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1. Dictionary

•

MRS Dictionary

<a ) <a
" "1> ' • • n n+I>)

means that <4n+1> represents the product of the alues represented by <al> ... <an>. See fq.

(+ (a1
> . . . <an 

(a
n+1

>)

means that <an+1> represents the sum of the %,alues represented by <al> ... <an>. See fq.

(- <a> (b> <c>)

means that <c> represents the difference between <a> and <b>. See fq.

// (// <a> <b> (c>) •

means that <c> represents the quotient of <a> and <b>. See fq.

(< <a> (b>)

means that <a> is less than <b>. See rq.

<do (Oa (a> <b>)

means that <a> is less than or equal to <b>. See rq.

(. <a> <b))

means that the terms <a> and <b> are s!,nonymous, i.e. they refer to the same object. See

lookup-•.

(> <a) <b>)

means that <a> is greater than <b>. See rq.

>• (>• <a> <b>)

means that <a> is greater than or equal to <b>. See rq.

achieve (achieve (p>)

makes the proposition <p> true. Achieve is an abstract operator implemented using kb and

toachieve. (achieve <p>) and (achieve (not <p>) ) now work when the proposition <p>

begins with value. property. Noon. threpn. includes. indb. better, or primitive. So. up to a

point, does (achi.v. ( if <q> <p>)). which calls truips on <q> and then ACHIEVES <p> with

the resulting bindings plugged in. Note that propositions stashed in theories other than the

currently writeable one are not affected. (e.g. ( achieve (roan <p) <r>) ) has the result that

all propositions matching <p> will henceforth be stashed. iookup'ed. and so on using

representation <r>. This includcs re-stonng currently accessible piopositions that were stored

using pr-stash or in cnf. repn works on all theories that are active when it is achieved.

(achieve ' ( threpn <p> <r> <th>))) does the same thing as with repn, but affecting only

theory <th>. It is the user's responsibility to ensure that there are never two or more theories

active which use different representations for the same proposition.) See kb, repn, threpn
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2 MRS Dictionary

achieve-if (achieve-if (if <p> CO))

has the effect of calling achieve on the proposition <q> for each list of variable bindings that

makes proposition <p> true, with the relevant bindings substituted into <q>. See achieve.

trusps. plug.

achieve-not (achieve-not (not <p>))

is an abstract operator implemented using kb and tounachieve. When called with an

argument of the form (not <p>). it is supposed to achieve the opposite of CO. if meaningful.

See achieve. unachieve.

achieve-repn (achiove-repn (repn (prop> (rpn>))

uses repn-assert to switch the representation of <prop> from its old value to <rpn>, and

converts any instances of <prop> that can be found under the old representation to the new

one. See domain. rep', repn-assert. repn-method.

achieve-threpn (achi•••-threpn (coon (prop> <rpn> <th>))

is identical to achieve-repn except that it sets the currently writable theory to <th)

temporarily while it executes. See achieve-repn. theory, •Nrepn.

activate (activate <ti> (tn>)

makes the propositions in the theories <t1> <tn> available for retrieval or deduction.

See theory. activetheor les. deactivate.

activetheorios

has as its 'value the list of currently active theories. The propositions in these theories are

available for retrieval by pr-lookup and pr-lookups. See pr-stash. pr-unstash. pr-lookup.

pr-lookups. activate, and deactivate.

agenda agenda

IS a list of applicable tasks. See applicable. scheduler.

and (and (p1> . . . <pa>)

means that the propositions <pl> . . . <pa> are all true. See assert-and. bc, br. fc.

applicable

arity

ask

vluary1W14

(applicable <k))

states that the task <k> is applicable and, therefore. executable unless it is disqualified. See

executable. disqualified, scheduler.

(arity <rel> <i>)

pro% ides typing information, indicating that the relation (or operation) <rel> takes <

arguments, e.g. (arity arity 2). See domain.

(ask (p))

calls output, prints the result, and reads the user's answer. If <p> is a ground proposition. ask

tries to obtain an answer of true or false. If <p> contains anables. ask obtains %ariable

bindings from the user. See output.

•
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assert

M RS Dictionary 3

(asks <p>)

calls Output, prints the result, and reads the user's answers. If <p> is a ground proposition.

asks tnes to obtain an answer of true or false. If <p> contains variables, asks obtains a list

of binding lists from the user. See output.

(assert <p>)

stores the proposition <p> in the data base and performs all appropriate forward inference.

Assert is an abstract operator implemented using kb and toassert.

assert-and (assert-end (and <pi> ... <pm>))

separatel!, asserts each of the conjuncts <pl> <pn>

assert-iff (assert-iff (iff <p) <q>))

asserts (if <p> <q>) and (if <q> <0).

assumable (assumable <p>)

r-ric.in that the proposition <p> can be assumed if necessary in trying to prove a proposition.

Scerosldue.resldues.

begot

batchp

bc

(begot <x> <p> (0)

means that <s> is the bag of all objects <a> that statisfy <p>. Since there maybe many ways of

satisfying <p>. the bag <s> may contain duplicate objects. Begot is useful for performing

extensional reasoning, since it allows one to designate the set of all solutions to a problem.

See truep-bagof. lookup-begot.

(batchp <a> <y>)

checks whether the expressions <s> and <y> can be unified by some set of bindings for the

base-level variables in the two expressions. If so. batchp returns the corresponding binding

list for the variables in <A> but discards the bindings for the variables in <y>. If the

expressions are not unifiable. batchp returns nil. All variables in <a> are treated as distinct

from the variables in <y>. even though they have the sam< name. For example. the

expression (r Sx b) matches (r a $x) with result (($s . a) (t . t)). See

blvarp. match,.

(be <p))

tries to prove the proposition <p>. If successful, it returns an appropriate binding list:

otherwise, it returns nil. Only base-level variables are treated as variables by be. and any

meta-level variables are treated as constants. The inference procedure used is backward

chaining, but there are also built-in procedural attachments for many propositions (specified

via the totruep and totrueps relations). Sc is implemented using the subroutine bcdisp. See

bcdisp. scheduler.

"3.1wwwy 1 W4
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4 MRS Dictionary

bedisp

bcs

blvarp

br

19 January 1904

(bedisp <gl> <al) <J1> (co)

performs one backward chaining step in trying to prove the propositions on the goal list

<gl>. The binding list (sl> holds bindings for the variables in <91> obtained in preceding

steps. The justification list <J1> holds the names of any propositions used in deriving a goal

list from its super goal list. The list <es> is a stack of supergoals and juntifications. In working

on a goal list (<q> . >), bed isp first calls trtruep to find any procedural attachments for

<q> other than ec or bes. and if successful calls that subroutine. Otherwise, it generates

subgoals by looking in the data base for propositions of the form <q> or (It <p> <q>). [he

order in which multiple bcdisp tasks are executed can be infl..enced via appropnate

preferred propositions. oca I sp caches its results and saves justifications as appropriate. See

trtruep, totruep, totrueps. cache. justify.

(Ins <p>)

tries to prove the proposition <p>. It returns a list of all binding lists for which it is successful.

Only base-level variables are treated as variables by ecs. and any meta-level variables are

treated as constants. .[he inference procedure used is backward chaining, but there are also

built-in procedural attachments for many propositions (specified via the totruep and

totruips relations). ecs is implemented us:ng the subroutine bedtsp. See bcdisp and

scheduler.

(blvarp <xp>)

returns a non-nil value if (xp> is a base-level variable and otherwise returns nil. A base-

variable in MRS is denoted by a dollarsign prefix (5) and ismiettentally distinguished by the

value bl. For example. Si is a base-level variable. Sec varp.

(br <p>)

tries to prove the proposition <p>. If succesful. it returns a list of assumable propositons

which, when added to the data base. imply <p>. Only base-level variables are treated as

variables by br, and any meta-level variables are treated as constants. The inference

procedure used is backward chaining, but there are also built-in procedural attachments for

many propositions (specified via the totruep and totrueps relations). Br is implemented

using the subroutine brd 1 sp. SCC brdisp. schedul sr. and as sumab e.

•
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(brdisp <al> <al> <th> (.11> <co>)

performs one backward chaining step in trying to find a residue for the propositions on the

goal list <pi>. The binding list <al> holds bindings for the variables in Cal> obtained in

preceding steps. The theory <th> contains all assumptions made so far. the justification list

<ji> holds the names of any propositions used in deriving a goal list from its super goal list.

The list <co> is a stack of supergoals and justifications. In working on a goal list (<q> . <1>).

brdisp first calls trtruep to find any procedural attachments for <q> other than be or scs.

and if successful calls the subroutine so found. Otherwise, it generates subgoals by looking

in the data base for propositions of the form <0 or (if <p> (0). It also uses trtrueps to

discover whether q is assumable. If it is assumable and if it is a ground proposition after

plugging in the variable bindings returned by trtruips. brdisp creates a new theory that

includes <th>. asserts the proposition in that theory, and generates appropriate subgoals. The

asserted propositions are useful in that they make possible consistency checking before

making assumptions in subsequent steps. The order in which multiple brdisp tasks are

executed can be influenced via appropriate preferred propositions. sesisp caches its results

and saves justifications as appropriate. See trtruep. totruip, totrueps, ceche. justify.

(brs <p>)

tries to prove the proposition <p>. It returns a list of all assumption lists for which it is

successful. Only base-le% el variables are treated as variables by brs. and any meta-le%.el

%,ariables are treated as constants. The inference procedure used is backward chaining, but

there are also built-in procedural attachments for many propositions (specified the

totrusp and totrueps relations). Ors is implemented Wing the subroutine brdisp. See

brdisp. scheduler. and assumable.

is a variable governing whether various inference methods should cache their results. When

nonNIL. those various inference methods will call the appropriate tocacho method on each

cachable result. (I.e. each method will call (kb *tocache <p>) for each intermediate

conclusion. <p>.) See tocache. cachebystash.

(cachebystash (p>)

stashes the value <p> into the theory named by the variable each.. (If cache has the %alue T.

then the current theory is used.) This cachebystash subroutine is the default caching

method. It is recommended that one house these propositions in a temporary theory, and

apply empty to this theory when the cached ■alues are no longer needed. See cacti& tocachs

characteristic (characteristic (s•t> <fn>)

meati that the lisp subroutine <fn> is the characteristic function for the set <sit>. e.g.

(characteristic integers f isp). See arity. domain.

'iJanuary'AN
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6 MRS Dictionary

cnt
is short for conjunctive form. A proposition is in conjunctive form if it is written as a

conjunction of disjunctions of literals. i.e. atomic propositions or negations of atomic

propositions. For example, the proposition

(and (or (not (p Sx)) (q Sx)) (or (r $x) (s $x))) is in conjunctive form. This also

serves as a representation. See repn.

cnf-assert (cnf-assert (p>)

converts <p> into conjunctive normal form and separately asserts cacti of the conjuncts. See

cnf.

cnf-unassert (cnf-unassert (p>)

converts <p> into conjunctive form and separately unasserts each of the conjuncts. See cnf.

computable-repn [Concept]

Many relations and functions can be readily evaluated, and so never need to be explicitly

stashed. Consider, for example. the class of arithmetic functions and relations, such as + and

>. MRS includes several computable representations in which io encode such facts.

19 Janu ary 1984

We deschbe below various computable representations -- viz.. re, rq, rab. rqbm. rob. rebel.

rqfm, fe, fq and t is. For a proposition to be represented in one of these representation, its

relation symbol must have an associated LISP subroutine (ALS). Each lookup subroutine

associated with each of these representations takes as input a proposition of the form

(Cr) <xl>  and calls ALS on a list of values computed from that argument list,

< 
1 

. . . <x
n
>. In some representations. each argument is first evaluated, using lookupval.

Also, in some representations the ALS takes all n arguments. while in others it is only passed

the term-part of the proposition. namely the first n--1 arguments. Note that propositions

stored in this way are not associated with any particular theory and cannot be found by

PR-based routines like prfacts or prcontents. The details of these representations are

specified in the Computable-Rion [Relation] and Computable-Repn [Func_lon] entries.

these representations are used by the funproc and rel nproc relations.

•



MRS Dictionary 7

computable-repn [Function]

Here we describe those computabl e-repn representations which are based on a function. We

designate these function-based representations by using the letter F in the first position of

the name of the representation -- e.g. Fq is a function-based representation. Here, only the

term part of the proposition is passed to the ALS: and it is the responsibility of the associated

lookup subroutines to bind this returned value appropriately.

Hie same second letter is F for Eva'. Q for Quote convention used for the relation-based

representations applies here as well. Hence lookup subroutines associated with the FE

representation will first lookupval each of the arguments <xi> <xn_i>, passing the

resulting list to the ALS.

The only (current) additional letter for functian-based representations is A. for arithmetic.

[his uses NUN-a rather than UNIFYP when comparing the value associated with the term of the

proposition with the value of the proposition. See computable-repn. fs. tea. fq.

computable-repn [Relation]

the computable-repn representations are based on relation. These relation-based

representations are designated by using the letter R in the first position of the name of the

represenation -- e.g. Ero is a relation-based representation. With one exception. the ALS

takes a spread version of the full proposition as its arguments. If the second letter is F. for

cal. (as in able.) the associated lookup methods will first call lookupval on each embedded

term, and pass that evaluated argument list to the ALS. Otherwise, when it is Q for quote.

those argument are directly passed to the A I.S. By default, the value returned by the A I .S is

an arbitrary value which, when nonNti., tells the lookup subroutine that this propostion is

true.

contents

cut

The third and fourth letter encode further refinements: When the third letter in the

representation's name is B. (e.g. roe.) the ALS itself will return a binding lisi which the

lookup subroutine will return. For these r/b relations, a subsequent M (e.g. reb14.) means the

ALS returns a list of binding-lists, rather than just one. [his 4th letter, M. means multiple

s.alues convention is retained for the ROFAI representation (used for multi-functions). Here

the ALS takes only the term part of the proposition. and returns a set of %, alues. [he

RQFM-LOOKUPS subroutine then forms the list of appropriate binding-lists. [Exception

mentioned.] Consider the Square-Root multi-function, which returns both the + and - root

of a number. See Computable-Repn [Concept]. repn. re. rob, rebus. rq. rqb, rqbm. rqfm.

(contents <0)

returns a list of propositions stored in theory <t>. Only those facts stored using the

propositional representation (i.e.. pr) will be found.

(cut)
is a special control form. When (cut) is executed, all other subtasks of the enclosing doab e

or undoable task are discarded. As a result. if the subtask containing the (cut) form fails, the

enclosing doable or undoabl• subtask will fail as well. See doable. undoable.

'4.1wuwy ,*14
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8 MRS Dictionary

datum (datum <x>)

returns the symbol corresponding to the expression or proposition <x>.

deactivate (deactivate <tl> (tn>)

deactivates the named theories. See th•ory, activith•or les. activate.

def (def <k> <k1) . . . <kn>)

means that the task <k> is defined as (dosnd <kl> . . . <kn>). A task can have more than

one definition, each one co% enng a different set of inputs. For example. the following

propositions define the factonal function.

(def (fact 0 1))]
(def (fact Alm in)

(- &m 1 6p)
(fact ip &GI)
(11 Alm Am 6n))

defobject (defobject <name> <pi) 
<pn>)

unasserts all propositions in pr that mention <name> and then asserts the propositions <pi>...

<Pn>.

deftheory (deftheory <name> <pi> <pn>

empties the theory <name> and asserts propositions <pl>, ... <pa> into it.

disjoint (disjoint <x> <y>)

means that lists <x> and <y> do not hx,e any elements in common.

(disjoint nil Sy)
(disjoint Ss nil)
(if (and (not (element Si Si)) (disjoint Si Si))

(disjoint (Si . Si) Si))

Procedural attachment: truep-disjoint. Fhe lisp tile set must be loaded from the mrs

directory.

disqualified

dl

'9 January 1984

(disqualified <10)

states that the task <k> is disqualified. A task that is app 1 icable is executable unless it is

disgust moo. The chief way a task can get disqualified is for there to be another appl icabl •

task that is preferred to it. However, this fact is used when either of the switches executable

or preferred is non-nil. See applicable. scheduler.

(repn <p> dl)

means that the proposition <p> should be represented in the al representation. i.e. the dl-<x>

family of subroutines will be used to stash. unstash. and lookup <p>. This representation is

particularly useful for representing propositions in% oh. ing non-functional binary relations.

e.g. (neighbor francs switzerland). Note that propositions stored in this way are not

associated with any particular theory and cannot he found by PR-based routines like prfacts

Orprcontents.SCedl-lookup. dl-stash. dl-unstash. repn.
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di-stash
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(01-lookup (<r> (a> (b>))

matches <o> against each of the values stored as the <r> property of the lisp atom <a>, and if

successful returns the resulting binding list. Both <r> and <a> must be atoms. See dl.

(dl-lookups (Cr> <s> (b>))

matches <b> against each of the values stored as the <r> property of the lisp atom <a>. and

returns a list of the binding lists for every successful match. Both <r> and <a> must be atoms.

See di .

(01-stash (<r> <a> <b)))

adds <b> to the list of %alues stored as the <r> property of the atom <a>. Both <r> and <a>

must be atoms. See dl.

(0-unstash ((r> <a) <b>))

removes <to from the list of values stored as the <r> property of <a>. Both <r> and <s> must

be atoms. See dl.

is short for disjunctive form. A proposition is in disjunctive form if it is written as a

disjunction of conjunctions of literals. i.e. atomic propositions or negations of atomic

propositions. For example. the proposition (or ( and a ( and c d)) is in disjunctive

form. This also serves as a representation. See rion.

doable (doable <10)

designates the task of trying to execute the task <k>. The task (doable <k>) succeeds if there

is a successful execution of <k>. However, after a single success. all other subtasks of (k) are

discarded. and so it can succeed at most once. Note that as a result of the current

implementation. it is not possible to interleave subtasks outside a doable task with those

inside. See succeed and cut.

doall (dosll <a> <k> <s>)

designates the task of getting all <s> for which the task <k> succeeds. It packages these into a

list and succeeds if the resulting list unities with <s>.

doand

domain

(doand <k1> . . . (kn>)

designates the task of executing tasks <ki>. <kn> in sequence. If one of the tasks can be

executed in more than one way, separate subtasks are set up for each possibility. The amino

task succeeds if there is at least one succesful execution of all the tasks in the list. For

example. (doand (memlist hit ((a) b (c))) (atom is t)) succeeds because the atom task

succeeds for the execution of the mem task in which tic is bound to b. The order in which

subtasks are executed can be influenced by making appropriate preferred statements.

(domain <no> <1> <sem

provide typing information. indicating that the <i>th argument of the relation (or operation)

<rel> Must belong to the set <set>. E.g. (domain stash 1 propositlona See

arity, chsractistic. theories. terms. propositions.

'9 Januar/ '964
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10 MRS Dictionary

door (dool <1(1>

designates the task of trying to execute one the tasks <1(1> 

adunit (edunit <x>)

allows the user to edit the propositions about <x> using lw ei. [AVAILABLE ONLY IN

ZETALISP.J

element (elemant <x> (s>)

means that object <s> is an element of list <s>.

(elomant Se (Se . $1))

(if (element Ss $1) (element

elementsin

empty

exdisp

executable

oxecutable

executo

'9 Jan..ary ' 484

$* ($y . $1 )))

Procedural attachment: truep-olemont. The lisp file set must be loaded from the mrs

directory.

(elemontsin <b> (s>)

means that <s> is the set of all elements in the bag <b>.

(elemontsin nil nil)

(if (and (not (element Se Si)) (elemontsin Si Si))

(olomentsin (Se . $1) (Se . Si)))

(if (and (element Se Si) (olementsin $I Si))

(elsmentsin (Se . SI) Si))

Procedural attachment: trusp-elamentsin. Fhe lisp file set must be loaded from the mrs

directory.

(empty <t>)

unasserts all the facts in the theon. <t>. Only thosc facts stored using the propositional

representation (i.e.. pr) ill be tound.

(exdisp <1> <al>)

performs one step in the execution of the list of tasks <1>. '[he alist <$1> is a list of variable

bindings obtained so far.

(executable <k>)

states that the task <k> is executable. If the value of the variable execution is non-nil.

scheduler uses trtruep to find a task <k> such that (executable <k>) is true. If the value of

executable is nil, it simply selects an element from the value of the variable agenda. If the

■,alue of the variable preferred is nil. it takes the first element: otherwise. it uses trtruep to
find the best according to the preferred relation. See schiduler.

See definition of the meta-level executable

(execute <k>)

tries to execute the task <k> and, if successful. returns a binding list for the meta-level

‘anables in <k> It is implemented using exdisp See task. dot doable, undoable. doal 1.

doand. door. succeed, cut. preferred. tracetask.

•
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(executed <k>)

means that the task <k) has been executed. If the value of the variable executed ls

scheduler will use trassert to record this fact of each task- as it is performed. See scheduler

See definition of the meta-level executed.

(executes <p))

tries to execute the task <k> and, if successful, returns a list of all binding lists for the

meta-level ‘ranables in <k>. It is implemented using okaisp. See task. def. doable. undoable.

doal 1. doand. door. succeed, cut. preferred. tracetask.

(fc <p))

means that proposition <p> is assert and then all rules with <p> in the premise are checked to

see if the premise is true and if so the consequence is asserted. Only base-level variables are

treated as variables by fc. and any meta-level variables are treated as constants. The

inference procedure used is forward chaining, but there are also built-in procedural

attachments for many propositions (specified via the toassert relation). Pc is implemented

using the subroutine fcdisp. See fcalsp. scheduler.

(fcd1sp (p>)

performs one forward chaining step on the proposition <p>. fcdisp first calls trtruep to find

a procedural attachments for <p> other than fc. and if successful calls that subroutine.

Otherwise, it generates other assertions by looking in the data base for propositions of the

form (1? <p> <q>) and (If (and ... <p) ) <q)). The order in which multiple tcet sp

tasks are executed can be influenced via appropriate preferred propositions. Fcdi sp caches

all results and saves justifications as appropriate. See trtruep. toassert. Justify.

fe (repn <p> fe)

means that the proposition <p> should be represented in the ye representation. That is. the

t•-<k> family of subroutines will be used to retrieve <p>. Its lookup method. fe-lookup.

takes as its argument a proposition of the form ((f> <xi> ... <xn> <xn.1>). It first

evaluates the term (<f) <xl> <en>) by applying LISP subroutine corresponding to the

function symbol <f>. ( i.e.. on <f>.S LISP property.) to the list obtained by calling lookupval

on each of the <a > Fe-Lookup then unifies this value with (lookupvel <an4.1))• and 
returns

•
the result. See computablo-repn. fo-lookup. fo-lookups. foe. fq. funproc, rope.

fe-lookup (ft-lookup (p>)

is used to retrieve the proposition <p>. See fe. lisp.

fe-lookups (ft-lookups <p>)

funLtionall, equi%alent to (plural izo (F•-lookup p)). See to. to-lookup.

+9 January '484
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12 NilitS Dictionary

tea (rips (p> Via)

means that the proposition <p> should be represented in the i'as representation. That is, the

faa-<x> family of subroutines will be used to retrieve <p>. Its lookup method. fsa-lookup.

takes as its argument a proposition of the form (<f> <a1) <an> <x114.1>). it first

evaluates the term (<f> <k1> ... <an>) by applying LISP subroutine corresponding to the

Function symbol <f>. (i.e.. on <f>'s LISP property.) to the list obtained by calling lookupuel

on each of the <a1>. Fos-Lookup then compares this value to (lookupval n+1
>) using

num..., and returns the result. Fe-lookup just uses unifyp to produce this companson.) See

computable-repn, fsa-lookup. fea-loukups, Vi. funproc. ropn.

fee-lookup (fee-lookup <p>)

is used to try to retneve the proposition <p>. See rim. nun-•. lisp

fsa-lookups (faa-lookups <p>)

is functionally equi alent to (plural ize (Fee-lookup p)). See fee. fea-lookup.

fq (noon (p> fq)

means that the proposition <p> should be represented in the fq representation. That is. the

fq-01> family of subroutines will be used to rethoe <p>. By default, most functions.

(including arithmetic ones.) use this representation. Its lookup method. fq-lookup. takes as

its argument a proposition of the form (<t> <xi> (k
n
> <kn+1>). It first evaluates the

term ((f> <a1> ... <an>) by applying LISP subroutine corresponding to the function

symbol <f>, (i.e.. on <t>'s LISP property.) to the list <ki> Otn>. Fq-Lookup then unities

this value with 
<xn+1>' 

and returns the result. See computable-rspn, Va. fq-lookup.

fq-lookups. fqm. rspn.

fq-lookup (fq-lookup <p>)

is used to try to retrieN.e the proposition <p). See fq. lisp.

fq-lookup.. (fq-lookups <p>)

tunctionally equiNalent to (plural ize (Fq-lookup p)) See fq. fq-lookup

function (function <a>)

means that <a> is a function. See singlep

funproc (2] (funproc <gym) <op>)

means that the operator cup> is procedurally attached to the symbol <sym>. E.g. after

asserting (funproc • plus). (iookupval (• 2 3 4)) will pass 2. 3 and 4 10 the LISP

procedure plus. and return its answer, a. Note that this looking-up mechanism is

(intentionally) very simple-- while (lookup '(• 2 3 4 Si)) will work ( returntng a binding

list which includes (So . O.) both (lookup '(4. 2 3 se a )) and (lookup (• Sd 0 Sc))
will return nil. rhe (funproc <aye> <op>) assertion will use funproc-assort to tbrward

chain to assert (function <Lyn)). and that all propositions (and terms) w hose relation

symbol IS <ars> should use the fq representation. See fq. function. funproc [3]

funproc-assert. r•lnproc

*9 January 1984
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(funproc <sym> <op> Own>)

[his is an embellishment of the binary funproc, listed under funproc (2]. After a

(funproc + plus) assertion, both (lookup '(+ 2 (+ 3 4) SX ) and

( lookup .(+ 2 3 4) 9.0)) will fail -- i.e. return nil. One can use the (optional) third

argument, <Non>. to permit two other, more elaborate forms of functional procedural

attachment. The (funproc + plus FE) assertion handles the first problem. Now each

embedded ground term -- here 2 and (i' 2 3) -- will first be lookupvaled. and the result

passed to the LISP procedure plus. Fhat is. this uses the fs representation, rather than fq.

'[he assertion (funproc • plus FEA) solves the second problem, causing (+ . as) to use the

tea representation.

[he <twin> term defaults to fq if omitted. One can also substitute EVAL for fs, or • for fee.

See foe. fe. fq, function. funproc [2]. funproc-assert. num-a. r•lnproc.

funproc-assert (funproc-ass•rt (funproc <sym> <op> <rspn>))

asserts the proposition (funproc <sym> :op> Cropn>). ([he same subroutine is used to

assert (funproc <sym> <op>).) See funproc.

gotbdg (getbdg (v> <p>)

is equivalent to (getver <v> (truer, <p>)).

gstbdgs (getbdgs <v) <p>)

is equivalent to (mapcar ' ( lambda (1) (gstvar <v> 1)) (truips p)).

(Wye (gstval (<r> <x1> ... <xn>))

is equivalent to (getbdg <y> (Cr> <xi) ... <xn> <y>)).

getvals ((Istvan (<r> <x1> ... <x>))

is equivalent tO (gettidgs <y> (<r> <x1> ... <xn> (y>)).

getvar

ground

(getvar <v> (1>)

looks up the binding of the variable <v> on the binding list <ix fully instantiates it w ith

respect to the other variables on <i>. and returns the result. For example.

(getvar 'Sit '((Sit . (f Sy)) (Sy . a))) would return (f a).

(ground <s>)

states that the expression <X> is a ground expression. i.e. it contains no vanables. See

lookup-ground.

groundp (grounds <s>)

returns t if and only if the expression <s> contains no variables.

if (If <p> <q>)

means that whenever proposition <p> is true. proposition <q> is true. See oc, Pr. fc.

iff ( iff <p> <q))

is equivalent to (and (If <p> <q>) if <q> <p>)).

4a Januiry I 384
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includes

includes

indb

indbp

(includes <c> <d>)

means that the theory <c> includes the theory <d>.

(includes <ti> <t2>)

makes theory <t1> a supertheory of theory <t2> so that whenever <ti> is active <t2> will he

active as well. In effect theory <t1> includes all of the propositions in <t2>. Both t000ry and

acts sot000r is take these inclusions into account.

(indb <p))

(indbp <9>)

means that a proposition equal to <p> up to variable renaming is stored in the pr

representation. See pr-indbp.

integer (integer <x>)

means that <s> is an integer.

inter (inter <x) <y> <b>)

means that list <b> is every element in list <s> that is in list <y>.

(inter nil Sy nil)
(if (and (element S. Sy) (inter Si Sy Si))

(inter (So . Si) Sy (Se . Si)))
(if (and (not (element Si Sy)) (inter Si Sy Si))

(inter (S. . $1) Sy Si))

Procedural attachment: truep-inter. The lisp file sot must be loaded from the mrs

directory.

intersect (intersect <a> <y>)

means that bag <s> and bag <y> have an equal element.

(if (or (element So Si) (intersect Si Si))
(intersect (Se . Si) Ss))

Procedural attachment: truep-intersoct. the lisp tile sot must be loaded from the mrs

directory.

is (Is <z> <y>)

means that the value of the arbitrarily nested expression <s> is <y>. See

lookup-1s. trusp-is.

just

'9 January '984

(just <q> <10 <pi> ... <pn>)

means that the justification for the proposition named <q> is the inference method <o> and

the premises <pi>.... <pn>. See when. why. justify, tm-unassert.

•
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is a vanable governing MRS's mechanism for recording justifications. When normit. its

yalue is the name of the theory into which MRS will save justifications for all deductions. (If

jos tfy has the value T. then the current theory is used.) It is recommended that one house

these propositions in a temporary theory', and apply empty to this uleory when these

justifications are no longer needed. See why and whom

(kb to<g> <argi) CargN>)

is \I RS's v,a■. of handling procedural attachments. It is equi% alent to

(apply (getvar '8f (trtruop (to<g> Carpi> <argN> if) <argi>...<argle))). See

to<g>.

(length <1> <n>)

means that the list <1> is of length <n> •

(lhfalse (unprovable (p>))

cal:S lookup on the proposition <p>. It returns nil if the answer is non-nil: otherwise, it

returns truth.

lhtrue (1htrue (provable <p>))

calls lookup on the proposition <p> and R:turns the answer.

lisp (lisp <sym> (op>)

means that <op> is the Lisp subroutine used to compute the function denoted by the symbol

<sym>. E.g. (lisp 4 plus). See Computable-Repn [Concept]. fes-lookup. fa-lookup.

fq-lookup. re-lookup.ro-lookup.rqb-lookup.reb-lookup.rem-lookups.

lookup (lookup (p>)

checks whether the proposition <p> matches a proposition in the data base and, if so. returns

the correponding binding list. Lookup is an abstract operator implemented using kb and

tolookup.

loOkUP-' (lookup-. OD <A> <y>))
calls unifyp on the expressions <A> and <y> and returns the result. See

lookup-bagof (lookup-bagof (bigot <x> (p> <s>))

calls lookups on <p> and matches <A> against the sequence formed by plugging the answers

into <x>. Lookup-bagof is useful for performing extensional reasoning, since it allows one to

designate the set of all solutions to a problem.

lookup-ground (lookup-ground (ground <x>))

returns ((t . t)) if and only if the expression <A> contains no yanables. See ground.

lookup-is (lookup-is (is <A> <y>))

uses tookupval to eYaluate the arbitrarily nested expression <A> and tries to unify the answer

with <y>. See is.

'p64
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lookupapplicable (lookupapplicable (applicable <k>))

tries to match <k> with each element of agenda and returns a corresponding binding list if

successful. See applicable.

lookupbeig (lookupbdg <v> (p>)

is equivalent IO (petvar (v> ( lookup <p>) ).

lookupbdgs (lookuptidgs <v> (p>)

isequp,alentIO(mapcar '(lambda (A) (getvar (v> A)) (lookups <p>)).

lookupbylookups (lookupbylookups <p>)

is equv,alent to (singularlzi (lookups <p>) ).

lookups (lookups <p>)

checks whether the proposition <p> matches any. propositions in the data base and returns a

list of binding lists for each successful match. Lookups is an abstract operator implemented

using kb and toi ookups.

lookupsapplicable (lookupsapplicable (applicable <k>))

tries to match <k> with each element of agenda and returns list of binding lists for each

successful match. See appl icable.

lookupsbylookup (lookupsbylookup <p>)

equiulent to (pl urel ze ( lookup <p>) ).

lookupval

lookupvals

mend

mandcan

9 lanu try 'i4

(lookupval (<f> <A1> ... <An>))

equi% alent to (petvar <y> ( lookup (<f> <xi> ... <An> (y)))).

(lookupvals (<f) <A1>

is equRalent to

(mapcsr (lambda (A) (getvar <y> A)) (lookups (<f> (A1> ... <An
> (y>))).

(stand <p> (I>)

is satisfied if (<p> it) is true for every x in the list <1).

(mend $p Ail)
(if (and ($p SA) (mend $p Si))

(nand $P ($A • Si)))

Procedural attachment: truip-mand. I he lisp tile set must be loaded from the mrs directory.

(mandcan <p> <1> <s>)

means that <p> is the union of the lists y that satisfy ( <p) y) for eery element A in list <i>.

(mandcan if nil nil)
(if (and (Sf $A Sy) (mandcan if Si Ss) (union Sy Si it))

(mandcan Sf (SA . $I) St))

Procedural attachment: truep-mandcan. Ihe lisp tile sit must be loaded from the mrs

directory.

•
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(mandcar <p> (1> <s>)

means that <a> is the set of objects y that satisfy (<p> x y) for every element z in list <1>.

(mandcar if nil nil)
(if (and (Sf Sx Sy) (mandcar Sf Si Si))

(mandcar Sf (Si . $1) (Sy . Si)))

Procedural attachment: truip-mapcar. Elie lisp file sat must be loaded from the mrs

directory.

(matchp <x> <y>)

checks whether the expressions <a> and <y> can be unified by s -le set of bindings for the

meta-level variables in the two expressions. If so. matchp returns the corresponding binding

list for the variables in <a> but discards the bindings for the variables in <y>. If the

expressions are not unifiable, matchp returns nil. All variables in <a> are treated as distinct

from the variables in <y>. even though they have the same name. For example. the

expression (r &x o) matches (r a &a) with result ((ix . a) (t . t)). See batchp.

(mom <I> <0)

means that the element <e> is a member of the set of <c>. E.g., (mos gaorgo Imola). See

subclass.

nimble (member <a> <s>)

means that <a> is a member of the list <a>. e.g. (mamber 5 (a 5 6)).

momlist (mallist <x> <1>)

designates the task of checking whether the object <a> is in the list <I>. Alaal is t tnes to unify

<a> with each element of <1> and succeeds once for each match that it finds.

mlvarp (mlvarp <xp))

returns a non-nil value if <xp> is a meta-level v ariable and otherwise returns nil. A meta-

'variable in MRS is denoted by an ampersand prefix Is) and is internally distinguished by the

value al. e.g. &a is a meta-level variable. See varp.

mrsapropos (mrsapropos <s>)

returns a list of all LISP atoms containing <a> as a substring of their prmtnarnes.

mrsdomo (mrsdwao)

presents a demonstration of the range of capabilities in MRS.

mrsdoscribs (mrsdoscribe <x>)

prints out the portion of this dictionary relevant to the object <a>.

mrsdump (mrsdump <t> <f>)

saes the propositions from theory <t> in a form that allows them to be reloaded with I ISPs

load command. Only those facts stored using the propositional representation (i.e.. pr) will

be found.

'9 Jar,..arv ' ad.1
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mrshelp

mrsload

mrssave

(mrshelp (k>)

provides information about the MRS key word <k>.

(mrsload (f>)

loads a file <t> of propositions.

(mrssave <tl> (tn> <f›).

saves the propositions from theories <t1> <tn> in the file <t> in a form that allows them

to be reloaded with the mr s load command. Note that this works only for propositions stored

in the pr representation.

mrstofunctions

refers to the set of all MRS to<g> functions -- e.g. (mom tostash mrstofunctions). See

domain.

not (not <p>)
means that the proposition <p> is false. [his is not equivalent to unknown, or to unprovable.

num-. (num-. <x> (y>)

means that the expressions co> and <y> are numerically equal -- or close enough to qualify.

Procedurally, if <x> and <y> (are nonN IL and) unify, that MGU value is returned

Otherwise. if both terms are ground atomic numeric expressions. whose difference is less

than NUM-.-THRESHOLD. truth is returned. E.g. (num-. 3 3.0) returns truth. whereas

(unifyp 3 3.0) returns it. See foe. num-•-theshold.

num-.-threshold

is a special variable whose %,alue is the tolerance required for two numeric 'values to be

considered equal. It is initially set to 0.0001. See num-..

number (number (x>)

means that <11> is a number.

or (or <pl> . . . <pn>)

means that one or more of the propositions <01> . . . <pa> is true.

output

pattern

perceive

(output <x))

translates the expression <x> into pseudo-natural language in accordance with programmer'

defined templates. See tempi ate.

(pattern (o>)

returns the proposition corresponding to the proposition symbol <0.

(perceive <p>)

determines whether the proposition <p> is true by direct observation rather than inference.

Perceive is an abstract operator implemented using kb and toperceive.

perceivo-indb (perceive-indb (indb <p>))

19 January 1984
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perceive-not (perceive-not (not <p>))

perceives (perceives <p>)

determiner whether the proposition <p> is true by direct observation rather than inference

and returns a list of all binding lists for which it succeeds. Perceives is an abstract operator

implemented using kb and toporcei vas.

P1 (repn <p> pl)

means that the proposition <p> sh,iuld be represented in the pl representation. i.e. the pl -<x>

family of subroutines will be used to stash. unstash. and lookup <p>. This representation is

particularly useful for representing propositions involving unary functions. c.a.

(arity Sieber 2). Note that propositions stored in this way are not associated with any

particular theory and cannot be found by PR-based routines like prfacts or prcontents. See

pl-lookup. pl-stash.pl-unstash.repn.

pi-lookup (pl-lookup (<f> <a) <b>))

matches <b> against the <f> property of the lisp atom <a>. <f> and <a> must both be atoms.

See pl.

p1-stash (p1-stash (<f> <a> <b>))

places 0> on the property list of <a> under the indicator <f>. <f> and <a> must both be

atoms. See pl.

pi-unstash (pl-unstash (<f> <a> <b>))

removes the <f> property from the lisp atom <a>. if its ‘,alue was (b>. (f> and <a> must both

he atoms. See pi.

plug

pluralize

pr

(plug <x> <1>)

returns a copy of the expression <x> fully instantiated with respect to the variables on the

binding list <I>. For example. (plug '(r Si Si) • ((Si . (f Sy)) ($y .a))) would return

(r (f a) Si).

(pluralize <A>)

returns the plural-value of <A>. lhat is. it returns (list <a>) if <x> is nonuit. or nil

otherwise. See lookupsbylookup. truepsbytruep.

Own <p> pr)

means that the proposition <p> should he represented in the pr representation. i.e. the pr-<x>

family of subroutines will be used to stash. unstash. and lookup <p>. This is MRS.s default

representation. Propositions stored in this way can be associated with any number of

theories and will he available for use only when one or more of those theories are active. See

pr-lookup.pr-indbp.pr-stash.pr-unstash.

pr-indbp (pr-indbp <p>)

checks whether there is a proposition in the pr representation that is identical to <p> up to

vanable renaming and. if so. returns its proposition symbol. See pr.

'9 IlleuArf )44
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pr-lookup (pr-lookup <p>)

uses indoxp and batchp to find any matching proposition in the pr representation and, if

successful. returns the corresponding binding list. See pr.

pr-lookups (pr-lookups <p>)

uses indoxp and batchp to find any matching proposition in the pr representation and

returns a list of all binding lists for which it is successful. See pr.

pr-stash (pr-stash <p>)

stores <p> in the propositional data base and returns the corresponding proposition symbol.

See pr.

pr-unstash (pr-unstash <p>)

removes the proposition <p> from the propositional data base. See pr.

prcontents (prcontents (th>)

prints out all propositions in theory <tax Only those facts stored using the pr representation

will be found.

preferred (preferred <i> (k>)
states that the task < j> is preferred to the task <k>. The preferred is important in that <k> is

disqualified whenever there is an applicable task that is preferred to it. This relation is the

primary way of influencing task ordering in MRS. It has effect only when one of the switches

executable or preferred has a non null value. See disqual Med, scheduler.

prf acts (prfacts <n>)

prints out all propositions about <n> in the currently active theories. Only those facts stored

using the pr representation will be found.

primitive (primitive <k))

states that the operator in the task <10 is a primiti‘e machine operation. i.e. a I isp

subroutine.

property (property <x> <y) <2>)

means that the atom <x> has <y> as ILS <z> property.

propositions (domain <A> (1> propositions)

means that the <i>th argument to the subroutine <x> should be a proposition. See domain.

re (repn <p> re)

means that the proposition <p> should he represented in the re representation. That is. the

re-<x> family of subroutines will be used to retneve <p>. Its lookup method. re-lookup.

takes as its argument a proposition 01 the form (<r> (A1> ... <An>) and calls lookupval on

each of the <Sy. If there is a LISP subroutine (i.e. on <r>.s LISP property.) corresponding to

the relation symbol <r>. re-lookup applies the subroutine and returns ((t . t)) if that

subroutines returns rionaii.: otherwise it return nil. See computable-repel. repn. re-lookup.

re-lookups. rq. rib. relnproc.

' 9 January 1964
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re-lookup (re-lookup <p>)

is used in trying to retrieve the proposition <p>. See re.

re-lookups (re-lookups <p>)

is functionally equivalent to (pluralize (Re-lookup p)). See re, re-lookup.

rob (rept <p) rob)

means that the proposition <p> should be represented in the rob representation. hat is, the

rob-<x> family of subroutines will be used to retrieve <p>. Its lookup method. rib-lockup.

takes as its argument a proposition of the form (<r> <xi> ... <xn>). If there is a LISP

subroutine (i.e. on <r>.S LISP property.) corresponding to the relation symbol <r>.

rob-lookup applies the subroutine to these arguments. and returns the result (assumed to he

a binding list). E.g. (ropn (unifyp S. SO) rob). See computablo-repn, repn. rob-lookup,

rob-lookups.

rob-lookup (rob-lookup <p))

is used in trying to retneve the proposition <p>. See rob. relnproc.

rob-lookups (rob-lookups <p>)

is functionally equivalent to (pluralize (rob-lookup p)). See rob, rob-lookup.

robe (ropn <p> robe)

means that the proposition <p> should be represented in the rebm representation. That is. the

rebe-(x> family of subroutines will be used to retrieve <p>. Its lookup method. rob-lookup.

takes as its argument a proposition of the form (<r> <xi> ... <rin>). If there is a LISP

subroutine (i.e. on <r>'s LISP property,) corresponding to the relation symbol <r>.

rib-lookup applies the subroutine to these arguments. and returns the result (assumed to he

a list of binding lists). See computablo-ropn. rob. robm-lookup. rob-lookups. relnproc.

rope

robe-lookup (rrme-lookup <p))

is functionally equivalent to (singularize (rob-lookup p)). See ribmAi-lookup

rolnproc [2] (relnproc <sym> (op))

is a way of procedurally attaching the operation <op> to the relation symbol <sym>. E.g. after

asserting (rolnproe < greater-than). (lookup '(< 2 4)) will pass 2 and 4 to the LISP

procedure groatsr-then. and seeing Its answer is nonNIL. the lookup call will return

((t . t)). (It would otherwise return NIL.) 'Ibe (rolnproc <sym> <op>) assertion will use

rolnprae-assort to forward chain to assert that all propositions whose relation symbol is

<sym> should use the rg representation. See funproc. rolnproc [3], relnproc-assert. rq.

liJsr6arv'M4
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relnproc [3] (relnprot <sym) (op) (row>)

There are various possible limitations with binary rel nprot mechanism, listed above under

rilnproc [2]. First, after asserting (relnproc < greater-than). the query

(lookup '(< 2 (+ 1 3))) will return nil. Second. after asserting (reinproc unify unifyp),

(lookup ' (unify (a Sy) ($z b))) will only return ((t . t)). ignoring the ($o . a) and

(Sy . b) bindings. The (optional) third argument above. <repn>. permits other. more

elaborate forms of relational procedural attachment. The (relnproc ( greater-than RE)

assertion handles the first problem. Here each embedded ground term -- here 2 and (+ 1 3)

-- will first be lookupveled. and the result passed to the LISP procedure greater-than. This

uses the re representation, rather than rq. The (relnproc unify unifyp RQII) assertion

handles the second problem. as the (unify ix $ly) facts will now use the RQS representation.

Similarly <own> can be set to ROM. RES. REM! or RQFM.

If omitted, <own> here defaults to rq. One can also use the aliases EVAL for RE. I Ina st for

MlindList for REIN. Ellindlist for REB. MEBindlist for REIN, or MultiFn for RQFM. See

relnproc [2]. relnproc-assert. re. rob. robe. rq. rqb, rqbm, rqfm.

relnproc-assert (relnprot-assert (relnproc <sym> <op> <repn>))

asserts the proposition (relnproc <sym> (op) <repn>). (The same subroutine is used to

assert (r•lnproc <sot> <op)).) See relnproc.

Toon Own <p> <rpn>)

means that the representation <rpn> should be used to store and access the proposition <p>.

(See reons entry for list of allowable representations.) Sec achieve. repn-assert.

repn-method. repn-unassert. repns.

repn-assert (repn-assort (repn <prop) (!.pn>))

uses the own-method declarations associated with this representation <rpn> to stash lin a

forward chaining manner) the appropriate toot> statements for this <prop>. The domain

specification of that operation is used to determine the exact form of the assertion. E.g.

calling repn-assert on the assertion Own (father Sic id) pl) will generate the statements

(tolookup (father it id) p1-lookup). and (tolookups (father it id) pi-lookups). as

(domain lookup 1 propositions). (Later it may deal with terms, and assert facts like

(tolookupval (father it) pl-lookupval ). (ia (domain lookupval 1 terms)) as %ell.) See

domain, rem ropn-method, repn-unassert.

repn-method (repn-method <rpn> <op> <mthd>)

means that the LISP subroutine <mthd> should be used to pet-form the <op> operation. in the

representation <rpn>. E.g. (coon-method pr tostash pr-stash). See repn-assert. repn.

repn-unassert.

repn-unassert (repn-unassert (Toon <prop> <rpn>))

undoes the effects (read 'stashes) of repn-assert. See domain, rept. repn-assert.

repn-method.
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(mem <r> repns)

means that the symbol r refers to a representations. Currently existing representations

include en?. al. pl. pr. ti and achieve-perceive. all of which store results: and to, fee, fq,

re. rib, ribs. NI, rob. robs and rem which do not. See repot, computable-i eon.

(residue <p>)

tnes to prove the proposition <p>. It differs from truep in that it is allowed to make assume

any proposition asserted to be assumable: and, if it is successful in proving <p>. it returns a

list of its assumptions. The set of assumptions is called the residue of <p>. Residue is an

abstract operator defined using kb and toresidue. See assumable.

(residues <p>)

tnes to prove the proposition <p>. It differs from trueps in that it is allowed to make assume

any proposition asserted to be assumable and, if it is successful in proving <p>, it returns a

list of lists of assumptions. The set of assumptions is called the residue of <p>. Residue ti an

abstract operator defined using kb and toresidue. See assumable.

(resolution <p>)

tries to prove the proposition <p>. If successful, it returns an appropriate binding list:

other% ise. it returns nil. Resolution is an implementation of linear-input resolution using

the set of support control strategy. In operation. resolution negates <p> and converts it to

conjunctive form, stashes the results in a locally bound theory, and invokes the subroutine

rsdisp on each conjunct. See rsdisp. scheduler. tracetask. cnf.

r•solutionresidue (resolutionresidue <p>)

tries to prove the proposition <p>. If succesful. it returns a list of assumable propositons

which, when added to the data base. imply <p>. Resolutionresidue is an implementation of

linear-input resolution using the set of support control strategy. In operation.

resolutionresidue negates <p> and converts to conjunctive form, stashes the results in a

locally bound theory, and invokes the subroutine rrdisp on each conjunct. See rrdisp.

scheduler. tracetask. cnf.

resolutionresidus (resolutionr•sidue <p>)

tries to prove the proposition <p>. If succesful. it returns a list of assumable propositons

which, when added to the data base, imply <p>. Resolutionresidue is an implementation of

linear-input resolution using the set of support control strategy. In operation.

resolutionresidue negates <p> and converts to conjunctive form, stashes the results in a

locally bound theory. and invokes the subroutine rrdisp on each conjunct. See rrdisp.

scheduler. tracetask. cnf

resolutionresidues (resolutionresidues <p))

tnes to prove the proposition <p>. It returns a list of all assumption lists for which :t

successful. Res° 1 ut ionres 1 due is an implementation of linear-input resolution using the set

of support control strategy. In operation, resolutionresidues negates <p> and converts to

conjunctive form. stashes the results in a locally bound theory, and invokes the subroutine

rrdisp on each conjunct. See rrdisp. scheduler. tracetask. cnf.

Jirulef 964
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resolutions (resolutions (p>)

tries to prove the proposition <p>. It returns a list of all binding lists for which it is successful.

Rosol utions is an implementation of linear-input resolution using the set of support control

strategy. In operation. roll° 1 ut 1 on s negates <p> and converts to conjunctive form, stashes the

results in a locally bound theory, and invokes the subroutine rsdisp on each conjunct. See

rsdisp. scheduler. tracetask, cnf.

rq Own <p> rq)

means that the proposition <p> should be represented in the rig representation. That is. the

rq-Ca> family of subroutines will be used to retrieve <p>. Its lookup method. rq-lookup.

takes as its argument a proposition of the form (<r> <xi> ... <xn>). If there is a LISP

subroutine corresponding to the relation symbol <r>, (i.e. on <r)'s LISP property.) rq-lookup

applies the subroutine to the arguments (<xi> <xn>), and returns truth if the result is

nonnii: or nil. By default, most relations. including arithmetic ones, use this representation.

See ro. rq-lookup. rq-lookups, rolnproc. repn.

rq-lookup (rq-lookup <p>)

is used in trying to retrieve the proposition <p>. See rq, lisp.

rq-lookups (rq-lookups <p>)

is functionally equivalent to (plural izo (Rq-lookup p)). See rq, rq-lookup.

rqb (coon <p> rqb)

means that the proposition <p> should be represented in the rqb representation. That is. the

rqb-Ct> family of subroutines will he used to retrieve <p>. Its lookup method. rqb-lookup.

takes as its argument a proposition of the form ((r> <xi> ... <an)). If there is a 1.ISP

subroutine corresponding to the relation symbol Cr>. (i.e. on <r).S LISP property.)

rqb-lookup applies the subroutine to the arguments (<xi> <x
n
>), and simply returns

the result (assumed here to be a binding-list). See computable-ropn. rob. rq -lookup.

rqb-lookups. rolnproc. ropn.

rqb-lookup (rqb-lookup <p>)

is used in trying to retrieve the proposition <p>. See rqb. rqbm. lisp.

rqb-lookups (rqb-lookups <p>)

is functionally equivalent to (plural izo (Rqb-lookup p)). See rqb. rho-lookup.

rqbm (own Cp> rqbm)

means that the proposition <p> should he represented in the rqbm representation. That is. the

rqbm-<x> family of subroutines w ill be used to retrieve <p>. Its lookup method. rqb-lookup.

takes as its argument a proposition of the form (<r> <xi> ... <xn>). If there is a 1.ISP

subroutine corresponding to the relation symbol <r>. (i.e. on <r>.S LISP property.)

rqb-lookup applies the subroutine to the arguments (<xi> ... <An> ). and simply returns

the result (assumed here to be a list of binding-lists). See computablo-repn. rqb.

rqbm-lookup. rqb-lookup. rolnproc. repn.

'9 January 1964
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rqfm

Wm-lookup

rofm-lookups

rrd1sp

rsd1sp
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(rqbm-lookup (p>)

is funcuonall■• equisuilent tu (singularize (Rqb- lookup p)) See rqbm, rqb-lookup.

(roan (p) rem)

means that the proposition (p> should be represented in the WE representation. that is. the

rqfm-(x) family of subroutines will be used to retrieve (O. Its lookup method.

rqfm-lookups. takes as its argument a proposition of the form (<r> (al> ... <lin> <Anil>) •
It first evaluates the term ((r) <xi> n

>) by applying LISP subroutine corresponding

to the function symbol (r). (i.e.. on <r>.S LISP property.) to the list (xi> <xn>. I his

returns a list of values. Rem-lookups then unifies each of these with oin+i> returning the

list of results. See computable-repn. rqfm-lookup. rem-lookups. relnproc. Noon.

(Wm-lookup (p>)

is functionally equivalent to (singularize (Rqfm-lookups p)) See rgfm, refm-lookups

(Wm-lookups (p))

is used to retrieve the propositions (p>. See rqfm. lisp.

(rrdisp <1> <cl> (al> (th>)

performs one resolution step in trying to derive a contradiction from the p»positions on the

list (1>. the list (ct> contains a list of assumptions made in preceding steps The binding list

<al> holds the bindings of the variables from preceding steps. The theory <th> holds the

conjuncts from the negated goal. To be used, all propositions must be in conjunctive form. In

addition, only base-level variables are treated as variables. any meta-level variables are

treated as constants. Given a goal list (<p> . (1>). rrd1sp generates subgoals by negating

(p) to get (q) and looking in the data base for propositions of the form (q) or

(or ... (q) ...). It also uses trtrueps to discover whether p is assumable. If it is

assumable and if it is a ground proposition after plugging in the variable bindings returned

by trtrueps. brdisp creates a new theory that includes (th>. asserts the proposition in that

theory, and generates appropriate subgoals. The asserted propositions are useful in that they

make possible consistency checking betbre making assumptions in subsequent steps. l'he

order in which multiple rrdisp tasks are executed can be influenced via appropriate

preferred propositions. See assumable. cnf.

(rsd1sp (1> (al) (th>)

performs one resolution step in trying to derive a contradiction from the propositions on the

list (1>. The binding list (at> holds the bindings of the variables from preceding steps. rhe

theory (th) holds the conjuncts from the negated goal. To be used, all propositions must be

in conjunctive form. In addition, only base-level vanables are treated as variables, any meta-

level variable is treated as a constant. Given a goal list ((p) . (1)). rsd1sp generates

subgoals by negating (p> to get (q> and looking in the data base for propositions of the form

(q) or (or ... (q) ...). The order in %hitt multiple rsd1sp tasks are executed can be

influenced via appropriate preferred propositions. Sec cnf.
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runneble

S &mop

scheduler

(minable <k>)

states that the task (k IS runnable. A runnable task is appl icable if its operator is d Lisp

subroutine: otherwise, it is assumed to be a defined task, and a corresponding invocation of

exec is applicable. In MRS demons are implemented via runnable. e.g. to tell the system

that it should print a greeting wheneYer the user asserts a proposition that someone is logged.

one simply asserts ( if ( iodgediu Si) (runnable (print hullo t))) and

(toessert (loggedin ix) fc). See applicable. scheduler.

(sweep <x> (y>)

determines w hailer expressions <x> and <y> are the same under consistent yanahle

renaming, and if so returns a binding list for the variables in <0 . For example. (p Si Sy SA )

is the same as (p Sy Si Sy) but not (p Sx Sy Sy).

(scheduler)

Scheduler is the heart of the MRS system. It is a simple deliberation-action loop that, at each

point in time. decides on an executable task. executes it. and repeats. In its most general state.

the choice of task is made by calling trtruep to rind a task <k> such that (executable <k>) is

true. After the task is performed, the fact is recorded by calling trassert on the proposition

(executed (k>).

In its initial state. MRS contains a number of propositions to help scheduler decide on an

executable task. In particular. a task is executabl• if it is applicabis and is not

disquai mid. Once a task becomes applicable. it remains applicable until it is executed.

One way an applicable task can be disgust it led is for there to be another applicable task

that is preferred to it. A runnabbs cask is appl icable if its operator is a Lisp subroutine.

Otherwise, it is assumed to be a defined task, and a corresponding exec task is applicable.

CONTI N LED ....

scheduler (continued)

This full generality is available only if the switches executable and executed are both non-

nil. For reasons of efficiency. both of these switches are initially set to nil, and an optimized

version of this loop is used instead. In particular. the set of appl icable tasks is kept as the

value of the variable agenda, and an sixicutabla task is obtained from this list. If the switch

preferred is nil, the first element of the list is taken: otherv.ise. SChedu I er uses trtruop to

compare the elements using the prnferred relation. This optimization is fully consistent with

the axioms described above. HoweYer. it is recommended that the user not change the

settings of executable and eXeCUSed A ithout careful forethought.

49 January '984

Debugging facilities for the scheduler architecture are not Yery good at this point. How e‘ cr.

rudimentary debugging is possible using tracetask.

•
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s•tof

singlep
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(setdiff <x> <y> <b>)

means that list <b> is all the elements in ILL <s> that are not in list <y>.

(setdiff nil Sy nil)

(if (ant (not (element Si Sy)) (setdiff Si Sy Si))

(setdiff (Si . Si) Sy (So . Ss)))

(if (and (element Se Sy) (setdiff 51 Sy Si))

(setdiff (Se . 51) Sy Si))

Procedural attachment: truep-setdiff. The lisp tile sit must be loaded from the mrs

directory.

(setof <x> <p> <s>)

means that <s> is the set of all objects <s> that satisfy <p>.

(if (and (begot Sx Sp Sb) (elementsin SO Si))

(setof Sx Sp Si))

Procedural machments: truep-setof and lookup-setof. The lisp file set must be loaded

from the mrs directory.

(sing1410 <10)

returns t when the proposition <p> has at most one solution, i.e. when it is a ground

proposition or an atomic proposition with a functional operator and ground arguments. See

function.

singularize (singularize <x>)

returns the singular-value of <s>. That is. it returns (car <s>). See lookupbylookups.

truopbytrueps.

stash (stash <0)

stores the proposition <p> in the data base. Stash is an abstract operator implemented using

kb and tostasa.

stash-and (stash-and (and <pl> <pn>))

separately stashes each of the conjuncts <pi.> <

stashapplicable (stashapplicable (applicable <k>))

adds <k> to agenda. See appl icable

subclass

S ubset

(subclass <cl> <y)

means that the set <c2> is a subset of <c1> -- that is.
 all members of <c

2
> are members of

<c
1 
>. 
' '
E g. (subclass number integer). See classes.

• 

(subset <x> <y>)

means that every element of the list <s> is an element of the list <y>.

(subset nil Sy)
(if (and (element Se Sy) (subset Si Sy))

(subset (S. . 51) Sy))

Procedural attachment: truop-subset. l he lisp tile set must be loaded from the mis

directory.

I 3 Jar,ary '
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succeed

task

tb

(succeed <z))

is a special control form. Executing this form causes the enclosing doable task to succeed or

the enclosing undoable task to fail. In addition. all other subtasks are discarded.

In MRS the task of performing an operator <op> with arguments <xi>, . . <xn> is

written ((op> <xi> . . . (xn>. .1-he operator in task <k> may be a Lisp subroutine, an

MRS subroutine defined using do, or a special control form like doand. doable, or (foal 1. If

the operator is a Lisp subroutine, the task must have have an additional argument for the

output value. and it will succeed only if the last argument unifies with the result of calling the

subroutine on all but the last argument. For example. the task (edr (a e c) (ax . &y)) will

succeed with the variable ix bound to b and the variable iy bound to (c). See execute.

executes.

(tb <op) <xl> <xn>)

makes the task (<op> <xl)

applicable. agenda.

<xn>) applicable by placing it on the agenda. See

template (template <x> <t>)

means that expression <x> should he output as <t>. In particular. if an expression <y>

matches <x> with binding list <al>. (output <x>) returns a copy of <t> in which each

variable is replaced by the result of calling output on its Nalue in <al >. Templates are used

by output.

terms

thassert

theories

theory

thfals•

19.4"avy184

(domain <x> <1> terms)

means that the <i>th argument to the subroutine <x> should be a term. See domain.

(thassert <p> <th>)

binds theory tO <th> and asserts the proposition <p>. See assert, theory.

(domain <x> (1> theori•s)

means that the mth argument to the subroutine <x> should he a theory. See domain.

has as its value the name of the current theory. All propositions stored in the data base v ta

pr-stash are associated with the theory named as the value of theory at the time of the stash.

One can associate a proposition with more than one theory by repeating the call to pr-stash

with different values for theory. Calling pr-unstash removes a proposition only from the

current theory. The theory named as the value of theory is always active. i.e. the propositions

associated with it are available for ram,. al by pr-lookup and pr-lookups. See pr-stash.

pr-unstash. pr-lookup. and pr-lookups.

( thfal se (unprovable <p>) )

calls truep on the proposition <p>. It returns nil if the answer is non-nil: otherwise, it returns

truth.



threpn

MRS Dictionary 29

(threpn <p> <rpn> (th>)

means that the representation Cron> should be used to store and access the proposition <p>

when <th> is an active theory. Fhe effect of having conflicting representations for a

proposition stored in different theories is undefined when both theories are active. (See

repns entry for list of allowable representations.) See activate. dea,:tivate, theory.

echleve. repns. repn. repn-assert. repn-mithod. ropn-unassert.

thstash (thstash (p> <th>)

binds theory to <th> and stashes the proposition <p>. See stash, theory.

thtrue (thtrue (provable (p>))

calls truep on the proposition <p> and returns the answer.

thunassert (thunassert <p) (th>)

binds theory to <us> and unasserts the proposition <p>. See unassert, theory.

thunstash (thunstash <p> (th>)

binds theory to <th> and unstashes the proposition <p>. See unstash. theory.

ti (repn (p> ti)

means that the proposition <p> should be represented in the ti representation. i.e. the ti-<x

family of subroutines will be used to stash, unstash. and lookup <p>. This representation is

particularly useful for storing propositions involving unary relations. e.g. (function f).

Note that propositions stored in this way are not associated with any particular theory and

cannot be found by PR-based routines like prfacts or prcontents. See row. ti-lookup.

ti-stash. ti-unstash

ti-lookup (ti-lookup (<r> (a>)

returns truth if there is an <r> property on the atom <a>. Both <r> and <a> must be atoms.

See ti.

ti-stash (ti-stash (<r> <a>))

sets the <r> property of the lisp atom <a> to t. Both <r> and <a> must be atoms. See ti.

ti-unstash (ti-unstash (Cr> <a>))

removes the <r> property of <a>. Both <r> and <a> must be atoms. See ti.

tm-unassort (tm-unassert <p>)

calls unstash on <p> and then calls unassert on any proposition all of whose justifications

depend on <p>. See just.

to<g> (to(g> <p> <f>)

means that the subroutine <t> is to be called in performing the action <0> on argument <p>.

Each of MRS's user-level commands has associated with it a relation that specifies the

subroutine to be used in carrying out that command. The relation is named by prefixing the

command's name with to. e.g. toAssert from assert. See kb.

'9 Jar.arv '84
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toachieve (toechieve <p> <a))

means that the method <a> should be used to perform the achieve action for all propositions

which match <p>. See kb, liCh 10%10 WO.

toassert

tocache

(toassert <p> 00)

means that the method <a> should be used to perform the assort action for all propositions

which match <p>. See kb, assert, to<x>.

(tocache <p> 00)

means that the method <a> should be used to cache propositions which match <p>. (This <a>

will only be used when the variable cache has a nonha value.) Sce

cache. cachabystash. to<x>

tolookup (tolookup <p) (10)

means that the method <a> should be used to determined the lookup value for all

propositions which match <p>. See kb. lookup. to<v). tolookups.

tolookups (tolookups <p) 00)

means that the method <a> should be used to determined the lookups values for all

propositions which match <p>. See kb. lookups. to<it>, tolookup.

topercolve

toporceives

toplovel

tostash

totruop

totrueps

(topercsive <p> (a>)

means that the method <a> should be used to determined the perceive value for all

propositions which match <p>. See kb. perceive. to<x>. toporceivos.

(toporcolves (p> 00)

means that the method <a> should be used to determined the perceives values for all

propositions which match <p>. See kb. perceives. to<x>, toporcsive.

(top level)

IS a read-execute-print loop. See execute.

(tostash (p> 00)

means that the method <a> should be used to perform the stash action for all propositions

which match <p>. See kb, stash. to<x>.

(totruop (p> 00)

means that the method <a> should be used to determined the trim) value for all propositions

which match <p>. See kb. trims. to<R>. totrueps.

(tatruops (p> <A>)

means that the method <a> should be used to determined the trims values for all

propositions which match <p>. See kb. trueps. tOC totruop.

tounschisvo (tounachlove <p> <10)

means that the method <a> should he used to perform the unachise• action for all

propositions which match <p>. See kb. unachieve, to<0.
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tounassert (tounassert <p> <a>)

mean.; that the method <so should be used to perform the unassart action for all

propositions which match <p>. See kb. unassert. to(x).

tounstash (tounstash <p> <in>)

means that the method <so should be used to perform the unstash action for all propositions

which match <p>. See kb. unstash, to<x>.

trac•task (tracetask ((p>])

As each task is executed. tasktrace pnnts out the name of the subroutine and its arguments

provided they match (p>. If there is no <p> argument in the subroutine call then a list of all

tasks which are to be traced is printed. See untracstask.

trass•rt (trassert <p>)

asserts the proposition <p> and performs forward chaining as appropriate. Trassert is MRS's

meta-level assertion routine and is called by many MRS subroutines. The default is simply to

stash a proposition. but there are also built-in procedural attachments for propositions

containing certain special relations (stored on each relation as the assert property). A

frequently used procedural attachment is the depth-first forward chaining program trfc.

trlookup (trlookup <p>)

looks up the proposition <p>. If successful. it returns the corresponding binding list:

otherwise. it returns nil. Tr l000kup is one of ‘1RS's meta-level lookup routines and is called

hr many MRS subroutines. rhe default procedure uses indexp and matchp to rind any

matching propositions in the pr representation. but there are also built-in procedural

attachments for propositions containing many common relations (stored on each relation as

its lookup or lookups property).

trlookups (trlookups (p))

looks up the proposition <p> and returns a binding list for each matching proposition that it

finds. Trlookups is one of MRS.s meta-level lookup routines and is called by many MRS

subroutines. The default procedure uses indexp and matchp to find any machine

propositions in the pr representation. but there are also built-in procedural attachments for

propositions containing many common relations (stored on each relation as as lookup

lookups property).

trst ash (trstask <p>)

stashes the proposition <p>. Trstasb is MRS's meta-level stash routine and is called by many

MRS subroutines. [he default is pr-stash, but there are also built-in pi ocedural attachments

for propositions containing many common relations (stored on each relation as its stash

property).
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trtrunp

trtruops

truep

(trtruop (p>)

tries to prove the proposition cp>. If successful. it returns a corresponding binding list:

otherwise, it returns nil. Trtruop is one of MRS's meta-level theorem proving routines and

is called by many MRS subroutines. Only mets-level variables are treated as variables by

trtrusp, and all base-level variables are treated as constants. The inference procedure used is

the depth-first backward chaining program trbc, but there are also built-in procedural

attachments for propositions containing many common relations (stored on each relation as

its truep or truops property).

(trtruops <p))

tries to prove the proposition 40 and returns a list of all binding lists for which it is

successful. Trtruips is one of MRS's meta-level theorem proving routines and is called by

many MRS subroutines. Only meta-level variables are treated as variables by trtrueps. and

all base-level variables are treated as constants. the inference procedure used is the depth-

first backward chaining program trbcs. but there are also built-in procedural attachments

for propositions containing many common relations (stored on each relation as its trim or

truips property).

(trusp <p))

tries to prove the proposition <0. If it is successful, it returns a binding list for the base-level

variables in <p>: otherwise, it returns nil. Trim is an abstract operator implemented using

kb and totrusp.

trusp-bagof (trusp-bagof (hoof <n> <p> (s>))

calls truips on <p> and matches (s) against the list formed by plugging the answers into <x>.

truop-is (truop-is (is (x> <y>))

uses getval to evaluate the arbitrarily nested expression <x> and tries to unify the answer

with <y>. See is.

truspbytruops (truopbytrusps <p))

is equivalent to (singularize (truops (p>)).

trubps Wimps <p>)

tries to prove the proposition <p> and returns a list of all binding lists for which it is

successful. Trubps is an abstract operator implemented using kb and totrueps.

trubpsbytruip (trubpsbytrusp (p>)

iiequivalencto (pluralize (truop <p>)).

trunassert (trunassert CO)

unasserts the proposition <p>. Trunassort is MRS's meta-level unassertion routine and is

called by many MRS subroutines. Pie default is simply to onstash a proposition. but there

are also built-in procedural attachments for propositions containing certain special relations

(stored on each relation as the unassert propert■,).

9 Januar/ Iced
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trunstash (trunstash <p>)

unstashes the proposition <p>. Trunstash is MRS'i meta-level unstash routine and is called

by many MRS subroutines. the default is pr-unstash. but there are also built-in procedural

attachments for propositions containing many common relations (stored on each relation as

its unstash property).

truth

tutor

unassert

has ((t . t)) as its ■.alue. I-he value of truth occurs as the last pair in binding lists returned

MRS's retrieval and inference procedures.

(tutor)

runs an interactive tutor that introduces one to the basic representation and inference

mechanisms of 1R S.

(unassert <p>)

removes the proposition <p> from the data base and performs all appropriate inference.

unessert is an abstract operator implemented using kb and tounassert.

unassert-and (unassert-and (and <pl> Con>))

separately unasserts each of the conjuncts (pi>. ...<pn>.

unassert-iff (unassert-iff (if (p> <q>))

asserts Of (p) (q>) and (if (q> (0).

undoable (undoable (k>)

designates the task of tring to execute the task <k>. the task (undoable (k>) succeeds only

if there is no successful execution of <k>. Note that as a result of the current implementation.

it is not possible to interleave subtasks outside a doable task with those inside. See succeed

and cut.

un fyp (unifyp <z> (y>)

determines whether expressions <A> and <y> are unifiable, and if so returns their most

general unifier. unifyp differs from estop in that multiple occurrences of the same variable

in both <x> and <y> are not treated as distinct variables. For example. (p $x b) and

(p a $x) are not unifiable, but they do match.

unincludes (unincludes (t1> <t2>)

rernoes any includes link between theories (t1> and <t2>. See includes.

union (union <x) <y> <b>)

means that list <b> is the lists <s> and <y> appended together.

(union nil Sy Sy)
(if (union $I $y Ss)

(union (Sx . $I) Sy (Sx . Ss)))

Procedural attachment: truep-union. I he Ihp tile set must be loaded from the Mrs

directory.

'9 January sea



34 MRS Dictionary

unstash (unstash <p>)

removes the proposition <p> from the data base. Note this is not equi,,alent to asserting the

negation of <p>. unstash is an abstract operator implemented using kb and tounstash.

unstash-and (unstash-and (and <pl> <pn>))

separately unstashes each of the conjuncts <p1>..

unstashapplicable (unstashapplicable (applicable <k>))

rernw.es<x>froniagonda.See applicable.

untracetask (untracetask [<p>])

untraces the task <p>. If there is no <p> argument in the subroutine call then it untraces all

<p> that are currently being traced. See tracetask.

value (value <x> (y>)

means that the atom <x> has %alue <y>

variable (variable (x>)

means that the symbol <x> is a ,,ariable.

V•rp

where

why

19JwywylVA

(v, <xp))

returns a non-nil 'value if Otp> is a variable and otherwise returns nil. See bi varp and lc varp.

(whore <p>)
prints out a message for each recorded justification in which <p> is a premise. The message

includes information about the justified proposition, the inference method, and all premises.

See Justify. Just.

(why (p>)

prints out a message for each recorded justification for the proposition <p>. [he message

includes information about the relevant inference method and all premises. See Justify.

Just.
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Appendix I
Base-Level Vocabulary

).

and '

arity

characteristic

disjoint r

domain 1

element .0

elementsin 10

function 12
if . 1

iff 1

integer 4

inter I

intersect 4

Is 4

length .‘

'nand

mandcan

mandcar

mem -

member

not

num-• r

number r

or r

sotdiff 'N

setof

Subclass

subset '-

union 11

•
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Appendix II
Meta-Level Vocabulary

• 1 fe-lookups 11

fish
fea-lookup 12

// ! fee-lookups 12
fq 12

O. 1 fq-lookup 12
fq-lookups 12

function 12

>• 1 funproc CZ] 12

achieve-if 1 funproc (3) 12

achieve-not 2 funproc-assert 13

achieve-repn 2 ground 13

schieve-threpn 2 if 13

and 2 iff 13

applicable 2 includes 13

arity 2 indb 14

ask 2 indbp 14

asks 2 inter 14

assert intersect 14

assert-and is 14

assert-iff I just 14

assumable ; lhfalse 15

begot ; lhtrue 13

bc 3 lisp 15

bcs 4 lookup-. 15

br 4 lookup-bagof 15

brs 5 lookup-ground 15

cachebystash 5 lookup-is 15

characteristic 5 lookupapplicable 15

cnf-assert 6 lookupbylookups 16

cnf-unessert 6 lookupsapplicable 16

cut 7 lookupsbylookup 16

de 8 mend 16

disjoint 8 mandcan 16

disqualified 8 mandcar 16

dl 8 mom 17

dl-lookup 8 member 17

dl-lookups 9 momlist 17

dl-stash 9 mrstofunctions 18

dl-unstash 9 not 18

doable 9 or 18

doell 9 perceive-indb 18

doand 9 perceive-not 18

domain 9 pl 19

door 9 pl-lookup 19

element 10 p1-stash 19

elementsin 10 pl-unstash 19

executable 10 pr i9

execute 10 pr-indbp 19

executed 10 pr-lookup 19

fc 11 pr-lookups 20

fe 11 pr-stash 20

fe-lookup 11 pr-unstash 20

Jark.ary'



38 Index for 4eta-Le‘e1

preferred 20

primitive 20

property 20

propositions 20

re 20

re-lookup 20

re-lookups 21

rib 21

rib-lookup 21

reb-lookups 21

rebm 21

rebm-lookup 21

relnproc [2] 21

relnproc [3] 21

relnproc-assert 22

repn 22

repn-assert 22

Non-method 22

repn-unassert 22

resolution '1

resolutionresidus 21

resolutionresidue '1

resolutionresidues 1

resolutions '1

rq 24

rq -lookup

rq-lookups '4

rqb 24

rqb-lookup '4

rqb-lookups '4

rqbm 24

rqbm-lookup 74

rqfm 25

rqfm-lookup 2_

rqfm-lookups

runnable 25

setdiff 26

setof 2?

stash-and

stashapplicable "

subclass 2'

subset 2'

succeed 2'

template 28

terms 28

theories 28

thfalse 28

threpn 28

thtrue 29

ti .79

ti-lookup 29

ti-stash :9

ti-unstash 29

tm-unassert 29

to<g> 29

toachieve 29

toassert 10

tocache 30

tolookup 30

tolookups 34)

• g Jilw,ary 1034

toporceive 10

toperceives 10

tostash W

totruep 10

totrueps 10

tounachisve 30

tounassert 30

tounstash 31

truep-bagof 32

truep-is 32

truepbytrueps 3?

truepsbytrusp 32

unassert-and 13

unassert-iff 33

undoable 11

union 11

unstash-and 14

unstashapplicable z4

value ■4

variable 14



achieve

achieve-if

achieve-not '

achieve-repn '

achleve-threpn '

activate '

ask '

asks '

assert

assert-end ;

assert-iff ;

betchp

bc

bcdisp

bcs

blvarp 4

br

brdisp

brs

cechebystash

cnf-assert

cnf-unessert

contents '

datum

deactivate .+

defobject

def theory

dl -lookup

dl-lookupS

dl-stash 4

dl-unstash )

edunit

empty 0

exdisp H

executes 11

cc 11

fcdisp 11

fe-lookup 11

fe-lookups 11

fea II

fea-lookup 12

fea-lookups 12

fq-lookup 12

fq-lookups 12

funproc-assert

getbdg 13

getbdgs 13

getval 13

getvals 13

getvar 13

ground° 13

includes 14

Just 4

Index for Subroutines 19

Appendix III
Subroutines

kb 15

lhfalse 1.5

lhtrue 15

lookup 15

lookup-. 15

lookup-bagof 15

lookup-ground

lookup-is 15

lookupapplicable 15

lookupbdg 16

lookupbdgs 16

lookupbylookups

lookups lh

lookupsapplicable ,6

lookupsbylookup 16

lookupval 16

lookupvals 16

matchp 1 -

mlvarp

mrsapropos 1'

mrsdemo .-

mrsdescribe .-

mrsdump 17

mrshelp

mrsload .s

mrssave ,s

output IA

Pattern

perceive ,S

perceive-indb 18

perceive-not 18

perceives 19

pl-lookup 19

p1-stash 19

pl-unstash 19

plug ,

pluralize 19

pr-indbp 19

pr-lookup 19

pr-lookups 20

pr-stash 20

pr-unstash 20

prcontentS 20

prfacts 20

re-lookup 20

re-lookups 21

reb-lookup 21

reb-lookups 21

rebm-lookup 2!

relnproc-assert 77

repn-assert

repn-unassert

residue
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resilues 23

4-esolut1on 23

resolutionresidue 23

resolutionresiduo 23

resolutionresidues 23

resolutions 23

rq-lookup 24

rq-lookups 24

rqb-lookup 24

rqb-lookups 24

rom-lookup 24

rqfm-lookup 25

rqfm-lookups 25

rrdisp 25

rsdisp 25

samep 201

scheduler 'h

scheduler (continued] 26

singlep

singularize

stash

stash-and "

stashapplicable

Lb

template 28

thassert 28

thfalse 28

thstash 29

thtrue 29

thunassert

thunstaz:

ti-lookup '4

ti-stash '9

ti-unstash

tm-unassert

toplewel ;41

tracotask

trassert

trlookup

trlookups

trstash

trtruep

trtrueps

true() ;2

truep-begof

truep-is 32

truepbytrueps

trueps 32

truepsbytruop ;2

trunessert 32

trunstash

tutor 31

unassert

unassert-and

unessert-iff kl

unifyp 33

unincludes 11

unstash 0

unstash-and

unstashepplicable

'4 Jar_ary • m,

untrecetask

warp 14

where 14

why 14
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Appendix IV
Variables

activetheorles 2

agenda 2

ceche 5

execJtable 10

executed 11

Justify 14

num---threshold 18

theory 28

truth 33

' Ja•-• • jI.? 4
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Appendix V
Concepts

cnf

computeOle-repn (Concept] 6

computable-repn [Function] 6

computable-repn [Relation] '

dnf

task

Ja^
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Index

• lel:evil

•/er/repttl I

- lerfrepnl 1

// lerfrepnl 1

[erfrepnl 1

(.1erfreptl 1

• [base/ 1

ferfrepnl 1

>0 ferfrepnl 1

ach 1""rs /haw/

ach 1 ey•- f [meta/
achieve-not/meta/ 2

achieve-repn i',eptrl 2

ach love- thr•pn[tepra/

activate/prop/TN 2

actt v•thoor 1•3 /proprep/

agenda Prht/

and P,ase/ 2

appl icablo Pra/a/

ar ty /meta/ 2

a 3 It /ask/ 2
asks [ask/ 3

assort /bard 3

assert-and/base/ 3

assert-1ff /base/ 3

ssumablo fres/ I

begot [base/ I

batchp /batch/
bc Phi
bcdisp/t1c/

b c $ /6c/ 4

01 varp /peoprep] 4

b r frac/ 4

brdisp/bc/

brs fix/ c

cache /proprep/

cachebystash Ipropsepl 5

character st c /mem/ 5

cnf h

cnf - mar t kni/ h

cnf -unessert /craft h

computable-r•pn [Concept]ferfreptr/ h

computable-c•pra [Function][eritepn/

computable-copn [Relation] feefeepn/

contents Ipr, prepl

cut fevectad

datum 7,-rnprepl 8

deact vete (peopsep/
clef le.tecurel It
clef ob J•c t (!nterjeteel 8
def theoryl.ratet/acel

disjoint:Me sell 8
cl 1 squ•1 if led/rat/a/ 8

d 1 ipirst/

d 1 - look up /p//s4 9

01 - lookups //Asti 9
dl -stash /p//sr/ 9

01 -unstash [plirtl 9

cinf Icrt/ 9

doable/execute/ 9

doa 11 le.lecutel 9

doand[eteciati 9

domain/metal 9

door [execute/ 10

"dun 1 t I:rater/ace/ 10
ro 'omen t set/ 10

•1 erne nts in (file set/ 10

imp t y [proprepl 10

'sr:lisp /execute/ 10
executable/m/0/ 10

executri/etecure/ 10

st e c u tea /Praia/ 11

execut•sfetecute/ 11

fc • .

fcd 1sp Lk/ !I

to fe■frepral 11

fe-lookupbrfrepral 11

fe- 1 ookups leeleepral 11

fee /:-..rrepq 12

fee- 1 ookup feefrepnl 12.

fea-1 ookups leelsepral ■2
[erirepnl 12

fp-lookup ferjeepral 12

fp- ookups les/rept/ 12

function/meta/ 12

funproc C 2 ifrepnl 12

funproc (3] Rept, 13

funproc-ass•rt/erfeepn/ 13

getbdg /baso/ 13

got:brigs/base/ 13

gritval [bard 13

get9a1 3/base/ 11

getvar /match/ 13
ground tmlal 13

groundp /mid/ 13

45

'9 January ' 9314



46

If [base! 13

f [base/ 13

includes [meta/ 14

includ•• [proprepl 14

indb [meta/ 14
Snap/base/ 14

integer [erfrepn/ 14

in t•r [file sell 14

intersect /file set/ 14

Is /base! 14

just [bawl 14

justify Iproprepl 15

kb/'n/a/ L5

1 ongth [mesa/ 15
lef t• [base, 15
1 Atria, /base/ 15

1 1sp[repq 15

lookup [base/ 15
1 ookup-• fbasel 15

1 ookup-bagof [base/ 1c

lookup-ground /m/a/ 1 c

lookup- is /base/ 15

1 ookupappl icabl • [m/a/ 16

1 ookupbdg /base/ 16
3 ookupbdgs [base/ 16
1 ookupbyl ookups [base/ 16
lookups [base/

lookupsappl 1 cab 1 o[m/a/ 16

lookupsby 1 ookup [base/ 16
1 ookupval [base! 16

1 ookupval s /base/ 16

mond [file serl 16
Inandcan set/ 16
mandcar [file ceil 17

match's (march/ 17

moo [meta/ 17
mambos" [metal 17
mmul let [executel 17

fel varp Iproprepl 17

or 'apropos [Interface/
mr schwa [interface/ 17

mrsdoscr ibo/Interjacel 17

rarsduop /Interface/ 17

mrshol p [interface/ 18

tor s 1 oad [interface/ 18

ter s s av• Itnterfixel is

stof unct ions /metal 18

not [base' 18
num-•lerjreprrl 18

nui•-•-thr•shol d ferp.ern1 .5

nuabor [erfrepol 18

or [base/ 18
output /ask/ 18

JI/nUIVY '984

p•ttorn [proprea 18

porc•1 vs [base/ 18

p•rc•iv•- indb [metal 18
porc•iva-not [meta/ 19
porc•1 vas [base/ 19
pl Ipltstl 19
p 1 - 1 ookup [phol 19
p 1 -s tash /p/rst/ 19
p 1 -uns tash /phst/ 19

plug [match/ 19
plur•1 1211[W-repel 19
p r romp/ 19

pr- ndbp lproprepl 19
pr -lookup /base/ 20
pr-lookups [base/ 20
pr-stashfproprepl 20
pr -un s t ash (proprepl 20
prcont•nts [Interlace/ 20
preferred/m/4 20
pr facts /;nterjacel 20
pr he t 1v•fm/a/ 20
prow ty [metal 20
propositions [metal 20

rap 20
re-1 ookup lerfrepq 21
re-1 ookups bar/rept/ 21
rob 'Wpm/ 21
rob- lookup Terfrepnl 71

rob- lookups ferfrepol 21
room [e,,,,e,r,,/ 21

robm- 1 ookup [erfrepnl 21
relnproc [2] [repel 21
ro 1 cproc [3] [repel 22
rot nproc-assart [erfrepn/ 22
repo /repo/ 72

ropn-•ss•rt[repn/ 21

repn-mathod [repo/ 22
ropn-unassert [repo/ 22
repo:toy:rim/ 23

resid u• /6u.se/ 23

ros 1 duos [base/ 23
rosolutiontres/ 23

roso1utionrosidu•[..4 23

roso 1 utionros idu•s fre4 23

reso 1 ut tons Res/ 4

rolerirep4 24
r cr- 1 ookup krfrepq 24
r q- 1 ookups terfrepn/ 23
r qb erirepni 24

rob- lookup ft /repo/ 24

rob-lookups [erfrep4 24

r qbm /, rfrepq 24

root- lookup ferfreprtl 25
r rife' ,f-rpnl 25
r ofm- 1 ookup ferfrepel 25
r 1 odkups lerfrepnl 25
rrdl sp Ires1
rsdisp[res/ 25

runnablefm/a/ 26



sump Pratchl

schodulor Prial 20)

scheduler [cont. tnuad] Pr/a/

s•td 1 f f ‘et/
setof /fife 2"

s ingl op /m/a/ 2'
singular 1zeterfrepnl 2'

stash [base/ 21

stash-and/base/ 2'

stashappl icable (m/a/ 27

subc I ass [metal 2'
subs•t /file sed 27
succeed (erecutel 28

task [exec:del 28

Us/m/4 28
tempi ate /ask/ 2S

terms/"eta/ 28

thass•r [base/ 28
theorl•s /metal 28
theory fproprepl 28
Wel s•Thasel 28
Welsh Rept/ 29

thstash [base/ 29
thtru• [base/ 29
thunassert [base/ 29

thunst•sh [base/ 29

ti fplarl 29

Ll -lookup [plat/ 29

ti-stash /p/rst/ 29

-unstash /plat/ 29

tm-unassert /rm/ 29

to<g) I base' 29

toachleve/base/ 30

toasser t /base/ 30
tocacho [proprepl 30
tolookup [base/ 30

tolookups /hose/ 30

top•rc•1 ve /base/ 10

toperce1 ves [base/ 30

top I ev•1 roplenell 30
tos t ash [base/ 30
totr u•p /bard 30
totru•ps /base/ 30

tounach love [base/ 30
tounassert /base/ 31

tounstash [base/ 31

trac•t•sk /Interlace/ 31

trassert /tr/ 31
tr lookup Or/ 31
tr lookups /tr/ 31
trstash /t./ 31
trtru•p (tr/ 32

trtr ueps /id 32
truop Ihasel 32

truep-bagof /base/ 32
tru•p-is fba.sel 32
tru•phytrueps [basel 32
trueps /base/ 32

truepsbytru•p /base/ 32
trunasssrt/tr/ 32
trun*tash/tr/ 33
truth lprop,epl
tutor /mtertace/ 3 3

unasser t [base/ 33
unasser t-and [base/ 33
unassert-iff [base/ 33
un doable fesecutel 33
un ifyp (rnatchl 33
unlnc I udIS [proprepl 33
union (tile set/ 33
unstash [base/ 34

unstesh-and /base/ 34
unstashappl lcable //r/a/ 13

untrac•task /:nterjace/ 34

va I ue [metal 34
var table (erfrepnl 34

vitro haroprepl 34

wn•r• [Interfacel 34
why [;nterfacel 34
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