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Permission is hereby granted, free of charge, to any person obtaining a
copy of this model and associated documentation files (the “Model”),

to deal in the Model without restriction, including without limitation

the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Model, and to permit persons to whom the
Model is furnished to do so, subject to the following conditions:

1. The origin of this model must not be misrepresented; you must
not claim that you wrote the original model. If you use this
Model in a product, an acknowledgment in the product
documentation would be appreciated but is not required.
Similarly notification of this Model's use in a product would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and
must not be misrepresented as being the original software.

3. This notice, including the above copyright notice shall be
included in all copies or substantial portions of the Model.

THE MODEL IS PROVIDED “AS IS”, WITHOUT WARRANTY OF
ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS
OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM,
DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT
OF OR IN CONNECTION WITH THE MODEL OR THE USE OR
OTHER DEALINGS IN THE MODEL.
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Package Description

Payment rates represent amounts of money that need to be paid under contracts
such as bonds or loans.

The interest rates package is largely concerned with interest rates representing
the time value of money — discount factors. This package is directed towards the
use of interest rates as payment rates; prices indicating the interest payments on a
loan or the coupons on a bond.

Payment rates may be based on the actual time elapsed between payment dates,
or it may be based onlavel paymentonvention. Level payments usually quote
an annual rate paid at some regular interval; irrespective of the actual period, the
amount paid is constant, based on the payment frequency.

1 Use Cases

1.1 Loan (Actual Payments)

A loan has a principal of 1,000,000 USD and a 6% per annum interest rate, with the

principal being returned at the end of the loan. Payments are made on a monthly
basis, using an Actual/365 date basis. The loan starts on 15-May-1999 and the first
payment is due on the following month. The payments for the first year are:



Date Days Term Payment (USD)

15-Jun-1999 31 0.0849315 5095.89
15-Jul-1999 30 0.0821916 4931.51
15-Aug-1999 31 0.0849315 5095.89
15-Sep-1999 31 0.0849315 5095.89
15-Oct-1999 30 0.0821916 4931.51
15-Nov-1999 31 0.0849315 5095.89
15-Dec-1999 30 0.0821916 4931.51
15-Jan-2000 31 0.0849315 5095.89
15-Feb-2000 31 0.0849315 5095.89
15-Mar-2000 29 0.0794521 4767.12
15-Apr-2000 31 0.0849315 5095.89
15-May-2000 30 0.0821916 4931.51

1.2 Loan (Level Payments)

A loan has a principal of 1,000,000 USD and a 6% per annum interest rate, with the
principal being returned at the end of the loan. Payments are made on a monthly
basis, with all payments being level. The payments are calculaté@oasoo x

6%
6% — 5000.

1.3 Bond Coupons

A bond with a face value of 2000000 USD pays a coupon of 10% semi-annually.
Each coupon is calculated as a level paymenti6H000 x 102% = 50000.

1.4 Discounted FRA Payments

Australian dollar bank bill FRAs are paid in advan&.[Given a notional principal
P, a period ofm days, a fixed interest rate fan days ofr, and a spot floating
interest rate of, then the net settlement payment is given as:

P P
1—1—%er 1+%X’T’s




1.5 Accrued Interest

Bonds which are bought part-way through a coupon aegrued interesf4, 2]
The accrued amount is calculated from the start of the coupon date to the date of
exchange. This accrued amount is paid to the seller of the bond to compensate for
the lost interest from the coupon.
In certain cases, Spanish and Italian bonds, the accrual includes the tradg date.[
Accrual amounts can be calculated using a different date basis to the date basis
used for coupon calculations. In this case, there is a potential mismatch between
the amount calculated by accrual and the amount of the coupon. Any adjustments
are assumed to occur on the coupon date — a date on which accrual calculations
are not made.

2 Interfaces

2.1 PaymentRate

A payment rate is an interest rate used to indicate the amount of interest to be paid
on a loan, bond, etc.

Payment rates are not as completely specified as interest rates — they have
no currency, from-date, to-date or other such information. Instead, payment rates
reflect a minimal interest rate specification; enough to generate an interest rate from
a supplied specifier.

2.1.1 Relationships

Class Description Notes
} PaymentRateModel®1
J:Realized by

2.1.2 Operations

Boolean isLevel() isLevel

Does this payment use level payments?
Return true if this payment rate specifies level payments, false otherwise.

Integer paymentsPerAnnum() paymentsPer-
The number of payments per annum that are made. Return the number ofypaym
ments/coupons per year.



DateBasis dateBasis() dateBasis
The date basis used to calculate interest payments.

DateBasis accrualDateBasis() accrualDateBa-
The date basis used to calculate interest accrual. sis
Cases which include the final day in accrual calculations can be modeled by
choosing an appropriate date basis.

SimpleCashflow interestOnPrincipal(CommodityHolding principal, Date
fromDate, Date toDate, Date paymentDate, Boolean round, Boolean dis-
count) interestOnPrin-
principal: CommodityHolding The principal amount. cipal
fromDate: Date The start date of the payment.
toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is if(discount, fromDate, toDate).
round: Boolean Round amounts to payable amounts? The default value is
false.
discount: BooleanDiscount the payment to the start of the period? The
default value is false.
The interest on a principal amount fone payment
The result returned is a simple cashflow giving the interest amount on the prin-
cipal. The value returned should equal the sum of the values of the dictionary
returned by the interestPiecesOnPrincipal operation.

Dictionary<String, SimpleCashflow> interestPiecesOnPrincipal(CommodityHolding
principal, Date fromDate, Date toDate, Date paymentDate, Boolean round,
Boolean discount) interest-
principal: CommodityHolding The principal amount. PiecesOnPrinci-
fromDate: Date The start date of the payment. pal
toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is if(discount, fromDate, toDate).
round: Boolean Round amounts to payable amounts? The default value is
false.
discount: BooleanDiscount the payment to the start of the period? The
default value is false.

The interest on a principal amount, split into the pieces that make up the pay-



ment rate forone payment The pieces are the rate pieces that make up the as-
sociated rate. Return the interest payable on a principal amount, broken into a
dictionary of piece names mapping onto amounts.

SimpleCashflow accruedinterestOnPrincipal(CommodityHolding prin-
cipal, Date fromDate, Date toDate, Date startDate, Date endDate, Date
paymentDate, Boolean round, Boolean discount) accruedintere-
principal: CommaodityHolding The principal amount. stOnPrincipal
fromDate: Date The start date of the payment.
toDate: Date The end date of the payment.
startDate: Date The start date of the accrual.
endDate: DateThe end date of the accrual.
paymentDate: DateThe date on which the accrual is made. The default
value is endDate.
round: Boolean Round amounts to payable amounts? The default value is
false.
discount: BooleanDiscount the payment to the start of the period? The
default value is false.
The accrued interest on a principal amount withire payment
The result returned is a simple cashflow giving the accrued interest on the prin-
cipal between two dates. The value returned should equal the sum of the values of
the dictionary returned by the accruedinterestPiecesOnPrincipal operation.

Dictionary<String, SimpleCashflow> accruedIinterestPiecesOnPrincipal(CommodityHolding
principal, Date fromDate, Date toDate, Date startDate, Date endDate,

Date paymentDate, Boolean round, Boolean discount) accruedinterest-
principal: CommodityHolding The principal amount. PiecesOnPrinci-
fromDate: Date The start date of the payment. pal

toDate: Date The end date of the payment.

startDate: Date The start date of the interest accrual.

endDate: DateThe end date of the interest accrual.

paymentDate: DateThe date on which the accrual payment is made. The

default value is endDate.

round: Boolean Round amounts to payable amounts? The default value is

false.

discount: BooleanDiscount the payment to the start of the period? The

default value is false.



The accrued interest on a principal amount, split into the pieces that make up
the payment rate. The pieces are the rate pieces that make up the associated rate.
Return the accrued interest payable on a principal amount, broken into a dictionary
of piece names mapping onto amounts.

The specifications for accrual assume that the end-date never reaches the to-
date of the payment, where any adjustment in the discrepancy between the accrual
calculation and the interest payment are assumed to occur.

SimpleCashflow discountedPrincipal(CommodityHolding principal, Date
fromDate, Date toDate, Date paymentDate, Boolean round) discountedPrin-
principal: CommodityHolding The principal amount. cipal
fromDate: Date The start date of the payment.
toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is fromDate.
round: Boolean Round amounts to payable amounts? The default value is
false.

The discounted principal amount fone payment

The result returned is a simple cashflow giving the discounted principal for
the period covering the payment. The value returned should equal the sum of the
values of the dictionary returned by the discountedPrincipalPieces operation.

Dictionary<String, SimpleCashflow> discountedPrincipalPieces(CommodityHolding
principal, Date fromDate, Date toDate, Date paymentDate, Boolean round)
discountedPrin-

principal: CommaodityHolding The principal amount. cipalPieces
fromDate: Date The start date of the payment.
toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is fromDate.
round: Boolean Round amounts to payable amounts? The default value is
false.

The discounted principal amount fone payment The pieces are the rate
pieces that make up the associated rate.

Return the discounted principal amount, broken into a dictionary of piece names
mapping onto amounts.



BasiclnterestRate aslInterestRate(Currency currency, Date fromDate,
Date toDate)
currency: Currency The currency for the interest rate.
fromDate: Date The from-date of the interest rate.
toDate: Date The end-date of the interest rate.
Convert this rate into a BasiclnterestRate with the following specifier:

aslinterestRate

Name Value
commodity  currency
location nil

party nil

date basis dateBasis()
from-date fromDate
to-date toDate
from-period nil

to-period nil

The bid and ask components of the interest rates are set to be renamed copies
of the associated rate component.

BasicInterestRate aslinterestRate(Currency currency, Period fromPe-
riod, Period toPeriod)
currency: Currency The currency for the interest rate.
fromPeriod: Period The start period for this rate.
toPeriod: Period The end period for this rate.
Convert this rate into a BasiclnterestRate with the following specifier:

aslnterestRate

Name Value
commodity  currency
location nil

party nil

date basis dateBasis()
from-date nil

to-date nil
from-period fromPeriod
to-period toPeriod

The bid and ask components of the interest rates are set to be renamed copies
of the associated rate component.



3 Classes

3.1 PaymentRateModel

A concrete implementation of the PaymentRate interface. This model holds a sin-
gle InterestRateQuote which is used to express the rate.

3.1.1 Relationships

Class Description Notes
+  PaymentRateZ1
| PaymentRateLevelModeB&3
| PaymentRateActualModeB&
+ InterestRateQuote rate 1..1 —
U:Inherited byt:Realizes <:Association —:Navigable¢:Aggregate¢:Composite

3.1.2 Attributes

dateBasis: DateBasis

accrualDateBasis: DateBasis The date basis under which accrued interest is cal-
culated. This may be a nil value, indicating that the payment date basis is
used instead.

paymentsPerAnnum: Integer The number of payments that are made per an-
num for this rate.

3.1.3 Operations

DateBasis accrualDateBasis() accrualDateBa-

The date basis used to calculate interest accrual. If the accrualDateBas?és at-
tribute is non-nil then return that attribute, otherwise return the result of the date-
Basis() operation.

Dictionary<String, SimpleCashflow> accruedIinterestPiecesOnPrincipal(CommodityHolding
principal, Date fromDate, Date toDate, Date startDate, Date endDate,

Date paymentDate, Boolean round, Boolean discount) accruedinterest-
principal: CommodityHolding The principal amount. PiecesOnPrinci-
fromDate: Date The start date of the payment. pal

toDate: Date The end date of the payment.

startDate: Date The start date of the interest accrual. The default value is

fromDate.



endDate: DateThe end date of the interest accrual.

paymentDate: DateThe date on which the accrual payment is made. The
default value is endDate.

round: Boolean Round amounts to payable amounts? The default value is
false.

discount: BooleanDiscount the payment to the start of the period? The

default value is false.

The accrued interest on a principal amount, split into the pieces that make up
the payment rate.

If discount is true, then leD be the discount factor between the start and end
dates, using the accrual date basis and the associated rate. If discount is false,
D =1.

Let {(n;,7;)} be the names and interest rates supplied by the associated price,
with eachr; converted into an annualized rate with the accrual date basis of this
payment rate. Assume that the base piedeisr1). Letp be the supplied princi-
pal. Lett; = Z;:l r;. Let [z] represent the rounding convention of the commod-
ity of the principal. Lety be the term in years between the start-date and end-date,
according to the supplied date basis.

If round is true, return a dictionary of

{(ns, [Dptiy] — [Dpti—1y])}
If round is false, return a dictionary of
{(n, Dp(t; — ti—1)y) }

As an example, suppose we have arate of 5.6%(base) + 100bp(risk) + 120bp(profit).
Accrual date basis 30/360

Principal USD 1000000
fromDate 20-Feb-2001
toDate 20-Aug-2001
startDate 20-Feb-2001
endDate 23-Mar-2001
paymentDate 23-Mar-2001
round true

discount false

The parameters we have ae= 1, y = 33/360 andt; = 0.056, t2 = 0.066
andt; = 0.078. We then haverate = [1 x 1000000 x 33/360 x 0.056] =
5133.33, risk = [1 x 1000000 x 33/360 x 0.066] — 5133.33 = 916.67 and
risk = [1 x 1000000 x 33/360 x 0.078] — 6050.00 = 1100.00.

10



3.2 PaymentRateActualModel

A payment rate that uses calculated day counts for calculating interest payments,
as opposed to assuming a set of level payments.

3.2.1 Relationships

Class Description Notes
1 PaymentRateModel31
1:Inherits

3.2.2 Operations

Boolean isLevel() isLevel

Does this payment use level payments?
Return false.

Dictionary<String, SimpleCashflow> interestPiecesOnPrincipal(SimpleCashflow
principal, Date fromDate, Date toDate, Date paymentDate, Boolean round,

Boolean discount) interest-
principal: SimpleCashflow The principal amount. Pifcesonpfind'
pa

fromDate: Date The start date of the payment.

toDate: Date The end date of the payment.

paymentDate: DateThe date on which the payment is made. The default
value is toDate.

round: Boolean Round amounts to payable amounts? The default value is
false.

discount: BooleanDiscount the payment to the start of the period? The
default value is false.

The interest on a principal amount, split into the pieces that make up the pay-
ment rate folone payment

If discount is true, lefD be the discount factor derived from the associated rate,
using the supplied from-date and to-date and using the dateBasis attribute as a date
basis. If discount is falsd) = 1.

Let {(n;,;)} be the names and interest rates supplied by the associated price,
with eachr; converted into an annualized rate with the date basis of this payment
rate. Assume that the base piecgris,r1). Letp be the supplied principal. Let
t; = > i_, rj. Let[z] represent the rounding convention of the commodity of the
principal. Lety be the term in years between the from-date and to-date, according
to the dateBasis attribute.

11



If round is true, return a dictionary of
{(ni, [Dptiy| — [Dpti1y])}
If round is false, return a dictionary of
{(ni, Dp(t; — ti-1)y)}

As an example, suppose we have arate of 5.6%(base) + 100bp(risk) + 120bp(profit).
Accrual date basis 30/Actual

Principal USD 1000000
fromDate 20-Feb-2001
toDate 20-Aug-2001
paymentDate 20-Aug-2001
round true

discount true

The parameters we have de= 1/(1+0.078 x $32) = 0.9630, y = 180/365
andt; = 0.056, t, = 0.066 andts = 0.078. We then haveate = [0.9630 x
1000000 180/365 % 0.056] = 26593.45, risk = [0.9630x 1000000 x 180/365 x
0.066] — 26593.45 = 4748.89 andrisk = [0.9630 x 1000000 x 180/365 x
0.078] — 31342.34 = 5698.61.

Dictionary<String, SimpleCashflow> discountedPrincipalPieces(CommodityHolding
principal, Date fromDate, Date toDate, Date paymentDate, Boolean round)
discountedPrin-
principal: CommaodityHolding The principal amount. cipalPieces
fromDate: Date The start date of the payment.
toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is fromDate.
round: Boolean Round amounts to payable amounts? The default value is
false.
The discounted principal amount fone payment
Let {(n;,;)} be the names and interest rates supplied by the associated price,
with eachr; converted into an annualized rate with the date basis of this payment
rate. Assume that the base piecdsis, ). Letp be the supplied principal and
m be the paymentsPerAnnum attribute. Let= 3%, r;. Let [z] represent the
rounding convention of the commodity of the principal. lydte the term in years
between the from-date and to-date, according to the dateBasis attribute.
If round is true, return a dictionary of

p p
Mg, —
syl Bl s

12



If round is false, return a dictionary of

{(ng, —2— - P
L+yti 1+ytia

As an example, suppose we have arate of 5.6%(base) + 100bp(risk) + 120bp(profit).
Date basis 30/Actual

Principal USD 1000000
fromDate 20-Feb-2001
toDate 20-Aug-2001
paymentDate 20-Aug-2001
round true

The parameters we have age= 180/365 andt¢; = 0.056, t = 0.066
andt; = 0.078. We then haverate = [1000000/(1 + 180/365 x 0.056)] =
973125.73, risk = [1000000/(1 + 180/365 x 0.066)| —973125.73 = —4647.70
andrisk = [1000000/(1 4 180/365 x 0.078)] — 968478.03 = —5518.98.

3.3 PaymentRatelLevelModel

A payment rate where the payments are made in level amounts.

3.3.1 Relationships

Class Description Notes
1  PaymentRateModelF1
M:Inherits

3.3.2 Operations

Boolean isLevel() isLevel

Does this payment use level payments?
Return true.

Dictionary<String, SimpleCashflow> interestPiecesOnPrincipal(SimpleCashflow

principal, Date fromDate, Date toDate, Date paymentDate, Boolean round,

Boolean discount) interest-
principal: SimpleCashflow The principal amount. PiecesOnPrinci-
fromDate: Date The start date of the payment. pal

toDate: Date The end date of the payment.

paymentDate: DateThe date on which the payment is made. The default

value is toDate.

13



round: Boolean Round amounts to payable amounts? The default value is
false.

discount: BooleanDiscount the payment to the start of the period? The
default value is false.

The interest on a principal amount, split into the pieces that make up the pay-
ment rate folone payment

If discount is true, lefD be the discount factor derived from the associated rate,
using the supplied from-date and to-date and using the dateBasis attribute as a date
basis. If discount is falsd) = 1.

Let {(n;,;)} be the names and interest rates supplied by the associated price,
with eachr; converted into an annualized rate with the date basis of this payment
rate. Assume that the base piecdsis,r1). Letp be the supplied principal and
m be the paymentsPerAnnum attribute. Let= 3%, r;. Let [z] represent the
rounding convention of the commodity of the principal.

If round is true, return a dictionary of

(i, 12247 — 1

If round is false, return a dictionary of

Dp(t; —ti—1)
m

Dpti_1
m

D}

{(ni, )}

As an example, suppose we have arate of 5.6%(base) + 100bp(risk) + 120bp(profit).
paymentsPerAnnum 2

Principal USD 1000000
fromDate 20-Feb-2001
toDate 20-Aug-2001
paymentDate 20-Aug-2001
round true

discount false

The parameters we have ate = 1, m = 2 andt¢; = 0.056, to = 0.066
andts = 0.078. We then haverate = [1 x 1000000 x 0.056/2] = 28000,
risk = [1 x 1000000 x 0.066/2] — 28000 = 5000 andrisk = [1 x 1000000 x
0.078/2] — 33000 = 6000.

Dictionary<String, SimpleCashflow> discountedPrincipalPieces(CommodityHolding
principal, Date fromDate, Date toDate, Date paymentDate, Boolean round)

discountedPrin-
principal: CommodityHolding The principal amount. cipalPieces
fromDate: Date The start date of the payment.

14



toDate: Date The end date of the payment.
paymentDate: DateThe date on which the payment is made. The default
value is fromDate.
round: Boolean Round amounts to payable amounts? The default value is
false.

The discounted principal amount fone payment

Let {(n;,7;)} be the names and interest rates supplied by the associated price,
with eachr; converted into an annualized rate with the date basis of this payment
rate. Assume that the base piecdis,r1). Letp be the supplied principal and
m be the paymentsPerAnnum attribute. ket Z;‘:1 rj. Let [z] represent the
rounding convention of the commaodity of the principal.

If round is true, return a dictionary of

(i [ 21 = [—2=1)}

1+ L4 1+ %
If round is false, return a dictionary of
p p
7, - — ;
(o )

As an example, suppose we have arate of 5.6%(base) + 100bp(risk) + 120bp(profit).
paymentsPerAnnum 2

Principal USD 1000000
fromDate 20-Feb-2001
toDate 20-Aug-2001
paymentDate 20-Aug-2001
round true

The parameters we have are = 2 andt; = 0.056, to = 0.066 andts
0.078. We then haverate = [1000000/(1 + 0.056/2)] = 972762.65, risk =
[1000000/(1 4+ 0.066/2)] — 972762.65 = —8708.44 andrisk = [1000000/(1 +
0.078/2)] — 968054.21 = —5590.30.

4 Associations

Table 1: Payment Rates— Associations

Association
Role Class Card. Notes

rate

15



Table 1: ...continued

Association
Role Class Card. Notes
rate InterestRateQuote 1.1 —
payment rate PaymentRateMod&l.§ 0..n
—:Navigable(:Aggregate¢:Composite
4.1 rate

Role: rate NavigablelnterestRateQuote, 1..1.
Role: payment rate PaymentRateModel, 0..n.
The interest rate quote that makes up the payment rate.

16
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5 Extensions to the Interest Rates Package

5.1 PointinterestRate
5.1.1 Operations

PaymentRate asPaymentRate(DateBasis accrualDateBasis, Boolean isLevel,

Boolean payments) asPaymentRate
accrualDateBasis: DateBasis The default value is nil.

isLevel: Boolean The default value is true.

payments: BooleanThe number of payments per annum (if nil then derived

from the quotation frequency of the interest rate). The default value is nil.

Return a payment rate with the the following characteristics:

rate The mid rate of this interest rate.

dateBasis The date basis specifier of this rate. If not specified, assume the date
basis of the currency of the interest rate.

accrualDateBasis The accrualDateBasis argument. This argument may be nil,
indicating an accrual date basis which is the same as the payment date basis.

paymentsPerAnnum If paymentsPerAnnum argument is non-nil, then use the ar-
gument. Otherwise, if the mid rate of this interest rate is quoted using a
DiscreteLevelCompoundingFequency then use the frequency of that model.
Otherwise, assume a value of 1.

19
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