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ABSTRACT

Group delay egualizer program is used to designed the
delay egualizer eircuit it’s mean to maximaly constant group
delay. The approximated by applying the constraints on the
poles of the function. In addition , time domain response of

the approximate circuit is considered.
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1 :4 . 4 t 4 <~
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pl = 572733 ql = 3.62393
p2 = 544326 q2 = 8.64379
p3 = 519243 g3 = 13.58603
pd = 472356 g4 = 18.27942
p5 = 3.51310 B = 2259609

. . ¥ g » X 0
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< o I's < fa - P
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c = 10 MF
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1

C = 10 uF

Section 3
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1
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Section 4
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Section 5
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. 1
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o v 4
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v <
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magnitude (volt)
72 R e AR AR

pu
Eﬂﬂ 12 udasuaaauduasniviutanas butterworth filter

Af = 51_5 - 04
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3IAATTHARRSTTINIARIATUTUATY L UBUNUARSYTURNN1T  (4)  UARE
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LUTau L Ne RNl TERNENLAAUANAIT (24) WAANINITRLARNINISIUIAN
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R, = 1.71 Q@ , R, =1.9 KQ , R, =2 KQ s R, =

1

c = 10 uF

Section 2

R, =594 Q ,R,=2.25 KQ , R, =1.6 KQ , R,

1

C = 10 uF

Section 3

R, = 251 2Oy LR
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]

1.5 KQ , R, =
c = 1¢c uF
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RIAIRAIIN 3

A4 da s P's ¢
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6.04108 . 6.04108
9.1236 +(»-1.2529)"  9.1236 +( @ +1.2529 )

o
’REAIUD

555 Q

1.51 KQ

gvdl o« I’ ' < ' < 3
Qﬁﬂiuﬂﬁuﬂﬂﬂéﬂﬂl&ﬂ?uﬂﬂﬂ?%ﬁ?@ 0-6 Hz uaUszual 840 mS

e d
mezﬂn 13



28

magnitude (volt)
21]' """" :"' """ P SRR SRR SRERREEE

< ' dad P
gﬂn 13 uﬁmqmﬂﬂ%wataanﬂunqn

. e 1 .« &
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L. W 3 3 ar 1 <}
LAEAETRTLaEH1I9TENIINTHANLLAYR real DadiHdaiuR199AD

ql = (1.3333)(0.5) = 0.6667
q2 = (1.3333)(1.5) = 2.0000
q3 = (1.3333)(25) = 3.3333
g4 = (1.3333)(3.5) = 4.6667

q5 = (1.3333)(4.5) = 6.0000

u:': UL - ] " £
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-1 < 0 a° v 0 . . '
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A1AUYININUA
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pl = 281671 ql = 119108
p2 = 220909 q2 = 3.18929
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pd = LTI919 g4 = 632644
p5 = 122616 q5 = 7.69616

A - ] ’ 8 L}
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6
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o5 = 24 MH,
_ 24 4
P = — = = 22189

27 (2.4x0.005)

ql = 24(05) = 12
g2 = 24(15) = 36
g3 = 24(25) = 60

uTisunTutd@n Do = 0.55 s £ = 0.0009 s Az

1adinat iU TnInafiy 182 A% uazgd2amAeTINiniy 293 aF

wazan (p,q) LtHafusdy 9 Aa
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p2 = 185723  q2 = 2.83091
p3 = 126986  q3 = 4.24189
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(Scaling)
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1. AITdALAaNINIU1IG  (Magnitude Scaling)
2. nﬂiaLnan1¢911uﬁ (Frequency Scaling)
1. ATTRINANINIUNG
311w duduaufraawaBuda L uud
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~ 1
o 4> joC (n.1)
3 (.1 wimuianavduduaududazea iy
| Z,] = R
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1
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fay A <4 '
arTRarTandsniundaiias  £(X) 91 £(X)=0 H1nuudae (a,b)
- - o~ . <3 - oy vV B a4 ad v -
wiatd  imanaiinaT  wATunlazidua ey w 3T hNiuAe IHuieaTedas
- A} -~ e
UAEITIANUIGU-TIWFY
-y o ] ~' .
1. 3PuuvaIegIv (Half inteval method)
Cap ] 4
81 y=f(x HuileAatuniaaaudaiiavuutaedasnadasun (a,bruas
4
£f(x)=0 f9nuuday (a,b)  uaszaTwuimay  y=f(x) An17iUdAy
4 of ay of o, 08
tRTAvMUAaE98 (a,b) 1 TIHITWIITAITINDANEUNNT £(x)=0 A

YT y = £(x)
A B 5
| ' | v afen 1
Cc
—t— atei 2
A _C B
; <4
Jiun #.1
Y
H ) =~ (4 -
fumay 1. LWTIE70 f(x) AaLuaILul v (a, b) HAarNAT

4 4 o 8 v o«
LiasuLaTaane1auug 2 (a,b) @AYUUAANN A UAT B uug
a4 . v : v .
(a,b) M1 A < B uaz £(AIF(B) <= 0 @1 F(A)F(B) = O
] 3
LHaY1 A W32 B LUuTIANAvFNANT
v L ]
¥umau 2. 59 F(AXF(B) < 0 M C = (a+b)/2 441 £(C) = O nNIB
£(CIf(A) < O wia £(COIFf(B) < O
ATl 1 %4 £(C) = 0 wAav31 C LiuTInmavdunIT

2 B FAIF(C) < O u&av3I 1ﬁnnnqﬂuﬂ11aéuuﬁ14 [A,Cl

L. v » - . 2’.
1aanty B = C uanauvluniauusau 2.
- [
nTRN 3 81 F(OIF(B) ¢ 0 udavIn 1qnnaeaunwsaguuﬂae £c,Bl
-5 v v o~ . g
taantw A = C wanaulinieiuruasy 1.
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ﬂ?ﬂﬂﬂﬁﬂqu?maﬁﬂﬁuﬂﬂunﬂaqﬁq81ﬂﬁﬁﬂ70 CA,B] JLLINKINLTAAY

L) - a“r g
uazﬂqusﬁﬂnaﬁﬁuﬂws f(x) = 0 N1ITWIITAIATITINEEY F(X)=0 BIINTGIN
4 < < <
1. ﬂaqnﬂquﬁﬁﬂnQQﬁunﬂitaﬂtwaewau1a

4 ' -l EYs v d «a
2. 148 C = (A+B)Y/2 @118y £(C) uﬂq‘ﬂ71ﬂaﬁuﬂ§WﬂﬁWﬂ

§2881491.2.1  AIMUATN £(xX) = X~ - 2 uuday £0,21 AINITINERY
&

qun1T £(x) = 0 NN |£(x>| < ©0.00005

aal . 5 ) ©»

IMNT 699N 1 ¥ A = 0 Uag B = 2 3¢la C = (A+B)/2 = 1
F(1) = -1
F(OF(1) = (-2)(-1) = 2 > 0
F(LIF(2) = (=1)(2) = -2 < 0
w 4
nauuﬂaqnaqu1ﬂnﬁunﬂiﬁa £1,21
ATIN 2 M A = 1 Uaz B = 2 q¢la C = (A+B)/2 = 1.5
£(1.5) = 0.25
f(1)f(1.5) = (-1)(0.25) < O
f(1.5)f(2) = (0.25)¢(2) > O
- Z 4
aﬁuuﬂaennquxﬁﬂﬁnnﬁ1ﬁa AL I

A Y ‘ -
ATIN o ¥ A =1 wuar B = 1.5 3sla C = (A+B)/2 = 1.25
£f(1.25) = -0.4375
£(1)£f(1.25) = (-1)(-0.4375) > O
f(1.25)f(1.5) = (-0.4375)(0.25) < O
qquuﬂaonnqu11ndnnq1na [1.25,1.53
4 . . 2.1 ¢
LuaﬂﬂudmmaiuﬁgﬂLﬁumﬂiﬂe?naqu

n A B C fo)
1 0.000000 2.000000 1.000000 -1.000000
2 1.000000 2.000000 1.500000 0.2500000
3 1.000000 1.500000 1.250000 -0.437500
4 1,250000 1.500000 1,375000 -0.109375
5 1.375000 1.500000 1.473500 0.0664063
8 1.375000 1.437500 1.406250 -0.0224609
7 1.406250 1.437500 1.421875 0.0217285
8 1.406250 1.421875 1.414063 -0.0004272



9
10
11
12
i3
14
15
16
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v
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#4710 71N ITANITINNaNFUNIT £(xX) =

1,4140863
1.414065
1.414063
1.414063
1.414038
1.414083
1.414185
1.414185

1,421875
1.417969
1.4160186
1.4150398
1.414551
1.414307
1.414307
1.414248

= 1.414215

1.417969
1.416016
1,415039
1.414151
1.414307
1.414185
1.414248
1.414251

o 4
0 avdy

0.0106354
0.0051003
0.0023355

0.009539

0.0002632
-0.0000820
0.0000906
0.0000043

51WdY (The Newton-Raphson method)
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y - f(x) = £7({x ) (x - x.)
ar Vv er , az 4 4
Qamanaﬂxﬁuﬁuuﬁﬂuuﬂu X A830 (x,,0) LD

0 - fix,, | fTx)(x, - x)

ug
avilu X,

x, - fx/£7(x

. < ' Mot
Tuniuadtaginut 138 tan

x, - f(x )/£7(x,)

3

X, - f(xa)/f’(xs)

a e ]

x, - f(x )/£7°(x_),n = 0,1..

»
]

wws nt+ i
L .

d4 W ﬁ
waTAN x| A1A13ETRIENR x| LTuTInAvANANT £(x) = 0.
- arm - 4 v ug
Tuntsugua 1 T12713INGRNITAIUIN LUl x_ avu

1. |f(x_)| Hdqdaniiiaswa 1du  |[f(x_ )| < 0.000005

< s d (Y
%92 2. LUaTLAUAATIRAALARBUANNUT

(x,_ - xn_i)/xn'¥100 fian
EETEERNE
1Hu |(xn -x_, ¢1)/xnl*100 < 0.05

Famf19  1.4.1 *9UTEUIMANTIANANRUANT £(X) = X -2 = O

e ¢ é <4 ar St [
yuta9 £0,21 Tasamualntdadidusanatatasauiniindia iiaanda 0,05

3o £ = x -2
f’(x) = 2x
e
Laan X, = i
x, =x, - f(x)/£’(x)

=1 - f(13/f,((L)
=1 - (=1)/72
= 1.5

4 ¢ <4 w &1 .
LUBTLTUAARIA L ARAUANINT LAY | (x,-X ) /X, %100 = 33.33

aald x, = x, - f(x)/f’(x)
= 1.5 - £(1.5)/£7(1.5)
- 1.5 - (0.25)/3

= 1.418687
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LlaTLguaA1eaaNa L ARaudNdus NNy |x, - x,|100 = 5.88

xz
Lﬂadﬂuaméaiﬂt11d3usﬁumﬁ1qq1ﬁﬁoa
n X £ (x) AIARIALAREN (%)
1 1.000000 -1.0000000 33.3333400
2 1.500000 0.2500000 5.8823560
3 1.416687 0.0069444 0.1733076
4

1.414218 0.00000860 0.0001517
a§ﬂ15iﬁ11nnaoﬁunqsaa x = 1.414216 % '
& d o
tlgniuasna L FUsUUSUINITEAITIAEINUAITUTSNIWTINHANFUN1THAN
£f(x) = 0 TaaliTnaIdIfu-719RY
L. 1 A'v . yﬂ 0 8 o 1
1. ANTIRANATLTHAR X, B813INTTRIURABUNITNIAT X UINIUABURUAN
< . v Y A ' v <
x, mM1n £7(x ) = 0 Taidu 1822499 1.4.1 A1LR8A X, = O
f(o) = -2
£f°0) =0

agtadn £ (x,)

f

wa £7(x,)
A1 Tl TanIAT x, 18
- ] 1 < . ) B
FFudilguniteduda 1aan x_ LuA1THATH L R s nEi1TRtad 1l TENaa
Rl DR Tk
. - T e v ) o <4 » 4
2. AITLABNATILTNAY X 213N1INNTIAAY X NHARARAVLIBY
2 4 w dw . I v ' ) .
MEAIRIAR IR LARAURNUNOUAANITIRINAINUKRTH UASAN f(xn)l UuAgENIIRIN
. v ' Y] ' ¢db 4. v, v
AIMUATUUU A118Y X nYaaqqqsaguﬂﬂTmtuunBQﬂcﬂ unamuaInnila
e ar l' v <4 Iy M,V us
@#aad19idu 3Af284819 1.4.3 a11T11a8a x, = 0 wnIntlauaasy
' 4
n X fx) ANARIALARBN (X)
12.500000 703.1250000 100.0000000
9.844192 189.3405000 26.9784200
8.378905 43.0858200 17.4878100

7.6875545 0.1828919 1.42869870

1
2
3
4 7.785074 5.8336110 7.6278150
5
8 7.671883 0.0002136 0.0477404
7

7.671879 ~0.0000153 0.0000559



ﬁu‘ﬂ‘ﬂ X = 7.871879 lﬁu1"mﬂﬂ\ia’ﬂﬂ'¥1 x° - BX2 - 4x + 50 0 uma

éuan Tainunasilenty £
Jduniigua@a Laanan x, Qﬁ?ﬂ5d11wnq?quqnﬁ§@ Taan17dTENIm3ANTIY
N1a9RUNIT ¥y = f(x)

3. nﬂvwﬂ§m1nae £7(x) Yuuwvﬂgquﬂngaﬁnaq £7(x) n1tagantT
FrurTadTEuqaRn £7(x) 1atas

f?(x)y = f(x+h) - £(x)
h

o867 h Mimuasdy 1w h = 0.1,0.01,0.05 tdu’INdI8EIN 1.4.2

—

f(x) =e - X
£7(x) = £(x40.01) - f(x)
0.01

wariaan x, = 1 as?&uadqﬂ}ﬁunﬂ1ﬂqiﬁﬁqﬁ
n x £(x) A1RAALAABY ()
1 0.537264 0.0470814 86.1283600
2  0.567035 0.0001697 5.2503610
3 0.567144 -0.0000004 0.0191275
4 0.567143 0.0000001 0.0000420

< ' o <A1 FOPIE VAT S | v d o v
A. a1gLaanat x  nlgingasguatsniunainzelaTan naavn1Taad
L
L - e 3 4
1# 1121 Tun 6 mIanan8ass i a1adlagne 1.4.3 1dataan x, = 6.5
) . -~ s v < v <4 ' ¢ )
LFI@RNAUINAY X, IETe x| nAaaaasdidantalitdasiduann

d [ ¥ { w . ar [ 8
AR L ARAUFUUNTUAZATIY 0.0005 ava1714aalun

n X f(x) A1ARIALAREY (X
1 4.800000 -40.3440000 89.1304400
2  1.T42776 24.0240400 163.9468000
3 2.797729 -1.9105800 37.7074900
4 2.722158 0.0018120 2.7761550
5 2.722229 0.0000000 0.0028275
6 2.722229 0.0000000 0.0000000
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WABALTILABR x_ = 2.5 LTIEAuaAAAY x, LNl

n x £ (x) A1ARIALARAN (X)
1 2.722772 -0.0137634 8.1818210
2  2.722229 0.0000038 0.0199687
3  2.722229 0.0000000 0.0000088

@aad19 1.4.4

FtTEaTIntaNdun1T f(x) = 0.1 + 0.51x - sin x = O

. 3 ’ < 4 4
Tazdanuad i Juduiiin x_ = 0 wasMWdrdTeaa x| MAtEN AT LU

A1AataLaasuduiindiiaanda 0.0005 uaz |f(x_)| < 0.0000005
31 f(x) = 0.1+0.51x-sin x

X, =0
wunity rgaTuiuaTInay £ (x)

f’(x) = 0.51-cos X
uaﬂ11ﬁﬁu1magntﬁuaﬂfﬂviaﬁqﬁ
n x f(x) @1AATALARAL (X)
1 0.204082 0.0014137 100.06000000
2 0.207094 0.0000010 1.4547200
3 0.207096 0.0000000 0.0009858
4 0.207096 0.0000000 0.0000000

A ’
wUUNZ 1§§a1ﬂ13uﬁmnﬁnae £2(x) @
f'(x) = f(x + 0.01) - f(x

0.01

. ﬁ Ve 3

uanq1nﬂu1mﬁgﬂt ua1TINtaasu

s <

n X f(x) ANRRIALARAU (X)
1 0.2.4088 0.0014105 100.0000000
2 0.207101 -0.0000022 1.4545950
3 0.2070986 0.0000000 0.0022305
4 0.207096 0.0000000 0.0000000

Tagn1TAuIaANY 2 wunastasin x = 0.207096 &
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arlain17i sl aawmunauutae 0,21 1ws1241 £(x) = O qndﬂ X
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F(x) =x -~ 5x +7Tx -3 = 0
uugae £0,21 TasimuisaTedae wasidaumisia
dmFuilendy £oo wreileAiy £ = 0 araariisatatdidu
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{(x - 3)(x - NNx ~-1)y = 0
fean 1 BIRu 2 69 UAETIALLW 3 MR
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it
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0 UR® u(x) =0 qstuumqsaaaﬂu

TANNBIAUNT f(x)
v
AYUUATITHITINTANFUNTIT u(x) = 0 twwdﬂuq1nn1151aa1ﬂgn1
X OSX, < u(x_J)/u’(x) ,n = 0,1,2....
4 ﬂl«'ﬂl«'vé
tua x, tduanL sl AL TUAUN L NU TN
A1TNITINHBNAUN1T £(x) = O Ta8a18837n1991710189 u(x) = O
A v ~ad d Y oo v oo . oy .
$i wananTEIaTunTan f(x) = 0 UTINTIUUREIFINITANITIHRATIUIN
3 . tY o 4 < X
ATNTANAITAUIUAE fiuaa nﬂqﬁtﬁﬂnaq X, §11nnaq F(x) = 0 38,7781
fiad1vL iy A1THATINEAY
£(x) = x - 5x + Tx - 3 = 0 wugas €0,2]

0 Tagn = 0.0000001

q ' a v
tagnanL JUaR x
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f(x_)

x = x_ - f(x)/E7(x)
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qeﬁ;ﬂaﬁuwﬂ11ﬁ13aqu

n X f(x)
1 0.428571 -0.83965010
2 0.685714 -0.22859480
3 0.832865 -0.06053639
4 0.913329 -0.01567483
5 0.955784 -0.00339637
6 0.977654 -0.00025368
7 0.988769 -0.00025368
8 0.994369 ~0.00006390
9 0.997194 -0.00001597
10 0.998814 -0.00000381
11 0.999301 -0.00000095
12 0.999642 -0.00000000
Taa351ddas
RN N u(xn)/uz(xn)
Liln wix) = f(xr787(x
= (x° - Bx + Tx - 3)/(3x" - 10x + T)
R LE YT LT R0
n X fx) .
1 1.105263 0.05413624
2 1.003079 0.00155255
3 0.999954 -0.00257732
4 0.999907 0.00000000
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o
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X 4. X, - fix )/£ (x>
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8 4 ar Qddv 4 .
Tuuny L1ﬂﬁnﬁ11nadnuaﬁniaquLw31§Tuﬂﬂ76ﬂu7mu1walaaaﬁaq

TEHURUNITIRNLAY n @2uUT n dun1T

-0.002x + 4.000y + 4.000z = 7.998
-2.000X + 2.906y - 5.387z = -4.481
3.000x - 4.031y - 3.112z = -4.143
. & Py
Feittuadnfudeidy € A:b 1 1iu
-0.002 + 4.000 + 4.000 7.998
-2.000 + 2.906 - 5.387 | -4.481
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{*********************************************************}
{ This program is complied by ¥
{ turbo-87.con }
{*********************************************************}

program Delay_Equalizer;

603 { Maximum number of equations 1}

const ArraySize

type complex record

Re,Im : reals

ends;
CompVector = array[O..ArraySizel of complexs
IntVector = array[O0..ArraySizel of integers
RealVector = arrayll..ArraySizel of reals;

matrix = arrayll..ArraySizel of RealVector;

var Coefficients : matrix;
Constants,Solution,p,q,w : RealVectors
data,d1,d2 : complex;
e,D0,D,Tol,min,max,nm : Reals
Dimen,Row,Column,i,iter” : integers;
Error : bytes
IterM : booleans

label loop,exitd;

function EquF(w:real):real;



var D : reals

i integers:s

begin

{ Input group delay equation to be equalized 3}

{ Example #1 RL-LPF W¢ = 5.586 Hz }
{ D 2= (5.56/(sqr(5.56)+sqr(w)))s 1}

{ Example #2 1low pass butterworth }
{

D 2= —((12.746%wkw)+12.72)/((9.036%wkwkwkw)

-(0.058%wkw)+9) 3

{ Example #3 }

D := (6.04108/(9.1236+sqr(w-1.2529))

+6.04108/(9.1236+sqr(w+1.2528)))3

for i := 1 to (Dimen shr 1) do

D 2= D + ( ( 2%pCid » / «( sqr(p[i])+sqr(w-q[i]).)

( 2%pfil » /7  sqr(pCLil)+sqr(w+qLild) )

EquF := D/ (2%pi)s;

end;

function DifF(x: real):reals;

const Tolerance = 1e-10;

type vector = arrayl[1..100] of reals;

var Term,Iter,TwoToTheIterMinus2,Extrap

DeltaX,FourToTheExtrapMinus1

integers

real;



OldEstimate,NewEstinate : vectors

function EvaluateFirstDeriv(X reals
DeltaX : real):reals;
var LeftPoint,RightPoint : reals;
begin
LeftPoint := EquF(X - DeltaX);
RightPoint := EquF(X + DeltaX);
EvaluateFirstDeriv := (RightPoint - LeftPoint)
/(2 ¥ DeltaX);

ends

begin
if ABS(X) < Tolerance then
DeltaX := Sqrt(Tolerance)
else
DeltaX := ABS(X % Sqrt(Tolerance)):
OldEstimatel1] := EvaluateFirstDeriv(X,DeltaX)s
Iter := 13
TwoToThelterMinus2 := 1;
repeat
Iter := Succ(Iter);
DeltaX := DeltaX / 23
NewEstimatel 1] := EvaluateFirstDeriv(X,DeltaX);
TwoToTheIterMinus2 := TwoToThelterMinus2 % 23
FourToTheExtrapMinusl := 13
for Extrap := 2 to Iter do
begin _
FourToTheExtrapMinusl := FourToTheExtrapMinusi*4;
NewEstimate[Extrap] 1=
(FourToTheExtrapMinusl % NewEstimate[Extrap - 11



- OldEstimatelExtrap - 11)
/ (FourToTheExtrapMinusl - 1)3
end;
OldEstimate := NewEstimate;
until (ABS(NewEstimate[Iter - 13 - NewEstimatel[Iterl)
{=ABS(Tolerance * NewEstimateLIterl)) or
(ABS(DeltaX) < Tolerance);
DifF := NewEstimatel[Iterls;

end;

procedure MinMax(LeftEndPoint : reals;
RightEndPoint : realj;

var Answer : reals

var Error : byte);

const NearlyZero = 1E-103

var Tol,yLeft,yRight,MidPoint,yMidPoint : reals;
Iter, MaxIter : integers
Found : booleans

function TestForRoot(X,01dX,Y,Tol : real) : boolean;

begin '

TestForRoot := (ABS(Y) (= NearlyZero) or (ABS(X - 01dX»
< ABS(01ldX * Tol));

ends

begin
Maxiter := 500;
Tol := 1E-103;
Error := 0;
Found := falses;

yLeft := DifF(LeftEndpoint)s



yRight := DifF(RightEndpoint);
if ABS(ylLeft) <= NearlyZero then
begin
Answer := LeftEndpoints
Found := trues
ends;
if ABS(yRight) é= NearlyZero then
begin
Answer := RightEndpoint;
Found := trues;
ends;
if not Found then { Test for errors }
begin
if yLeft *% yRight > 0 then
Error := 23
if Tol <= 0 then
Error 1= 33
if MaxIter < O then
Error := 43
ends;
if (Error = 0) and (Found = false) then
begin
Iter 1= 03
yLeft := DifF(LeftEndPoint);
while not(Found) and (Iter < MaxIter) do
begin
Iter := Succ(Iter);
MidPoint := (LeftEndpoint + RightEndpoint) / 23
yMidPoint 3= DifF(MidPoint);
Found := TestForRoot(MidPoint, LeftEndpoint,
yMidPoint,Tol)s



if (yLeft * yMidPoint) < 0 then
RightEndpoint := MidPoint
else
begin
LeftEndpoint := MidPoints;
yLeft := yMidPoints;
ends;
end;
Answer := MidPoint;
if Iter >= MaxIter then
"Error := 13
ends

ends;

procedure Partial_Pivoting(var Dimen

: integers;

var Coefficients .: matrix;

Constants
var Solution
var Error

const NearlyZero = 1E-103
var Sum,Multiplier,Dunmy
Term,Row,ReferenceRow,PivotRow

DunmyRow

procedure EROmultAdd(Multiplier :
Dimen :

var ReferenceRow :

var ChangingRow
var Term : integers;
begin

for Term := 1 to Dimen do

: RealVectors
: RealVector;'

: byte)s

reals
integers

RealVectors

reals
integers
RealVectors

RealVector)s



ChangingRowLTerml := ChangingRowl[Terml

+ Multiplier*%ReferenceRowLTermls;

1 then

1 then
if ABS(Coefficients[1, 13) ¢ NearlyZero then

)
ar]
o
e
B
O
=]
]

Error := 2
else
SolutionC1] := ConstantsC1] / Coefficientsl1, 133
if Dimen > 1 then
begin
{ Make Coefficients matrix upper triangular }
ReferenceRow := O3
while (Error = -0) and (ReferenceRow < Dimen - 1) do
begin
ReferenceRow := Succ(ReferenceRow);
{ Find row with largest element in this column 3}
{ and switch this row with the ReferenceRow }
PivotRow := ReferenceRow;
for Row := ReferenceRow + 1 to Dimen do
if ABS(CoefficientsCRow, ReferenceRowl) >
ABS(CoefficientsCPivotRow, ReferenceRowl) then
PivotRow := RoW;
if PivotRow <> ReferenceRow then
begin

DummyRow := CoefficientsCPivotRowls



Coefficients[PivotRow]:=Coefficients[ReferenceRow];
CoefficientsCReferenceRowl := DummnyROW;
Dummy := ConstantsCPivotRowl;
ConstantsCPivotRowl := Constants[ReferenceRowl;
ConstantsCReferenceRowl := Dumnmy;
end
else
{ If the diagonal element is zero, no solution exists 1}
if ABS(CoefficientsCReferenceRow, ReferenceRowl)
.{ NearlyZero then
Error = 43 { No solution ?}
if Error = 0 then
for Row := ReferenceRow + 1 to Dimen do
{ Make the ReferenceRow element of these rows zero}
if ABS(Coefficients[Row, ReferenceRowl)
> NearlyZero then
begin
Multiplier := -CoefficientsfRow, ReferenceRowl/
: CoefficientsCReferenceRow,ReferenceRowl;
EROmultAdd(Multiplier, Dimen,
CoefficientsCReferenceRowl,
CoefficientsCRowl);
ConstantsfRowl := ConstantsCRowl + Multiplier
% ConstantsCReferenceRowl;
end;
ends;
if ABS(CoefficientsC[Dimen, Dimenl) < NearlyZero then
Error := 53 { No solution }
if Error = 0 then
begin

Term := Dimens



while Term >= 1 do

begin
Sum := O3
for Row := Term + 1 to Dimen do

Sum :=Sum+Coefficients{Term, Rowl*Solution[Rowl;
SolutionfTerml := (ConstantsLTerml -~ Sum) /
CoefficientsfTerm, Termls;

Term := Pred(Term);

ends;

ends
end;

end; .

{lslestelsiolololeledekdeolok MATN ook ok ok ok ook

begin

clrscrs;

IterM := falses;

FillChar(Coefficients, SizeOf(Coefficients), 0);
FillChar(Constants, SizeOf (Constants), 0);

Dimen := 103

e := 0.0009;s

DO = 0.5;

{ Example #1 ,Example #3 3}

pC1] := 1.35753 qC1] = 0.66673
pL21 == 1.35753 q[2] := 2.0000;
pC3] := 1.3575; qC3] := 3.3333;



. 10

pC4] := 1.3575;5 qC4] := 4.6667;
pf51 == 1.357535 qC51 = 63

{ Example #3 -> 3 section }

pC1l == 2.21893 qC1l 2= 1.2
pC21 3= 2,21895 qL21 := 3.63
pL3] := 2.21893 qf3]1 := 6.0

1 3= 0.43973 qC1] := 0.2
pL2] := 0.43973 qC21 := 0.63
J 2= 0.4397; qC31 == 1.03

loop:
iter := iter+1s
gotoxy(25,1)s writeln(’Iterate ’,iter); writeln;
fgr i := 1 to (Dimen shr 1) do
Writeln(’p’,i,’=7,pCi1213:10,%q’:17,4i,7=",qli1:13:10);

writelns

min = O
max := O3
for Row := 1 to Dimen do
begin
if odd(Row) then
begin (¥ Minimum *) i
if Row=1 then

begin



d. 11

if not IterM then
wiRowl = O
else
begin
wiRowl := q[C11/33
if DifF(wLRow1)>=0 then
MinMax(0,wLRowl,mm, Error)
else
MinMax(wCRowl,qL1l,mm,Error);
if Error=0 then wLRowl := mm;
end;
end
else
begin
wLRowl := (gC(Row shr 1)J+qL(Row shr 1)+11)/2;
if IterM then
begin
if DifF(wLRowl)>=0 then
MinMax (gL (Row shr 1)1,wLRowl,mm,Error)
else :
MinMax(wLRowl,qL(Row shr 1)+1l1,mm,Error);
if Error=0 then wLRowl := nm;
end;
end;
end
else
begin (% Maximum )
w[Rowl := gLRow shr 11;
if IterM then . s
begin

if DifF(wL[Rowl)<=0 then
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MinMax((qL(Row shr 1)-1J+gL(Row shr 1)1)/2,wCRowl
,m,Error)
else
MinMax(wCRowl, (gL (Row shr 1)J+gL(Row shr 1)+131)/2
;am, Error);
if Error=0 then wLRowl := mm;

ends;

o

end; d
D := EquF(wLRowl)3
if odd(Row) then
begin
if (Row=1) and not IterM then
begin
Constantstgow] := DO-D3
if min<abs(D-DO0) then min := abs(D-D0);
end
else
begin
ConstantsCRowl := DO-D-e/2;
if min<abs(D-DO+e/2) then min := abs(D-DO0+e/2);
end; s
end
else
begin
ConstantsCRowl := DO-D+e/2;
if max<abs(D-D0-e/2) then max := abs(D-D0-e/2);
end;
Writeln(’w’,Row:2,’ = ’,wLRowl,’delta D’:15,’ = ?,
ConstantsCRowl)s;
end;

WRITELN;



WRITELN(’MIN = ’,min,’MAX = ':15,max);
if (min<Tol) and (max<{Tol) then
begin
if IterM then
goto exitd
else
begin
gotoxy(1,1)s write(’Firstl’,iter,’17);
IterM := true;
reads;
end;

end;s

for Row = 1 to Dimen do
begin
for Column := 1 to Dimen do
begin
if .Colunn<=(Dimen shr 1) then
begin
i :=.001umn;
CoefficientsCRow, Columnl :=
2%( ( sqr(wlRowl-qLil) - sqr(pCil)
/ sqr( sqr(pfil) + sqr(wLRowl-gqCil) >
+ ( sgr(wLRowl+qLil) - sqr(pCil) )
/ sqr( sqr(pCLil) + sqr(wLRowl+qLil) ) )3
end
else
begin
i := Column - (Dimen shr 1);
CoefficientsCRow, Columnl] :=

4%pCil*k( ( wCRowl-qLil > / sqr( sqr(pCil) +



sqr(wlRowl-qLil) ) - ( wCRowl+qLil-) /
sqr( sqr(pCil) + sqr(wLRowl+qg[il) ) )3
end;
ends;
end;
Partial_Pivoting(Dimen,Coefficients,Constants,Solution
,Error);
if Error=0 then
begin
for i := 1 to (Dimen shr 1) do
begin
pLil := pLil+SolutionCil;
qCil := qLil+SolutionC(Dimen shr 1)+il;
ends -
end
else
begin
Writelns

Write (skkkk Error dkkkk’);

WRITELN(’ERROR = ’:17,Error);

WRITELN(’ABS(CoefficientsfDimen, Dimenl)

,ABS(CoefficientsCDimen, Dimenl))3

reads;
ends;
goto loops
exitd:

end.
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