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Introduction (2)

High reliability, low newness
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Introduction (3)

=Motivation for writing scientific papers [Sternberg, 1981]
=distribution of knowledge
=improves the quality of research
«=maturation as a researcher (our Olympic Games~}

=improve organization, use clear definitions, accurate
terminology

=measure of scientific merit of the researcher and of the
employer
= peer review process

«|EEE paper is used as an example (check publisher 3
instructions for details)
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Most important 1EEE writing instructions

- Preparation of Papers for IEEE Transactions and Journals,
www.ieee.org/organizations/pubs/transactions/information.htm

- Preparation of papers in two-column format for proceedings
submission,
www.ieee.org/organizations/pubs/confpub/auxfiles/sample_manusc
ript.pdf

- V. O. K. Li, ?Hints on writing technical papers and making
presentations,”’IEEE Transactions on Education, vol. 42, pp. 134-
137, May 1999.

=see also the writing instructions of the journal you are interested
in, www.ieee.org/organizations/tab/society.html

'REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) <

Preparation of Papers for IEEE TRANSACTIONS
and JOURNALS (March 2004)

First A Author, Second B. Author, Jr., and Third C. Author, Member, IEEE
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LaTeX terminology

=LaTeX (www.ctan.org, www.latex-project.org) is a document
preparation system developed by L. Lamport in 1985

«=TeX is a typesetting system invented by D. E. Knuth in the
19703 (frozen in 1989)

=LaTeX is a system for typesetting documents for the TeX and
has become a lingua franca (common language) of the
scientific world

«=many scientific books and journal papers are made with
LaTeX, especially those which include many equations

=the present version is LaTeX 2e, which was published in 1993

=BibTeX is a format for bibliographies recommended by IEEE,
developed by O. Patashnik and L. Lamport in 1985
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= For writing LaTeX documents you will need (all open source software)

Tools needed to create a LaTeX file

, for example

MiKTeX, www.miktex.org
, for example
TeXnicCenter, www.toolscenter.org
WinEdt, www.winedt.com
XEmacs, www.xemacs.org
Emacs, www.gnu.org/software/emacs/emacs.html
(if not included in the LaTeX editor)
BibEdit, www.iui.se/staff/jonasb/bibedit
, for example

www.ieee.org/organizations/pubs/transactions/information.htm

www.springeronline.com/sgw/cda/frontpage/0,11855,5-164-2-72376-
0,00.html

for example

The not so short introduction to the LaTeX 2 www.ctan.org/tex-
archive/info/Ishort/english/Ishort.pdf, Finnish version
ftp: //tug ctan. org/pub/tex arch|ve/|nfo/lshort/flnnlsh/thytZW
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Maximum-Likelihood Sequence Estimation of

Example original paper

NOISE

Digital Sequences in the Presence of E

Intersymbol Interference ssousucs C;‘fﬁgg'— SIGNAL, ~6~chslvsg SIGNAL
Xgr kg Yl a(t)= X E-KT) 7 rit}= s 01

G. DAVID FORNEY, JR., MEMBER, IERE . .
Fig. 1. PAM communications channel.

is corrupted by white Gaussian noise (1) to give a received sauere

i
i signal ESTIMATED

responses A(t). xh fvmvm KT jdt
" ‘This model dates back to Nyquist and is so simple thal
it would seem unlikely that at this [ate date anything new Fig. 2. likelihood

. EVERY
i - WHITENED NPUT
) = 36 + o) & WATCHED Tsee " RECEWED SEQUENCE] viTEral szuusucz
tn this paper we shall restrict ourselves to finite impulse Fl:-( ' g, ALGORITHM[3, %), -

ference % simplif optizur
st st o (o ot popaar PEGALISSPoSS P
deseribod.

‘While fip service has Jong been puid to the idee thst sym-
TNTRODECTION bol decisions ought to be based on the ivod

NTERSYMBOL. interference arises in pulse-modulation  sequence, the fact that steaightforward likelihood calcula-
Isymms e th et of e il e srow exponentially with message length [4] has
554 mot llowsd 6 4 a3 completly efore the 5 ed # retreal Lo simple symbol-by-symbol decisions
mission of the next. It is the pmnsry impediment to reli ab!g in most theoretical and practical work, Barly work analyzed

could be seid about it. However, 10 serious attention scerms
to have been given (o this problem until the last decade,
Winter-  when practical requirements for high-speed digital trans-
" ission over telephone circuits have begun 1o become
important.

=Examples are from G. D. Forney, Jr., >Maximum-likelihood
sequence estimation of digital sequences in the presence of
intersymbol interference,””’lEEE Transactions on

Information Theory, vol. IT-18, pp. 363-378, May 1972. VT
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IMRAD structure of a paper [Day, 1998]

I. Introduction
<\What question or problem was studied?

«\\rite the whole literature review here, do not
continue it elsewhere.

1l. Methods (model)
=How was the problem studied?

=Describe the whole system model here (parameters
presented with symbols), do not continue the system
model description elsewhere.

111. Results
<\What were the findings?

=These must be your own results. Plagiarism (also self-
plagiarism) strictly forbidden. Give numerical values
of all parameters (guarantee repeatability).

IV. Discussion
<\What do these findings mean?
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Structure of an 1EEE paper [IEEE Spectrum, 1965]

Abstract
1. What the author has done.
2. How it was done (if it is important).
3. Principal results (numerically, when possible).
4. Significance of the results.
I. Introduction
1. Nature of the problem.
2. Background of previous work.
3. Purpose and significance of the paper.
4. Method by which the problem is approached.
5. Organization of the paper.
Il. System model (Materials and methods)
I11. Results
IV. Conclusions
1. What is shown by this work and its significance.
2. Limitations and advantages.
3. Applications of the results.
4. Recommendations for further work.
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Structure of an I1EEE paper (2)
[1EEE Spectrum, 1965], [Day, 1998], [Engestrom, 1984]

READERSHIP
(PAST)

17

Introduction
(motivation,
orientation

Methods and Results

Conclusions

Z 1

FUTURE VT

18.10.2005 Aarne Mammela 1

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Title and list of authors [IEEE Spectrum, 1965]

=Title
<not too general
=brief, clear and descriptive
=less than ten words
- List of authors
<at most four or five names recommended
=include those who had scientific contribution (those
who solved engineering problems)
=the order of the names reflect the significance of the
contribution (first name most important)
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Abstract—A maximum-likelihood sequence estimator for a digital
pulse-amplitnde-modulated sequence in the presence of finite intersymbol
interference and white Gaussian noise is developed. The structure com-
prises a sampled linear filter, called @ whitened matched filter, and a
recursive nonlinear processor, called the Viterbi algorithm. The outputs

AbStraCt (1) of the whitened maiched filier, sampled once for each input symbol, are
shown to form a set of sufficient statistics for estimation of the input
sequence, a fact that makes obvious some earlier results on optimum
Tinear processors. The Viterbi algorithm is casier to implement than

1. What the author has done. carlier optimum nonlinear processors and its performance can be siraight-
. g e s forwardly and accurately estimated. It i shown that performance (b

2. How it was done (if it is important). whatever sefbeckeg b feecively as. gocd a5, ookl b »thiaed by Ay
H H H i} receiver structure and in many cases is as good as if intersymbol inter-

3. Prlnc_lpal results (numerically, when possik e Tt = e e
4. S|gn|f|cance of the results. algorihm suitable for the most popular partial-response schemes i

described.
Abstract— for a digital

pulse-amplitude-modulated sequence in the presence of finite intersymbol
interference and white Gaussian noise .

a sampled linear filter, called a
recursive nonlinear processor, called . The outputs of
the whitened matched filter, sampled once for each input symbol, are
shown to form a set of sufficient statistics for estimation of the input
sequence, a fact that makes obvious some earlier results on optimum
linear processors.

and its performance can be
straightforwardly and accurately estimated. It is shown that
performance (by whatever criterion) is effectively as good as could be
attained by any receiver structure and in many cases is as good as if
intersymbol interference were absent. Finally, a simplified but
effectively optimum algorithm suitable for the most popular partial-
response schemes is described.

VT
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Abstract (2) [IEEE Spectrum, 1965, 1966]

- length usually limited to 50-200 words plus a few key words (in
conference papers typically 150 words)

- the first sentence establishes the context and scope of the paper

- identify important ideas: make it informative, not merely a list
of topics

- must be understandable independently: no references to the
paper, no citations, no obscure abbreviations, include only
information mentioned in other parts of the paper

- author 3 own contribution must be emphasized

- below the abstract, give about four key words or phrases in
alphabetical order
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Introduction (1)
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Maximum-Likelihood Sequence Estimation of
Digital Sequences in the Presence of
Intersymbol Interference
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INTRODUCTION

NTERSYMBOL interference arises in pulse-modulation

systems whenever the effects of one transmitted pulse
are not allowed to die away completely before the trans-
mission of the next, It is the primary impediment to reliable
high-rate digital transmission over high signal-to-noise
ratio narrow-bandwidth channels such as voice-grade tele-
phone circuits. Intersymbol interference is also introduced
deliberately for the purpose of spectral shaping in certain
medulation schemes for narrow-band channels, called
duobinary, partial-response, and the like [1]-[3].

The simplest model of a digital communication system
subject to intersymbol interference occurs in pulse amplitude
modulation (PAM), illustrated in Fig. 1. A sequence of real
numbers x; drawn from a discrete alphabet passes through
a lincar channel whose impulse response A(r) is longer thap
the symbol separation T, and the filtered signal

st) = T xehle — KT) m

Manuscript received December 17, 1970; revised December 29, 1971,
This work was supported in part hy NSF Grant GK-11827
The author is with the Codex Corporation, Mewton, Mass, 02195,
He is now on leave of absence at the Department of Electrical Engineer-
ing. Stanford University, Stanford, Calif. 94305,
g/
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Introduction (2)

Maximum-Likelihood Sequence Estimation of
Digital Sequences in the Presence of
Intersymbol Interference
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While lip service has long been paid to the idea that sym-
bol decisions ought to be based on the entire received
sequence, the fact that straightforward likelihood caleula-
tions grow exponentially with message length [4] has
justified a retreat to simple symbol-by-symbol decisions
in most theoretical and practical work. Early work analyzed
and optimized linear transmitter and receiver filters subject
to various criteria [S]-[11]. In this work the optimum
receiver filter always turned out to be a combination of a
matched filter and a transversal filter, the general reason
for which is explained below.

More recently, nonlinear receivers have been investigated.
Several authors [12]-[16] have developed “optimum”™ or
approximately optimum nonlinear receiver structures, again
subject to a variety of criteria, The intimidating complexity
of these structures has led to interest in suboptimum non-
lineat structures such as decision feedback [171, [18]. In-
variably, the complaint is made that it is difficult to estimate
the performance of nonlinear receivers analytically and
resort is made to simulation.

Ysar
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Introduction (3)

. Nature of the problem.

. Background of previous work.

. Purpose and significance of the paper.

. Method by which the problem is approached.
. Organization of the paper.

abhwWNBE

arises in pulse-modulation systems whenever the
effects of one transmitted pulse are not allowed to die away completely before
the transmission of the next.
While lip service has long been paid to the idea that symbol decisions ought to
be based on the entire received sequence, the fact that
has
justified a retreat to simple symbol-by-symbol decisions in most theoretical and
practical work. - - -
In this paper we introduce a receiver structure (Fig. 2) consisting of a linear

filter, called : , a symbol-rate sampler, and a
recursive nonlinear processor, called .
This structure is of the entire

transmitted sequence; furthermore, it can be implemented and analyzed.
Finally in the last section we shall describe a practical embodiment of these
ideas: --.

Additional example about
In Section I1-B, we introduce - - -

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Introduction (4)

- motivate and orient the reader (a simple block diagram
often useful)

- show new contribution with a brief literature review
(compare your results with the earlier results, what is
improved?)

- define carefully the scope of the text, not too wide nor too
narrow, remember focus

- own results are not presented in detail in the introduction

- sponsor and financial support acknowledgments are placed
in the unnumbered footnote on the first page (in
conference papers often in a separate acknowledgment
section)
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Body of the text

Abstract
Introduction (Introduction)
Definitions (Materials and methods)

Discrete time model

Maximum-likelihood sequence estimation (Results)
Error events

Probability of a particular error event

Probability of error

Example: Partial response

A practical algorithm

Conclusion (Discussion)
Acknowledgment

Appendix I: Determining weight distributions
Appendix Il: Improving SNR by preemphasis
References
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Organization of the text (1) [Phillips, 2000]
=holistic approach: write a draft and try to improve it

N

=serial approach: write a very detailed outline of the table of
contents and then finish the sentences

i -
11

LS I -
121 3
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Organization of the text (2) [Young, 2002]

Indentation Topic sentence

« Do not use very short or very long paragraphs, do not use very long
complex sentences

 Start a paragraph with a topic sentence or some other indication of the
subject

« Divide long text sections into smaller parts with headings

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Organization of the text (3)

=study the material and use key words for outlining (a mind
map may also be useful, www.mind-map.com)

=describe assumptions, system model, analytical, numerical or
experimental results

=define your system model, no silent assumptions allowed,
everything must be explicit and deductive (top down
approach) with some numerical examples

=treat each topic in one place only, minimize cross-references to
other parts

=try to make the organization clear, unified and well balanced, no
repetitions, no gaps between sections, write a stand-alone
document

11
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Organization of the text (4)

=use of terms, symbols and abbreviations must be unified during
outlining, do not use different synonymous terms, define all
symbols, abbreviations and new terms

«continue outlining until all the topics are covered and well
organized

=make a list of figures and tables, use them sparingly
=based on the outline, write a table of contents (make a clear
copy!)

18.10.2005 Aarne Mammela 23
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CoNCLUSION

H W -li snce
Conclusions (1) ¢ have shown that a maximum-likelihood sequence

estimator for a PAM sequence perturbed by finite inter-
symbol interference and while Gaussian noise can be
constructed from a whitened matched filter and the Viterbi

. . . algorithm. The combination is simpler to implement than
1. What is shown by this work and its previous “optimum” nonlinear algorithms and is practically

significance. feasible if the channel impulse response is not too long.
2. Limitations and advantages. Its performance can be accurately estimated and is shown
3 App|icati0ns of the results to be effectively as good as can be attained by any estimator,

. } . regardless of the criterion of optimality. Furthermore, in
4. Recommendations for further work.

We have shown that for a PAM
sequence perturbed by finite intersymbol interference and white Gaussian noise can
be constructed from a whitened matched filter and the Viterbi algorithm.

than previous “6ptimum?””nonlinear
algorithms and is practically feasible if the channel impulse response is not too long. -
- On the theoretical side, the greatest deficiency in our results is their reliance on a
finite channel response.

is to use a linear
equalizer to shape the channel to some desired channel whose impulse response f(D)
is short and whose spectrum is similar to the channel spectrum and then use a Viterbi
algorithm that is appropriate for f(D).
These results can be extended in a number of directions.
, where phase as well as amplitude is modulated, is achieved --

18.10.2005 Aarne Mammela 24
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Conclusions (2)

=Conclusions are a brief summary and discussion
=You can make things concrete by emphasizing
«=limitations (show the scope)
<advantages (what is better than previously)
<applications (where this result can be used)

18.10.2005 Aarne Mammela 25
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References (2)

=Own contribution must be clearly shown
=Plagiarism (also self-plagiarism) strictly forbidden

=Usually refer to original papers (in addition, you may also refer to a
book or review paper to shorten the literature review)

=Give relevant page numbers for books
Examples on how to refer to the reference list:

Several authors [12]-[16] have developed “6ptimum?”’or approximately
optimum nonlinear receiver structures, again subject to a variety of
criteria.--- In this paper we introduce a receiver structure (Fig. 2)
consisting of ---

Reference [3] shows ---

18.10.2005 Aarne Mammela 27
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Conclusions —generative research method (1)

‘ Literature review ‘ ‘ Literature review ‘

Problem and * Problem and

hypotheses hypotheses

Experiments! Experiments!

analysis analysis

Theorylpaper Theorylpaper

(new knowledge) (new knowledge)

18.10.2005 Aarne Mammela 28
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Conclusions —generative research method (2)

Literature review ) Iferature review
thxgﬁ iiﬂﬁ]ﬁ thxgﬁ iiﬂﬁ]ﬁ

Reporting N Publishing

= You must work iteratively since the problem and hypotheses
are initially not very clear (a chicken and egg situation)

= In the beginning it is difficult to understand the literature
= Experience is gained by own experiments and discussions
= Reporting and publishing will improve the quality of research

VT
A
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Conclusions —reductive approach

Reduction Induction
(analysis) (synthesis)

EES

g

= Break the problem down and then generalize the results
(*strip and reassemble”; *pura ja kokoa”)
= “Practical people often balk at this approach [reduction,
idealizations] since the idealized situations may be so far
removed from those of use as to appear highly academic.””
[Wilson, 1990]
= We present the results (top down),
but we learn through induction (bottom up)

VT
A
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Conclusions —theory and practice

Cause Effect
':Vk Model ﬂ
Theory | _______
Observation Analogy
Cause Effect

I:'|> Prototype ﬂ

= A good research project emphasizes theoretical results
(usually system models) and uses prototypes for verification
and validation of the new results

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Conclusions —general hints

- Define and redefine your problem and competing hypotheses

- Use bibliographies to improve your efficiency in literature
reviews, learn the terminology, write a classification or
taxonomy for the state of the art, and see historical trends

- Use reduction and induction: start from very simple models
and generalize, make simple experiments early in your project

- use block diagrams to improve your understanding

- be rigorous, use reference results (probably idealistic upper
and lower bounds), use confidence intervals for statistical
results, compare your results with earlier results in the
literature,

- improve your communications abilities, discuss with your
colleagues, respect criticism, listen to what is said to you (do
not behave like a bull in a china shop)

- Start to outline the paper right from the beginning (there will
never be “Mmore time”), emphasize good organization

- Reserve time for all phases in your project plan

16
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