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Abstract

This project isa summary of agap analysisthat was performed on Bank of America—
London'’ s profit and loss reporting process. The timeliness of the reconciliation process for the
reporting of profit and loss led to an in-depth study and analysis of various computer systems and
manual processes. Thisproject isa summary of the gap analysis and an outline for a

reconciliation program that will help the profit and | oss reporting teams.



Executive Summary

This project is based around a profit and | oss workflow gap analysis performed at Bank
of Americain London. The profit and |oss workflow gap analysis examines the two systems that
currently report the profit and loss for their traders. This project exploresthe current problems
such as the time for reconciliation of the profit and lossreports and improper reporting of the
profit and loss. Solutions for these problems are based on input directly from the teamsin

London and from an analys s of the reporting system.

Additionally, this project features an in-depth explanation of financial terms that were
necessary in order to be able to communicate with the employees at Bank of America. Each of
these has been daborated on to promote understanding for not only the reader but also the
authors of this project. Econophysicsis covered in this project to promote understanding of
physical sciences being applied to the financial world. Thisincludesareview of topics that use

the properties of thermodynamicsto explain financial phenomena.

This project also explores an upgrade to a current computing cluster called the Risk
Engine. This cluster of computersisin charge for calculating risk, the Actual profit and loss, and
the general ledger. This project investigates future options for the Risk Engine by performing a
power, performance, and space required analysis and examines the poss bility of completdy
switching over hardware to such options as a quad-core Intel -based system or a Cell-based

system.
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1: Introduction

1.1: Financial
This project was prepared by Abhishek Vashishth in order to have a profit and loss (P&L)

workflow gap analysis performed. It started out with three different P& L systems, the Flash P&L,
the Actual P&L, and the Explain P&L. However, it was soon obvious that the Explain P&L and
the Actual P&L was the same exact thing except under a different name. This enabled usto
specifically focus on the Flash and Actual P&L and the systemsthat input information to these

calculators.

Thereare 11 different categories of P&L that are computed by Bank of Americain the
Flash and Actual P&L processes. There isthe credit default swap credit spread, credit default
swap credit spread convexity, corporate bond spread, government bond, interest rate, carry,
credit curve shift, new bus ness trading, brokerage, edit, and recovery. Credit default swap credit
spread P&L is one of the most important profit and loss categories and isa summary of the sales
surrounding credit derivatives. This comes from when the traders mark their curves at the end of
the day. Credit default swap credit spread convexity isa second derivative and isonly sgnificant

when there are major movesin the credit curve.

Corporate bond spread isa cal culation of how large of a gap there is between their
corporate bondsto an equal government bond. The government bond P&L is how much money
is made from investing in a government’ s debt. Interest rate P& L comes from how much money
is collected from interest. Carry P&L is how much money is made when atrade iskept from the
beginning of the day to the end of the day. Credit curve shift is how a movement in the credit

1



yied curve affected their investment by either producing profit or loss. New business P& L
includes any trades that are performed on that day and al so includes assgnments. Brokerage
summarizes the profit and loss of acting as a firm that allows stocks and bondsto be sold for
clients. Edit P&L iswhen a person had to go in physically and fix atrade because it was
incorrectly booked. Recovery P&L comes from when an entity defaults and the company either

has to pay or receives payment for the default.

With this knowledge, the various systems and the importance of each form of P&L had
also been edtablished. Problems with the carry, recovery, brokerage, interest rate, corporate bond
spread, government bonds, credit curve shift, and credit curve spread convexity were considered
to have small inaccuracies. This held true except for credit curve spread convexity that affects
the P&L when there are large changesin the yield of the credit spread. Thiswasidentified as

important i nformation that Odin was not cal culating and did not take into account.

We al 50 established theimportance of having multiple systems that have to agree. This
provides multiple checkpointsto find errors, make corrections, and provide multiple sources for
reconciliation. The Flash' s purpose isto provide an estimate of the profit and loss for any given
day and is distributed to the traders and front office at the beginning of the day. Front officeis
the office that does all of the trading while middle office performs the reconciliation and
provides a checkpoint for thetraders. The Actual P&L is calculated by Risk Engineand is

reconciled before given to the traders.

In this project, we show that there are multiple areasthat can be improved upon. These areas

have been outlined by taking the input from people who actually need the P&L reports and then



the solution was found by brainstorming and taking in the available information. We then

provide our ideas and our solutions with applicable information included to support our solutions.

1.2: Risk Engine Review

TheRisk Engineisan important server cluster in Bank of Americathat computes risk,
Actual P&L, and the general ledger for the entire corporation. This server cluster wasreviewed
to seeif there are more power efficient options available that would be worthwhile to convert to.
Thisisan areafor saving money and server space for Bank of America.

Currently, the server cluster has 80 2.8GHz Dual Core Xeon Processors stored in 40
Hewl ett-Packard DL360 G4p server chasss. This setsup a problem of whether or not a quad-
core processor server or a Cell-based option would be worthwhile. This project focuses on a
comparison of computational capabilities, electrical power consumption, and space usage. With
these three points, a conclusion was drawn on the whether a full revamping wasrequired. Once
the conclusion was drawn on the benefits, this was wel ghed against the cost of the new hardware

and if that hardware would pay for itself through power consumption.

Inthis project, it will be shown that the current systemis sufficient as the hardware has
aready been purchased. Near future upgrades should be focused on the quad-core processor
option while after mid-2008 the Cell-based option should be investigated further. Thiswill be
shown through the fact that even though the Cell will cut down power consumption and space
required that the uncertainty in the difficulty of coding for its architecture is detrimental to its

implementation and viability asan option.

1.3: Social Capitalism using Econophysics



Inthis project, it will show that econophysicsisa growing research field that is being
used to predict future world economics. Explanations of current and future research ideas have
been expressed in this project. Studying Flash and Actual P& L systems, time was been found to
research the bas cs of econophys csand the thermal physi cs skel eton used for bas ¢ concepts of
Social Capitalism. Thiswill show how various social classesare created and categorized usng

thermal physicsanalogies.

Thermal physicsideasrepresented in the project include the Boltzmann-Gibbs Law,
thermal, and super-thermal physics. These characteristics and the mathematicsinvolved are then
applied to world economics using data that has been collected over the years. With this data
analys's, accurate predictions can be made about past, current and future world economic
problems and solutions. We have the ability, asaworld, to unite and sudy our world economy,
for future stabilization ideas. People do not realize that we all affect each other in some way, and

choices on this Earth will decide if we continue to prosper here on this planet for yearsto come.



2: Background

2.1: Financial

2.1.1: Bonds

Bonds are a form of credit where a company or a government issues you debt in order to
raise funds. The body that issues the bond makesa commitment to return theinitial investment
of the bond by a certain date. They also agree to pay interest at either fixed rates or floating rates
on set dates. Thus, a bond isaloan where the traditional rolesarereversed. Instead of having a
bank or a company lending the money, you are providing the funds by buying into a company’s
debt. However, there are a few more aspects to a bond than there areto aloan. A bond includes
the detail s of who was the issuer, the time frame of the bond, the coupon rate, and if there are

redemption features.*

| ssuer Examples Domestic Examples
Corporation Japanese Government
Municipality Bonds, U.S. Treasuries,
Government UK Gilts
Maturity Short, Medium, I nter national
Long, Sinking Examples
Fund Provison Eurobond
Foreign
Global
Coupon Rate Fixed Income
Floater Inverse
Zero Coupon
Redemption Features | Cdlable
Convertible
Puttable

Table 1 - Features of Bonds®

! Chacko, George, Anders Sidman, Hideto Motohashi, and Vincent Dessan. Credit Derivatives. Upper Sandle River, New Jersey 07458: Wharton

School, 2006. p. 12

Chako, George, Peter Hecht, Vincent Dessain, and Monika Stachowiak. “Note on Bond Valuation and Returns.” Harvard Business School Note

No. 205-008. Boston: Harvard Business School Publishing, 2004




This table demonstrates various features of the bonds with specific examples. As shown
above, the issuer of a bond can vary from a corporation to a government. A bond will also have a
maturity of when the bond can be cashed in. Coupons can also be collected fromabond if that is
written in the original agreement. While the redemption features, allow a bond to be redeemed in
different fashions. Each of these factors will affect the risk associated with the bond in varying

degrees.

Theissuer of the bond is one of the most important parts of bond’ srisk and its expected
yield. When comparing a government to a corporation, it is easy to see that a corporationisalot
more likely to go bankrupt than a government. For this reasoning, government bonds are seen as
safer and provide lower returns. In fact, when bonds are issued by the U.S. government these are
seen to have the lowest chance of default. Often, U.S. Treasury bonds are commonly referred to
asrisk-free bonds. As shown in the table above, each of the bonds can have different names

based on their country of origin.’

Eurobonds are a particularly interesting case of bonds. They are issued bondsin a
currency that isnot currency of the country where it isbeing originally issued. If a company sat
in Audtraliaand issued a bond in US dollars while not in the US that would be considered a
Eurobond. Once a bond fully maturesit istime for theissuer to make good on the commitment
to repay its debt. They do this by paying back the principal. When dealing with government
bonds, a short term bond is less than one year, a medium termis oneto two years, and along
term has a term-of-maturity that isten years or more. In the case of the United States, short-term
bonds are Treasury Bills, middle-term bonds are Treasury Notes, and long-term bonds are called

Treasury Bonds. On the other hand, a bond issued for the short term through a corporate source

3 Chacko, George, Anders Sjoman, Hideto Motohashi, and Vincent Dessan. pp. 12-13
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is often called commercial papersand have a maturity between 2 and 220 days. Long-term bonds

issued by a corporation are called corporate bonds.*

Corporate bonds may also have what is called a sinking fund provision. This provisonis
a condition that mandates that the entity hasto pay back the principal of a bond astime
progresses. Thiswould makeit so that instead of getting one lump sum at the end that the bond
holder would instead receive payments at fixed intervals. A zero-coupon bond isa bond that
doesn’t pay interest periodically and only pays back the principal when maturity isreached.
Bonds can a so have redemption features. When abond is callable, that meansthat the issuer can
recall the bond before it has fully matured. Thiswill cause the issuer to pay more than they
normally would. Puttable means that the bond holder can turn in the bond beforeit’ sfully
matured. Thiswill normally be redeemable for less. Convertible bonds give bond holders the
option to convert their bonds into a set number of equity shares before or after the bond' s

maturity.>

An important distinction between bonds and stocksisthat stocks do not promise
dividends or returns. Bonds are a promise that you will be repaid the principal and interest while
stocks provide ownership in a company.® In the United States, when you purchase a bond from
the U.S. Treasury you only have to pay federal taxes on the income earned. When you purchase a
municipal bond, you are exempt from paying federal taxes on theincome you make from that.
Also, alot of municipalities will maketax exemptions for their bonds so that you don’t haveto

pay taxes on the income from the municipal bond. These do come with a drawback because if

4 Chacko, George, Anders §oman, Hideto Motohashi, and Vincent Dessan. p. 13
° Chacko, George, Anders S 6man, Hideto Motohashi, and Vincent Dessan. p. 14
6 "What is a Bond? - Education Center." Y ahoo! 23 Oct. 2007 < http://finance.yahoo.com/educatior/bond/article/101194/What_is_a Bond>.
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you are offered compl ete tax-exemption these bonds will usually have a smaller return rate than

ataxable bond.”

Risk isanother aspect of bondsasitiswith all formsof credit. When you buy a U.S.
Treasury bond it is considered exceptionally safe. On the other hand, when you buy a municipal
bond that is believed to be a bit riskier. Corporate bonds are seen as the riskiest because they’re
more vulnerable to various problemsthan a government. Two examples of these incidentsare

Chryder and LTV Sted. Each of these bonds will come with arating.®

Standalgd ;i‘rr% Poor's Moody's Rating Explanation Grade
AAA Aaa Highest Investment
AA Aa Very High Investment
A A High Investment
BBB Baa Middle Invesment
BB Ba Low Non-investment
B B Very low Non-invesment
CCC Caa Great risk Non-investment
cC Ca Greater risk Non-investment
C C Default unavoidable | Non-investment

Table 2 - A list of Standard and Poor’s Ratings and M oody’ s Ratings’ ™°
Bonds are a specific kind of credit and with that a credit rating is given for the amount of
risk that islikely to beincurred. There are agencies that rate how likely it isfor a company to
repay. Two of the major agencies are Standard and Poor’ s (S&P) and Moody’ s. Theseratingsare
representative of therisk.'* AAA (Aaa) bonds are highly likely to be paid back while CCC/CC/C

or aCaa/Ca/C bondsaren’'t aslikdy to be paid back. On a sde note, when investorslook to

! "Types of Bonds - Education Center." Y ahoo! 23 Oct. 2007 <http://fi nance.yahoo.com/education/bond/article/101197/Types_of_Bonds>.
“Types of Bonds — Education Center” Y ahoo!

"Bond Ratings." Money-Zine. 24 Oct. 2007 <http://www.money-zine.convInvesting/Investing/Bond- Ratings/>.
0 "Finance Corporate Debt Ratings Moody's and S& P." Blaha. 24 Oct. 2007
<http://www.blaha.net/ Fi nance%20Corporate%20Debt%20Rati ngs.htm>.
“Types of Bonds — Education Center” 'Y ahoo!



invest across the world, they first haveto look at the sovereign credit rating. This credit rating

states how well a country can offer a safeinvestment environment.*

It isimportant to understand that a bond usually entailsa legally binding document that is
often at least one-hundred pages in length. The document that goes along with the bond and
covers various aspects such asthe partiesthat are involved, legal jurisdiction, and aso include
information on the cash flow and the amountsinvolved. An aspect of a bond that isalso
important to know isthe grace period. Thisistheamount of timethat is allowed to make
payment before the bond defaults. Thisisusually the case when the borrower cannot support a
large payment on the cash flow. Thisusually causes a default on all bonds and |oans that body

had.*®

2.1.2: Stocks/Equity

While one can invest in the debt of a company through bonds, thereisyet another way of
investing in a company. A person can buy equity in a company. Thisequity is seen in the form of
stocks. So while on one side of a company, there are a company’ s creditors, on the other side are
the stockhol ders who have purchased equity in the company. These stockholdersare al partial
owners of the company. The percentage that a ssockholder owns a company is determined by the

percentage of stock that they own.*

When talking about actually purchasing the stock, it isreferred to as buying shares. There
are different types of stock that isavailable for purchase. Common stock iswhere you own a part

of the company and have special rightsto be able to vote for the company’ s board of directors.

12 | eakal, Reem. "Wht is a Corporate Credit Rating?" Investopedia. 22 Oct. 2003. 23 Oct. 2007
<http://www.i nvestopedia.com/articles/03/102203.asp>.
Chaplin, Geoff. Credit Derivatives: Risk Management, Trading, & Investing. West Sussex, England: Wiley Finance, 2005. p.6.

14 Chacko, George, Anders Soman, Hideto Motohashi, and Vincent Dessan. p.227
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The amount of votes you have isdirectly proportional to how much stock you have. On top of
being able to vote for the board of directors, common stock shareholdersalso get to vote on
various important events such asa stock split. Common stock shareholdersare also the very end

of the order for payout if the company defaults.™

Preferred stock is atype of stock where the shareholders sill own a part of the company.
However, they forfeit their right to vote but they do recelve special treatment. Thereare
ingtances where preferred stockholders do get voting rights. Preferred stock holders get paid a
fixed dividend and will enjoy smaller price fluctuations because of the dividend paid. This
dividend doesn’t have to be paid necessarily if the company doesn’t have the financial capacity
to do so. Preferred stockholders, in the event of a default, will receive compensation before a
common stock holder. There are four categories for preferred stock holders. Cumulative
preferred stock enables their holdersthe right to be paid an accumulative back payment if the
company doesn’'t have the financial capacity to do so for awhile. Non-cumul ative does not
receive this benefit. Participating preferred stocks may give out higher than normal dividend
paymentsif the company produces a greater than expected profit. Convertible preferred stocks
allow a preferred stockholder to convert their preferred stock into a certain amount of shares of

common stock.*®

It isimportant to also realize that not all common stocks are created equal. Some
companies will issue different classes of common stock. This operates much like the different
levels of bonds (senior and junior). These different levels of common stocks enable their

sockholdersto have different amounts of votes per sharethat they own. A company could have

15 Investorguide Staff. "Stock Basics - Common and Preferred Stock.” Investor Guide. 1 Nov. 2007 <http://www.i nvestorguide.com/igu-article-
ilaéLB-stock-basi cs-common-and-preferred-stock. html >.
Investorguide Staff. "Stock Basics - Common and Preferred Stock." Investor Guide.
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acommon stock that they rate higher and it gives five votes per share while they could have

another common stock that only gives one vote per share.*

2.1.3: Credit

Credit iswhen a person or a company can use someone el se' sfundsin order to sustain
themselves financially. Thisis what makes credit an important economic concept. It allows
peopl e to buy what they want today even though they may not have the fundsto repay it until
sometimein the future. Credit carrieswith it the idea of interest. Interest can be paid back in

regular intervals or at the end of the contract.*®

When someone lends out money, they expect to be compensated for taking on the risk of
the borrower not returning the money. Thisis where interest starts to comein. Since the creditor
islending out their money, they expect that they will be paid in return for parting with their
money. This payment is called interest. An important aspect to interest; however, isthat atime
valueisalso associated with this. Time values are a way of compensating for inflation. Inflation

lowers the value of money by increasing the amount of money required to purchase goods.*®

Currency isaform of credit that isvery commonly used. We may have United States
dollarsin our pocket but those pieces of paper that we have aren't really worth what their face
value declares. That isto say, the physical piece of paper, the material that goesinto it isworth

less than its face value. These bills are backed by the United States government’ s credit. Every

1 Investorguide Staff. "Stock Basics - Common and Preferred Stock." Investor Guide.
18 Chacko, George, Anders Sjoman, Hideto Motohashi, and Vincent Dessan. pp. 9-10
19 Chacko, George, Anders S oman, Hideto Motohashi, and Vincent Dessan. p. 11
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form of currency is backed by some sort of government’ s credit whether it’ sthe US dollar, the

British pound, or even the Euro.

Loans are atype of credit where alender givesthe borrower something. This could range
from money to property. The borrower then promisesto return the capital or goods to the lender.
On top of returning the money or property, they also have to pay either afee or interest. A very
common case of thisisa mortgage. Thisis when a person takes out a loan and puts their house
up as collateral. If the person then defaults on their 1oan, their house can be taken by the lender
instead of paying therest of the loan.* Loans also carry with them |oan documentation, which

arelegally binding documents.?

Loans are a broader topic than bonds. They’re very loosdly defined. Often, bonds are
things that are traded whileloans are usually private agreements. On the other hand, thereis
actually a maturing market for secondary trading of loans. Thisiswhen the cash flowsare sold to
athird party. If thisisto take placetheloan hasto be an assignable |oan. Mot |oans are non-
assgnable. Thistrend seemsto becoming lessand | ess popular. Some non-ass gnable loans will
become assgnabl e during a time of default. This makes thingsa little more interesting when

trying to deal with the default swap contracts.®

Theinability of being ableto pay for your credit is called defaulting. This can happen to
peopl e, corporations, and governments alike. People can over usetheir credit card. Thisform of
debt is popular among coll ege students and often | eads to defaulting. There has been a seady

increase from 1992 to 2003 for people filling bankruptcy. Corporations can easly go bankrupt

20 Chacko, George, Anders §oman, Hideto Motohashi, and Vincent Dessan. p. 11

2 Chacko, George, Anders §jdman, Hideto Motohashi, and Vincent Dessan. pp. 11-12.
22 Chaplin, Geoff. p.3

2 Chaplin, Geoff. p.3
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and an early tell-tale sign is when the company stops paying interest on issued bonds.
Governments are cons dered to be imperviousto default for the most part as they can just print
more money to pay off its debt. However, Russia defaulted on itsloansin 1998, Turkey in 2001,
and Argentinain 2002. That is when the I nternational Monetary Fund will step inand try to

formulate some sort of repayment plan.*

There are occasonsthat can happen to force an entity to default. These are called credit
events. Examples of thisare bankruptcy, failureto pay, a severe reduction of credit ratings, an
event that happens after a merger leaving the new company weaker than before, government
action, and market disruptions. Defaulting on aloan islikdy to lead to bankruptcy. In the case of
Argentina, however, they did not haveto declare bankruptcy. On the other hand, corporations
when they default will morethan likely have to file for bankruptcy. When this happens, the
company defaults on all of itsloansand the company startsto beliquidated. This liquidation
process isan attempt to salvage as much as possible from the company. All of the debt that that
company once had is then ranked by seniority. The ones who hold the most seniority will bethe

first to be paid back.?

In the event of a company defaulting like what is stated above, all of the debt will then be
broken up into senior and junior debt. Senior debt will be paid back before junior debt. Senior
debt also comes with alower potential for profit asit islower risk than the junior debt holders.
Debt holders have a priority for repayment over stock and equity holders. The company owners

are given whatever isleft over from the company. This startsto show why investing in bondsis

2 Chacko, George, Anders Sjoman, Hideto Motohashi, and Vincent Dessan. pp. 14-17
= Chacko, George, Anders Sjoman, Hideto Motohashi, and Vincent Dessan. pp. 18-19
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generally safer than investing in stocks. Asa bond holder will get paid before a stock holder

since the bond holder isinvesting in the company’ s debt not its equity.?

2.1.4: Credit Risk / Credit Default

Credit risk isthe danger of not being paid back for the money that you lend. This danger
is often called the default risk. In order to handle credit risk, it isusually broken down into pieces
that are easer to deal with. Thereisalot of debate on thistopic on how to actually do this;
however two generally accepted concepts are default probability and recovery rate. These two

concepts when combined into a single form of measurement is frequently called credit spread.?”

Default probability can be calculated in numerous ways, which includes but is not limited
to the entire life of the loan or over specific time periods. Looking at a borrower’ s credit history
isavery traditional way of establishing the probability of default. Credit ratings are assigned to
everyone who uses credit in order to determine how likely they are to repay the loan and
someti mes how much to charge extra. Someone with alow credit score would be charged much
more and be kept on a shorter leash than something with a higher credit score. We can also run
stress scenarios on the debt to see how a company might respond to changes such asadrop in

interest rates or any other changesin its environment.?

Therecovery rate is how much of loan can be recovered if the borrower defaults. This
was covered in the credit section on the grounds of who gets paid first if a corporation defaults.
During the liquidation process, everything will be sold and the lenders will be looking for as
much compensation for their loan as quickly as possible. Also, thereis another aspect that hasto

be looked into when evaluating a entity’ s credit. Thisfacet iscalled credit exposureand it isalso

% Chacko, George, Anders §oman, Hideto Motohashi, and Vincent Dessan. p. 19
2 Chacko, George, Anders Sioman, Hideto Motohashi, and Vincent Dessan. p. 20-21
3 Chacko, George, Anders §ioman, Hideto Motohashi, and Vincent Dessan. p.22
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known as exposure at default (EAD). Thisis a measure of how much the person or organization
who lends the money would loseif the borrower were to default. A borrower could also be given
a set threshold that he or she must not cross. The EAD measurementsare usually for derivative
instruments, which allow people to sl credit risk. By taking into consideration default
probability, recovery rate, and credit exposure a formula can be founded for the expected |0ss.
L, =D*EC*(1—Ry)
Formula1 - Calculation for Expected L 0ss*

Le isthe expected loss while D isthe probability of default. E¢is credit exposureand R; is
therecovery rate. It would appear pretty difficult to put numbersto thingsthat seem asarbitrary
asthese components. However, default rates are very easy to give valuesto. Recovery rates on
the other hand are not so easy. Rating companies are becoming better in setting default rates.
Very few high-rated companies are defaulting while the mgjority of defaulting companies were
in low ratings as their ratings tanked. Companiesthat have a high rating are called investment
grade while ones with low ratings are called speculative grade. Thisisused by investors who are

wondering about the likelihood of theissuing entity defaulting.®

2 Chacko, George, Anders §6man, Hideto Motohashi, and Vincent Dessan. pp.20-22
% Chacko, George, Anders Sioman, Hideto Motohashi, and Vincent Dessan. p.22
3 Chacko, George, Anders S 6man, Hideto Motohashi, and Vincent Dessan. pp.26-40
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Probability for changing a rating at the end of the year (%)
Original
Rating AAA  AA A BBB BB B CCC Default
AAA 9366 583 004 008 003 000 000 0.00
AA 066 9172 694 049 006 009 002 001
A 007 225 9176 519 049 020 001 004
BBB 003 025 483 8926 444 081 016 022
BB 003 007 044 667 8331 747 105 098
B 000 010 033 046 577 8419 387 530
CCC 016 000 031 093 200 1074 6396 2194
Default 000 000 000 000 0.00 0.00 0.00 100.00

Table 3 - Probability of a bond-r ating changing over one year (Standar d and Poor’s)*
Itisclearly visble why bondsthat are taken out over alonger period of time have larger

yields. The chance that your bond shifts in rating increases as time goes on. This information was
collected over a period from 1981-2000 and is originally from Standard & Poor’s. Also, the
probability that CCC becomesan AAA has beenitalicized in order to separate it asan
irregularity. Thisis clearly evident asa B rated bond has a zero percent chance to become an
AAA bond. That would imply that a CCC bond shouldn’t have a chance of becoming a AAA
bond. Thisis definitely something that an investor looking at bonds should understand before

they take a step towards investing in a company.*

Probability for changing a rating at the end of the year (%)
Original
Rating Aaa Aa A Baa Ba B Caa D
Aaa 9338 594 064 000 002 000 000 0.02
Aa 161 9053 746 026 009 001 000 004
A 007 228 9235 463 045 012 001 0.09
Baa 005 026 551 8848 476 071 008 015
Ba 002 005 042 516 8691 591 024 129
B 000 004 013 054 635 8422 191 681
Caa 000 000 000 062 205 408 6919 24.06 A

Table 4 - Probability of a bond-rating changing over one year (M oody’s)*

32 wDefault Model." Riskglossary. 23 Oct. 2007 <http://www.riskgl ossary.comlink/default_model.htrm>.
B Chacko, George, Anders Sidman, Hideto Motohashi, and Vincent Dessan. p.31

34 vThe JP Morgan Guide to Credit Derivatives.” Investing in Bonds. 24 Oct. 2007
<http://www.investi ngi nbonds.com/assets/files/Intro_to_Credit_Derivatives.pdf>. p. 44
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Moody’ s ratings can be comparable to Standard and Poor’ s to show that their predictions
run closdly together. We can see that both of the rating companiesare very similar in their end
results even if they do their ratings differently. Thisis very important information when
consdering what to invest in. Traders need to know and understand thisin order to truly start
evaluating risk. If therating dropsthen it will bring down the total yield. If the rating drops

sgnificantly the profit may turninto aloss.

Thereare also other rating companies such as Fitch IBCA and Duff & Phelps. Fitch
IBCA and Duff & Phelpsboth usealetter system that islike Standard and Poor’s. They just give
another opinion of how they think a company should be rated. These however aren’t the most
popular rating companies but they are still used. It al so noteworthy that Moody’ sincludes 1, 2,
and 3 for their ratings from Aa to Cato separate better socks at each level. Standard and Poor’s,
Fitch IBCA, and Duff & Phelpsuse plusand minus sgnson AA to CC to show which stocksare

higher rated than others.®

2.1.5: Credit Derivatives

Credit derivatives are an over-the-counter financial contract that getsits bassin theidea
of a credit event.® Credit events are when the protection buyer has the right to cash in on their
credit derivative. It’ slike buying insurance for an investment and if that investment goesawry,
the protection buyer receives compensation. 3’ Credit events are a very important part of
understanding credit derivatives asthisisthe foundation for how to collect the actual credit

derivative. Thelnternational Swapsand Derivatives Association (ISDA) is the organization that

® Schurr, Stephen. "Bond Ratings." TheStreet. 16 Aug. 2000. 25 Oct. 2007 <http://www.thestreet.convbasics/getti ngstarted/1036369. html >.
35 Choudhry, Moorad. The Credit Defauit Swap Basis. New Y ork: Bloomberg, 2006. p. 2.
37 "Credit Event." Creditflux. 25 Oct. 2007 <http://www.creditflux.convglossary/credit+event. htm>.
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sets up definitions of what constitute a credit event.®® These definitions are always under review

and being updated.

A company can set their own requirements for what a credit event is exactly. So this
subject matter stands on somewhat shaky ground. The ISDA’ s definitions are a guideline for
which protection sellers can base their own requirements off of. Credit derivativesare atool that
isused to protect someone from credit exposure. Each can be engineered to fit a particular
buyer’ srequests. Some of the benefits to using credit derivatives are customizability, profiting
from a declining stock by selling short, more efficient pricing and it allows peopl e to have access

to e ementsin the market that an investor normally wouldn’t deal with.*

Credit derivative insruments all ow peopl e to segregate and trade credit risk. Thiswould
be through the purchasing of protection or selling of protection. Credit derivatives have these
features: what the protection isbeing issued for, applicable credit events and what congtitutes
them, and how things will be settled in case of a credit event. Credit derivatives fall into two
categories. They are either funded or unfunded. Funded credit derivatives are usually seen as
credit-linked notes. Thisis a note where the investor is the entity who sells the credit-protection.
Theissuer isthe body that buys the actual note. If a credit event does not occur, then the
investor is paid by the buyer of the note. The amount that is paid to the investor is called the
redemption value of the note. Of course, if a credit event does occur then the investor will not

receive the redemption value they will receive alesser amount. Thislesser amount depends on

8 Kothari, Vinod. "ISDA Credit Event Definitions." Credit Derivatives. 25 Oct. 2007 <http://www.credit-deriv.com/isdadefinitions.htm>.
39
Choudhry, Moorad. pp. 2-4
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how the credit event affected the insurance. Also, how this settlement is done will based on the

agreement of if it isto bea cash or physical settlement.*

When a credit-linked note isissued, the entity that purchasesthe protection isthe sdler of
the note. The buyer will then transfer their credit risk through the seller of the protection. A note
may be very smilar to a credit default swap’ s set up. It can have an expiration date, pay some
sort of rate (LIBOR based or not), or it could even just be a fixed payment plan. Thisisthe part
where the funded credit derivative ideology comesin. Thereisa periodic cash flow coming from
the buyer of the protection. This form of protection will terminate early if thereisacredit event
on the seller of the protection’ s sde. If this happens, then the buyer of the protection no longer
hasto pay couponsto the seller. The seller will haveto pay the principal, which all of the

periodic payments were based on.**

Unfunded credit derivatives are usually associated with credit default swaps. In this case,
the protection buyer does not get an immediate payment from the protection seller. What
happens is when a credit event happens, that is when the protection seller makes the payment. If
the credit event never happens, then the protection sdller never has to make payment. Both of
these techniques are very important as they offer great flexibility when dealing with various
trades. Unfunded credit derivatives embody the idea of a credit derivative as they segregate and
relocate credit risk. This means that the value retained in these are a representation of the credit
quality from the original source. On the other hand, if this was a bond the value would be

determined by therisk and credit quality.*

40 Choudhry, Moorad. pp. 2-6
L Chaplin, Geoff. p.143
42 Choudhry, Moorad. p. 7
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Also an interesting comparison to bonds, loans, and credit derivativesis that bonds and
loans depend on credit quality, funding, the interest rate, and the currency that it’ sissued in.
However, if you combinethe bond with an interest-rate swap then it becomes an asset swap.
Asset swaps eliminate the interest-rate risk, which in turn makes the asset swap only depend on
credit and funding. To eiminate the funding aspect, wetake the idea of an unfunded credit
derivative, which was previoudy defined as not requiring funding at the start of the transaction.
Thisalowsusto produce a product where the protection seller’ sreturn only depends on the

credit quality of the one who purchases the protection.*®

Credit default swaps (CDS) are the most widespread credit derivative insrument that is
traded. As previoudy established, CDS are characterized as being unfounded credit derivatives.
CDSisaso known as credit swap and default swap. With unfunded credit derivativesit is now
understood that the protection buyer paysthe protection seller a premium. This premiumis set
around what is called a basis point multiplier. A basis point (bp) is one-hundredth of one percent.
Thisisa common financial phrase and alot of other aspectsin finance depend on having an
understanding of basis point references. Credit default swaps are used by banks for countriesand
corporate credit. The protection buyer will also gain if the reference asset gets aratings decrease

or defaults.*

Contingent credit swaps require a credit event and another trigger in order to be activated.
Thisextratrigger isusually another credit event that takesits indication from a change in equity
prices, commodity prices, or eveninteres rates. This credit event could also be with respect to a

reference entity. This makesthe contingent credit swap cheaper asit needstwo eventsin order to

. Choudhry, Moorad. pp. 7-8
“ Choudhry, Moorad. pp. 7-8
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be triggered. Thisalso makes the contingent credit swap weaker than aregular credit swap. This

is considered to be a good option when thereislittle likelihood that both triggers will occur.*

Dynamic credit swaps are used to deal with the hardships of managing risk in a portfolio.
During a dynamic credit swap, the amount of credit exposure will shift over time and asthe
foundation market changes. Both of the entitiesinvolved are linked to the counterparty’ s credit
exposure. Aninvestor can then buy protection for this swap as a backup measure. This means
that the investor will not have to worry about default unless the counterparty failsand the
protection seller cannot come through with their obligation. With this special case, this means
that the original investor is protected more effectively as he hastwo companiesto fall back on

for his protection. Thisis becauseit is very unlikely that both companies will default.*

Asset swapsare not truly credit derivatives, however they are still lumped into the same
market. Their actual classification isasan interest-rate swap. Asset sSwaps main uses are asa way
of altering the clash flow profile of a bond. They have a comparable nature to credit derivatives.
Asset swaps are important to this market because they are set the price according to the London
interbank offered rate (LIBOR).* LIBOR rates are used because general collateral (GC) rates are
not readily accessble. The GC rates are known by the repurchase agreement (repo) trading desk
and aren’'t made readily accessble to the public. The LIBOR rates, on the other hand, are simple
to get. Theserates are even very closeto the GC rates. Usually the LIBOR ratesare only a few

basi s points above the GC rates.®®

® "The JP Morgan Guide to Credit Derivatives." Investing in Bonds.
4 "The JP Morgan Guide to Credit Derivatives." Investing in Bonds.
4 Choudhry, Moorad. p. 13

8 Chaplin, Geoff. p.4
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A better way of explaining asset swapsiswe have a buyer of protection who has a fixed-
rate bond that’ s on theriskier sde. He wants insurance, so what he doesis offer up the coupons
of the bond to the seller of protection. The seller then agrees to pay the protection buyer LIBOR
plus or minus the spread. This gives the investor a chance at poss bly financing the CDS from the
asset swap’ sincome. The buyer will usually take the unwind cost of the interest-rate swap if the
asset swap is finished.*® Unwind is aterm for a closure of an investment position. So it’ sasif
they are taking the final amount.*

Credit derivatives al so include credit options and total return swaps.>* So on top of being

funded and unfunded, a credit derivative can fall in the credit default swap, credit options, or

total return swaps. Both of which are covered in later sections.

2.1.6: Total Return Swap

A total returnisa collection of different forms of income, which include interest, capital
gains, and dividends.>® A total return swap is, therefore, a deal where a person will pay the
recipient thetotal return on areference asset. Thisdeal depends on setting up atime span for
thisto occur. The payer takes on the role of being a buyer of protection while the recipient takes
on theroll of the seller. What the payer getsin return for his payment is given a“floating leg”.>

A “floating leg” isbasically a part of adeal that is not strongly linked to changesin interest

rates.> This“floating leg” usually will involve being given aLIBOR and some sort of spread.

9 Choudhry, Moorad. pp. 13-14
0 "Unwind Financial Defintion of Unwind." Free Online Dictionary. 25 Oct. 2007 <http://financial -dictionary.thefreedictionary.com/unwind>.
o1 "The JP Morgan Guide to Credit Derivatives." Investing in Bonds.
32 "Total Return." Investopedia. 29 Oct. 2007 <http://www.investopedia.com/terms/t/total return.asp>.
53 .
Chaplin, Geoff. p.163
4 "Interest Rate Swaps Pricing." Derivative One. 29 Oct. 2007 <http://www.derivativesone.com/kb/interest_rate _swaps.aspx>.
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The money coming from the reference asset will usually be paid to the receiver. This may sound

like one is paying something for nothing, however, there is something el se going on here.

If the asset depreciatesthen the payer will have to pay a negative amount. This negative
amount iswhere the protection comes in. The negative amount that the payer hasto pay will
ultimately mean that the receiver will actually owe the payer money. This can be very useful if
the asset defaults. Thiswill mean the receiver will have to pay a substantial amount in order to
reconcile the debt. Risk garts at zero for the seller of protection; however it will become riskier
if the reference asset change course from itsincreasing price curve. The dates that the cash flow

ispaid on will effectively help the seller of protection to decrease their risk.>®

Thistype of transaction is called an off-balance transaction. This meansthat the
transaction takes place off of the balance sheets. Thisis done because an organization will want
to keep their debt to equity and |everage percentages low.*’ Banks, in particular, would use this
type of transaction. Thisallows a bank that has gone past its balance sheet boundariesto go to
another bank that has some room left on their balance sheet. Thisallows a bank to transfer the
asset off of its balance sheet and moveit to somewhere ese. Thisisin spite of sill having
ownership of the asset. These dealsare usually of a very large magnitude in the ball park of

billions of dollarsand these deals would usually be very short-term.*®

Total return swaps are starting to be used by hedge funds now. Thistotal return swap
allows a hedge fund to have cash flow coming in from something they don’t have to specifically

pay for themselves. These hedge funds are seen as undesirable by banksthat are looking to buy

%5 Chaplin, Geoff. p.163

%% Chaplin, Geoff. p.163

37 "Off-Balance-Sheet Financing." Investopedia. 29 Oct. 2007 <http://www.investopedia.com/terms/o/obsf.asp>.
%8 Chaplin, Geoff. pp.163-164
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protection. That is unless the hedge fund has a significant amount of collateral that it can offer up
in case something happens. Aninvestor could also usethisin order to get ownership of
something that he would normally not have accessto. For example, an investor could ask a bank
insde of that country buy theitem and then it could give economic ownership to the investor

through the use of this method.>

2.1.7: Collateralized Debt Obligations

Collateralized debt obligation (CDO) isan umbrella term that encompasses with it
collateralized loan obligation (CLO) and collateralize bond obligation (CBO). With col lateral
debt obligations comes an idea of tranches.® A trancheisaleve inside adeal and there can be
multiple trenches offered for a CDO. Tranches are often used with bondsto offer different
amounts of risk.®! These collateralized debt obligations will usually pool together assets, which
usually include loans and debt instruments. The investors will be the ones who have to sustain
the credit risk of the collateral that isa part of the collateralized debt obligation. With this, an
investor can select from a multitude of different tranches. These tranches will offer different
maturities and credit risk. In this case, tranches are categorized as being senior, mezzanine, or

equity depending on their amount of risk.%

If the collateralized debt obligation under performs or there is some sort of default then
the senior tranches will have to be paid first. Thisis much like seniority of a bond. The people
who hole senior tranches will be catered to first and then mezzanine. Once mezzanine is met then
the equity level will be taken care of last. There areratingsthat are associated with the senior and

mezzanine levelsto indicate priority also. For senior leves, the ratings go from A to AAA while

%9 Chaplin, Geoff. pp.163-164

e "Collaterialized Debt Obligation." Risk Glossary. 29 Oct. 2007 <http://www.riskglossary.convlink/collaterali zed_debt_obligation.htm>.
oL "Tranches." Investopedia. 29 Oct. 2007 <http://www.i nvestopedia.com/terms/t/tranches.asp>.
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for mezzanine theratings go from B to BBB. This gives the investor an idea of the quality of the

credit while also understanding where they come in therisk chain.®®

Thelife of a collateralized debt obligation has different phases. These phrases are known
asramp-up, reinvestment, and sell-off. During ramp-up, the person who isin charge of the
portfolio will invest the earnings from the salesinvolve with the CDO. The reinvestment period
is where the manager will reinvest the cash flows of the CDO while buying and selling assets.
The sell-off period includes when the collateral has matured and finally is sold. The investors
will be paid at this point. Investors at the time of entering a CDO do not know what assets the
CDO will beinvegting in. All they know iswho is managing the profile and what sort of
guiddines hewill beusing in order to choose worthy investments. Thus, this means that not only
doesan investor have to worry about the credit risks but they also have to worry about the person
who isactually managing the portfolio. On top of all of that, they also have to pay for the
portfolio manager.* Thisis where the idea of being a funded credit derivative comesinto play.

They haveto pay afee during the duration of the deal.

2.1.8: Bond Spreads, I-Spreads, Z-Spreads

A bond spreads’ relative value is done by evaluating itsyield spread in a comparison to
another bond. When the comparison is made and the spread is determined, then that will show
the yidd of the bond. Thisis where the idea of interest rates per basis point comesin. Thisgives
usthe acronym IR01, which reads asinterest rate per basis point. We are able to measure the
spread of a swap by comparing the yied of the bond to the interest rate. Thisinterest rateis

evaluated by using a straight line and interpolating the results of the swap curve. For the most

83 uCollaterialized Debt Obligation.” Risk Glossary.
84 uCollaterialized Debt Obligation.” Risk Glossary.
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part, investors will use asset-swap spread and Z-spread, in order to obtain areative value.
However, it’ s possble to use a government bond spread as these are considered risk-free bonds.
When therisk is great, then the spread should also be greater. That iswhy investors are |ooking
to have a narrower spread as that means that their investments are becoming less risky. However,

thelessrisk thereisin the investment, the less the return will be.®

I-spread is occasionally atool for evaluating a cash bond with an equivalent CDS price. |-
spread is effectively a spread over a swap. Spread over swaps can be easily cal culated by taking
the yield of the bond and subtracting the swap rate of a corresponding swap. Often investors will
choose to use the asset-swap spread instead of the I-spread. It is however, very easy to relate the
|-spread to the yield of a corporate bond. For this section, Yisthe yield on the corporate bond, |
isthe I-spread, Sisthe swap spread, and T isthe yield on a Treasury security.®

Y=1+S+T
Formula 2 - Equation for calculating a yield on a cor porate bond using I -spread®’

B,=I1+S
Formula 3 - Equation for calculating bond spread®

Z-spread is often used for relative analyss. Thisis because asset swaps use something
called a bond’ syied-to-maturity when it computes its spread. Using the yiel d-to-maturity
approach makesit troublesome to actually use when cal culating out arelative analysis. The Z-
spread does things differently by actually usng a zero-coupon yield curve. Thisallowsfor a
much morerealistic spread to be used in the comparison. Also, the zero-coupon curveis derived
from theinterest-rate swap curve when it is used for this method. This makes them very closely

related. In fact, for short-term bonds and higher rated bonds the difference between the Z-spread

85 Choudhry, Moorad. pp. 37-38
% Choudhry, Moorad. pp. 39-40
87 Choudhry, Moorad. p. 39
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and asset swap spread isvery small. If these differ greatly then that would lead to a conclusion

that the bond has been priced incorrectly.®

Term Definition

n Number of interest periods until maturity
P Bond price

C Coupon

M Redemption payment

z

m

Z-spread
Frequency of coupon payments
Table5 - Termsfor equation for bond prices”

o il[ C;+ M, ]|
= [(1 NCAILAD Ti))iJ

Formula4 - Equation for bond price by under standing Z-spread”*

2.1.9: Stock Options

Stock options are away of giving you the right to buy or sell a stock at a predetermined
price. Thispriceis called the exercise price. However, thisoptionisfor a certain amount of time
and eventually the option expires. A call option iswhen you have the right to buy shares of stock.
On the other hand, if the option lets you sell the shares of stock then it is called a put option. It is
important to know that when you buy this stock option, that you are not locked into purchasng
or sdlling the stock. The stock option only gives you the right and doesn’t make you obligated in

any form to purchase or sell the stock at the strike price. "

%9 Choudhry, Moorad. pp. 41-45
o Choudhry, Moorad. p. 44
" Choudhry, Moorad. p. 44

"NOVA Online | Trillion Dollar Bet | Site Map." PBS. 26 Oct. 2007
<http://www.pbs.org/wgbh/nova/stock market/formulaoptions. html#options>.
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Cdl Put Cdl Put

Effect: Increase Value Value Effect: Decrease value Value
Underlying asset's value Increase  Decrease | Underlying asset's value Decrease  Increase
Strike price Decrease  Increase | Strike price Increase Decrease
Variance of underlying Variance of underlying

st Increase  Increase st Decrease  Decrease
Time to expiry Increase  Increase | Timeto expiry Decrease  Decrease
Interest Rates Increase  Decrease | Interest Rates Decrease  Increase
Dividends Paid Decrease  Increase | DividendsPad Increase Decrease

Table 6 - The effect on call and put value™
However, on a much larger scale, one can have a credit option. A credit option will allow
one to apply call and put options on aform a credit. This credit could be a note, bond, or |oan.
Thisaso includes an asset swap. So when dealing with this type of credit option it follows the
same thought process. A personis given theright to purchase or sell thereference asset at a
grike price. They are not required to purchase the item once the call or put option comes through.

This gives one the ability to price credit options similarly asif they were stock options.”

Often, the buyers of credit options will be organizations such as banks. These
organi zations are looking to reduce their credit exposure. Since credit options are a part of credit
derivatives, they share the same benefit of enjoying the off-balance-sheet aspect. Thisallowsa
company to keep its debt to equity ratio low while investing in credit derivatives. Credit swaps
can aso behave like credit options. That isto say, that credit swaps can actually be customized
so that when a negative credit event occursthat payments will be triggered. In addition to these
advantages, a portfolio that is seeing hard times and hasto sell assets can create credit
derivatives that will protect agains the decline. Thisallows a portfolio to hang onto assets that

have a mediocre credit quality but enjoy a smaller risk.”

& Damodaran, Aswath. "Option Pricing Theory and Models." Damodaran Online (Investment Valuation: Second Edition). New Y ork University
%ern. 26 Oct. 2007 <http://pages.stern.nyu.edu/~adamodar/pdfiles/val n2ed/ch5. pdf>.

"The JP Morgan Guide to Credit Derivatives." Investing in Bonds.
» "The JP Morgan Guide to Credit Derivatives." Investing in Bonds.
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When pricing an option, the option provider hasto look at a few different things. The
current value of the asset that the option is being taken out for is one of the first pieces of the
option price. How much the value of the underlying asset varies will also determine the price of
an option. The more that the value of the underlying asset varies the more the option will cost.
Thisis because a person who buys an option cannot possibly lose more than they paid for the
option. With that understanding, even if the variance is high, an investor can significantly gain
ground if the price movesin the direction that they want. If there are dividendsinvolved with the
underlying asset then thiswill also affect the value of the option. If you want a call option, this
will decrease asthe dividendsincrease. If you want a put option, thiswill decease asthe

dividendsincrease™.

The gtrike price of the option will also beimportant when determining the overall value
of the option. When the strike price increases for a call, thiswill decrease the value of the call
because it will not go into effect as soon asa lower strike price would. While for a put, the value
of the put will increase as the strike priceincreases. Asthe date to expiry increases this will
increase the value of the option. Thisis becausethis givesthe market moretime to shift whether
it'sin your favor or not. It isalso important to compare the interest rates. When dealing with this
portion of the option, the risklessinterest rate comesinto play. The exercise price for an option
doesn’t have to be paid until expiry so that meansthat the interest rate will have adirect effect on

the value of the options.”

Let’'s establish an example to further exemplify what it meansto put or call. When you

price an option, you are expecting the market to do something that you can do in your favor.

" Damodaran, Aswath. "Option Pricing Theory and Models."
" Damodaran, Aswath. "Option Pricing Theory and Models."
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When purchasing an option, you make a deal with the option provider. In the case of a call, you
would expect the market pricetoincrease. Let’ s say that company XY Z' s stock istrading at $50
today. Y ou expect that within the next year that it is going to increase much farther than that.

Y ou then go to an entity that sells options. This entity will then price out the option that you want
to buy. For thiscase, we'll say it’ sathree-month option. Y ou also have to set up a strike price at
which you can exercise your right to buy the stock for a set price. For this exercise, we' |l say that

the strike price is $55.

Thisleadsup to, if the market goes above $55, you are able to purchase the stock at $55
even though the market is above $55. That way you can turn around and sell it for cheaper.
However, if the market never reaches $55 then your option is worthless. Also, you have to make
up for the price of the option itself. Therefore, evenif the market goes above $55, the stock will
have to go even farther to set off the price of the option. For this case, the option will be for one

hundred units of stock. The price of the option has been set at $165.
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Owerall Profit

Current Price of Stock |+ Frofit Line|

Figure 1 - Profit as a stock price increases from buying a call option.™
It can be easly seen from the figure above that asthe price of the sock goes up theinitial
cost of the option will eventually break even. This cross happens at approximately $56.70. The
point at which this cross occursis called the break-even point. That is where if you bought the
stock and then sold it, you would have a total profit of zero. The goal isthen to hope that the
price goes even further than it already hasin order to obtain some profit. After the break-even

point is when the exercising the option will lead to a profit.

For aput option, it's similar however different. For the put option, thiswill be applied to
stock you already have. Let’ s assumethat you have a hundred units of sock in XY Z. Thereisan
expectation for this stock to fall, therefore you go and pick up a put option. This put option will
enable you to sell your stock at a pricethat is predetermined evenif the stock price drops
tremendously. We use a smilar set up, however we'll set the strike price at $45. Thereis fill the

assumption that the stock priceis at $50, however now the general thought is that the stock price

8 Compiled sources: Vashishth, Abhishek. Personal interview. 30 Oct. 2007. and "Long Call." Option Trading Tips. 2005. 31 Oct. 2007
<http://www.optiontradi ngtips.com/strategies/long-call -option.html>. and Dickson, John. "Rogue Trading?' Plus Magazine. Sept. 2001. 31 Oct.
2007 <http://plus.maths.org/issuel6/features/derivatives/index. html>.

31



will go down. This option istaken out for athree-month period. We' |l set the price of the option

at $165 just like the call.

—r— = ap Jk IR IR 2020000

Overall Profit
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Current Price of Stock | —+—Profit Line|

Figure 2 - Profit as a stock price increases from buying a put option.”

The figure above shows that if you have the option and your stock continues to fall that
you will beableto sell your sharesat the strike price. Asthe stock continuesto fall, your profit
range will increase. That isto say that if the stock price takes a nose dive then you' |l be able to
sdll your stock at $45 and try to make a profit. Thiswould be possibleif you had purchased the
stock before the dive. Perhaps, you purchased the sock when it was $35 and then it rose to $50.
Therefore, you can either sdll your stock at $50 before the drop or you can wait for the drop, buy
the option before the drop, and have a guaranteed $45 because of the option that you purchased.
This enables you to hang onto your stock even if you're worried that it might fall. Aninvestor

could combine thiswith acall option. This enables them to bet in both directions.

& Compiled Sources: "Long Put Option." Option Trading Tips. 2005. 31 Oct. 2007 <http://www.optiontradi ngtips.com/strategies/l ong-put-
option.html>. and ""Long Put / Put Purchase / Buy Put Option." Trade Soft. 31 Oct. 2007 <http://www.trader-soft.com/option-trading/option-
strategies/put-long.html>.
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This approach of combining a call and put option together isaform of hedging. Thereis
aneed to isolate from risk, thus one will smply bet in both directionsin an attempt for each
other to canced out and leave only the profit. There are many waysto go about hedging as each
will allow an investor to protect their investment and protect themselves from risk. The market is
avery volatile entity but if precautions are taken then impacts of the market’ s volatility can be

kept in check.®

2.1.10: Pricing Credit Derivatives
2.1.10.1: Reduced-Form Model Approach for Pricing Credit Derivatives®

The pricing of a credit default swap has two partsto it, which are the fee paymentsand
default payment. Present value of a swap isthe overall value of thesetwo parts. Thereare a few
ways of pricing credit default swaps. Thisisa pricing methodology using the reduced-form
model approach. The variablesthat will beusedinthispart are T, t, q(t), R, u(t), e(t), w, s, v(t), =,
and A(t). Thisapproach was originated by Duffie (1999) whilethe one we'reusing is specified
by Hull and White (2000). The claim amount is al so assumed to be face value plus any additional

interest. Thereisalso an assumption that thisis being run for a one dollar principal.

8 Dickson, John. "Rogue Trading?' Plus Magazine.
8L This ertire section is based off of Choudhry, Moorad. pp. 26-28
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Term Definition

T The totd time of the CDSin years.
q(®) Risk-neutra probability at timet
The expected recovery rate asif it wasin a risk-neutral
R world
u(t) Present value of payments at the rate of $1 per year for
payments between 0 and t.
e(t) Present value of a periodically adding payment at time t

equal to t-t* where t* isthe payment date immediately
before time t

v(t) Present value of $1 received at time t

w Tota payment per year made by CDS buyer

S Value of wthat causesthe CDSto be equal to zero

T Risk-neutra probability of no credit event during the total
time of the swap.

A(t) Interest that is added periodically onto the reference
obligation at time t and taken as a percentage of face value

t Time thisis being taken

Table6 - List of definitions for the following equations

Thus, we know that 7 isthe probably of the credit event not occurring. This gives us that
7 isone minusthe probability of it happening. This givesusthe first formula, which allows usto

solve for z. Thisis done by integrating q(t) as shown below.

T
=1 —j q(t)dt
0
Formula 5 - Equation for the probability of no credit event

T
WJ. q(®)[u(t) + e(t)]dt + wru(T)
0

Formula 6 - Expected present value

1-R—A(R
Formula 7 - Risk-neutral expected payoff from CDS

T
j [1—R—A()R]q(t)v(t)dt
0
Formula 8 - Present value of the expected payoff from the CDS

T T
J. [1-R—-A(®)R]q(t)v(t)dt — wf q(®)[u(t) +e(t)]dt + wru(T)
0 0
Formula 9 - Combined for m of previous equations
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b 1= R-AORI@v(Ode
w [} q(O[u(®) + e(®)]dt + mu(T)
Formula 10 - Rearranged form of aboveto solvefor s

The above was found by first looking for z. Thiswas necessary in order to continue onto
the next step where we can cal culate the expected present value. In order to understand the next
formula, one has to realize that the present valueif there is no default iswu(T) whileif thereisa
default the present valueis wju(t)] . Therefore, it then follows that we areleft with a way for
solving for the expected present value. Thismodel specifically makes the assumption that there
isno counterparty risk of default. It will then follow that default probabilities, interest rates, and
recovery rates do not depend on one another. As stated above, the claim amount in the case of

default isassumed to be face value plus any additional interest that had been accumulated.

It isthen clear to seethat we need to know what the risk-neutral expected off is. Thisis
done by the step in the next equation. This shows the recovery rate being multiplied by a number
that can be easly determined as equal to or greater than one. Thisis because the interest should
always be positive for this. Therefore, we see that as A(t) increases, therisk neutral expected
payoff will shrink. Thus, we then try to obtain the expected payoff from the CDS by integrating
from zero to T. Thisa so combinesthe risk-neutral probability of t. Thisalso hasto include how
much the dollar isworth at that time. This clearly givesan answer in dollars. That makes sense
asthisisan expected value. Now, we know that if we combine the present values together by
subtracting the present value of the payment from the present value of the expected payoff, that
we have all we need to know in order to find the default swap spread. Thisis done by figuring
out what value of w makes the equation equal to zero. Thisultimately gives usa compact form

for being able to price CDS.
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2.1.10.2: The Black-Scholes Model

Fischer Black and Myron Scholes were interested in finding a way to deal with the
problem of options. This was because an option allowed you to be only on the upside of things,
thus starting to control risk. They worked on other model s and quickly weeded out anything that
they saw asimmeasurable. Eventually, they were left with what they had thought was actually
important to pricing an option. These were the stock price, itsvolatility, the strike price, how
long the contract is, the rate of interest, and how risky the option is. However, thisleft them with
an immeasurable variable. Thisleft them with risk. In order to get around this, they used a
process called dynamic hedging, which allows someone to reduce risk where fluctuationsin a

portfolio cancel each other out.®

Before delving into the Black-Scholes model further, it isimportant to understand what
assumptions were made in order to arrive at it. The first assumption is that the stock does not pay
any dividends while the option is good. However, alot of companies will pay dividends. General
Electricisan example of a company that almost always paysa dividend. A way of getting
around this limitation isto subtract the reduced value of a future dividend from the original stock
price. Second, European termsare used for when an option can be exercised. The difference
between European terms and American terms are European terms can only be exercised at the
end of the option while American terms can be used at anytime. Thisisn’t seen asa big problem

because most investors will not exercisetheir call option until the very end of the option’ slife.®

They also assumed that marketsare efficient. Thisis based on that an individual cannot

cong stently predict how the market is going to behave. This assumptionisvalid as economists

82 WNOVA | Transcripts | Trillion Dollar Bet." PBS. 8 Feb. 2000. 26 Oct. 2007
<http://www.pbs.org/wgbh/novaltranscripts/2704stock market. html >,

Rubash, Kevin. "Black - Scholes -- Option Pricing Models." Bradley University. 26 Oct. 2007
<http://bradley.bradley.edu/~arr/bsm/pg04.html >.

36



after 1929 wanted to find out if they could figure out how stock prices would move. They ended
up picking stocks at random and throwing darts at the Wall Street Journal while blindfol ded.
When all was said and done, the random picks outperformed the top traders.® Black and Scholes
turned to a different type of calculusto deal with the randomness. They used the foundations of
1td calculusin order to do their calculationsin continuous time. Asthe It6 processitsdf isjust a

Markov process but in continuous time.®

Black and Scholes also assumed that no commissions were ever charged in their model.
Thisrestriction affectsthe model differently for different people. That isto say that floor traders
pay avery small fee usually. So thisassumption is minor to insignificant for them. On the other
hand, an individual investor usually hasto pay a much larger fee. This makes the model flimsy
asthe final product would be a distorted value. Also, they set interest rates to be known and
unchanging. Even though thereisn’'t arisk-free rate there are thirty-days-until-maturity U.S.
Government Treasury Bills. However, if theinterest rates are changing rapidly in the market then

this assumption gets thrown out the window and breaks the mode! .%

Thelast assumptionisthat all returnsare lognormally distributed. This says that
underlying stocks have returns that are distributed normally. Thisfinally givesthe foundation for
the Black-Scholes modd. This model givesthe ability to price a call option. There are two parts
to the model. They are the expected benefit from obtaining a ssock completely and the present

value of paying the exercise price on the day of full maturity.®’

84 "NOVA | Transcripts | Trillion Dollar Bet." PBS. 8 Feb. 2000. 26 Oct. 2007
;gntp://www. pb_s.org/wgbl'llmvaltranscri pt_s/2704_15_tock market. html>.
Rubash, Kevin. "Black - Scholes -- Option Pricing Models."
8 Rubash, Kevin. "Black - Scholes -- Option Pricing Models."
87 Rubash, Kevin. "Black - Scholes -- Option Pricing Models."
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Term Definition

\% Value of the option

S Current price of the asset

T Time until expiry

K Strike price/ the price at which you have
to right to buy the asset

R Risk-freeintered rate

N Standard normal digtribution

o Standard devidti on of the stock returns
ln(%:]+ (’r+%)?’

d]_ C-'_ﬁ.l'l?

d, dy —oNT

Table 7 - List of definitions for Black-Scholes model®

V, = SN(d,) — Ke*(—rT)N(dy)
Formula 16 - Solves the call option pricefor the Black-Scholes model®

V, = KeC"D N(—d,) — SN(—d,)
Formula 17 - Solves for the put option for the Black-Scholes model*

This enablesa person to doisto effectively price options. Also, akey point on the Black-
Scholes model isthat it usesthe standard normal distributions. So when the current stock priceis
much higher than the price of exercising the option, the normal distribution isvery close to one.

Whileif the stock priceisalot lower than the exercise price, the option will cost very little.**

When dealing with lognormal distributions, it isimportant to realize that the expected
return and volatility both carry assumptionsin order to make it work. The expected returnis how
much the investor of areturn on average in small amount of time. The volatility of isa measure
of the proportional stock price shiftsuncertainty. The higher the risk, return, and therisk-free
interest rate will generate a higher expected return for a stock. To figure out a ball-park figure of

volatility one can actually use a formula. In this case, n isthe number of observations, S isthe

8 "NOVA Online | Trillion Dollar Bet | the Formula That Shook the World." PBS. Nov. 2000. 26 Oct. 2007
Ei?ttp://www.pb_s.org/vygt_)h/novalstockr'narket/formula,html>.

"NOVA Online | Trillion Dallar Bet | the Formula That Shook the World." PBS.
%© Janusz, John. "Derivative Pricing Theories: Welcome." John's Finance Page. 26 Oct. 2007 <http://members.allstream. net/~johnjaz/bsm.htm>.
1 “NOVA Online| Trillion Dollar Bet | the Formula That Shook the World." PBS.
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stock pricerated at i, u isthe mean of the u; results, and T isthe length of timeinterval (rated in

years).?

\/ﬁﬂ‘ﬂ(u?) - m (Tiau)®
VT

Formula 18 - Equation for solving for volatility®®

g =

Shown in the formula above is the equation for being able to derive a value for volatility.
This becomes extremdy effective when evaluating equations that are derived from the Black-
Scholes model. Thisalso isableto put a value to something that appears to be hard to accuratey

describe.

2.1.10.3: Derivation of the Black-Scholes Partial Differential Equationg4

Aswith all partial differential equations, it isimportant to understand the boundary
conditionsthat are associated with the problem you' re trying to solve. We know that the value of
an option (V) isadirect consequence of the underlying assets value (S) and the current time
period (t). When the option reaches its maturity and if the stock hasrisen, then the option at that
point isworth S— K. K isthe strike price at which the option can be exercised. This means when
the option isableto be used. The profit would be S— K in this case. This would be the value of
the call at thetimethat it isexercised. It’ simportant to note that if S does not reach K then the
call option won’'t be used and its value would be equal to zero. Thus, we understand that when S
< K that Visequal to zero. Also it simportant to note that thereisal so a boundary condition on

S When S= K, theimplied boundary condition isthat this function has to be continuous.

92 Janusz, John. "Derivative Pricing Theories: Welcome."
3 Janusz, John. "Derivative Pricing Theories: Welcome."

o This sectionis based on Silverman, Dennis. "Solution of the Black-Scholes Equation Using the Green's Function of the Diffusion Equation.”
20 May 1999. University of California, Irvine. 1 Nov. 2007 <http://www.physics.uci.edu/~silverma/bsegn/bs.pdf>.
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We have to edtablish that we are looking for the net equity. This can be found using the
equation below. Also, it isimportant to understand that Sis value of the reference asset while V
isthe value of the option. Thus, we understand that the value of the asset is affected by the

changesin the value of the asset and al so the changesin the value of the option.

AS
S-V—
AV

Formula 11 - Net equity for the derivation of the Black-Scholes model

The next step involves an understanding that we change Sto 4S while V will also change
to AV. Thisis doneto keep the equity the same. Thus we can use thisto put everything into terms
of deltas because we' relooking at changes in the stock and the asset.

AS
AS —AV—=0
AV

Formula 12 - Changein equity due to changesin Sand V
We know that for the Black-Scholes equation that V isa function of Sandt. Thus, time
and the actual value of the reference asset will directly affect the value of the call option or any
option for that matter. For the next step, we understand that it is necessary to hedge the equity.
Hedging allows usto protect ourselves againg risk. For this case, we are looking for a neutral
hedge where we protect ourselvesin both directions equally. Thus, what happensisthat we have

to take into account that a fixed-interest rate comesinto the equation. This fixed-interest rateisr.

1
AS—AVE= S—V@ riAt
as as

Formula 13 - Compensating for afixed-interest rate
Then wetakethe Taylor expansion of 4V in order to continue with the mathemati cal
derivation. This givesusa specific term that needs some extra attention. (4S)? comes with the
assumption that the variance of this hasto account for some random walk. Random walk comes
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from the assumption that stocks follow arandom path whether it beincreasing or decreasng.

Thisrandom walk also hasto be proportional to A¢ because the variance will be established over

time.

av 192y

AV + ASZ+6VAt
aS 2652( ) dt

Formula# - Taylor Expansion of 4S

(AS)? = 6*S%At
Formula 14 - Accounting for thevariancein (48)?

The above formulaincludes o, which is the volatility of the market. Thus, we can
combine all of this established knowledge to come to the Black-Scholes partial differential

equation for a European call option. We then end up being able to cancel out 4S8, dividing by A¢,
and ultimately multiplying by o7/ oS.

6V+1 S262V+ SaV Vo
ot " 29 95z s TV T

Formula 15 - Black-Scholes PDE for a European call option®
2.1.10.4: The Greeks

Call Put
Delta A= N(d,) A=N(dy) -1
Gamma 1 _di
r= V2T
SoT
Theta S 1 _dT% P 1 _dT%
—e 20 H_-€ <0
V2T _ V2T _
0=—""—— — _rKe TN 0=—"""——+rKe " TN(-d
2T (d3) 2T (—dy)
Vega 1 _di
v=SVT—e 2
V2T
Rho p =KTeTN(d,) | p = —KTe"DN(—d,)

Table 8- The Greeksfor European Options™

% Compiled from: Lai, Yongzeng, and Jerome Spaingler. "Applications of Monte Carlo/Quasi-Monte Carlo Methods in Finance: Option
Pricing." Smart Quant. 30 Oct. 2007 <http://www.smartquant.convreferences/MonteCarlo/mc6.pdf>. and Cheng, Steve. "Black-Scholes PDE.

Planet Math. 30 Oct. 2007 <http://planetmath.org/encyclopedia/BlackScholesPartial Differential Equation.html >, amd Silverman, Dennis.
"Solution of the Black-Scholes Equation Using the Green's Function of the Diffusion Equation.”
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Formula
Delta dv
A= —
ds
Gamma P d?v
— ds?
Theta _av
~ dr
Vega L
do
Rho _av
p= dr

Table 9—The Greeksin Derivative Form®’
Also coming out of the Black and Scholes modd are some of the most important financial
formulas. The main equations are named after Greek |etters except for one. The main formulas
are Delta, Gamma, Theta, Vega, and Rho. Deltaisused for finding out how susceptible the
option valueisto minor changesin the share price. The Detaisalso called the hedge ratio. Delta
ranges from -100 to +100. The Delta can either be from 0 to 100 or from -100 to O. For callsthe

range goes from O to 100 while for putsthe range goes from -100 to 0.%

For callsthat range from O to 100, this means that they are either far out of the money or
deep in the money. A 0 when computing a call will meanthat it is far out of the money. Being
far out of the money, in this context refers, to the strike price of a call option being higher than
the underlying futures price. While being in the money refersto a call option that hasa strike
pricethat islower than the underlying futures price. For putsthat range from -100 to O, things are
smilar but gill different. A value of O is<till consdered being far out of the money and -100 is
consdered being deeply in the money. However, in this case the situation turnsas an out of the
money put has a price lower than the underlying futures price. Being in the money means that the

grike price is higher than the underlying futures price for puts. Being at the money is when the

% Janusz, John. "Derivative Pricing Theories: Welcome."
o7 Wystup, Uwe. "Vanilla Options - Chapter 1." Math Finance. 26 Oct. 2007 <http://www. mathfi nance.de/FX Risk Book/chap-1.pdf>.
8 Janusz, John. "Derivative Pricing Theories: Welcome."
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option hasa strike price which is close to the underlying futures price. For a put theratingisa-
50 while for a call therating isfifty. The underlying contract always has a delta of one

hundred.®

Gammais how senstivethe Deltaisto small changesin share price. Thisfunctionisalso
someti mes called the curvature of an option. Aswith any curvature, this givestherate at which
something increases or decreases. Inthiscase, it istherate at which an option gains or loses
value when compared to the underlying contract. Thetais the option value s sensitivity astime
progresses.'® This measures the effect of time on the values of putsand calls. Sometimesit is
even referred to as the time decay factor because it shows how an option loses value astime
progresses. A short term at-the-money option will decay more rapidly than a long term at-the-

money option. ***

Vegaisnot aGreek letter; however it isincluded in this group because it measuresthe
same sort of thing asthe others. It is sometimes called kappa to keep with the Greek nameand is
sometimes represented as nu.’® Vega like Gamma measures a sensitivity of a sensitivity. Vega
isused to calculate the option value s sendtivity to small changesin the volatility. Options
awaysincrease in value when volatility increases. Consequently, for calls and puts Vegais
always positive. Vega al so decreases as the option nears expiration because the volatility isalso

decreasing. Out-of-the-money options will generate the largest Vega.'®

Rhoisthe sengtivity of an option’ s value to small adjustmentsin interest rates. Futures

options have a negative Rho. When interest ratesrise, thiswill decrease the value of the option

9 Janusz, John. "Derivative Pricing Theories: Welcome."

100w Theta " Risk Glossary. 26 Oct. 2007 <http://www.riskglossary.com/link/theta.htms.

101 Janusz, John. "Derivative Pricing Theories: Welcome."

102 1y/ega" Risk Glossary. 26 Oct. 2007 <http://www.riskglossary.com/link/vega. htm>.
3 Janusz, John. "Derivative Pricing Theories: Welcome."
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because it will cost more to be able to fund the option. Rho istypically not used to manage risk
for futures or set up an options plan. Instead it isused for preparing strategies for optionsand
managing risk. It helps manage the risk for thingsthat can be affected by interest rates such as

currencies, physical goods, and stocks.**

2.1.10.5: Binomial Theory for Options Pricing
This pricing theory is based on an idea that an asset price process can only go to one of

two possible options. Thisinvolves construction of atree of connected prices. Therefore,
binomial theory setsup theideathat if you start with a current stock priceit can either move up
with a probability of p or it can move down with a probability of one minus p.*® This method
has been proven over timeto be one of the best models. Thisis because it is very intuitive and
flexible, which haslead it to becoming popular. It does not include some of the assumptionsthat
the Black-Scholes modd makesasit does not assume that markets are perfect and arbitrage

opportunities. Thisapproach can also be used as a shortcut to evaluating European options.'®

This way of pricing optionsisusually applied to European options and American options.
Both are these can be either with or without dividends. American callsthat don’t pay dividends
will often act like European options and won't be exercised until expiry.'®” When dealing with a
multiple step binomial tree that spans over multiple time periods, one hasto gart at thelast time

period and move backwardsin time. They continue to move backwards in time until they reach

104 Janusz, John. "Derivative Pricing Theories: Welcome."
05 Damodaran, Aswath. "Option Pricing Theory and Models."

196 Rubinstein, Mark. "Chapter 4. Binomial Option Pricing Model." In the Money. 1998. 26 Oct. 2007 <http://www.in-the-
m(%ney.coml presentatiorn/sld063.htm>.
Janusz, John. "Binomial Pricing Theory" John's Finance Page. 26 Oct. 2007 <http://members.allstream. net/~j ohnjaz/bsm.htm>.
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the current place in time. This means that one will start in the future and go period-by-period to

travel backwardsin time. 1%

It isalso important to note that the value of an option using this method is not determined
by the expected price but it is determined by the current price. Arbitrage is the cause of this.*®
Arbitrageis when someone purchases an asset and then sells the asset at the same timein order
to take advantage of adifferencein rate in the market place. This can also be called riskless
profit.* The ones who actually take advantage of arbitrage are usually people with very low
transaction costs and can do large amounts of transactions. Thisis because the discrepancies are
usually small, which would in turnlead to little profit being made after the transactions have

gonethrough.***

Although the binomial model givesan easy to understand background, it still requiresa
lot of information to be able to process an option price. So, to combat this, calculus comesinto
the thought process. Thetimeiterationswill become smaller. Thiswill lead to the changesin
prices becoming smaller. Then on top of this, we take the limit astime approaches zero. This will
force the prices to become infinitesmally small. Thisthen becomes a continue price sporead. The
Black-Scholes modd isa special case of the binomial theory when the pricing becomes
continuous. While if we say the pricesactually stay large, thisleads to ajump price process.
There has been attempts made at using the jump price process, however any benefit that might be
gained from usng this model isusually drowned out by the parameters of the jump process. This

is because the jump process parameters are noisy. ™

108 Damodaran, Aswath. "Option Pricing Theory and Models."

109 Damodaran, Aswath. "Option Pricing Theory and Models."

110 "Arbitrage." Investopedia. 30 Oct. 2007 <http://www.investopedia.com/terms/a/arbitrage.asp>.
ML A rbitrage.” Risk Glossary. 30 Oct. 2007 <http://www.riskgl ossary.comvlink/arbi trage.htm.
12 Damodaran, Aswath. "Option Pricing Theory and Models."
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Figure 3 - Sample binomial theory tree'*®

Thefigure aboveisa smplified binomial theory tree. Thetime iterations are considered
to berather large so that there will be a significant changein price. V isthe value of the asset and
the addition of u or d sgnifiesif it went up or downin value. V4 isn't exclusve to moving
upwards and then downwards. It can also be reached by going downwards and then upwards.
Now we can define by how much gain or lossthereis for going up or down in the tree. For
smplicity, amove in the up direction will constitute a gain of 10% while a move in the down

direction will constitute aloss of 10%.

$60.50
$95
550 $49 50
$45
$40.50
Fresent Future

Figure 4 - Example of binomial theory

13 Compiled from Damodaran, Aswath. "Option Pricing Theory and Models." and Janusz, John. "Binomial Pricing Theory." John's Finance
Page. 30 Oct. 2007 <http://members.allstream. net/~johnjaz/bt. htm>.
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The figure above shows that the price starts at $50. As such, the price can go up or down
for the firgt time iteration. We have declared that first time iteration isaten percent increase or
decrease, so that givesus our two branches. Then based on how the market behaves the price
will increase to one of the three possible outcomes, which is demonstrated in the next set of
branches. Thisisa simple two step binomial tree. For this example, the strike price of the option
will be $51. This makesit easy to seethat the option only has value when the price goesupin
thisinstance. Thisis becauseif the branch went up and then down the final price would be bel ow
the $51 threshold. However, if the price went up and then up again, thiswould up being higher
than the threshold. Thiswould give the option a price as an option bel ow the strike price doesn’t

have any value.

In order to get the price of this option requires a little bit more work. To figurethis out,
we set up avaluethat we'll call O. Now O has subscriptsthat tell how it was calculated. Oy, is
equal to $60.50 - $50. This number is positive so it stays. Then we'realso interested in Oygq,
which isequal to $49.50 - $50. This value is negative so the option value, O, will be equal to
zero. Thus, we can solve for the probability of an upward movement. The probability for a
downward movement will just be one minus p. Then with the probability of an upward
movement, we can cal culate the estimated value of the level beforeit.

e —D

p =
U —
Formula 19 - Solving for the probability of an upward movement

114

T inthis case isthetime between periodsin yearswhiler isthe risk-free interest rate,
which we will set to as 8%. For thisformulato work, we have to use the multiplier verson of the

percentage. Therefore, our 10% increase will be 1.1 while our 10% decrease will be 0.9. U isthe

14 Janusz, John. "Binomial Pricing Theory."
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amount of an increase, which iswhy we use the multiplier forminstead of the percentage form.
D issamilarly the decrease caused by a downward movement. For this example, T is made up of
two 6-months periods, which will make it 1 year. Thiswill give usa probability of

115

approximately 70% while the probability of decrease isapproximately 30%.

EV(Vu) = Pu(Ouu) + Py (Oua)

Formula 20 - Solving for the expected value of the previous node®

We know that V4 is0 because thisisunder the strike price and therefore the option is
worthless. So by applying the above formula, thiswill give us $6.21. We then have to take this
expected value and discount the amount that we expect to actually give usthe present value. We
smply multiply thisby €T to give us our present value, which we cal culate to be $5.96. The call
option price will follow the same asin formula# but instead of O,, and Oyq it will be Oy and Oy
respectively. Also ingtead of being the expected value it will be the actual value of the option.
This givesusa value of $4.20 for the price of the option. So we can now place the values of the

option on the tree.*

$60.50
$9.50
$55
$5.96
50 £49 50
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$45
$0
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Figure5 - Call option pricesincluded with goal prices

15 Janusz, John. "Binomial Pricing Theory."
116 Janusz, John. "Binomia Pricing Theory."
17 Janusz, John. "Binomial Pricing Theory."
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Asseeninthefigure, the goal pricesare set above by saying what the increase would be
if there was one for each iteration. Then underneath those are the prices of the call if they were
taken out at that point in time. This can be extended out infinitely to form the bas s of the
continuous price spread. The approach would still be the same; however it would involve
calculus to deal with the continuoustime span. Thisisjust the basis for binomial theory asan

entire project could be dedicated to just understanding the binomial theory in continuous time.

2.1.10.6: Monte Carlo
Monte Carlo smulations are a way of smulating random values that come out of a

model.*® It isalso a way of being able to put alot of random valuesinto a model in order to get
aprobability dendty out of the model that’ s being used. Thisis one of the main ways of pricing
derivatives.'® Monte Carlo smulations are used often when it is tricky to derive a formula for
pricing aderivative. An example of thisis for pricing single variable European options that
auffer from having a non-standard pay out form. Also another benefit to the Monte Carlo
smulationisthat when a modd is devel oped, one doesn’t have to change it completely. They

can actually manipulate the variables in order to make the mode suit one' s needs.**

European options, following a smilar trend as the binomial theory and Black-Scholes
model, are easer to price. Monte Carlo simulations have been in use for European options for
awhile now. On the other hand, American options are starting to be cal culated by the Monte
Carlo methodol ogy also. Also, there are Asan options, which payoff depends on the history of

the asset price. Thisis achieved by taking atime average.**

118 Chacko, George, Anders Sidman, Hideto Motohashi, and Vincent Dessan. p.227
119 Janusz, John. "Monte Carlo Simulation." John's Finance Page. 30 Oct. 2007 <http://members.allstream.net/~johnjaz/mont.htm>.

120 Fink, Peter. "Pricing Complex Options Using a Simple Monte Carlo Simulation." John's Finance Page. Comp. John Janusz. 30 Oct. 2007
<http://members.allstream. net/~johnjaz/montemai n. htm>.
Lai, Yongzeng, and Jerome Spaingler. "Applications of Monte Carlo/Quasi-Monte Carlo Methods in Finance: Option Pricing.”
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2.1.10.7: Cholesky Decompaosition
Often with Monte Carlo simulations there is a need to corrdate the random numbersthat

are generated. One of the most common waysis to use the Cholesky decomposition. Thislends
itself to the Cholesky matrix. This matrix is atriangular matrix. When given the correlation
matrix R, it easy to calculate the Cholesky decomposition L.*? It isimportant to understand that
the matrix that precedes the Cholesky decomposition hasto be symmetric and a positive definite
matrix. The lower triangular matrix is defined to be the Cholesky triangle and it has positive

123

diagonal e ements.

R=L+«L"
Formula 21 - The Cholesky decomposition obeys thisrelationship**

When given a correlation matrix, we are able to figure out the Cholesky decomposition.
The L" isthe mathematical transpose of the Cholesky decomposition. This goes to show that if
you have a corrélation you can set up a Cholesky decomposition or if you have a distribution,
you can solve for a correlation. Doing thisin matrix form, allows you to see an overall
correlation of two or more assets.*® In order to go about thisthe proper way, to find out how to
solve for Rx=Db, one hasto solvefor Ly = b for y. Thisisallows one to solve for the lower

transpose. Then one has to solve for L'x = y to be able to solve for x.*%

It is possible to approach this stuation differently and use a method of finding
elgenvalues and e genvectors. However, the Cholesky decompositionisalot smpler and far

easier to do. The results come out very similar.*?’ Based on this, it is easy to see why people

122 Chaplin, Geoff. p.43
123 Krowne, Aaron. "Cholesky Decomposition." Planet Math. 4 June 2006. 1 Nov. 2007
fzrltltp://planetmath.org/?op:getobj&from:objects&id=1287>.

Chaplin, Geoff. p.43

Chaplin, Geoff. pp.43-44

Bock, Rudolf K. "Cholesky Decomposition." 7 Apr. 1998. 1 Nov. 2007
<http://rkb.home.cern.ch/rkb/A N 16pp/node33.htmI#SECT ION000330000000000000000>.

Team Latte. "All About the Cholesky Matrix." Risk Latte. 9 Aug. 2005. 1 Nov. 2007
<http://www.risklatte.conVportfol ioEngi neeri ng/article20050809. php>.
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would prefer to use the Cholesky decomposition over other methods. To further expand on this,
here isa simple example of how to apply the Cholesky decomposition to a correlation. In this
example, we will set up a general process to help understand what is happening during this
process.

Ry Rlz]z[ln 0”111 112]
Ry1 Ry lrn L0 Iy

Formula 22 - Correlation M atrix set equal to a Cholesky decomposition'?®

In the above equation, it is easy to see how to deal with the above stuation. We follow
the standard procedure for multiplying matrices. Thisis done by ether following the formulas
provided below or by performing the multiplication out by hand. The formulas provided below

work for any size matrix.

i-1
(Rii - Z liZk
k=1

Formula 23 - Equation for solving for the diagonals*®

Rii — %02 e L
lii
Formula 24 - Equation for solving the other components

Lji =
130

A direct corollary that followsthisisthat if we know the probabilities of an event
happening, we can solve for the correlation between multiple stocks. Thisis why Monte Carlo
smulation can be a very useful tool because we can connect the probabilities of events occurring
with a correlation. Thisisa very useful way of linking up Monte Carlo simulations with aspects
of finance that can proveto be useful. Also, if thereis no correlation, Monte Carlo smulations
can also be used but instead it will just yield different results. These results will ultimately show

for no correlation that fair spread percentage islarger than the correlated. If there isa perfect

128 Compiled sources: Chaplin, Geoff. pp.44 and Chacko, George, Anders §oman, Hideto Motohashi, and Vincent Dessan. pp.232-233
129 Compiled sources: Bock, Rudolf K. "Cholesky Decomposition." and Krowne, Aaron. "Cholesky Decomposition." Planet Math.
130 Compiled sources: Bock, Rudolf K. "Cholesky Decomposition." and Krowne, Aaron. "Cholesky Decomposition." Planet Math.
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correlation between al of the reference assets, then the chances of none of them defaultingis
greater than the zero correation. Also under perfect correlation the chance of all of the

companies defaulting is much greater than with O correlation.**

131 Chacko, George, Anders Soman, Hideto Motohashi, and Vincent Dessan. pp.234-242
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2.2: Risk Engine Review
2.2.1. Multiple Core Processing

To understand multiple core processng, one hasto first understand what a coreis. When
referring to a corein the computer sense, thisisa complete central processing unit. A single core
isasngle processor that deals with all of the information. On the other hand, a multi-core
processor has numerous execution coresthat perform the calculations. A single core can only be
pushed so far before it starts hitting physical limitations. One of these limitationsisas the
frequency isincreased thereisarise in the number of clock cyclesit takes to access memory.
The 480 took 6-8 cyclesto access memory whilethe Intel Itanium takes 224 clock cyclesto
access memory. A more pressing concern isthe power dengty. Asthe frequency increases, the
amount of power generated isincreased. With smaller architectures and moretransg stors
congtantly being added, the power dendgty continuesto grow rapidly asthe frequency increases.
In 1993, the Intel Itanium 2 processor had approximately 3 million trang stors while new
ltaniums are currently pushing almost 1 billion transistors.™

Eventually, the heat created by the processor becomes expens ve when compared to the
increase in performance. Many people focus alot of their effortsin cooling their processors
down so that they can overclock their processors. Cooling comes with a price though. Eventually,
it becomes uneconomical to cool the processor asthe amount it coststo cool the processor will
outweigh the benefit of the increasein performance. To addressthis, we can introduce more

preci se manufacturing processes to reduce the amount of heat generated.’*®* As thetransistors

shrink down, it takes|ess power to keep the transistors on. This meansthat energy will be saved

132 Koch, Geoff. "Discovering Multi-Core: Extending the Benefits of Moore's Law." Intel. July 2005. Michigan State University. 19 Nov. 2007
<http://www.intel.com/technol ogy/ magazi ne/computi ng/multi-core-0705. pdf>.

"Planning Considerations for Multicore Processor Technology." Dell. May 2005. 7 Nov. 2007
<http://www.dell.com/downl oads/global/power/ps2g05-20050103- Fruehe. pdf >.
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because the transistor is dissipating | ess power to provide the same effect.®* Thisisn't
sustainable, however, at some point it hasto end.

Another way around the problem of increasing heat from higher frequenciesisto
introduce multiple core processors. These processors will often run at alower frequency but they
enable a divide and conquer approach. The power densty isthen split across the chip and isalso
reduced because of the lower clock speeds. Thisincludesa push towardsa smaller
manufacturing processtoo asthis enables more processors to be put on the same chip. It also
carries with a particular consequence that has to be addressed.

This consequence of switching to multiple core processorsisthe need to write the codein
aparallelized form. That is because a program will only run on one coreif it is not designed to
take advantage of the additional cores. A basc example of parallelization of code and dealing
with multiple coresisa factory. Y ou can only have a single factory worker work so hard. He can
only do things so fast with incentives like a bonus and a pay increase. Pay increases and bonuses
are like frequency increases and more efficient processing with more transstors. Eventually, he
reaches a physical limit of how hard he can work, even with the pay increase and bonus incentive.
Now, we add a second worker. This second worker will take the single factory’ swork and split
the work with him.

However, if the plit isn't even, this hindersthe entire efficiency of the processas one
worker will till be doing a lot more work. Thisiswhere the code would have to be optimized to
share processes. That isto say, if both workers get an equal work load they will be able to finish
their overall task faster. Eventually, as we continue to add on additional workersto aid in the

work, we would have to split the work even further to optimize the process. If the work load is

134 Mutschler, Ann S. "Intel Creates 2nd 65nm Manufacturing Process." Electronic News. 20 Sept. 2005. 19 Nov. 2007
<http://www.edn.convindex.asp?ayout=article& articleid=CA 6258496>.
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evenly distributed the work will get done exceedingly fast. If the work load is not evenly
distributed, this will have a smilar effect as the two worker situation. It will result in an areathat
can be improved through proper allocation of tasks. The distribution of the work is not the only
area of concern. There could be problems with the workers. Each one might require certain
amounts of resources to achieve their objective but those specific resources may be currently
used by another worker. The workers could also be in the same work shop, the same building, or

just the same company. Thislends the concern of where the processors are placed.

If there are processors on the same board, then their communication islimited by the
speed of the motherboard. We can make the processors closer together but this only works so far.
Eventually aturn towards multiple processorsthat are inside of the same dieisrequired. This
gives us another reason for the multiple core processors. Thisiswhat enables the multi-core
processor to do work more efficiently than if there arejust multiple single-core processors on a

board.**®

Servers havetraditionally been systems that have extensively used multiple processors
in order to deal with the workload that they experience.*® Now, computer gaming has reached a
new level of demand. Gameslike Crysisand Supreme Commander demand immense computing

power in order to give optimal performance.

2.2.2: Parallelization of Code
There are multiple model sused for the parallelization of code. Examples of these models

are shared memory, threads, message passing, data parallel, and combinations of any of these.
Each method hasits own strong points and weak points. These models can be employed on any
type of system. Thisis becausethey are not exclusve of other types of systems' architecture.

That isto say that the shared memory modd, for example, can be used ona sysemthat is

135 Jacobs, Jason. "Xeon 5150 Vs. E5320." Techware Labs. 29 Mar. 2007. 7 Nov. 2007
<http://www.techwarel abs.com/reviews/processors/xeoncomparison/>.
Kyrnin, Mark. "Dual-Core Processors." About. 7 Nov. 2007 <http://compreviews.about.com/od/cpus/a/dual core.htm>.
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specifically designed as a distributed memory system. The drawback isthat it may not be optimal
to use that specific model on that system. It might also not make senseto usethat model asit

would make programming far more difficult for the system.™’

The shared memory mode iswhere you have tasks that read and write out of sync and
share a common address space. This model excelsin the agpect that it doesn’t establish an
ownership of certain data. Thisultimately meansthat the devel opment process can be cut down
and made eas er by enabling the programmers not to have to specifically identify the
communication of data during events.™*® This model allows for easy scalability and enables
portability across different memory architectures. It isa good step towards developing highly
refined algorithms because of these reasons.** People who program in a symmetric

multi processing environment will often employ this type of model.**°

However, amajor disadvantage to the shared memory model isthat it will eventually
become difficult to manage the data.*** The difficulty of managing the data is because when a
processor requests information that is not in the cache memory, it will stop any activity until the
information isretrieved. Thisaspect of the shared memory model makes managing the data an
absolute necessity. Thisis becauseif the datais managed properly these will be 4 owdowns that
could be avoided if the system had what the resourcesit required. The data management problem

becomes an issue as the program s ze increases and this weighs heaviest on aprogram using this

137 "Introduction to Parallel Computing.” Department of Computer Science and Information Systems. University of Limerick. 8 Nov. 2007

<http://www.csis.ul.ie/Modul es/ CS4838/tutorial sforweb/ Introducti on%20t0%20Paral | el %620Computi ng. htm>.

"Introduction to Parallel Computing." Department of Computer Science and Information Systems. University of Limerick.
139 Gibbons, Phillip B. "What Good are Shared-Memory Models?' Proceedings of the 1996 ICPP Workshop on Challenges for Parallel
Processing (1996): 103-114. IEEEXplore. George C. Gordon Library, London. 19 Nov. 2007. Keyword: shared memory model.

Scott, Michael L. "Shared Memory Models." Apr. 2002. University of Rochester. 8 Nov. 2007
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method.'* Most programmers prefer to use message passing interfaceinstead of using this
model asthere aren’t any large parallel applications that have been written using this model.**®
Thelack of massve shared memory modd programs only hurts because thereisn’'t alarge

enough example of how to write a program using this method properly.

A thread (also known as thread of execution) is when a processis written to have
multiple execution paths. That isto say that, the process doesn’'t have to be run sequentially. The
computer can give the illusion of the processesrunning in parale whileit quickly switches
between threads. Thisillusion of processes running in parallel isachieved by having the first
processrun athread through the processor. After that thread is completed, a thread from the
second process can be run through the processor. Then these processes will alternate which
thread is being run through the system. This createstheillusion of two processes being run
smultaneoudy. Each process doesrun dower than if it was being run by itself becauseitis

sharing the computation time with the onboard processor.**

The nature of thethread iswhy it lendsitself to being used on parallel computing
apparatuses. Thisis because threads can be split up among the processors and be executed almost
smultaneoudy by the processors. Single-threaded applications are not written to take advantage
of multiple processors as these applications will only be executed on one processor. An obstacle
for writing multi-threaded code isthat the threads have to be able to be executed independently
of the other thread' singtructions. Thisis because if a angle thread is dependent on another

thread will need the information from another thread. The problem arisesif the threadsrun at the

142 Buede, Dennis M. Engineering Design of Systems - Models and Methods. (pp. 281). John Wiley & Sons. Online version available at:
Iilatg:llwww.knovel .com/knovel2/Toc.jsp?BookID=1410& Vertical ID=0

Scott, Michael L. "Shared Memory Models."
144 & sullivan, Bryan. "What is a Thread?" Teideal Glic DeisbhéAlach. 9 June 2005. 21 Nov. 2007 <http://www.serpentine.comvblog/threads-
fag/what-is-a-thread/>.
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same time. Thiswill cause the information to not be availabl e and the dependent thread won't be
ableto completeitstask until the other thread is finished. This would serve asa point of

optimi zation for the code.**®

The message passing mode involves programs that are running in paralle with processes
that cooperate with one another. The processes will send data to one another in the form of
messages.**® This modd is considered to be portable, universal, and ssimple. The portability
comes from the fact that it isthe mode that isused on most parallel processing apparatuses. The
model’ s universality is based on the fact that it makes very few assumptions on the underlying
hardware. By not making these assumptions, the program can be written to fit more systems than
assuming that a computer will have certain specifications. This modd’ s simplicity comes from
the fact that it supports explicit control of memory references. ™’ It is also code that can be read
and understood by a human. Thisis because when usng the message passing modd, the code
should read just asif one was reading the actual message passing model’ s outline.** The

message passing model is used extensively with supercomputers.*®

The data parallelism model is apeculiar entity. It's designed around concurrency.
Concurrency iswhen there are several processes executed at the same time. This form of
programming requires that the programmers decide how the data will be distributed to run the

most efficiently. Thistype of programming works really well with singleinstruction, multiple

145 ghamlin, David. "Threads Unraveled: a Parallel Processing Primer.” SAS Institute Inc. 22 Nov. 2007
<http://www2.sas.com/proceedi ngs/sugi29/217-29.pdf>.
146 Gropp, William, Rusty Lusk, Debbie Swider, and Rajeev Thakur. "The Message Passing Model." Argonne National Laboratory. 22 Nov.
2007 <http://www-unix.mcs.anl.gov/mpi/tutorial/mpi basics/sld003.htm>.

"The Message Passing Model." Hewlitt-Packard. Dec. 2003. 22 Nov. 2007 <http://docs.hp.com/ern/B6060-96013/ch01s01. html>.
8 Ercal, Fikrey. "2.2 Using Workstation Clusters." CSc 387. University of Missouri. 22 Nov. 2007 <http://web.umr.edu/~ercal/387/class.2-
MPI.html>.
149 Barney, Blaise. "Message Passing Overview." MHPCC. 3 July 1996. University of Hong Kong. 8 Nov. 2007
<http://www.hku.hk/cc/sp2/workshop/html/message_passing/message_passing. html>.
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data (SIMD) environments.* Thisis because the data parallelism model is mainly focused on
performing operations on data sets. These data sets will often be organized into a common
gructure such asan array. Different partitions of the same data structure will then be
manipulated by a set of tasks. Each data partition will have the same tasks run on them asthe

goal of thisarchitectureisto divide the work while till continuing through the process.**

2.2.3: Floating Point Arithmetic

Floating point isa way of representing real numbersusng bits. However, it isimportant
to understand what a fixed point number isfirst. Thiswill establish an easy recognizable
difference. Fixed point numbers put a decimal point somewhere in the middle of the digits. This
could even be at the end in the case of integers. The important thing to understand about thisis
that the decimal point does not move. Fixed points only allow a certain amount of numbersto be
represented insde of a small window. Floating points, on the other hand, allow the decimal point
to move. This allows floating point numbersto represent a much larger range of numbers

depending on the amount of precision that is all owed.

Sign Exponent Significand

Figure 6 — The Floating-Point Format

Floating point numbers employ scientific notation to be able to shift in between large and
small numbers. This allowsthe decimal point to float around and not get locked in like a fixed

point representation. Floating point notation includes three major parts. These partsare the sign,

150 Foster, lan. "1.3 a Parallel Programming Model." Argonne National Laboratory. 1995. 8 Nov. 2007 <http://www-
uni x.mes.anl.gov/dbpp/text/node9. html >,
Barney, Blaise. "Introduction to Parallel Computing." Lawrence Livermore National Laboratory. 22 June 2007. 22 Nov. 2007
<http://www.lInl.gov/computi ng/tutorial/parallel_comp/>.
Hollasch, Steve. "IEEE Standard 754 - Floating Point Numbers." 24 Feb. 2005. 23 Nov. 2007
<http://steve.hollasch. net/cgi ndex/coding/ieeefl oat. html>.

59



the exponent, and the significand. A significand isthe part of the floating number that contains
the sgnificant digits. The significand stores the J-bit and a binary fraction. The J-Bit ishasan
assumed value of 1 when the floating point number is normalized. The J-Bit is not actually
stored insde of the physical digits. Normalized numbersin this context are non-zero, finite
numbersthat can be encoded to fit numbers from zero to infinity. However, with the physical
limits of aformat islimited by the amount of bits that are available for representation of the
exponent. Denormalized numbers are numbersthat are near zero and can only be represented by
making the leading bits zero. This causes a loss of precison because of areduction of sgnificant

digits by theleading zeros.*®

The sign bit will denote that the number is either positive or negative. Positive numbers
are represented by a 0 while negative numbersare a 1. The exponent block isableto represent
both positive and negative numbers by applying a bias.*>* This biasis done by adding a specific
number to the exponent. This bias has to be large enough to offset all of the negative numbers.
This bias will depend on how many bits are available to represent the exponent. For asingle
precision number, the bias of the exponent will be 127 base 10.*°

1 B

| = | EEEE EEEE | 5555 5555 5555 5555 5555 558
0 9 3

Figure 7 — Single precision floating number using the |EEE 754 standard

153 »| EEE 754 Floating Point.” Randelshofer Online. 23 Nov. 2007 <http://www.randelshofer.chf hwigri/float. htmi >,
154 Hollasch, Steve. "IEEE Standard 754 - Floating Point Numbers." 24 Feb. 2005.
155 | EEE 754 Floating Point.” Randelshofer Online. 23 Nov. 2007

60



1 11
| 5 | EEEE EEEE EEE ‘ 5555 5555 5555 3555 5555 3555 5555 3555 5555 3555 5555 3555 5355 ‘
a 12 B3

Figure 8 —Double precision floating number using the |EEE 754 standard

Figure 2 and figure 3 demonstrate the format that a floating number using the |EEE 754
gandard would haveto follow. The sisfor the Sgn bit while the Esare for the exponent. The Ss
are for the sgnificand bits. The differencein precison isimmediately obvious by looking at
figure 2 and figure 3. The double precision floating number hasthe ability to store more
sgnificant digits than the single precision. Double precision has 29 more hitsto represent the
number with and it can also represent much larger numbers as the exponent range isincreased by
three bits. Even with al of these digits, there are numbers that cannot be represented in base 2.
One of these numbersis0.1. This number would require an infinite number of bitsto be

represented correctly.

We realize that not only because we re compressing an infinite amount of real numbers
into a finite space but al so because we are unabl e to properly represent a number in base two,
that we should anticipate arounding error. So just like a human, a computer will round a
computed answer so that the number will be able to fit insde of the finite representation that our
standards and technology allow. Error is not limited to the representation of a number but it also
can come from performing a mathematical operation on the floating numbers. When performing
afloating point operation it might be acceptable to round both floating point numbersand

perform the operation on them. Another option isto add the numbersfirst and then round the
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solution. If the numbers are sgnificantly spaced apart by many orders of magnitude, these two

methods should provide very similar results. **°

If the numbers are close together, then a guard digit’ s value increasesin importance. A
guard digit’ sjob isto save information that would disappear from theregister normally. This
extrainformation isused to mitigate the error where it isimportant to notice a small difference

between two very similar numbers. ™’

2.2.4. Cell Processor
The Cdl Broadband Engine isthe product of ajoint venture among IBM, Sony, and

Toshiba. The Cell processor is aresponse to the need of increased efficiency and computing
power with physical limits starting to weigh on conventional methods. The current Cell
processor is made up of a POWER processng e ement (PPE), eight synergistic processing
elements (SPES), an element interconnect bus (EIB), a32 KB dataL 1 cache, a 32 KB ingruction
L1 cache, and @512 KB L2 cache.™®® In the future, it is possible that we' |l see Cell processors
with more or less SPEs depending on the application that they’ re being used for.**® The current
development roadmap is striving for a1l TFLOP verson of the Cell processor that will have 2
PPEs and 32 SPEs.*® Toshiba and Sony have plansto use the Cell processorsin their el ectronics

such astelevisions.'®! Sony currently usesthe Cell processor in their Sony Playstation 3 ™.

156 Goldberg, David. "What Every Computer Scientist Should Know About Floati ng-Point Arithmetic." Numerical Computation Guide. Mar.
1991. 12 Nov. 2007 <http://docs.sun.convsource/806-3568/ncg_goldberg. html>.
7 parlett, Beresford N. The Symmetric Eigenvalue Problem. SIAM, 1998, Google Book Search. 13 Nov. 2007
<http://books.google.convbooks?id=uaY XIkHVPpEC& pg=PA 31&|pg=PA 31& dg=guard+di git& source=web& ots=06PkdJ-
EeD& si g=dpRosx!j 1UOHitNkM gl6sJ0gac0#PPA31,M 1>.
158 Chen, Thomas, Ram Raghavan, Jason Dale, and Eiji Iwata. "Cell Broadband Engine Architecture and Its First Implementation." IBM. 29
Nov. 2005. 14 Nov. 2007 <http://www-128.ibm.com/devel operworks/power/library/pa-cellperf/>.
159 page, M. "IBM's CELL Processor: Preview to Greatness?' PCStats. 15 May 2005, 14 Nov. 2007
<http://www.pcstats.com/articleview.cfm?articleid=1727& page=3>.

Mercury Systems. Telephone interview. 15 Dec. 2007.

"Sony Global - Press Release - IBM, Sony, Sony Computer Entertainment Inc. and Toshiba Unveil Cell Processor.” Sony. 29 Nov. 2004. 14
Nov. 2007 <http://www.sony.net/SonyInfo/News/Press_Archive/200411/04-1129E/>.
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Figure 9 — The overall Cell architecture diagr am*®
The POWER processing dement (PPE) isa POWER processing unit (PPU) and a 512KB
L2 cache. The purpose of this processor isto run the operating system and to also direct the
SPEs. The POWER processing unit also supports dual -threading.*®® The PPU is split up into
three digtinct sections. Thereistheingruction unit (1U) that isin charge of retrieving the
ingructions, figuring out what they mean, separating them, distributing them, and to confirming
completion of the instructions. The next piece of the PPU is call ed the fixed-point execution unit

(XU). This portion of the PPU isaccountable for the fixed-point instructions. Thisalso includes

162 Compiled from:

Gschwind, Michael, H P. Hofstee, Brian Flachs, Martin Hopkins, Y ukio Watanaba, and Takeshi Yamazaki. "Synergistic Processingin Cell's
Multicore Architecture." Penn State. 20 Nov. 2007

<http://citeseer.ist.psu.edu/cache/papers/cs2/624/ http: zZSzzSzwww.research.ibm.comzSzpeopl ezSzmzSzmikegzSzpaperszSz2006_ieeemicro.pdf/g
schwind06sy nergistic.pdf>.

Easton, John, Ingo Meents, Olaf Stephan, Horst Zisgen, and Sei Kato. "Porting Financial Markets Applications to the Cell Broadband Engine
,1Architecture." 1BM. June 2007. 20 Nov. 2007 <http://dl.al phaworks.ibm.com/technologies/cellsw/cellFMwhitepaper.pdf>.

&3 Chen, Thomas, Ram Raghavan, Jason Dale, and Eiji Iwata. "Cell Broadband Engine Architecture and Its First Implementation.”
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any loading or storing ingructions. The last component is referred to as a vector scalar unit
(VSU). The vector scalar unit will pick up therest of the work. This specifically is dealing with
vector and floating-point instructions.*®*

The synergistic processng e ements (SPESs) are the bread and butter of the Cell. The
SPEs are split into two distinct pieces. Thereisthe synergistic processng unit (SPU) and the
memory flow controller (MFC). The SPU containsa 256K B of storage that IBM likes to call
local store. The SPU also hasa vaunted 128 by 128 hit set of registers. That means there are 128
registersthat can store up to 128 bits each. The SPUs are based around being ableto do single
ingtruction, multiple data cal culations. The SPEs have been optimized to do calculationsin an
extremely efficient manner. The Cell can then be expanded in the future based on the need for
processing and how limited spaceis. Thisis done by adding more SPEs. However, if atask does
not require alot of computer power then SPEs could be taken away from the Cell.*®

A special part of the SPE isthelocal store. These local stores were designed to reduce
hardware complexity while offering a smilar benefit as cache. Data will be |loaded from thelocal
soresto theregisters of the SPEs. Thelocal storeis designed to be able to transfer datato the
register at arate of 16 bytes per cycle. The significance of the 16 byes per cycleisthat it is
enough to fill up acompleteregister (128 bits). The problem that arises, because of this, isthat
thereisa sharing of transmission resources. That isto say that there has to be a write process to

and from memory while also moving the data to and from the registers. To minimizethis

problem, the local memory is accessed for 1024 bitsat atime during one cycle. By doing this,

164 \ahle, JA., M N. Day, H P. Hofstee, C R. Johns, T R. Maeurer, and D Shippy. " Introduction to the Cell Multiprocessor.” IBM. 7 Sept. 2005.
16 Nov. 2007 <http://www.research.ibm.com/journal /rd/494/kahle.html >.

165 Chen, Thomas, Ram Raghavan, Jason Dale, and Eiji Iwata. "Cell Broadband Engine Architecture and Its First Implementation.”
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the data is moved quickly but also interferesless with the SPE’ s overall operation.’® The SPEs

are specifically designed to compute thingsin an SIMD manner.*’

SPE SPE SPE SPE
v ! vt v« ! v !
—\I
— o
oo “—| Controller
Element Interconnect Bus .| Memory
- +— Interface
< 5 Controller
v ! v 1 i ‘1
SPE SPE SPE SPE

Figure 10 — Element | nter connect Bus Over view'®

The dement interconnect bus (EIB) iswhat allows all of the sections to talk to one
another. It connectsthe PPE, the SPEs, the off-chip memory, and the external inputs and outputs.
Thisbusis composed of four rings. Two of these rings run clockwise and the other two run
counter clockwise. They allow simultaneous data transfers as long as the paths do not overlap
one another. Controlling this busis an arbiter that listens to the requests that are being made of
the bus. It then decides which and when the requests will be fulfilled. The theoretical bandwidth
of the busis204.8 GB/s. However, in practice it depends on where information istraveling to

and from on the Cell processor. The theoretical bandwidth isachieved by summing up the

1% Blachford, Nicholas. "Cell Archiecture Explained Version 2 - Part 1: Inside the Cell.” Blachford. 2005. 21 Nov. 2007
<http://www.blachford.i nfo/computer/Cell/Cell1_v2.html >.

Stokes, Jon. " Introducing the IBM/Sony/Toshiba Cell Processor - Part I: the SIMD Processing Units." Ars Technica. 7 Feb. 2005. 14 Nov.
2007 <http://arstechnica.com/articles/paedia/cpu/cell-1.ars>.

Keable, Crispin. "17th Machine Eval uation Workshop." STFC Computational Science and Engineering Department. 6 Dec. 2006. 21 Nov.
2007 <http://www.cse.scitech.ac.uk/disco/mew17/talks/Keable IBM_MEW17.pdf>.
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individual 25.6 GB/s SPEs.'®® The theoretical bandwidth also includes the knowledge that the
EIB runs at half the clock speed.'” Being able to understand how the transfers are occurring will
allow a programmer to manipulate the transfersin order to get the most out of the Cell processor.
The Cell hasalot of potential. Just reviewing the plansfor future Cell iterationsis
enough to excite the mind with all the possbilities. During 2008, another iteration of the Cell
will bereleased that has been enhanced for double precison calculations. Currently the Cell has
aphenomenal ability to perform approximately 210 GFLOPs for single precison and
approximately 14.6 GFL OPs for doubl e precison. However, when the new Cell isreleased that
has been optimized for double precision; the peak performance will jump to 100 GFLOPs for

double floating point operations.*"™

Xeon 5365 Quad
Cdl (8 SPE) X1(MSP) | X1E(MSP) | Opteron Xeon Core
Frequency 3.2 GHz 800 MHz 113GHz | 22GHz | 2.3 GHz 3 GHz
GFLOPs (single) 204.8 25.6 36 8.8 4.6 24
GFLOPs (double) 14.6 12.8 18 4.4 4.6 24
Itanium2 Dud

Pentium4 3.0C | Pentium4 [tanium?2 Itanium2 | Itanium2 Core
Frequency 3 GHz 3.2GHz 900MHz | 1.4MHz | 1.4GHz 1.6 GHz
GFLOPs (Single) 5.8 6.4 3.6 5.6 6.4 12.8
GFLOPS (Double) 5.8 6.4 3.6 5.6 6.4 12.8

Table 10 — Comparison of an 8 SPE Cell versus common processor s’

169 Chen, Thomas, Ram Raghavan, Jason Dale, and Eiji lwata. "Cell Broadband Engine Architecture and Its First Implementation.”
170 ncall Architecture.” University of North Texas. 21 Nov. 2007 <http://csrl.unt.edu/~kavi/C SCE6610/cell.ppt>.
s Mercury Systems. Telephone interview. 15 Dec. 2007.
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<http://repositories.cdlib.org/cgi/viewcontent.cgi ?article=4262& context=Ibnl >.
Williams, Samuel, John Shalf, Leonid Oliker, Shoaib Kamil, Parry Husbands, and Katherine Y elick. " Scientific Computing Kernels on the Cell
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Table 10 shows a comparison of GFLOPsusing the LINPACK benchmark. The first
element that jumps out is that the GFLOPs of the Cdll with 8 SPEsisrated at 14.6 GFLOPs for
double precison. The single precison capability of the Cell is 14 times greater than it’ s double
precision computing capability. It isalso important to note that Table 10 represents the peak
GFLOPs of the processor not the average. The Cell that is quoted aboveis strictly the combined
power of the SPEs and does not include the PPE. The PPE is capable of performing 6.4 GFLOPs
of double precision calculationsand 25.6 GFLOPs of single precision computations.*” The
release of the next iteration of Cell will increase the double precision GFLOPsraw capabilitiesto
100 GFLOPs. Also, with the advent of more preci se manufacturing processes, more SPEs will be
added to the Cell processors.*"

A way of getting around the d ower double precision capabilities of the Cell currently is
by using a mixture of single precison and double precison calculations. Thisis done by using
paralle matrix multiplication techniques. Approaching a problem like this has been ableto yield
up to 100 GFLOPs. However, this complicates the programming process by constantly
decongtructing doubl e precison calculations into single precision cal culations. Then the sngle
precision cal culations have to be promoted back to double precision cal culationsthrough a
comparison process with LU decomposition.'”® IBM’ sinterest in including an upgraded double
precision element to the Cell design ssems not only from outperforming the competition but also
s mplifying the amount of work a programmer hasto do in order to optimize their code for the
Cdl. Also, having thisraw satistic increase will look favorably on its marketing power by

showing an overwhel ming computational power when compared to the competition. Even the

173 wsony ToshiballBM (ST1) CELL Processor.” Spring 2007. University of Tennessee. 23 Nov. 2007
174 Mercury Systems. Telephone interview. 15 Dec. 2007.

175 Kurzak, Jakub. "New Approaches to Numerical Linear Algebra onthe CELL Processor." Innovative Computing Laboratory. 25 Oct. 2006.
University of Tennessee. 23 Nov. 2007 <http://www.cs.utk.edu/~dongarra/cell2006/cell-slides/03-Jakub- Kurzak. pdf>.
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guad-core Xeon X5365 will be approximately four times slower when the new Cell isreleased in
early 2008.

The Cdl drives the Playstation 3™ and isused mainly for computing physics. However,
programmers are now releasing their own code for the Cell based on the Playstation 3™
hardware. One of these is programsis the Fol ding@Home application. Folding@Homeisa
distributed computing program that pools resources of inactive Playstation 3™s.*® IBM and
Mercury systems are a so pursuing the financial applications of the Cell processor. Both have
written algorithmsthat perform Monte Carlo simulations, Mersenne Twister random number

generation, and pricing using the Black-Scholes modd "

178w Eolding@Home on the PS3." Standford Uriiversity. 22 Nov. 2007 <http://folding,stanford.edw/English/FAQ-PS3>.

1 Compiled from:
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2.3: Econophysics Background

The study of thermal energy and how it can be used throughout research in econophysics
continuesto grow. Researching privately thermal physics and economics, it has been brought to
my attention that there are various ways the American population have been divided and
‘characterized’ by wealth and income standards using thermal terminology. In the past decade
the quote, “ The RICH are getting richer, and the POOR are getting poorer” has been held over
our world. Using theresearch of Chrigtian Silvaand Victor M. Y akovenko, Professorsat the
University of Maryland, combined with various other econophysicists papers, | have created an
example of how basic thermal physics studiesare currently and in the future should be used to

study the world economy us ng interdisciplinary studies between both physicsand economics.

In greater detail, econophysi cs applies theories from uncertainty/stochasti c elements, and
nonlinear dynamics devel oped by physiciststo solve problemsin economics. These theoriesare
taken to denote the principles of applying statistical mechanicsto economic analyss. One facet
of econophysicsthat can be taken into account, isthe research based around mechanical and
thermal equilibriums. For ingtance, the study of thermal and super-thermal characterizations that
has been researched, the Boltzmann-Gibbs law has been used for solving economical mechanics
directed towards income and wealth, and the appli cation of the Pareto power law towards the
wealthier portion of our world.>”® A few interesting topics not discussed in our paper are the
study of Brownian motion for stock-market prices, stock predictions usng Gaussian probability
for the distribution of stock-price fluctuations, and the Carnot Process of Economic Growth and
Wealth Didribution. These methods are often taken from datistical physics. Statistical physics

used in econophysicsis known as the application of economical, Satistical, and chaotic modd's

178 philip Ball (2006). "Econophysics: Culture Crash'. Nature 441: 686-688. Retrieved on 2007-08-27.
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used throughout financial physcsaround the world to express economical data that has been

collected. 17

To aphysicigt, the most interesting thing about economicsis the domination by
fluctuations in quantities of economicinterest. Thereisa strong belief that we can relate the
study of econophysicsto the ‘butterfly effect’. This effect will show how one single small
adjustment in our world economy playsa huge, and at most times, unpredictable part in our
society. This single decisonimpacts everyone on this Earth. Due to big economic shocks that
have affected the economy of our world, the possibility of an economic “meltdown” is one that
we must betaken serioudy. Big changesin big money affect not only people with large amounts

of wealth, but al so those who have very little of it—those on the boundaries of today’ s society.

180

Finding ideas that solve worldwide economic problems can potentially help in making
progress on unsolved physics problems also. A good examplethat has been looked at is
‘turbulence . If wetake a bucket of water and disturb a surface, energy is now added to the
system on abig scale. This energy then disspates over aprogressvely smaller scale. Thisisan
unsolved physics problem that is currently being looked at by university physcists. Many
empirical facts have been made about this experiment, but little can be said about understanding
the entirety of thistheory. The world economy is comparable to this example of turbulence. One
can add information on a big scale to an economic system; hence news of who winsa

presidential € ections, future technology advances, and any information on smaller and smaller

179 Jean-Philippe Bouchaud, Marc Potters (2003). Theory of Financial Risk and Derivative Pricing. Cambridge University Press.
180 Jean-Philippe Bouchaud, Marc Potters (2003). Theory of Financial Risk and Derivative Pricing. Cambridge University Press.
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scales. The way that you handlethis *turbulence’ and how it affects social equilibriumisto

approach thisturbulence problem with econophysics research.

2.3.1: Economic Phenomena

Econophysicsis based concurrently around the idea of economic phenomena. For
example, it represents how many particlesinteract between each other, taking into account the
properties of human beings. Obviously human beings and particles are sgnificantly different
from each other, but even though humans and particles are different they both yield systematic
interactions and chaotic behaviors. Inredlity, it’ slike a group of water molecules. The world
economy isa complex system of individual members (usually countries) that interact with each
other. World-wide financial datais provided and supplies opportunities for extensive statistical
analysis of our present-day society. Thisworld-wide analys's can lead to a better understanding

of the behavior of economical complex systems. &

In early 1996 during the study of business firms, physicists and economists found the
probabilities associated with the growth rate for a firm. It depicted a description using a single
mathematical function for firms of all types and sizes (from sales of $100,000 to $1 trillion).
They found that the width of the curve showing the probability distribution followsa "Pareto
power law", in which the width is proportional to the firm szeraised to a power of
approximately 1/6. Today, a Boston University-MIT physicsteam led by Y oungki Lee
collaborating with aHarvard economist team led by David Canning has found the same universal

patterns and power laws for the fluctuation in growth rates of the gross domestic products (GDP)

181 http: //www. nyti mes.com/2005/12/11/magazine/11ideas1-15.html , Econophysics, Shea, Christopher, Published Dec, 11 2005. NY Times
11/20/07 2:28pm
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of 152 countries since the 1950's There are many other fields and tools from physics that have

been used in econophysics with success.

2.3.2: Basics of Income, Money, and Wealth

We' |l gart out with the basics. The theory of statistical mechanics from econophysics can
be used to represent basics of money, income and wealth worldwide. Statistical mechanicsisin
correlation with gatistical physicsto describe the probability distributions of money, income,
and wealth. The equilibrium of gtatistical mechanicsis based on the Boltzmann-Gibbslaw.

Boltzmann-Gibbs states the probability distribution function (PDF) of energy:

E
EisP(E) = Ce — —
T
where ‘T’ isthe temperature and ' C’ isa normalizing constant. The main ingredient in the
derivation of the Boltzmann-Gibbs law isthe conservation of energy. When two economic
agents (such as compani es) make atransaction, some amount of money istransferred from one

agent to another, but the sum of their money before and after the transactions isthe same:
m4 + m, = m,1 + m’Z

The equilibrium probability distribution function of money in a closed system of agents has the

Boltzmann-Gibbs form:

m
P(m) = Ce — —
(m) e T

where ' T’ isthe effective “money temperature” equal to the average amount of money per agent.
This exponential distribution isobserved in computer s mulations, as shown in figure11. In
addition, alot of statistical dataisavailable for the distribution of income, ‘r’ for revenue. Using

Boltzmann-Gibbs, figure 12 showsthe probability distribution function of the individual income

182 http://www.aip.org/pnu/1998/split/pnu395-1.htm , Number 395 Phillip F. Shcewe and Ben Stein. Oct 7, 1998 American Institute of Physics.
11/20/07 2:32pm
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in USA and how it’s well fitted by the exponential function P(r) = Ce—r/T. The standard plot of
probability distribution function inevitably puts an upper limit on the horizontal axis at

$120,000/year in figure 12, %
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Figure 11- Probability Distribution of M oney in Computer Simulation
A. A. Agulescu and V. M. Y akovenko, Euro. Phys. J. B
17, 723 (2000) [cond-mat/0001432].
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2.3.3: Lorenz Curve and Gini Coefficients

A standard way of representing the ‘wholeincome' is by using the Lorenz curve shown
in figure 13. The Lorenz curve isa graphical representation of the cumulative distribution
function (CDF) of a probability distribution; it isa graph showing the proportion of the
digtribution assumed by the bottom percent of the y-values. The horizontal axis of the Lorenz
curve, x(r), represents the fraction of population with incomes below r, and the vertical axisy(r)
represents the fraction of the total income the population accounts for. Asr changes from 0 to 1,
x(r) and y(r) change from O to 1, it definesthe Lorenz curvein the(x, y) space. The diagonal line
y = X represents the Lorenz curve in the case where all population has‘ equal’ income. The

inequality of the actual income distribution is characterized by the Gini coefficient.

0<G<=1

The Gini coefficient isthe area between the diagonal and the Lorenz curve, normalized to the
area of thetriangle beneath the diagonal.

100%

90f _
075 Gini coeficient ~ - { "/}

05 to..---'-'ll-l..--

(o]
(=]
T

-~
o
T

| 0.25}

[=)]
[=]

1980 1985 1990 1995 ¢
Year

Q
T

(3] L (9]
[=] o
T T

Cumulative percent of income

]
Q
T

0 10 20 30 40 50 60 70 80 90 100%
Cumulative percent of tax returns

Figure 13 - Gini Coefficientsand Lorenz Curve
Silva, Christian A., and Victor M. Y akovenko.
"Temporal Evolution of the* Thermal” and “ Superthermal”."

74



For the exponential probability distribution function, the Lorenz curve and the Gini coefficient

can be eadly calculated:

y=x+(1—x)ln(1—x),(}=% Eg. (1)
(1) The solid linein figure 13 shows the theoretical Lorenz curve given by Eq. (1), and the points
shown in the income data for 1979-1997. The agreement is quite good. Inthe first
approximation, given the curve of Eq. (1) has no fitting parameters, the inset graph shows that
the Gini coefficient is closeto thetheoretical value 1/2, although the inequality doesincrease
during the last 20 years. Usng the Lorentz Curve and the Gini coefficient now for family
incomes we can seethat inside of the US the overall entropy, which representsthe balance of
wealth throughout lower-income familiesin America, has been quite stable over the past 50
years. With no drastic changes the entropy will be proven by G=1/2 for individuals and G=3/8

for familiesin thisincomelevd. 1®

184 Y akovenko, Victor M. "Research in Econophysics."
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United States, Bureau of Census data for 1947-1934 Lorenz curve for families
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Figure 14 — Lorenz Curve and Gini Coefficient for Families
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3: Methodology

3.1: General Approach

The generalized approach to this problem followed six key steps. Each of these steps was
used to bring in a proper flow of information that we would be ableto utilize to our benefit. The
Sx sepswere

Callect colleague information

Perform system level analysis

Write a brief description of the sysemsinvolved
Look at all the processes

Develop a strategy

Create a propostion for improvement.

These steps were used throughout the project to provide fundamental background and to
further elaborate on the actual problems. The collect colleague information step was used to set
up valuable lines of communication. These lines of communication ultimately allowed usto have
an unredtricted access to the people who would benefit from our work. There wereinstances
where it was not possible to collect information from our colleagues. In these cases, we tried

other sources of information such as the Bank of America information database.

The sysemsleve analysiswas put in asaway of understanding what was going on.
Without a solid foundation of what systems were talking to one another, it would seem foolish to
try to solve the problem. This step was specifically desgned to allow usto have a physical
understanding of the data flow and the communi cations that take place. Thiswas also a precursor
to the description step as each system had to be identified, in order to determineit’ srelevanceto

the entire system.

The writing of a brief description of the systemsinvolved was designed specifically to

understand at atechnological level what was going on. This did not promote insght on the
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physical processes but it did allow us to understand what type of information was being passed in
between the machines. This also allowed us to know what type of information was being

inputted into the machine. We used this step extensvely asa way of familiarizing ourselves with
the P&L reporting systems. It was also a good way of testing out our contacts and pull more

information from them that wasn’'t readily available.

Thelook at the processes section was specifically an examination at how the information
was being used. This step also hit a wall because we were being isolated from middle office.
This prevented us from seeing how they truly reconciled the Actual P& L. However, we were ill
able to go around with the amount of information we knew. We were ableto look at what went
into middle office and ultimately what came out of middle office. This helped us by preparing
our questionsin such away that we would be able to get the maximum amount of information

out of a contact.

The dtrategy deve opment step was designed to not only prepare for meetings but to also
figure out what information would be necessary to solve the problems presented to us. A lot of
the strategy based work was around figuring out who of our contacts would be the correct person
to ask a specific question. It was a so figuring out how to pull a solution out of someonein the
most efficient manner as we were on borrowed time. This approach produced a better fed for

what was actually needed by Bank of America.

The propostion for improvement was truly the last real step inthe process. Thisiswhere
all of the ideas cometogether and lead to a finalized product. This finalized product isthe
summation of the solutions to the problems as we interpreted them. Thisis the true fruit of the

project astherest isjust planting the seed, watering it, and watching the tree grow. These
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proposals for improvement add up to what was asked for us by Abhishek Vashishth on behalf of

the technol ogy department in Bank of America - London.

3.2: Systems Engineering

When undergoing atask of this magnitude, there are many ways to start. We decided to
do an overall syssemsanalysis. This allowed usto be able to understand the reporting systems
that were in use by Bank of America. This basic knowledge enabled usto be able to converse on
asmilar level asthe people we were working with. The systemsthat are involved in the Flash

and Actual P&L reporting process are detailed in this following section.

The Flash P& L Workflow components includes Odin, Camden, Results Database
Application (RDA), eBlotter, Alice, Risk Engine (Risk Engine), Results Database, Flash
Controller/Calculator, Flash P& L Database, Flash Viewer, Bloomberg AF8, Cash MO Templates,
GCP Flash Controller, and GCP Flash Summaries. Camden supplies market data, bond prices,
CDS spreads, volumes, and correlations to the Flash P&L. The eBlotter isa program that
suppliesligts of trade entries and confirmations to the Flash P&L. Aliceisused for bond
referencesthat are entered into the Flash P& L Database. Flash Viewer isused to view the Flash
P& L Database in an Excel format. The Flash P&L database sends the data to the GCP Flash

Controller for Flash Consolidation.

For further depth to what goesinto the P& L hereare afew details. Credit Advantage
Market Data Environment (Camden) is the repository for non-interest rate market data used in
the pricing of credit derivatives. Camden isan “open service’ that isable to provide credit
market data to any application requiring it within abank. It contains functionality for viewing

credit spread history, bonds, and bond price history. It also allows distribution of market data,
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bond prices, CDS Spreads, Volumes, and asset correlations. This datais digtributed to Risk
Engine, Flash P&L, and Front Office Publishing. Currently Camden is a stand-al one application;
inalater release it will be available asa component on the Advantage desktop. Camden consists
of a central server, regionally deployed web services, and alocally ingtalled user interface which
holds an editor for maintaining asset correlation data and abstract data. Once Camden is done
collecting data, the data is sent to both the Risk Engine and Flash Controller for further

analysis.'®

The RDA isused by the Middle Office asarepository for historical risk and P&L data
that is generated by the Risk Engine. The overall objective of this sysemisto maintaina
controlled environment for risk and P&L reporting. Risk and P&L numbers are generated by the
Risk Engine during an overnight batch, which is started after the close of busnessin the U.SA.
The Risk Engine isa computation farm which uses trade and static data from other systems, such
as Alice, to calculate both Risk and P&L numbers. These numbersare then fed into a central
database and are abl e to be viewed and manipulated by the users. Because the numbers from the
Risk Engine are generated overnight, any intra-day amendmentsto the system are not affected

immediately; therefore, a mechanism isrequired to perform this function, hence the RDA. %

Aliceisalso another component mentioned that passes on bond referencesto the Flash
P& L Database. Aliceis built on a Sybase Database at its core. This database maintainsall of the
information collected by Alice. A collection of Java Enterprise servicesisused to facilitate the

management of changesto this data. Currently, separate services exist for bonds, loans and

18 Ogrinz, Michael, and Kathiresan Solai yappan. "Camden Home." Bank of America.Com. 8 Nov. 2007. Bank of America. 22 Nov. 2007
<http://gmwiki.bankofamerica.convdisplay/camden/Camden+Home>.

186 Reporting Group, Risk Engine. "Risk Engine User Guide." Risk Engine. 3 Oct. 2007. Bank of America. 16 Nov. 2007
<http://crpscsgapl05/RiskEngi ne/serviet/FileRetriever?filename=%5C%5CCRPNY CD EV22%5Cp4store%5Cvob_adv_riskengine_docs%5CUse
r+Guides%5CRisk+Engi ne-User+Guide.pdf>.
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issuers. These servicesareindependent at this point, although bonds and |oans do depend on the
issuer’ sinformation. Future plansto provide a Smilar import mechanism from Bloomberg are
currently being researched. The user application that managestheloansis delivered by using
small web-based applications. These small web-based applications are used to manage the

definitions of theloan tranches and credit agreements.*®’

The Risk Engine was devel oped by Bank of America’ s Risk Engine and Reporting group
to provide a single tool to computerisk, P&L Explain, and General Ledger (GL Jobs) based on
market scenario capabilities. The results computed by the Risk Engine are saved to the Risk
Engine Reaults Database and used by many other Bank of America financial applications. The
Risk Engine can be configured to run both standard and cal culations (called “jobs’) that produce
risk figures, P& L Explains, and GL Jobs. Each job uses a set of trades, and a set of pricing rules.
At the point of calculation, each job activates the database’ srefresh rulesto sandardize the
retrieval of data from the data sources. The cal culation results are then saved to the Risk Engine

Results Database as part of a results group called a“data set”. 1%

Within the Risk Engine processthereare jobs. A job isinformation submitted intraday
for processing. Users can view the current status of each job submitted for intraday processng. If
there are several jobsthat can use the same pricing configuration, data set, and caching policy,
you can group these smilar jobsinto a single entity for processing called a“batch”’. Standard
batches or jobs are schedul ed to run overnight, but prototype batches can be submitted intraday.

For batchesreated to cal culating risk, you can specify adjustments to the actual trade called

187 Hisher, susie. "Alice 4.0." Gmwiki. 2 Aug. 2007. Bank of America. 25 Nov. 2007
<http://gmwiki.bankofamerica.convdisplay/GSPBAT/Alice+4.0>.

188 Reporting Group, Risk Engine. "Risk Engine User Guide." Risk Engine. 3 Oct. 2007. Bank of America. 16 Nov. 2007
<http://crpscsgapl05/RiskEngi ne/serviet/FileRetriever?ilename=%5C%5CCRPNY CD EV22%5Cp4store%5Cvob_adv_riskengine_docs%5CUse
r+Guides%5CRisk+Engi ne-User+Guide.pdf>.
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“scenarios’. Scenarios are used in the cal culations process to project the impact of a particular

trading market data event.

Scenariosare primarily used for analytical use prior to determining job submissons. Risk
Engine tracks all user changes that have been saved to the batches, jobs, data sets, pricing
configurations, and caching policies. All users can seethe history of each data e ement that has
been changed. These user changes are known as “audits’. In addition, Risk Engine providesa
tool for monitoring the status of all submitted jobs, batches, and audits. This monitoring process
allowsfor the Risk Engine to summarize any errorsthat may have occurred throughout the Flash

process.

With this knowledge of the syssems and our in-depth ook at financial terms, we were
able to converse with our fellow employees on a leve that allowed us to pull the maximum
amount of information from them. We used thisinformation to fuel the pursuit of being able to
find acceptabl e solutions based on the problem at hand. This helped us understand the vital roles
of components such as Odin and eBlotter. All of this combined allowed usto be able to have a

firm grasp of what was to be expected of the overall project.

3.3: Flash P&L

3.3.1: Approach to the Problem
Flash P&L isthe Profit and L oss statement that isreceived in the morning by thetraders
in the front office. The traders use this satement to compare their calculations that were done the

previous night by Odin. The workflow diagram depicts how the P& L process works. The

189 Reporting Group, Risk Engine. "Risk Engine User Guide." Risk Engine. 3 Oct. 2007. Bank of America. 16 Nov. 2007
<http://crpscsgapl05/RiskEngi ne/serviet/FileRetriever?filename=%5C%5CCRPNY CD EV22%5Cp4store%5Cvob_adv_riskengine_docs%5CUse
r+Guides%5CRisk+Engi ne-User+Guide.pdf>.
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diagram showsthe flow of information from the front office, through the Risk Engine and
middle office, and into the Flash Consolidation Process. Briefly the diagram portrays how
market data, Bonds, and CDS Spreads are brought in from various repositoriesinto the Risk
Engine. Overnight the Risk Engine runs analysis on therisk, P&L, and GL Jobs from the daily
trades made by investors and traders. These results are then stored in aresults database.
Eventually, theseresults are then transferred to a Flash P& L Controller/Cal culator that begins
calculating the Flash P&L. This dataisthen stored in a Flash P& L Database where the

information can be viewed in Excel format by users, hence the use of the Flash Viewer.

The Front office is having issues with the accuracy between the Flash P&L and their own
personal P&L that was calculated after the inputs of Odin. They were having issues with various
things throughout the Flash process, such as partial unwinds, cancelled / removed trades,
duplication of new trades, the NewBus P&L tab and overall timeliness and system performance
of running the Flash. The current major partial unwinds problemis a current split/confusion
between NewBus, Credit Spread, and edit inputs by traders. When the inputs become error prone,
thetraders predictions and P& L do not match. Thisleads to further problemsand confusion
between Middle office and Front office. Middl e office will provide the P&L and request
clarification on the differences with the P& L statement. When Front office hastrouble
recovering the data due to confusion in the inputs, it slows down the front office workflow and
errors have to be sorted out. Other current problem varies among different offices. Some believe
the calculations for the Flash are too elaborate and need to be simplified, and some believe the
calculations are already extremely bas ¢ but the process just needs to be sped up and made more

efficient.
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The Flash is on a desktop and uses up CPU resources making the computer unusable. Our
suggested solution isto bottle-neck the program which allowsthe CPU to be used by other
programs. Also, in this process we are trying to smplify the layout more. We are suggesting the
combination of the brokerage, carry, and curve shift tab into one single tab to clean-up the layout.
Another question at hand isif the Flash P&L is even needed? As briefly spoken about above, we
ask ourselvesif asmple verson of the Actual P& L can be pumped out within 3-4 hours of the
Middle office receiving the information from Risk Engine. If s0, can it be including in the Odin
and/or the non-reconciled Actual versus having an entire separate process for cal culating the

Flash, which isactually dowing down the CPU for other programs.

An area for improvement that’ s present, having the Flash only report the three major
categories of P&L whilethe others should be grouped together. The three magjor categories are
credit spread, edit, and new busness. Ben Cooper has suggested that al of the others besdes
these three be grouped together. Priscilla Wong has al so noticed that these three do seem to be
the major players. Current research, based on the concerns of developing waysto make the Flash
viewer more user friendly, allow adjustments to be made manually, and by granting Flash the

ability to ignore cancelled/removed trades.

3.3.2: Solutions to the Problem

With potential upgrades directed towards Flash upgrades .Net program written in C# is
being developed to make viewing the Flash easier and more user friendly. PriscillaWongis
currently looking for opinions on what should and shouldn’t be enclosed inside of the program.
This program would make dealing with the Flash more streamlined by offering the user

capabilities of customizing what they would liketo see.
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Net program isalso under development as an adjustment tool for fixing problems with
the Flash. This comes from arequest made by Alex May because there are times when he needs
to change things manually and would like to be able to do it without haven’t to bother the Flash
development team. The .Net program appearsto be a good step towards making the overall Flash

process better.

Cancelled / removed trades are being addressed in the rel ease of the Flash P&L 3.10.
This makes Flash more robust by being able to ignore cancelled and removed trades that woul d
not run in the Risk Engine. The trades coming through with the “ Blot:###" |D that appear in the
NewBus P&L are aso being removed asthese will cause errorsin the Flash.. Trades that are not
uploaded to IRP/ADV should not appear in Flash. Tradesthat are assigned the wrong CDS curve
in Flash will be getting an enhancement where they pull additional fields from eBlotter in order

to identify the proper curve.

In the Flash 3.10 P&L has new featuresthat have been introduced to eliminate errors,
solve current problems and al so increases bus ness workflow. The first major concern that the
Flash 3.10 introducesisthat of multiple partial unwinds. Flash 3.10 has now a better handle on
multiple partial unwinds per day. It has found a way to sum all unwind feesfor the day if the last
eBlotter input event isa Partial Unwind. These new features decrease the amount of manual
adjustments that are required to compensate for the unwind problem. Thisadjustment was

requested by Alex May (middle office) and Jennifer Ornellas.

The 2™ new featurein the Flash 3.10 isthe ability to correct CDS curves for new trades.
Additional fields have been added to eBlotter. Now the Flash can ook up the correct curve so

trades can be mapped correctly. The CDS curves will now have more information that will be

85



used to map the curves in Flash properly. The proper mapping will correct credit P&L in Flash
for new trades and will benefit both the middle office and front office of Bank of America. This

new feature wasrequested by Alex May.

The 3" new feature blocks intraday trade cancel S'removes that don’t makeit to Risk
Engine from showing up in Flash cal culations. This upgrade will remove cancelled/removed
trades from the NewBus-P& L tab and will allow the Flash population to be more cons stent with
the Actual P&L calculations. To exclude the cancell ed/removed trades was a request made by

Alex May and the middle office.

The 4™ and final new feature that was noted by PriscillaWong is that of eliminating any
eBlotter trades that were not STP-ed from NewBus_P&L tab, from appearing in Flash. Thisin
more detail shows that any eBlotter tradesthat were not uploaded to IRP/ADV will not be
calculated in the Flash P&L. Thisupgrade feature once again will eliminate more incond stency
between the Flash and Actual P&Ls. This final feature wasa dual request by Alex May and

Bryan Stonebraker.

The Flash server option immediatdy takes the strain off of the desktop as it would be run
on amore robust server. Thisallows for information to be quickly pulled from the server and for
thejobsto beruninafriendlier environment. Morejobs could be run by the Flash server asit
would not be bogging down a desktop. Thisis because with it being server based, the user will
feel more confident in requesting more information or reprocess ng information. Thisallows for

great flexibility and promotes double checking when necessary.

On a sde note, there are two options for the computing apparatus that are explored in the

Risk Engine section of this project that can be applied to the Flash’ s goals of becoming a server
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based application. These solutions are the 2 processor 3.16 GHz X5460 Hewl ett-Packard DL 360
G5 and the Cell-based solution. The time frame of implementationiscritical for this
improvement iscritical. Thisis becauseiif it is before mid-2008 then the X5460 HP DL360 G5 is
a better option. Thisis based on knowledge of financial calculations being based around double
precision and the current Cell processor does not offer what the HP DL360 G5 would. The code
can be written in such away for the Cell processor to take advantage of the sngle precison

performance but this would put alarger workload on the current programmers.

If the server option isto be implemented after mid-2008, thisallows for the double
precision enhanced hardwareto bereeased. Thiswould push the Cell-based solutions past the
guad-core X5460s and offer a sgnificant amount of computational power for areasonable price.
However, as discussed in detail inthe Risk Engine section, the uncertainty in developing for the
Cdl gill pushesthe quad-core X5460s. Overall, when erring on the side of caution; it is safer to
go with the quad-core X5460s until more softwareis devel oped by third parties to take full

advantage of the Cdll.

3.4: Actual P&L

3.4.1: Approach to the Problem
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Figure 11 - Inter connected Systemsfor the Actual P& L
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Figure 12 - Flow of P& L Files

The Actual P&L isareport that is generated by the Risk Engine. The Risk Engineisa
cluster of 160 computational cores working together to compute three categories of information.
Thethree categories are risk, the Actual P&L, and the general ledger. This system sharesits
computational time between these three pieces. The Actual P&L isreeased to the Risk Engine
results database. Here it is stored asatext file. Thistext fileisthen pulled by the East Bank
Process and compiled into an excel spread sheet. This excel spread sheet is published to middle
office. Thisisthe non-reconciled Actual P& L. Middle office will then spend most of the day
reconciling the Actual P&L. Thereconciled Actual P&L will arrive between 3:30pm and 5:00pm

British Time. At thistime, it becomeslittle help to the traders.

Thisimmediately became a concern after looking at a timing diagram for the entire P& L
reporting process. Middle office has access to the non-reconciled Actual P&L files by 8:00am in
the morning usually. This meansthat it takesa total of 7.5 to 9 hoursto reconcile the Actual
P& L. We checked with Pete Spencer to see if the Risk Engine could be sped up in order to allow
middle office access to the files sooner. This lead us to the fact that the London P&L filesare
usually delivered to the East Bank Process computers by 5:00am British Time. The East Bank
Process had then been identified as a 50 minute process that just put text files together into excel

Spreadsheets.
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This meansthat if everything works asit should, then the P& L figuresare available by
6:00am British Time. However, after discussing thiswith our colleaguesit seemed that 8:00am
was a better starting point for accessto the P&L. This allowed the people in middle officeto
show up to work before expecting labor to begin. Thisled usto looking at the entire pictureto

seeif there were any other minor aspects that we could improve upon.

This alowed usto be ready to start pooling ininformation from middle office.
Unfortunately, we were not able to collect colleague information from the reconciliation team for
profit and loss. In lieu of using the information from the reconciliation team, we went to front

officeto seetheir main concerns surrounding P&L.

While middle office performs the reconciliation process, front office isthe team that will
use the results from middle office. This provided us with a black box. Much like in an eectrical
engineering sgnals class, we were given the data that went in and the data came out. However,
ingtead of finding the transfer function, we would have to figure out ways of helping middle
office without their direct input. Thisiswhen we specifically turned to Ben Cooper. We would
meet with Ben Cooper weekly to discuss problemsthat occurred with the Actual P&L reporting

process.

One of thefirst things that was established was when a discrepancy arose during the
reconciliation process of the Flash and the Actual P&L, middle office would approach front
officeto find the solution. This obvioudy takes the time of both the front and middle office. As
we looked farther into the problem, our efforts were ultimately hindered by not being able to see
into the middle office’ sreconciliation process. We had to find other means of getting the

information. This came from holding more meetings with Ben Cooper, Abhishek Vashishth, and
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Priscilla Wong. Eventually, we were able to construct better questionsto pull pieces of

information that these three peopl e possessed.

The problems did not stop, as Ben outlined that there isa consistent problem with the
Actual P&L. When the Actual P&L is calculated partial unwinds, full unwinds, and assignments
will cause reporting errors. A partial unwind iswhen aportion of a deal is settled but therestis
unsettled. This would belike saying if you have a credit default swap for $1,000,000. Y ou can
partially unwind it and settle any amount. For this example, you decideto partially unwind the
deal for atotal of $500,000. This till leaves $500,000 that hasn’t been settled. Thisunwind

process should be completely reported as credit spread P&L . Unfortunately, thisis not the case.

What happens with partial unwindsand full unwindsis that some of the P& L isreported
in credit spread and some of it isreported in edit P& L. These categories of P&L are very specific
and shouldn’t share their P& L across separate portions. Edit P& L is specifically reserved for
changes that are made because of a human error when inputting the information into the system.
Thisgray areain between the P& L categories had to be clearly addressed. However, assignments
are subject to avery smilar problem. Assignments should be registered compl etely as new
business. Unfortunately, assignments will cause the Risk Engine to report some of the P& L

ins de of the new busi ness category while the other portion will go into edit P&L.

In addition to incorrectly reporting P&L by the Risk Engine, one of the tools that was
designed to help the tradersis being ignored. Many members of the front office believe that the
Flash P&L isinaccurate and they’ velogt faith in the reports generated by the Flash P&L. The

Flash P&L’ s purposeisto givethetraders anidea of where they stand beforethe Actual P&L is
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released much later in the day. However, the Flash will often have large discrepancies when

compared to Odin.

Thetraders put their faith into Odin becauseit allowsthem to mark their curves and set
up their predictions. This putsresponsbility on the tradersto correctly mark their curves.
However, the differences between Odin and Flash became evident even though Odin publishesto
Camden. Flash receives its information about credit spread from Camden and ideally Flash
should report exactly what Odin reports. Thisisn’t the case as we found out in a discuss on with

Ben Cooper, Priscilla Wong, and Michad San Jose.

Odin operates independently of eBlotter. This prevents Odin from knowing if there were
partial unwinds, unwinds, or assgnments. Thiswill ultimately force the tradersto mark their
curvesinherently incorrectly. They are not able to appropriately account for the partial unwinds
or assgnmentsand thisforcestheir predictionsto beincorrect. This became an area of concern
because the traders are relying on their predictions and then thereconciled Actual P&L. This
preventsthem from having the insight of being able to accurately predict the Actual P&L. Ben
Cooper clearly established that in anideal world Odin, Flash, and the Actual P&L would all be
exact matches. This highlighted an area of concern for Odin asthetraders basically had atool

that in principle works but doesn't allow them to provide accurate and cons stent data.

3.4.2: Findings and Proposed Solutions

3.4.2.1: Odin Upgrades
Upon finding out Odin’ s shortcomings, it became obviousthat Odin needed to pull in

more information than it currently does. Currently, Odin only calculates what is called deltas.
Thesg, as stated in the financial section, are a measurement the sensitivity to changesin the price

of the reference asset. However, the Flash takesthis a step further and al so calculates the gamma

91



also. The gammais the derivative of the delta. The problem with ignoring the gammaisthat if
thereisalarge credit spread shift, Odin will not be able to allow the traders to properly mark

thelr predictions.

Thisinability to properly calculate the credit spread P&L in Odin preventsthe traders
from making accurate predictions. Thisultimately dows down the entire reconciliation process
because if Odin correctly reported credit spread P&L, it would be much easer to locate the error
inthe P&L. It also makesthe predictions almost pointless in the fact that they can’t properly

show the gains or losses.

Another aspect of Odinisthat it doesn’t take in information from eBlotter. This problem
causes Odin to not be able to take into account unwinds, partial unwinds, and assgnments. This
makes reconciliation harder because the traders are unabl e to accurately predict their credit
spread P&L. Theinability to not correctly predict something may sound like alogical and
realigtic expectation. In the financial world though, traders should be able to make predictions
based on knowledge of the market. The marks won’t be on target but they will be within an
acceptabl e range. Ben had suggested that around $5,000 was an acceptabl e prediction range.
With the very large sums of money that are being exchanged, this seems reasonable on a

fundamental basis al so.

3.4.2.2: East Bank Process
The East Bank Process was originally intended to be a short-term program that has lasted

over fiveyears. It isnow two desktopsthat sit inside of middle office and each handles an almost
equal workload. This can be condensed to a single server based solution. Phil Mitton had
requested a system that was robugt, timely, secure, and flexible. This focused around having a

system that isan SQL server based solution.
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This server would haveto allow users to randomly throughout the day put together
gueries and fill out reports. Thiswould haveto be donein auser-friendly method that didn’t
boggle down the users system or the server. This could be done through a program that allows a
person to modify what type of report they would like to see and what sort of things on the report
they want. This would allow for the flexibility of not having to ask someone e se to get a specific
report. The most used types of reports would be saved as standard templates. The security aspect

would come from the Windows authentication service.

3.4.2.3: Flash and Actual P&L Comparison Program
It isimportant to realize the tradersin front office have logt their faith in the Flash P& L

reporting system. This stems from Odin not matching up with Flash and al so a misunderstanding
of the Flash. The original idea for optimization wasto cut middle office out of the loop by
automating the reconciliation process through the use of a sophisticated program. However, we
soon learned that middle office s purposed was to promote transparency ind de the company and
serve as a checkpoint. This obstacl e presented a unique opportunity and a different way of

thinking.

Even though middle office serves as a checkpoint, there had to be a way to get more
information to thetraders. This spurred the Flash and Actual P&L comparison program. This
program would take the Flash and non-reconciled Actual P&L and perform a comparison
between the Flash and the non-reconciled Actual P& L. Differences would have highlighted
backgroundsin different colors according to their severity. Red would be a difference of over
$100,000. Y dlow would be a difference between $25,000 and $99,999. Green would represent

$2,000 to $24,999. Anything less than $2,000 would not have a col or associated with it. This
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would let traders immediately see where the discrepancies are and to have more sources for their

P&L while they wait for the Actual P&L to be released.

This program would serve other purposes. The first of which, would be a feature that
middl e office could use extensively. On top of comparing the Flash and the Actual P&L, it
would haveto be designed to be able to pull the appropriate information to tell where the
problem originates from. Thisisto say, that if there was a problem with a credit spread P&L line
that information from Odin would be readily accessible. This would allow the middle office
workersto have mogt of the information that they need in one program. Sincethis program
would automatically search for specificinformation, it will ultimately cost lesstime for middle

office asthey won't be searching as much for where the numbers originated from.

Thiswon't necessarily cut down on middle office going to front office and asking what
happened. On the other hand, it will allow middle office to ask more precise questions by having
al of the datareadily available. Also, with the Odin upgrade, this should cut down the need for

middle officeto question front office as Odin will allow traders to predict more accurately.

The program could al so be designed to be able to compare the reconciled at the end of the
day so that traders can see how the Flash and non-reconciled Actual P&L werealtered. This
would give the traders a better feel of the overall process by quickly showing where the
differences and discrepancies occurred. Thiswould also allow tradersto have a better

understanding of the entire Flash process and promoteitsuse.

Thelast feature that would be extremely helpful in minimizing the reconciliation process
would be a data logging feature. Thiswould log the information of how things were changed.

Theselogs would be ableto stem into charts and graphs of where the discrepancies occurred,
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how much of a discrepancy occurred, and what was the corrected solution. This data could be
collected over afew monthstime in order to be analyzed for future improvementsto the Risk

Engine and the Flash a gorithms.

3.4.2.4: A New Viewer for P&L
The Flash hasa .Net viewer being written in C# that’ |l allow tradersto use the Flash

easer. This should betaken a step further and be able to use the files from the comparison
program and al so the reconciled P& L. Thiswill give traders an immense wealth of information
at their finger tipsthat they can cussomizeto their liking. Thiswould allow tradersto put
categories together that didn’'t have large shifts and focus on the main ones (credit spread, edit,

and new business).

Since PriscillaWong' steam isalready working on this viewer when it iscompleted it can
be ported to the London team to add the additional features. This would save the team
development costsand gtill be ableto provide a better product. This could effectively be pushed
back to the United Statesif desired. This would enable traders to be able to quickly pull up

information that they need to be able to compare quickly.

3.4.2.5: Process Changes for the P&L Workflow
&)
.
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- R Mon-Recanciled ¥ Front Office
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Figure 13 - New Process Flow for the P& L
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This process change is directly related to us ng the comparison program. Instead of front
officereceiving just the Flash P&L in the morning, they would have access to the Flash and non-
reconciled Actual P&L files. Thiswould be provided by the comparison program and would
show them the discrepancies. Thisallows front office to be able to make adjustments accordingly
based on how different the Flash and Actual P&L are. Thiswill also make front office aware of
the discrepancies. By doing this, front office will be prepared to help out middle office with the

reconciliation processin a more timely manner.

Middle office would still go about the reconciliation process as usual but they would also
have access to the information from such key systems as Odin and eBlotter readily available. By
using the comparison tool in conjunction with their ssandard practices for reconciling the Actual
P&L, they will be ableto ask precise questions. Thiswould lead to a speed up by being ableto
ask well-informed questionsingtead of asking why the numbers didn’t match up. Thisalso
promotes transparency in the company by allowing middle office to easly access all of the

applicable information.

The concern of middle office being bypassed is also avoided since front office would
only be getting the Flash and Actual P&L reconciliation at the beginning of the day. When
middl e office was done with the reconciliation, they would then rel ease the reconciled Actual
P&L to the front office. This keeps middle office as a checkpoint entity for front office and
preventsthe traders from cons sently marking their own trade information incorrectly.
Ultimately, this savesthe company money by allowing both officesto have an increased flow of

information that isvital to their operations.
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3.5: Econophysics
3.5.1. Freezing — Bose-Einstein Condensate on Personal Income

A discrepancy can be noticed when looking at the L orentz Equation and Gini coefficients
for short periods of time of individuals on similar income levels. This discrepancy becomes clear
when we look at the cumulative distribution of income up to $1,000,000 /year shown in figure
18. Itisclear from figure 18 that income distribution for the majority of our population, more
than 97%, is described by the exponential Boltzmann-Gibbslaw. The extraincomein the upper

tail of the distribution can be consdered asthe“Bose-Einstein Condensate’.

United States, IRS data for 1997

|

Boltzmann-Gibbs
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Pareto

Cumulative percent of returns
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Figure 18 — Cummulative probability distribution of individual income in log-log
(main panel) and log-linear (inset)
A.A. Agulescu and V. M. Y akovenko, condmat/0211175.
“Bose-Eingein Condensate’ (BEC) in physicsterminology isa state of matter formed
by a system of bosons confined in an ‘ external potential’ and cool ed to temperatures very near to

absolute zero (—273.15 °C). Under these super-cooled conditions, a large fraction of the atoms

collapse into the lowest quantum state of the external potential. When relating BEC to the
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probability distribution function in econophysics, it expresses that when the probability
digtribution function curve reaches the upper tail, wealthier individuals of America, the
digtribution observes scenarios that suggest that most wealthy market participants tend to invest
smilarly to other wealthy participants. Thisis due to a choice of investing strategies according to
the opinions of the wealthy majority. Relating this to the turbulence of water molecule effect,
thisisalso due to a* condensation effect”. Investors ininvestment groups, with potential
investment strategies come together and discuss future stock market predictions. Do rich minds
think alike? Overall the so called “ condensation effect” in economy and the Lorenz curve should

be modified as;

y=A-Ax+A-x)mA-x)+f+(A-x) Eq.(2)

where the last term is the delta-function, and ‘f’ is the fraction of incomein the “Bose
condensate’. Asshown in Fig. 5 at the end of this section, Eq. (2) depicts the distribution of
individual income. The Eq. 2, representsthe accurate “ condensation effect” with f = 16% in
1997. When it comes to wealthy investors with income in the top 16% of America, their great
minds do think similarly. A small 3% of Americansrepresent almost 16% of the American
wealth; therefore, if bad decisonsare made with all the wealthier Americans thinking smilarly,
then not only arethey affected, the whole world’ s economy is affected. These graphical
representationsin our project only represent America. | maginein various countries around the
world, when poor decisons are made by the small percent of people who control more of a
country’ swealth. They all usually think smilarly when it comesto investing large amounts of
money, then not only does their own country feel the wrath of their poor decisions, in various

ways countries around the world are affected by their decisond
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US, IRS data for 1997
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Figure 19 — Theoretical Lorenz Curve compared with the data point from IRS
Silva, Christian A., and Victor M. Y akovenko.
"Temporal Evolution of the Thermal” and “ Superthermal”."
Univ. of Maryland. 15 Jan. 2005. UMD. 30 Nov. 2007

3.5.2: HOT! HOT! HOT! - Thermal and Super Thermal

Solely speaking about America, personal income distribution inthe USA hasawell-
defined two-class structure. The majority of population (97-99%) bel ongs to the lower class
characterized by the exponential Boltzmann-Gibbs (“thermal”) digtribution, whereas the upper
class (1-3% of population) has a Pareto power-law (“superthermal”) distribution. By analyzing
income data for 1983-2001, studies have shown that the “thermal” part is stationary in time,
except for a gradual increase of the effective temperature which relates economically to inflation.
The“ superthermal” tail swells and shrinks following the stock market activity. Discussions

around the world on these concepts of “thermal” and “ super-thermal” personal income
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digtributions are flourishing. The study of social equilibrium/inequalities, principles of maximal
entropy, and quantitative studies showing that these concepts apply to the majority of the world
are being looked over by students at universties such as Cambridge, Univergty of Maryland,

and the University of Houston.**

Boltzmann-Gibbs probability distribution Pareto probability distribution
P(¢)ocexp(—¢/T), where ¢ is energy, and P(r)ocl/r*? of incomer.
T=(¢) istemperature.

Analogy: energy € <> money m = P(m)ocexp(—

Two-class society

United States, IRS data for 1997

|

Boltzmann-Gibbs

100% -
Upper Class

Pareto power law

o .
10% 3% of population

® 16% of income

100%

= Pareto ® |ncome> 120 k$:

(invetment
ital
ch/?/er &Iass

10%f

Cumulative percent of returns

Boltzmann-

Gibbs

, ! \ exponential law

1 10 100 1000 ® .
Adjusted Gross Income, k$ 97% of population

84% of income

“Thermal” bulk and “super-thermal” tail ® Income < 120 k$:
wages, salaries

0 20 40 60 80 100
AGI, k$

Figure 20 — Thermal Social Classes
Silva, Christian A., and Victor M. Yakovenko. "Tempora Evolution of the “Thermal” and “ Superthermal”."

190 gjva, Christian A., and Victor M. Y akovenko. "Temporal Evolution of the “Thermal” and “Superthermal”." Univ. of Maryland. 15 Jan.
2005. UMD. 30 Nov. 2007 <http://www2.physics.umd.edu/~yakovenk/papers/ EPL-69-304-2005.pdf>.
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The origination of these two classes can be derived from the difference in the * source of
salary’. For thelower class, thermal incomeis based solely on salaries and wages. For the upper
class, superthermal incomeis based on capital gains, commission, and investments. The income
between these two classesis very dynamic and can be represented using econophysics. The
income dynamics are described using both additive and multiplicative diffusion. This method
requires more advanced mathematics. For an easer social generalization, people tend to think of
the classes as a separation between the * employees’ and the ‘employers . Thisgeneralizationis
described throughout Karl Marx’ s work. Many econophysi cists and mathematicians aretrying to
use computer smulationsto show the change from initial * equal agents and see how over time
an emergence of social classes evolvesinto Social Capitalism. These bas ¢ functions and model's
ultimately depict the bas c conceptsthat rest behind the base architecture of Social Capitalism

using thermal econophysics.

The use of econophysics has evolved within the last decade and will continueto be used
to analyze economical issues that affect our world. Combining math, physics, computer science,
and economicsis essential to sudying econophys cs. There are econophys cs conferences being
held worldwide. Within Americathe University of Houston offersa PhD in Econophysics, and
around the world various countriesare using it to study their own national economics. Mistakes
or misconceptions of our investment markets can prove to be detrimental to everyone on this
Earth. We must be prepared, asaworld, for social problemsthat may lie ahead. With the help of
econophysicigts, | believe we can be prepared to make correct future decisonsand also help

various countries get back on their feet economically.
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3.6: Risk Engine Review

3.6.1: Approach to the Problem

Application Data
Gul [ /PP —> — Provider
Server
Server
Data
Synapse |¢ Request
Server Grid | Processor [*
> » Results
Database

Figure 14 - The Risk Engine Architecture Block Diagram
TheRisk Engineisan over encompassing term for a system of serversthat work together
to producerisk calculations, the Actual P&L, and the general ledger. This can be seenin the
figure above. The section that this upgrade focuses on restsinsde of the Data Synapse server
grid. The entire server grid has 960 coresthat are working in tandem. Therisk engine utilizes

160 of these cores. That iswherethe focus for optimization will be spent.

In order to understand what is going on, however, it isimportant to elaborate on the
above block diagram. The GUI (graphical user interface) is a client-gde program. This program
can beinstalled on awork gtation inside of Bank of Americaand it allows people to put in
request for jobs. Jobs are certain tasks that encompass a specific set of information. An example
of ajob would be cal culating the London credit spread P& L. Thisjob would be specifically set
on calculating the credit spread P& L for London and would not encompass the other information.
When the London P& L iscalculated, it isnot doneall at once. Thisis becauseif a part of ajob
failsto run, they still want the other information to be accessble. This provides a failsafe for the

other portions of the P&L. If ajob failsto run, it will be manually ran again when the error has
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been detected. The application server serversa small purpose but it directly talksto the request
server. The application server isdesigned to be the trandator for the GUI and the request

processor. That isto say, it will take the GUI information and send it to the request processor.

Therequest processor isresponsgble for issuing the request, monitoring the request, and
finalizing therequest. In this sort of environment, itisalot likea manager. It will receive the
information from the application server about a job that needs to be done. The request processor
will then put it into a queue. Oncethe system isready for the request processor, it will request
the proper information from the data provider server. After theinformation isretrieved, the
request processor then acknowledges that it has the information and forwards the information
and the job to the grid. The proper processors inside of the grid will have their resources pooled
together to calculate the job. Once the job is complete, the request processor will be notified and

thiswill publish theinformation to the results database.

The data provider server iswhat directly talksto the database systems. IRP, Advantage,
GDS, LoanTrak, Camden, Bloomberg, and Alice. The data provider server will take the request
from the request processor and will go out and find the appropriate information to compute the
requested job. For example, if London credit spread P&L isin the request then it will request the
information from Odin and IRP. It calls Odin for the marks made by the traders but IRP will
have the information from eBlotter. This allowsthe Risk Engine to be able to accommodate for
unwinds and assignmentsthat should effect Odin originally. As stated before, thiswill send the
information to the request processor saying that the datais ready and thiswill get passed onto the

Data Synapse server grid.
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The server grid will then appropriate the portion of the grid that has been all ocated to the
specific job type. For Risk Engine, 160 of the coresthat are available will be dedicated to
computing thejob. This enables Risk Engineto produce London P&L files very quickly as each
job will take a matter of 2-10 seconds. The most time consuming section of the Risk Engineis
computation of risk. The 160 cores that are used are stored on 40 1U rack servers. 1U is1.75
inchestall and 19 incheswide. A rack server isa server that’ s chassisis specifically designed to
be mounted in arack. Common rack sizesare 24U and 42U. Each of these 1U rack serversisa
Hewlett-Packard ProLiant DL360 Generation 4(G4p). The HP ProLiant serversthat are being

used currently hold two dual-core 2.8GHz Xeon processors.

Once the engine has completed the job it will send the information to the request
processor and inform the processor that it is done. Thiswill allow theinformation from the
engineto flow to theresults database. The results database will then store all of the information
produced by therisk engine. Thisinformation is saved in a simple text file and will later be

pulled by the East Bank Processto be put into an Excel based file.

We have the foundation of the Risk Engine and the area for optimization has presented
itself asthe 160 coresthat the current Risk Engine isusing. The space used by the Risk Engine' s
rack mounted servers can easily fit insde of a42U rack. Thisleavesroom for improvement as
thereis now technology available that can give equal processing capability and use less space.
With a compression of rack space, a logical step would be areduction in power consumption.
This becomes the main area of interest for the optimization of the Risk Engine. A look at
reducing the power consumption while offered a comparable computing apparatusis wherethis

Risk Engine upgrade review comes from.
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One of the first aspects that wasinvestigated is finding a newer version of the HP DL360
servers. Thisrevealed that thereis a 5™ generation version of the HP DL360 servers that utilize
guad-core Intel Xeon Processors with an upwards clocking speed of 3.16GHz. Thiswould be one
avenue to explore. However, to get afeel for thisoption it would have to be weighed against
other options. Thislead to a search for an alternative type of computing apparatus that offered
amazing benchmark numbers. Thisled to an investigation of the Cell processor asa means of

comparing an alternative option to a simple upgrade in the system.

The problem that this presented was how the systems would be compared if they didn’'t
have a similar architecture. The answer comes from an understanding of financial calculations.
Most financial calculations are done using double precison floating point arithmetic. Thisleads
to usng floating point operations per second (FLOPS) as a comparison point. With further
investigation, today’ s computers are able to processin the giga-FLOPs or GFLOPs. This
compari son would have to be combined with a power analysis and gives us GFLOPs per watt.
However, finding the double precison FLOPsrating isn't exactly easy as each processor has its
own way of seeking the optimized amount of calculations. Thiswould require some sort of

benchmark to be able to compare across the board.

By looking at the Céll’ sratings, the benchmark of choice was LINPACK benchmark.
The LINPACK benchmark is used as the benchmark for rating the top supercomputers of today.
Itisalso arating of a system’ s capabilitiesto perform floating point operations. This seemed to

lend itself to a fair comparison point as the LINPACK benchmark is based around the ability to
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solve avery dense system of linear equations. *** Thiswould be the basis for comparing two

different options with a common benchmark.

A Xeon coreis capable of approximately capable of providing 2 single or double
precision floating operations per cycle®® This sets the 2.8 GHz X eon processors that Bank of
Americaiscurrently using at 11.2 GFLOPs. Thisisthe theoretical maximum and LINPACK
data will often have processorsthat fall below their predicted capabilities. However, for the sake
of making the argument for an upgrade, it will be assumed that these Xeon processors are abl e of
cons stently putting out 11.2 GFLOPs per processor (5.6 GFLOPs per core). This means that
each rack server is capable of outputting 22.4 GFLOPs of single and double precison floating
point operations. Thisis so because there aretwo of these dual core 2.8 GHz Xeon processorsin

each of therack servers.

Next, it isimportant to take account of the power that is being consumed by these 2.8
GHz Xeon processor rack servers. These dual-core processors are rated for 135Ws. Two of them
would mean that thereisatotal of 270Ws being used between the two processors. The power
supply is capable of outputting a peak of 585W whileits steady-state power is 535W. By usng
the power calculator provided by Hewl ett-Packard the power used when the systemisidleis
237W and when it isat a 30% workload is295W. At a70% workload it is376W and at full
workload it is436W. These results were achieved by selecting the appropriate processor, setting
the processor setting to two, usng 1 PCI card, and assuming there are 1GB of RAM and 1 72GB

hard drive. Thisgivesusfour points of comparison; however theidle power isonly necessary

101 "The Linpack Benchmark." Top 500 Supercomputing Sites. 27 Nov. 2007 <http://www.top500.org/project/linpack>.

102 Dongarra, Jack J. "Performance of Various Computers Using Standard Linear Equations Software." Netlib. 20 Nov. 2007. University of
Tennessee. 27 Nov. 2007 <http://www.netlib.org/benchmark/performance.pdf>.
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when the system is not performing any calculations. These are al so approximations but this gives

us comparison points. We also know that the system cannot exceed 585W.'%

By putting together thisinformation, we can then make a comparison of GFLOPSs versus
watts. If the system isrunning at the full workload power of 436W and we compare it to 22.4
GFLOPs, theratio is0.051 GFL OPs per watt. This gives us not only the single precison but also
doubl e precison GFL OPs per watt of the system. The Cell will vary from this and offer two

different GFLOPs per watt because it offersa much faster processing of single precison FLOPs.

The next important aspect of thiswasto find a price. However, thiswasn’'t an easy task
as my connections didn’t have the price nor did they know who would know. However, to solve
thisproblem | looked at the base price that HP claimstheir ProLiant DL360 G4p serversare
priced at, which is $2,644.1% This setsup a basis for the comparison. Since the Risk Engine
DL 360 G4ps have two of these dual-core processorsand 1GB of memory, the price that will be
used as a comparison will be $5,100. Thisisafair price as server distributor websites have a
single CPU version priced at approximately $3,500. Thisisa difference of $806 from the base
price. This difference was multiplied by two and added to the base price.'*®® This price also
accommodates the fact that technology becomes cheaper as time advances. The $5,100 pricetag,
allowsa comparison of price with the GFLOPs available. This givesus0.0044 GFLOPs per
dollar. This gives us three measuresthat we can use to compare the G4p to the G5 and to the Cell

processor boards provided by Mercury Systems.

193 » 1P ProLiant DL 360 Generation 4p (G4p).” Hewlett-Packard. 27 Nov. 2007
<http://h18004.www1.hp.com/products/quickspecs/12166_div/12166_div.pdf>.

4 "ProLiant DL300 Series." Hewlett Packard. 27 Nov. 2007 <http://h10010.www1.hp.com/wwpc/ca/en/sm/WF04a/12146350-12146352-
12146476-12146476-12146498.html>.
195 "HP ProLiant DL360 G4p 2.8GHz Intel Xeon." Bizrate. 27 Nov. 2007 <http://www.bi zrate.com/desktopcomputers/hp-proliant-dl360-gdp-
2.8-ghz-intel -xeon--pid469987842/compareprices.html>.
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3.6.2: Solutions to the Problem

3.6.2.1: The 3.16GHz Xeon X5460 HP DL360 Server Option
With the DL 360 series by Hewlett-Packard, there are alwaystwo slots for processors to

be placed into. With the fifth generation of the HP DL 360 comes support for quad-core Intel
processors. Thisallowsatotal of 8 coresto run insde of one HP DL360. As stated before, a
Xeon istheoretically capable of performing 2 floating point operations per clock cycle. When
applied to one Xeon core clocked at 3.16GHz, thisresultsin 6.32 GFLOPs. When applied to the
four Xeon coresthat are present in the X5460, thisresultsin 25.28 GFLOPs. Thisisfor double

and single precison.

Thisanswer isaready larger than the two dual-core processors in the DL360 G4p that
was discussed above. This server isalready 2.8 GFLOPs faster. This comes directly from having
Xeonsthat are being clocked at higher frequenciesand having multiple cores on one chip. When
the entire board is evaluated with 2 quad-core processors, thisyiedsaresult of 50.56 GFLOPs
per DL360 G5s. Thisone DL360 G5 based on GFLOPs equivalenceis approximately 2.3 DL360

G4ps.

For the power comparison, the HP DL360 G5 power supply can output a maximum of
854W. The steady-state power capabilities are rated at 700W. The quad-core Intel Xeon
Processors operate at 120W. Thisisalready an improvement of the current dual-core Intel Xeon
Processorsthat are being used in the Risk Engine s DL360 G4p, which are 135W. By using the
power calculator and using similar settings to the HP DL360 G4p power supply, at a maximum
workload the power consumed is413W. At a 70% workload, the power requirement is 361W.
While at a 30% workload, the power required is 290W and when the system isidle the power

requirement is233W. Theidle power requirement is4W lower with the G5 than with the G4.
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Thisresult makes sense because the processors only use less energy and the design of the G5 has

probably been refined.

Assuming that the maximum GFLOPs can be pulled out of this system and using the 100%
workload power rating, we get a ratio of 0.122 GFLOPs per watt. Thisisan improvement over
the 0.051 GFLOPs per watt of the current G4p seriesthat isused. Thisputsthe G5 at being able
to provide 2.37 times the GFLOPs per watt rating of the G4p series. This makes sense as there
are four additional coresin the G5 version that was selected and they are clocked at a higher
frequency. When the fact that there are four cores present isfactored in, it is easy to see that each
coreisonly using 30W of power. Thisisan improvement over the G4p’ s dual core processors

where each core requires 67.5W.

The price of a G5 with two of the X5460s is approximately $5,530.1% This was given by
increasing the ram to 1GB, adding a 72GB hard drive, and upgrading the processors to 2 X5460s.
Theresult that isyielded from thisisarating of 0.0091 GFLOPs per dollar. Thisisan increase
over the 0.0044 GFLOPs per dollar of the original option. It isactually over 2 times that of the
original. Thuswith this option, not only isthere more value in the product given by the GFLOPs

per dollar rating but space will be condensed into smaller racks and |ess power will be used.

19 w1p Proliant DL360 G5 Entry." Cost Central. 27 Nov. 2007
<http://www.costcentral.com/proddetail/HP_ProLiant_DL360_G5_Entry/416559001/K23560/>.
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G4p Workload | Per Hour Per Day Per Week Per Month Per Year Per 5 Year Per 10 year
Idle 140 33.60 235.23 1,008.14 12,265.72 61,328.58 122,657.17
30% 174 41.83 292.80 1,254.86 15,267.45 76,337.27 152,674.54
70% 222 53.31 373.20 1,599.41 19,459.53 97,297.67 194,595.34
100% 2.58 61.82 432.75 1,854.64 22,564.78 112,823.89 225,647.79
G5 Workload Per Hour Per Day Per Week Per Month Per Year Per 5 Year Per 10 year
Idle 0.62 14.87 104.07 446.01 5,426.42 27,132.08 54,264.15
30% 0.77 18.50 129.53 555.12 6,753.91 33,769.54 67,539.07
70% 0.96 23.03 161.24 691.02 8,407.45 42,037.25 84,074.50
100% 110 26.35 184.46 790.56 9,618.50 48,092.48 96,184.96

Table 11 - Comparison of power consumption over varioustime periods

In the above table, the G4p isthe price for running all 40 serverswhile the G5 is running
aprocess ng equivalent with 18 servers. The real comparison to be madeis when this option will
pay itsdf off inthe power that it saves. This option failsto pay itself off before a 10 year mark
with the assumption that power is14.77 cents per kilowatt hour.*®” It will easily pay for itself in
5 yearsif power risesto 23 cents per kilowatt hour but otherwise it won't. The likeliness of this
event isvery uncertain due to the depreciation of the United States dollar and therisein oil
prices. Although, despite power will be saved, this option does not pay for itself in the near
future. It isbest to wait for the sixth generation of the DL360 that would morethan likely

introduce more cores and faster overall processors.

3.6.2.2: The Cell Broadband Engine Processor (Current)
The Céll processor has many different aspectsand it is easy to get lost in the tidal wave

of information that is presented by IBM, Mercury Systems, Sony, and Toshiba. That iswhy,
there will be extra care taken in this section to explain where the numbers and figures are coming
from. This section will evaluate multiple options, the Mercury System 1U Cdll rack server, the

Mercury Systems Cell blade server, and the IBM BladeCenter QS21.The IBM BladeCenter

197« Average Retail Price of Electricity, March 2007." Public Policy Institute of New York State, Inc. 27 Nov. 2007
<http://www.ppinys.org/reports/jtf/electricprices.html >.
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QS21 will only be evaluated on its price as they do not provide adequate information for a power

compari son.

A single cell processor isapproximately capable of computing 230 GFLOPs for single
precison and 21 GFLOPs for double precision. These numbers includes the PPE and SPEs. Most
guoted numbersare just the SPEs combined capabilities of computation. The SPEs al one can
provide 204.6 GFLOPs single precision and 14.6 GFLOPs for double precision. It isimmediatey
clear that the doubl e precison capabilities of the Cell do not offer a significant increase when
compared to the Xeons that have been presented before. Thereis hope for the double precision
processing of the Cell. This comes from the fact that IBM, Toshiba, and Sony have come up with
away through code to exploit the single precision calculations, in order to perform double
precision floating point operations. Through this process, the Cdll is capable of performing 100

GFLOPs of double precison calculation.

Cell (PPE +8SPES) | Cell (8 SPEsOnly) Cell (8 SPEswith DP Code
Enhancement)
Single Precision GFLOPs 230.4 204.8 204.8
Double Precision GFLOPs 20.8 14.6 100

Table12 - Summary of 3.2 GHz Cell GFL OPs capabilities

The Mercury Systems 1U Dual Cel-Based System 2 has atypical power consumption of
575W. Thisimmediately stands out at sgnificantly higher than the G4p and G5 systems. The
G4p at a maximum workload under the conditions provided operated at 436W and the G5
operated at 413W. Each of these systems store two Cell processors on board and offer their
combined computing power. When comparing the electrical power to the GFLOPs of the Cell
with the PPE and 8 SPEs working together thisresultsin 0.801 GFLOPs per watt for the single

precision and 0.072 GFLOPs per watt for double precision calculations. The Cell destroysthe
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guad-core Xeon processor with an impressve 6.7 times increase. On the other hand, when the
double precison cal culations are compared, the Cell losesto the quad-core Xeon with a 0.6

times decrease.

With only the 8 SPEs operating, thisyieldsa GFLOPs per watt ratio of 0.71 for single
precision and 0.05 for doubl e precision. This shows one of the flaws with the Cell. Against
conventional hardware, the double precison isnot capable of performing at the samelevel. This
can be ass sted through code to perform doubl e precision cal culations by exploiting the single
precision cal culation speed. The resultsthat follow are a GFLOPs per watt ratio of 0.71 for
sngle precison and 0.35 for double precision. Thisallows the Cell processor to lead the G5 set
up by 2.9 increase in computational ability. The problem with thisapproach is that the coders

will have to write more elaborate code to be ableto exploit this single precision upgrade.

The option above only requires arack to be placed into while the Mercury Systems Dual
Cdl-Based Blade 2 is designed to be seated in a BladeCenter H chassis (IBM). The BladeCenter
H chasssis9U and will hold 14 of the Dual Cell-Based Blade 2s or 14 of theIBM BladeCenter
QS21. The Dual Cel-Based Blade 2 operates at atypical drain of 380W. This provides a much
greater gain for the Cdl but this means an approximatdy $4,000 purchase of an IBM
BladeCenter M chassis. When the PPE and 8 SPEsarein full use, this putsthe GFLOPs per watt
rating for single precison at 1.21 while the double precison stsat 0.11. The Cdl has blown
away the quad-core Xeon in sngle precison capabilities and has closed its gap to the Xeon's

double precision capabilities.

With only the 16 SPEs running on the Dual Cell-Based Blade 2, thiswill yield a similar

result wherethe single precison is much higher at 1.07 GFLOPs per watt while the double
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precison isresting at 0.08 GFLOPs per watt. With the specific double precison enhancement
through single precision exploitation, the Cell yieldsarespectable 0.53 GFL OPs per watt while
thesngleremainsat 1.07 GFLOPs per watt. The problem with thisisthat the coders will haveto

follow the process defined by IBM, Sony, and Toshiba to be able to exploit the processor inthis

way.

Cell (8 SPEs with DP Code

1U Dual-Cell Based System 2 Cell (PPE + 8 SPES) Cell (8 SPEs Only) Enhancement)
Single Precision GFL OPs/watt 0.80 0.71 0.71
Double Precision GFL OPs/watt 0.07 0.05 0.35
Cell (8 SPEs with DP Code

Dual Cell-Based Blade 2 Cell (PPE + 8 SPES) Cell (8 SPEs Only) Enhancement)
Single Precision GFL OPs/watt 121 1.08 1.08
Double Precision GFL OPs/watt 0.11 0.08 0.53

Table 13- Summary of 3.2 GHz Cell GFLOPs per watt
Cell (8 SPEs with DP Code
Cell (PPE + 8 SPEs) Cell (8 SPEs Only) Enhancement)
SP Comparison to QC X 5460 6.68 5.94 594
DP Comparison to QC X5460 0.60 042 2.90
Table 14 - Summary of 3.2 GHz Cell GFLOPs compared to 3.16GHz X5460 Xeon
(GFLOPS/W)

The cost of a1U Dual Cell-Based System 2 is approximately $15,000. This price came
from arepresentative inside of Mercury Systems specifically for thisanalyss. This price would
vary with the volume of the actual purchase but thisisthe best estimate for how much each
would cost. With thiswe will compare the single precision range of 230.4 GFLOPs and 204.8
GFLOPs, to receive arating of 0.0307 and 0.0273 GFLOPs per dollar respectively. Whilethe
double precison for the PPE and 8 SPEs yields aresult of 0.0028 GFLOPs per dollar and with
the 8 SPEs alone thisresultsin a0.0019 GFL OPs per dollar ratio. If the codeis optimized to
exploit the single precision speed for use of double precision calculations, theratio is0.0133

GFLOPs per dollar. Thisis greater than the 0.0091 GFLOPs per dollar of the X5460 processor.
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The cost of aDual-Cell Based Blade 2 is approximately $12,000. This price was obtained
through smilar methods as the above. Thisresultsin arating of 0.0384 GFL OPs per dollar for
sngle precison Cell calculations with the PPE and 8 SPEsand 0.0341 GFL OPs per dollar for
sngle precison Cell calculations with only the 8 SPEs. For double precision, the PPE and 8
SPEs option yields 0.0035 GFLOPs per dollar, the 8 SPEs option yields 0.0024 GFL OPs per
dollar, and the 8 SPEs with the code enhancement resultsin 0.0167 GFLOPs per dollar. The
price of the BladeCenter H chassi s was not figured in becauseit throws off a one on one
calculation. Thisisespecially trueif oneisgoing to buy the 14 blades that will fill the entire

BladeCenter H chassis. This Il spread out the amount further than if 1 blade is purchased.

The cost of a BladeCenter QS21 is priced at $9,995 by IBM’swebsite. This does not
include shipping or tax. This option is more affordable than Mercury System’ s blade option as
can be seen from the previous section. While utilizing the PPE and 8 SPES, thisresultsin a
0.0461 GFLOPs per dollar ratio for single precison and while only usng 8 SPEsresultsina
0.0410 GFLOPs per dollar ratio for single precison. Double precison with the PPE and the 8
SPEsyields aresult of 0.0042 GFLOPs per dollar ratio. With only 8 SPES, thisyiddsaresult of
0.0024 GFLOPs per dollar. The single precision code exploit for double precison calculations
allows this version to reach 0.0200 GFLOPs per dollar. Thisisapproximately 2.2 times larger

than the X5460’ s 0.0091 GFLOPs per dollar.
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Cdll (8 SPEs with DP Code
1U Dual-Cell Based System 2 Cell (PPE + 8 SPESs) Cell (8 SPEs Only) Enhancement)
Single Precision GFLOPs/Dollar 0.0307 0.0273 0.0273
Double Precision GFLOPs/Dollars 0.0028 0.0019 0.0133
Cdll (8 SPEs with DP Code
Dual Cell-Based Blade 2 Cell (PPE + 8 SPESs) Cell (8 SPEs Only) Enhencement)
Single Precision GFLOPs/Dollar 0.0384 0.0341 0.0341
Double Precision GFLOPs/Dollar 0.0035 0.0024 0.0167
Cdll (8 SPEs with DP Code
IBM BladeCenter QS21 Cell (PPE + 8 SPES) Cell (8 SPEs Only) Enhancement)
Single Precision GFLOPs/Dollar 0.0461 0.0410 0.0410
Double Precision GFLOPs/Dollar 0.0042 0.0029 0.0200

Table 15 - Summary of 3.2 GHz GFLOPs per dollar

1U Dual-Cell Based System 2

Cell (PPE + 8 SPEs)

Cdll (8 SPEs Only)

Cdll (8 SPEs with DP Code

Enhancement)
SP Comparison to G4p 6.98 6.21 6.21
DP Comparison to G4p 0.63 044 3.03
SP Comparison to G5 3.38 3.00 3.00
DP Comparison to G5 0.30 0.21 147
Dual Cell-Based Blade 2 Cell (PPE+8SPES) | Céll (8 SPESOnly) Cell (SESnF;Ef]z‘g;heEtf Code
SP Comparison to G4p 8.73 7.76 7.76
DP Comparison to G4p 0.79 0.55 3.79
SP Comparison to G5 4.22 375 375
DP Comparison to G5 0.38 0.27 1.83
IBM BladeCenter QS21 Cell (PPE +8SPES) | Cell (8 SPEsOnly) Cell (8 SPEswith DP Code
Enhancement)
SP Comparison to G4p 10.48 9.31 9.31
DP Comparison to G4p 0.95 0.66 455
SP Comparison to G5 5.07 450 450
DP Comparison to G5 0.46 0.32 2.20

Table 16 - Summary of 3.2 GHz Cell compared to the G4p and G5 (GFL OPs/dollar)

Since finance applications are usually performed with doubl e precision calculationsthe

Cdl doesn't truly shinein thisarea. Although, if the code is properly written to exploit the single

precision capabilities for calculating double precison floating point operationsthen the Cdl truly

shines. This sort of analyssisfilled with gray areas because comparing different processorsis

very difficult. A processor that excelsfor one thing may not excel in another area. Thisistrue

with GPUs as they’re very good at doing vector cal culations but they aren’t design to handle the

generalized processing that a CPU will deal with. The Cell offersa unique combination of

providing immense cal culating power while sill serving asa general processor.
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1U Dual-Cdl Per Per

Based Server Hour Day Per Week | Per Month Per Year Per 5 Year Per 10 Year
Cell SP
(PPE + 8 SPES) 0.17 4,08 28.54 122.30 1,487.93 7,439.65 14,879.30
Cdl sP
(8 SPES) 0.25 6.11 42.80 183.44 2,231.89 11,159.47 22,318.95
Cell SP (8 SPEs
Enhanced Code) 0.25 6.11 42.80 183.44 2,231.89 11,159.47 22,318.95
Cedl DP
(PPE + 8 SPES) 1.87 44.84 313.89 1,345.25 16,367.23 81,836.14 163,672.28
Cell DP 2.72 65.22 456.57 1,956.73 23,806.88 119,034.38 238,068.77
(8 SPEs)
Cell DP (8 SPEs
Enhanced Code) 043 10.19 71.34 305.74 3,719.82 18,599.12 37,198.25

Dual-Cell Based Per Per
Blade Hour Day Per Week | Per Month Per Year Per 5 Year Per 10 Year

Cell SP
(PPE + 8 SPES) 011 2.69 18.86 80.82 983.33 4,916.64 9,833.28
Cdl sP
(8 SPES) 0.17 4.04 28.29 121.23 1,474.99 7,374.96 14,749.91
Cell SP (8 SPEs
Enhanced Code) 0.17 4.04 28.29 121.23 1,474.99 7,374.96 14,749.91
Cdl DP
(PPE + 8 SPES) 1.23 29.63 207.44 889.04 10,816.60 54,083.01 108,166.03
Cell DP 1.80 43.10 301.73 1,293.14 15,733.24 78,666.20 157,332.40
(8 SPEs)
Cell DP (8 SPEs
Enhanced Code) 0.28 6.74 47.15 202.05 2,458.32 12,291.59 24,583.19

Table 17 - Summary of power usage by the Cell over varioustime periods

In the abovetable, eachis set to an equivalent amount of Cell devicesto equal the
computing power of the G4p. If the code iswritten to exploit the sSngle precison calculation
speed for double precision calculations, the Cell paysfor itself in approximately 3 years. This
would be because 5 Cell blades would only total approximately $64,000 and with the
BladeCenter ChassisH that puts the total at $68,000. That is because a Cell that is operated in
this fashion for a year will only consume $2,458 worth of power while the current system would
approximately consume $22,564 worth of a power. This doesn’t include the cost of development
that would directly follow converting the architecture. Although, thereisan entire team
dedicated to Risk Engine and its constant improvement. This could be applied to a sde project
for them to bring the code over to the Cell processors. The differenceis clear, consume less

power by using Cel based optionsand save in power hills.
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The part that isunclear is how much effort isrequired to truly maximize the potential of
the Cell and how difficult isit to port the code from the RI SC structure that is currently in useto
a CISC dructure. Thereis hope as games made for personal computing are transferred to the
Playstation 3 on aregular basis. Thisisn’t without snags as certain gameslike Half-Life 2: The
Orange Box and Assassin’s Creed have had problems running on the Playstation 3 while their
PC and XBOX 360 counterparts run smoothly.*® Sony has alwaysintroduced hardware that
needstimeto fully realize its potential. This has held true with Playstation 1 that had Final
Fantasy VII1, which pushed full motion videosto an entirely new level. The Playstation 2 had
God of War and Metal Gear Solid: Snake Eater, which both pushed the graphical limits of the

Playstation 2.

Itisclear that the Cell needsto be able to perform consstently in the area of double
precision. The optimization of double precision by taking advantage of the single precison
capabilities through code will be a time consuming rewriting stage. It will already be a challenge
to transfer the current code over to the Cell processor. Using the single precision capabilities for
double precison calculationsis a work around and thisis not acceptable for asystemthat is
being built to last. That iswhy, at thistime, the Risk Engine should not be completely transferred
over to the Cdl structure. An effort, on the other hand, should be made to further investigate the
Cdl gructure. Mercury Computer Systems now offers a software devel opment kit that has

numerous mathematical librariesthat have been optimized for the Cell technol ogy.

198 E)lis, David. "Half-Life 2: the Orange Box - This Box Has Problems.” 1up. 21 Nov. 2007. 2 Dec. 2007

<http://www. 1up.com/do/previewPage?cld=3164539>.

"Ubisoft Acknowledges Assassin's Creed Freezes on PS3." Gamekig. 2 Dec. 2007 <http://www.gamekig.com/wordpress/2007/11/18/ubisoft-
acknowledges-assassins-creed-freezes-on-ps3/>.
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3.6.2.3: The Cell Broadband Engine (Near Future)
The Céell will be receiving an update mid-2008. This update will include enhanced double

precision support to push the Cell’ s computation of these types of floating point operations to the
100 GFLOPsrange.**® From the previous section, thisallows the Cell to shine on a strictly
hardware bas s without resorting to specific coding techniques to exploit the single precison
capabilities of the Cell. Thiswould provide 200 GFLOPs for doubl e precison calculations on the
Dual Cell-Based server options. Once this new Cell and hardware that supportsit isreleased, the

Cdl’ s benefits will become overwhe ming.

Oncethe new iteration of the Cdll is released that iswhen it will become a viable option
for garting the shift from conventional processorsto the Cell. This shift over to the Cell does not
have to be sudden and abrupt. I nstead, the Cell can be programmed to work well with Windows
based servers. Mercury Computer Systems has mentioned this combination of Cell processors
with conventional processorsis usually very effective.*® This would allow the Risk Engine team
to start devel oping specific routines for the Cell processor that are equivalent to the current Risk

Engine software.

Astime progressed, more Cell based solutions could be added to the racks and more code
could be converted over until the system has been optimized for power consumption and for
computing capabilities. On a side note, in the future IBM, Sony, and T oshiba have plans of
creating a 2 PPE and 32 SPE verson of the Cdl processor. Thiswill be their attempt at offering
1 TFLOPsfor a single processor. With an effort being placed on the next iteration of the Cell,
Bank of America could easily implement the 2 PPE and 32 SPE version of the Cell processor

with alittle extra effort. If the chip livesup to its promise, the power consumption by Bank of

199 Mercury Computer Systems. Telephone interview. 15 Nov. 2007.
20 Mercury Computer Systems. Telephone interview. 15 Nov. 2007.
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Americain the area of Risk Engine computation will be dramatically decreased aswill the space

required.

With these hopes for the future, the Cell-based option becomes areality for improvement
in mid-2008 and picks up momentum asthe years go on. That is why this option should be
revigted in mid-2008 to perform a cost analysisand the feasbility of arting to implement a
Cédll-based solution. Programmers could be taken from the video game industry and applied to
working on Cell-based solutions as more and more will be trained to program for the Cell. This
will add to the overall value. All of these reasons form why the Cell isn't a viable option right

now but in the near-future it will have great potential and should be explored further.

3.6.2.4: Data Synapse Grid Servers
This portion of the project was outs de of the bounds of the original goals. The reason

thisis being included is because thereisa great opportunity for optimization here. Currently, the
Data Synapse server grid isabunch of computersthat have various form factors. These form
factorsare blades, server racks, and standal one work stations. Each of these is combined to work
in paralld with one another pooling together their computation capabilities. Thereal reason for
theinterest in this particular region is that these computers are all running 1.2 GHz Pentium I11s
with 1 GB of RAM. A Pentium 111 is capable of performing 1 FLOP per cycle. This putsthe

computing capabilitiesat 1.2 GFLOPs per processor in the Data Synapse server grid.?*

Knowing that there are approximately 800 processors being run, for each type of form
factor it will be assumed based on conversations with Crystal James from Bank of America
Distributed Computing Devel opment team that there are four Pentium 111 processorsin each type

of form factor. That |eaves 200 machinesthat are apart of the server grid. The assumption will be

01 Dongarra, Jack J. "Performance of Various Computers Using Standard Linear Equations Software." Netlib.
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that each machine consumes 120W. Thisis based on assuming that power isnot consumed by
any hardware but the actual CPUs.” Thisisassumption isalso based on the fact that the server

gridisavery mixed collection of computing assets.

Understanding that there are approximately 800 Pentium I11 processors being closed at
1.2 GHz thisyields a shared computing capability of 960 GFLOPs while consuming 96kW.
Using thisinformation again givesaresult of 0.01 GFLOPs per watt. As Sated above, the G4p
provides 0.051 GFLOPs per watt, the G5 provides0.122 GFLOPs per watt, and the Cell-based
solution can provide up to 0.53 GFLOPs per watt (double precision). This server grid was
definitely a great idea at one point in time because it all owed them to recycle computers during

an upgrade. Now it isa great area for optimization.

Per Hour | Per Day Per Month Per Y ear Per 5 Year Per 10 Year
Current Server Grid 1418 | 340.30 | 10,209.02 124,200.79 621,048.96 1,242,097.92
G4p 2.8 GHz Dual-Core Option 2.77 66.46 1,993.74 24,257.14 121,285.69 242,571.37
G5 3.16 GHz Quad-Core Option 116 27.82 834.48 10,152.86 50,764.28 101,528.57
Current Cell 1U MCS Rack Option (SP) 0.25 6.11 183.44 2,231.89 11,159.47 22,318.95
Current Cell MCS Blade Option (SP) 0.17 4.04 121.23 1,474.99 7,374.96 14,749.91
Current Cell 1U MCS Rack Option (DP) 2.80 67.26 2,017.88 24,550.84 122,754.21 245,508.42
Current Cell MCS Blade Option (DP) 1.85 44.45 1,333.55 16,224.90 81,124.52 162,249.04
Future Cell 1U MCS Rack Option (SP) 0.25 6.11 183.44 2,231.89 11,159.47 22,318.95
Future Cell MCS Blade Option (SP) 0.17 4.04 121.23 1,474.99 7,374.96 14,749.91
Future Cell 1U MCS Rack Option (DP) 0.42 10.19 305.74 3,719.82 18,599.12 37,198.25
Future Cell MCS Blade Option (DP) 0.28 6.74 202.05 2,458.32 12,291.59 24,583.19

Table 18 - Power comparison for the Data Synapse Server Grid

It's easy to see that the current server grid is chewing up power. While systemsthat
provide smilar computing capabilities on the bas s of FLOPs, will save alot of money. It would
take 43 G4ps, 19 G5s, 3 current Cell-based solutions (sngle precision), 33 current Cell-based

solutions (double precision without single precison optimization), and only 5 for the future Cell -

292 5hiimpi, Amand L. "Cool Runnings: the Intel Bobsled Team.” AnandTech. 30 July 2001. 29 Nov. 2007
<http://www.anandtech.com/showdoc.aspx?=1509& p=3>.

120



based solutions with doubl e precision enhanced hardware. The assumptions made in the above
power comparison are power costs 0.1477 cents per kilowatt hour, GFLOPs is an acceptable way
of matching performances of systems, and that the minimum number of new serversis

acceptable to run the current tasks.

This analyss showsthat what once was a good idea and worked well in the past by
reusing hardware is starting to show itsage. There are now more efficient ways of providing
computing capabilities with |ess power being required. Thiswould also save a tremendous
amount of physical space by using these more efficient servers. The Risk Engine team had the
right idea by trying to save energy and offer more computational capabilities by using the dual
core processors. It istime for the Distributed Computing Devel opment team to follow suit and
perform a power analysis of their system, in order to save Bank of America thousands to

hundreds of thousands of dollars.
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4. Conclusion

4.1: Profit and Loss Workflow Gap Analysis
For the Flash P& L reporting system, the server based option would allow the Flash to

perform complex calculations faster. Thisis becauseit would not have to share runtime with
other processeslike the current Flash does. This would enable Bank of America’ s London Flash
P& L team to run jobs faster than before and be able to share information. While the .Net Flash
viewer should also include the feature of grouping the tabs together. This enables thetradersto

group P&L categoriesthat shift dowly and seethe major changes quickly.

The Actual P&L reporting system cond sts of a multitude of different problems. Odin
doesn’t allow the tradersto accurately predict their credit spread P&L if there are unwinds,
assgnments, or large changesin the credit spread. This should be changed in a future edition of
Odin by allowing Odin to take information from eBlotter or |RP and to make corrections
accordingly. It would al so be advantageousto allow Odin to calculate the second derivative and

to be ableto account for convexity of the credit spread.

The East Bank Process should move to a server based option snceit wasoriginally
designed to be atemporary solution and because it can be optimized further. The proposed
solution for the East Bank Process includes allowing middle office to easly request reports while
also being able to customize the fields that they want to look at. Thiswould allow for agreat
variety of reportsthat could be generated and middl e office wouldn’t have to depend on anyone

el seto obtain a specific report.

A Flash & Actual comparison program allows the tradersto have discrepancies quickly

highlighted between the Flash and non-reconciled Actual P& L. Thiswould also give the traders
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access to the non-reconciled Actual P&L and enable them to be prepared to reconcile the
differences with middle office. The report generated from this program would also help middle
office by clearly highlighting the areas of difference. With the data pull feature, middle office
would quickly be able to ook at atrade and then seethe original information that the value was
based off of. This enables middle office to not have to manually pull up information and also

allows them to cons stently have information readily available.

The comparison program would al so benefit from being able to compare the Flash, non-
reconciled Actual, and the reconciled Actual. Thiswould allow tradersto quickly seethe
differences of the Flash and non-reconciled Actual when compared with the reconciled Actual.
The data logging feature would be a great enhancement asit would allow for an analysisto find
problemsin the current Flash and Actual reporting syssems. The data logging feature could be
run for days, months, or even years and collect all of the appropriate information. The graphing

feature would allow for quick visual analyss of the situation.

The new viewer for P&L could be based off of the currently in production .Net Flash
viewer. Thiswould put atool that is currently being produced and add additional featurestoit, in
order to save money in development costs. Thiswould add value to the program as it would take

on additional featuresand become more flexible.

All of these solutions would take time to devel op but we believe that they would
ultimately be beneficial to the company. This gap analysis has highlighted areasthat need
improvement and suggestions for how to develop upon the current system. It hasalso

summarized the concerns of the current users of the Flash and Actual P& L.
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4.2: Risk Engine Upgrade
This project has shown that while the Cell processor is extremely capable as shown

previoudy, the uncertainty behind the difficulty of porting the code weighs negatively oniit. This
isespecially true with the current iteration of the Cell hardware asits double precison
capabilitiesare currently inferior to a quad-core processor. That iswhy if an additional server is
needed, it should be a quad-core processor like the X5460 HP DL360 G5 that isreviewed above.
This enablesthe Risk Engine team to make minor adjustments to their code and enjoy the benefit

of top-of-the-line hardware.

This project has also shown that Bank of America can save money in the future by
switching either the Cell or the X5460 HP DL360 G5. However, the HP DL 360 G5 did not pay
for the hardware investment within five years. The Cell did pay for itsef within three years but
the devel opment costs behind switching to the Cell left an uncertainty on the feasibility of

completely switching.

The additional examination of the Data Synapse server grid showed an area where
cons derable improvement could be made. The current syssems consume a lot of power and
while they were a great use of older machinesin the pagt, their ageis starting to show.
Technology has made leaps and bounds s nce the Pentium [11 era. For this problem, both the
X5460 HP DL 360 G5 and the Cell-based solution pay for themselves. The Cdl paysfor itself in
amuch shorter span of time but the continual recommendation of thisreport isto wait until the
doubl e precison optimization through the actual hardware isreeased. Thiswill allow for a
smpler coding solution ingtead of constantly trying to exploit the single precision capabilities of

the Cell to perform double precision cal culations.
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4.3: Econophysics

Interdisciplinary studies of physicsand economicsis a beautiful field that is growing
around the world. With plenty of exposed research our world istaking a great step towards
eliminating monetary turbulence and establishing a stabilized study of economics. With only
basic ideas of econophysics described herein our project and solely directed in the world of
thermal physics, it should be known that thereisa dynamic world of research to be seen inthis
field. Our project hasillustrated the bas ¢ concepts of only one single e ement. Asa physicist
interested in economics, the world should know that economic problems can be predicted.
Everyone, even those on the social boundaries of our world, isaffected by financial decisons
that are made day to day. With this being said, as a world, we should be constantly studying our
economy and trying to derive proper waysto predict future problemsin our society to prevent

naive financial decisons.
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5: Recommendations and Future Work
We recommend that Bank of America takes our solutions and i mplements the most

crucia onesfirgt. Thiswould include the reconciliation process renovation since the traders do
need more information while they’ re waiting for the Actual to be reconciled. These solutions
should be compared with the American P&L Program to seeif it can be exported to L ondon and

modified for these purposes.

If the comparison program isimplemented with the data logging toal, this could be used
in afuture project to highlight areasthat need improvement. Thiswould allow for plenty of data
to be easly compared. This would be an excellent project for sudentsif thereis a systematic
problem in the way things are computed. T he project would include an attempt to find where
errors cons stently originate from and making suggestions based on the analysis of the collected

data.

After the next iteration of the Cell processor is released with the double precision floating
point hardware upgrade, an effort should be started in attempting to start converting some of the
Risk Engine code over to the Cell processors. Thiswould make for an excellent project for 4
Worcester Polytechnic I ngtitute students as they are much cheaper than regular employees. Each
of these students should have a strong background in computer science. Acceptable majors also

include computer engineering and technical interactive media and game devel opment.
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Appendix A - Terminology
Asset Swap — Thisiswhen theinterest-rate risk is eliminated from atrade and al that remainsis
the credit and funding aspect.

Assignment — Bank of America uses assignments when it takesatrade or a deal and movesit
from one person to another.

Arbitrage — Under normal conditions, all markets should have the same pricelisted for their
assets. Arbitrage is when there isa discrepancy in the market and one can buy at a lower price
and then sell to the other market at a higher price. Thisusually only works with large trades as
the fees associated with trading will need to be accounted for.

Basis Point — Abbreviated as bp and is equal to one-hundredth of a percent.
Bond — A form of credit where a buyer of a bond buys into the debt of an entity.

Cell — Shorthand for Cell Broadband Engine Architecture developed by IBM / the Sony Group /
and Toshiba.

Credit Default Swap (CDS) — A form of credit derivatives where therisk of default is separated
and sold to another company that acts like an insurance agency.

Credit Derivatives— A tool for mitigating risk by being able to separate it from the trade and
sdling it to a protection sdling entity.

Credit Spread — The difference between a corporate bond and a government bond that are
identical in everything except their credit rating.

CS01 — Credit spread per bas's point.

DVO01 —Dollar value per basis point. This means how much does the dollar value of an asset
change with a one basi s point change in the yield.

Exer cise Price— The price at which an option can be used at.
Greeks, The — Used for evaluating financial figures and are come from the Black-Scholes modd.

IRO1 — Interest rate per bas s point. Thisis how much doestheinterest rate of an asset change
with one basis point change in the yield. Thisisalso the common way to talk about how the
interest rate has changed by measuring in basis points.

Loan — A form of credit wherethelender gives the borrower something in return for a promise
of compensation.
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Option — A type of derivativethat can be purchased that givesthe user theright and is not an
obligation to buy a stock at the exercise price.

P& L — Profit and loss tracks how much a company lost or made on a certain say. Thisisthe
general accepted form by the public.

P/L — Variant of P&L and isused mainly in the United States by Bank of America.
P& L — Variant of P&L and isused mainly in London by Bank of America.

PVO01 — Present value per basis point. See DVOL1.

Strike Price — See exercise price

Reference Asset — A particular asset that is set asthe foundation for pricing of a credit
derivative and other financial devices.

Total Return Swaps — An off-the-book s accounting technique where an asset is completely
transferred to another entity who has space on their books to accept the asset. The entity that has
the asset will then receive the returns on the asset and will return it when the original

organi zation has room on their books.

Underlying Asset — See Reference Asset.

Unwind — A financial tool for closing or cancelling out an earlier transaction. Thisresultsin a
settling of adeal and may include a cancellation fee. A partial unwind only cancels or closes out
apart of adeal.
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Appendix B — Midway Report to Bank of America

Last Update: 09 November 2007

Main Project Summary
Title: Profit and Loss Workflow Analyss

Name: Angelo Chandler
Name: Thomas MacDona d

Task:

To perform a gap analysis of the profit and loss workflow that currently happensat Bank of
Americain London. Thisisto prepare a plan for optimization and how to condense the workflow
so that the current Actual P&L will beavailable at an earlier timethan it currently is. The goal
timeishalf past eight AM.

Contact List:

Abhi Vashishth — Mentor, Manager, General Overview

Alex May — In charge of the Flash P& L team in Middle Office

Dilruk Jayamanna — In charge of the Actual P&L team in Middle Office

Ben Cooper — Works on the trading floor, has solved certain P&L problems, extremey
knowl edgeable and hel pful in almogt all areas

Priscilla Wong — The lead for the Flash P& L development team for technol ogy

Kate Schofield — Has worked with risk engine and is knowledgeablein the field.

Pete Spencer — Isworking on revolutionizing P& L

Professor Gerstenfeld — Management and Financial Engineering Advisor (WPI)

Approach:
Defined: Friday November 2™, 2007

1. Collect colleagueinformation (90%)
- Set up aligt of people to contact for certain information
-Collect the problems (Still waiting for Dilruk)
-Collect poss ble solutionsto the problems (Still waiting for Dilruk)
2. System Level Analysis(85-90%)
-Systems have been identified
-Connections between systems have been identified
-Interfaces have been identified
-Clearer system level diagrams need to be created
3. Brief Description of Systems Involved (65-75%)
-Preliminary system descriptions have been written
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-Review by Angelo and Thomasisimminent

-Flash and Actual systems have been identified

-Risk Engine software manual has been identified

-A better understanding of how thingsare actually fed information
4. Look at all processes

-Manual (55%)

-Technical (80%)

-Who? (75%)

-What? (85%)

-Where? (80%)

-When? (95%)

-How? (55%)
5. Develop a strategy (10%)

-Fundamental understanding of events has been established

-A grip of what is going on has been established

-In depth look at the reconciliation processisrequired
6. Proposition for I mprovement (5%)

-Outline Areas for I mprovement

-Research improvement areas

-Develop improvement plans and methods for each problem
7. Celebrate (0%)

-Cel ebration begins once the project has reached acceptable range

Flash P& L Progress

Main Drivers. PriscillaWong and Alex May

Major Concerns:

Partial Unwinds

Cancelled / Removed Trades

Duplication of new trades/ NewBus tab

Full Unwinds with an unsettled Fee

Trades feeding the NewBus P&L Tab

Timeliness of Running the Flash / System Performance
Adjustment Tool requested

Credit Spread Moves

Summary:

Contacts have been established for most of the most important areas. In Abhi’ s absence,
it will beimportant to be ableto go to the correct people for questions. Alex, Dilruk, and Ben
have all been identified as very busy people. However, Ben is more than willing to sit down with
usto review information. Ben’ s time should be used extremely wisdly as he is extremdy busy.
This processis beneficial for both Ben and the Technology department.
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A work around for unwinds for the Flash has been to run it through the Risk Engine.
However, this takes additional time and defeats the purpose of Flash. Also, it has been made
clear that a Flash should be computed faster and stay away from using too much advanced
mathematics. There are problems with the reconciliation process asthe Actual P&L team will
computethe P&L and if the numbers don’t match up they’ll go to the trader’ sand ask why there
isadifference. This shouldn’t be a necessary step asthis should be automatically detected and
highlighted asa difference.

Flash has been identified as a program that isrun on a desktop. When this programis
running it will eat up the resourcesthat are available on that computer rendering it unusable.
Questions have been rai sed about bottlenecking the program and all owing other programsto use
the CPU. A current work around isto change the definition of thejob. If you map fewer
drategies and increase the number of jobs, thiswill make therun alot less work intensive. A
bottleneck is also offered when the computer hasto pull the appropriate curves from Camden.
Another point of interest isthat there isa desre to makethe flash a server sde program. They
would also want to upgrade thisto a near real-time or real-time cal culator of Flash.

Differences of opinion of Flash P& L haveraised interesting aspects of thisanalysis. A
guestion being thought about now is the proper direction to take the Flash P&L. Thisis between
making it smpler and quicker or making it more detailed. The more detail ed option would run
on the server side and be areal-time estimate of what is going on. However, by the definition of
estimate thisimplies that it doesn’t have to be exactly equal to the actual although it should be
close. Currently the Flash P& L has trouble with unwinds and needsto pull more information
from eBlotter.

Problems with the Flash P& L are well documented and will be addressed accordingly.
Problems with the Actual P&L are sill comingin and will need further investigation.
Background research on financial topics has concluded. Each student should exhibit a solid
understanding of financial engineering.

Ben has suggested that the Flash system should only focus on three types of P& L because
most of them experience small changes. He has pointed out that new business, credit spread, and
edit P&L are some of the most important as their changes can be very extreme. While he
suggested putting carry, convexity, and interest-rate P&L all go into alarge encompassng basket.

Actual / Explain P&L Progress
Main Drivers. Ben Cooper and Dilruk Jayamanna
Major Concerns:

e Unwinds
e Assgnments
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e Middle Office and Front Office Reconciliation
Summary:

Areas of concern have been established. A cons stent area of concernisdealing with
unwinds. Ben Cooper has also pointed out one of his biggest concernsis the assgnment process.
Thisisactually a cause to some P&L appearing in Edit P&L and New Business P&L. This splits
up some of the P&L and makesit difficult to trace wherethe error has occurred. A suggestion
has been made of redefining what constitutes New Business P& L. In the case of assgnments, all
of the P&L that comes from a new ass gnment should be listed under New BusinessP&L. The
reconciliation time of the Actual P&L versusthe Flash P&L has also been identified asa
problem. Thistakes much too long and isthe main area for optimization.

When the prediction and the actual P& L don’t match, middle office will go to front office
and ask why the numbers don’'t match. Thisleadsto alot of problems as front office stime will
be spent on trying to find where the mismatch occurs. Middle office will basically just provide
the P&L. There should be some sort of optimization here that will enable front office to continue
along on their way without having to worry about searching for their errors. This could be done
with a computer program that discusses the differences between the two. This would enable a
quick view of the differences and a person could easly make the appropriate changes.

Investigation of the actual reconciliation processis underway. Thisisrequiring a
response by Dilruk for additional information on what actually goes on during the reconciliation
process. A wealth of information has been unleashed by being abl e to access the database that
containsa lot of the documents for Bank of America projects. This has been identified as
business sengitive information and is not to be leaked out to other parties. Information needsto
come from Dilruk. Thisinformation ismission critical for establishing the plan for opti mization,
automation, and solutions to current troubles.

Currently, eBlotter seemsto put out an acceptable level of work. The errors coming from
eBlotter are kept to a minimum because they effectively have three checks for theinformation to
be correct. A broker will put in aticket and eBlotter will trandate this ticket to a usable format.
Then atrade ass stant hasto put in ther ticket and it hasto match the original. Thisisa part of
the check and balance system seen in the trades. Any issue with eBlotter is seen as alesser issue
because of the check system.

System write ups are currently being reviewed and edited. They will be soon shown to
Abhi for further verification that the understanding of each system’ simportance is highlighted.
Understanding of what is going on between the systems has been pretty well defined. Areas of
concern overlap between middle office, the trading floor, and technology. The reconciliation
process needs opti mization, automation, and extra solutions for what happens if things go wrong.
A suggedtion isthat thereis a program that compares the prediction of the trader’ s office and the
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Actual P&L. Thiswill help the people who compute the Actual P&L asthey won't have to go to
thetrading floor to ask why the prediction varies from the Actual P&L.

Dir ection:

The direction that this project is going isto focusin on the reconciliation process. This
will eventually lead to a step-by-step plan for the technology department here at Bank of
Americato implement. This step-by-step plan will demonstrate understanding of the steps that
go into the Flash P& L and the Actual P&L.

Current effortsare focused in understanding the reconciliation process while still pulling
out information from sources. After Dilruk’sinformation isreceived, all of it will be compiled
into one format. Partial unwinds will be investigated further in order to aid in the search for a
solution. This may be outsde of the realm of do-ability asthis seemsto be acode level problem
and understanding how to get more information from eBlotter. However, perhaps because the
unwind rate is so low throughout the day, another solution could come of this. This solution
could be an unwind client that one could run. This client would be based around marking an
unwind. Thiswould tell the Flash P&L to treat the partial unwind differently. Also, there could
be aflaginsde of eBlotter that tellsthe Flash P&L that it isa partial unwind. Thisaspect will be
further elaborated on.

The goal isto establish a firm understanding of the processes that are going on between
thetrader’ s floor and middle office. Thiswill be a main focus sncethiswill allow usto
investigate the reconciliation process and figure out what it takes to get a computer to do the
same tasks.

Side Project Summary

Title: Risk Engine Architecture Review
Name: Thomas MacDonald

Task: A sdf-assgned project to investigate the Risk Engine server that computesthe P& L, Risk,
and General Ledger information for Bank of America. This project’sgoal is to be ableto provide
aplan for optimization to reduce the time jobs take to compute. Also included inthisgoal areto
do basic computer engineering optimizations. Thisis also comprised of proposng new more
powerful hardware, cost estimates, pros of the switch, cons of the switch, power efficiency, and
efficient use of space.

Contact List:
Refined

Abhi Vashishth — Mentor, Manager, General Overview
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Priscilla Wong — The lead for the Flash P& L development team for technol ogy

Kate Schofield — Has worked with risk engine and is knowledgeablein the field.

Pete Spencer — Isworking on revolutionizing P& L

Provost ad Interim John Orr — Electrical & Computer Engineering project advisor (WPI)

Approach:
Defined November 6, 2007

1. Define the hardware used (5%)
-Actual hardware specifications
2. Background research in computer engineering topics (35%)
-Develop an understanding of the Cell processor that is practically a mini supercomputer
-Understand other multi-core processorsin order to give a good comparison
-Floating point arithmetic should be looked into to understand the optimization process.
3. Analyze the current hardware (0%)
4. Create options for upgrades (0%)
-Software optimi zation
-Hardware upgrade
5. Egstimate cost of switching to a hardware upgrade (0%)
6. Create plan for switching (0%)
7. Create hardware proposal (0%)
8. Celebrate. (0%)

Progress made:

Initial understand of the risk engine has been established. Therisk engineis aserver that
accepts jobs from a user. The user specifies what type of job they want from the engine. In the
case of the P& L, the user will specify that they want the Actual P&L. Therisk engine will then
pull in the information it needsto compute the Actual P& L. An estimate from Abhi placesthe
risk engine at approximately 600 processors. Thislendsitself to an older technology that could
be revolutionized by current technol ogy options.

Research on the Cell processor is underway. L ocating information on financial
applications of the Cdll processor has been relatively fruitful. The Cell processor would put Bank
of America ahead of the curve since each of these tiny processorsis like having a mini
supercomputer. Thiswould reduce the amount of cabinets necessary to do the samejob asthe
risk engines current server. The Cell is designed to crunch numbersand is effectively designed to
do the same amount of work asa couple of computers. Toshiba hastested the Cell by
successfully running 48 MPEG-2 streams through it.

More information needs to be collected on the risk engin€ s hardware before an in-depth
analys s can occur. Once the hardware is established; the power requirements, processng power,
space requirement, and other vital aspects will be ableto be compared to a smaller solution. This
solution would include multi-core processors or the Cell processor. Thiswould require multiple
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computing racks, however this could yield some incredible results. The results of using the Cell
or multi-core processors would enable the Actual P&L to be computed well before 8am so that
thetraders can have the Actual P&L before they even truly begin the day. Thiswould be
achieved by adding additional computing power to deal with therigorous work that the Risk
Engine has to undergo.

Dir ection:

A major focusis on getting the actual hardware specifications while looking for general
algorithmsthat are executed for the cal culation of P& L. These algorithms would only need to be
ageneral look at what is going inside of the Risk Engine. This would enable us to avoid looking
at the physical hard code and to only look at the higher level of mathematics that dictates how
therisk engine operates.

Once the hardware has been established, thiswill lead to an in depth ook at the power
consumption, appropriate computing capabilities, and the space required for this computing
apparatus. Background information of other hardware structures will need to beresearched in
order to devel op a strong understanding of the problem at hand. Documents of using computers
to compute financials will also need to be established for the long run.

A proposal for upgrade and optimization will be the ultimate goal of this project. If time
permits, atest plan will also beissued. Thistest plan will beaway of measuring the feasbility of
the new risk engine, the cost of the new risk engine, and the benefit of upgrading. Thisside
project is not to take over the main project in any way and is soldly for the benefit of theintern
who has decided to undertake thistask.
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Appendix C — Proposed Solutions Document for Bank of America
Last Update: 29 November 2007

Main Project Status Report

Title: Profit and Loss Workflow Analys's
Name: Angelo Chandler
Name: Thomas MacDonald

Task:

To perform a gap analysis of the profit and loss workflow that currently occursat Bank of
Americain London. Thisisto prepare a plan for optimization and how to condense the workflow
so that the Actual P&L will be available at an earlier timethanit currently is. The goal timeis
half past eight AM.

Contact List:

Abhishek Vashishth — Mentor, Manager, General Overview

Alex May — In change of the Flash P&L team in Middle Office

Dilruk Jayamanna — In charge of the Actual P&L team in Middle Office

Ben Cooper — Works on the trading floor, has solved certain P&L problems, extremely
knowl edgeable and helpful in almogt all areas.

Priscilla Wong — The lead for the Flash P& L devel opment team for technol ogy

Kate Schofield — Has worked with Risk Engine and isknowledgeablein the fied

Pete Spencer — Isworking on revolutionizing P&L and hasalot of contact information
Phil Mitton — Expert on the East Bank Process

Approach:
Defined: Friday November 2™, 2007

1. Collect colleague information (99%)
- Set up alist of peopleto contact for certain information
-Collect the problems (Still waiting for Dilruk)
-Collect poss ble solutionsto the problems (Still waiting for Dilruk)
2. System Level Analysis (95%)
-Systems have been identified
-Connections between systems have been identified
-I nterfaces have been identified
-Clearer system leve diagrams need to be created
3. Brief Description of Systems Involved (85%)
-Preliminary system descriptions have been written
-Review by Angelo and Thomasisimminent
-Flash and Actual systems have been identified
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-Risk Engine software manual has been identified
-A better understanding of how things are actually fed information
4. Look at all processes
-Manual (55%)
-Technical (95%)
-Who? (95%)
-What? (95%)
-Where? (95%)
-When? (95%)
-How? (70%)
5. Develop a strategy (75%)
-Fundamental understanding of events has been established
-A grip of what is going on has been established
-In-depth look at the reconciliation processis required
6. Proposition for I mprovement (5%)
-Outline Areas for | mprovement
-Research improvement areas
-Develop improvement plans and methods for each problem
7. Celebrate (0%)
-Cel ebration begins once the project has reached acceptabl e range

Flash P& L Progress
Main Drivers. PriscillaWong and Alex May
Major Concerns:

Partial Unwinds

Cancelled / Removed Trades

Duplication of new trades/ NewBus tab

Full Unwinds with an unsettled Fee

Trades feeding the NewBus P&L Tab

Timeliness of Running the Flash / System Performance
Adjustment Tool requested

Credit Spread Moves

Summary:

A partial unwind work around has been established by Alex May. The work around
involves running the Flash P& L through the Risk Engine. Thistakes additional time and defeats
the purpose of having a Flash. A partial solution has been designed for the Flash P&L. This
solution will correctly add up the partial unwind fees for the day if the last action performedisa
partial unwind. If the last actionis not a partial unwind then Flash in unable to identify that there
were any partial unwinds done on that day.
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Flash isa program that runs on a desktop. Unfortunately, when this program isrun on a
computer it will use up most of the available computing resources and renders the computer
unusable. A way of getting around thisisto map smaller strategies but to increase the number of
overall jobs. A bottleneck is offered when the computer has to pull the appropriate curves from
Camden. Thereisinterest in making the Flash a server-side program. Priscilla has mentioned a
desireto even make the Flash a real -time application. However, Ben has noted that until the end
of the day the Flash wouldn’t change except for the new business. This makes sense as the profit
and loss is established when the market closes for the day. New business can be affected by
assgnments and partial unwinds through the day.

An area for improvement is having the Flash report the three major categories of P& L
kept as digtinct areas while the others should be grouped together. The three major categoriesare
credit spread, edit, and new busness. Ben has suggested that all of the others bes des these three
be grouped together. Priscilla has al so noticed that those three do seem to be the mgjor players.

A .Net program written in C# is being developed to make viewing the Flash easer and
more user friendly. Priscillais currently looking for opinions on what should and shouldn’t be
enclosed insgde of the program. This program would make dealing with the Flash more
streamlined by offering the user capabilities of customizing what they would like to see.

A .Net program isalso under development as an adjustment tool for fixing problems with
the Flash. This comes from arequest made by Alex May because there are times when he needs
to change things manually and would like to be able to do it without haven’t to bother the Flash
development team. The .Net program appearsto be a good step towards making the overall Flash
process better.

Cancelled / removed trades are being addressed in the November 23" rel ease of the Flash.
This makes Flash more robust by being able to ignore cancelled and removed trades that would
not run in the Risk Engine. The trades coming through with the “Blot:###" 1D that appear in the
NewBus P&L are also being removed as these will cause errorsin the Flash. Trades that are not
uploaded to IRP/ADV should not appear in Flash. Tradesthat are assigned the wrong CDS curve
in Flash will be getting an enhancement where they pull additional fields from eBlotter in order
to identify the proper curve.

Proposed Solution for Flash P& L Problems
.Net Flash Viewer
Description:

In development currently isa.Net Flash viewer. A function that should be present in
this .Net Flash viewer should be the ability to be able to group P&L tabs together. Thiswould
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effectively sum up the P&L tabs that are being grouped together. The functionality would also
have to be included to take the groups apart.

Reason:

Ben has requested the ability to group smaller P& L categories together. Thisis based on
adedreto beableto quickly look at the areas that have the largest changes. This functionality
would allow thetradersto have a flexible tool that they can easly customize to their preferences.
This would also increase the overall productivity of the team by enabling them to quickly see
what they deem as important.

Server Based Flash
Description:

The server based Flash would be a server that has been specifically desgned to run the
Flash program. This would take the stress off of the computer that the program was originally
run on while offering a great service. This service would include a standard place for finding
Flash, being able to cal culate Flash more efficiently, and to do slightly more complex
calculations.

One aspect that should be addressed by this server isthat it should be ableto run certain
tasksasif it was being run through Risk Engine. These specific tasks are the global new business,
London-based P& L, and the unwind P&L. These tasks are currently run through Risk Engine to
provide a Flash figure for these. If Flash had this built into it, it would enable the user to only
have to go to one application. This one application would then gain significant value becauseit is
able to compute everything that is necessary of the user.

This server would al so be required to have enough computing power to keep the Flash
very timely. Currently, when there are fixesto the Flash, the Flash will have to berun again after
each fix. Thistakes time and should be addressed by the server option. The server should also
focus on energy concernsand try to offer significant computing capabilities for cheap.

Normal Option for the Server:

Depending on the necessity of computational power the quad-core Xeon 5365 is capable
of performing 24 GFLOPs for single and double precision calculations. This putsit towardsthe
top of its classand would serve as an excellent basis for a server. Hewl ett-Packard offersa server
that is designed for this sort of work load. The server is called the HP ProLiant ML370 G5. It
gportstwo Quad-Core Intel Xeon X5365 processors. Each of themis clocked at 3.0 GHz.
However, thereisalot of flexibility with the processor choices. The Xeon 5400 seriesthat is
offered hasan L2 cache of 12 MB instead of the Xeon 5300 seriesthat hasan L2 cache of 8 MB.
Theram can be 1 GB, 2 GB, or 4 GB.
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Thisisa5U rack mount or it can be kept as atower. This server would more than likely
be adequate depending on how complex the Flash becomes. With the rack mountable version,
more servers could be added to balance off the workload. This offers expandability but 5U isa
sgnificant amount of rack space when planning out a server cluster.

Unique Options for the Server:

If there israck spacethat isavailable then Mercury Systems hasa1U Dual Cell-Based
rack mounted server that provides 410 GFLOPs of computing power while only consuming
575W to 700W. The serversuse a Linux-variant for the operating system, which has been known
to bevery sable.

If there is not rack space available then Mercury Systems offersthe PowerBlock 200
System. Thisonly provides 200 GFLOPs of performance. This performance factor will enable
the Flash to have more processng power with lessroom being expended. It is however arugged
stand alone system. These Cell based options would require adaptation of the code, sothat it is
optimized for the Cdll.

Reason:

Thefirgt reason isthat the Flash process would be increased by not bogging down a
workstation. This presentsitself asa very desirabl e option while maintaining a cost effective
nature. This will also be time effective asthe Flash will then run much like the Risk Engine
where a GUI sendsarequest for jobs. This would beideal. Also, a centralization of how things
are computed is extremely beneficial. Currently, Alex May’ steam is going through alot of
processesthat should be encompassed in one program. It’ s very taxing on them asit requires a
lot from people who are already hard-pressed for time.

Actual / Explain P&L Progress
Main Drivers. Ben Cooper and Dilruk Jayamanna

Figures Provided Below: Risk Engine System Diagram, Risk Engine Process Chart, Risk Engine
Database Feeds

Major Concerns:

e Unwinds
e Assignments
e Middl e Officeand Front Office Reconciliation

Summary:

Unwinds and assignments can cause credit spreads to be reported incorrectly. Odin stores
pure credit spread information and serves asthe prediction for the Actual credit spread P&L.
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Assignments will affect the New Business P&L and the Edit P&L by reporting some of the P& L
ingde of New Business P&L and some of it inside of Edit P&L. Assignments should rest solely
insde of the New Business P&L. Edit P&L isfor actual correctionsinthe P&L and should be
reserved for such purposes. Unwinds will cause some of the P& L to go into credit spread while
the other portion will be incorrectly reported in the edit P&L.

Currently, eBlotter doesn't exhibit many problems as there are three checks to make sure
that the information is correct. A broker will put in aticket and eBlotter will trandate thisticket
to ausable format. Then a trade assistant has to put in their ticket and it has to match the original .
Thisisavital part inthe check and balance system seen in the trades.

Ben has also requested some sort of tool or process that makes dealing with the New
Business P& L at of the end of the day quicker. Currently thereis a manual check done by
trader’ sassstants. This manual check should be automated because that would take the human
element out of the equation. Thiswould make things faster and would improve the overall
accuracy of the New Business P& L. Thisis beneficia to increasing the accuracy of the overall
New Business P&L.

Flash' s purpose has been established quite clearly. Odin only doesthefirst level deltas
while Flash will do the second level derivative and give the convexity. This gives Flash the edge
and iswhy it is compared with the Actual. Odinisalso not aware of partial unwinds or
assgnments.

Proposed Solutionsfor Actual / Explain P& L Problems:
Odin Upgrade
Description:

Odin should receive an upgrade that would make it more like Flash and the Actual P&L
computing devices. Thisupgrade would include functionality improvements by enabling Odin to
deal with partial unwinds, full unwinds, and ass gnments. The upgrade would al so include the
ability to deal with convexity. Usually, the credit moves are small but when they are not, this has
the ability to causea large shift in P&L.

Reason:

This upgrade is necessary because the traders should be able to accuratdy predict their
P& L. Thiswould help the reconciliation process as the numbers would be much closer to the
Flash and Actual P&L. Odin’sjob isto help thetraders. Since traders cannot accurately predict
their P&L, this effectively is a waste everyone stime. They should have the toolsto be ableto
accurately predict their P& L. This would enable an overall efficiency boost because Odin would
become athird source to build faith in the P&L system.
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Thiswould also increase faith in the Flash P& L. Thisis because Odin’s marks would be
pushed through a smilar system. Odin would then enable the trader’ s to notice unwinds and
assgnments and to be able to adjust accordingly. By being ableto see this, the traders will be
abletolook at the Flash P&L and see how far their marks from Odin are. The marks should
much closer with these upgrades and will allow for a quick comparison.

East Bank Process Upgrade:
Description:

Currently, the East Bank Processis performed on two desktop computersthat rest insde
of middle office. This upgrade would move the East Bank Processto an SQL based server option.
This SQL based server option would also be able to process the following two upgrade proposals.
It would be optimal if the server allowed the user to run ad hoc queries. Security could be
handled through Windows authenti cation processes. Also it would have to have intranet
capabilities so that reports can be quickly grabbed off of the server.

Reason:

This upgrade would store the additional two program proposals. It would offer an
increased computing apparatus to support the additional programs while offering arobust system
for middle office. The East Bank process was al so supposed to be atemporary fix. Itsageis
garting to show as there are now two computers that do the East Bank cal culations. Condensing
this to one robust computing apparatus will save power, offer more options, and will serveasa
better option over time.

Flash & Actual Comparison Program
Description:

This program would berun after the East Bank Process. It would effectively takein the
Flash P& L data and the Actual P&L data and compare them. This comparison would highlight
the trades/ traders that have discrepancies. These discrepancies would be highlighted in different
colorsdueto their severity. A difference of 100,000 or greater would bered. From 99,999 to
25,000 would be yellow. 24,999 to 2,000 would be green. While 1,999 or less would not have a
color associated with it. Thiswould enable a reconciler to notice large differences immediatdy.

This highlighted file would not be optimal for making changes. That iswhy the original
file that exits the East Bank Process would still be used for the actual reconciliation of numbers.
Thefilethat exits this comparison program would be ddivered to front office and middle office.

This comparison program could also be used to highlight the differences between the
non-reconciled and reconciled Actual P&L at the end of the day and digtribute a file to the
traders. Thiswould let them see what changed since the initial report.
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Reason:

Thiswould effectively locate the errorsimmediately. It would make the reconciliation
process much quicker asthe numbers would be clearly identified as an error. Front office would
also be given afilethat they could usein combination with the Flash. They could quickly seethe
differences and be abl e to anticipate what the reconciled version will look like. This will
effectively give front office atool that enables them to be able to anticipate more accurately what
really happened the day before. Middl e office would ill get the original file from the East Bank
Process and the highlighted version. They would then go about the reconciliation process as they
normally would.

The second functionality would enabl e traders to be ready and able to adjust their trades
accordingly without having to wade through alot of information. Vital differences would be
highlighted so that the trader wouldn’t have to wade through too much information. The entire
report would have to be streamlined and customizable for the trader to be able to wade through
the document with little effort. Thiswould maximize the value of the overall report asthe
trader’ stime would be spent glancing at the report and focusing more on their trades.

Trigger Based Data Pull Program
Description:

This program would ultimately be fed by the Flash & Actual comparison program. It
would take the areas that have discrepancies and pull up the according information to solve each
problem. The reconciliation process would not be about finding the data or finding the
di screpancies anymore as when this program is used in conjunction with the Flash & Actual
comparison program all of that would be at the reconciler’ s fingertips. This would effectively
pool the systems that act accordingly.

This program would basi cally take each of the discrepancy and add a button with the
information of how the Flash computed the figure and how the Actual computed the figure. It
would also give the original information inauser friendly display interface. Thisuser friendly
display interface would be based around giving an intuitive feeling of how to pull up information.
Design of thisinterface would have to come from surveys of middle office. The most important
information would have to be easily accessble with either a sngle click or a hot-key.

This program would take their information from the systems that report the necessary
data such as Odin, eBlotter, Camden, Advantage, IRP, L oantrak, Alice, and Bloomberg. It would
also have to keep track of the errors. This functionality could be increased by being able to
generate weekly or monthly reports on where most of the errors come from. This would highlight
areas of concern.

Reason:
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This would allow middle office to have immediate access to the reconciliation
information that they need from the associated systems. Thiswould cut down the time searching
through the filesin order to figure out where the error occurred. This program could also store
errorsto devel op charts and graphs that can be used for optimization purposeslater. This would
help locate common problemsthat the programmers would be able to compensate for the errors
or fix their algorithms. This would further help the reconciliation process by enabling feedback
on where di screpancies occur.

Process change for the P&L Workflow
Description:

The process change would involve employing the Flash & Actual comparison program.
Thefirst point that isimportant to note isthat front office would be getting the highlighted file
from the Flash & Actual comparison program. Thiswould allow them to have enough
information to make informed decisions about their trades by providing a reasonabl e range of
information with notes on large discrepancies. At thistime, the trader’ swould be ableto also use
Odinto compare any very large discrepancies. This gives three valuable sources of information.

Middle office would still get the East Bank Process s condensed excel file. They would,
in addition, also receive the output of the Flash and Actual comparison program. Thiswould
enable middle officeto see the differences clearly and would speed up the reconciliation process
by identifying the problems. This should ultimately speed up the entire process. If thisisused in
conjunction with the trigger based data pull program it should cut the overall processtime
dramatically by offering most of the information necessary to reconcile the differences.

Reason:

Thereconciliation process has been identified asthe portion of the P& L workflow that
requires the most time. Any additional tools to be ableto resol ve problems and reconcile the
overall product faster would make it so that traders can actually see what is happening with their
investments. Thiswould hopefully allow middle office to cut a few hours off the reconciliation
process. Middle office s purpose for the P&L reconciliation isto serve as a check point and by
giving front office the output of the Flash & Actual comparison program wouldn’t void this. It
would be giving front office a way of being able to deal with their trades and not depend soldy
on the Actual.

This does not bypass middle office as middl e office would till be expected to providethe
reconciled P&L in atimey fashion. Thetraders would understand that they do not have the full
gory of the P&L until middle office provided the reconciled verson of the Actual. However,
they would still have enough information to make educated choices.

Major Concern:
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It has to be made absolutely clear to front office that the output of the Flash & Actual
compari son program is a compari son between a non-reconciled Actual. A way to avoid this
would to be namethe Actual that is being compared something like“ working” P&L or even non-
reconciled P&L.

Data Logging Program
Description:

With the implementation of the comparison program, a data logging feature could be
added. This data logging program would track all of the differences and pull up the reasons for
the discrepancies. This program would have to be able to produce charts, graphs, standard
deviations, and be able to monitor multiple sources. Thiswould ultimately include a generalized
report, that could be requested either daily, weekly, or monthly. This program could ultimately
log the data for the non-reconciled Actual, the Flash, and the reconciled Actual P&L.

Reason:

With thisadditional feature, the Flash team can have data that detail s discrepancies and
why the discrepancies exist. This'll allow them to see visually where improvements can be made
and how to approach the situation. Critical zones of improvement should become clear as they
will show consistent errors. This feature shouldn’t be too hard to implement.

New Viewer for P&L
Description:

Instead of using Excdl, the new Flash viewer could be used asa way of seeing the
reconciled Actual in combination to being the new Flash viewer. Thiswould allow for greater
flexibility asatrader could easily shift in between the Flash and the reconciled Actual. It would
also allow them to group smilar tabs that they see fit. This could be used in conjunction with the
comparison program and allow atrader to instantly see differences between the Flash, non-
reconciled Actual, and the reconciled Actual.

Reason:

This would be using aresourcethat is already being developed and expanding on its data
capabilities. Thiswould ultimately allow traders to be able to accesstheir information in a much
timelier manner. 1t would al so enjoy the benefits of being a reused piece of software that could
have multiple usesinstead of being specifically Flash devoted. Thiswould add additional value
to the tool.

Risk Engine Software Upgrade

Description:
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Currently the Risk Enginereports partial unwinds, full unwinds, and ass gnments
incorrectly. This upgrade would be a focus on being able to put each of thesein the proper
sections and not allow them to spread out like they currently do. Partial unwindsand full
unwinds will cause a portion of the P&L to bereported in credit spread and edit P&L. This
should be completely reported insde of the credit spread P&L section. Assgnments currently
report a portion of their information insde of the new businessand edit P&L. This should be
grictly reported ingde of the new business P&L and not insde of edit P&L.

Reason:

This small upgrade would save alot of trouble inside of the reconciliation process. It
would address some of the key problems that arise during the reconciliation process. Thiswould
also eiminate one of the largest causes of error inthe current report system

Overall benefit of all of these solutions

By combining all of these solutions, the toolsare given to the traders, front office, and
middl e off that enable them to do their jobsin a more precise and timely fashion. This Il increase
transparency inside the company by allowing everyone to understand what i s happening during
the entire P& L process. It will allow traders and front office to be able to have more reliable data
and to be able to make moreinformed decisons.

Middle office sreconciliation job will become easier asthey won't have to go to front
officeto look up errors or discrepanciesimmediately. Thiswill alow front office to continue
through the day and to be ableto get more work done asthey won't be inquired upon as much.
Ultimately, technology will be hel ping front office and middle office by offering a better range
of services.

The value of the overall plan will be greater than the sum of its parts because al of these
parts benefit from the others. The beneficial relationship between these solutionsislinked by the
reliance on one another. This can be seen in the East Bank Process upgrade that includes the
Flash & Actual comparison program and the trigged based data pull program. The relationship
here shows that the East Bank Process supgrade to arobust server would also provide the
secondary function of being ableto run the other two programs that’ |l help out middle office and
the traders.
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