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mechamsmsforexpeneystems. -Thmreeearehhasfocmedonan
' la.natxon famhtyﬂfor ROSIFl . knowledge engmeenng langua,ze

‘(eXPlanation. faciLity), a facility designed to work with ROSIE and
: integrawd into the ROSIE 2.4 programming environment.- XPL is

_d.wplaymg the computatwnal hxstory on whxcu it is- based.
. The’ audxenee for this report includes knowledge engxneers, artxﬁcml,
mtelhgence researchers and others involved in the design and. .develop-

.ment ‘of éxpert e, stems, and- those desiring an mmmve understandmg
- of XPL mechanisms,

-Thm research has’ been conducted as ‘part of the Informatxon Pro-
ceasm; Systems program “of Rand’s National Defense Research- Insti--
‘a Federally Funded Research and Development Center sponsored
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‘:km:ymmmexplmnmpcﬁomm Thmmechanmtym
"‘“mﬂythowtbe\perhowtheexpensyuunmcmhpmnwndmn

boofmtarecttotheuserandthengenemﬁngexphnmombwedon
" only those rules. - 'I‘hmtechnmbetpscontmlthemandeomplenty
o{xnfenne&mfmnonmradase!utorvoithemm !t.__.;.--_i
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Wlmpdldthumlonndthuadatacomﬁom,u..howdxd
thcygataddedtotheknawlod@bm?.
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aunngcommands.wmchmbewnttendnmcﬂymkosm.thesys-
temhnkhrmmlydeﬁne,sbape andfeedexplanatwnwmdowa

dmp_layeddxmnganexplanaﬁon. T’heycwld then
.r'c?nntheexpertsystemtodetermmetheeffectsof

system opcration. ' Such ‘a mechanism would. be -
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hﬁwledgsengmeennglangmgedevelopedat'!‘he&ndCorporahon
. (Sowizral _and Kipps, '1985)." . This . facility, called XPL(eXPlanation-
.ﬁacihty).,h_ﬂs been: xmplemented and mtegrated into the ROSIE 24

Randhashadalongandpmductmhxstoryofworkmamﬁcml
'mtelhgence (AI) and expert systems (Klahr and Waterman, 1988),
mcludmgbothbmcresearchandtheapyhcatxonofthatmeamhto
busmm and mdxtarv problems. The current ROS[E svsfem 1_-, the- cnl-

.".‘w

al., ‘1977 Anderaon and leloy, 1976) was a mcceasf\ﬂ first attempt tit

malanguagethatwasmlauvelyeasytoundsrstandanduae
RlTAdemonstratedthatstyhdenglmhewldbeusedtoexprmpro—

”,,).‘ e

‘cedural knowledge ina rule-bmd language' With only & modest mtro- -

_ﬁ

4%

improvement over RITA. A number of mterestmg expert systems havo

. «M"l
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he ability of expert systems in n the ueer oommumti depen
.,only on the: quahty ‘of the systems’: performance but also on how
y'they can be built: and used.. One of the critical factora in'the

eonstmctxon, and-utxhzatzon of an. expert system' is the- mechanisra it -
%é" uses. to-expla.m i ‘performanee This mechanism; called an explana

ty, shows theuserhowtheexpertaystem reachedangen

eﬂ &nd whv -xt believes the conclusion is justified. This ability-

' self-knowledge 'is a unique aspect of expert.sys-

By applying. self-knowledge, the expert system can analyze its

own operatxon and thus understand how and why it reaches partxcular

- One of the ﬁrst expert systema to use an extenstve explanatxon
‘mechanism. was: MYCIN. (Shortliffe, 1976), a miedical diagnosis eystem
tlmtusedahmtoryofmleﬁnngsasthebasm ‘for explanation. ‘Both-
mdxvndmlmluandsequeneesofruleewereusedtoexplamhowtbe
i gystem reached its conclusions. Direct paraphrasmg of this type is the
-most ‘widely' used approach to explanation in contemporary expert sys-

tems. More complex explanation methods that are “under development

also use knowledge that is not required by the performanee program for
completion’ of the task. This additional’ knowledge may be: meta-
ledge"that describes high-level ‘strategies used by the. system’ or-

| desp knowledge that. represents fundamental principles or causal xela-

":—-=~, tw_nehms nmonq obyects in -the system (Clancey, 1984). 'I"hm type of -

n:haa been tested in miedical and" .other apphcatxons that
derstood underlymg models (e. g., electromcs and engmee -
\Although the explanatxon facnlxt;eu in most current expert systems
; ‘they have proved  to be crucial to system -
operatlpn. They speed system development by assisting in- debuggmg,
' testing, and ‘refinement. of the. expert system; and they. make the sys--
tem acceptable to users by inspiring confidence.in its performanee and
; Explanatmn _benefits all types of users, from. the -
_needshelpthhdeh;wngtotbeenduserwhom .
nottotaketheadeeuftheexpertsyatem. '-,;
_ n facility for ROSIE was. more difficult -
’ '_f_or a typical rule-based” language, such as-
al., 1984) or M.1 (D’Ambrosio, 1985), prin
cipally & ROSIE is both rule-based and. prowdure-onented.}
allowing oomplex nested procedures that can be written with a variety -
.dwphMmtedmﬁMeonstnm Thusthetechmqueofstonnga
all eomputatxons (and later trymg to unravel the result) was
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_more difficult, its
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formahzed ‘or no deep models the text patbems assocxated thh the
“rules can be used to produce the needed explanations:. T
~XPL’ provides direct access. to explanatione, such as the mference H
“‘chain display, ‘as. well as indiract ‘access through special mechamsms
4 that help the-expert system builder tailor the explanatxon facxhty to his
., or her pa..xcular needs. For example, XP;. s set of wmdow-creatmg
commands _permits th.2 system builder to easily define, shape, and feed .
explanatxon wmdows.‘_ These commands exist at the ROSIE ‘ievel and -
‘ C crea:s a definitional window stack, a mechamsm for
v-XPL and the performance program - The-sys-
tem bmlder creates pop-up windows to display definitions of terms the

user mdlcatea are confusmg Ifa deﬁmtxon 1tself contaxns questlonable

'mg our evaluatxon of XPL and mggestnons for poss’ble extensxons_to

: .
75,5 .‘,;stsw‘x
Sl gl




usmg substantmlly the same. termmology ‘that the domain expcrt'uses.
~'ROSIE’s . Enghah-hke syntax also improves . the ‘interactions among:
*“those. mvolved in the knowledge acquisition. process. A well-written -
'ROSIE ‘program is accessnble not only to the’ programmer or knowledge
"','_engmeer, but also .to the domam expert, system users, and othe

and programmmg-envqument featurea, mcludmg:- '

; ngb-level ‘data 'types for 'mampulatmg .umts of procedural
;_declaratnve, and descnptxve knowledge as data.

IE;\adapts to a,wxde variety of tasks' thhout embodying specml

) Vproblem-sqlvmg" techmques. It xs lees stmctured and more
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Mnd.mumwprwodum(ermnand}hmRotb.lmL Thus,

P &

tbe design 'of _ROSIE exp!om and uxtcgnm many current idess in Al

ROSIEm!«dnffersxgmﬁmdyfmmtbemknmtmdmona!pmdm
; 1981, 19882) md

intbetmdmonallf-mnformat.tbcycanulsobemmnwm. :
L m'ﬁ“,m" often more sppropriate control structures, & illus- -

lt':heeemngatmemﬁexdummssoofmor
ok themiblhtyatthatmrﬁeldmlmthan3mxlu.
"o let the weatberbo POOR
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tumssically invokes @ corresponding predicate rulesst
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move USS Nimitz to Peerl Harbor. -

ROSIE aleo sisioite s specialicnd typs of ruleset od
‘Demons selsctively_ capture control of computations (ie., are invoked)
when ‘a particular event occurs.’ Once’invoked, a. demon can interro-
gate the system’s state, and either allow the event to resume oz release ..
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USS Nimitz was rarely deployed in the Porsian
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hutoryhst. 'I‘beexpettsysﬁemdevekperanselﬁctmadvanﬁe

-'(bmoumpumthawmbaofmwwtbemdm.andonly

history &
(l) uatac'anddynamcmd mformtlon, n.e.,phmtutnnd

et time; (2) infor-

mrmaydewrmmewhmhnemsshouldbeexplmned. These
ﬁwmofmtermedmteandﬁnaleonchnwmma_demd

oﬁbonsre@dmgexphnaﬂon (ulectedfromapop—upaplanauon
,whxchmch:dcbothmovm;alongtnddxsplaymgthe




uxt,lf-nelther oft.hgé" avaxlable and the item is & mle,thc mmm-
tl;e/mle thnt cauaed'xt to: ﬁre

ophon,theﬁrstpleceoftutonaltextudwplayed,m_xdthe
menqupears.’as in Fig.’ 3.,7‘utonal

S npeatedly to cycle thmugh the avmlable text. .

Why? mi,aelocted,"

&playmg' the explanatxon assocxahed thh t.he mle that mvoked the
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s nnmstant.uned rule used to
reach thueonchmon.

The system dmplays the entxre i

‘ruleset containing the rule-
uesed to ‘reach this concluslon. :

The :ystem pments a hxgh level
- explanation of the ruleset used
) to reach ﬁus eonclusxon. .

The system gives mformatmn
- illustrating the concepts embodied "
.im. t.he mleeet used to reach thm

37 s

fise!

F"n'n which the user has-indicated that: the item of interest on the XPL

et

”hmtbry hst i’ the plamtxﬁ’s lustory of exposure w asbestos. The user
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'I'h user.can select these explanatxon'optxons enther aﬁerﬁp

kWL
L
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o

: ;the explanatxon processes, non-tagged constructs wxll not appear in the

_:"';mferenoe chain, nor . will their computations _be_avaxlable for explica-

71 The specml gramxnatncal forms -also ‘can‘associate . ‘each rule or::
'exther (1) ‘ﬁxed text, (2) text with vanables (ROSIE pat- :

£
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approach to provxdmg mu!uléVel
the.ﬁrst [item is_a basic-

gztransfonﬁatxons ﬁ ed to_cteéte each of the‘
o , o2 ‘in_explanetion is presented in the dxscus

of the ROSIE menu package on pp. 1.6—2..:.,

from a predxcate ruleset

The valpé produced by a generator ruleset:
j Thc mvocat.xon ofa proceduml ruleset '.

Noa R

begmmné to explam the rulesets actions. The others. are -
b lauses added ‘to a rile to explam what it: means ‘when the -
Fule’s, remxse i’ true. These also serve as tags: to mdncate when ‘expla-

na ons should be added ‘to the history list.. The use of explanatlon
ese. constructs is discussed and dlustrated below.

theoe examples, XPL extenslons to ROSIE are shown in } 1talxcs.

_generator, or p
\ follows the. ruleset 'S header, 88 shown in

: *;san attack onatarget: " i i ,
[l‘] ; because; in general. {'The airfte selectlon rules
i ealculate the sortie reduction that would result. from. attacking *,
'each recommen.ded target ‘element separately. and then combmes
these reducnons to determme the effect of attackmg groups of "

;;ffgj'i?‘éxan:ple,

centage reductwn to am:raft at”
- an attack on ", "’}-




\( the plamtlff doeés have laboratory-evndence of asbeatosns* or
the plamtlff does demonstrate symptoms of: asbestosns ),

thh the.general and. example explanatnons "-‘

e ,“. 5%.‘
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:dement that allows the know!edge engineer - to ‘store ‘an imcxecmed

- sction in the database for later execution. ‘This procedure. defers- tbe
. execution - of -the verb in ‘the command statement. Intennonnl L Ppro---

" cedures can be used for unplemenung framelike capabxht:ec ROSIE.

" Ror example, mlfrnme-buedsystem.nxsnmsarymbeable
deﬁnemunexecutadnﬂesetasthevalueofafnmeslotnndlaberexe-
eutotbomleutmnnewenvxmnment. This can be done in ‘the
exphmablo vemon of ROSIE by dennmg a mleset calied "“Put VAL"" :

ANl

et
u !’,,\m,.%) o

~Ammothatonowanhtoaddthefoﬂmngmeiecutedrul§ae§to
hmeAIRSTRH(ESundetthedotROE (mles ofengagement)

ki e _‘-,v,}w, S T I




uqﬂ‘"’

s
i i
e

eute_ this mleset, generatmg an exphuﬁon ‘of the :pphub.lxty of air
ltnkes mwcordance with the rules of engngement. For exmnple if the-

Azsmmﬁermeembnshedmm:hehmxemtrymmn

. along its borders with the non-belligerent nations OILLAND and

CAMELLAND Attack of urgeu thhm this buffer zone is prohxbxted.

i . For “yes/no” questions, the system builder. -
"can easily specify the explanat:ons to be displayed when the user is
‘queried.-In ‘this case, XPL - dwplays the questxcn and then

pmcnta the user with tbe followmg menu:

5,
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‘ thequestxon iYa boi- ’Nb),‘i
specml explanauons prov:ded by the. system . builder (Why?
‘or invoking the ROSIE break package to debu; ‘the:

»

11 Qudm'ori‘{'ls 'theclwnt, mamed? 1,

lfyes. eonclude that the- chent is mamed

edi:clude that the client is not mafried :
_beeanse in general, -
:*This is what you told me‘

(“ The.r nues for Qeiermxnxng e uwuci’ump“’o

"‘property are dxfferent for mamed chents."}

.expl;matxona followmg the yes, no, _why,' and elaborate\p.or-




~ T ,,‘.».

.u.‘ SR = X ‘.} g : )
71 If why: because, in general, {“A battshon s attrition rate *,
AL decxdes the resdiness of the force.”}; .
Elahorat:on. in general,‘{“lnput the attrition as a real »

I "‘numbet be‘ween o and 1 representmg the

; XPL prov1des a catch and tnrow mechamsm, which allows the 8yB-
tem developet to write code that-can explore a chronologxcal line of
'reasomng and then back up to an earlier pomt in that line if the rea-
somng proves ‘> -be unsatxsfactory This is accomplished: through a
_niéw ‘monitor m._.. anism which allows a ‘ruleset- to be testarted aftet

processing has reached an arbitrary depth. R L L

-The catch and throw mechanism is part'"ularly valuab e-for.e xpert
systems that-make . a ‘scries of initial assumptions about the problem
doxnam and the particular problem bemg solved. Makmg such assump-

mtetactnon, the expert system may determine that partlcn.lar assump 3
tlons were mcorrect If_‘ thxs happens, the system must remove certam

o

g
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wmq i,

'l‘o estabhsh cntenon for deploymgeforcu. iz* :
. Execute with marker FORCE DEPLOYMENT.
[1] 'Unless there is no vulnerable supply-line, E

'_detenmne- ply-hne-requuements.

m invalid. ‘In addition, it must correct the invalid assumptxons and -
any conclusions  that depended upon those asaumptxona For exaxnple,
the system could contam the followmg rul' :

il
s SRR

AL

Here, the user must decnde whxch asaumptnona are not vahd. ‘Once’ thxs
_is-done, the invalid assumptions are removed (by code’ exphmtly pro-
. vided by the expert system builder), and control returns to the destma
_tiofi ruleset. This catch and- throw backtmckmg mechamsm is espe~
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etupleitself 0 i ‘ '
nmm"ﬂnﬂowROSle-muMWuhtbcwwl

'Clubhmg of Fingers™>.
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'_anddeﬁnumryselectodvdmwbeasympto oftheplamtxﬂ’ '
_ Explnnmanbemhedwtbemuxtemsbytepresenung
them .as tuples, where the first tuple: element is assumed to be the
displey form (ie., the form that will be visually displayed in the menu);
t.heoeeondtupkelementwtheummvalue(w.,thedamob)ectthat
wmbomnedwhenthmwemmulecwdmthemenu),nndthethud
. tuple element is the explanation or elaboration made available to the
Mnfheorshenunmnofthemeamngofthemm. The elaboration
uoptxonal. lftbarewmvalmmmumg,thedmplnyformmmmmed.

;pmentedtotaeuacrforselecuon. lfthouaeraelectsmtalledunula

.- tion from the menu, the value INSULATOR is returned as the user's

package was designcd to use the Interlisp-D menu data type ‘which is
actmmad by a mouse-type ‘control. Some development was also done
on VAX eomputers, bowever, 8o & keyboa:d nctwated versxon m avml

gy Srmaias i o gt 4

.
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testwmdow’s title be “The test wmdow' and
testwmdow’a font be. <GACHA, 12, BOLD> and

ThmROSIEeommandcmatesawmdownamedmtwmdov it
utbe indicated region, title, fout and titlefont; keeps it from pausing - .-
..wbenﬁlhngthhapageoftext,andﬁnaﬂyensumthatpnnhngwm
mrtattheupperleﬁeomerofthewmdow : . ‘

W'mdowsmaybeopened.closed.cleaxed,andwnttenmtobyusmg
lpeemlROSIEprowdmec. A formatting procedure.is also available -
,whwhensuresthathnesoftextaretermmawdattheendofawmd
ratherthanatanarbxtmrypomt. - CR

--Here again, for purpeses of portability 2nd to. ...1;1,.‘. rt-development s ww'“ﬁ”
lnmgVAXeomputers,avemonofthepachgemavauablewhch eol""
hpaesthewtputofallwmdoweommamhtotbestandarddumbte ;
nal ncreen and provmd.ee word«wmppmg of text lines,

1’}.
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T act

ize the. explanatxon package to the particular needs of t.he apphamon. C

»Thoﬁcihtymkuespecmllygooduseofthewmdomngcapabﬂitwsof_.-
.~ the host computer, in this case a Xerox 1100 series machine. . - -
- The aelectable _paraphrasing technique, in whxch partxcular mles and

FNTIRG

s

b

5 nppean to aolve a problem that is expenenoed in many general-purpose
w3 howledge engineering ‘languages, the problem of structural complexxty'
With a language that contains not only If-Then rules;-but ‘also. many . -
eonvontronal programming language constructs, such.as for-loops and -
Tecursive ‘procedure calls, how can the operation of an apphcatxon pro-.
: gmm be explained? - Our solution mvolves (1) markmg and- saving a
lnstoncal trace of the mles and procedures deemed important to the .
user, and (2) restricting constructs that can he merked. to.a:2et.0f. gum,_h,-, TR TR
k’

Mt
S

7y

. . i

‘dard, - relatn'ely'éimple syntactrcal forms. The main disadvantage of SN
“this approach is that it may preclude the use of some esoteric but pos- - -
-aib'y-more compact syntactic forms available - in the language: Thus
“the-inclusion ‘of an explanation facility enforces a particular. program-.
mng style on the system bmlder, a hrmtatxon that is seldom clearly

momtonng, and edxtmg features. -The facility. needs a soplnstxcabed
graphics ‘capability for displaying the current state of the computation. -
'l'hrs ‘could be at  1ed by a floating window_ that would be.able to-
traverse the ‘entire mference tree and display pomons of the inference
“chain graphlcally. Another -possibility. would be a zoom window that~
could’ display the entire tree at a very abstract. level of deunl and then 5
focus on specific portions showing more or all of the detail. - ..

-XPL would also be enhanced by automatic - explanatxon momtor-
ing,” that is, a menu of ‘specialized windows that contmually answer -
~part1.."ular questions. Explanation ‘monitoring would make it easy for
the ‘system’ builder to define the window, quest.ron, “and monitoring .
capabilities. Useful monitoring win |




‘you nrnvg at that eonclusxon?"

Finalhr, "XPL could -benefit from'a specxal mﬁnement mschamsm
‘wouldaﬂowauser&ocbangeaﬁnctoradxtanﬂedmplayeddunng
explanat.xon and theén' rerun the expert ‘system, ‘with -minimum -

.Tlns would’ reqmre a dependency stmcmre to d.etenmne

tion’ and user queries would not have to start over fmm the begmmng ‘
:Sucha ‘mechanism would be extremely useful for refining a ﬂedglmg
knowbdge base and for sensxtmty analyses of partxc\ﬂar apphcatxons.
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-'Rand Corporatxon, 5

;»\, e
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