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Fgﬁﬁ@%g ATA SYSTEM FOR DETERM NI NG FI NANCI AL | NSTRUVENT FOR,  AND
TERM'TO MA

OF, A LOAN 5 . | NTRODUCTI ON PGR/RKDS0008E i on
concerns a nmethod and a data processing 1 systeni conmput er system for
cal cul ation of the type, the nunber and the volunme of financi al

instruments for funding of 10 a |oan with equival ent proceeds to a debt or,

:Qﬁa! ﬁew m&%ﬁ%#%o be at | east Eartlallé r%&r&g%gﬁwg thg

invention the termto maturity of the Ioan Is al so determ ned at the
begi nning of each period of time so-15 that debtor's paynents on the | oan
during the entire termto maturity of the loan is within a band defined
by a ses of maxi mum and mnimum|limts which can be fixed for each

peri od of time, and so that the termto maturity of the loan also is
within a band defined by a maximumand a mninumlimt. To 20 the extent
necessary, mrROud®™oNprioritization of the limts regardi ng the
paynents on the loan and the termto maturity I s established. The
results of the nmethod according to the i nvention may be used by t he

creditor, em:is ariverttonr| concer At tid tRGaSHRA 854atA0p
|nst|tut|on order 25 to secure that such a loan is Tunde |n such a way

t hat rﬁyétvfé‘l A% | &y gemel or g2l gpdabhens ofn thiee tyReretthe | ow
are avoi de(’h\.@tﬂaé‘ﬂ Niridl 286k Jdllisme WYE t PEnMSLi QT iﬂ@t&ﬁﬁuhﬁﬁ Qfor fur%cﬁﬁ'é gredgod

accor di g to the |nvent|on the creditor has the possibility o dgl ng
Iendln& an@® LA Mith emrivalert (p¥ogeeds ngoop debeaﬁ,oﬁmg-hqanmhﬁxng

i nst runent @ddiafhed td hse Ia{etié&@@tﬁai‘\@i&mi?a%fiﬁéﬁeédt Beday s the
pri nci pal of the orlglnal oan, may be used, whi I's the reason why, in

connect i on BFMHRG P Wetwe Bt 9 nther Loas - |ﬁPeFB§tmeth°d

according to the invention the term to maturity of the loan
is ‘also determined at the beginning of each period of time so

15 that debtor's payments on the loan during the entire term to
maturity of the loan is within a band defined by a set of
maximum and minimum limits which can be fixed for each period
of time, and so that the term to maturity of the loan also is
within a band defined by a maximum and a minimum limit. To

20 the extent necessary, a rule for prioritization of the limits
regarding the payments on the loan and the term to maturity
is established. The results of the method according to the
invention may be used by the creditor, e.g. a financial
institution such as a mortgage credit institution, in order

25 to secure that such a loan is funded in such a way that
interest rate risks as well as imbalances in the payment flow
are avoided or minimized. Thus, by the use of the results of
the method according to the invention the creditor has the
possibility of hedging lending and funding. |

30 In the refinancing of a loan other financial instruments than
the instruments which have formed the basis of the principal
of the original loan may be used, which is the reason why, in

connection with refinancing, an adjustment of the interest



2 rate on the | oan may be necessary in relation to the interest

rate | evel applicable at the tinme of the refinancing. Loans whi ch are
fully or wer9sisadsry refinanced during the termto mat ur pé¢WpRosédes2 | 0an
are thus ternmed Loan with Adjustable 5 b?terest Rates (LAIR). An exanpl e of
t he financi al instrunments is non-callable bullet bonds. In the

fol | ow ng, ~ financial instruments are also called funding instrunents,
just as fHAEPnENy &hendopn mayobesogcessamerim relathion to fihwmnniterest

I nst rumnen (o] b UL ; A LACi Al 4 ) TH NTI ON
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nmar ket caWhagheargsafuldyegrt partiagdyf yefimended dhting tthee tefrm dems, and,
t herefore ; b LB e? tRWSE telfn r ¥ SO as
dom nat i ngaggkggglbgﬁdg.h%gregg ht%r?bg?ﬁgf tyearsal E&ﬁ%%%%vﬁ%%m% of the
per mi s3i ofntergslinRaggsh (LAIRY .i Anlesompylet of Lhe dimdnedistly of -
Housing, EREEAAARNELCYL! nbASbRlLLIRS LANIRLOHAR! T i ol ifldgd | oans
W th adjugtable_lgtgrggt ratg;.éﬁ e greV|ous . %ﬁns g&:h adj ustanl e |

i nt erest FaRaBCh@ieclBRErumeBtszageaalzsy alllleds funding mngtowpeandisn credit
comm t Menfyge aszkuﬁﬂﬂﬁhngolﬂmhhgsi %ﬁ.‘éﬁ. Qlfsglao'&‘és alidlelin? do3f PP Maturity of
1 to 5 years every fiIfth year. Fixed interest rate'in successive

peri ods ofiBapegipd instrymentsecongsityitigobsbes prineidalermto maturity of

1tob5 years are non-callable. This gives the debtor the
possibilitx to termnate the |oan at par prior to the first
occur}f ngBAGKEROYND, FOR FHEuINVENTION AND INEROBDUICIHON 265 THE h adj ust abl e

i nt erest iﬁﬁgﬁTib#.not turn 30 out very successfully, thus only per mlles
of the total endi ng made by nortgage credit institutions was granted
as | oans with adjustable interest rates. The reasons were,

In the Danish mortgage credit market callable loans used to
be far the dominating type of loans, and, therefore, callable
bonds in a pure "pass through" form were also as dominating

15 as bonds. For a number of years, up to the withdrawal of the
permission to grant cash loans in 1985 by the Danish Ministry
of Housing, mortgage credit institutions also offered the so-
called loans with adjustable interest rates. The previous
loans with adjustable interest rates were characterized as

20 follows:

1) Long-term credit commitment.

2) Funding by the issue of bonds with a term to maturity of
1 to 5 years every fifth year. '

3) Fixed interest rate in successive periods of 5 years.

25 4) The underlying bonds with a term to maturity of 1 to 5§
years are non-callable. This gives the debtor the '
possibility to terminate the loan at par prior to the
first occurring interest rate adjustment.

The Danish loans with adjustable interest rates did not turn
30 out very successfully, thus only per milles of the total
lending made by mortgage credit institutions was granted as

"loans with adjustable interest rates. The reasons were,



-3 probably, that the call prem umwas insignificant at that time due
to a very Waxdg43wlif f erence between nar ket interest r at es POTADKIA9082

rates and in addition, the investor marke did not pay as nuch attention
to the problemas today. 5 Therefore, the“difference in yields between
cal | abl e and non- cal | abl e bonds was not sufficiently large in itself
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fores,  AHELASGENGRL BOL) ckBnBpnrons) Sk iredal U dikfon I E£GC
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in paHﬂﬁnﬂzmtetehtregaedrﬁsktheetgnf&&&bngear. Most likely, these

conditions explain the poor success in these years.

In June 1993 certain Danish tax laws were changed so that the
mortgage credit institutions were, in reality, once again

given the opportunity to offer loans with adjustable interest
20 rates.

This offers the possibility of changing the long-term
mortgage market so that, in the future, the funding products
will be attractive to foreign investors. A precondition is,
probably, that bonds are offered in conformity with

25 international practice, e.g. as non-callable bullet bonds.
Thus, it has been of interest to examine whether wvariants of
loans with adjustable interest rates can be made attractive
to the debtors.

The traditional loans with adjustable interest rates involve
30 a risk for, in principle, unlimited upward jumps in the

interest rate. To many debtors, especially in the segment

comprising private customers, this risk is assumed to be

unacceptable, in particular with regard to the consequences



4 as to liquidity for debtor of an increase in the interest rate

Eﬁead\e/glréﬁl} 8h | evel Therefore, it is of infterest' to Pa{,ﬁ gﬁoo\ﬁ@et her

1894 | cans with adj ust abl e interest rates may be conbi ned .
with an adjustable termto 5 maturity, where a raising or falling,
respectively, interest rate only affects the paynents on the loan to a
pr edet er m ned ., extent defined by a_set of maxi nupmand mninmumlimts,
whereas t3® F@rhi@eidityfoy debteE PE.Ani inghepes iR the iptsrestce with
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vary thatS¥egine WB%tB%¥eFH?H§%SH$nd€%F LoRRS ViEhpAIuSERRIA (i es or
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| oans wi tyhagbsst ghbeterm totpaestitpt 66 vRE BoHRAl &8 Yarweanihhe termto

maturity of t he fundin pstrunment havin est termto maturity
and t he p%??%ﬂdﬁﬁ?ﬁeﬂhtang?e%?t?ﬁfﬁtaﬂ?5§tﬂgan b? years. If this

precondition is abolished a nuch w der range 25 of pOSS|biI|t|es with
respect to funding and interest rate , ust t w | | Giple
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15 the payments on the loan and the term to maturity of the

loan, respectively, and to establish a rule for determining

the payments on the loan and the term to maturity in cases

where the limits are incompatible with the given interest

rate on the loan.

20 Characteristic of the traditional loans with adjustable
interest rates was a match betweén the term to maturity of
‘the funding instrument having the longest term to maturity
and the period between interest rate adjustments, viz. 5
years. If this precondition is abolished a much wider range

25 of possibilities with respect to funding and interest rate

adjustment will, in principle, become available.

Thus, it becomes possible to secure a gradual adaptation of
the borrowing costs to the market interest rate with an
adjustment time depending on the maximum term to maturity of
30 the bonds applied and on the weight with which the individual
bond applied is included. This principle will, just as the
above-mentioned opportunity for adjustable term to maturity,

reduce the risk of substantial upward jumps in the payments



5 on the | oan which characterizes the traditional |loans with

adj ust abl VO 08/¢318Bt r at es. If the short-terminterest PET®KIS/00082
systematically | ower than the long-tergninterest rate it wll be
possible to reduce 5 debtor's |long-termborrowi ng costs. Furthernore,
borrow ng costs may, as nentioned above, be reduced conpared to

cal | abl e bond¢hgudoan mhdckbshamaferires athe ritghdithdnal fhapggwith -

i ncreased Lijsqui.di a ' | lization of sal es. 10 Wether it

I s possi bl éhgowsgounee;ﬂlg c e‘?n%?%%%ahe i nt er est rates by varying the
termto maturity of the | oan depends, apart fromthe determ ned maxi mum

d mni it s f _ ' ty
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debts of tlthdcmh iIrrrmasehiIiquidityeandtineetnatienabamaition oft he

convention% ﬂégﬂldesign woul d be conpatible with the maxi nrum and t he
mi ni mum i MYS Tor the paynents on the loan. 25 Thus, also a partial
adjustnent of the interest rate of the termto maturity of the | oan and

her | ) : ' os. b Cth
) uot 451 o MRt B g FMASHIRE O TESRREL TR SARLE PR, SRS Tnch AL
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i nstituti opaymentsmdm tthe boam nanddtheat teemt toamatandty, on the extent
to which the outstanding debts are adjusted to the market
15 interest rates at the time of interest rate adjustment.
Characteristic of the traditional loans with adjustable
interest rates was the 100 per cent adjustment of the
outstanding debts of the loan to the market interest rates
every 5 years. Partly by allowing other frequencies of
20 adjustment of the interest rate, and partly by allowing only
a partial adjustment of the interest rate of the outstanding
debts of the loan, larger shifts in the interest rate than in
the conventional loan design would be compatible with the
maximum and the minimum limits for the payments on the loan.
25 Thus, also a partial adjustment of the interest rate of the
term to maturity of the loan and other interest rate
adjustment frequencies should be compatible with adjustable
term to maturity.

In connection with loans with adjustable interest rates,

30 relations to the balance principle must be mentioned. It is a
leading principle in the legislative regulation of the
activities of Danish mortgage credit institutions that the

institutions may undertake a limited interest rate and



6 funding risk. On the face of it, designs of loans with

adj ustabl. e interest rates are contrary to t hese basic bﬁ? ' as the
fundi ng WO substantially shorter termto naturl? H as the

| ending side. The traditional 5 l|oans @ith adjustable interest rates are
nevert hel ess regarded as lying within the ‘bal ance principle seen in the
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must be fulfilled. 4. In addition, the legislative requirenents to
ternms to maturity and nethod of repaynent nust be net, also
r egar di ngThogbanectioadivithalfuadingeodst neawe type 3E loansad\]-urdt able term

to maturlt&:ustable interest rates with a variety of e.g. non-callable
bullet bonds, four conditions must be fulfilled according to-
Danish practice and legislation:

15 1. The volumes of each funding instrument must be determined
in such a way that the market price'of the funding
instruments equals the principal of the loan. '

2. fThe interest rate on the loan must be determined in such
a way that the interest rate equals the yield to maturity
20 of the funding portfolio, the yield being the interest
rate at which the present value of a future payment flow
on the funding instruments egquals the remaining debt on

the loan.

3. The requirement as to maximum permissible imbalances
25 between paymeﬁts from debtor and payments to creditox
must be fulfilled.

4. In addition, the legislative requirements to terms to
maturity and method of repayment must be met, also
regarding loans with adjustable interest rate and

30 adjustable term to maturity.



7 Previ ously, when calculating the funding of conventional | oans
wi t h adj uswelsis@3isat erest rates, the above-nentioned r eqACTAMEIH00882 t o
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t he funding of conventional |oans with adjustable interest rates there
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non- cal | abl b . ' r _ ri o) y
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used for a %%1 %r%%%ﬁgq@cf :aé:ll&'gav&p%] ot herwi se non-traded | oans and

debts. By applying r'incip | be possible to determ ne a
portfolio of traded financial instrunents with an

However, this funding principle is not compatible with the

15 preferences for issuing a range of e.g. 10 non-callable
bullet bonds with terms to maturity of 1 to 10 years and at
the same time keeping the duration of the interest rate
adjustment period down at e.g. 1-2 years.

Thus, ih Denmark there is a demand for a general funding

20 principle comprising funding with the above-mentioned range
of non-callable bullet bonds or other financial instruments
suitable for that purpose. In international financial markets
there is, at the moment, no tradition of a close connection
between lending and funding of loans. In spite of this,

25 however, the broad applicability of a principle that links
the loan to a range of financial instruments must be presumed
to give rise to also an international interest in a general
funding principle of the type described herein.

Thus, the funding principle may, inter alia, be used for a
30 mark-to-market pricing of otherwise non-traded loans and
debts. By applying the principle it will be possible to

determine a portfolio of traded financial instruments with an



8 equi val ent cash flow based on which the non-traded | oan or debt
may be priced |n accordance with observed narket prices giagl ngly,
thefund%% C|ple may find possible appllcatlonsmtﬁ)erls
managenent of | oans and debts, since 5 gthe principle may be used for

determ nation of a hedge consi st i ng of a portfolio of financial

I nstruments and pricing of such a hed Dur| n rece ars the
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international attention towards the funding principle is expect ed.
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cal cul ation netho or .a 15 cqnputerized cal C |on of 4} vol unme, of

fi nanci al aPPllF%ﬁPHﬁeﬂf’stB‘ie FaRd MGAgEmeR %e%’ftsa( 1T Sher e
at | east E&':.ﬁl:::.bﬂ.fel n&&cwu@w Fo @@tetiummﬂohe of a Mwdyeli ng termto

maturity of t l,oan i s per under_,t he (;onltlonthat he
cal cul at i 6ANEESEARIGE apmtygﬁd-lc’f % igle &Qﬂﬁn oan i ssui ng
instituti ppgciugt o lsudhlel haldre. Dulrrifr@r ety Qrezfrsf Lt raie\fe.‘edprmén'at -
| east they nust or will . hot, unde% su |sk§_6_l above .a, c;e%bal n

maxi mum Fosused on, fingngdad,re d'ﬁ’(qi R RRSFIE ©df the
debt or 1h@attﬂé&bl |ﬁ@kﬁ’)ﬂ tsfbh@aﬂtitcamaasmwtm atiig Bieldeaiise as 25 )

[ nexpen5| ve as p055| e withi r1 t e give cQ J ons - | n, Dani s

Pat end0Ap pItexn Q‘Wﬁ#ﬂ&t‘? rf'g‘}né ing Ipé?éf‘ﬁlp&p?)l*%at i on No.
PCT/ DK97/ @Q%ﬁtg@,h a sui tabl e conmput eri zed nethod for -cal cul ati on of

t he vol une of financial instrunments or funding capital suns for

financing 30 of the above-described type of |oans is described. BRI EF
DESCRI PTI giwdveltiE 4 NEMHid41 problem in connection with such a

general funding principle has been that there was no
knowledge of an efficient general calculatlon method for a

15 computerized calculation of the volume of flnanclal
instruments or funding volume for the funding of a 1oan_where
at least a partial refinancing of the loan during the
remaining term to maturity of the loan is performed under the
condition that the calculation result must partly fulfil the

20 requirement that loaﬁ issuing institutions must not undertake
interest rate or funding risk or at least they must or will
not undertake such risks above a certain maximum, and must
partly be able to contribute to minimize costs of the debtor
so that the loan with adjustable interest rates gets as

25 inexpensive as possible within the given preconditions.

In Danish Patent Appiication No. 0165/96 and International
Patent Application No. PCT/DK97/00044 such a suitable
computerized method for calculation of the volume of '
financial instruments or funding capital sums for financing

30 of the above-described type of loans is described.

BRIEF DESCRIPTION OF THE INVENTION



9 The present invention is a further devel opnent of the I nvention
descri bed wo9shamsabove- nenti oned patent appl i cations. PCTIDKI80G083Ct | on
with loans with adjustable interest rate |t is 5 sonetinmes considered a.
probl em that even short termincreases inthe interest rate lead to
substantial upsurges in the - paynents on the |'6an, which puts a strain
on | ender’ Sfhe prESLEAYinyéntDoh dides deatnbire deQelbPitiet® dFe tiRssi bility
for perform ng the cal cul ations of the loans,in such a way that 10

i nstead of iBveRtsken feserihsdetstha aheveoRRntirned Pateinbi nation with

a smal |l raigfgpiicdtromsynents on the | oan, the termto maturity is
prol onged so that the | ender woul d be abl e to nmanage the paynents on
the loan fromhis current econony. 15 The invention relates to a

nmet hod by wiH Clori@éc©idyy with loadfOwetAEAHHABeALLS dftledestat® it is
determ ned, but jn which |, al.so conditions concerning nmaxi mum (or

mi ni munP pSRRSEENes considered a PEPPLAR fhadcPVER SHOF tokedt IRFEeases

peri ods of idethe iheérese FRELNLE430to! BabseantiRL R@shaigbown thde term
to 20 maturity of the loan then, if required, being cal cyl ated

accor di ng tRAXTRRES (R dFRe ohear O WhighoPHES Rafdrain W (Legider’s possiple

in the net hasbremP! difowbaldBei Q¥8DihBlet @0 Rrofdde the GUHEiBINBtyOEothe
maxi mum (or mnpinmup) termto_maturity of the loan and then cal cu] ate

adj ust ed pBFEFPERYATt Hae| gahculabions pf fhsedrans 4R SR & 1AW nERathe

i nvent i@ i fndtead bL£CAN-&2EeChhi EhEERhyRAENLRE okl @h¢ flYaratex piwcessi ng:
because of the punber of ,variables_to be cal cul ated, the fi_nanci al

condi ti ons $FPENREIPN | VibhaAgSPALL, TAREGaAD the pAAMERLS AhdBR ohPRRr to

be solved ighé@ eerml €5 shtukiepeoySps8iphghie®o BhatheHeattidat wohLdi B
provi ded by the invention, t he conpl ex simyl taneous ﬁslculatlon probl em
i s divided 3@ to manage  EhecPBYMERES: 08 fHestlogn Rom Ry srFent

processabl eeddynomy .

15 Thé invention relates to a method by which not only the:
above-mentioned parameters may be determined, but in which
also conditions concerning maximum (or minimum) payments on
the loan for the lender through one or more periods of the
term to maturity of the loan may be laid down, the term to

20 maturity of the loan then, if required, being calculated
according to these conditions. On the other hand, it will be
possible in the method according to the invention to lay down
conditions for the maximum (or minimum) term to maturity of
the loan and then calculate adjusted payments on the loan.

25 As it appears from the following, the invention is a
technical enrichment of the field for data processing:
because of the number of variables to be calculated, the
financial conditions to be fulfilled and their mutual
relations, the problem to be solved is a complex simultaneous

30 problem. By the technical solution provided by the invention,
the complex simultaneous calculation problem is divided into

a sequence of processing steps, which makes it processable by



10 sequential calculation in a data processing systeni conputer
system (g listic and effective conputation tines. Kyﬁmmﬁge _
met hod \é\%‘; #%*%at o the invention calculation results PgFma I'gh val ue
may be obtai ned, which, anong other thixgs, 5 conprises a high | evel of

stability of the size of the paynents on the |oan calcul ated despite

t of | at I I fluctuat f th t te th h th
| nai vi duaFegarbiel cpatefifEiny e aSR3 BroReSeiby FRakePd AR s

met hod f ogygeemrwithig r8eliStiypandt bEfavthee,; cangutheion twimesf. fi: nanci al -
I nstruments for the funding of a | oan with equival ent proceeds to a
-debt or as well as the termto maturity and the paynent profile on the

| oan by nngnsnefmethdehcecﬁauhgr tsyﬁheﬁlniréﬁth.bﬁncb.&bng.atlorﬂ&té@mxb to be:

t |east d, d .the 15 tenm ty,
' oaui rOkcht B1oH, PREUBCBAY RRooPEa LR, RLER, napore Stler” e, 1

maturisy ebmbphesesaa hsgnone{remgef rshab:.alty of the s:.medmm ned maxi mim
i.m,t.

limt or shorter than termn Rini oum _
debtor s RAyHEAES oA he tean spicuinfed despite TnBul'Be wEigcively i o
- rules havyagrheesuardenasofothewihbertse zheeethrough the -
nment i oned, requi r.enents_ar rioritized, 25 - requi renents. . - .
havi ng beé’ﬁ8 ddug Pﬁréoﬁﬁxf’%u%f‘ﬁé?ﬁfggl bl e di fference in bal ance
bet ween, on the one hand, paynents on the | oan and refinancing
anmounts a on net ts to.th t he
fi nanci al Ta4s thel ﬁEYFBF?éﬂPsrﬁﬂrBFFéngo g%@ﬁgoﬁg%&%%gqu% enent s
havi nlJObeﬁ?péadehesnhmb&rnaanwnhpevﬂamebbi financiadi fnmmntrs ffaceeds
bet ween, t he_qne hand he_su he s | unme
of the fiﬁﬁﬁc?‘&’r“g"ng o'a ﬁf?FPuWé segb\ﬁvag.gn%o r?%eléﬁm g oféi f%%el%%n
and, on well ast hheotbem lkanthatulrd tpr and phle phymeat gopfile on the :

loan by means of a first computer system, the loan being

designed to be at least partially refinanced during the

15 remaining term to maturity,

- requirements having been made to the effect that
- the term to maturity of the loan is not longer than a
predetermined maximum limit or shorter than a
20 predetermined minimum limit,
- debtor's payments on the loan are within
predetermined limits,
- rules having been made as to how the two above-
mentioned requirements are mutually prioritized,

25 - requirements having been made as to a maximum permissible
difference in balance between, on the one hand, payments
on the loan and refinancing amounts and, on the other
hand, net payments to the owner of the financial
instruments applied for the funding,

30 - requirements having been made as to a maximum permissible
difference in proceeds between, on the one hand, the sum
of the market price of the volume of the financial
instruments applied for the funding of the loan and, on

the other hand, the principal of the loan,



11 and requirenents having been nmade as to a maxi num

i perm ssi bIWO@BMIT ence between the interest rate on the PCT/DK93m0082nd

+ the yield to maturity of the financial i nstrunments applied for the
fundi ng, 5 whi ch nethod conpri ses 11(y) ifputting and storing, in
a menory or a storage medi um of the conputer system a first set of

data i ndi catiNgand rélei2ahAAECHEViRY BeletRinatle W2 dOUN A hGRAYTEN!

profile of the | oan 10 _(b) I nputting and storing, In a nmenory
or a storage PerBisibde dhELesppaecbetwesn dmterestatzatediratheg

(i) a maxi mbaAdaddtAk YRl EMeb L.a"tust‘i*&w ofS u@@”ﬁrﬁa%ual on

the |l oan for eagh of a nunber of periods t oget her cover
the termto nath????uBFnFﬁeaPB&ﬁedlg°r(thF fuﬂﬁ&mawlnun1and a mninmmlinit
for the termto maturity of the |oan, and (iii) rules for

t he nutg? gltlzatlon of , ,on the one hand, the Iimts for

debt or’ pd@hﬁﬁ s8R Pﬁecpﬂﬁﬁlﬁﬁﬁut under (i) and, on the other
hand, the limts for the term 20 to maturity of the | oan input under
(i) &; and, optionally a desired/intended payment on the |oan

or a desire ?ntendbEP?EFﬁﬂgoaﬁﬁtEFPF}nﬂhenntﬁem@mqry or a storagmt

equi val encemb@iwResrt BReMBY 'Eb%ng?él%%n{n l @i@st set, of datl.é %ﬁdi%dﬁ&

paynent on the |l oan during t firs ere
not equi val BRRePBERMEERTS: Principali g€ e #mmnmﬂmdfnﬁpnymennnprmfiléor

the termtoof the loan, Maturity (ii), (c) I nputting and storing,
In a nmenory or a storage medi um of the conputer system a third set of
data indicating 30 a desired/intended refinancing profile, such as one or

more  1@00i WbfS) iNikpdeLdhgWahaNst8LiAGNCLRAT A hel@rAls I WhorAfd
medium of the computer, a second_set of data indicating
(i) a maximum and a minimum limit for debtor's payments
on the loan for each of a number of periods which
together cover the term to maturity of the loan,
15 (ii) a maximum and a minimum limit for the term to
maturity of the loan, and
(iii) rules for the mutual prioritization of, on the one
hand, the limits for debtor's payments on the loan input
under (i) and, on the other hand, the limits for the term
20 to maturity of the loan input under (ii)
(iv) and optionally a desired/intended payment on the loan
or a desired/intended term to maturity when there is
‘not equivalence between the maximum and the minimum
limit for the payment on the loan during the first
25 period (i) or when there is not equivalence between
the maximum and the minimum limit for the term to

maturity (ii),

(c) inputting and storing, in a memory or a storage
medium of the computer system, a third set of data indicating
30 a desired/intended refinancing profile, such as one or more

point(s) in time at which refinancing is to take place, and



12 i ndi cating the amount of the remaining debt to be refinanced at

sai d poi s).lp tine, and/ or said set of data ingj )

desi red/ Wé%%ﬂfé@ funding profile such as the desired/ ?r@l e oﬁs&nber of
5 financial instrunents applied for the2funding, with their type and
vol une, (d) I nputting and storing, in a nmenory or a storage

medi um of the conputer system a fourth.set, of data. I.ndicating a

maxi num pfiSAHng khe Sannt iof dhekeERdning dept itolkacrefinanged

‘period, ag@ddidngeine & bire whind erence in proceeds and optionally a
maxi mum perm ssible difference in interest rat ﬁﬁ.eﬂui val ent to_the

di fference betaEbiP% Raid setiqf data Andigpting |3 frnyerded; o

mat urity Gurdithg prdfiEdGhdh |5 IEHETRIESi e/ ieteddéd tR@mbeRdbRg, 15

(e) determ n,lagtg and. StOI‘I{lﬁg, in a mepory or 1? sépr age , rﬁdl,um of the
conput & SinaRFial (iNgHmAntY aRRLLeD Fmt iy fundinge ¥itR( AGHber of
financi al dypsd raneeRySIhd N 1 nherent - characteristics such as type,
price/ market price, and date of the price/ market price, 20 (f)
determ ning and storing, in a nmenory or a storage medi um of the

conputer syptem argudtirflarnd SA¥ding, HERN @A DR 4 is6dragéerest rate
profile and gjther_a first termto natu&ilég 1Erofi | e 0% g first paynent
profile ofmedidm of thg computey systemy A thFehPE I FAg, in a nemory

or a storagfiicativesli dmBtimie SHESIbEY SdEffefeney ehhlbatineé within
representin - ,afirst,termto naturit rofile oc.a_first paynment
by of D ( R RASRE TR SR PeBAS Gt AT detrit 3 o i B ik O
t o i nt er egProvéeds pYdEspt icialBptHmaximum Yermbssilbe adiffetreneanini ng -
debt prof I:{rﬁierest rates equivalent to the difference between the
interest rate on the loan and the yield to maturity of the

financial instruments applied for the funding,

15. (e) determining and storing, in a memory or a storage
medium of the computer system, a fifth set of data indicating
a selected number of financial instruments with inherent
characteristics such as type, price/market price, and date of

the price/market price,

20 (£) determining and storing, in a memory or a storage
medium of the computer system, a sixth set of data
representing a first interest rate profile and either a first
term to maturity profile or a first payment profile on the
loan,

25 (g) calculating and storing, in a memory or a storage
medium of the computer system, a seventh set of data

representing

- a first term to maturity profile or a first payment
profile (depending on what was determined under (£))
30 corresponding to interest and repayment for debtor

- as well as a first remaining debt profile,



13 the termto maturity profile or paynent profile and the

remai ni ng WENAB/43185f i | e bei ng cal cul ated on the basis of PCT/DK98/60082

princi pal of the |loan and the repaynent profile i nput under (a), 5
- the set of data input under (b), 13 the rrefi nancing profile and/or
the funding profile input under (c), - and the interest rate

profil e andcipétbermt B8 ﬁéﬁﬁ?ﬂty prof:.leoro(if 'ﬂagy)r&rntt Iiﬁ:‘c;ﬁr.'[@ t&h Bt n%l ty

- profile determ ned ung f), Selecting a nu

© financial iTSPRATIERES s{%ngr?ﬁéle beﬂnsaﬁalaularf—ﬁdf rerkhe agbel qﬁder (e)
and calculatlng and storing an eight set of data indicating said

sel ected ancial instrunments with their volunes to be applied in the
15" fundi ng” of Qﬂ% PHIRCIRAL cRfeFhAt 1oan endishe repsaymentaprpHhle  the
basi s of xnputh&naayn¢a§ profile determ ned under (f) or calcul ated
under ( remal ni ng. debt. profile cal cul ated under (g), 20
- the eflnanE?ﬁgsﬁFo?gl@aFﬁpﬁPpHﬁdEPd€é) (®d/or the f undi ng

profile input ugklerré€inancin r&bil@ehnﬂdeaE%é @Wﬂd'ﬁ .
the requirenents |nput under ? ? when th géngﬁatlon S ?%?ta
refinanci ng whet® dernbfdial 25 |nstrunents fron1an earlier funding

have nOtlﬂﬂlﬂfﬁhdethe interesthBat¥PBroha N 3R 13 e?l these

i nstrument s, necessary performng one or nore recaﬁlg#ﬂﬁ ons,

i ncl uding, if ri%’ﬁ%@%!a?y?rsEhéc PEM bp BasEmitynbsofifle feterminedrender

I nstrupmnt s st o(gy, under (e), 30 after each recalculation storing, in a
menory or a storage medi um of the conputer system

(h) selecting a number of financial instruments among the
financial instruments stored under (e), and calculating and
storing an eight set of data indicating said selected
financial instruments with their volumes to be applied in the

15 funding of the loan, which eight set of data is calculated on
. the basis of

- the payment profile determined under (f) or calculated
under (g) and
- the remaining debt profile calculated under (g),
20 - the refinancing profile input under (c¢) and/or the
funding profile input under (c),
- the set of data input under (b),
- the requirements input under (d), and
- when the calculation is for a refinancing where financial
25 instruments from an earlier funding have not matured vet,

the type, the number and the volume of these instruments,

if necessary performing one or more recalculations,
including, if necessary, selection of a new number of the
financial instruments stored under (e},

30 after each recalculation storing, in a memory or a storage
medium of the computer system



14 - the recalculated interest rate profile, - t he recal cul ated

termto | profile, - t he recal cul ated paynent f i | -
t he recalr{?:ép I!t"’t'e%" remai ni ng debt profile, and 5 - t he spélplrélg'%;@@%?qznanci al

instrunents with their cal cul at ed 14 Vvol unes, until all conditions
stated under (b) and (d) have been fulfilled, after which, if
desired, the t us determ_ ned cqnbination of 10 the type, the nunber and

the vol ung of € ?nﬁﬁEP&FuFﬁ§FPu&Eﬁ?§GSt rage PERELAG t he | oan

t-oget her wththaeraahguhaheédt eef! @oMAkthiri¥y profilegether with the
cal cul at ed pa¥ I le preferably together W th the cal cul at ed

interest rate; §5rggagculatedppéy@@gﬁ|9rpg¢ mer with the cal cul ated

remai ni ng-debthe recalaﬁgﬁtba,remalnlhg aepd gwalu@qn%haW%%ito a storage .
nedlungor se er co ter §¥sten1 I ngddition _to the

n
i nput , defernkh@dsﬁﬁﬁFﬁﬁgc rearst umenﬁélWQt?tGhﬁ&q Fadvd@i8A or on

a storage nediyguumeBey may be, e. g output to a display or a printer.

R L L TCHPL T S Ry s Ut O

CD- 25 REMifilled,!t wll also be possible to input data for use in or
resulting fromthe data processing according to the invention I n one
set of menories or storage nedia which may be part of the first or a

second coafueer whyehe miZndesdredanther thiigs@etermined combination of
10 the type, the number and the volume of financial instruments
for funding the loan

- - ‘together with the calculated term to maturity,
-  together with the calculated payment profile,
- preferably together with the calculated interést rate,
15 and |
.= preferably together with the calculated remaining debt
profile,

is read out, transferred to a storage medium or sent to

another computer system.

20 In addition to the input, determined and/or calculated data
being stored in a memory or on a storage medium, they may be,
e.g., output to a display or a printer. The memories applied
may, e.g., be electronic memories such as ROM, PROM, EEPROM
or RAM and the storage media may e.g. be tapes, discs or CD-

25 ROM.

It will also be possible to input data for use in or
resulting from the data processing according to the invention
in one set of memories or storage media which may be part of
the first or a second computer system and to transfer these

- 30 data to another set of memories or storage media which may be

part of the second or first computer system, these data being



30 data to another set of nmenories or storage nedia which may be part
of the secwodsasisfi rst conputer system these data being PCT/DK98/00082

15 transferred, e.g., via a data transm ssion |line or net

connecting the frrst and the second conpu?ér systens, or in a Wi rel ess
manner, e.g., electro-magnetically or optically. Anong ot her things,
the method peankdensdd ey VAN iPBata AR 81 dhe1 ¥R USRS the

i ndi vi dual financi al instruments which are to be sold to finance the

| oan. NSPREFL 1nghdde \finste #0f (Yhe cedrndirATPRFeF oBHEtFRGyr 8%, in a
and in cert giRel@d@S niiRier R Qﬁe [ d1dot A BhdgndBEcd PBP- or optSeHLNG .

i nstitution sol ves the divisibi |ty problenrby addi ng 10 together many
smal | | oans when financial instrunents are sold in the market. It is,

of course, @dmicalotifat ﬁm_c}é)arthe me iy | décbFding UEbOPhEREATeRR 1OMAC!
regi stration of the vol une each i ndividual f1lnancial instrunent

appl i ed Por cadevlgtes t elVR}Qﬁeﬁﬁﬂﬁrqhﬁh%ﬂ@&ﬁ&d¢%%nflnaﬁslvﬁen it is

stated in th%ﬁﬁﬁ@ﬁt&%dwtaw L 1B tdafinancéhen¥ohglm. the type
and the nunber of financial instruments for the financing _of .a |oan are

det er ni ned Npradlyet Hdwese VQ&HRQQMW&}#cﬁQﬁéb¢ﬁV@ﬂl?oﬂr FﬁP§d|ﬁégHéﬁﬁb
that the — andfie ERAQEAELded ScHAP nﬁé‘f%é £4it1¢ sRANed emeondamg to 20

the invention may, for instance, be  applied_as basis for the act ual

physi cal actisfirimgaringtd furien J9bves fdrardivisibiliby pagblercbv agshing

| ssues/ 3@l | £ddetldiS MaHiEErtall) loand|U@sdn Ofindh€ia Nl ChERILABNtW G isoiide
result of the nethod according to the invention of course, also be

appli ed 25 figy the ®arkes- L% ckiv i9f @ARese orrvFial HKBFf shef PR oan
and/or for Gy ikt BAteon hdieds FH:QféJcEctfPégiQEEQEESn of Whiehvid1&imd M

of countering the risk through a hedge, w thout actual |y issuing the
sai d flnanC| gach Andkridua fln#4°¥ﬁlll%%tﬁﬁﬁ?éﬁlﬁ?@&lﬁﬁaﬁth§hﬁwﬁ¥nQﬂ
t he above- | dretatth | fuH-pidledl eriesat i ons/ storage operations (a)-(e) is
arbitrary, therefore, that the sequence in letters does not

I ndi cate an equrvalent conpul sory sequence in the steps.
15 When it is stated in the present description and claims that

the volume, the type and the number of financial instruments
for the financing of a loan are determined by the method
according to the invention, this indicates that the
information which is the result of the method according to
20 the invention may, for instance, be applied as basis for the
actual physical action that the lender (for instance a
mortgage credit bank) issues/sells the instruments in
question. The information, which is the result of the method
according to the invention may, of course, also be applied
25 for pricing of a loan in connection with an offer for a loan:
and/or for calculating lender’'s risk profile, for instance
with the aim of countering the risk through a hedge, without

actually issuing the said financial instruments.

It will be appreciated that the order of the above-mentioned
30 inputs/determinations/storage operations (a)-{e) is

arbitrary, and, therefore, that the sequence in letters does

not indicate an equivalent compulsory sequence in the steps.

Step (f£) may also be carried out at an arbitrary stage in the



Step (f) may also be carried out at an arbitrary stage in the

uence. unless, which is often preferred, it is ﬁﬁ& have
the conpmcle?s"?}g't emcalcul ate a first guess at the |nteres ra?e profile
and either a first termto maturity pgofile or a first paynment profile,
in which case step (f) 5 wll follow at |east step (e). Instead of
expressi ng that data are _input/determ ned and stored in the individual

st eps, Seﬂuqu:s uRdiepshe whishe dse PtaR BRRART Y idgabsicthesennto
equi val en Ottt sS3ten) i {thdta B rRAFuY s tdte the COMpULer.

system the rret hod accorcﬁ to the invention 10 cal cul ates on the basis of
stored i np-@tteé‘resdfatr&tﬁatps”-‘o(fg-)le and edghen @ \§insty FmEQIREREEd t hat

these andggfglﬁ d TS £irstSREIRAHY dryeSid i Gt idulie i skad (£)

cal cul ati i nstanCe the first |nterest rate profjle and either

the tebm willk ch?ndtqw iaty leastt Istem (e Jphend RhbreRressing &k oned 15
above may fg A ﬁsﬁxﬁft/@éﬂ&r&lﬁd ‘@{d’esﬁ’ﬁl*é‘d‘ ifﬂi)thé)flndlvf&k’éﬁestébﬁp be

made/ det er m ne means o he conput er st em according to predefined
rules, andtwWmash Signlye e exprasany ang qike nRgaRdedRE R exanpl e
of data Wil va er{@kc?'éﬁ@rfﬁ%ﬁ ’E&ﬁrégsﬂﬁ?sﬁﬁq{l a1t 3hetndsns h@fZQhe

desired/int enare paynment profile or the desired/intended term _
maturity Gesmuyey) §¥atemf the mathod aggerding it o #smven%?n
i nput fmt or&fic‘*mésormyte{e PRt |de et dniphed 4P data "SRIeS S (apr -

cal cul ate ue according to a predetermne l e, for instance as an

aver age of(fhe Jalwidsl Rl da RRRresiatsd | ‘}h%t‘hodﬁﬁ%l?l}d other IRDRLE|
al so be app&aai A fck\_atséélftﬁiﬁtdiﬁé Ofhdi{ddi )cal&PlatiokoyeEsxt he case

where no Ilmts for the debtor ‘paynents have _,_been_sej for g‘erlod in

this caseinskanqenthe jfixsh dntegest rate profile Andg;eithers R&FBer of

the input Sl:d“’tﬁ‘ét*h WP, IHYE FORY ¥ Baymen€ BFSEPDOA{ Y RErmeAtidhed is,
for instance e case for the maxi num:ge‘rrm ssi bl e di fferenge in
n

bal and® arbave maviike rouess (o FayHekEsabvatee | whtch | HeXchfa case the
correspontiditrse, #Eéd Bk LIS/ dd€ermDibd | By Gheshs OFE afie | esmpatep itsel f

system according to predefined rules, and which is then

stored/used as initial wvalue. Another example of data which
may either be input or guessed/calculated is the

20 desired/intended payment profile or the desired/intended term
to maturity under (b)(iv); if an initial value therefor is
not input/stored, the computer system will be adapted to
*guess" or calculate a value according to a predetermined
rule, for instance as an average of the values stored under

25 (b) (i) and (b) (ii).

It will also be appreciated that the condition in (b) (i) also
covers the case where no limits for the debtor payments have
been set for a period: in this case, the limits in (b) (i) are

zero and infinite.

30 A number of the inputs mentioned above apply for a
corresponding period. This is, for instance, the case for the
maximum permissible difference in balance and the limits on
the payments on the loan. In such a case the corresponding

period where the input in question applies is in itself



17 I nput, or the period is already generally entered in the

conput er swetes/Ms18For annuity | oans, the period nentioned PCUYRIESIS/00082( | )
is preferably a refinancing period which 1 therefore normally will be
default in the conputer system 5 but in BrincipFe'it may be any period
the | ender may w sh, which is then normally input together with the
linmts nmpﬁanedr the pEMoﬂeﬂ&i adfeRdyaydneddkl e terreqein shebl e
difference in % is related t.o a_period i ch dqgendigg on . the 10
| egi sl ati on BypHFSEtFXE Sﬂ'wﬁPEhaFH€¥5¥(ﬁﬂéﬁ§«) SREFIp mentignedy gy
be a cal endandssear(b@r(lanisapbetﬂ'e&@udly GehvegFrhancing Pericod Rendehk a

bal ance req ful f,ill In the

t t | d
cal cul ation %Frggfqﬁe(rznﬁj‘% d¥a Mg Lt g::e[ %W%ﬁr&g‘g X %ear??ﬁaﬂfﬁfem'
i nst r umespt Sbﬁﬁph.neﬂrﬁ.ﬁblbh.e AN ehayg bel By eriod qthé eheridensmae wishxi num

diff I t I Sh l f
mor  gage. | O%RA SRy Rdc Ehe ROERALLY Lnour, ChdRER grith She K iRTEron: o

di fference menbabaade - occurs, or, expressed in another way, the
difference is 20 practically zero. The nethod according to the invention
may, however, also be used in cases where a certain difference in

bal ance is frheeragedremepd Baptce\thie: int&:&ﬂﬂﬁﬂ,pémmmlsadffferehbbs in

tol erance o ositive dlff ce in bal.an st or ed a part of
the data se aﬁ s r e“:r‘?%&?né‘cﬁeiﬁ?' t"ﬁ”t% c‘%’%?ﬂ% ?%nmacgﬁfedi ﬁg to

the inveoti degislaltdion bliepmu:rcamﬁ witidly the caldel£btens napéoeeed:@ and

t he req nt _as to the .dif erence |n |nter rates. as
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naxinun1perngéglaeachfference between the total amount of the market
price of t hE ‘of the financial instrunments applied for the
fundi ng and the princi pal of the |loan, and data may be input which

indicate a ;. ¢ye calculation of data corresponding to the volumes of

15 the financial instruments applied for the funding, the re-
quirement as to a maximum difference in balance is, according
to present Danish rules for mortgage loans, given by a strict
balance, i.e. that no substantial difference in balance
occurs, or, expressed in another way, the difference is

20 practically zero. The method according to the invention may,
however, also be used in cases where a certain difference in
balance is tolerated or perhaps even intended, in which case
this tolerance or positive difference in balance will be
stored as a part of the data set in (4).

25 In connection with the calculation according to the invention
both the requirement as to the difference in proceeds and the
requirement as to the difference in interest rates as well as
the requirement as to the difference in balance may be
indicated in different ways. For example, data may be input

30 which indicate a direct maximum permissible difference
between the total amount of the market price of the volumes
of the financial instruments applied for the funding and the
principal of the loan, and data may be input which indicate a



18 di rect maxi mum perm ssi ble difference between interest rate and

t he yiel rity of the financial instrunents he
fundlng,q%égmgﬁpyas data directly indicating a HBXIHUR#a§ﬂ$%$@R e in

bal ance all owed. The requirenent as 5 §g a maxi mum perm ssi bl e difference
I n proceeds may al so be entered as data indicating a convergence
condition for the  difference in proceeds and/or the requirement as to

t he mEEGAGH R merngsgikle i fierrnem ke tresk cinteresbsrate rate
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condition for, the difference in interest_ rates the requirenment
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the | odn &° ﬁ%ﬁ@%@%ﬂﬁswﬂﬁtwce in prRIeRAS gcbe| enent
date of thaddrtGsildata idlddtRYy é‘ﬁbé R ] o 2P6 Eﬁas ‘the
calculat|]%Grf according to the nethod of e jnvention are re erably
adj ust ed ferencs pine REGGeads Ardandde &ﬁww%éﬁi -} -

di sbur semgialx idRine perniites D B eddte 1 WIBHe Sdtdveen ﬁfﬂe’efés&he
ot her hand the pagnent date_ of the financi_al ' |nstrunents in that a

propor t i of@*t% trhshivielddipy Re giwen by dnmukbinsdatarindicahing

r emai niong aoa_rdm@‘rgtémdoasemtm iR the ANk LI iFeRest Ofates
resDECtIV%qydo(dﬁ an exanpl e, data 25 -may be input or cal cul ated which

i ndi cat e &he fiequirement as §o l}’é'te ifainum peamissible I n

practice ldlméaﬁ:ecmﬁesamld@tmamamjﬂféﬂ oPfa tdhddence EOhALEIEAW th
a debtor date r‘f}llyrrent which will normally require that the |ast

el enent | F¥hé& e‘e ﬁﬁfﬁﬁﬁ&ry Hﬁ]:ﬂ“?q%- 30 is calculated accor di ngly to

obtain this coincidence. Here it is most suitable that the termto
on the | otfheit" et dgaiy oo LR Ghttoc £ 1 LIRS (ARS8 T6! Che
paynedss eatuid tyoadate drhaHastodiedrodtid dridiEndgvi Bl normally not
coincide with the settlement date of the financial
instruments applied on the other hand. Thus, the calculations
according'to the method of the invention are preferably
adjusted for a possible difference between on the one hand
20 the disbursement date of the loan and/or the repayment date
~and on the other hand the payment date of the financial
instruments in that a preportional adjustment is made for the
already past part or the remaining part of the payment period
and the redemption period, respectively. As an example, data
25 may be input or calculated which indicate an adjustment
factor for use in the calculation.

In practice it can be chosen to let the maturity of the loan
coincide with a debtor date of payment, which will normally
require that the last element in the term to maturity profile

30 1is calculated accordingly to obtain this coincidence. Here it
is most suitable that the term to maturity is calculated
prolonged, which then implies that the payments on the loan
are reduced, for which reason the minimum limit for the

payments on the loan in the last period of financing is



19 suspended in the cal cul ation. The cal cul ati on nmet hod accordi ng
to the pregonsi43lyenti on may al so. be used i n cases wher e PCIDKHS00082
entered indicate that nore than one p ynent will be nade by the debtor
wi t hin one 5 bond settlenent period. 21n order to enable cal cul ation
of the volunme of financial instrunents, information is input or present
under (c) aéuéﬁbndedainmﬁhéhcBQbﬁiSElohn time refinancing is to be

per formed and how nmuch is to be refinanced at the said points in tine.
In 10 one case which is inportant in practice, the data input i ndi cate

that full rehénaastilatiohhfct8tdl BeB8radbly it fﬁﬁepreséﬁt tHraeioh Ray
predet ermi ned period which period is shorter t han the, tern1to maturity

of the | carrh$@ Pa ussthdp casep pbergntheadata eatened iindicatg)ithak t hat
a .refinancipgrgf tﬂént BRe' th@h@gwéiﬁtbbsnﬁ%eb%/ thd it @ wthin one

proportion. The net according to the invention nay be used for the

det er mi riat | bends sekblanspér pgxdodne vol unme of financial i nstrunents,
the termto maturity profile and the paynent profile both in the
situation where the loan is_to be 20 calculated for the first tinme, i.e.

the first fHRdPREET tosppakilporalsydatiophetsitheaMdiWhal Binangahci ng

is to be 1n§ﬁ£ﬁHbﬁE§d 1£E%rﬁéﬁﬁ%§§h%nlkb%@ Yt CUESSHRIAESS POf Nasney
fundlng and "refi nancin n the refinancing situation the

cal cul ati ondti veighePoin %e(§d| drokime medizansinderis fihthe er bormedeand

(a)-(f), i MhgEMRhGEANIEN thY e re¥Ihghceld a\EO'EHE fid Boints FiNaPLhal 1n
I nstrunents which have still not matured at th time of refinancing.

Thi's i k®r nemeoragel whiarhedspdmpogitagt in prqqﬁ%nmh%rd%%tmwom t he

previ ous Cahﬁ&héhh@“thﬁ%tfhhl'%ef1nan%1n%PW%“%héMféﬁdhﬁiﬁgS&Q@@ 9§ fhhee
i nvention to input this 30 informatiaon vident]y, the paraneters under

(a)-(f) aredt theaeafecd ¢ pPredaterminedeeuird Whith Reriedi +s #RTFSH,

so that thAnt BReCRe2f WML tRiri®h RANEHY lchrf arfdl 84 Shothér
paraneters will, of course, relate fo the remaining debt of ]
important case, the data input indicate that a refinancing of

15 the remaining debt is made by a fixed annual proportion.

The method according to the invention may be used for the
determination of the number and the volume of financial
instruments, the term to maturity profile and the payment
profile both in the situation where the loan is to be

20 calculated for the first time, i.e. the first funding
situation, and in the situation where a refinancing is to be
calculated. The expression funding thus comprises both "new"
funding" and “refinancing®. In the refinancing situation the
calculations include, in addition to the parameters mentioned

25 under (a)-(f), information on type, number and volume of the
financial instruments which have still not matured at the
time of refinancing. This information will often be stored in
the computer system from the previous calculation, but it is,
of course, within the scope of the invention to input this

30 information. Evidently, the parameters under (a)-(f) are
parameters relating to the funding situation in question, so
that in the cases where a refinancing is calculated, the
parameters will, of course, relate to the remaining debt of



20 the loan as the principal of the loan and to the remaining term
to maturity as to the termto maturity. When the patent clains refer
to "remagwpdagsiggr mto maturity” . or "termto maturity"pCI/NKSS/0UER2NS -
depending on the context 5 - either thgremaining termto maturity or the
termto maturity which is the basis for the first calculation in the
financing period for which the calculation is nmade, or the [ emai ni ng

t erm t o niher Lognoast bhet principait of | thet hean andeSQ| Ehef rempantader

calcuIati?ggﬁrfhgﬁ%%§#%g§ggg Egrtﬁgetégm E£bnanehpgeperiod to be cal cul ated.

The resul ccording to the invention as defined above is
nornmal ly at | east one set of data which may be used in the first

fort hcom ggehi RYECLAGeRL! L3hLAR: roELNes »rembihing! tushi €0 ibthbechir !
financing period for the loan or 15 a later refjnaUC|ng peyi od. - To
secure thar t'kermetRomaturdty’ ngthdst meanpsyenfeBANEARg on EhecRopkEEt: he

dat a ??t eLed;wRder ti'x]@. rsﬁﬂihﬁhagtei}weat #allrity bbetheagesmdtbermto
maturity may be conplied wth, it is, howeyer noinabl .appropriate to
make cal chegurdsy woich isothe basist £aankhagEpErFogeleh P%lPﬁelﬂthFity of

~the loan. giliSecing pERlibas fbbamiehh themeadtulBeidnt dscraae t bii kel nput
for calculati1ons for |later periods, and all the d

> ta,pel _
cal cul at eFemadnipgs ferm &P PRLPSAEYLPE §PﬁuF§F@dt8aF3€u¥ﬁ 24 gﬂa§’i'rmlations
My of Cowesfi1be Fada: QN ikkerbasizudhtisy desirecdlablaelionl foul ehe but are

sui tably made based on ,an assunption of an unchanged interest rate
st r ucllr e fFdnamedag pexdod t°b§§bF9i&P&ﬁﬁFPcit forward interest rates. The

fi nanci al instrunments in the simulations may for instance be defined
ei ther as bei ng unchanged or as hei ng already existi, .Lpstrunents, the
termto nd® HSFUHC Hf'gtg’ﬁsﬂe&i’g gepgrijns to g&%u%‘?‘gggg‘} B ts"‘lsrrul ations
Wl typi crifihde aiove e noaeally, at leaistt enealsie, ofhdatal windchf maye
financtal SLATSY GGG corchlHIEY $i8katling Q30uabhs Lalchea N0
this situation is the first financing period for the loan or

15 a later refinancing period.

To secure that the method according to the invention can
check that the data entered under (b) regarding payments on
the loan and term to maturity may be complied with, it is,
however, normally appropriate to make calculatiops for all

20 future financing periods until the maturity of the loan. This
implies that both some of the data constituting input for
calculations for later periods, and all the data being -
calculated for these later periods are simulated data. The
simulations may of course be made on the basis of any desired

25 set of rules, but are suitably made based on an assumption of
an unchanged interest rate structure or based upon
observed/implicit forward interest rates. The financial
instruments in the simulations may for instance be defined
either as being unchanged or as being already existing

30 instruments, the term to maturity of the instruments being
adjusted. The simulations will typically be of importance to,
inter alia, the volume of the financial instruments and the

payments on the loan in the forthcoming financing period,



21 which is why the sinulations are an essential elenent of the
i nventi onwo 98/43181 i s obvious that at any tine of cal cul atiPCT/DK$28082
i nstead, be chosen to have the sane interest rate on the loan 5 through.

the sinul ations of all future financing riods.’ The expression "term
to maturity profile" is related to the fact that in the nethod according
to the i nvghiéhRnisnwhy eblel BHR16@HoMRe 1@y A edBUritid) ébeéhtnbEy thede
for each |nd|v|dual financi ng period or refinancing period, such as 10
ment i oned YBBFRELPBwever, at the end of the calculation, a single

wel | -defined termto naturity must of course result. Thus, termto
maturity profile ans th se uence of, ter urjty mhlch I n each
cal cul ati ohti &8 a?gf‘a’érﬁé‘& t any &dme.(q r%e"@éf“ﬂr%‘h’cﬁ’hg"ﬁe‘?‘?%ds 15

Oﬁ”fespondiﬁﬁtéadt,hbeeWo%%ﬂ &> Haveeruafé daie jHidrdet tate onf that ddand
t he acC

thﬁt I n_the netho accordkﬂg %tf? nventlon an,estimate of
interest rLPEough the sdFplations (Rl qﬁﬂﬁ?f nancng i RERLPAST - peri od
of refinancing perlod however, nost inportantly, at the end of the 20
calculation, a single well-defined interest rate on the Ioi nmus
Fesul t whi THEABFPRESHIAN (THETH ho FATHTHAE (BIP Hete bt Te BFenkeh e
cal cul ati ofigcar ehd@dan HHeS mdtH Rided@lihg to PEld | 1gveReient BA sequence

of interest rates on the_l oan which ipn each cal cu i on_i S _assi dto
the respecBBFd™a&e fom HhifitiFmhen é%tu%Wﬁl%?ﬁﬂaJaﬁév'@a de fBY, § %a

sinpli f | edinabodiamRl £iRRmETIE Rkt dheréd Aieiesing Ab€r08d, suthealsoan is

const a t hroughout_ all sinulated future finapcin wher eby t he
|ntere rﬁ‘Fé‘tSPé‘ﬁ d akpve. fleweverny ak j the &£RdbyP %ug?li gFtéP&‘mﬁts of

i dentical gdhdgle Wweldddddirfed asim e orurioy MisE | 6F oatskereslltaften
be very si mpl.e and sinul atjons vm% t hen not be necessary.

Thus, term to maturity profile means the sequence’ of terms to
maturity which in each calculation is assigned to the

respective refinancing periods.

15 Correspondingly, the expression “interest rate profile® is
related to the fact that in the method according to the
invention, an estimate of interest rates on the loan is
normally made for each financing period of refinancing
period; however, most importantly, at the end of the

20 calculation, a single well-defined interest rate on the loan
must result which applies for the nearest financing period
for which the calculations are made. Thus, interest rate
profile means the sequence of interest rates on the loan
which in each calculation is assigned to the respective

25 refinancing periods. As mentioned above it may, in a
simplified embodiment, be assumed that the interest rate on
the loan is constant throughout all simulated future
financing periods, whereby the interest rate profile will be
constituted by a sequence of elements of identical value. In

30 this case, the term to maturity profile will often be very
simple and simulations will then not be necessary.



22 In the present description and clains, the expression "finan-

cial ins " has the neani ng normal |y used and thus .. i nter
alia, a|b»§§§§§ interest rate rel ated debts, qTé%ﬁ?

bonds, i ncluding zero-coupon bonds and &zknivatives I|ke options, interest

rate swaps, CAPS and FLOORS. When, in the nethod according to the
invention < l.cul ation g with derivyatives which are not directly
i nterest QrPhgsent ?%sgﬁ?PEbP% Rdpeyrimpy EReCBIBFPA§LIPAC é%ﬁé@ted

10 paynentciépwsnsmmdﬁtstorxbe ed@éanémﬁﬁt;cabﬁmslw uaéar aal thusi Nterest .

rate, vmereb the ment _ {1 ow flows or

flom/flomsc? gﬁ%?ﬁs@%ﬂafnaggrgﬁﬁ?%rgf 1nt€5??5sﬁﬁﬁﬁ|ﬁgiFﬁeﬁhgebts"
?bove nentiwelcbc.ipﬁrﬁwégréffbéndwt eiﬂél?dlngb%fb“@od?bhsboﬁﬂéshnane\h ]
or eno ield o t S 5 for jnstance or ptiqQn ic
has a ptic X %gigéﬁ Xptl%ﬂ?chlﬂEErESErB%Eﬁl?V??soféggg cent of
resuItirm)FmDORs proceeds amounting to DKK 210 and a probability of 50 per

cent of resulting in proceeds amobunting to DKK O after one year, this
can be done by a statistical calculation of the 20 average proceeds

anmount i ng WiserKKir Obhe anet Rxfr &66000i0d tHethe ificeRYAthH, PaaARBRILAEIORS a
price of DKK rate _of 5 per

10 ti t
Cent per yER e ofi B8 a8k R fres DKihicn, 420, 808 qucLaierestorate,of 5
fi nanci al bearizm@t rieehs ssappabed t-.olBegﬂncbyséaluﬁbatbﬂgbaﬁeSeﬂpeuﬁneah it

nter 8 roreRne F i Fol GPREES The el 8. BB aflfhabe "R HReerpate o/ e
in the conmteresystate, Avheredyi vt ypapment flo&ten ﬁle&srbfdthéhe dat a
| ﬁQiCh are ﬁf%%ﬁﬁg?ﬁﬁpﬁ & ﬁg Z¥%°r | St s for_the. tanents i eg above
y be dat 9=t ¥? nhh ?5? ?ﬁ%t?ﬁﬂ% t ¢ PPERTFYS“End the
conput er sqatfmspmmdhmgaﬁapthd above*ﬁennianedcphzameténs for nnterest
D et er mREHE Ho7 rarBfBe hek et ForapRil e VEsla ro AREREIHEY Hhusey .
may beliisefiomsindeaneer ﬁa:ynant oﬁﬁ:.éhouhlahyhhs axprﬁseedfprKeaDQ ahd
equivalentwﬁféﬁrﬁéé a probability of 50 per cent of resultin33in
proceeds amounting to DKK 210 and a probability of 50 per
cent of resulting in proceeds amounting to DKK 0 after one
year, this can be done by a statistical calculation of the
20 average proceeds amounting to DKK 105, and expression of the
relevant parameters as a price of DKK 100, a quotation of DKK
100 and an interest rate of 5 per cent per yeaf which -
together with the interest rate on the other financial
instruments applied - is to constitute the basis on which it
25 is checked whether the requirement as to maximum difference
in interest rates has been fulfilled. Then these parameters
may be entered in the computer system. Alternatively, and
often preferred, the data which are entered as
characteristics for the instruments in (e) above may be data
30 defining the said financial instruments directly, and the
computer system may be adapted to perform a recalculation
into parameters characterizing an interest bearing debt
according to predetermined principles. In case of CAPS or
FLOORS the same procedure may be used as the same payment
35 flows may be expressed by means of equivalent interest



bearing instrunents the characteristics of which may then be stored as

i ndi cat ed W@ 98&31870r t he conputer syst em may pref er abl y HeI/pKegunoszl t o

make a recal culation to the par ane- grs characterising an interest

: bearing claimaccording to 5 predetermn d principles. It will be
appreciated that in the I ndi vi dual case a cal culation may al so be nade

~on the basi bearmmamsurmwoune Chlﬂirémﬂgtﬂésrsf'GEEEhn&a? thdd e 2
. conbi nati onts?: f er ent c'y%_cﬁq of fjnancial instrunents is used, the

characteris A% T or® t (R c A% DR | GPMRVEBE| AYSERM Ba¥ed f or

- each type obrieferaiiIgnibe Iprdgired to mhdkild OFedAEchVAEibAERL fhe! PArame-
requi renment ,as to ermtted difference in interest rates Is

“ preferably (Fﬁé'(?kg&‘arac)%ﬁ?"tsri'é‘% dngerestbearing ¢lriBnagerEAing fesed
on the 5 poiedeteaymiridd fﬁﬁd&ifﬂm alte fWM%él'aj:ﬁfééﬂaEEHStﬁBE' 5¢0 thl>

. Al ternativel, Bx\gf ht ed avera of interest rates of I ndi vi dual
i nstrunents lﬁﬁ} "'l?g'e -atipn Ay kee) B‘éc’é?—@?n@nt shenbpasis
i nvention, thiatulizl ivhes indiviRludle ﬂ{ﬁﬂﬁﬁ&‘ 6f'eré’§ﬁh§n@in§a§h.%.§.t&$ﬁes aOf
financi al co mlbnstrurrents Oéﬂga\{mdl ng vol umes, but in one case which 'is 20
i

i npor t ant tien of SRRt SyReR oh firanetal ipstrumgssesigth a
maxi mum t er msted , mhig Idnaxfah"ﬁéi&.@ﬁlfﬂsﬁgzé G®d f&%plled efbpagrkNgaPennatiole
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bonds a ual |y .n cal | e buIIet i ncluding al so zero coupon
bonds. lilgweg’ gy ndic a&?ﬁf \)@’Pqt%fn’é’ﬁm%rdgﬂgtbést he

i nvention n'S)i.ti’zitﬁJo@D t&iﬁlﬁﬁmﬂm&iﬁ’ d¥e ek d@iitdifet®! &5 8bi ANmhak imum
connecti on W t h otc{l E épes of financial instrupents like e.g. bonds

used for sePPEPYSESS ne&dn dnteraet w3trmisls dprebasably chapkest

FLOORS. - on AheC asdid ichal InetdlPad et 1die wiyDeh ofs abéseaHShalth'enst ru-
30 nent rreansr‘_raﬁ_e conbeg’%a? on of_all bhasic informatjon or basic dat a

t oget her defP T, fson q%tﬁml%d‘ﬁStmﬁﬂﬁﬁoémleﬂws

so for mﬁrtgagermlwsfenme awazrmited aviirdife [ | 1100608 | PLEESSHE! &he

date of mat ' fixed for settlement of interest paynents
and the ex- g&(}tgf da1 Wstruments may be used. 54

Thus, in the method according to the invention, calculations
may be made on the basis of various types of financial
instruments or funding volﬁmes, but in one case which is

20 important in practice, calculation is made on the basis of
bonds with a maximum term to maturity corresponding to the
refinancing period. The bonds are usually non-callable bullet
bonds, including also zero coupon bonds. However, as
explained above, the method according to the invention may

25 also advantageously be used for the calculation in connection
with other types of financial instruments like e.g. bonds

used for serial loans, bonds used for annuity loans, options,
CAPS or FLOORS.

As conventionally, meaning of the type of a financial instru-
30 ment means the combination of all basic information or basic
data together defining the said financial instrument unam-
biguously, thus, so for mortgage bonds, the nominal
principal, coupon interest rate, date of maturity, all dates
fixed for settlement of interest payments and the ex~-coupon



date, i.e. the deadline for the investor to receive the first occurring
yield on d, as well as possibly the day count Mﬁ@

t he fornﬂﬁpﬁﬁégﬁ for the cal cul ati-on of the paynent fP ﬂﬁabond to
an annual yield. The 5 nunber of finanZ4al instrunents indicates how many

di fferent financial instrunments are to be applied The volune I ndi cat es
how many Lties of he |n vidu angial strunent Qr rge a
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basi s of Fggggphghgg &Spggre§5 P&g& g the logn or on the basis-of an

arbitrari The expressions "financing
profile" and "fundi ng proflle" respectively, indicate the type, the

nuTbes o ande! U8 KIHIE Ol cn o ang ganehalcd SIS AR, o7 fundi ng,

n the presen on may be used for
bot h f'lrepdmmdbnrmfeﬂééd f'unedlangx fdelhﬂ: \umqﬁ:.leS' @nder‘mmt

stored ungder vl | I dor the -
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25 The expression "refinancing profile" indicates at which .points in
time and with which anounts the loan is to be . L.
The repayment profile may reflect the annuity principle as

15 well as the serial principle and may also represent a bullet
loan. In addition to that, any arbitrary placing in time of
the repayments is of course possible. For types of loans
where the repayment profile depends on the interest rate on
the loan, the repayment profile may be determined either on’

20 the basis of the interest rates on the loan applying at the
time in question or on the basis of the original interest
rate on the logn or on the basis of an arbitrarily determined

- interest.

The expressions "financing profile" and *funding profile®,

25 respectively, indicate the type, the number and the volume of
the financial instruments applied fof'funding. In the present
description and claims, the expression may be used for both
the desired/intended funding profile which is entered and
stored under (¢) and which can perhaps not be fulfilled, and

30 for the exact funding profile which is the result of the
calculations after the application of the method according to
the invention. ' '



refinanced. It should be noted that the desired/intended refinancing 5
profil e wwolv8i43183t ored as a second set of data under (c) PCTANISH0082ay | n
sonme cases be rewitten as a fundlng profbge ..l.e. as a nunber of
financial instruments with their type and vol ume. An indication of a
desired annual interest rate adj ust nent percentage of 100 may, for
exagpge, beThaMﬁﬁprassﬂbﬂ:?rbﬁﬂhanﬁﬂngugfﬁff?at %ﬂ@é&@ﬁésL&tdQ&ﬁbﬂd to be
unded - ex usiv thro al es, ul | et nds.with.a
maturity of %g‘fﬁt ‘%}hea’f‘?l%ﬁ e fean 1 &'8 A ses the
case where &e&ﬁnanuuﬂltlng has taken place in the data stored under
(c). 15 The met hod according to the invention may be carried out in
many di-fferent ways; thus, a sinultaneous calcul ation of all par anmet ers
to be calcuh&t@mdﬁ&dIMElﬁﬁﬁéﬂrﬁﬁht(KhéfuasireaﬁiﬁuéﬂﬂédnSeﬂﬁnahe1@mouped

according to_var.i.ous erterla 0O a presently re nt,,
whi ch i s2de®&FA* whic ’tfetsaﬁqr? Qsﬁegf%?? nﬁgéxﬁ ?@ 3 ne( e -
method is aboiltei dey il Goine iduEEs hslerté wﬂi)ﬂtm"asterfﬁndih" : p\ﬂmfrﬂet he

i nner nodel .has a certain termto, naturi as. i nput. and alculat S
Lhe ot hor  pdr- v & TRhe T e AR L b i aer HaRene s nwi by i r, Rape Sid

and t he out etolumdel zdetmdmdmorh&mea desitbsé aayuRbt $neareke trm | | e
within the limts stipul ated ulatlo are bei de as expl ai ned
e for aiins et R ivage SF RGNS *Pof" &x2p1d, TBRS AR ikt o
if the Lom tintss iaml:aidacbét‘&ori hmaxaym@tsoaﬁ i).ﬁ désli:edntbnbtehﬁuwﬁ -odel
are 0 and infinite, ut| n |n the del . | wa meet

t he demands S3F n‘" ‘fehlg' ort}frec?u RAles Rt %#e%gﬁgw vi % F{}é’
constitute matmtiy‘lChﬁ)Eh(imﬁrHEIthQUsf@vldéherﬁhﬂﬁt the ﬁlﬁveﬁlﬁﬁ.bgl @iy
things, the t the q%nber J@? t he vaol une_of gnanc'

26 ins 519 SHEP oA T OERORALaS FakeR PAaARe i,
naturity.'ﬂuh9|duhHM§thrédruﬁd§ﬁ {s) by large described in Dani sh
Pat ent égplication No. 165/96, Danish Patent
The method according to the invention may be carried out in
many different ways; thus, a simultaneous calculation of all
parameters to be calculated may be performed, or the
calculations may be grouped according to various criteria. In
20 a presently preferred embodiment, which is described in
detail in the following example section, the method is
divided into a "inner model® and a "outer model", where the
inner model has a certain term to maturity as input and then
calculates the other parameters to be calculated, including
25 the payment profile, and the outer model determines whether
the payments on the loan lie within the limits stipulated,
recalculation are being made as explained in the following
until all conditions are met.

It is obvious that if the limits stipulated for the payments

30 on the loan in the outer model are 0 and infinite, the
solution in the inner model will always meet the demands in
the outer model. The inner model will in this case constitute
an independent method for determination of, among other

things, the type, the number, and the volume of financial



Application No. 233/97 and International Patent Application 5 No.

PCT/ DKOT, The above comment is therefore of special : st in
rel ati on‘bagg/?ﬁg’ bel ow descri bed preferred enbodi ment l)ocFr,lt) %dmr?gt od,

named Type P, where the determ nati @6 of the bel ow di scussed factors
for function coefficients is nmade anal ytically, since this enbodi nent

of 10 the inner nodel, is consjdered an.ind dent t hod
accor di ng 1 TmenkR At e situagion yliﬁfﬁeg%ge %A];V?‘v?%erﬂ)o%"ﬁ%‘?lt ERR™hi ch

t he te{ m ted mattlfhﬁlti_ifj t'nhiédirlcaetp&rﬁaﬁtl MEBHIDNEO U9} Yladgd déecpibed in
paranmeters_in "the .inner el" w al so onprised the 15 invention.
For inst arﬁ?é’,’jsllhil?w H?riplrfecab%f's%‘ i¥o + ﬁ;eséjfg 'dir%?sﬁﬁbnp%‘fe?ﬁe iteration
Eéocedureympnﬂuaﬁxuﬁnhdw/233¥91Iand Intteief forisll Patbent ngplication
uss- n i ithmi applied). s gl s, hOUS
t hat tsgm% Ié%@g&e@%%re e ahovy Shqy 1% n‘a?%%?%ér%?’r?t és?grQXh' |
pay{rent s G{h&é}ﬁadtﬁai.m arslldteion tto the M lowideddwribed prefexvedati bl e. For-
I nstance, it is, obviou t hat wi sh calcul ation of data for a |oan
with pr océ’é@%"cﬁmerbtf Qf(k&tie,_ dﬂé}g&ﬁfg é}ﬁi“%é%@ I"?l?ﬁfef% ®the quarterly
pa%/-rre_nt s ﬁe%émim&{ &K%H@G?@Iw-aim'mmlfand:toi'mr'mhef\iﬁctienm to :
maturity o years cannot be fulfille In this d. L 33 cages the
met hod accﬁﬂeo&_rféc’t?}“fﬁe"sr r‘fﬁ%‘ﬁ?i?}?ﬁ%q’*ca R ANE L this ?m}§+nd§%{c18r§§nce
with tie pherinnentnedeDfis htonsidésed cin independémst pagwemeéthod t he | oan

and termto maturity cal.cul ate 30, data for a loan for which the
hi ghest pr?%‘f?‘fé:n?‘q rﬁ?a'fge inventiep:  and the lowest priority limt is

exceeded to the ~ necessary extent
27 0o O Tt i qbyiild Raf R bR SRl 8 WhEcAORe £LBhI £ WA Cf
maturity is calculated simultaneously with the other
parameters in "the inner model" will also be comprised by the
15 invention. For instance, this may be the case if the
dimension of the iteration procedure is increased by one. (In
a preferred embodiment, a Gauss-Newton iteration algorithm is

applied).

It is also obvious that there will be cases where a set of

20 data indicates limits for payments on the loan and term to
maturity that are not compatible. For instance, it is obvious
that a wish for calculation of data for a loan with proceeds
of DKK 1,000,000 and a maximum limit for the quarterly
payments on the loan of DKK 100 and a maximum limit for the

25 term to maturity of 30 years cannot be fulfilled. In this and
similar cases the method according to the invention will

either

- in accordance with the prioritization of the limits for

the payments on the loan and term to maturity calculate

30 data for a loan for which the highest priority limit is
met, and the lowest priority limit is exceeded to the

necessary extent



In the presently preferred enbodi nent of the nethod according 5 to the

i nvent i onwiges/asgg7cul ati ons will neet. the |i m' ts for t hePQRADKIT/QD082
maturity, and if necessary the limt for paynents on the loan is-.

t hen broken. I'n accordance with thé above expl ai ned dermand which the
present invention is to satisfy, the set of rules wll npbst 10 often be one
which to thka greatest possible extent maintains t he paynents on the

| oan within the given limts and then adjusts the termto maturity to
conpensate for any - fluctuation in the interest rates. However, there
may be < i mdnfi f Ao tdElcil e Alattd £ tRENLbaniBEUating whibtnimputss
there is at present for cer mar ket segnents, a | egislative limt
of 30 years fo?hfort dﬁgpéﬁiﬁiénder may of course have set as a
condition that the ternlto maturity may not exceed a certain value. The

set of rul wi |l | abl e st uctured i n accordance remnth sQ. t hat
ohen 50 B SRR SR AR e Fer el SHPRSIIRRE aPf FHenEREARE, Aaabrding
reacheds a ﬁcegm@timmﬁl&ﬂﬂetmyeamumtibﬁsI wallt fedtl ehel 11m1@c£/ca: a
maxi mum | i m.t for t he payneni. on thg an (or. bel ow a mum.limt for

the paynent*fh §4E0 | tRAMATHFItHe tal B6 ﬁfﬁﬂrYTﬁges&PmﬁF Loy be

structuredgaymaﬁﬁsamma&h851éant1§hEhéﬁgbfakeﬁn of the paynent on the | oan
i s made only for the |ast period(s), or it nmay be structured in such a
way that the regulation is started as soon as a change in the

i nterest raie accaldaivedrith ShaLabBbed)exblaifed Gemadd which alte ot her
contexts) it may Dbe, allowable for situations g@ere 30 .t he _act ual

cal cul at | orPTESeRk +%\@%?‘a’s°‘?|h§ tQ  ppFipLY . FBM SRt °f zpdesutE e mMREh

mat uri 0 | i g ten tive Cothe Rt €h te the QEéHtéQt posBibllel lextemad lrdaa.ntvuiﬂis

ternms mhlch are |lon er t han_t Lute termto turlty
28 (1% e, BRochhclonm HLCRSR ERe Pavim damis Al Then
stipul at ed adfiescé bihei femnetgi Magupibiygler cpipehishy Ifaﬁ: rahry linmts

for th nt.on th i, pul nder | '
or the payppnt of 188 1920nStiRELALE lzjtactigs.(l{)ogve)ver, there may be

limits for the duration of the term to maturity; in Denmark,
15 there is at present, for certain market segments, a
legislative limit of 30 years for mortgages, and lender may
of course have set as a condition that the term to maturity
may not exceed a certain value. The set of rules will
suitably be structured in accordance herewith so that when a
20 maximum term to maturity (or minimum term to maturity) is
reached, a regulation of the payment on the loan to a level
above a maximum limit for the payment on the loan (or below a
minimum limit for the payment on the loan) will be
calculated. The set of rules may be structured in such a way
25 that the regulation of the payment on the loan is made only
for the last period(s), or it may be structured in such a way
that the regulation is started as soon as a change in the
interest rate is observed (or simulated). In this context
(and other contexts) it may be allowable for situations where
30 the actual calculation is, as regards time, still far from an
absolute term to maturity limit, to calculate, in the term to
maturity profile, with terms which are longer than the

absolute term to maturity limit.



and the termto maturity at which the paynent profile is 5 within the

limts stipulated under (b)(i) is not wthin the i m termto
maturity QD%F ted under (b)(ii), the termto maturl% fn%g/hﬁlﬁz
determ ned as for instance (1) 28 he termto naturlty which is
conpatible with a recal cul ated fixed paynment on the |loan until
the 10 maturity, the recal culated fixed paynent on the | oan

bei ng the smal | est possible (2) the limt for the termto maturity,
anong therhi E‘héscase where théolntnﬂﬁstﬁbfﬂ tReMBbyhi t¥ ﬁthltﬁhth.%&Ed in

(b)(ii), whic woul d ot herw,se be exceeded H{
termto nﬁf—%ﬂ‘%?tﬁﬂa?n@§rt k) éhb?t%?‘eogl'éﬁa?h@r higher pr::.or:u: thaf’hé: S&rm

to mat urIHmeeswebﬁhthaepaﬁaﬁatoﬁreﬁel %oan stipulated underwi(b)i(i) he
limts stlpulated t heref or unde

20 ahd Ehei hET kPt DABRELRE ?‘ErWJf‘%ShnﬁPﬁrP?yme&%Dgﬁqu&e is
limtssfogithent A wmﬂaéugstwuﬁtaal ahadrunBeni) is not within Mhe(ii),

- which is binding, that whi ch wo se .be
‘exceeded. limits ﬁﬁﬁn§h?h§§€mp5§sWBFPF%F¥ssFﬁppéaHSPnHPP? p§g$gﬁﬁed {F%hose
25 vari antefr) £3Smhbueivy’ maNbel GBLeeMihBAl abhEopalifgtanee - paynent on

or

the loan will increase after an increase in the interest rate and
decrease after a decrease in the interest - rate, which mpuld not
general |y (pg the greecem(2d. mABOEDEY wh:.cndiﬁnéaﬂpaﬁﬁ.blar wdgh @3) is that
the cal cul ated paynent on 30_.the | Qan nor I 1 nornall deyel o n a
more stabl e P %eca culated fgxe paymen %k ﬁ& %ép p i

fluctygtions in thatuketd, tehaai:aéawuiateahelxedf pagmenal onnshlewmars
applied than in Vgéaggttge)émallest'possible
(2) the limit for the term to maturity, among the limits
for the term to maturity stipulated in (b) (ii), which
would otherwise be exceeded, ' '

15 (3) the term to maturity that is the shorter of either

the term to maturity at which the payment profile
is within the limits stipulated therefor under
(b) (1)

orxr

20 . " the limit for the term to maturity, among the
limits for the term to maturity stipulated under
(b) (1ii), which is binding, that is, which would

otherwise be exceeded.

Among these possibilities it is normally preferred to chose
25 wvariant (3) as this variant implies that the calculated

payment on the loan will increase after an increase in the

interest rate and decrease after a decrease in the interest

rate, which would not generally be the case in (2). Another

advantage of wariant (3) is that the calculated payment on
30 the loan normally will normally develop in a more stable



In conbination with.the maturity of a | oan, an imediate result of the
cal cul ati omo9sasrndi cate that the maturity of 5 the | oan | ECRMKISHIRS dent

with the maturity of the |ast naturin% i nanci al instrunent considered
applied. It is, of course, possible td“use such a result, but in a
preferred enbodi nent the maturity of the loan is. adjusted so that it

coi Inci ges \niairhzdéﬂ‘l%t{mﬁwéﬁtya@ioﬁéleiﬂxaﬁ‘hen?ié]l.&nﬁofﬁl&&ﬁ&}i&iv f@ﬁ' nﬂieF] unent
applied. The adjustyment conprises a deterpjnation .0 ther the term
Co At ur ity e %’ﬁst?}’%ﬂeg EbeR| iReverians \gﬂgt’he f undi ng
side (the maturity date of ‘a financial instrument) or rounded down to
t he previoys settlenment, date on the funding side (a _one perj.od earlier
15t o £ AIAE SR A £ ChedpaTEAEY Of aat APancash dediate
,\e/m\%j ust Lrent ﬁsx%llg dmtwded tdarmnatliéﬁblmaiaeihﬁdliéalt:&eldhag the &dﬁxm&s&}% of

en t set, of_ data, under (c) inpdicates at calcul ation to be
perform2d e (ARAR AR %%ré"}a"‘f ‘FnFe‘f’?'ﬁénE RgMBEuEh Yzefrzﬂi’ﬁ MARF debt i s
to be perf eidfse18f | Dihaic1iyl WMhstfument Peotigiaefedcdppaied] WY cis, of

shorter than the termto maturity of the I gan,_ and.the re ning.term
Lo maturityFHTSe, BORSTRLG £Q WS SUFR: ARCEHGEpePRbd 15 % BRE LFHIS

accordi ng embd@irmént PEsS Ofiabel IERNoEVWBheOoNsaaUL Y adjlktedsisd ARt
adj ustnments, and,the renmaining termto [ does not , éﬁfrres ond to

turit
the maturit§PHC I@%Yhnﬁ?ﬁrmﬂﬁu¥+ﬁﬁng?aer XaﬁﬁsFPGHEHPg nan nder
(h), bua itinstfanenedappbiedeThe algaBtiiBhYr eomprikle AR tdrRimstine
maturity of %hghégﬁt naturing financial,instrgnent sel] ect ed .under (h),
then the 30°P% FRTteeTatliei E§*RaR0 HRFURETYhESqEPPRi FOYTASA WP R Hd
accordi ng tgettPehewendatd 68 the fuhlling stifle {(eh® hatmiity datd éheal oan
prol onged 3inaddlSl instrunent) 5rP3ihded bl 15 €nd pEEVHAMY oF one o
sel ected figetEl@menhbsdateeshstReotufidiinghgide (a one pefdytedayiiér| e

wi Il naqt. t hereby, be bel ow the m ni num ) Limt for, the pa nt on
%¥ $ % a g}nancial instrument). In éﬁ yt e

the |odr st™gBarihyefate o is case
adjustment of the maturity may suitably be performed as
follows:

When the set of data under (c) indicates that calculation is
to be performed for the case where a full refinancing of the

20 remaining debt is to be performed periodically with a
predetermined period which is shorter than the term to
maturity of the loan, and the remaining term to maturity of
the loan is shorter than the period of time which according
to (c) passes between two consecutive interest rate

25 adjustments, and the remaining term to maturity does not
correspond to the maturity of the last maturing financial
instruments selected under (h), but it is desired that the
loan matures at the same time as the maturity of the last
maturing financial instrument selected under (h), then the

30 term to maturity can suitably be determined in the method
according to the invention as

(1) the term to maturity of the loan prolonged as little

as possible to a date of maturity of one or more of



(b)(i), or 5 (ii) the termto-maturity of the |loan shortened as little

as possi {fodid1e date of maturity of one or nore of PCT/DK98/00082

sel ected financial instrunents provided the paynent profile

wi |l not thereby be above the nmaxi munB0 limt for the paynment on
the | oan stated under (b)(i) 10 and provi ded the condition under

(i) is not net, Qr i .he termt.0 turity of the | rol onged as
little éhezﬁ?ﬁé%ﬁﬁ%ﬂé%ﬂﬁ?ﬁ%a'a g£§%“#§¥“%ﬁF?Cg?%%ﬁg%%%Pnnre of
the sel ected fi payment iprsifiidreentid Jpmenti ddebredrye bef below the mirtilnem

conditions stated und Ik or (i) .ar t. 5 e ot her hand,
the set of dat a%ulﬁ'g’g:r ?{o(% tl)hr?dipc?gtdgélt on ﬁzﬁ lc?a c&tgl%?n“?‘?ettrg be made for
t he case where dhpddphabr refinancing of the remaining debt is to be

han T ne Eh m Fatien e o, Heloho S HaT 1030 R enltel 50 Wbl Py 1 e

equi val ent to a #s xaebsfidgte de of date of madwaiitnmefieme o mexrd odfh, and
the remaining t t tobr | «Qfy sk ' ; or equal ‘to
| &da aénéd.elcttélag f&ﬂéﬂél?l iR 5 PIidled n*iﬁiﬁ

a fixed val ue, esired that the loan"matures no |ater than

the tinme of matwaymenthdinefiide widdr nod) therelne ke ahove Fhepmaxigam
financial instr WS ﬂpl%@&;&“&&f 'dg?'lﬁié“ﬁdﬁcn theted !Jm ahemt he
b et'erm ne accor

termto maturity I's suita ied by the . et ho Ing to the
invékt i on as and m@weierg tthemmanditian smdffed s 45 mate meF.pS¥sible to
a dagﬁ;gi MUY | e e Ot IBY & f It1Gldin IS IOHRYE Bs 1itihe AS -
mentioned above, It is at present_preferred to carry out t he met hod
accordi ng to t heas RRFAIRIE P thdake of mafuritingf one apmare 4y an

“outer model ", sy A1 &ased | PBthridi MetBiderients provided none of

31 t he exanples. Here,, a nore or_less arbjtrary termto maturity
will nornally bethrteendtetrns rafateghamdfion(heT nkieh) Rifeimet. wi|l be
started (as described in the following) and as a result will calculate

the paynent on the | oan, which_is then ..
fgy When, on the other hand, the set of data under (c¢) indicates

that calculation is to be made for the case where a partial
refinancing of the remaining debt is to be performed
periodically with a predetermined period which is shorter
than the term to maturity of the loan, e.g., so that the

20 refinancing is equivalent to a fixed fraction of the
remaining éebt of the loan, and the remaining term to -
maturity of the loan is shorter than or equal to a fixed
value, and it is desired that the loan matures no later than
the time of maturity indicated under (e) for one or more of

25 the financial instruments applied for refinancing of the
loan, then the term to maturity is suitably determined by the

method according to the invention as

the term to maturity prolonged as little as possible to a
date of maturity of one or more financial instruments.

30 As mentioned above, it is at present preferred to carry out
the method according to the invention by the use of an “inner

model" and an "outer model", such as described in detail in



5 is checked for whether it is within the desired/ permsmmmsmosz
i nterval . Y9 93/4318 aynent on the loan is not within the I'nterval, the
termto maturity is adjusted, and the inper model is started with the
adjusted termto maturity. This process is repeated until the paynent
on the loan’is within 10 the desired/ permi ssible interval. Then it is

.. checked Wneheeexamplehe Herent 8 marer brylesswarbitraly desnr ¢df pertvimsisisbl e

termto meruUTTtyYorSoho eSirfe
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preferred Iments that 1t has an Interest rate nas a
for its cakbsel &eron§o mekuyrdty iis withizo thse dﬁ‘-ﬁdé‘reﬂ/mmlm@e al so

any et NeMRkalra@XPIESthl TR che dibelSHhalaRhINSRIERILS ddlp ! Cf et

rate on a | oan remal ni ng debt profi t he paynment profile

on the | oansed. &f Fh@ F@ﬁ'&y#@nmtlyeléw%? aidlEmy thean or the paynent
pr ofile OndEQErEa?BeEﬁu.séﬁﬂle' TnteRFA10" thetf 't dAM tAmaturity is

ot her cal cul ati,on paraneters are adjusted théreto

| n acc?a?daggé“ﬁltteﬁ &6r EBAE dfd i Wishinrdhbeednteraal, ang ithe pdiusted; s

al so evi deerihdb matuRiitRCiiR fsed fdg Shput tAItHd ity Hoddle, Rien, the

type and the volune qQf the financial instrunents may be performed before
tKg first gﬁ@e lcu%ates the payment on the loan fory zP

neerval. bl NSk 10opeoa8e e HISaLASHLERD GALISIBUA R e s dCnddedt e

determined term to maturity. In this way the payment on the
loan is found which is necessary for the term to maturity
20 criterion to be fulfilled.

It will be understood that this embodiment of the method
comprises a series of recalculations in the outer model,
where each of these recalculations will normally result in a
series of recalculations in the inner model. Every time, the

25 recalculations in the inner model are performed until the
conditions of the inner ﬁodel are met.

It is a characteristic feature of the inner model of the
presently preferred embodiments that it has an interest rate
on a loan as a basis for its calculations. However, it will
30 Dbe understood thét here, also any mathematical expression may

be used which represents the interest rate on a loan, e.g.,
the remaining debt profile, the payment profile on the loan
or the repayment profile on an annuity loan or the payment
profile on the loan for a bullet loan or a serial loan, as



for the interest rate on a loan is determ ned, but even if this shoul d

be the case, subsequent cal culations and if necessarygm%@gzi ons
of , amn&%?ﬁ@r‘q hi ngs, the interest rate on the | oan ave to be

performed according to the 10 principl32 stated above. Thus it would, for
i nstance, be possi bl e under (f) to replace the interest rate profile on

the | oan th the volu of the financial_.instrunments angd. . nder to
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repl ace t R& J'i”rﬁ%'(ﬁj%s%’ ?%I é‘sg alse svideny M‘?th‘e Jvrgﬁ)usxerrjéﬁ%%f%b %i"%gﬁ%:?al
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cal cul at i ascessaryn ddmalouletimielof n arngrefher cthiongedi teat inberesh a
situation ere t resul ting valupme for,_at e f Lpanci a
i nstr unentr‘g‘%?pp?rf re"-gh? ?oﬂewﬂ‘dhgfan‘@e V\ti' Q |begep éffﬁr%%gtarc\'c/%?}(?ﬁ%? It% E{lﬁe

debt on.0s h@t thduip den sec aread caboves £ Tiud | anedwld) nfor uimstander ilhg t he
first to cone lod in rde | b
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appl i for the f ng in the inner nodel- may, for instance, be
cal cuﬁ‘}t eduf‘%t’f‘ﬁ%é]’ggérré way as the

A possible equivalent way to express steps (f) and (g) could
thus in these two steps be to replace the interest rate
profile with the volume of the financial instruments, however
in such a way that the volume of the financial instruments

20 meets the proceeds criterion, and then calculate the interest

rate on the loan in step (h).

In the case where no instrument is selected in (e) for which
payment falls due within the period till the first point in
time where, according to the refinancing profile entered

25 under (c), a refinancing is to be performed, the calculations
in the inner model in the preferred embodiment concern a
situation where the resulting volume for at least one of the
financial instruments applied for the funding will be
negative, that is, the debtor should purchase one or more

30 financial instruments during the first to come period in
order for the balance requirement to be fulfilled. As it
appears from the following, it is presently preferred that
precautions are taken to adjust the calculations so that they



financial instruments used for the initial funding, in other words, a -
new cal culypdbgrmsisry be nmade according to the nethod of t RET/DH98/00083 f
financial instruments for the funding of g 10 new | pan, where the principal
of the new |l oan is equival ent to the 3fount to be refinanced. In
anot her enbodi nent of the invention for the inner nodel it may be

i ndi cated i godAabe BBULtCRAM ASBARIVRIVOAUNES of HIR! iflalamdpaprofile that-a
partial refinancing of the 15 remaining debt is to be perforned. Here, it
will be pos¥nBFEUMENtSn the jnner nodel to find a solution as to the vol une
of the financial instrunments constituting the principal, for

I nstance if_the input_indicates that a peri,odic refinanci esired

. ng s,
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of the | Qaninﬁuﬁ_()\:ﬁhitpﬂeﬂiﬁlnih?od%t is @ BH dirddnddd itni pEiLat elet hat
a periodical  refinancing of a fraction of the renmaj ning debt of the

| oan is Yo Bénancigljdinstrumenssneppidechifathdhe SLMGPE o ERBNHPRET 0
the t ot abdsuNREy, Offo¥eanstuinicel, e daldiildtedfid hehé asdmatiayi 88 2he

financial instrunment applied at the di sbursement of, the_ | oap. . Here, the
sel ect ed pefiBanRfaPlpdnsiryments uged fiar dhpinitigle fupdingyein oghes ¢

or 10 year sygRishe asletCcadculatibw e/ MY GadedisrSid €6HOEHE et Bo@
total nunber of nont hs, 3, 4 and 6 nonths nmay be sel ected. 30

e.g. 2,
In connecti8f WRehvPdMmey ot fipagnciads iingiaunenty £67 the fupding ofpe

necessaiy | Ael@obA)ewheRee!thled pranciihiile of the newW o I®'&gi€¥alent
refinancing instrunents that _are nqt conprised by the range of initial
financial i kSt thfeAPount to be refinanced. 34

whi ch, according to the data given, constituted the series of f undi ng
vol unmes applLi ed wh QFrSﬁd or. when_a previ ous

n the | oggn was di s .
refinancingIBfaPﬁé%FEaﬁmﬁﬂgHﬂW?bFﬁhé'qwiqﬁ§45&0n foy the HeF PP ity
i nstrument smahd behdv@itated ire/datz0 irputtdd¥tdspdi@ing ey BBE&Ure on a

o e Rt Shollag, il 3 e et i LR
the inngs remaEsEng @ent S& it BEHAERAGRRA ] Gdtte VOLtINRiDI baepbkBibliedl
in the inner model to find a solution as to the volume of the
financial instruments constituting the principal, for
instance if the input indicates that a periodic refinancing
is desired with a predetermined period which is shorter than
20 the term to maturity of the loan. A solution may also be
calculated if it is indicated that a periodical refinancing
of a fraction of the remaining debt of the loan is to be
made, the denominator of the fraction corresponding to the
total number of years until the maturity of the last maturing
25 financial instrument applied at the disbursement of the loan.
Here, the selected period may be, e.g., 1 year, but other
periods like 2, 4, 5, 6 or 10 years may be selected.
Furthermore, periods corresponding to a total number of
months, e.g. 2, 3, 4 and 6 months may be selected.

30 In connection with full or partial refinancing, it will
normally be necessary in the inner model to calculate with
one or more new refinancing instruments that are not

comprised by the range of initial financial instruments



instrunments applied remaining at the tinme of the refinancing. 10 In the

follow n EQ& X‘Pl ume of such additional funding and new ref Il nanci ng
i nst runent2 %) so desi ghated as-'the mar gi nal fundi ﬂ’(fr 8/00088;, o
cal cul ati on nethod according to the pregant invention will also be
capable of providing a solution as to the volune 15 of the marginal

f undi ng. en cal cul at t he vol upe of fhe mar gi nal _fundi ng, data
‘conpri si nd" q tﬂ%‘:‘?fé‘#l&'r?%f'f?la?kﬁ" fata oiven, gentsitntedthacserige of

sel ected fftﬁ&llihg?ﬂvolumésﬂséﬁpmswmttﬁ@ BoHRWals aﬂssaﬁgeaf ofa{vﬁahahl on
of refinanci g ﬁb‘{e uj rement as to proceeds gi ven as

a requi r eV & FFIG e etRt s E%f"me‘éng"ﬂ’é’ﬁﬂ 1¥. f undi'ng

demand bassgtesw rde Mﬁm:{:@@lmxiﬁE&Ments :amll %réh@@ﬁhﬁrtéﬁﬂdtot he sum
of the rket |ce of t'qtib? |naI fundi n menti oned above,

a refi H%nz% %%"s%?é %?‘t"heW?‘Pn‘éh%lﬁ? efsPRunent s

as wel | aswmrhh tuma&ange dﬁsﬂﬁﬁaﬂfﬁ?&ycm'i&ﬁltfﬁ:ﬂﬁﬁlﬁé%tﬁﬁérUﬂﬁntS

However , al sp thepreticall y be sible, to repurchase al ready
~appl i ed fﬁﬁﬁﬁ;l%ﬁmqqﬁ"f’rﬂm‘?ﬁé NINELRGgy & L?F?i’? 1DARFIRG AN the (1BReY of

i nconveni anedsl kP NPLLY hﬁicixmélga; ﬂﬂﬂ(idr?aﬁevd)lﬁ.tﬁée@f tRéefihdkelial

| ender and, pr.obl ens vmth]t- p%%:léj vwi?ﬁ %urc asing,i s not
per f or med THEFURENLS applied fematping 1af L e'F’éP? ipapfipge

met hod,0 t len tHeInBollowitig | Nehdargiwtad &£ Nslidly auaiti&eﬂfmbﬁgcahaul at ed
t aki ng C& Eto co si deration
‘the vol um®f IFRiNANSARA ARSGIeRts are ;alse Fesignate n%ﬁtE femai ni ng at
the tine ahareinabnfuding. I n an enbodi nent of the inner nodel, in the
fol |l owi ng detail ed description also called Type F, the set of data 5
under (c) indicates that a calculation is to be made for the case where
a full refThansalenldtidre metodi acesieding sté ocle pres@et f divedtion

peri odi caI l ]\.NI afsé"1 lgrec(:jaeptaebﬂ f] I?reg\Irfcglng ahsolutlon as to the volume

15 of the marginal funding. When calculating the volume of the
marginal funding, data comprising possible new refinancing
instruments within the range of selected financial
instruments must be entered. In case of calculation of
refinancing the requirement as to prpceeds may, e.g., be

20 given as a requirement as to the difference between, on*thé
one hand, a funding demand based on the balance requirement
and, on the other hand, the sum of the market price of the
marginal funding.

As mentioned above, a refinancing may be performed by the

25 issue of new financial instruments as well as additional
issue of already applied financial instruments. However, it
will also theoretically be possible to repurchase already
applied financial instruments, but this would involve a
number of inconveniences, among other things, an extra

30 interest rate risk for lender and problems with the pledges, -

which is why repurchasing is not performed in practice.

According to a preferred embodiment of the method, the wvolume
of the marginal funding will therefore be calculated taking



period is shorter than the termto maturity of the | oan, whi ch net hod
for deterwowswdzgy of the indicated volunes of 10 financi al PCAOKISHRBEEs | n

step (h) conprises calculating the di f,Eerence in proceeds for the

cal cul ated vol unes of the financial inStruments applied for the funding
and/ or cal cul a- tion of an adjustnent of the interest rate on the | oan,
sai d adjimstoreransiifdddat ior arltes tvolaime poEf el yelbowsly ahppl dédd 15
taking into | deratd o al cul ated. difference in pro-_. .. ceeds, it
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smal|l that it fulfils the requirenent as to a maxi mum perm ssi bl e

difference if i . CONnv ce. condi t} f.fhe

di fference ifr;ill iér%{ g@@%@& % Iltn%%]oufé@ﬁ%[]e’ nlbxg'e%}g% h%éjf%i\ﬁvézﬁ g

requi renent detaided di¥saripttion also qgalbbsddiyped B, dtheecsgtcdobsdata 0 is
met, theg t I f ' int (L1 kca 0
or ey ey, () SRS ot I RSAE e S RO MRALPEGY BRE,
di fference igRsehavhenerastulkatrefimanrinainy thee |xénabuingsdébonishto be
starting congdi ‘gqﬁiﬁ%l . [ St SASAR d maxi mum
per m ssi bl e%ﬂ? | .de encjéoq'lncaf%lg%ﬁéeaétgf%#e s sta a§$dop |‘g$r:llél ,

whi |l e i menicdols shod tamm e the fternli 6 onapeeitn ofetheolteads is

stated as coAPUS Yhdidh atdr C&ét?e%mﬁg%ﬁ e’ofttl?ﬁ']? &1 02c88 90iGHeLNaE 2

conpul sory i nput about maximum perm erence In proceeds may
be acco#ﬂy i dHapnsdahpingtrypents (i1 grtrp | On) Wonprises wajcedatiagethe

herew th, e.diffé¥ence in proceeds for the calculated voluméf of thkNterest
rate input, and that_ such substitutions are, o0 course, conprised by

the present finanriah instrunents applird rtepi treefinding candi eronslaslas
the differencgon of i dh PAQHESER éf‘%ﬁéf%ﬁﬁ&“&&'Paéé‘_eo%][‘é%ggaiﬁ?t alid

not 5 fulfilled, the recalculations in the I nner nodel

i ncl ude one %ﬁjmﬁ%t%ﬁ cthe rinteresh Hanoreferably dpeirg caleulated

iteratiam i nEdthd%into considEPdCibRting Slfowi LEeA0diFPefeABAVEY BEod

st orage medi um of the conputer, data indicating a new interest rate
ceeds, it being calculated to whether the adjustment of the
interest rate is so small that it fulfils the requirement as
to a maximum permissible difference in interest rates or a

convergence condition of the difference in interest rates.

20 It should be noted that when a requirement as to a difference
in proceeds of 0 or very close to 0 is met, then the
difference in the interest rate will automatically be 0 or
very close to 0, which means in this caée,'the requirement as
to difference in the interest rate may suitably be left out

25 from the starting conditions input.

This is the reason why input about maximum permissible
difference in the interest rate is stated as optional, while
input about maximum permissible difference in the proceeds is
stated as compulsory in all cases. However, it should be

30 noted that a compulsory input about maximum permissible
difference in proceeds may be accomplished by inputting
information which is fully equivalent herewith, e.g., an



10 which is preferably based on the previous interest rate on the | oan
and the ed adjustnent of the interest rate, lEﬁﬁ | ati ng
and stor&ﬁ&% I7a menory or a storage medi um of the conpu &gata

i ndi cating a new paynent profile 3fd a new remai ning debt profile for
debtor, which payment 15 profile and renalnlng debt profile are cal cul ated
taking i qlq{éé 0 QA o] t he

© princi pall % an, e‘1 re%;g{é{'yﬁr:e ‘ﬂ'Ttl} I"e enterg: ur?d%q:é ac&(a) and the
refi nancanﬁofcrqt@latﬁ#d)rbl{ Hehef mwglqor:mqm:mn entered under (c), and
20 calculating and storing, in a nenory or a storage medi um of
the conputer system of data indicating a new set of volunes for the

fi nanci an igpge ke tze@pigtenantipon (ponditionsgiiasy to the diffenengest rate
iteratiof,i &Eé‘écfé aﬂ-ytﬂ@‘iﬁﬁéﬂ?ﬁé"ﬂﬂ ﬁx@iﬂ%&?@étc ¥ T 3deon

al gorithmo grid search exanpl es of nuneric optim zation .
al gor3 t Himl &Palyf/% the makmé@@mg@ Nhg gmnergsodeimeta Tenes F

al gorit hffcBide of¥eV¥X MdATHHUY & I Pdtld Mt AUMHA! idadi |intddddt N9

al gorithm a guasi-Newton algorithm a maxi mumlikelihood 30 algorithm a
net hod drate ckherpliepringiy a BHHH algorithm As it appears from

the detailed destildtily Gind stobiRfy,Fird LaeaoryeWwror tdiadem has proved

to be very sui t.abl e.
When t hanediwn Af theFomRRiRG data ondifatingn 3 A5 dntsrest ?ﬂbﬁ erence

in m@c%dﬁc@nﬂé QréferdlSHH i BEIEN lord tHSD ;ﬁ:é@ﬁﬂ@ fﬂnteﬁwtmx%&lebkﬁm
difference in interest. rates is/are fulfilled ;?‘3:_ t he %% F embodi nent,
&& ]hol

it is ap‘b‘?%p}'?%‘? AR e FITLHRT ReIustiRent % Fnk R of
financi al i nstéan@ikstitie and mfdﬁnge, :drfl & afstnoriye oaala:wtam@éet of

vol umes copprises at . |east on ve volune an _optio t ply
t he resfgaium s@&%,c?f’@?}h"r% t t CAR%E Y Pcﬂo ’1:5 %é) f%
debt or iand ca htw ObemLin Dy e:léﬁmemmﬁle Nz ldabtica:,l ml'nrai'erpail;&ném:ful fil
t he Iancer qwr ment rretlonedtalﬁge Sq N9
pr orHh r GESEHE o cropaisiag e dacef it wre Ydanpis RO Y
I nventi oa:pmus:.détgttimttime mewpintEsest rate on the loan, the
principal of the loan, the repayment profile entered under
(a) and the refinancing profile and/or the funding profile
entered under (c), and
20 calculating and storing, in a memory or a storage
medium of the computer system, of data indicating a new set
of volumes for the financial instruments applied for the

funding.

The interest rate iteration is preferably made by applying a
25 numeric optimization algorithm or by tgrid search".

As examples of numeric optimization algorithms may be
mentioned a Gauss-Newton algorithm, a Gauss algorithm, a
Newton-Ramphson algorithm, a quadratic hill climbing
algorithm, a quasi-Newton algorithm, a maximum likelihood

30 algorithm, a method of scoring algorithm and a BHHH
algorithm. As it appears from the detailed description of
Type F, a Gauss-Newton algorithm has proved to be very
suitable.



ei t her 1) selection of a new nunber of financial instrunents 15
anong t hewossasgs7al i nstrunments stored under (e), in that B6E/MDKISNNE2npre

of the instrunments in the new nunber of |g§trumants i s/are determ ned
in such a way that the paynents on this/these instrunents falls due
relatively later in relation to the original nunmber of financial

i nst r unment s Wheine tep are levath tr eegiudxienterndn(s)s amde @ maxina geermissible
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gi ven here arﬁ%O t étgiv}\n'“%&% b ﬁod;%ﬂ:cgt i@edgﬁedé{%eere
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adapted to the remaining t profi expl ai ne I n the oW ng.

For exanpl e dehtamdies ttﬁehsm amey %m% finAnctal aingfrunente :bm méﬁron
the onefandd N11£i1 the bal & a

date of the |oan anld/ or e”%a raerfocaeyrfeequl a?née% %s memf’b%%e %ogﬁpt Ee ot her
hand the setid armaliy qioff nrrferrgdnand dtherefoxgenin, th%slga-ﬁésﬂ'lﬁl ein

the cal cul aleihod AEHFEHAY €O éhePr:?I ﬂ@fbﬁ%i‘ﬁ?tfﬁtﬂ«@f EONBPLLRE 1O

5 determne the volume or volunmes of one or nore financi al I’ st rument s
in such a netd®% hat this instrunent or these i nstrunents does not/do
not reflect the DQ‘L)Y@H‘I&Itdeﬁl(Hﬂ A new miier %@eflr?cﬁ{&ia\imiﬁéé}uﬁténés
solution to the abave nargi nal condi tions. In a preferred

enbodi némt  ANMME the Sinancial d’é’%%ﬁ’ﬁ‘?%ﬁ‘?-‘é)rﬁt°re¢s% (@) ¢ hini Rhek ABSel
as to whet hegr tidré O f Axd!| Altrumentd®! 1B O ndv kA& bPS1AYERGENtES! fi
one or rfore is/are determined in such a way that the payments on
this/these instruments falls due relatively later in relation
to the original number of financial instruments, whereupon a
20 recalculation is made as indicated in connection with the
description of the Type F embodiment given here and in the
following, or
ii) the negative volume or the negative volumes is/are
set equal to 0, after which recalculation is made as
25 indicated in connection with the description of the Type F
embodiment given here and in the following.

In case the data entered indicate that a partial refinancing
is to be performed, the volumes of the financial instruments
applied for the funding or the refinancing will, in a

30 preferred embodiment for the inner model, be calculated so
that they reflect the remaining debt development given by the
remaining debt profile. This calculation may include the use
of a first function adapted to the remaining debt profile as
explained in the following. For example, in case the entered

35 data indicate a difference between on the one hand the
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condi ti ons i‘{, e not fulfilled, one or nore 15 iteraticplsr da
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one or nore convergence condition@s). In a preferred enbodi nent
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39 Ebha Pgiﬁh instrunents is calculated. An interest rate Iteration
i's made unti e requirenents as to a difference in the interest rates
is fulfilled. The discussion which foll ows gives exanples with a

det aj hedrgxpl pPakLpPPedf ehBbaiméneNHLdtHE N nv&et ok €a SiétatmDiavhene t he
function coefficients of the function adapted to the remajni ng debt

profile Afempdgndnpyhet dpREFoMOdRY afetei Yhakher thergoifrlculatgicton

Coeff'C'Qﬂlﬁmééeofoﬁﬂﬁaﬁeﬂhithﬁ@tfﬁm@ﬁ@sdﬁﬁEfiDedne or moﬁbe following is a
det ai |l ed description_of the case wher %0 set _of %?%? Pdlcates

that cal PEPAEtERmigef CRBVRREENEE  CON 1?%@“ Ske THatud p%r tPPnanci ng
of the re¥RisatAJceABitions isyagde ﬁetlﬂdlﬁﬂiiddwnbheaoprmdeéern1ned period -

mhlch S shorter than th riod bej orter than th to
iterations may ge caicgiateg Eg tge new seg % Sag nk
| financial instruments fulfils one or more convergence

condition(s).

In a preferred embodiment of the inner model, the function

coefficients will be calculated on the basis of a calculated
20 difference in proceeds and/or a calculated difference in

refinancing, preferably corresponding to the difference

between on the one hand a funding demand based on the balance

requirement and on the other hand a preferred refinancing.

The function coefficients may be found either analytically or
25 by iteration.

In case the calculation according to this embodiment of the-
inner model determines that the calculated volumes of finan-
cial instruments applied for the funding or refinancing do
not fulfil requirements as to a difference in the interest
30 rates stipulated in the input data, thén, in a preferred
embodiment, one or more recalculations in the form of
interest rate iterations will be made to determine or

calculate a new interest rate, after which a new set of

eration In



maturity of the loan, e.g., in such a manner that the 15 refinancing
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a maxi mum degree of 1 (one) less I 'nancl a
i nstrument s Bppfilte. are fourdecbyoipevationf andt the sitvetiebl yheaec dtheat ed

using a Eﬁﬁét§$hcc585¥§ciéﬁtgeéggdfo1 dhgﬁaﬁgﬁgcggﬁgdﬁ&%aheggglkgéét

squares' nethod is an appropriate statistic curv

% 40 but other statistic curve fit nmethods |ike other maxi num:
l'i kel i hood n@ﬁéOéélpa £HY1 £sSR! BOesiTBENG 0 NLeEes
met hods for this us Wik sIn a pré erregéc%%55§5ﬁ Pt Fhkhgggﬁvgh%%§12?e

cal cul at?®n $et %fnﬂaﬁabégédlﬁﬁlﬁﬁtaﬁatyﬁtccaéﬁuwatnen d&stopbeswadep for
iteration) ofnengagé anae 50§££tQA§nkéfiﬁahéﬁnBOLEnEHhaLemaln gacﬁhg% ikhe

calculation is_perforned so_the, subsequent determnation o
mar gi nal fuaa?qé H%FbﬁélcakixhwaFB ageredeterpgnedepgripdr whiehhasween t he

val ue of th%]ﬂ@i:&éﬁ”tﬁé.nlehéuﬁéfiea Ba¥nghenyetEFeLRhn! BRe2kERATY o SSUC
fi nanci al {__nst%g 5 Ehenﬁet the requirenments for maxinmumdifference in
srol t

proceeds and™@Ffr}H °t h820en@nd- asiPoSHER| umprnnerqrthagr hee in
bal ance Mhenrefihdvcingtedfitst Hefdgédakraction of the remaining debt of

the loan. In this embodiment, generally termed P in the
following detailed description, some of or all of the
financial instruments applied for the funding are, in the
inner model, calculated in the first calculation in step (qg)
20 so that they substantially reflect a shifted-level remaining
debt profile, whereupon, if necessary, recalculations are

made until all conditions indicated under (d) are fulfilled.

The adjustment to a shifted-level remaining debt profile is

suitably made by calculating the volume of some of or all of
25 the financial instruments in the calculation in step (h) and

possibly in one or more recalculations in step (h) using a

function which is adapted to a shifted-level remaining debt

profile. This function is suitably a polynomial function with

a maximum degree of 1 (one) less than the number of financiali
30 instruments applied.

The polynomial function is suitably calculated using a
statistic curve fit method. It has been found that the least

squares’ method is an appropriate statistic curve fit method,



refinancing percentage equals the intended refinancing 15 percentage.

I n cases 8 é;oef ficients in the polynom al function arfcrmmsftﬁbﬁ“' at ed
so that one or nore of the marginal vol unes of the fi nanci
i nstruments are negative, the said nmargi 4@l vol unes are not appli ed,

which is indicated by an adjustnent of an 20 indicator function. The

i ndi cat or fRc | hi di nensi onal vector
in which the ngﬁgﬁwgéatISthe rRer %ﬁgg$§5§§ &ﬁgeoPtghe P Yer 0, and
where the likeldiheod; methods oat esxbu.hatsptlhaesaméthgdsngrél au.Bbtz r5 urr]ent |t 5
not appl i edprddda® ik e adj ust ed i ndi cat or unction
a new cal cul ation 8?92§%&%?&ﬁ0?§§cge |C|§nts in the pol ynom al .
function is perforned, the resultlng narglnal vo!uges of the flnan0|al

i nst rument $nake praFeked e 8s [ yuncti,on is
adjuste The calc SFFORQO hghﬁggFggglganigﬁiF%&°Boﬂfnonla
fun tl%ﬁdﬁnbaﬁﬁé o8 é§tﬁEﬁﬂY&ictﬁernnéteanoKaSunDPosad to conti nue
untll ei t hékeration) of oﬁbloknﬂb§§S@5eE91EQ§2%En§HCEﬁL bgigﬁggﬁggs(?re
non- . €.

ei ther posiflPgEign.,dhg) calculagion is performedhee the Subsequéanent in

t he IndlcaﬁeteEmﬂﬁthBnhéi the margihB¢ fﬂh&?n&eGQluQ% tPﬁléH %a%al

el ements in th% i ndi cator function 1s str

each of e ﬂﬁﬁ@ﬁréﬁgésbﬁﬁW?eﬁnEhéoﬁﬁiué|@ﬁtthﬁ Pthpgmyabnla

functi 20 i funetdvhakad &ﬁetbﬁluhéeofeéﬂéthﬂﬂeﬁé&'§§sﬂéd £inanciafBr gi nal

vol unmes of ,the financial instrunments neets requirenents as to
WHX|nun1d|FP5§§HEEnFﬁ pPEetelle pﬁgu&gements f?esma¥;mgmr@iﬁﬁanenqg @nl | be

~defined bypzoreeduahd, if possibdb§ULBLI @BmbAGa&EOEdaRsRiMD t he demand
as to nax'ﬁ&%%erence in balance when at the same time the actual

refinancing percentage equals the intended refinancing
15 percentage.

In cases where coefficients in the polynomial function are
calculated so that one or more of the marginal volumes of the
financial instruments are negative, the said marginal volumes
are not applied, which is indicated by an adjustment of an

20 indicator function. The indicator function will, in this’
embodiment, be an m-dimensional vector in which the elements
have either the value one or the value zero, and where the
value zero indicates that the said financial instrument is
not applied in the financing. Based on the adjusted indicator

25 function a new calculation of one or more coefficients in the
polynomial function is performed, the resulting marginal
volumes of the financial instruments are checked, and, if

necessary, the indicator function is adjusted again.
The calculation of the coefficients in the polynomial
30 function and the adjustment of the indicator function

continue until either

all increases in the financial instruments are non-



di fference in bal ance. It is-also possible to adjust only one el enent
in the wopsliaast or function at a tine. 15 The above- di PETAICW/MR ytic
met hod for determnation of the functjpn coefficients in the pol ynom al
function is efficient with respect to cal cul ation and hence a

ti me-savi ng net hod. This nmethod is described in detail in section 3.2.3
with the headnegattire i(dner. edtdherf ppsiypwePor zleseodnal ytic sol ution”
20 in the followi ng detailed part of this description. As menti oned
above, an aspect of the invention concerns an enbodi ment which applies
the anal yti ozl determ nation of the function coefficients in the

pol ynom al function in cal cul ati ons which correspond to the

above- expl ai ned 25 enmbodi nent designated type P, but where the linits

sti pul at ed f orithexrp&heefisstnelemensadni mllehandmmqm(feln@mmdlaﬁ and
infinite. Thus, t t th n n r for

det er m ni ng the t;%% @%ﬁgﬁnz% I’ %r ?I '?hgh&o Eomelyj?l(?a %?Le?neﬂ nanC| a

i nstruneBts for th@dh-sndtloﬁrg f@i’lC&llOOan-s\Msﬁ:hrlmlafqd-lem &iary 2oc gt each of

debtor by neans o 0
42 system thtév oa tgle%gggﬂéfeéﬁgdcfgfgécalter’lteé's?t t.'paer ]Iynomal

refinanced duringfunetiemailsi vglcadmted st tbiaty the rESU1UJéth|SWE sof
havi ng been nmade ﬁér?ln%ln%'lm?s of the YIS b':.%s‘@xfl%f‘é;rﬁf}ac‘iné&é’ai@ce

bet ween, on the one paynments on the | oan efinancing .
amounts and, requigementso@iseton maEinyer differense dn MEQseRIS pfthee

{i nanci g 1 nst 1 uneRlst ARl $delivfaridite WidNbe defined tPWidsmilS1 havi ng

been nade as to a maxi nu perm ssible differencé in proceeds
bet ween, on the oﬁélf@llatlon ﬁahecqqareiasm ofi thh&hendemangt ias b mapeimum

vol une of the differdnddanel Halamedd Unents applied for the funding of
t he | oan, and on the other hand, the principal of the Ioan, -

and requirenments having been nade as to a naxinum perm ssi bl e
di fference hat weeRilde doIAE dAlaist hly one element in the

indicator function at a time.

15 The above-discussed analytic method for determination of the
function coefficients in the polynomial function is efficient
with respect to calculation and hence a time-saving method.
This method is described in detail in section 3.2.3 with the
heading “the inner model for Type P - the analytic solution®

20 in the following detailed part of this description.

As mentioned above, an aspect of the invention concerns an
embodiment which applies the analytical determination of the
function coefficients in the polynomial function in
calculations which correspond to the above-explained

25 embodiment designated type P, but where the limits stipula;ed
for the payments on the loan in the inner model are zero and
infinite. Thus, this aspect of the invention concerns a
method for determining the type, the number, and the volume
of financial instruments for the funding of_a'loan with

30 equivalent proceeds to a debtor by means of a first computer



15 | oan and the yield to maturity of the financi al

I nstrune I ed for the funding, whi ch net hod cl;&p]? 082 (a)
i nput ti ng}oai%?gg{’ori ng, in a menory or a storage nedi um of the conputer
system a first set of data indicating2the 20 paraneters: principal of the
| oan and repaynent profile of t he | oan, (b) inputting and
storing, in a nmenory. or siorage nmedi um - of _the conput.er second set
of Cdat o FYAERC | e Hemn dpsiint See {Gnd Rq jpaay HFadt, Parclal fy O]

i nput t i ngefimanced | dgring theoremyiming tsdmm age meediriny, of the conputer

system a third set_of data indicatin desired/jnd ed refinancing.
profile, such 5%%et5§ﬁj%'}éav1ng %Eﬁ?’f?(“%dﬁ £ aa%%’i"g%gr efinancing is
to take pl ace,pemiissibleddiffersndécimbalinad ddioveannion rthalanet o be -
refinanced 30 ;at_said point(s) in ti . . . :
a3 5 Cd) iNeRey i%ﬁﬁ%t%}?iﬂb‘? 180, apd, zefinancing amounts and,
t he conputer systtie etHemirhdndetnetf pgmentslitcattihey owner ofxtiheim

perm ssible diff ce. i @!BR i1 Ol y ned period, a

maxi num perm sé’]“g%& I f%r’ée)-nce ‘lgtgt%né oi(}'eézddsfofngﬁgéjrer%%ér?u%e'per m ssi bl e

di fferenee in redeirxshents haviyy copsry alaie a tdhea didfmmuamce bet ween t he
interest rate I s Y | of ord i paci al

i nstrunments ap%??‘eugg?%ﬁf? hcgfffu%pd%léggelﬁ/ &%éeeghggﬁe‘%{{eﬁén%ﬁ n% talér?:jé storing, in
a neldry or a bamdagehd Oswedefinthé mamkewmuice of sthenvelume tof seleof data
indicating — efnS6legt ChnBUPORAOL JODPIC Sod NS4 UAEARERG 41 drbeT et
characteristics such as type, price/ et price, and date_of t he
price/ market pibame, and on the other hand, the principal of the loan,

- and requirements having been made as to a maximum
permissible difference between the interest rate on the
15 loan and the yield to maturity of the financial

instruments applied for the funding,
which method comprises

(a) inputting and storing, in a memory or a storage medium
of the computer system, a first set of data indicating the

20 - parameters: principal of the loan and repayment profile of
the loan,

(b) inputting and storing, in a memory or a storage medium
of the computer, a second set of data indicating the term to

maturity of the loan,

25 (c) inputting and storing, in a memory or a storage medium
of the computer system, a third set of data indicating a
desired/intended refinancing profile, such as one or more -
point(s) in time at which refinancing is to take place, ar_xd
indicating the amount of the remaining debt to be refinanced

30 at said point(s) in time,



(f) determning and storing, in a nmenory or a storage 15 nedium of the

conput er WOYE48187a si xth set of data representing a fi MET/PKISO0Rt rate
profile, (g) calculating and stoahng, in a menory or a storage
medi um of the conputer system a seventh set of data representing 20

- a first paynment profile corresponding to interest and o
repaynent (dr ddmpmtting and st'@a:isw | iams aa Hiemcaty raamed s torapdtmedoin| e,

EEE Eggrg%tff thgZé Wzt e pr| I’ICI p%"&qim t%‘[e I‘%)an andn:?‘hel?ae%g{l/ﬁreéat ed on

profile maximum pemsswhkﬁ difiference in balaneetwifhita i nput under

fjﬁzjer gC) prfgeééﬁﬁgd %e | n%%%?¥%%g%t erm ne%%%eer (fl)npUt

( Prosseds iand & mmmemmmme idiciference impiaterest

f| nanci al J Wglerasl Q'g.% angle t g an
ei ght set (éf'e%cﬁ’at al % catl ng sal d dsleﬁ C@é%am{ﬂ? | ns?zf.%?r%n?ét% th
their vol lﬂﬁasl:h@) Inamand dhe vigld 9 maturity ohctheafinagetal ei ght set

of data i él%al:.ed the b@t& SsWding the paynment profile
cal cul ate under % the remal n| ng debt profile cal cul ated
under (9g), the refinancing profile input under (c) and/or the 10

funding predy | € ddtiiimiHi4Rf #id storirg, mtah%e%%npfoxdaaasﬁm&eunder (b),
t he requi rements 1 nput under (d),
10 medium of the computer system, a fJ.fth set of data indicating
a selected number of financial instruments with inherent
characteristics such as type, price/market price, and date of

the price/market price,

(£) determining and storing, in a memory or a storage
15 medium of the computer system, a sixth set of data

representing a first interest rate profile,

(g) calculating and storing, in a memory or a storage
medium of the computer system, a seventh set of data
representing’

20 - a first payment profile corresponding to interest and
repayment for debtor
- as well as a first remaining debt profile,

the payment profile and the remaining debt profile being
calculated on the basis of

25 - the principal of the loan and the repayment profile
input under (a),
- the set of data input under (b),
- the refinancing profile and/or the funding profile
input under (c¢),

30 - and the interest rate profile determined under (f),



- when the calculation is for a refinancing where financi al

I nstrune % an earlier funding have not 15 Gdbsz t he
type, thg’@% gé? and the vol unme of t hese inst ?ﬁﬁ%}?gﬁl i f
necessary performng one or nore recakdul ati ons, including, if '

necessary, selection of a new nunber of the financial instruments

stored u ro( t ' U L y or a
st or age W.;? ne%%henﬁ)fgqﬂgé corrpué gb_rf gf/%éeﬂn%ﬂi Th - e{}%es r_ég%ogﬁd;ui a% ed
i nt er est financhadf instruments stoxéd uynder c(ehi ahdaakoulatigigland -
the rec d. 4 €QBERE: N e [ 1 A s ' |l ected - -
fi nanci ﬁegﬁg%guan%nfggégmttﬁeghﬁ r‘ﬁgeé ir?d:. car?%suﬁaélf%cfev% urr%cg, unti |

al | condfinancialainstowments byitndthedr eglunrsto be fapplieddin the o

45 5 AELRRLUGI 6B chb S68AT SAuidNCIONE HBE C5FT dith CAIUARNDIE O on the

type, the nunber and the vol une o I'nanci al 1 nstrunments for funding the
| oan the basist@fether with the cal cul ated paynent profile, 5 -
preferably together with the .calculated interest rate, and

preferably together with the cal cul ated renmi ni ng debt profile,

i s read out, tFhfAsPaypent prefile eatcyrfetnwidsiefah A anot her conput er
-system _ the remaining debt profile calculated under (g), ' :

- the refinancing profile input under (c) and/or the
10 funding profile input under (c),
- the set of data input under (b),
- the requirements input under (4), and
- when the calculation is for a refinancing where
financial instruments from an earlier funding have not
15 matured vet, the type, the number and the volume of

these instruments,

if necessary performing one or more recalculations,
including, if necessary, selection of a new number of the
financial instruments stored under (e),

20 after each recalculation storing, in a memory or a storage
medium of the computer system

- the recalculated interest rate profile,

- the recalculated payment profile,

- the recalculated remaining debt profile, and
25 - the selected financial instruments with their

calculated volumes,

until all conditions stated under (b) and (d) have been
fulfilled,



the set of data (c) indicating that calculation is to be perfornmed for
the case wheosM3psw ti al refinancing of the remai ni ng deRCTRKIFON ned
periodically with a predeterm ned p giod, whi ch period is shorter than
the termto maturity of 15 the | oan, e.g. in such a way that the

refinancing is equivalent to a fixed fraction of the remaining debt of

.....

t he | eftersabictl, df desiekd,hehi nthoe deterstimed ricieipt Hh fof

t he fundi [ e first cal cul ati in ste e . cal.c in
SUch 5wy enS¥PRRe s, bufbet! oP, Bhe; Polni 5P sifaitiar, A etdls
debt prof Ebe, fundiegpthe ilban necessary, recalcul ations are perforned
until all the requi renents nentioned under (d) are fulfilled, . the
vol une of some of or all of the financial instrunents bei ng cal cul at ed,

in the calcul at togethest wpthhthebgadpplpted paymeninpriofiiladj usted to a

shifted level r lenl.ng-de rokile h I .l nor e
of t hegf uncti onsﬂkgggg’%gi ?’lb r?tt?e%o%&'?:hetpt&n?taﬁgkﬁggeﬁbgﬁ%ﬁtg?%ﬂl fted
| evel andai ni ng debt profile being perfornmed anal ytically.

| nt eresting andpgggggggggéﬁggg%éggzgﬁtﬂfth@ %aﬁigﬂ%ﬁﬁggz%%%gﬁgxlaren & on

appear fromthe patent ¢ ng on the pe claim
cor respondi ng .t Brofdlgefinition 46
gi ven i medi ately above; the nore detail ed expl anations of t hese

enbodi ments are the sanme as the expl anations, given above and in the

detai | ed p& regid Ohits daansfisrined tof a isdorage adisporay reenteli nent s
wher eqphe JhJ8 %&hﬂﬂ%ﬁ&?%ﬁ&ﬂkm{he 5 paynents on the loan in the outer
romO an i

nodel differ infinity. On the other hand, the function
coefficients may al so be calculated by iteration as described in the in

the i rgfRdigahelof Tld=LWdN0 s$RAEAHANhAS AR INShA et @ihe! N 10
section 3.2.2 wth the heading "The I nner nodel for Type P - t he
i terativeRsfipmmad for tthe Aseowharal@antial pefingmcing of sth@scri ption.

remaining debt is performed periodically with a predetermined
period, which period is shorter than the term to maturity of

15 the loan, e.g. in such a way that the refinancing is
equivalent to a fixed fraction of the remaining debt of the
loan, some of or all of the financial instruments applied for
the funding in the first calculation in step (h) being
calculated in such a way that they substantially reflect a

20 shifted level remaining debt profile, whereupon, if
necessary, recalculations are performed until all the
requirements mentioned under (d) are fulfilled,

the volume of some of or all of the financial instruments
being calculated, in the calculation in step (h), by applying
25 a function adjusted to a shifted level remaining debt
profile, the determination of one or more of the function
coefficients for the function adjusted to the shifted level

remaining debt profile being performed analytically.

Interesting and preferred embodiments of this aspect of the
30 invention appear from the patent claims depending on the

independent patent claim corresponding to the definition



In the enbodi nent designated Type P, recal cul ation of all of or sone of
the dat ayw@oddsesged in (g) and (h), and/or one or 15 norepdHDRYS/ODS2

coefficients to the function representing the shi fted-1evel renaining
debt profile, and/or the interest 46rate in the inner nodel may be
perforned by Iteration carried out using nuneric optim zation

I f _th |
gp??ﬁl at'i-on nﬁ¥brlf%n§e b% néntl ne% ahgﬁggﬁzegg%ﬁgéone H h%fype F may
be gseahaseammbodmmpntSIaaE|aheasgmelabnthanéxauanatnonhusguaea the -
opt i m- 24N 4095 LR h%tai‘i g #e%feiﬂié H%V.%’&QE tio al- gor }:h m. . In

case the requi renents as to rence I n pr oce and/or the
di ffer smasmmh@gegmbpmn&sdm;erteh@héu ﬂ.ﬁ.mmcstlpularwldawam &he

cal gul %?ﬂxare & }t&}e}?}% Sideral %tlaﬁ}emodelrﬁ' gg%;}gnplbogh,lde ent er ed

under t hen the reca atlons I n the inner nodel
of theinfiamipy. enbodinent may include one or nore iterations, each
iteration 30 conprising calculating and storing data indicating a
new i nt er est rate and/ or 47

cal cul &ni fheawtherobang, d&be thwaickdonngoeffdnignysemay alseobel e and a new
remai n'c%gc%q@te@w '1%efr‘&rt1@?1bta%r deddirGBea iRAXRBNinPEALI | € and remaini ng

debt profile are cal cul ated taking into consideration the new interest

rate odnmesliadely Foldgwipg secydonst ande asodgscaibethdny 8espddndprofile
enggr edect WA 2.2 Wit tal BRALING PIdk Ilan@&dheaetlhqofzu&%@g pprofile

entered under (c), and_the termto naturlty and cal culating and

storlnémﬁaﬂéﬂﬁﬁﬁiﬁﬂnﬁﬂiﬂﬁ¥ﬁ§w 4@ the fol l@U@Pﬁ'é@@ﬁﬂée@bPaFﬁeoﬁhnctlon
whi ch ighiadHedRd-irildpe 10 shifted-1evel remaining debt profile, and/or

calculating and storing data indicating a new set of vol umes of the
financial instruments applied for the funding, whi ch new set of vol unes
i s cal aw aird éibdditedasidesdignidted Tydd mn&le%hllc&ihftliwbﬂi aineady

determ ned for t e fun |ng, and 15‘%- EMlp gﬁeprof and t he new

r emai niSfy P a a" mentione ( qﬁaqFFECWEX|num

diﬁBerﬁmm%iﬂunctlon coefficients to the functlon representing the
shifted-level remaining debt profile, and/or the interest
rate in the inner model may be performed by iteration carried
out using numeric optimization algorithms 6t by grid search.
Also in this case, one of the optimization algorithms

20 mentioned above in comnection with Type F may be used as an

optimization algorithm, and also in this case the
optimization algorithm is, suitably, a Gauss-Newton
algorithm.

In case the requirements as to the difference in proceeds
25 and/or the difference in interest rates and/or the difference
in balance calculated taking into consideration the
refinancing profile entered under (c) are not fulfilled, then
the recalculations in the inner'model of the Type P
embodiment may include one or more iterations, each iteration
30 comprising
calculating and storing data indicating a new interest
rate and/or



bal ance. In the exanple given belowin the detail ed pa l,S
descripti QYO %4$7T on 3.2.2, it has been chosen to iterate &éﬁ?ﬁﬁ%ﬁ@?e

proceeds requirenent and t he di fferencgyi n bal ance .. extended taking into
consi deration the refinancing profile entered under (c), and only when
the two requirenents are fulfilled, iteration is carried out as to the

interest rate. calculating and FhRwing clrthAndigating o2 i pew npgyBent
per f or meg,id¥ia% adh&‘rap'ﬂévﬁrﬁ'er&iﬂ?{ngaﬁl?b of£i& f&fodébeaft' aeg. the

- function applied, the so-called trend function, I nc

In this @a¥mentiafie aad SepRining debl Pmlmqa gajculatednpri se
det er m ngld1@hepfi ﬂﬁ@téﬁsié@réﬂ&&la&@%&mm@é@ét@até' Bﬁ”Ehé' loan,

instrunments fulfi | east two of two or nore pr edet er m-ned
converSgeridte cRiﬁ’cH‘i’rEﬂfﬂs ofirrRe keanprand e repayment preEilearnkgredt o

consi der airdduy a(&ﬁ'&i’é%@ﬁ&éﬁéfﬁ&%ﬁofne' an@f O£ CeHE &(faind pEBESHEE N
bal ance cal cul at ed t aki ng I nto consideration the refinancing profile
entered Rkgred)under (c), and the term to maturity and/or 4g and in

case the cal cul aiRs, 1ot B Sad £ESANG MatdSiAGIBAE Sng 2 ABwNEbtf BEfi |

t hese condltlons then_the recal cul at1ons may i nclTude one or nore
i t er at | orR@EHFCIPRES oEPF | ERenfunebionghich %ﬁné@?@ﬁe@hFEhtp§ adj usted to

a shiffg edsth E¥edaL P8P DI FEmABRLng Sadbef bi8£ia¢hahligbat i on conpri sing
cal culating and storjng, data indicating_two or _pore, new functian

coefficients fdFatlela |%ﬁ@r%ﬁ?ﬁ%@%t@%ﬁath%dlcatéﬂgfFeBeWe§§F P&nai ni ng

d}%btl Oprorxvémm.fas o,f hth?. Eﬂh&ﬂbﬂalnﬂ?éﬁﬂuﬁéﬁﬁsn Fﬁig.édl maﬁ%hfen&uﬁdriew set
0 VO nes or e I Danc I NStru I e or e I ng,
whi ch neWRteh gpey ofgheSt| ¥olumes éﬁeani iﬂljganf’a ¢he P@ﬁ&rsdé’%atth?n th

new f UnCtfﬂﬁhﬁ@i’éESQﬁétﬂﬂméhﬁsSQﬂ.ié&dy| 8¥€krminefeBrNithe dabidimgQf latn@.
det er whet her the nem/g i of cglcglated vol unes 15 o% fi nangi.a
instr n? St QPY| PRYPRBL PTPLLLE ¢ foPEW TEPRIBAPE: FE %Géﬁbence
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In the example given below in the detailed part of this
description, section 3.2.2, it has been chosen to iterate as

20 to the proceeds requirement and the difference in balance
extended taking into consideration the refinancing profile
entered under (c), and only when the two requirements are
fulfilled, iteration is carried out as to the interest rate.
It will be understood that the iteration may be performed in

25 an arbitrary order, and that here also iteration of the
function applied, the so-called trend function, may be
included.

In this case, the method in step (h) in the inner model may
comprise determination of whether the calculated volumes of
30 financial instruments fulfil at least two of two or more
predetermined convergence conditions, which are preferably
calculated taking into consideration a calculated difference
in proceeds and a difference in balance calculated taking

into consideration the refinancing profile entered under (c),



conditions. The new function coefficient(s) is/are suitably cal cul at ed
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ining whether the new set of calculated wvolumes
of financial instruments fulfils the at least two or more
predetermined convergence conditions, until the new set of
calculated volumes of financial instruments fulfils these
conditions. The new function coefficient(s) is/are suitably
calculated taking into consideration the calculated
difference in proceeds and a difference in balance calculated
taking into consideration the refinancing profile entered
under (c). |

The difference between the interest rate on the loan and the
vield on the calculated volumes of the financial instruments
may be calculated in the inner model, it being calculated
whether the difference in interest rates is so small that it
fulfils the requirement as to maximum permissible difference
in interest rates or a convergence condition for the
difference in interest rates, and in case the determined
requirements as to the difference in interest rates are not
fulfilled, then the recalculations may comprise one or more
interest rate iterations, each interest rate iteration
including _

calculating and storing an adjustment of the interest
rate, the adjustment of the interest rate preferably being

an adj ustnent of the“interest'35
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remaining debt profile, and
calculating and storing data indicating a new set of
20 volumes for financial instruments applied for the funding.

It is also within the scope of the invention in connection
with the calculations in the inmer model of Type P to
determine, at the same time, whether the calculated volumes
of financial instruments fulfil at least three of three or
25 more predetermined convergence conditions which are
preferably calculated taking into consideration a calculated
difference in proceeds, a difference in balance calculated
taking into consideration the refinancing profile entered
under (c¢) and a maximum permissible difference in interest
30 rates, and in case the calculated volumes of financial
instruments do not fulfil these conditions, then to have the
recalculations comprise one or more iterations, each
iteration comprising |
calculating and storing an adjustment of the interest
35 rate, said adjustment of the interest rate preferably being



coefficients for the function adapted to the shifted-|evel remai ni ng
debt profile, and cal culating and storing data pefpRrosmeose a new
set of WORMMSes for financial instrunents applied for the funding, 20
whi ch new set of volumes is cal cul ated t®king i nto consi dera- tion the
new function representing the shifted- Ievel renalnlng debt profile,
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remaining debt profile, and _
calculating and storing data indicating a new set of
volumes for financial instruments applied for the funding,

20 which new set of volumes is calculated taking into considera-
tion the new function representing the shifted-level |
remaining debt profile, o

determining whether_the new set of calculated volumes
of financial instruments fulfils the at least three or.more

25 predetermined convergence conditions. |

Also in this connection, the iterations may be performed by
the use of a numeric optimization algorithm, preferably a
three-dimensional Gauss-Newton algorithm. '

In case the calculated set of volumes in the calculations 6f
30 the inner model of type P includes at least one negative
volume, the negative volume(s) may suitably be set equal to 0
- to avoid negative volumes in the result, cf. the above
comments concerning the normally undesired situation where

debtor is to purchase financial instruments - after which the



financial instruments fulfils the requirenent as to a maxi num

perm ssi bweo /43187 ence i n proceeds. - In addition to tRCTRDKINMEE2 on of
the proceeds criterion, it 20 is preferrgg that a calculation is al so nmade
as to whet her the requirement for maxi mum perm ssible difference in

bal ance is fulfilled, and in case the cal cul ated vol unmes do nhot
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into a dat ustments, °§or¥§’tﬁ Hrevious y :.n :.cate volumes is/dre
15 performed, adjustments being performed until the new set of
financial instruments fulfils the requirement as to a maximum
permissible difference in proceeds. '

In addition to the calculation of the proceeds criterion, it
20 is preferred that a calculation is also made as to whether

the requirement for maximum permissible difference in balance

is fulfilled, and in case the calculated volumes do not

fulfil this requirement, one or more calculations of the new

financial instruments which do not fulfil the requirement as
25 to maximum permissible difference in balance is/are made.

Calculation of new financial instruments will here preferably
be made for one or more financial instruments to which
repayments are to be made_in a period in which the
requirement as to maximum difference in balance is not

30 fulfilled. In a preferred embodiment, the calculation will be
performed for one or more financial instruments to which
repayments are to be made in the last period wherein the
requirement as to maximum permissible difference in balance
is not fulfilled. Preferably, the calculation of new



systemor nmay be available via a net and that, if desired, 15 the
deternin y be perforned automatically or sem-42§ﬂ5§% 5l y by
means of Ch%“@ﬁﬁputer syst em accordi ng to predeterm ned Crl erﬁg or
functi ons. The invention also relages to a conputer system for '
determ ning the type, the nunber, and the vol une of financial 20

i nstrunents _for, the ndi ng,of ,a Joan_ w th UIV ent roceeds to a
debtor aEHEPEial TRELPBRRRLS il BRRRY BhathAecl EEgtenen: Th BRLRBCEN | he
| oan, thiohroalhebplel&g.odes iignﬁﬁlbn bneat:orrelspaﬁamgrpra{riyugmirl gaaaad during
t he remaining term,to ty uirenents having been :
made to CHE &thﬁgfumenEs do h°€ fulfil; Ehs, %qﬁﬁfﬁW?? Bf tRe loan is
not Iongmaxzmum permissiblet Qdfifarpnedefiar babadcegaxi num it or shorter
than a predetermined minimumlimt, 30 - debtor's paynments on the
loan are within predetermned limts,
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to the o aRc ar 1'ns runents f undi ng,
- r eqrhexebyt obitainabliesen made as to a maxi mum 10 per m ssi bl e
di fference in proceeds between, on the one hand, the sum of the
mar ket price of the vol une of the financial instrunments applied
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ted
perm ssi bl e aifferenc tween t Interest rate on an and
the yi el &t @iddt e eppsecinsetl fhati alf desired, | FBisumemberapfl i ed for the

funding, jnstruMinty FRYPBECentése@MifieBPLI 888abase in the computer
- system or may be available via a net and that, if desired,
15 the determination may be performed automatically or
semi-automatically by means of the computer system according

to predetermined criteria or functioms.

The invention alsoc relates to a computer system for
determining the type, the number, and the volume of financial
20 instruments for the funding of a loan with equivaleﬁt
proceeds to a debtor as well as the term to maturity and the
payment profile on the loan, the loan being designed to be at

least partially refinanced during the remaining term to

maturity,
25
- requirements having been made to the effect that
- the term to maturity of the loan is not longer
than a predetermined maximum limit or shorter
than a predetermined minimum limit,
30 - debtor's payments on the loan are within

predetermined limits,



(a) neans, typically input nmeans and a nenory or a storage 20 nedium for

i nputtingvodsssring a first set of data i ndi cati ng tRCTDKIYA0R s:
princi pal of the |oan and . repaynent530r0f| | e of the |oan, (b)
means, typically input neans and a nenory or a storage medi um for
inputt| ng and storing a second set of data 25 indicating (1) a maxi mum

and a minimumlimt for debtdess hanimgnteem made as to thow [then $we each of
a nunber of periods which Led h . &l t{]g_ ity of
t he | oan, (i) a maxi rrum%téan eéltrnr'lorﬂer?urﬁ q%%t i %nlé%‘%%‘ﬂr%t urity

30 of the | oan, and prlo@mm)zedjl es for the mut uaI prioritization of,

on the one r M’ SmOn the loan
. input under (i ) %d’r%% hand’I qﬁ%&@b&@ ‘%& #)qg{
54 5 thmmmaxhimmﬁeqﬁme tire ba)bameudmtmr ¢njthe onejv) and

optionally a d %H@&f@ 5! a,
desired/int endgﬁ'ﬂ o maturi ty ere I:Pé"f‘:.nanc:.ng %’%‘éﬁﬁl vglllence
bet ween t he napmmheami:hem hnnﬂ.nmnts paymentr.s nte the ewrepagfekheon the

| oan during thegd m.g&{ ot equival ence
bet ween t he EiEJ'IHYR-'IJ"al)( lr?usr%% %Qdaréén%nﬁ%dfnw %]gl‘rﬁ(ﬁt1 §n ermto maturity
(ii), - (c)remuiremants daving thren made %ﬁhdt% WWWF‘ a storage 10
medi uqg for Ak | NG C n

desi red/| nt end?dg n'zll']snanm f\éﬁf&fget?ceé sug% Ptedls gﬁée&g?enrmrgh g%‘ﬁt zné

time at which rfe#ndvarfeh%gs% q% ﬁm@arkcﬁpawém%rmf |%C‘ﬁ?l%’§et A€ 8RBunt of
the remaining deflad@ e inetALARES Hbdlied! fof OLRL (Slnkinki g8, chS

and/or said set of data in | catin esired/ i nt ended fundi ng_profile
such as the destear/andererdhenerenihand, {theerincipal rofekbe ApARIred

for the fundi nGandVitdipdeddent s ﬁd@ﬁq&@eé&?'ﬂﬁ&e as to a maximum

15 permissible difference between the interest rate on the

loan and the yield to maturity of the financial
instruments applied for the funding,

which computer system comprises

(a) means, typically input means and a memory or a storage

20 medium, for inputting and storing a first set of data
indicating the parameters: principal of the loan and
repayment profile of the loan,

(b) means, typically input means and a memory or a storage
‘medium, for inputting and storing a second set of data
25 indicating
(i) a maximum and a minimum limit for debtor's payments on
the loan for each of a number of periods which together
cover the term to maturity of the loan,
(i1) a maximum and a minimum limit for the term to maturity
30 of the loan, and '
(iii) rules for the mutual prioritization of, on the one
hand, the limits for debtor's payments on the loan

input under (i) and, on the other hand, the limits for



(d) nmeans, typically input neans and a nenory or a storage 20 nedium for

i nputtin pring a fourth set of data i ndi cat i ngpar/HResH0082

per m ssi g‘ivg@gﬁﬁ?erence i n bal ance within a predeterm ne period, a
maxi mum perm ssible difference in 9y oceeds and optionally a mexi mum
permssible difference in . interest rates equivalent to the difference

between the 25 _ interest rate on the loan and the yield to naturity of the

financial instFREeHRER D IMdRsHY (9 thadioap input ymdewetdid typically

i nput MEEDG) ankh@ SFEDSYaPly & sdégﬁgaa/mtéfmaal rﬁamn@%z?réﬂéﬂlr&@nd

storlng a fifth set_of, da i ndi - cating a sel’'ected nunber of financial

i nstrunents with 3AeHiEsMntended tkerm tq Matnari e when thare diswr ket

EFSI ce, ) an%&at@qﬁvéiéh@élﬁ‘éﬁv{@érkaih@rmag/&mum alndltlte minimum nd &
nmeans, y ut neans and/ or cal cul a |on means and a

memory or a st %%‘gﬁ@?ﬁ W&) Sglot WG dhe fixgtih set of

1(_.Jlata [ep_rfsentp?hg:i.@df(iﬁt%t]lc‘bﬂﬁérfsﬁhéﬁé e;Is ndx Célqdﬁra?tltr’égad%l tﬁlﬂwébrilmé term
O maturity prortije or_a Irs e Ile_on e oan,
means, typi calTEFHEFR Y Mﬁ“‘éﬁof 'ﬁbréﬂ the ferm 9 dﬁ‘%@b‘:’n"éﬂl um

for cal cul ati ngisangd storl ng a seventh set of data representing
a first termto maturity profile or a first paynent 10 profile
(dependi ng on what was determ ned under (f)) corresponding to

i nterest(and regaysEntypicalibptiviput means el veelmeraryd dif r$isttcrmyai ng
Ot AB S o MRS CafE g 2! LA s el 1€ A the
pr| nci paindicahmd;'oandea::lrecﬁmm\am}e@rteﬁimd:mg profile, such as
one or more point(s) in time at which refinancing is to take
pPlace, and indicating the amount of the remaining debt to be
refinanced at said point(s) in time,
- 15 and/or said set of data indicating a desired/intended
" funding profile such .as the desired/intended number of
financial instruments applied for the funding, with their
type and volume,

(a) means, typically input means and a memory or a storage

20 medium, for inputting and stdi:ing a fourth set of data
indicating a maximum permissible difference in balance within
a predetermined period, a maximum permissible difference in
proceeds and optionally a maximum permissible difference in
interest rates equivalent to the difference between the -

25 interest rate on the loan and the yield to maturity of the
financial instruments applied for the funding,

{e) means, typically input means and a memory or a storage
medium, for determining and storing a fifth set of data indi-
cating a selected number of financial instruments with

30 inherent characteristics such as type, price/h\arket price,
and date of the price/market price,



i nput under (a), - the set of data input under (b)

refi nanci wep q8/481871 e and/ or the funding profile gﬁﬁ@’ﬂ??/ﬂ@”(c)
20 - and the interest rate profile agg ei ther the payrrent

profile or the termto maturity profile determ ned under (f),
(h) means, typically cal culation neans and a nenory or a st or age

medi um f ok £del eTERNG , a tyPATEA 1yf ifpbrin gieans? Bniddorr Gadiausl atiiory neans

financi al gt rumémogys d Gt et 1 an
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of data h
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under (§ &dast payment; profdds emgheeoam.ofil e cal cul ated under (g),

t he ref| nanci ng profile input under (c) and/or the 5 funding profile

i nput - under (c), - the set of data input under (b), - t he
requi rementi@las reamexi fPLseddys sadcalgitiosr aeeas and a memema|emce,

maxi MM peigEcsSidy eaefdiifit’ @&e da'ld?fl%ct%&féf and tornﬁ‘% @é@éﬂ’t’fﬂ pé‘éé”miﬁ' bl'e

difference in interest rates | nput under (d),

the cal cul 8&téh nepresenting | nanC|ng wher e flnanC|aI i nstrunents
froman earlier funding have not mat ured yet, the type, the nunber
and the vol une of t hese instrunents, 15 the neans being adapted

to perform™if nécdddsty tedme tor magpaity Rxofiid@ &8 ShEinsic RAVRRRL f

necessafyy, sel ecigrFidfe qdeREndindUBREWHt W Iddtiaiidled rl&ldétnenf)s) stored
under (e), the neans hei ngtfurther adapted to store, after each _
recal cul ati on, <¢orresponding to interest and repayment 'for debtor

- as well as a first remaining debt profile,

the term to maturity profile or payment profile and the
remaining debt profile being calculated on the basis of

15 - the principal of the loan and the repayment profile
input under (a),
- the set of data input under (b),
- the refinancing profile and/or the funding profile
input under (c),
20 - and the interest rate profile and either the payment
profile or the term to maturity profile determined
under (f),

(h) means, typically calculation means and a memory or a
storage medium, for selecting a number of financial .

25 instruments among the financial instruments stored under (e),
and calculating and storing an eight set of data indicating
said selected financial instruments with their volumes to be
applied in the funding of the loan, which eight set of data
is calculated on the basis of



20 - the recalculated interest rate profile, - t he recal cul ated

termto tur i profile, - t he recal cul at ed pay L&, -
t he rec’a%t#ﬁ'{’tsé remai ni ng debt profile, and - t%&%@r{dgéﬁ

financial instruments with their 25 56 calcul ated vol unes, unti |
all conditions stated under (b) and (d) have been fulfilled, means
for outputtin e thus deterJgu.ne onbi.,natj on of t type, the nunber,
and the vol ungc%%] RaYMERy arqﬁ;?slter %ﬁgﬁr&lﬂﬁd é’ﬁ‘qﬁfncﬁqﬁg PhEFsAated

57 twgldhefg)wiand t he cal culated termto maturity,

together_w th e cul.ate ment_.qrofil.e ref erably together
with the cal culf}g? erge%%an]t e"ipgs%e%gar°fl&§n&a§-dulatedp?‘é‘ﬂ(ﬁ%b‘l@ ‘t oget her with
t he cal cul at ecchenmfiinenadeit profile inputf undler (c¢) @ndYRANTHeOr o
transé¢erring t ﬁqg}i th'. t.0_a.storage di um or for sending.it to
anot hger corrputtg%l Sy m £ild J%p é-'r ng%%ncfiréﬁg system whi ch constitutes a
separ at e- aspedthefset) afhdatzesaputi mnderi db)i,s adapted to the

above- nention &,ﬁ{ﬁ(‘eﬁma f [ V?EE '!.ﬁm i . rNS.t type :
P-cal cul ati onq_ﬂle fror e cglsFest %ert% el mm,gggpl&%%?%giepa%ﬁgekeﬁr S he I oan
in  the out ém fhadéindes Oaxithuim pienitis sdind ewddiif erlenceeliay gatoceedsuncti on
coef ficients aa bt YatidiGaibie aittelRRed SHETARAN Nl the
present invention thus coffprises nmeans for 1 nputfing and storing the

necek@ary dat drent mmsler (Hl,cangk i ons. The i nput neans may conprise a
keyboar d. or ' :

@when the calculation is for a refinancing where
financial instruments from an earlier funding have not
matured yet, the type, the number and the volume of
these instruments,

15 the means being adapted to perform, if necessary, one or more
recalculations, including, if necessary, selection of a new

number of the financial instruments stored under (e),

the means being further adapted to store, after each
recalculation,

20 - the recalculated interest rate profile,
- - the recalculated term to maturity profile,
- the recalculated payment profile,
- the recalculated remaining debt profile, and
- the selected financial instruments with their
25 calculated volumes,

until all conditions stated under (b) and (d) have been
fulfilled,

.means for outputting the thus determined combination of the

type, the number and the volume of financial inst;uments for
30 funding the loan



nouse, a scanner, a mcrophone, a touch-sensitive screen or plate or the
| i ke, but weys/g@isp conprise nmeans for electronic 20 input BCGI/RKNWE e
medi um or via a data network. As mentigned above, the nmeans for storing
may be el ectronic menories such as PROV| EPROM EEPROM or RAM or
erasabl e or non-erasable plate or tape storage nedia such as tapes,

di scs or CB- ROM toggtheélre wilthuthee aad chia tiesly temap tios matwiditahase or

anot her conput er stem and/or a.data.network from V\/reE h the computer
Syot om can”ent of LREPYEERCHIEE ThE' cR1cBuRetd Wiy Ratlpiae 17 SO0PY

i nstrunment s usedpkeferabliyukdigedhernivithn tthen calloutlated lisrtdaresindtate pt her
I nformati on_needed or desired for the 30 cal cul ations or other purposes.

58 The~“0ut put means may conprise one or nore data screens, one or
more printers, opreferably togetimmernmdilibndhe wedcmlabted remadgiing debt
generating devic §oqﬂq_/eor connecti on neans which el ectronically connect

the conputer systemfto 4 data network 5 designed to transfer data fromthe
conputer systemto a data transm ssion systemthat conprise or is

connected t tgg J vVe- td \ s The
out put r?%a%[s%%vﬂg Ifc’try|zr)¥$:(r:“°§?fﬁqéyé e%éonnect%ﬂlgfaaﬁg)g}}{ranést?n&gs %nﬂgdl{m
syst em whi olr, floar semtimwdat ey awhhes eapdputsystgwse to 10 or renote
fromthe conputer system and which is connected el ectronically to the

conputer systemvia the data network. The out put neans may, for
i nst ance, Be qeinrsspandinasyatamnahich onstistutesd separateurerech pank

branch £ i ghalkalle oINS {4 WAL 0 e e WithEloNbRCh Vi 2

the data 1 as access to the calculation neans used for the
cal cul at i ossReat @hhe dnvgntinn odsth gongeymanthe tyomePueabcniakder

may Consti t4the (e Nade Rdrd it IDhfLs £4SIUE Ipavifilth SRYLRE PoBf! Lnof

or be connected to a w . area network. The |ocal network Is tygl cally
adapt ed t o Gie Qukay gwdsd (45 d} and pinkinkee and ghexe the LeleVRBTnunber

of units. Auidi dBYoolEfhici i P 458 S GRIURPIICI ULy Ct whi ch
conprises a nunber of data systens/conputers, and/or a
15 The system according to the present invention thus comprises
means for inputting and storing the necessary data for the
calculations. The input means may comprise a keyboard or a
mouse, a scanner, a microphone, a touch-sensitive screen or
plate or the like, but may also comprise means for electronic
20 ihput via a storage medium or via a data network. As
mentioned above, the means for storing may be electronic
memories such as ROM, PROM, EPROM, EEPROM or RAM, or erasable
or hon—erasable plate or tape storage media such as tapes,
discs or CD-ROM.

.25 The input means for may comprise a database or another
computer system and/or a data network from which the computer
system can enter data such as the necessary prices of the
financial instruments used for the funding, information about
lender and/or other information needed or desired for the

30 calculations or other purposes.



| ocal area which al so may conprise a nunber of data syst ens/ conput ers.

25 Furthermore the data network may conprise one or be o - p@re | SDN
NS008 : "Yexbices/oo

connect i s @smpurther devel opnent s hereof, one or nore K98/

t el ecommuni cati on connections connected tggthe conputer system by neans

of at | east one tel econmunicati on connection nmeans such as a nodem the
t el ecommuni cati on connections 30 conprising one or nore tel ephone
connect i ons TR PRLRYE meaps Ny FEMBTrdFeopRer onprmase oflatiat screensct ous.

Typically, biemoredptanBet¥yr knBBYrCRABPLENEel 882 RDRANENERLECOBRUNLE Ab2E

connections_and _tel ecommyni cati gn connecti on neans, : L _
59 For SRAfRfF gengralapl deMAEesi BRA(SF Gorpeehiengmeangpwbheh  hereof)

or a tel ecoslubteshieqltenasaheet vhéhcoRPeELABYyB€em t¥S80dR6a network
teleconn% |§gtLon gonnectlon bet ween a real est5¥e agent and tﬁe

n .
conput er “sySPERPIGH FReEERSAREHRbASTREY Haescomeyter syakemecko #data

central finapahsimisBibht Birs08M, tESENcompPEs&t 98 KiEXEHRNEEEed URd A0k of-hE
financial instrunmepts, used or,the cal cul ations, such as price and yield
befismeans o

to maturity" ofc o4 uFRfePhoYe Mentioned cFVRe rpThe cRuERYES f or

cal cul ati onméénadepl2deipipaliorBet 86nkdd €ad akd 0 SANPA ChrahsmiEsessary for -
t he net hod. calculgtion may t icalI% conpri se one or .nore
S

Thgege S %?r qg N
m cr opr ocesS¥PSSM WRICK, (EQF INSEARCA! Y o P esRnEOTRvEeE | oloRRytBe a
conput el0 osysemoter fgomnthd tompuUtsr Asy@yerh @idiwhish Cigadbeneéedq
perform ng for rking the nmethod according.to t he.
i nventi on. %gng?§S§§%%¥¥tg8ngﬁ? gﬁ%ﬂ?€e5e5¥ﬁﬁiﬂ'Yﬁ%t€he ARLF NekYorE-
di fferent eWhedoutput méahhemayst for instaicesoadhIgcéd wheseati 46eisst
enbodi nment s i ng.desp. d erformthe calculations indicated_in the
various 20 gﬁggdgﬁegtgggi Fﬁgaggtﬁ%ﬁngtc%r%ﬁﬂﬁ oo ?ﬁv%ﬁ???ﬁﬁh of
ment i oned abnvbhandfinanhéallﬁnatitution, who or which via the data

15 network has access to the calculation means used for the

calculations and comprised by the computer system.

The data network may constitute or be a part of a local
network, which may be a part of or be connected to a wide
area network. The local network is typically adapted to

20 electronically distribute and/or coliect data from a number
of units. A unit may, e.g., comprise a geographic district
which comprises a number of data systems/computers, and/or a
local area which also may comprise a number of data
systems/computers.

25 Furthermore the data network may comprise one or be one or
more ISDN connections or further developments hereof, one or
more telecommunication connections connected to the computer
system by means of at least one telecommunication connection
means such as a modem, the telecommunication connections

30 comprising one or more telephone connections, wireless
connections or other means of data connection. Typically, the
data network may combine the above telecommunication

connections and telecommunication connection means.



The neans for cal cul ati ons nmay conprise one or nore el ectronic

cal cul at iwo wi4sme7i t S, such as a m croprocessor whi ch i sPER/DIKIBEN8At ed
part of the conputer system or which 25 %ﬁ connected to the conputer
systemvia the data network, so t hat e or nore external processors
which may, e.g., be a part of a calculation central, may performthe
cal cul ati onpor examptesady Tepnt BGnﬂBthdan&QdaO'l’ﬁuQ‘&h&rt GeReflopmthtyi a t he
dat a netmorﬁ fro the data rocessLng sgsten1 h accor di.n

t he inventiBRTFS yBFcQI%ﬁlgEPFUPﬂ%H tion,goppec &Hﬁu?@F ﬂgﬁiﬁﬁ 30 ng
tgbtge inveﬁﬁegngs teleco?muﬁicatiﬁndcongecﬁion between a r@al- esﬁ&ﬂéﬂer
enbodi ment s_and, _det of the, nethod, and the system cording tq the
present i nvBAEPEN a’pggfa FPERPERE EBYSERE. aRY tg\éFﬁecﬁé‘P&ch%éﬁ §‘%3’|r 8?‘? on
gi ven i n5coasedt tontwahBfelke frofir aahﬁgala&dnhhemxatmbe.ﬁ.l tfut;ﬁ;rﬁﬁl Euch
DESCRI PTI ON_OF TH an_ex .€ t he varj.ation
in the bond®§i &F3¢ \é\{‘?“FEﬁthiBEa F°Fh§p‘FW% &ﬁ.ﬁjﬁ}ﬁs&rumentﬁziugs'eé

shows an exﬁaplehefchheudatibﬂsnakueh ak pidcentadegtield rtat enaduxa tyoant

which is fi é%d by issue/sale of financial 10 instrunents in accordance
with a pref enbodi nent of the I nvention at an increase in the yield
to mturity of the financial instrunents, Fig. 3 shows an exanpl e

f the d ] ' f fol | h I d

mmt ur' ty-of TAFBERARRRen P FYSF PR 08 S e o R

instrunﬁﬂtsaaaptedatoopéaﬁoemwthb aamcaﬂatuedsemhadhnaub afectess anw efgr on

at an '”Eﬁ%a&%t ”‘%h%' Qp fgﬁt eal &Qem‘ia&ﬁ%gﬁl%'auaz %@5&”@@ S
ayne eco

wher eby a ﬁHXIﬁUﬁ] |npu oan
bi ndi ng, one or more microprocessors.

A system according to the present invention may be a computer
system progrémmed in such a way that it is capable of

15 performing the necessary for working the method according to
the invention. In this connection it should be noted that
there may be different embodiments of the system,
corresponding to these different embodiments being designed
to perform the calculations indicated in the wvarious

20 embodiments of the method according to the invention
mentioned above and in the claims.

The means for calculations may comprise one or more
electronic calculation circuits, such as a microprocessor
which is an integrated part of the computer system, or which
25 is connected to the computer system via the data network, so
that one or more external processors which may, e.g., be a
part of a calculation central, may perform the calculations
necessary for the method based on data transferred wvia the

data network from the data processing system.

30 The method according to the invention is typically performed

on the computer system according to the invention.



20 Fig. 4 shows a conputer system which nmay be used in perform ng the
met hods accordlng to the invention, Fig. 5 shows 61§gﬁﬁ tic
exanpl e WO WAHYs for the payrents on an annuity | oan, ﬁﬁ”ﬁ@zs
shows a characteristic exanple of |ingps for the 25 paynents on a serlal

| oan, Fig. 7 shows characteristic shifts of the paynents on the

| oan as a function of the termto maturit

61 Fpgth8r598h§déﬁaﬂﬁétéﬂﬂsgﬁéaéﬁﬁfP§ bhetmethagnendsthe EKEtem |oan as

a funct hepoelihge tbe'i:'ﬁbt PruBbHti i¥vehtioANEpbbir! 888m the chhims9anBows
characteristic shifts of the _paynents ¢n the | oan as_a function of the

t erm t othet detajlsd §e§§FFHF19§aﬂlven SnFFanEBtéﬂBmglEhaFQEter|stlc
j unp- W geaghnbks agfl the BaumBNbs. on the loan as a function-of the term

to maturity of an annuity | oan of Type F, Fig. 11 shows
characteristic junp-wi se shifts of the paynents on the loan as a

f uncty oprYEF DESCRIPTIONTBFUTHEY DRAWENES! | 2l 10 | oan of Type F, - Fig.
12 shows a flow chart describing a data processing met hod for the outer
nodel for the cal culation of the volunes: of funding volunes of a loan in

accor dapgg Wit Bnawll o exampreodiEmene ¢hrileibnvent the, bead gdeldpasF,

a function of the term to maturity,

Fig. 2 shows an example of the determination of the interest -

rate on a loan which is financed by issue/sale of financial
10 instruments in accordance with a preferred embodiment of the

invention at an increase in the yield to maturity of the

financial instruments,

Fig. 3 shows an example of the determination of a payment
profile on the loan and the term to maturity of a loan which

15 is financed by issue/sale of financial instruments in
accordance with a preferred embodiment of the invention at an
increase in the yield to maturity of the financial
instruments whereby a maximum limit input for the payment on
the loan becomes binding,

20 Fig. 4 shows a computer system which may be used in

performing the methods according to the invention,

Fig. 5 shows a characteristic example of limits for the

payments on an annuity loan,

Fig. 6 shows a characteristic example of limits for the

25 payments on a serial loan,

Fig. 7 shows characteristic shifts of the payments on the
loan as a function of the term to maturity,



. 15 Fig. 13 shows a graphic representation of an exanple of a function F,
. whi ch indi WQ8438%\w nuch t he paynents on the | oan di f f er piormRdsieeos2

- maximumand the mnimumlimt; it is taken i nt @:.consi derati on whether it
is the maxinumor the minimum lint fRat is exceeded without adjustment
of the termto 20 maturity, Fig. 14 shows a graphic representation of

a functioRif,. BhkBbws chadke®eesshaW BMSFHNR PIHE & qQage di ffer
fromthe maxi mum_and the mnimumIlimt; it Is no aken into

consi der atPBR RfePhEMNCEiPR Ofc thextatm 60 MAEWRitYIMGE & momuisy Hean s
exceeded w thout adjustnent of the termto maturity, Fig. 15 shows a
step in the iteration routine in the Gauss- Newt on al gorithm used for

cal cul at i Of%of 7t REVE acterastic; phifts ofsthe payments on the

62 Fi joahbashawfuacklion elfathedeesin RontaltheithNdf OGrifr 1dh,
data processing nethod for the cal culation of the vol unes of vol umes of

fundi ng volunes for a | oan according to a first enbodi nent of the

i nvent SonFigal Lodshyws EharabtBirgstié SMvﬁs‘é ehiiftst E IR Yayadedtit i ne
in the ogaggs ?ewton al g rithmuse g% cal cul ati on of, the interest

rate, 838n8fs 2a PS\'/F‘@F?aP &OSc FEEMh Ot MR EUREEY Sfdé@R for the
dat a procaanumgynﬂbbndoﬁomypber-‘cal culation of the funding 10 volunes for a
| oan according to an enbodi nent of the i nvention called Type F+, which
is a continuation of Type F I n cases where Type F | eads to one or nore

negati ve Fégdi 43 showsl nhasacter:l.sEi:.g. jufpshdwe shilfasaeifendhs igayeeigd e of
a payment ofr ahbl §odn Q8 3 FUAULIYR 93" B2 2 'EL Medrity S & serial
10 loan of Type F, '

Fig. 12 shows a flow chart describing a data processing
method for the outer model for the calculation of the volumes
of funding volumes 6f a loan in accordance with a first
embodiment of the invention, called Tvpe F,

15 Fig. 13 shows a graphic representation of an example of a
function F, which indicates how much the payments on the loan
differ from the maximum and the minimum limit; it is taken
into consideration whether it is the maximum or the minimum

limit that is exceeded without adjustment of the term to
20 maturity,

Fig. 14 shows a graphic representation of a function F, which
indicates how much the payments on the loan differ from the
maximum and the minimum limit; it is not taken into
consideration whether it is the maximum or the minimum limit
25 that is exceeded without adjustment of the term to maturity,

Fig. 15 shows a step in the iteration routine in the

Gauss-Newton algorithm used for calculation of the term to
maturity of a loan,



Fig. 20 shows a characteristic exanple of a paynent profile on an
annui ty kxasep/fags7a function of time, the paynents on the pcioRes/does2ng cl ose

to the maximumlimt for the paynents on the | oan at an increase in the
i nterest rates, 20 Fig. 21 shows ae&zharacteristic exanple of a paynent
profile onaserial | oan as a function of tine, Fig 22 shows a

Functi G 16 AROUh G JhE AEa Qo b, S, SR e: PR o Bn mum

limt faatd tprqmaseimgs metide £y |wen alanadtiorease the thdumdserofst rat es,

Fig. 23 _shows hart scrl ng t he outer ata :
process)f hod d"T 0191 015' eafctfr?g:‘%‘ gq:o \%IWS for the

f undi ngembodirhexsn csﬁ:(xd'rejurrgrentnaori,l restlled Twgoe dit of t he enbodi nent- cal | ed "
Type P, 63 Fig. 24 shows a
flow chart describing the iterative. inner nodel for the enbodi ment

cal | #d Fixpe ¥ fshowshea @liemlz'm ithe dfterattivm mowtiime Vgl thhes of a | oan,

Fig. 2 t f | O h-can be.
used | DV AT AR B S B AR G R D |

descri braikget he anal yti caI [ nner nodel for the enbodi nent called Type P
for the cal cul ati on of the fundi ng volunes of a | oan, and Fig. 27

shows a characteristic exanple of an initial trend 10 function and an
adj ust effig r bl shows |arfleedhart iescridingithentinngy @pdplpefqy the

data processing method for the calculation of the funding

10 wvolumes for a loan according to an embodiment of the
invention called Type F+, which is a continuation of Type F
in cases where Type F leads to one or more negative funding
volumes, '

Fig. 19 shows a characteristic example of a payment profile

15 on a annuity loan as a function of time,

Fig. 20 shows a characteristic example of a payment profile
on an annuity loan as a function of time, the payments on the
loan being close to the maximum limit for the payments on the

loan at an increase in the interest rates,

20 Fig. 21 shows a characteristic example of a payment profile

on a serial loan as a function of time,

Fig. 22 shows a characteristic example of a payment profile

on a serial loan as a function of time, the payments on the

loan being close to the maximum limit for the payments on the
25 loan at an increase in the interest rates,

Fig. 23 shows a flow chart describing the outer model of a
data processing method for the calculation of the funding
volumes for the funding of a loan according to a first
variant of the embodiment called Type P,



GENERAL DESCRI PTI ON OF LOANS W TH ADJUSTABLE | NTEREST RATES In the
foll owi ng WOM43T a brief general description of the neRCT/ADKSS/00082 oans
with adjustable interest rates where an 15 gxact calculation of the funding
i s made possible by an enbodi nent according to the present invention,
the | oans al sq termed LAIR The debtor receives exact cal cul ations
of various Fig-t&hahonws adiaw whart Kesasriding ithe diterauikye winhe20

respect to t giodello f8 Wrid waa-rm%qur@ﬂtléa% -p AR, X 0
may deci de for hi gel{whow oftenl and when a LeZI RFflgsr tfbh%e re "?]ﬁaaﬁag%é éﬁd

the part of of @ Igan.efi nanced. An investor
prefers, as an inportant elenent, to conbine 25 portfolios where the return
is known with.,a reasonabl e certainty. Internationally the nost

vel | - known typE-olfDb&RPWs & shegrctaniahic mramleafia thend ffunctiome
demand fors awhicH ¥ Veetuged Whi theale'i@;dﬁn{@wﬂbagqfegi eRA!-p However, this
onds.

Is not the case with the Dani sh callable nortgage
64 LAI R seeks to conbine the preferences of the debtor and the

creditor. Delptigr. 2y shviis & Q¥ WHaT 2 ddP HA AP IHE hPliveical UHS:
where the i nvel%@q;f[rggy have an maxi mum i nvest ment peri o of 5 ears.
When a | oan - r RS qmtofcaéde%%§ i (e Faktylayiomans
of a bond serthes fiindithgy GWIumes oFS d S GaRE at the nonent, it is

difficult to conbine the preferences of the two parties. The two
parties neet, as LAIR permits funding with a range of e.g. non-call able
bul | et bonds Rdigt.h 2Tatshiovws & diadBckerd st3 ol Q@1e Jff lBSRgLid Me1 Wslher

t he debtar, desir alo with a termto maturity of 10, 20 or 30 years.
_ Yo “Finctich an an adjusted trend functioglused in the Y

emquiment called Type P.
GENERAL DESCRIPTION OF LOANS WITH ADJUSTABLE INTEREST RATES

In the following is given a brief general description of the
new type of loans with adjustable interest rates where an
15 exact calculation of the funding is made possible by an

~embodiment according to the present invention, the loans also
termed LATR.

The debtor receives exact calculations of various
alternatives concerning the combination of a loan with

20 respect to term to matﬁrity and repayment profile. For
example, debtor may decide for himself how often and when a

LATR is to be refinanced and the part of the debt he prefers
to be refinanced.

An investor prefers, as an important element, to combine

25 portfolios where the return is known with a reasonable
certainty. Internationally the most well-known type of bond
is non-callable bullet bonds. They fulfil the demand for a
stable return which also is known beforehand. However, this

is.not the case with the Danish callable mortgage bonds.



In case of a yield structure, where the short-terminterest rate is

| ower th ong-terminterest rate (see the exanpl gy iddos2l, 1N
which th é%@@e 1 shows the interest 15 rate as a function of the termto.
maturity of the loan), it is cheapéd for the debtor to provide funding
by the issue of short-term bonds instead of a long-termbond with a term

Snuar ERIR, Bheks Sc0collliNBthe IOELLIAARLE b Ehd aloifovBnkidhe, 25 of

January 15 1996 the interest ra ear [oan was €4 p0|nts
| over t KXgdifker.nDebsor mayewsht3e ieansW1th a ;arm taymaturiby efed in

connect BN yiated, |%ﬁ@§e°£h§ anégtor Hﬁgnﬁg%epgﬁ' mhm51n@ Leganpner e

debt or nmakes nont hly paynents on t 'S also possible to
dlsbursPGEGPﬁePfléaﬁ?aWFthWhﬁnualﬂpes wstbfaltgrm190ymatgrasywefl3@s S

vari @S yearai A %tEgﬂaeafonklﬁ§ meanFOBESa”BBﬁa'QQrRQE Fﬂngpngeﬁggd of the

I ndi vi dual ,debt or en calculating the princ
accor di #§ i§ the casepPFnEhﬁléoﬁﬁnEAlRtlFsl§lﬁﬁ%EHEEdtPhGPtheep&yﬁent

profil ep#e¢erencel®orepAvenb Baetibg.reflect the profile on e.g. -
annuity 30 loan with a termto maturity of 30 years irrespective of t he

65 refinanci ng percentage and the intervals between the reflnanC|ng

| n caseThBe tdebpartiest medtl ALR mtﬁ ﬁei:ﬁ&&bt euA8iHg! Mtﬁf a39angey%¥r S,
this may thus be nded b%gISSUIn ﬁ to 10 bul | et bonds th

f
mat uri t Pe§-oPOR-€F iéb}éa ll?ﬁu§°n§§ VhE SmPEPﬁ¥Fbeﬁa§HPmt} 5p #ﬁe debtor

| 0arLg syleagger ﬁ:haepbaewe tvuedhag thBeakBaBri 8ek0r88 AUlb¥nOwikarkially -
reflnaﬂggd on its a lgan with nore than 10 financia

i nst r unefitd ﬁPtWaﬁHF&FVtPgslef ﬁBr@rtﬁgnYTBrﬁears may al so be  sel ected.

10 Here, the debtor has dlfferent options. The debtor may choose to
reflnan&e cas Cen§lg s rLEQBLQLn%hgggttﬁaChhxggrterm interest
rate is lower than the long-term interest rate (see the
example in Fig. 1, in which the curve 1 shows the interest
_15 rate as a function of the term to maturity of the loan), it
is cheaper for the debtor to provide funding by the issue of
short-term bonds instead of a long-term bond with a term to
maturity of e.g. 30 years. The example in Fig. 1 shows that
as of January 15 1996 the interest rate on a 1 year loan was
20 approx. 4 points lower than the interest rate of 30 Years.

LAIR may also be used in connection with loans of e.g. 12
 payment periods, i.e. a loan where debtor makes monthly
payments on the loan.

It is also possible to disburse bullet loans with maturities
25 of 1 or 10 years as well as various combinations of bullet
loans matching the funding need of the individual debtor.

When calculating the principals of a loan according to the

principle of LAIR it is intended that the payment profile and

the repayment profile reflect the profile on e.g. an annuity
30 loan with a term to maturity of 30 years irrespective of the
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during a|f&§§?%%'§§§?siﬁﬁﬁ 7 F% ﬁugvigﬁ ?ﬁep?ﬁF%?g%¥ Fggén§PFﬁétﬁFe shown

in Fi gitd.way. However, a loan with more than 10 fin&ficial Fig. 2 shows
t he devel In the. nterest.rate, and Fig,. 3 shows the deyel opnent
in the quﬁﬁggfﬁvé%sﬁﬁﬁh# %ﬂg?ﬁé£+8§n°?'m%ﬁﬁ Fhan LP nYeBr falaYi f4S6f Pene
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year and with a 5 maximumand mnimumlimts for the paynents on the | oan
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points i ; o [ f fhe financial .instrunents _appli.ed
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years, gupon the termto maturity is adjusted. This appears from
Fig. 3. en the paynents on the | oan 4 reach

In cases where loans are refinanced by means of bullet bonds,
15 debtor's selection of refinancing percentage and refinancing

time determines the number of bullet bonds with which the

creditor is to refinance the loan. If, therefore, the debtor

selects a refinancing of 20 per cent each year, the creditor

will fund a LAIR by issuing 5 bullet bonds with maturities
20 from 1 to 5 years, if a refinancing of 10 per cent is

selected, the creditor issues 10 bullet bonds with maturities
from 1 to 10 years.

Figs. 2 and 3 show an example of a LATIR of DKK 1,000,000, the
debtor selecting a 10 per cent refinancing of the remaining
25 debt each year. Thus, at the time of a disbursement, the
creditor issues 10 bullet bonds with maturities of 1 to 10
years. In the example, the debtbr repays a LAIR as an annuity
loan with a term to maturity of 30 years. In the example the
interest rate structure is presumed unchanged during all 30

30 years and it is equal to the interest rate structure shown in
Fig. 1.



the maximumlimt 3, then the termto maturity 5 increases 15 concurrently.
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mat ur es,.and, %p? | Q.per nt .of the renainin .debt_ on the
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fi nancewviith & efigtarsimgs amtdd peearced. eachFyearyemd WEth la year 22 the
nunb 233 e tarRP jmtm 1.4k Elﬂq % r so.that, the |loan my .
mat u?je gﬂter the above- nérﬁ“ﬁ?r%g?%g*)%a % (;%%m?%*oé:trh%ohg&ﬁ'l &t bonds is
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67 1@%@% RTI I ai | ed description of
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Where, in the follow ng, the synbol x is applied in 5 connection with

vector ahf jifdasdndd ijo'ﬂe&%érflﬁ#goelt BRiWHql thd il Qﬁtﬁfrg ed as

the outer_product. Thus, "the s represents-the I nner product of
vect or &fd the rfinancin) dnstraments applied afdjersweabexiod of & maturity -

the geNS/lrPHHY Hoen HELAUACH Stdrda¥e i Vhiilk130idiiRN &yt erest -
rates and - adjustable termto maturity is that thé paynents on the |oan
. payments on the loan to reach the maximum limit after 8

yvears, whereupon the term to maturity is adjusted. This

appears from Fig. 3. When the payments on the loan 4 reach

the maximum limit 3, then the term to maturity 5 increases

15 concurrently. At the maturity of the loan, the term is

prolonged to the settlement date corresponding to a term to
maturity of 22 years. At the same time as the prolongation,
the payment on the loan exceeds the minimum limit 3.

- After the first year, the bullet bond with a term of 1 year
20 matures, and, at the same time, 20 per cent of the remaining
debt on the loan is refinanced. The refinancing of the loan
is carried out by issue of a new bullet bond with a term of 5
years and additional issue in the 4 bonds with terms to
maturity from 1 to 4 years. The same procedure applies to the
25 refinancing in year 2 and onward.

Hence, the LAIR is financed in 5 bullet bonds until year 18.
From year 18 till year 22 the number of bullet bonds is
reduced by 1 each year so that the loan may mature after the
above-mentioned 22 years. The number of bullet bonds is

30 reduced at the same time as the loan is refinanced.



float within a band defined by a set of maxi rum and m ni num limts as

t he i ntereMO#37on the | oan is adjusted to the mar ket PETAKIFI0GOS2i it s
are denoted YD{err] and YDferr], 15 respegyively,. YD denoting the paynents
on the loan in general and J |ndeX|ng the interest rate adjustnent

peri ods. The fluctuations are kept within the band by adjusting the

- termto nat UPETHIBED: RESCBERTIONen, ot herwi se, the paynents on the | oan
: woul d exceed the limts of the band. Only to the 20 extent that the
adjusted termto maturity exceeds a pre- defined limt, the paynents on
the loan wi IPel¥efalinws a fAehpiledidenerbpidonTaE PrbPAimentst I9E ttdem t o

maturity of methé& hﬁéntﬁées§398hegcc893iﬁ§p98dtﬁgl!nvbh%&ﬁh and Llerr], L

denoting the termto maturity in general. is not a requirement in
the_nDdeI that the termto maturity is set as whol e years or ‘paynent
peri ods. ThUWhefE? in BRE&SEBLEoRth Stﬂﬁat§yﬂ£oih§ §8I Bpb? i B8t Y! 'ty are
defined o continuoys_interval limted by L[err] and Lperr This is

necessaryE copnectien; With PectPH| aREoMAEXikhEUbEFRRACSLERTY héheo symtel

wWithin a rel asi MetytBapeovelabdedt a8VEhY bliteEeplohake . 28hust MR
68 The fact that the §SS|gleaad ust nent s %fot termt omE e %%ﬂﬁﬂ%)/

are defined BﬁPEEESHFFnEBﬁleﬂ?ErQEPdBEEanuEeFHBr andp9§§FBN ity of

of fering themdebipritheientlion of fixed paynents on the |oan as |long as
the termto maturity is 5 within L[err] and L[err]. In the nodel, fixed
paynents on the | oan correspond to equal maximumand mnimumlimts for

the - paynkotAddustableogermhesClaturity - theY@eAlerhI YBrébllem In the
nodel, there is no need in general for a distinction 10 between |oans with

fi xed paynment and | oans with paynents floating wthin maxi nrum and
n1n|nun1non1Charaheeﬂebtmesfor 1oaﬁsew&eh agfuktkBhy GAterewt eakesWana

L;xed paynﬁnédgﬂgtablelggga o ma urgg§ngsp%¥ggng ea§a§$2n%EfL%re%F types

float within a band defined by a set of maximum and minimum
limits as the interest rate on the loan is adjusted to the
market rate. The limits are denoted YD™* and YD™®,

15 respectively, YD denoting the payments on the loan in general

and J indexing the interest rate adjustment periods.

The fluctuations are kept within the band by adjusting the
term tq maturity of the loan, when, otherwise, the payments
on the loan would exceed the limits of the band. Only to the

20 extent that the adjusted term to maturity exceeds a pre-
defined limit, the payments on the loan will exceed the
limits of the band. The limits for the term to maturity of
the loan are denoted, correspondingly, L™* and L™=, L
denoting the term to maturity in general.

25 It is not a requirement in the model that the term to
maturity is set as whole years or payment periods. Thus, the
possible adjustments of the term to maturity are defined on a
continuous interval limited by L™* and L™". This is necessary
if it is to be possible to fix the payments on the loan

30 within a relatively narrow band at every interest rate adjustment.



products that require different conputations, especially when 15 the | oans

are di sbg‘;égsg“sl#ence a distinction can not be conpl et ﬁ?ﬁdﬁﬁd in the

follow n 1.1 Fixing the limts for the paynents on oan The
fixing of the limts for the paynents on68he |oan is, basically, the
debtor's choice and is therefore considered an 20 input to t he nodel .

Fi xi ng therhenmgheta e ' | es.t nodel , at an
early stage, w || ¢ Fgragauﬁé ?ﬁgﬁ?ﬂig 58%{8&&33%%6556@ ?’F‘Fh? for the term
to maturitPeFBFitKearsa efme@m@%ha\/\n‘—‘bntbeuduscmtsendvé].lrbﬂ:ens|1j]pdehélI in -

the followpogsiBbibiepcers BEEERSAPILNE GLBLLE Yhi!oBtiQNTLL CAILgDeCOME NON-

bi ndi ng. For annuity loans, it 1Is reasona I mum and

i ni num | | RRYReRES ;0R; ?BG fesm| ashbemg as the term tO{B{lzetu:]':b@['eis] YD err]

and  YB[ ewith¥R] EPF]and Lun_ In the mod For
serial |oans correapondl ng limts SWth efll'xef xeq Reymenge on e t}e°

appl i cabl eSBFFESROP etep?mlmtmdmmmumgmmr@omm By

defini ti onpajenpaysRNtBe Oodn SHhéike | 0N decrease over tine - it wll
t herefore be nost reasonable to 5 fix simlar decreasing maxi num and

mnimmlimts e.g. by fixing the maximumand mninmnumlimts as a
spread to the yD¥*paeted paynent profile at the di sbursenent of “the I oan.
Adjusting the termto rraturity to observe the limts for the paynent s

on the lo S € problemln regard to 10 serlal | oans. When
adj usti ng @#erf?‘no%1 Cﬁ?f? S0 %e?ﬂ)t“g amﬂ-"t%ﬁfﬂé’éﬁ%l-@nt 0
det er nilfle betweeh hoamna witipefi:easd pamwaaﬁaérmogﬁg)fwltgi phekeaies e, it

wi Il not bflggéfﬁ& | &1 ekl maximum and minimum limits. The debtors,
however, are likely to view loans with fixed payment and
loans with floating payments as two different types of
products that require different computations, especially when
15 the loans are disbursed. Hence, a distinction can not be
completely avoided in the following.

1.1 Fixing the limits for the payments on the loan

The fixing of the limits for the payments on the loan is,
basically, the debtor's choice and is therefore considered an
20 ir_xput to the model.

Fixing the limits at an unreasonable level implies that the
model, at an early stage, will disregard the limits to
observe the limit fo:& the term to maturity for the loan,
which will be discussed further in detail in the following.

25 Hence, unreasonable limits will automatiéally become non-
binding.

For annuity loans, it is reasonable to set the maximum and
minimum limits at a fixed level, hence

YD YD*%.-YDF™ and yDMt.ypRin....ypRin
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this problem is solved by observing the limits YD} and YDRI®

only in the first year of each refinancing period.

Yet, the question of fixing the limits after the maturity of
the loan as originally expected is still to be answered. This

20 applies to a situation where increases in the interest rate
have caused the term to maturity to exceed the original term
to maturity which applied at the disbursement of the loan.

For annuity loans the model simply continues to observe ﬁhe
defined limits which are at a fixed level and therefore well-

25 defined. For serial loans the gradually decreasing limits can
not just be applied onwards, since this would imply that the
maximum limit at one stage might be negative. For debtor, it
would be more appropriate if the maximum limit instead is
fixed at the level of the last well-defined maximum limit,

30 whereas the minimum limit is fixed at 0 (zero) . Thus, the
loan may be continued as a serial loan without the limits
becoming binding per definition. An example of the limits for

the payment on an annuity loan is shown in Fig. 5, while Fig.
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refinancing.'2 The concegL of adJuStﬁéﬁétggéfhggf%héﬁ%#$¥terest rate

adj ust nent s. Is set to O (zero) at each I nt er est

J
rate adj us n h =Q.d e . ._the ti he
conputatio%s (%?F%%gi?%egfoﬁgfﬁ In more than oned?%?ﬁ#%%%%n?n%#ggpggté'

refinanci ngmplLiesethatinkhe future interest ratedemothke 1loan|wiilrmaetnanci ng

of thesl0aBn1y shift, due £o shiftsP s dia o rﬁétﬁPft;ﬂiéP-UEﬁﬁﬂ”em of.
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financial instruments applied, but will also shift due to Co
shifts in the distribution of the volume of the financial
instruments applied, provided the yield curve is not

horizontal.

15 Hence, to assume the yield curve to be constant does not
correspond to assuming constant interest rates on the loan.
On the contrary, at the time of each interest rate adjustment
a sequence of interest rates must be determined assuming
constant yields to maturity of the financial instruments .

20 applied. In particular, this is relevant for phe P-product,
since interest rate shifts penetrate gradually as the loan is

partially refinanced.

The non-constant interest rates complicate the concept of the
term to maturity for LAIR with adjustable term to maturity.

25 For each future refinancing period the payments on the loan

are calculated as a function of the term to maturity i.e.
YD(J,L,) J=0,...,M

wherein
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J<M This al so in@l ies that at e utation It | S hecessar
simul ate future r¥financing p@?ﬁ%%stwqolﬂ%tﬁﬁfmﬂeqafthbel ARes for

the termto maturity are 0RSE6V¥Ednaturity. At the disbursement of a
F5 loan with a 20 year term to maturity, M
is set to 3 (J=0,1,2,3), since the loan is

15 : not refinanced at the maturity. L,
determines when the loan has been repaid
and is, thus, the term to maturity of the
loan. M will shift continuously according
to the remaining term to maturity of the

20 loan.

If the payments on the loan are fixed or either YD?™ or YDRi®
are binding, it is required, disregarding the situation where
also L™* or L™® are binding, that

¥YD(0,L,)=YD(1,L,)=.YD(J,L,) =..=¥YD(M,L,) (=YD*VYD:")

25 For a non-constant interest rate on the loan, this will, in
general, imply that

: L°¢L1¢...¢LJ¢...¢LM

Thus, the model must handle a sequence of terms to maturity.



In contrast to the limts for the payrfent on the |l oan, the limts for
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| oan, e matynity 1t,WillyeFengfore, benaoss &ﬂ&% tohdefime | ef t

out of the;uaadelmdsﬁﬁi@ttﬂr@ﬁto t&8ANabLr €néfothér| éNeméntor ihhgnkermto
maturity does not 30 allow that the |lim,ts are exceededq in practice.

The pri or iSSPIRIGH Gt thse HeTms: $of BRtuRE ter BlepSemail iy agrepted Hhat
paynents ap>L¥E EeanJ<e! eThigesldd eifpivteeeriad Patdum conputat:.on it -

73 of shifts in th arretso theloa .as shown in . Fi 7, in

whi ch | | nd=| (ISIRRRBT &S SRt EA LU REEe £6 LiNADFPG. DER 108 O payrent s on
the | deh. deternfiiee sitrrtherg thei rltms.s-_sglf&n the Aerhf tbhaayuelidyt axreaturity

of 5 the fj nanc;ezeaa I nstrunents applied shift upwards, the paynents on
t he | oan |cﬂ° until YD[err] is reached. When YD[err] is = reached, the
paynents on the | oan are held constant at this | evel , whereas the term

{0 TRt S A0 DS M8 LRGN LY
on the I oailn-mltsmﬁ;tr he rtersated maduxiltyy edildy c égpicglife bexi rmm limt,
€.g. pol ntdé%:ermined by external circumstances. Thus, the maximum limit
15 may be determined by legislative rules or credit policy
considerations, whereas the minimum limit may be determined
so. that the debtor is not deprived of a capital loss tax
deduction. If the debtor prefers more narrow limits than
required by the external factors, nothing will prevent the

20 model from operating with these more narrow limits.

In the model the maximum and minimum limits for the term to
maturity are given a higher priority than the limits for the
payments on the loan. Only when the payments on the loan are
- at the same level as the maximum or minimum limit, the term

25 to maturity is adjusted as mentioned above. If it is allowed
that L™ or L™" is exceeded in order to observe the limits
for the payments on the loan, L™* or L™" will never be
binding and may, thus, be left out of the model. In addition
the nature of the limits for the term to maturity does not

30 allow that the limits are exceeded in practice.

The prioritization of the limits for the term to maturity and

the payments on the loan determines the fundamental pattern



Accordingly, in case the yield to maturity of the financial I nstrument s
applied favbesuilee paynments on the loan will drop 15 to therdmEpRrs/ODEEIr] .

Then the termto maturity is reduced so that the paynment on the loan is
shifted horizontally in the © plane. Théd3horizontal shift continues until
L[err] is reached, at which the shifts again are vertical, e.g., to the

point C  of shigtluAsammel @aga@ht:er Rrofthehilidah o diowa\ire sy 07 | hinl oan
20 inply that, w_.thin_the_band, the paynents on the | oan sfp}# )

corr espondWRdCR tdng LA Rhgwsh tﬂ%(@él‘”péf‘ﬁ“tté‘lrrmqw 0%, shifts inthe
vertical ppagthentiusn loheR1Wah fixed termto maturity (the
conventional LAIR) can be cornsidered as the special case where the
maxi mum and mnimumlimts for the paynents on the 25 | oan are fixed at

[err] (infimhid Weaatdnd Ctdnd) Jseyisein 8 A, Af the Wisrlal tthe metwriny aod

mnimumJinits f.or the_termto nmaturit . are Jd.dentic in which case
the |i m4 s ths: Ale 1S tyments APRLIEE S5 é’rpéf{?oﬁa‘#efd.t%e pa gt
obvi ous si rypl ithec dloamn ivicrdasemmatli WYIGY be teachéd. 3WhéheYDiYfids for the

termto maturi pPRLY constantly. 1n each refinancin eriod it.would
only be nedERSHeT e SRV On the hoan ang hedd Fonehant |3k hidng
not | ower tllearel,| evhidreass i itedny.to maturity is prolonged. This

74 Hence, ..t woul d.nat .he necessary t.o sinul ate.fut.ur dplanci ng
poriods - continR Ml e L A0 e et eien e el A

devi at iXhs whriath deistomct ibe endeeded.ndugyr dflid aysnerdss an thexpeahed
future fall_ ] e . rest.rate the | aQ | in the
current pernllddé(]:, tl%‘ .J‘r{%!geaa%eoé\l/etaodias?'lr]esvsél.ione.’?cae%% '}_—tci-%% ‘“a%’%?‘é‘?ﬁgﬁi.%‘g’gﬁ has
fixed the lesgst pdigrt the termto maturity nore narrowmy than required by
the |l egislative rules, this nodel is not applied. 10 Yet, problens

regarding the legislative requirenents can not be ruled out, e.g., terns
to maturit Acoeubidigly 30iyemse fehe yield to maturity of the financial

instruments applied falls, the payments on the loan will drop
15 to the level YD}". Then the term to maturity is reduced so

that the payment on the loan is shifted horizontally in the

plane. The horizontal shift continues until L™® is reached,

at which the shifts again are vertical, e.g., to the point C.

The fundamental pattern of shifts in the payments on the loan

20 imply that, within the band, the payments on the loan shift
correspondingly to a LAIR with fixed term to maturity i.e. in
the vertical plane. Thus, LAIR with fixed term to maturity
(the conventional LAIR) can be considered as the special case
where the maximum and minimum limits for the payments on the

25 loan are fixed at » (infinity) and 0 (zero) respectively, or
where the maximum and minimum limits for the term to maturity
are ident:_‘.cal, in which case the limits for the payments on
the loan are disregarded.

A most obvious simplification of the model would be to make
30 the limits for the term to maturity apply constantly. In each
refinancing period it would only be necessary to check that

L, is not higher than L™ and not lower than L™" respectively.



private debtors m ght not be accepted at any stage in the paynment

profile, v ﬁﬁlﬁ& Lrr]<J for all values of J. Correspond*%*P%@ an not

be rul ed out at the debtor will ‘15 be deprived of a cap

deduction if just one of the el enentd4 n the sequence of terns to
maturity is | ower. than the termto maturity of the |oan previously held
by the r el Stsigi%, C duce a

further set ofé)I |lm &'*l?r thek%éetrn%ct%o natu?fot %%%@not ed q_‘{w 20 and
L[err], V\m%ﬁiﬂaﬂﬁ%@ mexigfis observed by L[err] at all tines.: The
simplified version of the nodel, in which each elenent in t he sequence
of ternms to naturlt is tested against the ~ maximumand mninumlimts
for the t&lAWSPSmt t%#nm%qﬁ:wn ealde HOSUr MReCcassaxIponds t o

putting Laviawithd [fdd RBEIr L it rldid loaditidnld %r:fdﬁllfees %Hdev%lﬁ’ i

It turns out that Herr] and L[err are not necessary, limts will

be fixed S*QeTHed Huiuns thpll in dntazest rate)on ithe >;|.oa.n can pot
Devi at i ondd rapplied linitie fcirdent pRETRIA,S ¥ the a@¥e discul&derling to.
t he funda ntal%&até rn of shlftsmthe 30 yrrents on the_loan, the term
to maturi NP oy thimselphs ¥%B[ tsyger the fermitge

rul ed out mdtiirity more narrowly than requ:.red by the legislative

YD(O, L[err YD[err and, YD (O, L >SYD[err] for L[err] L[erf] and
1[err]J[erJr hl]c%r“l‘%iseéo ‘{ %atlon where the current payments
..on the loan are within the band but it is expected that the paynent s

The 1l PSRRI, SRR D iy KR AIAST Ve SEGULEPERLS o A
si t uat i on b lddkradt), ies. guBi rﬁea:lmsed;o mamtmis:yLbencre]edmg 30pyelarzgdibrso
that private clr?al;tor‘s Ifu{ erhré :theerarc]cepted at any stage in the
payment profile, thus L,<J for all values of J.
Correspondingly, it can not be ruled out that the debtor will
15 be deprived of a capital loss tax deduction if just one of
the elements in the sequence of terms to maturity is lower.
than the term to maturity of the loan previously held by the
debtor. In the model it is thus necessary to introduce a
further set of limits for the term to maturity denoted L™
20 and L™, which limits must be observed by L, at all times.

The simplified version of the model, in which each element in
the sequence of terms to maturity is tested against the
maximum and minimum limits for the term to maturity fixed by
the debtor, thus corresponds to putting L™ and L™ equal to

25 IL™* and L™®, respectively. If it turns out that L®™* and LMV
are not necessary, the limits will be fixed at « (infinity)
and 0 (zero), respectively.

1.4 Deviations from the limits for the payments on the loan
According to the fundamental pattern of shifts in the

30 payments on the loan, the term to maturity is constant if
¥YD(0,L,)<¥DF*. Yet, it can not be ruled out that



Thus, the termto maturity is prolonged wthout the current 10 paynents on

the | oan Wwo 9sg3isicreased to the level YDerr]. Anot her PCTMKISH0GE| | |
however, result in unreasonabl e payman; profiles for loans with a | ong
remaining termto maturity. The problem can be extended to a
situation where L[err] will 15 exceed the maximumlimt for the termto
nmaturity even thamxo,L,) <YD§®, ad@ryh ey envgi ubder L8R, Ry@niyiard curve.
The Iimt for the termto maturity may not be exceeded. I nstead t he
paynent on the loan is increased, if necessary to°  a |level exceeding

YD err]. .Yeiqr::iéspicmdling (0.4:)¢¢ 1 ei:’eﬂqatt:‘rdrvivﬂieﬂﬁ) tﬂtermandeﬂmy payments dhe

pRYTEIL 00 0 S0 GRS e BSHECISS £ B PdabbaEhny Lo ¢

YD(J, L[err ]gaymeritfs rgn J&ife lloan wll excedl CYD:e’haur as fukaret refliseanaiigir es

P T4 s i 20 (A IS e oLy A6 8P AG b BB I

sui tabl e. Ito dgdi ﬂ:lnorthust sa.anamcmnb&nr(@l &qd) oiis mhanta{taed} <whereps L, &sen

though L[eréggﬂ ré& |s situation, the paynent on the | oan
decreases d 0 and will later increase beyond YDl err]. This
aI so inplies that the solution in (i) is not suitable. However, a nore

suitable solutio &L 2,4 mne the  paynents on the |oan based on a
conbi nati on of Y% ’[e’r) Yand 5 (i) so that the paynents on the |oan
follow YD(J, L[err]), as Iong as this is larger than YD(J.L[err]) and,

Vo0, E["efr] o ¥ne AR Yo hiuPAHIL Spfl1 ol %Z@E‘;ﬁé@és‘ﬁ@%ﬁ‘-’reﬂ
payments on the loan being increased to the level
Another solution will, however, result in unreasonable
payment profiles for loans with a long remaining term to
maturity.

The problem can be extended to a situation where L, will
15 exceed the maximum limit for the term to maturity even though
YD(0,L,;) =YD under the given yield curve.

The limit for the term to maturity may not be exceeded.
Instead the payment on the loan is increased, if necessary to
a level exceeding YD3™. Yet, it is not completely trivial

20 when and by how much the payment on the loan should be
increased. At a first glance, it would seem obvious to
determine the payment on the loan as

(1) YD (J, L) v J=0,1,...M

which ensures that the loan matures at the right point in

25 time. However, this solution ignores the maximum limit for
the payments on the loan fixed by the debtor, which is not
suitable. In addition, it can not be ruled out that L,<L™*
even though L,>L™*, In this situation, the payment on the loan



Let J' denote the mnimum val ue of J where 10

YD(J, L[e > J, L[err]) vVJ3J=0,1...M | bJ[err]J’
t he payrrg[r#a X he loan is deternined as e @& Ja,W“&g
.)=YD(J,L[err]) and for J' [ger]J[err]M Y J,
.)=YD(J,L [err]) 15 The pattern of shifts inthe payrrents ontheloan

will be as rated in Fi 8.and Fi 12 in

i ndi cat es decre[af.?gspi eﬁ'%oF:’é{?"all& Fﬁtﬁ?e“%ﬁf ¥°Fﬁegp oan Fgf"san
annuity I@&moMﬂmpMﬂeé:thm&cem@a@plhmlemcaad(&helblﬁbt ¥Ohieabllet.0 20 observe
the mximumlimt for the termto maturity of the | oan. Anal ogeously,

line 14 in Fig. 9 indicates the pattern of shifts in the paynents on
the | oan Howewesn isakmdrensuiltable soilutimmé.sessa'dptbmnﬂneeeﬂet he limt

lYE[aﬁ”] t%a,?}?&e?{] os'xh%he lo'ggf( t| on w%ere Iﬂgtg.gﬁ o%OYBgtJU yaﬁé the

iy anal ogous 5| e payien 2" | 0an
will fal (al ee Yhadr rhef ptaiymemtlsl onmthienilivaho folllewt ¥DAT, b,;) , asalongty is

be ob ' L hed Lnaly.
L9 be b5l s s MR ol YDA S, HBR FRAETaBsE LTS
YD(J, L[erraipdeD( Xhe @ayjents on [ther logm0are fiMed at YD(J,LPY) . In
q err] Il enfdehemddieAMEMs OLriRe aPbd L:etRtlhangd ;as

Let J' denote the minimum value of J where
10 ¥YD(J,L™*)>YD(J,L;,) v J=0,1,.,M
For 0s<JsJ' the payment on the loan is determined as
YD(J, .)=¥YD(J,L,)
and for J'<J<M

¥YD(J, .)=YD(J,L™)
15 _
The pattern of shifts in the payments on the loan will be as
illustrated in Fig. 8 and Fig. 9. Line 12 in Fig. 8 indicates
the pattern of shifts in the payments on the loan for an
annuity loan when it is necessary to exceed the limit ¥YDy* to
20 observe the maximum limit for the term to matufity of the
loan. Analogeocusly, line 14 in Fig. 9 indicates the pattern
of shifts in the payments on the loan for a serial loan when
it is necessary to exceed the limit YD;y* to observe the
maximum limit for the term to maturity of the loan.

25 In the analogous situation where the payments on the loan
will fall below YD if the minimum limit for the term to
maturity is to be observed, the payment on the loan is
determined accordingly.



YD(J, .)=YD(J, L[err]) 5 and for J''[err]Jd[err]M

YD(J, .)=YBQI9s(43187r | ) This solution is considered to becihkosneds2

sui tabl e. However, ot her solutions are Qutlined bel ow. 1)

Firstly, the paynments on the | oan m ght b&’ fixed at a 10 | evel
corresponding to L[err]. In the nodel, this would i mply the
definition of a rsst nBXi dendtdl thétminimulvalue of J whéber higher or

| ower than the previous nmaximumlimt. For: serial loans it would
imply the further problem that the paynents on the | oan are
decreasing in each 15 YD(J,n i<y, ng)peri od. vIiged, 1t,hgpaynments on t he

| oan woul d have to shift upwards at each refinancing of the

| oan and then, gradually, fall. Finally, the solution - would inply.
t hat increases i rFahe04IEY esthe giaymentt ken the loan ebs | detérminedf ashe

| oan woul d effect the paynments nore 20 t han observed in the
preferred sol ution. 2) A second possibility is to fix a new maxi num
limt for t h&palnew¥D 6h, Ifle | oan at a higher (lower) |evel

and, gradually, let the paynents on the loan rise (fall) wunti

the newlimt is reached in the same 25 manner as the preferred

sol ution® The |imnd foxed' byT<M t he debtor, are hereby ignored

whi ch is inappropriate. 78 3)
Finally, it is possible to determ ne the paynents on t he | oan
based on the termto neflfd4y) TYRAFILH L[ err] respectively as
nmenti oned under (i). However, as nment i oned above, this inplies the

risk that the, . . .
This solution is considered to be the most suitable. However,

other solutions are outlined below.

1) Firstly, the payments on the loan might be fixed at a

10 level. corresponding to L™*., In the model, this would
imply the definition of a new maximum limit at a level
either higher or lower than the previous maximum limit.
For serial loans it would imply the further problem
that the payments on the loan are decreasing in each

15 refinancing period. Thus, the payments on the loan
would have to shift upwards at each refinancing of the
loan and then, gradually, fall. Finally, the solution
would imply that increases in the interest rate in the
early stages of the loan would effect the payments more

20 than observed in the preferred solution.

2) A second possibility is to fix a new maximum limit for
the payments on the loan at a higher (lower) level,
and, gradually, let the payments on the loan rise
(fall) until the new limit is reached in the same

25 manner as the preferred solution. The limits fixed by

the debtor, are hereby ignored which is inappropriate.



5 paynents on the loan will first decrease and then I ncrease

and vice 2. Type F 2.1 The general probl LAIR type
Fis chapgc?erlzed by the fact that all the 10 remaining ggt@“%””%ﬂ% | oan
is refinanced at predeterm ned pointggin time with a fixed interval .-
The duration of the interval I's determ ned by the debtor, yet observi ng

that the ésfina cing éf takes place on_1 January. Hence, the
dur ati on t heFARREAY al 1k 18 BPFRIRLBCLY Qstﬂﬁﬂ+%e(Fh?e?@%@?nﬁﬁnﬁér of

years except fOthéhﬁthrBhsadrbﬁdthe wéﬁmetbh@aeﬂfﬂtyODMdQﬁengcnOn the date
of the di sbursenment eri od_bet fwo consecutive interest

rate adJustnﬁﬁ??ecFﬁge}ﬁtE?éQ?gF%?%eﬁhﬂn ﬁ%r&bb tFeWEESFen®S on - the
| oan are fixed. mBﬁnﬁﬁﬂedgabﬁvéhetﬁieqﬂﬁﬁrﬂeﬁfthéftﬂﬁﬁctﬁﬁtZtheSIred by the-
debtor o the paynents en t he | fﬁ é 8escont|nou Xyover tinme.
This i & shown ) RERREneq oo the: fosh wifd Eget BeSFenae 183 Yoo cat s the
payments on an anovehgel and eheétvégsa. intermttently, whereas line 18 in
Fig. 11 denotes the 25 paynents on a serial |oan also shifting

di sconti nously. The nmodel nust find a solution which conmplies with a
nunmber 2.offypeqFi renents. The conditions nmay be assined to two

cat egori es. 79 Firstly, the

sol uti on must observe requirenments defined for the total period fromthe
di sbur sen@nrfl Thiel geheradt probjemf :

LAIR type F is characterized by the fact that all the
10 remaining debt of the loan is refinanced at predetermined

points in time with a fixed interval.

The duration of the interval is determined by the debtor, yet
observing that the refinancing always takes place on 1
January. Hence, the duration of the interval will always be a
15 whole (interger) number of years except for the first period
where the duration depends on the daté of the disbursement.

In the period between two consecutive interest rate

adjustments, the interest rate and thereby the payments on

the loan are fixed. Depending on the frequency of refinancing
20 desired by the debtor, the payments on the loan will shift

discontinously over time.

This is shown in Fig. 10 and Fig. 11. In Fig. 10, line 16
indicates the payments on an annuity loan shifting
intermittently, whereas line 18 in Fig. 11 denotes the

25 payments on a serial loan also shifting discontinously.

The model must find a solution which complies with a number
of requirements. The conditions may be assined to two

categories.



the | oan. These intertenporal conditions were the main focus point in
t he above We98MB187i on of the general .- problem 5 Fbmever, t heCT/DK98/D08RSs ar e

briefly sumrmari zed in the fol | ow ng. The termto maturity
must not be |onger than the naX|ﬁun1I|n1t 10
Ll[err]L[err] 2) The termto maturity nust not be shorter than the.

m ni mum | i iFirstl}5 the 8dlutibénligst] 6b[serdr]a rte&&iaamara&b aeflied Gut i S
det er m ned [ t he, condi

YEKJLJ)[errTq?IE?FTl ngféﬁ'ggomaﬁheo je RF§§ment tlll the maturity of \vp

géij ))Yf%égheLleanl)Theéér1ﬁ%éftkﬂb6fal ¢onditions weréAkhe malndfocus
or err err] ' denotes

t he n1n|nuﬁ??%?gel%ftaefﬂﬁoﬁﬁlg%scr ption °§Dtﬁ§ gEPEFFf)pE?%l&T LD{err])

4) | f B[ cHowetére| r thet bonddyient avet beikddy samtertzednded the

observing t Qndi tion yD(J, LI)[err] YD err]
- 8lfow1ng. .
1)  The term to maturity must not be longer than the

maximum limit

10 Ly <L

2) The term to maturity must not be shorter than the

minimum limit

LNZ Lm'.n
15
3) If L,<L™*, the payment on the loan is determined
observing the condition
YD(J,LJ) <YDy**
20 and otherwise
¥YD(J, .)=YD(J,L;) for 0<J<J!
(a)
YD(J, .)=¥YD(J, L") for J'<sIsM
25 where J' denotes the minimum value of J for which

¥D(J, L) <¥D(J, L)

4) If L,>L™", the payment on the loan is determined
observing the condition

¥D(J,LJ) >¥Due



80 and ot herw se YD(J,.)=YD(J, L[err])
for Oferr r 't 5 B Y ) = Llerr
for J"[é*&%@fé%i]hﬂ ( &here J'' denotes the ninF%éﬁP@ggﬁ@&%f[J fL?

whi ch YD(J, L[err])>YD(J,L[err] 3o The nodel observes these
conditions by determ ning a sequence 10 of ternms to maturity
L[err],L[err],...,L[err]. The additional conditions are defined for
each refinancing peri od, hence for each value of J and L[err]. Thus, it
i S necessaryahg athetrwife notation, since J and Mare i nsi gni fi cant
in this context. Instead, it is necessary to 15 focus on each year in the
refinanci ng period as denoted by ]=0,1,2,...,m where mdenotes the

next refinancing of the v R, ) F L JYOr Eoxdt ORIRIYMENt On the loan is
denoted as a function of j, i.e. \TXj{F) First of all, the

-paynenF% on the ‘B nancial instrunents 20 applied nmust match the debtor's

paynents on the | oan as YD e3Mi y=¢b ty, 18 princi @ox Of *stkMct bal ance in
t he Dani sh act on nortgage credit |oans. Thus, Debtor's

i nterest and repaynent s= Bond redenptions+i nterest paynents to
the bond hol der g¢herd5Jln aeflotesothevaihimnpayataesodnIt fer | whichwhi ch in

addi tion to ng {ﬂiéﬁ rest al so conprise repaynents, correspond
to paynents on Fﬁgggghﬁgn$ ' ésh year, bullet bonds are i ssued havi ng
maturities up to the duration of the refinancing interval so that bonds
mature ea&lﬂxey e ntoblsetrbr%s these conditions by determining a segquence

10 of terms to maturity L,,Ly,..,Ly.

The additional conditions are defined for each refinancing
period, hence for each value of J and L;. Thus, it is
necessary to alter the notation, since J and M are
insignificant in this context. Instead, it is necessary to

15 focus on each year in the refinancing period as denoted by
§=0,1,2,..,m, where m denotes the next refinancing of the
loan. Furthermore, the payment on the loan is denoted as a
function of j, i.e. ¥YD(3j).

First of all, the payments on the financial instruments
20 applied must match the debtor's payments on the loan as
required by the principle of strict balance in the Danish act

on mortgage credit loans. Thus,

Debtor's interest and repayments=
Bond redemptions+interest payments to the bond holders

25 In order to have the payments on the loan, which in addition
to payments of interest also comprise repayments, correspond
to payments on the bonds for each year, bullet bonds are
issued having maturities up to the duration of the
refinancing interval so that bonds mature each year until the

30 next refinancing.



30 next refinancing. 81 For
each year WO9%/MaMi | the refinancing; the follow ng shall PCT/DK98/04082 Y

(O  YD(j')=H(j")+[err] Rerr](j)H(j),gq]' <m where: 5 YD(j)
is debtor's paynents on the loan in year j. H(j) is the jth
bond principal at a given tine ] - Rierr](j)

i s the cBepoeacht¥eaxt (ja) cunfilhthet hefinancing, the followimgd shHll

m ( o be m staken for M is the nunber of
bonds att?%g %@%%%

ning of the refinancing peri od and
also the tinme of the next refi nanci ng. ]
(Not to K@) m smkih)ﬂﬁ:iﬂ)ﬂ_&li BA(EHY$R S 35<m within the
refinanci ng period and, at t#h# sanme tinme, nunbers the
funding vol unes. | ~ is thus set to zero after each
refi nanci ng. In the notation there is a direct
conpl i anwBepetween each year and the bond 20 mat uri ng

t hat gear. aat | at e me tine may jindicate years and. fundi.ng
princ%pals is EEKE?y due t%gn?éb %ﬁtst?ﬁym%ﬁ SH%%SEh%n 9*Rav® Y&nd ‘annua
settl enent datB(dh 1 Januaiy.thd jtiz bombgrricipahnatiah givehenkmes i S
changed, the notation nust,be changed 25 as well. As to the | oan side,
however, 1 or 4 annual pay%ént dates may - be selected. Thus, i cannot

al so indi cate BEHtor payneihs the datwson|intedest tuatacofi theejthe notati on,
debtor's ‘repaynent and 4 rest within one year is, nevertheless, 30
called YD(j), then summ ng up the paynents nade on paynent

10 Toom (Not to be mistaken for M) is the number of

bonds at the beginning of the refinancing
period and also the time of the next
refinancing.
3 (Not to be mistaken for J) indicates years

15 ' within the refinancing period and, at the
same time, numbers the funding volumes. j.
is thus set to zero after each refinancing.
In the notation there is a direct
compliance between each year and the bond

20 maturing that year. '

That j at the same time may indicate years and funding
principals is solely due to the fact that the bonds only have
one annual settlement date on 1 January. If the number of

annual settlements is changed, the notation must be changed
25 as well.

As to the loan side, however, 1 or 4 annual payment dates may
be selected. Thus, j cannot also.indicate debtor paymeht
dates. In order to facilitate the notation, debtor's
repayment and interest within one yéar is, nevertheless,

30 called ¥YD(j), then summing up the payments made on payment

dates within the year. Let n indicate the number of debtor's
payment dates per year,



dates within the year. Let n indicate the nunber of debtor's payment

dat es Pey !
YI(j)= Oyﬁ(éﬁéﬁsﬁ [err] RG&(i-1) wher e &Féﬁl&%ﬂlﬂﬂ& -
the interest rate on the | oan o 8]) is the remai ni ng debt at

the end of year j 5 AFD(i) I's debtor's repaynment on the paynent
date i | I ndi cat es the payrrent dates within the

year, that is, i=1,2, t.,ri ct bal ance i s observed
each year. 10 However ﬁ#er;ﬁgﬂp Snl E‘G\‘I)\&‘II ¢ch (C) is to be nodified -
the first year and the year in which the loan is refinanced. In the

year of disbursenent of the |oan, the sum of debtor's I nt erest paynents
and repayﬂgg;_.é must be equivalent to the sum of the principal paynment on

the bond having the shortest 15 termto maturity 31d i nterest payments
on all bonds bt appl i ed i it e iinhRnesF d‘iatt%«?q ((fg? 9®™hddi tion, in year

1 an adj ustﬁ@gﬁ ) Must quﬂﬁe &%r&atl&hﬂdmébcr st atid lRRERIE eaxr j only
paid in full by t

debtor |f e loan is disb rsed exact |
settl eRent dat AFD(Rh Thus, 1§ '8 TERAVIMER L{" the mymeg&/é)aq:e H1) +
REG [err] Rlegr] H(j) indicates the payment dates within the

year, that is, i=1,2,..,n

The principle of strict balance is cbserved each year.
10 However, there are two years in which (C) is to be modified -
the first year and the year in which the loan is refinanced.

In the year of disbursement of the loan, the sum of debtor's
interest payments and repayments must be equivalent to the
sum of the principal payment on the bond having the shortest

"~ 15 ‘term to maturity H(1l) and interest payments on all bonds
applied in the financing of the loan. In addition, in year 1
an adjustment must be made so that the first settlement is
only paid in full by the debtor if the loan is disbursed
exactly on a settlement date.

20 Thus, for year 1 applies:

(D) ¥D(1l) = H(1) + REG ; R'H(3F)

wherein
REG is a regulation factor determining how much of
the interest payments on the first settlement
25 date the bond holder should receive from the
debtor. REG is determined as the part of the vear
in which the loan has existed since 30 November

on which date the bonds mature ex-coupon. Thus,



. Wherein REG is a regulation factor determning how nmuch of

- the interewD98a9182nts on the first settlenment 25 PCT/DKO8/H¢82 bond
~ hol der should receive fromthe debtor. REG is determ ned as
- the part of the year in \%ﬁich the | oan has existed since 30
: Novenber on which date the bonds mature ex-coupon. Thus,

. 83 REGRE@ncansagsumal vatubst beewednl2/(Rf (tilfe theanoan

" is disbursed 30 Novenber,) 13/ 12 (if the | gan . i S

' di sbursed 1 Decenber, g%ddggﬁgfs?%e:‘éi]&g}’%gﬁ and 13/12 (if the lpan

. nont hs). 5 In the yeas disbheseéflnbecemberi Bhd tkominithg ddlist wear m
! the total paynments on | pan_copprise, apart fromdebtor's r epaynent
:and interest, the rena?'%lgﬁgfge%?ngﬁskhe end of the year, corresponding
~to the refinancing anount. As to the bond si de, these paynents match

"~ paynent & om_t 0 0 iC .not mat ur ed. .For years in

. whi ch t%e Fgagﬁiesggagr ?a’g i %ﬁcgg?gﬁég%ﬁg P#Strt&eofgr‘%g'nr"&gmﬂtegﬁe rer m)

~ follows: the tBralypaymeREsnpnHEhe+Rpanr omphime, aparthifront [debtoimis

bal ance copgdi.t] b ' n as.( . fr h hnt ingti 0):

bal ance CORGhl BB ke, Bhel BERRIBIAY WS oy 44

YD(2) = H(¥pax, correspondiRpetp] theHfjefinancing amount. As to the bond
: ' side, these payments match payments on the one bond which has

10 not yet matured. For the years in which the loan is

refinanced, (C) may therefore be formulated as follows:

(E) ¥D(m) +RG (m) =H (m) +R¥(m) H (m)

Thus, the total balance conditions may be written as (seen
15 from the point in time 0):

Year 1: ¥YD(1) = H(1) + REG ?; R*(3)H(5)
Year 2: YD(2) = H(2) + ;; RY(5)H(3)
Year m: YD(m) + RG(m) = [1 + R¥(m)]H(m)

20 Besides observing the balance condition, the market price of
the bonds issued must exactly match the principal of debtor's

loan. In the following, this condition is referred to as the
proceeds criterion, i.e.: '

RG(0) = ; K(3)H(3)



Year m YD(m) + RGmM =[1 + Rerr](m]HmM 20 Besi des observing the
bal ance q@ysbidsigyn, the market price of t he bonds i ssuativnigs/oeosact | y

mat ch the principal of debtor's loan. In the following, this condition
is referred to as the proceeds cri®drion, i.e.: RG 0) =
[err] K(j)H()) 84 wher ein
K(j) is,the.price of the jth funding instrunent. RGO is the

r emai ni dm at the beginning of the refinanci ng period, which at the
di sbur senent & (jhe ilsokhe priceqoifv&hentthofuhdipgi Aospamentthe | oan, and,
at the refinancing of the loan, conplies to the refinancing anount
since the remaining debt in full is refinanced. The problemto be

sol ved IRG (e imddie ramadating elebiardi the begimndag @fptihees the m '
equati ong, :.'%Pané%%“éé’xgxéd O%{ﬂ-ﬁa 10 halang o5 i hods Hh*.l:.e one

equati on Which'r om t he procee%s criteri on However,
probl émegxlvaMItcarlﬁtﬂJ@rmnmaleaﬂ tts_hef rlsmrt h@ﬂd,nzﬂrtcmh@ of the | oan

bei ng d t bt gy, d he. .
proceeds cr erléﬁo%%%rd%%r?nls 0 ved IXI ng éﬂ%ﬁe |nterest rate on

t he | oarsinWeerths atrqmavgnmg debth ign full "ig metffWUQdmt erest rate, debtor's
repaynent and i nterest paynents nmay be determ ned. They determ ne the

funding with regard to the bal ance condition. The proceeds fromthe
i ssue Thefprskldnyrt ke elved bwdhe madald fior erchiesfismnsiaieeds 20 of

the | oanyed {bd Ak idedStneih &it&ﬁjstﬂ&@tr%ﬁfécﬂ from @yl the

|nterest rate nust  be raised so that the |arger . paynents on the_bonds -
nmor elforkilance eonditipr 29 wekl ay the one eguation which resulted

from the proceeds criterion. However, the problem is

simultaneous. This results from the financing of the loan
being determined both by the debtor's payments on the loan
and the proceeds criterion. The problem is solved by fixing
15 the interest rate on the loan. When starting off with an
"arbitrary" interest rate, debtor's repayment and interest
payments may be determined. They determine the funding with
regard to the balance condition. The proceeds from the issue
of the funding may then be compared to the desired proceeds
20 of the loan. In case of a deficit more bonds must be sold,
and the interest rate must be raised so that the larger
payments on the bonds - more bonds are sold - are covered by
the payments on the loan. If, on the other hand, there is a
surplus from the issﬁing of the bonds, the interest rate may
25 be lowered.

Thus, it will always be possible to determine an unambiguous,
positive interest rate solving the problem for each
refinancing period. The explanation hereto is that the
proceeds from the sale of the funding instruments is a

30 strictly growing function of the interest rate:

higher interest rate - larger payments on the loan -

larger funding principals - higher proceeds.



t he paynents on the loan. If, on the other hand, there is a surpl us
fromthe iWOIBMYSHf t he bonds, the interest rate may 25 be WWZWR "

Thus, it will always be posslble to detgsrmne an unanbi guous, . positive
interest rate sol ving the problem for each refinanci ng period. The
expl anation hereto is that the proceeds fromthe sale of the funding

i nstruneriie istaudtuse roltthe gnodehgrétihectonthbé sbructueeest thee:
hlgher 'r“ ﬁ&$gléﬁgeihaéa{ rs&fﬂ%@%ﬁ SQttQSSLQQQ In a outeLaﬁgﬁrlfund'ng

| 2
%Ienglt Pﬁot'tsha exmtfertmmra:ngéf ¢@ﬁ<ﬂetims hei sér uthar conflithens defndetd @nx that
the soluti,on é@éaaf ﬁé&ﬂ&g fi&mad%ﬂs %gk to {ngsu%sagglr a%rfmga&ﬂo "

condi ti onS, con I ONS I he eriod
di shurSermre apphiedr i Thye otemhanimnq:ozsdateoapparedapmheeﬂem ARngnner

COﬂdItIOQ? é% applled I n an inner nodel . The structure in the
nodel A the outer nodel applies a =~ iteration routine involving the
i nner nodel . Wen, for each refinanci.ng period, the volume of the

financin QSéey&EgﬁfelQn Lif8geihgsi Ehseegh rahgeénﬂop@xma 53:Q3 the
| oan hav een I n tﬁe I nner F, this solution™is tested
agai nst thbeE@hu¢n|nﬂgtinetHEVGQVQBQnﬁbellnnﬁrtﬁedééndWhﬁansfor &8s ot

observed. pd A LAL Ih OpOPL U] | ¥nbSvadlia! 8F: AR s inaBlRREIYAR e NNCT

nmodel once agaln conputes vol umes o I nanci ng 1 nstruments applied,
inter38t appbiedd phgnbprerestonatfeandanagments on Khgt doas hpwe been

CharaCter%éﬁ%meﬁe&hﬁn”EﬂS|1hﬁe§ mbase, thﬁQ”Ebiﬁ%&%nb%%“@%@tEﬂ? i nterest
rate on t oan and yield to maturity of the portfolio of financing

i nst r unenegapsippheeaondptienfpirakbe Putert alpﬁ‘@a by £t F&ep comdiions

bal ance, gacRothgnsappbagnetebetypelot Rlataﬂ@ntlg Qljukea, Rerds and on
the loan only allows the |nterest rate on
subsequently the inner model once agaln computes volumes of
15 the financing instruments applied, interest rate and payments

onn the loan etc.

A attractive characteristic of the model is a close
compliance between the interestlrate on the loan and the
yield to maturity of the portfolio of financing instruments

20 applied. The compliance is obtained by the principle of
balance, since the compliance between the payments on the
bonds and on the loan only allows the interest rate on the
loan to deviate from the vield to maturity as a result of
difference in the timing of the payments within the year.

25 Thus, it is not necessary to advance explicit conditions to
the compliance between the interest rate on the loan and the
yvield to maturity of the portfolio of financing instruments
applied.

2.2 Method

30 PFor the sake of good qrder the general problem is repeated
below:



| oan to deviate fromthe yield to maturity as a result of difference in
the tim @@ gjsajshe paynents within the year. 25 Thus, it ipgr/isKesiessgssary to

advance explicit conditions to t he conpliance between the interest rate
on the |l oan and the yield to nat@8bity of the portfolio of financing

I nstrument s appl i ed. 2.2 Met hod 30 For the sake of good order

t he gepe I ' peat .. be . : .

go. O RaERuRbR 8 RoRPER iy Wil b, dstermingd, oBBsEVIR,

t hat: that: in each refinancing period, the paynents on the | oan

are within the band defined by the maxi mum and m ni nrum 5 limts for
the paynents on the | oan stipulated that the total termto maturity is

wi thin the bandeachdyefisanginghperaefdauhengaynentanchi theslben the term
to  maturi 5¥:ea(}gtﬁ5'.txp'ﬁh@t 5%&“@5&%@3*@@ SR 1l éﬂa.nmih?mzm each
od, observe: 1 : the I'tion

refinancing peri al ance con equat i ons
(O 5 (E)) aRdmile for the ppymentdsonr ther loan 2.2.1 The outer nodel
of type F As mentioned above, the problemis solved in an inner and an

outer nodel. The outer nodel is shown in the flow chart in 15 Fig. 12,

whi ch witipudatess &hafke dheh Fofadhiteprm tohmatyrisy 4§ withip thepband t hat

the solgufipRd Hyokthd RRtkimin! and GRRimMH QAmits Wok! the @eql ibed bel ow
maturity and stipulated that the payments on the loan, in '
each refinancing period, observe: |

10 , the balance condition (equations (C) - (E)) and the
proceeds criterion.

2.2.1 The outer model of type F

As mentioned above, the problem is solved in an inner and an
outer model. The outer model is shown in the flow chart in

15 Fig. 12, which will be described thoroughly in the following.
It appears that the solution is obtained in 12 steps, which
will be described below.

It should be noted that steps A to E are repeated for each
refinancing to follow i.e. for J=0,1,.,M. Thus, the model

20 determines a full payment profile which, period for period,
observes the YD™* and YDM" conditions.

Thus, the model also determines a value of I,. When the full
payment profile has been calculated, it is therefore to be
tested that LM"<L,<IL™*, The test is applied in steps F and I.

25 If LpL™*, a new payment profile must be determined according
to (A). YD(J,L;) has already been calculated in the model,
but YD(J,L™*) must be calculated in the inner model, which

takes place in steps J and K. If, on the contrary, LysL™®, the



It should be noted that steps Ato E are repeated for each refinancing

to fol l ow WQR43$7 3=0 1,..., M Thus, the nodel 20 deter ni nBETHKIZHOP082
paynment profile which, period for periodgy -observes the YD[err] and
YD err] conditions. Thus, the nodel al so determ nes a val ue of
L[err]. Wen the full paynment profile has been calculated, it is

t her ef or e §@FHeto maguxsity ihadipsted complyingrwithTkB)t ést skepapf ied in
steps F anghd .g. 25 If L[err]L[err], a new paynent profile nust be

det erm ned accordi ng to (A). YD(J,L[err]) has already been cal cul at ed

. in the nodel, but YD(J,L[err]) nust be calculated in the inner nodel,
which — ipkes~glage~i enéthbded @88tknubl iANSEBS RONGHALY chkerr] Llerr],
t he ] ) . 87 fermto maturity is
adj ust ed AL MRS P¥R) Einakized. G and H. If L[err]L[err]L[err]
the nodel continues in step K, where the cal cul ations are finalized. 5
Step A - In step A the nodel determ nes an

5§ternine initial L[erg],
initialdt YRR A ratRereymine wnitiakylyne considered as a first guess in the
iterative  routine. First, an initial value for. J=0 is determ ned.

The following 10 steps determine, inter alia, the paynments and interest
rate ot HREER gﬁ% model fetarmings EPe%ﬂ}Flﬁgvgﬁﬁmd§Pemﬁtn§4twhese,

t he nDdeIﬁma¢nrmayqbgt@angiagpggtggnangiggti?ﬁgggliﬂagﬂg terathlerr] etc.
Thus, each ting step Ais applied an initial Termto maturity iI's
det er ni nedev¥tine.

First, an initial value for J=0.is determined. The following

10 steps determine, inter alia, the payments and interest rate
on the loan and a final value of L, Having determined these,
the model returns to step A to determine an initial value of
L, etc. Thus, each time step A is applied an initial term to-
maturity is determined.

15 If J>0 the initial value of I, is relatively simply
determined as L;,, L,;, being, of course the final value -
after the necessary iterations - of the term to maturity in
the preceding refinancing period. This procedure is applied
since the term to maturity is only adjusted if, otherwise,

20 the payments on the loan would be outside the band. Thus, as

a starting point it is assumed that the term to maturity
needs no adjustment.

If J=0, the determination depends on whether the (physical)
time of calculation coincides with the disbursement of the
25 loan or a refinancing of the loan.

At the disbursement of the loan, the texm to maturity is

determined based on input from the debtor which may comprise:




15 1f J>0 the initial value of L[err] is relatively sinply determ ned as

Ll[err], vhdosidigpei ng, of course the final value - af t per/bRes/ovOSESSary
iterations - of the termto maturity.in t he precedi ng refinancing

period. This procedure is applied ggince the termto maturity is only

adj usted if, otherw se, 20 the payments on the |oan would be outside the
band. }hus %@F start&n oint it is assuned.that the termto maturity,
needs M3 adj ngﬁgFor se =80 PRBUAEY IRPRAVIER Gipedieavmenh&t her the
(physical) (fiked phymehesl aulenoaei Beriles Dbafs)heodesbynganent of the 25
| oan or a ref,i nanci ng, 0 e l.oan. At t | spur senent of the | oan,.

the termto ﬁQFgFFFnggg Eﬁ&e?&%ﬁ?ﬁeﬁrﬁﬁgﬁﬁ gﬁagngg? PR¥MPRRE 88bt or which
may conpri sethe loan in the first year of each refinafiing périodThe debtor
selects an annU|t | oan payments_. . | xed paynents rule -
outqgerlal | 35n S Eﬁ%n5§LF&°°rélng 2 ﬁaBFﬁElfﬁé?rtﬁéLhﬁﬁPor prefers that

t he paynent sHowever, thlstbesbdbﬁlmnytheuiarbé gomprakedabir £R&i hanci ng

Fovever .t hi 75608RE PrREs fonEheoRpPRsatRy dhot e DX b o

paynents on gaheind&ialnderm3kxoi mtui‘ﬁ)[:yrmixsit[per c]alculated #hei nitial term

t turit Leul , f. L b
det or i ned’ apbiying BREHoSE Lo ddlf ke astemtiidq HephFlly Tnel o1 SRV, 0¢
solMed for Lpenulityi fogsulperr]

RG(0)R*

which, solved for L, yields

“YD(0,L,) )
1n(1.R¥)

1 RG(O)R")

where YD(O0,L,)=YDI*=YD3",

15 and where _
0} is the number of years since the disbursement of
the loan. Thus, L,~¢ is the remaining term to
maturity to be applied in the annuity formula.

Yet, R® has not been determined. To reduce the number
20 of iterations, Rf is set equal to the yield to maturity
of the last maturing financing instrument applied.

2) The debtor selects an intended term to maturity and
maximum and minimum limits for the payments on the

loan.

25 In this situation, L, is simply set equal to the

intended term to maturity. After the disbursement of



is the nu¥@P®8438Years since the di sbursement of

Thus, L[err]-[err] is the remaining teriggto maturity to be
applied in the annuity formnula. Yet, R err] has not been
determ ned. To reduce the nunber 20 of |terat|ons Rlerr] is set
equal to the yi the fLoamat ¢thet yntended tegm ttee Matarr it drs |1gffnmanC| ng

| nstrument - appl kgflsequencd) andlllg, UMY, HACHDAA i mto
maturity and mnmmlimts for t epayrrents on the
1 oan. 25 Inthls S|tuat|on L[err] is sinply set equal to the

| nt ended §?r”]t?P€aEBEEB¥ sehleRh tgﬁ R Byitint on the loan and
89 the loan, the intended termto maturity is of no
consequence andMRFimuRand, sinimyed i teh £arddie paymenfis omrifehejebt or
sel ect g an i nteRdgg payment on the | oan and maxi mum and m ni mum
limts for the paynents on the 5 | oan. Anal ogously to the
situation in which the debtor sel ects fixed paynents on the | oan,

L[err] is deter Kh'&q(il)g@(xsly to tr@@ﬂﬂdwcl(&) 5P idn YD ddisedd) 1s the

I nt ended paynent the | oan. However, for serial |oans a simlar

10 f or nul a Sd€ctse fdéR?é SFamenhfe o e koAt s Inajfeferesmined by {he
loan are given Rp1§fiky (F) so that YD(0,L,;) is the intended payment

on the loan. However, for serial loans a similar

where YD(O, L[errl] =YD err]=YD[ err] 15 and where #[éoer{;]a
8 PCT/DKRPOP

10 formula must be developed. The first year's payments on
the loan are given by

YD(O,I:O){nRG(O) n(n-1) RG(0) )R" RG(0)

2 niLye) | n (Do)

which, solved for L, yields

RG(0)-RE(0)RFEL
2n

¥D(0,L,)-RG(0) R

Ly P

15 After the disbursement of the loan, the model
disregards the intended payment on the loan, which thus
is not stored in the model.

Other situations can be imagined, among which that the debtor
may want a loan with fixed payments and an intended term to

20 maturity of, e.g., 25 years. This would imply that YDI*=yppi»
has to be determined so that i.,,=25. However, to solve this
problem a further iterative routine is required, which would
complicate the model to an extent not commensurate with the
possible gain.



whi ch, solved for L[err] yields [err] 15 After the disbursenent

of the | ogpegisker nodel di sregards t he i ntended PAZTDRYs/6U8sS he
| oan, which thus is not stored in the nodel. O her situations
can be i magi ned, anbng which that the 9btor may want a loan with fixed

paynents and an intended termto 20 maturity of, e.g., 25 years. This would

LY ok R LD SO0 noacd ol YIS0 N Y M G,

whi ch warel entmd)llmaa@nm Mthisde timputsedmnt not commensurate with the

possi bl e gai n. 90 Al'l inputs
to the nodel (both the inner and the outer nodel) are entered in step A
These inputs &fhe bond side The bond side Nunber of fi nanC| al

| nStrument. apghishd ¥ 4 4Hind i) WEAGP

adj ustnents), coupo * J' grnessﬁr%%rg@o f| nanci gﬂ%l nst r urrent

appl i 2d,

remw%MM@t)frm ta@mamn!ené'@dh yeapoand price of

each of the fifangiale iAild BPUPIdSlial instrument'@dAdRS$ de

10

15

20

25

nunber and date of settlements each vear and price of
each of the financial instruments applied.

The loan side

Date of disbursement, principal, principle of
redenmption, number and date of payments on the loan,
maximum and minimum limits for the payments on the
loan, maximum and minimum limits for the term to
maturity on the loan, and, possibly, an intended

payment on the loan or term to maturity.

In addition, values of inc must also be entered. In each
iteration routine, two values of each function are calculated
- a function value of x and a function value of x+inc - x-
denoting the variable subject to the iteration routine, e.g.,
the term to maturity. Hence, in the model the calculation of
the adjustment of x is based on two cbservations. inc is thus
a set of parameters indicating an increment in the iterative -
routine. Unless otherwise stated all elements in inc have the
wvalue 0,00001.

Finally, also € must be assigned a value. € is a set of
accuracy parameters indicating a maximum permissible
deviation from the conditions allowed.

When entering the inputs, it is tested that

YD5*>YDRR>0 and LP:LPi"x0



10 Dat e of di sbursenent, principal, principle of tion,
nunber anVBWF paynents on the |oan, maxi mum Eﬁa"’r%’%@?f‘uﬁ%p

limts for the paynents on the ghoan, maxi numand minimumlinmts-
for the termto maturity on thé"loan, and, possibly, an intended
15 paynment on the loan or termto maturity. I n addi tion, val ues
of inc nuSinaksthbeleanciedtol matarke on it sleait:ilmermjtdata, tiwo dsal ues of
each func u e a ¥ind Lon
val.ue of %é&ﬂlééa Eﬁg% kﬁg gntefﬁg V%#l%%le su Jec tg thggwge pﬁgk @
routine, segtlementthé.atter rrFD@r dmstence., Héndhe ilparhdsmaticburtsed AtB @it i on

of thg.adl ughaep édgfl §e5§u a3ednan Et‘“?‘ Qﬂéﬁ EMALLODS i phRGa R BYSan 2

set of paranefers catin I ncrenen eiterative Pouti Ae.
Unl ess 5ot heteges sumbed Qlfl velagwents in i nc have the val ue 0, 00001.
25 Finally, also e nust be assigned a value. e is a set of accuracy
paraneters indicating a maxi mum perm ssible deviation fromthe

condi ti onStepl BnwedAdJjust LyhcReterminegM: he inputs, it is tested that
YD[err]YDlerr]O and L[err] L[err]O

91 Since the loan is to mature on a settlenent date, it is required
that the é[nt Gﬁmﬁ@é—l:uéé‘— dfs Hesesisam tq @rda]usicorﬁs;g/ gy o mmx¢EMt

date. For né;h%el gﬁ: eﬁ(} fmaQ&nty]‘&? thd'er c?%ﬁ’
requires t L e [err re 1 ndicate by an 57 nteger nunber of
years [errF‘M) 'I@tléplﬁ Sugdjtestfaqtetiat dhedands Minancing déheRal, it is
NECesSSY Y maRuad 4! tHlde drfdl fot Q:H@%alxt)’ Hehce, {18 {STdNAMBIWY BRAL °€'he '
pr ecedi ng the maturity of the | oan
loan also matures at the end of the year, amongst other

considerations because of the interest rate on the loan.

Thus, the term to maturity in the refinancing period

preceding the maturity of the loan (ILy) is either prolonged

15 or shortened to the nearest settlement date.

If possible, the term to maturity must be adjusted in
compliance with YDJ™* and YDI™. However, it cannot be
precluded that it may be necessary to violate one of the
limits, in particular if the limits are identical. If

20 violating one of the limits is necessary violating the
minimum limit, and thus prolonging the term to maturity, is
most suitable. Therefore, adiusting the term to maturity
proceeds in three steps:

1) Ly is prolonged till the nearest settlement date if
25 YD (M, L) >YDir

Ly indicating the prolonged term to maturity. Otherwise
move on to 2.

2) L, is shortened till the nearest settlement date if



(J=M. This is due to fact that the bonds financing LAIR 10 mature at the
end of theoysasis? Hence, it is suitable that the | oan pe-EPKIBI0ISES at
the end of the year, anpbngst other consi derations because of the
interest rate on the | oan. Thus, PRe termto maturity in the
refinanci ng period preceding the maturity of the loan (L[err]) is

ei ther prolonged 15Y9Rm§¥¥?2{¥;“d to the nearest settlenent date.
rity must be adjusted in conpliance with

possi ble, the termto

YDerr] and YD err]. -However, it cannot be precluded that it may be

|

necessary 10yl ol d - PGl ehdehortdidd Wer kUG & Ideddig il L5 are

identical. If 20 violating one of t Imts i s necessary vio

m ni mum | i mi t MOX¥RIOPh&® Brol onging the termto maturity, is nost
suitable. Therefore, adjusting the termto maturity proceeds in three

st eps:
25

L[ err]
92

10

15

20

25

3)

is shortened till the nearest settlement date if

ating the

2)

%L L[err] is prolonged till the nearest settlenent date if
SYBSEM tPePArprityy dprprolonged till) £berpeppgfEating the
prol gnged ter gete1ehent HuteOahar ¥h%e is suspendad®ve on to 2.

YD (M L[err])<YD{err] L[err] indicating the
shor t enggepe BMen@uFelsUithiat: aOsdeuviss will alwagavgeomohad$- thus, 3)

termto paturit is,prolonqu till the nearest settl enment date and
YD[err]tP§ §@§ﬁ%ﬂ@§&pns will not continue infinitely. The steps ' '

imply that for J=M two different terms to maturity, I, and L,
respectively, must be input into the inner model.

In step B the value of M is also deterﬁined. Depending on the
term to maturity, the model simply determines M as the round
down value of the remaining term to maturity divided by the
duration of the refinancing periods. This is particularly
important when the model arrives at step B from step E with a
new term to maturity.

Finally, also L™ and L"" are input into the inner model to

test if these limits are binding for the payment'on the loan.
Step C - Calculate adjustment of L,

Based on the terms to maturity input the model has ‘calculated
the payments on the loan. Step C calculates an adjustment AL,
of L, based on the ratio betweeni the payments on the loan
(for a full payment period) on the one hand, and the limits
for the payments on the loan on the other hand. Depending on
the time of the calculations, the first payment on the loan
may be fractioned, in which case the first payment is
calculated proportionally. Thus, the model allows the first
payment after the disbursement of the loan to violate the
band.

The



Step 3 ensures that a solution will always be found, thus, t he
cal cul ati oT¥O®P I8N0t continue infinitely. The steps i mpIRETRRISONR2 5=\

two different terms to maturity, [err] agyl L[err] respectively, nust be
input into the inner nodel. . 10 In step B the value of Mis also
det erm ned. Depending on the termto maturity, the nodel sinply

det er ni nestrMsken e riduree andofply Jtermsf te eaterbtyi wgreedatesminedrity
di vi ded by, Vé}dﬂ% u@%ﬁé%@flﬁﬂ&rﬁa@ﬁn sPe{:th§nnEP' ﬁo&élpﬁég' cularly

i nport ant en t arrives at step romstep a 15 new term

to maturi t!geturned VH%I3y°ra45@1§f%¥¢fjit E?ﬁdmﬁ{l‘éisr ?natbeu hparx ireoe t he
i inner nodel to test if these limts are binding for the paynent on the

terms to rraturltXPf':hﬁut h oA,

| oan. St ep cul at e _adj nt of L[err] Based on the

2 §"Hmdi‘%'ijIae3)=t]¢3(3IT 20 the paynents on the

| oan. Step C cal cul ates an adjustnent [err]L[err] of L[err] based on
the rati o between the paynents on the | oan (for a full paynent period)
on the dne hand, ¥Rl %He linmits  for §e Py &% the 1 oan on the

ot her hand. Dependi ng on the time of the calculations, the first
paynent on the |oan may be fractioned, in which case the first paynent
i's cal cul at &P gﬁdrﬁr@né@ W Ighus, 9% Idlel allows the first .
paynent after the d| sbur senent of t he Ioan to violate the band.

93 In ste three and four terns to rraturlty wer e det erm ned and
i nput int otfhgl Be®r nodel . Thus, the inner nodel has returned with 3 or
4 different paynents on the loan i.e. YD (J, L[err]) and

YD(J,L[err]) for aLJI J"”‘)zYD;"‘ or

YD (J, L™¥) <yDRi»
10 L*™* respectively L™ is binding, thus
AL,=0

i.e. the calculated adjustment to L; is 0 (zero). On the
other hand, if

YD(J, L) >YDE® and ¥YD(J,LM™)<yDi=

15 the adjustment of the term to maturity is determined by the
limits for the payments on the loan.

If J<M a function F is first defined as the deviation of the
payments on the loan from the maximum and minimum limits. The
function is given by

20 1) For ¥YD(J.L,;)>YDy*>

(i)  F(L,)=¥D(J,L,) -YDm=



5 YD(J, L[err]) for all J<M and YD(M L[err])

and YD(Mpid syidslgy for J=M I f either YPCI/mxes/00082
[err])>YD[err] or YD (J, L[err]) [err]YDerr] 10 L[err]
respectively L[err] is binding, thus94 [err]L[err]=0 i.e.
the cal cul ated adjustnent to L[err] is O (zero). On the ot her hand, if
YD (J, Lherr] pa¥Diepslvaig 1ﬁjml_[err]) <Y 15 the adjustnent of the term
to matur)ity igdetérmyﬁgd'%[}{ d limts for the paynents on the | oan.
If J<Ma function E is first defined as the deviation of the paynent s
on the |oan flAdmh t BEdLodX® num and ninimumlinits. The function is given
by 20 1) For YD(J.L[err])>YDerr] -
94 -

3) and for ¥YD(J.L,)<YDi"

(iii) F(L,)=¥D(J,L,) -YDM»

5 For a serial loan, YD(J.L,) is defined as the payments on the
loan the first year of the.refinancing period. The function
may appear as shown in Fig. 13, in which the lines (i), (ii)
and (iii) refer to the corresponding formulae derived above
(ﬁowever the graph F is conventionalized, as a linear

10 relation between YD(J,L;) and L; will only appear as a special
case) .

At a first glance, it may seem more relevant to define F as
indicated by line 20 in Fig. 14. However, this would imply
that the model loses information on how large adjustment of

15 L, required to exactly match YD or YD}" as prescribed by the
fundamental pattern of shifts. If an F-function according to
Fig. 14 is applied, it will only be possible for the model to -
calculate an adjustment of 1,, which results in the payment
on the loan to be within the band, but not necessarily an

20 adjustment, which results in the payment on the loan being
equal to the relevant limit. Hence, a method corresponding to
the method illustrated in Fig. 14 can not be applied in the
present invention.

Whether the adjustment of the term to maturity is calculated
25 according to (i), (ii) or (iii) is determined the first time

the calculations are performed in step C for each value of J.

Subsequently, this is nof altered. If the model were to

decide, whether (i), (ii) or (iii) were relevant each time

the calculations are performed, there would be a risk that
30 the model shifts from, e.g., (i) to (iii), thus the model

would aim at the wrong limit when calculating the term to



2 For Yd Y J, L Y |
) or [gfa#} Derr]( [err])[err]YDerr] (q(ﬂ\l#&gﬁwﬁr])

=0 3) Tfor YD (J. L[err]) <YD[err]
L[err]) =YD (J, L[err]) -YDerr] Fa serial loan, YD(J.L[err]) is
defined as the paynents on the Ioan he first year of the refinancing

period. The function may appear as shown in Fig. 13, in which the lines
(i), (iimaturabg.(Frok seheting bifi€ withespontiioh baymenikes detithed above

(o ever b0, O5AR mbakt SORIR"Sho Rt s loettolt RS et 0 e
first gl dnen, egbadnyos&bm mnamml év.amt t whdehi ms F oifs courisedi omited by |ine

20 in Fi g.c‘:cééta.ﬁi wever, this would inply that the nodel |oses
i nf or mat 1on Wlarge adj ustnment of 15 L[err] required to exactly match

Yd[err] or YDerr] as prescribed by the fundanmental pattern of shifts.
| f - ly b
posglnbl egggghl %ﬂ %?%Owlﬁ% of F(F"EEI ate %ﬁéﬁ‘qg@% 89 LI i %ﬂéé vﬁ?c% rgsul ts

in the pepdeniated. oﬁ‘heh@djmnmtbasmqalﬂqmlﬁt@damlmm ridte Ruwssarily
an 20 adj e t: i ng equal
lggevant% g‘rérfgltﬁﬁkﬁ{e %Jc‘h h%v}e@%:pal%m’s'l g@@:lﬁﬂ?no!&?ﬁélé?f

tother nce, nmet ho correspon the met hod
illustrated | n Fig. 14 can not be applied in the present invention.

Whet her S fytih I i e Gy di ng
to (i), g F 6 5 (9 e)t gém%llégﬁﬁhrﬁ*#r%%%%l%e&aéﬁ%#é g'ETZ atl ons are
perforne®e #dgluaie@ fliore -each val ue of J. Subsequently, this is not
altered. If the nodel were to . decide, whether (i), (ii) or (iii) were
rel evant each tine the cal cul ations are performed, there would be a

ri sk ¥that 30 t A&ufBdel shifts from e.g., (i) to (iii), thus the nodel
woul d aimat the wong |imt when calculating the termto

If F(L,)*0, the adjustment is calculated applying
ALJ=[ {D™D] ‘1D"'g]oj‘;1
for j,=[DiagJ,’J,]°*
D=[J37.10[353v]I°?
15
g=[J7F (L,) Jo35?

where J,=(F(L;)-F(Ly+inc) Joinc®?

and where

20 D™D is the Hesse matrix
g is the gradient
Ja is the Jacoby matrix
. is the diagonal elements

inc is a parameter with a standard value of 0,0001.

25 The influence of inc is elaborated in the following. At this
point it should only be mentioned that the idea of inc is to



95 maturity. Fromstarting off with too high paynents on the | oan
the nodekygbiMdsgg7 N this case end with payments on the PRIz t 0 t he

mnimumlimt, which is, of course, not accept abl e. 5 Based on the
value of F(L[err]) an adjustnment of $ferr] is to be cal cul ated. The
adj ustnent is cal cul ated applying t he Gauss- Newt on al gorithm which

howevey i s sli err, I
(e baPBVEnE PrAbSEFERF oS 6 F{y) and, @ U bbFLAEFoB Whi
[err] LEalehX@te AL,. If F (L[err]) [err]O, the adj ustment. i s cal cul at ed
applying [err]L[err]=[ Dierr]D [err]Derr]g [err] for
j[err]— [DiagJ[err]Jd[err]] [err] D= [J[err]Jd[err]] o[j[err]j\4
[err] ABB°! is the Schur| pkedulk O] ewd] makrdcksr mpaning thheér €he- '

<t heotptenEhcpt, Eho| Rabiix"She) LUSRES qpe oy piR T % eI

the Jacoby matrix : jlerr] is the diagonal elenents

 no 5 <8 BpBRORER £rethcSpBnBhRr At W HReR " gE i pe R B BB y oo

nentioned that the idea of inc is to

&errL) is wthin

However, in this case the problem is one-dimensional, which
ig the reason why the Gauss-Newton algorithm may be reduced,
as D, J and j, are all of the dimension 1x1. Thus, "it applies

.v_'—" 3,

10 as j~=[Diagd®J}*s=[J?]%s=J. If j,=J is placed in the'expression
for D it applies '

At the same time, the expression for g is reduced to

JIF(L
g-—.(—")-F( L,

v

15 If the reduced expressions are introduced in AL,, the follow-

ing applies

ap21R7DI"D%

v

L d

inc

AL, - FIL;) F(L,)-F(Lyinc)




96 have two observations of F(L[err]) and F(L[err]+inc) fromwhich to
cal cul ate P48 (7. AoB[err] is the Schur product of PER®KIZNPISEcs
meani ng that the el enents of the natg'x are divided one by one. 51in
appendi x 1 the elenments of the matrix are witten in full. However, in
this case the problemis one-di nensional, which is the reason why the
Gauss- NeFhernmethodi mam bey iBdustsrated graphilallyandr [Rig] 1B etsd | of the

Jrerrio Braky eFrfSipetPRRSEER by dipe gt AP AL R T T e

expressi dne. (forappliegpplies [err] At the same tinme, the
expression for g is reduced to [err] 15 I'f the reduced expressions
are introduced in [err]L[err], the foll ow i ng applies

The algorithm approximates the value of L, fulfilling the

5 condition YD7*=YD(J,L,) if the payments on the loan start off
exceeding YD7**. Correspondingly, the algorithm will
approximate the term to maturity fulfilling YD(J,L,)=YD™" if
the payments on the loan start off below YDM"®,

The basic idea of the algorithm is to use the secant 26

10 through two points 30 on the graph 24 of F for (L,,F(L;)) and
(Ly+inc,F(L,+inc)), respectively. When the secant has been
determined, the intersection 32 of the secant with the x-axis
is calculated. The intersection 32 is the next guess as to
the interest rate in the iterative routine. If the graph

15 F(L,) is strictly declining, the algorithm will always reach
a solution. This will be the case, since a prolongation of

the term to maturity always yields lower payments on the loan
and vice versa.

Fig. 15 shows that inc should not be regarded as an accuracy
20 parameter. inc determines the step size in the iteration
routine.

In this connection it is not necessary to apply the matrix
apparatus, but the same method is to be applied later on.
Therefore, the formula apparatus is now introduced.

25 Eor J=M the F-function is to be defined according to the
three steps in the adjustment procedure in step B.

1f YD(M,L,)>YDE", the term to maturity is prolonged to L, at
first hand. However, it can not be excluded that the term to
maturity has to be prolonged even more, corresponding to

30 YD(M,L,)>YDy*™, due to an upward shift in interest rates.



[err] 97 The net hod may be
IllTustratexbew@pdyi cally. In Fig. 15 the graph of F is iped gy |ine
24, shown for YD(J,L[err])>YD err] i.e. (i) applies. Teagorithm
approxi mates the value of L[err] ful®8lling the 5 condition :
YO err]=YD(J, L[err]) if the payrrents on the loan start off exceedi ng

YD err rrespoad termto

ot ur | TSRFA T T g e IFer of) SOhrataRY ph aciRRBRGHL TBLELLGe BB LD
start the paka dmif. F is trherﬁasecdeﬂeaedfbyhe aI gorlthm is to use the
secant 26 10 through two points 30 on the graph 24 of F for
(LJerr],F(L[err])) and (Llerr]+inc, F(L[err]+inc)), respectively. Wien
the seéaht hE4Tiee¥P (M, LAc¥BETH ned, fidre YDN@bisde &dof the secant with
the x-axis is calculated. The intersection 32 is the next guess as to

t he |nterest rate in the iterative routine. |If the graph 15 F(L[err]) is
strictKFidecFilhidRP the algorithmw |l al RERerwEseh a solution. This

will be the case, since a prolongation of =~ the termto rraturity al ways
yi el ds Iowermp aynents on the | oan and vice versa. Fig. 15 shows
that i € ¥RMy fuht¥Dibe I Atddhensame fdoe B Mdxha¥Buret e‘Fhel‘H%nHet er ni nes

the steg ﬁhéﬁrh&ythg iifedih081y sh@ﬁtéﬁéd to thénnéaféseonnectlon it s
not necessary to the_matrix aratuy but the same nmethod is to

be appfFeEYleReBRf éﬁge A‘FﬁéP@PHFéY'tHBefBPﬁﬁPa’-&bB&r'é?%E FRenb®E®nt r oduced.

25 For ¢d= Man:helEyf Bagti Be Eﬁrtaebesﬂei:taﬁédaeaﬁrﬂbegbéOesceguded three steps

I n theggdj ust nen ,g‘rocedure E LT YDiMLerr]s) >YD{err], the

t erm t 0°H&r uPft ?dij SEPER5NgE aPE‘JvFeFP] the minimum limit i '
10 calculated. F is defined by

(1)  F(L,)=YD(M,L,)-YDu" for ¥YD(M,L,)>YD!" and
(ii) F(Ly)=0 " otherwise.

Finally, if YD(M,L,) <YDE™ and at the same time ¥YD(M,L,)>YDZ™
the term to maturity is prolonged to L,. Thereby, the

15 payments on the loan fall below the minimum limit, which just
has to be accepted since, at the term to maturity L,, the
payments on the loan exceed the maximum limit, which must be
regarded even worse, and a term to maturity between L, and L,
does not comply with the condition that the loan must mature

20 at a settlement date.

Step D - Has F(L,) converged ?

In step D it is tes-ted whether F(L,) has converged so that

the payments on the loan are within the band defined by the

maximum and minimum limits. If not, the model applies the
25 calculated adjustment. '

Whether F(L,) has converged is determined by testing the:
mathematical convergence of the adjustment. This is done by



first hand. However, it can not be excluded that the term rity
has to be YWP8¥8HEEd .even nore, corresponding to 30 YD(M [eﬁl’%ngwr@ﬁ%, due

to an upward shift in interest rates. -

98 Hence, it is necessary to cal c%?ate an adjustnment relative to t he
maximumlimt. Fis therfore defined by (1)

Fg{err}e)xra\fﬂd\&im rihe Y& 2srof the];]@djﬁ(&ﬂ\él[lerbf)?’ﬂ@[ Eéi‘%\ tan;iaturitﬁz; i) .
F([err]),=0 . . Ofherw se.. 5 Y er.rl)sYD e an
2t ¢ he WD (738 dRESTER) IR oer| ¢ Rainar phe VEMRLER: Fibe] & EE

i medi atise yadjuwstmemd 19 véeynemakti cf. skhéttenditidakemedAndbngdusly, the
possi bi.l i that the.term t turl nust. be.further shortened can not
be”excitmidh: Bhendiil G zonaed B EbubLpietpd s R RPRUAOREAE T o 10
cal cbl arieel. médeds cahimet dgt any closer.F (L[err]) =YD(ML[err]) -YD err]
for YD(ML[err])>YD err] and (ii) F(L[err])=0

ot herw se. Finally, if YD(ML[err])<YDerr] and at the sane tine

YD( M L[MathemEfeal | convergenter st deffbhedi by tkeprohdagédnso L[err].
Thereby, the 15 paynents on the loan fall below the mininmumIlimt, which

J ust has to be accepted since, at the termto maturity L[err], the
paynments on thgetgan exceed the maximumlimt, which nust be regar ded
even wWolse, a terento maturity between L[err] and [err] does not
conply with th&dndition that the |oan must mature 20 at a settl enent

dat e. Step D- Has F (L[err]) converged ?

[F(L,) -F(LyAL,)?] e
F(L,)?

(i) |

where € is a very small figure. If just one of the conditions

10 are fulfilled, L, is accepted aé the term to maturity at the
Jth refinancing. The convergence may also be tested by
applying

(iii) IF (1) ke

where € is fixed at 0,00001. Thus, a maximum deviation f£rom

15 the maximum or minimum limit of DKK 0,00001 is accepted.
The definition of F(L,;) in step C implies that the
convergence conditions are identical irrespective of the term
to maturity for which the value of F is calculated.
Step E - Apply the adjustment of L,

20 YD(J,L;) was rejected in step D.
Therefore, L; is to be adjusted and subsequently, in the

inner model the payments on the loan for L +AL, are

calculated. However, at first step B is applied so that the



In step Dit is tested whether F(L[err]) has converged so that t he
payment s wiyodid3gsyl oan are within the band defined by the pcr/DRosiosesn and
mnimumlimts. If not, the nodel applies the 25 cal cul ated adj ust nent.
Whet her F(L[err]) has converged s XEaerm ned by testing the
nathenatical convergence of the adjustnent. This is done by

eval uat i e S|ze 0 d nt of the termto maturity
whlchqﬁﬁy(ﬁﬂ é& 1¥§gb§?ﬁ£#5@ﬂg val ue of F(L[err]). If t he
adj ustnment is very snall cf t he conditions nentioned bel ow, there is
no regson Ep_ﬁég%in ﬁﬂgh? Iteration routine: 5 The nodel- can not get .any
cl oser™ I cal convergence is defined by the conditions

(i) - [err] [err] - where [err] is a very small figure. If

st ae lod e, SU0Ud (A0 e W 14T b o bndsasgigd 2o the term

to matutit y Pat 't he e convergence na | SO be tested
by rayiplstioxter thaf ithe minismnm] 11m1t Widre [err] is flxed at 0, 00001.
Thus, a maxi mum devi ation from

5 Ly, <L™®

the model moves on to step G in which the payments on the
loan are adjusted according to (B). Otherwise, the model

proceeds in step F.

It should be noted that steps F and I are the only steps
10 which are not applied for every value of J.

Step G - Calculate the payments for L,=I*"

If L,<L™" the payments on the loan are adjusted according to

(B) which was formulated as

YD(J, .)=¥YD(J,L;) for 0sJ=<J''
15 (B)
¥YD(J, .)=YD(J,L™") " for J''s<J<M

where J'' denotes the minimum value of J for which
¥YD(J,L,;) >¥YD(J,L™?) .

YD(J,L,) has already been calculated for J=0,1,2,..,M, whereas

20 ¥YD(J,L™®) is to be calculated in the inner model. However,
the transition from step G to the inner model is not simple.
At first, (B) is calculated for J=0. Depending on whether

¥D(0, .)=¥YD(0,L,) or ¥YD(0,.)=¥YD(0,L™")



15 the maximumor mninumlimt of DKK 0,00001 is accepted.

The
definiti onV?¥3¥%rr]) in step Cinplies that the convePGERKAES/00082

conditions are identical irrespectivelei the term  to maturity for which

the value of F is cal cul at ed.

Step E - Apply the adjustnent of L[err]

20 YD(J, L[err]) was rejected in step D Therefore, L[err] is to be
adj ust ethgndemadndngedeby, aitn thee end iofhdtherpstiddhenspayent s on the | oan

for L[ eﬁél:éﬁ:ﬁﬁmg.%lhth%g@%]seﬁr ®n th(‘ealrre‘l’tla%.h%.(;xg '&‘Qﬁ:v,erYD ﬁ:[,lt“.h’r)StisSt ep Bis

applied so t

100

to mat ufplpulatedyandd ¥dd ., J3Mcan be Sefiermindd arjcerttus [Ehe | 2
step F, rhalifiniedeet raQatthteh%Jdﬂchf téi{eﬂﬁqui Wid Y dehee NHe shorger than
lrmt. |f 5 err|<clerr the node

the m ni mum . L

term
In

noves on to

st ep 5G ExOmhisteR Fe toahentisngr meslel isomwcegessidjaist ed according to (B).
O herwi se, the nodel proceeds in step F. It should be noted that

steps F and |

of J.

10

15

20

25

However, it will never be necessary to recalculate YD(J,L,)
in a corresponding manner. From the point where YD (L™®)

determines the payments on the loan, this will be the case
until the maturity.

Step H - Adjust the payments according to minimum condition

Having determined the value of ¥YD{(J,.) for each J, it only
remains to compound a payment profile. Information on
funding, interest rate on the loan etc. are compounded in

compliance with the payments on the loan determined, of (B).

When the payment profile in full has been determined, the
model proceeds in step L.

Step I - Is Ly L™ ?

Fully analogously to step F, it is to be checked that L, does
not exceed L™, If L,>L™*, the payments on the loan are
adjusted in step J. Otherwise, the calculations are completed
and the model can proceed to step L.

Step J - Calculate the payments for L,=L"*

This step is fully analogous to step G except from the fact

that L,>L™*. Thus, the payments on the loan are adjusted
according to (a).

¥D(J, .)=YD(J,L,) for 0sJsJ
(A)

are the only steps 10 which are not applied for every val ue



Step G- Calculate the paynents for L[err]=L[err] If Llerr]<L[err]

t he payngpd9s/e3igi he | oan are adj usted according to ( Bpcifbids/ouess
formul ated as YO(J, . ,L[err]) for O[err]J[err]d 15 (B)
yD(J,.)=YD(J, L[err]) for J '[e J[err]M where J'' denotes the
m ni rum val ue of J for which YD (J, L[err]) >YD (J, L[err]) .

YD(J, L[err]) has ¥bricady=Nodd,rrul ated far J=£T<M2,..., M whereas 20
YD(J,L[err]) is to be calculated in the inner nodel. However, t he
transition fromstep Gto the inner nodel is not sinple. At flrst (B)
|s calwhelxaéd fdenolts® thepavigilmgprowalivet o J for which - YD(O,

r ol
101 D('Z%V(tl:'i‘ie L?ml?nfﬁ gebq s%([%%e enédé%# cfhteh%elfll%]a %V“b%tep ‘%Ieif%rm ned
Based tive tlme!eremdﬂhQ-Sd@lC,ce\sls(lir,eL[err]) is cal cul ated and YD(1,.) can
be determ ned and thus the remai ning debt at the end of the peri od etc.
Hence, the link 5 fromstep Gto the inner nodel is successive.
Hovev&ter K wi IAdimatethe: Dryments pacerding &9 maxiwm donglitijon in a

correspondi ng manner. Fromthe point where YD(L[err]) determ nes the
paynments on the loan, this will be the case 10 until the maturity.
St ep Analadgjonsiv e pﬁe\aﬁmm,s 2o PEYIEnEg Pre fiike amecooa tthen - Havi ng

det er PRabrdtie ottt HoatPlebr o0 ,92CN W ddtlertinéd in step J is

to be compounded. Subsequently, the model continues in step
L.

10 Step L. -~ The calculations are complete. The result may be
applied

A compounded payment profile has been determined, the term to
maturity L, has been calculated, and in the inner model the
volumes of the financial instruments applied and the interest

15 rate on the loan have been determined. Thus, the computation
of the loan is complete and the result may be applied.

2.2.2 The inner model of type F

The model solves the problem in 10 steps as shown in Fig. 16.
In the following, the model is discussed in detail.

20 The model applies an iterative routine. On the basis of a
start value of the interest rate, the funding is determined
in steps 2 to 4. In step 5, an adjustment of the interest
rate is determined. If the proceeds criterion is not
fulfilled in step 6, the interest rate will be adjusted, and

25 step 2 is repeated. If the proceeds criterion is fulfilled,
the model will make a final test that all funding principals
are positive. If this condition is fulfilled also, the
results of the model may be applied.
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nmodel can pr e pay ety for
Llerr]=L[err] This step is fully anal ogous to step G except fron1the
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H, apayrren profil
value of L“ is fixed.

In step 1, an initial value of the interest rate is
determined. To minimize the number of iterations which are to

10 be carried out later, it is expedient to set the first
interest rate equal to the yield on the funding instrument
having the longest term to maturity.

On the basis of the number of funding instruments entered and
the remaining term to maturity, a value for m is determined
15 as

m=max (number of funding instruments initially;
remaining term to maturity rounded up to the next
integer)

so that the model does not issue bonds with maturity after
20 the maturity of the loan.

Step 2 - Determine payments on the loan

Based on the interest rate, the principal input, and the term
to maturity, the payments on the loan until the next
refinancing may be calculated for both R* and R*+inc.

25 The model will return with the following information
concerning debtor's payments: interest rate, repayments,
payments on the loan, and the remaining debt profile.
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103 If on the other hand that one or nore funding principals are
negative, the nodel proceeds in the inner nodel for type Flerr]. Step
1 - Detef®l ne YPrRP=AxHnterest rate At first all inputs are entered
fromthe outer nodel. In the

10 where ¥YD=(YD(1),¥YD(2),.,¥YD(m)),

RG=(0,0,..,RG(m)) and
H=(H(1) ,H(2),..,H(m)) are vectors with the
dimension mx1l '

and where A is defined as a mxm upper triangular matrix:

[1.REGR¥(1)] REGR¥(2) REGR¥(3) . . REGR¥(m)

0 1.R¥(2) R¥3) R¥4) . RY¥m)

15 A-

0 0 0 o o [1.R¥(m) ]

The A-matrix is designed in such a way that the balance

equations appear immediately, if (G) is calculated.

In the A-matrix the number of columns corresponds'to the

number of financial instruments applied, whereas the number

20 of rows corresponds to the number of years in the refinancing

period. If the number of settlements within each year are

increased, the dimension of the matrix will increase by the

same factor.

By this rewriting, the solution as to the m volumes of
25 financial instruments applied in matrix form (the top

means that the matrix is transposed) is as follows:

the
sign T



5 i nner nodel err] is considered an input just |like the othe nputs

Thus, ever¥ot Mﬁ? he i nner nodel is applied, the val ue &Fﬁh&?q 03

fixed. In step 1, an initial valueq;@k the interest rate is

determ ned. To mnimze the nunber of iterations which are to 10 be carrled

out later, it is expedient to set the first interest rate equal to the.

yield on tt® f ults Al [WRERE]  having the longest termto maturity.
On the basis of the nunber of funding instrunments entered and t he

renalnlng termto naturlt%, a, value for mis detern1neq 15 as

memax ( numias m:mcmzlleng (A iAemey bei nre@mafed by A7 inoffiniagy I to

maturity ré&"lgegsuc@x fcneéﬁl if more! ﬁ?ﬁéy instrufentB8ahrkhe nodel
does not issue bon mat ur i gAaft r. 20 the maturity of the | oan.
Step 2 - BoRkiede ?h?r@ﬁtf%l‘éhngh TadarA” is negessaryh (Thsnitdeest rate,

the p“ﬁC'f@cbrw%,lgnénweatﬁée&o% b:{rOwHEEHrhBﬁ—qﬁQ@rEEKEEHh%rQEeEhe | oan

unti | e next I nanci ng nmay be cal culated for both R err] and
Rl err] +i ndray be imeerBedt will return with the following information

concerning debtor's paynents: interest rate, repaynents, payments on
the | oan, and the renalnlngxdebt proflle
104 Sep Sundipgefer *Tltﬂfﬂllrﬁ; dejienfeined by the same method.

Step 4 - Determine the proceeds function
A function F is defined as the difference between the

10 proceeds required and the market prices of the bond prin-
¢ipals calculated under step 3.

F(R®) = RG({0) - g K(3)H(3),

Hence, the proceeds criterion is fulfilled for F(R*)=0. The
values of F(R¥) and F(Rf+inc) are calculated given the volumes

15 of the financial instruments calculated in step 3.
Step 5 - Calculate adjustment of the interest rate
Then an adjustment AR® of the interest rate guess is
calculated. The adjustment will not be implemented until step
7 and only if the convergence condition in step 6 is not

20 fulfilled. The adjustment is calculated applying the Gauss-
Newton algorithm described in step C in the outer model. Thus

AR (D"D] *D"gloi3?

where j,, D and g are defined as in B. J, is defined by

J,=[F (R¥) -F (R"+inc) ] 0331



Provi ded that the paynents on the loan YD(j) (j[err]m and-the

refi nanciwgosamsnt at the end of the period RGm are fetPios/omg: t he
i ndi vi dual volunes of the financial 5 instrunents applied my be found
appl yi ng the equation system resul 80fg from the the bal ance
requirenents. The equation systemmay be witten in a matrix form

(Rg)-( g%'ﬁﬁﬁ"ﬁnnﬂmsv@@éé the J&Eél%é% H}%}?ﬁ%)rem% rgl}:. h cctors

“with. thelmPlleS di mensi on nxl and where A is defined as a nxm
upper triangular matrix: [err] The A-matrix is designed in

" such a way tRakK.ther inc I ons appear imediately, if (G is :
cal cul at ed. In t hE(RFR(RSdndle nunber of col umms corresponds to the
nunber of financial instruments applied, whereas the nunber 20 of rows
corresponds to the nunmber of years in the refi nanci ng period. If the
nunber of settlerrents W thin each year are i ncreased, the dimension of

(D I kbbb 05558 Dludeaces SRFA7HRmten nalty RRASHA! 1Y
matri § fbdea(dfiethepakgonifhm isneanssé hilhe t decarmt rdX tls:éuﬁmsmed) IS as
foll OWS:points 44, 46, on the graph for F, (R F(Rf)) and
(R*+inc,F(R*inc)) respectively. When the secant 42 has been
determined, the intersection 48 with the x-axis is
determined. The intersection 48 is the next guess as to R* in
10 the iteration routine. If the graph 40 for F(R¥) is strictly
declining, the algorithm will always reach a solution. This
will be the case, as an increase of the term to maturity

results in decreasing payments on the loan.’

The algorithm appr.oximates an adjustmenﬁ of R* so that

15 F(RF+AR¥)=0. F(R¥) is strictly declining, since an increase in
the interest rate on the loan implies that (strictly) more
bonds are sold, and thus the procéeds from the funding of the
loan are increased (strictly) as mentioned in the

introduction.
20 Step 6 - Is the proceeds criterion fulfilled?

In this step, it is tested whether the interest rate on the
loan complies with the proceeds criterion.

Once again, this may be determined by the mathematical
convergence of the ca]_.culated adjustment. Thus, one of the
25 two conditions below must be fulfilled.

K
|ARY

iRy



105 Alerr]Al[err]Alerr] [YD+RG I'n pr|n0|p

[Alerr] Al l[-%’rq“]% r] .may be replaced by Aler]r in (H) as 'E{Dws’&%('s% S
quadratic. Only if nore funding instrumggls are applied the rewiting
[Alerr]Al[err]Alerr] is necessary. Thus, the 5 rewrltlng is only a nethod
by whi ch non-quadratic matrices may be I nverted. The funding for

Rl err]+inc is det j K8 gyxanme met hod. Step 4 - Determ ne the |
proceeds f Uit i d PR ¢ AR ) IF<i& defined as the difference between
the 10 proceeds requir dRBahd t he ‘mar ket prices of t he bond prin- ci pals

cal cul ated under step 3. F(R err]) R 0) - K(J)H(j),
Hence, the proceeds criterion is_ fulfilled for F(R[err]) =0. The val ues
of F(R[ er MheRmd® AR 2rY§oY nejakt cféaneel albdisi eéaomessgbmeegowesn: t he

fpanc al CHSUSORNLEs (OLLUALGH alvelely? This madi 88 PormGihElbORE

adj ust ment of ‘the interest rate en an a

Interest rate guess is cal cul at ed. The adjustnment will not be

i npl ementegdi 4f i | stepg Xyl and only ‘i f the convergence condition in step
6 is not 20 fulfill ed. he adj ustment is calculated applying the Gauss-
Newt on al gorithm described in step Cin the outer nodel. Thus [err]

where | ferflerd @nfls Irfk8a08ET 02006611 NTRusJ hehbkimimd8EVESE 1B% from
the proceeds criterion of DKK 0,00001 is accepted

If (iii) is fulfilled, the requested interest rate on the
loan (R*) has been found, and the model can move on to step
8.

10 If none of the conditions are fulfilled, the computations
proceed in step 7.

Step 7 - Adjust the interest rate

The interest rate rejected in step 6 is now adjusted with the
adjustment factor ARF calculated in step 5. The computations
15 in the model proceed in step 2, where the payments on the

loan are recalculated applying the adjusted interest rate
(R*+ARY) .

Step 8 - Are all funding volumes pbsit:i.ve?

In certain cases, one or more of the calculated volumes of

20 the financial instruments applied may be found to be
negative. Negative funding volumes correspond to a debtor
purchasing a number of the bonds appiied in the financing of
the loan. In principle, there is nothing which excludes this.
However, a number of considerations, including tax

25 considerations, indicate that negative funding volumes should
be avoided.



Jlerr]=[F(Rerr]) -F (Rerr]+inc) ] oj[err]
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[err] The solution is illustrated in Fig. 17. Also here, the basic
5 idea of the algorithmis to use thel88cant 42 through two poi nts 44,

46, on the graph for F, (Rerr],F(Rerr])) and
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Once again, this nay be determ ned by the nathenati cal convergence of
the cal &hugeddiedrtire funding @ringinades occur, the model

10 continues in step 9.

If, on the other hand, all funding principals are positive,
the model continues in step 10.

Step 9 - Shift to F*

In step 9 the model transfers computation of the loan to the
15 inner model for type F'. Information concerning the loan,

i.e. principal, term to maturity, amortization principle etc.:

is entered in the F*model from the F model. o o

Step 10 - Interest rate, funding, and paymemnts on the loan
may be applied!

20 An interest rate on the loan as well as a number of positive
volumes for the funding instruments fulfilling the given
conditions have been found and the calculations are therfore -
transferred for the given term to maturity. Thus, the model
may return to the outer model with information of payments on

25 the loan, the interest rate on the loan, and the volumes of
the funding instruments applied.

2.3 The inner model for type F*
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107 [err] Where e is a very small figure. It is al sBCHRESSPI082 ¢ o
t est the proceeds criterion dlrectlyloghls may be fornul ated as
(rii) | F (R[err])[err] 5 Wiere e is fixed at '0,00001. Thus a maxi num

deviation_fro eds criterion of DKK 0,00001 is accepted.

'f (iii) Férﬁg] pf i §§°e‘llﬁe e G0&SCte fhatt &hesdlink dotheouter madeRisr])

has been idand;candfbhetypéeh QRld e @M.t enS§ERerall. thelgnhErnﬂB%eqf the
condi tion fuIELIIed t he conguta ed_in step 7. Step

7 - Adjust® r BRY hus be ?ﬂ%1§ﬁ¥%@e§¥gFHF%VPEYeEFeG in step 6 is
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separated in the model.

If the bond with the longest term to maturity in a LAIR with
100 per cent interest rate adjustment has a price over 100,
10 the nominal issue is less than the'principal of the loan.
This will affect the balance principle in the last year of
the refinancing period when the bonds applied mature at price

100 at the same time as the remaining debt of the loan is to
be refinanced.

15 If the difference in the nominal bond volume and the
principal of the loan exceeds debtor's repayment in the
period until the next refinancing, the balance principle can
not be fulfilled when the interest rate on the loan is
constant. The problem is solved in that the loan is financed

20 solely in one bond and that a so-called minimum refinancing
is introduced.

The basic idea in the minimum refinancing is to transfer
payments from the previous years to the last year in the
refinapcing period by covering a deficit in the payments on
25 the loans by a new bond issue with the same term to maturity
at the end of each year so that the balance principle is
complied with. Thereby the volume of bonds is increased and
the surplus the last year is reduced. Normally, the
issue will not only have the same term to maturity, but also
30 the same bond ID code year after year. Yet, adjustments of
the statutory minimum coupon interest rate and the like may
imply that the coupon interest rate of the issue is changed.
In the following, this possibility is disregarded, however.
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present method only ties up the interest rate during the last

vear of the refinancing period. For the other years, an
arbitrary determination of the interest rate will only change
the minimum refinancing. However, an unsuitable determination

15 of the interest rate will result in a substantial change of
the interest rate the last year in order to comply with the
balance principle. An aim is, therefore, to choose a method
for the determination of the interest rate which results in a
stable course. The present method is thus a suitable method

20 among others. For example the interest rate could be
determined as the bond yield or the like.

Funding in only one bond considerably facilitates the
calculation of the funding, the funding principal for the
bond with the longest term to maturity being unambigously

25 determined by the proceeds criterion. Thus, the funding may
be determined already in the first step of the model.

When the funding has been determined, the interest rate may
be determined by applying the principle of strict balance.
The interest rate must be determined subject to the condition
30 that the total payments on the bond side equal to the total
payments on the loan side to the next ordinary refinancing.
However; the remaining debt profile depends on the interest -
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| oan 10 butorscdtyealhe problemis solved in that the loan is financed 20
solely in one bond and that a so-called m ni mum refinancing is

i ntroduced. The basic idea in the mninmumrefinancing is to transfer
paynents Step Sheoforhd Rimodslls to the | ast year in the :

The F* model can only be initiated from step 9 of the inner
model for type F. Therefore, input has already been entered

into the F model and is transferred to the F' model without
15 changes.

Step 1 - Calculate the funding volume

The funding is determined at the disbursement of the loan or

immediately after an ordinary refinancing as

RG(0)

Hm) -

H(J)-0 for j<m

20 m is unchanged in relation to the inner model of the F model.
If the loan is refinanced every fifth year, m has the value 5
irrespective of the issue being in one bond only.

For the other years until the ordinary refinancing the
minimum refinancing is given by
25
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t he Jast year 4in der to;go VAR the: I i BG An aimis,
therleq‘aor e, toKéhgng)ge a ma%%ogﬂé m%%frcgtt:h Jd%?.e?% %g%iergﬁﬁo t%éﬁ?nt erest rate
which resul'ts in a st abnstrement imhyearedbnt nethod is thus a suitable-
nmet hod 20 anong others. For exanple the interest rate could be

determ ned as the bond yield or the like. | Fundi ng in only one bond
consi ded&bishondd be aoted: khat j ggteupasldabsiv AdLfergnigmepRdBundi ng
principals 5054 Rly shoRd Wekd iR copReetl oheiwitho ot nalrly ibtiet@st

unanbi gously 25 determ ned by the pr.oceeds .criterion. ,Thus,, tlh% fupmdl ng may

be det eF@tFe@ddusEaeptsn iy fapding, 15 igFuedpgs times J=

15 etc. and not only at the time j=0 as in the F model.

The minimum refinancing is determined as the difference
between the annual payments on the loan side and on the bond

side.
Fin(3')=R¥(m)J (0, m)-¥YD(j"') for 1<j‘'szm-1
20 wherein
H(O0,m) designates the already issued funding, i.e.

the volume of the mth funding instrument
before the minimum refinancing.

Step 2 - Determine initial interest rate

25 The iterative routine is initiated with an initial value for

the interest rate on the loan. The initial value is



When the fundi ng has been determ ned, the interest rate may

deternine&”%? EWying the principle of strict bal ance. PQﬂBKQﬁTQ%%st
rate nmust be determi ned subject to thejgandition 30 that the total paynents
on the bond side equal to the total '~ paynents on the | oan side to the
next ordinary refinancing. However, the remaining debt profile depends
on the interest y N 111 rate on the

| oan, thus, it i é‘xgeci%%—%%%t*emmk ,(m) t he interest rate on the

| oan. The i nner >i ér’ )type Egﬁ] ‘conprises 7 steps as shown in
Fig. 18. In the following, the nodel will be described in 5 detail. In
the nodel, it is necessary to distinguish between ordinary ref i nanci ng
and the rF%ePLEN T PPREFRING. PRYReRRR AR KRB 4OAP  refinancing inply that
the nodel is to be applied not only at . "~‘the refinancing tinmes (e.g. every
fifth year for a type F5),_10 buf each year. Step 9 of the F nodel

The F[ er rBasedePnciiieohesubEing; LtnEeEastr sAEs: 8p §h6r LeRB-i nodel

for type Fayr8gt8f @hetheNPbnhagndl 1A2EKiBEEBNERKE! Edhe rieadning debidel
and is_transferred to the Flerr] nodel w thout 15 changes. Step 1 -
Cal cul &t P¥AELIBNAFRgCIOFUAREES:  The funding is deternined at the

di sbursenent of .the | oan or I mredi ately after an ordinary refinancing as

err . _ \
[ ] Step 4 - Calculate adjustment of the interest rate

The adjustment of the interest rate is calculated according
to the same principles as in the steps 4 and 5 of the inner
model for type F. First, a function measuring the difference

10 between payments on the loan side and on the bond side is
defined.

F(R‘)-t YD(J)+RG(m)-[H(m)+(m-J') H(m) R¥(m) ]
ExL

After this, the adjustment may be calculated by use of the
reduced version of the Gauss-Newton algorithm.

15 ARK . F(R®) inc
F(R*).F(RF.inc)

It should be noted that F(R*) is strictly increasing,
ensuring that the algorithm reaches a solution.

Step 5 - Is the balance requirement fulfilled?

Step 5 determines whether the routine is to continue or

20 whether an interest rate has been found which fulfil the
balance requirement. As in step 6 of the F model, the
question may be determined by the mathematical convergence of

the iteration, but it is more obvious to evaluate the actual



20 mis unchanged in relation to the inner nodel of the F nodel. If the
loan is webbsenged every fifth year, mhas the value 5 PCY/DRSD082 ve of
the issue being in one bond only. For the other years until the
ordinary refinancing the mi ni mum r¥}fnancing is given by 25

112 [err] wherein Fin (j") general |y designates the

fundi ng (aBE condition. This meante@hdt -thd) UtneP MY Yhdivdd ') IS

t hus 5 the m ni num refi nanci ng. Merr], (m

(Not t o Mededi sakdmyes m gfeR Jdtfe$hencondition nar gi nal
funding in the nth financial I nstrument in year j'

I.e. the part of H'm to be issued at the end of year |
. 10 rr]l, (m is the market prjce of the nth funding

i nstrunent i y¥AF)pRG(m) - [H{n)t (YO O)RY e t hat | gets a slightly

di fferent meki ng, as | is only set to zeko in connection with ordinary
I nt erest rate adjustnents. Thus, funding is issued at tinmes j=1,2..,m15
etc. and not only at the tine j=0 as in the F nodel. The m ni num

r ef i nantay Heen efvel fd et afort hes=h fEOGENCceIf theetaweshl tiovn dmmialotpaynent s

on thg Il:g)éfienn Sfudffiaf.'fieé),n ’él'pee nlljoo 3y con%:.n%ies in step 6 instead.

Step 6 -~ Adjust the interest rate

The interest rate did not fulfil the balance reguirement and
must therefore be adjusted with the adjustment AR®. Then step
3 is repeated.

10 Step 7 - The model is complete. The result may be applied

If the balance condition has been fulfilled, the fundihg and
the interest rate fulfil all conditions and may, together
with the payments on the loan, be used in the outer model.
Thus, the inner model returns to the outer model with

15 information on volumes of ﬁhe financial instruments applied,

interest rate and payments on the loan.

3. Type P

3.1 The general problem

In LAIR type P, a part of debtor's opening remaining debt is
20 refinanced each year. The debtor chooses an intended annual

refinancing percentage which at the same time determines the

number of financial instruments to be issued and thus the

duration of the funding period.

If debtor chooses, e.g., an annual refinancing percentage of
25 10 per cent, it will take 1/10 per cent = 10 years before the



Fin(j') =Rler (0,mM-YD(j") for 1ferr]j'[err]m1l 20 whe
H O, m %gﬂéﬂﬁ]es the already issued funding, i.e. PCT’DK98’°°°82

the volume of the nth funding instrumentss _ before the
m ni mum r ef i nanci ng. Step 2 - Determ ne initial interest rate 25
The iterative routine is initiated wwth an initial value for t he

interest +@2R R fRilvorsfimppcpdit The funddngsperiod is therefore 10

113 [err]years andStB8 ﬁumbE?tQE”EﬁﬁdEﬁbnﬁﬂkir%Hth% h@AN At eveidsed on the
resulting intjerest rate on the l-gan, theé paynents on the loan,” and in

this contEREINRREIRGaPNEHGAEBEL 1BS$F§¥“I5‘P§ pedurgscul® egder to &%ﬁp 4 -

Cal cul at etRdj yeEmRBhcohgt BQobBEEB.Sﬁt a'i-_ame intehdRPde@ITER Ry t he
interest rate,is ¢al cul ated according to the sane pr|n0|ples as in the

| steps 2 afUPgiBg LRStrumept wighqal tezm tpparuniitys of #of ¥RB¥FoASmeasuri ng

g “fe di ffetﬁéﬁéfé@ebeﬁ.%ﬁédpai'ﬁ'ﬁat oA ibles Qi AR E DR Sigle 1S
erin

F(Rler r] ) {PEFFPPERER] &Fr PRAARPLLN Pff-Fé'FPF( H*Hen) 109 ARary jppRgoaches its

maturity.

The relation between the number of funding instruments and

10 the proportion of the remaining debt that is refinanced each
year implies that the latter can be expressed as 1/m,. When
debtor chooses the value m,, the part of remaining debt that
is refinanced is chosen at the same time.

The gradual adjustment of the interest rate on the loan

15 implies that the effects of an increase or decrease in
interest rates can be noted in the payment profile for a
period of m, years. Thus, the need for continous adjustments

of the payments on the loan is intensified compared to type
F.

20 A payment profile for a LAIR type P at increasing interest
rates may be as shown in Figs. 19 to 22. Fig. 19 shows a
payment profile 52 for an annuity loan at increasing interest
rates where the payments on the loan 52 remain within the
given limits, whereas Fig. 20 shows a payment profile 54 at

25 increasing interest rates where the payments on the loan 54
exceed the maximum limit.

Analogeously, Fig. 21 shows a payment profile 56 for a serial

loan at increasing interest rates where the payments on the

loan remain within the given limits, whereas Fig. 20 shows a
30 payment profile 58 at increasing interest rates where the

payments on the loan 58 exceed the maximum limit.



After this, the adjustnment may be cal cul ated by use of the reduced

ver si on Gyobms18auUSss- Newt on al gorithm [err] It spetbRregsvoseot ed
that F(R[err]) is strictly increasing, ensuring that the algorithm
reaches a sol ution. Step 5 - Is & bal ance requirenent fulfilled?

Step 5 determ nes whether the routine is to continue or 20 whet her an

I nteres u | fi | ance_reqyi.renent.. As in
step 6 1%%% E%SFS‘%%%E 02‘ r&%e qu%kl‘t P‘%n ﬁaffs% t&etie)l%m t

mat hemakilraladyo whengchee rdfse int hiatieresat :rartesbot:cub:sustMmOde\ll ous to -
eval uate . ual 44 bal ance
condi ti g’ﬁ&HTﬁl%s%hnggngr’t ﬁaatSJ‘ttﬁleatrl&?t wrllleers?t (t)%lg Hmteﬁlts °n té% cdantl nues in
step 7 iekceled 0§t thothe femalining parbasfbtbe fuhfihgepetdprde=0.00001. |f
the opnficWed: oL, s"g. éi\gesa?aghéa' £SE chDE FDUEbn CORL! PHES diBuBhCP ©

i nst ead. e interest rat Interest rate did
not ful fmtplnmeman ¥dd, ﬁehuwouihénbeahqo lowusOnt bee ctonbravy ait umust wit h

the adj y3! %p[t%rcf W Hha HSD Ha?P the Fultdre®Padhiiits on the loan

- also within the funding period - exceed YD3* and are not

adjusted via the term to maturity until the model proceeds to
10 later points in time. In other words, the conditions

stipulated for the payments on the loan are only to be tested

for 1 year at a time. Thus, the model will accept a payment

profile 54, 58 as shown in Figs. 20 and 22, respectively,

well aware that the term to maturity must be adjusted for the
15 next J. |

Thus, J=0,1,2,.,M should not be interpreted as funding
periods, but as 1 year refinancing periods. Thus a condition
stipulated on, for instance, YD(J,L;) will only be binding in

one year.

20 The intertemporal conditions may be formulated as in the
model for adjustable term to maturity for type F. As a matter
of form the conditions are repeated below.

1) The term to maturity must not be longer than the
' maximum limit, that is,
25
L, L™

2) The term to maturity must not be shorter than the

minimum limit

30 | S f



10 Step 7 - _The nodel is conplete. The result may be applle t he
bal ance cHHAP¥MVR? has been fulfilled, the funding and g“ﬂﬂ?@@h@? rate
fulfil all conditions and nay, together 1M th the:paynents on the | oan

be used in the outer nodel. Thus, the inner nodel returns to the outer
nodel with 15 information on volunes of the financial instrunments applied,
interest rad® andIfaly€iffs dihe imayment on the logmelp determinedhe general
probl em In Lﬁb@e&%@ 8cPend Pahliehodebt or' s opening remaining debt is
20 refinanced each year he debt or chooses an intended annual

refinanci ng percentage which at the sane tine determ nes the nunber of
financial instrunents tephg, f33uepmand thus the duration of the funding
peri od. | f debtor chooses, e g., an annual refinancing percentage of
25 10 per cent, it wll take 1/10-per cent = 10 years before the

115 gpan s fubly okflbirgareed. The funding period is therefore 10

years and the nunber of funding instrunents 10. At every refinancing, a
funding instrument nmatures. In order to keep t he refinancing proportion
at the intended level, a new gpfigndiyagp(Bsi,pment W thog befeyio maturity

- of nferr] years is, therefore, issued. TRis continues until the number

+ of funding i nstiPdnents is gradual Iy reduced when the | oan approaches its

maturity. The rel ation bepygen ):he @upey of fungbgthgggﬁunents and
10 the proportion of the renaining debt that is refinanced each

10 ' where J' denotes the minimum value of J for which
YD(J,L,)<¥YD(J,L™*)

4) If L>L™®, it is required that the payment on the loan

is above the minimum limit, that is

. YD(J,LJ) 2YDj"®

15
and if the limit for the term to maturity is violated
_ YD(J, .)=YD(J,L;) for 0s<Js<J7'"'
(B)
YD(J, .)=¥YD(J,L™") for J''sJsM
20 where J'' denotes the minimum value of J for which
¥YD(J,L;)>¥YD(J, L")

The model observes these conditions by determining a sequence
of terms to maturity IL,,L,,..,Ly. This is done in an outer
model .

25 Like in the model for type F, it is required that the
principle of strict balance and the proceeds criterion are
observed in each refinancing period. In addition, an explicit

condition is stipulated on the relation between the interest



year inplies that the latter can be expressed as 1/nferr]. Wen debt or
chooses twoosaBisy nferr], the part of remaining debt that perposifdsenanced

is chosen at the sane tine. The gradual adjustment of the interest
rate on the loan 15 inplies that the ef fdt8s of an increase or decrease in
Interest rates can be noted in the paynent profile for a period of

on the loan is intensifi ared"to type Ile
for a LAl Raf gde hands@anpdsian; iThesesonditimnss ang han %h@/vrthm Fi gs.
19 to 22. HRigherd Saadtons a payment profile 52 for an annuity |oan at

nferr] yeangedtys, tﬁm&g@%&&rufgo@;fawscoa%e;yw e, th%f #éo% préf ents

I ncreasing i nterest rates where the paynents on the |oan 52 remain

wi thin the given limts, whereas Fig. 20 shows a paynent profile 54 at
25 i ncr easififiydvid€l @e ridhs WIS Wk, wm&&%mpa@ﬁ iofy an €xceed
the maximumIlimt, Anal ogeously, Fig. 21 shows a payrrent profile 56

for a se?i diteratiye, rauting and Analntdcadly-ofhe Wrerative salwt#en on the'
| oan renai haM tthd ddRpartiath df Ridrsy MR R dn? Profaiiest Jhdaynment

profile 58 at |ncrea3| ng interest rates where the paynments on the | oan
58 exceed tIBWEEE QHHQ1on has the advantages of a more simple 116

| f the paynthictiird haaad QGsHorder @&@ﬁ;ﬂautcﬂe tidgTUBdtHYidn itexdlti®ady when
the rise in, mtere%ﬁiates Qccur s, Mdel Wl so%masmuatlon
where the pHRARNIOWRL (3 Weokn s 'ax & imen e %8 ng part of
t he funge nAgssrtiskd S dioywy efolldwiiidd. i S not adjusted for this reason, as

this woul d inmply that YD(J,L[err]) would be too low. On the contrary it
nmust be accepted here and now that the future paynents on the | oan -

al so Wi t hi nrhidearinupall Nge firarosling eimmsYQ{lﬁitr ]tlﬁ'ldbﬂl’ahdé)tprlnﬁﬁwt ed via
In ot her wdiirs ihIH Y SHEFSE R e oty s e SR orethe Yon
are only tocdieal gsdyments faxt they alebtadr as:tdemaand'rms thehdomiladide ldreaccept
a paynent known. By determining the interest rate adjustment amount
15 residually, the principle of strict balance has been
fulfilled by definition. It is, however, not necessarily so
that the intended refinancing percentage corresponds to the

actual one.

Therefore, the problem to be solved in the model is to adjust
20 the funding so that the intended and the actual proportions

of the remaining debt that are refinanced correspond, at the

same time as the proceeds criterion is fulfilled and at the

same time as all the volumes of the financial instruments:

applied are positive (20). Upon the disbursement of the loan
25 the problem is described by the eqguations

Year 1 YD(1)+REGDR—anoﬂ-H(1)+REG§R"(j)H(j)
Year 2 YD(2)¢RGI;O1)-H(2)+REGS;RN(j)H(j)
J=



rofile 54, 58 as shown in Figs. 20 and 22, respectively, wel | awar e
Fhat the t MG Wt urity nus? be adjusted for the 15 next QCT””“*mqﬁﬁs
J=0, 1, 2, , M should not be interpreted ag gundlng periods, but as 1
year ref| nanC| ng periods. Thus a condition stipul ated on, for instance,
YD(J, L[err]) will only be binding in one _ year. 20 The intertenporal
conditions.may be.fornmulated as in the nodel for adjustable termto
maturity f or type F. As a matter of formthe conditions are repeated

bel ow. 1 he termto |R¢(m‘lst o) ger n the
maxi mum |init, )tha 4%, ™25 Wi H?@i #Gmt g-ﬂ’%c%rrust not be

" shorter than the _ n1n|nun1lln1t _ .

- 117 ' 3) If L[err]<L[err], the paynent on the loan is
* -det er mi ned observing the condition

YD(J, LJ) [ er M{RRERH? ] 5 and ot her wi se
YD(J,.)=YD(J, L[erABG® is forrdthelddiderfddtor for the refinanci{dAy
YD (J,.)—gTXJ,L[err]) pegcenégéé”{AfQﬁgrélrst vear. REG® can assume the
values {%,%,%,1} which will be elaborated on in

the following.

In the following, these equations are designated as the

balance requirements.

10 If year 1 is considered alone, the problem seems easy to
- solve. The task is merely to determine the volumes of the
financial instruments applied which lead to the intended
payments and the intended proceeds. In principle, the
distribution of the volumes of the financial instruments
15 applied is of minor importance, so there is an infinite
number of solutions to the problem.

The problems start to arise when the interest rate is
adjusted by the end of the year. If an arbitrary distribution
~ of the funding was chosen at the disbursement of the loan, it

20 is not certain that it is possible to hit the desired
refinancing profile again, if at the same time all the
volumes of the financial instruments applied must be positive
(20). If most of the funding of the loan was placed in H(2)
at the disbursement of the loan, the right side of the

25 equation wili be large. Thereby the refinancing amount will
be large too, if the balance requirement is to be fulfilled.
Thus, it is not possible to keep the part of the remaining
debt that is refinanced down at the intended level unless
bonds are redeemed.



10 where J' denotes the m ni mum val ue of J for which

YD(J., L[ envo dsia880, Llerr]) 4) I f L[ err] >Lpec1/pk9os/ioos2 s
required that the payment on the |oan i s above the
mnimumlimt, that is 120 YD(J,LJ) >YDerr]
15 and if the limt for the termto maturity is violated

¥§§ gf] QHJ? % Yery s ‘i.rl ‘?:rt{ ]olﬁ Jrfxe ﬁuﬁdmg was pl%:e(iB)m H‘\ﬁ% o 30
denot es 't miat, mem \téaleu@tchrem hamd,wlhecldlf icult to reach the (mtem[dgd])

>YD (J, L] ¢
det er mi ni n&rﬂal)nsaglqcl}er? gercentayée "ﬁﬂg {%lr}sngﬁ%bgénvg}%%ecwttlw%m by
L[err], L[e:rheﬂcmg a_p@nqe PRits afs then @rosegdso from the refmanqw@elm
25 Li kg‘? 5 Cl;%é”' YaiHF a tdrm IS hRWAI®Y UL YRr. The result,

princi strlct balance and the proceeds criterion are

observed ihowewsy.r efildake @ pmstable funging e¥ofddeexplicit

condition is stipulated on the relation between the interest

118 rate on the loan and the yield to maturity of the
portfol i o If the balanqgs nemikamentdHh witdy thedntesied & ancdnghndl ed in
the tdfeTeviBidflyear are to be £ll¥EMAI, tite idnficdByigly &y be

sol ved bot% ap[ﬂ yi ng an 5 iterative routine and anale/t ically. The
iterative Eoymulafie a dynamic strategy for the placing of the ding

10 also taking into consideration the long term perspective.

An arbitrary strategy for the funding will also raise
another, just as essential problem. At each refinancing, the
model cannot merely place the entire funding in bonds
maturing in a single year. As it will be remembered, the

15 actual volume of bond redemptions corresponds to the actual
refinancing amount (apart from premium or discount), which on
ite side is determined by the refinancing percentage and the
remaining debt on the loan. When the newly issued bonds are
redeemed, the remaining debt is smaller, but the refinancing

20 amount is of fairly the same size as currently. Thus, the
future refinancing percentage will be higher than intended.
Therefore, the model must continuously have the possibility
of placing the funding in bonds with different terms to
maturity.

25 TIn the iterative inner model as wells as in the analytical
model, the dynamic strategy implies that the funding is
adjusted each year in such a way that the payments of the
bonds correspond to a decreasing proportion of the payments
from the debtor side as time is progressing. At each

30 refinancing, issue is further performed in each financial
instrument applied - thus, gradually there will be increasing
accordance between the bond side and the debtor side given

the part of the remaining debt that is refinanced. At the



has the advantage of very stable funding profiles. The

anal yti calWO®BM48188n has t he advantages of a nore sinple PCT/DK98/00082
structure and shorter conputation times._.Both an iterative _
i nner nodel as well as an anal ytical i nmodel are 10 descri bed
in the fol |l ow ng. The annual refinancing inplies that the
bal ance Rﬂiﬂﬁ\h:@kément of the lﬁhﬁyStheSbk'gbﬂ.bm befiher eollved &iaAtthiehe end

of each yea on t he debtor side and on the
bond S|dém%$%1 can, theref?ﬁSmngeB§°§8¥g% § the interest rate _
adj ust mrent anount 15 residually, the prlnciple of strict bal ance

: has been fulfilled by deflnlilon : i , however, not

" necessarily so vear 1 vbel) JRne g@ly mgﬂggnpg;centage
corresponds to the _ ~ actual 8se. Therefore, the
problemto be solved in the nodel .is to adjust 20 the funding so
that the intended and the actual proportions of the remaining
debt that are refinanced correspond 85 t he sanme tine as the
proceeds criterj ig fulfild dR@GEL)t\h . N(s sane time as all the
vol umes of the ?lgﬁangl al i nstru zﬂﬂt sm, ) ﬁ‘z’";" a‘&%ﬁ‘gz are positive
([err]0). Upon the disbursenent of the | oan 25 the problemis
descrlged by the equati ons Year 1 [err] [err]
Year 119 Year m
[err] : '

Year m F(YD(m)+Eg:'—1)-)-[1+R"(m)]H(m)

wherein F is a declining function of j.

In principle, the expressions may be generalized so that the
bonds maturing in year j may have different coupon interest
10 rates. However, this is excluded in order not to

unnecessarily complicate the notation.

In both models the funding profile follows a so-called trend
function which is estimated based on the intended refinancing
percentage and the funding already issued H(O,3j).

15 The trend function is adjusted in such a way that to the
extent possible, the actual refinancing percentage correspond
to the intended refinancing percentage while at the same time
the proceeds criterion is fulfilled and strictly negative
volumes of the financial instruments applied are avoided. The

20 adjustment is applied either by iteration or analytically,
thus, at this stage the two inner models differ.

When these conditions are met, the interest rate on the loan

is subject to iteration in an outer routine until the

interest rate equals the yvield to maturity of the portfolio
25 of bonds applied for the financing of the loan. An adjustment



wher ein REJerr] is a regulation factor for the refinancing 5

per cent agwoioyadrlse first year. REGDcan assune the PCT/DK98/¥B2/ €S
{[err]}which will be elaborated on in the foll ow ng. In
the follow ng, these equations are desi 388t ed as the bal ance -
requirenents. 10 If year 1 is considered alone, the problem seens easy to

sol ve. The; LS r r i t he u of, the finangi a

i nstr umantJéé Zlgﬁ)%?%efig?m%%%g%rgg%% ﬁg&%t%%%@%r @Epsﬁlﬁéﬂ i ?‘r‘ne&’ﬁtende’d
proceeds. debbernsigéecandhthe bohdtsidet i Typitallye, ihe nmmmisér tde fi nanci al
I nst runment Led 1S ] [ t [s ap.infinite
nunber of %% ut%gﬁétgoo{‘hgﬂ%)ro lﬁg‘%ﬁ Shae %Ecgg%?%&%%s%%%f é]% ari se when

t he int er esetthements onatheshend yidee wintchimedns ychat the adelkdrtrary -
di stribgti : Of ngl o} t | sh f 1h oan,
1720 13 o M paUEY oa S CONNEE Bhe  iniF HECEIGRNG o Bhe 1T
profil e agd¢htorfsidet HEhusneinioeder | fohethe votahmavfente térbacial

i nstrument | | Lt ( ] I . . i ng of
t he | oan \/\gg&%})a%lg% ﬁéﬂ(g?t pPé%%‘ﬁet ?s ﬁ%e@esn % r%)ﬁ%l%]é%rﬁ%%%éfi ght
side of ththas theaviehdwke | maturbryjeof Thhe dpgndscaprtiednci ng anount will -

be large too, if the balance requirenent is to be fulfilled. Thus, it is
not possible to keep the part _of the remaining debt that is refinanced
down at théemeeentles iener medelsis sobyed ReardutksmRtorocedure and
120 10! fn@fl ¥iduYLhNedNBLY 28 Eorfthderinpding was placed in H(2), . it
may, on the other hand, be difficult to reach the intended ref i nanci ng
‘percentage. This may, however, be partly saved by placing a large part
of the proggeds L5084 specisli prowKiad 4Ptichb® BONEhoaEEVSAY a . termto

maturity of 1 year. The result however, w |l be_an unstable funding
profile. disbursement of the loan. If the loan is disbursed in

December, the first refinancing will be performed well over
one year later. The rule set out above can thus be applied.

15 On all other dates during the year, the refinancing
percentage at the first refinancing is, however, written down
in relation to the quarter in which the loan has been -
disbursed. This is indicated by the regulation factoxr REG®
defined above. This means that the funding period is

20 prolonged by 1 vear, and the number of .funding instruments is
increased by 1. At the disbursement of the loan the following
applies

m=my+1

Already at the first refinancing, the general rule with m, -

25 funding instruments is followed. Thus, no new instrument is
issued at the first refinancing. In the model, there is a
special procedure in connection with the extra funding
instrument. The procedure is indicated by a 'variable,: TILT,
being given the value 1.



I f the bal %:gsﬂeq]ui rements with the intended refinancing ;ﬂ)_ercenta e
every year " &B¥%he fulfilled, it is necessary to f or muPGTDKSY mc
strategy for the placing of the funding44Q also taking into consideration.
- the long term perspecti ve. An arbitrary strategy for the funding wll
- al so raise anot her, just as essential problem ‘At each refinancing, the
nmodel cand® denexal plthe nekation ris ftreli sgmé nadoimlsthe Ramodehg in a

single yegfoyeied ! téd | {lﬁ;@grbfbr Chiple v d
redenpti onscjwcorresp.ondscc%}g:t e act u”g]@e éfl;.% |%§nm n%sa%aﬁ?c%%f)grgp F‘Pom
prem um olidfifaxantijatethetwenn three deflinitions cofii fendiygt reluméknanci ng
percentage and the remai ni ng debt on the |oan. Wen the newy issued

bonds are_  redeened, the remaining debt is smaller, but the refinancing
20 arount ¥ lof fair| gasignahes dihe marginalerfundimhusi . ¢ hethe vélumee

refinangi ng per oent age ahldndie UGS AR YA Uthr wned"AE Bieghle

nmodel nust continuously have the possibility pl acrn
bonds with different tA&Swing of banpdsris yperfomued. the iterative inner

model as 4eid SRS 1N e i Wbl alredBAessddle KVEAGRL C%lg% rﬁgggn{:rrpl I es

that the funding is . adjusted each year in such a way t e paynents
of the bonds cor r KFIHAGE °f kdeasi ng proportion of the paynents

from the detyor side as WHE dovd WHARR WE Wind2olh Hhd finapahpg, | ssue
is further performed in each financi al I nstrunment applTed = us,
gradually there will be increasing: accordance between the bond side and

the depy Orprsdnflecitl V@ initides Pakd P&li&ﬁiﬁ&”ﬁéﬂéﬁﬂoﬂegbgé%ﬁé s

refi nanced. At the di sbur senent
of the |l oan, the probl em being solved via the nodel can, therefore, be

fornul ated as m(5)+H(0, e (3 [err]

At the disbursement of the loan, it is obvious that H(0,j)=0,
and thus it applies that M(j)=H(j). In the notation, it is
therefore not necessary to differentiate between the disbur-

15 sement of the loan and the interest rate adjustment in this
respect.

Corresppndingly, the funding demand at the disbursement of

the loan as well as at the refinancing will be indicated by

Fin(j). Thus, Fin(j) may either by the principal of the loan
20 or the current amount of refinancing. Also in this respect,

it is unnecessary to differentiate between disbursement and
refinancing. '

As a consequence of the fact that no differentiation is made
between di_sbursement of the loan and refinancing, REG and

25 REG® will be a part of expressions which also apply to
refinancing. Here, REG=1 and REGP=1 in accordance with the
definition.



Year 2 [err] 5 Year m [err] wherein F is a declining

functi onwad 9g/43187 In principle, the expreSS| ons may be E(mm{ﬁlmod SO
that the bonds maturing in year | have different coupon |nterest 10
rates. However, this is excluded in d# r not to unnecessarily
conplicate t he notation In both nodels the funding profile follows a
so-call g &§B% k@ Which is estinmated based on the intended
'reflnanC|ng percentage and the funding al ready issued H O j). 15 The
tLend funftlon is adjusted in such a way that to the ext ent possi bl e,

- the actya ngien cent : 0 e ancin
percentggegﬁﬁqda%aﬁft%ggggngg ﬁSEuEQE?Eig QgcggdgggkgﬁgrgghnggfﬁgkbnIed |

and strtbaky1Negapbv§efln@@FGn§BP@Flpﬁe theapavaentss ony ket doappered are
avoi ded, ﬁanh%de'éﬁgl”ﬁ%tfﬂﬁdaw ipd ﬁtascfiﬁtmb&nat Eﬁ.ﬁtﬂn%ﬂ\ aandtal ¥orcal ly, .

t hus, at t IS stage the two I nnei nodel s ffer. Wien these conditions

are et thehpavmentsson she deamhe Sltémlateidst?éﬁj she totpdeLREMOKS n an
out er 9?%#?%1%2 big Wit®in th@l%%ﬁﬁ3dé¥w%é@ﬂ%§|%hthAﬁlﬁbﬂxhﬁdnﬁturlty of

t he port of bonds applied for the flnanC|n%.of the | oan.
adj ust m@pimum limits for t e term to maturity, $Fipulated ﬁgﬂg for

di ff er engRs daimidtt NP hePf1 030!, ligmiich R flibRncing period, fulfil:

actual refinancing percentage=intended refinancing
10 ' percentage

the proceeds criterion
“and | _ : '
adjusted intereet rate on the loan=yield to maturity of -
15 the portfolio of financial instruments applied.

3.2.1 The outer model of type P

Like the typé F model, this model is divided into an outer
and an inner model. While the differences in the innmer model
for the two types are substantial, the outer models differ

20 less. The outer model is illustrated in Fig. 23. The general
stfucture in the outer model is not altered. Furthermore,
several steps are identical. To facilitate the overview of
the model, the steps are repeated here, but with an
indication that the content is the same as in the type F-

25 model.

The procedure applied when the loan matures is altered.

A substantial part of the funding is issued with a term to
maturity exceeding the refinancing period. When the loan .
approaches maturity, the term to maturity must, therefore,

30 not be shortened without due consideration - this would imply



debtor sid bond side. Typically, the nunber of settl enments on

the debtor%gsggﬁé ceeds the nunber of settlements on the PEEAIIS0pS2

- which neans that the debtor 5 pays in aph@nce conpared to the one annual

. settlenent on the debtor side. Thus, 1n order for the total paynents to

. be equal the interest rate on the loan must be a little hi gher t han
the yi el dthe Fhehr PEythe dranypayuripgl before oneHexcoonenefi e nodel | s

sol ved i nggnaneigl- Ehgeméﬁténﬁllr%a@@ il E?d: o O?‘lés' g-éla %bﬂeorm 1'{@‘?

- There is a special problemattach to the ursene

loan. |f EPEPREARiPESIAZBUFIEFieR outDfoxnttde less funsinefdewimsdng wi ||
be perforjed, WelbrO¥ei-—m, Oﬂ@eﬁﬁﬁﬁlﬁﬁﬁeilmibeféyl@hé?%ﬁgﬂ nflOYH £aQ thus
be applie al | other dates durin ear |nanC|n

percen?ag£°%P %ﬁetP|P§tSP§PPﬁéﬁé §§ ithath éﬁrmwﬁptﬂawuyxmy w1lh1not

. relation be thergdaeler in which the | oan has been di sbur sed. _Thls IS
" ‘indicated by the regulation factor REGerr] defi ned above. This neans
that the funding period is 20 prolonged by 1 year, and the nunber of

fundi ng iAgt eHeERLAel %J.me, s &ﬁ%ﬁ%ﬁxx bf ﬂq@%ﬁé@ln}fﬁ ﬂg:tift | oan

the follow,n p menferr] +
fi (rast refWﬁ&ﬂanB°“%hée§&Jr€F§|ntr uHOWRVIER n{idy djs MY Mﬂ#@lm rumetm]sel s

fol I ovned. thhEsinke Baewounht! iwRMNe 1aist rdfSHselidly Y ifdd Stort ¢fdppangd ng.
In the nodel, there.is q .. sg eci al Procedure i n connection with the extra

fundi tg SOOPnefr it Withdn, 108 e fehEor maymants in LT,

bei ng gi vehet hastakéarlbefore maturity are funded in the model. ﬁéﬁ%e, I'n
general , tpe notation is the s ﬁne as.in the F nodel. However, the

cont i nuosiFsdBePEFEFSATY Mk AIIUSth dhes &&Tm t9 maturity at an earlier

point in time. Therefore a parameter termed *closing time" is
implemented designating when the model is to start

15 adjustuding the term to maturity, i.e., for which J L, is to
be adjusted. The adjustment of the term to maturity is
carried out like in step B in the type F model, but, as will
be understood, not only for J=M as in the type F model.

Closing time must be assigned a value based on the type of

20 loan. Thus, it would not make sense to assign closing
time>m,. Closing time=m, will lead to the most suitable
maturity of the loan, bﬁt on the other hand, implies that the
payment on the loan deviates from the intended pattern of
shifts in the payments for an unnecessary time period. Thus,

25 assigning the value of closing time is a trade off between
considerations relating to'the maturity of the loan and

considerations relating to the payment profile until then.

As an alternative to implementing closing time, one could
choose to fund the refinancing in the last m; years in the
30 bond with the second longest term to maturity. Thereby, the
full remaining debt on the loan would be refinanced one year
before the maturity of the loan. Then, in the last yvear

before maturity, the term to maturity may be pProlonged to the



differentiate between three definitions of funding vol unes. Mj)

desi gnat%mlﬁargl nal funding, i.e. the volune 5 pmmxgsmbosbonds
issued in the jth year when the current i ssuing of bonds is
per f or med. H(O,j) are the bordd®b al ready issued before the present

| ssui ng of bonds. H(j) Is the total anmount of bonds in the jth

year . 10_From th | S o) e

)+ BpFoey ppteidhie? Batwiphobe By Bobies 2 BAR°RASE wear |
H( O, J)—Beforeanﬂtulrus}nt applies that Mj)=H(j). In the notatlon, it is
therefore not necessary to differentiate between the disbur- 15 senent of

the loan and the interest rate adjustnent in this respect.
Corr espStepn@ v Determime dgpitdadndrat the di sbursenent of the | oan as
well as at the refinancing will be indicated by Fin(j). Thus, Fin(j) may

either by the principal of the |loan 20 or the current anount of
ref i nan@isngn Atheo tiviee | odedpeshe terpy tios MavNEAEYs APy a8§1gPLCei®nt i at e

bet ween g: ?Plﬁ SeENh ARG varl%fe' %&Ehngs to befsonsideseauanegref t he fact
that no differentiation Is nade bet ween di sbursenent of the | oan and

ref i nancuegs REG el iertdver grukiime-be a part of expressions which al so
apply to refinancing. Here, REG=1 and REFerr]=1 in accordance with the

definition. L. . . 124 3.2 Type P -
met hod If J>0, the initial value of L, is relatively simply

determined as L,,.

- If J=0 and the ca;culatiohs coincide with a refinancing of
10 the loan, L, is assigned an initial value based on the
sequence of terms to maturity as calculated at the preceding
refinancing of the loan. The point in time defined by J=0
corresponds to J=1 at the prec_eding refinancing of the loan -
since J is set to zexo. Thus, L, is to be assigned an initial
15 wvalue equal to I, at the preceding refinancing of the loan in
the current refinancing.

Tf J=0 and the calculations coincide whit the disbursement of
the loan, the term to maturity is determined based on input
from the debtor which may comprise:

20 1) The debtor selects an annuity loan with fixed payments,
thus YD™*=YD™", and an initial term to maturity is to
be determined. The initial guess as to L, may be
determined applying the annuity formula

RG(O)RE

¥YD(0,L,)
O 1 (1.RE) W

25 which, solved for L,. yields



A sequenceglﬁit#4 0 to maturity is to be determ ned observi ng‘ that in
each refinane! § eri-od, the paynents on the | oan are TPKIRA0§2 ¢
defined by the mexi mum and mnimmlimjigyfor 5 the paynents on the | oan,.
stipulated that the total termto maturity is within the band defined by
t he maxi nrum and mnimumlimts for the termto maturity, and stipul ated
t hat the payments on theflo x9ach refinancing period, fulfil:
actual refinanci ng percenﬂ% gi%%q refinanci ng 10 per cent age

and t hqgepr oce chit %nd adjusted interest rate
on the | oan=yi eI d to rraf’urlt)lmmﬁﬁ the portfolio of financial

i nstrunments appli ed. 3.2.1 The outer nodel of type P Li ke the
type F nodel, this nodel is divided into an outer and an i nner nodel .
VWhile the differences in the inner nodel for the two types are
substanti al , thwhegree¥Dfldal,3=UD}TeYDPY, | ess. The outer nodel is
illustrated in Fig. 23. The general structure in the outer nodel is not
altered. Furthernore, several 'steps are identical. To facilitate the
overvi ew of apldewined® , the steps are repeat ed here, but with an

The. pr ocedur QataskP?eﬁg%LS%tet rhaps SERBEe Rani S e dBigt ot 4
part of5the fundi ng i $hesdwaah Wit lthe tpeumtt dn t:.nreatqfr ithe exceedi ng t he

refinancing period. Wagl roa h uri t.he termto
maturity nust, theref org'cnlg%tr}%?l teﬁe Egut o 1&3’5‘5% i%h -
this woul d |nply maturity to be applled in the annuith? Formula.

However, Rf has not been determined. To reduce the
number of iterations, R* is set egual to a weighted

10 average of the yield to maturity of the financial
instruments applied.

1

-—t.r(O t)
RK t1 I
1
&1 I
~ where
t is the term to maturity for each financial
15 instrument. t={1,..,m}

r(0,t) is the yield to maturity of the bond which
matures at t.

2) The debtor selects an intended term to maturity and

maximum and minimum limits for the payments on the
20 loan.

In this situation, L, is simply set equal to the
intended term to maturity. After the disbursement of
the loan, the intended term to maturity is of no
consequence and is, thus, not stored in the model.



the risk of the |loan maturing before one or nore of the financi al
I nstrumeRyS og4zigady i ssued. Thus, in the nodel when COFbRIS/GO ar e

carried out for the last funding period, i.e., for Jlerr]Mnierr], the
mnimumlimt for the paynents on the J28oan is to be suspended so that the
termto maturity vviII not be shortened. At the sane tinme, the

mat ur i ty LAl P must. coi nci de, L t bond sett].e ver,

it is not Luffl 'E)°¥a?%lecr'sf HF +Ih‘t"?}¥é%‘g0?ﬁ?f‘“?rh t M2 'I-’}é%rmf?aeq'l?ﬁ ci ng
period for J= Mm&ﬁlﬂﬁnsm@ mbnidis Wdmibte fde e ddagmerets aoh thedt or
paynents |n ihe | ast year before maturity are funded in the nodel.

Hence, essary to adjust the termto maturity at an earlier

point in tlne Therefore a paraneter termed "closing tine"

Lo maturi Ly, 1 b o8 ebgiamer B epoity) o gélsc“%%%ﬁ#e dluit?rEL['_"

-of thesterm to ﬁhéudebyorsselecasrlﬁ::b:eﬁtpaymenta emephe lwamhethaype1§

nodel , but, n |y :
nodel . g}'nap}ﬂ% éﬁ? iﬁgggléﬁ 1gr}va aseci dé%gésype of 20

| oan. Thus, |t mutﬂenmbarrakﬁoweweze, ta asm:-garcfommga musl: rﬂeen?%rwed
Closmgtlmerr[ o] Hgﬁn t apl +YeRE the loan,
but on the ot he‘r%% ng%k'l ?grslgf h&‘ﬁg eﬁggy%nt&l%nlt e Fé())an I(gew at es
fromthe |ntendéclrpatYean ste givenfby in the paynents for an unnecessary
time period. Thus, 25 assigning the value of closing tinme is a trade off

bet ween considerations relating to the maturity of the Ioan and
considerations relating to thg paynen Qf i NYigxth As an
alterndtive to inpl enedD({OghAH am(ﬂ@)th 41 éé\(di ldﬁ— to fund the
refinancing in the last nferr]\ years in the d™wi t he' second | ongest
termto maturity. Thereby, the full remalnlng debt on the | oan woul d be
refinanced one year before the maturity of the loan. Then, in the | ast
year bef or e winechy, i lsp,lveﬁefps‘r p twieddsirity may be prol onged to t he
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g1
RG(0)-RG(0)R 5

I«
° ¥D(0,L,)-RG(0)RF

P

After the disbursement of the loan, the model suspends
the intended payment on the loan, which, thus, is not
15 stored in the model.

All inputs to the model (both the inner and the outer model)

are entered in step A. These inputs are:

Inputs related to the funding

Number of financial instrument applied (and thus the
20 refinancing percentage, coupon interest rate on each

fiﬁancial instrument applied, number and date of

settlements each year and price of each of the

financial instruments applied.



nearest settlenent date without any problens in the | ast year bef ore

maturity. WO9MHE, A - Deternine initial L[err] As i nPCROKI§O008E
nodel, the termto maturity is assigned i § step A, an initial value which
is to be considered a first guess in the“iterative routine. I f J>0,
the initial value of L[err] is relatively sinply determned as L[err].

I f J=0 and the callopuits celateddodehe tdekstarefi nanci ng of 10 the | oan,
L[err] is assigne | Ity ased .on. .t equence of terns to
ﬁggt@é oF t(%l%&:u@e%eaﬁ prlnc:TprLefL é:lrs:.n rhtc O

maturity as cal cu ed “at € precedirg refindncing o e Toan. The
point in tinme def redémpridn) numben espbrdkcd o hytertte qn edesli boan

refinanci ng of the_l g9a Si AG8 1! I by P , ] 1s to be
assigned an initi %Iac%sg’\?aﬁrde equa osarf‘fterﬁr}%'é‘ﬁ &lﬁggecfeobl[ ﬁ%hér e??%‘g%%?%g
of the Idan in onhé&heudiogm, mebiimameianyd minimund gl e dEdthethval cetmt tons

coi nci de whit theu@t?ﬂ:'irt?e%mthﬁ %aél'g%6&"8’%%‘%%’%@@&%%&*@i S

det erm ned based on 1 npu from 01
The debtor sel ect Paymemingint \chepdroan tdr e aymasnnsity . t hus
YO err]=YDerr], and an initial termto maturity is to be
determ ned. The initial guess as to L[err] may be determ ned

appl yi ng t h@midditicmr alise Yhe nflalues 26f inc andhi€ Rreoinpdtf oFihpdly].
yi el ds the value of closing time is to be input which may depend on
10 the refinancing percentage of the loan. Thus, closing time is
a set of parameters comprising one element for each possible

refinancing percentage (at present 9 elements)
When inputting the inputs, it is tested that’
YDP*>¥DF 20 and LF*>LPi"»0

15 Since the loan is required to mature on a settlement date, it
is fequired that the values of L™* and L™" entered comply
with a settlement date. For instance, if the loan is
disbursed on 30 June, it is required that L™ and L™® are
indicated by an whole (integer) number of years +%.

20 Step B - Adjust IL,, Determine M

As in the type F model, the term to maturity is to be
‘adjusted when the loan approaches maturity. However, it is
not sufficient to adjust the term to maturity just in the
last refinancing period before maturity. On the contrary, the
25 term to maturity must be adjusted already when the funding
period + closing time stretches to the expected maturity of
the loan, cf. section 3.1. On the other hand, the adjustment
is facilitated by the fact that only a prolongation of the
term to maturity to L, is to be considered, whereas the term

30 to maturity will not be shortened cf. section 3.1. Thus, the



127 [err] where YD(O, L[err]) =YDlerr]=YDerr],

and wher qyo 98/43187 [err] is the number of years since tper/gkosesosenent of
5 the loan at the point in time of the

calcul ations. Thus, L[err]-[err] is t¥Dremaining termto '
hmaturity to be applied in the annuity fornul a. However, Rjerr]

as not ro : I h T ; Ltecat ans, err
is set Ségggtgghg %%%b tg§$16%QEB% %v%FSEebesfﬁgngﬁéfgthgn% u?gty os[the]
financi &he type F modiedunents applied. [err] ~ where ot
s the termto maturity for each financial 15 I nstrunent .
t={1,..., m r(0,t) is the yield to maturity of the bond which

mat ur es Int mathematizgpl texmsdebher addnstmengnofnthgdéermetm Moty ty and
maxi ”!Jmi@_”%i@eﬂ limts for the paynents on the 20 - | oan: :

In this situation; L[lerr] is sinply set equal to the ' I ntended term
to maturity. After the disbursenent of the loan, the intended term

to mygurity i $o®f AM+closing time, the term to maturity is prolonged

to §,, i.e., the nearest bond settlement date,
and otherwise not.
Inputs to the inner model is thus

Ly - for J<M+closing time or
10 L, . for J:M:closing time and

I gand ¥

Additionally, in step B the value of M is determined based on

the term to maturity.
Step C - Calculate the adjustment of L,

15 Based on the terms to maturity input, the model has '
calculated the payments on the loan. Step C calculates an
adjustment AL, of L, based on the ratio between the payments
on the loan (for a full payment period) on the one hand and
the limits for the payments on the loan on the other hand.

20 Depending on the time of the calculations, the first payment
on the loan may be fractioned, in which case the first
payment is calculated proportionally. Thus, the model allows
the first payment after the disbursement of the loan to

wviolate the band.

25 As in the type F model, the adjustment of the term to
maturity is set to zero if either LM or L™ is binding.

Thus, if either



consequence and is, thus, not stored in the nodel.
128 3)WO 9MHBeht or sel ects an intended paynent on t he BGTARKISNQ0S2
maxi mrum and mnimumlimts for the pay‘rﬁr]_ts on the . | oan.
L[err] is determ ned anal ogously to thé situation in which 5 t he
debtor selects fixed paynents on the loan, that is by applying (F)
where YD(O, L[ eryR )T iE™)herTiift exded paynent on the | oan. However, a
simlar formula nmust be derived for serial |loans. The paynents on
the loan for the first year are given by [err] whi ch,
sol ved for L[erYP(y)Ef <yt then After the disbursenent of the
| oan, - t he nodel suspends the i ntended paynent on the | oan, which,
thus, is not 15 stored in the nodel. Al'l inputs to the nodel
(both the innerbdks#d t he out er nodel) are entered in step A These inputs
. are: I nputs related to the funding Nunber of financi al
“instrunment applied (and thus the 20 - refi nanci ng percentage, coupon

i nt erest Ifiteebhherch™ nor L™ fisdrimiding nsthemodehppaledlanesban and

date Of ,gjustmenf!bhEER"LA BREN1YATEs2BArPEHECpAmRAEE %h 3R 1o0an
by applying a function F(L,), which. like in the type F
model, measures the deviaion of the payments from the band.
However, there is a number of points in time for the
calculation where the minimum limit (YD®") is to be
10 suspended.

If the funding period comprises the maturity of the loan,
hence J:M-m,, the term to maturity must not be shortened. To
prevent the model from continuing the routine endlessly, YD3®
- is suspended.

15 Correspondingly, the minimum limit must be suspended for
J2M+closing time so that the term to maturity can be
prolonged to the next bond settlement date. However, since
closing timesm, this is comprised by the above-mentioned
suspension of the minimum limit. Thus, when defining F(IL;) it

20 is not necessary to take closing time into consideration.
F(L,) is thus defined as, for J<M-m,,
1) For YD(J.L,)>YD™*
(i) F(L,)=YD(J,L,) -YD3™>

2) For YD <¥D(J,L,)<¥YD™™

25 (ii) F(L,)=0

3) and for YD(J.L,)<YD2"
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| nput s r elvetogfisigp t he debt or Date of di sbursemenperiikodosddz! -
principl e of redenpti on, nunber and date of paynents on the | oan
each year, maximumand mninumlimts f&B2the paynments 5 on the loan,
maxi mum and mnimumlimts for the termto maturity on the | oan,

and, optionally, , a preferre _ Al nONn the loan or termto
G on: i) ¥R Eidher

maturity. I ition, a inc and e are input.
Finally, the value of closing tinme i's to be input which may depend on 10
the refin j e a t he T, | asi i IS a set. of
par arreterg&g%rrn%??s'?%g 0 g%g%fgr?e%t’ #’%?{J%%]é%g%%sé\’gﬁb%etnre I an |eng' -

per cent ager¢aches cthet cbosirgreimg period¥ien inputting the inputs, it is
tested that [err] 15 Since the loan is required to mature on a
settlenent date, it is required that the values of L[err] and L[err]
entered cohbly Foxi¥R(& kde®D8Tfent date. For instance, if the loan is

di sbursed on 30 June, it is required that L[err] and L[err] are

i ndi cated by an whole (integer) nunber of years [err]. 20 Step B - Adj ust
L[err],5Determ neiM F(LASYPAT; Be) t¥YRE" F nodel, the termto maturity is to
be adj usted when the | oan approaches maturity. However, it is not.
sufficient to adjust the termto maturity just in the | ast refinancing
peri od befdte nelf¥i¥Bs <P thds¢s¥PYary, the 25 termto maturity nust be
adj usted al ready when the funding period [err] closing tinme stretches to
the expected matyfify ®fr,)=0t he loan, cf. section 3.1. On the other hand,.

t he adj ust nent is facilitated by the fact that only a prolongation of

t he

For a serial loan, ¥YD(J.L;) is defined as the payments on the
loan the first year of the refinancing period.

10 Based on the value of F(L,), an adjustment of L, is to be
calculated like in the type F model. The adjustment is
calculated applying the reduced version of the Gauss-Newton
algorithm.

If F(L;)=0, the payment on the loan is within the band and
15 thus L, is not adjusted, corresponding to

AL,=0

If F(L;)+0, the adjustment is calculated applying

inc

AL; - FILy) Fiiy F (T p2n0)

20 Step D - Has F(I,;) converged ?
(identical with step D in the type F model)



S termto maturity to [err] is to be considered, whereas the term30 to
Cmaturity wWQ%B8%e shortened ¢f. section 3.1. Thus, the PCI/DK98/00082

130 adj ust mrent needs not follow a m{;eg by- st ep procedure as in t he
. type F nodel . In mat hematical ter the adjustnent of the termto
omaturity I's given by 5 For J[err]Merr]closing tinme, the term

to maturi ¥p s&epr &l dgds tested wheithdrer® (L,)i has, cbh&el&g&ae&b ket

?rgzitel elmsant Rgabgyments on tefe ot heer V{'\%T nOtte’rerP i ‘f?gé n the | nner
. for J[err]nmmm ng-ntiimuen amhlts If not,[ athe mﬁé]L[aqs;sJ]:.es the

L Additi onalcgicullgtggegdﬁatslé% I ue of Mis determ ned based on the term

i to maturit Cul ate the adjustnment of L[err] 15 Based on
 the terms to maturity input, the nodel has cal cul ated the payrrents on

‘ the | oan cul S dj ys nt_Lern]L[e rr] based
- on the%r a!tﬂlﬁ%%@gtg vve%g% f 1r’llé‘ga‘f/men?rgea L‘% E‘gﬁsrf“ﬁ a Hg I{:SLF i’ﬁre
‘ period) omathematdcadngomvergenceheof ithd sfdrmt:tdre [Ehdne nit s @cméhmllfl oan on
. the ot her n n | f thec Iatlons t he first
payment e@%’i@atﬁﬂ 02% qr{le??g‘ﬂ‘% foﬁfgc |oned"q1 %e t[%hftl-' ? st
payment i M&me@waw@drcpr wiesr Gedeainipnedrhios, sttdre Gmxd;alméti oise value of
F(L;). If the adjustment is very small, cf. the conditions
10 mentioned below, there is no reason to continue the iterative

routine: The model can not get any closer.

Mathematical convergence is defined by the conditions

1a5,)

(1) L,

<e

[F(L,) 2-F(LsAL) 2]
F(L,)?

(ii) ]

15 where € is a very small figure.

If just one of the conditions is fulfilled L, is accepted as
the term to maturity at the Jth refinancing. In principle,
the convergence may also be tested by applying

(iii) (1, ke

20 where e is fixed at 0,00001. Thus, a maximum deviation from

the maximum or minimum limit of DKK 0,00001 is accepted.

The definition of F(L,) in step C implies that the
convergence conditions are identical irrespective of the term
to maturity for which the value of F is calculated.



the first paynent after the disbursenent of the loan to viol ate the
band. XvoAs/i4se7t he type F nodel, the adjustnent of the ge&.%gmos
maturity is set to zero if either L[err] or L[err] is bin

ei t her 134 131

YD(J. L[err]) YD[err] or YD(J L [err])[err]<YDerr] then

[err] L[ t L[err] I s binding, the nodel

cal cul at%et{s an 5 a ugn%% %)@;e%ﬁ{ he I mts for the paynents on the | oan
by appl yﬁhﬂyrdﬂfqm'lctmd:h EYed & rin thehitipe |H mwdeldlt he type F. - nodel :
nmeasures the deviaion of the paynents fromthe band. However , there is a
nunber of points in time for the cal cul ation where the minimumlimt

(YD err]Y)DGJs'Ib(b weswesegpsddeu step D.| Fhufe Lumﬁr@ri@elaﬁbllﬁﬂ#ﬂa ses the ' -
mat urit { nriean er }{qaq._r d ] gy ity nust
not be )séhortenequ{irhhe * revgﬁr?tdgt ol cFr%%:gﬁtl nul ng t rout| ne

endl e&s|hypanyfayr Ay+AL,. %lge‘épelmrwver 1®m¢%bm¢1@365t$1eemwmm '
it mﬁia@ectﬁé'ﬁfé%@% folturity 3 Hd5hEQ ot iRy SO that the termto
maturity can prol onged to the next bond settl| ement date. However,
si nce cl 05| ng time[err]nferr] this is conprised by the above-nenti oned
suspenms:ghlpfpthe;gn ki@ bimit. Thus, when defining F(L[err]) it 20 is not

necessary, to take cI osing ti rre Into consi deratl on. F(L[err]) is thus
defi ned é‘sdeﬂ’blr‘:%lw-‘rﬁlb g‘] in the type F model) AT

i f

In step F, it is checked that the full term to maturity L, is
10 not shorter than the minimum limit. If

LM <Lnin

the model proceeds in step G in which the payments on the
loan are adjusted according to (B). Otherwise, the model will

proceed in step F.

15 It should be noted that steps F and I are the only steps

which are not applied for every value of J.

Step G - Calculate the payments on the loan for IL,=L*"
(identical with step G in the type F model)

If L,<L™", the payments on the loan are to be adjusted
20 according to (B), which stipulated

¥YD(J, .)=YD(J,L;) for 0<J<J‘'’
(B)
¥YD(J, .)=YD(J, L") for J''<I<M

where J'' denotes the minimum value of J for which
25 YD(J,L,)>YD(J,L™").



1) For ngm%sgrr]pYD[ err] (i %erFr](I\_/[DF(ra;]r% P(Z'yng(séjlbooli e

-YD err] For YDerr]YD (J,L[err])

F(L[err])=0 3) and for YD(J. lfgyr])<yDerr]
: 132 J[err] and for Jlerr]Mnferr] (where L[err] is replaced by [err]
. when the nodel reaches the closing time period) 1) For YD(J,

- Llerr]) X@férky) has already)beerr qalenlyyedvfox 19=0[br2]), MYDibergas
. 2)  For ﬁﬁﬁ@rL¥N$Xdu§£e5é]&&re&ié@&&rii the inper fbak1F ble b%k) fg

: For a ser| al_[oan, errgl defined as e paynents on t
- the first %/’é]&rfﬁf’mtﬁ‘ée?eﬁl ken&pggipeeromodel] d sBacsd samplies WAl fdnsft F

(Llerr]), (B adi datoBnheell Eber bkol SpkBelfling on whether
5 ¥YD(0, .)=¥YD(0,L,) or ¥YD(O,.)=YD(0,L"n)

the remaining debt at the end of the period may be

. determined. Based on the remaining debt, ¥YD(1,L™") is
calculated and ¥YD(1l,.) can be determined and thus the
remaining debt at the end of the period etc. Hence, the link

10 from step G to the inner model is successive.

However, it will never be necessary to recalculate ¥YD(J,1;)

in a corresponding manner. From the point on where YD(L™®)

determines the payments on the loan, this will be the case
15 until the maturity.

Step H - Adjust the payments according to minimum condition
(identical with step H in the type F model)

Having determined the value of ¥YD(J,.) for each J, it only
remains to compound a payment profile. Information on
20 funding, interest rate on the loan etc. are compounded in

compliance with the payments on the loan to be applied, cf.
(B).

When the payment profile in full has been determined, the
model proceeds in step L.

25 Step I - Is L>I*?
(identical with step I in the type F model)

Analogously to step F, it is tested that Ly, does not exceed
L™=, If '



calculated like in the type F nodel. The adjustnent is cal cul at ed

appl yi ng woeesrerdaced version of the Gauss- Newt on al gor iplch/Bkosoes2! T F
(L[err]) =0, the paynent on the loan is within the band and 15 thus L[err]

i s not adjusted, corresponding to 136 [err]L[err]=0 | f
F(L[err])[err]O the adjustnent is calculated applying [err] 20 Step D
- Has F(L[err]y % aaverged ? (identical with step Din the type F nodel)
133 In ste is tested whether F(L[err]) has converged so that

t he paynents on the | oan are within the band defi ned by the maxi num and

m ni num o) I t I d .adj ust nent. 5
Whet her ﬁl‘}?{n[% ¥ | %ﬁ %sé%o%%r ge |aélaéd) %?ﬁn? nglg]%St% Q‘Pn%é‘?e% g '
mat henatQt:mr*ébWer@bﬂc@ab&tulm@timmﬂ‘@rﬁomﬂ.a;te santbrchéymodelevadniat i ng t he

vol ume qgf, gge&diﬂsgg%gtl'of the termto maturity which was determ.ned in
step Cg%alnst the value of F(L[err]). If the adjustnent is very small,
cf. the conditions 10 nmenti oned below, there is no reason to continue the

i teragi v ,j-o_ut maxVAL hemat i caI
converge%%e i s d |ne %ﬁa{‘ﬁﬂé %’,{%S [err]ylcﬂﬁsft;r L,=L!

(identical with step J in the type F model)

This step is completely analogous to step G except from the

fact that L,>L™*, so that the payments on the loan are to be
adjusted according to (A). '

10 YD(J, .)=¥D(J,L;) for 0<J<J!
() | |

¥YD(J, .)=YD(J,L™) for J'=<T<M

where J' denotes the minimum value of J for which
¥YD(J,L,;)<¥D(J,L™*). As in step G, the transition from step J
15 to the inner model is successive.

Step K - Adjust the payments according to maximum condition -
(identical with step K in the type F model)

Analogously to step H, a payment profile based on the
‘payments on the loan for J=0,1,2,..,M determined in step J is
20 to be compounded. Then, the model proceeds in step L.

Step L - The calculations are complete. The result may be
applied
(identical with step L in the type F model)

A compounded payment profile and the term to maturity L, have
25 been calculated. In the inner model, the wvolumes of the

financial instruments applied and the interest rate on the



i erg where e is a very small figure. If just one of the
((:oani ti gns"%%’%# illed L, is accep%/ed as the termto naPGTMKPSRN08EHe
. Jth refinancing. In principle, the cpyyergence may also be tested by
app! yi ng (i) [err] 20 where e is fixed at 0,00001. Thus, a
maxi mum devi ati on from the maximumor mninumlimt of DKK 0,00001 is
accept ed. loan haye beenndetemmiher(.| [Tbus),) ﬁheanmpﬁtaﬁﬁﬁn(nftﬁhatl¢mn'
conver geng h lk-@N I @il L.Gal . |1\ the term 0

genge eepgikt@Nand Ened2Rlad malyf B SdiRL

maturity for which the value o

' 134 Step E - Apply the adjustnent of Llerr] (i dentical mﬂhﬂéstﬁF E]
-.in the tyge2F2migial inner mbded; ‘ot | RS T YR Kb I s g5 Llerr
'is to be adjusted, gfrter whi ch tkgg)pi nner m),ell ca# cujﬁé e{aﬁ% paynents on

“the 5 loan for L[err] +[err]L[err]. First, however, the nodel nust pass

step B SOThe ihhdl hdGiehCrdd @yl W isly o it ethd s I3 sep k-
IS L[err] <L[eeF.L$1]B ? bl e(i dent ?cal vli\;'rtn}t?ystoz'pa'% In the tyspe1IJ§—Atrn)xc}aé{]-'})le
S "consits of an outer and an inner loop in a two-step

procedure. Thus, together with the routine in the outer
model, the total model comprises three levels.

In Fig. 24 a flow-chart for the model is shown. The two-step
procedure does not appear clearly form the flow-chart and is,
10 therefore, briefly outlined in the following.

The model begins with a guess at an interest rate on the
loan. On the basis hereof, the payments on the loan and a
first guess at the funding are determined. Then the model
estimates the funding in an inner loop in step 7 to step 10.

;5 The estimation is performed in an iterative routine. The loop
is left when the funding fulfils the requirement as to the

part of the remaining debt that is refinanced, and the
proceeds criterion.

However, a situation may arise for the model where it is not
20 possible to observe the intended refinancing percentage and
the proceeds criterion at the same time. If both criteria are
not met within 30 iterations in the inner loop, it is -
presumed that a solution does not exist and the model leaves

the inner loop. Then, the funding is adjusted to observe the
25 proceeds criterion.

In the outer loop, it is tested that the interest rate on the

loan corresponds to the yield to maturity of the funding

poftfolio, which, however is adjusted for possible

differences in the number of payment dates on the debtor side
30 and on the funding side, respectively. If this is not the



In step F, it is checked that the full termto maturity L[err] is 10 not

shorter tfh@gogdsigy mnimumlimt. |f L[ er r] <L[ epcp/pxosrooos2t he
nmodel proceeds in step Gin which the paynents on the | oan are adj usted
according to (B). O herwi se, the nodel38ul | proceed in step F. 15 It
shoul d be noted that steps F and | are the only steps whi ch are not

lied f I fod St - .Cal h h
Toan {ofBer P GHF 2t e dRer R A S i " o BT Brodel)
.{f I(_[B)er miode{leraqta,:.rt llreqmm%ttsesora tdwtlcaa@aa:meritom?fadjwﬁted 2]9 accordi ng
o] I.C LRul a
O[err] J[’Ié\x'h etj'ay., t@n (J.g?l%r loop is ag.&o %31%\?& \?.QEEQ’IH',V\T.) ertli'Je)_Fl or

"[err] JimtEddst ratenhere J'' denotes the m nimum value of J for vvhi'ch 25
YD( J, L[err]) >YD (J, Lf[err]).

135 YD(J,LJ) has already been calculated for J=0,1,2,...,M whereas
YD(J,8 [ dinds), rakst J’ttaenaa:liom aimtédunehe:dnme:lnirlme:lhe Hovexest ake | ink
from st Ing not sinple. At first, (B) is

cal cul at%g) %tth; pen I Ng or?%v\het her 5 Y0, .)=YD(O L[err]) or

YD(O0, .)=YD(O,L[err])
Only when all the requirements have been fulfilled does the
model leave the outer loop too, and the final result of the
calculations in the inner model is available. Then the model
10 returns to the outer model with information on funding,
interest rate on the loan, and payment profile.

The same notation as in the inner type F model is applied.
Thus, in the inner model for type P, J and L; are fixed,

whereas the individual years are indexed by j.
15 Step 0 - Determine m and TILT

Before actual calculations are performed, it must be input to
the model whether the loan is disbursed in December with m=m,
funding instruments or at any other time of the year with
m=m,+1 funding instruments.

20 This is done by assigning TILT e€{0,1} a value.
Set TILT=1 and m=my+1 if the loan is disbursed in January-
November
Set TILT=0 and m=m0 in all other cases.
The primary function of TILT is to indicate that an adjust-
25 ment in the number of funding instruments at the disbursement -

of the loan is performed, where it will generally apply that

m=m,+TILT



- the remain] 8&3@@ at the end of the period may be determ ned. Based on
" the remai W ; YD(1,L[err]) is cal cul ated and YD( 1, PST/RKRS/pfi082
determ ned and thus the remai ni ng dgbfyg at the end of the period etc.
Hence, the link 10 fromstep Gto the inner nodel is successive.

However, it will never be necessary to recalculate YD(J,L[err]) in a
cor r espontR rePRRARRErONFVhkht fhepprburdhywesr she¥DLlbposr ) is adebertwi des t he
PAYTENT S ARjh&Eed 088, ehBlitethhtPo! BEnGAREalS et mbAR ML LY.

Step H - Adjust the paynments accoralng‘ O m ni mum condition (identi cal

" with stepgatunitvielagps rFhapdthy maturihyi of tbeeleancarehepvdlied.of

X)) Ihugach Jo hks9Bh¥a a LEURENScHE-GOARONR a payment profile.

I nformati on on 20 funding, Interest rate on oan etc. are conpounded in
conpliance with the paynments on the |oan to be applied, cf. (B).

When tge payneng=miRQfi|-& i +meirjhas been determ ned, the nodel proceeds
in step L. 25 Step | - Is L[err]>L[err]? (identical with step | in
the type F nodel) Anal ogously to step F, it is tested that L[err]

gggs not wWXeL8UL,-c ddLidhatdd the remaining term to maturity of the
: loan.

Step 1 - Determine initial interest rate

In this step an initial interest rate on the loan is .
10 determined. In order to minimize the number of iterations to
be carried out later on it is expedient that the

determination of the initial interest rate on the loan is not
arbitrary.

In the model, a guess is made that the interest rate on the
15 loan is a weighted average of the yield on the individual
funding instruments, thus

. );%t (0, t)
R

1.
1 m

as in step A.
Step 2 - Determine the payments on the loan

20 In this step the model begins the outer loop. When a guess

at the interest rate has been made, the payment profile may
be calculated.



the paynents on the loan are to be adjusted in step J. O herwi se, the
cal cul at waes/g87 conpl ete and the nodel can proceed i rPCI/BXO8/00082 5 St ep

J - Calculate the paynents on the loan for L[err]=L[err] (identi cal
with step J in the type F nodel) 140rhj s step is conpletely anal ogous to
step G except fromthe fact that L[err]>L[err], so that the payrrents on
the | oa £3lQ ke 1, agigsiedmgeording to (A). 10 ,

YO J, . %%% L[err]f‘_ ?d Oferr]J[err]J (A YD
(J,) YD(J L[err]) for J'[err]d[err]M where J' denotes the

m ni Mimpgl %%nﬁ indnkOteddl €0 matulidil %hr B’xéY%Ah[ €5 Bbcifdvenfakep G the-
transition fromstep J 15 to the inner el is successive. Step K -

Adj ust the Fapters opergtdions de e Fmﬁlieéona?lﬁl galculatignst ABath& th step
Kiin thedddie y”?ﬂ@c)eed in thR@le0ga¥tleyehd %9@ H a paynent profile based

on the paynments on the |loan for J=0,1, 2, ,Mdetermned in step J is
20 to be conpounded. Then, the nodel proceeds |n step L. Step L - The
cal cu atggong.jar Q:h(‘é)rﬂﬂrﬁl B teelliht@eshe rate ARl cadculateddentical

with step L in the type F m)del) A conpounded paynent profile and the.
t er m t o GRden SAMEH1ST iR BRAP P8 -peen calculated. In the inner nodel, the

vol unmes of the financial instrunments applied and the interest rate on

t he

If m=2, the calculations proceed in stseZp 3b, wherein the
funding and the interest rate on the loan are calculated by a
method which is related to the F model. 'LAIR type P50 will be

10 calculated in this step apart from at the issue, wherein m
may be 3 depending on the date of the disbursement of the
loan. In addition, in the last year, the loan will be

calculated in step 3a.

If m>2, calculations are continued in the model proper in
15 step 4.

This means that in step 3 the type P loan is, in general,

first calculated in the model proper, then in step 3b, and
finally in step 3a.

Step 3a - Determine funding and interest rate for m=l

20 If m=1, the funding can be determined on the basis of the

proceeds condition as

Fin{(0)

M) —Fm

Since no more refinancing occur, it follows from the strict

balance principle that

25 YD(m)~[1-R¥(m) 1 H(m)



| oan have been determ ned. Thus, the conmputation of the |oan is conplete
-~ and the re¥PWRY be appli ed. 3.2.2 The inner nodel fBETDKIBOWES { he
- iterative solution The inner nodel;for type P-is not sinultaneous, but
. rather 5 consits of an outer and an innér loop in a two-step procedure.

. Thus, together with the routine in the outer nodel , the total nodel

- conpri seswhhpé‘ede&mnes an mmwsa ifritaradiartatforon hthenieani s

 shown.  ThenbWoglee o1 [1 y m t he

: flowchart %rtgga& eore l-*grre d&%&fr% ét?%lowrng _

~ The npdel cBdgudatiions @r@.ﬁ"@ﬁﬂa‘mﬁtqmtle&est rate on the loan. On the

- basi s hereof, the paynents on the |loan and a first guess at the funding
~are deternned. Then t he nodel estimates the funding in an inner loop in
step 7 toSkesp 3l - Petpming ifunding iand dntereat izate ferrme2ve routine.

- The | oop IS Ieft when the funding fulfils the requirenment as to the

- part of the remmining debt that is refinanced, and the proceeds
~criteridonIf m=2,4he halancg meguigenant n sthe diinste fobkowiheryear is

not 20 pogsinbife tidhsR] 4 the intended refinancing percentage and t he
proceeds criterion at the sane tinme. If both criteria are not met

within 30 iterations in the inner loop, it is presurred that a solution

does not exi st and geko) eaves t he i nner op. Then, the funding
i's adjustddlto &8%@-5\7%5@ DrloREE R @) H4L) FEC R?' g)H(%) the outer |oop,

. it is tested that the interest rate on the | oan corresponds to the
i yield to maturity of the funding portfolio, which, however is adjusted
! for possible differences in the nunber of paynent dates on the debtor

side 30 arRghddtHdHAHEE Sidarigsngstively. If this is not the
(J) M(1)K(1)+M(2)K(2)-Fin(0)
10 These are sufficient conditions for determining the funding
analytically as the solution to two equations (I and J) with

two unknown variables (M(1l) and M(2)).

In order to do this, (I) and (J) are written into a matrix

form in the following way
15 CxM=D
Wherein

M=(M(1),M(2)) is a 2x1 vector and

D[mn%f”.mu)-(Lm R¥(1))H(0,1)-REG R*(2) H(0,1) , Fin(1)

is a 2x1 vector too, and

20 G(LREG R¥(1) REG R¥(2)
K(1) K(2)



138 case, the guess at the interest rate is adjusted, and the nodel
again regﬁ??wkﬁgﬁs a debtor paynent profile etc. Ther epyrmpikbgodoginer | oop
is also ¢ ed again with the new interest rate. 5 Thus, the iterative
procedure concerning the interest ratk2 constitutes the outer |oop.

Only when all the requirenents have been fquiIIed does the nodel | eave
t he out .l oaqp to and th l_..resuyl h in the

i nner déF % CabPRE ﬁgeﬁ% % ah erﬁggggggﬁéhggggr nodel with
infornayueadsntmmnﬁmdgxlon |nterest rate on the | oan, and paynent profile."-

The sanme notation as in the inner type F nodel is applied. Thus, in the
I nner nodel for type P, J and L[err] are fixed, wher eas the individual
years are i ndMeeaxip;C>D] 15 Step 0 - Deternine mand TILT Bef or e
actual calculations are perforned, it nust be input to the nodel whet her
the loan is disbursed in Decenber with nenjerr] fundi ng i nstruments or
at any eshetdiotdyonedead ipsarfundimg voumese e+ ROtUAFCHP SRSt runents. 20
This is done by assigning TILT [err]{0,1} a val ue. Set TILT=1 and
meni err ] +l if the loan is disbursed in Januar

NoverfelThe REGetaryl RES] famfomgnonly F-ﬁf&PPnGFhXPa’éﬁs@EiCh are The primary
functi on,;qfy 1 I dishnldid RAIGRLE ddidd () mathutSity 3% P RHledrs die pypaber of

funding I'nstruments at the di sbursenent of the loan is perforned, where

it wll%&&h@@ﬁ:ﬁ@ﬁ% menf err] +TILT

The model continues in step 11, where it is checked that the

funding criterion has been observed. This check is necessary
10 if C!D yields negative funding volumes. In this situation,

the max-condition implies that the model is making ‘an excess:

of funding when determining the funding.

If a funding principal is adjusted because it would otherwise
be negative, a deviation in the current refinancing

15 percentage arises in relation to the intended refinancing
percentage. Therefore, the analytic solution does not provide
certainty that the intended refinancing profile may be

respected.
Step 4 -~ Define a trend function

20 In step 4, a trend function is defined, which trend function
estimates the size of the refinancing amounts as a function
of the time t. The trend function is shown in Fig. 25.

In principle, the trend function may have any functional
form. A excellent estimate for the development of the remain-

25 ing debt can be obtained by applying a polynomial of the (g-
1) th degree. ‘

Thus, the trend function has the form



139 In_connection with the maturity of the loan, mis also to be
adj usted t YEWBIY that no financial instruments with ma POT/DKPSPYP82 (

‘ than the maturity of the |oan are applig Thus, mis assigned a val ue
according to 5 memin[L[err]-[err];nmerr]+TILT] where L[err]
desi gnates the renainingztern1tg maturity of the | oan. ~ Step 1 -

Det ermi ne i ni ti @b+3r¥r@eEst-geattd In this step an initial interest rate
on the loan is 10 determned. In order to mninmze the nunber of iterations
to be carried out later on it is expedient that the determ nati on of

the initiwWherpisr Ost<mat Buskhermoreanai 4imtation piustabe set onl g e
[ ' : te
model , a gHgESthe WRYe s te;r& S 1A Adt® eixd P LUS S

average of the yield on the i ) ng I nstrunents, err]
as in st epfAfundingsims trumendise mine flhe whepehyt $hen ndlerianial would

5 have too many degrees of freedom. This means that

gsm

Thus, for a LAIR type P20,0 a polynomial of at the most the
4th degree is estimated. If g=m, the trend function will

estimate the refinancing amounts perfectly.

10 If the loan is disbursed with m=my+1 in the special TILT
procedure, the degree of the polynomial is not increased.

Therefore, the exact restriction on g can be expressed as

g<m-TILT
Step 5 - Determine trend function coefficients

15 Then the coefficients of the trend function must be estima-
ted. From step 2 the development of the remaining debt is
known given the guess at an interest rate on the loan and
given the term to maturity of the loan.

At times of interest rate adjustment t=1,2,..,m the trend

20 function must correspond to the intended refinancing of the
loan. At the same time negative marginal funding must be
avoided. Therefore the trend function must be estimated so
that the function value of each t corresponds to the maximum
of either the intended refinancing or the funding already

25 issued in the bond with maturity on the date t.

aoq»altc-az t 2+...+a q-lt @l _ REG D-I%z ’ E(o ’ t"l)



20 In this step the nodel begins the outer |oop. Wien a guess at the

I nt er est wobs431ge been nmade, the paynent profile may bEcEBkesdoesxd-

140 Step 3 - Is nmel, M2 or np2? The remaining termto maturity on
the loan is decisive for the furth&f4operations in the nodel. The
calculations in the nodel may proceed in three different ways. 5 1f
nel, the fundigg andghe intefast rate are calculated rather sinply in
step 3a. If me2, the cal culations proceed in step 3b, wherein the
-funding and the interest rate on the loan are calculated by a met hod

whi ch i d t TP : M : l,ated in.
this stzlp.)ﬁfi)%?lt% f%lgéméz}fe%]e isstuse@mrﬁgge%%%lwn%iybgg%&dg?mlﬁg on the
date of AR Fbursenent of the loan. In addition, in the |ast year, the
| oan will be calculated in step 3a. If mr2, calculations are
continued in the nodel proper in %5 steE:é This nmeans that in step 3
the type P Ioggo,iag,,__jglwah, REGP f}h(bl}'t?i)Ed I n the nodel proper,
then in step 3b, and ¥/%inally in step®ga. tep 3a - Determ ne
funding and interest rate for nrl 20 If nmFl, the funding can be

determ ned on the basis of the proceeds condition as [err]

5 wherein (ap,a3, ...,844) is a gxl vector
B is a mxg matrix and

max[.,.] is a mxl vector

The matrix B is given by

Lo o o. o]
16 & 41 1 1 1. 1
st & t2 .. t;ﬂJl 2 4 8 . 291
S | N T T B L
V| PRI
1 w1 @1PF . . (m1)%Y

10 The matrix is produced by assigning values from 0 to m-1 to t
in the trend function. The first row comprises the values of
%, t1,t%,..,t%! for t=0. The second row comprises the similar
values for t=1, etc. The expression [B'B]™'B® is an
approximation of B based on least squarés. The approximation

15 is necessary when B can not be inverted. B will always be of
full rank. However, if g<m - as in the special TILT procedure

- B will not be a square matrix and thus can not be inverted.
Step 6 - Guess at an increment to the two coefficients

20 The trend function must be adjusted in the following steps,
so that the balance requiremehts correspond to the intended



Since no nore refinancing occur, it follows fromthe strict baI% ce
princi pl e WRHBM31835 YD(m)-[1+Rlerr](m ]Hm PCT/DK98/00

. 141 whi ch det erm nes an unanbiguousllgterest rate on the | oan. When
the calculations in step 3a are conpl et’e, the cal cul ati ons proceed in
step 14. Step 3b - Determne funding and interest rate for ne2 5 1f
m=2, the befinaeacieaguiandrsot thatt vhel procdedd @atinpeniear is céul el bedt t en

s d iteri 1 .
oS0 o] ) il MOl e R, Sk | ion, st e MR, i ng
t he funding analytically as the solution to two equations (I and J) with
t k i-ahl . i J
are writtone BERR R 1Y MM poreoribd 18P ddhd bt Vo £acedEl ()
"~ G, and G; in the following way. _

5 Goa,+Gya, t+a t?+..a ., t3!

G, effects a parallel shift of the trend function up and down

in the (H(j),3j) plane, whereas G, influences the slope of the
trend function.

Already before the iteration in the inner loop is started,
10 the factors are assigned the wvalues

G,=1.25 and G,=1

corresponding to a shift upwards. The idea of the shift is to
obtain better information concerning the relationship between
the individual marginal funding principals.

15 In the example, H{0,4) is shown disproportionately large so
that according to the trend function, M(4) will be 0. If the
marginal funding volumes are generally increased in a later
step, the model, however, does not have much information as
to how much the volume of the other marginal funding

20 instruments must be increased before M(4) is increased as

well. By a parallel shift of the trend function upwards this
information is obtained.

If TILT=1 énd the model thus operates with an extra funding
instrument, only one G-variable is introduced in step 6. That

25 1is, because of the special refinancing profile, the wvolume of
the first funding instrument is explicitly estimated by a

variable Z which is explained in detail in the next step.
Provisionally, set zZ=1.



15 Cx<M=D VWherein M=(M1),M2)) is a 2x1 vector and [err]

iIs a 2x1 WOeokas18Y 00, and [err] 00082 -
142 Cis a square matrix and therefore can be inverted JHKD yi el ds

the sol ution Memax[ O; C err L8 as strictly negative funding
vol unes are not accepted. 5 The REG and REG err] factors only influence

| oans Whaedy, af &= h&l ,%,ﬁs{yrﬁgeﬁgﬁ% termto maturity of 2 years or
type P50,0 the first year e m)%el continues in step 11, where it
i s checked that t he funding criterion has been observed. This check is

necessarphel 0 dfeClid g egfistﬁ@gﬁ;,hégew HNES ik tél-le} situation,.

the max-condition inp |es t hat makl ng an exces of fundl ng
when det erm ni ng the f undi ng. If a fundl ng principal is adjusted

because ¢ Vel BhH S Bfe trend function, the marginal funding ‘is
determined by

5 M(3) = max[0; [Goa,+Giat+at+ ... .+a,,tT]-H(0,5)]

wherein t=j-1={(0,1,...,m-1} as befo_re._ At the disbursement of
the loan, H(j)=M(j)+H(0,3j) and H(0,j)=0 are again applied.

That the loop starts in step 7 and not in step S or 6 implies:
10 that ay,2,,...,84; are only estimated once for every guess at

an interest rate. Therefore, in the following step

85,33, .-.,85,; are constant. Correspondingly, (Gy,G,)=(1.25,1)

is solely an initial guess.

For TILT=1 the volume of the fi'rst instrument M(1) is
15 determined as '

This is necessary, since a polynomial would have
difficulties in estimating M(1l) which constitutes down to one
fourth of the volume of the other funding instruments as a

20 consequence of the reduced refinancing percentage.

When the model in the following steps estimates Z on the
basis of the balance requirements and the proceeds criterion,
M(1l) is explicitly determined so that the criteria are

fulfilled with certainty at the first occurring refinancing.

25 The other funding volumes are determined as above. Generally,
therefore, the following applies



be negativ jation in the current refinancing 15 percentage arises in
. relation t§v9€sé&?¥#t ended refinancing per cent age. Ther ef oFET/DKIZ/0YU8Z| vt i c
¢ solution does not provide certainty {4sat the intended refinancing _
profile may be respect ed. Step 4 - Define a trend function 20 In
step 4, a trend function is defined, which trend function estimates the
. size of the ref¥hhhtpas[Anbanbaoda trdatitt ion. +a,at theH(On®)l. The trend
. function is shown in Fig. 25. In principle, the trend function may.

- have any functional form A excellent estimate for the devel opnent of

" the renni?®radsgpR§luentheafupdingt &Pred by applying a pol ynomial of the (g-
| )th degree. Thus, the trend function has the form

143 - alerr]+alerr]t +%$enr] t[err]+...a[err]t[err] wherein
oferr]t[err]m P& Ghe, (Gt Erfidtt)idon nust be set on g so that the
degree of the polynom al does not exceed the nunber of funding

I nstrunent s a%nus 1, ereby the polynomal would 5 have too many degrees

of freedoh® FRFSTHERREL.( Frpm now on thegpetatirn (G, Gusinmrism gimply ype

P20,0 8 PapyIosgal TRE Btahh8rEDSE thEr ind! Radegheevaiuesi W |f a=m
the trend function wl|l estimate the refinancing anounts perfectly. 10

If the loan is disbursed with menferr]+1 in the special TILT
Step 8 - Calculate the proceeds and balance criteria

In step 8 it is assessed whether the factors G,, and G, are
determined so that the balance requirement, given the
intended refinancing profile, is observed and the proceeds

10 criterion is fulfilled.

The balance requirement is given by

YD1+REGD—R—G&-H1‘ N(g ]
(1) 0. )REG;R (F)E(F)

and the proceeds criterion is given by

Fin(m-g R(F)M(F)

15 Only the balance requirement for the first year must be
checked. Of course, the funding must also be arranged taking
into consideration the remaining years, but this is ensured

by the initial determination of the trend function.
Step 9 - Calculate adjustment of increment

20 On the basis of the calculated values for the balance requir-

ement and the proceeds criterion, respectively, an adjustment



procedure, the degree of the polynomal is not increased. Therefore, the
exact resyob®in®n on q can be expressed as q[ eFa1PKIs/dods2

Step 5 - Determne trend function coefficients 15 Then the coefficients
of the trend function nust be estinmal48 ted. Fromstep 2 the devel opnent
of the remaining debt is - known given the guess at an interest rate on

the | oapca gi;ye .er U4 Of, ¢t I N tinmes of .

interes?frgg%A%&j%ét%gkggpé§?§{%8,g?%h%h%¥gnéf2gﬁfu§% FSnNﬁﬁE correspond

t 0 the ahgenmdtlm:efi nanci ng of the | oan. At the same tine negative

mar gi nal fundi ng nust be avoi ded. Therefore the trend function nust be

estimated so that the function value of each t corresponds to the

maxi nunAlresfiyeinheteph€ int theetivref Frimadehgaogenaral yhormyglal ready 25

I ssued | n | uri ayeat,- . : :
c"BhYr thYtRE Fhfodaicah Elment to th -

144 BBPEQSFgg ?g%b%%,..?,n}#i. % ere%y%at e COEffLC??ﬂtg can be

deteﬁnineumbyOtmetnEEFYXOf.tbeu paanwafgd@}ermlne@rmnbﬁéehs ln(fﬁﬁP])is a

qu vec?ogn adjustment tB the2£B¥HoPB! LhXtRB0trend function™X[.. ] is a

nxl vector

determined - however, to a large extent, the method is the

sSame.

The most important difference si the definition of the F
10 function. F(.) is here defined as a function of (G,,G;)

F(G,, G,)-[Fin(0) 3, K M)

p 1

H(1)+REG ;;RN(J')H(J')-YD(l)-REG moRG(O) ]

Alsoc here, the value of F(.) is determined for both (G,,G;)
and (G,,G,)+inc. The adjustment of (G,,G,) is referred to as h
15 and is defined as '

Trip T,
hpA(Go,G,_)-I]-J—BjD]-—-—g
v

wherein D and g are defined as in the F model. It must,

howver be noted that

1 [Py G} FGrine, @) PG, G}FiG,, Gyrinc)
I Inc|F G, G}FGpinc,G) FfG,. G}Fy{G,, Gyrinc)

20 The subsign for F states whether it is the first or the
second part of the expression for F which is estimated. I.e.,



The matrix B is given by [err] 10 The matrix i o by

assi gni ng WO . om0 to m1 to t in the trend functi}ré}r’q‘ﬁgs?@ﬂVSt row
conprises the val ues of tlerr], t[egnb tlerr],..., t[err] for t=0. The
second row conprises the simlar values for t=1, etc. The expression
[Blerr]B] [err]Blerr] is an approxi mati on of B[err] based on | east

squar es. FIKG, dpyir setexmiges] Shes vadows aifi \thvhar®eeds eriteriomeford. B
"W almq¥§ ge) of full rank. However, if g<m- as in the special TILT
procedure ' *' B will not be a square matrix and thus can not be inverted.
Step 6 - Guess at an increnment to the two coefficients 20 The trend

function 2 ad) pust ol foh | py t : bal ance
r equi rem%‘?%’spﬁd%oﬁﬁ%%tﬁdwég TP Reerniiied "Hsddbal

145 refinancing and so that the proceeds criterion is fulfilled.

Initiallyre Qv &e AdCed! EwévdS! ia@aev§£e§esa9hy§tsﬂlows 3gThe

adjustment is generally perforned by means of two factors derr] and
Jerr]5i REHRMBES | TR+ WMegns that 1f the model during 30 attempts has

Jerr]al gidd KéShravierdtest onaté [ 8h" ddjustheht] bECERE trend function
and thus the funding satisfactorily, the loop is abandoned,
and the model continues in step 11. However, the model may

hereafter return with a new guess at the interest rate.

10 Step 10 - Are the balance and the proceeds criteria
fulfilled?

On the basis of the calculated adjustments, it is to be
determined whether the trend function determines the volumes
of the financial instruments applied in such a way that the

15 balance requirement and the proceeds criterion have been
fulfilled.

In step D of the type F model were introduced the criteria
for mathematical convergence which are to be used here.

If h fulfils just one of the conditions

. h|
20 (1) .._._L..__<g
e|G,, G|
|F(G°,G1) LF((G,,G,)+h)

(i1) <e
| l

F(G,.G,)?

h has converged, and (G,,G,) and the matching funding can be
applied.



Gerr] effects a parallel shift of the trend function up and down in the
(H(j),j) woasd31shwhereas Jerr] influences the slope of thecr/pxbsensz

function. Al ready before the iteration in the inner loop is started,
10 the factors are assigned the val uet>0 Gerr]=1.25 and Jerr]=1
corresponding to a shift upwards. The idea of the shift is to obtain

better Ilrif QIGHRS IH HHRN B ING IriRe Had MR FIF 19l Rhe aﬁa%gt?r@n\e dual
mar gi nal un??éf% rincj pal s. 15 I n the exanpl e, H(0,4) I s shown
di spr opdt tid ‘ij)q%r Sy and (3£8P Lt 9RPAWI he trend function, M4)

will be O. If t he mar gi nal fundi ng vol unes are generally |ncreased in a

| at er , nodel , hovvever does not have ch infornmation as
‘to how ﬁ}cgr‘? gf?é‘ Ii'l}}?e 5T e @ Sy MR ema T SENVETGRRGEh C&8ust  be
i ncr easésk hefpliardd By ithd rs;femszad: adnditiveld - BheapRocldasl shift of the

tren func.tlon war t hi I nformation i s _ohtained. Lf TILT=1 , |
and d‘rh ?:Eﬁz:rl}ft &a]\ﬁr{% 5@%@3‘%d|’1ﬁ’ds meangs thate e onl'y one -
G vari atﬂtmdmg" maybe applieat dF 6. That 25 is, because of the special

refinancing profile, the volune of the first funding instrunent is
explicitly estimated by a variaple Z which is explained in detail in

t he next step. r ovi Si aI | y Z=1.

146 (St:'é'd 7 - Th -‘f’{md Eem ned The inner [ oop of the inner

nodel starts in thi step

(iv) |rin(1)-REG°3§n.:-°9l <e

Step 11 - Is the proceeds criterion fulfilled?

10 Step 11 aims at the situation in which the model has not been
able to determine a trend function satisfactorily. Thus, the
funding does not fulfil both the balance requirement, or more
specifically, the intended refinancing profile, and the

proceeds criterion for the given interest rate on the loan.

15 It cannot be excluded that no solution which fulfils both
requirements exists, so the model necessarily has to conti-

nue.

The proceeds condition 1is, howéver, an indispensable require-
ment. Therefore, it is checked whether the proceeds condition
20 is fulfilled. This is done by the condition

'Fin(o)-g R(H)M(F)

<e




On the basi soof the trend function, the marginal funding is det er m ned

by 5 WO IS8T — \ax[0: [Jerr]a[err]+Jerr]alerr]t+a ePETMKS0p082

- +alerr]t[err]]-H(O,j)] wher ei }:j-lz(o,l,_...,ml) as before. At
- the di sbursenent of the loan, H(j)=MT7T)+H(GQ,j) and H(Q,j)=0 are again
; applied. That the loop starts in step 7 and not in step 5 or 6 inplies

. 10 that a[¥r this iy [the casef erhdn the model estntbtess oimestep E¥ery guess
Al O RAE s A VORI S il LAB, 0L O {¥ehhents applied

~alerr],alerr are cons respondi

- (Jerr], Gaxne |adjustsl 1in stem Bdlely an initial guess. For TILT=1 the
- volume of the first instrument M1) is 15 determ ned as

P M1)=Z-HO,j) - This is necessary, since a polynom al would have

Cdifficul ti®en llast iddiust) the)funding constitutes down to one fourth of
. the volunme of the other funding instrunents as a 20 consequence of the

" reduced refinanci ng percentage. When the nodel in the follow ng steps
esti mates Themadal onlyaeeachds tskemalantf iedias enentlseendpossiblecéads

- criterion,the iMey Icor P iGhd | Yamiet ' : t Lfgria are
fulfilled w t.hl certal ntng at %e %/I rst'?%rg%:tr}?éjitﬁgeére |%a£5§'?%%fh&8 25 The ot her

- fundi ng vaefewnging @refileand therroceeds attiteriont WEhesor thet he

- follow ng &S of the fi ial i . 7. .

Mij)=max[0;(Z {Jerrfa e?r J-'Ir% e?lfitféisé?:r' _Tré??]%ppl.'l.'?d mudé 'pe adjusted

+a[err] t[é‘f’rt_ll} -t}lf(eé),%“) e object of fulfilling the proceeds condition.

10 Therefore, appropriate adjustment of each volume is

performed.
In principle, three situations may occur

1) The model calculates an excess of funding, i.e. the

funding volumes must be reduced

Fin(l)
3 K(I M)
J-1

15

M for M=(M(1) ,M(2),...,M(m)

2) The model makes a deficiency of funding, i.e. the
funding volumes must be increased. Here M(1l) is
maintained so that the refinancing percentage at the
next refinancing does not increase more than what is

20 . absolutely necessary. M(l) is determined as

L, Fin(1)-K(1)M(1)
gx(j)mj)

M for M=(M(1),M(2),...,M(m)



Anal ogously, the funding for ((err]+inc,Herr]),

(derr], Grovsdsignc)) I s determ ned. From now on the p@iBkosaeos2
(Jerr],derr])+inc is sinply 5 applied. The standard is that inc has the
val ue 0.00001. Step 8 - Cal cul at¥®2 he proceeds and bal ance criteria

In step 8 it is assessed whether the factors Jerr], and Jerr] are
determ ged sogl 1ihechal s L EOUL.E 0j.xen t.he Ln ed
refinanc?ng pr%???e?'igﬁ%pggﬁgégsgﬁgiﬁﬁgﬁé?gcgé Ss&@ g?i%ér%%%grs
fulfilled. Herghthpapntdver fyndingens pPiagedemnpyhe] dnstrument and the -

proceeds critghiifAnNths gh¥eRel¥ maturity, i.ker'rl 15 Only the bal ance -
requirement for the first year nust be checked. O course, the funding
nmust al so be arranged taking into consideration the remaining years, but

Step 9 - Calcul ate of increnent 20 @4 AT £3F the
cal cul ated val ues for the bal ance requir- enent and the proceeds
criteyion, respectiggk¥;3§p'ggﬁystnent

this is ensured gé}thpég?QIJ al determnation of the trend function.

After the adjustment, the proceeds condition is fulfilled,
and the model continues in step 13. '

Step 13 - Calculate an adjustment of the interest rate

In this step, an adjustment to the guess at an interest rate

10 on the loan is to be calculated. The adjustment is calculated
in relation to the yield of the portfolio of funding
instruments, with correction, however, for the typically
different numbers of settlements within each year on the
debtor side and the funding side, respectively. Thus, the

15 adjustment of the interest rate on the loan is calculated as
the difference between the corrected interest rate on the

loan and the yield to maturity of the funding portfolio.

Firstly, the function F(.) is defined as.

F(RK)- Bjﬁ.(_i_.].'_)..REG rP

1 n RG(0)
20
wherein
rP is defined as the yield to maturity of the
funding portfolio.
n is the number of debtor payment dates per year in
25 the next refinancing period.

With the definition of F(RF) the Gauss-Newton algorithm may
be applied.



148 err Jerr]) is determned on the basis of th - Newt on
algorrtrde09 4eady in step Cin the type F nodel a genggaﬁﬁéﬁﬁwgga

appar at us was set up. In the F nodel fdjustnment to the 5 termto
maturity of the |oan was determ ned, ereas in step 9 an adjustnent to
the factors in the trend function is determ ned - however, to a |large
extent, the netryjngufb@g sane. The nost inportant difference si
the definition €4F 10 function. F(.) is here defined as a function of
(err],derr]) _ T [err] [err] Al so here, the val ue
of F(.) is determ.ned for both (HJerr], % and (d.er ﬂ Gerr])+inc.
The adj uShRefetépitepss pry E‘Prt] £o 9 W pexe -h s g&?ﬂ}‘ d kY ned as

[err] be notwdekd D and g aré defined as in the F nodel. It nust,
hower be noted that [err] .

F(R¥) - P(RKinc)
inc

I

5 The algerithm can be_Simplified_analogously to step C in the
type F model.

Step 14 - Has the interest rate converged?
Step 14 determines whether the outer loop is to continue or
whether the model has reached a satisfactory result. The

10 criterion is the extent of the accordance between the

interest rate on the loan and the yield on the portfolio of
funding instruments. |

The interest rate on the loan has converged and can thus be
accepted if

RX R@(i-1)
15 E;'?T‘Eaﬁﬁ“lux;r4<

wherein e in the model is set to be 0.00001,

is fulfilled. This means that the calculations in the inner

model are finished, and can be finalized in step 16.

Otherwise, the calculations proceed in step 15, wherein the

20 guess at the interest rate on the loan is adjusted.



20 The subsign for F states whether it is the first or the second part

of the exypeuspne@n for F which is estimated. |.e., PCT/DK98/00082

149 Flerr] (err],derr]) determ nes the value of the proceeds
criterion for (Gerr], err]). 1541f TILT=1, an adjustnent to
(Z,G{err]) IS deternined I nst ead. It nust be noted, however, that step
9 only & id@agangqg RetekRaRatehat if the model during 30
attenpts has not "been able to estimate an adjustnent of the trend
function and thus the funding satisfactorily, the |loop is abandoned,

and, themedelueeenetnm i reheRt]llatHOWRY €he uesnmﬁ%hm&s reaerc%etat er

return with new quess at the interest rate.
bal ance lalnétteﬁel&r dGcaddustiedemish ARyl Theneghe modebmcmenma% su@f the

cal cul alRdpAd, UshERlis: tie pbayhRnka on. Qﬁbe'l@aﬁeﬁr\é’“a@&%&n&ﬂ%dt iegRd

function detern1nes t he vol unes of the financial instruments applied in
such 3 W@ O gﬂll?@slﬁlbozﬁh&néét%&éltr é'ﬁ&ﬁt and the proceeds criterion have
been fulfilled. In step D of the type F nodel were introduced the

criteria for mat hemati cal convergence which are tQ be used here. | f
h fulfiStepudb onladeultions)are,somplete. The result may be -

applied

The model has determined an interest rate and a number of
positive funding wvolumes. Thus, the calculations are complete’ |
10 for the given value of the term to maturity. '

The model may return to the outer model with information on
the payments on the loan, the funding, and the interest rate
on the loan. '

3.2.3 The inner model for type P - the analytical solution

15 To a large extent, the analytical solution is based on the -
same structure as the iterative solution. Thus, the
analytical solution divides the inner model into an inner and
an outer loop, where the outer loop comprise an iterate :
routine targeting the interest rate on the loan, whereas the

20 funding profile is determined in the inner loop.

Yet, the analytical solution of type P differs from the
iterative solution by the fact that in the inner loop, the
model does not determine the funding volumes by applying an
iterative routine, but rather analytically. Primafily, this

25 facilitates the computations in the inner model.

However, the analytical solution also implies that the model
will always reach a solution. In the iterative solution there

was a risk that the model would have to discontinue the



[err]

h has converged, and (Jerr],derr]) and .ng
fundi ng caMOB¥43187 55| j ed. Pt&?@g&;o%mzl f

none of the conditions has been fulfilheg, the adjustnent h is added to

(derr],

derr]) and step 7 is repeated. Al so here, the requirenent as

to nathenatlcal conver gence can be replaced by the specific conditions -

t he procdd@ration ditesh Hhousrsemlighedidyuthe model
fundi ng ey fMeRRRY Iae%dlfut:[&{ rﬂullmmiqrﬁdth the ;fé&@eéés ctStbPeon

proceeds criterion fulf

1 ains at the situation in.

t he rmde|ar4¢asthﬁat1rﬁm¢ed J%Ftﬁﬂélﬂftpm eat?nt#ee Sane neinencthemodel then.
sati sf actyyfisted e FlM3ing REAINKE JGESLHO ol il | 10bO fsEBBs bR aaﬁa

requi rement, or nore- speC|f|caIIy, t he 1 ntended refinancing profil
the 5 priddeeds criterion for the given interest rate on the I oan.

10

15

20

25
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Thus, the fact that a solution will also be found has the
conseguence that a similar adjustment of the funding volumes

will not be necessary in the outer loop. Apart from this, the

outer loop is identical with the outer loop in the iterative
solution.

The complete structure of the model is shown in Fig. 26. In
the following, each step is described. For the sake of
clearness, the steps that are identical with the iterative

solution are included, with an indication of the identity.

The analytical solution implies that the inner loop comprises
four steps.

First, (G,,G;) is determined in step 6 as the factors in the
trend function which comply with both the proceeds criterion
and the intended refinancing in the first year. Based on the
adjusted trend function the funding volumes are calculated in
step 7 as the difference between the value of the trend
function and the funding volumes previously issued.

In advance it cannot be excluded that one or more of the
calculated funding volumes are negative, which is not
accepted, since it would imply that the debtor has to buy
bonds. If it turns out in step 8 that one or more funding
volumes are negative, these are set to 0 (zero) by means of
an indicator function. The indicator function forms a m-
dimensional vector, in which the jth element is zero if the
jth funding volume is set to zero, and otherwise one. The

adjustment of the indicator function is performed in step 9.

id pewnsueagedt he

and



15 It cannot be excluded that no solution which fulfils both
requi r enfyg ¢8/48197St s, so the nodel necessarily has to contpicT/DK9sREE2

The proceeds condition is, however, an indispensable require- ment .
Therefore, it is checked whet her the}$oceeds condition 20 is fulfilled.
This is done by the condition [err] 151

U Swhen! PRec@iBichBSR. EifcRROR! nag bbo salsBLap e OUherVise the

vol unes e financral instrunents adj usted in step 12.
St ep 12ca1mp.aso.onheff G&eliGhg 185rmeamtsdeba§miyone&bneprgt:gpdsz if it has

not beegrﬁear g eaha_thetQﬁFéﬁﬁéa Leeﬁnaﬁciﬁe gﬁnehe'ﬁﬁrge §§ﬁ£ tﬂ&

i nt ended’ e |nanC|ng profile and the proceeds criterion
vol uneswatht khef raduce Inhmbﬁruﬁﬁnfgnéppgléﬁsﬁﬁgmebésad?b3$eﬂrOceﬁFth t he

sol e 0bj: gC i e d T t
adjugtnggtbggkgggﬁa L#t&ﬂ hB f9£9ﬁ§§ ﬁe&QE@b&'Eﬁndlﬁg OSiG&Qéearépproprla e

une I'S perforned In principle, three
;ltuat|vﬂyenﬁydoe§ustep -1) The nodel calculates an excess of funding,
i.e. the fundi ng vol unes nmust be reduced J[err]

It cannot be excluded that only one funding instrument is
left at the end. In this situation, it will generally not be
possible to observe both the proceeds criterion and the

10 intended refinancing requirement for the first year. Thus,
the latter must be suspended as the proceeds criterion is
given the higher priority. In this situation, a value of G,
is determined in compliance whit the proceeds criterion in

step 6.

15 Correspondly, in the procedure it may often occur that the
volume of the first funding instrument is set to 0 (zero), in
which case it will generally not be possible to observe the
intended refinancing requirement in the first year. Hence,
the same procedure as above where only G, is determined in

20 step 6 is applied.

Step 0 - Determine m and TILT
(identical with step 0 i the iterative model)

TILT is assigned a value according to the following rules.

Set TILT=1 if the loan is disbursed in January-
25 November
Set TILT=0 in all other cases.

At the same time, the value of m is temporarily determined as

m=m,+TILT



2) The nodel nakes a deficiency of funding, i.e. the |
vol unes m¥O Bé318cr eased. Here M1) is mai nt ai ned E‘(‘)T’Pkgé)&{”ﬂ“g

refinanci ng percentage at the Re¥t refinancing does not increase .
nore than what is 20 absol utely necessary. M1) is determined as
[err] 152 3) Finally, the

f undi ng i eopRecthey wikhuphe onzbupity of therpeantmeiegnalse tandeng is

pl aced i%&}gjfsééﬁtwr@ﬁ%ure that disi‘é:t?ilégﬁcigyﬁﬁ?{af@%ﬁgﬁt Yrith € [err]

After the a

ustnent, the procee condition Is

conti nuegnatuxiey later tham:tehematucityupit EhanlaapudrseapPrdiethe

i nt er est

rel ati on

correcgion, howpyueiy rfUs leriygcal |y

fﬁﬁ%é is! BstiySedt 8PvatledbHaLARAL £8 the guess at an interest

rate 10 on t

oan 1s t0o be calculated. The adjustnent is cal cul ated
to the yield of the portfolio of funding i nstruments, with

and t he nodel

in

different numbers of settlenents

wi thin each year on the debtor side and the funding side, respectively.

Thus, the 15 adjustnent of the interest
the diffepgore BRIyesssi

yield to
is defin

10

15

20

rate on the loan is cal cul ated as

e 6d €5 OFerh L £LRS tEARCLO A BErityl 88NeRRd the

maturity of the funding portfolio. Firstly, the function F(.)

etoag -

Step 1 - Determine initial interest rate
(identical with step 1 i the iterative model)

The initial interest rate on the loan is assigned according
to

Y108

RK 1 m

Lt
el Im

Step 2 - Determine the payments on the loan
(identical with step 2 i the iterative model)

In this step, the model begins the outer loop calculating the
pavments on the loan given the interest rate on the loan.

Step 3 - Is m=1 or m>1?

The calculations in the model may proceed in one of two

different ways depending on the value of m.

If m=1 the calculations are continued in step 3a, where the
funding is determined very simply since only 1 funding
instrument is applied.

If m>1, the calculations proceed in step 4 in the general
model. There is no need to distinguish between the situations



[err] 20

mat ur ity wag og/43e87 fundi ng portfolio. FCT/DKIsobge nunber

wher ein rierr] Is defined as the yield to

of debtor paynent dates per year in 25 t he next refinancing

peri od.

Wth the definition of BB err]) the Gauss-Newton al gorithm

may  be applied. 153 [err] The
def i ni twﬁa:?ea%Eznei: h?zbssrﬁﬁeéhédi‘ﬂéfﬁ%ﬂr% :ﬁ&&fig Qﬂlxae th€ noted that
I e y

[err] 5T

e algorithm can be sinpli anal ogous to step Cin the

type F fpberminaticnepfighe fynding volupestarqthasedvenrgele samestep 14

det er m ge$nuhgL 88" 1hNEnBULRR1YE9Pal SmbQeLONThAYE SEe
reached a satisfactory result. The 10 criterion is t

p ¥betbetetpeonpdel has

e extent of the

accor daf€ethet Reddlt he interest rate on the loan and the yield on the

portfolio of

fundi ng instrunents.

5 Step 3a - Determine funding and interest rate for m=1

If m=1, the funding can be determined on the basis of the

proceeds condition as

Fin(0)

M-

Since no more refinancing occur, it follows from the strict

10 balance principle that

YD (m) =[1+R"(m) 1H (m)

which determines an unambiguous interest rate on the loan.

When the calculations in step 3a are finished, they proceed

in step 14.

15 Step 4 - Define a trend function
(identical whit step 4 in the iteratiwve model)

.As in the iterative solution the trend function is defined as

a polynomial of the degree g-1

agta,t+a,t?+.a t¥

20 wherein Os<tsm and gsm-TILT so that the degree of the

polynomial is not increased in the speciel TILT-procedure.

Step 5 - Determine trend function coefficients

(identical whit step 5 in the iterative model)



The interest rate on the | oan has converged and can thus b odsh ed if
[err] WO 9843187 harein e in the nodel is set to be 0.000 fT’D - ﬁJlais?'
fulfilled. This nmeans that the cal cul ayggns in the inner model are

finished, and can be finalized in step 16. O herwi se, the cal cul ati ons
proceed in step 15, wherein the 20 guess at the interest rate on the |oan
i s adj ust®e coefficients in the trend function a,, a;,158. areStep 15 -

Adj ust t Weter=1 t s ~gNe guess at the interest rate on the | oan
whi ch mﬁeej aehi BY dbpiving 0N diusted vith [ert]Rerr]. Then the
nodel continues in step 2, wherein the paynents on the |oan are

determ ned for t he new, S the i gest ratd. Step 16 -

Cal cul ati ons aréor(ﬁirrplﬁhé!& eB H(O,tag lied The nodel has
determ ned an interest rate and a nunber %"f posidtive fundi ng vol unes.
Thus, the calculations are conplete 10 for the given value of the termto
mat urity. The nodel may return to the outer nodel with information on

the payngisc&inthe |%0a,$h?.f&£9i ngs &ngkihgedbpbperest rate on the

| oan. . ]
B is a mxg matrix and

max[.,.] is a mxl wvector

The matrix B is given by

r L0 o o 0
1t t .. tfh 1 1 1. 1
1

st & t2 .. tf"'_l 2 4 8 2¢
. . . .Ih 3 9 27. 34
E TP L <y |
1l 1P . . @1)¥

Step 6 - Determine G, and G;

10 In step 6 the trend function is adjusted in accordance with
two conditions. For one thing, the funding must fulfil the
proceeds criterion and for another, the funding must fulfil
the intended refinancing in the first year given by the
balance requirement. '

15 In general, the adjustment is performed by introducing the
parameters G, and G, so that the trend function appears as
follows

Goao+G,a, t+a,ti+.+a £
The trend function may immediatly be divided into a variant

20 part and an invariant part in regard to G, and G,. The wvariant
part is denoted X(j) and the invariant part ¥(j), thus



3.2.3 The inner nodel for type P - the analytical solution 15 To a large
extent, wWuoeosasedrytical solution is based on the sane SUIVDKe$r0e082s t he
iterative solution. Thus, the anal ytical solution divides the inner
nodel into an inner and an outer 3%, where the outer |oop conprise an
iterate’ routine targeting the interest rate on the | oan, whereas the 20
fundi ng profi s ed i 2 . pa-t Yet, the analytica
sol ution of t%ﬁ%bﬁsﬁfksgggpfroﬁ??%h@(j ?E*gf$Vb solution by the fact that
~in the inner |oop, the nodel does not determ ne the fundi ng vol unes by
appl yi ngogne=5-1i.terative routine, but rather analytically. Primarily, this
25 facilitates the conputations in the inner nodel. However, the

anal ytical solution also inplies that the nodel wi Il always reach a

sol uti ophel MatBenhie{at e 5@' theOFuh8&h8 inst¥@fedtl wikht Aatethetgodel
woul d have toQ discontinue th 155

i terati BACRFLEY 86 Qu¥§§§§'|N(%MvchstﬁétﬁﬁﬂépeélESnEPesHE&B§d°f thg flndlng
a solsut keenfiu Eﬁhbl:b.aﬁ kothet kB1lpMmecegdeher Ehﬁah.ﬁﬁ inséftmbie abieadgd -

reflnancln%Fa; %35 ne_tine. The nodel then ﬁted thE f undi ng

vol unes*F§ e ) - o BRWEYREps ERe YRdume,Bpst 25 RuBeIRhEVRact that a
solutioghwel! | al so be found has the consequence that a simlar

adj ust rent of the fundi ng vol unes wi || not be necessary in the outer

| oop. Apart fromthis, the outer loop is identical with the outer |oop
in the |teratM\(g)éﬁasthl;leon-Glalt+a2Eﬁe ~OpietHOstNdct ure of the nodel is
shown in Fig. 26. In the followi ng, each step is described. For the sake
of cl earness, the steps that are identical with the iterative

solutiomhabh.bgcbp@aﬁinm X jan andd ivd gt i mayobet sdmpddifitiietly into
10 M(j)=max[0;X(]j)+¥Y(j)-H(0,3)]

The expression must be further simplified. This is necessary,
since G, and G, cannot be isolated as long as the expression
comprises a max-function. Thus, an indicator function, I(3)
5=1,2,..,m, is implemented with the value zero if the jth

15 funding instrument is to be set to zero, and otherwise with
the value one. Thereby, the indicator function forms an m-

dimensional wvector.

When step 6 is first applied the values of the indicator

function is set according to
20 I(3) = (1,1,...,1),
After this, the value of I(j) will be determined in step 9.

When implementing the indicator function, the marginal

funding volumes are determined according to

(I)  M(3)=I(3) [(X(3)+¥(3)-H(0,3) I=T(IIX(F)+I(F) (¥(3)-H(0,3))



15 The anal ytical solution inplies that the inner |oop co f our
st eps. WOSHIEL . (Jerr],derr]) is deternmined in stepn% é’%@%ctors

in the trend function which conply.,w.th both the proceeds criterion
and the intended refinancing in the first year. Based on the 20 adjusted
trend function the funding volunes are calculated in step 7 as the

di f f er end& mitteerondibticnsie of the trend function and the funding

vol unes previously issued. I n advance it cannot be excluded that one
or. nore of the cal cul ated funding vol unes are negative, which is not 25
accepted, since gt would inply that the debtor has to buy bonds. If it
turns out in stggoB(jM onamgt M{le funding ~ volunes are negative,
these are set t (zero) by neans of an indicator function. The

i ndi cator function fornms a m . dimensional vector, in which the jth
element is zero if_the 30 jth funding volune is set to zero, and ot herw se
one. The are fulfilled: epryesrerdind: 5P FhRcEisAti Supding: HRAUME step 9.

156 \hereddieng N ¢2606) fanal i 0 bRE Beme adindst eHe hiifber 6&l cul ation
of (Jerr],dJerr]) iLs repeated based on the proceeds criterion and the

i nt end2d TR HARR nﬁuﬁlﬁlwevﬂ%?syleamgbgreatew thapnher, equadd tRukber of
f undi ng liﬁérma@@iﬁalTbuﬁdﬂﬁQQﬁ§§t5ob§e99éfBb&ﬁdtﬁatpkoaéeﬁbrEB&EeﬂQ@ﬁilVe

fundi ng vol unes evealed in It cannot be excluded that
only one 3AdFRg ?ﬂEFFﬂﬁgnFefénancFEQtlattpﬁeféﬁat ¥R&Fhis situation, it
will generally not be possi ble to observe both the proceeds criterion

and the 10 |ntende ef i nanci n ui renent for the first year. Thus,
the |atter™WistCh SHeREEIC achﬁgtSQOEQ 40 i terion is gi ven t he

hi gher priority. In th|s situation, a value of err] is determned in
conpl i anceiphi t tpo(Dy.REE® nfo £ e1(0910) 2 1) RBERPR 6() (3)-(0, 5]

10 and

(14) m'n(m-g K(5)M(F)

wherein (i) is the balance requirement and (ii) is the

proceeds criterion.

The expression (I) may then be inserted into (i) for M(1l) and
15 M(3)

m(l)*m"-R—Gn:—fl-Hco,1)+I(1)X(1)+z(1) (Y{(1)-H(0,1))

m); R™M(D[T(H) X(F)+I(F) (Y{H)-H(0,))+H(0, )]

The expression is solved for X(3j)



15 Correspondly, in the procedure it may often occur that the vol unme of
the firstwbesas®y i nstrunent is set to O (zero), in whpetpRosgoosd W | |
generally not be possible to observe the i nt ended refinancing
requirenent in the first year. Hence,162 the sanme procedure as above where
only Gerr] is determned in 20 step 6 is applied. Step O - Determ ne
mand TILT (identical with step O i the iterative nodel) TILT is

assi gned 5 va_tl(licqu% G t.,-la_e;)j;ehl gﬂm@b@ﬁ?) (o, 5et TILT=1

if the loan is di shurse&iin anuar November  Set

TILT o in all other cases. At the sane time, the value of mis
tenporarily determ ned as - men err] +TILT
157 In connection with the maturity of the loan mis also to be

Than the m ﬁ??#‘%ﬁ?ﬁ%mﬂ% Bt iR el 2"Vl ue

according to memion[Llerr]-[err];merr]+TILT] wher e
Llerr]-[err] de5|gnates the remaining termto maturity of the | oan.

Step 1 -erEtt}%r Hid16 dwiirlg 2|t He et Hadl® side( io¥e thieC @kpWiels sl sl | the
Iteratw@%é?%naged by the variable Z,.

5 Analogously, the expression (I) may be inserted in the
proceeds criterion. This leads to the expression

Fin(m-};; RUGNTH XI5 (¥(5)-H(0, 7))

The expression is solved for X(3j)

(K) );:K(jmj)xm-Finm)-);x(j)I(j)(Y(j)-H(O.j))

10 The right-hand side of this expression is denoted Z,.
Together, (J) and (K) define two equations with to unknown
variables G, and G,. However, the solution of the equation
system depends on the value of TILT.

If TILT equals 0, the general solution is applied.

15 X(j) was defined as the part of the trend function variant as
to G, and G,. In a matrix form X(j) may, therefore, be
described as

X=axG

wherein



10 The initial interest rate on the loan is assigned accordin to [err]
Step 2 - DXOPEMISE the paynents on the |oan (identical vﬁqlﬁ)%%s@ﬁ&) i the
iterative nodel) 15 In this step, thggapdel begins the outer |oop
calculating the paynents on the |oan given the interest rate on the
| oan. Step 3 - Is mF1l or npl? The cal cul ations in the nodel may
proceed in one X (X () , X (2] £.f 6% 6mk) vy 2 deprendeegoonandle val ue of m 20
If el the’calqﬂia%%?€§ aLe,con iG%S?oLnaﬁ&ep 3a, where the funding is
y

.- determned very si

since on 1 Tunding i nstrument is applied.
If mpl, the calaulsita ows2 praetd givendpy4 in the general nodel . There
i s no need to distinguish between the situations
i 158 where mr2 or mP2 as in the iterative nodel, since the
det erm nati on of the'az undjng]vol umes are based on the sane principles in
t he anal ytical nodel]l.” Thus, gtep 3b is left out of the nodel.
2 &
a= |a 2s
2, (m1)a,

5 A matrix K is then defined so that KxX and thus KxaxG forms
the left-hand sides in (L) and (X).

7(1)(LREG-R¥(1)) I(2)REGR¥(2) - I(m)REG-R¥(m)
T{1)K(1) I(2)K(2) - I(m)K(m)

Defining K, the two equations (L) and (K) may be written on a
matrix form, utilizing that the right-hand side of (L) and
10 (K) are given by Z, and Z,.

Z=KxaxG

wherein Z=(Z,,2,) is a 2x1 vector. Kxa forms a mxm matrix that
may be inverted. G, and G, may thus be determined as

G=[Kxa] 'z
15 If, on the other hand if TILT=1, M(1l) is determined

explicitly as in the iterative solution. The marginal funding
is determined in accordance with

M(j)=max{[0; (X(1) ;Goaota,t+a,t*+.+a,,t¥!)~-HO, j) 1



5 Step 3a - Determne funding and interest rate for nrl If m=1, the

fundi ng ¢ugha@igdet erm ned on the basis of the pr oceedeCIvIKbisiones2 as
[err] Since no nore refinancing occur, it follows fromthe strict

10 bal ance principle that MEm=[1+Rlerr](m JHmM whi ch
determ nes an unanbi guous interest rate on the | oan. When the

cal cul ablogns, ibheSte0n3A AR N HiCTnel BRVSREACIRTo a WA 15 Step
i ek

4 - Defife & tien nction nti cal |t step era i ve _
nodel ) invariamti pagite defdned as soI ution the trend functlon |s defined as
a polynom al of the degree g-1
alerr]+aferr]t+aferr]t[err]+...a[err]t[err] 20 wherein O[err]t[err]mand
glerr]mTILT so th Jd} \1@' gree of yhe-  polynomal is not increased in
ocedur %
e

the speciel TI [-ps ety ne& tlt&hd function
coefficients ? ghtd)cab-lnhi t st 5 in‘thd iterative nodel )
59

for t=j-1
5 X(1) and G, must be determined in compliance with the
proceeds criterion and the intended refinancing in the first
yvear. This defines the equations (J) and (K) identical to

above -~ X(j) and Y(j), however, being defined by the above

definitions.

10 (J) I(1)X(1)+REG§R"(J')I(j)X(j)-m(l)tREG”B%-H(O.l)

-m)(m)-ﬂ(o,j))-mcg RATH(X(H)-HO, I }HO, ]

(x) 33 KO I X()-Fin(0)-F; KA I XG0, )
J. o,

The right-hand sides of (J) and (K) are designated Z; and Z;,

respectively.
15 X(3j) may be written on the matrix form
X=a"xG"

wherein G'=(G,,X(1)) and



The coefficients in the trend function aferr], a[err],...,?%ﬁ_r
det er ni nedVBYH43IRT ﬁ;;gsﬁb&z.

yi.ng [err] wherei n (aferr], a
aferr],...,aferr]) is a gxl vector 5 qg5 Bis anxq matrix and
max[.,.] is a nxl vector . The matrix B is given by
[err] Step 6 - Determine Jerr] and Jerr] 10 In step 6 the
trend function i d’i%usted I n accordance with two conditions. For one
t hing, the funding t fulfil the proceeds criterion and for another,

t he fundi ng nust 19 | the intended refinancing in the first year given
by the bal an®g r equi r enent . 15 I n general, the adjustnent is perfornmed
by introducing t 0 paraneters Jerr] and Jerr] so that the trend
functi on appears foll ows
Gerr]alerr]+derr]alerr]t+alerr]t[err]+...+aferr]t[err] The trend
function may imedi atly be divided into a variant 20 part and an invari ant
part in regard to Gerr] and Qerr]. The variant part is denoted X(j)

and the hgl\éigg%r&sleraréo \é(ﬂé ‘alstor\]rlés, (J) and (K) lead to the expression
Z'=Kxa"xG"

wherein Z'=(Z;,%Z;) and K is, unchanged, defined as

. x - |T((LREGR¥(1)) I(2)REGR¥(2) - I(m)REGR™(m)
I(1)K(1) I(2)K(2) «  I(m)K(m)

The matrix equation is solved by
G'=[Rxa"]'2"

If, on the other hand,

%I(j)<2 or I{il) =0

10 only the proceeds criterion may be fulfilled, and the balance
requirement is suspended. In principle, then G, and G, must be
determined on the basis of only one eguation which yields an
infinite number of solutions. Therefore in this situation, G,
is assigned a fixed value which, of course, must be suitable

15 so that the refinancing the first year does not differ to an

unnecessarily large extent. Numerical analysis has shown that
G =1

leads to suitable results.



160 X (] )=Ferr]alerr]Jerr]alerr]t and

Y(j)=al exio bdgigd + . . +aferr]t[err] for t=j-1. Tier/pReswoos2l vol une
of the funding instrument with a termto maturity of j years, Mj), is
determined as the value of the 5 trend6unction [err] the volume of the
fundi ng i nstrument already i ssued, H(O,j). However, the volume nust not

be nega .£ ] 3 S .
Jerr] ar['ﬂél\rér] +élef9h%%[ er‘rf'mgérg?rf%éér% W s [ceor 1::t:"[serr]b-yl-it)"]'lﬁ _ whi ch
by appl yinvpri@Ent aartyqf) they trenst fynctiion.i r‘Fﬂ’l@S 10 M) =nax[0;
X(1)+Y(j)-H(O,j)] The expression rrust be further sinplified. This is
necessary, since Jerr] and Jerr cannot, be i sol at ed as long as the
expression  Xddipr Sed0 aantx- f YA F Pt +-d@ei BT cat or function, 1(j)
j=1,2,...,m is inplemented with the value zero if the jth 15 funding
instrument is to be set to zero, and otherwise with t he val ue one.

Ther eby It Remaidisc o det@raming GoolRscamphiance witknshenarooesds: .

when &t e d&éﬁ&df%@&%&é&éﬂ%ﬁ@éé&%@&é @ewewla%ator function is .

set according to After this, the
value of 1(j) wll be determ ned in step 9.

m'nw)-§ K(F) (T X(H)+I(H) (YD -HO0, )

Solved for X(j) this leads to the expression

) K(j)r(j)X(j)-Fin(O)-); K() I(F) (¥(F)-H(0,7))
J-1 1

When the right-hand side of (K) is denoted 2;", G, is
10 determined by solving

Gtt= [Ktsxaat] _lzaa
wherein

G"=G, and
K'=[I(1)K(1),I(2)K(2),..,I(mK(m)] and

15 a' and

Z”:Z;'

On the other hand, it may also be utilized that X(3j)=Gya,,
which inserted in (K) yields :



When i npl enenting the indicator funct i on, the marginal f undi rg% (\)/ol umes
are deter WA8¥4H8Tording to PCT/DK98/00082

Mj)=1(j)IX()+Y())- H(OJ)]"(J)X(J)+|{.g«)(Y(J) H(0,j))
161 I f both-conditions err and 1(1)>0 are
fulfilled, corresponding to the first funding vol une exceeding 0 (zero)
and, at the same tigre, the nunber ofg 5 remaining funding vol unmes being
. greater than or IR{0) I1 J) -Fi(®) B{et (HHuxlign g (ust) Jobserve bot h t he
' proceeds criterion and the intend® refinancing in the first year.
Thus, Jerr] and Jerr] are cal cul ated sol ving (1) [err] 10 and
(i) [err] mhereln (i) is the balance requirenent and (ii) is the
pr oceeds Sediviest ifex. G The expression (1) nmay then be inserted into (i)
for M1) and

pinw)-?; R(3) I(3) (¥(F)-H(0, )
GO

a,,g (I

'énd thus G, is determined. By insertion of G, in the balance
5 requirement, the refinancing in the first year may be
calculated residually.

When both G, as well as G, (or X(1) for TILT=1) have been

determined, the calculations in the model continue in step 7.
Step 7 - The funding is determined

10 In step 7 the marginal volumes of the funding instruments are
determined as the difference between the value of the trend
function for each respective j and the volumes previously
issued. The marginal funding volumes are determined either as

M ( j ) =G°ao+G1a1t+a2t3+...+a.q_1tq'1—HO ’ j )
15 for TILT=0 or as
M(3)=(X(1) ;GoastGa t+at?+. +a,,t%*) -HO, j)

The implementation of the indicator function is the reason
why the marginal funding volumes are determined without
applying a max-condition which would involve that negative

20 funding volumes are set to 0 (zero) in this step. If M(j') is



15 Mj)
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[err] [err] The expression is solved for X(j)

wo 9843187 X(1) X(1)-REG err] Rierr] (j)1(])X(])-YD(l) petrmixdsboos2

-1 (1) (Y(1)-HO 1))-ReEGerr]Rerr] (j)[1(j)(Y(j)-HO,j))[err]HO,j)]

t he fol
t he var

| owi ng, the right-hand side oft68he expression is desi gnat ed by

In

I abl e Z1. 5 Anal ogously, the expression (1) may be inserted in the

is solve

PrOCCedseBhELGL! 08(3 7)) B! 88054 0408, C4RE°ERL ehe next cadDOeREPT e95 0N

5

10

15

20

step is applied, M(3j') equals zero.
Step 8 - Are all funding volumes positive?

In step 8 it is determined whether the calculated funding

profile may be applied, or whether it is necessary to perform

the calculations in the inner loop once again.
If

M(3j)=20 - Vje(l,2,.,m)
the model moves on to step 10 i the outer loop.
On the other hand, if

3je(l,2,..,m) M(5)<0
is fulfilled, the model proceeds in step 9.
Step 9 - Adjust indicator function
If the model reaches step 9, one or more of the marginal
funding volumes are negative, which is indicated by assigning
the indicator function the value 0 (zero) for the particular
j. Thus, I(j) is adjusted as follows

I(j)=0 for all j where M(3j)<O

I(j)=1 otherwise.
Alternatively, I(j) might be set to 0 (zero) for one funding
instrument at a time. If so, the particular funding

instrument should be the one with the numerically greatest

volume among the negative funding volumes. When a negative



K)

X F @) KOJ)T()(Y())-HO, |
I(’I ght - hang;sdé{%f (![ %n gJ Zaxplrggs? OLelr;] degjo% e((:IJ )Zfepr% : ( J}%ﬁ%&@ye(\]

and (K) define two equations with to upkgown variables Jerr] and

Gerr].

However, the solution of the equation system depends on the

val ue of TILT. If TILT equal's O, the general solution is applied.

15 X(j) vendded vedume tife deletast, ttihe tororedds 1y rexion ainpbites
S{Se”] anghad %re;éfé’xg&ﬁiwﬁé‘%ﬁ, Dl dedBY Tl &fOT £ 1y in

to
descri bed
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| X=(X(1), eeriel cxsgy thaty thenmangigakhrfinding wild-(@erd¢cpase] fors a
2x1 vect @yl § when a hdgativB FyRHidd HWMahe s 4 Tdo 0 (zero).

5

10

15

20

25

Thus, if the marginal volume of a particular instrument is
negative, it is not very likely that subsegquent calculations
will yield a positive funding volume for the particular
instrument.

When the adjustment has been performed, the calculation of G,
and G, is repeated in step 6.

Step 10 - Calculate an adjustment of the interest rate
(identical with step 13 in the iterative model)

Based on the extent of convergence relative to the yield to
maturity of the funding portfolio, an adjustment of the
interest rate on the loan is calculated in step 10.

A function F(R*) is defined as

E(R‘)-i: R* RG(i-1) REG 1P

£ n RG(0)

The function is applied in the Gauss-Newton algorithm, thus

AR K- D TD 'lD Tg

Jv

After this, the model continues in step 11

Step 11 - Has the interest rate converged?
(identical with step 14 in the iterative model)

If the adjusted interest rate on the loan equals the yield to
maturity of the funding portfolio, the interest rate on the



5 Anmatrix Kis then defined so that KxX and thus KxaxG forns t he

| eft - handvebsieasi n (L) and (K). [err] Defi ni ng Kecwbros/00082
equations (L) and (K) may be witten on a matrix form utilizing that
the right-hand side of (L) and 10 (K}78re given by Z[err] and Z[err].
Z=KxaxG wherein Z=(Z[err],Zerr]) is a 2x1 vector. Kxa forns a nmxm
Matri x t1édn hadBdorferded@asd. ahd | asiitthi &G ek t ned as
G= [Kxa], [err]Z 15 If on the other ahand ﬁﬁ TI LTW%%'tg ttgljrifn%ned
epr|C|t+§ as in the |terat|ve solutlon. The mar gi nal fundlng S
determ ned in accordance with Mj)=max[0; (X(1);
Gerr]aferr]+gerr g+a&err]t[err] ...+a [err]t[err]) -HO,j)]
164 Agai n qhge CR'E@I}ﬂFé be divided into a variant and an
i nvari ant part! HefRneRFE [err] o

5 wherein € is assigned the wvalue 0.00001.

If the criterion is met, the iterative routine in the inner
loop may end, and the model returns, via step 13, to the
outer loop. Otherwise, the model proceeds to step 12.

Step 12 - Adjust the interest rate
10 (identical with step 15 in the iterative model)

The interest rate on the loan is adjusted applying the
adjustment calculated in step 10, and the model continues in
step 2.

Step 13 - Calculations are complete. The result may be
15 applied

(identical with step 16 in the iterative model)

The model returns to the outer model with information on the

funding profile, the interest rate on the loan and the
payments on the loan.

20 3.3 General comuént.s on LATR type P

From the outset, it is not certain that the model is able to -
respect the intended refinancing percentage each year, even
though the model determines the funding according to a long-

term strategy as mentioned in the introduction.

25 The long perspective in the determination of the funding is

introduced via the adjustment of the trend function. Firstly,



for t=-1 5 X(1) and Jerr] nust be determined in conpli | he
pr oceeds M?ﬂé@g%- and the intended refinancing in the fi rgﬁﬁ% r.é'Thi S
defines the equations (J) and (K) identimgal to above - X(j) and Y(j),
however, being defined by the above 3é I nitions. 10 (J)

(D) X(D)[err]REGerr]Rerr](j)I(j)X(j)=YD(1)+REG err] -H(O,1)

[err] the Mhendifnchieon 3sdestimatedl andthe)basdsdefi ghet dotEhded and
5 , : .15 . . ; ot

Lot L: et ERREL R esa4356t) Lot EhhaehsoBek BBaTnhL, L0

165 however, not a vexry good st:ategy for the funding, since the

model can easily end up in a situation wherein too many bonds
5 with maturity in a single year have been issued. In the inner
loop of the model, however, an adjustment is made to a,,
which controls the slope of the function. In Fig. 27 is shown
an example of the adjustment of the funding. Line 78 is the

initial trend function, whereas line 80 is the adjusted trend
10 function.

Thus, only a part of the future refinancing amount is funded
now, the rest of the funding will take place later pari passu
with the development in the interest rates.

It is exactly the determination of the trend function that

15 justifies the special procedure applied when the loan
matures. The adjustment of the trend function is based on the
refinancing percentage in the first year and the proceeds
criterion. Without applying a special procedure there would
be a risk that the term to maturity on the loan is determined

20 as, e.g., 13 months on the loan side, whereas payments’
according to a term to maturity of two years are funded on
the bond side. The consequence would be a substantial rise in
the interest rate on the loan in the last year before
maturity. By introducing the closing time parameter, a term

25 to maturity of two years is calculated with also on the loan
side.



[err] Anal ogously to the above, (J) and (K) lead to the

expr essi W 98/43187 Z*=Kxa [err] G wherein Z*=(Z[ er r] pcrAinesndgsz and K
i's, unchanged, defined as [err] The matrix equation is solved by
G =[Kxa*][err] z* |f, on the otherlTnd, [err] 10 only the proceeds

criterion may be fulfilled, and the bal ance requi renent i s suspended. In

princi plagy éﬁlﬁ.&quédaﬂ'&h qe%raﬂ Sn RE cHePLRIH! gfanQh%he basi s of only

one equation which 'y ds an inite nunber of solutions. Therefore in
this si ﬁ?d%ﬂwe"d{%? rqlgomsﬂ!i‘sm gned a fixed val ue which, of course, nust
be suitable 15 so that the refinancing the first year does not differ to an
unnecessarily large extent. Nunerical analysis has shown that

derr]=1 F(x)=(£;, £3) 1.0

The suffixed subsigns (1x2) designate the size of the matrix
5 (number of rows x number of columns) '

E-E(1)  £-£(2)

inc inc
- £(1) £ - £(2)
inc inc

F(x+inc)=(£} (1),£}(2) ) 1.2, for x+:_i.nc=(x(1)+inc,x(2))

=(£1(2),£4(2)),,, for x+inc=(x(1),x(2)+inc)

10
oI (1, 1)+(T7(1,2)-0(2,1)) w
| w J2(2,2)+ (T7(2,1)-T(1,2)) |,
wherein
w=JT(2,1) - J(1,1)+J%(2,2) - J(2,1).
g=(91,92) 12
15 g,=37(1,1) £,437(1,2) £,

g,=3"(2,1) £,+37(2,2) £,

J,=(J,(1) ,T0,(2) ) 1,0

T A1) T, D)
T (2)+/TTT(2,2)



. leads to sWt%g results. 166

The fixing"S°¥$8% 1 inplies that Jerr] nowis conprised bPCT/RK8/00082
~invariant part of the trend function, tjy . X(j) =derr]alerr]
- and Y(j ) = err]aerr]t+alerr]t[err]+.7.+aferr]t[err] It remains to
. determine Jerr] in conpliance with the proceeds 5 criterion. The proceeds
criterion is given as Fin(Of[err]K(j) (1 (I)X(j)[err]l(j) .
S (Y(j)-HO ) Solved for X(j) this leads to the expression [err]
When the right-hand side of (K) is denoted Zer]r, derr] is 10 determ ned
- by sol ving q’z;—[ix**[ rrf] *a**] [err] Z** wherein
. .o -

G*=Ferr] and ggr = N —[; (2;2(1) | (EdGA)= -Jv-(lg(rr),}g(&q)] and

v



[err] Zlerr] =Z[err] On the other hand, it may al so

be utiliweobsibegy X(j)=Ferr]alerr], whi ch inserted i PCTHK9pi0alsas

167 Solved for Jerr] [er;i and thus Jerr] is

determ ned. By insertion of err] i the pal ance 5 requi renent, the
refinancing in the first year may be cal cul ated residually. When
both ( eixaeas W LaaR Wy LivarsXFbr feE Pavislirshexe Teeenoan det er mi ned,
the calculations in the nodel continue in step 7. Step 7 - The funding

I s determ ned .

- In the following, an example of calculation of a LAIR type P
with limits for the payments on the loan and limits for the
term to maturity is given. The calculations in the model are

5 based on the inputs entered, these are listed below. In -
addition, the model comprises a number of parameters that
have fixed values in all the calculations performed. In
principle, these values may be altered from one calculation
to the other, but for practical reasons they are kept

10 constant. The parameters are also listed below.:

Fixed value parameters:

Maximum difference in balance (e) : DKK 0.0000001

Maximum difference in proceeds (e) . : 'DKK 0.0000001
Maximum difference in interest rates (e) : 0.00001%
15 inc : : 0.0001

Input values:

Principal of the loan : DKK 1,000,000
Intended term to maturity : 20 years
Maximum limit for the payments : DKK 23,000

20 Minimum limit for the payments : DKK 20,000.
Maximum limit for the term (L™*) : 30 years
Minimum limit for the term (L™") : 0 years
Technical maximum limit for the
term (L'™) : 100 years

25 Technical minimum limit for the : 0 years -
term (L")
Number of debtor payments pr. year : 4
Number of bond settlements pr. year : 1
Repayment principle : annuity

30 Type of LAIR : P20 (20 per cent

of the remaining



det er ni nedVRE8MHE" di.f f erence between the value of the tren

each respective j and the vol unes previpusly i ssued. The margi nal

fundi ng vol unes are determ ned either as
Mj)=Gerr]alerr]+Jerr]aferr]t+aferr]tferr]+. ..+aferr]t[err]-HO,j ) 15

10 In step 7 the marginal volunes of the funding instrunment
cfs C'l%l?gt%og?ﬁzon for

for TILT=0 or as Mj)=(X(1); debt is refinanced
Jerrlalerr]+derr]alerr]t+alerr]tferr]+. .. +a[err]té§éﬁ]}é{d—p i) The
i npl ementation of the indicator function is the reason V\}‘l

. t he margi nal
fundi ng vBr&eesfathedsishvnaapent iifutthe lags| ying: aoh'aﬂlebﬂé'?t i on which

- would ipvg ¥eihlatkineoative 20 funding volunes are sep {@aPg(zero) in this

- step. | 1)) s, . ' 168 |

negati e, S jf')t) ins véeld straicdurghdnt hus the next timéeared (risepins
applied, Mj') equals zero. Step 8 - Are all fupdipgds¥olNpRS Beshktive?

In step 8 it is determ ned whether the calculated funding 5 profile may be

. applied, or whether it i.s necessary to perform tRereaREagat POABLEN t he

i inner |oop once again. | f Mij)[err]O [err]j [err](1,

2, ...,
In addition, the model requires information on the bonds

applied for the funding of the loan. Since the loan is a LAIR
10 type P20 where.20 rer cent of the remaining debt is

refinanced each year, the loan is funded in six bonds. The

relevant information about the six bonds is listed in table

1.
Table 1
Coupon
15 Date of . )
. interest Price
maturity
rate
01.01.1998 6 101.92
01.01.1999 ' 6 102.62
01.01.2000 6 103.42
20 .| 01.01.2001 7 106.28
01.01.2002 ' 7 106.23

To better illusﬁrate the understanding of the functionality
of the model, a permanent rise in interest rates in year 5
(subsequent to the 4th refinancing - before the 5th

25 refinancing) is assumed in the example. The rise in interest
rates causes the yield to maturity of all bonds to rise 3
percentage points and remain at this level until the loan
matures. This implies that the wvalid bond prices subsequent
to the 4th refinancing are as stated in table 2.



t he nodel noves on to step 10 i the outer |oop. 10 On the other hand, if

[err]] [Qodgtadigz2:---» M Mj)<0 is fulfilled, the peagsosposegeeds in
step 9. Step 9 - Adjust indicator function I f the nodel reaches
step 9, one or nore of the margi nal 1%76fundi ng vol unmes are negative, which
I's indicated by assigning the indicator function the value 0 (zero) for
t he party fy J. Thus, I(j) is adjusted as foll ows 1(j)=0
for all ] ere Mj)<0 I(j)=1 ot herw se. 20 :
Alternatlvely, |(j) m ght be set to O (zero) for one funding i nstrunent
at a ti pe—t+f—so—tiregrartrcut=ary f undi ng i nstrunent should be the one
W th thd nunesiseh!l y dr eat est volune anong the negative funding

vol unes.}] When a negatijve 169

f undi ng |vol HESFESHel

edFT}F2 pfoceeds criterion inplies, that fewer
‘bonds arje sol gate tot

Thus, i1 is only in speci el cases that the

mar gi nal =fomdrTg T be for every j when a negative funding
vol ung ils set to O (ggqro). 9. 0fug, if the marginal volunme of a particular
I nst rungrt=S eyt ve, Tt rsjnot very likely that subsequent
cal cul at]i ons wlleyiel dog.aadsitive funding volunme for the particul ar
I NSt r ungrrt=

6 98.06

7 95.98

7 93.94

10 The yield structure entered into the model when the loan is
disbursed is applied both for the disbursement and for the
refinancing until the year in which the yield structure is

altered as stated above.

Subsequent to the second refinancing of the loan, a new bond -
15 with the term to maturity of 5 years is required in the
model. As the price of this bond is not known when the loan
is disbursed, the model "issues" a bond with a term to
maturity of 5 years with data identical to the bond with a
term to maturity of 5 years at the disbursement of the loan.
20 In other words, the model reuses the bond data entered at the
time of disbursement of the loan until the year in which the
yield structure is shifted. From then on, the model reuses

the new bond data in the remaining term to maturity.

The results of the model may be related to the debtor side

25 and the bond side, respectively, the debtor side and the bond
side being linked together by the balance requirement and the
proceeds criterion. |



When t he adjustnent has been perfornmed, the cal cul ation of err and
Fonikdpofte:

Jerr] isWes¥4a8y in step 6. Step 10 - Calcul ate an of the
interest rate (identical with step jn the iterative nodel) Based
on the extent of convergence relative to the yield to maturity of the

funding portfolio, an adjustnent of the 15 interest rate on the loan is
cal cul at eBepaymesp o0f. the loanf:unction F(RK) is defined as [err] '
The function is applied in the Gauss-Newton algorithm thus [err]

After this, the nodel continues in step 11 Step 11 - Has the interest
rat e conv@hgedebtor(isdelet:ical with step 14 in the iterative nodel) | f
the adjusted interest rate on the |oan equals the yield to 25 maturity of
the funding portfolio, the interest rate on the

170 - | The madedopwépyss andompliebe apwiritdgatilon @riafdidieon for this is
in accordance with the repayment principle entered. In
5 addition, the amortization profile observes the limits for
the payments on the loan which are given a lower priority
than the limits for the term to maturity.

The amortization profile includes the payments on the loan
comprising interest payments and repayments, and the

10 remaining debt at the end of each year and the interest rate
on the loan.

The bond side:

Correspondingly, the model outputs coupon payments on the
bonds, bond redemptions, and remaining debt at the beginning
15 of each settlement period.

The amortization profile is shown in table 3.



[err] 5 wherein e is assigned the val ue 0.00001. If the

criteri ofyddsdply, the iterative routine in the inner lpeampKwBwoss2d, and
the nodel returns, via step 13, to th outer |loop. O herw se, the nodel
proceeds to step 12. Step 12 - Mfust the interest rate 10 (i denti cal
wth step 15 in the iterative nodel) The interest rate on the loan is
adj usted appl g tne apry fﬁﬁﬁt ang tne del
continues in step 2.1 5] & tgr te. e
result may be 19 app|iefd | (i s e THefigt e
nmodel ) ~|Thq npdpl fetlirmg rg prht Pgn™dn t he
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| oan. 20 3.3 rals Forfrends d e utdet,|it is
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171 th function is estimated on the basis of the_intended

ref i nanci ngéphggfve' for the whol e fundi 9& period. This is, PCT’RWW?? not

a very good strategy for the funding, él ce the nodel can easily end up

in a situation wherein t oo -many bonds 5 with maturity in a singl e year have

been i ssupe—yt+r—the . , , ~TaM=Ta IMTIS S
made to ajerg], ' \ ' IS
shown N §X
cinitial t'enf an. -
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The suffixed subsigns (1x2) designate
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| ntended term

: DKK 20, 000
Mnimumlimt for

maximumlimt for the

DKK 1, 000, 000

“Maxi num | mt HCIVDKI3/0g82y Nent s

30 years

Techni cal

20 years

0 years

of the | oan
DKK 23,000 20 Mnimumlimt for the paynents

Maximum limt for the term(L[err]) 182
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I nt er est | maturity rate
' 01.01. 1998‘”‘.’5’{."*3?;’ 6 101. 92 01.01. 1999 PCTHKIS/00083 oo

. 01.01. 2000 6 103.42 20 18 1.01. 2001 7 106. 28
- 01. 01. 2002 7 106. 23 To better illustrate the
© under st angt O of—t-h a pernmanent rise in
, interest = {(sYosepugpt ¥qoxther Ptdf refinancing - before
. the 5th 2 ‘as;su_ dadbh Zhes¢xgplsg Jhe rise in interest
. rates cau tricdly Of @ | <lorgs o &| se 3 per cent age
. points an evgl Unti| thpe ljoar nptures.. This inplies
. that the sul}sequeng o tjhe Bthirefinancing are as
- stated in 176 Table 2
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10 The yield structure entered into the nodel when the loan is di sbur sed
i's appl iweédsasisrfor the disbursenment and for the ref i prewmiKos0a0s2i| the
year in which the yield structure is altered as stated above.

Subsequent to the second refinancing ¥4the loan, a new bond 15 with the
termto maturity of 5 years is required in the nodel . As the price of

this bongd oo Wewelle dsdthe bod Sigunsedapshe sredelin’ i ssues” a

bond with a termto maturity of 5 years with data rdentical to the bond.
with a detaddmiro twe @ddifienad f@Rl€sat the di sbursenent of the loan. 20°
In other words, the nodel reuses the bond data entered at the time of
di sbur senent of the loan until the year in which the yield structure is
shi.f t ed The slehtaxh s38e s he nodel reuses the new bond data in the’
remaining termto maturity. The results of the rmdel may be rel ated

to the debtor side 25 and the hond side, e vel y, or_side and
the bondn tablieyd ghegefinansingnerse nd:}?g[eﬁ %ﬁ?zﬁ d‘ﬁ%@ P&?er?tn and the
procepdsye :cifcfgﬁl Olrthe rema:.n:.ng téarm to maturity, the t:ot:a].I téftm to - -
Repaynent of the | qQan: he debtor si el outputs a o
conpl et dait%arihsh 3ty é:aqu &% '%’fne‘é’a\ﬂ't i «r-,Bﬁ'e f)'%‘?\gﬁ’tm principl e
ent er ed.gqrld) noiradlint | Oitei 6 EEAMYHE ZRlynenty @i Itheolisamy exe hdwnridrs for
t he paynments on the ] oan whi har Y a J.ower priorit.y.
i Do Fovenily A%, (RASRS (g the CaLe 410 fFy, g Ydeideieq WRILAE -\
paynment St ididel Gibservesd ghie mmim_m@mﬁ&mw@wmnts, and
the 1§ remelnind, debts 8,545 00, Yow Ak WeHe A Ub RS R Gedd A
maturity to comply with the limits for the payments on the

loan.
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the remaining term

In table 4 the

[err]

183
si de:

as the bond side are specpéi/BRosisbosz det ail

The debt or

[err]

the interest 188te on 5 the | oan,

termto
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side as wel |

t abl es.

t he total
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maturity, the actual paynents on the |oan, and the maxi num and m ni mum
limts for MA®B®hents on the 1 oan are shown on a year | PCHRXK98/00083 s o 4

é on the table it may be verified whether the nodel. observes the _
. requirenents and specifications 10 entered and, in‘addition, how the nodel
. adjusts the termto maturity to conply with the [imts for the paynents

: on the Tebde 4 shows that]8he [isttdnded refinancii®f profile]is =

. 187 T gﬁgﬁt t jtended refinancing profile is conpl i ed
S Wwith eachggég?éfip aggﬁﬂ%ﬁﬁ¥ﬁ§ i ntended termto maturity the nodel

- cal cul ates the payments on the loan. Gven that the payments on the |oan
3 COMPlY Woldhd R 1l i RHAE bedl! t I MBS | i Wmdder c&REGHAELE W T
i this termto maturity until the nodel Tinds -

i the payments on the loan. Given that the payments on the loan

5 comply with the limits entered, the model continues to
calculate with this term to maturity until the model finds

that the limits for the payment can no longer be observed.
Table 4 shows that at the disbursment of the loan, the
intended term to maturity of 20 years corresponds to payments

10 on the loan within the maximum and minimum limits of DKK
23,000 and DKK 20,000, respectively. Thus, the model
continues to use the term to maturity of 20 years as long as
the limits for the payments on the locan are observed.

The interest rate column shows that the model applies the new

15 bond data from the 5th refinancing and onwards. A LAIR type
P20 is characterised by the fact that the full impact of a
rise in interest rates takes 5 years. This is recognized in
table 4 where the interest rate on the loan has in fact risen
about 3 percentage points during a 5-year period.

20 Furthermore, table 4 shows that before the full impact of the
rise in interest rates has manifested itself, it is necessary
for the model to prolong the term to maturity beyond the
intended 20 years. In year 8, the term to maturity is
prolonged to 20.3688 years in order to reduce the payment on

25 the loan to the level of the maximum limit of DKK 23,000. As
the interest rate on the loan rises further after year 8, the
term to maturity must be continuously prolonged so as to
maintain the payments on the loan within the band. The terms
calculated by the model during the term to maturity of the

30 loan are designated as technical terms to maturity, since it
is only the term to maturity in the last year that indicates
how long the loan actually exists.



that the limts for the paynment can no | onger be observed. Tabl e 4 shows
that at twe sdisisarsment of the loan, the i ntended ter mpSr/BRb&Hdosy Of 20
years corresponds to paynents 10 on the | oan within the nmaxi mrum and m ni num
limts of DKK 23,000 and DKK 20, 00bB8respectively. Thus, the nodel
continues to use the termto maturity of 20 years as |long as the limts
for th i a S . : ' rgeq{ sate colum
shows ?ﬁg?gpﬁgbﬁgggl Eggﬁk?‘ggst %gm%leiwe%\&%eg&r? J'(rjls‘f{t.-agl?hréom t lgo%t%sar ef i nanci ng
and onwkfashed.| Byrdefgaitiopyothe deanpdscriesadngd tiee mature er ahe ful |
i mpact Bbnd setkiléfiehf @ALE!Ethusdt GhehPlede 1okeRNHES rH¥ihidnvdE @i zed in
table 4_where the interest rate on the loan has in fact risen _ about 3
per cent 3B8EpEiMEs §hE FEMR1BiPG, texmy toy matwrd by, musdy Rer @xachiive ORSHows
t hat sbefaae .t PRikULkav@RaG! cBbilee of rous@inG iaf VIR tdrd 4o has: mani fested
itself, it is necesggr for, the nodel t% prolong the termto maturity
beyond PREUrity,ef ¥P PEafown ko & whele yearsr fo @veddid ty is

pr ol onggdtihat2dn3aBerrebondsn iested A tineuaateie thayiite Abazh it | 0an to .
the level of the maxi,num i m the. interest rate on

the | 0ah®FPsES PELERAEYPEA gKYKDPﬁg’ gosoati@’slaﬁﬁst ForRdsd &P nust be

conti nuously prol onged so as to " maintain the paynents on the | oan
wi t hin lie band.t.The ter.ms-t %Icula ed by the nodel, during.the termto
mat ur i té 8Fifde t3RS G8F19PRLEEs g\?af‘é’ﬂkﬁ TS Hd9Fs 1% urity,

Si Nd® | naturity ofl yhishdoasr whieyemaihe irtegnaiminige e teeatathlasity i cat es

how | ong the | oan actual | v _exists. . . . . ,

Tos | "EonPe RoReRE BB s, partinnlat, sas RO KIS £ 3 eached.
By defi wyearsn, Tabdel dashiosrsr dhpaitr dbhet cotailuteron tv mathorictysdirt lymeant dat e,
t hus, Nn.t.he .l i s,.efi nanc S e, t |ning termto
mat ur i }t,\l?ﬁrrﬁtgt a%‘éggggcﬁe?%ﬁe@ 3’%&? i sgq%egn\?tedseriz zE %ﬁé&seo S oundi ng an
odd ter elpeing rimer peyrisid,hemdifher teuwn tico matwinilby ienxourdled/ aipl a

L 8 P A St WS sl 1O

rom the point of the remaining term to maturity.

Because of this procedure of rounding up the term to
maturity, it may become necessary to suspend the minimum
limit for the payment on the loan. This is shown in table 4
20 where the payment on the loan is lower than the minimum limit -
in the last two years (the closing time period)

The bond side

The model outputs the initial funding and the prices of the
funding instruments applied. Table 5 shows that the model
25 initially funds the loan in 6 bonds with prices according to
the input. The columns in table 5 show data for the bonds
with a matﬁrity of 1, 2, 3, 4, 5, or 6 years, respectively,
for each refinancing. The rows in table 5 show, for each
refinancing, the volume of bonds already issued of the bond
30 with the term to maturity in question, the price of the
- bonds, and the marginal volume issued at the time of the:
refinancing in Question.



Cl osi ng ti%gﬁglgpates t he nunber of years prior to the 10 maturitKPof t he

-l oan where e‘rematning termto maturity is to be roundgﬁTws’P 8his
¢ particular case, closing time is 2 ye8gs. Table 4 shows that the total
- termto maturity in year 20 is 21,2918 years. In year 21, the nodel
. reaches the _closing tine period, and the termto maturity is rounded up
15 to 22 year The} pr pcedurfe | pedjmay sof be p§rcqrvead rom (jhe
poi nt of the riergi nl ng|termjtc. ty Bepausejof |this progedurd of
rounding up the §ermt [ it fmay Qeco negesqdary tp stspend the
~ m ni mum linit,fof the paymst )R Jhelloan.] Thf s isfshqwn injtaple 4120
- where the pay n the logn i br fhan tjhe 'nin'l;mlim't n thg
- last two year cl | od The bongl sijde H’he ngdel
outputs the i fupd pri ges of] th undi ng ijpst funent|s
applied. Tabl bwWs | t hat 2% ity %Ly fupds Jthe Tpanfin o
. bonds with prijcgg afcofding he iInpet. col gy iw_taﬂ.a 5eshow
data for the Wi th y ¢f & RSB, & |5, Jor 6 yegfs. & '
respectively, w TPpr ¢ach r 16i hg. Thg.’~ rlows] i it fbl 4 5 shpw'|f of! gach
refinancing, tlhel vef umg of | pady i ssyed pf &h¢ bdnd 30§ wi|h Ehé '
termto maturitz'i% questi or cefof the bol:ds, and f he] margijnal
vol unme issued jat_the tiloe of reflinandi ngl i n_gyiesti on.
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[err] 196 Tabl e 5 shows that

when di sidyggRgigzt he | oan is funded as: H(1): pcr/midéeods35. 99
H(2): 161, 258. 79 H(3): 2 155, 159.42 5 4):
148, 729. 56 H(5) : 141, 9892 28 H(6) : 134, 805. 73
Thus, given the bond prices the proceeds criterion |s fulfilled: 10
((219 535.99*101.92)+(161 258 79*102 G62)+( 155 _ S :
159. 424103. )+L148 29]56* 1d6. $)+(1h1 51. 2¢*
106. 23)|+EL34 80p. 73*104. 92)}/10 =1, 00p, 090. 00 Thep, infor tijpn on the
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Thus;
t ot al

when the first
f undVRPSIH8ine i s:

(161, 258. 79+53, 168. 11) =214, 426. 90

(155, 159. 42+45, 881. 59) =201, 041. 01 25

(148, 729. 56+38, 596. 69) =187, 326. 25

H(1):
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H(2):
H(3):

refinancing of the | oan has been
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side as well asd on the bond side to check that the bal ance condition is
ful fill eqioosadfy7The nodel is solved by cal cul ating the i oxrics/ooasze t hat

equal s the paynents on the debtor si with the paynments on t he bond
side, respectively, at the same tine
i'd i vel h e 194

all other requi renents are net.
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paynments on the loan in the first year exactly.

19, 536. 00-WQ@ 9943183081 477. 32 Thus the bal ance condit iRSTRK%0M8 | | eg.
199 CLAI M5 1. A nethod for detogrm ning the type, the nunber, and
t he volume of financial instrunents for the funding of a |oan with
equi val ent proceeds to a debtor as well as the termto 5 maturity and the
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instruments applied for the funding, whi ch nmet hod conpri ses

200 WO os/amsi t i ng and storing, in a nenory or a StoragephRok/iensz  of
the conputer system a first set of data indicating the par amet er s:
principal of the loan and repaynent p@&file of the loan, 5 (b)

inputting and storing, in a nenory or a storage nedi um of the computer,

a secongaseé 9f sHoHS tl@&'tcﬁiéﬂgdlslrwﬁfée& %Wnﬁsaf%erau%@l' mt for

debtor's paynents on oan for each of a nu peri ods

whi ch t oget her cover the termto maturity of the loan, 10 (ii) a
maxi mum and agpini mum | i me fays tigye termto maturity of the | oan,
and (iii) rules for the nutual prioritization of, on the one

hand, the i %) for debtid @Wﬁ’ents on the | oan i nput under (i)
and, on the otp®y. hand, tiss lis9 tap for 15 the termto maturity of the
| oan_i nput und (1) I and optionally a desired/intended payment on
t he Poan %) or a dé’sq(gr'e%c%q m&nded termto maturity when there is '
not equi val engespet ween ti ,reed Jggn and the m ni num limt for the .
paynment on ttr}géoan durlnlg? hBe fl_;st 20 period (i) or when there is
not equival e bt ween - maxi mum and the mnimimlimt for the
termto maturity (ii), (c) inputting and storing, in a
menory a storage ute a third set of data
i ndi catﬁ\'@ n 95V Ff%?%eﬂﬁ’e‘de? ;ﬁﬁ ‘ﬁﬁe%? ’F+‘éer§%h1%s one or nore
poi nt (sfulfilied:at which refinancing i s to take place, and i'ndi cati ng

a8 O S IR P8 PGP g el e o e B enaed 30"
funding profile suctbfsA24031p52 y-e(14 811 22086 ¥L0G28 Jof (141, I3 Dh2RF al
Instruments appliedy §orpdfne {4PRAY; 794184 454 {/100=1 YO0 2060 V6 U

Then, information on the marginal funding issued at each
refinancing is shown. In the particular example, the funding
15 at the first refinancing comprises:

H(l)=at the disbursement H(2): 53,168.11
H(2)=at the disbursement H(3): - 45.881,59
H(3)=at the disbursement H(4): 38.596,69
H(4)=at the disbursement H(S): 31.313,73
20 H(5)=at the disbursement H(6): 24.032,98

Thus, when the first refinancing of the loan has been
performed, the total funding volume is:

H(1): (161,258.79+53,168.11)=214,426.90
H(2): (155,159.42+45,881.59)=201,041.01
25 H(3): (148,729.56+38,596.69)=187,326.25
H(4): (141,951.28+31,313.73)=173,265.01
H(5): (134,805.73+24,032.98)=158,838.71

At the second refinancing, the first funding instrument is

redeemed and, thus, is not be found in table 5. At this



(d) input“hpﬂméﬂg storing, in a nmenory or a storage nEdiughﬁPB§$ﬂ$@§?ble

' conputer system ‘a fourth set of data indicating a  naxi 1
. difference in balance within a predatger m ned period, a maxi mum _
. permssible difference in 5 proceeds and optionally ?fnaxinunhpern1sslﬁle

i ff nce in interest rateg equjvalent to the difference between e
Tnterest Tebthae iRt % oW BERRE b h o L PERN RO LR SEVL RE 5 YRRl
instrLunntequimédedTEGWméaelfusdénﬁhﬁ same(ﬁficéef@f”hﬁﬁﬁgfé??h%EOFb&?,d'?a
. a menor [ stora 10 di um of e.co ter syste a fi set o a
' indicai?}éreab%PgéVgﬁ?eﬁ ﬂ% eELo?a%Vﬁéﬁ¥F§E gn¥? HeHPERWEhE . LRRE, Mas
f charactewdisbusssﬂchTabléysealpbianwarknatpghéevogﬁﬂedgkévQBuslythe
. pricel garket ice, f)..determ.ning and storing, In a nenory or a
| Etoraggaiﬁs%%%%uﬁ§o?ef%eféﬁnﬁﬁfﬁrgggéten1 a sixth set of data
~representing a first interest rate profile and either ? first Ee;n1to
: turit f} fi a nt ofile.on the oan, g
; gglEL:a?fﬁ%gaﬁ%ggﬁéqﬁ%ﬁééé%d xgﬁSr§g§%“3n§%8Faa@°EBtﬁeHPXnPEr_the conput er
. system acabveldtedeatobadht mefinanepngsewhengthe 1oan(js ragﬁhhabegaaﬁ}to
mat urit F fj . . rofil e (dependi ng on a
; masudetgr%§%e %ng£¥£%f§§ﬁé'péﬁgEggiéﬁ?PS%Bgnaﬁﬁan#olﬁnterest and repaynent
. for debtor 25 - - as well as a first remaining debt profile, g bthe
- termto maturit ' k1 QY ohhle-gpd th epmi.ni.ng t
- profile being cgfgiﬁgﬁéglgnlgﬁég%g%fggb%éi'59 go£.§2)+(3§,§35,59 1 8’4
i 10 2)+(31,313.73*106.28)+(24,032.98*106.23)}/100=200,000

This amount corresponds to 1/5 of the remaining debt being
refinanced. At the next refinancing the remaining debt has
been reduced and the refinancing amount is DKK 194,213.75.
Still, 1/5 of the remaining debt, ét this point DKK

15 971,068.75 cf. the amortization profile, is refinanced.

Debtor side and bond side:

It is also possible to list the total payments on the debtor
side as well asd on the bond side to check that the balance
condition is fulfilled.

20 The model is solved by calculating the interest rate that
equals the payments on the debtor side with the payments on
the bond side, respectively, at the same time as all other
requirements are met. Given an interest rate on the loan of
5.31 per cent and a term to maturity of 20 years, the first

25 year's payments on the loan are DKK 81,477.32 cf. table 1.

On the bond side, the payments on the loan must egual the

coupon payments and the bond repayments. These are shown in
table 1, but may also be calculated explicitly on the basis
of the other result tables. The bond repayment in the first



the principal of the |oan and the repaynent profile i nput under
(a), 30 woosmsishe set of data input under (b), PCT/DK98/00082

202 the refinancing profile and/or the funding profile

i nput under (c), and the iMt®Best rate profile and either the
paynment profile or the termto maturity profile determned 5

under " ) Selget | u f Lals Las mgnts.anong the.

fi nancgaﬁ)a’ri r%ést re nt st%sttg{r\ee_%r‘fg‘ee% %g)e,&)oglfr?g g%lac%&k%thi Ir?% %&Wﬂ&% oring an

ei ght gefisangking iofditdhe (hegns Migusethe: bonds issmedciadl thdst ruments with

their Valsigmidinde iRl o IR 51 Qi Bdnal 13balhierkaafey iech €l ght set
?r'(;a%l 91 ited o is of - t §’

of data 1s cal culfa n the basis e paynent profile
det er nicgdgudidgdad & or cal cul at ed - under (g) and -~ the
remai ni ng debt profile cal cul ated under (g), 15 - t he refinancing
profile input under (c) and/or the f undi ng_pr ofile input under _
(c),5 - 219N 85352 %01 ( 53atl# 8. A3 F1 0dn@2r+45p B8 . 59*102.6RHe requirenents

i nput under (@), 599N%9+103 . 42+91SR18N936al0eubatan 032, bek 196" 88 PaBei Ny
where 20 financial instruments froman earlier funding have not

mat ured yet, =4 33%&0 t he nunber and the vol une of t hese

i nstrunents, if necessary perform ng one or nore recal cul ati ons,

including, if necessary, selection of a new nunber of the 25 financial
i nst r ufif SOURMEPAMAILY dn the firgh yeandf Adeo calsuigared ®ing, in a

Menory {He badiy A tabldByll WROfedtha CUUPOE paSMEn®S are
10 calculated by multiplying the volume of bonds issued and the
matching coupon interest rates. '

219,535. 99*6%+161, 258.79%6%+155,159.42%6%+
148,729.56*7%+141,951 .28_*7%-!—13"4, 805.73*7%=61,941.32

When adding the total bond rep'ayments and coupon payments in
15 the first year, it appears that the total payments match the
payments on the loan in the first year exactly.

19,536.00+61,941.32=81,477.32

Thus the balance condition is fulfilled.



- i file, - t he recalculated
t he cgvég ted interest rate profi 9@@

termto matt

the recal cul ated renaining debt profil g,qgnd

rofile, 30 - the recal cul ated payment P

203 - the sel ected financi al |nstrune ts

cal cul ated vol unes, until all conditions stat \emd unqmmlwﬂm\"mﬂ I“iave
been fERATNS ed, 5- after which, if desired, the t

conbi nati on of
i nstrunent s

the type, the nunmber and the vol une of financial

for funding the | oan together with the cal cul ated
termto rht Bimgthod for de

- prefesphny 6999&3&&%1“1& €rﬁﬂéﬁ sakgd t:ﬂlae?.ﬁﬁgtlhét &t a 133

preferably, together with the calcu

teguintnowthe tWpecakbel auwbepay medt thveofil e,

ated renmainin profile,

10

is read Jfithieaniyalers P6°63§@§rEgeanéébﬁﬁroﬁssvﬁﬂlt9815h&n¢emartnnnputer

systens matugit hanaemedpagﬁeﬁélaﬂome' ahmtite YRghHE}

perforned for all future financing periods until the maturity
| oan. fipst TrempRERBISHEESNd KBet doanabring dreioned ke b@saltt J@raeﬂn

results Oéafbfamircyéﬂhaﬁcéef a0PEn8" tHB fehdifink' PARY le matheild

i s/are used when cal culating for one or nore previous
4. The method according to claiml1, 2:or 3, wherein the

are perfornmed oedir&heARS Chho¥8l Sbéén"WAEE to the effect that

10

15

20

25

30

= . the term to maturity of the loan is not longer
than a predetermined maximum limit or shorter
than a predetermined minimum limit,

- debtor's payments on the loan are within
predetermined limits,

- rules having been made as to how the two
above-mentioned requirements are mutually
prioiitized,

requirements having been made as to a maximum_
permissible difference in balance between, on the one
hand, payments on the loan and refinancing amounts and, -
on the other hand, net payments to the owner of the
financial instruments applied for the funding,
requirements having been made as to a maximum
permissible difference in proceeds between, on the one
hand, the sum of the market price of the volume of the
financial instruments applied for the funding of the
loan and, on the other hand, the principal of the loan,
and requirements having been made as to a maximum
permissible difference between the interest rate on the
loan and the yield to maturity of the financial

instruments applied for the funding,

which method comprises

%%%%'%@ ns are

nancr ng ﬁerrods
- recal cul ati ons



25 the results of an "inner" nodel are used as a part of an "outer"

nodel .  woos/gsig7The net hod according to claim4, wherein, pSi/BKds/opgsz r om a
first termto maturity profile, the recal cul ati ons indicated are
performed in an outer nodel, the ter®@® maturity being

204 adjusted in substantially each recal cul ation, until the payment

on the l,gan f a L Cj | o6, L1 Al ey LA
stipulaégg ing%gg?ﬁg?& aad éegr@ﬁ%heg?y%eﬁb%ﬁgynhﬁbgrsgﬁggﬁﬁehéthﬁé of t he
financi of She compugerr systeR. appfizgti sett pé fabai Agddratingl $he bei ng

cal cul a ' i.nnelk r (o t [ | £i1e aen Which
n%%glah%tégféupﬁln@iﬂﬁh ber tRachoaht ahd kepalmeft profile ofh wh

I nner eca atrons are perforned until he rel evant

vari abl &ber dloabed to the type, the number and the vol une of the
financial instrunments are 10 determ ned observing the other

requi renment s/ condi tions/desires after which, if the termto .

mat urd t bt wAPBHttABIpaRReftoring ofin| 8 MEMEFYhPR BhECLPFAPEsMEHBM at ed

for the ggeqmel f&omFu'E%E:W lal Belcdn@Oke Wi Bakhe ihidgkheihgr the termto
maturity 15 stipulated under (h)(ii), the set of rules stipulated in
(b) (iii)ldds appMeEdmusy ags; ar FLALAYIH dhmifke EPEqAPPERENS REYMSNES Ot e term

to maturity apfiet N@aheFeh' @ERAL oFS al AukberPAETBBkiels whithe tbgathare -
prioritized, whereupon the results are cul at ed observing the

reca
prioritizati ofOV§FefBeabBF™FoBakyERF¥N Gt i eihﬁ@P'nndel one or nore’
tinggy (ii) & mbRdmim Bed acaindimdg L4mdltaiferrS theheetin tohmaterityo - :
maturity in the case where the limts for the termto naturLty

stipul ated un®& 9 dEBR-aAB%i ven a higher priority

(iii) rules for the mutual prioritization of, on the one
hand, the limits for debtor's payments on the loan
input under (i) and, on the other hand, the limits for

15 the term to maturity of the loan input under (ii)

(iv) and optionally a desired/intended payment on the loan
or a desired/intended term to maturity when there is
not egquivalence between the maximum and the minimum

- limit for the payment on the loan during the first
20 period (i) or when there is not equivalence between the
maximum and the minimum limit for the term to maturity

(ii),

(c) inputting and storing, in a memory or a storage medium
of the computer system, a third set of data indicating a
25 desired/intended refinancing profile, such as one or more
point(s) in time at which refinancing is to take place, and
indicating the amount of the remaining debt to be refinanced
at said point(s) in time,
and/or said set of data indicating a desired/intended
30 funding profile such as the desired/intended number of
financial instruments applied for the funding, with their
type and volume, -

R Y O



is withinthe limts
limts for the termto " m‘étu’rlgy stipul ated under (b)(ii), 30 is
determ ned as either 205 (1)

t he ter m() nnt:mxﬁgtmig @nd s toonipgg,i bire aMmémary or a stdsmgé anédiwd fixed
paynent | t lcu ated_fixed
payment 8’% t"ﬂ‘ %Rﬂ&tzl sl;g@%né na urﬁ? % %f p%%% ca{-‘ﬁg The limt
for the mmmm rmamms%n,blartdngﬁﬁérsermen ixs balance wibhmhe termto

t t b ded
(3"t heseg b ithdd BePicd ) 2 Wl pommi sy B¢, 8] PEGHLAES I TOCTER
to matlur ipz;p@edmiaatdtdnt:'qmam Prigdximum spdfmissiblei dhf feremcei imt S

stipulat Q%ﬂ%QQQ%$#f?éié?t to the d1§¥er??Fe betw?%ge %én1t for the

termto ur| term arity
sti pul at emmmt (:t;)t(e' |gr; the loan amdctheoyieldtbermaterbeyesfetted. 15

7. The ckaj - ein the financial
I nst runent’s |n&§£“§) e erm %%p%gg%u%ﬁ*%ygun&@ﬁﬁét at | east one

financial instrunent | s an instrunent on whi ch paynent falls due within

the f t | dif.f bal

appl s, (" Yptdmtiily Sad SESLIME PEAR SRy bk | &1 £06Fa4E T P05
the 10 meedduerehtthe compukérusypeen sglﬁiétm $ébreficdata pndc;ea@éng is
gi ven by A QI@?E&&'MQP%%' Eﬂnéﬁ{éigifiﬁééPﬁﬁehEs with’ 9ff8@8neand/ or the

requi renent as maxi mum perm ss
- characteristics such as type, price/market price, and date of

t han t he I| !ﬁ for t he paynent on the | oan stlpul at ed

25
under (b) (W 98187 he ,m @t,mm,mg"lat 1V\/n| ch EB?(i s not Wagf |.I e

the price/market price,

(£) determining and storing, in a memory or a storage

15 medium of the computer system, a sixth set of data
representing a first interest rate profile and either a first
term to maturity profile or a first payment profile on the
loan,

(g) calculating and storing, in a memory or a storage
20 medium of the computer system, a seventh set of data

representing

- a first term to maturity profile or a first payment
. profile (depending on what was determined under (f))
corresponding to interest and repayment for debtor

25 -~ as well as a first remaining debt profile,

the term to maturity profile or payment profile and the
remaining debt profile béing calculated on the basis of

- the principal of the loan and the repayment profile
input under (a),
30 - the set of data input under (b),



25 difference in interest rates is given by a convergence condition for

the diffawe@ss4318M i nterest rates, and/or the requi r ensg/pRSS/G0082BX I MUM

perm ssible difference in bal ance i s given by a convergence condition

for the difference in bal ance. 212 9. The nmethod according to any of

the clains 1-8, wherein, in the cal cul ation, adjustnment is made for any

di fference yeen, on t he.
b f

one hand, the Pehgebﬁngngbn?égrof R/or tP’oan aﬁgggrpfﬁe repaynment date

and, on the otimputhamder He) . paynent date of the financial |nstrunents by
adjusting - BEAPRE QBRRLekOLakRepRLERRNY SBHP Ll EllepatheChabdignt el Nl NG 5
part of the disbursenent perio the repaynment peri respectlvely
10. The net ho®redddediong &gymotot me tyrdtys progilehdesenmineghe term t o
mat urg ty under (#jen the set of data under (c) indicates that 10
calculation is to be made for the case where a full refinanci ng of
the remaining debt is to be perforned periodically with a

predeter(m)nedsré%bmnwﬂachuh&er of £inadBehieinkb2imbHes! Sﬁﬂh%otﬂ@t urity of-
t he | oan, and the remaining termto maturity of oan is

short er fimgacial instryments s§exn @Hd&EbdﬁdunQn@ocFéFué§§§§§ Badeen two

cConsecUlgpve: ity IaRARGIgHES st G %t"ae'l?a'dl'c%lh%" @at:.@l selected Maturity does
not correspond to the maturity ,of the | ast _mat uri_ng i nstrunent

among t FdPERCARd dnstruments Midh GhSHEs VodrBese FoukGe APRAYSSh AR thS

desized fudingd of the tlftar OhitH Wightalseth® s @R al 1 ca@.chllatka@ on
mat urin fé nanci al i nstrunment sel ected under (h)
e kesis o

determ (i) the termto maturity of the |oan pro]onged as
little as
- the payment profile determined under (f) or calculated
under (g) and
- the remaining debt profile calculated under (g),
15 - the refinancing profile input under (c) and/or the
funding profile input under (c¢),
~ the set of data input under (b),
- the requirements input under (d), and
~ when the calculation is for a refinancing where

20 ' financial instruments from an earlier funding have not
matured yet, the type, the number and the volume of

these instruments,

if necessary performing one or more recalculations,
including, if necessary, selection of a new number of the

25 financial instruments stored under (e),

after each recalculation storing, in a memory or a storage
medium of the computer system

- the recalculated interest rate profile,

- the recalculated term to maturity profile,
30 - the recalculated payment profile,

- the recalculated remaining debt profile, and

T —
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25 possible to a date of maturity of one or nore of the

sel ected fWRMEPF i nstrunents provided the paynent PCT/DKIHQ0082 \j | |
not thereby be below the mnimumlinmt fogp,g _ t he paynment on the

| oan stated under (b)(i), or (i) the ?ermto maturity of the |oan
shortened as little as 30 possible to a date of maturity of one or
more of the- the sedlesdtest finamediadl dinsstrrumentts wirtdvithestit he paynent
t profile will not r the maximumlimt for

207 thekgéf%é&?n%ﬁeﬁn stated under (b)(i) and

provi ded t handdddialilocandidriqng statest ungder ofb) ardi(qd) thmve ébeeno

- maturity of fgﬂ%illci%prolonged as little as , possible to a date of
. maturity of oné or nore of the 5 sel ected financial instrunents

. ‘provi ded none of -the . conditions stated under (i) or (ii) are met.

11. The net ding 4 . t | &l -%Qm el : _Sef gof
dat a undergr3 % %ﬁ&%’%@s %]ﬁa%@c/la cdu’l rz}?}%n&}&s@t%e e :mgn%d% o%néﬁgoéaég
wher e a ful Itheefiymencitthe otumber randi theygrabume b £ W imarcpabdbnskrinedts

period is tgq el 1dgiodically with a predeternined period which
I's shorter t han tJhe teremto maturity of the |oan, which nethod, for
determ nation, in the inner nodel, of the vol unes of fi nanci al

instrunents _indic ' ' - ' f the
difference in pr ogéeﬁg%sﬂl%oxft‘ﬁﬁ:eﬁ (r:ea}fecui at edoi e‘\E/o %r#nesééofdﬁ%]?ﬁ anci al

i nstrunment s appl i dIBhehe¥ndity, calcwinyed rayrentatPoRtblean adj ust nent
of the ifgerest rahrerasfi} 0\:&5&&?&8 : tl?ftﬂé‘e%éi’éﬂéé arggeefést;e abky

. being cal cul at éd taking into consideration the cal cul at 20 difference
. in proceeds,@28d being cal cul at ed whet her the adj-ustment of the interest

rate is so small tﬂxaéféﬁ&;i;fnt@cs@éeher witth echell dalSuidEed CAMA PARAL A8LED
maxi mum perm ssi ble .. difference in interest rates or a convergence

condition for ByREik9ference in interest rates, or whether the
adjustnment 25 of the interest rate is so small that the requirenent as to

maxi mum pernj ssible difference_in groceeds or a convergence condi tion
for the di ff’e?e?ﬁ%gi‘?f“br otERRRIeET ¢ §9 | R eFtorage medium,er\§8REJQccor di ng

to clai m3l, andiEi€rt Ncompu €EE EsyrECem.

2. The method according to claim 1, wherein calculations are
performed for all future financing periods until the maturity
of the loan.

3. The method according to claim 2, wherein the result or

20 results of the calculation for one or more later financing
periods is/are used when calculating for one or more previous
financing periods.

4. The method according to claim 1, 2 or 3, wherein the
recalculations are performed on two or more levels in which
25 the results of an "inner" model are used as a part of an

"outer" model.

S. The method according to claim 4, wherein, starting from a
first term to maturity profile, the recalculations indicated

are performed in an outer model, the term to maturity being

* [ L M S *




requirenents or conditions as to the difference in proceeds 30 or the

di fferenma pgM3ugre i nterest rates are not fulfilled, t er/pResA00s2 at i ons
conprise one or nore interest rate iterations, each interest rate
iteration conprising cal cul ati4@f and storing, in a nenory or ‘a
storage nediuntof the conputer, data indicating a new interest rate
208 r at.er, A3 re t n t he
| oan and the calcu g%éﬁ%gﬁ* stngﬁﬁggf %ﬁeg %%ggggftqgﬁé theid' End

cal cul at i npaymenst o0 vhe rlwael R0 epchy fangnsnagepermddwmrtmne the

conputer, dalgad 19kG 2l @Qlﬁﬂg\gé@xﬂeqb)g s9file 5 and a new remaining. debt

~ profile for debtor, which paynent profil é and remaining debt profile are
cal cul ated taking i nto consideration the new interest rate on the | oan,
the princi - PeheOtyblae kpaNnukber’ aRAY FRA vertattel es RRW! fqaq‘aelsa) and
the refinancing profile and/ or the funding profile input_ 10 under (c), and

the termto matur’-PF&rua'ﬁ&ts applied; fpzythei Ayndindsedr the, lranabedrary or

a storage  nedidlcafiathe GoMAM Yhnd¥SiBAe1d2ba eaéhcehteq eteeaeaeh of
volumes for the finangial ,instruments applied for the fund-

13. The nethod adBoMHiRY o eramecet 6P°§écu%ﬁ§eenﬁ pre perﬁﬁreeéspnraﬂe

iteration is fT&thEYr&D.Iékrhh’&Qv&r'l&'Bi@sC rela®Bl ¥bZ&hieOR g@EgO'EhEhﬁhﬁtber
"grid search” net had g cordrn to ¢laim 13, wherein the

14.
optim zation al g8Pfk kRS ¥ §u€§U§§ dpilt RREETUDENES a¥ke net hod

accordizg to any dekelritd neldniolsekrihg;, t\ndel olther Fehhattemehes/t he relevant
requi renment (s) as t naxrnu ermssible difference in proceeds and/or
t he requirenent §§ g#ﬁﬁﬁf SFermi ssible difference in interest rates
are fqurIIed further conprrses 25 . determ ning whether all the

cal cul st od SALATSR O 5 WP SIS T G0N Ve tRtee
vol ume, f ugddedfileodpy wddhin the limits stipulated for the term to
maturity is not within the limits for the term to maturity
15 stipulated under (b)(ii), the set of rules stipulated in
(b) (iii) is applied for determining how the requirement as to -
the term to maturity and the requirement as to the payment on -
the loan are prioritized, whereupon the results are
recalculated observing the prioritization, preferably by
20 applying the inner model one or more times. '

6. The method according to claim 5, wherein the term to

maturity

in the case where the limits for the term to maturity
stipulated under (b)(ii) are given a higher priority

25 than the limits for the payment on the loan stipulated
under (b) (i) and the term to maturity at which the
payment profile is within the limits stipulated under
(b) (i) is not within the limits for the term to
maturity stipulated under (b) (ii),

30 is determined as either

* [ L M S *



ei t her sel ecting a new nunber of financial ins
anong theW?ﬂ%(ﬁ?‘cl?') I nstrunents stored under (e), one or #Wﬁog?szt he

instruments in the new nunber of instrumepgs being - determ ned in such a
way that the paynents on this/these fall _
209 due relatively later in relation to the original nunber of

fi nanci al |NéﬂrunﬁhﬁstetmlFgmmétbylpwrW@#ﬁhngSaqqmnﬂﬁyhlﬁ|W¥th a accordi ng

to any of the cl agrgg 1luideed £i Endehﬂ: IJA?, REHANH /0l ume or
vol umes equal to O, 3 %glloﬁed éxe rmn recal c atlon% n accordance
with any of th@a@uamw.lihmrecalcui@temélmdqmmﬁr dthFhe laan of

the clains 1-8, g8 the %Rﬁlggkqlbgéyqﬂygty/ when the set of

data under (c) indicafes tha calculation is to be nmade for the

case wheBe d2jartithe limit foxy dhien&exm Foomatvg itatmiamang ddin Jinits be
per f or med £oRe ihditea &o%ia*&u%:ﬁﬁﬂ%l‘izfﬂdlféh gﬁ{ | G5 wmch vh?:l.ch

shorter than the termto maturity of the’l oan, at the

refinancing is eqMPVdﬁeﬁFhﬁ?W}ﬁﬁ:h&jQNQQQQQﬂw of the renalnlng

debt of the (kgan, tfRd tlheh R HMAHAY ty that id EHHE thd@idr idy Lfeidre | oan
I's shorter than or equal to'a fixed value, and it is intended that

the | oan matures no later than the tinme of maturity indicated

under (e) for onet@lre e o tzr{aaﬁ;\fmr@ma@lwmrta{ rAHE PSymcht profeRpliged for
refinanci ng of the | ogn i.s determined as.the fermto maturit

prol ongdd as |ittMdthin the,ddimifs stipulated dhekatps fundar ol (ﬂ"yrmre

fi nanci al I nstrunents. 17. The nmethod according to any of the
claims 1-8 and 16, in 25 which the set of data (c) indicates that :
calculation is to%e perforned for the case where partial refinancing
of the remai ning debt is perforned periodically with a predeterm ned

the limit for the term to maturity, among the limits
for the term to maturity stipulated under (b) (ii),
which would otherwise be exceeded.
15
7. The method according to any of the claims 1-6, wherein the
financial instruments in (e) are determined in such a way
that at least one financial instrument is an instrument on
which payment falls due within the first period in which a
20 maximum permissible difference in balance applies.

8. The method according to any of the claims 1-7, wherein the
requirement as to maximum permissible difference in proceeds
is given by a convergence condition for difference in
proceeds, and/or the requirement as to maximum permissible

25 difference in interest rates is given by a convergence
condition for the difference in interest rates, and/or the
requirement as to maximum permissible difference in balance
is given by a convergence condition for the difference in
balance.

30 9. The method according to any of the claims 1-8, wherein, in
the calculation, adjustment is made for any difference

HII|II| IIIIII ||I|| IIIII ll IIII



period which is shorter than the termto maturity of the | oan, e.g. so
that the webs/asagring i s equivalent to a fixed 30 fractioperybkbdepogemai ni ng

debt of the | oan, by which nethod t he vol unes of sone of or all of the
financial instrunents applied for th®%¢unding are calculated in such a
way in the 210 i nner nodel in
the first Q,%ltg}ge%tl%lﬂl to?ﬁm?n hak, flect a
shifted |l evel remainin (ﬁbt pro cﬁ éQ%“grglﬁg%%m?Eﬁ?g?sesa% the

recal cul at o8 and/ e payment datsl [anche onediier ofivelrs hamdt,i dihed under
(d) are fulbivcledt dat B cHe S1olRd AC Gatrifhert s by Wablsctigy ein, in
step (h), the volunes of sone of or all of the financial ins rurrents

are cal cul Rroporsiimnad Iy for Sheaglressy teé;p&rﬁeﬁ pexs loavshe remedmiimong -
debt profilRert of thd JilPurRidiis 2 PediPN AN thied rBoh§mene! %‘r’lod n. one. or

nmore 10 of the recal culations optionally performed in Step (h),

vol umes of X&SRESEAVE@LYal | of the financial instrunments are - cal cuI at ed
using a function adjusted to a shifted level - remdining debt profile.
20. The rret hod according to cla| m 18 or 19, wherein the 15 function is a
pol ynom al 0% eoﬁ‘%l'{q% ACEOEHRG FoyrRy W She claimsode9(1phexein han
t he nunber tqfe fagmnqioalmaaa_&tlr@rrent S appl I ed. 21. The net hod
according to claim 20, wherein the pol ynom al function is cal cul ated
using a statistical curve fit nethod. 20 22. The nethod according to
clai m 21, vvnerei Whiehe tHedlded! ioF dataCwndRrf i(lc)Mhlgedatest kBalkeast squares’

000 00 on 25 MR 42590 TGt 20k, et Mg Bbp & Fas el "
refinancing of the remaining debt is to be performed
periodically with a predetermined period which is
shorter than the term to maturity of the loan, and the
remaining term to maturity of the loan is shorter than

15 the period which according to (c) passes between two
consecutive refinancings, and the remaining term to
maturity does not correspond to the maﬁﬁrity of the
last maturing instrument among the financial
instruments selected under (h), but it is desired that

20 the loan matures at the same time as the last maturing
financial instrument selected under (h)

is determined as

(i) the term to maturity of the loan prolonged as little as.
25 possible to a date of maturity of one or more of the
selected financial instruments provided the payment
profile will not thereby be below the minimum limit for
the payment on the loan stated under (b) (i), or
(ii) the term to maturity of the loan shortened as little as
30 possible to a date of maturity of one or more of the
selected financial instruments provided the payment

profile will not thereby be above the maximum limit for

) D




and (h), and/ e or nore function coefficients to the 2 ' '
representﬁﬂggﬁﬁﬁgshifted | evel remaining debt profile iﬁ%ﬂgﬁ&hﬁgz
interest rate is performed using iteratiofgy carried out by applying
numeric optimzation algorithms or by grid search.

211 24. The nethod according to claim23, wherein the  optimzation
algorithmis a. Gatibe- RENPSRty Qg0 thehfhoan stated mudeet BBk canrdi ng to any

of the claims 17- gdovibRicithe cord] t3dif rdierd SOH) TAIHYE et COEi Lions as

to the difference 5 in proceeds and/or the difference in interest rates

and/or *  t Haidi)f ftdreeferm tp Makid bal kil the dloaniprelonged agohitbdratPon
the refinanci ng ppeiddi®ld e dfifle (B ity of foid i dF Ghbrd NGF the

recal cul ati ons conprise one or nore , iterations, each jteration ,
conprisimy 10 selegtad Kinapcidd dNFTTRPeRES PTRVIARY ReRe el Fheer est

rate and/ or cond3HiCH A d vt AN uride¥ | () ¥ (4 ri L9 i & new paynent
profile and remai ning debt profile for debtor, which paynent profile and

remai ni ng debt profile are calculated taking into 15 consideration the new

interest ratig OfrHendtdl ddtordidyf itwindy of the Lvaimsnt-1b¢e wReaxiRNt
profile input under cia), t he refi nanci n%aﬁ%gfl | e. and/ or _the fundi ng
profile inpdthe seh@f qala updey nee) 9t uFrey catFplation is €0 be

et 1l et e e o ing o O femaining
coefficients, for t] uncti on ich s adjuste 0 shifte eve
remai ni NP d&FPHBFGT & %;ic?%;emlned Peri%‘ﬁcﬁ? at? nﬁeaﬂﬁrg?’é‘?‘Fﬂg dat a

i Rdi ;:at ijng- P Eia Xy wiw|&frﬁﬁe??étéﬂﬁiﬁédallﬂékfbdiidﬁﬁiél:lnEﬁt Shapﬂbh:;ed L or
t he funding, i ch new set of vplune cal cul at n t asi_s of the
25 fi nanci alt}farfémlﬁrgﬁ’g“a??e‘%"yu’a’e‘f%r n ﬁefg?a?hewﬁbﬁgi ﬂﬁpﬁi’ae £or new
paynment pr ofdéterniihd thvomevd i etié Nimged clabdel of bEethe volumbs dlife net hod
according to an%%a;q# he clains 17- n ste

conpri ses d SrrErPEere, conidabed ip aPEpodilel GHEBSESESE: FateH
i nstrunebss Yation of tleasdiBbetanicof ihvwrocestsefpredhberalpadatedver gence
conditions WAl flkes ofEnd" EL8L301 X1 CRLSHRRE e LAKLRT 1 bR 2oEORRLIEAH O 2
and/or calculation of an adjustment of the interest rate,
said adjustment of the interest rate preferably being
calculated taking into consideration the calculated
20 difference in proceeds, it being calculated whether the
adjustment of the interest rate is so small that the interest
rate fulfils the requirement as to maximum permissible
difference in interest rates or a convergence condition for
the difference in interest rates, or whether the adjustment
25 of the interest rate is so small that the requirement as to
maximum permissible difference in proceeds or a convergence

condition for the difference in proceeds is fulfilled.

12. The ﬁethod according to claim 11, wherein, in case the
requireménts or conditions as to the difference in proceeds
30 or the difference in the interest rates are not fulfilled,
the recalculations comprise one or more interest rate
iterations, each interest rate iteration éomprising-
calculating and storing, in a memory or a storage

medium of the computer, data indicating a new interest rate

L,




calculated difference in proceeds and a difference in bal ance

cal cul at agovsikigy i nto consideration the refinanci ng profpdfpkesnopsout
under (c), and in case the cal cul ated vol unes of

212 financial instrunents do not ful498 these conditions, the
recal cul ati ons conprise one or nore iterations of the function

coef fici enwlfcthr ltshgrtetf@&tam& Walsell oh %ﬁ@pb%vtl%us ibkerelf tade eyel
remai ni ng debt profl e, each i.teration onpri sing " calculating
and storind %&a tﬁ@rédﬁé"ﬁtmenf:uﬁét the dpseresitemasesor
the function repbaaeauaeantghand stBirihgd LAval m NpRgadekbragefi |l e, s
cal cul ating ‘and St%[l dat a |nd|cat|ng a new set of 10 volunes for the

fi nanci al %%p indicatdgg fnrew PaYMeBt Brofdiencs
i s cal cf atagd hakxleﬂvg rlemaanmgcawtd@sc%tfuqa fae aewtbh)Cihakhl pRimaaRt i Ng

the shifted | emai n et erm ni ng whet her
t he ne:/v seP% Vgﬁ %F@M‘&%?i’f«p °ffPSr§nEF§I cPPré"PS'Gﬁ@ﬂt Lakid I %9 ABtone

at | east ]Emrllﬁ’lmé.on {mmedﬁee:g ri}dte&e@tnlﬁn:geaﬁeth@ndbhhqp%lhf lprliﬁblz.l- the -
new set of c C ed .vol u 0 I hancl a nst.runent s u 1S ese
condi ti ons® pal %I%¥ ngﬁﬁh pFBf&hglﬁP§8 t Brdeti fadnh w 20

function cakef mfémta@s:)mgs:b&roeﬁad @u:l&rbedtmmfngdlmbOprofe.Q&suﬁ@u&t ion the
cal cul d di fere e i oceeds and a i fference in bal ance cal cul ated
t aki ngaJIqi g tai“gln%rhe t%ﬁ E:P H%HF% e input under (c). |
28. The nethod acadcdﬂaglhg anaii mtb&xng,Zin whmehoﬁytbmdaZEteﬁagbises '

cal cul atin dif ence be meen t nt rest, rate aon_t he | nd
the yield %?brﬁf%% A dgt?oﬁﬁﬁ&§a§ﬁn9h?'ﬁ Wéﬁ@iapfa

i nst runent sr,omelselﬁwg: wemﬂla{laad:lal nﬂs@dumenltlsea;bpﬂ.ﬁeﬂerf@e ithe Tuadest
rates is sq Il that it fulfils the requirenent as to naxi mum

permissiblé difference 30 in interest rates or a convergence condition for
t he difference in interest rates.

15 13. The method according to claim 11 or 12, wherein the
interest rate iteration is made by applying a numeric
optimization algorithm or by “grid search®. '

14. The method according to claim 13, wherein the

optimization algorithm is a Gauss-Newton algorithm.

20 15. The method according to any of the claims 10-14, which
method, when the relevant requirement(s) as to maximum
permissible difference in proceeds and/or the requirement as
to maximum permissible difference in interest rates are
fulfilled, further comprises |

25 determining whether all the calculated wvolumes of
financial instruments are positive, and

in case the calculated set of volumes comprises at
least one negative volume, further comprises
either

30 i) selecting a new number of financial instruments
among the financial instruments stored under (e), one or more
of the instruments in the new number of instruments being

determined in such a way that the payments on this/these fall

A




29. The nethod according to claim 28, wherein, in case the %
or conditWP88438T o the difference in interest PCT/DKS!
213 rates are not fulfilled, then th cal cul ati ons include one or
nore interest rate iterations, each interest rate‘ - iteration including
cal culating and storing an adjustnent of the interest 5 rate, the

adj ust nent dhet relattimedyt ladtexr rimefr@rlaj:l:i;orbe:img:he ariginal et nef i nt o

consi derati hf s

The yiel d 1 SIRRP AL ‘EERitaiE TR el 1ol el £ikedR PR 20

i nst runent s;\ceogdlmg to ws?ar @ff aﬂ@au@@m\ﬂdrrlaQQMt hm 10 '

calculating and s hi QR Jridd t&ﬂm | &,
pref erably based E')Lﬁ't ous In e?’g'g% rate %E’j‘:ﬁ?q[ “e“‘éc% tetfrjb

adj ust mer®t cfblmwechw @ﬁrﬁmrxm & mecalowkation in accerdantetwih amey
storing dat aynent 15 profile and a new remai ni ng debt
profile for%(febt orgl\ﬂ}?%% lrlevip‘gyrrent profile and renaining debt profile are
cal cul at ed taking into consideration the new i nterest rate, the

princi pal ofyg %gjjt ]fr@ﬁy#mgg f Ad ei-g ihe
ref i nanci ng pro?ﬂJle an rétkﬁcc; undi ng pro eeﬁ' np%ﬁaﬁ%nder (‘g r%n the

termto mat hhe yrerm to maturitenl ati ng and storing data indicating a new

6I’€ITEI’1tS

set of function coefficients for the function adjusted to the
shifted | evel remaini ng& debt profile, and cal cul ating and storing
data indicating avwhen dhe glebf dakrandsr ( r) findieatesi #B2¥unent s

applied {fpr the caﬁdiﬁcamn is to 3% ﬁ&%ﬁ%@%&éélﬁﬂeie én%xafhaﬂe

cl ai s 17 25, which hod conprises the determ pation of her the
cal cul ated 30 vol mqﬁnqimﬂar%f drhe reemairing debt|is ako| kasperfprreds

three or nore predgd ﬁ!dﬁﬂ?&'l%?ﬂyﬁweé‘cﬁré&é@éfmﬂ&@d%ﬁboérﬁhlch pseferably
cal cul ated taking into consideration a cal cul ated ference in

proceeds, a differsiRRESh Hhamnele el B0 Jrturityphgthat oBnsed8r afPon
the refinancing prefdd a-ndPed £imekesi 1é. Caqu BP4l1 énBBKS NHNERPREAT E846LEon
difference in interest rates, an Ease the cal cul at ed vol uges of
financi a+2i nst r unétf Lhe remaining debt of the loan, and the remaining
term to maturity of the loan is shorter than or equal
to a fixed value, and it is intended that the loan
matures no later than the time of maturity indicated
under (e) for one or more of the financial instruments

20 applied for refinancing of the loan,

is determined as the term to maturity prolonged as little as
possible to a date of maturity of one or more financial
instruments.

17. The method according to any of the claims 1-8 and 16, in
25 which the set of data (c¢) indicates that calculation is to be
performed for the case where partial refinancing of the
remaining debt is performed periodically with a predetermined
period which is shorter than the term to maturity of the
loan, e.g. so that the refinancing is equivalent to a fixed
30 fraction of the remaining debt of the loan, by which method
the volumes of some of or all of the financial instruments

applied for the funding are calculated in such a way in the



214 the cal cul ated paynent profile and the calculated termto
mat uri t ywitpogaaigf ul fil these conditions, then the I eC HCTADIRISVODIBR

conprise one or nore iterations, each iteration conprising 5

calcul ating and storing an adjustnment oR%e interest rate, the
adjustnment of the interest rate being preferably cal cul ated taking into
Cons'deratiﬁﬁekhﬁoééiffﬁeﬁﬁé Efiﬂ@eaalcuiaﬁlbﬁtfﬁe§ﬁeﬁatﬁ)OEhééeth€§n and

the yield to maturit financial instruments cal cul ating

t he
and stor|néuhﬁFathﬁiéXtFﬁélﬁcﬁeﬁl$h%§F§§tleve¥a¥%m§hPhﬂgl@eBFePéPEBF9 :
based on thﬁeﬁéﬁﬁbﬁuslfnhé&egéaf@; ereca®Bdlhbeofs! avbapedraghealnaatiel the .
interest rate on the alculatlag and tOfLE 8?
|ndlcatlngaélnERFpﬁ?ﬁEhFeTsnBFoFFPElaﬂﬁdauﬂgﬁFré i AFfg B%S% g? ile for
debt or, which paynent profile and renalnlng debt proflle are cal cul at ed
taking into _consideratiqgn the neM/lnterﬁ rﬁs p[lnc aI, S t he
| oan, afd tRe TBBaPRERPS REFPFEINGLEP Ghgdl 17, (W er?ﬁ@’réPlﬁ Eiﬁg profile
and/ or thethandbmame&oafl Bol8PYE 39 anllebf(ehe fifahbealeinstoumehbsity,

d t d st dat d
?Enctlon cBﬁFfFE gt% gugﬂﬁgfﬁgrlngﬁlgﬁﬁﬁéggéggélgﬁea lSEF?thVF%yeI

remai ni ng gehbiptiati debtapgofile. cal culating and storing data

i ndicating a new set of 25 volunes for the financial instrunents applied
for the fundi ng, which new set of volunmes is calculated taking into
consideratuen the methbdnatcordiapr esceladm B¢ whetedd,| énebne oxr sweeni ng -
debt pr.ofi erm.nin S al.eyl a

Vol unedB3008 henERERIFLAL PRRORPEPAREAT s PERCORRERo 1t SERPOLEY “HBE,

pr edet er m vedumesyefgeone ofndirt addsof the fihanthslminksrumevssdemg to any

o T ses shichiatla WATLE 3 eupceiBol ARGUEREATRECY BHETCRA 18el0l VRS

conpri ses 5? negat'1've vo e negative vo is/lare
put equal temaining debt profile.

20. The method according to claim 18 or 19, wherein the

15 function is a polynomial function with a maximum degree which
is one (1) less than the number of financial instruments
applied. '

21. The method according to claim 20, wherein the polynomial

function is calculated using a statistical curve fit method.

20 22. The method according to claim 21, wherein the statistic
curve fit method is the least squares’ method.

23. The method according to any of the claims 17-22, wherein
recalculation of all of or some of the data mentioned in (g)
and (h), and/or one or more function coefficients to the

25 function representing the shifted level remaining debt
profile and/or the interest rate is performed using iteration

carried out by applying numeric optimization algorithms or by

grid search. _—

MR YRR



215 0, whereupon the cal cul ati ons continue on the basis quygsh t hus
deternined”?@&ﬁﬂﬁg of financial instrunents. 32. The &Y #iwggrding
to claim 31, which.nethod in the i nggy nodel conprises cal culation of .
whet her the volunme of 5 financial instruments fulfills the requirenent as

"~ to maxi mum perm ssible difference in proceeds, and in case the

. cal cul at 34 .vGhenpetiod @caanstincite dqiin dfntwhersinrther e adj-ust nent s
of the p is .cal cul ddive 1T | panghal instrunents
‘are perf%?%gfi%aa&]l&glt% S Qﬁéélf'ggﬁgo#ﬁ%%iﬁléie new set of volunes .
of financial . I nstruments neets the requirenent as to maxi num perm ssi bl e

of 1 : equi r erent _ i
33, The. B e b o RE 0 i R NEF AL, anffare

det er m ndm gass thee maquigremesits nx fepndibionbels | to cbhe diffepencec
functign ;adj [ § i oL J .S
pérforﬁe&%ﬁ%ﬁéﬁl%{ﬁ éﬁ%j{di%&é}eﬁ%t Eoﬁa%%%?’g?%\% Tf'%t%% al n’éggf wher ei n
recal cul &hepiffengnag |intbakanegrecalculatedttalipgibned in (g) and (h)
and/ or 2Q418 4 | &1 ére&: rjte ' [ o] uskig
numeric %tl m%%ﬁﬁl%g%% %&%—Eé% grl"%i)hs:!é%r% .ﬁenuﬁaé%S?gll'h§£?re§hgd
accor di ngﬁpulcflclkﬁdn Fhe ¥realeulakions ¢pmpwisetena oF goerehmis a

Gauss- Newt - Al GO t B ch itersBiod ColBii@fhgccording to any of the clains
33-35, wherein, 25 in case the requjrenents or _conditions as to the

. .di ff ek@®nce dalquiating and csteminordate indieakine amevoéetEsesakd/ or

the di ffeanceidydal ance cal culated taking into . consideration the
refinancing profile input under (c), are_not fulfilled, the

recal cul ati on AR tsinghard sepking datartRdbratingch newrRRYDANE
conpri Sl rofile and remaining debt profile for debtor, which payment

profile and remaining debt profile are calculated taking into
15 consideration the new interest rate on the loan, the
principal of the loan and the repayment profile input under
(a), the refinancing profile and/or the funding profile input
under (c¢), and the term to maturity and/or
calculating and storing data indicating a new set of
20 function coefficients for the function which is adjusted to
the shifted level remaining-debt profile, and/or
calculating and storing data indicating a new set of
volumes of the financial instruments applied for the funding,
_ which new set of volumes is calculated on the basis of the
25 financial instruments already determined for the funding, the
new payment profile and the new remaining debt profile.

26. The method according to any of the claims 17-25, which
method in step (h) comprises determination of whether the
calculated volumes of financial instruments fulfil at least
30 two of two or more predetermined convergence conditions which
are preferably calculated taking into consideration a
calculated difference in proceeds and a difference in balance
calculated taking into consideration the refinancing profile

input under (¢}, and in case the calculated volumes of

UL



216 cal culating and storing data indicating a new interest

rat e andMeo 98/43187 cal cul ating and storing data indi catpggpRrosaouspaynnent
profile and a new renmi ni ng debt profile for debtor, which 5 paynent
profile and remaining debt profile ar#l%al cul ated taking into
consideration the new interest rate on the | oan, t he principal of the

| 0an, amd nEeRAMTE HnstiRbient o la%uholtn%rlfu Rbse! E%nh&ftll%gc' RgeProfile.
and/ or t he funding profile input under (c), and the term'to maturity

and/ or Fgcalculations gompsisey oBeoCEnFoxS: 4 teratisnsngfathew set of '
funct i onfumflarp iceRirE ibdlenitiie sosn @hie0 Funkitsbni &haehua%eadhated ke shifted

| evel file, ,and/ or al cul ating and storing data | _.
i ndi cat |tg§ ﬁ.}%ﬁegﬁ%l.e&e(i PRRIHRY @PbtthPrPifﬁ&ﬁel SRChNdLPYAEACR applied for

t he faindiorgprikinghi ch new set of volunes is calcul ated:on the basis of the
financi al |nstr 3a§ .al rea determaed for _the fundi ng t he new
payment profi F@‘ SHd3EBIN éﬁ'BFf‘rPﬁg £B: ipAaFpEANg twO 97 m9KE REWhod

accor di fgnict ionticoe¥Eicdlesitel Forhehee FunctionC repesenting enk(s) is/are
cal cul ategﬁt ? ri% rifo 20 ,cqnsi %%é_ﬂ tion t e calculated difference in _
proceed® e V&t FEMERTET aRE&EAAfeul ated taking into
ConS|deratloncalchﬂatﬁﬁbia&ﬂcbmgrﬁhgfahealmﬁdﬁcaadﬁg &Chew set 38 The

di t 36 h th th
cal at’® g’?faﬁ}sn%r? O&?‘Ffal or rlf‘ﬁ‘?ng% P??P&P&St %gg ?1 thg | oan and |

t he yi elftnidd ngat mm:lc;n ufewt lset of malluuiest de¢ vallomdated th&ihgndatoal -
cal ed whether the dif

i nst runment gi ere nt er,est
ot oo Bk deraltdiohd the pil Bedta TEpISLchlSnG th ShiZe halEh
perm ssmbham:.ﬁ'igeldeButepmmﬁmteer est rates-or a conver gence 30 condltlon for
the differenc S Th ord to claim
38, wherein, :ar?tc%rhq}‘?'hg Elhe%?;é%%wtpg ﬁ?’s%%: Pg gﬁ ﬁ#& ex(? Si nt er est
r at ekd arlod rfomancwflulmsmrementherfuﬂfehsemecaltaﬂ.east itwvel mtemme or nore
predetermlned convergence conditions,
until the new set of calculated volumes of financial

instruments fulfils these conditions.

27. The method according to claim 26, wherein the new

20 function coefficient(s) is/are calculated taking into
consideration the calculated difference in proceeds and a
difference in balance calculated taking -into consideration
the refinancing profile input under (c).

28. The method according to claim 26 or 27, which method
25 comprises calculating the difference between the interest
rate on the loan and the yield to maturity of the calculated
volumes of the financial instruments, it being calculated
whether the difference in interest rates is so small that it
fulfils the requirement as to maximum permissible difference
30 in interest rates or a convergence condition for the

difference in interest rates.

29. The method according to claim 28, wherein, in case the

requirements or conditions as to the difference in interest

austerence in inter
L



217 interest rate iterations, each interest rate iterat] | udi ng
cal cul ati H&Oaﬁﬁa & ori ng an adjustnent” of the interest &’tcg‘?”‘f%“%

adjustnent of the interest rate preferghky being 5 calculated taking into

consi deration the difference between fhe interest rate on the | oan and
the yield to maturity of t he cal cul ated vol unes of the financi al

i nst r umemates are ot fwkibled, Colven- tlet vecalgelathens include one

cal cul atifig A0k s n n n 0 e which is

pr ef er abl based %#FéﬁphgfﬁéF%ugtgﬁéggg%€ rg%%h iﬁEEgEs%er%g cul at ed
adjustrmﬁntﬁﬁatiﬁn|¥MQ4@@%ngate on the | oan, cal cul ating and
storing data ingl §¥L q@&ep SEN P NeWe! € LRy debt
profile for debtor é? é%Ent gr% gjgﬁgpégﬁa?ﬁlnﬂb EEE glle are

cal cul at expte, tbﬁlﬂélvﬁtmeéﬁn@ deheat %ﬁetﬁétnﬁﬁﬁﬁnpﬁﬁégfabéyebe@ns
princi palcg_{cﬁ tedta ?ﬁg Lh€o" & ﬁEQI:aQ?B{-A Lfel 8@%&*@%@:@ be(tw(a@}x

ref i nanci ng pro e and/or the fu I ng pro e1np ,
termto mﬂW%ri¥99r?@t rate em| thealeag and §P@r¥h§1€aF9 Wﬁ&P@&FVnQ a new

set of ¢ nd ue&ie&faeeaf%%ﬁaés Eoeh&helhaﬂe&wnlagt%h%ﬁtgo hg

shifted |l evel remaining d profile, and cal cul'ating and storlng
data i ndieseia§ a ﬁé“ﬁ§eNeUF°n alg@raﬁb@ for the financial instrunents

appl i gg for thecg’éc&yaémg and stoéQngTastaemaﬂcaesz gdanae&plﬁ%r@fstt he
cl ai ms 33- 39, thod in step_(h) nprises determni t he vol une

of the rate n‘&hb?—'ﬁl 1?n§??§ﬁ€ﬁp§ybya§ﬁﬁl 4k EHP PAPVBPRE dRtEE rgte

more of theqfenet tancG2atElChaAhEtheht! BE tHBCEheRradituTaRe 30 ithd he
shifted IeveI remai ni ng debt profile, so that the requirenents under

(d) as toX®&Rt num permi ssible difference in proceeds and maxi mum

per mi ss. bl e di fégLentatingbahd@nseoring aa&angnameat@hgnanﬁempa&ﬁmte i nput
under onsi deration, ,are If||

f
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payment profile and remaining debt profile are calculated
taking into consideration the new interest rate, the
principal of the loan and the repayment profile input under
(a), the refinancing profile and/or the funding profile input
20 under (c), and the term to maturity,
calculating and storing data indicating a new set of
function coefficients for the function adjusted to the
shifted level remaining debt profile, and
calculating and storing data indicating a new set of
25 wvolumes for the financial instruments applied for the -

funding.

. 30. The method according to any of the claims 17-25, which
method comprises the determination of whether the calculated
30 volumes of financial instruments fulfil at least three of
three or more predetermined convergence conditions which are
preferably calculated taking into consideration a calculated
difference in proceeds, a difference in balance calculated
taking into consideration the refinancing profile input under
35 (c¢), and a maximum permissible difference in interest rates,
and in case the calculated volumes of financial instruments,

AR




I n case the cal cul ated volunes of the financial instrunents appl i ed

conpri sewgjoglg8p¥t oOne negative vol unme, the negative v @lcayalesioooss/ ar e put
equal to O jointly or one at a time, the 5 cal cul ati ons bei ng conti nued,

after one such or each such oper atdldn of assigning 0-value(s), on the
basis of the thus determ ned vol unes of the financial instrunments

appl i ed 2 he nmet a di ng ali Lepn. i he cal cul ated
functioﬁhgogf%é Fgﬁ § ngﬂ%ﬁg ﬁ%ﬁ% ?Snaégjgé eghgéu%%gggokgﬁ%f &d | evel
remai ni mgtdehtypdof nbe &ndfidgbhesedcbpdibionsi ntheat bhef uncti on which -

i ndi cat i A ' [ - u ' b pli-ed or that an
instrung%FSFénggfapgg g°%59§%%|?%8,°ﬁhﬁéﬁgiEEEEZFE?Lgang??gn I s adj usted at
each  itperé&tiboncofmpxdsiygi ng 0-val ue(s), and wherein the function 15

coef fd ci ent's g%ﬁcﬁggﬁghgtgﬂd!?téyﬁﬂgaaﬂBXd'QQE@QREhthEhe iﬁ&@ﬁ@?gs o
critérion and e balanCe criterion, calculate taking the refinancing
profi | erateer the) adjustuensi dér fheoanteregteragef being prefprabdye where

t he indi F i sLadi : L (! LAast rument s
bre to soteAlAttl caking thE0' E8hETakhakibiD chle HREGSELARIChE MRS |
first ptheetinterest patieodnf thenhpen and henyieddelor matuxrity ofarti al

refinan%hggfqgahggaﬁeggkﬁgg&gggy.is to be perforned, ~and both the

proceeds criterion _and ance criterign are | fulfilled in all other
casdd 25 4gzalvndapingoandceseding €atanyndicakdng ai REW1INESTefker ei n
the vol %eogllﬁ'& Qs ?R"e%efx‘a'ﬂﬂﬂrcb%'sed‘%hr W brevaoRacCialkerest vt first
to mature and/or the [ast to mature, is not calcu- | ated by use of the
f unct i omndefhes emlicwd ates edinistmeptdeft the interest rge o rm ned
separat glgay n order to ensure that 30 the actual refinancing profile .
corresponds to the one input 44. The net hod according to

any of the cl &aksuilading,agd St°rhgﬁgggf€0ﬁE4#ﬁé§lpﬁéac&F@UF??mﬁ?qr1the
i nnefs MAQdfidfe and a new remaining debt profile for debib®, whiwhether the
vol unme of financial _jinstruments in the fundlm%.l pﬂpf@éiéu(aééﬁed under
(c) ful Eavate BRRf#le ARl CRmaining debt profile are |
. . taking into consideration the new interest rate, the
principal of the loan, and the repayment profile input under
(a), the refinancing profile and/or the funding prbfile input
20 under (c), and the term to maturity, and
calculating and storing data.indicating a new set of
function coefficients for the function adjusted to the
shifted level remaining debt profile, and
calculating and storing data indicating a new set of
25 wvolumes for the financial instruments applied for the
funding, which new set of volumes is calculated taking into
consideration the new function representing the shifted level
remaining debt profile,
determining whether the new set of calculated volumes
30 of financial instruments fulfils the at least three or more

predetermined convergence conditions.
31. The method according to any of the claims 17-30, wherein,

in case the calculated set of volumes comprises at least one
negative volume, the negative volume(s) is/are put equal to

N A




maxi mum perm ssi bl e difference in proceeds, and in case the Vol unes
i ndi cat ed WS I fi| this requirement, then one or 5 noRETANBOMEN s of

the previously indicated vol unes of fi Eilgci al instrunents is/are :
perfornmed, adjustnents being perfornmed™tntil the new set of volunmes of
fi nanci al instruments fulfils the requirenent as to maxi num perm ssi bl e

di fference On pheresgton thk) ol culllst itrish arbracimnieli oty tive basis 44£ thech
met hod conprises the cal cul.ation o ether fhe resulti set of vol unes
oF O ap R deteiaied St 1 LRt ot SR,

perm ssible difference in proceeds, and in case the resulting vol unes do

not fulfil I s hequirenment, then one. or re calcul atians_.of_n

vol umes forr"'?ft' I ane(ﬁ%g:d;fa%%oerélzr%ﬁ%? acfﬂ%'mi%jgt r‘fm’é‘t:lﬁltl'sm%\g?%% ﬁ%egﬁvﬁot
fulfil the rieoper eneidl aonpyisesred el peion sef bikethéf ethaceolumeabéince

I s/are pegrfqs. o .48, The et rdi . 45 reLn.

vol unes 'ggr eglanagla A u]1 a:'tr%as% or otn@t; %‘%ﬁlﬁgfﬁlgagﬁé%&%%%ﬁﬁ n%ﬁrggtlgéﬁiﬁc
repaynent s grentissidolee rdidi fexrknee amparoceedss camdt i caseegberenent as to
maxi mum per 13_ssi, 3l | f rggg ' | 1J] ed The
met hod acco[’g@ﬁ%"ﬁageé# a‘% Oen% sgrdcgé? C?év\/naxg‘%%f nt}rﬁ%%v Pg&i‘/%#%{‘rr%ééar%n%a Euﬁéfgd
for one or msjustments of i the perericudty tcaldulatedpysbhiveavelunebeof
performed irg. t el Wher e ui L ek l.mum

per m ssi bl er}:cﬁ e%%ceﬁ%é% %tl" ancegilge%€§r¢'§§f [ %?%%.Qh?gﬁtgzgg%he met hod
accor di nk0t eext fnmets unt Bl thdarew rsethecofieviolumes| afiefinancitalcul at ed on
the basis of; the.gdi | g%‘?m e ' ' i cht
correspondi nlé pérr{etgél %%ﬁé %%%dlbv urr%g&g{:) éﬁ%t t?ui # | ?ﬁ?ﬁgprﬁgg‘%lgrs%%gﬁt as
to maxi meRfkersnces i preceeds cand mayiswecpermissible difference in
220 49. et hod according to any of the clains 45-48, wherein
calculation’is carried out as to whether the new set of

33. The method according to any of the claims 17-22, wherein

15 the determination of one or more of the function coefficients
for the function adjusted to the shifted level remaining debt
profile is performed analytically.

34. The method according to claim 33, wherein recalculation
of all of or some of the data mentioned in (g) and (h) and/or
20 the interest rate is performed by iteration carried out using

numeric optimization algorithms or by grid search.

35. The method according to claim 34, wherein the

optimization algorithm is a Gauss-Newton algorithm.

36. The method according to any of the claims 33-35, wherein,

25 1in case the requirements or conditions as to the difference
in interest rates and/or the difference in proceeds and/or
the difference in balance calculated taking into
consideration the refinancing profile input under (c¢) are not
fulfilled, the recalculation comprises one or more

30 iterations, each iteration comprising

——
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volunes fulfils the requirenment as to maxi num perm ssi bl e difference in
pr oceeds,wens/i43ms7 case the vol umes indicated do 5 not fulfiptripRosooos2

requi renent, then one or nore adjustnents of t he vol unes indicated are
performed until the new set of vol unekl§ ul fils the requirement as to
maxi mum per m ssi bl e difference in proceeds, and in case the new set of
volumes  does Balchibting! BRa' 8HULIARPELEaAEnb ULV AELTLARLREE: 0
di fference in bal ance, new volunmes are calcul ate or at east one of -
the financkatei ABYa¥ents which does not ful fil " the requirenent as to
”BX|”Uﬁ]per”155'EEQCQE8E§h§nSﬁd'Qtorlﬁ agesa: 1ﬁ3§c§éiﬂ§tHEﬁEwaBgyment

cal cul ati on of new sets of vol unes being perforned unti
reqU|renenP§°§§ leoape: B PevnEemadRiner debsi prefailer Epsndebtarpr wbdebs and

maxi nms %spbbeldle.f Eﬁae%a.aaalh | agpe ﬁﬁssfimbf hkleeéalculatéa The
met hod accor i,ng to any he cl ai ns_45-48 hod conpri ses

calcuIatloﬁabﬂnghén&PfF@P@ﬁ@@rﬁﬁlﬁpoébéd§ew 1PGPrFﬁ§ E&F@uP§t§HevéPéﬁes of

the financicgle p&aheuﬁant ®£2@nePnbaad baa Eéﬁairhuaahngraﬁéh@r ify heuhaaeen of -
an adj ust nment of the interest rate on | pan ment ,of the

i nterest rdfa- pF@FeF&§P?aB€PH§ pxrdite: 8adyY ki & Belﬁﬂﬁdéﬂﬁ Pr°f1§PdéPEPton

t he cal cul ahadrdi(kher ange the Q@QﬁngsmatthQ ngnd/orcalculated whet her the
adj ust ment of ththnt rest rate is sQ 25 _sm that the interest rate on

the lod® fulfils® ating,apfefEREIRG gﬁtﬁakpﬁﬁﬁ?EéPﬁ1§sFSWeSBFfP§rence
:j nf :c nt er estfunctibat e:saeﬁrfﬁm@gxrt\semmmecmﬁbtueﬁ fdichhe s abguetedr &oe 0
i fference, r .t he ust,nent t he interest teis  so smll
that the réaﬁ'ﬁggg%ﬁ deve fﬂﬁ&ﬁﬁﬁ@r%ﬁ? |BF8% gedlﬁpg?Qﬁbe in proceeds or
a convergence coediltudating ahé stordnbfeaeaCQndﬁcatQﬁgedSnéﬁ Bekf blel ed.

case the r SGANRERG s BB CORATEA R EEmERE S PFRANER, £0F P AHOERREe o |

t he di fif%er edhdehi mewniseteof N@ﬂ.eme@r dsnealculbitetl bhedhet bals:shef the-

recal cul atiQn Nl $83 1206t s ME 2 dv RhaSE shale i ter each
I nt er est réﬁéanfggét g%tr €O |S|ngd!y d%te nﬁFbSPatF %Hﬁﬁgﬁgflng dat a
i ndi cat i ng thenagw payment prqfa.tle winde lehies nplweﬁ:‘smbh}nbadsbtoprplfe-lpr evi ous
interest rate . and the calculated adjustment of the interest rate,

37. The method according to claim 36, wherein the new
function coefficient(s) is/are calculated taking into

20 consideration the calculatéd difference in proceeds and a
difference in balance calculated taking into consideration:
the refinancing profile input under (c).

38. The method according to claim 36 or 37, which method
comprises the calculation of the difference between the

25 interest rate on the loan and the yield to maturity of the
calculated volumes of the financial instruments, it being
calculated whether the difference in interest rates is so
small that it fulfils the requirement as to maximum
permissible difference in interest rates or a convergence

30 condition for the difference in interest rates.

39. The method according to claim 38, wherein, in case the
requirements as to the difference in interest rates are not

fulfilled, then the recalculations include one or more
SRt
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10 ting and storing data indicating a new pay file
and renai ‘hﬂﬂﬁigt profile for debtor, which paynent g??#%“%@@kg

remai ning debt profile are calcul ated jaiing into con5|derat|on t he new
interest rate, the principal:of the | oan and the repaynent profile input
under (a), the 15 refinancing profile and/or the f undi ng profile input
under 1n@§FGQQNIQHﬁ3#QﬁﬂﬂﬁxpnﬁﬂlﬁaQEI1Q#ﬂFeSt rate itgratienng and
storing qdald.Jdigcati ng a new set of vol unes for the financial
instrunents applied for, the fundi ng, which new set of volunes is

. calculated on CRdawdaitinm and horingmn AdjvatnetenE the ceke¥RSEr ni ned
. for the raed urﬂi&&a}d&xﬁ&y& Ry "B M Fd S ARk d Nor SEULL5TRI B PagdeDt

profile as wel | as_t he requj renent as_to the maxi mnum perni ssible

di f f eren€algnipfiethdaking intgy considexption the Lifferencadelyeent he

number,  qib it eaestolriEe Wn fEHEMI éﬂ@ttfh@ﬁﬁiélcioﬁottﬁ&tuﬂﬂéyngfm a
| oan wi t h equival ent proceeds_to a debtor_ by peans of a first

conput er ERIERCHIREGD AP BN ASestimctinapeiakiingsyments papga) PY

refinancegsdd s Y ddies s AfdEbmal ﬁtt_lanrat urity, - requirements
havi ng been made as to a maxi num perm ssible difference in bal ance

bet ween, on th&dprulating and r%‘?ﬂfl%ﬂ&‘?ﬁ Sieiedelng m BeW 1BEPREREI ng
anount ¢ ¥ebe which is ﬁfefé@m;\hqsamdenneﬁe pﬁf@@ﬁéﬁstﬂn{:eﬁegaﬂeatef t he

financial instruments applied_for the fundin qui renent s havi ng
been madeRR ¥Re Latsihphedsadiustment g sF]B? e’-’EIF?’F%?EnEétFn°Br 5B€eds
bet ween, Xganhe one : 222

hand, the sum of the may ket ice of the voluy fi nanci al
o uront o Ao AL b, Sfoting Sats AT L L

hand, thq:ﬂsfme padla% hé® +eMAining debt PRELLitEUEGELNEEDLEORYVIAGcReen nade
as to max| mu

ssible,difference E ween the_in ere t rate on
the: 18 "Pavment rofide gy ERURLBLH: JEPE,SEPELHE. FFRARGRRIote
I nst rumentgk g iv€o f @6nEbaetatilofigthe newWhheBragthedteonmghieses
principal of the loan, and the repayment profile input under
(a), the refinancing profile and/or the funding profile input
under (c¢), and term to maturity,

20 calculating and storing data indicating a new set of
function coefficients for the function adjusted to the
shifted level remaining debt profile, and

calculating and storing data indicating a new set of
volumes for the financial instruments applied for the

25 funding.

40. The method according to any of the claims 33-39, which
method in step (h) comprises determining the wvolume of the
financial instruments by analytical calculation of one or
more of the function coefficients for the function adjusted

30 to the shifted level remaining debt profile, so that the
requirements under (d) as to maximum permissible difference
in proceeds and maximum permissible difference in balance,
taking the refinancing profile input under (c) into
consideration, are fulfilled.
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(a) inputting and storing, in a nenory or a storage nedium 10 of the

conmput er wygaissisr a first set of data indicating the PP 98/06082
princi pal of the |Ioan and repaynent profile of t he | oan, (b)

inputting and storing, in a nenory or a238orage medi um of the conputer,
a second set of data indicating the termto 15 maturity of the |oan,

(c) inputtppg and ﬁégﬁbgg %8 @ ﬁg”?&y éfSEﬁéagfaﬁﬁQ'ﬂﬂ14 Whetlfn,

conputer sysfem a t cating a desTred! i mrende
ref i nanci ngnpeasel thesaahcutabed velvmes of thei Aipancialt instyumenteh

refinancingpbs;La Laligrphaca: g@gseoonénﬂéga£1oe %BfuﬁeDUEﬁeoaegaelv?d)

renalnlng t fo be re I nance said point(s) intime |
i nput ti ng vaduseds) ngs/arnesputneayadrte thPaﬁElﬂeﬁruﬂﬂe atop Eh@ecoRBst er

system sa Eam&hmae%nef bd.%g esﬂtsﬁaéag afeerNBXENItRELH &akh! suehffer ence -
I n balance wthin a eterm ned_period, a maxium perm ssi bl e

d|fferenceOPﬁratlopr9§e§§§1§ﬁ6n5 AaxahumiBdr nPBstReebasiFcPEnERe| Fh1At er est

rates equi E@Huheat k}sﬂintefse&en%ebemﬁﬁaﬁh!%h%@ﬁﬁéhtéaasphedon the
| oan and the yield to maturity of the financial 30 instrunments applied for

the funding, - 223 (e)

det er m ni ngaangnat AetRed hBc3rABAB! ¥oOElaif! qnagﬁheremﬁdtnaw ehithizatedput er
system a fifth set of data indicatin

ect of f I
Y o SURFEA OPnROPERLCLentRn FaE | ERESEPRCELRE,EaIuBERE Ear FBE mar kot
price, 1pndstaieeeal 18vele rphasAAAGr BebtppiroEile are( Epgullateanbyi ag and -

SLornG, | 1 QBB (0 R SOURgCy ST OL LS CRIBH & ebkEhEac o1 XD
cal cul at i ngnagtgufiedt! 18, tionba ﬁpﬁﬁ&édﬂbrathhﬁr3961nstrument is not to
be applied, which indicator function is adjusted at each
operation of assigning O-value(s), and wherein the function
15 coefficients are calculated in such a way that both the
proceeds criterion and the balance -criterion, calculated
taking the refinancing profile under (c¢) into consideration,
are fulfilled in the case where the indicator function
indicates that two or more financial instruments are to
20 applied of which at least one instrument matures within the
first predetermined period for which it is indicated that a
partial refinancing of the remaining debt is to be performed,
and both the proceeds criterion and the balance criterion are
fulfilled in all other cases.

25 43. The method according to any of the claims 17-42, wherein
the volume of one or more financial instruments, especially
the first to mature and/or the last to mature, is not calcu-
lated by use of the function representing the remaining debt
profile, but is determined separately in order to ensure that

30 the actual refinancing profile corresponds to the one input
in (c).

44. The method according to any of the claims 1-9, which
method comprises the calculation in the inner model of

.—-—/
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10 nmedium @f the conmputer system a seventh set of data ;ggresenting

ta first payﬁ%ﬂwﬂﬂpbfile corresponding to interest and . /DKIB/A08E Nt

- for debtor as well as a first ygmining debt profile, 15 the

. payment profile and the renaini ng debt “profile bei‘ng cal cul ated on the
basi s of the principal of the |loan and the repaynment profile

i nput undérethgr the volumehefséinafcilalainsprumentsr ifbthe?2@unding t?e)
refi nanci [ updi n L] . i.nput under (c),
and the ié%%f%é% %g?gggégéiﬁéaa%tgghigggkgégegh?ff?qulreﬁe : assépbctyng a
nunber ofMAXHAWS| RerMhdsibiendsfiavagcenén proﬁEBdsciahdJintcasgngﬁestpred'
P under (€)yofifes? | d LRy QAR_ej . f data indicating

. said selé%?ed s iﬁ?%gégggl&PnggguﬁégFgﬂwfgﬁst%gg%lggkﬁﬁgé ?®58e°38bﬂréd in
- the 5 foewenadiestmentsanf thechrevibusiyt ivfidated volammes! atfed on

- the basis : 3 a pLat.i | cul | %gr and
aog o SThancial instruhdRcB YETREePRELELERER, U HEREHATE hihs™
- refinanciPerfernedcuntplt thadeew( sptant/ volumes ofdfinanbdaging profile
i nput und 5 he t p . - . _.the
reguiren€§%§£€%%ﬁ?tﬁngg%f%%?,tgﬁdr8&u9§EEEh%hg% #ﬁeﬁ%gﬁ%%FbPF6Wﬁ§§#Q;321
ref i nanci @bffipEeace in proceedanci al instruments froman earlier funding
have not mat ured yet, the type, the nunber and the vol une of
these_instrunents, . ) )

_ 10 45. The method according to claim 44, which method comprises

the calculation of whether the resulting set of volumes of

t he

financial instruments fulfils the requirement as to maximum
permissible difference in proceeds, and in case the resulting
volumes do not fulfil this requirement, then one or more

15 calculations of new volumes for at least one of the financial
instruments which does not fulfil the requirement as to

maximum permissible difference in balance is/are performed.

46. The method according to claim 45, wherein new volumes are
calculated for one or more financial instruments to which

20 repayments are to be performed in a period wherein the
requirement as to maximum permissible difference in balance
is not fulfilled.

47. The method according to claim 45 or 46, wherein new
volumes are calculated for one or more financial instruments

25 to which repayments are to be performed in the last period
wherein the requirement as to maximum permissible difference
in balance is not fulfilled.

48. The method according to claim 46 or 31, wherein the new
volumes are calculated on the basis of the difference in

30 balance for the periods in which the corresponding,
previously found volumes do not fulfil the requirement as to

maximum permissible difference in balance.
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10 if necessary perform ng one or nore recal cul ations, I ncluding, if
necessar yo sgisegyt i on of a new nunber of the fi nanci al .pdysbKkdgeeRs St or ed

under (e), after each recalculation storing, in a nmenory or a storage
medi um of the conputer system 15 - 220 the recalculated interest rate
profile, t he recal cul ated paynent profile, t he

recal culgt e%eﬁ@thﬁbaga@s@,&a&agf ebPand e tne 1amghzss g85chR-bipanci a

|nmrmeS\Mt unes,
condltlGnicgﬂ&teénunéeCaFE}eénQquPSh&OeWbebher thﬁunﬁWIBe@ of - after

whi ch, &Eﬁ%hr %q £ihg ?—.B%Sr@&h‘iﬁ:@h@ﬁ@ QQ”’%”&E&% fPeig:mgQ‘ib jype; the

nunber e Vo une 0 i nanci al 1 nstruments I'ng the | oan
25 - dlﬁ@g@ﬁh&ﬁ wht progeedsl.cand: o paseebhepvelnmes indicated gpeferably °

t ogetghep, o 'fmtfti& %ﬁh@%@hﬁ‘iz&eﬂkﬁ&eskh&ﬁt sne or Abde aa;.us:fneneget)%r ably

together with cal cul at’'ed remaining d pro -
225 the w@mgt indigptes: pxe psréomdagetﬁédmm BewsERE ©6 -~ another

CO”pUtGQOiMﬁk%”EulfllstQﬁeﬁ &%Er@ﬁbﬁt(ﬁk cBdn8 &k (s bQ%hl%QhBﬂEat'on is to
be performed for, the case where parti al reflnanC|n% the 5 remaini ng

debt i sd3Efesense pBr PEOCEsSSy ﬂP@hlﬁ grsgetbenngWdset p& vedum@si ch period
IS shorisglest Rt F0Q F18r FhieO réRudriehén®ls as thembRIfume pBrmiBssuth a way.

t hat the reflnanC|ng i s
10 ference in balance, new volumes are calculated for at

least one of the financial instruments which does not fulfil
the requirement as to maximum permissible difference in
balance, the adjustment and calculation of new sets of
volumes being performed until the réquirements as to'both

15 maximum permissible difference in proceeds and maximum

permissible difference in balance are fulfilled.

50. The method according to any of the claims 45-48, which
method comprises calculation of the difference in proceeds
for the calculated volumes of the financial instruments

20 applied for the funding and/or calculation of an adjustment
of the interest rate on the loan, the adjustment of the
interest rate preferably being calculated taking into con-
sideration the calculated difference in proceeds, it being
calculated whether the adjustment of the interest rate is so

25 small that the interest rate on the loan fulfils the
requirement as to maximum permissible difference in interest
rates or a convergence condition for the interest rate
difference, or whether the adjustment of the interest rate is
so small that the requirement as to maximum permissible

30 difference in proceeds or a convergence condition for the

difference in proceeds is fulfilled.

L



equivalent to a fixed fraction of the r-enai ni ng debt of the | oan, some
of or all W”’ﬁés"h nanci al instruments appliedfor 10 the fRGA/BIEPSOR082 0
first calculation in step (h) being cahgyl ated in such a way that they
substantially reflect a shifted | evel remaining debt profile, whereupon,
| f necessary, recalculations are perfornmed until all the requirenents
ment i oned ur$d-er The n@(télqd“aquq:gij:.ng % ame ol the okaiwetdf50r wheéreint he

fi nanci al r h) ,-
by appl yi ng T 'R a funct | on&%{ usted to ae&% #te%% c?ge?réa#l%%liffé%&%é
profile, thdrd@madgdeads o *‘dTe shiffgrenge Ui lnﬁe#mtrws a%%elwtm ents

for the fungj st q:ﬁé'uer 1?.'9@ ofile
bei ng perforne?}'%djyt f%%rf i % t}l:| t%g%{accor I ng to c?%u m 52,
wher ei n the fiexasthirate Js‘%ﬁﬁaa‘b#onﬁ #achiintrrestarrtel 1t%§¢mnts in
one or nore & r:.s:.tribe recal cul ations optionally performed in step (h) are

cal cul ated by applying a function adjusted to a shifted | evel 25 renaining
debt profile, the ap®ANHRT andistoring daka bidicating aupevi baterest

coeffi ci.ent Zrébaé et %tﬂf@féﬁéﬂﬂ qgaé&dt§ﬁ the ﬁ%&i@&s' fﬂeérésg%ateg

debt profil el ng perforned anal yt1 cal
accordi ng t and &he saamu@te@mwﬁtmmtwffmtm‘ﬁem% Batenoni al

functiomgith a naealraﬁmactgﬁrgeea&i dtorind Wkda | B8Siddend e ﬁwbﬁayﬁént

financial instruments app
55. The net Iﬂﬁp%’cjc%r%%grww’a‘?% debt \pepEitet fer peehEeF: aybichg BﬁH‘FBﬁ S

cal cul at ed Ryrdisgrofara Sﬁ&ﬁéﬁﬁiﬁ%%ﬁﬁ prbfile "BEEOEalculatél. tIﬂQn&EB.BQG
according to clajmb55,, wherein the statistic 5 curve fit nethod

| east squar RONFAAPKALIon themewhinkerash kaEer FRg PEiaRjPalL Pﬁe l‘1I‘=—‘a| ns
52-56, wherejdan and the repayment profile input under (a), the

15 refinancing profile and/or the funding profile input under

(c), and the term to maturity, and
calculating and storing data indicating a new set of
volumes for the financial instruments applied for the
funding, which new set of volumes is calculated on the basis
20 of the financial instruments already determined for the.

funding, the new payment profile and the new remaining debt
profile as well as the regquirement as to the maximum
permissible difference in balance.

52. A method for determining the type, the number, and the
25 volume of financial instruments for the funding of a loan
. with equivalent proceeds to a debtor by means of a first
_computer system, the loan being designed to be at least
.partially refinanced during the remaining term to maturity,
- requirements having been made as to a maximum
30 pefmissible difference in balance between, on the one
hand, payments on the loan and refinancing amounts andg,
on the other hand, net payments to the owner of the
financial instruments applied for the funding,
- requirements having been made as to a maximum

35 permissible difference in proceeds between, on the one
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recal cul ation of all of or some of the data nentioned in (g) and (h)

and/ or r{pagasisati on of the interest rate is per f or ne@CipppK9BM0032 | ON

carried out using numeric optimzation 10 algorithms or by grid search

58. The nethod according to claimb57, wR2ein the optim zation al gorithm

IS a Gauss-Newton al gorithm 59. The nethod according to any of the

claims 5258 AR Nine sl G5 T aldRBY ERIRY SOk RN H AL he
Iffer

difference 15 in Int'erést rates and/or the erence | n proceeds and/ or
the difference ifinsaicdede igwtovments eEpligd for the dwn ofokhehe
refinancing profideg, i uid JH'48fe (bhed’ hatl, thel Wriindigmhl e vheralden ation
conprises one or nmore  iterations, each iteration conprising 20 -
cal cul ating and andmegpigkanentaihaing beefepade &sedio a maxgdMmLnd/ or

cal cul a§ing and i i %ﬂfﬂr@idéﬂ%ﬁw&ﬁ USRIt eredt Yaddee Gz new

remai ni ng debt prorile for debtor, whic , paynent profile and remaining

“debt profile arédasat andhtthe 25ielgkitey matuw idonh afidbs idnansdadew i nt er est
rate on the | oany,serudditdldgioina ®ir e I@amiay] the repaynent profile
I nput under (a), the refinancing profile and/or the funding profile
I nput under (c), and the termto maturity and/or cal cul ating and
storing d%ﬁég%&@{&@%@?@%gt of 30 function coefficients for the
function Ich is adjusted to the shifted | evel remaining debt profile,
and/ or 227 cal cul ati ng
and storinggyat ajigich €oid Mh@ SNYHF, Gin a MEIdEOHTa tdodddmddium
I nstrunents_applied for the fundi ng, whi ch new. set -of _vol unes i.s

[

cal cul A0 ecPBrEhccomRIETSYsEem, 7| Firgt fet RF It LU TART 1% r mi ned
for the fupgifetéhie: SoPRMcDONTESE PHeTidsn cned thepapmenenpiaf ie debt -

profile. 60. The nethod according to claim59, wherein the new
function c%ﬁ?f?-‘é?’ént(s) I s/are cal culated taking into consideration the
cal cul ated difference in proceeds and a di fference in bal ance cal cul at ed

_taklng '”t?b§°”3i§§i€€i§§ and storing, in a memory or a storage medium

of the computer, a second set of data indicating the term to

15 maturity of. the loan,

(c) inputting and storing, in a memory or a storage medium -
of the computer system, a third set of data indicating a
desired/intended refinancing profile, such as one or more
point(s) in time at which refinancing is to take place, and
20 indicating the amount of the remaining debt to be refinanced

at said point(s) in time,

{(4) inputting and storing, in a memory or a storage medium -
of the computer system, a fourth set of data indicating a

25 maximum permissible difference in balance within a
predetermined period, a maximum permissible difference in
proceeds and a maximum permissible difference in interest
rates equivalent to the difference between the interest rate

on the loan and the yield to maturity of the financial

S —
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30 instruments applied for the funding,



10 the ref| nanC| ng profile input under (c). | 61. The r.di ng
to claim5¥ '9 whi ch net hod conpri ses cal cul ation g&&?’g@%ﬁ& rence

bet ween t he |nterest rate on the | oapzand the yield to maturity of the
cal cul ated vol umes of the financial instrunents, it being cal culated 15
whet her the difference jn interest rates is so smal | that it fulfils the

requi renel®) as deFarpdnang ANdni skming di i1 @ SRRMOTY OH ansteragerates or a

ConvergeW%H£HMKB£'éﬁbféﬁmﬁﬁﬁér sfgiéﬁreﬂcflfﬂh'Qééréﬁtdééaeindlcatlﬁa The
met hod according to claim®6l, wherein,_ in case the 20 requirenents or

conditi orfs %@-?@?@@‘H@?’ér%ﬁc@?ﬁ‘%ﬂ%rb@?tr“melﬁ’é’ée‘glﬁhelﬁbﬁrﬁﬂr—f illed,
then the difipal CtdAL4O0Ss | Medndes OPFp dp?icé}%&rk@&%ﬁi&er ahRal gkat bens,

each interest rate iteration |ncIu cal cul ating and

. storing dPU@TAIHIMTISE (PRLFR  erest 25 rate, the adjustment of the
“interest rate preferably being cal cul ated taking into consideration the
. difference between | the interest rate on the loan and the yield to
maturity OF)  detRrmining AR SERTARE ot HIENPEYCPE 2 AEPFRERNt s, e. g.

by UsRed®ful SEUSKe NedkoRt &F 084 £ &) §Osnzth s&éal sel @htgg and storing

data indicatin %%t? new i n%erest rate which is Ereferabl y based on the
previ ous T§RERERRLING 2 1r%§dl’?ﬁ%r%%1:cﬁ?ﬁ?e€raﬁf- €t nment of the interest
rate on the | oan, 228

cal cul ati ng and s Jié)r ng data indicajing a new nment rofi | e and a new
remai ni ng'Skbt FRLFHIREIRT %‘Et%‘?°r%ﬁ’ﬁch1n a3 ﬁ¥ PF ofti E°5ﬁ8eremai ni ng-

debt poofmédiwheofathe! sdb@Putert Sits6€m| nﬁoséﬁéﬁtﬂeéétl off tlaeanew interest
rate, the 5 princjpal of the |oan and the repayment profile input under
(a), the IF%?*Q +’ pr ofile and/or the funding profile input under
(c), and the termto maturlty, cal culating and storing data
indicating a new sgt_o oefficients_for he functi fQ‘ %}tusted

Lot hat 0o 1 ATt e prunbth heSRiER hhErpRbAgHRE to%inkates ng

and storing dateepavienti figradaebwoset of ~ volunes for the financial

Instruments appéé evgeifr the first remaining debt profile,

15 the payment profile and the remaining debt profile being
calculated on the basis of

- the principal of the loan and the repayment profile
input under (a),
- the set of data input under (b), _
20 - the refinancing profile and/or the funding profile
input undexr (c¢),

- and the interest rate profile determined under (f),

(h) selecting a number of financial instruments among the
financial instruments stored under (e), and calculating and

25 storing an 'eight set of data indicating said selected
financial instruments with their volumes to be applied in the
funding of the loan, which eight set of data is calculated on
the basis of

- the payment profile calculated under (g) and
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f undi ng. 63. The nethod according to any of the clainms 52-62, wherein
15 the owdegamsmti on of the volune of the financial |instpeyPRrIsH0082 by

anal ytical calculation of one or nore of the function coefficients for
the function adjusted to a shifted | &24 remai ning debt profile is
performed so that the requirenents under (d) as to maxi num perm ssible
di f fer ence 'ntﬁéoﬁéﬂﬂiniﬂga&éb@?icél’ﬁﬂ@%&léﬁi@%@ Whagkegp | h bajance, . .
taki ng the. refinancing profilTe_input under c? Into conhsideration, are
fulfilled. the pafinppcipenpyofiler énayttvndey 6¢) tapdéeni hhe52- 63,

wher ei n, Eina2s§ pPecrsdbCcuhpheduMabimes) of the financial instrunments 25
applied conprise at |east one_negative volune, the negative ~volunes are

set equal to BBpoFREl §fofabReinpul wpder (hd. cal cul ati ons bei ng ‘

contisnued, af tAe PBEuEYEReAtsCRAPutUGider (@PErahdon of assigning
O0-val ue(s), on_the basis_of_the thus determ ned, vol unes of the
financi al i ns¥heRelRe gpprrégtionsysgEor TReraEiRR3RCHRSOVRPESY to claim 64,

wherein the cghiadhaiad instiumehtoneeemf bhceapl sef OFuhdengURELEORoRd] USt ed -
to the shifted | evel renalnlng debt profile is regulated by _an

i ndi cator funBPREBhEANYER- i FEfcE¥YRS: oFRfecPurhsY and; FRfcyafume Of

229 i nstr yAeBE hLfisteulenggplied or that an instrunment is not to "~ be
applied, which indicator function is adjusted at each operation of
assigning 0O-value(s), and wherein the function coefficients are

cal g atgdneressalvaperforhdhghohk bRembrpr eeealleutationspn and t he bal ance
criteriqgn, ,cal.cul at,

d t aking the refinancing profile under (c) into
cons: defBeriRing, " 1EenprrRATad FRIERE Lo BE ACPE, RUNBRE £5: bR unct | on
i ndi cat €$nbhatialwinstromeatki saociedl undelrr yegnts are to appl i ed of which.
at | east one instrunment matures within the 10 first predeterm ned period
for which it is indicated that a partial refinancing of the renaining
debt i satftelre epehf reradculation stbringe pnoeemdmoryi ber rostamdgehe bal ance

criterigisAte or el LbhBdreld dsekner cases. :

15 - the recalculated interest rate profile,
- the recalculated payment profile,
- the recalculated remaining debt profile, and
- the selected financial instruments with their

calculated volumes,

20 until all conditions stated under (b) and (d) have been
fulfilled,

after which, if desired, the thus determined combination of
the type, the number and the volume of financial instrumgnts
for funding the loan

25 - together with the calculated payment profile,
- preferably together with the calculated interest rate,
and
- preferably together with the calculated remaining debt -
profile,

A



*66. The nethod according to any of the clainms 52-65, vxlner&ig& 15 t he vol une

of one or 8¥4MPhanci al i nstrunents, especially the fi MKIBP08T, o
and/or the last -.to mature, is not cal cfizs | ated by use of the function.
representing the remaini ng debt profile, but is determ ned separately in
order to ensure that the actual refinancing profile is equivalent to the

one i npugS2@eady) oud),. transfprrethdand HlPzRID RPN PRASeRE €Pe cl ai s

52-66, Waglther compfitfdr@fdi@m, Nstrunents in (e) are determined in .such a -
way that at | east one financial instrunent is an instrument on whi ch
paynent falls due within the first period in which a 25 maxi num perm ssi bl e

di fferenehd Bl @ PN d)eSindi &t in et agh Aerr tb i d ocgnye Of t he
clainms 52-67, wherein the requirement as to maxi mum permssibl e

di  f er enBenhormed, fox. &he icass whens Rarichvk RAHRARGHS (PEnther

di ff erengRemainihg ' RIREGS V¥ Hmdd) H&PIiT @IERF WStk Oa 'BXéddEePRIALESI bl €
30 difference in interest rates is given hy a convergence copditign for

the diff&FHQq MR REAIGES, SRAThor ThaR the tRFP R P2 BET+BY nki num
Fz)g(r)m ssi iy didde gancé? Iih Rl ® way tah?t_: th? reiE:iF]narac_:J%.?g is _
is given by a convergence condition for e difference_in
bal ance. equ:.%aélgajnq-t%: @t%ﬁ@%c@ﬁ?ﬁ%@‘t%ﬁ arie of SPRER LRG| ABLE 2088 R Rher ei n,
in tEe g@ld‘eﬁ'l,ats_dma c?ﬁjjdc_iﬁ':)aiﬂltof Stﬁ@?ﬁiﬁ%&ﬁc:@@]l{ ﬂhéﬁﬁé:}%&ﬁ@sﬁaﬁﬁlﬂ&éﬂfo@ndt he
one hand, .the tipe of, disbursenment of the , pan and/ or the, repaynment date
and, Hh tihe oqq‘fléﬂ?%rfd? "f‘?‘F’e £ir %ﬁ%}ﬁujd%'f’em%fl’?h%tﬂ%ghbilaFlPﬁstrurrents by
adj usti NGalcyllWd tiwnaldly 4 aray hehat reney SxipétascPallyoretiecterni ning
Part of the dl SPY SRIP Y el 0%; A0t NS SEPRY M GPELSS, 10 Tespectively.
necessary, recalculations are performed until all the
requirements mentioned under (d) are fulfilled,

15 the volume of some of or all of the financial instruments
being calculated, in the calculation in step (h), by applying
a function adjusted to a shifted level remaining debt '
profile, the determination of one or more of the function
coefficients for the funétion adjusted to the shifted level
20 remaining debt profile being performed analytically.

53. The method according to claim 52, wherein the volume of
some of or all of the financial instruments in one or more of
the recalculations optionally performed in step (h) are
calculated by applying a function adjusted to a shifted level

25 remaining debt profile, the determination of one or more of
the function coefficients for the function adjusted to the
shifted level remaining debt profile being performed
analytically.

54. The method according to claim 52 or 53, wherein the
30 function is a polynomial function with a maximum degree of 1

(one) less than the number of financial instruments applied.
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70. A conputer systemfor determ ning the type, the nunber, and the

vol ume ofwd bsiemgi al i nstrunments for the funding of a | PEIDKRHE/6D082

equi val ent proceeds to a debtor as well as the term to maturity and the
payment profile on the loan, the |oan 1226eing designed to be at |east
partially refinanced during the remaining termto maturity,

requirements hay ﬂﬂeéﬁsa Q@Qﬁr&Enéhgﬁeéiﬁfﬁ gEaIWh?ﬁELH thee%e%%ﬁn1negrn1to

maturity o the oan 1S not

naxunun1||ﬁuan;oehe$tealculated by use othanseapxedececurmedfntnunun1
limt, debtor's paynments on the loan are within -
predetern1ned ?Iﬁ]ts - rul es having been nade as to how
the two 25 above-nmentioned requirenents are nutual ly

prioritizedg, rhe- methé&qaéééfaﬂﬁé Eévbﬂﬂlﬁe§§ "BHEr&sn! Cné E@étﬂyﬂﬁc

perm ssi bl e difference i n balance between, on the one ,
paynent 8 ofu¥ve fbﬁnmﬁﬁBO@e¥$n§h§|ﬁgaﬁﬁnﬁgvér%ﬂd metigod. on the ot her
hand, net paynents to the owner of the fi nanci al instrunents
applled for_the funding

requi remen®$- hﬁb?ﬂ@eﬁbeﬁ faeerdingoty amyi afinthe °1alm$p§3n$§5|ﬁh%reln

dlfferencereeapéaraeﬂsnbsfwsgm oEnoihgoﬁéeof the datdaéntifReqUihOf gl he
mar ket price_of_ the vol une of ancial instrunents app?led

for the fuRaRnhbsapféos recalcvéaﬁlaﬂd°f Eh?hEnB?ﬁ%?thﬁﬂBe tHe princi pal

of the | oaperformed byahtefafilbhcaRtSelaghtgubiRy faderas &PtemiBYtIBH
perm ssible difference between_the inferest rate on the . | oan and

the yi &Pd RLIREEERME, OB BYhE*X AL SRBYS i nstruments applied for the
f undi ng, 10 which conputer system conpri ses

58. The method according to claim 57, wherein the

optimization algorithm is a Gauss-Newton algorithm.

59. The method according to any of the claims 52-58, wherein,
in case the requirements or conditions as to the difference-
15 in interest rates and/or the difference in proceeds and/er
the difference in balance calculated taking into
consideration the refinancing profile input under (c) are not
fulfilled, the recalculation comprises one or more
iterations, each iteration comprising
20 calculating and storing data indicating a new interest
rate and/or
calculating and storing data indicating a new payment
profile and a new remaining debt profile for debtor, which
payment profile and reméining debt profile are calculated
25 taking into consideration the new interest rate on the loan,
the principal of the loan and the repayment profile input
under (a), the refinancing profile and/or the funding profile
input under (c), and the term to maturity and/or
calculating and storing data indicating a new set of
30 function coefficients for the function which is adjusted to
the shifted level remaining debt profile, and/oxr '



(a) neans ally input neans and a nenDry or a storag n1 for
inputtlng 3¥§P§7|ng a first set of data I ndi cating tﬁgﬂﬂﬁpgﬁ@#
princi pal of the |oan and repaynmengoprofile of the |oan, 15 (b)
means, typically input neans and a nenory or a storage nediun1 for
inputting and storing a second set of data i ndi cating (1) a maxi mum
and a ni ni num [9akquiaking ARE ' steringdataynindicating gheevoaatfof each of
a number Rf1.4f8d sle mcﬁﬁ&g@mfrlﬁ&mentsoaﬁ?lié& ESEM:he Eﬁﬁaih%y of

t he | oan, (ii) a maximumand a m-nj.nmum | for the termto mafurity
of the | ddHchRev setef)volymesiis ¢atonlpted oRi Bhetbagirorfotheon the

one £inandBdl, iASerhmahts éPfeQ&Pt&étérﬂﬁﬁéaniéroﬁhéhQuhaﬁﬁg25the
i nput under (i) and, on the other hand, the limts for the term

to nat3ringw cHaX’FI%n’T— RFfhbet and JERe (Rey remainimngdabbpPrefiley a
desired/intended paynment on the |oan or a desired/intended term
to maturity when there_is not equi val ence bet ween t he maxi num and
the mini dBhe method pecepdingetpGhant 8.t WBSF6aR BBEi AWt he first

peri od (Iﬁuﬁtwﬂncéégffciéne@é)eﬂgyaaéeaaﬁcmaﬁeanthmng into naxi num
and the mninuml!lim the_ter

232 %‘?n%%ﬂ%at%%l EBFl 93?-ﬁ]5i':?tﬁ§aﬁéf§ﬁae&°ﬁe ArBr ?rBFegdé;t éPégé
medi um @i £Eapehéé NEnapgl1sheeki ealaumtéd eaknaﬁ data conkhdesatiog a

desired/int ended reflnanC|n8 Ero il e, such as one or nore point(s) in
time AP vERRNTREIRARALRAGPFSE Betéﬁeuﬁ prdeg, (hd indicating the amount of
the remai ning debt to be refinanced at said point(s) in tine,

and/ or sajid set of i ndi cating a desired/inte undi rofile
Slch as - Eae BAF A RACHTRURBCE CoF LaLRy BRaRE: BD:| MESBREBoso | ed f or
t he fUndl@&tpi\%ééstB&ﬂ.éulﬁtﬁ.bﬁeo&ndhéobﬂﬂerence b(at&f wedPdthe intetdsty
i nput neans, and_a r ora um..for Jnputti n oring
a fourth §%Feo?ndﬁg§ng° ﬁB$C§®Fn§ ﬁlﬂafpwﬂﬁFﬁﬁﬁﬁVéQfLF§€HFFﬂgFgﬁS§§*n
bal ance widbimnes of the f1nanc1al instruments, it being calculated
15 whether the difference in interest rates is so small that it
fulfils the requirement as to maximum permissible difference
in interest rates or a convergence condition for the

difference in interest rates.

62. The method according to claim 61, wherein, in case the

20 requirements or conditions as to the difference in interest
rates are not fulfilled, then the recalculations include one
or more interest rate iterations, each interest rate
iteration including _

calculating and storing an adjustment of the interest

25 rate, the adjustment of the interest rate preferably being
calculated taking into consideration the difference between
the interest rate on the loan and the vield to maturity of
the calculated volumes of the financial instruments, e.g. by
use of a Gauss-Newton algorithm,

30 calculating and storing data indicating a new interest
rate which is preferably based on the previous interest rate
and the calculated adjustment of the interest rate on the
loan,



a predeterm ned period, a maxi mum perm ssible difference in 15 proceeds and

opt i onal ) g3/4871 Mum perm ssibl e difference in I nt er epcTMAL8MO0BRUI Val ent
to the difference between the interest rate on the loan and the yield to
maturity of the financial instrum@®Bs applied for the funding, (e)

means, typically input means and a nenory or a storage 20 medium for

det er ni ni ng %ﬁé&gl £ aaﬁaféébffﬁ%oéaaét&af@atmg £ pAmehect ed

nunmber of fi nanci ruments wt I nherent characteristics such as
type, pprefiterand arnew remaiping AebbiP¥ofile i foF @AeREST prylaich (f)

means, eﬁ%@%&ﬁk'ﬁrww& SRS ARt Oh dgcééﬁt”ﬁféf’{‘lémé‘fé 3RL AL EedENDIY OF .

storag lum  for determ ning storin si xth set of data
represeh@khggalﬂF¢s?°ﬂﬂ%@¢§§§1?%tEhe ne%rﬁ*??%e%ﬁdr%??hth% first termto

”atug't¥r9ﬁ9i?£f 8¢ @he 1o£hr§ﬁdp€H€Eﬂép£&ﬁEhtQpﬁ@fiﬁ@ {99t undexr (0Q)
means glca cal culation neaps an Menor y a 30 st e, medi um for
cal cul afahg &he §F§%Pﬁﬁcbn§e9§ﬂfhl§e?n@(°r th%af%?¢%59é2€ﬂ§+ﬁg input

233 under (8)fias8 tReMbpmMBbURAENrREPfile or a first payment
profile (dep endln on, what was determ.ned Erespondlng

to interest aﬁﬂl?%béﬁhﬁﬂtaFGrsH%E%ﬁg data igﬁh%&éﬁéglaeﬁﬁﬁ.§?Ys$ r emai ni ng

debt prefihkeion SobbeitgeAtko£sRt thet fupeeibheadjupayaens phefile ‘and the
renalnlng_debt iroflle beiing cal.cul at ed Oi t he hasi s of the
pri A0 pahiftegnhdevginremainhag, 88 nRRPEHLG i FR ~ input under (a),
the set of datalcGpatitgdend(Brorifig-data ihalcatingnalngwpsetibﬁ -and/ or

e G A8RE L e, cimgnphflriBiGhehEh appitea ofakhe | Merest

funding.

63. The method according to any of the claims 52-62, wherein
15 the determination of the volume of the financial instruments
by analytical calculation of one or more of the function
coefficients for the function'adjusted to a shifted level
remaining debt profile is performed so that the requirements
under (d) as to maximum permissible difference in proceeds
20 and maximum permissible difference in balance, taking the
refinancing profile input under (c) into consideration,'are
fulfilled. | |

64. The method according to any of the claims 52-63, wherein,
in case the calculated volumes of the financial instruments
25 applied comprise at least one negative volume, the negative
volumes are set equal to 0 jointly or one at a time, the
calculations being continued, after one such or each such
operation of assigning O-value(s), on the basis of the thus

determined volumes of the financial instruments applied.

30 65. The method according to claim 64, wherein the calculated
function coefficients for the function adjusted to the
shifted level remaining debt profile is regulated by an

indicator function which indicates either that a financial



profile or to maturity profil.e determ ned ' under (f), 15
- (h) neansvwfgﬁéi |y calculation nmeans and a nmenory or a PCETDIK8/AWS2

- medium for selecting a nunber of finangjql i nstrunments anong t he
~financial instrunents stored under (e), and cal cul ating and storing an
. eight set, of data indicating said selected financial instruments with

. their vol imgkrement s ﬁﬁpbﬁeapphlaﬁeorunhEMQauf1nb¢ﬁummmt\Ms<ﬁbuﬂ¢ﬁ¢ fet
- of data ul 0 [ profile
: deternlné%eu% e$§%§5 géﬁgg SUPQSag8§ Buflleion uitge ad?ufkgﬁh at/Sat t he
 remai ni ngCRRBRLHPR! PEcasaigningef-vadue (6)), and where:th&hleefﬁmm?dagd

! u rofj ut under
profile T asureundanel ok anhsilten i such LML LG g Urder
. as to e XPFOReedsferékesipn baﬂahbe balance crm&ﬁmmmm(mdamaumanedr1

. proceeds gaRiAg Eﬁé:{\ﬁh‘ﬂﬁgnc:.n gbkiieeﬂﬁafek“(c@t Ines Joil Sa\ﬁ%:eafc“t under

" (d), and at1on nanC|ng
- financi al a¥fsEnrbfdhieds innthe easei wherenthegindicator function

234 indicdBEH' Ha¥Ctwo! BE h¥PE: fﬁhgngggge%n%quhg¥b¥Plgﬁ? Secessary

t hese instrupents, t he neans bei ng adapte 0 per
one or nU?BPlle¢e€§IWBF5P|éﬁsleﬁﬁ§lQEEngnSttumGU@smamMreseMaﬁhmm1uﬁbza new

5 numier @irééepfé&éﬁétﬁinéasbék‘%at %o?tt gdnugden g Q%xdt:.catedt h:%anée s

bei ng further, adapted to store, after eac reca
recalculé?%ﬂt+ﬂ%eF%§%n?BFén9r6ﬁlFée remaininghdebtc Alsc fHoaked pesrfiormed,

mturity ai@fbbeh &Re-procebls EQE@EEEbﬁtﬁﬂdP%KEEBEIQEE@ld%lterlon are

fulfilled in all other cases.

t he

66. The method according to any of the claims 52-65, wherein
15 the volume of one or more financial instruments, especially
the first to mature and/or the last to mature, is not calcu-
lated by use of the function representing the remaining debt
profile, but is determined separately in order. to ensure that

the actual refinancing profile is equivalent to the one input
20 in (¢).

67. The method according to any of the claims 52-66, wherein
the financial instruments in (e) are determined in such a way
that at least one financial instrument is an instrument on
which payment falls due within the first period in which a

25 maximum permissible difference in balance applies.

68. The method according to any.of the claims 52-67, wherein
the requirement as to maximum permissible difference in
proceeds is given by a convergence condition for difference
in proceeds, and/or the requirement as to maximum permissible
30 difference in interest rates is given by a convergence
condition for the difference in interest rates, and/or the

requirement as to maximum permissible difference in balance

* c L M S *



- t he recal cul ated remai ni ng debt profile, and . t he sel ected

financi alyg ggasfgsments with their cal cul at ed vol woTmK9smoos2unt i |

all conditions stated under (b) and (d) have been 15 fulfilled, out put
means for outputting the thus deterniddd conbi nation of the type, the
nunbeL and the xolune of financi al instrunents for funding the | oan

t oget her, cal | h w th the
calcula%egb%ggkesy %r%g%?gsgehgénhgﬂd érgérygﬁggg% gﬁk%?gﬁ ?ﬁe |

cal cul absdangeer est rat e, and preferably together with the
cal cul ated renai ni ng debt profile, 25 or nmeans for transferring
the conbination to a storage nedi um or for sending it to another

conput ef9syThenmethod a¢9°rﬂ1@§n§9téﬂ¥59§téhﬁfGiaaﬂﬁegﬁrﬁ?mgwbﬁ€e??pe the

nunber,lP th@Nea EG@l&QHBE? Qhahbﬁﬁﬁﬁtahs'ﬂﬁhéuﬁsﬂtﬁn&oalkhéréﬂﬂé|ng of a
235 oan Wi th equival ént proceeds to a debtor by means of a first

conp® ebetyeenn onh&heo erepdang dshegkdmer gfpdigburggment of the;y| |y

ref i nangednduhig) st l%ﬁer jaiiegt! Bafe! GnfBt Bhi the other hahBJUih@TENtS
havi ng %een maS]!7 §@%LXIHUHI per ni.ssi bl e dlffereﬁce i n bal ance

betmeenpawmenﬁed@ﬁ@ °f the fHﬂ%ﬂ&la&a}ﬁﬁﬁF§mGHtﬁhPYlééﬂuéﬁ&nﬂeflnanC|ng
anmount Sg?%I < rtionally ¥or MhePldNSeadindupitedrpri®nby the!l RemAWREhgof the

fi nanci strunentS applied for the fundin - _requi nts havin
been ma®aris afp therddiskiwhsement pexridod,pod E%@ %Fﬁlﬁgﬁceeds )
bet VEPN vt 8 RNS, . i hand, the sum of the market price of the
volune of he financial instrunments applied for the funding of the

70. A computer system for determining the type, the number,
and the volume of financial instruments for the funding of a’
loan with ecquivalent proceeds to a debtor as well as the term
to maturity and the payment profile on the loan, the loan

15 being designed to be at least partially refinanced during the

remaining term to maturity,

- requirements having been made to the effect that
- the term to maturity of the loan is not longer
20 - than a predetermined maximum limit or shorter
than a predetermined minimum limit,
- debtor's payments on the loan are within
predetermined limits,
- rules having been made as to how the two
25 above-mentioned requirements are mutually
prioritized, |
- requirements having been made as to a maximum
permissible difference in balance between, on the one
hand, payments on the loan and refinancing amounts and,
30 on the other hand, net payments to the owner of the
financial instruments applied for the funding,

I




| oan, and ther hand, the principal of the |oan, -
requi reneﬁ?‘ggﬁfgﬁfﬁg been made as to a maxi num 15 per%cggla§@%sz

difference between the interest rate ogzihe | oan and the yield to
maturity of the financial instrunments applied for the funding,
whi ch conputer system conprises (a) nmeans, typically input nmeans and a
menory of a st SPAYATSIERtE BAViNG: HeshyMadey aEn ¢S PRGN | r st set of

dat a i ndi cghh:ﬂﬁsfshm@mrﬁfe&reaceorlwgﬂweéas twed], Al the dEpayment
profile of the_loan, means, typically input nmeans and a nenory or

a storage haatymt hieors“i“h}ﬁf-t {5heg markel anice o s yelmerofifihe 25
i ndi cating the gi@amclia1NEhndtAimedits pdidaa for thd oﬁu:raaﬂ{&,of ygeal |y

I nput means and a rrermry or a storage medium for:inputting and storing

a third set of X@5faand,” omyitha jofdex a?é?q'ed?h%twl? %M%gl?ﬁ%fl le,

such as -  onend r@éjiﬂr@ﬁléﬁdss)hd\ﬂdg Beei md< g afd Nansdtomis t 0 take 30
pl ace, and indicati,n he amount of the remaining debt to be refi nanced
at said p0|nt(§FqW+ e difference between the interest rate on jthe

(d) neans, typieain \arid) e REHIE HY ma Bty Yo Prtie Stageial medium for

i nputting and storln afour sej of dta ndi cating a maxi num
per mi ssi bl e d| pglri‘x,ee& ‘i)‘r%eterm ned period, a

maxi mum per ni ssi bl e di fference inb5 proceeds and a maxi mum perm ssi bl e

di fferenc i nter r.at es uivalent to the difference between the
i nt erdt wﬁ‘&tcg" eﬁ%?ﬁ?ﬁ%n@'&?ﬁl ®ld to maturity of the financial

I nstrunents applied for the f undi ng, (e) neans, typically input nmeans
and a nenpry or astor (ﬁa{md.lu for determ n|n and storing a fifth
set of dafd infi€a? d“erﬁﬂﬁ)e?n f& Y 2P i AsTYUNREEs with

medium, for J.nputt:l.ng and storing a first set of data
indicating the parameters: principal of the loan and

repayment profile of the loan,

15 (b) means, typically input means and a memory or a storage
medium, for inputting and storing a second set of data
indicating '

(1) a maximum and a minimum limit for debtor's payments on
the loan for each of a number of periods which together

20 cover the term to maturity of the loan,

(ii) a maximum and a minimum limit for the term to maturity
of the loan, and

(iii) rules for the mutual prioritization of, on the one
hand, the limits for debtor's payments on the loan

25 input under (i) and, on the other hand, the limits for

the term to maturity of :the loan input under (ii)

{({iv) and optionally a desired/intended payment on the loan
or a desired/intended term to maturity when there is
not equivalence between the maximum and the minimum

30 limit for the payment on the loan during the first

period (i) or when there is not egquivalence between the

maximum and the minimum limit for the term to maturity

AR

(ii),




I nherent characteristics such as type, price/ market price, and date of
the pri cwOoew43t87 pri ce, (f) neans, typically input ROIAKISHNEE20r
cal cul ati on neans 15 and a nenory or _storage neans, for determ ning and

storing a

sixth set of data reprégﬁ%ting a first interest rate profile,

(g) neans, typically calculation neans and a nmenory or a st orage

nmeans, fe) Camesha}i Bgpasdls{O0ihPatameans8NhAdSE mehory ofdhastgpagaenting
20 - .firsgegaﬁnent rofile corres ondiﬂgFto i nt erest and
A _

r epay nelRESFYM d

nputting and,sGQFingsa,third: seknREnfRGdebt profile,

the payindicptdhyl & dedirbd/iagehdedgrd€ihancehyl proeing, suchaksul ated on

t he basi s of

25 - . th rincipal of the |oan and,the,repaynment profile
i nput uflB&r CFaftere po;nt(s?tﬁg géwgoPtdﬂP&cﬁnﬁﬁglﬂﬁﬁanﬁb}? ko take ‘the
refi sanpilagepr ahd éndidaeingheheuafiongtpb@f the remaining 8aput tonder (), - -

t he .interest rate fi,l e, determ ned under (f),

30 - %nd -gr . :
237 Tehnapess 2t §ALEaPPIRELPL ULt FoR®reans and a nenory or a
storage nedi uandi/or salidckebgof dabheindlchtihagcaallesiredginyenaed anong

t he fin%ncial
an-eigh

i (€)a, s d.cal cul at i d ing
Upiding, BRRELTE  Rhch: Rie thelaRg LR ipsaRReasRuile! REY, mants i 11

t hei r vdinemeind hestrumpptisedppidiele founthegfuhdihg,| @dsh whedlk ei ght set.

of a IS I ted on the basis of t he paynent profile
cal F euﬁ&@?”%g Shd the remmi ni ng debt profile calcul ated
under (Qg), _ :

(&) means, typically input means and a memory or a storage

medium, for inputting and storing a fourth set of data

indicating a maximum permissible difference in balance within

a predetermined period, a maximum permissible difference in -

15 proceeds and optionally a maximum permissible difference in

interest rates equivalent to the difference between the

interest rate on the loan and the yield to maturity of the

financial instruments applied for the funding,

(e)

means, typically input means and a memory or a storage -

20 medium, for determining and storing a fifth set of data indi-

cating a selected number of financial instruments with -

inherent characteristics such as type, price/market price,

and date of the price/market price, .

(£)

means, typically input means and/or calculation means

25 and a memory or a storage medium, for determining and storing

a sixth set of data representing a first interest rate

profile and either a first term to maturity profile or a

first payment profile on the loan,

(g)

means, typically calculation means and a memory or a

30 storage medium, for calculating and storing a seventh set of
data representing
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10 - the refinancing profile input under (c) and/or’the

f undi ng pr¥PP¥318hput under (c), - "the set of data RGIRKGMER (1),

- the requirements input under (d), 53Rd - when the cal cul ation i.s
for a refinancing where 15 financial instruments froman earlier
fundi ng have not mat ured yet, the type, the nunber and the vol une
of - th@se'furms:t ragyanttn nlaturlttmaorm‘émbebmrrg émstenaymeptarform i f
necessary, one ( t C S

sel ecti.on of a new rﬁ?éﬁ]fqié;hger?f"%}%%cvf% &%%irr%é %?egémmer (e),
t he neans bei ng:dnnasmnciiag dgredintexrsi andfrepaypent forréehtonl ation,

- t he recal d ter the recal cul at ed
paynent profl I e%??ﬂ' ad! %ehfgﬂ; ecg‘it cu| r?ioéf%%}%tl: rﬁlr.l%f]dl%t profile, and

- the selected financial instrunents with their cal cul at ed

vol (T Fhe tedtfidd Rldu LA L) 0PE) &1L SPaPiEsE éP%gﬂQ éﬂh gﬁ&e been

ful f
t her eaf t atemaitnping idgpt erefilke deenai erlicebabedapnobhe béﬁlﬁheft ype, the

nunber and the vol une of financi al instrunments for funding the |oan
together with the cal cul ated paynent profile, 5 - preferably together

wi th the ctal culthedrineinst ohttthe loamdgand the repaynentbbyofddet her with
t he cal cul at ed rrﬁ;;@é iAoty , ~ profile,

- the set of data input under (b),
10 - the. refinancing profile and/or the funding profile
input under (c),
- and the interest rate profile and either the payment
profile or the term to maturity profile determined

under (£f),

15 (h) means, typically calculation means and a memory or a
storage medium, for selecting a number of financial
instruments among the financial instruments stored under (e),
and calculating and storing an eight set of data indicating
said selected financial instruments with their volumes to be

20 applied in the funding of the loan, which eight set of data
is calculated on the basis of

- the payment profile determined under (£) or calculated
under (g) and
- the remaining debt profile calculated under (g),
25 - the refinancing profile input under (¢) and/or the
funding profile input under (c),
- the sét of data input under (b),
- the requirements as to maximum difference in balance,
maximum difference in proceeds and/or maximum
30 difference in interest rates input under (d4), and
- when the calculation is for a refinancing where

financial instruments from an earlier funding have not

N



transferring it to a storage nmediumor sending it to another 10 conputer
system . woosu3lge set of data (c) indicating that cal cul aptpBKogodosz be

performed for the case where partial refinancing of the renmai ni ng debt
is perforned periodically with a predet 8#i ned perl od, which periodis
shorter than the termto maturity of 15 the | oan, in such a way that

‘the refinancing Iﬁasture@%e/al é’i fd H@%&&%&t 'a‘iﬂi q_j ‘%F[)%alc;’g ng debt

of the | oan, sone of “or of e flnancrla |nstrurrents ied for
the funding in tHhese rmstaammaa.. on in step (h) being calculated in -
such a way that they substantlal ly reflect a 20 shifted | evel remaining

debt profil e, whereupon, necessary, recal cul ations are perforned
until all ¥he mean%da##%sr@@@%t%wm ifnegessany, |9ngl or more he

vol une of savE @ilEichd, Oinéilﬁi{rié‘ ”ﬂ%eééh%ém@électf&i e C@'rfé%at ed,

in the cal culation_in ste ( ), by, applying 25 a function adjusted to a
shi ft ed®| VPSR RE FHRY ’éﬂa‘b?n ialy ins tramens dia’%‘?ﬁ?ﬁ 4 &) one or nore
of the function .coefficients for the function adjusted to the shifted

| evel remai ni ng debf profile being perforned anal ytically. 72. A
conmputer YRR dFARTRLAPY Terther MIRPERd 10 SHRNRI AERREX rﬁaql’hput nmeans

conpri se ofelcWldttion, the foll ow ng:
239 a keyboard a conputer nouse, a touch screen or touch
pl ate, a m crophone, neans for voice recognition, a scanner, or

any ot her -neans g fwmdmﬁoaciﬂts&rest rate profiilleef f aci ng nmeans which

electronically c nnect tf ﬁ ut er stemto data network which '_
is designed to- the T TSy r? %‘t fn’@d"r’um or a data
transnioti+g sysﬁlﬁnfénaImmmtﬁymsﬁ @rofile, means for reading
data fromone orygore, oL PLEHGdPY Sinining debt profile, and

- the selected financial instruments with their .

calculated volumes,

until all conditions stated under (b) and (d) have been
15 fulfilled,

output means for outputting the thus determined combination -
of the type, the number and the volume of financial
instruments for funding the loan

- together with the calculated term to maturity,
20 - together with the calculated payment profile,

- preferably together with the calculated interest rate,

- preferably together with the calculated remaining debt
profile,

25 or means for transferring the combination to a storage medium
or for sending it to another computer system.

71. A computer system for determining the type, the number,

and the volume of financial instruments for the funding of a

A g




73. A conputer system according to any of the clains 70-72, 10 wherein the
storage mi¥PA8/4BRDrise one or nore of the fol | owi ng: PCT/DK98/00082

el ectronic menories such as ROM PROM ,5BROM EEPROM or RAM :
one or nore erasable or non-erasable dISC storage nedia 15 such as
optical or magnetic disc storage nedia, or any ot her storage
medi a. -loanﬁmﬁthAenn#nnksngygt@meedsotdiagdebtenybyfmeaascbﬁiasfi&sES,
vvhereintnﬁ,%ﬂ% Jyit ,C Dr{ : t o] ng 20 -
one or nore “data sci eens e ié&oﬂgl&é %%ggﬂéd FS ge at kg%’k—, one or

nor et el et kY mflnanced dupirg othmmbnceggbﬁmat:ongahuthtyes -

terf
I nterfacing ne (4 gned;cﬂg“p{yl%q#éé/nqggggcést@gaégm?xmuﬁncorrputer system

to a data networ to tr he conput er
systen®to a dateermigsibhleidhfference inghzlancenhbetween:i sssthe ppe

f;ggg?t ed to ong i "MSments on th@idsh g&anéag%nﬁ&ﬁgggﬁxagg% g.ge d

syst em accor di rep ttheryther thand| aiee payments tWht»hei awnge dit sheet wor k
constitutes Or%&%@f‘éi PhsBrifibils a%ﬂf Y8 koSUEHe u@g&ﬂ al Area

Net wor k. conputer_ system ac Ing to cC a| erein the 5
| ocal network iTe@nimementschavingoheerteadecas tibda maxrimuR,

10 permissible difference in proceeds between, on the one
hand, the sum of the market price of the volume of the
financial instruments applied for the funding of the
loan, and on the other hand, the principal of the loan,

- and requirements having been made as to a maximum

15 permissible difference between the interest rate on the
loan and the yield to maturity of the financial
instruments applied for the funding,

which computer system comprises

(a) means, typically input means and a memory or a storage

20 medium, for inputting and storing a first set of data
indicating the parameters: principal of the loan and
.repayment profile of the loan,

(b) means, typically input means and a memory or a storage
medium, for inputting and storing a second set of data
25 indicating the term to maturity of the loan,

{(c) means, typically input means and a memory or a storage
medium, for inputting and storing a third set of data
indicating a desired/intended refinancing profile, such as
one or more point(s) in time at which refinancing is to take

30 place, and indicating the amount of the remaining debt to be
refinanced at said point{(s) in time,
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such as a Wde Area Network. 77. A conputer system according to any of

the cl ai @& 0843189 wherein the data network conprises eoa/pi9smuose | SDN
connections, one or nore tel ecommuni cation connections 10 connected to the
conputer system by means of at |east28fe t el econmuni cati on connection

means such as a nodem the t el econmuni cati on connections conprising one

or noregg ._.tﬁh&ﬁff@,ne\?@ﬁhef  Ofiou WS Sarf@ ) MddIRF ¥ Didegrd@ans of
dat a co%n%ptlon. 1 8._Aﬁtoqu%er system according to an;aﬁﬁﬁt e clains
70- 77, medigmy efor t Hepwhlring AN S HRRRY RYEER Gt PE iRl el ectronic

cal cul ajh @£t {1 iawa&negoé&'ﬁmms&pfﬁer@&@mn ba Tdegs ahpehpart of
the conputer system 79. A conputer system accordjng to any, of the
cl ai s FERedeberppaed pexHed e RAXHPUR PREMLFF L Sk ¥* nore

el ecr Qi §c&8HE VR | & mék{rkith t SeSHESs 7151 &1 81 PESF &EOS S Sintereydi ch are
connect’ed to the conputer systemvia the data qgtmprkJ .

rates equivalent to the difference between the interest rate

on the loan and the yield to maturity of the financial

instruments applied for the funding,

(e) means, typically input means and a memory or a storage

10 medium, for determining and storing a fifth set of data indi-
cating a selected number of financial instruments'ﬁith
inherent characteristics such as type, price/market price,
and date of the price/market price,

(£) means, typically input means and/or calculation means
15 and a memory or storage means, for determining and storing a

sixth set of data representing a first interest rate profile,

(g) means, typically calculation means and a memory or a
storage means, for calculating and storing a seventh set of
data representing

20 - a first payment profile corresponding to interest and
repayment for debtor

- as well as a first remaining debt profile,

the payment profile and the remaining debt profile being
calculated on the basis of

25 -~ the principal of the loan and the repayment profile
input under (a),
- the set of data input under (b),

- the refinancing profile and/or the funding profile
input under (c),

30 - ‘and the interest rate profile determined under (f),
-
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(h) means, typically calculation means and a memory or a
storage medium, for selecting a number of £inancial
instruments among the financial instruments stored under (e),
and calculating and storing an eight set of data indicating
said selected financial instruments with their volumes to be

applied in the funding of the loan, which eight set of data
is calculated on the basis of

- the payment profile calculated under (g) and

- the remaining debt profile calculated under (g),

- the refinancing profile input under (c) and/or the
funding profile input under (c¢),

- the set of data input under (b).

- the requirements input under (d), and

- when the calculation is for a refinancing where
financial instruments from an earlier funding have not
matured yet, the type, the number and the volume of -
these instruments,

the means being adapted to perform, if necessary, one or more
recalculations, including, if necessary, selection of a new

number of the financial instruments stored under (e),

the means being further designed to store, after each
recalculation,

- the recalculated interest rate profile,

- the recalculated payment profile,

- the recalculated remaining debt profile, and

- the selected financial instruments with their
calculated volumes,

until all conditions stated under (b) and (d) have been
fulfilled,

R
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and to thereafter outputting the thus determined combination
of the type, the number and the volume of financial
instruments for funding the loan :

- together with the calculated payment profile,
- preferably together with the calculated interest rate,
and

- preferably together with the calculated remaining debt
profile,

transferring it to a storage medium or sending it to another
computer system, |

the set of data (c¢) indicating that calculation is to be
performed for the case where partial refinancing of the
remaining debt is performed periodically with a predetermined
period, which period is shorter than the term to maturity of
the loan, e.g. in such a way that the refinancing is
equivalent to a fixed fraction of the remaining debt of the
loan, some of or all of the financial instruments applied for
the funding in the first calculation in step (h) being
calculated in such a way that they substantially reflect a
shifted level remaining debt profile, whereupon, if
necessary, recalculations are performed until all the

requirements mentioned under (d) are fulfilled,

the volume of some of or all of the financial instruments
being calculated, in the calculation in step (h), by applying
a function adjusted to a shifted level remaining debt
profile, the determination of one or more of the function
coefficients for the function adjusted to the shifted level
remaining debt profile being performed analytically.

72. A computer system according to claim 70 or 71, wherein
the input means comprise one or more of the following:
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- a keyboard, a computer mouse, a touch screen or touch
plate, a microphone, means for voice recognition, a

-scanner, or any other means for human interaction,

- interfacing means which electronically connect the
computer system to a data network which is designed to
transmit data from a storage medium or a data

transmitting system to the computer system,
- means for reading data from one or more storage media.

73. A computer system according to any of the claims 70-72,
wherein the storage media comprise one or more of the
following:

- electronic memories such as ROM, PROM, EPROM, EEPROM or
RAM

- one or more erasable or non-erasable disc storage media

such as optical or magnetic disc storage media, or

- any other storage media.

74. A compﬁter system according to any of the claims 70-73,

wherein the output means comprise one oxr more of the
following:

- one or more data screens

- one or more printers,

- one or more telefax machines,

- one or more voice generating machines

- interfacing means which electronically connect the
computer system to a data network designed to transfer
data from the computer system to a data transmission
system that comprises or is connected to one oxr more

output means of the above-mentioned types.
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75. A computer system according to any of the claims 70-74,
wherein the data network constitutes or is a part of a local
network such as a Local Area Network.

76. A computer system according to claim 75, wherein the
local network is a part of or is connected to a wide network,
such as a Wide Area Network.

77. A computer system according to any of the claims 72-76,
wherein the data network comprises one or more ISDN
connections, one or more telecommunication connections -
connected to the computer system by means of at least one
telecommunication connection means such as a modem, the
telecommunication connections comprising one or more
telephone connections, wireless connections or other means of
data connection.

78. A computer system according to any of the claims 70-77,
wherein the calculation means comprise one or more electronic
calculation circuits such as microprocessors, as an
integrated part of the computer system.

79. A computer system according to any of the claims 70-77,
wherein the means for calculation comprise one or more

electronic calculation circuits such as micro processors,

which are connected to the computer system via the data

network.
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