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ABSTRACT

The reduction of state variableé Qf!state equation in
time domain and the reduction of order of tran§fer function 1in
fre&uency domain, the method use is call "Model Reduction". There
are several techniques in state’s selection and evaluation of
either parameters or cofficient. The calculation concerned are
very complicated, resulting in model geduction which 1is not
practical.

This thesis proposes a method to construct a model
reduction with an aid of microcomputer. In time domain, impulse
energy of output and eigen values of system are chosen for state
considertion. An application of Singular Perturbation is proposed
as a method of parameter evaluation. In the case of ° frequency
domain, cofficients of the model reduction are obtain by a method
call "Fitting Time - Moments". Pade®s approximation method gives
a lot of help in calculation of time - moments values. In the
thesis software on microcomputer is developed, resulting in a

much more easier construction of model reduction.
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[22] Wazliauman x uaunTh (3.12) avluauna (3.1 w18

d= Ad+ I'u (3.13)

5"
[a]
=2,

e

[~ H « o . o
WATUIRIAITN (3.13) I nn 1 Tudasuan Similarity duiay uaz

' < A ] R . 4, .
e lachunaviuadng A Baalbigriiu wsdnd A qaa§1u3Unaq Canonical
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(Canonical form) uaidldnlaifuiriiu wadnd A vag lumkiunnay
3fueu (Jordan Canonical form) \ipAamAvaINUAzIERaNIRAw B0 1A
nq1ﬁ§ﬂﬁﬂu3naﬂﬁwuﬁﬁﬂzﬁuga1ﬁdq1aLﬁu3301um?nﬁ A fen highiu

s W lauiu 1 dwanifudafivarazae ¥y Reduced Model anwidd ,

788 DAVISON [10,111 1913 lan1sutaat Bet Hunav i uadndei el

w=Td4 (3.14)

=18

Tag

1 1¥n

1

Ve i t e .
Wa w  eaulateataniuenay Reduced Model THSGvAu 1 (ila
By A - | . “ U
wqqimﬂ?ﬂngﬂuuunaq Reduced Model ‘lasdd Aggregation IInWINANNIMINSE

a1
W=TATw+TT (3.15)

nTLagun UL uasnd  nodel 1ﬂtﬁuzﬂunuﬁ?1ﬂnaq Reduced

. . 4 v
Model Tasl¥nrTutavidisfeafivaunasd (3.12) 'y

zZ=Mwu (3.16)

1 4 £ 4
Tosfinraudaviundnd M, mlEles W 1 danfusnmavineind M

ﬁgmuu XN
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- ;
1 z 1
vV, V) ...V,
1 2 1
Vv, Voo e Y,
[} 1) ]
1 1] {
: : !
1 2 1
/A0 AT A )

4 dad EY)
eIng M a1 il am3IniMne3u Reduced Model TaniRandnuz
o 4 o 1 v <
AMLAAINT M Gandeu T aendaudTan ezt i X0 Xoo X,

W6 M ﬁgﬂuuutﬁu

1 2 3
V1 V1 Vl
1 2 3
M0 = Vz VZ Vz
1 2 a
Vn—1 Vn—l Vn;l
L p

. 4
Llatann M, WASRIMNIUURNTUANAIIN (3.16) rThaNATTAn MY

Reduced Model tihs £233
T —1 -1
Z = MOT ATM z+ MOTM Bu (3.17)
LaUMAY d ANENNNTT (3.12) ANTUENNITH (3.14) Aty

w=TM x (3.18)
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' : : .'.
WNUAT W AINANNTTA (3.18) A lWdNATN (3.16)  axBiaainad

anusmay Reduced Model (z) i
z=Mw=MTM 'x (3.19)

Vs Navdunsh (3.19)  fudunian (3.5) w1 uaing
Aggregat.ion lﬁu

1

K=MTM (3.20)
< G ' - 4 ' Y ~
dun1in (3.20) A= lunvmnanuadnd Aggregat.ion IMNUUAIAINNID
a ] - 4 - i ] o [
AMUMAMITLABSDaY  Reduced Model @udifnane s 1i 951QT1nﬂ1uﬁg
aal ] [ o . < 4 . < aof u -
LAUAITNITRIN Tun1sauanen L a3 Aggregation anwagIgaanu L3,
-~ D as 0 ) [~ < 1 <y, i
18, 32,331 uﬂQﬂﬂumazﬂﬁuﬂwﬂﬁﬂﬁuuﬂﬂﬁqﬁlﬂuﬁﬁﬁﬁﬂﬂiﬂﬂﬁﬂulﬁuﬁﬁﬂﬁTﬁLMNﬂs

. ' lyd i
& TITANT6N L MAAaFEAUIAMAAnaY DAVISON was3naTo ludas 13

Wi fudn vl

3.4 30T Singular Perturbation

Fn17  Singular Perturbation Lﬁuﬁ%‘ﬂﬂiﬁﬂguluunae Reduced
Model Tﬂﬂaﬂﬁﬂnnnﬁnﬁqxum%nﬁﬁugq Tumaudviuaindaani  LamSnddann
(Partitioning Matrix)

ﬂﬂnﬁzUULﬁﬂLﬁuﬁTﬁﬁuﬁntqaﬁt71ﬂ1u11nuﬁmqﬁunﬁ1Lamnﬂlﬂﬁuazaunﬁi

taﬂﬁHMLﬁu1ﬁm1uaunﬂ1ﬁ (3.1) uaz (3.2) da

AX + Bu

X
y =Cx

' & :
waztIL TN ESAT IuaRn1Tn 3.1 uaz 3.2 1w
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X, = A11 A12 X, + B1 u (3.21)
XZ AZ 1 22 Xz Bz
y = C1 Cz X1

X, (3.22)

PN Y} ¢ i 2
IMANDIM  (3.21) fL9Een X, 1 aaaafan ez e titu
] o 4 X ]
Reduced Model Taszmi313e6iaL 0L AaFan e x, mty #un1an (3.21)  aw

ﬂﬂNﬂTﬂ“ﬂﬂﬂLﬁuzﬂuUUTwﬁ [6,32] @A

X =| A A x +| B u (3.23)

1 11 iz 1 ) 1

< o el 1w ' N,
asn ¢ Lﬁuﬁﬂuquﬂﬂﬂﬂﬂﬂﬂuﬂﬂuqﬂ IMNTIEN R ITEUIRAN

1Ay € wNANINAR O AMaunTn (3.23) i

x | =|A_ A X +|B |u (3.24)

21 AZZ 2es b 2

s
Tﬂﬂﬁaunﬂ1ta1ngmtﬁu
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X
1
y = C1 Cz X, aa } (3.25)
-« . '
e x, = 11mt o o Xy (1) X, .. WdaA1 steady - state

1y X, (t) 5ﬁt1ﬁauqa?ﬁ X,.. {WITOMAe  (exists) WAEIMNAUATT

(3.24) | TIHWITARIAN X, laTas

- A_X - Bu

22%z20a © 21" 2

b
!

~1
- A, (A, X +Bu (3.26)

)
1

2aes

< Y d' do o A o & Y] 4
IMMNAUNIIN (3.268) uumxaau‘lunmsvyﬂa LUaINT Azz [EADINAN

s 3 ' d 1 Vs 2
TN uean e TIaINEn A, TudauL 298 T19wRaeitan  pseudo -

S 1 YY) o W o
inverse mav A umi [32] FeuunsRnlanFa T IR Twian 3. 2

: » s
IMAUNITN (3.24) 151398161 0L AaTanue L

X, =A X, +A X, __+Bu (3.27a)

' | ] ' w
uman x, AN (3.26) avtuaunnam (3.27a) wlh
. -1
X, =A X tA, [ AL (AL X, + Bw ] +Bu
X, = [ A - A _A ‘A ]x + [ B - A A B ] u (3.27h)
11 1 1

122221 12'zz" e

<
LREINMNFUNI1IN (3. 25)
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p y = Clx1 + sz28s (3.28)

W X Amaun1Th (3.26) avtudunnan (3.28)

<
il

-1
C1x1 + C2 [ ‘Azz(Azzx1 + Bzu ) ]

-1 -1
[ C, - CzAzzAz1 ] X, - [ CzAzsz ] u (3.29)

y
)

: 4 <
MFUNTN (3.27) uazdaunIMm (3.29) aﬂqtiﬂuﬂﬁtﬂuEUuuuna1Unaq

Reduced Model ‘taifh

-
i

Fx1 + Gu (3.30)

e
]

Hx  + Lu (3.31)

#uN1TN (3.30) uas (3.31) ﬁazﬂuunnao Reduced Model ' Taadd

Ps |
Singular Parturbation Tasn

F=A, ~A_A A (3.32)
G=B, - A _A_B_ (3.33)
H=C, - CA A, (3.34)
L =-C,A_B_ (3.35)

] '
aﬁnﬂiun3ﬂuuuuasnﬁ1ﬂ73uﬂmﬂﬂu11ﬂ§Lma1naq Reduced Model Taais
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138097 "Singular Perturbation”
qqnuu1ﬂ11uﬁaﬁqzLﬁuTﬁiqxﬁuﬁﬁﬁTﬁauy1éﬁﬁn vzt W 16l
Wi e Wae T fhwdin lunaatianaandnganus laflawdrdignntiazninfu i
quﬁLﬁﬂﬂﬂﬂﬂuzﬁﬁﬁﬁmLaﬂiﬁ waz i flad ot fandusdane Buka dwaaiinad
F, G, H uaz L 1ay Reduced Model aﬂaﬁgﬂunnumﬂdﬂ@4ﬁnauﬂﬂ1ﬁ (3.32)

v (3.35) feianiian

3.5 n1TLAandanisTRzad 1 Reduced Model

3MN1T31aT1E1 Reduced ModelTlas3d Aggregation L33suLd gL
uimazA w1 AaTIae Reduced Modeltuagiuisnind Aggregation dwilu
ﬁqﬁaﬁuﬁqu1ﬂqz;ﬁu503Uunn351@dﬂaq a9 lagdd Singulpf Perturbation
wathmnandiylun1mBinnaandiaavaes Sandwdsaae laiazas Uy Reduced
Model #il l@nanaiie

1unﬂ13Lﬂ1ﬂsﬁszUULﬂaﬂ%1qtﬁu Reduced Model i AT Randauly
anmriavas Tl uuieead ol Suibmniiddgnn it auaFna Ul
wniin £2,231 ﬁﬁTﬁTﬁaﬂuﬂ5n18q1ﬁuﬁuauiﬂ3§nﬂ11mﬂztﬁuﬁﬁnﬂiﬁﬁﬁQM

ﬁﬁw%nﬂuﬁnaﬂﬁwuﬁaqsLauaﬁﬁnqsﬁﬂﬂimﬂwﬁquﬂuﬁuﬁaﬁﬂauLaﬂﬁym waz 1

o < w4 [ < 4
F‘I‘mﬂuum t ﬂﬂ')ﬂllﬂ']\lﬂ b ﬂuu'lﬁw‘lum‘n LASIEN

< s I3
3.5.1 WHIAMNAR WAITHRIVINNA ) Lat i

a3 i iy a0 fauaae e T dandidsuly a0 laow
AR (3.1) wae (3.2) AWTUENANTE (3.1) e IaAmAEAANL T
awua Biiuadnd A tfhusadnfiafes (Stable Matrix)  uasdnlaifunas
wadnd A e lLidiu fuwdaviuadng A ihaundnd s

(Diagonal Matrix) w1

A=VAU (3.36)



8
ﬂﬂ\iﬁﬂ\iﬂl{ﬁﬂm\! N ¥
EA b o
- 17 - nMAnsefy

1l V @a Right. Eigenvect.or

war U @a Left Eigenvector
Team VU = T (3.37)

I_ aaium3nt Identity THimuIa n¥n .

< 4 B
URELUNAINT A @B

A = diag( A A cee s A (3.38)

z’
< a X o e b

Tasiuadnd A § in171 Tavadua et ivaa

IRe(A)! ¢ IRe(A )i < ... < {Re(A)! (3.39)

AMMUATN 8 Aa Transition Matrix IME NI

At

B(t) = e (3.40)
IMANNITN (3.1) war@) Transition Matrix Tuaun1Tn  (3.40)
MMM VTALNANNITRA U 168

t

x(t) = ¢(t—to)x(to) + g(t- 7)Bu(r) dr (3.41)

Lo

WayMNIT Similary Transform LuaInt A ﬁzmuumuaum's?\ (3.36)

P Transition Matrix Tuaun1n (3.40) ﬁgmuu‘tw'ﬁa 23,321

gty = vettu (3.42)

15505
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’ ] oy . ~ ]
Lﬁaunuﬂﬂ Transition Matrix IMNFUAITN  (3.42)  avTUANAITN
[ [V Y] 'S
(3.41) waznvaTH t, =0, x(t ) =0 qz1mtﬁnlma1dnﬂuztﬁu £23]
A e T
LX) = [ Ve UBu(7) dr (3.43)
[e]
51?%3%H&Lﬁudﬁﬂﬁﬁ AUNNTN (3.43) wlhamauda [£10,23]

- -

~-VUBu + Ve™! UBu

-VUBu + Ve

[

x(t) = A A (3.44)

'Q ° ‘ 0 ‘. -3
LIBWRNTANARNBLTUENNTN (3.44) L9138 WUIL NARTTa L kDR Rn e
[] ] -~ i O uz 'OI 1]
AAMWIN WM WTFAUE ( x(L) ) AAmEs GasLlaingn x(t) Tihan
é P I~ r's o 5 -~ Y
Laﬂnqmmﬂuaunﬂin (3.2) LT BVTWARARN AU T AN TIAARD 1S UY
X v ) P~ 1«636 C 4 < d )
nidia adINTINN L TIREWUINISUL WESHAUATA L AUTANLNGTNT A #$IWITD
v U 1, - 0 s « ¢ - £ o ”«
INITUTAWAINENATINEAUEAI AT B uasiandnt  C ML TR

TaNAUAIRARUTINNEIN

3.5.2 Energy Integral Participation Matrices
< - ' [~ o 4 -3 Y 1<
FINUUIAMHAGTUNTTWITIRIATTA L NUIBN L HATNTTEUY ¢ LRI TtHN

o < 4 B o U SN acy < - s
ATTHILHATNT B LRz C #WINTII Yuﬂ?ﬂﬂ%ﬂﬁLﬂ“ﬂ?ﬁﬂﬁ?ﬂ?ﬁimﬂwaﬂﬁﬁulﬂﬂﬂwﬂ
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LA o & - <l 51 o & a ¢d
DANTEUL TOANTTUA WU INTIAMANI M TREITATE  LumIndn LednTiIIng
WANNT L FONR L 1T ngﬂﬁmqﬁ'ﬂﬂu'ﬁ"z # MITeNARDURUANNANTEL  Reduced

v
Model ﬁndﬂugnﬁaquﬂniu

WANTUNRNFNNTN (3.1) ﬁ']‘lﬁ?]m;m u(t) @@ unit impulse uas

.. a (¢ é »o . .
Similary Transform L34a3NY A Lflulnm?n'ﬁnzumgnw‘lammau impulse -

response v iha

x(t) = ve®*uB st >0
Iy & <4 < . » [V
DIHUNTL a'lmfsm‘gikmmflu‘mﬂ'mann'rm (3.2) uan WRAIIY

!

iad L mh‘wﬁzmtmﬁﬂﬂ bihe
< T
E = [ vy dt (3.45)
o .

9 . o 4
) superscript T A2 NI AT L NaInT

UNUAT Y NN (3.1) AVTUAUNTTN (3.45) =0

E = rxTcTc:x dt (3.46)
(&)

AN e

" T

DP=cCccC=10d 1 (3.47)

' - < i o L
unuALNA3INT D ANANAIIN (3. 47) asTUAUAITN (3.468) N

AUNITWRNI ML T £231

E,= 2 24, [xx dt (3.48)
J=li=1 [¢]
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o d (k) <
AUATH LGN W = [W 1 JidawAs

13

W = ! X X dt (3.49)
o ' J

Luﬂ?n% W, W 38n27 "State Energy Integral Participation

Matrix" 23]

AT W WA (3.49) ¥ s lumiATudNAIIN (3. 48)

Z 2d, v, (3.50)

o I's - i
5qt1ﬂuwwa§mnautum?nﬂ DW L UTau naufuaunian (3.50)  1913e

1 as { 1 1 e 0 < 4 )
wUQﬂuauuﬂutaﬂngmﬁﬂﬂxnﬂnnﬂﬂ trace maviua3Ind DW iuAa

E, = tr(DW) = trp) _(3.51)

. . ,
12 tr uman trace maviNAINGg

- -1 '
Lumﬁnf Dwk‘ut§ﬂn1ﬂ "Out.put. Energy Integral Participation

Matrix" [£231

<4 1 c ] i<t 0 es i
IMAUNIIN (3.51) WL WTRIT aaﬂuxﬁunﬁﬂuawﬂ@mﬂn§QQnao1zuu

i : - e o<l 1 P
Lian e 3132a 5% Reduced Model qzﬁuuannﬂuﬂﬁnﬁﬁnquqnnqmnaesﬁu

o .. ) o ¢ - auid
nzuﬂoqunan (Principle Diagonal) 1aviuaInY DW  ATiaandausTagmin

< H o &
ﬂanﬂTtﬁananﬂuxﬁﬁuaoeﬂuQQQQuutao

thay

4 o o < g o 4‘1’ (. C) -
LUAWITTUNIOAITILATIBATURNBASY L T13sWHNA BNt At 8eTnT B

a 4 o L ILY] o [ < - 4
LHATAT C HMNITLATIENALE nﬁﬂnﬂﬂ1LﬂﬂﬂﬁﬂﬂuznTﬂuﬂQqumnﬂim

p
NINHATANTEUL .
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< éd 1 iy Y o
FINNITULATIERNU WML TIEA W VTOATIN f]uuumﬂum'smmm

(Algorithm) 1ﬁmﬁu3ﬂﬁ 1

L THAY

INPUT u@3nt A, B waz C 3 Maun Ts fands

Il

X = AX + Bu

y = Cx

. o o &
1K1 1ainunaaLuaantd A

\

& 0 o 3 o B
L9a9aeUAT e LA TGN

{Re(A ) € IRe(Ax )1 € ... € {Re(A )]
1 2 n

i v o
zﬂﬁ 1 UHOITHABUNITL RANENMENREANTIU Reduced Model
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2

o s o < 0 w U < 4
mm‘lammm\amammmtﬁummﬂﬁ_ A

/

AN Eigenvectors V lay Eigenvectors U

3 o 4 T
AMWMLUAINT D = C C

AL HA TN W, = rxict,)xdct,) dt,
(o]

o Y r 4
AMMLHATIT P = DiW

Py ' Y é <4 v
zﬂn 1 Can) uamm,maum':Lganﬁmwmzm‘l'ﬂu Reduced Model



AMMLHATAT P = D¥W

LUFauiNauA Principle Diagonal nN P fa
!

P P S

z22? nn 1

P,, e it STATE #liwResnann

11?

fianadidguan ansandiu

taanadnnetaeag 13 T Reduced Model

< o a Y ¥ e
Toenan e Ran wdanaiaiunn P,

/

ﬁuQW

7 1 ¢ dp ) udaviiumaunTi Aananwefiazas 15lu Reduced Model
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s 1 é
3.6 A71TILATMWITWILAATIAY Reduced Model

- < . <} ' < 4
dan liudae 1 hamn 2 41 fmizasnialtaTen Reduced Model
dwiussun B B luTatmmaviaan  Sipniiddidaslszntia NIk
o o« i W -
uaznTiAandnmezae 1l Reduced Model  anndinliatwia 1iauadinag
< < - < o 4 £ - <~ J [
Laanan e Tasn i vl mluiiata vt aniwasznaufiuniaiianndd laiu

o4
- ]

A -1 a/ L L 4 -
uazLilaLAandnmeiaeas 15 Huia numauma1ﬂﬁanﬂ1unﬁmnﬂtnnanuzﬂuuunaq

Reduced Model

338 "Singular Perturbat.ion” TudiaiatuEat v mTudn
1 %4 Ilgu- d
HstunT L dand L BTz o 39 i bitudiui a0 ﬁgﬂuuntﬁuWﬂmﬂuﬂunﬂTn

(3.1) Uar (3.2) fa

AX + Bu

e
i

A lHaun s dand i lBumirsnniu Reduced Model ﬁgﬁuuu&ﬁuiﬂ

i
ANANNITH (3.30) War (3.31) Aa

Fx + Gu

M.
i

Hx + Lu

e
I

Tasdiiad wuahddigdanliznnTia  menasia iy Reduced Model
[ <t =1 ] < s v < o <t .
RANNTUIALANNITTZULL AHLAE L 8TWATAN Reduced Model Jeéinilan Ind L Aaeiy
TxUUtauqﬁuﬂﬂﬁqm
1 ‘ [ v < [V <
ﬂﬂnjaﬁLTﬁﬁszQﬂ nﬁiunﬂmnﬂnﬂﬁzuuuunﬂ11aztﬁuanQﬂnnﬂTLaan

- Y | o 1 - 4 <
FOMUSBAINTVTRANAUAWLLARRD  AVTAUMATWITNIGAT F, G, H uas L n
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ﬂ11ng1uﬂun11¢NmnﬁxﬂﬁﬁTﬂunuizuu Reduced Model fiuLav
b 74
- o W [ . r's
Ao ludialiatise L auaditnn i e wiiiiead F, G, H uaz L
OFY f : o & Q) [ P YY) < s
Tﬂﬂlﬂﬂﬂﬂgﬂﬁiunﬂluﬂiﬂﬁ WRSITN1TA19% udas Uiudangdaalun1iitasen

: 2 ‘ r4 2
INAUNTN (3. 1) BT wiiuasng x o

X = X, (3.52)
XZ
13a x, € R
n—r
uay X, € R

' 4 i . .
washiTuiniuaintaneg g Wi Singular Perturbation

L979 laaun ez T e

X, = A11 A12 X, + B1 u (3.53)
XZ Az 1 Azz xz BZ

vistveaednd A uay U Tesdddaaiiuse 13

A - A 2 . (3.54)
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Uu = U U (3.55)

11 12

21 22

<4 Ny 0 o < e d
g A Nﬁﬂ?Wﬂﬂlﬂ%lﬂﬂQﬂUﬁNﬂﬁTﬂ (3.38) War (3.39) uax

>
If

diag(?vl, Ay +ee 5 A)

1 »

diag(a

A)

A eee
1? Tra2? > Tn

r+

4 o
Qmﬂuﬂan (3.53) aqa U

U, 1z X, = 11 12 A, 12 Xy
21 22 X2 21 2z 21 z2 X2
+ B |u (3.56)
B

(3.87)

N
1
>



.AQ.I [} .
uazqﬂﬂqmduumndﬂﬂﬂ Left. Eigenvectors

AMFAUAIIM  (3.57)
- ' 5 [ Y] o ] « r'd
War Right Eigenvectors iihdullafadeiuasiu g mUmanuadnd x T

AUNT1TN (3.57) o ihs

X, = V11 12 z, (3.58)
Xz 21 22 zz
CEER o 4 - ¢ -4
UIWVHAINT 2 WAZLHATNT X IMANAITN (3.57) URr (3.58)
LMUANTMUANNITN (3.56) 'L T1Reth '
z, = As 0 z, + B1 u (3.59)
z, 0 A, z, B2
Tasm
B | = 1 1z B, (3.80)
B

UZ 1 UZZ

==2]

X ° <. ' o
qqniﬂﬁtiﬂau11ﬂ1maunxﬁu steady-state masdunnIn (3.59) WIw

GMUT Z [TUMBWLT X aé

41131 u tﬁudﬂnaqﬁu@m UNt » o _u) =

o A .
uuaa lim
v -

u
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HAEDMaNAMLT z, 1ihid steady-state was z, VMATEEANG

- . . [ -~ - ' [ -~ ¢
e Singular Perturbat;ion 1dununn1wiﬂ1mﬂﬂﬂ1aLnuuazanQWuLaﬂngm
v
o L . o 1 < * -
LTI TANIUATA z,=0 WAMMIMASTUTUEN TN (3.59) TagMMu = u

L FIRERINNTANNARBLTY steady-state nay z, Y GERY

o
I
-3
N
+
o
el

|
-

zZ =- A_Bu (3.61)

Zp, = - A, Bzu (3.62)
17RelERY z, T8 ntaniean z, ALTIUANNITN (3.57)
AmTa L Dendlualton
z, [ ={v, U, X, (3.63)
zf 21 UZZ XZ

4 ~ . _ 0w
W x, war %, iiiisinamas x| uas x, awdi
qunIAN (3.63) LTEwTATR z, WTaIANTUmAY 2 AndunITh

(3.62) ot

U x +U X =- A_B.u (3.84)



Q -r lad 4 z J 4 “r
dwTunuhaunimn X, andunim (3.64) 1 i IawtmmandgRa
o 4 o 4 . - N 3y <o v
\adng U, favtihuiuadng nonsingular 1dawtmitihiRanianthenn twsen
o 4 a 4 . [ «y < [y)
Luaand u,, Lﬁutumiﬂﬂ singular w2 nlaandnmienae 1Ty Reduced
Model A=RavtRTUNITHAVIUNTWM
‘i. L ¥4 ’ ~ [ 2]
FINAUNIIN (3.64) WAFHNITHMIAN X, A (]
~ —~1 -1 ’
X, = —Uzz[Ume + A2 Bzu] (3.65)
o
w ~ o o e Y] <, ’'s
uaEnY X AT X, Lﬁummmn‘tmwnmmnﬂummﬂtua‘n'mtﬁaa'tu

} . ~ . 2
ANTN (3.53) LT RsHUITALAD X, Waz X, UMl x Uar x, 0 37N

LTWMIAY X, TUANNITN (3.65) avt L1'r-w‘tﬁﬂ"lnmﬂummmwnmgmmﬁl

LT aanaudiuuin

. -1 ! ~ —_—1 A
XF = [A11—A12U22U21]XP + [BI—A12U22A2 Bz]u (3.66)
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i

taa¥ H uaz L 18y Reduced Model L

-

C. -cCuU U (3.71)
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. . N : a . —
Singular Perturbation BRSTUITUL TIREHAMAANTILININ 81 u(t) - U
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2 271"
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ATIALAN  WIBATWANNIUTAN TEAMUTA L HUTA L 27 rt,1237  Teatulaiuusas

- ' & o oo
LIRVAERAIWINTUNATTE L IWTNA M TENT 10 NaNNTT  Characteristic ?duzﬂ
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BULUGNNENNTN (4.10) ATTHATA YT NN IR REM TR INFUNTT
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4.3.2  n13@TEMUNTAY Reduced Model MidhnsTamds  Fitbing
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ARAAUNITNMUART & Uas B NIt iEun T8 e d, Tuunim
- . . y . ¥
(4.15)  iamea thituunTueda asLuu111ud7uﬁ§1§Qﬂuﬂzﬁaqnﬂtaqnqnua
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G(s) = ] s(t)dt - s[ te(trdt + SZI gt)dt - ... (4.19)
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€. = [(i}) ] ]ﬁtig‘t) dt, i=0, 1, 2, ... (4.21)
* [¢]

!

e

1

%30 c = [(71) ] M (4.22)
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d1 = e, +ec,
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wIJ = ]: XX, dt = { 12.667 -1
-1 1.833
T
D=cc=|9 3
3 1
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RESPONSE OF EXAMPLE 5.1
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ERROR OF EXAMPLE 611
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JERRRRRR Rk Rk Rk Rk kR Rk bRk R Rk kR R Rk kR Rk kR Rk Kk

* *
* THIS PROGRAM IS ANALYSIS REDUCED ORDER *
* MODEL IN TIME DOMAIN OF LINEAR SYSTEM ¥
* BY USING SINGULAR PERTURBATION *
* *

E3 33233 TET T3 33T ITEITILIIIFIIFITIZIIFIIIITIIT3333333333333 394

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <conio.h>
#include "print.h"
#include "initial.h"
#include "swap.h"
#include "fimatrix.h"

main()

{
float  A[ROWMAX][COLMAX]; '

int row_A, col_A;

float B[ROWMAX ] [COLMAX];

int row_B, col_B;

float C{ROWMAX][COLMAX];

int row_C, col_C;

float W[ROWMAX][COLMAX], D[ROWMAX]{COLMAX], P[ROWMAX][COLMAX];
int row_W, col_W, row_ D, col_D, row_P, col_P;

float  V[ROWMAX][COLMAX], U[ROWMAX][COLMAX], lamda[MAX];

int row_V, col_V;

float Diaegn[ROWMAX] [COLMAX];

float  Bml[ROWMAX][COLMAX], ABm2[ROWMAX][COLMAX], Bm3[ROWMAX][COLMAX];

int row_Bml, col_Bml, row_Bm2, col_Bm2, arow_Bm3, col_Bm3;
int i, 33
/% Variables after partition matrix */
float  A11[ROWMAX][COLMAX], A12[ROWMAX][COLMAX];
int row_All, col_A1l1l, row_Al2, col_Al2;
float  B1[ROWMAX][COLMAX], B2[ROWMAX][COLMAX], B_bar[ROWMAX][COLMAX];
int row_B1l, col_Bl, row_B2, col_B2, row_B bar, col_B_bar;
float C1[ROWMAX][COLMAX], C2[ROWMAX][COLMAX];
int row_Cl, col_C1, row_C2, col_C2;
float U22[ROWMAX][COLMAX], U21[ROWMAX][COLMAX], IU22[ROWMAX][COLMAX];
int row_U22, col_U22, row_U21, col_U21, row_IU22, col_IU22;
float Diaegn2[ROWMAX][COLMAX], IDag2[ROWMAX]{COLMAX];
int row_Dia2, col_Dia2, row_IDag2, col_IDag2;
/¥ PARAMETER OF REDUCED ORDER MODEL */

float  F[ROWMAX][COLMAX], G[ROWMAX][COLMAX];
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int row_F, col_F, row_G, col_G;
float H{ROWMAX][COLMAX], L[ROWMAX][COLMAX];
int row_H, col_H, row_L, col_L;
FILE *fp;
char name[20];
int printer;
void check(void); /¥ stop to inspection data */

/* print output to printer */
void PRN_matrix(float matrix[][COLMAX], int row, int col);

J¥RRRRRRRkkkkkkkkkkkbkkkkkkkkkkkkkkkkkkRkkkkRR Rk kkkkokkkkkkpkkk¥

* *
* ONE IS’ ON SELECTION OF STATE TO *
* BE RETAINED IN THE REDUCED MODEL *
* *

****************************************************************/

clrscr();
printf("Do you want output to printer ? (y/n) : “);
if ( (printer = getchar()) == ’y’)

open_prn(); )
(void)getchar();

/* INPUT DATA */
printf("Input external file.\n");

printf("It save data matrix A, B, C\n");

printf("Enter file name: ");

gets(name);

while ( (fp = fopen(name, "r")) == NULL)

{

printf("Can’t open the file %s\n", name);
printf("Try input file name again: ");
gets(name);

Fi_Get_matrix(fp, A, &row_A, &col_A);
Fi_Get_matrix(fp, B, &row B, &col_B);
Fi_Get_matrix(fp, C, &row_C, &col_C);
fclose(fp);

printf("\n¥ MATRIX A *\n");
Print_matrix(A, row_A, col_A);

if (printer == ’'y’)

PRINT(PRN, "\n¥ MATRIX A *\n\n");
PRN_matrix(A, row_A, col_A);
PRINT(PRN, "\n");

}

check(); ,

printf("\n¥ MATRIX B *\n");
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Print_matrix(B, row_B, col_B);
if (printer == ’y?*)
{
PRINT(PRN, "\n* MATRIX B *¥\n\n");
PRN_matrix(B, row_B, col_B);
PRINT(PRN,"\n");
}
check(); .
printf("\n* MATRIX C *\n");
Print_matrix(C, row_C, col_C);
if (printer == ’y’)

PRINT(PRN, "\n¥ MATRIX C *\n\n");
PRN_matrix(C, row_C, col _C);
PRINT(PRN,"\n"); .

}

check();

/¥ CALCULATION EIGENVALUES OF MATRIX A

printf("* EIGENVALUES OF MATRIX A *\n");

if ( (Eigen_QR(A, row_A, col_A, lamda)) != 1)

printf("Eigen value is complex number\n");

printf("Can’t be slove to continue\n");

printf("\n!!! Return to system now 'Y1\n");

exit(1l);

}
check();

printf("Eigen values of matrix A before absolute sorting\n");

printf("\n");

for (i = 1; i <= row_A: i++)
printf("lamda[%d]: %f\n", i, lamda[i]);

printf("\n");

if (printer == 'y?’)

{

i

*/

PRINT(PRN, "Eigen values of matrix A before absolute sorting\n"):

for (i = 1; 1 <= row_A; it++)

PRINT(PRN, "lamda[%d]: %f\n", i, lamdali]);

PRINT(PRN, "\n");
}

/¥ CHECK STABLE MATRIX A

for (i = 1; i <= row_A; i++)
if (lamda[i] > 0)
{

printf("Eigen values of matrix A is positive number\n");
printf("lamda[%d] = %f\n", i, lamdalil);
printf("Matrix A is unstable matrix\n"); -

exit(2);

*/

Page 3
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/* CHECK JORDAN CANONICAL FROM */
for (i = 1; i <= row_A-1; i++)

{

for (j = i+1; j <= row_A; j++)
if (lamdaf[i] == lamdal[j])
{

printf("There is same eigenvalues lamda[%d) = lamda[xd])", i, Jj);

printf(" = %Zf)\n", lamdaljl);
printf("Tranform matrix A to be Jordan canonical form\n");

printf("Can't be slove\n");

exit(3);
}
}
/¥ SORTING ABSOLUTE EIGENVALUES . x/
for (1 = 1; i <= row_A-1; i++)
{
for (j = i+l; j <= row_A; j++)
{
if ( fabs(lamda[i]) > fabs(lamdal[j]) ) '
fswap(&lamdal[i], &lamdal[j]);
}
}

printf("Eigen values of matrix A after absolute values sorting\n");
Print_colvector(lamda, row_A);
if (printer == 'y’)

{
PRINT(PRN,"Eigen values of matrix A after absolute sorting\n");

for (i = 1; i <= row_A; i++)
PRINT(PRN; "lamda[%d] : %f\n", i, lamda[il);
PRINT(PRN, "\n");
} .

/* INITIAL DIAGONAL EIGENVALUES MATRIX */
for (i = 1; 1 <= row_A;} i++)
{
for (j = 1; j <= col_A; j++)
Diaegn[il[j] = 0.0;
Diaegn[ilJ[i] = lamda[i];
}
printf("\n* DIAGONAL EIGENVALUES OF MATRIX A #\n");
Print_matrix(Diaegn, row_A, col_A);
if (printer == 'y’)
{
PRINT (PRN, "\n* DIAGONAL EIGENVALUES OF MATRIX A *\n");
PRN_matrix(Diaegn, row_A, col_A);
PRINT (PRN,"\n");
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check();
VA CALCULATION EIGENVECTORS OF MATRIX A x/

printf("eigen values and eigenvector of matrix A\n");
Jacobi_egn(A, row_A, col_A, lamda, V, &row_V, &col_V);
check();

/% ] FIND RIGHT & LEFT EIGENVECTORS x/
printf("* RIGHT EIGENVECTORS (v) *\n");

Print_matrix(V, row_V, col_V);

Inverse_matrix(V, row_V, col_V, U);

printf("\n* LEFT EIGENVECTOR (U ) *x\n");

Print_matrix(U, row_A, col_A);

if (printer == 'y’)

PRINT(PRN, "\n%¥ RIGHT EIGENVECTOR OF MATRIX A ( V ) ¥\n");
PRN_matrix(V, row_V, col_V);
PRINT(PRN, "\n");
PRINT(PRN, "\n* LEFT EIGENVECTOR OF MATRIX A(U) *x\n");
PRN_matrix(U, row_A, col_A); =
PRINT(PRN, "\n");

} i

check();

/*__ READ W FROM EXTERNAL FILE (W[i,j] = INTEGRAL X[il*xX[4] __ =%/
printf("* STATE ENERGY PARTICIPATION MATRIX ( W) *\n");

printf(" ")
printf("\n W[i,j] = | (x[i]*x[j]) dt\n");
printf(" J\n");

printf("W is already calculation and it’s in external file.\n");
printf("Now read matrix W from that file.\n");

printf("\nINPUT MATRIX W\n");

printf("enter file name: ");

gets(name);

while ( (fp = fopen(name, "r")) == NULL)

printf("Can’t open the file %s\n", name);’
printf("Try input file name again: ");
gets(name);

Fi_Get_matrix(fp, W, &row_W, &col_W);
fclose(fp);
printf(" ;
printf("\n W[i,j] = | (x[i]1*x[j]) dt\n");
printf (" JAn");

printf("\n¥ MATRIX W *\n");
Print_matrix(W, row_W, col_W);

if (printer == 'y’)

PRINT(PRN, "\n* STATE ENERGY PARTICIPATION MATRIX (W) #\n");
PRINT(PRN,"\n");
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PRINT(PRN," [");
PRINT(PRN,"\n W[i,j] = | (x[1]*x[j1) dt\n");
PRINT(PRN, " J\n");

PRINT(PRN, "\n* MATRIX W *\n");
PRN_matrix(W, row_W, col_W);
PRINT(PRN, "\n");

}

check();
/* CALCULATION D = C_transpose * C . x/
printf(" D = C_transpose * C\n\n");

row_Bml = col_C;
col_Bml = row_C;
for (i = 1; i <= row_Bml; i++)

for (j = 1; j <= col_Bml; j++)
Bmi[i][j] = C[jl1[i]; /¥ Bml = transpose of matrix C ¥/

Mul_matrix(Bml, row_Bml, col_Bml, C, row_C, col_C,
D, &row_D, &col_D);
printf("* MATRIX D *\n"); !
Print_matrix(D, row_D, col_D);
if (printer == 'y’)
{
PRINT(PRN, "\n¥ MATRIX D *\n");
PRN_matrix(D, row_D, col_D);
PRINT(PRN, "\n");
}
check(); .
/*i _ CALCULATION MATRIX P = D*W */
printf("MATRIX P = D¥W\n");
printf("* MATRIX P #\n");
Mul_matrix(D, row_D, col_D, W, row_W, col_W, P, &row_P, &col_P);
Print_matrix(P, row_P, col_P);
printf("\nSelect state to be retained in REDUCED ORDER MODEL\n");
printf("then partition matrice to calculation parameters of ")
printf ("REDUCED ORDER MODEL\n");
if (printer == ’y’)
{

PRINT(PRN, "\n¥ MATRIX P *\n");
PRN_matrix(P, row_P, col_P);
PRINT(PRN, "\n\n");
PRINT(PRN,"\nSelect state to be retained in REDUCED ORDER MODEL\n");
PRINT(PRN, "then partition matrice to calculation parameters of ");
PRINT(PRN, "REDUCED ORDER MODEL\n");

}

check();
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/ERERRRRRRRRERRRR Rk Rk Rk kR Rk Rk kkkk kR kR Rkkk kR kR kkkkkRkkkk kR kK

* *
¥ CALCULATION PARAMETERS OF REDUCED ORDER MODEL *
* ' *

**************************************}***********************/

/¥ READ DATA AFTER PARTITION */
printf("Partition all matrice and write in external file\n");
printf("enter file name: ");
gets(name);
while ( (fp = fopen(name, "r")) == NULL)

{

printf("Can’t open the file %s\n", name);
printf("Try input file name again: ");
gets(name);

Fi_Get_matrix(fp, All, &row_All, &col All);
Fi_Get_matrix(fp, A12, &row_Al12, &col Al2);
Fi_Get_matrix(fp, Bl, &row_Bl, &col_Bl); )
Fi_Get_matrix(fp, B2, &row_B2, &col_B2); :
Fi_Get_matrix(fp, Cl, &row_Cl, &col _Cl);
Fi_Get_matrix(fp, C2, &row_C2, &col _C2);
Fi_Get_matrix(fp, U21, &row_U21, &col U21):
Fi_Get_matrix(fp, U22, &row_U22, &col_U22);
Fi_Get_matrix(fp, Diaegn2, &row_Dia2, &col_Dia2);
fclose(fp);
printf("\n¥ MATRIX All *\n");
Print_matrix(All, row_All, col_All);
printf("\n* MATRIX Al2 ¥\n");
Print_matrix(AI2, row_A12, col_Al2);
if (printer == 'y’)
{
PRINT(PRN, "\n¥* MATRIX All *\n");
PRN_matrix(All, row_All, col All);
PRINT(PRN, "\n");
PRINT(PRN, "\n* MATRIX Al2 *\n");
PRN_matrix(Al2, row_Al2, col_Al12);
PRINT(PRN, "\n");
}
check();
printf("\n* MATRIX Bl *\n");
Print_matrix(Bl1, row_Bl, .col_Bl);
printf("\n¥ MATRIX B2 *\n");
Print_matrix(B2, row_B2, col_B2);
if (printer == 'y’)

PRINT (PRN, "\n* MATRIX Bl *¥\n");
PRN_matrix(Bl, row_Bl, col_Bl);

Page 7
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PRINT(PRN, "\n");
PRINT(PRN, "\n* MATRIX B2 *\n");
PRN_matrix(B2, row_B2, col_B2);
PRINT(PRN, "\n");
}
check();
printf("\n¥ MATRIX Cl *\n");
Print_matrix(Cl, row_Cl, col_Cl);
printf("\n* MATRIX C2 *¥\n");
Print_matrix(C2, row_C2, col_C2);
if (printer == ’y’)
{
PRINT(PRN, "\n* MATRIX Cl1 *\n");
PRN_matrix(Cl, row_Cl1l, col_Cl);
PRINT (PRN, "\n");
PRINT(PRN, "\n* MATRIX C2 *\n");
PRN_matrix(C2, row_C2, col_C2);
PRINT(PRN, "\n");
}
check();
printf("\n* LEFT EIGEN VECTOR U21 *\n"); ’
Print_matrix(U21, row_U21, col_U21);
printf("\n* LEFT EIGEN VECTOR U22 *\n");
Print_matrix(U22, row_U22, col_U22);
if (printer == ’y?)
{
PRINT(PRN, "\n* LEFT EIGEN VECTOR U21 *\n");
PRN_matrix(U21, row_U21, col_U21);
PRINT(PRN, "\n");
PRINT(PRN, "\n* LEFT EIGENVECTOR U22 *\n");
PRN_matrix(U22, row_U22, col_U22);
PRINT(PRN, "\n");
}
check();
printf("\n* DIAGONAL EIGENVALUE OF MATRIX A (no. 2) ®*\n");
Print_matrix(Diaegn2, row_Dia2, col_Dia2);
if (printer == 'y’)
{
PRINT(PRN, "\n¥ DIAGONAL EIGENVALUE OF MATRIX A (no. 2)
PRN_matrix(Diaegn2, row_Dia2, col_Dial2);
_ PRINT(PRN, "\n");
}
check();
/¥ CALCULATION PARAMETER OF REDUCED ORDER MODEL

*\n");

x/

printf("\nCALCULATION PARAMETER OF REDUCED ORDER MODEL\n");

check();

printf("\n* PARAMETER F *\n");
Inverse_matrix(U22, row_U22, col_U22, IU22);
row_IU22 = row_U22;

Page 8
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col _IU22 = -col_U22;
Mul_matrix(Al12, row_Al2, col_Al2, IU22, row_IU22, col_IU22,
Bml, &row_Bml, &col Bml);
Mul_matrix(Bml, row_Bml, col_Bml, U21, row_U21, col_U21,
Bm2, &row_Bm2, &col_Bm2);
Sub_matrix(All, row_All, col_All, Bm2, row_Bm2, col_Bm2,
F, &row_F, &col_F);
Print_matrix(F, row_F, col_F);
if (printer == 'y?)
{
PRINT(PRN,"\n");
PRINT(PRN,"PARAMETER OF REDUCED ORDER MODEL\n");
PRINT(PRN, "\n* PARAMETER F *\n");
PRN_matrix(F, row_F, col_F);
PRINT(PRN, "\n");
}
check();
printf("\n* PARAMETER G *\n");
Mul_matrix(U21, row_U21, col_U21, Bl, row_Bl, col_Bl,
Bml, &row_Bml, &col_Bml);
Mul_matrix(U22, row_U22, col_U22, B2, row_B2, col_B2,
Bm2, &row_Bm2, &col_Bm2);
Add_matrix(Bml, row_Bml, col_Bml, Bm2, row_Bm2, col_Bm2,
B_bar, &row_B_bar, &col_B_bar);
Mul_matrix(Al2, row_A1l2, col_A12, IU22, row_IU22, col_IU22,
Bml, &row_Bml, &col Bml);
Inverse_matrix(Diaegn2, row_Dia2, col_Dia2, IDag2);
row_IDag2 = row_Dia2;
col_IDag2 = col_Dia2;
Mul_matrix(Bml, row_Bml, col_Bml, IDag2, row_IDag2, col_IDag2,
Bm2, &row_Bm2, &col_Bm2);

Mul_matrix(Bm2, row_Bm2, col_Bm2, B_bar, row_B_bar, col_B_bar,

Bm3, &row_Bm3, &col_Bm3);
Sub_matrix(Bl, row_Bl, col_Bl, Bm3, row_Bm3, col_Bm3,
G, &row_G, &col_G);
Print_matrix(G, row_G, col_G);
if (printer == 'y’)
{
PRINT(PRN, "\n¥ PARAMETER G *\n");
PRN_matrix(G, row_G, col_G);
PRINT(PRN, "\n");
}
check();
printf("\n¥* PARAMETER H *\n");
Mul_matrix(C2, row_C2, col_C2, IU22, row_IU22, col_IU22,
Bml, &row_Bml, &col_Bml);
Mul_matrix(Bml, row_Bml, col_Bm2, U2l, row_U21, col_U21,
Bm2, &row_Bm2, &col_Bm2);
Sub_matrix(Cl, row_Cl, col_Cl, Bm2, row_Bm2, col_Bm2,

Page 9



- 100 -

RDMT.C Monday, June 25, 1990 1:21 pm

H, &row_H, &col_H);
Print_matrix(H, row_H, col_H);
if (printer == ’y’)
{
PRINT(PRN, "\n* PARAMETER H *\n");
PRN_matrix(H, row_H, col_H);
PRINT(PRN, "\n");
}
check();
printf("\n* PARAMETER L *\n");
Mul_matrix(C2, row_C2, col_C2, 1U22, row_IU22, col_IU22,
Bml, &row_Bml, &col_Bml);
Mul_matrix(Bml, row_Bml, col_Bml, IDag2, row_IDag2, col_IDag2,
Bm2, &row_Bm2, &col_Bm2);
Mul_matrix(Bm2, row_Bm2, col_Bm2, B_bar, row_B_bar, col_B_bar,
L, &row_L, &col_L);
for (i = 1; i <= row_L; i++)

{
for (j = 1; J <= col_L; j++)
L{i)[3] = -L{il[J];

} 1
Print_matrix(L, row_L, col_L);

if (printer == 'y’

{

PRINT(PRN, "\n¥ PARAMETER L *\n");
PRN_matrix(L, row_L, col_L);
PRINT(PRN, "\n");

}

printf("\n\nREDUCED ORDER MODEL......COMPLETE\n");

if (printer == ’y’) X

{

PRINT(PRN, "\n\n\nREDUCED ORDER MODEL......COMPLETE\n");
clos_prn();

}

gotoxy(24,24);

printf("press any key to, systems.");

getch();

clrser();
return 0;

}
/**************************************************************
* THIS FUNCTION IS STOP TO CHECK CALCULATION *
FRRRRRRRRRRRHRRRRRRRRRRRRRRRRDRRRRRRRRRFRRRRRRKR KR RRRRR KRR/
void check(void) /¥ stop to inspection data */

{

char *text = "press spacebar to continue: ";

gotoxy(24,24);
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printf("%s", text);

while ( getch() != ' ')
’
clrscer();
}
/**************************************************************
* FUNCTION INPUT MATRIX FROM FILE *

**************************************************************/
Fi_Get_matrix(FILE *fp, float Matrix[][COLMAX], int *row, int *col)
{

int i, j;
char buff[20];

fscanf(fp,"%d %d\n", row, col);
for(i = 1; i <= *row; i++)
for( j = 1; j <= *col; j++)
{
fgets(buff, sizeof(buff), fp);
Matrix[il[j] = atof(buff);
} }
/************************i*************************************

* FUNCTION PRINT MATRIX TO SCREEN ) ¥
/*************************************************************/

void Print_matrix(float Matrix[][COLMAX],int row,int colum)
{

int i, j;

printf("\n");

printf("r");
for (i1 = 0; 1 < colum * 11; i++)
printf(" ");

printﬁ("1\n");
for (i = 1; i <= row; i++)

{
printf("]");
for (j = 1; j <= colum; j++)
printf("%10.4f ",Matrix[il[j]);
printf("l\n");
}

printf("t"});

for (i = 0; i < colum * 11; i++)
printf(" ");

printf("I\n");

}

JRkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkRkkkkkkkkkkkkkkkkkkkk Rk kkkkkkk
* FUNCTION PRINT MATRIX TO PRINTER . *
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**************************************************************/
void PRN matrix(float Matrix[][COLMAX],int row,int colum)
{
int i, J;
PRINT(PRN, "\n");
PRINT(PRN, "r");
for (i = 0; 1 < colum * 11; i++)
PRINT(PRN, " ");
PRINT(PRN, "1\n");
for (i = 1; 1 <= row; i++)
{
PRINT(PRN, "|");
for (j = 1; j <= colum; j++)
PRINT(PRN, "%10.4f ",Matrix[ill[jl);
PRINT(PRN, "I\n");
}
PRINT(PRN, "L");
for (i = 0; i < colum ¥ 11; i++)
PRINT(PRN, " ");
PRINT(PRN, "d\n");
} 1
JRRRRRRRERRERERERERRRERRRRRRRRERRRERFRRRRRRRRRRRRRR RO E kKK
* FUNCTION ADD MATRIX . *
RRkRRRRRRR KRRk Rk Rk Rk kR kR Rk Rk kR Rk kR kR Rk kR Rk kR Rk Rk kKK [
void Add_matrix(float ml[][COLMAX], int rowl, int coll,
float m2[][COLMAX], int row2, int col2,
float m3[][COLMAX], int *row3, int ¥col3)

int i, j;

if (rowl !'= row2 |} coll !'= col2)

{
printf("ERROR !!! can’'t sub matrix\n");
exit(1);

}

*rowd rowl;

*col3 coll;

for (i = 1; i <= rowl; i++)

for (j = 1; J <= coll; j+t)
} w3{i][j] = m1{il[j] + w2[il[Jj];
}

VST 2332222223222 22222222222 22E2 LSS LSS 2SS RS2 LSS L

* FUNCTION SUB MATRIX *
RrkkRRRkkRRRRRk Rk Rk Rk kR Rk kR Rk kR kR kR Rk kR Rk R Rk kR Rk kkk /

void Sub_matrix(float ml[][COLMAX], int rowl, int coll,
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float m2[]{COLMAX], int row2, int col2,
float m3[]J[COLMAX], int *row3, int *col3)
int i, j;
if (rowl !'= row2 || coll != col2)
{ .
printf("ERROR !!! can’'t sub matrix\n");
exit(1);
}
¥rowd = rowl;
*¥col3 = coll;
for (i = 1; i <= rowl; i++)
{
for (j = 1; J <= coll; j++)
m3[il[j] = m1[i][j] - m2[il(j];
}
}

/**************************************************************
* FUNCTION MULTIPLICATION MATRIX ’ *
**************************************************************/

void Mul_matrix(float ml1[][COLMAX], int rowl, int coll,

float m2[][COLMAX], int row2, int col2,
float m3[]J{COLMAX], int *row3, int *col3)

{

int row, col, dummy;

if( coll !'= row2)

{
printf("ERROR !'!!! Unable multiple matrix\n");
exit(1l);

}

for ( row = 1; row <= rowl; rowtt)
for( col = 1; col <= col2; col++)

{
m3[row][col] = 0.0;
for( dummy = 1; dummy <= coll; dummy++)
m3[row][col] += ml[row][dummy]*m2[dummy][col];
} .
*¥rowd = rowl;
*¥cold = col2;
}
/**************************************************************
. DETERMINANT BY GAUSSIAN ELIMINATION METHOD ¥

FRkkRRRRRRRRRRRRR KRR R R R Rk R Rk Rk R kR Rk Rk kR kR Rk Rk kK
float Gauss_det(float Matrix[][COLMAX], int row, int col)
{
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float BUF[ROWMAX][COLMAX];
int ID, 1IW;

float W, P;

int i, J, k;

if ( row !'= col )

{ -
printf(" ERROR !!!! Nonsquare matrix\n");
exit(1);

{= row; i++)

<= col; j++)
Matrix[i][j];
for ( k = 1; k <= row-1; k++)
fabs(BUF[k][k]);

IW k;

for ( i = k+1; i <= row; i++)

{

" u

if ( W < fabs(BUF[il[k])) '
{
W
W

1;
fabs(BUF[i][k]);
}
} /%% 1 LOOP %%/
it (W1'=0)
{

if ((IW !'= Xk );
{
ID *= -1;
for ( j = k; j <= row; j++)
fswap (&BUF[k][j], &BUF[IW][jl);

}
P = BUF[k][k];
for ( i = k+1l; i <= row; i++)
{
W = BUF[i][k]/P;
for ( j = k+1; j <= row; j++)
BUF[i][j] -= W*BUF[k][j];
}

} /** end k LOOP **/
W = (float)ID;
for ( i = 1; i <= row; it+ )
W *= BUF[i][i]; -
} /*#% end if W !'= 0 %%/
return W;

}
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J¥FRRERRRRRRRRRRRRRRkkk kR Rk kR Rk kR kR kR kR kkRkkk Rk kR kkk kR kk kKK

{

*

INVERSE MATRIX BY GAUSS - JORDAN ELIMINATION METHOD
**************************************************************/

void Inverse_matrix(float Matrix[][COLMAX], int row, int col,

float Ivre[][COLMAX])

int ID[ROWMAX];
float P;
int M;

int i, j, k, kl;

if ( row t= col)
{
printf("ERROR 11!!!

Nonsquare matrix\n");

}

e

xit(1);

for (i = 1; i <= row; i++

{

}

§)]
fo

[i] i;
r(j 1; j <= col; j++)
Ivre[il[j] = Matrix[il[j];

for (k = 1; k <= row; k++)

{

P
M
fo

if
{

}

= fabs(Ivre[k][k]);
; . k; J <= row; j++)
(P < fabs(Ivre[j1[k]))

[ TSl

(
i
{

fabs(Ivre[jl[kl);
k;

= o

}
(P == 0)

printf("Can’t be solved");

exit(1);

if (M !'= k)

{

}
P

for (j = 1; j <= row; j++)
fswap(&Ivre[k]l[j]l, &Ivre[M]1[jl);

swap(&ID[k], &ID[M]);

= Ivrelk][k];

Ivre[k]}[k] = 1;
for (j = 1; j <= row; j++)

Ivre{k][j] /= P;

for (i = 1; i <= row; i++)

if (i = k)

*

Page 15
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{ .
for (j = 1; j <= row; j++)
if (j !'= k)
Ivre[il[j] -= Ivrel[il[k]*Ivre[k][j];
Ivre[il{k] /= -P;
}
} /% end k loop */
for (j = 1; J <= row-1; j++)
{
if (j t= ID[3])
{
for (k = j+1; k <= row; k+t)
if (j == ID[k])
kl = k;
for (i = 1; 1 <= row; i++)
fswap(&Ivre[il[j], &Ivre[il[k1]);
}

)
) | ,

JERRRRRRRkRRRkkkkkokkkkkkkkpkkkkkkkkkkkkRkkkkkkkkkkkkRhRRF Rk R kR RkkK

* QR METHOD WITH SHIFT REAL AND COMPLEX EIGENVALUES *
kRkRkRRRRRRRRRRRRRRRRRRRR R R KRRk R Rk Rk Rk R Rk Rk Rk Rk kR kkkkkkk/

int Eigen_QR (float Matrix[][COLMAX], ipt row, int col,
float lamdal])
{

float A[ROWMAX][COLMAX], U[ROWMAX], V[ROWMAX], W[ROWMAX];
float BUF{ROWMAX][COLMAX];
float C, D’ P) Q) R’ S, T;

int N;
int i, J, r;
int count = 1; /*¥ set count eigen value */ .

int tstcmplx = 1;
if* (row !'= col) )
{
printf("ERROR !!!! Can’t be solved. It’s nonsquare matrix\n");
exit(1l);
}
for (i.=.1; i <= row; i++)
for (j = 1; j <= row; j+t)
A[i-11[j-1]1 = Matrix[il{j]);
N = row-1;

/*: . HOUSEHOLDER REDUCTION */
for (r = 0; r <= N-2; r++)
{
Wir]
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P += A[illr]*A[il[r];
S = sqrt(P);
if (Alr+13{r] < 0)
S = -S;
if (8 '= 0)
{
Wlr+l]l = sqrt((1.0+A[r+11[r1/S)/2.0);
for (i = r+2; 1 <= N; i++)
Wli] = A[il[r]/2.0/S/W[r+1];

for (i = 0; i <= N; i++)

P =0.0; @ = 0.0;
for (j = r+l; j <= N; j++)

{ }
P += A[i][j]*W[j];
| Q += A[JI[i1*W[j];
U[i] = P;
V[i] = Q;
T += P¥W[i];

}/*¥ end 1 loop */
for (i = 0; 1 <= N; i++)
for (j = r; j <= N; j++)
A[il15] = A[i1[35] -

2.0xW[i)*V[j]-2.0%W[j1*U[1]+4.O*T*W[i]*W[j];

}/¥ end if S != 0 */
}/¥ end r loop ¥/
R =0.0; D=0.0;

/* SHIFT */
do
D += A[N][N];
for (i = 0; i <= N; i++)
Ali][i] -= A[N][N];
/* QR FACTORISATION %/

R+=1; @ = 0.0;
for (i = 0; i<z N-1; i++)
{
if (A[i1[i] == 0)
T = 2.0%atan(1);
else
T = atan(A[i+1)[1)/A[i][i]);
C = cos(T); S = sin(T);
uli] = ¢; Vv[i] = S;
for (j = i; J <= N; j++)
{

Page 17
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P = A[illjl;

A[i1[3] = C*P+S*A[i+1]1[j];

A[i+11[53] = -S*P+C*A[i+1][j];
}
W[il = 0.0;
if (fabs(T) > 0.000001)

Wli) = 1.0;
if (i '= 0)

Q += W[il*W[i-1];
}/*¥ end i loop */

/% FIND PRODUCT RQ x/
for (j = 0; j <= N~1; j++)
{

C = Uljl; 8 = V[jl;
for (i = 05 i <= j+l; i++)

P = A[i]l[j];
A[i)[j] = C*P+S*A[i][j+1];
A[il[j+1] = -S*P+C*A[i][j+1];
} ]
}/¥ end j loop */
/% PRINT MATRIX */

/% printf("\nITERATION NO. %f\n", R);
for (i = 0; i <= N; 1i++)

{
for (j = 0; j <= N; j++)
{
printf("%10.4f " , A[il[j]1);
}
printf("\n");
} */

} while (@ > 0.0);

/% PRINT RESULTS */
printf("\nEIGENVALUES ARE:\n");
for (i = 0; 1 <= N; i++)

if (W[i] '= 1)

{
printf("%f\n", A[i][i]+D);
lamda[count++] = A[i]l[i] + D;
}
else
{

(A[i1[i)+A[i+1][i+1]1)/2.0;
A[LJ[il*A[i+1][i+1]-A[i][i+11*A[i+41]1[i];

P
Q
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R = P*¥P-Q; S = sqrt(fabs(R)); P += D;
if (R < 0)
{
printf("%f + j * %¥f\n", P, S);
printf("%f - j * %f\n", P, 8);
tstemplx = ~1;
}
else

{
printf("%f\n", P+S);

lamdal[count++] = P + S;
printf("%f\n", P-8);
lamda[count++] = P - S;

R
it+;
}/*% end else of if W[i] t= 1 */
}/¥ end i loop */
return tstcmplx;

} ;

JERkRkRkkkkRkkkkRkkkkkkk Rk kkkRkkkkkkkkk kR kRkkkkkkRkkkk kR Rk R kR k¥
* EIGEN VALUE & EIGEN VECTOR BY JACOBI METHOD *
RRERkRkkRkkkkk Rk Rk kR Rk Rk Rk Rk Rk Rk Rk kR kR Rk Rk Rk Rk kR ok kkk /

int Jacobi_egn (float Matrix[][COLMAX], int row, int col,

float lamda[], float v[][COLMAX], int *rowEV, int #*colEV)
{

float ax, a[ROWMAX][COLMAX];
int i, i1, Jj, j1, kt;
float al, sa, ss, sl, s2, s7, s8;

void Jacobi_print_egn(float a[][COLMAX], float v[]{COLMAX],
float lamdal], int n, int kt);

if (row != col)
{
printf("ERROR !!!! nonsquare matrix\n");
exit(1);
}
/¥ INITIAL VALUE EIGEN VECTOR x/
¥rowEV = row;
*¥colEV = col;
for (i = 1; i <= row; i++)
{
for (j = 1; j <= col; j++)
{
afil[j] = Matrix[i][j];
v[il[j] = 0.0;

}

Page 19
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vlil[i] = 1.0;

/¥ */
printf("\nadmissible error: %e\n", EA);

printf("max. iterations: ¥d\n", KM);
for (kt = 1; kt < KM; kt++)

{
ax = 0,0;
for (i = 1; i <= row-1; i++)
{
for (j = i+l; j <= row; j++)
if (fabs(al[i][j]) > ax)
{
il = i;
J1 = j;
} ax = a[il[j];
}/¥ end for i loop */
if (ax == 0)
{
Jacobi_print_egn(a, v, -lamda, row, kt);
return 1;
}
ss = a[il][il] - a[j1][j1];
al = fabs(ss)/2.0;
sa = sqrt(al¥al + alil][j1]*a[i1][j1]);
s8 = 1.0/sqrt(2)*sqrt(1+al/sa);
s7 = al[il1][j1]1/(2*sa%s8);
if (ss < 0)
87 = -s7;
for (i = 1; i <= row; i++)
{
if ((1 !'= i1) && (i !'= j1))
sl = a[i1][i]*s8 + a[j1][i]*s7;
82 = a[j1][i]*s8 - a[il]l[il*s7;
alil][i] = sl;
a[j1][i] = s2;
}
}

sl = a[il][i1]*s8%s8 + 2.0%a[i1][j1]*s8%s7 + a[jl]1[jl]*sT7*sT;
s2 = a[il1][i1]#*s7#%s7 - 2.0%a[i1][j1)*s8%s7 + a[jl1][j1]*s8%s8;

al[il][il] = s1;
al[j1]lj1] = s2;
al[i1l[j1] = 0.0;
a[j1][il] = 0.0;

for (i = 1; i <= row; it++)

{
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a[1][i1] = a[il]l[i];

alill1] = alj11[i];

sl = v[i][i1]*s8 + v[i][j1]1*s7;
s2 = v[i]{j1]*s8 - v[il[il1]*s7;
viil{il] = s1;

v{i][j1] = s2;

}
if (fabs(ax) <= EA) |

{
Jacobi_print_egn(a, v, lamda, row, kt);
return 1;

}

if (kt >= KM)

{

printf("\nOVER MAXIMUM ITERATION\n");
exit(2);

}
}/*¥ end for kt loop */
Jacobi_print_egn(a, v, lamda, row, kt);

return 1;

} oL

/¥ END Jacobi_egn */
VA print output of Jacobi_egn program -—--=-=—=--==-=---- x/

void Jacobi_print_egn (float al][COLMAX], float v[][COLMAX],
float lamdaf[], int n, int kt)
{

int 1,J;

printf("\nSOLUTION\n");
printf("eigenvalue\n");
for (1 = 1; 1 <= n; i++)
{
lamda[i] = al[i][i];
printf("%10.4f ", lamda[i]);

printf("\n\neigen vector\n");
Print_matrix(v, n, n);
printf("\nno. of iterations: %d\n", kt);
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JEERRRRRRRRk Rk Rk Rk Rk Rk Rk kR kR Rk Rk kkckk kR kkokkkkokkokk

* THIS PROGRAM IS CALCULATION STATE ENERGY ¥
* BY USING ROMBERG INTEGRATION METHOD *
*RERRRRRRRRRRRk Rk kR Rk kR kR Rk Rk kR Rk Rk kkkk /

#include <stdio.h>
#include <math.h>

#define FNF(x)

main()

{

double EA = 0.00000001;

double er;

float a, b, h;

float S[150], s, sl1, s8; s9, sk, sw;
float rk;

int N, i, Jj, r;

clrscr();

printf("* Romberg integration method *\n");
printf("integral range\n");

printf("input lower bound: ");

scanf("%f", &a);

printf("input upper bound: ");

scanf ("%f", &b);

printf("input number of partitions (not greather than 130):

scanf ("%d", &N);

printf("no. of partitions: %d\n", N);
printf("admissible error: %e\n", EA);
h=b-a; rk = 1; sk = 1;

sl = (FNF(a)+FNF(b))/2.0;

S[0] = h*sl; sw = S[0];

for (i = 1; i <= N; i++)

{

h = h/2.0;
rk = rk¥2.0;
s = 0.0;

for (r = 1; r <= rk-1; r+t+)
{

S
}
S[i] = h*¥(s+sl); er = fabs(1.0 - sw/S[i]); sw = S[i];
if (er <= EA)

s+FNF (a+r#*h);

printf("SOLUTION OF INTEGRAL: %f\n", sw);
return 1;

}
}

Page 1
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for (i = 1;
{
sk
89

sk

i <= N;

sk¥4.0;

._1;
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it+)!

for (j = 0; j <= N - i; j++)

{
s8 =
S[Jl
er =
sW =
if (
{

S[j+11 -
= S[j+1]
fabs(1l -
S(il;

er <= EA)

Slils
+ s8/s9;
sw/8[jl);

printf("SOLUTION OF INTEGRAL: %f\n", sw);

return 1;
}
}
}

printf("\n* NO CONVERGENCE #\n");

getch();
return -1;

}
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Do you want output to printer ? (y/n) : y
Input external file.

It saved data of matrix A, B and C.

Enter file name: datl.dat

* MATRIX A ¥

0.0000 2.0000

»*

MATRIX B #*

-3.0000

2.0000 ]

b

* MATRIX C *

[ 3.0000 1.0000]

Eigenvalues of matrix A before absolute sorting
lamdaf[1]: -1.0000

lamda[2]: -2.0000 '

Eigenvalues of matrix A after absolute sorting
lamdaf1]: -1.0000

lamdaf2]: -2.0000

* DIAGONAL EIGENVALUES OF MATRIX A ¥

-1.0000 0.0000
0.0000 -2.0000

* RIGHT EIGENVECTOR OF MATRIX A ( V ) ¥

-2.0000 -1.0000
1.0000 1.0000

% LEFT EIGENVECTOR OF MATRIX A ( V ) *

-1.0000 -1.0000
1.0000 2.0000

* STATE ENERGY PARTICIPATION MATRIX ( W ) #



- 116 -

Wii,jl = J (x[i]*x[j]) dt

* MATRIX W *

-1.0000 1.8330

¥ MATRIX D *

9.0000 3.0000
3.0000 1.0000

¥ MATRIX P *

111.0030 -3.5010
37.0010 -1.1670

Select state to be retain in REDUCED ORDER MODEL
then partition matrice to calculation parameters
of REDUCED ORDER MODEL

Partition all matrice and write in external file
Enter file name: pdatl.dat

¥ MATRIX All *

[ ool

* MATRIX Al2 *

[ 2w

* MATRIX B1 *

[ o]
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¥ MATRIX B2 *

[ 3.0000]

¥ MATRIX C1 *

[ s

* MATRIX C2 *

[ 1.0000]

* LEFT EIGENVECTOR U2l #*

[ o

* LEFT EIGENVECTOR U22 *

[ 2o

* DIAGONAL EIGENVALUE OF MATRIX A (No.2) *

[ 2o

PARAMETER OF REDUCED MODEL

* PARAMETER F *

[ 1o

* PARAMETER G ¥

[ oo

¥ PARAMETER H #

[ 2.5000]
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* PARAMETER L *

[ v

REDUCED ORDER MODEL ....COMPLETE
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P22 2232222222222 23222222222 22222222 22222222 22 2 22 2R 0
¥ THIS PROGRAM IS COMPUTATION MODEL REDUCTION *

* IN FREQUENCY DOMAIN BY USING PADE APPROXIMATION *
kkRFRRFRKRRFRRRRRRRRRRFRRRkRRRRRRRR KRR R KRR RRkkkkRkkkkkk/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#include <alloc.h>

#include "swap.h"
#include "d:\sanya\thesis\swap.c"

#define MAX 20

main()

{

float a[MAX], b[MAX];
float c[MAX];

float  d[MAX], e[MAX];

float C[MAX][MAX], plpole[MAX];
float pr, pi, mag_pole;

int i, j, k, m, n;

int stable;

void Ncoef(float a[], float b[], float c[], int n);

void Get_vector(float vec[], int num_vec);

void Gauss(float Matrix[][MAX], int row, int col, float Vector[], int rowV
)3

float magnitude_pole(float re, float im);

void moments(float d[], float e[]l, int k, float cl[]);

void numer(float a[], float b[], float c[], int n);

int pole(float coff[], int n);

void Print_vec(float vec[], int n);

clrscr();
printf("Input order of system : ");
scanf("%d" , &n);
printf("Input Numerator Coefficients in Ascending Order, 0, 1, 2, ...\n");
Get_vector(d, n);
printf("NUMERATOR COEFFICIENTS OF TRANSFER FUNCTION\n");
for (i = 0; i < n; i++)
printf("d[%d] = %10.4f\n", i, d[i]);
printf("Input Denominortor Coefficients in Ascending Order, 0, 1, 2, ...\n
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");
Get_vector(e, n);
printf ("COEFFICIENT OF DENOMINORTOR OF TRANSFER FUNCTION\n");
for (1 = 0; i < n; i++)
printf("e[%d] = %10.4f\n", i, e[i]);
moments(d, e, n, c¢c);
for (i = 0; 1 < n; i++)
printf("time - moment ¥dth = ¥%10.4f\n", i, c[il);

printf("Modification moments value\n");
for (i = 0; i < n; i++)
{
c{i] = pow(-1, i)*fabs(c[i]);
printf("fitting time - moment %dth = ¥10.4f\n", i, c[il);
}

pole(e, n);

do

{

printf("Select pole to be retain in model reduction\n");
printf("REAL PART: ");

scanf ("%f", &pr);

printf("IMAGINARY PART: ");

scanf ("%f", &pi);

mag_pole = magnitude_pole(pr, pi);

printf("MAGNITUDE POLE TO YOUR SELECT IS %f\n", mag_pole);
printf("Select order to be retain in model reduction-: ");
scanf("%d", &k);

while ((2%k-1) > n)

{
printf("Out off time - moments\n");
printf("Try again\n")};
printf("Select order to be retain in model reduction : ");
scanf("xd", &k);
}

for (i =0; i <k ; i++)
{

b{i] = - c[i+1];

for(j = 0; j < k; j++)
} Clil[j] = elk+i-jl;

for (i = 0; i <= k; i++)

{

pow(-1,i)*pow(mag_pole,i);
plpole[i];

plpolefi]
Clk-1][i]

Page 2
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if (i == k)
b[k-1] = - plpole[il;

}

Gauss(C, k, k, b, k);
Ncoef(a, b, c, k);

printf ("\tSOLUTION\n\n");
printf("Order of Model Reduction = %d\n\n", k);
printf("Numerator Coefficients of Reduced Model\n");
for (i = 0; 1 < k; i++)

printf("Ncoef[¥d]l: %10.4f\n", i, alil);

printf("\n\n");
printf("Denominator Coefficients of Reduced Model\n');
for (i = 0; 1 < k; i++)

printf("Dcoef(%d]): %10.4f\n", i, b[i]);

stable
for (i

1;
0; i < k; i++)

if (bl[i] < 0.0)

{
printf("Model Reduction is unstable system !\n");
printf("Try again\n");

}

}

} while(!stable);
getch();
return 0;

}

/*********************************************************

* *
* THIS IS FUNCTION INPUT VECTORS FROM KEYBOARD ¥
* *

E 23331 TTTITITEITITITII 22 IITILIIZILELIIILIL SIS 22332222232 4

void Get_vector(float vec[], int num_vec)

{

int i;

for(i = 0; i < num_vec; i++)
{ .
printf("DATA[xd]: ", 1i);
scanf ("%f", &vec[i]);

Page
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}
/RRRRERERRRRRRRRRRRRRRRRRRRRERRRRRRRRRRRRRRRR R Rk Rk kR kR kR R kkkkk
% *
* SLOVE LINEAR EQUATION GAUSSIAN ELIMINATION METHOD *
* *

RERRRKKKERRRRRKK KRR RRRRRFRKERFRRRFRR KRR KRR ERRRRR Rk KRRk kR Rk ERKKK /

void Gauss(float Matrix[][MAX], int row, int col,
float Vector[], int rowV)
{

float A[MAX][MAX], B[MAX];
int N;

float P, P1, AS;

int M;

int - i, j, k;

if ((row != col) && (row != rowV))

{

printf("Can’t be solved. It’s nonsquare matrix.\n"™);

exit(1l);

}

N = row;
for (i = 1; i <= N; i++)
{
B[i] = Vector[i-11;
for ((j = 1; j <= N; j++)
A[i]l[J] = Matrix[i-11[j-11;

for (k = 1; k <= N~1; k++)
{
P
M

fabs(A[kl[k]);
k;

for (i = k; i <= N; i++)
if (P < fabs(A[il[k]))

{
P = fabs(A[i][k]);
M= 1i;
}
if (P == 0)
{

printf("Can’t be solved\n");
exit(1);
}

Page 4
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if (M != k)
{

for (j = k; J <= N; j++)
fswap(&ALk](j], &A[MI[i]);
fswap(&B[k], &B[M]);
}

P = A[k][k];
for (i = k#l; i <= N; i++)

P1 = A[i]l[k]/P;

B[i] -= P1*B[k];

for (j = k; j <= N; j++)
} A[i1[3] -= P1*A[k]1[j];

} /*¥ end k loop */

B[N] /= A[N][NI];
for (i = N-1; i >= 1; i--)
{
AS = 0;
for (j = i+l; j <= N; j++)
AS += A[i][j1*B[j];
B[i] = (B[i]-AS)/A[1][i];
}
for (i = 1; i <= N; i++)
Vector[i-1] = B[il];

/¥
printf("\n\nSOLUTION\n");
for (i = 1; i <= N; i++)
printf(" X%¥2d = %g\n", i, B[il);
*/

}

Page 5§

/¥RxRkRkRkkRkkkkRRRRRFERFRKRRRX END GAUSS ******************************/

*

¥ FIND MAGNITUDE OF POLE

¥

/********************************************************************

E2TI 2T 233 2233 I L2222 2223332223222 322222322322 322222 22233 2 4

float magnitude_pole(float re, float im)

{
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float x, y, ans, temp;
x = fabs(re);
y = fabs(im);
if (x == 0.0)
ans = y;
else if (y == 0.0)
ans = x;
else if (x > y)
{
temp = y/x;
ans = x*¥sqrt(l.0+temp*temp);
}
else
{
temp = x/y;
ans = y¥sqrt(l.0+temp¥*temp);
}

return ans;

}

Page 6

JRExkkkcERkxsrkRcskis END pangitude_pole ¥¥kskkikkkkiikdkiiiiiixrds/

/********************************************************************

*
*
%

FIND TIME - MOMENTS

*
%
%

RRERRERRERRERRRRRRERRRRRRRRR KRR KRR KRR R KRR RRRRRRERRRRFERERRRRRRKK /

void moments(float d[], float e[}, int n, float c[])

{

int

float temp;

cl0]
for

{

i, Js

= d[0}/e[0];

(i =1; i < n; i++)
temp = d[i];
for (j = 0; j < i; Jj++)
{

temp = temp - e[i-jl*cl[Jjl;

c[i] = temp/e[0];
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}
/********************************************************************

* *

* FIND NUMERATOR OF MODEL REDUCTION *

* *

RRKRRRKERERRRREFRRRRRF KRR R KRR R KRR R RRRRRRRRkRRkkkhkkkhkkkkkkkkkrkkkkk/

void Ncoef(float a[l, float b[]l, float c[], int n)
{

int 1, j;

a[0] = b[0]*c[0];
for (i = 1; i < n; i++)

0.0;
=05 j <= 1i; j++)
i] = afi

] + bljl*cli-jl;

/********************************************************************

* *
* FIND POLE OF SYSTEMS BY USING BAIRSTOW METHOD *
* *

k¥kkkkkkkkbkkkkkkRkhkkkkkkkkkkkkRkkkRRkRRkRRRRRRRRKRRRRRKKRKKKFRKRKKEKK /

int i1, is, mc;
float er, dl, de, dl;
pole(float A[]l, int N)
{
float b[MAX], c[MAX], xi[MAX], xr[MAX}];
float ea;
int knm;
float p, q; /% dl */

int i, J, k; /% il %/
int test;

int newton(int *k, float A[], float *p,
float *q, float *ea, int *km, float b[]);
int quad(float *p, float *q, float xr[], float xi[l):

ea = 0.0000001;
km = 200;
p = 1.0;
q=-1.0;
dl = 0.1;
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A[N] = 1.0; :

printf("#* Bairstow method ¥\n");

printf("#¥ coefficients *\n");

for (i = 0; i <= N; it++)
printf("X[%d] = %f\n", i, A[i]);

printf("admissible error: %g\n", ea);

printf("max. iterations: %¥d\n", km);

printf("\n\n* solution *\n");

il = 1;
if (N > 2)
{
for (i = N; i >=3; i -= 2)
{
test = newton (&i, A, &p, &q, &ea, &km, b);
if (test == -1)
return 1;
if (km <= 0)
return 1;
for (j = 0; j <= (N-2); j++)
A[jl = bl[jl; '
test = quad(&p, &q, xr, xi);
if (test == -1)
return 1;
}
}
else

if ((i%2) ==0)
{

p = A[1]/A[0];

q = A[2]/A[0];
quad(&p, &q, xr, xi);
return 1;

}
xr[il] = -A[1]/A[0];
printf("X %d = X10.3f", il, xr[il]);

return 1;

}

JEmm e NEWTON —---- e ——%/

int newton(int *k, float A[], float *p,
float *q, float *ea, int *km, float b[])
{

int quitl, quit2;
int i
/* int is, mc;*/

Page 8
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float r, d; /% de, dl;*/
float c[MAX];

is = 0;
mc = 1;
b{0] = A[O0];
cf[0] = A[0];
/¥ 520 %/
do{
do{
b[1] = A[1] - *p*b[0];
c[1] = b[1] - *p*c[0];
for (i = 2; i <= *k; i++)
{
b[i] = A[i] - #p*b[i-1] ~ *q*b[i-2];
c[i] = b[i] - *p*c[i-1] - *q*c[i-2];
}
r = c[*k-1] - b[*k-1];
d = c[*k-2]%c[*k-2] - r*c[*k-3];
quitl = 1; !
if (d == 0)
{
¥p = ¥p + dil;
*q = ¥q + dl;
quitl = 0;
}

} while (quitl == 0);

de = (b[*k-1}*¥c[*k-2]-b[*k]*c[*k~3])/d;

dl (b[*k]*c[*k-2] - b[*k-1]1%r)/d;

*p = ¥p + de;

*¥q = ¥q + dl;

if (fabs(de) <= *ea) !| (fabs(dl) <= *ea) )
{

~ U H It u

¥km = mc;
return 1;

}

quit2 = 1;

if (mc >= *km)
is = 1;

else

{
BC = mc+l;
quit2 = 0;

}while (quit2 == 0);

return 1;

}
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[Fmm e QUARTRATIC POLYNOMIAL ——- ————%/
int quad(float *p, float *q, float xr[], float xi[])
{

float d2, rl, r2, x1, x2;

char *ISSTR, *str;

*p = ¥p/2;
d2 = ((*p) * (*p)) - *q;
if (d2 »>= 0)
{
if ( *p <= 0)
= -(*p) - sqrt(d2);
else
= -(*p) + sqrt(d2);
r2 = %¥q/rl;
x1 = 0;
x2 = 0;
}
else '
{
rl = -(%p);
r2 = -(¥p);
x1 = sqrt(-d2);
x2 = ~x1;
}
xr[il] = r1;
xifil1] = x1;
xr[i1+1J = r2;
xi[il+1] = x2;
Y PRINT QUTPUT ---=mmmmmmmm %/
/¥
if (is == 1)
ISSTR = "no convergence";
else

ISSTR = itoa(mc, str, 10);
printf("X %d = %f", i1, xr[il]);
if (xi[i1] !'= 0)

{

if (xi[i1] > 0)

printf(" + ");
else
printf(" - ");

else

Page 10
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printf("{ %¥s )\n", ISSTR);
printf("%10.3f * i ( %s )\n", fabs(xi[il]), ISSTR); */
printf("%10.4f %10.4f\n", xr[il], xi[il]);
[¥-—- 820 --—-%/

/¥ printf("X %¥d = %10.3f", il+1, xr[il+l1]);
if (xi[i1+1] '= 0)

{
if (xi[il+1] > 0)
printf(" + ");
else
printf(" - ");
}
else

printf("( %¥s )\n", ISSTR);

printf("%10.3f * i ( %s )\n", fabs(xi[il+1]), ISSTR);

*/
printf("%10.4f %10.4f\n", xr[il]), xi[il]);
[ 860 ———~———we- *x/
if (is == 0)
{
il = il+1;
return 1;

) .
if ( fabs(dl) < fabs(de) )

er = fabs(dl);
else

er = fabs(de);
printf("\nresidual : %g\n", er);

return -1;

}
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Input order of system : §
Input Numerator Coefficients in Ascending Order, 0, 1, 2, ...

DATA[O0] = 100000
DATA[1] = 140100
DATA[2] = 6914
DATA[{3] = 1469
DATA[4] = 1014
DATA[5] = 1

NUMERATOR COEFFICIENTS OF TRANSFER FUNCTION

d[0] = 100000.0000
d[1] = 140100.0000
d[2] = 6914.0000
d[3] = 1469.0000
d(4]) = 1014.0000
d[5] = 1.0000
Input Denominortor Coefficients in Ascending Order, 0, 1, 2, ...
DATA[O] = 1000000
DATA[1] = 2220000
DATA[2] = 1454100
DATA[3] = 248420
DATA[{4] = 14541
DATA[5] = 2225
DATA[6] = 1

NUMERATOR COEFFICIENTS OF TRANSFER FUNCTION

e[0] = 1000000.0000
e[l] = 2220000.0000
e[2] = 1454100.0000
e[3] = 248420.0000
el[4] = 14541.0000
e[5] = 2225.0000
e[6] = 1.0000
Fitting Time - Moment <c[0] = 0.1000
Fitting Time - Moment <c[1] = -0.0819
Fitting Time - Moment <c[2] = 0.1055
Fitting Time - Moment c[2] = -0.1260
Fitting Time - Moment c[4] = 0.1461

Select pole to be retain in model reduction
REAL PART : -100

IMAGINARY PART : 0 .

MAGNITUDE POLE TO YOUR SELECT IS 100.0000

Select order to be retain in model reduction : 2



SOLUTION
Order of Model Reduction = 2

Numerator Coefficents of Reduced Model
Ncoef[0]: 7.898339
Ncoef[1]): 3.6093

Denominator Coefficents of Reduced Model
Dcoef[0]: 78.983398
Dcoef([1]: 100.789833
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¢
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