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ChatGPT is too 
traditionalist.
We will cover 
more recent 

topics.



Claude is also too 
traditionalist.
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CAPTCHA

Completely Automated Public Turing test to tell 
Computers and Humans Apart
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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 variable or a real or computable variable, computable

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

shortly to give an account of the relations of the computable numbers,

functions, and so forth to one another. This will include a development

of the theory of functions of a real variable expressed in terms of com-

putable numbers. According to my definition, a number is computable

if its decimal can be written down by a machine.

In §§ 9, 10 I give some arguments with the intention of showing that the

computable numbers include all numbers which could naturally be

regarded as computable. In particular, I show that certain large classes

of numbers are computable. They include, for instance, the real parts of

all algebraic numbers, the real parts of the zeros of the Bessel functions,

the numbers IT, e, etc. The computable numbers do not, however, include

all definable numbers, and an example is given of a definable number

which is not computable.

Although the class of computable numbers is so great, and in many

Avays similar to the class of real numbers, it is nevertheless enumerable.

In § 81 examine certain arguments which would seem to prove the contrary.

By the correct application of one of these arguments, conclusions are

reached which are superficially similar to those of Gbdelf. These results

f Godel, " Uber formal unentscheidbare Satze der Principia Mathematica und ver-
•vvandter Systeme, I " . Monatsheftc Math. Phys., 38 (1931), 173-198.
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with the m-configuration written below the scanned symbol. The

successive complete configurations are separated by colons.

: 9 9 0 O r o o O 0 : 9 9 0 0 : 9 9 0 0 : 9 9 0 0 1 :

b o q q q p

9 9 0 0 1 : 9 9 0 0 1 : 9 9 0 0 1 : 9 9 0 0 1 :

P P f f
9 9 0 0 1 : 9 9 0 0 1 : o a 0 0 1 0 :

f f
9 9 0 0 H-0: ....

c

This table could also be written in the form

b :9 9 o 0 0 : 9 9 q 0 0 : ..., (C)

in which a space has been made on the left of the scanned symbol and the*

m-configuration written in this space. This form is less easy to follow, but

we shall make use of it later for theoretical purposes.

The convention of writing the figures only on alternate squares is very

useful: I shall always make use of it. I shall call the one sequence of alter-

nate squares JF'-squares and the other sequence ^/-squares. The symbols oi •.

^-squares will be liable to erasure. The symbols on F-squares form a

continuous sequence. There are no blanks until the end is reached. There

is no need to have more than one jE'-square between each pair of .F-squarcs :

an apparent need of more ^/-squares can be satisfied by having a sufficiently

rich variety of symbols capable of being printed on ^-squares. If a

symbol /3 is on an F-square S and a symbol a is on the ^-square next on the

right of S, then S and /3 will be said to be marked with a. The

process of printing this a will be called marking jS (or S) with a.

4. Abbreviated tables.

There are certain types of process used by nearly all machines, and.

these, in some machines, are used in many connections. These processes

include copying down sequences of symbols, comparing sequences, erasing

all symbols of a given form, etc. Where such processes are concerned we

can abbreviate the tables for the m-configurations considerably by the use

of "skeleton tables". In skeleton tables there appear capital German

letters and small Greek letters. These are of the nature of "variables '".

By replacing each capital German letter throughout by an ^^-configuration





One thing I wanted to ask you about is this. A most serious problem, for UNESCO 
and for the constructive and peaceful future of the planet, is the problem of 
translation, as it unavoidably affects the communication between peoples. Huxley has 
recently told me that they are appalled by the magnitude and the importance of the 
translation job.

Recognizing fully, even though necessarily vaguely, the semantic difficulties because of 
multiple meanings, etc., I have wondered if it were unthinkable to design a computer 
which would translate. Even if it would translate only scientific material (where the 
semantic difficulties are very notably less), and even if it did produce an inelegant (but 
intelligible) result, it would seem to me worth while.

Also knowing nothing official about, but having guessed and inferred considerable 
about, powerful new mechanized methods in cryptography—methods which I 
believe succeed even when one does not know what language has been coded—
one 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: “This is 
really written in English, but it has been coded in some strange 
symbols. I will now proceed to decode.”

Warren Weaver
to Norbert Wiener

4 March 1947



PAUL KIPARSKY 

TENSE AND MOOD IN INDO-EUROPEAN SYNTAX* 

1. THE HISTORICAL PRESENT 

The 'historical' or 'dramatic' present tense used in narrating past events, 

which is common in many Indo-European languages, has always been inter 

preted in essentially semantic terms. A typical traditional formulation is 

that in using the present tense the narrator becomes closely involved in the 

story and relates it as if he were an eyewitness to the action, or wished to 

convey to the listener the dramatic feeling of being an eyewitness.1 While 

this is undoubtedly a correct intuition about the historical present as found 

in the modern European languages (cf. Weinrich, 1964), I shall argue that 

it is quite mistaken to transfer it to the earlier stages of Indo-European. 

In Greek, Old Irish, and Old Norse, for example, the historical present has 

quite different syntactic and semantic properties, to which the traditional 

idea, or any of its variants 2, must utterly fail to do justice. 

In the first place, the historical present behaves syntactically as a past 

tense with respect to sequence of tenses where the older Indo-European 

languages have this feature. Thus in Old Irish sequence of tenses the histor 

ical present counts regularly as a past (Strachan, 1895-8, 236). It is quite 

different in modern languages, where the historical present is treated in the 

same way as other presents. 

A second syntactic fact which the traditional theory leaves unexplained is 

* This work was supported in part by the Joint Services Electronics Program under 

Contract DA36-039-AMC-03200(E); in part by the National Science Foundation (Grant 

GP-2495), the National Institutes of Health (Grant MH-04737-05), the National Aero 

nautics and Space Administration (Grant NsG-496), and the U.S. Air Force (ESD Con 

tract AF 19 (628)-2487). - I thank Michael Connolly, Eric Hamp, Einar Haugen, George 

Lakoff, Calvert Watkins, and Roy Wright for offering valuable criticism and/or referring 

me to some of the examples cited here. 
I See Emery (1897) for a concise summary of earlier discussion, and Leumann, Hofmann 

and Szantyr (1965), Schwyzer (1950) for more recent references. 

2 There are several: (1) The historical present expresses timelessness (Brugmann, 1883; 

von Fritz, 1949). (2) The historical present expresses simultaneity with the action denoted 

by the preceding verb (Rodemeyer, 1889; Wood, 1965). (3) The historical present has an 

inceptive meaning (Koller, 1951). The range of examples that will come up here is sufficient, 

I think, to show that none of these special meanings is inherent to the historical present. 

In fact, any consistent semantic difference between historical presents and narrative past 

tenses has not been successfully demonstrated. Recognizing this, some have proposed, 

equally unacceptably, that the use of the historical present can be purely arbitrary (e.g. 

Humbert, 1954, 138). 
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The Turing Test
Interrogator: In the first line of your sonnet which 
reads "Shall I compare thee to a summer's day," would 
not "a spring day" do as well or better?

Witness: It wouldn't scan.

Interrogator: How about "a winter's day," That would 
scan all right.

Witness: Yes, but nobody wants to be compared to a 
winter's day.

Interrogator: Would you say Mr. Pickwick reminded you 
of Christmas?

Witness: In a way.

Interrogator: Yet Christmas is a winter's day, and I do 
not think Mr. Pickwick would mind the comparison.

Witness: I don't think you're serious. By a winter's day 
one means a typical winter's day, rather than a special 
one like Christmas.



Predictions



Predicting Language



Predicting Language

A SMALL OBLONG READING LAMP ON THE DESK

--SM----OBL----REA----------O------D---

What informs this prediction?



Predicting Language



Codes and Entropy



Codes Again

• How much information is conveyed in 
language?

• How uncertain is a classifier?

• How short of a message do we need to 
send to communicate given information?

• Basic idea of compression: common data 
elements use short codes while uncommon 
data elements use longer codes



Compression and Entropy

• Entropy measures “randomness”

• Inverse of compressability 

• Lg (base 2): measured in bits

• Upper bound: lg n

• Example curve for binomial

H(X) = �
nX

i=1

p(X = xi) lg p(X = xi)



Compression and Entropy

• Entropy bounds compression rate

• Theorem: H(X)≤ E[ |encoded(X)| ]

• Recall: H(X) ≤ lg n

• n is the size of the domain of X

• Standard binary encoding of integers optimizes for the worst case

• With knowledge of p(X), we can do better:

• H(X) ≤ E[ |encoded(X)| ] < H(X) + 1

• Bound achieved by Huffman codes



Predicting Language

--SM----OBL----REA----------O------D---

A SMALL OBLONG READING LAMP ON THE DESK

Cloned Shannon 
makes the same 

guesses.

Claude Shannon



Predicting Language

Claude Shannon. Prediction and Entropy of Printed English. 1950 



Predicting Language

T H E R E I S N O R E V E R S E O N A M O T O R C Y C L E

- - - R - - I - - N - - R - V - - - E - O N - A M - - - - C - - - -

1 1 1 5 1 1 2 1 1 2 1 1 15 1 17 1 1 1 2 1 3 2 1 2 2 7 1 1 1 1 4 1 1 1 1



http://www.ccs.neu.edu/
home/dasmith/courses/

cs6120/shannon/

http://www.ccs.neu.edu/home/dasmith/courses/cs6120/shannon/
http://www.ccs.neu.edu/home/dasmith/courses/cs6120/shannon/
http://www.ccs.neu.edu/home/dasmith/courses/cs6120/shannon/




What if we can’t ask a human?



Replace Human Predictions

Claude Shannon. Prediction and Entropy of Printed English. 1950 



A language model 
is a function that 

assigns a probability to 
a string of text.



Language Models
• A simple definition

• A language model is a function that assigns a 
probability to a string of text.

• A course full of questions

• How do we compute those probabilities?

• How is this function parameterized?

• What if we only have some of the text?

• A string of what kind of symbols?

• What kinds of problems can we solve with LMs?



Syllabus



https://siwu.io/nlp-class/

https://siwu.io/nlp-class/


What You’ll Learn

• Markov (finite-state, n-gram) LMs

• Linear classifiers

• Word embeddings

• Neural classifiers

• Morphology, syntax, and semantics

• Sequences, Attention, and Transformer LMs



What You’ll Learn

• A Taxonomy of Large Language Models

• Pretraining

• Generation

• Post-training: RLHF, DPO, and friends

• Prompting, In-context Learning

• Benchmarks and Experimental Design



What You’ll Learn

• Retrieval, Retrieval-Augmented Generation

• Summarization

• Multilinguality and Translation

• Language in Social Context



Guest Lectures

• Alexander Spangher (10/7): narrative LMs

• Terra Blevins (11/4): multilingual learning

• Niloofar Mireshghallah (11/14): security & 
privacy

• Lucy Li (11/21): comp. social science



What You’ll Do

• Five programming assignments (30%)

• Six quizzes (30%)

• Course project (40%)

• First two individually, last in groups of 1–4



Course Project
• Groups of 1–4

• Initial pitch

• Research plan

• Sample data for evaluation

• Grade contract

• Presentation

• Final report

• Feedback on each step



Course Staff

• David Smith: instructor for this section

• Si Wu: instructor for additional section

• Divya Sri Bandaru: TA

• Tejus Dinesh: TA

• Announcing office hours soon



Data



What if we can’t ask a human?
Look at what they’ve already said 

in the past!



Digital Breadcrumbs
• Email

• Text messaging

• Social media

• Phone records

• Web links

• Web searches

• Smart cards

• License platesSlide from David Lazer



Digital Detritus
• Social media posts

• Emails of government employees

• Supreme Court decisions

• Anti-vax message boards

• Newspaper ads for runaway slaves

• Nineteenth-century novels

• Letters by seventeenth-century scientists



There’s no data 
like more data.

Robert Mercer



The Roots of Big Data

• Big Government, Business, Science

• Social change: Living online

• Digitizing the past





Metropolitan Museum of Art



Socrates: I heard, then, that at Naucratis, in Egypt, was one of the ancient gods of 
that country … and the name of the god himself was Theuth. He it was who invented 
numbers and arithmetic and geometry and astronomy, also draughts and dice, and, 
most important of all, letters. Now the king of all Egypt at that time was the god 
Thamus … To him came Theuth to show his inventions, saying that they ought to be 
imparted to the other Egyptians. But Thamus asked what use there was in each, and 
as Theuth enumerated their uses, expressed praise or blame, according as he 
approved or disapproved. The story goes that Thamus said many things to Theuth in 
praise or blame of the various arts, which it would take too long to repeat; but when 
they came to the letters, “This invention, O king,” said Theuth, “will make the 
Egyptians wiser and will improve their memories; for it is an elixir of memory and 
wisdom that I have discovered.” But Thamus replied, “Most ingenious Theuth, one 
man has the ability to beget arts, but the ability to judge of their usefulness or 
harmfulness to their users belongs to another; and now you, who are the father of 
letters, have been led by your affection to ascribe to them a power the opposite of that 
which they really possess. For this invention will produce forgetfulness in the minds of 
those who learn to use it, because they will not practice their memory. Their trust in 
writing, produced by external characters which are no part of themselves, will 
discourage the use of their own memory within them. You have invented an elixir not of 
memory, but of reminding; and you offer your pupils the appearance of wisdom, not 
true wisdom, for they will read many things without instruction and will therefore seem 
to know many things, when they are for the most part ignorant and hard to get along 
with, since they are not wise, but only appear wise. 
Phaedrus: Socrates, you easily make up stories of Egypt or any country you please.

















Linguistic Description



Noam Chomsky

• Anarcho-syndicalist polemicist

• Inventor of several theories of 
“generative grammar” opposed 
to language models

• Pioneer of formal 
language theory



Linguistic Modules

• Phonetics and phonology

• Morphology

• Syntax

• Semantics

• Pragmatics

• Discourse

• With lots of crossings between levels!



Phonetics and Phonology

• Phonetics: language sounds & their 
physiology

• Phonology: systems of discrete sounds in 
languages

• E.g.: devoicing of it is to it’s

• E.g.: syllable structure: sign, signify



Morphology
• Inflectional (in some languages):

• love →loved

• Derivational:

• tea-cup, un-helpful, with-stand, craisin

• Turkish: uygarlastiramadiklarimizdanmissinizcasina

• uygar las tir ama dik lar imiz dan mis siniz casina

• (behaving) as if you are among those whom we 
could not civilize



Morphological Tagging



Syntax
IP

Speaking
changes

NP

NP

VP

V

language

Verbing weirds language

Constituency

Dependency

SUBJ OBJ



Semantics

Pierre Vinken , 61 years old , will join the board as a nonexecutive director

ARG0 ARG1 ARG-PRD

Vinken board director

PropBank join predicate



Pragmatics

• Context affects meaning

• Conversational implicature

• Is your mother at home? Yes.

• Speech acts: “how to do things with words”

• I grant you permission to speak.



Discourse

• Study of units larger than a single utterance

• Turn taking

• Coreference

• Organized exposition



To-Do List

• Check course website:

• https://siwu.io/nlp-class/

• Click on links to:

• Join Gradescope for homework

• Join Ed for discussion

https://siwu.io/nlp-class/


Thanks


