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DATAMASKINPROGRAM FOR ANALYS AV REGLERSYSTEM. TRANSFORMA-
TIONER AV SYSTEMEKVATIONERNA

Sammanfattning

I detta examensarbete behandlas numeriska algoritmer for
att transformera systemet S(A,B,C,D) pa observerbar och
styrbar kanonisk form. Programmen kan &dven anvéndas f&r
att berdkna koefficienterna i Sverfdringsfunktionen fér

S(A,B,C,D).
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Innehall:

Inledning

1. Transformation av system

2, Overforingsfunktionen for ett system
Bil.l Proceduren "invers"

Bil.2 Proceduren "sekular"

Bil.3 Proceduren "BAIRSTOW"

Inledning

Givet: ett linjdrt tidsinvariant system av typ
o _

S5 =Ax « Ba

y mcx

Problem: finn systemets overforingsfunktion.

I avd.1l behandlas en metod att via en koordinattransformation

i tillsté@ndsrummet overfora systemet p& en form som ger koeffi-
cienterna i overforingsfunktionen % samtidigt som information
om observerbarhet och kontrollerbarhet erhadls.

I avd.2 behandlas ett sdtt att genom direkt utrdkning finna
systemets overforingsfunktion.Metoden dr mycket snabbare &n

den i avd.l anvinda och troligen Overldgsen ur numerisk syb-
punkt. Emellertid ger den inte lika goda upplysningar om ob-
serverbarhet och kontrollerbarhet.

For bdda metoderna har program skrivits och testexempel korts
pd SMIL. ExhikagarmaxxenyXXIgXRAYXEXIXEREENXEXXSHNK

I bilaga 1 och 2 redovisas procedurer som utnyttjats i de tvd
storre programmen, Testprogrammet i bilaga 3 har anvints direkt

for faktorering av de polynom som erhdlls i avdi 1 och 2.



Linedra-tidsinvaritanta-system:

1. Transformation av system.

Inledning.

Givet dr ett system:

&)
Z‘/=/4X +g((
7 = Cx + Du

Vid en koordinattransformation i tillstandsrummet: z = Tx

overfores systemekvationerna pa formen:

4 -
27?: TAT /Z 4'7_5(4

~1
4 CT 'z « Du
Vissa transformationer ger systemet en speciellt enkel form.

I Ref (1) ex.4.3, 4.4 och 4,5 anges tre olika normalformer for

systemekvationerna.

L

Problemformuleringen blir nu : Givet matriserna A,B,C represen-
terande det otransformerade syst. ovan, Finns det en transfor-
mation z = Tx som overfor systemet till resp. normalform? Om
det finns en sadan matris T skall denna bestimmas och de trans-

formerade matriserma TAT-l, TB och CT'1 bersknas.

1.1 Normalform 1 och 2.

Med Normalform 1 resp.2 avses den form som anges i Ref (1) ex.4.4
resp. ex.4.5 .Ett ALGOL-program har skrivits for att i dessa fall
losa det ovan formulerade problemet. Se side v cs/Nuens, ——
Programmet foljer emi4.4 for bade Normalform 1 och 2. Genom
overgdng till duala systemet fore och efter transformationen
enl.4.4 kan samma berikningsgéng anvindas dven vid transformation
till Normalform 2.

Transformation till Normalform 1 forutsitter att matrisen P,ddr

n!

P~ efrt
¢
ir icke-singuldr, dvs. inverterbar.
Enligt teorin for observerbarhet och kontrollerbarhet dr detta
liktydigt med att alla tillsténd &r observerbara. Den teoretiska
forutsittningen for att en transformation till Normalform 1 skalil

Ay



vara mojlig dr alltsd att alla tillsténd #r observerbara. P.s.s.
forutsdtter transformation till Normalform 2 att alla tillsténd

ir kontrollerbara.
1

, med P def.
enl. ovan., I programm§et har anvints en inversrutin som kom-

binerar Algoritm 230 och Algoritm 231 ur Ref (3). Rutinen degm-

Transformation enl.ex.4.4 kriver bildandet av P~

bygger pd Gauss-Jordans metod. Test av inversrutinen se bilaga 1.
Innan anrop "invers(p,n,eps,singular)"” sker sdttes
eps = %%2fa(norm(p.n) ddr norm{p,n) dr den matrisnorm som for

matrisen p av ordn.n och elementen LI har viardet:
min( max [, {4 ”74/2—/4,.&/)
A 5 < 4% 7
ShandarA vaesler sl lestts ,9-5"
Om vid inverteringen nagot pivotelement blir abs. mindre #n epss
sker uthopp till singular. Fore uthoppet tilldelas d@ eps virdet
av det pivote}ement‘§og orsakade uthoppet. Nya inverteringsforsok
gores (mindre enss €£ills antinfen inversrutinen loper igenom utan
hopp till singular eller matrisen betraktas som singular.
Som ex.%ﬂvisar kan ett alltfor lagt virde pd eps medfora att en
helt felaktig"invers'"bildas.

Fordelen med dessa upprepade forsok d@r att a@nvertering kan ske
ocksd £Hx av nastan singulira matriser, men att i sd fall utskrift
anger svdrigheter vid inverteringen.

Ett antal testexempel har korts pa SMIL. Se ex.8- ex.22, Nagra
kommentarer till exemplen.

Ex.8. Den exakta losningen dr for Normalform 1:

-& | o0 J
A= -7 o B=|7
-0 o0 0 (2

c :=[1 0 o]

Programmet ger hdr alltsd minst 6 signifikanta sifffor korrekt.
Ex,9. Hir gdller exakt:

cA’
Lt cat] = (pao /,/[15’ ,4;;,4"8, 4’3]:0

C

A
c

Dvs. alla tillst&nd #r observerbara och négot tillstand Hr inte

kontrollerbart.Utskriften #r alltsa riktig i detta avseende.



Exakt ges sekularekvationen av :

x4 + 100)(3 + 2100)(2 + 210000x = O.

Programmet ger hidr dven en konstant term = 0.035.
Jfr. #xen bilaga 2, ex.f .
Ex. 10-ex.22 demonstrerar verkan av "avtagande" observerbarhet.



9

/\/O/’ma/fornr; /] och ol

/QH\S‘ A, 8 cC

/ agra
duala Syst

Utshr’£#
otramst. sy s?

S'/'-S?(a J},-J/ g

/

Normalfors L

No rial-
RB,/laq form]
cA”’ B l/dg
P = cqm? Hya sz s}/.rz‘ < é//\r/(’/'ff
c_'
A
q:‘J‘kn"f?‘{/
/'ﬁVer.f( 8/7, “ps .7/»;/44'/ Evdra e pSs
/a
u/éo/;/o b4 S/'o/a/”? Ul hri KV ny// Korest? .
Jja ney
ne/'
Brlda
f= p’[f{]
0
-~/ ” 2
TE[AT L ]
) (e ’ UFshrif?,
Hver I ngaler ) e o
thverstl, n, €ps S17pes andra eps
/e
/e pomre
w¥hopp F 30 9uler? fm———— wlsber; £# hy tH Fersik:
/p/o ﬂl/‘
ne/’
Bilty Norma/rorm 7

TAT TB,c7

Novrar/ £ orm 2

B, /d,

C/aa /ﬁ :h/j?‘_ |

n



begin comment Test av proceduren normal.Programmet #r uppdelat pd 5 avsnitt
och innehdller alltsd 4 dubbla semikolon for inldsningen. ;
integer k,n,u; real eps,matrisnorm;array a,b,c,al,bl,c1[1:10,1:10],
test| 1:2]; switch L:= L1,12,13,1L4;;




procedure transp(a,b,m,n); value m,n; array a,b; integer m,n;
comment latrisen a av typ (m,n y"fran hﬁnerﬂs Dep tvansponerade
matrisen av typ (n,m) lagras i b.
begin integer 1i,j;

for i:=1 step 1 until m do

for j:=1 step 1 until n do

Tj-,i]:=a[i,j]
end;

procedure 18s(A,m,n); array A; integer m,n;
comment En matris av typ (m,n)l8ses in fran remsa till fHltet A
HErvid forutsidttes foljande stansordning:
m,n,al?,a21,a31,...,aml,a12,...,am2,...... s;aln,...,amn, Antalet rader
placeras i m och antalet kolonner i n;
begin integer 1,5;

m:=read; n:=read;

for J: —1 step 1 untll n do

Ffor i:=1 st°p 1 until m do

KTW,J] =read
end;

procedure skriv(a,m,n);value m,n; array a; integer m,n;
comment Matrisen a av typ (m,n) skrives ut.;
begin integer 1i,J;
for i:=1 step 1 until m do
begin for j:= 1 step 1 until n do
Print('f’:B’a‘_i:j])S leChU‘r
end;punch(1)
end;




procedure mult(A,B,C,m,n,Dp); value m,n,p;arrs; A,g,C,integer m,n,p

3
comment Proceduren multlbllcerar ma, trlsen A av typ(m,n) med matrisen

-
B av typ (n,p). Den resulterande matrisen av typ (m p) placeras i C
Proceduren mult utnyttjas av proceduren normal.;
begin integer i,Jj,k;real sum;
for i:=1 step 1 Jﬁffl m do

bpglﬂ sum:=0;
fgz Ji=1 ster 1 until n do
sum:=sum + A|1,JIXB ,kj,

cli,k ]:=sum,

end

P

end;

»B;integer m,n;
.Proceduren slaS{

procedure slask(A,B,m,n);value m,njarray A
comment Matrisen A av typ (m,n) lagras i B
utnyttjas av proceduren normal, ;
begin integer 1,J;

for i:=1 step 1 until m do

for j:=1 step 1 Umtil n do

B[1,4]:=ATT, 3]

end;

real procedure norm(A,n);array Ajinteger n;
comment Proceduren berfknar den minsta av maximumnormernsa
for matrisen A av typ(n,n) och dess transponat, Proceduren
utnyttjas av proceduren normal.
begin real radsum Polsum,erma",uolmox; integer 1,J;
rﬂdqum'—kolshm =radmax:=kolmax:=0;
for i:=1 step 1 until n do
begln for j:=1 step 1 until n do
" radsum:=radsum+abs(A] 1,51)7
if radsum’radmax then radmex:=radsum;radsum:=0
end; for J:=1 step 1 until n de
begln for i:=1 step 1 until n do
koIsum:=kolsum + abs(A]1,371);
if kolsum>kolmax then kolmax :=kolsumj;kolsum:=0
end; 1f radmax > kolmax th then nomm:=kolmax else norm:=radmax
end;;




procedure normal(a,b,c,n,eps,singular,m,matrisnorm,test); value n;
array a,b,c;integer n,m; real eps,matrisnorm; label singular;array test;
comment Systemekvationerna givna av matriserna a,b och ¢ Gverfdras pa
normalform av den typ som forutsidtter observerbarhet.De tragsformerade
matriserna placeras i a,b resp. c.Teori och metod, se K.=J.Astrdm
Reglerteknik Allmin kurs, komp.TLTH/VBV 1966,spec. Ex.k.lL. Proceduren
kan genom Overgdng till duala systemet Hven utnyttjas for transformation
enl. Ex.4.5, dvs den transformation som forutsétter kontrollerbarhet;
begin array p,q,r[1:10,1:10]; integer 1i,j;
for i:=1 step 1 until n do
I)Tﬁ,i]:=qL1,i]:=cL1,i];
for i:=n-1 step -1 until 1 do
begin mult(q,a,r,1,n,n); slask(r,q,1,n);
for j:=1 step 1 until n do
_PT{:J] i=q[ 1,J]
end;
ngrisnorm:=norm(p,n); eps:=matrisnormxtest[1]; m:
invers(p,n,eps,singular); slask(p,q,n,1);
for j:=n step =1 until 1 do
begin for i:=1 step 1 until n do
plI,3):=a[17]
mult(a,q, r,n,n,1);
slask(r,q,n,1);
end;
matrisnorm:=norm(p,n); eps :=matrisnormxtest|(2]; m:
slask(p,q,n,n); invers(p,n, eps,singular);
mult'(P:a:r)n:n:n)i mult(r,Q:a:an:n),;
mult(p,b,r,n,n,1); slask(r,b,n,1);
mult(c,q,r,1,n,n); slask(r,c,1,n)
end; ;

]
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procedure invers(a,n,eps,singular); value n; array a;
integer n; real eps; label singular;
comment Inverterar matrisen a av ordning n med Gauss-Jordans metod.
Matrisen a blir forstord d4 inversen bildas utan extra falt. Vid
varje steg anvindes det abs. storsta elementet som pivoelement.
Index fOr succesiva pivoelement placeras i vektorerna r och c,
vilka sedan anvindes for aterpermutering. Om ndgot pivoelement
dr mindre #n eps gir proceduren till lige singular i huvudprogrammet.
D8 uthopp till singular sker tilldelas eps virdet av det pivotelement
som orsakade uthoppet.Proceduren kombinerar Algorithm 230 och
Algorithm 231 ur Collected Algorithms from CACM.Den utnyttjas av
proceduren normal;
begin integer i,j,k,1,pivi,pivj,p; real pivot integer array r,c[1:30];
for 1:=1 step 1 until n do r[i]:=c[1]:=1
comment sOk startvarde for pivot; pivi: —plvj =1;
for 1:=1 step 1 until n do for j:=1 step 1 until n do
if abs(a[1,J])>abs(a] pivi,pivj]) then
begin plvi:=i; pivj:=J end;
comment start lbsning,
for i:=1 step 1 until n do
begin 1:=r[1i]; r[i]:=r[pivil; r{pivi]:=l; l:=c[il; c[l] =c[ pivjl; c[pivjl:=
if eps>abs(a|r{il,c[1]]) then begin eps: =abs(a[r[ c(111);
go to singular end;
for Ji=n step -1 untll i+1,1i-1 step -1 untll 1 do
r[i],c[ 3T =al o[ 1], cLJ]]/a[r[i] c[1]]
r{il,cl1]]:=1/a r[i] e[ 1]
plvot -O
for k:=1 step 1 until i-1,i+1 step 1 until n do
begin for j:=n step -1 until i+1,1i-1 step -1 until 1 do
~ begin a[r[k[,cljllT= %k] cgj]]-alf[i] seldllxa[r[k],c[1]];
T if k>i‘j>i‘abs(a[ cl 311)>abs(pivot) then
begin piv1 =k; pivj:=j; pivot:=a[r{k],c[J]T end test
end j loop
al r(k], c[i]] =-a[r[1],c[1]]xa[ r[k],c[1]];
end k loop;
end 1 Toop och 18sning;
comment start dterpermutation av rader for z=1 och av kolonner for z=2;
begin integer array tag, loc[1:30]; integer z,i,t; real w;
for z:=1,2 do

begin for it=1 step 1 until n do tag[i]:=loc[1]:=1;
for i:=1 step 1 until n do
gln if z=1 then
begin t: -r[ll, L -loc[t] —c[i] end
else begin t:=c[i]; J: -loc[t] k:=r[1] end;
if j¥k then

egin‘___ p:=1 step 1 until n do
egin if z=1 then
begin w:=al[ j,pl; alJ,pl: =a[k,p a[k,p]:=w end
else begin w: =afp,j 1; a[p,d '=a[p,k] a[p,k}nth end
end p loop

tag| j]:=tag[k]; tag[k]:=t;
loc{t]:=loc tag[d]] loc[tag[j]]::j
ggg Js,k test
end i loop
end z loop
end permutatlon
end invers;;

/0



Systemmatriserna ldses in:

LAS:18s(a,n,n); 1Hs(b,n,u); 18s(c,u,n);

Duala systemet lagras:
transp(a,at,n,n);transp(b,c1,n,1); transp(c,bl slyn);
write( {URSPRUNGLIGA YS”ﬁwEW}\ unch(1);
skriv(a,n,n) skrlv\b,“,1),skw1v(c 1,‘),punﬂh 1);
write( {WORY“TWORM,1,,ALLA,”TLASTA“D “BcﬁPVERH-Rn});punch(1);
ks=fz testr1]‘—t°st[° =10.5;

1 norm@l(e b,c,n,eps, s1nvular,v,mdtrlsncrm test);
skriv(a,n q), skriv| b,ﬂ,1,,s&r1/£c 1,n); punch(1);

I12: ertﬁ({NﬂRM%L "ORM, 2, AL,“,ATLTOMKND KONTROLLERBARAY ); punch(1);

k:=3; tpst[1}-—tes“[2 =105

L3: normal(al,bl,c!,n,eps, slngular u,matrisnorm,test);
transp\g1 a,n,n); trunsp(b1 c n,1); traDSh(c1 b,1,n);
skrlv(s n,n),skv1v b,n,1); skriv(c,1,n);

Ik: punch! 15) g to LAQ

i !

singular:
write( {SINGULARITET, :}); punch(1);
write({I”V"?p¢ON}); print(1,0,u);space(3);
write({TEST=}); prlﬁt( -1,2, testLv])' space(3);

write({xATPT vop"} ; print(1,0,u);
write({=}); print( —1,L,mctrlsn3rm\- space(3)
erfé‘QﬁI”FﬁﬁTﬁHT:*pl—?); print(-1,2,eps); punch(1);
if test[ul>-10%eps>0 then
begin test[u] ~egs/°/matrlsnorm

write( INleLFrDUOK.,TuuT }); print(-1,2,test[ul); punch(1);punch(1);

g0 to ~,[lf

end

else

begln 1if k=1 thev erte({TAGOT,TILLMWAND EJ OESEP/ERBART})
else wrlteg{NAGuT,TILLsmAND Hu,TONTR”TLFPBDPT});puncbf 1);punch(1);
g0 _to Lk+]

end

end;




9, Uverforingsfunktionen.

Foregiende avsnitt behandlade en metod att finna koeffici-
enterna i overforingfunktionen for ett linedrt, tidsinvariant
system under forut§sdttning att alla tillsténd dr antingen
observerbara eller kontrollerbara. ett/

1 det fallet att systemet innehdller wigmg tillsténd som
inte #ir observerbart och ett (ev. samma) som inte &r kontrol-
lerbart limnas upplysning om detta, men metoden medger dd inte
berdkning av overforingsfunktionen., I detta avsnitt skall behand-
las en mg alternativ metod att finna overforingsfunktionen,
oberoende av observerbarhet och kontrollerbarhet.¥etoden—&r
Sﬂﬂbba¥e~7“d§*fﬁgﬁ'TﬁVETSTOﬁerwk¥5VST“ﬂﬁﬂ”ﬂﬁ?ﬁﬂﬁS“mEdmfﬁrdB}*n
oeksd for-flervartabla system. -

NazkdeksoctexakEx IR EAXNERXaN

Den senare metoden kriver faktorering av tdljare och ndmnare
i overforingsfunktionen for att ge information om observerbar-
het och kontrollerbarhet., Forekomsten av en ¥8¥am gemensam
faktor i tdljare och nimnare anger att alla tillsténd inte dr
hide observerbara och kontrollerbara., T.ex. i ett fall ddr alla
tillstand dr observerbara, men ett inte ar kontrollerbart, ger
den forra metoden mer information.

De bida metoderna kompletterar alltsd i viss man varandra.
Riknetiden for den mm nedan angivna metoden blir avsevirt kor-
tare eftersom den inte kriver nagra matrisinversioner.En vinst
i numerisk noggrannhet fé@s troligen ocksa, eftersom ai-koeffi-

~cienterna berdknas oberoende av B- och C-matriserna.
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Genom att berdkna A,AQ.... A" kan man forst finna al,...an(se
bilaga 2) och direfter berdkna bl"‘bn’

En forbittring, som ldr vara motiverad vid system av hogre
ordning, vore att berikna Ajeeedy med négon bdttre metod Hn
den i bil.?2 anviimda., Den procedur, "HEMUL!, som skrivits och
testats med négra exempel, berdknar forst eeed, enl. bile.
Direfter berdknas, for k=1,...,n , matriserna
b b B B2 b e + B
MxxefgExxikiaas nxkxhﬁ

1 .I =R varur bk fas enl. bk= C.R.B
Ursprungligen skrevs proceduren HEMUL for EXEXBRKEXRXEYKEEN

k=1

system med en insignal och en utsignal, ddr bk alltsd dr tal.
Testprogram , se sid s... Senare modifierades proceduren for
tilldmpning pd flervariabla system. Testprogram sidieess Har

blir bk koefficientmatriser. Om elementet bij i matrisen bk

betecknas bij f3s resp. overforingsfunktion som

k
net 7. .72 B
H. 5‘3,1-5 + 5 J + ., . ‘—t" iz

q‘— sghtas ™t - 4,

Ett antal testexempel kordes. Enkla system: ex,23-27 (jamfor
ex9,10,12,13). Hdr erholls resultat med 8 korrekta decimaler.
I ex. 28-30 hehandlades flervariabla system., Systemet i ex.29

4r detsamma som i ex.28 efter transformationen z= T.x dir:

[5 7 6 5] [68 -a1 -17 10 )
7 10 8 17| R a1 25 10 -6 /
T=l6 810 9

|
| =17 10 5 -3
3

5 7 9 10) 10 -6 - 2J/
o

Ex. 30 #dr ett empiriskt exempel.

Faktorering av ogverforingsfunktioneh,

om det forekommer nigot tillsténd som inte #r béde observer-

bart och komtrollerbart har tdljare och ndmnare i overforings-
funktionen en gemensam faktoe. Se ex.22,
Overforingsfunktionen dr:

Y _ 2. (s43), (s425F

U " (s+1). (s+5) . (s+25)
Tdljare och ndmnare har en gemensam faktor som kan forkortas
bort. Den i ex. 22 anvinda metoden, enl. avsnitt 1, ger direkt
upplysningen att orsaken Hr att négot tillsténd imte dr obser-

varbart.

/%



I ex. 10 dr overforingsfunktionen:

2.01 {s+2,999) (54+24,891)
(s+1) (s+5) (s+25)

L
U
Tdljarens nollstille 24,891 ligger nira nimnarens i 25,000 .
Orsaken dr ( jfr. systemmatriserna) att ett tillstfnd ar

"svagt" observerbart.

For faktérering av overforingsfunktionerna i ex:28 och ex.30

anvindes testprogrammet for proceduren BAIRSTOW som beskrivits

i bilaga 3.

Ex, 28

Karakteristiska ekvationen #r
4 3 2

x + 10x" + 35x%x° +50x + 24 = O

Rotter enl. ex34 : =1.00000000
-2, 00000000
=-3.00000000
-4,00000000

Med beteckningen ' (s+1) (s+2) Us+3) (s+4)= N
och konventionen .(s+l1) = (s+1.000000) e7<.

erholls foljande Overforingsfunktioner mellan resp. in- och ut-

signaler:

Y, (s*z)(S5*3)(5«%) = /
v - % v
¥ (St )5 *3)Ws%%) 4
v N T 5l
Y3 0 _ O

v W

_Z (.5 z“,fj'/)dm,)(/ffz)(.f‘# 9/ ~ ,Z'/J‘ * 15741”1’/
N T lse) (S e2)

k
4

kl z 2 = 7
¥

N
Vo (5 t0)( 3+ so0ams)(s5cs) 2[5 47 505)
Lz B

¢, T (5<2)( 5+ 3)
Vs _(5e/)(Se 2)/5<%) s
v, N S 4

Y, Y _ L[5 ¢Zs0s)
Z—VZ ~/5+Z)/Sf-3}

‘s



Y, L)l + 23] /

e N J ey

LA )

Y 77 J+3

Vs _ (S e)(5 2 « 3520 _Z (s 3 c00)
V: ) 4 (54 3)(5 +%/
L 5 _ (s v Isew)

G T G T @E3)(5+s)
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begin comment Test av proceduren HEMUL;
integer i,n; array A,B,C[1:10,1:10],a,b[1:10];
procedure HEMUL(A,B,C,a,b,n); value n;array A,B,C,a,b;integer n;
comment Proceduren HEMUL bestdmmer Overforingsfunktionen for ett
enkelt system av n:te ordningen med systemmatriserna A,B,C. Vid
uthoppet ges verforingsfunktionen av ( b[1]xst(n-1)+...+b[n])/
(stn+ a[1]xst(n=1)+...+a[n]);
begin integer 1i,J,k,1l;arrayA3[1:10,1:10,1:10],R,T[1:10,1:10],8[1:10];
real sum;
real procedure spir(A,n);value n;array A;integer n;
begin integer ij;real sum;
sum:=0;
for i:=1 step 1 until n do
sum:=sum + A[ 1,1i]; o
Spar:=sum
end;
procedure mult(A,B,C,m,n,p);value m,n,p;array A,B,C;integer m,n,p;
comment Proceduren multiplicerar matrisen A av typ(m,ni med matrisen
B av typ (n,p). Den resulterande matrisen av typ (m,p) placeras i C.;
begin integer 1i,J,k;real sum;
for i:=1 step 1 until m do
for k:=1 step 1 until p do
begin sum:=0;
for j:=1 step 1 until n do
sum:=sum + A[ 1, J]XB[ J,k];
c[i,k] :=sum;
end
end;
procedure slask(A,B,m,n);value m,n;array A,B;integer m,n;
begin integer 1i,j;
for i:=1 step 1 until m do

for j:=1 step 1 until n do

B1,41:=AT1,J]
end;
procedure store(A,A3,m,n);value m,n;array A,A3;integer m,n;
begin integer 1i,j;
for i:=1 step 1 until n do
for j:=1 step 1 until n do
I‘:?Ti,j,m] :=Al 1,J]
end;
comment a[i], i=1,..n bestdmmes ur Newtons identiteter.Matriserna
A,A"2,...,AMn lagras i fdltet A3;
slask(A,R,n,n); S[1]:=spér(R,n);
for i:=1 step 1 until n-1 do
begin store(R,A3,1,n); mult(A,R,T,n,n,n);
slask(T,R,n,n); S| i+1]:= spar(T,n)
end;
a[1]:= -s[1];
for k:=2 step 1 until n do
begin sum:= 0; o
for i:=1 step 1 until k-1 do
sum:= sum + SLi]XaHk-i]; o
a[k]:= =(sum + S[k])/k;
end;




end

comment b i], i=1,..n berZknas;
mult(C,B,R,1,n,1); b[1]:= R[1,1];
for k:= 2 step 1 until n do
begin for 1:= 1 step 1 until n do
for j:= 1 step 1 until n do
begin R[1,j]:= A3[1,J,k-1];
for 1:= 1 step 1 until k-2 do
‘RTI)J]:= R i,J] + a[1IxA3[1,],k-1-1];
if i=j then R[i,j]:= R[1,J] + a[k-1]

end;
mult(C,R,T,1,n,n);
mult(T,B,R,1,n,1);
b[k]:= R[1,1]
end
end HEMUL;

E;Ebedure lds(A,m,n); array A; integer m,n;
comment En matris av typ (m,n)lises in frén remsa till fdltet A.
Hervid forutsittes foljande stansordning:
m,n,all1,a21,a31,...,aml,a12,...,am2,...... ,aln,...,amn,Antalet rader
placeras 1 m och antalet kolonner i n;
begin integer 1i,J;
m:=read; n:=read;
for j:=1 step 1 until n do
for i:=1 step 1 until m do
Ai,j]:=read o
end;
procedure skriv(a,m,n);value m,n; array a; integer m,n;
comment Matrisen a av typ (m,n) skrives ut.;
begin integer 1i,J;
for i:=1 step 1 until m do
begin for j:= 1 step 1 until n do
print(-5,8,a[1,J1); punch(1)
end;punch(1)
end;”

LAS:

1#s(A,n,n); 1#s(B,n,1); 1lds(C,i,n);

write({SYSTEMMATRISERNAY ); punch(1);

skriv(A,n,n); skriv(B,n,1); skriv(C,1,n);

HEMUL(A,B,C,a,b,n);

for i:=1 step 1 until n do

begin write({A}); print(1,0,1); print(-5,8,
write({B}); print(1,0,1); print(-5,8

aEi]); space(5);
»b[1]); punch(1)
end;

punch(15); go to LAS
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begin comment Test av proceduren HEMUL;
integer n,p,r; array A,B,C[1:10,1:10];
procedure HEMUL{A,B,C,n,p,r); value n,p,r; array A,B,C;integer n,p,r;
comment Proceduren HEMUL bestédmmer Overforingsfunktionen for ett n:te
ordningens system med systemmatriserna A,B,C dir antalet insignaler
dr r och antalet utsignaler p.Koefficienterna i sekularekvationen
xtn+ A1Xxt(n-1)+...+An skrivs ut liksom koefficientmatriserna B1,...Bn;
begin integer 1,J,k,1;arrayA3[1:10,1:10,1:10],R,T[1:10,1:10],a,S[1:10];
real sum;
real procedure spir(A,n);value n;array A;integer n;
begin integer ij;real sum;
sum: =0;
for 1:=1 step 1 until n do
sum:=sum + Al i,1];
Spar:=sum
end;
procedure mult(A,B,C,m,n,p);value m,n,p;array A,B,C;integer m,n,p;
comment Proceduren multiplicerar matrisen A av typ(m,n) med matrisen
B av typ (n,p). Den resulterande matrisen av typ (m,p) placeras i C.;
begin integer i,j,k;real sum;
for i:=1 step 1 until m do
for k:=1 step 1 until p do
begin sum:=0; o
for j:=1 step 1 until n do
sum:=sum + A[1,JIXB[j,k];
C[i,k]:=sum;

end
end;
procedure slask(A,B,m,n);value m,n;array A,B;integer m,n;
begin integer 1i,j;
for i:=1 step 1 until m do
for Jj:=1 step 1 until n do
E[—I,-j] :=Afi:j]
end;
procedure store(A,A3,m,n);value m,n;array A,A3;integer m,n;
begin integer 1i,J;
for i:=1 step 1 until n do
for j:=1 step 1 until n do
A3l 1,3,m]):=AT 1,47
end;
comment Sekularekvationens koefficienter beridknas ur Newtons
identiteter och skrivs ut.Matriserna A,A12,...A%n lagras i A3;
slask(A,R,n,n); S[1]:=spdr(R,n);
for i:=1 step 1 until n-1 do
begin store(R,A3,1I,n); mult(A,R,T,n,n,n);

slask(T,R,n,n); S| i+1]:= spdr(T,n)
end;
a[1]:= -s[1];
for k:=2 step 1 until n do
begin sum:= O; o

for i:=1 step 1 until k-1 do

sum:= sum + S| i]xa[k-1];
a[kl:= -(sum + S[k])/k;

end;
for i:=1 step 1 until n do
begin write({A}); print(1,0,1); print(-5,8,a[1]);punch(1) end;




end

comment Matriserna B1,...Bn berdknas och skrivs ut;
ult(C,B,R,p,n,r); wr1te({B1}) punch(1);skriv(R ,p,r)-
for k:= 2 step 1 until n do
begin for i:= 1 step 1 until n do
for J:=1 step 1 until n do
beg:Ln R[l,J] = A3[ 1,4,k k=11;"
T for 1l:= 1 step 1 until k-2 do
R[1,4):= R[1,J] +a[1Ixa3[1,7,k-1-1];
if i=j then R[i,jl:= R(i,j] + a[k-1]

end;
mult(C R,T,p,n,n);mult(T,B,R,p,n,r);
write({B}); print(1 0,k); punch( ); skriv(R,p,r)
end
end HEMUL
procedure 1ds(A,m,n); array A; integer m,n;

comment En matris av typ (m,n)ldses in frdn remsa till fdltet A.

Hérvid forutsdttes foljande stansordning:
m,n,al1,a21,a31,...,aml,al2,...,am2,...... ;aln,...,amn,Antalet rader
placeras i m och antalet kolonner i n;
begin integer 1i,j;

m:=read; n:=read;

for j: =1 step 1 untll n do

for i:=1 step 1 until m do

“I-, i=read
end;
procedure skriv(a,m,n);value m,n, array a; 1nteger m,n;
comment Matrisen a av typ (m,n) skrives ut.;
begin integer i,Jd;

for i:=1 step 1 until m do

begln for J:=1 step 1 until n do

~ print(=5,8 ,a[1,31); punch(1)

SEQ:PunCh( )

end;

LAS:

1l8s(A,n,n); 1lds(B,n,r); 1ds(C,p,n);
write({SYSTEMMATRISERNAY); punch(1);
skriv(A,n,n); skriv(B,n,r); skriv(C,p,n);
HEMUL(A,B,C,n,p,r)i

punch(15); go to LAS



Bilaga 1.

Test av nroceduren "invers".

Proceduren invers(a,n,eps,singular) testkordes pd SMIL med
ndgra exempel. Testprogram se sid , , .
I ex.1 och ex.2 dr resultaten korrekta med minst 6 signifikanta
siffror. Matriserna i ex.3 resp. ex.4 dr bdda singilira. I ex.3
har korrekt skett utskriften "Matrisen singuldr". I ex.4 diremot
har en "invers" skrivits ut. Detta beror pd att "nytt forsok"
skett med alltfor lagt vdrde pd variabeln "test". Slutsatsen blir
alltsd att inverteringar i programmet "Normalform 1 och 2", ddr
"test" getts ett virde som alltfor mycket underskrider standard-

virdet 10'? ger tvivelaktiga resultat,



begin comment Test av invers;
j=] 2

integer 1,J,1,n;real eps,matrisnorm,test;
array A|1:30,1:30];
eal procedure norm(A,n);array Aj;integer n;
comment Proceduren beriknar den minsta av maximumnormerna
For matrisen A av typ(n,n) och dess transponat.;
begin real radsum,kolsum,radmax,kolmex; integer i,j;
radsum:=kolsum:=radmax:=kolmax:=0;
for i:=1 step 1 until n do
begin for j:=1 step 1 until n do
T radsum:=radsumiabs(A] 1,4]1);
if radsum’>radmax then radmex:=radsum;radsum:=0
end;faf Ji=1 step 1 until n do
BEéiHTﬁzE i:=1 step 1 until n do
kolsum:=kolsum + abs(Al 1,371);
if kolsum>kolmax then kolmex :=kolsum;kolsum:=0
end; if radmax > kolmeX then norm:=kolmax else norm:=radmax
end;?“* o

e

23




procedure invers(a,n,eps,singular); value n; array a;
integer n; real eps; label singular;
comment Inverterar matrisen a av ordning n med Gauss-Jordans metod.
Matrisen a blir forstord d3 inversen bildas utan extra fH1t. Vid
varje steg anvindes det abs., storsta elementet som pivoelement,
Index fOr succesiva pivoelement placeras i vektorerna r och c,
vilka sedan anvindes for aterpermutering. Om nsgot pivoelement
dr mindre #n eps gér proceduren till 1Hge singular i huvudprogrammet.
D3 uthopp till singular sker tilldelas eps virdet av det pivotelement
som orsakade uthoppet.Proceduren kombinerar Algorithm 230 och
Algorithm 231 ur Collected Algorithms from CACM.Den utnyttjas av
proceduren normal;
begin integer i,J,k,1,pivi,pivi,p; real pivot; integer array r,c[1:30];
for 1:=1 step 1 until n do r{ili=c[1]:=i;
comment sok startvirde for pivot; pivi:=pivj:=1;
Ffor 1:=1 stgp 1 until n do for j:=1 step 1 until n do
If abs(s [i,j >abs(aLpiv1,p1rJ]) then
bevlr pivi:=1; pivj:=J end; '
comment start 1dsning;
For i:=1 step 1 until n do
begin l:=r[i]; r[1 —rrp1v1J, r{pivi]i=l; le=e[il;e[i]: —cfpivj]; c[pivil:
2L eps>abs al r[ 1] c[i 1) then begin eps: —abs(a[rL scl111);
go to singular vnd
for J J =n step -1 thll i+1,1-1 step -1 until 1 do
alri],e[j]li=a[r[1],c] ] ]/a[rLl] c[1]1;
al v 1], Crlw] ~1/atr[ ,c[11];
pivot:=0;
for k:=1 stgp 1T until i-1,i+ step 1 until n do
bagln for j:=n step -1 untll i+,1- 1 step -1 intil 1 do

| ]
[__l

begln arvP—T>c jlli=a]r kW or 1T=alr[1],e[ j]]xa grA},c[i]};
Rl K ”bs'"rv “ ,cl JWl\3J%s’“1fot‘ then
beﬂln pivi:=k; pivJ: —J, Ulv0t —arrr“' cr end test
end J loop
5[; klye[1]l]l:=-a[r[1i],e[1]]xa] r[k],c[1]]
end k loop;

end 1 1 Toop och 18sning;
commant start dterpermutation av rader for z=1 och av kolonner for z=2;
begin integer array tag, loc[1:30]; integer z,i,t; resl w;
for z:=1,2 do
Degin for 1:=1 step 1 until n do tag[i]:=loc[1]:
fnr 1:=1 step 1 until n dn
begin if z=1 then
begin t:=r[i]; J: ~]~crt] k'-—cr ] end
else begin ti=c[il; J —th t]; k:=r[1] end;
if j#k then
begin for p:=1 step 1 until n do
T hegin if z=1 then o
begin wi=a| J,0); a[J,pJ =a| k,pl; w[x,p].—w end
else begin wi=a[p,Jjl; aLp,J].—u[p, ; a[p,k]:=w end
end p lorp
tagl §l: —ta6L c]; teglkl:=t;
loc| t]:=loc| tag] j11; loc[tag[ jl]:=J
end J,k test
end T Toop
end z loop
end. 55§mutation
ggg'fﬁyers;;

I |




n:= read,
for 1:= 1 stqp 1 until n do
for J:= 1 step 1 until n dﬂ

ATi,3]:= read

W punch(15);
write({URSPRUNGLIG,MATRISY );
punch(1); punch(1);

SKRIV:for j:= 1 step 1 until n do
begln for i:=1 step 1 until n do

T print(-b B,ATl,J}) o
punch(1
end; punch(1);
If 1=1 then go to Lis;
matrisncrm: = norm\h,q)
test =10 '—_\

INVERS: eps‘— testxmatrisn
invers(A,n, eps, SINGULAR
1l:=1; write({INVERS});
punch(1); punch(1);
go 1 to SKRIV;

SINGULAR: wnte\{w~ LITET, PIVOTSLEMENTY ); punch(1);
wrlte( TEST=}); print(-1,2,test); punch(1);
write( {MATRISNORM=} ); prlnt(-1,2,matrisnorm);punch(1);
write({PIVOTELEMENT=} ); print(-1,2,eps); punch(1);
1if test>©-10%eps>0 then
begin test:= eps/2/matrisnorm;

write({NYTT, “OPSQ‘K:,TEFT ¥);
print(-1,2,€vst), punch(1);
go to INVERS

ft
il
@)

101!
\.
2

punch(1);

end;
wrlte MATRISEN, “TNG”TﬁR,);
go to LAS

end.




Bilaga 2.

Test av proceduren '"sekular".

Proceduren sekular(A,n,a) bestdmmer koefficienterna i
sekularekvationen for matriden A av ordningen n. Koefficien-

terna placeras i vektorn a och sekularekvationen ges sedan av
St e . ra=0

Metoden baseras pa de s.k. Newtonska identiteterna. Se ref( ),,

2, A3,". Ak, dvs k st

Berdkningen av a[k] krdver bildandet av A
matrismukiplikatioﬁer. Vid matriser av hogre ordning kan ddrfor
avrundningsfel orsaka felaktiga resultat. Frdmsta anledningen
till detta dr att vid bildandet av "skaldrprodukten" mellan en
rad i matrisen A och en kolonn i matrisen Ak'1 for berdkningen
av ett element i A" sker avrundning n + 1 génger, en géng vid
varje multiplikation och en gdng vid bildandet av slutsumman.
Detta gar inte att undvika i ALGOL, men vid maskinkodning kan
dubbel precision anvindas vid bildandet av "skaldrprodukten"
och resultatet hidrigenom forbdttras.

Testprogram, se sid . Tre testexempel, ex. 5,6,7 har korts
pd SMIL. Minga element i matrisen i ex.5 #r noll, vilket for-
klarar det goda resultatet, alla 8 decimalerna korrekta. I ex.6
fds 5 korrekta decimaler. I ex.7 demonstreras verkan av de
succesiva matrismultiplikationerna, a[l)fés med 8 korrekta deci-

maler, a[2]med 6 och a[3]med endast 1 riktig decimal.
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Bilaga 2.

Test av procedureh "sekular".

Proceduren sekular(A,n,a) bestidmmer koefficienterna i sekular-
ekvationen for matrisen A av ordningen n,Koefficienterna placeras i
vektorn a och sekularekationen ges vid uthoppet av
X"+ a[l].x“'1 + 4. +an] =0
Metoden baseras pd de s.k. Newtonska identiteterna. Se ref(2).
Berdkningen av a n krdver bildandet av AQ; A3,... A", Antalet ut-
forda multiplikationer #r alltsa i stortlsett;ﬂ4d"i A" behsvs endast
diagonalelementen). Med hidnsyn frimst till okande avrundningsfel blir
med-metoden ldmplig friamst for matriser av ligre gradtal.

Testprogram, se sid . Tre testexempel , ex. 5,6,7 har korts péa
SMIL., Ménga element i matrisen i ex.5 #r noll, vilket forklarar det
goda resultatet, alla koefficienterna med 8 korrekta decimaler, I
ex.6 fas 5 korrekta decimaler. I ex. 7 fds a[l]med 8 korrekta decimaler,
alé]med 6 och a[?]med endast 1 riktig decimal. Den avtagande noggrannhe-
ten beror pa att koefficienterna erhdlles genom rekursiv losning av ett
ekvationssystem, dir virdet av ali]beror pd A,Az,.. Ai.
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Bilaga 3.

Test av proceduren "BAIRSTOW"

I litteraturen anges ofta Bairsgyows metod som ldmplig for
losning av algebraiska ekvationer med reella koefficienter.
Komplexa rotter forekommer parvis konjug gerade och skarar mot
faktorer x2 + p.x + q, dir p och q dr reella. En précedur
"BAIRSTOW' som kombinerar Frobergs behandling av Bairstows
metod ~ (ref.?2) med Algoritm 3, ref.3, har skrivits och testats.
Testprogram se sid... Programmet forutsdxtter vid inldsningen
stansordningen "'31'82"“'an' Den ekvation som loses #r da:

X" + al.xm"1 + e +ta =0

Genom inldsning av n=0 kan ett antal parametrar ges onskade
vdrden, ndmligen epsO,epsl,eps2,eps3,N,pstart,qstart.
epsO dr minsta viirde for determingnten i det ekvationssystem =«
som ger xxesexiwx de succesiva forbdttringarna i p och a.
epsl,eps2,eps3 och N dr testkvantiteter som avgor ndr uthopp
ur resp. iterationsloop skall ske. Utskrift sker,under rubriken.
EXITzav vilket villkor som uppfyllts, enl. foljande:

1) abs (R)<epsl och abs(S)<epsl ( R.kX + s dr den rest som er-
h&lls vid division med X + p.x + @
2) abs (dp)<eps2 och abs(dq)<eps2 ( dp och dq dr de sist funna
korrektionerna till p och @.
3) abs (dp)/ (abs (p)+0.001)<eps3 och abs (dq) / (abs (q)+0.001) <eps3
( For att undvika division med O har talet 0.001 lagts till)
4) Antalet iterationer dr N. Harvid sker uthopp och inget forsok
gors att finna ev. kvarQarande rotter.
pstart och gstart dr startvirden for p och q. vid varje itera-
tionsloop. Standardvirden bor vara O, ty storst noggrannhet fas
om rotterna erhélls i ordning med stigande absolutbelopp. Vill
man ha maximal noggrannhet gér man tillbaks med varje funnet par
p.a och itererar med resp. par som starirden i det ursprungliga
polynomet. Funnes mojlighet till sexga rdkning med multipel
precisdon i detta moment skulle noggrannheten naturligtvis for-
battras ytterligare.

En viss kontroll pi erh&llen noggrannhet mxkikkx fds genom
att de funna faktorerna multipliceras ihop. Det s%erh%llna
polynomet skrivs ut och bot alltsd overensstdmma med det ur-
sprungliga.

Om sirskilda parameterbidrden inte lidses in anvinds standard-
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begin comment test av proceduren sekular;

T

’D

r 5
integer 1,j,njarray A[1:10,1:10], a[1:10];
procedure sekular| ﬂ,;,a) velue n;integer n;array A,a;
comment Lroredurhn sekular(A,n,a) bestimmer koefficienterna i sekular-

ekvationen for matrisen A av ordningen n, Koefficienterna placeras 1
vektorn a, och sekularekvationen ges sedan av : xtn + al1]xxt(n-1)+..

«o...+ a[n] = 0.Metoden baseras pd de s.k. Newtonska identiteternz.Se
Froberg:IHrobok 1 numerisk analys;
begin integer i,k;real sumjarrsy B,C[1:10,1: 01l,8[1:10]
real procedure spar(A, Tﬂ%aluc njarray A;lntever n;
begin integer ij;real sum;
sum::O;
for i:=1 qteo 1 uqtil n do

éum'~sum + Al 1,17
spAr:=sum

end;
nrmcedﬂ)ra mult(4,B,C,m,n,p);value m,n,p;array A,B,C;integer m,n,p;
gpmment Proceduren multiplicerar 1 t“lSQF A av tjp(m,“5 med matrisen
B av typ (n,p). Den resulterande matrisen av typ (m,p) placeras i C.
begin integer i,j,k;real sum;
for i:=1 step 1 until m do
for k:=1 step 1 until p dm
begln sum: =0;
for J:=1 step 1 until n do
sum:=sum + A 1, 31X8 J,k]15
c[ 1,k] :=sum;
end

end;
rrocedure slask(4,B,m,n )5E§£EE m,n;array A,B;integer m,n
begin integer 1i,j;

for 1:=1 step 1 until m do

for j:=1 step 1 until n do
B 2. TS =t
Bl 1,j1:=Al1,]]

end;

slask(A,B,n,n); S
for 1:=1 step 1

1,n); slask(C,B,n,n); S[i+1]:=spir(C,n) end;

for k:= 2 step 1 until n do
begin sum:=0; o
for 1 :=1 step 1 until k-1 do
Stmi= sum ¥ 5| 1) d[k-l}; o
sum:= -(sum+ S[k])/k;
a[k]:= sum
end. k-—] 00p;
end Urocadﬁran sekular
ﬂﬂmmenf Il borjar proar:mmat.“utrieev A stansad kolonnvis lHses in;

LAS s = '~read
for j:=1 step 1 until n do
for i:=1 step 1 until n do
1, 5):=read; o
write({MATRISEN,AY); punch(1);
for 1:=1 step 1 “until n do
Pegin fo j'—1 step 1 until n do
print(- -5,8,A[ 1,4] ) punch( 15?
end;
punch(1);
sekular(A,n,a);
write({SEKULAREXVATIONENS, KOEFFICIENTER} ) ;punch(1);
for i:=1 step 1 until n do
begin write({A}); print(1,0,1); space(3);
print(-2,8,a[ 1]);punch(1)
end;
punch(15); go to 1A
end

2

Z&




virden, epsO= 10-12, epsl=eps2=eps3= 10'10. N = 20,pstart=

= gstart = 0. De flesta korningarna har gjorts med dessa virden.
Limpliga vdrden pd epsO,epsl,eps2 och eps3 beror dels pd det
epkik¥x aktuella polynomet{ koefficienternas storkek,rotternas

ligen), dels pd den anvinda datamaskinens ordlangd.
I flytande rdkning representeras ett tal p& formen p= m. 2°.

I SMIL representeras m med 31 bitar. Detta innebdr att om

dp. «31
Im) <2

sé representeras p och p + dp som samma tal. Man bor allts?

vdlja eps3 S8 attt Lef feshs om
31

abs (dp) /abs (p) < 277 "= eps3 .
-31 -10 " s . _ -10
2 "=4,7 .10 varfor man ldmpligen vdljer eps 3 = 5,107,
Testexempel

Foljande ekvationer lostes, alla himtade ur refB,htertifica-

tions, sid 3P1,3P2,3P3.

X2 - 3x5120x 2 +44x454= 0

x6—2x5+2x4+x3+6x2-6x+8 =0

p's +x4-8x3—16x2+7x+15 =0
;i -14x4+49x2-36 =0
x0-30x04273x1-820%24576 = 0

Resultatet for den sista ekv. se ex.31. I inget fall erhclls

@ o

sdmre noggrannhet #n de i "Certifications".

Multipla rotter och rotter som ligger titt samlade ger kon-

vergenssvirigheter. I ex.32 ldses ekv. (x+1)3= 0 och i ex.33
ekv. (x+1)4= 0.

30



begin comment Test av BAIRSTOW; integer i,n,m,N; real epsO,epsi,eps2,

eps3,pstart,qstart;array A[1:20],P,Q,EX] 1:10];
procedure BAIRSTOW(n,A,epsO,epsi,eps2,eps3,N,pstart,gstart,
m,P,Q,EX); value n,eps0,epsi,eps2,eps3,N,pstart,qstart;
integer n,N,m; real epsO,epsi,eps2,eps3,pstart,qstart;
array A,P,Q,EX;
comment Proceduren stcker rotter till ekvationen xtn + A[1]xxt(n-1)+..
..+ Aln] =0 med Bairstows metod.Se Friberg:IHrobok i numerisk analys
och Algoritm 3 ur Collected Algorithms from CACM. Rotterna fis parvis
som faktorer xt2+pxx+q. Vid uthoppet innehdller m antalet funna rotpar,
P[1i] och Q[i] det i:te paret p,q. EX[i] anger vilket villkor som upp-
fylldes di motsvarande iteration avbrots.EX[i]= 1,2 resp.3: se senare
delen av procedurkroppen. (Rxx+S dr den rest som erhdlls vid division med
xt2+pXx+q, dp och dq &r de sist funna korrektionerna till p och q).
EX[i]=4 om antalet iterationer #r N, Hirvid sker uthopp och inga forsok
gors att finna ev. kvarvarande rotter.
epsO &r minsta virde for determinanten i det ekv,syst. som ger dp och dqg,
pstart och gstart #r startvirden vid iterationerna;
begin integer i,j; array B,C[ -1:20]; real det,R,S,p,q,dp,dq;
B[0]:=C[ 0] :=1; B]§-1]:=C[-1]:=O; J:=0; m:=1;
i:=2xentier((n+1)/2);
if ndi then begin n:=n+1; A[n]:=0 end;
L1: p:=pstart; q:=gstart;
I2: if j=N then begin EX[m]:=l; go to Lk end;
Ji=H;
for i:=1 step 1 until n do
B 1] :=A[ {T-pxB[ i-1T=gxB[T-2];
for i:=1 step 1 until n do
C[1] :=B[ 1T-pxc[ 1=1T-gxc[ 1-2];
R:=B[n-1]; S:=B[n]+pxB[n=-1];
print(6,10,p);print(q);print(R);print(s);punch(1);
det:=C[n-2]12-C[n-3]x(C[n-1]-B[n-11);
if abs(det)<epsO then
begin p:=p+1; q:=q+1; go to I2 end;
dp:=(B[n=-1]xC[n-2]=C{ n=3]XB[ n] )/det;
dg:=(B[nlxC[n-2]-B[n-1]x(C[n=1]-B[n-1]))/det;
p:=p+dp; q:=q+dq;
if abs(R)<epsi then
begin if abs(S)<eps1 then
begin EX[m]:=1; go to L3 end
end;
if abs(dp)<eps2 then
begin if abs(dg)<eps2 then
begin EX[m]:=2; go to L3 end
if abs(dp)/(abs(p)+0.001)<eps3 then
begin if abs(dg)/(abs(q)+0.001)<eps3 then
begin EX[m]:=3; go to L3 end
end;
go to 12;
L3: P[m]:=p; Q[m]:=q; m:=m+1;n:=n-2;
print(6,10,p);print(q); punch(1);punch(1);
for i:=1 step 1 until n do A[i]:=B[i];
if n>2 then begin j:=0; go to L1 end;
Qim|

Plm]:= ’1[; :=Al 2]; EX%m]:=1;punch(1);print(6,10,P[m]);
print(Q m] );punch(1);punch(1); go to L5;

L4: P{m]:=p; Q[ m]:=q;

15:

end;



procedureMULT(P, Q,EX,m);value m; integer m;arrayP,Q,EX;
comment Proceduren multiplicerar ihop defunna faktorerna
xt2+pxx+q och skriver ut koefficienterna i det si erhdllna
polynomet;
begin integer i,j,k; arrayC[1:20],F[ -1 20], real D,q;
if EX[m]=l4 then m:=m-1; F[-1]:=0; F[0]:
for i:=1 step 1 until m do
begin p:=P[1]; q:=Q[ 1);k:=2xi; F[k]:=F[k-1]:=0;
for j:=1 step 1until k do
C[ 3] :=F[ JT+oxF[ J=1T+axr[j-2];
for j:=1 step 1 until k doF[J] =C[ j1;
end; punch(1)]
£2£ i:=1 step 1 until 2xm do
begin write({A»);print(1,0,1);print(5,10,F[i]);punch(1) end;
end;
procedure ROT(P,Q,EX,m); value m;integer m; arrayP,Q,EX;
comment Proceduren beriknar nollstZllena till de i P och Q lagrade
faktorerna.Utskrift av real- och imagindrdel sker;
begin real a,b; integer 1i;
punch(1), write ({ROTTERY ); punch(1); space(8);
write({REALDEL} ); space(13); write({IMAGINARDEL}); space(10);
write({EXIT»); punch(1);
for i:=1 step 1 untll m do
begin a:=P[1i]; —QLl], b r=axa-Lxb; if ©>0 then
begin b'—sqrt(b /2; a:i= -a/2;
print(8,10,a+b); space(18);print(11,0,EX[1]);
punch(1); print(8 10,a=b); punch(1)
end else
begin b:=sqrt(-b)/2; a:=-a/2;
print(8,10,a); prlnt(b),print(11 0,EX[1]);
punch(1),print(8 10 a),prlnt(-b), punch( )
end
end.

o——

end;

n:=read; comment Genom inl&dsning av n=0 kan ett antal parametrar ges

onskade viarden; if n=0 then
begin epsO: —read eps1:=read; ;eps2:=read;eps3:=read;N:=read;

pstart:=read; gstart: —read n:=read
end else
begin eps0:=0-12; eps1:=eps2:=eps3:=10-10; N:=20;pstart:=gstart:=0 end;
for i:=1 step 1 until n do
begin Al i]t=read; write({AY¥);print(1,0,1 );print(5,10,A[1]);

~ punch(1)

eng;
write({EPSO=>); print(-1,1,eps0);write(4,EPS1=}); print(eps1);
write({,EPS2=}); print(epsE) write({,EPS3=});print(eps3);
wrlte({LN ?); print(3,0,N); punch( 1); punch(1); space(6);
write({P}); space(17); wrlte({Q});space(17) write({R});
space(17); write({S¥»); punch(1); punch(1);

BAIRSTOW(n,A, epsO,eps1,eps2,eps3,N,pstart,qstart,m,P,Q,EX);
ROT(P,Q, EX, m),

MULT(P,Q,EX,m);

punch(15), go to L
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URSPRUNGLIG MATRIS

5.00000000w+ 0
7.000000000+ O
6£.00000000w+
5.000000000+

o O

INVERS

6.80000140w+
-4.,10000083w+
-1.70000037 10t
1.000000220+

Y

Exaok#:
X1
47
-/7 Z)

-4/
Z5

/0 - &

(Ur

7.00000000w+
1.00000000w+
B8.00000000w+
7.000000000+

-4,10000085w+
2.500000510+
1.000000220+

-6.000001340+

-7 /o
7 ~ &
S -3
-3 Z

O

O~ o O

L.00000000w0+
000000000+
.00000000w+
.00000000+

.7000003500+
.00000021 0+
L000000920+
.00000055+

Basic Theorems rm /7atrix 7‘4«47} J_,{'-Z/

oL oo

coP

5.00000000.0+
7.00000000m¢+
9.00000000w+
1.000000000+*

1.0000002%w+
-6.000001250+
~3,00000055m0+
2.00000033w+

= oOoOoo

co o



Ex <

URSPRUNGL IG MATRIS

3.000000000+ 0 7.00000000+ 0 8.00000000w+ O 1.500000000+
2,00000000w+ O 5,00000000w+ O 6.000000000+ 0 1.10000000+
2.000000000+ 0 6.00000000w+ 0O 1.00000000wt+ 1 1.90000000w+
4,00000000w+ 0 1.10000000w+ 1 1.900000000+ 1 3.800000000+*
INVERS
2.500000140+ 1 -4,100000240+ 1 1.60000010w+ 1 -6.00000035+
-1.600000090+ 1 2.700000160+ 1 -1.10000006w0+ 1 4,0000002310+
1.60000009w+ 1 -2.70000016w+ 1 1.30000006w+ 1 -5,00000023+
-6,000000330+ 0 1.00000006w+ 1 -5.,00000023+ 0 2.00000008w+
E,[/oéf-’
Z5 -4/ /6 s
- /6 <7 =/ 4
/6 - 27 /3 -5
-6 /0 - Z

( Ur Froblemsam/ing Wien eviste Anaks | Lanad /283 , &5 96’/
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Ev 3
URSPRUNGL IG MATRIS

1.00000000w+ O 2.00000000w+ 0 3.00000000w0+ O
7.00000000w+ O 8.00000000w+ 0 9.00000000w+ 0
2.00000000w+ 0O 4.,00000000w+ 0 6.00000000w+ O

FGR LITET PIVOTELEMENT
TEST= 1.00w~- 5
MATRISNORM= 1.80w+ 1
PIVOTELEMENT= 0.00w+ O
MATRISEN SINGULAR



Ev Y

URSPRUNGL IG MATRIS

1.000000000+ O 9.00000000w+ 0
2.00000000w+ 0 B8.000000000+ U
3.00000000w+ O 7.00000000w+ O

FGR LITET PIVOTELEMENT
TEST= 1,000~ 5

MATRISNORM= 1,03+ 1
PIVOTELEMENT= 5,8210-11

NYTT FBRSOK: TEST= 2.83w0-12

INVERS
-5.00000000w+ 0 1.50000000w+ 0
4,99999999k+ 0 5.00000000ww- 1
-4.00000000L+ 1 5.000000010+ 0

1-0000000010— 1
2.0000000010‘ 1
3.00000000\0" 1

-9. 3132257510‘10
=Q . 3132257510'10
-1.000000000+ 1

Desr ahf/rwvy//fa ma e syes Ja L sz V7R S akt



EyS

MATRISEN A
0.00000000+ 0 0.000000000+
0.00000000w%* 0 D0.00000000w0+
1.000000000+ 3 -1.00000000w+
0.00000000w* 0O 0.00000000w+

SEKULAREKVATIONENS KOEFFICIENTER

A1 1.000000000+ 2
A 2 2,10000000w+ 3
A3 2,10000000w+ 5
A 4 0,00000000w+ 0O
Exakt:

Al [ 00

AL 2 /00

43 210000

44 0

oON OO

-2,000000000+
1.00000000+
0,000000000+
0,00000000+

[en e e Ja |

1.00000000w~
0.00000000+*
0.00000000w+
-1.00000000w+

o oW



MATRISEN A
1.887500000+ 1 3,.62500000+ 1
2-16U00000m+ 1 3,90000000w+ 1
1.3R750000+ 1 2,.62500000L+ 1
SEKULAREKVAY!UNENS KOEFFICIENTER
A1 7.99999994,,+ 0
A 2?2 1.70000000w+ 1
A3 1.000001420+ 1
Exait-
4/ &
AL /7

A3 /0

-9,08749999%,+ 1
-9.,950000000+ 1
-6.,58749999,+ 1



MATRISEN A

1.000000000+ 4 N.00000000w+ O
0.00000000w+ O 1.00000000w+ O
1.00000000+ 0 1.00000000w+ 0

SEKULAREKVATIONENS KOEFFICIENTER

A1 '1-”005000010"' 4

A 2 5.0000874%9+ 4

A3 -4,01066666+ 4

Esxakt:

A/ - JOO0&, 00

A2 S000, 8¢

A3 -3929296.8¢

3.,14000000,+ 0
0.00000000w+ O
4,000000000+ 0



URSPRUNGL IGA SYSTEMET

1.88750000,+ 1
2.150000000+ 1
1.58750000+ 1

5.100000000+ 1
4,000000000+ 1
2.700000000* 1

-2.500000000- 1

3,.62500000w+ 1 -9.,08749999 .+
3.90000000w+ 1 -9,95000000w0+
2.62500000w+ 1 -6.58749999,+
-5.000000000- 1 1.25000000u0+

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

—7|99999993m+ 0
‘1-7000“0“010‘" 1
-9.99999989,+ 0

1.00000066n* O
7.000004700+ 0
1.20000078w+ 1

9. 9999976110’ 1

1.0000000310‘" 0 2.2351741810-
2.98023224,0- 8 1,00000001 0+
-1.490116124~- 8 -7.450580601~
‘5-9604644810‘ 8 UnDOOOOODOm"'

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA

-8,00000048,+ 0
1.000000246+ 0
-6.705522545- 8

1.00000286+ 0
—2-3841857910’ 7
0.00000000w+ O

9.99998957,- 1

-1.700015260+ 1 -1,00000763:0+
2.813339236~ 5 1.52587891 -
9.99995709w- 1 -2.741813661~

6.99999380w0+ 0 1,19999897 0+

O

D

o=



URSPRUNGL | GA SYSTEMET

0.,00000000w+ O 0.,00000000w+ O
0.000000000+ 0 N.00000000w+ O
1.000000000+ 3 -1.000000000+ 2
0.00000000+ O 0.00000000w+ 0O
1.000000000+ 0
0.00000000w,+ 0
0.00000000,+ 0O
0,00000000+ O
0,00000000,+ O 1.00000000w+ O

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA
SINGULARITET

INVERS|ION 1 TEST= 1.00w- 5 MATRISNORM
NYTT FHERSGK: TEST= 1.18w- 7

SINGULARITET
INVERSION 2 TEST= 1.00w- 5 MATR | SNORM
NYTT FGRSOK: TEST= 1.00e- 8

SINGULARITET
INVERS | ON 2 TEST= 1.00w- 8 MATR | SNORM
NYTT FHRSOK: TEST= 2.50-12

-1.000000000+ 2 1.00000000w+ 0O
-2.09999699,,+ 3 -8.16944519,- 8
-2.09999999,+ 5 7.629394530~ 6
-3.519058230 2 3.51905824,- 4
—4-66661287w—10
-5096046448m’ 8

1.000000000* 3

1.00000000wt+ 5

1.000000000+ 0 0.00000000w+ O

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA
SINGULARITET ¢

INVERSION 1 TEST= 1.00w- 5 MATRISNORM
NYTT FERSOK: TEST= 1.1%w0- 7

SINGULARITET @
INVERSITON 1 TEST= 1.19%w- 7 MATR | SNORM
NAGOT TILLSTAND EJ KONTROLLERBART

-2,00000000,0+
1.,00000000m0+
0,000000000+
0.00000000w,+

0,00000000+

1= 2.100+ 3

2= 1.000+ 6

2= 1,00+ 6

1.00000000w%
5-96046448m’
-5,96046448,0

0 1.00000000w~ 3
0 0.00000000w+ O
0 0.00000000,+ O
0 -1.000000000+ 2
0 0,00000000u0+ O

PIVOTELEMENTET= 4.760n- 4

P|VOTELEMENTET= 2.00w0- 2

PIVOTELEMENTET= 5.000~ 6

1.10389919,-11 -1.10389919,-13
0 -1.41299097w-11
8 1.00000000w+ 0
6 5.96046448w- 8
0 0.00000000w+ O

0,000000000+

1= 2-1010"‘ 6

1= 2,100+ 6

PIVOTELEMENTET= 5.00w- 1

PIVOTELEMENTET= 0.00w+ 0



/0

URSPRUNGL |GA SYSTEMET

-1.000000000* 0 0.00000000w+ O 0,00000000,+ O
0.00000000w+ O -5.000000000+ O 0,00000000,+ O
0.00000000+ 0 0.00000000w+ O -2,50000000+ 1
1.00000000w+ O
1.00000000w* 0
1.00000000w+ O
1.00000000w+ O 1.00000000+ 0 1.00000000~ 2

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

-3.,100000000+ 1 1.000000000+ 0 -2,910383050-11

-1.550000000+ 2 3.725290300w- 9 1,00000000,+ O

-1.250000000* 2 0.00000000w+ O 4,656612871-10
2.00999999.,+ 0
5,60599998,0+ 1
1.50049999,+ 2
1.000000000+ O 1.16415322,,-10 -3,63797881,,-12

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA

-3.100000000+ 1 -1.550000000+ 2 -1,250000000+ 2
1.000000000+ 0 7.450580600~ 9 3,72529030,~ 9

-2.910383050-11 1.00000000w+ O -4,656612871-10

1.00000000+* O
‘8.73114914m"11
9.094947020-12

2.010000000* 0 5,606000000+ 1 1.500500000+ 2



ct/

URSPRUNGL IGA SYSTEMET

-1.00000000w+ O 0.00000000w0+ O 0,00000000w0+
0.00000000+ O -5,00000000w0+ 0 0.,00000000w+
0.00000000+ O 0.00000000w+ 0O ~2,5000000050+

1.00000000w+ 0
1.00000000w+ 0O
1.000000000+ 0O

1.00000000w+ 0 1.00000000w+ 0 1,00000000.0-

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA
SINGULARITET

o

INVERSION 2 TEST= 1.00- 5 MATR|SNORM 2= 1.30,+ 3 PIVOTELEMENTET= 8.00w- 3
NYTT FBRSOK: TEST= 3.07w- 6
-3,10000000+ 1 1.00000000w+ O 0,00000000,+ O
-1.550000005+ 2 0.00000000w+ O 1.00000000+ O
-1.250000000+ 2 ~7.450580600- 9 -2.32830644,,-10
2.0010000040+
5.60060000+ 1
1.500050000* 2
1.000000000+ O 2.910383050-11 -2,00088834,,-11

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA

-3,10000000,+ 1 -1.55000000w+ 2 -1,25000000k+ 2
1.00000000+ O 7.45058060,- 9 3,72529030-~ 9
-2.,910383050-11 1.000000000w+ 0 -4,656612871-10

1.000000000% O
-8.73114914,"11
9, 094947[)210'12

2.001000000+ 0 5.600600000+ 1 1,500050000+ 2



URSPRUNGL IGA SYSTEMET

-1.00000000w0+*
0.00000000m+*
0.,000000000+*

1.00000000+
1.000000000+
1.000000000+

1.000000000+

NORMALFORM 1
SINGULARI|TET
INVERS|ON 2
NYTT FORSOK:

SINGULARITET
INVERSION 2
NYTT FHRSOUK:

-3.,10000000w0+
~1.55000000%
-1.250000000+

2.000100000+
5.600059990%
1.50000500%

1.000000000%
NORMALFORM 2 ALLA

-3.100000000%
1.,00000000m0*

-2.,91038305,-11

1.000000000%

TEST=
TEST=

TEST=
TEST=

0 N.00000000w+ O

0 -5.00000000w+ O

0 0.00000000w+ O -2
0

0

0

0 1.00000000w+ O

ALLA TILLSTAND OBSERVERBARA

1.00w- 5 MATR|SNORM 2=
1-92w" 6
1.925- 6 MATRISNORM 2=
3!0710— 7
1 1.00000000w+ 0O
2 -7.450580600- 9
2 0.00000000w+ O -4,
0
1
2
0 2-910383”5m‘11

TILLSTAND KONTROLLERBARA
1 -1.550000000+ 2
0 7.4505806010~ 9
1.00000000w+ O

0

’8.73114914w'11
9.,09494702w-17

2,00010000m%

0 5.60006000w+ 1

0,
0.

1.

0.
1.

9.

”10
3.
-4,

1.

ND0000000w+ O
00000000+
50000000+ 1

o

OOODOOOUw’ 4

1.30,+ 4

1,30+ 4 PIVOTELEMENTET=

N0000000 L+ 0
00000000+ O
656612871~10

094947021012

25000000+ 2
72529030, 9
65661287w'10

50000500+ 2

PIVOTELEMENTET= 5,00~ 2



rd
/S

URSPRUNGL | GA SYSTEMET

'1-00000000w*
0.00000000w%*
0.00000000wm%

1.00000000w+
1,0000000050+*
1.00000000uw*

1.000000000+*

NORMALFURM 1
SINGULARITET
INVERSION 2
NYTT FERSOK:

SINGULARITET
INVERSION 2
NYTT FORSOK:

-3.,100000004+
-1.55000000w+
'1.25000000w+

2.000010000+
5.6000059%0*
1.500000500+

1.000000000+
NORMALFORM 2 ALLA

-3,100000000%
1.00000000u+

-2.910383050-11

1,000000000+

TEST=
TEST=

TEST=
TEST=

0 N.00000000w+ O

0 -5.000000000+ O

0 N,00000000w+ 0 -2
0

0

0

0 1-DOODOODOID+ 0 10

ALLA TILLSTAND OBSERVERBARA

1.00w- 5 MATR|SNORM 2=
1o92m“ 7
1,920~ 7 MATRISNORM 2=
3n07lo_ 8
1 1.00000000w+ 0 2.
2 -7.450580600- 9 1.
2 ~-7.4505806010- 9 ~2 4
0
1
2
0 2.910383050-11 9,

TILLSTAND KONTROLLERBARA
1 -1.55000000w+ 2

1.00000000w+ O

0

-8.73114914»"11
9.094947020-12

2.00001000u0+*

0 5.60000600w+ 1 1.

0.
0.

"10
0 7.450580600~ 9 3
-4,

00000000+ O
00000000+
500000000+ 1

=

00000000k~ 5

1.300+ B PIVOTELEMENTET=

1.30+ 5 PIVOTELEMENTET=

910383051-11
00000000+ O
32830644m‘10

09494702m“12

250000000+ 2
725290300= 9
656612871-10

500000500+ 2



4(/‘

URSPRUNGL IGA SYSTEMET

-1.000000000+
0.00000000w0+
0.00000000w*

1.000000004%
1.000000000%*
1.00000000w*

1.00000000w0+

0 N.00000000w+ O 0,
{0 -5.00000000w+ 0 0.
0 0.00000000w+ O -2,
0
0
0
0 1.00000000w~ 2 i,

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

-3.10000000:0+
-1,55000000%
-1,250000000%

2,01000000w*
3,62599999 0%+
1.302500000*

1.00000000w+

NORMALFORM 2 ALLA

-3.,10000000w* 1 -1.55000000w+ 2 -1,
1,000000000+ O 7.450580600~ 9 3

-2.91038305-11 1.00000000w+ O -4,
1.00000000+ O

1 1-0“000000w+ 0 '8.
2 '3.72529030m' 9 1.
2 N.00000000w+ O -4,
0
1
2
0 5.82076609m“11 7c

TILLSTAND KONTROLLERBARA

‘8.73114914m'11
9.(09494702w~-12

2.01000000u0*

0 3.626000000+ 1 1.

00000000+ 0
00000000+
500000000+ 1

O

00000000+ O

73114914,-11
00000000+ 0
65661287m'10

27595761m‘12

250000000+ 2
72529030m' 9
656612871-10

302500000+ 2



ér /5

URSPRUNGL IGA SYSTEMET

-1.00000000w+ O 0.00000000w+ 0 0,
0.00000000+ O -5.00000000w+ O
0.00000000w+ O 0.00000000w+ O =2,

1.00000000w+ O
1.00000000w+ 0
1.000000006+ 0

1.000000000+ O

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

SINGULARITET

INVERS|ON 1 TEST= 1.00- 5 MATRISNORM 1=
NYTT FERSHK: TEST= 2.46w- 6
-3.10000000w+ 1 1.00000000w+ 0 i [
-1.550000000+ 2 3.72529030- 9 1.,
-1.25000000+ 2 0.00000000w+ O 1,
2.001000010+ O
3.602600010+ 1
1.30025000+ 2
1.000000000+ O -2.91038305,-11 7

TILLSTAND KONTROLLERBARA
-1.55000000w+ 2

NORMALFORM 2 ALLA
-3.10000000w0+ 1
1.000000000+ 0
-2.910383050-11 1.00000000w+ O
1.00000000+ O
-8.73114914-11
9.09494702,-172

2.00100000w+ 0

0,

1-0000000[’10’ \5 1.

-1,
7.450580600~ 9 3,
-4,

3.60260000w+ 1 1.

00000000+ O
000000000+
500000000+ 1

[on]

00000000+ O

6,260+ 2 PIVOTELEMENTET= 3,081~ $

45519152,-10
00000000+ O
164153220~ 9

27595761-12

25000000+ 2
72529030m' 9
65661287m'10

300250000+ 2



URSPRUNGL IGA SYSTEMET

-1.00000000+ O 0.00000000w+ O
0.00000000+ O -5.00000000w+ O
0.00000000% 0 0.00000000w+ O -2,
1,000000000+ O
1.,00000000w+ O
1,000000000+ 0
1,000000000+ O 1.00000000w0~ 4 1.

NORMALFORM 1
SINGULARITET

ALLA TILLSTAND OBSERVERBARA

INVERSTON 1 TEST= 1.00w- 5 MATR|ISNORM 1=
NYTT FGRSGK: TEST= 2,460~ 7
SINGULARITET
INVERS|ON 2 TEST= 1,000~ 5 MATR|ISNORM 2=
NYTT FBRSOK: TEST= 1.28w- 6

-3.10000000w0+ 1 1.00000000w+ O -2,

-1.55000000+ 2 0.00000000w+ 0
-1.250000000+ 2 0.00000000w+ O =1,
2.00010000+ O

3,600260000+ 1

1.300025000+ 2

1.00000000w+ O 2.910383050-11 0.

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA
‘3-100000“0m+ 1
1.00000000w+ O
‘2-91038305m'11

1.000000000% O
-8.73114914,-11
9.09494702,-12

2.000100006+ 0

0.
0.

9.

-1.550000000+ 2 =1 4
7.45058U6010“ 9 3-
1.00000000w+ O -4,

3.600260000+ 1 1.

000000004+ O
00000000+
50000000+ 1

o)

00000000+ O

6,261+ 2 PIVOTELEMENTET= 3,081~ 4
S3e1310+ 3 PIVOTELEMENTET= 8,000~ 3
32830644m'10

99999999,- 1
396983861~ 9

UUOOOOUOm*'U

250000000+ 2
725290306~ 9
65661287.-10

30002500+ 2



&4 /Z

URSPRUNGL | GA SYSTEMET

‘1-0”000000m+
0.00000000.+
0,000000000%*

1.000000000%
1.000000000%*
1.00000000w+
1.00000000w0%

NORMALFORM 1
SINGULARITET

INVERSION 1 TEST=
NYTT FBRSOK: TEST=
SINGULARITET

INVERS |ON 2 TEST=
NYTT FBRSGK: TEST=
SINGULARITET
INVERSION 2 TEST=
NYTT FBRSOK: TEST=

-3.10000000m+
-1.55000000:0+
-1.25000000%

2.00001000:%
3.,600026000+
1.300002500+

1.00000000w*
NORMALFORM 2 ALLA

-3.100000000+*
1.,000000000+*

‘2-91038305m-11

1.00000000w0+*

0 0.00000000w+ O 0,
0 -5.00000000w+ O

0 0.00000000w+ O -2
0

0

0

0 1.00000000w' 5 1.

ALLA TILLSTAND OBSERVERBARA

1.00e- 5 MATRISNORM 1=
2-46m‘ 8
1.00w- 5 MATR|SNORM 2=
3~33m‘ 6
3.33w~ 6 MATRISNORM 2=
1.2810_ 7
1 1'0000000010'.' 0 "2:
2 N,00000000+ O
2 0.00000000w+ O -4,
0
1
2
0 0.00000000w+ O 0.

TILLSTAND KONTROLLERBARA

1 ‘1-5500000010"’ 2 —10
0 7.450580600- 9 S
1.00000000+ O -4,

0

-8.73114914-11
90094947U2m—12

2.00001000w0+

0 3.60002600w+ 1 1.

0.

1.

00000000+ O
00000000+
500000006+ 1

o]

00000000+ O

6.260+ 2 PIVOTELEMENTET=
3.13,0+ 4 PIVOTELEMENTET=
3,130+ 4 PIVOTELEMENTET=

32830644,,-10
00000000+ O
656612871-10

00000000+ O

25000000+ 2
72529030m' 9
656612871-10

30000250+ 2



et /s

URSPRUNGL |GA SYSTEMET

-1.000000000* 0 0.00000000w+ O 0.
0.00000000w+ 0 -5.,000000000+ O
0.000000000+ O 0.00000000w+ 0 =2

1.00000000+ O
1.000000000+ 0O
1.00000000+ O

1.00000000- 2 1.00000000w+ O 1.

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

-3.100000000+ 1 1.00000000w+ 0 0.
-1.550000000+ 2 0.00000000w+ O 1.
=1.250000000+ 2 0.00000000w+ 0 -4,

2.010000000+ 0

3,23000000mw+ 1

3.125000000+* 1

1.000000000+ O -2.91038305,-11 1.

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA

-3,10000000w+ 1 ~1.55000000w+ 2 -1,
1.,00000000,+ O 7.450580600- 9 3
-2,910383050-11 1.00000000w+ O -4,

1.000000000+ O
-8.73114914-11
9.094947020-12

2.01000000w+ 0 3.230000000+ 1 3

0.

00000000+ O
000000000+
50000000+ 1

o= ]

00000000+ O

00000000+ O
00000000+ O
65661287m‘10

81898940m”12

250000000+ 2
72529030m' 9
6566128710

12500000+ 1
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URSPRUNGL | GA SYSTEMET

’1-0000000010"’
0.00000000w0%+
0.00000000w0%

1.00000000w+
1.00000000s0%
1.0000000050+

1.00000000w-

NORMALFORM 1
SINGULARITET =
INVERSION 1
NYTT FORSOK:

ALLA

TEST
TEST=

-3.10000000w+
-1.550000000%
’1-25000000m+

2.00100000m0+*
3.20300000m0+
3.01250000.%

1.00000000w0*

NORMALFORM 2 ALLA
-3.100000000+
1.00000000w%
-2.910383050"1

1.00000000w0%
-8,73114914,-1
9.09494702m'1

2.001000000%

0 0.00000000w+ 0O 0,00000000w+ 0O
0 -5.000000000+ 0 0.00000000+ 0
0 0.00000000w+ 0 -2.50000000+ 1
0
Q
0
3 1.00000000w+ 0 1.000000000+ 0

TILLSTAND OBSERVERBARA

= 1,00 5 MATR|ISNORM 1= 6,500+ 2
5.910- 7

1 1.00000000w+ O 2,03726813,-10

2 =3.725290300- 9 1.00000000+ O

2 3.72529030- 9 4,65661287,~10

0

1

1

0 -2.91038305,-11 9,09494702-12

TILLSTAND KONTROLLERBARA

1 -1.55000000w+ 2 -1,25000000w0+ 2

0 7-45058060m‘ 9 3;72529030m“ 9

1 1.00000000w+ O -4,65661287-10

0

1

2

0 3.20300000w+ 1 3,01250000+ 1

PIVOTELEMENTET=



URSPRUNGL | GA SYSTEMET

-1.00000000w+ O 0.00000000w+ O
0.000000000+ O -5.00000000w+ 0
0.00000000+ O 0.00000000w+ O -2

1.00000000+ O
1.000000000% O
1.00000000w+ O

1.000000000- 4 1.00000000w+ 0

NORMALFORM 1 ALLA TILLSTAND OBSERVERBARA

SINGULARITET

INVERSION 1 TEST= 1.00w- 5 MATRISNORM 1=
NYTT FBERSOK: TEST= 5.91,- 8
~3.10000000+ 1 1.000000000+ O -3.
~1.550000000+ 2 0.00000000e+ O
-1.250000000+ 2 3.725290300~- 9 -1,
2.00010000+ O
3.200300000+ 1
3.00125000,+ 1

1.,00000000w* O -2.910383050-11

NORMALFORM 2 ALLA
-3.10000000+ 1
1.000000000+ O
-2.910383050-11

TILLSTAND KONTROLLERBARA
-1.550000000+ 2
7.45058060w- 9
1.00000000w+ O

1.00000000+ 0
-8.,73114914-11
9.09494702,-17

2.000100000+ O 3.200300000+ 1

0.
0.

1,

1,

9.

—1'
S
_4.

S

00000000+ O
000000004+
50000000+ 1

o= ]

00000000+ O

6.5010* 2 PIVOTELEMENTET= 7.68w~ 5

49245966,,-10
00000000+ O
39698386m' 9

09494702m'12

250000000+ 2
725290300~ 9
656612871-10

00125000+ 1



ol /

URSPRUNGL IGA SYSTEMET

-1.000000000+
0.00000000w+
0.00000000w+

1.00000000w0+
1.,000000000*
1.00000000w0+

1.000000004~

NORMALFORM 1
SINGULARITET
INVERSION 1

NYTT FORSHK:

"3.100000[]010"'
-1.55000000*
‘1-25()00000)1:"’

2.00001000m0+
3.200030000%
3,00012500u0+

1.00000000w0%
NORMALFORM 2 ALLA

-3.10000000w+
1.,000000000%

-2.910383056-11

1.000000000%

TEST=
TEST=

0 0.00000000w+ O 0.00000000+ 0O
0 -5.00000000w+ O 0.000000000+ O
0 0.000000000+ 0O -2,500000000+ 1
0
0
0
5 1.0000000600+ O 1,000000000+ O

ALLA TILLSTAND OBSERVERBARA

1.00- 5 MATR|SNORM 1= 6,500+ 2
5.9110— 9
1 1.00000000w+ 0 2,03726813,-10
2 -3.725290300- 9 1,000000000+ O
2 3.72529030w~ 9 4,65661287-10
0
1
1
0 -2.910383056-11 9,09494702,-12

TILLSTAND KONTROLLERBARA
1 -1.550000000+ 2
0 7.45058U60m"‘ 9
1.00000000w+ O

-1.250000006+ 2
3.,725290301~ 9
-4,656612871-10

0

-8.73114914-11
9.09494702,-17

2.0000100040%

0 3.200030000+ 1 3,000125000+ 1

PIVOTELEMENTET=



URSPRUNGL I GA SYSTEMET

-1.000000000+ 0 0.00000000w+ O 0.,00000000.+ O
0.00000000+ O -5.000000000+ 0 0.00000000w+ O
0.00000000* 0 0.00000000w+ 0 -2,500000000+ 1
1.00000000w+ O
1.00000000w+ O
1.00000000w+ O
1.000000000+ 0 1.00000000w+ 0 0.000000000+ 0

NORMALFURM 1 ALLA TILLSTAND OBSERVERBARA

SINGULARITET

INVERSION 1 TEST= 1,000~ 5 MATRISNORM 1= 2.600+ 1 PIVOTELEMENTET= 0.00w+ 0
NAGOT TILLSTAND EJ OBSERVERBART

NORMALFORM 2 ALLA TILLSTAND KONTROLLERBARA

-3.10000000w+ 1 -1.550000000+ 2 -1.,25000000+ 2
1.00000000* O 7.45058060L- 9 3.,725290306- 9
-2.91038305,"11 1.00000000w+ O -4,65661287,-10

1.00000000w+ O
-8,73114914,-11
9.094947020-12

2.000000U0w* O 5.600000000+ 1 1,500000000+ 2



Exr 23

SYSTEMMATR I SERNA

~4,000000000+ O -5.000000000+ 0
-1.000000000*+ 0 0.00000000w+ 0
-5,000000000+ O
-1.000000000+ 0

1.000000000+ O 1.00000000w+ 0
A1 4.00000000w+ 0 B 1 -6.00000000,+ 0
AP -5.00000000w+ 0 B 2 £.00000000,+ O
Exak?:
A/ 4 B/ - ¢



ExlY
SYSTFMMATR I SERNA

0.00000000+ 0O 0.00000000w+ 0 -2.00000000+ O 1.00000000w~
0.00000000,+ 0O 0.00000000w+ O 1,00000000+ 0O 0.,00000000+
1.00000000+ 3 -1.00000000.0+ 2 0,00000000,+ O N.00000000m+
U,UOOUUOUO)@"' “ 0-0000000010"' O 000000000010"' n ‘1.DOOOOUOOSB+
1.00000000+ O
D.00000000,+ 0O
0.,00000000+ O
0.00000000+ 0O
0.00000000+ 0O 1.00000000w+ O 0,00000000+ O N.00000000w+
A1 1.000000000+ 2 B 1 0.00000000,+ O
A 2 2.10000000w+ 3 8 2 0.00000000+ 0
A3 2.10000000w+ 5 B 3 1.000000000+ 3
A 4 0,00000000w+ O B 4 1.000000000+ 5
Erabks/

R

o W



Ex L5

SYSTEMMATRISERNA

-1.000000000+ 0 0.00000000w+ 0 0,00000000+
0.,00000000w+ O -5.00000000w+ O 0,000000004+
0.00000000w+ O 0.00000000w0+ 0 -2.50000000,+

1,00000000+ 0
1.00000000w+ O
1.00000000+ 0O

1.00000000+ 0 1.00000000w+ 0 1,00000000,-
A1 3.10000000w+ 1 B 1 2.010000000+ O
A 2 1.550000000+ 2 R 2 5.60600000,+ 1
A3 1.25000000w0+ 2 B 3 1.500500000+ 2

Evakt!

o]



Exr<léE

SYSTEMMATR I SERNA

-1.00000000+ 0 0.00000000w+ 0 0,000000000+
0.000000000+ O ~5.00000000w+ 0 0.000000004,+
U.00000000,+ 0O 0.000600000w+ 0 -2,500000000+

1.390000000w+ 0
1.00000000% 0
1.00000000,+ O

1.00000000+ O 1.00000000w+ O 1.,0000000040-
A1 3.10000000w+ 1 B 1 2.000100006+ 0
A2 1.55000000w+ 2 8 2 5.600060000+ 1
A3 1.25000000w+ 2 B 3 1.500005000+ 2

foom )



Ex L7

SYSTEMMATR I SERNA

-1,00000000,+ 0 N.00000000w+ 0 0.00000000w+
0.00000000+ 0 -5.00000000w+ 0 0,00000000,+
0.0N000000 L+ O 0.00000000w+ O -2,50000000,+
1.00000000,+ O
1.,00000000w+ O
1,000000000+ O
1.00000000w+ 0 1.00000000+ O 1.00000000.,-

1 3.10000000w+ 1 B 1 2.00001000w+
e 1.550000000+ 2 B 2 5.60000600,0+
3 1.25000000w+ 2 B 3 1.500000500+

> > >
N = 2

E yak¥?!

o T
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SYSTEMMATR I SERNA

S

-1.00000000w*
0.00000000,+
0.00000000,0%+
0.00000000.,+

1.00000000,0+
1.000000000+
0.000000000+
0.000000004,0+

1.000000000+
0.000000004+
0.000000000+
1.000000000%*

1.00000000w+
2.50000000w0+
5.000000000+
2.40000000m+

1.00000000,+
1.0000000050+
0.,00000000,+
2.000000000*

9.00000000,0%
8.000000000%
0.00000000,+
1.,700000000+

2.60000000,+
1.90000000 w0+
0.00000000,0+
4,500000000+

2.400000000+
1.20000000,0+
0.00000000w0%+
$.60000000,0+

1]
{
(1

oo

[EEN

an SRR SN

e

N

0.000000000+
-2,000000000+
0.00000000,+
N.00000000 6+

0.00000000,+
1.00000000w+
1.000000000+
N.00000000,+

N.00000000w+
1.00000000,+
D.00000000 .+
1.000000006+

N.00000000w+
2.000000000+
1.00000000,0+
2.000000000+

0.00000000w+
1.500000000+
7.000000000+
1.5000000040+

D0.00000000w+
3.30000000w0+
1.400000000+
3.30000000w+

N0.0000006G0w+
2.00000000,+
B.00000000,0+
2.00000000m+

o o oo o o o O

oo

o [ i on N o el [an B o B e B ws }

o

= O

0,00000000,+
0,00000000,+
~3.00000000,+
0.00000000,+

0.00000000,+
0.00000000,+
1.00060000+
1.00000000,+

0,0006G0000,0+
1,00000000,+
1.000000000+
1.000000000+

1.,00000000,0+
1,00000000,+
2.00000000,+
2.0000000050+

6.00000000,+
7,000000000+
1.30000000,0+
1,300N00000,+

1.10000000m+
1.400000000+
2.50000000,+
2.500000000+

6,00000000w+
8.,000000000+
1.40000000,0+
1.400000000+

Pt Qe O o R oo D

I QUTE W QWY

0.00000000m%
0.00000000w+
0.00000000w+
-4.00000000+

1.00000000,+
1.00000000w+
1.00000000,+
1.00000000,0+

1.00000000w.+
0,00000000w+
1.00000000w+
1.00000000,+

2.00000000w+
2.,00000000w+
2.00000000,+
4,00000000w+

1.50000000w+
1.500000000+
1.30000000w+
3.00000000w+

3.70000000.+
3.300000001w+
2.50000000,0+
7.00000000m,+

3.00000000,+
2.,00000000+
1.400000000+
5.000000000+

oo

cCo o o

0
0

S R

=
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SYSTEMMATRISERNA

‘ERAO I

D> > > >
N

v}
(o

S.40000000,0+ 2
4.72000000,+ 7
3.9R000000,0+ 2
2.93000000,+ 2
1.20000000+ 1
1.70000000,+ 1
1.400000000+ 1
1.20000000,+ 1

7.80000000+ 1
=5.,80000000,+ 1
=7.00000000+ 0O

2.00000000,+ 1

1.00000000w+
3.50000000m0+
5.00000000w0+
2.400000000+

1.00000000w+ 0
1,000000006+ 0
0.00000000w+ 0
2.000000000+ O

9.0N000000Nw+ O
8.00000000+ 0
D0.00000000+ 0
1.700000000+ 1

2.60000000,0+ 1
1.90000000,0% 1
0.0n000000w+ O
4.50000000+ 1

2.400000000%+
1.200000004+
J.00000000w+
S.60000000w+

D

=

R e

=2.05000000,0+
-2.850000000+
=2.38N00000 .+
-1.75000000,0+

1.30000000w0+
1800000000+
1.800000000+
1.600000000+

-4.70000000,+
3.50000000m+
4.000000000+

~1.20000000,+

0.00000000w0+
2.000000000+
1.00000000,+
2.00000000,+

N.00000000w+
1.50000000,0+
7.00000000,0+
1.500000000+

0.00000000,+
5.300000000+
1.40000000,6+
3.300000004,+

0.000000000+
2.00000000,+
B.00000000 0+
2.00000000.0+

e el N NN N

PR ORFP o o oo = O

oo

= O PP o

-8.,50000000,0+
=1.170000004,+
=1.00000000,+
=7.00000000,+

1.10000000,0+
1.50000000.,+
1.,90000000,+
1.90000000w+

-2.00000000,+
1.500000000%+
2.00000000 0+

=5.00000000,0+

1.00000000,0+
1,00000000,+
2.00000000,+
2.00000000,+

6.000000000+
7.00000000,0+
1.30000000,+
1.300000000+

1.10000000,0+
1.40000000,0+
2.50000000,0+
2.50000000,0+

6.00000000u+
8.00000000,,+
1.40000000,+
1.40000000,0+

D D e

DD s

O D200

O )

=D D

4.,800000000+
6.600000005+
5.40000000w+
3.50000000m+

2.30000000%+
3.20000000,0+
3.30000000u0+
3,1000000040+

1.20000000 00+
-9.00000000,e+
-1.00000000w+

$.00000000w+

2.,00000000,+
2,00000000+
2.00000000+
4,00000000w0%*

1.500000000+
1.50000000+
1.300000005,+
3.000000000+

3.700000004+
3.30000000,+
2.50000000,+
7.00000000,+

3.000000000+
2.,00000000w.+
1.400000000+
5.,00000000+

e

N S S Y

R e e

R A
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SYSTFMMATRISERNA
_3085400000m-
1.9320000010-

OGN

N

2
7

=

c OO

(S

5990000010"
015969998,

4
3
1,943000000- 1
p)
7

00000000+ 0

LOG000000,+ O
L00000000 e+ 0O

191()999910' 5]

000000000+ 0O

.JO()OUD[)GLQ+ (i
00000000+ C

590416000~
.B0786814m-
2165110150~

DO ST N

L,00000000m0+

00000000+ O

L0N000000w+ O

15049599, 9
c41689599,,-11

.B67797487,-10
. 53742851-172

-21516427m’13
.8758850510"13

. 6992938810-21
28438977019

1
P
6

091127139011

0

0.000000004+ O
N.00000000w+ 0
0.00000000w+ O
0.00000000w+ O
”.UDOUOO“O;{:*’ 0

8.:5[]10999910— 6
1-252(]000010" 5
-1.43800000w~- 2
0.00000000w+ 0
-3.67999999,,- 8

0.00000000w+ 0
1.000000000+ 0O

8.3019999910" 6
1.25200000w~ 5
-4.985814\5010_ 6
5.6001614410‘ 5
-2.610354160w~- 7
2-68?7326610‘ 6

'8¢83966323m‘11
7.155398161-10

-1.58856957,-16
5-8033479010_15

5.53799999 -
-3.57899999 0~
=3.,10200000,-

0.000000004,+
-1.,39800000-

O WD

‘5.1760999910"
4,389999909,,-
1 n21800000m"'
0.000000000+
2 02949999910"

e }

0,000000004,+
0,00000000+ 0

-5,17699999,- 5
4,38999999,,- 4

-1.78947614,- 5
1.5300813710— 4

-7 .467696261,~
6. 3‘3\57134110'

8 U

‘2'6085538710'10
1.34689072,-10

"2. 0903487310"1(‘»
-2.47069165-15

5 o 1299099916'
3,37999999,,-
9.37699998~
-4.81299999 6~
3.17899999,-

D.00000000w+
N,000000000+

NN N U

9]

o

~7.22599999%9.-
-6.61799999,~
1.841000004+
0.00000000w0+
-3.26200000.%-

0.000000004,+
0.00000000,6+

A OO W

o O
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nN.0000000000
-30,0000000000
0.0000000000
27%.0000000000
nN.0nooooo00o0o00
-820.,0000000000
nN.0000000000
576,0000000000
1 .0:0"12 EPSJ.:

=}

N.NO0O0L0O0GO
nN,NNOOOQ00DGDO
N.0000000000
0.0000000060
N.00000000C0
nN.0po0o00o00cey
0.0000000000
0N,0000000000

0.0000000000
0.0000000000
0.0000000000
0.0000000000
(G,0000000000
0.0000000000
0.0000000000
n.N000000000

n,0000000000
0.0000000000
N.0000000000
n.00N0000000
n.,opoo000000
N,0000000000
n.,0000000000
0.0000000G000
0,0000000000

ROTTER

> > > > > > >

OO DWW

REALDEL
1.0600000000
-1.0000000000
1.9999999972
-1.9999999972
3.0000000037
-%.,0000000037
2.9999999981
-%3.9999999981

0.0000000000
=30.0000000000
N,0000000000
273.0000000000
p.0000000000
-819.9999995231
N.0000000000
576.,0000000000

1.0-10 EPS2=

0

n.
~-0.
-~
-0.
-0.
=1
-1.
-1.

0.
-2
-3,
-3.
-3
-3.
=3.
-3

0.
=5,
-8
-8,
-8,

~9 .
-9

no0ao0nnoo
7024390245
GH21929517
9902709257
9909997206
N00n0001s
Nopooooo09
Nooo00D000Y9

0po0000000
3606557361
5597905442
9541361201

.99094160253

9999998938
96990699888

.9999999883

goeoocoono0g
7600000016

.2212463021

9291315525
9992967844

.9999999403

0000000074

.0000000223
0000000223

IMAGINARDEL

1.0xo"10 FPS3=

R

0,0000000000
0.0000000000
0.,0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

.0000000000
.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

o o

0.0000000000
0.0000000000
0.0000000000
o.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

EXIT

1.010—10

N= 20
S

576.0000000000
124.5493466854
13.8820962905
0.2625670433
0.0001010895
-0.0000004768
0.0000000000

~-575.9999995231
-148,4529538154
-29.7922067642
-2.,7876882553%
~-0.0350437164
-0.0000057220
0.0000000000

144.0000002384
33.1776001453
6.0577332973
0.5011016130
0.0049231052
0.0000004768
0.0000001192
0.0000000000



RGTTER

.0000000000
3.0000000000
1.0000000000

1- nlo—l? EPS1_=
P

N.0000000000
0.3333333332
0.5555555550
0.7037037047
N,.8024691357
N.8683127579
0.,0122085091
N.9414723403
N.9609815222
0.9739878154
0.,9826582535
0.9884384423
0.9922913848
N.,9948564921
0.9965697252
N.9977438366
0.9985367613
0.9989717332
0.9997061635
0.9961219341

REALDEL

n,ogoooooooo
-0.9974327529

1

0w-10 EPS2=

0

0.0000000000
n.0000000000
0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
0.00000006000
0.,0000000000
-0.0000000000
0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
-0.0000000000
-0.,0000000000
0.00000000049
-0.0000000000
-0.0000000000
-0.0000000000
0.0000000000

IMAGINARDEL

1.0=-10 EPS3=

R

1.0000000000
0.2962962961
0.0877914960
0.0260122945
0.0077073467
0.0022836584
0.0006766394
0.0002004853
0.0000594039
0.0000176001
0.0000052149
0.0000015451
0.0000004573
0.0000001360
0.0000000414
0.0000000121
0.0000000028
0.0000000023

-0.0000000009

0.0000000591

EXIT
4

1.0)0-10 N=

20
S

0.0000000000
0.0000000000
D.0000000000
N.0060000000
N.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
0.0000000000
0.0000000000
0.,0000000000
-0.0000000000
0.0000000000
0.0000000000
0.0000000000
0,0000000000



& 26

S.0000000000
3.,0000000000
1.0000000000
0= 1.00-12 EPS1=

m>>r
W N =

P

0.0000000000
N.3333333332
0,5555555551()
0.7057037047
0.8024691357
0.R683127579
0.9122085091
0,9414723403
0.9609815222
0.9739878154
N.9826582535
0.9884384423
0.9922913848
0.9948564921
0.9965697252
0.9977438366
N.9985367613
0.9989717332
0.9997061635
0.9961219341

ROTTER
REALDEL
0.0000000000
-0.,9961219341
~1.,0001469179
-1.0001469179

2.9964157696
2.9928304888
0.9964147177
0.0000000000

> > > >
BN =

1_ . Om"‘

9 EPSZ2=
Q

0.00000006000
0.0000000000
0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
0.0000000000
0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
0.0000000000

IMAGINARDEL

0.0002571457
-0,0002571457

1.0- 9 EPS3=

1|Ol°_

R

1.0000000000
0.2962962961
0.0877914960
0.0260122945
0.0077073467
0.0022836584
0.0006766394
06.0002004853
0.0000594039
0.0000176001
0.0000052149
0.0000015451
0.0000004573
0.0000001360
0.0000000414
0.0000000121
0.0000000028
0.0000000023
-0.0000000009

EXIT

9 N=

40
S

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
-0.0000000000
-0,0000000000
-0.0000000000
0.0000000000
-0,0000000000
6.0000000000
-0,0000000000
0.0000000000
0.0000000000
0.0000000000
-0,0000000000
0.0000000000
0.0000000000
0.0000000000



mMmM> > > >
0N D WNR

o
i

RGTTER

R S O S N Y e = W e

RS s s

4,0000000000
6.0000000000
4,0000000000
1.0000000000
=12 EPS1=

nonooooooo
5555555555
.9451959696
2237882409
4260679967
5744556430
68398383856
. 7651156010
8253325168
8700757939
9033421203
9280856745
. 9464980494
9601907143
9703947342
.9773899176
.983484569(
., 9875232959
. 9910932257
.9937149118

»

-

REALDEL
-0.9944(075495

-0.9944075495

1.00-10 FPS2= 1.0k-10 EPS3=

Q

g.0000000000
N.1666666666
0.3090328159
0.4353993388
N.5469480287
0.64266099785
N.7221691515
0.7863937136
0.8371568717
0.8766363160
0.906978594Q
1.9301005443
N.9476136127
N.960808%569()
0N.9707361967
0.9781784755
01.6835924035
0.9875859823
N.99112226438
0.9937281380)

IMAGINARDEL
0.0049123822
-0.,0049123822

R

.0000000000
.2482853224
4060339964
.1391611844
0502981842
.0190121671
.0074250065
L.N029629394
0011982201
.0004884163
0p02000052
0000821250
0000337772
0000138981
0000057304
0000023600
.0000009425
0.0000003800
0.0000001900
0.0000000792

OO OCOCOOOOODOCOOOOH b

EXIT
4

1.0,,=-10 N=

20
S

1.0000000000
0.3467078190
0.1336021716
N.0564437600
0.0250925317
0.0113129670
0.,0050697032
0.0022417696
N.0009772908
0.0004207147
0.0001792534
0.0000757622
0.0000318285
0.0000132997
0.0000055473
0.0000023057
0.0000009255
0.0000003734
0.0000001883
0.0000000805



4,0000000000
6.0000000000
4,0000000000
1.0000000000
0= 1,012 EPS1=

m> > > >
nHwNnoP

P

0,0000000000
0.5555555555
0.9451959696
1.,2237882409
1.4260679967
1.5744556430
1.6839838856
1.7651156010
1.8255325168
1.8700757939
1.,9033421203
1.9280856745
1.9464980494
1.9601907143
1.9703947342
1.9779899176
1.,9834845690
1.9875232959
1.9910932257
1.9937149118
1.9888150990
1.9911361299
1.,9927945947
1.9997230414
1.9998008823
2.N024761874
2.0013273693
2.0005101691
1.9999963976
1.9999G644893

ROTTER
REALDEL
-N.9962629228
-1.0037315664
-1.0000018011
-1.0000018011

3,0999980926
6£.0000099800
4,0000256858
1.0000137966

> > >r >
DWW

1-0&0'

0

o0 3

o0 0 oo

oy
=

9 EPS2=

0000000000
1666666666
. 3090328159
.4353993388
.5469480287

.

6426609978
7221691515

.7863937136
. 8371568717
L B766363160
9069788940
.9301005443
. 9476136127
.9608085690U
9707361967
.9781784755
.9835924035
.9875859823

9911222648

.9937281380

.

9888705061

.9911711718

0928185453

9996972675

9997930522

.0023787450

0012812502

0004810392
.9999667471
9999805442

IMAGINARDEL

0.0054452288
-0.,0054452288

1.0~ 9 EPS3=

1.0;0"
R

4,0000000000
1.2482853224
0.4060339964
0.1391611844
0.0502981842
0.0190121671
0.0074250065
0.0029629394
0.0011982201
0.0004884163
0.0002000052
0.0000821250
0.0000337772
0.0000138981
0.0000057304
0.0000023600
0.0000009425
0.0000003800
0.0000001900
0.0000000792
0.0000001583
0.0000000745
0.0000000363
0.0000000140
0.0000000065

-0.0000004992
-0.0000001248
-0.,0000000298

0.0000000000

EXIT

9 N=

40

S

1.0000000000
0.3467078190
0.1336021716
0.0564437606
nN,0250925317
0.0113129670
0.0050697032
N.N022417696
0.0009772908
0.0004207147
0.0001792534
0.0000757622
0.0000318285
N.0000132997
0.0000055473
0.0000023057
0.0000009255
0.0000003734
0.0000001889
0.0000000805
0.0000001552
0.0000000734
0.0000000337
0.0000000149
0.0000000051

-0.,0000004883
-0,0000001231
-0.0000000298

0.0000000009



& 3%

mB> > > >

-

> > ™ >

N =

N n W

0=

DN

16.0000000000
35,0000000000
50.0000000000
24,.0000000000

X

1.0,-12 EPS1=

P

nN.0o000000000
1.2326530609
2.0469772499
?.5635262969
2.85%4057795
2.0762779381
2.9991955887
2.0999090109
3.0000000093
3.0000000186

6£.9999999925

REALDEL

-0.,0999699962

1 .ﬂ)o"

-2.0000000223
~2,099G609999664
-4,0000000260

10.6000000149
35.0000000596
50.0000001490
24.0000000745

8 EPS2= 1.

Q

=

.0000000000U
L68RT7147858
. 2153956955
L6102775463
8636054210
.97691340959
.9002(151972
.9999G69(183
L00000000938
L000n0000149

NN == O

11.9999999473

|MAGINARDEL

0'0"

8 EPS3=

1.0\0"‘

R

50.0000000000
15.0118968784
4.5%5017007663
1.2998122051
0.3197642117
N.0465732887
0.0015722886
0.000001G670
0.0000000074

EXIT

8 N=

20

S

24.0000000000
7.8807848989
2.7245619595

.9309626445

.2657196633

.0426996895
0.0015146229
0.0000019222

-0.0000000074

=

oo



A1 1.359041599¢
A2 01.0150786814
p 3 N.0000051651
A4 nN.Nu0pooooco
A S 0.0000000000
FPSO= 1.0,-172 EPS1= 1.0w-10 FPS2= 1.0k=-10 EPS3=z 1.0,-10 N= 40
P Q R S
0.0000000000 a.0o000000000 0.0000000000 n.oonNQoO00000
1.0000000000 1.0000000000 -0.3439629175 N.6409635660
N.2h21436767 N.6589281423 -0.N761084820 n,2000091612
N.7446329789 N.4393419737 -0.,N0136019341 N.0623598484
N.A443047186 1.29536569423 -0.0008260059 0.0194489459
N.5586736663 01.1995043491 0,0009469042 0N.0060773923
n,4853721400 N.1348139239 0.0007515494 N.0019084040
N.4218109431 0.0905944817/ N,0004295313 N.,0006054797
N,3649385184 (1.0599874751 0.0002323175 N.,0001955868
N,31142/1967 N.0886821706 N.0001277712 0.0000645518
0,25963898G1 1.,0242187866 0.0000684178 N.0000214543
N.21275237759 0.0150774059 N.0000330231 0.0000070637
N.1737775248 0.0095919954 n.00n0146091 0.0000023256
0.14343431.26 0.0062733762 0.0000061987 0.0000007720
N.1199824323 0.0042101779 0.0000025729 0.0000002581
N.,1019675283 N.0028946486 0.0000010476 0.0000000866
nN.n882477775 N.0D20357497 G.0000ND4158 N.0000000289
0.N779280208 0.0014641354 0.0000001589 0.0000000096
N.0702657367 N.0010714325 0.0000000577 0.0000000031
01.0646194501 0.00079358597 g.0000000198 N.0000000010
N.0604554141 N.0005923572 0.0000000065 N.00N0000003
N.0575685700 0.0004435854 0.0000000021 0.0000000001
0.0550701957 0.000332859135 n.np00000007 0,0000000000
N.N533547464 N.0002502787 g.0000000002 0.0000000000
0.N1520727458 N.0001885405 0.0000000001 0.0000000000
0,0511139855 N.0001423683
N.00geaoo0on0noo 0.0000000000 0.N000N42863 -0.0000000168
0.0003836392 D.0000153314 0.0000000566 n.0000000020
0.0001615162 0.000014%304 6.0000000155 N.0000000001
H.0001490857 0.0000145312 0.0000000000 -0.0000000000
0.0001490664 N.0000145313
N.3068197676 ~0.00115486438
RoT kR
REALDEL IMAGINARDEL EXIT
-0.0029563051 1
~-N.,0481576804
-N.0000745332 0.0058112614 1
-0.0000745332 -0.0088112614
0.0037188412 1
-0.3105386088
A A n.3580828197
A 2 N.0147381933
A X -0.00000795¢0
A 4 N.0000000465
A B -0.0000000002
A6 -0.,0000000000



& 35¢

A1 0.3590415990
A2 nN.0150786814
A3 n.0000051651
A 4 0.0000000000
EPSU= 1.0,-20 EPS1= 1.01-15 FPS2= 1.0,-10 EPS3= 1,0,-10 N= 50
P Q9 R S
N.N500000000 0.0002000004 -0,0000279733 0,0000001147
N.0496636246 N.06000741893 6.0000001083 0.0000000268
N.0490150737 N.0000413120 0.0000001313 0.0000000066
N.M48K91LE561 n.0000257248 0.0000000323 nN.00N0000016
N.0485477116 0.0000187830 0.0000000064 0,0000000008
N,0485000233 nN.00N0164864 g.nonoonoooy 0.0000000000
0.04849338317 0.0000161.642 0.0000000000 nN.0000000000
N.N484931945 N.0000161576 0.0000000000 6.0000000000
N.,N484931945 0.0000161576
nN.,2105484046 N.0000030396
RETTER
REALDEL IMAGINARDEL EXIT
-N,0003355140 2
-N.0481576804
-0.0000097881 1

-0.3105386164

1 N.3590415990
2 0.0150786813
3 n.0000051651
4 0,0000000000

> > > >



36

m > >» > >

ROTTER

> > > >

N D W

0=

D W=

-3.0000000000
20.0000000000
44,0000000000
54.0000000000
1.00-12 EPS1=

P

f.00C0000000
2.6050000004
2.0241711605
1.0426946341
1.9412783607
1.9412779388
1.9412779398
1.9412779398

REALDEL
-0.9706389699
-N.9706389699

?2.4706389699

2.4706389699

-3.0000000000
20.,0000000000
44.0000000000
54.,0600000000

1.0w- 9 FPS2= 1.0w0~

Q

0.0000000000
2.6999999992
2.0405185427
1.9551765015
1.9537893002
1.9537889147
1.9537889165
1.9537889165

IMAGINARDEL

1.0058075888
-1.0058075888

4,6405351604
-4.6405331604

9 EPS3= 1.0w-
R

44,0000000000
-23.9686701744
-2.6865302026
-0.0457795635
-0.0000138059
0.0000000373
0.0000000149

EXIT
2

40
S

54.0000000000
~32.1327674686
-3.3982844389
-0.0547057781
-0.0000155657
0.0000000723
-0.0000000009



e 37

m> > > > > >

P

0=

-2.0000000000
2.0000000000
1.0000000000
6.0000000000

-A,0000000000
2.0000000000

1.0,-12 EPS1=

p

0.0000000000
=1.2222222220
-1.01469762910
-0.9999706959
-1.0000000000
-1.0000000000
-1.0000000000

0.0000000000
1.0000000000
3,3333333339
2.4389958977
2,01526974555
1.9988519987
1.9999979501
2.0000000000
2.0000000000

ROTTER

> > > > > >

REALDEL
0.5900000000
n.5000000000
-1.0000000000
-1.0000000000
1.5000000000
1,5000000000

-2.,0000000000
2.0000000000
1.,0000000000
6.0000000000

-6.0000000000
R.0000000000

1.0=-10 EPS2=

0

O .

1.
0.

1 vom"l

goeonoo0on
3333333330
9973305300

0.9999869586

0.
1.
1 .

0.
1.
2.
1.
1.
1.
9999973298
L0000000000
0000000000

NN\

9999999995
0000000000
0000000000

0000000000
0pnQo00000
3333335339
8975946167
8961155358
9910777173

IMAGINARDEL
0.8660254036
-0.,8660254036
1.0000000000
-1.,0000000000
1,3228756552
-1,3228756552

0 EPS3=
R

-6.,0000000000
2.0673000384
0.1493623433

-0.0002800003
g.0000000009
0.0000000000

2.0000000000
3.0000000000
-28.2592592388
-7.3035127036
-1.1823261789
-0.0308241323
0.0000112504
0.0000000000

EXIT

1.06~-10 N=

20
S

8,0000000000
-3.2588528133
0.0094816808
0.0001466751
0.0000000028
0.0000000000

8.,0000000000
7.0000000000
-20.,2592592239
-4,3155831247
-0.,2863069660
0.0293503549
0.0000258423
0.0000000000



m> > > > >

1.,0000000000
-8.0000000000
-16,0000000000
7.0600000000
15.0000000000
1.0-12 EPS1=

P

n.NoNOOoQO00O0
?2.1428571436
1.5432024002
N.,9544048453
0.9995177327
0.9999999422
1.,0000000000
1.0000000000

0.0000000000

1.0000000000
-6.,6272727288
-5.0453129607
~4,2532394006
-4,0190055556
-4,0000883713
-3,9999999981
-4,n000000000
-4.,0000000000

RGTTER

> > > > > P>

T D WN

REALDEL
n.ogooooLooo
-1.,0000000000
3.0000000000
1.0000000000
-2.,0000000000
-2.0000000000

1,0000000000
-8.0000000000
-16.,0000000000
7.0000000000
15.0000000000
0.0000000000

1.0-10 FPSZ2=

Q

0.0000000000
0.0000000000
0.0000000000
nN.,0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

D.0000000000
-1.8750000000
5.2670454531
3.8470437880
3.1711890995
3.0051149185
2.9998619407
2.9969999776
3.0000000000
3.0000000000

IMAGINARDEL

1.0000000000
-1.0000000000

1.0,-10 EPS3=

R

15.0000000000
-18,8492890000
-7.5859555602
0,7376314699
0.0077172145
0.0000009239
~0.0000000000

-8.,0000000000
-4.7500000000
160.2442725896
41.2781200706
7.9397257715
0.60941649G97
0.0041092560
0.0000001118
0.0000000000

EXIT

1.0,-10 N= 20

8

0D.0000000000
0.,0000000000
0.0000000000
0.0000000000
n.0000000000
0.,0000000000
n.0000000000

15,0000000000
5,3906250000
-146,4544224739
-37.3705173730
-6,9410016536
-0.4682001695
-N.0018447171
0.0000000894
0.0000000000



Ga

<0

m>»r» > > > >

pel
T DW=

ROTTER

n.0000000000

-14,0000000000

N.0000000000

46,0000000000

n.0000000000

36.0000000000

1.00~12 EPS1=
P

0.000J0OO000D
0.NONU0000D0D0
n.nQgooooo0neo
N.NOoNooo0000
n.NONO00D000D
n.0Q0NY0000e0
0.0000000000
N.00N0000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
N.0000000000
N.0000000000
0.0000000000
0.0000000000
0.0000000000
N.0000000000

REALDEL

1.0000000000
-1.0000000000

1.0-10 FpPS2=

Q

)
-0
-0
=0
=0
=0
=

et
-0
=1
=0
-1
=0
-1
-0
=3,

-1
=

.0000000000
7346938773
.9729894869
. 9996721209
0996999511
.9999999G695
.0000000009
.9999999995
.0000000009
.9999999995
.ou00000009
. 9999999965
.0000000009
.9999499995
.0000000009
.9999999995
.0000000009
.9969995695
L00060000009
.9999995995

IMAGINARDEL

R

OOODOODDQDOODC}tDODODO

1.0-10 EPS:S:

.oo0p000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

-

0pnNonNoooono
0000000000

.0000000000

-

0000000000

.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000
.0000000000

EXIT
4

1.0b-10 N=

20
S

-36,0000000000

-7.1602818667
-N.6562972664
-0.0078702867
-0.0000011629
-0.0000000298
0.0000000298
-0.0000000298
0.0000000298
-0.0000000298
0.0000000298
-0.0000000298
0,0000000298
-0.0000000298
0.0000000298
-0.0000000298
0.0000000298
-0.0000000298
0.0000000298
-0.0000000298



>

m>>» > > > >

ROTTER

> > > > >

wLoU S NN

Ul DN

D.06000000000
-14.0000000000
N.0000000000
49.0000000000
0.0000000000
-36.0000000000
1.0-12 EPS1=

o]
v

0.0000000000
N.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.,0000000000
n.0p0u000000

ReALDEL
1.0000000000
-1.0000000000
2.0000000000
-2.0000000000
3.0000000000
-3,0000000000

n,0000000000
-14.0000000000
n.0000000000
49.0000000000
0.0000000000
-36.0000000298

1!010—

8 EPSZ2=

1 . 010—

LO00Unp00000Q
7346938773
.9729894869
.9996721209
. 9969999511
.9999999995
0000000009

.0000000000
7692307699
7969865184
.9923762008
.9999884143
0000000000
.0000000000

IMAGINARDEL

8 EPS3=

1.0~
R

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

.0000000000
.0000000000
.0000000000
).0000000000
0.0000000000
0.0000000000

{om Jem R am B e}

EXIT

40

S

-36.,0000000000

-7.1602818667
-0.6562972664
-0.0078702867
-0.,0000011623
-0.0000000298

36.0000000000
7.6686390489
1.0562818944
0.0381771326
0.0000579357
0,0000000000



%

T > > > >

P

N BN =

0=

n.,0000000000
n.0000000000
n.opoooono0o
-16.0000000000
1.0-12 EPS1=

P

n.0Qo00000000

1.0000000000
10.,0000000000
-6.5476635508
-4,2158202342
-2.5615922361
-1.,1622913628

-0.0972197196

-0.,0089482737
-0.0000545305
-0,0000000016
-0.0000000000

0.0000000000

ROTTER

> > > >

B UWN =

REALDEL

2.0000000000
-2,0000000000
-0.0000000000
-0.0000000000

0.0000000000
N.0000000000
-0,0000000000
-16.,0000000000

1.0-10 EPS2=

1-0w'1
Q

0.0000000000

1,0000000000
-5.,0000000000 1
-3.5112149529
-2.7167010251
-2.6403165832
-3.,5380849987
-4 ,4235670641
-4,0245609357
-4.,0001147352
-4.,0000000037
-4.0000000000
-4,0000000000

IMAGINARDEL

2.0000000000
-2,0000000000

0 EPS3= 1.0,-10 N=

R

0.0000000000
1.0000000000
100.0000000000
326.6912720203
97.8346106410
30.3353690356
9,7947353348
.8610347877
L0720264623
.0004362563
.0000000125
.00000600000

fom W o Bl o Bl Jem |

EXIT

20
S

-16.0000000000
-16.0000000000
509.0000000000
146.8610801696
39,6647727489
8.,2963816523
1.2977195382
3.6097556799
0.1974129825
0.0009179101
n.0000000298
-0.0000000000



EPSO=

ROTTER

7.5000000000
17.5000000000
12.5000000000

1.“10—12 E'Pslz

P

0.0000000000
0.7142857140
1.1305872043
1.3262697141
1.3782370844
1.3819475006
1.3819660097
1.3819660125
1.3819660097
1.3819660125
1.3819660097
1.3819660125
1.3819660097
1.3819660125
1.3819660097
1.3819660125
1.3819660097
1,3819660125
1.3819660097
1.3819660125

REALDEL
0.0000000000
-1.3819660097

1.0w-10 FPS2= 1.0-10 EPS3=

0

0.0000000000

0.0000000000

0.0u00000001
-0.0000000000

0.0000000000
-0.0000000000

0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000
-0.0000000000

IMAGINARDEL

R

12.5000000000
3.4620991274
0.8562820469
0.1498182044
0.0093690082
0.0000462756
0.0000000074

-0.,0000000074
0.0000000074

-0.0000000074
0.0000000074

-0,0000000074
0.0000000074

-0.,0000000074
0.N0000000T74

-0.,0000000074
0.0000000074

-0,0000000074
(¢.0000000074

-0.,0000000074

EXIT
4

1.0-10 N=

20
S

0.,0000000000
0.0000000000
-0.0000000014
N.0000000002
-0.0000000001
0.0000000000
-0.0000000000
N.0000000000
0.0000000000
0.,0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.,0000000000
0.0000000000
0,0000000000
0.0000000000
0,0000000000



S

Ga

A1 40,0000000000
A2 599,98899997711
A3 3999,799999237(
A4 9999.,.04600000000
EPSU= 1.010-12 EPS1= 1.,0w~ 6 FPS2= 1.0~ 6 FPS3= 1,0k- 6 N= 100

P Q R S

0.0000000000 0000000000 3999.7999992570
5.5554074048 16.6652777642 1248.2128267288
9.4516580179 30.9004205167 406.0039730072

e ;

9999,0000000000
3466.6947860717
1335.8477802276

12,2374045103
14.2599858716
15.7435863614
16.8385085761
17.6495483483
18.2508823722
18.6974740922
19.0290076583
19.2749334275
19.4569967249
19.5913850367
19.6897742301
19.7614628672
19.8128881156
19.8514839857
19.8828442841
19.9143262058
19.8181761205
19.8575240224
19.8812788426
19.8864010125
19.95426358510
19.7260580509
19.7928517460
19.8375163525
19.8662983775
19.9003951693
23.0973967313
22.0412984043
21.3373234570
20.8681508302
20.5555912256
20.3476372808
20.2097259610
20.1185249835
20.0593054890
20.0238311290
20.0074683874
20.0005050301
20.0003388673
20.0003875941
20.,0002097934
20.0003392547
20.0003885924
20.0002091079
20.0003822445
20.0002335757
20,0003576278
20.0002139061
20.,0003853142
20.0002373754
20.N003961026
20.0002518743
20.,0003702193

43,5553434979
54,6880619823
64.2565994858
72.2038078904
78.6214878559
83.6914481520
87.6309651732
90.6539201736
92.9509797096
94.6817066669
95.9757130146
96.9320241808
97 .6334727406
98.1390771865
98.51965935999
98.82905696377
99.1412517428
98.1894586086
$8.5788010358
98.8142997026
98.8654324412
99.5363884568
97.2785482406
97 .9892012357
98.3811332583
98.6661180257
99.0031389594
130.6306988000
120.1828466057
113.2185064554
108.5770416259
105.4849184751
103.4277058243
102.0634438991
101.16100675235
100.5749126076
100.2240186929
100.0629302263
99.9934341907
99.9914841055
99.9915570616
99.9913424254%
99.9916429519
99.9917125701
99.99151295472
99.9910218119
99.9914910793
99.9917526245
99.9915730953
99,9910598993
99,9915382266
99.9910010099
99.9914754033
99.9917120933

139.1467914581
50.2903089523
19.0073804855

.4218673706

9607753753

1966867446

.4873104095

1991930007

.0815229416

03833309174

.0135860443

0054874420

0022001266

.0008687973

.0003623962

0001754761

0001211166

0013990402

.0004558563

0001287460

0000123978

0002126694

0079784393

0023956299

0007266998

0002183914

.0001583099

-31.8115119934
-9.4250259399
-2.7921810150
-0.8270130157
-0.2448310852
-0.07235705292
-0.0213060379
-0.0062208176
-0.0017633438
-0.0004529953

N000972748

-0.0000019073

ngoon09s537

-0.0000038147

0000019073

0.0000009537

0000038147
0.0000028610

-0.0000038147

0000019073

0000028610
0.0000028610

-0.0000038147
0.0000028610

-0.0000038147
0.0000019073

-0.0000038147

°

-

O OCO0COTD OO0 TOODOOOCOCENN

| 1
fan } Lo | o o]
. - . .

I
oo
. e

564.3449125289
250.8693733215
113.0927705764
50.6712669730
22.3990131318
9.7591299712
4,1969611197
1.7848909385
0.7518836343
0.3139400822
0.1299694741
0.0530767068
0.0214592884
0.0085158740
0,0035701408
0.0017418321
0.0011912531
0.0138485569
0.,0045279469
0.0012855269
0.0001015885
0.0021074303
0.0789148347
0.0257041889
0.0071985125
0.0021489929
0.0015711456

-314.7074489593

-93.2406560182
-27.6227057874
-8.1815493106
-2.4220672622
-0.7159469630
-0.2107939603
-0.0615474114
-0.0174423750
-0.0044701765
~0.0009696596
-0.0000228891
0.0000038150
-0.,0000152603
0.0000076298
0.0000038150
~0.0000152603
0.0000038153
-0.0000076309
0.0000076298
-0.0000114451
0.0000038153
-0.0000076309
0.0000038154
-0.0000076309
0.0000076299
-0.0000152602



L)q

20.
20.
20.
20.
20.
20.
20,
20
20,
20.
20,
20.
20,
20.
20,
20.
20.
20,
20,
20.
20.
20.
20,
20 .
20,
20.
20.
20,
20,
20,
20,
20.
20.
20,
20,
20 .
20.
20,
20,
20.
20,
20.
20,

ROTITER

-9.8880391120
-10.1123516112

Eyak ¥ A%?/Qhﬁ»(?

N001840591
0003716647
np02193748
0003483742
1001522898
0003635237
0pn2075731
0003430247
0004434734
ngpz2780258
N004221498
NQ02585798
D003377646
N004399865
N0N3145486
noo4227906
Npnz2492070
0003771632
0001851469
0003861933
0002526789
0003694742
0001844763
0003235787
0003749579
N001893937
00037555389
0002240985
0p03902912
0002439022
0003995299
nNopz384334
0003704726
npnz240091
0003635883
nNoN1765638
0003192722
0004234164
npnz9bB8029
0004061609
N002294629
non3600716
nNp02132356

REALDEL

99.
99.
99.
99.
99.
99.

99

99.
99.
99.

99

99.
99.
99.
99.
99.

99
99

99.
99.
99.
99.

99

96.
99.
99,
99.
g9,
99.
. 9915419220

99
99

99.
99.
99.
99.

99

99.
99.

99.

99.
99.9918335%292
99.9920917153
99.9919418692

9914874434
9910475611
9915141463
9917967915
99154716735
9911680221
9916517138
9919514060
992072761uU
99197250640
9912791848
9910841584
9920226931
9921445250
9920729994
9922132492
9921085834
9923253059
99218010990
9915366768
9913730621
9916112422
9913765783
9917212724
9917959570
9915859103
9911119937
9915935397
9910603165

9909960031
9921268224
9923589229
9922465682
9924966096
99140292440
9917650553
9919145703
99181091738
9919857117

IMAGINARDEL

(o« = 7 2) [ €<0) (¥ e r)

0.
-0.
0.
=0
0.
-0.
0.
0.
-0.

0000028610
nop0038147
0000019073
0000038147
0000028610
0000038147
0000019073
0000019073
0000038147

.0000028610
.0000038147
0000009537
.0000019073
.0000028610

0000019073
0000038147
0000019073
0000038147

.0000028610

0000028610
0000019073

.0000038147

0000019073
0000009537

.0000038147
.0000028610

0000038147
0000028610

0000038147
.0000028610

0000047684
0000019073

.0000028610
.0000019073
.0000028610
.0000019073

0000N19073
0000028610

0000019073
.0000038147
.0000019073
.0000028610
.0000028610

EXIT
4

0.0000038152
-0.0000076308
0.0000076298
-0.0000152601
0.0000038151
-0.0000076308
0.0000076298
0.0000076300
-0.0000152605
0.0000038155
-0.0000152604
0.0000114443
0.0000076300
-0.0000114453
0.0000076300
-0.0000152604
0.0000076299
-0.0000152602
0.0000038152
-0.0000114452
0.0000076299
-0.0000152602
0.0000076297
0.0000038150
-0.0000152602
0.0000038152
-n,0000076308
0.0000038153
-0.0000076309
0.0000038154
-0.0000038166
0.0000076298
-0.0000114452
0.0000076298
-0.0000190745
0.0000076297
0.0000076300
-0.0000114453
0.0000076300
-0.0000152603
0.0000076298
-0.0000114451
0.0000038153



V) ;/’

m>» > >

RS
L]
i

0.3105318439
D.0001030071
0.0000000000
1.00-12 EPS1=

P

N.0000000000
nN.npopooo0302

ROTTER

> > > >

REALDEL

0.0000000000
-0.0000000302
-0.000332067C
-0.3101997768

0.3105318741
0.0001030165
0.0000000000
f.0000000000

H W=

1,0w-10 EFPS2= 1.0k-10
Q

0.0000000000
0.0000000000

IMAGINARDEL

EPS3= 1.0,-10 N=

R

0.0000000000

EXIT

20
S

0,0000000000



1 01.5319676632
2 -0.0343983261
3 ~-(.0000000091
SO= 1.00-12 EPS1= 1.0,-10 EPS2= 1.0,-10 EPS3= 1.0-10 N= 20

P Q R S

0,0000000000 N.0000000000 -0.,0000000091 D.0000000000
0,0000002635 0.0000000000 0.N000000000 0.0000000000
N.0000N002635 N.0000000000

RoTTER
REALDEL IMAGINARDEL EXIT
0.0000000000 1
-0.0000002635
0.0582782235 1
-0.5902456231

1.5319676632
~0.0343983261
-n.00000000091

0.0000000000

> > > >
DN



1 ~0.6005558050
2 -N.0314424736
3 -0.0000106476
4 -0.0000000000
c)

P 0

0.0000000000 6.0400000000
N.0003386272 n.0000000006
0.0003408473 0.0000000006
0.0003408474 0.0000000006

ROTTER
REALDEL IMAGINARDEL
-0.0000017496
-N.0003390978
N.6490266630
-0.,0481300107

-0.6005558050
-0.0314424736
-N.0000106476
-0.0000000000

> > > >
DW=

SU= 1.0=-12 EPS1= 1.0,~-10 FPS2= 1,0k-10 EPS3=

R
-0.0000106476

-0.0000000689
-0.0000000000

EXIT

1.0=-10

20

S

-0.,0000000000
~-0.0000000000
-0.0000000000



4,4729723781
N.2142757704
n.0000571517
n.0pooo0necoos
0=z 1.0p-12 EPS1=

m>» > > >
w!mHe W

P
P

0.0000000000
0.000266675%
0.0002681762
0.N002681763

RGTTER
REALDEL
-0.0000083733
-0.0002598030
-0.0481577702
-4,4245464317

4729723781
. 2142757707
.0000571517
0000000005

> > » >
DW=
Lom B ew Jiten RN 5

1.00-10 EPSZ2=

Q

oo oo

L0000000000
0000000022
.0u00000022
.0000000022

IMAGINARDEL

1+0w=-10 EPS3=

R
0.0000571517

0.0000003181
0.0000000000

EXIT

10010—10 N=

20
S

0.0000000005
0.0000000000
0,0000000000



L

D

0.3485378974
01.01447201723
0.0000003068
-0.0000000000

0= 1.0,-12 EPS1=

m> > > >
IORRR U S

P

P

0.0000000000
0.0000212095
0.,0000212204
0.0000212204

ROTTER
REALDEL
0.0000317877
-0.0000330080
-0,0481577775
-0.3003588994

N.3485378974
1.0144720123
N.0000003068
-0.0000000000

> > > >
DW=

1.0~-10 EPS2= 1.0k-10 EPS3= 1.0,-10 N=

9

0.0000000000
-0.0000000004
-0.0000000004
-0.0000000004

IMAGINARDEL

R
0.0000003068

0.0000000002
-0.0000000000

EXIT

20
S

-0.0000000000
-N.,0000000000
nN,0000000000
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1 N.34565839027
0.0144247561

2
3 N.0000050387
4
S

> > > >

0.0000000000
0= 1.0,b=-12 EPS1=

m

25

P

N.0000000000
0.00035493050
0.0003522755
N.0008522757

ROTTER
REALDEL
~-0.0000008032
-0.0003514725
-0.0481300069
-0.2971766202

1.3456589030
0.0144247562
n.ooooos50387
0.0000000000

> > > >
AU

1.00=-20 EPS2= 1.0,-10 EPS3=

Q

0.0000000000
0.00000000038
0.0000000003
0.00000006003

IMAGINARDEL

R
0.0000050387

0.0000000421
0.0000000000

EXIT

1.0-10 N=

20
S

0.0000000000
N.0000000000
0.0000000000



1 7.5000000000
2 17.5000000000
12.5000000000
.0=12 EPS1=

©
(9ol
<

i
e

0.0000000000
7142857140
13809872043
L3262697141
L37823703844
.3819475006
L 8819660097
1.3819660125

o=

UK QTS QIR O S5O =

£.1180339902

RATTER
REALDEL
g.0000000000
-1.3819660125
-2.5000000000
-3.61803398R4

7.5000000037
17.5000000149
172.5000000149
-0.0000000000

> > > >
B NN =

1.0 8 FPS2= 1.0w-

0

n.0geo60000d
0.0000006000
g.0000006001
~0.0000000000
n.0000000000
-0.0000000000
0.0000000000
-0.0000000000

5.04508497506

IMAGINARDEL

8 EPSS: ]onm— 8 N:
R

12.5000000000
3.4620991274
0.8562820469
0.1498182044
0.0093690(82
0.0000462756
0.0000000074

EXIT

20

S

0.0000000000
n.0000000000
-0.0000000014
0.00n0G000002
-0.0000000001
0.0000000000
-0.0000000000



51

ROTTER

>r > >

HWN -

7.5000000000
18.5000000000
15.0000000000
1.00=-12 EPS1=

P

0.0000000000
0.8108108108
1.3399955574
1.6756093874
1.8735984247
1.9697939381
1.9976005302
1.9999829381
1.9999999981
2.0000000279
2.0000000279

REALDEL
0.0000000000
-2.0000000279
=2.4999999199
-3.000000054¢0

7.5000000037
18.5000000000
15.0000000000
-0.0000000000

1.0-10 EPS2= 1.,0,-10

Q

N.00000006000
0.0000000000
6.0000000000
~0.0u000600001
0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
-0.0000000000
~0,0000000000
-0.0000000000

IMAGINARDEL

EPS3= 1.0,~-10 N=

R

15.0000000000
4,3975677639
1.2709128260
(0.3541745995
0.0891864001
0.0164991916
0.0012083948
0.0000085309
0.0000000149
0.0000000000

EXIT

20
S

0.000000060000
0.,0000000000
0.0000000000
0.0000000009
-0.0000000002
N.0000000001
0.0000000000
-0.,0000000000
0.0000000000
0.0000000000



52,

A 1 H.,5000000000
A 2 12.5000000000
A3 7.0000000000
FRPSO= 1.0w=12 EPS1=z 1.,0,-10 FPS2= 1.0,=-10 FPS3= 1.0,-10 N= 20
P a R S
0.0000000000 0.0000000000 7.0000000000 n.0000000000
0.5600000000 0.0000000000 1.8627839982 0.0000000000
N.R6EZEANT321 n.o0uopoo000L 0.4130116733 -0.,0000000005
N.9796833093 -0.0000000000 0.0522448011 0.,0000000000
0.9994471403 -0.0000000000 0.0013832189 0.0000000000
N.9999995725 -0.00000000040 0.0000010692 0.0000000000
1.00000000060 n.0000000000 -0.0000000000 -0.0000000000
1.00060000000 0,0000000000
ROTTER
REALDEL IMAGINARDEL EXIT
0.0000000000 1
-1.0000000000
-2.0000000000 1
-3.5000000000
A £.5000000000
A2 12.5000000000
A3 7.0000000000
A 4 N.0000000000



53,

m > >>r

ROTTER

™ > > >

N =

DW=

6.0000000000
11.0000000000
4.0000000000

oW

1.0=-12 EPS1=

P

0.0000000000
N.5454545454
N.R489532098
N.9746740702
0.9990915479
0.9999987659
1.0000000009
1.0000000009

REALDEL

n.0000000000
-1.0000000009
-1.9999999962
-3.0000000037

6.0000000000
11.0000000000
£.,0000000000
N.0o00N000000

1 .010’10 FPS2= 1.0-10

Q

D.0000000000
0.0000000000
0.0000000000
0.0000000000
-0.0000000000
-0.0000000000
0.0000000000
0.0000000000

IMAGINARDEL

EPS3=

R

(oo Mlen I oo I oo R on 8 o _JNR S A

0000000000
6228399686
3739851303
0525923111
.0018193834
.0000024699
.0000000000

EXIT

1.0w-10 N=

20
S

N.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
N.0000000000
-0.0000000000



(@

I

7.0000000000
14.0000000000
2,0000000000
1.00-12 EPS1=

nwneR

m> > >
P
"

p

0.000060000C0
N.5714285713
0.8721804507
(1,9829235547
0.9996250565
0.9999998137
1.0000000000
1.0000000000

ROTTER
REALDEL
0.0000000000
-1.0000000000
-2.0000000000
-4,0000000000

7.0000000000
14.0000000000
R,0000000000
D.0000000000

> > > >
DWW N -

;I Om-l”

0

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000
-N.0000000000
0.0000000000
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