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&> (57) Abstract: A method and system for verfying the integrity of data in a data warehouse and applying warehoused data to a

plurality of predefined analysis models uses a data integrity system to verify the accuracy of received data and an analyitics system
) for applying the data and a series of models to the data. Teh data integrity system is configured to produce a series of diagnostic
~~ reports which identify outlier data or other data values which could indicatte data errors. Diagnostic reports can include links to
sub-reports that provide the data underlying summary values and links to data editor to permit erroneous data to be directly corrected
without leaving the report. The analyitics system uses the data to determine values for a library of factors. Models which are based
on those factors are then applied to the data. In a particular embodiment, the data is financial data and the models are configured to
provide estimates of attributes such as risk and return for various portfolios. Data and model integrity is further verified byan outside
source. A reporting system can also be provided to generate risk, return, and other portfolio analysis reports.
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METHOD AND SYSTEM FOR VERIFYING THE INTEGRITY OF DATA IN A DATA
WAREHOUSE AND APPLYING WAREHOUSED DATA TO A PLURALITY OF
PREDEFINED ANALYSIS MODELS

COPYRIGHT STATEMENT:

This document contains material which is subject to copyright protection. The
applicant has no objection to the reproduction of this patent document, as it appears in the
U.S. Patent and Trademark Office patent file or records or in any publication by the U.S.
Patent and Trademark Office or counterpart foreign or international instrumentalities. All

remaining copyright rights whatsoever are otherwise reserved.

CROSS-REFERENCE TO RELATED APPLICATIONS:

This application claims priority under 35 U.S.C. § 119 to U.S. Provisional
Application Serial No. 60/294,754, filed on May 31, 2001 and entitled “Portfolio Analysis
And Construction Environment For Investment Managers,” the entire contents of which is

hereby expressly incorporated by reference.

FIELD OF THE INVENTION:

The present invention is related to a system and method for verifying the integrity of
data in a data warehouse and for applying the warehoused data to a plurality of predefined
data analysis models.

BACKGROUND:

. There are many environments where data is collected from multiple sources, stored in
a data warehouse, and then applied to one or more models to derive properties about the data
or various groupings of the data, and make predictions about future behavior, or for other
purposes. In many circumstances, very large quantities of data are gathered by third parties

and provided for use in the data warehouse. To insure that the modeled values are correct, it
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2
is important to verify that the received data is accurate. During a typical data integrity check,
suspect data points are identified. The accuracy of the flagged data is then manually checked
and the database contents updated if needed. The data analysis is often needed on a periodic
basis, such as daily, and it can therefore be critical for the data integrity process to be
efficient, in terms of both time and resources.

It is also not unusual for there to be several different models that are applied to the
same set of underlying data to generate values for various attributes. In many circumstances,
the attributes themselves are dependent on one or more common factors and there is a need to
ensure consistency in the factor values used in such related models. It is also useful to be able
to verify the integrity of the models themselves against a benchmark.

One type of environment in which large quantities of data are gathered and analyzed
using models is a financial analysis system. Groups of financial instruments for which data is
provided are defined by various portfolios and the system is used to analyze the behavior and
predict the performance of these portfolios. In such a system, portfolio managers construct
and modify portfolios in an effort to reach a targeted level and distribution of returns and risk.
The risk and return values are determined by applying financial models to current and
historical information related to the securities in the various portfolios. As will be
appreciated, the accuracy of the portfolio construction is highly dependent upon the accuracy
of the source data.

The process of construction and management of portfolios has two primary aspects --
asset allocation and asset selection. In asset allocation, a portfolio manager determines the
suitable mix of currency, fixed income and equity exposures to meet the portfolio's stated
goals. Asset selection involves choosing appropriate stocks within the equity class for the
portfolio. In a simple example of portfolie construction, a U.S. equity manager can make

asset allocation decisions and choose among cash and U.S. equities. The asset selection
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decision involves selecting stocks from a “universe” of available stocks. The universe of
stocks typically is a function of a benchmark that the portfolio is managed against and
compared to, such as the Standard & Poors 500.

In order to successfully construct and manage a portfolio, several factors must be
addressed. For investors, the portfolio construction process should be clearly defined and
transparent. The generated portfolio should also have a recognizable footprint or signature
which is consistent with the investment management philosophy. Also, the portfolio
construction process should be replicable to the extent that the investment managers can
benefit from automation, and senior management can mitigate the business risk associated
with unexpected turnover.

In order to achieve these goals, a suitable portfolio construction infrastructure is
needed which provides portfolio managers with current and accurate financial information as
well as appropriate applications to act upon that information. Conventional portfolio
management systems are built to satisfy a broad cross-section of investment professionals
with varying preferences and requirements. The resulting systems, however, are often
severely limited in their ability to be customized to a particular client's needs.

Conventional systems are also not well suited to process large numbers of portfolios
and related information on a continual production basis. In order to manage a portfolio, it is
customary to analyze financial information to derive various risk and performance factors.
These factors are then applied to a portfolio via a suitable mathematical model. Investment
managers often require models that are customized to mimic their investment process.
However, conventional portfolio management systems assume that all investment processes
are identical. Thus, the ability to process portfolios based on a number of differing
investment strategies or processes is limited. Investment managers must then use multiple,

separate applications in order to execute customized models.
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More generally, conventional systems are not well suited to utilize the information
which is gathered in ways which are not part of the original system design. Thus, for
example, when multiple systems are used in order to support customized models, technical
support personnel must address issues of transferring data between these systems and
ensuring data integrity and timeliness. The lack of ease with which the gathered information
can be used also makes it difficult to research and test new models and methods of data
analysis since it may not be possible to run the model in development against the same data
set as the production models in a timely manner. It is also difficult to customize the
application to meet specific user needs, such as by adding a newly developed model, without
having to alter the application source code.

Another drawback present in conventional systems is that the determined risk and
performance attributions are measured using separate processes, each acting on its own
underlying set of data. For example, a financial services provider may use systems from
BARRA to monitor risk and systems from Wilshire Associates to provide portfolio managers
and clients with performance attribution analysis. Because separate systems are used, the
factors underlying the models used to monitor risk and performance may differ, in terms of

source data, manner of derivation, and final value. As aresult, there can be inconsistencies

between the risk analysis and the performance attribution.

SUMMARY OF THE INVENTION:

These and other deficiencies are addressed by the present invention which provides a
comprehensive database and analysis environment in which large quantities of supplied data
can be efficiently verified to ensure integrity and the data applied to one or more models to
derive attributes of interest for various groups of data. A particular implementation of the

invention is a portfolio analysis and construction environment (referred to herein as “PACE”)
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5
that supports active and quantitative portfolio management and risk management. However,
various aspects of the invention can also be used in environments which gather and analyze
data for other purposes.

A typical embodiment of PACE is comprised of three major components: (a) a data
integrity system which populates a data warehouse with validated financial information; (b)
an analyitics system which processes the financial information to derive various risk, return,
and exposure factors and applies a series of financial models to the data in the warehouse;
and (c) a reporting system which produces risk and return attribution reports for use by
portfolio managers. In the preferred implementation, the three components are operated as
part of an integrated system. However, the components can also be operated on an individual
basis and used, for example, to replace discrete functionality in a legacy system.

In operation, PACE receives financial data, such as pricing and corporate action data,
provided by one or more market data sources and stores this data in the data warehouse. The
warehoused data can be accessed via intranet, Internet, or software-based interfaces, as
appropriate or desired by the system designer and operator. Thus, the system can be
implemented in a distributed manner or some or all components can be centralized.
Preferably, before the raw financial data is approved for use by other system components,
such as the reporting system, the data is processed by the data integrity system. During this
processing, a series of diagnostic reports are generated which highlight potentially erroneous
data points and allow operators to make corrections as needed.

Summary diagnostic reports, such as volatility evaluations, are provided and can
contain links to underlying detailed reports showing the data used to generate the summary
values. When a suspect data value is present, a user can select the link associated with that
value and “drill-down” to determine the source of the error. According to one aspect of the

invention, data points in diagnostic reports contain links to a data editor that is connected to
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the data warchouse. When such a data edit link is selected, an interface to the data warehouse
is presented from which the user can enter a corrected value which is then used to update the
value in the data warehouse. By providing direct access to the underlying data through a
diagnostic report, data in the data warehouse can be easily and changed immediately upon a
determination that a correction is necessary.

In addition to analyzing pricing data for individual securities to detect unusual activity
which should be validated, and according to a further aspect of the invention, the data
integrity system also verifies the market information indirectly by comparing valuations of
one or more portfolios generated using the validated data, such as valuations generated by the
analyitics component, with analogous portfolio valuations generated according to different
mechanisms and/or data, and then highlighting unusually large differentials. Preferably, the
comparison portfolio valuations are provided by an independent source. For example,
estimated portfolio returns can be compared with an official return issued by an outside
source. By utilizing this data feedback path, systemic errors in the data and modeling process
can be detected and the overall operation of the data integrity and portfolio analysis process
can be validated.

The analyitics system in PACE analyzes warehoused data to determine the values of
various factors, such as those related to exposure, risk, and return. These factor values are
then stored in a factor value database. Particular factors in the set of factors (which can be
considered a factor library) are selected and used in risk and return measurement models,
each of which can reflect a different investment methodology. The factor library thus
provides a toolbox from which a wide variety of models can be built. Mechanisms for
developing specialized or new factors can also be provided and, once such new factors are

added, they can be made available for use in other models as well.
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The analyitics component has access tZ) portfolios definitions and the portfolios are
associated with particular models. The analyitics system evaluates the factors used by all of
the associated models and then uses these factor values when applying the models against the
portfolios. Preferably, models for risk and for performance are both based upon the same
factor library. This methodology ensures that models which depend on the same factor will
be evaluated using the same factor value. Because conventional methodologies evaluate risk
and performance values using separate platforms which can use different factor evaluation
methods and source data, this factor value equivalence is not always present. By building all
models from the same factor model, this source of error is eliminated.

Preferably, the portfolio-model associations are specified on a portfolio basis to
provide the most flexibility. Alternatively, portfolios can be grouped into different sets, such
as according to investment strategy, and the model associations defined on a per-set basis.
For example, a risk model which works well for small-cap portfolios may not work well for
large-cap portfolios. Similarly, one set of industry classifications may be more useful and
relevant for one portfolio manager than another. Advantageously, this configuration permits
different risk models to be applied to different types of accounts and strategies and account-
specific risk models can be created and used in the system.

In a preferred implementation, the factor library, computed factor values, and current
and historical data from the warehouse can also be made available for use in a research
and/or development platform, such as a MATLAB® environment. Direct access to actual
factor values, financial data, and portfolio definitions, permits new models to be easily
developed, tested, and compared with prior models. In addition, newly developed models that
are constructed from factors in the factor library can be easily imported into the main

analyitics system.
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The data generated by the analyitics system is stored and made available for use by
the reporting system. The system uses the data produced by applying the various models to
the portfolios to generate production reports, e.g., on a daily basis, which identify sources of
risk and return for large numbers of separately managed portfolios and mutual funds. The
reports are preferably made available via an Internet web page. In addition to providing
reports on a per-portfolio basis, overview reports can be generated which contain data
summaries for multiple separate portfolios, thus simplifying the ability to oversee and
compare the performance of sets of portfolios.

Apart from the reporting system, a series of tools and utilities can also be provided
and given access to the various databases containing financial data, factor values, and results
of model application. The tools set provides a mechanism separate from the reports by which
users can quantify the sources of risk and return for a given portfolio in a customized fashion.
These tools can be accessed, for example, from an Internet or intranet web page, and provide
a flexible mechanism to measure, monitor, and study sources of portfolio risk and return. A

wide variety of tools can be implemented and provided for use in an interactive and on-

demand basis.

BRIEF DESCRIPTION OF THE FIGURES:

The foregoing and other features of the present invention will be more readily
apparent from the following detailed description and drawings of illustrative embodiments of
the invention in which:

Fig. 1 is a general flow and structural diagram of a system implementing the present
invention;
Fig. 2 is an illustration of system architecture showing details of a data warehouse

Fig. 3 is a high-level diagram of one implementation of the data integrity system;
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Fig. 4 is a sample computer input screZn providing user access to diagnostic reports;

Figs. 5-8 are illustrative diagnostic reports generated by the data integrity system
illustrating the imbedded links to detailed reports and a data update interface;

Fig. 9 is a screen shot of a user interface menu that provides access to financial data
for export from the system;

Fig. 10 is a high-level flow of an implementation of factors and risk-return
calculations performed by the analyitics system,;

Fig. 11 is an illustration of the relationship between factor, model, and portfolio
definition tables and objects;

Fig. 12 is a sample model definition template;

Fig. 13 is a sample portfolio object definition;

Fig. 14 is a high-level flow chart showing the general operation of the analyitics
system;

Fig. 15 is a screen display showing a sample home page for accessing reports, tools,
and other data from the reporting system; and

Fig. 16 is a partial hierarchical diagram of the various sub-pages and functions

accessible from a particular implementation of the page of Fig. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

The present invention is discussed herein with reference to a financial data and
portfolio analysis system. However, the invention is also suitable for use in other data
warehousing and analysis systems and should not be considered as being limited to use only
in the environments of the preferred embodiments.

Turning to Figs. 1 and 2, there is shown system-level diagrams of a preferred

implementation of the PACE system. In this embodiment, PACE is comprised of a data
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integrity system 12, an analyitics system 14, and a reporting system 16. A set of analysis
tools 17 separate from the reporting system 16 can be provided or the tools can be considered
a component of reporting. Each of the various systems accesses data stored in one or more
databases which together are referred to herein as a data warehouse 18.

Data warehouse 18 can include one or more independent database systems and is used
to store market data, model definitions, determined risk and other factor values, and historical
data. In addition, data specifying the various account positions for the given portfolios and
other data can be stored in the data warehouse 18 or, if stored in another system, mirrored in
whole or part for ease of access. In the discussion herein, various types of data will be
considered as being stored in separate databases in the data warehouse 18. However, the
division between databases is not a rigorous one and, so long as the appropriate data can be
stored and retrieved, the particular manner of database implementation is not critical to the
invention. In a preferred embodiment, the data warehouse 18 is divided into the various
databases shown in Fig. 2. A Frame database is used to store historical data and a Sybase®
database is used to store current data, including model and market data, output from the
analyitics system 14, portfolio positions, and portfolio returns.

Market data and other source of raw information is received from data sources 20 and
stored in a market data database 22. Various data sources can be used, such as Bloomberg,
Extel, and Muller.

The data integrity system 12 processes to ensure its accuracy prior to the data being
used by other system elements. Various data checks can be implemented. In general,
however, security price information is compared to historical data to detect any outliers or
other unusual values which could indicate that the received data is in error. Diagnostic
reports 13 are generated which highlight unusual values. As discussed more fully below, the

reports 13 preferably contain links to a data entry module connected to the data warehouse
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such that when an incorrect data point is iden:ilﬁed, a user can correct the underlying data
directly through a diagnostic report by selecting the incorrect data point and activating the
data edit link. Additional links can be provided to allow an operator to easily access detailed
reports underlying summary data and local and remote information about corporate actions
and other data to aid in the determination of whether outlier data is accurate.

Additional verification of data integrity is provided by comparing “official” portfolio
valuation and return data 24 provided by a source 26 external to system 10 with account
valuation estimates generated by the analyitics system 14 using data from the data warehouse
18. A return model validation module 32 can be provided to perform this function. Because
the model validation module 32 is closely tied to the analyitics system 14, it can be
considered to be part of the analyitics system 14 (such as shown in Fig. 2), part of the data
integrity system 12, or a stand-alone element.

The data integrity feedback path between the data integrity system 12 and the
analyitics system 14 provides validation of the models and model factors being used by the
analyitics system 14. It also aid in the detection of systemic errors which may not otherwise
produce specific data outliers. In particular, substantial discrepancies could indicate
problems in the received market data, errors in the portfolio definitions or performance
models, or even errors in the “official” valuations. These discrepancies are preferably
flagged or otherwise identified so that follow-up actions can be taken if needed.
Advantageously, because the system uses valuations of actual client portfolios in the data
integrity process, as opposed to limiting the integrity check to comparisons with standard
benchmarks, such as provided by Standard & Poors, further assurances are provided that data

related to securities which are not part of standard indices, but which are important since they

are present in client portfolios, is accurate.



10

15

20

WO 02/098045 PCT/US02/16998
12
The analyitics system 14 contains the modules which process and analyze current and
historical financial data to generate appropriate factors and applies these factors to financial
models to calculate risk, return, or other values for portfolios of interest. In a particular

implementation, the analyitics system 14 includes a factors determination module 28 which

processes the market data 22 to determine or estimate values for the various exposures and

other market-derived factors which are needed for subsequent processing. The particular

factors which are available can be specified in a factor library 29 and the computed values
can be stored in a factors database 34. (It should be noted that while factor library 29 is
discussed herein as a unified entity, the factor definitions may be distributed in various
software modules or routines in the analyitics system.)

One or more models 35 to evaluate various attributes are stored in a model database
36. The models, regardless of whether they are geared towards evaluating risk, return, or
other values for a given portfolio, are constructed to be dependent upon one or more of the
factors in the factor library 29.

Specifications for client portfolios or other portfolios of interest 37 are stored in a
portfolio position database 38. Each portfolio which is to be analyzed is associated with one
or more models 35 in the model database 35. As will be recognized by those of skill in the
art, the investment strategy underlying a portfolio can have an impact on which types of
analysis should be done and the type of model which should be applied. Advantageously,
this feature allows an authorized user to associate the most appropriate models with each
portfolio.

On a daily basis, or as otherwise specified, a risk and return module 30 in the
analyitics system 14 applies the market data 22, determined factors 34, and the models 36

associated with the particular portfolios (as specified, e.g., in the account position database
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38) to the portfolios to generate risk, return, and other modeled data. The generated data is
then stored in a suitable portfolio risk / return database 40.

The reporting system 16 utilizes data from the data warehouse 18, including the
modeled portfolio attribute data generated by the analyitics system 14, to generate series of
reports for the various portfolios. These reports can be made available to users via a web-link
through a network, such as the Internet. Analysis tools 17 can also be provided as part of or
in addition to the reporting system 16. Preferably, these tools can be accessed by clients
through the network and provide a flexile mechanism to measure, monitor, and study sources
of portfolio risk and return in an interactive and on-demand basis. A preferred set of tools
comprises risk decomposition, return attribution, variance analysis, exposure attribution,
historical simulation, a stock and industry concentration locator, and a company watch tool
which is used to monitor the financial strength of companies to provide data which can be
used to identify forms portfolio managers may want to exclude from various portfolios.

Finally, a database interface module 42 can be provided to allow data to be exported
from the data warehouse into a testing environment 44, such as a MATLAB® environment.
The exported data is formatted in a manner which facilitates analysis and model development
outside of any restrictions present within the system 10. Because the research environment
directly accesses the validated data used by the rest of the system 10, analyses performed in
the testing environment can be compared with output from pre-existing models. In addition,
direct access allows new models to be developed based upon the factor library 29, greatly
simplifying the development and testing of models and subsequent importation of models
into the system 10.

A key element to providing a quality portfolio management and analysis system is
data integrity. Turning to Fig. 3, there is shown a high-level diagram of the major elements

of a preferred implementation of the data integrity system 12. Links to data sources external
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to the overall system 10 have been omitted for clarity. The specific organization of the
various functional elements shown in Fig. 3. Not all elements need be provided in any
particular implementation and variations can be made without departing from the general
nature of the invention.

Diagnostics model 52 is configured to generate diagnostic data reports 54, 56 which
highlight potential data problems. A communications network, such as an internal intranet or
a secure Internet connection, can be used to facilitate the distribution of data integrity reports
to users in various locations who are responsible for ensuring data integrity. The reports are
preferably in HTML format and at least summary reports 54 contain links to more detailed
reports 56 to permit a user to “drill down” into the report and view the source data used to
generate the summary. Data which maps to data points in the data warehouse can have data
edit links to a data editor 58 which is connected to the data warehouse 18. A user selecting
such a data edit link from a diagnostics report will be presented with a data editing screen
from which the underlying data can be directly modified.

By allowing an operator to correct erroneous data directly from a diagnostic report,
correction of such data can be done rapidly and easily. To aid in identifying data errors, the
reports can also contain links to internal and external data sources to allow a user to access
information about various companies and other financial data which may be relevant to
determining the accuracy of a given data point. In a particular configuration, a data research
module 60 is provided and serves as a gateway to access such information. Other links can
be provided to data sources through appropriate intranet and Internet connections 62.

For example, in a particular embodiment the diagnostics system 12 can generate on a
daily basis an outlier report to trap missing and inaccurate data, a corporate actions report,
and a "W prime R" report which compares estimated returns on portfolios (as generated, e.g.,

by the analyitics system 14) with their official, reported number. These reports are



10

15

20

WO 02/098045 PCT/US02/16998
distributed via a data network and can be mlcfnjtored by users in various offices. When an
incorrect data point is identified, the user accesses the data editor 58 by selecting the data edit
link underlying that data point and inputs the changes directly into the data entry form. The
corrected data is then used to update the value of the data point in the data warehouse 18. In
addition to updating the database, notifications about data corrections can be automatically
distributed to various users of the system as desired. Appropriate security controls can be
implemented to limit the types of data which various users can correct and mechanisms can
be provided to allow corrections to be easily undone if necessary. Tools and methodology to
implement these features will be known to those of skill in the art.

In addition to generating reports which check raw data, preferably a corporate action
processing module 64 is provided to process data related to corporate actions which can
effect subsequent processing and update internal securities tables accordingly. A corporate
action, as used in this context, refers to a change in a company's status or equity distribution
policy. Examples include a change in a CUSIP or SEDOL identifier, an acquisition or
merger, a stock split and a cash dividend. Corporate actions, such as splits, name changes,
and dividends, can affect how stock prices and other financial data must be processed by the
system 10.

The corporate action processing module 64 receives data input from one or more
corporate information vendors, such as Muller and Bloomberg. The data can be fed directly
to the corporate module 64 or stored as appropriate in the data warehouse 18 or another
storage facility which is accessible to the module 64. The data files are processed to extract
information about various corporate actions and this information is used to update appropriate

reference tables containing data related to information about the various securities and which

are used when evaluating a portfolio.
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The corporate action data is generally well defined and supplied in a predefined
format. Preferably, an automated system is provided to process the corporate input data to
extract these corporate actions and update the appropriate internal data. In a particular
embodiment, the following types of corporate actions are automatically processed: IPOs,
Ticker changes, Name changes, CUSIP changes, Exchange listing changes, Stock splits, and
Cash/stock dividends.

Changes to a name, a ticker symbol, or a CUSIP number are processed by updating data
entries in an appropriate security table to permit old and new references to the security to be
processed appropriately. Stock split data is used to determine whether a change in a number
of outstanding shares is correct, whether a split date supplied by a data provider is correct,
and to generally ensure that the stock split is correctly represented. Various techniques
known to those of skill in the art can be used to represent the stock split in order to correctly
process historical data. Similarly, cash and stock dividends affect and are incorporated into
the calculation of a security's total return. The manner in which these actions are extracted is
dependent on how the data is coded in the input data steam. Various techniques for
extracting this data and automatically updating dependent internal reference data will be
known to those of skill in the art. In a preferred implementation, the data processing routines
are implemented using perl and, in addition to updating internal tables, the processed data
stored in one or more text files which can be reviewed by an operator as desired. Other
techniques are also possible.

Certain corporate actions, such as delistings, spinoffs, mergers, and acquisitions are
preferably processed manually. Upon the occurrence of such an event, the accuracy of the
event can be verified by a research team using internal and external data sources accessed via
the data research module 60 or by other means. Similarly, corporate actions that cannot be

processed automatically, such as when a security is unrecognized, can be reviewed manually.
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Preferably, the CUSIP identifier for a securit; 7is used to access an on-line data provider, such
as Bloomberg or YAHOO Finance, to obtain current news releases and corporate action
summaries which might explain any acquisition activity, name changes, mergers and
acquisitions, etc., for a given security. This information can then be used by an operator to
determine if the data provided to the system is accurate.

Some actions can be processed on an ad-hoc basis. For example, on a monthly basis,
additional reference data can be received, e.g., from CRSP and Barra, related to new
securities. When this data is received, the vendor’s reference data can be added to the dafa
warehouse 18. Those securities in the vendor data set but not already defined in the system
can be selected and a determination made regarding whether the selected securities are new
issues or the result of changes to a security’s CUSIP. This can be done by cross-referencing
another identifier for the security (such as permmos for CRSP and barraids for Barra). A data
file can then be prepared which contains both new issues and CUSIP changes and this data
imported into the system.

Returning to the diagnostics module 52, in a preferred embodiment, module 52 is
accessible via a web-browser interface (not shown) supported by a main module 50 which
provides users access to a web page form from which one of a number of predefined data
diagnostics reports can be selected for execution against data for specified markets. A
sample form is shown in Fig. 4. (Direct access to the diagnostics module 52 can also be
provided.)

As illustrated in Fig. 4, there are a number of different types of reports 54 which can
be accessed and which can provide indicators useful in detecting unusual data trends that
could signify errors in the incoming data. The user is preferably permitted to specify the date
of the data to process for the reports. If the report has been previously generated, that report

can be provided. If the user selects a report which has not yet been run, a report generation
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process can be executed and the new report pizvided to the user and stored for subsequent
access by others.

One diagnostic report of particular value is a report comparing estimated portfolio
returns as generated, e.g., by the analyitics system 14, with vs. “actual” returns provided by a
source external to system 10. Portfolio returns can be estimated by using account
information which specifies the instruments in the portfolio, the quantity of each instrument
in the portfolio, and the pricing information. The calculated portfolio return data is compared
with an “officially” provided value. The report can be run against both actual client portfolio
data as well as benchmark portfolios. The results presented in the report can then be filtered,
if desired, so that only portfolios comparisons having a discrepancy greater than a predefined
value are indicated and sorted so that portfolios having the largest discrepancies are listed
first.

It should be noted that in practice, official portfolio valuation data is preferably based
upon actual trading data for the portfolio at issue. Since multiple trades can be made against
a portfolio in the course of a given day, the officially derived portfolio valuation can be
different from a valuation which considers only the final portfolio contents at the end of the
trading day and the closing price for the relevant securities.

An example Estimated vs. Actual Returns diagnostic report is illustrated in Fig. 5.
The report can be formatted in various ways. Preferably, portfolios are identified by both
name and account number, the actual and estimated returns are shown as percentages, and the
difference indicated in terms of basis points. A large basis point difference between the
official and estimated return indicates that there may be data issues which should be
investigated further. In the example report shown in Fig. 5, and with reference to line 70, the
estimated value of the “GS Japanese Equity Fund” differs from the official value by 58 basis

points (as compared to only 4 basis points for the next highest entry.) This large relative
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differential between the estimated and actual 1sortfolio valuation indicates that there may be a
data or other error and that further investigation is warranted.

Preferably, each portfolio listed in the report has an underlying link to a more detailed
sub-report which lists the portfolio contents and the data used to derive the estimated value.
Selecting this link for a given portfolio will automatically access the relevant report. Fig. 6 is
a portion of a sample report of the constituent data for the GS Japanese Equity fund. In the
preferred configuration, this report lists the issuer or security as well as its current price (here
in Yen), the number of shares, and the calculated return for that security. Additional data,
such as dividend and splits, can also be shown. To permit more detailed analysis, a further
hyperlink for each security, here positioned under the security ID, can be provided.
Preferably, when this link is selected, a historical time-series report for the selected security is
retrieved or generated (using the historical data in the data warehouse) to allow an operator to
better determine whether a present value is consistent with prior actions. For example,
selecting link 72 for the Asahi Kasei Corp. will preferably access a time series data report for
that security. More sophisticated tools to further analyze the historical data, graphically
display it, or perform other manipulations can also be provided.

Another type of diagnostic report that can be provided is an outlier report. In general,
outliers are securities in which the current price is not consistent with prior values, is missing,
or is otherwise suspect. Preferably, the outlier diagnostic is run against all unique securities
that are held in separate accounts or mutual funds as well as all securities which are contained
in a major market benchmark. Outliers can be identified and sorted according to type. Each
outlier can be provided with one or more links which allow access to underlying or related
data, such as a time series report. As discussed above, the underlying report can contain data
edit links for each data point which, when selected, automatically launches the data editor 58

to allow the value of the selected data point to be corrected as appropriate. A separate link
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can be provided to access the data research module 60 or directly link to an external data
source to gain access to news and information which would aid a user in determining whether
an explanation for suspect data is present.

Various attributes or characteristics can be used to trigger an outlier designation and
the grounds for assigning outlier status to a security can be identified in the report. In a most
preferred embodiment, a security having one or more of the following characteristics can be

considered an outlier:

® price is the same as the previous day’s data observation

price or trading volume is missing

price and/or trading volume is zero

trading volume has exceeded 5 times the 5 day average trading volume for that entity

trading volume is less than 20% of the 5 day average trading volume for that entity

e unadjusted shares outstanding (USO) has exceeded 5 times the 5 day average USO for

that entity

e unadjusted shares outstanding (USO) is less than 20% of the 5 day average USO for

that entity

e unadjusted shares outstanding = zero

total return is greater than the market benchmark return + 30%

total return is less than the market benchmark return - 30%

total return is <= -0.75 or >=0.75

identifier (e.g., CUSIP or SEDOL) cannot be found in system's product table

market cap of a security divided by the total market cap of all stocks in the relevant

market > 10%
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In different embodiments, additional outlier definitions can be used and others omitted. The
values used to define an outlier can be selected as desired in order to balance the number of
false positives, the time required to investigate outliers, as well as the desire to provide
accurate data. Because of differences in factors such as market volatility, changes considered
unusual or suspect on one market may be typical in another. Accordingly, different sets of
outlier rules can be defined for use with particular types of securities or as otherwise
appropriate.

A portion of a sample outlier report for U.S. securities is shown in Fig. 7. Each
identified security has a first link 74 (under the reference ID number) which provides access
to an underlying time-series report and a second link 76 (under the security name) which can
provide access to research information. A time-series report which could be generated in
response to the selection of link 74 for the “Marchfirst” security is shown. A sample data
update which can be presented upon selection of a data edit link point in the time-series
report is also shown.

Several other diagnostic reports can also be generated. For example, a total cross-
sectional volatility report for a particular market based upon, e.g., the standard deviation for
the set of 1-day returns for each stock in a market for a particular day, can be provided.
Usually, standard deviations are calculated using temporal data for a single security. The
cross-sectional volatility typically highlights severe price levels. The report can be sorted by
date and indicate both the cross-sectional volatility as well as the number of securities which
were considered. Days with unusual volatility values or numbers of securities can indicate
potential data problems or other market conditions which may be of concern or should be
noted when considering the accuracy of other data.

As in other diagnostic reports, links to underlying data reports can be provided.

Preferably, each date entry in the cross-sectional volatility report contains a link to a report
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which indicates the outlier securities relative to total returns. Unlike reports based upon the
contents of a particular portfolio, the total return outliers report can be based upon an analysis
of all returns in a specified equity market and contain entries for each stock where the total
returns are greater than a specified value, such as 50 basis points. A portion of a sample
cross-sectional volatility report and linked total return outlier report is shown in Fig. 8. The
issuer of outlying securities can be linked to yet a further sub-report, such as a time series
which lists closing prices, adjustment factors, total returns, volumes, shares outstanding, and
dividends from which the data editor can be accessed (not shown).

Other diagnostic reports can also be provided, such as a report summarizing corporate
actions, listing unknown securities, outliers in foreign exchange rates, and a calendar of when
stock splits have and are scheduled to occur. Preferably, these additional diagnostic reports
also contain linked data fields which permit direct access to one or more related reports
explaining underlying data, to external research and news gathering tools, and to the data
editor as appropriate to the specific reports and data at issue.

With reference to Fig. 3, the data integrity system 12 can further comprise a data
center module 66 which is configured to provide centralized menu from which data can be
extracted from the data warehouse 18 or diagnostic reports or one or more specified securities
or portfolios on given dates can be accessed. Preferably, a user is given the option to receive
data in a format which is configured to simplify data imports into spreadsheet or other data
visualization software, such as Microsoft Excel. A particular implementation of the data
center interface menu is illustrated in Fig. 9.

As will be appreciated, the various reports generated by the data integrity system 12
can be generated on a periodic basis or on-demand. Preferably, as reports are generated, they
are stored in the a suitable manner to permit access as needgd and/or distribution to a

distributed user base. In a particular embodiment, at least a portion of the diagnostics system
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is configured as a web-server which can be accessed, e.g., through the diagnostic report
interface shown in Fig. 4 or the data center interface menu shown in Fig. 9.

After the integrity of the source financial data has been verified, or the data is
otherwise approved for at least limited use, the analyitics system 14 can operate on the data.
The analyitics system 14 is broadly implemented along conventional techniques for
generating exposures and risk factors from underlying financial data, performing regression
analysis to generate appropriate covariance matrices, and then applying the data to determine
risk and tracking errors. A high-level flow of the factors and risk-return calculations is
illustrated in Fig. 10. Such general techniques will be known to those of skill in the art and
therefore the mathematical details will not be discussed herein.

Although the overall analyitics process can be implemented in accordance with
conventional methods, various new features which are implemented within the analyitics
system 12 add power and flexibility to the PACE system that are not present in conventional
systems. With reference to Fig. 11, and according to one aspect of the invention, various data
processing tables and storage areas are provided for use during analyitics processing.

A portfolio ID table 80 is provided which contains at least a list of the portfolios
defined in the system along with links to the specified models to be executed against the
portfolio. The links can preferably be specified and adjusted as desired by system users
having appropriate authority. The various tables can be implemented separate from or in
conjunction with the account positions database 38 shown in Fig. 2. It should be noted that
while table organization of this data is preferred, the data can be stored in alternative
manners. For example, rather than providing a table associating each portfolio with one or

more models, the association data can be distributed and stored, e.g., as an attribute of each

portfolio definition.
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The specification for the models, suchzzs models for characterizing risk, return, or
other attributes, are stored in one or more model definition tables 82. Models can be
specified in several ways. In a preferred embodiment, models are specified as a model
“table” which contains a model definition in a form suitable for processing by the system
illustrated in Fig. 10. In addition, models are specified as model objects 86 which are
configured to be compatible with a designated testing environment. In a preferred
implementation, a MATLAB® testing environment is provided and the model objects 86 are
configured so that the object can be easily loaded, via the database interface 42, directly into
the MATLAB® environment using a single command or at least with minimal effort. A
sample model object specification is shown in Fig. 12.

The library of available factors which are evaluated by the analyitics system can be
specified in a model factors table 88. Each model is linked to the specific factors which are
required to use that model. Various methods of implementing such a linkage can be used.
By combining data from tables 80, 84, and 88, a determination can quickly be made
regarding which models are to be used for a given portfolio, which factors are needed in
order to use particular models, and, for example, which factors must be evaluated in order to
evaluate every model associated with portfolios in a given portfolio set.

During the portfolio analysis, the appropriate models are executed against a given
portfolio. The underlying and determined portfolio data is preferably stored in a portfolio
object 94. In particular, when processing starts, an unpopulated portfolio object 94 is
generated which contains object fields defining the contents of the portfolio (e.g., the type
and quantity of the holdings and the prices on the date at issue), the factors which are
required by the models associated with the portfolio, as well as fields for other data generated

during the analyitics process, such as tracking error.
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The structure of the generated portfolio object 90 can be evaluated to determine which
information is needed to process the portfolio. This information is then obtained or derived
as needed and the portfolio object is populated on-the-fly. After the process is complete, the
portfolio object is stored. The portfolio object 94 is preferably formatted to be compatible
with the designated testing environment and, similar to the model objects, can be loaded into
the testing environment using a single or small number of commands. A sample of a
particular portfolio object definition is shown in Figs. 13. In this object, a set of data fields
considered as necessary to do research and measure risk and return in a particular
implementation are defined for a portfolio object having a name “Port.”

Advantageously, this methodology permits a large amount of information relative to
the portfolio to be easily exported to the testing environment where further analysis can be
performed. In addition to storing the populated portfolio object in a manner accessible to the
testing environment, the contents of the portfolio object can also stored in a second format
which for simplifying access to the data by a reporting systems. For example, a portfolio
table 92 containing data similar to that in the portfolio object but configured as tabular data
can be stored in a conventional relational database in the data warehouse 18.

Although various separate tables have been illustrated in Fig. 11, information can be
stored in different arrangements using more or fewer tables or even non-table based storage
environments. Implementations which preserve the basic functionality illustrated in Fig. 11
and discussed above will be known to those of skill in the art and the particular manner of
implementation.

In the preferred implementation, the analyitics environment is built around the risk
model object and the portfolio object. Each object can be initialized or constructed using
constructors and modified using methods. The risk model object defines the risk model that

will be used to estimate risk and measure performance attribution. The portfolio object
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defines characteristics of a portfolio (relative to measuring its risk and return). In a preferred
embodiment, a performance object is also provided. This object is similar to a portfolio
object except that it is used to store time series information whereas the portfolio object's
information is only as of a particular point in time. Because of this similarities between the
performance and the portfolio objects, the performance object is not addressed separately in
detail herein.

A more detailed diagram of the preferred analyitics system flow is illustrated in Fig.
14. The particular portfolio calculations and the associated mathematics can vary and such
details are not relevant to the present invention. As a result, the various calculation steps are
discussed only generally. Particular methods and procedures to determine the referenced
values are known to those of skill in the art.

Turning to Fig. 14, when a production is initialized, the information for the specified

account is accessed and information related to the associated risk and performance attribution

model(s) is accessed. (1402, 1404). This information generally indicates which models are to

‘be run against the specified portfolio.

Next, a risk model is created if needed. (1406) The risk model is preferably
generated by calling a MATLAB function to generate a new risk model. The inputs to this
function are parameters such as the name of the new model, the number of days used to
estimate the covariance matrices, the 'decay’ parameter (i.e., the parameter that determines
how to weigh the data when estimating volatility and correlation), and other parameters
needed to evaluate a portfolio. The output is a risk model object. This object can be saved as
a “mat” file and is loaded when the appropriate reference number is called by the system.

After the risk model is created, an estimate risk model production process is started.

During this process the various factors are loaded and determined (1408), followed by a
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calculation of the covariance matrix (1410) a121<71 estimates of specific variances (1412). After
this process is complete, the system is ready to apply the appropriate models to the portfolio.

A risk model is loaded into the base workspace. (1414) This model can then be used
to estimate risk. Next, the portfolio objects are initialized. (1416) As noted above,
unpopulated portfolio objects (as well as benchmark portfolio objects) can be created.
Analytic steps are then performed against the portfolio using the appropriate models.
Liquidity is measured using a default or specific liquidity model associated with the portfolio.
(1418) Similarly, default or specified models for risk and performance attributes, realized
tracking error, and cross-sectional volatility are applied and the resulting data stored in the
portfolio object. (1420-1426) Additional attributes can also be determined as needed.

' The portfolio performance data is loaded in the portfolio and performance objects and
the modified objects are stored. (1428-1430). Finally, the portfolio and performance object
contents are exported into the data warehouse 18 for subsequent processing by the reports
system. (1432) Other relevant time-series data can also be stored in the data warehouse 18.

As discussed above, a database interface module 42 is preferably provided to support
data imports and exports from the data warehouse into a research and testing environment 44.
(Fig. 2) The preferred testing environment is MATLAB. The interface module 42 is
comprised of a series of program elements which can be called from the testing environment
to save and retrieve data objects from the data warehouse 18. The specific nature of the
interface module is dependant upon the testing environment and the system used to store the
data and data objects in the warehouse 18. Various commercial software tool sets are
available to facilitate the development of the interface module 42 and techniques for creating
a suitable interface will be known to those of skill in the art.

A particular advantage of providing the interface module 42 and in storing models

and portfolio information in data objects as well as in a form compatible with the main
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analyitics system 14 and the reporting system 16 is that actual current and historical data can
be exported to the testing environment and used to develop new models or for other purposes.
To facilitate new model development, the testing environment can also access not only the
model and portfolio objects, but also other data elements in the warehouse 18, including the
model factors table 88. As a result, the complete set of factors which are generated by the
PACE system are known to the model developer and specific factors can easily be selected
and inserted into a model.

Once such a model has been developed, it can be imported back into the system. In
one implementation, the new model is assigned a unique ID or other identifier. If necessary,
the model object is processed, preferably using an automated tool, t6 translate the model
functionality into a form suitable for processing by the analyitics system 14. The model
definition table is updated and links to the model factors used by the new model are
established. Once the model has been imported, portfolios can now be linked to the new
model as desired. When the analyitics process is next executed, the new model will be
recognized by the system and executed against the specified portfolios. Advantageously, the
addition of new models can be done easily and without having to update the system code.

In some circumstances, a model will be developed that utilizes factors not included or
derivable from the set of available factors. If the newly needed factor will have wide usage in
the future, it may be appropriate to add this factor to the default factors library (perhaps by
modifying the analyitics code). More often, however, such a factor will be used in a
customized model having only limited use, e.g., against only one or a few specific portfolios
having unique characteristics. Preferably, under these circumstances, values for the new
factor are generated externally, perhaps by the model developer or client owning the

portfolio, and then imported into the system on a periodic basis, such as with the general
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financial data. When the model is executed, the custom factor value is retrieved from the
data warehouse and used in the model as appropriate.

The third component of the overall PACE system 10 is the report generation system
16. This system acts upon the data generated by the analyitics system 14 and generates a
series of high and low level reports which can be used by portfolio managers and developers
and other users to track the status of a particular portfolio and compare it with other client
portfolios and benchmarks. Unlike conventional systems, the reports are preferably not
limited to focusing on a specific portfolio. Instead, reports can be generated which contain
high-level summaries of multiple portfolios to permit managers to quickly assess and
compare the status and performance of a group of portfolios.

The report generation system 16 is preferably configured to be accessed through a
centralized web page which contains links and forms that allow users to quickly access the
available reports and other tools and initiate report generation processes as needed. Fig. 15
shows an illustration of a particular implementation of a report generator home page that
serves as an entry point to the report generation system and can also provide access to various
other data stored in the data warehouse (or elsewhere), tools, or the like. A partial
hierarchical diagram of the various sub-pages and functions accessible from the preferred
implementation is shown in Fig. 16. The pages can be implemented using conventional
Internet development tools and access can be provided via an intranet, the Internet (with
suitable additional security features to limit access to authorized users) or other mechanisms
known to those of skill in the art. The desired reports can be generated using techniques
known to those of skill in the art.

| Reports can be updated daily to give portfolio, product, and risk managers access to
comprehensive risk and return attribution reports. Various reports can be generated,

including liquidity as well as market risk measures. An interactive company watch report can
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be provided to supply market information on a company's financial strength to aid in credit
risk assessments. In addition, tools are available which permit users to run customized
versions of risk and return attributions. For example, a customized risk tool can be provided
to allow a user to simulate the effect of a change in position of weights on tracking-error.
Users are also preferably permitted to execute return attribution reports for any period.

The report product process can be implemented using various aspects of parallel
processing. On a daily basis, a number of production jobs can be monitored through a variety
of web pages. Because reports should not be executed until the data integrity process is
complete, a distributed production environment is preferably used which can leverage the
global nature of a large financial institution in order to expand the base of users who can
monitor and manage data processing. For example, each day, data quality and computation
output can be monitored at offices in London, Tokyo, and New York. By allowing users in
London to perform integrity checks and initiate subsequent report generation for U.S.
portfolios, accurate and timely data can be provided at the start of the New York business
day.

Although the various reports can be made available to all users, computing resources
can be conserved by deferring the generation of specific reports until a report’s contents are
first needed. Because the number of reports which are needed by each facility are generally
limited, processing requirements at a centralized central system will be naturally distributed
over time. In a more sophisticated environment, the data and functionality can be mirrored at
various remotely located systems. As reports are generated, the report data can be distributed
to other stations in order to eliminate the need to regenerate the report at multiple sites.

Returning to Fig. 15, the particular implementation of home page 100 provides access
to data, reports and tools, as well as risk and return information on major benchmark indices.

Near the top of the page 100 are eight links: (1) Admin, (2) Data, (3) Library, (4) Reports,
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(5) Archives, (6) Tools, (7) Links and (8) Help. Clicking on any of these links activates a
menu of available options. For example, from the “Data” link 102, a user can access the data
center and, for example, view corporate actions and portfolio holdings or download market
data.

The Reports link 104 provides a menu of summary reports that detail high-level risk
and return information across a large number of accounts. These reports are useful for
determining whether the performance of a particular account or set of accounts is inconsistent
with a given investment strategy. Preferably, four summary level reports are provided: (1)
Executive Summary, (2) Risk, (3) Return Attribution, and (4) Performance. These reports
are preferably generated with links to account specific reports to allow a user to easily access
and review the underling data. A preferred set of linked reports is shown in Fig. 16. A Tools
link 106 provides a menu to interactive applications, such as customized risk and scenario
analysis, multi-period return attribution and variance analysis, exposure attribution and
company risk analysis.

On the left of the home page screen are portals to a variety of utilities 110. These
utilities provide access to specific reports in accordance with an entered client account
number.

The center of the screen 112 contains summary information on selected benchmark
portfolios. For example, in the sample image, the Frank Russell 1000 Growth index (FR1000
Growth) was down 17.62% year-to-date and was up 1.46% from the previous day. Each
benchmark name is preferably hyperlinked to an underlying report, such as a QTD return
attribution report for the respective portfolio which details the sources of the benchmark's
total return by asset, sector, industry and investment style.

To the right of center, adjacent to the benchmark summary data, is risk information

114 for each benchmark portfolio. Preferably, this risk information is presented in the form
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of cross-sectional volatility. Shown in this embodiment are five-day averages of one-day
cross-sectional volatility estimates. Adjacent to them are one- and three-month changes in the
estimates. Hyperlinks from the volatility values to a daily risk decomposition report for the
benchmark portfolio are preferably provided. The right-side of the web page 116 can be used
to indicate summaries of the risk and return in broad market indices, provide news
summaries, make announcements related to developments of the PACE platform, or for other
purposes.

Particular methods for implementing various aspects of the invention have been
discussed above. However, these methods éhould be considered as examples and various
changes in the form and scope of the system can be made without departing from the spirit

and scope of the invention.
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CLAIMS:
1. A system for verifying the integrity of a set of data used to evaluate attributes of data
groups:

a data warehouse comprising at least one database and storing a current set of data;

a diagnostics module configured to compare the current set of data with historical data
to generate diagnostic data and to generate at least one diagnostic report based on the
diagnostic data, wherein data points in the diagnostic report have associated data edit links;

a data edit module in communication with the data warehouse and configured to
query a user to enter a new value for a specified data point and set the value of the specified
data point in the data warehouse to the new value;

each data edit link configured to activate the data edit module upon the selection by a
user and indicate to the data edit module the data point associated with the respective data

edit link.

2. The system of claim 1, wherein the data warehouse contains an estimated
value derived from the set of data for an attribute; the system further comprising:

a return model validation module in communication with the data wareﬁouse,
receiving a benchmark value for the attribute as input, and configured to store a difference
value derived from comparing the estimated attribute value with the benchmark attribute
value;

the diagnostic report comprises a report indicating the difference value.

3. A method for analyzing the attributes of a plurality of data groups related to a
set of data comprising the steps of:

providing a set of factors;



WO 02/098045 PCT/US02/16998
34

providing a set of models which model attributes of the data groupings, each model
being dependent on at least one factor selected from the set of factors;

associating each data grouping with at least one model;

determining factor values for at least one of the factors in the set of factors on which

5 the models associated with the data groups depend,;

for each data group, evaluating an associated model using at least the determined
factor values and the set of data to provide a value for the attribute modeled by the associated
model; and

storing the attribute values.

10 4. The method of claim 3, wherein:
the set of data comprises financial data related to a plurality of financial instruments;
and
the data groups comprise portfolios, each portfolio identifying at least one financial
instrument from the plurality of financial instruments.
15
5. A method for analyzing a plurality of portfolios using financial data
comprising the steps of:
providing a set of factors;
providing a set of models which model attributes of portfolios, each model being
20  dependent on at least one factor selected from the set of factors;
associating each portfolio with at least one model,;
determining factor values for at least a subset of factors in the set of factors on which

the models associated with the portfolios depend;
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for each portfolio, evaluating an associated model using at least the determined factor
values and the financial data to provide a value for the attribute modeled by the associated

mode; and

storing the attribute values.

6. The method of claim 5, wherein the set of models comprises at least one risk
model and at least one performance model;
each portfolio being associated with at least one risk model and at least one

performance model.

7. The method of claim 5, wherein the set of models comprises at least one
performance model, a particular portfolio being associated with the performance model such
that a performance value for the particular portfolio is determined during the evaluating step,
the method further comprising the steps of:

receiving an alternative performance value for the particular portfolio; and

comparing the determined performance value with the alternative performance value.

8. The method of claim 7, further comprising the step of indicating a potential
data integrity condition when the determined performance value and the alternative

performance value differ by more than a predefined value.

9. The method of claim 7, wherein the performance model models portfolio
return and the alternative performance value is an officially reported value for the return of

the particular portfolio.
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10.  The method of claim 5, wherein each portfolio is associated with at least one

model in accordance with an investment strategy reflected by the respective portfolio.

11.  The method of claim 5, further comprising the steps of:
making the factor set available to a model development platform;
5 developing in the development platform a new model dependent on at least one factor
selected from the set of factors; and

adding the new model to the set of models.

12.  The method of claim 11, wherein each model in the set of models is defined as

a model object having a format which is compatible with the model development platform.

10 13.  The method of claim 5, further comprising the step of generating at least one

report based upon the portfolio attribute values.

14. A system for analyzing portfolios using financial data comprising:

a factor library comprising a plurality of factors;

a model database comprising a set of model objects defining models for portfolio

15  attributes, each model being dependent on at least one factor in the factor library;

a plurality of portfolio objects, each portfolio object configured to store at least one
attribute to be determined for the respective portfolio, each portfolio object being associated
with at least one model;

a factors determination module configured to determine factor values for at least a

20  subset of factors in the factors library and store the factor values in a factor value database;

and
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a model evaluation module configured to evaluate models associated with a particular
portfolio using at least the determined factor values and the financial data to provide a value

for the attribute modeled by the associated mode and store the attribute values in the

respective portfolio object for the particular portfolio.

15.  The system of claim 14, further comprising a plurality of performance objects,
each performance object being associated with a respective portfolio and being configured to
store a historical time-series of at least the attribute to be determined for the associated
portfolio;

the model evaluation module being further configured to add the determined factor

values for the respective portfolio to the associated performance object.

16.  The system of claim 14, wherein the set of model objects comprises objects
defining at least one risk model and at least one performance model,;
each portfolio object being associated with at least one risk model object and at least

one performance model object.

17.  The system of claim 14, wherein the set of models comprises at least one
performance model object, a particular portfolio being associated with the performance
model object, wherein the ;rlodel evaluation module provides a performance value for the
particular portfolio;

the system receiving as input an alternative performance valuation for the particular
portfolio;

the system further comprising a model validation module configured to store a
difference value derived from comparing the performance value with the alternative

performance value.
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18.  The system of claim 17, further comprising a data integrity module configured
to indicate a potential data integrity condition when a magnitude of the difference value

exceeds a predefined value.

19.  The system of claim 17, wherein the performance model object models
portfolio return and the alternative performance value is an officially reported value for the

return of the particular portfolio.

20.  The system of claim 14, wherein each portfolio object and each model object
has a unique ID, the association between portfolio objects and model objects being specified

in a portfolio association table.

21.  The system of claim 14, further comprising an interface module configured to
allow data from the factor value database to be exported from a model development platform
and to allow model objects to be imported to the model database from the model

development platform.

22.  The system of claim 14, further comprising a report generation module

configured to generate at least one report based upon the portfolio attribute values.

23. A method for verifying the integrity of financial data used to evaluate
portfolios comprising the steps of:

receiving current financial data from a data source;

storing the received data in a data warehouse;

generating at least one diagnostic report from the received data, the diagnostic report

containing a data point and an embedded data edit link; and
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upon selection of the embedded data edit link by a user, requesting input from the user
specifying a new value for the data point and setting the value of the data point as stored in

the data warehouse to the new value.

24.  The method of claim 23, further comprising the steps of:
5 generating summary indicator values based on the current financial data;
the step of generating at least one diagnostic report further comprising generating a
summary diagnostic report containing summary indicator values and an embedded link from
a summary indicator value to a diagnostic report containing the data used to generate the

summary indicator value.

10 25.  The method of claim 23, wherein the at least one diagnostic report contains

data indicatin5 at least one of outlier data, cross-sectional volatility, and corporate actions.

26.  The method of claim 23, wherein the at least one diagnostic report comprises a
historical time series report for attributes associated with a security, each attribute having an

embedded data edit link.

15 27.  The method of claim 23, further comprising the steps of:
receiving an estimated portfolio return generated using data in the data warehouse;
receiving an official return for the portfolio;
the at least one diagnostic report comprising a report comparing the estimated

portfolio return to the official portfolio return.
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28.  The method of claim 23, wheri(i)n the diagnostic report further comprises a
data information link associated with data in the diagnostic report; the method further
comprising the step of:
upon selection of the data information link by the user, returning research information

related to the associated data in the diagnostic report, the returned data increasing the ability

of the user to determine if the associated data is in error.

29. A method for verifying the integrity of financial data used to evaluate a
portfolio comprising the steps of:

receiving current financial data from a data source including information about
securities in the portfolio;

storing the received data in a data warehouse;

receiving an estimated return value for the portfolio determined using the data in the
data warehouse;

receiving an official return value for the portfolio;

providing a diagnostic report comparing the official return value with the estimated
return value, the comparison report containing a first embedded link associated with the
portfolio;

upon selection of the first embedded link in the comparison report by a user,
providing a constituent report indicating the securities comprising the portfolio and attributes
of the securities, the constituent report containing second embedded links, each second
embedded link associated with a particular security;

upon selection by the user of a second embedded link in the constituent report,

providing a historical time series report for attributes of the security associated with the
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selected second embedded link, each attribute in the historical time series report having an
embedded data edit link;

upon selection of an embedded data edit link by the user, requesting input from the

user specifying a new value for the attribute associated with the selected data edit link, and

setting the value of the attribute as stored in the data warehouse to the new value.

30. A method for verifying the integrity of financial data related to a plurality of
securities comprising the steps of:

receiving current financial data from a data source including information about the
plurality of securities;

storing the received data in a data warehouse;

comparing the current financial data with historical data to identify securities having
outlier attributes;

providing a diagnostic report indicating the identified securities, each identified
security having an associated first embedded link;

upon selection of a first embedded link by a user, providing a historical time series
report for attributes of the security associated with the selected first embedded link, each
attribute in the historical time series report having an embedded data edit link;

upon selection of an embedded data edit link by the user, requesting input from the
user specifying a new value for the attribute associated with the selected data edit link, and

setting the value of the attribute as stored in the data warehouse to the new value.

31.  The method of claim 30, wherein each identified security in the diagnostic
report has an associated second embedded link;
the method further comprising the step of, upon selection of a second embedded link

by the user; providing research information related to the security associated with the selected
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second embedded link, the research information increasing the ability of the user to determine

if the attribute data for the particular security is in error.

32. A system for verifying the integrity of financial data used to evaluate
portfolios comprising:

a data warehouse comprising at least one database and storing current financial data;

a diagnostics module configured to compare the current financial data with historical
financial data to generate diagnostic data and to generate at least one diagnostic report based
on the diagnostic data, wherein data points in the diagnostic report have associated data edit
links;

a data edit module in communication with the data warehouse and configured to
query a user to enter a new value for a specified data point and set the value of the specified
data point in the data warehouse to the new value;

each data edit link configured to activate the data edit module upon the selection by a
user and indicate to the data edit module the data point associated with the respective data

edit link.

33.  The system of claim 32, wherein the data warehouse contains an estimated
performance value for a portfolio; the system further comprising:
a return model validation module in communication with the data warehouse,
receiving an alternative performance value for the portfolio as input, and configured to store a
difference value derived from comparing the performance value with the alternative

performance value.
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34.  The system of claim 33, wherein the at least diagnostic report comprises a
report comparing the alternative performance return value with the estimated performance

value.

35.  The system of claim 34, wherein the estimated performance value is an
estimated return for the portfolio and the alternative portfolio is officially reported return

value for the portfolio.

36.  The system of claim 34, further comprising an analyitics module in
communication with the data warehouse and configured to determine the estimated

performance value for the and store the estimated performance value in the data warehouse.
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Diagnostics

‘Home > Data > Diagnostics

Related Links

CBOE Merger & Split Bulletin

NASDAQ Recent IPO Filings
Yahoo! iPOs
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Estimated (aka W ' R) VT Actual Portfolio Returns : Japani .

Home > Data > Diagnostics > Estimated v. Actual Returns

PCT/US02/16998

30

N

Definitions:

* Estimate = Estimated account total return based upon PACE market data.
* Actual = Actual account total return as reported by IPVO.

+ Bps Diff = |Estimate - Actual}

* Assets = Change in number of assets in an account, (Assetst] - Assets[t-1])

Click on the Portfolio Name to view information (e.g., issuers name, PACE 1D, CUSIP and/or SEDOL, Price,
Shares, Total Retumn, Dividends) for each constituent.

Kampo .Japan Quants Equity
JR Hokkaido

350996
350955

Japan Telecommunications Welfare Assn. (TELWEL) 350949

Nenpuku-L PS
Japan Active Equity Portfolio (Pooled)

350948
350340

GS Japanese Equity Fund (Onshore)-Ushiwakamaru 350330

Nippon Steel 350042
Tokyo Electric Power QPF 350026
CSK Employees Pension Fund 350025
Canon Pension Fund 350003
Melco Pension Trust 350001
LINCOLN JAPAN LIFE 170210
MINEWORKERS JAPAN EQUITY 100832
STAFF JAPAN EQUITY 100807
PUBLIC INSTITUTION FOR SOGIAL SECURITY 100312
KDDi 100238
GS Japanese Equity Fund 100222
GS Japanese Equirt Fund (onshore)-Ushi 2 350331
TJOPIX 664
Issunboshi GS Japan Microcap 350339
Japan CORE Equity Fund 300977
GS Japan Porifolio (UCITS) Fund 100084
MSCI JAPAN 661
GS Japan Small Cap Fund 100087
Russel NR1 Smaif Cap 663

G B

5/16

0.708

] a

1.068 n/a
1.060 n/a
1104 n/a
1.106 n/a
1.033 n/a
1.064 n/a
1.073 n/a
0.791 n/a
1.049 n/a
1.081 n/fa
1.122 n/a
0972 n/a
0.975 n/a
1.07¢ n/a
1.076 n/a
1.090 1.673
0.985 1.031
0.879 0.861
0.829 0.845
0.679 0.690
1.063 1.054
0.942 0.949
0.713 0.718
0.522 0.517

n/a
n/a
nfa
n‘a
n/a
nfa
n/a
nfa
n/a
n/a
n/a
n/a

~wOO0OO0OO0COO0OO0O0O OO

ellellalleNolNelNoleNo N Nollo)
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Constituent data for G®Japanese Equity Fund as of2001 0%

N
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Click on the PACE 1Ds for historical security data.

ASAHI KASEl CORP
ASAHI GLASS CO
BANDAI CO

BANYU PHARM
TOPPAN FORMS
SUMITOMO REAL EST
NIPPON MINING & ME
NTT DOCOMO

FUNA) ELECTRIC CO
uss

CANON INC

CHIBA BANK
YOSHINOYA D&C CO
DDI CORP

DAIWA SECS GROUP
DOWA MINING CO
MIZUHO HLDGS
EAST JAPAN RAILWAY
UFS HLDGS

FUJI PHOTO FILM GO
FUJITEC CO

HONDA MOTOR CO
AIR WATER

KANEBO

KANEKA CORP

KAO CORP
KATOKICHI CO
KEYENCE CORP
KIRIN BREWERY CO
KOMER! CO

6/16

'6054603
'6055208
'6075057
‘6077309
6105028
'6119449
'6123202
6129277
'6141550
'6171494
'6172323
'6190563
'6211851
'6248990
'6251448
‘6278306
‘6286280
'6298542
'6335223
'6356525
6356826
‘6435145
6441465
'6483241
'6483360
‘6483809
'6484244
'6490995
‘6493745
8496250

602.0000
1082.0000
3890.0000
2305.0000
2045.0000
3530.0000

730.0000

2500000.0000
9400.0000
3990.0000
5180.0000

$530.0000
178000.0000
589000.0000
1394.0000
565.0000
699000.0000
667000.00D0
823000.0000
5100.0000

500.0000
5280.0000

579.0000

369.0000
1115.0000
3140.0000
3140.0000

28360.0000
1129.0000
2860.0000

149000
82000
18200
37000
45900

4900
74000
172
4500
300
38000
78000
410
109
77000
125000
144
156
90
27000
71000
18000
8000
97000

100000
43000
22300

3000
52000
12900

0.0067 - -
0.0065 - -
0.0104 - -
-0.0171 - N
0.0074 - -
0.01 75 - -
0.0238 - -
0.0040 - -
~0.0021 - -
-0.0124 - -
0.0058 - -
0.0134 - -
-0.0166 - b
0.0867 - -
0.0138 - -
0.0561 - -
-0.0029 - -
-0.0045 - -
-0.0167 - -
0.0262 - -
0.0142 - -
-0.0038 . -
0.0140 - -
0.0453 - -
0.0353 - -
0.0096 - -
+0.0485 - -
0.0071 - .
0.0098 - -
0.0142 - -
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> Data > Diagnastics > Outliere

This diagnostic reports all outliers for a given market.

NORETURN : 13057 45812C10 INTEGRATED HEALTH SYCS INC

PCT/US02/16998

= NORETURN : 13375 98141A10 WORLD Al INC
* NORETURN : 13377 97551510 WINSTAR COl
* NORETURN : 14137 85707110 SUNB MCOR
o NORETURN : 15 ]&59164710ME!EQ ICALL [N
* NORETURN : 15860 26915310 OMM NICATIONS | '76 il
 NORETURN ST SRQUE INC
. mc
+ HORETURMN - 15558 66767010 SUNTERIA cobp
+ NORETURN : 18790 92652920 VIATEL INC
+ NORETURN : 18505 24791810 DELTA
« NORETURN : 19755 67953Y10 TELIGENT ING
 NORETURN : 19810 :
* NORETURM : 20108
~ NORETURN : 20871
- NORETURN : 20685 T data for PAC
: NORETURN: 21350 BTime series data for E ID 18257
* NORETURN : 22441 A 8
* NORETURN : 23877 - o
+ NORETURN: 3100 . §Home > Data > Search Results > Historical Data > Update
* NORETURN : 3108
+ NORETURN /7053 9
- NORETURN :713 14
+ NORETURN : 86275 %
- STATIC: 10444 1841 2000-09-
. STANC, Pt 14t 000-09-1 , \ 768442 150214000 0.000
* STATIC : 11416 869( 2000-09-12™ 1.000000 -0.036036 .
: ﬁ:ﬂg;ﬁgﬁg}f 2000-09-13 19.250000 1.000000 :0.040495 | 405615 150214000 0.000
+ STATIC - 13304 055¢ 2000-09-14 20.000000 1.000000 0.03806 3842 150214000 0.000
+ STATIC : 13637 032: 200009 ) '
> STATIC. Ti oot 00-09-15 18687500 1.000000 -0.085525 1234148 150214000 000D
« STATIC : 15271 636 2000-09-18 17.625000
* STATIC : 15605 B3¢ 2000-09-19 18.06
« STATIC: 16340 431 -09-20 18.437600 1.
* STATIC: 1651 743 2000-09-21 17.875000 Update Data
. STAC. iz04 6141 2000-09-22 17 372200 :
. gﬁyg 11@'929' e Home - Data
: 18049 379¢ 2000-09-25 15.875000 1 —
* STATIC: 19529 248"
» STATIC: 1954] 455; 2000-09-26 15.750000 1
* STATIC: 19554 671¢ -09-
* STATIC : 19823 449" :ooo 0ve7 14125000 1 Date
. . Tone aor 000-09-26 16.000000 A
Bl I : PAGE 1D
000-09-29 15687500 1
2000-10-02 15062500 1, Attribute

2000-10-03 14.375000 1,
2000-10-04 13250000 1

New Value

Password

74

Current Value [ 20812500

L

—
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Cross-sectional Volatif% : U.S.

Home > Data > Diagnostics > Cross-sectional Volatility

Click on the dates to report total return outliers.

20010521 5.047 . 7955

4.798 7951

8.507 ’ 7914

7.261 7919
20010515 5.385 7918
20010514 6.642 7925
20010511 6.343 8038
20010510 5.994 8040
20010509 5.278 8042
20010508 6.100 -~ 8042
20010507 5.617 8039

Total Beturn Outliers : U.S. : 20010817

Home > Data > Diagnostics > Cross-sectional Volatility > Total Return Oulliers

INTERSHOP COMM AG 46088W10  -0.681818 4.812

201 COLL EGELINK COM INC 19453510  -0.500000 0.031
20 ADAPTIVE BROADBAND CORP 00650M10  -0.479592 3.188
2—3’ NETWORK ENGINES INC 64121A10  -0.455224 2281
5 ANC RENT CORP 00181310  -0.428571 2.000

COMMTOUCH SCFTWARE LTD M2559610  .0.419355 2.250
OSAGE SYSTEMS GROUP INC 68773510  -0.416667 0219

20 TUMBLEWEED COMMUNICATIONS CORP 89969010 -0.415525 10.000

20 .

g—g ENHERENT CORP 29331310  -D.400000 0.562
AACINIAD AV IAI— EQAAN 1A~ ~aninar

20 -

20110409 6.864 8125

20010406 6.643 8123

20010405 10.277 8113

20010404 7.690 8123 £ %7

20010403 9.506 8129 J:G“

20010402 7.052 8134

20010330 7.753 8143

20010329 7.982 8143

8/16



WO 02/098045

DataCenter

Data that you extract is comma delimited and will
appear in your browser. You can Copy/Paste the
data into Excel and use oihe following Excel
menu option sequence o format ihe data
properly: Data / Texl to Columns / Delimited /
Comma ! Finish.

When in doubt : click on the link in each
sectionffunction separator...the resulting page
should explain how tc use the function or what is
in the section. For exmple, if you're not sure what
the Security Matrix Extractor does or how to usa it,
then click on the link in the separator entilled

Security Matrix Extractor.

Direct all questions, comments, and requesis to
John Matero.

lssuer [

Symbol | ]
cusiP | ]
SEDOL | 1
PACEID | 1
Portfolio [ 1

Enter search string, then hit Enter

Date [T in COYYMMDD format

Portfolio | § usethe
D Portfolic search tool on the left to Jocats a
Portolio 10

Date I Jto [ i

Range  gates in CCYYMMDD format

Frequency (8} paily ) Monthly
SO ——
ID

Security

D Type Ocusip O sepboL

Date 1 ftof |

Range dates in CCYYMMDD format

Frequency (8 pajly {0 Monthly

?5:‘29’ @ Pricg) O Total Retum O Split
Factor O Shares O Volume
O Dividend

Security 2

1D List

Health Warning: The Multiple Security Extractdr is
being developed. it works for US securities only.
Currenly, CUSIPs are the only acceptable security
1Ds.

Stat ] jn GGYYMMDD format

Date

Portiolic -
ID List

PCT/US02/16998

Portfolio Stats

Dale [0
["""Vin covymmop

format
Portfolio | [

D use the Portfolio search tool on
the left to locate a Partfolio ID

us
Pricing Data from CRSP and FAME

Split Processing
Dividend Code Descriptions
Corporate Actions Guide
Data Inventory

International

Extel Trading Volume Data for
International Equities

Japanese Equity Data Coverage and
Analvsis

Extel International Corporate Aclion
Codes + Descriptions

Extel Country Codes + Descriptions
Official CCY-to-EUR Conversion Rates

General

How PACE defines and deals with outliers
Monitoring Production

PAGE

Data Diagnostics
Synonym Maintenance
Benchmark Maintenance
Account Maintenance
Autosys

Batch Load Stats
Unload files

Related

{Almost) Global Holiday Calenday
EDGAR DB Search

Yahoo Finance

Yahoo IPQO Calendar

Yahoo Splits Catendar

Stock Exchange Links

The Goldman Sachs Group, Inc > Investment Manzuement Division > PACE > DataCenter - for Internal use ornly

fzc. 9
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Market
information
Industry Analyst .
. Funda- R Eamings Market
Cla:s.srﬁcat mentals m Estimates Macro data
ions ends
S
Industries Investment
Themes
Automotive
— Volatility Standard-
Internet ¢ ek
Financial Size
services Growth
Value
—
Exposure | Total
Matrix |~ Retums
Factor {{ Market
model model Yes
Repeat
regressions Cross-
period-by- section  |4—Yes{
Active period regression
holdings
i Forecast .
Trzd(c':g factor-return ‘_f_j/’gctor
=l covariance |time-series: returns
Total return matrix [ S
covariance
matrix i
Total Forecast e
Risk specific- e Specific
relum e gaies- returns
Managed covariance -
. portfollo matrix
holdings

Factor || Market Fig_ 10

model model
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Definition of mode] from customPZ(Horizon,factoslistindustryList, EstimWght, SpecShrink)

Structure Field(1) Field(2)

Model

name.
Model £ EstimUniv
Risks
RiskNames
Sectors
SectorNames
Weights
Procedure
Name
Horizon

Beg

End

Cal
Industries
Exposures
RiskList
IndustryList
SectorsList
Dates
Periods
Model Name
Lag
Halflife
Min
Max

JOMCga.

Model .delta. Name
Halflife
Min
Max

Shrink

Field value
‘barra_month_i0

'barra’
{1x13cell)
{1xi3cell}

{1 x13cell}

{1 x13cell}
‘barra’

‘barra’

‘barra’

‘daily’

19730201
20000114

‘Month'

{1 x52 double ]
[1x65 doybie ]
(123456789101112i3]
[ 1x52double }
(1x13cell}
[6813 x2 double |
252

'exp2014’
4

20
100
100

exp20s10°
20

20

100
0.1000

r:a, PR

12/16
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PACE portfolio object

PCT/US02/16998

All data elements required to do research and measure risk and return reside in a portfolio’s
object. The following is an example of fields of a portfolio object (i.e., the names of the fields).

The object's name is 'Port'.

Port.name
Port.permnos
Port.weights
Port.prices
Port.amounts
Port.holdings
Port.portfoliovalue
Port.portfolioexposure
Port.mngd_loadings
Port.mngd_return.StyleContrib
. IndustryContrib
. stck_loadings
. CtyContrib
. CcyContrib
. FactorContrib
. SpecificContrib
. estimated_total
.ipvo_total
. modelerror
. benchmark
. market
. WprimeR
. assetcontribution
. expected_market
. market timing
. exceptional
Port.mngd_risk
Port.mngd MC
Port.Riskmodelname
Port. ModelID
Port.NumberofAssets
Port.Percent Cash
Port.date
Port.riskfree
Port.asset_returns
Port.liquidity
Port.mkt_name
Port.mkt_weights
Port.mkt_permmos -
Port.preminm
Port.bm_name
Port.bm_weights
Port.bm_permnos
Port.bm_holdings

Port.betas
Port.active_weights
Port.active_permnos
Port.active_holdings
Portact Joadings
Portact risk
Portact MC

Port.Delta

Port FactorCov

Port RiskFactorReturn
Port RiskSpecificReturn
Port RiskExposureMatrix
Port HotSpots

Port AttribFactorReturn
Port.AttribSpecificReturn
Port.AttribExposureMatrix
Port.ImpliedView
Port.realTE

Port.realVol
Port.tumover
Port.XsectionVol
Port.bias20day
Port.bias60day
Port.bias90day

Port.IR

Port.SR

Port.multi_attrib
Port.realBeta
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N;vigating the PACE home page

PACE Home Page

IR

Data <

Reports

i

l

Jump to detailed
account information

Account Snapshot 4——‘
Risk view

Reports available
from left-side of
PACE home page

Exposure report
Liquidity report
Return view

Return attribution (Qtrly, Mthly & Yirly) 4—)

Variance Analysis (Qirly, Mthly & Yily)

Fc

l
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Tools
L—> Custom Risk
Retum attribution
Company Watch

High-level, summary account

info organized by strategy
Y l___> Executive summary
. : Available
Sources of risk and return in 19 from
market indices. Risk summary Réports
i [ " drop-down
Retumn attribution sum. menu at top
From center of page, I of page
click on benchmark Performance summary
portfolio names and
cross-sectional vol
estimates.
Links to account
specific reports

\ G
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L> Risk Monitor Summary

Portfolio positions
Exposure report

Hot Spots {Overview)
Hot Spots (Asset level)
Historical risk analysis
Liquidity risk analysis

Charts of historical factor retums
and contributions from factors.

Return attribution summary
{QTD & Daily)

Performance evaluation
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