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Samen vatt {rxﬁ

Het vast /fﬁﬁr}ﬂﬂ van da Fasff&z VOn ZLh mal’{};b@d\zj «-s%gmw\
in fermen vag etn sof cmz,}kan[édﬁu pcu’amﬁwr 15 vaak
v blematisch. Tyzom geval wordt vaak een sot

'&{%&f»l& Lj/ca f;cufawvte/f; ’?,dm?[ct,t@rwgi dx mxoiuzr/ih;z

: A ..
relafies worden u’u,sfgj&zjot Via 2w Sek &(%le;rm sChe

m(%’k?wjﬂm . o | ,
Tn Mit vars l'a(? werdt de ‘S «hj wlar Value Deco “m,f@.i{%;m« .

kb de brleled ) waarmee men wit deze Seb ;af}l’\xm&.ﬁ{ﬁ’&ﬁ
parameters eon et onaf /iawﬁfz(jh parameters kan |
samanstellen. Dere mathade (S grbruitt voor Aot Lejact[;u\

SN M | djj namisch ?Z’&mj, van 2un S }gfuj,w: Dit (s zowel
rumgrade als wm[jf?sc/t gedadn gm zon beber Jnzicht e
k?f jﬁ;’m (n deze mathode | o |
?icwdud&em& kan werden dat de SVD- mathode zeor
rudlebaar km ‘25%(\ veor hek ana {,j@uﬂx Viin da &j%gm (€A
ven mechanische syStemen.
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| Hoo?[d(séul« o l’“’m/efa(}f%

Z?z de. maltsbo qz’(ymmica\ stuit mew vaele op fm!'i&zswm éj
hek beschrgen Vo ds configuiatic van een systeom  (n

_ termen van 2o sob on a%kmé&lb ke pafamaters

F l}.i/{: !,”S ,(](éum wié/ e ?C(:][( L2 «5‘?:([ &ﬂtam&ﬁzlz]k& WMM?’ <

b neman fuufaari’f}' min dan Ao onder Lﬁf,z{éé[w@&“ -
verwerlet in <en aental algbraizehs wergelyleingen

- (e 2g4. conshraints). Uerve (;G/bmsﬁ/cam et ot eischillonde
me thoden ewn set o aﬂm&z@b paraimebers waorden
é&f&aidﬁ wi€ deze &ﬂxahh(;j&g ’ggq.ramtzr& S

& 2o'n mathede 15 hot éhgﬂf‘v&r’f? v deze é!a?x eya(rcwivﬁj
A Az Qﬁ/ya[af Value Decom pasition ““mebhode |
Het doel van deze cpdracht was vooral ket begrgpelole
Mmalon van deze nathade  Hotartilel "Application of
Sfﬂgw{ar Value Decw»tfasftby\ ‘[or A-hq[ss;is a}' Mechanical

, Stj Stem $ﬁmdm?cs “in Lok “]eumct/' ()7[ I%zckaw“sms/ Trans-
missions, cnd Awto mation in Mﬁyﬁ« l; mrt. 19 Cf{S'} \/u/ (e,

Vo de kand van MK Mani, €.]. Houg en KE Atlinson
daanda A&fb;ais leidraad . o

e algeinens theore achter de SVD-methode wiordt in
hoofdstuk 2 gepresenteerd | en varvelgans in Aoofdstak 3
waro{w‘{a(ilg‘lct aon do hand van de Sl}"kg)zr',

H_@& val( gende Aea /ﬁcb buk bevot de Mscf{,rﬁ v?nj,, VA 22
c\fjar?ékmt/iwf op daze mefrhode i gielbcweﬂr‘d,

DE afgcr?%/{m werd fn 2en rarﬁane/mymmw\ veruwertet
20dhak da werking van dz mebliode cel nuwmariek

i %ecé‘r\frolmm( ken worden. (T Ace]&k:t‘ul& &)

E”\"‘}‘ fo,z_i;cum? é»j di b frogramina wordE jn kel zecde

hee fdstul gegrien .
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Hoofdstuk 2 : Het gabruike van Singular Yala Decompssition”
; voor de am&ijy& van da &3%&?&5{;0\_ Van

nachonische s Ys Eemen

,D,{: Aas}d&fué A&mﬂf’, LR2n SAMER va,{élhg/ Vi, l'/u/f? ka%’lfa/l

“ﬁfyfﬁ(a{'r};m c/f; ﬁnﬁufar’ Valice. QZ(‘oMf@E‘EtFWu jéi’ /]Lna[:]s?’ 3 ag
Mo chanreal S:jgtlv?« fbym;um’cs_j,ﬁ,d@% door ﬁ’?a{: ‘' ,HQL@;} e
Atlinscp s g2 publicerrd in Aet " Towmal d}f Mechan isims

B el . N R N @ b 4 P . s g a »
Franginissions and Automation in D&s?gn , mrt 1995 Vel 123

2./ In &'iwd«}‘uj,

De kinematkica vom grootschalige systemen kan Aok
envoudigst worden gedalinieord met behulp vam eon
maximale cot Cartesische grganeraliseerde codrdinaten,
A moeken yvelden aan kihematischs randvosrwaarden, |
Zo'n. codrdinaten N steanm kan 2chter minder # sehckt 23 “
veoor hat @ffegm. o de bﬁvﬁgzwgi\%fgﬁl\jkt”w
Tn it artibed wordt 2em "Singular Valud Deconnposition “~
&(ﬂéﬁﬁxwv %@FD@&%M:@U&(, dat de Cartecische »Wmmi?m:w
beter ?‘Zscililot 15 veer ARk aplessen von de becegings-
Werge {:j’ ic?hﬁﬂff/k -

De %hor{j@ wordd fuz;,a/zoﬁ/é agan de hand van  yialde

d,@ nawischae Sjg &QM&,,, WMAAT |5 RULNZR T %@Qf’ﬁfﬁfmr aF
m{“;mﬁz%‘h c\ﬁmm‘s ca. | ,
Ean éyf?fd\ lickaam ¢ i€ & 2@ jn 7[%3,2;«/; het Cartesicche
X-Y- (e"é'mtivxaﬁ%&ggt&m /if]% vast th da ruimte bk g; -7: -
sﬁswm (s bevestigd Adn fichaam i n ket massamiddal-
Pw«ﬁc D;Qﬁu;fi:e en orwntobie voum hot [[Chaam 1adet X)-viak
W Erdan q2quen deer Ao coordinaten X eny; van het
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M&Sic’ym;da{i/ﬁpunf en de heele % Y|
iz alz;; -as mackd mek de X-as
Veor lichaam / faa nu zen
%?@W&(imv& CoCrdinach- Yi
wcker g; gedafineard worden

- éf‘ié,fi‘?

Xt — —
LV : ,

q; = [X’; Y f/?] (2.1) Fig.2.1
en da co (%s“fem&m.c& gﬂgwumi s2rde  kracht weckr dls -
;= [ @,;,»,- Qiy Qig;] | (2-2>

WA T @;}( i Q/‘y Ao X-an %(@Mﬂpswﬁw& 2}'}5\, Voun éiz_[cm CM
e aay\,g;rgpé . A 00FS prong vom hat 35 - (R teem , o
Qf‘? hek moment dak cp ket frchaam Wsrd/f’ W’@,@a@%&m’i
Wannzer ok !&jg teem. wit MB lichaman sestrat | beeun da

wa(ﬁ& wecher vom %W&f{&&m& coordinalun gegreen
worda doel : 7

ﬁ,:[f;?ﬁ;““' inJ( ,g<R" (2.3)

o~

o de complate vechor ven grgeneralisescde lerachilen deoor:
=7 T T T y A

Q-10,"Q, - - 4,1  Qek (24)

wmek n=3-NB | , (25)

De kinomak ischa randvoerwaardun fuscen lichamen tn At
S ys‘t&m kunian Werdan %scﬂm& als -

g(é’j):@ @z @m Jig ; @ék’m (26)

Fa e

waarine m ket agntal randvoorwaardan is.
On 2r wehar van te ij;m dak due voerwiaprden @M,}kankz/?é
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(2); - a&/foqp @7)

——De kingkischa /aurgiq, van Aek gfjst&m fean wisrden g}zscﬁm
als:

T=74"114 o | ()

N A

waarin /] de massamatrin von ket sus boen is. |
De pa ssamahrix vom [ichaam [ wordh g,@dz/m reerch als -

ﬁ; - ,ﬁ;ag, [m;) ny;, jjj (z.9)

waartn m; ew J; de massa en hot fmaj/iﬂc@imamw% ven
lichaam | z%“n_Hi@m{t w:!'j t de ,fbskaafn'masswtaﬁ“ixf

{

erelnn o aw

De éajfaﬂjﬁf é@»@ﬁg‘%{%ﬁ swergelykingg, voor systemen waarin
Gpen aiseid worde wrricht jn de Wbév\o(?mg,@nr}u@cﬁzm K

ﬁi 0 A=Q ()

WOArin ,)E L0n V/@Cfbr YRR Z‘&ji’@d’\ ‘/’h%?’fifli(&/éféﬁeh IS,

De. beginvoorwaarde, op hek %}“aﬁ&é?f t24, zya:
it?é;}: q z o (za2)

wearbhy de bq}m st ci}c o da ngjhsmﬂ\ﬁc( Cfe YN

ds. 3:’(:&.%&\1’@%{\/\;'&({%"& Vaae hot g‘»jshw moeRin vildszn,
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(26) MQC&Q SM”\uc\swr’%d:skm%

2 4a+P -0 (2.13)

f\/a%,m aals di fkﬁn&u"@’\ M da ngvmhgsur‘%&ia *Hh%‘

‘g‘iét_z‘%i‘ (g 4), f{“% (2.14)
Gin VG %ﬁjﬁ Y cngpz/v\ (Z //,) Rin (4,/9) g/@zjlf/é 2Qun

| Sbsi&m VG madri ku/rgpz ijkm}% Voor wgn@fﬁnw o
K@j?’,a ng2-multiplcatoren : |

[[7 %NH‘C}]“[ R J @)
& o AL ~Z%3-(i§)?q~@é o

N

(2.4) en du beginvoetuaarden (2.12) da Repin§ v
{’@% $58 ﬁ&m V@f‘(gdimg vast, -

De %?’fjﬁblz?h}% (2.15) %, (Zq,é) ;Wéig)z?\w@cr‘ci?‘w Lo
Sys Wm\fcw\ Grunengde { Aiffocontial algebmic
equaticns - (DAE) . . o

De comventionele Aumeriie mathoden voor (ok oplessn van
Gewone d(%@w@?&qiwgﬁg%?wym YW ouRr hok al‘ﬁg QA
nuk hwp ¢s baar P ])ﬁ?-sz stewnen |

Singular Valug Decomposition (SD) i hurveor wl
g,zgckiﬁic . 33!@% cég,bm&k_vcm SUD  werdan~ ngh alle

N geggnaralisterds coSrdinaban  Qeinteg rard | masr
slochis de p-m (\,if\.,&ﬁ\.ﬁmkz(gjkg , WRAT e, c&,#k&mhlgia
c@’clrcklvxc&em wit de ;mngé‘m‘mtw@d%’&iﬁ volgen

Als mw%mgm gRgtmeraliseerde cogrdinadon warden

h nQaALL CM";V&Q;&‘:’ES Voun g .?Ljsisdq Ly’zfj/Qﬁ\-Qﬁ,\\, 32Q rd

C o't rdinallen 4 gacleckerd volgins

Di fsgé’ bezinn [éj{ Saimen mek ds :eonctraint @f%3kf@

z[ = VI q | | (21¢)



Waariin \/I R (n~m)><n /?'&Agfa{ma}zz%aﬂrfx IS .
)ccﬂia/b Ag r?w,\ voun VL C,\w/’,,? cxﬁu‘g naal Wordan.
éy?,!@‘w\ Zjv\ da vesulbecunda (i neaire Cavmbinatas

(;m&g,(lmg W&}K&@’\luv\%wk
"""" —2.2 - B&S?S’ij;{m&chaff’i»L. Viun fi/D

De m?f’k-,]aceéfaan ‘@ , et m n kan wordan
gede compenserd in di verm | |
¢ w2y - (aig)
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W E AT Tin L/{ Lin_ l/ érﬁwﬁufmcﬂz &?/L&/l{i’iiﬁé” VDA C\%\W?\Lw M xm
ﬁsp NXn ‘Ujv\ Dx mxr\ M) X b kﬁk&(% da yvarva -

D-le o ' | G

.

:)fa aw%‘stz n-m Hlommﬁﬂ e’y D z“f"\ ﬁ\wfw,\ ,e«\o‘m € S
heten A Slng wlwce \,\m\ﬁm Vo, madti x Qﬁq , 26 grrang -
501’\‘/&’&% €262 .. . &2

Ui € (2!?> W»({j,&,,

& =~uDVVDU = uDDU = uAU Guis)
waarin A Ae d\ajcnaal ma T x Z}_@T’ D'ag E’c’{z, é;}, s
Dus : |

& d, U= UAUY" =UTA (2.20)

4 v AuU =AY

Dé &&Wt cf&c\/{' l(@ ‘!e_xw\m VO (/(T (/zmj,bv\ Viun u> G‘T%mmny\au
Jﬁ\cy’lmcac LA Vo G S\jmm"‘co’udu W\»&(»K’ @q T ‘Zﬁh, T

2
da € Ao Corres pendurends fax%,uf\waar&v\



, 3, = VDUUDV = VDDV =viavy  (22)

waar in Q peYa CL& ncAMfﬂT X ]_3 Q ;D"sag} }-:5;1, ‘E‘L?- gv: Q,- - o] o
*—is '*L\J( \@sﬁ\;lbm - VVL le Q'On\é?r A A e e e

3o V- Vnvy- v  (222)

| o D % bﬁl%f@.w Ck&\,ji }cu \,w\m@\ AEYN V (%’ 44/\ N \/> @f%’ﬁ&ﬂﬁ(m&\ﬁ;
R , &%ﬁm\ﬁechwf\ Vi &2 vmw’(ﬁéd\( M%\T\K @q @ VN1

o £§ .j,ﬁxmhg,é\ &ner /\ m r\wh@v\ da (@ngf%&dadr WLSL
Q&%@hwm _

2.3 Hat (paréf%fonew Vo Wmmi{ w@ rda éeé‘mlimkn med SV
Fen huwe variabele Zz  werdt %c@nmmﬁ al¢

z-Vq (2%3)
Deze @r%i\u}%:«& %mm\,j;rmoviﬁz levert eon newuwg yrcler
%’W rtif e yde. £égr*{‘vxaif¢v« VoOr }\:'U%Suakﬁm

De zerste @&5&/}?@&&( van (2.23) geaft 7J\/ CMAMB

z

G

Z=Vq (2.29)
De 44% eide hearven M{;
z-Vgq 2.25)

B/QSCixmw‘ o eon ershring {2 vamz  de - voldoet .
‘@ dz remdvesrwaardan - & (z) = o

g, d9=q,V &z =0  Gx)
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WGAAT T off} - XT{JZ wt (2.23) Mk (z;i':}) en hok ﬁ;}’t Aok

\Z c,rjx’kan@%fmmi s L, Ve (5&

UD -0 | G2y

I2
N

~

Aangeran U orfhenermaal o, mag men (2:23) vosrvermeniq-
V%if}ﬁfﬁﬂh mak U am grbrwle malean v de varm van D
B b2 Lu’?jj(w :

o

L E( (‘Cz—i —gz gzz o= - 2 iR gw\ CYZWJ = Q (z Z(Y)

Dit foent aan dat 62, - -2, neb besbod kannen werdin
wi & (2 ﬂ?) , 2 dug allen Wit de i@ﬁi&wﬂ ﬁ&(%ﬂ?ﬁ@ L‘-ﬁ,\?’z},\
TfeVIN MVL% ; \D&&{em w6 ke Zosy " " L é}ﬂ,&\lc@ﬁ& 6\(5
onafhonlilke gegenaralisards cogrdinalin voor hek eplassen
o da broegingsegdilingn en 2, - -2, als afhankelike
Gegonaralistarde. codrdinakn dix pretland woghen wordin

wit A randveerwaande., .

We beschawwen nu allean romdveerwaardon '\!\EMTK(@G-V %/zia%
. =0 ,zedak wik (2.13) velgt -

&=Fd=0 - (229)
Voer %Ymvx?gw)eﬁ@ﬁ« mek U on grbewdan von de &éﬁh? Re van
Z (22%’) levest o |

Dz - (230)

&

\/ﬁi\wwj’} de speciale ver N Vo D g dit |
[é-izl &z, - gm,(sz\‘.( = © <231>

A&kaﬂ‘f&p\ de £'s  mzk nol Zjvx voar mj&(m‘}s‘am\ Mk rcwtg,



/|2

m beklant dit

T

(232

Omdak orthonormale  framsformakias norm behsudan |

4 | | (2:33)

ew Z -7, nal 2gn velgt nu
n —ceay . n C g . . .
2 Z, = Z 9 V N , (2.3‘/)
iz Mt =4

Voor 2om susieem mek zenkeidsmassa's ~m-{rwgkﬁclsm@@w\m

(N T) M (7 37') acn dat de kinetische @nﬁ%’ﬁi&z v oun

C%L @w}k&mm«]b@ samengrstelde Cosrdinakin e kle |
v\x/g'ﬂid\& ﬂma& waa,% Ds % lovert s fan C‘f?t@\fwvm aw

vast b stellun wannger con nieswe set ma}kawkﬁ%@

somengestelde cosdinaltn moet worden gedsfinicerd.

Uit (2 zg) Cin. (2 zq) kqu cﬁ \},zchf v% \f@\rm
W‘ﬂ!&»&&h%gk dbq" n AR ;M’L&ldSVQLkT’q m@zdruwﬁ Wia e
T terman vou i”j—fm van V

Z:w JZ ‘j ' : : : (2.35')
ﬁi Z. & Gt | (239

Dit hedehsat dok werplaatygon beperick wordan ot s
deelraim fe veun R dix wc 4 CpgREpin e deor \{M, - VT
L. Sha 5\»2&% /cuxﬁ de V .TI -asSun nul Yijx/\
Dit hededean b dak ds cmfk%u (ke samongostelde Co&dinaden

allz s SJQQM m}ermml& L(va}&y\

leﬁr«x V kaa nu g)ziawh tiomeerd waorden tn Ewee sub-
makricos E M\@ , M A2 ”\"\%\v\m{'—(%[&& L O\}}\O\E/\L«Q ke

~ N P>
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77 é}z@iﬂi'}:ﬁm o, matrix V mers?}t}‘\@«:
V- L VD\’ o (237)

V™

,,,f/\/&c\a/&; d&—vc%a%ixawu j{n.g zgmm\%ﬁteidélb céff&y Ein aansLéiQa\ Z
&JC{W{L) kuhw da { Sascjuz coardinalen U\bhl”’\idd&,

berdleond werdan ek mamx\mf%h lingan v ds vofm
. T , ; ;

&)

Py

(ﬁ ﬂf@f
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Hoofdstuk 3 : De slinger - theorekisch

Om da theorle uit hoofdstule 2 duidelil be makon wordt in
it heofdstule zan zenvoudig vo@rwd i tgewerkt

—de S{i‘m,j,@f ~wi € iigw;fﬁi;/ , L
D{Zza S!’jin;{/?f Lestaek wit lickaavn 0

X g
[ mat massa m, en massSe- |
(m@j/«,e}"ofsma@fmwf T, dat domv. |
2o Starce massaloze Stac] (hak |
f@ng{;,z f) wrbonden is mot de , L l,?
s rsfmwg,gbe 5@4 kan w@vi‘o\jy Y,
los redeten om O

CNMB. In At voorkeeld s de V-as Y o

ander s gifcc"zm dew in hosfdstulc
2.

iz g&w’\ nu -6’\9‘\&{0@? A /f,eafﬁkﬂ‘afc 2 4z diveree veckiun en
Wr&skp&&u Un &Z Wgé?(jasn%zm @;pgfg/(u,k Al hat
fj&ﬁ@m, ,Vas{*(zg?aw . Het aantal lichawa, (s i Jc}wg

B~/ Sa=z o (3)
Dus q =9' = Lx y, gﬁ,]' | - (3.2)
o & -Q'-lo' @' CMJT: [ o m,g ol (3.3)

A&mg,azom lichaam / zich ncet ﬁj“ doot dz ruimte lean

Aeweg)u\. habbun wt b maden ek kinamatische constraints

= d2 afsfond vau hat massamiddelpunk vam lichaain | &? O
b1t skeds %éjk acn ¢ D ity = L7

= da oribnbabe ¢ van lichgam dlyft sheads ﬁ)(lj/? aan da
Roele da ds thief faald pok de Y-as = @ =archn ()
cj wk| ftanq, = ')Y&

Wa habbin dis te imalen met fuwer kinematicche randvee rwaarden
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5 m=2 - | (3.9)

W (L\AV\M/\/\ Aure V’@OTWT&Q‘(&Q«V\ %{VMATZM\ deor {wi). StW\Fﬁ,Lf—Q
voorwaardan ¢ Zsmc? QN Y; (C@scp Ma WL Cﬂ

wlg% sp bugan “wx de veckr §

¢-[itmalse G

Y- Lcos ¢

&

olog sl 1o ton] GO
M | o | Using, -

D«i Si:),si&yhmassqmm{r?y s

B N R =

%M (2;\1)‘ Vﬁ{?u\ A /fqgmnju—éfzuwg ?y\ﬂsv&r?efa"léihg,@ﬁ :

5"/\.)(‘ ~+)‘\i=0 o , \/.3-5)
, m[\/g.;j\z = W\s?} p

]‘ ¢ -A Lcosq, +)\L(g;ncp( o

Als we da sw’u}/;r ap & dsh?t =5 i@slq,é—u\ \/cw\uuic e
positle @ (&)= @ M}c hﬁg‘mm*hc\ B, Aan Vindoin Wi

q(( = [’fsw\cpc 'e.ct@scpc CP‘CJ ('&9)
o ‘Hé [@,@S’? “&‘PS'“? ¢ ] (3.10)

/}r@m @i J&V‘tjt‘f\ nb /ng?ﬁ(iz% veethomt n @ geldk
@' =0 o dus @’tq =C U"\(QJ&“U
(2 1¢) vl T nw A2 ersadl; nﬁsv’zx%;zl kw\{g,
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il

q) (cmcp

-q3 &qu | (3_u>
Yi-Fq)l SW\CP

-Cp. »@c;oscp,

wdﬂr% G}Q,Lm;(( i< ﬁ}ﬂkw&%wc Ve ‘7 |
- ket (11
a-l%yel (3.1)

[ 6, Leosd, f o (z)
quo/?mcp, - |

en <@ﬂ7 - [ o o q9 @s‘iv\@i{ - (3.15)

o © qf}i({@sq{.

1£&
‘(«&

V@l%g (Zl;&') f@mv\u’\m (38) @i (3 {e) (c’mb‘}v@m &t

P ey

m o 0 ; o )(i © (3.!5)
o M o “O N y‘ , %’ﬂa@
o - o Jl “Q(GS"(?! ) 633“(?; : (Pr :
i s “{}(GS‘P; & o) ’ A, | "'lﬂ g Sm(f
O i {s%mpa o] o I A - cpe (Cescp, ]

Hmrw% \/a\%t eun W\i\,«sk:vxﬁ/ n @‘
(3, +ml") g, + mglsing, =o | (3.3)
NB. |

Dit: ﬁasuitmk kan oQk govordun Wu’d&m cieor B LN Lfaudxq;g
erume:g b@&d/\miwmg a0 I?’) % 2. Momenten
W&o\{'b;} hak {’tkaqkuc\gimtem«\k e O : T =7, JrW\,€

\pQ VQ&%}U,/\s_) f)all‘&y\ W @ d\QLW/\FQVL{)w \/Ct‘j/@v‘»é JQ_) !/( _\{
Hbl(to& i:&?c&u\ we @rst &a«%\glmw’daﬁhzm Jan wma @Z_D,_



'7
i) @s;: [; + L cos’ ¢, —@ls}mp(wsq?i (3’.1(?)
o ' SInG Cos@, 14 {z_f;%n&cp(
g;@am\u&wﬂkﬁ& Dk ( @5@; ')\I> o =
ST P 55 b N SN

{ = +0° = €] *:7'*5’,:\)&1’=

A, = 1 ,=€f::>g—=1
We f);um% m@ ds. vvm/%f'i x D e‘psc?ufj%&,\ :
_D*-[\{W o O] - | (3. 19)
L o ( o | |
E/gmuckcw« (@ @q ~/\_L> a0 lall=

\ i—HZ ’ [mgcp thﬁl
>\ { 1:[8\1&6? <0S<P,,],

vy
1D D

q‘v‘\b&kmm .y m&f@'ﬁ X U\ @Fs‘ckrjw o

! gﬂccscpmﬁf«@] (320

Sk, cosq,

| N gdawwk 0'1:2 ngkwwiariw\ VCun ma,}tr\x @ @ fb{fﬂw

DITH Uy ecer danelfde als die vam G @ &c\na@gw\& ek
N-m nallen .

A= +4°
A, = i

)\3 = O

g?jﬂm%h% : (@T@q -AL ) a=0 - Jlall=]



g

(T‘ V V
_@i % =4 o -&.qup,
o f Using,

ES}MP" {7, ¢

(3.21)

2 7
"W]

o ]

T

P : :“‘v C@S‘:P( S\gy\cf
= |- /‘(z = = T TRe—o— !

)\z I 2 %i : 5; VA VIE
A=t = & = [ Sng  <©s¢

| leosg,  Asing,

Do = O = 445 = —_— J
b ~ V™

i \\UK i’“v\‘iw\.t?,\m NAA &x chﬁ(’\x \/ C?SC‘\F:;\L@A

R T cesg, qu‘?, ) 4

Vel Ve T
Sing, (os¢, o
itﬁsq. - Sim{?( i
VilE T\ (R

We kunnen V als Vs{g& paf ttienammn -

coscp, inep {--
VD - { VAt Ve e ]
L _Singp, . o5, o
"{ims‘f% ~ Ksing, { ]
[Ty LA Fry S

- ]
VHer

(322)

(3.23)

(3.2¢)

De ALAWE mwfkm«&bl{( S@me/\g}esﬁeote coo(«:ima&’c (n-m=1,

g Végmad&jme\c\) V*\ia‘t wnk
—_ écbsqa (?smcm .
2L - \/ [ im0 T I e ¢ j (3.25)

D,qu hh&m}&.(e ords vuu\ft
Vi, da (.}Wli S’;jb\sm (oo i nalen X,

T8 Aus esn linzaix comb inghx
j’\/lj QY\ CPG

DZ"iut’iscixﬁ bekekenis van zL i¢ anveudig (n b zan
AR nZe M k\jm naar Zﬂv\ c\,fr‘-('\,dil CLL AL ovxqﬂt@méa

sam{m};s& do_ S H‘UJCL zI



¥, + W 9, | (3.26)

In de nevenstaande ﬁi UALL
is formule 3.26 %waf,fgd«.
Wi fagesenlek | |
Hurmt bl 36&. dak de
, SaWAQm.eB;ZSQ e siw tx_uék ?:I
‘;}Ltgk s aan de Som van
e onbbendantn van da
éthwC?uL Qv\d% cuuj &
ns \—rami’s  wank

S 4 -
ozl - (W )COSCP} 'ﬁ“(“‘“’“ Yf) Sing, + F CP

N

,MQW bj :V\%ﬁﬁﬁ,ﬁw Vi DN ¢ /iLGx%!‘C‘ZPu SQWW?ZS{:Z(&
Cac.,r&ambem il&wwgf het fj;b@@m zich anﬁs 2on raak &j"‘
_Aain de constraint -\ g

qut (3 g%) b(&k c’mu% Luu‘t st mm L&sckﬁem &cw udci’iu\
mek alleen da voriahele QO, e |
Di% \/0({3& 5@(4 AWANLET Gl \,LU?,Q (J&,\V\@ 3.25 da
~constrainks x> ‘zsemp, 2 Y, = Leosg, bedsolkem :

- Ces @, sing (7 Sing, cos L '
zl - : 1P — =
\@2T Iy S T (A
L= ] f“"_ P (A - (3.29)

,,,Af’\rxlc;eﬂ \fu(j& mj, veo( cu om&}k&autﬁlu S&wwgﬂsﬁ(&a
SMH\L‘& in, \l&i”;t’%‘llwg

SN YO ¢, (3.29)

3T - il ‘@, | o | (3.29)

~
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i‘/ooﬁatsmk 4 : FEon a’gar!ﬂ\m, veer het op lessen_ van de
AZWLQ»? ;i’\? S WZT(/?/Q l?([(/ﬂ%ﬂ

et algorithme dak in dit hoefdstuk wordt gepeesanbeerd, is
~~f§;’f@£€kdﬁfs~9<fémf‘6( divlwf c&?gﬁar? Chme wit fcuﬁ? vVan
hek artilel van Mani, /fa,uj 2 Atlinsci

gﬁagﬂw«mﬁwr&,, coordinaten werdon . samen é,izséefi b

- é‘ef\&fﬁanhlgé@e N aﬂxan@w%{@. Gedaelten M. v. sﬂ‘ﬂ?al’ar B
 Value ,‘Z),u@mpas?%?m. Een subreating, gebaseerd 6p Ren

Adawms- Basiforth predichor-coreechor methode werdt aan-

%EW s, da Gnqjjinm@fj}i& S&ng/@g telde cotrdinaten

e integrecen . De (ysische coordinaten worden haruit

bareland dmv. Mewton- Raphsen ijterafe . Vervolgens

Worden de ,%g(scu snelhadan [»Qfem/ L wt de dmaﬂlcmkz(g&

S”&Wm}esbal Cgﬁ $M//b2&¢zm en éwv,s fc {f(;a_ Zaw\ dae vchér an

da. fjg?scu \peﬁhﬁ/("?ngw\ opgelost werdan

Het &[ﬁ/@r;ﬁlM. zwt er als velst wat -

Hek tydsinter Va/'y_ Aok wordt bescheuwd  is (4 ted) .

De indax / geeft hot hitidige &dstip aan,ducz.
izp betelont €- €, i .

I. Lews da begin coite  -snelhoid on andore s¢steewn -
Aata D&jb f g:vH\ b (Loz‘j‘ Mmoo
G ?z ra,u(,&r_mwﬂ’ :&,xé’m:) mvx%ﬂ,w Vs neﬁx
positles v oem s:m\lmg&b\g ve lgting {rxqmaccumaxﬁtzﬁm
De Beoolean mafries B, en B, [ 9o de dear de
@abm&l&r ABNGLGRLiN 70@3}%&5 resp- Siwlheden vag op

Voorgesc hooean, waavrden

7. be pcs?f{}zmchr 4° wardt nu %(erf’fg,@ﬂm{ m.bv.
Nawtein- Rc'»f'i\sen Pberatee @



[éaﬁmqﬁﬁgzgégwij ()
B, - v-B,9, |

ﬁa{kw) = ‘7;&) féqzk) : : k:/ - - (‘/Z)

MHerin—is k eon iteratieteller By Ledere k@%i&%f"ui “Von

2%6;0 worden @ an g Sp LW be g2 leond . \b/@fg,dg/k?mj (9,1)
bueleant achﬁemﬂv’@(g}m corteclees vier ¢ oy botdat

ann alle linematische esnstraints voldaon Ts met Ao
gxwmsﬁe nauw(é@ari}j held

3. N qvé belend i< lan @“; hevelkend wrordaen

” Sf/[%g @a &p mby. 55‘&37%/&?’,‘/@/{0& Decompesitisn

o= DV - (43)

Fartitionser V* in onafhankelilee on affankelyle doln -

ve - [1@] | (49
- Lwl | S

(€4 -f2] w9
LB, 1l T L v o | |

L. Berden §° en /;,&o wi b e www,//zkigva@zg ing

[g-@UTJ {jﬁi"] = [ @ ] , (‘/. é)
o o Jlxl [-(&" 94 |

7_ YB/Q"C?»_L,QV\ da é?uiﬁ\&nidz @Lu S&.M—Qﬁgxﬁfgic& Puﬁ{‘& Z,:-//:sj
Snelherd ga,,&\ Wsm(‘{fm} 20 vclg,wms

A
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[z a1 o] - Ly a0 g° ] (43)
d. Iﬂ!{ teer [ZL ZL} ek [ZI “ZJ, ]&‘s lﬂglhfwkiw
mLZI'” 31 } op t- t,w\ ukrjw mek behulp va.
Adcim s - Ec\bkfzzr{k Pr/cd\fd@r coveecher | f\%e%mhx
- Huerbee e rdk 2o subrouking Cjzshr"c due bk | nler val
(&, f,gML) verdeelt T dealintervallan it; zodak
{:,,H = ’E +At

E‘j ellea mkﬁmhﬁ k\ga x;\hrchx\ da WLW&Q am&sz,rcubm

Adgpassd

&a) BQ&E&V\ dmv. m\&%m{u L ZIir ”Zim] W\ﬁkdh
L;lﬁxmi'ﬂd(hﬁ [zl’ T §

De indox i vuw:g% L mek | @pgkag,ﬁi 2odak
k- b= Sirat;

(?b) Vocrng 57?“} 2 Cdﬂ‘x%;wr c‘Rt tjtemhi[, W\B; V.
New fon - Rayi\sen Ridat binnen da eewins b

i\&uwﬁozwﬂf‘)iru@m\ wnﬂf\% Vo M&cxv\ acw da (m&&TauM’%

;;Q,K-f;if;(l}..}~ﬂq};;) :[ 2 (q”é);_—j (49
i fand ”‘ﬁh'l V‘I C}if‘f(k) |

ﬂ T ﬂ (i) + A‘{,a‘); B A”f}, PR S (4/9)

Dx pcs,’%w%cbr Cf km\ VCQAPQM \chmum d@ef‘

,q’;" = q‘, be pamen . B Ledase wad@zmmg Van
'Aci*” ww’fi,w\ @q 2in @ éips\pmud b&m&,u\c( D-A fmcvfrcx
VI bhj(?k bj A iferc\m cong bank ew dug C}xijlc

aan \/I' ' Ol ZT’H blg ﬁ conglant |

dc) Nu q o beleend 18 Jeain @‘;"Lwd«mc{ werdan

§4) Sg‘;fi‘z"s g ap m-b . S?nj%[cu’ Valie Decm;?c‘:g{t:”'crx-'
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. T
i+l

@31‘" - gi 'l‘);ﬂ!iﬂ | (91(9
Pactitionser V"' i afhenlalile on onafhankalie delos

cleo (o)

- = 7 S
[C}}"} i - }EQ" S - (4n)
oLt " |
Jf) Ekul;ow dx Wi%(‘\kg Zf;ﬂ Qe Zﬂj‘mm?,z»mufﬁfﬁm%m
/\H’: wé’ ~
[” @.H ] ] N CT
;; ) (@%H m‘? o |

~

4@ f}) dean da €V\&J:iuihld¢(3ka Skw\m\g,ask ciﬂ\ fbsx’ruz
f\r’t.sz,l‘-tic»k SN V«QJ@M W\?} \féayzm

tzg:«s—g : i};iﬁ Zf-gﬁ}:[ \EW]L q‘iﬂ qm 2%,74-( (({ /"f)

B &z‘u 5}7:‘“3” W TTN ZJ.. mz,! Mﬁ Q?m_auw Ezﬁzldu\cl
vxchux O wardk dx‘ywﬁnmﬁzm bumchg/& Za
ﬂw,t O\C&V\ worden da S&q}q&u f@ o C?g) h&(kaqld,
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Hoo[dsﬁak S_.'VD/z gfi‘n,?/cr —  pesultaten

Hot algorithme uit heofdstuk § wordt in dit heofdstuk
z;,v%@zkg{: aon e hand voa e2in &&x\mud?g; vaoibedd .
— Huwrvor (s deslinger wit hoofdstuk 3 grasmen. -

| Wﬁjﬁ[?ifawj (3.12) levert de ba&egm;gmy(ikmg’ .

. g, +m %) g, tm,qlsing, <o | (s.0)
By eon keine beginwitwihing £°  gelde &
benadering  sing, ~¢, , wal lejdt tot -
GFotm )G emgly o (53
Algzimens @Ffusgkmz : | - | |
g, = A coswt + Bsinwk - |  (53)
Tigevuld in (52) velgen dehockonalhaid o en da
trilling sty T

T - [, 4m

gl | | | (cs)

fﬁ@cé_%e\ VORTW AT
@ (%:0) :QD'O (fé)
G, (ko) ~ @ 7

Thgevald in (5.3) vch/%& vior da comstanben A 2w B :



/Ay

/A—\ = CPaG ) B = @rc/w (5&)
Dus lwidt de cF(;es.s:f\f}:
: (‘P¢ = (‘Po,& Sin Wt t a?éf_c Ces ‘-“-‘*{: | , ,7 , ] . | ($:3>

Lo

Pk da hcz,(avuz(’uz‘ck ud als w\ (5"’/)

De w(gﬁzm&z_ waardeon wordus nw AGNGRASURIA T

= /¢ 20.523¢ rad

M= 30k (s
Jo= 20 kgm* o o o
{ = 035m

¢ = 8.8 ms”

@
@g,° = 0oms

~De be.w&géwg wordt nu beschiewen door @

@, = T sinwt

(s.n)

W= ?%‘%3—“’ ~ 2945 vodfs (s12)
De sﬁvxj,@rf af ‘(’,(;H;P’Lﬁg Evjo’\ (R
IT=25(3 s (5.13)
Het algerithme Jean nu grbest worden doar da uutwyl(m?

o L2 ér??ii'nj Ce Mrg)‘zfg’lc_en mek de E@&?hcu‘ﬁwiiﬁn _
%e}i'hp@s%&lz ;

g (e=0)= q° =] x"| = 6.37s0 (s.1y)
- R 0. {4as

L9l Los2zg
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A {Mpcs ; f'@

t

q (t=257)= | ’x{’ @;,3}37 7 | (sr5)
~ 7 Y, 0. bsez
¢l L e.s2id

Deze wi fwg&?%ﬁ s dus lleiner dan dle. &gjnwf tdgicmﬁ
We leunnan aan de snelheids wekr zen é_f o7 marr & minder
dan din tr iing ts w (r?wwml, |

g(t=257)= | X, |=]o0cdo3s | (5.10)

s

. \}( ,",O¢O§l.38, R

g, 1 0.13FS

De t\%i&im“’\i;d@, (s féis’t@(,t dw.z. dat er minder dan
e trilling s uifgerorrd maw de beedande teiliingstgd
28l grofer 2in dan da biaorebische trillingstgd .

Dit wexschil is E«smm&%ig hij aon o M«cﬁﬂvx@r
S;:&(F‘ ~ @, . Owerigons 3@\}( het her awm <an ‘“ﬁ“"‘j ("2""3,

A (leingr s dan | Y ,

3?)/&% T bevak Ao msgffam voun deze 23/2&[40/\35’\?;.

Contrale vou da tus Q—@A%d& ﬁeﬁ!ommg | i EE 7
foont dan dek er inderdacd 4w sifm%r Ezw}«e?,mg werdE
wf‘caﬂx/ew&, ,

Dit 6“, orithme werd ?&&S% m. b.v. ket programma SVD.FTIV .
T @g‘\;ckﬁ% b{:) dat programima werdt f})’dj}lw TN /Lm@aisfmlc £ .
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HOOfﬁ(slmk 6 TM//'CAE/"M? b; Mi’ P{Cﬁf&h’imi

Het &fgér?ﬂwm wit Ae“}fds%ulk 9 i< verwerdd in het Fordron -
pregramma SWDFTN . De fisting von At pregramma is te

——frindaa "~ %%iaﬁx I ':»IA‘? Ak hoo {;&&E&Q WO ok da \N’Xﬂu g

oo (w hak L&ﬁg w’tgzug& Tevtns wordk ﬁﬁu\ oo beald -

run & ba“’*@ﬂ 1) bes?r@(ceh on tanslette wodt QA NGRE W

wellex WL gingen motken worden &anﬁ;zﬁ;mc% als wun Rein

dindoc Hg}gck pmkww wil CW\FQU@/\ .

£.1 HJZ‘[ P(ﬁjmxfnm& SvD.FTiV
Allegearst weardon da dimanses vam At Fr"a£bja.w. \ﬁﬁfgﬁﬁﬁd&:
hk gantal [ichamen NB en ket aantal conshraints M wordt
AnngRGUL. Wﬂfﬁfws wWardem Eﬁﬁh\a N e?mﬂj“d&ﬁp i n%ﬂzwx_.
Daarna wordt step I wit hoofdshde 4 witgeveerd.
eckoeon wordan e hak prog rmia ,vc\,@,rfjﬂgkicﬁ\ daor  eow -
Mvengicnale artays Maias doer tweediwensionale arys .
Ze wmﬂkﬁ q a&wg,fcm{é\ vk Q(T) |y wet V(T) | B, mek
W (T,3) | § ek Qf(r),,} v omik VP(T)en By wek BVP(T,T) .
O yarwag r‘:\vvx%, t2 veorkewmew wardt de weche @ d\&nj)z(,ku}&
Comedk QU(T) en A matex M omek MACTT)
| 5%@;9 2. wik k@@,(:é\ﬂ‘uk 4 wordk p@*‘%ﬂﬂumkmbvﬁ Ao
subrouting CALQ. Huarin ijx da wu%.ig&?ww 4.\ 2n
4.2 werwerlk . g‘j elle 1terat®  wordenw FIGE) (= ) ) en
FQCT,7) (= &s) opniewws bawland deor Atk asnvoepen
Vo de subroubing FIFQ . De beseloning vam @ (T) wardt
5%5}??27,& WaRnear c“utawgtz van DQ(T) (= Aq ) kleiner is
Acin O 10”7 -
\Lax\reic},ms wordt da definiteve FQ bueeland deor ’r\eﬁmacﬂs
FIFQ aon (;Qrcxm (stap 3.) R |
Stap 4 is hek Witvoere van de Singular Value Decemposition
w dse subrouking SVD. Hueby werdk VI(T7) (= VI ) bepeald .
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Hot bembenon vonn QP (T (skap 5.) %ci\&ﬁkk dne ¢ da
subrootinge CALQP
Stxjp € wordt Ld{f?b{w& door ds subrowkine CALE PP .
st'cﬂ:ﬁ' wadk naast QFF(T) cel LARCT) (= A ) wilgeeeland,
Deze subroukine roepk 2om ander subrouting aon, genaasd
RL waarte FQQPCT) (da tm»{‘- @*«q )q i “uak ket —
r«ick‘w,ﬁ&; VAN ’\L"Z%’c.},(lgi(‘m%, 4.4 ) v&?s?;’f%_bi?a&i&
~ Tensiotte wordt de subrouting CALZI aangevoepen (stap 7.)
Horin wordsa 2T (@) , 2PT(T) 2 ZFPI(T) (G wesp. 2L,27T,
- 21) bepadd wmbov. (97)
- Heb Witvowen van stap ¢ owvat ket vaststellen vam de
: ,,,,,becij,%mcmvﬁt&s Y(T), éggwéfl%& door huk aanrorpon van
de ivxkz@m\LGaStkLs’*aut?m DgzcAT”. | |
Na ellee ‘Mbegmﬁszsﬁx}o ept daze subrowking op 2in beurk
e &\ﬁci)zsckmw Subroutine FCN aan . -
 Dezw subrzdtine wiefk ,&&,,vﬁe(gﬂ»é&,cm&f&lw, &ﬁﬁ , o
o a) De bevdiande wasrdun voer Y (L) wordta can ZTCT) e
L UTE) tegelnd
db) Q) werdk bamlamd it vyl (£¢) en(£.9) . Adngerien
- dane worglyliingen nagenoeg dantule B asn (4.1)

. (4.2) kan hizrvoer evengons da subrukine CALQ
gebrulik worden, woarby onlal da argumanten BV
e \ 'L':ji,f\, RVangen  deer VI on 2D

H@c) "F@ @Qr&%%a\‘max&m&m& m.b-v. FirQ
dd) VI werdk byoald wb.v. svd
d2) QF(T) wordk bareland Wit (4.12). Am%eﬁ%\ d2 22

WCS;Q%&;VL} ff\c&%\/{&ﬂg dantak 15 aan (9.5 ) kan

hrvoor exxinang da subroutine CALQ P cjﬁbvu?fdt% werdgn |

waarkly enkel da argumenten BYP wn VP gn vervangon
dear VT 2« 2PT

N - |
| Deubzgd\r{&vi ng VOR de2R in enlede andere gebruilde
subfaubings wit de MAG - [}'bmﬁér, i< te vindew in

b{j"(mj(a i
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&) QFPCT) wordt bapeald wmbv CALQPP |
8gq) TL(T) ,27T(T) en ZMPL(T) wordsn bemlond by, (Mzi
De. S%\FW\ C?k) tlon (?}) i V\int varmeld. T n ke&f-d&ku{( 7}
oMy aiken ek Y INVIN 0‘05390\\(2%\_ vam de Lv;(j%ﬂmv\,&‘(”t&gs,
alsmeds hak Wtvoren von & tesultaben noar hek axtay

o REST encnaar hik scharm | -

Wannaee TEND s bevelk g da subrouking DF2 CAT
velbesid eex,m%% neg alg 3% stap het, a*y,bxgm\vw\
de rsulbaken In 2an WJWMF(L{ . |

6.2 Fen voorkeeld-run

II/&JL?LV\ da S?é'ff& SvD. Se¢ CL&KM’T,E? {NS, kain Mé'
pr 6g ramina %&Xi’ﬁ?&rﬁ weordun ek het commande "SEC SYD'
Op kit scherm wrschont " CEEF Tg en TEND" . Deze twe
waardu. moebon nin worden ;Ir\.?aﬁﬂﬂh; %gcmm cheer e2n
ko mma . V%wd?zu woerden da cotrdinaben von da bﬁﬁh»
pag'ﬁﬁcfz voan atle lichamaen épgmrm&@& (weear schaiden doer
komma's ), waarna da complabe vecor van gegenaraliserds

 CoSrdindin Q (1) op b scharm kowk . Mu moek worden

- aangeqritn welke n-m elomenben vom daz veckr
accuraat 20, Do vecler QP (T) wordt qp G(QU‘S“&& W\&hi}éf
5?’%}0\[ F&Mj{é\ H&__m&\‘, we\"d& VO cdb\ (‘ci\&m@m da C;ggxmra~
lisearde lrachbwector gaimnagd , alsmede de massa 2w
fek {-rmS hoildsmomont . |

Voordak da ‘Ewhegmtéz begint | wordt de i.«ugm&mw -
keurighaid TOL gevruagd . Mok i€ aan o rodon hek
pregramma manrdice leextn te drodien, mek tornemende
W@MG‘S@'\Q&; Lj Tol = e *(Q“g e Men 20n NG -
sy gheidl van twez cgiers signifient  wRrwachden,
bs TOL= (0.0 ot s dak drd Cﬁiﬁxgl ete |

De g}z-{r‘&@g&x woarde STEP M]} allean inviead op de
witvorefils : fwee optonvolganda Ejdstippen Th doze [l
verschillun Benminste 'STEPT
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Vervelgens worden op 2lk tGdstip Q,Q€,Q0¢, VI 2T 2T
2 2PfT ckﬁgm\’u%a

Wannger TEND s &a’a%,wardk neg Ae ngam Vo da

w tvouj:bz g,tsffmgci S waarng hek programima stopt .

**** £.3 7&@26’»&83??\5‘, \oan hek pregramma; é}ﬂf'&m@’CM' {%s}xc&, B
Pt blemen

Wil mew Ait programma voor andewe problemen qebruiken,

Raw proxben o @nlele “37273""5,9« ,"l“i:\ wordan &Q?&gx@amch‘t.
. Wanngar du dimancies vam zon probleam hetzelfda vy
Cdw2 M=y ka =2, dan hoeven slchts de subroatines

FIFQ e RL Aerschezven & werdes , woaltn T, Ty en

(i) -4 worden bereleond.

'ng\ da Amansies anders,

dan moedn fovens de dimen-
- stes Vo de diwerse wechsron en madrias Gewy 2igd
- worden |, alsmede da m?é\s, fB={ en M=2 |
= AWwons s ih de COMITON -skebewands | o
Fi (), qv), @2(w) vz (unine, v) | QW) FIAGN,N),
LhB(M) FQAP (M), Qre (v), Fa (N, 20 (Nmivm),
ZRL(NMINM) ZPPT (NeTWH) | RES (i0o, (14 3xN+ NMiNTTxn))

- Aiwarsas jn MAIN PROCRAM -

Nv Cuetinet)  NvE (vivm ) V(i) | By (NMivi, W), vE(NMiv),
BUP (wrintt N) | Y (DY) w (WDY, 16)

- Ximdnsus in cubroutine CALQ |
AN BWI (v, ) CV) DAY, A (NN), ws2 (V) wsz (M),
BVVIQ (Nefivtt) | VZL (NMivm)

~ & W\ﬂv\siﬁé N sub roukme. SVD ,

ME(NND , VTONND, SOV), uT (1), sv (1), v (v

= dimewsies in subroutine CALQP
BVPVT (Nitinit, N) | VPZRT (M), AQuND, COv), A (NN, wis2 (),
WS3(N) o

= dimein 52 S Tn Subrtuting CALQPP . -
ECwrrt e, v (NPi) QRELAE(WPM), Ak (NN ), WS4 (Npi) wss (wPi)
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= Aansies iy Subloubine  CALZI
MQCNN)  M2Zi (NMINM, )
H(Mb% aeldk . N=3% N8B
NMIVM = N-M
o NPM =N+M | .
— NOV=-2% MM

“(Uc E,vucyi roialeam dak kam omm b hat werken aat g

5\4%&5 is da Fc\’mqkt@’mq/m@ d«w& WRiTE - At&ﬁszs
Veza 2al ° 1 da mwzgte %’V&\\QJA me)d,ev\ woike n a&m}&fmst



//oofdséwl{ 7 Conclusies

De thuorw  die aan de SVD-methode ten g‘mmﬂsi&; i j{,
——tbhode -t &nmi\d@//glz iinte 2o Hot vosrbeeld van
da gf}"mj;z»r moaalt echber in al zf]f'yx eenvoud. 22n /waf
zalean Alersimtrent a{wcidjk Men kawn 2ich dan ool
enigszing wveorstellon wat er by groots chalige Usga&wﬂ
- zal ?/Zl&umm_ wohhzer mewn. SV faéj/;a&f .
T ket leort bomt da SVD -mabhede Aizisp heer:
De m onafhankelgloe samen gestelde codrdinaten 21 zyn
/ﬂ!\&u‘p& combinaiies van de n 7[:7g rsche cedrdinadei ,.CZ
V@{%%&'S g/I= }Qf_{ . Herin 7s VT een mxn matrix A it
Aa mo cansﬂwhm@z@mhw Wérc;if&faaivé,4,»':5.,:,
Enlel de aift@%‘”‘w(f}& sS4 Wj,&fﬂ/dzc codrdinaten Aeeven
g;zmuﬁwd e worden . De %S ische cedrdinaten kunnen
near AGrudt wordan &L‘zk_zm{, By’ ket [ntegeeren van 2T
bij&% Jw’fsﬁsﬁ&m zich. /M\ﬁé” 2em raald;n aain de consghreints
te sz%ﬂﬁ/vt. a | | -
De hawwlewita kel 4 C’I‘Aj@ man kawn bereclon mek hek
algorithme ait hoofdstule ¢ is kehoorlyk greot . Levens
i< hok asnpasan Van Mfﬁ'ﬁmmma SW. FTN \/rj
«eavw’c,wt?g i | , , ,
Al aat al /j"f;_it de M‘g’}‘ﬁﬁa(faf Valua Q?leccmlyo:%fm“-wﬁad&
2207 ﬁé«eck bruikbaar (n de mul (‘féoc%-—dﬁwcwm?cq
De vraag of deze mathede ook feepasbaar is op
ruimbelyln dgnamica, zeals Mani, Hawg en Athkinson claimen,
viel bucten hek kader van dere stage-spdracht ;
het [glt echber aannemelgh , gezan ds zaer algemens
cpheuw van da Eheare
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242 — Ordinary Differentiai Equations

Bg‘/ age TT DO2CAF

DO2CAF -~ NAG FORTRAN Library Routine Document

NOTE: before using this routine, pleasc read the appropriate implementat.on document to check the intespretation of
bold italicised terms and other implementation-dependent details. The routine name may be precision-dep=ndent.

i. Purpose

DO2CAF integrates a system of first-order ordinary differential equations over a range with suitable
initial conditions, using a variable-order variable-step Adams method.

2. Specification

SUBROUTINE DG2CAF (%, XEND, N, Y, TOL, FCN, W, IFAIL

C  INTEGERN, IFAIL - ——
¢ real X, XEND, Y(N), TOL, W(N,18)
¢ EXTERNAL FCN

3. Description
The routine integrates a system of ordinary
differential equations
Y, =F, (T’Yx'sz"fYN) | i=12..N
from T =X to T = XEND using a
variable-order variable-step Adams method. The

system is defined by a subroutine FCN supplied
by the user, which evaluates F; in terms of T and

Y,,Y,,..,Yy (see Section 5), and the values of
Yl'sz'"'YN must be given at T = X. The
accuracy of the integra!ion is controlied by the
parameter TOL.

For a description of Adaws methods and their
practical implementation see [1]..

4. Referemces

{11 HALL, G. and WATT, J.M. (eds.)
Modern Numerical Methods for Ordinary
Differential Equations.

Clarendon Press, Oxford, 1976.

5. Parameters

X — real.

Before entry, X must be set to the initial value
of the independent variable T.

On exit, it contains XEND, unless an error has
occurred, when it contains the value of T at the
error.

XEND - real.

On entry, XEND must specify the final value
of the independent veriable. If XEND < X on
entry, integration will proceed in the negative
direction.

Unchanged on exit.

NAGFLIB:1571/0:Mk10:15s% Janiary 1983

N - INTEGER.

On eniry, N must specify the number of
differential equations.

Unchangzed on exit.

Y - real arrzy of DIMENSION at least (N).

Before entry, Y(1),Y(2),....Y{N) must contain
the initiai-values of the solution Y,.Y, sies Y g
On exit, V{1),Y(2),...Y(N) contain the
computed values of the solution at the final
value of T. .

TOL - real.

Before entry, TOL must be set to a pesitive
tolerance for controlling  ilie error in ‘the -
integration. B A e

The routine DO2CAF has been designed so
that for most problems a reduction in TOL
leads to an approximately proportional
reduction in the error in the solution at XEND.

However, the actual relation between TOL and i

the accuracy achiéved cannot be guaranteed.
The user is strongly recommended to call’ -
D02CAF with more than one-value for TOL -

and to compare the results obtained to estimate’
their accuracy. In the absence of ‘any prior
knowledge, the user might compare the results
obtained by - calling . DO2CAF = with
TOL=100"" and TOL =100"F"!
where P correct decimal digits are required in
the solution. '

TOL is ncrmally unchanged on exit: However
if the range X to XEND is so short that a small
change in TOL is unlikely to make any change
ia the computed solution, then, on réturn, TOL
has its sign changed. This should be treated as
a warning that the computed solution is likely
to be more accurate than would be produced by

Page i
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D02 - Ordinary Differential Equations

error estimate are computed.

11. Further Comments
if the routine fails with IFAIL .= 3, then it -

could be called again with a larger value of TOL

+ — - if this has not already been tried. If the accuracy . JFAIL-= 2.  Adams methods are mot

requested is really needed and cannot be
obtained with this routine, then the system may
be very stiff (see below) or so badly scaled that it
cannot be solved to the required accuracy.

If the routine fails with IFAIL = 2, it is
probable that it has been called with a value of
TOL which is so small that a solution cannot be
obtained on the range X to XEND. This can
happen for well-behaved systems and very smali
values of TOL. The user should, however,
consider whether there is a more fundamental
difficulty. For example,

(i) in the region of a singularity (infinite

value) of the solution, the routine will
usually stop with IFAIL = 2, unless
overflow occurs first. If overflow occurs
using DO2CAF , routine DO2QAF can
be used instead to trap the increasing
solution before overflow occurs. In any
case, numerical integration cannot be
continued through a singularity, and
analytical  treatment should be
considered;

(i) for ‘stiff” equations, where the solution
contains rapidly decaying components,

DO2CAF

the routine will use very small steps’in T
(internally to DO2CAF ) to preserve
stability. This will exhibit itself by
making the computing time excessively
long, or occasionally by an exit with

efficient in such cases and the user

should try the Gear method DO2EAF .
Users with problems for which: DO2CAF is not
sufficiently general should consider the routines
D02CBF , DO2CHF and -DO2QAF . Routine
DO2CBF can be used when output is required as

points inside the range X to XEND (for

example, for graph-plotting purposes) or more -
general error control is required. Use of DO2CBF -
should be computationally more efficient than
repeated calls to DO2CAF to achieve the same -
result. Routine DO2CHF can be used to calculate
where a function of the components
Y,.Y,,..Yy and their derivatives takes a
specified value. '

DO02QAF is 2 more general Adams routine with
many facilities including -more general error.
control options ~and  several
interrupting the calculations.

12, Keywords

Adams_Method,
Initial Value Probiems,
Ordinary Differential Equations.

13. Example
To integrate the following equations (for a projectile)

y = tan(¢)
v = —o.oszm_i‘vi@ ~0.02 X v X sec(s)
¢ = —0.032/v?

over an interval X

writey = Y(1),v = Y(2) and ¢ = Y(3) and we set TOL = 1.0E-4 and TOL = 1.0E-5 in turn so
that we may compare the solutions obtained. The value of = is obtained by using X01AAF .

13.1. Program Text

WARNING: This single precision example program may require amendment for certain implementations. The results produced
may not be the same. If in doubt, please seck further advice (see Essestial Intreduction (o the Library Manual).

¢ DO2CAF EXAMPLE PROGRAM TEXT

(9]

¢ .. LOCAL SCALARS ..
REAL PI, TOL, X, XEND
INTEGER I, IFAIL, J. N, NOUT
c .. LOCAL ARRAYS ..
REAL W(3.,18), Y(3)

{NAGFLIB:1571/0:Mk10:13th January 1983}

MARK 7 RELEASE. NAG COPYRIGHT 1878.
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o

(gr]

EXTERNAL FCN

. FUNCTION REFERENCES ..
REAL XO1AAF

.. SUBROUTINE REFERENCES ..
DO2CAF

D02 — Ordinary Differential Equations

20

99999
95898
99997
999398
993995
99994

DATA NOUT /6/
WRITE (NOUT,99995)
N=3
PI = XO1AAF(PI)
D0 20 J=4,5
TOL = 10.°*%(-J)
X = 0.E0
XEND = 8.EO
Y(1) = 0.E0
Y(2) = 0.5E0
Y(3) = 0.2E0*PI
IFAIL = 1 '
WRITE (NOUT,99998) TOL
WRITE (NOUT,99999)
WRITE (NOUT,99997) X, (Y(I),I=1,3)
CALL DO2CAF(X. XEND, N, Y, TOL, FCN, W, IFAIL}
WRITE (NOUT,39997) X, (Y(I),I=1,3)
IF (TOL.LT.0.) WRITE (NOUT,99994)
WRITE (NOUT,99996) IFAIL
CONTINUE
sTop
FORMAT (43HO X Y(1) L Y(@) Y(3))
FORMAT (5HOTOL=, E8.1)
FORMAT (1H , F6.3, 3E13.5)
FORMAT (8H IFAIL=, I1) :
FORMAT (4(1X/), 31H DO2CAF EXAMPLE PROGRAM RESULTS/1X)
FORMAT (24H RANGE TOO SHORT FOR TOL)
END
SUBROUTINE FCN(T, Y, F)
. SCALAR ARGUMENTS ..
REAL T
.. ARRAY ARGUMENTS ..
REAL F(3), Y(3)

.. FUNCTION REFERENCES ..
REAL COS, SIN

F(1) = SIN(Y(3))/COS(Y(3))

F(2) = -0.032EC*F(1)/Y(2) - 0.02E0%Y(2)/COS(Y(3))
F(3) = -0.032E0/(Y(2)*Y(2))

RETURN

END

13.2. Program Dats

Mone.

Page 4
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D02 — Ordinary Differential Equations
.
13.3. Program Resuits
002CAF EXAMPLE PROGRAM RESULTS
ToL= 0.1E-03
X Y(1) Y(2) Y(3)
———— 8- 600—0-00000E+00—0-.50000E+00 0. 62832E+00
8.000 -0.12455E+01 0.51293E+00 -0.85383E+00
IFAIL=0
TOoL= 0.1E-04
X Y(1) Y(2) Y(3)
0.000 O0.00000E+00 0.50000E+00 0.62832E+00
 8.000 -0.12460E+01 0.51300E+00 -0.85371E+00
IFAIL=0
\u.
L

{NAGFLIB:1571/0:Mk10:13th January 1983}
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F01 - Matrix Operations, Including Inversion

1. Purpose

FO1CKF

2.

FOICKF returns with the result of the multiplication of two matrices
B and C in the matrix A, with the option to overwrite B or C.

IMPORTANT: before using this routine, read the appropriate machine
implementation document to check the interpretation of italicised
terms and other implementation-dependent details.

Specification (FORTRAN IV)

SUBROUTINE FOiCKF(A,B,C,N,P,M,Z,12 ,0PT,IFAIL)
INTEGER N,P,M,IZ,0PT,IFAIL

real A,B,C,2Z

DIMENSION A (N,P) ,B(N,M),C(M,P),Z2(1Z)

OO0

Descrigtion

The n X m matrix B is post-multiplied by the m X p matrix e IdePT=1 

the result is formed in the n X p matrix A. If OPT=2, m must equal p,
and the result is written back to B. If OPT=3, n must equal m, and
the result is written back to C. ' '

4, References None.
5. Parameters
A - real array of DIMENSION (N,P).
On exit, if OPT=1, A contains the result of the matrix
multiplication.
B - real array of DIMENSION (N,M).
Before entry, all elements of B must be assigned a value. '
On exit, if OPT=2, B contains the result of the multlpllcatlon.
Otherwise B is unchanged on exit.
C - real array of DIMENSION (M,P).
Before entry, all elements of C must be assigned a value.
On exit, if OPT=3, C contains the result of the multiplication.
Otherwise C is unchanged on exit.
N - INTEGER.
On entry, N specifies n, the first dimension of A and B .as
declared in the calling (sub)program. If OPT=3, n must
equal m. Unchanged on exit.
P - INTEGER.
On entry, P specifies p, the second dimension of A and C as
declared in the calling (sub)program. If OPT=2, p must
equal m. Unchanged on exit.
NAGFLIB:925/764:MkE:Jul?5 Page 1
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5. Parameters

(contd)

F01 - Matrix Operations, Including Inversion

M -

1z -

OPT -

IFAIL -

INTEGER.

On entry, M specifies m, the second dimension of B and first
dimension of C as declared in the calling (sub)program.
Unchanged on exit.

reql avray of DIMENSION (IZ).

Used as

INTEGER.

working space.

On entry, IZ specifies the dimension of Z. If OPT=1, 12
may be 1 otherwise IZ must be greater than or equal to m.
Unchanged on exit.

INTEGER.

On entry, the value of OPT determines which array is to

contain

the final result.

a) OPT=l. A must be distinct from B and C and, on exit;,
contains the result. B and C need not be distinct in
this case. :

b) OPT=2. B must be distinct from C and on exit, contains

the

result. A is not used in this case and need not be

distinct from B or C.

c) OPT=3. C must be distinct from B and on exit, contains

the

result. A is not used in this case and need not be

distinct from B or C.
OPT is unchanged on exit.

INTEGER.
Before e
not fami

ntry, IFAIL must be assigned a value. For users
liar with this parameter (described in Chapter .P01)

the recommended value is 0. Unless the routine detects

an error

6. Error Indicators

(see Section 6), IFAIL contains O on exit.

Errors detected by the routine:-

IFAIL

IFAIL

IFAIL

IFAIL

7. Auxiliary Routines

i On entry, Mor P or N £ 0.
2 OPT=2 and M # P.

3 OPT=3 and N # M.

4 OPT#] and IZ < M.

This routine calls the NAG Library routine PO1AAF.

Darmn 9

INAGELIB:925/764:MR5:JuZ?5I
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F01 - Matrix Operations, Including Inversion

8. Timing

-~ The timing increases with m,p and n.
9. Storage
There are no internally declared arrays.
10. Accuracy
Inner-products are accumulated using additional precistion.

11. Further Comments None.

12, Keywords

Matrix Multiplication.

13. Example

FO1CKF

The example program multiplies the 2 X 3 matrix B and the 3 X 2 matrix

C together and places the result in the 2 X 2 matrix A.

Program

This single precision example program may require amendment
i) for use in a DOUBLE PRECISION implementation

ii) for use in either precision in certain implementations;

The results produced may differ slightly.

c FO1CKF EXAMPLE PROGRAM TEXT
¢ NAG COPYRIGHT 1975
c MARK 4.5 REVISED
REAL A{252)s B{2:3)s C{3+2)s Z(1)
INTEGER I, IFAIL, NOUT
DATA NOUT s6/
YRITE (NOUT,99999)

PO 20 I=1,3
B(1,1I) = FLOAT(I) -~ 1.
CiIs1) = Bl(1,1)
B{2,1) = FLOAT(I)
ClI»2) = B(2,I)
20 CONTIHUE
IFAIL = 0

CALL FO1CK¥{As By Co 29 25 39 Zy 1e 1, IFAIL)

IF (IFAIL.GT.0) GO TO 490

WRITE (NOUT,99998)

WRITE (NOUT,99997) A(l:1)s A(1+2)s A(2s1)s Al2,2)
STOP

NAGFLIB:925/764:Mk5:Jul?5

Page 3

58



F01 - Matrix Operations, Including Inversion

FOLCKF

13. Example

Program (contd)

40 WRITE (NOUT,99996)
STOP

99999 FORMAT (4(1X/)s 31H FO1CKF EXAMPLE PROGRAM RESULTSs, 2(/1X))

99098 FORMAT (9HOMATRIX A/1X)

99997 FORMAT (1H » 2F7.1)

99996 FORMAT (16HOERRDE IN FO1CKF)
D

Results

FO1CKF EXAMPLE PROGRAM RESULTS

MATRIX A
5.0 8.0
8¢ 0 14.0
Page ¢ (last)
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F02 - Eigenvalues and Eigenvectors FOZWCF

i FO2WCF —~ NAG FORTRAN Library Routine Document

NOTE: before using this routine, please read the appropriate lmplemcntauon document to check thei mterpretatlon of bqld italicised
terms and other implementation-dependent details. The routine name may be precision—dependent.” ) .

1. Purpose

FO2WCF computes the singular values and left— and right-hand smgular vectors of a real rectangular ER ri. k

mXn matrix A, A = QDPT, where Q7Q = PTP I, k'= mm(m n) and D= dlag(svpsvz, ,Svk) e

with sv; =sv, = .. Zsv, =0,

2. Specification :

SUBROUTINE 1~02WCF (M N, MINMN, A, NRA Q NRQ SV PT

1 NRPT, WORK, LWORK, IFAIL)

C INTEGER M, N, MINMN, NRA, NRQ, NRPT, LWORK IFAIL
C real A(NRA, N), Q(NRQ MINMN) SV(MINMN) PT(NRPT,N), -

C I WORK(LWORK)

3. Description

A real mXn matrix A may be factorised by the
singular value decomposition (SVD) as: =

A= Q[OD]P? if m=n
Or

A=QoP it m=n.
Here Q is an mXm orthogonal ‘matrix, Pisan
nXn orthogonal matrix, and D is a diagonal
matrix . of order &k =min(m,n), whose

non-negative diagonal elements are the smgular
values of A.

Let Q be the mXk matrix con51stmg of the first
k columns of @ — these are the left-hand singular
vectors of A. Let P be the nXk matrix consisting
of the first & columns of P — these are the
right-hand singular vectors of A. Then

A=QDPT -
This routine returns Q and P T as well as the

diagonal elements of D, arranged in descending
order.

If the matrix A is of rank r then in exact
arithmetic =sV, = 0,

k = min(m,n).

The routine first reduces A to upper tnangular
form by Householder transformations when
m=n and by Givens plane rotations when
m<n, the upper triangular form is then reduced
to bidiagonal form by Givens plane rotations and
finally the QR algorithm is used to obtain the
SVD of the bidiagonal form.

SV,+1 = SV’,+2 =

[NAGFLIB:1755/0:Mk8:13th January 1981]

7»5 Parameters ;
M- INTEGER

A M=1..
’ Unchanged on exrt

4. Referencw

[1] WILKINSON J H =
Singular - Value Decompos
Aspects, -5

- In “Numerical Software ‘
Availability’ . Ed. JACOBS D.A H.,
Academnc Press, London 1978

On entry, M must specrfy the um

N - INTEGER

On entry, N must speclfy the number of columns i
of AN=1. g e e B

Unchanged on exrt

MINMN - INTEGER

On entry, MINMN must’ specrfy the mlmmum f
of M and N. 73

‘Unchanged on exxt

A - real array of DIMENSION (NRA r)

where r = N. '
Before entry, thc Ieadmg M X N part of A must
contain the matrix to be factorised.

Unchanged on exit, unless the routine is called
with the same array supplied for both A and Q or
for both A and PT.

Page 1
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FO2ZWCF

NRA - INTEGER. .

On entry, NRA must spec1fy the ﬂrst drmensron

of A as declared in the calhng (sub)program
NRA = M. .

Unchanged on exit.

- Q =real array of DIMENSION (NRQ,s) ..

where s = MINMN .

On successful exit, the leading M X MINMN
" part of - Q' ¢ontains the - MINMN left-hand *

singular vectors of A, stored by columns.

The routine may be called with the same array
supplied for both A and Q, provided that a
different array is supplied for PT. In this case the

NRQ - INTEGER.

On entry, NRQ must specify the first dimension
of Q as declared in the callmg (sub)program
NRQ = M. .. .

Unchanged on exit.

SV ~ real array of DIMENSION at least
(MINMN).

On successful exrt SV contams the MINMN
singular values of A arranged in, descendmg
order S ’., Ll :‘ - ” . ‘”' AR TIN

PT —real array of DIMENSION (NRPT t) where
t > N.

On successful exit, the leading MINMN X N
part of PT contains the MINMN nght—hand
smgular vectors of A, stored by rows. = -

The ‘routine may be called with the same array

supplied for both A and PT, provided that a

different array is supplied for Q. In this case, the

leading MINMN X N part of A is overwrltten s

by PT and NRPT must be equal to NRA
NRPT- | INTEGER.

On entry, NRPT must specrfy the first drmensron e
of PT as declared in the callmg (sub)program ,

NRPT = MINMN.
; Unchanged on exit.

WORK - real array of DIMENSION (LWORK) '

On successful exit, WORK(1) contains the total
number of iterations taken by the QR algonthm
Otherwme WORK is used as workspace

LWORK = INTEGER
On entry, LWORK must specrfy the length of
the array WORK as declared in the calling
(sub)program. LWORK must be at -least
3IXMINMN, but unless M is close to N and
provided that sufficient storage is available, then

Page 2

¢ fBefore entry, IFAIL must be assrgned I
For' 'users mnot ‘familiar with' this parameter -
(described in Chapter PO1) the recommended e

SV(1), SV(Z), ,SV(MINMN

FO02 - Eigenvalues and Eigenvectors R

it is strongly recommended that LWORK be at

least (3 XMINMN-+ MINMN? ).

If M is not close to N then the routine is likely to
be considerably faster with the larger va]ue of
LWORK: See Section 8. R :

Unchanged on exit.

IFAIL INTEGER

value is 0.

Unless the routine detects an error (see next."‘f",:'"'
AN Dbart of A - ks :.S°°t1°ﬂ) TFAIL contams()on Xt T

leading M X MINMN part of A is overwritten

by Q, and NRQ must be equal to NRA. .-

6 Error Indxcators and Wa“ ngs

Errors detected by the routme S i

IFAIL = 1 e

* On entry, Fe et
M < 1,or Yo
N <1,or '
; MINMN%mm(M N) or
NRA < M,or.
NRQ<M,or
NRPT < MINMN, or
LWORK < 3 X MINMN

IFAIL > 1 .
~ The QR algonthm has failed to convergc

fsrngular values in 50 X MINMN iteratio
~ . this case .SV(I) SV(2 '

" “remaining “singular’ va]ues» ma
. Asma]lest smgular values. Th
" nevertheless been factorise
where B is ‘an upper bidia

elements’ © ‘
WORK(2), WORK(3), ‘,WORK(MINMN)
as 1ts super-dragonal elements

:‘ ThlS farlure 1s‘net lrkel to occl

7. Auxrllary Routmes A

- This routine calls the NAG klerary routmes ‘

FOILZF, FO1QAF, ' FO1QBF,  FO02SZF,

~ FO2WAY, FO2WBY, FO2WBZ, FO2WCW, . = .
© FO2WCX, ' FO2WCY, FO2WCZ, - POLAAF,

' XOZAAF and X02AGF

‘8. Timing o

v The followmg ﬁgures are 1ntended only to be an '

approximate guide. They are based-upon the
assumption that the QR .algorithm takes an
average of two iterations per singular value.

 [NAGFLIB:1755/0:Mk8:13th January 1981] -
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F02 - Eigenvalues and Eigenvectors

If the routine is called with LWORK = (3 X
MINMN + MINMN?), then the time taken is
approximately propomonal to 3n2 (m-4n) when
m = n, and Sm? (n+2m) when m < n.

If the routine is called with LWORK = (3 X
MINMN + MINMN? ), then the time taken is

approximately proporuonal 10 8n? (m +4n) when
m = n, and 10m? (n+3m) when m < n. )

The same approximate proportionality factor
applies in each case.

9. Storage ,
There are no internally declared arrays.
10. Accuracy

The computed factors Q, D and P T
relation ‘
' QDPT=A+E,
where

satisfy the

1L iu&isef’cmmﬁenis" !
Smgular _vectors associated
" multiple’ smgular value,”

_FO2WCF

[EL, < eXepsX||All,,. .

eps being the machine accuracy (see NAG .
Library routine X02AAF) ‘and ¢ .2  ‘modest -
function of M and N Note that HA H = svl

are ot quue
determined, even in‘exact. anthmetlc,‘ y
different results may be obtamed “th

This routine is colum.n-bzascd :and $0 .s su-fab“- i
for usein paged environments. i

12. Keywords 5

Decomposmon B

13. Example

To obtain the singular value decomposition of the matrix A ngen by

22.25 31.75 —38.25 6550

20.00 2675 28.50 —26.50
_ | —1525 2425 2775 1850
A=1 2725 1000 300 200

—17.25 —30.75 |
17.25 3075 ~11.25 fy.ssg‘—

WARNING This single precision example program may require amendmcnt for ceriain mplemen!at-ons Thc £ uhs p
not be the same. If in doubt, please seck further advice (see Essentlal lntroductlon to thc berary

13.1. Program Text
FO2WCF EXAMPLE PROGRAM TEXT

. LOCAL SCALARS .
.. LOCAL ARRAYS .

. SUBROUTINE REFERENCES .
F02WCF

o060 0O 000

DATA NIN /5/, NOUT /6/
READ (NIN,99999) TITLE
WRITE (NOUT,99998) (TITLE(l),I=1.6)
NRA = 10
. NRQ = 10 -
NRPT = 6
LWORK = 28
IFAIL = 0
M=6
N=4
DO 20 I=1,N
READ (NIN,99997) (A(J,]).J=1,M)
20 CONTINUE

CALL FO2WCF(M, N, N, A, NRA, Q, NRQ, SV, PT, NRPT, WORK,

TN

[NAGFLIB:1755/0:Mk8:13th January 1981]

MARK 8 RELEASE. NAG COPYRIGHT 1979. °
lNTEGERI IFAIL, J, LWORK M, N, NIN, NOUT NRA,. NRPT, NRQ -~
REAL A(10,6), PT(6, 6), Q(10,6), SV(6), TITLE(7), WORK(28)

11.25 - 7.50

:‘ Page 3
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* LWORK, IFAIL)

WRITE (NOUT,99996)

WRITE (NOUT,99992) ((A(I,J),J=1,N),I=1M)
WRITE (NOUT,99995)

WRITE (NOUT,99992) ((Q(LJ),J=1,N).I=1,M)
WRITE (NOUT,99994) -

WRITE (NOUT,99992) (SV(I),I=1,N)

WRITE (NOUT,99993)

WRITE (NOUT,99992) ((PT(1J),J=1,N),I=1,N)

F02 - Eigenvalues and Eigenvectors

LTND
RV

99999 FORMAT (6A4, 1A3) ,
99998 FORMAT (4(1X/), 1H , 5A4, 1A3, THRESULTS/IX)
99997 FORMAT (6F7.2)
99996 FORMAT (9H MATRIX A)
99995 FORMAT (SHOMATRIX Q)
99994 FORMAT (16HOSINGULAR VALUES)
99993 FORMAT (12ZHOMATRIX P**T)
99992 FORMAT (iX, 4F9.3)
END

13.2, Program Daia

FO2WCF EXAMPLE PROGRAM DATA
2225 20.00 -15.25 27.25 -17.25 17.25
31.75 26.75 24.25 10.00 -30.75 30.75

~-38.25 28.50 27.75 3.00 11.25 -11.25
65.50 -26.50 18.50 200 7.50 -7.50

13.3. Program Resuits

FO2WCF EXAMPLE PROGRAM RESULTS

MATRIX A
22250 31750 -38.250  65.500
20.000 26750 28.500 -26.500
-15.250 24250 27.750 18.500
27250 10000  3.000  2.000
-17.250 -30.750 11250  7.500
17250  30.750 -11.250 -7.500

MATRIX Q

0929 0.143 0.071 -0.143
~0.143 -0.714 0.143 -0.286
0071 -0.143 0.929 0.143
0.143 0286 -0.143 -0.714
—0.214 0.429 0.214 -0.429
0.214 = -0429 -0.214 0.429
SINGULAR VALUES

91.000 68.250 45.500 22.750
MATRIX P**T

0.308 0462 -0.462 0.692
-0.462 -0.692 -0.308 0.462
—0.462 0.308 0.692 0.462
—0.692 0.462 0462 -0.308

Page 4 (last)
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