The Year 2000,
Should We Be Skeptical?

Implications of the year 2000 for
calendars, people and computers.

Michael D. Sofka
&
R. Lindsay Todd

Computing Information Services
Slide 1 Rensselaer Polytechnic Institute

Inquiring Skeptic of Upper New York
April 1, 1998, Guilderland, NY

sofkam@rpi.edu, http://www.rpi.edu/ " sofkam/
toddr@rpi.edu, http://www.rpi.edu/ " toddr/

Notes for slide 1:
Introductions:



Part 1
Calendrics (Mike)

Part II
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Part III
Summary (Both)
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Notes for slide 2:

Calendrics: How our calender came to be. It’s a long and interesting—millennium spanning—
story.

Y2K: What is the Y2K computer problem.

The chance that some computer programers will not opperate correctly with dates
after January 1, 2000.

Summary: Wrap up, when do we celebrate the millenium, and will our computers work.

T’ll be giving part I, and Lindsay Todd will present Part II. Then we’ll both offer our
opinions on Part III.



Part I: Calendric

Calendar: How we tell what date it is?
Epoch: How we tell what year it is?

Millennium: When is the 21st Century?
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Notes for slide 3:
For any given Calendar we are interested in three questions:

1. Calendar: How we tell date it is in any given year.

2. Epoch: How we tell what year it is? The starting year of a calendar is called the
Epoch.

3. Millennium: And, for our particular calendar, we have some debate over when a new
century begins.



Find a simple relationship between:

e 24 hrs., 3 min., 56.55 sec. in sidereal day.
e 29.53059 days in lunar cycle.

e 365.242199 days in solar year.
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Notes for slide 4:

e The problem for the calendar maker is to reconcile the relationship between days,
lunar cycles and years.

e The problem is, they are incommensurable, so different societies have adopted different
solutions.
— Some, such as the Islamic calendar, are strictly lunar;
— others, such as our modern calendar, are strictly solar;
— Most are an uneasy mix of the two.

e Note, sidereal day is the time for the earth to make one revolution. What we call a
day is about 4 minute short of one-full-turn.

e We measure the 24 hour day from local noon to local noon, but the earth moves
1/365.24.. . every day, shifting the position of the sun 4 minutes.

e This was noticed by astronomers and calendar makers, since the two were often the
same.



Our Calendar:

e Started as Roman Calendar.

Filled by 2nd Roman king.

Fixed by Julius Caesar (Sosigenes).

Corrected by Augustus.

Adjusted by Pope Gregory XIII (Clavius).
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Notes for slide 5:

e Started as Roman Calendar: Traditionally attributed to Romulus.

1. It consisted of 6 months of 30 days and 4 months of 31 days.
2. A total of 304 days.

3. Year began in March and Ended in December.

4. Followed by an uncounted winter gap (about 61 days).

e 2nd king of Rome added January and February for a total of 364 days in a year.

Inter-calenary months were added by the priest whenever it was deemed necessary,
but they would often wait until 60 days had accumulated.

e On the advice of the Alexandrian astronomer Sosigenes, Julius Caesar:

. Extended the length of (what is believed to be) 46 B.C. to 445 days.
. Decreed that future years have 365 days.
. Added an extra day at the end of February every four years.
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. He also renamed a month in his honor.

e Corrected by Augustus: Ceaesar’s proclamation was miss-interpreted, so an extra day
was added every 3 years.
This was discovered by Augustus in 8 B.C., who put a hold on all leap days until
7 A.D., and renamed another month in his honor.

e The result is known as the Julian calendar.



Problem: Julian year is 11 min., 4 sec. too long.

e By 1545 A.D. Vernal Equinox drifted 10 days.
e Council of Trent authorized Paul III to fix.

e in 1572 A.D. Gregory XIII gave task to Clav-

ius.
e Papal Bull of 1582:

— Thursday, October 4th followed by Friday,
Slide 6 October 15th.

— Year defined as 365.2422 days.

— Centennial year not a leap year,
unless divisible by 400.

e Adopted immediately by Catholic countries.
Over the next 4 Centuries by other countries.

Notes for slide 6:

Unfortunately, it wasn’t accurate enough—the Julian year was 11 minutes and 4 seconds
too long.

Discrepancy was eventually adjusted by order of Pope Gregory XIII, but it was a long
process.

e By 1545 A.D. the vernal equinox had drifted 10 days from it’s proper position, falling
on March 11th, instead of March 21. Note, the equinox is a celestial event, not human-
decreed.

e The Council of Trent authorized Pope Paul III to correct the calendar, but he was
unable to take satisfactory action.

e In 1572 (27 years later), Pope Gregory XIII gave problem to Christopher Clavius.
e Papal Bull of 1582:

— Thursday, October 4th followed by Friday, October 15th.
— Year defined as 365.2422 days.

— No Centennial year a leap year, unless divisible by 400.

1700, 1800 and 1900 (despite what Lotus 1,2,3 says) were not leap years. 2000
will be a leap year.

e The Papal Bull took effect in Catholic countries, but it took a few centuries to be
widely adopted.



England: 1752. Prior to October 14th, Gregorian, used Julian calendar starting the
year on March 25th. (so, the even the year of Washington’s birth depends on which
calendar you use).

Question: What would you do if we shifted our calendar 7 days, so the year ended on

what is now December 257 I would choose to continue using October 17. (Show of
hands.)

What will hosptials, insurance agencies, medicare do?
The Soviet Union 1918: October revolution took place in November.
Greece didn’t adopted it until 1923.

However, now the Gregorian is the official calendar for civil purposes in most of the
world, and much of the remaining world will keep track of Gregorian dates for purposes
of commerce.



The Epoch, or What year is it?

e Reign of king or priest.

e Significant event, e.g., founding of Rome.

e Anno Diocletiani, reign of Emperor Diocletian.
e Dionysius: 525th year since birth of Christ.

Bede’s used Anno Domini in his Fcclesiastical
History of the English People, 731 A.D.
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Notes for slide 7:
This is all well and good, but when did we start referring to the year 46 B.C., when Czesar

started this 1.5 millennium long calendar reform craze, as “46 B.C.”? Surely sometime after
46 B.C.

e Reign of king or priest, e.g., Fourth year of the Emperor Hadrian: Really tough for
the years Commodus 1 to Probus 7. (This would be like, in the third year of President
Polk—when was that?)

e Significant event, e.g., founding of Rome.

e By the 6th Century, it became customary to refer to years since the reign of Emperor
Diocletian (249 A.D.), a notorious persecuter of Roman Christians.) This was called
Anno Diocletiani.

e Dionysius noted it was the 525th year since birth of Jesus.

e Bede’s FEcclesiastical History of the English People, 731.



Dinoysius made two mistakes:

1. It wasn’t the 525th year since Christ’s birth
(off by 8-3 years).

2. Started with 1 instead of 0
(1998, 1999, 2001, ... ).
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Notes for slide 8:
So, our current method of reckoning epochs stated with Dinoysius, but Dinoysius made
two mistakes:

1. Tt wasn’t the 525th year since Christ’s birth (he was of by 3-8 years, consensus is
4 years).

2. He started with 1, which is like saying a newborn is 1 year old, or counting from 1999
to 2001, skiping the year in-between.

We are stuck with the first mistake, and it’s largely irrelevant anyway (we cannot go
around talking about the year 1998 plus or minus 3 years—we have to choose a date and
stick with it).

The second mistake, however, is the source of much confusion and, recently, debate about
when centuries and millenniums begin.



Why Millenium Starts in 2001:

e There are 100 years in a Century.
1st Century was 1-100, 2nd 101-200, etc.

e 21st Century is 2001-2100.
e 20th Century ends December 31, 2000.

e 1st Century B.C was 100-1, 2nd was 200-101,

etc.
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The reasoning goes like this.

e There are 100 years in a Century.
First Century was 1-100, second 101-200, etc.

e 21st Century is 2001-2100.
e 20th Century ends December 31, 2000.

e Likewise, for the centuries before the common error (as it is now referred to), we have
the first century as the years 1001, the second as the years 200-101, and so on.
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Objections:

e Nobody ever lived in year Zero.
e Nobody counts from zero.

e Nobody cares about the first Century.
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Notes for slide 10:

e Nobody ever lived in year Zero: True, but nobody knowingly lived in the year 46 B.C.
Some future congress may decree that the epoch starts with the 1st of Washington,
year 1 (which we call July 4th, 1776). Making this the year 221 F.R.

e Nobody counts from zero.

But, we clearly do: Birthdays, countdowns. Even counting apples, we start with zero
and add 1 for each apple.

And, some calendars have a year zero.

1. The Myan calendar.

2. The French astronomer Cassini used a year zero (Not widely adopted. As-
tronomers now use the Julian day system worked out by Joseph Justus Scaliger
in 1583, and named after his father Julius: Epoch is 4713 B.C.)

3. Jesuit Peter Archer’s The Christian Calendar and the Gregorian Reform, 1941
inserted a year 0 before A.D. 1—has blessings of Archbishop Francis J. Spellman.

However, there are times we count from 1: First year of the reign of Queen Elizabeth,
for example.
e Nobody cares about the first Century.

Not true. Historians and astronomers have been mucking with this for awhile. Au-
gustus ruled from 27 B.C. to 14 A.D, which is 30 years—not 31.

If we took a year out of the first century, then this confusion remains, and we introduce
another confusion.

11



Other-Objections:

e We can call it whatever we like.
e The zero’s look nice.

e The hotels are booked.
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Notes for slide 11:

e We can call it whatever we like: Regardless of what whether we call it the 20th or
21st century, it is still the year 2000.

e The Zero’s look nice: The number is clearly significant in the decimal system. We
notice such patterns, it is part of being human, we like when the odometer rolls over
1,000,000.

e The hotels are booked: Popular decree has decided that December 31, 1999 is a good
year to celebrate.

e [ prefer, we begin celebrating the last year of the 20th century on January 1, 2000.
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Millennial Madness:

Anything significant with January 1, 20007

e Hebrew: Tevet 23, 5760

Islamic: Ramadan 24, 1420

Gregorian Calendar is widely adopted.
e Many computer programs take shortcuts.

Claims of Millennial Madness are overstated.

Slide 12
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Regardless of what we call the 21st Century, is there anything significant with January 1,
20007

It will be Tevet 23, 5760 on the Hebrew calendar and Ramadan 24, 1420 on the Islamic
calendar—both in use.

The hodge-podge history of our own calendar demonstrates how irrelevant the actual
year is.

e Gregorian Calendar is widely adopted: More so than any other calendar in history.

e Many computer programs take shortcuts, just like we do, and us “98” to mean “1998.”
We are smart enough to understand the context.

Before handing the talk off the Lindsay, I would like to add that I'm skeptical of claims
of Millennial Madness.

e All cultures at all times include those who look to the past as a golden age, and the
future as a time of Strife.

e Peter Huston has written of millenarian cults in China, others have written about the
Aztec’s preoccupation with the end of time.

e No doubt, more people will base their prophesies on the turn of the millennium, but
substitution of excuses is not a sign of an increase. The most influential millenarian
cult in American history was the Millerites in 1844—which gave rise to both the
Jehovah Witnesses and Seventh Day Adventist.
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e Hotels in Giza may be booked for December 31, 1999. But, that may represent normal
tourist who plan ahead. Or a shift of mid-east travel plans to coincide with a once in
a millennium event. Giza may see a drop-off in tourism in 2001.
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Part II: The Year 2000.

e What is the Year 2000 Problem?
e How can the Y2K problem be fixed?

e What are the social implications?
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Notes for slide 13:

The Year 2000 (Y2K) computer problem, simply stated, is that many computer programs
and databases store the “year” portion of a date as two digits, but will not interpret these
dates in the context of the year 2000 or later.

We often use two digits for years when we write and converse. Context handles the
century information. With computers, the context comes from when the program was
written, not when it runs.

Checks (until recently) had the 19 portion of the year preprinted.

A concrete, err, granite example: Many tombstones have the 19 portion of the year of
death inscribed.

A related problem is that sometimes certain years serve as “sentinels,” having special
meaning to programs. In particular, 99 and 00 were often used to indicate the end of data,
deleted records, etc.

It is not the change in millennium that is the problem, but rather the change in century.
Some have characterized this as the Century Date Change (CDC) problem.

This is not merely “Millennial Madness.” In many ways it is surprising that there
actually are problems associated with the date itself!
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The Year 2000 Problem:

1. Business & Administration
2. Embedded Systems

3. Personal Computers

Slide 14

Notes for slide 14:
There are three broad categories of Y2K problems.

Business & Administration: Databases, financial systems, medical records, .... Often
found on mainframes, very old, “spaghetti code” with no documentation.

Embedded Systems: Hidden computers. These can control elevators, factories, medical
equipment, missiles, HVAC, building alarm and life safety systems, .. ..

Personal Computers: The computer you may be used to seeing on your desk. (Many
assume that only older computers will have a Y2K problem.)
Many people do not need an accurate date on a PC.
There are two areas of concern:

1. The hardware may not handle the date change automatically. Often can be
“fixed” with a single date change after the new century begins.

There have been some reports of “time dilation” on older PCs running with the
RTC set in the new century.

2. The software may not handle dates in the new millennium. Of particular concern:
“non-programmer programs’ such as spreadsheets, small databases, etc.
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Repair Techniques

e Date expansion
e Sliding window
e Resetting the clock

e Replacement

Slide 15

Notes for slide 15:
Some ways of fixing these problems.

Date expansion Changing 98 to 1998, 01 to 2001, etc. In other words, add the context.
Often harder than it sounds! Possibly some of this data is already corrupted! (E.g.,
story of 104-year-old woman getting a notice to enroll for kindergarten.)

Sliding window Changing, say, 21-70 to 2021-2070, and 71-20 to 1971-2020. In other
words, change the context. Besides not solving the problem of sentinel dates, it may
be laying the foundation for future problems.

This technique is often used for maintaining the “interfaces” between systems. Of
course, there must be coordination between the various systems.

Probably very appropriate for data entry!
Resetting the clock Some systems only care about how long since the last inspection, or

since an event occurred. Others only need the year to get dates on the correct days
of the week.

Embedded system have been known to inhibit rolling back the clock (perhaps for
“safety” reasons).

May help with software for scheduling (28-year rollback), e.g., preparing school year
calendars.

Replacement Some old systems can be discarded and (possibly) replaced. The big advan-
tage: what was a Y2K repair becomes an opportunity to add value.
In some ways, this is RPI’s approach. . .

Problems:
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. This can get costly.

. False sense of security: May not address all issues.

3. There is not enough time for large enterprises who are just starting to replace

enterprise software (e.g., “implementing SAP”).
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So Why the Fuss?

e The size of the problem
e Brookes’ Law
e Denial that the problem could be so big

e Reluctance to commit substantial resources with
no ROI

e Shortage of workers

Slide 16
rae e Supply chain dependencies

Notes for slide 16:

Size: Most of the changes to programs are simple. The difficulty is how much code needs
to be reviewed and modified, and the coordination of these efforts.

Large organizations (banks, telcos, MNCs) can have 100-500 million lines of code.
Any such organization that is not already well into converting code will not finish in
time.

GM has 2-3 billion lines of code to convert. They expect to spend $360-500M. Some
consultants do not think there is enough time to finish there portions.

One in five organizations have launched a full-fledged strategy. One in three companies
have a strategy in place. (Cap Gemini, quoted in Computerworld, 30 March 1998) 82%
of a group of organizations conducting Y2k efforts report that they underestimated
the costs. (Maybe same 108 organizations)

Total cost for conversion worldwide is estimated at $300B by Capers Jones, $600B by
Gartner. These estimates do not include embedded systems, litigation, or the costs of
not fixing the problems.

Brookes’ Law Adding people to a late software project only makes it later.

Denial: Many cannot believe that such a “little thing” as 2 digits could be so significant.
One motivator is the realization that litigation costs are expected to exceed $1T.

No ROI: Successfully solving the Y2K problem keeps a company in business. There is no
other obvious return on the investment.

Labor shortage: This work is boring. Success will be rewarded with a “pink slip.” For
most, Y2K work will not bring career growth. The required skills are rare; many with
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those skills are dead, retired, or harboring resentment towards the corporate culture
that “right sized” them into unemployment.

Supply chain: Even if an organization solves its internal Y2K issues, it is exposed to supply
chain problems. “Just in time” methodologies increase vulnerabilities to suppliers and
shippers.

There is also a supply chain with information, where data is exchanged across or-
ganizational interfaces. These interfaces may need to be changed, which requires
coordination.
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Areas of Impact

e Government services

Transportation

e Utilities

Manufacturing

Consumer goods/necessities

. Banking, financial systems, and business
Slide 17

Notes for slide 17:
Computers are pervasive in our society today.
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Impact on Government

e Federal
e State

e Local

Slide 18

Notes for slide 18:

President Clinton appointed John Koskinen as Y2K czar on February 4, 1998. Shortly
after taking his position, Koskinen publicly questioned whether U.S. nuclear missiles would
continue to function.

Much of the U.S. government is dangerously far behind. Troubled agencies include
Transportation (particularly the FAA), Treasury (particularly IRS and government payroll).

The approach the federal government is taking is

Decentralized Koskinen has limited powers
Uncontrolled Differing standards for triage
Undisciplined Free to redefine “mission critical” to cover up tardiness

Most state governments are far behind. Most local governments have done nothing;
indeed, they may be unaware of the problem.
One or more of these possibilities is likely:

e Air traffic severely limited
e Ability to catch tax evasion reduced

e Government employees not paid

Entitlements (welfare, food stamps, etc.) not dispensed

Medicare / Medicaid not available

U.S. unable to conduct military actions
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Impact on Transportation

e “Losing” inventory

e Systems in vehicles

o FAA

e Impact of civil disruptions
e Elevators

Slide 19 e Traffic signals

Notes for slide 19:
There are a number of ways in which Y2K could impact transportation of goods through-
out the U.S. and the world:

e General problems as computer systems lose track of the location and age of goods,
trains, trucks, etc. General problems with scheduling software.

e Embedded systems in cars, planes, ships, etc. may fail. Supposedly U.S. manufactured
cars will not have problems. Rumors of emergency vehicles that will no longer run.

e The FAA is far behind in its efforts to remediate flight management systems.

e Should there be civil disruptions, truck drivers, etc. may be hesitant to pass through
urban areas.

e An often cited example of Y2K embedded systems threat is to elevators. While some
elevator companies scoff at this, the U.S. Department of Justice recently mentioned
its Y2K assessment revealed its elevators would stop. Rumor is that an experiment
with the World Trade Center elevator system went awry, when the elevator not only
stopped, but the clock could not be turned back. ..
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Impact on Utilities

e Water and sewage
o Gas
o Telecommunications

e Electric Power

Slide 20

Notes for slide 20:

Embedded system issues threaten water and sewage utilities.

Not really sure of the implications on operational issues of telecom. But if 911 should
fail, lives will be lost.

The electric power grid is considered especially at risk. Some examples and concerns:

o A Midwestern U.S. fossil-fuel power plant tested the effect of CDC on a boiler feedwater
control loop:

1. The date was set, the system powered down, and brought back up after CDC.
Everything was fine.

2. Again, the date was set, but the system allowed to run through CDC. Again,
everything was fine.

3. Then, the control console was power cycled. When it came up, its date read
01/04/80. A downstream PLC (which had not been power cycled) interpreted
the date skew as a severe error. It closed the valve and initiated the boiler trip
program (which would have tripped the plant).

e In 1996, the Hawaiian Electric Company (HECo) examined its Energy Management
System (EMS), which controls power distribution. Identical software runs on identical
computers, one held as a backup system. The EMS had a Y2K problem which would
have crashed the transmission network. The backup system would, of course, perform
the same actions.

This problem was recognized by an HECo employee that had previously worked for
the vendor that supplied EMS.
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Central Maine Power Company found problems in its substation/transformer control
software.

(Rick Cowles) A major East Coast electric company is putting as much effort into
determining how to bring their distribution network back up as they are into the rest
of their entire corporate Y2K program.

Nuclear Power: Will NRC allow plants to remain open?
Fossil fuel plants depend on the transportation system.

Other functions are imperiled, such as customer service, billing, and meter reading.
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Impact on Manufacturing

e Supply chain

e Embedded systems

Slide 21

Notes for slide 21:
Apart from supply-chain concerns, many factory floors have lots of embedded systems.

Peter de Jager talked to an executive of a chemical company who mentioned that a
process involving chlorine gas had an embedded system problem. CDC would cause
a chip failure, causing a valve to shut, turning off a cooling system, leading to an
explosion and release of gas. Because of assessment, this won’t happen.

A petroleum company assumed it would have no problems, having recently imple-
mented SAP. But technicians discovered a problem with a chip found in thousands of
terminals that control oil valves in its refineries. New chips are available, but do not
fit the motherboards. New motherboards are available, but do not fit the old valves.
So the valves must also be replaced.

At four Alcoa plants, 50% of control systems will “fail”

BP Refinery: 94 systems identified, 20 with unknown vendors. Of the 74 accessed, 3
will “fail” and 2 will shutdown the plant.
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Impact on Consumer Goods

e Some items may fail: VCRs, microwaves, alarms

e Other problems may make it difficult to pur-
chase food and other supplies

Slide 22

Notes for slide 22:

Some home appliances may fail, apart from PCs. Question: Does anyone own a mi-
crowave, VCR, etc. that cares what year it is?

Ann Couffou, Giga Group, testified before Congress about some company’s cafeteria
microwave oven that failed when its date was set to just before CDC and allowed to roll
over. The computer circuit board needed to be replaced.

Transportation and monetary problems may make it difficult to buy food. People de-
pendent on food stamps, etc. may find it difficult to buy food.
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Impact on Commerce

e Domestic banking
e International banking
e Businesses

e Economy

Slide 23

Notes for slide 23:

There has been major efforts in the U.S. to get banking straightened out. International
banking is a major concern. Many European banks are struggling with Euro issues and
have not begun to address Y2K. Many Asian banks have not addressed Y2K. If they begin
now, they will not be able to complete on time.

No major U.S. corporation is claiming compliance. Many small and medium businesses
have not begun.

Dr. Ed Yardeni, chief economist of Deutsche Morgan Grenfell, estimates there is a 60%
probability of a recession due to Y2K spending and troubles.
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Part III: Summary

e When to celebrate the Millenium
e How to prepare for the Millenium

e Will it really be that bad?

Slide 24

Notes for slide 24:

e When should we celebrate the Millenium? How about after all the computer problems
are fixed?

e How should you prepare?

1. Paper documentation of assets and liabilties (you can always burn the liability
documentation later).

2. Have a reasonable amount of cash on hand.
3. If you think its really going to be bad, have some barter goods.

4. Have food on hand in case of shortages—reasonable for an Upstate New York
winter.

5. Have fresh batteries on hand, there may be electricity interuptions.

6. See the Cassandra Project web page: http://millennia-bcs.com/casframe.htm

Having extra food and cash on hand makes sense during an Upstate New York winter
anyway, so you may as well do it.

As to how bad things will be? The banks (at least the larger banks) are working very hard
to be ready—they understand what is at stake, and they have to money (and incentive) to
fix it. Likewise, many businesses know they have no choice but to upgrade or repair systems.

There will no doubt be lots of annoyance problems: VCR’s that don’t know the correct
day of the week, elevators that run on the wrong schedule, passenger planes grounded
because they have not yet been certified—but we can live with these, and fix them over
time.
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The real concern are those services which may not make the conversion, and are not
thinking of adequate contingency plans, especially if the supply chain slows down not from
disasters, but because of the delays caused by accumulative problems.
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