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Foreword

lenn’s 20+ years of experience in structured finance is reflected in this

book. Portfolio management, MBS investment banking and structuring,
and loan level prepayment modeling are among his expertise. Glenn
contributed to The Handbook of Fixed-Income Securities, several editions
of The Handbook of Mortgage-Backed Securities, and The Handbook of
Nonagency Mortgage-Backed Securities. In 2003, he was honored for his
structuring expertise with the IDD/ASR award for the Most Innovative ABS
Transaction of the Year.

Glenn’s broad experience highlights that investing in mortgage-backed
securities requires a multidisciplinary approach including securities law,
structuring techniques, and the modeling of econometric data and con-
sumer behavior, both of which fall under the rubric of big data analysis.
Furthermore, the proliferation of data and the analysis thereof have brought
the concept of reproducible research to the forefront. Ultimately, research
or experiments that can be reproduced are more reliable than those which
cannot be reproduced. Reproducing the research of others is not only a
checking process but it also provides a jump-point for future exploration.
Investing in Mortgage-Backed and Asset-Backed Securities was written
in the spirit of reproducible research and introduces Bond Lab, the first
object-oriented and open source software that Glenn created for the analysis
of mortgage- and asset-backed securities.

Bond Lab is programmed in R, the statistical computing language of
choice, and allows the reader to replicate the analysis presented herein, view
the code that created the results, and extend the analysis in any direction one
chooses. Furthermore, the commercial acceptance of R on cloud computing
platforms offers the investor a promise of unlimited scalability. By harnessing
the power of R and open source computing, Bond Lab charts the course for
the investor to create a custom technology stack meeting and expressing
one’s unique view with respect to the mortgage-backed securities market,
thereby creating true alpha.

Frank ]. Fabozzi, Ph.D, CFA

Professor of Finance, EDHEC Business School
and

Editor, Journal of Portfolio Management
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Preface

It is not the critic who counts; ... The credit belongs to the man
who is actually in the arena, ... who spends himself in a worthy
cause; who at the best knows in the end the triumph of high
achievement, and who at the worst, if be fails, at least fails while
daring greatly, so that bis place shall never be with those cold and
timid souls who neither know victory nor defeat.

Theodore Roosevelt

elcome to the arena of structured finance. The purpose of this book is to

hone the skills needed to successfully compete in the arena. Bond Lab
and the Companion to Investing in MBS are the training tools, both of which
are programmed in the R computing language. This analysis presented in this
book is based on Bond Lab version 0.0.0.9000. Bond Lab is, to my knowl-
edge, the first open source object-oriented software designed for the anal-
ysis of structured securities. Bond Lab allows the reader to replicate the
analysis presented herein, as well as extend the analysis in any direction
she chooses thereby creating a richer learning experience and greater under-
standing of the material.

Investing in Mortgage-Backed and Asset-Backed Securities, was written
in the spirit of reproducible research and its underlying philosophy is sim-
ple: Mortgage-backed securities are not too complex to understand. In fact,
the basic valuation techniques applicable to all fixed-income securities also
form the foundation for the valuation of mortgage-backed securities (MBS)
and asset-backed securities (ABS). The perceived complexity of investing in
structured products, like MBS, can be attributed to four sources:

1. The contingency of residential MBS cash flows, which manifest because

the borrower holds the option to prepay and terminate her mortgage
obligation early.

Xvii
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2. Cash flow structuring techniques based on the allocation of principal
and interest across real estate mortgage investment conduit (REMIC)
structures.

3. Credit structuring techniques that allocate losses through the capital
structure of a transaction.

4. Valuation techniques that “simulate” the economy—interest rate
models.

Organization of the Book

The main goal of this book is to develop a basic framework for the
analysis of mortgage- and asset-backed securities using open source soft-
ware. The financial models presented throughout the book are developed
using R [R Core Team 2013], a freely downloaded open source software
development environment.

Many people think of R as a statistics package, however it is much
more. The R environment is an “integrated suite of software facilities for
data manipulation, calculation, and graphical display” [Smith and R Core
Team 2013]. As such, R lends itself easily to the development of an integrated
financial analysis tool.

Investing in structured products also requires managing large sets of
data. Aside from market data, like swap rates and Treasury prices and yields,
the structured product investor must also follow borrower transaction data.
Examples include voluntary prepayment rates, payment of scheduled prin-
cipal and interest, and borrower delinquency and default. More often than
not the investor must monitor this information at the loan level. Loan level
data are becoming more available, and there are a host of vendors that offer
the aggregation and delivery of this kind of data. The loan level data that is
needed by the investor to monitor collateral performance is also freely avail-
able via trustee and/or issuer websites. In this book, we will use MySQL®,
also open source, as the data management solution.

Investing in MBS is divided into five parts. Part One, Valuation of
Fixed-Income Securities, introduces the reader to the techniques used to
value all fixed-income securities.

® Chapter 1 begins with the time value of money. It introduces the con-
cept of the present and future value of $1. The concept of the time
value of money underlies every investment decision. It is the most basic
expression of interest rates that forms the foundation of fixed-income
investing.

® Chapter 2 covers the theories of the term structure of interest rates,
explaining the coupon, spot rate, and forward rate curves. The chapter
numerically illustrates the derivation of both spot and forward rates.



Preface XiX

Numerical examples are provided throughout the chapter to assist
the reader in gaining a solid understanding of the term structure of
interest rates.

® Chapter 3 introduces fixed-income mathematics covering yield to matu-
rity, weighted average life, duration, convexity, and key rate duration.
The chapter provides numerical examples as well as the application of
each metric.

m Chapter 4 integrates Chapters 1 through 3 into a comprehensive frame-
work for the valuation of fixed-income securities; particular attention is
paid to assets whose principal amortizes over the life of the investment.
Finally, Chapter 5 illustrates fixed income return analysis. The chapter
deconstructs horizon return into its components and illustrates how
each contributes to the investor’s realized rate of return.

Part Two, Residential Mortgage-Backed Securities, introduces the
reader to mortgage-backed securities.

m Chapter 6 differentiates the characteristics of residential and commer-
cial real estate. The chapter ends by deconstructing the mortgage loan
amortization table and outlining key mortgage servicing activities.

m Chapter 7 extends the concepts presented in Chapter 6, illustrating
mortgage cash flow analysis. Specifically, the chapter takes the reader
through the amortization and cash flow analysis of a pool of mortgage
loans given borrower prepayment.

® Finally, Chapters 8 and 9 provide an overview of the techniques
used to analyze the factors influencing mortgage prepayment rates.
Chapter 8 illustrates the application of the Cox proportional hazard
model to loan level data as a method to explore the drivers of prepay-
ment rates, while Chapter 9 translates the analysis of Chapter 8 into a
functioning parametric prepayment model.

Part Three, Valuation of Mortgage-Backed Securities, introduces the
reader to the basic valuation techniques used to determine relative value
in the mortgage-backed securities market.

® Chapter 10 reviews the mortgage dollar roll. The dollar roll is the
short-term financing mechanism of the residential mortgage market and
represents the starting point of relative value analysis in the residential
MBS market.

® Chapter 11 presents the tools investors may use to analyze mortgage-
backed securities. The chapter addresses liquidity analysis, static
cash flow analysis, and finally the application of return analysis to
differentiate the relative value of mortgage-backed securities.
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Chapter 12 introduces option-adjusted spread (OAS) analysis. OAS
analysis is perhaps the least understood and most wrongly applied
tool in the mortgage valuation arsenal. The chapter guides the reader
through the Cox, Ingersoll, Ross single factor term structure model. The
chapter illustrates the motivation of the prepayment model presented
in Chapter 9 via the interest rate model and ends with a complete
treatment of OAS as an investment decision making tool.

Part Four, Structuring Mortgage-Backed Securities, introduces the

reader to the structuring techniques used in the mortgage-backed securities
market. MBS structuring relies on the division of principal and interest
to create notes derived from MBS cash flows that are tailored to meet
investors’ unique risk/reward profiles. Further, the structuring techniques
used by dealers alter both the timing and valuation of MBS cash flows.
Option-adjusted spread analysis is used throughout the section to explore
how the division of principal and interest alter mortgage cash flow
valuations.

Chapter 13 introduces REMICs and explains the rational for their cre-
ation, evolution, and legal structure. The chapter closes by outlining the
Bond Lab structuring model.

Chapter 14 kicks off REMIC structuring with stripped mortgage-backed
securities (SMBS). A stripped MBS is not a REMIC in terms of its
legal formation; however, SMBS are included in the section because
they represent the clearest illustration of the division of principal and
interest—the key to REMIC structuring and arbitrage.

Chapter 15 presents the sequential REMIC structure, an example of the
division of principal via time tranching, which allows a dealer to create
bonds of different maturities thereby exploiting investors’ term structure
preferences to create a profitable arbitrage.

Chapter 16 outlines the planned amortization class (PAC)-companion
REMIC. The PAC-companion structure is an example of the division of
principal. Rather than time tranching, principal is allocated to each bond
within the structure based on the prepayment rate of the underlying
MBS.

Chapter 17 completes the sequential REMIC arbitrage illustrating the
use of a two-tiered REMIC structure to create an IO class. The structur-
ing difference between the sequential IO and the SMBS IO is explored.
Chapter 18 outlines the PAC-floater-inverse floater structure and com-
pletes the PAC-companion arbitrage illustrating the use of derivative
execution to create par priced bonds.

Chapter 19 illustrates the use of an accrual bond to “clean-up” the com-
panion bond’s tail cash flows and create a long duration security.
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Part Five, Mortgage Credit Analysis, covers default modeling,
self-insuring mortgage structures, and the basics of sizing mortgage credit
enhancement. A self-insuring structure is one whose credit enhancement is
internally created which may subject the investor to principal loss resulting
from borrower defaults. Thus, it is imperative that the investor understands
default modeling, loss simulation, and the allocation of losses across the
transaction’s capital structure.

® Chapter 20 illustrates the use of logistic regression analysis to model
mortgage default.

® Chapter 21 builds on the analysis presented in Chapter 20 and illustrates
the development of a predictive default model.

® Chapter 22 introduces the basics of private-label MBS. The chapter cov-
ers alternative subordination structures, cross collateralization, as well
as the implication of the third-party credit exposure.

® Chapter 23 illustrates simulation techniques used to determine mortgage
credit enhancement levels. The chapter not only focuses on principal
subordination but also illustrates how the investor may use simulation
to investigate the adequacy of agency guarantee fees and how those fees
relate to principal subordination.
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Introduction

he inspiration for Bond Lab arose from the recommendation on the part

of the Structured Finance Industry Group to provide mortgage and con-
sumer asset-backed bond payment rules, commonly referred to as the water-
fall, in an open source programming language. Although well intended, the
recommendation suffered from the following problems:

m First, the waterfall is but one of several structural objects that must come
together within the program to define a structured security. Thus, it was
rightly pointed out by several providers of commercially available soft-
ware that a waterfall, in and of itself, is insufficient to analyze structured
securities.

® Second, the recommendation mentioned Python as an example of a
human readable open source programming language. Although only an
example, mentioning Python served to pivot the conversation from the
viability of open source deal structures to that of a debate on the choice
of programming language.

Bond Lab is an example of open source software designed for the anal-
ysis of fixed-income securities with an emphasis on structured securities.
It defines the classes, superclasses, structural elements, and methods required
to create a structured security before the investor can begin to perform cash
flow, relative value, and risk analysis.

The examples used in this book assume securities whose factor or origi-
nation date occurred sometime during January 2013, a random choice on my
part. Swap rate data, taken from the Federal Reserve’s website, is available
for the month. The examples are:

Bond ID Bond Type Structure

bondlab$ Bond 5-year semi-annual coupon
bondlab10 Bond 10-year semi-annual coupon
bondlabMBS4 Mortgage 30-year pass-through
bondlabMBSS Mortgage 30-year pass-through
BondLabMBSIO Mortgage 1O strip

BondLabMBSPO Mortgage PO strip

BondLabPAC1 PAC REMIC tranche
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Bond ID Bond Type Structure

BondLabCMP1 companion REMIC tranche
BondLabSEQ1 sequential REMIC tranche
BondLabSEQ2 sequential REMIC tranche
BondLabSEQ3 sequential REMIC tranche
BondLabSEQ4 sequentiallO REMIC tranche
BondLabPAC2 PAC REMIC tranche
BondLabFloater floater REMIC tranche
BondLablnverse inverse REMIC tranche
BondLabPACZ PAC REMIC tranche
BondLabCMP_Z companion REMIC tranche
BondLabZ accrual bond REMIC tranche

Finally, the Bond Lab structuring tool allows the reader to create any
structure by defining the REMIC, its tranches, collateral group, and pay-
ment waterfall. Thus, the reader may extend her analysis and investigation
in any direction she chooses. The Companion to Investing in MBS (compan-
ion2IMBS) provides a gentle introduction to BondLab, calling much of the

functionality presented herein.
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