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James N Gray – An eScience Visionary
V Rajaraman
James N Gray (Jim Gray) was a computer scientist whose
major contributions include formalising a theory for reliable
transaction processing of large databases and implementing
systems based on his theory. This work was crucial to implement reliable financial transactions by banks and other financial institutions. (Financial transactions are a subset of all
transactions.) In addition, he is credited with coining the term
Fourth Paradigm, i.e., data driven scientific discovery by
scientists who collect humongous amount of data with modern scientific instruments. He also collaborated with diverse
groups of scientists to organize the data collected by them to
facilitate easy retrieval and interpretation.
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One of the forty laboratories under the umbrella of the Council of
Scientific and Industrial Research – India (CSIR) is named CSIRFourth Paradigm Institute. When I first heard the name, I was
intrigued and tried to find out what it meant. I discovered that
James Nicholas Gray (universally called Jim Gray) – a pioneer in
database research, had said in a speech he gave at Microsoft
Research that humongous volumes of data, of the order of several
petabytes per day, is generated by mega instruments such as the
Large Hadron Collider and the Square Kilometre Array radio
telescopes. This data when analysed may lead to new discoveries.
This kind of data intensive scientific discovery was called the
Fourth Paradigm by Jim Gray (see Jim Gray’s talk in the Classics
section of this issue). That was his last significant contribution to
research on databases.
Jim Gray’s most significant contributions to computer science
were recognised by the Association of Computing Machinery
(ACM), USA which gave him the A.M. Turing1 Award (which is
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Jim Gray was given
the A.M. Turing Award
by ACM in 1998 for
seminal contributions
to database and
transaction processing
reseach and technical
leadership in system
implementation.

considered equivalent to the Nobel Prize in computer science) in
1998, “For seminal contributions to database and transaction
processing research and technical leadership in system implementation”. In his typical self-effacing style he said in his
acceptance speech [1]: Everything I have done over the time has
been a team effort. When I think of any project, it was Mike and
Jim, or Don and Jim or Franc and Jim, ......., and so on to the
present day. In every case it is hard for me to point out to
anything I personally did: everything has been a collaborative
effort. It has been a joy to work with these people who are among
my closest friends. More broadly, there has been a large community working on the problems of making automatic and reliable
data stores and transaction processing systems. I am proud to
have been a part of this effort, and I am proud to be chosen to
represent the entire community. Thank you all!.
It is true that many individuals were working on this important
area of reliable transaction processing which is vital in employing
computers in banking, airline and train reservation systems, stock
exchanges, and in e-commerce among many applications which
we take for granted today. However, it was Jim Gray whose
leadership and rigorous theoretical formulation of the problem
and implementation that led to reliable transaction processing
which is essential in all financial transactions. It is a tribute to his
extraordinary mentoring abilities and self-effacing collaboration
that in a one-day memorial meeting held at Berkeley on May 11,
2008, seven hundred of his colleagues, family, and friends assembled to pay their tribute to him and all claimed to be his
friends. In that meeting, twenty talks were given on his diverse
contributions to computing over half a century which were published later by ACM [2]. From the tributes paid to him in this
meeting and the memoirs written by Bell, Lamport and Lampson
[3] it is apparent that he was very generous in giving credits to his
colleagues for all the work he did with them, he had a large
network of friends in both academia and industry, and that he was
a great person to work with. His untimely (presumed) death on
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January 28, 2007, under mysterious circumstances [4], was a
shock to all his colleagues.
Professional Life
The life of Jim Gray is summarised in Box 1.

Box 1. James Nicholas Gray – Timeline
Year(s)

Event/Work Carried Out

1944

Born on January 12, 1944 in San Francisco, California, USA.

1961

Joined University of California, Berkeley, for BS program.

1966

BS in Mathematics and Engineering University of California, Berkeley, USA.

1966–67

Member, Technical Staff, Bell Laboratories, NJ

1967–69

PhD (Computer Science), University of California, Berkeley, USA. Worked on
context-free grammars and formal languages.

1969–71

Post-doctoral fellow, University of California, Berkeley. Worked on a project

1971–72

IBM’s Watson Research Center, Yorktown Heights, New York. Worked on land use

1972–80

IBM’s San Jose Research Laboratory. Practical implementation of Relational

sponsored by IBM simulating large urban systems.
mapping.
Database Management Systems (RDBMS). Defined transaction and its properties.
Fundamental work on concurrency control and crash recovery in transaction
processing.
1980–1990

Tandem Corporation, Cupertino, California. Pioneering work on fault tolerant
RDBMS. NonStop Structured Query Language (SQL) Defined Transaction Processing
benchmark. Instrumental in founding vendor – supported Transaction Processing
Performance Council.

1990–1994

Started Research Laboratory of Digital Equipment Corporation, San Francisco –
consulted with product group building RDBMS for DEC computers. In 1992, coauthored the book Transaction Processing: Concepts and Techniques with Andrew
Reuter – a 1000-page book considered bible in this area.

1995–2006

Pioneered work on eScience project with the goal: “Put all the world’s scientific
data on-line along with tools to analyze the data”. Coined the term ‘Fourth
Paradigm’.

2007

On 28 January 2007, lost while sailing his 40-foot sloop Tenacious off California
coast to immerse his mother’s ashes. Not found even after four months hi-tech search.

2012
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after Sputnik had gone
up. Sputnik had a huge
impact; it is difficult for
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this. I would compare
September 11th to
Sputnik. It had just this
galvanising effect on
people.”
– Jim Gray
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Even though Jim Gray worked mostly in industrial research
laboratories, he was an academic at heart. He was closely associated with Stanford University and the University of California,
Berkeley and throughout his career taught there part time, gave
many seminars, and mentored several students.
We will describe his major research contributions in what follows.
School and University Days
James Nicholas (Jim) Gray was born in San Francisco, California, USA, on January 12, 1944. His father was an army officer
posted in Rome, Italy and his mother a teacher. His parents
divorced when he was still young. His mother moved to San
Francisco with him and his elder sister and started teaching in a
school. He had his schooling in San Francisco. While at school
he was interested in mathematics. He also read Wiener’s2 book
The Human Use of Human Beings: Cybernetics and Society
which made him curious about computers. In an oral history of
Jim Gray’s early life and progress through technology which was
recorded by Phillip L Frana in January 2002 [5] to a question what
made him interested in computers, Jim states: It was difficult not
to hear about computers after Sputnik had gone up. Sputnik had
a huge impact; it is difficult for people to appreciate this. I would
compare September 11th to Sputnik. It had just this galvanising
effect on people.
After completing his school education, Gray joined the University of California at Berkeley as it was an inexpensive State
University. As his family was not very well off, he worked as a
‘computer’ in General Dynamics to pay his way through college.
As a ‘computer’ he was given a mechanical calculator and large
table of numbers to calculate using the given formulae. At Berkeley he was confused about what subjects to take. He did very
poorly in Chemistry during his first year which was discouraging
and dropped out of college and went to work for six months in
industry.
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In one of his oral interviews, he shared his experience after
dropping out of the university:
I wasn’t sure I wanted to be in the university anymore. So I went
off and worked in industry for six months. It became crystal clear
to me why I wanted to be in the university: it was a lot more fun.
The people I hung out with and the work I was doing in industry
were just dreadful. I was interested in not spending the rest of my
life doing that, and not being like the people I was working with.
I don’t mean to denigrate them in any way. It just wasn’t what I
aspired to. I went back to school with much more resolve. And all
of the sudden, my grades were much better, and I was much more
focused.
On his return to Berkeley, he decided to major in engineering and
mathematics. During his third and fourth years as an undergraduate, he was given a research assistant’s position by Mike Harrison
of the Electrical Engineering Department. In Jim Gray’s words: I
was among the best students they had, although I was still an
undergraduate. If you are a faculty member, and you see a bright
undergraduate, this is a very good sign. You try to grab those
people because they are full of energy and don’t know they are
supposed to have a life. While still an undergraduate he wrote
two research papers. He graduated in 1966. He had married while
he was still an undergraduate. On graduation, he got a job at Bell
Laboratories in New Jersey where he worked with a team on
digital simulation as a part of the Multics time-sharing computer
development project. Bell Laboratories was collaborating with
MIT which had initiated the Multics project. Bell Laboratories
allowed him to spend two days a week taking mathematics
courses at the Courant Institute towards a Masters degree. He did
not blend with the culture of AT&T which managed Bell Laboratories. He enrolled again at the University of California, Berkeley, for a doctoral degree in the newly founded Computer Science
Department. He worked again with Mike Harrison and got his
doctoral degree in 1969 working on the theory of computer
languages. During his doctoral years, he was also involved in a
project funded by the National Science Foundation to build a time
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After completing his
doctorate, Gray
continued at Berkeley
as a post doctoral
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sponsored by IBM to
try to apply
computers for solving
societal problems
such as urban
planning.

sharing operating system for the CDC 6600 machines at Berkeley. Even though his doctoral work was theoretical he gained a lot
of practical experience writing operating system code.
Post Doctoral Years
After completing his doctorate, he continued at Berkeley as a post
doctoral fellow on a project sponsored by IBM. The work was
related to the use of Jay Forrester’s book on urban problems
called Industrial Dynamics. He built a simulation for Dynamo (a
simulation language suggested by Jay Forrester) to try to apply
computers for solving societal problems such as urban planning.
At the end of two years, his marriage broke up and he moved to
IBM Yorktown Heights in New Jersey. At that point, jobs were
scarce for PhDs and he did not seriously consider academic
positions. He recounts his work at IBM: I worked in the General
Science Group at Yorktown, ostensibly continuing the simulation
work I had been doing. I tried to make connections with people in
New York City because they definitely had urban problems. I
ended up working primarily on what is called ‘cadastral mapping’, which is land-use mapping. I spent a great deal of time
trying to computerize the assessor’s records. But the technology
wasn’t right at that point. It was too hard to digitize things. But
in that era I met John Cocke. I think the mentors and role models
we meet influence all of us, and John was definitely a role model
for many of us. John got me excited about the idea of scalable
computing.
Besides the simulation work, he was also working on theoretical
computer science problems and operating systems and as he says
“not with very much depth”. He left IBM and after a short stint
as a UNESCO expert in Romania, he requested his colleagues in
IBM to give him a position at their San Jose laboratory in San
Francisco Bay Area. San Jose laboratory was working primarily
in the area of databases. A pioneer in this area was Edger F Codd
who had proposed organising databases as relations in what is
known as Relational Data Base Management Systems (RDBMS).
At the beginning, Jim worked in several areas related to operating
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systems and programming languages in addition to databases.
His manager Leonard Liu came to his office one day and in the
words of Jim told him: You know, IBM has too many programming languages. IBM has too many operating systems. If you
want to do work in programming languages or operating systems,
the best thing you could do is kill off a couple of them. On the
other hand, we’ve got big problems in networking and we’ve got
big problems in databases, so if you are looking for an area where
we actually need new ideas, as opposed to consolidation, it is in
the area of databases or data communications.

Jim Gray’s
manager Liu at
IBM Research
Laboratory told
him that there
were big problems
in networking and
databases which
need new ideas.

This conversation convinced Jim Gray to start his important
seminal work on transaction processing in databases.
Work in Transaction Processing
During the 70’s, there were three models of database organization
and management. They were known as: the hierarchical model,
the network model, and the relational model. Most commercial
implementation of Data Base Management System (DBMS) in
computers used either the hierarchical or the network model.
Relational model was proposed by Edgar F Codd and had the
merit of simplicity and mathematical elegance. Researchers were
concentrating their efforts on this model whereas vendors including IBM were not fully convinced about its efficiency. However,
a group was formed at IBM San Jose laboratory to build the first
RDBMS called the System-R. Jim Gray was part of the team and
wrote code for controlling concurrent access to the database,
security of the database and administration. The debate on
which model was the best was finally put to rest in the 90’s as
all mini-computer manufacturers implemented RDBMS and
demonstrated its superiority. Currently, Relational Data Base
Management Systems are almost universally used as the standard
database management system. There was no theoretical framework for proving the correctness of operations on databases, particularly, when concurrent requests were made for retrieval/updates of data in databases. Deep theoretical work was needed and
Jim Gray provided this by defining transaction and its properties.
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In hindsight, the concept of transaction and its properties are very
simple. It was, however, very important and enabled building of
reliable transaction processing systems.
Jim Gray proposed that all activities involving a DBMS should be
broken up into units of work which he called transactions. A
classical example of a transaction is transferring ` 2000 from,
say, the bank account of Raman to that of Krishnan. This
transaction may be broken down into the following five steps:

Jim Gray proposed
that all activities
invol ving a Data Base
Management System
should be broken up
into units of work
called transactions. He
defined four important
properties of
transactions:
Atomicity,
Consistency, Isolation,
and Durability called
‘ACID properties’.

1. Using Raman’s account number as the key, retrieve Raman’s
record from the bank’s database which gives his current
balance.
2. See if there is balance in his account greater than the minimum
balance to be maintained by him after deducting ` 2000.
3. If yes, deduct ` 2000 from his account. If no, print “Insufficient balance in Raman’s account” and stop.
4. Retrieve Krishnan’s record using his account number as key.
5. Add ` 2000 to his account and note in his record that the credit
came from Raman.
He defined four important properties a transaction must possess.
They are:
1. Atomicity: A transaction should be carried out as one ‘indivisible unit’. If there is a computer malfunction while the steps are
being carried out, all the steps should be stopped and the database
should be restored to its original state. Else, one may find that ` 2000
has beendeducted fromRaman’s account but not added to Krishnan’s
account.
2. Consistency: A DBMS should define a set of constraints
called ‘integrity constraints’. For example, an integrity constraint in the banking database may be that each account holder
must have a minimum specified balance in the account. Any
transaction which violates the integrity constraints must beaborted.
In other words, a transaction must not lead to an inconsistent
DBMS state.
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3. Isolation: If a number of transactions are carried out in parallel
in a DBMS, one transaction cannot see the intermediate states of
other transactions. In other words, each transaction must be
executed as if it is independent. For example, if Raman’s address
in the bank’s DBMS is being changed and at the same time
Krishnan is crediting 2000 to Raman’s account, these two
transactions should not interfere with one another. They must be
serialised and carried out one after the other.
4. Durability: The DBMS should be robust to handle any system
failure. In other words, if during a transaction there is system
failure, the database should revert to its consistent state.
These four properties together are called ‘ACID properties’.
Many papers have been written since then to efficiently support
all these properties in DBMS. The problem of parallel transactions is particularly tricky. Jim Gray’s major contributions include both defining these properties and developing robust and
efficient methods for implementing them. As we mentioned in
the introduction, he was given the Turing Award for this work.
Fault-Tolerant Transaction Processing
Jim Gray joined Tandem Computers Inc. in 1980 soon after it
introduced a fault-tolerant computer called NonStop I. It was
primarily intended for use by banks and airline reservation systems where faults could not be tolerated. It used cost-effective
minicomputers in direct competition with mainframes of the era
manufactured by IBM, Burroughs, CDC, etc. Jim Gray, being
incharge of software development, ensured fault-tolerant transaction processing. He also developed what is known as NonStop
Structured Query Language for a RDMS on Tandem systems.
During this period, he was instrumental in creating a vibrant
transaction processing computer industry by providing leadership, particularly by proposing a standard measure of performance of these systems. In a tribute to him, Neumann and Bartlett
[2] state: Throughout his career, and particularly while he was at
Tandem, Jim recognized areas where the existing ideas and
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practices would not be sufficient in the future. He became involved in those areas from both a theoretical and practical
perspective and moved them forward with insight, research,
papers, presentations, and products.
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In the early 1980s there was lot of interest in the performance of
On-Line Transaction Processing Systems (OLTP). See Box 2.
As we pointed out earlier, all transactions should satisfy the
‘ACID properties’. The questions which were foremost in the
minds of bankers who wanted to buy OLTP systems like ATM
were, how quickly the computer system performed OLTP tasks
and at what cost. There were many competing vendors in the
market. IBM’s mainframes were dominating and were being
challenged by the minicomputers which were much cheaper.
There was a need for performance measure which was vendor
neutral and clearly stated. Jim Gray provided an answer by
recommending three tests called transactions processing benchmarks. In 1984, Jim Gray who was employed by Tandem Computers wrote an early version of a paper titled ‘A measure of
transaction processing power’ and circulated it to nineteen other
professionals working in the area of transaction processing from
both industry and academia for their comments. After receiving
the comments, he generously attributed the work to all those who
had sent him comments and published the paper with Anon et al
as authors in a trade magazine called Datamation on April 1,

Box 2. What are OLTP Systems?
OLTP is a class of computer programs capable of supporting transaction-oriented applications on databases
connected to a communicaton network. An example of an OLTP system is the Automatic Teller Machine (ATM)
which is connected to a computer in a bank. When you insert your ATM card and key in your PIN, a request
is initiated to the bank’s computer through a network connection to debit your account by the amount requested
and dispense cash immediately. It is on-line as the ATM is connected to the bank’s computer and directly
communicates with it. The transaction is the request made by you for cash and the ultimate dispensation of cash.
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Box 3. Debit–Credit Test
This test proposed an emulating teller support system in a large, multi-branch bank. The main characteristics
of the test were:
(i)

A transaction is depositing/withdrawing money by a customer.

(ii) The deposit/withdrawal was to be recorded in three direct-access files (namely disk): customer account
file, branch file and teller file. The transaction history was to be stored in a history file. Each transaction
was completed in at most 100 sec; 95% in less than 1 sec.
(iii) 15% transactions originated from a different branch. This was intended to take into account the
networking aspects of the system.
(iv) The test was to be carried out assuming that there were 100,000 account records, 10 branches and 100
tellers.
Gray also suggested that vendors can configure their system to get the best performance. However, the capital
cost of the system plus 60 months’ maintenance cost should be computed as the cost of the system. The
transactions per second carried out by the computer for the benchmark, divided by the cost of the system
constituted the performance figure of merit. When this was published, some vendors requested neutral auditors
to carry out the benchmark tests and certify the claim – transaction per second per dollar.

1985. (The date of publication was tongue-in-cheek). The paper3
recommended three tests to measure the performance of OLTP
systems. They were: (i) OLTP test called Debit–Credit test; (ii)
sorting a set of transactions in batch mode and; (iii) scanning a
transaction file. These three tests adequately characterised the
type of tasks which an OLTP system would normally perform.
The most interesting test was the Debit–Credit test [6] (see Box
3).

3

The paper became a classic

and was known as “Anon et al”
paper.

Gray’s paper was the catalyst which led to the formation of
Transaction Processing Performance Council (www.TPC.org) in
1988 with vendors, professionals, and academics. The Council
has grown over time and has formalized a sequence of benchmarks – TPC-A upto TPC X-HS (standard for benchmarking Big
Data (Hadoop) Systems).
Stint at Digital Equipment Corporation
After working for a decade at Tandem Computers, Jim Gray
established a small research laboratory of Digital Equipment
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During his stint at
Microsoft Research
Jim Gray along with
Andrew Reuter wrote
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titled Transaction
Processing:
Concepts and
Techniques.

Corporation in San Francisco. He was a consultant for the product
group, primarily in the area of RDMS. It is during this period that
he completed the book on Transaction Processing: Concepts and
Techniques [7], the most authoritative book in this area. The
book was conceived in 1986 after Gray and Reuter (his co-author)
conducted a workshop on the topic for a week. They had prepared
a large number of transparencies (pre-PPT days) for the workshop and decided to use these transparencies to write a book. The
effort took much longer than they expected. They found that it
was not a part-time job. They took off from their regular work for
six months and completed the book in 1992. The book was 1000
pages long [6]. The history of how they wrote the book is
recounted by Reuter in a talk he gave at the one-day memorial
meeting to celebrate Jim’s life and contributions held at Berkeley
on May 31, 2008. The full text of his talk may be found in [2]. He
summarised their experience of writing this huge book as: The
process of writing had many aspects of a typical software project:
In the end, the book was more than twice as thick as we planned.
It covered only three fourths of the material that we wanted to
cover, and completing it took much longer than we had anticipated. After recounting the incredible discipline and stamina
which Jim Gray exhibited in writing the book he concludes that
“writing a book is hard work, we would never do it again.”
Sequoia 2000 Project and Scientific Database Research at
Microsoft
In 1994, Jim Gray resigned from Digital Equipment Corporation
and accepted the Mckay Fellowship at the University of California, Berkeley – his Alma Mater. He participated in Sequoia 2000
project. Sequoia 2000 project was “a joint effort of computer
scientists, earth scientists, government agencies, and industry
partners to build a better computing environment for global
change researchers” [8]. After a year in this project, Jim Gray and
Gordon Bell convinced Microsoft to establish an advanced development laboratory in San Francisco. His goal was “to put all the
world’s scientific data on line, along with tools to analyse the
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data”. He collaborated with many scientists and formulated the
so-called Gray’s laws on how to approach the challenges related
to analysing the data generated by scientific experiments. They
are stated as follows by A Szalay and J A Blakley [3]: Scientific
computation is becoming more data centric. Computers for processing scientific data must not overly rely on petaflop machines
which take data to processors but shift focus to massively distributed computers in which computing is taken to the data.
Gray collaborated with astronomer A Szalay to port a massive
star-mapping project – The Sloan Digital Survey – to the World
Wide Web making the data accessible to all those interested in
astronomy. He also developed TerraServer that allowed access to
satellite imagery with resolution of 1.5 metres/pixel. During this
period, he formulated the Fourth Paradigm in Science. A book
titled The Fourth Paradigm – Data-Intensive Scientific Discovery [9] was published in his honour by his colleagues at Microsoft.
This book also details the collaborative work he did with several
scientists to organize the data collected by them in databases and
tools to analyze them. We have included in the Classics section of
this issue, the transcript of his last talk on eScience.

Gray collaborated
with astronomer A
Szalay to port a
massive starmapping project –
The Sloan Digital
Survey – to the
World Wide Web
making the data
accessible to all
those interested in
astronomy. He also
developed
TerraServer that
allowed access to
satellite imagery with
resolution of 1.5
metres/pixel.

Turing Award
In 1998, Jim Gray was honoured by the Association of Computing Machinery (USA) with its highest award, the A.M.Turing
Award. In his acceptance speech [1] he states: This talk first
argues that long-range research has societal benefits, both in
creating new ideas and in training people who can make even
better ideas and who can turn those ideas into products. The
education component is why much of the research should be done
in a university setting. This argues government support for longterm university research. The second part of the talk outlines
sample long-term information systems research goals. The first
part argues very persuasively, with a lot of statistical data, on pay
offs of university research. The second part of the talk gives the
criterion for good long-term research goals. Gray states:
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A good long-range goal should have five key properties:
Understandable: The goal should be simple to state. A sentence,
or at most a paragraph should suffice to explain the goal to
intelligent people. Having a clear statement helps recruit colleagues and support. It is also great to be able to tell your friends
and family what you actually do.
Challenging: It should not be obvious how to achieve the goal.
Indeed, often the goal has been around for a long time. Most of
the goals I am going to describe have been explicit or implicit
goals for many years. Often, there is a camp who believe the goal
is impossible.
Useful: If the goal is achieved, the resulting system should be
clearly useful to many people – I do not mean just computer
scientists, I mean people at large.
Testable: Solutions to the goal should have a simple test so that
one can measure progress and one can tell when the goal is
achieved.
Incremental: It is very desirable that the goal has intermediate
milestones so that progress can be measured along the way.
These small steps are what keep the researchers going.
He then lists twelve long range systems research problems, which
needs tackling as given in Box 4.
Awards and Honours
Jim Gray was recognized by his peers for his outstanding work
and was a recipient of many awards and honours. Besides the
A.M.Turing Award, he was awarded the IEEE Charles Babbage
Award, John Wesley Powell Award (with Tom Barclay for
TerraServer), Benjamin Franklin Medal, and the US National
Medal of Science. He was elected as a fellow of the IEEE, ACM
and the European Academy of Sciences. Besides these, he was
elected as a member by the American Academy of Arts and
Sciences, the US National Academy of Engineering and the US
National Academy of Sciences.
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Box 4. A Dozen Long-Term Systems Research Problems
1. Scalability: Devise a software and hardware architecture that scales up by a factor of 10 6. That is, an
application’s storage and processing capacity can automatically grow by a factor of a million, doing jobs
faster (106 × speedup) or doing 106 larger jobs in the same time (106 × scaleup), just by adding more
resources
2. The Turing test: Build a computer system that wins the imitation game at least 30% of the time.
3. Speech to text: Hear as well as a native speaker.
4. Text to speech: Speak as well as a native speaker.
5.

See as well as a person: Recognize objects and motion.

6. Personal memex: Record everything a person sees and hears and quickly retrieve any item on request.
7. World memex: Build a system that given a text corpus, can answer questions about the text and summarize
the text as precisely and quickly as a human expert in that field. Do the same for music, images, art and
cinema.
8. TelePresence: Simulate being at some other place retrospectively as an observer (TeleObserver): hear and
see as well as actually being there and as well as a participant, and simulate being at some other place as
a participant (TelePresent): interacting with others and with the environment as though you are actually
there.
9. Trouble-free systems: Build a system used by millions of people each day and yet administered and
managed by a single part-time person.
10. Secure system: Assure that the system described in problem 9 services only authorized users, service
cannot be denied by unauthorized users and information cannot be stolen (and prove it).
11. Always up: Assume that the system is unavailable for less than one second per hundred years – 8 9’s of
availability ( 99.99999999%) and prove it.
12.

Automatic programmer: Devise a specification language or user interface that:
(a) makes it easy for people to express designs (1,000 × easier),
(b) computers can compile and
(c) can describe all applications (is complete).

The system should reason about application, asking questions about exception cases and incomplete
specifications. But it should not be onerous to use.

Jim Gray’s Disappearance
On January 28, 2007, Gray sailed in his 40-foot sloop4, Tenacious
around Farallon Islands about 50 km from San Francisco to
immerse the ashes of his mother. He never returned. It was a fine
day for sailing with clear weather and forecast that it would
continue to be good weather. He phoned his wife Donna Carnes
who was on a skiing holiday in Wisconsin before he sailed in the
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Figure 1. Jim Gray in his sloop,
Tenacious.
Courtesy: Wikimedia.

morning. He was an experienced sailor and his sloop
was equipped with an automatically deployable Emergency Position Indicating Radar Beacon (EPIRB) which
should have begun transmiting signals the moment the
sloop sank. The area where Gray was sailing was not in
the shipping channel of freighters entering San Francisco port. When Donna called him in the evening, there
was no reply. She at once notified the Coast Guard. The
Coast Guard searched the area thoroughly but no sign of
the boat was found. There was no signal from EPIRB.
No collision was reported. His friends and colleagues
used satellite imaging and carried out a comprehensive
search without success [4]. A search of the seabed
covering 1000 Sq.km. around Farallon islands did not
reveal any sunken vessel in spite of using the most
modern echo sounders. Jim Gray and his boat had
vanished without any trace. His wife and his large circle of
friends and colleagues were devastated. After a legally mandated
five-year period, Jim Gray was declared dead on January 28,
2012. His wife Donna, a poet, wrote [10]:
“I’d rather fall
Through airy sky
And be seen
Than into the sea
of lingering loss”
– Donna Carnes: ‘Density (Petition to establish death)’
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Quotes on Big Data
“Big data is not about the data”.
Gary King, Harvard University.
Making the point that while data is plentiful and easy to collect, the real value is in the
analytics.
“There were 5 exabytes of information created between the dawn of civilization through
2003, but that much information is now created every 2 days.”
Eric Schmidt, Google.
“Big data is at the foundation of all the megatrends that are happening today, from social
to mobile to cloud to gaming.”
Chris Lynch, Former President and Chief Executive Officer of Vertica Systems.
“Errors using inadequate data are much less than those using no data at all.”
Charles Babbage, Inventor and Mathematician.
“Information is the oil of the 21st century, and analytics is the combustion engine.”
Peter Sondergaard, Senior Vice President, Gartner Research.
“Hiding within those mounds of data is knowledge that could change the life of a patient,
or change the world.”
Atul Butte, Stanford School of Medicine.
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