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• Consider any standard dynamical model on networks

– Opinion dynamics:

xi(t+1) =
1

# of nbr.

X

neighbors j

aijxj(t)

– Voter model: adopt 0 or 1, by copying a random neighbor

– Hopfield-type models

– Ising-type models; dynamic graphical models

– Epidemic propagation models
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Writing is a serious affair

• Why?

• Efficient use of your time


• Efficient transmission of your message

• All scales matter (micro/macro, details/ideas)




Overview

• Highest-level advice

• Before you start

• Document structure


• Modularity and guidance

• Abstract, introduction, sections, appendices


• Good English language and style

• Mathematical style


• Typesetting



Highest level advice

• Be insecure

• Do not overestimate the reader’s ability


-  They should enjoy reading

• Learn from “good examples” 

• Spend time thinking before you startΜ. Athans Δ. Μπερτσεκάς Χ. Παπαδημητρίου



Before you start

• Who is your audience?

• Why does this paper exist? 

-    Main takeaways?

• Collect precise statements of key results (on paper)

• Make a table with your notation
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X
• Settle on terminology, and stay consistent

random variable X, takes values x

xt, x(t), x(n), x[n]

aik(t),j

links, arcs, edges
non-negative, nonnegative
agent, node, sensor
queueing, queuing
multi-agent, multiagent
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Document structure

3 DOCUMENT STRUCTURE

3.1 Typical structure

The following is a common structure.

1. Abstract

2. Introduction

3. The Model

4. Preliminaries (optional)

5. Results (usually 1-4 sections)

6. Conclusions

7. Appendices

3.2 General rules

Size. Sections should be of manageable size, with one clear theme in each section. Long sections
should be broken down into subsections, and even subsubsections; ideally, you end up with units
that are 1-3 pages long. Subsection and subsubsection headings play the role of signposts that
orient the reader. So, they should be chosen carefully.

Guidance. Every section (or subsection) should start with some guidance on what is to happen
next. (“We will now. . .” or “In this section,. . ..) A reader who does not know where a section is
heading to can easily lose concentration. Similarly, at the end of a section, you can summarize
what has been accomplished, and possibly mention what is coming next.

Modules. A typical unit (e.g., a subsection) is comprised of various items (“modules”) such
as: introduction, theorems, lemmas, proofs, definitions, assumptions, explanations, figures, tables,
examples, and counterexamples. Ideally, these correspond to “bullet points” that you generated
when planning the document. Modules can be delineated by using subheadings or an appropriate
paragraph structure.

3.3 The abstract

The abstract should be crisp and to the point. Do not give the history of the subject, background,
motivation, or engage in marketing. Use simple, declarative sentences. A usual structure is “We
consider. . .” followed by “We show that. . ..” Use a minimal amount of mathematical symbols.

In a small variation to (and in violation of) the above, the abstract can also start as “Motivated
by applications in ..., we ...” or “Building on the seminal work of ..., we ...”

3.4 The introduction

A generally undesirable but somewhat common practice is to start with background and history,
before telling the reader about the main contents of the paper. However, a reader who does not
know the end goal may become impatient. Instead, start by framing the paper, as in “In this
paper we address the problem of. . ..” This framing is similar to the abstract, but with some
di↵erences: on the one hand, it may omit the summary of the results; on the other hand, it may
use some mathematical notation.

Perhaps continue with some motivation. Next, you can give the background and history
of the subject, together with a review of the relevant literature. Do not just list related papers.
Put your work in context, by comparing with the closest papers in the literature. For example,
“Our results generalize” (or “di↵er from”) “the work of . . .”.
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• Modularity: subsections, subsubsections, examples, etc.


• Titles (in bold) serve as sign-posts 


• Modules: 1-3 pages


• with clear purpose (“In this subsection, we will …”)




Abstract
• Declarative. Short and to the point; no background info 

• NO: “In recent years, there has been an increased interest on … 
But the problem of … remained open…”


• YES: “We consider a collection of agents who … We establish (i) 
…; (ii) …; (iii) … As a corollary, we settle an open problem posed 
by Fermat in 1637.”

Abstract: Reinforcement learning (RL) offers great promise 
in dealing with previously intractable control problems 
involving nonlinear dynamical systems. Modern RL 
methods, based on policy-space optimization, rely on a 
guarantee that stochastic gradient descent converges to 
local minima. Unfortunately, this guarantee fails to apply in 
settings involving open-loop unstable systems. The 
behavior of RL algorithms in such a context is poorly 
understood, and this is an important issue if RL-based 
controllers are to be deployed. In this paper, we address 
this issue. More specifically, we show that (i)…, (ii) …, and 
(iii) …



Introduction
• This is what most people will read…


• Each paragraph should have a clear purpose


• Framing the paper (“In this paper, we …”)


• Motivation


• Background and history; literature review


• Preview of main results


• List of key contributions


• Outline: “The rest of the paper is organized as follows”



Modularity within sections

• Section = a collection of items 

• Intro to the section; how it ties to the rest

• Initial discussion, to set the reader’s mind

• Theorem

• Idea of the proof

• Interpretation of the theorem

• Limitations of the theorem; counterexamples

• Illustration through figures (long captions are fine)

• Examples



Proofs
• We discover proofs by going backwards


• To get to D, I need to show C, which I can establish 
through Lemmas A and B

• Outline this structure 
before starting the proof

• We write proofs by going forward, linearly


• Prove Lemmas A and B


• Use them to establish C


• Prove D

• Long, technical arguments -> Appendices


• Main text should be self-contained (no references to lemmas or 
notation that are local to an appendix)


• No rabbits out of a hat:           
5 rambling pages, followed by: 
“We just managed to establish 
the following amazing result”

(c) Tigatelu | Dreamstime.com

• Alert the reader when skipping steps!



Language

• Break up sentences!

Maman died today. Or 
yesterday maybe, I don't know. 
I got a telegram from the Home: 
"Mother deceased…”

Maman died today, but I do not 
know for sure, as it could also 
have been yesterday, based on 
the fact that I am only relying on 
a telegram from the Home 
saying that “mother deceased.”



Language

• Active voice: “We show” vs. “It is shown”

• Pronouns must be unambiguous pointers
• “When a message from a server arrives to the 

dispatcher, it stores the header…”

• Remove redundant words
• “If we define x=2y, we have that 2x=4y.”

“If x=2y, then 2x=4y.”
• “The proof rests on the idea of employing the triangle inequality.”

“The proof employs the triangle inequality.”

• But: “Assume that… ”

?

• “Using the result in Lemma 3, Lemma 4 follows.”



Math language
• Aim for linear structure at the micro level too
• Lemma 1: If n is even, then n is composite.

• By Lemma 1, 2k is composite, because 2k is even.
• Note that 2k is even. By Lemma 1, 2k is composite.

• Short and crisp lemmas, theorems

• Do not define terms or add discussion inside the statement

• Introduce terms and assumptions outside/earlier

Usually, this is also the right place for a succint preview of the main results and a list of
the main contributions. The preview and the contributions are sometimes written down as two
di↵erent paragraphs, but if this becomes too repetitive, they can be interlaced within a single
paragraph.

Close with a paragraph of the form “The rest of the paper is organized as follows. . . ”

3.5 The conclusions

Many papers include a conclusions section which is just a summary of the paper, and which is rarely
read. Ideally, the contents of such a summary have already been conveyed in the introduction, and
there is no need for repetition. Instead, you may choose to emphasize some key ideas that emerged
in the body of the paper and which would have been hard to elucidate in the introduction. Then,
discuss what might lie beyond this paper, e.g., conjectures, open problems, obvious extensions,
plausible extensions, alternative models, etc.

3.6 Appendices

Use appendices for complicated proofs that might break continuity, or for simple proofs that are
somewhat straightforward but are necessary for completeness. The decision of what to relegate to
an appendix may depend on the journal, page limitations, and the intended audience.

In any case, the main text should be self contained; the reader should be able to go
through the main text without ever looking at the appendix. For example, the main text
should not appeal to a “Lemma A.3,” stated and proved in the appendix. If the main text invokes
this lemma, the lemma should be stated in the main text, even if the proof is in the appendix.
Similarly, the main text should not use notation that is only defined in the appendix.

4 BROAD ASPECTS OF WRITING STYLE

This is a short compilation of hopefully useful suggestions.

1. Unless you have tremendous confidence in your writing skills, break long sentences into
multiple short sentences.2

2. Choose a voice and pronoun and use it consistently. Active voice (“We will show. . . ”) is
preferable to passive (“It will be shown. . . ”). “We” is preferable to “I”. Avoid “one,” as in
“one can show that. . . ”.

3. As an exception, you may switch to passive voice by writing “It can be shown that...”. This
is a device that is sometimes employed in order to skip an elementary, perhaps pedantic,
argument. The implied message is that not only “we can show. . . ” but also that a competent
reader should be able to reconstruct the details. If, however, the skipped argument is not
elementary, a reference or a hint is in order, as in “Using a compactness argument, it can be
shown that. . . ,” or by providing a reference.

4. Use parallel constructions, even if your composition teacher might consider this to be a boring
style. For example, the sequence of statements

(a) For all even integers n, property Pn holds.
(b) However, property Qn holds if n is odd.

should be replaced by:

(a) For all even integers n, property Pn holds.
(b) For all odd integers n, property Qn holds.

2http://thejohnfox.com/long-sentences/
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• Aim for parallel constructions
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• Ideal: “If …, then …”  

“Define … Then, Lemma 2 implies that…”

• Math should read like English
“For every 1<k<10”



Quantifier ambiguities are common

6. Write “Eq. (2.1)” instead of “Eq. (2.1).” Can you tell the di↵erence? It is about the space
that Latex inserts after a period. The better spacing is achieved by placing the backslash
character “\” and a blank space after the period.

7. Replace “{x|x 2 R} with “{x | x 2 R}.” This is done using the command “\mid” or by
introducing space manually, as in “\,|\,”. Similarly, replace E[X|Y ] with E[X | Y ]. This is
particularly useful in cases such as

E[X + 3 + k2|Y = 3 + log k + n2].

The alternative,
E[X + 3 + k2 | Y = 3 + log k + n2],

is much easier to parse.

8. The expression f
�
x+ y(t+2)

�
is preferable to f(x+ y(t+2)); the former uses “\big” outer

parentheses.

9. kxk is preferable to ||x||; the former uses “\|”.

10. Remember that left quotes require two keystrokes in Latex.

11. Terms such as “inf,” “sup,” and “max” should be set in roman, not math, font.

12. Use < or some other fancy form of “R” to denote the real numbers.

13. Add small horizontal spaces inside formulas, to improve readability, by using the command
“\,”; this should be done routinely in integrals, e.g., to change

R
xdx to

R
x dx.

14. If you are using a complicated notation such as â(k)ij (t), you may want to define a macro. If

you later decide to change it to ãkij(t), you only need to redefine the macro.

7 USEFUL REFERENCES

The essay “How to write Mathematics,” by Paul Halmos, available at http://www.math.washington.
edu/~lind/Resources/Halmos.pdf is a gem.

“Mathematical Writing,” by Knuth et al., available at http://tex.loria.fr/typographie/mathwriting.
pdf is very thorough. For the impatient, the 27 rules o↵ered in the first 6 pages are very valuable.

“Writing a Math Phase Two Paper,” by Steven Kleiman, available at http://www.math.harvard.
edu/graduate/advise/kleiman.pdf o↵ers plenty of useful guidance.

Finally, the present document owes a lot to Dimitri Bertsekas’ “Ten Simple Rules for Mathematical
Writing,” available at http://www.mit.edu/~dimitrib/Ten_Rules.pdf.

for every n, there exists some c such that n < c
there exists some c such that for every n we have n < c
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There exists some c such that for all n, d, large enough, we have T  cn
d

For any fixed d, there exists some c(d) such that for all n large enough, we have T  cn
d
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Typesetting

• Beauty

4. Do not introduce unnecessary symbols. For example, replace “every prime number p is odd”
with “every prime number is odd.”

5. Do not introduce new notation as a shorthand for expressions that appear only once or
twice. In the same vein, introduce shorthand notation for expressions that appear more than
a couple of times.

6. Punctuate sentences involving mathematical displays as if they were ordinary sentences. This
rule is not universally adopted, but it is consistent with the first item above.

7. Do not say “the optimal solution” if you have not proved uniqueness. Instead, say “an
optimal solution.”

6.3 Typesetting

The reasons for paying attention to the seemingly trivial issues of typesetting are:

(a) better aesthetics result in a more satisfied reader;

(b) good typesetting reduces the reader’s e↵ort in parsing mathematical expressions;

(c) good typesetting sends a subliminal signal to the reader that you have worked carefully on
your paper, and therefore the content is more likely to be correct.

Here are some commonly occurring instances.

1. Latex’s default environment for theorems, lemmas, definitions, etc., uses italic font. Alter-
natives, such as putting theorems inside a box, are more e↵ective in focusing the reader’s
attention without compromising readability.

2. Newly introduced terms can be highlighted by setting them in bold or italic typeface. The
common convention is to use italics, but boldface is visually easier to spot.

3. Avoid inline fractions such as x+2
x+3 , which result in small fonts and interfere with proper line

spacing, unless there is a compelling reason. Instead, write (x+ 2)/(x+ 3).

4. This x+2
x+3 or that (x+ 2)/(x+ 3)?

5. Learn and apply the rules for breaking and aligning multiline equations. (Yes, there are such
rules!)

6. Insert spaces to help the reader. The displayed equation

f(x) < y, 8 y > 0,

is preferable to
f(x) < y, 8y > 0.

7. Write “Eq. (2.1)” instead of “Eq. (2.1).” Can you tell the di↵erence? It is about the space
that Latex inserts after a period. The better spacing is achieved by placing the backslash
character “\” and a blank space after the period.

8. Replace “{x|x 2 R} with “{x | x 2 R}.” This is done using the command “\mid” or by
introducing space manually, as in “\,|\,”. Similarly, replace E[X|Y ] with E[X | Y ]. This is
particularly useful in cases such as

E[X + 3 + k2|Y = 3 + log k + n2].

The alternative,
E[X + 3 + k2 | Y = 3 + log k + n2],

is much easier to parse.
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