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Today's Topic

nltk book section 8.9

* 13.

10

Consider the sequence of words: Buffalo buffalo
Buffalo buffalo buffalo buffalo Buffalo buffalo.

This is a grammatically correct sentence, as
explained at
http://en.wikipedia.org/wiki/Buffalo_buffalo Bu

tfalo buftalo buffalo buffalo Buffalo buffalo

Consider the tree diagram presented on this
Wikipedia page, and write down a suitable
grammar.

Normalize case to lowercase, to simulate the
problem that a listener has when hearing this
sentence.

Can you find other parses for this sentence?

How does the number of parse trees grow as the
sentence gets longer?

NP

NP P

PN N PN

N

NP

v V. PN N

Buffdo buffalo Buffdo buffdo buffalo buffalo Buffalo buffalo

S = sentence

NP = noun phrase
RC = relative clause
VP =verb phrase
PN = proper noun
N = noun

V =verb



http://en.wikipedia.org/wiki/Buffalo_buffalo_Buffalo_buffalo_buffalo_buffalo_Buffalo_buffalo
http://en.wikipedia.org/wiki/Buffalo_buffalo_Buffalo_buffalo_buffalo_buffalo_Buffalo_buffalo
https://en.wikipedia.org/wiki/Sentence_(linguistics)
https://en.wikipedia.org/wiki/Noun_phrase
https://en.wikipedia.org/wiki/Relative_clause
https://en.wikipedia.org/wiki/Verb_phrase
https://en.wikipedia.org/wiki/Noun
https://en.wikipedia.org/wiki/Noun
https://en.wikipedia.org/wiki/Verb
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Some facts

https://www.doi.gov/blog/15-facts-about-our-national-mammal-american-bison

* Across North America, there are an estimated 500,000 bison.

The North American bison is the National Mammal of the United States (since 5/9/2016)
State mammal of Wyoming, Oklahoma, and Kansas.

National Bison Day:
« 1stSaturday in November (US Senate Resolution).

Scientific name:

 Bison bison bison (pl/ains bison) or Bison bison athabascae (wood bison)
(genus/species/subspecies)



https://www.doi.gov/blog/15-facts-about-our-national-mammal-american-bison

Famous Buffalo sentence

* considered grammatical, and
* makes sense

*ﬁdf% buffolo * but hard to parse even for native
“Buffalo buffalo " speakers

Mj"fsl]f"f"'" o buffalo

’ ‘{

» 8 consecutive occurrences of the
word buffalo

picture borrowed from Analytical Grammar/Grammar Planet on Facebook, who borrowed it from somewhere else...



OED: buffalo

& OED

[« Buffalo, the name of a city in New York State, where the recipe was
developed in 1964 at the Anchor Bar.]

[ NON
Dictionary Advan

Buffalo, n.?

buffalo, n.
buffalo, v.

e

’/

'buffalo, v. N. Amer. slang. transitive verb

[f. the n.]

trans. To overpower, overawe, or constrain by superior force or
influence;erplex. So 'buffaloed ppl. a.

1903 Cincinnati Enquirer 9 May 13/1 Buffaloed—Bluffed. 1904 N.Y.
Even. Post 25 Oct. 10 All the rest [of the newspapers] were what we
used to term in the Southwest ‘buffaloed’ by the McKinley myth—that is,
silenced by the fear of incurring the resentment of a people taught to
regard McKinley as a saint. 1910 W. M. Raine B. O'Connor 77 O'Connor
admitted that he was ‘buffaloed’ when he attempted an analysis of his

unusual feeling. 1947 E. A. McCourt Flaming Hour 118 Jerry Potts
himself would have been buffaloed.

ffalo, n. :
e singular or plural common noun

('bafalaw)

Forms: 6 bufalo, (7 buffolo, boufaleau, -alo, 7-8 buffelo, 8 bufolo),
7- buffalo. pl. buffaloes.

[a. It. buffalo (Florio), bufalo, bufolo (Baretti), or Pg. bufalo:—vulgar L.
*bdfalus, a. Gr. poOBaioc (whence in literary L. babalus), properly
denoting a kind of antelope, but applied to a wild ox. Cf. BUFFLE, BUFF n.?
The early guotations suggest that the word originally came into English
from Portuguese.]

1. The name of several species of Oxen; esp. a. Bos bubalus, originally a
native of India, inhabiting most of Asia, southern Europe, and northern
Africa. It is tamed in India, Italy, and elsewhere. b. B. caffer, the Cape
Buffalo of S. Africa. c. Applied in popular unscientific use to the
American BISON.

a. 1588 Parke tr. Mendoza's China 181 They doo plough and till their
ground with kine, Bufalos, and bulles. 1665 Voy. E. India 359 They
have a Beast very large, having a smooth thick skin without hair, called
a Buffelo, which gives good milk; the flesh of them is like Beef. 1682
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Step by step

1. Buffalo buffalo (NNP NNS)

* buffalo (animal) from Buffalo (city)

2. Buffalo buffalo

(NNP NNS VBP)

* buffalo (from the city of) Buffalo

3. Buffalo buffalo
NNS VBP NNP NNS)
 buffalo (from) Buffalo

Buffalo buffalo (NNP

buffalo (from) Buffalo

Q
9
=

© N O U A W N PRE

NN  Common Noun

NNS (plural) Common Noun
NNP  Proper Noun

VB  Verb

VBP Verb (pres.)

VBZ Verb (pres., 3.sg)

REL relative pronoun

t trace



p by step

3. Buffalo buffalo buffalo Buffalo buffalo

(NNP

NNS VBP NNP
* buffalo (from) Buffalo outwit buffalo (from) Buffalo

NNS)

let's form an object relative clause from 3.

4. Buffalo buffalo that Buffalo buffalo buffalo

(NNP

* buffalo (from) Buffalo that buffalo (from) Buffalo outwit

NNS REL NNP

NNS

VBP

t)

we can delete the relative that' from an object
relative clause

5. Buffalo buffalo Buffalo buffalo buffalo

(NNP

NNS RELNNP

NNS

VBP

t)

=~
9
=

O N o Uk wN e

NN Common Noun
NNS (plural) Common Noun
NNP  Proper Noun
VB Verb
VBP  Verb (pres.)
VBZ Verb (pres., 3.sg)
REL relative pronoun
t trace
(unpronounced copy)



Step by step

5. Buffalo buffalo Buffalo buffalo buffalo
(NNP NNS REENNP NNS VBP t)
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NN  Common Noun

NNS (plural) Common Noun
NNP  Proper Noun

VB  Verb

VBP Verb (pres.)

VBZ Verb (pres., 3.sg)

REL relative pronoun
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t trace



Step by step

6. Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo
(NNP NNS REL NNP NNS VBPt VBP NNP NNS)
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NN Common Noun

NNS (plural) Common Noun
NNP  Proper Noun

VB Verb

VBP  Verb (pres.)

VBZ Verb (pres., 3.sg)

REL relative pronoun

t trace
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Some online syntactic parsers

* Phrase structure (PS) parsers:
» Berkeley Neural Parser: https://parser.kitaev.io

* Older generation PS parsers:

* Berkeley Parser (not longer available online):
http://tomato.banatao.berkeley.edu:8080/parser/parser.html

» Stanford Parser (not longer available online):
http://nlp.stanford.edu:8080/parser/index.jsp

* Dependency parsers:
» Stanza (Stanford) http://stanza.run
* UDPipe https://lindat.mff.cuni.cz/services/udpipe/

* Google Natural Language (syntax no longer available):
https://cloud.google.com/natural-language/



https://parser.kitaev.io/
http://tomato.banatao.berkeley.edu:8080/parser/parser.html
http://nlp.stanford.edu:8080/parser/index.jsp
http://stanza.run/
https://lindat.mff.cuni.cz/services/udpipe/
https://cloud.google.com/natural-language/

Berkeley Neural Parser

1. Buffalo buffalo (NNP NNS)

* buffalo (animal) from Buffalo (city)

NP NP
NNP NNP NP PP
Buffalo buffalo /\

NNP IN NP

buffalo from

NNP

Buffalo

older Berkeley Parser: adjP

NP

TN

NP

PP

/NN

DT NNP IN

Some buffalo from

NP

NNP
Buffalo

older Berkeley Parser: S

NN

Common Noun

NNS (plural) Common

Noun
NNP
DT

J

VB
VBP
VBZ
REL

Proper Noun
Determiner
Adjective
Verb
Verb (pres.)
Verb (pres. 3.sg)
relative pronoun

trace




Berkeley Neural Parser

N onta™™ 3 * States:

‘ashil a\(o‘\'
= _a@ (0 B
e North Dakota N * ‘ /\

i South Dakota :
NNP NNP
o h @'ﬁ 3 Montana  buffalo| NP
Colorado

California Kansas ?Ok\ahoma »

I

NNP NNP NNP

North Carolina

South
Carolina
‘Alabama :
Db Georgia

New Mexico

i

southwest Oklahoma buffalo

. Oklahoma

h ~
NNP NNP NNP
North Dakota buffalo




Berkeley Neural Parser

object relative clause:

4. Buffalo buffalo that Buffalo buffalo (NNP NNS REL NNP NNS t)
= Key:
/\ NN Common Noun
e iy NNS (plural) Common Noun
A /\ NNP Proper Noun
NNP NNP DT NNP NNP NNP DT  Determiner

VBP Verb (pres.)
VBZ Verb (pres., 3.sg)

REL relative pronoun

Buffalo buffalo that Buffalo buffalo buffalo

older Berkeley Parser: S, 2" word is VBP

©© N o A W N RE

t trace



Berkeley Neural Parser

object relative clause:

5. Buffalo buffalo Buffalo buffalo (NNP NNS REENNP NNS t)
i Key:
/’\ NN  Common Noun

NNP NNP NNP NNP NNP NNS (plural) Common Noun

Buffalo buffalo Buffalo buffalo buffalo NNP Proper Noun

DT Determiner
VBP Verb (pres.)
VBZ Verb (pres., 3.sg)

REL relative pronoun

©© N o A W N RE

t trace



Berkeley Neural Parser

6. Buffalo buffalo Buffalo buffalo

(NNP  NNS RELNNP

NNS

buffalo Buffalo buffalo
NNP  NNS)

t VBP

NNP NNP NNP NNP

Buffalo buffalo Buffalo buffalo

NP

NNP
buffalo

NNP
buffalo

NNP
Buffalo

W

NNP
buffalo

older Berkeley Parser: S, 4t word is VBP

Key:
1. NN Common Noun

2.  NNS (plural) Common
Noun

NNP Proper Noun

DT  Determiner

VBP Verb (pres.)

VBZ Verb (pres., 3.sg)

REL relative pronoun

© N O U kB W

t trace



Stanza

1. Buffalo buffalo (NNP NNS) Key:
* buffalo (animal) from Buffalo (city) 1. root head of phrase/clause
2. nmod nominal dependent of
a noun
nmod - i
[PROPN’ _50&_/_@“338 — 3. case case-marking element
Buffalo buffalo from  Buffalo 4. compound compound
5. det determiner
southwest Oklahoma buffalo 6. Obj object of a verb
7. acl clausal modifier of noun
nmod
compound'A compoundv ‘det-l-c 8. reICI relative clause
North Dakota buffalo some buffalo from Buffalo .
9. dep unspecified
dependency




Stanza

object relative clause:
4. Buffalo buffalo that Buffalo buffalo buffalo (NNP NNS REL NNP NNS VBP t)

Key:
@ aclrelcl 1. root head of phrase/clause
/ ogtj)mpound . 2. nmod nominal dependent of a
compound\- PRON compound noun
Buffalo buffalo that Buffalo buffalo buffalo | 3 case case-marking element
4, compound compound (directional)
5. det determiner
6. obj object of a verb
7. acl clausal modifier of noun
8. relcl relative clause
9. dep unspecified dependency



Stanza

object relative clause:

5. Buffalo buffalo Buffalo buffalo buffalo (NNP NNS RELNNP NNS VBP t)

[PROPN' [PROPN| (PROPN]

Buffalo buffalo BuffanA buffalo

compound
/ /—compound
——compound ,
compound - 'NOUN!

buffalo

Q
9
=

© 0 N o U A WwWwN R

root head of phrase/clause

nmod nominal dependent of a noun
case case-marking element
compound compound (directional)
det determiner

obj object of a verb

acl clausal modifier of noun

relcl relative clause

dep unspecified dependency



Stanza

6. Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo
(NNP  NNSREENNP NNS VBPt VBP NNP NNS)

compound
compound
compound
mﬁcompound ﬂatm -‘compound\-/_opN compound

Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo
Key:
1. root head of phrase/clause
2. nmod nominal dependent of a noun
3. case case-marking element
4. compound compound (directional)
5. flat none of the immediate components can be identified as the sole head



Google Natural Language

1. Buffalo buffalo (NNP NNS)

* buffalo (animal) from Buffalo (city)

buffalo
NOUN

Buffalo buffalo
NOUN NOUN
number=SINGULAR number=SINGULAR

proper=PROPER

from
ADP

number=SINGULAR

Buffalo
NOUN
number=SINGULAR
proper=PROPER

southwest Oklahoma buffalo
ADJ NOUN NOUN
number=SINGULAR number=SINGULAR

proper=PROPER

North
NOUN

buffalo
NOUN

Dakota
NOUN

number=SINGULAR number=SINGULAR number=SINGULAR

proper=PROPER

proper=PROPER

Key:
root head of phrase/clause

pobj object of preposition

1

2

3. prep preposition

4 nn  noun compound
5

amod adjectival modifier



ChatGPT

@ You

Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo. Can you tell me what happened in
the previous sentence?

ChatGPT

Certainly! The sentence "Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo” is an
example of a wordplay-based sentence in English. It is often used as an illustration of how
homonyms and homophones can be combined to create a grammatically correct, albeit
confusing, sentence.



ChatGPT

Let's break it down:

1. Buffalo (capitalized) refers to the city of Buffalo, New York.
2. buffalo (lowercase) can refer to the animal.

Now, let's substitute these meanings into the sentence:

"Buffal¢ 1. Buffalo buffalo (Buffalo bison) that Buffalo buffalo buffalo (that Buffalo bison bully),

N =

. Buffalo buffalo Buffalo buffalo buffalo (Buffalo bison from Buffalo, New York, bully),
. Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo. (Buffalo bison from Buffalo, New

York, that Buffalo bison bully, themselves bully Buffalo bison).

w

So, the sentence is saying that buffalo from Buffalo, New York, who are buffaloed by other buffalo
from Buffalo, New York, buffalo other buffalo from Buffalo, New York. It's a play on the meanings of

"buffalo" as both a proper noun and a verb.




CFG Chart Parsing

e Recall from the last lecture:

buffalo.txt
python

1 S->NPVP Python 3.9.12 (main, Jun 1 2022, 06:34:44)

2 NP -> NNP NNS >>> import nltk

3 VP -> VBP NP i , D

4 VP - VBD NP >>> f = open('buffalo.txt','r")

5 NNP -> 'Buffalo’ >>> raw = f.read()

& NNS -> 'buffalo' >>> raw
|2 WBemacbiaio 4 "S —> NP VP\nNP —> NNP NNS\nVP —> VBP NP \nVP —> VBD
- & VBD -> 'buffaloed NP \nNNP —> 'Buffalo'\nNNS —> 'buffalo'\nVBP —>

9 NP -> NP RELC ‘buffalo'\nVBD ->_ 'buffaloed'\nNP —> NP RELC\nRELC —> REL
) RELC -> REL RELS RELS \nRELC —> RELS \nREL —> thax \NRELS —> NP

10 VPREL\nVPREL —> VBP\nVPREL —> VBD\n

11 RELC -> RELS >>> cfg = nltk.CFG.fromstring(raw)

12 REL -> 'that’ ) )

13 RELS -> NP VPREL >>> cfg

14 VPREL -> VBP <Grammar with 15 productions>

15 VPREL -> VBD >>> p = nltk.ChartParser(cfg)



CFG Chart Parsing

* Example:

>>> for t in p.parse(['Buffalo’,
'buffalo']l):

‘buffalo', 'buffaloed',

t.draw()
| 4
@] O NLTK
S
NP VP
NNP NNS VBD NP
| \
Buffalo  buffalo  buffaloed NNP NNS
| \

Buffalo buffalo

'Buffalo’,



CFG Chart Parsing

* Example:
« >>> for t in parse(['Buffalo!, 'buffalo', 'that', 'Buffal?',
'‘buffalo’, 'buffaloed’, 'buffaloed', 'Buffalo’, 'buffalo']):
* v t.draw()
* @] © NLTK
S
A
NP VP
e e
NP RELC VBD NP
NNP NNS REL RELS buffaloed NNP NNS
Buflalo bufflalo that NP VPREL Buffalo buffalo
NNP NNS VBD
Buffalo buffalo buffaloed




CFG Chart Parsing

* Example:
« >>> for t in p.parse(['Buffalo', 'buffalo', 'Buffalo’,
'‘buffalo’, 'buffalo', 'Buffalo', 'buffalo'j):
* v t.draw()
* L 'K NLTK
S
M
NP VP
,—'/\ /\
NP RELC VBP NP
NNP NNS RE|LS bufflalo NNP NNS
Buffalo buﬁlalo NP VPREL Builalo buffalo
NNP NNS VBP
Buffalo buffalo  buffalo

‘buffalo’,



CFG Chart Parsing

* We can remove the initial capitalization for Buffalo or permit non-
capitalized buffalo.

* What happens?

Y NLTK feoco NLTK
s s
’///\ A
NP vp NP VP
NNP NTS vrlsP /ﬂp\ /NP\ RE;.C VEP NP
plln = ulo = il et REF’ NNP  NNS RELS buflo NNP  NNS
NNP  NNS RELS | | e | |
buffalo  buffalo NP VPREL buffalo  buffalo
buffalo  buffalo NP VPREL
| NNP NNS  VBP
NNP NNS  VBP | | |
| | | buffalo  buffalo  buffalo
buffalo buffalo buffalo
|




CFG Chart Parsing

* Running the general case:

>>> for t in p.parse(['buffalo'] * 9): 0 parses
t.draw()

>>> for t in p.parse(['buffalo'] % 10): 0 parses
t.draw()

>>> for t in p.parse(['buffalo'] * 11):
t.draw()

['string'] * N means make a list with N consecutive copies of 'string'




CFG Chart Parsing

[ NN ) NLTK
[ XoX ) NLTK
s
S e N
NP VP
NP VP T R e —
" P//\RELC VBP//\ NNP___ NNS__ VEP NP
o000 NLTK e
| | RELC
NNP NNS RELS buffalo s — |
| | e TN - RELC RELS
buffalo  buffalo NP VPREL Ni NP VP |
| e R T RELS NP
NTP NTS VTP NP RELC VBP NP
PN | | PN NP VPREL NNP  NNS
buffalo buffalo  buffalo NNP  NNS RELS bufalo  NNP  NNS [~ | | |
| | NNS  VBP  buffalo  buffalo
buffalo  buffalo NP VPREL buffalo  buffalo | |
buffalo  buffalo
NP RELC VBP
|
® ® NLTK NNP NNS RELS buffalo
s | | T~
e buffalo  buffalo NP VPREL
NP VP /\ |
//_\ \
NNP/\NNS VBP NP NTP NTS VBlP VP
| | | e ]
buffalo  buffalo  buffalo NP buffalo  buffalo  buffalo \VBP NP
NNP NNS \
| NP RELC RELS buffalo  NNP NNS
buffalo buffalo NP VPREL ‘
/\
= = e NNP NNS RELS NP VPREL buffalo  buffalo
N | | | |
R ""'s 2 2LER buffalo  buffalo NP VPREL  NNP NNS VBP
buffalo buffalo NP VPREL
e \ NNP NNS VBP  buffalo  buffalo  buffalo
NNP NNS VBP |
MLJO Mf\ajo m,fLm buffalo  buffalo  buffalo




CFG Chart Parsing

Buffalo Sentence Structural Ambiguity
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