~-,:t*\~&·lll~A·A~.~«~lllX~·A~~~~~mtiFM~~t¥1 

Morse mfi?tl~/F~t¥1 o Flfv.A .~f(J~ v.Axtic~ffl~~ I¥J~~~jf:jj\~ ,~ W ltl~A~·, 
v.-t~:t*\~&·lll~W-A.~~¥1J-1-Jft¥1~~. lt:!llli~~ 4c* o :!ln*:tE~~ti~-~ .~1-
JT ~ ~ 1¥1 ~it at l'al ~ ~ ~ 4; , JJ!U m ii ~ ti 2 <a) ~ 2 <c) , 4; lll 4d A« ~ f.F 1¥1 ~ ~ /F ~ ~ 
ti o FJf ~{E~ ~ 1¥JiiEilJ3 !f1, ~f(J .R ~~iiEilJ3 3 (a) ~6(b) ~ 4d* 1¥J~ti~,@ '1$ To 

~ff11t:5txt 4c ~m~~~jf:t*\~ ,~ W lllflfUA~• r, ,ro lll n .{11!~~~-mt¥1~~~)£ 
Jl5. 4.1 t¥l~"**t"f-~(SCB)%it.~~fft:lt!!~it<5. 4. 21)~it<5. 4. 24)1¥J!WjllJ3%it,Jt~ 
A •• lll Co.ffiit<5. 4. 29)~ili ,Ed.lll Ec.EEit(5. 4. 30)~ili ,BonL.bltl L.d ffiit<5. 4. 32)~ilio 
it!:-~1119: A,, E. ~~it (2. 3. 39) l!Jit( 5. 4. 34) I¥J Jordan%, ~II$ A, .. L.d ,B.o ,Edn Co .. 
Ec.lfl L.b«:!ln~t¥J:JGrJ5t: 

[
A:. 0 J [L:d J A,. = A • , L.d = L. ; 

0 88 ad 

[ B:o J [L:b J B.o = . , L.b = . , 
B,o L.b 

Ed. = [E:;. E;,], Co, = [CO, Co*,], Ec. = [E~. Ec:], 
:it~ .~II$ A:, t¥J~V£{«~{E a= 1. I!P 

0 1.,,, -1 ... 0 0 

0 0 ... 0 0 

A:.= I+ 
0 0 ... 0 I,. - 1 

a.ra 

0 0 0 0 

(7.4.4) 

A,: ·§:~T 4c 1¥1~1~/F~~-~0 ll!:-~:tt!1.1lia:<·Ac ,Be) E.A)EJ14. 4. 1 t¥1~1!l~~7tfrl¥% 
it, <Abb ,Cb) E.A)EJI4. 3. 1 t¥1~%11.~~7tfrl¥%it o ~00)£)( -1-:t*\~& •:~t~~II$ 

[

CO. - C2 Co·. Cob Coc Cod] 
F =- r; E:t. - C! E;. Edb Edc Edd r ,;-1 

E~. Ec: 0 Ecc 0 
lll-1-tlfUW.A:lt~~II$ 

B:o- B2 L:d- Bi L:b 
B:O L;d L,i, 

K=-r, BbO Lbd Lbb r ;;-1 

Bc0 Led Lcb 

Bdo Ldd 0 



~J9f:fU;fffJ:JG~1g 0 ~Jordan IDo ~Jit~{~,Lbb~~~~~ft~~ 
Ab'b : = Abb- Li,bC'b, 

Ad.d : = Add - Ldd Cd - Bd Edd 

1g}9f:ffX;fjfjjG~1g 0 ~Jordan ID ,J!:X.~~lf 
Cd<I-A;d) - 1Bd = lmd· 

n!~ Bi ,Bz ,C: lfl CZ ~~~~~~'*J;t:;<7. 4. 4) rp A:. ~~;j(, I!P 
0 0 ... 0 

0 1 ... 0 

B" := [B2 B"] ·-I •- . ' 
0 0 ... 0 

0 0 ... 1 

[

0 0 .•. 0 

C" : = [q} = ~ 0 ••• 0 
c: . 

0 0 1 !l 
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(7. 4. 5) 

(7. 4. 65 

(7. 4. 7) 

}!,~,~PI t;.t~Jl~, ~1g Bt~iNiin!~A tEa= 1 ~~:ff!M'ID:f.il ,J!~~lf ~c {£/f'~ 
~A a= 1 ~~PJrllflPJ%\'.~o 

:ii!Ji ,JlH11~¥1Jm ll!J:JG~ll<A. ,B* ,C* ,D·) J9f~7F~lt~ntfBJ*'~ ~; ,Jtrp 
A·= p - l r~ 1 <A+ BF + KC + KDF)r. P 

A * .. 0 0 0 0 

0 Ab'b 0 0 0 

0 0 Ac: 0 0 (7.4.8) 

0 0 0 A;d BdC: 

0 0 0 BiCd A:. + B'iCZ 

0 0 0 

0 0 0 

B* = p -~r ~ 1 (B+KD)r; = 0 0 Be , (7. 4. 9) 

o Bd 0 

B'i 0 0 
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· · ~ 
0
o o

0 
cod a~zl 

C" = r ;;-1 <C+ DF)r,P = o
0 cb o o 

(7. 4. 10) 

v· ~ r ; ' Dr, ~ [
1

~ ~ ~], <7.4. Ill 

;lt~ ,P :1!-~~~ ,fE A:.l>\ 't;JjjO~{}L-(190 ,l)~~m¥IJ:it<7. 4. 8) ~(19(5 ,5)~0 

rmt~:X.-1-T-~tlf<A. ,B, ,C, ,D, ) ,Jt~ 

(7. 4. 12) 

C,: =[O q], D,:=[
1

m• 
0

]. (7.4.13) 
cd o o o 

~IHUH~-uE.tm~Jt<7. 4 .. 6)~Jt<7. 4. 7)!~f-flit~ B· ~ C", liT~ A, N::fl!M'~fli{£ a= L 
[!;) 1g A b'b~ A:C B9~$!M'~fli{£ O,A .: .R 19:~ ~c (19~~~g, ~{£a= 1, Elf J:J A. -tl!.N::fl 
!M=~fli{£ a= 1 o x-t ~c· J.i!ZilHlt~tl:~~<7. 2. 3), ~tHI51 J1l! 7. 2. 1 B9ta :!iJ!:, ~1flm¥IJ~It 

- ....... -- -
IJ;f fiij ~ tit ~c· , EE ~ :7G m <A • , B • , C • , D • ) ~ 7R , ;lt ~ 

[

<I+A,:)(l-A,:) -1 
0 0 0 I 

A*= 0 <I+A~)(l-A~) -1 0 0 

0 0 <I+ A; )(J-A; )-1 o 
0 0 o <I+A.)<I-A,)-1 

(7. 4. 14) 

(7. 4. 15) 

(7. 4. 16) 

D-.= [D. +C. <I
0

-A,) -1
B, 0

0

]. (7. 4. 17) 

r-1-ff*:l!ft~~~B9~~,~~&~~~ili~A$.~~rekooB9~t~t~~~!M'~~ 



f,j~~ ,J>l-ffii_IVj~~J.!I!B<J 3(a)-6(b)B<J~f!. 

:1;J7~iitmfl. tt9t~tl:r~t!tc4, ,ii, .c .. i5. > ,Jtq:t 

A.:= <I+A.)(I-A,) - 1
, B. ==J2U-A,) - 1 B, 

C. ==J2C. <I-A.> - ', D. == D. +C.<I-A.> - 'B •. 

f!JJDJ:\:<7. 4. S);fJJJ:\:<2. 3. 19) .~R~~itJJ: 
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(7. 4. 18) 

(7. 4. 19) 

_
1 

[ X, (l-Ai.t> - 'BdC!<I-A .. -B"C") 7 1
] 

U -A.) = ' 
. U- A .. - B"C") - 1 B'iCdCI- Add) _, U- A .. - B•C•) - 1 

A = [ X2 zu-A;d> - 'BdC'iU-A:.-B"c·> - 'J. 

' ZU-A:. -B"C"? - 'Bi'CdU-Aid) - 1 U+A:. +B"C")(l-A:. -B"C•) - 1 

(7.4.20) 

jtq:t 
X2 = (I+ Aid) (I- Aid) _,+ 2( I- Add) _, BdC'i CI-A:. - B•C•) _, Bi' Cd (I- Ai.t) _, , 

- _ r<l[(J- Ai.t )_, BdCi (]-A:.- B"C" )_, B2 ([- Ad.t )_, Bd[l + Ci' ([-A:.- B"C" )- 1 Bi]J 
B -v2 ' ' (]-A:.- B"C") _, B2 ([-A:,.- B"C" )_, Bi 

C = ,f[ 2 aa I d dd . 2 aa 

[ 
aU-A" -B"C") - 1B"C CI-A") _, aU-A" -B"C") - 'J 

• [I+ CiU- A:.- B"C" )_, Bi]CdU- Aid ) - 1 Cj(l- A:.- B"C" ) - 1 

[
I+"'<I-A" -B"C") - 'B" G<I-A" -B•C•) - 'B• J D = '--'2 a~ 2 2 aa I 

' a (I- A" - B"C") _, B" I+ a (I- A" - B•c•) _, B• . 1 aa , 2 1 aa I 

tl::@: i!JJ:t < 7. 4. 4 > q:t A:.-J:t <7. 4. 6 > ;fUJ:t < 7. 4. 7 > ~ B• :fU c· B<J~ffiJ, l.IHfJ:fl 
0 -1 0 0 

- r •.. ,-' 0 0 0 

<I -A •• - B"C" ) _, = (7. 4. 21) 

0 0 0 -1 

0 0 - I. _, 
u . r

0 

0 

Ci (1- A •• - B"C") _, Bi = 0, C2( I- A •• - B"C") _, Bi' = 0 

C" (I- A - B"C") _, B" = [
0 0 J " 0 -I . .. 
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[
A: .. 

= 88 

0 

0 . ] 

([+A:. + B"C") <I- A:. - B"C") - I ' 

(7 .4. 22) 

-- - - [ 0 . 0 J B , = B , + K . D, = .f2 , 
. . ([-A:. - B"C") - I B'i ([-A:. - B"C") - ! Bl 

- _ - - _ _ R>[O C2 ([ - A:. - B"C" ) - 1 J 
C., - C. +D.F . - v2 . 

0 C1 ([ - A :. - B"C" ) - 1 

:m:flfx-t.l:\<7. 4. 6>~.J:t<7. 4. 7)q:tB<J B" ~ c· :!Gtl?tturF: 

B" = [o B.]~ c = [;J, 
Jt~ .B. ~c. ~~&:kfkB<J. f§JttPT~ 

- - [A: .:· A .. -
0 
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C,.=.J2[0 _ 0 __ ]• D,c=D, =[Im0
+ md - ra :J• 

o c.u-A:. -B.c) -I o 
f!Jffl:i!:<7. 4. 4)fll·Ji:<7. 4. 21), Faiiti:lt!!1t-'If~jj]' t;H~¥1J 

([+A:. + B C)( I- A:. -B. C a) - I 

[ 0 -2]-I 
- 2I" - I 0 "•·' 

a. l 

0 

0 [-2~n .. r. -2] 0 - In .. r. 

1 0 
0 ... 0 

0 1 

0 ... 0 

1 .•. 0 

0 ••• 0 

- [ 0 - 2] 
A., =-ln .. , + - 21, •. ,- I 0 ' 

- [-1] B.,= 0 ' c .. = [0 - 1]' 

c., B., =c., X •• B., = ··· = c., c4., )" .. ,- z B., = o 

c., c4., )" .. , - I B., =1= o. 
:JtHW~J!I! 5. 4. 1 ,f?;(£~1:~~~~ r ""r ""fll r; .. fj!~~ 

Ad = r :,I [ ([ + A:. + B" c" )( I - A:. - B" c a ) - I J r sa 
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* * 

0 0 

0 0 

0 

0 

0 

0 

* * 

Bd = r : i [<I- A:. - B. c.> _, B.Jriu = 

cd = r~'[C . <I-A:. -B. c.> -'Jr .. = [ 

(7.4.23) 

0 0 

1 0 

(7.4 . 24) 

0 0 

0 1 

0 0 

] (7. 4.25) 

0 1 

JJ.e:t£1ill¥1JEb c4· ,B· ,c· ,5· > JiJT~Vi~tl9 ~ .ttn.J:t<7. 4.14)- it<7.4.17>of!Jffl~rJ 

;t~~¥1J 89-T Jfo.t!t <A •• B •• c .. i5.) B9*ltt. llJ ~ ~ Jl..~ ~ B9 .tt~ & i11t lll•m i11t A it~~ 
~.tt~ll f'· lll R· .~:«~~~tFB9-tt~,•mlll•A~~ r: ,r: lll ri· .{II!~~ 

A:· . ==<r· )-' c4· +B · F' · +R · c· +R· i5· F' · )f · SCB ~ l' 

O+A,:)(l-A,:) - 1 o o o o 
0 O+Abi, )(l-Abi,) - 1 0 0 0 

0 0 <I+A;Hl-A;) - 1 o o 

0 0 

0 0 

0 0 

0 0 

B&:s == <r: >- ' <B * +R· i5 . )f;" 0 0 

0 0 

0 Bd 

0 

0 

0 

0 

(I - A c: ) _,Be 

0 

0 

A; 0 

0 Ad 

(7. 4.26) 

' (7. 4. 27) 
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0 

~ ~ ~j(7.4.28) 
o o . cd 

(7. 4. 29) 

...... -.... ....._ ...._ 

H~, Ell <AS'cs, BS'cs .CS'cs, DS'cs ) JYT$:~ tl<J 4S'csfll 4i J't.:fl ~¥-f tl<J~#iJ/F5!:1!itijiJ, mi 4i X 

fO 4d A :fl ~ ¥-f tl<J ~ #;1 /F 1!: 1!i It j!Jo :Iii :1-1£ ~ B<J ~ , 4S'cs ~ SCB 8<J ~ .:rt , ~ ffl l£ i£ jjJ !;..(liE 

I!JHEl.!I!B<J~fj: 3(a)~6(b)o 

3 (a) 1B'clt~¥1J lz<4d)=ld4S'cs )o tH~.:r:\<7.4.26)~.:r:\<7.4.29)1V.Jk SCB tl<J~ 

fJ: • ~ ffl1d] lH lz ( 4S'cs ) Ell ~ ~ M 

( U +A .: )(I- A ; ) - I , U- A ,: ) - I B, ) ~ ( U +A ; )(I -A .: ) - I , B. ) 

B<Jnr~ttmtt~m 0 ~mJ®r A .: fl1 B. a<J~:x. 

0 

0 

0 

0 

0 .•• 0 

0 0 1 0 

A c: = • B. = 

0 0 ... 0 I, - I 0 . .. 
m 

' 

0 0 0 0 0 ... ... 

((!+A,: )( I- A.: ) - I ,B, ) 

B<Jj!J~fJ:flili-ill.~Eil {LI .t2, ... ,l.,,} JYT~ili B<J ,JYT!;..( lz <4d) =lz (4, ) o 

~ ¥-F • 13 < 4d > = 13 < 4 , > B<J YE aA rs-m ~ ¥-F a<J .~, ~m 0 

3(b)~3(c)1i:~.M. 3(a)qotffE/:lj o 

. . 
0 

1 

4(a) * !m SCB tl<J ~ 11, isK·, ~ ~ fft :it!!., 4d B<J /F 1!: ~ .~ ~ #iJ EB A.:· fO (/+A;. ) • 

<I-A.':.) - I B<J~{iEm t:J.&llL~$t B<J Jordan~~ ili o ~11 4 <a) ;f{l $I r ;rt < 7. 4. 22) 9'1 A:.:· 
B<J~{iEm,!;..(Jk;f{l:k$ttl<J Jordan ~o §)t,lt:ftiiJ~tfffiiJ zE C .-

zi-A:,:· = [<z-1)1- <z+ l)Aid +2U-Ad'd) - IBdCd]<I-Ad'd) - I. (7. 4. 30) 

@I/®! Ad'd , Bd fO Cd B<J ~ )( 
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0 1, - 1 ... 0 0 0 0 ql ... 
0 0 ... 0 0 1 ... 0 

Aid= ' Bd = 

0 0 ... 0 I" - 1 0 ... 0 
"'d 

0 0 0 0 0 1 

[ 0 ... 0 

] cd = 

0 1 

llJ ~HiEaJl 

(z- 1) I- <z + nA;d + 2([- Aid) - I BdCd = blkdiag{ Ql (z), ... ,Q, (z)}, 

~ r:p ' ){if T i = 1 '2 ' ... 'md 'Q, ( z) E c·., X "•• -:k 
z+1 - <z+ 1) 0 0 0 

2 z-1 - <z+ 1) 0 0 

2 0 z-1 0 0 
Q,(z) = (7.4.31) 

2 0 0 z-1 - <z+ 1) 

2 0 0 0 z-1 

m~;a:<7. 4. 30) ,A;; l'fJ~{iE{ll;fi!:ft1~ 
blkdiag{ Q1 (z) ,Q2 (z), ... ,Qmd (z)} 

"'d 

l'fJ~~iiJ nd= 2.:q, Z.rl'fJf,f-:lt zo*'Jffl Q,(z) l'fJ~~:m;a:, 11H~. ~.i£ zE C r:f:rfm{fft 
i=l 

Q, ( z) ~ ~ l'fJ .R :ff z = - 1 o ffii Jl rank { Q, ( - 1 ) } = n., - 1 , I!P Q, ( - 1 ) .R :ff -1- ~f.£ l!k JL 

l'fJ~ID:9diL 129Jit z= -1 ;ti!:Ji.:· l'fJ~ID:m.~~ffl"!i!!.;fi!: ~d l'fJ~~~.¢.\.A:ffii!< 
~#J 

S!:~<~d)= {ql,q2, ... ,q,.d} = S! <~.). 

YT VJ. 4 <a H~ iiL 

4( b) J! -$?1-l'fJ:XIli!~,¢.\~#JMWi. 7 U!~ <I+ A.:)< I-A.:) - I l'fJ~~~ ,¢,\ o m -T 

A .: ;li!: Jordan :m, llJ1H~ff£1:1:\~tt 4(b) o 

5(a) j!-J.9!1'f]iifaJt«til>A-A<7. 4. 29)*0 

5( b) l>A-A<7. 4. 23) ~A ( 7. 4. 25) r:p (fJ <;L 'Bd .<\) (fj~#J' VJ.lk SCB l'fJttJ.!I!: 5. 4. 4' 

llJ VJ. ffHI:\ :i! - r_m 0 
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(7.4.32) 

xt = x;; (B x:~ , <7. 4. 33) 

Jt.:P .x.t f~Jj;\(7. 2. 1)t£ s=a=ll¥J~§J:E~,~l¥l~AU;IJ~fH*,x.": f~Jj;\(7. 2.l)~J~l¥1~ 

§J:E~.~i;/J~fH*o ~ff.t:lt!! .~~PkE 1¥1 ~Uft<7. 2. 6) 1¥1~~~ IBJ :1-J X, rti: Jm-t 1¥1 SCB Jt 
iri¥1¥1-T~tJE:1-l 

x = x;- (B x~ (B x; (B x h (B x. (B x d , (7. 4. 34) 

(7.4.35) 

;t:t .:p 'x~I fl]j;\ ( 7. 2. 6 )tf z= -1 1¥1~~~ '~ 1¥1~ '~ i;IJ ~fH*' X~. fl]j;\ ( 7. 2. 6) ~J~l¥1 t£ 
11!& IMI...t~ .~ 1¥1~.~ i;/J~fH* o ?&,6 b\...t 00 * -T Ha) ~5 <b) l¥11i -'if .:P, ~fflllJ ~ :fl ~ ""f 
t£j;\ <7. 2. n 1¥1 ~. fnj;\ < 7. 2. 6 > 1¥1 ~d 1¥1-T ~ tJfZIBJ 1¥1 I!!JtM: 

-x.- ~ x ; 

xd ~ x~, 

x.o ~ x~. 

x.+. ~ x; (7. 4. 36) 

xb ~ xh 

x. ~ x . 

x.t ~ x d 
71 ~ , t£ ff ~~I: ~ :ff tiPi l±l fn tlfU A ~ Pk ""f , ~ lk ~ ~ & t!li fn tlfU l±l t!li A ""f , JL fiiJ -T ~ IBJ 

v.fl!s. :l!~~l¥1 .~ffl:fl 

(7.4. 37) 

s+ <~. ) = x; (B X~ (B Xc(B xd = x;- (B X~ . (B x. (B X~, = v- (~d). (7. 4. 38) 

@:l!Jt~l¥JJLfiiJr~~#&:fl~...tM~l¥li!!JtM*~ o 

2:U5C.IlltTJ:EJ.!I! 7. 2. ll¥liiE~JL • 



7. 5 ~>J 

-1 0 1 0 1 0 0 

0 1 1 0 1 0 0 

.T=Ar+Bu= 0 010 1x+ 0 Ou 

1 1 1 1 1 0 1 

1 1 1 1 1 1 0 

. y=Cx+Du= [
0
0 o 1 o o]x+[o o]u. 

0 0 0 1 0 0 

z-1 
s=--

z+1 

r. itJt:~lttll1fSJ *tft: ~d ~ 
<b) *'lffl~fi*tft:I:JUft .x-t:ii~II11'SJ*tft: ~< it•JLfnJT-~I'SJV*, v- , v+ ,s· ,s- , 

s + ,n· ;f!JN·; :M~lttll11'SJ*t1t~d it;Jt:T-~I'SJV* ,v- ,v+ ,s· ,s- , s+ ,n· ;f!JN* o 
(c) ~iiEV+ <~c )= s- <~d);f!JS+ <~c )= v- <~d)oi.ifli~:itftBr~I'SJI'fJ!k*o 

1. 2 ii£11JHfH~ 7. 2. 1 ;fllffH~ 7. 2. 2o 

1. 3 ~ mii~R11m *tft: ~< . 
-1 0 0 0 1 0 

0 1 0 0 1 0 

.T =Ax +Bu = 0 0 0 1 1 x+ 0 u 

0 0 -1 0 1 0 

1 1 1 1 1 1 

y = Cr = [0 0 0 0 1]x. 

( z-1) 2(z-1) 
s = a z-+ 1 = T z + 1 

r, it-~lttll11'SJ * tft ~d B<J:::f'~~ -~,:it 9=' **F.fflJM T = .o. 5 ,o. 4 ,o. 3, o. 2 ,o. 1 ,o. 05 ;fJl 

o. 01 oii:i:t:t:E!r 3Jl- iiff _U~ :±l ~fttB;f I'SJ *t1tl'fJ:::f'~~ -~,~YEll~ 7. 2. 2 B<J~ML 



7. 4 ~~ -1-~~ l'J<Jji~B;f I'BJ *tit L:c 'J't~Ji p]§f{.::fg 

Gc(s) = C<si- A) - I B +D. 
:f£ ii ~ B<J ~ ~ fi ~ ~ ~ , ~~ ill- fit B>t fBJ ~ tit L:d , 1! A :ff ffl :ii m Ji 

G d ( z) = C (a : ~ ~ I - A ) - I B + D = C ( zl - A) - I B + D , 

;t:t 'FA ,i3 ,c~i5f.lll51 J1l! 1. 2. 1 J9f~. liEIY1 L:d ~~~ B<J. # H 

II Gd II = = II Gc II = • 

~a>tm--t-~r*liEIY1.:t£ii~m~~:ff 

II Gd II 2 #- II Gc II 2 
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tt!lf-: ~~~ 2 .B<J 2. 4 11*-T:ii~B>ti'BJ *tit~-fttB;ffEi] *tit H2 m:Ji~ H= m:Ji 
B<J ~ )( bt ifjL 

7. 5 ~.ltt-1-:ii~B>ti'BJ*tit 

x = Ax+ Bu, y = C.r + Du. 

~ -1-~ ffl B<J -It 1t *tit B<J 1J #i: ~ ~ IDt -f~tHey: ~ ~ < ZO H ) o ItT lV. liE IY1 , {£ ~~HF Jlii M 1'1 T B<J 
ZOH ~~~ .~iftl'l<J-ftta;fi'BJ*tit1'1 

x(k + 1) = A,x(k) + B ,u(k), y(k) = C.r(k) + Du(k), 

A, =eAT, B, = ([ eA'dr )B. 

~ Gc(s) =C(si- A) - I B+ D ~ G, (z) =C<zl- A,) - 1 B, +Do :ii:ii-1-1JtJrliEJY1, 
im~:ff 

II Gc II 2 #- II G, II 2 ~ II Gc II = ¢- II G, II = . 

7. 6 ~~xH%J3 7. 3 l'J<J:ii~B>fi'BJ *tit*ffl ZOH ~~B<J1J#i:~ltt1to ifjf:~ift~ 

ftta;fi'BJ*titl'J<J/t'~~J~ ,Jt'fl T=O. 5 ,0. 4,0. 3 ,0. 2 ,0. LO. 05 ~ 0. OL {£~ .lfl-oo_t~ili 

)!®/f'~~.~ .#:110 VJit~ o 



8.1 ~~ 

~-~~~M~~~-M~B~-~-A~M~~r~~~m.~A~~~~~* 

~ ~~M~'E~xtfiiHfji.\ .~l:liVJ\fHfil~-~ $t.i~~~M o liVJ\fHfil i~Ji~~~ffJ¥~ 
-~~m ~ ~t¥711!~ ~fi:ffl, A:fl ft~tt~~~#rmi&: <~.!A!. Halevi ~ Palmorc6 1J, 

Shaked[ 128J ) , f~ ffl" (cheap) ~ ~ # :ll fjt LQ t£ i!Jtj (~.!A!. Shaked[ 129J ) , !.;A lit @! 1m -ffl :131 iii§ ~ ~ 

~ (~.!A!. Chen[lsJ , Saberi ~c 11 6 J , Zhang ~ Freudenbergc159J) , ITii 'E ~ .X;ffl!Bfj it-~ ;r~ ~ 

~~M.~M'I-W~ H= t£i!JtJillJ®iB1®~+~1ti:~~fPffl<~.!A!.[54]~;it~~~~~~)o 

JA f~ •...t :fi-, it ~ ~ ~ M tt * PI ffl -T ~ m! :ll;J\ liJ fil l~ Ji ~ ~ ~ M <~.!A!. Shaked ~ 

SorokaC130J , Soroka ~ Shaked[134 J , Strintzis[137J , TueJC14 2J ) o Shaked[127J X;f :All]\ fH fil l~ jj 

~~~M~t£~-~~~fPffl , J.;A&Jm:fl~~#~~~M~~-·Tm~~AMo ~* 

~~~M~~*W-ii1~~¥1J T~~~~M~, :fl ~~-~~r~~~ JBJ~M;M:~~, jz!l Chen 

~ Francis[JsJ , Weissc148J .lif.l:l:l Txt-~~-~ffl ~Jt:i! o ~J.lt J.;A;r~, ftflliiL~iJI AA:fl-
~lti:~~m~r~~~~M!t*oM~~'E~M·~J.;A~.PIJ.;AM~A~~~~·~~ 

'll fn] ®I , i! ~ ~ ~ 9 • 1$ gm M ~ o * • ~ ?(;. J.;A ft ffl J.;A 1W ~ M ~ I fP 1q ~ Ulll < liP Chen 

~c 26J, Lin ~css] fll [sg] ) .~!~£ ,ftffl.ftlffl*~mroo•1l~M~~ffJ¥!t*~JJJ:tmx1-A2:~• 

;f:1;J~T ...tooti&~~~~Mo 

ftfllm!~R~L!tti:PI ~~~l::ll;J\ftJfSI~- ~. ffi~~I!Y:JGtll <A,B,C,DH!E~JR, 

{

.:i- =Ax + Bu, 
(8. 1. 1) 

y=Cx+Du, 

;it~~~~ :l: xE R" ,fi!Y l:l:l~ :il: yE JRP ,fi!Y A~ :l: uE Rm o ~:k-A2:tt ,fl!il~[B' D']~ 

[C D]~:llj;:~~o ~ ~-ffl:i!1P1§~:1g 

G(s) = C(sl- A) - 1 B +D. (8. 1. 2) 

x-tr:ll'J\fHfil i~Ji~~~M .~31(~Ji:~• ~~PI~~~~ 0 G(s) ~:ll'J\fHfili~Ji (:!;]~ 
?tM~JRjq 

G(s) = Gm (.dV(s), 

;it~ ,Gm (s)~ti:PI ~~:All]\ftJfil~ ,jf Jlt.lll JE 
G(s)G'(-s) = Gm(s)G~(-s), 

(8. 1. 3) 

(8. 1. 4) 
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V(s)V' (- s) = I (8. 1. 5) 

B<J~~~1:JPJi2B<J~ill~-To JmiEB<Jfil]Jmi,t~ftj~~~ Bm ~ Dm,~~~EE~~Il!JjGm 
(A ,Bm ,C,Dm) JYT~~ B<J ~~ ~m Jl.~~~ B<Jffl'Ji i?i§f{ Gm (s) • ffii .fi ~m B<J~~~-~ Efl ~ B<J 
iVJ' ffi tL ~ ~ ~ .~ ~ ~ B<J ~~ ii:~J, ffi tL ~ ~ ~ .~ B<J m 1t JYT m mto Jj -1r oo . iE liD B! ffl' il i?N 

fl tj( ~ ~ ;tt f1!! B<J m. m ~ il" "P • :!Lil :fl~~& ~ .~ nc ~t filJ 1m • ft fn #~~A B<J r~ ~ ~ B<J :ft;J, :.m tL 
~- ,ftfnJYTr~~B<J~f¥M= ~. B<Jx~~&~.~~ftlm~. ~ B<J~~~-~ PI rJif:ta ~ :lt!!JtDCiE 
*ti.*~ iLOOB<JMmw~t_t 0 mtw:i!~:@..~. 51 A -1-

G<s) = GM(s)U(s) (8.1. 6) 

B<J} )($~~-f-Jtfl%.J:.\o :J!![B<J GM(s)~~~ ~M B<Jf~Jii?i§f{~~.~~ ~ Jl.~~fF 
B<Jxll&~.~~ftl .;tt~~~-~~iEM!l!tlft~ti.PJ i2 B<J:ft;J':.MI tL ~ ~ o ~ -1JOO ,U(s) 

~jJB<J .~~8<] 'PJi2B<J ,;Jf{E 

U < s) U' <- s) - I, ~ I s 1- = (8. 1. 7) 
~)(_t~$dli~illB<J 0 

iE800B~···~*~-f-7tfl~~_t~:ft~:.MitL/~ill~-T7tflB<J~~~-M~R 

%.J:.\.~.R~&~~~iE!J!U~~o JYT!;.(~~>J(.J:.\<8. 1. l)~~B<J~~ ~ B<J A B<JJYT~~W: 

ffi~iEc- ~ 0 ~~:It!!,~~*~~ PTUi~B<J<ffii~~••'J'ffiw /~iM~-TJtfl~~f.F~ PI 
~jj!~B<J) o ~9~~-T7tflPT~~1-J 

G(s) = G,(s)G
0
(s), (8.1.8) 

;l't~ ,G, (s)~ G(s) B<.l-1-~ ~ -T, ~p G, (s)~-1-~~~iE!J!Uffl'ilmfl, ~..@ 
G:(-s)G,(s) = [, (8.1.9) 

Go (s)~ G(s) B<J-1-9H;§ -T, ~p Go (s) ~~~~iE!J!U B<J, ~ - 1-iEC+ ~flt!TB<J 1:li2, ~fit 
T Go(s)~1:JPT i2B<J ,{Ec+ "Pti~~~~-~ o 

.19Tm~.®!A!.~iJiffl1Jfl ,ftffli!)tiE 8. ZiJ~~m~~~~~F~iE!J!U B<Jffi%, iTii 
*r-Aia<J~~F~ iE!J!U ~~B<J~='=, iE~ 8. 3 1J ~~ l±l o :liFo, ftf11tl:~¥1JJYT~ :!!~~ -T 
JtflXif~lttBtiBJ ~~:Ji1::~f!!.l8<J ,:J!:f4iE~ 8. 4 ilr !;.(it~ o 

ftffliE:i!-iJ~~.ffiEE .J:.\(8. 1. l)~~B<J~~ ~ ~F~ iE!J!Ij B<JfffJf~, ~p D=Oo Xifr:ft 
;J,;f§lli: /~iM ~ -f-71-fl~} )( 1$ ~ ~ -f-Jtfl, ffil. iS!~ ~ti.PT i2 B<J, Xifr ~ 9~ ~ -f-Jtfl, !J!U 
ffil.i)! ~ ~1:JPT ~ B<J o Xif:ft;j,;f§{:\i. /~ iM ~ -f-)1-ff¥¥ ~ ~ 9~ ~ -f-)1-ff¥¥, :it!-tp-ffi!.ia: ~ iE~~ 
_t 79::fl~~~-~ 0 :l!MffiM(:J{J~I5*~~~lll~ (:j{J. iEi!f$illffl "P~~~~ m (:j{J. •~_t. iE* 
~~it~&TiJ I~(:J{J::k$7t ~~)'CifiUI5~J1:l!#~'*B<.l ~~~JJIJ o iET -il~ ,ftff1:14~ 
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-*~J!~i!&$1J 0 

~ ffl tt 1G ~ tl:i ~ :0!1 :l& 'J' f!:llli. I~ li (!;) -T ?t!W B<J ~tV~ :0!1. ft. o 
FACT-SP !V!iJ 1 

,f!J ffUiU='I! 5. 3. 1 l't9 ~ * < 11! llJ .!A!. m 5 :iJ m 5. 4 1l q:t *1 ~ *liT-¥ , llP SCB B<J fa] llJH~ 

J:\;), ~i!J~~~#~~ r . E R"x", f oE R"x" ;fO f; E Rmxm, ~~,~~ ~ t1f 2;, llP ~ ~ .:::. :7Gffl. 

<A ,B ,C) 11Jit~~¥1J*f~*fi-F¥<SCB) B<J%J:\ ,Jt.f.t.::lt!!.jji~~ 
A+ aa 0 L~bcb 

A= r - 'Ar = 
0 A.;;. L ;bcb . ' 
0 0 Abb 

BdE; BdE; BdEb 

ii ~ r ; 'Br, ~ UJ 

ffl il!tl::f:¥1], ~ 2; ~ llJ~iJ!tl at, <A:.; ,E: ) ~ llJ~iJ!tl (!<] o 

FACT-SP !V!iJ 2 

3J( Lyapunov :1ff!ll 

c ;;dcd 

L~dcd 
(8. 2. 1) 

LbdCd 

Add 

(8. 2. 2) 

(8. 2. 3) 

<At. >'P + PA ;t. = <En 'r~r;E !; (8. 2. 4) 

(!<] iE~Wf, llP P> O o (!;) :1g A~~ ~~~~(!<], :jf _§_<A:.; ,E: ) ~ llJ~jj!~ (!<],Elf t;JJ!f;F (!<Jf(;'f,~,~ 

tH':£ B<J o t:ffF * , it. 
K; = p - ' <E -:- >'r~ri 

[

K; 
- 0 

Bm = r , Bml'i' = f. 
0 

r ;- '. 

Bd 

FACT-SP !V!iJ j 
~)(. 2;m Jg~~ = jGffl_ (A ,Bm ,C)EJT~~ B<J ~t!f ,:jf _§_ 

V(s) = f;[I-E; Csi-A;t. +K;E !; ) - 1 K~ ]r ;- '. 

s~e~~~Tm2;~:li!l:l&~f!:llli. / ~lif!;J-T?tWfMf!ll o 

~ fll :fl ""f ffii l't9 ~ l.!IL 

(8. 2. 5) 

(8. 2. 6) 

(8. 2. 7) 
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:iEJIS. 2.1 ~.ltt.J:-\<8. 1. l)J9f~(J<Jiij"f.&ij!~ ,ti:I1J~f!l~~il!J,l§{il¥tft 4.~~ D=O 
f!IJ9T~ B<J ~~:m:'J'tH&~~~ ,~~m:a:c+ , m~~ B<Jfi;J,tH&/ ~li f51r7H~ 1-1 

G(s) = Gm (s)V(s), (8. 2. 8) 
~~ ,V(s)~j{Jl[j'I.J.J:-\(8. 2. 7)J9f~I'J<Jli~I'J<J~lif51-=f,Gm(s)~ 41'J<Jfi;J,tH&~«t.~m~ 
~-=:5Cm<A,Bm,C)J9T~~(J<] 4m I'J<Jffl:iiP.i§ft,Bm :!!ll.J:-\(8. 2. 6)J9T~,I!P 

Gm (s) = C(sl- A) - 1 Bm. (8.2.9) 

ffjj J3. ,4m ~ftllJ ~I'J<J • fll 4 ~ fj'ljfF I'J<JX~~ .~~#') • ~ I'J<Jffl:ii P.i§Jtt.'lj,@ 
Gm(s)G~(-s) = G(s)G'(-s). (8.2.10) 

~Jif§r V(s)t.llj,@ V(s)V' <- s) =I, ~(J<]J9T~fli.~m~ 41'J<J~~fi;J,tH&~.~I'J<Jil1l o 

i.iEIIJJ ft ffl tl 16 liE ll_ij A~~ - K : E : ~ 1-ti ~ I'J<J ~ lr!i' o li :i1 f.&~ .lt < 8. 2. 4) fO 
.J:-\(8. 2. 5) .~ 

(8.2.11) 

)!~IIA .A~~ -K : E : (J<]f!ie~1-ti~I'J<J~!r!i' ~ 

ttr*Y£1Jij 4m ~:fi;J,tH& ,tr:llJ ~ I'J<J, fO 4 A~l§ [iiJ I'J<J:X~~.~~#il o ~~ -~ 
fi,ff!H~ 4 ~~ 5 -~~l:l 5. 3.11'J<J SCB ~.lt o M;llt~A~~~£tlti'J<Jr~~. llJ:JE 4m 
1i:ilr~1-J 

.i:~ = A;t. .r~ + L:d yd + L~bYb + K~ u, 

.i:;: = A ;;;. .r;: + L;;d yd + L;:bYb, 

.i:b = Abb.rb + Lbdyd , Yb = Cb.rb, 

.i:d = A;d.rd + Ldyd + Bd[u + E~ .r~ + E ;: .r; + Eb.rb + Ed.rd], Yd = Cd.rd, 

Jll:££*~:X.- 1-ilri'J<J:f*~~· 

.i:'; =<At - K~ E~ ).r'; - K~ E ;: .r; + L~b Yb 

- K~ E b.rb + (L~d- K~- B~Ld) Yd 

+ <A;t. K~ B~- K~ Ed- K~ E~ K; B~- K~ B~Add ).rd 

(8. 2. 12) 

.i:d = A;d.rd + Ldyd + Bd[u + E~ .r~' + E ;: .r; + Eb.rb +<Ed + K~ Bd ).rd]. 

Jll:££m~~ 5 JJI'J<J~l:l 5. 3.1 ~ SCB :!V!JJ 8 (J<JY£1Jij ,:ff:££-1-~~~:Jf(J<J~~ T.{!f~~;lit 
~A~~~£tti:I'J<J~~ L~ ,L~t, ,E'b fO E:J' ~ 
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-'-m - <A+ K. +£ +) - m K+E- - + Lm + Lm X a - aa - a n X a - a a X a adYd 11hYh' 

~(8. 2. 13) rp B<1~~1ifl B!~~~Jm 5. 3. 1 rp B<J~~~**¥<SCB>%~ To I;§Jit, m~ 

~ 5 -~ 5. 4 1Jrp B<J~'f1PJ~ ,4"' llJ 4 ff IRJ~B<JXI!fl~.~~~ ,4m ~ti.PJ ~B<J 'ffii ll4m 

B<J:.F~~.~ EI:J 

[
A;t. - K~ E~ - K~ E -;: J 

A c= c-
o A~ 

(8. 2. 14) 

EfT~ t:!L EfT t;L4m ~~l:il!J,lf!flL B<J o 

rffiHiEIIJJ V(s)V' (- s) =I o m~ Woodbury~ Sherman-Morrison-Woodbury 0~, 

eP~<2. 3. 13> ,~<8. 2. 4>l0~<8. 2. 5> .~f11f4 
v-1 (s) = { r;[I- E~ (si- A;t. + K~ E~ )- 1 K~ ]r;-1 

} -
1 

= r;[I + E~ (si- A~ )- 1 K~ ]r ;- 1 

= I+ r;E~ (si- A;t. ) - 1 p - ! <E~ >'r: 

= I+ r;E; (sP- PA~ )- 1 <E ~ >'r: 

= I+ r;E ~ [sP + <A;t. >'P- (E~ >'r:r:E ~ ]- 1 (E~ >'r: 
= I- r; E~ p - ! [- si- <A~)'+ <En ' (K~ )']- 1 <E~ >'r: 

= I- <r)- 1 <Kn '[<- si- A~ + K;-E~ )- 1 
]' <En 'r: 

= ( r i I ) ' {I - ( Kn '[ (- si - A;t. + K; E n - I ]' (En ' } r: 

= v' (- s). 

tt~, V<s> B<Jtl.~~~~ ~~-A~ B<J !M' VE it, v- 1 < s > B<J tJ1 .~ ~ 4 B<J ~1: :lii;J\lfl {lL :.F ~ ~ 
.~, ep A <A~ ) o 

Jm{EilJVJ.iiEIY.I G(s)=Gm<s>V<s>T o ~)<. 

si -A;t. 0 

si -A~ 

- L ;i, Cb 

- L -;:bcb 

si- Abb 

-BdEb 

- L+c j-l ad d 

- L -;dcd 

- LbdCd 

si- Add 



- L~bCb - L~ Cd ~ - ~ 
sl -A;;;. - L.bcb - L.dcd 

0 sl- Abb - LbdCd 

- BdE ;: - BdEb sl- Add 

-<I>= 

0 

~fHW:r.\<8. 2. 2) ,:r.\<8. 2. 3)llJ:r.\<8. 2. 6) .~~~. ~iiEil,ij 

- - ,...._ ... -
Bm = B + K, <I>= (<l>- 1

- BE)-1 

- - -
C ct>K = O, Ect>K = E~ (sl -A;t. ) - 1 K~ . 

G(s)V- 1 (s) = roc cii Br;-1 r;[J + E~ (sl- A ;t. ) - I K~ ]r ;- 1 

= ro[C cii B + C<<i>-l- BE)-1 BE <i>K]r ;- 1 

= ro{C cii B +C[<<i>-l -BE)-1 <i>-'- I] <i>K}r ;- 1 

= ro<C cii B + c ciiK- c <i>K)ri 1 

=roc cii<B + K)ri' 
= Gm(s). 

l!f-FU7t.r&7~JJI! 8. 2.1 B<JiiEilA o 

ftfiffl~OOB<.IM~*~~kOOB<.J~-0 
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(8. 2. 15) 

• 
iJ\1 8. 2.1 ~m-1'-1JB<lll!liJ~B<l*~ L:,J'fH~!II$1195Gi1l<A,B,C,D)~~ .;It~ 

1 0 0 1 0 0 0 

0 1 1 0 0 0 0 

A= 0 0 1 0 1 B= 0 0 (8. 2. 16) ' 
1 0 0 1 1 1 0 

0 1 0 1 1 0 1 

c = [~ ~ ~ I~ ~]. D = [~ ~]. (8.2.17) 

~~~liE ,L; B<l~~ Pl§fi~ 

(s-l) z J 
s(s-l)(s-2) · 

L: m~ liTri lO liT~ B<J, {£ s = 1 ~ -1'-~ '3l:~ lL ffff 13.~ ~ £l!t, L: B r~~*f~ ~IH/f-~ 
< SCB) B<.l%:r.\ 7, Jt ~ 
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l! ¥-¥ ~ ~~ i!J 

lO 

~·I± ~ tA. J.! ~ : ~ ltJ :$}'- -*f * 

A' ~ [a 
0 

l E + = [1 
0 

~} 1 .. • 0 1 
. 0 0 

2 0 

K; ~ ~ l 0 4 

Bm = 0 4 ' 
1 0 

0 1 

l' -1 0 1 s+ 1 
V(s) = 

0 
(s- 1) 2 

(s + 1) 2 

(s-1Hs+UJ 
s(s+l)(s-2) · 

R-M~-M~~~~~~~~·A.~&~~~-~~~-~~m••oafi~ 

-roo;;;1 A! )($¥Jk~-T5tffl¥, 1::~fi,J\tfi&/~1m~r%ffl¥~ § ~tr ~0 ~~~~~•'J\~. 

&lllti:llf~-M~~r%ffi¥1J 

G(s) = GM(s)U(s). (8. 2. 18) 

)!!![ ,GM (s)~fi!]\lfi&ltlti:llJ ~~ ,Jt.~ltl ~ jjl]f.F~XIllt~.g~ftl o ffi)U(s) ~-1' 

1i ~ , llT ~ ltl ~ ~ ~ f!( ~ PJ§ Ji, ~ $r jl[ ~1m ~ 0 eM < s) ~ FJT ~ ~ ~ ~ ,g ~ ~ M m ~ ~ * 
cdcc- ~0 ftll*~~~-M~ R~llJ~iJ!~ffff~~llJXW.iJ!~B1.~-fr Cd i!J.MT ~ ~FJT~~ 

llTXW.@$~~~-~-.~~~-~~FJf~~Slll~-:m~~~~·A<~~U@~~ 

*-lJl-OO~fijl[~~~)~~'fffl-i!J.M~ GM(s)rf'T o l!¥-¥~! )($¥Jk~-T%ffl¥~@l~ 

f!(~ i>BI'lt~Oti3Ht 9='~11i• ~JJilffl o ~Hil, M GM (s) ~fr @l~f{(~ P.NJitB<~ B;f, llT k.{ ~ 

•-••~~-•~@~-T~~~~ooxtlill~f!(~P.NJi•~~~*fidS.ffffre~JJiZ 

r ~ ~~S~~~~.g~X!\l.iJ!~HM~SIIefti!JffMM!f!~&ft <~[116]) o ftff1*

~~-~.l!1'!)(~$¥ll~r%ffl¥~~1lffflrffi¥~~FJT~~~·AIIeft~~.l!1' 

IOJ~~~r -•rf'#~J&f*it 0 

®i!i!~~-M ~ Bt£~~~1J3:t<8. 2. U ~ 3:t (8. 2. 3) ~-~~lif-~<SCB)%3:t, jjij 

B1®~~-~~lif-~<SCB)~%3:tr ,x. ~%ffl¥d x; lOx: ,{j!~~ A~ i!l.*T ~ ~FJT~~ 

if~~~~ ,g. :«o*l! @~ s ~~ ,g tl5~ llT t£ ~. JJ!tlllf 1!1 M ~ ~ ~ ~ ~ ~ ~ ,g, m ~ ~ ~ 
~~·Altl-@~~-~-~~~~·Ao 

JE:«oFJTfl ,ftlii!i! )( * ¥lk ~ -T5tffl¥ ~:l:tfj lll fi!J\~&/~1m ~ -T5tffl¥~~ 1itl!I fc.t 0 FJT 
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!:J , ~ ffl {Cf oo 1¥-1 5E Jlrp 1I 11HfHB :1! *F 1¥-1 71-ffiL 
~!18. 2. 2 ~I!t-1'tr:ltf~fll~t::IVJ,ll3lli~~ ~0 f!11i9:EBi~~~~JiltJ:\<8. 2. 1)~ 

J!: < 8. 2. 3) 1¥-J SCB % J'.\, Iii] B>t fl11 19: E 1¥-1 ~ M-1¥-1 ~ ,g *ItT~ 1¥-J , jf~~ 9=' {£ A <A~ ) o ~ fl1 ItT 
L;J#J~! so~m.E§-=f?tffl¥<8. 2. 18> .M!~~ 

1. ~ 9=' ~¥-J:fi;J,fl3f.!nm?t Iii ~M ~ l:tl. *Iii m II*= Jtm <A. BM. e> JYr~1f-l¥-1 ffl~ m fi 
GM (s) =C( s[- A) - 1 BM ,jtrp 

K+l 
a 

- 0 
BM = r , BMri 1 = r , 

0 
r ;- 1

• 

Bd 

(8. 2. 19) 

:1!£ ,K: 1¥-Jfif(j)E~~M! A<A~ -K: E : ){EC- 9=' 1¥-JWL~lli:fLt, ffffH ~M -tl!*ti:ltf ~ 
1¥-1 , fll ~ 1f ll31iil 1¥-1 7t ~ ~ ,g ~ #J o 

2. ~):£1¥-JE§-=f U(s):'};j 

U(s) = r;[I- E ~ (sf- A;t. + K : E : )- 1 K: Jr ;- 1
, 

u-1 (s) = r;[I + E : (sf- A;t. )- 1 K: Jri 1
, 

U < s ) * *dli ~ im 1¥-1 , RP 

(8.2.20) 

(8.2.21) 

U(s)U'(-s)-[,~ I s 1- = . (8.2.22) 

ItT L;J iA:'h L;J ...t 1¥-1~ **x~ 9=' < ~[139] >iVFJl~ ,g nc•~¥-J x-tM~* 0 

YEPJ.I ~9c-1B!:tt,fl1119: ~ B~~~Jilt SCB 1¥-J%J'.\o m~5EJI8. 2. 11¥-JYEI!.ij ,X;J-~ 
®~:ff ~ ~m~~¥-Jm!I$ L;j ,L~ ,E~ fOE~ ;:ff{£ -1'~1::-tf# 1¥-J~~~~, ItT VJjE ~M ~Jilt 
:t~n---r 1¥-1 sc B % J'.\ : 

-'- M- (A+ K-1- £ -1- ) - M K +E -1- -- +LM +JM X a - aa - a a xa - a a X a adYd "" abYb' 

ib = AbbXb + LbdYd, Yb = Cbxb, 

id = Ad'd xd + Ldyd + Bd[u + E t x~ + E ;: x ;: + E~ xb + E~ xd], Yd = Cdxd, 

E§Jit,m~ SCB 1¥-J~tt . ~M fll ~ ~:ffliil*FI¥-J:X~~-g~#J,:Jt-H ~M ~tr:PJ~I¥-lo ffffH 

~M 1¥-J~~~.g~ 

[
A;. - K~ E~ - K t E ;: J 

A c c -. 
0 A;;;. 

(8. 2. 23) 

JiJT L;j .~M ~:fi;J\fl3lli 1¥-1 0 *" ~ :fi;J\fl3lli~~~ ,gfl3;k~ 1¥-1 tr:~~ fll~ A~ ,g 1J (o] {£ ~M 

9=' 1¥ M' ~ ~ 0 ~ J'.\ G ( s ) = GM ( s ) u ( s ) 1I t~ ». J'.\ ( 8. 2. 15 ) 9=' ~~ ilL E§ :');] ~ I s I - = B>t 1f 
U(s)- LJYf i:J{£ Is 1-= B>t ,:ff U< s )U' <-s)- I, :i!*F~ienlt T5EJI 8. 2. 2 1¥-JYEfiJL • 

~mm-1'~-=f*M7f-!~E51-=f?tffl¥o 



224 

'011 8. 2. 2 

~·I± ~ tt J.! ~ : ~ ;ft} ?)- ... * 
~ .ffi~ll~[159] ~ B<1*t!t. ~. 'ti'J<J~}R~ 

l-~ A= 
0 

0 

6 0 

_j· l- o. 5 -1 0 -2.5 
B= 

0 -0.2 0. 3 

0 0 1.5 

c=[1 o 1 o]. D=o, 
0 1 0 1 

-1.251 -2.5 

1. 25 

3.5 

Bm = [ ~: :~~: = ~: :~~:1 • 
-0.9353 0.8088 

-2.4706 2.6176 

1 [-0.2(s+3.9412) 0.6470 J 
Gm.(s) = , 

<s+l)<s+0.2) -<s+2.1765) s+2.2941 

r

(s -l)(s- 0. 9414) 
(s+l)(s+2) 

V(s) = 
-1. 7646(s-1) 
(s+1Hs+2) 

~oo~~a<J:¥~f§r7tfrl¥ 

l 0. 5 OJ 
- 3. 75 -3.75 

BM- ' 
-0.7 0 

-4. 75 4. 75 

- 1. 76461 
s+ 2 

s+0.9414 · 
s+2 

1 [-0.2(s+3) 0 J 
GM(s) = -----

(s+1)(s+0.2) -(s+4) s+4 

U(s)=l :~~ 
s-1 

(s+3)(s+4) 

• 
-5 1 s+3 

s2 + s -11 · 
(s+3Hs+4) 

(8.2.24) 

(8.2.25) 
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~~~}I)! 'GM ( s) :tE s = - 3 ~ s = - 4 fl p;q 1' ~ 3t: ~ ,g 0 

:lii5 . ~fflM:tES~...t ii:ff ~ 3t:~ ,g B<J --i'~J:E, F:m iE!J!tl ~ tirtf ~ B<J~~ m fl 
G(s) *~~ pg ;rH51 ~7Hfl o ~9t!it$=::7G~11. <A, B, C) 1J .¥ tfE G< s) ~ ft I'J<J ~ J1J!, I!P G' < s) o 
JW.?'&, ~ ~ti:rtf ~I'J<J, !J!UJA X>f":Qil]\;ffllli. / ~im [5I ~)tfm I'J<J ~ ~ttJt: it;; F ACT-SP $- !jJ 1 ~ 

FACT-SP $-!JJ 3 rprtf § l9J:it!!f'~ G(s)l'J<]pg;r~[51~7ffmo ~ffltEritii'J<JJ:EJ!lrp.~,ia:i!

ia :!lL JA J:E J!! 8. 2. 1 rr rtf l;) l!ij JW. :it!! ~~HU W: J:E J!! B<J YE IIJl o 
~Its. 2. 3 ~ m--i':tEm~ ...t ii:ff ~3t:~.g B<J~J:E, iE!J!U ~ti rtf~ B<J~~ mfl 

G(s) o ~<A ,B,C)~~ft G' (s) I'J<J--i'~JIJ! ,jtrp <A ,C)~ rtf~iJ!~B<J o ~ 
G' (s) = Gm (s)V(s) 

~ :tllllii.l ):£ J!! 8. 2. 1 rp ~~ f.F 1'19 :Iii I J \ ;ffilli. I~ Jm [5I ~ Jt ffi¥ ' !J!U 
G(s) = G1(s)Go(s) = V'(s)G~(s) 

~ G(s) I'J<J--i'pg;r~f!il~)ffm ,;Jtrp G1 (s) =V' (s)~ G(s)I'J<J--i'P>J !Zil~, I!P 
c; <- s) G; < s) = v <- s) v' < s) = 1, 

Go (s) =G: (s) ~--i';r~ 1Zi1 ~, ~ B<J 1i ~:tEe+ rpfm;ffi o 

(8. 2. 26) 

(8.2.27) 

(8. 2. 28) 

~fflJIJ!:tExt-MB<J * tfE 2: :itH'Tia~ )tfm, * tfE £E 9t! lt$11!1 :7Gm <A, B, C, D) ~if;,~ ;ff 
~-J:E~ti:rtf ~~ti rtf~B<J, ~B<J1l~~~9t!lt$ D rtf~~~~o M-T I)( B<J lf!~[51~7ffm 
~ P>1 ;r~ IZil ~7tfm .2: :tES~ ...t rtf ~:ff ~ 3t:~ ,go xt r:lii'J\;ffllli. / ~im IZil ~7tfm, ~ffl {])?"& 

W¥BN2::t£.~...tii:ff~3t:~~o ~~-~-f.F.#~¥~W:fii~;ffllli./~-llil~7t 

fmi'J<J~$-~~-#;;o 

FACT-NSP -!US 1 

,f!Jffl~ 5 .J:El!! 5. 4. 1 B<JtaW: '~ill~~~~ B<J3t:~ r , E R"Xn 'roE R pX p ~r; E R m Xm ' 

~~~~):£ .¥tft 2:, I!P9t!lt$11!1:7G~Jl <A, B, C, D) ~3t:~i'J ~A;< 5. 4. 21) ~A;< 5. 4. 24) 1'J<J jWj 1!ij 

~Bffi~MB<J%A:o3t:~5B<J*tfEA~~m~r: 

A ce B, E ~. B,E -;. Lcb Ch LcdCd 

0 A '-.. 0 L;bcb L~ Cd 

A= r ;;- 1Ar, = 0 0 A ;;;. L-;:b c b L -;:dcd 

0 0 0 Abb LbdCd 

BdEdc BdEt, BdE -;;. BdEdb Add 
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+ B;;-. [Co" Ct. C ;;-. Cob Cod], 

Bob 

Bod 

Boc 0 Be 

Bt. 0 0 

i3 = r - 1Br = . ' B;;-. 0 0 ' i5 = r ; 1 Dr;= 

Bob 0 0 

Bod Bd 0 

_ _ _

1 

_ · [Coc Ct. C ;;-. Cob Cod] 
c - ro cr. - o o o o cd . 

o o o cb o 

[1~, 

J!£ ,,HA! )CC+ fl! .HA;~ )CC- ?j-j}lj~ 4 (19~~)Eflj~)£(19~~~.#..o 

FACT-NSP "W. 2 

A = [Ace B,E-:-_ J' B. = [0 0 B
0
c]r;- 1 ' 

X 0 A!. 00 

[
Co, Ct. J c. = + ' 
Ed, Ed. [

!m 
D = o 

X 0 
o o]r;-1 

I .• d 0 

(8. 3. 1) 

(8. 3. 2) 

(8.3.3) 

(8. 3.4) 

(8. 3. 5) 

(8. 3. 6) 

m& SCBtt.&!: 5.4.I.~m~xt<A , C)~PJ~jj!~B•t.m~xt<A.,C. )~Ilffllil~B9o ft 
ffll£:f£PJ ~)(if Riccati :1fW 

A.P. + P,A 1,+ B.B~.- <C.P. + D.B:) 1 
<D.D:) - 1 (C, P, + D.B1

.) = 0 <8. 3. 7) 

;J(f§l P .>Oo Ji§"lfi:f1f~iiERA ,J!f-f(J9f§l,h],~#:f£89 o ~"F* .it• 

Ked J 1 1 1 _ 1 = <C.P. +D.B,) <D.D,) 
Kt 

(8.3.8) 

~I 



Bd) + Kd) Ked 

B-:o +K-:o K~ [I. ~j r ~ ' Bm = r , B;;o 0 r - 1 n. ~ r. ~' m ' 

BbO 0 

Bdo Bd 

FACT-NSP tiT. 3 

~)( 4m 1-.7 11!15Gffl. <A ,Bm ,C, Dm) P.Jf;t{lf- 89 ~Uft, # H 

V(s) = r m[C. (si- A.+ K.C. )- 1 <B.- K.D.) +D.]. 

~~B~~T~-~--4~--~~&/~~~+*~89ttN. 

lU1 ~rF 00 89 ~ J1l. 

227 

(8. 3. 9) 

(8. 3. 10) 

:ie:JI 8. 3.1 ~ mt-~89~11):\(8. 1. 1) P.Jflf- 89ijJ~~~ •• 4,P.Jf:ff 89~l!~ 89~~~ 

.. ,'.\mstt:c+ rp .m~E89.,J,~&/~~~+*~1-.7 
G(s) = Gm(s)V(s), (8. 3. 11) 

Jtrp V(s)~fiJJ:\(8. 3.10)P.Jf~t±\89f!~89~~~+. Gm(s)~ 4 89-lj\~&"*'ftL~IiJ 

m!I*11!!5Gffl.<A,Bm,C,Dm>P.JT;f<JR89 4m 89-ffllimfl,jt~ Bm lll Dm fiJJ:\(8. 3. 9)P.Jf~ 

til .liP 
Gm (s) = C<sl- A)- 1 Bm + Dm. (8. 3. 12) 

ffii _§_ 4m ~ft:ijJ ~ 89 ,liJ 4 :ff ~Iii] 89xll!l~ .~~~ • E 89-fflli i?i§fl Gm (s)~,@ 

Gm(s)G~(-s) = G(s)G'(-s). (8.3.13) 

~~~+V<s)~,@ V(s)V'(-s)=I. 

iiEIIJt ti )ttl:. iU, Iii -'f (A., C.)~ ijJ ~ ~~ 89, <-A., B.)~ ijJ Ui ~ 89, P.Jf ~ * ~ 
Rich11rdson lll Kwon!( 1111 ,):\( 8. 3. 7) :ffit- 89 x>tffl\lll iE~~ ,liP P. = P:>o. J.IG fll Jilt£ i.iE 
ll}},A.- K.C. ~-1-l!~89m!I$ .~ 
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B"Jit-lE~ffJL f;§J.It .HA.- K.C.) =H-A~ ) UH- Ae:- Be r B:Ptt) ~:(±c- 9=t .A.

K.C. B"Jffft~-1-l!~B"J9il!lt$ o f!Gffl~:(±jjJ ~ iiEIIJ:I, Ei3 9il!lt$1!!1Jtm CA,Bm ,C, Dm )J!Jr~lf

B<J 2m ~ :ii ;J, lti uL tr: jjJ :12! B<J , ;f1l 2 1f lti IRJ 8"1 5Utt ~.~~til o ~ ~ -:IN: tt , fN ia: 2 E. t£ ~ 

;r.\(8. 3. l)~:r.\(8. 3. 3)EJf~jf-B<J SCB %:r.\o ~)( 

Brll Krll 

B;to K;to 

A=A- B~ + 0 [Coe ct. Cc;. Cob Cod] 

BbO 0 

Bdo 0 

Ked 

K:d 
~ [0 0 0 0 ~d]. B= 0 ' C= 

0 0 0 cb 
0 

Bd 

!J!U~tHi SCB B"Jtil~;f!l~tt <~ 5. 4 11>, El3 9a!lt$1!!1Jtm <A ,Bm ,C, Dm) EJT~lf- 8"1 ~~2m ;f1l 

9i1! lt!f~Jtm <A, 13, C> E1T ~ 7f- 8"1 ~ ~i1r 1RJ ¥-F B<J 1f !Itt fP :X !Itt~.~~ til, 1RJ ¥-F B<J -ey :12! ~ tt o 

?!.{ }§ ~;jUij l=j ~ J1l! 8. 2. 1 8"1 iiE IIJ:Iltl IRJ B<J :l1 f1 ' ~IP~ ~ iiE HJL i ~ tr: jjJ :12! 8"1 ' ;f1l 2 A 1f IRJ'¥-F 8"1 

:X !Itt~ .~~til o ffii H .28"1 ~~~ .~ wr 

[A.~K.C. * J 
.1 c c- . 
· o A;;;. 

;It 9=t ' * ~ 7f- :X-* 'l1 ~ 8"1 9il! It$ 0 

fir-* ,YEIIJ:I V(s)V' (- s) =I o ~~:r.\(8. 3. 7);f1:J;r.\(8. 3. 8), jjJ~~ 

A.P. + P.A'.+ B.B'.- K.<C.P. + D.B'.) = 0, 

D. <B'.- D'.K'.) =- C.P. 

K.C.P. + K.D.B'.- B.D'.K'.- P.C~K'. = 0. 

V(s)V' (- s) = r m[C. (sl- A.+ K.C.) - 1 <B.- K.D.) +D.] 

X [ (B'.- D'.K'.) (sl- A'.+ C'.K'.) - 1 C'.+ D'.Jr~ 



=I+ r mC.<si -A.+ K.C.) - 1 <B.- K,D,) 

X (B'.-D',K',)(-si -A'.+C',K',) - 1 C',rm 

- r mC.<si -A. +K.C,)- 1 P,C',rm 

- r mC. P , (- si- A'.+ C'.K', )- 1 C',r m 

=I+ r me. (si- A.+ K,C, )- 1 [(B. - K.D.) 

X <B'.- D',K',)- P,(- si- A'.+ C',K',) 

- (si- A.+ K,C.)P,]<- si - A'.+ C',K',) - 1 C', r m 

=I+ r mC.<si- A.+ K,C,) - 1 [K.C,P, + K.D.B: 

- B,D:K:- P .C:K'.J<- si- A'.+ C'.K',)- 1C:rm 

=I. 

J£t£Y£1!ij G(s) =Gm (s)V(s) o ~ 

cfl,(s) = <si-A.+K.c,)- 1
, . 

- 0 -

[

cfl,(s) j -. 

4>,(•> ~ ~ 'B,~ 

Bee 0 

B'l-.o 0 

Bo = B;.o ' Bd= 0 

BbO 0 

Bdo Bd 

B = r . [Bo Bd Be]ri 1
, 

Bmrm = r , [Bo O]+r.BK, 

' 

K-:o K~ 

0 0 

0 0 

0 Bd 

Be 
0 

Be= 0 

0 

0 

Bm r mDx = r . [Bo 0 O]r i 1+ r.[BK o]r i 1
, 

DmrmC. cfl,(s) =cr. iP.<s) 
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Grn (5)V(5) = [C(5l- A) - 1 B"' + DrnJrrn 

X [C.<5l- A , + K,C.) - 1 (B,- K,D,) +D.] 

=C(5l - Ar-1 B"'r"' 

X [C,(5l- A,+ K, C,) - 1 <B.- K,D,) + D, ] 

+ D"'r"'C,(si- A,+ K,C,) - 1 <B.- K,D,) + D 

=C(51 -A)- 1[Brn r rnC. <P,(5)(B,- K,C,) +Brn r rn Dx 

+< 5I -A) r. ~.(5)(B,-K,D,)]+D 

=C( 51- A) - 1 r , { ([Eo 0] + EK )C.<P. (s)(B,- K,D,) 

+[Eo o o]r ;- 1+ [EK o]r ;-1 

+ r ; 1 (51- A)r, ~.(5)(B,- K,D,)} + D 

=C( 5l-A)- 1 r ,{ [I 0 0 O]'(B,-K,D,) 

+[Eo o o]r i 1+ [EK o]r ;- 1
} + D 

=C( 5l-A)- 1 r ,{ [E0 0 O]+[O Ed O]+[O 0 Ec]}r i 1+D 

=C(5l- A) - 1 B + D 

=G(5). 

itfri ,}f.. V(5)V' <- 5) =I l:iJ iL f!PMU:tl G(s)G' <- s) =G"' (5)G~. <- 5) o 

ftfiffl~OO~M~*Mffi~OO~M*o 

f§IJ 8. 3. 1 ~ mt EB ~~ lm:JGm <A, B ,C ,D) Fff;t{ffi ~ _¥ !1f. ~, ;lt rp 
1 1 1 1 1 0 0 1 
0 1 0 1 1 0 0 0 

• 

A= 0 0 -1 1 1 ' B= 0 0 0 (8. 3. 14) 

fll 

0 0 0 1 1 0 0 0 

1 1 1 1 1 0 1 0 

c ~ [~ ~ ~ ~ l D ~ ~ I ~ ~l (8. 3. 15) 

~~.¥!1f. ~ :ff-1-ffl:ii ~f{ G(5), 

G(5) = 1 
55 

- 354 
- 253 + 352 

- 5 

[

5
5 

- 3s4 
- 253 + 352 

- 5 54 + 25- 1 

X 0 s4 
- 253 + 2s - 1 

0 5
3

- s2
- s + 1 

5
4 

- 5
3 

- 3s
2 + 1] 

53 -52 -5 + 1 . 

s2
- 1 
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B9 o ffii.El~~~iiE ,2: ~~J*~IHT-~<SCB) B9~A ,Jt~ 

A. = [~ ~]. B. = [~ ~ ~]. c. = G ~]. 
D.=[1 0 OJ• rm=[1 OJ. 

0 1 0 0 1 

JYT~~tHi FACT-NSP ~- 2~FACT-NSP ~- 3 B9:1::1:W,Jtlfl§11S!W-1'" Riccati 1fW, 
ftf11~~¥1J 

K = [ 1.412771 
X -0. 348915 

1. 063856 J' 
2. 255424 

1. 412771 1. 063856 

-0. 348915 2.255424 

[~ ~l Bm = 0 0 ' Dm = 

0 0 

0 1 

V(s) = 1 
5

2 + 2. 73205s + 1. 73205 

X [52 + 1. 319285- 0. 06386 - 1. 06386s- 1. 19157 s ~ 1. 25542], 

- 1. 06386s + 1. 41277 s2
- 0. 58723s- 0. 76169 s- 0. 65109 

[

55 -1. 58723s4
- 4. 1106s3 -1. 58723s2

- 0. 30217s + 1. 41277] 

Gm1 (s) = 1. 063~6s3 - 1. 4127752
- 1. 063865 + 1. 41277 

1. 06386s2
- 0. 34892s - 1. 41277 

l
. 06386s4 + 3. 44699s3 

- 0. 93614s2 
- 2. 51085s + 0. 06386] 

Gmz ( s) = s4 + 1. 31928s3 
- 1. 06386s2 

- 1. 31928s + 0. 06386 . 

s3 + 2. 3192852 + 1. 25542s- 0. 06386 

M-~(J()~~F~ iE!Jltl fll~~tr:PI l2*t1f., ttL PI t:J~~iU~fl!-( B9} St..$~ IN r5tffl¥ o ftffl 
:trrOOB9~* 0 

:iEfl s. 3. 2 ~ m-~B9 *tfE. 2:.£ e.~ ~~¥1JA <8. 3. u ~A <8. 3. 3) B9~J**f-F 

~ < SCB) ~A o 1N i9: £ B9 ~ M- B9 ~~~.~~PI %11. B9 , # £1. tiS E. ~~. ~ :(n <A~ ) , PI t:J ~ :ii!i 
-1'-} Jl..(J() $~IN -T5tffl¥ G(s) =GM (s)U(s) ,1j!~~ 

1. 2: I'J9:filJj\~Ur$)tffi~U$Jm]G~Jl(A,BM ,C,DM)JYT~ffi(j(J 2:M ~ttl ,J:t.:fl~)ipj§fi 
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GM ( s ) =C(sl-A) - IBM+ DM ,jtt:p 

Be{) +Kc{J K ,d 

(8. 3. 16) 

K _ [Kc{J K,d] 
.- K + K + (8.3.17) 

, aO ad 

B<.l~*:li!::{ll!~~ HA.- K.C. )~:(£c- 'f! '*'Wi:m&fLL t:t•, :i!l!B<J A.-C. ~ rm :fill~ 

:tt <8. 3. 4) ~ :tt<8. 3. 6) J9T)£)( 0 ffi1 li .~M :li!::tcllT l9!B<J, Al! ~ ~ ~fif B<Jx~~-~~#J o 

2. [!;i-f- U(s)jjf~ffi~ '· 

U(s) = rm[C. (sl- A,+ K,C,) - 1 <B.- K,D,) +D.], 

;it 'fl U(s) :Ji!::~)E ,;tljjf l9!~$Tili~im B<J, ~p 
~ I s 1- oo , U < s) U' <- s) - I 

iiEM ~)£Jl8. 2. 2 fi<Jwz~!i!U&-f-L 

a~m~ooa<J•-f-*~~r)(~-f-*-0 

(8. 3. 18) 

(8. 3. 19) ' 

• 
iJtl 8. 3. 2 ~J!tftlf91J 8. 3. 1 ~f;fa<J *'~ ~o ~ff K,, {!!!~~A< A.-K,C.) = {-2,-3}, 

-T:Ji!::llH~ 

2 1 

K, ~ [_! ~]. B" ~ - ~ ~ , D" ~ [~ ~]· 
0 1 

1 
GM ( s) = 5 3 4 2 3 + 3 2 s- s- s s -s 

[

s5
- s4

- 12s3
- 7s2 + 7s + 2 

X - 2s3 
- 2s2 + 2s + 2 

- 2s2
- 4s- 2 

2s
4 + 7 s

3 + s2 
- 6sl 

s4 + 3s3 
- s2 

- 3s 

s3 + 4s2 + 3s 

1 [s2 + 3s - s- 3] 
U(s) = . 

s2 + 5s + 6 2 ~ + 2 s2 
- 5 

-~.-~~~00~-T-~*'~~*~-f-*-B<J)EJI*~·*~o 
~f.l8. 3. 3 ~ m-~B<J~j;_p:,m JI!Jitlftl~)E B<JWJI iii§ I!£ 9<s), 't::f£lifUIIL.t llJfml!~ 

~~-~ o ~9a!~I!Yftm<A,B,C,D) ~~*'~$HI G' (s) B<.l-1-~Jil ,;it~ <A,C)J!:IlJt& 
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~89 o ~ffl~1-J G(s)~(A ,B,C, D) JYT~f:E~fUlJ..t 89 ::f~~-~~"M89", JHEEffl$:. 
t£ A< A~ ) 1ft, !JlHtHiJEJI 8. 3. 1 89~* ,fgii[ G' <s) 89:1l!J,f!:!Ul: /~)M [!;JT-71-ffl¥, ep 

G'(s) = Gm(s)V(s), 

Jt!ft Gm (s) ~ti:PJ :19!89, f:E C+ 1ft ii~ ::f~~ .~, V< s) ~-1-3tiM [!;!To !Jl~ 

G(s) = G,(s)G
0
(s) = V'(s)G~(s) 

· ~ G(s)89-1-pg;tH~T-7tffl¥ ,;Jt!ft G, (s) =V' (s)~ G(s)89-1-pg [!;IT-, ep 
G: <- s) G, < s) = v <- s) v' < s) = 1, 

Go (s) =G: (s) ~-1-;t~ [!;! T-, E 89:fl~f:£C+ 9=tffl¥ffi o 

t£l!-119=t .~fn~m-~89~1ttB>tfBJ •~89[!;JT-7tffl¥, •~89~7R1-1 

(8. 3. 20) 

(8.3.21) 

(8. 3. 22) 

1
.r<k+D =A.r(k)+Bu(k), 

(8. 4. 1) 
y(k) = C.r(k) +Du(k), 

;Jt!ft .~~~:11: .rE R" •• ili~il: yE R~' .~A~:II: uE JRm o ::f~-~tt ,ff!l~[B' D']'" 
[C D]~ii:kfk89o ~ 4 89-fflJ!1ili§ti:1-J 

G(z) = C<zf- A) - 1 B +D. (8. 4. 2) 

[!;11-J~~-1-~fi~;m[!;J.:r89rx••[!;J.:r7tffl¥t£~1ttB>t~~!ft#R~*:k89~X.J9f 

~~fl1~1 *~<8. 4. D JHiJf~ pg;t~[!;J T-71-fW'"ii'J'fHUL/~;m [!;! T-71-ffl¥ o ~1-T-1-.IE!Jl~'" ,, 

~J£89-fflJ!1ili§fl G(z) ,J£~ £89pg;t~[!;JT-)tffl¥1-J 
G(z) = G, (z)Go (z), (8. 4. 3) 

;Jt!ft ,G, (z)~TPiJE G' (z- 1 )G(z) =I 89 pg~~ ,Go (z) ~-1-:fi"PT ~, ii~X~~-~'"t£ 

lP--lllmD;t~< epc0 )ii~::f~~-~89;t~~~ 0 ~fl:-li& ,t£1P-&Iml..tii~ fffiiJ::f~~ .~ 89ii'J' 
fHVI/~jj[!;JT- G(z)tJiJEX1-J 

G(z) = Gm (z)V(z), (8. 4. 4) 

Jt!ft ,Gm (z) ~ti:PJ ~'":liVJ,f!:!Ul:89, ii~XIl&~.~ o V(z)~TPi JE V< z)V' <z- 1
) =I 89-

1-~)M [!;!T-o 

~mPTt£a•..t*m'"ft-11~MB>t~*~f!:l~~89~•*•~l!®[!;JT-7tffl¥89H . , 
A~lis o ~ !ti;__t, Lin ~[s9J ~~l!*Fm~J~lttiJ;ffBJ * ~pg ;t~ [!;! T-71-ffl¥ 89 o f!!:(fl! -111ft, 

MM-TM7·89~~tt~M'"~~~tt~M.~m·~~.~~IJ;f~-~[!;JT-7tffl¥~~PJ 
tlt~~~~fft89~~1J;ffBJfOJR1i.~JBEiZffl 8. 21Ho 8. 3l189~*:::J(ffl¥J!1-fOJ~o J:J:W~~F! 

~-89 0 
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1. D-FACT tV. 1 

!;.( a=1 X1Jlf'laiJ;ffB]~~(8. 4.U~'EB<J~J.ipj§ft(8. 4. 2)mZJfJJ:\(7. 3. 3)J!)fmB<JXll.~ 

ii~~ '1~¥1J-1-:ii~B>tfBJ~1t: 

- I ( 1 + s )-1 G(s) = G(z) , ~<I+d t < ~-< > = C 1 _/-A B +D. 

mJfJi3IJ11! 7. 3.1 PJ1~¥1JG<s>B9-1-~~~fBJ~JJL 

2. D-FACT tVIl 2 

- - -G(s) = Gm(s) V(s), 

~i!t~.ftJJfJ }EJ.I 8. 3. 3 B<J~i'L~fH~¥1JG < s) B<J-1-~ ;rH!il T-7tf8¥, 
- - -G(s) = Gi(s) G0 (s). 

3. D-FACT tV. 3 

!;.(a= 11_i\Z}fJXJl_~fi~~(7. 2. 3 ) ,X;jfji:Jj\:.f{J{iL/~im!!iJT-:frfW ,if;M: 

Gm (z) = Gm (s) I •-<• - 1>/ <:+ 11 , V(z) = V(s) I •=<: - 1>! <: + 11 

~X;j~;r~l!i!T-:frfli!1,it;)$: 

Gi (z) = Gi (s) I •=<• - 1>! <:+11 , Go(z) = Go(s) I ,~<, - 11 1 <: + 1> 
PI!;.( ,ftJ JfJ i31 J1l! 7. 2. 1 * ~~ Jlffttll>t fBJ ~it Bi§ ltJ!JTX;f /_iii B9 ~~ ~ fBJ ~J!\1. o 

G(z) = Gi(z)Go(z), 

G(z) = Gm (z)V(z). 

l;.(..t.B<JJH!* 13 Tooi31 J.~B<J!i'i* 0 

(8.4.5) 

(8.4.6) 

(8. 4. 7) 

(8.4.8) 

(8.4.9) 

(8. 4. 10) 

(8. 4. 11) 

~IllS. 4.1 ;tym-1-:ii~B>ti'BJ~ii Bi§fiV <s) ffltfXll.~tt~~ T B<J"IlffttB>ti'EiJ ~~ 

V(z) o ~ li -&~ V(z)~~Jj ( ~) l!iiT-B>t, V(s)~~Jj ( ~) !!iJT- o 

i.iEIIJJ :fm* V <s) ~-1-:ii~B>ti'BJ~B<J~im l!iJ T-, l!P 

V(s) V'(-s) =I, 



v < z) v' < z - I ) = v (: ~ ~ ) v' (:-; ~ ~ ) 
=V(z- 1 )v'(_z- 1 )=V(s)V'(-s) =I. z+ 1 z+ 1 
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EJT 1;1 , v < z) ~ -1-~~flit fiiJ J!Jl 119 ~ )j f!;l -r 0 ~>t -r ~ f!;l -r 119 & :n rliJ 119-uE l!ij ~ * ~ ~ fP-t 119 0 

• 
~I J1 8. 4. 2 ~ J!t-1-:ii~flitfiiJ~:il PliitkG. (s) , k1.&t£~U!Gf£~~ r 119-.r~IJ;f fiiJ ~ 

tJfG. (z) o §Ji {X§ Go (z)~-1-9~~~flit ,G. (s)~-1-9~~~o 

i.ifllij 1Ift~fH~~l.l 7. 2. 1 lll~l.l 7. 3. 1 ltJ~~L 

ammroo119Mr*~~~~l19~*0 
iJ1J 8. 4.1 ~J!t-1-Eb (A,B,C,D)/YT~~I19~~flitfiij~tJc L;,jt!f:t 

0. 5 0 0 0.2 0. 2 0 0 

0 0 0 1 1 0 0 

A= 0 0 1.1 0 1 ' B= 1 0 

0 0 0 1 1 0 0 

-0.2 0. 2 -0. 2 -0. 1 0. 1 0 1 

fll 

1 

0 

0 (8.4. 12) 

0 

0 

C= [~ ~ ~ ~ ~]· D= · [~ ~ ~0]. (8.4.13) 

00010 00 

~!?i;.~~ii£, (A, B)~ ItT Ui~ 119 , VJ _t 119 ~ tJcret~ ~ti ItT~. tl!~-~tiltJ ~. tE z= 0 ln 
z= 1. 1 :ffiW1-~~~-~ ,if -1-xllll~.~ 0 

m~i3ll.l7. 3. 1 EJT~1190J:t ,ftfll~i!J .r 119:ii~flitfiiJMI_iii~tJf,ffl<A ,.8 ,c ,D)*~~, 
Jt!f:t 

-0.31799 -0.02302 0.01096 0. 14906 0. 11508 

0. 11508 -1. 17263 0.08220 1. 11796 0.86313 

A= 0. 10960 -0. 16441 0. 12591 0. 11234 0.82203 ' 
0. 11508 -0. 17263 0.08220 0. 11796 0.86313 

-0. 23017 0. 34525 -0. 16440 -0. 23592 -0. 72626 

0 0 1 

0 0 0 

fj ~ H.08220 
0 

- ~. 11508] B= 1 0 0 ' -0. 86313 

0 0 0 0.04110 0.43157 0. 05754 

0 1 0 
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c = [ ~. 34763 - ~. 63652 ~. 21699 

-0. 23136 0. 40458 -0. 14960 

~.47428 ~.45636] 
0. 20388 - 1. 15975 

f'J m-ru- --;J Ji)f~ l'fJ•rt:f11[87] ~ l'fJIJl*ff '1~ i!JG ( s) = c (sl- A) - I B + Dl'f] ~~~ r pg :9~ [!;! 
r?tM: 

- - -G(s) = G;(s) Go(s), 

- ~ - - - . 
;t:t ~ l'fJ pg [!;! rG; (s) E8 <A; .B; ,C;, DY1km, ;t:t ~ 

-0.90098 [- 0. 82764 
A; = - 0. 08007 -0. 62084 

0.00289] 
0. 005~0 ' B;= -0. 43738 

[- o. 24313 - o. 30779] 
-0. 55371 ' 

-0. 94833 -0.87474 -0. 04635 0. 73049 - 0. 69541 

[ o. 11903 -0.04326 -0. 09426] [ 0. 78472 - o. 61986] 
C;= - 1. 88731 - 2. 05455 0. 00660 ' D;= -0. 55442 -0. 70187 ' 

2.08383 1. 02727 -0.00330 0. 27721 0. 35094 

:9~[!51-=fGo(s) EB <Ao ,Bo ,Co ,Do)'1km ,jt~ 

A = 0 

-0.31799 

0. 11508 

0. 10960 

0. 11508 

-0.23017 

-0.02302 

- 1. 17263 

-0. 16441 

-0. 17263 

0.34525 

0.01096 

0.08220 

0. 12591 

0.08220 

-0. 16441 

0. 14906 0. 11508 

1. 11796 0.86313 

0. 11234 0.82203 ' 
0. 11796 0.86313 

-0. 23592 -0.72626 

- [-0.04494 0.14716 0.06847 0.11731 0.4~051] c = 0 

-0. 05843 0. 18861 -0.06712 0. 27241 0. 57146 

0 = [ o.84168 o.59817 o.o7976J. 
0 

-0. 54774 0. 75726 0. 10097 

c <s) l'fJJi;J,ll'l&/ ~Jm [!;! r?tM 11 
- - -G(s) = Gm(s) V(s), 

;t:t ~ l'fJJi;J,ll'l&~flGm <s) rn ~H$11Y5Gm <Am ,Em. em. Dm )'1km, ;t:t~ 
-0.31799 -0. 02302 0.01096 0. 14906 0. 11508 

0. 11508 - 1. 17263 0.08220 1. 11796 0.86313 

Am= 0. 10960 -0. 16441 0. 12591 0. 11234 0.82203 ' 
0. 11508 -0. 17263 0.08220 0. 11796 0.86313 

-0. 23017 0.34525 -0. 16441 -0. 23592 -0. 72626 
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-0. 10357 -0. 14446 

-0. 65755 -0.91712 [ 0.81270 -0. 58268] 
B = 0.87426 -0. 49682 ' D = -0. 57419 -0. 65978 ' m m 

- 0. 65755 -0.91712 0.28709 0.32989 

-0.20767 -0.28966 

[ ~- 34763 

0 0 0 

~- 45636]. Cm = -0. 63652 0.21699 0.47428 

-0. 23136 0.40458 -0. 14960 0. 20388 - 1. 15975 

~iif!ii-TY<s) Eb~~<A v ,.By ,cv ,Dv)~~ ,;ttrp 

[- o. 33259 0.04006 -0. 01323] 
Av= -0. 29863 -0. 71383 0. 19158 ' 

o. 18651 1. 07034 -0. 35706 

[

0 0. 00440 - 1. 05564] 

Bv = 0 - 1. 77426 -0. 23657 , 

0 . 1. 10808 0. 14774 

- [0.09721 0.55790 -0.21093] c = 
v 0. 13559 0. 77813 - 0. 29420 

- = [ 0.81270 0.57757 0.07701] 
Dv • 

-0.58268 0.80557 0.10741 

ti~*,J.iiiJfgi}M 7. 2.llf!tf9;«~fj:~~0Jt,JJG111~¥1J G(z)=C(z/-A) - 1 B+D tf9!lll~ 

J;kJ ;.~ f!;l-=f 7t fW : 

G(z) = Gi (z)Go(z), 

P-J ·f!il.:r Gi (z) Eb <Ai ,Bi ,ci ,Di)~~ ,;Jtrp 

[ 

0. 12162 - 0. 62348 0. 00000] [- 0. 24313 - 0. 30779] 

A = - o. 05852 o. 26315 o. 00612 , Bi = - o. 43738 - o. 55371 , 

-0. 96763 -0. 49091 0. 90628 0. 73049 -0. 69541 

- [- 0. 21692 -0. 07883 = 0. 17176] - [0. 70943 -0. 56940] 
ci - 1. 08171 - o. 27353 o. oo435 , Di - o o . 

1. 27885 - 0. 71087 0. 00000 0 0 

j~f!;j-=f Go (z) EB (A ,B ,Co ,Do )~~ ,jt rp 

[
- 0. 20269 0. 20269 -0. 02878 0. 38891 0. 74970] c = 0 

-0. 25253 0. 25253 -0. 36910 0. 74531 0. 89188 
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D = [ 0.86753 1.01343 OJ. 
0 

- 0. 67536 1. 26267 0 

:iiJ§" ,G( z) (J<J:ft!J,:m&/ ~ii ~ =f-)tf(J¥ liT !;Jb\Xt J.illa<Jit~B>ffB] ~~ 
G(z) = Gm (z)V(z) 

~'¥IJ o l!!I!B<J:ii'J':m&~ft Gm (z) IE <A,Bm ,C,Dm):;&lR ,jt~ 

-0. 10357 -0. 14446 

- 0. 65755 - 0. 91712 [ 0. 81270 

Bm = 0. 87426 -0. 49682 ' Dm = -0, 65755 

- 0. 65755 - 0. 91712 0 

- 0. 20767 - 0. 28966 

~ii~=f V(z) IE <A. ,B. ,C. ,D. ):;&7R ,jt~ 

-0. 58268] 

- ~· 91712 ' 

[ 

0. 49301 0. 02831 -0. 01055] 

A. = -0. 26015 0. 27488 0. 18251 , 

0.0000 1.00941 0.61628 
[

0 0. 00440 - 1. 05564] 

B. = o

0 

- 1. 77426 -0. 23657 

1. 10808 0. 14774 

lrl 
c = [- o. 06518 o. 19822 - o. 14833], D.· = [ o. 8127o o

0 

o

0

J. 
v -0.09091 0. 27647 -0. 20688 -0. 58268 

8. 5 '*>1 

8. 1 ~~-1-~~lrliEJJt~B<J~i!\mfl G(s), ~;J.& BB<l:ii'J,:m&/~ii~=fJtffl¥ 
G(s) = Gm (s)V(s), 

II G II 2 = II Gm II 2 , II G II = = II Gm II = . 
~B>fiiE~ M-T G(s) =Gi (s)Go (s) B<J ~ 9~ ~ =f-)tf(J¥ ,:fl 

a .... [Gi(jw)] = "' = 11min[Gi(jw)] = 1 

II G II 2 = II Go II 2 , II G II = = II Go II = . 

8. 2 iiE~~3J 8.1 B<l~*xt-UttB>tfBJ~~-tl!:m:iEf!fftB<lo 

8. 3 ~~-1-it~ntfBJ~~~iimflm~ 

[
s3 + s2 

- s - 1 - 3s2 + 3 J 
s2 -1 - 3s + 3 

G(s) = s4 + 5s3 + 16s2 + 16s + 28 ' 
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x = r ~ = : -~ :1 x + ~ ~1 u 

-8 -2 -3 -4 l~ 0 

[ 0 0 0 1Jx. 
y= 0 1 0 0 

¥tit~ liU£ 119 , ilJ !HtlnT ~ ~HI<J , ret~~ ti: ilJ ~ 119 -tl! ~ ~ ;tJ ilJ ~ 119 , tE 2 :fl-1-~ fi 
~119~~~-~.;.{if-1- 11SJl"l19~j!&~,~o 

(a) M G<s>tiG-1-ilfJ\:fHtil:/~jit§-=f?tfllL 
(b) X;f G<s>tiG-1-~;r~t§-=f?tftL 

(c) ~iil:tf-)J 8. 1 119!i'i* o 
s. 4 ~~-1--fttB;ffBJ119.Wlimfl~!Itf 

[
z2 -0.2z+0.01 0.1z-0.01] 

G( ) 0. 1z- 0. 01 0. 01 
z = z3 

- 0. 2z2 
- 0. 01z + 0. 001 ' 

!il~~-1-~~~rBJ~~ 

x(k +J) ~ ~: : ~: : ~J x(kl+ ~ }m 
y(k) = [~ ~ ~Jx(k). 

~¥tit~~~' ilJ!i~ilJ~~~ 119 'ret~ti:ilJ ~-tl!~;tlilJ ~,;.(if -1- 1 !Sfl"l19~1!&~.~ 'i2: 
;.(if~~~-~0 

(a) tiGiiJ G(z) 119-1-:fii:Jj\:fHUL /~ji[§ -T?t~ o 
(b) tiGiJJ Q(z)l19-1-~;r~[§-=fJt~o 

(c) ~ijftf,)J 8. 2 119!a* o 



!$ 9 ll iiit~1Jft~illtltfril 
~JJt!tfi#J~~Ii 

9.1 ~~ 

ftfi~m~~-~-.-~~~~~·~M~~eymftM~~~~-ft*·M~M 
ft .~-ft*•:l11! i~ ~ t£$JJ ®! ~ ~ 'ii. m ft :1: ~ ~ f1o ffl < ~ll Chen[zzJ ~. $ ~ H= t£ itJJ, 
Saberi ~[ I zoJ ~ Hz iifitt£$JJ, Lin[ssJ , Hu ~ Lin[67J ~ ~~:5Rt£$JJ *.). ftff1iA.1J, !E~M 

fHz~H=t£~~~~*AW~ffl~$~At£~-~tt*~ffl~~~&~~~~~~ 

xtz-, ~:X;jt£$JJ *. ft ~~t£$JJ * -~ JIJLZJa] ~ * ~ m ~ ~.@, ~-§. 1%~! f4 ~ :i2\; ~, ~ll 
m~••~ft~~*~~m~w••~•.~~~~*·•~7~t£~*•&~~~M 
M-t1iitey t:J:xt-* 1Jooft~:it!H~~~ ~lilfl. f71J~o. ftfn ~m~ ~ •~•. ~~:fii,J\ffilli. *• 
~t£it1J*·&~~J~.~~~Xl~J11!~. ff!~.bUf¥ 8 :i1t~M*O!P~J11! 8. 2. 2 ~~J11! 8. 2. 3)ey 
r.o~~:~m~¥JJ. m ~:~m:ttno!iX::I:Yrfi!l.:ftVI.~-TMf4 < ~oJ:t < 8. 2. 19) ~ BM ~ :tt 1Jolj! K:> . !iX: 
:xtfM:Im, :li1JD!iX::I:Yffi!J.:ftffl.M ,itey ~%~7~ ~-~~~~ii'J\lfJUI.~~~ .~, ~~¥1H!!M 
00ft~.*:i1t~§~~fm~M~·ft*·M~Mft~ey~ftft,MW~-~~MmM 

~~ft~w••~VI.~-T•m~. 

~~-@M•ft*·M~~fttt*~:ti.-M~.*B*lii*~~-~*f~~~~ 
!iX:fflWY'~ .~ ( I!P ~ ~ ~ .~ M ~)ftc ft ( $ ~ Emami-Naeini ~ Van Dooren[siJ, Karcanias 
~[HJ , Kouvaritakis ~ MacFarlane[77J, Patel[IosJ , Vardulakis[14 5J, Syrmos[ 139J, Syrmos ~ 
Lewis[140J). ¥1JJ£~.1Jll: ,§j%J:.[ijj{¥JJ~~~.8R 7JY lk~ ~~.~~fl. W*·~~~ 

~~M~~~~eeym~~~M~.~~~~*~~.!i,IC;~~~~*~~. R~~7ii 

:ili ,Chen lll Zhenl31J ,;1-j{W 7 -~ey ~ IRJII>t~ft~ ~~~~~.~M~ OOtt*· ~ftffl 
FJT~, ¥1J § 1W.1Jll:, R~ Liu,Chen ~ Lin[nJ ~M*r!Ylk¥1J%m~ *•Mfi;J~ft ,§3%~~ 
lll ~ ~· .~M~ ~ ey mttM~. ~~- :i1t ~, ft ffl M W [ 31 J ~ ~ J1l! ~ ~ ~ ~ ~ •• ~ M ~ 
IRJat~fl~tt*. ~»..[92]~-MltM~~ft~fltt*. J'!..f*:ImiJt .~ m•ftat~~ *•~ 
~~~fa]1Jfjl 

.i = Ax+ Bu, (9. 1. 1) 

~~ ,xE R" ~*·~~~ ,uE R"' ~t£$1JtlltrA. Fffi'l~M~Deft!iX:f~··:i2\;~I'OJJm, ~ 

~~iiJ-1-~'iit~~ c. ~~fk:lm '-1-lJ!~ttUtr w 
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y =ex, <9.1.2> 

~~~ EI:J~~ =Jtm <A ,B ,C> ffr;&~ 8<1 .¥~Jt.:flfii!Jicfti;E B<JWJr~'H$~*11, 'Elffi:fl!IR~x 

rn•A~~~~m~~oftfitt~~.~~B<Jtt*~~~~ftH~-B<J~~~~.~~~ 

~A ~C $~;EB<J~lSLr .~Jij~~ B,~1~EI:J .=.: Jtm<A,B,C>J9r;&~B<J~~A:flHi)ie 

tti5EB<J~~*11o ~~-:llt!lt, Xt-T~Uif-:1:~-&rw, ~ll*~-TfffiiJ wE W, 'f:: 8<1 J:~W 
w· EW,JiiiJf*W:JiHl~WB<lo 

ftfiM~~.¥~B<J:flrn~xrn•A~~B<J~~~~-~o~~EI:J-T·~~B<J~

:.MJ~tai $~A:fl JB ~11, ~-Tlll!~ MIMO .¥~B<l~*ft~t!I.~:flf?HIJJB<J o 

9. 2. 1 SISO ~H1f 

ftffl~~-/j\-;1J:j:l~ m~~(9. 1. 1) ~ m= 1 ~B<J:fl!IR~x!IR•.~ ~~~~0 ttJic 
:fl VJ r B<J 5E l1I! , t: B<J iiE ~ ~ ~ ~ 11 B<J , ~ l±l T - m ~ l±l ~ ~ ~ -&r n B<J H ::rt ;& ~ o ~ -T n 
rpB<JfffiiJ-~Jt·,:.MJ~B<J~~$A:flWJ.B<J:fl~~x!IR•A~~ o 

:iEJI 9. 2. I ~ m EB <A ,B) Elf;&~ B<Jx~i9ltl *~ ( 9. 1. 1) 'jt J:j:l A E R" x" ~BE R"x I 0 

-tC: = {kl} 1-J(A ,B) B<JP1~11ftil'f ,no 1-1/F~~B<l~~l'l o ~B>t-t { v1 ,v2, ··• ,v.,
0

} 1-1 <A, 

m B<J~~~~~o !iiiJ ~ff w ~ 5E B<J m 1'1 Q1, o<ql ~k ~ , ~- ~J:l E! ~WliT-:1: { z1, z2, ···, 

Zk, - ,,,} .#~-~~~~ 8<1~ l±l~~~ir ncRIXn .~1~~fffiiJ CE n ffr%~8<1 .¥~<A ,B, 

C) .~{vi •112 , ... ,v.,
0 

.z1 ,zl' ... ,zk, - q, }:fl no +k1 -q~ ~:IF~~-~,# HA:flx~~-~~~ 

S! = {ql}, I!P <A,B,C) B<J:f§XtM-~-T Q1 o 
i.iEM .mii5Elll! 4. 4. 1 ,ff~~~~jfB<J~~~fuL.\.~~ T , ~ T;, fiMf.<A,B)~~~ 

::rt<4. 4. 7>ffr~%::rta<J~~~~~m:%o roore::rt<4. 4. n:m:~~1-l 

A= 0 0 

0 0 

0 

0 

0 

0 I q, - 1 

* * * * * 
Jtrp, * ;&~x*~•a<J~~ o 

-t 

0 

0 

, B = 0 , 

0 

1 

(9.2.1) 

(9. 2. 2) 
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a : = [a~ -9 - I ••· az a I ], 
- I I 

!Jl~ WHlHI<J. :±Hi!~~ it~ 
n : = { c E R IX n I c = a[d ak -

- I q l 
a 1 O]T ~- I ,0 =I=- a E R ,dE Rix •• } 
- -

(9. 2. 3 ) 

~ffltCFUii~YEIIJJ ,Xif1ffiiJ CEO,J!JTF1:(J{J~~A:fl~J11! 9. 2. 1 FJT~~(f{J~tt. ~)(. 

A.~ == G ~~ ~ ~q~ -Ir' Ed. ==[~]'' k.. == [a~ l -q l a]' (9. 2. 4 ) 

· [0 19 --I]' .' [OJ' 
Add = = * ~ . cd = = 1 • Bd == [1 o]'. (9. 2. 5) 

A~. : = A •• - k.. Ed. 
(J{J*f{iE{f:(£ zi ,zz, ···, z~1 - 91 • i:l!.~i ~ ~ ~YE, ~~<A, B, C) lJI <A, B, C) :fllii) f.F (J{J :flj!R 
<~~)~l~\lnxi!R~ .~~~ ,Jt i=J=! 

0 

* . t l [d'] •:t:. il·~ ~· 
Add Bd 

A .. 

C==B'=[o o cd]. 
1>'-~J!I! 8. 2. 1 (J{JYEIJ}.InJ~ ,ff::(£-1-~~~:Jf~~~!k T.M!~-i 

[

A: d' Ed. * · Cdl 
T - I AT = 0 • A~~ * ~ .td ' 

0 Bd Ed. Add 

(9. 2. 6) 

tt:l:, J£1£ (J{J < T - l AT, r - I i3, CT) e t~~~l!l! 5. 2. 1 (f{J*f~~IHT-~<scBH~:tt 7. 

I§ wm~*f~*ti-T-~<scm (J{Jtt19l:nr~< T - 1 AT, T - 1 f3,cr) .~~fft:lt!!., <A ,B ,C):fl-1-



rltii¥Jft~~f!.ij ,,J:\(9. 2. 3) lf'l¥1 n ~ie~I¥J(complete) 0 
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(9. 2. 7) 

• 
m~ 9. 2. 1 ru it <9. 2. 3 > ~ m 1¥1• tfHa!II$~~ n ~ie~l¥1, f!P xt rfffiiJ --t-• ili ~ 

~ C J9Tf'1:.1¥J ~t!E<A ,B ,C) ,lfJ\:.fOEJJI! 9. 2. 1 J9f91J~fl, Jil~ C MI--T no 
i.iE PJJ ~ C l9f f' 1:.1¥1 ~ t!E (A, B, C) I¥J ~ ~ ~ }~ Ul -T { V1 , V n ••• , V.,

0 
} U { Z1 , Z n ••• , 

z•, - q,} ,J\:fllt:lxt~ q1 <kl o ~It~~ .c tm~~ ~~j.\<9. 2. Ult:lxtl.illi¥J%.J:t 
C = [~ e ~ g ~]T;;- 1 , (9. 2. 8) 

jt If' .~E R1x "• ,eE lR .~ E R1x <>, - q, - I> ,gE lR ~~ E R1x <q, - l> o tf .. i!J 

[A"• B ... AB B]= T,[Aq• B ... A B B]T;;- 1 

0 .•. 0 0 

1 0 0 
= T , 

* ... 1 0 

* ... * 1 

Jil~ ~~fU~iiE, <A, B, C) 1¥1 «< xt llft :1-1 ql , f!P 
CB = CAB = ·· · = CA q' - I B = 0, 

ffii CA"• B*O ~ll}J ~ =O ~ g*0,}9fJ:J.:ff 

C = a[d/ a e/ a h/ a 1 O]T ;;- 1
, 

- -

T - • 
' ' 

(9.2.9) 

jtlf! ,a= go *=ffl~,J:\(9. 2. 4)~.J:\<9. 2. 6)l§IR]I¥Ji:J:t'l, liJ!;.{iiEI!ij ,(A,B,C>I¥1~~~.~ 

:1-J A< Ao ) = { VJ , Vz , • • • 'v ... } ' J:).}k 

(9. 2. 10) 

~ :1-J <A .. , Ed.) ~-1'-1(!. ttl I¥J ~t!t, [e/ a h/ a]' EE ffi Jf*fW: fi { Z1 , Zn ···, z, - ,1 H'IE- :Iii! 
- I I 

rdft ~ 'J9T !;.{ 

;Jf Jl CE flo 

ammrmi¥J~~*•~km~~• o 
fJtJ 9. 2. 1 ~ I!t 

(9. 2.11) 

(9. 2. 12) 
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~~~~~If., <A ,B) E.!~~ llf1!lti!i~?tfi¥%J:\ T, llJ¥-lfHI:iJ!IC= { 3}. liltl*tlii~JI 9. 2. 1 
~iti, llJ ~~~WY tl:lm~, ~it%Ji1ta<J ~~A:ff: CDS! = { 3} B<J xi!R~ .~ta~, i9::ff ~ ~ 
~ .~ ; @S! = { 2} , ::(if ~1-~ ~ ~ .~ ; @ S! = { 1 } , ::(if Pi91-~ ~ ~ .~. DC* "F iii ti tl:l m ~ 
B<J ~~A:ff l!*FB<J~tt, 

cl = a[1 0 0], 

Cz = a[a 1 1 0] 

c3 = a[az al 1], 

:Jt9=t ,O#aE R • .R~it-ffiJ.iiZB<Jffliii>i§J!I,~~~~~~iiEJ!~. r~:ff 

9. 2. 2 MIMO ~ttf 

HI (s) := cl ( s l 3 - A) - I B = s (sz ~ 1)' 

H( ·):=C(l -A)- IB=a<s+al) z s z s 3 s( 5 2 _ 1) 

ft ffl Jll :(£*iff M I M 0 ~ ~ B<J 1if llR fll x !!& ~ .~ ta ~ Iii] at DC ft B<J fO.J HJL ~0 Iii] SISO 1W 
%, 1J)t~~JIB<J1JJ!:M;~ti!i* ,f&Jfi~ tl:l~:il!tt B<JYEJ!ij, W:YEJ!ij ~ tl:l T $ttl m~~il n 
B<l - 1-~J:\*-~ ,{t~~MrfffiiJ CE n, J9TF~ B<J ~~<A, B, C)tj5~1JilJ ~ B<J, 13.A:ff11:i 
~B<J:ffi!Rfllxll&•~ta~ o ftfi.:(:EW~9=tM~:il!ttct~*fiAta,~~li·~~~~ 

Jt!!.~WJO!. 

~119.2.2 ;;\JL!tffi<A,B)JiJT*-~B<lxf&ij!~~~(9.1.1),:jt9=t AE R"x",BE R"x"'. 
fi3l i&t B ~mifka<J o 4- <A, B) 8<J llT¥-ltt:fttJ!I:1gC: = { k1 ,kz , ··· ,k"' }, <A ,B)::(if no 1-~llf¥-l. 
~ 'i&t (VI 'Vz, ••• 'v.,) ~ ~ (A' B) B<J ~ llJ ¥-l. ~ 0 Jiltl M T ff fiiJ- m m J!I S! : = { Ql ' Qz, ... ' 

m 

q .. } ,O<q,~(;k , , i= 1,2, ... ,m, fll-ffl El ~~f;f-:11: {zl , zz , ... , z, } , l : = 2.:: (k, - q;), f¥:(£-1-
i= l 

~~~(I<J$ l:tlm~~-€1 OCR"'x" ,{t~~ CE n Xt J9f%Ji1ta<J~~(A,B,C)A:ff"Fifiia<J~tt: 
1. (A,B,C)~/JB<Jfl]llf~B<J. 

2. <A ,B ,C):(:E { VI' ... • v.o , z l ' ... , z, }::(if no +t1-~~~.~ 0 

3. <A ,B,C)::(if -1-xil&~.~~~ S! = {ql, ... ,q,.} o 
YEIIil *tlii~JI4. 4.1 llf~~.#:(£~~~:1j!B<J~~ T , fiJ T;,{t~~(A,B)fttHJt~~i!J 

J:.\<4. 4. 7)J9f~B<Jilf¥-l~~?tff%J:\o tffF* ,fEAf!lB1tji~:1-J 
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F, =={F. E R'"x' I A.C4 •• -L,d F,) = {zt ,zp •••,z,}}. 

x>tfffiiJ .F. E F • • ftfn~ !ffij\< 9. 2. 16). re £jG1JJt~ 

F. = IF:~! F:lt ::~ F:~m F:ml 
9 

~?.t F!.t ... F~.. F~ .. 

(9. 2.17) 

(9. 2. 18) 

D: 
F ~t Flt 1 0 ... F~ .. Fl .. 0 

C:= . 
F ?. t F!,) 0 0 ... F~ .. F~ .. 1 

I J. (9. 2. 19) 

(9.2.20) 

Aff-~m x~-~~0~-~~~-~n~ 

n== {CE R"x"' I C= rCT~1 .:jtq:.K E R..x". ,F. E F •• rE R .. x .. ~det<r) ,eo}. 

(9. 2. 21) 

- - -ftff]Jl{Ex;ffffiiJ CE n *iiEI!ij ~tlt<A, B, C) ~~f.! o Ell r<A, B, C) f!HA, B, C) A 
li:i:t-J!!;~Jo-m-#~fk T.- T, f1l r ~*~~, ~ ~ WJ~~xl!llfll~ l!ll~.~~#JA~ Iii]~ o 

~~(A ,B ,C)~~#Jilf JA!.,:ff{£--'j'flfk~~ PE R"x" ,{!~' 

l
A o 0 0 1 ~ 1 p - t AP = o _A:.. i~ cd . p-t ii = ~ • 

0 Bd·* Add d 

0 / ,,, - 1 ... 0 0 0 ... 0 

* * ... * * 1 ... 0 

Add ·- Bd := 

0 0 0 I .M- 1 0 ... 0 

* * ... * * 0 ... 1 



c. ·~ [I 
0 .•• 0 

0 .. • 1 

.l(Ao) U .l(A •• - L,d F . ) = { V1 ,v2, ••• ,v •• ,zl ,z2 , ·•· ,z,}. 

~~%~ 7 ):£})! 9. 2. 2 89YE!Yl 0 

~:t£:flrlti89Wtt. 

-..~ 9.}.1 
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• 
1. <A ,B) 89~1lJ~~~tlt El 1:9J.tl!!.§ ~{£<A ,B,C) 89~~'J.~ !f'1 .~!1!89 C :J!fffiiJ-

1-~~~(A,B,C);J!1J89lllllJ:i2!89~1t$. ~.llt.):£}11! 9. 2. 1llJ}:£})! 9. 2. 2 !f'189~~~.~ 

VI 'v2 ' ••• 'v ... ;J!~ rmt~tm:Jrnc• 89 '1!!:J!E1111lJ !;,( tltff~'*{Eti. jjJ :12!~~ jjJ :12!~ ~ 89 ~ ~ 
•~!;,(* · ~ftfi:t£r-~"P~l11!-~89M~nc•~~~.~~~~-~. 

2. :iiM89:J!,imi1~J-TilJI;,(Y£!YlJ:t<9. 2. 2D!f'189 n {£ m> 1 ilttsLr:Jf~:J!%~89. 
l!Pff{E -1-~ ttl ~It$ C.~~~@Tf'~ 89 ~~<A ,B ,C)J{.:fl):£}11! 9. 2. 2 PJT9~ ttl 89PJT:fl~tt, 
1!!:J! Cfln. 

-..~ 9.2.2 ft111tt:t:¥JJ.~ttl~ittf~ft n 89~ii!tE.t£~~:t£):£Jll! 9. 2. 2 89YE!Yli1 
~"PT.ftfifflrlfi~~*AMf'~~1-~ftn89M~-~89~-. 

1. ~ ):£ - 1- ~ It$ M (A, B ) , it )l: ~F ~ ~ 89 ~ itk T, lO Ti , ~ ~i ( T ; 1 AT, , 

T ; 1 BT)~IlJ~M~?tffl¥mJ:t, llJ1£tt:Wt'i~ { kl ,kz , ••· ,k.,} . 
2. m-m~t'i { ql ,q2. ··· ,q., } flft}:EPJTf'~~~wH~89xl!lt 'J.~M~ ,;tt !f'1 o<q. ~k . , 

i=1,2,···,m. 

'" 3. fle):£Mm89E!~~~~~.~{z i , zn · .. ,z, },jt!f'll= ~(k, -q, ). 
i= l 

4. ):E)(~Il~j\(9. 2.15)llJj\(9. 2.16>!Bf-f89<A •• , L.d),it;ft:j\(9. 2.17)!f'189 F , 

.ft . 
s. :m:J5.it•J:t<9. 2. 21)89WJm~ttl~ittf~ft n. 
ft111fflr0089~J-T*71Ui~):EJ11! 9. 2. 2. 
fJIJ 9. 2. 2 ~ltt-1-WHtA~~ 

r

- 2 

.T = A x + Bu = 
2 

-2 

1 

-: -: -:1 1- ~ ~j X+ U. 
0 0 -1 0 -2 

0 0 1 0 1 

(9.2.22) 
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~J mcs7Jtxf4-E!, ~1n~~ilJ 

T, = 

1 -2 1 

0 1 -2 

0 

0 

0 

0 

~I' Ti = 12' 1 -2 

0 1 

X = r -J AT = ~~ ~ - ~ . . 0 0 0 
1 -2 1 

01 10 01 1 - 1 0 

: , B ~ T~' B ~ ~ ~ '. 

A:ffllT~mflc= {2 .2 l 0 *ffl~lll 9. 2. zli£1Jij a<Jtt;•, ~fm~ilJ-m•l±l~lr!f 

r E R2x 2 
, !fl. det( r) =1= o} 

l!*F, mflfilJ CE n1 19Tt'~ti<J.¥t!E<A,B,C)~:ff -1-xl!R~.~ta~ s:, = {1, 1}~WJ1-& 

-T-1 ±j1 ti<J~1!:~.~ o 1;1 T :JiH~ilJ ti<J~ -1-·l±l~lr!f--&t, 

n2={r[~ ~ ~ ~JT~ 1 IaER,rE R2x 2 ,!Jl.det<n=F-o}. 
~~~~~1i£,X1flfilJ CE ~ ,fjf~~ilJti<J .¥t!E<A,B,OA:ffxl!R~.~ta~ s:, = { 1.2} ~-1-& 

-r -1 a<J~1!:~.~ 0 

~~~ft-•tJ<JJ9f:ff•tt.¥t!fra~Mtt~§.~:ffm•A~xm•Ara~~lfl.llTm 

ttra~.~fiR~IlJ~~TOOti<J~Jll!~-l±I-H.¥t!fti<J!a~~-o 

lEJI9.3.1 ~~J:\:(9. l.UfJTWiltti<Jx~~.¥t!f,jt~ B :lldi/Jfkti<Jo ~(A,B)tf<JilJ 

~ttmfl,..,c= {kl, k2' ••• , k .. }, <A, B) :tziLW:rt~ ~ llT ~-~ a<J~, mtl m .1 = { V1, Vp ... , 

v.).l±l o ~ 

A2 := {ll,l2'"·,L .. ) CC=: {kpkp•",km}, (9.3.1) 

C\A2:={w1•W2•"'•Wmd}, md=m-mc,WJ~W2~ "·~w,d' (9.3.2) 

A4:={qi,q2, ... ,q'"d}, q,~w,, i=1,2, .. ·,md. (9.3.3) 
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A.1 = E>c U .:11 := {zl ,zz ,···,z,,} U .:11 (9. 3. 4) 

Jt ~ • E>c ~ EJ ;Jt~i¥] ,,:11 C.:1 -tf!.JjL 19Fai{J!~~ • fJ!Hi .:1z =,:1 \.:11 9=t I¥JjC~~*/f'ffJ ~ I¥J • 
iffl il s1 1¥J~ff7A JE 

me md 

S1 ~ n- ~l; - ~q; -no. (9. 3. 5) 
i= l i=l 

A.J 1 = {p.l •P.z • ... •P.Pb} (9.3.6) 

19-mlEIU'l .;tt9=t p.1 ~p.z~ .. ·~p.pb. 7AJEf'~!+t*-f4 
pb m, md 

S1 +no+ ~p.; + ~l; + ~q; = n, (9.3.7) 
i=l i=l i=l 

!i!U ff :(£ -1- ~~ :21¥1 ~fHt ncR<md + pb> X n '~ ~-lj M ff fiiJ c En' EE ~ ~ .:::::5Cm <A' B 'C) FJT ~ ~ 

1¥1 ~mJt.::~r-F 00 I¥Jffl:tt: 'E 1¥1/F~~-~19 A1 • 'E 1¥1/F~mf.£19 Iz =A; . 13 = 113 l!l 1. =A •• 

~~fir:!&, =:JEm<A.B,C)I¥Jx!l&~.~ra~19 A., llT~ra~7HJIJ19 Az l!l A.3 o 00 9. 3.1 ~00 

~l¥l~~QraT~kl¥1-~ra~~~o 

i.iE IIJ.I ~ 111 :m ~ til to~ FJT m ~ 1¥1 ~ -g. n 1¥1 ~ iii tt iiE IIJL tr jt iJ I A ~ 00 1¥1 ~lit tt iJ I 
J1l! ' 'E 5(;j" ~ J1l! 9. 3. 1 1¥1 iiE l!ij ~~ 1it 11: ~ 0 

~I~ 9. 3.1 ~f!l:-1-Eil <A ,B ,c) .::::: :JEtllFJT~~I¥J~tt~mi ,fNi'JtBt~~~Jll! 5. 4. 1 
I¥Jffl=~*ff-~<SCBH~~ .~if~~<5. 4. 21) ~~(5. 4. 23) I¥JFaii!JHf~~, ep 

(9.3.8) 
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ftl 

- [0 
0 0 ~d]. C= 

0 cb 0 
(9. 3. 9) 

4-

[A .. M.b 0 M.d 
. 0 Abb 0 LbdCd 
A·-

BcEca BcEcb A ce Mcd 
BdEd. BdEdb BdEdc Add 

(9. 3. 10) 

Jt~ .M.b ,M.d ,Mbdftl Moo :liLI''t-:fl~~~~B<J~~' mu~~ -=~m (A, B ,C)J't.:fl ~iliiJtF 
B<J~~:::t'~:t~J~ l1 ,lz ,13 ftl 14 o 

R ~ JA 'lit~ ...t :1J m ~ ~t B<J * !1f. < A: I , c I , i3 I ) ftl <A I , c I , i3 I ) , ~ llJ J:J m: aA ~ ~ 1 l1l! 0 JA 
)EJll! 5. 3.1 B<JYEilJH~l'l~B<J SCB ~!118 ~"ilJJ:J~~HU~*o 

~ffllJI{f"ilJJ:J~f±l)EJll! 9. 3.1 B<JvHIIIYE~T o ~iHi)EJll! 4. 4. 1,f?:t£~~~#B<J:IR~ 

ftl~ A ~1!k To fU Ti, ~~~~1!kX1 

<A~>Bl) := <T;; 1ATa,T;;1 BTi) (9.3.11) 

:1-J.J::\<4. 4. 7) 19Tlf- B<J"ilJ~~~?tffH~.J:\ ,J't.:fllll~f.!:t~J~c= {kl ,kz, ••• ,k,.} o m~~~* 

f;f-~ < scs) B<J tt JW: , :::t' ~ 2t J!AI. J9T m .IOC * !1f. B<J B I ~ , 4i1: 1-• A :ii m ~ llJ ~V- nc • IU fl1 x c WI: tr 
~ftl xd ffl*~B<J:IR~~~L ~mi ,jzll*fE~-~~-A:iiiltftCI.!OCJ9TWHll*~Z x c B<J 
-$?1-, 1Z,®rfe~~~A:iiiltffl*~ B<J .tR$ft:ill:-'k o l!~ El3 -T J:J "FM1-mtf!Sl: 1) m-t
tRX1~A:iiilt*iJi~"ilJ~B<J; 2)x, fl1 Xb B<J~~:::f'fm~ftl X c ffl*~B<J~A:iiiltJ9f~$JL 

:1} -1Joo, ftl xd ffl*B<J~~#ii:fl l!tFB<J~I.J*, l!Pxll&~.~~~ o 

4- ilz ftl.t14 7HJI]jzll.J:\(9. 3. l)fl]j:\(9. 3. 3)J9f~ ,Jf ll 
111c "'d 

nc = ~l; fl1 nd = ~q;. (9. 3. 12) 
i= l i= l 

:::t'~~YE.f?{f!t~ PI ftl pi!.~~~ 

~
Ao 0 0 1 

A z = P! 1 AI P 1 = ~c • * _Ace B. • * 
d"* Bd•* A. 
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0 I 1, - 1 0 0 0 0 

* * * * 1 0 

A ce := ' Be = 
0 0 0 It - 1 .. , 0 0 

* * * * 
0 1 

0 Iw
1
- q

1
- l 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 

0 0 0 I q, - 1 0 0 0 0 

* * * * * * * * 

A. : = 

0 0 0 0 0 Iw - q - 1 0 0 
'"d '"d 

0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 I . - 1 
'"d 

* * * * * * * * 

0 0 

0 0 

0 0 

1 0 

Bd= . ' 
0 0 

0 0 

0 0 

0 1 

Jtrft. * ~x*'itfll'fJ-T~~. 
l:!etE~~ft~l:!e.ff:t£7}-~;fil~~~ P2 fll P,2 .~~~~~~;f 

<A3 ,B3) I= <P21A 2P2 .P21 B2P i2 ) 

A:flrool'fJ%Jt: I A. 

0 0 0 

B, ~ ~~ 
0 

0 A.i, 0 * 0 
A3 = ' B, ' (9. 3. 13) 

B •* B, •* A ce B, .• * 

B: • * Bd • * Bd • * A;d + Bd • * Bd 0 

Jtqt 
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0 Iq, - 1 ... 0 0 0 0 

0 0 ... 0 0 1 0 

A;d = Bd= 
.. (9. 3. 14) ' 

0 0 0 19 - 1 0 ... 0 
md 

0 0 ... 0 ,0 0 ... 1 

0 0 ... 0 0 

A.i, = 
0 0 0 I.. - q - 1 

"'d "'d 

0 0 ... 0 0 

[ 

1 0 ... 0 

cd = ~ o 1 

i~d~.J:\:X;f!.i)LT.J:\:<9. 3.14)tfrl19 A;dfn Bdo lli:-$}:E)( 

c3 = [o o o cdJ, <9. 3. 15) 

'tfn.J:t (9. 3. 13) tfr 119 A3 fJI B3 flJX;f J.i)l o 51 Jl 9. 3. 1 119!ft *;& ~, ffff -1-~~~#~~~ 
~ T3'~1~ 

[ 

A.b 
A. = T31 A3 T3 = Be • * 

Bd • * 

0 

Jl.:fl!a~~~:t1Jfl Iz =Az,L =A. ,13 ~~119, 'EI19~~~.¢.CliLHA.b) o 

ttr*,}E)(-1-JTI19Wiili~~ . 

C.:=C.+[K o O]=[K 0 Cd], 

(9.3.16) 

(9.3.17) 



253 

K , = [Kc~ K,z], 

't:B<J:tJ7t~.J!:<9. 3. 16) rp 69 A .b fll L.bd lt!M 1.!iz, Kc1 ~Jl:ff ~ ~ £fU*IB<Jff~~~, Kcz 69~ 
jf~f.lijJE. 

8 , c ,l.( A;h - L.'txJ Krz ) , 

ffii J!ff 69 A;b - L;bd Krz 69 ~{if U11J ~ ii ~ ~ lt!IRJ , mLfl. ~ IRJ r .1z 9=J 69 5G ~ • l!ii1J ~ ~ Xit 
<A:b ,L;bd)~ llJ~B<J ,JiJT~i!~m~ llJ~~JIJl.B<J. MrMfJHt~J.!I! 8. 2. 1, llJ ~ YEIY1 ,:fft£ 
~~~~ T4,~~~ 

r
A.b - L.bd K , 

As = T41 A4 T4 = B, • * 
Bd • * 

o L.bdcd j 
Ace LcdCd • 

Bd • * Add + Bd • * 

Cs : = C4 T4 = [ 0 0 Cd]. 
IR]f-Fj&, .=:5Gtll <As ,Bs ,Cs )~~~*f,f-~ <SCB) B<Jm.J:t, fll-=:5Gtll <A4 ,B4, C4 )Jl:fj"IR]f-F 
B<J~~mfiiz,I3 ~ 14. ffiiii't:B<J~~~,r;~UE A .b -L.bd K , B<J~{iE{il~ili.~~A.b

L.bd K llJIJf~1J 

0 

0 
Laded l LbdCd 
Lcd Cd ' 

Add + Bd • * 
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C6 == CsTs = [0 0 0 Cd]. 
~""f~t.\tli9If1::Jil::nGW!i!i~~~ffilt 13 19~~-~ 113 ={Ill •fl2 • ••• •llP~o} ,J!PI ~jj 

i1: ~ ~ ""F oo li9 ~ tfHa! II**~ Jl1. = 
- _ [o o o cd] c6- , o cb o o 

r
eb] ••• o 1 . . . - . . . cb- . . . , 
0 ••• Cbpb 

l!.ll!li9 Cb.,i=1.2,···,pb,:Jii::-1-J!Jf:fl:Jt~~~~li9 1Xfli 9dlo N?X~JffHIJJI! 9. 3.11i9!i!i 

*,PI !:l Y£19'1, 83 <A6 ,B6 ,c6 > J!Jff-t~li9 =::7Gfflli9~~~.~:(£ .\(A •• ), 'Eii9~~~~mllc7t 
§JIJ:Jil:: I2=1120I3= A, ff!l.=11.o ~ p=md+pb,:ft~~~i!JM:mli9#!~ 

0= {r. [~ ~b ~ ~d}To PJP2 T3 T.Ts ) - 1 1r. E Rpx p:Jii::~~~JFii9}. (9.3.18) 

l!it:lt Jilt T ~JJI! 9. 3. 1 li9Y£11JI o • 
""f 00 :Jil::-@ if I£ 0 

llli~ 9.3.1 :!Ill* 112 -~:Jil::~li(].Jjl~J!Jf~i!Jii9*'~:Jtl::li:PI:lmli9o ~f!!.(:lm,:!zll* 113 #! 
~:Jil::~ li9, J!JT~~ i!J li9 *' ~:Jil:::tl PI :tm li9 o 

ll!L;i9.3.2 l£:@:,:!z11*112 ~li9Jt~:fl;f:IJ!ij]li(],Jil~nG·113 ~tiff@~~. ~fn&:'~ 

~Jffl~JJI! 4. 2. 2 li9~ Jordan ~1il~li9!i!i**nGI 113, l!PttHti A. ~!t?tnGiiJ 113 li91J~$ 
?tz~ Jordan !R!i!i~*:i!rrnGfto 

J~J.:t£m""Foo~-t-~J-T*i~19'1~1nli9ta*· :t£~-1-~J.:r-~ ·*m~JJI! 9. 3. 1 Y£19'1 ~ 
li9•~.~~-m~~~~.~~li9ff~--t-~~~J!Jf~~li9*'~A:flMmli9~~mllc 

11-1. o :f£~=1-~J-T~ .~ffHJfjl-1-Efl Wie ffl Bernstein[ 14 91 ~1tl*li9f,llfif1Ltlll*'~* 

-~~li9~~m:~o~m•mm-m~~H.:t£H- ~•~tt•Mii9••""F~~~•~ 
li(]fi~. 

iJIJ 9. 3.1 ~J!t""FOOB9~fi*'~ 

.i =Ax +Bu = 

3 0 1 -1 1 0 

'2 0 1 -1 1 0 

2 0 0 0 1 0 
x+ 

1 0 0 0 1 0 

1 1 1 
0 1 1 

0 1 1 

0 0 1 

1 0 0 0 0 1 0 0 1 
1 0 0 0 0 0 0 0 1 

*1!1i~JJI! 4. 4. 1 ff![87]1i9IA~ .~~i!J""FOOB9~~ffi~A~~: 

u. (9. 3. 19) 



~9-:f: ~~~~*~2~~~w~~~~~• 

-0.5 -0. 516398 -0. 258199 -0. 512989 -0. 307794 -0. 102598 

0 -0. 258199 -0. 258199 - 0. 205196 -0. 205196 -0. 102598 

0 0 -0. 258199 -0. 102598 -0. 205196 -0. 102598 
To = 

0 0 0 -0. 102598 -0. 102598 -0. 102598 

0 0 0 0 -0. 102598 -0. 102598 

0 0 0 0 0 -0. 102598 

~ 

T; = [- ~· 
5 

- ~. 258199 ~ l, 
0 0 - 0. 102598 

't:teH*~~~X;fCA .m~~ilfFifi~J"iiJ~~t417t!W%J:t, 

1 1. 032796 

0 0 

1. 936492 2 
A1 = 

0 0 

0 0 

4.873397 5.033223 

B1 = 

0 

1 

1 

0 

0 

2. 516611 

1 0 0 

0 0 0 

0 1 0 

0 0 0 

0 0 0 

0 0 1 

1.025978 0 0 

0 0 0 

1. 986799 1. 192079 0 

0 1 0 

0 0 1 

5 3 1 
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A:fll'iJ~ttmttc={I,2,3}o *li~l.l9. 3.1 09~::\'IL!IGffl:fll~rF:kr A1 ~A. B<J~ilf 

ji'j;f*, 
A z = {1}, A4 = {1,1}, A1 = {-3}, A3 = {2}. 

bl.~l.l 9. 3. 1 B<JiiEitJJI'iJ~i PI= I' 

0 0 0 1 0 0 

1 0 0 0 0 0 

0 0 0 0 1 0 
P z= 

0 1 0 0 0 0 

0 0 1 0 0 0 

0 0 0 0 0 1 

T3 =J,~ 
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A .b = [~ ~ ~]· L.bd = [~ ~]· 
0 0 0 0 1 

~t£ .~~~~~liE ,Xff!tiHa!~ K, 
- [- 0. 072739 0. 031699 2. 214148] 

K- ' 
c 2.234751 -0.973901 1.072739 

A .b - L.bdKc 1¥J~VE1it1Uc•t£ -3 ,o ~ 2o ~-1-~VE{it¥1~~~ A1 I¥J~>J(.f!:J-fl,;Jt 

ft!!"~1-!Jltl:i2t~~li~.f!:I[R] o ~T* .~ff1~~J;EJ.!I! 9. 3. 1 1¥JYE~:ct:~ .~~JIJ 
0. 183616 -0. 399509 -0.334800 0 0 0 

-0.085347 - 0. 916729 0. 144674 0 0 0 

0.256040 0 0.289349 0 0 0 
T. = 

0 0 0 -0. 707107 0 0 

-0. 550849 0 -0. 669600 0 1 0 

-0. 768121 0 0.578698 0 0 1 

Ts =I. kl.;& 

Cs = [~ ~ ~ ~ ~ ~]• 
0 a1 a2 0 0 0 

;Jt~ .a1 ::;t=o ~ a2::FOo il€ .~~iiJWHl!t¥1~ tfH1!~~~1'.7 

;Jt~ 

0 -6. 76078 6. 76078 14. 17556 -37. 56982 23.39426 

0 1. 57356 - 1. 57356 7.33281 -7. 20391 -0. 12890 

0 5.98250 - 5. 98250 - 12. 54373 -0.44033 12.98406 
r. = 

2.82843 - 5. 65685 2.82843 -5. 65685 2.82843 2. 82843 

0 0. 28172 -4.15470 3. 28230 -17.11718 17.70786 

0 -8. 65515 8. 65515 18. 14757 -28. 60333 0. 70897 

l.mt£*'jlfi[87]1¥JIJ!*i~~~~~ii£, ~ C M. n ~~EJ;t, 19f~Jilt t¥1~~=5Gm <A, B, C) 1¥1 
fdfl:fl~~~.gt£-3,HA:fl~~mf£ •2=A2= {1 },13=A3= {2}~ •4={I.1 l o 

fJIJ 9. 3. 2 ~111~ m m Wie ~ Bernsteinc149
J ~ttl I¥JflttifJU!t~ tfefl.$rtffi!J 1¥1 ~1l1i1 

~og~~~•m•.m~1'.7--t-:fl@t¥J~~.~~T~~~t¥J~~~~M&~•~t¥Jtt 

lml¥lo ~Jm~~im:ct:Xf~-1-J9t:lttk»&:hll~JfljJ*rtfliiJ~=-t-19!:1ttkt¥1W:ft,!zll00 9. 3. 2 
19T~ 0 



I~ 

m z X z = k(xl - X z ) + W z , 

0 1 0 0 0 X1 X1 

.. k 0 k 0 1 --
X1 m1 m1 X1 

+ m1 
X z 0 0 0 1 X z 

0 .. 
k k X z X z 0 -- 0 0 

m z m z 

0 
1 -

u+ 
m1 

0 

0 

0 

0 

0 
1 

m z 

(::)' 
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(9.3.20) 

(9.3.21) 

Jt~ ,x1 ~ X z ?HJIJ~lift:lt~ Hlif!I-'.7 m1 )~[ift:l:~ 2(lif!JI:-'.J m z )B9{il.,k ~~ti'ljt~, 

u~~.A}J,wl ~Wz ~.lfiX<tJt;IJ)o -'.JraJJli~JA!.,i,9:ml=mz=1 ~k=1o ~~§~.~~)( 

~~-ttl -'.7 h=xz, I!P~=1-liftii:~B9{i[:lf o J9T !;,( ,JIFftHJ~fttJ~-g.B9M·~~-'.7 

r 

0 1 

-1 0 
.T = Ax + Bu + Ew = 

0 0 

1 0 

(9.3.22) 

h = C2x ~ [0 0 1 O]x. (9.3.23) 
~~~YE.-T~tfe<A,B.Cz ):Jl:&A,~IH.i'I~IlJ~B9o [!;!Jit{£~~~&i1lfr ,tJt;IJ w llJI;,(:lt 

~M~~~ttlh~~Moftm89~-1-§5:ll:wmmttl~:lt•ttl•.d•~~~HB9m 

_.. .~2~1'"1::~~~& ilftlill*FB9ti~ o ~~[22. 147]89~*, RW:J21i;~~tlt~ ttl 
y = C 1x, (9. 3. 24) 

~~~J9ff"1::89-T ¥tft<A ,E ,CI )~ti:llJ ~~:fiVJ,fH{i[:B9, it:flllJ~~J!el!- § f,f, o *J!Hitr 
- 11891itil, tB'dE<A ,E)~~iiJ~Jll! 4. 4. 1 8911J~~¥A.I?t~<CSDH~:r\ ,J!RW:fl~~ 

~Wi.A~~ 
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[ 

0.316228 0 
0 0.316228 

To = 
-0. 316228 0 

0 -0. 316228 0 

0. 707107 

~· 7071071 

0. 707107 

0 

0. 707107 

T = [ 0.316228 o. 707107] 
' -0. 316228 0. 707107 

~PI i;H\UIJ.T o <A ,E) (j(JPillM~?tf8¥:19 

(9. 3. 25) 

0 1 = {ro [~ ~ ~ ~Jiro E R2
x
2, det<ro> *o}. (9.3.26) 

~~~X;ffHPJ C1 E 01 , Flft'~ (j(J ~~<A, E, C1) :1!1JPI lm (j(J, ;ff WJ 1'- 2 M" (j(J x !!&~ .~, i§t;ff 
~~~ .~. f!;l rm:l!il'J'~m(j(J 0 AFJT ~ ~. ifl:i M-xm~ .~ ~.;r ¥X ifti llik~J ~*~ ~. l!:t£ ~ ~ 
lft:J!~Pf*(j(J o ~f11:f£J§OO~miR-ID.iWUim~ 0 2 .~~~X;ffffiiJ(j(J C1 E 02, Flft'~ (j(JT
~~<A ,E ,C1) :J!:IIl!J,~Ui.fll1JPI Jm(j(J ,;ffWJ-1'- 1 llft(j(Jxl!&~.~, :(£ -1 ;ffWJ-1'-~~~ .~ o 
r Iii (j(J 0 2 ~ :1! J.ii.Ufl ~1m 9. 3. 1 (j(J YE JJ)J i1: fl ~~ ¥1J (j(J , 

02 ={ro [~ ~ ~ ~Jiro E Rm , det<ro>*o}. <9.3.27) 

x-t=ftJtttmt1ll~~<9. 3. 22>~<9. 3. 23>, ~.&~••m y=CI.r,Jt!ft clEo~~ 
C1 E 0 2, H = JL3f--Ttftf8¥*1JiriiJJm:J! PI VJ~~(j(J o $~_t PI~ YEH~, :fill* .R~ilftitft- 1'-ffl 

~~:(£~~1ft, ~~tru~~ H = JL3f--Ttftf8¥*1JI, tf!.it:J!iJi, 1!:'~$:·WJ1'-~J! $ (j(Jf~~~ 

:t£~~!ft .;ttru~~~-Ttft<Jt.>fll~=-t-lal:lt~Ui,_.~~-*IJio 

9.4 '*>1 
9. 1 ~J!trlti(j(J~tt~~ 

x~Ax+& ~ [~ 
1 0 

~1x+ ~1· 0 1 
0 0 
1 1 



y = Cr = [0 1 0 O].r, 

Ef£ 1 ~1J-1-:IJ'~~(J9~~~.~ ,li:JX>j"IIJi"~ 3o 
- -
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(a) ~~-1-Jfl'l9ltM :IJe~C,,{li!~~JYT.tz:1:1'19Jf*~<A.B,C, >t£-1 ~:fl-1-~~ 
~-~, ~l**~<A ,B ,C)ff jij]f.f(J9li:JX>fllft o 

- -
Cb) ~~-1-Jfi'I9~:1:~~C2 ,fli!~IYT.tz:1:1'19Jf *~<A ,B,C2 )tf -1 ~ -2 ~:fl"M 

1-:IJ'~~-~ ,li:JXiJ"IIJi"~ 2o 
- -(c) ~~-1-Jrl'l9~:fi~~C30 {li!~~JYT.tz:1:1'19Jr *~<A,B,Ca )tf -1,-2 ~ -3 ~ 

fl 31-:11'~~-~ ,li:JX>j"llft~ 10 
- -(d) f#l!~-1-Ji1'19ft$1j~~B 1 ,fli!~IYT.tz:1:1'19tlr*~<A.B, ,C)t£-1 ~:fl-1-~~ 

~ .~, ~l**~:fl jij]f.f 1'19li:!Xifllft o 
- -

(e) ~~-1-Jf1'19ft$1j~~B 2 .{li!~~IYT.tz:1:1'19Jf *~<A ,B2 ,C)t£ -1 ~ -2 ~:fl"M 
1-:IJ'~~-~ ,li:JXiJ"IIJi"~ 2o 

- -({) ffi~-1-Jr1'19ft$1j~~BJO{li!~JYT.tz:1:1'19Jf *~<A,Ba ,C)t£- L- 2 ~ -3 ~ 
ff31-~~~.~,li:JXiJ"IIJi"~ 1o 

9. 2 ~ ltt ""f 00 Jfl 1'191@. .il * ~ , ;It !flit! Bl ffl. •1: 1'191@. .ffi , I!P !I ft. ili h ~ ~ It :If' ¥1J 1'19 , 
1/H~j1JJ$1j-f"tt•A Wo 

<a> ~YE*~b\fti&J•A u ¥1J!tft•l±l h 1'19~~~rBJ~J£PJ t;A~m~ 

{
.X = A.r + Bu + Ew, 

h = C2.r + D2u, 

[

- 0. 25 

A= 5 

0 

-0. 5 0] [0. 1] [ 0. 15] -50 - 10 , B = 0 , E = - 5 
0. 5 0 0 0 
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C2 = [0 0 1], Dz = 0, X= Xz 

:i!!l:l.B"J x1 ~It!~ IF w;J~B"Jit!ffi,xz ~iii:! 0. lH lt!ffi!t.t.B'-.Jit!mt,fi€8'-J x 3 ~ ZF 

It! ~ w;J ~ 8'-J It! ffi 0 

Cb) iil)l_,ij : 3zn * R lf It! !!!!U:: 8'-J It! mt ItT k.L lj!~ :1: 1i ¥1J , l!P 
y = C1x+D 1w = [0 1 O]x+O • w, 

JiliJ J9f t' ~ 8'-J b\ -T tJt w ¥1J lj!~ :1: ~ tl:l y 8'-J -1- ¥tit~~~ ii 'J' ltl & 8'-J o :(£ :i! fll tit t£ r , x #di~ ¥1J 
-1-JE !iltlB"J fllltJ {Sf ¥ tit li YE 8'-J t£ iWJ ~ , b\ rm ~ Jll b\ w ¥1J h 8'-J H = JV¥- -T tJt ffl!HIIL 

< c) YE ~ : 3zn * 1 F It! ~ 8'-J It! ffi ItT k.L ~rj :1: ¥1J , l!P 
y = C1x+ D1w = [1 0 O]x+O • w, 

.!9ft'~B"Jb\w~y8'-Jf-¥tit*li~fti{\'LB"Jo~ffff~:(£-1-JE.B"JfllltJ~It!~fi}EB"J 

t£iWJ~,15f1i-TtJt w ltJI:JJL->fb\tltt£~tl:l h 9='f8U/Jio 



~ 10 il iiii~~~Ji i1t~ijt! 
1Jt~f;n*¥f1E~~ft~lt 

10.1 ~~ 

-~~~-•~••m•~~~~-~#~~tt~•M~*~~~•~mz-.• 
~Jffl~~& i1!:/J?! ~$T:iliiJ.tf;f.fll~{iEM~lfC~ (asymptotic time-scale and eigenstructure 

assignment,~farf/J\1-J ATEA)o ~1-~~!HJJ~EB Saberi f1l Sannuti[ 117 • 11 8 J ~ili~.J§'~£ 

Chene 18J fll Chen ~c2 7J ~ :i1! - tV 7t iff o E ~ * 100: J: ~ * ~ (decentralized)~ ffitJ , ~ llt-f. J: ~ 
}}.. Kokotovic ~c7sJ ~~:1FHIZ9J:/J?!~m~ ili * ~ 0 't ~JJlH!!Ir$1m:7Gm CA, B, C, D) EfT~ 

~~~ft~-~M~*~~#tt~& iJJ!!tiH!!Ir$ F ,fj!~~J!Jf%Jilt~f;fl~~-~lr$ A+ BF 

A«M~-~~It.t~fll~{iEM~ o ~rl~~~~-~~-«~•~M~~~~-.-~ 

~~~-lfC~A+BF~M~~«~~{iEM~ofi~~~~-~~-~~·~M~~~ 

~-.-~~~~-lfC~A+BF~$T:ili~~~{iEM~ o ~~~~#:/J?!B~~r~• 

~ffl~if~~ffitJfii) ~!~~it~, :tm H~ ~ffitJ ( ~ ~ Chenc22J ), H2 !lfit~ffitJ (~.!A!. Saberi 

~[ 1 20] ) '@} i!~:i81 pj§ Jj(f:9( ~ ( ~ ~ Chen[ IS] fll Saberi ~[ ll 6 ] )' J:J & T tit~ m rOJ 1m ( ~ ~ 
Chen[22 l , Lin f1l Chen[86 l , ~ J1 Ozcetin ~[ 1 06 ' 1 07 ] ) o ft ffl ~~ ~. ~ 2t :Jru, A TEA i.i it~* 

~-~ H2 fl:l H= ~ffitJZISJ*l00:120JIJ~~:/Ji!o 

1-Jfar 1;!!§~, ftffl ~~-. ~ ti)JN ~-~ ~ :i!~lt.t ISJ C ~~M:It.t fa])~-~.~~~ C ~ijl 

& 1M!) J: li:fl /F ~~ .~ o M -T itft!!. /F ~ ~ ~ ffl , ~Ell~ c ~ itl & 1M! ) J: :fl /F ~ •. ~ ~ ~. ~ 
if~~~,~ J:J~ Chen[22J , Lin f1l Chen[M6l , VJ!k Saberi ~[ 1 20 l ~~iiJ o 

~~-~~.-~--W~X>t:i!~lt.t~~-~#~M:iliiJ.t~fll~{iEM~lfC~~* 

CATEA) ,I)JJk~f(ff Hz fl:l H~ ~ffitJriiJ!m~-TtltfrFU~~~~ffl o ~J!t'-1-~ft:i!~lt.tiSJ~- ~. 

{
.i = Ax + Bu, . 

<10. 2. 1) 
y = Cr+Du, 

it~ ,x E R" ,uE R"' f1l y E R" *.J}IJ1-J 4 ~:I*~· ,~Afll~Hii o /F~-~tt, iNi.iCA ,B)~ 
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PI UO£ tJ9 , [ B' D'] ~ [ C D] ~ :1! ~ ~ o ~ll!PJ :tE DiJ llii JilT fEHi<J , flhi 2: :tE II WI _t l2: 1Hf 1oJ 
::F~~ .f.l: 0 

~1fl :tE""f llii !'ii ill A TEA i:iitti9~~JH! o ~i:iit1J#i: t19~t'i .~-~:(E~J11! q:. , ;Jf !'ii ill 
w~ ti9YE~YJ 0 

ATEA-C~·l 

re 2: ~~¥1J~~?t-IW~~J11! 5. 4. 1 tl9tfJ**f,f-¥<SCBH~5:\, l!PitJt:~l:~#:f*~ ,tl;j 

Af!l·ill~~ L.r; ~ ro ,M!~~!'ii~~~ 2: fm~~~¥1J~J11! 5. 4.1 tl9tfJ**f,f-¥<SCB) 
tJ9 ~ 5:\ , -tl1 PI l;.l ~Vj~ 1& ""f llii ti91Wi IYJ ~ 5:\ : 

A ;. 0 L-;bcb 0 L~ Cd 

0 A~ L~bcb 0 L~C 

A= r -~Ar = 
~ !' 0 0 Abb 0 LbdCd 

B,E~ B,E -:._ L,bcb A ce LroCd 

dE "d. BdE;t. BdEdb BdEd, Add 

Bo-. 
B+ 

o. 

+ Bob [ C oa Ct. Cob Co, Cod ] ' 

Boc 

Od 

B"O. 0 0 

Bt. 0 0 

i3 =r- 1 Br = 
' I Bob 0 0 ' 

Bo, 0 B, 

Od Bd 0 

c ~-. ct. Cob Co, c .. ] C~r;'cr. ~ [~ 0 0 0 c d , 

0 c b 0 0 

[I. 0 

~l i5 =r ;;- 1 Dr; = 0° 0 

o . 0 

(10.2.2) 

(10.2.3) 

(10. 2. 4) 

00. 2. 5) 

(10.2.6) 



[L~ J 
LMJ = Lbd 

ATEA-c "H;. 2 

19: F, 1¥1 ;®f_f #If ,IE 

B, = [Bo, L..t ]. 

HA~, ) = .HA., - B,F , ) c c- , 
~J!«J:\:00. 2. 7)fi!J:\OO. 2. 8) ,fe F , ~Ht'-' 
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(10. 2. 7) 

(10. 2. 8) 

(10.2.9) 

[
F ,o ] [F :O F bO J F , = = . 00. 2. 10) 

. F ,1 F~1 Fb1 

.tfHlH~~*f;f-~<SCB> 1¥111:19!:, Q ~<A, B> :1! PJU(~ 1¥1, <A, , B, ) it:J! Pili 1¥1 o t!.\ 
ffi,UI:-~~j)tF,J=[F ~ F b1J'-' 

jt~,F~, fi!Fb1 ,8<J£l~Jtjjlj:}! l X n: fljl X nbo 

A TEA-C "H;. 3 

~ F< '-'ff~l'f.J m e X nc ~12} ,#If ,IE 

Fbll I 
Fbl2 
. ' 

Fb~ ... ,1 

:1!1-~~~~(f.J~~*o it~, <Ace ,B< >:J!PJJ£1¥1 ,J!JT~~fftE~fFI'f.l F< o 
ATEA-c "H;. 4 

~ -~l'Jffl El3 j\(5. 4. 11) FJT~ffi 1¥1~~ r ~tlf ,i= 1,2' ... ,md 0 ~ 

A,= {,\il,..\,2,···,..\,.,}, i = 1,2,···,md 

00. 2. 11) 

00. 2. 12) 

,_m q, Jt.l'f.l.it 't~St£c- ~ 't£!l::ltil:~ :J!ffi 1¥1 ,q, fll md t£~J:I 5. 4. 1 ~ :fl ~ )(. 
?&.5 .~Ad = =A1 UA2 U •·• UA ... o X>tr i= 1,2, ··· ,md .~)( ., 

p, (s) : = JI ( s - A;i ) = s"' + F,1 s•,- 1 + ··· + F , •. -- 1 s + F, •. 
' ' 

00. 2. 13) 
j - 1 

00. 2. 14) 

ATEA-C "H;. 5 

{£~-~~ ,ATEA-C ~- 2-ATEA-C ~- 4 J!Jfit)fl±l*l'f.J~itt~tJS#!~t£-®, 



264 

Fed~ r~ 
F ~o 

.F~, <E> 

0 

reo. C t,, 
-
Fo = E ;i, E + da 

E -;. E ;. 

F~ 1 F,., fE•' 

F~zFz.2 /€"2 

Fbi! F,., / E•1 

Fb1 zFz"2 /€•2 

FbO 0 

F bl (E) 0 

0 Fe 

C ob Coc 

Edb Edc 

0 0 

F,~,l 
c,.1 
E;d , 

Fd(E) = diag[F,(d,Fz(E),···,F.,.d(E)]. 

2: it 7t Jilt T it ri Bt IBJ * r!t. B"J A TEA Jt: rt o 

!IG fll ~ T 00 B"J ~i!HI'L 

<10. 2. 15) 

00. 2. 16) 

00.2.17) 

<10. 2. 18) 

00. 2. 19) 

00.2.20) 

(10. 2. 21) 

~J:II0.2.1 ~f!t.ltOO. 2. U~5:EB"J*r!t. 2:o 'li F<E>:!zll.'itOO. 2. lS)FJf~ili ,!JIU 
ATEA ~~&i1!W u=F<Eh A~TOOB"J!M'tL 

1. ff:tE-1-tiidih. > O' ~~~XtiiJ1- EE (0 •E. J' EH ~5:E *r!t. 2: ~ ATEA ~~& t1Jl 
w M% Jilt B"1 ffi PF * rJt. ~ i.1Ji ifr ~ 5:E B"1 o mLil • ~ E-o at , ffi PF !M' ill: 00: 1>1 

<10. 2. 22) 
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2 A 
. ? 

[

0 0 l . [["'o 0 l 
C, = r o 0 0 , D, = r o 0 I ... ,j , 

o cb o o 

(10. 2. 23) 

JilU ~ e:-o 1t.t , :r± s .~ _t :ff 

H<s,e:) == [C+DF(e:)][sl-A-BF<e:>]- 1 -[0 H , (s) 0 o]r ~ 1 , 

(10. 2. 24) 

H , (s) = (C,- DJ, Hsl- A , + B, F , )- 1
• 00. 2. 25) 

iiEPJJ ifiiEilJB! 1-%:J.!I!Z. fU, ~~ r 00 B<J '11 J.!l!~ I:M-~f.Vf*B<J~ :ML 
~I Jl 10. 2. 1 i_2:~ If$ =: Jtm <A, B, C)* 1:1 l:iJ :12!: fJI fit]\ l§lli: B<J, ;Jt 9=' A E R"x", BE 

R"x"' fJI C E Rpx .. o i&t F(e:) E R"'x" I:) e: J;J~~, J!.:ff~j.\ 

F<e:> = N(e:) r<e:> T<e:> + R<e:>, 00. 2. 26) 

;Jt9=', N(e:) E R"'xp, f(e:) E RPxp, T(e:) E Rpx .. fJI R (e:) E R"'x" o f(e:) -ill.~~J:~:Jf B<J o ~ffl 

£ut:-~fl!l.i'it!;..( r ~f4~.1L = 

1. X>t JYT:ff B<J O< e::::;:;;e: • • A+ BF(e:) ~$Tlli~%: B<J ';Jt 9=' E:. >O 0 

2. ~ e:-0 1J>t, T<e:>-WC ,;Jtrp W ~;!tt1- p X p B<J~I:~:Jf~lf!to 

3. ~ e:-0 IJ>t,N(e:)~[ii];lft:ffi!IHa!~ N,fj!~~ C(sl-A) - 1BN ~l:iJ:i2!:1¥Jo 

4. ~ e:-0 Bt ,R(e:)~[ii];lft:ffl!(l~lf$ Ro 

5. ~ e:-o 1t.t, r - I <e:>-o 0 

~~1,..~ e:-0 IJ>t,{£ s .~_t.C[sl-A-BF<e:>] - 1 -0 0 

~I Jl 10. 2. 1 tf..liiE PJJ tnti'it N • E R"' x (,., - pl , fj! ~~ 

N = [N N ' J 
~-1-m X m ~1:-a)-:Jf.B<J~If$ ,ffl R :l:lfTEJJ;J 
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- -[TCE) + r -• <dR. J 
F(d<tJB --.... G = NT' <tJB 

Rz 
(10. 2. 27) 

:Jt lfl ' <ll = ( s I -A) - I 0 i1 ~ i!J 

u- G)-• = .Nu- .N-•G 1\h- • .N-•, 
ft fflff "l" lti (!()~it : 

C<tJB[I- F(E)<tJB]- • F(E) --.... C<tJB(l- G)- 1 F<E) 

=C<tJBNU-N- 1GN)- • j\j- •F(E) 

-C<tJB N [I- r[T(E) + ;2-1 (E)R. J<tJB N r· r[T(€) + ~-· (E)R. J 

=C<tJB N 

X [r-• (E)- [Ted+ r -• (E)R. ]<tJBN - [T(E) + r -• (E)R• ]<tJBN • ] - • 

- Rz <tJBN I - R2 <tJBN • 

X [Ted+ ~- • (dR 1 J 

-[-WC<tJBN -WC<tJBN* ] - •[we] 
-C<tJBN 

- Rz <tJBN I - R2 <tJBN • Rz 

=C<tJBN[-WC<tJBN -WC<tJBN* J- •[w o][C J 
- R2 <tJBN I- R2 <tJBN. 0 I R2 

[ 
- C<tJBN - C<tJBN • • ] - • [C J =[C<tJBN C<tJBN*] -
- Rz <tJBN I - Rz <tJBN R2 

=[-I o][~J 
=-C, 

C<tJB[I- F(E)<llB]- • F<d - - C 

f:E J: 3JZ-lti _til.~ 1& ~ o JJe f:E J.i\l ffL~ Elf Jll:l ~ (!() ~ ~ >Jti~ ~1-J:t:: < 2. 3. 16 ) , f!P 
([-NM)- 1 = I+N<I-MN)- 1M , 

mu ~ €-o flit • :fl 
C[si-A-BF(E)]- • =C[<ll- 1 -BF(E)]- 1 

=C<ll[I- BF(E)<ll]- • 

=C<ll{ I+ B[I- F(E)<tJB]- • F(E)<ll} 

=C<ll + C<tJB[I- F(E)<llB]- • F(E)<ll 

00. 2. 28) 

00. 2. 29) 



-C<I>- C<I> 

=0 

l! ~ 7'G Jilt T '11 }11! 1 0. 2. 1 (J(]YE IIJL 
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<10. 2. 30) 

• 
~ff1Jil{EjjJJ:JiiEIIJH£Jm 10. 2. 11¥.1~* T. 1BtiiEIIJJiE ATEA ~~&i1J! u=F<E>x 

r , ffiJf~t!f~$fllitiU£1¥.J,Jt~ F<E>~Il.J:\00. 2. 18>Wf~. :f~-~tt.~ii~J:E~t!f 

<A,B,C , D>~):£}11! 5. 4.1(J<J~~*t,T-~<SCB>%J:\. ~~~iiE,ffiJf~t!f~~~ 

A ;;;. * 0 * 
0 A ., - Bo, F,o 0 L .d Cd 

A+ B F(E) = 
0 * A~c * 
0 -BodF,o -BdF,I(E) 0 A;d-BdFd<E>+LddCd 

B.?&, ffiJf~t!f:ff n;: + nc 1-t~HiE to:iE A< A ;,; > c c- f1l A<A~c > c c- o Wf ~, R~-=f ~ t!f 
~~ 

(10. 2. 31) 

~~J:£1¥.1 .~jjJJt:Jtii£19:1 ffi Jf~t!fB<J~J:Etl: 0 mm A;d ,Bd fll cd 1¥.1~~~~, ~~ ~~ ~ 

Jll ,Asn>tx B<J~J:Ef:E~ffl"r-1-*illllb-T ~t!f(J<j~J:Ef£ • W: ~t!f(J<j~~1ff:!il~ 
(10.2.32) 

xot i = 1 '2 ' ... 'md ' 

.i:, = A.1 x ; + L,,x , + L ,dyd - ~1B'I [F,1;F ;,1 .1· , + F ,S , (dx ;], 00. 2. 33) 
' E ' ' ' 

y, = C,
1
,x, Yd = Cdxd, <10. 2. 34) 

00. 2. 35) 

X "'d 

F,li = [ F~, F bli ], (10, 2. 36) 

<10. 2. 37) 

-
x,d 

<10.2 . 38) 
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00. 2. 39) 

X>t i = 1 , 2 , · · • , md , 

00. 2. 40) 

.Yd = Yd + F,1x, = cd .rd. oo. 2. 41) 

::lt9=' ,L,, = L,, - L,dF.1 o :1-JT n:iooi](JJ.ilZJfL tl:~ltOO. 2. 38) !9T~tt~~~I](J~Jt~ 

__ [I OJ r - , 
• * I 

00. 2. 42) 

:fit~:/J~OO. 2. 39) .._ (10. 2. 41) I](J~~JtJ~!i2t:1-J 

00. 2. 43) 

00. 2. 44) 

. 00.2.45) 

00.2.46) 

xt i = 1 '2 ' ... 'md ' 

00.2.47) 

*1HJi\i Kokotovic ~c 7 5li](J1lf~11i;IJ:IJ?*I](J*'f-lfHa*·_t~~~I](J~~tt~1~1!.ijH To :1-JT 
1GIU!l~.~ P, ~ P, :1-J.iE~n!j2t,i=1,2,···,md,f.l4,@ Lyapunov:/J~ 

P, CA~. )' +A~, P. =-I. 00. 2. 48) 

xt i = 1 '2 ' ... 'md ' 
P, <Aq, - Bq,F , )' + (A,1, - Bq, F,)P, =-I. 00. 2. 49) 

~:1-J A ~,~ Aq, -Bq, F , ~~:ifr~~I](J,J9fi:JJ!~I](J P, ~ P, ,~,~;ff{£1](]0 :fin:i~.:X. - 1-

Lyapunov i>i§ ~, 

"'d 

V( i ) = x :P, i, + ~ x :P, i, ~ 0. 00. 2. 50) 
i = l 
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(10.2.51) 

Jt.P ,Xr<~ ~A:ff~~£tf[B<J~1it~~.~it(*f.d Eo !lltl~~ft~JlJI.,f¥{£-1-fif-:1: E. >O,{t~~X;f 

4JJ:1- E E (0 .E. J 'v~o 0 !:lSI Jlt 'X;f J!Jf:ff (J<] EE (0 .E . J 'j:\(10. 2. 31) J9T ~ B<J-T * ~~~ A.mox 

fde~~$Tlli:l.~~B<Jo :i!~%~T~JJI! 10. 2.1 B<J~ 1 J.B!Y£19L 
""foo1f:MiYE~~JJI! 10. 2. 1 B<J~ 2 r.B!o ~~-Aiti,ff!.M.fajffml~.f\HI11Nii~~~Jf 

~~ r , =I lU r ; =I, f!P ®ii*~ <A, B, r ;;- 1 C, r ;;- 1 D) ~t;f~~lHT-¥ <SCB) :m5:to ~IH~ 

J:t oo. z. 18). re F<E>~J 71-.19 

[

co. 
Fo =- ~ 

FCE> = Fo + [ -
0 

] , 
F(E) 

c t.+F-:o 
0 

0 

Cob+ F bO 

0 

0 

F<E> =- [E-;;. 
E-;. 

Edb + F bl (E) 

0 

Edc Fd(E)+£ddl· (10.Z. 5Z) 

F, 0 

-F-:o 
0 

0 

-FbO 

0 

0 0 

0 0 

A=A+BF0 , B= o o 
0 B, 

Bd 0 
:ffT :i!l!!'~)(, nr~re H<s,E>EJ19 

HCs,E) = C[sl-A-BFCE>J- 1
• 

f&J§ -*~51: oo. 2. 52).~~~~ $tJfJ. .F<E>A:ff:mJ:t 

00. 2. 53) 
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{ 
1 1 1 } [J "'d J r<d = dilj.g 7 , 7 ,···,-"- , N =-

€ I € 2 € md 0 

T = diag{F,,, ,F," , ··· ,F"'" } 
I 2 d md 

Cm=[O F :, Fb, 0 Cd]. 00.2.54) 

*=ffl~ 8 :$':~!!! 8. 2. 1iiERJHf.JxtfM%5:t, ~~~~iiERA = Jtm <A ,13, C"' ):J!:t=JilJ :i2!~:iifl\ 
ffi&ff.Jo 19f~.m!QP11!!! 10. 2.lllJl!J~ E-o nt,:ff 

C,[si- A- BF<d]- '- o, 00. 2. 55) 

{£~-'jl-jif_t~,~®:~o ~~*'4-

c. ~ r. l~ 
-F:O 
-F~ 

- FbO 0 01 
- Fb, 0 0 = [0 

cb o o 
C, - D,F , 0 0]. 

0 

~ €-0 at ,:ff 
H , (s,e)- C. [sl -A -BF(E)]- 1

, 00. 2. 56) 

{£~ -ljl-jlij_t~.~®:~o mmJ:too. 2. 42)~J:too. 2. 43) '~lk -.®9a!II$;:J(J2!~J:t '!In~ 2 
:$:ff.JJ:t<2. 3. 19) ,ftffl:ff 

l* * 0 * j 
[ - -- J I 0 X 22 ( s 'e) 0 X 24 ( s '€) 

sl - A - BF (E) - = , 
0 * * * 
0 * 0 * 

00. 2. 57) 
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x 24(s,E) =(sl-A:. r -1L,.ICd[si-A;d +Bd Fd(E)]- I 

• {I- [Ldd + [d, (s[- A~, ) - 1 L.d]Cd[sl- Add+ Bd Fd(E)]- 1 
} -

1
• 

tl:~¥1J<A<!rl ,Bd ,Cd >~1rPii2!99, ii~;;f'~~-~ ,J9ft:J~:iVJ\l!Hli:99 o ~tl:~¥1JFd (E) 99!15~ 
t.l1i .IE~ 1 J1l! 1 o. 2. 1 9=' 99 19f~ ttllft, 9!HLHAB I J1l! 10. 2. 1 PI~~,~ E-o at. 

C[sl- A;d + Bd Fd(E)]- 1
- 0, 00. 2. 58) 

{E~PfOO...t:il,~l&~o ~J.It~ E-0 at ,X24 (s,E)-0 {E~VOO...t:il,~l&~o ~{!;_(it!!, PI~ 

ii£ 'lJJ ' ~ E-0 at ' 
X22Cs,d- Csl-A~, ) - 1 = Csl-A, +B,F, )- 1

, 

{E~VOO...t:il,~l&~o ~IUU~.~ E-0 at, 

H,Cs,d-C.[sl-A-BFCE)]- 1 -[0 H, Cs) 0 0], 

{£~ V 00 ..til.~!&~ o J!~:Jtmt T ~Jll! 1o. 2. 1 99iiEIJJJ o 

(10. 2. 59) 

(10. 2. 60) 

• 

{£Am~~~--~#9=t.M~99~~-*~·ftMJVttt@m~.M~~~-~~

'Jvft;ltt1-111f£99~ibtJ~, lt~ll H2 !!Jt H~ 1\'!flo {E~mHliHt.~fll~iliUi~{£ ATEA-C tf;!Jl 2 

9=' .~~:lt!!:iltf.fr& ijJ!Jt .Mm!I* F. , ATEA ~#Ji~@(tJ~~~~ :lt!!~~AJ9f ,m]i;fl B'-J H2 

fll R ., 99 ~ ibtJ , #WI tR: -T tt !tUN fnJ IlL 
~nA~~-99~r~99§•atoo••~·~99~~~oo•~~ 

{

i = A x + Bu + Ew, 

~: y= x. 

h=Cr+Du. 

00. 2. 61) 

Jt9=' , .rE _, .. ~~~ ,uE R'" ~~ibtJ~A ,wE R• ~;rHmtt7;1Jtfi A, y=.1· ~iJ!~ :i: ~ W. ,hE 

W ~ ~ ~ ~ ~~HiL ~ ~ C A, B)~ PI Ui ~ 99 , <A, B, C, D){£~~ ...t 79: ~ ~ ~ ~ .~ , 9!1J ff
ll99fiftfil.llm~~~~$tj~ 

u = F.r, (10.2.62) 

f.!f~~-~--00. 2. 6D{EW:~$1Jt1=.Ffrf 99ffiPF·-~ pg~~ ~, £!P ).(A+ BF)CC , Pfrt= 

~ 99Mtt7;JJ~Aw~~~-Wh99ffiPFffl.~f£ 



272 

Hhw (s) = <C + DFHsl- A- BF) - 1 E 00. 2. 63) 

1'19 ;liUHi1fi~tJVHto ~ffl{E)!-;Jrp~~ m Hz ~ H.., iift'-li&Jfo:IH!o Wfml'l9 Hz ii 
ft t£ i&J frll »!, i.t ~ iEWf:ff 19! ~~ ffi If~~~~ )E 1'19 ~ ~ & i1lt t£ i&J ~ rf:t , .ey. tiG -1-~ ~f&,Ht 
Hhw(s)I'J9 H z 1i1fi<.*f:ii~B;ff8]~~1'19 Hz1i1fl,JA!.m 2 :$':1'19)E)(. 2.4.5)0 J;J7115001'19 
ill m , ~ tn )E )(. 

Yi :=in£{ II Hhw li z I u = F.r ~~)E2:}. 00. 2. 64) 

~Mit!! , f;f-?ft 1'19 H.., '-l i&HOJ H!i.t ~ {EWf :ff 19!~~ ffi Jf ~ ~ ~ ~ )E 1'19 ~ ~ & iJJ! t£ i&J ~ rp , 
.ey. t!G-1-~~f&Jjvft Hhw (s) 1'19 H.., 1i1fi<.*fli~Btf8J ~~1'19 H.., 1[fi)E )(., JA!.m 2 :$':1'19 
)E)(. 2. 4. 5) 0 1g 7115 001'19lliffl '~ffl )E)(. 

y;, :=in£{ II Hhw II oo I U = F.r ~~~ } . 00. 2. 65) 

tl::f:J~J r:o 1'19f!ff!)E~~~ 'iit•~B9 0 xtrm ~ * 1'19-~ ~~, t~Jm - ~fltil~)E 1'19•rt:, nr 

k-( ~fifO it!! it. y;, o ii 'iit 1W ~ ffl :i! f-t 1'19:/J ri: * fifO )E y;, o xt 3! 1-~ §JIJrOJ »! 1'19 itHIB * Jl , ~ 
~@1'19w;ifnr k-(~~ ChenczzJ 1'19Ifloo J;Jfij•J§JA!.,J!-iJrf:tt15ii!Hi y;, E.r}~flffi)E, ~ 

lit~ E.~ 1'19 0 

:11:115 .~ mi~J ~<A ,B ,C ,D){E§H!IL.t~:ff/F~~-~ l¥111!'££, -TtltWHIIIfrlJH! <{£ Hz ~ 

H.., ~)(. "F )i.t~t!GJIJ-1-~ ~ l¥1~~& i11t~ ( 10. 2. 62), fj!~~ A+ BF ~~jfr~)E l¥1, ~ 
E:-0 Bt' Hhw (s)-0' {£~ 3JZ- 00 L~.~i&~ o 

~ ffl {£ ""f 00 .~, ~ Hz ~ H.., t£ i&J k-( liZ -T tit fuH/11 fOJ »! l¥1 WL iN i-9: r" r; ~ r o ~ ~~ ~ :1f 
~~JimA~titlF~~.re~~lm:Jtm<A,B,C,D)~~~j\(10. 2. 2)~j\OO. 2. 5)1¥1~ 
~~ff>~<SCB)Jf~j\ o -t 

~ E, := [~]. (10. 2. 66) 

~ ffl :ff ""f 00 l¥1 )E Jl 0 

)i:!IIO. 2. 2 ~mffi j\00. 2. 6l)Wf~}Rl¥J) )(.:ii~BtfBJ *~ 2:o ATEA i-9:itltJ:/J 
flit!!.ffl-**~ 2: l¥1 H z ~ H.., t£$1] J:) lit -T:fJt~f/llfOJH! o ~§Jijit!!,, 

1. ~ll*:fe ATEA-C tV.!JJ 2 l¥1-T-&iJJ!!t~~~ F, :ili;J;J 
F, = <D',D, )-1 <B:P, + D:C,), 

:J:trp ,P,>O ~f-tfi Riccati :/J:§l 
00. 2. 67) 

P,A ,. + A:,P, + c:c, - <P,B, + C',D, HD:D, )-1 <B: P, + D:c, ) = 0 

00.2.68) 
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aq fL !JIU :(£ l1l J:i\I aq A TEA ~ ~ & i~H* ~ , J9T % .lit aq JA w ill h aq ffi Jf ffl ii m ~ ~ 

E-o at A:ff l;,( ~ ttllfi:: 

II Hhw II 2 = II [C + DF(E) ][s/- A- BF(E) ]- 1 E II 2 - r2· • 00. 2. 69) 

I!Pll!J:ill(Jq ATEA ~~&i'J!~:I!:k-T 1: (J<] H2 7XftrtlfitHOJJli(JqfW,ffii!l 

y2* = J trace(E',P,E, ). 00. 2. 70) 

2. ~J;E-1-tf-:lt r> r;, ~O.~Il* ATEA-C tp,JIJ 2 "f=t(Jq F, Ji\;~1-J 

F, = (]J:D, )- 1 <B',P, + D:C, ), 

;lt"f=t ,P,> O :l!f-\:~ Riccati /J~ 

P,A , + A:, P, + C', C, + P,E,E: PJ i 

00. 2. 71) 

-<P,B, + C~, D, )(D:D, ) - 1 <B:P, + D:C, ) = 0 00. 2. 72) 

(Jqff, !JIUM-T jtJj-Jj\(Jq E, :(£l1JJ:ill (J<] A TEA~~& i'J!~~, J9Tf=1: (J<]JA w ill h aq ffi Jffflii 

i>Ei~A:ff~OO(J(]~tt: 

II Hhw II ~ = II [C+ DF(E)][s/- A- BF(E)]- 1 E II ~ < y, 

00. 2. 73) 

I!Pll!J:ill(Jq ATEA ~~&i'J!~:I!:k-T 1: (J<] H =y-7XftrtlfitJfOJJli(JqfWo 

3. ~ll* E, = o ,J!:(£[22] 9=t B ~~~HiE~ :l!:k-T 1: (J<] -T!JG!W~fOJ JlillJ !Wtt (J<] 1t:7t!.IZ,~ 

~flj:,!Jl1lx1ff~J21i;~(Jq F. <~mJE A~, ~~ft(J<]gf.Js!n ,ATEA ~~&tJ!~J9Tf=1:(JqffiJfffl 

iimfl Hhw < s .E>TAJE~ E-0 at-. 
, H hw ( S • E) - 0 • 00. 2. 74) 

:(£ ~ -f- 001:. ~ ,r;?: 1& ~ , I!P ff fiiJ A TEA ~ ~ & tJ! ~ llJ fW 1: (J<] -T !Jt fW ~ fOJ IlL 
iiEIIJJ *& A TEA i:iit(J(]~tt .I!P;rtOO. 2. 24) l!l:rt 00. 2. 66), ~ E-0 at, 

Hhw<s,E)- H,,hw(s) =< C. - D,F , H sl- A, + B,F, )- 1 E, , 00. 2. 75) 

:tE~-f-OOl:.~.r2:l&~ o !JIU*&AJ9T.ffll~aq~*<~ll~~[so]l!l[l2o]>, m:rtoo. 2. 67>/9T~ t±l aq 

!t~~~aq~~& tJ!~J9Tf= 1: (J(]ffiYfffliim~ H •. hw < s >T.!IiJE~ €-o Bt. 
II H ,,hw II 2 = r2 =;> II Hhw (s,E) II 2- r 2· • 00. 2. 76) 

m ;rtoo. 2. 71 >J9T~±t~~~aq~~& i'J!~J9Tf=1: aq ffi Jffflii iii§~ H ,.hw <s> T.l1i JEM 1t:7t 
Jj\ (Jq €. 

II H,.hw II = < y=;. II Hhw (s,E) II = < r 00. 2. 77) 

,g, z,.R~ E, =O,fffiiJ ATEA ~~&tJ!:it~J9Tf=1:(JqffiJff~iim~ H,.hw(s)=O,j!~~ 

~ €-0 Bt,Hhw(s,E)-0 :(£~-f-OOJ:.~ .~l&~ o 

lfi§, ffii1-Jr *~<A, ,B, ,C, ,D, ) :l!ti:llJ ~(Jq, i2::ff:X~~.~, :(£ C0 U c- 1:., ;1f _§_ 12: 
:ff::f:3t:~ .~ o ftff1t£~¥U.~1'- Riccati /Jti\00. 2. 68);fn(lO. 2. 72):ffit-(JqffJ¥ P,> Oo 

J!t{jGJlt 7 ~JllO. 2. 2 (J(]iiE~ o • 
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fn 

amm~oo~~~·~~koo~M•o 

f§IJ 10. 2.1 ~m~~oo. 2. 61) ,jt;9=t 

1 0 1 0 0 

0 1 1 1 0 

A= 1 1 1 1 1 ' 
0 0 0 0 1 

1 1 1 1 1 

0 0 1 1 

0 0 0 1 
-

B= 1 0 ' E= 1 0 (10. 2. 78) 

0 0 0 1 

0 1 1 0 

c = [~ ~ I ~ ~ ~]. D = [~ ~]. (10. 2. 79) 

ll95Gffl<A,B,C,D) E.~:2~~ 5 -19f~~*f~*f,f-¥<SCBH~J:\o m r'E~ jjJ ~~ ./9f~ 

lfi_1C~Xb fnXc ~ff{£ o {£ s= 1 tll:fl"WJ-1-~~~ ~~~~.~, 5HJIJ:ffWJ1- 1 ~fn 2 ~~ 

x~~.~ o ffillifl" 

A _ [1 OJ B _ [1 OJ E _ [1 1
1

J .. - 0 1' , - 1 1' , - 0 

C, = [~ ~]. D, = [~ ~]. 
1:§1-J E, ,t:o.~~~~~-TtltfHIJifllJJm~nTff!¥o 19f~,ftffl.R.1Ctl:~~~ H2 fn H= ~tlt 

12lbtJ filllm~ff!¥ o ~~WI -11 ATEA Jt:t!~:f1;J~M~ .1~HU~~& 11! 
1/e + 1 1 1 J 

1 2/e2 + 1 2/e + 1 ' 

(10. 2. 80) 

F = [F,Il F ,I2 J 
' F,21 F ,22 

00. 2. 81) 

~ ~ff ~~ )jtff!¥ H2 ~ H= 12lbtl fill lli o A+ BF ~ ffi ~til tiHlHHJij it M i!I :lilfftc I{£ ,\<A, -
B,F, ),-1/£ fJI-1/e±j/eo 

1. H212JbtJ ff!¥J:\OO. 2. 68)~ H2 f-tfl Riccati 1J~,1{J.¥!J 

[ 4 - 2J 
P, = -2 2 ' 

F , = [_ ~ ~] 
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ihtJ$1-J u=F(E)x,Jt~ 

F(E) =- [ 2/E + 1 1 1/E + 1 1 1 ]. 
- 4/ £2 + 1 4/£2 + 1 1 2/ £2 + 1 2/E + 1 . 

00 10. 2. 1 H~T fJTF~tfJffiJf~Uif Hz tiUt~>t 1/E 119~-ftOO o Hf&, E~f!ij ~ 1/E-= II>t, 

ffiJf~~ Hd'iUH~IPJ rz· =../6 =2. 44950 

2.7 .-----.----.----.-.-,--,r-rrr----,----,----,---,.....,..,-.,-, 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I 
---~--,--r,-rrrrr----~--,--r,-rrr 

I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 

- ~ - - , - -~- , - r r r r r - - - - ~ - - , - -~- , - r r r 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I 
- ., - -~- ., - r r r r r - - - - -r - - .., - -~- ., - r r r 

I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I 

2.5 - - - - ~ - - ., - -1 :1 - r r r r r - - - - -r - - .., - -~- ., - r r r 
I I I I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I 

~--ll _ _l_j_j_lj_Ll~--=r:==~~d~~~~~~W 
2.45101 lol 103 

1/C 

2. H= ~ihtJ M=f~~lm:JEID. <A ,B ,C,D>:J!tlfiJ i9!11911H5t ,{£ Chen[zzJ ~ E~2ii£f!ij, 

:im:i:J:R!¥~1- Lyapunov 1fflil 
A ,.S , + S.A:, = B.B', ~ A ,. T , + T ,A:. = E,E: 

.itfiJ!;..(~-3-iiJi\(10. 2. 72)/9T~ H= {-tfl Riccati 1ffliltfJ~itR'!¥o R'!¥I.ifi~1- Lyapunov 1f 
fliljjJ~ 

1 [1 S=-' 2 1 ~] 1 [2 T=-' 2 1 

y;, = /Amax(T, S , 1
) = 1. 618034, 

#M-fffiiJ r> y:.., ,it;OO. 2. 72>119R!¥fiJ~~:1g 

- - 1 - 2f [2f - 1 
P, - <S, -T./ f) - t -3f +1 1-f 

r&ilf!Jt~~!Itf F, 1-1 

- 2f [ f 
F, - t - 3f + 1 1 - f 

-1 J 
f -2. 

1-f]. 
f -2 
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[!;)!It, ~J:E-1- r > r :.o , m m A oo. 2. 8o) ~A oo. 2. 81) , nr ~~xt -r J't:Jt!J\ 1¥1 E.~ *'l ~ 
u=F(y,d.r ~-1- H~ r lXft~*'j~,.jt9=J 

2y4 + 1 
cCr'-3'1+1) 

4'10-r) 1 ' 
£ 2 ( y' - 3'1 + 1) + 

-2'1 +1 
E(Y4

- 3T + 1) 

4'f(y2-2) +1 
£ 2 ( y4 - 3'1 + 1) 

F(y,d =- _!_ + 1 
E 

1 

1 

1-J~IIJI!itlilL~ffH'£00 10. 2. 2 9=J~ t±l T PJT~~ffiJif*~:li::X~:nOO:xt Jill r-m~ Ill] y 

~ E ~00:1¥J7F:I:OO ,.jt!i!i:l+l:I¥J~~iiET~ff11¥JHEWT 0 

-------
' ' 

y=2.5. £=0.0 I 

\ 

2 -- -~, 
y=2. \ 

l!! £ =0.0 I ,· 
~ t--------,n--------=- ___ L6J ~_Gl4 ____ _ 
1<la 1.5 
+< 
1$ 
£ 
~ I 
~ 
~ 

~ 
0.5 

\ 

\' 

\\ 
\ ' 

\\ 
I ' 

\\ 
' . 

' 

y=l.62. £=0.0001 

o~~~~~~~~~~~~~~~~ 
10-2 lo- 1 10° 10 1 102 103 106 

ijj if\ rad/s 

00 10. 2. 2 f;Jj}f~tfttr..J:lil::k~#Gi: 

~fi-~~l±\·-~~--M~!i!i~I¥J~~~~ o --~~JF1-J 

{

.r (k + 1) = A .dk) + Bu(k), 

y(k) = C.r (k) +DuCk), 
00. 3. 1) 



J:trp,xE R",uE R"' fllyE RP 51-~IH~:~ l'tJ~~,fii}dll~lfL -fi}{XJN-ji(A,B)~"jj]"UO£ 

l'tJ ,[B' D']fll[C D]~~ntijf!J;I'tJ o jlj: - iJHI!ilii ~ 7)t:ff1ffiiJ/F~~.e.rr•&IMJ ... L 

fll~-~~~•m~•·•~~~~•l'tlN~~m•~$0 ~~--~~~-~~ 
ttl'tJ~*/FW~amrem~•~m•rr~~~~.~~•m::fffffiiJMfi5tmM~o ~*· 

Mfil'tJ*~/Fmm~•~~~~-o~®~T-Btt.amrr•~~~-~Tm~•~ 
ATEA }fr!o 

ATEA-D~·l 

~!AS~ 5 :&!l'tJ~JJI! 5. 7.1 *~;lf~~-m-JFI'tJ~~,tlfgAfll~l:tl~~ r,_ri fll r o, ffl 

j\(10. 3. l)~Wiitl'tJ.8B11'8J~- ~ ~~i!Jfi~~!H,-f,£<SCB) l'tJ%J:\ o ~ 7:1ffl~~, 

:ffi fi~ * f-F £ < SCB) l'tJ m l!ij% J:\ I tff:t( tl~ ~ll T : 
A:;. 0 0 L-;bcb L-;dcd 

B,E -;,. A ,, B, E~ L,bcb L,dcd 

A= 0 0 A;;. L~"c" L~C 

0 0 0 Abh LbdCd 

dE ;;:, BdEd, BdE!. BdEdb Add 

B;;;, 

Boc 

+ Bci. [c o-. Co, C ci, Cob Cod] • (10. 3. 2) 

Bob 

Bod 

Bo-. 0 0 

Boc 0 B, 

B= B"l-
On 0 0 ' <10.3.3) 

Bob 0 0 

Boh Bd 0 

- [c;. Co, c ~. Cob c~ l c = 0 0 0 0 cd , 

0 0 0 c" 0 

<10.3.4) 

- rl., 0 

J D = o 0 

0 0 

(10.3.5) 
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r 

A;:;. 
A,= 0 

BdE;t. 

00.3.6) 

ATEA-D '!17W 2 

i1: F , (I{J:i2!;JJTII1L@ ,\(A, - B,F , )CC0 ,tJ:fr F , 1g 

00. 3. 7) 

ATEA-D '!17W 3 

~ F< ~--t-~1it12~.~JE 

A~< = Ace- B<F< 00. 3. 8) 

~-1-~~12~ (~{]!~* o tl:~i!Jtt:~~ff-~ < SCB) (I{Jf.f11lt, I!P <A«, Be)~ jjJtQ(I{J, f*YE T 
F< (I{] fftf f.£ o 

ATEA-D '!17W 4 

t£~-~~.reft~~~~·ili*(I{J&M~Am~t£-8.~~-~~~&~~-12 
~ F,!;jjJ-~:lf-1-J 

__ rC ~. Coc C t.++F ;to Cob+ F~ 
F- ri Ed. Ed< F.d F~x~ 

E -;. F< E t, 0 

l!U%~T~1ttlltfBJ*~(I{J ATEA -~0 
~ fflff"F oo (I{]~ 1m o . 

Cod+ Fd01 
Fdd r:- 1

• 

0 

00.3.9) 

lEJI10.3.1 ~.ffl.J:\00. 3.1)~~(1{]*-~ ~.!iltl F 1-J.J:\OO. 3. 9)/9f~,ATEA ~~ 

& ~~ u < k) = F.r<k) :ft-:fl roo (I{Jf.f11lt 0 

1. ffi~~*-~ ~fa ATEA ~~& ~~/9f~~(I{Jffi ~*~~$fj[f~~ (I{], ifflilffi~ 

tt:V£{!1-J 

A<A;;-.)' ,\(A~<)' ,\(A:, ). 00. 3. 10) 

2. ~ 

c, ~ r. ~ 
0 

~l r~- ~l 0 D, ~ r. ~· 
cb 

00. 3. 11) 

H(z) : = (C + DFHzl- A- BF) - 1 = [0 0 H , (z) ]r ;;- 1
, 00. 3. 12) 

H,(z) = <C, - D,F,)(zl- A , + B,F , )- 1
• 00. 3. 13) 



~~--"~---~.~M~ATE~D~-2~--~~~~~~&~~~-~ 

F, .~fl1~rlfiiii£1l,ij ATEA iiitltJ J: .. t/Jfj!Jt!!Jf}j~)j(fW.ftt" l'ilJ Hz fiJ H= fiifitj 1:.1,& -Ttlt 
-~~mo~~~MM~•-~r~•~~~--~.~~-ffi~ 

{

x(k + 1) = Ax(k) + Bu(k) + Ew(k), 

~: y(k)=x(k), 

h(k) = Cx(k) + Du(k), 

(10. 3. 14) 

flltt'iit-~ ,xE lR" ~~~ .uE R"' ~fiifitj~ A ,wE R" ~5'~$-Tt.lt~A ,y=x ~l'!~:l:~ 

tf:l,hE JRP ~~ ~titfi~ti:lo fNii<A,B)~ItJiJUE~•<A,B,C,D>~l(!&mDI.ii;fi~~ 

•~o~~~~•ha~~a~~&•• 
u(k) = Fx(k), (10. 3. 15) 

~:fE~fiifitJD&:bD~~)E¥.00. 3. 14)B;j", Mt'~~ --~ I*J~)E~, f!P HA+ BF>CC0 o 
Mt'~~M-Ttt~Aw·tlt~-ti:lh~ffi~¥-~~~~ 

H h w ( Z) = ( C + DF )( zl - A - BF) 1 E 

~ HzEJ. H= 1il~<.!A!.~ 2 jJ)E)( 2. 4. 6>titt1Vl,1to Jg~~:/Jfj!,)E~ 

rz' := inf{ II Hhw li z I u(k) = F:r(k) I*J~)E~}. 

(10. 3. 16) 

(10. 3.17) 

y,~ := inf{ II Hhu· II = I u(k) = Fx(k) I*J~~~}. 00. 3.18) 
~=f y:., ~it- .~~~~~1flij" IV-~~ Chen[zzJ ~I f1= o J;]!iY .If!.® .!A!. .~fll~J!--;J~ 

~®ii y;, E.t:£f!fft~ 'f;§ffil~E.~~ 0 

il Fo , M =f <A, B, C, D)~ .If! & IMJ _t ii :ff ~~~.~~11ft£, -T tt fft¥~ fii] m ~a i!J ~ ~ 
~~~&~-00.3.15),{iH~HA+BF>CC0 fl] Hhw<z>=Oo 

rlfii®ii r.-ri fll r o ~~F~Jf~~~,~Af~JW.tl:l~~.rem~11!1:7Gm.<A,B,C,D) 
~~i!J.i:\00. 3. 2)~.i:\OO. 3. 5)J!Jfffi~M~*f;f-£<SCB>*ito ~ 

E ;: 

E, 

£ := r -1 E = E + ' . 
Eb 

Ed 

[E;l ~ E, := ~: . 

~fi1Jlrflfii~)EJ11!,g,~·fttB11'ilJ Hz fiJ H=fiifitj IV-.& -TtJtfW~~m~fW o 

00. 3. 19) 

:iEJII0.3.2 ~·.i:\00. 3.14)Jijf·ffi~r ~-ftt"IBJ¥. ~o ATEA iiitltJ:/Jfj! 
Jt!!ffl =f)j(ff!¥ ~~Hz fll H= ~ifitj J:J& -TttfiiJm~tw o M§JIJ;fi: 
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1. ~11:;\f:l: ATEA-D ~!JJ 2 rp 1¥1-T & tit it ~~~:l2J;fl.1-J 
F, = (D', D, +B: P,B, )- 1 (B ', P,A, +D', C, ), 

;Jtrp ,P,>O ~f-t~ Riccati :1fl.li\ 
P, =A 1,P,A , + c:c, 

00. 3. 20) 

- <A',P,B, + C', D, HD: D, + B1,P,B, )- 1 (A 1,P,B, + C', D, ) 1 00. 3. 21) 

1¥1~, 1Jl1J{£11V.ii.Z B9 A TEA ~~& tl!tltr, f)ff"1:_ B<Jb'- w flj h 1¥1 ffi Jff~~ i>S~A:fH~t£ 

II Hhw II 2 = II (C + DF) (z/- A - BF) - 1 E II 2 = y; ' 
I!Pli:IJ.ii.ZI¥! ATEA ~~& tl!tlt~ 4 1¥1 - 1- H 2 :fiittE:!i!itJtlt, rm H 

y; = / trace(E',P ,E, ). 

2. ~JJ::-1-tit .l: y> y,~ ;;?: O,~I1:;\f:l: ATEA-D ~!JJ 2 rpB<J F, :iltfl.1-J 

F, =[B', P,B, + D', D, - B', P,E, <E', P,E, - y2 J) - 1 E1, P,B.]- 1 

( 10. 3. 22) 

00. 3. 23) 

• [B ', P,A , + D',C, - B', P,E, (E1, P,E,- f J) - 1 E', P,A.], 00. 3. 24) 

;Jtrp ,P,>O ~f-t~ Riccati :1fl.lil 

I I • [B ', P,A , + D',c, JI _1 [B ', P,A , + D',c,J 
P, = A ,P,A , + C,C, - I G, I 00. 3. 25) 

E ,P,A , E ,P,A , 

1¥1~ ';It rp 

_ [D',D, + B:P,B, B', P,E, J 
G, - I I ' 

E ,P,B, E ,P,E,- f I 
00. 3. 26) 

!Jltl{fll:lf.ii.ZI¥! ATEA ~~&tl!tltr .». w fiJ h B<Jffiffffl~i>S~A:fltift£ 

II Hhw II = = II <C+ DF)( z/-A-BF)- 1£11 < y, 00.3.27) 

I!Pli:IJ.ii.ZI¥! ATEA ~~& tl!tlt~ 4 1¥1 - 1- H ~ y l'XttE:!i!itJtlt o 

3. ~11:;\f:l: E, =O,J!~~;k'f 41¥Jftl[~-fii]Jmi¥JJt:7t&,~~flj:,!JltlX>fff~:iltfli¥J F, 

< R~TIIL@ A~. ~J:Et£1¥J~~r~) ,ATEA ~~& tl!tltllJ t;l_ {tf)ff"1:1¥Jffifff~~ i>S~ Hhw (z ) = 

O, I!PfffoJ ATEA ~~&tl!f!tllJ;j(~ 41¥1-TtJt~-fiillm o 

i.itiiJ:I ~tH~J:Ell! 10. 3. 1lit;WiftU>tiBJ Hz ~ H~ E:!i!itJB<Jtitfl~:;!f:l:<~~[22,29,120, 

135]) ~liT iiE IIJL ti: ~, ;W; fttB;j" IBJ Riccati :1fl.lil 00. 3. 21) ~ 00. 3. 25) liT [:.JJfl Chen[zzJ 1¥1 ~ 

!}Jrpi¥J~~~f-t:1JA;;j(~o • 

10.4 tA>J 

10.1 :OtJL!tA;OO. 2. 6l)fjf~~tftl¥! H~ E:!i!itL 1Nii<A,B,C,D)~;tlllJ~i¥lo *11 
A;OO. 2. 23)11J1-!J C, =O,[§Jit;f:HJ.ii.ZB<J H~ AREOO. 2. 72)11J~1[flf~ .1-J 

P,A , + A ',, P, + P,E,E:P.I f- P,B, <D: D, )- 1 B', P, = 0. 



r > (y;Y = A.m •• <T,S-; 1
) 

B;f ,_t:)£ ARE A:flJE}Eff!¥o ;ltrp ,S,>O ffl T,';?::O ?HJIJ~ Lyapunov }Jfj 

A, S, +S,A:, = B, <D: D, )- 1 B', ffl A, T, +T,A~ .. = E,E', 

B9Wio lii)B;fiiE!lA: x;f-T y> y;., ,H=ARE aqJE}Ef(J¥:1-J 
P, = (S, - T,/r r I. 

~~_t, y;., ~~}E Hoo ~1fitJfllJI!B9f&f:t{fL 

10.2 ~f!t-1-:i!~B;ffB] ~t/tOO. 2. 61) ,;!tift 

C=[O 0 1 0], D=O. 
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~~~~~}£.<A ,B,C,D) B~~~~~fj~(SCB) B9%.Jt , t£ 1 f1l 2 :fliW-1-/F~~-~ ,ft:j 
X;j"Wf'jg 2o 

(a) ;J(ft:j)jizaq H2AREOO. 2. 68)aqf(J¥ P,>O,it)lf&{t{R y; ~[:J € :1-J~flaq H2 lX 
it~~& W!Jt~~~ F(E) o 

(b) fifft}Efi{t{R y;., o ~}E y> y;., ,;j(;j{j)jizaq H=AREOO. 2. 72)aqffllf P,>Oo lii)B;fit 
Jt:k,( Yffl€ :1-J~flaq H oo l:Xf:t~~&~Jt~~~ F(y,€) o 

10.3 ~m-1-1 )(aq~jf H2 :!OC H= ~1titJfii11li .~t/ttl:l£:1-J 

{

.i- = Ax + Bu + Ew, 

~: y = .r , 

h = Cr +Du. 
2: 1- rllJ »Em. nr k,( m JiJfil'l t¥J t1 ~ 11 ¥! * ff!¥ < ~ ~ c 16 o J ) • rtt B1 J;E :x. - 1- tJT t¥J ~ I!IJ t~t ~ t~t m 

h.ux.r = : = C,.r + D,u = [~] .r + [~]u, 
€U 0 €f 

ljltlX;f-T~t/tt¥! H2 7Xf:t~1fjtj~, i'ififfiuit~~[ijaq € tl~ll'~ H 2ARE B9ffllf P,>O *~~ifj, 

A'P, +P,A + c:c,- (P,B + C:D,HD:D,)- 1 <D:c. +B'P, ) = O, 

H2 l:Xft~~&~Jt~~lf$:1-J 
F<E> = - <D:D, )- 1 <D:c. + B'P , ). 

~fpJ:J.t!! .X;f~}E B9 y> y;., , ~t/tt¥! H= 7Xft~1titJ~i'if iffiu~ 00 B9 € tl~ H= ARE 1¥Jffl¥ 
P, > O mH~iiJ, 

A'P,+ P,A + c:c, + P,EE'P ,/y2 
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-(P,B+C:D,)(D:D,)- 1 (D:C.+B'P,) = 0, 

H= ?Xtt~~&i1!:Jt~~~~ 
F(y,£) =- <D:D,) - 1 (D:c. +B'P,). 

l3U£~L!t~.3J 10.2 Wf~a<J~t!t. 

(a) ~iiE dl~ H z ARE a<Jffi¥~JE~ £-0 at, 

[P, OJ 
p- ' • 0 0 

;lt9=r ,P, ~~.3] 10. 2(a)$)ta<Jffl¥. 

(b) ~~ y> y;. .~iiE £ tl~ H = ARE a<J~~JE~ £-0 at, 

P,- [p~ ~]. 
;M;9=J ,P, ~~.3] 10. 2(b)$)ta<J~. 

10.4 ~ltt:r.\<10. 3. 14)Wf~~a<J-1ttatfSJ~tJc.;M;9=r 

C = [0 0 1 0], D = o. 

tl:~.(A,B,C,D)~*~*li'F.<SCBH~:r\.t£ 0 ~ 0. 5 ~:ff~-1-::lf'~~-~.;M;tl'fxt 

~~ 2. 

(a) ;J(tfif.i\Za<J H zDAREOO. 3. 21)8<J~ P . >O,;j(f&fitffi y; ~Hz fi:fit~~&i1!it 
~~~F. 

(b) fl(A~f&fitffi y;, . ~~ r > y;. , ;j(tfif.i\Za<J H = AREOO. 3. 25)B<J~ P,>O,if. 

H= 7Xfit~~&i1!it~~~ F(y). 



11.1 ~~ 

~~~~~~--~~M%,ft~8~~TM~~d~W&M~R~ttM~~~ 

~o~M~~3o~~.~m$~~M~mfiT~A~~~o~~~~~~~~~~~ 

-~&·~~n.~mM~tt~A~-~~W~ffi*ffl·~-~~~H$k8~·0 

~~~~~~k-~T·tt--A~~~~£~.~~--~~~~8£-Tm•~ 
ffl, ~ll Jtit~ilitj ,~3CJf < noninteracting) tQ ilitJ, ~ tt2 $~ H&j!;f-~ ilitJ, Hz :Iii ft ~ i!itJ ~ H ,, 

:liif.:Jt~ilitlo ~~&Mr~~:fJtM~fOJ!ai<DDP)B~5:EI3 Basile~ MarroC9l J:J.])t Wonham 
~ MorsecossJ Mlk:, ~~iJ!iJii& Mr ~~:f}tffl¥~10]~ (DDPM) B ~ E13 Akashi ~ lmai[1J t:J. 
])t Schumache~ 126JMlk:o .fl}m-~, ~~& M ~ ~ $8~r ~~ttM~fOJ~ <DDPS), 
;IJ~mtl il:& -~ ~--~ r ~ ~ttffl¥~ IOJ IMI ( DDPMS) Jtjjlj El3 Morse~ Wonham[IOI] ' 
Wonham ~ Morse[osc.J ,lmai ~ Akashi[69J, Willems~ Commaultc153l ff1!1lk:o 

~=f~'iitd\fft~ij!IJ IJ: & i1J!r ~ ~ttfm~fOJIMI < DDPCM), ~~~ R~1~Y~~*o 
Hamano ~ Furutacsz J 1EIOJ!ai1t~~~~-~ JL~-f-2 fa] ,ff!.R~~iiJ T -@~~~fm o ili 
* ,ChenczoJ 1~¥1J T - til DDPCM ~ffl¥tt~W.:rt~f4, M-~J!-~ M~ilitJ~AiiJM~t!Pi til 
ti:~ ~~ffl-i!i§ft~ ~-.~ttl T ~~~flli~M o r.:i*, Koumboulis ~ Tzierakis[76J i:l1~ 
,'-f:l T :*=f~~--~~ftt~*o :liiili ,Chen ~czs J ~m TJ!hD-112:~ ···#*m T - ® 

~~B'.J~*o M=f/F~,@~~~f41¥J···~~[25].fijffl~ 5 -B'.J~~*f,f-~<SCBH~ 
~-~-~*·o~*~m-~*-~,@~~~#.~~~*-B'.JDD~M~~~flliM 
tt~ W.:rt:!l!!1~iiJ o ~~[25]~~~~M~m-m•tt~~*:&~ B'.J .M mi:Jt~:!l!!Mtk: T 
A~p.i]~B'.J DDPCM ~~H~tt~~~~~o ~ll* ~~tt~f4/F~,@ .Mtt~- tll~!Yf1~ 

-~--~:*B'.J$~;r\;~~o-~~~~~~DD~M*M~~m~~1t •• MT*• 
f"tfft o ~~[20]~[25] 9=' B'.J~*~*·~~·L' o 

~~--~ ,ftfil~L!t-112:~-tt ,B>f/F~*-B'.J DDPCM o ~- ~ B'.J;&~-J;J 

{

.i- = A x + B u + E w, 

y = C,x+D, w, 

h = Czx + Dz u + Dzz W, 

01.1.1) 

it9=' ,xE R" ~~~.uE R"' ~~ilitJ~A.yE lR' *iJ!tl:li~W ,wE R'' ~~tt.hE JRP ~
~~ W ,A ,B,E ,C, ,D, ,Cz-Dz ~ Dzz ~A~~~ mftB'..I~'iit~Wf o ~ )( ~r ~ 2:Q )tjjlj 
;&~ ll95Gtll <A ,B ,C2 , D2 ) ~<A ,E ,C, ,D,) o Ji!lj DDPCM .§it~:f.!G~'iit?J!IJ:I:& im~ilitj$ 
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u =Ky. (11.1.2) 

::1( l:j:T, K E lR"'x' , ~~~ffi~*mJA w iiJ h f~:ii Pi§f£ H hw (s) jg~, ep 
H hw ( s) = ( Cz + Dz KC 1 ) ( sl - A - BK C 1 ) - I ( E + BK D 1 ) 

+ (D zz + DzKD1) = 0. 01. 1. 3) 

ill:-tVJI!!. • ~'lit ij!~ :1: & 11! ~Jt.:ft rJ;J illS~~ 8<1 T-tltffl¥~ fii) 1m <DDPCMS) ~~ ~:m -1' ~[) IQ] 

Jt(ll.l. 2)8<J~1it~~:l:&11!,15f~~Jt<ll.l. 3)~.:lr..ffi~*m~~m~ A+BKC1 ~~~B<Jo 

~ff]{fj!- -;ll:j:T~~tl:l -~*mB<l DDPCM ~ DDPCMS B<J~~L'=o i~~*mJAt£'ffi!J 

•A~•n•tl:l:ft~~~B<l~*moA~Jt!!.~.~~~•---t~~~*m~. 

{

.i = A .r + B u + Ew, 

y = C1.r, 

h = Cz.r + Dzu, 

(11.2.1) 

:jtl:j:T, flYJt~Jl <A ,B ,Cz ,Dz ) !IX~" ~~~ ~8<1 o xt-'fj!~*m, ~ffl:m~~~H.JtJI!!.~~ tl:l 
DDPCM ~ DDPCMS ~Mfi B<J~f4<!l~~-f_t, M:ft DDPCM B<Jff!¥ IE -®~f_£1f~B<Jffi¥ ,~Jt 

Jt!!.~:il!!tl:l oii!~B<J~ .~ff]f]Jf&x7!7t~~H.JtJt!!.~f£1-t DDPCMS B<Jff!¥ o 
§)t ,f!Jffl~J.ll! 5. 4. 1 B<J*f~~IH-F~<SCB) ~~L**~:m ~r 8<1~~~~~~ r, , r, ~roo 

~~-m~B<J~~,r£~•A~•r£•tl:l~~1J 
.r, ho 

.r = r, .rb • u = r, C: ) . h = r 0 hd 

~ hb 

(11.2.2) 

.r, 
[ A,. 

L.hcb L."c" l .r. 

.rh 

Bd~d • 
Abb LlxJCd +Ao .Tb 

.rd BdEdb Add .rd 

[B" OJ n + BbO 0 (u")+ Eb w, 

Bdo Bd ud Ed 
(11. 2. 3) 
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[C1. Cb C1dJ== C1r,. · 

~IH~~~iiE.J:\01. 2.DB<J DDPCM ~ffr-TJ:\01. 2. 3)B<] DDPCM o nCF*.~ r. :1'1~~ 
~off~~ .{t~~ 

[A" A"] [E'] _
1 

aa aa _
1 

a r . A •• r. = . , r. E. = , 
0 A: 0 

01.2.4) 

[B~o J [L~b J r ;;- 1 B.o = , , r ;;- 1 L.b = ;: , 
B.o L.b 

(11. 2. 5) 

[
L ' J - 1 - ad - c -r. L.d- , , Co,r.- [Co, Co.] 
L ,d 

(11. 2. 6) 

Ed. r . =[Ed. E d. ]• C . r . = [Ci. Ci. ] 01.2.7) 

jt 9=' , <A~~ , E~ ) M ~liT ~ B<J o ~ fll :fi r mf B<J ~ JJI!, ~ B<J liE IJij ~ ttl T M -T ~ ~ ~ ~ B<J 

DD PC M , J9T :fi ~ fi{t f(J¥ B<J #g iiHl:. it o 

~Jill. 2. 1 ~Itt Ei=J 5:\<11. 2. 1) ~ttl B<J ~ ~ 4, jt 9=' CA, B, Cn D2 ) ~ti:liJ ~B<J o 4 

B<J DDPCM ~ liJ f(J¥ B<J, ~ 13. {)( ~ 

Eb=O, Ed=O, ker(Ci,) Cker{[C:· ]}• 01.2.8) 
Ed. 

jt 9=' ,Eb ,Ed ,Ed" Cg, flJ Ci. ~llJ:\ 01. 2. 3)-5:\ <11. 2. 7) J!Jf~5C 

i.iE II)J ~ 9i: - 1N: f.:L ~ ia: ~ ~ ~ ~~51: (11. 2. 3 ) B<J ~ 51: ' jt 9=' X. liT k-( :ill: - tlHJt :5t f(J¥ 

jgj\(11. 2. 4)flJJ:\01. 2. 7)B<J~J:\o 

(=> : ) ~ll* kerCC!. )Cker{ [C:· J }·JJIU~Yffff -1- K E R'"x', ft~~ 
Ed. 

(11.2.9) 

[

0 * 
= 0 0 

0 0 

: : :1 ~~~] 
* * * 0 

* * * 0 
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=0, <11.2.10) 

jt;q:t, * ;li!;:-.®x.*~~B<J~~o ~;&.K TAR.J:.\:<11. 2. 9)lf<J~$fjt$ u=Ky,llJ;j(ffl¥ 4 B<J 

DDPCMo 

( <= : ) &i:HIE, ~n* 4 8<J DDPCM ~ 11Jfri¥B<J, !Jl~:fft£ -1-~~ K E lR"' x' .~~~ 

Hh w (s) = (Cz + D2KC1 )(si- A- BKC1 )- 1 E = 0. (11. 2. 11) 

•%tt-~.M~~~~I&Mt$-~:Ji!::M~~~~~&Mt$.~B<J~·oM~MM 
Wonham ~ Morse[JssJ ~ Wonham[154l ,llJ~~ 

im(E) c V' <A,B,Cz, D2) =X,. 

MM~J.ll! 5. 4.1 B<J~~~t-F~<SCB>ttml:llJ~~ Eb=o ~ Ed=Oo fir*.~)(. 

W:= <A+ BKC I im<E», 

&P:iVJ\B<J <A+ BKC1) ~ ~ ~ :2 fa]§* im < E> 0 M J:.L ~ J:\ <11. 2. 11) * l!ij we 
ker(C2 + D2KC1) o MM~Sl . ~ 

We v · <A.B.C, ,D, ) ~X. ~ •pan{ l~ m· 
[!;) 1lt :ff t£ liJ frl ~ ~ T , ~ ~~ 

[
Ace Ace J [Ec J T - 1(A+BKC1)T= O , y - 1 E= 

N c 0 

<C2+D2KC1)T= [0 CC], W= span{T[~]}• 
jt;J:j=l, <Nc ,Ec )~ llJ~B<J o ~~~liE, T B<J%J:\11J jilj;~~ 

[
T. 0 0] 

T= 0 I 0, 

0 0 I 

J!£,T . B<J~f!l~dim(X,. ) X dim(X. )o ~ 

K = [~:J• 

(11. 2. 12) 

<11.2.13) 

<11.2.14) 

(11. 2. 15) . 

(11.2.16) 
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(11. 2. 17) 

;M;.:P, * ~~i'Vf-x:k~~(!<J~Ir!fo tl:~iljj\';(11. 2. 15)~;i:\';Ol. 2. 17)~'*ffffi~!r$ =: 

Jtgjl 

[[A~~ A~~ ] [E~ J [ q , +KoCJ. CO.+KoC!. J] 
0 A~; ' 0 ' Bd<E:J.+KdCJ. > Bd<E :t.+KdC~. ) 

J9T ~ 7f- (!<] * tit ii :fl x I!Lt ~ .~ , 9!tl <A~~ , E~ > (!<] liT~ tt ~ ll}J 

q , + KoCi. = 0 :fO Bd<Ed. + KdC!. > = 0. 

[!;!~ Bd (!<J~tlm~tt<JA!.)EJJ s. 4. 1> .;i:\';oL 2. 18>~ffl"r 

q , + KoCi. = 0 llJ Ed.+ KdC!. = 0 

[ q• J [Ko] + C!. = o 
E:J. Kd 

=> ker( CJ. ) C ker{ [~· J} 
Ed. 

(11. 2. 18) 

~~:lt.lllt 7 )EJI 11. 2. 1 (!<JiiEIYL • 

r iii~ - 1-:fl 8! :fO :fl m (!<] tt ~ • ~ ~ 1r t.l JA )£ JJ 11. 2. 1 (!<] iiE aJJ rr ffHf lfn~ (!<] 0 

tt I! II. 2. I {£ <A , B , Cz , Dz ) ~ tr: liT :12 (!<] 11HSt r , ~~];~ ;i:\'; <11. 2. 1) J9T 1aH£ (!<] 4 (!<] 

DDPCM :1ik liT f(!¥ (!<], 9!tl 19f:fl ffl¥ DDPCM (J<]Rft~l)!~ :1:!1 ~~ lr!j:PJ ~jf-~ 

(11. 2. 19) 

;M; .:P, E:i"' C:i. lll Ci. ~ll;i:\'; 01. 2. 7) 19f)E )C 

:fl 8! l'fJ :1ik, ~ll * C, = I. I!P 4 (!<] J9T :fl ~ ~ fl5 liT ffl -T & iJJL 9!tl CJ •. ~, :1ik ~tl 1;li ~ (!<] , ~ ~ '* 

ff ker(CL >= {O},)EJI 11.2.1 (1<]~ =: -t-:S'kf!f,I!P 

ker( Ci. ) C ker{ [~· J} 
Ed. 

liT I~IZ9J :lt!! fA J'L ~ Jlt, )£ J1l! 11. 2. 1 (!<] :S'k ftf t~Ht :1-J Eb = o lll Ed = o, ~ ~ f1r -T JL ~ :S'k f!f 

im<E>cv· <A ,B ,Cz , Dz ) .~~i:tl9f p.i]~ (!<Jftt~~~& 11! <DDP> r (!<J-=ftJtfuUMfll.JIIIPJ!f!¥ 

fl(!<J*f4 0 

r iii (!<] JE J1l! ~1ft.. ~ 'llfil! JE r l'fJ Rft ~ l)!~ it & lJJt -T tt fHIJI fll.J IE < DO PC MS > o 

~Jill. 2. 2 ~ m til ;i:\';01. 2. 1) ~JE (!<]*tit 4,;M; .:P <A .B ,Cz , D2 >:liktr:PJ :12 l'fJ ,9{tl4 

(!<] DDPCMS ~liT ffl¥ (!<], .¥:i J3. ~ .¥:i 
1. 4 (!<] DDPCM :1ik liT ffl¥ (!<] o 

2. A:~ (!<] ~ 1iE 00: fl5 {£ 3f tr:-*"-'¥- iii o 

3. :3?:Yff:{£ - 1- K E K' ;M; rp K~ll!RJ j\'; (11. 2. 19) J9TJE )(,~1ft A+ B K c I :lik$Tili ~ 
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r 

A ce .. 
A= 0 

BdE d. 

~:o 0 l 
c,=[CI. c,b cd]• B= B bO or;-'. 

dO Bd 

i!£ ,J9T:ff B<J-T~~~~o lli];a:;OL 2. 2) ~;a:;o1. 2. 7) J9TJ.ESL 
i.iEIIJJ ~~-~11 .~ffJ:iEj,;ff!Hi~J.E*~j,;;a:; 01. 2. 3) B<J%;a:;, Jt J:fl x. ill: - tv-it 

Jtfi!¥:1-J;a::oL 2. 4);flJ;a:;oi. 2. 7)B<J%Ao 

( ~ : ) ~0 * 2: B<J DDPCMS :Ji1:: jjJ fil¥ B<J , 9!tl 2: B<J DDPCM tl1 :m: jjJ fil¥ B<J o m 1i fi 19!: 11. 2. 1, 

2: 1¥-J DDPCM 19f:fffii¥:Ji1::A 01. 2. 19) 1¥-JK o 9!tl~~~Y£, xtfffiiJ K E K, 

[
Ace * l A+ BKC = r , •• _ _ _ r ; ' . 
o A+BKC 

(11.2.20) 

ffi J,f *~1¥-J~J,Efi~ ll_.ij, A:~ - J,E :N::-1'-~ }.E 1¥-J ~ ~, ffiJ H 3?: Y ff {£ - 1'- K E K, 151! ~~A+ 

B K c I :Ji1::$fj[f~J.E B<J 0 

< <= : ) J.E J1l! 1¥-J & :i:U* $ Jt R ~ re J: oo 1¥-J ie ~ & i1 * ~ jjJ VJ T o i! iM: je ~ T J.E 

J1l! 11. 2. 2 1¥-JYE~ o • 

~miE~ooB<J•m~-T~M~i!-~19fm~B"J~* o 

iJIJ 11. 2.1 ~m--t-;a:;oL 2. nl9f~~B"J*~·Jt!=fl 
-1 0 1 

0 -2 1 

0 0 -1 
A= 

1 1 1 

1 1 2 

2 2 -3 

1 1 0 0 

1 1 0 0 

0 1 0 0 
' B= 

1 1 1 0 

2 3 4 1 

- 4 -5 6 0 

[
1 1 2 3 4 01 ] 

c, = 0 0 0 0 0 

0 0 1 2 

0 0 3 4 

0 0 0 0 
' E= 

1 0 0 0 
18 

0 0 0 0 

0 1 0 0 
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*'1 ffl [ 8 7] l't-J *X 14 I. Jl ~ 1lV~ ~ ~ iiE , < A , B , Cz , Dz ) B ~ £ ;E 1!1! 5. 4. 1 (J{J ~ ~ * tiT> ~ 

<SCBH~:r.\ o ffffH<A , B ,Cz ,Dz) ~ti:llJ ~(J{J, {£ s= -1 f1l s=- 2 ~:5HJ~:ffWJ-t- ::p;Jt:~ 

J~,1-fWIT1- 11lfi'fl]2 ~Jfl'f.Jx!)lt~.~o JH'~.Eb =O fll Ed=Oo 
A •• = [- 1 OJ' E. = [1 2] 

0 - 2 3 4 

Cu, = [1 1], Ed.= [~ ~J. C1 . = [~ ~]. 
1~~~ ~iiE, (A., , E. )£ llJt£ (J{J, 1-'J Jk 

ker { [Co. J } = ker( C1 . ). Ed, 
:mli;EJI 11. 2. 1. llJ1~~Wd1tl'f.J DDPCM £ llJMI'f.J o M tt!OO: 11. 2. 1 llJ~, ~;E~tft 

DD~M(J{J~:ffW~~-~~~~~~~ 

K~ { E: ~] k, E R ,k, E U k, ER }· 

I!P1ffi!J KEKI'f.J u=Ky ~llJVJ)j(f(J¥~;E~tft(J{) DDPCM,fffi!Jf!1~ u=Ky )j(f(J¥~;E~tft 

DDPCM (J{J K ~'.lZ,~!ll6-TK o 

Itr* .1~~~ xw.~¥1J 

A=J[- : ! : ;jl. B=[~: ~j· c~=[~ ~ ~ ~]. l-3 -4 -5 6 f 0 0 1 

~:2jjJLtJ7~f-t 'ftff]_~.Jl], ·~ij!IJ•& i1:!~ ~ 

K = [= ~ -1~], 
-2 -20 

llJ 1-'J ;!k .Jl] ~ (J{J 7t ~ T tt M * ' 1* iiE f;fl * ~ tJt (J{J pg ~ ;E 0 A + B K c I (J{J f;fl * t& .~ ;!k ~:if _t {£ 

-1, - 2, -11. 276, - 4. 8372 fl]-0. 9434 ±j 1. 0786 o f§ .lit.~ (J{J DDPCM ~~f1Jff!¥tk: 0 

{£)!- i) .:P , ft ffl ~ JI - Ml/: ~ ~ (J{J DDPCM o ft 1f1 #f § )t ~· :±l fO) !HlllJ M tt (J{J '.16' ~ 

*-14 0 
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:iEllll. 3. I ~ ffi E8 3:\ <11. 1. 1) *)E 1¥-J *t!C J:o :!Ul=*= J: 1¥-J DDPCMS n:: PI fm 1¥-J, JJ!IJ J: 

&' ~ 7llij ,IE ""f 00 1¥-J ~ flj: : 
1. Dzz +DzSD, =O,:jt;J:j:t S ==-(D~ Dz) 1 D~ D22 D;(D,D;) 1 

2. im<E+BSD,) c V' (J:") +Bker(D2 ) 

3. ker(C2 +D2 SC,):::::>S'(J:0 ) nc;- '{im(D1 ) } 

4. S" (J:o) c v· (J:r) 

t£~ .-T~ fB]V' f!JS' B~£:(£~ 3 ~J:j:t)E)( To 

i.iEIIJJ tt;tc .:!m=*= J: 1¥-J DDPCM n:: Pifmi¥-J ,JJ!UJAJ:\:<11. 1. 3) H~PI~~ Dzz + DzSD, =0, 

:Jt 9=t S=- < D~ Dz )1 D~ Dzz o; < D, o; )to tl""f *, M*)E*t!C<ll. 1. 1) J.iizfflHH!M l±l & ~~ 
u = Sy + v <11. 3. 1) 

1
.T= <A+BSC) :r+Bv+<E+BSD,)w, 

y = C, :r + D, w, 

h = ( Cz + Dz SC 1 ) .r + Dz v + Ow. 

(11. 3. 2) 

JJ!~*m[136]99!i5=*=, PI t:J i.iEIIA ,X;f-=f;J:\< 11. 3. 2) Wf~I¥-J *t!C ,:(£ -~1¥-JJEJJIIJz;l]~iJHI:& ~ 

""f ' f!P 

{

Xc: = A cmpXcmp + BcmpY• 

v - ccmpXcmp + Ny' 
(11. 3. 3) 

~A~8)Etti¥-Jfttfm~~~n::Pifmi¥-J,~H&~""fooi¥-J~#-~tllij~: 

1. im<E+BSD,) c V' <i")+Bker(D2 ) 

2. ker(Cz +DzSC,) :::::> S " <io)n C! '{im<D,)} 
- -3. S* (J:o)C V' (J:r) 

i!.!f ,i" f!lio 7HJIJ~~<A+BSC, ,B,C2 +D2 SC, ,D2 ) f!l<A+BSC, ,E+BSD, ,C, ,D, )0 

:(£~ 3 ~Jfl B ~£i.iEIIA, :(£ fffPJ~~& ~f!l~ l±l ~A ""f, v· f!JS' ~~~~1¥-J, f!P i)l JJI! 3. 8. 1 

f!li)IJJI!3.8.2o!9ft:Jit~V· <J:r) = v· <i"),S' (J:o)= s· <i 0 ).~.lit._tooi¥-J 31-~flj:it 
~ffi"-=f}EJJI! 11. 3.1 1¥-J~flj: 2- 4o~:1gl'ft~~l±l&~R~-~z;lj~iJ~·&i'B!B'.J-~~t* 

'f'W~ .~~H~ .~flj: 1-4 ~*)E*t!C J: 1¥-J DDPCM Pifmtti¥-J&'Jl~flj:o t£~ ,X;j"-=f Dzz = 
0 1¥-J'f'Wm,)EJJI! 11.3.1 B9~-1-~flj:§z;I]~~¥1JtllijJE,#HS=O o • 

:iEJII1.3.2 ~ffiffiJ:\:(11. l.l)*)EI¥-J*t!C J:o ~X fU Y ~fffPJJ~~~ ker(X) = 
v· <J:r) fU im<Y> = s· <J:o) 1¥-Jtllijfi):)E'/jt~~ o:!IIH~: J: B9 DDPCM ~ Pifmi¥-J ,JJ!~""fooi¥-J1r 
llil~Y~ -1-fm N, 

[
XBJ [XAY XEJ N[C,Y D, J+ = o. 
Dz CzY Dzz 

(11. 3. 4) 
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~N:~;rt<Il. 3. 4)J9f1fff¥HfJ~-ft,ljl0fffiiJ1.1JfW 2: B<J DDPCM B<l~'ilt?J!~il&i1H¥u=Ky f.lij 

..IE K E A(, I!P K :Ji'::.:rt <11. 3. 4) I]{JfW. 

i.iE ~ :~UHf:!:~~ <11. 1. 1) I]{] DDPCM :1i':: I.1J fW I]{] , ~ J11! 11. 3. 1 I]{]~ flj: 1 ~ 4 &:' ~ f.lij ..IE. 
~J.ffi[136]8<J~:W:.~ff]I.1Jt:Ji[IIJL~J.!I! 11. 3.1 I]{J~flj:1~4 ~fft-Tr008<J~f4: s· (~)C 
v· <2:r );JJJ:ff:t£-1-m!I$ N ,ft~.fl. 

([ A E ]+ [B JN[C1 D1J)<s· (2:Q)Ef) R'')C (V' <2:r)E8 {0 } ), <11.3.5) 
Cz Dzz Dz 

2: ~fit -T 1J W <11. 3. 4 ) :ff :(£ -1- fW N . ffillL 2: B<J ff fiiJ & 1f ~ $ § ~fA: B<J -=f tit MUM fiil 1m 
I]{] ;/] ~ IJ~ :It.& i:Bi ~ 

{

Xom)>: A omp.Tom)> + BompY• 

U - Comp .Tomp + Ny' 
(11.3.6) 

tl5&:,~1f-1-nt/i.1E~flj:Ol. 3. 5)1]{]1{~~~m!I$ N. f§.1gfffiiJ'Mt~iJ!~:II:&i1!~ u=Ky 
I.1J. i!J(~ .1'1 

{

Xomp : * .Tomp +* Y • 

U- 0 .Tomp +Ky, 
(11. 3. 7) 

;ttq:t, * :Ji'::-@x;k~~B<Jm!I$. f§.llt,tlll:W: u=Kyi.1JfW2: I]{] DDPCM,ljlUKEN. 

fiFo .~ffJ~tJVj~ ,X;f"-'ffffiiJ NE Af,:fl 
(A+ BNC1) s· (2:Q )C v· (2:r), D22 + D2 ND 1 = 0, 

im(E+BND1 )CV* (2:r) ;JJI(C2 +DzNC1 )S' (~) = {0 }. :l!tt'fCJllt T~J.!I! 11. 3. 2 I]{] 

iii~ . • 
~J.!I! 11. 3. 1 ;JJ!~J.!I! 11. 3. 2 ~l:l:l T DDPCM fWI]{J:ff:(£f!B<J&:,~~f4. ~ffJJil!:(£~jffl 

;i!@~:W:~I:I:l-~~!*~~ DDPCM ;JJl DDPCMS l.lJfWf!B<J&:,~;JJIJE7t~fll: • 

• it 11.3.1 ~mffi.:rt<Il.l.l)~~I]{J~~2:. fi!H9:[CI D1];JJJ[B' D ~ ]ti5Jlntli 

f!k B<1 ,2:r tr: I.1J :12, 2:Q ;fi I.1J :12. ljlU 2: :(£ ~ 1lt 001 :It & i'1J! r B<1 -=f tit WHM fiil II< DDPCM) Jll.lJ fW 
1]{].~13.&~ 

( Cz + Dz NC 1 )( sl - A - BNC 1 ) - I ( E + BN D 1 ) + ( Dzz + Dz ND 1 ) = 0, 

(11. 3. 8) 

(11.3.9) 

liilllt, ~~~~ 2: I]{] DDPCMS :1i':: "ilJfWI]{J, ~ii fX ~ ;rt <11. 3. 8) Jiltj[_J3. A+ BNC1 Jl§~ 

I]{] . ~ ~ ~ ~ 2: I]{] DDPCM ;JJl DDPCMS I]{] fW till :W: :ff :(£I]{]~, ljl0 p;tj 1f ffi ~, ffi u = N y it 
-Jt!!.fifft~. 
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i.iEPJ.I ~flltt?tii£~ DDPCM 11f£SL :!lll**flf:Ol. 3. 8)Ji\t.ft,91HIH~~Ht:±lu=Ny PI 
fm 4 89 DDPCM. &i:HJE,:!IIl* 4 89 DDPCM :likPJfli¥89,91H1H~UEJ11! 11. 3. 2 PI~~;(f:(:E-1-
~I:~~itN, Pifm 4 89 DDPCM 89ff~~'lltlmHI&im~ u=Ky ~&:'@i~)EK EN. 4r ;;lik 

tr:PJ~, [B
1 

D~ ]:lik~fk89*flf:T .ttHm~ 5 :$':89~~7tfli¥PJ~ ,f¥:(:E~I:~Jf89~~ r.
r o ~ ri ,{31!~~ 

(11. 3. 10) 

(11.3.11) 

(11. 3. 12) 

(11. 3. 13) 

-1-~~, f§Jlt:ff K= N, *f4<Il. 3. 8) Jilt.ft. 
f§:1gffifF*t1t89ii~tt:likffi A+ BNC1 89~{if{ii~)E89 ,JYTJ:J DDPCMS 89~*:lik~~ 

19'JH89 . • 
TOOftffl~~m~~*tfe~~JEffE~ 11. 3. 1 rp*f489ffi£SL. ~ffl~Jtl~ 5 :$':89~ 

~7tffff!t*<SCB)jEJ:\<11.1.1)~~89*tfe 4 71-fWHlJ-T~tft. 1\~tf®,ftffl~fN~)E 

J1l! 11. 3.1 rp89 DDPCM PJ"fmtt89&:'~*flf::lik~JE89. VJT~:lik~tf:;--7!. 

DDPCM-R. 0. S. iUS 1 it. 
N=-(B1X 1XB+D1

2
D

2
)t [B1X 1 D 1 J[XAY XE][Y

1

C~J 1 1 
1 t z CzY D zz D~ <CJYYCJ+DJDI), 

?'&.FoM~~~tft 4 fiiZJtlfili~ :±1& 1m u =Ny+v.t=~-1-tfi89~tft 

{

.i:= <A+BNCI) x+Bv+<E+BND 1)w, 

y = C1x+D1w, 

h = (Cz +DzNCl>x+Dzv+Ow. 

(11. 3. 14) 



ffii _§_:fl im(E+ BND1 )CV* (~r) 0 

DDPCM-R. 0. S. -HT• 2 

~-1-~~~:Jf!1t~ rm .{t~i 

it'P ,D~.o:flfij;:fifL 
DDPCM•R. 0. S. -HT• 3 

_ 1 D [D1.o J Dim : = r :" I = 0 ' 

f!Jffl~ 5 i,t(I9~~~1Htr-~<SCB)4~~~~#1t~ r, ,rj ln ro, I!P~ 
Xc Vo ho 

.r. Vd hd 
.r = r, ' v = ri ' h = ro 

Xb Vc hb 

.rd ·v. h • 

~ii'J1t~Ja 89 ~tlf:1g 
Xc [A. BcEc• LcbCb LoCl X, 

x. 

B,:,, 
A •• L.bcb L.dcd x. 

+Ao 
Xb 0 Abb LbdCd .rb 

.rd BdEd. BdEdb Add xd 

Bc0 0 B, 

~I 
Vo 

+[;}· B.o 0 0 vd 
+ 

BbO 0 0 Vc 

BdO Bd 0 v. 

Xc 

[C!.oc C!.oa cl.ob C.od] x. 
+ [D~.o ]w, Ym = 

c~.~o c!.lb c!.ld c!.lc Xb 

xd 

ho 

~[I 
Co. Cob 

c~~ 
Xc I ... 0 0 

~I 
Vo 

hd 0 0 cd x. 0 0 0 vd 
+ 

hb 0 c., 0 Xb' 0 0 0 Vc 

h. 0 0 0 .rd 0 0 0 v. 

it'P 
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(11.3.15) 

(11.3.16) 
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B.o E. 

[
BcQ I [Eel 

A, •~ ~: [C"' c. C,. C,.], ~: •~ r ;'<E+BND,) 

[CJe c1. C1b cldJ== c~r, . 01. 3.17) 

~ .!N ~:lR<A+BNCJ ,B,Cz+DNCJ ,Dz)o ft111Jli:-;1P-t£;€¥JJ,J:\Ol. 3.16)~B<J5t 

fWJl:flrlfiB<J~t£: <Ace ,Be )){if~ jjf~B<J ,jUl:'= Xe ~f¥:(:£8<1~ ,.!N ~ti:jjf~B<J; (Abb ,C..)~ 

jjf~B<J,:tzll:'=xb ~ff::(:£B<J~,.!N ~;tjjf~B<J; ~ll:W=xe ll!xb ~~ff::(:£B<J~,.!N ~jjf~B<J; 

<Add ,Bd ,Cd )~/Jjjf ~B<J, ti:fl~~~ .~; A .. B<J~{if{t~ .!N B<J~~~.~ o :filE:fl 

~~~~~ii£,:(:£~JJI 11. 3.1 B<l*#rff Eb=O lll Ed=Oo iffliiJ:\Ol.l.l)liJ~~E 

B<l*~Ol. 3.16)8<1 DDPCM ~ffi'o 

DDPCM-R. 0. S. ~· 4 

~ r. ~-1'-~~~jf~~ ,ft~~ 

Co. r. = [CO. C g. ] , 

Ed. r . =[Ed. Ed. ]• Ee. r. = [E~. E ~.J. 

;lt~, <A~~ ,E ~ )~ jjf~B<J o 

DDPCM-R. 0. S ~· S 

~)(lf:tl!fi'~.ltf.J*~ _!R 1'J 

{

XR = AR XR +BRuR +ER w, 

YR = CJRXR + DJRW• 

hR = CzRXR + DzRUR, 

(11. 3. 18) 

(11.3.19) 

(11.3.20) 

(11. 3. 21) 

(11. 3. 22) 

(11. 3. 23) 
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[
Ace BeE~. J [Bc0 J AR = cc + c [Coc CO. ], 
o A.. B.o 

0 0 OJ r :-1 
I .. d 0 0 I 

J!gt%J&7JP!o 
~ n. 1-J XR 1Yf*f&~fB](J9~fUi. Hf&,n. Jm'/K"ItW-~tlf(ll. 1. UI'J<J!tfl n tHt~o 

w H~R~~• m, <AR .BR ,c2R ,D2R) ~::t~nr ~ I'J9, ti:fix~~ .~ 0 x-t r m .J:t< 11. 1. 1) ~~ 

I'J<J~tlf 4 faffi.J:\:(11. 3. 23) ~~I'J<J~M"~tlf 4R ,ftf11~)( 

JC: = {K I u = Ky ffl¥ 4 I'J9 DDPCM} (11.3.24) 

/CR: = { KR I UR = KRYR ffl¥ 4R I'J9 DDPCM}. (11. 3. 25) 

ftf11t£ritii'J<J~JJI!"fl}i.:lr.ffi.J:t<ll.l.l)~~(J9~tlf 4 fa~M"~tlf4R ZfBJ DDPCM 

I'J9 ~fit tt 0 

~mn. 3. 3 ~Jttm.J:toLLn~~I'J<J~t~t 4o ®ia:~JJI! 11. 3. II'J<J*ftt 1~4 ~t¥1Jftllf 

,@ ,ftfll:fi 

IC= {KR+N I KR E /CR}, (11.3.26) 

Jtqt ,N ffi.J:\:01. 3.14)~.':f:l o !il0.J:\:Ol.l.l)(J9 4 fa.J:\:01. 3. 23) (J9 4R (J9 DDPCM ltJ!Wti~ 

~ffti'J<J 0 

iiE IIJf 1-Jfij -~~ ffii~~-~ti, iNia:~j:~jf~~ r . = I, r; =I, ro =I far"' = I, 

i! ~ EB T 'E fl1 X;f DD PCM I'J9 fW t9: :fi ff {liJ ~ PfiiJ o ft fl1 7fWJ ~ * iiE ll)j ~ J1l! o 

~-~ ®ia:&ijj! uR = KRYR ~~t~t 4R I'J9 ooPcM I'J<J!Wore KR 7H;l!1-J 

[

Koo , Koii 
Kdo Kdl 

KR = ' 
Kc0 Kc1 

K •0 K •I 

!ilO KRE/CR~'*lf D2RKRDIR=O,j!~ll)j Koo=O fa KdO=Oo JYTJ:J.:fl 
ARx ==AR + BRKRCIR 

(11.3.27) 
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ti::ft ,KR E K:R~RJL~;J-FJT:fl~ s,:fl 

CRx (sl- ARx )- 1 ERx = 0, 

~~fftit!!.,Xif i=O,l,···,n-l,:fl 

[

ERxl 
E. •~ E+BND, +BK,D, ~ ~ . 

)(ij" *tft (11. 3. 16) ,J.illffl }E'Ijt~~:l:& i1! u= KRY mHtJ.¥lJ 
ARx I B~C.,, A,:= A+BNC1 +BKRCI = 

BbOCRxo 

Bdo CRxo + Bd CRxd 

* * 
* * 

(11.3.28) 

* * 

~I * * 
* * 
* * 

:J. 
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C.A~E. = 0, \:/ i = 1, 2, ···, n- 1. 

C,(si- A,) - 1 E,- o. 

ilii..EUi.§~~~tf:l D, ==Dzz +Dz<N+KR)D1 =Oo ~Jlt,u=<N+KR)y :JiUN:~tff.! (fl 

DDPCM l'flfW ,N+ KR ~K:q:t l'fl-1-:JC~ .10C~fft:lt!!., 

{KR +N I KR E K:R} c K:. 

~=tV iFHi u=Ky ~JN:~tft.! (fl DDPCM (flfW .M!~fJ 

Hhw (s) = (Cz + DzKC1 H si- A- BKC1 )- 1 (£ + BKD1) 

+ (Dzz + DzKD1) = 0. 

D22 + DzKD1 = 0. 

~)(. ·§:~ imCE+ BKD1) l'fl:iitHA + BKC ):Jf'~r~fBJ :.1-1 

W == <A+BKC1 I im(E+BKD1) ). 

01.3.30) 

( 11. 3. 31) 

(11. 3. 32) 

rn -r A+ BKc1 lll E+ BKD1 m~~'ilt~~ ,J9T ~:.1 T-~rBJw!'fl~)(.~ft~l'fl 0 ii~z., nw 
Cll. 3. 31 )l!J}jfljl(ll. 3. 32)~'*fiWCker(Cz +DzKC1), ffii~tHI~)(. r:iJ~fJ 

we v· <~.) ~ v· (~, ) ~ 'pan{ [~ m 
t§ Jlt ,ff::(:El{Jfj;,t~~ T.M!~ 

CCz +DzKC)T= [0 c c], W= span{r[~]}• 
;lt q:t , < N < , £< ) ~ r:lJ :fi 1'fl o Jll :(£ ~i .§ ~ ~ iiE. r:lJ :i2\; ~ T 1'fl% it :.1-1 

[
T. 0 0] 

T= 0 I 0, 

0 0 I 

(11.3.33) 

01. 3.34) 

Jtr:f:l,T.(fl~~~n,X n , o it~*·~KR ==K-No 1IP.f&,KR~A01.3.16)qot~~l'fl 

DDPCM !'fl!Wo ftflllti:-Wrel!l x. lf!.*JI*!'flr ~~71-!WiiJitC 11. 3. 18) ~:rt C 11. 3. 22) q:t 
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[

Koo Kol I 
Kdo Kdl 

KR = . 
Kc0 Kc~ 

K •0 K •I 

(11. 3. 35) 

~f!!W~HiiiE ,Dzz + DzKD1 =0 ~'*fr Koo =0, im<E+ BKD1 )CV* (~r) ~'*fr Kdo =Oo 

fff~~fll:ff DzRKRDIR=Oo liiJflt ,.J:\;(11. 3. 33)~.J:\;Ol. 3. 35)~P.Jj 

(11.3.36) 

[ CRxo J [0 *] 
Bd CRXd T. = 0 * ' (11. 3. 37) 

Jtrp ,ARx ,ERx ,CRxofO CRxd:!!OiiiJ.J:\:(11. 3. 27)~.J:\;(ll. 3. 29)fjf~)((I{J, * ~}RX~~~(I{] 
~12f: 0 f511-J<Add ,Bd ,cd >:J! i:iT ~(!{] .~n.Jj Bd :J!?tlftl1i~(I{J ,.J:\:01. 3. 37>~-fftr 

tt:l ,.J:\;01. 3. 36)fi].J:\;Ol. 3. 38)-~i:iJ1,Xtrfff:ff(I{J s,:ff 

CRx (sl- ARx )- 1 ERx = 0. 

f§Jlt 'UR = KRYR :J!~Wi"~tfe ~R (!{] DDPCM (!{]WI.)!~~ 

(11. 3. 38) 

K;C {KR+N I KR E KR}. (11.3.39) 

.M.:lilli!Ol. 3. 30)fl] (11. 3. 39) j:jJ~,K= { KR + N I KR E KR} 0 • 

riti(i{Jm~~,&-~~J*fW(£,1!P~fllfm~~'i!J DDPCM (1{]1C~!Wo m~ 11. 3. 2 -NJI! 
:(£ 11. 2 , rp 1' i!J (!{] ~ * 0 

-~ 11.3. 2 ;tJ.fttlt.J:\:01. 1. U~~(I{J~tfe ~.Jtrp~l2f:lm:JCm<A,B,CnDz >:!iX ~r 

:J! tr: i:iJ ~ (!{] o Jiltl ~ :(£ ~ 1it IJ~ :it & i1! r (!{] -T tJt WI *lllliilllli :J! i:iJ WI (!{] , ~ ll-& ~ ~ J.!l! 11. 3. 1 (!{] 

*f4 1~4 ~'i!Jft11i,@ ,jf ll 

(11. 3. 40) 

i Lo Ko1] 
K== r , o Kdl r ;;;1+ N 

•0 K •I 

[ Co. J [Ko1 J } c + q,l a = 0 • 
Ed. Kdl 

(11.3.41) 

Jt rp ' K • 0 fll K • I H:: ff fJiJ A :ff ~ ~~Ht tk (!{] ~ 1it ~ l2f: 0 



i
.r = A' x + c'l u + c~ w. 

y = B'x +D; w, 

h = E' X + D~ u + D~2 w. 
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(11. 3. 42) 

~~~~.~_§_f)l~~.ii*~B"J DDPCM :JikPifma;J-,2: B"J DDPCM ;f:JikPifmB"J. ffif_§_,:(UJ* 
.rQ :lik:tiPI l2! B"..ifS. ~ • * ~r.w JEHE~ 11. 3. 2 B".. ~ftt:. JYT vJ :fl"""F oo B".. m ~. 

mit 11. 3. 3 ~Itt E8 .):\ 01. 1. U ~(H£ B"J * ~ 2:. :llll * 2:q :Jik :ti PI l2! B"J, !RU 2: B"J DDPCM 
EJT:fi PitmB"..ffffiiJ li:t:tM~ •*~ o1. 3. 42 > mmm~ 11. 3. 2 B"..~ *1~¥JL 

~LHtiiffE~ 11. 3. 2 ~HE~ 11. 3. 3,ftffltr:±l.:llofPJ:t£ 2:r :Jikti:PIJ2!,:!0Cif .rQ :Jik:tiPIJ2!:, 
:!OC if 1W if~ :;!ik B"J ~ (£ ""f f&¥ 2: B"J DDPCM fiiJ IlL ~~'lit 1i ~ B"J :;!ik ,Ji :t1: f(f¥- m :Iiili:\ 01. 3. 41) JYf 

JR:m.J:t B"J~tt:/JN. ~PI ~;A1~ ¥11~~. ~.tit, f&¥:Jik1~~~itJf: B"J. 
ft ffl J£ :{£ Ul:- tlHtB!I! 2:" ~ :Jik tc PI l2! , 2:q ~ :Jik :ti PI l2! B"J ~ :m • .tit B•t. ~11 ffl ""f oo B"J. 7! 

1~¥11-1-~Pifal~ (irreducible) ~llfl" * ~, E"iif t;J. **:lt!!. fa11-t DDPCM 8'-)f&¥. ~lfc,~-~ 

:llll""f: 1>'-~J.ll! 11. 3. 3 Pit;J.m~:lt!!.~iiLW-*~B"J DDPCM ~ffr'f-1-~fi;H!f$B"J~I!b 
*~_rR B"J DDPCM,£:Jikl&§!Jf:*~V· B".J-1--=f#L ~J§.x;J-~W:~I!b*~·x;j£~1Jtl 

~mB"..~!lfl".m~-1-&B".J~I!b*~·EB"..~~Ilfl"flMUI:-~~~T.ftfi~~:lt!!.m•.tlt 

:t:tN ,1J:¥J1 *~~Pifal ~f.J. :fl""foo B"..~~-7!. 
R. R. 0. S '!VS I 

xt'f~~*~ 2:. EB".. 2:" ~:Jikti:PI l2!B"J ,2:q ~:Jik:tlPIJ2!B"J ,J.iiiJtl DDPCM. R. 0. S ~ 
!JI1~DDPCM. R. 0. S ~!JI 5 .1~¥11-1-~'iit~~ N ~-1-~llfl"*~ 2:R. ~ 2: •. R : =2;R 
~ N. :=N,Jt~ a=1. M 2: •. RB"JEJT1f~~~1.Jil-1-""f~;f, a. 

R. R. 0. S '!VIl 2 

XlT .r •. R •~ _)( -1-~I!b *~ .r.~R 1-1 

i
.r •. R = A:.Rx •. R + c:.IRUa.R + c:.2RWa.R. 

Yu.R = B:.RX0 .R + D:. 2RW0 .R • 

h •. R = E:.Rx •. R + D:.IRUa. R• 

(11. 3. 43) 

:llll*I.ooB"J*~ .r:.R~ftlij,@~J.li! 11. 3.1 B"J~ftf: 1~4,Jj!U 2: B"J DDPCM i9:1fff!¥,;t1:N 

~1.1:. :llll*I.ooB"J*~.r::R~fmMUI:-~~!lfl".~ a :=a,ii. 1-1 .r •. RB"..~~Ilfl"V.:,:JH~J.I: 
JJI!. ::a!RU~¥11 R. R. o. s ~!11 3. 

R. R. 0. S '!VS 3 

M .r;RJ.iiiJtl DDPCM. R. 0. S ~!11 1 ~ DDPCM. R. 0. S ~!11 5, t.JG¥U ~ -1-~ ~ N 

<1-1 J§ooB"..mm. mllfilr~ 1-1 N. II>. vJ.&~- 1-~Ilfl" *~. tUoi~:lik .r.+J.R. ~JR 1-1 

i
Xa + I.R = Aa + I.RXa + I.R +Bo+ I.RUa + I. R +£a 11. RWo l- l.R• 

Ya + I.R = c.+ I. IRXa+ I.R + D.+ I.IRWa + I.R. 

h. + I.R = c.+ J. 2RXa+ l.R + D.+ J.2RUa + l.R• 

(11.3.44) 
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ii. ~ 2:. + I.R~~!Sfi",Wli:Jr~. :a91U~ a ==a+l.f&Fo~@li'J R. R. 0. S ~~ 2. 

~ftt~~*~(ll.l.1),;)t9=t 2:r ~~ti:llJ~.~ ~~;t)llJ~,ffiH~~lm 11. 3.11¥]~ftf: 

1-4 ~$VE!¥J. f!JJfl~lm 11. 3. 3,HE~ 11. 3. 2 fllHE~ 11. 3. 31¥J~tHIH~ilffiiii¥J~lm. 

lEll11.3.4 ~O*Im:7Gm<A •. R,B.;. R•C.;.2R•D.;.zR)~IlJ~I¥J , !jlUJ.:ilZJflm~ 11. 3. 2 !¥]~ 

* llJ J.V.f{!i 2: !¥] DDPCM. Af*~iji, ~n*~K •. R:1-J 2: •. R !¥] DDPCM FJT;fff(li!¥]~~, 91U 2: !¥] 

DDPCM FJT:ffi¥Jf(!i:(£ a 1-J~mtka-J-1g 
K= { K .; .R + N I K .;. R E K:.; .R 'N = Nl + N~+ ... + N.} ' 

a~~mfka-t1g 

K= { K ~. R+ N I K. .R E K •. R ,N = Nl + N~+ ... + N~} ' 
~l!lH?'& .~n*Ka.R~~I¥] ,91UK~~I¥], ~p 2: !¥] DDPCM j5t:fffffnJf(!i. 

ftfiJfl~iiii¥JM~*M~kiiii¥J~*· 
1Jtj 11. 3. 1 ~ m Elut 01. 1. D ~ ~ ~¥J * ~ , ;tt 9=t 

-2 0 1 1 1 0 0 0 1 

0 -1 1 1 1 0 0 0 0 

0 0 -1 0 1 0 0 0 0 
A= ' B= ' E= 

1 1 1 1 1 1 1 0 0 

0 0 0 0 0 1 0 0 0 

1 0 - 3 - 4 -5 6 0 1 0 . 

. [1 1 2 3 4 
OJ D1 = [~J cl = 

0 0 4 3 2 1 ' 

fll 

Cz = [~ ~ ~ ~ ~ ~] , Dz = [~ ~ ~]· 
001000 000 

(11. 3. 45) 

(11. 3. 46) 

1 

1 

0 

0 

0 

0 

f!JJfi[87]1¥Jitf4 IJUfHI!l~~~Y£ ,2:., let~~tr:llJ~-tf!~~tl llJ ~I¥] ,2:Q ~~tl llJ~I¥J, mi 
.fi~lm 11. 3.11¥]~ftf: 1-4 ~f.lliJEI¥]. :f1H~ DDPCM. R. 0. S. ~!JJ 1-DDPCM. R. 0. S. ~ 

~ 5 'ftf111~i'J 

[
- 2 OJ 

AI.R = 0 - 1 ' 
B _ [0 0 -

0
2. 2361 J ' 

I. R - 0 0 
- [- 2. 2361J 

E I.R - 1 ' 
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[ 0 0 J [1 0 OJ 
C.zR = -0. 2236 -0. 5 ' D1.zR = 0 1 0 . 

flr* ,:X;f 4l.RI¥J:x;ffM~tJc 4t.Rflilffl DDPCM. R. 0. S. ~ijJ 1~DDPCM. R. 0. S. ~ijJ 5, 

1~¥1J 

N z = [0 0 OJ' 
0 0 0 

fll~-1'-l!:tmf~tJc 4z.R .~li\1-J 

Az .R =-1.5, Bz.R = [0 0], Ez. R = [0 0.5477] 

Cz. IR = [ ~ l • . Dz, IR = · [~ ~] • Cz.zR =- 0. 9129, Dz .zR = [2 0]. 
0.9129 0 0 

f§ 1-JE I¥J~~*f-F~<SCB) ii:ff xb ,XclllXd?t:l: 'H~ <Az.R 'Bz.R ,Cz.ZR 'Dz.ZR) :li1o jjJ ~ 1¥10 
*'lfflftH-t: 11. 3. 2 1¥1~* .~ffH~¥1J-1'-~J:H-ti¥J:It~~II$ 

Kz.R={[:1 :
2 

°~ 3
5 Jikl,knk3 E R }. 

K= {K~.R+ N1 + N~ = [= ~- 5 : : ] k1 ,kz ,k3 E R l. 01. 3. 47) 

0. 5 k3 f 
~~~tJE DDPCM 1¥JfffPJ u= Ky I¥J~711j)f. K E K ,fffPJ K E Kl¥1 u= Ky :li1o~t1f4 1¥J 

DDPCM ~ o jft~I¥J:li1o, ~tJEI¥1 DDPCMS :li1o~jjJ~I¥J ,J!:li1o!;§ 1-J:x;ffffPJ.J:\< ll. 3. 47) f)f}j\ 

1¥1 K E K, jjJ J:J. ~liE, A+ BK C ft~ :(:£ o :ff -1'- IJ!!I ~ 1¥1 ~liE {iL 

r 00 1¥1 ~ J:ll! 7JP lk DDPCM 1¥1 ~~1m )M :i:HJG tt 1J §! 1¥1 ~ 1~ flJ 1¥1 'llf:J~ o 

~Elll. 3. 5 ~ll*llYJEm(A;; .R ,B;;. R ,C;; .zR ,D;;.z R):li1o~jjJ~I¥J ,JJ!Ijffi.J:\(11. 1. 1)~~1¥J 

~tJf 4 1¥1 DDPCM :li1o jjJ~I¥J, ~li f;i~ :X;fritii¥J-m$:7C$!ffi.J:\1J§!ff:(:£-1'-~K •. R: 

<Ca.ZR + Da.zRKa.R Ca. IR) <Ea. R + B •. RKa.RDa.IR) = 0, 

<Ca.ZR + Da.ZRKa.R C.. 1R) (Aa. R + B •. RKa.R C. .IR) 

X <E •. R +B •. RK;;. RD;;. IR) = 0, 

<Ca.ZR + D;; .zRK;; .RC;; .I R) (A;;. R + B;;.RK;;. RC;; .IR )"• 

X (E;;.R + B;;. RK;;. RD;;. IR) = 0. 

jffl£1. .~II* 41¥1 DDPCM 1¥J~ff:(:£1¥Jii5, ~a :li1o~~fla;f, jjJ~}j\j] 

(11. 3. 48) 
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K= {Ka .R+N I K.;. R :;1!01.3.48) (J';J~.N = N, +N~+ .. ·+N. }, 

01. 3. 49) 

~a ::J!fM~I'lat, 

K= {K~.R+ N I Ka .R :;1!01. 3. 48) (J';J~ ,N = N, + N~+ ... + N~}. 
01. 3. 50) 

H~ ,tnHI:!:;i:\01. 3. 48)~1f~(J';Jiii,~~*~ 2: (J';J DDPCM ~~1ff&L 

~liij"ffti£ 11. 3. 2 ~fti£ 11. 3. 3 Ji]d~¥JJ(J';J~ ,j\(11. 3. 48)::J!;kr K •. R(J';J~J:~f£$ 

J.m;i\1Jl'lL ]J1-Jjltl_t, jjJ VJ)A jj'fl 01. 3. 48) 1ft 7~ "* K;; .R 'ft~ )A* ~Ill ti A;; .R ,B •. R ,E;; .R' 

c •. IR ,Da.IR ' C.. zR ~ Da.2R fmUitk:~~~(J';J~ (J';J K •. R.ff:(:£:9kflf' ft~ *'J m Collins[39
'
40

] 1ft (J';J 

QEKAD~jjJ~~~~J9!I*o~R::J!1f~~~-~~.@$m•~-~-R(J';J:9k#o 

tnH!H~ffl RX>t $~(J';Jf'i{«~)l:~~~, 11~-Z, R~ ~;jtf:'JHE Grobner ~~ QEPCAD f§~~ 

(J';Jjj'r!, ~jjJ i:Ji\G¥1J~1f ~Jj!j\jj'fl (J';J~ (!A!. Cox ~c42l ) o ~ 1-it1L.t. (J';Jft~:(:£ ~i\G 2:.; .R 

(J';J fr;1 1ft :I! IIA ~ (J';J 0 

ftff1tl:;f.¥1J ,;:j(~ DDPCM (J';Jj{:tllfl'~tt, jjJ ffl rt'1:1'if«tt;;f(, ~ Jlt~~¥1JJ't-1f pg ~~ 
(J';J~ 'it iJm II: & 11! -T tit~ *M ~ ~ ( DDPCMS) (J';J ~ o JJ1- Jj!Jj _t, DDPCMS (J';J ~ jjJ )I :i1 

Collinsc39
' '

0 l (J';J QEPCAD fr;1~~ .~;J!f!;lj)~~tt:9R#PT Ji:i1-m1f ~(J';J ~:rjj!j\~~j\* 

~jf- 0 

11.4 tA>J 

C2 =[0 0 1], D2 =0, D22 =0. 

iiG ill ~1f (J';Jfr;1, iil:IIA ~~*~(J';J DDPCMS tl1::J! jjJ~(J';J o 

11.2 i.9:*~01. 1. U(J';J~PJfiiHf.J(J';Jj{:tllfl'*~1J 

i
.r •. R : A.; .RX.;.R + B.; .RU.; .R + E.;.R W.; .R' 

Ya.R - C.; .tRX.; .R + D.; .tRW.; .R' 

h.;. R = c •. 2RX.; .R + Da .2RU.;. R' 
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A.,,R=-1.5, B.; .R=[O 1], E.; .R=[O 0.5477], 

C.;.IR = [ ~ ·] ' Dii . IR = [~ ~] 
0. 9129 0 0 

c •. zR =- o. 9129, D •. zR = [2 o]. 
t±i: ,.y ~t/t(Aii.R ,B.,.R .C.. zR ,Dii .2R )~:IJ'Iij' ~~ o YE~: ~J.ill ~ $:JG~~~fl:$tm.J:\1JW 

01. 3. 48):ff-1'fe!L t§llt,~tHlii~Jll! 11. 3. 5,-~~tff~ DDPCM ~11Jf8¥~~ ~l:l:l~tll$ 

:rm J:t 1J w ~ J9T :ff llJ tm. 0 



12.1 ~~ 

::$:~"P£l<JJ9f:ffJt:ft;ti5E.:(£ MATLAB ~~~T ,;Jfl&~:(£-1-~jj~f.:t~t!CIJUi 
<Linear Systems Toolkit) B<J*Xf4§ "Po § $, W: I J'Ui B<Jiie.ffi II& 1'iJ !;,( ii:i::t I;§~ 1AAJ 1AAJ M 
http: / / linearsystemskit. net(~ http: / / hdd. ece. nus. edu. sg/ ~bmchen/)~~L ~1!fl'i]' 

!;,(ii:i:1:W:~~~-~fi£l<Jtt~ •• &~*~·#·hl·~~-l'iJii:i:1:*~·#1&~~1-I 
A."PJ9f:ffm~·B<Jffi.~#o E.~MB<J.ffiP&~ii:i::t*~·#~~-l&~IA.B<J 

~EII&::$:o~®.IA.B<J/1&&:1;)~1!r19f:ffo.ffiP~~~aM~k~GB<J.~ii:i:1:*~· 

#~l&~B<JIA·R~.ffir~~I~oF~:(£*~~1!r~l'iJB<Jm~~*fi~~*~~~ 

~l/H~fo 

~mi/I&::$:£J<JIA•rn!;,(~-®~~mmx#B<Jmm•J9fm~= 

~f.:t*t!CIA--/1&::$: o. 99 
2004 1¥ 8 JJ ~ ;(p" 

~~~t!CB<J?tfrl¥ 

ssct-i!~lltfa]l£i.~f.:t~#J?tfrl¥ 

dssd-~~B;ffEij~~f.:t~#J?tfrl¥ 

jcf- Jordan ~1i!?tfrl¥ 
rj d-~ Jordan ?tfrl¥ 

xim~~x~~~~t!t?tfrl¥ 

o sct- l'iJ %11. ~~ ~ #J ?tfrl¥ 
obvictx-XW.~~ttmfl 

bdo s ct- ?t tR M :fM l'iJ %11. ~~ ~ #J ?tfrl¥ 
csct-l'iJ¥-i~#J?tfrl¥ 

_ ctr idx- l'iJ f-i~#J ?tffl¥ 
bdcsct- ?ttRM :fM l'iJ f-i~#J ?tffl¥ 



s cb r a w- 19: :ff lR :5t ~ tJ! 8<J fJJ tv- ?HI¥ 
s cb- ji rt IJit fB] * ~ :5t!W 

dscb-~it!JitfB] *~:fr!W 

kcf-*~m!I$8<3 K.ronecker ~7i1*:5t!W 
morseidx- Morse ~~ftifl 

blkz-m~~A\ 

invz-~~~.~~ftj 

infz-:X;~~.~~ftj 

1 invt-ti:ltJ~f£ 

r_invt-:filtJ~f£ 

normrank-'M'~tk 

v star-~~~ltJX!\1.-T~fB] 

v minus-~~B<J~~~ItJX!\1.-T~fB] 

v_plus-~~~B<J~~~ItJX!\1.-T~fB] 

s_star-~~ ltJf-tT-~1~ 

s minus-~~B<J~~ItJf-t-T~fB] 

sylus-~~~5~ ltJf-t-T~ fB] 

r star-ltJf-tB<J~~~ItJ~T-~fB] 

n_ star- :fr:fflB<J ~~ ~-ey~ T~ fB] 

s _lambda- JL fnJ T ~ fB] S _ {lambda} 

v _lambda-JLfnJT-~fB] V _{lambda} 

~ It-T~ fBJ B<J:JE;ll 

ssorder-9C il: T-~ fB] fl~ff: 

s sin tse c- ~ itT~ fB] 2.3(: 

ssadd-Jc il: T-~ fBJ Z.:fll 

~~*~B<J:frWHo~tt 

ea _ ds- m II$ 5I:!: < E, A) 8<J :5tM 

sd ds-~~*~:fr!W 

invz_ds-~~*~~~::; .~~ftj 

infz ds-~~*~:X;~~.~~ftj 

l_invt_ds-~~*~ti:ltJ ~~ftj 

r_invt_ds-~~*~:tlltJ ~~ftj 

305 
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mpfact-:ii~MuJ\fi3{}L/~Jm[§ -T?tfm 
iofact-:ii~B;fiEiJ 1*1 9~?1-fm 1:§-T?tfm 
gcfact-:ii~) )(.$~~-T?tfm 

dmpfact-~~:lll]\fi3{}L /~Jm IN -T?tfm 
diofact-~~Bt IBJ 1*1 9~ ~ -T?tfm 

lDiMffl.ftl~ffftB.~M~~~ 

sa_sen-JDiMffl.ftB·~~~~ft 

sa act-lDiM~1-TftB·~~~~ft 

$T ili B;f tf> lO !M'M M ~ ~ ft ( ATEA) 

atea-Ji~B'fiEiJ ATEA 

gm2star-:ii~B118J H2 ~$1Jfiffl:{H 

h2care-Ji~B'ffB] H2ARE ~~ 

h2state-:ii~B118J H2 ~$!] l'f.Jf(ff 
gm8star-:ii~B118J &.o ~$1] l'f.Jfi{Jt{H 

h8care-:ii~B118J H~ ARE ~~ 

h8state-Ji~B;ffB] Hw ~$1Jl'l"Jf(ff 

addps-:ii~B118J-TtJtfm*1!1~~ 

datea-~~B;fiEiJ ATEA 

dare--1R~~B'fi8J ARE~~ 

dgm2star-~~B118J H2 ~$1Jf]kfit{H 

h2dare-~~B;fi8J H2ARE ~~ 

dh2state-~~B118J H2 ~$!]~~ 

dgm8star-~~B;fi8J R-> ~$1Jfifit00: 

h8dare-~~B;fi8J R~ ARE ~~ 

dhSstate-~~BtfBl H~ ~$1J~Wf 

daddps-~~B;fiEiJ -TtJtfm*1!1l'f.Jfm 

'Rtt 15 ~ HL& 111rF ~ -T fJt fm *111 

ddpcm-f¥15~ lil,& i1ff ~Tfltfm*1ii!OJHJI ( DDPCM) ~Wf 

rosys4ddp- Pffflrfm DDPCM ~/FPf)lJrf.J~~*~ 

~ k ~~tt*~IA~~§*fl66~m~~.~~-@m~~~~~A~.~~ 

nctw~•~m~~A~~-~.-~~~~~ooM~PT~~~~.&PT~~~m . 
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RID~~-~~~~~~-ili~~-tt-•IA~~~~m~~~~~.*~~ 

f1: :1-J I A~~ JlLP .f. Jilt , ;lt JXI. f& fU ;lt ftl!. ~ MA TLAB ~ .* ~ :t ~ ~-~ ~ . ft 111 ~ /1' p;j" if 
tJOir~*eg ,.fflp ~ J:JJA~_t~tiiJIA~~:Iiiif !l&*. 

SSD f.t~fttt'i~:$1-ffi¥ 

[D,T,nn,no,np]= SSD(A) 

x-t-1'1J~~~ .Mili ~iti~*X-tffJ~J!:: 

D ~ inv(T)• A• T ~ [~- ~o u :: 
;lt~ ,A-,Ao fU A+ ~*¥{i£{«:$j-j}lj~7f:li:A~1l-iti ,_tfUIJL.fl!7fti-*1Liti. 
tf!~JA!.. DSSD. 

DSSD ~ltp;j"fB]f.t~tt'i~:$1-fW 

[D,T,nn,no,np]= DSSD(A) 

~-1'1J~~~-ili~iti~*~ffJ~l!:: 

D ~ inv(T)• A• T- [~- ;o u :: 
;tt~ .A-,Ao fl! A+ ~*¥m:il?tiJIJ~~1l-itiltiwlll~ ,ltifll!IIL.fllltiwlll~~. 

ti!~JA!.. sso. 
JCF Jordan :ijH\1?1-fW 

[J, T]= JCF(A) 

t'~-1'~t;.HE1J~~~~Jit Jordan m.7tt~~~~.I!P 

inv(T)*A*T= J= 
[

J_l • J J 
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ii!~ _!A!. RJDo 

RJD ~ Jordan :fr~ 

[J,T]= RJD(A) 

J i = 

eig_i 1 

eig_i 1 

eig_i 

t'~-1-llfi~HE:/Jtl9~~~JOC~ Jordan ~1HJ~tl9~~.E!P 

inv(T)*A*T= J= 

[

J_1 • J J 
Jtq:t,4ij:1-tk: J_i,i= 1,2,···,kX1~99 eig_i !OC eig_i= mu i+ j* omiga_i A 
:ffrootl9*A: 

eig_i 1 

J i = 
eig_i 1 

eig_i 

Eig_i = [ 
mu i 

-omiga i 

OSD :£Im~~~tl91lf~ri5#iJ:fr~ 

[At,Ct,Ts,To,uom,oidx]= OSD(A,C) 

iS @I (A, C) 991lf ~ri5#i) :fr~ o 

ttu A~fl: 

Eig_i I 

Eig_i 

omig~_i] 
mu ~ 

x= Ax, y= Cx 

I 

Eig_i 



Ao * 0 ·•· * 0 

0 * I_{k_1-1} ·•· * 0 

At= inv(Ts)* A* Ts = 0 * 0 ... * 0 

0 * 
0 * 

0 

0 

* I_{k_p- 1} 

Ct = inv(To) * c* Ts = 

uom = /f'llJ~m~. 

~.Jh!. OBVIDX,BDOSD fll CSDo 

OBVIDX ~IS$M(A, C) 1¥-J~iJ!~tl:ffJf£ 

oidx= OBVIDX(A,C) 

~ @1--i'x~~ *'~1¥-lllT~mf£ 0 

~A~fl: 

X= Ax, y= Cx 

... * 0 

oidx = (A, C) 1¥-JilJ~:nJf£ 

tf!.~.Jh!. OSD fll CTRIDXo 

BDOSD jj!X;fffJilJ~tfi~?fffff 

[At,Ct,Ts,To,ks]= BDOSD(A,C) 

!e llJ~M (A, C) ~~iJJjj!X;fffJ llJ~lJ!rjtfi~?tffff:m o 

-A~fl: 
X= Ax, y = Cx 

A 1 0 0 0 

0 A 2 0 0 

At= inv(Ts)*A*Ts= 0 0 A 3 0 

0 0 

c 1 0 

* c 2 

* * Ct = inv( To)* c* Ts = 

* * 
* * 

0 

0 

0 

c 3 

* 
* 

A 

0 

0 

0 

c k 

* 

309 
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* 1 0 0 

* 0 1 0 

A i = 

* 0 0 .•• 1 

* 0 0 0 

c i= [1 0 0 0] 

ks: :ljk A_l,A_2, .. : ,A_k (I(J*'J'. 
if!~~ OSD ~ BDCSD. 

CSD x~Jt~~JfPJ~~ffJ?Htl 

[At,Bt,Ts,Ti,ucm,Cidx]= CSD(A,B) 

~@I (A, B) (I(JiiJlt~ffJ:frfl¥. 

-A~f!: 

x= Ax+ Bu 

Ao 0 0 

0 0 I {k_1--

* * * At= inv(Ts)* A* Ts = 

0 0 0 

* * * 

Bt = inv(Ts)* B* Ti = 

1} ... 
... 

... 
0 

0 ... 
1 ... 

0 

0 

0 

0 0 

0 ... 1 

ucm= ~liJlt-~ ,cidx= liJ~fj:ffff£ 

if!~~ BDCSD,CTRIDX ~ OSD. 

CTRIDX n!~X;f(A, B) (I(JiiJltt'J:ffff£ 
Cidx= CTRIDX(A,B) 

~ liD -1-x~ JIJ ~Uff. (I() liT lt tt m f£. 
-A~f!: 

x = Ax+ Bu 

0 0 

0 0 

* * 

0 I_{k_p- 1} 

* * 



Cidx = (A, B) tJ911J!lffifl 

-ill.~ JA!. CSD ftl OBVIDX. 

B DC S D ~ x.f 1fJ 11J !l tlf fliJ ?H~l 
[At,Bt,Ts,Ti,ks] = BDCSD(A,B) 

!EilJ!lx.t (A, B) ~~Jil~x.tffJ llJ!ltafliJ?HW~ 0 

·A~fl: 
X= Ax+ Bu 

.-w~fl: 

A 1 . o 
0 A 2 

At= inv(Ts)* A* Ts = 0 0 

0 0 

B 1 * 
0 B 2 

Bt = inv( Ts) * B* To= 0 0 

0 0 

A i = 

0 1 0 0 

0 0 1 ••. 0 

0 0 0 •.• 1 

* * * ... * 
ks: ~ A_1,A_2, ••• ,A_k tJ9:;ktj\. 

-ill.~ JA!. CSD ftl BDOSD. 

12. 2. 3 .iEJJIIJ ~!1c~~IUiltEJ.i 

SCBRAW VJ:flit~J'\tJ9*¥=J**~~(JA!. Chu ~[ 36J ) 

0 

0 

A 3 

0 

* 
* 

B 3 

0 

B i = 

0 

0 

0 

A k 

* * 
* * 
* * 

B k * 

0 

0 

0 

1 

[At,Bt,Ct,Dt,Gms,Gmo,Gmi,dim]= SCBRAW(A,B,C,D) 

311 

fEEI:J (A, B, C, D)~~tJ9j£Jil~ *'tlf?j-. i!Ji2:1ffE~~T~ fa] x_d Jtlt.J iiJfRJtft 
fitJ9VJ:!P SCB ~)'\. 

-A~fl: 
X= Ax+ Bu, y= Cx+ Du 
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x t = Atx_t+ Btu_t, y_t = Ctx_t+ Dtu_t 

Jt~ ,x_t= [x_a x_b x_c x_d]' .~lt7HJIJ~ dim= [n_a, n_b, n_c, n 

d]o Gms,Gmo fn Gmi= ~~Ji'/:11fn~A~~o 

-tf1~ !A!. SCB fU DSCBo 

SCB j!~IJitiBJ~~~'*~f,f, 

[As,Bt,Ct,Dt,Gms,Gmo,Gmi,dim]= SCB(A,B,C,D) 

rem (A, B, C, D);&~ B<Jj!~IJitiBJ ~~JtfD¥ffltf,f,?f!UfJ SCB %A, Jt ~~~r~ IBJ x_a 

Wt?tfl¥~~~ ,11Qi,W.~~fn::t:~~$7t<{£it~IJitfEi] ~)Ct.), x_d Wt?tfD¥~fR?tH 

bi8<J%Ao 

~A~ti: 

x = Ax+ Bu, y = Cx + Du 

~ lli~li<!A!.~ s :tin: 
. x_t= (As+ B_OC_O)x_t+ Btu_t,y_t= Ctx_t+ Dtu_t 

Jt~ . x_t= [x_a " - x_a " 0 x_a " + x_b x_c x_d]' 

dim= [n_a " - ,n_a" O,n_a " + ,n_b,n_c,n_d], 

Gms,Gmo fU Gmi= ~~ Jtfd /:11 fn~A~~ o 

-tf1~ !A!. SCBRAW, DSCB fU SSDo 

DSCB ~~IJitiBJ~'*~f,f,~ 

[As,Bt,Ct,Dt,Gms,Gmo,Gmi,dim]= DSCB(A,B,C,D) 

rem (A,B,C, D);&~B<J~~IJitiBJ~~JtfD¥~f,f,?ftB<J SCB %A,J't~~~r~IBJ x_a 

Wt?tfl¥~~~ ,llffi:?i'-~~;fn~~~ $?t ( {E~*B;f IBJ ~ )(_t), x_d W£ ?tfl¥ ffltl!!ilS 

JGbi8<J%Ao 

tllA~ti: 

x(k+ 1) = Ax(k) + Bu(k) 

y(k) = Cx(k) + Du(k) 

x t(k+ 1) = (As+ B OC O)x t(k) + Btu t(k) 

y_t(k) = Ct x_t(k) + Dtu_t(k) 

Jt~ ,x_t= [x_a " - x_a" 0 x_a" + x_b x_c x_d]' 

dim= [n_a " - ,n_a " O,n_a " + ,n_b,n_c,n_d], 

Gms,Gmo fn Gmi= ~~,t!l/:11fn~A~~ o 

-tf1~JA!. SCBRAW,SCB fU DSSD o 

KCF ~~~II$B<J Kronecker AAT.ti1%?tfm 

[Ks,U,V,dims]= KCF(A,B,C,D) 



;g@) ~m~~l¥1 Kronecker :m!.fri% '~m IE (A, B, C, D)fNiji£' ep 

[
si- A -DB]v Ks = U 

c 
Jt4' .~%~-It Ks ~Kronecker %.:r.\o 

na na 

nb+ pb nb 

nc nc+ me 
dims= 

nd+ md nd+ md 

mO mO 

rO cO 
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§.~T~ x_a,x_b,x_c,x d,I ~ 0 ;ffi~lf*l¥1 Kronecker tki¥J~f,((Jk!. 

~3-~~SJl)o 

-lli.~Jk!. SCB,DSCB ~ MORSEIDX o 

MORSEIDX .iE9ltl~mi¥J Morse ::t:~ffif,( 

[Il,I2,I3,I4]= MORSEIDX(A,B,C,D) 

X;f l~HA, B, C, D) f)f;t{5R I¥J ~m, :iS @I Morse ffi~ ::t:~jtl o 

Il= Jordan %4'1¥J ~l9J~~~ 

!2= !_2 jiJ= fjjjJJmffi~ 

n= r_3 jtl= tcm Jmffi~ 
!4= I_4 jtl= ::t:~~};~;:ffj~ 

r± ;l, IE.:r.\1¥Jjtl ffil* §.ffi::t:~~ .~ ~ Jordan tk 1¥J::k;J, o 

-lli.~Jk!. INVZ,INFZ,L_INVT ~ R_INVT o 

BLKZ $~Jt~mi¥J!IIi~~.~ 

bzero = BLKZ(A, B, C, D) 

:iS liD IE CA, a, c, D)fJT;t{7R ~mi¥JI!IUI~ .~ .--t-~ll'alpha'I¥JIIIl•~.~U~ 

H(alpha)= C(alpha* I- A) " {- l}B+ D= 0 

m~~ .~ -m~::t:~~ .~ 0 

-lli.~Jk!. INVZ o 

IWZ =1'~·~~IE-~mi¥Jffi~ 

zrs= INVZ(A,B,C,D) 

;g liD IE <A, s, c, D) flT;t{ 7R ~ m I¥J::t: 3r~ .~~ffi~ 0 

zrs= ~mi¥JflT:ff=1'~~.~ 

l±:l .::t:~~.~:ffa-t-tl1~.1-J~tm~ .~ o ?& ffi1, Fo ;'/i R ~MiiJ ~ ~liJX!t~ mJ;E:X. 1¥1 

<w;'/ir±: liJflmit!!.m.1-J~I::if!-tt~m) 0 

-tJ1~~ BLKZ,INFZ ~ MORSEIDX o 



INFZ iE!Jl~~t!f.B<Jxm~.~~~ 

infzs= INFZ(A,B,C,D) 

~@I EI:J (A, B, C, D) J9T~JR ~t!f.B<Jxm~.~~~ o 

infzs= Morse :nif!B<J I_4 :9tl 

-ti!.~J4!. INVZ,L_INVT,R_INVT ~ MORSEIDXo 

L I NVT iE !Jltl ~ t!f. B<J ft llJ ~fA:~ #iJ 
lefts= L_INVT(A,B,C,D) 

~@) EI:J (A, B, C, D) J9T~JR (!<J $~:1: ~ t!f.B<Jtz: llJ ~fj: o 

lefts= Morse :nif!B<J I_3 :9tl 

-ti!.~J4!. INVZ,INFZ,R_INVT ~ MORSEIDXo 

R I NVT iE !Jl~ ~ t!f. B<J :fi llJ ~fA: 

rights= R_INVT(A,B,C,D) 

~@I EI:J (A, B, C, D) J9T~JR B<J $~:!1 ~ t!f. B<J :fillJ ~fj: o 

rights= Morse :nif!B<J I_2 :91J 

-ti!.~J4!. INVZ,INFZ,R_INVT ~ MORSEIDXo 

NORMRANK iE!Jl~ *t!f.(!<J'ijt~~ 

NR= NORMRANK(A,B,C,D) 

~@I EI:J (A, B, C, D) J9f~JR~fi ~t!f.(!<J'ijt ~~ o 

-ti!.~_1\l. INVZo 

V STAR ~:lf'llJ~JLfpJ r~fBJ 

V= V_STAR(A,B,C,D) 

itlt:I±\-1'-~IS$, 't;(!<J:91J*JVtEI:J (A,B,C, D)J9f~JR~t!f.(!<JJL1PJr~fB] v" {*} o 

~~=t:~••~t!f.~•~Hra:J~t!f.••mmB<Jo 
-ti!.~J4!. V_MINUS,V_PLUS ~ S_STARo 

V MINUS l!~B<J~:If'llJ~JLfpJ-f-~fB] 

V= V_MINUS(A,B,C,D[,de]) 

ifJt:l±\-1'-~~, 't;(!<J:9rJ*JVtEI:J (A, B, C, D)J9f~JR~t!f.(!<JJL1PJr~fB]v" { -} o 

~ ~ , ~ 1A !OC de = o H , m fl ~ @I - -t- • g H IBJ * t!f. B<J r ~ I'BJ ; ~ Jl~ :(:£ 

de= 1 H .it•1l!~HfBJ ~t!f.B<Jr~IBJ o 

-ti!.~J4!. V_STAR,V_PLUS ~ S_MINUSo 

V PLUS :lf'l!~ B<J~ :lf'llJ~JLfpJ r~ IBJ 

V= V_PLUS{A,B,C,D[,de]} 

itJt: 1±\-1'-~IS$ • £ B<J :9tl *!Vt EI:J (A, B, C, D) J9T~JR ~ t!f.(!<J JLfpJ r~ IBJ v" { +} o 

~:1:.~1-A!OC de= o H.mf£~@1-•HfBJ~t!r.B<Jr~fBJ; ~!Jl~:(:£ de= 1 H.it 

• • 11t" rBJ ~ t1t. B<J -r ~ rBJ 0 



- 315 

-ill. ~ _!A!. V STAR, V MINUS :fa S PLUS . - - -
S STAR ~!iFiJ ~ JL fiiJ -=f ~ fB] 

S= S_STAT(A,B,C,D) 

it•l±l - 1-mjrtt, -t I¥J9rH~J£ E8 <A, B, c, D) JiJT:t{~ *' tfti¥JJLfiiJ .:r~ rBJ s" { *}. 

tt•.~1'~~~--~~*-tft:fa·8~~*-tft8A~ffli¥J. 
-ill.~JA!. S_MINUS , S_PLUS :fa V_STAR. 

S MINUS ~)E l¥J~liPlJ~JLfiiJ -=f~ fB] 
S= S_MINUS(A,B,C,D[,de]) 

it•l:l:l-1-mjrtt, 't I¥J 9tl 5*1£ E8 <A, B, c, D) Blf:t{~ *-tftl¥1 JLfiiJ .:r~ fBJ s " {-}. 

tt• .~iA!OC de= 0 ~,~~iS @1-M~fB] *-tftl¥1-=f~fB]; N Jild de= 1 ~,it 

••a~rBJ*-tft-T~ rBJ. 
-ill.~JA!. S_STAR,S_PLUS :fa V_MINUS. 

SPLUS ~~)E·~~JLfiiJ-=f~~ 

S= S_PLUS(A,B,C,D[,de]) 

it•-1-m~, -t l¥J9tl 5*1£ E8 <A, B, c, D) Blf:t{~ *-tfti¥JJLfiiJ .:r~ fBJ s " { +} . 

tt• .~iA!OC de= o B;f, ~~)S@l.MB>f1BJ*-tfti¥J-=f~ fB]; NJild{£ de= 1 ~,if 

··8~1BJ *-tfti¥1-T~ IBJ. 
-ill.~JA!. S_STAR,S_MINUS :fa V_PLUS. 

RSThR ~~1¥J-~~-JLfiiJ-=f~ ~ 

R= R_STAR(A,B,C,D) 

HJt:-1-m~ , -tl¥J9tl 5!EJ£Ei=l <A, B, c, D) !9f:t{~ *-tfti¥JJLfiiJ .:r~ ~ R" {*} . 

tt• . ~1'~~~--~~*-tft:fa•a~~*-tft•~m . 
-ill.~ _!A!. S_STAR, V _STAR :fa N_STAR. 

N STAR 5f"ffl I¥J ~~ ~~ aJLfiiJ T~ fB) 
N= N_STAR(A,B,C,D) 

it•-1-m~, EI¥J9tl5!EJ£Ei=J (A, B, C, D)J9f:t{~ *-tfti¥JJLfiiJ-=f~IBJ N" {*} . 

tt•.~1'~~~--~~*-tft:fll•a~~•tft•~m. 
-ill.~ _!A!. R _STAR, V _STAR :fa S _STAR. 

S LAMBDA JLfiiJ-=f~IBJ S_1ambda(JA!.~ 3 :$':1¥J)E)O 
S= S_LAMBDA(A,B,C,D,1ambda) 

HJt:-1-m jrtt, 't I¥J 9tl * 1£ E8 CA, B, c, D) BIT ~ ~*' tft I¥J s {lambda}, ;tt 9=t 

'1ambda'A~ 1¥J!OC~ l¥Jtf- :lt. 

tt•.~1'~~~--~~*-tft:fll•a~~•tft•~m . 
-ill.~JA!. V_LAMBDA. 

V LAMBDA JLfiiJ-=f~IBJ V_1ambda(JA!.~ 3 :$':1¥J)E)O 
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V= V_LAMBDA(A,B,C,D,lambda) 

itJt:--1-m ~, ~ l':f9 jtl * ~ tE (A, B, C, D) J9f *. ~ ~ !Jf. l':f9 V (lambda}, jf; ~ 

'lambda'~~ 1':19 :!!Ut 1':19 f;f-:1: o 

~•.~-t-~~~~-~~~!lt~•~~~~~•~mo 
iJ!.~~ S_LAMBDAo 

SSORDER Ji::l:r~fB]f.l~ff 

SS= SSORDER(X,Y) 

~~M-1-*~ffim~x~YB9~19f*~B99i::I:~~B9m~o 

~l±l~~: 

~ll:W: SS= - l,X *~l':f9r~f8]< Y *~l':f9r~f8] 

~o:W: ss= o.x *~1':19-T~fBJ= y *~1':19-r~rBJ 

~ll:W: SS= l,X *~l':f9r~f8]> Y *nltl':f9r~f8] 

~ll:W: SS= j= sqrt(- l),~ff17'C~~ffl*o 

iJ!.~~ SSINTSEC ~ SSADDo 

SSINTSEC Ji::l:r~f8]2,3(: 

V= SSINTSEC(X,Y) 

*Jf:M-1-*~ffim~x~YB9~19f*~B99i:M~~B9X: o 

v l':f9jtl*~7X:B9~o 

iJ!.~ ~ SSORDER ~ SSADDo 

SSADD Ji::l:r~fB]z~ 

V= SSADD(X, Y) 

*•~-1-*~rum~x~Y~~J9f*~~9i::l:~~~~ o 

v ~jtl*~T~~~o 

iJ!.~~ SSORDER ~ SSINTSECo 

~· ,_t 00~ ~~~l'fiO 1(! ,f!!:tf*f'llrlifltJfPJM~ .~liE* JLfPJ ~f4 ,f=~Jt~~ '71 A 
~ jf; ft!!. JL fPI -r ~ rBJ ~ #i §JIJ :ff m 1':19 0 

EA DS *fll¥-~:JJ~m~(E,A) 

[Et,At,P,Q,nl,n2]= EA_DS(E,A) 

ffl tE ( E, A) f1iJ ~~-m:::Jf ~ !Jf. 



Ex= Ax+· .. 

Et = PEQ = [I 0] nl 

[0 N] n2 

At= PAQ = [Al 0] nl 

[0 I] n2 

Jtrp,N~-1-·~~~.P~ Q~~~~#B<Jo 

if!.~),\!. SD_DSo 

SD DS )t~fl>tfBJ~#~tJCB<Jta~7J-fi¥ 

[Es,As,Bs,Cs,Ds,Ez,Psi,Psc,Psd,Psr,Gme,Gms,Gmo,iGmi,dim] 

= SD_DS(E,A,B,C,D) 

1"1: EB (E,A, B, C, D)/9T~~~#~t!fa<J!a~7tfi¥ 0 

tfiA~Jl: 

Ex= Ax+ Bu, y= Cx+ Du 

Es x_t= Asx_t+ Bsu_t, y_t= Csx_t+ Dsu_t 

Jt q:.' 
x_t= [x_z x_e x_a x_b x_c x_ct]' 
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dim= [n_z,n_e,n_a,n_b,n_c,n_d], 

(Es,As,Bs,Cs,Ds)~.fij{~t!f~:fllii]~B<Jf{:iimJlo Ez,PsLPsc,Psd ~ Psr 

~-®~--~-.~fiB<J~·~sB<l$~~-:fl~mJlo·~~. 

Psc*x t+ Psd*u t= Pst*x z - - -
Gms,Gmo ~ iGmi= ~~'~:±l~~~~A~~B<J:i~L :llJI'i,Gme ~~t~~ E 8<1 
-1-~~~#~~.Gme ~ iGmi 8<1~-~~-® s B<J$~~o 

tt~. M~1a~t.trBJ~#~t!fm~~m B<J 0 

if!.~),\!. EA_SD,SCB ~ DSCBo 

INVZ DS ~#~t!fa<J~~~.¢.i:~ta~ 

zrs= INVZ_DS(E,A,B,C,D) 

~ :±l EB (E, A, B, C, D)/9T~~ B<J~#~t!fa<J~~~-¢.i:~~ffl B<J!af!J 0 

zrs= ~t!fa<J/9T:fl~~~-~ 

if!.~),\!. INVZo 

INFZ DS ~#~t!fa<Jxi!&~.~~ftj 

infzs= INFZ_DS(E,A,B,C,D) 

:JS ffil rn < E, A, s, c, o) 19f~~~# ~t!fa<J :::c~~&~ .~raftl 0 

if!.~),\!. INFZo 



L _ INVT _OS ~jf *~(J(Jti:llJ J2fj: 

lefts= L_INVT_DS(E,A,B,C,D) 

lS @I Ei:J (E, A, B, C, D) EJT~m~jf *~ (J(Jti:llJ )2-fj: o 

-tl!.~JA!. L_INVTo 

R _ INVT _OS ~jf *~(J(J:tJjjJ )2-fj: 

rights= R_INVT_DS(E,A,B,C,D) 

~ttl Ei:J ( E, A, B, C, D) EJT~m~jf *~(J(] :tJjjJ )2-fj: o 

-tl!.~JA!. R_INVTo 

MPFACT J!~*~:Qf;j\:tlJ{iL /~)M f!FfJtfW 
[Am,Bm,Cm,Dm,Av,Bv,Cv,Dv]= MPFACT(A,B,C,O) 

it•JJ..~ f~~ Pl§f{mlr$ G( s) (J(] 1iJ ~m~ * ~ (A, B, C, D) (J(] :Qf;j\:tiJ Ul /~)M !;§ r 
Jt!W, ®-Ji[B' o'];fn[c o]~:lf::TA~ (J(], (A, B, c, o){fdUIIJ_t i9:~:11'~~ .¢.i: o 

:Qf;j\:tlJlli: /~)M !;§ -1-Jtfm~~ 1-1 
G(s) = Gm(s)V(s) 

Gm(s) = Cm(si- Am)"{- l}Bm+ Om 

:If:: a: ;J \ ftllli: :fn ti: liT )2 (J(] • ffii 
V(s) = Cv(si- Av) " {- l}Bv+ Dv 

:lf::iA..@ V(s)v'<- S)= I (J(J~jjf!;)yo 

-11!.~ JA!. !OF ACT ,GCFACT :fn DMPFACTo 

!OF ACT J!~IJ>tiBJ *~(J(J ~ j~ (!;) rJtfW 
[Ai,Bi,Ci,Di,Ao,Bo,Co,Do]= IOFACT(A,B,C,D) 

it-A~ ~Jil (A, B, C, D) (J(J~J:E iE!Jltl ffl~ Pi§ f{m lr$ G( s) (J(] ~ j~ (!;) rJtfW, ;Jt 
~(J(J[B' o']:fn[c o]~®iiH::iA~(J(Jo 

~ ;.~ (!;) -r 7t-~ ~ 1-1 
G(s) = Gi<s)Go(s) 

Gi<s) = Ci<sl- Ai)" {- l}Bi + Di 

:If:: ~ (J(] • ffii 
Go(s) = Co(si- Ao)" {- l}Bo+ Do 

~;.~ (J(] 0 

-11!.~ JA!. MPFACT ,GCFACT :fn DIOFACTo 



GCFACT ;ii!;il;~~~ )(.$~~-=f)tfW 

[Am,Bm,Cm,Dm,Au,Bu,Cu,Du]= GCFACT(A,B,C,D) 
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X1 Jl. :ff -ffl )i iii fA G ( s) 1¥1 ~ ~ (A, B I c I D) t' ~ J )( o$ ~ [§ -=f * fW' @ ii 
[B' o' ]~ [C D]~IUi~:fA~I¥J, (A, B, C, D) FJT:ff "~!If" I¥J ~~~ .f.UmU~: 1tJ ~ 
ll4 B<J 0 

})(.$~~-=f~~jg 

G( s) = Gm( s)U( s) 

Gm( s) = Cm( si- Am) A {- 1 }Bm+ Om 

~ :il!J' lfJ {iL ~ ti: nj ~ B<J ' ffij 

U(s) = Cu(si- Au) A {- l}Bu+ Du 

~ti1~ ,:t=tllJ ~~$Tilr~im B<J, l!P 
~I sl-> = IJ;f,u(s)u'<- s)-> I 

ftfl1ifi:)(fflf' ~ iliWHiB<J~.~ &•~tHt~i!J!!; " ~!It"B<J~~~£ o 

tf!~ _IX!. MPFACT ~ IOFACT o 

DMPFACT ~la~~fi:Jj\lfJUL/~Jm~-=f)tfW 

[Am,Bm,Cm,Dm,Av,Bv,Cv,Dv]= DMPFACT(A,B,C,D) 

xt Jl.:ff-ffliimfl~~ G< z) B<J"ilJ~iM~~~<A, s, c, o>it•:il'J'lll&/~im ~ -=f 

71-fW, ~~:t£1P-&IMI...tt2::ff~~~-~ o 

:&,J,lflm ;~im ~ -r~~ 1-1 
G( z) = Gm( z)V( z) 

Gm(z) = Cm(zi- Am)A {- l}Bm+ Om 

~:Iii: 'J' lfJ & ~ ti: "ilJ ~ B<J , t2: :ff x llll ~ .~ , rm 
V(z) = Cv(zi- Av) A {- l}Bv+ Dv 

~fA,@ V(z)V'(l/z)= I B<J~jj~-=fo 

tf!~ _IX!. DIOFACT ~ MPFACT o 

DIOFACT ~la!J;ffa] ~~~ ;.~[§ -=f)tfW 
[Ai,Bi,Ci,Di,Ao,Bo,Co,Do]= DIOFACT(A,B,C,D) 

it.Jl.:ff ~~(A, B, C, D), ti1~iEJJ!U-fflJi mfk G( z) 1¥J ~ ;.~ ~ -=f5j-fW o 

.·~ ;.~ ~ -=f5tfW~~ 1-1 
G( z) = Gi( z)Go( z) 

Gi(z) = Ci(zi- Ai) A {- l}Bi+ Di 
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Go(z) = Co(zi- Ao) " {- l}Bo+ Do 

~;rHt-L 

tf!~.!Ji!. DMPFACT ;fO DIOFACTo 

~oo~~~~~~~m?~~fiu~~~A~~.£R~~w~~~~ttE~~~ 

~ 0 ~~~~k~ffi~~-~ o M -~~~f~--~~-.M=~~~f~fiH~ 

~- 0 
SA SEN lMU~·-~-~~~ftC.W 

C= SA_SEN(A,B) 

~f~~~x~m~~~ 

x = Ax+ Bu 

~~~t\G¥1J- ~i'!~ :l:~ tlHie~ C, {\t!~~JYff'1: ~~~(A, B, C)J't.~WLm~~~ 

~fj: o 

it~'~~~ (A, sn>t ~~fitltilJZfi5 kj E 'm? ~~~AM :m ~~~~~ 0 

tf!~.!Ji!. SA_ACT o 

SA ACT Jmu~frH~-~~~ftC.W 

B= SA_ACT(A,C) 

~f~~~X~;/J~~ 

dx/dt = Ax, y = Cx 

~~~t\GiiJ-~~Am~ .{lt!~~}Yff'1: ~~~(A, B, C)J't.~WJ!l~~~~fj: o 

it~ .~~~<A, c>Xt~~fitlti¥fi5kJE ,fflp~~~AAA!l~~~~~ o 

tf!~ _IX!. SA_ SEN o 

ATEA $f:ifriJtf;f-;fll~{iE~~ftC.W 

F= ATEA(A,B,C,D[,option]) 

xtrJ 

x=Ax+Bu, y=Cx+Du 

1Yf-~~~-Bt~-~.~ffl$T:ilillt5~~;fll~t£M~DC.W~*~~f'1:~~& 

iJ!W u= Fx o fflp llJ rJ~Jffl'option'*~-~fi~* ,EJt)MuiiJJ!f~~·epsilon' 
*q~iiJ~~1t~~%M* o ffi~~ffj¥~l!iJHiiJ®illt~jJIJ~ ffl, :tlll H2 ;fO H~ ?j.:jifl\';~ 

l!iJJI'ii]/8i,rJ])t-=ftJtffl¥*11\fiiJ/8i o ~~iAi1Ji£~EJt option= 0 1Jt,~J¥:#f~>Jtfflp~ 
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A'epsilon'{l[,:jfjg@)~{i1[f~ o =6!J!~,ftll"= option= l.F~:Ji1;- 1-lV.'epsilon' 

::h ~ ~ 1¥1 f.f-% f(jL 
~-.mP~~fiMW*W~~AMmi¥1M~M~o~5:Ji1;~M~-~~ 

'epsilon'*~~-ftl¥1 o 

tf!~~ H2STATE,H8STATE,ADDPS f1l DATEAo 

GM2STAR )i~B;ffB] H21£ft!Jtif;Jt{l[.!OC:J!d!{l[ 

gms2= GM2STAR(A 1 B1 C1 D1 E) 

~ E1T :fp1JiJO:E 1¥1 ~ ~ & l1! 1£ ~ttl~ * , x>t ~ tfE 
x = Ax+ Bu + Ew 

h = Cx + Du 

~-H2~-~1£~~~1¥Jt&~{l[.!OC·~ey~ft~o 

tf!~ ~ H2STATE,GM8STAR f1l DGM2STARo 

H2CARE Ji~~fB] H2 ft~ Riccati :1JWI¥Jfrl¥ 

P= H2CARE(A 1 B1 C1 D) 

x>t'frim:ii~~rBJ*tffl¥1 H2 •~1£ft!Ht~ Riccati :JrW 

O= PA+ A' P+ c'c- (PB+ c'oHo'o) " {- lJ(PB+ c'o) ' , 

ftll * fffl ff ~ 1¥1 liS 'iS @) - 1- iE * ~ frl¥ 0 

~ ~ ' ~ ..13. f;J. ~ 1m 5G ~.R ( A I B I c I D) ~ s 4liJ ...t 19: :ff /F ~ ~ .~ ' D ~ ~~ ~ fk 1¥1 11f (:£ 

r- .iE-*~~~frl¥~f¥-~l¥l o 

tf!~ ~ H2STATE ,HBCARE f1l H2DAREo 

H2STATE f'Jffl ATEA :1J7!1¥JJi~~fB] H21£fttj 

F= H2STATE(A 1 B1 C1 D[ 1 option]) 

1"1:~~& l1!W u= Fx, t;ey;J(fr!¥ rim~ tffl¥1 H2 ~:fii~i£ft!Jf0]/m, 

x = Ax+ Bu+ Ew 

h = Cx+ Du 

eP».Ttlt w ¥1J~1£$ifgH:ll¥1 h ~PFffl:iim~9i!~l¥1 H2 m:~~m'J'-fto film 

GM2STAR,*~·f.&~{l[.!OC.f!ey ~ H2 f£~, ep gamma_2" * o 

fflPI'iTfJJffl'option'*~;Jf~{l[M"=•.!OC~M~m~~·epsilon'~~iiJ~~-ft 

f.f-%%.lto ~~iAfffi:£r.!OC~;Jf option= o,WFfW~ffl.F~A'epsilon' 

{ll,:jfjg@)~{llfffl o =6!J!IJ,ftll* option= l.F~~lV.'epsilon'::h~~l¥lf.f-% 

%.Jt 0 

tf!~~ GM2STAR,DH2STATE,ATEA,H8STATE f1l ADDPSo 

GMBSTAR Ji~~fB] H= i£ft!J 1¥JtifJt{l[.!OC.f!{l[ 

gms8= GM8STAR(A 1 B1 C1 D1 E) 

~ E1T :ff "i'iT m ~ 1¥1 ~ ~ & l1i 1£ $1J ~ * , x>t ~ tfE 
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x = Ax+ Bu + Ew 

h = Cx+ Du 

»WH=~-~~~~~~-~---~m~tt~. 

i:J!~JA!. H8STATE,GM2STAR fO DGM8STAR. 

H8CARE H=:ii~ftf,{ Riccati 1Jf'1~f(R 

P= H8CARE(A,B,C,D,E,gamma) 

~;ffroo~:ii~IJ;ffa]*~ H=~illtHtl!!: Riccati 1JW 

, , [s'P+ o'c] [B'P+ o'c] 
0= PA+ A P+ C C- E' p G

11 
{- 1} E' p • 

~ H=~iiJtJ. 

X= Ax+ Bu+ Ew 

h = Cx+ Du 

ii~, ~ H f~ ~ ll9 Jt~IHA, B, C, D) {HfUliJ 1: i9::fl ~ ~~ .~, D ~91J flllt'k ~, H 
gamma> gamma_\infty 11 * IJ;f(fljJ:ij GM8STAR m~;,t£}!!),i£*)E~)Ef(R~:ff 

{£~. 

i:J!~JA!. H2CARE,H8STATE,H8DARE fO GM8STAR. 

H8STATE f!JJ:ij ATEA 1Jr!~)i~IJ;ffa.J*~ H=~iiJtj 

F= H8STATE(A,B,C,D,E,gamma[,option]) 

1"1:-1-~~Ji i'1!:1:1M~ u= Fx, 'E~*f *~ 

X= Ax+ Bu+ Ew 

h = Cx+ Du 

~ H= y ~-~~llJi~f(R. llPbl. -=ftt w j!Jtft~Vfl±\ h ~f;fl~-ffl~~~~ H= fi! 

lj{Jj\f~~~·garnma'. 'garnma·m~~llit16,~::kfW~m garnma_\infty11 * ,)! 

m~;..tf!JJ:ij GM8STAR fji)tf{J)E. 

J:ij p m ~Jf!Jffl'option'*~~f,{-~ *' dJi:Cti.IJ ~~~!!:'epsilon'~~ jlj ~II{ 
1t~~~%~. {£ ~i:A fff~ r dJ21i;~ option= o. l'1 ff:~~>J(ffl P ~A 
'epsilon•m ,:ffl.!!ffill!!:mKR. ~JilL~!!* option= 1. F :11f~~J 'epsilon':19~ 

~!!:~~~%~. 

i:J!~JA!. GM8STAR,DH8STATE,ATEA,H2STATE fO ADDPS. 

ADDPS )i!:iiJitiBJ-=fiJtffR-~JJi~f(R 

F= ADDPS(A,B,C,D,E[,option]) 
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x = Ax+ Bu+ Ew 

h = Cx+ Du 

~A.~ftfW*~B.~~~~~M~ftwfi·~·Wh~ffi~~~~~~~ 

A·A·o~--~~---~~-~.~~--00-~~~-0 
Jfl? nJ !;.(*'j.lfl'option'*~~~OO:~ *, ~jj:i:J:iiJtt~~·epsilon'~¥11~~.-ft 

~~%%l!:o t£~1A'fltl£·""f~~~ option= o.~Ff-~3J(Jfi?.A'epsilon' 

fO:jf·OO~fO:fWo -s911J,:!lll* option= l.F.A~'epsilon'1-J~~~~% 

%l!:o 

-tf!.~Jh!. ATEA,H2STATE,H8STATE fll DADDPSo 

DATEA ~fltlfitfiij --~~{iE~~ftC'if 

F= DATEA(A,B,C,D) 

~if ~ ""f ~ ~ ftt lfiJ fiij •• 

x(k+ 1)= Ax(k)+ Bu(k), y(k)= Cx(k)+ Du(k) 

*'JJfl~{iE~ltJftC.flit:1J~~~-~~~& t1Jt~ilitJ~ u(k)= Fx( k) o 

~-.~~~~-*~~l!:~om?:a:~rrtt~~•~•AMm~~tiE~~ 

flit 0 

-tf!.~Jh!. DH2STATE,DH8STATE,DADDPS fll ATEAo 

DARE ~itlfit1BJ¥.ft~ Riccati 1J~~fm 

[P,err]= DARE(A,M,N,R,Q) 

~;f""fjjj~-lllt~fttlfitiBJ¥.~{-t~ Riccati :1Jtil 

P= A1 PA- (A1 PM+ N)(R+ M1 PM)A {- l}(M'PA+ N')+ Q, 

:!lll*fWf¥t£~il!i ,*'J.Ifl Chen ~"Robust and H- infinity Control, Springer, 

London, 2000"~~~~·~ft:1J~-00-~1E*~fWo 

e~r A~)(1-J 
err= IA1 PA- (A'PM+ NHR+ M1 PM)A {- l}(M'PA+ N')+ Q- PI 

~fm~~ o 'tnJ ~Jfi*~YE DARE fW~fWf~Dtt o. 

-tf!.~Jh!. H2DARE lfl H8DAREo 

DGM2 STAR ~ ftt lfiJ IBJ ~ ilitJ tJl ft f9: ~ il: -fifO: 

gms2= DGM2STAR(A,B,G,D,E) 

tE~~jjJ@~~~~~&tm~~~~.~--
x(k+ U=Ax(k)+ Bu(k)+ Ew(k) 

h(k) = Cx(k) + Du(k) 

it.H2~il:ft~~~B~t&ftfO:~il:{inJ~tt@. 

-tf!.~Jh!. DH2STATE,DGM8STAR fll GM2STAR. 



H2DARE JlfJtiJ;j"fB]~tft H2 ftf.{ Riccati :1J~(i(jf(ll 

P = H2DARE(A, B, C, D) 

xif-T""foo(!(JJlfltlt-tfBJ~tit H2 :fift1!dlfi1Jf-tf.{ Riccati :n~ 

P= A' PA+ c' c- <A' PB+ c' DH D' D+ B' PB) A {- 1} <A' PB+ c' 6)' 

!IIl:~ff!lfftf(i(}~ .~ @1-1-iE.l¥~(!()f(ll o 

t£;1:, ~Jl f3l~ I!Y:JC!.Il<A, B, C, D)~ii:PJ ~(!(), tfl)!{il: IM)_tfi~::;p~~~IJ;j", iE 

*~·~:fft£(!() 0 

-tf1~_!A!. DARE,H8DARE *" H2CAREo 

DH2STATE ~Jffl ATEA :1J$(i(J}lfJtiJ;j"fB]fijfilj 

F= DH2STATE(A,B,C,D) 

F~-1-.tt~& i1!Jt~~ u( k)= Fx( k), 'EPJ>J(ffll ""foo ~tit(!() H2 :fiftrilfiiJ 

fO]IJI. 
x(k+ 1) = Ax(k) + Bu(k) + Ew(k) 

h(k) = Cx(k) + Du(k) 

I!P-TtJt w¥1J·fi~ili h (!(JMJ.f~j81jij§f.{~~(i(J H2 m;f.{~-Tfi:ft{il gamma 

2A * ,J!Jij"t;A~jffl DGM2STAR B!.$trrJt:ili*o 

-tf1~_!A!. DGM2STAR,H2STATE,DATEA,DH8STATE *" DADDPSo 

DGM8STAR JlfJt Hoo fijfi!Jf&ft{il~:fifi{il 

gms8= DGM8STAR(A,B,C,D,E) 

t£ FJT ~ (!() .tt ~ & i1l llJ i~UE (!() ri lfiiJ ff "P , x>t ~ tit 
x(k+ 1) = Ax(k) + Bu(k) + Ew(k) 

h(k) = Cx(k) + Du(k) 

IT•H=~fi:{tfi~~~(i(}f&{t{il~:fif!Jij"~ft~o 

-tf1~ _!A!. DH8ARE, DH8STATE, DGM2STAR *" 'GM8STARo 

H8DARE JlfJt H= ftf.{ Riccati (i(}f(N 

P= H8DARE(A,B,C,D,E,gamma) 

xt-T""foo(!(JJlfltlt-tfBJ~tit H= rilfiiJf-tf.{ Riocati :n~ 

, , [B'PA+ D'c]' A [B'PA+ D'c] 
P= A PA+ c c- , G {- 1} 

EPA E
1
PA 

!IIl:~ff;f:fft£(!(]~ .~ @1-1- iE.>¥~fW o Jt"f=l, 

[
D'D+ B

1

PB B
1

PE J 
G = E'PB E1 PE- gamma A 2 I 

J!-t- DARE rz:~-r-~""FJlftt~t-trBJ~m(i(J H= rilfiiJ 

x(k+ 1) = Ax(k) + Bu(k) + Ew(k) 

h(k) = Cx(k) + Du(k) 
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t£~, ~ Jl {)t ~ I!!JjGg_Il(A, B, C, D) n:tcnJ J2 8<J, :(f!'fi{il IMJ _t i2::ff :If'~~,~, jf Jl 
gamma> gamma_\infty" * (jjJ~Jffl DGMSSTAR it•)IJ;j",i£-*)E~)EffJ¥n::ff 

:(£ B<J 0 

iJ!~.W. DARE,H2DARE,H8CARE *" DGMSSTARo 

DHBSTATE ~Jffl ATEA 1ff!B<J1lffttiJ;j"fB]_¥~ H=~$tj 

F= DHSSTATE(A,B,C,D,E,gamma) 

f=~-1-~~& i'm:Jttd~ u(k)= Fx( k), t;nJ)j(f(J¥_¥~ 

x(k+ 1) = Ax(k) + Bu(k) + Ew(k) 

h(k) = Cx(k) + Du(k) 

B<J H= r ?Xm:tt~ittHUJIIli, ep».. -Ttlt w ¥~H&:~t~J ttl h B<JfflfF-fflJi~~B<J=mr£ 

Jj\-T~)EB<J'gamma'o 'gamma'iile<J~lfi{!IZ\~::krfittiil gamma_\infty" * 'nr 
~Jffl ' DGMSSTAR *flft)£)!1-{ilo 

iJ!~.W. DGM8STAR,H8STATE,DATEA,DH2STATE *" DADDPSo 

DAD D P S 1lf ftt IJit fB] _¥ ~ T tit ffJ¥ *Ill fn] IIJi 8<J ffJ¥ 

F= DADDPS(A,B,C,D,E) 

f=~-1-~~& i'm:fttd~ u(k)= Fx( k), 'tnJ)j(f(J¥_¥~ 

x(k+ 1) = Ax(k) + Bu(k) + Ew(k) 

h(k) = Cx(k) + Du(k) 

B<J-Ttltf8¥*1!1~111io~M.-TtltwR·~~ttlh8<JfflfF-ffl)i~fl~~nT~M-~ 

~ 0 !lll:W:~)E.¥~8<1 fUJIIJin::lf'nT!fJ¥ B<J' ~fl~jg@) -1-~!8¥ 0 ' 

iJ!~.W. DATEA,DH2STATE,DH8STATE *" ADDPS o 

K= DDPCM(A,B,E,Cl,Dl,C2,D2,D22) 

x = Ax+ Bu+ E w 

y = Clx + Dl w 

h = C2x+ D2u+ D22w 

!lll :W: !8¥ »: :ff :t£ B<J , it :M: ttl - 1-~ 1it < fJ ~ > jj!~ -1: WI ttl & tm ""f B<J -T tit !8¥ *Ill ~ M B<J !8¥ ; 
~!J!~ ,~ff~Jg@I-1-~B<J~~ Ko 

iJ!~JA!. ROSYS4DDP o 

ROSYS 4 DDP f!t~WJ ttl,.& ij! ""f, -=ftltf8¥f.llj 8<J :If' mUf.J il:t llft _¥ ~ 

[Ar,Br,Er,Clr,Dlr,C2r,D2r] 
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= ROSYS4DDP(A,B,E,Cl,Dl~C2,D2,D22) 

».!*~tit 

x = Ax+ Bu+ Ew 

y = Clx + Dl w 

h = C2x+ D2u+ D22w 

F~-~~~-~~~-~t/t.~-~tlt·~~ 
x r = Ar x r + Br u r + Er w r - -
y_r = Clrx_r + Dlr w r 

h r = C2rx r + D2ru r - - -
ii:i:t-®fk{Rif.fkf!f§, ~ll QEPCAD, *Mffii:~ tft~ft~~ ttl -=fttfW*I!I 
IOJlm o 

~o*~*~ m~ rOJJm;f!~~• ~ ,flff:~;g@] -~2: ~~ * 0 

-ill.~~ DDPCMo 

{E* ~ ~ ~ 1€, ~ ffHH~HIJ ~;I! , t;A 1: ~I JUft fJJ ~ {E tt M q:t , ~ 1f ilf ~ JT ~ # f-t ~ 
ffl~~Bt :It!!~ bll :i1J:-* o !!!!HHJ! ~it :if~ t:J lm :i:1: jijJ iii: http:/ / www. bmchen. net / ( ~ 

http: I / hdd. ece. nus. edu. sg/ ~ bmchen/)~~IJUft ~:fiJrffi ,@,, ~:if~jf 10J !;A JUii)( 
Jfl~riiiH!f~:iliilJ bmchen@nus. edu. sg,zl5y@virginia. edu,~ yshamash@notes. cc. 

sunysb. eduo ilJ*itlf%~~ 1.1:, ~IJUft B 1f * § qot, ~, ~, #;;, ~, fJt !;A .&Jfbll :l1t ~ 
39 ~00~~ 130 ~~tl:Hitffl? 0 
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