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1. INTRODUCTION

The current actuarial practice often requires calculation of the market value of assets as well as
liabilities. Relevant market YC determined from a portfolio of a given pool of assets is the
essential part of all of these calculations. Here you receive a tool which should cover your needs
in this particular area. The tool has been created by experienced actuaries in close cooperation
with professional IT colleagues. We believe you will enjoy working with this tool. If you have any
comments, ideas of improvements or other remarks, please contact us through our web site.

2. RUNNING THE APPLICATION

MS Excel environment has been use for creation of this tool. The MS Excel must meet these
requirements, or it may not be able to successfully working:

e Add-Ins: Analysis Tool Pack — VBA, Solver;

e Macros enabled.
Also be aware the fact if you use the Excel Starter edition, the application does not run correctly.
Before you open the application it is necessary to add the Solver to your Excel file.

Open the blank Excel file and in the main menu click on the “File” and “Options”. The window
Excel options is displayed on your screen. Now select the option “Add-ins” from the left menu.
Down on the page click on the button “Go ...”.
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p— [ T— T T ——
Excel Cptions
General = . . . .
gy “iew and manage Microsoft Office Add-ins.
Farmulas
Proofing Add-ins
Save Mame = Location Type
Language Active Application Add-ins
Solver Add-in Chn e\ Officel 4\Libran/\SCOLVER\SOLVER. XLAM Excel Add-in
Advanced
Inactive Application Add-ins
Customize Ribban Actuarial Functions Ch..topiRelease_Candidates\ActFce_RC095.xla Excel Add-in
Analysis ToolPak Chnice\Officeld\Libran/Analysis\AMALYS32.XLL  Excel Add-in
Quick Access Toolbar Analysis ToolPak - VBA O Officel 4 LibrantAnalysis\ATPVBAEMN XLAM Excel Add-in
e —— Custom XML Data ChuB]\Microsoft Office\Officel 4\OFFRHD.DLL ~ Document Inspector
. Add-Ins ) Euro Currency Tools Ch...t Office\Officel4\Libran\EUROTOOLXLAM  Excel Add-in
— Financial Symbal (XML} Chailes\microsoft shared\Smart Tag\MOFLDLL  Action
Trust Center Headers and Footers CABMicrosoft Office\Officel \OFFRHD.DLL  Document Inspector
Hidden Rows and Columns Che]Microsoft Office\Officel 4\OFFRHD.DLL Document Inspector
Hidden Waorksheets B Micrasoft Office’Officel4\OFFRHD,DLL Document Inspector
Invisible Content Che]Microsoft Office\Officel 4\OFFRHD.DLL Document Inspector
Micrasoft Actions Pane 3 XML Expansion Pack
Document Related Add-ins
No Document Reloted Add-ins
Disabled Application Add-ins
No Disabled Application Add-ins

Add-in: Solver Add-in

Publisher:

Compatibility: Mo compatibility information available

Location: C\Program Files p@E6)\Microsoft Office\Officel4\Libran\5OLVER\SOLVER. XLAM

Description: Tool for optimization and equation solving

Manage: |Excel Add-ins EI

ok || cancel

To run application correctly, check the checkbox “Solver Add-in” and click “OK”. You need to do
this step only once when first opening the application.

Once you are done with this step, click on the option “Open” in the main menu which let you
choose the application saved on your disc.
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Add-Ins available:

Actuarial Functions

Analysis ToolPak

Analysis ToolPak - VBA
Euro o = Tools

Saolver Add-n

Solver Add-n

Tool for optimization and equation solving

3. DEMO VERSION AND ACTIVATION

After opening the application, you will be informed about running the demo version. Now you
can only run the demo version until you insert the valid product key. In the demo version you can
only use the sample data provided inside the demo. Click “OK” to continue.

o= _——— e

You are running the demo version of Yield curve fitting.

In this demeo version you are limited to perform all the calculations
only with sample data provided with this derno version,

oK
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Now only the demo version is active. If you want to run the full version of the application, click

on the button “Activate” otherwise continue in the demo version by clicking on the button
“Demo”.

| e

Yield Curve Fitting

I| Registration key: A97E7-BSBCH-EFDCD-E3ELAZ-T4BCS

Froduct not actiwvated

Version 1.07 AC‘I‘I'I.:'ATEl DEMO |

e e e e —————

To get the Activation key, go to the web site www.tools4f.com and purchase the application.

Once the license is ordered and paid, to your e-mail you will be sent the Activation key. After
receiving the Activation key, copy it to the box “Activation key” and you can activate the full
version of this application with the button “Activate product”.

NOTE: The Activation key is generated based on the Registration key provided by this
application and the both keys are unique to this computer only. You will not be able use neither
the Registration key nor the Activation key on any other computer. Please make sure you are
using the correct Registration - Activation key pair, as once activated on your computer it will
not be possible to move and run the activated application on another computer.
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L o
Registration key I LRRCH-DSKGF-CCKMK-CANP.J Copy to dipboard
| Activation key I Activate product
Purchase now from Tools4F.com | Cancel

IMPORTATNT NOTICE: The Activation key is (or will be) generated based on the
Registration key provided by this application and the both keys are unique to this computer
only. You will not be able use neither the Registration key nor the Activation key on any
other computer. Please make sure you are using the correct Registration-Activation key
pair, as once activated on this computer it will not be possible to move and run the
activated application on another computer.

From now on, you can use all functions of the application.

4. USING THE APPLICATION
5. INPUTS

The first thing you should do is to fill in the input data. That means the information about the
financial instruments which form your portfolio, necessary to determine the YC. These might be
sets of bonds or interest rate swaps (IRS). The following information must be filled:

e Valuation date (The button “Select date” allows you to select the date related to the
market data)

e Name (of the bond or IRS, for the identification)

e Coupon rate (p.a., the total amount of coupons paid per year and divided by the bond's
face value)

e Coupon frequency (1 — annually, 2 — semi-annually, 4 - quarterly and 12 - monthly)
e Maturity (the date)

e Clean Market Price (The price of a bond excluding any interest that has accrued since
issue or the most recent coupon payment.)
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e Or Yield to Maturity (The internal rate of return (IRR, overall interest rate) earned by an
investor who buys the bond today at the market price, assuming the bond will be held
until maturity, and that all coupon and principal payments will be made on schedule.)
This yield to maturity corresponds to the clean market price.

e Weights (They are used to find parameters of the relevant yield curve fitting methods
using numerical method of weighted least squares. This may express the degree of your
confidence in the market data of the financial instrument.)

‘ NOTE: The maximum number of instruments is 100 and maximum time to maturity is 50 years. |

After this step, you have to choose one of the five input time conventions “Input day count
convention” which belongs to the entire input set of instruments (to know more about time
conventions and calculation of the time interval, see the chapter called Technical
documentation). You can select 30US/360, Act/Act, Act/360, Act/365 or 30E/360. You are
required to select “Output day count convention” for resulting yield curves. The same values can
be selected as in the previous step: 30US/360, Act/Act, Act/360, Act/365 or 30E/360 (see the
explanation of time convention in the chapter called Technical documentation).

Valuation Date 30.11.2012 | Select date | Run estimation ‘ Clearall r
Input day count convention 30US/360
Output day count convention 30U5/360 -
&0 r
ActfAct Enter one or both according to market data.
Act-:m At leastone mustbefilledin!
Actf385 . L
30E/360 i T MARKET DATA ) |
H 2 3 4 5 \‘:\ "\' 7 [
|
\ Yield To
Clean Market™ Maturity
Price - guoted |
- quoted (p-a.)
-filled if -filled if
Coupon rate Coupon inputs are  inputs are
I Name (p.a.) freq. Maturity MVs ¥TMs Weights
1 EC804906 Corp 4,50% 1 |+ 4.1.2013 0,485% 1,0
2 EDO33382 Corp 3,75%0 i 4.7.2013 0,595% 1,0
3 ED195422 Corp 4,25% 4.1.2014 0,678% 1,0
4 ED463939 Corp 4,25% 4.7.2014 0,789% 1,0
5 ED698221 Corp 3,75%0 4.1.2015 0,902% 1,0
6 ED936651 Corp 3,25% 1 4.7.2015 0,997% 1,0
7 EF172933 Corp 3,50% 1 4.1.2016 1,137% 1,0
B EF404897 Corp 4,00% 1 4.7.2016 1,256% 1,0
9 ZZ207104 Corp 5,63% 1 20.9.2016 1,333% 1,0
10 EFS831838 Corp 3,75%0 1 4.1.2017 1,374% 1,0
11 EG454536 Corp 4,25% 1 4.7.2017 1,468% 1,0
12 EH375794 Corp 4,25% 1 4.7.2018 1,631% 1,0
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There is the Clear all results button in the <Inputs> sheet. You can use it to reset all output yield
curves (both annual and monthly), and also to erase all loaded and calculated values from each
sheet.

Clear all results

6. SOLVING THROUGH THE USER FORM

Calculation through the user form is recommended.

As the necessary inputs are specified in the <Input> sheet, the specific methods and parameters
for the yield curve construction can be set by pressing the “Run estimation” button, which opens
the form below. It is very easy to set up all the parameters through the user form.

Run estimation

Yield curve fitting for Windows User Guide September 2012
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| General INS, NS5, 5-W | Cubic splines | Linear interpolation I | Linear interpolations 11 |

Select methods for estimation

[v mMelson-Siegel

¥ Swenson

[¥ Smith-Wilson

|w Cubic splines interpolation

|w Linear interpolation of spot rates

|w Linear interpolation of discount factors

¥ Linear interpolation of 1-Year forward rates

|w Linear interpolation of par rates

Calculate Cancel

All the methods of yield curve construction will appear in the first tab named General at the top
of the menu. There is a selection of eight possible methods:
e Nelson-Siegel

e Swenson

e  Smith-Wilson

e Cubic splines interpolation

e Linear interpolation of spot rates

e Linear interpolation of discount factors

Yield curve fitting for Windows User Guide September 2012
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e Linear interpolation of 1-Year forward rates
e Linear interpolation of par rates

You can use the “Select all/Unselect all” checkbox for faster selection. To set specific parameters
for each of the individual methods, click on the corresponding tab name located at the top of the
menu.

NS, NSS and S-W tab

Generally there are two options for fitting - DMP = Dirty Market Price or YtM = Yield To Maturity.
These two fitting options could be set for the following methods: Nelson-Siegel, Swenson, Linear
interpolation spot rates, discount factors, forward rates and par rates. For Smith-Wilson method
and Cubic splines interpolation use fitting to dirty market price only.

You also have a possibility to delete the input boxes for each set of input parameters using the
“DPM clean”, “YtM clean”, “Clean” or “Time clean” buttons in the user form. This could be very
useful in case the input boxes contain the parameters loaded from the last configuration.

The buttons “... default” allow you to load the default value of parameters (if the boxes are
empty).

Recommended parameters mean the “standard” start values of input parameters (inspired by
related literature).

Yield curve fitting for Windows User Guide September 2012
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General M5, NS5, 5-W ICubic spline | Linear interpalation I | Linear interpolations II |
Select methods for estimation and fill parameters
¥ Nelson-Sieqel Method Parameters for fitting to Parameters for fitting to Default
¥ Nelson-Siegel Metho Dirty Market Price Yield To Maturity parameters
Parameters are fitted to:
Beta 0 I 0,038 I 0,0357 Beta 0 = 4,5%
[ Dirty Price
-0,038 -0,0319 —
DM dear Beta 1 | d | r Beta 1= -4%
Beta2 | 00294 | 0,041 Beta 2 =0
[V ield to Mat
2,3676 2,0004 —
YiM dlear Gamma I 4 I T Gamma = 2
v S Method Parameters for fiting to =~ Parameters for fitting to Default
¥ Swenson Metho Dirty Market Price Yield To Maturity parameters
Parameters are fitted to:
Beta 0 I 0,038 I 0,0379 Beta 0 = 4,5%
[ Dirty Price
-0,038 -0,0379 —
DMP dear Lea I ' | : Beta 1= -4%
Betaz | 00519 | -0,0524 Beta 2 =0
IV ield to Mat
0,0215 0,0219 -
ViM dlear Beta 3 | 4 | " Beta3=0
Gamma 1 I 2,0031 I 2,0014 Gamma 1 =2
Gamma 2 I 1,0037 I 1,0012 Gamma 2 =1
Smith-Wison Method ~ Hltmate forward | 0,042 UFR = 4,2%
Iv (fitted to Dirty 2
Market Price Al
) L= 0,1 Alpha = 0,1
Clear |
Calculate Cancel

Entering all desired parameter values is validated in order to avoid possible wrong values. If
wrong values are entered into the box, e.g. text string, warning notification will appear (as shown
in the picture below). If you are not sure about the right values, you can load the default values
by using the “DMP (YtM) clean/ DMP (YtM) default” button.

NOTE: The default parameters are the ones inspired by literature, however, other starting
points may result in a better fit.
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General M5, NS5, 5-W ICubic spline | Linear interpolation I | Linear interpolations 11 |

Select methods for estimation and fill parameters

Parameters are fitted to

|w Dirty Price

The rules above apply to tabs NS, NSS, S-W.

Cubic splines and linear interpolation

¥ Nelson-Siegel Method Parameters for fitting to Parameters for fitting to Default
¥ Nelson-Siegel Metho Dirty Market Price Yield To Maturity parameters
Parameters are fithed to:
Beta 0 | 3 | 0,0387 Beta 0 = 4,5%
|W Dirty Price
-
2=0
V' Yield to Mat Please fill in valid format of parameter, For example: 0,015 or1,5%
i clear

v Swenson Method

In these tabs, the methods require the time parameter - Cubic splines, Linear interpolation | and
Linear interpolations Il (for more information see the Technical documentation chapter).

Cubic splines method could only be fit to DMP as it is shown in the picture below. The buttons

“..clean” and “...default” are also available there.

If you need more information about the knot points or cubic splines method, see the Technical

documentation chapter.
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General | MS, M5S, 5w Cubic spline ILinear interpolation 1 | Linear interpolations II |
Select methods for estimation and fill parameters
|v iCubic splines method fitted to Dirty Market Price
Time dear | DMP clear
— Knot points
vears [t [z s |s | |
Months Ig jln jln jID jl jl j Default
parameters
Parameters
. | 1 | 0,999 | 0.9984 | 0,0933 | | a=1
b | 0.0058 |-n.nnzs | 0.0018 |-0.D[123 | | h=0
c | 0.0019 | 0.0011 | 0.0015 | -0.0014 | | c=0
d | 10,0012 | 0.0002 | 10,0001 | -0.0002 | | d=o

The entering of parameters for linear interpolation will be shown on the method of linear
interpolation of spot rates as an example.

As you can seen in the picture below, the first time parameters are disabled because their value
must always be the same. 0 years and 0 months signify the beginning from which the rates are
linearly interpolated (for more information see the Technical documentation).

The checkbox placed on the left next to these allows you to consider the rates as variables at this
time (if checked) or as unchanging constant while searching the solution.

In the second row, you can possibly specify the time interval from the valuation date. In this
example, the zero rate for 1 year and 10 months is 1 %. The actual number of days between
valuation date and valuation date + 1 year and 10 months is subsequently converted according
to the specified input conventions in the calculation procedure.

Yield curve fitting for Windows User Guide September 2012
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General | NS, NS5, 5-W | Cubic spline  Linear interpolation I ILinear

Select methods for estimation ana

[V Linear interpolation of spot rates
Rates are fitted to: W Dirty Price | Yield to Mat

Time dear | DMP clean | ¥t dean

Time period from Spot Rates for  SpotRates for
valuation date fitting to dirty fitting to ield
Vears  Months market price to Maturity
elo o= fo | o
| 1 1 j 0,01 | 0,01
4 -
I 2 5 | 0,01
5]
3 7 | 0,02
8
9
(5  Eo—— [ 002
11 il
| 10 0 j | 0,02 | 0,02

The principle of entering the parameters is the same for all other methods: Linear interpolation
of discount factors, linear interpolation of 1-Year forward rates and linear interpolation of par

rates.

Once the parameters are filled-in, the “Calculate” button allows you to start the calculation
process. The progress bar will appear and indicate the progress and the state in which the process
is found.

Progress | 1

Saolver YtV Swenson. ..

29 %

Yield curve fitting for Windows User Guide September 2012
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Once all the calculations are complete, the progress bar disappears and the resulting yield curves
are available in the <Outputs> and <Outputs monthly> sheets. There are interest rates in the
output convention which were selected in the <Inputs> sheet.

In the <Outputs> sheet, annual interest rates for each method are displayed — zero (spot) rates,
1-year forward rates, continuously compounded zero rates and par rates. Corresponding graphs
are an integral part of the <Outputs> and they are placed in the lower part of the sheet.

Zero (Spot) Rates Zero Spot Rates
Nelson-Siegel (DMP) 0,38% 0,74% 1,06%

Nelson-Siegel (YtM) 0,64% 0,85% 1,10%

Svensson (DMP) 0,74% 0,96% 1,13%

Svensson (YiM) 0,73% 0,92% 1,11%

Cubic spline (DMP) 0,66% 0,88% 1,13%

Smith-Wilson (DMP) 0,67% 0,89% 1,13%

Lin - Inter - Spot (DMP) 0,67% 0,86% 1,15%

Lin - Inter - Spot (YtM) 0,69% 0,85% 1,12%

Lin - Inter - DF (DMP) 0,64% 0,85% 1,11%

Lin - Inter - DF (YtM) 0,63% 0,83% 1,13%

Lin - Inter - Forward (DMP) 0,70% 0,87% 1,13%

Lin - Inter - Forward (YtM) 0,73% 0,82% 1,18%

Lin - Inter - Par (DMP) 0,62% 0,86% 1,10%

Lin - Inter - Par (YiM) 0,57%  0,86%  1,11% e

The <Outputs monthly> sheet is another possibility of the output, which shows the curves of
monthly interest rates. This applies to zero (spot) rates, 1-year forward rates, 1-month forward
rates and continuously compounded zero rates. It is obvious the <Outputs monthly>also contains
the corresponding graphs.

Zero (Spot) Rates

Nelson- Nelson- 5 5 Cubic

pous Bieacl (DMP) (YtM) Sl

(DMP) (YtM) (DMP)
0,03% 0,55% 0,11% 0,42% 0,64%
0,06% 0,55% 0,21% 0,46% 0,63%
0,10% 0,55% 0,30% 0,50% 0,63%
0,13% 0,56% 0,37% 0,53% 0,62%
0,16% 0,56% 0,44% 0,56% 0,62%
0,19% 0,57% 0,50% 0,59% 0,62%
0,22% 0,58% 0,55% 0,62% 0,63%
0,26% 0,59% 0,60% 0,65% 0,63%
0,29% 0,60% 0,64% 0,67% 0,64%
0,32% 0,61% 0,68% 0,69% 0,64%
0,35% 0,63% 0,71% 0,71% 0,65%
0,38% 0,64% 0,74% 0,73% 0,66%
0,41% 0,65% 0,77% 0,75% 0,68%
0,44% 0,67% 0,79% 0,76% 0,69%
0,47% 0,69% 0,82% 0,78% 0,71%
0,50% 0,70% 0,84% 0,80% 0,73%

7. SOLVING THROUGH EACH SHEET

Yield curve fitting for Windows User Guide September 2012
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You can also run the calculation of individual methods of the yield curve construction from each
of the sheets.

Nelso-Siegel, Swenson and Smith-Wilson sheets

In the first step you should specify the parameters — e.g. beta0, betal, beta2 and gamma in the
sheet <Nelson-Siegel>. The minimization cell is a cell in which there is the sum of squared
differences of model and market prices, or model and market yield to maturity. The optimal
solution is found by minimization of this cell.

The variables from the <Inputs> sheet and parameters set are loaded by pressing “Entry
parameters”. The variables from the <Inputs> sheet will be shown in the lower part of the active
sheet.

Use the “Clear all” button to delete all calculated values and to load input parameters displayed
in this active sheet. This will delete all variables except for the parameters in the upper part of
the sheet.

You have a possibility to find the solution for fitting a method separately. Press the “Solve for N-
S parameters (fitted to Dirty Market Price)” button to find the solution by fitting to Dirty Market
Price. Likewise, press the “Solve for N-S parameters (fitted to Yield to Maturity)” button to find
the solution for fitting to Yield to Maturity.

The “Solve for ...“ buttons allow you to start the fitting procedures with upgraded parameters
again.

NOTE: It is highly recommended to load the variables and entry parameters again (by clicking

on the “Load parameters” button) with each update.

The <Smith-Wilson> sheet contains only the “Solve for Smith-Wilson Method (fitted to Dirty
Market Price)” and “Clear all” buttons. Loading of the input parameters is not necessary in this
case. This method creates an exact model of dirty market price. Explanation is to be found in the
Technical documentation chapter.

Yield curve fitting for Windows User Guide September 2012
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NELSON-SIEGEL MODEL

Fitted to
Yield to
Paramelers Maturity Load parameters Clear all
3,67%
-3,80%| -3,19%
-0,0401
2,0004

Solve for N-S parameters Solve for N-S parameters
(fitted to Dirty Market Price) (fitted to Yield To Maturity)

Cubic splines sheet

In the Cubic splines sheet, there is just one option of fitting — Dirty Market Price. The idea of
range of cells named Conditions is explained in the Technical documentation chapter.

Linear interpolation sheets

The work with time parameters is a little bit different in these sheets. The first time parameter
marked in blue represents the overnight rate. In the <Lin_Inter_fw> sheet, there is also the
second parameter marked in blue, which means 1-year forward rate from 0 years to 1 year, i.e.
1 year zero rate. These time parameters cannot be changed.

The zero interest rate in the time 0 is the beginning of the interpolation and, as in the user form,
there is also the option to consider this rate as a variable if “Enable to solve” is checked or as an
unchanging constant if the “Enable to solve” is not checked.

If you want to use months as a parameter, the notation has to have the structure “=1+10/12" in
the cell, as you can see in the picture below.

Note that the bonds with maturity higher than the last value of the time parameters are naturally
not relevant for this analysis.

NOTE: Time parameters must be sorted in ascending order.

Yield curve fitting for Windows User Guide September 2012
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Fitted to | Fitted to

Dirty Yield to

Parameters (time Price Maturity
100,00%( 100,00%

=1+1Df121 99, 52% 99,61%
2 98, 78% 98,70%

3 a7, 60% 97 ,63%

5| ©93,53%| 93,38%

10| 80,92%| 81,11%

0,10% 0,10%

0,10% 0,10%

0,10% 0,10%

0,10% 0,10%

0,10% 0,10%

Enable to solve

You can also see the annual output rates of each method in the corresponding sheets (as shown

in the pictures below).

2 ] 4
0,87% 1,13% 1,39%
1,04% 1,65% 2,17%
Outputs: Par Rate {DP
2 3 4
0,87% 1,12% 1,38%
Outputs: Fitted to Yield to Maturity
2 ] 4
0,82% 1,18% 1,37%
0,92% 1,91% 1,91%
Outputs: Par Rate {YiM
1 2 ] 4
0,73% 0,82% 1,18% 1,36%
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Comparison Dirty Market Price and Modeled Dirty Price Comparision of Yield to Maturity and
Modeled Yield to Maturity

8. TECHNICAL DOCUMENTATION
9. NELSON-SIEGEL MODEL

Nelson-Siegel model is described by continuous spot rate at given time t, where t is positive.

_atly _atly
-+ o) . )+ﬂ2*(—(1 0y )—e“”j ()

where

Lo, By, B,y are parameters that determine the shape of the yield curve.
The value of 5,>0, determines an asymptote of the zero coupon yield curve.
B, + B> Qs interpreted as the instantaneous spot rate.

This parameter g > 0 could be interpreted as a curvature of the function eventually as a

difference between long-term and short-term spot rate.

Formula (1) can be also rewritten as follows:

r(t) :ﬁo *ho(t)"'ﬂl*hl(t)"'ﬁz *hz (t) (2)
where
hy(t) =1
1-e”
hl (t) = —( )
t/y
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h, (t) = (—(1_e_uy)—e“7j

t/y

Thus the spot curve can be seen as a linear combination of three component functions which
represent a flat, sloped and humped curve. Once the function of continuously compounded zero
(spot) rates is known, zero (spot) rates (annually compounded, p.a.), forward rates, par rates and
discount factors at each t, especially discount factors at each time between cash flow payment
dates and valuation date specified from input financial instruments can be calculated. Scalar
product of particular instrument cash flows and discount factors gives modeled dirty price.
Minimizing the sum of squared differences between these modeled dirty prices and Dirty Market
Prices (DMP) results in estimators of parameters f,, 3., 3,, y fitted to DMP. Modeled dirty market

price minus accrued interest gives modeled clean market price and then also modeled Yield to
Maturity (YtM), which corresponds to the Clean Market Price. Minimizing the sum of squared
differences between modeled YtM and market YtM, we get estimators of parameters

By, B, B, v fitted to YIM.

Default starting values of Nelson-Siegel parameters are in the following table 1.

BO 4,5 %
B1 -4 %
B2 0

Y 2

Tablel: Default starting values of Nelson-Siegel parameters

For more information you can read [4], [5] and [6].
10. SWENSON MODEL

Swenson’s model is a kind of extension of the Nelson-Siegel model following an idea of adding
an additional hump-shaped element (ha(t)) in order to better fit the yield curve shapes.
(Particularly this additional element is needed for fitting long-term instruments.)

Swenson model is defined by continuous spot rate function:

r(t) =5, *he (1) + 4, *h (1) + 5, *h, (1) + 55 *hy (1) (3)

where

DBos Pis Bas Psr 71, ¥, are parameters that determine the shape of the yield curve and

hy (t) =1
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Thus, as it can be seen, the spot curve is a linear combination of four element shapes — a flat,
sloped and two humped curves. Once the function of continuously compounded zero rates is
given, spot rates (discretely compounded, p.a.), forward rates, par rates and discount factors at
each time can be calculated. Thus discount factors at each time between cash flow payment
dates and valuation date specified from input financial instruments are obtained. Scalar product
of particular instrument cash flows and discount factors gives modeled dirty price. Minimizing
the sum of squared differences between these modeled dirty prices and Dirty Market Prices
(DMP) results in estimators of parameters S,, 3., 5,, 7., 7, fitted to DMP. Modeled dirty market

price minus accrued interest gives us modeled clean market price and then also modeled Yield
to Maturity (YtM), which corresponds to Clean Market Price. Minimizing the sum of squared
differences between modeled YtM and market YtM gives estimators of parameters

Lo, By, By v, v, fitted to YIM.

Default starting values of Swenson parameters are in the following table 2.

BO 4,5 %
B1 -4 %
B2 0

B3 0

vl 2

y2 1

Table2: Default starting values of Swenson parameters

For more information you can read [5] and [6].
11. SMITH-WILSON MODEL

The aim of this method is to assess the discount factor P(t) for all maturities t, t> 0. Input
parameters of this method are macroeconomic ultimate long term forward rate (UFR) and alpha
(cx). UFR is reached asymptotically.The extrapolated forward rates converge faster to UFRfor
higher alpha (mean reversion).
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Suppose that we have N financial instruments as input and J is the number of different dates at
which a cash payment has to be made. Denote m; as the market price of instruments i at valuation
date, fori=1, 2, 3,...N. The cash flows ci1, ciz, ...,cjj of instrument i at time uz, uy, ..., u.

JORSLE (Zc, *W(t,uo}t =0 )
i=1 j=1

WhereW (t,U;) is symmetric Wilson function definedas:

Wi, Uj) _ g URRMIH) {a *min(t, u, ) _015*e—a*min(t,uj-) *(ea*min(t,uj) _e—a*min(t,uj))} (5)

,i=1,2,3,.., N, areunknown parameters needed to fit the actual yield curve.
J
m. =Zci’j *P(u;),i=1,2,..N

1
j=L

In vector space notation we can find the parameters ¢ as follows:

g=(cweT) (m-cp)
with:

C= Ci;i=1,2,..N;j=1,2,..Jis the cash flow matrix,
W=W(ui,uj)i =1,2,..J;j=1,2,..Jis the matrix of certain Wilson functions.

m=(m,m,,....,my )" is the vector of market prices.

~UFRs; o ~UFRU, —UFR#,
)

yeedf )" is the vector of asymptotical long term behavior of discount

n=_(e
factor.

Now we can plug these parameters ¢,¢,,...{ into the discount functionP(t) (4) and get the

discount factors for all maturities. Once we have these discount factors, we can calculate spot
rates, forward rates, par rates etc.

Default starting values of Smith-Wilson parameters are in this table 3.

UFR 4,2 %
a 0,1
Table3: Default starting values of Smith-Wilson parameters
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For more details you can read the paper [4].
12. LINEAR INTERPOLATION METHODS

Four linear interpolation methods of spot rates, discount factors, par rates and 1-year forward
rates can be found in the tool. For linear interpolation methods, following formula is used:

t—t t -t
R(t) = ot R(t,)+ L _t R(t.) (6)

I i-1 I i-1

which is defined forti.1< t <t;, where Ry are discretely compounded zero rates, discount factors,
1-year forward ratesor par rates according to the selected method.

A basic approach to creating yield curves is similar for all linear interpolation methods. Input
financial instruments determine cash flow payments at each cash flow payment dates. Output
yield curves arecreated from modeled dirty prices (or modeled Yield to Maturity calculated from
modeled clean prices). Modeled dirty prices are calculated as the scalar product of cash flows
and discount factors. Finding discount factors as a function of entered rates is therefore a crucial
part of constructing yield curves. Minimizing the sum of squared differences between these
modeled dirty prices and Dirty Market Prices (DMP) providesoptimal values of entered
interpolated rates fitted to DMP.Optimal values of entered rates fitted to Yield to Maturity (YtM)
are obtained by minimizing sum of squared differences between modeled YtM and market YtM.

13. LINEAR INTERPOLATION OF SPOT RATES

Times between cash flow payment dates and valuation dateare defined from input financial
instruments. Oncethe spot rates at each timeof particular cash floware known by using the
formula (6), it can be used the procedure of constructing yield curves described in the paragraph
4.4,

Please take into account that the first time parameter (0 years and 0 months, which cannot be
changed) indicates the beginning from which the spot rates are linearly interpolated.

For more details you can read the paper [2].
14. LINEAR INTERPOLATION OF DISCOUNT FACTORS

Findingof discount factor between two time parameters is equivalent to linear interpolation of
spot rates method and thus similar formula to (6) is used, whereR(t)represents the entered
discount factor.
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Once discount factors at each time of particular cash flow related to input financial instrument
are known, it can be used the procedure of creating output yield curves, which was described in
the paragraph 4.4.

Please take into account that the first time parameter (0 years and 0 months, which cannot be
changed) signifies the beginning from which the discount factors are linearly interpolated.

For more details you can read the paper [2].
15. LINEAR INTERPOLATION OF PAR RATES

Assume that we have n-year Interest rate swap (IRS) with fixed par rate and n-year coupon bond
with coupon rate equal topar rate at the par value. Thus Market value of coupon bond is 1 and
its Yield to Maturity is equal to par rate. The possible terms of IRS are integer years 1, 2, ...50 in
the tool. For each year up to last entered time parameter discount factor at particular time is
calculated by bootstrapping as:

t-1
1- par _rate, * > a; *P(i)

P(t) — - t=1 , (7)
1+a, ™ par _rate,

where o is accrual factorwhich reflects time convention.

It is necessary to know discount factors up to year t-1 for using the formula (7). Thus par rates at
the not entered integer years (up to t-1) are linearly interpolated by using the formula (6).

Linear interpolation (formula (6)) of discount factors calculated from the formula (7)is used to
determine discount factors at each time of particular cash flow related to input financial
instrument. Once the discount factors are known the procedure described in the paragraph 4.4
can be applied for constructing yield curves.

16. LINEAR INTERPOLATION OF 1-YEAR FORWARD RATES

In this method 1-year forward rates are the input parameters. In addition it has to be filled in
parameter in 0 years and 0 months(overnight spot rate and also 1-year spot rate from 0 year and
0 months (i.e. 1-year forward rate from 0 to 1). These two necessary parameters are used for
calculation of the spot rate for cash flows that lie between 0 year and 1 year (i.e. the first element
of formula (8)).If this spot rate is known, zero rate (and then discount factor) foreach time can be
calculated by using the following formula (discrete compounding).
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A+R)' *A+F)*A+F,.,)..*A+F,, ) =1+R, )" (8)

whereR; is the spot rate between 0 and 1 year and Fsn,1 is 1-year forward rate from time t+n.

At the first step the spot rate between 0 and 1 year was found and subsequently 1-year forward
rates in the formula (8) was calculated based on formula (6).

Once thespot rates at each time(and then discount factors) of particular cash flow related to
input financial instrument are known, the procedure of constructing yield curves in theparagraph
4.4 can be used and then optional estimators of entered 1-year forward rates are obtained.

17. CUBIC SPLINE INTERPOLATION

This method is also called piecewise polynomial interpolation. It is used third degree
polynomialfunction, which determines a discount factor function. Time interval of interpolated
part is dividedinto n knot points t;, where i =1, 2,...n (in the tool the maximum number of entered
knot points is 6). In each i-th part of time interval (1 <= i<= n-1) the polynomial formula is
following:

DF(t)=a, +b, *t+c *t*+d *t> t<t (9)

Three additional conditions must be met:

e The interpolated values at each end of the interval must be equal to input values (i.e.
discount factors in particular time).

e Derivative continuity: the first and second derivatives are equal to the left and to the
right in each knot pointfori=1, 2, ..n—1.

e DF0)=1
Note: You can see cubic polynomial in the following form:

DF(t)=a, +b, (t—t;) +¢ *(t—t)* +d, *(t—t)°,t, <t <t

i+1
It has no effect to fit, possible changes can be found in g, b;, ¢;, d; estimates.

Once discount factors at each time of particular cash flow related to input financial instrument
are known, it can be used the procedure of creating output yield curves, which was described in
paragraph 4.4.
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For more details you can read the paper [2].
18. TIME CONVENTIONS

In linear interpolation methods and cubic spline interpolation it is necessary to find time period
between valuation date and date of cash flow payment of the financial instrument. Modified
Following Business Day Convention is used for this purpose. Modified Following Business Day
Convention is aprocedure used for adjusting payment dates that respects days that are not
TARGET Business Days.

TARGET Business Day is a day (other than Saturday or Sunday) on which the Clearing System and
the Trans-European Automated Real-Time Gross Settlement Express Transfer System (TARGET)
are open.

If payment day falls on Saturday or Sunday then it is rolled forward to the next TARGET Business
Day, unless that day falls in the next calendar month, in which case the payment day rolls
backward to the immediately preceding TARGET Business Day.

This procedure uses traditional day count conventions (30US/360, Act/Act, Act/360, Act/365,
30E/360), but the date of cash payment is changed as mentioned above.

For more details about computing traditional day count conventions you can read the paper [2].
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