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Christopher D. Manning: Human Language Understanding & Reasoning

Four eras of NLP

Å1940ς1969: Early Explorations

Å1970ς1992: Hand-built symbolic NLP 
systems, of increasing formalization

Å1993ς2012: Statistical or Probabilistic 
NLP and then more general Supervised 
ML for NLP

Å2013ςnow: Deep Learning or Artificial 
Neural Networks; Unsupervised or Self-
Supervised NLP; Reinforcement Learning

Only somewhat entwined fields

ÅNLP / Computational Linguistics

ÅAI / Neural Networks
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1. Early Explorations

1940ς1969
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Machine Translation: The origin of NLP/Computational Linguistics

άAlso knowing nothing official about, but having guessed 
and inferred considerable about, the powerful new 
mechanized methods in cryptographyτmethods which I 
believe succeed even when one does not know what 
language has been codedτone naturally wonders if the 
problem of translation could conceivably be treated as a 
problem in cryptography.  When I look at an article in 
Russian, I say: ΨThis is really written in English, but it has 
been coded in some strange symbols. I will now proceed to 
decode.Ω έ

ςWarren Weaver (1955:18, quoting a letter he wrote in 1947)



When I look at an article in Russian, I say: 
This is really written in English, but it has 

been coded in some strange symbols. I will 
now proceed to decode. ςWarren 
Weaver, March 1947

Χ ŀǎ ǘƻ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ƳŜŎƘŀƴƛŎŀƭ 
translation, I frankly am afraid that the 
[semantic] boundaries of words in different 
ƭŀƴƎǳŀƎŜǎ ŀǊŜ ǘƻƻ ǾŀƎǳŜ Χ ǘƻ ƳŀƪŜ ŀƴȅ 
quasi-mechanical translation scheme very 
hopeful.

ςNorbert Wiener, April 1947

Wiener: MIT originator of 
cybernetics , which sought to tie 
together communication, 
control, and feedback in living 
things and computers. 

Weaver was a mathematician& 
engineer  known for his work as a 
science funder at the Rockefeller 
Foundation and OSR&D (US Govt 
WWII science funder) and for 
coauthoring an approachable 
Info Theory intro with Shannon
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The early history of NLP: MT in the 1950s



AI Begins: The Dartmouth Summer Research Project 1956



Neural Networks: The inspiration from knowledge of neurons
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Warren S. McCulloch                 and               Walter Pitts

Å1898ς1969. Neurophysiologist (MD), 
psychiatrist, and cyberneticist, moved 
to MIT in 1951 but Wiener split with 
him and Pitts in 1952.

Å1923ς1969. Self-taught logician* and 
computational neuroscientist, lived 
homeless at Chicago and then MIT; died 
of alcoholism.

Lƴ мфпоΣ ǇǳōƭƛǎƘŜŘ ά! [ƻƎƛŎŀƭ /ŀƭŎǳƭǳǎ ƻŦ LŘŜŀǎ LƳƳŀƴŜƴǘ ƛƴ bŜǊǾƻǳǎ !ŎǘƛǾƛǘȅέΣ ǘƘŜ ŦƛǊǎǘ 
mathematical model of a neural network, showing it could implement a Turing Machine
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McCulloch-Pitts Neuron
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Original McCulloch & Pitts
1943 threshold unit:
ὡὼ —
ὡὼ — π

This function has no slope,
so, no gradient-based learning



Frank Rosenblatt: The (Mark I) Perceptron
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Early AI Hype! New York Times July 8, 1958

NEW NAVY DEVICE LEARNS BY DOING

Psychologist Shows Embryo of Computer Designed 
to Read and Grow Wiser

The Navy revealed the embryo of an electronic 
computer today that it expects will be able to walk, 
talk, see, write, reproduce itself and be conscious of 
its existence. 

The embryoτǘƘŜ ²ŜŀǘƘŜǊ .ǳǊŜŀǳΩǎ 
ϷнΣлллΣллл άтлпέ ŎƻƳǇǳǘŜǊτlearned to differentiate 
between right and left after fifty attempts in the 
bŀǾȅΩǎ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŦƻǊ ƴŜǿǎƳŜƴΦ
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Wiener, Rosenblatt

Cybernetics
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Two visions of artificial intelligence in the 1950s

(Symbolic) Artificial Intelligence

Minsky, McCarthy, Simon, Newell



Information Retrieval: VannevarBush

Bush (1945): As We May Think

ά/ƻƴǎƛŘŜǊ ŀ ŦǳǘǳǊŜ ŘŜǾƛŎŜ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ 
use, which is a sort of mechanized private 
file and library. It needs a name, and, to 
Ŏƻƛƴ ƻƴŜ ŀǘ ǊŀƴŘƻƳΣ άmemexέ ǿƛƭƭ ŘƻΦ ! 
memexis a device in which an individual 
stores all his books, records, and 
communications, and which is mechanized 
so that it may be consulted with exceeding 
speed and flexibility. It is an enlarged 
intimate supplement to his memory.

https:// www.theatlantic.com/magazine/ar
chive/1945/07/as-we-may-think/303881/
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Bushwent from being Dean of 
Engineering at MIT and president 
of the Carnegie Institution of 
Washington to chairman of the 
National Defense Research 
Committee in WWII (which had 
huge funding, directing all 
wartime science, including the 
Manhattan Project)



Cyril Cleverdon introduces benchmarking

ÅCranfield tests (1957ς1967)

ÅDefined the idea of benchmark tests for 
language, with a document collection, 
queries, and correct answers.

ÅHe had exhaustive answers on 
document relevance over a small 
corpus!
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The 1950s origins of NLP/Computational Linguistics
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I grabbed these timelines from Ruth 
!9E:MJFӐKӑ 1@GJL &AKLGJQ G> !GEHML9LAGF9D
*AF?MAKLA;KӒӄ 1@= O9K 9 !13 $J=KFG *AF?MAKLA;K
grad student around 2013.

Å Foundational work on automata, 
formal languages, probabilistic 
modeling, and information theory

Å First speech systems (Davis et al.)

Å MT heavily funded by military τ
huge overconfidence

Å But using machines dumber than a 
pocket calculator

Å Little understanding of syntax, 
semantics, pragmatics



1960s: David Glenn Hays: ACL founder and dependency parsing 
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Raj Reddy
(1937ς, Stanford PhD student 1963ς1966; faculty 1966ς1969; CMU; Turing award) 
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(Selected) Students:
James Gosling, Kai-Fu Lee,
Roni Rosenfeld, Alex Waibel



Joyce Friedman
(1928ς2018; at Stanford 1965ς1968)

22

David Scott 
Warren

C. Ray 
Perrault
Ҩ

James 
Allen



NLP in the 1960s
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ALPAC report (1966): 
crap, this is really hard!



2. Hand-built demonstration NLP systems, of increasing 
formalization

1970ς1992
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Terry Winograd
(1946ς, Stanford faculty 1973ς2014; AI/NLP 1973ς1984)
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Seymour Papert

Terry Winograd

Stuart Shieber
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Formal and Unification-based Grammars for NLP: Martin Kay



Fernando Pereira Stuart Shieber
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Constructing the meaning of human language: 1967ς2017

ÅTokenize a sentence into words: The red apple is on the table

ÅParse it into a tree or graph data structure (using context-free grammars and beyond)

ÅConstruct its meaning by: (i) lexical lookup, thenόƛƛύ ǎŜƳŀƴǘƛŎ ŎƻƳǇƻǎƛǘƛƻƴΣ ǳǎƛƴƎ ŀ άǊǳƭŜ-to-ǊǳƭŜέ 
approach working up the tree (e.g., 00ȡ‌‍ ᴼ0ȡ‌.0ȡ‍)

ÏÎ―‗ὼÁÐÐÌÅὼ Ò᷈ÅÄὼ ȟ―‗ώȢÔÁÂÌÅώ

The

red apple

‗ὼÁÐÐÌÅὼ Ò᷈ÅÄὼ

‗ὖȢ‗ὼὖὼ Ò᷈ÅÄὼ ‗ὼȢÁÐÐÌÅὼ
the table

―‗ώȢÔÁÂÌÅώ

‗ώȢÔÁÂÌÅώ

on

‗ὼȢÏÎὼȟ―‗ώȢÔÁÂÌÅώis

ÏÎ―‗ὼÁÐÐÌÅὼ Ò᷈ÅÄὼ ȟ―‗ώȢÔÁÂÌÅώ

‗ὼȢÏÎὼȟ―‗ώȢÔÁÂÌÅώ

‗ὖȢ―ὖ

‗ὖȢ―ὖ

―‗ὼÁÐÐÌÅὼ Ò᷈ÅÄὼ

‗ώȢ‗ὼÏÎὼȟώ

‗ὖȢὖ



NLP and Knowledge Representation: Norvig (1986) Ph.D.

tŜǘŜǊ bƻǊǾƛƎΩǎ ǘƘŜǎƛǎΥ ! ¦ƴƛŦƛŜŘ ¢ƘŜƻǊȅ ƻŦ LƴŦŜǊŜƴŎŜ ŦƻǊ ¢ŜȄǘ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ όмфусύ
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The language analyzed:

In a poor fishing village built on an island not far from the coast of China, a 
young boy named Chang Lee lived with his widowed mother. Every day, 
little Chang bravely set off with his net, hoping to catch a few fish from 
the sea, which they could sell and have a little money to buy bread.

(a) There is a sea, which surrounds the island, is used by the villagers for 
fishing, and forms part of the coast of China

(b) Chang intends to trap fish in his net, which is a fishing net

(c) The word whichrefers to the fish

(d) The word they refers to Chang and his mother



The unified theory of inference

ά!ǎ ǿŜ ƘŀǾŜ Ƨǳǎǘ ǎŜŜƴΣ ŀ ǎǳƛǘŀōƭŜ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ƛǎ ŀ 
ǇǊŜǊŜǉǳƛǎƛǘŜ ŦƻǊ ƳŀƪƛƴƎ ǇǊƻǇŜǊ ƛƴŦŜǊŜƴŎŜǎέ όǇΦ пύΦ LǘΩǎ 
built to enable inferences

System had 6 general forms of inference; 2 pairs, so 4 
basic types:

1. Elaboration: Filling a slot to connect two entities

ÅJohn got piggybank for REASON have money for 
REASON buy present 

2. Reference Resolution: Hey ςƛǘΩǎ ŎƻǊŜŦŜǊŜƴŎŜΗΗΗ

3. View Application: The Red Sox killed the Yankees

ÅKILLED is not animal; KILLING is viewed as a DEFEAT-
CONVINCINGLY

4. Concretization: Infer more specific

ÅTRAVELLING in an AUTOMOBILE is an instance of 
DRIVING
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NLP in the 1970s and 1980s

31

Å Foundational work on speech 
recognition: stochastic 
modeling, hidden Markov 
ƳƻŘŜƭǎΣ ǘƘŜ άƴƻƛǎȅ ŎƘŀƴƴŜƭέ

Å Ideas from this work would 
later revolutionize NLP!

Å Logic programming, rules-
driven AI, deterministic 
algorithms for syntactic 
parsing (e.g., LFG)

Å Increasing interest in natural 
language understanding: 
SHRDLU, LUNAR, CHAT-80

Å But symbolic AI hit the wall: 
ά!L ǿƛƴǘŜǊέ



оΦ {ǘŀǘƛǎǘƛŎŀƭ ƻǊ tǊƻōŀōƛƭƛǎǘƛŎ b[t όάStatNLPέύ
and then more general Supervised ML for NLP

1993ς2012
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Claude Shannon
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