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And Now to Something Completely Different:
The Halting Problem and Alan M. Turing
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A Benign Loop
The following function ignores its input, x, prints all integers in the
finite range starting from k=1 and ending at k=7. Upon leaving the
loop, it proudly prints (and hence displays) "hello, world!".
def stoppy ( x ):
i =0
while i <7:
i = i +1
print ( i )
return " hello , world ! "
>>> stoppy ( " daniel " )
1
2
3
4
5
6
7
’ hello , world ! ’

Once k reached 7, the while’s condition becomes False. The
execution leaves the loop, returns "hello, world!", and halts.
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An Infinite Loop
The following function ignores its input, x, prints all integers, starting
from 1, and then proudly returns ‘‘catch me if you can!’’.
def loopy ( x ):
i =0
while True :
i = i +1
print ( i )
return " catch me if you can ! "
>>> loopy ( " benny " )
1
2
3
4
5
6
7
# aborted manually

Alas, since the condition in the while is always True, the execution
is in an infinite loop. This execution thread was aborted manually.
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Avoiding Infinite Loops

Infinite loops, or in general programs that do not halt, are one of the
nightmares of programmers when designing computer programs.
>>> stoppy ( " daniel " )
>>> loopy ( " benny " )

For the two simple pieces of code above, it is easy to check and even
formally verify that indeed stoppy halts on every x, while loopy
enters an infinite loop on every x, and never halts. But for more
complicate and intricate programs, determining if a function halts on
a certain input is not so easy. Yet, how bad can this be?
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The 3n + 1 Problem
Consider the following function, which receives as input a positive
integer, n. It then iterates, dividing even n by 2, multiplying odd n
by 3 and adding 1. The halting condition is n equals 1.
def collatz ( n ):
""" the 3 n +1 function , including
printouts of intermediate values """
while n > 1:
if n % 2 == 0:
n = n //2
else :
n = 3* n +1
print ( n )

Try running this function on several inputs, e.g. n = 71, 97, 341. Its
behavior is quite unpredictable. Given an input n, the only way we
know in general to show that the function would halt, is to run it on
n (and cross our fingers).
The Collatz Conjecture: The function halts on every input, n.
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The Halting Problem

So for more complicate and intricate programs, such as the 3n + 1
problem, determining if a function halts on a certain input is not so
easy. Yet, how bad can this be?
Idea: Computers are omnipotent, and we are bright, correct?
So how about writing a computer program, Check Halting(f,x),
which will do such checking (does f halt on input x) for us, and thus
warn us about non halting mishaps before they happen?
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The Halting Problem

(modified from a presentation by Sivan Toledo)
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Alan Mathison Turing:
The Halting Problem is Undecidable

(modified from a presentation by Sivan Toledo)
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Alan Mathison Turing:
The Halting Problem is Undecidable

Turing has shown that no computer program can check if a computer
code (say written in Python) will halt or enter an infinite loop.
This is a fundamental limitation of computations. Not just a
limitation of a specific programming language or a manifestation of
incompetence of today’s programmers.
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The Halting Problem is Undecidable: Proof

Suppose, towards a contradiction, that there is a program (a high
order function) Halt(f,x), which resolves halting problem. This
means that on inputs f (a function of one variable), and x (an input
to f), Halt(f,x) returns True if f halts on x, and False otherwise.
Furthermore, we assume that Halt(·, ·) itself halts on every pair of
inputs f,x.
Note that if running f on x leads to an error (for whatever reason –
incorrect format, overflow, wrong type, etc., etc.) we consider this as
a halting of f on x.
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The Halting Problem is Undecidable: Proof, cont.
We now construct a new function, modify, which employs
Halt(f,x) in an essential fashion.
The function modify gets as an input a function, f. This means that
modify itself is a higher order function. However, at this stage in the
course, we are neither scared nor impressed by higher order functions.
def modify ( f ):
if Halt (f , f ): # f ( f ) halts
i =0
while True :
i = i +1
return " gidday , mate ! "
else :
# f ( f ) does not halt
return " yes , we can ! "
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The Halting Problem is Undecidable: Proof, cont2
What will happen if we apply modify to itself, namely invoke
modify(modify). Specifically, will it halt or not?
To make the presentation clear, lets explicitly look at the code when
we substitute modify for the formal argument, f.
def modify ( modify ):
if Halt ( modify , modify ): # modify ( modify ) halts
i =0
while True :
i = i +1
return " gidday , mate ! "
else :
# modify ( modify ) does not halt
return " yes , we can ! "

If modify(modify) halts, then the condition in the if is satisfied, so
the execution enters an infinite loop.
If modify(modify) does not halt, then the condition in the if is not
satisfied, so the execution returns ”yes, we can!” and halts.
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The Halting Problem is Undecidable: Proof, Concluded
def modify ( modify ):
if Halt ( modify , modify ): # modify ( modify ) halts
i =0
while True :
i = i +1
return " gidday , mate ! "
else :
# modify ( modify ) does not halt
return " yes , we can ! "

If modify(modify) halts, then the condition in the if is satisfied, so
the execution enters an infinite loop.
If modify(modify) does not halts, then the condition in the if is not
satisfied, so the execution returns ”yes, we can!” and halts.
So modify(modify) halts if and only if modify(modify) does not
halt. Contradiction!
♠
(Contradiction to the existence of Halt(f,x), which solves the
halting problem.)
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The Halting Problem is Undecidable: Reflections
The key idea in the proof is self reference – deriving a contradiction
by applying modify to itself. You will see this idea in other contexts
(or, at least, courses) as well. Perhaps the two better known ones are:
Georg Cantor’s diagonalization technique, used to prove that the real
numbers are not enumerable (Georg Ferdinand Ludwig Philipp
Cantor, 1845–1918).
Kurt Gödel incompleteness theorem, showing that in any “rich
enough” and consistent mathematical axiomatic system, like Number
Theory, there are claims (theorems) that are not provable, nor is their
complement provable. Gödel developed a method to describe
(encode) claims by integers, so that it is possible to express in his
system a claim saying ‘‘I am not provable’’. (Kurt Friedrich
Gödel, 1906–1978)
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And Now to Something Completely Different:
A Brief Voyage Back in Time

Let us go back to Wednesday, March 15, 2017.
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Travel Advisory

I

You are about to take the “extended introduction to CS” course.

I

It is intended primarily for first year Computer Science students.

I

The programming language taught and used in the course is
Python (version 3.6).

I

The course will require a substantial amount of work by
yourselves to digest and pass successfully.

I

Welcome aboard!
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Administrative Details
I

Grade determined by exam (85%) and homework (15%).

I

In order to pass the course, you must pass the exam (grade at
least 60), and also get a non failing grade (at least 50) in all
home assignments.

I

Homework grade is a weighted average of all n home
assignments grades: Equal weight to the best n − 1 grades, plus
half the weight for the one worst grade.

I

Moed A exam will be on July 28th, 2017 (Moed B on
September 7th).

I

Exam is closed book except for 2 double sided, normal size (A4)
pages.
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Course Structure
I

We will “sample” 10–12 different topics of interest from a fairly
wide range in Computer Science.

I

This should hopefully expose you to some of the beautiful topics
and ideas in the field.

I

Naturally we will not get into any of them in great depth.

I

We leave this to the required and elective courses you will take
later in your studies.

I

Each topic will be accompanied by programming examples
(given by us) and tasks (to be done by you).

I

Lectures and recitations are coordinated, and form integral parts
of the course.

I

Lectures in the same day by both lecturers are in principle the
same, as are the 4 recitations (by the two teaching assistants)
on the same week.
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Prior Knowledge
I

Students in the course come from a wide range of backgrounds.

I

This is especially true regarding prior exposure to programming.

I

We designed the course so students who have a lot of
programming experience will still learn a lot from it.

I

And yet, students with no computation/programming
background should be able to excel in it.

I

This is a challenge for both the teaching staff and the students.

I

Students with no programming background will probably be
required to work harder, esp. during the first half of the course.

I

We have allocated three weekly hours by an experienced student
for help with programming and other course related issues.

I

Time and venue: to be announced.

I

You are strongly encouraged to take advantage of this ongoing
opportunity.
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Course Structure
I

Python programming basics (2–3 meetings)

I

Bits, bytes, and representation of numbers in the computer.

I

Huge integers, with applications to public key cryptography.

I

Sorting and Searching.

I

Basic data structures, incl. hashing and hash functions.

I

Numerical computations (Newton–Raphson root finding).

I

String matching, with applications in computational biology.

I

Text compression.

I

Representing and manipulating images.

I

Simple error correction codes.

I

Problems that cannot be solved by any computer.

I

Hard computational problems.
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Topics Covered (not necessarily in order; not exhaustive)
1. Basics and “infrastructure”.
• Programming in Python:
Types, functions, conditionals, loops, the memory model.
• The binary system and integer representation.
• Algorithms and Complexity:
Exponentiation using iterated squaring.
Search, sort, merge. Binary search.
• High order functions and lambda expressions
• Randomness

2. Issues related to number theory.
• Primality testing and Fermats little theorem.
• Diffie Hellman key exchange.
• Integer greatest common divisor (GCD).

3. Numerical computations and floating point numbers
• Numerical Integrals and derivatives.
• Newton-Raphson method.
• Floating point numbers representation.
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Topics Covered (not necessarily in order; not exhaustive)
4. Recursion.
• Memoization.
• Two person games.

5. Data structures and object oriented programming.
• Classes, fields and methods.
• Linked lists, trees, hash tables
• Iterators, finite and infinite.

6. Text.
• Ascii and Unicode.
• String matching – Karp Rabin.
• Compression – Huffman and Ziv–Lempel.

7. Miscellaneous
• Error correction codes and error detection codes.
• Image representation and analysis.
• The Halting problem and Alan Turing.
23 / 1

So, What Is “Computer Science”?
It is not just about computers (though computers are used). Neither
is it the same as calculations (though calculations are done).

Computer Science studies various aspects of the notion of computing.
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What Lies Ahead: 2nd and 3rd Year Required CS Courses
•
•
•
•
•
•
•
•
•
•
•

Software 1
Data Structures
Algorithms
Software Project
Computational Models
Computers Structure
Operating Systems
Complexity
Logic
Compilation
Probability and Statistics

• Elective courses (e.g. machine learning, NLP, cryptography,
cyber security, coding theory, web data management, data
science, etc., etc.)
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Plan for the Rest of the Course

• A few words about the dreaded exam
• Two short advertisements.
• Thanks.
• Famous last words.

26 / 1

And Now For Something Really Different
• About one third of undergraduate students experience some sort
of mental difficulties (e.g. anxiety or depression) during their
studies.
• Only one third of them get professional help.
• Society at large still stigmatizes mental difficulties and mental
treatment.
• Which may act as a deterrent for seeking such help.
• Exam period is stressful and may increase mental difficulties.
• Talking to family or friends can often be of help. But not always.
• Professional mental help is available, e.g. within the
organization of the Dean for Student Affairs at TAU.
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The Dreaded Exam
• All material covered in class, recitations, and homework, from all
parts of course.
• Both multiple choice (”semi closed”) and ”open” questions.
• Including some coding (“dry coding”) and/or fixing bugs in
given code.
• You can bring and use two double sided A4 (normal size) pages.
• If we deem some details are required, we’ll supply them.
• Do not waste effort and memory trying to memorize obscure
details.
• But knowledge of basic ones (e.g. slicing, list comprehension,
binary search, classes, etc., etc.) is expected.
I

Piece of cake.
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Advice for Preparing to the Dreaded Exam

• Prioritize !
• Concentrate on the ideas, not the gory details.
• Identify important details that you do not memorize, and write
down a summary in the 2 double sided pages.
• You are expected to know the details of algorithms taught in the
lectures, recitations, and designed by you in homework.
• We do not expect you to memorize any code.
• Relax!
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Examples of How Not to Answer the Dreaded Exam
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Advice on How to Answer the Dreaded Exam

• Use the supplied notebooks for drafts, initial drawing,
preliminary code and text.
• Think what you want us to read from all of the above.
• Put only clear and concise text/code/drawings in the exam form.
• Taking more space than provided is not a good idea.
• We may take points off for excessive use of extra space.
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Topics Not Included in the Dreaded Exam
• Group Theory used in primality testing and Diffie Hellman.
• Ackermann function.
• Finite state automata and their use in string matching.
• Files I/O.
• The Singleton and the volume bounds for error correction codes.
• Proof of correctness of Euclid’s gcd algorithm.
• The halting problem.
• Everything labeled “reference only”.
I

As already advertized: Piece of cake.
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Short Advertisement (1):
Teaching Computer Science in the community
(for 2nd and 3rd year students)

Your chance to spread your knowledge to school kids (typically mid
school, ages 12-15). A challenging and personally rewarding activity.
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)Short Advertisement (2): Student exchange (2nd year +
סמסטר בוונציה
-

תלמידים לתואר הראשון מכל הפקולטות באוניברסיטת תל אביב מוזמנים
ללמוד במשך סמסטר אחד באוניברסיטה הבינלאומית של ונציה
Venice International University (VIU) www.univiu.org
בקורסים בתחומים הבאים
)שפת ההוראה אנגלית(:

היסטוריה ,תיאוריה של האמנות ,תולדות האמנות ,תקשורת,
אדריכלות ,לימודי דתות ,תורת הספרות ,סוציולוגיה,
מדע המדינה ,כלכלה ,איטלקית מדוברת
ההרשמה לסמסטר א' תשע"ח היא עד 20/04/2017
ולסמסטר ב' תשע"ח עד 20/10/2017
מידע על הכרה בקורסים של  VIUיינתן על ידי החוגים  /הפקולטות
למספר התלמידים שהרשמתם תאושר יוענקו מלגות בסך  1000אירו כל אחת
לגבי פרטים על ההרשמה ,שכר הלימוד ,המגורים ומידע נוסף נא לפנות אל
אבי זרכובסקי ,רכז תכנית ונציה ,בניין הסנאט ע"ש ג'ורג' ס' וייז ,חדר  202בימים א' ה',
בין השעות  ,10:00-13:00טלפון ,03-6409989 :דואלaviz@tauex.tau.ac.il :

VIU is just one attractive example out of many options. For a full list of
universities with whom TAU has a student exchange agreement, look at the
site of TAU office of international academic affairs, or send e-mail to
acadaff@tauex.tau.ac.il.
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Many Thanks
To the many people who taught us about topics we were not familiar
with, and gave us feedback and advice about earlier versions of the
course material and slides (too many to list individually).
To the founding teaching assistant and Python Guru, Rani Hod. To
all previous lecturers and teaching assistants in the course, who
greatly helped improving it (again, too many to list individually).
To the students in the course who were a great audience, and
contributed pieces of code, error reports, and constructive criticism.
Last but not least, to the co-lecturer in the course, Dr. Amir
Rubinstein, and to this term’s teaching assistants, Amir Gilad and
Michal Kleinbort, for being such a professional, knowledgeable, and
cool team. Without them, this course would not be half the fun!
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The End of the Route Song – Leah Goldberg

Performence by Shem Tov Levy.
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Famous Last Words
You have brains in your head.
You have feet in your shoes.
You can steer yourself
any direction you choose.
You’re on your own. And you know what you know.
And YOU are the guy who’ll decide where to go.
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Famous Last Words
You have brains in your head.
You have feet in your shoes.
You can steer yourself
any direction you choose.
You’re on your own. And you know what you know.
And YOU are the guy who’ll decide where to go.
By Theodor Seuss Geisel (aka Dr. Suess, 1904–1991).
Hebrew translation by Leah Naor.

For an alternative version of the book Oh, the places you’ll go, by Dr.
Seuss, as told∗ by the people of Burning Man 2011, turn to youtube.
For a version in Hebrew, here at the heart of Tel-Aviv, see† another
youtube piece.
∗
†

in English only. The Gujarati version was, ahmm, lost in translation.
thanks to Noam Parzanchevski for the reference.
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