TAB: SUMMARY OF THE RESULTS

Model Parameters

Model Output

Interest rate model Vasicek 1 Bond actual value -99.05
Credit rating BB- Bond bullet value -100.00
Maturity term 5.0 Bond option value 0.947
Coupon rate 4.79% Bond coupon rate (MYCA rate)
dt 0.25 Length of the tree step (in years) Coupon frequency 2
Short-term yield rate at t=0 3.444% Calibrated so that bond value = par First period duration 0
Drift parameter (9) 0.575% Calibrated from the term structure Remaining period duration 5.0
Mean-reversion parameter (a) 0.000% Default value is zero First period discount factor 1.000
Volatility (o) 0.759% Estimated using historical data sample Annuity adjustment factor 4.4001
Bond option premium / discount 0.215
Testing Process Summary
Model name Bullet value My fos Number of Markov process states 31
This numerical model -100.00 6.32% 1.69% Terminal distribution mean 6.316%
Vasicek -99.68 6.32% 1.70% Terminal distribution stdev 1.690%
Cox-Ingersoll-Ross (CIR) Bond price (dirty/full) -99.052
Hull-White, extended Vasicek -99.66 6.32% 1.70% Bond price bullet (dirty/full) -99.999
Hull-White, extended CIR -99.59 6.32% 0.00%
Difference between numerical model and -0.32 0.00% 0.01%

theory

Markov process models

Vasicek

Cox-Ingersoll-Ross (CIR)
Hull-White, extended Vasicek
Hull-White, extended CIR
Other



TAB: BOND PARAMETERS

Terms Schedules

Generalparameters  Bondamortizationschedule
Parameter Value Description Period Value Description

T (Covered Transaction) 5.00 Covered Transaction term to maturity 1 0% % of bond amortization in period t=0
T (tree) 5.00 2 0% % of bond amortization in period t=2
dt 0.25 Time increment 3 0% % of bond amortization in period t=3
principal 100.0 Bond principal amount 20 100% % of bond amortization at maturity
coupon-rate 4.79% Coupon / dividend rate

coupon-frequency 2 Coupon payment frequency (measured in the # of tree periods) amortization map java.util.LinkedHashM Bond amortization schedule

n (Covered Transaction) 21 Number of periods in the tree that measure the bond life

n (tree) 21

Period Value Description Parameter Value Description
1 0.00% Bond redemption premium in period t=0 interest deferral period 0 The latest coupon payments deferral period
20 0.00% Bond redemption premium in period t=3 is compounded 1 1if deferred interest is compounded and zero otherwise
40 0.00% Bond redemption premium at maturity

redemption premium java.util.Linke Premium at which the bond is redeemed if option is exercised

Value
call

Parameter
option

Description
Option type (put or call)




TAB: OPTION CALCULATION FOR A SAMPLE OF BONDS/NOTES Valuation Date 2-Mar-18 Parameters
Max remaining tet 5.00 period end 20 List of keys java.util. ArrayList@Sun, 24 Jun 2018 13:20:43:690..380214678¢
Assumptions: dt 0.25 List of bond data java.util.ArrayList@Sun, 24 Jun 2018 13:20:43:699..292510975¢
1 The same interest rate tree (same volatility and other parameters) is used for each option calulation coupon rate 4.79% Bond sample cash flows  java.util.ArrayList@Sun, 24 Jun 2018 13:20:43:898..1703564851
2 The coupon rate and coupon frequency of the Covered Transaction are used for each option calculation coupon frequency 2 Bond sample prices java.util.ArrayList@Sun, 24 Jun 2018 13:20:44:501..534398940¢
3 Effectively terms of each bond in the sample are adjusted to the terms of Covered Transaction but assumed maturity term 5.00
to have bond-specific prepayment penalty structure annuity adjustment 4.40
Covered Transaction premium 0.22
Bloomberg Data 10 Derived Data
. Maturity Make?WIl_ole Redemption Remaining ReElilig Coupon Coupon Make-\_/\/hole Redemption B Bond . . Annulty Opt.lon Option
# Ticker Issuer Name Termination N . Tenor Remaining ) N Bullet . Option Price Adjustment Premium / .
Date Premium, in % Tenor N Rate Frequency R Premium, in % N Price ~ Adjustment
Date (adjusted) Duration Price Factor Discount
redemption-
tenor, years MWC years ten_or'- coupon-rate SRR make-w_hole— eElRy premium-post- % years bps bps
remaining frequency duration slope
make-whole
1 EK775769 Corp  CDW LLC/CDW FINANCE 1-Sep-23 1-Mar-18 3.75% 5.50 0.00 5.00 4.79% 2 0.00 0.68% 3.41% -100.00  -99.75 0.25 4.40 0.06 -0.06
2 EK623646 Corp CDW LLC/CDW FINANCE 1-Dec-24 1-Jun-24 0.00% 6.75 6.25 5.00 4.79% 2 4.63 0.00% 0.00% -100.00 -99.96 0.04 4.40 0.01 -0.01
3 JK984281 Corp PTCINC 15-May-24  15-May-19 4.50% 6.20 1.20 5.00 4.79% 2 0.97 0.90% 3.63% -100.00  -99.82 0.18 4.40 0.04 -0.04
4 LW445537 Corp  NUANCE COMMUNICATIONS 1-Jul-24 1-Jul-19 4.50% 6.33 133 5.00 4.79% 2 1.05 0.90% 3.55% -100.00 -99.84 0.16 4.40 0.04 -0.04
5 EK884818 Corp  MICRON TECHNOLOGY INC 15-Jan-24 1-May-18 3.94% 5.87 0.16 5.00 4.79% 2 0.14 0.69% 3.35% -100.00  -99.74 0.26 4.40 0.06 -0.06
6 EK281889 Corp COMMSCOPE INC 15-Jun-21 15-Jun-17 2.50% 3.29 0.00 5.00 4.79% 2 0.00 0.76% 3.80% -100.00 -99.78 0.22 4.40 0.05 -0.05
7 EK281901 Corp  COMMSCOPE INC 15-Jun-24 15-Jun-19 2.75% 6.29 1.29 5.00 4.79% 2 1.02 0.55% 2.19% -100.00  -99.69 0.30 4.40 0.07 -0.07
8 EK477772 Corp AMSTED INDUSTRIES 15-Sep-24 15-Sep-19 2.69% 6.54 154 5.00 4.79% 2 1.18 0.54% 2.05% -100.00 -99.68 0.32 4.40 0.07 -0.07
9 EK614026 Corp  MOOG INC 1-Dec-22 1-Dec-17 3.94% 4.75 0.00 5.00 4.79% 2 0.00 0.83% 4.15% -100.00  -99.81 0.19 4.40 0.04 -0.04
10 EK106995 Corp AMSTED INDUSTRIES 15-Mar-22 15-Mar-18 2.50% 4.04 0.04 5.00 4.79% 2 0.04 0.63% 3.10% -100.00 -99.71 0.29 4.40 0.06 -0.06




TAB: INTEREST RATE TREE PARAMETERS

Interest rate tree and tree calculator parameters

Transition probability functions

Parameter Value Description Parameter Value Description

Input parameters Drift function jkr.datalink.lib.data.math.factory.Factor  Diffusion drift function object

model Vasicek Volatility function jkr.datalink.lib.data.math.factory.Factor  Diffusion dvolatility function object

theta 0.57% Drift parameter, &

sigma 0.76% Standard deviation parameter, ¢ Derived parameters

alpha 0.00% Diffusion mean reversion parameter, o (M- 01/2) x dt 0.14% Adjusted one-period drift parameter

gamma 1.07% Diffusion heteroscedasticity parameter, y Yo 3.07% Initial short-term yield rate (prior to curve shift)

Treeparameters

Parameter Value Description Movement direction a; pi Restrictions on the

States up 1.732 0.17 sa’xp=1

dx-down 3.00 Normalized downward change in state over dt period (Xmi, = E X1 - 21 X dXgown) zero 0.000 0.67 Ip=1

dx-up 3.00 Normalized upward change in state over dt period (xpax = E Xr + 21 X dXyp) down -1.732 0.17

X-min -10.0% Lower boundary on minimum state value

X-max 20.0% Upper boundary on maximum state value Q tree structure java.util.LinkedHashMap@

X-count 30 Number of process discrete states {x}

iter-count 10 Number of iterations used to construct o(T, x) - uniform set of states in period T Use tree structure 0 Setto 1if the above tree structure is used
Otherwise, normal approximation is applied

Diffusion tree parameter

Q-adjusted 1 Set to 1 if the tree probabilities are adjusted to match drift and volatility values

Parameter Value Description Parameter Value Description

Calculator option parameters Parameter mappings objects

option call Evaluated option (put or call) process parameters java.util.LinkedHashMap@ Mapping with Markov process parameters
adjust-to-par 1 Set to 1 if the term structure is shifted so that the bullet price equals to par States mapping java.util.LinkedHashMap@ State mapping object

yield 4.79% Coupon rate for which 'adjusted-to-par' term structure is estimated Tree parameters java.util.LinkedHashMap@ Diffusion tree parameter mapping object
yield-min -10% Minimum yield bound in term structure shift search estimation Calculator option parameter mapping  java.util.LinkedHashMap@ Calculator parameter mapping object
yield-max 20% Maximum yield bound in term structure shift search estimation Calculator executed methods list java.util.ArrayList@Sun, 2¢  Calculator option executed methods list object
yield-iter 10 Maximum number of term structure shift iterations

npv-delta 0.1 Maximum difference between bond cash flow yield-based NPV and bond clean price

Calculator option executed methods
par-value

value-option

bond-yields

Estimate the value y, such that the bond bullet value is equal to par
Estimate the bond bullet prices and prices in the presence of the option
Estimate the bond bullet yields and yields in the presence of the option



TAB: INTEREST RATE TREE MODELING
Controlled diffusion tree inputs and objects
Interest rate tree objects

Diffusion tree

Interest rate tree calculator objects

Markov tree calculator
Parameter Value

Parameter Value
T 5.00
dt 0.25
Yo 3.07%

states
process-params

java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:43:699..6313!
java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:40:294..6327!
Drift function jkr.datalink.lib.data.math.factory.FactoryFunctionX1$F1Fn@Sun
Volatility function jkr.datalink.lib.data.math.factory.FactoryFunctionXn$Const@Su
Q tree structure -

parameters java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:43:698..1007!

jeconkr.finance.HW.Derivatives2003.lib.ch23_srm.ShortRateModel@Sun, 24 Jun 2018 13::

Tree output parameters

Interest rate tree model jeconkr.finance.HW.Derivatives2003.lib.ch23_srm.Shortt
Covered Transaction cash flows java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:43:74:
Sample bonds cash flows java.util.ArrayList@Sun, 24 Jun 2018 13:20:43:898..1703
Parameters java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:43:70:
Executed methods java.util.ArrayList@Sun, 24 Jun 2018 13:20:43:698..7177

jeconkr.finance.HW.Derivatives2003.lib.ch23_srm.calculator.CalculatorSRM@Sun, 24 Jun 20:

Tree calculator output parameters

Tree keys: Description Tree keys: Description
field Markov tree field field Markov tree calculator field
state-value State values (as a tree) bond-price The full (dirty) price of the bond
tree-states State values (as a list) bond-price-bullet The full (dirty) bullet price of the bond (option-adjusted)
stats-tree-bounds The bounds of the tree (minimum and amximum state path) bond-ytm The bond yield to maturity (based on bond clean price)
Q Transition probabilities (as array for period t) bond-ytm-bullet The bond bullet yield to maturity
P State probabilities (as a tree) mode-action Optimal mode action estimated for the tree
action-switch-node  State at which the action switches from non-exercise to exercise objective Objective function defined on tree states
stats-distribution State distribution at maturity date discount Discount function defined on tree states
summary-table Summary of the key Markov process output data yield-par Initial short-rate value estimated so that bond value equals par

tree-params Parameters used to construct and estimate the tree

Calculator and tree parameter mapping

key value

t 100

path-avg

path-stdev

path-pct java.util.ArrayList@Sun, 24 Jun 2018 12:54:35:739..266162823724
Lower percentile 0.25
Upper percentile 0.75

java.util.LinkedHashMag  Calculator parameters mapping

Test tree input parameters

T 5.00
dt 0.25
x0 3.066%
states mapping:
dx-down 3
dx-up 3
X-min -10.0%
X-max 20.0%
X-count 30
iter-count 10
process-params mapping:
theta 0.575%
sigma 0.759%
alpha 0.000%
gamma 1.073%
mu-function jkr.datalink.lib.data.math.factory.FactoryFunctionX1$F1Fn:
sigma-function jkr.datalink.lib.data.math.factory.FactoryFunctionXn$Cons
Qx null
params mapping:

Q-adjusted 1



TAB: BOND INTEREST AND PRINCIPAL PAYMENTS CASH FLOWS

Bond cash flows inputs

Bond cash flows output

- X . principal principal interest interest Total Redemption

Parameter Value Description period time . . . .
outstanding paid accrued paid amount paid value
first period 0 0 0.00 100.0 0.0 0.00 0.00 0.00 100.00
bond maturity period 20 1 0.25 100.0 0.0 1.20 0.00 0.00 101.20
last period 20 Cash flow values are set to 0 after bond maturity 2 0.50 100.0 0.0 2.39 2.39 2.39 102.39
principal 100.0 Bond principal amount 3 0.75 100.0 0.0 1.20 0.00 0.00 101.20
coupon-rate 4.79% Coupon rate 4 1.00 100.0 0.0 2.39 2.39 2.39 102.39
coupon-frequency 2 Coupon payment frequency 5 1.25 100.0 0.0 1.20 0.00 0.00 101.20
dt 0.25 6 1.50 100.0 0.0 2.39 2.39 2.39 102.39
interest deferral period 0 7 1.75 100.0 0.0 1.20 0.00 0.00 101.20
is compounded 1 Indicator of compounded interest 8 2.00 100.0 0.0 2.39 2.39 2.39 102.39
amortization map java.util.LinkedHas Bond amortization schedule 9 2.25 100.0 0.0 1.20 0.00 0.00 101.20
bond redemption premiums java.util.LinkedHas 10 2.50 100.0 0.0 2.39 2.39 2.39 102.39
bond default redemption premium 0.00% 11 2.75 100.0 0.0 1.20 0.00 0.00 101.20
12 3.00 100.0 0.0 2.39 2.39 2.39 102.39
java.util.LinkedHashMap@Sun, 24 Jun 2018 13:20:43:7 13 3.25 100.0 0.0 1.20 0.00 0.00 101.20
14 3.50 100.0 0.0 2.39 2.39 2.39 102.39
15 3.75 100.0 0.0 1.20 0.00 0.00 101.20
16 4.00 100.0 0.0 2.39 2.39 2.39 102.39
17 4.25 100.0 0.0 1.20 0.00 0.00 101.20
18 4.50 100.0 0.0 2.39 2.39 2.39 102.39
19 4.75 100.0 0.0 1.20 0.00 0.00 101.20
20 5.00 100.0 100.0 2.39 2.39 102.39 102.39



TAB: OPTION PARAMETERS ESTIMATION Model Vasicek

Sample size 250 Sample size in number of business days
Short-term (3-months) yield 15.8 Parameter estimates Tenor, T 10 Tenor for O calibration
Theta, &
3 Avyield/ Sample Volatility Volatility Volatility Hull-White, - Hull-White,
Date month  Avyield . . . Model ! Theta, 9 Tenor extended extended
) yield size (Vasicek) (CIR) o] .
yield Vasicek CIR
% % days % % sample calibrated sample calibrated
26-Mar-18 3.07 0.03% 0.16% 21 0.33% 1.96% Vasicek 0.76% 0.57% 0.54% 0.25
23-Mar-18 3.04 0.02% 0.14% 22 0.32% 1.91% Cox-Ingersoll-Ross (CIR) 5.14% 0.54% 0.50
22-Mar-18 3.01 0.02% 0.12% 23 0.35% 2.07% Hull-White, extended Vasicek 1.00
21-Mar-18 2.99 0.03% 0.16% 24 0.35% 2.06% Hull-White, extended CIR 2.00
20-Mar-18 2.97 0.01% 0.04% 25 0.36% 2.17% Other 3.00
19-Mar-18 2.96 0.03% 0.16% 26 0.36% 2.13% 4.00
16-Mar-18 2.93 0.04% 0.22% 27 0.41% 2.43% 5.00
15-Mar-18 2.89 0.01% 0.06% 28 0.40% 2.40% yr 5.84% 7.00
14-Mar-18 2.88 0.03% 0.17% 29 0.40% 2.35% o 0.76% 8.00
13-Mar-18 2.85 0.02% 0.14% 30 0.41% 2.43% 9.00

12-Mar-18 2.83 -0.02% -0.11% 31 0.40% 2.39% Term structure interpolation:  jkr.datalink.lib.data.math.factory.Faci 10.00
9-Mar-18 2.85 0.01% 0.08% 32 0.40% 2.39%

8-Mar-18 2.83 -0.03% -0.17% 33 0.40% 2.41%
7-Mar-18 2.86 0.04% 0.25% 34 0.40% 2.38% Yield term-structure

6-Mar-18 2.82 -0.02%  -0.10% 35 0.41% 2.49% Actual Estimated
5-Mar-18 2.84 0.01% 0.05% 36 0.41% 2.47% Tenor In years Yield Vasicek CIR HW, Vasicek HW, CIR
2-Mar-18 2.83 0.03% 0.16% 37 0.41% 2.45% 3m Index 0.25 3.07 3.07

1-Mar-18 2.80 0.03% 0.16% 38 0.40% 2.42% 6m Index 0.5 3.18 3.21
28-Feb-18 2.78 0.00% 0.01% 39 0.40% 2.39% 1Y Index 1 3.39 3.35
27-Feb-18 2.77 -0.01% -0.05% 40 0.41% 2.45% 2Y Index 2 3.80 3.64
26-Feb-18 2.78 -0.03% -0.16% 41 0.43% 2.59% 3Y Index 3 4.18 3.92
23-Feb-18 2.81 0.01% 0.09% 42 0.46% 2.79% 4Y Index 4 4.49 4.20
22-Feb-18 2.79 0.06% 0.34% 43 0.45% 2.76% 5Y Index 5 4.79 4.48
21-Feb-18 2.74 -0.01% -0.04% 44 0.45% 2.73% 7Y Index 7 5.30 5.03
20-Feb-18 2.74 -0.03% -0.17% 45 0.45% 2.72% 8Y Index 8 5.50 5.30
16-Feb-18 2.77 0.02% 0.10% 46 0.44% 2.70% 9Y Index 9 5.67 5.57
15-Feb-18 2.76 -0.06% -0.34% 47 0.45% 2.76% 10Y Index 10 5.84 5.84
14-Feb-18 2.81 0.00% -0.03% 48 0.46% 2.83% 15Y Index 15 6.58 7.16
13-Feb-18 2.82 0.01% 0.04% 49 0.46% 2.81% 20Y Index 20 8.43
12-Feb-18 2.81 0.05% 0.31% 50 0.45% 2.78% 25Y Index 25 9.65

9-Feb-18 2.76 0.02% 0.10% 51 0.47% 2.86% 30Y Index 30 10.82

8-Feb-18 2.74 0.04%  0.22% 52 0.47% 2.89%



TAB: FUNCTIONS MODELLING

Function Object

Parameters

Name Value Description
theta 0.57% Linear: ¥ - ax
sigma 0.76% Constant: o
alpha 0.00%  Power: g |x|*®

gamma 1.07%

jkr.datalink.lib.data.math.factory.FactoryFunctionX1SLinear@Sun, 24 Jun 2018 13:32:02:061..8143493521932001.
jkr.datalink.lib.data.math.factory.FactoryFunctionXn$Const@Sun, 24 Jun 2018 13:32:02:066..5018415699559280:
jkr.datalink.lib.data.math.factory.FactoryFunctionX1$PowAbs@Sun, 24 Jun 2018 13:32:02:068..12897315471306¢

Drift Function
Vasicek
Cox-Ingersoll-Ross (CIR)
Hull-White, extended Vasicek
Hull-White, extended CIR
Other

Volatility Function
Vasicek
Cox-Ingersoll-Ross (CIR)
Hull-White, extended Vasicek
Hull-White, extended CIR
Other

Discount Function
Vasicek
Cox-Ingersoll-Ross (CIR)
Hull-White, extended Vasicek
Hull-White, extended CIR
Other

jkr.datalink.lib.data.math.factory.FactoryFunctionX1SF1Fn@Sun, 24 Jun 2018 13:32:02:062..50314008311580713:
jkr.datalink.lib.data.math.factory.FactoryFunctionX1SF1Fn@Sun, 24 Jun 2018 13:32:02:062..50314008311580713:

jkr.datalink.lib.data.math.factory.FactoryFunctionXn$Const@Sun, 24 Jun 2018 13:32:02:066..5018415699559280:
jkr.datalink.lib.data.math.factory.FactoryFunctionX1SF1Fn@Sun, 24 Jun 2018 13:32:02:068..28640203689183614(



interest)

time period

0 1 2 3 4 5 6

7

8

9

10

1

12

13

14

15

16

17

18

19

20

state

11%

17%
21%
2.4%
28%
31%

38%
21%
4.5%
2.8%
5.1%

5.8%
6.2%
6.5%
6.9%
7.2%

7.9%
82%
8.6%
8.9%
9.2%

9.9%
10.3%
10.6%
10.9%

1024 1012 -102.4 1012 -102.4 -1012
1024 -101.2 -1024 -1012 -102.4 -1012

1024 -101.2 -102.4 1012 -102.4 -1012

-101.2 -102.4 -101.2 -1024 -1012 -102.4 -1012

1012 -1024 -1012 -102.4 -1012 -102.4 -101.2

-101.2 -102.4 -101.2 -1024 -1012 -102.4 -1012

1012 -102.4 -1012 -102.4 -1012 -102.4 -101.2
-99.052 1005 -101.9 -100.8 -102.2 -1011 -102.4 -1012
995 -101.0 -100.0 -10L5 -1005 -1019 -100.8

-983 999 -99.0 -100.5 -99.6 -101.1 -100.2

970 986
957 974 967 -983 976 -99.2
944 961
949 942 960 954 -97.1

936 930 949

924 918 937 932 -95.1

911 907 926

900 -895 -915 911 -93.1

884 904

-87.3 894 -890 -911

863 884

853 874 872 -893

844 866

857 855 -87.7

850 848 87.0

844 841 863

839 836 858

835 832 854

830 852

829 851

979 995 986 -100.2

955 97.2

965 982

943 961

921 941

901 921

881 902

863 884

993
-98.4
97.4
-96.5
955
945
936
926
917
-908
899
-89.0
882
-87.4
867
-86.1
856
-85.2
-85.0
849

1024
1024
-102.4
1024
-102.4
1024
-102.4
1024
1022
-101.6
-100.8
1000
991
982
973
964
955
946
937
928
920
912
904
897
-89.0
884
879
875
872
871

1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1011
-1006
999
-99.1
983
-97.5
966
-95.8
949
-94.1
933
925
917
-90.9
902
895
888
-88.2
877
-87.4
87.1
-87.0

1024
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1020
-101.4
-100.7
999
991
984
976
968
961
953
946
938
931
924
917
911
905
900
897
894
893

1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-1009
-100.4

-99.8
99.1
-98.4
977
-97.0
963
-95.6
949
-94.2
935
929
922
916
910
-904
90,0
-89.6
893
-89.2

1024 1012
1024 -101.2
1024 -101.2
1024 -101.2
1024 -101.2
1024 -101.2
1024 -101.2
1024 -101.2
1024 1012
1022 -101.1
-101.8 -100.8
1012 -1003

-1006

-1000
99.4
-98.7
8.1
975
-96.9
-96.2
95.6
-95.0
-94.4
938
933
928
923
920
917
916

997
-99.2
986
-98.1
975
-97.0
96.4
-95.9
953
-94.8
942
-93.7
932
-92.7
923
-91.9
917
916

1024
1024
-1024
1024
-1024
1024
-1024
1024
-1024
1024
1021
1017
1013
1008
-1003
99.8
99.3
988
-98.4
97.9
97.4
-96.9
96.5
-96.0
955
95.1
94.7
-94.4
94.1
-94.0

1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
-10L0
-100.7
1003
-99.9
995
-99.1
987
-98.3
979
-97.5
97.1
-96.7
963
-95.9
955
-95.1
947
-94.4
942
-94.1

1024
1024
1024
1024
-102.4
1024
1024
1024
-102.4
1024
1023
-102.1
-101.8
-101.4
1011
1008
-100.4
-100.1
998
995
991
988
985
982
978
975
972
969
967
966

1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.0
-100.8
-1005.
1003
-1000
99.8
-99.5
993
-99.0
988
-98.5
983
-98.0
978
-97.5
973
-97.1
969
-96.8

1024
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
-102.4
-102.4
1023
-102.1
1020
-101.8
-101.6
1015
1013
1011
-101.0
-100.8
1006
-1005
1003
-100.1
-100.0
998
996
995
994

1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1012
-101.2
1011
-101.0
-100.9
-1008
-100.7
-100.7
-100.6
-1005.
-100.4
-1003.
-100.2
-100.1
-100.1
-1000

999

-99.8

997

-99.6

1024
-102.4
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
-102.4
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024
-102.4
1024




Bond value in

of the option (full

time period

2

3

4

5

6

7

8

11

12

13

14

15

16

17

18

19

20

state

1.06%
1.40%
1.74%
2.08%
242%
2.76%
3.10%
3.44%
3.79%
4.13%
2.47%
481%
5.15%
5.49%
5.83%
6.17%
651%
6.85%
7.19%
7.53%
7.87%
821%
8.55%
8.89%
9.23%
9.58%
9.92%
10.26%
10.60%
10.94%

-99.999

-107.5
-106.0
-104.5
1029
1015
-100.0
986
97.2
958
-94.4

-113.0
-1116
-110.2
-108.7
-107.2
-105.8
-104.3
-102.9
-1015
-100.2
988
975
96.2
949
936
924
L1
90.0

1116
1102
-108.8
-107.4
-106.0
-104.7
1033
-101.9
-100.6
-99.3
-98.0
-96.7
955
943
-93.0
-91.8
-90.7
895
-88.4
873
863
853
84.4

1125
1112
-109.9
-108.6
-107.2
-105.9
-104.6
-103.4
-102.1
-100.9
996
984
972
96.0
949
937
926
915
20.4
89.4
884
87.4
866
857
-85.0
844
839
835

-110.9
-109.7
-108.5
-107.2
-106.0
-104.8
1035
1023
-101.1
-100.0
988
97.7
965
-95.4
943
932
921
911
-90.1
-89.0
-88.1
87.2
863
855
848
-84.1
836
832
-83.0
829

1117
-110.6
-109.5
-108.3
-107.1
-106.0
-104.8
-103.7
-102.6
-1015
-100.4
993
982
972
96.1
95.1
041
93.1
021
oL1
202
893
884
87.7
-87.0
863
858
854
852
5.1

1101
-109.1
-108.0
-106.9
-105.8
-104.7
-103.7
1026
1015
-100.5
995
985
975
965
955
945
936
926
917
-90.8
-89.9
-89.0
-88.2
-87.4
-86.7
-86.1
856
852
-85.0
849

-110.9
-109.9
-108.9
-107.9
-106.9
-105.9
-104.9
-103.9
-102.9
-102.0
-101.0
-100.1
99.1
982
973
96.4
955
946
937
928
92,0
912
204
89.7
-89.0
884
-87.9
875
872
7.1

893

-108.1
-107.3
-106.6
-105.8
-105.0
-104.3
-103.5
1028
-102.0
-101.3
-100.6
-99.8
-99.1
-98.4
-97.7
-97.0
963
956
-94.9
942
935
929
922
916
-91.0
-90.4
-90.0
-89.6
893
-89.2

-108.7
-108.0
-107.3
-106.7
-106.0
-105.3
-104.6
-103.9
-103.3
-102.6
-102.0
-101.3
-100.7
-100.0
99.4
987
98.1
975
96.9
96.2
956
95.0
044
938
933
928
023
92,0
917
916

-106.8
-106.3
-105.7
-105.1
1045
-103.9
-103.3
1027
-102.1
1015
-100.9
-100.3
-99.8
-99.2
986
-98.1
975
-97.0
-96.4
959
953
948
942
937
932
927
923
919
917
916

-107.3
-106.8
-106.3
-105.8
-105.3
-104.8
-104.3
-103.8
-103.3
-102.8
1023
-101.8
-101.3
-100.8
-100.3
99.8
993
988
984
97.9
97.4
96.9
965
96.0
955
95.1
047
044
941
94.0

-105.4
-105.0
-104.6
-104.1
-103.7
-103.3
1029
-102.4
-102.0
1016
-101.2
-100.8
-100.3
-99.9
995
-99.1
-98.7
983
-97.9
975
97.1
-96.7
963
959
955
95.1

-105.9
-105.5
-105.2
-104.8
-104.5
-104.1
-103.8
-103.5
-103.1
-102.8
-102.4
-102.1
-101.8
-101.4
-101.1
-100.8
-100.4
-100.1
99.8
995
99.1
988
985
982
97.8
975
972
96.9
96.7
966

-103.9
-103.6
1033
-103.1
1028
1026
1023
-102.0
-101.8
1015
-101.3
-101.0
-100.8
-100.5
-100.3
-100.0
-99.8
995
993
-99.0
988
985
983
-98.0
-97.8
975
973
97.1
969
-96.8

-104.2
-104.0
-103.9
-103.7
-103.5
-103.3
-103.2
-103.0
-102.8
-102.7
-102.5
1023
-102.2
-102.0
-101.8
-101.6
-1015
-101.3
-101.1
-101.0
-100.8
-100.6
-100.5
-100.3
-100.1
-100.0
99.8
996
995
99.4

-102.1
-102.0
-101.9
-101.9
-101.8
1017
1016
1015
-101.4
-101.3
-101.3
-101.2
-101.1
-101.0
-100.9
-100.8
-100.7
-100.7
-100.6
-100.5
-100.4
-100.3
-100.2
-100.1
-100.1
-100.0
-99.9

-99.8

-99.7

-99.6

-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4
-102.4




Option exercise action function

time period

40

11%
14%
17%
21%
2.4%
2.8%
31%
3.4%
3.8%
4.1%
a5%
a.8%
5.1%
5.5%
5.8%
6.2%
6.5%
6.9%
7.2%
7.5%
7.9%
8.2%
8.6%
8.9%
9.2%
9.6%
9.9%

103%

10.6%

10.9%

14

2




State distribution

time period

3

7

H

6

7

B

10

[
1 11%
2 1.4%
3 17%
4 21%
5 2.4%
6 28%
7 31%
8 3.4%
9 38%
10 21%
1 4.5%
12 2.8%
13 51%
14 5.5%
15 5.8%
16 6.2%
17 6.5%
18 6.9%
19 7.2%
20 7.5%
21 7.9%
2 8.2%
23 8.6%
2 8.9%
2 9.2%
2 9.6%
27 9.9%
28 10.3%
2 10.6%
20 10.9%

state

100.0%

0.0%
03%
3.4%

15.9%

333%

313%

13.1%
2.5%
0.2%
0.0%

0.0%
0.0%
0.0%
0.2%
13%
5.0%

12.8%

21.9%

25.2%

19.3%
9.9%
3.4%
08%
0.1%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.1%
0.5%
18%
4.9%

104%

16.7%

205%

19.2%

13.8%
7.6%
3.2%
10%
0.2%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.2%
0.7%
20%
4.6%
87%

13.4%

17.1%

17.7%

15.1%

10.4%
5.9%
2.7%
10%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.1%
03%
0.8%
20%
41%
7.4%

11.2%

14.5%

16.0%

15.0%

12.0%
8.2%
47%
2.3%
10%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.1%
0.1%
03%
0.8%
19%
3.7%
6.3%
9.5%

12.5%

14.3%

14.4%

12.6%
9.7%
6.5%
3.8%
2.0%
09%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.1%
0.1%
03%
0.8%
18%
3.3%
5.5%
8.2%

109%

12.8%

13.5%

12.7%

10.6%
7.9%
5.3%
3.1%
16%
0.8%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.1%
0.1%
0.4%
0.8%
16%
3.0%
48%
7.1%
9.5%

11.5%

12.6%

12.4%

111%
8.9%
6.5%
43%
2.6%
14%
07%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.1%
0.1%
0.4%
0.8%
15%
2.7%
43%
6.3%
8.4%

103%

11.6%

11.9%

11.2%
9.6%
7.5%
5.4%
3.6%
21%
12%
0.6%
03%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.7%
14%
2.4%
3.8%
5.5%
7.5%
9.3%

10.7%

11.3%

11.0%

10.0%
83%
6.4%
45%
2.9%
18%
10%
05%
0.2%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.7%
13%
22%
3.4%
4.9%
6.6%
8.4%
9.8%

10.6%

10.7%

101%
88%
7.1%
5.4%
3.8%
2.5%
1.5%
08%
0.4%
0.2%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.7%
12%
19%
3.0%
2.4%
5.9%
7.5%
9.0%

10.0%

103%

10.0%
9.1%
7.7%
6.1%
4.6%
3.2%
21%
12%
0.7%
0.4%
0.2%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.6%
11%
1.8%
2.7%
3.9%
5.3%
6.8%
8.2%
9.3%
9.9%
9.9%
9.2%
8.2%
6.8%
5.3%
3.9%
2.7%
17%
10%
06%
03%
0.2%
0.1%
0.0%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.6%
10%
1.6%
2.4%
3.5%
48%
6.2%
7.5%
8.6%
93%
9.6%
9.2%
8.4%
7.3%
5.9%
45%
3.3%
22%
1.5%
09%
0.5%
03%
0.1%
0.1%
0.0%
0.0%
0.0%

0.2%
0.1%
03%
0.5%
09%
14%
22%
3.2%
43%
5.6%
6.9%
8.0%
88%
9.2%
9.1%
8.6%
7.6%
6.4%
5.1%
3.9%
2.8%
1.9%
12%
0.7%
0.4%
0.2%
0.1%
0.1%
0.0%
0.0%

0.2%
0.1%
02%
0.5%
08%
13%
2.0%
2.8%
3.9%
5.1%
6.3%
7.4%
83%
8.8%
89%
8.6%
7.9%
6.9%
5.7%
45%
33%
2.4%
16%
10%
06%
0.4%
0.2%
0.1%
0.0%
0.1%

0.2%
0.1%
0.2%
0.5%
07%
12%
18%
2.6%
3.5%
46%
5.8%
6.8%
7.8%
8.4%
87%
85%
8.0%
7.2%
6.1%
5.0%
3.9%
2.9%
20%
14%
09%
0.5%
03%
0.2%
0.1%
0.1%

0.2%
0.1%
0.2%
0.4%
07%
11%
16%
23%
3.2%
4.2%
5.3%
6.3%
7.3%
8.0%
8.4%
8.4%
81%
7.4%
6.5%
5.5%
2.4%
3.4%
2.5%
17%
12%
0.8%
05%
03%
0.1%
0.2%

0.2%
0.1%
0.2%
0.4%
06%
10%
15%
21%
2.9%
3.8%
28%
5.8%
6.8%
7.5%
8.0%
8.2%
8.0%
7.6%
6.8%
5.9%
28%
3.8%
2.9%
21%
15%
10%
07%
0.4%
0.2%
03%

0.2%
0.1%
0.2%
0.4%
06%
0.9%
13%
19%
2.6%
3.5%
2.4%
5.4%
6.3%
7.1%
7.7%
8.0%
8.0%
7.6%
7.0%
6.2%
5.3%
43%
3.4%
2.5%
18%
13%
09%
0.5%
03%
0.5%




TAB: THEORETICAL VALUES

Parameters Cash flows

# time  Cash flow Zero-coupon bond bullet value

) Hull-White, 1 white, ) ) ) .
Model Vasicek extended years $ Vasicek Hull-White, extended Vasicek Hull-White, extended CIR
) extended CIR
Vasicek
a-any a=0 a-any a=
A B A B p=pe®™ A B B p=pe®

Credit rating BB- BB- BB- 0 0.00 0.00 1.00 1.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00
Maturity term 5.00 5.00 5.00 1 0.25 0.00 0.99 1.00 0.25 1.00 0.25 0.99 1.00 0.25 0.99
yield rate at t=0 (y,) 3.44% 3.44% 3.44% 2 0.50 239 0.98 1.00 0.50 1.00 0.50 0.98 1.00 0.50 0.98
yield rate equilibrium (y* =B = 9/a) 574596.48% 574596.48% 3 0.75 0.00 0.97 1.00 0.75 1.00 0.75 0.97 1.00 0.75 0.97
Drift parameter (9) 0.575% 0.575% 0.575% 4 1.00 2.39 0.96 1.00 1.00 1.00 1.00 0.96 1.00 1.00 0.96
Mean reversion parameter (o) 0.000 0.000 5 1.25 0.00 0.95 0.99 1.25 1.00 1.25 0.95 1.00 1.25 0.95
yield rate volatility (o) 0.76% 0.76% 0.76% 6 1.50 2.39 0.94 0.99 1.50 0.99 1.50 0.94 0.99 1.50 0.94

7 1.75 0.00 0.93 0.99 1.75 0.99 1.75 0.93 0.99 1.75 0.93

8 2.00 2.39 0.92 0.99 2.00 0.99 2.00 0.92 0.99 2.00 0.92
Index of y, in the tree 8 9 2.25 0.00 0.91 0.98 2.25 0.99 2.25 0.91 0.99 2.25 0.91
a’B-0%/2=-0"/2 |40 0.00 10 250 2.39 090 098 250 098 250 090 098 250 0.90
v=(a"+20)"°=2"%0 |, 001 11 275 0.00 0.89 098 275 098 275 089 098 275 0.89
20B/ a’=0 lao 199.55 12 3.00 2.39 0.88 0.97 3.00 0.97 3.00 0.88 0.97 3.00 0.88

13 3.25 0.00 0.87 0.97 3.25 0.97 3.25 0.87 0.97 3.25 0.87
Results 14 3.50 2.39 0.86 0.96 3.50 0.97 3.50 0.85 0.97 3.50 0.86

15 3.75 0.00 0.84 0.96 3.75 0.96 3.75 0.85 0.96 3.75 0.84
Distribution mean 6.32% 6.32% 6.32% 16 4.00 2.39 0.83 0.96 4.00 0.96 4.00 0.83 0.96 4.00 0.83
Distribution stdev 1.70% 1.70% 17 4.25 0.00 0.82 0.95 4.25 0.95 4.25 0.82 0.95 4.25 0.82
Bond bullet value 99.68 99.66 99.59 18 4.50 2.39 0.81 0.94 4.50 0.94 4.50 0.81 0.94 4.50 0.81

19 4.75 0.00 0.80 0.94 4.75 0.94 4.75 0.80 0.94 4.75 0.80
The yield rate that generates bullet par value 3.444% 20 5.00 102.39 0.78 0.93 5.00 0.93 5.00 0.78 0.93 5.00 0.78



TAB: CHARTS

State distribution at maturity

Option exercise action switch state

number of periods 21

number of observations 30

Mean: 6.316%

StDev: 1.690%

action
# state prob period  switch minstate max state
state

1 1.1% 0.208% 3.44% 3.44%
2 1.4% 0.073% 1 3.10% 0.38% 5.15%
3 1.7% 0.178% 2 3.44% 0.38% 6.85%
4 2.1% 0.356% 3 3.44% 0.38% 8.55%
5 2.4% 0.575% 4 3.44% 0.38%  10.26%
6 2.8% 0.893% 5 3.44% 0.38%  10.94%
7 3.1% 1.333% 6 3.79% 0.38%  10.94%
8 3.4% 1.911% 7 3.79% 0.38%  10.94%
9 3.8% 2.630% 8 3.79% 0.38%  10.94%
10 4.1% 3.478% 9 3.79% 0.38%  10.94%
11 4.5% 4.418% 10 4.13% 0.38%  10.94%
12 4.8% 5.389% 11 4.13% 0.38%  10.94%
13 5.1% 6.315% 12 4.13% 0.38%  10.94%
14 5.5% 7.107% 13 4.13% 0.38%  10.94%
15 5.8% 7.683% 14 4.47% 0.38%  10.94%
16 6.2% 7.978% 15 4.47% 0.38%  10.94%
17 6.5% 7.957% 16 4.47% 0.38%  10.94%
18 6.9% 7.622% 17 4.47% 0.38%  10.94%
19 7.2% 7.014% 18 4.81% 0.38%  10.94%
20 7.5% 6.199% 19 4.81% 0.38%  10.94%
21 7.9% 5.262% 20 0.38%  10.94%
22 8.2% 4.291%
23 8.6% 3.361%
24 8.9% 2.529%
25 9.2% 1.832%
26 9.6% 1.284%
27 9.9% 0.880%
28 10.3% 0.530%
29 10.6% 0.252%
30 10.9% 0.464%

Charts
State distribution at maturity
>
£ 79%
z
8 63%
e
o 47%
c
(=]
s 3%
=
2 16%
2
0.0%
1.1% 2.1% 3.1% 4.1% 5.1% 6.2% 7.2% 82% 9.2% 10.3%
market short-term yield rate at maturity
Option exercise action switch diagram
min state action switch state max state
- 12%
2
.10%
E . )
o 8% Do not exercise option
]
£ 6%
[=]
G 4%
- . .
9 iy Exercise option
&
£ 1%

123456 7 8 910111213 14 15 16 17 18 19
period



TAB: TESTING OUTPUT

Cash Flows Test last period 20 Function Test
dt 0.25
java.lang.IndexOutOfBoundsException: Inde:
. . . . Total )
. . principal principal interest interest Redemption X -
period  time i k . amount t X drift  volatility
outstanding paid accrued paid paid value

0 0.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsExceptioi 0 0 0.57% 0.76%

1 0.25 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsExceptioi 0 1 0.57% 0.76%

2 0.50 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

3 0.75 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsExceptiol java.util.ArrayList@Sun, 24 Jun 201¢

4 1.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExceptBoundsExceptiol java.util.ArrayList@Sun, . 2

5 1.25 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExceptBoundsExceptiol java.util.ArrayList@Sun, | 2

6 1.50 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExceptBoundsException: Index: 10, Size: 10

7 1.75 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExceptBoundsException: Index: 10, Size: 10

8 2.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

9 2.25 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

10 2.50 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

11 2.75 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

12 3.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

13 3.25 oundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

14 3.50 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

15 3.75 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

16 4.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

17 4.25 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

18 4.50 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

19 4,75 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10

20 5.00 ioundsExceptioundsExceptioundsExceptioundsExceptioundsExcepiBoundsException: Index: 10, Size: 10



TAB: CONFIGURATION FILE

Calculation enablec TRUE

Test connecti host: home-pc; user: Konstantin Rybakov; key: null

Implemented models and default parameters Output keys

Model dx-down dx-up Key Description

Vasicek 3.00 3.00 principal Bond principal amount

Cox-Ingersoll-Ross (CIR) 2.00 2.00 dt Tree time increment value (in years)

Hull-White, extended Vasicek 3.00 3.00 tenor-remaining Sample bond remaning tenor

Hull-White, extended CIR 2.00 2.00 coupon-rate Sample bond coupon rate

Other 3.00 3.00 coupon-frequency Sample bond coupon frequency
make-whole-duration Sample bond remaining duration of make-whole provision
redemption-premium-post-make-whole Sample bond redemption premium after make-whole provision termination
redemption-premium-schedule Customized redemption premium schedule

T (Covered Transaction) 5.00 amortization-rate-annual Annual rate of principal amortization

dt 0.25 amortization schedule Customized principal amortization schedule

ny 21 interest-deferral-period-last Last interest deferral period

X-count 30 is-interest-compounded Indicator of whether edefrred interest is compounded or not
sample-prices Sample bullet and actual prices estimated by calculator

Output array sizes Graph configuration

Array formula cell number of  number of o o

Description Parameter Value Description

address rows cols

'value'lSES6 30 21 Bond value in the presence of the option Line yes Set to yes/no to set line visible or non-visible

'value'lSDS6 30 1 Bond collection of states Line size 1.5 Set line size

'bullet'!SES6 30 21 Bond bullet value Marker no Set to yes/no to set markers visible or non-visible

'action'!SES6 30 21 Option exercise action value Marker size 4 Set markers size

'D'ISES6 30 21 Tree state distribution

'cf'1S1$9 21 6 Bond cash flows

'sample'!$SQS$13 10 2 Sample bond prices

'charts'1$CS$12 30 2 Terminal state distribution

'charts'!ISF$12 21 2 State at which action switches from non-exercise to exercise

'charts'ISHS12 21 2 Tree bounds

'test'1SDS8 21 6 Sample bond cash flows



Package: SRM

Interest rate process modelling

The objective of the model is to analyze fixed income securities, specifically bonds. The template
allows to set generic parameters for the interest rate tree but generally assumes specific inputs for
the calculated bond prices and related interest rate options.

Modelling bond prices

The bond prices are modelled as follows:

1. The bond terminal value. The terminal value is generally assumed to be equal to the sum of the
outstanding principal value and the accrued interest. The outstanding principal value depends on the
(i) time period; (ii) applied amortization schedule; (iii) and exercised options. The accrued interest
depends on the (i) time period; (ii) interest payment schedule; and (iii) outstanding balances used as a
base for interest calculations.

2. The bond coupon payments. The bond coupon payments depend on time period and interest
payment terms. Fixed interest payments are assumed (will be extended to variable interest rate).

3. Redemption price. The redemption price models the penalty that is applied in the case of bond
option exercise. Generally, both call (early prepayment) and put (pay-on-demand) options nvolve a
penalty that determines the bond redemption price.

4. Amortization schedule. The schedule determines the timing of bond principal repayments. Based
on the amortization schedule, the outstanding principal balances are calculated.

Notes:

A. Steady state. The mean reversion process is assumed to converge to current yield rate: ¥ = a x y,;
B. Par value. If the bond at t=0 is priced at par, the initial value yO must be calibrated to generate par
value (yq = coupon will not produce par value because the underlying yield rate process is modelled
for zero-coupon bonds and has an increasing / decreasing term structure);

Package: SRM

Note: to resize the output arrays, press Ctrl+R

Markov tree objects and output

IMarkovTreeR1 tree = Markov.tree(int T, double x,, Map states, Object Q);

Construct Markov tree object using the following paarmeters:

T - number of periods

Xo - initial state,

states - Map: X-min - minimum state value, X-max - maximum state value; X-count - number of states; and X-type
which is set either to uniform or log-uniform to describe how the states are generated within the range;

Q - object that describes transition probabilities (typically in the form of a function: (t, x) => {xi => pi} that
mapps given period and state (t, x) into a mapping {xi => pi} between next period states and probabilities;

Object[][] out = Markov.get(IMarkovTreeR1 tree, String key, Map<String, Object> params);

Return the value of a given field (referred to bya given key) of the Markov tree using the given set of parameters (if
necessary). Keys include:

state-values - an array[][] that describes tree structure (contains a state value in a given cell if the cell belong to the
tree or zero otherwise);

Q - returns an array of transition probabilities Q(x, X.,,) for a given period t;

P - return an array of tree state probabilites




