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Abstract

The SIS (Software Information Systen) project investi gated a newapproach to one part of the
sof tware reuse problem The problemis howto find and use a reusabl e conponent froma re
tory. The approachis (1) to provide a knowl edge representation systemthat :
the conponents in the repository wmith user-defined semantic cat
capabilities inthis knowl edge representation sy:s
(3) to conplenent the forml q
achieve ease of 1

knowl
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4 1 INTRODUCTI ON

1 Introduction

The software component reuse problemcan be split into tvo parts: (1) howto create and collect
reusabl e conponents and (2) howto actually reuse them The SIS project was only concerned with
the second part.

The problemof how to reuse conponents can be further split into three parts: (a) howto find a
abl e conponent for a gi ven problem (b) howto adapt it for the problem if necessary, and (c) how
yuse it correctly. The SIS project attenpted to build a systemthat mainly addresses (a),
nts are only partly covered. This systemis called YAKR.

subsections describe the assunptions YAKR is based on, the requirenents that follow
ions and howthese requirenents are shaped into a concrete systemdesign.

ssumpti ons

ons that underly the design of YAKR:

oking for areusabl e sof tvare conponent for a certaintask, of ten no conpl ete
unctionalityof that conponent is available; the user’s conceptionof what

 conponent needed for a task X in a ternminol ogy that is not fromthe

‘tvare conponents instead of reusing existing ones, unless reuse

~ be nai ntai ned wi th enough care inthe long run, if the database
be kept consistent with a conplicated schena.

servations of nany scientists in the area of softvare
]), al though especially A4is often not addressed at
systens.

ovi ng requi renents as gui delines for the design

ial and inaccurate specifications.

the sane request.

onents must be easy to use.

S project, ve pi cked one of them
itlined in the folloving



1.3 Basic Des i gn

1.3 Basic Design

R1 is realized with a specially designed knowedge representation language, YAKS (¥t Another
Kuowt edge representation Systent), which has simlarities to K.-ONE [8]. The constructs of the
l anguage are directly targeted to the description of softvare conponents and allowto define sui table
termmnol ogy for sof tware fromany donain. This terminol ogy is arranged in a taxonony, which allovs
onpl ete as vell as inaccurate queries to be answered: they just retrieve el enents that are more
~inrespect to the taxonony.

i sfied by a natural 1 anguage i nterface. Natural 1 anguageis the nost versatile vay of expression.
tural 1anguage interfaces have the disadvantage that they are expensive to construct and

a newdonai n. W have found a way to nini nize the vork that is needed to construct

e: only short ammotations to each defini tionin the termnol ogy are needed.

ie natural interface, too. Since natural language is the easiest way for a
on, especiallyif its conceptionis still fuzzy, the tendency not to use the
zed.

 nai ntenance problems in our system Hrst, it must be easy to add
bs. This ideal is approached by letting the knowt edge represen-
ogi cal part and an assertional part. The terminol ogi cal part
d rel ations of a domain, but does not state any specific
describes the actual objects inthe repositoryinterns
| case when addi ng newsoftware conponents is

terng of the terminol ogy that has once
the donain that has not yet heen
s is conplicated. Thus,
> base is easy; the
or a Teposi tory.

ts. This
nly a
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YAKR, : YAKR,

as seen [as seen

for the :for the

||nﬂection dictionary || Role table know edge: end- user
- - engi neer :

query
in NL

N v v
@ \ Natural language
: parser SARA

answer |-

instantiated

case frames case frame

Consult
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with YAKS :
annotations "%, query :
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Instances :
: knowledge
: with
v : annotations
answer (just a formatter
generator | today)
---------- & = dat af | ow during

start-up tinme

—= dat af | ow during
query processing

Hgure 1: Basic architecture and dataflowof YAKR

section discussing rel ated vork and a section that summarizes our resul ts follow Several appendi ces
provide addi tional details.

2 The YAKS Knowledge Representation System

The YAIS knowt edge representati onl anguage (inaforner versionnaned KRS [ 1, 17] ) has vell defined
nodel - theoretic senantics and di stingui shes betveen assertional and terminol ogi cal knowtedge. The
terminologi cal knowl edge defines a “vocabul ary” to be used toexpress facts. The assertional knoul edge



conpri ses facts about ¢ndividuals in the application donain.

The ternminol ogi cal knowt edge consists of concept definitions and role defini tions. A concept can be
thought of as an abstract set of individuals. The concrete individuals that bel ong to a concept are
called the instances of that concept. Aroleis a binary relationfroma concept A to aconcept B, i.e.,
a set of pairs of instances. A is called the donain of the role and B is called the range of the role.

Concepts are defined with constructors that each describe a subset of the set of all possible indivi-
lual s.  Fach constructor thus represents a restriction that an instance nust adhere to in order to
mg to the concept that is defined by the constructor. FRoles are defined with constructors, too.

a distinction between primitive concepts or roles (partial descriptions, describing conditions
necessary), defined concepts or roles (exact descriptions, describing conditions that are both
and sufftient ), and derived concepts or roles (describing conditions that are sufftient, but

nguage in YAKS is quite expressive, alloving val ue restriction, nunber restriction for
~val ue naps, conjunction, disjunction, and negation. The concepts forma hierarchy
ple inheritance. The role language allows conjunction, disjunction, donain

tion, negation, and inversion.

cat the foll owi ng defini tions, excerpted fromthe 1 arger exanpl e on page 11:

ons = AND(Functions SOME(reads)).
a-0bjects;).

s = Objects.
OW Ng;

d concept, i.e. exactly all those instances that obey the restrictions
i on bel ong to the concept.

hat instances must obey, in order to belong to the concept Imput-
to the concept Hinctions and (b) they nust have at least one

at least Imput- Finctions and whose range contains at
of the role at other concept defini tions nay nodify

»se instances that obey the restrictions given
but we can not knowwhether they really

hjects (whose definitionis not shown

roles. The nwst inportant
deternmines whether a

| d descriptions all

ct placement of a
perconcepts

ncepts
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it belongs to. Hnally, retrieval determines for a given concept description the set of all individuals
that are instances of the concept. Retrieval is anal ogously defined for roles, producing a set of pairs
of instances. 'The resul ting taxonony after classificationof all concepts and realisationof all instances
for the larger exanple on page 11 is shown in figure 2 on page 13. Since the YAIS language is so
poverful , the inferences are not conpletely conputable. ¥t, ve have not found a single case vhere
this has been a probl emin practi ce.

A asinpl e deduction exanpl e, 1 ook at the fol | ovi ng defini tion, al soexcerpted fromthe | arger exanpl e
age 11:

ANCE fgetc = AND(Functions
VALUES(reads, [character-c])
VALUES (has-Parameter, [filepointer-stream])
VALUES (has-synonym, ["fgetc"])).

defini ti on neans the fol | ow ng:

getc is aninstance (individual).
fgetc bel ongs to the concept Hinctions.

etc has the instance character-c (whose definition is not shown, but which belongs to the
. it a- Y ects) as filler of the role reads.

s the instance fiepointer-stream(vwhose definition is not shown, but which belongs to
i a- (hjects) as filler of the role has- Paraneter.

ring instance “fgetc” (which need not be defined, because it is astring) as filler
yrorym

vYAIS to infer that fgete bel ongs not only to Hinctions but also to Imput-
all both restrictions givenin the definition of Imput- Hinctions and
(i.e. any instance that adheres to all restrictions givenin the

ong to the concept).

eling (describing concepts and roles) and querying, i.e.,
cept or role can also be used to query for one. Thus,

§ nore expressive than a rel ational database.

age interface, because the query |anguage

be interpreted and howthey can he

ymlintations of the nodeling

stages: Hrst, define the
nd, create the actual
nol ogy that has
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3.1 OQurExperi mental Modeling 9

This process resenbles object-oriented design of asoftvare system Hrst the classes (concepts) have
to be described, i.e., “find out which kinds of objects exist and which of themare special cases of
whi ch others”. The better this modeling is, the easier the second stage vill be: Define all the actual
objects (instances) by picking a class (concept) for each of themand instantiating all its attributes
(assigningits role fillers).

In practice, just as in object-oriented design, sone backtracking will usually be necessary in order to
get the terminology right. Qur experience indicates that nodeling in YAKS is about as diffeult as
class design in an object-oriented programming | anguage: If the task is conplicated, nodeling is a
challengi ng task. But once the nodelingis right, everythinglooks sinple and clear.

Atiny exanpl e of what a YAIS nodel 1ing nay 1 ook 1ike will be gi ven bel owin section 5.

Our Experinental Modeling

b learn about hownwodeling actually works and howgood our systembehaves on a nedi umsized
have nodel ed a part of the internal viewof the NH (Iass library [19], whichis witten
conpli cated part of this task was to nodel the constructs of the G+ prograrming
terninol ogy contains about 160 concepts and 130 roles in 40 Klobytes of
knovt edge base for NH (L nodel s only the top three classes of the

(and the rest very roughly), but nevertheless contains al nost
ncepts in 105 Klobytes of YAIS source code.

pdel , al thoughit nust be nentioned that YAIS vas
as vell as changing. Walso first had tolearn
ptions and design flavs turned out to be

t part of the instance descriptions
cl arations and cross references.
on G-+ prograns. It generates

of G+, Qily the purpose

ctabl e fromthe source

eader fil es (140
ent ation
feed dll

ation

rotected, declares-private,

lefines- protected, defines-public, ends-in-line, ex-

)

€

has-base-file, has-basetype, has-cast, has-class-type, has-constructor,

has-datatype, has-default, has-derived-class, has-descendant-class, has-destructor, has-
dinension, has-directory, has-enunerator, has-friend, has-function-call, has-inplenentation, has-initial
has-inner-block, has-length, has-linkage, has-linkagetype, has-local-variables, |
nane, has-nunber, has-outer-block, has-owner, has-parameter, h:

protected- nenber, has-public-base-class, h:
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has-specification, has-specifier, has-subclass, has-superclass, has-synonym has-virtual-base-class
cludes, inherits, is-datatype-of, i1s-declared-in, 1s-defined-in, is-enuner:

is-friend-of, is-included-by, i1s-inherited-by, is

class-of, is-private-1

]
c
cannot

Tbvever,

broad conpared
Noun phrases with ¢
sinpl e conjunctions and
questions, declaratives, ing
dal verbs, i mediate rel atis
ses starting wth a conjuncti
general nunbers, general q

Cise frane parsers convert wit

tion; no surface structure is gener

franes, representing senmantic knowvle

represents an utterance by its central co

each of whi ch describes (a) a certain senar

relation (the fllers). 'There are verbal case fr:

and nommnal case frames describi ng noun phrases (wit

a whole class of utterances, because sone of the cases nmay

in any order, each case can have several diflerent possible fillers.
several diflerent possible grammatical representations.

Inour system case frames are never explicitly wittenbyauser. Inste

of YAIS to buil d a correspondi ng case frane hi erarchy (there are al so case

whi ch cases are inplicitly inherited. Asimlar technique is used for the fil

vords, concepts are stated as all oved fillers. Wth any concept all of its superc

are legal fillers, too. lor eachof these concepts, a whole set of vords or phrases ¢

| anguage representations. Case franes can be nested when parsing: If, for exanple, 1

inacase frane is a noun that has a case frane associ ated withit, aconplete i nstantiat

frane can be filled into that case. The grammatical representations that are possible for

senantic rel ations are listedin a separate case table. Fatries inthis case table have separat

occurrences of the case in nommnal andin verbal context, if applicable, which enables to parse

conpl ete sentence or the correspondi ng nomnal i zati on with the sane case frane. This representat
avoi ds tedious repetition and nakes the representation conpact and al nost free of redundancy.
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5 SARA Knowl edge Acquisition

(he reason why nost natural |anguage interfaces are not successful is that it require too nuch vork
to adapt themto a newdonain. In the design of YAKR, ve thus paid special attention to the problem
of knovt edge acqui sitionfor the natural | anguage i nterface: Ideally, nothi ng nore shoul d be necessary
0 acquire than the words which can be used to refer to each concept, role or instance. If this ideal
not approxi nated closel y enough, it is necessary to specify conpl ex grammatical descriptions; A
s that in this case the natural 1anguage interface will not be successful in practice.

\KR is very close to the ideal: The knowedge acquisition for the natural 1anguage interface in
emconsists of adding short annotations to each concept definition or role definition in the

se. 'There are three naintypes of i nformation present i nthe annotations: (1) infornation

vords, (2) infornation about cases, and (3) information about explicit inheritance

associ ates each concept or role with its natural |anguage synonyms and with
it this concept or role. The variety of the phrases covered hy the annota-
increased by using an inheritance nechani smto derive parts of these
erconcepts or explicitly stated syntactical superroles of X.

the generation of the case franes thensel ves. It describes which
anes. This annotationis needed for roles only. Nothi ng nore
gi ven, since the set of case franes to put the case into

rtion can be deduced fromthe YAS nodel i ng.

ed for roles and for deri ved concepts in order
hrases for these concepts or roles, al though
sreoncept ) fromwhi ch the nouns could be

he following exanple. It should be
showhow YAKR works. It does

v up-to-date) descri ption
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AT-DOMAIN(attribut) ).

PRIM-CONCEPT Functions = Objects.
NOUN (unterprogramm funktion prozedur).
ROLES (has-Parameter : Data-Objects;
NOUN(parameter) ).

DEF-CONCEPT Input-Functions = AND(Functions
SOME(reads)).
PREFIX(eingabe einlesen lesen input)
SYN-CASE((zweck reads))
ADJECTIVE(einlesend lesend).
ROLES(reads : Data-Objects;
VERB(lesen (lesen ein))
NOUN(lesen eingabe einlesen input) ).

DEF-CONCEPT Output-Functions = AND(Functions
SOME(writes)).
PREFIX(ausgabe ausgeben schreiben output)
SYN-CASE((zweck writes))
ADJECTIVE (ausgebend) .
ROLES(writes : Data-Objects;
VERB(schreiben (geben aus))
NOUN(schreiben ausgabe ausgeben output) ).

PRIM-CONCEPT Data-Objects = Objects.
NOUN(daten)
PREFIX(daten).

DEF-CONCEPT Parameters = AND(Data-Objects
SOME(is-Parameter-of)).
NOUN (argument parameter)
ADJECTIVE (uebergeben).
ROLES(is-Parameter-of = INV(has-Parameter); ).

PRIM-CONCEPT Characters = Data-Objects.
NOUN(zeichen char character).

PRIM-CONCEPT Lines = Data-Objects.
NOUN(zeile).

PRIM-CONCEPT Files
NOUN(datei file).

Data-Objects.

INSTANCE character-c = Characters.
INSTANCE string-s = Lines.
INSTANCE filepointer-stream = Files.

INSTANCE fgetc = AND(Functions



Information about I'ndividual Wrds

VALUES(reads, [character-c])
VALUES (has-Parameter, [filepointer-stream])
VALUES (has-synonym, ["fgetc"])).

AND(Functions
VALUES (writes, [character-c])
VALUES (has-Parameter, [character-c filepointer-stream])
VALUES (has-synonym, ["fputc"])).

INSTANCE fputc

AND(Functions
VALUES (reads, [string-s])
VALUES (has-Parameter, [string-s filepointer-stream])
VALUES (has-synonym, ["fgets"])).

INSTANCE fgets

AND(Functions
VALUES (writes, [string-s])
VALUES (has-Parameter, [string-s filepointer-stream])
VALUES (has-synonym, ["fputs"])).

INSTANCE fputs

Note that the concepts actions and Call-Actions and their acconpanyi ng rol es are not really used
this exanple; they are present for expl anation purposes onl y.

The hi erarchy that results fromthis exanple is depicted in figure 2. The roles calls and wih are not
shown in this picture, because they are not actually used in the exanpl e anyvay.

anything

/\

Objects actions

.---~has- Paranet er "":-. .. .
Functions Data-Objects Call-Actions

o / \\\
Input-Functions Output-Functions Lines Files Characters Parameters
fgetc fgets fputc fputs string-s filepointer-stream character-c

Hgure 2: TBxonony of the exanpl e knowt edge base

5.1 Ifariaabat Iidvidd Wad

sinpl est formof annotation to a concept or role X is the synonymlist: The VERB and NOUN
ns gi ve a list of verbs and non- conpound nouns, respectively, that can denote the concept or
notate. The sane vord can armotate mul tipl e concepts or rol es, resul tingin anbi gui ties
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for that vord. lor instance, the gernan vords Funktion (function) and Unterprogramm(subprogram
both refer to the concept Functions. Simlarly, lesen (toread) andeinlesen (toreadin) refer tothe role
reads. einlesenis averbwth a separable prefix and is therefore gi venin two parts.

(Jten nouns can be specialized by prefixi ng an adjective. The ADJECTIVE amnotation to X expresses
this prefixing: It lists a nunber of adjectives that can be used to specialize a noun in order to denote
X. 'The suitable nouns for this specializationare all nouns that annotate any superconcept of X. The
ADJECTIVE annotation shows one of the ways inheritance is used in the construction of case frames:
lenever an annotation to X specifies a part P of a natural language construct to be added to
er construct A, then A is inherited fromthe superconcepts or superroles of X. Ior instance,
de Funktion (reading function) refers to Input- Functions, vwhere Funktion is inherited fromthe
annotation of the direct superconcept Funct i ons. 'lhe vord lesend is a present participle, but can
be used as an adjective in our system The nouns that can be used need not be annotated at direct
superconcepts: | esendes Objekt (reading object) could be used as vell to denote I nput - Functions. Ina
real know edge base this phrase voul d nost probabl y be anbi guous, because | esend mght annotate
other subconcepts of Object s as vell, but anbiguity a good result in this case, because the phrase is
indeed very vague.

(bnpound nouns are witten as a single vordin (ernan, so they could all be put into the di ctionary
d just annotatedin the NOUN list. However, this voul d be extrenel y tedi ous, since conpound nouns
7 versatile and ubiquitous in (érnan. 1o solve this problemy the PREFIX annotation to X
le prefix nouns that can be prepended to the nouns annotated with the superconcepts of
na reference to X. This ammotationis anal ogous to the ADJECTIVE annotation. Ior
on (read function) refers to Input- Function. Qily the vords Lesen? and Funktion
in the dictionary, the conpound is al gorithmically broken into these conponents by the
adjectives, inheritance is possible fromconcepts that are nore than one level above.

n adjecti ve or noun prefix to specialize a noun, it is often possible to use a pre-
1at is placed right behind the noun. This possibility can be expressed with the

e) annotation to X: It gives a case (witha filler) that, when used together

ted to a superconcept of X, denotes X. TThis annotationis an extension

sy because it produces a case that does not get inserted into a case

filler or head i nstead. Ior instance Funktion zumLesen (function for

et i ons. The possible grammatical forms for this reference are listedin the

see appendix A2); its relevant entry for this phrase is “preposition zumwith
7. This type of ammotation need not be used, because the sane handling capability can be
rating an addi tional role into the nodel : zweck neans purpose and coul d have been
as-purpose that has Functions inits domain. Bit a nodel nay be sonewhat
rts; then the SYN-CASE annotation is a sinple vay to increase the coverage of

rface.

S

i be phrases that represent pure concepts or rol es; no case franes
or the case franes are the roles. Infornation about cases is
. to insert where.

OMAIN(sc) at arole R creates a case in the case frane
this case is the range concept of R; it has to appear

i ctionary, becaise its nommalization is autonatically



5.3 Infornation about Fxplicit Inheritance of Wrds

in a gramatical formdescribed by the role table entry s ¢ (see appendix A2). 'The dual formof this
amotationis AT-RANGE(sc). Gven at arole R, the AT-RANGE annotation creates a case in the case
frane of the range concept of R. The alloved filler for this case is the donain concept of R; it has to
appear in a grammatical formdescribed by the role table entry s ¢. Fxanples can be found in section
6.1. Note that the cases are inherited by subconcepts of the concepts they originally target at.

Mot all cases inall case franes are created fromsuch annotations. Sone cases can be added wi thout
tations and sone case franes can be built conpletel y autonatically. These details are explai ned

1 6.1 bel ow

rtian dat Biat heitare d W

o a hierarchy in YAKS, there are no superroles for a role and it is
FIX and ADJECTIVE annotations, because they rely on inheritance.
d concepts, because, since a derived concept D is described by
ssary, no concept can ever be guaranteed to be a superconcept
‘ncludes). 1 overcone this problem there is the SUPERR
annotation to concepts). 1 annotate SUPERR(S) at a

romS. Athough this formof annotation nay seem

it annotation of conplete phrases, because it is

e annotations work as possible. SUPERR

sed across mul tiple levels.

nour systemconsists
annotations are
S query

1ons as their

15
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donain. ‘The t heme rol es have verb synonyns. Al these conditions are necessary and suffei ent
(othervwise the nodeling is incorrect). The has-action-or-object roles have actions or objects as their
range.
Ior each of these categories there are fixed rules that describe which cases and case franes must be
generated; the case frane generator nodul e i npl enents these rules. Acase frame consists of a head
and a set of cases. Mere are tw exanples:

Call-Actions [C-Call-Actions] (
agent has-agent (C-Functions),
thema calls (C-Functions),
attribut with (C-Parameters),
benennung has-synonym (C-Call-Actions))

has-Parameter_HAOd [R-has-Parameter] (
agent DR (C-Functions) (21),
thema RR (R-has-Parameter) (21))

Call-Actions and has-Parameter HAOd are the nane of the first and second case frame, respec-
tively. Call-Actions/has-Parameter is the head of the first/second case frane (narked to be a
concept /role). Fach of the indented lines is one case. 'The conponents of a case are, in the order
wi, the syntactical role (i.e. the nane of an entry in SARA's role table; see appendix A2), the
(pression to be used to generate that part of the YAIS query fromthe i nstanti ated case frane
s to this case (if it is filled), the list of alloved fillers for this case (which nost often
one elenent ), and optionally the priority nark, whichis 20 (and not shown then) by
21 narks a case as nandatory, i.e. it must appear in an instantiation or el se that
al. See appendix Bfor a conplete listing of the case franes that are generated
g,
" the rel evant concept and role categories what cases and case franes are
rator:

ncepts

svery action-or-object concept AQ. It contains at 1east one case of

(C-A0)
hi nd a noun i n phrases such as di e Funktion “f”, where it catches
lue to AT-DOMAIN/AT-RANGE annotations: Al roles R with an
ction-or-object concept as their domain and a concept rng

E(sc) annotation that have an action-or-object concept
| generate a case of the form

 frane.

on- or- object concepts, but usually no roles with
heir donain and no roles with an AT-RANGE
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annot ation have an attribute concept as their range. Thus there are usually no cases in the case frame
of an attribute concept except the one to catch a nane.

6.1.3 Has- Action-or-bject Roles

Ior each has-action-or-object role three case franes are generated. ‘These are naned after the role
wi th addi tional suffkes _"HAOa, _HAQc , and _HAOd>. 5% an exanple, assune the donain Funct i ons
of the role has- Paramet er has been annotated vith the noun Funktion, the range Dat a- Object s vith
Datenobj ekt, and the role itself wth Paraneter, then

o the has- Paramet er _HAOu case frame serves to parse nomnal phrases that nentionthe roleitsel f
as arelation such as der Paraneter “X” von Funktion “f7,

o has- Paramet er _HAOc parses to-be phrases of the kind der Paraneter ist das Datenobjekt “B
(uwing has- Paramet er _HAQOa to catch the Paraneter), and

o has- Paramet er _HAOd parses to-have phrases of the kind di e Funktion “f” hat den Pa
(wing has- Paramet er _HAQOa to catchthe Paraneter “P”), vhichis the nost nat
of the relation described by the role itself.

( course the actual inputs will usually not be declarative sentences. The R_HAOa c:

role R with domain d o m and range r n g uses the role itself as its head and has the two
benennung  has-synonym (C-r ng )
genvon INV(R) (C-dom)

The R_-HAOc case frane of arole R withrange r n g uses the vordsein as its head at

has the tvo cases
agent RR (R-R) (21)
definition RR (C-rng ) (21)

Wiere the alloved filler of the agent case neans that the R_-HAOa case frane of the s
be used and the syntactic role defini t i on stands for the grammatical case “noninative”
are mandatory (i.e. must be filled for an instantiationto be legal ). The R_HAOd case frane

R vith domain d o m uses the word haben as its head at parsing tine and has the tvo cases
agent DR  (C-dom)
thema RR (R-R)
Wiere the alloved filler of the ¢ hema case neans that the R_HAOa case frane of the sane role m
be used and the syntactic role t hema stands for the grammatical case “accusative”. DR stands fo
“donai n restriction” and RR for “range restriction”; the instanti ated case frane is transformed into a
rol e expression by the query generator.

6.1.4 Ihs-Atribute Roles

has-attri bute rol es are handl ed much as has- acti on- or- object rol es vi ththe fol | ow ng di flerences: (a) the
suffkes of the case frane nanes are _HAa, _HAc, and _HAd and (b) since concrete specifiers usually
appear as adjectives, the definition case in the _HAOc case frane is not al vays sufftient to catch
the range of the role; it is therefore conpl enented by another case with the syntactic role adj _adwv
(adjective or adverb) and exactly one of these two cases must be filled by an i nput sentence.

#Omce upon a tim, a _HAOb case fram existed, too, it it has been mrged into the _HAH case fram now
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6.1.5 Theme Roles

Thene roles generate one sinple case frane that contains exactly tvo cases: one for the donain D
the role and one for its range R. These cases have al vays the same syntactical roles and YAS
ns associ ated with them they ook like the fol l ow ng:
t DR (C-D)
a RR (C-R)
stands for “donainrestriction” and RR for “range restriction”.

ynonymess Rol es

ane says, synonynhess roles have no vord annotations. Thus it is not possible for a case
role to be activated by a certain word in an input sentence. (bnsequently there are
ynonynhess roles, but a synonynhess rol e al ways has an AT-DOMAIN annotation to

e frane of an action concept.

stanti tated case franes generated froman input sentence by the
Adetailed description of this translation can be found in

» instantiation, as vell as all of its fillers are considered
d and conbi ned i nto a query expression — in nany cases

» conputation of the restrictions is recursive; the

those el enents of a case frane instantiation that

~or instance.

3 and role queries. Hrst of all it must be
ny given case frane. Role queries can

ts in the ansver. W thus try to

dea about whi ch pairs night be

tions that have sein or haben

¢ are annotated at a role,

OW Ng;:

iations of _HAOa and
es are filled or the

an a synonymof

t role, because

e. acase filled by



5. My other case with YAS expression ez pr and filler X is translatedinto
SOME (expr, X)

Sonewvhat di flerent handling is necessary for rel ative clauses and for the construction of appropriate
role queries for Wi-questions. This handlingis sketched in the follow ng paragraphs.

The restriction that is defined by a rel ative clause has to be put into the restriction that is returned

for the noun to whi ch the rel ative pronoun refers. This is straightforvardif the relative clause naps
into a concept expression. But if it would nornally map into a role expression (because the head of
nstantiation for the relative clause is arole R), it has to be converted into a equi val ent concept
ession. It is possible to do so, because ve know whether the relative pronoun filled (a) a case
with DR or (b) one narked vith RR: Iet the translation of the filler of the other case in the
use be F, then return
?, F') for (a), or
INV(R), F') for (b).
il d be enpty, ve use the nost general concept anyt hi ng instead.

estions it is necessary to defer the generation of the query terms that correspond to the
asked for until the rest of the query is known. W therefore propagate markers for the
its filler I towards the uppernost level of the recursive process. There ve can then
te role query fromR, F, and the rest ) of the query restrictions as

RR(F))
the slightly nore eflti ent equi val ent specialized form

al so possible to build correct queries fromexplicit questions for pairs, between
exi sts in the nodeling by conposing the two roles that the question asks for.

| i mtatiors

tientl v bi g database the useful ness of YR for an end-user is
short query that is easy toformil ate wi thout masteri ng

ich a query is usually high, since a taxonony and

t hi gh enough in the first attenpt, it can be
specializing an attribute), whichis easy

|, because the syntactic and senantic
imted natural 1anguage interface

' the thing vanted and the user

1y learn the restrictions of

ndi tions are net by our

t.

| anguage
ur al

19
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sophi sticated in this respect, wthout any need to change the annotations at all. (h the other hand,
't will, for exanple, be difltult to describe classes of paraphrases by annotations.

2 Pradictility

~ticability of the inplenentationof asystemsuchas YWRis good: The softvare is of noderate
| be produced by a snall teamin sone nonths. It took about 4 person years (including

| enentati on coul d probahbl y done in half the tine. Fen our prototype is neither

ase it.

lat abase maintenance is difleult to predict in general. If additions to the
he sense that they do not require changes in the termnol ogy, they are

2 is about as difftult as for any other database with a nontrivial

w1l be added that requi re newterninol ogy, sone expertise

an and coherent. Another probl emi s the nasterability

abase contai ns adequate descriptions of softvare

R vould be high as far as the
practicahility of database
make sense, to use the

ic and senantic

do not

1



sone human- readabl e docurentation for them 'The repository we target consists of conponents for
whi ch no fornal input /output specificationis avail abl e and whi ch do not necessarily use commwn data
uctures, common processing nodels, or common nodul ari zation strategies. Thus the infornality
ornation that is available about the conponents shows up in our systemin the infornality
interface ve use.

1d, reuse could also take place in a more controlled and fornalized envi ronnent,
and catal ogi zati on) of reusable conponents and the production of newsof tware
by a comon fornal framevork. In this case other methods to access
sht be superior, nanely those that use the infornation that is
Brenin this case, hovever, YAIS nay be a good tool to
shoul d be extended.

what is usually understood as softvare reuse:
process of changing a softvare system too.
& coul d of course be consi dered sof tvare

There is of

section

SS.

21
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The sof tvare i nf ornationsystemthat is nost simlar toours is [aSSIE/CO¥ BSE[ 14, 32]
inally used a frane based know edge representation | anguage called KANXR, which vas |ater
v | anguage called Jassic. In IaSSIE all infornation in the knowedge base had to be
Sl E s successor, (X BSE a lot of infornation is acquired by an autonatic
nd is then stored in a database which is queried on denand. The user
anatural 1 anguage parser plus a graphi cal browser for navi gating

ign, sone poverful constructs are nmissing; for exanple
“tworoles, the inversionof roles, union of concepts or
WIXK s expressive pover is considerably smaller

wth the use of Jassic; but sone gaps

oved only for roles with at nwst one

5, negation of concepts or roles, and

nd avoi ds storing the whol e
a1 BSEis
he 1aSSIE

Y

8  RELAIFD WRK

. 1aSSIE



syntactic coverage; the other know edge sources have to be updated for a newdatabase. The lexi con
contains vord infornation for morphological, syntactic, and semantic processing. The conceptual
schena consists of sort infornation and constraints on the argunents of nonsort predicates. Hnally,
> database schena consists of infornation that enables the nappi ng of the internedi ate represen-
0 a query expressed in a rel ational query | anguage.

sition process diflers fromthe one ve use. Qur approach relies on specifying lexical and
knovt edge in the lexicon and annotated know edge structures. In TFAM lexical and

s acqui red by neans of an acquisition di al ogue using nenus and wi ndows. The

ow edge structures and the ansvers of the user. Verbal case franes are

e gi ven by the knowl edge engi neer and questions about correctness

This kind of acquisitionis nwtivated by the ai mthat non-

dapt the interface to a newdatabase. Sinilar acquisition

s are cwrrentl y nore difleul t. Fowever, buil di ng such

of TFAMdoes. hirthernore, infornation
> deduced when using YAIS. for

c fiel ds just as rel ations

n process requires |ess

i cted syn-
ri cal

C

23



24 10 FURIHER WRK

4. 'The practical effiiency of the deductions varies much vi thalarge knowt edge base: Mny queri es
return withinless than a second, some others take mnutes.

. It is possibletobuildanatural 1anguage i nterface for aspecific know edge base w th onl y nini nal
ddi tional vork (less than 10 percent) for the know edge engineer.

tural |anguage interface toa repository of software conponents is useful to have, evenif it
tactically restricted.

rther Wk

isly alot of possibilities toinprove our system The nost inportant ones voul d be
ities of the natural |anguage i nterface (syntactic and senantic), to conpl enent
face w th nenu and w ndow ng techni ques (for instance to access the source

) speed up those deductions that are nowvery costly, and to avoid

> virtual menory. W do not currently plan to followany of

tance: Is this senantic nodeling plus natural |anguage
ter than, for instance, much cheaper infornation
 on docunentation files of the conponents 7

rt of the prograns describedin chapter 1
“our systemwi 11 then be conpared

¥ expect that the result of

es” and “unsuccessful

‘or “near msses”.

dea where our



A Other knowedge sources of YAKR

Apart fromthe YARS speci ficati on of the knovtedge base, there are two other sources of knowl edge
e system both needed hy the parser: the dictionary of word forns and the table of syntactic role
ei T fornats and senantics are described in the fol [ owing two subsections.

tiamy

all the vords that SARAshall be able to recognize. It is inplenented partly
partly vith al gori thnmic vord formanal ysis. The informationit delivers
riate): part-of-speech label, tine, casus, numerus, genus, person,
Tor nost types of words, dictionary infornation rarely needs
ra.std). But for verbs, nouns, and adjectives additions are
ary al ready contains about 10000 words with about 25000
nany i nplicitlyrecogni zabl e vord forns. The fornat
mations are by exanpl e for ease of understandi ng.

ra.uverben, their fornat can be deduced from

d bel ow

is.wb.v and may 1 ook 1ike

:ung }
1f) :rm }
fixe () :rm }
1 ab aus vor) :ung }

y and nust be the infini tive formof the

ma- separated prefix vord parts is
anpl e ackern and beackern).
kert but beackern —beackert
ani ng “do not prepend ge

| even where other prefixes

f separabl e prefixes is
exanple ferti gen

ble prefixis cut

ch abfertige etwas

ept if the enpty

rtigen —gefertigt

ix list elimnates the ge
of aufgeaddiert.
explicitly generated in the
1anal ysis.

25



26 A OIHER KNOWEDAE SOURCES OF YR

e last part of a verb entry is either :rm (which is an abbreviation for the also possible
gelmaessig) or :ung. :rm designates the verb as a regular one. :ung does the same, but ad-
nal 1y resul ts in the generation of another nominalization: Ior all verbs (whether regul ar or not),

ni tive formis autonatically put into the dictionary as a noun, too (e.g. ackern —das Ackern).

> verbs second noun entry is nade, in which the en ending of the infinitive formis replaced

, fertigen —das Fertigen,die Fertigung.

rtizipl and Partizip I1 form of all verbs are autonatically al so avail abl e as adjecti ves and as

Nouns

“or nouns nay 1 ook li ke

itt :substantiv :typ (Ss, Pe) }

e :sub :typ (S, Pn) }
:sub :geschlecht (s) :typ (Ss, Per) }

thmus :sub :geschlecht (m) :typ (S) }

thmus :sub :stamm algorithmen  :geschlecht (m) :typ (P) }
:sub :geschlecht (s) :typ (Ss, Pi) }

nsatz :sub :stamm zeichens@atz :typ (Ss, PUe) }

art of the entry is the vord nane, which must be the base formof the noun. :sub (or
ubstantiv) is the key vord that assigns the part-of-speech.

precedes the list of inflectional types of the noun. The available types are S, Ss,
n, Per, Ps, Pss, Pi, Pue, PU, PUe, PUen, PUer. The S-types describe how
is forned fromthe base form either by appending nothing (S), as in die
by appending s or es (Ss), as in das Bild —des Bild(e)s, or by appending
r Mensch —des Minschen. Homthis S-type assignment all singul ar noun forns
‘nto the dictionary (nomnative, genitive, dative, and accusative case).

e nomnative plural is forned fromthe base form

pendi ng nothi ng/e /n/en/er /s,
ng the first or @-narked vowel into the corresponding Uhhaut pl us

se,
or us intoi, and
minto en.

natically assuned to be fenale, all others are assuned to be
v for about 80 percent of all nouns. Ior the rest, gender
sschlecht folloved by a parenthesized list (!) of the

n for neutral . Miltiple genders can be assigned to a

ign diflerent stem for singul ar and plural forns.
i thnus above.



A2 SARArole table

A1.3 Adjectives

Fntries for adjecti ves may 1 ook 1i ke

{ absolut :adj }
{ bedeutend :adj :steigerungsstaemme (bedeutend, -,

(bedeutenst, bedeutendst)) }
{ public radj :ungebeugt }

The first part of the entryis the word nane, which must be the base formof the adjective. :adj (or
al ternativel y :adjektiv) is the key word that assigns the part-of-speech. If the conparation endings
are not er, est, the conplete base forns for positive, conparative, and superlative can be given as a
list of vords (or vordlists for alternative forns) after the keyvord :steigerungsstaemme. It is also
possible to specify that the vord shoul d be considered to be an adjective in aninput sentence even if
it appears w thout a inflectional ending by gi ving the keyvord :ungebeugt in the entry last. This is
aded to handl e gernan usage of english adjecti ves.

‘ted adjecti ves are anal yzed al gorithnical l y and are not put into the dictionary as full forns. Al
ves are automatically also available as adverbs.

Mrde tdle

yci ates the nanes of syntactic roles vithaset of grammatical constructions and a set
1at can be used torefer tothis syntactic role. The standard set of syntactic roles
alib/sara.std and has 33 entries. Athough it does not need to be changed
lescri bed here.

arole table entry is the follow ng:

;7ich’ schlage keinen Hund

;’von mir’ wird kein Hund geschlagen
;’vom Nachbarn’ werden alle Hunde geschlagen
; ’durch mich’ werden keine Hunde geschlagen

;das Klagen ’des Nachbarn’

;das Klagen ’von mir’

;das Klagen ’vom Nachbarn’

;das Klagen ’durch den Nachbarn’

;’wer’ fragt mich
;’was’ krabbelt meinen Ruecken hinauf

;’von wem’ werde ich gefragt

n)
s)

; (sinnvoll, wenn die Agenten SW-Objekte sind.)

27



28 B LIST OF GENFRAIFD CASE FRAMES

This entry can be read as follows: agent is the nane of the entry (as to be used in AT-DOMAIN and
-RANGE annotations). The followngstringis nerely a free formdescriptionof the entry. Al of the
oW ng is optional, except the keyvord :fragen.

aktiv neans “the foll ow ng appearance forns are valid for verbal phrases (i.e. clauses) in active
nly’. :nominativ neans “one possible appearance of the agent role is a noun in pure noni-
(i.e. wthout a preposition)”. ‘The part of the line after the semcolonis a corment and

e for this appearance form

ns “the foll ovi ng appearance forns are validfor verbal phrases in passive voi ce onl y”.
me possi bl e appearance of the agent roleis anounin dative case preceded by the

the part of the line after the semcolonis a coment and gi ves an exanpl e

expl anations for the other appearance entries are anal ogous.

ing appearance forng are valid for nominal phrases only”. 'There
e the :nur_aktiv keyvord. This had neant that they shoul d
assive verbal phrases as well as nommnal phrases.

ded for purely syntactic reasons, to ease parsing the

ni ng of asentence indi cates that the sentence naybe
rds nay be gi ven and nust all appear inexactly

ection of the entry.

ion are inplicitly derived fromall the
d for verbal phrases.

page 11. 'The listing



adj_adv 77 (C-anything) (21),
agent 77 (C-anything) (21))

Data-Objects [C-Data-Objects] (
benennung has-synonym (C-Data-0Objects),
gen_von INV(has-Parameter) (C-Functions))

has-Parameter_HAOd [R-has-Parameter] (
agent DR (C-Functions) (21),
thema RR (R-has-Parameter) (21))

has-Parameter_HAOc [R-has-Parameter] (
agent RR (R-has-Parameter) (21),
definition RR (C-Data-Objects) (21))

has-Parameter_HAOa [R-has-Parameter] (rollensynonym) (
benennung no-KRS-role (C-Data-Objects),
gen_von INV(has-Parameter) (C-Functions))

Files [C-Files] (
gen_von INV(has-Parameter) (C-Functions),
benennung has-synonym (C-Files))

seinl [W-sein] (
definition 7?7 (C-anything) (21),
agent 77 (C-anything) (21))

Objects [C-Objects] (
benennung has-synonym (C-Objects))

GF [C-anything] (
definition no-KRS-role (C-anything) (21),
agent no-KRS-role (C-anything) (21))

Input-Functions [C-Input-Functions] (
benennung has-synonym (C-Input-Functions))

Output-Functions [C-Output-Functions] (
benennung has-synonym (C-Output-Functions))

habenl [W-haben] (
thema ?7 (C-anything) (21),
agent 77 (C-anything) (21))

writes [R-writes] (
agent DR (C-Output-Functions),
thema RR (C-Data-Objects))

Lines [C-Lines] (
gen_von INV(has-Parameter) (C-Functions),
benennung has-synonym (C-Lines))

actions [C-actions] (
benennung has-synonym (C-actions),
agent has-agent (C-Functions))

Characters [C-Characters] (
gen_von INV(has-Parameter) (C-Functions),
benennung has-synonym (C-Characters))

Fallschablonen zu ’sein’ : (GF, has-Parameter_HAOc)
Fallschablonen zu ’haben’: (has-Parameter_HAOd)

29
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seinl, sein2, and habenl are the case franes that are usedinternally to parse all inputs withsein or
haben as main verb. Instantiations of these case frames are then converted intoinstantiations of the
ppropri ate _HA®, _HAQL, _HAc, and _HAd case franes by a uni fication al gori thm This nethod is
the extrenel y long runni ng tine of the parser that wuld result if all sein/haben case
tly used for parsing. GFis the socalledgeneral frame that is used to parse inputs of

che A sind B where both Aand Bare object concepts.

terface commands

A command i nterpreter 1ooks 1ike this:

Sitzung

uf

sbasis (kann #krsinclude enthalten)
iissensbasis

1eintraege/Konzepte

lschablonen

sbasis auf Konsistenz

schablonen

1 (ein/aus)

srungen anzeigen (ein/aus)

bedateinamen bei w,k,K,r,f,t (ein/aus)

rn

srungen auf EDGE-Datei schreiben (ein/aus)
> einmal auf EDGE-Datei schreiben

rdeingabe um

basis nach |less

sn Eingabesatz

srpretierer aufrufen (Verlassen mit ’quit’)
reren Woerterbuches aus ~/tmp/sara.wb.bin.Z

scri bed now

at fil e as a SARAknowt edge fil e, whi ch nay contain (a) di ctionary
ude of other SARAfiles, and (d) #krsinclude of YAS files.
the standard i nput.

S knowt edge base fil e.

he correspondi ng di ctionary entries, concepts,
base. The output shoul d be nore or 1ess
sither R-, C- or I- to display that

YAIS. Role concepts are further

is a synonynhess, thene, has-

cepts nay be further prefixed

attribute, or other concept.

ects whose nanes contain

|y enpty (i.e. just a



“<” reads the binary formof the dictionary froma file whose nane is givenin the file .sararc; this
is very much faster than to parse the source formof the dictionary, but is only possible as 1ong as the
dictionaryis conpletely enpty. This is usually the very first command i ssued in a session.

“>” wites the conplete dictionary onto a fil e whose nane is also givenin the file .sararc, for later
se with the comand <. 1o avoi d accidents, it is clever not to have the sane nane in .sararc for
put file as for the input file.

*arpl e Session

‘ontai ns ashort exanpl e sessionw th YR, using the exanpl e knowt edge base fromabove.
1is typeface vhile user input isinthis typeface. (brments are i ndented.

YAKR ? fuer Hilfe

in.Z : sis.wb....... 2

e SARA di ctionary has been read in.

basis ein.
\-Wissensbasis: bsp

The contents of the file bsp are

le "sara.std"
-lude "daten/bsp_yaks"

nt a lot of output is generated that shows the nanes of the objects in the
' as they are created while the knovledge base file is being read. 'This

 here.

ammounces that all knowltedge fil es have been read in and generates
t of output not shown here is generated that shows the nanes
ated.

rusgeben

L geben et was aus

tring-s
1aracter-c

ndeine Funktionein Zeicheneinlesen ¢
etc reads character-c
RA: Ausgabefunktionen
fputc fputs
SARA: Funktionen, die ausgeben
fputc fputs

SARA:
Instanziierungen anzeigen wird EINgeschaltet

31



32 E  POpSI BLE PROBLENS WTH NATURAL LANGUAGE I NIFRFACES

Thi s comrmand toggl es the di spl ayi ngof the i nstanti ated case franes and the YAKS queri es
ierated fromthem

onen, die ausgeben
ionen, die ausgeben'" -->

- G4 C-Functions,
[Gw Fngda Np P3 substantiv funktion]
L2 G24 R-writes, Relativsatz Np, P3, (aktiv,praesens,indikativ,Nebensatz)
rolle L2 G2 agent/DR
[:I L2 G2 C-Functions,
[Gw Fna Np P3 substantiv funktion]]]1]]

EPT 7cvar = AND(Functions
ME(writes)). /* Concept */

fputs

q

ss !

ssible Boblem wth MNtwal ILanguage Interfaces

cal dial og nay serve toillustrate sone of the difleul ties that nay arise in the
w th natural |anguage interfaces. Actually, this projection vas nade in the
dth aslowprinting ternminal . Hease take care to understand the initial

vi ce conputer. o provide the best possible service to You, ny
n ne the capapbility to converse in basic Fnglish as well as the ability to

2quests fromthe kevboard.

sts must start with //

your typein, type *** and press the CARRI AGZ REIURN key.
. ny typeout, depress the MARA N RELFASE key.

pei n, backspace and type over the errorneous characters.
a typein, type ! or 7.

i nate ny services, type “fini shed!”.

will be billed for the tine used at the end of the nont h.
Wat is your credit card nunber ?

//3T2AC 2631 AFX. !
Wat is your nane ?

//J. Wonsely Rogers III.
!

/1!
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(tedit card nunber vali dated.
Wat nay I serve you, M. Rogers 7

//Do you provide library reference services 7
¥s. I have access to 1. 27*10F+7 vol unes of books and 3. 26*10F+47 publ i shers of nagazi nes.
//1.27*10E+77
“1. 27*10F47?” neani ng unclear. Please clarify.
//Sorry. WMat does 1.27*10E+7 nean ?

1. 27*10F+47 i s nunber. Qther legal notations are 12700000 deci nal or 1100001101010000000000(
bi nary.

//Oh, T see. Can you give ne all your references on Tarot cards ?
Tarot cards 7
//Tarot cards !
Tarot cards 7
//Cards used by gypsies to foretell the future !

I have major subject indices for subjects “card”, “gypsy”, “gvpsuni, and “futul
wish displayed ?

//1 want to knowabout Tarot cards.
!

/]
Tarot cards 7

//OK! Youwin. I wa
“OK 7 neani ng unclear. Please clarify.

//Listen you goddan***INPUT CANCELLED#***
//Please display your index for subject “Gypsy”.

/!
Books or nagazines ?

//Both!

Wi ch first 7

//Books?

“Books?” neani ng unclear. Please clarify.

//Books!

Ib you wish the listings inrandomorder, al phabetic order }
grouped by publisher, or odered by date of publicat

//VWMatever.
/1
“Watever.” neani ng unclear. Pl ease clarify.

//Present the data in whatever order yc
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wish the 1istings inrandomorder, al phabetic order by title, al phabx**TYPEQUT
NTERRUPTED ***

/By date of publication!
Farliest or latest first ?
//Latest!
Hrst or last ?

//H t hex**xINPUT CANCELLED***
//First
1

//¥es?
“¥s?” neani ng unclear. Please clarify.
//“¥es” what ?
¥s, I can give you all ny references on larot cards.

/ /Wy t he el ***INPUT CANCELLED***
//Wy didn’t you say so in the first place ?

Wy didn’t I say what 7

Never m nxx*INPUT CANCELLED***
//
Please give ne all your references on Tarot cards!
g y

Ib you wish the listings inrandomorder, al phabetic order by ti**+*TYPEQUT INTERRUPTED***

//RANDOM ORDER
/]
Several references are listed as classified/restrictedinfornation. If you wish access to them
enter access code.

//Wat’s classified about Tarot cards ?
Tarot cards 7

//Tarot cards
/ /*%*INPUT CANCELLED#%*
//Omt the classified references.

/]
Several references are listed as restrictedinfornation. If you wish accex

Ont the restricted i nfornation.
1

/]
Mo input recei ved. Please enter next request.

//Omt the restricted i nfornation!
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Published hardbound and undated paperback references for subject “gypsuni’ follow Ihted
paperback publications are included i n nagax*+*TYPEOUT INTERRUPTED***

//1 don’t want to knowabout Gypsum I want to knowabout Tarot cards.

//Cancel
!

!
?
!

/!
“Chncel ” neani ng unclear. Flease clarify.
//Fini sed!
Wrd “H ni sed” not in vocabul ary tables. Pl ease provide defini tion.
//Fi ni shed!
Request illegal at this tine. Flease provide defini tion of word “H nised”.

//“fini sed”, transitive verb, fromthe french “fini ”.
//Used as an instruction to conputers to erase
//all prograns and data fromnenery!

Ixfini tion recorded. Thank you. Fnter next request.

//¥u' re quite wel cone. Finised!
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(From DAAMMION April 1973, pp 72-73, by Ibnal d Fenney)
il enjoyrant, nowstart again and read carefull y.
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