BUASTPRLE
3 26 % 20024£ 12 A

HlRIAT & Bt 1 KGR OEE

MR BERET O RBE O #F®m* @)l #T

An Algorithm for Computing Ill Conditioned Simultaneous Equations with
Constraints
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ABSTRACT

The steepest descent method has been often used to solve simultaneous
equations encountered in engineering problems, especially in the case of ill
conditioned and the rate of convergence is very slow. If we calculate with
finite figures in the method, there is a certain risk of obtaining erroneous
results which do not converge to the true solution.

In this paper, an algorithm for computing the constrained simultaneous
equations in terms of the converged values obtained previously by the
steepest descent method is described in detail. Last, two examples are
presented which are the applications of this method. The one is related to
simultaneous linear equations which is ill conditioned. The other is
concerned in particular problem which deals with simultaneous linear
equations composevd of measured values for obtaining spectral
transmittance of an optical filter by means of retarding potential method. In
latter case, the simultaneous linear equations include some unavoidable
errors.

F—U— ko EY 1 KRFER, BRRE BRAESE, DURE, REE B4i
¥ _

Keywords : Simultaneous linear equations, Constraints, Steepest decent
method, Converged values, Optimum solution, Ill condition

1. FAME EhTws. #3 1 REBRUTHKIRME 2 A0
HIRO SRS & DIFREET EIRE % M7 < HEIT L, BEDHEMEORIZ B/ L TRERE
BxH20 (1), SRBRTNEHELEE RDDFiE, BEOBRMER/NMNIL TRER

*EHRAE TR



ERDOZFHEZOVTIIBEICHER LTS [(2-
4],
BREFEIIRELFE L LTERIZORY
BERENTEY, £HEOIVEEICZVW LTI
JWVWFRETH I, FEOBWGEITIIIUERN
B2, RBRICHEZITY L&, BRI
 THEZTHIZIELHAFAETHHOT, Haw
IR ERICIURTR&E b0, ERICITRE
RN L2WVWZ LR D, RmCTIE, &6
DOEVEY 1 RFBREREXEREICI>TH
BHT CHEEZITo 72 & FDRERIZ OV TR,
WIZFN S OIHFMEZ AWT, HIFSME:2Mm
U723 1 RFBROBEEM KD 5 HEICD
WTRRTWS., BB, Z0OREE2ZBIETE
LIRS

2., ZREHEOIERRA

AZnxn OERIATHI, X, bZrnROFIXS
FA L 5e, Ei1RAER

Ax=b (1)
RS T LiE, KREBALTEMXERD D
ZEiTRB.

Fo=@r)=)r (2)

=

=L, (, YARFEERDL, ridBEE7s
kLT

r=Ax-b (3)
ThDH. 3T,
aF(x) L
ox, =2:z=1"aﬂri (4)

THHP Db, RXITBITD F(x) DRKER I H
Pix
P=VF (x)=24r (5)

B, L, ATIZADEREBEITIITHS.
WE, SERICRITAx, P, r DERXZTH
Znx®, PY, r9TCRL, IEEOREEE
sWLLT
XG0 —x) | §OPE (6)
ET5H. THE

F(X(s) +5(x)P(S)) — (6 (s) )2 (AP(s) , AP(s))

4259 (APY,r¥) + (r®,r®) (7)
ThdNb,
(s (s) P(s)
aF(X +6'P )=0 (8)
PR
LBt
(AP(S) , l.(S) ) '
) M~ - 7 9
0 (AP®, AP®) (9)
BELND.

S OFER, FO)ORBORLARFHIC

®H, BRMEEZRTREEX L LTWBEOT,
D VS 1 rAFRERICK U TRIE 2355
W, Lo L, £ERBEWGEIZIX, FRB—E
L EITBEREERY, SRAKOILEE
RZEOBBEHEOREMIEZRE LN b (5-
6 ], BRI ARICBIES 5 O TIWIRNKRE
B 25.
ERICEEHEEZITO L &3, ARITTEHE
T5DT, FENBEVEL 1 RFEROBEIC
X, EMRICETALENCXY =xCP Lip by, EME
BELNR R ERDSB. LIL, Thb
ODIRKRIFX)=—E2RbTEEHEOE
A B BEEEECHS.
LHRBRRIZL > TRD ENDHBIEE N FEITIC
TN EBERG LRI, EVIZETIZHEVE
BE—OFE I IEE WA AITRIE 2N TERR S

na. PRI FE®)IcBIF 3 HARY P TH

D, IRLRITI, FEE)<FEP) 3. A

DEBEOHEMENEK K2 bD, BLOEK/IND
LDOE A Ay, & THIE, BEREOFEITIE,

D D P | A | 5 1 & B L TR 72

LB, LERoT, BENEIREL Bk
D, SoEMmE bz, xXPIZEBEHEOERE
B %85 F— B EE LR T 5.
W, ERIZm S (m2n) OHFELRY, £
VD DR (2, %52 %, ) (g Xp050005 X, ),
Gots Xpsa X)) & T 5 . 18 ¥ %



Cj(j=1,2,---,n), ""ﬁﬁ%cnﬂkb, 1"\%[\93/1/7::
INHREZROBFBATRDT.

n-1

Z'xijcj + Cn+1 =Xy

j=1

(10)
(i=12,---,m)
% (10) 5 Cj(j=1,2,---,n—1,n+1)7’@3}‘2&), *

NHEDEEZRNTRO L S ICKDT.

Cx, +Cyx, +-+Cx, +C,, =0 (11)
7=7EL, C,=-1Th3. +5L, X (11) T
ELENHPBLEEIIF®=—EDOBERE
EfziEy, £ (1) ofgizk (11) %
WRT2. BEMNEORBMORIZ A, , B
DESEh, LThiE, BEREOHEITIX, %
NoDh, /b, 131 L HBRLUTIHEICIKRE R
BE 725, HRAOKOELUEIZRET % ES)
L7a B LRRIZRD > TEDL D, ZORIBAKRE
WWhEL 2B 0T, BEREFETHELNINK
EREEMAEORMTEIBELE ENLGTHRD
BEX—RIZDEIN., FROENI/NENZ LT
ADBEKEFEIHISTIEENT PADFHH
WWIIBRENNINWI L E2BRTHOT, IURHE

x, (=1,2,,m: j=1,2,...,n) 23 EBHE [ E O &

ZEAIBEEENLTHAIREINEN. £,
EHEOMBEEZ R, T HITHT 2 RE»
LER/NMERELL-TK (11) 2RdhF,
R (11) DEEIPLITNAIBAEINELARD
TEDERENS.

3. EXRETE
REax, L BIEMED & DORIZIR DRI R
ML TWBHDET 5.

(12)

L, a 3EBETRAEETH>TH LS, ¢

ARE, u RO TR, v RO LIRS TRE

NERPLTEY, BOFEFERIINEES LTS,
W, R (11) 2V, ®’RXE2H/MILT
X (12) OREBRERDIMEEZEXS. I
ZL, X (11) BIBOFFEZEZELI DL
T 5.
F =2":s,.2

i=1

R (11) 3K (13) TBWTF=—&¢L
Tl EXRDINDBEMAEORMEZEDL DT,
BEMEIIR (11) 2WRE35. Lo,
BOFREREZBEL, R (11) TERbEh
ZBEEET, X (13) OERRNERDA
ERODIIT L.

FETHRY, BOFEFEREATK (11) 2K
BT H2EEZARARE2NE EICEVQ

(=12 m) T H. TOLEDOBHBEKD
&

(13)

FO=Y (Y ax -5, (14)

i=1  j=1

FHETS. RERADEHE-TBYELTHE
BB BT EHFRERNELRRL, KE
WEDHH~EUEZED S . EEEEZS & L,
TDFEEDSBEENL S+1BEEZRDEZT L
Y ALRFROLIITRD.

(i)

(a)

(15)

(16)



0 =20 +8 5 =2 (26)
C (17)
A PLT, (i) WITsBE%2®VET.
4
(b)gl< (217)
L PI e
(b= (15), (16) BFBRINBZVESIT ROITHERKRTT 3.
7)?) =xl(c.r)
X9 = X (18)
L,
f(s)(d,k,l):i(iaijfl(_-‘) ._b,,)2 ( 1 9) Lz:‘:l ﬁ,aijxj"ﬂb;ﬁ-F‘"’]

=l j=l

k=12,.,nd LEkIZRHLTI=12,--,n
LLT, d=16>0), d=206>0) DHEIZ

> WTHEST SZ. =272 L,
k#l, X0 =x (j£k, j2D THB.
(i ) FOd, k) OH O R/MEER R,

FOd kD= Minf® @,k (20)

d.k,l

L¥ 5.
Ciii ) £ (d, k,01) & F© & L

FOd, k)< F® (21)

2 BIE F—— P
. I'j—%d‘-«-i?l T ez

Fe = £ (4 k1) (22) I 7

i=}

VI P ok, g

2 ( J‘é‘,a.yf,‘-’-’b‘-)‘-féf;ﬂi

LU, FOUdkDICRT B ERDBOEL

i %
X = 20 ‘ (23)
(j=1a29"')n)
LT (i) Kb 3. R
. ff;—'—xj's’
(iv) f9d,k, D=2 F® (24) (=12,
D& ()
(@) g|>e (25)
d X1 HhE
261X Fig.1 Flow chart.




L, eFFOEDIIS/NEREDE

BLvs.

B 13AHEEOHRNKNTHD. KERS (1
BERMEC L > TERY, TEERDEOW

HEIZX>THRRBN, 6 =Max{[ujl, vjl} &

ThiIZEW., Z0Xk35IcLTh, MIbXEEL X
&R,

4, FRAETHEDIE
EIETHERREZBREITIEICL > TRDEE
REFOELUED, REHE~NRTDZLELL
TTREAT 5.

REN B OHEIIROFRFEZNICH Y, K
(11) ZHRLTVWS. FEFHEOKFERET
%, X (15), (16) 26 (11) Wk
THEERECHY, o, BOTEBEENH
B EEHALNTH D, BB LIRTO & B
TIFEER/MEIZZEL TWHRW, LEX-T,
BIZROBHRBEILT S,

F(S) >F(H1) ( 2 8)
LT, FOIXBMSOEME L bIcEsT
5. Thwzx, EROBOELMERIEX (1 3)
BR/ANETDHRI MAVFRARKRTSZ EIXE
HTHD. ZTOEEUEN R U TERBEMIZIIK
THENENPPREETHS.

WE, BEMRERS P TEDL, 0L

ZDOBEMBRDELZ FE') &5, BOFER
BRORX" IR (11) 2L, TORTEH
HIBE F*) IZBATRIR /N T, &RME DM

ERZORITPKETIHDOERETS. T3 L,
WROBEFRIFL Y M.

F(x')<Fx°) (29)

HROBEIX MR TH I 00, 0sA<1R B4
2R LT
prﬂ+a—akﬂsAF@3+a-zﬂ«ﬂ)
(30)

Lps. ¥ (29) LvkoBEERELN
5.

FAX" +1-A)x"} < F(x") (31)
WE,
—— >4 >0 (32)
P—x| |
=L, —x°|29 S0N X HITADERRE.

5L, FO i TRITER/ATHS &1 5 (R

EMND, X005 Ex=AXx"+1-)x* 2B\ T,
WOBBBESE LR THiER 50,

| F(x):F{;Lx‘+(1-A)x°}>F(x") (33)

o (33) 13X (31) LFETS. L
BoT, X X EF—HLRTNERLRW. %
Nz, FROZOTLUEZRBERE X ~IHRT
5. EROES X, 512 bh -, flxsu,
BREOABOMBEIZ L > TH R AR B0,

Poass |/ | DERZDBR L 2B, —fIT, =
DEPRKEDBIGRITE.

5. BEEHHE

5.1 fHEGHHK

KOS 1 RBBROERE (x,%,,%,, %, %) 1L,
0,7.53)TH5.

10x, +11x, +12x, +13x, +14x, =280
10x, +12x, +15x, +20x, + 30x, =339
10x, +15x, + 20x, +30x, +50x, =435} (3 4)
10x, +20x, + 30x, + 50x, +80x, =610
10x, +30x, +50x, + 80x, + 90x, =880

0~9 D—REE = RBAEIE, T b2 HHE
W LTRKRERNECL-THET R L, 208
BIIR10OLOIZRy, ERLIEINTHEN-E
BELND. 2L, BERX, £@TEDIEEN
9HT (10%) DHEHTIT-o. X (34) @

(=12, ,n=5)TO&% LK a, LT DERMD



F1 BREFEI X SEORE
Table 1 The converged values which are obtained by the steepest decent method.
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Table 2 The converged values which are obtained by the steepest decent method.
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Fig.2 Retarding potential characteristics of

a photoelectric tube for each monochromatic
light
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Fig.3 Retarding potential characteristics of
a photoelectric tube when optical filter is
inserted.
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Fig.4 Spectral transmittance of optical
filter.
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