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How did | choose a research topic?

Connection Some lessons | learned along the way:

- The topic is only one component
- Working with other people implies
compromise
- There are things | will not work on
- There are people | will not work with
Context Personal - What you do not want is as important as
what you want

Cornell Bowers C1S
Computer Science




Supervisors (-or- the early days)

UN
& 8
X))
A(EEIS
N\C I
0* S
Qb A

Cornell Bowers CIS
Computer Science




Supervisors (-or- the early days)

Cornell Bowers CIS
Computer Science




Supervisors (-or- the early days)

Which of these is most important in a supervisor:

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Gornell Bowers G1S
Computer Science




Supervisors (-or- the early days)

Which of these is most important in a supervisor:

1. Experience
2. Knowledge (breadth, depth)
3. Network
4. Empathy
5. Fun

Cornell Bowers C1S
Computer Science




Supervisors (-or- the early days)

Which of these is most important in a supervisor:

1. Experience
2. Knowledge (breadth, depth)
3. Network
4. Empathy
5. Fun

Others?

Cornell Bowers C1S
Computer Science




Supervisors (-or- the early days)

Which of these is most important in a supervisor:

1. Experience

2. Knowledge (breadth, depth)
3. Network
4. Empathy
5. Fun

Others?

Cornell Bowers CIS
Computer Science




Collaborators

Cornell Bowers CIS
Computer Science

UN
& 8
X))
A(EEIS
G
S &
25p AY




Collaborators

Which of these is most important in a collaborat

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Cornell Bowers CIS
Computer Science




Collaborators

Which of these is most important in a collaborat

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Cornell Bowers CIS
Computer Science




Collaborators

Which of these is most important in a collaborat

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Others?

Cornell Bowers CIS
Computer Science




Collaborators

Which of these is most important in a collaborat

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Others?

Cornell Bowers CIS
Computer Science




Students

Cornell Bowers CIS
Computer Science

UN
& 8
X))
A(EEIS
G
S &
25p AY




Students

Which of these is most important in a student:

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Cornell Bowers CIS
Computer Science




Students

Which of these is most important in a student:

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Cornell Bowers CIS
Computer Science




Students

Which of these is most important in a student:

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Others?

Cornell Bowers CIS
Computer Science




Students 4 e

)
[

Which of these is most important in a student:

1. Experience

2. Knowledge (breadth, depth)
3. Network

4. Empathy

5. Fun

Others?

Cornell Bowers CIS
Computer Science




Community

Cornell Bowers CIS
Computer Science




Community

Which of these is most important in a
research community:

1. Hot topics to work on

2. Mentoring events

3. Collaborative opportunities

4. Good teaching materials

5. Conferences/Networking events

Cornell Bowers CIS
Computer Science




Community

Which of these is most important in a
research community:

1. Hot topics to work on

2. Mentoring events

3. Collaborative opportunities

4. Good teaching materials

5. Conferences/Networking events

Others?

Cornell Bowers CIS
Computer Science




Enthusiasm matters...

Cornell Bowers CIS
Computer Science

UN

*“\_\‘ I"@'

O
o] 2
v <
NG
D Q)

25D A2




... but ...

Cornell Bowers CIS
Computer Science




... but ...

Keep moving, even if slowly!
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Jean Yang
@jeanqgasaur

Find your style

Taylor Swift as important papers in programming
languages, a thread.

'An Axiomatic Basis for Computer Programming,"
C.A.R. Hoare, 1969. Introduced Hoare Logic for
proving program properties.

cs.cmu.edu/~crary/819-f09...

Computer Programming

C. A. R. Hoans
The Queen's University of Beljast,* Northern Ircland

been extended 1o other bronches of mathem: Vs in-
olves the elucidation of sets of axioms and rules of inference
which con be used in proofs of the properties of computer
progroms. Exomples are given of such axioms and rules, and

ficol, may follow from o pursuance of these fopics.

KEY WORDS AND PHEASES. anismatic method, thesry of progromming’
proots of progroms, formel longeoge M progreaming longuoge.
donion, madins iedependers peogromening. aion

R CATIGORY, 40,421, 435, 330, 320 £33, 324

1. Introduction

and all the consequences of

ference o sets of
It is therefore desirable and interesting to
clucidate the axioms and rules of inference which undorlio
our reasoning about computer programs. The exset chaice
of axioms will to some extent depend on the choice of
ing language. For illustrative purposes, this
paper is confined to a very simple language, which is effec-
tively a subset of all current procedure-oriented languages.

2. Computer Arithmetic

The first requirement in valid reasoning about a pro-
gram is to know the properties of the elementary opertions
which it invokes, for example, addition and multiplication
of integers. Unfortunately, in several respects computer

r=x+yX0
YKrDrHyXa= =N +yX U +9q)
The proof of the second of these is:
A r=w)+yX(1+4q)
==+ GX1+yXq

=r+yXq providedy < r

ho 9 are, of course, true of the tradi
tional infinite set of integers
they are also true of the fini

independent
event of “over-

(1) Strict interpretation: the result of an overflowing
operation does not exist; when overflow oceurs, the offend.
ing program never complotes its operation.
thin came, the equalities of A1 to AD aro stret in the sense
that both sides ex

u\'erﬂu\\ ing oper-
e represented.
(3) Modulo arithmetic: the result of an overflowing
operation is computed modulo the size of the set of integers
representesd
These three techniques are illustrated in Tablo 11 by
addition and multiplication tables for a trivially small

Tt is interesting to note that the different systems satisfy-
ing axioms Al to A9 may be rigorously distinguished from
each other by choosing a particular one of a set of mutually
exclusive supplementary axioms. For example, infinite
arithmetic satisfies the axiom:

A0, -3y (y<a),
where all finite arithmetics satisfy:
Al0, Vz (z € max)

where “max” denotes the langest integer represonted.

Similarly, the three treatments of overflow may be
istinguished by a choieo of one of the following axioms
relating to the value of max + 1

arithmetic is not the same as the arithmetic familiar to  All, =3z (r=max+1) (strict interpretation)
W it is necessary to exercise some care
ppropria Je, the Alls max + 1 = max (firm boundary )
axioms displayed in Table I are rather a small selection A1l max + 1 = 0 (modulo arithmetic)
of axioms relevant to integers. From this incomplete set s -

|

In this poper on attempt is made to explore the logicel fownde- A9 -+ G+yXe
tions of computer programming by use of techniques which
ware fist applied in the study of geometry and have later A3 “(r=w+n+yXa

2
o

i ironment ean, in principle, S :
be found out from the text of the program itself by means "lf-‘ll-llm which 0, 1, 2, and 3 are the only integers repre- Crus
v deductive reasoning. Deductive reasoning in-  *“3 "
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Jean Yang <+ @jeanqgasaur - 11 Aug 2020 .
Replying to @jeanqasaur
"Abstract interpretation: a unified lattice model for static analysis of
programs by construction or approximation of fixpoints," Cousot & Cousot,
1977. Introduced abstract interpretation for statically analyzing program
properties. Now used by Airbus.

di.ens.fr/~cousot/COUSOT...

Jean Yang
@jeanqgasaur

Taylor Swift as important papers in programming

languages, a thread.

cs.cmu.edu/~crary/819-f09...

Computer Programming

C. A. R. Hoans
The Queen's University of Beljast,* Northern Ircland

In this poper an attempt is made 1o explore the logical founda-
fions of computer programming by use of techniques which
were first applied in the study of geometry ond have later
been extended 1o other bronches of mathematics. This in-
olves the elucidation of sets of axioms and rules of inference
which con be used in proofs of the properties of computer
progroms. Exomples are given of such axioms and rules, and
a formal proof of a simple theorem is displayed. Finally, it is
argued that important advantages, both theorefical and prac-
ticol, may follow from & pursuance of these fopics.

KEY WORDS AND PHEASES. anismatic method, thesry of progromming’
proots of progroms, formal longeoge defiten, progrenming longeage.
Gonion, madins iedependent progrommng. progran aion
CRCATIGORY. 40,421, 422,520, 5.21, 523, 524

1. Introduction
Computer programming is an exact science in that all
the properties of & program and all the consequences of
exceuting it in any given environment can, in principle,
1 out from the text of the program itself by means
deductive reasoning. Deductive reasoning in
plieation of valid rules of inference to sets of
valid axioms. It is therefore desirable and interesting to
clucidate the axioms and rules of inference which undorlio
our reasoning about computer programs. The exset chaice
of axioms will to some extent depend on the choice of
programming langusge. For illustrative purposes, this
paper is confined to a very simple language, which is effec-
tively asubset of all current procedure-oriented languages.

2. Computer Arithmetic
The first requirement in valid reasoning about a pro-
gram is to know the properties of the elementary opertions
which it invokes, for example, addition and multiplication
y, in several respects computer
arithmetic is not the same as the arithmetic familiar to
necessary 0 exercise
ppropriate set of axioms. For exs
axioms displayed in Table I are rather a small selection
of axioms relevant to integers. From this incomplete sct

r=x+yX0
YSrOrHdyXa= - +yX A+q)
The proof of the second of these is:
AS r—y)+yX(1+q
==+ GX1+yXq

A9 ==+ GtyXe
A3 ==+ +uXe
A6 =r+yXq providedy < r

The axioms Al to A9 are, of course, true of the tradi.

manipulsted by eomputers pro s
fined to rionnepatice numbers, Their truth is independent

ndependent

flow™; for example:

(1) Strict interpretation: the result of an overflowing
operation does not exist; when overflow oceurs, the offend-
ing program never completes its operation. N
this ease, the equalities of A1 to
that both sides exist or fail to exist together.

(2) Firm boundary : the result of an overflowing oper-
tion is taken a5 the maximum value represented
Modulo arithmetic: the result of an overflowing
operation is computed modulo the size of the set of integers
representesd

These three techniques are illustrated in
addition and multiplication tables for a. t
model in which 0, 1, 2, and 3 are the only integers repre-
sented.

Ttisinteresting to note that the different systems satisfy-
ing axioms Al to A9 may be rigorously distinguished from
each other by choosing a particular one of a set of mutually
exclusive supplementary axioms. For example, infinite
arithmetic satisfies the axiom:

A0, ~3:Vy (y<a),

where all finite arithmetics satisfy:

A0, Vi (2 <max)

where “max” denotes the langest integer represonted.
Similarly, the three treatments of overflow may be

distinguished by a chaiee of one of the following axioms

relating to the value of max + 1:

Ally =3z (r=max+1) (strict interpretation)

All, max 4 1 = max (firm boundary)

Ally max+1=0 (modulo arithmetic)
bl s e Al iy n

An Axiomatic Basis for Computer Programming,"
C.A.R. Hoare, 1969. Introduced Hoare Logic for
proving program properties.
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Jean Yang @jeangasaur - 11 Aug 2020
"From System F to Typed Assembly Language," @GMorrisett et al, 1998.
Introduced a typed assembly language + type-preserving translation. Being
able to prove properties of assembly through types is huge! POPL "Most

Jean Yang @jeanqasaur - 11 Aug 2020 e Paper" in 2008
Replying to @jeanqasaur '

"Abstract interpretation: a unified lattice model for static analysis ¢
programs by construction or approximation of fixpoints," Cousot &
1977. Introduced abstract interpretation for statically analyzing pro;
properties. Now used by Airbus.

di.ens.fr/~cousot/COUSOT...

cs.cornell.edu/talc/papers/ta...
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Jean Yang @jeangasaur - 11 Aug 2020
"From System F to Typed Assembly Language," @GMorrisett et al, 1998.

F I n d yo u r Styl e Introduced a typed assembly language + type-preserving translation. Being

..\I.IA dm rmvmriima mvamavkiana Af aamAanmallh dflhvAaiixlh Fismaaa TA liixal DOPL "Most
§ Jean Yang @jeanqasaur -1 Aug Jean Yang @Jeanqasaur : 11 Aug 2020 eee
Replying to @jeanqgasaur "Formal Certification of a Compiler Back-end," Xavier Leroy (OCaml
A IR TEEIE 8 (el i creator!), 2006. First paper to use interactive theorem-proving (with Coq)
programs by construction or approxima t df I if C il land k . ificati
[ o program and formally verify a C compiler. Landmark paper in verification.
properties. Now used by Airbus. POPL "Most Influential Paper" 2016.

di.ens.fr/~cousot/COUSOT... . . .
| el xavierleroy.org/publi/compiler...
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More practically...

Read a lot (of introductions!) Talk to peers

YouTube
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And when things go wrong?

You do not like the topic

Collaboration breakdown
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And when things go wrong?

You do not like the topic Supervisor conflict

Collaboration breakdown

Your work keeps getting rejected
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And when things go wrong?

You do not like the topic Supervisor conflict

Collaboration breakdown

Mental health
Your work keeps getting rejected
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Some reflections...

Finding a matching topic is important —
for your daily happiness and for your

career
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Some reflections...

Finding a matching topic is important —
for your daily happiness and for your
career

Multidimensional decision
External Factors

A topic is not forever

Your research evolves with the years —
topic-wise and style-wise

Sometimes the topic finds you
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Research is a conversation

- Stephanie Weirich, PLMW’22
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