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Today's Topics

• Homework 9 review
• Ungraded regex exercises
• Regex recursion



Homework 9 Review

• First, notice I said you may assume the patterns:
• the noun1 verb the noun2 ➠ verb(noun1, noun2)
• the noun1 who verb the noun2  ➠ verb(noun1, noun2)

• Perl regex patterns:
• /the (\w+) (\w+) the (\w+)/  ➠ print "$2($1, $3)"
• /the (\w+) who (\w+) the (\w+)/ ➠ print "$2($1, $3)"



Homework 9 Review

Perl regex pattern testing:
• perl -le '$_ = qq/@ARGV/; /the (\w+) (\w+) the (\w+)/; 
print "$2($1, $3)"' the woman encountered the boy who 
encountered the girl

• encountered(woman, boy)
• perl -le '$_ = qq/@ARGV/; /the (\w+) who (\w+) the 
(\w+)/; print "$2($1, $3)"' the woman encountered the 
boy who encountered the girl

• encountered(boy, girl)



Homework 9 Review

• Next thing to notice is the regex overlap:
• the woman encountered the boy   who encountered the girl who found the man
• the (\w+) (\w+)       the (\w+)
•                       the (\w+) who (\w+)       the (\w+)
•                                                 the (\w+) who (\w+) the (\w+)

• Recall regex matching goes from left to right (keeping track of a pointer)
• We want to iterate this matching using the g (global) flag
• One solution: make the overlapping part a lookahead (so the pointer is not 

advanced):
• i.e. (?=the (\w+))



Homework 9 Review

• Two regex patterns:
• /the (\w+) (\w+) the (\w+)/  ➠ print "$2($1, $3)"
• /the (\w+) who (\w+) the (\w+)/ ➠ print "$2($1, $3)"

• One regex pattern:
• /the (\w+) (who )?(\w+) the (\w+)/

• With lookahead:
• /the (\w+) (who )?(\w+) (?=the (\w+))/

• Global match using a while loop:
• while (/the (\w+) (who )?(\w+) (?=the (\w+))/g) {
•   print "$3($2, $4)"
• }

You can also use a non- capturing group
(?:regexp)



Homework 9 Review

• Example:
$ perl -le '$_ = qq/@ARGV/; while (/the (\w+) (who )?(\w+) (?=the 
(\w+))/g){ print "$3($1, $4)"}' the woman encountered the boy
encountered(woman, boy)
$ perl -le '$_ = qq/@ARGV/; while (/the (\w+) (who )?(\w+) (?=the 
(\w+))/g){ print "$3($1, $4)"}' the woman encountered the boy who 
encountered the girl
encountered(woman, boy)
encountered(boy, girl)



Homework 9 Review

• Example:
$ perl -le '$_ = qq/@ARGV/; while (/the (\w+) (who )?(\w+) (?=the 
(\w+))/g){ print "$3($1, $4)"}' the woman encountered the boy who 
encountered the girl who found the man
encountered(woman, boy)
encountered(boy, girl)
found(girl, man)
$ perl -le '$_ = qq/@ARGV/; while (/the (\w+) (who )?(\w+) (?=the 
(\w+))/g){ print "$3($1, $4)"}' the woman encountered the boy who 
encountered the girl who found the man who chased the cat
encountered(woman, boy)
encountered(boy, girl)
found(girl, man)
chased(man, cat)



CoreNLP

1. the woman encountered the boy
2. the woman encountered the boy who encountered the girl



CoreNLP

3. the woman encountered the boy who encountered the girl who 
found the man

4. the woman encountered the boy who encountered the girl who 
found the man who chased the cat



Homework 9 Review

• Q1 (nsubj relativization):
• the woman encountered the boy who encountered the girl 
• relative pronoun is obligatory
• *the woman encountered the boy encountered the girl  

• Q2 (dobj relativization):
• the woman discovered the boy the girl encountered
• the woman discovered the boy who the girl encountered 
• relative pronoun is optional



CoreNLP

5. the woman discovered the boy the girl encountered



Background: Universal Dependencies
https://universaldependencies.org/u/dep/index.html

https://universaldependencies.org/u/dep/index.html


Background: Universal Dependencies



CoreNLP

6. the woman discovered the boy the girl the man found encountered



CoreNLP

6. the woman discovered the boy who the girl the man found 
encountered

got totally lost 

here



Background: Universal Dependencies

• i.e. when we have no clue what's going on!



CoreNLP

6. the woman discovered the boy who the girl who the man found 
encountered



CoreNLP

7. the woman discovered the boy the girl the man the cat chased 
found encountered



Background: Universal Dependencies



Homework 9 Review

Center-embedding (distance problem):
2. the woman discovered the boy the girl encountered

the woman discovered [ the boyOBJ the girlNSUBJ encountered(girl, boy) ]

3. the woman discovered the boy the girl the man found encountered
the woman discovered [ the boyOBJ [ the girlDOBJ the manNSUBJ found(man, girl) ] encountered(girl, boy) ]

4. the woman discovered the boy the girl the man the cat chased found 
encountered

the woman discovered [ the boy [ the girl [ the manOBJ the catNSUBJ chased(cat, man) ] found(man, girl) ] encountered(girl, boy) ]



Ungraded regex exercises

If you'd like 
a bit more 
practice 
…

(from the textbook)



Recursion

• The concept of recursion:
• I think the man thought I knew he thought I knew
• [S I think [S the man thought [S I knew [S he thought … ]]]] (S = sentence/clause)

• Constituent structure (embedding – potentially indefinitely)
• There may be performance limitations on types of embedding
• Dependency structure (chaining ccomp relations)



Recursion

• The concept of recursion:
• n! = n x (n-1)! for n ∈ ℕ, and 0! = 1   (factorial function)

can be defined non-recursively equivalently as:
• n! = ∏ ni=1 i    (product-based factorial function)



Regex Recursion

• Example: palindrome words
• e.g. I, dad, noon, kayak, redder, racecar and redivider
• or phrases (if we ignore white space and punctuation):
• e.g. Was it a car or a cat I saw?

• Normally, you can't write a regex for palindromes. Why?
• Fundamentally, it involves embedding, e.g. the use of a stack

• Perl regexs can because we can use backreferences recursively.
• regex recursion refers to the ability to repeatedly embed regexs using:

• (?Group-Number)



Regex Recursion
• Program: (?group-ref)

perl -e '$word = shift; print $word; print " not" if $word !~ 
/^(\w?|(\w)(?1)\2)$/; print " a palindrome\n"' kayak
kayak a palindrome
perl -e '$word = shift; print $word; print " not" if $word !~ 
/^(\w?|(\w)(?1)\2)$/; print " a palindrome\n"' abacus
abacus not a palindrome



Regex Recursion

• /^(\w?|(\w)(?1)\2)$/
1 2



Regex Recursion

• Successful match with kayak
  /^(\w?|(\w)(?1)\2)$/  ❘kayak
1.        k      k   k❘ayak
2.        a      a      ka❘yak
3.   y      kay❘ak



Regex Recursion

• Failed match with abacus
  /^(\w?|(\w)(?1)\2)$/  ❘abacus
1.        a      a   a❘bacus a
2.        b      b   ab❘acus ba
3.        a      a   aba❘cus aba
4.        c      c   abac❘us caba
5. …



Regex Recursion

• perl -e '$word = shift; print $word; print " not" if $word !~ 
/^(\w?|(\w)(?1)\2)$/; print " a palindrome\n"' noon

• noon a palindrome
• perl -e '$word = shift; print $word; print " not" if $word !~ 
/^(\w?|(\w)(?1)\2)$/; print " a palindrome\n"' I

• I a palindrome
• perl -e '$word = shift; print $word; print " not" if $word !~ 
/^(\w?|(\w)(?1)\2)$/; print " a palindrome\n"'
a palindrome



Regex Recursion

• Successful match with noon
  /^(\w?|(\w)(?1)\2)$/  ❘noon
1.        n      n   n❘oon
2.        o      o      no❘on
3.   ε      no❘on
ε = empty string



Context-Free Grammar (CFG)

Assume for now, the alphabet is lowercase English letters.
• 53  (26+26+1) rules for the palindrome grammar:

1. P --> λ  (empty string)
2. P --> t  (terminal, for t ∈ [a-z], 26 rules)
…
28.P --> a P a
…
53.P --> z P z (another 26 rules)

• Conceptually simpler…



Regex Recursion

Python:
import re
re.match(r'^(\w?|(\w)(?1)\2)$',"releveler")
• Let's see what happens…



Regex Recursion
python3
Python 3.7.3 (v3.7.3:ef4ec6ed12, Mar 25 2019, 16:52:21)
[Clang 6.0 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license" for more 
information.

>>> import re
>>> re.match(r'^(\w?|(\w)(?1)\2)$',"releveler")
Traceback (most recent call last):
 File "<stdin>", line 1, in <module>
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/re.py", line 173, in match
  return _compile(pattern, flags).match(string)
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/re.py", line 286, in _compile

  p = sre_compile.compile(pattern, flags)
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_compile.py", line 764, in compile

  p = sre_parse.parse(p, flags)

 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_parse.py", line 930, in parse

  p = _parse_sub(source, pattern, flags & SRE_FLAG_VERBOSE, 0)
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_parse.py", line 426, in _parse_sub

  not nested and not items))
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_parse.py", line 816, in _parse
  p = _parse_sub(source, state, sub_verbose, nested + 1)
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_parse.py", line 426, in _parse_sub
  not nested and not items))
 File 
"/Library/Frameworks/Python.framework/Versions/3.7/lib/python3.7
/sre_parse.py", line 806, in _parse
  len(char) + 1)

re.error: unknown extension ?1 at position 11



Regex Recursion

Python: alternate regex module handles recursion
• https://pypi.org/project/regex/

https://pypi.org/project/regex/

