LING/C SC 581:

Advanced Computational Linguistics

Lecture 27



Today's Topics

* Q&A for Optional Homeworks 11 and 12

* More on nltk and ptb
* Zipf's Law
e extracting the grammar rules (called productions)
* looking for words with multiple POS tags



nltk.corpus: ptb

v B wWsJ
>>> import nltk > B3 00
i WS3/00/WS] | MRGY, 1WS]/00/WS] MRG:, 1WS3/809/WSI MRG: . 1WS3/008/WSI MBG: > B 01
>>> fron nltk.corpus inport ptb YIS Y ELIR I S e | B O
>>> ptb.fileids() We3/88/NeI-0038:IRG  » hied/@B/MeT-BBY1 MG 1 Wed/B0/Me]-B035:MRG: . +HiR3/BA/I-BA33:IRE
'W31700/W3170024 . MRG'; 'W51700/WSI70025.MRG', 'WS1/00/WSI0026.MRG!, WS51/00/WSI0027.MRG! > ™ 03
' BROWN/CF/CFQ1.MRG', 'BROWN/CF/CF@2.MRG', 'BROWN/CF/CF@3.MRG', 'BROWN/CF/CFQ4.MRG' 'wsjf%f 20085 Rz -WSJf%f 200831 NRe 1 -WSJf@afws‘— D3 MRET! %‘588%?—883% 58" =
l[BRO\nIN/CF/CF 5.MRGY, " ' BROI /CE/CE 6.1IRG', ' ' BROWN/CF/CFO/.MRG!, " 'BRO /CE/CFO8.IRG T, WRI788/MI-0832:HRG: , WRI/BB/MSI-8837:HRG:, +WRd/BB/MeI- 8833 HRG:, " - > B3 04
BROM/EE/CERS-IRG: <BRAN/EE/CELQ-RG: < BRAN/CE/CETS-MRG: BRON/CE/EELE-MRG: =
BTG BT BT e > 05
' /CE/CERIMRG:, | /CE/CE26-MRG: CE/CEQTNRG! | /CE/CE28-MRG . 3 3 3 .MRG' =]
BROAVE/CET L SBAVER/CESp IR BV C/ERRTIR L BNER R sy /5] 200G, Wl/20/us) 2400186, wd/20e 2ugL el | > [ 06
' BROWN7CG/CGO5 MRG! ;' BROWN/CG/CGOG.MRG !, ' BROWN/CG/CGO7 MRG', 'BROWN/CG/CGO8IMRG ', W2y/54/ M 2991 MRE:» Wed/2a/Mal-2448:MRG:  Wed/24/We]=5493: MRE: > BR 07
BROM/EG/CCR3-IRG: < BRON/E/CC1A-URG: < BRON/C/CGTS-URG:» BRON/CR/ERTE-URG: - 837247 ZMSIT2415.NRG ) WS1724/WS1 72416 MRG |, (WS1724/WST 2417 MRG .
*BROWN/CG/CG17-MRG' | 'BROWN/CG/CGI8MRG', 'BROWN/CG/CGIQ.MRG' ) ‘BROWN/CG/CG20.MRG' ) W2y/54/ /Ma3—5339-MRG:» Mad/sq/Mal—s329-NRG:» Wad/sd/Mad—s4sL kR > g 08
+BROWN/CG/CG21.MRG:, (BROWN/CG/CG22.MRG), BROWN/CG/CG23.MRG,, ;BROWN/CG/CG24.MRG;, 'W5J7/24/ JWSI2427.MRG') 'WS1/24/WSI~2428.MRG') 'WS1/24/WSI~2429.MRG' . e
ROIV/CS/CAOTIRG: ) BROMVE/CCRRIRG ) ROIVER/CROTIIRG: ) BRMVE/ERsIhG ) Ry MRTSISTHRG: ) WRY/SIARIISTIRG: ! Y/ SAMRT SRR > B 09
*BROWN/CG/CG33-MRG" | 'BROWN/CG/CG34:MRG' ) 'BROWN/CG/CG35.MRG' ) *BROWN/CG/CG36.MRG' ) W2y/54/ /Ma3—5333-MRG:» Wad/sq/Mai—s38-NRG: » Way/sd/Mad=s431{ kR » S
! BROWN/CK/CK@1.MRG' , 'BROWN/CK/CK@2.MRG', 'BROWN/CK/CK@3.MRG', 'BROWN/CK/CK@4.MRG', 'W537/24/ JWSIT2443.MRG! ) 'WS1/24/WSI2444.MRG! ) 'W51/24/WSI 2445 MRG" ; > 10
' BRONN/ER/ERA3:MRG: »  BROWN/ER/ER9B:MRE:; + BROMN/ER/EKRT:MRG:  BRONN/ER/ERY5:HRG - Wo37247 MSIZ2447IMRG:, 1WST/24/WSI 2448 NRG (WS 1724/ WST—2449.MRG |, -
L BRON/ CR/CKT 3. RG', 'BRO /CK/ K14 '} 'BRO /CK/CKIS IR '} 'BROI /CK/CKIBIIRG Wey/44/ /WSJ_2451.MRG", 'WSJ/24/WSJ_2452.MRG', 'WSJ/24/WSJ_2453.MRG >E M
BROM/ER7CRI - MRG: . BROMV/ER/ERISHIRG:  BROMNZER/ERIS-HRG . BROMN/CR/ER2E:HRG > B 12
' BROWN/CK/CK25:MRG' ;! BROWN/CK/CK27 MRG' ; 'BROWN/CK/CK2B.MRG' ) 'BROWN/CK/CK29.MRG', 2312
L BROWN/CL/CLOTIMRG: | BROWN/CL/CLOINRG ) | BROWN/CL/CLOJIMRG ! | BRON/CL/CLOIIRG |, s B 13
BROM/EE/CEB3-RG: < BRAN/EH/CHIB-MRG: BROW/CH/EHIT-MRG:: BRON/CL/EHIS-MRG:: [
'BROWN/CL/CL13:MRG! ) 'BROWN/CL/CLI4:MRG', 'BROWN/CL/CLI5IMRG!, 'BROWN/CL/CLIGIMRG!, [V BROWN s B 14
BROWN/CL/CLIZIMRG: ) | BROWN/CL/CLIBINRG ) | BROWN/CL/CLIOIMRG . | BROWN/CL/CLOG IR
BROM/Ehy Chat-liRe: < BROW/EhyChod-lRG: < BRON/ChyChod:URG: BROIN/Ch/thod:MRG: - > Bl CF > B3 15
' BROWN/CM/CM@5 - MRG' ; ' BROWN/CM/CM@6-MRG' , 'BROWN/CN/CN@1.MRG', 'BROWN/CN/CN@2:MRG' -
L BROWN/CN/CNO3LNRG | BROWN/CN/CNGALIIRG | BROWN/CN/CNOS.IRG !, BROWN/CN/CNOBIMRG | == > B 16
BROM/EN/CNPA-HiRe: < BROM/EN/ENTS:HIRG: RO/ ENT3:MRG: - BRO/EN/ENTA:-MRG: - > CG
L EROIN/CN/CNISMRG: , BROWN/CN/CNIBINRG ) | BROWN/CN/CNTZIMRG: BROWN/CN/ NS RG | > B3 17
BRONN/EN/EN3:MRG < BROWY/EN/EN22: KRG :  BROMN/EN/EN22-MRG: -  BRONN/EN/ENoE: HRG > Bl CK -
' BROWN/CN/CN27 -MRG' , ' BROWN/CN/CN28 MRG' , 'BROWN/CN/CN29MRG', 'BROWN/CP/CP@1.MRG', - > Bl 18
L BRON/CP/CPOZIMRG: | BROWN/CE/CPO3IIRG ) | BROWN/CPYCPOAIMRG! ) | BROWN/CR/CPOSIIRG | o —
BRON/EP/CR9G-NIRG: < BRAN/EP/CRIT-HIRG: < BRAN/CP/CRIB-URG:» «BRON/CP/EPAS- MR » >l CL >l 19
'BROWN/CP/CP14MRG'  'BROWN/CP/CPI5.MRG') 'BROWN/CP/CP16.MRG', 'BROWN/CP/CP17MRG'; =
L BROWN/CE/CPIGIMRG: | BROWN/CP/CPIOINRG ) | BROWN/CPYCP20IMRG ! | BROWN/CR/CP2LLIRG |, > Bl CM > BE 20
e e e | 0T .
'BRomeRfCR%Z RG', 'BRO fcafcw RG'; 'BROWN/CR/CRO8.MRG', 'BROWN/CR/CROI.MRG', > B8 CN = 2
‘ >
192 i ———
> @l CR >l 24




Brown
corpus:

Brown corpus file ids

or x in ptb.fileids() if x.startswith('BROWN')]

>>> bids)
FreqDist |=
>>> fd = nltk.FregDist()
>>> for id in bids:
fd.update(ptb.words(id))
20000 A
>>> fd
FregDist({',': 23776, 'the': 22244, '.': 22241, 'of': 10964, 'and':
15000 7 10661, 'to': 9778, 'a': 8961, 'in': 6575, 'x-1': 6048, 'xTx-1': 5734,
£ .. })
S >>> fd.N()
10000 A
487882
>>> fd.plot(50)
5000 A
S N N D il




nltk.FregDist(corpus)

ltk b b . lt F D . t Return the total number of sample outcomes that have been
n . pI’O apbitl y req 1S recorded by this FregDist. For the number of unique sample values

(or bins) with counts greater than zero, use FregDist.B().

class nltk.probability.FreqDist [source] I Return type

Bases: Counter .
int
A frequency distribution for the outcomes of an experiment. A frequency

distribution records the number of times each outcome of an

experiment has occurred. For example, a frequency distribution could

be used to record the frequency of each word type in a document. ]
Formally, a frequency distribution can be defined as a function mapping Override Counter.update() to invalidate the cached N

from each sample to the number of times that sample occurred as an
outcome.

FreqDist.update(“args, *kwds)

Like dict.update() but add counts instead of replacing them.

Source can be an iterable, a dictionary, or another Counter instance.




ptb

WSJ corpus file ids

>>> fi ® = nltk.FreqDist()
60000 - >>> wids = [x for x in ptb.fileids() if x.startswith('WSJ')]
>>> for id in wids:
50000 | fd2.update(ptb.words(id))
40000 A >>> fdz
FregDist({',': 60484, 'the': 50975, '.': 48144, 'of': 28338, 'to':
2 27249, 'a': 23673, 'and': 19762, 'in': 18857, 'x-1': 14220, '0':
5 30000 12447, o })
>>> fd2.N()
- 1253013
>>> fd2.plot(50)
10000 A
k
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Counts

80000 A

70000 A

60000

50000 A

40000 A

30000 A

20000 ~

10000 A

Merge the two FregDists:
>>> fd.update(fd2)

>>> fd

FreqDist({',': 84260, 'the': 73219, '.':
70385, 'of': 39302, 'to': 37027, 'a':
32634, 'and': 30423, 'in': 25432, 'x-1"':
20268, 'x': 17363, ...})

>>> fd.N()
1740895
>>> fd.plot(50)




Zipf's Law

* Zipf's law was originally formulated in terms of quantitative linguistics,
stating that given some corpus of natural language utterances, the
frequency of any word is inversely proportional to its rank in
the frequency table.

* Thus, the most frequent word will occur approximately twice as often as the

second most frequent word, three times as often as the third most frequent
word, etc.

* For example, in the Brown Corpus of American English text, the word "the" is the
most frequently occurring word, and by itself accounts for nearly 7% of all word
occurrences (69,971 out of slightly over 1 million).

* True to Zipf's Law, the second-place word "of" accounts for slightly over 3.5% of
words (36,411 occurrences), followed by "and" (28,852).

* Only 135 vocabulary items are needed to account for half the Brown Corpus.



Zipf's Law

Wolfram

Probability and Statistics Descriptive Statistics

Zipf's Law

In the English language, the probability of encountering the yth most common word is given
roughly by P () = 0.1/ for y up to 1000 or so. The law breaks down for less frequent words,
since the harmonic series diverges. Pierce's (1980, p. 87) statement that ' P () > 1 for

Equation:
* freg=c.rank™™ Code:
* for positive constants mand ¢ zipf.py given on the course webpage
* log(freq) = -m log(rank) + log(c) >>> import zipf
. >>> zipf.plot(tokens)
* has the form of an equation of a tokens = list of words (a corpus)

straight line (i.e. y=mx+c)



1

>>>

>>>

>>>

>>>

>>>

wws =
for id in wids:

wws.extend(ptb.words(id))
bws = []
for id in bids:

bws.extend(ptb.words(id))

len(bws)

487882

>>>

len(wws)

1253013

>>>

>>>

>>>

>>>

>>>

>>>

from zipf import *

fig()

plot(bws, "Brown")

plot(wws, "WSJ")
plot(bws+wws, "Brown + WSJ")

plt.legend()

<matplotlib. legend.Legend object at 0x1278c4520>

>>>

plt.show()

pf's Law: ptb

log(freq)

Log-log plot for freq vs rank
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Zipf's Law: ptb

On course website: zipf.py

1# Sandiway Fong (c) University of Arizona 2019 17

2# simple function to plot Zipf's Law 18def fig(Q):

3# assumes matplotlib 19 plt.figure(l)

4from collections import Counter 20 plt.xscale('log')

5from math import log, loglQ 21 plt.xlabel('log(rank)")
6import matplotlib.pyplot as plt 22 plt.yscale('log')

7 23 plt.ylabel('log(freq)')
8def plot(tokens, text): 24 plt.grid(True)

9 size = len(tokens) 25 plt.title('Log-log plot for freq vs rank')
10 ¢ = Counter(Q)

11 for token in tokens:

12 c[token] += 1

13 mc = c.most_common()

14 ranks = [x for x in range(l1,len(mc)+1)]

15 freq = [item[1]/size for item in mc]

16 plt.plot(ranks,freq, label=text)




Trees and Productions

>>> len(list(ptb.parsed_sents()[0].subtrees()))
87

productions() [source]

Generate the productions that correspond to the non-terminal nodes of the tree. For each subtree of
the form (P: C1 C2 ... Cn) this produces a production of the form P -> C1 C2 ... Cn.

>>> len(ptb.parsed_sents() [0].productions())
87



Trees and Productions

>>> ptb.parsed_sents()[@].productions()

[S->S:S.,S->PP, NP-SBJ-2 VP, PP —> IN NP, IN —> 'In', NP -> J]

NN, JJ —> 'American', NN -> 'romance y.,=> "'y'y NP-SBJ-2 -> RB NN, RB ->
“almost', NN —=> "nothing', VP —> VBZ &, VBZ -> ‘rates’, S —> NP-SBJ ADJP-
PRD, NP-5BJ -> —-NONE-, =NONE- -> 'x-27, ADJP-PRD —> ADJP PP, ADJP -> JJR,
JJR'-> 'higher', PP -> IN SBAR-NOM, IN -> 'than', SBAR-NOM -> WHNP-1 S,
WHNP-1 -> WP, WP -> 'what', S -> NP-SBJ VP, NP-SBJ —-> DT NN NNS, DT —->
'the', NN —> 'movie', NNS —> 'men', VP -> VB VP, VB —> ‘'have', VP —> VBN
S, VBN —> 'called', S -> NP-SBJ S-NOM-PRD '', NP-SBJ —-> —-NONE-, -NONE-
2L txTx-1", —> ', S-NOM—-PRD -> NP-SBJ VP, NP-SBJ —-> -NONE-, -NONE- -
> 'x', VP —> NN NP, NN —> 'meetlng' NP —> JJ, J]J —> 'cute', '' —> "''"
> '-11 'S _>"'S_ADV , NP-SBJ VP, 5-ADV -> NP-5BJ VP, NP-SBJ'-> DT, DT ->
‘that', VP -> VBZ, VBZ —> 'is',’, —> ',', NP-SBJ —>'NN, NN —> 'boy-meets-
girl', VP -> VBZ ADJP-PRD SBAR-ADV, VBZ -> 'seems', ADJP-PRD -> RB JJ, RB
=> "more', JJ —-> 'adorable’, SBAR-ADV -> IN S, IN -> 'if', S -> NP-SBJ VP,
NP-SBJ ->'PRP, PRP —> 'it', VP -> VBZ RB VP, VBZ -> 'does', RB -> "n't",
VP =>"VB NP PP, VB —> 'take', NP —> NN, NN => ‘place', PP -> IN NP, IN_=>
‘in', NP —> NP'PP, NP -> DT NN, DT -> ‘an', NN -> ‘atmosphere', PP —> IN
NP, IN —> 'of', NP —> ADJP NN, ADJP —> 3] €C JJ, 13 -> "correct', cC ->
‘and', JJ —> 'acute', NN —> 'Boredom', . > '.']



Trees and Productions

 https://www.nltk.org/api/nltk.grammar.Production.html

>>> ptb.parsed_sents() [@].productions() [2]

PP —> IN NP

>>> type(ptb.parsed_sents()[0].productions()[2])
<class 'nltk.grammar.Production’'>

>>> ptb.parsed_sents()[@].productions()[2].lhs()

PP

>>> ptb.parsed_sents()[@].productions()[2].rhs()

(IN, NP)

>>> type(ptb.parsed_sents() [0].productions()[2].rhs())
<class 'tuple'>


https://www.nltk.org/api/nltk.grammar.Production.html

Trees and Productions

3rd rule is PP —> IN NP:

>>> ptb.parsed_sents()[@].productions()[2].rhs()[@]
IN

>>> ptb.parsed_sents()[@].productions()[2].rhs() [1]
NP

>>> len(ptb.parsed_sents() [0].productions()[2].rhs())
2



Trees and Productions

37 rule is PP —> IN NP:
>>> ptb.parsed_sents() [@].productions()[2].1is_nonlexical()
True

>>> ptb.parsed_sents()[0].productions()[2].1is_lexical()
False

is_nonlexical()

Return True if the right-hand side only contains Nonterminals

is_lexical()

Return True if the right-hand contain at least one terminal token.




Words with multiple POS tags

* Let's write a program to find words with more than one part of
speech tag.

* First, let's get all the word-tag items:

>>> wt = [item for tree in ptb.parsed_sents() for item in tree.pos()]
>>> len(wt)
1740895

* Next, let's get the set of word-tag items, no duplicates:
>>> len(wts)
74323




Words with multiple POS tags

* Let's create a dictionary with pos tags as values:
>>> d = {}

>>> for item in wts:

>>> d.setdefault(item([@], []).append(item[1])

>>>

>>> len(d)
63073



Words with multiple POS tags

* Let's look at a few examples ...

tagguidl. pdf
>>> d['any']

any can be a determiner (DT).

[ 1 DT 1 , 1 RB 1 ]
>>> d ] 'Any' ] EXAMPLES:  We don’t have any/DT.

Don’t you want any/DT more/JJR?
['DT']

However, when it precedes a comparative adverb, it is an adverb (RB).

EXAMPLES: I can’t run any/RB further/RBR.
[ can’t go on like this any/RB more/RBR.




Words with multiple POS tags

about when used to mean “approximately” should be tagged as an adverb (RB), rather than a
preposition (IN).

* Particle|RP
* This category includes a numb er of mostly monosyllabic words that also double as prepositions.

* Adverb, comparative|RBR
* closer, later, less, more, further — see previous slide

>>> d['about']

["IN', 'RB', 'RP', 'RBR', '3JJ']
>>> d['About']

['"IN', 'RB']



Words with multiple POS tags

* gbout: https://www.merriam-webster.com/dictionary/about

adverb: about a year ago
adverb: looked about for a place to park
adverb: They go about in circles.

adverb: He spoke to the people standing about.
adverb:the other way about

preposition: People gathered about him
preposition: He traveled about the country.
preposition: Fish are abundant about the reefs.
preposition: spoke about his past

10 preposition: act as if they know what they're about
11. adjective: is up and about by 7 a.m.

12. adjective: There is a scarcity of jobs about.

WONOORWN =


https://www.merriam-webster.com/dictionary/about

Words with multiple POS tags

S
PP-TMP NP-SBJ VP
‘IN NP DT NN VBZ ADJP-PRD
At CD NNS an embryo is ADJP CcC ADJP
| \ I T
seven weeks NP-ADV RB and RB JJ
— | \ I
NP PP long recognizably  human
| N
QP IN NP
/\ |
RBR JJ of DT NN
\ | |
about three-fourths an inch

* about = RBR?




Words with multiple POS tags

The Titanic is fifth of a mile long
be
DET NOUN VERB ADP  DET NOUN ADP DET NOUN ADV  PUNCT
number=SINGULAR mood=INDICATIVE number=SINGULA number=SINGULAR
proper=PROPER number=SINGULAR
person=THIRD
tense=PRESENT
https://cloud.google.com/natural-language

The Titanic is about a fifth of a mile long

Parse tree:
Baaaq s/
S
NP VP
ADJP
JJ
long

NNP VBZ
is

DT
The Titanic

https://parser.kitaev.io

NP

A

IN
0

QP NP
IN DT JJ DT NN
fifth a mile

about a




Words with multiple POS tags

EXAMPLES:  You should eat less/JJR (in terms of quantity).
(cf. You should eat less/JJR cheese.)

You should eat less/RBR (in terms of frequency).
(cf. You should eat rarely/RB.)

You should work less/RBR.
(cf. You should work harder/RBR.)

Less should be tagged as a comparative adjective (JJR) even when it occurs without a head noun, as
in less of a problem.

Less in the sense of minus should be tagged as a coordinating conjunction (CC).

>>> d['less']

['RB', 'RBR', 'CC', 'NN', 'JJR', '3J31S']
>>> d['Less']

['"RBR', 'NNP', 'JJIR']



Words with multiple POS tags

JJ or NN

Nouns that are used as modifiers, whether in isolation or in sequences, should be tagged as nouns (NN,
NNS) rather than as adjectives (JJ).

EXAMPLES: wool/NN sweater (vs. woollen/JJ sweater)
terminal /NN type (vs. terminal/JJ cancer)
life/NN insurance/NN company

Hyphenated modifiers, on the other hand, should always be tagged as adjectives (JJ). Thus, we have

different part-of-speech assignments in examples like the following—depending on the orthographic
conventions used:

EXAMPLES: income-tax/JJ return; income/NN tax/NN return
value-added/JJ tax; value/NN added/VBN tax




Words with multiple POS tags

>>> d['wool']

['NN"']
>>> d['terminal']
[IJJI’ INNI]

>>> d['woollen']

Traceback (most recent call last):
File "<stdin>", 1line 1, in <module>

KeyError: 'woollen'

>>> d['Wool']

Traceback (most recent call last):
File "<stdin>", 1line 1, in <module>

KeyError: 'Wool'



Words with multiple POS tags

>>> d['income-tax']
['J]', 'NN']

>>> d['income']
['"NN"']

>>> d['tax']

['NN', 'VB']

NP
/\
PP
NN IN NP
sentence  for NN NN
I |
income-tax evasion
VP
/\
NP
==
NP < ADJP
NN NN : JJ PP
income-tax treaty subject TO NP
| I
to NN

ratification




Words with multiple PC

* Let's look at the frequency

distribution by # of pos tags:

* recall our dictionary d maps
words to pos tags 40000 {

>>> fd = nltk.FregDist([len(d[k]) ;
for k in d]) E

>>> fd.most_common() 20000 1

[(1, 54075), (2, 7137), (3, 1588),
(4, 188), (5, 60), (6, 20), (8, 3), 10000 1
(7, 2)]

>>> fd.plot()

Samples

# pos tags



