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A dyrimist iy
Language: Why language is special; from Words to Meaning
Syntactic nets to semantic nets

The Blue Room: The Language of Thought?

Ll o

1. Adminiztrivia: PS5 due Oct. 30

z. Language: Why language is special; from Word strings to Meaning (Syntax to semantics)
Language 13 special: The Twam Test (Unsupervized leaming; very small sample complexity — 1-3 examples; no Wall
Street Journal subscniptions), and “the Burst Effect™. At age 1 v1, 1-11 months or so, these are the kinds of utterances
children produce:

Ride papa’s neck; this my rock-baby; mama forget this

Ev the age of 3, this 15 what they produce. What's the difference?
You maich me open sandbox; Papa, vou iike this song? [won't cry if mama wash my hair

The same difference shows up n thas way.
Pop-quz (multiple choice): who produced the followmg “sentences’ (Names changed to protect the innocent):

(1) I see red ome (2) P. want domk (3) P. open door (4) P. tickle 5. (3) I go beach (6) P. forget thaz (V) P 3a1d no
(8) P. want cut (%) You play chicken

Multiple choice: (a) Pidgin speakers; (b) apes (signimg); (c) Feral child Genie; (d) crdmary children [Hint: recall the
Burst effect plus the general mle about tricky 6.034 questions]

Question: How can we represem kmowledpe of language? How can we compure with it? (Like data structure +
alporithm question).

Answer to first part (reprezentation) — this 15 what lmpmsts do for a lvmg. What are the underlying representations
that constitute our knowledge of language?

Answer to the second part (computation) — this 1z what syntactic and semantic fransihion trees partially accomplizh,
mapping sirngs of words inte procedural operations on a databaze (“meaning™).

As to the first part, leok at how much we mplicitly “know” about a lanpuage. Take even a simple sentence hike the
CAals dig iCe-credt.

»  We Imow how each word sounds and whether 1t's an Enghsh word at all. Ca begins a vahid English word, but
no Enghish word will start out pk (but could in Polish). “Further, the 5 on cats marks 1t as plural

*  We Inow that the words must appear mn a certan order. Jee-cream afe the cat: means something very
different from The cais ate the ice-cream.

»  We Imow “whe did what to whom,” a land of mental snapshot: the cais 15 the agent of the achion ate while the
ice-crecm 15 the thing eaten, or the affected chject. (These are the themmic roles or slotz in a thematic role

Jrame) . And so on...



6.034 Artificial Intellizence, Recitation 2, September 14, 2001 2
It 13 conventional to divide the study of the representation of lingwstic knowledge inte two parts: syntax the study of
word arrangements without regard for meanmmg — this derived from the Greek word symaxis, hiterally “to airange
together’ and semantics, the study of meaning.

Syntax determines the allowable combmations of prinmitives m a language, where one notion of primutives are word
categones, and further, combinations of word categones. For example, let us suppose that we had sentences like
these:

The cat ate the ice-cream

The dog ate the ice-cream

The dog ate the cai
If we take these words for the moment as prinmtives, we can simply wrtte down these poszible linear patterns az a
directed graph of irmition network (free) as follows:

Here, the “start’ state 1z marked by an mcoming arrow, and the final (goal) state 13 a double circle. Given a transition
nem'nrka.udastrmgufumds{asenteme] we can check to see 1f the strmp of words can be “let through’ the network,
or generated by it. To do thiz, we start by lockang at the first word in the sentence can let us move from one state to
theuextviaafrmﬂﬁfﬂn—dnesﬂlelahe]nnﬂmammatchﬂmmmaﬂtmrdinthesmtenneweare]mhngat? [See
how we can march through the first example sentence thiz way. If we amve at the end of the sentence and are in the
goal state, we win.)

Of course, 1t would get very boring (and wrong) to just keep wniing down words as arc labels to encompazs more and
more sentence pattemns: @ dog ate the ice-cream; a cat ate the ice-cream; a dog ate the cai; the dog ate am ice-cream;
etc. Instead. we can collapse collechions of words such as {dog, cat, ice-cream_ tree_ ...} into a word cafegory called
“Nouns® and words like {a the, an_..} mto a categery called “Determuiners’ (because they “determine’ in some sense
the multiphcity of the Noun that comes later). That gives us the following, more compact network:

Of course, now this fransifion tree (network) will allow some “fumny” word sequences — but we did zay this was
syniax, not semantics. Only form matters.

Fnally, zmce we are good programmers, we notice a final redundancy m the network: the pattern “determiner noun™
15 repeated, once as the "Subject’ of the sentence, and once as the “Object’. So, why not turn that pattern into a
subroutine? We can call the repeated pattern a “‘Noun Phraze’ and splice out the repeated pattem (zee the network
below.) Of courze, smnce thiz 1z a subroutine, we must have a way to call and refurn from subroutines generally (Le.,
we must use a stack and zentences are now recirsive). Now we will have two networks: the main Sentence network
and a ‘subnetwork” called a Noun Phraze. We need a new label in the Sentence network that 1z called “Noun Phraze®.
and marking that at the begmning of a valid sentence, we must find 2 Noun Phraze:

We now have that m English, a Sentence 15 2" Noun Phrase followed by a Verb and then a Noun Phrase. (This of
course 13 not always so!) We can further combine a Verb and 2 Noun phraze into 2 wmit called a2 Verb Phrase. This 13

what a syntachic transition network can easily encode. We just replace “1za’ and map the “followed by’" wath a
sraphical reprezentation:
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How would we modify this to handle an example like “Jobn slept™

So far, our symiactic networks merely check the form of zentences. They don’t do anything. We can couple form
(svotax) to actions by adding procedures that tnpgger as each arc 1z traversed or as we hit the end of a network (or
both). Such achions fravs [are the input sentence mto a senes of actions, often a zeries of database calls, justaz a
compiler will parse a line of program code and output the actual sequence of machine mstructions to be followed. In
the case of computer code, the “meaning™ smaply is the sequence of machine instructions; in the caze of a simple
natural language syztem, the “meaning™ 15 the database calls; in general, the “meaning™ of a zentence 13 much more
complicated than that As a simple example, though, following the Winzton notes, consider a sentence like “How
many screwdrnvers are there?™ The goal of the network 15 to map the query mto a set of databasze and procedure calls.
Az we traverze the portion of the network comesponding to “How many™, we oufput “Count™ (a procedure call). As
we traverse “screwdrivers are there” we output a database call that “selects” the screwdnvers and refums a hst of them
(or, 1f we are using a real database program, most likely the count routine would be bult n and we could do it all at
once.) The key idea, though is this:

Distinct paths through the network represent distinct meanings= disiinct procedure and daiabase sequence calls
Example: Fruit flies like a banana.  There are at least 2 obwvious paths (i an expanded network) hence 2 meanings:



