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Micro—SAN and Micro—ELI:

Exercises in Popular Cognitive Mechanics

by

Christopher Riesbeck

and
.4

4 -
, 

Eugene Charniak

Abstrac t

This report contains a detailed description
— —  plus all the LISP code — —  of miniature versions
of two well—known natural ianguage understanding
programs: SAM , Script Applying Mechanism , and
ELI , English Language Interpreter. The programs
are intended to be simple enough so that
interested computer scientists and psychologists,
with only an introduc tory knowledge of LISP, can
understand , modify,  and extend programs dealing
with knowledge structure based understanding .
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1 0  BACKGROUND

In July, 1978, the Yale Ar ti f ic ial In tel ligence Project , wi th

funding from the Alfred P. Sloan Foundation , held a four—week,

intensive summer school on Artific ial Intelligence and Psychology.

The intent of the school was to give psychologists who were already

knowledgable about the work being done in Cognitive Science at Yale a

chance to “get their hands dirty.” It also gave the researchers and

students at the Al Project a chance to interac t with psychologists for

an extended period of time.

One of the cen tral elemen ts of the school was a series of

‘~~~~ lectures and exercises on Artificial Intelligence programs. Besides

demonstrations of the various programs in existence , the students were

given the opportunity to run, modify, and extend “micro” versions of

two of our best developed programs : SAN , the script applier

(Cullingford 1978), and ELI, the English Conceptual Analyzer (Riesbeck

1978). (The micro version of SAM should also be considered as a

miniature version of Ms. Malaprop (Charniak 1977).)

Since knowledge of programming was not a requiremen t of the

summer school , the students were first taught a subset of LISP

suffic ient for doing real programming . This was done in the first

week of what some called “the Berlitz school of LISP.” They were

taught McSAN (for Micro—SAM) during the second week and McELI (for

Micro—ELI ) during the third .
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We believed then that muc h of the perspectiv e that is peculiar to

Ar ti f icia l In telligence can on ly be learn ed by having a “hands on ”

experience with reasonably complex programs. At the same time , the

programs had to be simple enough to be grasped within a very short

time by novice programmers.

We believe now that we did quite well by these two con trad ic tory

goals. Most students were able to do the exercises presented here,

indicating a non—trivial understanding of the two programs. This

includes students who had never touched a computer before . The major

factor seemed to be motivation, not prior training. •

Furthermore , we found the development of these two programs (and

of the appropriate subset of LISP) to be of interest in itself.

Because the programs had to be short and simple, we were forced to

decide which aspects of the real systems were the most important. We

became very aware of the implications of various design dec isions ,

partly because the smaller programs made those decisions much more

visible , and partly because we were dec iding not only for ourselves

but for the students.

• We would recommend that everyone who has developed a large Al

system try to create a micro version of it , for several reasons:

1. Creating the micro version tests how well you really
understand the original system.

2. The micro version Itself Is easier to use for testing out new
ideas to be added to the rea l system.

3. The micro version Is useful for sending to others who want to
• experiment with your ideas. A good micro version can be

hand—executed when no machine is available.
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The constraints we placed on our micro programs were:

1. They could be no longer than ten pages of LISP code,
including the comments.

2. The code had to be clear , not clever , since its func t ion was
pedagogical. Questions of efficiency came second .

3. The number of different LISP functions used needed to be kept
small, since we wanted to let students take the programs home
to possibly incompatible LISPs.

In this report , we assume some knowledge of, and access to, a

LISP system. However, since there are many slightly different LISP

systems available , a later aection will discuss the important aspects

of the LISP that McSAM and Mc ELI are written in.

But an advanced knowledge of LISP is not required . We hope that

the detailed English commentary the follows , plus the care that we

have taken in the coding of McSAN and McELI, will make the programs

accessible to anyone interested in how natural language understanding

programs and theories function .

2.0 SAMPLE RUN

Mc SAN is a script applier . A script is a desc ription of a

• stereotyped sequence of events (Schank and Abelson 1977). McSAN

initially knows about shopping in a store —— i.e., McSAN has a script

with patterns describin g, five important events that occur during

shopping : going to a store , picking out the object, buying it by

giving the store money, and leaving the store .

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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When Mc SAM is g iven a sto ry,  suc h as “Jack went to the store . lie

got a kite. He went home ,” it f i rst  determines tha t the shopping

scr ipt is relevan t , and then it matches the ind ividual events of the

story against the patterns in the shopping script. In doing so , it

fills in the events that were not explicitly mentioned in the story,

such as Jack giving money to the store.

Me ELI is a conceptual analyzer. It is responsible for taking

English sentences and converting them into meaning representations

which McSAM can use. In this way, MeSAN does not have to contain all

possible English descriptions of each event. McELI, with additions

specified in the exercises , is capable of handling simple declarative

sentences , such as “Jack ordered the red lobster” and “lie went home.”

“Handling” means a full  conceptual analysis , not just a syntactic

parse.

The basis for the meaning representation used Is Conceptual

Dependency (Schank 1975). The partic ular LISP implementation used is

described in a later section.

The following is an annotated computer run of McSAN and McELI.

We used a system program called PHOTO to save a trac e of all  inpu t and

output . Some extraneous system messages were deleted and these are

marked with “...“s. Anything following an exclamation mark ( ! )  is a

comment that was added to the trace afterwards. Asterisk is the LISP

prompt charac ter in our system .
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(PHOTO: Recording initiated Tue 22—Aug—78 3:24PM]

TOPS—20 Command processor 3(414) ! this Is our moni tor

@LISP run LISP

YALE/R~IFCERS/UCI LISP — 29 July 77 this is our LISP
—— running it causes the
code in Appendix A to be
loaded

*(E]~pFS 5000) ! expand list storage

*(DSKIN MCSAN MCELI) I load McSAN and McELI
! (Appendices B and C)

Files—Loaded

*STORY-TEXT show the value of STORY—TEXT

((JAC K WENT TO THE STORE) (HE GOT A KITE) (HE WENT HOME))

• *(DO-STORY STORY—TEXT) 1 DO—STORY app l ies Mc ELI and
Mc SAN to STORY-TEXT

Type GO to start Mc ELI *GO

In Mc ELI output ,
“Processing word” means that McELI is looking at word

• I “variable — value” means that McELI has assigned value to variable

Parsing (JACK WENT TO THE STORE) ! NcELI analyzes the first
sentence of STORY—TEXT

Processing *START* ! *START* is a pseudo—word
analyzed at the start of
every sentence

Processing JACK ! analyze JACK as the token
*CD_FOP,1f* JACK1 ! JACK1 and say that a noun
*PART...OF...SPEECB* NOUN—PHRASE I phrase was seen

*SUBJECT* — JACK] ! save JACK1 as the subject

Processing WENT I analyze WENT as a verb
*PART.IJF.SPEECH* - VERB I that means someone PTRANSed
*cD..FopJ4* - (PTRANS (ACTOR (*VAR* GO-VAR1)) ! himself

(OBJECT (*VAR* GO—VAR1)) I somewhere
(TO (*VAR* GO—VAR2))
(FROM (*VAR* GO—VAR3)))

GO VAR I JACK1 1 JACK1 is the ACTOR

L ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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*CONCEIVT * — (PTRANS (ACTOR (*VAR* GO—VAR1)) I save the
(OBJECT (*VAR* GO—VAR1)) I PTRANS as
(TO (*VAR* GO—VAR2)) the main
( FROM (*VAR* GO—VAR3))) ! concept

Processing TO —— not in the d ic t ionary  I this is not an error —— TO
I will be handled by WENT
! explicitl ,

Processing THE ! start a noun phrase

Pro cessing STORE I analyze STORE as a noun
*PART...OF_ SPEECH * NOUN ! meaning a store
*CD_FO~~* = (STORE)
*PART~.OF_ SpEECH* — NOUN —PHRASE I turn  “ the sto re” into a noun
*cD_FORM * = STORE 1 I phrase meaning the token
GO—VAR 2 STORE1 ! STOREI

Final concept
((STORE (OBJECT STORE1)) I Final result —— note that
(PERSON (OBJECT JACK1)) ! STORE1 is a store and JACKI
(PTRANS (ACTOR JACK1) (OBJECT JACK1) (TO STORE1))) I is a person

Type CO to start McSAN *GO ! give McSAM this analysis

I In McSAM output ,
I “Processing CD” means that MC SAM is looking at the CD
I “New scr ip t” means tha t a new scri pt has been activated
“Instantiating CD” means that the CD came from a pattern with its

variables filled in
I “Ma tches pa ttern ” means the CD being processed matches pattern

Processing (STORE (OBJECT STORE1)) STORE is linked to the
New script I shopping script
Ins tan tia ting (SHOPPING (STORE STORE 1))
Processing (PERSON (OBJECT JACK1))
Processing (PTRANS (ACTOR JACK1) (OBJECT JACK1) (TO STORE1))

I the PTRANS matches line I of the shopping
script , so McSAM instantiates that line

Matches (PTRANS (ACTOR (*VAR* SHOPPER)) (OBJECT (*VAR* SHOPPER))
(TO (*VAR* STORE)))
Instantiating (PTRANS (ACTOR JACK1 ) (OBJECT JACK1) (TO STORE1))

Type CO to start McELI *CO ! ana lyze the nex t sentence
I of STORY-TEXT

Parsing (HE GOT A KITE)

Process ing *START*

Processing HE I HE is analyzed as a noun
*PART...OF_SPEECH* NOUN-PHRASE ! phrase but with no CD form

_______________________ _ _ _ _ _ _ _  ___  
—.•____________________ ______ _ _ _  •
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Processing GOT I GOT is a verb that means
*PART_OF_SPEECII* — VERB I someone IR ATRANS4’d

— (ATRANS (ACTOR (*VAR* GET—VAR3)) I something
(OBJECT (*VAR* CET—VAR2))
(TO (*VAR* GET-VAR 1))
(FROM (*VAR* GET-VAR3)))

= (ATRANS (ACTOR (*VAR* GET—VAR3))
(OBJECT (*VAR* GET-VAR2))
(TO (*VAR* GET—VAR1))
(FROM (*VAR* GET—VAR3)))

Processing A I start a noun phrase

Processing KITE I KITE is a noun referring to
= NOUN I a kite

*CD_F0P34* = (KITE)
*PART...O1~_SPEECH* = NOUN—PHRASE ! “a kite ” is a noun phrase
*CD_FOPJ.I* KITEI I referring to the token KITE1
GET-VAR2 KITE 1

Final concept I the final result is that
((KITE (OBJECT KITEI)) (ATRANS (OBJECT KITEI))) I a kite was ATRANSed

Type GO to start McSAM *GO 1 give this to McSAN

Processing (KITE (OBJECT KITEI))
Processing (ATRANS (OBJECT KITE1)) I the ATRANS matches the line

1 3 of the script so McSAN
I instantiates lines 2 and 3

Matches (ATRANS (ACTOR (*VAR* STORE)) (OBJECT (*VAR* BOUGHT))
(FROM (*VAR * STORE)) (TO (*VAR* SHOPPER)))
Instantiating (PTRANS (ACTOR JACKI) (OBJECT KITEI) (TO JACK1))
Instantiating (ATRANS (ACTOR STORE1) (OBJECT KITEI) (FROM STORE1)
(TO JACK1))

Type CO to start McELI *GO I analyze the last sentence
I of STORY—TEXT

Parsing (HE WENT HOME)

Processing *START*

• Processing HE again HE is a noun phrase
*PART.JJF .SPEECH* NOUN—PHRASE I with no CD

Processing WENT I and WENT I s  a verb that
*PART.JJF_SPEECII* VERB ! means someone PTRANSed
*CD..FOPJI* (PTRANS (ACTOR (*VAR* GO—VAR1)) ! himself

(OBJECT (*VAR* GO-VAR1))
(TO (*VAR* GO-VAR2))
(FROM (*VAR* GO-VAR3)))

- (PTRANS (ACTOR (*VAR* GO-VAR1))
(OBJECT (*VAR* GO—VARI))
(TO (*VAR* GO-VAR2))
(FROM (*VAR* GO—VAR3)))

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~
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Processing HOME -— not In the dictionar y ! not an error ——
GO—VAR2 — HOMEI I HOME is expli citly

I picked up by WENT

Final concept I the final result Is that a house
((HOUSE (OBJECT HOME1)) (PTRANS (TO HOMEI))) 1 was PTRANSed to

Type CO to start McSAN *GO 1 give this to McSAN

Processing (HOUSE (OBJECT HOMEI))
Processing (PTRANS (TO HOMEI)) I the PTRANS matches lIne 5 of

I of the script so McSAN
Instantiate lines 4 and 5

Matches (PTRANS (ACTOR (*VAR* SHOPPER)) (OBJECT (*VAR* SHOPPER))
(FROM (*VAR* STORE)) (TO (*VAR* ELSEWHERE)))
Instantiating (ATRANS (ACTOR JACK!) (OBJECT MONEY) (FROM JACKI)
(TO STORE !))
Instantiating (PTRANS (ACTOR JACK!) (OBJECT JACKI) (FROM STORE1)
(TO HOME!))

I there are no more sentences
Story done —— the data base is

((STORE (OBJECT STORE 1))
(PERSON (OBJECT JACK1))
(PTRANS (ACTOR JACK!) (OBJECT JACKI ) (TO STORE!))
(KITE (OBJECT KITE 1))

• (PTRAN S (ACTOR JACK I) (OBJECT KITE!) (TO JACK 1))
(ATRANS (ACTOR STORE!) (OBJECT KITE1) (FROM STORE!) (TO JACK!))
(HOUSE (OBJECT HOME!))
(ATRANS (ACTOR JACK!) (OBJECT MONEY) (FROM JACK1) (TO STORE1))
(PTRANS (ACTOR JACK!) (OBJECT JACK1) (FROM STORE!) (TO HOME!))
(SHOPPING (STOR E STORE !)

(SHOPPER JACK! )
(BOUGHT KITE 1)
(ELSEWHERE HOME!)))

• NIL

(PHOTO: Record ing terminated Tue 22—Aug—78 3:24PM)

3.0 REPRESENTING MEANING

Mc SAN is a program that operates on conceptual not linguistic

entities . McSAM , like SAN , is intended to be language independent.

* 
It Is the job of the McELI program to take English sentences and

construc t forms representing the conceptua l meaning underlying them.

--
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The meaning of a sentence is represented using Conceptua l

Dependency (Schank 1975). Conceptua l Dependency (CD) is based on a

small set of pred ica tes , called acts , describ ing basic everyday

activities such as moving things and transferring information . Each

pred icate Is associated with a standard set of roles or arguments. In

addition to the acts , there are also states which acts can bring about

or change , and large knowledge structures , such as scripts, which are

built from combinations of acts and states.

There are !! primitive acts in Conceptual Dependency, but only

the following are used by McSAN and MeELI examp les in this repor t :

1. PTRANS —— an actor moves an object to a location from a
location . In LISP we write

(PTRANS (ACTOR ac tor) (OBJECT object)
(TO location!) (FROM location2))

2. ATRANS —— an actor transfers possession of an objec t to
someone from someone. In LISP we write

(ATRANS (ACTOR ac tor) (OBJECT object)
(TO person!) (FROM person2))

3. MTRANS —— an actor tells someone a conceptualization. In
LISP we write

(MTRANS (ACTOR ac tor) (OBJECT object) (TO person))

4. INGEST —— an actor eats (or drinks) something . In LISP we
• write

(INGEST (ACTOR actor) (OBJECT object))

• The general syntax for CD form s in LISP is

(predicate role—pair role—pair . . . )

where a role—pa ir has the form (role—name filler), and a filler can be

either an atom or another  CD form .

• 
~~~~ 7~~ 

~
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The form for  a token pred ication is

(predicate  (OB JECT token ) )

and the form for  an analysis of a sentence Is

(token—predicat ion !
token—pred ication2

CD—form )

For example , the f ull analysis pr oduced for “Jack wen t to the

Store ” Is

( (PERSON (OBJECT JACK!))
• (STORE (OBJECT STORRI))

(PTRANS (ACTOR JACK!) (OBJECT JACK!) (TO STORE I ) )  )

• • --- •-~~~~~ ~~~- —~~ -•-~
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McELI generates tokens throug h a fe w simple kludges , which should

not be taken seriously (see the section on Tokens). In the r eal SAN

system , there was a program called MEMTOK which worked very hard

trying to dec ide when two tokens referred to the same entity, as in “I

went to Macy’s but the store was closed .”

4.0 MCSAN

McSAN is a micro version of the SAN script applying program

(Culling ford 1977). It can also be looked upon as a micro version of

• .i Ms. Malaprop (Charniak 1977).

McSAN take s Conceptua l Dependency forms as input . It matches

these forms against a pre—de fined , predicted ev en t sequence called a

sc r ip t.  If the form matches one of the events In the script then the

form has been understood , i.e., it has been placed In a context. If

• the fo rm does not match any of the events (or if there Is no script

ac tive at the momen t) ,  then McSAN tries to find some other script to

acti vate . Only one scri pt at a time is kept act ive.

4.1 An Example Of Script Application

In Mc SAN , the SHOPPING script is the following pre—defined

sequence of events:

1. Someone goes to a store .
2. He picks up an obj ec t.
3. The store transfers possession of the object to him .
4. He t r ans f e r s  possession of some money to the store .
5. He leaves the store.
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Suppose no scripts are active , and Mc SAN gets the Conceptual

Dependency representations for the following story:

Jack went to the store .
He got a kite.
He went home.

Then the following sequence of processing will occur :

1. “Jack went to the store” —— since there are no act ive
scripts , this does not match any predicted events. Attached
to the concept underlying “the store” is the SHOPPING script .
Therefore the SHOPPING script is activated by Mc SAN . “Jack
wen t to the store” matches line 1 of this script.

2. “He got a kite ” —— this is analyzed as “possession of a kite
was transferred to him”. This matches line 3 of the active
scr ipt .  McSA!4 infe rs  that  l ine 2 must alread y have occu rred .

3. “lIe went home” —— th is matches l ine 5 of the scri p t .  McSAN
infers that line 4 must have occurred .

Mc SAM’s final understanding of the story is:

Jack went to a store .
Jack picked up a kite.
The store transferred possession of the kite to Jack.
Jac k t ransferred possession of some money to the store.
Jack left the store.

A script in Mc SAN is an ordered sequence of events. NcSAN

assumes that stories will re fer  to these events in the same order .

Ther efore Mc SAN keeps track of what script is active , and what is the

last event that has been referred to by the story. Input CD forms are

checked against only those events in the script that come after what

has been already seen .

L 
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4.2 Scripts And Sc r ipt Binding Forms

We said that a script contained a stereotyped sequence of events.

Obviously it cannot be totally explicit about these events, because

then the script would apply to only one story. We need to have

variables (also called script roles) in scripts , so that we can say

thing s l ike “X went to store Y. ”

In McSAM , the SHOPPING sc ri pt happens to hav e fo ur roles o r

variables : the shopper (SHOPPER), the store (STORE), the object

bought (BOUGHT), and where the shopper goes when he leaves

(ELSEWHERE).

We define a script by putting the property EVENTS under its n ame

(e.g. , SHOPPI NG) .  The value of this property is a list of CD forms

which desc r ibe the even ts in the scr ipt. These CD forms use the

script roles. For example , we define the SHOPPING script by:

(DEF PROP SHOPPING
((PTRANS (ACTOR ?SHOPPER) (OBJECT ?SHOPPER) (TO ?STORE))
(PTRANS (ACTOR ?SHOPPER) (OBJECT ?BOUGHT) (TO ?SHOPPER))
(ATRANS (ACTOR ? STORE ) (OBJECT ?BOUGUT )

(FROM ?STORE) (TO ?SHOPPER))
(ATRANS (AC TOR ? SHOPPER) (OBJECT MONEY)

(FROM ?SHOFPER ) (TO ?STORE))
(PTRANS (ACTOR ? SHOPPER ) (OBJECT ? SHOPPER )

(FROM ?STORE) (TO ?ELSEWHERE)) )
EVENTS )

The question mark in front of the roles indicates that these items are

variables (see the section on Readmacros). You do not have to

ex p l i c i t ly declare script  roles for a Mc SAN script . Compare these

five CD forms with the five English sentences describing the SHOPPING

sc ript  given in the previous section .

- 
- 

----- V

_ _ _
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When a script is activated , a script binding form Is created . A

script binding form consists of a script name plus a list of the roles

tha t have been given values. Script b ind ing forms are written in CD

syntax .

For exam ple , when Mc SAN processe s

( (PERSON (OBJECT JACK!))
(STORE (OBJECT STORE!))
(PTRANS (ACTOR JACK!) (OBJECT JACK!) (TO STORE!)) )

it activates the SHOPPING script and binds two of its roles to

particular values: SHOPPER is bound to JACK! and STORE is bound to

STORE!. The script binding form is therefore

(SHOPPING (SHOPPER JACK1) (STORE STORE!))

A script is activated when an input CD form does not match any

pattern in the currently active script and the predicate of the CD

form (the CAR in LISP terms) is linked to a script. STORE is the only

pred icate In our initial McSAN data base that is linked to a script .

The lin k is mad e using the property ASSOC IATED—SCRIPT .

(DEFPROP STORE (SHOPPING (STORE ?OBJECT)) ASSOCIATED—SCRIPT )

The form (SHOPPING (STORE ?OBJECT)) says two things: that the

STORE predica te is linked to the SHOPPING script , and that the STORE

role of the SHOPPING script should be filled with whatever token fills

• the OBJECT role of the STORE predicate . That is, the CD form

(STORE (OBJECT STORE1))

• can be treated as a b i n d in g  form that binds STORE! to the variable

OBJECT. Combining a CD binding form wi th its associated script

pattern yields a script bind ing form .
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(STORE (OBJECT STORFI)) CD binding f orm
+ (SHOPPING (STORE ?OBJECT)) associated scri pt pattern

(SHOPPING (STORE STORE!) ) script binding form

The variable OBJECT is removed from the associated script pa ttern by a

process called instantiation which is described in the section after

nex t .

4.3 Script Roles And Pattern Matching

When McSA14 gets an input CD form (which does not have any

variables), it uses a pattern matcher to compare the input with the

script patterns. The pattern matcher has two purposes:

1. To tell whether an input matches a pattern or not

2. If a match does occur , to tell how the variables in the
pattern have to be bound

For example, the input CD form

(PTRANS (ACTOR JACK! ) (OBJECT JACK 1) (TO STORE 1))

matches the pat te rn

(PTRANS (ACTOR ?SHOPPER ) (OBJECT ?SHOPPER) (TO ?STORE))

with the role SHOPPER bound to JACK! and STORE bound to STORE!.

When McSAN looks for a match for an input , it uses the scr ipt

bind ing form to determine what roles have been bound so far. The

Input must match with these bind ings in effect. Thus in the story

“Jack wen t to the store. Janet got a kite...” the analysis of the

second l ine would not match l.Ine 3 of the script because SHOPPER would

V be bound to Jack and Jack does not match Janet.

• ~~~~

- _ _ _ _  
- ——— - --
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If a variable is not bound when a match  is being do n e , then the

va r i ab l e  Immediate l y matches —— and becomes bound to —— the

corresponding elemen t in the input CD form . This binding is kep t if

the match does not fai l  elsewhere. For example , if SHOPPER and STORE

are unbound , then matching the CD form

(PTRANS (ACTOR JACK1) (OBJECT JACKI ) (TO STORE!))

agains t the pattern

(PTRANS (ACTOR ? SHOPPER) (OBJECT ? SHOPPER) (TO ?STORE))

will bind SHOPPER and STORE to JACK! and STORE! respectively.

The pat tern matcher only checks those ro le—pairs tha t are g iven

in the pattern . It Ignores role—pairs in the input CD that are not in

the pattern . Furthermore , the pattern matcher assumes that a

role—pair in the pattern which does not appear at all in the input CD

will match . Thus the input CD form

(PTRVANS (ACTOR JACK!))

matches the pattern

(PTRANS (OBJECT BALL!))

because the ACTOR role—pair in the input is not looked at and the

OBJECT role—pair in the pattern is not contradicted by anything in the

input .

Any new b ind ings  tha t occur dur ing  a successful match are added

to the script binding form so that later  Inputs must be consistent

with the accumulated set of b indings.

— V • •~~~ • — •— -V —• — — —
~~~~~

—V  —— ~~~~~~~~~~~~~~~~~~ VV • V • •• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4.4 Instantiation

After McSAM matches an input CD with a script event pattern , it

knows how far the script has progressed . McSAN then adds to the data

base all the events in the script that were skipped over , plus the one

just read .

McSAN does this by taking the script events and replacing 811

occurrences of script variables with their bindings , if any. This is

called instantiation. The CD form produced by removing the variables

is th en added to the data base .

• •
~ For example , the CD form for “Jack got a k i te ” Is

(ATRANS (OBJECT KITE!) (TO JACK!))

which matches line 3 of the script:

(ATRVANS (ACTOR ?STORE) (OBJECT ?BOUGHT)
(FROM ?STORE ) (TO ?SHOPPER ))

so McSAN binds BOUGHT to KITE! in the script binding form : •

(SHOPPING (SHOPPER JACK1) (STORE STORE!) (BOUGHT KITE!))

Line 2 of the scri pt was skipped over (“He picked up a kite”):

(PTRANS (ACTOR ?SHOPPER) (OBJECT ?BOUCRT) (TO ?SHOPPER))

Mc SAM instantiates lines 2 and 3 of the script , adding to the data

base

(PTRA NS (ACTOR JACK!) (OBJECT KITE!) (TO JACK1))

and

(ATRANS (ACTOR STORE!) (OBJECT KITE!)
(FROM STORE!) (TO JACK!))

Note the input CD only said tha t Jack got a kite , but the form added

to the data base (the Instantiated version of l Ine 3) says that the

store gave Jack the ki te .

I
—.~~

,- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Appendix 0 has an informal flow char t for two of the central

functions of Mc SAN : PROCESS—LINE which takes an input event and fits

it into a script if possible, and MATCH which takes a pattern , a CD

form , and a binding form, and matches the pattern against the CD,

using the binding form .

5.0 MCELI

McELI is a mic ro version of the English Language Interpreter , ELI

(Riesbeck 1978). McELI is responsible for taking English sentences

and converting them into the CD forms expected by Mc SAM.

Mc ELI reads sentences one word at a t ime .  Most words have

associated with them small programs which specify what these words

mean In differen t contexts , and how they combine with other words.

The analysis of a sentence results from the execution of these

• word—linked programs.

V 

The programs attached to words are called packets. Each packet

is a list of reguests. A request has the form

((TEST expression)
(ASSIGN variable expression var iable expression . . . )
(NEXT—PACKET request request . . . ) )

wher e

1. (TEST ...) says when the request can be executed . When the
test expression is true , the  request is said to be triggered.

• 2. (ASSIGN . . . )  assigns each variable to the expression
• following. McELI’s basic activity involves setting variables

to structures built from the contents of other variables.

3. (NEXT—PACKET ...) gives a packet of requests to be loaded if
the request Is triggered .

— _ • • ;VV,_~~~~~~~ •

-- - - -~~~~-
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Any of these parts can be left out in a particular request.

When McELI reads a word , it looks up the packet for that word and

puts the packet on top of a stack of previously loaded packet8. Only

the requests in the packet on top of the stack are l ooked at. As soon

as one of the requests in the top packet is triggered , the who]e

packet is removed and the next packet on the stack is looked at. The

requests in one packet are treated as mutually exclusive alternatives.

The flow of control in McELI Is:

1. Read a word and put the packet associated with it on the
• stack.

2. If the stack is empty then go to step 4. Otherwise, take the
packet on top and find the first request in it whose test
expression evaluates to true.

3. If there are none , go to step 4. Otherwise , remove the
packet from the stack, execute the assignments in the
triggered request, save the request in the list TRIGGERED,
and go to step 2.

4. Take each request saved in TRIGGERED and add the packet given
by its NEXT—PAC KET clause ( i f  it has one) to the stack.

5. Go to step 1.

The informal flow char t of Mc ELI in Appendix E repeats the above

• in a bit more detail .

5.1 Example Definitions

Wo rds tn Meal are def ined wi th the func t ion  DEF—WOR D which take s

the form

(DEF—WORD word request ] request2  ...)

This defines word to have at tached to it a packet containing request i,
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reguest2, and so on.

Here are the defini t ions of the words “Jack” and “wen t ” :

(DEF.-W ORD JACK
((ASSIGN *CD_FOp.!4* (GET-TOKEN ‘(PER SON) *WORD*)

*PART_OF_S PEECI1* • NOUN-PHRAS El

(DEF-WORD WENT
((ASSIGN *PART_ (JF_SPEECH* ‘VERB

*CD..FO~}f* ‘(PTRANS (ACTOR ?GO-VAR!)
(OBJECT ?GO-VAR1)
(TO ?GO-VAR2) (FROM ?GO—VAR 3))

GO—VAR! *S~~JECT*
GO-VAR2 NIL
GO-VAR3 NIL)

(NE XT-PAC KET
((TEST (EQUAL *WORD* ‘TO))
(NEXT-PACKET

• -
. ((TEST (EQUAL *PART.JJF..SPEECH* ‘NOIThI—PHRASE))

• (ASSIGN GO—VAR2 *CD~FORM*))))
((TEST (EQUAL *WORD* ‘HOME))
(ASSIGN CO—VAR2 (GET—TOKEN ‘(HOUSE) *WORD*]

Wha t these definitions do will be explained by example. Basically,

the atoms *CD_FORM*, *PART-OF-SPEECH*, OO—VAR1, GO-VAR2 and GO—VAR3

are variables to which various requests will  assign value s when they

are exec uted .

Only three variables are used by the centra l  moni tor  in Mc ELI:

• 1. *WQ~D* — — this Is set to the current word of the sentence

• being looked a t .

• 2. *CONCEPT* —— Meal assumes that the requests will set this to
the main CD fo r  the sentence.

3. *PREDICATES* —— Meal assumes that the requests will set this
to the token pred ications needed to describe the tokens used
in *CONCE~~*.

All the othe r variables are set and used only by the requests in

the dictionary. In this way, almost all of McELI’s knowledge about

English is kept in the lexicon .

.5
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5.2 Example Analysis

When McELI starts to analyze any sentence , it initializes the

stack to contain the following packet of one request:

TOP OF STACK:
(((ASSIGN *P~~T_ (JF~.SPEECH* NIL

*CD_F0P~* NIL)
(NEXT—PAC KET
((TEST (EQUAL *PART_OF_SPEECH* ‘NOUN-PHRASE))
(ASSIGN *S~~ JECT* *CD_FO1~}(*)
(NEXT-PACKET

((TEST (EQUAL *PART.-OF—SPEECH* ‘VERB))
(ASSIGN *CONCEPT* *~p_~~pJq*J

This packet comes from the definition of the pseudo—word *START* which

is processed at the start of each sentence.

Thus when MeELI starts analyzing “Jack wen t home ” , i t  in i t ia l izes

the stack to the packet just given . This request has no TEST. By

convention , if a request has no TEST then the request is triggered

immediately. Therefore the packet is removed from the stack, and the

request is executed . The ASSIGN clause just clears the variables

• *PART_OF_SPEECH* and *CD...FORN* by setting them to NIL.

After the assignments are done , the stack is checked again , but

it is now empty .  Therefore , the NEXT—PACKET clause of the triggered

request is put on top of the stack:

TOP OF STACK:
(((TEST (EQUAL *PART..()F_SPEECH* ‘NOUN—PHRASE))
(ASSIGN *SUBJECT* *CD_FO~~f*)
(NEXT-PACKET

((TEST (EQUAL *PART_OF_SPEECH* ‘VERB))
(ASSIGN *CONCE7~* *CD_FO~~*]

The TEST of this request is not t rue , since *PART_ OF_ SPEECH * is

s t i l l  NIL. Noth ing happens so the next  word is read .

• -.~~~~~~~~~~ . V----• -- •--~~~~~ -
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McELI reads “Jack” and puts its packe t on top of the stack:

TOP OF STACK:
( ( ( ASSIGN *CD..FOP~ * (GET—TOKEN ‘(PE RSON ) *WORD*)

*PART.IJF..SPEECH* ‘NOUN —PHRASE)

Since there is no TEST, the packet is removed and the request is

exec uted . The ASSIGN clause sets *Cfl..FO~~* to JACK! (the function

GET—TOKEN is described in the section on Tokens) and *PART~~F_SPEEC~ *

is set to ML~UN—PHRASE. Now the top of the stack is the initial packet

again

TOP OF STACK:
(((TEST (EQUAL *PART~~F...SPEECH* ‘NOUN-PHRASE))
(ASSIGN *S~J~JECT* *CD—pO1~j*)

• (NEXT-PACKET
((TEST (EQUAL *PART_OF_SPEECH* “/Ep~ ) )
(ASSIGN *CONCEPT* *CD_FO~~*]

V 

This time the TEST is true , so the packet is removed from the

stack , and the request is executed . This sets the variable *SUB JECT*

to the value of *C~ _F~j~J~* which is JACK!.

The stack is empty, so the NEXT—PACKET clause of the triggered

request is put on the stack:

TOP OF STACK:
(((TEST (EQUAL *PART~~F_SPEECH* ~~~ J) )
(ASSIGN *c0NCEpT* *CD_FOp~f*J

The TEST Isn’t true so nothing happens and the nex t word is read .

When McELI reads “wen t”, It puts its packet on top of the stack~



- • ~~~ •

Page 2 4

TOP OF STACK:
(((ASSIGN *PART_ (JF_SPEECH* ‘VERB

*CD_FOpJ4* ‘(PTRANS (ACTOR ?GO—VAR1)
(OBJECT ?GO—VAR1)
(TO ?GO—VAR2) (FROM ?GO-VAR3))

GO -VAR 1 *SUB JECT*
GO-VAR 2 NIL
GO-VAR3 NIL)

(NEXT—PACKET
((TEST (EQUAL *WORD* ‘TO ))
(NEXT—PACKET

((TEST (EQUAL *PAST_OF_SPEECH* ‘NOUN—PHRASE))
(ASSIGN GO—VAR2 *CD..FOP}f*))))

((TEST (EQUAL *WORD* ‘HOME))
(ASSIGN GO—VAR2 (GET-TOKEN ‘(HOUSE) *WORD*]

Since the request has no TEST , the packe t is removed , and the

request is executed , set t ing the various variables . Note the use of

-
~~ V • the question mark to indicate variables CO —VAR 1, CO —VAR2 and CO—VAR3

in the CD form . McELI removes these variables from the CD form when

the analysis is done. Note also tha t CO —VAR 1 is immediately set to

*SUBJECT*, i.e. , to JACK!.

Now the top of the stack looks like this:

TOP OF STACK:
(((TEST (E~XJAL *PART_OF_SPEECH* ‘~JE~~ ) )
(ASSIGN *CONCEfl* *CD_FORJ~*]

The TEST is t r ue , so the variable *CONCEPT* is set to *CD_FORN*,

i.e., to the PTRANS CD form , and the stack is empty.

Now the NEXT—PACKET clause for the WENT request is put on top of

th e stack:

- - V • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~ ~~~~

Page 25

TOP OF STACK:
(( (T EST (EQUAL *WORD* ‘TO))
(NEXT -PACKET
((TEST (EQUAL *PART.4~F....SPEECH* ‘NOUN-PHRASE))

(ASSIGN CO —VA R2 *CD...FOP,14*))))
((TEST (EQUAL *W()RD* ‘HOME))
(ASSIGN GO-VAR2 (GET-TOKEN ‘(HOUSE) *WORD*]

Note that this packet has two requests in it. Neithe r of them ar e

triggered so nothing happe ns .

Now McELI r eads the word ‘~home” which has no packe t associated

with i t .  But Mc ELI sets the variable *WORD* to the cu rrent  word , so

the second request in the packet on top of the stack is triggered , and

• 
•

— 
- 

the packe t i s removed from the s tack.  Executing the request sets

GO —VAR 2 , which is where the actor went , to HOUSE 1.

Now the stack is empty and there are no more words. Hence the

analysis is finished . Now McELI takes the value of *CONCEPT*, removes

the variables , and returns the final answer:

(PTRANS (ACTOR JACK! ) (OBJECT JACK!) (TO HOUSE!))

Since GO—VAR3 was never set to anything other than NIL, it is omitted

from the answer .

5.3 Tokens

There are two functions used by MeELI to generate token names:

GET—TOKEN and MAKE-TOKEN. THESE FUNCTIONS ARE KLUDGES AND ARE NOT TO

BE TAKEN SERIOUSLY.

Both functions take two arguments: a list of predicates (such as

PERSON , TA LL , and so on) and a token name . The la t ter  is usually the

curren t word in the sentence. Both return a token , such as JACK!,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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JAC K2 , LOBSTER 2O , or whatever .

Most importantly, both functions update a global variable

*PREDICATES* which contains the token predications needed to describe

the generated token . For example , If

(GET—TOKEN ‘(BIG BAD PERSON) ‘JOHN)

returns the token JONN 1, then GET—TOKEN also adds to *PREDICATES* the

following three predications :

(BIG (OBJECT JOHN1))
(BA D (OBJECT JOHN!))
(PERSON (OBJECT JOHN!))

The only difference between MAKE—TOKEN and GET-TOKEN is tha t

MAKE—TOKEN always returns a new token for a token name. That is, if

JOHN23 has already been generated , then MAKE—TOKEN will return JOHN24.

GET—TOKEN returns the last token generated for the token name , so it

would return JOHN23 in this case.

McELI’s definitions assign old tokens to proper names, things

like “home” , an d noun phrases s tar t ing with “ the ” . New to kens are

assigned to noun phrases.

6.0 MICRO VERSIONS VERSUS THE ORIGINALS

In the interests of pedagogy, McSAM and McELI both omit a number

of important aspects found in SAN (and Ms. Malaprop) and ELI. And of

co urse they share man y of the weaknesses of the parent systems as

well. Many of the de~ic 1encies are treated in the exercises. Some

othe rs are covered here.

I

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • • - • • ••
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6.1 Mc SAM Versus SAN

McSAN has much too limited a struc tur e for  scripts.  In SAN ,

• scripts are sequences of scenes which in turn are made up of sequences

of events. Scripts can have alternative sequences of events , such as

seating yourself in a restaurant as opposed to being led by a hostess

to a seat.  Scripts can have optional  events. Scripts can have

dif ferent  trac ks, which are similar but not identical  sequences of

scenes , such as going to a dine r as oppo sed to going to a fa n cy

restaurant.

• 
V In Ms. Malaprop , scripts (which are called frames) are extremely

modular . Frames are broken up into subframes , which in turn are

broken up into other frmnes . A large frame therefore can share

significan t amounts of info rmation with other frames , abrogating the

n eed fo r tr~ rks . The frames also indicate ~~~~ things are done in the

indicated manner . This allows the program to figure out optional

versus obligatory parts of the frame.

McSAN does not build any struc tured representation of the meaning

of a story. That is, the da ta base Mc SAN generates has the events

tha t happened , but no indication of how the events relate to each

othe r , no labell ing of events with the scenes they belong to , and so

on.

Mc SAN also has too limited a view of how stories are told. It

assu mes t h a t  a s tory  w i l l  r e l a te  events in the same order that they

appe ar In a scr i pt .  This is not  alwa ys the case . For exam ple ,

news paper stories about events such as automobile accidents are told

- V • _ _ _ _ _ _ _ _ _ _  - -~~•— — —~~~~~~~—--.-----•—•
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in a very specialized way. First a one line summary is given of the

whole even t , then details  of the people involved , t hen the outcome ——

i.e. , who went to the hosp ital and what condit ion they are in —— then

details about how the accident happened , and so on. McSAN just has

the simple list *POSSIBLE..NEXT_EVENTS*. SAN has information about how 
V

such stories are written , which is used to predic t which script events

are likely to be seen next . In a somewhat d i f f e r en t manner , M s.

Malaprop’s frames con tain explicit time ordering statements. This

makes that pr ogr am less sensitive to input order than both McSam and

• SAN.

Mc Sam at several points blurs the distinction between script

bind ing forms and CD forms. They have the same format , and many of

the programs (INSTANTIATE, MATCH) do not distinguish between them.

Ms. Malaprop carries this further by defining script—like entities

for all predicates , includ ing the “primitives” of the system .

Finally, It should be pointed out that NcSAN does more work than

It has to , by adding in s t a n t i a t i o n s  of every scri pt event  to the data

• base . Since the script binding form contains all the information

needed to con str uc t  th ese CD fo rms , it is all that MCSAN real ly needs

to add . Thus you could remove the call to INSTANTIATE in

ADD—SCRIPT—INFO and not lose any information . (You would however

still have to update *POSSIBLE _NEXT_E VENTS * .) When people argue as to

whether or not activated scripts are copied Into memory , they are

a rguing —— In Mc SAN terms —— as to whether  or not INSTA NT IATE is

app l ied to every scr ip t  p a t t e r n .  Ms . Malaprop in pa r t icular  does not

au t om a t i c a l l y  f i l l  out the scri pt events but computes them when asked .

L _ _ _  _
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Re moving this i n s t a n t i a t i o n  phase from Mc SAN would make it more like

Ms. Malaprop.

6.2 Mc ELI Versus ELI

Some of the d i f fe rences  between Mc ELI and ELI are t r ivial  and

easy to remove . For examp le , in ELI packa ges of requests can be

named , so that  similar word s can be defined by j ust specifying the

name s of the desired requests.

Slightl y more Importan t is the lack of any morphological routines

in Mc ELI. In order to handle the sentence “Jack got the kites” a

separate entry for  “kites” would have to be added , even though an

en try for  “kite” already exists. Likewise “Jack wan ted to go to the

store ” would require an entry for  “go” even though “went” is already

V defined .

ELI has a morphology rou t ine , albeit a primitive one , that c~ n

handle regular plurals , regular and irregular tenses, and possessives.

Such a facility would not be hard to add to McELI. Note though tha t

currently tenses and the conceptua l times they refer to are ignored

totall y in both McELT and McSAM .

McELI can only handle simple noun groups such as “Jack” and “the

red lobster ”. Because McELI finishes a noun group as soon as it sees

a noun , It can ’t ha ndle noun—noun pairs , such as “the napkin holder”

or “the cash reg ister receipt .” In ELI, a fairly complex noun grouper

was added by Anatole Gershman (1977), capable of handling sequences

l ike “Frank Smith , 23 , of 593 Foxon Road , the driver of the vehicle.”
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McELI’s cont r ol st r uc tur e is significan tly different from ELI ’s.

In Meal, packets of alternatives are kept on a stack and only the

requests in the top packe t are looked a t .  In ELI , all  the reques ts

are kept in one list and everything in the list is checked when new

input arrives . (Actuall•y ELI keeps a list of the variables that each

request affects and is affected by, so tha t when variables change

values only a small set of requests needs to be checked.)

In this matter , McELI has at least one advantage over ELI. In

order to force a set of ELI requests to be al ternat ives, the tests o f

-~~ the requests have to be carefully designed to cover mutually exclusive

situations .

The single most important difference , however , is the absence of

top— do wn control in McELI. The last exerc ise for Mc ELI is but a

slight step towards rectifying that. In ELI , almost everything is

controlled by what has gone before . This is done by separating out

the slots that are being filled , the constraints placed on those

slots , and the requests that if triggered will satisfy those

constraints. See Riesbeck (1978) for a discussion of how this

top—down control is implemented .

7.0 OUR LISP DIALECT

There does nor ex i s t  a s tandard i zed version of LISP. Most of the

popula r ones share the common core of LISP 1.5 (Mc Carth y 1962),  but

they  each have the i r own particular set of added functions and

capab i l i t i e s.  LISP is a powerful enough l anguagr however so that many

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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of these functions can be defined In LISP itself. We tried to use

only those features of LISP that are found In most LISPs. or that your

friendly neighborhood LISP hacker could easily add.

The LISP we used Is Rutgers UCI LISP (LeFaivre 1976) ,  which is

based on Stanford LISP 1.6 (Quam 1969).  Several features  basic to

this LISP that are not found in all other LISPs are described below.

Check the documentation for  your version of LISP for  detai ls .

7.1 Multi—expression LAMBDA Bod ies

.

• In our LISP a LAMBDA body (and hence a function body) can have

more than one S—expression . When the LAMBDA body is evaluated , the

express ions are evalua ted from lef t to r ight and the val ue of the las t

one is returned . For examp le s the following expression prints 1 and

re turns  2.

( (LAMB DA (X) (PRINT X) (PLUS X X ) )  1)

7.2 FEXPRs

A FEXPR i•s a function whose arguments are not evaluated . In our

LISP , the function l.a applied to a List of the unevaluated arguments.

FFXPRs .~re defined wi th the function 1W which takes a function

name , a formal variable list (which should have only one element), and

one or more S-expressions , which make up the LAMBDA bod y of the

function .
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For ex ample , if we de f i ne FOO wi th

(DF FOO (L) (PRINT L) NIL)

then ( FOG A B C) will print the list (A B C) and return NIL.

In some LISPs , the FEXP R feature is implemented using a special

kind of LAM BDA called NLANBDA . An NLANBDA is like a LAMBDA except

that its arguments are not evaluated . DF is easy to define in an

NLAMBDA system .

7.3 Macros

Macro function calls are evaluated twice. That is, if FOO is a

macro func tion , than (FOG ...) will be evaluated , and then the resul t

of that evaluation will be evaluated . The arguments to macro

func tions are not evaluated . Instead the macro is applied to the

whole expression wh i c h  calls the mac ro. Macros are defined with the

func tion ON which takes a function name , a formal variable list (which

should have onl y one element), and one or more S—expressions, wh ich

make up the LAMBDA body of the macro definition .

For example , we coul d define FOG to be another name for CAR as

follows :

(DM FOG (L) (CONS ‘CAR (CDR L ) ) )

If we typed (FOO ‘(A B C)) then the variable L in FOO would be set to

the expression (FOG ‘(A B C)). The first evaluation of FOG would

return the list (CAR ‘(A B C)). This list would then be evaluated and

the atom A would be returned .

____ —- — —— — - —~~~—-- — - —~~~~~_~_L~~L
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Macros are handy for defining syntactic extensions to LISP. In

particular we defined a general iterative function called LOOP using

macro s (see the section on the LOOP macro).

In LISPs with FEXPRs but without mac ros, the macro facility can

be simulated to some extent with the following definition of ON:

(OF ON (L)
(PUT PROP (CAR L)

(LIST ‘LAMBDA ‘($$$L )
(LIST ‘MACNAC (LIST ‘QUOTE (CAR L)) ‘$$$L))

‘FEXPR )
(PUT PROP (CAR L)

(CONS ‘LAMBDA (CDR L))
‘MACRO )

(CAR L ) )

(DE MACHA C ($$$FN $$$L )
V (EVAL ((GET $$$FN ‘MACRO) (CONS $$$FN $ $ $ L ) ) ) )

Note that 1*1 allows for multi—expression LAMBDA bodies.

7.4 Readmac ros

A readiuacro is a character to which a function taking no

arguments has been attached . When the character  1.s read by LISP , the

funct ion is executed . The value of the funct ion  becomes the resul t of

the read ope rat ion .

Readm ac ros are de f ined  us ing the func t i on  DRN which takes a

cha rac te r  and a func t ion  of no arguments . For examp le , our LISP is

Initiall y set up to use the at—sign (0) as the QUOTE character .

However we prefer the single quote character (‘) so we define it to be

a QUOTE cha r ac te r  as follows:

‘ (DEN ‘ (LAMBDA ( )  (LIST (QUOTE QUOTE) (READ)

- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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When LISP reads a single quote it calls the function above, which

reads one expression and quotes it. Thus ‘FOO is read as jf 
V

(QUOTE FOG) had been typed instead . Note that FOO was read in by the

f unc tion attached to the sing le quote.

A similar example —— and a more important one —— is the use of

readmacros to define question mark (?) to signal script variables. We

wanted atoms of the form ?xxx to be treated speciall y,  so we def ined

the question mark to be a readmacro that converted such atoms into the

non—atomic form (*VAR* xxx).

(DEN ? (LAMBDA 0 (LIST (QUOTE *VAR*) (READ]

If your LISP does not support readmacros , then whenever a

question mark appears in the code or data , you should make the

appropria te *VAR* substitution .

7.5 Miscellaneous Extensions

The CAR and CDR of NIL is NIL. This is used sparing ly, but is a

handy feature .

Tilde ( )  is the comment character in our LISP. When LISP read s

a tilde , it ignores everything up to and includ ing the nex t l4 ne feed .

The funct ions AN!) and OR return the value of the last expression

evalua ted . This allows them to be used instead of COND in simple

cond itional situations.

V V -
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MSG is a general output function. It takes an arbitrary number

of arguments and treats them in the following way:

1. Explic it strings are printed without the string quotes. They
a re not evaluated .

2. The atom T causes a new line to be started .

3. Othe r expressions are evaluated and the result is printed .

For example , (MSG T “The value of X is “ X) will start a new line ,

prin t the string (without quotes) “The value of X is “, and then pr in t

the val ue of X. MSG always re tu rns  NIL.

- - 
(CONSP x) is equivalent to (NOT (ATOM x))

Special variab les are declared by saying (SPECIAL . . . ) .

8.0 FUNCTIONS ADDED TO LISP

Besides the functions just described that are built into our

LISP , we pre—def ined several othe r functions to simp lif y the coding of

McSAN and McELI. The code for these functions is in Appendix A.

8.1 The LOOP Macro

There are several ways to do iteration in LISP: recursion ,

mapp ing func tions , or PROCs. For pedagog ical reasons, we wanted to

avoid using recursion as much as possible . The mapp ing func tions are

effic ient but they give the user poor control over when the iteration

hal ts. PROGs are the moat general but they lead to unstruc tured code .

Al so the rules for where labels , (‘.0g. and RETURNs con be placed are

- - — —- —— V. 
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neither straightforward nor easily taught.

Therefore, we def ined a mac ro cal led LOOP which was used to

imple men t i te ra t ive  loops in a uni form way throughout McSAN and McELI.

Here is an examp le of a simp le l oop which returns the sum of the

integers betwe en 1 and 100:

(LOOP (INITIAL N 1 SUM 0)
(DO (SETQ SUM (PLUS SUM N ) )

(SETQ N (ADD 1 N ) )
(UNTIL (GREATERP N 100))
(RESULT SUM ))

This LOOP has four clauses: INITIAL, DO, UNTIL , and RESULT. The

INITIAL clause is executed only once , before the iteration begins. It

sets N to 1 and SUM to 0. The iteration involves three steps . Two of

them are in the DO clause which says that  N should be added to SUM and

1 should be added to N. The third iterative step is in the UNTIL

clause and says that LOOP should continue until N is greater than 100.

The RESULT clause is executed only  once , a f t e r  the iteration ends. It

says that the value of SliM should be returned as the value  of the

LOOP.

The above LOOP macro cal l expands into the following PROC

expression :

(PROC (N SUM)
(SETQ N 1) (SETQ SUM 0)

LOOP (SETQ SUM (PLUS SUM N ) )
(SETQ N (ADD s N))
(AND (GREATERP N 100) (GO E X I T ) )
(CO LOOP)

EXIT (RETUR N SUM) )

The gen er al form of a LOOP call  is :

V V .M 
~~~~~ 
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(LOOP (INITIAL vi el v2 e2...) initialize variable vi to el
(WHILE e) continue loop only if e
(DO el e2 . . . )  body of loop
(UNTIL e) stop loop if e
(RESULT e)) when loop ends , return e

All the key—p h rases are opt ional .  The INITIAL and RESULT clauses

should be at the beginning and end , respec tively. The others can

appear in any order and any number of times. Note that DO can take

more than one expression

LOOP translates into a PROC body of the following form:

(PROC (variables) from INITIAL
(SETQ vi ei)... from INITIAL

LOOP body from DO, WHILE , and UNTIL
(CO LOOP)

EXIT (RETURN return expresssion)) from RESULT

The body of the PROC loop is built by translating the LOOP

clauses , in the order which they appear , thus :

(OR (while expression) (GO EXIT)) from WHILE
expressions... from DO

• (AND (until expression) (GO EXIT) from UNTIL

Note that LOOP loops forever if there is nei ther  a WHILE nor an UNTIL

clause. Note also that since the order in which the clauses appear

determines the order in which their translations are added to the PROC

expression , the fol lowing two loops are d i f f e r e n t :

(LOOP (WHILE ... )
(DO . . . ) )

(LOOP (DO . . . )
(WHILE . . . ) )

In the first ioop, the WHILE clause is evaluated first and if it is

non—NIL then the DO clause Is evo1u~ ted and the ioop continues. In

the~ second l oop, th e DO c l au s e  Is done first , and then the loop

~-on tinues if the WHILE evaluates to n on—NIL.

1

V — - V.

~

—---V____ _ _ _  ~~~~~~~~~~~~~~~~~~~~ --



r - _ V~~~~~~~~~~--~~~~~~~ 

V : V V.~~~~~~:~~~ — -

Page 38

8.2 Other Functions

Several other functions besides LOOP were pre—defined to simpl ify

the cod e in Mc SAN and McELI.

The f unct io lk APPEND 1 adds one elemen t to the end of a l i s t .  For

examp le ,

(APPEND 1 ‘(A B C) ‘D) => (A B C D)

The funct ion  POP removes the f i r s t  element from a list . For

examp le , if L is se t to the l i s t (1 2 3) ,  then (POP L) returns 1 and

V - 
sets L to ( 2 3). If (POP L) is cal led again , then it returns 2 and

sets L to (3).

POP is defined as a mac ro which takes one argument which should

- be an atom that is set to either a list or NIL. (POP L) expands into

(PROG1 (CAR L) (SETQ L (CD?. L)))

POP is used primarily in conjunction with LOOP for writing loops that

iterate over the elements of a list .

The function LET is used to get temporary local variables. For

• examp le ,

(LET (Ni (READ) N2 (READ))
(PLUS (TIMES NI NI) (TIMES N2 N2)))

creates the local variab l es Ni and N2, se ts Ni to resul t of a read ,

sets N 2 to the result  of another read , and then adds the squares of NI

and N2.

LET is defined as a mac ro . The general syntax for  cal l ing  LET is

-— - .
‘
.,——

~ 

—V.- - •  -- V.-~~~~~-•- -~~~~~~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - --—~~~ ~~~~-~~-- ---- --- —
~--~-----— ---- ~~~

—

Page 39

(LET (variable l expression i variable2 expression2 . . . )
main—expression 1
main—ex pression2

The variables are initialized to the val ues of the expressions that

immediatel y f ollow them , and then the main expressions are evaluated .

When the last  expression is evaluated , the local va r iables ar e

restored to their original values, and the value of the last

expression evaluated is returned as the value of the LET.

LET expands in a LAMBDA expression. The example given ab ov e

expands into

-
~~~~~ 

- - ((LAMBDA (Ni  N2)
V (PLUS (TIMES Ni N i )  (TIMES N2 N 2 ) ) )

(READ ) (READ))
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APPENDI X A

PRE—DEFINED LISP FUNCTIONS

- NOTE: this appendix should be skipped by non—LISP hackers

APPEND 1 adds X to the end of L

(DE APPEND 1 (L X) (APPEND L (LIST X]

(POP L) sets L to CDR L, returns the element removed

(DM POP (L)
(LIST ‘PROC 1

(LIST ‘CAR (CA DR L))
(LIST ‘SETQ (CADR L) (LIST ‘CDR (CA DR LI

(LET (Vi El V2 E2...) Xi X2...) =>
((LAMBDA (Vi V2...) Xl X2...) El E2...)

(DM LET (L) (LET 1 (CADR L) NIL NIL (CDDR LI

(DE LET! (L VARS VALS BODY)
(COND ((NULL L) (CONS (CONS ‘LAM B DA ( CONS VARS BODY )) VALS))

(T (LET 1 (CDDR L)
(CONS (CAR L) VARS)
(CONS (CADR L) VALS )
BODY ]

LOOP bui lds  (PROC ( . . . )  LOOP . . .  (CO LOOP) EXIT (RETURN . . . ) )
—— since the WHILE, DO and UNTIL clauses can be put anywhere ,
they are taken as they come —— the expressions they t rans la te  to
are spliced in between the INITIAL and the RESULT expressions

(DM LOOP (L)
(APPEND (LIST ‘PROC (VAR—LIST (LOOP-CLAUSE ‘INITIAL L ) ) )

(INITIAL—STEPS (LOOP-CLAUSE ‘INITIAL L))
‘ (LOOP)
(APPLY ‘APPEND (MAPCAR ‘DO-C LAUS E (CDR L ) ) )
(LIST ‘(CO LOOP)

_ _ _ _ _  ~1-V V ~~~~~~~~~~~ ~~~~~ ~~
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‘EXIT (CONS ‘RETURN (LOOP-CLAUS E ‘RESULT L]

LOOP—CLAUSE gets LOOP keyword clauses
—— NOTE: this definition depends on CDR NIL — NIL

(BE LOOP-CLAUSE (KEY L) (CDR (ASSOC KEY LI

— DO-CLAUSE translates a keyword clause into the appropriate
code —— INITIAL and RESULT are taken care of separately

(DE DO-CLAUSE (CLAUSE)
(COND ((MEMQ (CAR CLAUSE) ‘(INITIAL RESULT)) NIL)

((EQ (CAR CLAUSE) ‘WHILE )
(LIST (LIST ‘OR (CADR CLAUSE) ‘(GO E X I T ) ) ) )
((EQ (CAR CLAUSE) ‘DO ) (CDR CLAUSE))
((EQ (CAR CLAUSE) ‘UNTIL)

(LIST (LIST ‘AND (CAD?. CLAUSE) ‘(GO EXIT))))
(T (MSG T “unknown keyword “ CLAUSE) NIL]

— 
VAR—LIST: (vi el v2 e2 . . . )  —> (vi v2 . . .)

(DE VAR-LIST (L)
(AND L (CONS (CAR L) (VAR—LIST (CDDR LI

INITIAL—STEPS: (vi el v2 e2 . . . )  > ((SETQ vi el) (SETQ v2 e2) . . .)

(DE INITIAL—STEPS (L)
(COND ((NULL L) NIL)

((NULL (CA DR L)) (INITIAL—STEPS (CDDR L)))
(T (CONS (LIST ‘SETQ (CAR L) (CADR L))

(INITIAL-STEPS (CDDR L] 

-V --
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APPENDI X B

CODE FOR MCSAN

DATA STR UCTURES

A sto ry is a l is t  of lines and a line is a list of statements .
V A statemen t is a pred icate (PTRANS , PERSON , etc .)  plus zero or more

arguments (e.g. , ( ACTOR JOHN 1)) .  An examp le of a 3—line story is:

(SETQ STORY-CB3
‘( iack went to the store.

( (PERSON (OBJECT JACK 1))
(STORE (OBJECT STOREI))
(PTRANS (ACTOR JACKI) (OBJECT JACKI) (TO STORE1)) )

He got a ki te.
( (KITE (OBJECT KITE1))

( ATRA NS (OBJECT KITE 1) (TO JACK1 )) )
He went home .

( (HOUSE (OBJECT HOUSE1))
(PTRANS (ACTOR JACK1) (OBJECT JACK 1) (TO HOUSE 1]

the form (predicate role—pair role—pair ...) is used to represent
- CD structures -— (PTRANS (ACTOR JACKI ) (OBJECT JACK!) (TO STORE 1))

—— script binding forms —— (SHOPPING (SHOPPER JACKI) (STORE STOREI))
—— and the pattern matcher ’s b inding lists

PREDICATE: STM gets the predicate of a CD form
ARGIJMENTS:STM gets the list of roles of a CD form

(BE PREDICATE :SThI (X)  ( CAR X) )
(BE ARCUMENTS:STM (X) (CD?. X))

role—pairs have the form (role filler) —— ROLE:PA IR re turns  the role
— and FILLER :PAIR re turns  the f i l l e r

(BE ROLE :PAIR (X ) (CAR X ) )
(DE FILLER :PA IR (X) (CA DR X) )

— A sc r i pt Is  a l i s t  of even t s. An event is a CD form , which may
have re ferences  to the roles of the script , as in
(PTRANS (ACTOR ? SHOPPER ) .. . ) .  All such references to script
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— roles (also called variables) start with a question mark (“ ? “ ) .

This is converted internally to (*VAR* role—name), so ?FOO
- becomes (*VAR* FOO).

— Below are functions for 1) making this conversion (at read time),
— 2) decid ing I f  some thing is a var iable , and 3) retr iev ing the
- name of a variable (e.g., FOO) from the form (*VAR* FOO).

(DRM / ?  (LAMBDA ( )  (LIST ‘*VAR* (READ]
(BE IS—VAR (X) (AND (CONSP X) (EQ (CAR X) ‘*VAR*]
(DE NANE:V AR (X) (AND (CONSP X) (CONSP (CDR X)) (CADR X]

Script names are atoms with an EVENTS p roper ty  of the atom po inting
— to a list of even ts

(BE EVENTS :SCRIPT (X) (AND X (GET X ‘E VENTS]

— For examp le , th is is the shopping scri pt:

(DEF PROP SHOPPING
((P TRVANS (ACTOR ?SHOPPER) (OBJECT ?SHOPPER) (TO ?STORE))
(PTRANS (ACTOR ?SHOPPER ) (OBJECT ?BOUG}IT) (TO ?SHOPPER))
( ATRANS (ACTOR ? STORE) (OBJECT ?BOUGHT)

(FROM ? STORE) (TO ?SH OPPER))
(ATRANS (ACTOR ? SHOPPER ) (OBJECT MO NEY)

( FROM ? SHOPPER ) (TO ?STORE))
(P TRANS (ACTOR ? SHOPPER ) (OBJECT ? S}IOPPER)

( FROM ?STORE) (TO ?ELSEWHER F )) )
EVE NTS )

— Some predicates have associated scripts. For example , the SHOPPING
— sc ript is associated with STORE. The script is sto red unde r

the ASSOC IATED—SCRIPT property of the pred icate .

(BE ASSOC ‘ATED—SCRI PT :PREDICATE (X) (GET X ‘ASSOCIATED—SCRIPT]

- For example ,

(DEFPROP STORE (SHOPPING (STORE ?OBJECT)) ASSOC IATED—SCRIPT)

says that SHOPPING Is the associated script for STORE. When McSA1I
processes (STORE (OBJECT STOREI)), (SHOPPING (STORE ?OBJECT))

— says tha t the STORE role of the SHOPPING scri pt Is to be filled by
— the OBJECT slot of the STORE form .

PROGRAM

(SPEC TAL *CUR RENT _ SCRIPT * *POSSIBLE ..~NE~~ ...EVENTS* *DATA...BASE*)

*DATA_BASE * is the poin te r  to the da ta  base .
*CITRRENT _ SCRTPT * is the sc ript  c u r r e n t l y  act ive . It is a statement

— with the scr ipt  name as the predica te  and the scr ipt  variables and

L ~~~~~ •~~~~~~~~~~~~~~~~~~~~~ “• ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.-- 
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- their bindings as the arguments.
- *POSSIBLE...NE)~ _EVENTS* is a list of the even ts in *C~JRRENT_5CRTPT*

tha t have not been seen yet .

— CLEAR—SCRIPTS resets  these g lobals to NIL

(BE CLEAR—SCRIPTS C)
(SETQ *DATA_BASE* NIL)
(SETQ *CURRENT_SCRIPT* NIL)
(SETQ *POSSIBLE_NE~~ _EVENTS* NIL]

- PROCESS—LINE take s one l ine of the story at a time. Each line is
— a list of s tatements  (Sm) . Either a statement Is in the data base
— or it fits into the currently active script or it suggests a new
— script .

(DE PROCESS-LINE (STORY—LINE )
(LOOP [INITIAL STh NIL]

[WHILE (SETQ S~~ (POP STORY—LINE))]
[DO (MSG T “Processi ng “ STM)

(OR (FETCH STh)
(INTEGRATE-INTO-SCRIPT STh)
(SUGGEST—NEW—SCRIPT STM)))) )

— The data base is simply a list of the statements we wish remembered .

— New items are added to the end of the list.

(DE FETCH (STM) (COND ((MF24BER STh *DATA—BASE*) STh]
(BE ADD-Sm (STh)

(OR ( FETC H S~~ ) (SETQ *DATA_BASE* (APPEND1 *DATA_BASE* STh)))
STh]

— To integrate an incoming statement into the currently active script ,
- find the first even t in *pOSSIBLE_NE]~~_EVENTS* that matches the
— statement. If one is found , update the data base.

(DE INTEGRATE—INTO-SCRIPT (STORY-STh)
(LOOP [INITIAL BINDING-FORM NIL

EVENT NIL
EVENTS *pOSSIBLE_NE~~ _EVENTS*]

[WHILE (SETQ EVENT (POP EVENTS))]
[DO (COND ((SETQ BINDING-FORM

(MATCH EVENT STORY—Sm *CURRENT_SCRIPT*))
(SETQ *CURRENT_SCRIPT* BINDING-FORM)
(MSC T “Matches “ EVE NT )
(ADD—SCRIPT—INFO EVENT)))]

[UNTIL BINDING-FORM )
[RESULT BINDING—FORM ] ) )

- ADD—SCRIPT—INFO is given an event In a script (the one that matched
- the input in INTEGRATE—INTO—SC RIPT). Each script even t up throug h
- POSITION is instantiated and added to data base.

(DE ADD-SCRIPT-INFO (POSITION)
(LOOP [INITIAL EVENT NIL

- - - -—--—-— - -— V-- -— - - V

— ——- V — V  _~_ — - V 
-~.?, _ -
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EVENTS *POSSIBLE_NElc~..EVENTS*]
[WHILE (SETQ EVENT (PO P EVENTS) ) )
(DO (ADD—Sm (INSTA NT IATE EVENT *CIJ~~ENT_SCRIPT*))1
(UNTIL (E(~JAL EVENT POSITION)]
[RESULT (SETQ *POSSIBLE_NE)~~...EVENTS* EVENTS)] ) )

- SUGGEST—NEW—SCRIPT take s a CD form , adds it to the da ta base , and
— checks the predicate of the form to see if it is linked to a script
- —— e.g. , STORE Is linked to the SHOPPING scri pt .  If the re was a
— previous scri pt , add it to the data  base befo re swi tching .
- Note tha t any events tha t  were l e f t  in *POSSIBLE_NEXT_EVENTS*
— are not Instantiated .

(BE SUGGEST—NEW—SCRIPT (sTORY-STM )
(ADD-STh STORY-Sm)
(LET (POSSIB ILITY

(ASSOCIATED—SCRIPT : PREDICATE (PREDICATE: sm STORY—Sm)))
(COND (POSSIBILITY

(AND *C~JP.RENT_SCRIPT* (ADD—Sm *C1Jg~ ENT_SCRIPT*))
(MSC T “New script”)
(SETQ *CURRENT_SCRIPT* (INSTANTIATE POSSIBILITY STORY—sm))

• (SETQ *pOSSIBLE_NE~~~ EVENTS*
(EVENTS: SCRI PT (PREDICATE: sm *CURRENT~ SCRIPT *1

— INSTANTIATE replaces all the variables in a CD pa ttern with thei r
- values —— the function GET—B INDING gets the value of a variable
- from the free variable *BINDING_FORM*

(SPECIAL *BINDINC_FO~~(*)

(BE INSTANTIATE (PAT *BINDING...FORM*)
(LET (STh (REMOVE—VAR IABLES PAT ‘GET—B INDING))

(MSG T “Instant ia t ing “ STM )
sm]

(DE GET—BINDING (VAR) (BINDING VAR *BINDING_FORM*]

- REM OVE —VAR IABLE S take s a CD form like
— (ac t (ACTOR van ) (OBJECT va r2 )  . . .)
— where each van has the form (*VAR* atom ) ,  p lus a func t ion  that
— gets the binding of variables.  It re turns  the CD with all  the

va r iables r ep laced by the ir bindi ngs:
— —— if the va r i ab l e  is bound to NIL then the role Is omitted
— —— if it is bound to a token , the n the token rep laces the

(*VAR* atom)
— —— if i t is boun d to a CD, th~ the CD with its variables removed
— rep laces t he ( *VAR* atom)

(DE REMOVE-VAR IABLES (CD--FORM GET-VAL—FN)
(COND ((ATOM CD—FORM) CD—FORM)

(T (LOOP [INITIAL ROLE NIL FILLER NIL RESULT NIL
ROLES (ARC.UMENTS:STh CD-FORM) ]

(WHILE (SETQ ROLE (POP ROLES)))
(DO (COND

((SETQ FILLER (GET—ROLE-VAL ROLE GET—VAL—FN))

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(SETQ RESULT
(APPEND 1 RESULT

(LIST (ROLE :PAIR ROLE ) FILLER )
) ) ) ) ]

[RESULT (CONS (PREDICATE:STM CD—FORM) RESULT))]))

— GET—ROLE—VA L gets the f i l l e r  of a rol e and if it is a var iab le
— (I.e., (*VAR* atom)) it gets the value of the variable —— then
— REMOVE—VARIABLES is called to get rid of any variables in the
— this value

(BE GET—ROLE—VAL (ROLE GET—VAL-FN)
(REMOVE-VARIABLES

(LET ( FORM (FILLER:PAIR ROLE))
(COND ((IS—VAR FORM ) (GET-VAL-FN (NAME: VAR FORM)))

CT FORM)))
GET-VAL—FN]

- PATTERN MATCHER
— 

- V~

— MATCH takes three (predicate role—pair...) forms :
— 1) a pattern form which may contain variables
— 2) a con stan t form which has no var iabl es
— 3) a b ind ing form which is used to spec i f y binding s of the var iables
— in the pattern (if NIL is g iven for  the b ind ing form , (T) is
— assumed )

— for  example , if
- pattern (PTRANS (ACTOR (*VAR* SHOPPER)) (TO (*VAR* STORE)))
- constant = (PTRANS (ACTOR JACKO) (TO STOREO))
- bind ing = (SHOPPING (SHOPPER JACKO) (STORE STOREO))
- then the variables in the pattern are SHOPPER and STORE and the
- bind ing form says that these variables are bound to JACKO and STOREO

— the pattern matches the constant if the pred icates are equal and if
— all of the rol es in the pa ttern are ma tched by roles in the constant
— —— a variable matches if its binding matches

—— roles in the constant that are not in the pattern are ignored

— MATCH returns either NIL if the match failed or an upda ted binding
- form tha t includes any new variable bindings that may have been made

— a NIL con stant always matches

(BE MATCH (PAT CONST BIND—LIST)
(LET (BINDING-FORM (OR BIND—LIST (LIST T)))
(COND ((OR (NULL CONST) (E~~JAL PAT CONST)) BINDING-FORM)

((IS-VA R PAT) (MATCH—VAR PAT CONST BINDING-FORM))
( (OR (ATOM CONST) (ATOM PAT)) NIL)
((EQ (PREDICATE :Sm PAT) (PREDICATE:STM CONST))
(MATCH-ARCS (ARGUM ENTS:STh PAT) CONST BINDING-FORM]

- MATCH—ARGS takes a list of role pairs (a role pair has the form 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~—--
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(role filler), a cons tan t CD form , and a b inding form
it goes through the list of pairs and ma tches ea ch pair against the
correspond ing role pair in the constant form —— all of these must
match

(DE MATCH-ARGS (PAT—ARCS CONST BINDING--FORM)
(LOOP [INITIAL PAT-ARC NIL CONST—VA L NIL]

[WHILE (SETQ PAT--ARC (POP PAT-ARCS))]
[DO (SETQ CONST-VAL (BiNDING (ROLE:PAIR PAT-ARG) CONST))]
[UNTIL (NULL (SETQ BINDING-FORM

(MATCH (FILLER:PA IR PAT-ARC)
CONST-VAL
BINDING—FORM)))]

(RESULT BINDING—FORM] ) )

— MATCH—VAR takes a variable , a a constant , and a b ind ing form
- —— if the var iable has a b inding then the bind ing must ma tch the
— cons tan t —— otherwise the b ind ing form is upda ted to bind the
— variable to the constant

(BE MATCH—VAR (PAT CONST BINDING-FORM)
(LET (VAR—VALUE (BINDING (NAME:VA R PAT) BINDING-FORM))
(COND (VAR—VALUE (MATCH VAR—VALUE CONST BINDING—FORM))

(T (APPEND 1 B INDING-FORM (LIST (NA }IE:VAR PAT) CON ST]

- a var iable bind ing is found by looking for  the var iable name in
— a list of role pa irs and re turning the f il le r  if a pa ir is found

• - wi th tha t the name as a role

(BE BINDING (VAR-NAME BINDING—FORM)
(LET (PAIR (ASSOC VAR-NAME (ARGUMENTS: S~~ BINDING-FORM)))

(COND (PAIR (FILLER :PA IR PA IR ]

— clear the data base

(CLEAR—SCRIPTS) 

— .~~

L . V.
~~~~~~~~~
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CODE FOR MCELI

— The sen tences and their parses for Mc ELI

(SETQ STORY—TEXT
‘((JACK WENT TO THE STORE)

(HE GOT A KITE)
(HE WENT HOME]

— “He” Is ignored since McSAM has no provision for
matching “male person ” aga ins t “Jack”. This means that
“He got a kite” is parsed into just the ATRAN S of a kite .

- The missing ACTOR , TO and FROM slots are filled in by Mc SAI4

—******** ************************************************************
THE TOP—LEVEL STORY UNDERSTANDER

- McSAM and McELI —— together at last
— ********************************************************************
DO—STORY takes a list of sentences in list form , such as STORY—TEXT.

— For each sentence , it calls McELI to get a conceptual analysis,
the n it  cal ls  SAM to process the anal ysis. It pauses before each

• — phase . Type GO when asked . At the end , the instantiated
script form is printed .

(BE DO—STORY (STORY)
(CLEAR-SCRIPTS)
(LOOP [INITIAL SENTENCE NIL CONCEPT NIL]

[WHILE (SETQ SENTENCE (POP STORY))]
(DO (MSG T T “Type GO to start McELI “)

(READ)
(MSG T “Parsing “ SENTENCE )

• (SETQ CONCEPT (PARSE SENTENCE))
(MSG T “Final concept”)
(SPRINT CONCEPT 1)
(MSG T T “Type GO to s tar t  Mc SAM “)
(READ)
(PROCESS-LINE CONCEPT )] )

( ADD—Sm *C~~RENT_SCRIPT*)
(MSC T T “Story done —— the da ta  base Is ”)
(SPRINT *DATA_BASE* 4]

--—-V-.—
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Mc ELI: THE ENGLISH LANGUAGE INTERPRETER

— The heart of McELI Is the variable *STACK*. *STACK* is a list of
packets of things that Mc ELI is prepared to do. For example ,

— after McELI has anal yzed the verb “go” into PTRANS , it prepares for
filling in the TO slot by putt ing a packet on *STACK* that says

— “look for ‘to <location> ’ OR l ook for ‘home ’”. Notice that a packet
is a list of ALTERNATIVE situations that may arise . An alternativ e

— Is called a REQUEST and has this f o r m a t :

— ((TEST predicate)
- (ASSIGN variable !. expression i

variable2 expression2 . .. )
(NEXT—PACKET requesti request2...))

—— all three fields are optional

— —— the dictionary near the end of this file shows how words are
— defined with packe ts of reque sts

— The flow of control during analysis is:
— 1) read a word and put its packet on the front of *STACK*

2) take the first packet In *STACK*
take the first request in It whose test evaluates to true

— if there are none , go to step 3
otherwise , remove the packe t from *STACK*

execute the assignments in the request
save the request in the list TRIGGERED
go to step 2

— 3) take each request saved in TR IGGERED and if It has a
— NEXT—PACKET clause then add the requests specified to *STACK*
— go to s tep 1

- Note that only the first packet in *STACK* is checke l . If no
— request in it is triggered , then no more packets are checked and the
— nex t word is read . Also note that new packets are added in front of
— the pending ones. *STACK* is a true “stack” or LIFO (last in. first
— out) data—control structure . The first element In the list *STACK*

is called the “top” of the stack.

— — The following variabl es are used by Mi- ELI:

*SENTENCF * —— the sentence being anal yzed
*WORD* —— the current word being anal yzed

—— the CI) form for the whole sentence
— *PREDICATES * —— the list of predicates describing the tokens built
- *STACK* —— the l i s t  of pending packets

The following variables are Engl ish—oriented —— they are used only
— by the dictionary entries , no t by the central McELI funLtions —— the
— pseudo—word *START* (see the dictionary) clears them at the start of

a sen ten ce)
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— *PART..OF_SPEECH* —— the current part of speech
*CD_FORM* —— the current conceptua l depend ency form

— *SIJBJECT* —— the CD form for the subjec t of the sentence

(SPECIAL *SENTENCE* *WORD* *PART ...IOF..SPEECII* *CD_FOp~ *
*CONCEPT* *S~~ JECT* *PREDICATES* *STACK*)

- DATA STRUCTURES

— Mc ELI uses a stack for control —— the top of the stack is the first
— elemen t of the l ist

(DE TOP-OF (STACK) (CAR STACK)

— ADD—STACK puts an packet at the fron t of the list of pending packets

(DE ADD-STACK (PACKET)
V - (AND PACKET (SETQ *STACK* (CONS PACKET *STACK*)))

PACKET ]

Word definitions are stored under the property DEFINITION.
— LOAD—DEF adds a word’s request packet to the stack.

(BE LOAD—DEF 0
(LET (PAC KET (GET *WORD* ‘DEFINITION))
(COND (PACKET (ADD—STACK PACKET))

(T (MSG “ —— not i.n the dictionary”)

- REQ—CLAUSE gets clauses from the format
- ( (TEST . . . )  (ASSIGN .. . )  (NEXT—PAC KE T . . . ) )

—— NOTE: this definition depends on CDR NIL = NIL

(DE REQ-CLAUSE (KEY L) (CDR (ASSOC KEY LI

PROGRAM

PARSE rake s a sentence in list form e.g., (JACK WFNT TO THE STORE)
—— and returns the conceptual anal ysis for It. It sets *SENTENCE*

- to the Input sentence (e.g. , (JACK WENT TO THE STORE)) with
— the atom *START* stuck In front. *START* Is a pseudo—word in the

dictionary wtth Information useful for starting the analysis.

- PARSE take s *SENTENCF* one ~~rd at a time s loads the packet
for  tha t word ( i f any) , and then checks the top packet on the stack
to see If any request in ft has a true test.

— Dur ing the analys i s, the var iab l e  *CONCEPT* will be set to the
— main concept of the sentence (usually i t will be set by the main
— verb’s requests). Since !4cELI builds CD forms with variables in them ,
— Mc ELI has to remove these variables when the sentence Is finished , so
— that Mc SAM can use the CD form produced . It uses the function

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- REM OVE-VARIAB LE S to do this.

— When noun group tokens ar e bu il t , pred ications like
(PERSON (OBJECT JACKL)) are saved in *PREDICATES*. Hence the
anal ysis is reall y the un ion of *PREDICATES* and *CONCEPT*.

(DE PARSE (SENTENCE)
(SETQ *CONCEPT * N I L )
(SETQ *PREDICATES* N I L )
(SETQ *STACK* N I L )
(LOOP [INITIAL *WORD* NIL

*SENTENCE* (CONS ‘*START* SENTENCE)]
[WHILE (SET Q *WORD* (POP *SENT ENCE*)) )
(DO (MSG T T “Proc essing “

(LOAD-DEF)
(RUN-STACK)]

[RESULT (APPEND 1 *PREDICATES*
(REMOVE-ELI-VARIABLES *CONCEPT*))]))

- RUN-STACK: -

-: — As long as some request in the expectation packet on top of
— the stack can be triggered , the whole packet is removed from the
— stack , V-md tha t request is executed and saved ,
— When the top packet does not contain any triggerable requests ,
— the packets In the requests that were executed and saved (If
— any) are added to the stack

(DE RUN-STACK 0
(LOOP (INITIAL REQUEST NIL TRIGGERED NIL]

(WHILE (SETQ REQUEST (CHECK—TOP *STACK*))I
(DO (PO P *STACK*)

(DO—ASSIGNS REQUEST)
• (SETQ TRIGGERED (CONS REQUEST TRIGGERED))]

[RESULT (ADD-PACKETS TRIGGERED)]))

CHECK—TOP gets the first request in the packet on top of the stack
with a true test (if any)

(DE CHECK-TOP (STACK)
(COND (STACK

(LOOP [ INITIAL REQUEST NIL PACKET (TOP-OF STACK)]
(WHILE (SETQ REQUEST (POP PACKET)))
(UNTIL (IS—TRIGGERED REQUEST)]
[RESULT R E Q U E S T ) ) ) ) )

— TS—TRIGGEREI) returns true if a request has no test at a l l  or if the
test evaluates to true -

(DE iS-TRIGGERED (REQUEST )
(LET (TEST (REQ-CLAUSE ‘TEST REQUEST) )

(OR ~NUL L TEST) (EVA L (CA R TESTI

DO—ASSIGNS sets the variables g iven In the ASSIGN clause
— —— the first POP gets a varIable and the second POP ge ts the va lue

following it

-~~--- -~~~~~~~~~-- - -
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(BE DO-ASSIGNS (REQUEST)
(LOOP [INITIAL ASSIGNMENTS (REQ-CLAUSE ‘ASSIGN REQUEST)]

(WHILE ASSIGNM ENTS ]
(DO (REASSIGN (POP ASSIGNMENTS) (POP ASSIGNMENTS))]))

— REASSIGN sets VAR to the value of VAL and prints a message saying
— i t  did it

(DE REASSIGN (VAR VAL)
(COND ((SET VAR (EVAL VAL))

(MSC T 4 VAR “ =

( SPRINT (EVAL VAR) (CURRCOL]

ADD—PACKETS takes a list of requests and adds the packets
— attached to them to the stack

(DE ADD —PACKETS (REQUESTS )
(LOOP [INITIAL REQUEST NIL]

V - [WHILE (SETQ REQUEST (POP REQUESTS)))
- 

~~~
- [DO (ADD-STACK (REQ-CLAUS E ‘NEXT-PACKET REQUEST))]))

— REMOVE—ELI—VARIABLES removes all the parser variables a CD p3ttern
— —— the func t ion EVAL gets the bindings  of Mc ELI ’s va r iab 1es

(DE REMOVE-ELI-VARIABLES (CD—FORM) (REMOVE—VARIABLES CD—FORM ‘EVAL )

- TOKEN BUI LDING FUNCTIONS

- MAKE—TOKEN returns a new token from NAME, adding the given
V — predica t ions to *PREDICATES*

—— for examp le “a man ” would call (MAKE—TOKEN ‘(PERSON) ‘MAN )
- which would return MANI, saving the fac t that MAN 1 is a PERSON

(DE MAKE—TOKEN (PREDICATES NAME)
(SAVE-PREDICATES (NEW-NAME NAME) PREDICATES]

- GET—TOKEN is like MAKE—TOKEN, but It re—uses the last new token
- generated for NAME —— for examp le , “the man” would cal l
- (GET—TOKEN ‘(PERSON ) ‘M A N ) ,  returning MAN I as generated above
— —-- if  Mc ELI d idn’t do this , then every t’me i t  parsed “ the man ”

It would get a new token

(DE GET—TOKEN (PREDICATES NAME)
(SAVE-PREDICATES (OLD—NAME NAME) PREDICATES ]

- SAVE—PREDICATES saves the predications of a token on the list
- *PREDICATES* —— for example, (SAVE—PREDICATES ‘KITE l (KITE RED))
- would save (KITE (OBJECT KIT~~l)) and (RED (OBJECT KITE1)) on the
- list *PREDICATES* — —  TOKEN is returned

(1W SAV~.—PREDICATES (TOKEN PREDTCATES)
(LOOP IINTT IAL PREDICATE. NiL]

• V

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A
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[WHILE (SETQ PREDICATE (POP PREDICATES) ) ]
[DO (SET Q *PREDICATES*

(CON S (LIST PREDICATE (LIST ‘OBJECT TO KEN) )
*PREDICATES*1

(RESULT TOKEN]) )

- NAM E GENERAT ING FUNCTIONS

- NEW—NAM E incremen ts the coun ter for  genera ting a name

(DE NEW-NAM E (NAME)
(MAKE-NAME NAME (ADD I (OR (GET NAME ‘NAM E-COUNT ) 0)

- OLD—NAME uses the current counter for generating a name

(DE OLD —NAM E (NAME )
(MAKE-NAM E NAME (OR (GET NAME ‘NAME-COUNT ) 1]

— MAKE—NAME concatenates an atom and a number , and saves the
— number under the atom — — in Rutgers LISP, *NOP(JINT must be set to
— T to avoid decimal po in ts in the number

(DE MAKE-NAM E (NAN E COUNT )
(LET (*NOPO INT T)

(READLIST (APPEND (EXPLODE NAME)
(EXPLODE (PUT PROP NAME COUNT ‘NAME-COUNT]

THE DICTIONARY

- (DEF—W ORD name requesti request2...) stores a definition
— under a word consisting of the list (requesti request2...)

(DF DEF—WORD (L)
(PUTPROP (CAR L) (CDR L) ‘DEFINITION )
(CAR L)

HE is a noun phrase that produces an empty CD form

(DEF-WORD HE
((ASSIGN *PART_OF.~SPEECH* ‘NOUN—PHRASE

*CD_FORM* NIL)

JAC K Is a noun phrase that means a person named Jack

(DEE-WORD JACK
((ASSIGN *CD..FOPJI* (GET—TOKEN ‘(PERSON) *WORD*)

*PART_OF_SPEECH* ‘NOUN—PHRASE]

GOT is a verb tha t means someone ATRANSed something to the subject.
GOT looks for a noun phrase to fill the object slot.

- -- -.-~~~~~~~~~~ . -
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(DEE—WOR D COT
((ASSIGN *PART.43F_S PEECH* ‘VERB

*CD_FORM* ‘(ATRANS (ACTOR ?GET-VAR3) (OBJECT ?GET-VAR2)
(TO ?GET-VAR I ) ( FROM ?GET-VAR3 ))

GET— VAR ! *SUBJECT*
GET-VAR2 NIL
GET—VAR 3 NIL)

(NEXT-PACKET
((TEST (EQUAL *pART _(JF_SPEECfl* ‘NOUN—PHRASE))

(ASSIGN GE T—VAR2 *CD.. FORM*]

— WENT is a verb tha t means someone (the subject) PTRANSed himself to
somewhere from somewhere . WENT looks foi “to <noun phrase> ” or

— “home” to fill the TO slot

(DEE -WORD %.~ENT
((ASSIGN *PART-OF_SPEECH* ‘VERB

*~~
_
~ØpJ4* ‘(PTRANS (ACTOR ?GO—VAR1) (OBJECT ?GO—VARI)

(TO ?GO -VAR2) ( FROM ?GO -VAR3))
GO-VAR! *SIJBJECT*
GO-VAR2 NIL
GO-VAR 3 NIL)

(NEXT—PACKET
((TEST (EQUAL *WORD* ‘TO) )
(NEXT—PACKET

( (TEST (EQUAL *PART_(JF_ SPEECH * ‘NOUN —PHRASE) )
(ASSIGN CO—VAR2 *CD_FOpJ4*))))

((TEST (EQUAL *WORD* ‘HOME ))
(ASSIGN GO -VAR2 (GET—TOKEN ‘(HOUSE) *WORD*]

— A looks fo r a noun to build a noun phrase with a new toke n name

(DEF—WORD A
((TEST (EQUAL *PART..tJF_SPEECH* ‘NOUN ))
(ASSIGN *PART-..()F_SPEECH* ‘NOUN—PHRASE

*CD_FORM* (MAKE-TOKEN *CD..FORM * *WORD*]

- TIlE looks for a noun to build a noun phrase wi th an old token name

(DEE-WORD THE
((TEST (EQUAl . *PART..()F_SPHECH* ‘NO UN ))
(ASSIGN *PART F_SPF~ECH* ‘NOUN--PHRASE

*Cn_FORM* (GET-TOKEN *CD FORM* *WQRP*)

— KITE I s  a noun tha t b u l l  ds the  eoneept KITE

(DEF—WORD KITE
((ASSIGN *PART_~ F_S PEECH* ‘NOUN

*CD_FopJ4* ‘ (KITE)

STORE is a noun tha t builds the concept STORE

(DEE -WOR D STOR E.
((ASSIGN *PART_OF_SPEECH* ‘NOUN

*CD_FORM* ‘(STORE]
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— *START* is loaded at the s ta r t  of each sentence. It looks for- a noun phrase (the subject) followed by a verb (the main concept)

(DE F-WOR D *START *
( (ASSIGN *PART ..4)F...SPEECR* NIL

*CD...FORM* NIL)
(NEXT-PACKET
((TEST (EQUAL *pART~ )F...SpEECH* ‘NOUN—PHRASE))
(ASSIGN *SIJBJECT* *CD_FOPN*)
(NEXT-PACKET

((TEST (EQUAL *PART..OP....SPEECH* ‘VERB))
(ASSIGN *CONCEPT* *Cfl..FORM*]

‘I,

~~~~~~~~~~~~~~~~
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FLOW CHARTS FOR MCSAN : PROCESS-LINE AND MATCH

PROCESS—LINE (event): start V

+ +
leven t already in data base?I — — >  done
+ — -4-
+ 
IEVENT S := POSS IBLE—NEX T-EVENTS I

+ +
4— + none -4-- +
l add event tok I take next pa t te rn  in EVE NT S~ -<——+
Idata base I + —+ p
+ + 4- + n o l  

+ Idoes event match pattern?I +
Ibind ing form I no + +
la ttached to ~——— + yes
l event predicate? I I + +

-4-— + I linstantiate each pa ttern from I
I yes I IPOSSIBLE-NEXT—EVENTS thru EVENTS I

+ + I + -+
Iin stantiate I I I
Ib inding form I ————+ > done
+ + 



fl-
~
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FLOW CHARTS FOR MCSAM : PROCESS-LINE AND MATCH Page D-2

MATC H (pat tern , event , binding form) :
start

yes + -÷
succeed ( m ull event or pattern = event?I

+ +
no

no + + yes + -+ 

I variable bound?I< Ivar iable pattern?~
I -i + -F +
I ~yeS I no
I 4 + 4 + yes
I Imatch(binding ,event , I l atom pattern or atom event?I———+
I I binding form) I + + p
I 4— + m o  I
I + + I
I + + Ipattern pred icatel no I
+—>Jadd (variable , eventfl I = I > fail.

I to binding form I levent predicate? I
+ + + +

I l ycs
I none + +

succeed < Iget next (role filler) in pattern~ <—+
4 +
4- —+ none I
(get (role filler’) from eventi 
4-- -+
4-- +

~inatch (fi1ler,filler
’ ,bind ing form) I

4-- -+

— — - ‘-—— 
~~~~~~~~~~~~~~~~ 
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FLOW CHART FOR MCEL I

PARSE(sente nce) :
s tar t

+ + 4- +

I ins tant iate  none Ige t next word l
(CD In CONCEPTI< (of sentence (< —4-
4- 4 +

+- + 4— + none
(return PREDICATES ( (get word definition (————+ I
Iplus CONCEPT I -~— —+ I I
-4 + + -+ I I

I put definition I I I
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APPENDIX F

EXERCISES FOR MCSAN

1) Since STORY—CDS is an entire story , you canno t give it directly to
PROCESS—LINE, which expects a single line. Write a function
PROCESS—STORY which takes an entire story, and hands it off one
line at a time to PROCESS—LINE.

2) a) Write a restaurant script to inc lude the following events: Go
to restaurant. Order meal . Eat meal . Pay. Leave
restaurant.

It should have the roles RESTAURANT , DINER , and MEAL.

b) Make up the CBs for

Jack went to a restaurant.
He ate a lobster.
He left.

c) Give these CDs to PROCESS—STORY or PROCESS—LINE. Afterwards.
the data base should contain instantiations of all the CDs in
your restaurant script.

3) Fix the function FETC H so that it can take CD patterns like

(INGEST (ACTOR JACK1) (OBJECT ?X))

4) We lied a little about the CBs tha t McELI will produce for the
story “Jack went to the s tore . He got a kite . He went home.”
Since the second and third sentences do not mention Jack
explicitl y, Me ELI can ’t say who got the kite or who went home .
The real nnnlyses for these three sentences are:

((PERSON (OBJECT JACK!))
(STORE (OBJECT STORE 1))
(PTRANS (ACTOR JACK L ) (OBJECT JACK !) (TO STORE I ) ) )

( (KITE (OBJECT KITE!) )
(ATRANS (OBJECT K I T E I ) ) )
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EXERC ISES FOR MCSAM Page F—2

((HOUSE (OBJECT HOUSEI))
(PTRANS (TO HOUSE 1)))

a) Give the above 3 lines to McSAN. Why does it still work?

b) Change the first l ine so that the STORE is mentioned last ,
i.e.,

((PERSON (OBJECT JACK1))
(PTRANS (ACTOR JACK!) (OBJECT JACK!) (TO STOREJ))
(STORE (OBJECT STORE1))

Give this l ine plus the second and third l ines  from (a) to
McSAN. In what way does McSAI4 fail to work now?

c) Fix McSAN so that the statements within a line can be in any
order.

5) Assume that the sentence “A coin rolled into the store” is
analyzed as

((MONEY (OBJECT COTN1))
V 

(STORE (OBJECT STORE!))
(PTRANS (OBJECT COIN !) (TO STORE !)))

a) What will  happen if we gav e this line to Mc SAM ? Fix this.

b) Suppose the sentence were “A dog walked into the store. ” Does
your solution still work?

6) The current data base is very inefficient because everything is
stored in one big list. You can improve it by breaking it up into
man y smaller da ta bases , one for each predicate. That is, there
would be a data base for PTRANS, for ATRANS , and so on. To find
out if

(PTRANS (ACTOR JACK1) (TO ?X))

is true , FETCH woul d only have to l ook at the PTRANS data base.

This can be Implemented by putting a property on each predicate ——
cal l It DATA—BASE —— whose vahj o would be a list of all the CBs
wi th tha t predicate.

Modif y FETCH and ADD—Sm to inc lude this improvement.

7) When understand -tag “Jack went to the store” we know that Jack was
at the store , but this inference is probably not one we want to
make unless someone asks us to. That is, if MeSA)! processes
something l i ke

(PTRANS (ACTOR JACK!) (OBJECT JACK1) (TO STOREI))

we don’t want it to alwa ys add 
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EXERCISES FOR MCSAN Page F--3

(AT JACK! STOREI)

but if the PTRANS form is in the data base , then

(FETCH (AT JACK! STORE!))

should succeed . To do this we want an inference rule like “To
find out if a person was at a loca t ion , f i n d  ou t if he went to
that location .”

a) Define the FEXPR DEF—INFERENCE so that we can define an AT
inference rule by typing

(DEF—INFERENCE AT—RULE name of rule
(AT ?PERSON ?LOC) pattern
(FETCH ‘(PTRANS (ACTOR ?PERSON) (TO ?LOC))) — response

This should save the pattern and response under some
properties of the atom AT—RULE and the atom AT—RULE should be
added to the list *INFERENCE—RULE5*.

b) Mod if y FETCH to use inference rules -If it fails to find
anything in the data base . For example, if

(FETCH (AT JACK1 STOREI))

fails, then FETC H should try matching the pattern

(AT JACKI STORE!)

against the patterns of the inference rules. If a match is
found , then the response of the pattern should be evaluated .
If the response returns a non—NIL value then this should be
returned as the value of the FETCH. Otherwise another
inference rule should be looked for.

Don’t worry about FETCHIng CD forms wi th variables.

c) Modify FETCH so that when it finds a match with an inference
rule , it sets the global variable *BINDINCS* to the result of
the match. Also define

(DF *VAR* (X) (BINDING (CAR X) *BINDINGS*1.

What does this do?

8) Re—do exercise S.

a) Add to each script a VARS property which is a list of the form
((var—anis e property) (var—name property) ...). For example ,
under SHOPPING would be:

((SHOPPER (ANIMATE ?SIIOPPER)) (STORE (STORE ?STORE)) .. .)
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EXERCISES FOR MCSA!4 Page F—4

b) Define SUPER—MATCH which takes a pattern , a CD, and a script
binding form and re turns an upda ted binding form if the
pattern matches the CD and the new bindings satisfy the
constraints given by VARS. (Note that this requires the
inference ability developed in exercise 7.)

c) Modify INTEGRATE—INTO--SCRIPT so that it calls SUPER—MATCH,
rather than MATCH.

9) If a scrI pt role is not filled in by the story then it is ignor.~d
by Mc SAJ-I. For examp le, suppose tha t the SHOPPING script had an
line for physic ally giving some money to a cash ier

(PTRANS (ACTOR ?SHOPPER) (OBJECT ?PRICE)
(FROM ?SHOPPER) (TO ?CASHIER))

In the shopping story we have been us ing , neither price nor
cashier are mentioned . Since the roles are not bound , MeSA)! would
instantiate the above CD pa ttern as the rather useless form

(PTRANS (ACTOR JACK!) (FROM JACK!))

Clear ly ,  we want to be able to specify defaul t values for script
roles , such as tha t a cash ier is some person .

a) Add to the shopping script a DEFAULTS property which will take
as Its value a list of the form

((role—name (predicate predicate ...)) ...)

For example, the shopping script might have

((CASHIER (PERSON )) (PRICE (MONEY )))

b) Fix ADD—SCRIPT—INFO and INSTANTIATE so tha t a defaul t token is
generated to fill in an unbound scri pt role , using the
appropi ate predicates from DEFAULTS. Use the name of the
unbound role to generate the token name , end be sure tha t the
token predications for the new token are added to the data
base .

For examp le , if SHOPPER 1.s JACK! but neither CASHIER nor PRICE
are bound , then the form

(PTRANS (ACTOR ?SHOPPER) (OBJECT ?PRICE) (TO ?CASHIER))

should instantiate as

(P TRAN S (ACTOR JACKI) (OBJECT PRICFI) (TO CASHIER!))

and the following predications should be added to the data
base

(PERSON (OBJECT CASHIER!))
(MONEY (OBJECT PRICE !))
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APPENDIX C

EXERCISES FOR MCELI

1) Add the definitions needed to parse:

( JACK WENT TO A RESTAURANT )
(HE ORDERED A LOBSTER)
(HE LEFT)

You can test McELI on a sentence by typing (PARSE sentence). E.g.

(PARSE ‘(HE LEFT)).

2) Set a var iabl e —— e.g. , STORY—TEXT 2 —-- to the list of sentences in
the story. Make sure tha t the restaurant script is defined . Then
type (DO—STORY STORY—TEXT2) to parse each sentence and pass the
results to McSAM . Obviously the CD forms of these sentences
should matc~ the ones you tested you script for MeSA)! on.

3) Add RED to the dictionary so that (JACK GOT A RED KITE) will
parse in to

((KITE (OBJECT KITE1))
(RED (OBJECT KITE!))
(PERSON (OBJECT JACK!))
(ATRANS (OBJECT KITE!) (TO JACK!)))

HINT: look at the comments in front of SAVE—PREDICATES.

4) Dur ing the parse, the set of all pred icates is kept in a list
called *PREDICATES*. For example, when pars ing “Jack go t a red
kite ” *PREDTCATES* has the valuc’

( ( K I T E  (OBJECT K E T E J ) )
(RED (OBJECT K1TEI))
(PERSON (OBJECT J A C K ! ) ) )

This list tells us that the token JACKI is a person , that KITE! is
a kite , and tha t KITEI is red .

Define a function called TOKEN—TEST which takes a token an ’ a
predica te and returns a non—NIL value only if the token fits that
predicate , according to the list *PREDICATES*. That is,

- - .—~~~,~~~~~ ‘--.- -
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EXERCISES FOR MCELI Pag c’ G—2

(TOKEN—TEST ‘KITE! ‘RED) would return non—NIL only if *PREDICATES*
contained the element (RED (OBJECT KITE!)).

5) Sometimes a word can disambiguate itself by looking at what comes
next. For examp le , “John had an apple ” no rmall y means he a te  an
apple but “John had a newspaper” means he possessed a newspaper.

Define the verb HAD such that (JACK HAD A KITE) becomes

( (KITE (OBJECT KITE! ))
(PERSON (OBJECT JACK!))
(POSS (ACTOR JACK1) (OBJECT KITE!)))

but (JACK HAD A LOBSTER) becomes

( (LOBSTER (OBJECT LOBSTER 1))
(PERSON (OBJECT JACK!))
(INGEST (ACTOR JACK!) (OBJECT LOBSTER!)))

Obviously you will need TOKEN—TEST to find out if the next noun
- 

-
~~ - - phrase produces a token that is a food or not.

6) Define BILL , CHECK and PAID so that (JACK PAID THE BILL WITH A
CHECK) becomes

((MONEY (OBJECT CHEC K 1))
(COST—FORM (OBJECT BILL!))
(PERSON (OBJECT JACK!))
(ATRANS (OBJECT CHECK!) (AMOUNT BILL!)

(ACTOR JACK 1) (FROM JACK 1)) )

Look at how WENT looked for the word “TO” in order to f ind out how
PAID can look for the word “WITH”.

Notice that the conceptua l OBJECT of the ATRANS comes from the
object of “with” not from the direc t object of PAID. The direct
object of PAID specifies the AMOUNT of money transferred .

7) We just defined “check” to represent MONEY. But in a restaurant
sto ry “check” can also refer to the COST—FORM , as in the sen tence
“Jack paid the check with a check. ” This uses both senses of
“ check” at once.  That  is , CHEC K should be

(DEF—WORD CHECK
((ASSIGN *PART.JJF.SPEECH* ‘NOUN

*CD_FORM* ‘(COST—FORM)))
( (ASSIGN *PART ...(JF_SPEEC}3* ‘NOUN

*CD_FORM* ‘(MONEY)

Th is is .imbiguotis out of contex t , bu t in “Jack pa id the check with
a check” Mc EL I could resolve the confl (ct , if it saved what kind
of CD form the verb “pa id” Is looking for. That is , af ter see ing
“paid” , Mc ELI should pred ict COST—FOR)!. After getting a noun
ph rase to be the d i rec t object of “paid” (I . e ., t he COST—F ORM) ,
Mc EL I should p r e d i c t  MONEY. The fol lowing exercises give Mc ELI
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EXERC ISES FOR MCELI Page G-3

this capability , to some extent .

a) If you haven’t already, fix PAID so that the TEST of the
request looking for the d i rec t  obj ec t of “paid” Is

(AND (E(~JAL *PAJ~T..(JF_SPEECH* ‘NOUN-PHRASE)
(TOKE N —TE ST *CD_FORM * ‘COST—F ORM))

and the “with” request similarly tests for MONEY.

b) Define a function GET—NP—PREDICTION which looks for  a request
in the top packet of the stack with a test l ike  the one g iven
in (a) —— i.e ., the request looks for  a noun phrase generating
a particular type of token. If it finds one ,
GET—NP—PREDICTION returns the feature that TOKEN—TEST is
looking for. Thus GET-NP—PREDICTION should return ‘COST—FORM
for the test in (a).

c) Redefine the articles “a” and “the” so that they save in the
variable *PREDICTED* the CD form returned by doing a
GET—NP—PREDICTION.

You can check your definition by parsing (JACK PAID THE BILL).
When THE is processed , McELI should pr int

* P R E D I C T E D *  = (QUOTE COST-FORM )

If this doesn ’t happen , you have done something wrong . Note
that COST—FORM should be quoted .

d) Define a func tion GET—CD—FORM which takes a request and
returns the s t ructur e the request would assign to *CD_ FORM* if
executed . Assume that such ASSIGN clauses will have the form

(ASSIGN ... *CD_FORM* ‘(COST—FORM)...)

e) Define a function called RESOLVE-CONFLICT which applies
GET—CD—FORM to a list of requests , picking the first one that
assigns to *CD..~FORM* a structure matching *PREDICTED*.

For example , (f *PREDICTED* is set to (QUOTE COST—FORM), and
CHECK has two requests , one of which assigns COST—FORM to
*CD_FORN*, then RESOLVE-CONFLICT should choose this request
over the other. Use EVAL to get rid of the QUOTEs.

f) Redefine the function CHECK—TOP so that it w111 look through
all the requests on the top of the stack and pick the ones
tha t can be triggered . If more than one can be triggered ,
CHEC K —TOP should use RESOLVE -CONFLICT to pick a request tha t
Sat1 8f [eS *P REDI CTED * .

V g) Give CHECK the ambiguous definit ion written before (a) and
parse (JACK PAID THE CHECK WITH A CHECK). The resul t should

L 

be
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EXERC ISES FOR MCELI Page G—4

((MONE Y (OBJECT CHECK!))
(COST-FORM (OBJECT CHECK O))
(PERSON (OBJECT JACKO))
(ATRANS (AM OUNT CHECKO) (OBJECT CHECK ! )

( FROM JACKO) (ACTOR JAC KO)))

Note that CHECKO and CHECK! are different kinds of objects and
that the COST—FORM CHECKO goes in the AMOUNT slot and the
MONEY CHECK! goes in the OBJECT slot.
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