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1 Introduction

This document is the output information that has been gained from exeauting the Year 2000
tests which were designed and implemented by The Software Laboratory Limited in relation
to Red Hat Linux of Red Hat Inc. The main aim of the document is to give independent
asaurance that Red Hat Linux has been rigoroudly tested for Year 2000 compliance for the
benefit of the operating system's end wsers.

Red Hat Inc. made a @nscious decision to augment their in-house tests on compliance with
tests carried aut by an independent company that specialises in complex technical tests of
ISIT systems.

The remit of the work was to carry out any tests deemed necessary in order to overdrive the
core comporents of the Red Hat Linux operating system into a Year 2000 fail ure or non
compliance situation. The tests were carried out in The Software Laboratory Test Centrein
London one of a set of dedicated test centres designed and manned by The Software
Laboratory aaoss the world. The test personnel utilised throughou this testing exercise were
solely from The Software Laboratory; at no time did Red Hat Inc. personnel have influence
upon @ have an active part within the tests exeauted.

As an initial part of the testing exercise, test scripts and a harness were developed and were
exeauted over 15 days commencing on the 24" May 1999. The Test Plan contains the detail
of the tests run within the configured environment. An exhaustive set of automated tests was
run over the period of the work, covering afull set of dates and chasen commands.

This document outlines the strategy, set-up and scope of the testing, the adivities involved,
the environments required and utilised, the tests designed and exeauted, and asses<s the risks
of utilising Red Hat Linuxin apost Year 2000 environment.



2 The Software Laboratory

The company, which was founded in August 1997, was st up to facilitate the growing need
for ol ective information, which would support the decision for timely deployment of misson
critical IT systemsfor blue chip clients.

The underlying concept, within integrity and independence, is a laboratory: providing a
controlled environment for testing, which is readily available such that tests can berunin a
reproducible manner, while afull audit trail is maintained. The use of a knowledge base of
past practice is a key comporent, enabling development of ever-broadening professional
standards.

Confidentiality is esential element of our business: our customer’s screts are our secrets.

The Laboratory facility can be on our premises, our customer’ s site, or indeed in any of the 69
global locations available. Our services gan the full spectrum from provision of a full-scde
controlled environment Test Centre Technology(] to the supply of specialised technical and
managerial skillsto augment existing teams and facilities.

Our range of moduar services have been designed to enable our customers to choose the
mixture which precisely mees their neals for information, problem definition and resolution.

Our test cgpabilitiesinclude:

e functional

e regresson

e performance

¢ load and stress

e configuration

¢ reslience and robustness
¢ maintainability.

Two of our specialised offerings are not available from any other test or services company.
These specialised off erings are Test Centre Technologyd and Test FM O .

The Software Laboratory deploys a unique mixture of people, processs and facilities in the
service of its customers.

For more detail please contact the info@software-lab.com
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3 Executive Test Summary

Red Hat isasupplier of an UNIX-like operating system cdled Linux, an advanced and
modern operating system. The kernel is the center and core of any operating system. It
functions at avery low-level to control the computer. With the kernel alone the system would
be dmost unusable. To avercome this Red Hat assembles a wllection of operating system
comporents, applications, documentation and support into an end-user package, cdled a
“disgtribution”. A distributionis designed to greatly simplify and enhance an end-user’s
experience of the Linux operating system.

Asaresult of Red Hat’s continuing commitment to its customersit has decided to seek a
rigorous and independent verification of its Linux goerating system distributionfor Y ear 2000
compliance. The Software Laboratory has aready performed independent Y ear 2000
compliance testing for Sun's Solaris operating system.

Thetesting aims to validate the Red Hat Linux qoerating system to the British Standards
Institute Y ear 2000Conformity Definition:

“Year 2000 conformity shall mean that neither performance nor functionality is affected by
dates prior to, during and after the year 2000." piip:/swww.bsi.org.uk/disclyear2000/2000doc

A set of test scripts has been devel oped which can be used to exercise and test key
comporents of the distribution for date-related functionality prior to, during and keyondthe
Yea 2000. Thetest scripts were exeauted against afull set of dates, allowing teststo be
performed prior to, during and after the Y ear 2000in order to identify any and all Yea 2000
isques.

The outcome of the testing is a passwith some nonYea 2000 specific issues. This is an
excellent first time test result and demonstrates Red Hat Linux’ robustness and reliability in
the enterprise environment.

The test fail ures discovered are not Y ear 2000specific. Both the dp command and strptime()
libc programming function do not operate as documented in the man pages. As these fail ures
occur for dates prior to, during and after the Year 2000, this does not affect the Yea 2000
compliance certification. It is recommended that these commands or the crresponding man
pages should be modified to reflect these anomalies.

In conclusion, The Software Laboratory is pleased to be associated with this projed to test
Red Hat Linux and congratulate Red Hat on the independent Year 2000 compliance
certification of the core comporents of Red Hat Linux.



4 Scope of the Red Hat Linux testing

The kernel isthe center and core of any operating system. It functions at alow-level to control
processes, handle memory management and manage software and hardware communications on
computer systems. Red Hat ensures that the kernel delivered with its distribution is essy to use and
suitable to its customers needls.

With the kernel alone the system would be unusable. The end user would not (without considerable
tedhnicd skills and time) perform any meaningful work. Asaresult the padage includes means of
interading with the system. These ae cdled “shells’.

The shell alone provides little in the way of useful and productive businesstools. There ae many
applications avail able for Linux. These ae usually written in alanguage cdled C and distributed in
source @de form (seebelow for Red Hat's lution to this). In order to be eleto use the gplication,
these must be “compiled” or converted into aform the cmputer can use. To do this, a“compiler” and
certain asociated “libraries’ are needed.

Compil ation of these goplicaions usually requires at least some technicd knowledge and so the Red
Hat distribution includes many of these goplicaions “ready to go” so the end-user has these tools

avail able immediately and without any complications. These gplicaions are supplied by Red Hat in a
“padkage” format known as RPM padkages. This enables end-usersto simply install new applications
and also upgrade existing ones.

In order to simplify the installation of a working system the Red Hat distribution is supplied with an
easy to useingtall ation routine, which all ows an end-user without any technicd knowledge to achieve a
fully working Linux system.

Finally the Red Hat distribution is suppli ed with documentation, telephone suppart and online suppart
to provide end-users with a“lifeline” to overcome problems and have questions answered.

The dm of the testsisto ensure that all the are components of the distribution including the kernel,

appli cations and dacumentation continue to function as expeded before, during and after the Yea
2000
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5 Red Hat Linux Testing Strategy

The testing of Red Hat Linux was undertaken by The Software Laboratory as an independent
“white paper” testing exercise. That is, The Software Laboratory took neither test harnesses,
command sets, scripts nor results from Red Hat Inc. which would have been used during their
in-house testing of this product.

5.1 Testing Objective
The objective of testing was to exhaustively test core Red Hat Linux comporents for Year
2000compliance

5.2 Approach
Testing Red Hat Linux was undertaken in 7 stages, each stage fed into its successor in the
order as presented (i.e. gtrictly speaking there was ome aoncurrency):

1. Understanding of Red Hat Linux’' functionality,
2. Development of test harness,

3. Verificaion of test harness

4. Development of test scripts,

5. Development of .c programs for libc testing,

6. Exeaution of test scripts,

7. Production of test report.

5.2.1 Testing methodology — Shell scripts with expect extensions

To drive the functionality of Red Hat Linux to be tested, a process of issuing commands and
examining responses and results was developed using remote login services and the shell
scripting language with the exped padkage of extensions.

The process commences with the machine under test being instructed to change its g/stem
date and hardware dock to the required test date and to reboot. After which, through a
remote login session and the use of expect shell scripts, commands are sent to the machine
under test. All results are sent bad to the driving macdhine and stored appropriately. An
excerpt of a script is siown below. In the example, the command keing tested is Red Hat
Linux ‘usradd’ command.

5211 Example Expect Script

The following script excerpt is part of that used to test the ‘usradd’ command by creding user
acounts with a various acoount expiry dates. In this extrad a user account with an expiry
date of yesterday (relative to the current system date) is created. A login to the acourt is
attempted and tested if accessis denied.

#!/bin/sh
#\
exec expect -f "$0" -- "$@"

if [catch {set Y2000_HOME $env(Y2000_HOME)}] {
set Y2000_HOME /var/tmp/Y2000



}

if [catch {source $Y2000_HOME/lib/libY2000}] {
puts "Can't find $Y2000_HOME/Iib/libY2000.\
Set the Y2000_HOME variable so that it points to the test
root."
exit 1
}

# global variable initialization
global prompt testcase

set prompt "(%|#|\\$) "

set testcase "usradd_test"

# reads in the arguments
set argc [llength $argv]
if {$argc != 2} {
puts "usage: usradd_test sut on|off"
exit 1
}else {
set client [lindex $argv 0]
set debug [lindex $argv 1]
if {$debug == "on"} {

log_user 1
}else {
log_user 0
}
set timeout -1
}
send_user "telneting into $client\n"
Login $client

#Get current system date for user EXP reference.
send "date \"+%m %d %H %M %Y\"\r"

expect -re "\n(..) (..) (..) (..) (...)"

set usrdate $expect_out(0,string)

set mdate $expect_out(1,string)

set ddate $expect_out(2,string)

set Hdate $expect_out(3,string)

set Mdate $expect_out(4,string)

set Ydate $expect_out(5,string)

expect -re $prompt

send_user "Expiry set to the day before.\n"

#Add new user a DAY BEFORE.

send "date --date '$mdate/$ddate/$Ydate 1 day ago' \"+%m %d %y\"\r"
expect -re "\n(..) (..) (..)"

set newmdate $expect_out(1,string)

set newddate $expect_out(2,string)

set newydate $expect_out(3,string)

expect -re $prompt

sleep 4s

#Create new user "y2ktestuser3" exp 1 day back.

send "userdel -r y2ktestuser3\r"

expect -re $prompt

send "useradd -e $newydate$newmdate$newddate -f 0 y2ktestuser3\r"
expect -re $prompt
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#Set user password.

send "passwd y2ktestuser3\r"

expect "New UNIX password: "

sleep 2s

send "y2ktestuser3\r"

expect "Retype new UNIX password: "
sleep 2s

send "y2ktestuser3\r"

expect -re $prompt

#Telnet back in to check EXP date on USR Account.
send "telnet $client\r"
expect "login: "
send "y2ktestuser3\r"
expect "Password: "
send "y2ktestuser3\r"
set timeout 4
expect {
timeout {Result $testcase fail "Account with yesterday's expiry
date allowed access"; expect -re $prompt; send "exit\r"}
-re "expire" {Result $testc ase pass "Account with yesterday's
expiry date did not allow access"}

}

expect -re $prompt



6 Test Harness — Design and Development

To complement the script development work and to allow automated and repeatable test
exeaution, atest harnesswas developed. The harness was required to select the next test to be
exeauted ona particular server, initiate the test, record the ativity and determine by a set of
criteria whether it had passed or failed. All events and results should be aitomaticdly
reported. This processwould be executed for all commands over afull set of test dates. The

harnesswas implemented in a set of shell scripts utilising a hierarchy of Makefiles.

Test scripts are written using familiar Linux shell scripts with ‘expect’, and are specific to

eat command that isto be included into the test suite (i.e. touch, at, etc.)

The system requirements for test harness:
 RedHat Linux(v5.2 a v6.0

*  Exped
* Make

Directory andfil e structure of Yea 2000Test Harness:

$Y2K_HOME/
lib/
setup/
tests/
Makefile
include.mk
run

runone

y2000_test

10/08/99

Test harnessdiredory

Test harnessdiredory

Diredory containing all teststo be run by test harness.

Test harnessfile

Test harnessfile

Exeautable fil e for testing individual dates. In thisfile must be
spedfied the machine under test and driver machine
Exeautable file for spedal test cases. Again, in thisfile must be
spedfied the machine under test and driver machine
Exeautable file for complete testing. All testing dates must be
spedfied in thisfile.

Page:10
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7 Scope of Tests

7.1 Scope

The scope of the tests were to validate Red Hat Linux against al possible Year 2000 dcate
related issues. The scope of the testing was defined by the thorough analysis and
identificaion of the core functionality of the Red Hat Linux qoerating system. See section
10.1for the areas covered by the testing.

The tests will validate the Year 2000 compliance of Red Hat Linux version 5.2 and version
6.0in the foll owing representative wnfigurations:

Driver Server

Dell Latitude CPi/Red Hat Linux 6.0 Dell Optiplex/Red Hat 6.0

Dell Latitude Cpi/Red Hat Linux 60 Compag Dekspro/Red Hat 5.2

As may be naticed with the &ove presented test environment configurations, two Red Hat
Linux versions and two different platforms were introduced into the testing. This decision
was made to replicate mmmon enterprise system configurations; of course this does not
represent all possible end user system configurations.

A standard install of all operating system comporents was used, including al currently
avail able patches.

The dates that have been tested are listed below to give a omprehensive spread of dates

relating to Y ear 2000 compli ance:

Date Number Date Day

1 12.31.1998 Thursday
2 01.01.1999 Friday

3 02.27.1999 Saturday
4 02.28.1999 Sunday
5 03.01.1999 Monday
6 08.31.1999 Tuesday
7 09.01.1999 Wednesday
8 09.08.1999 Wednesday
9 09.09.1999 Thursday
10 09.10.1999 Friday
11 12.31.1999 Friday
12 01.01.2000 Saturday
13 02.27.2000 Sunday
14 02.28.2000 Monday
15 02.29.2000 Tuesday
16 03.01.2000 Wednesday
17 12.31.2000 Sunday
18 01.01.2001 Monday
19 02.28.2001 Wednesday
20 03.01.2001 Thursday
21 02.28.2004 Saturday
22 02.29.2004 Sunday
23 03.01.2004 Monday




An exhaustive li st of the tests and their detail s are aontained in section 10.1of this document.

It was agreed with Red Hat Inc. that the test platforms will i nclude two common Intel
architedure enterprise system environments. The atual hardware used is fully specified in
sedion 11; the actual test topology isdepicted in Figure 1.

Test Driver Test Madchine with Red Hat
5.2and 6.0
Ddll Latitude CPi Ddl/ Compaq
Network Hub
| g ¢

Figure 1 —Red Hat Linux Test Topology

7.2 Outwith the Scope of Testing

Measurement of the performance of the macines involved was not an dbjective of the test,
other than that the connection of these items to the network is considered to be avita part of
the Y ear 2000 testing.

e only asmall but representative selection of Intel architecure machines was present during
the test — it was not considered to be avery important variable in this testing to have a
large and varied range of machines.

« the network topdogy of the environment will not correspond to that of the many types of
implementation network environments — again this was not considered to be avery
important variable in this test.

e no regative hardware tests were undertaken

e Testing of known issues regarding the limitation of the mechanism used to compute
system time using the number of seconds since the gpoch. This would result in non-
compliance post Year 2038.

Additiona items not in the scope:

¢ Code scansto look for potential anomali es.
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8 Test Process

The environment was %t up in the Software Laboratory Test Centre in London. The tests
were exeauted on a configuration which existed ona private LAN within the centre.

The test padk and subsequently the results were stored off the server machine under test. Test
scripts were moved orto the driver machine in the test topology at exeaution time and al
results for a aurrent test would initialy also appear on this machine. After a test run, all
scripts and results would be moved appropriately.

Please find the Test Approadh in diagramatic form bel ow:

Test Driver

Red Hat Linux commands rdate

Command Line

Red Hat
L inux

A set of tests for a given date o/cle were run as above. No concurrent testing was executed.
This is an important factor in the statement of Year 2000 compliance, as concurrent or
simultaneous testing can, and will, introduce serious issues and impads to the test results.
However, the re-configuration and preparatory work was indeed exeauted in a ncurrent
fashion. It is important to note by the reader of this report that when testing operating
systems or supported servicesit is of vital importance when re-configuring the machines that
the machine is reboated prior to any further tests commencing. If thisis not done al tests run
onare-configured and nonre-boaed machine are NOT VALID.



9 Success Criteria & Results Summary

The purpose of the test is to validate the performance and integrity of Red Hat Linux as
currently defined in the view of Year 2000 compli ance.

The tests will be mnsidered complete and successful when sufficient data has been gathered
to determine, within the mnstraints of the testing environment and hardware, the presence or
absence of any systematic performance shortcomings inherent in the product for Year 2000
compliance.

Please find below in the next sections of this report result summary tables and graphs for the
tests by date g/cle and command. A passis registered in the summary only if the date
processing required by the command was correctly verified.

9.1 DATE CYCLE TEST RESULTS SUMMARY

The bar chart shows the percentage of passes each scripted command attained over the full set
of tests exeauted during the measured period. As can be seen from the dhart below, 3 of the
tests failed (green indicates pass— red indicates fail). These fail ures are summarised in the
exeautive summary and in more detail i n Risks.

Result

Test Script Name
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9.2

different platforms and @erating systems.

TEST CASE TEST RESULTS SUMMARY
Each test case in the test command set was exeauted not only a set of dates, but also a two

The table below presents the platform and

operating system version together with the overall results (for all dates) of that test case in the
particular test environment.

Test Case Red Hat Red Hat
Linux 5.2 Linux 6.0
Http PASS PASS
At PASS PASS
Ftpshut PASS PASS
Rdate PASS PASS
Touch PASS PASS
Dp FAIL FAIL
Corvdate PASS PASS
Cron PASS PASS
Slee PASS PASS
Libc FAIL FAIL
Usradd PASS PASS




10 Red Hat Linux Year 2000 System Test Activities

10.1 Red Hat Year 2000 test coverage
The commands which are @wvered by the Y ear 2000 test scripts are listed below.

10.1.1 Commands

o dfter

e at

e hwclock
e convdate
e crontab
e date

o ftpshut

e s

e rdate

e 4 eep

e touch

e usradd

* hweclock
* telnet

« fip

10.1.2 Daemons

e httpd

o ftpd

e telnetd

e inted
 ad

e crond
10.1.3 libc
e strptime
e asctime
e gmtime
e mktime
e inttime t
e struct tm

10.2 Test Cases & Specifications

The purpose of these spedfications is to verify that time sensitive Red Hat Linux commands
function correctly before, during and after the Year 2000.These test cases are compil ed from
alist of services and commands present in Red Hat Linux. Scripts are then written for the
express purpose of testing Red Hat Linux. All tests which use functionality outwith the
specific purpose inherently test this functionality and therefore if the test passes so to daes the
inherently tested functionality.
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Note: As aresult of al test scripts using telnet to access the system under test, telnet, telnetd
andinetd are inherently tested.

10.2.1 Test Case # 1 — http
1 Inpu Spedfications
Submit http request to system under test
2 Output Specifications

Passif avalid resporse is returned by the web server
Fail if avalid responseis not returned by the web server

Note: Thistest inherently verifies httpd
3 Environmental Needs

1.Hardware - Intel
2.Software — Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
System under test must be @nfigured with avalid web server
5 Intercase Dependencies

None

10.2.2 Test Case# 2 - at
1 Inpu Spedfications
login
extract the arrent system date for reference
remove ay existing at jobs
create & job
verify at jobin the queue
sleep until at job is set to complete
2 Output Specifications

Verify there ae now noat jobsin the que
Verify that the at job completed

3 Environmental Needs

1. Hardware - Intel
2. Software— Red Hat 5.2and 6.0

4 Spedal Procedural Requirements
None

5 Intercase Dependancies



None

10.2.3 Test Case #3 - ftpshut
1 Inpu Spedfications
login (telnet into $client)
remove the /etc/shutmsg fil e to open ftp access
shut ftp accessdown NOW
remove the /etc/shutmsg fil e to open ftp access
shut ftp aacessin 1 minute using relative time
remove the /etc/shutmsg fil e to open ftp access
shut ftp down in 1 minute using absolute time
Note: Thistest inherently verifies ftp and ftpd
2 Output Specifications

Verify that ftp access is denied after ftp accessis sutdown

3 Environmental Needs

1.Hardware - Intel
2.Software— Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
Theinitia deletion of the /etc/shutmsg fil e to all ow ftp access
5 Intercase Dependancies

None

10.2.4 Test Case #4 —rdate
1 Inpu Spedfications
loginto driver
ascertain current system date information from the driver
login to client
use rdate —p to retrieve the current system date and time from the driver
2 Output Specifications
Compare the result of the rdate with the date obtained locally on the driver
3 Environmental Needs

1.Hardware - Intel
2.Software — Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
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10.2.5

10.2.6

5 Intercase Dependencies

None

Test Case #5 —touch

1 Inpu Spedfications

login to client

retrieve system date information from client

touch atest file to a date one yea in advance

touch atest file with the aurrent system date & time

note that touching the KevtouchA file to the system date +1 yea returns

adate stamp with the yea displayed.

Whereas touching the KevHrTouch file to the arrent date and time will return a
date/timestamp with the time replacing the year

2 Output Specifications

Chedk the format and content of file timestamp

Note: It will contain the year (instead of time) if the timestamp is over 6 months from
todays date

3 Environmental Needs

1.Hardware - Intel
2.Software — Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
...None
5 Intercase Dependencies

None
Test Case #6 — dp
1 Inpu Spedfications
login to client
retrieve the aurrent system date and time information from the client
exeaute dp function a present system date
ched the format and contents of the returned information
Test was run with valid andinvalid dates
2 Output Specifications
Chedk that dp can parse dates 822-style on the given test dates
3 Environmental Needs

1.Hardware - Intel
2.Software— Red Hat 5.2 and 6.0



4 Spedal Procedural Requirements
5 Intercase Dependencies

None

10.2.7 Test Case #7 — convdate
1 Inpu Spedfications
loginto client
retrieve system date information from client
perform a convdate —s on current system date
ched the format and content of returned date information
2 Output Specifications
Convdate —s on current system date to convert from mm/dd/yyyy to afull display
For example from 04/20/1999 to Tue Apr 20 (0:00:00 199. Thisis exeauted on the
given test dates.
3 Environmental Needs

1.Hardware - Intel
2.Software— Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
None
5 Intercase Dependencies

None

10.2.8 Test Case #8 —cron
1 Inpu Spedfications
login to client
retrieve the aurrent system month and day information
extract the minutes value and add 1 minute
create aon fileto exeaute dter 1 minute
sleep from 1 min
seach for file created by the cronfile after 1 minute
confirm file existence and check the timestamp is correct
2 Output Specifications

ched that cron daanon can exeaute scheduled commands
and that crontab can maintain crontab files for individual users

3  Environmental Needs
1.Hardware - Intel
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2.Software— Red Hat 5.2 and 6.0
4 Spedal Procedural Requirements

Ivar/tmp/Y 2000mycron shoud be deleted (script should automaticaly ded with
this)

5 Intercase Dependencies

None
10.2.9 Test Case #9 - sleep
1 Inpu Spedfications
loginto client
get system time and add 1 minute for comparison
dee for the one minute
verify the time and compare

2 Output Specifications

The“deep” functionisableto perform with all related dete, leg, and Y ear 2000
issues correctly.

3  Environmental Needs

1.Hardware - Intel
2.Software — Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
None
1. Intercase Dependancies

None

10.2.10 Test Case #10 - libc
1 Inpu Spedfications

These test scripts use specificdly written .c programs to validate libc and gcc
functionality with dateisaues. These prorgrams are;

next_day — given an argument of mm/dd/ccyy output current date and next day date
using strptime(), tm_struct, time_t, mktime(), gmtime() and asctime(). Next day is
cdculated by converting to seconds snce gooch and adding 86400seconds (24 hous)

year_day to_date— given an argument of day of yea number and yea it should
display the date. Uses strptime(), tm_struct, and asctime()

date-span —given two dates, calculates number of days between them. Uses
strptime().



Script
Loginto client
Compile eat of the éove programs
Exeaute each of the dove programs with dates from Appendix B - Definition
of Year 2000 Conformity
2 Output Specifications
Eadh of the programs displays and/or calcul ates dates correctly
3 Environmental Needs

1.Hardware - Intel
2.Software— Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
gcc andlibc present onthe system
5 Intercase Dependancies

None

10.2.11 Test Case #11 - usradd_test
1 Inpu Spedfications
login (telnet into $client)
get current system date for expiration date @mparison
creae new users — y2ktestuserx with
same day expiration date (no grace days/ warning [ -f 0] )
expiration dete one day in future (no grace days/ warning [ -f 0] )
set expiration date one day in past (Expired) (nogracedays/ warning [ -f 0] )
set new user passwvord (same & name — y2ktestuserx)
attempt to telnet in as newly created user
2 Output Specifications

The“usradd” functionis able to perform with all related date, legp, and Y ear2000
isaues correctly.

3  Environmental Needs

1.Hardware - Intel
2.Software — Red Hat 5.2 and 6.0

4 Spedal Procedural Requirements
None

5 Intercase Dependancies
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None

10.3 Test Case Execution

The detailed scripts above were inserted into an automated script that would run against the
designated environment until completion. The script would then produce aset of results plus
pass/fail indicatorsto aresultslog file that could be perused in detail at alater date.

10.4 Deliverables

10.4.1 Test Red Hat Linux
The test versions of Red Hat Linux has been frozen and is available on read-only
CDROM’sto enable the rerun of Year 2000tests in areplicated environment.

10.4.2 Repeatable Architecture
The Software Laboratory is able to provide Year 2000 Test Centres for the use of
its Red Hat Linux’' client base, if required. There are aurrently Test Centres in
operation in West London,UK (where this testing has been urdertaken), as well
as in ather locations around the world, that have been designed to asdst the end-
user install basein Y ear 2000testing and system preparation.

10.5 Staffing & Responsibilities

All madine configurations, install ations and retwork set-ups where managed and exeauted
by The Software Laboratory. Script creation and environment builds were dso handed
solely by The Software Laboratory’ steam of consultants and engineers.

The team was headed by Julian Brook, Test Consultant within The Software Laboratory who
was resporsible for strategy, planning and technicd direction. The team comprised The
Software Laboratory’s Test Consultants David Suich and Kevin Heath on whom
responsibility for determining the neaessary testing and actually implementing tests required.
Mike Wangsmo from Red Hat Inc. was the main client contact.

These tests were executed with NO Red Hat Inc. involvement.




11 Environmental Requirements & Controls

11.1 Hardware/Network
The hardware and network utilised for the Y ea 2000testing of Red Hat Linux was based at:

The Software Laboratory Test Centre,
1000Grea West Road,

Brentford,

Middlesex,

TW8 9HH

This environment is a testing fadlity developed by The Software Laboratory. It provides
independent analysis, testing and verification d applicaions. The test facility provides an
environment in which all types of testing including functional, performance and integration
testing can take place.

Two versions of Red Hat Linux were tested: version 5.2and 6.0. All available patches
available & the cmmencement of the tests (24" May 1999 were included in the pre-
mastered CDROM's.

The tests were designed, executed and analysed over 15 working days between 24™ May 1999
and 11" June 19%.

11.2 Test Equipment Specification

M achine Spedfication
Compaq Deskpro | Intel Pentium 1l 450Mhz, 128Vib RAM, 6Gb Disk, NIC-10/100Mb
Dell OptiPlex Intel Pentium Il 450Mhz, 128Mb RAM, 6Gb Disk, NIC-10/100Mb
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12 Schedule

Following are target dates and responsibilities for the testing adivities required for this Test
Programme.

Target Date Milestone Responsible
28/5/99 Understanding of Red Hat Linux’ The Software Laboratory
functionality

28/5/1999 Development of test harness, The Software Laboratory
28/5/1999 Verification of test harness The Software Laboratory
8/6/1999 Development of test scripts, The Software Laboratory
8/6/1999 Development of .c programs for libc testing, The Software Laboratory
11/6/1999 Exeaution of test scripts, The Software Laboratory

15/6/1999 Production of test report. The Software Laboratory




13 Risks

10/08/99

This section outlines the risks to the testing adivities outlined above, and
provides a strategy for containment of these risks. The severity of the risks are
only analysed in the antext of the Y ear 2000isae.

Risk Risk Containment Severity
dp daes not produce ary | man page shoud specify that day or Low
error messsge when a | date validationis not performed as
date within an invalid | part of the command.
day name is provided as
an argument. Note:
This applies to 4l
dates and is not Year
2000specific
Strptime. This | Thelow-level libc function must be Medium/Low
command incorrectly | changed to handle this format of time;
converts a date given in | it is aso a posgbleto change the man
day of yea with yea | pageto state that thisformat of dateis
format (i.e. day 59 d | not supparted.
1999 into a vaid o
correct date. Note: This
applies to dl dates and
is not Year 2000
spedfic
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14 Conclusion

The Test Program for Red Hat Linux was conclusive in that the tests run were
comprehensive. Both Red Hat 5.2 and Red Hat 6.0 are highly compliant. The result is a
highly sucessful pass rate, with any failures being non Yea 2000 specific. The Software
Laboratory would like to congratulate Red Hat on an excellent Yea 2000 compliance test
result and do hereby provide independent Y ear 2000 certification of the core mmporents of
the Red Hat Linux operating system as identified in this document.

The tests that failed, dpand strptime(), are likely to be due to interpretations of the manual
entry for the command. However, this documentation is very important to all end user’s of
Red Hat Linux. It is recommended that the man pages are updated to reflect these isaues or
the functionality of the original programs changed to remedy the failed functiondity as
documented in the man page. It shoud be noted that these fail ures were not specific to the
Yea 2000.

It is The Software Laboratory’s industry position to give dear, hanest and representative
opinions on any product or system that it has been commissoned to test. This opinion will
never be biased by the austomer’ s wishes or positioning.



15 Appendix B - Definition of Year 2000 Conformity

The definition of year 2000 conformance is taken from BSI DISC PD2000-1. "Year 2000 conformity shall
mean that neither performance nor functionality is affected by dates prior to, during and after the year

2000."

Rule 1 Tests

"No value for current date will cause any interruption in operation”
1.1 The product or system (or networked systems) should be run through several simulated transitions
over the following date boundaries:

[From To |Reason to check
El Dec 1998 1a Jan 1999 ||existing functionality is unchanged

27" Feb 1999

28™ Feb 1999

ﬂexisting functionality is unchanged

28™ Feb 1999

T Mar 1999

Ilexisting functionality is unchanged

315 Aug 1999

1% Sep 1999

[first time xx/9/99 is encountered

[8™ sep 1999

o™ Sep 1999

[the 9/9/99 problem does not exist

9" Sep 1999

10" Sep 1999

the 9/9/99 problem does not exist

315 Dec 1999

1= Jan 2000

[first time 00 is encountered

27" Feb 2000

28™ Feb2000

Ilexisting functionality is unchanged

28" Feb 2000

29™ Feb 2000

||that 2000 is recognised as a leap year

29™ Feb 2000

= Mar 2000

Ilthat 2000 is recognised as a leap year

31 Dec 2000

1% Jan 2001

||the changeover of year from 00 to 01

28™ Feb 2001

15 Mar 2001

||that leap year recognition works for years beyond 2000

28™ Feb 2004

29" Feb 2004

Ilthat leap year recognition works for years beyond 2000

29™ Feb 2004

15 Mar 2004

||that leap year recognition works for years beyond 2000

1.2 Where the typical span of dates required to be handled extends beyond the above range (for
example, a mortgage interest repayment calculation) additional tests should be performed.

1.3 Where the product or system is undertaking transaction processing then tests should be devised to
simulate transactions occurring across a sample of the above boundaries. Furthermore a set of tests to
exercise transaction exception handling (for example, transaction time-outs) should be devised to occur
on a sample of the above boundaries.

1.4 Where the product or system is required to respond in real-time to a time-based event (for example,
an alarm ) then tests should be devised to simulate time-based events crossing the above boundaries.
1.5 Where the product or system schedules future events then a series of future events beyond a
sample of the above boundaries should be simulated and checks performed to show that the scheduling
is subsequently responded to correctly.

1.6 Where the equipment (e.g. computer) supports maintenance of the current time and date over a
power-down and this forms part of the product functionality this should be tested.
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Rule 2 Tests (incorporating Rule 4 Tests)

"Date-based functionality must behave consistently for dates prior to, during and after year 2000."

"Year 2000 must be recognised as a leap year."

2.1 Where the product or system validates input then all occurrences of the validation should be tested
for the following data:

\Valid

E Dec 1998 E"Jan 1999 l
27" Feb 1999 28" Feb 1999

15" Mar 1999 9 Sep 1999

317 Dec 1999 1 Jan 2000

27" Feb 2000 28" Feb 2000 ]
29™ Feb 2000 1% Mar 2000

E{ Dec 2000 151 Jan 2001

28™ Feb 2001 11" Mar 2001

28™ Feb 2004 9" Feb 2004 ]
15" Mar 2008 1 Jan 2008

15" Mar 2012 1 Jan 2012

1 Mar 2016 1 Jan 2016

1% Mar 2020 1% Jan 2020 ]
1" Mar 2038 1 Jan 2038

15" Mar 2039 1 Jan 2039

Invalid

E Apr 1998 W Feb 2001 ]
29" Feb 1999 30th Feb 2004

30" Feb 2000

IAmbiguou s

F Jan 00 F Jan 99 i

2.1 Where it can be shown that common routines have been used testing may be reduced to a sample
of uses of the routines provided that all routines and all types of use of the routine are thoroughly tested.
2.2 Where the product or system performs sorts or calculations (subtractions/additions) involving dates
and time spans the following scenarios should be tested for correct operation:

Span

|Reason to check

{IMid-1999 to 31/12/99

lexisting functionality is unchanged

IIMid-1999 to 1/1/2000

century boundary is handled correctly

{Mid-1999 to 29/2/2000

{leap day is handled correctly

[Mid-1999 to 1/3/2000

lleap day has been added

IIMid-1999 to 1/4/2000

{leap day has been added

[Mid 1999 to Mid-2001

2000 has 366 days

{Mid-2000 to Mid 2001

{boundary between 31/12/2000 and 1/1/2001 is handled correctly

2037 -2038

|boundary on epoch UNIX 32 and 64 Bit Operating Systems is handled correctly




Other Tests

To show that the product or system recognises 2000 is 366 days long

To show that the product or system recognises 1999 is 365 days long

To show that the product or system recognises 2004 is 366 days long

Tests combining as many of the above as is appropriate to the normal use of the product or system
Test cases should be based on valid date ranges for the product or system.

2.3 Where the product or system calculates days of the week from dates all occurrences of the software
should be tested for correct operation under the following conditions:

Test

[[Reason

F{ Jan 1900 was a Monday

ITo check existing functionality is unchanged

| 28" Feb 1900 was a Wednesday

ITo check existing functionality is unchanged

Fl Mar 1900 was a Thursday

[There was no 29th Feb 1900 due to the century rule

| 28" Feb 1999 will be a Sunday

ITo check existing functionality is unchanged

F Mar 1999 will be a Monday

ITo check existing functionality is unchanged

El Dec 1999 will be a Friday

ITo check existing functionality is unchanged

Fl Jan 2000 will be a Saturday

[To distinguish it from 1/1/1900 (Monday)

28" Feb 2000 will be a Monday

[To distinguish it from 28/2/1900 (Wednesday

| 29" Feb 2000 will be a Tuesday

[There was no 29th Feb 1900 due to the century rule

Fl Mar 2000 will be a Wednesday

ITo check that 29/2/2000 was catered for

Fl Jan 2001 will be a Monday

To verify that 2000 is handled as 366 days long

28" Feb 2004 will be a Saturday

ITo check that leap year calculations are correct

[29™ Feb 2004 will be a Sunday

ITo check that leap year calculations are correct

Fl Mar 2004 will be a Monday

ITo check that leap year calculations are correct

1* Jan 2038 will be a Tuesday

'To check that any Unix based Operating Systems in particular can

{handle the epoch correctly.

2.4 Where the product or system calculates holidays (for example, Easter) appropriate tests should be
devised.

2.5 Where the product or system prints dates (on screens or reports) all occurrences should be checked
for valid display and consistency of display.

2.6 Where the product or system handles files (including configuration data files) tests should be
devised to check that the file date/time information is accessed and interpreted correctly.

2.7 Where the product or system 'stamps' records with the current date and/or time (for example, for
audit trail purposes) tests should be devised to check that the record date/time information is written and
subsequently interpreted correctly.

Rule 3 Tests

"In all interfaces and data storage, the century in any date must be specified either explicitly or by
unambiguous algorithms or inferencing rules."

3.1 Where the product or system stores dates all occurrences should be checked for valid storage and
retrieval. If inferencing rules are used then all boundary conditions should be checked. For example if
the product or system infers dates 50<=yy<=99 represents 19yy years and 00<=yy<=49 represents
20yy years then tests for yy = 48, 49, 50 , 51, 99, 00, 01, 02 should all be performed to demonstrate
correct operation and interpretation of the data by all systems involved.
3.2 Where the product or system imports/exports dates (including by cutting and pasting) tests should
be devised to show correct operation when:

« Importing valid two-digit year dates

* Importing invalid two-digit year dates

* Importing valid 4-digit year dates

« Importing invalid 4-digit year dates

«  Exporting a range of dates from 1* Jan 1999 to 31% Dec 2019
3.3 Where dates are passed to other products (for example, via a network) tests should be devised to
cater for the dates in the data sent being rejected and not processed by the receiving program.
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16 Approvals

This section outlines the parties responsible for approving this document, the deliverables
outlined above, and the final conclusion.

This plan and the testing report will be subject to approval by:
lan Lawrence The Software Laboratory

Mike Wangsmo Red Hat Inc.



17 Document Control

17.1 Version History

Date Author Comments
Junl7 199 | J. Brook Initial Draft
D. Suich
K. Heah
Jun21 199 | J. Brook Final Version
D. Suich
K. Heah

17.2 Source File Location

The Software Laboratory, Thatcham BusinessVillage,
Colthrop Way, Thatcham, Thatcham RG19 4.W, Berkshire, UK
This can be distributed through fax, e-mail and post at this time on request to The Software

Laboratory. Please contact the Office Manager Rachel Hoyes on +44 Q1635 58283 or by e
mail rachel.hoyes@software-lab.com
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