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10 the loan. The results of the method according to the inven-
tion may be used by the creditor, i.e. a financial instituti-
on such as a mortgage credit institution in order to secure
that such a loan is funded in such a way that the interest
rate risks such as imbalances in the payment flow are avoided
15 or minimized. Thus, by the use of the results of the method
according to the invention the creditor has the possibility
of creating a hedge between lending and funding.

In the refinancing of a loan other financial instruments than
the instruments which have formed the basis of the principal

20 of the original loan may be used, which is the reason why, in
connection with refinancing, an-adjustment of the interest
rate on the loan'may.appear as compared to the interest level
applicable at the time of the refinancing. Loans which are
fully or partially refinanced during the term to maturity of

25 the loan are thus termed Loans with Adjustable Interest Rates
{(LAIR). An example of the financial instruments is non-
callable bullet bonds. In the following, financial instru-
ments are also called funding instruments, just as funding
principallis also ﬁsed as a term for the financial instru-

30 ments éonstituting the principal.
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t he calle oans with adjustdble interest rates. The former loans

10 with adjustable interest rates were characterized as follows:

'1l) 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.
15 4) The underlying bonds with a term to maturity of 1 to' 5
' Years are non-callable. This gives the debtor the pos-
sibility to terminate the loan at par prior to the
first occurring interest rate adjustment.

The Danish loans with adjustable interest rates did not turn
20 out very successfully meanihg that only per milles of the
total lending made by mortgage credit institutions was
granted as loans with adjustable interest rates. The reasons
were, probably, that the conversion premium was insignificant
at that time due to a very large difference between interest
~ 25 at market price and coupon rate and in addition, the market
of investors did not pay as much attention to the problem as
today. Therefore, the difference in yields between callable
. and non-callable bonds was not sufficiently large in itself
to make loans with adjustable interest rates attractive. In
30 addition to that, the product was not transparent seen from
the debtor’s side. An aspect which might also have had some
influence at times was that a continued rise in the Danish
interest level was expected so that the debtor would not
expect an interest rate adjusted loan to be advantageous in
35 the long run. Finally, the former structure of loans with
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10 be attractive to foreign investors in the future. A precondi-
tion is, probably, that bonds are offered in ¢onformity with
international practice, e.g. as non-callable bullet bonds. It
has therefore been of interest to examine whether varieties

of loans with adjustable interest rates can be made attrac-
15 tive to the debtors.

It must be assumed that many debtors - especially in the
segment comprising private customers - still think that the
interest risk in connection with the traditional design of
loans with adjustable interest rates is unacceptably high,

20 the traditional loans with adjustable interest rates being
connected with a risk of, in principle, unlimited, intermit-
tent increases in the interest rate. Therefore, it is of
interest to examine whether the design behind loans with
adjustable interest rates may be combined with a gradual

25 interest rate adjustment over time.

A characteristic feature of traditional loans with adjustable
interest rates was a match between the term to maturity of
the funding instrument having the longest term to maturity
and the period between interest rate adjustments, viz. 5

30 years. If this precondition is abolished a wide range of
opportunities as to funding and interest rate adjustment
will, in principle, appear.
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through increased liquidity and internationalization of
sales.

In connection with loans with adjustable interest rates,

15 relations to the balance principle must be mentioned. It is a
leading principle in the legal regulation'of the activities
of Danish mortgage credit institutions that the institutions
must not undertake an interest and funding risk. On the face

" of it, designs of loans with adjustable interest rates are

20 contrary to these basic principles as the funding side has a
substantially shorter term to maturity than has the lending
side. The traditional loans with adjustable interest rates
are nevertheless regarded as lying within the balance prin-
ciple seen in the perspective that debtor accepts to pay any

25 interest rate that may occur in connection with a future
refinancing. In principle, we are here dealing with a "pass
through" which does not incur any risk to the creditor.

In connection with funding of a new type of loans with ad-

justable interest rates with a variety of e.g. non-callable
30 Dbullet bonds, three conditions must be fulfilled accbrding to
- Danish practice and legislation: o

1. The volumes of the individual amounts of each funding
instrument must be determined in such a way that the mar-
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any 25 integerest rgigcididamy occur in connection with a future
refinancing. In principle, we are here dealing with a "pass
Former calculations of principals to traditional loans with
adjustable interest rates did not take the above mentioned
requirement to the interest rate into consideration. '

As to funding of traditional loans with adjustable interest

15 rates there was an unambiguous connection between the maximum
‘term to maturity of funding instruments and the interest rate
adjustment period. This structure may briefly be explained
like this: The fundihg principle was based on a S year period
in which debtor’s interest rate was fixed. The traditional

20 loans with adjustable interest rates were funded by débtor by
issuing underlying bonds with a term to maturity of 1 to 5
years.

This funding principle is, however, not compatible with the
desire to issue a range of e.g. 10 non-callable bullet bonds

25 with terms to maturity of 1 to 10 years and at the same time
keep the duration of the interest rate adjustment period at
e.g. 1-2 years.

Therefore, in Denmark there is a demand for a general funding
principle comprising funding with the above-mentioned range
30 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
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A technical problem in connection with such general funding
principle is, however, that there is no knowledge of an
efficient general calculation method for a computerized

10 calculation of the volume of financial instruments or funding
principals for the funding of a loan where at least a partial
refinancing of a loan during the remaining term to maturity
of the loan is made under the condition that the calculation
result must partly fulfil the requirement that loan issuing

15 institutions must not undertake interest or funding risk or
at least they must or will not undertake such risks above a
certain maximum, partly be able to contribute to minimize
costs of the debtor so that the loan with adjustable interest
rates gets as inexpénsive as possible within the given pre-

20 conditions. '

BRIEF DESCRIPTION OF THE INVENTION

This problem has been solved by means of the present inven-
tion which provides a method for the processing of data by
means of a computer, a computer system or a data process.ng

25 system, in the following called a computer system according
to which method the type, the number and the volume of finan-
cial instruments with regard to their function which may also
be called funding principals, for the funding of a loan with
equivalent proceeds to a debtor are determined, the loan

30 being designed to be at least partially refinanced during the
remaining term to maturity of the 1oah, requirements having
been determined as to a maximum difference in proceeds
between the total of the market price of the volume of the
financial instruments used for the funding of the loan on the

35 one hand and on the other hand the principal of the loan, and
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20 97/ 38383y  gesired/intended profile of refinanceggaDggzﬁpgg4éne or more
point(s) in time at which refinancing is to ‘be performed, and
indicating the amount of the remaining debt to be refinanced
at said point(s) in time, .
and/or which second set of data indicating a

15 desired/intended profile of funding such as .a _
desired/intended number of financial instruments applied for
the funding with their type and volume,

(c) loading and storing, in a memory or a storage medium
of the computer system, of a third set of data indicating a

20 maximum difference in balance within a predetermined period,
a maximum difference in proceeds and a maximum difference in
interest rate equivalent to the difference between the inter-
est rate on the loan and the yield of the financial instru-
ments applied for the funding,

25 (d) determining and storing, in a memory or a storage

' medium of the computer system, of a fourth set of data indi-
cating a selected number of financial instruments with
inherent characteristics such as type, price/market price,
and date of the priée/market Price,

30 (e) determining and storing, in a memory or a storage
medium of the computer system, of a fifth set of data repre-
senting a first interest rate on the loan,

(£) calculating and storing, in a memory or a storage
medium of the computer system, of a sixth set of data repre-

35 senting a first profile of repayment and interest correspond-
ing to'fepayment and interest for debtor as well as a first
profile of remaining debt, the profile of repayment and
interest and the profile of remaining debt being calculated
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to be at | easfuieiients Yo ehenaas@tudUBi fdetrBBce in balance, the maxi-
15 mum difference in proceeds, and/or the maximum difference in
interest rate, and, in case of refinancing, where financial
instruments from a previous funding have not yet matured, the
typé, the number and volume of these instruments, performing
one or more recalculations, if necessary, including selecting
20 of a new number of the under (d) stored financial instru-
~ments, if necessary, storing in a memory or a storage medium
" of the computer system after each recalculation, the
recalculated interest rate, the recalculated profile of
repayment and interest, the recalculated profile of remaining
25 'debt, and the selected financial instruments with their
calculated volumes, until all under (c) indicated require-
ments have been fulfilled,
followed by, if desired, transcribing,'transferring to a
storage medium or transmitting to another computer system the
30 combination so determined of the type, the number, and the
volumes of financial instruments for funding of the loan,
preferably together with the calculated interest rate, pre-
ferably together with the calculated profile of repayment and

interest, and preferably together with the calculated profile
35 of remaining debt.

Further to the loaded, .determined and/or calculated data
being stored in a memory or on a storage medium they may be
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The method according to the invention calculates the volumes
of the individual financial instruments which are to be sold
15 to finance the loan. Normally, these volumes will not be
whole or round figures, and in certain cases they 'may be
fairly small. The loan issuing institution solves the
divisibility problem by adding together many small loans when
financial instruments are sold in the market. The essential
20 part is, naturally, that the loan issuing institution of the
individual loan makes an exact. registration of the volume of

each individual financial instruments applied for the fund-
- ing.

. It will be appreciated that the order of the above-mentioned
25 loadings/determinations/storages-(a)f(ds is arbitrary, and,
therefore, that the sequence in letters does not indicate an
equivalent, compulsory sequence in the steps. Step (e) may
also be carried out anywhere else in the sequence, unless,
which is often preferred, the computer system is selected to
30 calculate a first guess at the interest rate in which case
step (e) will follow at least step (d). Instead of the ex-
pression that data are loaded/determined and stored in the
individual steps, it may simply be expressed (and should be
regarded as an equivalent to the first expression form) in
35 that the method according. to the invention by means of the
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between the interest rate on the |oan and the yield of the financial
I nstru- ments applied for the funding, (d) determ ni ng and

storing, vde ry or a storage nmedium of the conptp(ﬁ:,%@%@w
fourth set o ata indicating a selected nunber of financi

I nstruments w t-h i nherent characterlst|%% such as type, price/ market price,
and . date of the price/market price, (e) determning and storing,

| n a menor y. g u%eii ! gyRgen el EQ&QLIEQ%dCQHp%SrPaSJ.s 8¥SE€{I}.—?8 ihbip gt of

dat a represen rst 1nterest ting
and storlngatﬁnsﬁtnéﬁéry é8)a Sher SiEskeiinterestt nateo (eloAgumentigsedm a

sixth set abovet mayepecscghbBs, anhteh1 Pyl hechf :|.s alsbeﬁaaaﬁﬁy ﬁaslns

i nt er est C%Fr%éponglnﬂﬁto reg énent an I nterest for dehto wel | as
a first pr Sof PERRERR FYSE BtacFﬂE P?sFopPBFgﬁglﬁFdrEbé?ﬁen?nd and
interest am@l&helsithenpsobrbd of remai ning debt being cal cul ated

8 on the basis of the principal of the loan, termto maturity, and

profil e of repaynment | oaded under (a), the proflle of refinancing
and/ or proﬂhﬁeI@Hulremﬁuﬁdﬁﬁgtpoéb@dmanaﬁum(@}ffanénChelnnbelesceraSe on

the | oan dQ%ﬁ%EbGE@o5a Pééﬁbd(gh whlch(ﬂkcordiﬁbeﬁb'Eﬁealgggg ét?gn or
financial instruynen i nanci, al i nstfuments und é stored,

and cal cul 5%y 15fFd ?FHFlﬁ aggﬁ&ﬁnfﬁ ggpngptlon H&FH FREi EatFH4athens,
sel ect ed fqun&mah naQEndarnyeammth fearr wihkhndsesonbe follbﬁedhen t he

fundi ”Eifo éﬁ%dgwm CBuEe‘éQH%Q]ﬁSE QLe dghe 'agcah‘:&he&%gse“ the

basis of the un rmne I rst é I nt er est
and first ﬁﬁﬁﬁﬂmgnﬁftPeﬁaFFPﬁgt@€bPr Fﬁ@tBﬁQePEFdelﬁéF gregoppsisingof

refinanci ngr ad/ @rontdﬁsaageth@bhatedbeahﬁd1ﬁtei»ébe ghaf BEéh?ﬂeﬁE pel b as
t he under d%.g:)o deTI ned enent maxi, mum d erence in

bal ance, C BnLERREoPoLaRas. TRAUAGERERG MARENER
differenceﬂuiﬁmilednpemesalﬁaﬂex gedr.in case of refinancing, where

f'nancwﬂ 15 A tu5ebn of data corresponding to the volumes of
the financial instruments applied for the funding, the re-
qulrement as to a maximum difference in balance according to
Danish rules of mortgage loans is given by a strict balance,
. i.e. that no substantial difference in balance occurs or
20 expressed differently, the difference is practically zero.

'~ The method according to the invention may also be used in
connection where a certain difference in balance is tolerated
or perhaps even desired, this tolerance or positive differen-
ce in balance being stored as a part of the data set in (c).

25 In connection with the calculation according to the invention
' both the requifement'as to the difference in proceeds and the
requirement ‘as to the difference in interest rates and the
requirement as to the difference in balance may be indicated
in different ways. For example, data indicating a direct
30 maximum d. ference between the total amount of the market
price of tne volumes of the financial instruments applied for
the funding and the principal of the loan may be loaded, just
as data'indicating'a direct maximum difference between inter-
est rate and the yield of the financial instruments applied
- 35 for'the funding ‘may be loaded, and data directly indicating a
| maximum difference in balance allowed. In a preferred embodi-
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a previous funding have not yet matured, the type, the nunber and vol une

of these instrunents, performng one or nore recal culations, if necessary,
i ncl udi ng sewe73AIB3a new nunber of the financial instrunents PETEOETO0Eer
(d), if necessary, storing in a nenory or a storage nedi um of the conputer
20 system after- each recal culation, the rerml culated interest rate, the
recal cul ated profile of repaynent and interest, the recal cul ated profile of
remai ni ng debmenandft bhesmetbbdd thaamenaﬁrbmsmmumsnmp\ﬁ1maxﬂmﬂm-differen-

cal cul at ed 5e V3hUBRReellh! a3 b hgu%% alded & h L G d iRy have

been fulfille esire transcri bi ng,
transferring F@H&S§SGP§§eCﬁBéPG#PESfOSrtpﬁaﬁéﬁ1ﬁ¥QRf§(}Quﬂﬁ9ﬂﬁ94§nﬁﬂﬁ49r

system t he compeNFegRi remed@! alsNitdedhe ma:aimheammeﬂdw itugdrandnd the

vorures o o) SaiGity LRI 3 g e YA S 4l Bl S

the cal cul at ecbﬁordafr.lal dndflcae_pmgrmntcwdiummtqonvergermh proet el:rl‘sdol@affer- |
together wth gﬁ%tpr tel fé. ‘He/é{xe@ié“' SimeriO as to fifid Qx%[x

n
t he | oaded, de ern1ne or_ cal cul at data beinhg stored In a
or on a storagémh@@ftf-mqel%ﬂ Ady bgdance is gjiyegy/3pIwepns of a conaition

PCT/ DK97/ 0004%or convergence for the difference ih baldd@dscribed to a
display or a printer. The applied nenories may e.g. be electronic

menories such as ROM PROV BEPROM or RAM and the storage nedia may e.g.
be tapes, 10 sdisuwallQh ROViconnectitonviwithaltdee b jmisd e the | oah daharé ais

Lhe use of of gy IEAHdIhdd UP e I Sl I6ARE1 Mk LU0 0o L o

i nvention I'n onhe set menories or storage nedia part of

the first or S’@Rﬁ@mt@ of dthan laan tapd I‘%S@l?? other hand d*a‘?%. BANRERE
second set of dR®IEXTHY MirimdalEdist Mithéit$twhich is the reason why the

calculation according to the method is preferably adjusted as

15 to a possibie difference between on the one hand the disbur-
sement date of the loan and/or repayment date and on the
other hand the payment date of the financial instruments in
that a proportional adjustment is made as to the already past
part or the remaining part of the payment period and redemp-

20 tion period, respectively. Data may here be loaded or calcu-
lated e.g. indicating an adjustment factor for the use of the
calculation. ‘

The calculation. method according to the present invention may
also be used in cases whefe the loaded data indicate that

25 more than one payment will be made by the debtor within one
creditor payment period.

In order to be able to calculate the volume of financial
instruments, information is loaded or presented under (b) as
to which point(s) in time refinancing is desirable and how

30 much should be refinanced at the said points in time. In one
case, which is important in practice, the loaded data indica-
‘te that full refinancing of the remaining debt is made by the
end of a predetermined period which period is shorter than
the termm to maturity of the loan and in a second important



be part of the second or first éonputer system these data 10 being
transferred e.g. via a data transm ssion |ine or net conblnlng t he

first angyg égsssgxond conputer system or wre- | ess e .pérmKe
el ectro-magnetically or optically. The net hod accordi ng to ﬁ

i nvention cal cul ates the vol unes of e individual financial
instruments which are to be sold 15 to finance the loan. Nornally, these

vol umes wi lclasIéOTthEeloade&hﬁlaﬁaoin&QHaéef EH&{:eé ré‘f‘gné.ﬁcfﬁét anﬁﬁéses they
may be fairl | Qan 1, ssuing institution so
diVISIbI|iF?mB}8§ng%S§ a&ﬁlﬁﬁdFogéFHeF ?dsﬂﬁPPaiogﬁgtﬁhen fi nanci al
nstrunents are sold in the market. The essential 20 pa{t_ls natural ly,
that the | [ t i ndi vidyual | ogn es an exact
ogi strati anto et HoR)akasrln Y €8 Bhe) Myanti oty | HEeeaR pAER  Entn:
appl i ed fothehdetgrminatiopngf the numbemnandbehappobumateﬂ fhnant el or der

of the gbomsmeaagd135cabagdwae§édehsrmatignéés»;,eréaféugéaeédé?fs
-arbltrary, ererqQre, at 1; e sequence I n ers oes

n
i ndi cate aﬁ%e flEﬁﬁl%&W@htl EonﬁBFSSF§SEeﬁE%ﬁb%9|ﬁlFH%té?Epés Beephge) may
al so be casditedtdon ah;wheaereEinanathelsequﬁﬁEatdﬂle@ﬁe ex ?rébéfan's

ft f t o] e m. | e dto 30 ate,a first
Suegg ggetggﬁﬁgP rgng ghln %ﬁ§%§e§azgéw £S &%ﬁg?e?nanlreng?Eﬁ@%@ t east
step (d). PReg&adrem Pﬁ€a@ﬁher5 mentioned whderdéah- dek, | badebédet er mi ned

and StQDedrbﬁlhBﬁc1ng bﬂdh&tQBﬂ|c§§€ﬁ§ati&n§a¥n§1ﬁﬁéy19€ofﬁQEf§ﬁe&n(and
shoul d be ed as .an ﬁﬂ@lvalent to,the first expressiton form in 35

that the nﬁ?ﬁﬁd £ AGd: ¥o elﬂgeﬁP?oﬂlﬁﬁnﬁ%%ﬁslBFtFH@entsr pro-

vided that they have not matured at the points in time of phe
refinancing. This information is usually stored in the com-
puter system from the previous calculation, but it is, of
15 course, within the scope of the invention to load this infor-
mation. It is appreciated that the parameters under (a)- (e)
are parameters relating to the said funding situation, so
' that in cases where a refinancing is calculated the parame-
ters will, naturally, relate to the remaining debt of the
20 loan relating to the principal of the loan, and the parame-
- ters will relate to the remaining term to maturity relating
to the term to maturity.

In the present description and claims, the expression "finan-
cial instruments®" has the ordinarily“applied'meaning and thus
25 covers, among others, all types of interest related debts,
i.a. all types of bonds including zero-coupon bonds and
derivatives like options, interest swaps, CAPS and FLOORS.

When in the method according to the invention calculation is
~ made as to derivatives which are not directly interest bear-
30 ing, it is appropriate to begin by making a calculation of
the expected payment flows in order to be able to calculate
an internal interest rate, whereby the payment flow or flows
or the likely payment flow/flows is/are expressed in parame-
ters corresponding to the above-mentioned parameters for
35 1interest bearing debts first and foremost a yield. An option
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10 conputer systemis cal culated on the basis of stored ingut of

data set (a) WO9z38383x he first interest rate (e) as nentioned _

be a guess, naturally, which is al so nmade by neans of the conmputer
system according to predefined rules, and 51shich is then stored. The
requirenent as to the HBX|nun1d|fference I n bal ance is related to a
period in whi @t acquridien@ft PKM0®dias & iprokabilipy sefi 2@ ¥okasreselbasns

i n connection ¥ DK IBY Q@ ené&atRAdas ¥e@Ermat¥eMAturi -
whi ch does not #%OM/t#%d%# endar year, buf_conprises tpe date of an

interest and tY 9%paMRaE a%d ”@Héﬁt%rp‘ﬁ? %[‘PIH?'I%Y fErFe8ue F%ﬂgrln pro-
COﬂgrl si ng [gze@édéltﬁf QSKEPr0 Sbagﬂ?d henc&tp.xx_a_élyanstatesesg eanicﬁlaaa?alnlnbft ohe
creditor. In Denmark a stri al ance. requir n il ed_per
cal endar yeéar. aﬁ%????tHﬁ??ﬁﬁ%ﬁﬂ%ﬁ?%ﬁF%ﬁ asggriggg%%aiﬁﬁ ng%%% 8Pu§£s
of - the fincneixélevent upaEraBeteps | asl aoprihe 6finBKKg100hear market price
quirement as tge %g@%ﬂww'{ﬁ@é £OSE fgt@abéngs gseoyeaggwhecn N %Bé%her

rul es of nortgage ans i s glven a strict nce
subst anti al d|V%E$eﬁ%% +?F%%ﬁ%ﬁc€a %c%?soﬁ?eQOaERbFSQSEanGPFFé}eHPF§ruWﬁ§tS

difference is pragétcebhy €Ké Obasis, Thneﬁewodsabéﬁhgl agetneah@henhe&rt the
may al so be used in connection Egert n difference |n nge i's

tol erated *0 B?qﬁéfﬂgﬁgté@%ntﬂe@?ftﬂumtﬂf EOPBFEndE SPUS5ASCE 78 ren-

ce in bal ance beengfslbiklieds Thenrtheset hardmetesst may pe) loaded nn the
connection w t g, fnﬁﬁﬁ ﬁ%e&how‘aa%&w@ew tagdl B‘f-‘é&h‘ QQSLredbortl?xet Raca

requi rement as ot erence 1 n proceeds’ an ui rénent as to
t he d|fferenceWPﬁCPn?E?e%?agﬁ@e§saﬁBaFﬁ§terlsFé&§|F@ﬁéﬁpeaé mufents in

di fference in hahaapeveepapebendacat ddfiningnchief Gaidnt inayeiaforinecatitlents
data 'ndlcfglngi%egkig?tand the computer system may be prepared to make a

recalculation of parameters characterizing an interest bear-
ing debt according to predetermined principles. In case of
CAPS or FLOORS the same procedure may be used as the same
- payment flows may be expressed by means of equivalent inter-
20 est bearing instruments the characteristics of which may then
be stored as indicated in (d), or the computer system may
preferably be prepared to make a recalculation of the parame-
ters characterising an interest bearing claim according to
predetermined principles. It is appreciated that in the
25 individual case a calculation may be made on the basis that
in the individual funding or refinancing situation a mixture
of different types of financial instruments may be used, each
type of instrument indicating the characteristics to be
applied for the calculation. In this situation the fulfilment
30 of the requirement as to a maximum permitted difference in
interest rate is checked preferably on the basis of a total
calculation which is based on the total payment flows from
all financial instruments applied. Alternatively, a weighted
average of interest rates of the individual instruments may
35 Dbe used.

Thus, in connection with the method according to the inven-
tion calculations may be made on the basis of different types
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30 maxi mumd. ference between the total amount of the market price of
tne volumes of the financial instrunents applied for t he fundi ng and
the pringigR@hgsh the | oan may be | oaded, just as dat apé kgﬁ&k@g a
direct maxinum di fference between inter- est rate ang?fﬁg yirel'd of the
financial instruments applied 35 for t fundi ng may be | oaded, and data
directly |nd|cat|ng a - maxi mum di f f er'ence in balance allowed. In a

preferred gpbodig, MAmaHrad
PCT/ DKO7/ (G044 cial inst %&% %ﬁsfundlng prlnfipals, but iP ?ﬁe et hod,

the requi réafist Wich i ﬁmEQﬁﬁﬁﬂﬁ'PPePEECtlceaealﬁaéFBéé§d§n|SS madever

| oaded as &@tt’:hé ruasia IdE) bdnds Qﬂmheage\a&em&ﬁnde&moaof pacuke ey thergnce in

proceeds and/or. t EFEF uig.enent, as _to.t gﬁ m.di f f erence En bal ance .
5 betweerPFM 9 ingRcing gerdog; ebg%Pﬂg 8rér BAY3LLY of data
i ndi catd ngnen -ceaidiablen il letnkengisndaciodinge zeérbf epupon bends.i Asi nt er est

rate and/ Oéxﬁmr{&ﬂw&;@n}@ et ol afRErAing £BUTHEl 1EOLARISA Rabakance

i s given by nmeans of a condi tion or convergence for t ence in
bal ance. Y88 (kQfkithe 3 Yd@tdonm R RPPReCkd onawdthgoshexrnsypesnofhere is

no coi nci dﬁmﬁapmﬁd@mﬂmud&h@ gecgbaasd@bedam%orsenalr gangent
date of t ?éj n the aqther, hand th%%ﬁ ynme g& te of the

fi nanci al Qi RYAE Y HO3PE4s SREARITEy hERPS °Eé 5ﬁP§§|on accordi ng
to the nethod |s preferably adjusted as 15 to a possible difference

bet weeyy, O“rﬁélec&ﬂ?e "Hl}}élh‘?négrﬁlﬂ of theSt to%a'aef&gxah*&‘iafloiﬁe% J.or

repaynment date and

er paynent ate nanci al
i nst runent®ent, is th %eﬁm‘g”'&%"( néi aH’Fé‘étcné-ﬁ't & lbé\stlﬁe al r eady
past data altogether defining the said financial instrument unam-

biguously, so for mortgage bonds it is the nominal principal,
‘face value, date of maturity, all dates fixed for payment of
15 interest and the ex-coupon date, i.e. the deadline for the
' person to receive the first occurring yield on the bond as
well as possibly the call yield, i.e. the formula used for
the calculation Qf the payment flow of the bond to an annual
yield. The number of financial instruments indicates how many
20 different financial instruments should be indicated as having
been applied. The volume indicates how many entities of the
individual fipancial instrument or how large a nominal sum of
the individual financial instruments should be indicated as
hav1ng been applied.

25 The expressions "profile of repayment", "profile of remaining
debt" and "profile of repayment and interest" indicate the
development over time of repayment, remaining debt and repay-

ment and interest, respectively, accordlng to normal prac-
tice. -

30 The expressions "profile of financing" and "profile of fund-

' ing", respectively, indicate the type, the number and the
volume of the financial instruments applied for funding. In
the present description and claims, thé expression may be
used for both the desired or intended profile of funding

35 loaded and stored under (b) and which may not be fulfilled,
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part or the remaining part of the paynment period and redenp- 20 tion
period, respectively. Data may here be | oaded or cal cu- | ated e.qg.

i ndi cati ng awoeaf3ess3nent factor for the use of the cal cul RCOTHKIT/00044
The cal cul ati on method according to the present invention may al so be
used in cases where the | oaded data indicate that 25 nore than one paynent
wll be nmade by the debtor within one credi tor paynent period. ~In
order to be ahha Forcaheukaaett profdllenefofuhdiagcwalich isi tder wesuwls, of
information ig,lo e ugpder . : ieC ' I -
“tinme refi nanc?‘ﬂ& ' ?g‘iggg%}:g%ﬁ% ggggﬁo%ﬂ Oakg)clﬁégﬁc}t?fldtoge%& ?\r?%?%gﬁcﬁfﬁe
sai d points iAngi ge. the dnp¥wentiogase, which is inportant in practice, the

| oaded data indica- te that full refinancing of the renaining debt is
made by the end of a predeternined periqd whi.ch periqd is shorter than
the termto nﬁpﬁrﬁﬁyrﬁﬁsﬁﬁg l?%ﬁfgh& Pﬁpfgﬁiﬁﬁﬂfﬁqﬁm) cates'ékhéi

97/38383 5 - points in time and with which amouREE DAR7/1@@0%4ust be

12 case t | data indicate that a refinancing of the
remai ni ng debfgﬁgn%%%%gVAth a fixed annual quota. The net hod
according to the invention may be used both for t he determ nation of

the nunber and¢ omldiiRe HodddaMeiralere IdEdirEE iR ddid o RE &1 he
hoan is t"t“3é§¥£ﬂﬁdgfﬂé E%&ch.is stored as a second set of data under (b)
above, may in some cases be rewritten as a profile of fund-
10 ing, i.e. as a number of financial instruments with their
type .and volume. An indication of a desired annual interest
rate adjustment percentage of 100 may, for example, be
rewritten in such a way that the loan is to be funded desir-
ably only through sales of bullet bonds with a term to matur-
15 ity of 1 year. It is appreciated that the invention also
comprises the case where a rewriting has taken place in the
data loaded under (b).. -

The method according to the invention determines data

20 representing an interest rate and forming the starting point
of the calculations. However, it will be understood that in
connection with the method any other mathematical expression
may be used representing'the interest rate, e.g. the profile
of remaining debt, profile of repayment and interest, and

25 profile of repayment in case of an annuity loan or the profi-
le of repayment and interest in case of a bullet loan or
serial loan, if just the other calculation parameters are
adjusted for that purpose in accordance with current and
obvious mathematical principles. Such variations lie within

30 .the scope of the invention, of course.

. In cases where in (d) no instrument has been selected having
payment within the period of the first occurring point in
time when according to the profile of refinancing loaded
under (b) a refinancing must be performed, the calculations

35 concern a situation where the result of at least one of the
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the first time, i.e. the first funding situation as in the situation
where a refinancing is cal cul ated. The expression fundi ng thus both
conpri segyg ¢33 ndi ng" and "refinancing". Apart fromga

menti oned under (a)-(e), in'the 10 refinancing situation calculations

i ncl ude i nformation on type, nunbergspd vol ume of the financi al

I nstrunents, pro- vided that they have not matured at the points in
time of thejnanciglii DaBEHIMendh £ k“{:ﬂé”@ﬁh&%n%;sw%‘ff%éy SLAL B, 1 Ide com
put er systen1?ron1t e.previ ous ca? ation 7 course,

Wit hi n t hetBabpbhsf dﬁhgornwn?henft—z-ssro@@cvﬁréngnpenod mugitheh. one 91

appr eci at eﬂotaatmaﬁcmanamﬁgefameaasrmaa,r&s} for EhE miaﬁ@é SFSqi it | Ng
to the said f n n % ig S&F ases %f refinancing is
ol cut at ocehb bR Aot iBiiign e 1c 3EBtanP) EESF oS cEOLIONERS ot rASho
debt ofSthprESentbznpreEarrag that hmegsunes pareohadéet b oclmangadtidie par ane-
ters wll Eﬁhéﬁ§a£90§gfﬁﬁegﬁhglEﬂe%eag]ﬁB nPéEﬁigy1§e£%%é@ e voldhdd'® term

to naturlty I pr esent escrlp ion an € expression
"finan- OfcFBP FLBEPGABAt dnSKREYMERESerdinarily applied nmeaning and t hus
25 covers, anong others, all types of interest related debts, .a. all

Lypes of DSR05aefsl YHoRd 18 SCOURIAERR S DR, ypedSRl SEHLLER 441°

accordi ng reftmencnngnt:han Call&urafmancsng isnadebasmade dethe af ineers- Whi ch
are nogqdi I b Lt r t_ b
10di £gsh Yné%ﬁh‘éﬁ%s 5?%11@8 fb?gghé fhﬁdi‘ﬂg gbg. aﬁé% Be @Jgioélbe bl e

maki ng a. calculatlon of e expecte rder
to cal cul aF€3 in Lhe; SRREURY| ABeF §t1PhFéa whépapgizhelpayranents ovinr
flows =~ othebewbiciel,yapagweehlEhoutibavaayshar gags pé@ﬁé?duh@ B eHee -

ters corre g ng ¢t h g%ﬁ tion acraneters 35 jnte
beari ng de%ggﬂ Prg Qh ?8 P¥E9§P8P§ga£ 18%?F8ﬁen s for é E élng
of a new loan, where the principal of the new loan is
15 equ1va1ent to the principal of the loan to be refinanced.

In another embodiment of the invention it may be indicated in
the loaded data equivalent to the profile of refinancing that
a partial refinancing of the remaining debt must be made.

Thus, according to the present calculation method a solution

20 as to the volume of the financial instruments constituting
the principal may be found, if e.g. it has been loaded that a
refinancing is desired periodically with a predetermined
period, the period being shorter than the term to maturity of
the loan. A solution may also be calculated if it is indi-

25 cated that a periodical refinancing of a fraction of the
remaining debt of the loan, the denominator corresponding to
the total number of years of the financial instrument having
the longest term to maturity when the loan was raised. Here
the selected period may be e.g. 1 year, but other periods

30 like 2, 4. 5, 6 or 10 years may be selected. Furthermore,
periods correspondihg to a total number of months, e.g. 2, 3,
4 and 6 months may be selected.

In connection with full or partial refinancing, normally one
or several new refinancing instruments will be needed which
35 are not comprised in the range of initial financial instru-
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13 at a price of DKK 100 has a probability of 50 %to result in
proceeds anowwig7g3g30 DKK 210 at the end of a termto maturi- PCT/PKIH0044
year as well as a probability of resulting in pro- ceeds of DKK O based
on a purely statistic calculation of the 5 i1average proceeds anmounting to
DKK 105 and an expression of the relevant paraneters as a price of DKK
100, a narket nuntee forningl @bieanchnye iof dhuestingipr Dicigsberayphiedhwhen-
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and often desireﬂ% the data nggh are Ioaded.as"charﬁctﬁr' tics_for %he
i nstrunment $ i POInt (3 GARR FHAR FRPHR i TRE HRE SUPHC ihéﬁcFﬁPge ©
i nst.ruments 15initi i€rtdhareeichl himsnngmemrs systene may be prepared to nake a
recal cul ati on of paraneters characterizing an interest bear- i ng debt
according to predeterm ned principles. In case of _CAPS or FLOORS the
same procedur eImegase of rriiahretinancingayiaat ref dRANFAPILHBAYXPBLESsed

by neans of GQﬁHﬂEQtaifﬁﬂin%%yeéﬁeb@Qéi@ﬂ afshagienbaalh€unding to the
characteristics, of which,na¥ then bf séored'as i ndicated in gg@,gﬁr8%he
conput er syst ehiR@pcial RSt EMments Qr ;Funding PHIRGRR2SS SERALTES €
the paranmero -poigts thariméeof stihhg mefinaepceksty.bfarthg Eodilowangor dheg to

ghieo 0 | poLfts : : ot Rty
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instruments maynbefyRgAcifBfCingtrub¥fesOf instrunent indicating the

characteristics to be applied for the calculation. In this situation
the fulfilment 30 of the requirenent as to a maxinumpermtted difference
in ' The calculation method according to the present invention may

15 also provide a solution as to the volume of the additions to
the financial instruments used in the funding. In connection
with calculation of the amount of these additions, . data
comprising possible new refinancing instruments within the
range of selected financial instruments must be loaded. In

20 case of calculation of refinancing the requirements to pro-
ceeds may e.g. be given as a requirement to the difference
between on the one hand a funding demand based on the balance
requirement, and on the other hand, the :sum of the market
price of the additions to the financial instruments.

25 As mentioned before, a refinancing may be made by the issue
of new financial instruments as well as an additional issue
of already applied financial instruments. However, it will
also be possible to repurchase already applied financial
instruments. In cases where a repurchase is permitted, the

30 volume of the financial instruments may be calculated as a
calculation in the start or initial situation.

The Danish mortgage credit institutions usually prefer that
no repurchase is made. In this case the amount of the addi-
tions to the financial instruments according to a preferred

.



interest rate is checked preferably on the basis of a total cal cul ation

whi ch is based on the total paynent flows from all financial

i nstrumagberegesi ed. Alternatively, a weighted aver agCbkedo0s£ St
rates of the individual .instruments may 35 be used. Thus, in
connection wth the nmethod according tag he inven- tion cal cul ati ons
may be made on the basis of different types : WO 97/ 38383

PCT/ DK97/ Gafbdlliment of the method will be calculatéd taking fiﬂﬁﬂcial

i nstr urrentcson%rlde%(y Q'gx[ thl nﬁ)o&ﬁl‘n g!t thQ ?Egv%agis igpgg?% ﬁ?lr'lcg? of tant

in practice,a Sarcal Xi mum
termto nematimynents &t the PQQHGSngntblmﬁeoﬁethﬁanefngapelngd dgha bonds
are usual laél%w%ara@d abla dekihgt thaediol eebuébﬁaséeﬁeseoae%aends As

explalned ab ve, nmet.hod, accordin 0 the | vention may be used for
the calPcul®th Sﬁﬁgéfgbﬁaﬁﬁﬁﬁ BEhEFnFVEé§ of BSEXUMERLRci al i nstrunents
i ke e.g. bonds used for serial loans, . bonds used for annU|ty | oans,

opti ons, GAPSON RS, crtBallieneoR¥ephEoRal HERLN0LRI chieclybe ol a

fi nanci al € co |na ion o baS|c
basi ¢ Qﬁﬁ%ihﬁQ(QﬁQQQmpﬂiﬂm alsg chdledi AypenBnckhe Batt plirdataunam

bi guousl! y ,yrifed qrb)m&icﬁmégomatl b bﬁlbhgaegahnﬁhspﬁbnsépﬁade in £AEe
val ue, date of tum

ates fixe paynent  of 15 | nt erest and
the ex- colfif éhﬁ%u§Q£%%ﬁﬂFﬁ€9f8F FH@ remaiping,deht  i8cFePehe
first m&xnperﬂq;madﬂptnmbdﬂualﬂqnw1ah a predetermined period, which
period is shorter than the term to maturity of the loan,
which method for determination of the indicated volumes of
financial instruments in step (g) comprises calculating the
difference in proceeds for the calculated volumes of the
15 financial instruments applied for the funding and/or calcula-
tion of a change in the interest rate on the lcan, said
change in the interest rate preferably being calculated
taking into consideration the calculated difference in pro-
ceeds, and calculating as to whether the change in the inter-
20 est rate is so small that the interest rate on the loan
fulfils the requirement as to a maximum difference in inter-
est rate or a convergence condition of the difference in
interest rate, or whether the change in the interest rate is
so small that the requirement as. to a maximum difference of
25 proceeds or a convergence condition for the difference in
proceeds is fulfilled.

In case the difference in proceeds or the difference in the
interest rate is not fulfilled, the recalculations as to Type
F include one or more interest rate iterations, each interest
30 rate iteration including
calculating and storing, in a memory or a storage medium
of the computer, of data indicating a new interest rate,
which is preferably based on the previous interest rate on
the locan and the calculated change in the interest rate,
35 calculating and storing, in a memory or a storage medium
of the computer, of data indicating a new profile of repay-
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wel | as possibly the call yield, i.e. the formula used for t he

cal cul ation of the paynent flow of the bond to an annual # 4ﬁhﬂ
nunber of fWQAHBEB3 | nstrunents indicates hom/nany %0 differen |nanC|aI

instrunments shoul d be indicated as having been applied. The vol une
I ndi cates how many entities of the - i nditvi dual financial instrument or

how | arge a nom nal sum of ndi v | r ngepeBeul d
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i nferest, respectivel 0
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of fund- ¢ Gurlﬁ?saﬁﬁtbi‘étilel B Qépayﬁ\éﬁtt ypaaeuhandambda)anadt mae
vol une of the financial

trunents a d r hNg ¢l HeseNnt
deseription aR¥CERAPNET FﬁglﬁﬁﬁFéggl ﬁﬁéﬁ% Bkg pE%qug 5 Qﬁ&: the deS|red
or intended puaBieke (bh,fandi ng 35 | oaded and stored under (b) and whi ch may

not be fulfilled, mEdi
lating and storing, in a memory or a storage ium
and for the exact prg ifeof Fun di ng F s the reghlt of t he

¢h
cal cul ati ons Of thet OMPNEexpFYESEM. 0RLoratRe IRAYRF IR & Sy S (G

invention,g yolumes for the financial instruments applied for the fund-
ing.

The interest rate iteration is preferably made by using a
numeric optimization algorithm or by "grid search".

Examples of numeric optimization algorithms are a Gauss-

15 Newton algorithm, a Gauss algorithm, a Newton-Rampson
algorithm, a quadtatic hill climbing algorithm, a quasi-
Newton algorithm, a maximum likelihood algorithm, a method of
scoring algorithm and a BHHH algorithm. A Gauss-Newton
algorithm has proved to be very appropriate as i; appears

20 from the detailed description of Type F.

When the relevant. requirement(s) as to a maximum difference
in proceeds and/or the requirement as to a maximum dlfference
in interest is/are being fulfilled as to the Type F embodi -
ment, it is appropriate to_determlne whether all the calcu-
25 lated volumes of financial instruments are positive. In case
' the calculated set of volumes comprises at least one negative
volume, a selection may be to apply the result as such,
meaning that the calculation indicates that the debtor is to
~ buy one or more financial instruments in order to fulfil the
30 balance requirement. As mentioned above, this is usually not
preferable, and therefore the method according to the inven-
tion usually in this case further comprises either
i) selection of a new number of financial lnstruments
among the under (d) stored financial instruments, in that one
35 or more of the instruments in the new number of instruments
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5 The expréssion "profile of refinancing"” indicates which points in tine
and wi th which amounts the | oan nust be refinanced. It should be

not ed t hgb ozagagdesi red/ i ntended profile of refinanci ng whpefpx®700044 St OF €d
as a second set of data under (b) above, may in sone cases be 10 rewitten
as a profile of funding, i.e. as a nunbgg of financial instruments W th
their type and volune. An indication of a desired annual interest rate

L e T T e " o1 T ot “bond
that the n to | un -desira 0 t hr.ou sal,es et bonds
with a tert% sc{l t-%'_asuer |tkteayl 15 eye?fﬁ'.atlltvel\i%’ gﬁéﬁgcilélt %&lta%&f’nt %@ ?ﬁsent i on

al so 15 comidiged mwnhess @ftfdmaneiadwinstayprens s, akdrereaiteri a the data

| caded  rdidef1GR)ion is malHe sk AT qlﬂ‘%&&égiﬁohnm@n' PhHe .
det ermi_nes_ dat g representing _an Interest rate and formng the starting
poi nt &f (RSTIPLHCR idhEheFype F epboddpenthaiqw @Rd dr &he oilawent has

been sel edglmefl avi ng paynment within the period of the first occurring
point in tine.,wen.accordi ng, ofil e _af refinancing,k| oaded

to the r
under (b) a rérin&RS r‘i’gegr%}slt_epé"‘éé’?‘\eoroﬁe&, & negatijye YPUMESi dfid2E8ncern a
si t uat i on setereguaiie tedul twhefresf iegastecaleudfattivm 3% made as3@ndicated

in connection with the description of the Type F embodiment
10 now and in the following. ' '

" In case the loaded data indicate that a partial refinancing
is to be made, the volumes of the financial instruments in a
preferred embodiment applied for the funding or the ]
refinancing is to be calculated'to follow.the remaining debt

15 development'appearing from the profile of the remaining debt.
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 loaded data indicate a
difference between on the one hand the payment date of the

20' loan and/or repayment date of the loan, and on the other hand
the payment date of the financial instruments, it is possible
in connection with the calculation according to a preferred
embodiment of the invention to determine the volume or Vol-
umes of one or more financial instruments in such a manner

25 that this instrument or these instruments does/do not follow
the polynomial function, but contribute(s) to a solution to
the above marginal conditions.

In a preferred embodiment of the invention a determination is
made as tq'whether the calculated volumes of financial in-

30 struments fulfil one or more predetérmihed convergence condi-
tion(s). If such condition or condition(s) is/are not ful-
filled in connection with the method according to the present
invention one or more iterations may be calculated until the
new set of data of financial instruments fulfils one or more

35 convergence condition(s).
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16 fi nanci al |nstrunents for the funding will be negative, i.e.

that the deRy@yrmsgass he first occurring period must buy one or PCT/DKA0R044
financial instrunments in order for the bal ance require- ment to be
fulfilled. As it appears fromthe followngiit is 5 presently preferred

t hat neasures are nade to change 't he cal cul ations so that they do not
result in neggtiyepreterEsd embodimbacf bianbeakmeltisty woserding to the cases
where it is ipdicated in_the p [ that lon
refi nanci ng i $PYSPHE® %d‘éhetﬁégggﬁgn E%%E!cElgg felnrt]:& r%%erﬁ%% Qg‘lleéc}ﬁatfédt he
funding e.g. vhy basislcfila- dlfferQGCEnlph§a§§Wéaﬁﬂﬁa£¥QQR? $iah

financial ins %EEEPEﬁce'En a ngﬁgiawgadifd%ﬁyaNdiﬂfadfﬁaﬁuhﬂgm/ﬂxbﬂ&ﬁkbly

according to e vol unme of flnanC|aI trunent.s for the
funding 5 otourmeRPRBARY hAcEBe: Ad LFErNCEaPESWese M iDHPT S
equi,val ent tofﬁﬁaiﬁél émﬂﬁh Bﬁsbheoho&méﬂbdmanﬂﬁIrEquxxbment, and emdtheer

enbodi ment of t [ y din t he | oaded data
equi val ent to°F 8rp BFE gﬁsﬁég%n |ﬁ%§%§¥ﬁé§ a partial refinancing of
the renaining debt nust be made. - Thus, according to the present

cal cul ati on Mmehhodsd %%Et kae %Qlfe:mtacutdw AU 12 wetrfxiélaét%@ément of

i nstrunments constit princi L@ g £ )
been | oaded t k&€ &ethOdr @Ptm @‘acfgstrl?eecf}/apﬁ?? Fe IY?/iW‘?% % £i8%n
predet er thped cial ﬂ%@k&dmehﬁ% H@?BﬂédﬁﬂdtlEﬁéﬂfﬁmdihgnorheefnnancbng do
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when the loaniﬁﬁzgggéﬁ¥{eg§%f%ns will be made in a preferred embodiment,
15 determining or calculating a new interest rate, whereafter a
new set of financial instruments is calculated. An interest
iteration is made until the requirements as to a difference
in proceeds or difference in the interest rate is fulfilled.
In chapters 3 and 4 examples provide a detailed explanation
20 as to this embodiment of the method according to the inven-

‘tion.

The following is a detailed description of the case where a
set of data (b) indicates a calculation in case that a par-
tial refinancing of the remaining debt is to be made periodi-

25 cally within a predetermined period, the period being shorter

" than the term to maturity of the loan, e.g. in the way that

the refinancing equals a fixed fraction of the remaining debt
of the loan. In connection with this embodiment, which is
called P in the following detailed description, some or all

30 of the financial instruments applied for the funding are
‘calculated in the first calculation in step (g) so that they
primarily follow a shifted-level profile of remaining debt,
whereafter, if necessary, recalculations are made until all
under (c¢) indicated conditions are fulfilled.



the selected period may be e.g. 1 year, but other periods 30 |ike 2, 4, 5,

6 or 10 years may be sel ected. Furthernore, periods corresponding to a
total nugwepésIgsssnonths, e.g. 2, 3, 4 and 6 nont hs maypEEpiet/Bosvasd.

In connection with full or partlal refinancing, normally one or several
new refinancing instrunents will be neegged which 35 are not conprised in
the range of initial financial instru- WO 97/ 38383

PCT/DK9Z/?Qﬁﬁ4adjustment }nto ‘a shifted- leveﬁjgroﬁﬁﬁe of'ﬂéﬁéidiﬂ@“d%ﬁ?ﬁhe
range of fundin nci pal s_ap e | gan was r ai or .when a
g ot | BPPRARELRECEY et R i i iR, B AT e

refi nanci nfinastiabtehostruments imvehen dadranlad it um ts,t,ep;o(g)hand hey
mature at - 5oE§ESig 1?p8h€tofrhéfé“%éé&ﬁb&ﬂ%%ﬂHHé“ﬁ%dé11 'E%

range of L nit i nancl al 1 nstrunents mature se of artla

ref i nan®i n§alcnéaced Runesing myfupasion Wwhgh dé a@qam@qqg—q)w o -of an
addi tional 1evadi pgot01&h6f rerhd ittt alebthstTHETRIPEr Y ifatedifithdHildicial s

remai ni ng at opnts_in ti of the refi nC|n I.n the follomnng,
[harning B pblgpomiah ket onar P i iy Saniairnt &g Fhe
nments are ausberndfcéiranaial hinstacdiean ten appd itde. voI une of - the

financial instrunents. The cal cul ation.method according to the
pr esent |nvent|on may ,
The polynomial function is appropriately calculated by the

10 use of a statistic curve fit method. It has been-found that
the method of the least squares is an appropriate statistic
curve fit method, but other statistic curve f£it methods like

. other maximum likelihood methods or cubic splines methods are
also interesting methods for this use.

15 In the embodiment called Type P, a recalculation of all of or
some of the in (f) and (g) mentioned data, and/or one or more
function coefficient(s) to this function representing the
shifted-level profile of remaining debt, and/or the interest
rate takes place by use of iteration{made by using numeric

20 optimization algorithms or by grid search. Also in this case,
as an optimization algorithm, one of the above optimization
algorithms mentioned in connection with Type F may be used,
and also in this case the optimization algorithm is, appro-

- priately, a Gauss-Newton algorithm.

25 1In case that the determined requirements as to the difference
in proceeds and/or the difference in interest rates and/or
the difference in balance calculated, taking into considera-
tion the profile of refinancing loaded under (b) are nc-
fulfilled, then the recalculations in connection with T pe P

30 embodiments may.include one or more iterations, each iterati-
on comprising _ '

calculating and storing of data 1nd1cat1ng a new interest
rate and/or
calculating and storing of data indicating a new proflle
35 of repayment and interest and profile of remaining debt for

i R




15 also provide a solution as to the volunme of the additions to t he

financial instrunents used in the fundi ng. Inyconnection Wﬁﬁﬁb
cal cul ati on WO 273838 nount of these additions, data “~ conprising possfgl e
new refinancing instrunents within the range of selected financi al

i nstruments must- be | oaded. In 20 case of <Al cuI ation of refinancing the

requi renents to pro- ceeds be |

di fference deb@PﬁeeWhéﬁhtE€°5ﬁéeh85dr§pﬁyﬁ8 gn&ﬁ (gégclon F%%f&ﬁ%

bal ancef ) rgqulrl’eaﬁ&hhn dében alriee caflleen altedd taﬂclmg dmpoofconisd depatdon

price o tea Itions_to nci t TN
&eﬁyg ﬁ;&f g%nglaQ t:?zhe b'l%.tn ‘iﬁ%ﬂ %f the 1dah, PR

before, a ref i new financi a
i nst-runent s amawsiditys asd Mawmw a.rg:g@gementoflqu,egadyldggm tedd amh &Rs al

instrunents. Qe dff P¥fimanciry ShdyoPeHE Profidd eirftiRbimdgl yoeaibd
applied financra I nstrunents. I n cases where a repurchase is
permtted, t hawrgex, diRive @¥24%¥e financi al instrunments may be cal cul ated as

a t cal cul gtlon dal dulletiry tarey slt:(m:tmajf off tdattd dmdicatindliee manisgt of
nortgage credit |tut|o ASe | s made.
In this case t‘T%eé;thD rf(#j%@d Parltey o“;nﬂs}' B354 %anm%? instrunments

accordi ng toasniiﬁeﬂfkgyel profile of remalnlng debt and /or

18 enfpdi ment . of r%umas@‘?h V%]ﬂd 5y G Q& efhdﬁl‘étf‘ihg rﬁ Qlew set of

consi deration the © revi ousl pI | f' e ah
i nstrunments Euvq}nmﬁﬁnqgstp% flnanc1a instrum nt applie the funding,

which new set of volumes is calculated on the basis of the
financial instruments already determined for the funding, and
the new profile of repayment and interest, and the profile of

15 remaining debt as well as the requirement as to the maximum
difference in balance.

In the example mentioned below in the detailed description it
has been chosen to iterate as to the proceeds requirement and
taking into consideration the extended difference in balance
20 of the profile of refinancing loaded under (b), and only when
the two requirements are fulfilled, iteration is carried out
as to the interest rate. It is appreciated that the iteration
may be made in an arbitrary order, also including the itera-
tion of the applied function, the so-called trend function.

25 In this case, the method in step (g) comprises determination

of whether the calculated volumes of financial instruments

- fulfil at least two of two or more predetermined convergence
conditions, which are preferably calculated taking into
consideration a difference in calculated proceeds and a .

30 difference in calculated balance taking into consideration
the profile of refinancing loaded under (b), and in the case
that the calculated volumes of financial instruments do not
fulfil these conditions, then the recaléulations may include
one or more iteration(s) of the coefficients for the function

35 which is adjusted to a shifted-level profile of remalnlng
debt, each iteration comprising

-
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time of the refinancing, data being | oaded indicating that no repurchase 5
must be made within the applied ranges of financial instrunents. I n
an i npon@winagsgdodi nent of the invention, in the foll ow necHBKeid0esk
description also called Type F, the set of data under (b) indicates that a
cal cul ation.has to be made in the case where a full refinancing of the 10
remai ni ng debt is to be perforned periodically with a predeterm ned
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of proceeds or a_convergence condition rence I n proceeds
is 10f ypfj FiegnciadsinghremeptehEulfiiar EheaFnlBRrEECENR BF WORE
differencepradébermmheaeebnvabgenae condheiohgl filled, the recal cul ations

as to Type F_i.nclyde_gne o re nteres rate_iterations, .each
interest r4PE® ?tgﬁgtFSH Pﬁ§|8 dulates VeéPFﬁFa?anlﬁﬁﬂcé?ir+?ék n a
menory or mevter fysfiddi these phedltionsenﬁbisrordahQSEnGEwatungt@pmeMI
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conputer, didfferedceatinnpalanee padtulatell taRiyg into consideration

‘the profile of refinancing loaded under (b).

A calculation may be made as to the difference between the
interest rate on the loan and the yield on the calculated
20 volumes of the financial instruments, in that it is calcula-
ted whether the difference in interest rate is so small that
it fulfils the requirement as to a maximum difference in
interest rate or a convergence condition for the difference
in interest rate, and in case the determined requirements as
256 to the interest rate difference are not fulfilled,.then the
recalculations may comprise one or more interest iterati-
on(s), each interest iteration comprising
calculating and storing of a change in the interest rate,
‘which change in the interest rate is preferably calculated
30 taking into cohsideration the difference between the interest
rate on the loan and the yield on the calculated volumes of
the financial instruments, for instance by use of a Gauss-
Newton algorithm,
calculating and storlng of data indicating a new interest
35 rate which is preferably based on the previocus interest rate
and the calculated change in the interest rate to the inter-
est rate, ' '
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19 ment and interest and new profile of remaining debt for debtor,

whi ch new profile of repaynent and interest and new profil

remai ni ng do¥O9%BB3  cal cul ated taking into consideration tl‘”g:T

interest rate on the loan, the 5 principal of the loan, termto maturity
and profile of repaynent | oaded under 28) an the proflle of refinancing
and/ or the profile of _funding | oaded
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Newt on aI Qo id n or
quadratic °° N 19 s ng l?ﬁll}ﬁgorlthrrljxﬁma %:g&s‘ilﬁ%gwgggegegéraha L e

l'i kel i hood matMEHY+ AR P f XRRAYMRRLI yerAEANNEHST (BI)-IHHand CeReT
al gorithm A Gaggsre of Memiminedmprandyohasherpredile beé fenginpplopdes e
as it appears fron1[he 20 detail ed description of Type F. When t he
rel evant reun ?g) as to a maxi numdi fference in proceeds and/ or
the requirenent asaloukating rmd dtéringcef idatat sndicacingra pewnget of

fulfllledas boetBecivhes rGHDORL "Bl Lbn! Sa2BREAPELALAe! GHlddIaRedd
whet her a e ca ated vol unes_o |nanC|a I nstrunments are positive.
I'n case Pﬁ@fEéF09$af%@a%%vn%fd%BFun%E conprises at |east one negative
vol.une, a SetgT et DRy dmedt@ceap-phg bhedacaulinddasasin, aresn mett (et

Hmanci ol | nsoPamRpsEPR FEhERGHOR s hOEFIRRRPE RBeilel b B Alding.,
menti oned above, this is usually-
It is also within the scope of the invention in connection
. 15 with the calculations as to Type P to determine all in one
. whether the calculated volumes of financial instruments
fulfil at least three of three or more predetermined conver-
gence conditions which are preferably calculated taking into
consideration a difference in calculated proceeds, a differ-
20 ence in balance calculated taking into consideration the
“.profile of refinancing loaded under (b) and a maximum differ-
ence in interest rates, and in case the calculated volumes of
financial instruments do.not fulfil these conditions, then
allowing the recalculations to comprise one or more iterati-
25 on(s), each iteration comprising _ _
calculating and storing of a change in the interest rate,
which change in the interest rate is preferably calculated
taking into consideration the difference between the interest
rate on the loan and the yield of the financial instruments,
30 calculating and storing of data indicating a new interest
rate preferably based on the previous interest rate and the
calculated change in the interest rate to the interest rate,
calculating and storing of data indicating a new profile
of repayment and interest and a profile of remaining debt for
35 debtor, which profile of repayment and interest and profile
of remaining debt for the debtor are calculated taking into
consideration the new interest rate, the principal of the
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30 not preferable, and therefore the nethod according to the invention

usual I'y in this case further conprises either 1) selection of
a new NURRGHS¥ss | nanci al instrunments anmong the under PCTHKIiID0044 d
financial” instrunents, in that one or nore of the instrunents in t he
new nunber of instruments WO 97/:38383 :

PCT/ DK97/ 00044 : 20 | s/ are determ ned

'2 Sufhta Wﬁ%ui?%@fhh%cp&MﬁB&ﬁFQD ‘and pbbsilbese rephgmdne leddédvehderat er
in relation to origi u an n u reafter
a recal@ﬂPaﬁé§1ﬁq? 2% P%dgggégng%hgbn%gg(Pgné§%tﬂ??ﬁ§l%mgg
descrlpt|cnfuﬁdnngaIQﬂﬂ;dFUQ@BGthént now and in-the foll ow -~ ing, or

ii) the negati e Ve eV to 0.
wher eaf t er rec\aqzl\‘ﬂl%&n@r afnh 2eg¢3hgVer ahﬁaﬁ‘ﬁnhibating a Rew 8atabtt

lat1on”i-s e as i.ndicat in.con th th
descri pt3 orf LRI eRkR flf’rerFB’@dlfHé‘ﬁttl?G ﬁaﬁpﬁﬁa tR the ¢ F% ﬂby"e eI n
;:ﬁse tlhe I 2 tlcgatcff Irl‘diiai&ilﬁxgt idebtg pgti al -refinanci ng is to be nade,
e volunes o [ anC|a umen red ' t
appl 1 od for CheAAta i o SO IRETLE Wled inaiBRfifl] SaEhRdL BE
fol | ow t he valmies @mmmmmmmmenﬁgp@@pﬂngdf £om the FuBALPE, of the

remai ni ng %@f%\'x new SHtS FRhvdihifdLR M Icaedd thkinge 1ﬁftoac5héihera—
function ada

( ) pted to the renalni debt, pro |Ie
fol | owidfy. FEAn SHSHY fupciQn trf?é"lge&f&’é:&n@att & F %é‘teépa eve dPFf’g?‘gﬁce
bet ween on éherémﬁiﬁwﬁgidéh&gpaynent date of the 20 | oan and/or repaynent

date of the lanEté%ﬁ&ﬁ%hé*“iégﬂgg éﬁg“ﬁéw set of calculated volumes of
financial instruments fulfils the at least three or more
predetermined convergence conditions.

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

In case the calculated set of volumes includes at least one
‘negative volume when calculating type P, this or the negative
20 volumes may preferably be set equal to 0, whereafter the
o calculations_continue'on the basis of the so determined
volumes of financial instruments - to avoid negative volumes
in the result, cf. the above comments concerning the normally
‘undesired fact that debtor is to buy financial instruments.

'25"According'to an embodiment of the invention it will also be
possible to determine the volumes of the applied financial
instruments for the loan in cases where-data are loaded
corresponding to the profile of funding desired by the debtor
comprising the desired financial instruments. In this case

30 the calculations may also comprise the calculation as to

| whether the volumes of financial instruments in the indicated
profile of funding fulfils the requirement as to a maximum
difference in proceeds, and in case the indicated volumes do
not fulfil this requirement, then according to a preferred

35 embodiment of the invention one or more changes of the previ-

i E




the paynent date of the financial instrunents, it is possible I n
connection with the cal cul ation according to a preferred qg%&ﬂ%gﬁﬁ&“pf
t he i nventi oWwQ2/38383%r ni ne the vol ume or vol - unmes, of one e
financial instruments in such a manner 25 that this instrunment or these

I nstruments does/do not follow t he pol yAdmi al function, but contribute

(s) to a solution to t he above margi nal condifions.
preferred enbanistentindicaked Nehimes &8/ A% GATRLEd YL carﬁ%hxég a®to

whet her the calicil sd&danyel Linetse Qievflé@tﬂ%@fiﬂanéﬂastimnumeﬁusffulﬁnbsor
nore predetern ne conyer ence_condi - c or
condi ti on(s) |%?%f%5$%tr? nt as ??I?eﬂ?*tp nnec ?%%n§#t? tﬁggbééﬁg

e net
according to the present i nvention one or nore iterations nay be

calcul ated Ntk dREr o BRY é§ic\9iaf A 6f £h9aPEbabengsteumRRbRchyl fitsis
one or nore 35 CORVEr génce con g
PCTLDK97/00044preferred that a calcu ion is made as to| W StB?EfEFFeHequl'
-e”b]?](j" ment of I.—QﬁeHELBBQ laCﬁafcﬁmﬁﬁ aoftbgenceli ﬂﬂeﬁh]lclaﬂcet I:tfs tunciined, and
coefficients are to be calc Si s c

cal cul at ed pro%@eﬂ§58n8£8rcﬁkcufﬁFFaeygﬁB@e? ] 88? &P 5?%@ gbgg ?gqgﬁre-
refinanci ng, pmeherabhg br moreespbadiagion(sheofli ther sewe fhaapcdalodnskau-
one hand a,o  hAGLNAnderRad | Baeeeu%itht%neal:a&ﬁ@r@ﬁﬁw 88RR0, a0 i e

ot her hand hat the cal cul ation
according to tnpgfgﬁgggpnéﬁtb@ﬂance 1s/are made

Preferably, a calculation of new financial instruments will
be made for one or more financial instrument(s), to which |
repayments are to be made for a period, in which the require-

15 ment as to maximum difference in balance has not been fulfil-
led. In a preferréd embodiment according to the invention,
the calculation will perform for one or more financial in-
strument (s), to which repayments are to be made in the last
period when the requirement as to a maximum difference in

20 balance has not been fulfilled. Preferably, the calculation
of new financial instruments is based on the difference in
balance for the periods in which the corresponding previous
financial instruments do not fulfil the requirement as to a
maximum difference in balance.- '

25 1In general, it applies according to the method according to
the invention that it is often possible after the result has
been reached to make a new calculation on the basis of other
instruments with the intention of finding out whether a
cheaper loan is cbtainable.

30 The range bf-financial instruments determined under (d) is
selected among a number of available financial instruments.
It is appreciated that, if desired, this number of instru-
ments may be loaded into a data base in the computer system
or be available via a net and that, if desired, the determi-

'35 nation may be performed automatically or semi-automatically

14



the nmet hod determ nes that the cal cul ated volunes of finan- 10 cial

i nstruments applied for the funding or refinancing do not fulfil the
det er mi 'wo 9788383r enents fromthe | oaded data as to a HCT/DXKOHDd4 i n
proceeds or a difference in the inter- est rate, then one or nore
recal culations in the form of intee@st iterations will be nmade in a
preferred enbodi nent, 15 determning or calculating a new interest rate,
wher eaf t eloya Meansf FetCROULSTRYSHEN RACARERSG tos thel PXexioRslmn

i nt er est detéﬂﬁyﬁgd(Hyiéégggkbﬁuﬁudcgﬂyhgexunrenents as to a dlfference
In proceeds or difference in the interest rate is fulfilled. In
chapters 3 and 4 exanples provide a detailed explanation 20 as to this
enbodi nentrmd itxh&rmawmch]a;mm'e:matges cd ke daverprocesdiingn system stieh

ol Ton g 15 2 SRR ES ARG RPN A SASEE 6 cne S Ot a (1)

i ndi cat es 8 calcu i1 0N 190 case refinancin
r emai niSng e saftd) the m@mﬁerqfooﬁmwlaéaqummm% f[ﬂredfé’{eelfmﬁied
period, thgpesd ¢ RUMGSWIdfiivaledthdrddeadL B (20 dadrgd ty of the |oan,

£.0 1 VA e Al B e el o fre
i ﬁ .fi n;ﬁldmri@ ithe heerfizod i ixvg nge et too | mectudeistoy | pieqm,renmm:sarnafxdﬂngﬁo of
1E| ?st cal &ﬁa&fl on i r‘ﬁr’?’%p %é)péé egt'&# W &%%%&ﬁ'q b%l%fq*&u b%tt%énn the
shi ft & | eve|ong A1and RPAYRRRES PR Q@b¥°an anq,mfewg;qrg,}lng f%é’@@gamng
recal cul atdms e md@@r&meﬁlmand nendsdyriedtd b ariee chvapindidd e are
fulfilled. financial instruments applied for the funding, requirements

having been determined as to a maximum difference in proceéds

between on the one hand the sum of the market price of the

15 volumes 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 determined as to a maximum

difference between the interest rate on the loan and the

yield of the financial instruments applied for the funding,

20 which data processing system comprises:

(a) means for loading and storing of a first set of data
which indicates the parameters: principal of the loan, term
to maturity, and profile of repayment of the loan.
(b) means for loading and storing of a second set of data
25 which indicates a desired/intended profile of refinancing
such as one or more point(s) in time at which refinancing is
to be performed, and which profile indicates the part of the
remaining debt to be refinanced at the said point(s) in time,
and/or which -~econd set of data indicates a
30 desired/intended pro:.le of funding such as a for
- desired/intended number of financial instruments for the
-~ funding and/or the volumes of such said financial instru-
ments; _
(c) means for loading and storing of a third set of data
35 which indicates a maximum difference in balance within a
.~ predetermined period, a maximum difference in proceeds and a
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22 The adjustnent into a shifted-level profile of remaining debt
appropriately, gccur in that the volune of sonme or all of t |
instrunents i WO cajculation in step (g) and possibly in one or nore
recal culations made in 5 step (g) are calcul%}ed by using a function which
Is adapted to a shifted- | evel profile & remai ni ng debt. The

f h
ctu val ent -t o TREiRtm, G PEPRRRRS hBbpeen LHRCHRER-URL" 1oL eRE QUL ana
pol ynomi al funtheopletdapprbpelﬁieayccalcmnatﬁdm§yt5hép@§éaﬁ fprsiths Sfiund-

curve fit netheg. It has been found that the method of the |east squares is
an approprla?e statistic_curve fit methodt but other St&tl?élC curyve
fit methods (G)ike OPPRRSERFnlPRPIRG| RRSOALRELRGUS R EQHFEN Foth&f data

met hods aresal 4Rich ih8kieaeski agsarn:ébaéa hoamblel sfuﬁnahﬁzlal insdhents

(1) and (g meHeEBndRiaseat SRaartshechohsRoh, R Rypsiodiiios datis,

this functpmnceepaadedatngofhprsheﬂuedkhav@rqmaﬁ|Ie of remaining debt,
and/or the (it ereSﬁeaaFefbék aaakageaha 438rdhg 3 &l 'ﬁ'ft'??@;etb%fjﬁa[&
nunmeric 20 opt|n1zat|on a orlt ng or grid sea Also In IS case

as an opt | Wh2A&h; GFFPEFQGPltPhﬁ‘] f&ﬁ@"—ofmttl?t?ec%o\?ét%ﬁnr RetiQRRal gori t hns
mentioned 10 -i(E)connembane wdfjlstgfefbrimeprlbaidtdty and Storiny (di & Gaisech

3¢ CECLTLER e BB Y bophlity Sk UL s i e

proceeds adateresite eqn'ufiml@m:e tion iintestesdt ami eepayiient tfer diébornzs
i n bal ance cul e [

refinancing | oé%q'& lésata aflrlg'%ﬁgfpﬁn%%lrﬁtﬂg)rhi lgérdﬁaél?é ea:'%rllon
in connection RAGAP gcpca c“éﬁﬁ@d 3RA ginterest,

ht erati gns l1seachd t;ﬂroiwl@l dfori‘.’fﬁdaﬁm’iglg?:(aebt on cmlm&ﬁ ldﬂg e ptintcipal
ata indicatin WI er
% 1§ tn s tm{ “%r}'g‘{r% and tprOf{;f%n#l n%éggﬁ%lgand

storing data indicating a neM/pro |Ie
profile of rendiaddeg gaiex oa), the proflle of ref1nanc1ng and/or profile

of funding loaded under (b}, and the interest rate on the
loan determined under (e),

20 (g9) . means adjusted for selection of a number of financial
instruments among the financial instruments stored under (d4d)

. and which means are adapted for calculating and storing of a
seventh set of data indicating the volumes of these selected
financial instruments for the funding of the loan, which

25 means furthermore are adapted for calculation of the seventh
set of data on the basis of the profile of repayment and
interest and profile of remaining debt determined under - (f),
the under (b) indicated profile of refinancing, and/or the
p;ofile of funding indicated under (b) as well as the deter-

30 mined requirements to a maximum difference in balance, a
‘maximum difference in proceeds, and/or a maximum difference
in interest rate determined under (c), and in case of
refinancing where there is still non-matured financial in-
struments from a previous funding, the type, the number and

35 the volume of these financial instruments, the means for
calculation being adjusted, if necessary, to carry out one or
more recalculation(s), comprising, if necessary, selecting a
new number of the financial instruments stored under (d), the
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23 debtor, which profile of repaynent and interest and profile of

remai ni ng ~debt are calculated taking into consideration the new

I nt er est wiopess3gshe princi pal of the |loan, termto natRCTDKINOE)44
repaynent arrangenent | oaded 5 under (a) and the profile of refinancing
and/or the profile of funding | oade@d under (b), and/or

cal culating and storing data indicating a new set of coefficients for the
functi on weass beiadafurthey aﬁepshﬁft@ﬂCQEveacbrnétabculatbumjn&mg debt ,

and/or 10gtore th@l E-Hl:aib{lﬂ?éaé §ﬁ9éf@gtd@é ghg fg%&
t he or t

vol unmes of financial 1 nstrunments ap 5 undlnaé whi ch new
set of voﬁ&ﬁ@@°ﬁsrePaY@ﬁPEuPE@eH“Eﬁr%ﬁ%rb%% SCB¢ ¥ﬁ§a¥¢%b§%$%JP¥%§¥l%nents

al 8 eady deifterﬁmgdliﬁgr debt , t AAdf andlggle@ﬂddthﬁn@ﬁéwl Oinéer@ﬁeﬁ@;paynent

and interes . r [ eng

requir neﬁ?tgg%gglkhgagﬁ ﬁﬁ%ﬁ9d ?}%T%ﬁteuﬁglf ﬁaf%ﬂ%%tlons 1n$+F??E9
exanpl e nemdeandd)bbhvye beenhéutifidledd description it has been chosen
to iterate aspkankh@opr O£8R ériSﬂﬂé_qr néomé?éf&ﬂgotznwe Orﬁageraﬁon

the extended difference in ga | ance ahC|ng | oaded
under (b) RERETonPRIAER VREUTRS ?§q§%¥%ﬂﬁh§% hF%trume$E$ff9¥e€helterat|on
is carri echmamgs ofothBelbahesoSiet8tfined, | préperablpt €6gethet Nafeh he

t bit de
Ler AN Y i oTAE o AR BBk ERLY, CLdEker ATy LBGUALIGINE bre |
this casecaﬂuuhmmﬁb@rpﬁlieepf(g?PeEmpntsesddaneeneaat|@ndopraﬁerﬁblythe

cal cul at eq ogleiaRS waknf tﬁé%hihui&ééauﬁ’éaﬁ W‘%UBE' l-exﬂilhﬁ %1‘[6‘9 6t Eyp or
nore predet érm ned ,convergence,congditions, are
transferring the” combination to a storage me 1um or sendlng

it to another data processing system.:

15 The system accbrding to the present invention thus comprises
" means for loading and storing of the necessary data for the
calculation. The means for loading may comprise a keyboard,
but may alsc comprise means for electronic loading via a
étorage medium or via a network. As mentioned above, the
20 means for storing may be electronic memories like ROM, PROM,
EEPROM or RAM or storage media like tapes, discs or CD-ROM.

Furthermore, the system comprises means for calculation

adapted to make calculations which are necessary for the

method. In this connection, the means for calculation typic-
25  ally comprise one or more micro processor(s).

A system according to the present iﬁvention may be a computer
system programmed in a way that enables the system to make
‘calculations which are necessary in order to accomplish the
method according to the invention. In this connection it
30 should be noted that according to the present invention
- different embodiments of the system have been provided,
corresponding to the fact that the different embodiments are
designed to perform the calculations indicated in the above
mentioned embodiments and embodiments of the method according
35 to the invention as claimed. '
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cal cul ated taking into consideration a difference in calculated proceeds
and a difference in cal cul ated bal ance taking into consid obdka
profile of WOHFBFIRanci ng | oaded under (b), and in'the case that the
cal cul ated vol unes of financi al |nstrq¥Fnts do not fulfil these

condi tions, then t he recal cul.ations may~ i ncl ude one or nore iterations

f th ff t.s for . the.f _
gm ft:dCFZVe: gldiifngor Neg 'ﬁ@.ga'ﬂ%e of th@'u‘f\eh:ﬂo?i 3&1’1&%&@ sty%tﬂam accord

remal ni n

24 ingaltoultiel PFeReRts tme(‘i’é'—ldﬁ’{ aﬁq%%tﬁﬁég)a&;é ;n % GHaims

function GO i Qe 100 MBI P RICHERR Ngh LIS K alkdveing
profile of remal ni ng debt c Ic ating and storing data
i ndi-cati ng a @8 $he @P‘aﬂﬂltﬁ?esmf sha 19 nancial instruments applied

for the funding, which new set of volunes is - cal culated taking into

consi derati_on repr shifted-level profile
e B I Ry G RS Bl

of renalnlﬁb r the new set of calcul ated
volumes of financial |0 instrunents fulfils the at |east two or nore

predet erm ned Vef G an &iifbié 0B, the vatiatiohheénnehe siedndfyield as
cal cul ated vol unes of financial instruments fulfils "these conditions.

This or these %eﬁlvl?‘iﬁ'l’c‘?’?cﬁlf c%té?fﬁ'mnrt?s‘)‘a?‘éifja?% appropriately

cal cul at ed taklng into con5|derat|on the difference in 15 calcul ated

proceeds and |ffe Qﬁe 3 s ngnanC£§%§#£a$fd tf&&ﬂgw%ﬂEﬁ financial

consi deration T he priofi under
instruments constituting the principal have been calculated

10 according to a method of the present invention, in which Fig.
2 shows the development in the interest rate and Fig. 3 shows
the development in the repayment and interest after tax,

Fig. 4 shows a schematic flow chart describing a data pro-
cessing method for the calculation of the volumes of funding

15 principals of the funding of a loan according to a first
embodiment of the invention, called Type F,

Fig. 5 shows a step in the iteration process in the Gauss-
Newton algorithm used for calculation of the interest rate,

Fig. 6 shows a schematic flow chart describing a data pro-

20 cessing method for the calculation of the volumes of the
funding principals for a loan according to an embodiment of
the invention called Type F+, which is a continuation of Type

. F, if the latter leads to one or more negative funding prin-
cipal(s),

25 Fig. 7 shows a schematic flow chart describing the first
steps in a second embodiment, called Type P,, Type Py, Type
P., and Type P4, for calculation of the amount of fundihg
principals of a loan, .

. Fig. 8 shows a schematic flow chart describing the steps not
30 included in Fig. 5 for the calculation of the volumes of the

*
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A cal culation may be nade as to the difference between the interest rate on
the loan and the yield on the cal cul ated volumes of the financial 20
i nst rumewo®7/38383t hat it is cal cul ated whether the differ eRCEDKI?70MEEr est

rate is so small that it fulfils the requirement as to a nmaxi num
difference iLn interest rate or a camvergence condition for the
difference in interest rate, and in case the determ ned requirenents

as to the fUNGIMS PTINGLREYS @frcdoan acaordisg fusl file ebdddmerite
recalcuIeudémykdnqwmgpqprlqgmgpg%ngngeplnt§ﬁ§s§y3§ pgeratlon(s) each

interest iteration ccw¢ﬁ|5|ng _ cafculating and®storing a change in
the interest rate, which change in the interest rate is preferably
cal cul at ewigakimgsﬁdwsn £ Eahedtald cmdvhe:ha'rt dlisdrddnee dietan@sd e
interest r I t he yi.el t .cul ated volunes of
the fi nancclaéallq rreér)ltafbla&g}e |cﬁas ééﬁ‘cag: y l?rs%g to 5"5@1%@

al gori thhmpals Of a IQ%nculallng and storing data indicating a nemllnterest
rate which is preferably based on the previous interest rate and the
calculated change in the interest rate to the interest rate,

25 Figal YUYy A PAMITPLR FHeR SngdoR devie ek i
repaynment thel emboditexiteséalell pryade [F, of remai ni ng debt for debtor, which
profil e of repaynment and interest, and profile of remaining debt are
calculated taking 5 into consi deration the new interest rate, the principal
of the | odfigtckinshows amexample @ﬁ\catprmmnaloftmmh;ﬁmntnlmm @nder

(a) , and é&tﬁ;ﬁéﬁ'é&ﬂ& funciféﬂ N Glduh /e tdi i it &tnl‘éwd:g}&ew

| oaded under” (b), . cal cul ating and storing data indicatlng
set of‘boé?f|0|ents for the function adapted to the shitted-Ievel
profile of remaining debt, and 10 calculating and storing data

iﬂgigﬁhgpgbfb”efbssﬁoﬁé yoééﬁﬁﬁhéfﬁ H MR qesd UMY ENS AFd A OF
steps in a third embodiment, termed the special product, for
the calculation of the volume of funding principals, and

Fig" 13 shows a computer system to be used in the performlng
15 of the methods according to the invention.

GENERAL DESCRIPTION OF LOANS WITH ADJUSTABLE INTEREST RATES

Now follows a general description of the new type of loans

with adjustable interest rates allowing an exact calculation

of the principals by an embodiment according to the present
20 invention, which loan is also termed LAIR.

The debtor receives exact calculations of different alterna-
tives concerning the combination of a loan as to term to
maturity and repayment arrangement. For example, debtor may
‘decide for himself/herself how often and when a LAIR is to be
25 refinanced and the part of the debt he/she wants to
- refinance. |

As an important element, an investor wants to combine port-
folios where the return is known with a reasonable certainty.
Internationally, the most well-known type of bond is non-

L




It is also wthin the scope of the invention in connection with the
cal cul ations 8%0 Type P to determne all in one whether

. . . : 7
cal cul ated vo‘Vﬂr‘qﬂ:@éa 15 financial instrunents fulfil at | eastyteﬁfbexe’ QPOM
three.or nore predeterm ned conver gence_conditi ons which are preferably
calculated taking into consi deration a ¥7fference in cal cul ated

proceeds, a difference. in.balanc mCal-Gul.-gt.ed faki ' cons, tion
the profile 01"%1513?’:1&8 %Eog’(?é’?sum?é’ﬁy %l(%[& & aed w%%%una% ?}"lf%e:nce
in interest rafexrmambiich dasdlsce knmwoulin edvahnas! HaweRr | | thiriks not
e ourat T ondicasd Wiyl WERS 0N Bl O WaMES | Che
recal cul ati ons to COnprise ong of nore Iteration(s), each iteration
conpri si ng calculating and storing a change in the interest rate,
whi ch change ifhd Brincigi e¥feIaTR e dks e fcintine otthe Wed Prled akf Mghe Nt 0
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interest rate, . cu nd storing data In |cat|ng.a new
profile of repgeymaturiky JF i3 ofeaxs okl Funded | PR1Y%{DY HERRF nGL dRbPORGr
debtor, which gupfdd @of30 gRAFENtas is @é cdé&T L6t tRE@UmEmOAE | eief is
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26 | oan, termto maturity, and profile of repaynent |oaded under (a),
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a v
coefficients f%ﬁgtV%FQiaf%#kﬂ?d%ﬁd%d%té@°¥o°?%%a§ﬁ?fPﬁangvBPnﬁﬁoVPFE of

remai ni ng debtmag@gities from 1 to 10 years irrespective of the debtor’s
- desire of a loan with a term to maturity of 10, 20 or 30
15 years.

In case of an interest structure where the short-term inter-
est rate is lower than the long-term interest rate, see the
example in Fig. 1, in which the curve 1 shows the interest
rate as a function of the term to maturity of the loan, it is

20 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. From the example in Fig. 1 it
appears that the interest rate on a 1 year loan as of 185
January 1996 was approx. 4'points lower than the interest

25 rate of 30 years.

LAIR can also be used in connection with loans of e.g. 12
- payment periods, i.e. a loan where debtor makes monthly
payments of interest and repayments.

It may also be possible to raise bullet loans with maturities
30 of 1 or 10 years as well as different combinations of bullet
loans matching the funding need of the individual debtor.
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calfcul ating and storing data indicating a new set of volunes for

fimancial instruments applied for the funding, which new set of volumes is
cAl cul at MOPFREMY i nt o consideration the new function reprRERDKIVG044he

i fted-1evel profile of remaining debt, 10 det erm ni ng whet her the new
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instruments - x%avmd negative volu resu
coments cAREME GRSV etyegrd&8er sgfinancing. that debtor is to buy
fi nanci al instrunents 25 According to an enbodi nent of the invention it

will also bg rmoi he.ypl unes of the applied

fi nanci al |nstrunents P%bt Ié“ﬁ%%% Fnailk w&égegnﬁﬁEWetaaﬁﬁtggétyoﬁgeao
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preferred g%%oalnent o ghfhvghgjoﬁhgge&érge F?c&ﬁ nyB8 5PmFﬂg pVéGP

maturities of more than 10 years may also be selected.

Here, the debtor has different options. The debtor may choose
15 to refinance 10% of the remaining debt each year, 50 % every
seC?nd year, 100% every fifth year etc.

In cases where loans are refinanced by means of bullet bonds,
debtor’s selection of refinancing percentage and refinancing
-point in time determine the number of bullet bonds with which
20 the creditor is to refinance the loan' If, therefore, the
debtor selects a refinancing of 20 % each year, the creditor
will fund a LAIR by issuing of 5 bullet bonds with maturities
from 1 to 5 years, if a refinancing of 10% is selected, the

creditor issues 10 bullet bonds with maturities from 1 to 10
25 vyears.

As the loan is to be refinanced, the debtor’s interest and
repayments, and interest rate may change upwards as well as
downwards. By each refinancing, debtor’s interest rate may
change depending on the market price at that point in time.
30 The extent of the change in interest rate depends on the

- percentage of the remaining debt in which the debtor wants to
refinance and the frequency. The larger percentage and the
higher frequency, the more the interest and repayment and
interest rate may change. Therefore, the largest effect of a




WO 97/ 38383 PCT/ DK97/ 00044

27 ously indicated volunes is/are carried out, carrying o Hﬁﬂges
until the noWOS#B8I8B financial instruments fulfils t he reqH%Fgﬁgﬁt as to

a maxi num di fference in proceeds. 5 Further to the calculation of the
proceeds requirenent, it is~ - preferred t a calculation is made as to

whet her the requi- regEn | di-EEehencs f BN aRlletts 100
fulfilled, anfitEergnga ib %%Lgéﬁéafgésg”% E%ésh o not fulfil this
require- .  nenrefénsncingops Shecyemaising) dgbt; ®@cke®®%ranci al i nstru-
10 nments which do not fulfil the requirement as to a maxi num

di fference in bal ance is/are made. Pr ef er ahl a | cul.atd Q ne
financial insFigsenisapd P show)an g¥ample &fe ao&‘% é’ffcﬁhétﬁbllalﬁorp k. e
i nst rument (s) gelbR oihiseh ect ingepaNTERt Tefimaneing refdaHeoramapigring debt

whi ch the require- 15 t _as_to _naxi I LerEnNEfid NG asr it
been ful fiP- eac% é’c?.arl‘g%g’“ﬁr‘eé-‘r e é:' od?grgerﬁ.%ccorfl r?g&%% theé1i nvent i%ﬁ],
the cal cul ati dissaidd Yfetfuddiet! dongise withhaatWitars £ ih-to 10 ¥9arRntiR)

to which repamt&%éﬁetp R it d ddiayAd LATR Ras i0f afenitPeloan with
requirenent as to a maxi numdifference in 20 :ﬁgl nce has pot_.been

ful'filled Pref e EO MAFWRDUICK ith Yearsy I GRS SraTRT e Wt r tRERTESt s
based on the didfefanee ig presumddnaeciaigedadpeingdsl]l 3 Whyedrs hand is
correspondi ng prevj ous f ] clal gl W tpfyl f4l the

requi r emertt® asé)?‘baja to t%xﬁﬁﬁn%eaéﬁfse‘ir%?\%% | nr%%?‘glﬁcgﬁ gS I'h general, it
applies according to the nethod according to- the invention that it is

of ten possiblegpftes shcws asd taddsSl opmeReein €6 heftépesbkeatenesnd Fig. 3

o Cnahas “ghe ‘advefSpient in'dRh0ATMSayhélel "Enk™ ERELERSE]

after tax calculated according to Danish tax legislation. In
Fig. 2, curve 2 shows the interest rate on a LAIR with a term

15 to maturity of 30 years, while curve 3 shows the interest
rate of a 6 % mortgage credit loan with a term to maturity of
30 years. It appears from Fig. 2 that the interest rate of a
LAIR will not be stable, as a paft of the loan is to be
refinanced each year, and the yield of a term to maturity of

20 1 to 10 years varies. In the example, in year 1 the
refinancing amount is DKK 100,000, in year 2 - DKK 98,873, in
year 10 - DKK 87,141, and in year 20 - DKK 60,408.

In Fig. 3 the columns 4 show the annual repayments and inter-
est after tax, calculated according to the Danish tax legis-
25 1lation, as to the mortgage credit loan with a term to matur-
ity of 30 years shown in Fig. 2, while columns 5 show equiv-
alent annual repayménts and interest after tax as to the LAIR
with a term to maturity of 30 years shown in Fig. 2. As it
appears from Fig. 3 a LAIR is cheaper throughout all 30 years
30 than an equivalent mortgage credit loan with a term to matur-
ity of 30 years. Seen throughout all years, the saving is
approx. DKK 60,000-a£ter tax, converted into 1996 wvalue.

After the first year, the bullet bond of 1'year_matures
simultaneously with the refinancing of 10 % of the remaining

L4



cheaper | oan is obtainable. 30 The range of financial instrunents

determ ned under (d) is sel ected anong a nunber of avail able financi al
instrunewmO97/38383 |t is appreciated that, if desired, thiBCIDKO®000a4
instru- ~ ments may be | oaded into a data base in the conputer system

or be available via a net and that, if desired, the determ- 35 nation my
be perfornmed automatical ly or .sem -automatically

28 bydetganRefinancingtss bystementabiay rithe dasue @ ot ypullet

determ negyona witH & I defth d&MRdd Py oé 1J*}€ea{£§/9&§ I 2150 JSelaps 1o a
~data proce55|i%bsysten1such as_a conpute stemfor the determ nation

of the typetORde IRFHRVWEIRAR N2 W%ﬁ“%‘?"ntl? nans Fane FeLHRARELTDr t he

fundi ng ofproderiirev id BpeatedNfedr T e0itd dwards-a debtor, the | oan being
designed to be at least partially refinanced during . the remaining term
to maturity, requirenents having been determned as to 10 a maxi mum

di f f er énceThus baa dRER el kb dve ofunded dote teanss paf/ ehtu ket teonds unddd and

refinanci a&ﬁ ifmf’ﬂ‘ MOy SePd f‘f‘%&%é%&ﬁf\%ﬁb&}”@% und)f%%& willl O the

owner of t |nanC| |nstrunents aaglled

requi r enerR® FRANGRA RREn! RYRFYri YRAL akOF othe noa PR dﬁ?‘é‘?%rﬁ:fé:?rn the
proceeds hajyesh DM yderoneThHantedber Soun ik éd epladk ein prdrite @fidiharildh

vol unes of ﬂ%ﬂ? i nstruments applied for the funding of the | oan
and on tkmeééwﬁéf andé?%% principal of the |oan, and requirenents having

been determned as to a nmaxi nrum di fference betmeen the interest rate on
10 DESCRIPTION OF PREFERRED EMBODIMENTS

In a preferred embodiment according to the method the prinéi-
pal is calculated as a range of financial instruments equiv-
alent to a range of bullet bonds. In the following chapters

1-8 a detailed explanation of preferred embodiments is given

15 for calculation of loan according to methods of the present
invention, data being loaded equivalent to a range of finan-
cial instruments consisting of bullet bonds. Calculations
according to the method'may, however, also be used for the
application of bonds with several annual payment periods.

20 Similarly, the calculation method may also be used when data
equivalent to other financial instruments are loaded. Thus,
the embodiments mentioned in chapters 1-8 only serve as
examples, as other embodiments accordlng to the invention may
be concelvable. '

25 A computer system which may be applied in connection with the
accomplishment of the methods according to the invention is
shown in Fig. 13. The computer system comprises a CPU with
means for control and connection. The CPU 50 is connected to

 a RAM-memory 57, a Hard Disc 56 and a disc drive 55. The CPU

30 50 may write to and read from these storage entities by the
aid of the means for control and connection. Via the keyboard
51 it is possible to enter data for CPU 50, and data entered
‘for the CPU 50 or calculated by the CPU 50 may be shown on
the display screen 52. Likewise, the CPU 50 may print entered

.




the loan and the yield of the financial instrunents applied for the

f undi ng, whi ch data processing system conprises: 20 ( rﬁf@%unflf”
| oadi ng and WQPTHI8H first set of data which indicates the Pér

paranmeters: principal of the loan, termto maturity, and profile of
repaynment of the | oan. (b) neans for 3Bading and storing a second set
of data which indicates a_25 desired/intended profile.of gefi |

as one or nor @ngdiof cdlqulated: data déﬁm’\/vi#’@n ng'ﬂ%r%%%g '#}%e téo?tggé&qf‘gyc@e
performed, angddiicdted afd lae Harhiork &3 tdfe computEr tsysteame, rendi nimginebr -
‘to be refinanced at_t 4 P | | Lt WM ER
second set of &5 n(.‘PletcezltqJé'ag.'‘acg es&?%%ﬁ iq"rﬁéen (g:l Sporo ?I%om of ?undi ng
such as a for afder emputaricd eudnmde soliliarmdata | FEem UReitReBECTK 0Pt he
fundi ng and/ oro £ \OltdMS Hne Wdt waikie., Dt dahminsédte® between th
means for |oading and storin a‘ihlrd set of datqﬁﬁhlch |q%éc tes a ‘b-
maxinum di f f ereRR1G ST b%)f%ﬁfg and Hibe LUt B e 1Y 02 P HAxPRERFE

di fference in fx@cEpteneidl ainstruments by means of their type, or it may
29 maxi mum di f f.eren e e.l r :

R N e A v

nmeans for | oaddhgchednetkedspecording tettRke HAYeRWAPRh i ndicates a 5
sel ected nunmber of financial instrunents with i nherent characteristics such

as type, price/narket price, and date of price/ market price, (e) means
for | oadi n’goan‘aH%?'SFRng a fifth set of data which represents a first
I nterest rate on the | oan, (f) neans adjusted for calculating and

storing a sixth_ segf.of Lch PLES LLSt ls fs
repaynent and |Iﬁt§{?%§t Cfe;%%?\e/g,%ﬁte%%m?%geégs%%§8Bg%gé§e3§5§§%%“% gr lgebt or
as wel | as a f@eserpbed;| énothechinl hoWingeprlledethe TypgnE BOLS®d -adapt ed

to calculate the first profile of repaynent and

The general problem:

Loans which principals are calculated according to the Type F
15 model are characterized in that all the remaining debt of the
debtor is refinanced at predetermined points in time. In case
the debtor chooses to refinance his/her loan e.g. every fifth
year, no purchase of bonds nor issue of bonds will be per-
formed from the loan is raised until the end of year 5.

20 Debtor’s borrowing need is covered by the issue of bullet
bonds with maturities of 1 year and onwards until the first
refinancing year.

In order to have payments on the loan which comprise repay-
ments and payments of interest complying with payments on the

25 bond for each year, bullet bonds are issued with all matur-
ities up to the duration of the interest rate adjustable
intervals'éo that bonds mature each year until the next
interest rate adjustment.

In the period until the refinancing, i.e. in the above
30 example until year 5 - there will be full compliance between
the debtor’s repayments and interest as well as the principal

[



interest, and the first profile of remaining debt on the basis of the
principal of the loan, termto maturity, -and profile of repaynent

| oaded umoe97/38393 15 the profile of refinancing and/ or pectiDk®oéesdundi ng
| oaded under (b), and the interest rate on the | oan determ ned under
(e), (g). neans adjusted for selecti®® of a nunber of financial

i nstrunents anong the financial instrunents stored under (d) and which
neans are termMaeRRRE¥HiY @I ARSNRS ta R YRGS Fobe dedivierieds o shedat a
i ndi cati ngpbhe B&1dees unes of these selected financial instrunents for the
fundi ng of the | oan, ‘whi ch neans are furthernore adapted for

cal cul ation of the seventh set of data on the basis of the first
profil e of Inephgnyedr avkl tthe era'sinaaminme daynsint to gheofodndl dfoldenrai ni ng

debt deter g pede gggahég%?%,{!?&eigg?e‘.{ ?eﬂt'!ﬂ:‘ gated profile of

refinancing, and/or t ng 1 ndi cated under (b) as 25 well
as the determned requirenents to a maxi numdi fference in bal ance, a

mexi nunsdi fher pagesh Nadt OSie aflsrt R UreitaXidans Ckécfxﬁr:@“sce;nd% itHegiee st
rate deterni ned)%31 gder (% and |}case of refinanci n%d‘ e there is still
non- mat ur e4Sf ErERERAFe | AR FERE LITHRRT, BAVRATER St Gorch BALISES | he
nunmber andahepaphemes of rothestee fdelstrarsal | nstrunents, the neans for 30
cal cul ation being adjusted, it necessary, to carry out one or nore

recal cul ati on(s) conprising, if necessary, sel ecting a new nunber of the
financial [ThEt RBREAE SPAYMRRES PfIckhe Jyodqlgnay be illustrated as fol-

30 Meaws: et striderval@pie priafdigyleand used cul ation, to store
t he recal culated interest rate, the recalculated profile of r epaynment

and interest, and the recal culated profile of remaining debt, and the
sel ect 80 5eathnyeadral i nstRaymants /findm dedtorsal=cul at ed vol unes, until all

condi tions i ndi cated Undgfed g@\ﬁeb%d‘ WhiddLd, means for

transcri bing the conbination of the type, the nunber, and

or: Debtor’s interest and repayments =
Bond redemptlons +
interest payments to bond holders

15 At any point in time the follow1ng applies for the first
occurring year:

m
YD(j) = H(§) + Y, RN¥(IH(), j<m  (A)
i=j '

where: . ,
YD(3) is debtor’'s repayment and interest in year j.
20 H(i) is the ith bond principal at a given point in time i.
R¥ (i) is the nominal yield on the ith bond principal. The
fact that there may be more than one coupon rate is
not taken into account.
m is the number of bonds at the beginning of the inter-
25 ~est rate adjustment perlod and at the same time the

following 1nterest rate ad]ustment per:.od
j indicates the number of years within the interest
rate adjustment period and numbers the funding prin-




the volunes of financial instrunments for the funding of the |oan so
determ ned, preferably together with the cal cul ated i nterest
preferably MWOPH3®Bher with the calcul ated profile of repayment an

i nterest, and preferably together with _the cal cul ated profil e of
remai ni ng debt or for transferring the Conbination to a storage nedi um
or sending it to another_ dat a e ng,.s 5

according to the puaﬁﬁﬁ }gweht1d E%ﬁ%séggn%?léégsgégﬁgé e §ﬁ§%§gFﬁg and
storing the necessaryrabeaadmmstmencalcuIatlon The neans for | oadi ng

may conprise a keyboagd, . futn By 8680 €H€Eé'§§ Eeaﬂ&eﬁercompl&hﬁ@brbatWeen
| oading via a storage nediumor_via a nti oned above, the
means for storing nayY%%reﬁéétFBﬁlPonﬁeﬁﬁFPE§nﬁ|ﬁ@gECMFafb PROM ERPROM or
RAM or storage media |ike tapes di scs or Furthernore, the
system co s _neans faor ul ati e NRKE :

whi eh are 8%y fBroFﬁe m% sgdtqﬁggbghﬁgétlonf%ﬁﬁfﬁg(agégﬁ%

cal cul ati on typl adbhe duepkisshendagt mbes mhe Qands <sar (have one anm;@l

syst em accor gl oL BaRRAEN R S HOWAHALY. o SR AUmIS (S annual
programed in

enabl es system t o, nake cal.cul ations C
are necessaryCFﬁdé-FG‘é'rPPMo Agtesh "%é:hrmqﬁﬂi' rf Jt?f’t‘ﬂ'és%nt-

ion. In this ehamred ag weldhoul d be noted that accordlng to the present 30
i nvention different enbodi ments of the system have been provided,
corresponding to the fact that the different enbodi ments are desi ed to
perform t he® cdscuwatlicams.i Adicdatéednmalhdelfne PRYTIERE 2R &oH IR

and enbodi men e faod (Eéﬁr%@%iébtﬂﬁiiéﬁl@étdaﬂtéﬁ A PhaRe. dates
VO 97/ 38383 serdcdds: ¥

31 without further notice. In order to E;c {1< E&e notation,
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debtor’s repayment and interest within one year is, neverthe-
less, called YD(j), just summing up the payments made on
15 payment dates within the year. Let n indicate the number of
" debtor’s payment dates per year,

n n

. - [} RK L) .'
YD({j)= AFD (1) + ° ~— RG(i-1)
where
RE is the interest rate

20 RG(3) is the remaining debt at the end of year 3
AFD(i) is debtor'’'s repayment in the payment date i
i indicates the payment date in year i=1, 2,..., n

In connection with the method corresponding to the Type F

25 model, formula A must be fulfilled during all years from the
raising of a loan until and including the year in which the
loan is to be refinanced. However, there are two years in
which formula A is to be modified - the first year and the
year when the loan is refinanced.

30 If, in connection with the calculation corresponding to the
Type F model, it is indicated that debtor’s repayments and
interest comprise quarterly payments, the sum of the four




Enbodi nents and details of the nethod and the system accord- ing to the
present invention further appear fromthe clains and the detail ed
descri ptwow7igsssonnecti on with the drawi ng and the exapgrmxormooadapt ers
. 1-6. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows an exanpl e of
the variation in the bond yield as aabunction of the termto maturity,

Figs. 2 and 3 show an exanple of a |oan which financi al i nstrunents
constit ut i paymemt$rinom pdébbew cibeergien yereduist ke osquihgd ke met hod:
of the prespoditM¥ePhjidnein Which Fig. 2 shows the devel opnent in the
Interest rate and g. 3 shows t he devel opnent in the repaynent and

I nterest afterttax, Fig. 4 shows a schematic flow chart describing a

data pro- In ueessiﬂg; NP 41P de RO I suirh €0 £ ad s it 1 DN 19 e it VDA NS Hfmdritifli Ng
15 princi als he f%Teclj.n gtoftﬁal Ioan q%éi#%éo a first enmbqdi ment
of the inVeRty |on g & e CHPR e%air’he%@lh Stion
processs i noond lamssg the mmstaltgg)nntttmmiw Balcwnd i intexfedthe
interest r i lE@N\ﬁ, w ata
pro- 20 c‘gég‘lﬂﬁl 1r)r‘rbaxtzdg or t ca?cu ati1on Jféétﬁ ﬂﬁ%éqmﬁoﬁtbiﬁ%&rd

f undi ng pr?n%?p%@%u?gf‘e%tl‘ﬁ‘&ﬁta‘&%d?‘%‘ﬂﬁgs‘? thiat Hte dof Hest @oFeditor he

i nvention fatécestypayhent WhsConiy pPat@nin n@@nqsyOEhéfyd)@otor, Fieidhd he
atter | eags §0; 9"ea PLe P BERF AY % L UALE NN L ayment ! BALLS)-

10 As of year 1 it applies:

m
YD(1) = H(1) + REG ); RMH (5) (B)
. =] .

REG is here the regulation factor determining how much the
' creditor should receive from the debtor’s interest payment at
_ the first occurring payment date. REG is determined as the

15 part of the year in which the loan has existed, and may
therefore assume values between 1/12-and 13/12 because the
bonds mature ex-coupon 30 November. The remaining part of the
creditor interest payment is paid by the creditor, who
receives accrued interest upon the issue of the bonds. In

20 connection with calculation according to the method of the
invention REG is a figure or a set of data determined im
advance or loaded for the use of the calculations.

In the year of the refinancing of the remaining debt (here
called year m) the total payments on the loan comprise the
25 remaining debt at the end of the year corresponding to the
~ interest rate adjustment amount apart from debtor’s repayment
and interest. As to bonds these payments correspond to pay-
ments on the one bond which have not yet matured. As to the
years in which the loan is interest rate adjusted, (A) may
30 therefore be formulated as follows:

e’




25 Fig. 7 shows a schematic flow chart describing the first steps in a
second enbodi nent, called Type Pl[err], Type Plerr], Type R
Type P[err], WORX38#cul ati on of the anmount of funding pﬂréﬁﬁg*% o¥

| oan, Fig. 8 shows a schematic flow chart describing the steps not 30

included in Fig.- 5 for the calculation of t volunes of the WO
97/ 38383

. 97/ 00044

32 fundi ¥9 ‘B i HicREARS 5t BA™) o4nR écorélng to é e enbodi nent cal l ed
Type Plerr] Type Plerr] Type Plerr], and Type.Plerr] Fig. 9 shows a
schemt | G 11 04,60ar Lndeeetal BH18RceMPaduIRBnent 1o/ bl vy b il hes

calculation o un |ngﬁof Rringi- 5 aI of a loan, Fig. 10 shows
an exanpl e of (geepefPOMULEE BRNG B8 & : the embodi ment cal | ed Type

P. Fig. 11 shows an exanple of an |n|t|al trend function and an

adjusted trend function as used in the enbodi nent called Type 10 P,
m

Year 1: ~ Y¥D(1) = H(1) + REG RN (5)H(F)
. j.

(¥

m
S Year 2: ¥YD(2) = H(2) + Y, RN(§IH(F)
=2
Year m: ¥YD(m) + RG(m) = (1 + RY (m) 1 H{(m)

10 The set of equations'applies in the period from the raising
of the loan until the first refinancing date. Hereafter, a
new set of equations may be prepared for the period between
the first and the second refinancing dates.

The formulae written above are here called the balance requi-
15 rement.

If the equation system (the m equations above) is solved it

applies:
: . ¥YD(m) +RG(m)-
H =
o 1+R¥(m)
H{m-1) = YD(m-1) -R¥(m) H(m)

1+R"(m-1)'




R R TETRT

Fig. 12 shows a schematic flow chart describing the different steps in

a third enbodi nent, terned the special product, for the cal cul ation of
t he vol uwe 99fsgdsandi ng princi pals, and Fig 13 shows BCTDRYMI0044 SYSt em
to be used in the performng 15 of the methods according to the invention.
GENERAL DESCRI PTI ON OF LOANS W TH ADJUSZABLE | NTEREST RATES Now
follows a general description of the new type of |oans wi th adj ustabl e
interest rates all owi ng an exact calculatlon of the principals by an
enbodi ment according to tryb RHe %Qué* ﬁﬁylon which loan is al so

ter med LAIR The debtor recet xac al cul ations of different

alterna H(1 ?lves concerﬁTﬁ@”gﬁﬁEé?EﬁrgptTﬁﬁ'of aloan as to termto
maturity and repaynent arrangemnent or exanpl e, debtor may deci de for

hi nsel f/ herself how often and when a LAIRis to be 25 refinanced and the

part of the debt he/she wants to refi nance. As an i nportant

el enent, an investor wants to conbi ne port- folios where the return is

knomm with a b c t t. el | - known
oe of bop%af:g ggB{ﬁ Lfie %E@\O{;‘g%; 3%%%§£E£‘ﬁ£@ + R demedd sl e

pCT/DK97/o@gA£1lled, the market price of the bonds issued must exactly

cover the principal of debtor’s loan (in the following called
S the proceeds criteria), i.e.

n

RG(0) = Y K(FIH(])
=1

were K(j) is the pricé of the jth'funding'instrument at the

point in time 0. Accordingly it applies at any refinancing

point in time that debtor’s reméining debt must be equivalent
10 to the market price'of the underlying bonds, i.e:

RG(m) = Y K(JIH(]),

J=1

where K(j) is the market price of the jth funding instrument
at the point in time m. '

Thus, the calculation problem solved according to the method

15 corresponding to the Type F model comprises the m equations
which occurred as a result of the balance requirement as well
as the proceeds criteria.

As it is required that the interest rate R(L) is equal to or
approximately equal to the yield'of the funding portfolio,
20 the calculations get relatively comprehensive. This means
that R(L) and thus all RG-values on the left in the express-
ions of the balance requirements depend on variables (i.e.

* -




33 ‘cal | abl e bul | et bonds. They fulfil the wish for a stable return

which is also known in advance. However, this is not the c | E%m“
cal | abl e DanWo9738%83ct bonds. The principle of LAIR seeks to conbl ne
the desires of the 5 debtor and the creditgr. Debtor may want a | oan with

aterm to mat-urity of 30 years where thé”i nvestor may have an

WHX|nun1|nvest nt (Eﬂh(ﬁ & woidsNBh&rity
of 30 years i & rfd‘g'b‘{l&ﬁj ﬁhs of aetlr)hégl * serll:fgséﬁél;ci 30w°ear

the case at tiprolrmmimust b% s@l vpd 1§ iHtaneRuFhy neThie RSP ¥ B¥ ?ﬁﬁlug
two parti es the int¥rdd® f@dé &% tRetlodde mlmepp@mt bf\ Geparuurei by

f und- g Wth a ran hon- cal | abl e )

mat urities fro"rﬁ'lie‘? AR P e'éﬁ’éb’rt?g%%'gc*??/%r%ﬁt EQE% e}QQQQ s%é@a}rment and
| oan Wi th & teimtéresmimay tlye cdetidrmdied: 'BmeyLqueansme the funding mt’an

interest structure t s s ghan

t he .l ong- tern1¥?ﬁ%§%h$g §er§f9ﬁ%% fé&%i?éﬁén ThSFerééédé £r8MeEh

xampl e in % , whi ¢h t he
curve 1 shows i#suéncfrehe fundingemay éh?ﬁnéﬁléﬁmﬁﬁrﬁ etPeFHFtSeﬁ&Fﬁplty

of the }06“1 'i% rbéedlsCOL2PRE {8Ant h@ndeagerofowaemaetf umdlregbbyidshmust
I ssue O

ort-term bgnds instead of a_long-term bo t.h r
maturity of e.Be §Bl9ea?§8 EPE I BRETERANPRE®, ﬁgﬁkgg 1rﬁfgewlsg %g%?s
the interesd rahegaa pajmgnas bnathesbofids5- morgaboady §§965Wd§ aﬁﬁﬁOX 4
points | over tNggctls Lt EREShadehthood! cR YERRS. 1e, on kAGRGHMRkSAC

used in connecF | oans yment perlo S, | a .l oan
wher e debt or nghggengﬁtapysurplus from the 1ssu1ng of the bond, the 1nter—

est rate may be lowered.
The Type F model - step by step:

15 Below, the solution of the problem concerning a LAIR is
described step by step, the principals of the LAIR being
calculated'according_to the Type F model. In principle, this
is implemented through 10 steps. The procedure corresponds to
the steps shown in the flow chart in Fig. 4:

20 The model is repeated for each interest rate adjustment. In
case of a LAIR type FS with a term to maturity of 10 years
the calculation is therefore made twice.

The model uses an iterative procedure. On the basis of a

start value of the interest rate,.the.funding in step 2, step
25 3, and step 4 is determined. In step S a change in the inter-

est rate is determined. If the proceeds condition is not

fulfilled in step 6, the interest rate will be adjusted as to

the increase, and'step 2 etc. is repeated. If the proceeds

condition is not fulfilled, the model will make a final check
30 that all funding'principals are positive.



paynents of interest and repaynents. It may al so be possible to raise
bullet loans with maturities 30 of 1 or 10 years as well as different

conbi nat woyssresssbul | et | oans nat ching the fundlng neeworDRIIV0044
i ndi vi dual debtor. WD 97/ 38383
. PCT/ DK97/ 00Q44 44 34 When cal cul ati ng
the principals of a |oan according to the ~principle as to LAIR it is
ai med thatst tobetermine ejmyeial i egpdrate profile of repaynent and
interest by the debtor - follow the profile of e.g. an annuity |l oan with

atermto 5 maturity of 30 years irrespective of the refinance percentage
and the inTereuferpewinimbzerehenawpbey. of iteranicnse vhichcitertavants a

LAIR wi th Betééﬁ}iedn@ﬁﬁrliﬂeff §Q 1s e*ﬁé&§eﬁ@'§o”§¥ttbﬂé Peed d by

I Ssui ng e. % wth paturities of 1 to 10.years.
Thus, as t %t?e?ﬁP? 59 th%x%%?%? 8? FH% BRBELRT | LASCTUNERRGRAYIRG e
fundlngs t hengest| vearmmi sotmaterityly or partially refinanced on its way.
However, -a loan with nore than 10 financial instruments with maturities
of nore than 10 years may al so be sel ected. . Here, the debtor has

di fferent Bpli bpButgnheodehecnodey éAoboaded inostepi hanBe 109bohds Hehe

remaini ng dembe2ash ¥8AAin§OifbeY¥Bh¥nts, S6GPBH ¥88& of00FREVELYfifth year
etc ‘ment, number of annual creditor payment periods and the
payment dates and market price of each instrument are loaded.
10 As to loans the payment date,'principai, amortization prin-
ciple, term to maturity, number of annual debtor payment

periods, and debtor’s payment dates are loaded.

Furthermore, a valué for the'parameter inc must be loaded.
Parallel to the determlnatlon of the funding for RX in the

15 following step, the funding for RK+inc is also determined.
Thus, the model has two observations in the determination of
the next guess at an interest rate. The standard value of inc
is 0,0001 (0,01 %), but another value may be loaded.

 On the basis of the loaded number of funding instruments and

20 the remaining term to maturity, the value for m is determined
as

m = max (number of funding instruments; remaining term to
maturity)

so that the model does not issue bonds with a term to matur-
25 ity after the term to maturity of the loan.

Step 2: Determine'debtor's'regaxments and interest.

When the interest rate has been determined, debtor'’s profile
of repayment and interest and profile of remaining debt can
be set up or calculated for both R¥ and R¥+inc until the

30 first refinancing point in time. The model will return with




In cases where | oans are refinanced by neans of bullet bonds, debtor's
- selection of refinancing percentage and refinancing point in tinme

det er mi ne t hAV\SHIBB3 of bul | et bonds with which 20 the credit oFCTDKIF00044

refinance the loan. If, therefore, the ebtor selects a refinancing of
20 % each year, the creditor will fund LAIR by issuing of 5 bullet

bonds with mat roml to.5. L fj %is

sel ect ed, t he® e %8£28W’8? ggﬁég %6 %éfg{e-@aﬁé St %&?’g]%t | esc]z?rom 1to
10 25 years. paymenfs:thisteuveatisrepapments néﬂ@@ﬁesﬁ'—héf@ewmﬁﬁ%r and
and [ CPAYERA' Beve peﬁh@hers&t thé! SefBYnthgn@epenvar ds as well as

downwar ds. By eac ancing, debtor's intérest rate may change
depending on the market price at that p0|nt intime. 30 The extent of the
change in intgkesgt 3r AEME AE : peigedipades of the remmini ng debt
I n which the debtor mants to reflnance and the frequency. The |arger
percentage and the hi gher frequency, the nore the interest and

r epayment 5nd Providedetdat debsomis sepaywentiscasibrinteatesy aﬂfﬁe@b) eftﬂeet

of a g{ %i and interest including the ref1nanc1n§) 0po44
35 dlfferen e’in interest rate is reached if debtor selects 100 96

refinanci ng ofdabeEmiged nithe degividualy dypding prEingipal s, iRy ]%?IOQ\PW
exanple of a LAIR of 1 mllion DKK the = debtor selecting a 10 %

refinanci ng of the bt h ar.. Th t foa
ref i nanci ng oyt MBI G145P el cufdtll he* rocl g 'cd nd ' FFp8'r
. model, the starting point is that the balance eguations may
10 be rewritten into a matrix form as follows:

YD(L) = AxH, (D)

where A is defined as a mxm uppef triangular matrix:

[1+REGR¥(1)] REGR™(2) REGR¥(3) . . REGR¥(m)
A= 0 1+rR¥(2)  "R¥(3) R¥(4) .  RV(m)
0 ' o o . 0 O [1+R¥(m)]

I.e. the A-matrix is designed in a way that the balance
15 equations occur immediately, if a calculation of the formula
(D) is attempted.

In the A-matrix, the number of columns corresponds to the
number of funding instruments, and the number of rows corre-

sponds to the duration of the interest rate adjustment
20 period. ' .

The three matriceé'havé the following dimensions:

YD(L): (mocd)
A: {moam)
H: (mx1) -

25



| ssues 10 bullet bonds with maturities of 1 to 10 years. In - the.
exanpl e, the debtor repays a LAIR as an annuity loan with atermto

mat uri t ywofor83ggears. In the exanple the interest St r pCT/DKe7TA0R44Hr esuned
unchanged during all 30 years and is 10 equal to the interest structure
shown in Fig. 1. Fig. 2 shows theggevelopnent in the interest rate,
and Fig. 3 shows the devel opment in annual repayments and interest.

after tax gal enbaredraceagdtne é@l@@ﬂbﬁ hag ao | @we Sh amxm\mg} brinciffdds 2
curve 2 shows _the.in ereaét%ate on_a to maturity of 30

years, whi M8 PRFIE*3TORD ﬁet?ﬂtﬁ?%gt mea?%lgh ég%im?QEﬁ* gdye credit

| oan wi t htzaneposed) maisuast foblows: 30 years. It appears fromFig. 2 that
t he interest_rate of a LAIR will not be stable, as a part of the | oan
is to be refibnanced each year, and the. yield of a termto maturity of
20 1 to 18 yedh sAI/aAe@D*IRF’]t he exan'p(IFé, in year 1 the  refinancing
anount is DKK 100, 000, in year 2 - DKK 98,873, in year 10 - DKK 87, 141,
and in 20 -

DKK h |
A aymeht otuid megor. ERat®%a, conpertiaf Hig cwat%#%@ﬁmga%%ﬁﬁ%a%g‘n‘?sh
tax | egi s- t@5theaType, Famodeli ha aolngage as cto t thoavolund ef ttehven t 0 nmat ur -

Ity of 30 Xﬁﬁ&%&{lﬂ“fhﬁdﬁhggg ?%é’g%aéfscﬂéé‘”ﬂéw?’%é&g"#%%&v In. Eﬁ 2 ent

annual epaynent s ag n ,ler tax as to termto

mat ur i ty ofipdeyedASAEhdhin May by replaged by At WptBl s ¥F i3 gauasia LAl R
IS Cheaper raltievobady all saoeraar sunaenghﬂﬂsaﬁuﬁmyaé@@tlmwm credit

| oan tern1to tur, oty of 30 years,.Seen hrou hout _al | years,
t he 52@ Tew rl&ga?oiA Olﬁb@%ﬁﬁﬁg r?axThESnvékf % 1399%8%val ue.

After the fom_rlert ay @ethothwheykl epannddca_tigymatrnaes:rmy be invempadineously
with the reahe#0nd8g0EctOrRY Qhet NS §6FBIMIAYE by the same method.

Step 4: Determine the proceeds function

In connection with the calculation according to the Type F

15 model, a function F(R¥) is then calculated as the difference
between the_proceedé and the market prices of the bond prin-
cipals calculated under step 3.

F(R®) = rRG(O) - K(3)H(]), -

.
L}
[

where R¥ is the interest rate. Both the values of F(RX) and
20 F(R¥+inc) are calculated.

S S: Calculate the a. in th i'te t_rat

Then the determined interest rate is adjusted If the conver-
gence condition in step 6 is not fulfilled, the adjustment
will, however, not be implemented until step 7. In connection
25 with the calculations according to the Type'F model, the
adjustment is implemented in such a way that a solution
fulfilling the proceeds condition is quickly calculated.
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36 debt. Refinancing is . inplenmented by the issue of a new - '
bond with a WOH8B3hat uri ty of 10 years as well as an addi - H’*’gﬁal

issue within 9 other maturities. The sane refinancing procedure is
repeated year 2 -and onwards. 5 Thus, a LAYR wi || be funded by neans of

10 bull et bonds until . ear_.21. Fro n | et
bonds wi | | Inoé?‘?"élﬁf&e‘t?‘%y’_?f%\]}%}“y %ﬁaqsﬁﬁ%%#eéf%‘g%%&nhﬁ?%%‘? ee?ﬂjt‘ he
agreed 30 yearthe Binrershictridie ttak ashep|datermingshnitexest rate isteplcu-
refi nanci ng. R F;%%EBR'E FINRNMADE i iy rred
enbodi nent acé&kgﬁ%%@t%wnﬂﬁ the pr:%nm -, aII§ ?]ég%gjl'%%lnat edeég a
range of finamsied. iwskghmaks Eygeneral, heWrioten 3fge of bull et bonds.
In the follow ng chapters 1-8 a detail ed explanation of preferred
~enbodi ments is given 15 for calculation of |oan according to nethods of

t he present in%entkgnpldggytxﬂng | oaded equi val ent to a range of

fi nan- Zial &RstT isting of bullet bonds. Calcul ations
according to the nethod may! however, also be used for the application
of bonds with several annual paynent periods. 20 Simlarly, the cal cul ation
nmet hod may al so be used when data equi val ent to other financi al
instrunments are | oaded. Thus, t%g enbodi ments nentioned in chapters 1-8
only serve as for:exarpy} es, [Riaat98/° 8nbodi nents according to the invention
ma

Y JIT

D
Fode

JTF(x)
Jv

where: J =

F(RK)-F(RX+inc)
inc

10 Based on these calculations a value of the desired change in
the interest rate is determined.

The abové applies that:

DTD is the Hesse matrix
g is the gradient
15 J is the Jacoby matrix
jV is the diagonal elements
According to the definition of D and g, "division" is carried
out with a matrix meaning that the elements in the matrix are
-divided one by one.

- 20 However, in this case the problem is one-dimensional, which
" is the reason why the Gauss-Newton algorithm may be reduced,

-



be concei vabl e. 25 A conputer system which may be applied in connection
with the acconpl i shnent of the methods according to the invention is
shown i nwbioy3s3s3. The conputer system conprises a CPU w t hRcT/DKOWO@as f Or
control and connection. The CPU 50 is connected to a RAM nenory 57, a
Hard Disc 56 and a disc drive 55. The @&8J 30 50 may wite to and read from
these storage entities by the aid of the means for control and

connect i o@s B.adt pedkdybaredall ofithe dimprgipp| & Xolendsr hggeRYfor CPU
50, and dappieeierpde for the CPU 50 or calculated by the CPU 50 nay be

shown on the display screen 52. Likew se, the CPU 50 may print entered
WD 97/ 38383 ' PCT/ DK97/ 00044

37 andl,ed cal cul ated data fromthe printer 53. The CPU 50 may be
connected to a network 54 of computer systens, e.g. an intra- net or

Internet, enabling the CPY.50 to, gammunicate with _ other conputers, e.g.
to col | ecesddsa=f IBrIRheT Inet wof K loi 5 Tpriht Idat & tiF tBAAGRA Vit ICheDat a

comunigca n ¢ D itCampuliRls system and the renote entities may be
5 Y 1 @

dat a descri b- ing financial iInstruments by nmeans of their type, or it
may be data entered and/or cal cul ated during the acconpli shnent of
t he net hods accordigg.to thg invention. 10 CHAPTER 1
D= J = J =1
jvjvT jv2

At the same time, the expression for g is reduced to

TERD - prn

v

g=

If the reduced expressions are introduced in AR¥, the follow-
10 ing applies

Apr=1DTD1 DT

v

inc
F{(RX)-F(RX+inc)

ARX = F(RX)

The method is illustrated in Fig. 5. The graph é shows the
difference between the proceeds and the market prices of the

15 bond principals illustrated as a function of the short-term
interest rate RK, and the line 7 is the secant through two
points on the graph 6.
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In this chapter an exanple of a preferred enbodinent is described, in

the following called the Type F nodel. The general problem

Loans which PIA¥ESHR s are cal cul ated according to* the Type F HEDKYO4H4,, o
characterized in that all the remaining debt of the debtor is
refinanced at predetermned points in tine. 43 n case t he debtor chooses

to refinance his/her Igan e.g. every fift

g year, &ﬁagf aof ba ds
nor issue of BHRJIZLIEPFALHE ﬂEPr°X1maF6Pn§ efFEﬁFFﬁ§CI5 RehtbHe
the end of ye@ﬁ:o’éeeds%onaelahah S Thobiteirn grorekay ltﬂle:@ﬂgc&tidmn tappricssive of

Feti nancing yaaees the Uiy E R iy EERAHC KRR ERtR Tl £ (D

conpsi se repay- ments and paynents of interest conplying with paynents
on the 25 borg,d ¢ as@.@:crld)é?ar of Rild %tlgléci‘l%n@rl% 't'§§‘ﬂf‘éia Vt‘.ﬂé" dd dad®Bitirough
ities up to the duration

e |nterest atexa% Sg intervals so
t hat- bonds 5rrattm%P@&€WSy(%’r i9raPhe &, (R™, FiRe st"mfiate adj ust ment .

I'n the period yfiihct, MRKeineancreﬁpecteveW t Whefibene 8ecangnml esudeitler-

r - ther | full n h r r n
year S oo Gl e Y UGS W - axsd e 50 e Sad PN S

determined. The intersectlon is the next guess as to the
interest rate in the iterative process. If F(RX) is strictly
10 declining, the algorithm will always reach a solution.

Fig. 5 shows that inc should not be regarded as an accuracy
parameter. On the contrary, inc determines the step size in
the iteration procedure.

Therefore, it is not necessary to use the matrix apparatus,
15 but as it is the same method which is used under Type P, the
formula apparatus is now introduced.

Step 6: Has the proceeds condition been fulfilled?

After the calculation of the_change'in the interest rate, in
connection with the calculation method according to the Type

20 F model, it is to be determined whether the determined inter-
est rate R fulfils the loaded conditions. The general method
for this purpose is to test the mathematical convergence of
the change. This is done by evaluating the volume of the
adjustment as to the guess at interest rate which was deter-

25 mined in step 5. In case the adjustment is very small, cf.
the conditions below, there is no reason to continue the

iterative process, as the model cannot get closer to a sol-
ution.

According to the Type F model, mathematical convergence means
30 that at least one of the following two convergence conditions
must be fulfilled:

This Shoet Has Been Re ,i THIS SHEET HAS BEEN

MM s
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38 termto maturity and interest paynents to be delivered to the
bond hol &wo 97/38383 In the year of the refinancing, paynercripkdziogodaond
hol der wi |l exceed paynment fromthe debtors. 5 The Dani sh act on
nortgage credit |oans requires that thegg I s a bal ance each year
bet ween paynents to the bond hol ders and paynents fromthe debtors
The annual paynents of the model may be illustrated as fol - | ows: (the
strict bal arnge prlnC|pﬂ¥ELE<used) 10 each year: Paynments from
debtors = Paynments to the bond hol ders or: :
Debtor's interest and repaynents = Bond redenptions +
i nterest paynents to bond hol ders 15 At any point in tine the follow ng
applies for the first occurring year: _ YD(j) = H(j) + [err]

err](i)H(i), j<m A
1 H) ((*l) J A I [F(R¥)2~-F(R¥+ARX)?] | < e

F(R®2.

where € is a very small figure, e.g. 10710,

If just one of the conditions (*) or (**) is fulfilled, the
5 desired interest rate RK has been found,_and the calculatidns
are continued in step 8. |

It is possible to examine the proceeds condition directly. It
" may be formulated as

(*k*) IF(RK) | < €

10 where e is determined to 0.00001. Thus, a maximum devi-

ation of only 0.001 oere in the funding proceeds is accept-
able. If. (***) is fulfilled, the desired interest rate (RK)
- is found, and the model may continue in step 8.

If none of the conditions is fulfilled, continue with step 7.

15 tep 7: Adjust the | rest e

The interest rate rejected in step 6 is now to be adjusted
with regard to the adjustment factor or change in the inter-
est rate found in step 5. The interest rate which is here-
after used for calculation of debtor’s profile of repayment
20 and interest and remaining debt profile, is thus the adjusted




wher e: YIXj) is debtor's repaynment and interest in year j. 20 H(i)

Is the ith bond principal at a given point in tinme i. R[e Fﬁ?h

t he nom nal ‘VP-?V the ith bond principal. The ?ac w
there may be nore than one coupon rate is not taken into
account . om - I's the nunber of bond?lat the beginning of the inter-

25 est’ rate adjust I, O t he.sa

fol | owi ng i nt‘é‘r‘:é""srtesr"at“@l {E@rﬁa%ﬁ r*% eatter tne npd] %’% tlglsteﬁtemnunber
of years VMtfrdtéfﬁrdmnsﬂ&pnz is used rate adjustnent peri.od and nunbers
the funding prin- 39

cipals. j is thus set to zero after each |nterest o iomm rate
s B: Fund 2

adj ust nent . 2 at . 211 aQ8LEREEconpl i ance bet ween
year and the bond naturlng that year 5 That ] in one tinme may |nd|cate

d fund] | ' to.t t that.t |
have one annuéft < éta”%'a.p?%?e%amntoraa&t%ﬁnﬁaaﬂuat%“’a?@?‘ntl mger of

annual gr eché ortapaylenionsit ascosdithangedtheh®ypet &t modelustnéeor more
changed as megf'the calculated funding principals may occur to be nega-
tive. Funding principals being correspond to a debtor pur-
chasing a number of the underlying bonds. The choice in
connection with the Type F model is that this situation must
10 not occur, which is why is must be determined whether all
calculated funding principals are larger than 0.

The negative funding principals may occur in connection with
premiums. An obvious way to avoid negative funding principals
is thus to change funding instruments which would in -this

15 connection mean the opening of bonds with a lower coupon rate
and thus lower market price.

Alternatively, the negative funding principals may be avoided
. by treating the loan as a LAIR Type F* until the next inter-
est rate adjustment is performed or even after that. If

20 negative funding principals occur, the modeil thus continues
in step 9.

If, on the other hand, all funding principals are positive,
the model continues in step 10,

S 2 nge i F*.

25 If one or more of the funding principals is/are negative, the
model changes into the model F*. Information concerning the
loan, i.e. principal, term to maturity, amortization prin-
ciple etc. is loaded in the F* model. The F* model is
described below.

1 et A VA= AT AR R P PSS 1Y ¥ i maae e wrAm ok 1 7T S T DT DA T e f e S s e



10 As to loans, 1 or 4 annual debtor paynent dates may be sel ect ed.

Thus, j cannot al so indicate debtor paynent dates w t hout further
notice. yWéonsgdgy to facilitate the notation, debt or' s pPepRKATOM4HONd
interest wthin one year is, neverthe- | ess, called YD(j), just summ ng
up the paynents nade on 15 paynent datesawithin the year. Let n indicate

t he nunber of debtor S paynent dates per year, [err] wher e

Rl err] I 9 10 geresy a2, Fnding andoepaymie '

year | Igé)uée%.debt or's repaynent in.the paynent date [ [
indicates#—pﬁv’m‘m‘dateln year i=1, 2, n I n connection with
the nmethod corresponding to the Type F 25 nDdeI, formula A nust be
fulfilledbwidi0 iddensdty sdte0ad Mell ag & Siditﬂae)f of Iprmunté |franiing

I ncl udi ng the ear t he |.oan is he ref n

there are R %:‘erlf '}ﬁ;"ﬂl %%ﬁk}%rweg A:olng Y% P n]%c}?% Cbean ?%‘fl r st
year asd tédmel the ymdrcudtesnidree dwmrfirsighefd .nanced. 30 If, in connection
with the calculation corresponding to the Type F nodel, it is indicated

that debtor's repaynents and i nt erest corrprlse quarterly paynents, the
sum of theG¢Qﬁﬁal comments to the Type F model

In connection with the Type F model an unambiguous, positive
interest rate corresponding to a solution of the given condi-
tions will always be found. The interest rate corresponds to

10 the yield of the.funding portfoiio. The explanation hereto is
that the proceeds from the sale of the funding instruments’ is
a strictly growing function of the interest rate:-

higher interest rate => larger debtor’s repayments and inter-
est =>larger funding principals.

15 On the other hand, it cannot be guaranteed that the solution
always results in all funding principals being positive. A
negative funding principal just means that debtor must pur-
chase a certain number of the bond which is used as funding
instrument. A solution leading to negative funding principals

20 1is unacceptable, which is why the loan is treated as a type
F* loan. By selecting coupon rates which follow the interest
structure, the possibility of having negative funding princi-
pals are, however, reduced substantially.

The problem may arise when the market prices of the funding
25 instruments are at a premium, which corresponds to the inter-
est rate being lower than the nominal interest rate. In that
case, creditor’s interest payments may become so extensive
that they may exceed debtor’s repayments and interest. This
caee necessitates a negative funding principal, if the bal-
30 ance principle is to be fulfilled. On the basis of the above,
it is necessary to make sure that the difference between the
coupon rate of the bond ahd the interest rate of the loan is
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40 paynments from debtor in a given year nust be equal to Eﬂﬁ’ 100044
credi.tor payWeR738383 In the first year the sumof debtor's"In e End

repayment s must be equivalent to the s of the principal paynent on
the 5 bond having the shortest termto -maturity H(1) and interest on

al | bonds ly'ﬂ bﬁgbngagéétoﬁhé éﬁﬁ@ ofntﬁgdpésQBblénd!ﬁﬂérenceld&@ends on

adj ust nment rrus “h&°Ra
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creditor's paygegtidate. 10 As of year 1 it applies: YD(1) = H(1)
+ REG [err] Rerr]H(j) (B) REG i s here the regulation factor
determ ning how nmuch the. - creditor should receive fromthe debtor's

i nterest payme®mlAPTER 2 the first occurring paynent date. REGis determ ned
as the 15 part of the year in which the |oan has existed, and may

theref ore assune val ues between 1/12 and 13/ 12 because the bonds mature
ex- coupon $0 N@ve&ﬁ@ﬁraih@rPéﬁﬁmﬁing part of the creditor interest
payment is paid by the creditor, recei ves accrued interest upon t he

Sobe O 1o e e SRR '@%.%&Pet%%#n"? Cretip A B ps W en
100% interest rate adjustment has a price over 100, the
nominal issue is less ithan the principal of the loan. ThlS
will affect the balance principle in the last year of the

10 interest rate adjustment period when the bond principals
matures at price_loo'at the same time as the remaining debt
of loan is to be interest rate adjusted.

In case of bullet loans, a_surpius will always arise on the
part of the loan, since the remaining debt is larger than the
15 outstanding number of bonds.

In case of annuity loans and serial loans an equivalent
surplus may arise, however requiring prices well over 100.
The difference in the nominal number of bonds and the princi-
pal of the loan must, so to speak be larger than debtor’s

20 repayments on the loan in the period up to the interest rate
adjustment.

In a preferred embodiment, the problem'is solved in that the
loan is solely financed in one funds code and that a so-
called minimum refinancing is introduced.

25 The basic idea in the minimum refinancing is to transfer
payments from previous years to the last year in the interest
rate adjustment period in that a deficit in the payments on
the loans is covered by a new bond issue with the same term
to maturity at the end of each year in compliance with the

30 balance principle. Thereby the number of bonds is increased
and the surplus of the last year is reduced.




advance or | oaded for the use of the cal cul ations. In the year.of t he
refinancing of the remai ning debt (here called year m the total

payment swovyissgsl oan conprise the 25 remmining debt at tiRermprstebad he year
corresponding to the i nterest rate adjustnent anopunt apart from

debtor's r epaynment and .interest. Asx40 bonds these paynments correspond
to pay- ments on the one bond which have not yet matured. As to the

years in whigarditallaeapriobleft esesbnhateeadiostrd, défe rieyaSdoh het ef ore be
Lg}?gkg;?g6%§&kgé(mmie As a conse%u %§28§f the Tlnlmugtfeﬁ}nang&?%G

(m + R eralle (imteitesty) rate( € not sthbie ﬂhelngtahebuhaheelnEqnesenent nay

b :
Yg(\i\/;l t_t a%#@l\ﬂ}dé%s meeﬁce%rflRFm bie. QQ?T'[ anEkH‘f'lQ} yary f%%Z?&e— H2) +
[err] SR M9 [5° AR hex

The present method only ties up the interest rate during the
last year of the interest rate adjustment period. As to the
other years, an arbitrary determination of the intefest rate
_ only changes the mlnlmum ref1nanc1ng However, an unfortunate
10 determination of the interest rate will only result in a
" substantial change of the interest rate of the last year in
order to comply with the balance principle. An aim is, there-
fore, to choose a method for the determination of the inter-
est rate with a stable course. The present method is thus an
15 appropriate method among others. E.g. the interest rate could
be determined as the bond yield or the like.

Metho'd:

Funding in only one bond facilitates the calculation of the
funding,'the funding principei being the bond with the

20 longest term to matufity may unarbitrarily be determined on
the basis of the proceeds condition. 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'usihg the strict balance printiple. The
25 interest rate must be determined on the condition that total
payments on the bond and on the loan comply with each other
up to the next ordinary interest rate adjustment.

However, in this connectlon it is 1mportant how the loan is
30 amortized. If the loan is a bullet loan, the interest rate

may be determined in relation to the stable remaining debt as
a matter of course. ' '




Year m YD(m) + RGmM =[1 + Rerr](m]HmM 10 The set of equations

applies in the period fromthe raising of the loan until t 'ﬁ;ﬁwn’
refinanci ng Wx9I383Br cafter, a new set of equations may bqucrlfel%are 4or
t he period between the first and the second refinancing dates. The

f or mul ae witten above are here called the P2l ance requi- 15 renent.
l[fer ﬁ ]he squat| %@,S%Sﬁt %rﬂe( tort]:%eng %%H‘x t,l The _%%\ﬁe)is' S_ansoal.ﬁ/nqﬁﬂ;} loan acplpla{ es.
serial loan payments depend on both the remaining debt devel-
opment and the interest rate. Therefore, it is iterated as to
the interest rate, until the strict balance principle is
5 fulfiiled. As an alternative to the iterative procedure the
interest rate may be found analytically. |
‘The difference between bullet loans on the one hand and
annuity loans and serial loans on the other hand makes it
necessary to divide the model into ‘two models which are, more
10 or less, parallel. This is shown in Fig. 6. The steps which
are different depending on the amortization of the loan are
either marked by a S (bullet loan) or an A (annuity loan or
serial loan). The model starts by step 9S in case of a bullet
loan and by 9A in case of an annuity loan or a serial loan.

15 In the model it is necessary'to distinguish between ordinary
interest rate adjustments and the minimum refinancing. The
annual minimum refinancing means that the model is not only

‘meant to apply at the ihterest rate adjustment periods (e.g.
every fifth year as for a type F5), but each year. i is used

20 as a dating of the years with a minimum interest rate adjust-
ment .

Step 9 of the F model.

The F* model may only be initiated by step 9 of the F model.
' Therefore, input has already been loaded into the F model and
25 transferred to the F' model without changes.

St 1: Calcula the fundin rinci'al.

' This step is the same for both bullet loans and annuity
loans. The funding is determined on the payment date of the

loan or immediately after an ordinary interest rate adjust-
30 ment as

Hm = BEL0)

K (m) H(J)=0 for j<m
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be

[err]

fqbbbbggﬂ3 the market price of the bonds issued nuspcEPRSH0044
the principal of debtor's loan (in the following called 5 the proceeds

criteria),

Apart fronlthe fact that the bal ance requirenent nust

cover

l.e.: R O0) = [err] &6j)H(j) were K(j) is the
price of the jth funding instrunent at the point in time 0. Accordi

ngly

it appliemais amchaafgedanai nelatiwpm rdo itthe iFrenddedt. difbttdre doamndisni ng debt
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1rrespect1ve of the issue being in one bond only.

The other years until the ordinary interest rate adjustment
the minimum refinancing is given by

for j'=1,2,...,m

M;:(m) = Féj((J))

where

Fin (j’) in genetal designates'thg_funding need year
j’. In this connection Fin(j‘) is thus the mini-
.mum refinancing.

Ng.(m) desxgnates the marglnal fundlng in the mth fund-
ing prlnclpal in year j’ i.e. the part of H(m)

: to be issued at the end of year 3
Kj,im) is the market price of the mth fundlng instrument

in year j’'.

It should be noted that i géts a slightly different méaning,
as i is only set to zero in connection with ordinary interest
rate adjustments. Thus, funding is issued as to points in
time j=1,2..,m etc. and not only at the point in time j=0 as
in the F model.

The minimum refinancing is determined as the difference
between the annual payments on the loan and on the bond

Fin(j’) = R¥(m)J(o,m) - ¥YD(j’) for 1 s j' s m-1
where

H(0,m) describes the already issued funding, i.e. the mth

funding principal before the minimum refinancing.




where K(j) is the market price of the jth funding instrunent at the

point intime m Thus, the cal cul ati on probl em sol ved ac ' t he
met hod 15 cWO%88¥3ding to the Type F nodel conprises the m %ﬁ%

whi ch occurred as a result of the balance requirenent as well as the
proceeds criteri-a. As it is required 3hat the interest rate R(L) is
equal to or approxi mately equal ;to the yield of the funding portfolio,
20 the cal cul 8tepng:gCaleulate Ehe ABEBLeRS LALE. This neans =~ that R(L)
and thus all RGvalues on the left in the express- i ons of the bal ance

reau L enent S hRe" 1% nt?5hfe! SReb' £8r porn pIRY AW ana ARy

princi pals) odouns.r Thos, theotihterestdsatiee is detehrmimedisin [Buciyla/whY
si mul t aneousl| hi $, o e LXi ' r T i 4 Qpfken | f
t he point of %«?Bgr lttzxree%ioggﬂ ntgg'ffgnlrxio%ggr? mar iét ;Hadray&% nltcg% est r%it%

debtor' s r&payhentosad numbereofsPayRmEmE @t &h8 RPD HRVEULRE RFE t he
fundi nngi Lh fint&e@@%r_ ed rTaQ:e':] B@jg@t@m T ety gEticighe ﬂfafwﬂsﬁfapédmi?
i ssue of the ding may t.hen.be conpar.ed to the desir r e t he
|l oan. In case tﬁ‘ed@ﬂ‘%itt",z%pé’ FErd st onql?'edr?})? as?t%aa%)h"ggie% elf‘%ést
rate nust be raased widl lal alatk) the damalayimiesesin tafee bovisreasme
bonds are sol d_ ;:q); I ; | DaitV hg

ot her hand, q'mtac[%'rle qu%%'sfﬁ%p uslﬁﬁﬁ%%%%h% t he %%%dlaﬁﬁé S

inter-  lOestwaldt @asnfemial deansy.
The principle leads to the equation
(a) RG(3') + (m-3J)IRXLRG(') = H(m) + (m-3’)EmRY(m)
The foot sign of the interest rate indicates that A applies
to the interest rate of the year j’. It should be noted that
15 H(m) = H{0,m) + M(m). The minimum refinancing which has just

been issued is thus included in the expression.

A may be rewritten into

rE, = HUM-RG(F" ', Him)RY(m)
3 =7 7 37 Y
Am-FYRG(FD RG(F%)

whereby the interest rate in j’ is determined.
20 Step 3: Determine debtor’s repayments and interest.

This is the same step for both bullet loans and annuity
loans. The interest rate as found is used to determine debt-
or’s repayments and interest, and the remaining debt develop-
ment inclusive. |



The Type F nodel - step by step: 15 Below, the solution of the problem

concerning a LAIR is descri bed step by step, the principals of the LAIR
bei ng' woosiassssat ed according to the Type F nodel. |n prPOI/DEDEHOOOSA S

is inplemented through 10 steps. The procedure corresponds to t he steps
shown in the flow chart in Fig. 4:. 2®8 The nodel is repeated for each

I nterest rate adjustnent I n case of a LAIR type FS with a termto
maturity oStey ' nished maypbe NSeC The
nodel uses an |terat|ve procedure Cn the basrs of a start value of the

interest rate, the funding in step 2, step 25 3, and step 4 i s determ ned.
In step 5 GALtERHRfELOM ofhedyllet 1°a§sﬁsr&P@PF§t&9téﬂﬁ KB& TPPuLkE.

proceeds CDndltiﬂEEIQSﬂKﬁate, reépayhientedand dihepréstthandnttandihgr mag Wil |

be adj ust a . the increase, and step 2 etc. is repeated. If the
proceeds Qge g%éf%F?ion is not fulfilled, the nodel will make a final check
30 that all funding principals are positive. - WD 97/ 38383

PCT/DKQ;/O$Qéﬁ A4: Calculate the change in the intetbst ragelep 1: Determne
initial interest rate _

The change in the interest rate is calculated on the basis of
the same principles as in the steps 4 and 5 of the F model.
First, a function measuring the difference between payments
on the loan and on the bond is thus defined.

10 F(R")-E YD(J)+RG(m)—[H(m)+(m- i) H(m) R¥(m)
j=3'

After this, the change may be calculated by use of the
reduced version of the Gauss-Newton algorithm.

ARX = P(RK) = inc
F(R*)—F(R“+1nc)

It should be noted that F(RX) is strictly growing, ensuring
15 that the algorithm reaches a solution.

Ste

he bal e iteria fulfill

Step A5 determines whether the iteration is to continue or
whether an interest rate is found fulfilling the balance
requirement. As in step 6 of the F model, the question may be

20 determined by the mathematical convergence of the iteration,
but it is more obvious to evaluate the actual balance requir-
ement. This means that the iteration stops and the model
continues in step A7, if the condition

o THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Re; ﬂ

L]




In order to mnimze the nunber of iterations, which are to be carried
out later, it is expedient to set the interest rate equal Q&Mﬁdﬂ‘j
on the fundiN@DPﬂyﬁﬂhnents having the 5 longest termto natur*&?&

Al'l inputs to the nodel is |oaded in step 1. As to bonds the nunber of
funding i nstruments, coupon rate of each in8®ru- ment, nunber of annual
credi tor paynent perlods and the paynent dates and narket price of each
instrument are.ljopded. 10 As to |oans the paynent date, principal,
anortization pri|§ YD(Jp;pbem)Legum;o(ma§anuszhumb keof annual debt or
paynment perijggs, and debtor’'s paynent dates are lloaded.

Furthernore, a value for the paraneter inc nust be | oaded. Parallel to
the determnation of the funding for Rlerr] in the 15 followi ng step, the
funding for Rlerr]+inc is al so determ ned. Thus, the nodel has two
observations ibasHeeeRtfukfikledrfor € hDR0E. gllsthecenrdirien daas not
rate. The standard val ue of inc Is 0,0001 (0,01 %, but another val ue

mey be | oaded.peen fufiiieabashe mbaéhecéredrdesurhestep hanghsgead.
instrunents and 20 the remaining termto naturity, the value for mis

det er m ned as m = max (nunmber of funding instrunents; renmaining
termto maguept X6 : Adjussothdaintaresbdedtedoes not i ssue bonds with a

termto matur- 25 ity after the.termto maturity of the |oan.

5 The interest rate did not fulfil the balance requirement and

must therefore be adjusted as to the change ARX . Then step

3 is repeated.

Step A7: The model is finished. The result may be used.

If the balance fequirement has been fulfilled, the funding
10 and interest rate fulfil all conditions and can be used
together with the debtor’s repayments and interest.

In chapters 3-6, four examples of preferred embodiments of
the Type P model are described. The four examples are special
cases .of the Type P model as is described in chapter 7. In

15 chapter 7 the notatiod of some points have been changed as
compared to chapters 3-6.

CHAPTER 3.

.In this chapter, an example of a preferred embodiment is
described which embodiment in the following is called the
20 Type P, model.

The general problem

In a LAIR, which principal is calculated according to the
Type P, model, a part of debtor’s remaining debt is



Step 2: Determ ne debtor's repayrrents and interest. When the interest
rate has been determ ned, debtor's profile of repaynent and interest

and profwég.,,ﬁ‘:,sg emai ni ng debt can be set up or cal cul p¢pBkdAsookOt h
Rlerr] and Rerr]+inc until the 30 first refinanci ng point in tine. The
nodel will return with ' V\D97/38§§3 :
"'PCT/ DK97/ 00044 the foll ow ng pi eces

of infor r r t

“nterost it TEARIEE Ay JFRLET he R Ue *%%“ ey %‘“ﬁﬂf

Step 3: DMRMNBRAY tIF AhFWRART ReDAS, debtaxy dihqme hat debtor
repaynents and |nterest (YD(L); the repaynent and interest incl udi ng the

be founq: Sate FEeasthatnd i REFESmA i Mt Gy SORFE R
nodel , theccstitre ibopddiokdess tace ldmwgdal theoe g giaymen v \f ri bher evvr| tten
into agmatddpe d,E MAS {9 LPiSim chat/ Xk d‘itAfgiencé Between these

payments during the first year corresponds to the total

number of refinancing operations taking place during the term

to maturity of the loan in relation to the remaining debt in

the beginning of the year in which refinancing is to per-

10 formed, i.e. | - '

. In other words; the aim is that 'i% of the re-

RG{1)
my

- maining debt is refinanced every year.

The problem to be solved in connect:.on w:Lth this calculat:.on
- method accordlng to the Type P, model can be written in the
15 foliow1ng way: (this corresponds to the balance requirements
under the Type F model)

Year 1:
[AFD (1) + R(L)RG(0)] + %@ = H(1) + REG ¥ R(F,§)IH(J)
_ . R 5

Year 2:
m

20 [AFD(2) + R(LIRG(1)] + BEEL "~ mi2) & 3 R(F,HEG)
_ 0 J=2 .

Year m:




where A is defined as a nxm upper triangular matrix: [err] l.e.

the A-matrix is designed in a way that the balance 15 equati r
i medi at el y,WP197/383@;§| culation of the formula (D) is att en%?gﬂﬁ&%”w“l

the A-matri X,

t he nunber of colums corresponds to the nunber of

funding instruments, and the number of rowsf¥orre- ~ sponds to the
duration of the interest rate adjustnent 20 period. The three

mat 11 ces have L, fol | oy pge g\ ERF| 0S ROtm)  YOEL) () 13t

WOmg 7T
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where
AFD(j) is debtors repayment at a point in time j,

R(L) is the interest rate on the loan,

fRG(j) is the remainihg'debt at a point in time j,

H(j) is the jth funding principal for j={1,2,...,m},

m is the maximum number of bonds or funding principals

which can be chosen at a maximum, given the remaining
term to maturity of the loan, _

REG is a regulating function determining how large a sum
of the interest payment falling due on the first
payment date creditor is to receive from debtor. REG
is a number between 0 and 1 assuming the value 1, if
the loan is raised on a payment date, and

R(F,j) is the nominal interest on the jth funding principal.

Thus, a set of funding principals fulfilling these criteria
must be calculated. To this must be added that the proceeds
criterion must be fulfilled, just as the interest rate on the

loan R(L) must be equal to the yield on the funding port-
folio.

This equation system cannot be solved in the same way as the

.corresponding system was solved under Type F. This is due to
. the requirement that the interest rate must be equivalent to

the yield on the funding portfolio.

The method ‘applied according to the Type P, model involves
that the determination of new interest rates and new funding
principals is performed in a two-step procedure and not
simultaneously as in the Type F model.

The Type P, model - step by step:

Below, the procedure for a solution according to the Type P,
model is described step by step.



In the rewiting the solution as to the mfunding principals in

matrix form (the top sign T neans that the matrix is ‘transposed) is
as fol | oweD 97/38383 H=T[Aerr]A-[err]Aerr][ YD+tRG PCT/DK9(/M)044 5
This means that in connection with the cal cul ati on accordi ng to the
Type F nodel, a solution as to the voluge of the I ndi vi dual fundi ng
princi pals has now been found. In prin- ciple, [Alerr]A
1-Terr] Al effne faysbestepsaceitly ar¢eiklustrited in Rigs Yuatbrrespond
ratic. Onl f-nae NGy | r@%ﬁgﬂ ntroduced, 10 the
rewiting %g{g?§]£fE§§r§F§fir?n ?Eénecesgiﬁgé&%'us the rewiting is

only a met hod where non-quadratic matrices may be inverted. The
fundi ng fogtRpent:] beBerimindecigr fht@dedy tdree sane net hod. “Step 4:
Det erm ne the proceeds function ' In connection with the

cal cul ation according to the Type F 15 'nmodel, a function F(Rlerr]) is

t hen cal cuBsired aas inkergstf cavaces determlmﬂdmeém Qh@eprmaemdmnmnht&he

mar ket ri ¢egwRlr bheﬂeee&:@aha uhich az arél 08! Se Cal £ eﬁ Sleg 3.
[err] where Rl err]| is interest rate. Both t he véfues of
F(R[err]) éﬁuexpedggntpgg[gg f#?h%? the inrexesE cpte R(L) as a

weighted average of the yields on the individual funding
instruments in the following way:

1 .

 m =-tr(0,t) .
R(L) = E:-EL—?T———— where t is the terms to maturity
i £=1 =t .
m
10 of the individual funding instruments; i.e. t={1,...,m}.

As a further input to the model, the following must be known:
the prices on the m bond principals, -the term to maturity of
the loan, the number of funding instruments, the coupon rate,
the loan type, and the opening date of the loan.

15 St 2: Determin tor's interest and r ent rofile

When the interest rate has been determined, debtor’s profile
of repayment and interest and profile of remaining debt can
be set up. The model will return with the following pieces of
information concerning debtor’s payments: interest, repay-

20 ments, repayment and interest, and the development of the
remaining debt. '

Step 3a and 3b

Now a division of the calculations into two is carried out.
Firstly, the situation wherein more than two funding instru-
25 ments occur {(i.e. m>2) is described, and hereafter the situ-

CETMRIITISNIIONI ST . T o o v




Step 5: Calculate the change in the interest rate ‘Then the

determned interest rate is adjusted. |If the conver-

condition i nWAYK38E8Y s not ‘fulfilled, the adjustnent aﬁﬁﬁ§xﬁ%v£t%r,
not be inplenented until step 7. In connection 25 with the cal cul ati ons
according to the Type F nodel, the %Hjustnent s inplemented in
ookt " st TR aoresgedict i b cl® RS Sl e
PCT/ DK97/ 00044nd m=2) is destribed. 47 I n connection with the
adj ustment cal cul ation, a change in the interest rate to the determ ned
interest rate is calcu- lated. For that purpose the Gauss- New on

al gorithm may he. : used, whi cRomap>2i gogtpeB&RP Be witten as
For mg<2 go to step 21

5 The remaining steps for calculation according to Type P, are
illustrated in Fig. 8 and are described below.

Step 4: Define a trend function

Here a polynomial of the second degree, which is here called
a trend function, is applied.

10 The trend function: ap +a;t + a,t?, for t = [0,1,....,m-1]

The trend function is used to calculate the individual fund-
ing principals, and the purpose of the trend function is to
‘try to adjust the developments of the funding principals to
the development of the remaining debt concerning debtor’s

15 loan.
Step 5: Calculate the coefficients in the trend function

The coefficients {ag,a,, and a,) are calculated in the fol-
lowing way:

(agray,a,) = [BTB] 1BTmax RG‘;_.) :H(O,j)] for all j< m.
.
20 B is defined as:

f1 t(1) ¢e(1)2

2
) B =|1 t(2) t€(2)

1 e(m) €(m?



[err] = 10 Based on these cal culations a value of the desired change in

the interest “rate is determ ned. The above applies that: Derr]D
is the WepomshBL ri X g is the gradient 15 J is the Jcmbgowmmbss X
jlerr] is the diagonal elenents According to the definition of D and
g, "division" is carried out with aggatrix neaning that the elenents in
the matrix are  divided one by one. 20 However, in this case the

probl em i gn&peiwli mensi onal , which - i's the reason why the Gauss- Newt on

al gorithm may be reduced,

H(o,j): the jth funding pfincipal at a given point in
time before refinancing is performed in the cur-
rent period. It applies by definition that at any

s point in time E(O,m) = 0. It further applies that
H{0,3j) = 0 for all j at the point in time 0.

If the calculation is carried out at the point in time of the
raising of the loan is performed, then continue in step 6
(H(j) is calculated). At any other points in time of

'10 refinancing, continue in step 5.

It is noted that M(j) are the marginal funding principals for
j={1,2,...,m}, i.e. the additions to the funding principals
at the points in time of refinancing.

Hereafter it is tested whether the number of initial funding

15 instruments, i.e. the number of the remaining part of funding
instruments applied when the loan is raised, is larger than
the remaining term to maturity of the underlying loan. If

this is the case, then go on to step 6, otherwise, continue
in step 17. '

20 Step 6: Determine an increment or decrement to the coeffi-
cients ' '

Now an increment or decrement toc the coefficients aj, and a;

is determined. The first increment or decrement must be

GUESS(1,2) = (1.25,1), i.e. ap must be multiplied by 1.25,
25 and a; must be multiplied by 1.

Hereafter, continue in step 7.
Step 7: The fundin rincipals are calculate

Hereafter M(j) or H(j) can be calculated by inserting the
determined coefficients and setting t={0.1,...,m-1}, thus;

’--




4 8 as D, J and j[err] are all of the dimension 1 x 1. It hereby

appl i es that J[lerr] = as j[err] = [DiagJ[errJ‘_‘\_]I%’{(g1 =
[J[err] = J. WO9YIB38X] = J is placed in the expression for D P .Bﬁoﬁes
At the sane tinme, the expression for g is reduced to [err] If the
reduced expressions are introduced in [err]65the followi ng applies

M(§) or H(§) = max[0; [GUESS(1)ay+GUESS(2)a;t+a,t?]-H(0,3)].
Step 8: Calculate the proceeds and balance criteria

Calculate the pfoéeeds difference and balance criteria and
. - continue in step 9. At the imitial point in time the condi-
5 tion of the proceeds is as described above: RG(0)

m
= 2: K(j)H(j). Otherwise the condition of the proceeds is
J-

Fin(i) = ;: K(j)M(j), wherein Fin(i) is the funding need
_ = . . _

~ upon refinancing after the point in time i. The balance
criteria have been given in the previous equations -equivalent
10 to the balance requirement. By calculation of the difference
in proceeds is here meant the calculation of the difference
o

between RG(0) and ;: K(j)H(j), or the difference between

.f=1

Fin(i) and Y K(j)M(j). If H(J) or M(j) comstitute a valid

J=1

solution, this difference must be smaller than a given maxi- .
15 mum difference.

Step 9: Calculate the change of increment or decrement (h)

Now a changeléf”(h) to ag and a; is calculated. The calcula-
tions correspond to the calculations in step 4 and step 5 in

the Type F chapter. The function F(x), is, however, defined
20 somewhat different.

TR

Here is: F(x) = [RG(i-1) - Y K(j)IH(]),

v,

=2

»-




‘[err] The nethod is illustrated in Fig. 5. The graph.8 shows the
di fference bet ween the proceeds and the market prices of the bond

princi paydos@eigh! ustrated as a function of the short-ter mgmbremebes at e RK
and the line 7 is the secant through two points on the graph 8.

4 9 The al gorithm approxi mates thesinterest rate fulfilling the
proceeds condition. In other words, ?he al gorithm approxi mat es t he
value of Rlerr] 5 fulfilling the condition F(Rlerr])=0" The basic

i dea of the algorithmis bgnq§¢;thh seeant-1hhrough two points on t he
graph 8 for (Rerr], F (Rerr])) &d (Rerr] +inc, F(Rerr]+inc) )
respectively. Wen the secant 7 is determined, the intersection with
the x-axis of the secant 7 10 is determ ned. The intersection is the next
guess as twhersin m diest vext®r onsisthag ofr &wovelpmensss. Vi . FARKANd s

strictly decligifngs e 2h9@5hE" AW hrrer Bhwaysingaeh fimel ¥14Pon
| refinancing; m, is the number of funding’ihstruments at the
5 point in time when the loan is raised, and RG(i-1) is the
opening remaining debt at the point in time i.

Besides this, an adjustment of h is performed in the follow-
ing way: '

h = [sign h] 'min [Ih].%?]

10 This adjustment of h ensures that the change of the coeffi-
cients is not too large.

Step 10: Calculate whether one of two convergence criterié
has been fulfilled

Hereafter it is to be determined whether one of the two

15 convergence criteria for each of the polynomial coefficients
has been fulfilled. This can be done in the same way as
described in step 6 under the Type F model in that R(L) in
the calculations is replaced by'a° and ai, respectively, and
F(a, and F(a,) are calculated as described in step 9. If

20 this is the case, continue in step 11. If this is not the
case, a new increment or decrement to the two coefficients
must bé_determined, then continue in step 7.

Step 11: Calculate the proceeds criterion

Hereafter the difference in proceeds is calculated, the
25 proceeds criterion at the point in time when loan is raised
being given by -

m

RG(0) = ) K(jH(I).

J=1




Fig. 5 shows that inc should not be regarded as an accuracy paraneter.
15 the contrary, inc determnes the step size in the iterati%@:ﬂﬁﬁ&f&ﬁ&?-
Therefore, | WY necessary to use the matrix apparatus, but as 1t 1S

t he - sanme method which is used under Tygi P, the formula apparatus is
now I ntroduced. 20 Step 6.. Has t proceeds condition been
fulfilled? After the calculation, of the change in the interest

rate, in connection with = the calculation nmethod accordi to the Type
F nodel, it i Ottheldss thietprodessis wendidriamhd 81t ir b hex iﬁe?‘éét’mﬁaﬂe RK
fulfills the | oaded conditions. The general nethod for *his purpose is
to test the mat henmati cal convergence of the change. This is done by
eval-uating the volune of the _  _adjustnent as to the guess at interest,
rate whi ch waadetuekating the diffexrence in proceedsnedRe shfeht caLcydrying
smal |, cf. the conditions below, there is no 30 reason to continue the

Leral i ve proces. o 25 DG RISl ARG Y S18°F 1§ A (s) SO s

| east one of the follow ng two convergence conditions nmust be fulfilled:

WD 97/ 38383 - . PCT/ DK97/ 00044
50 . '

_ o _ . -
ference between Fin(i) and Y K(jI)M(j). If H(J) or M(Jj)
5= :

5 constitutes a valid solution, this difference is smaller than
a given maximum difference. In this example, the proceeds
condition has been fulfilled, if the elements on both sides
of the sign of equation correspond to.the 3rd decimal place.
If the proceeds condition has been fulfilled, go to step 13,

10 otherwise, go to step 12.

Step 12: Agjust'funding'grincipgl

There are three possibilities of adjﬁsting the funding prin-

cipals (M(j) or H(j)), depending on whether the difference in

proceeds shows an excess of funding, a deficiency of funding
15 or the sum of funding principals equals to zero.

'In case of an excess of funding:

M(j) or H(j) = |— [Fin or RG(0)]
Y Kt3) (M(5) oz H(F)]

J=1

for all j<m

In case of a deficiency of funding:




[err] where [err] is a very small figure, e.g. 10[err]. I f just
one of the conditions (*) or (**) is fulfilled, the 5 desired interest rate

RK has Iwew7As3nd, and the cal cul ati ons are conti nued POTDKIPOGD44 | t
I's possible to exam ne the proceeds condition directly. It may be

fornul ated as [err] 10 where e 4gs deternmined to 0.00001. Thus, a
maxi mum devi - ation of only 0.001 oere in the funding proceeds is
accept - able. If (***) is fulfilled, the desired interest rate (RK)

is found, lqr(lg)tgq[e ﬁ‘???'= chbRin e RG{039 e (8) [M(1) of mtmie) pf the
conditions is fulfilted ontinue wmth step 7

K(7) (M(F) or H(F)]
j=2

for all j<m.

If the sum of the funding principals equals to zero; (this
can happen right at the end, just before maturity)

. la .y - 1.Fin or RG(0)
5 M(j) or H(j) = - '

After the adjustment of either M(j) or H(j) cdntinue in step

13.
Step 13: Cgléulatg a change in the interest rate

'Théffunction F(R(L), wherein R(L)) is the interest rate, is
10 set equal to the difference in proceeds. A change in the
interest rate is calculated as under stép 5 in the Type F
model. Then gd to step 14.
Step 14: Calculate whether one of the two convergence cri-
teria has been fglgillgd | -

15 This step is identical with step 6 in Type F. If just one of
" the two convergence criteria has been fulfilied, then go to
15, otherwise go to step 16.

St 15: T calculation igs finished

Step _16: Adjust interest rate guess by h

20 Adjust the interest rate with h and go to step 2.




15 Step 7: Adjust the interest rate The interest rate rejected in
step 6 is now to be adjusted with regard to the adjustnent
change in thWO 4738383 est rate found in step 5. The interes‘{a?%geﬂ%ll eh

i's here- after used for calculation of debtor's profile of repaynent 20
and interest and- remmining debt profile, is62hus the adjusted

97/ 38383 PCT/ DK97/ 00044

51 i nter eStepand:( Rrer fiind e : &9_1ReCdj ust ed

i nt er est ratefromstep2 is used Step8 Are all fundlng
principals positive? In certain cases, .in_connection wth the

acconpl i shmen{Tesit whetherc fhe fanddng &@@&'&snd'aﬁ?eﬁé:hﬁybeozi: SRRk &
nor e- of t hﬂ&ecﬁxﬁnlﬂo&t ethel madked Priiee pf Theaymaanrimal (f\beinegeprlnc1-

tive. Fundi ng nci.pal s bei n spgnd t de r h %}@

nunber of the erqls' tg' e(id% @'rf% b‘%%ntr%égtloansvﬁ S%e Type

F nodel is s hatiltleds QQMImpmﬁst ox@emse)amrto viiemh 3&. why is nust be

det ermi ned whet her al | cal cul ated funding principals are |arger than O.
St 18: Determine an increment or a decrement to cefficient

2

Determine an increment or a decrement to coefficient a, given
by GUESS(1) = 1. That means that what is being determined is

10 not the coefficient, but the increment or the decrement to
the coefficient. Then continue in step 19.

Step 19: The fundin rincipals are calculated

M(j) can then be found by inserting the determined coeffi-
cient and setting t={0,1,...,m-1}, in the following way:

15 M(j) = max[0; [GUESS(1)a, + a;t +a,t?]- H(0,3)].
Go to 20.
Step 20: Calcul : roceeds criterion

The proceeds criterion is calculated in the same way as in

step 11, i.e. the difference in proceeds is calculated and
20 then continue to step 9. '

St 1: F s2

This step is not shown in Fig. 8. In principle, this model
] operate in the same wé.y as a Type F model. There is, however,
' - a minor difference in step 3. Thus, step 3 in the Type F
25 model must be replaced by the following:



The negative funding principals may occur in connection with prem umns.
An obvious way to avoid negative funding principals Is thus to change
fundi ng wasdrsesgent s which would in this 15 connecti on nepcr/bkerenoeni ng of
bonds with a | ower coupon rate and thus | ower market price.

Al ternatively, the negative funding pruﬂflpals may be avoi ded by
treating the loan as a LAIR Type F+ unt the next inter- . est rate

adj ustnent is of. N g3k inchiba18  negative funding
princi pal s occur, e node us con |nues I'n step 9. If, on the
ot her hand, all fundlng principals are positive, t he nodel continues in

step 10, THe el iGmnge thet @ Fandidg ﬁkﬁneﬁpams iar ;aekikheotmndi ng
principals is/are negative, the nodel changes into the. nodel F+.

I nformation cdﬁ%ernlng the | oan, i.e. principal, termto maturity,
anortization prin- ciple etc. is |loaded in the F+ nodel. The F+ nodel

i's descri bed oW = O Ttk T, 11 :
beT/ DoY) oooudT I PRPHE) = malRol e3P, oz 2 I8Bep 10: Interest

rate funding and repaynments and interest
' 5 C and D are defined as follows:

Fin| , for all j<m.

H[— + YD(J)] -y Al J)H(O J.

J=1

C_[A(l,l) A(l,z))
lxyy k2 )

~‘wherein A(l;t) represents the tth element in the first

row in the A matrix as defined in step 3 for the Type F
10 model.

CHAPTER 4.

In this chapter, an example of a preferred embodiment is
described, which embodiment in the following is called the
Type P, model. The Type P, model corresponds to the Type P,
15 model, which describes the calculation of principals of a
loan raised on the payment date, but the Type P, model pro-
vides a method of solution in the cases of extraordinary
payment, i.e. the debtor does not raise the loan on a credi-
tor payment date, and thus the debtor does not have to pay
20 full repayment and interest in the first year.

When calculating the initial principals according to the Type
P, model, one more funding instrument must be applied than
when calculating the initial principals according to the Type
P, model. That means that if debtor has chosen to refinance
25 his loan by 10% annually, 11 funding instruments will be in




may be used! Now an interest rate as well as a nunber of positive

f undi ng ale s fulfilling the given conditions have be Rﬁé%

and the ca|5ﬁ¢§§¢@ﬁé are finished. General coments to ?ﬁg &mﬂg
nodel : In connection with the Type F _nodel an unanbi guous, positive
interest rate corresponding to a sol uti on df* the gi ven condi - tions

w Il always be found. The i [ 1 t he |eI of. the
f undi ng portf???fékﬁ?ﬁe%&ﬁﬂ g? %1ﬁ§%eF%8§§§3 SKanF gaﬁﬁo scﬁagﬁlthe
sal e of the flamhmg accordimat soi she TypesPyi wotiglgr Themgfbuact bontbe t he

i nterest raf Gpeng geregeaf'e&érféhﬁahema h! el deAione GATYTRRL S and

I nter- undi ng principals the ot her hand,
cannot be gua?ﬁ%@@@d that the solution almays results in all fundlng

principals being positive. A negative funding principal just neans that
debtor nust pus- chase a c rtain _nu e _bond which is ysed gs
funding 2 PHe crrnitSREe, GFI BRLACRHRTS PEcRsgant,ed (he Mmymh: rohpded
20 is unaccepfablewsmhhehstepahy 2hefbyanhes TypeaPgdmagied timpehat the | oan.
By selecting naragesgwhichof ol hgwy hheaiat t égd I
possibility o?eﬁggln g |$e un #ﬁglgrﬁﬁg? Dt cqan %%HJfayﬂQE%d by
reduced substﬁh?lﬁFPPS s atedThelpyebl em may ari se mhen the mar ket prices
of the funding 25 instrunents are at a prem um which corresponds to the

inter- egE raée[ge quIomgéiﬁhagegggrpon1na%i ntere§% gateh Inn%hat

10 4int st

When the interest rate has been determined, debtors profile
of repayment and interest and profile of remaining debt can
be established. The model will return with the following
pieces of information about debtor’s payments: interest,

15 repayments, repayment and interest, and the development of
the remaining debt. In addition to this, a variable TILT is
defined, in that TILT is set equal to 0. The variable, being

‘set equal to zero, will be applied in some of the following
steps. '

20 S 4 (P.): Define a tr function

Here, use is made of a polynomial of the second degree, which
here is called a trend function.

The trend. function: ag +a;t + a,t?, for t = (0,1,....,m-2]}

The trend function is applied for calculating the individual
25 funding principals,_and.the purpose of the trend function is
to try to adjust the developments of the funding principals

to the development of the remaining debt concerning debtor’s
‘loan.



case, creditor's interest paynents nmay becone so extensive t hat they
may exceed debtor's repaynents and interest. This case necessitates a
negati vewaewisssp princi pal, if the bal- 30 ance princi pl e RCIT/DKIH00044 -
fulfilled. On the basis of the above, it Is necessary to make sure
that the dif.ference between the cogpon rate of the bond and the
interest rate of ‘the loan is WO 97/ 38383

PCT/ DKO7/ Xt S (Py,) = ulal ficient ; iohhe
size of the possible difference depends on i.a. the profile of repaynent
of the loan and the termto maturity. CHAPTER 2 5 The genera
probl em The g¢oefficirnis Wad ahe angngeldt arer sricuiated dp ithis WAYR with
100% i nterest rate adjustnent has a price over 100, t he nom nal issue is
| ess t han e @ |_Qa RGWst ffe t he bal ance
principle H] t%éalz st ga%] ?ﬁ%@‘ 0 mn nterecgg)r at gogdgtl%t Aenf® peri od when
the bond princi pal s mat ures at prlce 100 at ‘the sane tine as the
remai ni ng debt of loan is to be interest rate adjusted. . I n case

of bullet popRSqeiSaipigls Wi ll always arise on the part of the | oan
since the remai ning debt Is larger than the

1 £(1) t(1)2
1 £(2) t(2)2

5 B =
1 t(m t(m?
wherein:
H(o,j):’ the jth funding principal at a given point in

- time, before refinancing is performed in the
current period. It applies by definition that at
10 | any point in time H{O,m) = 0. It further applies
that H(0,j) = 0 for all j at the point in time 0.

If the calculation is carried out at the point in time when
the loan is raised, then continue in step 6. At any other
point of time of refinancing, continue in step Sa.

15 It is noted that M(j) are the marginal funding principals for
j={1,2,...,m}, i.e. the additions to the funding principals
at the points in time of refinancing.

Step 6 (P,): Determine an increment or decr nt to the
coefficients '

20 An increment or decrement to the coefficients ay and a, is
now determined. The first increment or decrement must be

GUESS(1,2) = (1.25,1), i.e. a, must be multiplied by 1.25,
and a; must be multiplied by 1.

TR ™™ T TR T




15 outstandi ng nunber of bonds. In case of annuity |oans and seria
| oans an equi val ent surplus may arise, however requiring ' Ysooha
over 100. wWOoPH3838Y f erence in the nominal nunber of bonds aﬁg gﬁe princi-
pal of the | oan nust, so to speak, be larger than debtor's 20 repaynents on

the loan in the -period up to the interest rade adj ust nent . In a
preferred enbodi nent, the problemis solved in that t

. . _ | X ﬂf . I$q$ is.sq#ely
financed in orgoR UFECReECakrIIatROm Qo M3/ it | 3% THTRING M P FHANEFRg i s
introduced. @5 dhe hasdetdleas) wiith Mgiegual efé nasws Nois ss¢n eqambf o

paynents from previous years to the |ast year in the interest rate

adj ustnent pertod in that a deficit in the paynents on - the loans is
covered by a new bond issue with the sane term to mturity at the end
of each year ig,.¢( LGS M 4 het $0 bal ance principle. Thereby the
nunber of bond§h§§n?é%reas%d %Ed the surplus of the l|ast year is
reduced. WD 97/38383 - -

PCT/DK97/00§44SEQ? 7 _{(Pw) : i inci ebdalculdtedrticul ar
problemis connected to the determ nation of interest rate. As a
consequence of the m ni mum refinancing, the interest rate is not stable

during the whofrhehnMé¢jéstan beatalaujlatedehy pasevtinguthei dptermanedrily,
vary fromone coefficients and setting t={0,1,...,m-2}, thus;

M(j) = max(0; (Z, [GUESS(1)ag + a;t + apt?])- H(0,3)}.

Hereafter a balance criterion is calculated as the numeric
10 value of a balance difference

Pin(i)- -~ -RG(i-1),
m,

for the funding point in time i. If the balance criterion is
larger than a given maximum difference, e.g. 0.1, TILT is set
equal to 1.

15 19 (P.): Fundin rinci are calculate

Hereafter M(j) can_be'found by inserting the determined
coefficient and setting t={0,1,...,m-2}, thus:
M(j) = max[0; (2, [GUESS(1)a, + a;t *+ a,t?])- H(0,j)].

Hereafter a balance criterion is calculated as the numeric
20 wvalue of a balance difference

Fin(i)- — -RG(i-1),
m

. for the funding point in time i. If the balance criterion is
' larger than a given maximum'difference, e.g. 0.1, TILT is set
equal to 1.

*



5 year to another. The present nethod only ties up the interest rate
during the | ast year of the interest rate adjustnent period. As to the
ot her yeeiosg7/38ss3arbitrary determ nation of the interest raCEDK97/00004 Y
changes the m ni mum refinancing. However, an unfortunate 10 determ nation

of the interest rate will only result i? a substanti al change of the
interest rate of the last year in of8ler to conply with the bal ance
principle.ghngidmis o4 here- fore, to choose a nethod for the
deterninai?on of fﬂ% I nter- est rate with a stable course. The present

method is thus an 15 appropriate method anong others. E.g. the interest
rF at g, coul dAccclard)ﬁ@Q’f)@r%ﬁéfleﬁbﬁé. & tzik{mlda@nt hq )‘.h%' @Fq:cpuaei:cdnt&ﬁare ma?e“%hmm:
unding in_only one n cili e 1e _cal.cul atiaqn . of the, undi ng,
the T undi SRR | horPa RS P CALRAR T (1S S iy REEREIPRY 808t ur |ty
may unar bi hemid¢al delakeirgy niheepmimcipalt e des £ iofst hefimacwedds, cahdi ti on.
Thus, the [ t ' lieadye idbde Jd ep t he
model . 3 égf%j:el%t%%s %%j%}%a%{%@%@:tggm ne(ib t he 4#?’[%%&??’%5@% may
be det er mi BRASFT 1RF righe i Sterence dmbal g Grespanding ttheest rate
nust be degepdi sedroET e E0Nidd ut Nathdrotaddll cul atiagites g¥indigaliond and
- on the | oan conglg mntg qggh ot her up to the ngﬁﬁ-ordlnar I n{ erest
rate adj usthehRe Second poRiRancing (A& et 3% EFE1R¥W t he
| oan is 30ingnoefiuaucing ¢peranvdonss tedil|dfettHeoatif fdwernad drebalaace
g?yc gﬁ%g’gt BEILPeCo! Bedf! 211 ONcd Pridle SlP!fnd HRIFHAL A ihfTalcu1d-mat ter
‘tions continue as stated from step 4 under the Type P, model,
but if TILT=1, calculations continue as stated from step 4
(P,) under the Type P, model. '

CHAPTER 5.

15 In this chapter, a description is made of an example of a
preferred embodiment, which is called the Type P, model in
the following. The Type P, model corresponds to the Type P,
model except that when calculating the trend function, an nth
degree polynomial is applied, wherein n can be equal to the
20 number of initial funding instruments at a maximum.

Calculation of principals according to the Type P, model
follows the steps 1-21 for the Type P, model in that, how-
ever, the steps 4, 5, 7, and 19 have been changed and
replaced by the steps stated below:

25 Step 4 (P.): Define the trend function

Here a polynomial of the nth degree, which is here called a
trend function, is applied.

-

The trend function: ap +a,t + a,t? + ... + a,t?, for t =
(0,1,....,m-1}, wherein n is equal to
30 - ' _ - the number of initial funding instru-

ments at a maximum.




WD 97/ 38383 PCT/ DK97/ 00044

55 If, on the other hand, the loan is an annuity |oan or a seri al

| oan paymentWOPIREME on both the renmining debt devel - opneTt TBKA740044
interest rate. Therefore, it is iterated as to the interest rate, until
the strict balance principle is 5 fulfilled5 As an alternative to the
Iterative procedure the interest rate may be found analytically.  _ The
di ff erence betUgerdsHmads 9hHa$rand HURFPRNC aflculakfurhe LBaAVidual

serial |oans Ghddidigi8indig d1BkAE ithe plBSESEa6Y tRedtybda Eliacknenl is
into two nodel s which are, qgis 10 _.or |ess aral | el THis I s.shown _in .
Flg. 6. The stdb@b#FTRF to SHinsl i SFVELIAGRRS oF FRE SHBAIPYAPrRCr
the-l oan are palsitdatheraddszldpmentS ¢Huthetrémanhing debh €ancernyingoan
or serigal ) del starts by step 9S in case of a bullet

| oan and bysagAi%?\e]%%s%qg ﬂg‘n- annuity loan or a serial loan. 15 1In the
nodel it is necessary to distinguish between ordinary I nterest rate
adj ust ment s aryt_é%g,,_rr_lgucl nureg ek I déerficianpgainntAbMHPLhASf EGAREH BE
means that the nodel 1s not only " meant to apply at the Interest rate
adj ust ment periods (e.g. every fifth year as for a type F5), but each
year. i is userTh&Ocoefficiamtag(af,dhe years. widl) aare ntalvniated ek tiad e

adj ust - rn%%llowing wigP © of the F_nodel 

(@graqseeee- ,a;) = [BTB] 'BTmax {E%gll;ﬁ10,j)] for all j< m.
]

10 B is defined as:

1 e(1) ()2 . . t(1)”

B o |t t(2 t2?2 . t(2)”
1 t(m tm?2 . . tm-®
wherein:
n: at a maximum is equal to the number of initial

funding instruments.

15 H(o,3j): the jth funding principal at a given point in
time, before refinancing is performed in the
current period. It applies by definition that at
any point in time H(O,m) = 0. It further applies
that H(0,j) = .0 for all j at the point in time O.

20 If the calculation is carried out at the point in time when
the loan is raised, then continue in step 6 (H(j) is calcu-

lated). At any other point in time of refinancing, continue
in step 5a.



The F+ nodel may only be initiated by step 9 of the F nodel. Ther ef or e,
I nput has already been | oaded into the F nodel and 25 transferred to the F+

nodel wi e vizgdganges. Step 1: Calcul ate the fundi nepcrpRSidedds
This step is the same for both bullet |oans and annuity | oans. The

funding is determ ned on the paynent daLﬁgof t he | oan or i mredi ately

after an ordinary interest rate adjust- - 30 nent as [err] WO
97/ 38383

PCT/ PKQZEQQO44 s . |
6 m i 2% 18,20588 EREMD) oA7Eo PR Efpdi i Pt incipals for
i nt er est ladjust-eBlevérg-f thenagdiriom kasthre fvpALRgsPrinEipaipeati ve

of the ISSQmeb@bﬂgtgn1@ﬂelﬁgn6f0&éflnanc1n§he other years until the
ordinary interest rate adjustnment 5 the mninmumrefinancing is given by

S 7 {(PJ): Funding principals are calcglgtg -

5 Hereafter M(j) or H(j) can be calculated by inserting the
determined coefficients and setting t={0,1,...,m-1}, thus:

M(j) or H(j) = max[0; [GUESS(1)ay + ast + azt? +...+ a tP]-
H(0,])].

ep 19 : _Fundi rincipal re culated

10 Hereafter M(j) can be found by inserting the determined
coefficient and setting t={0,1,...,m-1}, thus:

M(j) = max(0;[GUESS(1)ay + a;t + a,t? +...+ astin-H(0,3)].
Go to 20.

CHAPTER 6.

15 In this chapter, an example of a preferred embodiment is

' described; which embodiment is called the Type Pgq model in
‘the following. The Type P4 model corresponds to the Type Py,
model, which describes the calculation of principals of a
loan in the case of extraordinary repayment, i.e. debtor does

20 not raise his loan on a creditor payment date, and thus
debtor does not have to pay the full repayment and interest
in the first year. But when calculating principals according
to the Type P4 model, an nth degree polynomial is applied
when calculating the trend function, wherein n can be equal

25 to the number of initial funding instruments at a maximum.
I.e. the trend function is calculated in the same way as
under the Type P_. model.
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[err] wher e - Fin (j") in general designates the funding need
year j'. In this connection Fin(j') is thus the mni- 10
mum r ef i nanciwgQ.97/38388{ err] (m desi gnates the marginal fundi RETDKSTAWA4t 1y
fund- ing princi paI in year j', i.e. the part of H(m

to be issued at the end of year | K[e-vv] (m Is the market price -
of the nth funding instrunment 15 in year |'. It should be

noted that i g-_qlsc‘ﬁaﬂj;jcghtdﬂ phifdcipalls mraunding to ahde TypeorHy medelt o
zero i.n connecjiQn wt It t TH%I a t t hu .
funding is i ss{%@' g’ rﬁ’-"asnéL &k efr{ts the %%q{ga%lng'%d%r?gt o:ri\m;y
the point in tévex, :mammps Rt He B mﬁiel7 and 197have rﬁ?ﬁﬂn‘?‘%ﬁqg%cﬁ’ﬁb

i s determ ned digs & digiegebdiw annual payments on the |oan
and on the bol?pfa{& 1; &p %ps R[err](n)J(Orr) - YD(j') for 1
[err] j' [err] ml where 25 H(On) ~describes the already issued
funding, i.e. g n h(p Detexrmiriel ¥ i1 eb efforre

ref i nanci ng. interest

When the interest rate has been determined, debtor’s profile
of repayment and interest and profile of remaining debt can
be set up. The model will return with the following pieces of
10 information concerning debtor’s payments: interest, repay-
ments, repayment and interest, and the development of the
remaining debt. In addition to this, a variable TILT is ’
defined, in that TILT is set equal to 0. The variable, being

. set equal to zero, will be applied in some of the following
15 steps.

Step 4 (Py}: Defin tren tion

Use is made of a polynomial of the nth degree, which is here
called a trend function.

- The trend function: ag +a,t + a,t? +

20 : _ (0,1,....,m-2], wherein n is equal to
' the number of initial funding instru-
ments at a maximum.

The trend function is applied to calculate the individual
funding principals, and the purpose of the trend function is
25 an attempt to adjust the developments of the funding princi-

pals to the development of the remaining debt concerning
debtor’s loan.

Step 5 (Py): Calcula the coefficients in the trend function
v The coefficients (ag,a,, --.... a,) are calculated in this

30 way:



WD 97/ 38383 PCT/ DK97/ 00044

57 Step 2. Calculate the interest rate. This is the sane step for
bot h buldgbssggs and annuity | oans. Thus, the interesicrmkerosss
determ ned I n such a way that the total nunber of paynents on the |oan
conplies wwth 5 the total nunber of payments on the bond up to the next
interest rate adjustnent. This principl’€ is used irrespective of the
anortization principle, only the step as to bullet - loans will calculate

the final jinterest rate, wheyg . IRG ( A1 )0U i.n e iteration
appl i es t d2anfuity-t ot &5 é%%ﬁmggﬁmﬁ§[serﬂgt Io§§§53+1§_ The principle

| eads to the:equation (A " REj')y+ (mj")Rerr] j') = Hm +
(mj")HmMRerr](m The foot sign of the interest rate indicates that
A applies to the interest rate of the year j'. It Should be noted that -

15 Hm = HO mM + Mm. The m ninumrefinanci ng whi Ch hasqj3§P' been
I ssued is thus included in the expression. A may be rewitten into

B is defined as:

1 t(1) t(n? . . t(1)*®
1 e(2) e(2)2 .. t(2)7]
1 tm tm: . . tm*

5 wherein:

n: - is equal to the number of initial funding instru-
ments at a maximum.

H(o,j): the jth funding principal .at a given point in
time, before refinancing is perfofmed in the
10 current period. It applies by definition that at
any point time H(O,m) = 0. It further applies
that H(0,j) = 0 for all j at the point in time O.

If the calculation is carried out at the point in time when
the loan is raised, then continue in step 6 (H(j) is calcu-

15 lated). At any other point in time of refinancing, continue
in step 5a.

It is noted that M(j) are the marginal funding principals for
j={1,2,...,m}, i.e. the additions to the funding principals
at the points in time of refinancing.

20 Step 7 (Py}: Funding principals are calculated

Hereafter M(j) can be calculated by inserting the determined
coefficients and setting t={0,1,...,m-2}, thus:




[err] . whereby the interest rate in j' is determ ned. 20 Step 3:
Determ ne debtor's repaynents and interest. This is the sane step for
both bul | et WOA#3838Ad annuity | oans. The interest rate as BCHPEIY044sed
to determ ne debt - or's repaynents and interest, and the remai ning debt
- devel op- ment i ncl usive. 79

58 Step S4: The nodel is finished. The result_nay be used. 5

Cal cul ati on dM{3he=oaxed; KbaﬁGUSSSéhtaeteda@hd+thgt?esults+ an)i nterest
rate, repaynmegig, fpp i nterest, and funding nmay be appli ed.

“Then a balance criterion is calculated as the numeric value
of a balance difference.

5 PFin(i)- — -RG(i-1),
. m,

for the funding point in time i. If the balance criterion is

larger than a given maximum difference, e.g. 0.1, TILT is set
equal to 1.

Step 19 (P.): i incipals are calculated

10 Hereafter M(j) can be found by inserting the determined
coefficient and setting t={0,1,...,m-2}, thus:

M(§) = max(0;(Z, [GUESS(I)aO + ajt +a,t? +....+ a th])-
H(0,3)).

Then a balance criterion as to the numeric value of a differ-
15 ence in balance is calculated

Fin(i)- — -RG(i-1),
n,

for the funding pbint in time i. If'the balance criterion is
larger than a glven maximum dlfference, e.g. 0.1, TILT is set
equal to 1.

20 Go to step 20.

According to the Type P4 model, the calculations are made in
such a way that when calculating the initial principal and
when calculating the principal at the first refinancing, then
calculation according to the above operation is carried out,
25 but no test of the difference in balance corrésponding to the
size of TILT is carried out. When Calculating'the principal
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Step A4: Calculate the change in the interest rate. 10 The change in the
interest rate is calculated on the basis of the sane principles as in
the stepswéoangssdy of the F nodel. First, a function MepSH/DKOH0003S

di fference between paynents on the | oan and on the bond is t hus

defi ned. . After this, the changeggay be cal cul ated by use of the
reduced version of the Gauss- Newton al gorithm 20 [err] I t

shoul d be ngt eghd heécotdy fef dnardiny dpeidak iSO GelANHY 110 dHidts diNQGuwlS

al gorithmreaches_a sol ution. . _Step A5: Is.the balance criteria
fulfilled? 09 TeLIRINGENY ARETATHANS 1 dEFE ATh&NS éir‘a‘teg'eiﬁ%e i &Ece or
whet her an pBOionter estep &t eis scdmuiredl faultf,i landhg £ M ITM BN he egllidud@mnt . As
in step 6 of; | b rJy h

mat hemat i ca%léé%'%v%?%%g%%@dﬂ éotfh&t%ejef%dg? %ttl% ,4 glﬁ{téﬁ]rf '{Hs&%oﬁﬁkﬁggg Yo
eval uat & t heukcthial BBt hncalculatdpng aenfinuehias mt@ted Haon [seen dr at i on
steps and thghynuhaeﬁxgﬁérmy§éip} mode3tep A7, if the condition 35

CHAPTER 7.

In this chapter, a description is made of an example of a
preferred embodiment, which is a generalization of the four
10 embodiments called Type P,, P,, P., and P4 in that the four
embodiments are merged into one and thé same model. The Type
P, model describes calculation of the principals of a loan
raised on the payment date, whereas the Type P, model
describes calculation of principals of a loan raised on all
15 other dates than the payment date. The Type P, and Py models
uéé'a polyncmial of the second degree as trend function. In
tﬁg;Type P. and Type P4 models, a polynomial is also applied
as trend function, but here the degree of the polynomial can
assume values cdrresponding to the funding instruments with
20 the longest term to maturity. Type Pc and Type P4 describe
the calculation of principals of a loan which is raised on
the payment date and which is not raised on the payment date,
respectively, corresponding to Type P, and Type Py.

- In the general Type P model, all the above-mentioned special
25 cases are taken into consideration, in that they are all
implémented in the Type P model. For the sake of perfection,
in the description of the general Type P description, the
problems and method to the solution to the problems are

repeated before the interpretation of the individual steps in
30 the model.

The general problem

In the use of LAIR type P, a part of debtor’s opening remain-
ing debt is interest rate adjusted each year. The debtor
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59 [err] has been fulfilled for e =0.00001. If the condition has
not . beenwQ9#38383%d, the nodel continues in step A6 insteadCT/DKI?

A6: Adjust the interest rate. 5 The interest rate did not fulfil the

bal ance requirenent and must therefore g adjusted as to the change
[err] . Then step 3 is repeated. Step A7: The nodel is finished.
The result nayhbesescd. desireldf annmalakdjvetabide rarentintgsessepeiruiceint] ed,

the funding 1Q,,andakntHelShnlel b3kl il calle GRRUAIORS noA ndly andied

together with Phe debtor''s repaynents an I nt er est
1nstruments are to be issued, and therefore also determines

the duration of the funding period.

- 5 If debtor chooses e.g. a 10% annual interest rate adjustment,
it will take 1/10% = 10 years before the loan is fully inter-
est rate adjusted. The fﬁnding period is therefore 10 years
and the number of funding instruments 10.

At every interest rate adjustment, a funding instrument

10 matures. In order to keep the part of interest rate adjust-
ment at the intended level, a new funding instrument with a
term to maturity of my; year is issued. This continues until
the number of funding instruments is gradually reduced when
the loan approaches its maturity.

15 The connection between the number of funding instruments and
the-pért of interest rate adjustment means that the intended
interest rate adjustment part can be expressed as 1/m;. When
debtor chooses interest rate adjustment part, m; is chosen at
the same time.

20 There is a special complex of problems attached to the point
in time of the raising of the loan. If the loan is raised in
December, the first interest rate adjustment will be per-
formed well over one year later. The rule set out above can
thus be applied.

25 At any other point in time during the year, the interest rate
adjustment percentage at the first interest rate adjustment
is, hqwever, written down in relation to the quarter in which
the loan has been raised. This means that the funding period
is prolonged by 1 year, and the number of funding instruments

30 is increased'by'l. This means that the following applies in
connection with the disbursement of the loan



In chapters.3-6,-four exanpl es of preferred enbodi nents of- the Type P

nodel are described. The four exanpl es are speci al

cases of the Type P

nodel aswipy78gms i bed in chapter 7. In 15 chapter 7 the pol/BKITAOOS Ssone
poi nts have been changed as conpared to chapters 3-6. CHAPTER 3.
In this chapter, an exanple of a prefer§ d enbodi nent is descri bed

whi ch enbodinent in the following is ca

The gener

according to t
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ed-the 20 Type P[err] nodel.
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tW%Eﬁable, TILT, being given the value 1. One advantage of

applying this method is a more stable funding development,
‘which will be experienced later on.

The annual interest rate adjustment means that the balance
principle plays a slightly different role. At the end of each
year, the total number of payments on the debtor side as well
as on the bOnd'side-is known. By determining the interest
rate adjustment amount residually, the strict balance prin:
ciple has been fulfilled by definition. It is, however, not
necessarily so that the intended interest rate adjustmeﬂt
corresponds to the actual one. '

Therefore, the problem to be solved in the model is to adjust
the funding so that the intended and the actual parts of
interest rate adjustments correspond at the same time as the
proceeds criterion is fulfilled. Upon the disbursement of the
loan the problem is described by the equations.

Year 1 ¥D(1) + REGP E-G#l = H(1) + REG ¥ RN(§)H(3)
0 J=1
mel
Year 2 ¥D(2) + REA)  _ gz o ?:;RN(J)H(j)
L - 2m-1
Year m YD(m) ﬂg%’:ﬂ = H(m) +Y R¥HHJ)

] J=m

wherein

L 2 e 1 oppen e A2V




paynents during the first year corresponds to the total ~ nunber of
refinanci ng operations taking place during the term to maturity of the
| oan in rel aMQA838X he remai ni ng debt in t he begi nni ng of PHEMKEZP0G44

which refinancing is.to per- 10 forned, i.e, [err] In other words;
the aimis that {err] of the re- naiﬁ?ng debt is refinanced every
year. Th pobl et I ' i | | C |

met hod accor di to tﬁé %y%%§§%§:¥$4é§%§%€¥§§t£§%d£%€e%ﬂ$%r§%g %éﬁﬁéeﬂent
following way: (this eeucetasss in finsthaiese REGUIGEMEAASIMe theidralyrs
Type F nodel) qurl‘,:g,%l}[err] ‘Year 2: [err]

From now on, the equations are designated as the balance
5 requirements. ' '

'If year 1 is considered solely, the problem seems easy to
solve. It is dﬁ1y~td determine funding principals leading to
the intended payments'and the intended proéeeds. In prin-
ciplé, the'distribution of the'funding principals is of minor

10 Iimportance,'so there is an infinite number of solutions to
the problem.f |

The problems sta:t'to'ariSe when the interest rate adjustment
begins by the end of the year. If an arbitrary distribution

_ of the funding principals at the disbursement of the loan was

15 chosen, it is not certain that it is poésible to hit the
desired profile of intereét rate adjustment. If most of the
funding at the disbursement -of the loan is placed in H(2) at
the disbursement of the loan, the right side of the sign of
equation will be large. And the result is that the interest

20 rate adjustment amount will be large too, if the balance
requirement is to be fulfilled. Thus, it is not possible to

keep the interest adjustment part down at the desired level
unless bonds are redeemed.

If only a very small part of the funding was placed in H(2),
25 it may, on the other hand, be difficult to reach the desired
interest rate adjustment. This may, however, be partly saved
by placing a large part of the proceeds from the interest
rate adjustment in the bond now having a term to méturity of

1 year. The result, however, being an unstable profile of
30 funding.

If the balance requirements with the intended interest rate
adjustment every year are to be fulfilled, it is necessary to
formulate a dynamic strategy for the placing of the funding

*



Year m WO 97/ 38383
PCT/DK97/00044 61 [err] wher e

AFD(]) iWodaRids Tepayment at a point in time ., R(L)rcriokohbio Nt er est
rate on the foan, 5 RG(j) is the remaining debt at a point in tine j,

H(j) Is the jth f undi ng principal for {1, 2, , M, m s the
maxi mum nunber of bonds or fundlng prin%#pals whi ch can be
chosen at Ml tyr of the
| oan, %E%’a)%%mga re uI a |esnlg ncrlﬁqgr?h(fetpeerrnﬁpec':gl heov% 5?%;1511 um

of the |nttnm5t payment falllng due on the first _ paynment date
creditor is to receive fromdebtor. REG IS a nunber between O
and 1 assunin ge value 1, if the | oan is raise on a paynent
date, and 45 qFQ qan is; pepaithriath AEhitEA ShFaRRaY 0% Fye8ci pal .

Thus, a sewilf disulivegige iarogiadys, bultf Iddne’lg:ﬁé’la%s?l‘jlﬁﬁ la® essential
5 problem. By each interest rate adjustment, the model cannot
. merely place the entire funding in a new amount of bonds
issued in a single year. As it will be remembered, the amount
of bonds actually falling.due'corresponds ﬁith the actual
amount of refinancing, (apart from preMium or'discount when
10 issued), which is again determined by the interest rate
adjustment per cent and the remaining debt. When the newly
issued bond falls due, the remaining debt is smaller, but che
amount of refinancing is of fairly the same size as current.
Thus, the future 1nterest rate adjustment per cent does not
15 correspond with the intended one. Therefore,_the model must
continuously have the possibility of piacing the funding in
bonds not issued over several years.

‘Iﬁ the model, the dynamic strategy meahs that the funding is
_ adjusted each year in such a way that the payments of the
20 bonds correspond to a falling pert of the payments from the
.debtor side as time_is progressing. By each interest rate
adjustment, issue is further performed in each funding in-
strument -'thﬁs, gradually increasing accordance occurs
between the bond side and the debtor side given the part of
25 interest rate adjustment. By the disbursement of the lozn,
the problem being solved via the model can be fqrmulateu as

Year 1 YD(1)+REGDRGI;00) —H(1)+RE'GE R¥(3) H(3)
J=1

0

vear 2 F(¥(2)+BE))=p(2) + 3 RY(5) H(F)
_ m =

30
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must be calculated. To this nmust be added that the proceeds criterion

must be fulfilled, just as the interest rate on the | oan R(L) nust be
equal to thewhotskas the funding port- 20 folio. Thi s eRLEDKSTI00044
system cannot be solved in the sane way as the correspondi ng system was
sol ved under Type F. This is due to t heBPequi renent that the interest
rate nmust be equivalent to the yield on the funding portfolio. 25 The
met hod appl i eq, Qc[dimﬁ@n)tw?kqnnhmrmqm(hnvol ves t hat the
determ nation of new interest ratfs and new fundi ng principals is
performed in a two-step procedure and not si mul t aneously as in the Type
F nodel . ~ The Type Pl[err] nodel - step by step: 30 Bel ow, the

procedure for sol.ut iHon. .ace i : [err] nodel is
descri bed st edﬂb?/ es:'t%epé)Iﬁ!"éﬁ1 2 ({f%f}%ﬁ %ﬂéﬁ)%? F
PCT/ DK97/ 00044 _ _ 62 ~The first steps,
which are ill updrei@tdder] Gned FOIRF P ows (2 dbecdiled SE@Rs fundtEon
Type F nodel : ) , . ., . .. , ,
-which is estimated with point of origin being the desired
5 _interest adjustment and the funding already issued H(O,3j).
This is performed in an inner iterative procedure in the
model. '

When the funding has been determined in such a way that the
interest rate adjustment corresponds to the intended profile
10 as much as possible, then check'whether the proceeds of Ehe
funding is correct. If the proceeds is correct, check whether
- the interest rate on the loan corresponds to the yield on the
funding portfolioc. If this is not the case, then iterate the
interest rate on the loan in the outer procedure.

15 Hence, the model is solved in a 2-step-procedure and not
simultaneously as for the F model.

In general, the notation is the same as in the F model.
However, the current issue of bonds does mean that it is

necessary to differentiate between three definitions of
20 funding principals.

M(j) designates the marginal funding, i.e. the amount
of bonds issued in the jth year when the current
- issuing of bonds is performed.

H(O0,3) - Are the bonds already issued before the present
25 issuing of bonds. . _ _
H(]) is the total amount of bonds in the jth year.

From the definitions the following appears

M(3) + H(0,3j) = H(3)



Step 1: Determine an interest rate Here an interest rate is
determined. In order to mnimze the 5 nunber of iterations, which are to

be carried out later, it i s expedient to determ ne the, rate
R(L) as PR8I ghted average of the yields on the indivi andt ng
instruments in the foll ow ng way: R(L) = [err] where t is
the terns to maturity 10 of the in®®vi dual funding instrunents; i.e.

t={1.. ,nm. a further jnput to the ngdel, the follow b
noun: "B et aRulkaeneRE (b Bl g S CRY AR gl 91 700
the | oanEjl die thuweit alpglings nham M (GUrEt)9,. tire theumorartdion, it ishe | oan
type, an : ’ ' '
or eat AETEREE b Hetdade) cPUpererEnctail bordied Trif SIEBLS" ©
det er m necsemgt R SLqALfaNG the igitarassy mate addustmandsdnafdisr of il e of

renai Nigng Eedbe &N be set up. The nodel will return with the foll ow ng
pi eces of i nformati on concerning debtor's paynents: interest, repay- 20
ments, repaynment and interest, and the devel opnent of the remai ni ng
debt . Accordingly, the funding need by the disbursement of the loan

as well as the interest rate adjustment will be indicated by
Fin{(j). Thus, Fin(j) may either by the principal of the loan
or the current amount of funding. Also in this respect, it is

10 unnecessary to differentiate between the disbursement and
interest rate adjustment.

As a consequence of no differentiation between the disburse-
ment of the loan and interest rate adjustment, REG and REGP

will form a part of expressions also applying to interest
15 rate adjustments. Here, REG=1 and REGP=1 are set in accord-
ance with the definition.

Type P - method

Below the solution to the problem concerning a LAIR, wherein
‘the principais-areICalculated according to the Type P model,

20 is explained step by step. In principle, this is performed in
16 steps. The explanation corresponds to the steps shown in
the flow-chart in Fig. 9. In the following, the course of the
procedure is outlined in order to elucidate the two-step-
procedure.

25 The model begins with a guess at an interest rate on a loan.
On the basis hereof, the debtor repayments and interest on
the debtor side and a first guess at the funding are deter-
mined. Then the model estimates the funding in an inner loop
in step 7 to step 10. The loop is left only when the funding

30 fulfils the requirement as to the part of interest rate
~adjustment and the proceeds condition.



Step 3a and 3b Now a division of the calculations into two is carried

out . Firstly, the situation wherein nore than two funding |nstru-
ments occur WO®/3838Y) s described, and hereafter the situ- K’%‘“
97/ 38383 - PCT/ DK97/ 00044

63 . ation mherein there is/are 1 or two Punding i nstrunments (n+l and

mF2) is descridefly in tHe ®uter Joop wHE¥hdP 2 9o iﬁtéi‘éQt‘lrate on the loan
For nferr]2 goto step 21 5 The renauﬂ{S%r£¥£§ cm

accordi ng to BAFEFesRands £ the jyiglq op ing Bﬂﬁt Besgf pays is
bel ow. St £heDafdses, ale eubdsinet ivine intetlest mapel yaoaidjlisoédt hand

TR Syl S5 SR gvod Ao A, EBgece U

5 interest etc. Thus, the inner loop is called again with the
new interest rate. ' ' '

' The iterative procedure concernlng the interest rate consti-
tutes the outer loop

Not until all the requirements have been fulfilled, does the
10 model leave the outer loop too, and the final result is
available.

tep 0: Determine TILT. Determine m M,

Before actual calculations are performed, it must be loaded
into the model, whether the loan is raised in December with

15 m=m; funding instruments or with m=my+1 funding instruments
at any other point in time of the year.

This is done by assigning TILT € (0,1} a value.

Set TILT=1 and m=my+1 if
- disbursement of the loan in January-November

20 - the first interest rate adjustment for loans disbursed in
January-November and my<remaining term to maturity

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 carried out, wherein it generally applies that

cf. the above.



The trend function is used to calcul ate the individual fund- I ng

principals, and the purpose of the trend function is to try to adjust
t he develwgyowmsdsss of the funding principals to t he devebepDRY/00044 t he
remai ni ng debt concerning debtor's 15 | oan. Step 5: Calculate the
coefficients in the trend function The coefficients (a[err],aferr],
and a[err]) are calculated in the fol - | oW ng way: _

(al orr] al cidl ot bhearhBher thobhs b REEERITKLE bh ch@'1pkh | [or1) ™
20 B is define err

PCT/ DK97/ 00044 : 64

In this step an 1n1t1al interest rate on the loan is deter-

mlnedﬂ_It is expedient that the determlnatlon of the initial

interest rate on the loan is not arbitrary in order to mini-
5 mize the number of iterations to be carried out latef on.

In'the model, a guess is made that a weighted average of the
yield on the individual funding instruments, thus

j&-%‘tzio.t)

RK: =1
IER |
=1 M : I
wherein _
10 t is the terms to maturity on the individual funding

instrument, thus t={1,...,m}.
r(0,t) is the yield at the point in time 0 for the bond with
term to maturity at the point in time t

All input to the model are loaded in step 1. The total input
15 are

The bond side
number of funding instruments, nominal interest rate on
each instrument, number of annual creditor payments, and
creditor payment dates as well as the price of each
20 instrument.

The debtor side

" disbursement date, principal, amortization principle,
term to maturity, number of annual debtor payments as
well as debtor payment dates.




wher ei n: ' H(o,j): the jth funding principal at a given point in

time before refinancing is perforned in the cur- rent
period. It afYPP¥BHBY definition that at any 5 poYﬂTmﬁ?'"f’qoﬁ%
HOmM = 0. It further applies that 89 HOj) =0 for all j at
the point in tinme O. ' If the calculatlon s carried out at the point
in time of thegrep paiBé step
6 (H(j) is,calculated). At any other points in time of 10 refinancing,
continue in st€%g§9£ It is noted that Mj) are the marginal funding
principals for ] ={1, 2, , N, i.e. the additions to the funding

princi pal s 18! chig ng%ﬁt Sth@ ﬁbgFlofaegﬁHs”%%' dter loo P"‘e‘ﬁx@i:t Y ﬁ'uEsLsS

t est ed whether hé nu fun i nstrumnmen
nunber of the R8n&PnFRE ﬁaﬁersstf Gagenpas beﬁﬁsﬁ?@@enweapmféawn repay-

|l oan is rai gedments! ah8eintB2Bst tol Be pagal Wynﬁeh%rdf\ banrrbteumaasé ofrhtilae
under |l yi ng | oan s the_cas

o.,on to ot herw se,
conti nue i e@?&58f7thatZﬁhespﬁﬁng}pB%t8& &ﬁ%nnéanéﬁF VP& &fenent
to the coeffl-amortazanusn is lodldedan i ncrenment or decrenent to the
coefficients a[ferr] and af[err] Is determ ned. The first increnment or

decrenent nust be GUESS&l (1.25,1), i.e. a[err] nmust be nultiplied
by 1. 25, ~ The model wil return with the following pieces of informati-

on about debtor’s payments: interest, repayments, repayment
10 and interest, and development of the remaining debt.

Step 3 - Determine m on the basis of the remaining term to
turity and m, '

The remaining term to maturity on the loan is decisive for
the further operations in the model. No issuing of funding

i5 instruments is performed having a term to maturity in excess
of the term to maturity on the loan. m is trimmed so

m < the remaining term to maturity on the loan

When m is determined in such a way that the requirement has
beeg fulfilled, the model can continue in three different
20 ways. '

If m=1, the funding and the interest rate on thée loan are
calculated in step 3a.

If m=2, continue in step 3b, wherein the funding and the
interest rate on the loan are calculated according to a

25 method whi¢h is related to the F model. All the time the LAIR
type PS50 will be calculated in this step apaft from at the
issue, wherein m can be three depending on the point in time
of the disbursement of the loan. In addition, in the last
year the loan will be calculated in step 3a.



25 and af[err] nust be multiplied by 1. Hereafter, continue in step

7. Step 7: The funding principals are cal cul ated Hereafter M)
or H(j) eoRyeimsagl cul ated by inserting the det er m ned peaafiforBorant S and
setting t={0.j,...,m1}, thus; : WO 97/ 38383

PCT/ DK97/ 00044 90 - 65 Mj) or H(j) =
max|[ G, [GUESS(I)a[err]+GUESS(2)aL}err]t+a err [errLﬁH(O IDIE Step 8:

Cal cul at e tife™Poc&OBS1BKHE BRI & éeréﬁlt@Pﬂa in st@Pchtate the proceeds

di fference and bal ance criteria and continue in step 9. At the |n|t|al

point in ti the_condi- 5. tion o e proce ds 1s as describe ove

R0 | Bie R Ehar il uBinco FBE PRBSCENIPRRoRS olt: REREFOL GELRST s

: calculated in the actual model then in step 3b, and finally
in step 3a. ' -

S Step 3a - Determine funding rate for m=1

If m=1, the funding can be determined on the basis of the
proceeds condition as

_Fin(0)

M(1) Z(1)

Since no more interest rate adjustments will occur, it fol-
10 lows from the strict balance principle that

YD(m) = [1+R¥(m) ) H(m)

which determine a unambiguous interest rate on the loan.
Thus, the calculation of the loan is finished.

Step 3a may, however, be generalized. A number of problems

15 concerning the term to maturity on the loan can be solved by
appiying a similar procednre a number of years before the
term to maturity on the loan. The number of years are called
closing time which is an input variable.

By setting closing times>l, the requirement concerning annual

20 interest rate ad]ustments of a certain volume in the clos1ng
time period is abandoned. In stead, the entire fundlng is
placed in the closing time period in the bond with the
longest term to maturity, and the interest rate on the loan
is found as described above.

25 When the calculations in step 3a are finished, then continue
in step 14.




Fin(i) = [err] K(j)Mj), wherein Fin(i) is the funding need upon
refinancing after the point in tine i. The bal ance crlterlaFg 8&@&
given in thw@o#¥8Bls equations equivalent 10 to the bal ance¥ aﬁﬁn t.

By cal cul ation of the difference in proceeds is here nmeant the

cal cul ation of the difference bet wee®1RG 0) and [err] K(J)H(j), or
the difference between F|n(|) and [err] K(jJ)Mj). If HJ) or Mj)
constitute a See e Detaxhiné 1 jat BicB=gst be snaller than a
gi ven maxi - 15 mum di f f er ence. Step 9: Cal cul ate the change of

i ncrement or decrenent (h change of (h) t and .a
i s cal cul at edLf The2 calRuthe flrsFlSﬁé%BﬁFPESBSﬁH tS%F gaggﬂﬁﬁ §gﬁﬁdk
step 4 and stepnSpénwrittéheadype F chapter. The function F(x), |s,

however, defined 20 somewhat different. Here is: F(x) = [R¥i-1) -
[err] K(j ) H(T ) - | -
- (A) YD(1)+RE’GD-}—?§I-I-:-9—2-=(1+REG RP¥(1))H{(1) +REG R¥(2)H(2)

0.

5 and the proceeds criterion as-
(B) M(1) K(1) +M(2) K(2) =Fin(0)
. These are sﬁfficient conditions for determining the funding
analytically as the solution to two equations (A and B) with

two unknown (M(1) and M(2)).

10 In order to do this, (A) and (B) are written into a form of
matrix in the following way

CxM=D

Wherein

M=(M(1) ,M(2)) is a 2xlvector and

15 D=[REG"-R—if-°2-)- + ¥D(1) - (1+REG R¥(1))H(0,1) -REG R¥(2)H(0,1), Fin(1)

is a 2xlwvector too, and

___[1+REG*R"(1) REG*R"(Z))
k(1) K(2)

C is square and therefore it can be inverted which gives the
solution ' ' '

20 M=max0;C "D
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66 [err] wherein x is a vector consisting of two elenents, viz.
alerr] ap@orssmgerr]; Fin is the funding need after the ppCMMDKOMOdOUE
upon refinancing; nferr] is the nunber of funding instrunents at the 5
point in tipe when theloan is raised,daquXXi-l) s the openi ng

remai ni ng debt at the point in tinmei.

h is perf
[Ih], [er
coeffi-

way as
calcuI%H

10

15

20

25

Besi des this, an adjustnent of

P g ol AP, Biexcrs 8, 8Ly bave, po, 1pralieRckebilyias™ T

elﬁh@ﬁt§Q¥§9n@ﬁlﬁoylﬁérgeterm tosméﬁuzﬁtYCQﬁcGIXﬁérﬁhéfh§vpgne of
two convergyee thie ifakst yeakas been fulfilled Hereafter it is to
det ermi ned whet her one of the two 15 convergence criteria for each of
pol ynom al coefficients has been fulfilled. This can be done in the

Thes enodedd dontsnaest inneéeept he WhpeeEnnidelis chielektedREbati Bhe
Phdihy Y1224 Y nalkCbekr?3sakobll THISPeHEKEY iR ssary
if Cc'!D gives a negative funding principal. In this situati-
on, the max-condition means 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 interest rate adjust-
ment arises in relation to the intended interest rate adjugt-
ment. Therefore, the analytic solution does not provide
certainty that the intended profile of interest rate adjust-
ment can be respected. '

s 4 - Defin trend functi :

In step 4, a trend function is defined, which trend function
estimates the size of the amounts of interest rate adjustment
as a function of the time t.

In principle, the trend function can have any kind of functi-
onal form. A fine estimate for the development of the remain-
ing debt can be obtained by applying a polynomial of the (g-

1) th degree.

Thus, the trend function has the form

2z g-1
ao+a1t:+a3t +,...%*a q-1t

wherein 0<tsm . Furthermore, a limiiation must be set on
so that the degree of the polynomial does not exceed the
number of funding instruments minus 1, whereby the polynomial
would have too many degreés of freedom. This means that

g sm

be

t he
same
t he




F(a[err]) and F(a[err]) are calcul ated as described in step 9. If 20 this

Is the case, continue in step 11. If this is not the case,
i ncrement or WRATARBht to the two coefficients must be det%&ﬂﬂﬁ@@ym?hen
continue in step 7. Step 11: Calcula%% the proceeds criterion

Hereafter the difference in proceeds is calcul ated, the 25 proceeds

criterion at e Lot i i n ap LS ' i ei i

[err] &&EF§$P§§383°EJg?t$QS 259,8 Y pEfyﬁSﬁlgl ol hﬁﬁ.%é¥fgk 7ﬁ€bgﬁﬁ
67 Qt her wi gaxihempiscestdmasadit TEnars, FERE Frend functigg Wikt

Cal cul ating t heedinfsh @ ehee amduptacsgdinfezestheatec adjulstiveny perfedwmy.
difference between RGO and J[err] K(j)H(j), or the dif-

If the loan is paid with m=my+1 in the special TILT procedu-
5 re, the degree of the polynomial is not increased. Therefore,
quite exactly the restriction on g can be expressed as

g s m-TILT

Step S: Determine coefficients in the trend function

Then the coefficients of the trend function must be estima-
10 ted. From step 2 the development of the remaining debt is
known given the guess at an interest rate on the loan.

At each point in time of interest rate adjustment t=1,2,..,m
the trend function must correspond to the intended interest
rate adjustment. At the same time negative marginal funding

15 must be avoided. Therefore the trend function must be estima-
ted, so the function value of each t corresponds to «the
maximum of either the intended interest rate adjustment or
the funding already issued in the bond with the term of to
maturity at the point in time t.

20  a,ta tra,t?+...+a ., t "‘1=max[REGD—I%.—1)- . HO, £)
0
for t={0,1,...,m-1}."

In doing so the coefficients can be determined by the matrix

equation
(@0r@ys - -« 1 8g.y)=(BTB) 2B Tmax{REG pRAL) , Ko, by
0
25 wherein (ao,al,...,aq_l) is a gxl1 vector

B is a mxg matrix and



ference between Fin(i) and [err] K(j)Mj). If HJ) or Mj) 5

constitutes a valid solution, this difference is snmaller than a given
axi mumeed ég ce. In this exanple, the proceeds COoNGidymroriedegbeen
fulfllled | e elenments on both sides of the sign of equation
correspond to the 3rd deci mal place. Af t he proceeds condition has been
fulfilled, go to step 13, 10 otherMAsé’ go to step 12. Step 12:
Adj ust funding princi r r e possibilities of adjusting
t he funding prin- &%&ﬂars (ﬁ%] %x§ &?Egdependlng on whet her the
difference in. proceeds shows an excess of funding, a deficiency of
fundi ng 15my ng&lsy@ Gfg fdin;gtpq,yprl nci pal s equals to zero. I n case
of an excess of funding: [err] In case of _a deficiency of
f undi ng: " EY Y o . 0
1 € ts . - to 1 1 i 1 . 1
1 e t ..t 2 4 g . 29
B= = )
1, 1 3 9 27 . 391
1 t,, ti, . . &40 ¢ . - .
) {1 m-1 @12 . . (m-1)91

The last sign of equation is due to the fact that

5 ¢=0,1,2,...,m-1 does only assume integral values of whole
figures.

However, the estimate of the trend function is changed a
little, if the loan is a bullet loan. It is decisive, especi-
ally in the last phase of the loan that all the time funding

10 is performed to a relatively large extent in the funding
instrument with the longest term to maturity. Therefore, the
trend function must not have too large an inclination. To
ensure this, a vector x is introduced so that

(@0r@ss + + + 1@ g-1)=[B.7B) "B Tmax{ x, H0O, t)]

15 wherein

REGPRIK1-1)
9 9 9 11 m, £
B, e , L 4 g —, —— or X. € X
x(m 10 10 10) i

Y, x;RG(i-1)

is a vector with g elements.

If the remaining term to maturity of the loan is shorter than
20 m, so that the number of funding instruments is reduced by

each interest rate adjustment, then it is of even greater

importance that the funding is placed in bonds with the

L 4

= g g e o Lo il bl s : e AL 1 3R AR - o 2 e
'M
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68  [err] for all j [err] m . I f the sum of ﬁéﬁ?’ |
principals eYOA58I zero; (this ~ can happen right at the ‘end, | ust
before maturity) [err] . After the gg%ustnent of either Mj) or H(j)

continue in step 13. Step 13: culate a change in the
interest rate

The functiaon F [ ' ;
rate, is 10 198’9e§&u995§&%$‘ﬁe ik %r%(ehiaet%q r'oc?lérggdé% é?ﬁ\il% h%ﬁgea?fnﬁt&ﬁiion
I nt erest rat egifs xcdlscahangedasaunder step 5 in the Type F nodel . Then
go to step 14. _ '

REGPRGi-1)

x=(0,0,.¢.,0,1) m
4]

-8tep 6 at an increment or a decrement to the first two
5 coefficients

The trend function must be adjusted in the following steps,
so that the balance requirements correspond to the intended
interest rate adjustment and the proceeds criterion is ful-
filled. Initially, the trend function must be adjusted.

10 The adjustment is generally performed by means of two factors
GUESS(0) and GUESS(1) in the following way

GUESS(0) @,+GUESS (1) &, t+a,t?+...+a ot

GUESS(0) shifts the trend function parallel-wise up and down

in the (H(j).,j) plane, whereas GUESS(1l) influences the incli-
15 nation of the trend function.

Already before the iteration in the inner loop is started,
the factors are given the values

GUESS (0) =1.25 and GUESS (1) =1

correspoﬂding to a shift upwards. The idea of the shift is to
20 obtain better informatidn concérning the relationships
between the individual marginal funding principals. In Fig.
10 an example of the appearahce of the trend function is
shown. Line 20 shows the initial trend function, whereas line
22 shows the trend function shifted upwards. The columms
25 called 21 show the size of the individual principals.

In the example, H(0,4) is disproportionately large so that
according to the trengd function M(4) will be 0. If the mar-



Step 14: Cal cul ate whether one of the two convergence cri- teria has
been fulfilled 15 This step is identical with step 6 in Type F. If just

one of wgo7dddgs tWwo convergence criteria has been ful fil lehpkévaioodso to
15, otherw se go to step 16. Step 15: The calculation is finished

Step 16: Adjust interest rate guess by g 20 Adjust the interest rate
with h and go to step 2. | _ WO 977 8383

PCT/ DK97/ 89844 fundin pr1nc1pals are generall in&feased ﬂ@pa iacdye
fundi ng pfincipals < Tund |n need? Test et her. the_fun |£%hneed IS

| arger th8KeBr EREi Bafeht ROWEVET AQgmRAL hAVeHMkER HRfQEMRFL9MASmr gi na
fundi ng pebnhbw mucnatnegom@rtMgﬁiE‘S&(dn&)ngr {dgdyuméiit ¢ himssthase been

Dot or i ne ARECREFARRESHE MO AL ol R TRt HFEy By = pariffel®

5 displacement the trend function upwards this piece of infor-
mation is obtained.

Thus, if TILT=1 and the model operate with an extra funding
instrument, only one GUESS-variable is introduced only in
step 6. Because of the special profile of interest rate

10 adjustment, the first funding principle is thus explicitly
estimated by a variable Z which is explained in details in
the next step. Provisionally, set Z=1.

7: The funding | ined
The inner loop of the model starts in this step.

15 On Ehe basis of the trend function, the marginal funding is-
determined by

M(j) = max[O [GUESS(0)a0+GUESS(1)a1t+a2t +
. .+ag 1t -H(0,3))

wherein t={0,1,...,m-1} as before. By the payment of the loan
20 it is applied again that H(j) = M(3) + H(0,3j) and H(0,j) = O.

The loop starting in step 7 and not in step S or 6 means that
ag,a3:..-:8g.3 is only estimated once for every guess at an
~interest rate, Therefore, in the follow1ng step
25 ao,ai,...,aq_l_are constant. Correspondlngly
(GUESS (0) ,GUESS (1) )=(1.25, 1) is solely an initjal guess.

_ For TILT=1 the'first principal M(l)'is_determined as

M(1)=2-H(O0,]j)




aferr] Det er mi ne _an increment or a decrenent to coefficient aferr]

gi ven by GUESS(1) = 1. That neans that what is being deterrg 'éﬁﬁhiﬁbﬁui
not the coef MQ? .but the increnment or the decrenent to e
coefficient. Then continue in step 19. g7 Step 19: The funding

. principals are cal cul ated Mj) can then be found by inserting the
determ ned co nd | 20p B fbrial- hasliifEicubeikel Law ng
vay: 15 N($§£g e ?SEE §ﬁ&é L ri? +agerr1 ergEhT EH( Cnl) 1 -
Go to 20. estsm@plgg é&?cﬁh&?@ Fﬂe ﬁrBEe § ¥P; t8r PB Ré
proceeds critgehai Eﬁnﬂ&h@ubﬁiﬁdlpalkhassaneomaeqaenca of theepetuced e.

t he dlfference i n proceeds | t O then continue to step 9.
Step- 21: For Fft rag ?ﬁp %@géél no?gg own in Fig. 8. In principle,
t hi s nodel operate in the sane way as a Type F nodel. There is,

however, s  Gnleh ghflfo%ﬁgc tlepsS Whiknd thEhiddell @tdmateshe Brpee 25
nodel nust be re ace ol Fow ng

ba51s of the balance requlrements and the proceeds criterion
M(1) is explicitly determined, so that the criteria are
fulfilled with certainty by the first occurring interest rate
adjustment.

10 The other funding principals are determined as above. Gene-
rally the following applies

M(j)=max[0; [Z,GUESS (0)ag+a t+ast?+ .... +ag 1tT 1)-H(0,j)]
Parallel herewith the funding for

((GUESS(0)+inc,GUESS(1)).(GUESS(O).GUESS(1)+inc)-is
15 determined.

From now on the notation (GUESS(0),GUESS(1l))+inc) is simply
applied. The standard is that inc has the value 0.00001.

Step 8: Calculate the proceeds and balance criteria

In step 8 it is determined whether the factors GUESS(0), and
20 GUESS(1) are determined so that the balance requirement,

given the intended profile of interest rate adjustment is

respected and the proceeds criterion is fulfilled.

The balance requirement is given by

vD(1) +REGPEEIQ) _p(1) +REGY® R¥(5) H(H)
0 a=1

25 and the proceeds criterion is given by
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7 Step 3. Determ ne funding principals The solution to

the m fuwmwoensspssi nci pals in matrix form is: PCTMKOOME4 H(j ) =
xX[O[(err]C[err] (Jerr]D], for all j[err]m 5 C and D are
efined as follows: [err] 98 wherein A(1l;t) represents the

tth element in the first rowin the A mtrix as defined in step 3

for the Type F m

/

10

15

20

Fin(0)= ZK(J)M(J)
J=

Only the balance requirement for the first year has to be
checked. Naturally, the funding must also be arranged taking
into consideration the remaining years, but this is ensured
by the initial determination of the trend function.

t : 1 a n to an incr nt or a decremen

On the basis of the calculated values for the balance requir-
ement and the proceeds criterion, respectively, a change to
GUESS {0) and GUESS (1) must be determlned on the basis of the
Gauss-Newton algorlthm

Already in step 5 of the F model a generél formula apparatus
was set up. In the F model a change to the interest rate on
the loan was determined, whereas in sﬁep S a change to the
factors in the trend function is determined - to a large
extent the method is the same.

The most important'difference-being the definition of the F
function. F(.) is here defined as a function of

(GUESS (0) ,GUESS (1))

F{GUESS(0) ,GUESS{1))

Fin(0) ZK(J)M(J) ' H(1)+RE'GER"(J)H(J) YD(l)-RE’G"m RG(0)
=1 j=1 0

Here also the value of F{(.) is determined for both
(GUESS (0} ,GUESS (1)) and ((GUESS(O),GUESS(l))+inC)

The change to (GUESS(0), GUESS(1)) is called h, and is given
by

s vt Fald



10 nmodel . - CHAPTER 4. In this chapter, an exanple of a
~preferred enbodinent is descri bed, which enbodinent in the following is
called the Type P[err] nodel. The Type P[err] nodel corresponds to the
Type Plerr] lwoomsssss which describes the cal cul ation of pri ncipcainxeriooosd
| oan rai sed on the paynent date, but the Type Plerr] nodel pro- vi des a

nmet hod of solution in the cases of extraorggnary paynent, i.e. the
debt or does not raise the loan on a credi- tor paynent date, and thus

t he debtor does not have to fuIHpmp nt and interest in the
first year. h‘A(Qﬁﬁﬁﬁgﬁlcugﬁé$%g1%%e imTtgal principals according to the

Type Pl[err] nodel, one nore funding instrunment nust be applied than
when-cal culating the initial principals according to the Type Plerr]

nodel . That neans that if debtor has. chgsen to reflnan §%§§5 hi s |O%P by
10% annual | y, wiereimdilh@nidng: AreAeSined| agein the ¥

PCT/ K97/ 0004446t ed that 71 operatlon unti |
the first creditor paynent date when .cal cu- | ating according to the Type

P[err] nodel. Therefore, on the openi ng date of the refinancing no new
fund code wll be opened.

el "Fy(Gos Gy)-Fy(Gy+1nC, Gy)  Fy(Gos Gy)~Fy(Gy, Gy +100)
inclr,(an. Gy)~Fy{Go*inC,Gy)  FyGys Gy)~Fy(Gy, Gy+inc)

S wherein G, = GUESS(0) and G, = GUESS(1}. The foot sign for F
states whether it is the first or the second part of the
expression for J which is estimated. I.e. F,(G,,G,) deter-

mines the value of the proceeds criterion for GUESS(0) and
GUESS (1) .

10 If TILT=1, a change to (Z,GUESS(0)) is determined in stead.

It must be noted that step 9 only allows 30 passages. That
means that if the model during 30 attempts has not been able
to estimate an adjustment of the trend function and thus the
funding satisfactorily, the loop is left, and it continues in

1S step 11. However, the model may hereafter return with a new
guess at the interest rate.

Step 10: Are the balance requirement and the proceeds

cxitexrion fulfilled?

On the basis of the calculaced changes, it is to be determi-

20 ned whether the trend function determines the funding princi-
pals in such a way that the balance requirement and the
proceeds criterion have been fuifilled.

In step 6 of the model, the following criteria for mathematic
convergence were introduced.

25 If k fulfils just one of the conditions
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5 The calculation of principals according to the Type P[err] nodel
follows the steps 1-21 for the Type P[err] nodel in that the steps 2,
4, 5, 6,w6H978848319 have been changed and repl aced by pEEDXKORDest at ed
bel ow. - Step 2 (P[err]): Determ ne debtor's profile of repaynent and
10 interest When the interest ratgshas been determ ned, debtors
profile “of repayment and interest ang profile of remaining debt can

be established. The nodel | return with the follow ng pi eces of
infornatioﬁJabout 5 () ) Kfit erest, 15 repaynents, repayment and
interest, and the devel opnenit o the remaining debt. In addition to

this, a variable TILT is defined, in that TILT is set equal to 0. The
vari abl e, being set equal to zero, will be applied in some of the:

fol | owi ng i) st e}bF(GUESB(Si eQUESSPLE) 118 ¢ (EAWESIE0 Jo, GUESSI( X )uneh)i op

Here, use ﬁs made of a pol ynompacudsd (v ,srEEsl1dedr ee, which here is
called a trend functlon The trend function: alerr] +aferr]t +
a[err]t[err], for t =[0,1.... m2] The trend function is applied for
cal cul ating the individual 25 funding principals, and the purpose of the
trend function is to try to adjust the devel opments of the funding

principal sn is dohveryeie\@idpuuEssfo)t, cupse@ini %Qldjétbie GRAERiMgNg debt or’

| oan. funding can be applied.

5 If none of the conditions has been fulfilled, repeat step 7
in stead. '

Here the requirement as to mathematical convergence can be

" replaced by the specific conditions - the proceeds criterion

and the balance reQuirement - as well. This means that the
10 funding may be applied if

. |
(1ii) 'lFin(O)-EK(J')M_(j)<

. J=}

(iv)

Fin(1) - G”RG(O)
m,

In principle, the situation may arise in which the model
repeats the increments or decrements to the coefficients of

15 the trend function in regular intervals. Thus, the model runs
in circles in the itefativé pfoCedure. The problem can be
solved by setting up.limitations to h of the type

,cz?rm] |

h=sign(hl min[lhl, cerio),

which, though, by numeric analysis has proved not to be
20 necessary. -

_—
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72 Step 5(P[err]): Calculate the coefficients in the trend function
The coeffi ciwo9gngs®Berr],aferr], and a[err]) are cal cul ated | RCEMKITRHAMAM -
[err] B is defined as: [err] wher ei n: H(o,j):
the jth funding principal at a given pointldh time, before
refinancing is perforned in the .

Step 11: Has the proceeds criterion been fulfilled?

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

5 specifically, the intended profile of interest rate adjust-

ment is not hit, and the proceeds criterion for a given
interest rate.

It cannot be excluded that no solution which fulfils both

requirements exists, so the model necessarily has to conti-
10 nue.

The proceeds condition is, however, an indispensable require-
ment. Therefore, it is checked whether the proceeds condition
is fulfilled. This is done by the condition

Fin(0)-Y K(J)M(j)|<e
51

15 If this is the case, then continue in step 13 - otherwise,
adjust the funding principals in step 12.

Step 12: Adjust the funding

The model onljlfeaches step 12 if it has not been possible in
the inner loop at one time to meet the intended;profile of

20 interest rate adjustment and the proceeds criterion. Thus,
the funding'principals must be adjusted with the sole object
of fulfilling the proceeds condition. Therefore, a propriate
adjustment of each'pfincipal is performed.

In principle, three situations may occur

25 1) The model makes an excess of funding, i.e. the funding
principals must be reduced



cur
ti

freflnanC|ng

ent period. It applies by definition that at 10 any po

HOmM =20. It further applies that HOj) = 0 for
at/ t he powmte7/38383i ne 0.

nt
al |

t he coefficients enment or decrenment to the coefficients
K( Nt é

alerr] and aferr] is j-1 now

rmned. The first increnent or decrenent

in
J

If the calculation is carriedpevioxetododg Poi nt
ti me when the loan is raised, then continue in step 6. At any ot her

int of tinme of refinancing, contlnueiﬂnznep 5a. 15 It is noted that

j) are the nmarginal funding prrncipals for ] ={1, 2, ,m, i.e. the

additions to the fun |ngF Pflp - at the points intinme of
)M Det er mi ne afior nid« éMiebY , (2 decr snemd) t o

nmust be GUESS( 1, 2) (1.25,1), i.e. aferr] nust be nultiplied by 1.25,
and a[err] nust be nultiplied by 1. W97/ 38383
PCT/ DK97/ 00044 73 For further

cal cul ati oy of Md Jnodd nbufdd e ARUHIE Y rurdidly,? PA ATRLCEuFas ) O

i s equal

10

15

20

tO Zer o, IS set equa

principals must be increased. Here M(1) is maintained so
that the part of the interest rate adjustment at the
first occurring interest rate adjustment does not

increase more than what is absolutely necessary. M(1) is
determined as

wefr, EinQ) K@ HQ)
Y k(5 M(F)

J=2

for M=(M(1) ,M(2),...,M(m)

3) Finally, the funding principals may sum up to zere Here
the entire funding is placed in the instrument w1th the
shortest maturlty, i.e.

M11)=3%%§%1 and M(j)=0 for j={2,3,...,m}

After the adjustment, the proceeds condition is fulfilled,
and the model continues in step 13.

tep 13: Calculate a change to the interest rate
In this step, a change to the guess at an interest rate on

the loan must be calculated The change is calculated in

relation to the yield on the portfolio of fundlng instru-
ments. '

Firstly, the function F(.) is defined as

F (RK) <RX.P

funding




Then continue in step 7. 5 Step 7 (Plerr]): Funding principals are
cal cul at ed n Mj) can be calculated by inserting the b bgoda
coeffici ent?%?‘?@xg tting t={0,1,...,m2}, thus; Mj) = ngﬁ@

(Z,[GUESS(1)a[err] + a[err]t + a[err]t[ernpr HOj)]. Hereafter a
bal ance criterion is calculated as the nuneric 10 val ue of a bal ance
difference whetelin for the funding point intime i. If the bal ance
criterion is | arger than a given nmaxi numdifference, e.g. 0.1, TILT is
set equal to 1. 15 Step 19 (Plerr]): Funding principals are
calculated rP isicdefined as|theavieidfeinghsy funsddng Rerafeld& er ni ned
coefficient and setting t={Q/1,..., m2}, thus: - Mj) = mx[ O

bal fnce of i1 St cRe SRFREies BE (FIE qus Do A gt Sn

difference be applied.
5 Agx-[DTD*DTg
_ Iv .
The definitions are not to be repeated here. It should only
be noted that '

g=F(R®) - F(RX+inc)
inc

The algorithm can be simplified analogously to step 5 in the

10 F model.
'§;ep 14: Is the interest rate on the loan = the yield on the
portfolio - '

Step 14 decides whether the outer loop is to continue or
whether the model has reached a satisfactory result. The
15 criterion for this decision is that there is accordance in

the interest rate on the loan and the yield on the portfolio
of funding instruments.

This means that if the condition

[|R¥~rHA<e wherein ¢ in the model is determined to be 0.00001.
20 is fulfilled, then the interest rate on the loan can be

accepted, and the iteration in the outer loop stopped. This

means that the calculations made by the model are finished,
and the model can be finished in step 16.




[err] for the funding point intime i. If the balance criterion is

| arger than a given maximumdifference, e.g. 0.1, TILT is set equal to
1. wo W335 38383 _ PCT/DK97/00044
PCT/DK97/00044 74 Go to step 20.
According to the Type Plerr] nodel, the @ﬁlculations are made in such a
way that when calculating the initial: ci pal and when calculating

22&?8: g;' B%h{a gbvabﬁé&n{l waggégglst%érefﬁl eyéta#gég ?%rence .

e o0 era t est

bal ance coﬂﬂégpéﬁélﬁgtﬁoonhéhe loanzis Adjwsteds carried out. \hen

cal cul ating the principal at the second refinancing operation as well
as at the foll ow .ing refinancing operations, test of the difference in
bal ance 1052EPFé§i+€Q§¥§g—§nﬁs¥9§FF$gg—£%%$ and if TILT=0O, the cal cul a-
tions continue as stated fromstep 4 under the Type P[err] nodel, but

f TILT=1, 4£al gulati | .
Ithe Type P['@%r %’dﬁgg'eg?tﬁgnﬁh{%%eéﬁ SL8LCOn A $LER Being £EGELELA HRDET

5 step 14 is adjusted with AR Hereafter, the model continues

in step 2, wherein repayment and interest paid by debtor are
determined for the new guess at the interest rate.

Step 16: The model is finished., The result can be applied!

The model has determined an interest rate and a number of .
10 positive funding principals. Thus, the calculations are

finished and the repayments and interest rates paid by debtor
calculated in step 2 can be applied.

General comments to LAIR type P.

It is not on beforehand certain that the model is able to

15 respect the intended interest rate adjustment pef cent each
year, even though the model determlnes the fundlng according
to a long texrm strategy mentloned 1n the 1nt*oductlon.

‘The long perspectlve in the determlnatlon of the funding is
introduced via the adgustment of the trend functlon. Firstly,

20 the trend function is estimated on the basis of the intended
profile of interest rate adjustment for the whole funding
period. This is, however, not a very good strategy for the
funding, since the model can easily end up in the situation
wherein too many issues of bonds have beén.performed'in a

25 single year. In the inner loop of the model, however, an
increment or decrement is made to a,., which is controlling
the inclination of the function. In Fig. 11 is shown an
example of the adjustment of the funding. The line 24 is the
initial trend function determined in step 5, whereas the line

30 25 is the adjusted trend function which was adjusted in the
steps 7-10.

-
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CHAPTER 5. 15 1In this chapter, a description is made of an exanple of a

preferred enbodi nent, which is called the Type P[err] nodel i ﬂ@ﬂ‘
foll owi ng. TRNO9YIBI[ err] nodel corresponds to the Type P[erﬁcmmgm) &

except that when calculating the trend function, an nth degfee
pol ynom al is applied, wherein n can be eqddl5to. the 20 nunber of initial
funding instrunents at a nmaxi num - Cal cul ati on of:Princ'

: ; | alg rfgng
to the Type PBwe, mddl @ paxt 9 ihe ftdxgdnternesth, T4t al%b% ?Fger?‘?]
m)gel in th?t ,f,{}gygd 4 d nhow,e\aﬁ-{e tdEr s%mn&;él-,fxﬁ;dﬁ;g auniiL n%aawermm@hb?@%ﬁ
an repl ace t he steps stat e r ~q Def i ne
the trend Fun(ﬁar’b’nypassu "ﬁe&é %‘%oc%‘ﬁ%b)%\g i f‘ﬁetn h%ée]ggé@ Ehves!

egree, which is here

called a trend function, is applied. The trend function:
alerr] +a[err]{ 4 6] -amott fELE LA [Sfthe 168k, tthe development
[0, 1 ....,n}1]%r5$é§§§§#$§iéfea%%JaT% %0 c |

. t he
nunber of i%i tofl inveresy rates will have an influence on the paxgﬁPgsatagd
maxi mm M6k 97hS88888rent adjustment of the profile of PGAADKE7/ TBE44
& problem is, however, of particular importance in connection

with annuity loans.

Annuity loans are characterized in that an increasing inter-
10 est rate means decreasing repayments and vice versa. For the
" debtors, this characteristic is favourable, since the repay-
ments and interest to be paid are more stable. For the P
model, this characteristic is not as favourable. Changes in
the development of the repayments means corresponding changes
15 in the development of the remaining debt, and thus ithe profi-
le of interest rate adjustment is influenced too. If the
interest rate level decreases, a situation may arise in which
a future interest rate adjustment demands a lower funding
‘principal than the one already issued. Since negative funding
20 principals cannot be accepted, the only possibility is to
abandon the intended interest rate adjustment per cent.

A possibility of facilitating the problem is to freeze the
- profile of repayment for annuity loans as well. This could,

elg., be performed by the profile of repayment being determi-
25 ned by the initial interest rate. The consequence for the

debtor, however, would be a more unstable development of the

repayments and interest, since the changes in the interest

rate would have full impact totally and not be partially

balanced by an opposite change in the repayment.

30 CHAPTER 8.

In this chapter an example of a preferred embodiment is

described which example is called the special product model
" in the following. ' '



Use is nmade of a trend function to calculate the individual fundi ng
principals, and the purpose of the trend function is an attenpt to

adj ust tg s9g¥Rzopnents of the funding princi- pal s t op¢&hpxIDYRUHPTENT
of the remaining debt concerning 5 debtor's |oan. Step 5 (P[err])

Cal cul ate the coefficients in the trenddénction The coefficients

(a[err],aferr], . ...... alerr]) are calculated in the fol | ow ng way:
[err] 10LBIR scalbeubeted oy means glorthe speciajh@raduct modey: is at

rﬁéigﬂgéhfgﬁﬂﬁﬁétéflié& iwndedt Hedodst itRls far more optiddédivdh by

LAIR calculated by means of Type F or Type P. On beforehand,
the debtor determines a profile of funding and thus decides
5- the degree of interest rate adjustment in each individual
year. However, it may be necessary to change debtor’s pre-
defined profile of funding in order to fulfil the balance
" principle within each year. but essentially, the debtor

decides the frequency as well as the interest rate adjustment
10 per cent. '

It is one of the basic ideas of the special product that
debtor can combine the Type F and the Type P products so that
the loan is interest rate adjusted with fixed share in fixed
intervals, but, however, not every year. This corresponds to

15 a minor extension of the Type P model in that it is merely a
question of introducing a reference to the Type F model in
the calculation of funding in the years in which interest
rate adjustment is performed.

The special product is far more flexible than merely a merger
20 between Type F and Type P loans. The model operates in 7
steps as shown in Fig. 12.

Most of the steps may be recognized from the Type F and Type
P models. The most essential differences concern the determi -
nation of the funding.

25 8t : an_inter rate
A guess at an interest rate on the loan is made, and the
repayments and interest to be paid by debtor is determined on
the basis of the guess.

Step 2: Determine funding principals

30 In step 2, the funding is determined on the basis of the
profile of funding pre-defined by the debtor. A problem,

RS S PRI Spei s e




15 H(o,j): the jth funding principal at a given point in
time, before refinancing is perfornmed in the current period.
It applies bVARFIEBYi on that at any point in tiﬁETFFéV

0. It further applies that H O j) = 0 for all j at the point
intime O. 20- If the calculation is carri@d out at the point in time
when the loan is raised, then continue [n step & I s cal cu- .
lated). At anyWitheMINEVYRT i AX15R 1F FTeirhiARi RE, tBSnF Rast balppce; pyigs
W97/ 38383 ciple, if debtor has chosen not to issRETARKAIA09844s. Only

5 : nal :

2 1t e dldds e 1R IORH BibaitES B3 BITETthe Batance
poi At's in turmraquxzﬁmenﬁunnmphese yeaxrep Theppbore) chumeictdopr musitpbes
are cal cul & eduage ideFrER{t £on '\{Ed:)tﬂé ?(*bhié” ?efﬁﬁhﬁﬂéf‘?‘%@ @éf‘ﬂéﬁr byNene

t he determ ned coefficients an
Mj) or H(j) S¢REG®, [esugh )%[%Y]thas[égi] fundipgy P]rtlpélPFlfﬁ are posi-

a[err]t[err]- tive and of a certain volu®.j)].

Step 3: Are the balance and proceeds criteria fulfilled?

The balance conditions and the proceeds criterion are formu-
10 lated as before. Only a parameter b in the proceeds criterion
is introduced, which parameter acts as increment or decrement
parameter in the adjustment of the funding.
- The proceeds condition is given by

RG(0) = Y (K(3) -max(0;b-H, (§)])
J=1

15 Dby the disbursement of the loan, and by the interest rate
adjustments as

Fin(0) = 3‘\: K(3) -max(0;b-H,(§) - H(0,5))
=] .

wherein Hé(j) describes the fuhding prinéipal given by the
pre-defined profile of funding.

20 s Ad fundi

If the funding does not fulfil the balance and proceeds
criteria, the parameter b is increased or decreased, and the

check of the criteria are repeated for the adjusted funding
principals.



Step 19 (P[err]): Funding principals are cal cul ated 10 Hereafter Mj) can

be found by inserting the determ ned coefficient and setting

t={0, 1, . wopigsss t hus: Mj) = max[ O [GUESS(1)a[err] pcmbrobds-
alerr]t[err] +. ..+ aferr]t]n-HO,j)]. Go to 20. CHAPTER 6. 15
In this chapter, an exanple of a prefeﬂﬂéﬂ enbodi ment is descri bed,

whi ch enbOolnent IS C IIeo the nype P err] the follomﬁng The
Type P[err{=me B e S TS - CO CHE =y e — et et e descri bes
t he calculggroﬁogiobrlnC|paIs of a - | oan in the case of extraordlnary
repaynent, i.e. debtor does 20 not raise his |oan on a creditor paynment
date, and thus debt or does not have to pay the full repaynent and

interest If thetfending:fylbils guhe rektes Q:ul%&flla}bl}pnh"elwts becor di ng
to the TypenEEraéa]wm@eiﬁér EeFd hlgie;%@earpqhya&i&aﬁéab ediiffe

cal cula ﬂﬂthe function, wherein.n can %gﬁl, 25#0 t he nft%}%%r of

a
initial Fﬁﬁe?ng?? LHRREEeSt  LATR,@ e foar 1and the Yield euiddtg on is
calculatedfundkhg parefohijoasAgain howevrer hea WpEf&fericé woslked . be VO

97/ 38383 limited by the loan fulfilling the bali§§éﬁ§?¥é99 él
Step 6: Adijust interest rate o he 1o

The interest rate on the loan is adjusted on the basis of the
10 yield of the funding portfolio.

Step 7: The model is finished e _resgults can be ied

If the correspondence between the interest rate on the loan
and : the yield on the funding portfolioc is sufficient, the
model is finished and the calculations can be applied.

15 Example of calculation

In the following, an example of a calculation of a loan
according to method called Type P is descrlbed According to
the method, a number of data must be loaded, before the
actual calculation is performed. These data are composed of

20 some standard values which are common for all calculations
made according to the method:

Maximum difference in balance : 0.00001 ocere,
Maximum difference in proceeds ~ : 0.00001 oere,
Maximum difference in interest rate : 0.00001 percentage

25 pdint, and inc (the step duration in the iteration process)
0.0001 percentage point. '

In addition to this, the system has access to a data base
with specification of the financial instruments which may by
applied according to the method. In this example, non-.




77 Cal cul ation of principals according to the Type P[err] nodel
follows the ste 1 for the Type Plerr] nodel in that, how ever. .t he

s 1-2
steps 2, 4, 3"057’38?83 and 19 have been changed and repl aced 5?’?#37@@&35

stated bel ow. 5 Step 2 (P[err]): Determ ne debtor's profile of repaynent
and I nterest - When the interest ratad®as been determ ned, debtor's
profile of repaynent and interest and profile of remaining debt can

be set up. Thealdé@blenulles: hapds @re Rprldiedbwiwhigh endspfinche data

i nformation CopeRl K0 EHHYd Svitdy BBHomidd) §:9ieip£P2Ycoupon BAES, term
repaynment and I nterest, and the devel opnent qu t he r emai ni nxgséiebt. In

addition to tH% MaEYL Yy NEAGSEY Payment[darRe. 3Rd - 994RoT Jakk - equal
to 0. The var iRidttthermwirs) the yticEpiadlf tthe dsandsvidte Elsppindicated ol of

t he fol |l owg - Step 4 (Plerr]): Define a trend function
Use is matdegﬁ'of‘gl'ge ;%aﬁ"ﬁgr%sa% of the nth degree, which is here called a
trend function. : The trend function: alerr] +aferr]t -+

aferr]tferr] f®rede modkl according to the method, [# dumber of ddt£lar
wherein nis e he nunber of initia

ual to _ . - . t
fundi ng i nstrLlﬂ’aAe&" which data specifies thelgan attempted 9 be calgaye
trend functionlatsedpplied to cal cul ate the individual

Principal of the loan : 100 DKK.

10 Date of the disbursement of the loan : 1/1-1996.
Debtor’s first payment date : 1/1-1997
Creditor’s first payment date : 1/1-1997
Number of debtor -payment dates per year: 1
Number of creditor payment dates per year : 1

15 Profile of interest rate adjustment
(number of funding instruments): P20,0. I.e. 20% of the loan
is to be refinanced each year.

Repayment arrangement of the loan: Annuity.
Term to maturity of the loan: 20 years.

20 Since 20% of the loan is to be refinanced each year and the
disbursement of the loan is performed in January, it appears
from the model that 6 bonds must be applied for the funding,
but since January 1st is a:tways a holiday, it is chosen only

to apply 5 bonds as if the loan had been disbursed in Decem-
25 Dber.

The 5 selected bonds are:
(coupon rate, price,
maturity date) = _ (6, 102.0376, 1/1-1997)
- | (6, 103.3975, 1/1-1998)
30 . h ' (6, 103.3915, 1/1-1999)
C ' ' (6, 102.7780, 1/1-2000)
(7, 105.8982, 1/1-2001).



fundi ng principals, and the purpose of the trend function is 25 an attenpt
to adjust the devel opnents of the funding princi- pals to the

devel opmgig offgagsne renmi ni ng debt concerning debt or' s plcqiko700044 St €P
5 (P[err]): Calculate the coefficients in the trend function The

coefficients (a[err]aferr]..... a[err]) 1a0e calculated in this 30 way:

WD 97/ 38383 : PCT/ DK97/ 00044
78 - [Ehe |5 selegted hemdfe@dxgsused at the funding by the disburse-

ment of the loan. When refinancing is to be performed after
one year, the first bond has matured. Therefore, it is neces-
sary to apply a new bond for the funding, and the model

- 5 itself selects a non-callable bullet bond with a remaining
term to maturity of 5 years. The model gets data concerning
this bond from the data base. Since the model does not know
the prices one or several years ahead of time, the model
assumes that the interest rate structure and thus the bond

10 prices have not changed.

Today, non-callable bullet bonds with a term to maturity up
to 10 years exist. When the model reaches the Sth
refinancing, and thus needs a bond with a remaining term to
maturity of 11 years, the model will not be able to find this

15 bond in the data base. Thus, the model "issues" a bond to be
used for the calculations, and assigns to it data analogous
with the data known from the other bonds. Here also, thereby
the known interest rate structure is applied and with it also
the prices of the bonds on the date of the issue of the loan.

20 The model "issues" bonds having a coupon rate of 7% during
the first 3 years, and thereafter a coupon rate of 8% during
the following years. .

The results of the model can be related to the debtor side
and the funding side, respectively, the two "sides" being

25 tied together by the balance requirement and the proceeds
condition.

The debtor side

The model provides a total course of amortization fulfilling
the requirement as to type of repayment. This consists of

30 interest payments, repayments, all repayments and interest
and the remaining debt at the beginning of the period made up
on the basis of the payment date, see Table 1.
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[err]
i nstru-

at -
that HOj)

5 wherein:

I s equal

ments at a maxi num

princi pal atWe%gP8A point in
perfornmed in the 10

-any point tinme H O M
] at the point

=0 for al

to the nunber
H(o,j):

of

the jth fundin
| h RO

initial f

time, before refin
current period.

= 0.1ht further applies -

in time O.

undi ng

It applies by definition that

If the cal cul ati on

is carried ouCohanhEumbentllmntTablehén1nd1th€esodnbm9rr61yawmemhemate,

continue in S&ﬁ@r@x
of reflnanC|ng,

é%hé Hrgé' SUh&greEaﬁﬁﬁiFa@e ‘i’;’i’ﬁé g& ‘ir;i {%9*%“5) fure the

mar gi nal f undeRg 9r%ﬂ‘é%ﬁ§?—§ Fb? mon}:a{ 1apd, thenjlas,t éWOt Hd gag@Es |16h791qa(5'—ec he

f undi ng prlnctﬁalaay ofit thBempAtAls in tinme of refinancing.
Fundi ng principals are cal cul ated.

cal cul ated by inserting the determ ned

(Plerr]):

t={0,1,..

ment,

Her eaf t er

coefficients and setting

.5m Zhe tblemns number 2-5 in Table 1 indicate interest,

20 Step 7
Mj) can be

repay-
repayment and interest and the remaining debt at the

beginning of the period in DKK for the loan, whereas the last
column in Table 1 indicates the number of payment date.

Table 1
10 Debtor’s Interest Repay- Repay- The Number
payment ments |ments and}remaining| of
date interest | debt at reﬁay—
| the ment
beginning{ dates
of the
- period
19961230 4.9644 3.0357 8.0000{ 2100.0000 1
_ 19971230 4.9962 3.1272 8.1234 96.9643 2
15 19981230 4.9499|  3.2509 8.2008{ 93.8371 3
19991230 4.8534 3.3976 .8.2510 90.5862 4
20001230 4.7210 3.5631 8.2841F B7.1886 5
20011230| 4.5552 3.7468 8.3020 83.6255 6
20021230 ' 4f3661 : 3.9457 8.3118 79.8787 7
20 20031230 4,1575 "4.,1589 8.3164 55.9330 8
20041230 3.9285 4.3871 8.3156 71.7741}. 9
20051230 3.6825 4.62937 . 8.3118 67.3870 10
20061230} 3.4204 4.8856 8.3060 62.7576 11
N 20071230 3.;403 5.l570- 8.2973 57.8720 12
25 - 20081230 2.8435 5.4431. B.2866 52.7150 13
) 20091230|  2.5290 5.7444 8.2734| 47.2719 14
20101230{  2.1948 6.0616 8.2564] 41.5275 15
20111230 '1.8404 6.3942 8.2346 35.4659 16
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79 Mj) = max[O0; (Z [GUESS(l )a[err] + a[err]t + aferr]t[err] + . +
afgrr]t[erwbpsiss H O )] Then a bal ance criterion |Spcﬁm<gbm.d as
thg nunmeric val ue of a balance difference 5 Fin(i)- [err] =~ RHi-I),
fgr the funding point intime i. If the habance criterion is | ar ger
than a given maxi numdifference, e.g. 0.1, TILT is set equal to 1:"
tep 19 (P[ ngcoEugdqunﬂ@yéya AT Re payt CPl REpayd | 10THe CalNamblE )
an be foun |nsert|rg_the det rnlned coeffici egt and sett]i ng
/t={01,..., 2¥’ Mj) E REGIYS (4 TeResspefjrempining(ler OFt
“+alerr]t[erg] 4date-+ aflerr]tferr]) - H(( jiddcerest | Hedt atrb3hapa-
criterion ag to the nungric value jof a diffef- 15 encelin %%Lance | S
cal cul at ed Fin(i)- [err] -HQi-1), ment
' beginning| dates
of the
_ .period
20121230 1.4606 6.7426] 8.2032 29.0717 17
20131230 1;0774 7.0952 8.1726 22.3291 18
20141230 0.7001 7.4459 8.1460 15.2339 19
20151230 0.3362 7.7881 8.1243 7.7881 20

5. The funding side

. The model provides the initial funding as well as the prices
on the bonds in question, see Table 2. In the specific

example, the funding is distributed over five principals with
the prices mentioned.above.

10 In column 1 in Table 2, the payment date is given in the same
form as described for Table 1, column 1. In column 2 the
~.volumes of the 5 bonds applied for the funding are indicated,
and in column 3 the volume of the marginal bond issued is
indicated. In column 4 the prices of the applied bonds are
15 indicated, whereas in column 5, the adjustment in question is

indicated.

Table 2
Payment | Total issue | Marginal ‘Prices
dates of bonds bond issue

20 | 19981230 0.2203 | 102.0376{disbursement

19981230 0.2072 103.3975]0of the loan
19981230 0.1937 | 103.3915)
19981230 - 0.1800¢ 102.7780
19981230 0.1659 105.8982




for the funding point in time i. If the balance criterion is | ar ger
than a given maxinumdifference, e.g. 0.1, TILT is set

. 0.1, 20
Go to step 2W0 97/38383 According to the Type P[err] nodel, the 3’2‘%‘6‘&\&7@‘1"8‘?{'
are made in such a way that when cal cujgging the initial principal and

when cal cul ating. the principal at the first refinancing, then
cal cul ati.on

test of the dj FPEFERCeli n° bal ance ¢ r(:[epﬁ)oﬁg,dnla f)rtbgggegm’si;gofu!ﬂ E'(I)' i s}
carried out. \helates clil aofnyorRe prfi YT issue VO 97/ 38483
rpg‘r{ %2(7:{ ggog;éP§t9i13§° s wel | &2%R8)t he fol PolP84 81t-ﬁlzn'ga:%r?e i‘%‘gﬁ&iﬁa‘g@i—%‘ét
operations, te g_ gg 2 d| ffer@n_pgagg n bal angegposs|proor3dmsishaere 4 i s
carried out, fl ‘?I t he cal qul a- tiong continug as stated fronj
step 4 under h@gmeo [err] npdE837|5 but i 0.PPBTF110T a3 TP @AINSSMEaR Y i nue
%iAspgrzé}?e(;.fronlsétgeggzégo : (P[ e(g.r:H39 nder th%‘g)é%% P{&é’f;loé’#del :
5 19991230 0.1637 0.1637} 105.8982
20001230 - 0.2104 0.0111} 102.0376| 2nd interest
20001230 0.1913 0.0076| 103.3975|rate
20001230 0.1784 0.0045| 106.1270jadjustment
20001230 0.1676} _ 0.00398| 106.3065
10 20001230§ 0.1565( - 0.1565| 105.8982
20011230 0.2037} 0.0124| 102.0376 3ra interest
20011230} 0..1_863 0.0079| 105.2784|rate
20011230{  0.1710 0.0034} 106.1270|adjustment
20011230 : 0.1586 0.0021| 106.3065
15 | 20011230 0.1461 0.1461} 110.1551
20021230 0.1964 6.0101 103.0002]etc.
20021230 0.1776 0.0066] 105.278B4
20021230, - 0.1628 0.0042| 106.1270
20021230 0.1513 0.0052| 109.8350
20 20021230 0.139S 0.1395| 110.1551
20031230 o 0.1906 0.0130} 103.0002
26031230 0.1713 0.0085] 105.2784
20031230 : 0.1559 0.0046| 108.8626
20031230 0.1431 0.0036} 109.8350
25 20031230 0.1298 0.1298{ 110.1551
20041230} - . 0.1845 0.0131) 103.0002
. 20041230| - 0.1647 0.0088 107.1583
20041230 0.1480 0.0049| 108.8626
20041230 0.1348 0.0050] 109.8350
30 20041230 0.1212 0.1212§ 110.1551

*



Infthis chapter
odi nent ,
T¥pe Pl ewigloma@r ]’
~are nerged into one and the sane nodel.
cal cul ation of the principals of a |oamig
whereas the Type P[err] nbde

Plerr],

a description is made of an exanple of a
which is a generalization of the four
and Plerr]

P[err] nodel
rai sed on the paynent date,

PCT,

preferred
10 embodi nents call ed
in that the four '
The Type

nts
descri bes

descri bes calculation of principals of a

| oan rai se pggmé eri &£ RqinA1P)|TEBY1&ER €] 1ne Type PLer}]
and Plerr] | s u eba ygom al_ qf thelsecond depree as trend
functi on. Indatestha T?Se ak@ny 38SBEerlr] nodels| a polynonmial |s
al so appli 5*0512 5 rlend-fuwﬁahlu‘but W%’% ' g of—tire—rpotyrom al
can asfune va? PS corre§pon3ing to #hé:%dédlﬂg'lns runents with 20| t he
| ongest ternnnalznoJrity. Dyps7Rierr] arolobge Ppecisdescribe t he
cal cul ati on_of Erin:ipals of a |l gan which is rlai sed on t he paynent| date
and whi ch | $0R8£278| sed on Q04ynment dhtQ952| 10Pe8B2E} | vel y,
correspondj B Eogg 3e P[errc,']1 Type Plgrddss| 109 8%@ [ he general Typp P
nodel , all} -nmenti oned. speci al 25 casgs aré a&en into
consi deg at 9005m230ﬂat t hey mms&dl 0 Jud3otentedispif he Type P node
For the saﬁe of perfection, itn t he descrlition of the general Type|P
descri pti oh20Pf&230| probl Srd 728 net hod® +&+3He193+8628h to the probl efs
are repeghgdolgfore theg i pretatiéyb#gs §71 pdpy| dual steps in BO
t he nodel . P ﬁ general proljl em . Injthe use of LAIRtype P,]a
part of dep20061§30)ening rOe.r1en 29 | n@. G2} 188i.8626pst rate adj ust pd
each year.| The B)r :
2006123 0.1173 0.0043] 109.8350
10 | 20061230 10.1024 0.1024| 110.1551
20071230 0.1671 0.0162] 103.9629
20071230 0.1444 0.0115] 107.1593
20071230 0.1241 0.0068| 108.8626
20071230 0.1075 0.0052] 105.8350
15 | 20071230 0.0919} 0.0919] 110.1551
20081230 0.1612 - 0.0168| 103.9629
20081230 0.1363 0.0122 107.1593
20081230 0.1151 0.0076] 108.8626]
200812301 - 0.0976 0.0056] 109.8350
20 20081230 0.0815 0.0815| 110.1551
20091230 0.1550 0.0188| 103.9629
20091230 0.1288 0.0137} 107.1583
20081230 0.1061 0.0086] 108.8626
20091230 0;0866 0.0051} 109.8350
25 20091230 0.0694 0.0694} 110.1551
20101230 0.1485| 0.0197| 103.9629
20101230 0.1207 0.0145| 107.1593
20101230 0.0960 0.0094] 108.8626
20101230 0.07%2 0.0058| 109.8350
30 20101230 0.0573 0.0573 110.1551
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81 chooses a desired annual adjustable rate interest per cent whi ch
at the sane WOPTB8383 ti me deternmine how nmany funding i nst r HEREITARYH,
be issued, and therefore al so determ nes t he duration of the funding
peri od. 5 |If -debtor chooses e.g. a 10% apsual interest rate adjustnent,
it wll take 1/10% = 10 years before the loan is fully inter- est rate
adj usted. Th PEDHERY PO il Mzrgihalear p_priceBd [t he nunber of
fundi ng instrunents 10 é erest rhte adjustjmrent, a funding
i nstrunment 10 n‘&?ﬁ?ﬁs In°5rH@P ?o é?’} e"ﬁﬁi‘ﬁ bf interedt rate adjust-
ment at the i evets MaT g T JSHE B R0V Jde o Termio
maturity of (Ffngzéar i's |ssue his continues|unti] t he nunber of
fundi ng instriupenisase| gr aduald.yl. uced whenoise|t1me7 lxE8Blappr oaches its
maturity. 5 The conpection betwedn the nunber of funding instrunents an
the .part of i @@1&%?39 ht e adj stARRf| means PrALOAhe G4t d i nt er est
rate adjustmntopaibagan be expraesad as U gl ghkh) Wipreaso) debtor chooses
I nterest rat jUS nt part, err] is chosen af the {sane tine. 20
There is assplegpabigeopl ex of qQrobigns att aohedasd 1ihe. PESD intine of
the raising of the loap. If the loanfis raised in] Decenper, the first
interest rate| 881832AENt will GetIAR} f 8r Q23 8kel 93 %% bne year later.
The rule set pyy,3994g[can ¢ 1026 0.0170| 107.1593
20121230 0.0747 0.0114| 108.8626
20121230 -0.0505 -0.0059| 108.8350
10 20121230 0.0308 0.0308) 110.1551
20131230 0.1264 0.0238| 103.9629
20131230 0.0928 0.0181 107.1593
20131230 0.0629 0.0123] 108.8626
20131230 0.0374 0.0066} 109.8350
15 20131230 0.0165 0.0165| 110.1551
20141230 0.1181 ' 0.0253{ 103.9629
20141230 0.0818 0.0189| 107.1593
20141230 0.0506 '0.0132| 108.8626
20141230 0.0256 0.0091| 105.8350
20 | 20151230 0.1094 0.0276] 103.9629
20151230 0.0689 0.0183| 107.1593
20151230 0.0346 0.0090] 108.8626
20161230 0.1002 "0.0313] 103.9629
20161230 0.0459 0.0113] 107.1583
25 | 20161230 © 0.0752 - 0.0293| 103.9629
It appears from Table 2 that the distribution is as follows:
H(1): 0.220314
H(2): 0.207178
H(3): 0.193740
30 H(4): 0.179985

PCT/ DK97/ 00044




t hus be appli ed. 25 At any other point in tinme during the year, the

I nterest rate adj ust nent percentage at the first interest rate

adj ust megig o3gagss, however, written down in relation to tperauehio6dsi N
whi ch the oan has been rai sed. This nmeans that the funding period

Is prolonged by 1 year, and the nunber oiefunding instruments 30 is

i ncreased by 1. This means that the following applies in connection
wi th the di sbuHg8hent 9f165@99 oan m=nferr] + 1 MO

97/ 38383 PCT/ DK97/ 00044

82 . Already at the first interest rate adjustnent, the general rul e

of n{err] fitn@heylonder Raseds thay yitdnade HRALCcaked §iven| PEifesenthe s
i ssued at Prockielist cobAlieteoh habebadhustDEDLled: | n the nodel, there is a

speci al e ng n The
oPect 2l BT QGRS 08 0SSk, Motk Tar U5, SEBLR. LHTE g 05hs ulEDLs T
advant age dfo.179app*L0Rg77BDS +1iDt h688PS*20RDB2881 abl 300uAADPAQ developnent
which will be experienced | ater on. The annual interest rate

adj ustnent neans that the_ balance 10 principle plays_a slightly different
role. At tfsbsgeguentdyehthe ?éﬁﬂlnﬁﬁefPBF&PgnﬁﬁbEF°UFd§9ynﬁg9§hoﬂa¥ﬁE'
debtor si deads foRlding 1aSpe&fbhmeaoa§ ehdh fAtkprewd. rByedatstustmeng.t e

|nterest the specific example, the follow1ng is issued:
In H(1) = the original H(2): 0.008440
10 In H(2) = the original H(3): 0.005525

In H(3) = the original'H(4): - 0.003722
In H(4) = the original H(S): 0.007978
In H(5) = the new H(5): ‘0.163691

After the first interest rate adjustment, the total amount of
15 outstanding debts are distributed over the three principals
in the following way:

H(1): (0.207178+0.008440) = 0.215617
H(2): (0.193740+40.005525) = _ 0.199265
H(3): (0.179985+0.003722) =  0.183708
20 H(4): (0.165899+0.007978) = 0.173877
H(5): (0.000000+0.163691) = 0.163691

It should be noted that the total.amount of outstanding debts
in H(5) is equal to the marginal funding, exactly because
there has been no previous issue in this bond.

25 The price being interest rate adjusted is also provided.
Thus, it is possible to calculate the funding proceeds from
the interest rate adjustment currently (the amount of
refinancing). At the first interest rate adjustment the
amount of refinancing will be:

30 (0.008440*102.0376)+(0.005525*103.3975)+(0.003722*103.3915)+
(0.007978*106.3065)+(0.163691*105.8982) = 20.0000




rate adj ustment anount residually, the strict balance prin ci pl e has
been fulfillegﬁﬁ% gﬁéinition. It is, however, not 15 necessari] s&bthat
the intended T erest rate adj ust ment corresponds to the. aJFﬁ
Therefore, the problemto be solved in the nodel is to adjust the

funding so that the intended and the actual parts of interest rate
adj ustnents correspond at the sane tine as ﬂﬁa 20 proceeds criterion is

ful fiiled Upon 1S ShSBHESPI°0r ol a sucd] Q20al@HRECR) 8Tk SehESRiAG
ang debt is interest rate acjusted At :he next interest rate
adjustment, the remaining debt has become smaller, and
55.39287 is interest rate adiusted. Still, 1/5 of the remain-
S ing debt is interest rate adjusted, the remaining debt now
* being 9€.80265. '

Debtcr side and funding side

In table 3, the debtcr and the funding sides are shown oppo-
site one another on an annually basis.

10 1In cblumn 1 the interest rate adjustment date is indicatead,
and in column 2 the total face value of the bonds is indica-
ted. In column 3, the total value cf maturing bonds is indi-
cated, whereas in column 4 the amount of interest to be paid

~ to creditor is indicated. Ia column 5, the columns 3 and 4

15 are summed up in order to prov¢de the total amount of pay-
merte to creditor. In column 6 the amount of the total value
of bonds issued in the erd of the payment period is indicated
. In column 7, the yield on the loan in % is indicated,
whereas in column 8 the size of the remaining debt in DKK in

20 the beginning of the payment period is indicated. In column 9
the annual interest payments in DKK is indicated, whereas in
column 10 the amount of the annual repayments in DKK is
indicated. The amount in column 9 and in column 10 are summed
up in column 11, providing the annual amount as repayments

25 and interest in DKK. In column 12 the gsize of the remaining
debt in DKK in the beginning of the payment period is indica-
ted. Thus, column 12 corresponds to column 8 (remaining debt
at the beginning of the period) deducted column 10 (annual
repayments}. In column 13 is indicated, the size of the

30 amouat to be refinanced by the end of the payment period,
whereas column 14 (the last column) indicates how large a
_percentage of the remaining ioan is tc be refinanced. It

appears that exac:ly 20% is to be refinanced, as Qesired by
the debtor.

—_—

THIS SH
This Sheet Has Been iy BEE7

T T ——

RECTIFIED SHEET (RULE 91)




PCT/ DK97/ 00044

is a regulation function for the interest adjustnent
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1

I f year

REG err] can assunme the val ues permpkeT/osidy NOW on,

REJ err]

per cent ag® 973sigsr St year.
the equations are designated as the bal ance 5 requirenents.
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‘interest rate adjustnent. This may, however, be partly saved by pl aci ng
a large part of the proceeds fromthe interest rate adjustnent in the
bond now havweP78888r mto maturity of 1 year. The result, HolR¥a00044
bei ng an unstable profile of 30 funding. | f the bal ance requirenents
with the intended interest rate adj ust et every: year are to be
fulfilled, it is necessary to , fornulate afgynanic strategg foittggn be
pl aci ng of th&heuk@tdd closingpigpugg@ppears Lfrom year to yedr. L

PCT/ DK97/ 00044alculated on the basis of the data®4from Balsbet2ki Bgisnis
consi deration the .per t] J Uhambs fs | ANy

repai d, an ar htﬁégl%i%&;téé%@% H‘{hieéﬁgcd‘?tnagf vm?f %# s%)ég‘g?sgﬁaﬁéﬁlér,
but .none the [HLY ,j UBt3)as FeBentdng H(S)r gIpecCBLVebrh FROBr¥SRT fPeYeAT .
adj ust mrent, the nodel cannot merely place the entire funding in a new
amount of bonds, I ssued in a single year. As it will be remenbered, the
amount & BORRUERSNEAYY falling due corresponds with the actua

anmount of refi(oUE2 o440 11 7940 I ETE Q0 01729 85000168820) $R00=DIsArdpP8
which is again determned by the interest rate adj ust rent per cent and
t he remai ni ng debt. Wen the new I ssued bond falls due, the renaining
debt is snull ekst binteyrst ragmAAjWStmeREhancing is of fairly the same

size as currenfg.215d1ms0. 198243140/ Ea3 PEELES1788Y9+001U3EBRNK1DOLIGERY SHO8S
not 15 correspond with the intended one. Therefore, the nodel nust

2nd interest rate adjustment:
10 (0.210403+0.191304+0.178382+0.167634+0.156506) ¥100=90.422842

Then it is possible to provide the total number of bond
issues maturing at the given interest rate adjustment. It
will always be the amount issued in exactly the bond maturing
at the given point in time, i.e. the bond having the shortest

15 term to maturity at the time of the interest rate adjustment.
The amount of bond maturing can also be found in Table 2:

1st interest rate adjustment: 0.220314

2nd interest rate adjustment: 0.215617

3rd interest rate adjustment: 0.210403

20 Furthermore, interest payments to creditor are to be provi-
ded. These depend on the amount issued in each principal as
well as the coupon rate at which the said principal is to be
paid. It must be noted that the coupon rates change from year
to year. The bond with a maturity of one year included in

25 each interest rate adjustment will have a 6% coupon rate
during the first 4 years. Then it will have a coupon rate of
7% during the following 3 years, and during the remaining
term to maturity of the loan, the bond will have a coupon
rate of 8%. From Table 2, the total number of coupon rate

30 payments can be found in the following way:



continuously have the possibility of placing the funding in bonds not
I ssued over several years. In the nodel, the dynam c strategy neans

that t hguhyses IS adj usted each year in.such a way pEpbrbhGooRaYTENL S
of the 2 bonds correspond to a falling part of the paynments fromthe

debtor side as time is progressing. Byikach interest rate adj ust nent ,
Issue is further perfornmed in each funding in- strunent - thus,
gradual | y listcyeasi:ng 0a@28Radn6e ¢cdlr807178567 wererd O RB3BBAAGII de and t he

debtor sidg 9.'7»9@@5%@ Rardo qfss%iéswt)etestssesgsadj ustment. By the

di sbursenent of the I oan, t he probl em bei ng sol ved via the nodel can be
formul ated as [err] WO 97/ 38383

PCT/ DKO7/ ¥ 4rear: (0.215617*6) + (0.199265*6) 85 (0.183708*6) +

(0.173877*7) + (0.163691*%7) = 5.954516

5 3rd year: (0.210403*6) + (0.191304%*6) + (0.178382*7)
(0.167634*7) + (0.156506%*7) = 5.927892

Then the total number of payments to creditor can be found as
the sum of bonds maturing, as well as interest payments.
Furthermore, the volume of outstanding bonds at the end of -

10 the year before interest rate adjustment is provided. This is
found as the difference between the opening bond issue and -
‘the volume of bonds maturing.

Then the interest rate on the loan solving the model each

year is provided. Naturally, this varles in that the funding
15 is dlfferent each year.

After the above pieces of information concerning the payment
on the creditor side have been provided, the course of amor-
tization is repeated on the debtor side. This is identical to
what has previously been mentioned, only annually. In the

20 mentioned order: remaining debt at the beginning of the
period, annual interest payments, annual repayments, annual

repayments and interest, and remaining debt at the end of the
. period.

Finally, the amount of refinancing and % of refinancing are

25 provided. These are identical with the amounts of refinancing
calculated earlier on the basis of the data provided in Table
2. -

Bond yields

In Table 4 the yields of the bonds applied in the model is
30 shown.




[err] wherein Fis a falling function of j. In the nodel, the

funding follows a so-called trend function which is estimted with point
of origin bewmovsesssiesired 5 interest adjustment and the furRFHEKAT y
issued HQj). This is performed in an 'Qger iterative procedure in the
nodel . When. the funding has been deteffiined in such a way that the
interest rate the intended profile 10 as nmuch as
possi bl e, t heh Nopreotp™ er thep Selis of the funding is correct. If
the proceeds pe=—eerrect—Hretk—TetiTg:] the interest rate on the |oan
corresponds tp the yield ¢n the funding portfolio. If this is not the
case, then itprate the 2 |nterest‘fgﬂe on the loan in the outer
procedure. 5 Hence,. t3le nodel is.78® ved in a 2-step-procedure and not
simul taneogsly as for thelF nodel. 52127 In general, the notation is the
sanme .as in the F nodel. However AR he current issue of bonds does mean
that it is necessary 1o dlffereﬁtlate between three definitions of 20
f undi ng principals. siIMj) 6.0tk gnat es the margi nal funding, i.e.
t he anmount ~ 4lof bonds iggsddpd in the jth year when the current
i ssuing of bomds is perforned. @Q%s) - Are the bonds al ready issued
before the pre¢sent ’ _

10 9 6.9754

' of 6.9429

" The bond yields are assﬁmed'to-be:éonstant during the entire
term to maturity of the loan seen in relation to the term to
maturity of the bonds. It is to be understood that the bond

15 with a term to matu;ity of one year included in each interest
rate adjustment will have a yield of 3.88%, and the bond with
a term to maturity of five year included in each interest
rate adjustment will have a yield of 5.61%. Since the coupon
rates change currently, the prices of the bonds will also

20 change. This appears from Table 2.



25 i ssuing_of bonds. H(J) -~ is the total anount of
bgnds in the jth year. Fromthe definitions the foll ow ng appears

j) + Né»IRsass H(] n ﬂ383 PCT/DK57/00044

CT/ DK97/ 00044 “!Il"l I"I" I“fﬂmr ﬂ 86 By the

i sbursenent. of the [foah, ft Wssob0i0u225hat H(Oj) =0, and thus it
applies that Mj)=H(j). I'n the notatio -therefore not necessary

to dlffer%&djﬁ§ebetmeen t he di sbur - senent of loan and the ‘i nt erest

rate adjustnent in this 5 respect. Accordingly, the fundi ng need by
t he di sbursenent of the |oan as well as the interest rate adj ust ment
will be ind eatrdHya for BetEnininkids ofFithd kv, @iHd efumbert, Nanar tAei pal
of the | oan or t cur.,rent, anount of fundln "Asqin this respect, it
Us 10 untElamE, AF (o RAa e iRSEATER R SR T I ERGHG T 2aRgan

i nt erest naitth aazl;uﬁ»taimﬁt proceedAs td eommnw ofeans diff faerfa&tstat i on
bet wee re ust nment,
bet weeny { NenfhUll Sstem, THY 10ad 2 gﬁ&e@lgne'& g %e & §adi

orn1atfart o] r essi ons also ap ylng to |nterest
partlally reflnance during the remaining term to maturity,

requirements having been made as to a maximum difference in
balance between on the one hand payments on the loan and the
amount of refinancing and on the other hand net payments to
10 the owner of the financial instruments applied for the fund-
ing, requirements having been made as to a maximum 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
15 of the loan, and requirements having been made as to a maxi-
mum difterence between the interest rate on the loan and the
yield on the financial instruments.applied for the funding,
- which method comprlses,
| (a) loadlng and storlng, in a memory or a storage medium
20 of the computer system, of a first set of data indicating the
parameters: principal of the loan, term to maturity, and
profile of repayment of the loan,
(b) loading and storing, in a memory or a storage medium
of the computer system, of a second set of data indicating a
25 desired/intended profile of refinancing, 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 which second set of data indicating a
30 desired/intended profile of funding such as the
desired/intended number of financial instruments applied for
the funding with their type and volume,
(o) loading and storing, in a memory or a storage medium
of the computer system, of a third set of data indicating a
35 maximum difference in balance within a predetermined period,
a maximum difference in proceeds and a maximum difference in
interest rates equivalent to the difference between the
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15 rate adjustnents. Here, REG=I and hEiIerr] =1 are set in accord-

The. pr obl em WOZRHP ﬂﬂlllHll!i] llg&m W ™ ihe e nei pEFL°§rE%?@l&?*Z‘i°9 °

according to the T pe P*node SIS*EXp|? ged step by step. In principle,
this is. perforned I n 16 steps. The explanation corresponds to the steps

shown in £éQW£QéétohnuEé91 2n ARt PRef 9hbow Ba chee mGoidRaaf the
procedure is out?lne I n orgde ?u0|date éhe t wo- st ep- procedure.

25 The nodel BBEFRYMGRER 3P %é%@ SPT AR EnfBRBLRSrat e on a | oan. On the

basi s hereof, (8he deba@tefmmnymgnaﬁdasdorﬂmgre$n anmemoryherdabwmmrﬂg@e and
a first guess

t he -f undi ng |ﬂg§ﬁ£$ﬁﬁ%ugﬂing°ﬁ£Stggt§&g & to A dfégy%ﬁT %ioop |§§f]#?EEeS

only when $hecatadang selegtedlgumherrequﬁnaﬁﬁﬁnaésMM§nﬂumqn§a Wt nt er est

rate adj u n c t Lan
PCT/DK97/0004ZHHEQEHE QhEPSCEEQESEQEs gieht be type? prl%g%ﬁﬁ?ﬁ%?ﬁﬁ%&%ﬁﬁer

| oop whet her 8RE& PﬁF8r8§ttPStBrbﬁefﬁérFS&nPrlcébrresponds to the yield on
the funding pqeyfol i ogetérinbhingsand sebrihg,casea nemogyess ai dtvrage

et o capptl HELEA, BBlppeBOthRthe TS £ Idhene Yot
with the 10 senting a first interest rate on the loan,
(£) calculating and storing, in a memory or a storage
medium of the compﬁter'system, of a sixth set of data repre-
senting a first profile of repayment and interest correspond-
ing to interest and repayment for debtor as well as a first
15 profile of the remaining debt, the profile of repayment and
interest and the profile of the remaining debt being calcula-
ted on the basis of the principal of the loan, term to matur-
ity, and profile of repayment loaded under (a), the profile
of refinancing and/or profile of funding loaded under (b),
20 and the interest rate on the loan determined under (e),
(g) selecting of a number of financial instruments among
the financial instruments stored under (d), and calculating
and storing of a seventh set of data  indicating said selected
financial instruments with their volumes to be applied in the
25 funding of_the loan, which seventh set of data is calculated
on the basis of the'profile'of repayment and interest and
- profile of remaining debt determined under (f), the profile
of refinancing indicated under (b), and/or .the profile of
funding indicated under (b), as well as the requirements to
30 maximum difference in balance, maximum difference in pro-
ceeds, and/or maximum difference iri interest rates determined
under (c), and, in case of refinancing, where financial
instruments from a previous funding have not yet matured, the
type,'the numbe: and volume of these instruments, performing
. 35 one or more recalculations, if necessary, including selecting
- a new number of the financial instruments stored under (d),
if necessary, storing in a memory or a storage medium of the
computer system, after each recaléulacion, the recalculated
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Amrem i M AT AT s e

new i nt erest rate The iLUIaLiVe procedure concerning the interest

rate consti - Not until all the requirenents
have beeRyd vishsd ed ’mmpmﬂﬁnﬁmn del |eave the outer | PBI/00643d t he
final result is avad Step O0: Determne TILT. Determne m
nerr] Bef ore actual cal cul ations %%e perforned,. it nust be | oaded

into the model , whether the loan is rais I n Decenber with 15 nmenferr]

f undi i th
undi g | REMERRE Bl aTFULELEL i L0 D58 BBl ags o Ty oL
1} a val ueinterestgethe| rgeal gnlphed|pyofide jof 'the renaininereRt ofande
l'oan in Jaﬂﬁér¥eb€&€€§eflﬁgncialtBﬁsifﬁ&éniéﬂﬁiéﬁttﬁéiﬁ edli esidmad for

| oans di sbur sed uar - Novenber <re i ni termto
roturi by PVolthety wppsloardqraanl poRents Lndl S fl AL E Tl iled $d0n
The prigar gulifidtiedn of TILT is to indicate that an adjust- 25 ment in the

T b " oh gL EUI B Bk oy L MBI, crdhed L4 S
storage medium, or transmlttlng to an other computer system,
the combination 80 determined of the type, the number, and
the volume of financial instruments_fot funding the loan,

10 preferably together with the calculated interest rate, pre-
ferably together with the calculated profile of repayment and
interest, and preferably together with the calculated profile

of the remaining debt.

2. The method according to claim 1,_whereih the series of

15  financial instruments in {(d) is determined in such a way that
at least one financial instrument is of the kind where pay-
ment falls due within the first period occurring, in which a
difference in maximum balance applies.

3. The method accbrding to claim 1 or claim 2, wherein the
20  requirement as to difference in maximum proceeds is given by
‘a convergence condition for difference in proceeds, and/or
the requirement as to difference in maximum interest rates is
given by a convergence condition for the difference in inter-
est rate, and/or the requirement as to difference in maximum
25 balance is determined by a convergence condition for the
. difference in balance.

4. The method according to any of the claims 1-3, wherein
when calculating, adjustment is made for any difference
between on the one hand the time of payment of the loan
30 and/or the repayment date and, on the other hand, the payment

date of the financial instruménts, in such a way that the
adjustment is made in relation to the already expired part or
the remaining part of the payment period and the repayment

- period, respectively. | |
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menf err] +TI LT cf. the above. WO 97/38383
il | A oHINHR I ] IHIIIn this step an imitia FoH Bl

rate on the loan is detef- edient - that the determ nation
of the initial - interest rate on the Ioan i's not arbitrary in order to

mni- 5 mze the QUMEl t{} agﬂ/(%?frﬂr?éj %ﬁ Sl £rq Orlrlherelnlfhe
the nodel, a dguess 1s na e t average o % on the
i ndi vi dual fuﬁﬂﬁu?ﬁrﬁﬁﬁﬁnﬁﬂﬁ%f Qhﬁu#ndlcat$§w§ﬁat calculatio s €0 be
performed in the case where a full refinancing of the remain-
ing debt with a predetermined period is to be performed
5 periodically, which period is less than the term to maturity
of the loan, which method for determination of the volumes of
financial instruments indicated in step (g) comprises calcu-
'lation of the difference in proceeds for the calculated
-volumes of the financial instruments applied for the funding,
10 and/or calculation of a change in the interest rate on the
interest rate, said change in the interest rate preferably
being calculated taking into consideration the calculated
difference in'proceeds, and calculation is made as to whether
the change in the interest rate is so small that the interest
15 rate fulfils the requirement as to difference in maximum
| interest rates or a cohvergence'condition for the difference
in interest rate, or whether the change in the interest rate
is so small that the requlrement as to difference in maximum

proceeds or a convergence condition for the dlfference in
20 proceeds is fulfilled.

6. The method according to claim 5, wherein, in case the
requirements or conditions as'to the difference in proceeds
or the difference in the interest rate are not fulfilled, the
recalculations comprise one or more interest rate iterations,

'25 each interest rate iteration comprising

calculating and storing, in a memory or a storage medium
of the computer, of data indicating a new interest rate,
which is preferably based on the previous interest rate on
‘the loan and the calculated change in interest rate,

30 calculating and storing, in a memory or a storage medium
of the computer, of data indicating a new profile of repay-
ment and interest and profile of the remaining debt for
debtor,_which profile of the repayment and interest and
profile of the remaining debt are calculated taking into

35 consideration the new interest rate on the loan, the princi-

- pal of the loan, term to maturity, and profile of repayment
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wherein 10 t —T§_Fﬁ€*F“ﬁ§“ro*naturity on the individual funding

T I o S S T

Al input to the nodel aret

step 1. The total 15
The bondWQ Y&8383 nunber of funding instrunents, noni ng‘fé?’m‘%'?@gf‘ rate
on : each instrunent, nunber of ual . credltor paynents, and

creditor paynent dates as well as the price of each 20 instrunent.

The debt Oioﬁhgﬁ under ( () Sy %?"Eeﬂroéﬁié of'téfimiiai /52t tha

principle to maturity of nual debtor paynents as
wel | as dPEPSF-lﬁ@ﬁeffH“%%é“ded “"‘geV\D?)éb/ 3%5@ i
PCT/ DK97/ 00044alculating and storing, in a memory gir a sqgnggegmeg@p@rn1ne

;rggg?me”t% a‘ﬂgﬁ @@éf i%) ftenpaic? E&ta iﬁﬁbéﬂfing a néwiddts ot ep, the

begins q %
S ~ wvoiumes for the n trumerts applied for the fund-

ing.

‘7. The method according to claim 5 or €, wherein the interest

rate iteration is made by applying a numeric optimization
_algorithm or by "grid search”.

10 8. The method according to claim 7, wherein the optimization
algorithm is a Gauss-Newton algorithm.

9. The method according .tc any of the claims 5-8, said
method, when the relevant requirement(s) as to maximum dif-
ference in proceeds and/or the requirement as to maximuam
15 dlfference in interest rate is/are fulfilled, further com-
prises
determining whether all the calculated volumes of £inan-
cial instruments are posit;ve, and
in case the calculated set of volumes comprises at least.
20 one negative volume, further comprises
either
i) selecting of a new number of financial instruments
among the financial instruments stored under (d;, in that one
or more of the instruments in the new number of instruments
25 Dbeing determined in such a way that the payment on this/these
fall(s} due relatively later in relation to the original
number of financial instruments, followed by performing a
recalculation according to any of the claims 5-8, or
ii) the negative volume or the negative volumes is/are
30 put equal to 0, followed by performing a recalculation in
accordance with any of the claima 5-8.

1C. The method according to any of the ciaime 1-4, wherein
data set (b) indicates calculation in the case that partially
refinancing of the remaining debt is carried out periodically

i o )
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requires that the

0 ;smmumuu@m||mrdzzf;e§gn”szemazé o iy £, ks o

pri nci pal ‘of 't h& Ibart and the type of anortization is | oaded. The
nodel WI|| «é@ hthefollowlng pi eces of informati - OIPCIDKS7/00044
debt or' s paynent.s:

Interest, repaynents, repaynent 10 and interest, and
devel opnent of the remaini ng debt. S2dp 3 - Deternmine mon the basis

of the remaining termto ,_.L-.#,_.,__turit d err] | t

to maturity orwitie a GEedeSess X A, ”’rﬂ Iﬁ.ﬁj{%r{%% r%&ornngﬂlgﬁ t@%@
rmflel tNo | SSUE &yt Gl fnu&]grmgwa tnstlomnt&or siwm reemhng yayeEFRREo
maturity in excess rid Ya OPi4&t® #:90%t icE tehiemed so
m s the remai nFY‘n ee:rirﬂﬁng ?Txgtﬁ %@%ﬁawéj 8 Ya Of t rriﬁﬁs errp ned
in such a way rminins 1GeBYi Pérréh? haan. byb%chﬁ‘????‘g&’ ]‘g&? can
continue ingt hpgge dif f¥ g]_tl 2¢ vAESfinancialfinstruméncs Lampht;pdarﬁpn lthe

I nt er est rate aon e | pa stepn3 f\i"‘"a%e

continue in stg égﬂ \Aﬁé %tiﬁgtfunéigﬂig{:fgn En 6 Qp )eraérs? cd]tce n d

| oan are cal culiat suchcxora tdatotheyss FFIBE‘MF&H £e f%\"a?eﬂh{g"'?chg‘

nodel . the tpibﬁfléhef LR remainipg BBty Whelreatakryl Af edecesadwys, st ep

apart from at reca.lculat ons are carried out, until all the requirements
10 mextioned under (c) have been fulfilled.

11. The method according to claim 10, wherein the volume of
gome of or all of the financial instruments applied at the
calcuiation in step (g) are calculated by applying a functi-

on, adjusted to a shifted level profiie of the remainirg
15 debt.

12. The method according to claim 11, wherein the volume of
some of or all of the financial instruments in one or more of
the recalculations optionally carried out in step (g) are

calculated by applying a function, adjusted to a shifted
20 level profile of the remaining debt.

13. The method according to claim 11 or 12, wherein the
function is a polynomial function with a maximum degree
corresponding to the number of f£inancial instruments applied.

14. The method according to claim 13, wh_eréin the polynomial
25  function is calculated by use of a statistic curve fit
method.

15. Thne method according to claim 14, wherein the statistic
curve fit method is the least square’s method.

. 16. The method according to any of the claims 10-15, wherein
30 recalculation of all of or some of the data mentioned in (f)
“and (g), and/or one or more function coefficients to the

function representing the shifted level profile of the re-
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issu e t hree depending -on the point in time of the
d|sb " an In addition, in the |ast year the loan wll
be caJCUca W097/ 38383

PCT/DK97/00044

ue in
the real RIS, step 4. This neans t hat |n step 3 tl@%#@@ab’hi oan is
in general first calculated in the ual nodel, then in step 3b, and
finally in step 3a. 5 Step 3a - Determ ne funding rate for nel

T M1, ¢ hgad 4l NebE M oieksb N ACe Rt it dd pertorhed by prime amis
occur, it P81 tgﬁQt{ qqqiﬁazﬁgtsﬁylgﬁﬁikﬁégfﬂﬁﬁﬂfi 2 gfﬁﬂ#ﬁéEggﬂts will

ce princi
algorithms or by grid eearch.

17. The method according to claim 16, wherein the
5 optimization algorithm is a Gauss-Newton algorithm.

18. The method abcording to any of the claims 10-17, wherein,
in case the requirements or conditions ae to the difference
in proceeds and/or the difference in interest rate and/or the
difference in balance calculated taking into consideration

10 the profile of refinancing loaded under (b) are not ful-

" filled, the recalculation comprises one or more iterations,
each iteration comprising: : :

calculating and storing of data indicating a new interest
~ rate and/or '

15 calculating and storing of data indicating a new profile
of repayment and interest and profile of the remaining debt
for debtor, which profile of repayment and interest and
profile of the remaining debt are calculated taking into
consideration the new interest rate, the principal of the

20 loan, term to maturity and repayment atrangement loaded under
(a), and the profile of refinancing and/or the profile of
funding loaded under (b), and/or

calculating and storing of data indicating a new set of
coefficients fcr the function which is adjusted to the

25 shifted level profile of the remaining debt, and/or

calculating and storing of data indicating a new set of
voiumes of the financial instruments applied for the funding,
which new set of volumes is calculated cn the basis of the
financial instruments already determined for the funding, and

30 the new profile of repayment and interest and profile of the
remaining debt as well as the requirement as to maximum
difference in balance.

19. The method according to any of the claims 10-18 which
‘metho@ in step (g) comprises determination of whether the
' 35 calculated volumes of financial instruments fulfil at least
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YD(m) = [gjmm”nlu(lm”ﬂmlmL whi ch determ ne a unanbi guous interest rate
on the | cal cul ation of the loan is finished. Step
3a may, hoWwever ‘' b8 g&netalized. A nunber of problens 15 concerning the
termto nat urwowraslsshe | oan can be sol ved by appl yi ng a sihEIVRK97/00044
procedure a nunber of years before the termto maturity on the | oan.
The nunber of years are called cl osi nd2% ne which is an input vari able.

By setting closing tinme>1, the requirenent concernijn annual 0,interest
rate adj ust mertwo ot é;wmrq!ammopﬁﬁéef-ﬁw(%l diEiPBE- i s

abandoned. In % gg@lga_mlge wiilng' eaflcollavgdi saking pﬂmctmitdﬁsacliosl ag time
period in the

rate on the | oﬁ?l t'Tesd f%&rgg c%“Qﬁ%g&%éé‘%ﬁ Nl rditﬂ’e%et 18 balghss!

eSCr
cal cul ati ons i beshgpckcukated viakiag, i?ﬁén°%%ﬁ$¢¢%ﬁ$ fon qh%:aﬁagiis of

WO 97/ 38383 ypefirancing loaded under RBJ/ DiAd/ DAOéHe case that the calcu-
o1 _' Step 3b15te ter ne fé%“%iﬁ&nd&&i Eggcgﬁﬁenta do not fulfil these

" conditions, the recalculations comprise one or more iterati-
ons of the coefficients for the function which is adjusted to
the shifted level profile of the remaining debt, each itera-

10 cion comprising ' '
calculating and storing of data indicating two or more
new function coefficients for the function representing the
ahifted level profile of the remaining debt, _
calculating and storing of data indicating a new set of
15 wvolumes for the financlal instruments applied for the fund-
ing, which new set of volumes ie calculated -taking into
congideration the new function representing the shifted level
profile'of the remaining debt,
determining whether the new set of calculated volumes of
20 financial instruments fulfils the at least two or more prede-
' termined_donvargence conditions, until the new set of calcu-

lated volumes of financial instruments fulfil these conditi-
ons.

20. The method according to claim 19, wherein this or the new
function coefficient(s) are calculated taking into considera-
tion the calculated difference in proceeds and a difference
in balance calculated taking into consideration the profile
of refinancing loaded under (b).

25

21. The method according to claim 19 or 20 comprising the

30 calculation of the difference between the interest rate on
the loan and the interest rate on the calculated volumes of
the financial instruments, determining whether the difference
in interest rate is ®o0 small that it fulfils the requirement
as to maximum difference in interest rate or a convergence

35 condition for the difference in interest rate.
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If m=2, in thejfm ' year, the bal ance requirenent can be

witten as Ml’,ﬂm,"ﬂmmrﬂme proceeds criterion as (B) "M 1)K(1)

+M2)K(2) =Fin(®) ¢ t ese e sufficient conditions for determning the

fundi ng - %H%b¥§ically as the-solution to two equations (A and B) with
&MQ(

two unkn and M2)). 10 In order to do this, (AFCHRKY re
witten into a form of matrix in thgdollow ng way CxM=D

Wher ei n MeE(M1),M2)) is a 2xlvector and [err] is a 2xl vector
t oo, and

22. The method according to claim 21, wherein, in case the
requirements as to the difference in interest rate are not
fulfilled, then :he'fecalculatione include one or more inter-
est iterations, sach interest iteration including
5 calculating and storing of a change in the interest rate,
the change in the interest rate preferably being calculated
' taking into consideration the difference between the interest
rate on the loan and the yield on the calculated volumes of
the financial instrumente, for instance by use of a Gauss-

10 Newton algorithm, _

_calculating and storing of data indicating a new interest
rate preferably being based on the prévious interest rate and
the calculated change in the interest rate to the interest

' rate on the loan,

15 calculating and storing of data indicating a new profile
of repayment and interest and profile of the remaining debt:
‘for debtor, which profile of repayment and interest and
profile of the remaining debt are calculated taking into
consideration the new interest rate, the principal of the

20 loan, term to maturity and the profile of repayment loaded
under {a), and the profile of refinancihg, and/or the profile

 ‘of funding loaded under (b), and
calculating and storing of data indicating a new set of
coefficients for the functiion adjusted to the shifted level

25 profile of the remaining debt, and :

calculating and storing of data indicating a new set of

volumes for the financial instruments applied for the fund-
ing.

- 23. The method according to any of the claime 10-18, compris-
30 ing the determipation of whether the calculated volumes of
- firancial instruments fulfil at least three of three or more
predetermined convergence conditions which are preferably
calculated taking into conesideration a calculated difference
in probeeds; a difference in balance calculated takinrg into
35 consideration the profile of refinancing loaded under b, and
a maximum difference in intereat rates, and in case the
caicuiated volumes of financial instruments do not fulfil
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[err] and therefore it can be inverted which gives the
sol ution LIIIIIII lvm mﬂ““lrI D WO 97/ 38383 :

PCT/ DK97/ 00844c v 92 The REG and

REF err] facwmmgwﬂnapnly havé an influence on | oans ei t her BETMKITRN4
with atermto maturity of 2 years or type P50,0 the first year.
The nodel continues in step 11 wherein it 233 checked that the 5 funding

criterion has been observed. This check is nec ss C%err#D ives a
negative fundithese icoodptions, then the gacal cul tgéﬁstﬁ ofiB t?g

means t hat th%mﬁ&ﬁ@ke&&tﬂahbngeﬂch iteraurnn;cdmprﬂndmag when det er ni ni ng

otherwise 10 be fafiosiR G PELSELRY of %*e"“é*l#‘?‘sﬁﬁnb%@“éa A
O e 10 b o The LaCaroar tane el Freterafuy ca1Bufale
5 taking into comsideration the difference between the interest
rate on the loan and the yield on the financial instruments,

' calculating and storing of data indicating a new interest
rate preferably being based on the previous interest rate and
the calculated change in the interest rate to the interest

10 rate on the loan, '
calculating and“storing of data'indicating a new profile
of repayment andlintereat-end'profile of the remaining debt
for debtor, which profile of repayment and interest and
profile of the remaining debt are calculated taking into
15 consideration the new interest rate, the wrincipal of the
ioarn, term to maturity and the profile of repayment loaded
under (a) and the profile of refinancing and/or the profile
of funding loaded under (b},
calculating and storing of data ind;cating a new set of
20 coefticients for the function adjusted to the shifted level
profile of the remaining debt, and
calculating and storing of data indicating a new set of
volumes for the financial instruments applied for the fund-
ing, which new set of volumes is calculated taking into
25 consideration the new fnnction representing the shifted level
profile of the remaining debt,
determining of whether the new set of calculated volumes

of financial inatrumenta fulfils the at least three or more
predetermined convergence conditions.

30 24. The method accord;ng to any of the claims 10-23, 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 profile of the
remaining debt, but is determined separately in order to make

35 sure that the actual prof‘le of refinancing is equivalent to
the one loaded in ).
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ment. Therefore, ”" t:i on does not provide certainty that
t he intended pr of mm'ﬂ m,#m? ﬂ'uate adj ust- ment can be respected.
15 Step 4 - Defing attrend x| on In step 4, a trend function is
defined, which trend function estimates the size of the anpbunts of
i nterest VR%R&Bust ment as a function of the time t. PCT/DKITH0044

principle, the trend function can have any kind of functi- 20 onal form A

fine estimate for the devel opmant of llﬁé remai n- i ng debt can-be
obt ai ned b

| yin f Thus,
the trend %\%#ﬂagdtﬁ‘ég jrﬁg = éf‘gr F’%+§f’§r?ﬁ%‘ﬁ? frf]g{"['eﬂhﬁein' "
.. +aferr] tin cipe wher cakciated tfedr OfnvokumeRcFAIPEIBes | a4y kemstoRneust be
set on q ??%@%lm degree of the polynonmial does not exceed the

nunber ng instrunepts m.nus 1 ereby t he nom aI woul d
have too- nﬁ#]f s"Bﬁa'Fr‘é%dEﬁ‘?l“mﬁﬂ dsfaxps P %‘/‘FlaF 87! 'Y VO
97/ 38383 whereafter the calculations contini€T b@KﬁEéOB@dﬂs of the

.volumes of financial instruments detem:._ned. in this way.

26. The method according to any of the claims 1-4, which
method comprisee the calculation whether the volume of finan-
cial instruments in the profile of funding mentioned under
10 item (b) fulfils the requ_irement as to maximum difference in
proceeds; and in case the mentioned volumes do not fulfil
this requirement, then one or more changes of the previously.
mentioned volumes of financial mstrumem:s is/are carried
out, carrying out changes until the new set of volumes of

15 financial inscrumem-.- tulfils the requ:.rement as to maxinmm
difference in proceeds.

27. The method according to claim 26, which method comprises

the calculation whether the found set of voiumes of financial

instruments fulfils the requirement as to maximum difference

20 in proceeds, and in case the found volumes do not fulfil this

. requirement, the one or more calculationl of new volumee for
at least one of the financi al instruments which does ‘not

fulfil the requirement as to maximum difference in balance
is/are carried out.

25 28. The method according to claim 27, wherein new volumes are
calculated for one or more financilal instruments, to which
pPayments are to be performed in a period, wherein the re-

quirement as to max.i.unnn difference in ba.lance is not ful—
filled.

.30 29. The method acedrding ‘to claim 27 or 28, wherein new
volumes are calculated for one or more financial instruments,
to which payments are to be performed in the last period,

wherein the regquirement as to maximum difference in balance
is not fultilled.
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93 TherEfH'WHWIW fl 20,0 a polynom al of the 4th degree at a
maxi mumis es H Hml the trend function wl| estimate the
amounts of interést rafe &djustment perfectly. If the loan is paid

with meni err] Wodingssee special TILT procedu- 5 re, the degree OPCI/DK9700044
pol ynom al is not increased. Therefore, quite exactly the restri ctlon on
~q can be expressed as g [err] mTILT 333 Step 5: Determ ne
coefficients in the trend function Then the coefficients of the trend
function nust he.ephé hecHdl atordiam sbeplinhzs dew2Dpmheredn the new
remai ni ng debt ugs t tyhe | oan.
At each poi nt vHi{m kg’?%‘?"eré%ttgra:to g aaaugasngﬁ bﬁjﬁésdifﬁz‘%zﬁ% iB jiend

function nust S8ARRSPORHET t%he ReRinds,Jahersia, LR eq“i‘"é?%‘%&ﬂ lPster’I’é‘r‘?P
the same tine Fopali velumedi dnindimtild 1l themretuiieensnt ceal. tof waneinume the

trend functlon 1#3 S ted, so the function value of each t
corresponds to Lrgﬁcrgmyl‘%n% cee’lther the intended interest rate

adj ust ment or the funding already issued in the bond with the term of
to mat uri t 313t “heempehsd ddcétding to anyeobf] the ciaimsfZT-30, wherein

t={0,1,... m1}. ‘calculation i carried out as to whether the new set of
volumes fulfils the requirement as to maximum difference in
proceeds, and in case the mentioned volumes do not fulfil
10 this requirement, changes are carried out until the mnew set
of voiumes fulfils ‘the requirement as to maximum difference
in proceeds, and in case the new set of volumes does nat
Fulfil the requirements as to maximum difference in balanée,
- ‘new volumes are calculated for at least one of the financial
15 ‘instruments which does not fulfil the requirement as to
‘maximum difference in balance, ‘the change and calculating of:
nev setr of volumes being carried cut until the requirements

ag to maximum difference in proceeds as well -as to maximum
difterence in balance are fulfilled.

20 32. The method according to any of the claims 26-31, which
comprises calculation of the difference in proceeds for the
calculated volumes of the financial instruments applied for
the funding and/or calculation of a change in the interest
rate to the interest rate on the loan, the change in the

25 interest rate preferably being calculated taking into con-
‘sideration the calculated difference in proceeds, calculating
whether the change in the interest rate is so .samall that the
interest rate on the lcan fulfils the requirement as to
maximum difference in interest rate or a convergence conditi-
on for the interest rate difference, or whether the change in
the interest rate is so small that the requirement as to

maximum difference in proceeds or a convergence condition for
- ' the difference in proceeds is fulfilled.

]
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PCT/ DK97/, o : 94 max[.,.] is
a nxl vecv?‘gs%g"”83 The matrix B is given by PCT’DKWIOJ;OM

I n doing so the coef figcl e determned by the matrix equati on
[err] 25 mhereinl 'ﬂ"%ﬂki l u],...,a[err]) Is a gxl vector
Bis ang mtrix a c L

[err]
134

. 33. The method according to any of the claims 26-32, wherein,
in cade the requirements or conditions as to the difference
in proceeds or the difference in interest rate are not ful-
filled, then the recalculation comprises one or more interest

5§ rate iterations, each interest rate iteration comprising
~ calculating and storing of data indicating a new interest
' rate, which ie preferably based on the previous interest rate
and the calculated change in interest rate,
caICulating and storing of data indicating a new profile
10 of repayment and interest and the profile of the remaining
debt for debtor, which profile of repayment and interest and

- which profile of the remaining debt are calculated taking
into consideration the new interest rate, the principal of
the loan, term to maturity and repayment arrangement loaded

15 under (a), and the profile of refinancing and/or the profile
of funding loaded under {b), ana
' calculacing and storing of data indicating a new set of
volgmes for the financial instruments applied for the fund-
ing, which new set of volumes is calculated on the basis of
20 the financial instruments already determined for the funding,
and the new profile of repayment and interest and profile of

the remaining debt as well as the requirement as to the
maximum difference in balance.

34. A data processing system such as a computer system for
25 calculating the type, the number, and the volume of financial
instruments for funding of a loan with an equivalent proceeds
‘'to a debtor, the lcan being designed to be at least partially
refinanced dnring'the remaining term to maturity, require-
ments having been made as to a maximum difference in balance
30 Dbetween on the one hand payments on the loan and refinancing
of remaining debt 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 difference in
proceeds between on the one hand the sum of the market price
35 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 determined as to a.
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The | ast sign of equation is due to the fact that 5t =0, m 1 does

only assune integral values of whole mm "m"" ulll vvever the estimate
of the trend function is changed a | i nis a bullet |oan.
I't ‘is decisivwo #3883 - ally in the | ast phase of* t e | oan tPRET/DXSTOME
time funding 10 -is performed to a relatively large extent in the funding
instrument with the longest termto maturi1y9 Therefore t he trend
function nmust not have too large_an |ncI|nat|on ensur e

vector x is inwasimeeditifenence betwegnothe ﬁf%Fﬁft rate on thehllsdanaand

caferr] =[ Bl err kRb[ pi&idlen rdumm[:tmncw@m inptruméhtswappdied fof ethé fuzd-

5.0 Vector el ChEIRTLa procedpByRBER. Buligpgn o i 1ty of the

reduced by (@ach wm%#%t“r%ttléaddq“ﬂsﬁﬁénﬁt"?héﬁ PE ast 5)1"3% é{]’é:ra

|nportance %haHthEaEEﬁS'€Eb'ﬁhﬁ&ﬁﬁﬁﬁiﬂ~nphandipuutbfthhe loan, “erm to
maturity, and repayment: arrangement of the loan.

" (b) -~ means for loading and storing of a second set of -data
indicating a desired/intended profile of refinancing such as
one Or more point(u) in time at which refinancing ie to be

10 performed, and which profile 1nd1cates a part of the remain-
~ ing debt to be refinanced at the said point(s) in time,
and/or which second set of ‘data indicating a
‘desired/intended profile of fund;ng such as a number of
financial instruments applied for the funding and/or the type
15 and volume of .such said financial instrumencs,
(e} - means for loading and storing of a third set of data
indicating the reguirements as to the determined maximum
difference in balance within a predetermired period, require-
ments as to the determined maximum difference in proceeds and
20 .requiremen:s as to. the determined maximum difference in
betwsen the interest rate on the loan and the yield on the
fipancial instruments applied for the funding,
(@) - means for loading and storing of a fourth set of data
indicating a selected number of financial_inscruments with

25 inherent characteristics such as type, price/yield. and
price/yield date,

e} means for loading and sté:ing of a fifﬁh'set_of data
representing a first interest rate on the loan,
(£} means for calculating and storing of a sixth set of

30 data representing a first profile of the repayment arnd inter-
est equivalent to interest and repayment for debtor as well
as a first profile ¢of the remaining debt, said means being
designed for the calculation of the brofile cf the repayment
and interest and profile of the remaining debt on the basis
of the principal of the loan, term to maturity, and profile
~of repayment loaded under (a), the refinancing profile and/or

profile of funding loaded under (b), and the interest rate on
the loan determined under (e). '
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WD 97/ 38383 PCT/ DK97/ 00044
95 | ongest possible term !E‘J '"’M"Mj’ﬂ”ma ore the definition of X

i's changed to [err] ; n increnment or a decrenent to
the first oefficients The trefdd tunction nust be adjusted in
the foll W%’é‘g so that the bal ance requirenents CB?T’QWO t he
I nt ended |nterest rat e adj ustnent - the proceeds criterion is ful-

filled. Initially, the trend functlon st be adj ust ed. 10 The adj ustnent

I's general b_\,} perfﬂi@ %Eﬂg? ras aumbePUBESEQhaR8a GUESS(1) in
the follomnn% Z SS 2 n?%erri R%]rr t+a rr]i&err]+

_+a [err] B8 REEIHMPG Sy g1 em)etf'f}éﬂ%? aﬁg‘ s&blp and
down - lamdt Wbichi(n9ang qﬁeaﬂesighedeﬂgrCliiﬁﬁ!ﬁtmnﬂIamﬂneesrﬁhg oficai - 15

nat i on Of genthCRd UG 1ndtcar 144" ERGY ORI 4 ¥oddcRBA LBk e

i nner Ioo 'S st
%wnts wfth their volumae for the use in funding of the loan,

which means are, furthermore, designed for calculating the

seventh set of data on the basis of the profile of repayment

and 1nterest and the profile of the remaining debt determined
. under (f), the protile of refinanclng indicated under (b),

10 and/or the profile of funding ‘indicated under (b) as well as
the requirements as to maximum difference in balance,'maximum
ditference in proceeds and/or maximum difference in interest
rate indicated under (c), and, in case of retinancing where
there is no non- matured financial instruments from a previous

15 funding yet, the type, the number and the volume of these

 financial instruments, the means for calculating being
designed, if necessary, to carry out one or more
'_recalculations.'inciuding, if necessary, selecting a new
number of the financial instruments stored under (d), the

20 means being furthe:'desighed, after each recalculation, to

 store the recalculated interest rate on the loan, the
recalculated profile of repayment and interest, the
recalculated profile of the remaining debt, and the selected
financial 1nstruments with their calculated volumes, until

25 all conditions indicated under (c) have been fulfilled,

- means for transcribing the combination of the type, the
number, and the volume of financial instrumerts for the
funding of the loan determined above, preferably togethexr
‘with the calculated interest rate, preferably together with

30 the calcuiated:profile of repayment and interest and prefer-
abiy together with the calculated profile of the remaining
debt or for transferring the combination to a storage medium
or sending it to another data processing system.
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the factors are given the val ues
corresponding to a shift upwards.

better inforNQ
mar gi nal
the trend functi-on is
whereas |ine

25 called 21 show the si pri nci pal s. In the
exanple, H(0,4) is disproportionately large so that - according to the
trend function M4) wll be 0. If the mar- WO 97/ 38383
PCT/ DK97/ 00044 96 i nal funding
princi pals are gd Inaldgter bt ep, t hd. el , however,
does not have mnugc to How nmuch fhe ot heg gi nal
funding i nstruments i pcreased fpefore M4) is imcreased as well.
By a parallel 5 i nt thegtrend fynction upwards tfits pi ece of
i nfor- matiof i ned Thus,l if TILTEL and t nodel operate
w th an extra furjdin [ one GUEPS-varialple is introduced
only in
. -8
.~
o :
< -
..253 -
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b el

PUM3®BdNncerning the rel ationshi ps
fundi ng principals.

22 shows the trend fu

GUESS (0)=1.25 and
The idea of the shift

GUESS (1) =1
is to 20 obtain
bet ween t P UPe84,
10 an exanpl e of the appearance of
Line 20 shows the initial trend function,
shi fted upwards. The col unms
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step 6. Because of the special profile of interest rate 10 adjustnent, the

first funding principle is thus explicitly estimated by a variable Z
which is ewo9u3sasd in details in t he next step. Provisi ecabxe7/oeeis Z=1.
Step 7: The funding is determ ned The inner | oop of the nodel starts
inthis step. . 15 On the basis of the trend function, the marginal
funding is det er m ned by ?1-3 max| O; :

[ QUESS(0) a[ err] +GQUESS(1) a[err]t +afe +alerr] -t[err]]

-H(O )] wherein t={Q 1,..., m1} as before By the paynent of the
loan 20 it is applled agalnthat Hj) = Mj). + HQj) and HOj) = 0.

The | oop star canivmm 19 S (o pans thatl emalerr]
al-err], a[=rr] |son esti matjed once f #Ss at gn O interest
rate. Therefo e, gn thg followi ng step 25 a[err Aerr],..., gmerr] are

constant. Corfesppndindgly ( GUESS( O) , QUESS(J 1.25, 1) fis solely an
initial guess : Hor TILT=1}the first} pr#ncif M 1) is Jdeterm ned as

M 1) =Z-H(O,])

¥
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WO 97/ 38383 PCT/ DK97/ 00044

97 This is necessary, since a polynomal has difficulties in
esti mati ng MMOIUIBEh nakes up a down to one fourth of the - SCHRAKTUMMANg
pri-nci pals as a consequence of the reduced i nterest rate adjustnent per
cent. 5 In the followi ng steps when the nodel estimates Z on the
basis of the bal ance requirenments and tglg eeds criterion M1) is
explicitly determ ned, so that the crit e fulfilled with certainty
by the first occurring interest rate adj ust nent . 10 The other funding
princi pals are determ ned as above. Gene- rally the follow ng applies
Mj)=max[ G [ Z, GUESS(O a[err] +a[err]t+aferr]t[err]+ ...."
+alerr]tferr]-HOj)] ' Parall el herewith the funding for
((GQUESS(O) +i ncGUESS(1)), ' | Lned.
From now on the notation} (GUESS(JO) gk ' - : ap® i ed.
The standard is that inc}has - )
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Step 8: Calculate the proceeds and bal ance criteria In step 8 it is
det erm ned whet her the factors GUESS(0), and 20 GUESS(1l) are determ ned so

t hat t he bavaeras3sxquirenent, gi ven the intended profil ecaiprsrossast
rate adjustnent is respected and the proceeds criterion is fulfilled.
The bal ance requirenent is given by [err] 25 and the proceeds
criterion is given by WO 97/38383 _
PCT/ DK97/ 00044 ' A; [err] Only the
bal ance requirenment for the first year to be checked. Naturally, the
fundi ng nust al sa_he arranged taking I nto consideration the remaining
years, but this}is ensurgd 5 by thegTmrtiarjdetermnation of the trend
function.
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Step 9: Calculate a Change to an increment or a decrenent On the basis

of the cal cul ated values for the bal ance requir- ement andy ﬁ%l&[;mds
criterion, rwO®d83¥8ely, a change to GQUESS(0) and GUESS(1) mus e
determ ned on the basis of the 10 Gauss-Newton al gorithm Al ready in
step 5 of the F.nodel a general fornula apparatus was set up. In the F
nodel a change to the interest rate on 5,1 | oan was det erm ned, whereas
in step 9 a change to the factors i n*’h rend function is determ ned -
to a large 15 extent the nethod is the sane. The nost i nportant
difference being the definition of the F function. F(.) is here defined
as a function of (GUESS (0) ,GUESS (1)) F(GQUESS(0) , GUESS(1))
[err] Here also the value of F(.) is determ ned for both

(GQUESS(0), GUESS(1)) and ((GUESS(0), GUESS(1)) +i nc) The change to

(QUESS(O), GQUESS(1)) is called h, .and is given

A

L oaa
|
[
L]

Fig. b
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by

(1)) = [lerr]

not ewd 9738383
GQUESS(1). The foot sign for F
'second part of. the
Flerr](derr],dJerr]) deter-
for GQUESS(0) and
determ ned in stead..

passages.

[err]

GUESS(1) .

10 11@/F3,

99 h=[err] (GUESS (0)

it

wherein D and g are defined as in the F nodel.
5 wherein Jerr]

st at es whet her
expression for J which is estimated. 1.e.
m nes -t he val ue of the proceeds criterion
a-change to (Z, GUESS(0))
It must be noted that step 9 only allows 30

GUESS( 0) pambK970004)8 —
is the first or the

That
Step 9 of 1. Calculate 2. Calculate 3. Deterr,nine
Step 90 [P funding [l theinterest [—pj debtors
ek moce principal rate . repayment
and interest
9 l
S4. The model
is finished. The
result can be used
" 2. Calculate
1. Calculate | .
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means that if the nodel during 30 attenpts has not been able to

estimate an adjustment of the trend function and thus the fundi n

sati sfact oriwQ9738a83| oop is.left, and it continues in 15 step Pﬁ!’”‘ﬁ%ﬁ@%“r,
the nodel nmay hereafter return with a new guess at the interest rate.
Step 10: Are the bal ance requirenent and the proceeds criterion
fulfilled? On the basis of the cal cul ated changes, it is to be
determ - 20 ned whether the trend funaﬁiﬂﬁﬁbeternines t he funding princi-
pals in such a way that the bal ance requirenent and the pr oceeds
criterion have been fulfilled. In step 6 of the nodel, the follow ng
criteria for mathematic convergence were introduced. 25 If h fulfils
just one of the conditions _ 100
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30

Thi s nmeans

In prinlciple,
regul ar

i ncrements or

as wel | .

and the matching
in

t he specific conditions -

[err] 25

1tations to h of the type

qqg repeats the

15 Here the requirenenpCEPKDTI00044

eE Z rend function

I f none of the conditions has been
runs in circles in the iterative procedure.

t he nodel

be appli ed..
convergence can be repl aced by

10 h is converged and ( GUESS(0) GUESS(1) )
Thus,

mat henat i cal
the proceeds criterion and the bal ance requirenent

that the funding nmay be applied if
the situation may arise in which the

decrenents to the coefficients of th

i ntervals.
The probl em can be solved by setting up li

[err]

fundi ng can
fulfill edwpopsegeszstep 7 instead.
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[err] 35 which, though, by nuneric analy5|s has proved not to be
necessary. WO 97/ 38383

PCT/ DK97/ 004AVO 97/38383 | 101 Step 11: PRIPKNH0044
proceeds criterion been fulfilled? Step 11 ainms at the situation in
whi ch the nodel has not been = able to determine a trend function
satisfactorily. Thus, the fundi ng does not fulfil both the bal ance.
requirenent, or nore 5 specifically, t@d]8ended profile of interest rate
adj ust - ment is not hit, and the proceeds criterion for a given

I nterest rate. It cannot be excluded that no solution which fulfils
bot h requi renments exists, so the nodel necessarily has to conti- 10

nue. . The proceeds condition'is, however —anindispensabl e require-
ment. Therefore, it is checked whether the pf gqgggamgQﬁg4tlon S
fulfilled. This is done by the condition

Determine m.m,

v

-

1. Determine
initial interest
rate
- . 2. Determine
15. Adjust the : | debtor’s
interest rate : repayments and
interest
F _ i
: 3. Determine m
based on remaining
term to maturity
and m,
m=1 * m=2 _ m>2.
3a. Determine - 3b. Determine
funding, interest funding, interest 4.Definea
— _ trend function
No rate for m=1 rate for m=2
Yes | . .
| 14.Isthe interest : 5. Determine
rate = yield of +— coefficients in
portfolio? the trend function
f 6. Guess of an
:3' Caelc;late increment/decrement
m.lg — of the first two
the interest rate coefficients
f Yes l
No| 11.Has the 10. Have the balance
12. Adjust : L 'Yes requirement and Nol 7 The funding
funding il l':een ﬁ:sf:;; ;e?non proceeds criteria L—h is determined
’ been fulfilled?
16. The model is . I 9. Calculate change 8. Calculate
p| finished. The result Afier 30 to increment/ g—| Procecdsand
. can be used iterations decrement balance criteria

" Fig. 9



[err] 15 If this is the case, then continue in step 13 - otherw se,

adj ust the funding principals in step 12. Step 12: Adjust the funding
The nodel woldggagsmaches step 12 if it has not been possibl e peTmKTiéRA4i NNEr
| oop at one tine to neet the intended profile of 20 interest rate

adj ustnent and the proceeds criterion. Thus, t he funding principals
must be adjusted wth the sole objeqi 'lég fulfilling the proceeds
condition. Therefore, a propriate (lﬁj ment of each principal is

per f or med. In principle, three situations may occur 25 1) The node
makes an excess of funding, i.e. the funding princi pals nust be
" reduced WD 97/ 38383 PCT/ DK97/ 00044
102 . :
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[err] 2) The nodel makes a defi ci ency of funding, i.e. the funding

princi pals nust be increased. Here M 1) is maintained so t hat the
part of the woewsssss rate adjustment at the 5 first occurr PRYPKAT/N04L
rate adj ust ment does not i ncrease nore than what is absolutely
necessary. M1) .is determ ned as err] 3) Finally, the
funding principals may sumup to zero. H‘d@] the entire funding is
~placed in the instrument with the shortest maturity, i.e.

and Mj)=Ofor j={2,3,...,m After the adjustnent, the proceeds

condition is fulfilled, and the nodel continues in step 13. 15 Step
13: Calculate a change to the interest rate ' .
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In this step, a change to the guess at an interest rate on t he | oan nust

be cal cul ated. The change is calculated in relation to the yield on the
portfolio @fodiHaassng i nstru- ment s. 20 Firstly, the f@paaypDKyrobdss) S
defined as F(Rlerr]) =Rlerr]-r[err] WO 97/ 38383

PCT/ DK97/ 00044 103 wherein rlferr] is
defined as the yield on the funding portfolio. Wth the definition of
F(R err]) the Gauss- Newton al gorit.hmtgy" 3e appl i ed. [err] The
definitions are not to be repeated her®€. It should only be noted that
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[err] The al gorithmcan be sinplified anal ogously to step 5 in the 10 F
nodel . Step 14: Is the interest rate on the loan = the yield on the
portfolio WO93B38I8314 decides whether the outer loop is to cAEHPKYANP44
whet her the nodel has reached a satisfactory result. The 15 criterion for

this decision is that there is accordance in the interest rate on the

| oan and the yield on the portfolio f gfing i'nstrunents. - This
means that if the condition. [err]1?§Mér nein the nodel is
determ ned to be 0.00001. 20 is fulfilled, then the interest rate on the
| oan can be accepted, and the iteration in the outer |oop stopped. This
nmeans that the calculatlons made by the nodel are finished, and t he

nmodel can be finished in step 16.
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WD 97/ 38383 : PCT/ DK97/ 00044

104 O hengiics®ov conti nue to step 15, wherein the guess at the

interest rate on the loan:is adfusted. I: Step 15: Adjust the int

rate The guess at thé interest raté,gg’the | oan bei ng rejecﬁgﬁﬁéﬁfggﬁgr
step 14 is adjusted with [err] Hereafter, the nodel continues in step
2, wherein repaynent and interest paid Dci r are determ ned for the
new guess ah=AHSEUBEXIst, GHESS(1)) = LégngégifThe nmodel is finished. The
result can be appli ed! The nodel hadvdetermined an interest rate and
a nunber of 10 positive funding principals. Thus, the calculations are
finished and the repaynents and interest rates paid by debtor

cal cul ated {Re268R B 888 BCa?BPle2dned as iSeNAAIF GROAED! S1E OmbéE Rokype. P.
It is not on beforehand cértain that the nodel is able to 15 respect the

i ntended i Mtete3t thaFe adj ustnent per cent each year, even though the
nodel determ nes the funding accordi ng to a long-term strategy
mentioned in the introduction. The | ong perspective in the

determ nation of the funding is
_ 1 |FuGor G)~Fy(Go*inc, Gy FyGo, Gy)~Fy(G,. Gy +inc)
inc|Fy(Gy, G)~Fy(Go+ine, Gy))  Fy(Gy, Gy)~Fy(G,. G, +inc)

5 wherein G, = GUESS(0) and G, = GUESS(1). The foot sign for F
states whether it is the first or the second part of the |
expression for J which is estimated. I.e. F;(Gy,G,;) deter-
mines the value of the proceeds criterion for GUESS(0) and
GUESS (1) .

10 If TILT=1, a change to (%,GUESS(0)) is determined in stead.

It must be noted that step 9 only allows 30 passages. That
means that if the model during 30 attempts has not been able
to estimate an adjustment of the trend function and thus the
funding satisfactorily, the loop is left, and it continues in

15 step 11. However, the model may hereafter return with a new
guess at the interest rate.

Step 10: Are thg balance reggirgment and the proceeds
criterion fulfilled?

-

On the basis of the calculated changes, it is to be determi-

20 ned whether the trend function determines the funding princi-
pals in such a way that the balance requirement and the
proceeds criterion have been fulfilled.

In step 6 of the model, the following criteria for mathematic
convergence were introduced.

25 If h fulfils just one of the conditions




i ntroduced via the adj ustment of the trend function. Flrstly, 20 the trend

function i s mseicombed on the basis of the iIntended profile of AMENDED GHEET
rate adjustment for the whadle fundlng ;- period. This is, however, not a
very good strategy for the - f unding, . g t he nodel can easily end up
I n.the situation wherein too nany i ssués of bonds have been perforned

in a25 sing ?sygﬁﬁ kN 3he et | QPEJuQ;h \%n%:aﬁp t NOYVEE 0 remain-
i ncrement or - decr ement i & na&% to ale % ontrol i ng The
i nclination dngt februdét Laferestrirgtel adisssasnm A the Qﬁ%ﬁwﬂ%ﬁ%ﬁe$%erate

adj ust ment 0£d5h§tfneﬁ® n@:heﬂi‘%ma'ﬂﬁn%ﬂde%tt s beddid !s’%ﬁaII@f\d dnenction
determned in _Ste the line 30 25 is the, djus}e %Qd function
58 St%% o733 3%%

whi ch was adf8sfa n1§héntereg9i§§;e7 afjjusted. € remain-
PCT/ DKO97/90044g debt is interest rate adjusted,ZMHb remaintng aidlyt angmar t
of the futur |nte%% % §% adjustnent is funded now, the rest of the
funding w |l b& ge o] 9& I*at er pari passu with the devel opnent in-the

i nterest rates. I rrespective of the anortization of the |oan, the
devel opnent EebQEr'%Eﬁ esl d“fdﬁﬁfﬂd ve an influence on the paynents,

and t hus the current adjustnent "o e profile of funding. The
problemis, however, of partlcular |nportance I n connection W th annuity

| oans. ARNukb o ge;n&h%r VPAGR it2Rd fuhdiid S Cd LA SSHGwh NdSHo- 10

est rate neans decreasin epaynents and _vi ce ve sa For the
site one ano % zpa£ an annually(% I

10. In column 1 the interest rate adjustment date is indicated,
and in column 2 the total face value of the bonds is indiéa-
ted. In column 3, the total value of maturing bonds is indi-
cated, whereas in column 4 the amount of interest to be paid
to creditor is indicated. In column 5, the columns 3 and 4

15 are summed up in order to provide the total amount of pay-
ments to creditor. In column 6 the amount of the total value
of bonds issued in the end of the payment period is indicated

In column 7, the yiéld on the loan in % is indicated,
whereas in column 8 the size of.the remaining debt in DKK in

20 the beginning of the payment period is indicated. In column 9

' the annual interest payments in DKK is indicated, whereas in
column 10 the amount of the annual repayments in DKK is
indicated. The amount in column 9 and in column 10 are summed
up in column 11, providing the annual amount as repayments

25 and interest in DKK. In column 12 the size of the remaining
debt in DKK in the beginning of the payment period is indica-
ted. Thus, column 12 corresponds to column 8 (remaining debt
at the beginning of the period) deducted column 10 (annual
repayments). In column 13 is indicated, the size of the

30 amount to be refinanced by the end of the payment period,

- whereas column 14 (the last column) indicates how large a
percentage of the remaining loan is to be refinanced. It
appears that exactly 20% is to be refinanced, as desired by
the debtor.




debtors, this characteri si nce the repay- nments and_ __
i nt erest to ibesPpRNAY ar e ﬂﬂﬂﬂ ﬂ m'ﬁmt he P nmodel , this — »¥ 2™ oeend
characteristic is not as ges in t he developnent of the
repaynents neans correspondi ng changes 15,,4n the devel opnent of the

remai ning debt, and thus the profi- fe of interest rate adjustnent is

i nf I uenced tRgaadd dhier (a) Ndsd Oe rﬁé@fifé%fdﬁéfsﬁéﬁéing shiyali @mamay
arise in which _, uture,interest_rtate adjustnment denands ower

f undi ng Rﬁ?%k*%a?ét$Eﬁﬁ%%% Ierded s | RlLed®RSi nce negatlve f undi ng

20 principals cadum&um:a@&;ﬁcfobtdm@mmw&seﬂaofywrl -1 Bﬁorageab@ﬂ?mm

t he i ntended erest te adjiustment.p cent .. . A_passi hility o
facilitati ng°¢ q—éh%r%%lp%%r?g ?% ??IEEZ%f cﬁ%ta lﬁ%% FF189 g%pa%n%nt&f or

annui ty Isoansckhsmee| for Tthe Limdnicial 1mvgrummtpeapplnred fprt kaepfamd-e of .
r epaynment be%&g.deterni- 25 ned by the initial interest rate. The
consequence for the debtor, however, would be a nore unstable

devel opnment of the repaynments and interest, since the changes in the

i nterest 7! afige Vﬁéﬁﬁocﬁ'@@céf&in@g r@@céléﬂha!S' ¥ragd ﬂﬁéré&npéh@ %'nt\érest
bal anced by an o

t h In
thi s chapter® %ﬁ?2£§5| g %?a%g $ r?%dagﬁﬂ%ﬁ?ﬂeﬁtnF@erlc °8§%@FFE§&CWhiCh

-exanpl e |s<3n¢ﬁmhthm spesy atg pi@d@@ar@mdel in the follow ng. WO
97/ 38383 PCT/ DK97/ 00044
106

10 8. The method according to claim 7, wherein the optimization
algorithm is a Gauss-Newton algorithm.

9. The method according to any of the claims 5-8, said
method, when the relevant requirement(s) as to maximum dif-
ference in proceeds and/or the requirement as to maximum
15 difference in interest rate is/are fulfilled, further com-
prises
determining whether all the calculated volumes of £inan-
cial instruments are positive, and
in case the calculated set of volumes comprises at least
20 one negative volume, fufther comprises
' either
i) selecting of a new number of financial instruments
among the financial instruments stored under (d), in that one
or more of the instruments in the new number of instruments
25 Dbeing determined in such a way that the payment on this/these
fall (s) due relatively later in relation to the original
number of financial instruments, followed by performing a
recalculation according to any of the claims 5-8, or
ii) the negative volume or the negative volumes is/are
30 put equal to 0, followed by performing a recalculation in
accordance with any of the claims 5-8.

10. The method according to any of the claims 1-4, wherein
data set (b) indicates calculation in the case that partially
refinancing of the remaining debt is carried out periodically
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LAI R cal cul at ed by product nodel is characterlze -t
i.n that debm@mhw f an "m:ﬂ“ han by LAI R cal cul at ed by AnENREY HEET
Type_F or Typ and he debtor determnes a profile of

fundi ng and thus deC|des 5 . the degree ofshnterest rate adjustment in each

I ndi vi dual year. Fbmever it may be necessary to change debtor's pre-

defined profii{g of ééﬁgtégmiﬁearﬂéklba f whiiich tderivd aing eshortper nchahethe
wi t hin each year %

ut essenti al e de t . d d t he f
Wl 1 Bt noteRD ok AT LR RS EREnL0Rs oY dmmtance in el SHEPCYRAS
bazl tChI d$a8t1@% féﬁ(ljﬁaﬁemg msodqaﬁvtameht to @elﬂ:oceiaﬁra:@mwmneOf heh&ype F
an e Type roduc 0 t t d
fi xed share¥ ?mag?}ﬁg éebélﬁ%e?bglgoa W&'éh'ﬁﬁéﬁ&é tﬁé’@bf&hgsﬁf e

homever ever ear
corr espddssome 16£ arnammroéxthasfonamtlﬁﬂeInﬂﬁr¢m¢nkﬁﬂaPml%ﬁ@tfPF 25

merely a uﬂ&fﬁ% ?H gﬁe'EEEQQUEhﬂ%uﬁaﬂﬂaﬂwﬁﬂxéﬁé?th@)THES Earedebtiel

t he calcula ron o he years in

adj ust nent i3 guehon¥ay That they §H@ﬁ?§nﬁi%%k%tf?%l?§ranﬁpéfFngFSVgl

.t Eag ner el ygeoﬁieebfZQhae&\éﬁaaﬂy:ge depbtd wheieed: t @ansi £ Thecendakyoper at es

as sho i n f t
recogni zed FPSﬂFFH&aﬁﬁﬁgsFagﬁdc?ﬁﬁ&ed °q5rnﬂﬁﬁé? ﬁﬂg §%§P§%§H ?ﬁapts
di f f er engesmeafsenedt haddet gedi have bewn duldfithedf undi ng. 25 Step 1:
GQuess at an interest rate A guess at an interest rate on the loan is
made, and the '
11. The method according to claim 10, wherein the volume of

some of or all of the financial instruments applied at the
calculation in step (g) are calculated by applying a functi-
on, adjusted to a shifted level profile of the remaining

15 debt.

12. The method according to claim 11, wherein the volume of
some of or all of the financial instruments in one or more of
the recalculations optionally carried out in step (g) are
calculated by applying a function, adjusted to a shifted

20 1level profile of the remaining debt.

13. The method according to claim 11 or 12, wherein the
function is a polynomial function with a maximum degree
' corresponding to the number of financial instruments applied.

14. The method according to claim 13, wherein the polynomial
25 function is calculated by use of a statistic curve fit
method. -

15. The method according to claim 14, wherein the statistic
curve fit method is the least square’s method.

16. The method according to any of the claims 10-15, wherein
30 recalculation of all of or some of the data mentioned in (£)

and (g), and/or one or more function coefficients to the

function representing the shifted level profile of the re-
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repayments and intere ﬂnm 'm debtor is deternined on the basis
of the gues$n“mﬂ,mv S m E | "fundlng principals 30 In step 2 SHTET
t he funding is determ edcontthe bBasks of e profile of funding

pre-defined by the debtor. A .problem 125. WO 97/ 38383
PCT/ DK97/ 00044 o = 107 will, however, arise

Lo O i, S ) S nd L oreqf BAFe, Lh SRBeREnBa’ it are o

" observe the dfahafe}fatlon erpIT Bedndut rby happlybag snumBsdief @P§1mé@|alté@ﬂ on

must be 5 %ﬁffkﬂ ?%aﬁgéf #@esgggéhle of funding pre-defined by the

debt or, undi ng principals are posi- tive and of
a certaln volune. Step 3: Are the bal ance and proceeds criteria

fulfilled? 44 e r@@éﬁé@%é@@f’ﬂih@néoaaﬂamelsr owBedeier itheri on are
formu- 10 | ated as before

i s i ntro8ucePtimm z2t iR Ak XEE?slégn?ééPﬁﬁehFW%PndgrOcﬁﬁgimgrIL:;gﬁgter

in the adjustnent of the fundlng. The proceeds condition is given by
18. The method according to any of the claims 10-17, wherein,
in case the requirements or conditions as to the difference
in proceeds and/or the difference in interest rate and/or the
difference in balance calculated taking into consideration
10 the profilehof refinancing loaded under (b) are not ful-
filled, the recalculation comprises one or more iterations,
each iteration comprising ’
calculating and storing of data indicating a new interest
rate and/or
15 calculating and storing of data indicating a new profile
of repayment and interest and profile of the remaining debt
for debtor, which profile of repayment and interest and
profile of the remaining debt are calculated taking into
consideration the new interest rate, the principal of the
20 loan, term to maturity and repayment arrangement loaded under
(a), and the profile of refinancing and/or the profile of
funding loaded under (b), aﬁd/or
calculating and storing of data indicating a new set of
coefficients for the function which is adjusted to the
25 shifted level profile of the remaining debt, and/or
calculating and storing of 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
financial instruments already determined for the funding, and
30 the new profile of repayment and interest and profile of the
remaining debt as well as theé requirement as to maximum
difference in balance.

19. The method according to any of the claims 10-18 which
method in step (g) comprises determination of whether the
35 calculated volumes of financial instruments fulfil at least
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[err] 15 by the disbur f h | pan;, and by the interest ra;e_ :
adj ust ment s jamepci.noy er 'r-]]lilfllﬁﬂi"mllrl |!,l err] (j) describes the fundt ng T Syerey
princi pal given by the | ofil e of funding. 20 Step 4 o
Adj ust funding I f the funding does npyoful fil the bal ance and proceeds

criteria, the parameter b is increased or decreased, and the check of

{Ageg;; Loorl 2ebCol °PE8! 8 hBke! Bfeégté'fﬂmfﬂeauegh{}@r&_n%% g/egaa't%ons.

108 St eppBefesabhy baingesaleulated tﬂblﬂﬁahnwyp@r@l@ﬁrﬁﬁéon a
calculated difference in proceeds and a difference in balance

being calculated taking'into consideration the profile of
5 refinancing loaded under (b), and in the case that the calcu-
lated volumes of financial instruments do not fulfil these
conditions, the recalculations comprise one or more iterati-
ons of the coefficients for the function which is adjusted to
the shifted level profile of the remaining debt, each itera-
10 tion comprising
‘calculating and storing of data indicating two or more
new function coefficients for the function representing the
shifted level profile of the remaining debt,.
calculating and storing of data indicating a new set Of
15 volumes for the financial instruments applied for the fund-
ing, which new set of volumes is calculated taking into |
consideration the new function representing the shifted level
profile of the remaining debt,
determining whether the new set of calculated volumes of
20 financial instruments fulfils the at least two or more prede-
termined convergence conditions, until the new set of calcu-
lated volumes of financial instruments fulfil these conditi-
ons.

20. The method according to claim 19, wherein this or the new

25 function coefficient(s) are calculated taking into considera-
tion the calculated difference in proceeds and a difference
in balance calculated taking into consideration the profile
of refinancing loaded under (b).
21. The method according to claim 19 or 20 comprising the

30 calculation of the difference between the interest rate on
the loan and the interest rate on the calculated volumes of
the financial instruments, determining whether the difference
in interest rate is so small that it fulfils the requirement
as to maximum difference in interest rate or a convergence

35 condition for the difference in interest rate.
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portfolio? | f tmllmmmmnlmgms the criteria, finally, it nust be
checked whephee:.idrer eptably large difference 5 between the.-

interest rate on the Foah and® hé yreld on the funding portfolio. Again
however, a difference would be - lLimt q by the loan fulfilling the
bal ance principl e. Step 6: Adjust an |nterest rate on the | oan

The '“tere%%of{pﬁgolqekﬂsd 988gk8120) U5 edadh bIC RRRenl, (e dyiehd of

t he fundi ng fini The results can
be applied requiremenhs esrt@spbﬁdéh§£e§€PW@eﬁQJ%FQQR%§Q§ﬁaF%I%r%nn?ﬁe

| oan ang,, iﬁ?%ié&ldt EntEﬁefHEQEEQuQQEEBﬂé(lﬂdiddéfdﬂéﬁﬁi méb€ inter-
nodel is finrs e calculations can be applied 5 Exanpl e of
cal cul ati onest 1teFﬁtPH§sioFP8%|h&tegﬁséx&FGQ?d%oﬁi%ﬁﬁ% HFon of a loan

acgﬁrglmg to meghvgutatliag AyvaesPoringesdr sbethande dimitipe tinterestberate,
s port o melRSTREEESHALE EPE BRGSEH Rt HRshs b RarNd et euErtRl
conmon for ab.klngl dnkat consideratdada m@ommn@qméomm the lntﬁﬁs%lsﬁum
difference tga ofi"the loan anﬁ Q9Q0§1%ﬁ%?on the calculated volumes of

the financial instruments, for instance by use of a Gauss-

10 Newton algorithm,
calculating and storing of data indicating a new interest

rate preferably being based on the previous interest rate and

the calculated change in the interest rate to the interest

rate on the loan, _

15 calculating and storing of data indicating a new profile
of repayment and interest and profile of the remaining debt
for debtor, which profile of repayment and interest and
profile of the remaining debt are calculated taking into
consideration the new interest rate, the principal of the

20 loan, term to maturity and the profile of repayment loaded
under (a), and the profile of refinancing, and/or the profile
of funding loaded under (b), and '

calculating and storing of data indicating a new set of
coefficients for the function adjusted to the shifted level

25 profile of the remaining debt, and _

calculating and storing of data indicating a new set of
volumes for the financial instruments applied for the fund-
ing. '

23. The method according to any of the claims 10-18, compris-

30 ing the determination of whether the calculated 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

35 consideration.the profile of refinancing loaded under b, and
a maximum difference in interest rates, and in case the

calculated volumes of financial instruments_do not fulfil
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Maxi mum di f f er ence | 0. 00001 oere, Maxi mum di f f erence
I.n 1 nterestirrssiice.Nov 0. mmﬁm IIHGHNIHMI 25 point, and inc (the step duration:-

in the iteration process) t . 000} percent.age point. In addition to
this, the system has access to a data basg,, wi th specification of the
finanC|aI I nstruments which may by appl’ied according to the nethod. In
this exanpl

PCT/DK97/OOgﬁﬁg8ncondltl°ﬂ@D 1838 recalculatﬁfgf compz ff pRe oF

bonds are aBpFeedterRtdRnSon@Rch iarajehen COMREESHRE defined with a

nom nal prlnC|péhlcﬁQdEQﬁgr§h@,éﬁ%ﬁﬂn dﬂJdnﬁhﬁﬂéd 1mn&Eée§ﬁt@ﬁd§Enkate
dat es, and e ﬁgon dat e hernDre t.he, prices_of e bOﬁdS are .al so

i ndi cat ed |H nﬁ&t&nb§§§ 1ntereqq]qqﬁ§ 9éEE%?ﬁFﬂB EULBERBd, a
nunber o daahmgemto lcomddersvicn diie dGiffeferset betwvean ahéemntedetso

e o Fah bR b, gosil AR eifll Bk HBBLE HhcRbentl, (e
1/ 1-1997 Cr sdilculas inogr endpsresninaiaife datid 1indbFating Nunbev dhtdebsor
- payment da}ﬁﬁepﬁEef%%%bl¥ belﬂﬂﬂﬁﬁﬁédﬁoﬂﬁéﬁgt§¥e9§¥ﬂg”in@@£§§tpfét¥e§hd
1 15 Profile of "ILnterest_ “rate adjustnent

the calculated change 'in the interest rate to the interest

10 rate on the loan, .
calcuiating and storing of data indicating a new profile

of repayment and interest and profile of the remaining debt

for debtor, which profile of repayment and interest and

profile of the remaining debt are calculated taking into

15 consideration the new interest rate, the principal of the
loan, term to maturity and the profile of repayment loaded
under (a) and the profile of refinancing and/or the profile
of funding loaded under (b),

calculating and storing of data indicating a new set of

20 coefficients for the function adjusted to the shifted level

profile of the remaining debt, and

calculating and storing of data indicating a new set of
volumes for the financial instruments applied for the fund-
ing, which new set of volumes is calculated taking into

25 consideration the new function representing the shifted level
profile of the remaining debt,

determining of whether the new set of calculated volumes
of financial instruments fulfils the at least three or more
predetermined convergence conditions.

30 24. The method according to any of the claims 10-23, 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 profile of the
remaining debt, but is determined separately in order to make

35 sure that the actual profile of refinancing is equivalent to
the one loaded in (b).
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(nunber of funding ins |.e. 20% of the |oan Is to be
refi nanced easépcymeny “ mﬂ%&ﬂa@j angenent of the | oan: Ann I,U{E)(h -, vaced
Termto maturity of thes+l oan 20: Since 20% of the I% s to

be refinanced each year -and the. dlsbuisgnent of the loan is performed -

I n, January, it appears from the nodel "that 6 bonds nust be applied for
the funding,zs, TREImELRER ééﬂHﬁ&YnéSEo'§n9|B@YEhé aqhuﬁey10|n4lswwarﬁwn

only to appl 5 bond d.b di sb
ber cKug EbPctniinbacatoset O (FEABBRS, SOEBLRRE. = TRRRE ok,
dat e) negatlve volume( 6, 102.0376, 1/1-1997)

6, 10
503 39§5391?5h1éég%98§£ gggatlve volumes is/are put equal to 8 102 7780

1/ 1- 2000)5 whereafter the calculations continue opyth@ogwgggzof1ﬂ1m2001)

WO 97/38383

1 ts deterBeHA 4 QA4
110 The 5 s ecteg Eé gcé?e &gggrg?e?hg fﬁndlng by the dlsbafgg-
ment .of the |oan. When refinancing is to be perfornmed after one year,

the first bopg. henenmbuned aEB@&a&ﬁgetolhn?Soﬁth%-claﬁmgwswqiﬂnﬁdha new
N
concerning cial instruments in the proflle of funding mentloned under
' 10 item (b) fulfils the requirement as to maximum difference in
proceeds, and in case the mentioned volumes do not fulfii
this requirement, then one or more changes of the previously
mentioned volumes of financial instruments is/are carried-’
out, carrying out changes until the new set of volumes of
15 financial instruments fulfils the requirement as to maximum
difference in proceeds.

27. The method according to claim 26, which method comprises
the calculation whether the found set of volumes of financial
instruments fulfils the requirement as to maximum difference

20 in proceeds, and in case the found volumes do not fulfil this
requirement, the one or more calculations of new volumes for
at least one of the financial instruments which does not
fulfil the requirement as to maximum difference in balance
is/are carried out.

25 28. The method according to claim 27, wherein new volumes are
calculated for one or more financial instruments, to which
payments are to be performed in"a period, wherein the re-
quirement as to maximum difference in balance is not ful-
filled.

30 29. The method according to claim 27 or 28, wherein new
volumes are calculated for one or more financial instruments,
to which payments are to be performed in the last period,
wherein the requirement as to maximum difference in balance
is not fulfilled. - .-
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this bond from the dat nDdeI does not know the prices
one or sevenadrgie@vs a mn%ﬂ m&lﬂﬂ m)del assunes that thgs -|..pt-,er est,
rate structure and thus ces have not changed. “To day,
non-cal l abl e bullet bonds with a termto urity up to 10 years exist.

When the nodel reaches the 5th refinanci ng, and thus needs a bond with

I ni t Y e | t t 0
Find this 180 band metiel fodaaidy 'op XA J000E 2R Sheretl LB B0,
used for thérq%am@ﬁ o fRlaHR et ighshs b%smt@fahaﬁo@éégerencw an the

data known tyaQmiridee ﬂ&ﬂ@h@%ﬂ&od#rﬂvﬁéﬁéhntﬂ@éeéqulvaléhé k?gwlbmsq'yest

rate structyre is-applied and wt al ces o he honds on
e dat e of tomad s¥fimes i Bk Futa) fidte e {TeBEnE agorasTRARHG a
coupon r gt e diff f&hetitd Ny baldde first 3 years, and thereafter a coupon
rate of 8% during the foll ow ng years. The results of the node
can be related to the debtor side and the funding side, respectively,
the two "si dds" The mptl®d iamtanstjgicharo Bny hef behancéainguRfeddnt whedetime

proceeds cARAILd Yk is carfﬂ%ﬁf§ﬂ%ﬁ§s5%61 hether | PRe"RER! sBEOVEdes a

total course of anDrtlzatlon i e requirenment as to type of
repayment . Malmesh fuail 15y Fﬁﬁ‘@rr(%%erﬁ-’ay%%n?@ maghmyreAi§fegence in

repaynents gixbdddds,eHnd in aibd ehd Qﬁ@nﬁume&ebélaﬁeéhaobﬁatnmumﬁqu the
period %de tiis requ:n.remenbt:as c%aq{gets eapeaycqu%lg tgut:SLeJ.reltIi1 tge new set
of volumes fulfils the requirement as to maximum difference
in proceeds, and in case the new set of volumes does not
fulfil the requirements as to maximum difference in balance,
new volumes are calculated for at least one of the financial
15 instruments which does not fulfil the requirement as to
maximum difference in balance, the change and calculating of
new set of volumes being carried out until the requirements
as to maximum difference in proceeds as well as to maximum

difference in balance are fulfllled

20 32. The method according to any of the claims 26-31, which
comprises calculation of the difference in proceeds for the
calculated volumes of the financial instruments applied for
the funding and/or calculation of a change in the interest
rate to the interest rate on the loan, the change in the

25 interest rate preferably being calculated taking into con-
sideration the calculated difference in proceeds, calculating
whether the change in the interest rate is so small that the
interest rate on the loan fulfils the requirement as to
maximum difference in interest rate or a convergence conditi-

30 on for the interest rate difference, or whether the change in
the interest rate is so small that the requirement as to
maximum difference in proceeds or a convergence condition for
the difference in proceeds is fulfilled.
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wherein the first 4 figures in e year, the figures 5 and 6
i ndicate the nonth, and the last twe figurgs indicate the day of the
nont h. 5 The colunns nunber 2-5 |n Tab e 1 indicate interest, repay-

ment repazgen@hanﬁe»cﬂbara%tco%%n e d ) f‘gtﬁ@bél mb 86 - 32beﬁh8?leﬁ‘ﬂ of

the period |n DKK for the | qan ast um I'n
i ndi cat es t b8 RaRBefhss IEF dEMeRtSe OF concﬁﬂavo}%nq q@ *to thet @ifference

Interest  iRep@¥ceedsRepathe dlffefgﬁte idNieérest rat@ayPBnNhot ful-

dat e
Fﬁ?éfestnengéﬁieaf %H%'nkgg recalculatlon comprlses one or more interest
t he Srentate iterations, each interest rate iteration comprbegngnlng

per 1 od 2418547 apderpring afdaca ingigpridychofipy interest.

19971230 ratgoowhich3 ig) prefergbily3basagb @64zhe previogsisnterestogata30

4.9499  3,2500ne o81 ¢ rate, 19991230  4.8534
3. 3976 saéé Ehe § %gqgtedg%h%& in mtelg%somz%oe 4.7210  3.5631

8.2841  87. 1888a CU1atln§ and storimgn pfzgata sindicating zpew prgfideo
83. 625510 of refayment and0QAtIRkst ahBGie protPIS7of tﬁe3iéﬁalniﬂg8787

;0321230 zgggégggr de té%zliwhlcgl: %)%8@%11%ff77§1e_?[pl§}ément5algg 1nterest and
which profile of the remaining debt are calculated taking
into consideration the new interest rate, the principal of
the loan, term to maturity and repayment arrangement loaded

15 under (a), and the profile of refinancing and/or the profile
of funding loaded under (b), and ‘

calculating and storing of data indicating a new set of
volumes for the financial instruments applied for the fund-
ing, which new set of volumes is calculated on the basis of

20 the financial instruments already determined for the funding,
and the new profile of repayment and interest and profile of
the remaining debt as well as the requirement as to the
maximum difference in balance.

34. A data processing system such as a computer system for
25 calculating the type, the number, and the volume of financial
' instruments for funding of a loan with an equivalent proceeds
to a debtor, the loan being designed to be at least partially
refinanced during the remaining term to maturity, require-
ments having been made as to a - maximum difference in balance
30 Dbetween on the one hand payments on the loan and refinancing
of remaining debt 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 difference in
proceeds between on the one hand the sum of the market price
35 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 determined-as to a
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20051230 3. 6825 18 67 3870 10 1. 20061230. .
3.4204 in- 20071230 73,1403
5. 1570 8. 81230 2.-8435 5.4431
8..2866 52.7150 : I *20092@%% 2.5290 - 5.7444 8.2734
47.2719 14 20101230 6. 0616 8. 2564 41. 5275
15 4 6 6

VO 97/ 38383%%4%%9 diffeféée betwddiZne ﬁ@é%éﬁ&?‘%Ké %00 22 loatf and
112 Ddtheryield |op cflet fingppigl insyeyneuts appligd forngkgefund-
paynent ing, which @RS pro€SEsSidglsyef@nntblprigks date

I nt er est debt ‘at reé) a/

t he ment (&) ans for loading and storing of a flrStb§§FnHFnQa&§tes

of the 5 indicating the parameters principal of thep&bam] term to
20121230 1.4606 426 032 29. 0717 4 20131230 .
L orTa " 7 WHASEey 5 44 (Fepaynds Efrandenddt o thE 1oamy (7007

7.4459 8 (MBO TteBRofor llcgad:.ng and 29u6nP39 of 9. 8§862nd sgt7@gldata

8.1243 atlg$ éeg?feéyfﬂﬁgﬂdéadgrofﬁle g?erQQQ% iy $RH RS
initial fund’ng as t rices bonds 1 n question, see
Table 2. 1n 93 g@g@execp01nt(s in time at which refinancing is to be

10 performed, and which profile indicates a part of the remain-

ing debt to be refinanced at the said point(s) in time,
and/or which second set of data indicating a

desired/intended profile of funding such as a number of
financial instruments applied for the funding and/or the type

15 and volume of such said financial instruments,
(c) means for loading and storing of a third set of data
indicating the requirements as to the determined maximum
difference in balance within a predetermined period, require-
ments as to the determined maximum difference in proceeds and

20 requirements as to the determined maximum difference in
between the interest rate on the loan and the yield on the
financial instruments applied for the funding,
(4) means for loeding and storing of a fourth set of data
indicating a selected number of financial instruments with

25 inherent characteristics such as type, price/yield, and
price/yield date,

(e) means for loading and storing of a fifth set of data
representing a first interest rate on the loan,
(£) means for calculating and storing of a sixth set of

30 data representing a first profile of the repayment and inter-
est equivalent to interest and repayment for debtor as well
as a first profile of the remaining debt, said means being
designed for the calculation-‘of the profile of the repayment
and interest and profile of the remaining debt on the basis

35 of the principal of the loan, term to maturity, and profile
of repayment loaded under (a), the refinancing profile and/or
profile of funding loaded under (b), and the interest rate on
the loan determined under (e), - -

This Sheet Has Been Re; THIS SHEET HAS BEEN

(T Iill N L mepLace)




exanpl e, the funding is distribute r five principals with t he
prices rrentle;nﬁﬁl:mbovemll ml““ m‘ m 1in Table 2, the paynment date is
given in the sane y for -Table 1, colum 1. L@Q colum 2
t he vol unes of the 5 bonds applled for the fundi ng are indi E@Bﬂ‘°hEET
and in colum 3 the vol une of the narglnal 3%ond I ssued is I ndicated. In
colum 4 the,prices of the.applie onds re 15 i ndi cate S in

col umm 5, égédjustWSHP e EE g EOFSSG eclﬁ&ﬁb&t@ﬁabe SgléﬂﬂﬁP%?a
Paynment Tot anstgstmentsl\/angngalthe fPnanedial instdatments stfoidmddmder bodp,

19081230 Sho0MDY meand)atdesiqped, Sor saltifqtit Lt EFER or o

0.1937 . seventh seg3ofodsta indiregdngsthe selegrtegh(financial instru-
102. 7780 5 ment89%1280their vB14&R8 for the use inlGR of the Y¥n,
97/ 38383 PCT/ DK97/ 00044

113 PayWBALD FEARS PISuc furthgrgors, despgness for calculating the

seventh set of data on the basis of the profile of repayment
and interest and the profile of the remaining debt determined
under (f£), the profile of refinancing indicated under (b),

10 and/or the profile of funding indicated under (b) as well as
the requirements as to maximum difference in balance, maximum
difference in proceeds, and/or maximum difference in interest
rate indicated under (c), and, in case of refinancing where
there is no non-matured financial instruments from a previdus

15 funding yet, the type, the number and the volume of these
financial instruments, the means for calculating being
designed, if necessary, to carry out one or more
recalculations, including, if necessary, selecting a new
number of the financial instruments stored under (d), the

20 means being further designed, after each recalculation, to
store the recalculated interest rate on the loan, the
recalculated profile of repayment and interest, the
recalculated profile of the remaining debt, and the selected

. financial instruments with their calculated volumes, until

25 all conditions indicated under (c) have been fulfilled,

- means for transcribing the combination of the type, the
number, and the volume of financial instruments for the
funding of the loan determined above, preferably together
with the calculated interest rate, preferably together with

30 the calculated profile of repayment and interest and prefer-
ably together with the calculated profile of the remaining
debt or for transferring the combination to a storage medium
or sending it to another data processing system.
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0.0034 ust nent 20011230 0. 1586
0. 1461 110. 1551
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computer system, a first set of data indicating the parameters: principal of

0. 1739

the loan, term to maturity, and profile of repayment of the loan,

(b)

computer system, a second set of data indicating a desired/intended profile

loading and storing, in a memory or a storage medium of the

of refinancing, such as one or more point(s) in time at which refinancing is
to be performed, and indicating the amount of the remaining debt to be
refinanced at said point(s) in time,

and/or which second set of data indicating a

~desired/intended profile of funding such as a

desired/intended number of financial instruments applied for the funding
with their type and volume,

(c)

computer system, a third set of data indicating a maximum difference in

loading and storing, in a memory or a storage medium of the

balance within a predetermined period, a maximum difference in proceeds
and a maximum difference in interest rate equivalent to the difference
between the interest rate on the loan and the yield of the financial instru-
ments applied for the funding,

(d)

computer system, a fourth set of data indicating a selected number of financial

determining and storing, in a memory or a storage medium of the

instruments with inherent characteristics such as type, price/market price, and

date of the price/market price,

(e)
system, a fifth set of data representing a first interest rate on the loan,

(f)
computer system, a sixth set of data representing a first profile of

determining and storing, in a memory or a storage medium of the computer

calculating and storing, in a memory or a storage medium of the

repayment and interest corresponding to repayment and interest for debtor

as well as a first profile of remaining debt, the first profile of repayment

and interest and the first profile of remaining debt being calculated



20021230 0.1513 0. 0052 109. 8350 [2QppLARERIEND SHEET 0.1395
0. 1395 170. 1551 20031230 0. 1906 60130103} 0902
20031230 0.1713 ~0.0085 105. 2784 éqﬁéééﬁ? 0. 1559
0. 0046 108. 8626 20031230 0. 1431 28 0918\50 25
20031230 0.1298 0.1298 110. 1551 20041236 0. 1845
0.0131 103. 0002 20041230 0. 1667 0. 0088 107;1393
20041230 - 0.1480 0. 0049 108. 8626 206241230 0.1348
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WO 97/ 38385

114 Repapnient Totdéd iundee (a), tHergiofille of refiRinciag and/or pab€ide of Of
bonds bofrcx(rjxdi SS

.

e.
ing Lfoaded under (b), and the.interest rate on the loan determined
5 under (e),

(g) selecting a number of financial instruments of the financial

instruments under (d ) stored, and calculating and storing a seventh set of

data indicating the selected financial instruments with their volumes to be
used in the funding of the loan, which seventh set of data is calculated on
10  the basis of the under (f) determined first profile of repayment and interest
and_first profile of remaining debt, the under (b) indicated profile of
refinancing, and/or the under (b) indicated profile of funding as well as the
under (c) determined requirements to the maximum difference in balance, \\
the maximum difference in proceeds, and/or the maximum difference in ‘
15 interest rate, and, in case of refinancing, where financial instruments from
a previous funding have not yet matured, the type, the number and volume
of these instruments, performing one or more recalculations, if necessary,

including selecting a new number of the financial instruments stored under

(d), if necessary, storing in a memory or a storage medium of the computer
20 system after each recalculation, the recalculated interest rate, the
recalculated profile of repayment and interest, the recalculated profile of
remaining debt, and the selected ﬁnandial instruments with their calculated
volumes, until all under (c¢) indicated requirements have been fulfilled, '
followed by, if desired, transcribing, traﬁsferring to a storage medium
25 or transmitting to another computer system the combination so determined
of the type, the number, and the volumes of financial instruments for
funding of the loan, preferably together with the calculated interest rate,
preferably together with the calculated profile of repayment and interest,
and preferably together with the calculated profile of remaining debt.
30 '
Further to the loaded, determined and/or calculated data being stored in a

memory or on a storage medium they may be
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0.0092 ¥07.1593 20051230 0. 1400 k-4 3626
20051230 0. 1267 0.0055 109.8350 1§ | 2005 0. 1130
0.1130 110.1551 20061230 0.1726 2908 9%, 4o
20061230 0. 1509 0.0108 107. 1593 0061230 - 0.1329
0.0062 108. 8626 20061230 0.3373 0.0043 109.8340 10
20061230 0. 1024 0.1024 110.1551 20674530 0. 1671
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20071530 and Torthe gxdct profile pf fnding iithys the resiiigt he Bliculdtiogs | o s
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20081230 0168 103. 9629 20081230 0. 1363 -

0.0122 107. 1593 20081230 0. 1151 _ 0. 0076 108. 8626
5 The expression "profile of refinancing” indicates which points in time and

with which amounts the loan must be refinanced.

It should be noted that the desired/intended profile of refinancing which is
stored as a second set of data under (b) above, may in some cases be

10 rewritten as a profile of funding, i.e. as a number of financial instruments
with their type and volume. An indication of a desired annual interest rate
adjustment percentage of 100 may, for example, be rewritten in such a way
that the loan is to be funded desirably only through sales of bullet bonds
with a term to maturity of 1 year. It is appreciated that the invention also

15 comprises the case where a rewriting has taken place in the data loaded
under (b).

The method according to the invention determines data representing an

interest rate and forming the starting point of the calculations.

20
In cases where in (d) no instrument has been selected having payment
within the period of the first occurring point in time when according to the
profile of refinancing loaded under (b) a refinancing must be performed,
the calculations concern a situation where the result of at least one of the
25

30
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time of the refinancing, data being loaded indicating that no repurchase

5 must be made within the applied ranges of financial instruments.

In an important embodiment of the invention, in the following detailed
description also called Type F, the set of data under (b) indicates that a
calculation has to be made in the case where a full refinancing of the

10 remaining debt is to be performed periodically with a predetermined
period, which period is shorter than the term to maturity of the loan, which
method for determination of the indicated volumes of financial instruments
in step (g) comprises calculating the difference in proceeds for the
calculated volumes of the financial instruments applied for the funding

15 and/or calculation of a change in the interest rate on the loan, said change
in the interest rate preferably being calculated taking into consideration the
calculated difference in proceeds, and calculating as to whether the change
in the interest rate is so small that the interest rate on the loan fulfils the
requirement as to a maximum difference in interest rate or a convergence

20 condition of the difference in interest rate, or whether the change in the
interest rate is so small that the requirement as to a maximum difference of
proceeds or a convergence condition for the difference in proceeds is
fulfilled.

25 In case the difference in proceeds or the difference in the interest rate is
not fulfilled, the recalculations as to Type F include one or more interest
rate iterations, each interest rate iteration including |

calculating and storing, in a memory or a storage medium of the

computer, data indicating a new interest rate, which is preferably based on

30 the previous interest rate on the loan and the calculated change in the
interest rate, | '
calculating and storing, in a memory or a storage medium of the

computer, data indicating a new profile of repay-




20111230 0. 1116 0. 0156 107. 1593 0] 0856
0. 0104 X08. 8626 20111230 0. 0633 ﬁ@%ﬁ@iﬁ&”l%@g\' 5
20111230 0. 0446 0. 0446 110. 1551 40121230 0]1342
0. 0226 '103. 9629 20121230 0. 1026 q. 0290JUb799%93
20121230 0. 0747 0.0114 108. 8626 40121230 0.10505
0. 0059 109.8350 10 20121230 0. 0368 . 0308 110. 1551
20131230 0. 1264 0. 0238 103. 9629 20131230 . 0928

20131230 Mo gt atpré5 i B procit P Belpining acl) TG0 W%%

0.0165 110.pkofile of repapfiilehtZid mterest(hnlilﬂéw profile d¥ £203ining. W&re
20141230 0. 0818 0.0189 107. 20141230
0.0132 108. ogégglated taklmlwigg:@nmderatl@ new interegt saig0n dbe égg@, the

5 principal of the loan, term to maturity and profile of repayment loaded
under (a) an the profile of refinancing and/or the profile of funding loaded
under (b), and

calculating and storing, in a memory or a storage medium of the

computer system, data indicating a new set of volumes for the financial

10 instruments applied for the funding.

The interest rate iteration is preferably made by using a numeric

optimization algorithm or by "grid search".

15 Examples of numeric optimization algorithms are a Gauss- Newton
algorithm, a Gauss algorithm, a Newton-Rampson algorithm, a quadratic
hill climbing algorithm, a quasi-Newton algorithm, a maximum likelihood
algorithm, a method of scoring algorithm and a BHHH algorithm. A Gauss-
Newton algorithm has proved to be very appropriate as it appears from the

20 detailed description of Type F.

When the relevant requirement(s) as to a maximum difference in proceeds
and/or the requirement as to a maximum difference in interest is/are being
fulfilled as to the Type F embodiment, it is appropriate to determine
25  whether all the calculated volumes of financial instruments are positive. In
case the calculated set of volumes comprises at least one negative volume,
a selection may be to apply the result as such, meaning that the calculation
indicates that the debtor is to buy one or more financial instruments in
order to fulfil the balance requirement. As mentioned above, this is usually
30 not preferable, and therefore the method according to the invention usually
in this case further comprises either .
i) selection of a new number of financial instruments among the under
(d) stored financial instruments, in that one or mbre of the instruments in

the new number of instruments



20 20151230 0.1094 0. 0276 103. 9629REPLACEMENT SHEBD

0.0689 * 0.0183 107. 1593 20151230 B—0346 D. 0090
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103. 9629 It appears from Table 2 that thejdiistribution islap follows:

H(1): 0.220314 H2):  0.207178,, H(3):  0.193740| 30

H(4): 0.179985 WO 97/ 38383

PCT/ DK97/ 0QQ44 .. . . . 116 . H(5): .

b 165690 _ 1HE adinsimsnt infp.s shiiadslexe! Arefile 1of TR ioiRg deht ARPTRPFIALELY ( ne
proceeds coodut ipnthAashoalufnée 6f Isbaft or all of the financial instruments in the
(0.220314*102. 0376) +(0.207178*10Q3. 3975) +( 0. 193740*103. 3915)+ 5

(0. 179985* ¢alcutationin steps 6B and ppssilly) in- ongeenppye recalculations made in
5 step (g) are calculated by using a function which is adapted to a shifted-

level profile of remaining debt. The appropriate function is a polynomial
function with a2 maximum degree equivalent to the number of financial

instruments applied.

10 The polynomial function is appropriately calculated by the use of a statistic
curve fit method. It has been found that the method of the least squares is an
appropriate statistic curve fit method, but other statistic curve fit methods
like other maximum likelihood methods or cubic splines methods are also
interesting methods for this use.

15
In the embodiment called Type P, a recalculation of all of or some of the in
(f) and (g) mentioned data, and/or one or more function coefficients to this
function representing the shifted-level profile of remaining debt, and/or the
interest rate takes place by use of iteration made by using numeric

20 optimization algorithms or by grid search. Also in this case, as an
optimization algorithm, one of the above, optimization algorithms mentioned

- in connection with Type F may be used, and also in this case the optimization

algorithm is, appropriately, a Gauss-Newton algorithm.

25 In case that the determined requirements as to the difference in proceeds
and/or the difference in interest rates and/or the difference in balance
calculated, taking into consideration the profile of refinancing loaded
under (b) are not fulfilled, then the recalculation in connection with Type P
embodiments may include one or more iterations, each iteration comprising

30 calculating and storing data indicating a new interest rate and/or

calculating and storing data indicatin'g a new profile of repayment

and interest and profile of remaining debt for
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the original H(4): 0.003722 In H(4) = thelorigi-nal—H5):

0. 007978 In H(5 = the new H(5): D. 163691 Af tjer the
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0.199265  debt ark( Bitcudﬂteﬂ79ﬂ&&golﬂfb31:5&);1d'eratmﬁi 188 MSw 2thterest Hté) : the
(0.165899+0. 007978) = (0. 000000+0. 163691) =
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debt s [ ) u r dj, N8he € t caus

t here hass bgggiéﬁo rgf\?@oﬁﬂse f@ggiggl ﬁpt ngfrl1 E 5&2@1. ?ﬁi I;pr)rblfgzlg ggl ’Pundmg
i nterest raleadedi usden(b) amdéor provi ded Thus, it is possible to

calculate the fu pr oc s.fro i nterest rate a
currently (t he CAIOHAFig Snd storing Hata ingiesting piew sel S oRapEietisatos the
adj ust ment  Flyection WHRHs Qidal ?Qéd NANEA G hivtkd-189el frgﬁle of remalnmg debt,
(0.008440*102. 0376) +( 0. 005525*103. 3975) +( 0. 003722*103. 3915)

(0. 007978* 188d/3965) +( 0. 163691*105. 8982) = 20. 0000
10 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 financial instruments already determined for
the funding, and the new profile of repayment and interest, and the profile
of remaining debt as well as the requirement as to the maximum difference

15 in balance.

In the example mentioned below in the detailed description it has been
chosen to iterate as to the proceeds requirement and taking into
consideration the extended difference in balance of the profile of

20 refinancing loaded under (b), and only when the two requirements are
fulfilled, iteration is carried out as to the interest rate. It is appreciated
that the iteration may be made in an arbitrary order, also including the

iteration of- the applied function, the so-called trend function.

25 In this case, the method in step (g) comprises determination of whether the
calculated volumes of financial Instruments fulfil at least two of two or
more predetermined convergence conditions, which are preferably
calculated taking into consideration a difference in calculated proceeds and
a difference in calculated balance taking into consideration the profile of

30 refinancing loaded under (b), and in the case that the calculated volumes of
financial instruments do not fulfil these conditions, then the recalculatibns
may include one or more iterations of the coefficients for the function
which is adjusted to a shifted-level profile of remaining debt, each

comprising
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debt K 20 th
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i ndi cat ed, leﬁé&Q%vprroﬁl&Qf't'gﬁlailﬁntgh&elﬁm)um of the annual repaynents in
DKK is I cated.” The amount in colum 9 and in colum 10 are sunmed

up in colum 1§etd¥ndiviifli Wehdther dhewalw aemoNtakulitedayolmics 86 firmmtiaht er est
in DKK. I'n_collm the size of the remainin )
10 instruments fulfils the at least two or more predetermined convergence

conditions,

until the new set of calculated volumes of financial instruments fulfils
these conditions. This or these new function coefficient(s) is/are
appropriately calculated taking into consideration the difference in

15 calculated proceeds and a difference in balance calculated taking into

consideration the profile of refinancing loaded under (b).

A calculation may be made as to the difference between the interest rate on
the loan and the yield on the calculated volﬁmes of the- financial
20 instruments, in that it is calculated whether the difference in interest rate is
so small that it fulfils the requirement as to a maximum difference in
interest rate or a convergence condition for the difference in interest rate,
and in case the determined requirements as to the interest rate difference
are not fulfilled then the recalculations may comprise one or more interest
25 iteration(s) each interest iteration comprising
calculating and Etoring a change in the interest rate, which change in
the interest rate is preferably calculated taking into consideration the
difference between the interest rate on the loan and the yield on the
calculated volumes of the financial instruments, for instance by use of a

30 Gauss-Newton algorithm,

calculating and storing data indicating a new interest rate which is

preferably based on the previous interest rate and the calculated change in

the interest rate to the interest rate,
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cal cul at ed "SRV A ARk IBereseand profile Aframaining ¢rbs are calcwlpted trkingy
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(0. 220314+0matirit3g e dl pByvilE of té19Bahent laRANMAG0E7T,. arid 68 profile of

refinancing and/or the profile of funding loaded under (b),

t ed.

calculating and storing data indicating a new set of coefficients for the

function adapted to the shitted-level profile of remaining debt, and

10 calculating and storing data indicating a new set of volumes for financial

instruments applied for the funding.

It is also within the scope of the invention in connection with the calculations
as to Type P to determine all in one whether the calculated volumes of

15 financial instruments fulfil at least three of three or more predetermined
convergence conditions which are preferably calculated taking into
consideration a difference in calculated proceeds, a difference in balance
calculated taking into consideration the profile of refinancing loaded under
(b.) and a maximum difference in interest rates, and in case the calculated

20 volumes of financial instruments do not fulfil these conditions, then allowing
the recalculations to comprise one or more iteration(s), each iteration
comprising

calculating and storing a change in the interest rate, which change in the

interest rate is preferably calculated taking into consideration the difference

25 between the interest rate on the loan and the yield of the financial instruments,

calculating and storing data indicating a new interest rate preferably

based on the previous interest rate and the calculated change in the interest

rate to the interest rate,

calculating and storing data indicating a new profile of repayment and

30 interest and a profile of remaining debt for debtor, which profile of repayment
and interest and profile of remaining debt for the debtor are calculated taking

into consideration the new interest rate, the principal of the
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be found in the foll ow ng way:
10 determining whether the new set of calculated volumes of financial

instruments fulfils the at least three or more predetermined convergence

conditions.

Also in this connection the iterations may be made by the use of one
15 numeric optimization algorithm, preferably a three-dimensional Gauss-

Newton algorithm.

In case the calculated set of volumes includes at least one negative volume
when calculating type P, this or the negative volumes tnay preferably be set
20 equal to 0, whereafter the calculations continue on the basis of the so
determined volumes of financial instruments - to avoid negative volumes in
the result, cf. the above comments concerning the normally undesired fact

that debtor is to buy financial instruments.

25 Accordirtg to an embodiment of the invention it will also be possible to
determine the volumies of the applied financial instruments for the loan in
cases where data are loaded corresponding to the profile of funding desired
by the debtor comprising the desired financial instruments. In this case the
calculations may also cbmprise the calculation as to whether the volumes

30 of financial instruments in the indicated profile of funding fulfils the
requirement as to a maximum difference in proceeds, and in case the
indicated volumes do not fulfil this requirement, then according to a

preferred embodiment of the invention one or more changes of the previ-
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the remaining term to maturity, requirements having been determined as to
10 a maximum difference in balance between on the one hand payments on the
loan and refinancing of remaining debt and on the other hand net payments
to the owner of the financial instruments applied for the funding,
requirements having been determined as to a maximum difference in
proceeds between on the one hand the sum of the market price of the
15 volumes 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 determined as to a maximum difference between the interest rate on
the loan and the yield of the financial instruments applied for the funding,
which data processing system comprises: )
- 20
(2) means for loading and storing a first set of data which indicates the
parameters: principal of the loan, term to maturity, and profile of
repayment of the loan.
(b) means for loadiné and storing a second set of data which indicates a
25 desired/intended profile of refinancing such as one or more point(s) in time
at which refinancing is to be performed, and which profile indicates the
part of the remaining debt to be refinanced at the said point(s) in time,
and/or which second set of data indicates a desired/intended profile
of funding such as a for desired/intended number of financial instruments
30 for the funding and/or the volumes of such said financial instrument,

(c) means for loading and storing a third set of data which indicates a
maximum difference in balance within a predetermined period, a maximum

difference in proceeds and a



peri od. Finally, the amount of refinanci 2 Lekpanci ng are
25 provided. These are identical with the ano Jhﬁ@@pﬂﬁ)‘@%‘ﬁ rsfggp‘inn
(éal gul at leg earlier on tBle basis of the data previded in Table 2.
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?-02406 the financial insGuments appdiedilfcr e funding, 9 6. 9754

(c?)' 941%?3ans for loading and storing a fourth set of data which indicates a
5 selected number of financial instruments with inherent characteristics such
as type, price/market price, and date of price/market price,
(¢) means for loading and storing a fifth set of data which represents a
first interest rate on the loan,
(f) means adjusted for calculating and storing a sixth set of data which
10 represents a first profile of repayment and interest equivalent to interest
and repayment for debtor as well as a first profile of remaining debt, the
means being adapted to calculate the first profile of repayment and
interest, and the first profile of remaining debt on the basis of the principal
of the loan, term to maturity, and profile of repayment loaded under (a),
15 the profile of refinancing and/or profile of funding loaded under (b), and
the interest rate on the loan determined under (e), | |
(g) means adjusted for selection of a number of financial instruments
among the financial instruments stored under (d) and which means are
adapted for calculating and storing of a seventh set of data indicating the
20 volumes of these selected financial instruments for the funding of the loan,

‘which means are furthermore adapted for calculation of the seventh set of

data on the basis of the first profile of repayment and interest and the first
profile of remaining debt determined under (f), the under (b) indicated
profile of refinancing, and/or the profile of funding indicated under (b) as

25  well as the determined requirements to a maximum difference in balance, a
maximum difference in proceeds, and/or a maximum difference in interest
rate determined under (c), and in case of refinancing where there is still
non-matured financial instruments from a previous funding, the type, the
number and the volume of these financial instruments, the means for

30 calculation being adjusted, it necessary, to carry out one or more
recalculation(s), comprising, if necessary, selecting a new number of the

financial instruments stored under (d), the



The bond yields are assuned to be constant during 7]
maturity of the loan seen in relation to the terfn'®
bonds. It is to be understood that the bond 15 i

one year included in each interest rate adj upt
3.88% and the bond with atermto maturity
each interest rate adjustment will hpge a yig
coupon rates change currently, the prices of {the bond

change. Thi_s_appgars, I T : CLA A met hod
for deter m"iﬁ?%{gsoﬁ%‘é‘gt bbrgm’rt ﬁ@*ﬁ&ﬁbgﬁefa‘fﬁg ht]i*?g alcul\a}tol%h%y?% o tnha‘ﬂ’ﬁci al
i nstrument seéflcul e df inieiedg rafe, ahk aavalculaiednprdilievef pspaymentesnid to a

debtor by neans of a first 5 conputer,_system .the |l.oan bej desi dt
be at Ieastmtel’eﬁhr%qdam%/r"i""é'flﬂﬁlzi‘ﬁg@&rﬂﬂll'l’I‘P e ipdn AR hga"cdea%’l F?)lsel ‘F ri tg,

requi re';‘?“tf?%i}?c‘ihf‘g%él cHRIG A5 thdlr 3a 'af@mggﬂxﬁlﬁée,eﬁ‘ﬁﬁl Ly conc(i)l?icﬁi%ce

bet ween“on ‘the one hand paynents on the [oan an anount
r ef i nanci ngndivhted underdchdavedrednnfitlfidbgdients to 10 the owner of the

financial instruments applied.for, the fund-. g ' ts hayi
been nmade as tBeANFAQF ﬁ%sﬁfﬁﬁgéh8€°mblqaﬁm§rng?eggyéfg%;ﬁﬂgﬁe?’hﬁg |ngg
hand the sygeQfolhlfes'®f Kdlancial iRsirdeh&Htstfoe thelfuARIMY of iRe lbaaRGI al
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determined, preferably together with the calculated interest rate, preferably

10 together with the calculated profile of repayment and interest, and
preferably together with the calculated profile of remaining debt or for
transferring the combination to a storage medium or sending it to another

data processing system.

15 The system according to the present invention thus comprises means for
loading and storing the necessary data for the calculation. The means for
loading may comprise a keyboard, but may also comprise means for
electronic loading via a storage medium or via a network. As mentioned
above, the means for storing may be electronic memories like ROM,

20 PROM, ERPROM or RAM or storage media like tapes, discs or CD-ROM.

Furthermore, the system coniprises means for calculation adapted to make
calculations which are necessary for the method. In this connection, the
means for calculation typically comprise one or more micro-processor(s).
25
A system according to the present invention may be a computer system
programmed in a way that enables the system to make calculations which
are necessary in order to accomplish the- method according to the invent-
ion. In this connection it should be noted that according to the present
30 invention different embodiments of the system have been provided,
corresponding to the fact that the different embodiments are designed to
perform the calculations indicated in the above mentioned embodiments

and embodiments of the method according to the invention as claimed.
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desired/intended profile of refinancing, such as one or nore point(s)
in tinme at which refipancing is to take pl ace, and indicating the
anount of the remiIirﬁ-hg debt to be refinanced at said point(s) in tineg,
and/ or gaid second set of data indicating a 30 desired/intended profile of
fundi ng such as the desired/intended nunber of financial instrunents
appl i ed foras j, ={Peagliidhe [FAN° =h&i If jypd iapdaved imshe exprésgion for D
i nputting and sipri ng, in a nenory or a storage medi um of the conputer
system a th@PB'€& of data indicating 35 a nmaxinumdifference in bal ance
within a predeterm ned period, a maxi mumdifference in proceeds and a
maxi num difference in interest rat es equi valent to the difference
123 bet ween the interkdt rate on tfie loan and the to maturity yield on
t he 10fi nanci al ifst® urr};;r’]t,s appTi ed }qr THe funding,

v 1 4

At the same time, the expression for g is reduced to

JTFj RY _ F(R)

15 Jv

If the reduced expressions are introduced in ARK., the following applies

20 ARK =

[D'D]'D’g
jo

inc

AR®* = FR¥%) |
FR®) - FR® + inc)

25

The method is illustrated in Fig. 5. The graph 8 shows the difference
between the proceeds and the market prices of the bond principals
30 illustrated as a function of the short-term interest rate RX, and the line 7 is

the secant through two points on the graph 8.



ol

(d) deternmining and storing, in a menory or a stqr RGBLAGENENI Bitifng

conputer system a fourth set of data indicating aljfsdrected nunber |of
fi nanci al i nstruments with inherent characteri qtijcs ?uml_a‘ggg ypet
price/ market price, and date of the price/ market pr? e (e

determ ning and storing, in a nenory or a storage. g :
conputer system a fifth set of data regrgesenting first interest rqte on
the 10 | oan, () calculating and storing, in & MENDry Of a Storage

medi um of the conputer system a sixth set of data representing a first

profil e of,[epaynent and i nt er,est e | 4G ' and

r epayment TE? a@éﬁlgt?ma%pmﬁmggesa he 1nt§ ?{%tr%gér)gﬁ‘ﬂgl&g tli%é?(’éi?negllsm ng debt,
the first psmdition. dh 6@RAWSHLs, ahe al godtieatapdroximdtdshthel vakte of & | e of

t he remaini n% debt being cal cul afed on the basis of the princi pal of
the | oan, fufiling theceondifiongKRp¥i1 e of repaynent inputted under

(a), the profile of refinancing and/or profile of funding inputted under
(b), and the first interest rate on the |oan determ ned under (e),

(g) sel ect The basiviides oftthé iabgowitlah isrtetusenthe secambihrogh twoapwinis 020

i nst ts st d d d | | ati [ f
dara T e gEmng e R st LREDRd (B 1ne RO el e RO R E T W s
to be appl {I'Féjse%aenti‘f'ié H@técrﬁﬁg;cbﬂgﬂgé %ﬁt@?sé&?dh witH e XEMERtIY B8R s@fartat a i s

cal cul ated on t basi s e first profile of repaynent and interest
and fiuet jrdéicrmiokd: Fherinterisactign is thdgtmxt@uess msriodthenaderqstrate pe

Flndi ng i ntlC e ERaRPorDy T AARd P Shuorheo it Bk ASBEE i
differ enceajvaap@}@ampa SWﬂi,ﬁﬁm di fference in proceeds, and/or maxi mum

difference ininterest rates indicated under (c), and, in case of
refinanci ng, where financial instrunments froma previous funding have not

t t d, the,t i ,
o form ng i S ahaW tiatfe s 8 AT He AlriLd WiRnChoddiaRg ddiletBr O
sel ect {5 ghérevnfrafpeindletermintfehé stensizel in tiedt iteratids psocedureunder (d),

I f necessary, storing in a nenory or a storage nedi um of the conputer
system after each recal culation, the - recal cul at ed

Therefore, it is not necessary to use the matrix apparatus, but as it is the

same method which is used under Type P, the formula apparatus is now
introduced.

20
Step 6.. Has the proceeds condition been fulfilled?

After the calculation, of the change in the interest rate, in connection with
the calculation method according to the Type F model, it is to be

25 determined whether the determined interest rate R* fulfills the loaded
conditions. The general method for this purpose is to test the mathematical
convergence of the change. This is done by evaluating the volume of the
adjustment as to the guess at interest rate which was determined in step 5.
In case the adjustment is very small, cf. the conditions below, there is no

30 reason to continue the iterative process, as the model cannot g'et closerto a

solution.

According to the Type F model, mathematical convergence means that at

least one of the following two convergence conditions must be fulfilled:



124 interest rate, the recal culated profile of L Di-e4 est
t he ‘recal cul ated profile of the renaining debt, a =
fi nanci al instrunents with their cal cul ated vol urk ’ .
requi renents indicated 5 wunder (c) have been fulfill¥ if i
desired, followed by outputting, transferring to a st \_uh9990r
transmtting to another conputer systems ghe conbinatifo erm
t he type, the nunber, and the volune of financial §
fundi ng the | oan, preferably together with the calf L quntel
rate, preferably together with 10 the cal cul ated prof repaynent and
interest, Spep S4ciEHiaModdldedifichedi The resulta¢decused.ed profile of the
remai ni ng debt . 2. The nethod according to claim 1, wherein the
series of financial instrunments in (d) is determned in such a way that
at leass ogeLinANfl 8f 1S bullbIDHAES \contpRFed ARUIHERRLURE, MRl FhdrgyiTeNt
falls due wthin the tirst period occurring in which a difference in
maxi mum balrate; eepppinieass and inter@st, Tdml fumdiog meydredapplied. claim 1 or claim
2, wherein the requirenent as to difference in maxi num proceeds is

gi ven by a convergence condition for 20 difference in proceeds, and/or the

requi remenigigs A4 dafdahNaRe bma@im interb§it @tgst rates is given by a
convergence conditron for e difference In Interest rate, and/or the
requi renent as to difference in maxi num bal ance is determ ned by a
conver gencewconditio . i ffer i Rod met hod
accordiqﬁg 5—“ ea%irge ﬂhtﬁeﬂ%f%&%&ﬁ%‘? l%&g?cel%lgt%éﬁqgglbcam%? Frﬁge SIH&
~adj ust ment pirkndiplls 49in dhy stigsf 4radidcs ofehede modelt Férsons foaotionhhe tine of
di sbursenent of the | oan_and/or  the repaynent date and, on the, other hand,
t he payeasuring the fiffaeenqeheidyean P%mPB%ﬂﬂéheaWBdﬁnﬁ‘s?’P tge bond 1s
proportiong ugﬁ%fﬁ%%m al ready expired part or the remaining part of the
di sbursenent "period and the 30 repaynment period, respectively.

15 FRY= ):“n YD(j) + RG(m) — [ H(m)+ (m-j’) H(m) R(m)]
=y

After this, the change may be calculated by use of the reduced version of

the Gauss-Newton algorithm.

20
inc

AR = FR¥)
FR®) —FR" + inc)

It should be noted that F(RX) is strictly growing, ensuring that the

25 algorithm reaches a solution.

Step AS: Is the balance criteria fulfilled?

Step A5 determines whether the iteration is to continue or whether an

30 interest rate is found fulfilling 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 balance
requirement. Thfs means that the iteration steps and the model continues in
step A7, if the condition

35



125 5. The method according to any of the cl &

of data - under (b) indicates that..cal.cul.ation ifs

t he ‘case where a full refinancing of the remaifnijng debt is tofb¢
performed peri-odically with 5 a predetermned periqd,| v@9cJuli 399¢es$ | han
the termto maturity of the loan, .« ~which nethodfqr determ natipnfof the
vol unmes of financial instrunents indiggted in P (Qg) conprises
calculation of the difference in proceeds for cal cul at ed vol pres of
the financial instruments applied for the funding, and/ or cal culation

of an adj uségent of the interes ate, said adjustnment of 10 the interest
rate preferably bei_ng_La.Luﬂ;al_efi’LLa.kj_n.g_i_n.L_a_nonéi deration the
cal cul ated di fference'ef @@EQSWS’GUE%{)W cal ctfat ed whet her the

> i

adjustnment of the interest rate’is so s that the interest rate fulfils
t he srequirenent as to maximumdifference in interest rates or a

s i Ll f i f L0 L0t whet h
converaenCeuin (i UESAL oSS BLG RS GUET) s i e
to maxi mum di fference FnGURSSERS, GUESSQ)YRr gence condition fpr the

proceeds is fulfilled. 6. The nethod according to

difference in
claim5, wherein, in case the requirenents or 20 conditions as to the
difference in proceeds or the difference in the interest rate are not
fulfilled, the recal culations conprise one or nore interest rate

i terati@ns,h ¢aebnyeigydesid (GEEESH03, GUESS(PY ) 8hGhe matching Futding icag and
storing, in a nenory or a storage nedium of the conputer, data

i ndi cati ng ke ABMipft erest rate, which is preferably based on 25 the
previous interest rate on the |oan and the cal cul ated adjustnent in
interest rate, calculating and storing, in a nenory or a storage
medi um of tIfemone of the conditions has been fulfilled, repeat step 7 instead.

15 Here the requirement as to mathematical convergence can be replaced by
the specific conditions - the proceeds criterion and the balance requirement

- as well. This means that the funding may be applied if

m
20 (iii) lFin(O) S KGIMG) | <e
j=1
RG(0)
(iv) ’Fin(l)-REGD e <g
25

In prinlciple, the situation may arise in which the model repeats the
increments or decrements to the coefficients of the trend function in
regular intervals. Thus, the model runs in circles in the iterative procedure.

30 The problem can be solved by setting up limitations to h of the type

h = sign[h] min | | h [,GUESS(0), GUESS(0)
2

35 which, though, by numeric analysis has proved not to be necessary.



conmput a%—daf#ar—rﬁdfeaﬁ—ﬁg—a new prof| I e of repaynment and interest and_a._

new pr of i remai ni ng debt for-debtor,. which n T 1
repayne ﬂlﬂ j H’m l d new profile of the remainirg F@g 4¢Wmf*m
the t

taklng | Wh the new interest rate on the | pan, the prind
theloan, ermto maturity, and the profil 3f2r93;jh&n1999

|noutted. : 126 under (a)

the profile of refinancing and/or the prcg of fupdFTg Tnputted under
(b), and cal cul ati ng_and stori ng,1 a nenory of a storage j

of the comaupdMSsystem data indicating a new set of volunmes 5 for the

financial instrunments applied for the funding. 7. The nethod according

toclaim5 or 6, mherel the interest e |terat|on is m b I
a nureric dpt Anmek t% W—%@Eq@f ' TamPer, dﬁ% é’lti%pp ying
met hod accarrchun@ tccf cﬂmancﬁ,ah/\/rmsazrumdre:s)mqmtzm @m@m%g&m%% a

Gauss- Newt Qiy
oSS Nodt ULel W Tent prockeds &dTH 'HEB@&@%}dlrﬁ‘éhrlé) @hya of itbe cl ai ne

feréncesi n FIBRESTs SHREBR- t':ﬁ'ge rﬁf‘leﬁlsgfeqﬁ elsreme S‘%m’%fs ae %‘(I?g]flrer]nglef;n
i nterest raardisdidne faflifridie] duringrtheomemaining term to maturltY,_
requirements having been made as to a maximum difference in
balance between on the one hand payments on the loan and the
amount of refinancing and on the other hand net payments to
10 the owner of the financial instruments applied for the fund-
ing, requirements having been made as to a maximum 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
15 of the loan, and requirements having been made as to a maxi-
mum difference between the interest rate.on the loan and the
yield to maturity on the financial instruments applied for
the funding, which method comprises;
(a} inputting and storing, in a memory or a storage
20 medium of the computer system, a first set of data indicating
the parameters: principal of the loan, term to maturity, and
profile of repayment of the loan,
(b) inputting and storing, in a memory or a storage
medium of the computer system, a second set of data
25 indicating a desired/intended profile of refinancing, 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 second set of data indicating a
30 desired/intendéd profile of funding such as the
desired/intended number of financial instruments applied for
the funding with their type and volume,
(c) inputting and storing, in a memory or a storage
medium of the computer system, a third set of data indicating
35 a maximum difference in balance within a predetermined
period, a maximum difference in proceeds and a maximum
difference in interest rates equivalent to the difference



15 pri ses determ ning whether all the cal cul ng,_ el Ban-
cial instrunents are positi ve and I n case tjhe: Set of

vol umes conﬂlllmmllmmwuul one negative vol une, {further conprisgs|20
ei t her a new nunber of financidl {i n39rJider999 anong

the financial ihsttudenfs Stored under (d), one or rorle of
i nstrunents in the new nunber of instru ts being
way that the paynent on this/these 25 f (s) due rglatively later

relation to the origjnal of financ i nstruments, followed by

ot £ of m ngbeWeen HecktETAst FAUNORABS QPRGN the{p BraturiLy onalbnsbs, —or
L) the neBabhY RbHTR s WPLAAORY (8 Al [s/are | L put equal o 0.

followed by performng a recafculation in 30 accordance with any of the

cl ai ns 5-8d) dete]:mmi'rt@anétshodngcmradmgmrg amng s@tbratgeemmklénilmnsoﬂtma

wher ei n data set at atlon rf r.red

for the oA RREc SR 21 fnsfif 566 of Hate flaatPakrrisisedanmber of Blaaeile

out peri Oqln%%dm’efﬂlst\bltﬁ MMQd@itGéﬁﬂﬂaeﬁbrﬁJﬁ'ictQQuch as type, prlce/market price, and
127 whi ch Perl od is shorter than the termto maturity of the | oan,

for instardate of the priseanatkeiarienat the refi nanC| ng i s eqw vaI ent to a

fixed fractgion I.n eRlent od the
vol une of g ﬁ%tetrﬂ'ﬁnmg agﬁ E# Etlﬂg ?lll%aﬁlgl a({ Y nsf‘rs \ﬂm oé: t he
fundi ng i ncdrhputer sisteml, aufifith set of data representing a f1rst 1nterest rate on the

10 loan,

uch a

(H calculating and storing, in a memory or a storage medium of the
computer system, a sixth set of data representing a first profile of repayment
and interest corresponding to interest and repayment for debtor as well as a
first profile of the remaining debt, the first profile of repayment and interest

15 and the first profile of the remaining debt being calculated on the basis of the
principal of the loan, term to maturity, and profile of repayment inputted under
(a), the profile of refinancing and/or profile of funding inputted under (b), and
the first interest rate on the loan determined under (e),

(g) selecting a number of financial instruments among the financial
20 instruments stored under (d), and calculating and storing a seventh set of data
| indicating said selected financial instruments with their volumes to be applied
in the funding of the loan, which seventh set of data is calculated on the basis
of the first profile of repayment and interest and first profile of the remaining
debt determined under (f), the profile of refinancing indicated under (b),

25 and/or the profile of funding indicated under (b), as well as the requirements
as to maximum difference in balance, maximum difference in proceeds, and/or
maximum difference in interest rates indicated under (c¢), and, in case of
refinancing, where financial instruments from a previous funding have not yet
matured, the type,.the number and volume of these instruments, performing

30 one or more recalculations, if necessary, including selecting a new number of
the financial instruments stored under (d), if necessary, storing in a memory or
a storage medium of the computer system, after each re.calculation, the

recalculated



in step are calculated in such a way that they n”“.,
\

shifte II IJIM lmmf the remaini ng debt, whereaf}
recal c ||l“$ | Il ed out, until all t he requi r

(c) have béen‘fulfifled. 10 11. The net hod accod|
wherein the volunme of sone of or all of the finagn

applied in the calculation in step (9) a.gﬁ cal cd
function, adjusted to a shifted | evel pr ‘}Ie of the ]

15 12., The et hod accor to claim]1l, wherein FUne forre'of
or al |inggreshaats; ﬁ&ﬁéﬁ&? I RRATLS 9 TeRAYBAR A IgkeTeHe the

recal cul at iaRalculateBrAIADE Yné Reklafiin@detit] gRlthe(lodled fihfitiad! ed by
appl ying a function adj usted to a fteél l'evel profil ah

remai ni ng dalstrun@énts withitheirT h&lcméaﬂeddvdmmﬁﬂlumﬂtail ceaquireiends indicanbdr ei n
the function is ol ynojgal .function with a maxi num degree

cor r espondi Hf ¢o Fct)ﬁéavrﬁ.lﬁﬁ%‘y?“ﬁlﬁ financial instrunents applied. 25 14.

The met hod accpr gédided Ofllawad b3 oithjitEing, tt%sﬂf@&rﬁﬁ@%&l stUr'élgé nfetiutn, or
cal cul ated by use of a statistic curve fit net 15." The net hod

accordi ng tt@anmmmmto anethercomputaragysieme tbm rcomlnnatlon so getergdnpd afiihe

| east squarg.3 EL BQ%betd &ncuﬁhelﬁolumoﬁm ?fﬁfythhﬂgn{so og‘][‘ﬁph mgr{@e loan,

clains 10-1 Wherel reé ation sone

mra]nt } oned lme&%babaydoggiheraﬁﬂ/hoﬁxe?aﬂgaltatedrmterest rétunptefurabnefdgeiheﬂtmtho
the function representing_the s te eve rofil of .t he
10 the caPlculated pr%flle of relpayment a\in{ 1rpcereslt gnd preferabiy together with

the calculated profile of the remaining debt.

2. The method according to claim 1, wherein the series of financial
instruments in (d) is determined in such a way that at least one financial
15 instrument is an instrument of which payment falls due within the first

period occurring in which a difference in maximum balance applies.

3. The method according to claim 1 or claim 2, wherein the requirement as
to difference in maximum proceeds is given by a convergence condition for
20 difference in proceeds, and/or the requirement as to difference in maximum
interest rates is given by a convergence condition for the difference in
interest rate, and/or the requirement as to difference in maximum balance

is determined by a convergence condition for the difference in balance.

25 4. The method according to any of the claims 1-3, wherein when calculating,
adjustment is made for any difference between on the one hand the time of
disbursement of the loan and/or the repayment date and, on the other hand, the
payment date of the financial instruments, by adjusting proportional for the
already expired part or the remaining part of the disbursement period and the

30 repayment period, respectively.



128 mai g debt—andfor the interest rate is qu{EPQA(IjMN.’IyaI-BQ yse of
|terat|on II'I II I y applying nuneric optlmLm.u.. atgorthhis or by
grid searc aﬂﬁ m l'r@ ;I thod according to claimL e t He

optim zati of is a Gauss-Newton al gorjth 9\,\,{]6[ ifgg 'lhe met hod
according to any of the clalms 10-17, wherein, ing[ pjhp uijrement s

or conditions as to the difference in pg eeds andf or the 10 dlfference I n
interest rate and/or the difference in ance cal,u!atbu Lamlng into

consi der at the praofile qt fina aded unde no

fulfilled, 1 ge&%&@uﬁ%rghn%gwys%éqg% s hds Whered %tgﬁsset &fdpta
iteration undexc@pmd%ﬂ% that calculsﬁbﬁ%%lmg eMrﬁiearfd}gth@aé&e' WAkl ”9 a
new i nterest rate and/or 15 cal cul ating and storing data 1 ndicating a
new prof i | lbrefigpagingnef ahmremammged@@ttmamdbapnefnrmdr pexodicalle with

remai n f re ne | nterest
e EBRhe BB Beriol AW Jess RERIAE o S SRRNTSS of e 104

consi der atwhich heethew fontdeteshinadioh of ke FolumieBaf fhancial tlhﬁtrhﬁ?d”ntst he
termto maturity and the repaynent arrangenment inputted 20 under and

the profi I'‘@di¢atedrinsigpi(g) comprpes ﬁélcplrlalflpn@foﬁlef@fﬁwrﬁgce in progsq a fender

(b), and/ t

coeffi ci e(rzt![h c%alculatedgiﬂlﬁ#lue%cﬁ‘glﬁai\}g h&lrlslﬁgt ?}% eér}?yffehe sh @éﬁ‘ﬁﬁ%é
profil e ofandierrcabailation of andejostmrent/ af tlﬁﬁmterest meé ,cadidtadjastanentséHri ng
data ipdic t| a new set of wvolunes o anci al ,i nstrunents

appl i eﬁ’ ‘I‘i‘ge'f%ﬁﬂf"ﬁgpr F%wynlé%nge‘falﬁ?{]ﬁﬁil Jﬁ’é‘s‘lg ls“t° consideration £8€ on t he
basi s of td‘]ﬁcﬁld”té&(ihﬂ'erbﬁéé ih ROt S, r1?%@Yn£€5F€dThf€%dwi19Eher the the funding,
and the new profile of repaynment and interest and profile of t he

r emai ni ng afipstmentyef thednterest rtaiis @nesmausthabthamnemqstdrafteéu&tsethm 30
bal ance.

requirement as to maximum difference in interest rates or a convergence
condition for the difference in interest rate, or whether the adjustment of

15 the interest rate is so small that the requirement as to maximum

difference in proceeds or a convergence condition for the difference in

proceeds is fulfilled.

6. The method according to claim 5, wherein, in case the reqﬁirements or
20 conditions as to the difference in proceeds or the difference in the interest
rate are not fulfilled, the recalculations comprise one or more interest rate
iterations, each interest rate iteration comprising
calculating and storing, in a memofy or a storage medium of the
computer, data indicating a new interest rate, which is preferably based on
25 the previous interest rate on the loan and the calculated adjustment in
interest rate, '
calculating and storing, in a memory or a storage medium of the
computer, data indicating a new profile of repayment and interest and a
new profile of the remaining debt for debtor, which_new profile of the
30 repayment and interest and new profile of the remaining debt are calculated
taking into consideration the new interest rate on the loan, the principal of

the loan, the term to maturity, and the profile of repayment inoutted



i

19. The nethod according to any of the clains 10-18;@553E§H§§F§?”5F tep
(g) conprises determ nation of:whether the cal cula i nci a
i nstrunents ' ' * C L M *

129 tvvo““l"l mumlll |Wﬂmr edet erm ned convergehce QandUL 1999,
preferably * being dal eul ated taking into considerftion a cal cul pted

difference in proceeds and a differ e in bal &n petrng-cartul af ed
taking into 5 consideration the profile refinang¢i ng | oaded under [b),

and in the case th the cal cul ated vol unmes of financial instrunments do
not Ul fiT PR (2) SPhdiR SHREE tie Tocsh TG IS AT S ORF O Ior o
i terationsaoff frunsling igyaftities amdeof ofb)thearfdincti on which is adjusted to
the shifted | ex@ahlNQitilng and Yeddigd e 1 M) oAl hdd A il ium
conpri sing %O calculatggg and storing data indicating two Or npre new
function ©F &b& (AoRher ySueTe ARt i ‘I RER iNRY (3RF F rIRTeY el
profil esof fidre the fisrmmdiialg idedriruments apmlledil fdn theathisdinig ng dat a
i ndicating a new set of volumes for the financial instruments applied
for the funding, which new set_ of volunes, is 15 calculated taking into
consi der at i’lon e ML RIGHAINSDH S Tty T 1RF 6. “iRFeidy 1t ntrEast e
of the renmmatiengtetedaition is madietker rAppginvdet hamdhies e deizadion
cal cul at ed MAUBKPlod IANG Ala seaddiptrunents fulfils the at |east two or
nore predeterm ned convergence conditions, until the new set of
cal cul ated vol unes of financial instruments 20 fulfils these conditions.
20. The netshodrec terttiod) dacadtding kb otheimi 7, tiiterein fuletdmnimization
coef fi GiENt (Vo di ViRl & £ %ﬁf-ﬁém:{'gaii&gi%%.s' deration the cal cul ated

a dif

di fference 1'im proceeds an erence T al'ance cal cul ated taking into

9. The method according to any of the claims 5-8, said
method, when the relevant requirement(s) as to maximum dif-
ference in proceeds and/or the requirement as to maximum
difference in interest rate is/are fulfilled, further com-
15 prises
determining whether all the calculated volumes of finan-
cial instruments are positive, and
in case the calculated set of volumes comprises at least
one negative volume, further comprises ]
20 either
i) selecting a new number of financial instruments among
the financial instruments stored under (d), one or more of
the instruments in the new number of instruments being
determined in such a way that the payment on this/these
25 fall(s) due relatively later in relation to the original
number of financial instruments, followed by performing a
recalculation according to any of the claims 5-8, or
ii) the negative volume or the negative volumes is/are
put equal to 0, followed by performing a recalculation in
30 accordance with any of the claims 5-8.

10. The method according to any of the claims 1-4, wherein
data set (b) indicates that calculation is to be psrformed
for the case where partial refinancing of the remaining debt
is carried out periodically with a predetermined period,



21.

25 consideration the profile of refinancing | oage _
The met hod according to claim19 or 20 conprisin he cal cul at i op bf

the differ interest rate on the lJoan 20JIUWh®W¥nt priest rate
EIWlmfuﬂgmﬂﬂmmas of the financial iingtrunents, andj

determ n| ng*30c vhetthef the difference in interedt rate 1s so smal| that it

fulfils the requirement as to nmaxi qngm di ffendgnce in i nterest—f ate or a

conver gence condition for the difference in interest rate.
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interest rate on the |oan and the yield to matdrity on the ca at ed

vol umes of it BtePf (Sladks aalcuirasttedunemoél a way that Wytmealbyaldsd'oblfovaa

Ga Ne d di cat
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on the | oan, cal.cul ating and storing data indicating a new profile
of repayrreﬂt) haye been |fH¥fé]r1§§t and a new profile of the renmining debt for
debt or 4o Which new 15 profile of repayment and interest and new profile of
t he remai ning debt are cal cul ated taking into consideration the new

i nterest rhleThehmethradhecpaiding to claithd 0, oeleretihehé enoiuine dﬂﬁﬁcbulnjetq'f and the

profile of re nept in t.t ed und eﬁg} and th roflle
ref i nanci n@l,rl ‘gﬁﬁ’/"oﬁn?ﬁﬁ %HBF‘FP@ Sﬂm&ﬁ 1 ﬂ’;ﬁﬁ‘ilé&?at on in Step (g) are
calculated by applying a function, adjusted to a shifted level profile of the

remaining debt.

15
12. The method according to claim 11, wherein the volume of some of or
all of the financial instruments in one or more of the recalculations
optionally carried out in step (g) are calculated by applying a function
adjusted to a shifted level profile of.the remaining debt.

20

13. The method according to claim 11 or 12, wherein the function is a
polynomial function with a maximum degree corresponding to the number

of financial instruments applied.

25 14. The method according to claim 13, wherein the polynomial function is
calculated by use of a statistic curve fit method.

15. The method according to claim 14, wherein the statistic curve fit
method is the least square's method.

30
16. The méthod according to any of the claims 1'0-15, wherein recalculation
of all of or some of the data mentioned in (f) and (g), and/or one or more
function coefficients to the function representing the shifted level profile

of the re-
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of refinancing | oaded under(b), and a naxi num difference in interest
rates, and in case the cal cul ated vol unes of financi al i nstruments do
not fulsfil17. The method according to claim 16, wherein the optimizatioh3dlgorithni hese
conditions, then the recal cul ati ons conprise one or nore iterations,

each it er dsidbFausppNewteryalgorithm cal cul ating and storing an adj ust ment of
the interest rate, the 5 adjustnent of the interest rate being preferably

calcul ated taking into consideration the difference between the
i nterest rpg.eThe nidthodosstordihg be any ofyihe! claimsned-07| wherein,hia éaswtle al
i nstrunents, calculating and stqring data indicating a new interest
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cal culating and storing data indicating a new pro repaynent
i nt er est dmndlo xomsideratibnl thegprafile oErefimamyngdioadédundent(d) aremoth new
fulfilled, the recalculation comprises one or more iterations, each iteration
comprising _
calculating and storing data indicating a new interest rate and/or
15 calculating and storing data indicating a new profile of repayment and
interest and a new profile of the remaining debt for debtor, which new
profile of repayment and interest and profile of the remaining debt are
calculated taking into consideration the new interest rate, the principal of
the loan, the term to maturity and the repayment arrangement inputted
20 under (a), and the profile of refinancing and/or the profile of funding
loaded under (b), and/or
calculating and storing data indicating a new set of coefficients for
the function which is adjusted to the shifted level profile of the remaining
debt, and/or
25 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 financial instruments already determined for
the funding, and the new profile of repayment and interest and profile of
the remaining debt as well as the requirement as to. maximum difference in

30 balance.

19. The method according to any of the claims 10-18 which method in step
(g) comprises determination of whether the calculated volumes of financial

instruments fulfil at least
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cal cul ati @aefficients for the function representing the shifted level profile of the

remaining debt,

calculating and storing data indicating a new set of volumes for the
financial instruments applied for the funding, which new set of volumes is

15 calculated taking into consideration the new function representing the

shifted level profile of the remaining debt,

determining whether the new set of calculated volumes of financial
instruments fulfils the at least two or more predetermined convergence
conditions, until the new set of calculated volumes of financial instruments

20 fulfils these conditions.

20. The method according to claim 19, wherein the new function
coefficient(s) is/are calculated taking into consideration the calculated
difference in proceeds and a difference in balance calculated taking into

25 consideration the profile of refinancihg loaded under (b).

21. The method according to claim 19 or 20 comprising the calculation of
the difference between the interest rate on the loan and the interest rate on
the calculated volumes of the financial instruments, and determining

30 whether the difference in interest rate is so small that it fulfils the
requirement as to maximum difference in interest rate or a convergence

condition for the difference in interest rate.
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ed. .
theqnterest rate to the interest rate on the loan,
calculating and storing data indicating a new profile of repayment and

interest and a new profile of the remaining debt for debtor, which new

15 profile of repayment and interest and new profile of the remaining debt are
calculated taking into consideration the new interest rate, the principal of
the loan, the term to maturity and the profile of repayment inputted under
(2), and the profile of refinancing, and/or the profile of funding inputted
under (b), and ’

20 calculating and storing data indicating a new set of coefficients for
the function adjusted to the shifted level profile of the remaining debt, and

calculating and storing data indicating a new set of volumes for the

financial instruments applied for the funding.

25 23. The method according to any of the claims 10-18, comprising the
determination of whether the calculated volumes of financial instruments
fulfil at least three of three or mote predetermined convergence conditions
which are preferably calculated taking into consideration a calculated
difference in proceeds, a difference in balance calculated taking into

30 consideration the profile of refinancing loaded under(b), and a maximum
difference in interest rates, and in case the calculated volumes of financial

instruments do not fulfil
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" calculated taking into consideration the new interest rate, the principal of
15 the loan, the term to maturity and the profile of repayment inputted under
(a) and the profile of refinancing and/or the profile of funding inputted
under (b), '
calculating and storing data indicating a new set of coefficients for the
function adjusted to the shifted level profile of the remaining debt, and
20 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 taking into consideration the new function representing the
shifted level profile of the remaining debt,
determining whether the new set of calculated volumes of financial
25 instruments fulfils the at least three or more predetermined convergence

conditions.

24. The method according to any of the claims 10-23, wherein the volume

of one or more financial instruments, especially the first to mature and/or
30 the last to mature, is not calculated by use of the function representing the

profile of the remaining debt, but is determined separately in order to make

sure that the actual profile of refinancing is equivalent to the one loaded in

(b).
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| oaded undéis @By and calculating and storing data indicating a
new set of volumes for the financial instruments applied for the
fundi ng, which new set of volunes is cal cul ated on the basis of the
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fulfil this requirement, then .on_e or more changes of the previously
mentioned volumes of financial instruments is/are carried out, carrying out
changes until the new set of volumes of financial instruments fulfils the

15 - requirement as to maximum difference in proceeds.

27. The method according to claim 26, which method comprises the
calculation of of whether the resulting set of volumes of financial
instruments fulfils the requirement as to maximum difference in balance,
20 and in case the resulting volumes do not fulfil this requirement, then one or
more calculations of new volumes for at least one of the financial
instruments which does not fulfil the requirement as to maximum

difference in balance is/are carried out.

25 28. The method according to Claim 27, wherein new volumes are calculated
for one or more financial instruments to which payments are to be
performed in a period wherein the requirement as to maximum difference

in balance is not fulfilled.

30 29. The method according to claim 27 or 28, wherein new volumes are
calculated for one or more financial instruments to which payments are to
be performed in the last period wherein the requirement as to maximum

difference in balance is not fulfilled.
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financial instruments which does not fulfil the requirement as to maximum
15 difference in balance, the changing and calculating new set of volumes
being carried out until the requirements as to maximum difference in

proceeds as well as to maximum difference in balance are fulfilled.

32. The method according to any of the claims 26-31, which comprises

20 calculation of the difference in proceeds for the calculated volumes of the
financial instruments applied for the funding and/or calculation of an
adjustment of the interest rate on the loan, the change in the interest rate
preferably being calculated taking into consideration the calculated
difference in proceeds, calculating whether the change in the interest rate

25 1is so small that the interest rate on the loan fulfils the requirement as to
maximum difference in interest rate or a convergence condition for the
interest rate difference, or whether the adjustment in the interest rate is so
small that the requirement as to maximum difference in proceeds or a
convergence condition for the difference in proceeds is fulfilled.

30
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under (a), and the profile of refinancing and/or the profile of funding
15 loaded under (b), 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 of the financial instruments already determined for
the funding, and the new profile of repayment and interest and profile of
20 the remaining debt as well as the requirement as to the maximum

difference in balance.

34. A data processing system such as a computer system for calculating the
type, the number, and the volume of financial instruments for funding a

25 loan with an equivalent proceeds to a debtor, the loan being designed to be
at least partially refinanced during the remaining term to maturity, require-
ments having been made as to a maximum difference in balance between on
the one hand payments on the loan and refinancing of remaining debt and
on the other hand net payments to the owner of the financial instruments

30 applied for the funding, requirements having been made as to a maximum
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



e —

I ndi cat e I'm case of refinancing, -

|nstrun'en s fundi ng have not yet \d t he

nunber Iill!& hese financial instrunehtt

cal cul at| ng I'ng adap to carry out, if necessar

recal cul ati ons, |nclud|ng, I f necessary, selectind F tihe

financial instruments stored under (d), 18be neans jpeng adapgted to

i20 store, after each recalculation, the recal cul ajed interes ate on the
oan, I Qf v i) t

recal cul at e{}?pr 0 % t%{k"}aete%elti’lﬁt qula'%egrtrggtr{J ﬁﬂ%é@‘gtﬂ ?ngd% l%eﬂseg etgtﬁelgﬁ*mr?'anci al

i nstrunment ﬂme/\fltxﬂant:hﬂl 1n1strumaabca1ipate&tlfo/rothmﬁmdingt whiahldatenpdotessing

i ndi cat ed under (c) have been fulfilled, 25 means for outputting

t he conbi n%XﬁtSHl BP PR Sy pe, the nunber, and the vol unme of financi al

instr UTEN! By Hfémsffa@thqg% P itgmgdétf?ﬂsﬁ‘sgﬁgf data iRERUGngPHR er ably

t oget her cal cul a |%|terest preferably together with

t he cal cul paminqmemmpﬂnoipaleqﬁghve}mnarldrmrtpenemrlmmmir eépayment  ably
together with the c cful ated profile of the remaining debt or for 30
transferrlﬁb"aflﬁﬁmceﬁtﬂ 1941 5 a storage nediumor sending it to another

dat a procegs)j Ngnfessefdr 1nputt1ng and storing a second set of data indicating a
desired/intended profile of refinancing, such as one or more point(s) in

10 time at which refinancing is to be performed, and which profile indicates a
part of the remaining debt to be refinanced at the said point(s) in time,

and/or said second set of data indicating a desired/intended profile of
funding such as a number of financial instruments applied for the funding
and/or the type and volume of such said financial instruments,

15 (c) means for inputting and storing a third set of data indicating the
requirements as to the determined maximum difference in balance within a
predetermined period, requirements as to the determined maximum
difference in proceeds and requirements as to the determined maximum

difference between the interest rate on the loan and the yield to maturity on

20 the financial instruments applied for the funding,
(d) means for inputting and storing a fourth set of data indicating a
selected number of financial instruments with inherent characteristics such
as type, price/yield, and price/yield date,
(e) means for inputting and storing a fifth set of data representing a first

25 interest rate on the loan,
(f) means for calculating and storing a sixth set of data representing a
first profile of the repayment and interest equivalent to interest and
repayment for debtor as well as a first profile of the remaining debt said
means being designed for the calculation of the first profile of the

30 repayment and interest and the first profile of the remaining debt on the
basis of the principal of the loan, term to maturity,' and profile of

repayment loaded under (a), the refinancing profile and/or
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profile of funding loaded under (b). and the first interest rate on the loan

determined under (e),

(g) means for selecting a number of financial instruments among the
financial instruments stored under (d), and said means are being adapted to
calculate and store a seventh set of data indicating the selected financial
instruments with their volumes for the use in funding of the loan, which
means are, furthermore, adapted to calculate the seventh set of data on the
basis of the first profile of repayment and interest and the first profile of
the remaining debt determined under (f), the profile of refinancing
indicated under (b), and/or the profile of funding indicated under (b) as
well as the requirements as to maximum difference in balance, maximum
difference in proceeds, and/or maximum difference in interest rate
indicated under (c), and, in case of refinancing, where financial

instruments from a previous funding have not yet matured, the type, the

number and the volume of these financial instruments, the means for
calculating being adapted to carry out, if necessary, one or more
recalculations, including, if necessary, selecting a new number of the
financial instruments stored under (d), the means being further adapted to
store, after each recalculation, the recalculated interest rate on the loan,
the recalculated profile of repayment and interest, the recalculated profile
of the remaining debt, and the selected financial instruments with their
calculated volumes, until all conditions indicated under (c) have been
fulfilled,

means for outputting the combination of the type, the number, and the
volume of financial instruments for the funding of the loan determined
above, preferably together with the calculated interest rate, preferably
together with the calculated profile of repayment and interest and prefer-
ably together with the calculated profile of the remaining debt or for
transferring the combination to a storage medium or sending it to another

data processing system.
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Method and data processing system for determining the type, the number
and the volume of financial instruments for funding of a loan with an interest
rate adjustment with an equivalent proceeds to a debtor, the loan being at least
partially refinanced during the remaining term to maturity of the loan. In the
data processing system, data are loaded, which data indicate the principal of
the loan, the term to maturity of the loan, the profile of repayment, and a

desired/intended profile of refinancing. Furthermore, data are Joaded, which .

data indicatec requirements as to maximum difference in proceeds, maximum
difference interest rate, and maximum difference in balance between on the

one side the creditor and on the other side the debtor. On the basis of these

data as well as a first guess at an interest rate, the volume of a number. of
financial instruments to be applied for funding of the loan is calculated. The
results of the calculations can be applied by the debtor, for instance a financial
institution such as a mortgage credit institution, to secure that the loan is funded
in such a way that interest rate risks such as imbalance in the payment flow is
avoided or minimized. By applying the results of the method according to the
invention, the creditor has the possibility of creating a hedge between lending
and funding.
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