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1. Adminiztrivia: lunch?
Rete, Key ideas:

s  Ifthen forward chaming rules can be recrzamezad for efficient pattern matchme.

+  The RETE alzonthm creates a decizion free that combmes the patterns m all the miles of the kmowledee baze

s Once if has been determmed which pattarns have been matched by factz, compansons of vanable bindings across
patterns must be checked mn a relafional database table that ‘remembers’ what partial matches have already been tested.

s  The kev to its efficiency 12 AWP agaimn: o do parhial (mcremental) matching - i remernbers past test results acros=
tterations of the rule matching loop. Omnly new facts are tested.

Varable bindingz are zaved and reuzed, rather than recompjuted.
E.E::a]]thatwehlh:edabmfurﬁardchamng;lsapmcedm'etbatluﬂpnhmughaﬂnfrulﬂ.Eﬂn:h:ﬂﬂadanbm-}fas;.ﬂnum
for vanable bindmzs that match rals antecedents. When matches are found, rules are friggerad and fired, producing no assertions
(or remoring assarhons). When new zsserfions are added, the loop throush a rules set repeats. The Fete aleorthm takes advantazge
of two cbservations: (1) not many assertions are added or chanzed when a rule fires, and the chanred azserhions do not affect
many rules; and (2) many roles share anfecedents (1.e., thewr if components are sirmlar). The dizadvvantage of Rete 15: 1t takes
memory to store all these pre-recorded variable bindims='matches, and we must expand affort to remove (failed) match
mformation

Each node 1n a Eete network (zraph) represants the set of vanable bindmgzs that match an asserhion or a collection of
asserfions. The Rete alzonthm works by moving assertions throush the graph, like 2 pimball machime, savins mcremental match
mformation as 1t goes. A path throwugh the graph to a leaf reprezents the bindingz that match the antecedents to a rule (taks
a look below). You can think of the root node 2= a node that connects subgraphs for all anfecedents of a parhcular lensth (which 1=
whyv we can uze relational datzbazes to 1mplement them — each node, except the root nods, 12 2 table reprezenting one relation,
and each row of the table records one asserhons. The match procedure uses a database select operation to define the match, then a
project operzhion to find specific matchas n the sef of all azsertions. To collact all antecedents, we use a (seguence of) database
Join operations, with a finzl execute action that 15 a database project to gat the subset of all matchins vanzbles needed for the
consaquent.)

To buald a rete:

s  Foreach antecedent, create an “alpha’ node, aka a “match’ node (these are the root nodes)

s  Jomn a first antecedent and a zacond antacedent to create a “beta’ node, aka a "merge’ node

+  Jomn each subsequent antecedent with the previous merge nods to create a new merge node

+  For each conzequence, create a termumal node, zka execute node, w1z project, that carries the consaguent.

=k
| |

The Eete alzonthm keeps up to date the information associated with the nodes 1 the graph. When a fact 15 added or remonred
from workmge mamory, a token representing that fact and operation 1= entered zt the root of the graph and propagated to s leaves
motifying as approprate the mformation associated with the nodes. When a fact 1 modified zay, the age of John 15 changed from
20 to 21, this 15 expressed as a deletion of the old fact (the age of Jolm 15 20) and the addihion of a new fact (the age of John 15 21).

RULE: ASSERTIONS:
IF {?x went-to-lecture) You went-to-lecture
(7x studied 7¥) You studied nothing
(v was-on-test) Nothing was-on-test

THEN (?x did-well-on-test)
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w' second =_we:[t—t{:n-lect|.u'e w' second = studied w/ second = was-on-
TABLE Al TABLE A2 test
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Bl12-; .
TABLE B23
PROIECT x
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Add azzertion “x did-well-on-test™

i | Language: Why language is special; from Word sirings to Meaning (Syntax to semantics)
Language 15 special: The Twam Test (Unsuperised leaming; very small sample complexity — 1-3 examples; no Wall
Street Journal subscriptions), and “the Burst Effect”™. Atage 1 v1, 1-11 months or z0, these are the kinds of utterances
children produce:

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

Bv the age of 3, this 15 what they prodoce. What's the difference?
You maich me open sandbox; Papa, vou like thiz song? ITwon't cry if mona wash my hair

The zame difference shows up m this way.
Pop-quiz (multiple choice): who produced the following *sentences” (Names changed to protect the innocent):

(1) I zee red one (2) P. want dnnk (3) P. open door (4) P. faickle 5. (3) I go beach (6) P. forget this (7) P said no
(8) P. want cut (9) You play chicken

Multiple choice: (2) Pidgin speakers; (b) apes (s1zning); (c) Feral child Geme; (d) ordmary children [Hint: recall the
Burst effect plus the zeneral rule about tncky 6.034 questions]

Cuestion: How can we represemt knowledpe of languaze? How can we compute with it7 (Like data structure -
alporithm question). Answer to first part (reprﬁentahun} this 13 what hngwists do for a living. What are the
ma:ﬁﬂ}mgmprﬂem'aﬂﬂm that constitute our knowledge of language? Answer to the second part (computation) —

this 13 what syntactic and semantic transition trees partially accomplish, mapping strings of words into procedural
operations on a databaze (“meanmg™).

As to the first part, look at how much we impheitly kmow” about a language. Take even a simple sentence like the
COEs dafe ice-credm.
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 We know how each word sounds and whether 1t's an Englizh word at all. Ca beginz a valid Enplizh word,
but no Enghizh word wall start out pik (but could in Polizh). Further, the £ on cafs marks it as plural
*»  We know that the words must appear in a certain order. Jee-cream daie the cals means something very
different from The calr afe the ice-cream.
»  We know “who did what to whom,™ a kind of mental snapshot: the cais 15 the agent of the action afe while the
ice-cream 13 the thing eaten or the affected object. (These are the thematic roles or slois in a thematic role

Jrame) . And soon. ..

It 13 conventional fo divide the study of the representation of inpuistic Imowledge mto two parts: syntax, the study of
word arrangements without regard for meanmmg — this derved from the Greek word symfaxis, literally “to arrange
together” and semantics, the study of meaning.

Syntax determines the allowable combmations of primitives in a lanpuage. where one nobion of primitives are word
categonies, and further, combinations of word categones. For example, let us suppose that we had sentences hike
these:

The cat ate the ice-cream

The dog ate the ice-cream

The dog ate the cat
If we take these words for the moment as primufives, we can simply wrtte down these poszible linear patterns as a

directed graph ot ET.:F:EEI:JF:I' mnmr.i‘ (rrs'e?} as follows:
ice-cream

W@*@z@

Here, the “start” state 1z marked by an mcoming arrow, and the final (goal) state 15 2 double circle. Given a transihion
nehmrkandast:me;uftmrds (a sentence). we can check to see if the siring of words can be “let through’ the network,
or generaied by it. To do thos, we start by leclang at the first word m the senfence can let us move from cne state fo
ﬂlE:IlE:EI".‘lElElE‘ﬂ?".‘.'.‘lfIﬂH dﬂﬂﬂl&lﬂh&luﬂthemcmﬂtchﬂmmmaﬂuurdmﬂmsentmmnﬂmlnn]ﬂnEﬂt"’EEae
how we can march through the first example sentence this way. If we arrive 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 whnfing down words as arc labels to encompass more and
more sentence patterns: a dog aie the ice-cream; a cat ate the ice-cream; a dog ate the cal; the dog aie an ice-crean;
etc. Instead, we can coliapse collechions of words such as {dog, cat, ice-cream, tree,...} into a word category called
“Nounsz® and words hike {a the, an_ ..} mto a category called "Determiners” (because they “determine’ in some sense
the multipheity of the Noun that comes later). That ives s the following, more compact network:

determiner poun verb ﬁermjﬂer fOoU :
Of course, now this transition tree (nefwork) wnll allow some “fimmy” word sequences — but we did zay this was pax, not
semantics. Onby form matters.
Fmally, zince we are good programmers, we nofice a final radundancy m the network: the pattern “determuner noun™ 15 reapeated.
once as the “Subject’ of the senfence, and once as the “Obect’. So, whn not tum that pattern mto a subroutine? We can call the
repaated pattern 2 “INoun Phrase’ and splice cut the repeated pattern (zee the network below ) Of course, since this 1= a subroutime.

we must have a2 way to call and rsnwon from subroutines generally (1.2, we must use a stack and zentences are now recursive).
Mow we wall have two networks: the mam Senfence network and 2 “subnetwork’ called 2 Noun Phrase. We nead a new lzbel 1n

the Sentance network that 1= called “MNoun Phrass’, and markane that at the bagimming of 2 vahid sentance, we must find a2 Noun
Phraze
noun phrase . noun phrase

e O O o O &

determiner nopn

Noun phrase: )O—PO—)Q




