Credit Analytics Bond RV Calculation Methodology

Lakshmi Krishnamurthy
v2.2 — 11 August 2013

Introduction

This document outlines the methodology used in i€Astalytics (release 1.4 and above)
for the calculation of the bond curve-based retatiglue measures.

The Bond RV Measure Set

Classification of a given bond measure as an “R¥asure is somewhat arbitrary. In
general, it is used (here) to refer to any of tleasure that is in use for spotting relative
value across bonds for a given issuer (or any aimétegory), and which is usually
determined straight from a bond market measuredfyield/spread to treasury).

Specifically, it excludes such bond measures asID\d@s PV, principal PV etc.

Following is the list of the RV measures - refethe section below for a precise

definition of these terms.

 Bond Basis

» Convexity



Credit Basis

Discount Margin

Duration

G Spread (Spread to the Government/Treasury Discounve)
| Spread (Interpolated Spread to the Discount Qurve
Option Adjusted Spread

Par Asset Swap Spread

Par Equivalent CDS Spread (PECS)

Price

Spread over Treasury (TSY) benchmark

Yield

Yield Basis

Yield Spread

Zero Discount Margin (ZDM)

Zero (Z) Spread



Bond Analytical Measures Calculation

Definitions, Symbols, and Terminology

Asset Swap Spread

Asset swap is an estimate of the spread over ehingtswap maturing at the bond’s
maturity. For a non-par swap, an additional spisachplied by dividing the price
difference using the swap annuity.

Bond Basis

Bond Basis to Exercisel_ ) is a bond RV metric capturing the basis in treddy/space.

It is defined as the difference between the yieldxercise computed from the market
price and the yield to exercise computed from li@®tetical price off of the risk-free

discount curve.

Convexity

Convexity to Exercise(C ) measures the rate of change of duration withdyielis

defined as the change in market duration on 1 Ipasig increase in yield.

Credit Basis



Credit Basis to Exercise]), ) captures the adjustment needed to the inputtaredie

to account for the bond market price. It is defiasdhe parallel shift needed to be
applied across the input credit curves quotes tkenseeate the credit curve that produces

the market price.

Credit Basis can be negative; given that the cdite does not typically calibrate for
negative hazard rates, the credit basis may noaloellable for market prices above a

certain range.

Discount Margin

Discount Margin to Exercisg/{_) measures that spread earned above the referece r

For fixed coupon bonds, it is computed as the difiee between market yield and the
initial implied discount rate to the bond’s frequgnFor floaters, it is computed as the

difference between market yield and the initiakrehce index rate.

Duration

Duration to Exercise[D) ) captures the relative rate of change of bondepwiith yield.

It is defined as the fractional change of pricéh@smarket yield increases by 1 basis

point.

G Spread

G Spread to Exercisg(_ ) accounts for the Spread over the Government/Tirgas

Discount Curve. It is defined as the differencenastn the market yield to exercise of the



bond and the rate calculated to the exercise ohapdied from the specified discount

curve constructed from the government debt instnume

| Spread

I-Spread to Exercise|(. ) measures the spread over the specified DiscoumneC

interpolated to the exercise date. It is definethadifference between the market yield
to exercise of the bond and the rate interpolaidtie¢ exercise date, implied from the

specified discount curve.

Option Adjusted Spread

Option adjusted to Exercis€j, ) spread captures the value of the option embeiided

the bond. It is calculated identical to the Z-Sprésee Z-Spread for details), although it

may be based off of a different discount curve.

Par Asset Swap Spread

Par asset swap spread to Exercipt | estimates the spread implied by the price that a

par floater would be expected to pay. It is definsdhe difference between the market
price and the theoretical price computed usinglteeount curve, computed in units of
the bond PVOL1 (duration times price).

Par Spread



Par spread to Exercis€)_) estimates the fair fixed coupon implied by thekeaprice

that an equivalent fixed coupon bond trading atvpauild pay. It is defined as the
difference between the market price and par, coetpim units of the bond PV01

(duration times price).

Par Equivalent CDS Spread (PECS)

The PECS to Exercisgd)_) measures the flat credit spread premium impliethb

bond price. It is computed as the implied flat sgref the fictitious CDS needed to
recover the market price of the bond.

Price

The theoretical exercise price of the bond candmeputed from the bond cash flows, the

discount curve and/or the credit curve and recousityg the methodology described

below.

Spread over Treasury (TSY) benchmark

Treasury Spread to Exercis&(,, ) accounts for the returns over the given benchmark

bond. It is defined as the difference between theket yield to exercise of the bond and

the yield to maturity of the specified benchmadasury bond.

Yield



The yield to exerciseyE) implied from the bond market price is calculaéedording to

the equations shown below.

Yield Basis

Yield basis to Exercise is defined identically las bond basis. See Bond Basis for

details.

Yield Spread

Yield spread is defined identically as the bondd&ee Bond Basis for details.

Zero Discount Margin (ZDM)

Zero Discount Margin to Exercisé}d ) estimates the excess spread over the reference

index curve. It is a measure valid only floatetss idefined as the extra coupon spread to
be applied to the reference index rate curve 40 be able to recover the market price.

Zero (Z) Spread

Z Spread to ExerciseZg) captures the excess spread over the discourg.cline

details of implying the zero-curve and the corresdog calculation of the Z Spread are

described below.

Symbol Description




Be

Bond Basis to Exercise

C: Convexity to Exercise
ON Credit Basis to Exercise

JAV Discount Margin to Exercise

D:. Duration to Exercise

G. G-Spread to Exercise

| | Spread to Exercise
O- Option Adjusted Spread to Exercise
P- Par Asset Swap Spread to Exercise
Q. Par Spread to Exercise

OR Par Equivalent CDS Spread to Exercise
W. Zero Discount Margin to Exercise

E The Full Period Coupon Rate betwefen andt,
¢E Government Curve implied Rate to Exercise

[.(-1i) Coupon Day Count Fraction betwegn andt,
[,(0-1i) Yield Quote Day Count Fraction betwegn, andt,

5|R Spread applied to the Interest Rate curve
d. Coupon Day Count Convention

d, Yield Quote Day Count Convention

f . Coupon Frequency

f y Frequency for Yield Quote

T, Time at coupon flow # i

[ Exercise Date Time




Ye

Yield To Exercise

C: @) Coupon Flow at Date Timg,
D:t) Discount Curve based Discount Factor at Date Time
D (5,ti) J Bumped Discount Curve based Discount Factor a Danet,

D.(y.f d.t)

Discount Factor at Date Tinfe given Yield To ExerciseyE, Quote

Frequency f )’ Quote Day Count ConventiodyC

Df (Zs’ f y’dyc’ti)

Discount Factor at date tinfe given the Z Sprea@ g, the quote frequenc

f ,» Quote Day Count Conventiog .

N . Notional at Exercise
N, Outstanding Notional at Date Tinfe
A Nj Principal Notional Payout at Date Tinuje
Poiry (I Rineo) Theoretical Dirty Price calculated from the inpRtCurve
Pk oirty U Rineo' CRimeo) Theoretical Dirty Price calculated from the inpRtand Credit Curves
Theoretical Dirty Price calculated from the inpRtCurve with a spread
PDirty (51 I RTheo)

adjustment

PCR,Dirty (/l CR’ I RTheo’CRTheo)

Theoretical Dirty Price calculated from the inpRtCurve and Credit

Curve, where the Credit Curve is created off daadpread] .

PCR, Dirty (5CR’ I RTheo ! CRTheO)

Theoretical Dirty Price calculated from the inpRtCurve and Credit

Curve, with a spread adjustment applied to the iC€aatve

R: Discount Curve implied Rate to Exercise
St) Survival Probability at time t
S Treasury Benchmark Spread to Exercise (done)
yBMK Yield of the Specified Treasury Benchmark




Y. Yield to Exercise
Y. (| R Theoretical Yield to exercise
{z) Collection of the ordered nodeg{, 2;. ..., Zj} that constitute the Zerg
Curve
Zi Zero Rate to the Date Tinfe
Zs Z Spread

Basic Measures

Equation (1) The Coupon Cash Flow of the bond at coupon daeet, is given as

Ct)=&rl.(-1hd.

Equation (2) The Discount Factor at date time t given thedytel exerciseyE, the quote
frequency f , and the annualized quote day count based time'drary(i =-1i) is

given as

1

@+

Ty

Df(yE’ f y’dyc’t):

f roy
y
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Equation (3) The Zero Ratez; to a date timg, is determined by the solution g that
computes the discount fact¢ , (t,) given the quote frequenc§ ) and the annualized

guote day count based time fractip‘ny(i —-1i) is given as

_ 1
Df (tl) - f yr(o,t)

(L
f y

Equation (4) The Discount Factor at date tingpegiven the zero ratg; , the Z Spread

Zs . the quote frequencyf ,’ and the annualized quote day count based timmédra

|'y(i —-1i) is given as

1

Df (Zs’ f y’dyc’ti) =

f rot)

.+

fy

Equation (5) The Principal redeemed, amortized, or capital'maitnetj is given as

ANj:Nj_Nj—l

Equation (6) The Dirty Price of the bond at exercise givereaarcise yieldyE IS given

as
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Pory (Y = Zi)Cf t)D.(y,.f y,dyc,tj)+zj;A|\| DY fdet)*ND (Y. f,d,td

Equation (7) The Dirty Price of the bond at exercise givenspZead (7. ) is given as

PDlny(ZS) = ZCf(L) Df (Zs' f y’dyc’tj) +ZA Nj Df (Zs’ f y’dyc’tj)+ NEDf (Zs’ f y’dyc’tE)

Equation (8) The Theoretical IR implied Dirty PricPDmy(| R...,) of the bond at

exercise calculated using the discount factors ffeeninput discount curve is given as

Pon(IRu) =X C, ) D, )+ XN, D, (t)+ N D ¢

Equation (9) The IR implied Dirty PriceP . (JR, | RTheo) of the bond at exercise
calculated using the discount factors from the frgiscount curve bumped by a rate

O|R is given as

Pory O1r: IR ) = Z,Cf (t) Df(5|R,tj)+ZA N,D:(Jirl)* NcD: (O1rito)

Equation (10) The Theoretical Credit implied Dirty PricP . .. (| Ry CRrneo) ©f

the bond at exercise calculated using the disdagtdrs and the survival probabilities

from the input discount curve and the credit cuespectively is given as

Perory (IRmo CRe) =2C ) D ¢) S, )* 24N, D, (t)* N D, to) Se to)
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Equation (11) The Theoretical Credit implied Dirty Prig®., ;. (O | Rineor CRineo)

of the bond at exercise calculated using the discfactors and the survival probabilities

from the input discount curve and the credit cueapectively, where the credit curve is

bumped by a ratg) . , is given as

PCR,Dmy(5CR’ I Rmeo’CRmeo) = ZCf (tl) Df (t,) Sp(écR’tj) +ZA Nj Df (t]) + N E Df (tE) SP(6CR’tE)

Equation (12) The Credit Basis to Exerciggp_ of the bond given the market price

(P, is given as the solution ¢, in Equation (11):

PMKT :iZCf (t|) Df (tj) SP(5CR’tj)+Zj:A Nj Df (tj)+ NE Df (tE) Sp(écR’tE)

Equation (13) The Theoretical Credit implied Dirty Price of thend at exercise

Pcroiry (A ek | Rineo CRine) 1S calculated using the discount factors and tineial

probabilities from the input discount curve and ¢hedit curve respectively, where the

credit curve is created off of a flat spreﬁd:R, is given as

PCR,Dirty(ACRl IR-meO’CRTheo) = |ZCf (t.) Df (tj) SP(ACR’tJ) +;A NJ Df (tj)+ N E Df (tE) SP(ACR’tE)
Equation (14)The Par Equivalent CDS Spread to Exercise obtma given the market
price (P, ) is given as the solution ¢, in Equation (13):

Pur :ZCf t) D, (t,)Sp()ICR:tJ)’f;A NiD:t)*NeD ) S (Aceete)
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Equation (15) The Bond Spread to Treasury Benchmark at exei€ise is computed

from the Bond Yield to ExercisyE and the given Treasury Benchmark YieyaéMK as

ST&K = yE B yBMK

Equation (16) The Bond | Spread to exercige is computed from the Bond Yield to
ExerciseyE and the Discount rate to Exercise implied fromitipit Interest Rate

Curve R; as

IE:yE_RE

Equation (17) The Bond G Spread to exerci€g, is computed from the Bond Yield to

ExerciseyE and the Discount rate to Exercise implied fromitiput Government Rate

Curve ¢E as

C;E: yE_¢E

Equation (18) The Theoretical Yield to exercisg/ . (IR ) of the bond at

Theo

exercise calculated using the discount factors fiteerinput discount curve is given as

the solution ony in Equation (6), where the dirty priqéDirty is substituted by

PDmy(| R..,) of Equation (8).
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Equation (19) The Bond Basis at exercigg_ (also referred to as yield basis or as yield

spread) is computed from the Bond Yield to Exercj;sEeand the Bond Yield to Exercise

Y, as

Be= Y. Yl Ro)

Equation (20) The Bond Duration to exercigg) . is computed as the fractional change

in bond market priceP, ;) to the change in the market yieNf( ) as

_ 1 APMKT

DE ) PMKT AYMKT

Equation (21) The Bond Convexity to exercigg _ is computed as the change in bond

market duration to exercisg_) to the change in the market yiely(, . ) as

_AD:e

Ce oy

Equation (22) The Discount Margin to Exercisf_ of the bond given the market yield

to exercise yE) is given as:

AE: yE_RE
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Equation (23) The Par Asset Swap Spread to Exercfg® | of the bond given the

market price P, . ) is given as:

_ 1 PDirty(IRTheo)_PMKT
P P D:

Equation (24) The Option Adjusted Spread to Exerc(S}. is calculated identical to Z

Spread, as a solution tp_ in Equation (7).
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