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X-AD s an intelligent shell ad user interfaces. Its
surface offers an integ g emblesmmabm”eofmns windows,
% natural te%xt éjéw?rsal eral and special service functions.

iD'consists of a set of specialized knowledge interpreters, implemented
asynchronous processes exchanging Messages.
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X-AiD besed on dedarative Iterﬂxxjacmrrm
e "working with a computer” in
mespported lcatonsbehﬁlta\d Ieded eadnof

HAL.
HAL enables ble dedaraton of sdrmes wi mult]ple
inheritances and extensive deffault—handllng All HAL object sthemes
contain specialized rulcsets related to human-computer communication

fopics (eg. syntax, semantics, display).

'Ihesys!emlsprepaledtomoklna"leamlngb ing used-mode
where it memorizes protoools about all occunn achon)s(héré(]ﬂudlng
undoffredo operations. Later on it analyses those prgroools € new

j fluctuiation of defaults, new semantics rules, a‘dfrg%

lans-of-action p\&ﬂggh the spectﬁcto ngeﬁq mainly followed. "This Ieafomedh
is g vice versa to aid this user r him
menus and insiances down o b{gepan o his

work or explaining to him his dialog state and how he got there.

L Introduction
|nterfmaeoommiyoa'1sderedto a
|mportant role in futureom‘?uter systems. Meny statements e Ve%
this are made. We at GMD eltaieady1%ﬂ'atbad&shedassnal eld
ral Language Processng Al

of Natural
of smarter mterfaoes Sowrthihe |nn|

m Igrvoup mm Communication at the GMD nsttute f/f\)er
ied Information started develop| a sysem called
[1]. The following primary charadteristics then A defined:
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Dialog-
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* AID is a computer interface which is special to each user but similar

foranyappllcabon
ADisa which leams "by being used" and
assistant for users of any stage of

is able to act on its own initiative.
* ADisan appllcaton
computer literacy.

The resuli now X-AiD, hes been bolics
36xx machines ng sysiemrg and Fla\mmnal emel.
All the KncWedge a\d other

representation prox?l‘;é

users
W|t?1ga rich set of facilities |nclud|ng rapid prototypl 8 with HAL
structure-oriented editing of object instances, different

shabqles followin pre%eﬁned lans~of—achon holopthasted isplays,
b, awddlﬂgeremtyp& leaming. P ys

2. X-AiDSyiiem Overview
The main functional X-AiD a collection of
and

comporerts are asynchronous
interpreters fSpecialiati) and some additional
Sfiyjfifil). The main deda |Doorrpor'|enlsaeﬂ1e lil
B«CJ d&eabed in the enguage HA
jalists are providing the knowledge-based support of a user's
dla his collection p ntgracwelynrnpl,l latesble object instances in
ic Knowledge Basa We call the set of all user-accessible
of the Specilists the Univefttli (or Unlver-1 O
-AiD. Speddiists in the X-AiD repettorgl?lrv%le'sgeneraf lly appii
or:

ratinml of
aquss a
wide range of X-AiD applications, are
* d|aI

%&m diferent med
| ren ia,
n:leperxj;!;oft‘rgﬁmedm
ngv\/lthlnﬂ'leloglcalgmcueofmectnstam

instances,
m“%%’e'aml o s e P o e knowecte beses,
active helping.

*
*
*
*
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Figi 1 shows the modular design of the X-AiD sysiem with the Dialog
at the center serving a monitor role in initiating and ooordlnahng

communication among the other Spedialists. Not shown in this

the collection of rule interpretation jes accessble o the |alog

Handler and to each of th™ Spedalists in e system, with the

KrmviedﬁeBaseswerhemerddlaloghlsto mlmae

(potenhay)oorsdtedateverylnteramonwdevw the user in oder to

Interpret his commeand with respect to the current state and the diverse
in the computing environment.

It hes been an important mikestone in the X-AiD development when in
implementation of the

1986 we finished the i the first versions of Consfructor,
WNaVIg?dtorregeggd insiances of m&ﬁmﬁg% (for
i
more about Spedalists see [2]). a
3. The Knowledge Representation Language HAL
The Knowledge Bases of X-AiD consist of objects dedared
knowledge representation language HAL [3J and are organi
dimensions:
* ﬁrstlheyaedivided into Static ocontaining object
C ining cbject instances,
* se(mdﬂ'leyae mafically acoording to a semantical
dﬂﬁawdm of the object formalism itself, because
mears fsm i
ﬂsl;ij/é\L all rept&eeried for any object strictly is contained

ZSfDNsan@aT}hOf HALobjedsdeme Town") ad the
ngdefaultdlsplayo a Town" instance ( )

(OBJECT-SCHEME Town :PUBLIC

ADOCUMENTATION "JCAI Town exampee’))
« INHERITANCE X-AD-basic-object)
grm%spmv (INSTANCEOF Primive-Sting)
. nm

NDEFINED)

(Towrrname DISPLAY (INSTANCE-OF Idenhﬁer)

UNDEFINED
county  :DISPLAY (POINTERTO Country) UNDEFINED;
%oon (HIDDEI\% l(IL\ISTANCE-dOF rgm o)

p le "aid-host: aid; graphics; icons; pic'
EVWdih 79) (height 69))))

&pOS‘BFOOde )> (ANB {oountry-code’ cb:T 15 dlglt))))

antyoce) &R' [ 2 (OFTS 5 dit)
nt [[e]]
%gz?)up CnnyoodeC SR B e ek e E)j"»);g

(rSEMANTICS

D B et Nl (< s 202)
(AND |s Tomreme S} <- country USAY)

"1- 123
«AND .AI\IIS o B Kar?sruhe') <- country W-Germeny)

OHEURISTICS)
(tDISPLAY)
CITY HCAI-87
END Town) POBTAL-CODE : 1=20123
CITY-NANE : Milana
COUNTAY : => talla III
Figure 2: A HAL object scheme and instance
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HAL is easily extendable with new features, i.e. the current slots are not
fixed ultimately. For a new slot :ALIASES may be useful in
realizing a muttHang uagﬁe user interface, in which for each English
object-name and nbute-name ‘there  is specified” a
JapaneselGeman/Arabic

Within X-AiD a very wide range of knowledge is represented in HAL:

* common sense about the business world, office ervironment and humen
oommurlwgcf)n (e.g. object shemes "Organlzaton“ "Document”),

CalcAD
electronic mail (Mai AlDa;pplquasmq(SAuﬂworAlE?)g Shreackhest ( )
knowedge necessary for cx)mrrunlczu with ad

Wskam |ntemals
useréJ dialogimanagement. user—proﬁle plan-of-acbon,...)

Itlsalong-termgoaloﬂheXAlD-prqedtodmbeasnwofthe
shell itself |ntermsof sthemes ad mt?gow This faalrtates o?

E%nanon of
needs o ') %rlvanttr\s?cr;rlr?edﬂ?nto other programrggg,ag&cc%grgetlfgs

Currently we Q a dedarative description of HAL in HAL,
thatyleldsawniaxdlrected jtor for HAL schemes, when finished. An
|nbresh aorsequence of "HALHN-HAL" is the fact, thet this

drfferenoeba/mmmsaﬁm(atleastnmeory)
bemse all HAL schemes becore i of the root scheme

"HAL-in-HAL". With "HAL-in-HAL" we create a remalkable
stheme which is recursive in the sanee that it is an instance of itself.

A main feature of HAL is the modularization of the rules first b
inserting them into the object schemes and seoond by dividing them in
different dasses. A commion property of all axjofaIHALruIe
interpreters is the from rule-ordering. Therefore it is not

possble to hide an algorithm in a rule sequence.

The SYNTAX rules take the form of ucbor‘sofaoomext-free
%’rmr ¥ with an affribute name as the symbol. They restrict the

vdlmoﬂheammtelnqueﬂmtothefonnal spegified
‘E‘et'%m“a”fy{)“éﬁs iy ‘E‘;se‘%” Aot By o Iamche
ute input is an interactive
the :SYNTAX slot of the HAL scheme.

The SEMANTICS rules permit the examination and comparison

utemmweaﬂlreseﬂlr%and (perfaasvwm
mbmoheratmwtevalues ) on the right: side. There arc
different avaiable for interpreting setmﬂr,smles DOALL, DO
ONE, WHIL ALL WHILEOI\EasmLO(PS[4] rmﬂof
sideeffects in the Iesadlonpartlserdjedhwghmsg%cas,
eg. "(LISP <arbrtraryOomeLspexpressm)

The HEU%TICS rules are used for controlling the dynamic behaviour
of instances. rules the functioning of the universals can be
adustedto a

particular task. While the X-AiD Universals are the default
meiliojis of the tbased HAL, the HEURISTICS rules offer a
mtm-depement special methods

object bnguage
D16 XAD Rpowbot B~ 0

The :DISPLAY rules fit for organizing the ical and textual layout
insances he user works with. Tﬂglswnl%rgph sysbmancaliy
> isplay ru e Ilngm dmawlgssrm jalist pmduo%

a
default that is sufficient in most cases.

All four rule sets are induded in the inheritanoe mechanism, i.e. in HAL
not only the atirbutes are inherited but also the rule sefs, aocxnrding.to_ﬂnir
classmcah%1 So the :SYNTAX ruISe i EX an llnréeentt%ngeége ogsed
separaely to a new more specific :SYN rule
rule seis are joined , and so forth. The important adveriage of this
thematic rule modularization is a v% S|gnrﬁcant gain in efﬁency since
only the rules relevant to the cument context have to
when performing a X-AiD_universal operation on a HAL |nstanoe
Therefore the rule interpretation remains efficient, even if the total number

very large (i.e. millions).



5. Adapliveness

Martmachine surfaces built with X-AiD be viewed as intelli en

personal &SSUSetS which shouid know meny and rues

users o be able to help them YwmayoorsderXAlelus
its Bases about an User X 0 be an for the nesds

and tastes of user X Wherefrom should the 'I'he:esno

hrrmemettbbeadeddnjttserXaanerherl«mswamreaﬂy
spa’ehmetothlnketn.tﬂ’us topic. The onl %
V\%V\mtonﬁeXAlDleamrtselfvwa nescks o know, sta ngfroma
Uit user profile. This userproﬁle mlghtbeadesonpton (mede by
er%ggsg unintelligent wellknown interface,
r_lfgthe first of all smply emuigtes such an

Now the user dergethl usi roto | features and
XA|DW|IIrerrHTtH o= rgesd&g ‘roteleamlng
tfenterfaoeopera&marmdeweramd mlng
Anything happening at the computer %mlledsomamml
usngiheplan—of—atﬁon Sdmrt-;lryhls lsvetyd
protocols which only contain syntactical protoools
%%nmwmmmb%ummgm%fXAlD E penods

uri

LBG”InaCtIVIty BesaimiheHALkrmled% 3 ad

the plan-of-action scheme the following will be leamed 15}

* new or variated HAL object schemes,

reNorrevseIgaMbutedefauls

* semeniics rule hypotheses,

* abstraded plans-of action.

6. Leaming oj .Obect sthemes

Wmﬂ'mesxboeofXAlDbeeedmthemg)ageHALrtls e to
encble users to aedle ot;edlﬁerwswmlntmgwmhmrts those obect
schemes al contained in the Bases. f we now ad the

descript ofatotallyunwerwlot;edsframl(_w(i)lmsaswellmihe
X-AD sysiem itself may aeste ay instance avoidi
dedare some scheme. |rtuallytherrmuyrtw ins
instances of arbitrary kind without a joint 'scheme. Those omphaned
rSat&smbekerdedbeAthkeayoﬂers

sheme, universakscheme instances of that
dusteraeifmbbeﬁarsbrmdtors!armo‘ﬂ'atnewylearedad
maximal speciic HAL object scheme.
(OBJECT-SCHEME universakscheme :PUBLIC
:INHERITANCEX-AiD-basie-objcct)
:ATTRIBUTES

inheritance .DISPLAY (SET-OF universalscheme) .UNDEFINED
butes DISPLAY (:SET-OF universal-alfributc)UNDEFINED

attri
syntex  DISPLAY (:SET-OF universabule)  UNDEFINED
semantics  DISPLAY (:SET-OF universakue)  UNDEFINED
risics DISPLAY (:SET-OF universahule)  UNDEFINED
display  D1SPLAY (SET-OF universaluie)  UNDEFINED))
END un )
(OBJECT-SCHEME universal-attribute INTERNAL
INHERITANCEX-AID-basic-object)
‘ATTRIBUTKS
reme  DISPLAY Identifier UNDEFINED)
tyoe :DISPLAY (POSSIBLE-VALUES
UISPLAY READ H1DDEN) UISPLA
sheme DISPLAY UNDEFIN
defaut UISPLAY universatscheme UEFAULT))

END universal-attribute)
OBJECT-SCHEME universakule INTERNAL

( INHERITANCE X-AD-basic
*ATTRBUTES (ame D1 Y Identifier UNDEFINED)
(eftside. . . . ... .. )
efc.

END universal-rule)
Figure 3: HAl -dedarod inventory o hende "ophaned insiances”

7. Learning of semantics rules

Semanics rules IIydeﬁnecxmslerwbavmaMbutevdmof
anobjectl values mey be parts, i.e. smple or complex
independent instanoes with nonHhidden

instances inside, orpanterstoother
attributes. All these acoessble may be used in the condition
Ereedélcaleofasermmsmle an inoonsistency occurs, X-AiD knows

types of handing this.

Oeiste 'lazymode where X-AD just waits until its user finishes an
serm ued'langlngact]ons'l'hesewrjrmde is to

automatical by exeauting the rule's action part. This
is the " mode useful for and simulation sublasks.

The third and most interesting type of inconsistency IEIsusngthe
whole rule as an explanation source n1he'he|perrmde"x
its user if he warts 10 comect some of his last inconsistency-causing
dﬁg&sorrfhelnsslsmhsdﬁrg&s IfIfewerdeth&mMastaton
the new object insiance sigie becxansstenLXAlDrestomodrfya'delele
its now "usér inconsistent”

This prerequisite_behaviour enables a leaming mode where X-AiD

hypothesizes semaniics rules about specific hemes. ftonl uires
a statistical significant number of |rganoegb%1 |y req
dassrﬁerdlmensmlrgrrﬂmchfromthePanan rlllonﬁed

easly appicable becatse the therefore
ok;egle reedwayssalgebtamllyatmmmmod

If a semeaniics rul hypdfmzedstahsﬂcal
avmne(lertlswsdsuocssﬁ.i% Iyga%?elpermode')thenlt
mey be used by X-AiD in " modk”, too.

8. Conclusion

Based on the operational level of X-AiD in its current siate, research ard
development now will concem mainly these gods:

|ndrrgg|engaomshcaladsneed1mefh|ntf‘ewa‘smmnmm

* installin a%_ﬁmﬂs switch feature, where a user may switch

X-AD's gaw just "pushing a button",

|ntegranng sqnaaetyp&sdleamlngadmmetyp%
to a synergic
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