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I N T E R V I E W

Down Memory Lane
with C.J. Date

“Precious memories, how they linger
How they ever flood my soul”

C.J. Date

Your new book, E. F. Codd and Relational Theory, has just 
been published. Tell us about it: What does it cover? Why did 
you write it, and what exactly are you trying to achieve with it? 
Who’s your target audience? 

Thanks for giving me the chance to answer these questions! 
What does the book cover? Well, first, notice my title. E. F. 
(“Ted”) Codd was the original inventor of the relational model, 
of course, and it was that invention that turned databases into an 
academically respectable field and at the same time made them a 
truly practical and commercially viable proposition. All of us 
who work on databases today owe our professional existence, 
and indeed our very livelihoods, to the work that Ted did in the 
late 60s and early 70s. Yet in my experience very few database 
professionals nowadays are aware of what he actually did—in 
fact, I’ve met many who’ve never even heard of Ted Codd! So one 
thing I wanted to do with the book was give readers some sense 
of the historical foundations of their field. To do this, in the book 
I examine in considerable detail what seem to me (for one reason 
or another) to be the most significant of Ted’s writings, explain
ing in each case what the contribution was, and in particular 
highlighting not only the many things he got right but also some 
of the things he got wrong. (No one is perfect, and I have to say 
Ted did make a few mistakes! But we can forgive him those mis
takes in view of the one thing he did get superlatively right—his 
gift to the world—namely, his wonderful relational model.) 

By the way, I hope you don’t mind me constantly referring to 
him as “Ted.” Of course, I don’t mean to be either presumptuous 
or disrespectful here, but the fact is that he and I were friends and 
professional colleagues for many years, and “Ted” is how I always 
think of him. 

Why did I write the book? Well, I’ve effectively answered this 
already, in part. Generally speaking, I’ve been troubled for years 
by the widespread lack of understanding of relational matters on 
the part of people who really ought—and need!—to know better. 
(As an aside, I note that the book includes a short list of rela
tional questions that I used to ask attendees at the beginning of 
my live seminars. What I found was that most of those attend
ees—all of whom were database professionals, by the way, typi
cally DBAs or database application developers—were unable to 
answer any of those questions completely correctly.) 

More specifically, I’ve been troubled by how few people seem 
to have actually read Ted’s writings or have any kind of proper 
understanding or appreciation of his work. So I wanted to pro
duce something that people could read and refer to as a useful 
summary and analysis of those writings and that work. At the 

same time I wanted to set the historical record straight here and 
there … I mean, I have a huge admiration for what Ted did—as 
we all should have!—but it’s important not to be blinded by such 
feelings into uncritical acceptance of everything he said or wrote. 
Nor do I feel it appropriate to accept him as the sole authority on 
relational matters. The fact is, he did get some things wrong, and 
I feel those things need to be documented too, as well as all the 
things he got right. 

As for my target audience: Of course I’d like everyone to read 
it! More seriously, I believe the material the book covers is some
thing that all database professionals should have tucked away in 
their brain, as it were, as part of their general background knowl
edge. So my audience is anyone with a professional interest in 
relational databases—including, of course, anyone with a profes
sional interest in SQL. 

There are a few more things I’d like to say in connection with 
your original question here. In fact I’d like to quote some text 
from the book itself. (Very conceited to quote from oneself, I 
realize!—please forgive me.) 

  [Ted’s] papers were staggering in their originality. Among 
other things, they changed, and changed permanently, the 
way database management was perceived in the IT world; 
more specifically, they transformed what had previously 
been nothing but a ragbag of tricks and ad hoc techniques 
into a solid scientific endeavor. They also, not incidentally, 
laid the foundation for an entire multibillion dollar indus
try. Together, they provided the basis for a technology that 
has had, and continues to have, a major impact on the very 
fabric of our society. Thus, it’s no exaggeration to say that 
Codd is the intellectual father of the modern database 
field. 

 To the foregoing, I’d like to add this: Codd’s relational 
model has been with us now for over 50 years. And I for 
one think it very telling that, in all that time, no one has 
managed to invent any kind of new theory, one that might 
reasonably supplant or seriously be considered superior to 
the relational model in any way. In my opinion, in fact, no 
one has even come close to inventing such a theory 
(though there have been many attempts, as I’m sure you’re 
aware, but attempts that in my opinion have universally 
failed). 

And yet . . . And yet, here we are—as I’ve said, over 50 years 
later—and what do we find? Well: 
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➤ First, the teaching of relational theory, in universities in 
particular, seems everywhere to be in decline. What’s 
more, what teaching there is seems not to have caught 
up—at least, not fully, and certainly not properly—with 
the numerous developments in relational theory that have 
occurred since publication of those early papers of Codd’s. 

➤ Second, no truly relational DBMS has ever been widely 
available in the commercial marketplace. 

So here are a couple more reasons why I wrote the book … 
First, I wanted to provide something that might help spur educa
tors, in universities and elsewhere, to get back to teaching rela
tional theory properly (paying attention in particular to some of 
the work done by others since Ted’s early papers). Second, I 
wanted to suggest some answers to the question implicit in the 
second of the foregoing bullet points. But I see you’re going to 
ask essentially that same question explicitly later, so let me defer 
further discussion to my response to that later question. 

Can you say something about the book’s structure? 

The book’s subtitle is “A Detailed Review and Analysis of 
Codd’s Major Database Writings.” Obviously, the question arises: 
Which of Ted’s writings qualify as major? In my opinion, the fol
lowing ones do: 

➤ His 1970 paper “A Relational Model of Data for Large 
Shared Data Banks” and its 1969 predecessor “Derivability, 
Redundancy, and Consistency of Relations Stored in Large 
Data Banks” 

➤ His 1971 papers “A Data Base Sublanguage Founded on 
the Relational Calculus” and “Further Normalization of 
the Data Base Relational Model” 

➤ His papers “Relational Completeness of Data Base Sub
languages” (1972) and “Interactive Support for Non pro
grammers: The Relational and Network Ap proaches” 
(1974) 

➤ His 1985 twopart Computerworld article, “Is Your DBMS 
Really Relational?” and “Does Your DBMS Run by the 
Rules?” 

➤ His 1990 book The Relational Model for Database Manage-
ment Version 2 

My book takes seven long chapters to consider the foregoing 
publications in detail. It also has a “Setting the Scene” chapter 
that explains exactly what a relational DBMS is (or ought to be, 
at any rate). Incidentally, that chapter includes a detailed list of 
SQL departures from the relational model. And the book also 
has three appendixes: one containing the text of the piece I wrote 
in connection with Codd’s 1981 Turing Award for the pertinent 
section of the ACM website (amturing.acm.org); one contain
ing a set of formal definitions; and the last consisting of a con
solidated list of references for the entire book. 

What’s the competition for your book? 

I don’t mean to sound arrogant, but I don’t think there are any 
books out there that cover exactly the same material in exactly 
the same way. In fact I don’t really think there could be, given 
that Ted and I were friends and colleagues for so many years, first 
in IBM and then in a variety of companies with names like Codd 

& Date International, Codd & Date Limited, and so on; I mean, 
I believe I can claim certain unique insights in this area that 
other writers simply can’t. 

That said, the closest competitor is probably a book of my 
own anyway: viz., The Database Relational Model: A Retrospective 
Review and Analysis (AddisonWesley, 2001). Let me explain. 
Some 20 years ago or so I wrote a series of twelve articles for the 

Miller Freeman monthly magazine Intelligent Enterprise, begin
ning with the October 1998 issue. The overall title for the series 
was “30 Years of Relational,” because they were written in part to 
celebrate the relational model’s forthcoming 30th birthday (Aug
ust 19th, 1999). As I wrote at the time: 

 [These articles are intended] to serve as a historical ac
count and . . . analysis of E. F. Codd’s (huge!) contribution 
to the field of database technology. Codd’s relational 
model, [described in] a startlingly novel series of research 
papers, was a revolution at the time, albeit one that was 
desperately needed. Now, however, it seems that—despite 
the fact that the entire multibillion dollar database indus
try is founded on Codd’s original ideas—those ideas are in 
danger of being ignored or forgotten (or, at best, being 
paid mere lip service to). Certainly we can observe many 
examples today of those ideas being flouted in (among 
other things) database products, database designs, and 
database applications. It thus seems appropriate to take 
another look at Codd’s original papers, with a view to as
sessing their true significance and restating, and reinforc
ing, their message for a new generation of database profes
sionals . . . So I thought it would be interesting, and (I also 
thought) useful, to devote a short series of articles to a 
careful, unbiased, retrospective review and assessment of 
[those] papers. 

And I subsequently collected those articles into the “Retro
spective” book mentioned above. However, while I still believe 
that book provides a useful overview of Ted’s achievement over
all (and the new book certainly isn’t meant to replace it or dis
place it), I must make it clear that the new book goes into a much 

“I don’t really blame practitioners 
(as opposed to researchers) if they 

haven’t read Ted’s writings. Ted was 
a mathematician originally, and his 

first few papers tended to reflect 
that fact—the writing was terse and 
a little dry, the style theoretical and 

academic, the notation and 
examples mostly rather 

mathematical in tone, and it wasn’t 
easy to relate what they had to say 

to practical day-to-day concerns. In 
a word, they weren’t easy to read.”

http://amturing.acm.org
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greater level of detail than the earlier book did, and it’s really 
aimed at a different—perhaps a slightly more sophisticated—au
dience. 

I’m intrigued by your reference above to a list of questions that 
you said attendees on your seminars couldn’t answer. Can you 
tell us more about them? 

I’d be happy to—but I must stress that the book isn’t aimed 
primarily at answering them, though in fact it does answer most 
of them in passing. Let me say first that the seminar on which I 
asked these questions was called “SQL and Relational Theory,” 
and attendees were certainly supposed to be pretty familiar with 
SQL ahead of time. Anyway, here are the questions: 

 1. What exactly is first normal form? 

 2. What’s the connection between relations and predicates? 

 3. What’s semantic optimization? 

 4. What’s an image relation? 

 5. Why is semidifference important? 

 6. Why doesn’t deferred integrity checking make sense? 

 7. What’s a relation variable? 

 8. What’s prenex normal form? 

 9. Can a relation have an attribute whose values are rela
tions? 

 10. Is SQL relationally complete? 

 11. Why is The Information Principle important? 

 12. How does XML fit with the relational model? 
Twelve questions, of course (as you know, everything in the rela
tional world comes in twelves). 

By the way, I complained earlier that university education 
these days doesn’t seem to be all that it might be as far as rela
tional matters are concerned. In particular, I frankly doubt 
whether the average university class deals with the foregoing is
sues properly (perhaps not at all, in some cases). What’s more, 
much the same can be said of the majority of the numerous da
tabase textbooks currently available—at least the ones I’m aware 
of. 

Personally I found portions of your book simply delightful. But 
I have to ask: Why bother analyzing papers and publications 
that today’s practitioners and even today’s researchers have not 
read and probably never will read? 

Thank you for your kind words . . . Over the years I’ve had 
many adjectives used to describe my various writings as you can 
surely imagine, but I don’t think “delightful” was ever one of 
them before. Anyway, you ask (paraphrasing): Why analyze writ
ings that today’s practitioners and researchers have never read 
and probably never will read? Well, I’ve tried to answer this ques
tion in part already, but let me say a bit more about it. 

First, researchers. Personally, I’d be ashamed to call myself a 
researcher of any kind if I wasn’t thoroughly familiar with the 
foundational writings in my field. For example, can you imagine 
someone calling himself or herself a cosmologist and not being 
familiar with Einstein’s original papers? In other words, database 
researchers simply owe it to themselves to read Ted’s original 
writings. They have no excuse not to! And then I’d like to think 

that my book could serve those researchers as a useful explana
tion of, and commentary on, and even a guide to, those writ
ings—rather like the numerous books extant today that serve as 
an explanation of and commentary on and guide to Einstein’s 
original writings. 

Turning to practitioners: Actually, I don’t really blame practi
tioners (as opposed to researchers) if they haven’t read Ted’s 
writings. Ted was a mathematician originally, and his first few 
papers tended to reflect that fact—the writing was terse and a 
little dry, the style theoretical and academic, the notation and 
examples mostly rather mathematical in tone, and it wasn’t easy 
to relate what they had to say to practical daytoday concerns. 
In a word, they weren’t easy to read. So here I see my book as 
serving another, slightly different purpose: I see it as explaining 
what those papers of Ted’s were all about, but in a way that’s less 
formal than the originals wherever possible, with simple and 
practical examples. But I’d like to stress that the book isn’t meant 
to be a substitute for Ted’s originals. Rather, I’d like readers to 
read Ted’s originals alongside my chapters, or after them, if they 
can. (Most of those writings of Ted’s can now be found online, by 
the way.) 

Put another way, Codd’s vision was never fully implemented, 
correct? Why not? 

I think this is a sad story. It’s true that no fully relational com
mercial DBMSs exist today, so far as I’m aware. (Of course, peo
ple can and will argue about what “fully relational” means, but I 
don’t want to get into that debate here.) Sadly, it seems to me that 
a small part of the blame for this depressing state of affairs has to 
be laid at Ted’s own door. The fact is, those early writings of his, 
brilliantly innovative though they undoubtedly were, did suffer 
from a number of defects, as I’ve already indicated. And it’s at 
least plausible to suggest that some of the sins to be observed in 
the present database landscape—sins of both omission and com
mission—can be regarded, with hindsight (always perfect, of 
course), as deriving from the defects in question. 

A much bigger part of the blame, though, has to be laid at 
SQL’s door. SQL was, of course, designed in IBM Research, and 
it’s quite clear that the people responsible for its design never 
understood the relational model as well as they should have 
done. (I have written evidence of this claim which this margin is 
unfortunately too small to contain.) As a consequence, SQL was 
a long, long way from being what it ought to have been, viz., a 
true concrete realization of the abstract ideas of the relational 
model. Nevertheless, when IBM management finally decided 
(after delaying for much too long!) that IBM should build a rela
tional product, they grabbed on to SQL as the user language for 
that product, because SQL did at least already exist, albeit only in 
prototype form. Never mind that there were people in IBM at the 
time pointing out all the problems with SQL, and pointing out 
too that it would be better and easier, and probably even cheaper, 
to use a truly relational language! All that those IBM managers 
could see was that SQL was light years better than DL/I, the lan
guage used with its hierarchical product IMS; thus, arguments 
that there could be something light years better than SQL simply 
cut no ice. 

So IBM ran with SQL; and given IBM’s prominence in the 
computing world in those days, everyone else decided they 
needed to have SQL too in order to compete. Also a standard was 
developed that (at least in its initial manifestations) was essen
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tially IBM SQL, warts and all. And so here we are now, stuck with 
it. As I say, I find this a very sad story; we had a onceinalife
time opportunity to do it right, and we blew it. 

You’re quite dismissive of SQL too. But you claim that SQL can 
be used safely, is that correct? 

I’m not “dismissive” of SQL. It would be absurd to dismiss 
something so widespread and so (within its own lights) success
ful! Rather, I regard it as a clear and present evil, something that 
exists and so has to be dealt with appropriately. And yes, I do 
believe it can be used more or less “safely,” as you put it. In a 
nutshell, I believe it’s possible to limit your use—more or less—to 
what might be called “the relational kernel” of SQL. If you do 
that, you can behave as if SQL truly were relational—more or 
less—and you can enjoy the benefits of working with what is in 
effect a truly relational system. 

Of course, if you’re going to follow such a discipline, you need 
to know what that relational kernel is, which means in effect that 
(a) you need to know the relational model and (b) you need to 
know exactly how every aspect of that model materializes in 
SQL. In fact I wrote an entire book based on these ideas—SQL 
and Relational Theory: How to Write Accurate SQL Code (3rd 
edition, O’Reilly, 2015). But now I’m beginning to stray some
what from the book I’m supposed to be talking about . . . Let me 
just say in conclusion that the new book will certainly give you a 
good idea of what the relational model is all about, but it doesn’t 
have much to say about SQL as such. After all, Ted Codd never 
had very much to do with SQL as such—though (like me) he did 
subsequently became very critical of it. 

Thank you for giving us so much of your time. One final ques-
tion. This issue of the NoCOUG Journal includes a reprint of 
the ACM Turing Award Lecture delivered by Codd at ACM ’81. 
Do you have any memories or stories about that lecture to share 
with us? 

As a matter of fact I do. As I mentioned earlier, Ted did indeed 
receive the 1981 ACM Turing Award for his invention of the re
lational model, and nobody was more pleased about that than 
me. (Well, perhaps Ted was.) Actually I was the one who nomi
nated him for that award; and there’s a story there . . . I’m sure 
you understand that putting a proper Turing Award nomination 
together is a lot of work. You need to provide detailed statements 
of who the nominee is, and why you think he or she deserves the 
award; what the person has achieved (i.e., what the contribution 
is); why the work is significant and novel, and in fact outstand
ing; what its relationship is to previous work in the field; and 
what the implications of the work are for computing as such, and 
for industry, and possibly even for society at large. You also need 
to provide a list of publications and citations, and letters from 
recognized authorities in the field supporting the nominee’s can
didacy, and a whole host of other things besides. And ideally you 
need to put all this material together without giving the nominee 
any hint of what’s going on (for fear of raising false hopes, per
haps). 

Well, I wanted Ted to get the award. I certainly felt he de
served it, and I was prepared to do the work of putting the 
nomination package together, and so I went to see my IBM man
ager Jim to get permission to spend maybe a week of my time 
doing so. (Ted and I were both still working in IBM in those 
days.) Jim was in charge of the DB2 Technical Planning Depart

ment—think about that as you hear what happened next!—and 
my conversation with him went like this. 

 Me: “Jim, I’d like to take some of my time to work on 
nominating Ted Codd for the Turing Award. I think it’ll 
take about a week of my time, though it’ll probably con
tinue at noise level over the next few weeks as well.” 

 Jim: “What’s the Turing Award?” 

 Me (slightly taken aback): “Jim! It’s the top award in com
puting! It’s not quite the Nobel prize, but it’s kind of like a 
mini Nobel prize. It’s awarded every year by the ACM.” 

 Jim: “What’s the ACM?” 

 Me (even more taken aback, jaw dropping): “?!?!?” 

At least he didn’t ask who Ted Codd was. 
Well, anyway, I did do the nomination, and of course Ted did 

get the award, and that was great. But . . . Ted was certainly a 
genius, but he was also a great procrastinator. The conference 
was getting nearer and nearer, and Ted was going to have to give 
his Turing lecture and write a paper to go with it, and repeated 
efforts by myself (to some extent) and Sharon Weinberg (to a 
much greater extent) to get him to prepare something seemed to 
run up against a brick wall every time. Ted didn’t even have a 
theme in mind! Eventually Sharon suggested the theme of pro
ductivity, and Ted agreed to it. But he still seemed not to under
stand that the presentation was needed right now (the paper 
could wait a while, of course). In fact, I’m pretty sure I’m right in 
saying that most of the slides Ted used in his presentation were 
actually prepared by Sharon, and prepared quite literally just the 
night before. 

I was there, of course—in fact I was the one who introduced 
Ted, and it was very tempting to tell the audience the two stories 
above, but I very nobly didn’t. 

One last point: You’ll notice that I don’t include Ted’s Turing 
Award paper in my list of what I called his major writings. That’s 
because that paper wasn’t truly theoretical or innovative like the 
ones my book deals with—it was more a kind of summary of 
where relational systems had come from and where they were 
going, with the emphasis on why they could indeed serve as the 
advertised “practical foundation for productivity.” All of which 
was perfectly right and proper, of course, given the context. In 
particular, I was very glad to see Ted attack a certain rather com
mon but headinthesand belief—one that we both ran up 
against repeatedly in the early days—namely, the one summed 
up in the ignorant phrase “If it’s theoretical, it can’t be practical!” 

At the same time I do have to say there are aspects of the 
paper that I don’t agree with. To get into details of such aspects 
would probably need another interview, though, or even another 
book, so I think I’d better stop while I’m ahead. s

C.J. Date has a stature that is unique in the database industry. He 
is best known for his textbook An Introduction to Database Sys-
tems (Addison-Wesley). He enjoys a reputation that is second to 
none for his ability to explain complex technical issues in a clear 
and understandable fashion.
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B O O K 
E X C E R P T

E.F. Codd and Relational Theory
A Detailed Review and Analysis of Codd’s Major Database Writings

By C.J. Date

These are extracts from the book E. F. Codd and Relational 
Theory: A Detailed Review and Analysis of Codd’s Major Data
base Writings by C. J. Date, Lulu Publishing Services, July 18, 2019, 
ISBN 978-1684705276. Reprinted with permission.

Extract I: Introduction to Chapter 3 (“The Completeness 
Paper”)

The paper I’ll be referring to in this chapter as “the complete
ness paper” for short is just one in that series of papers by 
E. F. Codd that I characterized in the introduction to this part of 
the book as “staggering in their originality.” Here’s a full citation: 

➤ “Relational Completeness of Data Base Sublanguages,” 
IBM Research Report RJ987 (March 6th, 1972); repub
lished in Randall J. Rustin (ed.), Data Base Systems: 
Courant Computer Science Symposia Series 6 (Prentice
Hall, 1972) 

Of all of Codd’s early papers this one is surely the most for
mal, and for that reason it’s probably also the one that’s the most 
difficult to understand. Let me therefore state for the record just 
what the paper did:1

 1. It defined a relational algebra—i.e., a set of operators, such 
as join and projection, for deriving a relation from some 
given set of relations. 

 2. It defined a relational calculus—i.e., a notation, based on 
predicate calculus, for defining a relation in terms of some 
given set of relations. 

 3. It defined a notion of relational completeness (“a basic yard
stick of selective power”). Basically, a language L is said to 
be relationally complete if and only if it’s as powerful as the 
calculus (see point 2)—i.e., if and only if for every possible 
expression of that calculus, there’s a logically equivalent 
expression in that language L. 

 4. It presented an algorithm (“Codd’s reduction algorithm”) 
for reducing an arbitrary expression of the calculus as de
fined under point 2 to a logically equivalent expression of 
the algebra as defined under point 1, thereby: 
a. Showing that the algebra was relationally complete, 

and 
b. Providing a possible basis for implementing the calcu

lus. 
 5. Finally, it offered some opinions in favor of the calculus as 

opposed to the algebra as a basis on which to define a 
general purpose relational language—what the paper re
ferred to as “a query language (or other data sublan
guage).” 

Overall, the paper was dramatically different in just about 
every possible way from other database publications at the time. 
In particular, as I’ve indicated, it had a heavily formal (i.e., logical 
and/or mathematical) flavor. Now, I’m all for formalism in its 
place; in particular, I’m all for the precision that formalism can 
lead to. As I’ve said, however, the formalism in the case at hand 
had the unfortunate effect of making the paper quite difficult to 
understand.2 Moreover, as a consequence of this latter fact, I be
lieve it also had the effect of obscuring certain errors in the pre
sentation. At least it’s true that the errors in question weren’t 
noticed, so far as I’m aware, for quite a long time. The purpose of 
the present chapter, then, is to clarify the contributions of the 
completeness paper, and also to raise a few pertinent questions. 

Extract II: Section “Calculus vs. Algebra” from Chapter 3 
(“The Completeness Paper”)

Despite the various flaws identified in the present chapter, the 
algebra and the calculus and the reduction algorithm can cer
tainly all be “cleaned up” in such a way as to meet all of Codd’s 
original objectives in this connection—in particular, the objec
tive that the algebra and the calculus have exactly equivalent 
functionality.3 Given that equivalence, then, what are the relative 
merits of the two formalisms? Section 5 of the completeness 
paper offers some opinions in this connection. Before discussing 
those opinions, however, I’d like to make a few observations of a 
more general nature: 

➤ Implementation: As noted earlier, the algebra can serve as 
a vehicle for implementing the calculus. That is, given a 
calculus based language such as QUEL or QueryBy
Example, one approach to implementing that language 

1 Or what it tried to do, rather, since I’ll be arguing later that at least in 
some respects the paper didn’t quite achieve what it attempted. Note: 
Codd’s 1969 and 1970 papers also touched on most of the points iden
tified in the list of achievements I cite here. To be specific, they defined 
a set of algebraic operators (point 1); they suggested that predicate cal
culus would be a possible basis on which to define a “data sublanguage” 
(point 2); they suggested that such a language “would provide a yard
stick of linguistic power for all other proposed data languages” 
(point 3); and they suggested rather strongly that predicate calculus 
would be, not just a possible, but in fact the best, basis on which to 
define a data sublanguage (point 5). 

2 I first read the paper myself when it was published in 1972 and I was 
working for IBM, and I certainly had difficulty with it—though not 
perhaps as much as my manager, who came into my office one day 
with a huge grin on his face, brandishing the paper and saying “I’ve 
found it! I’ve found it! I’ve found the piece of Codd that passeth all 
understanding.” 

3 See, e.g., the paper “Equivalence of Relational Algebra and Relational 
Calculus Query Languages Having Aggregate Functions,” by Anthony 
Klug (Journal of the ACM 29, No. 3, July 1982). 
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4 In fact, a pioneering paper on optimization—“A Data Base Search Problem,” by Frank P. Palermo (IBM Research Report RJ1072, July 27th, 1972, 
republished in Julius T. Tou (ed.), Information Systems: COINS IV, Plenum Press, 1974)—is based on exactly this approach; it implements a given 
calculus expression by executing an appropriate sequence of algebraic operations, applying a variety of optimizations to those operations as it does 
so. 

5 This particular misconception is supported rather strongly by the very term query, of course, also by the associated term query language. Indeed, both of 
these terms occur several times in the completeness paper itself.

6 Various “nice” properties of the algebra are important in this connection: commutativity, associativity, distributivity, and so on (thanks to Hugh 
Darwen for this observation). 

7 “Selective power” is Codd’s term. Personally I much prefer the term expressive power.
8 As a matter of fact SQL is not relationally complete, because it lacks the ability to take projections over the empty set of attributes and hence fails 

to support the crucially important relations TABLE_DEE and TABLE_DUM. PS: That business of “nesting and combining the operators in ar
bitrary ways” has to do with the all important property of closure, of course. It’s interesting to note, therefore, that the completeness paper in fact 
never mentions that property at all!

9 Indeed, the point is worth stressing that relational completeness doesn’t necessarily imply other kinds of completeness. In particular, it certainly 
doesn’t imply computational completeness.

10 I can think of several other features that would need to be added too—for example, relation literals.
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would be to take the user’s original request (which is basi
cally just a calculus expression) and apply the reduction 
algorithm to it, thereby obtaining an equivalent algebraic 
expression. That algebraic expression will consist of a set 
of algebraic operations, which are by definition inherently 
implementable.4

➤ Purpose: There seems to a widespread misconception con
cerning the purpose of the algebra (and the calculus too, 
come to that, but for simplicity I’ll limit my attention here 

to the algebra specifically). To spell the point out, many 
people seem to think the algebra is meant purely for for
mulating queries5—but it’s not; rather, it’s meant for writ
ing relational expressions. Those expressions in turn serve 
many purposes, including query but certainly not limited 
to query alone. Here are some other important ones: 
a. Defining views and snapshots 
b. Defining a set of tuples to be inserted, deleted, or up

dated (or, more generally, defining a set of tuples to 
serve as the source for some relational assignment) 

c. Defining constraints (though here the relational ex
pression or expressions in question will be just subex
pressions of some boolean expression) 

d. Serving as a basis for research into other areas, such as 
optimization and database design6

e. Serving as a yardstick against which the power of da
tabase languages in general can be measured (see the 
next bullet item below) 

And so on (the foregoing list isn’t meant to be exhaustive). 

➤ Relational completeness: Codd suggests in his complete
ness paper that a general purpose relational language 
“should be at least relationally complete in the sense de
fined in this paper,” and defines a language to be complete 
in this sense if and only if it has “at least the selective 
power of the relational calculus.”7 Given some proposed 
relational language L, then, it becomes desirable to be able 
to prove that L is relationally complete. And if the calculus 
and the algebra are logically equivalent, then it’s sufficient 
(and usually easier) to show that it’s as powerful as the al
gebra, rather than the calculus. For example, to show that 
SQL is relationally complete, we would need to demon
strate 
a. That there exist SQL counterparts to each of the 

primi tive operators restriction, projection, product, 
union, and difference, and then 

b. That the operands to those SQL counterparts can be 
denoted by arbitrary SQL expressions, meaning that 
the SQL operators can be nested and combined in 
arbitrary ways.8

By the way, Codd stresses in his completeness paper the fact 
that relational completeness is only a basic measure of “selective 
power.”9 To quote: 

 In a practical environment [that power] would need to be 
augmented by a counting and summing capability, to
gether with the capability of invoking . . . library functions 
tailored to that environment. 

And elsewhere: 

 Relational completeness represents a very basic selective 
power, which in most practical environments would need 
to be enhanced.10

Despite these caveats, however, Codd notes that relational 
completeness means, in effect, that queries can be formulated 
“without resorting to programming loops or any other form of 
branched execution—an important consideration when interro
gating a data base from a terminal.” 

“I’m all for formalism in its place; in 
particular, I’m all for the precision 
that formalism can lead to. As I’ve 
said, however, the formalism in the 
case at hand had the unfortunate 
effect of making the paper quite 

difficult to understand.  Moreover, 
as a consequence of this latter fact, I 

believe it also had the effect of 
obscuring certain errors in the 

presentation.”
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So which is preferable?—the algebra or the calculus? In one 
sense, this question is unimportant; given the complete inter
changeability of the two formalisms, the difference is essentially 
one of style, not substance. In my own experience, it seems that 
people familiar with programming tend to prefer the algebra 
(because it’s basically operators—restriction, etc.—and program
mers understand operators), while end users tend to prefer the 
calculus (because it’s a little “closer to natural language”11). To 
repeat, however, I don’t really think the difference is all that im
portant. 

Note: The difference in question is sometimes characterized 
as being analogous to that between procedural and nonproce
dural languages, in the sense that the algebra is prescriptive (i.e., 
procedural) while the calculus is descriptive (i.e., nonprocedur
al). Indeed, this characterization might even be helpful from an 
intuitive point of view. However, it’s not really valid, of course 
(nor is it accurate), given the logical equivalence between the 
two. To repeat, the difference is really just a difference in style. 

Anyway, Codd concludes his paper with some brief argu
ments in support of his own opinion that the calculus is to be 
preferred. His arguments are as follows (paraphrasing consider
ably): 

➤ Extendability: As noted above, a real language will surely 
need to be able to invoke various “library functions,” and 
extending the calculus to support such invocations seems 
to be straightforward: 
a. Such invocations could appear as part of the “proto

type tuple,” where they would have the effect of trans
forming the result of evaluating the alpha expression. 

b.  They could also appear in place of one of the com
parands in a “join term,” where they would have the 
effect of generating the actual comparand. 

c.  If they return a truth value, they could be used in 
place of a “join term.” 

Codd claims that “such enhancements readily fit into the cal
culus framework,” whereas extending the algebra seems to be 
much less straightforward and would “give rise to circumlocu
tions.” I’m not at all sure I agree with these claims, however—
grafting the operators EXTEND and SUMMARIZE12 on to the 
original relational algebra (which is more or less what’s needed 
to do the job) seems fairly straightforward to me. 

➤ Ease of capturing the user’s intent (important for optimiza
tion, authorization, and so forth): Codd claims that be
cause it permits the user “to request data by its properties” 
instead of by means of “a sequence of algebraic opera
tions,” the calculus is a better basis than the algebra for this 
purpose. Again I’m not at all sure I agree, however, given 

11 If your knowledge of the calculus derives only from the completeness 
paper and nothing else, you might find this claim a little surprising! In 
fact, however, the calculus can easily be wrapped up in “syntactic sug
ar” and made much more palatable to the average user than the com
pleteness paper might lead one to expect.

12 Actually support for EXTEND would suffice, especially if image rela
tions are supported as well (which I think they should be).

13 See S.  J.  P.  Todd: “The Peterlee Relational Test Vehicle—A System 
Over view,” IBM Systems Journal 15, No. 4 (1976), also the discussion 
of WITH clauses in Chapter 4 of the present book.

14 I say “rather close to” because the algebra in question can’t be a true 
relational algebra, on account of the fact that SQL tables aren’t true 
relations. 

that any request that can be stated as a single calculus ex
pression can equally well be stated as a single algebraic 
expression. Note: The concept of lazy evaluation, pio
neered by the PRTV prototype, is relevant here.13

➤ Closeness to natural language: Codd makes the point that 
most users shouldn’t have to deal directly with either the 
algebra or the calculus as such. And he continues: 

 However, requesting data by its properties is far more 
natural than [having to devise] a particular algorithm or 
sequence of operations for its retrieval. Thus, a calculus 
oriented language provides a good target language for a 
more user oriented source language. 

Once again, however, I don’t really agree, for essentially the 
same reason as under the previous bullet item. But I do want to 
point out that because they’re more systematically defined, the 
calculus and the algebra are both much more suitable than SQL 
as such a target! (By the way, it’s worth noting in passing that for 
implementation purposes, many SQL systems effectively convert 
SQL internally into something rather close to the algebra any
way.14)

Extract III: Section “Historical Background” from Chapter 6 
(“The Essentiality Paper”) 

There were, of course, no mainstream relational products at 
the time of the debate; however, there was a great deal of interest 
in the possibility, or likelihood, that such products might materi
alize in the not too distant future. If I might be permitted a per
sonal anecdote here . . . In mid 1974, during the GUIDE 39 
meeting in Anaheim, California,15 I attended a working meeting 
of the GUIDE Database Programming Languages Project. The 
meeting was held just a few weeks after The Great Debate, pos
sibly even in the same month—at this distance I don’t recall 

“Individual members had coded 
solutions to those problems using a 

variety of existing database 
products (IMS, TOTAL, IDS, and 
others), which they took turns to 
present to the rest of the group. 

Needless to say, the solutions were 
all quite complicated, each of them 
involving several pages of detailed 
code. So then I got up and was able 

to demonstrate that the five 
problems—which I’d come to cold (I 

mean, I’d never seen them before 
that afternoon)—could each be 

formulated as a single line of code 
in relational calculus.”
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precisely. My attendance was at the invitation of the IBM repre
sentative to the project, and I was there in order to answer ques
tions about this new thing called relational database. Participants 
in the project had defined a set of five sample problems, and in
dividual members had coded solutions to those problems using 
a variety of existing database products (IMS, TOTAL, IDS, and 
others), which they took turns to present to the rest of the group. 
Needless to say, the solutions were all quite complicated, each of 
them involving several pages of detailed code. So then I got up 
and was able to demonstrate that the five problems—which I’d 
come to cold (I mean, I’d never seen them before that after
noon)—could each be formulated as a single line of code in rela
tional calculus. Well, I can assure you that everyone in the group 
was impressed, and indeed pretty excited at the possibilities. 

As I say, then, there was a lot of interest—but there was com
petition, too. The CODASYL Data Base Task Group (DBTG) had 
published its Report in April 1971, proposing what became 
known as the network approach,16 and of course that approach 
had its advocates too. Not only that, but the network approach 
had the advantage that commercial products did already exist—
indeed, had existed for some time. So the likelihood of there 
being, sooner or later, some kind of confrontation between advo
cates of the two approaches was probably fairly high. When it 
came to the point, though, I was the one who caused it to occur 
. . . Here’s how it happened. 

In July 1973, when I was still working for IBM in England, I 
had attended (again by invitation) a conference in Montreal, 
Canada: viz., the SHARE Working Conference on Data Base 
Man agement Systems (July 23rd27th, 1973). I remember an 
awful lot of nonsense being talked at that event!—a state of affairs 
that made me realize that the database field was most certainly 
still in its infancy at the time. What made the conference interest
ing, though, was that Charles Bachman had just been named the 
1973 ACM Turing Award winner, and he did a dry run for us of 
his Turing Award lecture “The Programmer as Navigator.”17

Now, Charlie was the lead designer behind a system called IDS, 
which was the origin of the DBTG proposals mentioned above, 
and so Ted Codd and I—Ted was at the conference too, of 
course—already had a good idea of what he, Charlie, was going 
to say.18 We also knew that the “navigational” (i.e., IDS or DBTG) 
ideas he was going to be describing were not the way to go—Ted’s 
relational approach was. So of course Ted wanted to engage 
Charlie, and the audience, in an argument on the relative merits 
of the two schemes, right then and there. I wasn’t too happy about 
that idea, though, because I knew that to do the job properly 

(a) we would need more time to prepare our position, and in any 
case (b) we would need more time to present that position, too—
certainly more time than we could reasonably expect to be given, 
or would even be appropriate, in that SHARE conference environ
ment. So I suggested to Ted that he not attempt to hold a proper 
debate with Charlie then and there, but rather that he issue a chal
lenge to hold such a debate at some future event, perhaps at the 
next ACM SIGFIDET conference, which was due to be held in 
Ann Arbor, Michigan, the following May.19 And Ted agreed. 

So Charlie gave his talk. I could feel Ted almost quivering 
with anticipation in his seat next to me, waiting to leap up to the 
microphone the second Charlie finished. Of course, Ted and I 
both knew that the whole audience expected him to jump up and 
say something—probably offering some detailed technical criti
cism of what Charlie had presented. But what Ted actually did 
say was as follows, more or less: “First let me congratulate 
Charlie on his Turing Award. It couldn’t happen to a nicer guy” 
(and so on and so forth) . . . Then he continued: “But none of that 
alters the fact that on this issue Charlie is, unfortunately, dead 
wrong.” And he went on to say that a Q&A session following a 
presentation wasn’t the right forum for the kind of discussion 
that was really needed on these matters, and therefore that he 
and Chris Date would like to issue a challenge (etc., etc.). And so 
that was the origin of what came to be called The Great Debate, 
which was indeed held in Ann Arbor, Michigan, the following 
May, and was regarded by many people as one of the defining 
moments in the ongoing battle between the old way of doing 
things and Ted’s new relational way. 

Now, Ted and I took this debate very seriously, and we pre
pared a couple of detailed technical papers to support the argu
ments we planned to make: viz., the two papers mentioned in the 
introduction to this chapter. The idea was that during the debate 
Ted would present the first paper and I would present the sec
ond. Unfortunately, however, the dates of the conference (May 
1st3rd, 1974) exactly clashed with the date of my move from 
England to California to start my California assignment for IBM, 
which was May 2nd. (As I recall, there was some complication or 
delay in my getting the necessary visas.) As a consequence I was 
unable to be present for the debate as such, and my presentation 
was given in my absence by Dionysios (Dennis) Tsichritzis, of 
the University of Toronto. But I don’t think my absence mattered 
very much—Ted was clearly the man people wanted to hear, and 
what he had to say was far more important, as well as being 
much more innovative, than any contribution of mine could 
possibly have been. s

15 GUIDE was one of the two major IBM user groups in the U.S. at the time (the other was SHARE).
16 By the way, I think it’s fair to say that the widespread perception, which persisted for many years, that there were three broad approaches to “the 

database problem”—viz., the relational, hierarchic, and network approaches—was due largely to my own book An Introduction to Database 
Systems (1st edition, AddisonWesley, 1975). In writing that book, I felt that for pedagogic reasons I needed to impose some kind of structure 
on what might otherwise have seemed to be just one giant disorganized mess. The structure I chose was inspired by a throwaway remark in the 
abstract to Codd’s 1970 paper (“Existing . . . data systems provide users with treestructured files or slightly more general network models of the 
data”), and I divided the bulk of my book into three parts accordingly. Other books and publications then followed suit. 

17His paper of that title was published in Communications of the ACM 16, No. 11 (November 1973). 
18 Forgive the familiarity here, but “Charlie” and “Ted” were how I knew and referred to Bachman and Codd, respectively, at the time, and the origi

nal notes I’m basing these explanations on weren’t written to be all that formal.
19 SIGFIDET stood for Special Interest Group on File Definition and Translation. By 1974, however, that name was beginning not to make much 

sense, and so that year the name was changed to SIGMOD (Special Interest Group on Management of Data). 
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Introduction
I was asked to review “something different” and this book is, 

indeed, different.
Parts Unlimited – We are shown a list of the officers of the 

company, followed by a list of the members of the board. A re
search note from an analyst tells us that the CEO is stepping 
down, the “Phoenix” program will restore profitability, and the 
drama begins.

Part 1
Chapter 1 – We learn that CIO means “Career Is Over.” Our 

hero, Bill, has been promoted after two executives were fired. Bill 
doesn’t want the promotion. Payroll is failing.

Chapter 2 – Bill jots down some notes; the payroll system is 
showing zero hours for all hourly employees. It appears that no 
one has bothered to figure out the sequence of events surround
ing this failure. 

Chapter 3 – Social Security numbers have been replaced with 
“squiggly characters.” This reminds me of when I worked on a 
system that was converted to Unicode and all the Japanese Kanji 
were lost, replaced by all sorts of strange graphic “characters.” A 
securityrelated code fix was rushed so the developer could go 
on vacation. It seems that developers cause all the problems and 
Operations always cleans them up. The security group is dis
missed as hysterical. To support a security audit next week, the 
Social Security numbers were tokenized using some vendor 
code. The vendor promised its code was harmless. The change 
wasn’t tested because there is no budget for building a test envi
ronment. No one is using the change management process.

Chapter 4 – The relationship between Development and Op
era tions is described as tribal warfare. Corporate theater. Project 
Phoenix is critical, but so is getting payroll done. All of the bud
geted time and money are gone, and the promised deployment 
date looms. The senior operations people are too busy fixing 

problems caused by Development to attend the meetings to de
sign the next deployment.

Chapter 5 – The company has failed a SOX audit. Developers 
have administrative access to production databases. 

Chapter 6 – Project Phoenix is further behind than our hero 
thought. There’s no time for testing before the production re
lease. It turns out that the resources needed to address the failed 
SOX audit will consume almost all IT resources for the next year, 
as currently scheduled. The SAN failed because failed drives are 
not being replaced due to procurement issues. There are argu
ments about what a “change” is. Is rebooting a server a change? 
Is running a database script a change?

Chapter 7 – Our hero enjoys a huge chocolate doughnut with 
Fruit Loops. A new board member explains that Bill doesn’t un
derstand what “work” is. I’m guessing this new board member 
(Erik) is the Ghost of Christmas Past, introduced to explain all 
the things Bill is missing. Work is deliverables, outages, and com
pliance. Our friend from the past regales us with stories of how 
the plant used to be run, how he fixed it all, and what must be 
done differently for IT to get fixed. Sounds like the point of our 
story has been introduced. We are being sold a shiny new solu
tion to all our old problems.

Chapter 8 – Bill’s request for more resources is shot down. 
The attempt to enforce the longignored change release process 
results in so many formal change requests that IT can’t even re
cord them all.

Chapter 9 – The credit card processing system fails; all stores 
are affected. There is one IT resource who has to work on every
thing. This resource fixes the current problem, alone, and doesn’t 
even tell anyone that changes are being made. Bill blows a gasket, 
as he suspects this same IT “hero” may have caused the outage 
that they are now being admired for fixing.

Chapter 10 – Brent is the IT hero. As things continue to im
plode, Bill wonders whether Brent actually isn’t as smart as they 
thought. Indeed. The IT hero never writes anything down. When 
asked how he fixed a problem, he honestly answers that he 
doesn’t know. Brent doesn’t want to give up being everyone’s 
hero. 

Chapter 11 – It becomes clear almost everything goes 
through the IT hero, Brent. Sixty percent of planned changes 
were not implemented because they were assuming that Brent 
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would be available to help them. We are getting close to some 
sort of cathartic event where the solution to all our problems will 
be revealed. 

Chapter 12 – Project Phoenix runs in development. It won’t 
run in production. Someone thinks to ask, and indeed they dis
cover, that a firewall port needs to be opened. I laugh because 
this is exactly what I saw on my last job. Seriously, a very well
known issue came up over and over and was never fully cap
tured. Project Phoenix is deployed, and starts “leaking” credit 
card numbers through the website. 

Chapter 13 – The credit card issue goes public. The front
end servers for Phoenix are being rebooted hourly to prevent 
failures. 

Chapter 14 – Senior management does what they always do. 
They start planning to outsource all of IT. Technology is chang
ing too fast for anyone to keep up. Bill wishes he had stayed in 
the technology backwaters where he was before this promotion. 
The development team has a party to celebrate the Phoenix re
lease. Operations is still in crisis mode dealing with all the fail
ures.

Chapter 15 – Bill has the moment of clarity we have been 
waiting for. He now sees that there are four categories of work, 
just as the Ghost of Christmas Past had predicted. According to 
this book, the four are Business Projects, Internal IT Projects, 
Changes, and Unplanned Work— otherwise referred to as “Fire
fighting.” 

Chapter 16 – There is another massive failure. Bill is pleased 
with how much better his team is at handling this latest fiasco. 
But senior management is livid. Lots of drama ensues. Bill re
signs.

Part 2
Chapter 17 – The company can’t live without Bill. The CEO 

calls and begs him to come back. IT matters. Life will now be 
unicorns and rainbows.

Chapter 18 – They have an offsite. Touchyfeely crap. They 
are going to create a team where they can all trust one another.

Chapter 19 – The offsite continues. Each of the main char
acters relates something significant from their personal history. 
Our hero Bill cries as he describes his alcoholic father. Everyone 
is excited to put the plan in place.

Chapter 20 – The magic plan is to freeze all projects except 
Phoenix. What will happen when the freeze is lifted? This late in 
the story, the company is still experiencing Sev 1 outages. Bill 
meets with the Ghost of Christmas Past, Erik, again, and they 
take another look at the plant floor. Work centers are discussed. 
People like Brent will always be a limiting factor on how much 
work can actually get done. They discuss documenting process 
so other people can do it as well. 

Chapter 21 – Another audit meeting. The company is able to 
push back and deflect some of the deficiencies. 

Chapter 22 – The company is going further down the consul
tant path, talking about Kanban boards. Frequent service requests 
will be documented so that anyone can handle them. Colored 
cards will now help prioritize projects. They are still working on 
how to get Brent out as a constraint on all their work.

Chapter 23 – Handoffs are causing wait times as projects 
require multiple people to handle different parts of the task. We 
now need Kanban lanes for each task. 

Chapter 24 – Bill has some time off at home. He is called into 

a meeting between the CFO and the head of the company audit 
process. 

Chapter 25 – We have a list of the CFO’s priorities. He must 
always confirm that the entire organization achieves its goal. We 
must understand the true business context that IT resides in. 

Chapter 26 – Business process owners are interviewed to 
understand customer needs and wants. Bill concludes that Pro
ject Phoenix should never have been approved. It will never re
turn what it cost.

Chapter 27 – Bill now knows the desired business outcomes. 
It seems that the business wants to increase revenue, market 
share, average order size, etc. Who knew? The plan is to pair up 
people in IT with the audit team to increase the security exper
tise. The plan is to integrate security into their daily work. 

Chapter 28 – Bill’s laptop, which has been broken for most of 
the book, is now working well. Sev 1 outages are down, recovery 
time is down as well. Bill feels he is hot on the trail of under
standing how he and IT can help the business win. Projects are 
flowing much faster. His team now has biweekly outage drills. 
Life has been made better by following the Three Ways, which 
are fundamental to DevOps. These have been discussed through
out the book. First is work flowing as fast as possible, from the 
business to development, etc. Second is increased feedback 
loops. Third is a culture where experimentation and learning are 
encouraged. Despite all this sunshine, the head of Retail Opera
tions is running their own shadow IT operation. A critical data
base migration fails; the company comes to a halt. The issue 
traces back to one of the changes made by the shadow IT group.

Chapter 29 – Project Phoenix is getting worse. The flow of 
work has improved but the batch size is too large. Too much 
work in progress (WIP). Deployments cause unplanned work, 
i.e., failures.

Part 3
Chapter 30 – Erik explains “innerAllspaw” and “takt time.” 

I’m not kidding. It’s getting weirder and weirder. Dev and Ops 
must work together. A deployment pipeline is needed. IT Opera
tions must be more like manufacturing.

Chapter 31 – Bill now wants to do ten deployments a day. 
Marketing must be able to make their own changes to content 
and business rules. But IT work is much more complex than 
manufacturing. More things can go wrong. The release instruc
tions are never up to date. The solution? They will write a de
ployment run book that will capture all the needed information. 
I’m not clear how the run book will be up to date when nothing 
else ever has been. The solution is to create a common environ
ment creation process that can build Dev and Production envi
ronments at the same time. It all sounds so simple! Bill marvels 
at how much the organization has changed.

Chapter 32 – Bill interacts with developers. Lots of sandals 
and skateboards. There is a lot of detail but the message is simple: 
the company must set up DevOps right now or the company will 
be split up.

Chapter 33 – Project Phoenix is slow. The answer is to spin 
up instances in the cloud. Security is a concern, but not to worry: 
the team agrees to list the top issues and prepare countermea
sures. And the auditors have gone away because all the SOX de
ficiencies have been addressed.

Chapter 34 – Because of the newly installed DevOps, sales 
(continued on page 25)
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F R O M  T H E 
A R C H I V E

SQL 101: Which Query 
Is Better?—Part III

by Iggy Fernandez
Originally featured in the February 2011 issue.

In 1988, a SQL researcher named Fabian Pascal wrote an ar ti
cle (http://www.dbdebunk.com/page/page/ 1317920.htm) 
for Database Programming and Design in which he quoted 
Chris Date as follows:

“SQL is an extremely redundant language. By this I mean that 
all but the most trivial of problems can be expressed in SQL in a 
variety of different ways. Of course, the differences would not be 
important if all formulations worked equally well but that is un-
likely. As a result, users are forced to spend time and effort trying 
to find the “best” formulation (that is, the version that performs 
best)—which is exactly one of the things the relational model was 
trying to avoid in the first place.”

Pascal then went on to test seven equivalent queries with five 
different database engines. Only one out of the five database 
engines came anywhere near to acing the test; it appeared to use 
the same execution plan for six of the queries but did not sup
port the seventh query. The other engines used a range of query 
plans with different execution times. Pascal then predicted that

“Eventually, all SQL DBMSs, for competitive reasons, will have 
to equalize the performance of redundant SQL expressions and to 
document their execution plans. Forcing users to maximize perfor-
mance through query formulation is not only unproductive, but 
simply a lost cause, especially if there is no guidance from the 
system. The more users understand the relational model and its 
productivity intentions, the more they will demand equalized per-
formance and documented execution plans from vendors, instead 
of doggedly attempting to undertake unnecessary and futile bur-
dens.”

Let’s find out if Pascal’s 20yearold prediction of equalized 
performance came true. First, let’s create tables similar to those 
that Pascal used. We need a table called Personnel containing 
employee details and a table called Payroll containing salary pay
ments. The Payroll table is linked to the Personnel table by the 
Employee ID. The tests were conducted using Oracle Database 
11g Enterprise Edition Release 11.2.0.1.0 on 32bit Windows XP 
Professional Version 2002 Service Pack 3.

CREATE TABLE personnel
(
  empid CHAR(9) NOT NULL,
  lname CHAR(15) NOT NULL,
  fname CHAR(12) NOT NULL,
  address CHAR(20) NOT NULL,
  city CHAR(20) NOT NULL,
  state CHAR(2) NOT NULL,
  ZIP CHAR(5) NOT NULL

);

CREATE TABLE payroll
(
  empid CHAR(9) NOT NULL,
  bonus INTEGER NOT NULL,
  salary INTEGER NOT NULL
);

INSERT INTO personnel
SELECT
  TO_CHAR(LEVEL, '09999') AS empid,
  DBMS_RANDOM.STRING('U', 15) AS lname,
  DBMS_RANDOM.STRING('U', 12) AS fname,
  '500 ORACLE PARKWAY' AS address,
  'REDWOOD SHORES' AS city,
  'CA' AS state,
  '94065' AS zip
FROM
  dual
CONNECT BY LEVEL <= 9900;

INSERT INTO payroll(
  empid,
  bonus,
  salary
)
SELECT
  empid,
  0 AS bonus,
  99170 + 10000 * CEIL(DBMS_RANDOM.VALUE * 10)
    AS salary
FROM
  personnel;

CREATE UNIQUE INDEX personnel_pk
  ON personnel(empid);

CREATE UNIQUE INDEX payroll_pk
  ON payroll(empid);

ALTER TABLE personnel
  ADD CONSTRAINT personnel_pk
  PRIMARY KEY (empid);

ALTER TABLE payroll
  ADD CONSTRAINT payroll_pk
  PRIMARY KEY (empid);

ALTER TABLE payroll
  ADD CONSTRAINT payroll_fk1
  FOREIGN KEY (empid)
  REFERENCES personnel(empid);

EXEC DBMS_STATS.GATHER_TABLE_STATS(
  ownname=>'HR',
  tabname=>'PERSONNEL'
);

EXEC DBMS_STATS.GATHER_TABLE_STATS(
  ownname=>'HR',
  tabname=>'PAYROLL'
);

http://www.dbdebunk.com/page/page/1317920.htm
DBMS_RANDOM.STRING
DBMS_RANDOM.STRING
DBMS_RANDOM.VALUE
DBMS_STATS.GATHER
DBMS_STATS.GATHER
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Observe that we gathered optimizer statistics for the newly 
created tables, although they are not strictly necessary for the 
tests that follow. A database engine can generate query plans 
even in the absence of statistics and should generate the same 
plan for all semantically equivalent queries whether or not sta
tistics are available.

The SQL exercise is to list the employees who were paid 
$199,170. Here are five different ways in which a programmer 
might formulate the required query, three of which are from 
Pascal’s article. Focus on the plan hash values in the query plans 
below. We see that Oracle uses four different query plans, mean
ing that Pascal’s prediction of equalized performance for equiva
lent queries is yet to be fulfilled.

The first formulation uses an unnecessary join when only a 
semijoin is strictly necessary. However, in this particular case, a 
semijoin is equivalent to a join because the Payroll table is 
linked to the Personnel table by the Employee ID. Oracle uses a 
HASH JOIN in the EXPLAIN PLAN.

SELECT lname
FROM personnel, payroll
WHERE personnel.empid = payroll.empid
AND salary = 199170;

Plan hash value: 2476600843

----------------------------------------
| Id  | Operation          | Name      |
----------------------------------------
|   0 | SELECT STATEMENT   |           |
|*  1 |  HASH JOIN         |           |
|*  2 |   TABLE ACCESS FULL| PAYROLL   |
|   3 |   TABLE ACCESS FULL| PERSONNEL |
----------------------------------------

1 - access("PERSONNEL"."EMPID"="PAYROLL"."EMPID")
2 - filter("SALARY"=199170)

The second formulation implements a semijoin using an 
uncorrelated subquery. Oracle neatly converts this into a join 

and once again uses a HASH JOIN in the EXPLAIN PLAN. The 
query plan is identical to the previous one.

SELECT lname
FROM personnel
WHERE empid IN (
  SELECT empid
  FROM payroll
  WHERE salary = 199170
);

Plan hash value: 2476600843

----------------------------------------
| Id  | Operation          | Name      |
----------------------------------------
|   0 | SELECT STATEMENT   |           |
|*  1 |  HASH JOIN         |           |
|*  2 |   TABLE ACCESS FULL| PAYROLL   |
|   3 |   TABLE ACCESS FULL| PERSONNEL |
----------------------------------------

1 - access("EMPID"="EMPID")
2 - filter("SALARY"=199170)

The third formulation implements a semijoin using a corre
lated subquery. This time Oracle declines to convert it into a 
regular join.

SELECT lname
FROM personnel
WHERE EXISTS (
  SELECT *
  FROM payroll
  WHERE personnel.empid = payroll.empid
  AND salary = 199170
);

Plan hash value: 1844477241

------------------------------------------
| Id  | Operation            | Name      |
------------------------------------------
|   0 | SELECT STATEMENT     |           |
|*  1 |  HASH JOIN RIGHT SEMI|           |
|*  2 |   TABLE ACCESS FULL  | PAYROLL   |
|   3 |   TABLE ACCESS FULL  | PERSONNEL |
------------------------------------------

1 - access("PERSONNEL"."EMPID"="PAYROLL"."EMPID")
2 - filter("SALARY"=199170)

The fourth formulation uses a scalar subquery in the 
WHERE clause. Oracle uses a different query plan.

SELECT lname
FROM personnel
WHERE (
  SELECT salary
  FROM payroll
  WHERE personnel.empid = payroll.empid
) = 199170;

Plan hash value: 1680572657

---------------------------------------------------
| Id  | Operation                    | Name       |
---------------------------------------------------
|   0 | SELECT STATEMENT             |            |
|*  1 |  FILTER                      |            |
|   2 |   TABLE ACCESS FULL          | PERSONNEL  |
|   3 |   TABLE ACCESS BY INDEX ROWID| PAYROLL    |
|*  4 |    INDEX UNIQUE SCAN         | PAYROLL_PK |
---------------------------------------------------

1 - filter(=199170)
4 - access("PAYROLL"."EMPID"=:B1)

The fifth formulation uses a scalar subquery in the SELECT 
clause. Oracle uses yet another query plan.

“SQL is an extremely redundant 
language. By this I mean that all but 
the most trivial of problems can be 

expressed in SQL in a variety of 
different ways. Of course, the 

differences would not be important 
if all formulations worked equally 

well but that is unlikely. As a result, 
users are forced to spend time and 

effort trying to find the ‘best’ 
formulation (that is, the version 

that performs best)—which is 
exactly one of the things the 

relational model was trying to avoid 
in the first place.”

personnel.empid
payroll.empid
personnel.empid
payroll.empid
personnel.empid
payroll.empid
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have gone through the roof ! The company can’t keep up with 
demand. But the competition has introduced new products. To 
compete would require making changes to the mainframe MRP 
application that was outsourced. The outsource vendor wants 
months to gather requirements. No problem: Bill simply buys out 
the vendor contract and the team writes an interface to their new 
DevOps environment. Bill is a hero.

Chapter 35 – Bill now has times when he literally has nothing 
to do. Yes, this is what the text says. Can you imagine any form 
of IT where you have nothing to do? I can’t. The company is hav
ing a recordbreaking quarter. Bill’s nemesis is being fired. Bill is 
being promoted to COO.

Afterword – the technology value stream is discussed. The 
authors relate stories of how well liked their book is.

The DevOps Handbook is included. It describes Agile, Con
tin uous Delivery, and the Three Ways.

Conclusion
A novel is a fine thing, but it is just that. The definition of a 

novel is fictitious prose with some degree of realism. I would like 
to read about a realworld complex IT system that can actually be 
rebuilt from scratch with a click of a mouse. Not just a web 
server, but an entire business system.

The copyright date is 2018 but all the acknowledgements are 
from 2012. This appears to be the second revised edition from 
2014, which means it reflects the world as it was five years ago—a 
long time in terms of DevOps.

At the very beginning, we are told that the competition has 
been taking business away. Once we enter the realm of Magical 
Thinking, see Chapter 17, this is never brought up again. I don’t 
think the realworld outcome would be like this. Bill’s company 
would have been toast. Throughout the story, all the characters 
remain in place. I have never worked anywhere where this hap
pened. People at all levels came and went all the time. My group 
didn’t have the resources to even attend meetings about DevOps, 
let alone implement it. As I’ve said in the past, when reading 
other books, the world the authors describe sounds wonderful. 
I’ve never seen anything like these worlds, so it is difficult for me 
to relate. At my last job, we couldn’t recreate an environment 
from backups because they were so complex, each one hand
crafted by people that in many cases were no longer in our group. 
I do sincerely hope these worlds that seem magical to me are 
being built. I wish I had experienced them during my career. s

Brian Hitchcock previously worked for Oracle Corporation, where 
he had been supporting Fusion middleware since 2013. Before 
that, he supported Fusion applications and the Federal OnDemand 
group. He was with Sun Microsystems for 15 years (before it was 
acquired by Oracle Corporation), where he supported Oracle 
databases and Oracle applications. Brian’s contact information 
and all of his book reviews and presentations are available at 
www.brianhitchcock.net/oracle-dbafmw/. The statements and 
opinions expressed here are his own.

Copyright © 2019, Brian Hitchcock

Brian’s Notes (continued from page 22)

SELECT 
  (
    SELECT lname
    FROM personnel
    WHERE personnel.empid = payroll.empid
  )
FROM payroll
WHERE salary = 199170;

Plan hash value: 1891291052

----------------------------------------------------
| Id  | Operation                   | Name         |
----------------------------------------------------
|   0 | SELECT STATEMENT            |              |
|   1 |  TABLE ACCESS BY INDEX ROWID| PERSONNEL    |
|*  2 |   INDEX UNIQUE SCAN         | PERSONNEL_PK |
|*  3 |  TABLE ACCESS FULL          | PAYROLL      |
----------------------------------------------------

2 - access("PERSONNEL"."EMPID"=:B1)
3 - filter("SALARY"=199170)

Christopher Charles laments the need to tune SQL manually 
in a wellwritten piece titled “My Brilliant Career Tuning SQL” 
(http://christophercharles.blogspot.com/2003/07/databases-
my-brilliant-career-tuning.html). Why was Ingres able to 
achieve equalized performance in 1988? Because back in 1988, 
Ingres internally converted SQL queries into a QUEL represen
tation. As Pascal explains (http://searchoracle.techtarget.com/
tip/When-will-they-ever-learn), “QUEL was a different rela-
tional data language, one property of which was lack of sub-
queries, meaning that however you expressed a query in SQL, it 
would map to only one QUEL execution (Chris Date designed the 
mapping), hence the ease of optimization and consistency.” s

Copyright © 2011, Iggy Fernandez
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