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v Problem Set 7

This assignment is going to convert any deterministic finite automata (DFA) to equivalent regular expressions. Your will follow the TCS
textbook algorithm. It can be viewed as a "compiler” from DFAs to regular expressions.

Please review this entire notebook and complete the tasks marked with Topo as instructed.

Due: 10:00pm on April 1, 2025 (Tuesday).

a lot of hands on example for Iearning>

How can | learn to appreciate the
theoretical realm of computing if | have

always worked with concrete examples and
systems?
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Details Of the Cloudflare outage https://blog.cloudflare.com/details-of-the-cloudflare-outage-on-july-2-2019/
on July 2, 2019 l

2019-07-12

@ o The events of July 2

16 min read

On July 2, we deployed a new rule in our WAF Managed Rules that caused CPUs to
become exhausted on every CPU core that handles HTTP/HTTPS traffic on the

Cloudflare network worldwide. We are constantly improving WAF Managed Rules to

respond to new vulnerabilities and threats. In May, for example, we used the speed

with which we can update the WAF to push a rule to protect against a serious

SharePoint vulnerability. Being able to deploy rules quickly and globally is a critical

feature of our WAF.

Unfortunately, last Tuesday's update contained a that backtracked
enormously and exhausted CPU used for HTTP/HTTPS serving. This brought down
Cloudflare’s core proxying, CDN and WAF functionality. The following graph shows
CPUs dedicated to serving HTTP/HTTPS traffic spiking to nearly 100% usage across

the servers in our network.



https://blog.cloudflare.com/details-of-the-cloudflare-outage-on-july-2-2019/

# Appendix: About [l [VIETE S JL=CETT)
Backtracking

To fully understand how (2:(2:\"|*|\1I\}|\\|\d| (?:nan|infinity|true|false|null|
undefined|symbol|math) [\" | \-|\+)+[)1*;2((2:\s|-|~| ' [{}|\|\||\#)*.*(2:.%=.%))) caused
CPU exhaustion you need to understand a little about how a standard
engine works. The critical partis .*(?:.*=.*). The (?: and matching ) are a
non-capturing group (i.e. the expression inside the parentheses is grouped together

as a single expression).

For the purposes of the discussion of why this pattern causes CPU exhaustion we can

safely ignore it and treat the pattern as .*.*=.*. When reduced to this, the pattern

obviously looks unnecessarily complex; but what's important is any "real-world"
expression (like the complex ones in our WAF rules) that ask the engine to "match

anything followed by anything" can lead to catastrophic backtracking. Here's why.




Failing to match .*.*=_*; against the string x= followed by
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Write regular expression to match
(and only match) valid regular expressions

1169 votes @ s there a regular expression to detect a valid regular expression?

Is it possible to detect a valid regular expression with another regular expression? If so please give
example code below. ...
270k views

regex E:,E psytek 9,231 asked Oct 5, 2008 at 17:07

https://stackoverflow.com/search?qg=regular+expressions



s there a regular expression to detect a valid Ask Question

Products Q Search...

Is it possible to detect a valid regular expression with another regular expression? If so

-
please give example code below.
1169
regex
v
Share Improve this question edited Jan 8, 2016 at 12:58 asked Oct 5, 2008 at 17:07
Follow ¢ xav g:g psytek

3—2 5,638 7 52 #58 XK 9,231 03 019 o7

386 Who validates the validating regex? — bevacqua Jul 4, 2011 at 0:02
18 @Nico Community. — Janusz Lenar Jul 29, 2012 at 13:39

82 So your problem is validating a regex, you chose a regex for solving it. | wonder if the problem-
number-increasing property of regexes is additive or multiplicative. It feels like 4 problems instead
of 2 ;) — abesto Nov 18, 2013 at 14:54
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H
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start of string
first group start

literals and ", $
escaped characters
character classes

parenthesis, with recursive con
recursive matching

guantifiers
alternative
repeat content
end first group
end of string

This is a recursive regex, and is not supported by many regex engines. PCRE based ones

should support it.




Write regular expression to match
(and only match) valid regular expressions

s it possible?

{0™1": for some integer n} is not regular
{("™)": for some integer n} is not regular
{x € {(,)}": parathesis in x is paired } is not regular

10



Computation models (so far)

Boolean circuits:
© Can compute every function on fixed input length
@ Need a different circuit for each input length.

return OR(firstpair,temp)

DFA (and RE, NFA):
© Can describe one algorithm/method for all inputs
@ It is limited in how it accesses its inputs (one pass)
@ It is limited in how much memory it has (constant)

11



Can we get the best of both

Turing Machines!

© A single algorithm
© Can read its input

for all input lengths
oack and forth

© Can store data and

read back (storage as memory)

12



How DFA worked

[ Current stateC

N

... end of string

13



Turing Machine

—
e N
[Current state
Tape initially If DFA “halts”,
contains the input | > -> tape contains
followed by blanks the output
Semi-infinite tape (r/{emory)

nf ut
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Turing Machines
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Registration Survey

What is a
Turing Machine?

Hope to understand
Turing Machines a little better

2

]
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230 A. M. Turivg [Nov. 12,

ON COMPUTABLE NUMBERS, WITH AN APPLICATION TO
THE ENTSCHEIDUNGSPROBLEM

By A. M. TurixG.
[Received 28 May, 1936.—Read 12 November, 1936.]

The “computable” numbers may be described briefly as the real
numbers whose expressions as a decimal are calculable by finite means.
Although the subject of this paper is ostensibly the computable numbers.
it is almost equally easy to define and investigate computable functions
of an integral vaviable or a real or computable variable, computahle
predicates, and so forth. The fundamental problems involved are,
however, the same in each case, and I have chosen the computable numbers
for explicit treatment as involving the least cumbrous technique. I hope https://www.cs.virginia.edu/~robins/
shortly to give an account of the relations of the computable numbers, Turing Paper 1936.pdf
functions, and so forth to one another. This will include a development

17



https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf
https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf

A. M. Turing (1950) Computing Machinery and Intelligence. Mind 49: 433-460.

COMPUTING MACHINERY AND INTELLIGENCE
By A. M. Turing
1. The Imitation Game

I propose to consider the question, "Can machines think?" This should begin with
definitions of the meaning of the terms "machine" and "think." The definitions might be
framed so as to reflect so far as possible the normal use of the words, but this attitude is
dangerous, If the meaning of the words "machine" and "think" are to be found by
examining how they are commonly used it is difficult to escape the conclusion that the
meaning and the answer to the question, "Can machines think?" is to be sought in a
statistical survey such as a Gallup poll. But this is absurd. Instead of attempting such a
definition I shall replace the question by another, which is closely related to it and is
expressed in relatively unambiguous words.

18


https://courses.cs.umbc.edu/471/papers/turing.pdf

4. Digital Computers

The idea behind digital computers may be explained by saying that these machines are
intended to carry out any operations which could be done by a human computer. The
human computer 1s supposed to be following fixed rules; he has no authority to deviate
from them in any detail. We may suppose that these rules are supplied in a book, which is
altered whenever he 1s put on to a new job. He has also an unlimited supply of paper on
which he does his calculations. He may also do his multiplications and additions on a
"desk machine," but this is not important.

If we use the above explanation as a definition we shall be in danger of circularity of
argument. We avoid this by giving an outline. of the means by which the desired effect is
achieved. A digital computer can usually be regarded as consisting of three parts:

(1) Store.

(11) Executive unit.

(111) Control.

19
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What are we modeling?



L ocq\ Follow simple rules

’t V awn sition FL{ nc'k{m — \C»r\?fe ‘[UVI

Remember what you are doing

gloL‘q\ [ (V\ﬂmwy ‘\\/\{

21



Turing Machine Model

A Turing Machine, is defined by (2, k, 6):

k € N:afinite number of states /o, | -~ | k—-\i

2 : alphabet — finite set of symbols |
x 2101, 0}

d: transition functlon Lo speciol ymbok,

8:[k] x £ - [k] k] X £ x {L,R,S,H)

Left, Right, Stay, Halt

23



Turing Machine

I

Tape initially
contains the input | >
followed by blanks

\6 Semi-infinite tape (memory)

ir\put



A Turing Machine, is defined by (%, k, 6):
k € N: afinite number of states
Y : alphabet — finite set of symbols

5 2 {0,1,5, 0} Executionofa TM

O: transition function
6: k] Xx T - [k] X £ X {L,R,S,H}

Definition. The executionofaTM, M = (2, k, ) oninput x € {0, 1} is this process:
1. Initialize T as =, xg, X1, «+., Xp—1,D, D, @, ... where n = |x|.
Thatis, T|0] =, T|i + 1] = x; fori € [n],and T|i] = @ fori > n.
2. Initialize two natural number variables, i = 0,s = 0.
3. repeat
1. (s',o’,D) = 6(s,T[i])
2.5 :=5"Tli]:= o'
3.fD=R:i:=i+1
if D=L:1:=max{i — 1,0}
if D = H: break

25



Turing Machine

I

Tape initially If transition “halts”,
contains the input | > -> tape contains
followed by blanks the output

Semi-infinite tape (memory)

26



Output of executing TM

Definition. The output of the executionofaTM, M = (2, k,5) oninput x € {0,1}" is the
result of this process:
1. Initialize T as >, xg, X1, e+, X1, D, D, @, ... where n = |x|.
Thatis, T[0] =, T|[i + 1] = x; fori € [n], and T|i] = @ fori > n.
2. Initialize two natural number variables, i = 0,s = 0.

3. repeat
1.(s',a',D) = 6(s,T[i])
2.5 :=5"Tli]:= o'’

3.ifD=R:i:=i+1
if D=L:i{:=max{i — 1,0}
if D = H: break
4. If the process finishes (the repeat breaks), the result of this process is:
M(x) = T|1], ..., T[m] where m > 0 is the smallest integer, T|m + 1] & ¢ {0,1}.
o therachind =1
Otherwise (i em does NOT halt), then define M(x) = L ]3‘1:(-(?014'\)

[warning: L is not an actual output]



Special Simpler Case: No Input Execution

Definition. The output of the execution of a TM, M = (X, k, &) is the result of this
process:  X= 121 M ( L ")
1. Initialize Tas>, 9, 0, 0, ... V\ ( )
2. Initialize two natural number variables, i = 0,s = 0.
3. repeat
- 1.(s',0',D) = 8(s,T[i])
2.5 :=5"Tli]:= o'
3.fD=R:i:=i+1
if D=L:i:=max{i — 1,0}
if D = H: break
. If the process finishes (the repeat breaks), the result of this process is:
M(x) =T|[1], ..., T|[m] where m > 0 is the smallest integer, T[m + 1] ¢ {0,1}.
Otherwise (i.e., the machine does NOT halt), then define M(x) = L.
[warning: L is not an actual output] 28




Who needs input?

GivenaTM, M = (%, k,5) and input x, produce a
™, M' = (X, k’,6") such that the output M'(x) in the
No-Input model, is the same as the output M(x) in

J

the normal model. M (" '> M W@Mt; n X

Why always possible?
3=;/I(x)y s M) = /\/\(?c)

M’ st W\ () "

X
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Registration Survey

What is a
Turing Machine?

Hope to understand
Turing Machines a little better

2

]
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k € N: a finite number of states

What’s a Turing Machine? | ™ 20 ™™

d: transition function
\ 6:[k] x 2 = [k] x £ x {L,R,S, H}

o Extonlon &~ DT O OFA
Rend/ wite  weny tanes:

* TY\& 01 Meww] Memorf

) COWKV\‘U&S 0"\)( 1["/\‘\75( '@"C‘ 2 Circqu

L\W\\ﬂL lﬂevqﬂ m@ MQW\/T@Q - 59734(25 l'n\emmlay. ?

) A Turing Machine, is defined by (2, k, §):
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Simulating Turing Machines

000r0
O11rb
0 __ * halt-accept
bO0Orb
bllrb
b __ * halt-reject

33
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Charge —
Regular expressions . :
Limits, failures

Turing Machines
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