Mathematical W'riting

by
Donald E. Knuth, Tracy Larrabee,and Paul M. Roberts

This report is basedon a courseof the samename given at Stanford University during
autumn quarter, 1987. Here's the catalog description:

CS 209. Mathematical Writing|] Issuesof technical writing and the ef-
fective presenation of mathematics and computer science.Preparation of theses,
papers, books, and \literate" computer programs. A term paper on a topic of
your choice; this paper may be usedfor credit in another course.

The rst three lectures were a \minicourse" that summarizedthe basics. About two
hundred peopleattended thosethree sessionsywhich were devoted primarily to a discussion
of the points in x1 of this report. An exercise(x2) and a suggestedsolution (x3) were also
part of the minicourse.

The remaining 28 lectures covered these and other issuesin depth. We sav many
examplesof \b efore" and \after" from manuscripts in progress. We learned how to avoid
excessie subscriptsand superscripts. We discussedhe documerntation of algorithms, com-
puter programs, and user manuals. We consideredthe processof refereeingand editing.
We studied how to make e ectiv e diagrams and tables, and how to nd appropriate quota-
tions to spiceup a text. Someof the material duplicated someof what would be discussed
in writing classeso ered by the English department, but the vast majority of the lectures
were dewted to issuesthat are speci ¢ to mathematics and/or computer science.

Guest lectures by Herb Wilf (University of Pennsyhania), Je Ullman (Stanford),
Leslie Lamport (Digital Equipment Corporation), Nils Nilsson (Stanford), Mary-Claire
van Leunen (Digital Equipment Corporation), Rosalie Stemer (San Francisco Chronicle),
and Paul Halmos (University of Sarta Clara), were a special highlight as ead of these
outstanding authors preserted their own perspectives on the problems of mathematical
communication.

This report contains transcripts of the lectures and copiesof various handouts that
were distributed during the quarter. We think the coursewasable to clarify a surprisingly
large number of issuesthat play an important part in the life of every professionalwho
works in mathematical elds. Therefore we hope that people who were unable to attend
the coursemight still bene t from it, by reading this summary of what transpired.

The authors wish to thank Phyllis Winkler for the rst-rate technical typing that
made these notes possible.

Caveat: Theseare transcripts of lectures, not a polished set of essgs on the subject.
Someof the later lecturesrefer to mistakesin the notes of earlier lectures; we have decided
to correct some(but not all) of those mistakes before printing this report. Referenceso
sudh no-longer-existent blunders might be hard to understand. Understand?

Videotapes of the classsessionsare kept in the Mathematical & Computer Sciences
Library at Stanford.

The preparation of this report was supported in part by NSF grant CCR-8610181.
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x1. Notes on Technical Writing

Stanford's library card catalog refers to more than 100 books about technical writing,
including sudh titles as The Art of Tecnical Writing, The Craft of Tednical Writing,
The Teading of Tednical Writing. There is even a journal dewoted to the subject, the
IEEE Transactionson ProfessionalCommunication, published since 1958. The American
Chemical Scciety, the American Institute of Physics,the American Mathematical Scciety,
and the Mathematical Asscciation of America have ead published \manuals of style.”
The last of these, Writing Mathematics Well by Leonard Gillman, is one of the required
texts for CS209.

The nicestlittle referencefor a quick tutorial is The Elemernts of Style, by Strunk and
White (Macmillan, 1979). Everybody should read this 85-pagebook, which tells about
English prosewriting in general. But it isn't a required text|it's merely recommended.

The other required text for CS209is A Handbook for Scholars by Mary-Claire van
Leunen (Knopf, 1978). This well-written book is a real pleasureto read, in spite of its
unexciting title. It tells about footnotes, references,quotations, and sud things, done
correctly instead of the old-fashioned\op. cit." way.

Mathematical writing has certain peculiar problems that have rarely beendiscussed
in the literature. Gillman's book refers to the three previous classicsin the eld: An
article by Harley Flanders, Amer. Math. Monthly, 1971, pp. 1{10; another by R. P. Boas
in the samejournal, 1981, pp. 727{731. There's also a nice booklet called How to Write
Mathematics, published by the American Mathematical Scciety in 1973, especially the
delightful essg by Paul R. Halmos on pp. 19{48.

The following points are especially important, in your instructor's view:

1. Symbolsin dierent formulas must be separatedby words.

Bad: ConsiderSqy, q< p.
Good: Consider Sy, whereq < p.

2. Don't start a sertence with a symbol.

Bad: x" a hasn distinct zeroes.
Good: The polynomial x" a hasn distinct zerces.

3. Don't usethe symbols ."., ) , 8, 9, 3; replacethem by the corresponding words.
(Except in works on logic, of course.)

4. The statemernt just preceding a theorem, algorithm, etc., should be a complete sen-
tence or should end with a colon.

Bad: We now have the following
Theorem . H(x) is corntinuous.

This is bad on three counts, including rule 2. It should be rewritten, for example, like
this:
Good: We can now prove the following result.
Theorem. The function H(x) de ned in (5) is continuous.

Even better would be to replacethe rst sertence by a more suggestive motivation,
tying the theorem up with the previous discussion.

[X1. MINICOURSE ON TECHNICAL WRITING
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10.

11.

The statemert of a theorem should usually be self-cortained, not depending on the
assumptionsin the precedingtext. (Seethe restatemert of the theoremin point 4.)

The word \we" is often useful to avoid passiwe voice; the \good" rst serence of
example 4 is much better than \The following result can now be proved.” But this
useof \we" should be usedin corntexts where it means\y ou and me together", not a
formal equivalert of \I'. Think of a dialog betweenauthor and reader.

In most technical writing, \I" should be avoided, unlessthe author's personais rele-
vant.

There is a de nite rhythm in sertences. Read what you have written, and changethe
wording if it doesnot o w smoothly. For example,in the text Sorting and Searding it
was sometimesbetter to say \merge patterns” and sometimesbetter to say \merging
patterns”. There are many ways to say \therefore", but often only onehasthe correct
rhythm.

Don't omit \that" when it helpsthe readerto parsethe sertence.

Bad: AssumeA is a group.
Good: Assumethat A is a group.

The words \assume" and \supp ose" should usually be followed by \that" unlessan-
other \that" appearsnearby. But newer say \W e have that x = y," say \W e have
x = y." And avoid unnecessarypadding \b ecauseof the fact that" unlessyou feel
that the reader needsa momert to recuperate from a concerrated sequenceof ideas.

Vary the sertence structure and the choice of words, to avoid monotony. But use
parallelism when parallel concepts are being discussed. For example (Strunk and
White #15), don't sa this:

Formerly, sciencewas taught by the textb ook method, while now the lab-
oratory method is employed.

Rather:
Formerly, sciencewastaught by the textb ook method; now it is taught by
the laboratory method.

Avoid words like \this" or \also" in consecutie sertences; such words, as well as
unusual or polysyllabic utterances, tend to stick in a reader'smind longer than other
words, and good style will keep\stic ky" words spacedwell apart. (For example,I'd
better not say \utterances" any more in the rest of these notes.)

Don't usethe style of homework papers, in which a sequenceof formulas is merely
listed. Tie the conceptstogether with a running commenary.

Try to state things twice, in complemernary ways, especially when giving a de nition.
This reinforcesthe reader's understanding. (Examples, seex2 below: N" is de ned
twice, A, is described as \nonincreasing”, L(C;P) is characterized as the smallest
subsetof a certain type.) All variablesmust be de ned, at leastinformally, when they
are rst introduced.

x1. MINICOURSE ON TECHNICAL WRITING ]



12.

13.

14.

15.

16.

17.

18.

19.

Motiv ate the reader for what follows. In the example of x2, Lemma 1 is motivated
by the fact that its converseis true. De nition 1 is motivated only by decree;this is
somewhatriskier.

Perhapsthe most important principle of good writing is to keepthe readeruppermost
in mind: What doesthe reader know so far? What doesthe reader expect next and
why?

When describing the work of other peopleit is sometimessafeto provide motivation
by simply stating that it is \in teresting” or \remarkable"; but it is best to let the
results speak for themseles or to give reasonswhy the things seeminteresting or
remarkable.

When describingyour own work, be humble and don't usesuperlativesof praise, either
explicitly or implicitly , even if you are enthusiastic.

Many readerswill skim over formulas on their rst reading of your exposition. There-
fore, your sertences should ow smoothly when all but the simplest formulas are
replacedby \blah" or someother grunting noise.

Don't usethe samenotation for two di erent things. Conversely useconsistern nota-
tion for the samething whenit appearsin se\eral places. For example,don't say \ A,
forl j n"inoneplaceand\Ax for1 k n" in another placeunlessthere is a
good reason. It is often useful to choosenamesfor indices sothat i varies from 1 to
m and j from 1to n, say, and to stick to consistert usage. Typographic converntions
(lik e lowercaseletters for elemers of setsand uppercasefor sets) are also useful.

Don't get carried away by subscripts, especially when dealing with a set that doesn't
needto be indexed; set elemer notation can be usedto avoid subscripted subscripts.
For example, it is often troublesome to start out with a de nition like \Let X =

time. Don't namethe elemerns of X unlessnecessary Then you can refer to elemens
x and y of X in your subsequeh discussion,without needingsubscripts; or you can
refer to x; and x, asspeci ed elemerns of X.

Display important formulas on a line by themseles. If you needto refer to someof
theseformulas from remote parts of the text, give referencenumbersto all of the most
important ones,even if they aren't referenced.

Sertences should be readable from left to right without ambiguity. Bad examples:

\Smith remarked in a paper about the scarcity of data." \In the theory of rings,
groups and other algebraic structures are treated.”

Small numbers should be spelled out when used as adjectives, but not when used as
names(i.e., when talking about numbers as numbers).

Bad: The method requires 2 passes.

Good: Method 2 is illustrated in Fig. 1; it requires 17 passes. The count was
increasedby 2. The leftmost 2 in the sequencewas changedto a 1.

Capitalize nameslike Theorem 1, Lemma 2, Algorithm 3, Method 4.

[X1. MINICOURSE ON TECHNICAL WRITING
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20. Somehandy maxims:

Watch out for prepositions that sertencesend with.
When dangling, consideryour participles.

About them sertence fragmerts.

Make eat pronoun agreewith their antecedert.
Don't usecommas,which aren't necessary

Try to never split in nitiv es.

21. Somewords frequertly misspelled by computer scientists:

implemert not impliment
complemen not compliment
occurrence not occurence
dependert not dependart
auxiliary not auxillary
feasible not feasable
preceding not preceeding
referring not refering
category not catagory
consisten not consistart
PL/I not PL/1
descendah (noun) not descenden
its (belongingto it) not it's (it is)
The following words are no longer being hyphenated in current literature:
nonnegative
nonzero

22. Don't say \which" when \that" soundsbetter. The generalrule nowadays is to use
\whic h" only whenit is precededby a commaor by a preposition, or whenit is used
interrogatively. Experiment to nd out which is better, \whic h" or \that", and you'll
understand this rule.

Bad: Don't usecommaswhich aren't necessary
Better: Don't usecommasthat aren't necessary

Another common error is to say \less" when the proper word is \fewer".

23. In the example at the bottom of x2 below, note that the text preceding displayed
equations (1) and (2) doesnot useany special punctuation. Many peoplewould have
written

... of \nonincreasing" vectors:
Ap=f(a;:ii;an) 2N jag ang: Q)
If C and P are subsetsof N", let:
L(C,P)=:::
and those colons are wrong.

x1. MINICOURSE ON TECHNICAL WRITING ]



24,

25.

26.

The opening paragraph should be your best paragraph, and its rst sertence should
be your bestsertence. If a paper starts badly, the readerwill wince and be resignedto
adicult job of ghting with your prose. Conversely if the beginning o ws smoothly,
the readerwill be hooked and won't notice occasionallapsesin the later parts.

Probably the worst way to start is with a sertence of the form \An x is y." For
example,

Bad: An important method for internal sorting is quicksort.
Good: Quicksort is an important method for internal sorting, because: ::

Bad: A commonly useddata structure is the priority queue.
Good: Priority queuesare signi cant componerts of the data structures needed
for many di erent applications.

The normal style rules for English say that commasand periods should be placedin-
side quotation marks, but other punctuation (lik e colons,semicolons,question marks,
exclamation marks) stay outside the quotation marks unlessthey are part of the quo-
tation. It is generally best to go along with this illogical corvertion about commas
and periods, becauseit is so well established, except when you are using quotation
marks to describe sometext asa specic string of symbols. For example,

Good: Always end your program with the word \end".

On the other hand, punctuation should always be strictly logical with respect to
parenthesesand brackets. Put a period inside parernthesesif and only if the sertence
ending with that period is entirely within the parentheses. The punctuation within
parenthesesshould be correct, independertly of the outside context, and the punctu-
ation outside the parenthesesshould be correct if the parenthesized statemert would
be removed.

Bad: This is bad, (although intentionally so.)
Resist the temptation to uselong strings of nouns as adjectives: considerthe padet
switched data communication network protocol problem.
In general,don't usejargon unnecessarily Even specialistsin a eld get more pleasure
from papersthat usea nonspecialist's vocabulary.

Bad: \If L"(P;Np) is the setof functionsf:P ! Ng with the property that

9 8p no) f(p=0
no2Nyg p2P

then there exists a bijection N; ! L" (P;Np) such that if n! f then
Y
n=p®:
p2P

Here P is the prime numbersand N; = No  f0g."

[X1. MINICOURSE ON TECHNICAL WRITING
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27.

Better: \According to the ‘fundamenral theorem of arithmetic' (proved in ex.
1.2.4{21), ead positive integer u can be expressedn the form

u= 2423UBis 7T gt = Y pUr;

p prime

where the exponerts u,; us;::: are uniquely determined nonnegative inte-
gers,and where all but a nite number of the exponerts are zero."
[The rst quotation is from Carl Linderholm's neat satirical book Mathematics Made
Di cult ; the secondis from D. Knuth's Semirumerical Algorithms, Section4.5.2.]

When in doubt, read The Art of Computer Programming for outstanding examples
of good style.
[That wasa joke. Humor is bestusedin technical writing whenreaderscanunderstand
the joke only when they also understand a technical point that is being made. Here
is another example from Linderholm:
\... ;D = ; and N; = N, which we may expresshy saing that ; is
absorbing on the left and neutral on the right, like British toilet paper."
Try to restrict yourself to jokesthat will not seemsilly on secondor third reading.
And don't overuseexclamation points!]

Xx1. MINICOURSE ON TECHNICAL WRITING ]



x2. An Exercise on Technical Writing

In the following excerptfrom aterm paper, N denotesthe nonnegativeintegers,N " denotes
the set of n-tuples of nonnegative integers,and A, = f(az;:::;an) 2 N" ja; ang.
If C;P  N",thenL(C;P)isdenedto befc+ pi+ +pnjc2C,m O,andp 2P
forl j mg. Wewant to provethat L(C;P) A, impliesC;P A,.

The following proof, directly quoted from a sophomoreterm paper, is mathematically
correct (except for a minor slip) but stylistically atrocious:

L(C;P) Ay

C L) C A,

Spsep2 P, p2A,) pi<p fori<j

c+p2L A

oGP gHrpbuteg g Op p--(6og) (B p)

but 9 aconstart k3 c+ kp2 A,

letk=(c ¢)+1 c+kp2L A,

g+ kp g Hkp) (6 g) k(g p)

) k 1 k m kim 1 Contradiction

CLp2 A,

.. L(C;P) A,) C;P A, andthe

lemmaiis true.

A possibleway to improve the quality of the writing:
Let N denote the set of nonnegative integers, and let

N =f(b;:::;b)jbh2Nforl i ng

be the set of n-dimensional vectors with nonnegative integer componerts. We shall be
especially interestedin the subsetof \nonincreasing” vectors,

Ap = f(a;::;an)2N"jag ang: (1)

If C and P are subsetsof N", let
L(C;P)= fc+t pr + +pPnjc2Cm Oy andp 2P forl j mg (2)
be the smallestsubsetof N" that contains C and is closedunder the addition of elemerts

of P. SinceA, is closedunder addition, L(C;P) will be a subsetof A, whenewer C and P
are both contained in A,. We can also prove the converseof this statemert.

Lemma 1. If L(C;P) Ap,andC6 ;,thenC A,andP A,.
Proof. (Now it's your turn to write it up beautifully.)

[X2. AN EXER CISE ON TECHNICAL WRITING
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x3. An Answ er
Here is oneway to completethe exercisein the previous section. (But pleasetry to work

it yourself before reading this .) Note that a few clauseshave beeninsertedto help
keep the reader syndhronized with the current goals and subgoalsand strategies of the

paragraph below, to avoid confusionwith formula (2).

Proof. Assumethat L(C;P) A,. SinceC is always corntained in L(C;P), we must
have C  A,; therefore only the condition P A, needsto be veri ed.

Now (Cy;:::;¢cqh) + k(by;:::; k) isanelemen of L(C; P) for all k 0, and by hypoth-
esisit must therefore be an elemen of A,. But if wetakek=c¢ ¢ + 1,wehavek 1

and
¢ +kbh ¢ +Kkb;

hence

G G k(@ h): ®3)

This is impossible,sincec; ¢ = k 1lislessthan k, yetly b 1. It follows that

Note that the hypothesisC 6 ; is necessaryin Lemma 1, for if C is empty the set
L(C;P) is also empty regardlessof P.

[This was the \minor slip."]

BUT ::: don't always use the rst idea you think of. The proof above actually
commits another sin against mathematical exposition, namely the unnecessaryuseof proof
by cortradiction. It would have beenbetter to usea direct proof:

Now the vector (cg;:::;¢,) + K(by;:::;by) is an elemen of L(C;P) for all k 0, and by
hypothesisit must therefore be an elemert of A,. But this meansthat ¢; + kb ¢ + kb,
i.e.,

¢ G ki h) €)

for arbitrarily large k. Consequetly b I3 must be zero or negative.
We have proved that Iy b  Ofor all i < j, sothe vector (by;:::;b,) must be an
elemen of A,. 1

This form of the proof has other virtues too: It doesn't assumethat the b's are
integer-valued, and it doesn't require stating that c; Cn.

Xx3. AN ANSWER TO THE EXER CISE ]



x4. Excerpts from class, Octob er 7 [notes by TLL]

Our rst serioushusinessinvolved examining \the worst abusersof the "‘Don't usesymbols
in titles' rule." ProfessorKnuth (hereafter known as Knuth) displayed a paper by Gauss
that had a long displayed formula in the title. He showed us a bibliography he's preparing
that referencesnot only that paper but another with even more symbols in the title.

(Suah titles make more than bibliographiesdi cult; they make bibliographic data retrieval
systemsand keyword-in-context produce all sorts of hiccups.)

In his bibliography Knuth has tried to keep his citations true to the original sources.

The bibliography contains mathematical formulas, full name spellings (even alternative
spellings when common), and completely spelled-out source journal names. (This last
may be unusual enough that some members of a eld may be surprised to seethe full
journal name written out, but it's a big help to noviceswho want to nd it in the library.)

We spent the rest of classgoing over someof the solutions that students had turned in for
the exerciseof x2 (eadh sampleanonymous). He cautioned us that while he was generally
pleasedby the assignmets, he wasgoingto be pointing out things that could be improved.
The following points were all made in the processof going through these samples.

In certain instances, peopledid not understand what constitutes a proof. Fluency
in mathematics is important for Computer Sciencestudents but will not be taught
in this class.

Not all formulas are equations. Depending on the formula, the terms ‘relation’,
“de nition', “statement’, or ‘theorem' might be used.

Computer Sciertists must be careful to distinguish betweenmathematical notation
and programming languagenotation. While it may be appropriate to usep[r] in a
program, in a formal paper it is probably better to usep with a subscript of r. As
another example, it is not appropriate to usea star ( ) to denote multiplication in
a paper about mathematics. Just say xy.

Somepeoplecalled p an elemert of P and p, an elemer of p. Everything was an
\element.” It's better to call p; a \component" of p, thus distinguishing two kinds
of subsidiary relationships.

It is natural in mathematics to hold o0 someaspects of your de nition|to  \place
action before de nition" (as in “p(x) < p(y) for somex < y'). But it is possible
to carry this too far, if too much is being held badk. The best location for certain
de nitions is a subjective matter.

Remenber to put words betweenadjacert formulas.

after the three dots. When placing ellipsesbetweencommasthe three dots belong
on the samelevel asthe commas,but whenthe ellipsisis bracketed by symbols suc
as +' or <' the dots should be at mid-level.

[X4. COMMENTS ON STUDENT ANSWERS (1)
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Be careful with the spacingaround ellipses. The character string *:: ;' looks strange
(it should have more spaceafter the last dot). All kinds of acciderts happen con-
cerning spacesin formulas. Typesetting systemslike TEX have built-in rules to
cover 99% of the cases,but if you write a lot of mathematics you will get bitten.

Linebreaks in the middle of formulas are undesirable. There are ways to enforce
this with TEX (as well as other text formatting systems). Peoplewho use TEX and
wish to usethe vertical bar and the empty set symbol in notation like fcjc2 ;g°
should be aware of the TEX commands\mid and \emptyset .

Commerts such as, \W e demonstrate the secondconclusionby cortradiction,” and
\There must be a witnessto the unsortednessof P," are useful becausethey tell the
reader what is going on or bring in new and helpful vocabulary.

Numbering all displayed formulas is usually a bad idea; number the important ones
only. Extraneous parernthesescan also be distracting. For example, in the phrase
\let k be(ci ¢)+ 1," the parenthesesshould be omitted.

You can overdo the use of any good tool. For instance, you could overusetypo-
graphic tools by having 20 di erent fonts in one paper.

Two more topics were touched on (and are sure to be discussedfurther): the useof 'I' in
technical writing, and the useof past or presen tensein technical writing.

Knuth says that Mary-Claire van Leunen defendsthe useof °I' in scholarly articles, but
that he disagrees(unlessthe identity of the author is important to the reader). Knuth
likesthe \teamwork" aspect of using ‘we' to represen the author and reader together. If
there are multiple authors, they can either \revel in the ambiguity” of continuing to use
‘we', or they can use added disambiguating text. If one author needsto be mertioned
separately the text can say “oneof the authors (DEK)', or "the rst author', but not “the
senior author'.

Knuth (hereafter known as Don) recommendsthat one of two approades be used with
respect to tensesof verbs: Either use presen tensethroughout the ertire paper, or write
sequetially . Sequetial writing meansthat you say things like, \W e saw this before. We
will seethis later." The sequetial approad is more appropriate for lengthy papers. You
can useit even more e ectiv ely by using words of duration: \W e obsened this long ago.
We saw the other thing recertly. We will prove something elsesoon."

[10 X4. COMMENTS ON STUDENT ANSWERS (1)]



x5. Excerpts from class, Octob er 9 [notes by TLL]

\I'm thinking about running a contest for the best Pascalprogram that is alsoa sonnet,"
was the one of the rst sertencesout of Don's mouth on the topic of the exact de nition

of \Mathematical Writing." He admitted that such a contest was \probably not the
right topic for this course."” Howewer, a program (presumably even an iambic pentameter
program) is among the documerts that he will accept as the course term paper. He
will accept articles for professionaljournals, chapters of books or theses,term papers for
other courses,computer programs, user manuals or parts thereof: anything that falls into
a de nite genre where you have a speci ¢ audiencein mind and the technical aspect is
signi cant.

We spert the rest of classcortinuing to examinethe homework assignmem. In the interest
of succinct notes, | have replaced many literal phrasesby their generic equivalents. For
example, | might have replaced A > B' by "hrelationi'. This time | have divided the com-
merts into two sets: thosedealingwith what | will call \form" (parentheses,capitalization,
fonts, etc.) and those dealing with \content” (wording, sertence construction, tense,etc.).

First, the commerts concerningform:

Don't overdo the useof colons. While the colonin "De ne it asfollows:' is ne, the
onein "We have: Hformulai' should be omitted sincethe formula just completesthe
sertence. Somepapers had more colonsthan periods.

Should the rst word after a colon be capitalized? Yes, if the phrase following
the colon is a full sertence. No, if it is a sertence fragment. (This is not \yet" a
standard rule, but Don has beentrying it for seweral yearsand he likesit.)

While too many commaswill interfere with the smooth ow of a sertence, too
few can make a sertence di cult to read. As examples,a sertence beginning with
“Therefore, ' does not need the comma following “therefore'. But "Obsene that
if hsymboli is Hformulai then sois hsymboli becausehreasoning' at least needsa
comma before "because’'.

Putting too many things in parenthesesis a stylistic thing that can get very tiring.
(When Don movesfrom his original, handwritten draft to a typed, computer-stored
version his most frequernt changeis to remove extra parentheses.)

Among the parenthesesmost in needof removal are nestedparentheses. To this end,
it is better to write "(De nition 2)' than “(de nition (2))'. Unfortunately, howewer,
you can't usethe former if the de nition was given in displayed formula (2). Then
it's probably bestto think of a way to avoid the outer parenthesesaltogether.

In somecasesyour audiencemay expect nestedparentheses.In this case(or in any
other casewhen you feel you must have them), should the outer pair be changedto
brackets (or curly-braces)? This was oncethe prevailing convention, but it is now
not only obsoletebut potentially dangerous;bracketsand curly braceshave semartic
content for many sciertic professionals. \The world is short of delimiters,” says
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Don.) Typographershelp by using slightly larger parenthesesfor the outer pair in
a nestedset.

An ertire paper or proof in capital letters is distracting. It givesthe impression of
sustainedshouting. Samegoesfor boldface, etc.

Paul Halmos introduced the handy corvertion of placing a box at the end of a
proof; this box seresthe samefunction asthe initials "Q.E.D.". If you usesuc a
box, it seemsbestto leave a spacebetweenit and the nal period.

Try to make it clear where new paragraphsbegin. When using displayed formulas,
this can becomeconfusing unlessyou are careful.

Using notational or typographic convertions can be helpful to your readers(as long
as your cornvertion is appropriate to your audience). Boldface symbols or arrows
over your vectors are ead appropriate in the correct context. When using a raised
“st' in phrasessuc asthe i+ 15t componert', it's better to useroman type: ‘i + 15",
Then it's clear that you aren't speaking of \1 raisedto the power st."

Avoid \psychologically bad" line breaks. This is subjective, but you can catch many
such awkward breaksby not letting the nal symbol lie on a line separatefrom the
rest of its sertence. If you areusing TEX, atilde (~) in placeof a spacewill causethe
two symbols on either side of the tilde to be tied together. (Other text processors
also have methods to disallow line breaksat specic points.)

Someof us are much better at spelling than others of us. Those of us who are not
naturally wonderful spellers should learn to usespelling cheders.

Allowing formulas to get solong that they do not format well or are unnecessarily
confusing \violates the principle of 'name and conquer' that makes mathematics
readable." For example, v = c+ u(ci ¢ + 1) should be v = c+ ku, where
k=c¢ ¢ + 1, if you're going to do a lot of formula manipulation in which
G ¢ + 1lremainsasa unit.

Be stingy with your quotation marks. \Three cute things in quotesis a little too
cute."

Remenber to minimize subscripts. For example, p; is an elemen of P' could more
easily be p is an elemen of P".

Remenber to capitalize words like theorem and lemma in titles like Lemma 1 and
Theorem 23.

Remenber to place words betweenadjacert formulas. A particularly bad example
was,\Add pk timesto c."

Be careful to de ne symbols before you usethem (or at least to de ne them very
near where you usethem).
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Don't get hung up on one or two styles of sertences. The following sort of thing
can becomevery monotonous:

Thus, { { { { .

Consequetly, { { { { .

Therefore,{ { { { .

And so,{ { { { .

On the other hand, parallelism should be usedwheniit is the point of the sertence.
Now the commerns involving cortent:

Try to make sertenceseasily comprehensiblefrom left to right. For example,\W e
prove that hgrunti and hsnorti implies Hblahi." It would be better to write \W e
prove that the two conditions hgrunti and hsnorti imply holahi.” Otherwiseit seems
at rst that hgrunti and hsnorti are being proved.

While guidelineshave beengiven for the useof the word “that’, the nal placemen
must be dictated by cadenceand clarity. Read your words aloud to yourself.

The word “shall' seemsto be a natural word for de nitions to many mathematical
readers,but it is consideredformal by younger members of the audience.

Be precisein your wording. If you mean\not nonincreasing,"don't say \increasing";
the former meansthat p; < p;+1 for somej, while the latter that p; < p;+1 for
all j.

Mixed tenseson the same subject are awkward. For example, \W e assumenow
hgrunti, hoping to shaw a contradiction,” is better than, \W e assumenow hgrunti,
and will show that this leadsto a cortradiction.”

Many people usedthe ungainly phrase\Assume by cortradiction that hblahi." It
is better to say, \The proof that Hblahi is by cortradiction,” and even better to say
\T o prove hgrunti, let us assumethe opposite and seewhat happens."

In general, a conversational tone giving signposts and clearly written transition
paragraphs provides for pleasan reading. One especially easy-to-read proof con-
tained the phrases\The operative word is zero," \The lemma s half proved," and
\W e divide the proof into two parts, rst proving hblahi and then proving hgrunti."

You can give relations in two ways, either saying p; < p;' or pj > p;". The latter is
for \p eoplewho are into dominance,” Don says, but the former is much easierfor a

don't say i < j and p; < p;'; keepi andj in the samerelative position.
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x6. Excerpts from class, Octob er 12 [notes by TLL]

Don openedclassby saying that up until now he has beencriticizing our writing; now he
will showv us what he doesto his own. Perhaps apropos shawing us his own writing he
qguoted Dijkstra: \A good teacher will teach his students the importance of style and how
to dewelop their own style|lnot how to mimic his."

First he shaved us a letter from Bob Floyd. The letter openedby saying "Don, Pleasestop
using somany exclamation points!" and closedwith at least v e exclamation points. After
receivingthis letter he lookedin The Art of Computer Programming and found about two
exclamation points per page. (Among the other biographical tidbits we learned at this
classwere that Don went to secretarial school, types80 words per minute, and onceknew
two kinds of shorthand.)

Don is writing a book with Oren Patashnik and Ron Graham. The book is ertitled
Concrete Mathematics and is to be usedfor CS 260. He shaved us two copiesof Chapter
Five of this book: one copy he called \Before" and one he called \After".

The Before copy actually cameinto existencelong after the work on the book began. Oren
wrote se\eral drafts using the IATEX book style, and then the authors availed themseles
of the servicesof a book designer. The designerdecided how wide the text was, what
fonts wereto be used,what chapter headingslooked like, and a host of other things. The
designer, at the authors' request, has left room in the inner margins for \grati."  That
is, for informal snappy commertis from the pearut gallery. (This idea was \stolen” from
the booklet Approaching Stanford.)

The After copy is just another formally typesetrevision of the Before copy. Neither copy
has yet beenthrough a professionalcopy editor. Having how mentioned copy editors and
book designers,Don said, \In thesedays of author self-publishing, we must not forget the
value of professionals.” (Actually, the copy editor was rst mentioned when an error in
punctuation was displayed on the screen.)

Upon receiving a question from the audience concerning how many times he actually
rewrites something, Don told us (part of) his usual rewrite sequence:

His rst copy is written in pencil. Somepeoplecomposeat a terminal, but Don says, \The
speedat which | write by hand is almost perfectly syndronized with the speedat which
| think. | type faster than | think sol have to stop, and that interrupts the ow."

In the processof typing his handwritten copy into the computer he edits his composition
for ow, sothat it will read well at normal reading speed. Somewherearound here the
text gets TeXed, but the description of this stage was tangled up with the description of
the processof rewriting the composition. Of course, rewriting doesnot all occur at any
one stage. As Don said, \Y ou seethings in di erent ways on the di erent passes.Some
things look good in longhand but not in type."

While discussinghis own revisions, he mertioned those of two other Computer Science
authors. Nils Nilsson had at least v e di erent formal drafts of his \Non-Monotonic Rea-
soning” chapter. Tony Hoare revised the algorithm in his paper on \Communicating
Sequemial Processes"'more than a dozentimes over the courseof two years.
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Don, obviously a fan of rewriting in general, told us that he knows of many computer
programsthat were improved by scrapping everything after six months and starting from
scratch. He said that this exact approad was usedat Burroughs on their Algol compiler
in 1960 and the result was what Don considersto be one of the best computer programs
he hasever seen.On the limits of the usefulnessof rewriting, he did say, \An y writing can
be improved. But evertually you have to put something out the door."

The last part of classwas spent discussingthe font used in the coming book: Euler.
The Euler typefacewas designedby Hermann Zapf (\probably the greatest living type
designer") and is an especially appropriate font to usein a book that is all about Euler's
work. The idea of the faceis to look a bit handwritten. For example,the zeroto be used
for mathematics has a point at the apex because\when people write zeros, they never
really closethem." This zerois di erent from the zerousedin the text (for example,in a
date), sobook preparation with Euler needsmore carethan usual. You have to distinguish
mathematical numerals from English-languagenumeralsin the manuscript.

Somelpdy asked about “all' versusall of'. Which should it be? Answer: That's a very
good question. Sometimesone way soundsbest, sometimesthe other. You have to use
your ear. Another tricky businessis the position of “only' and "also'; Don says he keeps
shifting those words around when he edits for ow.

X7. Excerpts from class, Octob er 14 [notes by PMR]

Don discussedthe labours of the book designerand showved us specimen\page plans" and
example pages. The former are templates for the page and shav the exact dimensionsof
margins, paragraphs, etc. His designeralso suggesteda novel schemefor equations: They
are to be indented much like paragraphs rather than being certered in the traditional
way. We also sav cornvertions for the display of algorithms and tables. Although Don
is doing his own typesetting, he is using the servicesof the designerand copy editor.
These professionalsare well worth their keep, he said. Economistsin the audiencewere
not surprisedto hear that the prices of books bear almost no relation to their production
costs. Hardbacks are sometimescheaper to producethan paperbadks. For thoseinterested
in sud things, Don recommendeda paperbad entitted One Book/ Five Ways (available in
the Bookstore) that describesthe entire production processby meansof actual documerts.

Returning to the editing of his Concrete Maths text, Don went through more of the Before
and After pageshe beganto shov us on Monday, picking out specic examples that
illustrate points of generalinterest.

He exhorted writers to try to put themselwesin their readers'shoes: \Ask yourself what
the reader knows and expectsto seenext at somepoint in the text." Ideally, the nished
version reads so simply and smoothly that one would newver suspect that it had been
rewritten at all. For example, part of the Concrete Maths draft said

(Before) The generalrule is (:::) and it is particularly valuable because(::: ).
The transformation in (5.12) is called (:::). It is easily proved since
(::rand:::).
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Readingthis at speedand in context madeit clear that readerswould be hanging on their
chairs wondering why the rule was true; sowe should rst tell them why, before stressing
the rule's signi cance:

(After) The generalrule is (:::) and it is easily proved since(:::and :::).

[new paragraph] Identity (5.12) is particularly valuable because(:::).
It iscalled(:::).

Don's favorite dictionary was of no help on the question of ‘replacewith' vs. ‘replaceby'.
The phrase by replacing{ { by { { ' is bad (due to the repetition), and by replacing { {
with { { ' seemsworse. In this casethe solution is to chooseanother word: by changing
{{to{{"

As a very generalrule, try reading at speed. You will often get a much better senseof the
rhythm of the sertence than you did when you wrote it.

It is a bad ideato display false equations. The reader'seye is apt to alight upon them in
the text and treat them as gospel. It is much better to put them into the text, asin \So
the equation "::: ' is always false!"

Be surethat the anteceden of any pronoun that you useis clear. For example,the previous
paragraph has two sertencesbeginning ‘It is :::"; they are ne. But sometimessuc a
sertence structure is troublesome because’it' seemsto be referring to an object under
discussion. For example,

(Before) Two things about the derivation are worthy of note. First, it's a great
cornvenienceto be summing ::: .

(After) Two things about this derivation are worthy of note. First, we seeagain
the great corvenienceof summing ::: .

Towards the end of the editing processyou will needto ensurethat you don't have a page
breakin the middle of a displayed formula. Often you'll simply haveto think up something
elseto say to Il up the page, thus pushing the displayed formula ertirely onto the next
page. Try to think of this asa stimulus to researd!

Let proofs follow the sameorder as de nitions, e.g., where you have to deal with seeral
separatecases.

Hyphens, dashes,and minus signs are distinct and should not be used interchangeably
The shortest is the hyphen. The next is the en-dash,asin ‘lines10{18'. Longer still is the
minus sign, usedin formul: 10 18= 8. The longestof all is the em-dash|used in
sertences.

When proofreading you may catch technical errors aswell as stylistic errors. Think about
the mathematicstoo, not just the prose. For example,the book wasdiscussinga purported
argumert that 0° should be unde ned \b ecausethe functions x° and 0* have dierent
limiting valueswhenx ! 0." Don revisedthis statemert to \:::when x decreasedo 0,"
because0* is unde ned whenx ! 0 through negative values.
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When you usethe word “instead’, be clear about the cortrast you are drawing. The reader
should immediately understand what you are referring to:

(Before) And whenx = 1linstead,:::
(After) And whenx = 1instead of +1, :::
Notice the helpful useof a redundant "+' sign here.

Usethe presen tensefor timelessfacts. Things that we proved sometime ago are never-
thelesssitill true.

Try to avoid repeating words in a sertence.
(Before) { { approach the values{ { Il in the values{ { .
(After) { { approacd the values{ { Il in the entries { { .

In answer to a questionfrom the class,Don suggestedyiving pagenumbersonly for remote
referenceqto equations,say). Usually it is enoughto say "usingEquation 5.14' or whatever.
It becomesunwieldy to give page numbers for every single suc reference. A menmber of
the classsuggestedhe “freeway method' for numbering tables; number them with the page
number on which they appear. Don confessedhat he hadn't thought of this one. Sounds
like a neat idea.

The formula

X r r m+ 1 r

(Before) K Kk 5 = > m+ 1
k m
looks a bit confusing becauseof the minus sign on the right, so Don
changedit to
X v r m+1 r

(After) Kk 2 T2 m+1

k m

There may be many ways to write a formula; you have the freedomto selectthe best.
(This change also propagated into the subsequen text, where a referenceto "the factor
(k  r=2)" had to be changedto ‘the factor (r=2 k).)

Somelndy saw an integral sign on that pageand asked about the relative merits of

Z a
f (x) dx
1
versusother notations like
Za ¥=a
f (x) dx f(x)dx:
1 x=1

Don said that putting limits above and below, instead of at the right, traded vertical space
for horizontal space,soit dependson how wide your formulas are. Both forms are used.
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Whichewver form you adopt should be consistert throughout an ertire book. Somelndy
suggested 7

X=a
f (x) dx

x=1
but Don pooh-poohedthis.

He said that major writing projects ead have their own style; you get to understand the
style that's appropriate as you write more and more of the book, just as novelists learn
about the characters they are creating as they dewelop a story. In Concrete Mathematics
he is learning how to usethe idea of \grati in the margin" as he writes more. One nice
application is to quote from the rst publications of important discoveries; thus famous
mathematicians like Leibniz join the writers of 20th certury gra ti.

x8. Excerpts from class, Octob er 16 [notes by TLL]

We continued to examine Before and After pagesfrom the book of which Don is a co-
author. The following points were made in referenceto changesDon decidedto make.

When long formulas don't t, try to break the lines logically. In some casesthe
author can even changesomeof the math (perhapsby intro ducing a new symbol) to
make the formula placemen lessjarring. Sud a changeis best made by the author,
sincethe choice of how to display a complex expressionis an important part of any
mathematical exposition.

Sometimesmoving a formula from embeddedtext to one separately displayed will
allow the formula to be more logically divided. The placemern of the equalssign (=)
is di erent for line breaksin the middle of displayed versusembeddedformulas: The
break comesafter the equalssign in an embedded formula, but before the equals
signin a display.

While editing for ow, sertencescan be broken up by changing semicolonsto peri-
ods; or if you want the sertencesto join into a quickly moving blur, you can change
periods to semicolons. Breaking existing paragraphsinto smaller paragraphs can
also be helpful here.

While making such changesmake sure to presene clarity. For example, make sure
that any sertencesyou create that begin with conjunctions are constructed clearly,
and that words like "it' have clear anteceders. (Sertencesthat begin with the word
"And' are not always evil.)

Make sure your variable namesare not misleading. Variable namesthat are too
similar to conceptually unrelated variables can be confusing. Systematic variable
renaming is one of the advantagesof text editors.

We noted last time that presern tenseis correct for facts that are still true; but it
is okay to usepast tensefor \facts" that have turned out to bein error.
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One of the most commonerrors that mathematicians make when they get their own

typesetting systemsis to over-usethe form of fraction with a horizontal bar 1’;—"

rather than a slash (1+ x)=y . The stadked form canleadto tiny little numbers|
especially when they are usedin exponerts. One of the most common changesthat
mathematical copy editors make s to slasha mathematician's fractions. (They even
know that they have to add parentheseswhen they do this.)

Exercisesare someof the most di cult parts of a book to write. Sincean exercise
hasvery little context, ambiguity can be especially deadly; a bit of carefully chosen
redundancy can be especially important. For this reason, exercisesare also the
hardest technical writing to translate to other languages.

Copyright law has changed, making it technically necessaryto give credit to all
previously published exercises.Don says that crediting sourcess probably su cien t
(he doesn't plan to write every personreferencedin the exercisesfor his new book,
unlessthe publisher insists). Tracing the history of even well-known theorems can
be dicult, becausemathematicians have tended to omit citations. He recertly
spent four hours looking through the collected works of Lagrangetrying to nd the
sourceof \Lagrange's inequality,” but he was unsuccessful.Consideringthe bene t
to future authors and readers,he's not too unhappy with the new law.

We can dispensewith someof our rhetorical guidelineswhen writing the answersto
exercises.Answersthat are quick and pithy, and answersthat start with a symbol,
are quite acceptable.

x9. Excerpts from class, Octob er 16 (contin ued) [notes by TLL]

From esotericmathematics we moved on to referencebooks. Don showed us six such books
that he likesto have next to him when he writes. [And he added a se\erth later.]

1. The Oxford English Dictionary (usually called the OED). He showed us the two
volume \squint print" edition rather than the 16-wlume set. This compact edition
is often o ered asa bonus given to new members upon joining a book club. (There
Is a project in Toronto that will soon have the erntire OED online.)

2. The OED Supplemen. The supplemern brings the OED up to date. The supple-
ment comesin four volumes, ead of which costs$1000r more, soyou may have to
go to the library for this one.

3. The American Heritage Dictionary . Don likesthis dictionary becauseof the usage
notes and the Appendix containing Indo-European root words. (For example, the
usagenoteswill help you choosebetween compareto’ or ‘comparewith' in a speci c
serence.)

4. The Longman Dictionary of Contemporary English. Instead of the historical words
found in the previously mentioned dictionaries, this one has the words used on
the street. Current slang and popular usageare explained in very simple English.
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(For example, the nuancesof "'mind-bending' versus mind-blowing' versus mind-
boggling' are explained.)

5. Webster'sNew Word Speller Divider. Don said that peoplewho don't spell well nd
this book to be quite useful. [I sav no indication that he actually usesit, though.]

6. Roget's Thesaurus This book is a synonym dictionary. Don says that he owns two,
one for home and one for his Stanford o ce, and he usesthem in many di erent
ways: when he knows that a word exists but has forgotten it; when he wants to
avoid repetition; when he wants to de ne a new technical term or a new name for
a paper or program.

7. Webster's Dictionary of English Usage A wonderful new (1989) resource, which
goeswell beyond the American Heritage usagenotes. It's lled with choiceexamples
and is a joy to read.

The issue of British versus American dialect came up. When writing for international
audiences, should we use British or American spellings and corvertions? Don sas he
agreeswith the rule that Americans should write with their own spellings and the British
should do the same. The two styles should be mixed only when, say, an American writes
about the ‘labor of the British Labour Party'. (Readers of these classnoteswill now
understand why TLL and PMR spell somewords di erently.)

x10. Excerpts from class, Octob er 19 [notes by TLL]

Should this course have been named \Computer Scierti cal Writing" or \Informatical
Writing" rather than \Mathematical Writing"? The Computer ScienceDepartment is
o ering this class, but until now we have beentalking about topics that are generally of
concernto all writers who use mathematics. Today we begin to discusstopics speci c to
the writing of Computer Science.

We are not abandoning mathematical concerns;Don says that a technical typist in Com-
puter Sciencemust know all that a Math department typist must know plus quite a bit
more. He showved us two exampleswhere mathematical journals had trouble presering
programs, algorithms, or concrete mathematics in papers he wrote. In order to solve the
rst problem, Don had to cornvince the typesettersat Acta Arithmetica to create\o or"
and \ceiling" functions by carving o small piecesof the metal type for square brackets.
The secondproblem had to do with typographic convertions for computer programs; The
American Mathematical Monthly wasusingdi erent fonts for the samesymbol at di erent
points in a procedure, was interchangeably using \:=", \: =", and \=" to represen an
assignmenm symbol.

Stylistic convertions for programming languagesoriginated with Algol 60. Prior to 1960,
FORTRAN and assenbly languageswere displayed using all uppercaseletters in variable-
width fonts that did not mix letters and numbersin a pleasart manner. Fortunately, Algol's
visual presenation was treated with more care: Myrtle Kellington of ACM worked from
the beginning with Peter Naur (editor of the Algol report) to produce a set of corverntions
concerning,among other things, indentation and the treatment of reserned words.
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Don found the prevailing variable-width fonts unacceptablefor usein the displayed com-
puter programsin Volume 1 of The Art of Computer Programming, and he insisted that
he needed xed-width type. The publishersinitially said that it wasn't possible,but they
eventually found a way to mix typewriter style with roman, bold, and italic.

Don says he had a dicult time trying to decide how to presen algorithms. He could
have used a speci ¢ programming language, but he was afraid that suc a choice would
alienate people (either becausethey hated the languageor becausethey had no accesso
the language). So he decidedto write his algorithms in English.

His Algorithms are presered rather like Theorems with labeled steps; often they have
accompairying (but very high-level) ow charts (a technique he rst sawv in Russian liter-
ature of the 1950s). The numbered steps have parenthetical remarks that we would call
commerts; after 1968theseparerthetical remarks are often invariant relations that can be
usedin a formal proof of program correctness.

Don has received many letters complimenting him on his approad, but he says it is not
really successful.Explaining why, he said, \P eople keep saying, 'I'm going to presern an
algorithm in Knuth's style," and then they completely botch it by ignoring the corvertions
| think are most important. This style must just be a personal style that works for me.
Soget a personalstyle that works for you." In recert papers he has usedthe pidgin Algol
style introduced by Aho, Hopcroft, and Ullman; but he will not change his style for the
yet-un nished volumesof The Art of Computer Programming becausehe wants to keep
the ertire seriesconsistert.

Don says that a computer program is a piece of literature. (\I look forward to the day
when a Pulitzer Prize will be given for the best computer program of the year.") He
says that, apart from the benet to be gained for the readersof our programs, he nds
that treating programsin this manner actually helpsto make them run smoothly on the
computer. (\Because you get it right when you have to think about it that way.")

He gave us a reprint of \Programming Pearls" by Jon Bentley, from Communications of
the ACM 29 (May 1986), pages364{369, and told us we had best read it by Wednesdg
since it will be an important topic of discussion. Don, who was "guest oyster' for this
installment of \Programming Pearls,"” warned us that \this represens the best thing to
comeout of the TEX project. If you don't like it, try to concealyour opinions until this
courseis over."

Bentley published that article only after Don had rst published the idea of \literate
programming” in the British Computer Journal. (Don says that he chosethe term in
hopesof making the originators of the term \structured programming” feelasguilty when
they write illiterate programsasheis madeto feelwhen he writes unstructured programs.)
When Bentley wanted to know why Don did not publish this in America, Don said that
Americans are illiterate and wouldn't care anyway. Bentley seemsto have disagreedwith
at least part of that statemert. (As did many of his readers: The article was so popular
that there will now be three columns a year dewoted to literate programming.)

As Don beganexplaining the \ WEB system, he restated two previously mertioned princi-
ples: The correct way to explain a complexthing is to break it into parts and then explain
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ead part; and things should be explained twice (formally and informally). These two
principles lead naturally to programs made up of modulesthat begin with text (informal
explanation) and nish with Pascal (formal explanation).

The WEBsystem allows a programmer to keep one source le that can produce either a
typesetting le or a programming language source le, depending on the transforming
program used.

Monday's nal topic wasthe \blight on the industry": user manuals. Don would like us
to bring in somereally stellar examplesof bad user manuals. He tried to nd some of
his favorites but found that they had beenimproved (or hidden) when he wasn't looking.
While he could have brought in the improved manuals, bad examplesare much more fun.

He shaved a brand-new book, The AWK Programming Language to illustrate a principle
often usedby the writers of user manuals: Try to write for the absolute novice. He says
that many manuals say just that, but then proceedto usejargon that even someexperts
are uncomfortable with. While the AWK book does not explicitly state this goal, the
authors (Aho, Weinberger, Kernighan = AWK) told him that they had this goal in mind.

But the book fails to be comprehensibleby novices. It fails because,as Don says, \If you
are a personwho has beenin the eld for a long time, you don't realize when you are
using jargon."” However, Don says that just becausethe AWK book fails to meet this goal
doesnot meanthat it isn't a good book. (\P erhapsthe best book in Computer Science
published this year.") He explains this by saying, \If you try to write for the novice, you
will communicate with the experts|otherwise you communicate with nobody."

x11. Excerpts from class, Octob er 21 [notes by PMR]

Don opened classwith the good news that Mary-Claire van Leunen has agreedto help
read the term papers and drafts thereof, despite the fact that her name was incorrectly
capitalized in last week'snotes.

Returning to the subject of \Literate Programming,” Don said that it takesa while to nd

a new style to suit a new system like WEBWhen he was trying to write the WERBrogram
in its own languagehe tore up his rst 25 pagesof code and started again, having nally

found a comfortable style. He digressedto talk about the vicious circle involved in writing

a program in its own language. To break it, he hand-simulated the program on itself to
produce a Pascalprogram that could then be usedto compile WERBrograms. The task was
easedbecausethere is obviously no need for error-handling routines when dealing with
code that you have to debug anyway. But there is also another kind of bootstrapping
going on; you can ewlve a style to write theseprograms only by sitting down and writing

programs. Don told us that he wrote WEBN just two months, asit was never intended to
be a polished product like TEX.

We spert the rest of the classlooking at WEBrograms that had beenwritten by under-
graduatesdoing independert researt with Don during the Spring. We sawv how they had
(or had not) adapted to its style. Don said that he had got a lot of feedba& and some-
times found it hard to be dispassionateabout stylistic questions, but that some things
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were clearly wrong. He showved us an example that looked for all the world just like a
Pascalprogram; the student had obviously not changedhis ways of thinking or writing at
all, and so had failed to make any use of the features of the system. The English in his
introductory paragraph also left a lot to be desired.

Don shawed us his thick book TEX: The Program|a listing of the code for TEX, written

in WEBIt consistsof almost 1400 modules. The guiding principle behind WEBs that eat

module is introduced at the psydologically right momert. This meansthat the program

can be written in such a way asto motivate the reader, leaving TANGLED sort everything

out later on. [The TANGLIprocessorcorverts WEBrograms to Pascal programs.] After

all, we don't needto worry about motivating the compiler. (Don added the aside that

cortrary to superstition, the machine doesn't spend most of its time executing those parts

of the code that took us the longestto write.) It seemsto be true that the best way in

which to present program constructs to the readeris to usethe sameorder in which the

creator of the program found himself making decisionsabout them. Don himself always
felt it was quite clear what had to be preseried next, throughout the erntire composition

of this huge program. There was at all points a natural order of exposition, and it seems
that the natural orderings for reading and writing are very much the same.

The rst student hadn't usedthis new exibilit y at all; he had essetially just used WEBo
throw in commerns here and there.

A generalproblem of exposition arose: How are we to describe the behavior of a computer
program? Do we seethe program as essetially autonomous, \running itself,” or are we
participants in the action? Our attitude to this determineswhether we are going to say
‘we insert the elemen in the heap' or ‘it inserts the elemen ::: '. Don favours ‘we'; at
any rate one should be consistert.

Students used descriptors and imperatives for the namesof their modules; Don said he
favours the latter, asin hStore the word in the dictionary i, which works much better than
hStores the word in the dictionary i. On the other hand, where a module is essetially
a piece of text with a declarative function|a list of declarations, say|w e should use a
descriptor to name it: hProceduresfor sortingi.

Incidentally, it is natural to capitalize the rst letter of a module name.

One student usedthe identi er "FindinNewWords'. This looks comparatively bad in print:
Uppercaseletters were not designedto appearimmediately following lowercaseones. Since
the use of compound nouns is almost inevitable, WEBrovides a neat solution. It allows
a short underscoreto be usedto conjoin words like getword. (Since the Pascal compiler
will not acceptidenti ers like this, TANGLERuietly removesthe underscore.) Don told us
that Jim Dunlap of Digitek, who made someof the best early compilers, invariably used
identi ers forty-or-so characters long. The meaning was always quite clear although no
commerts appeared.

Each module should contain an informal but clear description of what it actually does. A
play-by-play accourt of an algorithm, a simple stepping through of the process,does not
qualify. We are trying to convey an intuition of what is going on, so a high-level accoun
is much more helpful.
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We saw seweral modules that were much too long. Don thinks that a dozenlines of code
is about the right length for a module. Often he simply recommendedthat the students
cut the o ending specimensinto seeral pieces,eat of more manageablesize. The whole
philosophy behind WEBSs to break a complexthing into tractable parts, sothe code should
re ect this. Onceyou get the idea, you begin writing code this way, and it's easier.

We saw an examplein which the student had slipped into \engineerese"in his descriptive
textlall conjunctions and no punctuation. This worked for JamesJoyce, but it doesn't
make for good documertation. One student had apparertly managedto break WEphe
formatting of begins and ends cameout all wrong. Heaven knows what he did.

Onesstudent put commerts after eat end to shov what wasbeing ended,asend fwhile g.
This is a good idea when writing Pascal, but it's unnecessaryin WEBThus it's a good
example of a convertion that is no longer appropriate to the new style; when you change
style you needn't carry excessbaggagealong.

Don had more to say about the anthrop omorphization of computer systems. Why prompt
the user with 'Nameof file to process?' when we can have the computer say 'What
file  should | process?'? Don generally likes the use of |' by the computer when
referring to itself, and thinks this makesit easierfor usersto conceptualizewhat is going
on. Perhaps humans can think of complex processedest in terms of demonsin boxes,
so why not adknowledge this? Eliza, the Al program that simulates a certain type of
psydiatrist, managedto fool virtually ewveryone by an extension of this approac. Eliza
may or may not be a recommendationfor anthrop omorphisms, or for psydiatry. There
are those, such as Dijkstra, who think sud useof 'I' to be a bad thing.

As in the caseof maths, don't start a sertencewith a symbol. Sodon't say ‘data assumes
that :::'[it can easily be rewritten.

We saw seweral programs by one student who had deweloped a very distinctiv e and (Don
thought) colourful style. His prose is littered with phraseslike \Oo oops! How can we
x this?" and \Now to get down to the nitt y-gritt y." This stream-of-consciousnesstyle
really doesseemto motivate reading, and helpsinfect the readerwith the author's obvious
enthusiasm. There were a few small nits to pick with this guy though: His descriptions
could often be more descriptive. Why not call a variable caps_range instead of just range?
Don also had to point out to him that ‘complement’ and ‘componert' are in fact two
di erent words.

In WEB/ou can declareyour variablesat any point in the program. Don thinks it is always
a good ideato add somecommert when you do so, evenif only a very cursory explanation
is needed.

A note about asterisks: Be warned that typesetasteriskstend to appear higher above the
line than typewritten ones,soyour multiplication formul may comeout looking strange.
Better to use for multiplication, and to use a typewriter-style font with body-cenered
“*' symbols instead of the "*' in normal typographic fonts.

Another freshmanwasdigitizing the Mona Lisa for reasonsbest known to insidersof Don's
researt project. Don pointed out that sincethe program usesa somewhatspecializeddata
structure (the heap) that might be unknown to the readers,the author should keepall the
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heap routines together in the text sothat they can be read as a group while fresh in the
reader'smind. In WEBve are not constrained by top-down, bottom-up, or any other order.

This studernt capitalized the rst letter of every word in titles of modules, even "And'
and the like. This looks rather unnaturallit is better to follow the newspaper-headlines
convention by leaving such words ertirely in lowercase,and even better to capitalize only
the rst word.

Don thought it a good ideato usetypewriter type for hexadecimalnumbers, for instance
when saying "3F represeits 63'. But leave the "63'in normal type. This corvertion looks
appropriate and provides a kind of subliminal type-ceding.

The words usedin the documertation should match the words usedin the formal program|
you will only confusethe reader by using two di erent terms for the samething.

It's a good idea to dewelop the habit of putting your begins and ends inside the called
modules, not putting them in the calling module. That is, do it like this:

if down = 4 then hPunti;

hPunti =
begin snap;
place;
kick;
end

Not like this:

if down = 4 then
begin hPunti;
end

hPunti =
snap;

place;
kick

Incidentally, appalling bugs will occur if we mix the two cornverntions!
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x12. Excerpts from class, Octob er 23 [notes by PMR]

One of the chief aspects of WEBs to encouragebetter programming, not just better expo-
sition of programs. For example, many peoplesay that about 25% of any piece of software
should be dewoted to error handling and user guidance. But this will typically mean that
a subroutine might have 15 lines of "'what to do if the data is faulty' followed by one or
two lines of "'what to do in the normal courseof evernts'. The subroutine then looks very
much like an error-handling routine. This fails to motivate the writer to do a good job;
his heart just isn't in the error handling. WEBrovides a solution to this. The procedure
can have a single line near the beginning that says hChed if the data is wrong 28i and
points to another module. Thus the proper focus is maintained: In the main module we
have code dewoted to handling the normal cases,and elsewherewe have all the error-case
instructions. The programmer never feelsthat he'swriting a whole lot of stu where he'd
really much rather be writing something else;in module 28, it feelsright to do the best
error detection and recovery. Don showed us an example of this from his undergraduate
classin which a routine had two referencesof the form

if :::then :::else char_error

pointing to a very brief error-reporting module.

We looked at a program written by another student who had the temerity to include some
commerts critical of WEBDon struck badk with the following:

It is good practice to use italics for the namesof variables when they appear in
commerts.

Let the variables in the module title correspond to the local parameters in the
module itself.

According to this studernt's commerts, his algorithm usestail recursion'. This is
an impressiwe phrase, helpful in the proper context; but unfortunately that is not
the kind of recursion his program uses.

Howewer, Don did grant that his exposition wasgood, and said that it gave a nice intuition
about the functions of the modules.

We sawv a secondprogram by the samestudent. It had the usual sprinkling of \wic ked
whiches"|'whic h's that should have been ‘that's. The purpose of the program was to
\enforce" the triangle inequality on a table of data that specied the distancesbetween
pairs of large cities in the US. Don commerted here that his project (from which these
programs came) intends to publish interesting data sets so that researders in di erent
placescan replicate eat other's results. He also obsened that a program running on a
table of \real data,” ashere (the actual \o cial" distancesbetweenthe cities in question)
is a lot more interesting than the sameprogram running on \random data." Returning to
the nitt y-gritt y of the program, Don obsened that the student had made a good choice of
variable namesi|for instance villains' for those parts of the data that were causingincon-
sistencies.This tted in nicely with the later exposition; he could talk about “cut throats'
and soforth. (Don addedthat we nearly always nd villainy pretty unamusing in real life,
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but the word makesfor a witt y exposition in arti cial life; the English languagehas lots
of vocabulary just waiting for sud applications.)

Don wonderedaloud why it is that peopletalk about \the n" and m®" positions" (as this
student had) thereby reversingthe natural (or at any rate alphabetical) order?

He also pointed to an issue that arises with the move from typewriters to computer
typesetting|the fact that we now distinguish between opening and closing quotes. We
sav an example where the student had written "main program”. To add to the confu-
sion, di erent languageshave di erent convertions for quotes;in German they appear like
this: . The Name of the Rose\. How to represen this in a standard ASCII le remainsa
mystery.

Back to the triangle inequality. Don pointed out that one obvious ched for bad data in
the distance table follows from the fact that the road distance can not be lessthan a Great
Circle route. (\It could, if you had a tunnel" commerted a New Yorker in the audience.)
The student had written a nice group of modules basedon this fact, and it illustrated the
WEBacility of being able to put displayed equationsinto commerts.

\So WERe ectiv ely just does macro substitution?" asked another member of the class.
Exactly, said Don. In fact the macroshe usesare not very general|they really allow only
one parameter. This meanshe doesn't need a complex parser, but in fact one can do a
great deal within this restriction. For instance, it is not di cult to simulate two-parameter
macrosif we wish.

Someondn the classcommerted that it seemeda little strangeto put variable declarations
in a di erent module from their use. Don said that this was OK aslong asthey are close
to their use, but large proceduresshould have their local variables \distributed" as the
exposition proceeds.

Don recalled that older versionsof Algol allowed you to declare a variable in the middle
of a block. This ts in nicely with the WEBhilosophy, but unfortunately cannot be done
in modern Pascal. Indeed, Don becamepainfully aware of the limitations of Pascal for
system programming when he was writing WEP ou can't have an array of le names,for
example. He got around them, though, with macros.

One example of improving Pascalvia macrosis to de ne (in WEB
string_type(#) packed array [1::#] of char

sothat you can sa things like
name.code: string_type(2)

when declaring a two-letter string variable.

At this point, prompted by a note from Tracy, Don announcedthat 23 copies of the
Handbook for Sdolars had arrived in the Bookstore, with more to come. A resounding
cheer echoed throughout Terman.

Don commernted that the student had given a certain variable the name ‘san'. Sincethis
variable was essetially a place marker, Don thought that a noun would be much better
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than a verb|" place', perhaps. Let the function determine the part of speed; think of it
asa kind of Truth in Naming. Verbs are for procedures,not data.

The last student had written a program to handle graph structures basedon encourers
betweenthe charactersin novels. He too had madethe "quote mistake". The student gave
a nice characterization of the input and output of the program, using the typewriter font
to illustrate data asit appearsin a le.

This student also showved a bit of inconsistencyin the useof ‘it' and ‘we' asthe personi -
cation of his program. We seemto be nding the sameold faults over and over now, Don
said, so perhapsthat indicates that we have found them all. Discuss.

x13. Excerpts from class, Octob er 26 [notes by PMR]

We moved on to the subject of user manuals. Don was disappointed that nobody had
respondedto his requestin a previous lecture to give him glaring examplesof bad ones|
either they are being much better written thesedays or we hadn't taken him seriously So
instead, Don produced mini-sized user manuals written by CS graduate students for his
class CS304 earlier this year. The students had had to tackle v e weird and wonderful
problems in ten weeks; one of the problems had been to design and implement some
software and to write a one-pageuser manual for the "Digi ash' display system. This is
the kind of thing you seein Times Square, and increasingly in bars and post o ces, in
which news and advertising ows acrossa sort of dot-matrix screen. In this case,the
screenwas to be a simple array of 8 by 256 pixels. The students had only two weeksin
which to write the systemand manual, which were then subject to the ultimate test, the
truly Nasve User. The idea was that the user would need no understanding of computers
or of writing, but should still be able to use the system to produce a variety of visual
e ects. The students divided themselesinto four teams and so we saw four solutions to
the problem.

A commonfailing wasthat terminology that seemedoerfectly transparent meart nothing to
Don's wife: \Menu" and \Scrolling" for example. Sud terms are sofamiliar to CS people,
it never occursto them that theseare actually technical terms.

Don went through the solutions in ascendingorder of competence. The classreaction to
this discussionmight almost have led oneto believe that someof the authors were sitting
amongst us.

Don digressedon the subject of “i.e.". Is it formal, he asked, or is it part of the language?
He confessedhat he was consideringtaking all the "i.e.'s out of his new book. One thing
he doesknow: You should always put a comma after ‘i.e.". (Except in this instance.)

The rst solution could be described asa very logical approad, almost an archetypically CS
solution. The manual was essetially a hierarchy of de nitions. The writers talked about
MESSAGES (or MESSAGESs|consistency wasnot their watchword) when they wanted to
say. hereare objects that have a special meaningfor us and whosede nition you ought to
know'. But, said Don, formal de nitions are not the way to explain somethingto a novice.

This write-up apparertly thought the phrase LEFT-INDENTED to be self-explanatory,
although it meart "~ ush with the left margin'. (Left unindented?) The userwas prompted
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to enter data by the words Type of message(1-6) :. Why should there be numeric
types? Sertenceslike \And now you should ENTER the data" do nothing to help the user
relax|the capitals look too much like DANGER SIGNS.

Don's wife commerted that one thing she always needsto know is \How do | get out of
a messif | do somethingwrong?" Don said that this is something manuals almost never
explain|p erhapsit newer occursto their authors that sometlody will eventually want to
stop playing with their program. The solution we were looking at did have a one-line
description of how to EXIT, but Don said even this is jargon.

The secondsolution was Digiash ™ . It had a good introductory and motivational para-
graph, albeit with a whole crowd of "which's that should have beenthat's. Unfortunately
it claimedthat the systemwasvery easyto useand understand|a claim that canrebound
by making the userfeel stupid. There wasa major aw in the program in that onewas ex-
pectedto hit OPTION-B to ernter "bold' mode, and then OPTION-B againto leaveit. Don
thought it would be far more natural to type OPTION-N (for ‘normal’) instead. Option-V
was \rev ersevideo”|another jargon word, and why wasn't this OPTION-R? There were
somecute options though: "M’ for “slowvly materializing' text, and an assortmer of small
animal logosthat could be madeto appear.

The third solution was the DiJKSTra system, so named to keep it sucien tly Dutch
(obscurein-joke, pleaseignore). The authors had a nice use of the phrase * ashing bar'
instead of the more technical “cursor' (though for somereasonthey still felt impelled to
de ne the latter asthe former), and likewisethey said "hit return' instead of “erter' (or
worse, ENTER). They also kept their sertencesnice and short. Another good idea was
that the manual invited the userto type "?' to get an online demonstration, thus sparing
us a painful description of such arcane concepts as boldface italic reverse video fade-in
mode and incidentally helping to keepthe manual concise. If a picture is truly worth a
thousand words, said somelody, then an animated demonstration must be worth at least
a paragraph. One problem with this systemwas that the useris prompted for v e or so
parameters every time he erters a new line, and the defaults are xed. Wouldn't it be
better, asked Don, to default to the style usedfor the precedingline?

The last solution (though not eventypeset,much lessTeXed) Don declaredto be the best.
There was a good overview and a step-by-step description of the system; very friendly

looking. Crisp sertences. Easy to skim. Helpful redundancy and diagrams. Don said
that there's really nothing much you can do about the reader who insists on starting at

a random point in the middle of a text. When he surreptitiously watches people looking

at his books in the bookstore, he noticesthat they always start in the middle somewhere,
not at the prefacewhere he wanted them to read rst.*

There was a good use of a symbol in the text to indicate the control key, and likewise
diagramsof the keyboard to explain which keysto usefor left, right, next messageprevious
messageetc. It was also good to emphasizethat the control key must actually be held

* \As for thosereaderswho do not know how to study my composition, no author canaccom-
pany his book whereer it goesand allow only certain personsto study it." | Maimonides
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down while another key is typed (that is, they are not simply typed successiely). Perhaps
the main aw wasthat the userwas expected to realize that "up' meart, in e ect, ‘goto
the previous message';and ‘down’, "go to the next message'. To those unfamiliar with
full-screen editors, this mightn't be obvious. There was a nice use of icons to describe
scrolling up, down, left, or right though. One obscurity was the advice

THIS IS VISIBLE HERE BUTNOTHERE

Don declaredthat hedidn't know what this was supposedto mean;it would be a lot better
to say "Extra long messagesan be seenif you make them move'.

It's good to have plenty of commeris like "Good luck!" and "Enjoy!" scattered here and
there. But Don thought the phrase “this systemhas beencarefully redesignednot to bite'
hardly reassuring.

x14. Excerpts from class, Octob er 26 (contin ued) [notes by PMR]

In Don's mailbox today he found galley proofsfrom the ACM, to be correctedand returned
within 48 hours of this time two weeksago. Unfazed by this injunction he went over the
text with us. The Algol programs seemedto be laid out properly. There were occasional
cryptic marginal notes: ‘Bad proof, Cameracopy OK'. He took this to meanthat his copy
was made by a laser printer instead of a phototypesetting machine. We learned that "Au’
meansnot gold but "author' in the copy-editing world. The copy editor had substituted
“clewerer' for Don's ‘'more clever’, citing Fowler. Don sighedand recalled the occasionthat
Sciertic American had replaced his ‘'more common' with "commoner'. It was noticeable
that the copy editor was not going to change anything without Don's speci ¢ approval|
not even removing the rst "of' in ":::seweral possibleof valuesof the variable n :::". Don
told us that at the momert all papers are re-typed by the publishers, except for one or
two Al journals that have used TEX for seweral years. But next year a math journal will
be adopting a policy in which the author's text is manipulated electronically throughout
the whole process.This should speedpublication and reduceerrors and costs.

Someof the notesin the galley were signed "Ptr', that is “printer’, and asked "OK?'. Don
answers armativ ely by circling the "OK'. At one point he was asked to sanction the
insertion of a whole new sertence. Apparently he had made referenceto Figure 14 before
Figure 13, and his approval was sough to make an extra commert rst about "Figures
13{16'. (The extra commert waswrong but xable.)

The publishers also insisted on more details in his bibliography. They wanted to know,

for example, exactly where and when a conferencehad taken place. Someonein the class
pointed out that Mary-Claire van Leunenrecommendsomitting the location of conferences.
Don replied that libraries often nowadays index conferencesy city for thosepoor soulswho

can remenber nothing elseabout them; so sud information was useful. He obsened that

people have a great tendency to copy citation information blindly into their own papers,
and so errors propagate unchedked. When Elwyn Berlekamp wrote his book on coding

theory, he found that nearly half the information in bibliographies of papers was wrong!

Don wrapped up the galley proof discussionby shawing us a few tables of (somewhat)

standardized proof-readers’'symbols.
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x15. Excerpts from class, Octob er 30 [notes by PMR]

Today Don spoke about the refereeingprocess.A paper submitted to an academicjournal
is usually passedto one or more refereesby the editor of the journal. Each refereeis
intended to be an expert in the relevant eld, and thus in a position to tell the editor
whether or not the paper merits publication. Don pointed out that many of us will one
day nd our papers being subject to just this scrutiny; and someof us will certainly be
asked to asses®ther people'spapers ourseles.

Don talked about his now-famousresearti on \The Toilet Paper Problem."” This was rst
published in the Monthl y, and asDon pointed out to the Editor in his cover letter, many
of its readersprobably keeptheir copiesin the bathroom anyway. The editor (Halmos)
replied a little gravely that \jok esare dangerousin our journal,” and asked Don to think
twice about the scatologicalreferences.Don did agreeto changethe sectionnames|whic h
originally cortinued the pun with such headings as "An absorbing barrier’, "A process
of elimination’, and "Residues'|to innocuous equivalents, but kept the title intact. In
justi cation of this, Don pointed out to the editor that two talks had already beengivenon
his results under this title, and that the material had beenwidely circulated and discussed.
\Y our toilet paper is accepted,” replied Halmos. Don confessedhat he still hasoccasional
doubts when he catches sight of the title amongst his papers, but the deedis done now.
Still, it did get reasonablygood reviews, even in Russia.

Don showed us an article ertitled "Rules for Referees'by Forsder, published in Science
(October 15, 1965). Theserules constitute a rather traditional view, Don said, and em-

phasizethe legal rights and responsibilities of all concerned.Don thought that this seems
a lot more oriented to the advancemen of careersrather than of scienceas sud; the right

reasonto publish is to build upon the results of others and provide a foundation for future

researt. It is a sadtruth, said Don, that an editor canall too easily nd himself spending

a great deal of time dealing with those authors whosepapers don't merit publication, for

it is usually very hard to corvince them of the fact. Rebuttals are followed by counter-

rebuttals, and soon. But fortunately this doesn't happen so often that the whole business
of sciencegets boggeddown.

The refereeis corventionally regardedas a sort of \exp ert witness," whosetask is to tell
the editor whether the paper desenesto be published or not. The rst criterion should
be originality; is the material preseried a geruine advance on previous work?

Don urged refereesto seetheir primary responsibility asbeingto authors and readers,not

just to editors. Don himself decidedlong ago that he would put more of his e orts into

refereeingpapersbeforetheir publication than into reviewing published papers. Don hoped
that he could thus do his bit to encouragehigh standards of writing in Computer Science
and help the eld win respect. Thesedays there are more good peopleto go around, both

in refereeingand reviewing.

In the 1960sDon circulated a list of "Hints to referees'to try to encouragegood practice.
He would like to shawv us that list, but not a copy can be found. Don has written to some
of the peopleto whom he sert it, soit is possiblethat a copy will turn up beforethe end
of the quarter.
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Don disagreedwith our guest speaker, Herb Wilf, who had said that he would tolerate
more stylistic lapsesin the Journal of Algorithms than in the Monthl y. Authors, thought
Don, should always be encouragedo do better; he could recall only a single occasionwhen,
as a refereeor editor, he could recommendno improvemerts at all. (The author in this
casewas GeorgeCollins writing for the ACM journal.) Let us publish journals to be proud
of, he said. This was sadly not true of Computer Sciencein the early 60s. Somepublished
results were just plain wrong; or a correct result wasincorrectly proved; or a paper simply
cortained no results at all! Contrast this state of a airs, said Don, to the math journals
that were published in the 20s and 30s|leang through them at random we seea host
of familiar namesand theorems, becauseso much of what was written then was polished,
signi cant, and worth reprinting in textb ooks. The same could not be said of today's
e orts|p erhapswe have grown increasingly tolerant of substandard work.

Refereesshouldtry to beteachers, said Don. The author you criticize today will be writing
another paper tomorrow, sotry to help him improve his writing. Unfortunately, referees
will often be over-critical and make quite tastelesscommerts on papers, knowing that
they do sounder a cloak of anonymity. This only angersthe author and he learns nothing.
Try to supply constructive criticism, Don urged. These human issuesare not discussedin
Forsdher's "Rules'.

In addition, the refereecan corntribute to the technical quality of a paper by giving ref-
erencesto related work of which the author was apparertly unaware, or improving the
results. Don himself has contributed results anonymously to papersjmore than one au-
thor has had to add a footnote: \My thanks to the refereefor Theorems 4, 5, and 6."
Don was always pleasedto feelthat by doing this the image of the journal wasimproved.
A journal should be seenas a sourceof wisdom, solet us be cooperative toward this end,
not legalistic.

How should one choosea journal to which to submit a paper? Don thought the answer is
to look for the one with the best referees,not the one with the least critical editor. After
all, an author presumably wants to know whether he hasreally made a cortribution to his
eld. So nd ajournal that has handled papers on related subjects.

Someoneasked whether the letters that appear in journals are also refereed. Don said
that sometimesthey are, sometimesnot. There is often nothing to distinguish letters from
short papers.

Somejournals do not userefereesat all. Their readershipmust be willing to wade through
a great deal of nonsense.The ACM did at onetime have plans to publish an unrefereed
journal, but to Don's relief those plans never cameto fruition.

At this point Don confessedo a sneakytrick he had pulled way badck in the 60s. At that

time he had just begunto edit the programming languagesmaterial for the Communica-
tions of the ACM and the Journal of the ACM. He had no way of knowing which of his
refereeswereany good, soin ane ort to calibrate them he sert all a copy of the samepaper
and solicited their opinions. Don had already refereedthe paper himself, of course, and

found it a very badly written exposition of a very interesting algorithm (due to someone
besidesthe author). As sud, it was certainly worthy of the referees'study.
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Welooked at someof the results. Onecommertator simply wert through line by line, listing
his complaints point by point. Another made much more general commerts: \A paper
with this title should contain (1) a complete algorithm; (2) a proof or at least a cornvincing
explanation of correctness;(3) a statemert of limitations on the algorithm's applicability.
None of these can be found here." A third said that the paper cortained little that was
new, and supplied a substartial bibliography for the author to goaway and study. The next
refereeliked the algorithm and recommendedhe paper for publication. Don wassurprised,;
he had mistakenly thought that this refereehad originally invented the algorithm himsel!
Another critic dismissedthe paper as “incredibly poorly written'. Another commerted it
was not a paper to be read, but rather a puzzleto be solved.

Don told usthat asa result of his experiment, the algorithm actually becamequite well-
known.

On one occasionDon ripped into a paper with a long report on its failings, and was later
told by the author that those constructive commerts had changedhis life: The author had
resolved that from then on he was going to study writing and give a lot of attention to
exposition. This namelessindividual went on to becomea renowned professorat a great
(but here equally nameless)university, and an editor of a ne journal.

In answer to a question, Don said that if the content of a paper was obviously bad, he
would not spend time reviewing the grammar. But in studying a paper that really has
somethingto say, then he would alsotry to ensurethat it was said as well as possible.

Don shaved us somereferees'reports on one of his recernt papers. The editor had told him
that thesewere ‘mostly positive'|lin  fact two werein favour and one against. The referees
in this casehad beenasked to answer a specic list of questionsabout his paper|Don
said that this tedious format might at least causea refereeto consider issueshe might
otherwise have forgotten about. The refereesdid agreethat Don hadn't made enough
referenceto earlier work in the subject. This didn't surprise him; the paper was his rst
verture into an unfamiliar eld. The refereeswere helpful enoughto commert now and
then that they had particularly enjoyed certain sections,and they provided a whole slew
of referencesto other work|references that Don said had led to somenew ideas. They
were alsoable to point out subtle technical errors; Don had to write a program to corvince
himself that onein particular of thesecriticisms wasvalid. Finally, we were amusedto see
that the refereeswere asked to assignan overall rating to the paper by chedking oneof a
seriesof boxes, ranging from (asthe most lavish praise) "accept', down through “acceptwith
major modi cations' and "acceptwith minor changes'to "Reject: submitto ________ . When
cheding this last box (the most damning indictment), the refereewas asked to suggest
a less prestigious journal that might publish sud inferior work. By such a downward
Itering, ewven the most appalling paper stands some chance of nding its place in the
pagesof what Dijkstra has characteriseda \W rite-Only Journal." With four new scierti ¢
papers being published every minute throughout the world, we can rest assuredthat many
do so.
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x16. Excerpts from class, November 2 [notes by TLL]

Today's handout, \Hin ts for Referees"by D. Knuth (see x17 below), could have been
subtitled \Ask and ye shall receiwe.” Last Friday Don mentioned in classthat he could
nd no copy of this documert, but when he returned to his o ce immediately after class
he found it sitting on his desk. (To be truthful, he thinks this copy has gonethrough a
few revisionssinceit left his hands; he no longer recognizesthe style of all the commernts.)

Before demonstrating to us how highly he esteemsrefereesand the lengths to which he
will go in order to get referees,Don told us to note an important date on our calendar:
On Wednesdg, November 18, we are to turn in the rst drafts of our Term Papers (\The
closerto the nal version,the better").

The identities of the refereesfor a journal paper are usually hidden from the author. Is
the identity of the author ever hidden from the referees?In a few journals, yes. Don is
well aware that the name written just below the title of a paper can strongly a ect the
reader's reaction, so he submitted a journal paper using the sobriquet, Ursula N. Owens.
(Those of us who have read Agatha Christie's And Then There Were None realizethat his
near-useof the name U. N. Owen is a pleasart allusion.)

Don doesn't always resort to pseudoryms, but neither does he always get his papers ref-
ereed. On occasionhe has recruited his own refereeswhen he found out that his target
publication was supplying none. As an example, his paper on Literate Programming for
the British Computer Journal generatedno refereereports (and no feedbak of any kind);
they wert right into print.

Don repeatedly stated how invaluable he found \feedback from a motivated reader." He
showed us the commerts that \Ursula" got on her paper, and they were pertinent in more
than one way. The refereefound typographic errors and suggestednotation changes,as
well as nding errors where there were none presern. The last set of commerts were more
important than they might at rst seembecausehey pointed out whereDon's presenation
was misleading or overly subtle.

In another example, the refereesigni cantly improved one of the theoremswhile remain-
ing anonymous. Instead of being content with an adknowledgemen to an anonymous
cortributor, sud a refereecould be jealousand publish his own competing paper.

In contrast to sud substartiv e cortributions, Don showed us another example with sug-
gestionsthat he called \facile generalizations" (terminology attributed to Polya): general-
izations that are merely mechanical manipulations of a given argumert without creating
new insight.

Don says that refereeingis a \cooperative e ortjla  corresppndencebetweentens of thou-
sands of world authorities,” and he is perfectly willing to exploit the system by letting
refereesimprove his papers as he helps with theirs.

He showed us a seriesof letters passingbetweenhimself and the Journal of Number Theory.
He had produceda result that seemednovel (could not be found by exploring the standard
pathways in the Math Library), but sinceNumber Theory is not his eld of expertise, Don
was unwilling to claim that the result was not a duplication. He told this to the editors
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of the journal and asked for feedba&. (\ put in a lot of time reviewing other people's
papers. This is my chanceto get someof that time badk.")

The refereereports on that paper found referencesthat Don \couldn't have found in a
million years." The results were similar but not identical, so the refereeo ered to chedk
with a famous Russianexpert. As Don was availing himself of this o0 er, someoneelsewas
publishing on the samesubject. (\Y ou have to decide, do you want speedy publishing or
rigorous cheding?")

Finally, he shaved us two examplesthat dealt with ambiguity. In the rst, he and David
Fuchs had written a paper entitted \Optimal Font Caching." One of the refereespointed
out that this paper could be about the cading of optimal fonts, or the best of all possible
caching medanismsfor fonts. An analogoustitte \Common SenseAmpli ers" was cited.
(Don and Dave solved this problem by changing the title to \Optimal Prepagingand Font
Cadhing.") In the second, he had to cope with the IEEE Journal on Coding Theory's
pendant for writing out the words “one'and "zero' for the symbols "1' and "0'. Since one'
is an English pronoun, he was forced to usethe word "unity' in one placeto make the text
unambiguous.
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x18. Excerpts from class, November 4 [notes by PMR]

Today, Don said, we are going to talk about the useof pictures and illustrations in math-
ematical writing, and about the problem of \getting acrossthe feeling of complicated
algorithms."

But rst, by popular demand, Don shaved us his rst publication. This was a description
of a system of weights and measuresknown as the Potrzebie System, which appearedin
the pagesof MAD magazinein 1957. Any resenblance to the Metric Systemis purely
coincidertal. It is an extremely natural and logical system, Don told us. For example,
the units of time were named after the editors of MAD (the new editors substituted their
own names). He felt there was also a needfor new units of cournting, and so coined the
MAD; 48 things constitute one MAD (or 49, a baker's MAD). Don didn't publish a better
illustrated work until The TEX book, he claimed, nor another paid one until he wrote for
ACM Computing Surveys somel2 yearslater. MAD forked over no lessthan $25 for this
researt paper, no mean sum thirt y yearsago. The Potrzebie System' still headsthe list
of publications on his C.V.

MAD inexplicably declined Don's secondarticle, \R UNCIBLE: Algebraic Translation on
a Limited Computer,” which was picked up by Communications of the ACM in 1959.
Perhapsthis was becauseit contained what even Don admits is probably one of the worst
\spaghetti” ow charts ever drawn. Not only doesthe chart attempt to illustrate the
ertire algorithm, but it contains an error (a misdirected arrow). The article included
a play-by-play accourt of the algorithm, which helped ameliorate the obscurity of the
chart. Back in those days, Don now admits, he didn't know any better. Likewise,full of
youthful enthusiasmat being ableto communicate improvemerts on a previously published
algorithm (Don was a Junior then), he failed to mertion his co-authorsin the paper; Don
did the writing but other students cortributed illustrations and most of the ideas of the
algorithm. At the time he had no notion there was academicprestigeto be gainedthrough
publication, Don confessed.This is, he said, a common mistake amongyoung authors who
frequertly overlook proper acknowledgemerts in their haste to get the newsout. At the
other extreme, he recalled, Paul Erdps oncecited a railroad car porter as a co-author.

Diagrams are good if they are kept small, said Don. As an example of a useful one that
is not small, he showed us a fold-out syntax chart for a slightly extended version of the
Algol 60 language. It does convey quite a good impression of what the languageis, and
givescomputer scientists somethingto hang on the wall where chemists put their Periodic
Tables.

Don's \Programming Pearls" article came up again. He had endedthat paper with the
obsenation that the only fair test of his WEBYystemwould be this: Someoneshould provide
a challenge problem, and Don would use WEBo write an ultra-elegant solution to it. Jon
Bentley respondedto this challenge;he devisedsud a problem and invited Don to submit
his solution for publication. Holding Don to his claim that WERBrograms should be works
of literature, Jon then published the solution along with a literary critique. In this review
Jon commened that Don could have easedthe exposition of his data structure with a
suitable diagram. Don agreedthat this would have helped the reader get a handle on
it (he had described the data structure in words only). He told us that diagrams were
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actually quite easyto do in WEPBa claim that was greetedwith a certain skeptical laughter
from the class(all doubtlessrecalling hours spent wasted trying to get tables just right).

Referring again to his “optimal prepaging' paper (which included a diagram in which two
approximately diagonal lines crawled acrossthe page,touching occasionally to indicate a
pagefault) Don told us that the refereehad complainedthat the gure wastoo detailed.
Don disagreedwith this, saying that the detail wasthere for those who want to seeit, but
could easily be ignored by those who don't. Don confessedhat he always has beenvery
concernedwith the minuti  of his subject, and seldomthought any detail too triing to
bother with.

Don discusseda paper he had written with Michael Plasson TgX's algorithm for placing
line-breaksin a paragraph [Software|Practice & Experiencell (1981),1119{1184]. The
main dicult y in writing the paper was: How to describe the problem and the new al-
gorithm? First of all, they chosea paragraph from one of Grimms' Fairy Tales as \test
data" with which to illustrate the process. As Don remarked once before, it is better to
uselreal" data than \sample data" that have in fact beencooked up solely to useas an
example. [Grimms' Fairy Tales alongwith the text of Harold and Maude, are kept on-line
on SAIL, an anciert and ecceitric CSD computer.] Corresponding to ead line of any right-
and-left-justi ed paragraphis a real number, positive or negative, indicating the degreeto
which the line had to be stretched or compressedto t the spaceexactly. In his paper,
Don prints thesenumbersin a column besidehis typesetparagraph. Don useda couple of
lines of the paper itself to show how bad it looks if theseadjustments are too extreme (and
of coursehad to tell the printers that this was a deliberate mistake, lest they \correct” it).

Don outlined three basicalgorithms: rst t (which essetially padks the text astightly as
possibleone line at a time); best t (which canloosenit up if this works better, but still

works line by line); and optimum t (optimal in the sensethat it minimizes the sum of the
\demerits" earned by the various distortions of ead line, taken over the paragraph as a
whole). To describe this last algorithm, Don drew a diagram. It is essetially a graph, eath
node on level p corresponding to a di erent word after which the p line might be broken.
Edgesrun betweennodeson successie levels, and are labelled by the demerits scoredby
the line of text they de ne. The problem of nding an optimal t thusreducesto nding

a least-costpath from the top to the bottom node; well-understood seart techniquescan
be usedfor this. Don commernied that certain \demerit-cuto s* will limit the number of
nodeson ead level and thus speedthe algorithm. This meansthat a solution in which
one very distorted line permits all the rest to be displayed perfectly might be missed.

If the above account is opaque,it only goesto shanv why diagrams can be so useful.

The article includes histograms to illustrate how frequertly TEX generatesmore-or-less
distorted lines of text. As he explained, this was biasedby the fact that he would usually
re-write any particularly ugly paragraph. A secondhistogram con rmed that the text was
considerably more distorted when it hadn't beenhand-crafted to the line width that TEX
was generating, yet the new algorithm was signi cantly better than Brands X and Y.

Finally, we sav an old Bible whoseprinters were so keento |l out the page width that
they inserted strings of o'sto Il up any gaps.
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Don found many illustrativ e illustrations in the book The Visual Display of Quantitativ e

Information by Tufte. He also recommendedHow to Lie with Statistics by Hu, which

advises(for example) that if you would impress your populace with the dazzling success
of the Five-Year Plan in increasing wheat production by 17%, then draw two sadks, the

rst 6 cm and the second7 cm tall. The perceiwed increase,of course,correspondsto the

apparert volumesof the sadks, and 7° is 58% larger than 6. :::

Don referred to Terry Winograd's book Languageas a Cognitive Process Algorithms for
parsing English sertencesare there illustrated ascharts de ning augmerted transition net-
works or ATN's|no descorrespond to internal states, edgesare transitions betweenstates
and correspond to individual words. Winograd also has a nice use of nested diagrams|
boxeswithin boxes|to replacethe more traditional tree diagrams.

We saw a scattergram of smiley-facesof somewhat indeterminate signi cance; a wit in
SITN projected Don's amongst them. The idea is that seweral dimensions of numeric
data can be usedto control featureson thesefaces;humans are supposedlywired to read
nuancesin facial expressionsguite easily.

Don showed us a table from his Art of Computer Programming that listed the many,
many states of the Caltech elevator. He said he wishedthat he'd beenable to dreamup a
diagram to capture that examplemore neatly: A listing of events is the bestway he knows
to convey the essetial featuresof asyndironous processes.

The third Volume of this tome does contain a large fold-out illustration comparing the
performancesof various sort-on-tapes algorithms. Certain subtleties arise from overlaps,
rewinds, and bu ering that tend to eludecornvertional algorithmic analysis. Don's diagram
neatly captures these, and clearly shows that certain sophisticated algorithms|jone was
even patented by its author|are in fact slover than traditional methods. Unanticipated
rewind times can causesigni cant slowv-downs, and the chart shows why.
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x19. Excerpts from class, November 6 [notes by TLL]

We spent the rst half of classexamining the solutions to a homework assignmenm (seex20
below). Don says that the solutions were surprisingly good (seex21).

One of the proofs described in that section cortains illustrations in four colors. Don says
that color can be used e ectiv ely in talks, but usually not in papers (for that matter,
Leslie Lamport says that proofs should never be preseried in talks, but only in papers).
Tednical illustrations, even without four colors, causeno end of trouble: Don says that
the amount of work involved in preparing a paper for publication is proportional to the
cube of the number of illustrations. But they are indispensablein many cases.

Don shawved us seeral of the illustrations, charts, and tables from The Art of Computer
Programming, Volume 3, and recourted the di culties in choosing clear methods of pre-
serting his ideas. He alsomertioned sometechnical and artistic problemsthat he had with
an illustration: At what angle should the truncated octahedron on page 13 be displayed?

His books contain somenumerical tables (\whic h are sometimesthought to be unenlight-
ening"); Don says that they can sometimes presern ideas that can't be demonstrated
graphically (such as numbers oscillating about 2 with period 2 , page41). Diagrams with
accomparying text are alsoused. Don made surethat the nal text wasarrangedopposite
the diagramsto which it refers.

The book corntains a running example of how 16 particular numbers are sorted by dozens
of di erent algorithms. Each algorithm leadsto a di erent graphical presenation of the
sorting activities on those numbers (pages77, 82, 84, 97, 98, 106,110,113,115, 124, 140,
143,147,151,161, 165, 166,172,175, 205, 251, 253, 254, 359).

x20. A Homew ork Problem

The Appendix to Gillman's book takesa paper that has horrible notation and simpli es
it greatly. Your assignmen is to take Gillman's simpli cation and produce something
simpler yet. Aim for notation that needsno double subscripts or subscripted superscripts.
This assignmem will be graded! Pleasetake time to do your best.

Here is a statement of Gillman's simpli cation. This is your starting point. What is the
best way to presen Sierpinski's theorem?

Lemma. There is a one-to-onecorrespndencebetweenthe set of all real numbers and
the set of all pairs (Ingi; i), wheremgiyx 1 is anincreasingsequenceof positive integers
and hgiyx 1 is a sequenceof real numbers.

Notation. The sequenced$nii and htyi correspondingto  are called, i and it i. The
set of real numbersis called R.
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Theorem. Assumethat hA i ,R is afamily of countably in nite subsetsof R sud that,
for 6 ,either 2 A or 2 A . Then thereis a sequenceof functionsf,: R ! R
such that, if S is any uncountable subsetof R, we have f,(S) = R for all but nitely
many fp.

Pro of. Let the countable set A consistof the real numbers
f1 2 300

If is any real number, de ne an increasing sequenceof positive integersH, i by letting
[, = n;* and then, after I, ; has beende ned, letting I, be the least integer in the
sequencemn,*;n,*;:::i that is greaterthan I, ;.

Let f,, be the function on real numbers de ned by the rule

t,k; ifn=1 forsomek 1;
; otherwise.

fn( )=

We will shaw that the sequenceof functions f, satis es the theorem, by proving that any
set S for which in nitely many n have f,(S) 6 R must be courtable.

Suppose, therefore, that i is an increasing sequenceof integers and that hyi is a se-
guenceof real numbers sud that

th, 62Zn, (S); forall k 1:

Let t; = O if j is not one of the numbers fny;n,;:::g. By the lemma, there's a real
number sud that ny = n, and ty = t, for all k.

Let beanyrealnumber6 sudithat 62A . Wewill provethat 62S; this will prove
the theorem, becauseall elemens of S must then lie in the countable setA [ f g.

By hypothesis, 2 A . Hencewe have = | for somek. If wesetn = |, we know by
the de nition of f, that
fan( )=tk =1t,=1t,:

But the construction of I, tells usthat n = n;* = n; = n; for somej. Therefore
fn ()=t

We choset,, 6, (S), hence 62S. |
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[Here are additional excerptsfrom TLL's classnotesfor October 16, when the homework
problem was handed out;] The rst thing that we learned in classtoday was that now
would be a good time to buy Leonard Gillman's book (Writing Mathematics Well). Not
only have seweral copies( nally) arrivedat the bookstore, but Don hasgivenusa homework
assignmern straight out of the Appendix of this book.

The assignmen (which is due on Friday, October 30th) is to take the \simplied version"
of the proof in Gillman's casestudy and to simplify it still further. The main simplifying
principle is to minimize subscripts and superscripts. When we are done, there should be
no subscripted subscripts and no subscripted superscripts. As Don said, \T ry to recast
the proof sothat the idea of the proof remains the same,but the proof gets shorter.”

The original proof was written by Sierpinski. Don told us that Sierpinski was a great
mathematician who wrote seweral papers cited in Concrete Mathematics, from the year
1909 as well as 1959. But the notation in Sierpinski's original proof quoted by Gillman
was socomplicated that it confusedeven him: His proof contained an error that wasfound
by another mathematician (after publication).

While the mathematics usedin the proof is not trivial, it usesonly functions and setsand
should be accessiblgo us. (This is not to say that it is immediately obvious.) Anyonewho
is uncomfortable with what setsare, what it meansfor a setto be countable, or what a one-
to-one correspndenceis, may need some help with this assignmemn. Don recommended
visiting the TAs during o ce hoursasa good rst step for those who feel they needhelp.
(It might alsohelp to remenber that Don says, \It's not necessarto understand the proof
completely in order to do this assignmen.")

Don't worry if the hypothesis of the theorem seemspretty wild; it is pretty wild. It
implies the \Continuum Hypothesis." The Continuum Hypothesisstatesthat there are no
in nities betweenthe countably in nite (the cardinality of the integers)and the continuum
(the cardinality of the real numbers). From 1900 to 1960, the truth or falsity of the
Continuum Hypothesis was one of the most famous unsolved problems of mathematics;
Sierpinski published his paper as a step toward solving that problem. Kurt Gedel proved
in 1938that the Continuum Hypothesisis consistert with standard settheory; Paul Cohen
of Stanford proved 25 years later that the negation of the Continuum Hypothesisis also
consistert. Thus we know now that the hypothesiscan be neither proved nor disproved.

[Here are additional excerpts from PMR's classnotesfor October 23:] The homework
assignmern is due a week from today, Don said; sodo it aswell as possible,and let's not
have any excuses!
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x21. Solutions to the Homew ork Assignmen t

Most students pleasedthe instructor by handling this assignmen rather well. Either you
already knew a lot about writing, or you have learned somethingthis quarter; in any case
the exerciseseemsto have beengood practice.

Se\eral answers or excerpts from answers are attached. First is Solution A, an unexpur-
gated draft that was written by your instructor before handing out the assignmen. The
main ideahereis to \hold bad" beforeenumerating the elemerts of a set; you can say that
S is countable without writing S = fs;;sy;:::g. This solution also simpli es Sierpinski's
proof in minor ways. For example, it's not necessaryto have the hypothesis 6 to
concludethat 2 A or 2 A , becausethe existenceof a family A that satis es
Sierpinski's more complicated hypothesisis equivalent to the existenceof a family that
satis es the simpli ed one.

The grader objected to the last sertencein the rst paragraph of my proof. He asks,\Has
some’initialization' of L beenomitted?" He apparertly wants k = 1 to be singled out as
a special case,for more e ectiv e exposition. The sertence makes perfectly good senseto
me, but maybe there should be a concessionto readerswho are unaccustomedto empty
constraints.

Solution B introducestwo nice techniques of a di erent kind. First, the lemma becomes
a sequenceof ordered pairs instead of an ordered pair of sequences.Second,the needfor

a notational corresppndencebetween and the corresponding sequencds avoided by just

using English words, saying that one is the counterpart of the other. In other words, we
can hold badk in giving notations for a correspondence, since plain words are su cien t

(even better at times).

Solution B also\factors" the proof into two parts, onethat describesa subgoal(the crucial
property that the functions f, will possesspand onethat appliesthe coup de grace. Much
lessmust be kept in mind when you read a factored proof, becausethe two pieceshave a
simpleinterface. Moreover, the readeris told that the proofis\essertially a diagonalization
technique"; this statemert givesan extremely helpful orientation. It is no wonder that the
grader found Solution B easierto understand than Solution A.

Solution C is by another student who found words superior to notation in this case.

Solution D cannot be shawvn in full becauseit contains sewen illustrations, someof which
are in four colors. But the excerptsthat are shovn do capture its expository avor.

A combination of the ideas from all these solutions would lead to a truly perspicacious
proof of Sierpinski's theorem.
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Solution A

Lemma. There is a one-to-onecorrespndencebetweenthe set of all real numbers and
the set of all pairs (N;T), where N is a countable set of integersand T is a sequenceof
real numbers.

Notation. The set N corresponding to  is called N , and the sequenceT is called
( 1; 2;::7). The setof real numbersis called R.

Theorem. Assumethat there is an uncourntable family of countable subsetsA , one for
ead real number , with the property that either 2 A or 2 A forall real and
Then there exists a countable family F of functions f : R ! R sud that, if S is any
uncourtable subsetof R, we havef (S) = R for all but nitely many f 2 F.

Pro of. If isany real number, we can construct a countable set of integersL asfollows:
Fork = 1;2;:::, let  bethe k" elemen of A , in someerumeration of this courtable
set. Include in L any elemen of N that's not already preser in L becauseof the rst
k 1elemers of A .

Now let F = ffq;f,;:::0 bethe countable set of functions de ned for all real asfollows:

f.( )= n; ifn2L andn correspndsto 2 A ;
oo . ifneAd

We will show that F satis es the theorem, by proving that any givensetS R is courntable
whenewver f njf,(S) 6 R gisin nite.

Let Sbeasetsuththat N = fnjf,(S)6 Rgisinnite, and supposethat
th 62 ,(S); foralln2 N :

Let t, = O for n 62N. By the lemma, there is a real number suc that N = N and
(ty;to;:)=( 15 25::0).

Let beany real number such that 62A . We will provethat 62S; this will prove the
theorem, becauseall elemerns of S then must lie in the countable set A .

By hypothesis, 2 A . Hencethere is somen 2 L correspndingto ,andf,( )=
by de nition of f,. Alson 2 N = N, by the construction of L . But , = t, 62,(S),
so cannotbein S. 1
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Solution B
Sierpi nski's Theorem

Lemma. There is a one-to-onecorrespndencebetweenthe set of all real numbers and
the set of all sequence®f ordered pairs h(n;;t))i; 1, wherethe rst componerts ;i form
an increasingsequenceof positive integersand the secondcomponerts ht,i form a sequence
of real numbers.

We shall call the sequenceof ordered pairs corresponding to  the counterpart of , and
vice versa.

Theorem. Supposethat there exists a family of countably in nite subsetsof the realsR,
denoted by hPA i ,r, with the property that 6 implies either 2 A or 2 A .
Then there is a sequenceof functions f,: R ! R sud that for any uncountable subsetS
of R, we havef,(S) = R for all but nitely many f,.

Pro of. Using the existenceof PA i ,r, we rst construct a sequenceof functions f, with
the property that for all , and for all 2 A , there exists an ordered pair (n;t) in the
courterpart of sud that f,( ) = t. The construction is essetially a diagonalization
technique. For eath , let the countable set A be enumerated as

fo1, 2 3500000

Start with (ny;t;) beingthe rst orderedpair in the courterpart of ;. Proceedinductiv ely,
and let (ng;tx) bethe rst orderedpair in the courterpart of  suc that ng > ng 1. This
selectioncan be made becausethe rst componert of the counterpart of | is unbounded.
Thus, we have constructed a sequenceof ordered pairs h(ng; tx)i; 1 with ny increasingand
ead (ng;tx) in the counterpart of . Using this sequencewe then de ne the function f
by the rule

tx; if n = ny for somek;

: otherwise.

fn( )=

Indeed, f,, is well-de ned sincen; 6 n; fori 6 j. Moreover, the sequencef,i hasthe
desiredproperty that for every andewvery in A | there is an ordered pair (n;t) in the
counterpart of sud that f,( ) =t.

Now we shaw that any subsetS of R for which in nitely many n havef,(S) 6 R must be
countable, thereby proving the theorem. If f,(S) 6 R then there existsa real t 62 , (S).
Soif there arein nitely many f, sud that f,(S) 6 R, then there is a sequenceof ordered
pairs (n; t) with n increasingandt 62 ,,(S). Let the counterpart of this sequenceof ordered
pairs be . Thus, every ordered pair (n;t) in the counterpart of hast 62f,(S). Now
considerall real 62A [ f g. By the hypothesis,we must have 2 A . We constructed
the sequencdf i in such a way that there is an ordered pair (n;t) in the cournterpart of
with f,( ) = t. But by the choice of , we havet 62f,(S). Hence,f,( ) = t 62f,(S)
implies 62S. Therefore S must be a subsetof A [ f g, a countable set, implying that
S is also a courtable set.
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Solution C

... 1f the real number corresponds to the pair yi; hgi , then we call mgix 1 the
integer sggquene of and hgix 1 the real sgguene of

:.:Pro of. Note that a given real number has assciated with it both integer and

real sequencesas well asa setofrealsA = f 1; 2; 3;:::09. We add to this list and
construct an in nite set of integersL = flq;l;13;:::g in which ead |; comesfrom the
integer sequenceof ;.
f( ) = tn; ifn=1 2L ,wherehyi is the real sequenceof ;;
" otherwise.

With thesefunctions we will establishthe contrap ositive of the theorem: If f,(S) 6 R for
in nitely many integersn, then S is countable. :::

Solution D

As a step toward proving the Continuum Hypothesis,which statesthat there are no in ni-
ties betweenthe countably in nite and the cortinuum, Sierpinski proposedthe following
theorem.

Supposewe have a function, sped ), that mapsewvery real to a countably in nite subset
of the reals (Figure A). Now supposewe make the additional hypothesisthat for any two
reals 6 —, either 2 spedq™) or— 2 sped ) (Figure B). Then we candraw the following
conclusion. There exists : ::

h |

+

speq ) h i

Figure A. Each real number determinessped ),

a countably in nite subsetof the reals.

sped™) h [
+ *

speq ) h i

Figure B. By hypothesis,either 2 sped™),
or — 2 speq ). Here isnot in sped™),
SO~ must bein speq ).
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x22. Excerpts from class, November 9 [notes by PMR]

Quotation ::: a writer expresseshimself in quoting words that have beenused
beforebecausehey give his meaningbetter than he cangiveit himself, or because
they are beautiful or witty, or becausehe expects them to touch a chord of

asscaiation in his readers, or becausehe wishesto show that he is learned and

well-read. Quotation dueto the last motiveis invariably ill-advised; the discerning
readerdetectsit and is contemptuous, the undiscerningis perhapsimpressed,but

eventhen is at the sametime repelled, pretentious quotation beingthe surestroad

to tedium.

| Fowler, Dictionary of Modern English Usage

Mais malheur a lI'auteur qui veut toujours instruire! Le secretd'ennuyer est celui
de tout dire.

| Voltaire, De la Nature de 'Homme.

Il nefaut jamais qu'un prince donne danslesdetails. Il faut qu'il pense,et laisse
et fasseagir: il estl’ame, et non pasle bras.

| Montesquieu, Mes Pensees.

Don's secret delight, he confessedtoday, is to \play a library as if it were a musical
instrument.” Using the resourcesof a great library to solve a specic problem|no w
that, to him, is real living. One of his favourite ways to spend an afternoon is amongst
the labyrinthine archives, pursuing obscure cross-referencestracking down anciert and
neglectedvolumes, all in the hope of nding the perfect quotation with which to open or
concludea chapter. Don takesgreat pleasurein nding a really good aphorism with which
to prefacea pieceof writing. Somany people have written so many neat things down the
ages,he said, that it behoovesusto take every opportunity to passthem on. Don hasbeen
known to take such a liking to a phrasethat he has written an article to publish along
with it.

Sohow areweto nd that wonderfully apposite quotation with which to prefaceour term
paper? Serendipity, said Don. Live a full and varied life, read widely, keepyour eyesand
earsopen, live long and prosper. You will stumble acrossgreat quotations. For example,
Webster de nes "bit' as\a boring tool"|Don was able to use this when introducing a
computer sciencetalk.

Sometimesone needsto go about the seart more systematically. For example, Don's
TeXbook consistsof 27 chapters, 10 appendices,and a preface. His format demandstwo
relevant quotations at the end of ead of these. His METAFONT book posedexactly the
sameproblem. How did he go about it?

The rst secret, he con ded, is Bartlett. There are numerous dictionaries of quotations
[ led under PN 6000in the referencesectionof GreenLibrary], of which Bartlett's Familiar
Quotations is the most familiar. It was here, under the heading "technique’ in the index,
that Don found a quote from Leonard Bacon deriding Tednique asthe death of true Art.
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Now ~ ', in Greek, meansboth “technique' and "art', sothis seemedpretty appropriate
for The TEX book where the (Greek) name TEX is explained.

When Bartlett fails, we cantry the OED. This incomparable dictionary lists every word
along with contexts in which it hasbeenused;very often it prints a memorable quotation
that incorporates the word in question. Likewise,we can turn to concordancesof Shake-
speare or Chaucerto nd ewvery single instance in which these authors used any given
word.

Lea ng through The TeX book, Don picked out someof his favourites: Goethe on mathe-
maticians (and why they arelike Frenchmen); Paul Halmostelling usthat the bestnotation
is no notation (write mathematics as you would speakit!). Tacitus had somethingto say
about the macro (or rather, about the anciert politician of that name).

A stier challengewas provided by a book that listed the METAFONT code de ning eat
letter of the alphabet (as well as other symbols) in a certain typeface;Don had to come
up with quotes for individual letters of the alphabet. No problem: James Thurber had
proposedthe abolition of "O'; Ambrose Bierce had scathing things to say about "M’ in
his famous Devil's Dictionary; Benjamin Franklin once wrote to Bodoni concerning the
exact form of the letter "T'; a technical report about statistical properties of the alphabet
deliberately made no use of the letter "E'.

Someof the best quotations are taken entirely out of context. The economistLeortief had
somethingto say about (economic) output; Don quoted him in his chapter on (computer)
output. Galsworthy's commerts on Expressionists found their way into his section on
expressions.

In a pinch, said Don, quote yourself. You could even nd someonefamous and ask her to
say somethinglan ything!jon sud-and-sud a subject. In another desperate case,Don
couldn't nd anything much that had been said about fonts. No matter, he quoted the
explorer Pedro Font writing about something elseertirely (the discovery of Palo Alto, asit
happens). If you are Don Knuth, you may even be able to quote Mary-Claire van Leunen
praising your use of quotation!

Computer technology now givesus another quote-locating resource. When Alb ert Camus'
The Plague is available online, it will be a simple matter for this note-taker to nd the
part in which a writer agonizesfor a weekbefore putting a commain a particular sertence,
and then for another week before taking it out again; just seard for occurrencesof the
word ‘comma'in the text. Don usedthis technique to nd quotations involving the word
“expression'in Grimms' Fairy Tales and Wuthering Heights, both of which are available
on SAIL.

If any member of the classwould like to demonstrate virtuosity at \playing the library,"
he could try to track down the quotation \God is in the details." Don rather identi es
with God in this, but hasn't beenable to track down the reference. A number of people
have assuredhim that it originated with Mies van der Rohe, but despite reading all the
works and contacting the two biographersof this architect, he hasnot beenableto nd it.
Someonetold him that Flaubert oncewrote \Le bon Dieu est dansle detail.” Don hasn't
the patienceto seard exhaustively in Flaubert's voluminous publications, but he did try
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French equivalents of Bartlett| nding  the two quotes above (which expressthe opposite
sertiment). The God-in-details aphorism remains an orphan to this day.

Don has found another quote that sowell expressesis philosophy on the subject of error
that heis having it carved in slate by English stonecutters,to occupy pride of placein his
garden:

The road to wisdom? Well it's plain
and simple to express:

err

and err

and err again

but less

and less

and less.

Mention was also made of indexesfor books. The Sears& Roebudk catalogue for 1897
contains the useful advice: \If you don't nd it in the index, look very carefully through
the entire catalogue.” A British judge namedLord Campbell wanted legislation to compel
writers to index their work, but was unable to get round to indexing his own.

Tangertially, Don mertioned that the designershad given his TEXb ook rather large para-
graph indentations|p erhapsit's the style of the 80s, he said. This meart that he some-
times had to add or subtract words to ensurethat the last line of ead paragraph was at
least aslong asthe indentation on the following one. The pagelooks rather strangeif this
isn't the case.

x23. Excerpts from class, November 11 [notes by TLL]

Today we heard war stories|stories of the wars between Don Knuth and the Scierti ¢
American editorial sta.

Howewver, before we got completely on track, Don told us a little about the book he is
writing this quarter: Concrete Mathematics.

He said that this summer he went to seeSnov White and the Sewen Dwarfs and was
very impressed. \Who would have conceiwed, in 1937,that sud a work of art could be
made?") He said he was inspired; that he wanted to produce a work of art asinspired as
Snowv White, \except that | wanted to nish it in three months.”

A book in three months: This meansthat Don has to \crank out" four pagesa day,
including Saturdays, Sundays, and holidays. Surprisingly, Don says, \Here it is November,
and | am still happy." He says sometimeshe getsup in the morning and can't wait to get
writing; at other times he just nds it a chore that he hasto do; \but oncel get started,
it's easy|starting is the hard part."

At this point he delivered the punch line to his story on inspiration: We have one more
weekto nish the rst draft of our term papers. We have the good fortune to have two
professional editors who have volunteered to read our papers: Mary-Claire van Leunen
and Rosalie Stemer.
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Moving immediately from his statemert that we were lucky to have professionalsediting
our work to the stories of his wars with a professionaleditor, Don showed us a quotation
from The Plague by Camus [found by PMR].

\What | really want, doctor, is this. On the day when the manuscript reaches
the publisher, | want him to stand upl|after he'sreadit through, of course|and
say to his sta: “Gertlemen, hatso !'"

Of course,the ctional character who made the above statemert is portrayed by Camus
as being not only nasve but a bit mentally unstable. This doesn't mean that a person
couldn't harbor a healthy enmity for an overzealouscopy editor.

We now review the correspondenceconcerning one paper that Don eventually had pub-
lishedin Sciertic American (henceforth known as SA):

In the Fall of 1975, Don received a letter from Dennis Flanagan (the editor). The letter
invited him to write a paper, of about 6000 words, on the topic of Algorithms, for SA's
600,000readers. It o ered him a $500 honorarium for such a paper. (This meanshe got
about eight certs per word or eight certs per 100 readers|dep ending on how you like to
think of sud things.)

After some correspondenceconcerningthe date that the paper was to be received (Don
had beenill and the date neededto be pushedbadk), we cameto the cover letter for the
original manuscript that Don submitted to SA. He told Mr. Flanagan that he understood
that someediting would take place, but that he had goneout of his way to try to imitate
the \ Sciertic American style." Don told them, \It will be interesting to seewhat you do
to this, my masterpiece."

Don soon got a letter badk from Mr. Flanagan adknowledging Don's paper, telling him
that it might have to be \slightly edited,” and warning him that it might take a while to
give it the attention it desenes. (Don also got his $500at this point.)

Finally, 14 months later, Don received an edited copy of his paper together with a cover
letter that explained that it had been\edited for the generalreader." Don was told to
correct any errors that they might have inadvertently introducedand exhorted to get badk
to them within the next two weeks.

To put it mildly, Don was not pleasedwith the results of this editing. Every sertence
had beenrewritten. He wrote a letter to Martin Gardner|a letter written more to vert
frustration than in expectation of achieving any resultlin  which he stated many of his
grievances. One of his commerts covers the generaltone: \I was astonishedto seehow
many editorial changeswere made that took perfectly good English and turned it into
something that would be worth no more than B on a high sdool term paper."

In addition to showing us his letter to Gardner (and Mr. Gardner's sympathetic response)
he shaved the classthe original and the edited versions. Among SA's changes: Changing
all usesof ‘we', transforming somelong sertencesto sewral short sertences, transform-
ing some short sertencesinto one long sertence, removing commas (commas that Don
found necessary),changing ‘which's to “that's, removing technical jargon, changing "most
common'to ‘commonest’,and introducing a few errors. (Don found many of the changes
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gratuitous, but the editorial introduction of errors was useful becauseit meart that Don's
exposition had not beenclear enough.)

The next letter we sav wasthe cover letter for the, now re-edited, manuscript that Don sert
badk to DennisFlanagan. He mertioned his extensive re-editing, stated that he appreciated
someaspects of the editing more than someothers, and asked to seethe galley proofs; he
said viewing the proofs was especially important sincethere is \so much technical material
that is typographical in nature."

Two weekslater Don got back the proofs and a letter. The letter argued successfullywith
someof Don's objections to the original editing job (they stuck by “that' instead of "which’,
hurray!); lesssuccessfully SA refusedto budge on ‘commonest'(boo). The letter also said
that sendingproofsto an author wasunprecedened. But the printer was having a terrible
time with the mathematics, so they made an exception. (Don pointed out that this was
largely dictated by the printing medanisms they were using.) But it was a good thing
the proofs were sert, becauseimportant changeswere made during a 1.5-hour telephone
conversation.

By the end of class, about the time that Don showed us his secondletter to Martin
Gardner|the onein which he said he shouldn't have beensofrustrated in the rst place|
Don admitted that someof the disputed changesreally had beenappropriate ones. He said
that the original copy editor had improved his article in someways, but that his further
editing had improved it still further. At the end everybody was happy. (Music up.)

As a nal parenthetical remark, he told us about the way that the (quite long) captions
for illustrations in SA are typeset: The linebreaks are determined by hand. The nal
line always endsat the right margin (there's no extra white space). To achieve this, the
SA copy editors must count letters and reword the captions until they t. One of the
methods that they useto make things t nicely is to start at the end of the caption and
start removing “the's. (\It is not placed at root of tree becauseit is too far from certer of
alphabet.”) At least, this wasthe systemin 1977.

Among commeris about how the SA editorial sta is overworked and how he shouldn't
have been so upset, he did get o a parting shot: \After spending all this time doing
crazy stu like caption lling, it's no wonder the copy editor had no time for polishing my
article."

x24. Friday the 13", part 24: The Classnotes [notes by PMR]

The Story So Far. Readers will recall that our hero, "Prof' Don, is locked in mortal
comhat with Sciertic American, a journal whoseglokal reach is exeeded only by its ed-
itorial hubris. Will Don's de nitive Algorithms article reach the world unsathed? Or
will it su er the death of a thousand 'improvements'at the hands of a horde of dyslexic
copy-alitors? Now Read On ...

On March 25, Don received the page proofs for his article, which was to appear in the
April edition. (\Ev er sinceMartin Gardner's famousApril Fool hoax, | had wanted to get
into an April issue,” he mused.) Don picked up the phone and spent the next hour and a
half in damage-limitation negotiations with an editor code-namedTEB
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Some sstraightforward errors were easily corrected: A "1' had metamorphosedinto an °I'
and an ;' into a Typesetterswho are unfamiliar with mathematics invariably nd

creative things to do with this \empty set" symbol, Don said. Many problems showv up
only at the page-proof stage. For example, one page began with the solitary last line of
a paragraph and then broke with a new subheading. Since the paragraph could just as
easily introduce the new subsection as conclude the previous one, Don just moved the
subheadingbad one paragraph, putting it on the previous page. Don also got his o or
brackets restored where square brackets appearedon the page proof.

N

He didn't get his way on ewverything, though. Brackets were used interchangeably with
parenthesesin a mathematical formula, despite Don's protest that the former have special
meanings.

Neither was Scientic American (SA', hereinafter) able to get hold of a photograph of
a particular Mesopotamian clay tablet that is housedin the Louvre. It is a table of
reciprocals, and is probably the earliest example of a large databasethat was sorted into
order for easeof retrieval. Don thinks this object de nitely desenesa placein the hearts
and minds of CS folk, being perhapsthe rst ewer signi cant piece of data processing.
Even a modern computer might needa secondor soto do the work involved.

On the whole, Don was pretty happy with his article. It enjoys a cortinuing success
as an SA reprint; thousands of copiesare still sold to scools (with the page references
carefully renumbered). As far as Don knows, it's the only one of his articles to have been
translated into Farsi (Persian). He showved us that in this language, as in others where

the text runs right to left acrossthe page, mathematical formul are not reversed. The

word “hashing'invariably givestranslators pause;it becomesl4 charactersin Chinese,and

a French translator of one of his books once put in a call to the Academie Francaiseto

establish the authorized equivalent.

All the re-editing was painful at the time, admits Don, but in the long run he has come
to agreethat this coeperative e ort did much to remove the jargon and make the paper
accessibleo a generalaudience. Martin Gardner, Don told us, attributes his successas a
mathematics writer to the fact that he is not a mathematician.

Don's paper for the IEEE Transactions on Information Theory makes for a saddertale:
They made such a messof it that Don decidedthe gamejust not worth the candle,and he
adviseseveryoneto read the Stanford CSD Report instead. For example, IEEE says zero'
and ‘one'instead of 0" and "1'. Don likesto use lg' to mean 'log to the base?2', but they
changedthis without explanation to “log' despite the fact that to most peoplethis latter
meanslog to the basel10’; or to number theorists, when it meansthe natural log (basee).
Not the greatest copy-editors, Don sighed.

More recertly, Don wrote for the October issue of the ACM Transactions on Graphics,
and encourtered somereally shocking copy-editing. They changed :::data hasto :::' to
::datahaveto :::'. Now longagoDon wastold that "data’ is really plural, but everywhere
it is usedboth as a singular or a plural, even in the reliably consenative (‘antediluvian!
chimed Mary-Claire) New York Times. Don thought it quite right to useit asa singular
when referring to data as somekind of collective stu. Don wrote and complained that
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the ACM should certainly know about data. In the end, Don kept everyone happy by
changing the sertenceto read ":::data must :::".

Mary-Claire van Leunen sanctionedthe term "Automata Theory', although onewould not
normally incorporate a plural adjective into a compound noun. But no-one has ever said
“automaton theory', and no-one ever will.

ACM did gracefully admit to and correct some straightforward mistakes, suc as "this
number plus that number are equalto 63'. But where Don wrote 1000000they substituted
1,000000. Don objected that although this might be justi ed in text, his useis perfectly
OK in aformula. Well then, they replied, write 10°. Fine, said Don, but what do | do when
the number is 12345677?The IEEE standard hereis to insert spacesthus: 1234567. Don
doesn't like this in formul, but agreesthat it may be useful in a high-precision context,
sudh as numerical tables.

Don recalled a remark by George Forsythe that ewvery sciertist should try to write for a
general audience|not just for other scierists|at least oncein his life. Don has done
this three times now, so feelsthat he's done his bit! He gave his rst sud lecture to a
non-technical audiencein Norway and found it surprisingly hard to understand their "'mind
set'. The problem is to make the talk interesting, but corvey how it feelsto a computer
sciertist to do computer science. The public probably imagine that mathematicians sit
and factor polynomials all day, and that CS typesdesignvideogames.How to corvey the
soul of the subject to them? In this lecture, Don preseried a sequenceof algorithms for
a seard task. Since we all have to look up information in large tables or indexes now
and then, he hoped the audiencewould have a clear intuition of the problem. Brute force
searding is clearly too slow; binary seard is natural and powerful; hashingis better still,

but very unintuitiv e to most people. Don was asked to write up his talk for a Norwegian
magazinecalled Forskningsrytt, 'Researb News' (a sort of Sciertic Norwegian). In the
courseof doing so he learned enoughof the languageto write v and h instead of | and r to
designateleft and right sonsin a tree structure. Dr. Ole Amble, a numerical analyst who
was one of Norway's computer pioneers,helped Don with Norwegian style on this article,
and got interestedin seart algorithms as a result. He asked Don whether there mightn't

be a way to combine the advantages of binary seart and hashing? Don at rst told him
\obviously not,” but then realized what Amble meart :::alas, too late to include in the
just-published Volume 3 of ACP. But this combination of methods made a nice conclusion
to his SA paper, which was basedon this Norwegian prototype.

It wasin April of 1977that Don's travails with SA prompted him to investigatetypesetting
for himself; in May of that year he designedthe rst draft of TEX and spert his sabbatical
(and ten more years) perfecting it, putting Volume 4 of ACP on the bad burner.

We had a few minutes left to look at other changesthat SA made to Don's original
manuscript. In one case,there seemedto be no reasonfor restructuring a sertenceto put
Amble's name rst instead of the motivation of his discovery. But Mary-Claire noted that
SA always tries to stressthe human contributions in science,sometimesat the expenseof
the ideas. Don also mertioned another surprising thing he learned about SA's editorial
policy: They never display equations. (PMR knows at least one scientist who refusesto
read SA for this very reason|\Ho w can you explain sciencewithout equations?|P ah!")
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x25. Excerpts from class, November 16 [notes by TLL]

After abrief (but charming) musical prelude, Don demonstratedto usthat we are not alone
in being concernedwith the medanics of writing. He shawved us four small publications
that touched on someof the humorous aspects of written rhetoric.

We brie y viewed a RussellBaker column entitled \Blo ck That That Cursor"; a\P earuts"
comicstrip with a punch line concerningcommaplacemert; a quotation from the New York
Times (\Plagiarize creatively, but quotes can be dangerousif you don't acknowledge the
source"); and an article by Richard Feynman in the Caltech Alumni magazine. Feynman
discussedhis disappointment with his experience of serving on the Challenger Disaster
Panel; he complainedthat instead of discussingideas,the panel spent all their time \w ord-
smithing" (deciding how to reword or re-punctuate sertencesin the committee's report).

Feynman's dismay at the amount of time he spent dealing with commas,wicked-whiches,
and typographic presenation is not unique. Don said, \W ord-smithing is a much greater
percertage of what | am supposedto be doing in my life than | would have ever thought.
That's one of the main reasonsl am teaching this course."

Don also showved us what he thinks is a wonderful piece of writing: a spoof on the Sam
Spadegenre,full of detectives,blondes,.38's, and the "sweetsmell of greerbacks'. It turned
out to be a passagefrom \Getting Even" by Woody Allen. Likewisefor the term papers,
he said, try to have a genrein mind (though perhapsnot this one) and do a good job in
that genre.

To help prepareus for the guestspeakerscoming up soon, Don handedout copiesof seweral
of their works, encouragingus to read them as examplesof good practice. First he handed
out an \Editor's Corner" article published by Herb Wilf last January:

This issuemarks another changing-of-the-guardfor the Monthl y. Paul Halmos' act
will be a tough oneto follow :::

Wilf 's article contains a nice exposition of problemsrelated to Riemann's famousunproved
Hypothesis.

Don also shawved us another draft of a paper by Herb: 'n coinsin a fountain'. This title,
he said, was just too good to passup, even though it includes a formula. But Don would
have capitalized the n, becauseit comes rst. As for the objection about starting a title
with a symbol, why shouldn't we regard N as simply another English word? (After all, it
appearsin most dictionaries asthe rst entry under 'N'.) But this approac would make
it necessaryto capitalize N throughout the article.*

The next guestspealer after Wilf will be Je Ullman, who will tell us how to becomerich
by writing textb ooks. Don recommendedthat we look closelyat Chapter 11 of Je 's book
Principles of Database Systems (secondedition), which shaws \excellent simpli cation of
subtle problems and algorithms."

* Herb eventually solved the problem by calling his paper "The Editor's Corner: n Coinsin
a Fountain', in American Mathematical Monthly 95 (1988), 840{843.
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Don handed out two examplesby the third guest speaker Leslie Lamport. One, from
Notices of the American Mathematical Society 34 (June 1987), is entitled \Do cumert
Production: Visual or Logical?" and Don said \Ilt's a ~ame' but very well written so |
wanted you all to read it. It's a nice polemic that takesthe "WYSIWYG versusMarkup'
controversy and reformulates the problem along more fruitful lines." The other Lamport
article is entitted \A simple approac to specifying concurrert systems"; it will soon be
published in Communications of the ACM.

Don says the latter paper is the best technical report he has seenin the last year or so.
The paper is unusual becauseof its question-and-ansver format. While dialogs have been
usede ectiv ely by experts in other elds (such as Sccrates, Galileo, George Dantzig, and
Alfred Rernyi), this is the rst time, asfar asDon knows, that suc a format hasbeenused
in computer science.

Before moving on to the next handout, Don told us about writing his book Surreal Num-
bers. Like Leslie Lamport's paper, Don's book is preseried as a dialog. Don's dialog
preseris someideasthat John Conway told him at lunch one day (Don wrote the ideas
down on a napkin and then lost the napkin). The most extraordinary aspect of this book
is that Don wrote it in six days (\And then | rested”). That week was very special for
Don. (\It wasthe most exciting weekin my life. |1 don't think | can ever recapture it.")

When Don wrote the book he wasin Norway. He wasin the middle of writing one of the
volumesof The Art of Computer Programming (isn't he always?), and he did not expect
Jill (his wife) to be sympathetic when he told her that he wanted to write yet another
book|ev en if he did think he could write it in a week. Perhaps Jill knows more about
Don than Don knows about Jill, becauseshenot only didn't complain but she got quite
into the spirit of the thing.

Just what was the spirit of the thing? \In tellectual whimsey" probably isn't far o. Don
rented a hotel room (\near where Ibsen wrote") and spernt his week writing, taking long
walks (\to get my head clear"), eavesdropping on his fellow hotel guests at breakfast
(\so | could hear what dialog really soundslike"), and pretending that Jill's visits were
clandestine (\w e had always read about peoplehaving a airs in hotels:::").

Don said he wrote \with a museon my shoulder.” Every night's sleepwas lled with ideas
and solutions; beforedozing o he would have to get up and write down the rst letter of
every word of the ideashe had (and he would spend the morning decading these cryptic
scribbles). He told us that he was more perceptive during this week|his description of
the King's Garden during an evening walk was worthy of Timothy Leary.

All this prolic word production must have left him in verbal debt: When he nished the
book he tried to write a letter to Phyllis telling her how to type the book. He couldn't.

Except he must have eventually|the book is still in print and sellsseweral hundred copies
a year (in sewen languages).

Still another handout was part of a chapter written by Nils Nilsson and Mike Genesereth
for their new book Logical Foundations of Arti cial Intelligence Chapter 6, ertitled \Non-
monotonic reasoning,” presens a new area of researt at the level of a graduate studert.
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Don says that the chapter has an excellert blend of formal and informal discussion,with
well-chosen examples; this subject had newver been \p opularized" before, so the task of
writing a good exposition was especially challenging. Don also praised the authors' typo-
graphic convertions (for example, logic is presened using a \t ypewriter" font).

Don said that we already have Mary-Claire's book, so he didn't have to introduce her to
us. But he ran acrosssomeelectronic mail she had written recertly, and thought it wasa
particularly elegan essg, so he passedit along (seex26 below). Computer sciertists and
mathematicians are way behind real writers when it comesto exquisite style.

Finally, just in casewe still craved more good examplesto read, he handed out some
excerpts from a paper written by Garey, Graham, Johnson, and Knuth. Don says that
he included it becauseit has two proofs of di cult theorems: proofs that are not, and
probably could not be, trivial.

Don tried to interest his readersin the rst proof (and algorithm) by presering an example
as a mathematical puzzle. He says that by solving the puzzle the reader can seethat the
problem is not simplisticlbut that an algorithm might be possible. (\This builds exactly
the right mental structures in the reader'smind for this particular problem, | think. The
algorithm itself is the worst algorithm | have ever had to preserijbut there is probably
no simpler one.”) While ashing us part of the algorithm|complete with more cases
than could t on the monitor|Don said,\The ability to handle lots of casesis Computer
Science'sstrength and weakness. We are good at dealing with sudh complexity, but we
sometimesdon't try for unity when there is unity."

The secondproof involvesthe reduction of one problem to another. The reduction requires
a very complicated system|a system that Don found was well served by an extended
biological metaphor and someinvolved terminology. As his metaphor, he chosethe jelly sh
(\an unrooted, free- oating tree"); he named piecesof the data structure stems, polyps,
tentacles, heads,and nematocysts (the biological term for stingers).

Mary-Claire asked, \If that structure turns out to be generally useful, are you going to
be sad that you called it a nematocyst rather than a stinger?" Don said No, but he
has been sorry about nameshe has chosenin the past. (He wisheshe had called LR(k)
grammars L(k) grammars.) When he was writing The Art of Computer Programming,
Volume three, he usedthe word \Daemon" to refer to what are now called \Oracles," but
the Oracle replacedthe Daemon beforeit wastoo late.

Another last minute terminology substitution happenedwhen Aho, Hopcroft, and Ullman
substituted \NP-complete" for \P olynomially-complete” in their text on Algorithms]|
even though they had already gotten galley proofs using the original nhame. The name
was changedat that late date asthe result of a poll conductedthroughout the Theoretical
Computer Sciencecommunity (suggestednameswere NP-Hard, Herculean Problem, and
Augean Problem).
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x27. Excerpts from class, Octob er 28 [notes by TLL]

Classopenedas Don introduced today's guest speaker: ProfessorHerbert Wilf. Professor
Wilf is on the faculty at the University of Pennsylvania but is spending his sabbatical year
at Stanford.

As Wilf took the dais he pronounced this \a marvelous course." (\T aken earlier in my
career it would have saved me and the world a lot of griefimostly me.") The course
topic is one of daily concern for him; apart from writing his own papers he edits two
very di erent journals: the American Mathematical Monthly (\The Monthl y") and the
Journal of Algorithms.

The Journal of Algorithms was founded in 1980 by Wilf and Knuth and is a researd
journal. Results are reported there if they are new, if they are important, and if they are
signi cant cortributions to the eld. If these conditions are met, a little leeway can be
givenin the areaof beautiful preseration. But the Monthl Yy is an expository journal. It
is a home for excellen mathematical exposition. (It also seemsto be a popular place to
send\pro ofs" of Fermat's Last Theorem.)

Though hetold usthat he feels\older without feelingwiser" and is uncomfortable setting
down rules for a human interaction that \in volves part brain and part hormone system"
he gave us se\eral pointers.

Get the atten tion of your readers immediately . Snapyy titles, arresting rst
sentences,and lucid initial paragraphsare all methods of doing this.

As examples,he shaved us a paper by Andrew M. Gleasonwith the title \T risecting
the Angle, the Heptagon, and the Triskaidecagon";a paper by Hugh Thurston that
began\Can a graph be continuous and discortinuous?"; and the rst paragraph
of an autobiographical pieceby Olga Taussky-Todd that started with someinsight
into the author's fascination with matrices. Gleason'spaper was attention-getting
mostly becauseGleasonis famous|\that helps."

Get everything up front. Tell your readersin plain English what you are goingto
write about and let them decidefor themselveswhether or not they are interested.
(\Y ou can quintuple your readershipif you will let them in on what it is that you
are doing.")

Remem ber that people scan pap ers when they read them. Potential readers
will skim looking for statemerts of theorems; if all of your text is discursive they
will have nothing to latch onto. Summarizeyour results using bold face (\or neon")
sothat the page ipp erscan make an informed decision. Similarly, drop notational
abbreviations and corvoluted referencesin the statemerts of theorems.

A little motiv ation is good, but readers don't like too much. Presering
examplesthat do not yield desired results can be quite useful, but the technique
losesits charm after a small number of sud examples. (Far from overdoing this
technique, many writers will introduce mysteriously corveniert starting points for
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their theorems. \Whenever | see Consider the following :::' | know the author
really meansto say "Here comessomething from the left eld bleaders.")

He gave us the name of three books (not written by anyonein the room) that he considers
superb books of mathematics:

Problems and Theorems in Analysis, by Polya and Szeg). It has a \Problems"
sectionand an\Answ ers" section. The problemsare self-cortained, digestible pieces
of more complex problems. The answers are on the spare side and have beenthe
cause of much head-scratting over the years. By solving seweral of these self-
contained problems, a readercan arrive at an understanding of major results in the
eld.

An Introduction to the Theory of Numbers by Hardy and Wright. This book is
\short on motivation." Theoremsare stated and proved conciselyand precisely In
the prefacethe authors claim that \the subject matter is so attractiv e that only
extravagart incompetencecould make it dull.”

Principles of Mathematical Analysis, by Rudin. This book is rigorous. It teadches
the readerwhat is and is not a proof. A readerwho survivesthis book feelsstrong.

Wilf commerted that all three of these books are quite dry, but Knuth objected (along
the samelines asthose usedby Hardy and Wright in their preface)and Wilf amendedhis
statemert: Each of thesebooks is very lean.

Discussingthe change of his own writing style over time, he told us that when he was
younger he didn't have much self esteemand stuck to established forms. Now that he
feels better about himself he has deweloped his own, much chattier, style. (Speaking of
chattiness, he is also a fan of the useof the rst-p ersonin technical writing.) He says he
aimsto be chatty leading up to a proof, prove it in the \lean and mean" style that Rudin
would use,and then be chatty again after he nishes the proof.

The last things that Wilf discussedwveretwo handouts (x28 and x29 below): \En umeration
of orbits of mappings under action of C,, the cyclic group,” and \Counting nedlaces."
Each handout discussegshe samemathematical problem, solved the sameway. \En umer-
ation of :::" takesa half page;\Counting Nedlaces" takesfour pages.

Someaudiencemenbers will appreciate the half page of exposition that is condensedto
the word \evidently" in the shorter paper; somewill merely be annoyed by it. As the
Monthly editor he getsletters from peoplewho complain about the informal style creeping
into recen publications. \Mathematics is a seriousbusiness,not a comic pursuit,” said
one sud letter.

Finally, Wilf doesn't meanto say that either of the two approadesis superior (\They are
the two sidesof the coin"); he meansfor us to examine eat and decide what techniques
we want from ead.
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[X28 WILF'S FIRST EXTREME 61]



x29. From MathW orld
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x30. Excerpts from class, November 18 [notes by PMR]

\No man but a blockhead ever wrote exceptfor money"

| Sanuel Johnson, quoted in Boswell's Life of Sanuel Johnson
April 5th, 1776

Today we got an ertirely di erent perspective on the whole ball of wax. Don began his
fortnight's sabbatical by turning the stageover to one of Computer Science'smost proli ¢
authors: ProfessorJe Ullman. A large crowd had gatheredto hear Je 's adviceon\How
to get rich by writing books"|an illustration of one of the principles of cover design, he
said: Attract peoplewith somethingthat isn't in the book at all.

Je started by talking a bit about the pragmatics of publishinglho w the money o ws. He
kicked o with a badk-of-an-ervelope calculation. A book is a megalyte of text. Je can
write perhapstwo or three kilobytes of rst draft per hour|sa y one kilobyte per hour of
nished text. We canall train ourselhesup to much the sameperformance,he asserted. So
it takesaround a thousand hours of labour to write a book. Now then, a typical CS text
might sell for $40. A good book on a specialized topic, or a mediocre book on a general
topic, might well sell 1500copiesin the US and 500 copiesabroad. (These gures put the
200,000copiesof Don's ACP sold in the USSR into someperspective.) A 15% royalty is
standard on domestic sales,a rather lower rate for foreign sales. All in all, our talented
specialist or so-sogeneralist can expect to net maybe $8000 over his book's lifetime of
perhaps v e years. Of course,fame as well asfortune is to be gainedthrough publication,
but Je dismissedsud non- nancial motivations as being beyond the scope of his talk.

\I told you to be a lawyer. Or a doctor,” someone'smother was heard to whisper. But
Je forestalled a massexodusto the GSB by going on to tell us how to make book-writing
a going concern. Firstly, he said, it's quite feasibleto double the royalty rate. CS authors
have someleveragewith publishersin that their books sell quite wellla publisher's costs
are very sublinear in the number of copiessold, so he canaord to pay a lot more for a
book that will sell 5000, instead of 2000, copies. What's more, a computer sciertist often
keepshis publisher's costsdown by preparing his own camera-readycopies. Je is happy
to tell you more about how to drive a hard bargain with your publisher|go and talk to
him about it! He seesan upward trend setting in, with royalties exceeding30%.

Secondly you needto aim for ten thousand domestic sales;say two thousand a yearfor v e
years. That's 5{10% of the erntire market in a topic like compilers or operating systems.
There's nothing o -the-w all about this, provided you nd the right niche: Let yours be
the hardest book on the subject, or the easiest. Or the best. This wasn't sohard to do in
the early days of CS, when there was a big demand for textb ooks but only a few authors;
it's certainly going to get harder asthe eld matures. If you're going for the big bucks,
advisedJe, choosea young and booming eld|biogenetics perhaps.

Increaseyour royalties and sales,and your e orts can net you as much asa medium-grade
hooker's: say $100per hour. Top-notch computer sciertists should aspireto no less.
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A miscellan y of tips

Find a co-author or two. Co-authors won't save you any time, but they do help
lter out your idiosyncrasies.Je said that when he writes alone\my own craziness
takes over" and the book turns out a dud. He was just \to o weird" in Principles
of Programming Systemdalthough not too weird for the Japanese who cortinue to
buy it. His Database book went well, though probably becauseChris Date's book
provided a framework and the necessary\dose of reality.” Filtering out oddball stu
has a big e ect on quality. And sincea textb ook that is only marginally better than
the competition will neverthelessgrab the lion's shareof sales,any small improvemert
is well worth having.

Je newer saw a book with too many examples. Uselots. Even a very simple example
will get three-quarters of an idea across. A pageor two later you can re ne it with
a complex example that illustrates all the \grubbies.”" But nding good examples]
examplesthat illustrate all and only the points you are concernedwith|is not easy;
Je hasno recipe. You must be preparedto spend a lot of time on it.

Je endorsedDon's exhortation: \Put yourselfin the reader's place!" If Mary-Claire
concurs,we may even be corvinced.

Spend the day reading about a topic, and write it up in the evening. That way, you'll
get the expository order right. You have an advantage over the experts becauseyou
can still remenmber what was hard to learn.

Je often seesa de nition in Chapter 2 and its usein Chapter 5. This just isn't the
way readerswork; it's essetial to keepde nitions and usesclosetogether. Don't be
ashamedto repeat yourselfif that's what it takes.

Thosewho can, do; thosewho can't, teach; thosewho can't teach, shovo. Remenber
that the object of exposition is education, not shovmanship.

There is a tradeo in using powerful mecdanics to justify your methods; they may
be too opaque. Je had to decide whether to spend 20 pagesteaching asymptotic
analysisin order to spend 5 pagesapplying its theorems, or whether just to say \It
canbeshowvn that :::" and refer his readersto another text. In the end he got around
the dilemma by doing only the most basic calculations and proving nothing deep. In
general, keepthe level of your exposition down so that you can rely on your readers
understanding it.

A couple of tactical remarks:

State the types of your variables. Talk about *:::the setS :::', not about ::: S:::"
Je 's English professor,now a leading poet, told him newver to usethe non-referertial "this'.
Recognizingthe dearth of poetry in CS, Je now forbids his students to useit either. 90%
of the time it doesn't matter; the other 10% leaves your readersbewildered. One book
preserns four ideasin a row and then says \This leadsusto consider:::". What leadsus

to consider?
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Coping with the comp etition

Like it or not, book-writing is an increasingly competitiv e sport. But just becauseevery
other introductory Pascaltext starts with “write ' statemerts doesn't meanthat yours has
to start with "while ', just to bedi erent. Don't slavishly imitate another's style, but don't
avoid it either. Know the market, know thyself, and work out a compromiseof your own.
Don't hesitate to follow the crowd when they are all going in the right direction.

This last remark brought Je (\I am not a lawyer") Ullman round to the tricky subject
of plagiarism. According to Prentice-Hall's Guide to Authors, imitation ceasedo be the
sincerestform of attery and becomessomethingmuch more culpableif areasonableperson
could not believe that you didn't have the other chap's book open in front of you as you
wrote yours. That said, remenber that you can't copyright ideasas sud, but only ways
of expressingthem. Je shamelesslyadmits that his Compilers book borrowed another's
table of contents and the generalfront-to-back expository stheme.

Je showed us a suspiciouscasein which an author had written \Kn uth has shown :::"
and then went on to quote more-or-lessverbatim from ACP. The coincidenceof notation
is hardly conclusiwe, he said, but the identical useof italics is pretty damning.

Don here pointed out that his disciple had actually corrected a typo, for one sertence
was in fact the exact logical negation of the other. But this book cortained much worse
examplesof plagiarism: A dozenor so successie equationslifted straight from elsewhere.
In thesenotes, nameshave beensuppressedo protect the guilty.

Someoneasked about secondand subsequeh editions. Je saidthat thesewill still consume
a kilohour or so, although they'll go faster if you can useyour earlier examples. But the
nancial advantagesare very real: Peoplestop buying a book whenit hasbeenout for v e
years, so publish a new edition and start the clock ticking again!

One personasked about writing survey papers|surely they will contain a lot of verbatim
guotes? There's no problem since the writer is not presening the work as his own, Je
said. Besides,accusationsof plagiarism hinge on nancial loss,and no onewrites technical
papers to make money But be explicit in your quotation if you feel more comfortable
doing so.

Why don't expositions of CS make more useof analogy, asked someonedrawing an analogy
with physics texts (which are planted thick with analogy, metaphor, and simile). Je
thought it partly dueto the nature of the subject, but encouragedus to useanalogy where
we are sure that the readerwill getthe point.

Asked about progresson Parallel Computation, Je confessedhat it may never be nished:
\That's another point about co-authors:::". Je left us,and Don, to re ect on his maxim:

\Never spend more than a year on anything."
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x31. Excerpts from class, November 20 [notes by TLL]

Today's special guestlecturer was Leslie Lamport of DECSRC. Leslie, sporting a Mama's
Barbeque T-shirt \W ALK IN | PIG OUT"), took the stage and gave us a very active
lecture. (He clearly believesin one of his own maxims: \Y ou've got to be excited about
what you are doing.")

The rst thing Leslietold uswasthat he would restrict his adviceto the writing of papers
(not books). \I have onething to say about writing a paper for publication: Don't. The
market is o0 oded. Why add to the detritus?" After the appropriate dramatic pause,he
continued with, \But seriously folks, somelody hasto write papers.”

While we are asking ourselves if our own papers are worth writing, Leslie asksthat we
keepin mind two bad reasonsfor writing a paper:

The rst bad reasonis \to have a long publications list." Leslie says he would like to think
that the people who are supposedto be impressedby a long publications list would be
more impressedwith quality than quartity. Admitting that this might not always be the
case,he appealedto our own senseof integrity to police us where others' standards do not.

The secondbad reasonis \to have a paper published in a specic conference." Leslie
has known peoplewhoseneedto insert papersin speci ¢ proceedingsis greater than their
needto disseminateaccurateinformation. This approad \sometimesleadsto pretty sloppy
papers.” He told us that he knows of one casewhere the authors of a conferencepaper
promisedto senda correction, oncethey gured it out, to ead conferenceparticipant.

Leslie recognizesone good reasonto publish a paper: \Y ou have done somethingthat you
are excited about."

Just how excited can you be and yet not publish a paper? Leslie wasoncetold: \Judge an
artist not by the quality of what is framed and hanging on the walls, but by the quality of
what's in the wastebaslet.” Similarly, Leslie thinks that we should be judged on the \b est
thing that we have donethat we decidednot to publish."

Moving on to how we learn to write well, Leslie told us that learning to write is more like
learning to play the piano than like learning to type. While both typing and piano-playing
involve motor skills, a good pianist must spend much time studying music in its ertirety;
he must spend more time away from the piano than in front of it. Correspondingly, we
shouldlearn to write by reading. Leslie payed homageto Halmos and Knuth, but said that
they can not match Fowles and Eliot: We should read great literature in order to learn
how to write good mathematical literature.

We must know what we want to present before we can preser it well. As Leslie said,
\Bad writing comesfrom bad thinking, and bad thinking newver producesgood writing."
We must keepin mind what we are writingland to whom.

The question of audienceis closely related to where a paper, once written, should be
published. Appropriate placesmay be a Tedh Report, a letter, a Journal, or the bottom
drawer of your desk. (Don't really throw anything out: it is good to have the record, even
if you don't publish your work.) How do we choose?
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Journal articles should be polishedand timeless. Conferencepaperscanbe a little rougher.
Conferencepapers are appropriate for work that is \not yet ready for the archives." Ted-
nical reports (usually distributed by an institution) are good for work that is not even
ready for the generalworld but still should be written up.

Leslie asksus to remenber that \in ead case,you still have readers. That tech report
may someday turn into a Journal article. You've got to be excited about your writing."

As for the certral theme of a paper, Leslietold usthat he enjoys the Elizabethan useof the
word \conceit" to denote a fanciful or cute idea around which a paper can be built. While
such an idea can be a good catalyst aswe begin to write, we should be willing to abandon
it. After all, we use such metaphors or themesin order to presen ideas|w e should not
allow them to intrude. The line betweenwhat can be called a conceit and the merely cute
isa ne one. Beware of jokes. Just how funny will a joke beten yearsafter it wasincluded
in a Journal paper?

While jokes should be left out, examplesare welcome additions to most papers. Leslie
said, \It is better to have onesolid examplethan to have a dry, abstract, academicpaper."
He also said that it is never a mistake to have too simple an example (\at least not for a
lecture”). Demonstrating that \examples keepyou honest," Leslie told us about a major
revision of one of his published theories upon discovering that his original draft of the
theory was not powerful enoughto deal with the example that he wanted to usein his
paper.

Expressing concernthat people often \ x the sertence and not the idea,” Leslie told us
that we can be too concernedwith details. For example, he tells us not to think about
formatting when we are writing. (\Don't think about format. Do think about structure.")
He suggeststhat whenewer we have somedetail, sud as complex notation, we shouldn't
write it out: We should usea macro.

Leslie discussedtrends in notation, shaving us a translation of Newton's Principia Math-
ematica Newton stated his mathematical theorems in non-mathematical language that
wasvery di cult to read. Instead of saying that somethingis inverselyproportional to the
squareof the distance, we can get the point acrossbetter by saying that it is c=cf.

Thus algebra has provided us with a tool for preseriing the structure of a formula. But
can't we improve presen practice by making the structure of an ertire discourse more
clear? Leslie gave us a handout demonstrating two forms of a proof: a paragraph form
and a form that looks like the tabular proofs that high-scdool students producein Plane
Geometry homework. (Seex33 below.) Pointing out that the tabular proof is much easier
to read, Leslie cautioned us that he was not talking about formatting, but the structure
that the tabular form enforces. He says that writing proofs in sud tabular \statement-
reason” forms will help us clarify proofsthat are to be presened in paragraph style. (The
ip side of the handout also contains an examplethat Leslie did not have time to explain.
The example showvs some\bloated prose” that Leslie trimmed down by half.)

In discussingwriting itself, Leslie said, \Y ou should be excited about what you are writing
and that excitemert should shav." Saying that this principle can especially be applied
to rst sertences(\Y ou want somethingthat leapsout at you"), he read us sewral rst
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sertencesfrom various compositions. The rst sertencecanbe expectedto be nontechnical
and to represent an author's best e ort. He was pleasedwith someof the rst sertences
from his own work and less pleasedwith others, but he was ecstatic about some of the
rst sertenceshereadusby T. S. Eliot or Allen Ginsberg. Thus it might be a good idea
to ask ourseles: \What would T. S. have written, if he were writing this paper?"

What characterizesa good rst sertence? Leslie says to \avoid passive wimpiness," but
to be simple and direct. \Get right down to business."” Of course,onceyou have hit your
readersin the gut with your rst sertence, you can't let them down with your second.
Continuing in this vein, by induction, \When you cometo sertence number 2079, you've
got to keepsocking it to them." (He illustrated this by reading an arresting sertence from
the middle of The Four Quartets by T. S. Eliot, choosingthe sertence at random.)

Leslie nished his lecture by saying, \| am not T. S. Eliot. | needto pay more attention
to my writing. As do we all.”

x32. How | changed my co-author's draft
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x33. Toward structured pro ofs
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x34. Excerpts from class, November 23 [notes by PMR]

Nils Nilsson, latest in our line-up of megastarguestspeakers, spoke on the subject of \Art
and Writing." He began by showing us two photographs: Edward Weston's print of a
snail-shell (strangely reminiscert of a human form), and Ansel Adams's \Asp ensin New
Mexico." Having thus set the artistic mood, Nils went on to talk about what this hasto
do with writing. Novels and plays are recognisedas art; mathematical writing should also
qualify, he said. Writing can be both art and communication; indeed, real communication
happensonly when writing is charged with artistic passion.

For Nils, a key word is Composition. Nils oncetook a coursein photography from a teacher
who declaredthat:

Composition = Organisation + Simpli cation .

This formulation made a lasting impression on Nils. It applies equally to writing as to
photography. A quote from Edward Weston: \Comp osition is the strongest way of see-
ing." A typical artistic phrase, said Nils, but what doesit mean? Somemight say that
Weston anticipated the ndings of recert resear® in computer vision: The viewer must
participate, construct models, form hypotheses. There are no spectator sports! Likewise,
a photographer seesbest when a sceneis well-composed.

\Life is very nice, but it lacks form.
It is the aim of art to give it some."
| Jean Anouilh.

But like all art, said Nils, writing should be fun. Just asthe painter takespleasurein the
smell of his paints, soshould the writer feelgood when surrounded by the tools of his art:
paper, ink, typewriter, wordprocessor,whatever. He must feel a thrill, as Don doeswhen
pinpointing a reference.Another key word, then, is Joy.

But if writing is to be art, we must rst master the craft. Only when our grasp of the
minuti  is perfect can we transcend technique and aspireto genius. Nils gave us a \broad
brush" overview of someimportant points, along with someautobiographical tales.

1. Start early. Impressionablemindsarebest. Somepeople nd that writing becomes
a real compulsion; if this happensto you, then let the urge take over!

Way badk in 1954 Nils took a Stanford courseon \Scienti ¢ Writing." Writing an essy or
two a week, he learnedto becomeclear and organised;and he got an A  for his paper on
\lonic Oscillations." Nils was pretty pleased,and thus beganhis careerasa writer. In the
Air Force, he discovered a growing urge to write a book about radar; he realisesnow that
this was mainly a compulsionto get the material organised. By 1960he had an outline of
the book, but it never saw the light of day; after leaving the Air Force he joined SRI and
got deeply involved with something elseertirely (Neural Nets, asit happens).

2. Write, rewrite, rewrite, rewrite ... . This dictum really is true, said Nils. It
is the extremely rare artist who doesnot needto labour over and over on his work.
Mozart was said to be an exception; his rst draft was his nal version. Beethoven,
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on the other hand, rewrote his work over and over, and even then was never satis ed.
As someoneonceremarked: \A work of art is never completed, only abandoned."

A menber of the classquoted Robert Heinlein as saying that a writer must resist the urge
to rewrite. (But then, Heinlein writes great thick books and pretty poor onesat that.
Likewise,Barbara Cartland is said to wander about the housedictating her novelsinto a
tape-recorder,whencethey are transcribed and published. Of the literary qualities of her
work, the lesssaid the better.)

\Easy writing makes damned hard reading.” Nils couldn't remenber the source of this
guote.* Hemingway put it rather more colourfully, which we blush to repeat here. Think
of your early drafts as being like an artist's sketches, urged Nils: Be prepared to throw
away nearly all of them. Neither are you donewhenthe book is nished and on the sheles.
Maurice Karnaugh (invertor of Karnaugh Maps) wrote to Nils after Principles of Arti cial
Intelligence was published and pointed out that the A algorithm as Nils had de ned it
would fail on a certain graph. This led to a correction in a subsequen edition.

Never let anything you write be published without having had others critique it. A univer-
sity is a good environment in which to get feedba& on your work, though you may need
to give somethought to the timing of your requestsfor commerts (unlessyou have in nite
resourcesof willing readers). Nils told us about the time that he thought he had a neat
result in non-monotonic reasoningand circumscription. He wrote it up and sert it to John
McCarthy, who passedit on to Vladimir Lifschitz, who discovered that Nils's derivation
\app earedto contain an oversigh :::".

Nils always tries to teach a courseon a topic at the time that he is writing it uplit's
ridiculous to inict your ramblings on the world unlessyou are prepared to do this, he
said.

Nils decidedthat sincehe had the whole book on-line, he would take a crack at publishing it

himself. He and his wife Karen set up the Tioga Publishing Company. One big advantage
about this cottage-industry approad is the easewith which the author can make changes
in subsequen editions. Karen wert on to becomea full-time publisher; Tioga's theme has
now changedfrom Al to nature and the environment. So Nils considershimself pretty well

\v ertically integrated” in the world of books.

3. Read. Read a great deal; it'll sharpen your style and get your critical faculties
working.

4. Mo del the Reader. Dejavu. This should be obvious, said Nils, but there's really
alot to it. Ask yourselfwhat the reader'sprimitiv esare, and write with them in mind.
In fact, the whole issueis socomplexand important that Nils likesto operationaliseit
with Al-t ype \d mons." Any number of these have to be running in the badkground
as you write, catching errors and providing constructive criticism. You have to be
asking all the time; \How is the reader going to misunderstand me here?" You must

* \Easy reading is damned hard writing." | Nathaniel Hawthorne. (\Just lucky to nd
it" | DEK.)
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automatically insert forests of guidelinesto keep him on track. You dewelop these
d mons by practice|it's a kind of motor skill, like playing tennis or riding a bicycle.
A split in nitiv e should really jar, Nils said: \It's got to light up in red!" The d mons

haveto run automatically; you can't be consciouslycheding alist of rulesall the time.
Besides,if writing is to be fun, it can't be compulsive!

5. Master the Medium. You needa good vocabulary, though this needn't mean a
huge list of big words. There are issuesother than pure language: indexes, tables,
graphs, and how to usethem to best e ect. As Don pointed out earlier, we can use
typography to make important distinctions, as with the typewriter font for logical
formul .

In the future, said Nils, it's clear that reading and writing will be far more interactive
processes| The Media Lab is not all hype. It's not clear yet what will prove necessaryor
useful; just asit took seweral certuries to invent the index, it will probably take us a long
time to identify the \stable points” o ered by our newtechnology. We in the audienceare
at the cutting edgeof these experiments.

6. Master the Material.  There's a lot of internal feedbadk involved in writing; one
comesto understand the material in a newway on trying to organiseit for publication.
Nils drew this diagram :

Internal
Model

re-organisation

writing

Text

As Mary-Claire said on Wednesdg,\How do | know what | meanuntil | hearwhat | say?"

Even Nils sometimes nds himself thinking \I don't believe that!" when he hears himself
lecture. | am reminded of the (true) story of a professorwho was always seento take a pad

of blank paper with him when he delivereda talk. When asked what it wasfor, he replied:

\Why, if | say anything good I'll want to write it down!" Sogo to lectures and classes,
give talks. All thesethings help modify your internal model and get things into shape.

\In a very real sense,the writer writes in order to teach himself, to understand
himself; the publishing of his ideas, though it brings grati cations, is a curious
anticlimax."

| Alfred Kazin
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7. Simplify . Lie, if it helps. You canadd the correct details later on, but it is essetial
to presen the reader with something straightforward to start o with. Sodon't be
afraid to bend the facts initially where this leadsto a useful simpli cation and then
pay back the debt to truth later by gradual elaborations.

\Another noteworthy characteristic of this manual is that it doesn't always tell
the truth.”

| Don Knuth, The TEXbook (page vii)

\Ev erything should always be made as simple as possible,but not simpler.”
| Albert Einstein

Ted Shortlie did a great job with Mycin, Nils said. But with 20/20 hindsight he might
have done better to invent a simplied system for expository purposes. For example,
he could have demonstrated the backward-chaining techniques and only later dealt with
\certainty factors."

By using simple exampleswe can get ourseles on the winning side of the 80-20rule: we
can corvey 80% of the truth with only 20% of the di cult y. Mathematicians, of course,
like to go the other way: They newver state a theorem in three dimensionsif it can be
generalisedto n. Such terse elegancecan be painful for the reader.

8. Avoid Recycling. With on-line text and sophisticated editors (I refer to software,
not the mandarins behind Sciertic American) it is very tempting to re-useportions
of old material. Resist the temptation. Almost certainly you are writing in a new
context, with a new emphasis. Hopefully you are older and wiser, and perhapseven a
better writer than you were when the old material was written. Sodo rewrite it, it's
worth the extra e ort.

9. Aim for Excellence. You'vegotto keepshooting for perfection, evenif you'll never
get there. What the Great have said on this:

\W e are all apprertices in a craft where no-oneever becomesa master."
| Ernest Hemingway

\Someday I'll build the perfect birch-bark canoce.”
| John McPhee

\Someday I'll write the perfect Al textb ook."
| Nils Nilsson

\Ah, but a man's reach should exceedhis grasp, or what's a heaven for?"
| Robert Browning

\The messageof these books is that, herein the 80s, ‘good' is no longer good
enough. In today's businessernvironment, ‘good' is a word we use to describe
an employee whom we are about to transfer to a urinal-storage facility in the
Aleutian Islands. What we want, in our 80s businessexecutive, is somelody
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who demandsthe bestin everything; somelody who is never satis ed; somelody
who, if he had beenin charge of decorating the Sistine Chapel, would have said:
\That is a good fresco,Michelangelo,but | want a better fresco,and | want it by
tomorrow morning."

| Dave Barry

x35. Excerpts from class, November 25 [notes by TLL]

Don openedclassby intro ducing guestlecturer Mary-Claire van Leunen and by giving us
the title of her talk: \Calisthenics." Mary-Claire openedher talk by telling us a story.

Many years ago Mary-Claire was a frequert passengeron the Chicago bus system. The
neighborhood where she boarded her #5 bus was a gathering spot for \bummy guys."
All of these guys were interested in money: Some begged, others peddled. Among the
peddlers|ha wking wares ranging from trenchcoats full of watchesto freedom from the
peddler's presence|w as a man whom Mary-Claire patronized quite regularly. He sold
pencil stubs (obviously collected from trash bins); but Mary-Claire said his patter was
charming enoughto rate one or two purchasesa week.

\These pencils are magic pencils," he would say. \Buy a magic pencil. Only 25
certs."

\What's a magic pencil?" would comethe expected response.

\With this pencil, you can write the truth.”

Inevitably, someonewould pipe up, \But | can write lies with it."

\Oh, you can break the magic. But if you really believe, you canwrite the truth."

Mary-Claire seesthis as the wonder and the motivation behind the craft of writing: If
you work hard, you can explain a new truth to someoneyou will never meet|p erhapsto
someonewho will live after you are dead.

Sudh a vocation requires preparation. The Composition Exercisesthat Mary-Claire has
given us (seex36 below) were designedto help us becomeas strong aswe can. Our readers
are more likely to be tolerant of a few weaknessesf they are surrounded and supported
by strength.

Mary-Claire has given these exercisesto students before, but preparing this draft for
our class pushed her to really write the exercises. The copy that she referred to over
the TV monitors was slightly dierent than the copiesthat we have beengiven. Mary-
Claire, hoping that thesedi erences represen improvemerts, invites us to suggestfurther
improvemerts to the draft. (She says that shemight publish somethingthat ewolvesfrom
this draftjbut probably not soon: Sheis not a fast writer.)

The rst set of exercises,labeled \V ocabulary,” is designedto increaseour command of
just that.

The rst of the pair is an exercisethat wasdoneby little Greekboys: taking a composition
and swapping all the old words (nouns, verbs, adjectives,and adverbs) for new ones. What
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isthe e ect of thesechanges?What happenswhena vulgarism is used? When a hoity-toit y
word is used?

The secondvocabulary exercise, the writing of a thesaurus entry, is best done over a
week. After sewral days of slowly adding to our set of synoryms, we should compare
our entry with an entry in our thesaurus. (Everyone needsat least one thesaurusand a
good unabridged dictionary. In addition to more than onekind of dictionary, Mary-Claire
recommendsSidney Landau's book Dictionaries to help us understand how to bestuseour
dictionaries.)

\Syntax," the next set of exercises,dealswith syntactic mastery. Mary-Claire says even
though vocabulary improvemert is more often consideredthan increasing our command
of syntax, syntactic armory improvemern is more important. She says that most of the
time we will useour basic three to four thousand words; we must use them in the most
interesting way possible.

Speaking of using words in interesting ways, Mary-Claire has beenreading the rst draft
of our term papers. There must be room for someimprovemen there: Her rst commen
was, \Nob ody sits down to write a boring paper.” How can we tell when something we
write is \syntactically impoverished"? Shegathered somestatistics that might help us get
the right idea.

One of her tricks was to study the rst 10 complete sertenceson the third page of every
paper. First she charted the averagelength of the 10 sertences: They varied from 15.6
words per sertence to 24.4 words per sertence. Mary-Claire says that any of us with
averagesunder 20 words per sertence are in the correct range for adult writing. (But the
writer with the 24.4 averagehad better have results pretty wonderful, to compensatefor
the extra work that it takesto read his paper.)

Sheervariation in sertence length is one indication of syntactic variation and appropriate
pacing. With 10 sertenceswe should be aiming for 9 or 10 di erent lengths. The samples
from our papersyielded 6 to 9 dierent lengths. The di erence betweenthe word count
on the shortest sertence to the word cournt on the longest varied between 17 words to 37
words. The ideal chart of sertence lengths should look like a bell-curve certered around
15to 18 words per sertence.

Sheasksus to note that we did not have enoughshort (\and punchy") sertences. A few
long sertencesare alsoimportant. Shesaid, \A well constructed 46-word sertence is not
adicult beast, but it had better not be your crucial point." We should remenber that
we have a responsibility to emphasizeand deemphasizeour points to the reader; long
sertencesare one method of deemphasizinga point.

Beyond the word counts, she looked at the templates used to construct our sertences.
For example, she found two writers who would appear to be similar if we just looked
at their sertence length average and variation, but who had quite di erent methods of
constructing their sertences. One of these writers used the same sertence construction
for almost every sertence (adverbial + subject + transitiv e-verb + object), and the other
usedmany di erent styles of construction. But the secondwriter wasnot free of aws. He
had two sertencesin a row with a full independen clausefollowed by a full parerthetical
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independert clause. Mary-Claire says that we must learn what syntactic usageis unusual
sothat we do not overuseit.

One syntactic trick not normally thought unusual was startlingly absert from our papers:
tight parallels. The use of two adjacert sertenceswith exactly the same construction is
an e ective way to communicate similarity to our readers. Mary-Claire is curious how we
could all avoid this technique. Perhapsit is an artifact of the way that students of our
generation were taught?

Given this motivation to \increase our syntactic muscle,” Mary-Claire led us badk to
discussingthe \Syntax" exercises.She passedover the rst two exercisesas obvious, but
a few commerns were made on \p eriodic" sertences.

Wewho have had mathematical training might be tempted to guesshat a periodic sertence
is onethat repeats cyclically, but we would be wrong. Periodic sertencesare those whose
grammatical and physical endscoincide: We must get adverbials out of the nal position.
For example, a verb that is intransitiv e must end the sertence. Period.

Periodic sertencesare not really appropriate in our kind of writing; they are a high literary
form. Even though such a sertence form is more frequertly encourtered in church than in
conferencepapers, the use of periodic sertenceswill heighten our awarenessthat we can
cortrol sertence structure.

The next exercisehasusrecasta sertencesoasto changeemphasis.What are the emphatic
positions? The front of the sertence and the badk. (\The middle of a sertenceis sort of a
slum.”) But shesays not to take her word for it; we should write sertenceswith varying
emphasisand nd out for oursehes.

Mary-Claire saysthat the last syntactic exerciseis\incredibly wonderful": Write nonsense.
Write a completely unrelated stream of thoughts with the correct glue: words like \th us,"

\therefore,” and \as we can see." She says this is a fun exerciseto do after a couple of

drinks. (Maybe we needa classlab?)

Moving on to exerciseslabeled \Man ual labor,” Mary-Claire told us that these should
logically come rst, but shewanted to woo us with the logical stu beforewe ran into the
weird stu. Why is it important to usedi erent methods to copy other people'swriting?
Becausewritingland ewven readinglis partly a manual process. Mary-Claire typed out
large sectionsof our papers as she was analyzing them. Shesaid that if you tie a baby's
hands behind his badk, but give him otherwise adequate mental stimulation, he will not
learn to speak well.

When we want to read a passageof text seriously sudr manual labor can help us slow our
brains down until we can give the passagethe consideration it desenes. (W. H. Auden
said that the proper way to show contempt for a poemis to copy it on a typewriter; the
proper way to shov admiration is to copy it in longhand.) Memorization and recitation
can also help us to be able to read word by word. (\Mak e yourself into a book that you
can take to prison should worsecometo worst.")

Mary-Claire is aware that we may not buy this \manual labor" technique at rst, but she
asksusto take it on faith. Shetook the technique on faith for ten yearsand then wrote a
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sincereThank-You to the personwho told her about it. Tenyearsfrom now we can write
her and tell us our opinions.

Most writers are aware of how important the manual part of composition is: They have
very rigid restrictions on how they compose. (\Oh, | can only write on yellow pads with
a fountain pen.") Mary-Claire says we should be able to composeon a cocktail napkin.

While discussingthe section labeled \F rozen sounds,” Mary-Claire told us about reading
aloud to her studerts their own writing. Some students were chagrined; others glowed.
She says we should form partnerships with other novice writers: Read and listen to ead
other. But shecautionsthat a little goesa long way. If the writing is good, we canlive on
that joy for quite a while; if the writing is bad, we won't be able to stand it for very long.

At this point in the lecture, Mary-Claire noticed that very few minutes remained. So her
commerts on the nal exerciseswere limited to those that she thought were the most
important.

Concerningthe \Marks on paper" exercisesMary-Claire quoted from E. M. Forster: \How
do I know what | meantill |1 seewhat | say?" We needto remenber that writing is \the
most forgiving medium known to man." We can work on it until we get it right.

Rushing past the \Stance, voice, and tone" section, shetold us that she borrowed tech-
niques from speedt therapistsjwho ask patients to exaggeratetheir defects until they
understand just exactly what characterizestheir defects. For example, she says, \If any
one has ewver told you that you are "breezy' write somethingtruly o the wall."

Shetold us that the sectionslabeled \Observation,” \Same as and di erent from," and
\In vertion" are lessimportant for us than for pure writers. Our discipline provides the
glue that writers with more freedom have to manufacture from scratch.

Shewarns us that the \Scansion" exercisesare hard, but very important. Sherealizesthat
shemay have trouble corvincing us that we needto write versein order to learn to write
mathematics, but onceagain she says, \T rust me."

Shereminded us that the \Precis" exerciseswere touched upon by Leslie Lamport in his
talk. At somepoint we cannot reducethe word count of a pieceof prosewithout changing
the structure of that prose. (We should never change the meaning, but we will have
to dispensewith somedetails.) This point comesat dierent percertages of decrease|
depending on the abbiness of the original text.

The nal exercisesshe discussed,\Nearly real,” are aptly named. They really are very
much like real writing. For instance, Mary-Claire says that \W riting a joke is exposition
at its purest. Things aren't funny unlessthey are well written."

Shesuggeststhat we try \Ben Franklin's exercise," rewriting a passageof someoneelse's
from memory and limited written hints|but that we try it with Don's writing. When we
have nished, what do we like better about Don's version? What do we like better about
our own?

Before the cameramancould shoo us out of the room, Mary-Claire reminded us onceagain
that theseexercisesare \v ery hard work.” Sheclosedwith, \I hope they will serve you as
well asthey have served me."
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Someof us surely hope the same.

x36.
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x37. Excerpts from class, November 30 [notes by PMR]

During the whole of a dull, dark, and soundessday in the autumn of the year,
when the clouds hung oppressivelylow in the heavens, | had been passing alone,
on horselack, through a singularly dreary tract of country; and at length found
myself, as the shadesof eveningdrew on, within view of the melancholy Terman
Engineering building.

| E. A. Poe (amended)

Don, like Mary-Claire, scansthe pagesof The New Yorker for choice malapropisms to
entertain us. In its columnsthe law rm of Choate, Hall, & Stewart had beenrendered
as Choate, Hall, Ampersand, and Stewart, presumably by a journalist receiving dictation
over the telephone.

We also saw a splendid dangling participle from the samesource:

\Fla vor and texture of cooked okra aredi erent from other vegetables.We usually
don't eatit raw, but in judging at fairs, | frequertly taste a sliceof a pod to ched
maturit y and condition. In soups,it is usedas a thickening agert. When fried, |
love okra."

[When sober, can't stand the stu. | The New Yorker]

Don announcedthat he had good news and bad news for us. He gave us the good news
rst. Mary-Claire is to speak again on Wednesdg. Also, Don nally got up the courage
to ask Paul Halmos to appear in our guest spot; he readily agreedand will speak next
Wednesdy (9" Decenber). This talk should be a tting climax to the course. And a
weekfrom today (Monday, 7" Decenber) we will hear from Rosalie Stemer, a copy-editor
for The San Francisco Chronicle.

Having thus softenedus up with thesecheerful tidings, Don delivered the Bad News: The
rst drafts of the term papers were, well :::\their content was not one hundred percert

pleasingto your instructor.” What makes a professor'slife worthwhile? The knowledge
that he hassucceededn teaching something. In particular, there'sajoy in the thought that

a student wasableto do somethingthat he couldn't have managedwithout the professor's
help. Don confessedhat this joy did not run through him as he read our drafts. Indeed,
he could almost think that many of them were written before the classstarted. Have we
beenrelaxing too much, he wondered? Has our writing in fact changedat all? Have we
learnt nothing? Disturbing thoughts, he said.

Of the thirteen paperssubmitted, eleven were sprinkled with wicked whiches|at leasttwo
in ea. Don himself hasbeenguilty of thesein his time, and of coursethere is no-onelike
a convert for rooting out heresy But theseare the 80sand we are supposedto be sensitised
to thesethings. And heaven knows, we've talked about this issueenoughin class! Sowhat
is he to think about this landslide of carelessness”Shaking his head, Don declared that
we left him with no alternative|lhe would have to resort to the ultimate sanction: a quiz.

In keeping with Honor Code protocols, Don left the room while we eat wrote a sen-
tence that useda ‘that' correctly where a "which' would have beenwrong, and another
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complemenary sertence|lwhic h useda ‘which' correctly where a “that' would have been
incorrect. A minute passed. And then another minute. There was little to hear but the
scratching of pencils and the beating of hearts.

Don returned. We spernt a few minutes looking at the various examplesthat the classhad
comeup with, somecorrect and someincorrect. By and large, the classredeemeditself by
the creative solutions that were submitted:

All the students that know whento use which' and "that' will passthe quiz. The
exam, which took place at the beginning of class,was not di cult.

A paper that usestwo whichesimproperly doesnot demonstrate that the author
hasn't learned anything. My rst draft, which was written this summer, had a
million of them.

Beware of examplesthat are misleading. My term paper, which contains many
wicked whiches, is otherwise not too bad.

CS-typesjust love self-referencejt seems.

Is it not true, TLL asked of Mary-Claire, that people invariably get their whiches and
thats right when they speak? Mary-Claire replied that people almost never say “which’
improperly in generalspeed|its only when they feel under pressurethat they resort to
this unnatural diction. So unnecessaryuse of "which' really corveys a bad tone in your
writing; it makesyou sound nervous. (Conversely on paper we can often fool our audience
into thinking that we are a lot more comfortable than we really are).

Don obsenedthat all translations of the Bible are strewn with erroneouswhiches. (\Thou
shalt not su er a wicked which to live," he might have said.) A clamour of voicespointed
out that Fowler is quite clear about the rule. True, but it wasnever enforceduntil the late
70s, Don countered. It seemsparticularly strange, he said, that the New English Bible
should commit this error, asits editors take great pride in the literary qualities of their
text. Mary-Claire resolvedthis mystery: Apparently our \oldest and closestallies” on that
far-o island regard this whole issueas unmitigated nonsense!

Don madea nal pleato us: \Y ou all keepyour text online, soit's very very easyto locate
all your whichesand ched them. Pleasedon't causeyour instructor any more pain on this
score!"

SneakyDon had saved one more item of good newsto lighten our spirits after this depress-
ing interlude: A letter from Leonard Gillman, editor of the Sierpinski proof over which we
had laboured many moons ago. ProfessorGillman was lavish [not “fulsome', according to
page 23 of his book] in his praise of our suggestions,and is now working on an improved
write-up. Particular credit wert to Studernt B, of course. Gillman is an Emeritus Professor
as of three months ago|Don drools to think of all the free time he must have.
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We moved on. Don claimed to have discovered a new (?) rule only by seeingit brokenin
three of the papers he read. It is this: The text should make senseif we read through it
omitting the titles of subsections.So, for example,don't say:

2. Contour Integration. This technique, invented by Caudy, is used:::
Rather, say:

2. Contour Integration. The technique of integrating along curvesin the
complex plane, invented by Caudhy, is used:::

The point is that the subheadingshould not be referred to explicitly or regarded as an
\in tegral" part of the text. Think of it as somekind of marginal note or meta-lewel
commert.

We spent the rest of the time looking at the draft of a paper about graph theory written
by RamseyHaddad and Alex Scha er. Firstly, Don pointed to their careful attention to
de nitions. This is particularly important in graph theory as various authors use terms
inconsistertly. A path may or may not be the samething as a simple path. At least one
writer usesthe term walk to make a distinction here. Soit is necessaryto de ne one's
graph theory terms clearly right at the start, even the most basic ones. Remarkably, there

was a time when the symbol "=' was not in generaluse. Fermat newver usedit, preferring
always to write "' or "ad g' or fuller Latin words like "ad quiban tur' that theseterms
abbreviate. Soin those days you would have to de ne the symbol "=' at the beginning of

your article if you intended to useit. (The equalssign was invernted by Robert Recorde
in his Whetstone of Witte , 1557, but it did not comeinto generaluse until more than a
hundred years later. Descartesused =" to mean something completely di erent.) The
moral: Ask yourself what badground your readersshare,and what they may or may not
have in common. \Be aware of what's diversein your readership."”

We sawv a somewhatintimidating multi-part de nition. It would becomelessformidable
to the readerif shortened. In this particular case,the expression

Wil Wy ! Ws

could have beencondensedto
+

Wy Ws
since W5, is used nowhere else. (In the Haddad-Stea er paper, ' means zeroor more'
and "+ means one or more', but let's not worry about that here.) Try to be succinct,
said Don: \Less is more."

It is important to be consistert in your useof terms, and you needto be especially careful
about this when working with co-authors. In this paper, one writer talked about "dom-
inators' and the other about “parents’, referring to the same concept. (Freudian slip?)
A related issue: Don't de ne terms that you never use. Don recalled Feynman's complaint
about New Maths: you are taught the symbols\ and [ in secondgrade, but you don't
usethem in any nontrivial way for sewen years.
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Next came a tricky question of tenses. \Gab ow and Tarjan[Gab83] show that for many
algorithms that had such a multiplicativ e factor in their worst-casecomplexities, the mul-
tiplicativ e term can be removed.” Here "had' should be "have'; an algorithm livesforever,
and its worst-casecomplexity is a timeless fact about it. Howewer, the problem solved
by an algorithm can have di erent known complexities at di erent times; therefore "had'
would be okay if "algorithms' were “problems'. (The quoted sertence also exhibits other
anomalies. A ‘multiplicativ e factor' is not also a "‘multiplicativ e term’; factors are multi-
plied, terms are added. Also the logic of the sertence can be unwound to make the point
clearer: \Gab ow and Tarjan have shavn how to improve the algorithms by removing sud
a multiplicativ e factor from the worst-casecomplexities in many casesGab83].")

We talked about abbreviations for bibliographic references. Don didn't like the lack of
spacebeforethe bracket in \::: Tarjan[Gab83]:::"; neither doeshe like this kind of thing:
\In [Smith 80]it wasshown :::". Referencesshouldideally be parerthetical; we should be
ableto readthe sertenceignoring them and still have it make sensecf. subheadings). Some
citation styles write up namesand dates in full, but this can get repetitious: \:::Knuth
[Knuth 83] hasshown that :::". Don's paper on goto 's was published rst in ACM Com-
puting Surveys and later incorporated into a book. For this secondprinting he had to
make numerous changesto the sertencescortaining citations, becausethe originals would
look strangein the dierent context and format of the book. Oren Patashnik pointed out
that the Chicago Manual of Style recommendsleaving referencesunnumbered, lest you
have to make changesall through the text every time you insert a new one. This is lessof
an issuewhen a system like TEX handlessud things automatically, of course. The CMS
is full of such e ciency tips.

Too many commascan be a bad thing (bad things?). For example, considerthis sertence:
\Our algorithm to recognizeand label the graphs when given a directed graph, G, with

distinguished vertex s, can be summarized as follows." Remove the commasaround "G’

and put one after ‘graphs'. As a rough guide, put a comma where a speaker would pause
to draw breath.

The word “loop' was ambiguous when rst used;Don replacedit by “self-loop'.

A sertencein the paper began\if any H; (j > 0) has:::". In fact it wasknown that Hg
satis es the stated condition, so Don suggestedhat the authors simplify the statement by
omitting the j > 0 condition. Moral: Give a simple rule rather than an optimal one.

Elsewherewe sav \:::all the Hj's :::". This is of coursethe standard way to form
the plural of a symbol, but you are going to get into trouble when you start also using
the construct Hj0 (that is, H; primed). A simple way to avoid the problem is just to say:
\::read Hj is:::". Alternativ ely, you might want to invert another namefor the concept,
particularly if you are going to be using it time and time again. It's just not elegan to
have too many symbols crowded on the page. At one point the authors wrote \:::of Hjs
descendats :::". This doesn't work at all; you do need an apostrophe for the genitive

(possessig) case.
Three small points:

Instead of \ : ::the one vertex path :::", write \:::the one-wertex path :::".
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The preposition "at' would be better than “of' in \:::vertex of distance< d:::".

We certainly needa spacehere: \:::using 4.3(below) we derive :::".

Someauthors have a disconcerting habit of using a lemma or theorem that is not proved
until later on in the book. This can leave the reader wondering whether someonehasn't
pulled a fast oneon him (essemially by using a result to prove that sameresult). Somake
it quite clear to the reader that your proof structures do respect the necessarypartial
ordering.

Using ties: TEX and other systemsallow you to specify that certain blanks are not to
be used as line breaks. For example, put ties after the word "dominates' in the phrase
‘v dominatesx and x dominatesw'. In\:::if eis:::" it is bestto put suc atie betweene
and 'is'. The ideais to keepline breaksfrom interrupting or distorting the message.

Beware of the unfortunate co-incidence! Sometimeswe cannot usean idiom becausesome
word is also being usedin another sense.For example: \:::n vertices have beendeleted
by this point.” In oneof the term papers, someonewas using contour integration to study
aeradynamics. There were airplanes and complex planesall over the place, much to Don's
confusion. Another example that came up was the word “left'. This can be either left as
againstright (in atree structure, say), or a past tenseof the verb "to leave'. So ‘the node x
is left' might be ambiguous.

In a nal remark for today, Don suggestedthat a sequenceof examplesthat build upon
one another is much more useful than a number of unrelated ones. The paper by Haddad
and Scha er hasa particularly nice sequenceof illustrations demonstrating this point.

After class,everyone got badck two independertly annotated copiesof their term papers.

x38. Excerpts from class, December 2 [notes by TLL]

Don welcomedMary-Claire van Leunento her encorelecture by pointing out the intriguing
books that Mary-Claire had placed on the desk; he said he hoped that shecould now tell
us all the things that the clock had prevented her from telling us last lecture. Mary-Claire
countered by saying that Don had only invited her bad \on the theory that no one could
possibly be that nervous two weeksin a row."

Leaving the books alone for the momert, Mary-Claire told us the tale of which and that.

The story opensin the 17th certury, when speakers of English have two relative pronouns:
which and that. What are relative pronouns? Here are some sertences (examplestaken
from the ConciseOxford Dictionary ) where which and that are usedas relative pronouns,
both singular and plural:

Our Father which art in Heaven :::
Theseare the oneswhich | want to learn.

:::the onethat | mean:::
These are the onesthat | want to learn.
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Which and that are not always usedasrelative pronouns. Here are somesertences(again
from the ConciseOxford) wherethey sere other functions (along with the technical term
for the function they are serving):

Which? Say which. (interrogative pronoun)
Which one? Say which one. (interrogativ e adjective)

... during which time we can::: (relativ e adjective)

| like that. (demonstrative pronoun)

| like that thing. (demonstrative adjective)
:::not all that wonderful : :: (adverb)

:::no doubt that he can::: (subordinating conjunction)
O that we could! (particle)

We have no spoken evidencefrom the 17th certury, but Language Theorists believe that
writing and speed were very far apart. That is, they believe that no one's ideal was
to write the way that he sounded. Theorists cite two piecesof evidenceto support this
claim: The rst isthat the Theorists themseles nd it dicult to believe that, in the last
three certuries, spoken English has ewlved asfast asit must have if the written language
and the spoken language originally matched. The secondpiece of evidencecomesfrom
examining extant 17th certury guidelineson writing or speaking e ectiv ely.

By examining samplesof writing from the 19th certury (particularly the ewveryday writing

that was usedfor communication rather than as examplesof great literature), we can see
that the written languagehas ewlved into one much closerto the spoken language. Lan-
guageTheoreticians of that time said that this ewlution was good, but their admonitions
cameafter the direction of ewolution was already evidert. (We should remenber that our
languagebelongsto millions of people. It cannot be cortrolled by the decreesof any one
personor group.) We now move on to our own certury.

In 1906H. W. Fowler and F. G. Fowler published The King's English (Oxford University
Pressstill hasit in print). Here the brothers Fowler write down for the rst time that
corversational rhythms are to be re ected in written English.

In 1926 H. W. Fowler published Modern English Usage (also still available from Oxford
University Press). In this book the surviving brother cortinues the explanation of the
relationship betweenspoken and written English|but he doesso much more clearly.

While we are following the hot trail of our current subject, we should not losesight of the
vast range of the cortributions that Fowler madein this landmark book. Mary-Claire calls
Fowler the \great theoretician of the semicolon." Fowler sav the semicolon,which hasno
spoken equivalert, asa structuring devicethat operatesbetweenthe levels of the sertence
and the paragraph. This is just one example of how Fowler tried to utilize the graphical
nature of print to the advantage of written English.

Returning to the ewlution of written English toward spoken English, let's examine how
peopleusewhich and that when they talk.

Speakers do not usewhich asa relative pronoun becausespeakers do not normally express
thoughts that are long enoughto cortain non-restrictive clauses: Our spoken sertences
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are shorter than our written ones. People do use which when they talk, but they use
non-referernial whiches to introduce new thoughts that are tacked on to old thoughts.
Examples of this kind of usageseemstrange when written down (becausewe don't use
non-referertial whichesin written English), but they sound perfectly normal when heard
on the street. Here is one:

| went sailing this weelend; which tells you why my noseis pink.

Fowler realized that written English would sound more like speed if the choice of relative
pronoun wasuniquely determined by whether or not the clauseit intro ducedwasrestrictive
or non-restrictive. He wrote se\eral thousand words on this subject; hereare a few of them:

A supposed,and misleading, distinction is that “that' is the colloquial and "which'
the literary relative. That is a false inferencefrom an actual but misinterpreted
fact. It is a fact that the proportion of "that's to "which's is far higher in speedh
than in writing; but the reasonis not that the spoken “that's are properly con-
verted into written “which's. It is that the kind of clause properly begun with
‘which' is rare in speed with its short detached sertences,but very commonin
the more complex and cortinuous structure of writing, while the kind properly
begun with “that' is equally necessaryin both. This false inference, however,
tends to verify itself by persuadingthe writers who follow rules of thumb actually
to changethe original ‘that' of their thoughts into a "which' for presenation in
print.

The two kinds of relative clause,to one of which “that' and to the other of which
‘which' is appropriate, are the de ning and the non-de ning; and if writers would
agreeto regard ‘that' asthe de ning relative pronoun, and “which' as the non-
de ning, there would be much gain both in lucidity and in ease. Some there
are who follow this principle now; but it would be idle to pretend that it is the
practice either of most or of the best writers.

There is no doubt that Fowler hashad a signi cant in uence on the English language,but
why is it that his e ect on American English has been greater than on British English?
To answer that question, we move our focusto New York in the year 1925: Harold Ross
has just founded the New Yorker magazine.

Rosswas a man who liked things to be clearly de ned. He took Modern English Usageas
gospel. For decadesthe New Yorker had reliably in uential prose,and for decadesH. W.

Fowler's dictums were applied blindly to that prose. Mary-Claire was nearly nonplusedas
shementioned reading a collection of letters from a New Yorker editor to various literary

luminaries. (\I'm sorry, but we had to changeall your whichesto thats," soundsrather

presumptuouswhen addressedto John Updike.) The New Yorker no longer treats Fowler

asdivinely inspired, and they haven't sincethe 1950s,but that leavescloseto three decades
of blind obedienceto consider.

According to Mary-Claire, Harold Ross's attachment to obedienceis not unusuall|for
Americans. Shesays that Americans look in a referencework, seewhat it says, and then
decideto obey or to disobey; Britishers look in the samereference,seewhat it says, and
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then formulate new and di erent ways of treating the same questions. Why is it that
Britishers feel that they are entitled to an opinion but Americans do not? Two partial
answers might combine to give us a single satisfactory one.

Most British people have beenEnglish speakers for generations,but most Americans are
descendats of recent immigrants. Immigrants are told, \These are the facts. If you want
to speak English, follow the rules.”" Perhapsmore important, educatedBritish peopleare
taught to write from day one. Many of the exerciseghat Mary-Claire gave usin her lecture
on Calisthenics are actually usedin British Grammar Sdools. British University students
discusstheir weekly writing with their tutorsland they regularly write about 2000words
a week.

In 1957, we Americans acquired a new sourceof authority on writing English|this time
American English. An old classmateof E. B. White's sert him a copy of the book that they
had received from their English professor,Will Strunk. The decision-malersat Macmillan
decidedto publish a book that contained Strunk's monograph plus an extra chapter by
White on \spiritual things." The combination of Strunk's clear and simple instructions
and White's beautiful prose made The Elemerts of Style, by William Strunk, Jr., and
E. B. White, the landmark of written style for our generation. Here is their ertire essy
on which and that:

\That" is the de ning or restrictive pronoun, \whic h" the non-de ning or non-
restrictive. Seeunder Rule 3.

The lawn mower that is broken is in the garage. (Tells which one.)

The lawn mower, which is broken, is in the garage. (Adds a fact about
the only mower in question.)

Rule 3 says \Enclose parerthetic expressionsbetweencommas."

Mary-Claire hasa copy of the rst edition of The Elemerts of Style, in which White uses
a ‘which' for a "that' (this has beenchangedin later editions). The line originally read:

... a coinageof his own which he felt was similar to :::

The Elemernts of Style has many departures from guidelines preseried by Fowler. It was
written for the American audience,and it waswritten for an audiencewithout a high level
of grammatical sophistication. In contrast, as Mary-Claire said, \F owler is rough going
for those of us whoseLatin is weak and whose Greek is non-existert." Future editions of
Fowler may needprefacesexplaining what adjectives, adverbs, and the like are. It is most
common for peopleto learn those terms when they learn their rst non-native language
(though Latin is the only languageto which the terms are perfectly suited).

Fortunately for native English speakers, there is a rule completely lacking in jargon that
we can useto determine whether a "which' should be a “that":

If you can substitute “that' for "which’, do it.

Mary-Claire attributed this rule to Leslie Lamport. Leslie says that his version of the rule
is actually:
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If it soundsall right to replacea "which' by a "that', then Strunk & White say
replaceit.

Which brings usto our next issue: Are whichesthat could be thatsalways wrong? Don said
that now that he knows the rules, he nds ewery \wic ked which" an irritating distraction
from his reading enjoyment. He seemedto imply that whichesin restrictive clausesare
always wrong.

Mary-Claire said that the rules given hold for \everyday, expository prose|shirtsleev e
prose, not literary prose." (She did not tell us how to decide when the everyday rules
should be violated.) As for Don's discomfort on nding whichesin well-beloved authors,
shesaid \l believe we are encourtering obediencehere.” After class,Leslie Lamport had
this to say on the samesubject:

| unfortunately have somewhatthe samereaction as Don to \incorrect" usesof
which, for which | cursethe evil in uence of Strunk & White. When | obsened
that writers sud as Dickensand Fowles are \incorrect,” | quickly lost my desire
to be\correct.” Howewer, | can't completely unlearn the re ex of being bothered
by the \incorrect” usage.

I still try to usethats when Strunk & White tells me to, becausel know that
many of my readerswill have beensimilarly indoctrinated. But | will throw in
an occasionalwicked which to avoid a string of thats.

Mary-Claire's nal word on the subject:

\ Which and that are not in themselwesvery important. But tone is important,
and tone consistsertirely of making thesetiny, tiny choices. If you make enoughof
them wrong|c hoiceslike which versusthat|then you won't get your maximum
readership. The reader who hasto read the stu will go on readingit, but with
lessattention, lesscommitment than you want. And the readerwho doesn't have
to read will stop.”
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x39. Excerpts from class, December 2 (contin ued) [notes by TLL]

During the nal momerts of class,Mary-Claire nally got to thoseintriguing books. They
were worth waiting for.

First, shereminded us of \F ranklin's Exercise" from her previous lecture. Sheread us a
passagefrom The Autobiography of Benjamin Franklin where Franklin mentions it:

A question was once, somehav or other, started between Collins and me, of the
propriety of educating the female sex in learning, and their abilities for study.
He was of opinion that it wasimproper, and that they were naturally unequal to
it. 1 took the cortrary side, perhapsa little for dispute's sake. He was naturally
more eloquert, had a ready plenty of words; and sometimes,as | thought, bore
me down more by his uency than by the strength of his reasons. As we parted
without settling the point, and were not to seeone another again for sometime,
| sat down to put my argumerts in writing, which | copiedfair and sert to him.
He answered, and | replied. Three or four letters of a side had passed,when
my father happenedto nd my papers and read them. Without erntering into
the discussion,he took occasionto talk to me about the manner of my writing;
obsened that, though | had the advantage of my antagonist in correct spelling
and pointing (which | ow'd to the printing-house), | fell far short in eleganceof
expression,in method and in perspicuity, of which he corvinced me by seeral
instances. | saw the justice of his remarks, and thence grew more attentiv e to the
manner in writing, and determined to endeasor an improvemer.

About this time | met with an odd volume of the Spectator. It was the third.

| had newver before seenany of them. | bought it, read it over and over, and was
much delighted with it. | thought the writing excellert, and wished, if possible,
to imitate it. With this view | took someof the papers, and, making short hints
of the sertiment in ead serence, laid them by a few days, and then, without

looking at the book, try'd to compleat the papers again, by expressing eadh
hinted sertiment at length, and as fully asit had beenexpressedbefore,in any
suitable words that should cometo hand. Then | comparedmy Spectator with

the original, discovered some of my faults, and corrected them. But | found I

wanted a stock of words, or a readinessin recollecting and using them, which |

thought | should have acquired beforethat time if | had gone on making verses;
sincethe continual occasionfor words of the sameimport, but of di erent length,
to suit the measure,or of di erent sound for rhyme, would have laid me under
a constart necessiy of searting for variety, and also have tended to x that

variety in my mind, and make me master of it. Therefore| took someof the tales
and turned them into verse;and, after a time, when | had pretty well forgotten
the prose, turned them bad again. | also sometimesjumbled my collections of
hints into confusion, and after someweeksendeaored to reduce them into the
best order, before | beganto form the full sertencesand compleat the paper.
This wasto teach me method in the arrangemern of thoughts. By comparing my
work afterwards with the original, | discovered many faults and amendedthem;
but | sometimeshad the pleasureof fancying that, in certain particulars of small
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import, | had beenlucky enoughto improve the method or the language,and this
encouragedme to think | might possibly in time cometo be a tolerable English
writer, of which | was extreamly ambitious.

Next, shereminded us of the verse-writing exercisesthat shehad so highly recommended
during the previous lecture. She shawved us the book that she and her studert, Steven
Astrachan, had worked through together: A Prosody Handbook, by Shapiro and Beum.
She said what would have been even better was Rhyme's Reason by John Hollander.
Mary-Claire said we should all buy Hollander's book, and then shetried to make sure we
would by playing on the Computer Sciertist's love of self-reference. This is Hollander's
description of one particular poetic form:

This form with two refrains in parallel?
(Just watch the opening and the third line.)
The repetitions build the villanelle.

The subject established,it can swell
acrossthe poet-architect's design:
This form with two refrains in parallel

Must never make them jingle like a bell,
Tuneful but empty, boring and benign;
The repetitions build the villanelle

By moving out beyond the tercet's cell
(Though having two lone rhyme-soundscan con ne
This form). With two refrains in parallel

A poemcan nd its way into a hell
Of ingeruity to redesign
the repetitions. Build the villanelle

Till it hastold the tale it hasto tell;
Then two refrains will nally intertwine.
This form with two refrains in parallel
The repetitions build: The Villanelle.

Mary-Claire told us that she once wrote out a recipe for making bagelsin Alexandrine
couplets. It was a good exercise,and it was hard. Shesays that it was so hard that she
actually beganto believe that the results would be intelligible (and interesting) to someone
else. Shesern the recipe 0 to a food magazineand received \a truly astoundedletter of
rejection.” Shecautioned us again that the verseexercisesuseful asthey are, \really are
only exercises."

The nal book that she showved us was A Handlist of Rhetorical Terms by Richard A.
Lanham. Shesaid Lanham is the sourcefor many of the great words she dazzlespeople
with. Someof the terms in Lanham's book are more useful than others; there are some
terms in the book that can only be represenied in Greek syllabic verse.

Mary-Claire and Steven wrote out examples of ead term in Lanham's book. Having
performed the exercise,Mary-Claire con dently told us that it was not pro table. She
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said that her warning us not to try exercisesthat won't do us any good provesthat she
isn't totally crazy|and that the exercisesthat shedid give us are worth doing.

x40. Excerpts from class, December 4 [notes by PMR]

\All the o cer patients in the ward were forced to censorletters written by all
the enlisted-men patients, who were kept in residencein wards of their own. It
was a monotonousjob, and Yossarianwas disappointed to learn that the livesof
enlisted men were only slightly more interesting than the livesof o cers. After
the rst day he had no curiosity at all. To break the monotony, he invented
games. Death to all modi ers, he declaredone day, and out of every letter that
passedthrough his handswent every adverb and every adjective. The next day he
made war on articles. He reached a much higher plane of creativity the following
day when he blacked ewverything in the letters but a, an and the. That erected
more dynamic intralinear tensions, he felt, and in just about every caseleft a
messagefar more universal.”

| JosephHeller, Catch-22

Don rewarded today's early birds with the chanceto participate in a referendum. We
voted to decidethe due-date for the term papers, Monday 14" or Wednesdg 16" . UN
obsenerswerenot surprisedto nd the latter date wasfavoured by the populace;the only
surprise wasthat the vote was not quite unanimous. Very well then, said Don: All papers
to be handedto him, his secretaryor TAs, by 5pm (Paci ¢ Standard Time) on Wednesdg
16" Decenber. (The real early birds were rewarded with some cookies that Sherry was
handing round. And very good they were, t00.)

It was of coursetoo much to hope that we could get through the whole of a CS class
without computers rearing their ugly heads;today they did. Don's topic was computer
programsthat are supposedto help us with our writing. Two sud| style and diction |
are available on Navajo (a CSD Unix madine). Theseare relatively old programs. State-
of-the-art systemscosta lot of money, and sonaturally Stanford doesn't have them. There
is a program called sexist , for example, which attempts to alert us to controversial word
usage. Don recalled the occasionwhen the (London) Times quoted him as saying that it
wasn't appropriate to talk about ‘mother and daughter' nodesin a tree structure, and he
received a lot of irate mail as a result. Peopleseemto be lessuptight about suc things
thesedays, he said.

The style program takes a piece of text and scoresit according to ‘readability’. The
analysisis very super ciallw ay below the level of human critiquing. However, said Don,
these programs are kind of fun. And they do provide an excuseto read the documert
from another point of view. Even if the analysisis wrong it does prompt you to re-read
your prose, and this hasto be a good thing. Don recalled Richard Feynman's anecdote
about his rst day at Oak Ridge Laboratories: Having no idea what he was supposedto
be doing, Feynman pointed to a random symbol in the blueprints and said, \What about
this then?" A technician immediately agreedthat Feynman had spotted a signi cant and
potentially dangerousoversigh in the design.

[100 x40. COMPUTER AIDS TO WRITING ]



Toillustrate the programs, Don had run them on a dozenor sosampletexts. For instance,
he used a passagefrom the rather ponderousintroduction to a book by Alonzo Church;
samplesof PMR's and TLL's notesfor CS 209; versionsof his own exposition of binomial
coe cien ts, vintage 1965 and 1985; Wuthering Heights; Grimms' Fairy Tales and part
of a book about the Bible that Don is writing on weelends. The style routine produces
four di erent readability gradesfor any piece of text. Each is literally a \grade" in that
it indicates what level of education the piece suggests. The basis of the grading is very
straightforward; it's a linear formula whosevariables are the averagenumber of syllables
(or letters) per word and the average number of words per sertence (or sometimesthe

reciprocal of this value). For example, there are constarts , , sud that
grade=  (words/sentence) + (syllables/word) +
How were , , and determined? The authors of eat readability index simply look at

a large number of piecesof writing and assignthem a grade-le\el "by eye'|that s, they

estimate the ageof the intended reader. Each piece of text is then characterised by three
real numbers: the averagenumber of words per sertence, the averagenumber of syllables
per word, and the subjective gradelevel. Soead piecedeterminesa single point in 3-space
(plotted against three orthogonal axes);the set of piecesdeterminesa scatter of points in

3-space.Standard linear regressiontechniquesare usedto nd the plane that is the \b est
t" for thesepoints. The three parametersabove de ne this plane.

Someoneasked whether we should be shooting for somespeci ¢ gradelevel, and if so, what
level? Don replied that his usual aim is to minimise the level, although overdoing this will
defeat the purpose.

In addition to the raw scores,a variety of other parameterscomeout of a style analysis:
averagelength of sertences,percenage of sertencesthat are much shorter or longer than
the average, percertage of sertencesthat begin with various parts of speed, etc. The
program alsoattempts to classifysertencesinto typesand tabulate their frequenciesaswell
astelling usthe percertagesof nouns, adjectives, verbs (active or passiw), etc. A sertence
is considered\passive" if a passiwe verb appearsin it anywhere, even in a subclause.
Curiously, style classi esany sertencethat begins’lt :::" or ‘There:::' asan\expletiv e."
This seemsa little strangeto those of us who are old enoughto remenber Watergate. We
always thought that it was quite a di erent classof words that the transcribers of Tricky
Dicky's tapesfelt the needto delete.

Don's theological piecestood out as being pitched at a signi cantly lower grade level than
the other specimens. He was initially surprised by this, and double chedked the data
to make sure there was no mistake. But on re ection he concludedthat we usually write
more obscurelywhen writing about our own eld. The two versionsof his binomial chapter
had very similar scores,despite their having beenwritten twenty years apart. Church's
piece scored high. Don said that the statistics were misleading here; although Church's
sertencesare quite long, they are not ugly but musical. Still they were not a special joy
for the reader.

The style output alsonoted a lot of passiwe voicein Church (perhapsnot surprising in a
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technical work) and a paucity of adjectivesin Grimms' Fairy Tales Don noted that Mark
Twain didn't think much of adjectiveseither.

A companion program called diction operateson dierent lines. It hasan internal dic-
tionary of 450words and phrasesthat it deems questionable’and ags them, inviting the
writer to nd an alternative way to expresshimself. For example, diction doesn't like
the word “gratuitous', and ags its useas an error. Neither doesit like the phrases num-
ber of' or "dueto’. Don noted that copy editors generally prefer "becauseof' to “due to'

in ordinary writing, and perhapsdiction is overlooking the mathematical usage: \This

theorem, due to Caudy, is used:::". In Don's book TEX: The Program, the copy-editor
changed all Don's "due to's to "owing to'; Don changed them all badk again. But he
seardied unsuccessfullyfor a referenceto the mathematical usagein his dictionaries, so
he wondered aloud if he was completely out of line with the rest of the world. The class
unanimously reassuredhim that "due to' was quite the elegan way to give credit for a
scierti ¢ innovation. Lexicographersare out of touch here.

The word “very' is alsoon diction 's list of suspects. Don recalled that someonehad once
advised him thus: \T ry changing all your "very's to "damn's and seewhat results. Don't
use very' unlessyou would happily use ‘damn'in its place." Damn good advice!

The diction Iter alsoobjected to literally' and 'in fact', but partially redeemeditself by
catching a wicked "which'. A sister program, explain , expandson diction 's objections
and recommendsimprovemerts. For example, explain suggeststhat we write “if' instead
of "assumingthat’, and ‘really’ instead of "actually’. In practice, usersreportedly accept
about 50% of diction 's suggestions.And that's asit should be|w e've got to keepthese
machinesin their place.

x41. Excerpts from class, December 7 [notes by PMR]

Today we heard from our perultimate guest speaker, Rosalie Stemer. Rosalie is a wire
features editor at the San Francisco Chronicle, teaches copy editing at Berkeley, and has
worked asa copy editor for the SanFranciscoChronicle, the KansasCity Star, and Chicago
Daily News Soshewields an ultimate pen.

It's a sadtruth, Rosaliesaid, that peoplewho should be able to write well often can't. She
illustrated with a newspaper headline:
DISABLEDFLY TO SEECARTER

and a story that began:\Doing what he loved best, golf pro John Smith died while :::".
She told us about the occasionwhen a newspager was having trouble tting the word
‘psydiatrist’ into a headline, and resolved the problem simply by writing “dertist' instead.

Rosaliewent through a story led by an experiencedjournalist, pointing out its good and
bad features and the changesshe had made.

\Nine out of ten books bought in this certury by the U.S. Library of Congress,one
of the great researt libraries of the world, will self-destructin 30 to 50 years."
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She faulted this sertence on a number of cournts. The ‘great researt libraries' phrase
puts the wrong focus on the sertence|w e are not really concernedabout the status of the
Library of Congressin this article. "Nine of ten :::' would be better, she said; the word
“out' is super uous. And doesthe Library of Congressbuy the books that it houses?No.
Publishers give books to the Library of Congress,asrequired by law.

The secondsertencenoted that the problem is plaguing ne book collectors,amongothers.
What does  ne' modify here, Rosalie asked: the books or their collectors?

\Y et many books seweral hundred yearsold are in excellert condition, Dr. Norman
Sha er, the congressionalibrary's director of presenation, said yesterday."

Rosalie thought the subject and verb too far apart. Moreover, she said, it raises the
guestion: \ Why are they in excellert condition?"

Other points: \ :::the cheaper processof making their products:::"|c heaper than what?
\Another solution liesin persuading:::"|a solution to what? And who should be doing
the persuading? Rosalie sav a systematic error here. A hallmark of good writing is that
it answers more questionsthan it raises,she said.

Someoneasked whether reporters perhaps write a little sloppily in the knowledge that
the copy-editor will go over their copy and cleanit up? Rosalie said that they certainly
shouldrit do this. Someoneelse pointed out that it's probably a bad idea to start talk-
ing about solutions (to problems) in the samebreath as chemial solutions. This is the
\unfortunate coincidence"problem that Don talked about recertly.

Rosalieshudderedover an extremely awkward sertence about acidsand alkalis|fortunate-

ly someonein the classwas able to decipher and explain it. \One hopeful sign:::" was
another problem|the sign is not full of hope. Over and over again we sav sertencesin

which the subject and verb are separatedby many words|these are hard to read. Rosalie
pointed out a number of placesin which whole phrasescould be dropped without any loss
of meaning: \Dr. Sha er said one of the most encouragingsignsis the fact he has heard
one of the largest paper manufacturers :::" can be reducedto \Dr. Sha er said one of

the largest paper manufacturers :::". Whenewer you see\he has heard" you can often

improve or deleteit, Rosalie said. A similar case:\The reasonfor removing the spaces
from the list is that :::" can be (better) written \W e remove the spacesbecause: ::".

Rosalie concededthat good writing is very di cult. We must strive to be clear, coheren,
accurate, and concise. This last is especially important, she said, and quoted Pascal:
\I have made this letter longer than usual becausel lack the time to make it shorter.”

Rosaliewas pleasedto note that the rst drafts of our term paperswere quite a bit better
than something elseshe had read recertlyla report by a local software compary. After
just a few weekswe are pushing out the envelope of Silicon Valley literacy! But many of our
sertencescould be improved, she said, by cutting them shorter. Out with the semicolons,
in with the periods. Don't write one long sertence if you can say the samething in two
short ones. A semicolon should be used only where the separated clauseshave a very
closerelationship, and even there a period is often better. She quoted William Zinsser
in his book On Writing Well as saying \The semicolonall too easily corveys "a certain
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19th-certury mustiness' and slows the pace of the writing." Another common error was
the frequert repetition of a word like “this', “they', ‘just’, or ‘then'. Reading the piece
aloud will often help you spot suc over-uses.

Rosaliewasn't too keenon someof the conversational idioms that crept into our writing:

sentences that begin "Anyway, :::'; an algorithm described as “pretty straightforward'
(perhaps a bad idea in a paper on pretty-printers?). Neither did she like the phrase
‘again iterate through’|this  soundsawkward; surely the same point could be put more
smoothly? A lot of sertencessu ered from not having their subject near the beginning:
\If :::, the graphic interface :::". Someonesuggestedthat these kinds of problems|as

well as over-useof the passiwe voice|are easily avoided if we stick to a subject-verb-object

style.

Someoneasked whether “in the context of' wasn't a \noise-phrase”|one that could be
deleted without any loss of meaning? Rosalie said that this was often so, but that some-
times it can mean something. In the example we were looking at, the phrase had been
usedearly on, soit seemedreasonableto repeat it somewhereelseto make it clearto the
reader that we were onceagain talking about the samething as before.

A student asked whether perhaps there aren't dierent styles of writing appropriate to
scierti ¢ journals and to newspapers? Newspaperswould probably put a greater premium
on simple, direct sertences, for example. Rosalie said that there might be something in
this, but that clear writing was always good.

The sertence \Each of the z's are then multiplied by this factor" can be improved on
two courts: Change "are' to 'is' and eliminate the passiwe voice. How about: \Multiply
ead z by this factor"?

If you are using commasto insert a parenthetical note, you must put a comma on both
sides:\:::this node, b, isthus:::".

Rosaliedidn't like a sertencethat began’lt isunlikely :::'. The pronoun referenceproblem
appears: What is unlikely? There is no uniform rewrite-rule for this, but we can usually
nd an alternativ e construction that corveysthe samemeaning. Like Je Ullman, Rosalie
wasn't enthusiastic about "This is done by :::'; better, she said, to say \This procedure
(process,step, etc.) is doneby :::".

A very commonerror is the misplaced only'. Toillustrate, Rosalietook the sertence\l hit
him in the eye yesterday" and inserted “only' in ead of the eight possiblepositions. Sure
enough, eadt resulting sertence carries a somewhatdi erent force:

Only I hit him in the eye yesterday.
I only hit him in the eye yesterday.
I hit only him in the eye yesterday.
| hit him only in the eye yesterday.
| hit him in only the eye yesterday.
I hit him in the only eye yesterday.
I hit him in the eye only yesterday.
I hit him in the eye yesterday only.
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If you say \Here we only calculate the position of two vertices" you probably mean\Here
we calculate the position of only two vertices."

We saw a sertence that cortained four or v e occurrencesof the word “then'|surely a
trie excessie? Someoneremarked that the sertence was probably an anglicised version
of a line of computer code, which aboundsin ’if :::then :::'s, sometimesdeeply nested.

Another line that caugh Rosalie'seyewas: \ ::: saving the computation for the placewhere
it isreally needed." The word “really’ wasusedagainthe sameparagraph. Shethought this

soundedaltogether too vaguefor a piece of technical writing: Is the computation needed
or not? What is this \really needed"? There was a de nite di erence of opinion over

this question: Somepeoplein the classcouldn't seeany objection to this usage.Someone
argued that the \really" amounted to stylistic advice (as in \when painting a house, be
especially careful on the window-frames, where precision is really important”), but it is

by no meanssuper uous|the word makes a substartiv e cortribution to the meaning of

the sertence. Rosalie'sobjection stemmed mainly from the fact that the word \really" is

much over-usedin colloquial speed. In the endwe agreedthat it would probably be better

to say somethinglike: \:::saving the computation for those vertices where the additional

work cortributes more to the visual quality".

Can an object witness a property? To Rosalie's ear this was a strange construction. But
the classassuredher that this is commonusagein computer science.Tednical terms take
on an anardic life of their own!

In the last minute, Rosalie showved us a list of pairs of words that are frequertly|and
sometimesamusingly|con ated.  For example, "prostrate' and "prostate’. One common
confusionis “alternately' vs. "alternatively’. Theseare not synoryms. (Alternately, Tracy
and | take notesin class. You could read them, or alternativ ely you could take your own
notes.)
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x42. Excerpts from class, December 9 [notes by TLL]

Don started classby intro ducing Paul Halmos. Paul is a distinguished author, a professor
of mathematics at the University of Sarta Clara, and a spicy and entertaining lecturer. As
Don said, \He brings our program of guest speakersto a triumphant conclusion.”

Paul started his lecture by wondering why we had called him here. \l don't have anything
new to say," he said. \What | had to say has already beenmajorized by Don and Mary-
Claire." He said that even the act of talking about mathematical writing wasdi cult, by
comparisonwith the act of talking about mathematics itself. We don't have to remenber
much about math, becausewe know its structure; we can develop and discover the material
aswe talk about it. The structure of mathematical writing is much more elusive, so how
do we know what to say about it? Sure, Paul brought seweral pagesof prepared notes to
class,but he claims that even those won't help him much.

Not that the subject of mathematical writing isn't important. Somemathematicians have
disdain for anything other than great theorems. \An ything elseis beneath them." But
they are wrong. Mathematicians who merely think great theorems have no more done
their job than painters who merely think great paintings.

Paul has read our handouts, and he wants to make a few commerts. He wants to have a
dialog with us; he admonishedus to break in wheneer we feel the urge.

He is going to drift in and out of many di erent topics but only after he has given us an
anchor and a rough outline. The anchor? Two basicrules:

Do organize material.
Do not distract the reader.

The outline? Four aspects of good mathematical communication:

Sematrtics (words, and the job they do);

Syntax (also known as grammar);

Symbols (very meaningful to mathematical writers);
Style (synthesis of the above).

Turning rst to Semartics, Paul spoke to us about the natural processof changeinherent
in languageand how it a ects our word usage. Somechangesare good|some changesare
bad. According to Paul, one of the most often discussedsymptoms of that changeis the
word “hopefully'.

The most recert literary tradition, handed down to us by our grandparerts, tells us that
"hopefully’ meansthe exact opposite of “hopelessly"

\I don't have a chancein the world to be promoted,” he growled hopelessly
\My chanceslook good,” his colleaguegrinned hopefully.

But another, impersonaluseof "hopefully' has becomepopularlan evasive form in which
one can say \Hop efully hewon't be re-elected"instead of \I hope hewon't." This con icts
with the normal usageof other words that can end both -fully and -lessly Although we
may think that interest rates will rise, we don't say \Though tfully interest rates will rise."
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Although we may fearthat muggersarein the street, we don't say \F earfully those muggers
are still out there." Consistert English usagewould prohibit

Hopefully I'll visit you again next year,
as much asit prohibits
Hopelesslyl'll not be able to come.

Paul doesn't like the newusage,which he calls\illogical and ugly." The merefact of change
is bothersome. But he realizesthat his is only one vote, and he seemsto be outnumbered.
On balance,it is perhapsa good change,onethat might even make communication easier.
\The English languagewon't collapseif the other sidewins.” In fact, Paul says,

Arguably the changeis a neededone.
But heis surprised to hear himself saying that.

Paul seesother changesas needlessand careless.It grateson his earswhen he hears,
The earthquake decimated more than half the houses.

Of course some would say, Why do we needto resene a special word for the random
destruction of one out of ten? Paul thinks muddying the meaning of the word is bad, but
he admits that it is harmless.

Other unneeded,and harmful, obfuscationsshould be discouraged. Imply’ doesnot mean
‘infer', and “disinterested' does not mean “uninterested'. To confusethesewords is to lose
valuable distinctions. Tragically, the di erences between these words are becoming so
confusedthat if we are writing for a large audience, and if we needto make use of the
distinctions, we probably shouldn't.

Evidenceof bad changescan even be found in our handouts. In x4, oneof the TAs (not the
onewith the charming British Accernt) used reference'asa verb. Paul's response:\There
is no such verb, and if there were, it sure as hell wouldn't be transitive." How would it
soundto say \I quotationed the author"?

Barry Hayes pointed out that in Computer Science, reference'is a technical term used
as a verb. Tednical terms like ‘'majorize’ sometimescreep into our vocabularies. Don
supported him by saying that computer programmers \reference and de-referencethings
all the time." Paul's response: \My condolences. You know, the French say English is
ruining their language. How the French feel about English is how | feel about that.”

We moved on to Syntax. \Obviously," said Paul, \p eople approve of it; nobody usesun-
grammatical English on purpose.” Syntax changesmore slowly than semarics. Howewer,
he once heard the following lovely sertence:

If I'da knowed | couldarode, | woulda wert.

This has rhythm, it's communicative, it's personal; but of courseit's not grammatical
English. Thereforeit distracts the readerfrom what is actually being said. Here's another
non-made-up example:

Us'll go along with sheif her'll go along with we.

[X42 PAUL HALMOS ON MATHEMA TICAL WRITING 107]



If we are trying to communicate with peoplewho use sud grammar, we should usetheir
languageso as not to distract them from what we're saying. But as technical writers we
are presumably not addressingthat audience,certainly not in print.

Paul would like to advance the thesis that grammar is logic. This notion is abhorrent
to linguists, who seegrammar as illogical, inconsistert, and contradictory; and they are
right. Nevertheless, grammar is the organizational principle that lies behind linguistic
communication. A typical English sentence like "He sav her' corntains case,tense, and
gender;sud things give a tremendousamount of information in condensediorm, and they
can be seenaslogic. To identify grammar with logic is lessof an error than to reject logic
altogether.

Speaking of case,Paul says, \Cases are good things, even though in English by now they
are vestigial." They do exist, and they must be treated with respect. We say
| don't know him,

but we wouldn't be caugh dead saying

| don't know he.
Similarly, we say

He is the President of France,
but never

Him is the Presidert of France.

Therefore we would not logically ask,
Whom is the Presidert of France?

Simple, right? Well, there are more confusing casestoo:
| don't know who is the Presidert of France.

Or should it be 'I don't know whom is the President of France'? A grammatical push-pull
is involved here. (The nominative wins, and "Who' is correct.)

Paul would like to stamp out abusessuch as ‘| hate whomewer said that'. An attention to
logical rules of grammar helps us to clarify our own thinking in general.

Taking issuewith part of our rst handout, Paul says the rule \A preposition is a bad
word to end a sertence with" is \reactionary grammarian balderdash.” Consider:

Palo Alto is a good placeto livein.
Don Knuth is fun to have a drink with.
There aren't many peoplel would say that to.

All of these are examplesof prepositions in \p ost position” that could only be ruined by
being madegrammatically pure. (We have all heard Winston Churchill's famousstatemert
about \the sort of nonsenseaup with which I will not put.") Why should we do gymnastics
for sertenceswith only one preposition at the end? Paul gave us a famoussertence ending
with v e prepositions:

What did you want to bring that book | didn't want to be read to out of up for?
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On the discussedand re-discussedsubject of "which' and “that', he says that Mary-Claire
stole his thunder. It is worthwhile to get it right, but it is not terribly important.

We began discussingSymbols by discussingpunctuation. Paul urges everyone (contrary
to rule #25 in x1) to place quotation marks logically, every time. He gave us what he
seesas a ridiculous examplefrom Kate Turabian, whom he calls\The Antichrist," in The
Chicago Manual of Style:

Seethe section on \Quotations," which may be found elsewherein this volume.

Paul was incensed. \Horrors", he said. \Y ou seethe illogic, don't you? There's no
reasonfor it. It's not a grammatical convertion|it's a totally arbitrary typographer's
corvertion. The battle against this sort of stupidity can be won." He has succeededn
getting his own books punctuated logically. Bob Floyd gave support by mentioning how
deadly sudh conventions are in a book about computer programming.

But then Don remarked that one of Paul's two main points was not to distract the reader.
Paul said, \And your implied, snide, argumert?” \W ell,” said Don, \I guessI'm implying
that you think you're distracting only the copy editors and not the readers." \Y es,| believe
that's right, with respect to commasand quotation marks."

Mary-Claire asked, \Just how far are you willing to go in the direction of logic? Are you
willing to place periods outside the quotation marks in actual dialog that already has its
own punctuation?”. Her example:
He said, \No.".

Paul said that if you push him in a corner he might go so far asto say \Y es.". And
Mary-Claire responded, \That's what | thought. Luckily there's not much dialog in the
sort of stu you write.". (Paul concededthat he doesn't really have an ear for dialog and
doesn't have immediate plans to break into the world of ction. He would love to write
a novel, somepiece of literature that isn't expository, but he's not being held badk by an
inability to punctuate.)

The second Symbols-related point that Paul wanted to bring to our attention was the
subject of written versussymbolic numerals. He gave us an exampleswhere “one' could
either be a pronoun or a numeral, depending on the context:

What are we to do when x is one?

The sertence precedingthat one may have been

The solutions of the equation are the singularities of the
function we are studying.

Or it may have been
Everything is clear when x is 2 or greater.
Another example (this time from Birkho & MacLane's classictext):
The rst few positive primes are
2,3,5 7,11, ::: .
Any positive integer which is not one
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or a prime can be factored : ::

He urgesusto remove such ambiguities by using "1' whenwe want to speak of the numeral.

The number of solutions is either two or three.
The only solutions are 2 and 3.

Paul now moved on to the nal areaof discussion: Style.

Rule #6 in x1 suggestghat we use 'we'to avoid passiwe voice. This useof 'we' is equivalert
to ‘the reader and I'. Paul says that even better is to avoid both passiwe voice and the
useof ‘we' through judicial useof imperative and indicative moods along with an outlying
kind of non-sentential phrase. For example,

We can now prove the following result:

becomes
A consequencef all this is the following result.

Or,
ConsequenceA implies B.

The latter technique can occasionally be usedin a sequemial manner,
Consequencel: X. Consequence: Y.

ending with a nal blaze of glory,
Conclusion: Z.

Alternativ ely, here'san example of imperative mood:
All we needto do to get the answer is to replacex by 7 throughout.

Just say
Replacex by 7 throughout.

Paul nds this lessdistracting. Using ‘we'is not acrime, but it addsan irrelevant dimension
that can often be replaced by something clearer and smoother.

He gave a lengthier example of a typical passagethat shows how both “we' and passive
voice can be avoided without sounding arti cial:

If U is hsomething, then the spectral theorem justi es the assumption
hsomething . If f is hsomething, then hsomething equalshsomething .
Since, howewer, y is hsomething, it follows that* hsomething. Since, more-
over, the assumption hsomething implies that hsomething, the Lebesgue
theorem is applicable. This completesthe proof of convergence.

(The example would be more e ectiv e, of course, if the hsomething s were replaced by
meaty concepts,but that would distract us from the point at issue.)

* Passiwe, God forgive me, or at least not active; but this phraseis standard and ino ensive
to my ear.
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An audiencemember asked if using ‘we' introduced a light tone that imperative doesn't
have. Paul agreedthat it does, and stated that he isn't sure he wants that tone in his
writing.

Another questionerasked about rst personsingular? Paul likesit, but he admits that it
can be disturbing: \Who doesthat jerk think heis?" He reluctantly agreesthat the rst
personsingular should be avoided in formal technical writing.

Leslie Lamport asked at this point if the use of "we' could not be avoided by avoiding
prose proofs in favor of tabular proofs. Paul didn't like that idea at all: He nds symbols
insidious and much prefersprose proofs. But then he had secondthoughts, saying that he
and Lamport might not disagreetoo much on the needto rethink the techniques of proof
presenation. Outline form (not too heavily symbolic) might be advantageous.

Paul said that he castsall possiblevotesin favor of Rule #9 in x1. Do not echo unusual
words. We had beentold that this is a good idea becauseit avoids monotony. Paul says
that it is a good idea becausetwo usesof the sameword in unrelated passageswill be
assaiated in the reader'smind and causeunwarranted connections. (Bob Floyd says that
it will also causetechnical typists to omit all words betweenthe two occurrences.)

Paul's next bugaboo (\Do | dare do this thing?") was the phrase "he or she' when he
feelsthe traditional neuter pronoun "he' would be su cien t. As soon as he brought this
up, Mary-Claire disagreed,but Paul held the o or and quoted from authority by reading
Mary-Claire's words from page 4 of her own book:

This “his' is generic, not gendered. "His or her' becomesclumsy with repetition
and suggeststhat "his' alone elsewhereis masculine, which it isn't. "Her' alone
draws attention to itself and distracts from the topic at hand.

Mary-Claire responded, \Deeply moving quotation, but it is not true that the traditional

solution to this problem in English is "he'. The traditional solution is "they'.

Many peoplein the audiencestated piecesof opinions, but time was nearly up. \T o eat
their own." Paul moved to the next topic: Proof by contradiction. He emphasizedthat
proofs by contradiction should not be usedif a direct proof is available. For example,
he noted that proofs of linear independenceoften say, \Supp osethe variables are linearly
dependert. Then there are coe cien ts, not all zero, suc that :::contradicting the as-
sumption that the coe cien ts are nonzero." This circuitous route can usually be replaced
by a direct argumert: \If the linear relation ::: holds, the coe cien ts are all zero. Hence
the variables are linearly independen."

Don pointed out that proof by contradiction is often the easiestway to prove something
when you're rst solving a problem for yourself, but such stream-of-consciousnesgproofs
don't usually lead to the best exposition.

Paul wound up his speet by repeating his opening rules: \Do organize," and \Do not
distract.”

The trouble isthat it is hard to say what organizationis. But werecognizeit whenwe seeit.
\Giv e me a book, or a paper or a manuscript, and I'll tell you if it is organized," said Paul.
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The material is in linear order, but organization meansmuch more than that. \The plot
of an exposition is rarely a straight line." Branchesand alternativ e threads must be woven
together. Paul says he spends most of his writing time working on organization of the
material. He suggestghat we look at Roget's Thesaurus an encyclopedia, a do-it-y ourself
article, and a good textb ook, for increasingly complex examplesof non-linearly-organized
presenations.

\Do organize,”" and \Do not distract." Except that all rules are madeto be broken. When
you want to jar your readers, Paul suggeststhat you distract them by changing your
notation, screamingungrammatical sertences,or being awkwardly repetitious.

His nal words to the classwere,\An ything that helps communication is good. Anything
that hurts is bad. And that's all | have to say."

x43. Excerpts from class, December 11 [notes by TLL]

The nal lecture of CS209waspartially devoted to courseevaluation. (We were, no doubt,
harsh but fair.) Don told us that we would spend the last 40 minutes of classlooking at
the notes of people who have beengoing over our handouts but haven't had a chanceto
speak. (More courseevaluations, perhaps?) Don said that he wanted to \end on a note of
honesty and truth.”

The rst commerts that headdressedverefrom NelsonBlachman (father of coursemember
Nancy Blachman). Nelsonis very interested in writing (he writes papers frequertly), and
he took the time to suggestimprovemerts to the rst few handouts.

Don liked someof these suggestions,but he found others incompatible with his personal
style. He said, \The main thing that | get from this is that the style hasto be your own.
You will write things that someoneelsewill never write." Don sas he has learned this
lessonwell by writing an annual Christmas letter with his wife, Jill. \W e get along 364
days of the year," he said, \but there is no way that we can write a sertence acceptable
to both of us." (They have solved the problem by writing alternate paragraphs.)

Among Nelson's suggestionswere:

Changing "the above proof' to ‘the proof above'. Don agreeswith this change
mostly becauseeditors are forever calling him oniit, but the original usagedoesn't
soundterribly odd to him. Nelsonsaysthat "above' and "belon' are two adjectives
that never precedethe things they modify. Don thinks “above' has becomean
adjective, but “below' hasn't (yet).

Changing ', i.e.' to ;i.e.". Don sas that that is a matter of taste and pacing.

Changing the spelling of "hiccups'to "hiccoughs'. Don's dictionaries preferredthe
shorter spelling.

Changing "depending on the usage,the terms this, that, or the other might be
used'to "depending on the usage,the term this, that, or the other might be used'.
Don didn't seethis asan improvemert.
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Changing ‘programming languagenotation' to “programming-languagenotation'.
Don saidthat the suggestionmight be appropriate for readersin other disciplines,
but in our eld the hyphenation would becomeannoying. Analogous casesare
‘random number generator' and " oating point arithmetic', ead of which is po-
tentially ambiguous, but so familiar in computer sciencethat a hyphen looks
wrong.

Then Don briey shawved us an example of a problem that often occurs when mathemati-
cians are allowed to typesettheir own text. A novice typesetter tends to make fractions
like w instead of using the more readable slashedform n(n + 1)(2n + 1)=3.

Next, we returned to Mary-Claire's essg on "hopefully' (seex26 above). Don says that
he passedit out to us more for the style of the essg than the content, but it does make
good technical points as well. To his surprise, Mary-Claire said that after re-reading it
sheactually wanted to improve the style. (This provesonceagain that nothing is perfect.)
Here is what Mary-Claire wrote to him:

1) The dates should be expressedn the sameterms. Giventhat I'm goingto needto
say 1637, | have to say late in the 1500s',not “late in the 16th certury'.

2) The sertence

Imp ersonal substartiv es, on the other hand, sere lessoften than per-
sonalonesat the headof the kind of active verbswe modify with adverbs
of manner

is so horrid I'd prefer to think | was drunk when | wrote it. To x it | haveto
rewrite the whole paragraph, sliding “adverb of manner' up earlier:

As with most adjectives, both of these "hopeful's regularly produced
“-ly" adverbs of manner. The kind of hopefulnessthat meansexpectan
and eager produced adverbs more readily than the kind that means
promising and bright. There's nothing mysterious about that di erence
in frequency The pattern

hpersonal nouni hactive verbi hadverb of manner

is very common. Peoplecan carry themseleshopefully or eye a desirable
object hopefully or prepare themselwes hopefully for a possiblefuture.
The pattern

hmpersonal nounihactive verbihadverb of manner

is lesscommon. Impersonal nouns serne lessoften than personal ones
as subjects of the kind of active verbs that we modify with adverbs of
manner. Nonetheless,a wager can be shaping up hopefully, a day can
begin hopefully, ::: etc.

Bob Floyd sernt a few commerts to Don, beginning with his opinion of the usageof hope-
fully. First, he reports that only 44% of the American Heritage Usage Panel found the
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useof hopefully asa sertential adverb acceptable. Bob also provided seeral authoritativ e
guotations to support his objection to its use. (Don said that this is the main concern:
Using "hopefully' raiseshadklesin many people,distracting them from what you're trying

to say; that's why he doesn't useit. But he thinks someof the documerts that Bob uses
to support his position were probably written by the peoplethat Mary-Claire was calling
ignorant in her essg.)

Tom Henzinger, who is Austrian, obsened that the German language has a common
word "ho entlich' that corresponds preciselyto the new English usageof "hopefully’. This
reminded Don that he often needswords that the English languagejust doesn't have. For
example, we have hundreds of ways to say that Jane beat Jim, but we have few ways to
sa& that Jim lost to Jane. (And we have to usetwo words in the latter casewhere only
oneis neededin the former.) Don said:

Our languageoften lacks verbsthat correspond to \re exiv e" relations. We have
an abundanceof words like "dominate’ but none like "dominate or equal to’. So
we must uselong-winded phraseslike “lessthan or equal to'; sometimes,but not
often enough,we can say "at most'.

Returning to Bob Floyd's commerts, Bob sert Don se\eral citations to support his claim
that exclamation points should be used only with actual exclamations or interjections.
Someexamples:Ouch! Stop! Thief! Well, I'll be! To Don's surprise, noneof the authorities
even mertion that exclamation points can indicate surprise! Paul Halmos, speaking from
the pearut gallery today, told about a trick he hasto get around this: You can put the
exclamation point in parertheses(!).* Then ewverybody is happy, becauseyou've made an
exclamation of surprise.

Bob said, \Advice to always avoid splitting in nitiv esis unwise.” Don agreedthat split
in nitiv escan provide good emphasisand that rewrites can sound forced or awkward.

About not ending sertenceswith prepositions, Bob said, \Y ou have no case,give up." Don
agreed,saying that he had not understood the issue.\Coming from Milw aukee,where half
the people speak English with a heavy dose of German, has made me oversensitive to
sertencesthat end funny.” Howevwer, there is a problem with sertencesending with prep-
ositions, namely when they already have a structure that accommalates the preposition
in the middle:

Avoid sud prepositions, which sud sertencesend with. The peoplewho don't
like the rule against prepositions in post position would never think of writing
sud sertences, so they probably have forgotten why the overly restrictiv e rule
was rst formulated.

Bob next objected to Don's suggestionnot to omit “that's. Don admitted that there are
caseswhen leaving out a ‘that' producesa better sertence. For example, 'He said he was

* Don was able to usethat trick the next day in Chapter 8 of his book. (Who said this
coursewasn't practical?) But he found that it waslike an unusual word: You can't easily
repeat it againin the samechapter.
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going' is a better sentence than "He said that he was going.' But, in this example “that'
is not neededas a grammatical help becausethe pronoun (in nominative case)keepsthe
syntax clear. In technical writing we often have more complicated sertences, which can
benet from the extra information that “that' provides.

Someonen the classmentioned a related issue: Should the word "then' be usedin sertences
like\If | getthere early enough,itheni I will save you a seat.” (Rosalie had suggestedhat
it shouldnot.) Don saysthat there is a di erence betweentechnical writing and newspaper
writing, and he believesthat well placed ‘then's can make a paper more easily understood.
In that particular sertence he would de nitely leave out "then'; but in mathematical con-
texts (where the phrase after the comma is likely a mathematical statemert) he would
de nitely leave it in. Don says that our brains only have time to do simple parsing when
we are reading for speedand comprehension.As Paul Halmos said, \An ything that helps
communication is good."

The nal subject that Don introduced was a behind-the-scenegliscussionbetween Mary-
Claire, Don, and one of the classmenbers: Dan Scroeder. Dan received the commerts on
his term paper and objected to the claim that he had \wic ked-whiches"; he gave involved
logical reasoningin support of why his whichesreally should be whiches. Don said, \If you
have to think that long about the sertence, it is probably wrong." Mary-Claire said that
writers have to contend with overly-sensitive readerslike Don, who wince at all whiches
that aren't precededby commasor prepositions.

In oneplace Dan did not placea commabeforea "which' becausehe was concernedabout
coincidert commas. This is what Mary-Claire hasto say about coincidert commas:

Coincident commasare not a sign of bad construction, any more than the co-
incidenceof a nal comma and a period, or a nal commaand a semicolon, or
any other two marks of punctuation. Where two commascoincide, we write only
one. Where a comma and a period coincide, we write the period. Etc. Truly,
coincidert punctuation is not a problem.

(Did you catch the coincidert periods there?)

After this commert we werethrown from the room in order to make way for another class.
As always in this course,there was more to say than there wastime to say it in.

Postscript: The instructor received an anonymous cortribution after class,in responseto
his requestfor a poetically stated computer program:
This algorithm to count bits
Rotates VALUEone left and sumsits
two's-comp negation
in a zeroed location
Repeats WORDLENG(IHes, then exits.

(Not only doesthis rhyme and scan, it alsoworks. In fact, it may be the fastest way to
do sideways addition on the GE635 and similar machines.)
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Postscript about \Go d isin the details" (seepage48): William Sa re's column on Language
in the New York Times and the International Herald Tribune, July 31, 1989,discusseghis
mysterious phrase as well as its courterpart, \The Deuvil is in the details.” Nobody has
beenable to trace either oneto a de nite source. Sare cites Shapiro who claims to cite
Nietzsche|but without chapter and verse. Sare also says that Justin Kaplan, editor of
Bartlett's Familiar Quotations, is searding too. According to Kaplan, \Flaub ert hasbeen
suggested,but nobody can nd it in his writings."

Perhapsthe following facts will be helpful. A biography of Mies by Franz Schulze (Chicago,
1985) has a relevant footnote on page 281:

The aphorism, \God is in the details,” has been endlessly attributed to Mies,
though | have found no one who ever heard him say it. In Meaning in the Visual
Arts (New York, 1955,p. 5), Erwin Panofsky quotesFlaubert: \Le bon Dieu est
dans le detail."

Actually Sdulze should have referred not to page '5', but to page Vv'|where Panofsky
drops Flaubert's name but givesno hint of location.

David Spaeth,another Mies biographer, answereda query from Don asfollows on Decenber
6, 1985:

The statemert \God is in the details" was made by Mies. It [only] appeared
in print in an article by Peter Blake ertitled \The dicult art of simplicity”
which was published in Architecture Forum vol. 108, May 1958, pages126{131.
Howewer, it was a statemert Mies made in classmany times. George Danforth,
one of Mies' very rst students, remenbers Mies saying it in the early 1940s.

Simpson's Contemporary Quotations, by JamesB. Simpson (1988), traces the phraseto
Mies, citing an article ertitled \On restraint in design” in the New York Herald Tribune
for 28 June 1959. Don hasn't yet had a chanceto verify this citation, which may well have
simply beenderived from Architecture Forum.

Paul Roberts (PMR) wrote to Nigel Rees,who producesa BBC radio showv basedon
guotation identi cation, asking for his opinion. Reesfound the phrase mertioned in the
New York Herald Tribune obituary of Mies, 1969,and saidthat Mies\certainly popularized
it evenif hedidn't originate it."

PMR alsoturned up a signi cant clue that might in fact be the true origin of the saying.
At leastit carriesthings badk further than anyoneelsehasbeenableto do sofar: On pages
13, 14, 229, and 286 of E. H. Gombrich's 1970 biography of Aby Warburg, a prominent
historian of Renaissanceart, Gombrich states that Warburg used the phrase \Der liebe
Gott stedkt im Detail" asthe motto of a seminar seriesat Hamburg University in the fall
of 1925; he also says that Warburg often repeated this motto.

Thus, Mies probably learned the phrasein Germany. But wasit original with Warburg?
We can't rule out Flaubert and Nietzsche until their complete works have been made
available in electronic form.
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Particulars, as every one knows, make for virtue and happiness;generalities are
intellectually necessaryevils.
| Aldous Huxley, Brave New World.
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