Oracle Corporation et al v. SAP AG et al Doc. 839 Att. 7

EXRHIBIT G

Dockets.Justia.com


http://dockets.justia.com/docket/california/candce/3:2007cv01658/190451/
http://docs.justia.com/cases/federal/district-courts/california/candce/3:2007cv01658/190451/839/7.html
http://dockets.justia.com/







Oracle USA, Inc., et al.

Plaintiffs, )

v. ) Case No. 07-CV-01658 PJH (EDL)
)
SAP AG, et al )
Defendants. )

EXPERT REPORT OF DANIEL S. LEVY, Ph.D.
November 16, 2009

Confidential



Table of Contents

1) Executive Summary ...

2) Introduction and Assngnment ..................................................................................
3) QUALICALIONS ........c. et s er e s ae e st n e
4) Information Considered..................c.oooiiii e

5) Background....

6) Questions of Interest
7)) SAMPIINE. ..ottt et eaneene
a.  General DEeSCRIPHION ............cociiii e e
LS oo (o] (07T SOOI
8) Measurement of Results............. et
a. Population Count MEASUIES .............ccoriiiiii e
b. Extrapolation Methodology for Sample Measures ..............cooooomiiiieeeeie e,
0)  RESUILS.... ..o e e e e sen et e et e et sr et e atn e b b e st

10) Conclusion...

Appendix 1 - Techmcal Appendlx .................................................................................
a. Mean Per Unit Estimator — Related Formulas ...
b. Union Measures — Related Formulas ... e e
c.  Sum of Two Measures — Related Formulas ...

d. Ratio Estimator — Related Formulas ..

e. Estimates for Lower and Upper Bounds Bi;sed on Repeated Samplmgf:ﬁf:ﬁﬁﬁfﬂﬁf:ﬁfﬁ:fﬁfﬁfﬁffﬁfﬁ.

Appendix 2 ~ Additional Figures and Tables ...

APPERAIX 3 — COFFCUIMM VIERE ... oo oo
Appendix 4 — Information Considered .......................cocooiiiiiriiii e



1) Executive Summary
I have been retained by counsel for the Plaintiffs in the matter of Oracle International
Corporation, ef al. v. SAP AG, ef al. (Case No. 07-CV-01658 PJH (EDL)) to design a
statistically-valid sample of Defendant TomorrowNow Inc.’s (“SAP TN”) Fixes to
PeopleSoft HRMS that can be used to reliably estimate the number of Fixes delivered to
customers by SAP TN that infringed Oracle copyrights or otherwise resulted from

. . ’ 1
imperrnissible cross-use of Oracle’s software.

Oracle is interested in measuring the activity that SAP TN was engaged in to develop, test,
and distribute the Fixes created through either SAP TN’s Retrofit Support Model’ or its
Critical Support Model,’ through the use of copies of Oracle software. Oracle’s computer
forensics expert, Mr. Mandia, has designed various measures to capture SAP TN’s activity.
Mr. Mandia has gathered the information for many of these measures for the entire
population of Retrofit and Critical Support Fixes to demonstrate the extent of SAP TN’s
activity. However, because of the enormous amount of time and effort that would be
required to gather data for many of the other measures of interest, Oracle has collected some

information for Retrofit Fixes and Critical Support Fixes based on a scientific random sample

' Based on conversations with Oracle’s computer forensics expert, Mr. Mandia, it is my
undcrstanding that a Fix is any softwarc application patch, fix, codc change, or Updatc. It is my
understanding that an Update is a group of Fixes delivered together in a single deliverable, either
by Oracle or SAP TN. Fixes typically address known or reported issues with the functionality of
the software. For example if the minimum wage in California went up, there would be a Fix that
applied to the incotporation of that regulatory change to the software.

? Based on conversations with Mr. Mandia, it is my understanding that, in the Retrofit Support
Model, SAP TN used a published Oracle Update to generate an Update for earlier software
releases. The Retrofit Support Model required SAP TN to make many copies of Oracle software
to produce a Fix.

3 Based on conversations with Mr. Mandia, it is my understanding that the Critical Support
Model involved a similar process as the Retrofit Support Model, except that it did not typically
involve using an Oracle Update as SAP TN’s source. However, both models generally involved
developing and testing a given Fix in multiple Environments and then providing the Fix to
multiple customers. Both the Retrofit Support Model and the Critical Support Model required
SAP TN to make many copies of Oracle software to produce a Fix.



of the Retrofit population and Critical Support population of Fixes. The Retrofit Fix sample
size i1s 46 Fixes out of a total population of 212 Fixes. The Critical Support sample size is
238 Fixes out of a population of 973 Fixes. [ use standard statistical formulas to exirapolate
results from the sample to the entire population of Fixes. Later in this report, I will discuss
the construction of the sample, the use of sampling to learn information about a wider
population, and the extrapolation of results. [ will also provide details about the measures for
which Mr. Mandta gathered information. Oracle is interested in capturing SAP TN’s activity
as it related to the use of Objects’ and Environments.® In this executive summary, I highlight

some of the measures that address these particular topics.

One piece of information collected for the samples of Retrofit and Critical Support Fixes was

the number of customers that received a Fix as a First or Identified Deliverable.® Using the

4 Based on conversations with Mr. Mandia, I understand an Object to mean, with respect to the
PeopleSoft product family, a File-based Object, a DAT file, or a DMS file. A File-based Object
refers to PeopleSoft COBOL (Common Business-Oriented Language, a programming language
with its primary domain in business, finance, and administrative systems for companies and
governments) source code files, SQR (Structured Query Reporter, a programming language
designed for generating reports from database management systems) files, and SQC (Structured
Query Language Common Code) files. A DAT file is a data file or a file with a .dat extension.
A DMS file is a Data Mover Script file. 1 understand there might be additional Object types not
included in this analysis.

* Based on conversations with Mr. Mandia, it is my understanding that an Environment is the
combination of an installation or copy on SAP TN systems of Oracle Enterprise Application
Software and a corresponding database. I further understand from Mr. Mandia that SAP TN
used Environments as a crucial tool in its creation of Fixes in both the Retrofit and Critical
Support Models.

% Based on conversations with Mr. Mandia, it is my understanding that a First Deliverable is one
or more Objects (typically, a compressed file) received by an SAP TN customer, as indicated on
Delivered Updates and Fixes. A First Deliverable is a combination of a customer and a Fix
because it is the first time a customer received a particular Fix. An Identified Deliverable is an
occurrence in which an SAP TN customer received a Fix, as indicated in the SAS database.

Based on conversations with Mr. Mandia, it is my understanding that Delivered Updates and
Fixes refers to the unique set of PeopleSoft HRMS Fixes that were delivered to SAP TN
customers based on Mr. Mandia’s analysis of three sources: TN Hard Drive 78, TN Disc 09, and
TN Disc 186.



sample of Retrofit Fixes, I find that on average, 7.13 customers received each Retrofit Fix as
a First or Identified Deliverable.” Using this average, I estimate that the total number of
instances in which customers received a First or Identified Deliverable in the Retrofit
population is 1,511.% Using the sample of Critical Support Fixes, I find that on average,
26.79 customers received a Critical Support Fix as a First or Identified Deliverable.’ Using
this average, [ estimate that that total number of instances in which customers received a First

or Identified deliverable in the Critical Support population is 26,070.°

For each Fix in the Retrofit and Critical Support samples, Mr. Mandia also counted the
number of Objects comprising First Deliverables or Identified Deliverables, and the number
of copies of those Objects.'! Such Objects are termed Associated Files.'> Using the sample

of Retrofit Fixes, I find that on average, there are 237.02 Associated Files for a Retrofit

Based on conversations with Mr. Mandia, it is my understanding that SAP TN used the SAS
database to manage its relationships with customers, for instance by tracking information such
as the relevant software version for the client and the point of contact at the client,

” Based on my results the 90% confidence interval ranges from 5.94 to 8.31. This means that in
repeated samples the true value in the population has a 90% chance of falling within the
confidence intervals constructed in this way from the sample. Confidence intervals are discussed
in the body of this report on page 10.

% The 90% confidence interval for this measure ranges from 1,260 to 1,761.
® Based on my results the 90% confidence interval ranges from 26.78 to 26.81.

'© The 90% confidence interval for the Critical Support population ranges from 26,059 to 26,082.

' Based on conversations with Mr. Mandia, it is my understanding that the total number of
copies of Objects here includes Objects delivered to customers as well as any additional copies
of those Objects found or recorded on SAP TN’s systems for that Fix. Objects included in
compressed files are counted as copies.

12 Based on conversations with Mr. Mandia, it is my understanding that Fixes were sometimes
grouped together for delivery in “bundles.” If two Fixes that affected the same Object were

delivered to the same customer in the same bundle, only one Object would be delivered to that
customer; however, the customer would have received two Associated Files, one for each Fix,



Fix."*'* Based on this sample the total number of copies of Associated Files for Retrofit
Fixes is estimated to be 50,247 Similarly, I find that on average, there are 655.10 copies of
Objects associated with First or Identified Deliverables of a Critical Support Fix.'® For the
Critical Support population, | estimate that there were 637,412 copies of Associated Files for
Critical Support Fixes."’

For each Fix in the Retrofit and Critical Support samples, Mr. Mandia also counted the
number of Environments used in the development or testing of that Fix. Using the sample of
Retrofit Fixes, I find that on average, SAP TN used 2.63 Environments in the development or
testing of a Retrofit Fix.'® Based on this sample the total number of Environments used by
SAP TN for Retrofit Fixes is estimated to be 558.!° Similarly, I find that on average, SAP
TN used 6.35 Environments to develop or test Critical Support Fixes.® For the Critical
Support population, I estimate that 6,177 Environments were used by SAP TN in the

development and testing of Critical Support Fixes.?!

13 Based on conversations with Mr. Mandia, it is my understanding that an Associated File is a
COBOL, SQR, SQC, DAT, or DMS file that is associated with the development, testing or
delivery of a Fix.

' Based on my results the 90% confidence interval ranges from 233.12 to 240.91.

'* The 90% confidence interval ranges from 49,422 to 51,072 for the population of Retrofit
Fixes.

'® The 90% confidence interval ranges from 655.06 to 655.14.

'7 The 90% confidence interval for the total for Critical Support Fixes ranges from 637,376 to
637,449.

'8 Based on my results the 90% confidence interval ranges from 2.34 to 2.92.

' The 90% confidence interval ranges from 496 to 620 in the population of Retrofit Fixes.

?® The 90% confidence interval ranges from 5.98 to 6.72.

2! The 90% confidence interval ranges from 5,817 t0 6,537.



Mr. Mandia also gathered information to understand Contamination®” of Objects and
Environments. One measure to capture this information, which was counted for the entire
population of Fixes for Retrofit and for Critical Suppon, is the percentage of instances in
which customers received a Furst Deliverable that was contaminated based on Mr. Mandia’s
analysis of Objects. For Retrofit Fixes, 89.75% of the time that customers received a First
Deliverable, that deliverable was contaminated based on Mr. Mandia’s analysis of Objects
found in Delivered Updates and Fixes. This same measure for Crnitical Support Fixes shows
that 93.72% of the time, customers received a First Deliverable that was contaminated based

on Mr. Mandia’s analysis of Objects found in Delivered Updates and Tixes.

A second measure of Contamnination is provided by the percentage of instances in which
customers received a First or Identified Deliverable where that First or Identified Deliverable
was contaminated based on either Object analysis or on analysis of SAP TN’s development
and testing documentation. Based on my analysis of the Retrofit sample, 83.92% of the
instances m which customers received First or Identified Deliverables were contaminated,
based on Mr. Mandia’s Object and documentation analysis.> This same measure for Critical
Support shows that 99.12% of the instances in which customers received First or Identified
Deliverables were contaminated, based on Mr. Mandia’s Object and documentation

analysis.?*

Another measure of Contamination is provided by the percentage of instances in which
customers received a First or Identified Deliverable where that First or Identified Deliverable

was contaminated based on Object and documentation analysis or based on the fact that the

22 Based on conversations with Mr. Mandia, it is my understanding that a Fix is Contaminated if

Cross-Use of any software occurred at any point in the development, testing, or production of
any Object for that Fix. Cross-Use means a use of an Environment licensed to one customer to
provide support to another customer.

 The 90% confidence interval ranges from 72.98% to 94.87% in the population of Retrofit
Fixes.

% The 90% confidence interval ranges from 98.65% to 99.52% in the population of Critical
Support Fixes.



customer’s Environment was used to support other custorers. My analysis of the Retrofit
sample shows that 87.19% of the instances in which customers received First or Identified
Deliverables were contaminated, based on Mr. Mandia’s Object and documentation analysis
and his analysis of the customer’s Environment.”> This same measure for Critical Support
shows that 99.19% of the instances in which customers received First or Identified
Deliverables were contaminated, based on Mr. Mandia’s Object and documentation analysis

and his analysis of the customer’s Environment,

A fourth measure of Contamination is captured by the percentage of hashes for the set of
COBOL, SQR, SQC or DAT Associated Files in any First Deliverable that were
contaminated based on Object analysis. The components of this measure were counted for
the full population of Retrofit and Crnitical Support Fixes. My analysis of the Retrofit
population shows that 87.66% of hashes for the set of COBOL, SQR, SQC or DAT
Associated Files in any First Deliverable were contaminated based on Object analysis. This
same measure for Critical Support shows 67.96% of hashes for the set of COBOL, SQR,
SQC or DAT Associated Files in any First Deliverable were contaminated based on Object

analysis.

A final measure of Contaminpation is captured by the percentage of hashes for the set of DAT
Associated Files in any First Deliverable that were contaminated based on Object analysis.
The components of this measure were counted for the full population of Retrofit and Critical
Support Fixes. My analysis of the Retrofit population shows that 89.29% of hashes for the
set of DAT Associated Files in any First Deliverable were contaminated based on Object
analysis. This same measure for Critical Support shows 82.59% of hashes for the set of DAT

Associated Files in any First Deliverable were contaminated based on Object analysis

25 The 90% confidence interval ranges from 76.09% to 98.30% in the population of Retrofit
Fixes.

**The 90% confidence interval in the Critical Support Fix population ranges from 98.73% to
99.57%.
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Introduction and Assignment

I have been retained by counsel for the Plaintiffs in the matter of Oracle USA, Inc., ef al. v.
SAP AG, et al. (Case No. 07-CV-01658 PJH(EDL)) to design a statistically valid sample of
SAP TN'’s PeopleSoft HRMS payroll tax and regulatory Updates that can be used to
scientifically estimate the number of Fixes delivered to customers by SAP TN that infringe
Oracle copyrights or otherwise resulted from impermissible cross-use of Oracle’s software. 1
understand that Plaintiffs will use the sample to estimate the percentage of instances in which
the Fixes delivered to SAP TN’s customers were contaminated, in the sense that they were
handled or produced in a way that resulted from copyright infringement or breached other
laws. My role in this engagement is to generate a random sample of Fixes to be reviewed
and to calculate population and sample statistics for 2 number of measures, including
measures of Contamination, based on information and data gathered by Plaintiffs’ computer

forensics expert, Mr. Mandia.

This report is organized as follows: In Section 3, I discuss my qualifications. In Section 4, |
list the information considered in this case. In Section S, I provide a brief background of the
matter. In Section 6, [ briefly describe the questions of interest. In Section 7, I discuss why
sampling is statistically valid in this case. I further describe the sampling protocol used for
this analysis. In Section 8, I discuss the extrapolation methods used for my analysis. In

Section 9, I present my results. In Section 10, I conciude my report.

I reserve the right to update, supplement, and amend this report as additional information

becomes available.

Qualifications

I am the National Managing Director and a founder of Advanced Analytical Consulting
Group, Inc. (“‘AACG”). T have a Ph.D. in Economics from The University of Chicago. I
have testified in a range of matters over a number of years. My curriculum vitae is attached

in Appendix 3.

My billing rate for this case is $627 per hour. The rates of my staff assigned to this project
range from $250 to $507. Compensation for AACG is not contingent on the outcome of the

proceedings.
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5)

6)

Information Considered
My opinions are based upon the review of the documents produced, data provided to me in
this matter, academic references, and my education and experience in research and

consulung. See Appendix 4.

Background

Oracle is a leading global database and applications software development company. Oracle
provides its licensed customers with robust customer support services that consist of
telephone and email customer service access, Fixes and Updates,?’” and articles that can help
customers address software issues. Oracle specifically provided tax and regulatory Updates
for PeopleSoft HRMS to its customers on a reguiar basis, so that customers using PeopleSoft
HRMS software could remain in compliance with all relevant laws and regulations. One of
the ways in which licensed customers could access these support materials during the
relevant time frame was by logging in to Oracle’s password-protected support website,

Customer Connection.

In December 2004, SAP TN was a small company in Bryan, Texas (formed by ex-PeopleSoft
employees) that offered low-cost maintenance for PeopleSoft and JD Edwards software to its
customers. SAP TN continued to offer this support after being purchased by SAP in January
2005. SAP TN regularly distributed Fixes, including regular deliveries of tax and regulatory
Updates. SAP TN created its Fixes, including its tax and regulatory Updates, using copies of

Oracle software *

Questions of Interest
Oracle is interested in measuring the activity that SAP TN was engaged in to develop, test,
and distribute these Fixes. There are a number of ways to measure SAP TN’s activity. The

%" From my conversations with Mr. Mandia, I understand that an Update is a group of Fixes
delivered together in a single deliverable, either by Oracle or SAP TN.

28 I have been instructed by Oracle’s counsel to assume that, internally, SAP TN distinguished
between its Retrofit Support process and its Critical Support process. I have also been asked to
assume that both processes involved the generation and delivery to customers of tax and
regulatory Updates relevant to various releases and versions of PeopleSoft HRMS payroll
software.



7)

information for many of these measures can be gathered for the entire population of Retrofit
and Critical Support Fixes to demonstrate the extent of SAP TN’s activity. For example, the
number of COBOL, SQR, and SQC files used in the delivery of Fixes can be calculated for
all Fixes by a computer forensics expert. However, because of the lack of clear
documentation, the lack of systematic record-keeping by SAP TN, the technical difficulty in
gathering the information required for many of these measures, and therefore the enormous
increase in the amount of time and effort that would be required to gather data for many of
the other measures of interest, Mr. Mandia has collected information for some aspects of
Retrofit Fixes and Critical Support Fixes based on a scientific, random sample of the Retrofit
and Critical Support population of Fixes.” These data are used to estimate the value of
measures of interest in the population of Retrofit Fixes and the population of Critical Support

Fixes.

The statistical techniques and calculations that I use in this report to generate results have
been chosen because they are well-tested, generally known and accepted, and well-
documented in standard statistical textbooks. I have selected specific statistical methods for
each type of measure investigated by Mr. Mandia to provide accurate estimates of measures
that are of interest in detecting Contamination. The selection of statistical methods is not
driven by any legal facts or conclusions. These are standard, well-known formulas that are

used in sampling situations.
Sampling

a. General Description _
Sampling is used in many different scientific disciplines — biology, chemistry, economics and

sociology to name a few ~ to make statements about a2 measure of interest for a population,
when it may be too expensive, difficult, or time-consuming to collect information about that
measure of interest for the entire population. Sampling offers some advantages, such as the

ability to gather information at a lower cost and with greater speed. In many instances,

? In conversations with me, Mr. Mandia thought that it would require thousands of hours of time
by highly-trained computer forensic staff to capture data for some groups of measures across the
entire population of Fixes.



including those in which highly technical or trained professionals may be required to
evaluate characteristics of the observations, sampling also permits information to be obtained
about a population when review of the entire population is not feasible. While the estimates
produced by sampling are measured with some vanation, the extent of that variation can be
measured scientifically to report the statistical precision of the estimate. Furthermore, one of
the powerful advantages of scientific random samples is that as the size of the sample is
increased, the accuracy of estimates based on those samples also tends to increase. So,
scientific random samples can be designed to measure a characteristic of interest with the
level of precision required for the specific purpose at hand. For example, if we wanted to
know how many households in a town of 2000 households had a dog, we would need to
sample about 40 households to estimate that figure within a range of plus or minus 15
percentage points.’® But if we wanted to know that same figure plus or minus 2.5 percentage
points, we would need to sample approximately 800 households. The level of effort put into
the sampling depends on how precisely the characteristic of interest needs to be measured for

the purposes at hand.

The required level of precision is an input given to the statistician. Given the required level
of precision for the question at hand, the statistician can develop a sampling process and
sample size that is likely to provide the precision required. Typically, a sample and
associated statistical tests allow the statistician to make a statement of the following form:
The sample of data show that we are 95% sure that the population average lies within a
certain range, which statisticians define as the 95% confidence interval.’’ The number of
observations sampled and the underlying variability of the data will determine the degree of

precision that can be achieved.

*® This example is based on a confidence interval somewhere between 90% and 95%.

3! More precisely, Cochran defines a confidence interval as follows: “The “99% confidence’
figure implies that if the same sampling plan were used many times in a population, a confidence
statement being made from each sample, about 39% of these statements would be correct and 1%
wrong.” William G. Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons,
1977), 12.

10



Often prior to taking a sample, an analysis will be performed to estimate the number of
sample observations likely to be needed to achieve the desired precision of the estimates. I
list three elements to this process and discuss them further below. First, the desired
confidence level at which results are to be reported needs to be established. The higher the
desired confidence level, the larger the required sample size will be. Second, the desired
precision with which the results are to be reported is chosen. Finally, some rough estimate of
the standard deviation of the measure of interest in the population is often used to determine
how vaned the population being sampled might be. This is done based on either some prior
information about the characteristics of the population or on a initial review of the data or

even a small sample of the data, often called a probe sample.

Once the sample size has been determined, a scientific random sample is drawn from the
population. If the sample is chosen so that every member of the population has a known
(non-zero) probability of being selected in the sample, it is possible to draw conclusions
about the broader population based on the sample. A classic sampling method begins with
the enumeration of the entire population. The sampled items can then be drawn
appropnately from this population using a random number generator, which selects a number
from across the range of the enumerated population one after another until the desired sample
size 15 collected. This type of classic random sampling is known as sampling with
replacement, as an item selected in any round is replaced into the population so thar all items

in the population have an equal probability of being selected into the sample in each draw.

For purposes of illustration, suppose that a researcher is interested in determining the total
number of computers in office buildings in two city blocks, but it is very time-consuming for
the researcher to walk around each floor of each building to count the number of computers
on the desks. Further suppose that she has some rough knowledge from a public source that
on average there are about 40 computers on each floor of a high-nise office building, but
some have more and some have fewer. She estimates that on average the actual number on
each floor will vary from the 40 by about 18. She knows that there are a total of 600 floors in
all of the buildings in these two city blocks. She assigns each floor in each building a

number so that the floors are numbered from 1 to 600.

11



In order to design the sample size, she decides to use a 90% confidence level and a 20%
precision range; that is, she wants to be able to say that if she sampled from this population
repeatedly, 90% of the time the true number of computers would be within plus or minus
10% of her result. Based on the information she has about the average number of computers
per floor and how this average might vary across floors, and her goals of a 90% confidence
level and 20% precision range, she uses standard statistical formulas to determine that she is
likely to need to sample 50 floors. The final estimate of how many computers actually exist
on those floors will be calculated once the sample is taken, but for now the researcher is just
trying to determine approximately how many floors need to be sampled to get a precise

enough estimate of the average number of computers per floor.

To determine which 50 floors to sample from the population total of 600, she would need to
randomly pick 50 numbers from 1 to 600, then go to those floors and count the total number
of computers on each floor. Table | is an example of the data she would have once she has

counted the number of computers on each of the 50 randomly selected floors:

TABLE I: EXAMPLE

Number of Number of Number of Number of Number of

Floor®  Computers floor® Computers Floor# Computers Floor¥  Computers Floor® Computers
461 30 34 13 90 10 159 39 285 11
35 50 143 25 223 45 315 57 32 65
314 27 102 47 250 62 77 44 397 2?7
100 49 76 S3 374 33 22 32 76 53
189 45 48 a3 369 29 46 15 205 49
351 24 574 31 272 42 136 7 599 13
342 56 9 42 260 90 205 49 401 56
441 20 540 34 532 p<) 512 32 141 43
200 a5 144 45 198 15 508 22 S11 7
150 57 186 aa 154 77 56 11 397 27

Using these data, she can calculate the average number of computers per floor in her sample,
which turns out to be 38.5; a bit lower than the 40 she used to determine the sample size, but
that difference is of no concern. Her result of 38.5 is the estimate obtained from the sample
and is the best estimate of the average number of computers per floor based on the sample.
Further, she can extrapolate to her population of 600 floors and estimate that there are 23,100

computers in the buildings in these two blocks

12



If her random number generator would have produced a different set of 50 floors, her sample
average and the extrapolated total could have been different. The likely difference would
depend on the sample size she has chosen and the vanation in the number of computers on
each floor. Using the data she has, she can estimate that likely vanation, with a calculation
known as the standard error, which measures the average vanation in her sample. If the
standard error in the sample is large, her estimate of the number of computers on each floor
will be less precise than if the standard error in her sample were smaller.*> Once that
standard ercor of the sample is determined, it can be used to calculate and report an upper and
lower bound for the estimated average number of computers on each floor and the total
number of computers on all 600 floors of the office buildings in the population. At the 90%
confidence level, the upper bound for this total is 25,711 and the lower bound is 20,489.

This is equivalent to saying that if she were to take repeated scientific random samples of S0
floors, there is a 90% chance that the true value of the total number of computers on those
600 floors is between the confidence bounds calculated for each of those samples, in this
sample 20,489 and 25,711. If the researcher required an estimate of the number of computers
in the buildings plus or minus 1000 or even 200, she could achieve that by increasing the

sample size.

b. Protocol
The issues in this matter provide a compelling reason to use sampling because the kind of

information necessary for determining the extent of infringement by SAP TN is extremely
difficult to gather for some measures of interest, in terms of both time and cost of collecting
the data®® The required degree of precision for estimating these measures can be achieved
through a sample. The unit of measure is a Fix, as defined by Oracle’s computer forensics

expert, Mr. Mandia. Internally, SAP TN distinguished between its Retrofit Support process

*? The statistician has no influence over the standard error found in a sample of a given size. The
standard error of the sample is simply a charactenstic of the sample she has drawn that reflects
the variability in the sample of a given size.

** In conversations with me, Mr. Mandia thought that it would require thousands of hours of time
by highly trained computer forensic staff to capture data for some groups of measures across the
entire population of Fixes.

13



and its Critical Support process. Therefore, these two types of Fixes are treated as two
distinct populations. Mr. Mandia generated a complete listing of Retrofit Fixes and a

complete listing of Critical Support Fixes.

There are many measures for which I have been asked to count or estimate the value for the
broader population of Fixes. The measures of interest and their measure number are listed in
Table 2, below, which I received from Mr. Mandia as ORCLX-MAN-00020S. In addition to
detailing the description of the measure, Table 2 indicates whether a measure is counted for
the total population or sampled. It also lists the source from which the data were collected.™
The information for some of the measures was stored by SAP TN in such a way that it could
be readily captured electronically for the entire population of Fixes in both the Retrofit and
the Critical Support populations. These are the measures that are indicated as having a full
“Population Count.” The information for the remaining measures required more resources
per collected observation because it was not easily captured electronically, required time-
consuming investigation per individual Fix, or was extremely costly to gather. These
measures are described as having been “Sampled.” Some of the measures listed below were

calculated by Mr. Mandia as the sum of other measures in the table or as the union of two or

** The information in Table 2 was provided by Mr. Mandia. Based on conversations with Mr.
Mandia, it is my understanding that:

o The Data Warehouse referenced in Table 2 consists of approximately fifty computer
systems inside the SAP TN infrastructure; these systems contain file servers, libraries of
software and support materials downloaded by SAP TN, and records of when files were
created, last edited, or last accessed.

o BakTrak was used by SAP TN to track the creation and restoration of Environment
backups.

e Consultant Docs and Templates is a directory on server TN-FSO1.

¢ Environment Backups refers to compressed files containing copies of all or part of a
PeopleSoft application.

e Analysis refers to Mr. Mandia’s analysis of the Fix, Objects, documentation, or
Environments, as referenced in the measure definition.

14



more measures in the table. In addition, I calculate some measures as the ratio of two

measures that [ received in the data. 1 will discuss all of these in further detail below.
The sample for each population was selected using sampling with replacement as follows:

1. There were 223 Fixes in the Retrofit population and 1,386 Fixes in the Critical
Support population. Within each population, each Fix was assigned an item number

sequentially.

2. Using a random number generator, I selected numbers ranging from 1 to 223 for
Retrofit and from 1 to 1,386 for Critical Support, and ] generated the random sample
for each population. As mentioned above, this method is known as sampling with
replacement so that each item in the population has an equal probability of being
selected 1n each draw of the random number. Sampling with replacement allows for
use of classic statistical formulas to estimate precision of the findings from the

sample. This well-known technique is discussed extensively in statistical texts.*’

3. The sampling numbers were then given to Mr. Mandia to collect the relevant data for

each Fix in the sample.*®

4. The sample size was determined based on examination of the data available for two
measures of interest for which Mr. Mandia was able to collect data for the entire
population of Fixes. Mr. Mandia provided this data to me as ORCLX-MAN-000060,
the Excel workbook containing the results of his findings for the two measures of

interest across the entire population of Fixes in the Retrofit and Critical Support

%5 William G. Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons, 1977)
18, 26-30.

3¢ The list of Fixes for each of the populations included Fixes with a status of “Cancelled,”
“Research Only,” or “0.” However, these three types of status were determined to be
uninformative for the purposes of the measures of interest. Therefore, if the random number
generator selected one of these Fixes, it was replaced (in the sampling order) with another Fix.
Accordingly, the population to which the sample results are extrapolated does not include Fixes
with a status of “Cancelled,” “Research Only,” or “0.” The distribution of the status of Fixes for
each population and sample is shown in Appendix 2. See Figure 1.
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populations. Additionally, there was discussion of the characteristics of one of the
measures for which it was extremely costly to gather data; this measure was the
number of Environments used in the development or testing of the Fix, as identified in
the development, test or other documentation. 1 was asked by counsel to calculate
samples sizes based on a 90% confidence Jevel and 50% precision range for this
measure, which yielded a sample size of 46 for Retrofit and 238 for Critical Support

. ?
F1xes.3

. For the samples, Mr. Mandia and his colleagues reviewed information related to the
Fixes in the order that I provided to them from the random number generator. The
results of his finding for each individual Fix in the two samples were entered into an
Excel workbook for each of the 44 measures Mr. Mandia reviewed for the HRMS Fix
analysis. For some measures, Mr. Mandia reviewed the entire population of Fixes in
the Retrofit and Critical Support populations. Mr. Mandia provided me with
ORCLX-MAN-000061, the Excel workbook containing the results of his findings for
the samples and the populations of Fixes. I use the reported information in that Excel

workbook to generate my results and conclusions.

I provided my results to Mr. Mandia as ORCLX-AACG-000001, a set of tables for
the population of Critical Support Fixes, and ORCLX-AACG-000002, a set of tables
for the population of Retrofit Fixes.

37 Table 2 lists all the measures of interest. Measure 116, the number of Environments used in
the development or testing of the Fix, as identified in development, test, and other
documentation, was the basis for determining the sample size. The assumed averages and
standard deviations used to calculate the sample size were based on simulated data for measure
116, where it was assumed that measure 116 should be zero whenever measure 104 is zero and
that the distribution of the non-zero values measure 116 would be similar to that of measure 115.
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TABLE 2: LIST OF MEASURES

Numbar

102

103

105

107

108
109

110

111

112

113

11a
115

116

117

114
119

9=

123

126

127

128

Deseription or Reportable Information for Each Rx

The verstons 10 which the fix applled, according to the Applicatlon Release field in SAS

The versions to which the fix applled, based on the versions supported by SAP TN for
customers

The reported status of the fix, sccording % the Status field in SAS

The unique hashes for the set of COBOL. SQR or SQC Associated Files in any Hrst
Deliverable

The unique hashes for the set of DAT oc DMS Associated Filks in any First Delverable
(142¢143)

The unique hashes for the set of COBOL, $QR, 3QC, DAT or OMS Assoctated Flles In any Prst
Deliverable

(1044105}

The unique hashes for the set of COBOL. SQR, $QC. DAY or DMS Associated Files In any First
Deliverable that were not In any Subsequent Deliverable

The COBDL, 5QR. SQC. DAY or OMS Associated Fites In each customer’s First Oeliverable
The COBOL, $QR, $QC, DAT or DMS Associated Flles In duplicate coples of each customer's
First Deliverable found on Delivered Updates and Fixes

Duplicate coples of the COBOL, SQR, SQC, DAT or DMS Associsted Files in a First Defiverable
that ane never Associated Flles for a Subsequent Delivary found In the Date Warehouse
{other than in enviroament backups)

The COBOL, SAR, SAC, DAT or DMS Associated Files in duphcate copies of each customer's
Frst Detiverable, found in the Data Warehouse (other than in environment bathkups)

Duplicare coples of the COBOL SQR, SQC, DAT or OMS Assoclated Flles in 3 First Defiverable
that are never Associsted Files for 8 Subsequent Delivery, found in environment backups

Duplicate coplas of the COBOL. SQR and SOL Assoclated fies recorded by a BakTrak entry
where the 3ssociated backup is not present in the Data Warehouse
Yhe COBOL, $QR, SQC, DAT or DMS Associated Files attached 10 the $AS record

Eni ts w3ed in develop t or taxsting of the fo. as ientified in DAY Axsociated Files
in @ Flrst Deliverable

Envi s used in devel t or texting of the {ln, as identified in development, test
and other documentation

Environments used la development of Lesting of the fix
{Unlon 115,116)

The customere recgiving a Fire Dellvavable

Additonal customers receiving an fdentified Deliversble
All customars seceiving a First or identified Deliverable
{118+119)

Populstion Count

ar Ssmpled
Poputation Count
Sampled

Population Count
Population Count

Population Count

PoputaUon Count

Population Coum

Population Count
Papulatian Count

Population Count

Population Count

Populstion Count

Population Count

Sampled
Population Count

Data Source
S48
SAS, Delivered Updates and flxes

SAS
Delivered Updates and Flxes

Delivered Updates and Fxes

Delivered Ugdates and Flxes

Delavered Updates and Flxes

Delivered Updates and Fxes
Delivered Updates and Fixes

Dats Warehouse

0ata Warehouse

€avironment Backups

BakTrak

SAS
Delivered Updatas snd Fixes

Sampled $AS, G ltant Docs and
Templates
Sampled $AS, Oelivered Updates and Rxes,
Consultam Docs and Templates
Popuiation Coont  Dalivered Updates and Fxas
Sampled sas
Sampled Delivered Updates snd Fixes, SAS

All First Detivarables containlng documentation referencing the fax 10 Population Count  Delivered Updates and Fixes
The cuctomare that racoived o Fnt Deliverabla oontaminated chough receipt of a DAT file Population Coumt  Analyc:
not specificaliy for that custamer

The customers that recelved a First or Identified Delbverable comaminated by use of » Sampled Analysis
generic anvironment, of some other customer’s envirommer, or of an environment bullt from

angther customer’s sofhwvare

The customars that received a First or Identiled Deliverable ! d by development Sampled Acrg lyst
vglng the sourca group model

The customers that recebved 3 First Deliversbl inated b e another cu Population Count  Analysls
received st least one object with an identical hash valuwe

The customars that received a First or Idemifiad Daliverable other than from an @ Sampled Anaty
built solety from that customer’s software and used solely for that customer (with respect Lo

the analyred fud)

The customers that recetved a contaminatad Flrst Deliverable based on analysis of delivered Population Count  Analysis
objects

{Union 122,125)

The customers that received a contaminated First or Identified Deliverable based on analysis Sampled Analysis
of objects and of development and testing doc i

{Unfon 122,123,124,125)

The customers that received a contaminated fix based on object and documentstion Sampled Analysls

analysls, \whoen eross-use ol a customer- specific environment renders activities on behalf of
the customer Infringlag
(Unlon 122, 123, 124, 128, 126)
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TABLE 2: LIST OF MEASURES (Continued)

Measure
Numbar

131

132

133

135

136

137

138

139

140

14)

142

143

Oeszsiption or Reportable infermation for Esch Rx
Pe: ge of s that ived a First Oefivarable where that First Delivarable was
inated based on lysis of obj found In Deliversd Updates and Fixes

(127/118)

Percantage of customers that received a First or Identified Deliverable where that First o
Idantified Deliverable was contaminated based on object and documentation analysls
(128/120)

Percantage of customers that received 3 First or Identified Deliverable where that First or
Wdentified Daliverable was contaminated based on object or documentation analysis or based
on use of the customer's environment to suppon other customers

{129/120)

Total copies of objects comprising Ficst Deliverables {including copies located in compressed
files)

{108+109+110+111+112+113)

din

Population Coumt
or Seampled
Population Count

Sampled

Samgled

Population Couat

Dwta Sourca
Anatysis

Anatysis

Dalivered Updates and Fixes, Data
Warehouse, Envircaement Backup,
B8akTrak

Oeli d Updates and Fixes, Data

Totsl copies of objects comprising First or Identified Daliverables {1
compressad flles)

(133+114)

The unique hashes for the sat of COBOL. SQR. SQC. or DAT Associated Files in any First
Ouliverable contaminated because they were delivered to more than one customer

luding coples Io

3o pbad

Population Count

Wareh o B > Rack

BakTrak, SAS

Delivered Updates and Fixes ~
Aralysis
Boll

The unlque hashes for the set of DAT Associated Flles in any Frst Deliverabi
betause thay were created using a genaric environment or created with one customer’s
environment but delivered © h R

Tha cantaminated, unique hashés for the set of COBOL SQR, SQC, or DAT Assoctated Files in
any First Deliverable

{Union 135,136)

Percentage of hashes for the set of COBOL, SAR, 5OC, or DAT Assoclated fles In any First
Deliverabfe that are ted based on ohject analysis

{137/(104+142))

The unique hashes for the sat of COBOL, SQR or SQC Associated flles In an Identified
Deliverable

The unique hashes for the set of DAT or DMS Associated Files in an Identifled Deliverable
The unique hashes for the set of COBOL SAR. SQC. DAT or DMS Associated Files in an
Jdentified Detiverable
{139+140)

Total number of hash
Osfiverables

Total number of hashes for DMS Associated files that were modified fot of included in First
Deliverables

for DAT Assoclated Flfes that \ere modified for oc included In Flrst

Percantage of hashes for the tet of DAT Associated Flles in any First Ocliverable
c inated b they were dusinga g or created with one
75 anvi at but deliverad o anoth

(136/142)

Count

Population Count

d Updetes and Fixes —
Analysis

Defivered Updates and Fixes ~
Analysls

Population Count  Deflvered Upd and Fixes —
Anafysis

Sampled SAS

Sampled SAS

Sampled SAS
Popul: Count  Oeli d Updates end Flves
Population Count  Delivered Updates and Fixes
Population Count  Deltvered Updates and Fixes

8) Measurement of Results

a. Population Count Measures

Table 3 below lists the measures that were counted for the entire population of Fixes, in each
of the Retrofit and Critical Support populations.*® For these measures, I calculate population
statistics that are presented in the next section.

3% Measure 103 is the status of the Fix. Ido not calculate any statistical results for this measure
and therefore it is not listed in Table 3. However, the distribution of the status of Fixes for each
population and sample is shown in Appendix 2. See Figure 1.
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TABLE 3: LIST OF MEASURES COUNTED FOR ENTIRE POPULATION

Measure
101 Toral number of fixes for distncr verslons, according to the Application Release field In SAS (SAS)
Total number of hashes for COBOL, SOR, or SQC Associated Files that were modified for or included in First
104 Deliverables (Delivered Updates and Fixes)
Total numbaer of hasha< far DAY or DMS Astociated Files that were madified for sr included in first Deli bl
{Delivered Updates and Fixes)
105 (142+143)
Total number of hashes for COBOL, SQR, SQC, DAT, or DMS Assoclated Files that were modified for or included In First
Deliverables (Delivered Ugdates and Fixes)
106 {104+105)
Total number of hashes for COBOL, SQR. SQC, DAT or DMS Associated Files in any First Deliverable that were not in
107 any Subsaquent Deltverable {Delivered Updates and Fixes)
Total number of COBOL. SQR. SQC. DAT or DMS Associated Files found In first Deliverables for customers (Detivered
108 Updates and Fixes)
Totsl number of COBOL, SQR, SQC, DAT or DMS$ Assoclated Flles in duplicete copies of each customer's First
109 Defiverable found on Delivered Updates and Fixes (Delivered Updstes and Fixes)
Total number of dupiicate coples of the COBOL SQR, SQC, DAT or DMS Associated Files, enumerated in measure 107,
110 found In the Data Warehouse {other than in environment baclups) (Data Warehouse}
Total number of COBOL. SQR, SQC, DAY or DMS Associated Files in duplicate copies of each customer's First
111 Deliverable, found in the Data Warehouse {other than in environment backups) (Data Warehouse)
Total number of duplicate coples of the COBOL, 5QR. SQC, DAT or DMS Assoclated Files, enumerated in measure 107,
112 found In environment backups (Environment 8ackups)

Total number of duplicete copies of the COBOL, SOR and SQC Associated Files recorded by 3 Baktrak entry where the
113 associated backup is not present In the Data Warehouse (BakTrak)
Yotal number of environments used in development or testing of fixes, as tdentified in DAY Associated Files in a First
115 Deliverable (Delivered Updates and Fixes)
118 Tote! number of Instances in which customers received a First Deliverable (Dellvered Updates and Fixes)
12t Yotal aumber of First Deliverables containing documentation referencing fix IDs (Delivered Updates and fixes)
Total number of Instances in which customers recefved 3 First Deliverable contaminated through receipt of a DAT file
122 not specifically for those customers (Analysis)
Total number of instances in which customers received a First Deliverable contaminated because another customer
125 received 21 least one object with an [dentical hash value (Analysis)
Totaf ber of instances in which ¢ s recelved a contaminated First Dellverable based on analysis of detivered
objects (Analysls)
127 (Union 122,125)
Percentage of Instances in which customers recelved a First Dellverable where that First Deliverable was contaminated
based on analysis of objects found in Delivered Updates and Fxes® (Anslysis)
130 (127/118)
Total number of copies of abjects comprising First Deliverables (including copies located in compressed files)
{Delivered Updates and Fixes, Data Warehouse, Environment Backup, BakTrak)
133  (1084109¢110+111+112+113)
Total number of vnique hashes for the set of COBOL, SQR, SQC, or DAT Associated Files in any First Deliverable
135 contaminated because they were deltvered to moce than one customer {Deflvered Updates and Fixes—Analysis)
Total number of unique hashes for the set of DAT Associated Fies In any First Deliverable contaminated because they
were crested using a generic ervi 1t or ¢ d with one ¢ r's environment but deli d ta anothar
136 customer (Delivered Updates and Fixes—Analysis)
Tots! number of contaminated, unlque hashes for the set of COBOL, SQR. SQC or DAT Associated Files in any First
Deliverable {Delivered Updates and Fixes—Analysis}
137 (Unicn 535,136)
Percentage of hashes for the set of COBOL, SQR, SQC or DAT Assaclated Files in any First Deliverable that are
contaminated based on object analysis® (Delivared Updates and Fixes~Anglysis)
138 (137/(104+142))
Total number of hashes for DAT Associated Files that were modified for or Included In First Defiverables (Oellvered
142 Updates and Fixes)
Total number of hashes for DMS Associated Files that were madifled for or included in First Deliverables {Delivered
143 Updates and Fixes)
Percentage of hashes for the set of DAT Assodisted Files in any First Defiverable comaminated becausa they were
created using 3 generic environment or created with oae cuslomer's environment but delivered Lo another customer®
{Dellvered Updates and Fixes—Analysls)
144 (136/142)

* The reswit for this is o weip pe of the 77 130-1% 127/Measure 118 Meosure 138~Measure 137//Measure
108-daosure142) Measure 164=Ngoture 13&/Mecsure I
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b. Extrapolation Methodolegy for Sample Measures
In this section, I describe the techniques used to estimate the values for measures that were

reported only for Fixes that were sampled from the populations of Retrofit and Critical

Support Fixes.

For the measures that are sampled, I use standard statistical formulas to calculate the
estimated frequency of occurrence in the population and the precision with which that
estimated occurrence is calculated. [ use the information provided by Mr. Mandia in the
sampled data to estimate population totals and averages. The methods used for these
estimations are standard statistical techpiques that are found in commonly used statistics
books and articles. These texts and articles discuss which methods to use for different types
of data. For example, when estimating the total or average number of computers in a sample
of floors in a set of office buildings, a mean (average) estimator may be appropriate.
However, when estimating the proportion of movie patrons that liked a particular movie, a
different estimator tailored to a “yes” or “no” answer would be used. Similarly, in this
report, the specific statistical method used for each measure depends on the nature of the data
for in each measure. I use the mean per unit estimator for most measures (102, 114, 116,
119, 123, 124, 126, 139, 140 and 141), and the ratio estimator for two of the measures (131
and 132). For the measures that are the union or sum of other measures (117, 120, 128, 129,
and 134), [ estimate the population total and its variance by taking into account the fact that
some of the underlying measures have been counted for the whole population. I describe this

method in detail below.

[. The step-by-step process I use to project the averages and totals from the observed
samples to the total population for measures 102, 114, 116, 119, 123, 124, 126, 139,
140 and 141 are described below. The related formulas for the mean estimator I use

for these measures are presented in Appendix |.

o The first piece of information needed to calculate the population total is the
average occurrence of the measure per observation in the sample (sample average).
Each occurrence in the sample is added and then divided by the total number of

observations in the sample.
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o The occurrence of the measure in the total population is estimated by multiplying
the sample average, calculated above, by the total number of observations in the

population.

e Next, the standard error of the sample is calculated by taking the difference of
each observation from the sample average, squaring it, adding up that squared
difference across all observations in the sample, dividing the resulting number by the
number of observations in the sample minus 1, and taking the square root of the

result.

s The standard error of the sample mean is calculated by dividing the standard error

of the sample by the square root of the number of observations in the sample.

e The standard error for the population total is the number of observations in the
population multiplied by the standard error of the sample mean.

o The estimates of the population total, the population mean, and their respective
standard errors are scientifically valid estimates of the true values in the population

when the sample is generated randomly.*

Table 4 lists the measures for which I use the mean per unit estimator.

3 Paul S. Levy and Stanley Lemeshow, Sarapling of Populations, Fourth Edition (New York:
Wiley & Sons, 2008), 55-58.

2]



TABLE 4: MEASURES ESTIMATED WITH MEAN PER UNIT ESTIMATOR

Messure

102

114

116

119

123

124

126

139

140

141

Total number of fixes for distinct verslons, based on the verslons
supported by SAP TN for customers (SAS, Delivered Updates and
Fixes)

Yotal number of COBOL, SQR, SQC, DAT or DMS Associated Files
attached 10 SAS records (SAS)

Total number of enmvironments used in development or testing of
fixes, as identifiad in development, test and other documentation
{SAS, Consultant Docs and Templates)

Total number of Instances in which customers who did not receive a
fFirst Deliverable recelved an Ident!fled Dellverable {SAS)

Total number of Instances in which customers recelved 8 First or
Identified Deliverable contaminated by use of a generic
environment, of some other customer's environment, or of an
environment bulit from another customer's software (Analysis)
Total number of instances In which customers recelved a first or
Identified Deliverable contaminated by development using the
source group model {Analysis)

Totsl number of instances in which customers received a First or
Identified Deliverable other than from an environment built solely
from their software and used solely for them (Analysis)

Total number of unlque hashes for the set of COBOL, $QR or SQC
Assoclated Flles in 1demHied Oeliversbles (SAS)

Total number of unique hashes for the set of DAT or DMS Assoclated
Files in Identified Dellverables (SAS)

Total number of unique hashes for the set of CO80L, SQR, SQC, DAT
or DMS Associated Files in Idemified Deliverables (SAS)

{139+140)

2.

Measures 117, 128, 129 are composed of the union of two or more measures, and
therefore I call them composite measures. A unton may be defined as a sum with
overlapping duplicates removed. The total and vanance for these measures are
estimated by taking into account the fact that I have full information on the
component measures taken from the analysis of the full population. I demonstrate by
example for measure 117, which is the union of measures 115 and 116. Measure 115
is counted for the entire population, but measure 116 is counted only in the sample.
In addition, some of the occurrences counted in 115 are also counted in 116. In this
sense there is an overlap in the count of occurrences in these measures, which Mr.
Mandia recorded. I calculate the amount of this overlap, designated as Overlap s, 116,
for each observation in the sample by subtracting the surmn of measures 115 and 116
from measure 117. Similar calculations can be performed for measures 128 and 129.

Table $ lists these measures and I discuss the relevant relationships in Appendix I.

22



TABLE 5: UNION MEASURES

Measure

Total number of environments used In development or testing of
fixes {SAS, Delivered Updates and Fixes, Consultant Docs and
Templates)

117 (Union 115,115}
Yotal number of instances in which customers recelved a
comamlinated First or Identified Deliverable based on analysis of
objects and of development and testing documentation

128 (Union 122,123,124,125)
Total number of instances in which customers recelved a
contaminated fix based on obJect and documentation analysis, when
cross-use of a customer-specific environment renders activities on
behslf of the customers infringing {Analysis)

129 (Unlon 122, 123, 124, 125, 126)

3. Measures 120 and 134 are each composed of two measures, and therefore I call them
composite measures. Measure 120 is composed of component measures 118 and 119.
Measure 134 is composed of component measures 114 and 133. For both measures
120 and 134, one component of the measure is recorded for the entire population and
the other component is reported for the sample. For measures 120 and 134, since one
of the components is measured for the full population, the only source of variance is
the component that is measured only tn the sample. Therefore, for measure 120, the
only source of variance is measure 119, and for measure 134, the only source of
variance is measure 114. Table 6 lists these measures and I present the related

formulas in Appendix 1.

TABLE 6: MEASURES THAT ARE SUMS OF OTHER MEASURES

Measura

Tote!l number of instances In which customers received a First
Deliverable or Identified Dellverable {Delivered Updates and Fixes,
SAS)

120 (118+119)
Total number of copies of objects comprising First or Identified
Deliverabfes (including copies located in compressed files)
(Delivered Updates and Fixes, Data Warehouse, Environment
Backup, BakTrak, SAS)

134 (133s114)

4. For two measures, measures 131 and 132, I use a ratio estimator to estimate their

population means and population variances. The ratio estimator can be used to report
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population totals, means or ratios, such as in measures 131 and 132, Table 7 lists

these two measures and I discuss the related formulas in Appendix 1.

TABLE 7: MEASURES ESTIMATED WITH THE RATIO ESTIMATOR

Measure

Percentage of Instances In which customers received a First or
identified Dellverable where that first or ldentified Deliverable was
contaminated based on object and documentation analysis
{Analysis)

131  (128/120)
Percentage of instances in which customers recelved a First or
Identified Deliverable where that First or Identified Deliverable was
contaminated based on object or documentation analysis or on the
fact that the customer's environment was used to support other
customers (Anslysis})

132 (125/120)

9) Results
In this section, I discuss the results of the population counts as well as the various
extrapolation methods described in the section above. The tables below are presented in
groups of measures that conceptually belong together. This grouping has been provided by
Mr. Mandia.

Tables 8A and 8B show the results for measures related to numbers of versions affected by
SAP TN’s activities. Measure 101 is measured for the full population and therefore does not
have any reported standard deviation or confidence interval. Measure 102 is measured only
for the samples for each type of Fix. Table 8A illustrates that based on this sampie the 90%
confidence interval for the true value for the total number of Retrofit Fixes for distinct
versions ranges from 338 to 455. This means that in repeated samples the true value in the
population has a 90% chance of falling within the confidence intervals constructed in this

way from the sample.

* The ratio estimator is often used for estimating ratios in the population. See William G.
Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons, 1977) 30-31.
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TABLE 8A: VERSION MEASURES FOR RETROFIT

Ratrofit
Sample Size: 45
Population Size: 212
Confidence Level: 30%
Total Total| Stondard| |Aversge Avarsge| Stsndard
Lowar Upper| Error ofl Lower Upper Error of
Measuce Bound Total| Bound Yotsl 8ound|Average| Bound| Avernge
Total number of fixes for distinet verslons, according to the
101 Application Release Reld in SAS (SAS) 243 116
Total number of fixes for distinct versions. based on the versions
supported bry SAP TN for ¢ 5 (5AS, Delivered Ugdates and
102 Fixes) 338 396 455 36 1.59 187 2,15 0.17
TABLE 8B: VERSION MEASURES FOR CRITICAL SUPPORT
Critical Support
Sample Sl 238
Population Size: 373
Confidencea Lavel: 90%
Yotl Total| Stenderd| (Aversge Averags| Standsrd|
Lowear Upper| Emor of Lower Upper Ervor of;
Measure Bound Yorsl| Baund Tots) Bound|Averaga| Beund| Average;
Tatal number of fixes for distinct versions, according to the
101 Application Release field in SAS (SAS) 712 073
Total number of fixes for distinct versions, based on the versions
suppovted by SAP TN for customers {SAS, Delivered Updates and
102 Fixes) 4,869 3,213 5,556 209 5 00 336 5.71 0.21

Tables 9A and 9B show the results for measures that record information based on analysis of

hashes for COBOL, SQR, SQC, DAT or DMS files. Measures 104, 105, 106, 142, and 143

are measured for the full population and therefore their respective results do not need

confidence intervals because they are reported with full certainty. The results for measures

139, 140, and 141, on the other hand, are reported based on extrapolation from the samples

and therefore are presented with confidence intervals. Table SA shows that there were 2,228

total numbers of hashes for COBOL, SQR, SQC, DAT or DMS Associated Files that were

modified for, or included in, First Deliverables for the population of Retrofit Fixes. Table 9B
shows that there were 10,245 total number of hashes for COBOL, SQR, SQC, DAT or DMS

Associated Files that were modified for or included in First Deliverables for the population of

Retrofit Fixes.
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TABLE 9A: HASH-RELATED MEASURES FOR RETROFIT

Retrofit

Sample Site: 46
Populstion Sk 212
Confidence Lavel: 90%

Medsure

Yors!

Bound

Total

Yotal
Uppar
Bound

Standard
Error dj
Yotsl

Averago

H

Aversge

Avarage
Upper
Bound

Standard
Ercor off

Average|

105

106

139

141

142

143

Total number of hasives for COBOL, SQR, or SQC Associated Files
that were modified for or included In First Deflverables [Delivered
Updates and Rxes)

Total number of hashes for DAT or OMS Associated Hles that were
modiied for or included in Airst Deliversbles {Dealivered Updates and
Fixes)

(1424143)

Total number of hashes for COBOL, $QR, SQC, DAT, or DMS
Assoclated Files that were modified for or included In First
Deliverable< (Delivored Update< and Axes)

(104+10S)

Total number of unique hashes (ar the set of COBOL. SOR or SQC
Assoclated files in idenufied Deliverables {SAS)

Total number of unique haghes for the set of DAT or DMS Associated
Files in identified Deliverables (SAS)

Tota! number of unique hashes for the ¢t of COBOL, $QR, SQC, DAY
or DMS Assaciated Fles in Identified Oeliverables (SAS)

{139+140}

Ta1al number of hashes for DAT Associated Files that were modified
tor or ircluded in First Deliverables (Delivered Updates and Fixes)
Total number of hashex for OMS Associated Flles that were modified
for af included in Frst Deliverables (Delivered Updates and Fixes)

B

669

1,246

1.377

1,931

104

203

1.06

3.18

2,68

9.11

1.36]

1.81/

TABLE 9B: HASH-RELATED MEASURES FOR CRITICAL SUPPORT

Criticel Support
Somple Skxs: 238
Populrtion Size: 373
Confidance Laval: 90%

Yotal

Bound

Tatal

Yotal

Upper
Bound

Standsrd
Error of
Total

Average
Lowar
Bound

Average

Aversga
Uppear
Bound

Error off
Averags|

104

105

106

139

140

141

142

143

Total number of hashes for COBOL, SQR, or SQC Associated Fes
that were modified for or Included in First Oeliverables {Delivered
Updates and Fixes)
Total number of hashes for DAT or OMS Assaclated Files that veere
modified for or included In First Defiverables (Oelvered Updates and
Fixes)
{142+143)

Total number of hashes for COBOL. SQR, SQC. DAT, or DMS
Azsaciated Flles that were modified for or included in First
Deliverables (Delivered Updates and Fixes)

(104+105)

Tote! number of unkyue hashes for the set of COBOL, SQR of SQC
Associated Files in Identified Deliverables (SAS)

Total number of unique hashves for the set of DAT or DMS Assacisted|
Files in identified Deliverables® (SAS)

Total number of unique hashes foc the set of COBOL, SQR, $QC, DAT
or DMS Associated Files In tdentified Deliverables (SAS)

(139+140)

Toral ber of hashes for DAT A tated Files that were modifled
for or included in Arst Deli bies (Defivered Updates and Fixes)
Tatal number of hashes for DMS Associated Hles that were modified

for or induded In First Defiverables (Delivered Updates and Rxes)

14

3,904

6,341

10,243

3,518

2923

59

14

0.01

0.00

0.02

1033
0M1
0.0

0.03

372

2.60)

0.06

0.03

0.01

0.02

Mec

“ e tower 00d upper dounds ade tokuloted vsing 10,000 erotions of J e
Fitcthicom, An o to the 8 {Chop & Mol 1993), 188-178
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Tables 10A and 10B show the results for measures that record information for Objects
impacted by SAP TN’s activities. Many of these measures are counted for the full
population and therefore their results do not need confidence intervals because they are
reported with full certainty. Measure 134 is reported for the samples of Retrofit and Critical
Support Fixes and, as described in the preceding section, is a composite measure.
Additionally, the results presented in Tables 10A and 10B take into account the fact that
measure 133 (component measure for measure 134) is counted for the entire population of
Fixes.*! Table 10A shows that the estimated total number of copies of Objects comprising
First or Identified Deliverables (including copies located in compressed files) is 50,247 for
Retrofit Fixes. The 90% confidence interval ranges from 49,422 to 51,072. This means that
in repeated samples the true value in the population has a 90% chance of falling within the
confidence intervals constructed in this way from the sample. Similarly, Table 10B shows
that the estimated total number of copies of Objects comprising First or Identified
Deliverables (including copies located in compressed files) is 637,412 for Critical Support
Fixes. The 90% confidence interval ranges from 637,376 to 637,449. This means that in
repeated samples, the true value in the population has a 90% chance of falling within the

confidence intervals constructed in this way from the sample.

*!'In Appendix 2, 1 present the results for these measures based on extrapolating them from the
sample. See Tables A.2 and A.3.
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TABLE 10A: OBJECT-RELATED MEASURES FOR RETROFIT

Ratrofit
Sample Sive: 46
Population Sisa: 212
Confidence Lave): 90%
Total Total| Standard| |Average Avaraga| Stondard
Lower Upper| Error of| Lower Upper Ervor of
Measure Bound Total| 8cund Total Bound|Average| Bound| Aversge

Total number of hashes for COBOL, SOR, SQC, DAT or DMS
Associated flles in any First Deliverable that were not in any

107 Sub t Deliversble (Delivered Updstes snd Fixes) 817 244
Totat number of COBOL, SQR, SQC, DAT or DMS Associated Flles
found In First Deliverables for customers (Delivered Updates and

108 Fixes) 5,128 2419
Total aumber of COBOL, SQR, SQC, DAY or OMS Assoclsted Files in
duplicate copies of each customer’s First Daliverable found on

109 Delivered Updates and Fixes (Oefivered Updates and Fixes) 12,628 59.57
Total number of duplicate copies of the COBOL, SQR, SQC, DAT or

DMS Associated Flles, enumerated in measure 107, found in the
Daws Warehouse (ather than In environment backups) (Dats

110 Warehoute) 9,137 43.10|
Tota! number of COBOL, SQR, SQC, DAT or OMS Assoclated Files in
dupficate coples of each ¢ 's First Deliverable, found in the
Datas Warehouse (other than In environment backups) (Data

111  Warehouse) 3,634 26.62)

Total number of duplicate coples of the COBOL. SQR, 5QC, DAY or
DMS Associated flles, enumerated In measure 107, found In

112  environmant backups |Eavironment Backups) 18,041 73.67
Totel number of duplicate coples of the COBOL, SQR and 30C
Assockated Flles recorded by a Baktrak entry where the associated nJ

113 backup is not present in the Data Warehouse [BakTrak)
Totsl number of COBOL, SQR, SQC, DAT or OMS Associated Files

114  attached to SAS records (SAS) 806 1863
Total number of coples of objects comprising First Deliverables
{including coples located in compr d files) {Delivered Upd:
and Fixes, Data Warehouse, Environment Backup, BakTrak)

133 (108+4109¢110+111+112+113)
Totel number of coples of abjects comprising First or (dentified
Dalverablec (including copies located in compratsed filag)”
(Detivered Updates and Fixes, Data Warehouse, Environment
Backup, BakTrak, SAS)

1M (133+114) 49,422 50,247| 51,072 502 233.12| 237.02] 240.51 237

1 Yhls meoswee i regorted by tokng ih20 account thot one of (3 components & kngam in the full populotion

2,456 502 3.80 7.70 11.59 2.37]

:
:
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TABLE 10B: OBJECT-RELATED MEASURES FOR CRITICAL SUPPORT

Critieal Support
Sample Slze: 238
Populstion Size: 973
Confidencs Lavek: 30%

Measure

Yotal
Lower
Bound

Yotal

Toral
Uppear
Bound

Standard
Error
Yotal

Average

Average

Average

Upper
Bound

Ervar off
Average|

107

108

109

110

111

112

113

114

133

134

Total number of hashes for COBOL, SQR, SQC, DAT or OMS
Associated Files in any First Deliverabfe that were not in any

Sub t Deliverable (Delivered Upd and Fixes)

Total number of COBOL, SQR, SQC, DAT or DMS Associated Files
found in First Deliversbles for customers (Delivered Updates and
Fixes)

Totsl number of COBOL, SQR. SQC, DAT or DMS Assoclated Files in
duplicate coples of each customer’s First Deliverable found oa
Delivered Updates and Fixes {Delivered Updates and Fixes)

Tota! number of duplicate coples of the COBOL, SQR. SQC. DAT or
DMS Assoclated Files, enumerated In measure 107, found in the
Data Warehouse (other than in environment backups) (Oets
Warehouse)

Total number of COBOL, SAR, SQAC, DAT or DMS Associated flles in
duplicate coples of each 's First Deliverable, found in the
Data Warehouse [other than In environment backups) (Data
Warehouse)

Total number of duplicate copies of the COBOL, $SQR, SQC, DAT or
DMS Assoclated Files, enumerated in measure 107, found In
emviranment backups (Emvicomment Backups)

Total number of duplicate copies of the COBOL SQR and SQC
Assaciated Files recorded by a Baktrak entry where the associated
backup IS not present [n the Date Warehouse (BakTrak)

Total number of COBOL, SQR, SAC, DAT or DMS Asseciated Files
attached Lo SAS records (SAS)

Total number of copies of objects comprising First Deliverables
{ncluding coples located in P d files} (Del d Updates
and Fixes, Data Warehouse, Environment Backup, BakTrak)
{108+109+110+111¢112¢113)

Tatal number of toplas of objects comprising First o Identifled
Dellverables {Including copies located In compressed files)*
{Deltvered Updates and Fixes, Dats Warehouse. Enviranment
Backup, BakTrak, SAS)

{133+114)

29

637.376

54,548

69,956

149,685

274,349

17,024

637,347

102

637,412 637,449

22

0.03

9.69

281.96|

17.50

£33.10

0.10

655,14

0.02

0.02

> NS mvasure o feported by tokang (alo aacovnl that one of its components d krawn « the o8 pogulatron

Tables 11A and 11B present results for measures that record information for Environments

affected by the Fixes distributed by SAP TN. Measure 115 is reported for the full
population, and therefore its results are reported with full certainty and do not require

confidence intervals. Measure 117 is reported for the samples of Retrofit and Critical

Support Fixes and, as described in the preceding section, is a composite measure. The results
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presented in Tables 1 1A and 11B take into account the fact that measure 115 (component

measure for measure 117) is counted for the entire population of Fixes.*

TABLE 11A: ENVIRONMENT-RELATED MEASURES FOR RETROFIT

Ratroft
Sampla Size: 46
Populstion Size: 212
Confidence Levek 30%
Yoral Total| Stndard| |Averaga Awverage| Standand
Lowar| Upper| Error Lower prnJ Emror of
Massure Bound Toral| Bound Yotal Sound Average| Bound) Average
Tozal mamber of envi nts used in development or testing of
foces, as identified In DAY Associated Files in a First Deliverable
115 (Delivered Updates and Fues) ) [Y
Towl her of envi used In develop ov testng of
fives, as identified in development, test and other decumentation
116 [SAS, Consultamt Docs and Templates) 441 512 582 a3 208 241 274 0.20
Total bar of envi s used In deved or g of
fixes® (SAS, Delivered Updates and Fixes, Consultant Docs and
Tempiates)
117  {Undon 115,116) 496 538 620 38 234 2.63] 192 0.18

“ ThY meomu & Roovied by obng D Nt T one of its componens i knaowm in the full populotion

TABLE 11B: ENVIRONMENT-RELATED MEASURES FOR CRITICAL SUPPORT

Critieal Support
Sampla Sixe: 238
Population Size: 973
Confidence Level: 30%

Total Yotal| Standard| |Aversge Aversge| Steadard)
Lowar Ugppar| Krror of] Lerwer Upper frror of
Maaxsure Boand Totall Bound Total Bound| Averaga| Gound| Average
Total number of envh ts used In devalopment or testing of
fixes, as Idenufied In DAT A lated Fles In 3 Airst Deliverable
11S (Delivered Updates and fixes) 2412 i 248|
Total number of emvironments used in development or testing of
fixes. as Idemiified in development, test and other documentation
116 (SAS, Consuhant Docs and Yamplates) 3,502 3,867 4,233 222 3.60 E X 2 435S 0.23
Total ber of envi nts used in develop or tasting of
fixes® {SAS, Delivered Updates and Fixes, Consultant Docs and
Tempistes)
117 (Union 115,116) 5817 8177] 6,537 219 5.98 688 6.72 0.23

* T3 menuy o repovied by ke o occounst that one of M camponsals o tacwn a the jsl popwlation

Tables 12A and 12B present results for measures that record the number of instances in
which customers received First or Identified Deliverables. Measures 118 and 121 are

reported for the full population. Therefore, results for measures 118 and 121 are reported

“2 In Appendix 2, 1 present the results for this measure based on extrapolating them from the
sample. See Tables A.2 and A.3.
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with full certainty and do not require confidence intervals. Measures 119 and 120 are
reported for the samples of Retrofit and Cntical Support Fixes. Measure 119 is extrapolated
using a mean per unit estimator as described in the previous section. Measure 120 is a
composite measure because it 1s the sum of two measures. Additionally, one of its

components (118) is measured for the full population.

TABLE 12A: CUSTOMER-RELATED MEASURES FOR RETROFIT

Retrofit

Sample Sixa: 46
Papulation Skze: 212
Canfidence Leval: 90%

Total Total| Standard| |Aversge Average| Standedd|
Lower Upper| Ervor of| Lower Upper Errot
B Measure Sound Yotal| Bound Total Bound| Avarage| Bound| Aversge
Yotal number of instances In which customers recelved a first
118 Deli ble (Dell d Upd: and Fixes) 207 428
Total number of instances in which customers who did not receive a
119 First Deliverable recelved an Identified Deliverable {SAS) 383 604 854 152 1.67 285 4,03 0.72
Total ber of inst In which cust received a fFirst
Deliverable or (dentified Deliverable® {Dellvered Updates and Fixes,
SAS)
120 (118+119) 1,260 1811 1761 152 59 748 8.3 0.72
Total number of First Dellvecables containing documentation
121 referencing fix 1Ds (Delivered Updates and Fixes) 543 278

* This measu re Is pated &y tobag Mic otcount DO one of TS ComMPonents & known « the full populotion

TABLE 12B: CUSTOMER-RELATED MEASURES FOR CRITICAL SUPPORT

Critleal Supponre
Sample Sk 238
Population Sten: 973
Confidanca Laval: 90%

Total Yotal| Standard| |Average Average| Standard
Lewar Uppar| Error of Lowar Upper|  Error off
o Me wre Bound| Totoll Bound Totol Sound|Averaga|  Bound} Averagel
Yotal number of Instances in v cu: omars rece red a First ‘
118 Daliverable (Dalivered Updates and Fixes) 26,084 26.78
Yobtsl numbar of instances in which custamers who did not recealve a
119  Fiest Dellverable recelved an ldentified Deflverable (SAS) s 16 28 7 0.00 0.02 0.03 0.04
Total number of Ingtances In whieh customers received a Frst
DOelivarable or Idantifled Dellverable® {Dellvered Updates and Fixes,
$4s)
120 (118+119) 26,059 26,070| 26,082 ? 26... 26.79, 16.81 0.01
Total number of First Dellverables contalning d tatl
121  referencing fix 1Ds (Dellvered Updates and Fixes) 26,931 | 27.68
” his measun is nepovied by tolang Ialo ocoovunt ot dne of 1ts camponents 1 known in the full populadh Houndng in the ge.

Tables 13A and 13B show some measures that address the issue of Contamination.

Measures 122 and 125 are counted for the full population, and therefore are reported with full
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certainty. Measures 123, 124, and 126 are recorded for the sample. They are reported with

50% confidence intervals.

TABLE 13A: CONTAMINATION-RELATED MEASURES FOR RETROFIT

Ratrofit
Sampls Site- 46

Papulation Sice 212
Coridence Lavet 50%

Averzge Average| Standard|
Lower| Uppar Error of
Sound| Aversge| Baund| Average

Totsl Tatal| Standsrd|
Lower Upper| Error vJ
Massure Bound Totsl| Bound Torsl
Total ber of I 25 in which 3 {ved a flrst
Deliverabt inated through receipt of 3 DAT file not
122 specifically generted for those customers (Analysis) 236 po- )
Tota! number of instances in which customers received a Flrst or {
Idemifled Deliverable comaminated by use of a gereric
environment, of some other customer's environment. or of an
123 environment bulit from another customer’s software (Analysis) 993 1,380 1,707 17 4.69 637 8.05 1.0
Total ber of insts in which s ived 2 First or
Identified Delt ble ¢ inated by develop t using the
124 source group mode!® (Analysis) 0 [ 0 0| 0.00| o 0.00 0.00{
Tatal number of Instances in which customers received a First
Deliverable contaminated because another customer received st
least one COBOL, SQR, $QC or DAT Associated File with aa identical
125  hash value (Analysis) T3 3.A4]
Total hes of J e in which ¢ recefved 2 first or
Identified Defiverable other than from on enviionment buift sulely
126 from their software and used solely for them [Analysis) 1028 1,387 1746 218 485 6. 8.24 1.03
“Meosue 123 was tefo mwummolmuwﬁmmm whioh mlacucnlw.odon of on vpper boual for this meamsre e pectinemt. A nsovadve ostvrote of the upper dound,

wpng [ kot from o i g hevvy, & revD  Theve Ore further rgfinementy ova-iodie sudh of on exadt dnomro! test. thod oligw for the iypladen of the probodiily of 0 obseARD 0 AGAIer0
volue In the DOPUidTon  Such & oiulotion Implies tho! herr 3 0 3 BN Chonar of absewng 0 ADA- erd 20%uL, witih [0Sl D A0 MDY Tthon 10 H0n-1erD otauwmevict -n the populodon

TABLE 13B: CONTAMINATION-RELATED MEASURES FOR CRITICAL
SUPPORT

Critical Support
Sample Stox 238
Population $ixe: 973
Confidence Lavel: 90%

Yatal Total| Standerd| |Averaga Average| Standard
Lowes Upper| Error of Lower| Upper|  Error of]
Massure Bound Total| Bound Total Bound Average| Bound| Averuge
Total ber of insta n which s recelved a First
Deliverable contaminated through receipt of a DAT file not
127 specifically ¢ d for those {Analysis) 18,899 Mr
Total number of instanogs In which costomers received a First or
Ideraified Delversble comaminated by use of 2 geaerie
enviranment, of some other customer’s enviconment, o« of an
123 eswvirocement bulit from another customer’s software (Analysis) 21,233 3,582 2587t 1,410 2182 242 26595 1.45]
Yotal ber of i in which ¢ ived a First ar
Identified Defiverabl ' d by devek using the
124 source group model (Analyxis) 30 119 608 176 003 033 0.62 Q.18
Total ber of Ir =t In which ¢ 1 recelved a Flest
Delverable } d because het customer recaived at
least one COBOL, SQR, SQC or DAY Associated Hle with an ldaentical
125  hash value (Analysis) 3,49 24.08
Total ber of | in which ¢ received a Rrst or
tdentified Deliverable other than from an environment built solely
125 from their software and used solely for them (Analysls) 22,262

27.059 1458 2288 2834 2781 150
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Tables 14A and 14B show additional measures that address the issue of Contamination.

Measures 127 and 130 are all recorded for the full population, and therefore are reported with

full certainty. Measures 128 and 129 are composite measures, as defined in the preceding

section, Measures 130 and 131 are reported for the sample. Measures 128, 129, 13] and 132

are reported with a 90% confidence interval. Measure 131 shows that in instances in which

customers received a first deliverable Retrofit Fix, 83.92% of the First Deliverables were

contaminated based on Object analysis. This same measure for the Critical Support Fix

population 1s 99.12%.

TABLE 14A: CONTAMINATION-RELATED COMPOSITE AND RATIO
MEASTURES FOR RETROFIT

Retrofit

Sample Stae: 46
Population Sizec 212
Confidencs Lavel: 90%

Mesiure

Tota)
Lower
RBeund

Total

YToual

Uppar
Bound

Seandard
Ercor v‘J
Tatal

Average
Lower
Bound

Average

Average
Upper
Bound

Standard
Ervor of
Averagael

127

128

129

130

131

132

Total number of Instances In which customers recelved a I
17 J d First Oeliveratle based on analysis of delivered
objects {Analysis)

{Union 122,125)

Total number of Instances In which customers received a
contaminated Fiest or Identified Deliverable based on analysis of
objects and of developmant and testing documentation”

(Unlon 122,123,124,125)

Yotal number of Instances in which customers received 2
contaminated fix based on object and documentation anatysis, when
eross-use of a cuxt -gpecific enat rendacs activities on
behaif of the customers infringing® (Analysis)

{Unlon 122, 123, 124, 125, 126}

Percentage of Instances In which customers recelved a Flrst
Dellverable where that First Deliverable was contaminated based on
analysls of oblects found In Delivered Updates and Fixgs (Anatysis)
(127/118)

Percentage of instances In which s received a First or
Identified Deliverable where that first or Identified Deliverable was
contaminated based on obhject and documentation analysis®®
{Analysis)

(128/120)

Percentage of instances In which customers received 3 First or
Identified Dellverable where that First or identified Deliverable was
contaminated based on object or dacumentation anatysis or on the
fact that the customer’s emvronment was used 1o support other
customaers** (Analyzis)

(129/120)

1,057

72.98%

76.

89.73%

£7.19%

1,406

1,502

98.30%

111

135

6.65%)

6.75%

4,92

4.98

wn

6.63

709

0.52

0.64

st mecsurrs o reported by oking m o arroust Shot some of tho)r componrn&s ova ko in the Jull populoton
*~ Bated on he volwes fov the Pumrolor ond dendan.n oty +A The 3omple 6f 45 foces, 03 reported in Todie A 2 . Appendin 3 Thtie volues ore waxd to prowde dasstc estmates of the stondons eAp.
Walues 3 Tobles 124 and 144 produce 0 volue of 81.03% for meeosure 13 and BA.E9% [or meosure 132
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TABLE 14B: CONTAMINATION-RELATED COMPOSITE AND RATIO
MEASTURES FOR CRITICAL SUPPORT

Critical Support
Sample Sho 238
Populstion Size: 973
Confidenen Lavel: 0%

Menture

Tatral
Lawer
Bound

Tots!

Yorta!
Upper

Standard)
Error
Yotal

Average

Averags

Upper
Bound

Standwrd
Ervor of
Aversge

127

128

129

130

131

132

Towl number of instances In which customers recetved a
C | d First Daliverable based on analysis of delivered
objects (Analysis)

(Union 122,125)

Total number of Instances In which customers recetved 3
contaminated Frst oc Identifled Deftverable based on analysis of
objects and of development and testing docurnentation”

(Unlon 122,123,124,128)

Total ber of in which received 2
contaminated fix based on object and documentation analysis. whan
cross-use of a c pecific envir ders activities on
behalf of the customers infringing® (Analysis)

{Union 122, 123, 124, 125, 126)

Percentage of instances in which customers received a Firse
Dellverable where that Rrst Detiverable was contemnated based on
snalysis of objects found in Delivered Uipdates and fixes {Analysis)
(127/118)

[ tage of | in which s tved 2 Flrst or
Identified Deliverable where that First or Identified Deliversble was
contaminated based on object and documentation analysis® ™"
(Analysis)

{128/120)

Percentage of Instances in which customers recelved a first or
Identified Deliverable where that first of Identified Deliverable was
conaminated based on object or documentation analysts o on the
fact that the customer’s envivonment wat asad Lo support athar
customers™ ™ (Analysis)

(129/120)

24,960

24.876

98.65%

98.7

24,417

25,390

28,410

99.19%

25.820]

25945

59.57%

93.57%¢]

261

325

25.65

2587

2654

26.66

0.27

033

© These aeosues ave repovied by toking »nto oxxpunl Dhat somt of the s componenls ane tnown in the full popuio bon
** 8oucd 0o the yolues forv the numwrotod ond denommator in the sample of 238 fixes, af reported in Jobly A3 10 Appendax 3 These volues oar used Do provide doxsic esthmates of the stondord emorx.
Vohuet i Yobles 128 ond 138 praduse 0 value of 97 395 for méasun 131 ond 97 475 for measuree 152
" e lower ond upper daunds ore toleuloted viing 10,000 terotions of rpeated Mg The
Filohémnl, An iotroducton to the Boottrap, (Chapman & Hol 1993), 168-176

Ad,

Tables 15A and 15B present results for measures that address Object Contamination. All

these measures are counted for the entire population of Fixes. Measure 138 demonstrates
that 87.66% of hashes that were associated with a First Deliverable were contaminated in the

Retrofit Fix population. This same measure for the Critical Support Fix population is
67.96%.
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TABLE 15A: CONTAMINATION-RELATED MEASURES FOR RETROFIT
BASED ON OBJECT ANALYSIS

Retrofit
Population Size: 212

Measure Total| Avorapel
Yotal number of unigase hashes for the set of COBOL, SQR, SQC, or
DAT Assoclated Files in ary First Deliverable conteminated because
they were delivered to more than one ¢ {Defhvered Upd.

135  and Fixes—Analysls) 1,628 7268
Total number of unique hashes for the set of DAT Associsted Files in
ary First Deliverable contaminated because they wvere created using
2 generic emironment or created with one custymer’s enviroment

136  but delivered to anather customer {Delivered Updates and Fixes) 200 0.94
Total bes of ¢ Inated, unique hashes for the set of COBOL,
SOR. SQC or DAT Associated Fles In any First Deliverable (Delivered
Updates and fixes--Analysis)

137 (Union 135.136) 1,727 p S L]

Percentage of hashes for the set of COBOL SQR, SQC or DAT
Associated Files in any first Deltverable that are contaminsted
based on object analysls {Delivered Updates and Fixes—Analysis)

138  (137/(104+142)) 57.66%
Percentage of hashes for the sat of DAT Associated Files In any First
Deliverable ¢ b d because they were created using a
genesic environment or crested with one customer’s environment
bt dell d to -angth {Delivered Updates and Fixes—
Analysis) .
144 (136142) 99.29%

TABLE 15B: CONTAMINATION-RELATED MEASURES FOR CRITICAL
SUPPORT BASED ON OBJECT ANALYSIS

Critical Suppart
Population Size: 373

Measure Total| Averaga

Total aumber of unique hashes for the set of COBOL, SQR, SQC, or
DAT Associated Files in any First Deliverable contami db
they were deltvered to more than one {Defivered Upd
135  and Fixes—Analysis) 4,073 419

Tota} number of unique hashes for the set of DAT Associated Files In
any First Deliverable conteminated because they were created using
2 generic environment ar created with one customer’s environment

136 but defivered to another c {Delh d Updates and Fixes) 2,988 3.07
Total ber of ¢ Inated, unique hashes for the set of COBOL
SQR, SQC or DAT Associated Files in any first Defiverable {Delivered
Updates and Fxes—Anatysis)

137 ({Union 135,136) 5112 3.2%

Percentage of hashes for the set of COBOL, SQR. SQC or DAT
Assoclated Files in gny First Deliverable that are contaminated
based on object analysks [Dellvered Updates and Fixes—Analysis)
138 (132/{104+142)) 67.96%
Percentage of hashes for tha sat of DAT Associated Files in any Hrst
Deliverable conteminated because they were created using a

generic envi t Of ¢ d with one customer’s envi t
bt deftvered to anotiver customer (Delivered Updates and Fixes—
Analysis)
144 {136/142) 82.59%
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10) Conclusion

In this report, 1 have applied standard statistical theory to the question at hand. I have discussed
the reasons that sampling is appropriate in this particular setting. I have presented my resulits
above. These results are based on standard statistical forrulas that are used in sampling

situations.

Daniel S. Levy, Ph.D.

November 16, 2009
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Appendix 1 — Technical Appendix

Table A.1 lists the variable names and definitions that are used in the calculations.

TABLE A.1: VARIABLE DEFINITIONS

Varisble
Nama Variable Deseription
N Population Size
n Sample Size
fpc Finite Papulation Correction
v, Messure of Interest {Information collected for each measure) for fix I;
The numerator for Ratio Measures.
$ Sample Mean
¢ Estimated Populstion Totsl
5y Standard Error of Sample
Sp Standard Evror of Population Mean
Sy Standard Error of Population Total
X Sample Mean for Denominator for Ratlo Measures
R Estimated Population Ratio
5i Sample Variance of Numerator of Ratio Measures
s2 sample Variance of Denominator of Ratio Measures
Syx Sample Covariance of Numerator and Denominator for Ratio Measures
Var Variance
Cav Covarlance

a. Mean Per Unit Estimator — Related Formulas
I use the following equations to calculate the various results for measures 102, 114, 116,
119, 123, 124, 126, 139, 140 and 141:

1) Sample Mean: 7 =237y,

2) Estimated Population Total: ¥ = Ny

3) Standard Error of the Sample: s, = /¥,(y; — )2/(n — 1)

4) Standard Error of the Sample Mean: s; = % ?

Note that if the percentage of observations in the sample is more than 10% of

the number of observations in the population, then a finite population
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correction (fpc) 1s used to adjust the standard error of the population mean.*

The fpc is given by /(N — n)/N.

5) Standard Error of the Population Total: sp = Nsy.

b. Union Measures — Related Formulas

Measures 117, 128 and 129 are the unions of two or more measures where there may be
some overlap in the occurrences counted in each measure. The calculated population

totals and variance of these types of measures take into account this overlap.

For measure 117, the following relationships are applicable:

1) Y117 = Yi15 + Y116 — Piisni1s . where Y15 is the estimated population total
for measure 117, Yy, is the fully measured population total for measure 115,
¥,16 is the estimated population total for measure 116 and ¥,;5n116 is the
estimated population total for the overlap between measures 115 and 116.

Y115n116 for each fix in the Sample is calculated as Yi1s + Vi1s — Y117 -

2) Because measure 115 is fully measured, it introduces no variance into

measure 117. Therefore, Var(%47) = Var(%116) + Var(Y11sn116) —
2Cov(P116, Yi15n116)-

3) Similarly, results can be derived for measures 128 and 129.
¢. Sum of Two Measures — Related Formulas
1) Yizo = Y118 + P11, where 15, is the estimated population total for measure

120, Yy4g is the fully measured population total for measure 118, ¥, is the

estimated population total for measure 119.

* William G. Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons, 1977),
25.
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2) Because measure 118 is fully measured, 1t introduces no variance into

measure 120. Therefore, Var(¥,20) = Var(¥,19)
3) Similarly, results can be derived for measure 134.

d. Ratio Estimator — Related Formulas
If the numerator is y and the denominator is x, then the ratio, R, is estimated as the ratio

of the sample means: R = ¥/%. Unlike the mean per unit estimator, the ratio estimator
may be biased but the bias is considered negligible in most cases.*® The upper bound of
this bias can be estimated.*® Furthermore, because a ratio estimator is the ratio of two
random variables, the vanance of this estimator is not well defined. However, it can be

derived using the Delta Method.*

In the sample, values for the numerator and denomtnator were reported for measures 131
and 132. I calculate the ratio estimate, R, by first calculating the sample mean of the
numerator as shown in Step 1 below. I then calculate the sample mean of the
denominator as shown in Step 2 below. Step 3 illustrates the calculation for the ratio
estimate, R, as the ratio of these two sample means. Finally, Step 4 shows the

approximation for the standard error of R.

1) Sample Mean of Numerator: y = % i1 Vi

2) Sample Mean of Denominator: X = %Z}Li X,

* William G. Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons, 1977),
153. Paul S. Levy and Stanley Lemeshow, Sampling of Populations, Fourth Edition (New York:
Wiley & Sons, 2008), 191.

 William G. Cochran, Sampling Techniques, Third Edition (New York: Wiley & Sons, 1977),
162.

% George Casella and Roger L. Berger, Statistical Inference, Second Edition (California: The
Wodsworth Group/Duxbury, 2002), 243-245. William G. Cochran, Sampling Technigues, Third
Edition (New York: Wiley & Sons, 1977), 155. John A. Rice, Mathematical Statistics and Data
Analysis, Third Edition (California: Brooks/Cole, 2007), 165-166.

39



3) Estimate of the Population Ratio: R = j /%

4) Var(R) = n—:z (%) [s2 + R?%s2 — 2Rs,,]

e. Estimates for Lower and Upper Bounds Based on Repeated Sampling
For three measures for the Critical Support sample, I use repeated sampling to estimate the

upper and lower bounds because these estimates are close to the boundaries. For measure
140 for the Critical Support, of the 238 observations in the sample, 237 have a value of zero
and one has a value of 2. The formula for the confidence interval based on the normal
approximation would yield a lower bound of less than zero. The point estimate for measure
131, which is the ratio of measure 128 to measure 120, is very close to 100%. For measure
132, which is the ratio of measure 129 to measure 120, the standard formula for the
confidence interval would yield an upper bound of greater than 100%. To address these
issues that can occur at the boundaries (i.e. close to O in the case of a count variable such as
measure 140 or beyond 0 or 1 for a proportion measure such as measure 132), I sample
repeatedly from the data to estimate the upper and lower bounds. This method involves
drawing repeatedly and with replacement from the sample to calculate a statistic of interest in
each of the samples. The resulting distribution of values of that statistic allows the
estimation of the upper and lower bounds. My methodology involves 10,000 repeated draws

from the sample for each of these measures. ¥’

47 See B. Efron & R.J. Tibshirani, An Introduction to the Bootstrap, (Florida: Chapman &
Hall/CRC, 1993), 168-176.
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Appendix 2 — Additional Figures and Tables
A. Distribution of Status of Fixes: Measure 103

The figure below shows the distribution of the status of Fixes in the populations and the samples
of Retrofit and Critical Support Fixes.

FIGURE 1: DISTRIBUTION OF STATUS OF FIXES
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B. Composite Measures — Additional Tables

The results for measures 117, 120, 128, 129 and 134 are also reported in Section 8 of this report.
These are composite measures because they are either the sum or the union of two or more
measures. In Section 8, I report the results for these measures taking into account the fact that
information was collected for one of the component measures for the entire population. The use
of a full count of the entire population for one component eliminates the variance of that
component in the composite measure. For the sake of completeness, however, in this appendix [

present the results for these measures based on the samples.
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TABLE A.2: COMPOSITE MEASURES FOR RETROFIT

Retrofit
Sample Sixe: 46
Population Sias: 212
Confidance Lovel; 90%
Yotal Townal| Standard| |Average Average Stzmqu
Lower Upper| Error Lowar Upper Error of
Maanure - EXTRAPOLATED FROM SAMPLE Bound Tatal| Bound Total Bound |Aversge| Bound| Average
Total number of environments used In development or testing of
fixes (SAS, Delivered Updates and Fixes, Consultant Doct and
Yemplates)
117 (Unlen £15,116}) 487 571 656, st 2.30 270 3.09 024
Yotal number of instances in which customers received a first
Deliverable os Idenufled Deliveradle {Delivered Updates and fixas,
SAS)
120 (118+119) 1318 1691 2,064 227 6.22 7.98 9.74 1.07

Total number of Instances In which Recipients received 3
contaminated first or entified Deliverable based on object and
documentstion snalysis (Anatysis)

128  (Union 122,123,124,125) 1,063 1,418 1,776 n7 502 | 670 838 1.0
Total number of Instances in which customers received a
tomarninated fix based on object and decumentstion anslhysis, when
cross-use of @ customer-specific eaviroament renders activities on
behalf of the customers infringing {Analysis)

129 (Unlon 122, 123, 124, 125, 126) 1113 1,475| 1t.838 220 5.25 6.96 8.66 104
Tota) number of coplos of abjects comprising First ov (dentified
Owliverablas {including coples located In compressed
ftex)(Dalivered Updates and Fixes, Data Warehouse, Environment
Baclosp, BakTrak, SAS)

134 (133+114) 15,535 34,505 S3,47% 11,533 7328 | 162.76 | 25228 £4.40

TABLE A.3: COMPOSITE MEASURES FOR CRITICAL SUPPORT

Critical Support
Sampla Size: 238
Population Site: 973
Confidance Lavel: 50%

Total Total| Standard| [Average Average| Standard
Lower| Estimated| Upper| Ervor of Lower Uppar Error of|
Me2tura - EXTRAPOLATED FROM SAMPLE Bound Totsl| Bound Total Bound| Average| Bound| Average
Total number of environments used in development or testing of
fixes {SAS, Delhvered Updates and Rxes, Consuitant Docs and
Termplates)

117 (Union 115,116} 5576 6034 6,493 279 $.73 620 6.67 029
Tatal number of instances in which customers received 3 First
Deliverable or Identifled Daliverabdle {Oeltvered Updates and Fixes,
$AS)

120 (1168+119) 26532 29,345 31,758 1467 27.68 | 30.16 326l 1.51
Tats! number of instances In whith Recipients recalved o
contamingted fFivst of IdentiRled Deliverable based on shjea and
docunentathon adatysis (Analygic)

128 (Unfon 122,123,124,125) , 26,675 29,088 31,5001 LA67] 2142 | 2589 3237 151
Total mmmber of instances in which custonters received &
conaminated fix based on ohjext and documentation analysls, when
cross-use of a a -specific nt renders activities on
behalf of the customers infinging {Analysis)

129 (Unlon 122, 123, 124, 125, 126) 26696 29,108 31521 1467 2244 25.92 3240 1.51
Yotal number of coples of objects comprising First or [dentified
Deliverables (Including copies located In compressed
fites){Delivered Updates and Fixes, Dats Warchouse, Erviramment
Bockup, BakTrak, SAS)

134 (133+1149) 599,829 663,978 728,128 39,000 51647 | 68240 | 74833 40,08

42



Appendix 3 — Curriculum Vitae
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