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A Digitelis Tl\ormy Advisor with Explanstions
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William Roy Suertout

WthdM&dwmmm»m 16,
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Abstract

This thesis describes the English explanation fecility of the OWL Digitalis Advisor, a
progrem designed to advise physicians regarding digitslis therapy. The program is written in
OWL, an English-based computer language mwam mwmmown.m
.EmmmﬂnmmuwmthMthmmapatticular
session. In addition, the program cen explsin how it acquires information and tell the user
how it desls with that information either in general or during a perticuler session.

Most explanations are produced directly from the code used in prescribing digitalis and
from information which is generated by the OWL interpreter as it runs. The ability of the
- program to trangiste its internal structure to en English explenstion is provided by structuring
the program using Semantic Mode! Programming. Each OWL. procedurs sttempts to represent e
single concept or idea thst should be mesningful to the physician using the system. By
orgsnizing the program in this way, the explanstions produced by the system tend to relste
well to ideas with which the physicisn is slresdy acqueinted.

In many current systems which ask the user a series of questions, » problom occurs if
the user wishes to change his answer to a previous question. These systems accept the
changs, but must recompute sil the results compuled subssquent to thet question to insure
that none of them .are affected. Clearly, this may involve a considerasble amount of
unnecessary recomputstion. Bymom,mobtinth-ddlskuctwmuytomid
this problem. An algorithm is described thet sllows the system to accept s changed answer
without recomputing all prior results. This process is called updeting. The updating aslgorithm
presented here also allows the system to provide concise explanstions of the effects of the
changed answer.
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Chapter 1:.

~ The documentation af peograme. (ar the leck of m M thet continues to be
troublesoma. Exiating documentation is fraquently auldeted, o inges ,,,-tg. san by, ¥l to
obtein, and often can enly be comprehende

. This peablem sxists ma,md ressons, B hqﬂw mmm ooly_as en
sfter-thought, after a sysism has been compleled. Freguently, the, programmer I8 the only link
bom-n the system and its documentation. ﬂuu.dmhﬂncystom are not reflected in
thdocumntﬁbnuﬂouﬂ'mmrmtomm The documentation is
mnmmwmmup«mmmmm»m-wwmm
documentation availsble whon he wishes to use the syslm. Som pro;rumon try to

document the code they produce by using mremonic Romae for vartibled and’

1f & program can. w !“ m T EICE R B i et

“MN\Q‘MWMWM
mparing his own reasoning with that of

mqmtmoftmmmwhmnmby
the synem. Finaly, e sl o provid. o, v 0 vl 00 for
_In this thesis, 3 syster

| wma.u.zo.zu e mt-m '} n,n menting”, in the se produce Englis
'mnwmow-prmmmummmnmsnmamﬂymmmu'



executes. Most of the explanations. provided are produced: in. this- menher, M s fow
tymemmm-nwmww«mm mnhvdﬁmwnm
explanstions during a consultation seision. The' expilindiiing e designbtd o b understood
by. 8 physiciin with-ho progremming experience.” -

In the remainder of tis infirotiuction, somé ol-the ‘Medical-aspects ot digitelis therspy
will be cullined, followsd by & re i o Ww ‘ot W explunation.

W

1.1 Background

111 Some Aspects of Digitelie Therspy

Tho digltdi: aym ore & group of drugs thel wers Wv ‘durived from the
mmm mmw:.mmuywwhwm jsbd drug. The

accumalations of fluid, a condition knowr s Mmami»ma & fulithg Hoart,

“"MMhtedm“ﬂmm' theat
‘"WMWWW“WMhMWMM“
congestive heart falure and/or conduction disturbances of the héert. Congedtt

reters to the inebility of the heart fo’ provide the bidy with'sn idb
/eondmon causes fiuid to neumlch in the u.‘. “%f




mcmm the contractity of the heart, meking it o, more gffective p
dhturbm ppears s onlrﬂwﬂmh.wﬂchk mMMg,Mv Pmdhnﬂbp'
Digitalis. tm 1o slow the conduction of electrical m throygh the condu tion system ¢
the hurt. and thus study cortein types of. errhythmise. q,. 10 the gcoltivo oftect 3"%'
di;ltdhhumthhwt.ithmdthmwlﬁdmmtm [ a,st.m. In
1971, it was fifth on the list of drugs most fraguenty pry

ph-rmbc onthous[%ﬂ S

m.n‘p.m,.mwbma Uhmgpy

. witeder YTl TR i *?' *“’:B“wc?u'*mﬁg
'-mntumnm hmmd%& h the lﬂgm'% gmm
wﬁmaﬂm&oﬂkdﬁduﬂmmm onlyapwtltoz.

I % e ﬁ v:{

This‘!hrw&cwm hpwﬂcmﬂymd!wﬁm gm.s. Tho\vtndow

zf.,»g IRs # {,‘J,; i -«ﬂgg ; xw‘. &-h «w-mf @»ﬁw R

fornpiﬂn.foruaph,bmnozo. lnmnn?q_namhrof#tonmhn
q.. wl;ht. obctrdyto bdm. gnd Nt o! hqnﬂ

5 A2 3 Ty &',f’

(hnma ew) that mey couse

AT ~Q i CRN i T TG B E el S

th. p.tbm to ho more umitiw to Mllh and more Nhely "%m 8 tox r.pcﬂon.M

I S 3«41»@*

mtonmtb.tmmmmw%ﬁgw g v Bt S
m&&mmmmmm ltmmtiho"sblwndor
eolondvision. wmwmmm.m»muwmﬂ,ma
or vomiting mey sppear. Toxicity may siso sppear ss PN fyfies’ Of - abriormal hudrt
T ok b ety crstd I oo ok e s e o
other causes unreisted to digital, or in the case gg -;5-% Thythywisy, M may be mishhn
wumummnm mnum%.m ive o mmm?
mmmmmm-ﬂo unmu- |

DR i steet Sl

£ g7 ED e "d:» Capiomowen
ody gites tands to. accumulets soyl danlpale ) hion.fikg.the




10 .

cmu.manmmmmnwmmmwtwm
Mammummﬁnmmhmmmmm The exact
wmwmmmmwmmmmnmnm
functioning (renal’ function). - Amm‘tmmmmmnpﬁm
response to the drug. : |
mauuathm-wmmmmammmm.
cmqmsmmymmmmmmwm Aelﬂdnmtoi
&aann;mw.wmmmuﬂummmmmwm
mmmmmmhmm anuaummmmmmu
rmmthwmm,mwauomM”Mﬂb
mammmmmumumwwmm '
o gmmronawmdfmnm,wﬂuMMM
mmmmmmmnwm MMM&W.
umudlmmmmmmmuwmwwm
mmwu*cmunwumwl '

s-mammmmmmnmmmm
sbout digitalis therapy.’ mwﬁnwmmhuﬁuwmmm This
mqrmwnwrﬂhMﬂthdmwmm
_thmwumhmmmmMmMpdm‘s
mm,wcmwam&m and 75 amm Thoproymh
onty wmr««-mmmwwwﬁw .namma

i ;"‘;:i t to
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the rastrictions stated ebaye. Hewaver, the progsem ia deficient In tw, Impartent weys. First,
‘the program does nol teke inta sccaunt.allthe fatogs infiysncing digiials. adminisration,, The
~ otfacts ot digialis ors very.much atfected by siegtralyle befence. .Thlg imitation, makes the
program: ugsiess.for those patients with slisred,slestrolyte belances. Second, the program
only provides the initisl dossge regimen. It is up to the doctor to monitor. the patiant’s
progress end meke:edjustments sy toxic stiacts.anpesr, o initisl:cangitions. {such s rensl
function) very,

Shainer. (8,113 produeed an lmproved sysiem by ueing fandbach. sontrol, lechriques,, m-
doctor spacities 9. desired biaad Javal ol digitae. . The regram.sonputes an initial. dasegs
regimen, :and siter. the patient.is given the deug,.the: lavel. of ssrym.digjials s detaraioed.
‘This dale telis the program whether the digilelis ishping wned by.fhe patient ot the seme.levs!
that was anticipsted in computing the initial regimen. The peagram spes: this new: information
tod.tomlmam_wmmthWhoﬁhnnMMﬂndwbwtbnh

reached.
Sheiner's wc.rmndmmdthprobbmhm;‘o:;rnnm.Mit has some
other_fiaws., The shjactive. of, the. progrem. is the achisvenant of, spme. level of. sarum digitelis.
-n_a clinicel setting, it may. not be.essy.tp specity. whet:Shis- lexgl.shpuld be, since the proper
“level.is sffected by whak:copdifion the petient is. caoeiving digitalis. for, as well es cectain
medicsl_conditions the pelient mpy. sytter. from, such. as polessie depletion, that would make
‘i sensitive 1o digitalis. Mere importantly, the serum level. of digialis.is not a gond indicator
of clinicel effect{3] In addition, Sheiner’s complex statistical mmwm make, it
. difticult for bis system o pevide cleer sxplanalions fo.the weer.. .
RBacantly,  arogram has bean. developed by. Pauke , m and Gorey which difers
from aurlier ones.in twe importent caspactsfa). Firat, it coneiructs 4 pationt-specific. model,

reflocting the:progrems krawiadga of pharmecatinglics smd spgcieh fastures of the patient's
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wtmmmmmm%wm “This WSS i Geetl B0 vehetruct ‘the- Inithel
dosege recomm "*mu-www RPN OF The - tei: wnd
inttiel does) mmmw - ndiitoris, rdINGH Win-aeing - the Bivod
tovél of digitells: Co e ge |

A ‘Himited clinical ‘trisl was performet! in wiich thi piagrem Yollowsd” 4 sevies ‘¢f
patients managed by mm;Mm Thet trisl domonstrated 2 phagrani's
whility 10 ecommend spareiriie thurapy in-ucutely I Jatiote:: Sheitv o1 the Sow-pilints who
:mmwm wmmw ww%mmwua e

LLS Other Work in Expianstion

| Mwmmmmwamm
than digitalis theripy. WW?W&W#%M bl 4 provide
“tise user with sbme - sof{"o¥ explaniion for e SAIN. W&mn the veer
mmmmmmmmWWﬂMW«mw
stack. mummmwwm’ Pivnsilon it NIDRD-PLANNER
oiprossiorn to gl e
Shortiiffe[2] snd Davis(12] describe the onplindtitn mmum "
for MYCIN, @ system tesi et 1o hetp doctors i prestiaig MY functions in an
mmmmﬁmh of wiplainiig-why -Gur il quuitions: werd-wihatl, v well e
the Tensoning chuin thet it employs. - THE Siiimatioh Grain orIVOIN e the (OWE Digitis
Advisor are compared in chapters 3 and 4. o | o




mummmm m# trying.to mm@p written in.

-+ B mm mm & weor. uniomilis
uses two. modale:. m%o mm Mmt nderstandio
user’s. . Rmamw_' ‘

wmmmumq&mm

Mvhordaumtmploymym-ﬁh -achames. . A - ditfor ,ﬁmw‘
wwmmm-mmmmxmmnm&wm“, |
mmmgmm-mm e owch a8 ,M,.,,*MM%M'MM
cmvbnnduhmﬁhmt%thwmmm“mm
(dmribodmucuons.rm "“ww.m mwuuummmmd(m
mm-m)mmwnm thm.uuﬂdhmuhon. '
-mmmmrmmmmwmmwmw |

1.2 An Overview of the OWL Digitalls Adviesr

The OWL Digitelis Advieor coneulls with @ physicien in en interactive manner. The
mnumm-wummmhmmmwmama
recommendations. After the patient has recetved an initisl doss, the program can produce
new dosage regimen based on the reaction of the petient. |

While » sescion is teking place, the eysiem can explein why It is seking & question. At
tmmawmmmmwm-mﬂmmu.mmm o

cmuﬂﬁﬂnwWﬁmﬂhuﬁmﬂWdﬂmhwdut«huﬁm :

PR 5.3 m ¥ :
B RS R I SRS I A TR H
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ot hand. umw% ﬂﬂwWWﬂhMWﬁFiWU
pitient. The systew eﬁm mmm%rm muw& the

on;m fmwwmwwwmwmwm
’7Wﬁﬁéuwkﬂmﬁmlh

e inokeninn U e

1. A pert of the OWL system which converts netural English sentences into OWL forms.
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MZAWM

In mwummbmwhmmwﬁm,mmm The
'ﬁmmmmmmm-mmew mm».m‘

A AR REE Y

n.fmwmmW.mmmmmwwmm A
number of f.nmam.mwmmmmm WWW‘

mmmmwmmmmwmwmmlwucm'

2.‘1 MWM

€ "zs"

' mwm mmwmmr
<>[(begin therapy)]

The user indicates to the sysm tm he ﬂm u m W fﬂ' a
patient by typing the OWL form [(begin therapy)]. Evumn"y. th l.nmw
wITY b aBle to adtent'thVi: coumemd wmwwwm. i -

AT L I I S
LHAT 15 THE AGE OF THE n‘neuw T
- m mw. W’«am 58

AT rs nz iElGﬂ' w mmn e s e
MHAT IS THE SEX OF THE PATIENT?
THE POSSIBILITIES ARE:

1. MALE

2. FEMALE
- ENTER S"G.E VALUE =w=e> male

Note that for answers that are single words, the wser may either enter the
number of the answer or type it out.
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WHAT IS THE CARDIAC RHYTHIT?
THE POSSIBILITIES ARE:
1. NORMAL SINUS RHYTHM
2. ATRIAL FII!ILLATICN
3. ATRIAL-FLUTTER -
4, PAT
S. PAT 431 TH:-BLOEX SEETE
6. NON-PAROXYSMAL MT!M TACWCAMIA ‘
ENTER: SINGLE VALUE ‘wewuyRu: - SRR

1S THERE REGULARIZATION OF  THE : mmm
THE POSSIB!L!T!ES ARE:
sk PREDENY: - wep L e
- 2. ABSENT
-ENTER SINGLE VALUE =swe> uhy?

MY2 TOP GOAL IS TO BEGIN THERAPY. I At NOM TRYING TO CHECK THE CARDIAC
RHYTHM. IF THE CARDIAC RHYTHM IS ATRIAL FIBRILLATION AND THERE IS
VENTRICULAR-RHYTHIM REGULARIZATION THIS SUGGESTS TRz TUE:- PARENING:
IMPULSES FOR THE YENTRICLES ARE NO LONGER COMING FROM THE ATRIA. IF THE
STATUS G mxmm REGULARIZATION 1S PRESENT [T IS POSSIBLE
THERE MAY BE NON-PARDXYSMAL .m:nm mmﬁ *; %N\;
DlGlTALlS TOX!CITY.

The system now re-asks the user for ] ulu
ENT& sm m\m-’: r 39 .

mn. thc user hls md th& :nm G,Q« mlcin W u u M!ng um ;
question. The system responds by converting the mlz on its goal stack
to English to produce the rirst two sentencesi::The systam then finds and
displays a canned explanation which is asssogiatad.wigh: the : convapt that
the question 15 being asked about. The canmed explanstion usually
provides information which could not h‘mm +m uode: of the.
Advisor. Occasionally, the explanetion prevides a lﬂcf susmery. of
information that the explanetion routines cem wetarming I 5 PR

2. The Digitelis Advisor refers to itself in the first person. Although some mey objoetth-
this tends to anthropomorphize the computer, | fesl that the explenations produced in this
o b ° | | | .

4
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"WHAT IS THE VENTRICULAR RAM \
ENTER NUMERICAL VALLE emsn> 123

MHAT IS THE STATUS OF PVCS?
THE POSSIBILITIES ARE:

1. PRESENT '

2. ABSENT |
ENTER SINGLE VALUE woeey 2 . e e wa TG
PUCs are peassturs mmmmm, Mmm ’m, .
indication of cmmm tm:itr. ’ , K ‘

WHAT IS THE REASON U’ﬁﬂlﬁlTﬂ.lZATl(ﬂ?
THE POSSIBILITIES ARE: Y
1. CWF ‘
z. ARRHYTHIIA e
ia I‘c‘ Ot A

The aystem mods to know the rumifm mﬂpt?a |
digitalis so that i1t can set an iwitial body foille )
ba modified due f.o mitfﬂtiu ar the MM'J u

: R RN ¥ z’"‘
WHAT IS THE STATLE W DIG]TNJS lﬁ?
THE POSSIBILITIES ARE: :

1. PRESENT

2. ABSENT
ENTER SINGLE VALUE =ess> absent

Ir the patient 1s alreaady receiving dig#n;!u, m m nﬂl ldn zm
- 1nto accmt ma muribm a m m um

dctgﬁa- A8 Apse oy . 40: 15 X
path for digitﬂu cmtfcn el
IS THE URINE OUTPUT OF THE PATIENT

THE POSSIBILITIES AREs : 3
ENTER S"GLE VALUE -g ) S i ‘

- 1S THE RENAL FUNCTION STABLE?
THE POSSIBILITIES ARE:

1. STABLE

2. UNSTABLE .
ENTER SINGLE VALUE eses> 1
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WHAT SORT OF RENAL FUNCTION MEASURE IS mxmv
THE POSSIBILITIES ARE:
: 1. SERUM-CREATININE
2. CREATININE-CLEARANCE
3. NONE
ENTER SlM?LE VM.(.E ausn) 2

ENTER RECENT CREATIN"E-CLEM YALUES WITH DATE ANB- ﬂi‘. wm f
AN ITEM ENTER ITS BATEANB-tHE," m.mmmu :
RE!!.ESTEU g rmed gt A o

DATE TIME TEST Vlg , VAL
9/721/76 10:08 188 e :
IDYCIJHANT TO ADD OR CMANGE 1TEMS? (VESE!!H)) n

The system now asks the user about several comsPEions M can cause the
patient to be mors sensitive to digitalis (thet ta, mbre Tikely Su Wvelep
digitalis tox'icfty)

T“19 THE wmwm
ENTER: NREREAL VALUE =it

HAS IV CALCIUM BEEN ADWINISTERED unmn m ust m mv
THE POSSIBILITIES AREr

1. GIVEN

2. NOT GIVEN
ENTER SINGLE VALUE sses> 2

WAT IS THE LEVEL OF SERUM POTASSIUN? |
ENTER NOPERICAE WAEUE wouc> w7

MY TOP GOAL IS TO BEGIN THERAPY. WST?HOM%RWTISTOOECK

SENS!TIV!T{%S. 1mnaumx m_m,mmvmu "",,

ENTER NUMERICAL VALUE waeu> 4

IS THE PATIENT BEING GIVEN OR ABOUT TO BE GIVEN ammw
THE POSSIBILITIES ARE:

1. GIVEN

2. NOT GIVEN
ENTER SINGLE VALUE eees> 2

DOES THE PATIENT HAVE MIWAW OR AN ACUTE nn
THE POSSIBILITIES ARE:
1. PRESENT
2. ABSENT
3. SUSPECTED
ENTER SINGLE VALUE wses> 2
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"WHAT IS THE STATUS OF HYPOXEMIA?
ne msmn.mes Anss S

ENTE“ SINGLE Vm 4

WHAT IS THE STATUS OF MYXEDEMA?
THE POSSIBILITIES MRE: .
" 1. PRESENT
2. ABSENT
3. UNKNOWN
ENTER SINGLE VALUE mpess 1°

HOW LONG DO YOU WISH TO TPXE TO REACH FULL BIG!TN,,‘ oNe .
THE POSSIBILITIES ARE: ST
1. INSTANTANEOUS RATE (1-2 M) ‘
2. RAPID RATE (1 DAY) ’
3. MODERATE RATE (2-3 DAYS)
‘ 4, SLOM RATE (4-7 DAYS)
ENTER S"GLE VALUE ese=> 3

Normally, the uticnt is loaded -m dmum mm 80 ﬂut ir any

ualore s ,L!-T;
rg?l&.m l 508
1nm¢u in tho utionf‘ S mt s

Finally, the system prodacu m recommendations.
PARAMETERS USED TO MAKE RECOMMENDATIONS:

BODY STORE GOAL =se>  8.554 m

PROJECTED AMOUNT ON BOARD =ee> uum

BODY STORES SHIFT ==e> 8.564 MG

REMAINING TIME TO REACH GOAL ==e> 48.0 MRS,
HALF LIFE ewe> 43.7 HOURS 1.8 DAYS
DAILY LOSS AT EQUILIBRIUNY we=> 9.175 16
ABSORPTION FACTOR ===>8.75

HOW OFTEN DO YOU WISH TO AﬂﬂNISTER DlGlTﬂ.lS?
THE POSSIBILITIES ARE:
' 1- m

2. BID

3. TiD

4. QID

6. Q4H

6. Q8H
ENTER SINGLE VALUE =ese> 3

The system asks the user how often he wishes to give digitalis. The
expression "tid® means thres times per day.



THE DOSAGE RECOMTENDATIONS ARE:

HOURS FROM NOW
NOW

ORAL

516

REPORT BACX AFTER THE FIRST DOSE.

24

32
48

125 + 0625 G
128 MG
125 G
12 M6

126 16

.5 m
IV MAINTENANCE SCHEDULE:

ALTEIWATE .26 AND .125 M6

_mvwmm mm |

125 W
126 N6 .

L. e e . ®
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The rollow up session starts hers, approximesly.. - m later. As
before, the ::cr types an QL fore te WMM Mgmnnm what
he wants to i

ENTERMMFMTOECMMNI
<>l(obhkn fo&lw&n’o&l ¥

ru sm «n Mal ;
WHAT : 1S THR - CGARDIAG FHYTHIY
THE POSSIBILITIES ARE:

1. NORMAL SINUS RHYTHM

< 2. ATRIAL FIBRILLATION

3. ATRIAL FLUTTER

&, PAT

S. PAT WITH BLOCK

6. NON-PAROXYSMAL .m:nm TAOMIA
ENTER sm;t.s VALUE sese» 2

18 . THERE Emwum OF M mmlm m
THE POSSIBILITIES AREs. .

1. PRESENT

2. ABSENT
ENTER Slm VKLE wene)> 2

WMAT - ss w MIM MTE? SRy -
ENTER MUMERICAL VALLE  wiiwe> 106 Lo
The heart rats baa m rm n l &m# Mmﬂc crfcct. N

WHAT |S THE STATUS (F PYCS?
THE POSSIBILITIES AﬂEx

U TE mt
ENTER SINGLE VAHE "=y 2 »

THE DIGITALIS HISTORY OF THE PATIENT IS m

TO DELETE AN ENTRY, mmmmwmnmmmmwm
WHEN THE DOSE 1S AERLESTER. MMEN DONE j ;mmﬂﬁls
REQUESTED. ENTER ALL DOSES smcs THE LAST SESSION -

DATE TIE DOSE TYPE

9/21/76 11:30 8.25 PO :
‘ookumr mmmmlmv (vasmnmn L

The user informs the ssmu- of th time wmt m? m sim ﬂﬂtﬂu
dose the ntunt recetfved. :

:&iom cbut m mmlt':ﬂburcmt




ARE ANY OF THE FOLLOWING THE CONDITIONS PRESENT mm& w«m
- THE POSSIBILITIES ARE:
- 1. HYPOKALEMIA
) 2. HYPOXENMIA
3. CARDIGIWOPA TIL BT
B MIMWWM WM&
8. NONE

E“TER VALLE‘S, sused l

The Advisor recalls those conditions frok the Initial
dagrade, adnksthwi!mcf e

Since the user respontded that iy
will ask about 1t dni GEGRFT  Tulker: " The Rbig®:
conditions that ﬂnmm-nm&m
might have improved.

HAVE ANY OF THE FOLLOMING THE CONDITIONS ;m
THE POSSIBILITIES ARE:

1. NONE ~

2. MYXEDEMA
 ENTER VALUE (S) wewa> 1

Since the user indicated thet the m ‘wight - b m 811” ij
hypokalemia, the system new asks hin about serum petesdibm.’

WHAT IS THE LEVEL OF SERUM POTASSIUN?
ElﬂER NRERICAL VALUE wses> uhwy?

MY TOP GOAL IS TO OBTAIN THE FOLLOW-UP INFORMATION. u;esm» IN
THAT IS TO ADJUST FOR CHANGE 1N SENSITIVITIES. 1 A MG TRVING 7O C
SENSITIVITY DUE 7O POTASSIUN. IF THE LEVED:GF- 48 N6 UNDE
3.70 1T ML CANSS:NE BIDOWSTORES SBAE mwmmn* LON
Pormum mmnu WILL INCREASE DIGITALIS mmm. o

Note that the answer to the “why" quastiom 12 mm M the answer
given during the first session when the sssr ashed the sywbasi-why 1t was
asking about ssrum potsssium. The difference 1s due o “M ‘yoal
structures that lead te the ﬂuﬂn.

ENTER W!CAL vu,.t: aaw> 8"

IS THE Pk’nﬁﬂ‘&!mm m uaswaa mnm
THE POSSIBILITIES ARE: -

1. GIVEN

2. NOT GIVEN
ENTER SINGLE VALUE wawe> 2 :
IT 1S GENERALLY AGREED THAT PATIENTS NITH Lw W Femsxm I£VELS
ARE MORE PRONE: 10 TEVEIOR DIG TONITETY, mm mmm
CAREFULLY AND ADNINISTER POTASSIUN SUPPLEMENTS, B
The system warns ths wesr te try to cerrect al MM': hypoknhﬂc.




HAS THERE BEEN A CHANGE IN-RENAL FUNCTION?. -
THE POSSIBILITIES ARE:
1. PRESENT
2. ABSENT
ENTER SINGLE VALUE wwasy 2
l'ln system asks M m changss in renal mm

1S A SERUM OIG LEVE. AVAW?
THE POSSIBILITIES ARE:

1. AVAILABLE

2. NOT AVMLAH.E
ENTER SINGLE VALUE smes> 2

A serum digitalis lTevel is a nmnnut of the -wat or diginﬂs 1n m‘
patfcnt. T _ o

ARE THERE SIGNS OF EITHER NAUSEA, mu. OR VISUAL
DISTURBANCE PRESENT?
- THE POSSIBILITIES ARE:
10 m ’
2. ABSENT
ENTER SINGLE VALLE =a==> 2

THIS PATIENT 1S SHOMING NO TOXIC EFFECTS. THE PATIENT IS

SHOMING ONLY PARTIAL THERAPEUTIC EFFECT. SINCE THE PATIENT IS IN

FEMG L'gaﬂgguslmﬁ IT 18 BEST TO CONTINUE THE LOADING AND mmauuca
l L]

nn system obasrves that the uﬂont u showing n partial therapeutic
eflfect, and no toxic effects. _

PARAMETERS USED TO MAKE RECOMMENDATIONS:

BCIW Sm GJAL [ 11} ‘.371 m

Note that the body store goal has dropped due to the patient’s
hypokalemia. .

PROJECTED AMOUNT ON BOARD ===> 8.177 MG

BODY STORES SHIFT =e==> 8,194 G

REMAINING TIME TO REACH GOAL wn=> 4.2 HRS,

HALF LIFE ee=>  43.7 HOURS 1.8 DAYS

DAILY LOSS AT EQUILIBRIUN mew> B.117 IG

" ABSORPTION FACTOR ===>8.75



ol




- 23 Explanations.

yot sbcopt ErglioN.impct, e Engiéh duseliond aitied By We:iaser‘wrsileted In italics, followed
by the LISP form actusity veed to mm e onplae ﬁ ; mmm in this
section ere pracuced by examicing the sctuel mg. 1 code gt o mm structur crested by

*New do you cMck m:mvmm" o
_ (&min«nmd am mittmthﬂ])

TO ClECK WBIT!VITIES | m ﬂE FG.LNHG STEP& Wb T ERL Y T e
1. 1 CHECK SENSITIVITY DUE TO CALCIUR,

2. 1 CHECK SENSITIVITY DUE TO POTASSIUM.

3. | CHECK SENSITIVITY DUE TO CARDIGMYOPATHY-MI.

4. 1 CHECK SENSITIVITY DUE TO HYPOXEMIA.

S. | CHECK SENSITIVITY DUE: 10 TWYRRID-B)
6. I CHECK SENSITIVITY OUE TO AD¥ AGE
7. 1 COMPUTE T!'E mm G" H.TEMTIM.

This is a md example of the way the Digitalis Advisor 1s structured to
control the amount of inferwing len given Sha pasn: . Ahen: mm;m bow
the program checks for asensitivities, the program 1ists several
specific routines et ohick TdF: wgm‘r Wﬂﬁm ‘ﬁﬂi
explaining the general ntm, the '&m : . '
specialized routines work, S ride

that intersst him (as he does bc!e!)

"Now do you chack sensitivity due to thyroid-runction?”
(describe-method [(check (ssnsitivity (dus (to thyroid-function))))])
T0 CHECK SENSITIVITY DUE TO THYRDID-FUNCTION I DO THE FOLLOWING STEPS:

1. IF THE CURRENT VALLE OF THE STATUS OF MIYXEDEMA 1S UNKNOMN THEN | ASK
THE USER THE LEVEL OF Ta. -



2. | DO ONE OF THE FOLLOWING:

2.1 IF EITHER THE STATUS OF NMYXEDEMA IS PREGENT OR THE STATUS OF
MYXEDEMA !SWMKLEVELN u nshwmz.mm 100
- THE-FOELOI NG GUBSTERS: - - = e

2.2 OTHERUISE, | ADD MYEDEMA TO . ms mmm. RENOVE

20141 1 ADDIVUEDEM TO THE mmWMl Tigns. .
. T puesant and.

A +0oditions. wasmm# mgmons'
that tln -patient is mmtm, ‘bt u- m ta«u r.

2.1.2 1 mmtmmﬁﬁ!nt Sk R ¢

The dunmbu conditions Pebw

2.1.3 1 SET THE FACTOR OF REDUCTION DUE TO fNAENSNA TO'8:67.
2.1.4 1 ADD MYXEDEMA TO THE REASONS OF REDUCTION.

 %Now do you check msnmwmuumim' ‘

(descr ibe-method [(check (sensitivity (due to potsssium))})])

!M: 182 em bnut mwmmmmruw

7O: GUECK -SENGLTIVERY OUE. TE-POTASSINCL mmmm m
1+ 1 ASK THE:USER:THE, LEVEL.0F: m,mmmm.

2. 1 ASK THE USER THE STATUS OF DIURETIE UBE.

3. IF THE PATIENT mmxvmeugncsmlmﬂﬁm TE TYPE OF
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ommmmmmmmmnswqumm
4. 100 0N OF THE FOLLOHING: B

4.1 IF THE LEVEL OF m mmsslm ls m mw.mmll DO THE
“mm; IR R I T

Dbl eﬁt ﬂﬁ me m mm wmnm&m

l SSGEST &IATW!!G Fm TOX CITY LE T mu.aa :
4.2 OmiSE. 1 ADD HYPOKALEMIA THE "CONDI TIONS,
REMOVE HYPOKALEMIA FROM THE m ND COMRECTASLE CONDI TIONS,
REMOVE HYPOKALEMIA FROM THE REASONG OF REDUCTION AND SET THE FACTm
OF REDUCTION DUE TO HYPOKALEMIA TO 1.08. Er v i L

5. IF ne LEVEL OF SERUNM POTASSIUN IS LESS THAN 3.78, THE PATIENT IS
 DIIAETICS, —-AND . THE 51 PATIENT: .16 oiDT.. AECEIVING - n\mxm
Mm x}mmm mmwm
6.1 IF THE PATIENT IS mmﬁ mnkncs.,m"iiiiiéiit IS NOT
 FETEIVING PoTASSIUN swnm TE TWE OF DIURETIC UeE 1S

6.1.1 1 SET THE FACTOR W REDUCTION DUE m PDTENTIAL POTASSIIM
m Mjn Umw:% m‘a"‘s" Dw b g e Ayl s

6.1.2 1 Am PO'IENTIM. PBTASSHM Lm ﬁ! TD DllﬁTlCS TO T|'E




THE DEGRADEABLE CONDITIONS.

. B.l. S 1 QBGEST HATCH"IS FOR T@(!CITV D_,?E;STG POTENT!AL PDTASSII.H

Tu m cwamwm wu. mm. &mw Mmq
happaned during a particébitr aiiaien: MW . :
physicians, this Pestere bes besn very uesfyl
Digitalta Mﬂu‘. m 1¢ N h m f
rg;nfgx [ . are lgw,

The' systew ces ExgTain wﬂ&g NNA - SShsiNS. 8-
current session, since 1t Ners H1T auPTier siievten '
ou?ymcmtfrmamhumﬁoﬁdw mmmrw
checking amitivfty dus to umwmm 1s axscuted only ence.

DURING THE SESSION ON 9/21/76 AT 11:18, 1 um mmvm OUE T0 -
THVMIB—FUCT!(N BY EXECUTING THE FOLLONING STEPS;

1. mmmummwm WEWWTHAT
STATUS OF MYXEDEMA MAS PRESENT.




2. SIMZE MSTAMWNWWWI I m MW"&:

211mnﬂmmuﬁ mmmmaus. THE
PRESENT AND CORRECTABLE CGDITIWSTFENM

ZZIWHWWMMCMITIWSM

CARBIORYOPATHIEENT | N POTENTIAL POTABS! R L0R8 VE. 10 O3
ik ol PR AR R

2.4 1 ADBER MYVGREMA TO masmw mmw
REDUCTION THEN BECA'E SECHE oGt g" |

}a ,<?, Ted *‘

“Now d1d you chack sansitivity dus te pashesium Fén this patient?”
(descr ibe-avent [(check (dbnsitivity (due Ito potessium)) 1)

DO YOU ONLY WANT TO SEE EVENTS FRON msmt SESSION?. (YES OR NO) n

iR ‘p
LA

DURING THE SESSION ON S/21/76 AT 11718, 1 eoe smm:vm OUE TO
POTASSILN BY EXECUTING THE FOLLOWING STEPS: .

1. 1 ASKED THE USER THE‘LEY ’»wmm:arm.r mmmmv
newva.osssmnmmsxmms&. o

2. STATUS OF DlllETlC L& T!'E umn nsmn THAT
THE PATTE"Y Ns MT IVING DIURETICS.

3. sxummmmmmmu&smwsﬁma.n. 1 0ID THE
FOLLONING: 0

3.1 1 SET THE FACTm (F usuucnou II.E TO HWALEHIA TO 1.08. THE
FACTOR OF REDUCTION DUE TO HYPOKALEMIA WAS PREVIOUSLY UNDETERMINED.

4. SINCE THE PATIENT WAS NOT RECEIVING DIURETICS, 1 DID THE FOLLOWING:




4.1 1 GET umw REDUCTION DUE TO-POTENTIAL POTASSIUM LOSS BUE
TO_DIURETICS T0 1.08. THE FACTOR OF REIKCTION DVE TD POTENTIAL -
me: UnL.088 ‘BE wwwmmxmmgp,

e 0

 DURING THE CURRENT %lm. 1 mﬂﬁmfﬂ' QE ‘FBWWBS!W 8y
EXECUTING THE mwm STEPS:

1. 1 ASKED THE SER WE LEVEL OF SERM POTASGIN, THE UBER RESPONED THAT
THE LEVEL OF § T ok o

2. 1 ASKED WU@RMW&TKEG’MW‘FEW W&WWMT
THE PATIENT WAS NOT RECEIVING DIURETICS.

3. SINCE MLEV&WSERIMPUTASS!M\NSLE% THAN 3.76 1 DID THE
FOLLOWING:

3.1 1| SET THE FACTOR OF REDUCTION OHE TD-WYPGUALEMIA- TO 8.67. THE
FACT(R OF REDUCTION DUE TDWM.EHM%PEVIMY 1.08.

MWWHEMQWWMTM
;!fmm AMD CORRECTABLE CONDITIONS THEN BECAME MYNEDEMA AND

3.3 1 REMOVED HYPOKALEMIA FROM THE DEGRADEABLE CONDITIONS. THE
DEGRADEABLE COMDITIONS THEN m M mmmm—m
AND-POTENT haL: POTARSHN! LOSS:BUE TO DIMETICS. . -

341mmmummm#m‘rm mmw
mnmmmmww

3.5 1 S!.GGESTED HATD-H!B FOR TOXICITY’H.E m mﬂﬂﬂk
4, SIN.'IE TI-E PAT!B!T HAS MJT FEEEIVIM WI&S. l m '“E W:
4ol l SET THE FAC. ' : ' S DUk
?‘.

4.1 1 ST e Eu R R
POTASSIUN LSS DUE TO mmux nm m M | S
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“Now d1d you compute the factor qftglugggip,a for &Mlcm?'

(descr ibe-eysnt l(epmu lm;tar altonung))l)

dt

mmmvmrtammmmumrmm wssunumn

Hil e

DURING THE SESSION ON 9/21/76 AT 11:10 1 C&NTEU “TI-E FACTOR EF
ALTERATION BY EXECUTING THE FOLLOWING STEPS:

1. 1 SET THE FACTOR OF MLTERATION OUE TO-SENSITIVITIES O TWE PRODUCT OF
THE FACTOR OF REDUCTION DUE TO ADVANCED AGE (1.88), THE Fu:ma or
REDUCTION OUE TO HYPERCALCEMIA. u.m. vgym:rgt, amfmu
HYPOKALEMIA (1.88), THE FACTOR OF ‘”PGYASSM"
LOSS DUE TO DIURETICS u.m.,ne FACTOR OF REDUCTION DUE TO HYPOXEMIA
(1.89), mmmm% nlg £ FACTOR OF
REDUCTION DUE TO CARDI R A

TO SENSITIVITIES CHANGED FROM uoersnnxm 0 0.97. »

2. smce THE 1DEAL WETGHT OF THE Pmem HAS UNK

the wmn w”

the variable u priutcd 'ln parenthesss ronum the variable.

ODURING le'E CURRENT SESS!N. l COMPUTED THE FACT(R (F ALTERATH'N B’V
EXECUTHB THE FGJ..GMB Sm v

1. 1 SET THE FACTOR OF ‘ALTER um OUE 10 m 1vma 19 nz mowct OF
ME - +OF REOUETIONY DUE - O - ADY - ), THE FACTOR OF
NPORCALCENTA (1. 08, - -~m i REBUCTION DUE TO
mmu (8.67), nz Fncmn oF mum DUE m POTENTIAL POTWSSIUM:
.L0SS DUE TO DIURETICS (1.88), THE FACTOR OF REDUCTION DUE TO HYPOXEMIA
(1.80), THE FACTOR OF REDUCTION DUE TO MYXEDEMA (8.67), AND THE FACTOR OF
REDUCTION DUE TO CARDIOMYOPATHY-MI (1.88). THE FACTOR OF ALTERATION DUE
TO SENSITIVITIES CHANGED FROM 8.67 T0 .45, A

2. SINCE THE IDEAL WEIGHT OF THE PATIENT HAS UCETWIIED l SET TI'E FACT(R
" OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO

SENSPFIVITIES (0. 46) - AND "THE | QUDTIENT OF THE 'WEFONT “f THE: PATIENT (72)
AND 78.88. THE FACTOR OF ALTERATION CHANGED FROM 8.69 TO 8.48: :
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2:3.3 Explaining How & Varisble e Usied in Gereril

The systam can elso explain how & particular’ vepriedte is wskd by the
system either in plans or esvents. Th- m ¢W1m batwesn the
sstting of a. vaciphle. and. the swal avis. . ‘ﬂflm.,
explanativn Podtines

describes all the m the mmu [m mmm {ia m’ (1.0.
evaluated) in the OML. mu @vm e

‘,“»A:““c‘i“

*In m!, bow de m«l mm af et

(domlmwlmw t(nm Mim)i}

WHILE TﬂEM’lWﬁlﬂﬂ& mcm I mm W SM: P

o, ¥ 2o
“‘E PATIENT HAS A

P
,—:.k‘ i

?;%E msnm DIGIT&.IS mm IS W MME I m 'N'E Fﬂ.LWl!G
3 CABUTL BT 4y “e -

L. IF HYPOXEHIA IS NOT o oF TE REASONS OF m’l’fﬁf’ﬁﬁ‘ mmu”g

a.:umm:vmus-mm

This mmmm mumvm Wm MMM~
m’mum PR :

Whmucmw:tmaml?'




(describe-set-in~nethed -f{quanta body-sterse-gosi)}) - -

| SET.- RE amv-smms GOAL N T}E WW“\‘&

WMILE mnm mmmm 180 e msm

1. 1 SET THE BODY-STORES GOAL TO THE PROGLET,OF . T, RACTOR (
AND THE BASIC BODY-STORES GOAL. ’ ﬁ"

WHILE TREATING NO TOXICITY mx&n—i\! ﬁmf‘f - TRERAPELITIC
THE FOLLOWING STEP: |

1.1 m ONE OF THE FOLLOMING: . R

1.1 lrmmwmmrlswmntMlmnz'
FOLLOWING SUBSTEPS:

111t§‘nmmmmm

K e B

1.2 OTHERMISE, | SAY THE mmce cnm‘mz a
AND REPORT ANY CHANGES® mmmm—smmmwwmt
,WW-ELEVE.GMMTEDMTWBW!T&ISINMMHWM
THE FACTOR OF ALTERATION.

238 Expllicing How & Varieble waid Used in Péitioues: """

This 1s a question asking the lactor of cnmpﬂu qu for tMc,
particular patient. Wots t%!t iveiits Tron thl previdui dessloi’ ars’ roond
and displaysd as well as those m- the curreat uum «

"Mow did you use the lactor of ﬂtcution in tﬂ; GI“?'

£
0

{descr ibs-use-in-svent [(factor alteration)))



e
DD YOU ONLY WANT TO SEE EVENTS FROM mmmmm O NO¥ n

DURING THE SESSION ON 9/21/76 AT 11118, I USED THE FACTON OF n;mm ™
THE FOLLOWING WAY WHILE COMPUTING THE BODY-STORES GOAL:

1. xzrmm&mmmmmammwmmm '

w.ssn '_ m-sm !c.m e m—sms _GOAL -
m&g 10 0% k S

DURING THE CURRENT SESSION, 1 THE FACTOR OF u.temnou IN ™

FOLLOWING iKY UHHE COMPUTING THE BHOV-STORES BEW:

1. 1 SET THE BODY-STORES GOAL TO THE \WMFACKRCF'
n.rsammm.m AN mmxc BODY-STORES w K88, - TME® BODY-STORES

1 USED THE FACTOR OF ALTERATION IN M FW!RMMQQQLE CWUTI!G THE
BWY-STEHES GOAL:

w.es) mnﬁ*@ {) o

mmam.vmms-mm

This 1s the cormmmy question -asking. haw ﬂ!« factor of - amm wes
set.

(ducrlbo-ut-tn-omt [(fector alteration)])
DOYGJ(M.YHANT TOSEEEMTSPMTFEMTSE%!W (YES OR NO) n

DURING THE SESSION ON 9721/76 AT 11:18, [ USED THE FACTOR OF ALTERATION IN
THE FOLLOWING WAY WHILE COMPUTING THE FACTOR OF ALTERATION: ‘
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1. SINCE THE IDEAL WEIGHT OF THE PATIENT mm 4 GG THE. RACTOR

OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO
SENSITIVITIES (9.67) AND THE QUOTIENT OF THE MEIGHT OF THE PATIENT rm
AND 78.08. ' THE FACTSR OF ALTERALION CHANGED FNGN (NDEIERMINED .10 8.69.: . -\~

DURING THE CURRENT SESSLON, | UGED JWE FACTGR: OF  ALTERATIGN. N THE
FOLLOWING MAY WHILE CONPUTING THE FACTOR W ALTERAT!N:

1. SINCE ij HEIGHT OF THE: mxmswm I SET THE FACTOR:
OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO
SENSITIVITIES (8.45) AND THE QUOTIENT OF THE MEIGHT OF THE PATIENT (72)
AD 78.98. mmmw Wlﬂl mmmnmmu AT Ve S

The aystem cen also. inform the user of the wiy .thet & plader mm:m
called. In thé 4kampldd DaTow, We It sou 411 (DI Joss 1Bls ways hat &
plan may be called, ronm by - nﬂmﬂn of the way that 1t wes
«%t f&n uk aﬁﬂb. E el i SRt R B R a

*When do m chock m:itfvitj dm to nmliu?'
(find-uhy-nethod [{check (sensitivity (due (to potassium))))})
1 CALL CHECK SENSITIVITY DUE TO POTASSIUM IN THE FOLLOMING WAYS:

WHILE CHECKING SENSITIVITIES I DO THE FG.LGIHB STEP:
1. 1 CHECK SENSITIVITY DUE TO POTASSIUN.

WHILE ADJUSTING FOR CHANGE IN SENSITIVITIES 1 DO THE FOLLOWING STEPS:

1. IF ONE OF THE INPROVED CONDITIONS IS HYPOKALEMIA THEN. 1 CHECK
SENSITIVITY DUE TO POTASSIUNM.

2. traewncmmmms 1smmuml‘u£cx
SENSITIVITY DUE TO POTASSIUM.



3‘

(#ind-shy-event [{check (sensitivity (dus (to potsssium) 1331}

DO YOU DMLY WANT T0 SEE EVENTS FRON THE TURGENT SESSIOND' (YES' OR NO) n
DURING THE SESSION N S/21/76 AT 11410, ‘1 OAAED: CNECK SENGETIVITY OUE TO
POTASSIUM IN THE FOLLOMING WAY WHILE CHECKING SEMBITIVITIES:

1. 1 CHECKED SENSITIVITY DUE TO POTASSIUN. THE FACTOR OF REDUCTION OUE TO

HYPOKALEMIA WAS 1.08 AND THE FACTOR G mﬂm M.Tﬂ PBTB‘T!AL
POTASSIUM LOSS OUE TO DIURETICS WAS 1.08 - .

DURING THE CURRENT SESSW. T CALLED: CHERK: SENSI HIMATY DUE TGPBTASSM Hl'
Tlﬁ mmmw mmm mmwmm&m& .

1. SINCE THE umseusn CONDI TIONS HAS mn.am 1 mmm«m ui
TO POTASSIUM. THE FACTOR OF REDUCTION OME TO HYPORALENIA WS 8.57 AND THE
l;agm OF REDUCTION DVE mmwmmwﬂ mmtcs uss‘
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Chapter 3: Explanation — How I’ s Done

a1 Nroduetlm

o SWQul (n(ura of the OM. 1 lm;uap nd ggo“ qurg gf tlgp Nﬂb Advlsor Itulf
-mm it pouibln tomwmeommmy Mﬂn%lmhrprotcr anddlto
bass provide a rumber af dale structures thet ere beiptul in constructing explanations.
" can be used to generete Engish from OWL L Third, the program siructure of the Advisor

.ws to, model the problem solving techriques used by expert cardiologists. Fourth, the
use of aiternate modoh ‘Slows the system to prwb* the uner. with, diffonnt _perspectives.
These features wuu.mwmm&mmm« e e

This chapler will e describe the functions thet w mt; ond ym, those. that
ducfibq how mg plans ars collad md why the wonh werq cregte gnd those that ducﬂb. X

*OWL'T hes 8 number 6F festures which facilitéts prothici Engfish’ siplanations of OWL 1
1o outline the basics of OWL 1, and describe in séie datill‘thode ﬁaﬁnimf‘m particularly
fmportant in making explahiations. If the reddic dibibes &' desger uRbirstanding
linguistic theory on which the OWL project is bessd he' cai conéult ‘ierth

Hawkinson{14]
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3.2.1 The Knowiedige Bess

Almost all the information that en OWL | system possesses resides.in the knewledge
base. Here one may find programs, traces of programs, hisrarchicel structures of English, and

s forth. All the mod :I that ek W“‘ Mi }HATZ m - b‘ﬁ;‘:—'}“:,_»l dao | '

and they communicate through Tt. In this way, any modulé may determing
world st any time. Amm-wmmwﬁmm Mhusp
recursive push-down stacks and'similar internel structures. |

All the information in the knowledge bass is represerted ‘as concapts. A concept has
thres parts: a generalizer, ocpndaﬁm.mdlrmﬂi e corcapls sre orgenized in 8
hierarchy. Thummwdaeomptnamunw%hmmﬁnwuchy -
It corresponds to the aMd’MhMWWNW Thlsp.cidiur af
concept is siso & link 10 a concept?. The specislizer of s concapt i the'chief festure or notion
as the name implies, a list of o the Feterences to the concept. All the concépts which use’
mmmtupmwmmwmmmmmmwmm
concept. In addition, the vaiue (if m)a-wwnunw orance fist as well s ol

Whmpriﬂtodbyhmm WWMEMQWW
foﬂowodbyﬂﬂrrﬂmm

3. There is one exception. The specisiizer of a concept mey slso be a link to a symbol.
Symbols are character strings which roughly correspond te English words. Symbols are used -
to place English words in the knowledge base. :




l(pmﬂm specializer)
reference-|tem-1
reference-| ten-2
reference-|ten-3

rcfcnneu- i tom-nl
' th.m.xmtmmthmmﬂlwtodo«lﬁmup.
kthoAdvhoreomwtuﬂnbodydwu;od‘.ﬂdjmhﬂ»mwmmhctwc!

SN L LR

siteration. In OWL ], ﬂnfnctorcfdhuﬂon'mu[(ﬂ Rl
i gomeralieer, witle ALTERATION i the- mgm ALTERATION) is autometically

ummmm«mqnt.umrmﬁmﬁwmwmmmm
Hendler:

w.mnm e | S o
AFACTOR ALTBRATIONY o o

(FACTOR
(FACTM ALTERATI(N)]

itis MthhﬁWtMAM Ghmwmm on,the
Anowledge base mehas-it: quite:sesy to. provide axplenelions. thet tall how: o perticuler vacishie
is used.

Pro.rmmbowﬂttonhML Thuommm:torodlnﬂummww
;bm and M m run by th- M T inhum« ﬂ.ﬁ,ﬁ ”"m""”" PP o Tl LIS AL

& The body slores g0l s The smount of digitals thel should b6 " the patient..



documenteds however, some information mey b found in unpublished pepers by Long[13] snd
Sunguroff[21} B
Adelemhnwmhmme Apilanis
a kind of predicate’. A series of steps is linked to the plan. Thlndoptnyb.bakw.l
primitives or calls to other plans A(mwmmmwmh
shovmbolow
LICHELK (seusmvm (ns (TD wvncan-wsnn |
O PETHODY - € \
ur-m (mnsn-m 70 (AGE PATIENT))
m cm:m mnmzmn
3.1MBI.le |
Tmshtplmforthocuufwmwumnw&nhmmd !tuysthdiﬂhtm
ctthop-tmbmmrmrommfmawuww'mnutb
0.75, otherwise, it is set to 10. |

$a¥B))

It is not mywmmmuw‘daim&t‘m representation,
Hght OF ‘the left brackst; fie. H{OHEDX - (SENSITIATY WIUE (0 ADVANCED-AGEH) 11),
white the teps of the plen foflew’ thé concept METHOR: WWM!MMNWG
COND in LISP, that is, it the predicate of the first cleuse is nat trus the next cleuse is
examined and s0 on, until the first clause which either hes 1o pradicate or # true one is found.
A BECOME statement is an OWL I primitive used for making sseeithiié.
| | Plane are invoked by cals in OWL 1 kmmzzlcdkmnuwndtoplmbyo
pattern matching mechanism. mmmumdmmmmmmm
tmmwmammm

5. Prodicstes in OWL [ mey be thought of as verbs in English. . See Martin{20] for s more
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L

As @ plan executes, s syent is created The:-avent mey bei thought'of sis 8. trasa DIt
omuﬁonofthopim. Enhwonthuiutoapadicdumdbnofnptm Thoovonl
structun eonwns lﬂhmaﬂon concomin. whon tho plaa :hrlod nnd ctoppod oxocuting, chh '
'p:mwumvuchcmmtt,mm-n&f;uﬂummmw the event.

h gk

oAy ¥

znmmmcna«bymmmaman-mm“"

L

THEN, OR, and AND. m:.u:mmm-:mﬁumm«-mm “The
Mforﬂmwonh ".NM*ﬁmmhﬂmh it s

“such as % 1F-

li“m

-1t shawid. be clear HMIMNM%QWNM;M‘#@
producing. sxpienelions.. . ﬂm the faek thet WAL 1-is o Englishobesed: language makps: it
relatively easy to transiate programs into Emlhh Second, since all the system’s knawi
rasides in epe: place sl in one rapresentation, it s mhmmnmmﬂ-
relationahips. betwesn.them. . Thicd, the avenis srasted:ky . the inlerarelec; ke it.possible §o
desceibe; whet hoppongd. mmmmmum%m theae. faatusm

f'?,c";:"‘-‘
"] s 3
e
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, mmmmawh.mmmmummmmmx

Mo ghgstigeerr e

,,,,

expressions into English. mmmn.mwm wummm
mamnmmwmmmmmn.umawmw |
sophisticated operations e prenoun substitutin. hm‘kmm thupom
Wmm“wmedﬂ |
The generstor is passed some OWL | sxpression. ummamwu
o symbol, which means that the expression s just ¢ simple Englh word, the system prints it.
Oristhe other dveni, 1 the- " ey compiun thi GONIrEISY Wit dolermiey @ rumber
mm muwwwmmmmmwmw
thom :.mwmnﬂwm«u I ::s\"wmmw:mwsw
A 6r°B. The Engiitr Torm 6f'a concupt'is nicAed by ey e ' e W
roper OWL tarwindtigy) o1 The retoronce et 4 1he euiapt-or
‘example, since the descriptor OF-SPECIALIZER i found on the reference fiet oF:the eshoupt
TYPE, the English form of ((TYPE CARDTAC-RHYINT)} s “lype of cardiac-rhythm". When
tmtommmmmu smummmmsmu
the concept. mmnmmwmumanmmamm‘
wmamwmnm.mmmmmmam‘

6. A and 8 are varisbies here.




¢ loternet-Specistieer oot

Naming Specializer B o
c'm'mlw w ol m i wf e R I i R AL F R PR T e
Ot Specializer - Aot B :
Object Spacializer - AB

3.2 Typus of Specialization

Afwmmmmw&mmA,mww‘c&sw'mmm to
output the specializer and genersiizer part of the concept. It continues 1o bresk concepts
apert until the pleces are just OWL symbole (corresponding o Englieh warde), which are then

Thers are s few coneiderstions which meke this scheme # iittle more complex. For one
thing, there is not a one-to-one mmmwmmu'm' ina
lady’s stocking is very differet from the “run" in “run sround the block®, snd we would want
to have separate concepts in OWL I to represent sach ides, yot the same English word ls used
to express both idess. To get srcund this problem, OWL 1 sllows the user to specify the
Euugh'm'ov.m. Thus the notion of a run in'a stocking might appeer as:

((TEAR STOCKING)
NAME: RUN]

This notation says that the concept (TEAR STOCKING) h,wmmu'rm'. While
outputing concepts, the generalor checks 10 see if an expression is “"named® by some other
expression. 1f it is, the generater outputs the neme of the concept instesd of the concept.
MWMborlﬁﬁMw&muhﬂhmmubeﬂ
producing explanetions. As the OWL I system becomes mere sephisticated, it is likely that s
more complex generstor will be required. The current version of the generstor is controlled
|uu&bwau.mdthNManommmnmuﬂh
considerations are importent. As an example, the genersior has » grest desl of difficulty
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deciding whether or not to place a “the" in front of a noun group, because that decision is
based on semantics as well as syntax. Thus, although the current generator is not by any

means the ultimate generator, it is adequate for the Digitalis Advisor.



3.4.1 armr,um

The duilmd immmmm Mmmmwum ~em is to
provide the user with an explention that snewers hie quuuon. ;ummt swamp him with
irrelevant deteils. To_sccomplish this, the information conteined: in the’ syatem- needs to ke
structured In some wey. Diferant mathods for sircteing the Information have: been
In the MYCIN system, Davia[12] uses the ‘qodm t.cpr o! . mu - an lndcmon of its
w«m m smm u&m- mmm m;uumeomm
loss mmm th ‘mumuu M mmmﬂmm
Rules: with lower. mw#mmwmwm pncdn more
information. This information is used by the mhmh;luﬂhnﬁ!’:if:tmﬁr supplbd by
 the user 16 determine Now mamy gouls 5 displey m:ww&w@ 1f the gosts
all- Have' -high' Mlhtym then many: of: them will-be- displayed: d;:;im;- while: if -low
cortainty factors predowinste, few will be displeyed. if 100 ey or \0e: few-gosls. ope
displayed, the user may adjust the number he suppliss: In: isis wey, MYCIN sttempts:to
“provide he- user Wi xisummary. This spproschcreets ort the sether.wseh sestsmption thet
the inportence of o rule i reliach by how cerlain Sne wey:he:shoutits conclasion. . Yet.in
“fact, In wieny spplications; the importancs of & ruleria: complotely: indeparent, af-the sectainty
. of ite: conclosion. - In o MYCIN-saped: system: for. avte: rapein {12, paga:2h) conciusine-couls be
resched with little inexactness:’ thus, i.ihe echome:euliingd abows:wene-applied 10 the rules
- of ther aut repalr- syciom, - wieukichidicals: thol they -wams: il houl equslly. inportant. . It is
not ety Whet-that is cofrect. It-eusme"iint for-meny ‘sppliestisne; & Ditlorgnt: methed. for
providing summaries is required. '



knowledge in the rule formst. Devis [12, page 29) notes:

A .. proﬂmisthMmthomtoiMMmmaﬂyb
oxprmdhaﬁtdlm MMUQW'“%MMM
mhummmmm* :

- Davis [12, pege 261] siso-shserves:

Mm.nmﬁymwwmawmw
; be ‘ t is ooty to think of single-.
dtehbmarntbuhbmtdudc. :
; wmmmmmmthdmwm
© o ecouslntend Mmmummw umsn
Mdmﬂmmmmm m

e ?V:*‘E:%‘?.ﬁz sy il ST S

In designing - hgmm Advisor,:it wes ducing Ao une: 4 mm 29 that
anowiedge coull be plecsd in-a-tievarchisst shsugiure obgreoaiume, ' Binee it i passibie fo
mw M we will :es0: that Hhe W«mwmm
~ Another probslom-that mhtmm*mm ofrepenciling: the

. exploining the: grogrem Austhe user; i is:nessessry intake:ints avcqunt;thnipaseibiiity that-the
user's modet- &1 the proklem is wvery. diferant: iromeiessregran: Mibplsese( 16).bas proposed
the Use Of twe:modvin; ome:te rapsesent ke pragées andthe stier the wuer's/modei of the
~problem; : A:probies mmm&mmwm st be
“mate ot only 40 the pragess; ut fo:the-streciires akivg 16 d0-4e o mondel e o I
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sesme. thet to avoid the dangsrs of

‘ -between the madels it would: be & good idea
teim:ponhﬂnmrcmddlﬂoﬂnuhdwmnmhnm o
$till_another problem_that others[12] have neticed ie;the: preblem of .indicating .the
“intant” of a: piece-ot cods. Programmers stiempt {0 indicste. iptent hy chosing maemenic
nemes for varisbles and prosesures. sl placing, comments. i Mhwic. sde. Yt common
programming lwzhmyttkmm may, -, To the-LISP  intarpreter ‘it makes no
ditference whether » varisbie s called FWW& PATIENTS-WE
GOOOO1, for that metter) yet thare.is a tramendous diteeance.in.the. mwmmm the
varisble. Being.abls to.understanding. the intention of » verishle. of. procs
A0 understand the intention.of & system. Even expprienced.p mecs. & .,
1o understand a:program if.the names used in the progrem.ere moe mapningless. If 2
systom is. A0 auplein iteolf, the: designer must-be shis 1o indicale the. intent of: the.cods,.and

| lntNCuctlomlwmmmpttosmmtmwoﬂomwﬂMobWOmbo
mlethlhmofMlmmmmm(Ml Su’hoctudly
lsynthuit of uvornl uponh ldut. Omkoypo&nthmg;rn;oof uproeoduro shou!d
boawmoptudsmyofthnthmthﬂthmmm UWiu,thoroloofa
'vmmmuimmnymm Ancthrm%bnhthdonhprmswdboa
mmp!udwﬂthdmddsmntbnthﬂmouuﬂt“hdﬂnom Byudnc
the principles of structurod pro.rm lt h pouibh to m s hionrehy ot proeoduroo
mﬂo«mtoth.ﬁorucﬁuproduudbythﬂlmdwwzﬂbnmd

doeompooition’ .

7. Decomposition is described by Mertin [20]



I the Digitefis Advisor, he procedure used-1o sturt treeting:a Satient with digitae is
called [(BEGIN THERAPY)] in OWL L te Englieh tronsiaor-should e sider. “One-of the ..
functions fhet { (BEGIN THERAPYFY colle i & funchion Tt checks Tor sy isneitivifies the
pationt mey hive. ‘R i ‘cillelt “C ICHECK SENSITIVITIESIF. [ (BNECK SENSITIVITIESYT, in
turn, colls @ humber ‘of funclions. One OF thise' s EIOHEDR PSENSITIVITY DUE (70
© POTASSIUN))) )] which chechs Tor digitalic sonaltivity thel the: Sitiontiey have e 10 o

potessium imbslance. When the ‘plan of wvent for %Ww s descrived; ‘[ ICHECK
SENSITIVITIESY] 1n ioplayed witvout any o 16" stricturs Soneett . Tt sumieriaes the
colls below it, 50 that: they db 1ot have 1o be displiyed N wier & curious sbout Now
Sonaitivition are chéchod ‘e mMay ah, Shd°he WHLSOF that 'Sn-5F W8 ‘stbps 15 16 Sheck
simeltivity dos 10" petesshns I e it SR Turious;: he iy iuive SUU thel step S wel
otice that if e s net Witerusted, the witire procise oi=ihusig ‘Wmiinifios will be
summarized ss one siep, 5o that N @Dbs 110t Neve 1o Ghuiiie rouns of Witput thet i dees
not care sbout. Tt should sieo be pointed out thet the user nesd not ssk questions in a “top-
down® feshion ss described sbove, but ritier e mepr Sivouthy: Wk ‘Now hw: syeton eheoks
senmitivity due to potsssium st eny time If he desires. |
_ mm.cmmtmmmmutummw m-mnmnu
mmmnwm-mummmmha;{ﬁhwu-m«yum
actions performed by that plan mmmm&w Thnplmnmr.dtoinﬁn
‘cdllsmtoxMMwamchmm&t mmmummnm
tmumummnmmmumummmmnrmsm
‘,shoddbodlcphycd. munmmmmmnmmmummmu
plm as cm-rizdm .

‘ lbﬂu that thic mmmmmwmmmmwtm&y hctor
spproach edopted in MYCIN mmmnmmmm




o

information content of a-rule besed on.He- Gertainty: fuctar, we srs-sitowpting to sirusture the
Mnofﬂnmwmmmmmwmdﬂnm TNsmthodolo(y
plmnbwdonmﬂnmtmhhmdmhhmhwffntostmchn tho pro;rmln
my mmr,bm&mhdhmtdmttomﬁlmmwt!hn ‘_ThohctMWLlh
m Emlhh—buod lon.ua.o my bo und to advmhu in mtn;ﬂ:' ;n ;pr;prido prognm
structuro i
UmdethbthMl“wwbylmofpmbroﬂ.chtho
world?m WI Binse snow s m . MW ove mﬂdﬁonnt
words for it to reflect different textures and typu. yet ;ﬂh&:-spom pooplo only have
heve developed speciel vocabuleries: umwmuqm ‘that: commonty
confront: them; : mwhmmwamumumm thoy ore
‘grouped togelher end given o name which:is: an Englie-wetd or:phrpes. cSince 1t is: sesy-for
Eu%hmmwbymtocmNcmm In that way, the structure of
the program will nﬂutﬁndnﬂmumdwmwwnhthm - the, '

human physicians.
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TMI&.MW&WWMWM&“WMAMQM
progrumiu. mcumtmmmmm-mmmmm
mmslmmtom-mdwmmhmm mmn Isdnrly
awere of the rdﬂmﬁphtwmuﬂmdm“mmm Iahh“Mnon
Structured Programming” [18, page 44] he states:

| uxm.mnbynuu,wamdmtmumtumm

&ﬁmmm undorstond i, 3 want: it srillern Hiown-ne 1 weuld:
Semantic Mode! Programeing can be viewsd ss an-extension of structused pregramming. As in
structured programming, #he persan using Semantic Medel Pragresusing dacsmpeess ¢ preblem
into its components. The chist .edditien of Gomentic:Mudel Pragramiiag is thet:it sdeotates
the uee of English as :a guide: in chesing the mest:appssprisie decompasition of o peoblem from




Bl

3.5 The Explanstion Routines - How They Wark
3.5.1 Introcuction

In this saction, the various uphmﬂon routhu prwidod by th. Mllb leuor are
outlined. The expianation MMMMMWM ;itu:t;;‘iswmlmm t;;.,
it is discussed in Chepter 4 Thnoxphmﬂonnutimu odne: agpionsl "

OWL 1 code that the interpreter rum. “and from the event structuee - that: ﬂn interpreter
creates. m.xﬂMbmvoMcmdntWhmeytthw
wil be reflected in chenged explanetions. Wmmmwmxwmw
thMMMﬂqdhm mmwmmmx
code Hself is close *mmwmmpwm%wm Semantic Model

Progremming, which feciliates esplanation. -

Gre of the simplest expleAstio routines i OBICRIBEAREIHOD: whilh deccribes OWL |
methods (or plans, 86 they.are sise called).” This: procedire is sesigned 1o-shewet. the question
"In gonersl, how do you _____1". DESCRIBE-METHOD describes how an OWL 1 procedure
'wnin;omal.mtmnmto.mw:rmm The routine is called with s single
srgument which is the OWL 1 plan to be described. DESCRIBE-METHOD traces out the links
which connect the steps of the OWL pian and converts steps to English as it encounters them.
Spccidrummswccdhdrmdwlytooxﬂdnuﬂdnmmmawchnmw-
THEN, and OR. Note that only OWL primitives ars lsken spart™. I the system encounters »
call to another OWL | plan, it only displisys that call, it doss not examine or describe the called
plan, since it takes the call 1o be a summary of the actions performed by that plsn (because



the system is programmed using SMP). - As it produces en explenation, the system indedts the
| '~outputtolndieato the structure of the OWL method. As an example, sn QWL pilen is listed
below, foliowed by the English explanation of it listed in Chapler 2.

L(CHECK (SENSITIVITY (DUE (TO THYROID-FUNCTIONI))
- PLAN s : .
SUTIARY: (FACTOR mnm—nm)
METNGDs HHF ATHEN- |
(CURRENT-VAL (STATUS mnmm umm
ASKASGER RN Wbt
(IF-THEN
(OR: 15
 (STATUS:TWNEDEMA PRESENT) -
(AND: 10
(STATUS- HIYMEDEIR UNCNBUNY- <. -
(LESS-THAN 2.5 (QUANTA mm

(BECOME-MSO :
(oI TIONS cmvm-m-sm rmmmm.

caecur: (me mnm mmx.
":;OIECGE-W (REASONS REDUCT [ON- PEBINAY 34 )
(BECOME-ALSD
(CONDITIONS DEGRADEABLE MYXEDEMA)):2
(CONDI TIONS CORRECTABLE -AND-PRESENT rmmmnz
(BECOME (FACTOR REDUCTION-MYXEDEMA 1.0))3:2 -
- UNBEBCORE < mmmfmmn

3.3 The Obk Cods :te Check: for' Wﬂw&n A0 Myodens .
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(domibﬁ-»tho:& [(chock tumlt!vitu (duo (to thweid—functlon))))l)
70 CHECK SENSITIVITY DUE TO THYROID-FUNCTION | DO THE FOLLOMING STEPS:

1. lqumfvmmnEsnnswm“f@&mmxmnt
USER THE LEVEL OF Té. |

2. lmQECFTI-EFG.LWlmx

2.1 IF EITHER THE STATUS OF MVMEDEMA IS PRESENT OR THE STATUS OF
HYXEDEMA. 15, UNGVGHN. 4D THE LEVEL: GF: 6. 1585 THAN 2,68 THGM -1 80
THE FOLLONING SUBSTEPS:

2w mmmmmmmﬁsfmmmmms

2.1.2 1 REMOVE 'MVXEDEMA FRON THE BEGRADEABLE: COND] TIONS.

2.1.3 1 SET THE.FACTGR OF SEDUCTION-GUE:-TO. MYXEDEMA TO 9.67. - -
2,1, 4-ummmumne N OF, REQUCTION.

2.2 OTHERWISE, | ADD mniws. MOVE
"‘tf m&emm@"gmxumm o T |
: MMM :

pogEsT LA e

3.4 An Efmm Explenation of' the Code to Chisek Send “‘"‘j“t'twfztg Due ‘to Myxedena

The explanstion mmmmnm:ummymm
“EVENT. It i désigned to snewer the quéstion *For thid'pe S Th
"mmuammmmmammm&MMhamhm
making . sotanations.  The: W e
expisining plans s thet when plane are supisined mﬂh theough 1 plan’ dre
Oulfined; but when events are-sxplained, only- thd whacic bt takan durkdg the’ svent i
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. 84

displayed. Mammﬁmt,ﬂucwﬂmmmmm
|DESCRIBE-EVENT ar to b foure i th routines tha sxpli condtfinal
m-ﬂmmwm“m%wnm-mk |
,mmmummumwwww mmﬁmcm
mmmmm fummmm&mmw It
the. wo&athan,ukmhgu octmtmwﬂn
statoment. It is ot siwmys sesy 1o delerming. the saqeen ofsuccess or feilure. If the
predicale is ‘s disjunction of ‘clauses Miet ‘suctesd iwﬂu—m a timjunction. 6f cleuses thet
tails, it is not pouiuu to m m M-ch\it vts
strmtun For M ruwa. \ﬂm\ wuch a d!u&hnil m g , a :
s liste that sub-clause. raspomeibe.fo. the culcome i the went stcucture: seppsiated with
the step. mmm,.mawmmtemmmmm.pm«m
" The OR stetement, which mey contain seversl IF-THEN stelements, is & more complex
case. Recell thet QMMdMMEhMMMUSP As auch,ilc
pwpoua:mvhtt smbiguous. mm-mmu.nmumﬁ‘a.m&amt in
'ALGOL. That in, pach of the cleusss of, u-mmm the- same . varish ,.and, sl of the
. thauses together cover & set of disjoint poseibilifies. bmmmm of the claupes
ususlly dous not matter, sed e st spprepriats. axplesslion s maraly. 1o e the, pradicate
that succesdad as the ressan for the sclion laken.. Ondhe olfwe hand, sech ot the clauses of
the OR may involve s differant varisble. In that cese, the argecing, of the clauses ia aften
importa, and i seana thet in explaining,the OR, the sredicote

"W&omwfﬂuo

thet succeeded should be given as ressons for the actions tehen by the stelement. To

determine the type of the OR statement, the expisnation routine sxamines the verisbles used

8. There ere exceptions described in Chapter 4.




.

in the predicates before expleining the stetement. It seems that i fokure versione:ef the OWL
I im.rmt.r_ in mﬁm be well to use two different types of OR ‘stateménti to rasoive the
mronum uanw coniidarations. MaMmhmumN
times, there mcyb.umdmtoqxplm lfgg,th.ymngldﬂlnor@r l!smof
the mmn&mmmmwuwmm»m thom. 1t
he does, the timm«t.m»ouabnhmummmuu sipleined.
| nm-»mmmf mmmmmmmd micnrlabh
- pﬂmd in perentheses following the vnrhbb m it io,cloﬂmd. 11- velues of non-
qmtbnhmlhomgvdmwmddvmﬂmm__v |
Aundmu.bmammmummmmtm When events are
explsined, a flag is set so chwdedWhpﬂt!mAw
explanation from chepter 2 is reproduced below.
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(tescr lhe-avent [{oheok (seneitivity (due (to tiwreld-funstion))))])
WWN.YWTIO%EVENTSFMM 'mlW(YESGHQ)n

ol )

DURING THE SESSION ON 9/21/76 AT llzil. | m mmvm EIE TD
THYROIO-FUNCTION BY EXECUTING THE FOLLOWING STEPS:

1o -1 ASNED THE - USER :THE: STATUS: OF -MVEDIENA. - WIE-NSER -RESPONDED TPAT THE
STATUSCFWWWT.

2. SINCE THE STATUS OF HYYEDEMA HAS PRESENT i T FolL

KING:

2.1 1 ADDED MYNEDENK TO THE PRESENT AND COMNMUNGILE ‘COWITIONS. THE
PRESENT AND CORRECTABLE mmwmﬁm JUEDERA.
z.zxmmmmmmmmm

DEGRAGEABLE - CONDITIONE - THEN: - BEBANE: . HVPEIRALEMIA,- - “ MYPOXENIA,
| CAM!W!TH!MI m FI.WENTIM. WM Loss M L Bliﬁﬂ%.

nt mm

21 sebaealhy

2.3 1 SET THE FACTOR OF REDUCTION OUE TO
OF -REDUCTIGN. DUE . mmw;mm

R fi"'*'

3.5 An Explanation of the Event of Check 'mm- Senw i £TV1 ty Boa’ to Mgassen

3.5.4 Descriting the Use and Setting of Varisties

The Advisor can aiso explsin how verisbles are set and used in both methods snd
events. Thhhdom.byﬂnﬂuﬂurcbvmtstmormdsn‘dmtﬁﬂ&rﬂimdncﬂbod
sbove to explain them. This sort of explanstion is particulerly useful in determining the
interdependencies between plans and events. The function DESCRSGE-USE-IN-EVENT finds ol
the uses of a varisble by exemining the function-evaiuation-use Nrik? of the varisble. The

. 9. Function-svalustion-use links are described in chapter 4.




function-evalustion-use link fists sl usss of the varisile. The.suerie Wk oo orp T
explsined by the routines to describe events outtined sbove. The function DESCRIBE-SET-IN-
" EVENT .finds sl the plsces wharse.a variehle wes selby. suamining: ihe refersnce. list of the
by the routines discussed sbove. The functions DESCRIBE-USE-IN-METHOD snd DESCRIBE-
SET-IN-VETHOD work in a similar manner. Exemples of the use of the foundunstions.mey be
found at the end of chapter 2. |

- progegm strustures; that da, they: lell-the wsar. whal Mm%m owde by an
‘ovent or mathod. It is sive Mhauk Lo s e e sIegr nnt e
1f & user wishes 0. know ‘when o perlicvier plensiy iovahod e way: e the routine
callod: FIND-WHCHMETHOD. Thie-function findeol Bun-placaswhets: o plen. is selled (using. &
-machaniom-sinilar 0. the one: avilinadin. the. previeus. anetiond; and: diaplayes: tharm 10-Lbe uepr.
W, the-user may find out why nanmmm
. EVENT. Exomplos of mm,wmmgm ok thesand ok chapier 2.. .

BRI



3.6 Summaries end Alternete Models -

This section describes soms olfier aids 1o supianation. Summeries and Alternate Models
ware developed (o deal with-cortdn imitetions: of the-explenstion:fetilitivs.

3.8t Surwwrariae

Several procedures in the Digitalis Advisor are designed to determine the vaiue of some
clinical parameter, check some prohbm. or m m vdul s«no oxlmplu sre
[(DETERMINE RENAL-FUNCTION)] [(CHECK ssnsmvmes)l Oﬂd [ME W-STORES-
events they creats their names sre not good:-selwearies: 1t is ‘net ‘sufficient to swy “1

_ rﬂovmt information when executed: The OWL varishis [NQUANTA BODY-STORES-GOALY] Is @
SUMMARY of the pien [(COMPUTE BODY-STORES-GOAL)] When an event is explained, if there
is ~. SUMMARY associsted with the plan that produced the event then the variables sssocisted
with that SUMMARY are displayed. [f the SUMMARY is a LISP procedure rather than s list of
variables, then it is executed. In addition, whenever an ASK-USER event is explained, the
answer given by the user is listed. Below, a description of the event [(BEGIN THERAPY)] is
given. Summaries are listed in italics.

g.ﬂlm THE CURRENT SESSION, [ BEGAN THERAPY BY EECUTI'B THE FOLLOWING
TEPS: .




1. I INITIALIZED THE SYSTEM VARIABLES.

2. lSETTl-ETYPE(FﬂESE%lmTDlNlTlAL. TI-ETYPEG’T‘-ESESSI(NMS
PREVIOUGLY:: UNDETERMINED. - i

THE WTI'EPATENT.A R RES DTATT"E
% 0 S S T P gt anoue,

6. | ‘ASKED THE USER THE:MEIGHT OF TNE nmm “"ﬂf nwmwamr THE
HEIGNT OF THE ’lﬂﬂﬂ' m 72.

5. I ASKED T&E USER ™ SEX G’ TIE PATIENT THE Ustk RESPMDED TIMT T”E
SEX. OF -THE PATIENT WAS MALE .-

l _CGHE “‘E CARDIAC Tm T CARD MYT’M HAS ATRIM.
OED. Y u; m |

7. 1 CETEM"EU THE REASON OF DIGITALIZATAON: < TWE -REASON OF -DICITALIZATION
WAS ARMYTMIA.

8. | ASKED THE USER THE STATUS OF mmm.ts USE.  TME USER mmeo THAT
OIGITALES WAS MOT GIVEN, . . e s e

3IGIOX§§LECTED THE TVPE T PREPARAT!(N. THE TY’E Of MSENT PlfPAMTIﬂl IMS

10 ‘I DRVERMMNED THE RENAL FUNCTIGN. - RMEMOSE AGCENT - RENAL -FUNCTON
MEASURE SWOWED TNAT THE RENAL FUNCTION s o08.

11.° 1 CHECKED SENSITIVITIES. THE msaas ‘OF ntﬁwmn wm ﬁvxeom ARD
THE FAGCTOR OF ALTERATION WAS 0.09. ‘ .

12. 1 CU?UTED "‘E B00Y-STORES GOAL. TllE W-STNES GQM. WAS 0 .85.

13. 1. DETERMINED THE PHASE OF mm-:m m mse or rmmsnr wAS
 LOMIBNG-STAGE.,

161 STATUS OF. QIGJ TALIS. USE mm . ne TATUS OF xmmus-
“‘?ﬁ&gﬁ OF ms; I ) ﬂ
“15.° 1 GAVE mnm.
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3.8.2 Alternate Mocdels

erittmucowdﬂmrmvtkmmmwﬁwmwm
ought oboit Tty péagmatic
mm-tm.mmnwmmm;mwmmm
mthodsusodbyhummmnotsdhbhfwmuhnﬂvhm mmvorthis
utuotionoccurs,it mtnmumhmmmmwnmm
Programming sions. To sofve this probiem, it is nstructive 19 refiect on the techiiques used
vwwmsmmmmtm

totally foreign to the users of the system. This mey be,be

Whonntuchorhtryk‘tonﬂdnnmmﬂtomws,hwmmm try to
dnv: an snelogy between what the students M know “W\mm MHM
s teacher tryin; to oxpldn the fundements! mtiom e! Mﬂcﬂ potonﬂd, curmt, lﬂd
resistance may use mmu:mu ° wﬂerMWd Wm T"- dﬂh
of water mthotmkhWhﬂ'M‘»ﬂthwﬂthhﬂnWMb
taken as current, and the notion of resistance is anslogous {0'tHe diamster 'of the cutiet.
lnthoDi;ltdh Advb&,ombhhdmhmtomom«mtm
condition of ] pcﬂont cu“lﬂﬂ' fromcomutm M IM h W ﬂmm thet
many doctors sre not squeinted with ‘the idew of ueing’  wiighted yum 10 evaluste the
condition of a patient.. For that resson, the routines that W”Mﬂ the patient
are linked with an siternate model. The aiternate mode! describes in canned English text what
the routine is trying to sccomplish. In addition, some of the steps of the routine are linked h
the text descriptions that describe what they do. The resson for linking specific steps to the ‘
siternate mode! is that that way, when events created by the routine are described, oniy.
~ those parts of the siternste model linked to steps which actuslly executed will be displayed.
A procedure to check weight gein in patients with congestive heart fellure is shown below.
The parts of the alternate model are printed in itdb. :




(descr ibe-nethod [({check uﬂght-gam)l) o

TO CHECK THE MWEIGHT GAIN I USE 4 HEIGIITEO Slﬂ SCHEHE. TIMT Is: THE
CONDITION OF TNE PATIENT IS REFLECTED 8Y TME OF THE MEASURE OF

et BT 1 i T ,,.%Ww wiis A
TREBMITE TonBERAT pALHs TWE R O Do o WS

1. 1 00 ONE:OF THE ROLLOWINGY ~ . = o o

1.1 IF THE CURRENT VALLE OF THE WEIGHT OF TPEPAT!EWI%@Q
THAN THE IDEAL MEIGHT OF THE PATIENT AND THE BAGE-LINE THE
WEIGHT OF THE PATIENT 1S GREATER THAN THE IDEAL IElGlT W TI'E PATIBCT
THEN 1 DO THE FOLLOWING SUBSTEPS: I RN

1.1.1 1 ADD ETUAL-IEIWT-LESS—THM—IEEAL—&EIWT TD Tl'E sm OF
THERAPEUTIC EFFECT.

1.1.2 | SEF“TFEW#WWT Wﬁ‘ IN
OTNER WORDS, I NOTE TNAT TNERE NAS m %‘ SIGIIFICMT

-

TNPROVEMENT . =
1.2 OTHERMISE, IF THE PFEVIG.B VALLE OF “‘E LE!GHT OoF “'E Pﬂm“ IS
GREATER THAN THE WEIGHT OF THE PATIENT:. mﬁ' 00" THE Wlm
SUBSTEPS: B

1.2.1 1 ADD-MEIGHI-.OBBAGE FQ-THE. 8IGNS:OF THERAPEUTIC EFFECT.

1.2.2 1 SET THE MEASURE OF THERAPEUTIC IMPROVEMENT 1O 6. IN
OTHER WORDS, I NOTE THAT TRERE NAS BEEN A REASONABLE IMPROVEMENT.

1 3 OME S THE W”VM W‘WWW -THE: PRTIENT- 1S
) THAN THE HEIGHT OF THE PATIENT THEN 1 SET MEASURE OF

nmme: 4 IPROVINENT: 70 - 1!9 ¥ I -ONER WAe; I m s THATTNE
CMQITM OF WE PATIENT m m:u MIEWLY WE

R ] "&’ ’,s;
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_3.77‘£xtﬂm for lteration

mi!.fltbﬂm k'lll ' i

o, we *"Wﬁim ¥4 slopis progren that
MwWWwMaWhM“M‘M m-mm'

Pnocenme PRIME? (X) i

'lﬁTEBER J;
Js= 13
. WHILE:(J < SARTON) m me mmwm W
R e Jie B3 .
IF (J 2 SERT (X)) THEN
aemm'n S an-:-

mmm ::r's m ﬂlr!"h ;
ElDt

3.6 # Procedure m MM

. . 4.0 V“, !.

m.mwmmmdmmmhbwm Most of that |
_code does net use Heestion, mfanm-mm“nwnuam |
The OWL I interpreter has no higher level constiucts for supraseing loope. other then the
simple goto-conditionsl construction. medyﬂuih'muﬂaumtm
:Mumwmmmmummnwuw»wmm
similar statements to OWL.

The addition of some new statements would not only meke programming easier, but
would be en aid to producing explanstions ss well. M,mvulmmmn
every computstion it mskes. In the sxampie shove, it is rether uniikely thet it would ever be

10. T make 7o claim that this 1s the best way to determine if & number is prime. This example




desirable to rmwtmwnmmmmmm Too- WHULE
shtmMhaoﬁnﬂtoﬂnmwormwﬂvshmthoctbmtm

Mmtmm
mmm-mmmmmm«nmmmmwm Thoy

: cit ety o difrel seis el
.xummmmmrmmtuwu«mummwmymm
- SR IR

tmmymmwmmammmmmeMmrmM

O T LI

Usually this s « eufficient expianation, becsuse the actions tekan on each nmtt&i ae 50
spocmc ceses. The

i arle g

‘.simaar th-t thymhmwinwdwmyMﬂ

s Loy abrt. uln B Yo
OWL l lntorprotor eould ndupt a Mu otn!qy Vlhon omﬁu » WHltE -htomonl, tho
d s Mg it Gt st e S RN R
lntorprobr eodd sm tho rowltc of the ﬂut mb of I‘hutbm u\d tho tomimtin;
RN B 1T e DN R 8 c
Mbuoﬂhoh». mmm«mmmmm«v«ndmtmmy
: e wl L ligmai i

:u.an.tmmmd'amadawmmmmmmnﬁuummam
e Einin RIS *

Qoxtondvdy, yot. clur uﬂm eudd mu bo lhmn- o

&

PN P .
T R T s R AT



4.1 introduction

mcchwtﬂdidsvﬁhadfmmtypduﬂmﬁnyWMMbth.prm
ofchmlmomvmwy.mmbammgwﬂ;;mddmm
onthoneomndttm |

ﬁm!hdﬁit““rmhuhhﬁhfmﬂumWaﬁm%ma
nunborofndﬂphdmwhm.ﬁnnuomawvwapm.mw& A
Wuurmymﬂmchdﬂﬂﬂneormtmk‘hm &Aoofthﬂnumn.

Ty

Thouhfwudto;hmmw,hmywhhhmmmwnl'mhm

o *’3‘;'"

moct:thooutcom Adﬁbndty thmrmywhhbsuﬂnm:ohmmtmmr

tobtcombomroeqmmhdwﬂhthomrm mw-m&mhtm

problems. Thunrmdnmmdtmthmdnmwmm

'thatmm-tm.ndummnmmmmmmm
are to that snewer.

Ideslly, updeting would not require any deia structures not normally crested by the
interpreter during exscution. It would not re-svecute ey steps not sffected by sn update.
nnmy,umudmmmwojnm.mt&mmwgmmwam
explanation of the etfects of that update. | o

Thers sre many different ways to do updating. Each of them approximates to some
degree the ideal outlined sbove, though none of them achieves it. The end of this chapter will
detsil @ number of them with their advantages and diudvmtm homor, a brief overview
ofv-fbusoppronmmboglmm MYCINMWMMWMW:!M
spproschi12] quwvdmhcbmomm,mrwwm'nvnw
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from the user, saves all other answers that the user hes ﬂvon. then. re-initisizes. iteelf and
starts.the. session ower from.the very beginning. . The system.dges. not inquire sbout snything
it has aiready ayked the user, sinca it has stored . prayioys answecs and singa. the questions
in MYCIN are gonorsily  assumed to be. M“(n they. axe in.the OWL Digitalis
anewers 1o provious questione), bul It tekes. o.sonsidecsbie swauni: ot sompulation tim to
change en snswer. ' |

Another spproach might be calied the 'Mm ey deductive sy-hm
have used this technique. 1 refer to it as the * M"WMmcmuy ides Is that
the system links:the facts:-thet suppert. e mnmm mmmu thet

whonafocthchmathocystomwlu,hmtcmboabbtomltccondusm

accordingly without recomputing everything, tharsisyseving computstion time. One potential
probbmwﬂhmswouhkthﬂthmrhuduqdudhbwdlﬂmbwdmﬁn
tuuporhmhnuoﬂmwokﬁtmutwsﬁégwtm

The updsting mechanism thet the OWL Digitalis Advisor mu ic oounﬂ.lly a swport
approach. mcbdmwndmnmmbwammimQ,Mm
- importantly, because it mekes it easier to produce.conciee: sxplanations af the ypdate. The
goal is to recompute only affected steps. Oombooxﬂmdbnhﬂmony.monlytu

‘Mmmmnnnm

11. That is, nehminlbmbmwﬂun“mt,hwd,mmﬂm
answers must be changed.
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White ‘the ‘sdvivor's -outpdt ie I ‘pper cese. Commiiels' dBGER I seedion” appaar: i italics.
tﬂhlsiwﬂ%ﬁﬂﬁmmm*ﬂmz *me-mnﬂ.

ENTER AN DL FORM 7O BE CMWMIED @&, - - -
?!tw*h-e'z! {status hypoxesial)]

The user tndttates &t the mm e -wishies 00 mahe: & new: hypothesis
about ﬂn sutn of hymia.‘ N

YOU STATED THAT mmwwxmmm 1EYOUHSH 70
CHANGE THAT AVGIER, PLEASE GIVE YIUR NEM RESPONBE BELOM.

2 oumdupas bssibeve alt SaE d aene o o0 U e s

WHAT IS THE a-;mms o mm
e mxmunes msx

R Y
s A AL vh ety

*'B!TER SINGLE  VALUE 'suiies ‘susipéctel e

Thc sysm rcnm« m mr ol’ Mc Mim rum, nd uks Mn for ¢
new one. The usar indicatas that be:
different than the ons be geve wm the Mt mm

WHAT IS THE LEVEL OF PO2?

ENTER NUMERICAL VALUE wasw> 45
PLEASE TRY TO CORRECT THE HYPOXEMIA AS SOON AS POSSIBLE.

The user indicates that the patient is uiu mic. and the advisor
wmstc eornct m ﬂn mﬂﬁm. .

Ty o ST S ‘”‘u -2;-:51‘ s R zs oA, !
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Since the changs in the status of hypoxemia has resulted in & change th: the
recommendations, the advisor prints the A mg -apd mekes .a new
prucripﬂon ‘

!‘MﬁTERS uszn T m uamnus; L

REMAINING TIME TO REACH GOAL we=>  43.0 HRS.
MALF LIFE = 1.8 DAYS

DAILY LOSS AT EQUILIBRIUN eew> 8.117 MG
mﬂm FACTm --->..75 ,

amm tlnt in cupm z m!MMam mi m (XN "R

; 18 + .SZS m A 1MMNE
m¥ m m m Flm m S CEIVER L

s : ‘~-,e1za1“s;;~ £

ALTERNATE 25 m Am fzs [
IV MAINTENANCE. mw
lem i R
wmm WTED

nuo.' The ussr m




(descr ibe-update)
THE PRINCIPAL RESULTS OF THE IPGATE WERE:

1. WHILE CHECKING SENSITIVITY DUE TO HYPOXEMIA, 1 ASKED THE USER THE STATUS
OF HYPONEMIA. | MADE A DIFFERENT DECISHON: TWAMSEECRE BE DECOATE. . SIKE
WG%NTVMWT}ESTKHBWMA mmxmnnﬁ

FOLLOWING:

mmmmmwm Mm
Leva.wmzmsm

1.2 SINE TE LEVEL OF P02 14§) ans
FOLLOWING: £55°

1.2.1 1 SET TI-EFACTMU’WTINIIETDHWMIA T00.67.
“(BEFOME UPDATING, “THE WALUE A8 5083 -

1.2.2 | AGDED. HYPOXEMIA 1O . T - PRES
commous ﬁE FRESENT MO

imm mmmz

DEGRADEABLE CONDITIONS BECA'E MIPBRALBMLA, ~ CARGITON
ANO POTENTIA. POTASSIUM LOSS DUE m awamm. |

1.2.8 | AOUERD MYPONENIA TO THE REASONS (OF mnm. -THE EASUS
OF mwm HYPOXEMIA AN m

Recall mmwzm mn@wmu tadicate mr
reductiun was-mede, and which conditions can degrade or improve ..

HAS&.;ESST%Wﬁt

3. WiLE CONPUTING THE FACTOR, OF ALTERATION, 1 SET TiE FACTOR OF ALTERATION
T0 SENSITIVITIES TO THE PRODUCT OF THE FACTOR 'O WMEDULYSOR DUE 'TO
&nw AGE (1,80), THE FACTOR OF REOUCTION OUE TO HYPERCALCEMIA (1.80),
FACTOR OF REDUCTION DUE TO HYPOKALEMIA (1,080, THE FACTOR OF REILCTION
NTIAL POTASSIUN LOSS OUE 7O DIURETICS (108} METFACKN OF
TOMPOENIA (8.67), THE FACTIR OF AEDUCTION DUE TO MYXEDEMA

» %gznw OUE TO CADIOMVOPATY-NL (1.08). THE

W*Wﬁ'ﬂ W&
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4, | SET THE FACTOR OF ALTHRATICN T0 . THE <PREOVEY - OF : THE. FACTOR OF
ALTERATION DUE TO SENSITIVITIES (0.45) Nﬂ THE QUOTIENT OF Tli HEIGHT OF
THE PATIENT (72) AND 70.00. THE FACTm oF N..TERATIN NAS SET TO 8.46.
(BEFORE UPDATING; THE VALUE NAS 8.63.) - : ,

5. -WMILE COMPUTI ~STORES, 1 SEY
PRODUCT OF THE gfc#uﬂmrlm 46) AND

8.80). T, BCON-SFORGS GON. 1S SET 10 8.37... « mm THE VALUE

6. WHILE 'GIVING RECOMMENDATIONS, 1 mm ﬂtm
7. 1 ADE THE PRESCRIPTION.

70 THE

Now the user would 1ike to changs the value of serum p’otusyiuu}.’ '
' <>[{hypothesize (quants serum-potassium)))
mts‘wagn “‘“ple.'*é é.f\ysa. vg; ss'g'm mtmw . IF YU uxﬂtb"&%
" LHAT IS THE LEVEL OF SERUM POTASSIUN?.
ENTER WlCAL VALlE snwe> 4 2
LPDATE CGFLETED |
It appears thct mthin was cm_nd by unm | Tln rouon

why: hacoses apparent when the sser mﬂt system: 30 daseribe
’m umu

{descr i be~updats)

THE PRIM':[PAL MSLI.TS OF THE \PDATE tElEt

1. WHILE CFECK"G SENSITIVITY OUE TO POTASSIUM, I ASKED THE USER THE LEVEL

ﬁsﬂ POTASSIUM,  THE USER, RESPONDED .THAT. THE AEYEL .OF SERU PQTASSIUR

2. 1 MADE THE SAME DECISION AS BEFORE YHEOPDATE. SINCE ‘THE'LEVEL ‘OF SERUM
POTASSIUM (4,28, FORMERLY 4) WAS NOT LESS THMN 3.78, 1 0ID THE FOLLOWING:

21xssrmsmmosmnmnsmmwumlu.‘mus

“ VALUE ‘WAS ‘NOT CHANGED BY: THE: UPDATE:) <

YORES ‘GUAL
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A3 An Outiine of the leeuse in Updating

mmmnaumm.mmummmmnm
executes in perforsiing an updats. [t find portions of WL setheds Which-ere directly
or indirectly mwmmmmmm ‘mm oy & tew
stepe are sffected, it is ralatively sesy te sraduse consise. euplenalions. of, ,i;h&M# the
update. m.@tmmmummmmmmzmmm

Flnt.wowm sht.mrutmtm meummm ndor.
mdlhfo&bwin‘dbcmbnem |

mm&t«mmmmmmmdam 'rh.um"
bntwunmiommhuhunmddayz. mmu@tmwmm
.ffmzmummmummmf&wmwmm
m«thtws:&m&hawwhsmﬂﬂ%hmwmﬂcw This
rutrktlon may be justified on medical grounds. It sesms Hhely that a.desior would use o
spocidutofmthodstodmwithﬂuprobhmdachmmtoaquaﬂminam
MWWMMMduQWMMOWMWﬂDMOM
before the updats. The Update mechanism discusssdl h
procedures, and.henge it would net be.an spprapeiste ssiution.to & «
B " Amtmmtmﬂonmmom.pmmmmww“mtmm
pass ar;umnts. In the oonhxto“ho w&mm&mmnmmm
tnmwmmmmmmnmmmmm
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will need to be' ablet0 pées parameters, mmmm uwaof resoive the
probiem of passing arguments. | ‘

examined. For example, if we oxm » vwl*h used as o marmmm
is executed, its valiil‘may Be'undetermied. - WHIK-the' Wog-is being ewecrite ; thii-vahié of the
varisie will Gepend o' th- humbier OF completed tter stions. This, the solaticrehip between
time and vekas is very Wmportentfor & terrect-upteting wriligy. =

In the owt.u;n-us Advisor, twommmwum which affect valuse.
The first type is colled rea-worid time. 1t refers Yo the time that o fact become lrus or wee
observed in the resl worid. Formm,uummma-mw« patient may
have mmmhumww, 1976 -Muim “The' SeEthd type Is
comiputation (Tme. It refers to the’ tﬁu*ﬂ\d‘aﬁd‘% mmm-m ‘e
result wither of & User's enswer 10 ¥ quwstion, of of & calculition. T6' Eonfinulr the: Uxample,
the Digitelis Advisor mmmwwwwfumm el ot 8100 pm
on the day it was observed. The third type of time is called Srbés
o the réfetionshipes between the values of s virishie sndthe éventi thet sssert the values.
‘Tnformaily, It exgresses thie notion that ‘soime stepge WEY: be WSNEDEfOre Others’ waly be
" performed. ‘In the:ieop wxample sbove, the counier-tekes oh- Meny''Vailss. Esch of these
order stresses the relstionsl quality of time rather than the notion of time ss a'poit ov:a

tee Hilo<drdor. It veters
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order is madelind by the-cempulation time. If updeting is- sliower, the computetion time of one
" qvent may pracads the conpuiation s of sneiher, yot than aresedense, Umarorder. mey be
reversed. When updating is aliowed, the veiue of a varisbie dapands splely on precedence
~ Yime-order. uw-m.mmmwuwmnn.mmmm.-
order would be isomorphic to the dependencies betwaen statements. In a serisl machine, the
wmd.mﬂm-wdorhnwyaswmm%hwmumm
 seriel machine, the. peacadence: time-orsier is. ¢ total ordesing. while.the- dependancy wm

TMMM#“MMWWM“M
without requiring the progremmer.io. euplicitly. imiicele the dependensing...The: system can
discover a precedence GMQRMMMQGMQAW&' the
dependencies, end, therstere; es & besis for updaling.

"mmmmmm

mcxmmmmxmmmmmm m«mw the
updating mechaniem 1o find which slepe.shauid be re-emeut b dolrning. the. value of
vamhm.mm focth, These: dets ore nol nesded for sormel igberpeative execution, It &
hhdructwu“mkm . ’

Whenever. the veiue of ¢mum4nm.mmmmmm |
.& predicale In kaﬂum;ammum wm&h
* variable Is linked. 1o the. yarishle. This link is celled. & funclion-eualusbion-yse of the verisble.
Such Mmmnm#ummmnmmadnmhhmw
the veriable. .

mm%uuwammmnm

usle the vasishiss.of
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some previously computed step 3o that all the variables (sxcoptithwse changed by Ao Lipdets)
will evaluate to the velues they had when tho step was orlgimlly oxocutod. Thh fnturo is
sis0 used by the routines that describe events. It is meuury 1o ;r..f. s data structure
which will mode!the: precedence time-order reletionshine: bebwasn the valuse: ok.a verisble st
verious fimes, and the: veloss of other varisbles: The GWA. Digalls Advisor - uses
onvironment list to sccomplish this, The enviranment det is:eimiler 48 the assosiation lie! used
in-some implementations of AISP for varieble bindieg, wroeptthe’ savironment Hiet is never
"popped’: . As new. ssserlions'are made;they ste piscediat the feont of the.savironment st.

Each sesertion contains both the varisble end its value (like a don-d peir in LISP). Tofind the

curr-t vﬂb o(f some Mﬂmly 20 down' the Mﬂﬂ we fired the first
mrtbnhvol\dn M vcrl&h. Mwlm MM& M;ﬂr&m i&“\o current '
value of the veriable. If we wlch to ﬂnd thl vnlu. of ] v-'ilblo bdon th. oxocuﬂon of some
ovont.mﬁndlhotﬁnt munmmummnm Mﬂ tho event,
and ihrt our uarch for the first uurtion irwolv‘m th. vnrl:I;. f‘rom lm M lhlt the
. procodlneo time-order reletioriships between numom ore tntrimk: to tho -Structure -of the
onvirmnt list itealf. It is pouibb to maintain this ttmcm dﬂl‘ lﬂ uﬂth by oditing it.
When a step is re-executed, any sssertions resuiting from the WMMN of the step
are delated from the environment list, while those resulting from the re-execution sre inserted
in place of the originsls. mmmmmmtmmuammmw

LCC PR

in more detail below.
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4.4 Updeting: the Algerithm

- This section provides = description of how the: uptsting ssacheniem worke. -After the

wishes: to: change an n%mm
. For the memumm ® in e program?? Noted .in

m m} . . : T Lo mYD o EEe

1. First, the: system crestes an updelesevand! L-Alher:therupiule is-completed, the
Mwmmwamwmnﬂaas*hm
mwwvmwﬁhm Fhoull el sre i ited: i avikiag

cxphmtm B “
zmmtmfm.w-mamwmmuwwmum '

3mmmmnumnummm '

RS 2! s - BRI . & awtsam T R
ua<1mm” , b= 1
5 'Q lf e o / R I
CELE T
4 te'g'®OF

4.1 The Program 4.2 The Updete LiQt

3. The system finds that point in the MMM»M
slutdthw@ﬂ‘mamwm&mh»mb When finding
valuss, the system will start exemining the envirsnment-list from this point so

12. For clarity, this program is listed in pedagogic ALGOL rather then OWL L.

13. mwmmammm;mmmmpumnwm
mmt«wmuuu-mmmmmmwmma '



moditied by prior updetes*! (Figure u». To find: the coerect: point, the.system
gOes dovn; thix snwiesiment:list drom-its:hand il itommesche the first: aseertion
that precedes thomnlbok;updﬁodinpm-lw

b =2 <= onvlromont Tist pointer
a=0

ceb .

ds=10

k.

&3 The. Eevwmt;;;l.h‘t

4. As the system re-executes the step, it places any mﬁm made by the stcp
onatmary—onvirm-lm Tommmd
‘examines the temporery-snvironment-list before looking ot -dst

wmmw&mmmmmm
‘step. Bychocuummcﬂdulthmbtdm«mtmmnlhu

~ ‘bewn updsted. - , Sl s sdenat Do Do
b » 2 <--snvironment |ist pointer a=2 i
a=@8 v bel
c=5
d=10

) W Imm&wkmt List

4 4 Tho ﬁmirmut Liﬂ Imy Mmt Lht

Environment L1 st

8. After the step has boon utod, tho wMM%Nch varisbles
mnchmodbythupddo ‘that step. There ars several ways that a varisble
‘may be given ' hew villue. A new: sesieion  BibyT b vl Auring the re-
sxecution of a step thet!is JHIGFEM froa the eenriini: (8 eny) J8ade during the
al: owe ol the sliép, '0r ' the: re-eieodlitii 6t ‘s Wiillp iy not make an
* sasevtion ‘eiout: @ variehili thist wes s duiiFg’ i wiigitial-iecution of the
step. if the value of a varisbie is stidctel Wiuitint iy, & Doy events which
‘used thist vartebble ttiet . mmwm e grester precedencs
 time-order thieri e elap’ just: 4  ars Tooirgiieh MG I AWEptiste-list. If en
svent Mmmudlnhsup«brtomwoddndyﬁh%hwbovmtk
removed (Figure 4.5).

6. The asssertions on the temporary-environment-list are merged into the
environmentvlist (Figues 4.6). - The anvirossiveltist 'and ; pmerts
list are kept separate until this step to facilitate the comparisons in stop 5.

14. On the first iteration of the sigorithm, the first event in the list will be either a step which
will drocﬂyukﬂnwfuﬂnmvdmafﬂnv«ighw,gwﬂondsm.mntwm

o

will caussithe syittem to-resash tha uear in mmmwan




7. mmmhmwmu&w Mwmmmm
tst. MWWMMWMM @

di=cxby be?2
b=l 5
¢ = § <--- pointerl?
d=10 .
4.5 The Neu Update List &8 TheNen Envirorment List
‘4.4.3'111’nm' ogre

mmmuwwmumwwmam Those
tmtmmmmumwammmummm
in English below. _ : : IR L IR

(DEFUN UPDATE (VARIABLE-T0-BE-CHANGED)
(PROG_(CHANGED-VARIABLES mr-aEIMM)

HEETA WRDATEAL1S%w WIL)

(CREATE-UPDATE -EVENT)

(SETQ OHNBED- VAR ABLES  (L1ST WARIABLE ~T0-BE~CWANGED) )

A (INSERT-EVENTS (EXANINE-FUNCTION-EVALUATION-USE mvmmn.
(COND ((MULL sUPDATE-LIST®)
(SETO m;m—usr-mm mu
(:mm WONER):
- ASETQ svm&tmm mn m&nsm;
-,tmmush mmqkmu o
bl N%éz aris. ti

GOANDY v

SUPDATE-LIST® Iv:u-globel et thet i e ot of svents thet-need: b0 e wpdeled.

T Prier 1o T re-svecution of the siep sssocisted with the nextevent on the updste list.
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SENVIRONMENT-LIST-POINTER® is a global pointer into the environment Hiet: Tt it is ot null,
the evalustion routines use it in determining where to stert looking for values. It it is null, the

wquﬂion routines stert from the hud of thn omhmn,d Het.

Goom Tl sty e

in(thoupddo hﬂmd,hﬂumm.MM'
update. \ :

EXAMINE-FUNCTION-EVALUATION-USE is » function that mipt
returns o list of svents which are the svenis thet in the _ :

:vonh are found by’ a.mmmm NKSeW th veterente lists of
he v.rlabbs ‘

i
?
if

sUPDATE-LISTs, The svenis are merged in i Lo ,,
miéjgfiﬁ'ﬁﬁmmﬁi‘ A fb' o Lot
sUPDA s 8 fow sre perfor t sn event bmm s

mmmgwmwwmmwmmn
notimrtodinth'mdahﬁtt mmnmmu.wdmmmm
the sUPDATE-LISTS 6ot irkedted Coniarsaly, 1N oviikt 10:0a-ininntbd fs superior toreh |
mntdnodymthWTE—USTﬂthM“mbymmﬂw

U S Vg iai®

sn-awmmm is ‘o function wiich. sets: tis ' MARONMENT -LIST-ROINTERe
tothfint%mhomm&tmmm:mmmw
Werdw s medoeg U A irrianen

FIND-CALL-FOR-EVENT finds the call sssocated with sn event.

RE-BXECUTE STEP couses the O muput.r to n-.xgcuto  particular step.

J“Mi . and_the

ervirormartotet 16 GatStind which wmw
. ".p ‘ i 4 TR B

MERGE-ENVIRONMENT-LISTS splices the ‘environont-kt and Semporarycwnvironment list
together. The temporery environment-list is re-set to nil. :
e R e N RN PR




4.5 The Mtty-&ltty

Wmmmlbcinmhtﬁmmdhmmmwhmm’
section are sctuslly implemented. mwmmapummmu

“IMWW

lnmwmm.amummm-mmmmmmm
ascending precedence time-order. Awndcdohmﬁdthdmmmmm
time-order of svenie. Computetion time slene cannol he used, ami there. ace mwm
mmwmmmmmmmm mwm
.;mmmm

um it in poasible. mm the um erdesing.of. tha. sven |
mmmmmmmmmmnm-m
sesumpiiors. Assume thet rethar event, hus.bean upsaiod -Lathec avent hos: sready been
upaa«.d.itt.mtmuytolmtumth-mm WMMMM
is a subsvent of the other. uum.muyunmmmmummm

Dy

updste list. The mmm works in the following way:

&
T

1. To begin with. the d‘pth in the subwont structm lc dlhmimd for each of

thotwow.nhbdmcmpvod. ltomemthmﬂnothw.tho

L eystemn: gees. - the, sul shruch r eI n ,»;&;Mnu.
. avant ot the same - level. as-the.

will be compared. MMANB.

Zlfom'brkﬂﬂhﬂlﬂmmmihrﬂmeﬂQHMMWtM

3. N-xt,thwmhimdﬂdymtoA“lmm thcyan
thocm(ls.lfAmdmedMMsththmmM).ﬂu
computation times of the events sre compared. The one: with the earlier
w«mnmmmsnmw
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: e e s e oo bae 9 oA sexiom ol >

This algorithm.works. by. going up.he subsvant structure, fram epgh.f the twe evants being

comparad:unti it finde twe. avepls: that ara immeriala subpvaety,gf 1he same svent. After the

originalievents.ace. fqund®®, a comperison may be.mede-on the basis ot computation time, since

sll the effects of updates have been removed, Exclier we pointed out that, if. no updsting has

occurred; he computatin time mey.be, used a8 & el for pregafenge ting-order, By soing

back- o the original svents, the vpdates are: espentially “ramoved’, and.we, can use their
computation times to determine the precedence umggmr

mmmm

& .';,“

In porform an upddo, it h noenury to bo g{bh tn l.ggm mmnprum into the
enviranment del, Although the.actusl spiciog s esey: mu;m the.procags. of tindipg the points
where the spice shoud s!art" and ctop is » littie more invoives lf’ th. w'”-nl‘bom; oin "‘"iipd-t.d

podrren, o sie T ?«-,:,,-;m

onvlronmont ﬁctmdromod. mthooﬂnrhm.t&mmmt.dmm&qmd

sssertions, conditionsl expressions, and 80 forth. To find where the splice shouid start, the
system finde the last sssertion made before the start of the event being updated. The last
assertion is found by exsmining the subevents of the events immediately preceding the event
being updsted. Finding the stop point of the spiice is easier: it is just the last sssertion made
by the event being updsted. If no assertions were made, then the stopping point is just the
same as the starting point since no sesertions need o be removed from the environment list.

16. Tracing over update links does not affect the depth.

7. The starting point of the splice is slso the point (referred to in step 3 of the algorithm,
q.?d)atthwmtwvammmammmust




mu#radw

In this section, we ViN prove that the updutivg
correct resuti. Our proof witt Be by induction. N Wt sheithel Hf curtiih condiiens: e
trise before the re-sieculion of sume OWL T progiai fip; TN sgorif- betres: that they wit
romein trox ot 1 oo o re-ensitted.

wwmsmwwtﬂ w-'

number of iterations 0‘ the ll"ﬁﬂ' ""’””"f"' M ©.ommen s a0 e vt

lmmxtMEMMhmuuhdmmgg?MIm '
2. The pointer into the mmmmunudm“wm
hthwmﬂnywddmm-tw  progere chovdu:oﬂh-
" variable Ahed Baeny. < 0 TR LR

ERG  TEA
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Basis:

First, 'we need a basis for our induction. ‘Supposs that steps 1, 2,:and.3.of the update
-algorithm have sech besn exetuted sxactly once.. Lamma:A:(below) sieles that £ will be on
the function-evalustion-use links of the vambh A being changed by the update. Then, by the
action of step 2 of the nl;orithm. mmpﬂon 1 must bo truo Tho action ot stop 3 assures

that nsumpﬂon 2 hokk Sineo thn um mnt to bo ro-cxocuhd mutt dopond on A. thoro can
be no ovonh prlor to £ in procodu'd ﬂm-ordor MM &Ma NM Thus,
sssumption 3 is.true. Since no evenis: have besn MMMMMGWWN

on A are known to need updating, thus assumption 4 is correct.

Induction:

‘Now-thet-'ws have: s hasiawe supposs: tMsmmmimnwu mitazstions of the
sigorithm. We need to. show thet they w bﬂrwﬂu mam o T et
Claim 13- o } R - o N T

v :

Thoro-cxocutionof&'wmpwdnmoxnﬂythommlhuitwoddhml“l
were originaily st to y. g e =8

There are only two ways this claim my be folu

1. If varisbles used durin( thu n-.xocutbn of E but ut bdm E svaluste
incorrectly then the claim is falss. However, assumption 2 contradicts this
statement.

2. If varisbles ut \vithin E ovnluato mcorroctly duﬂng the oxocutbn of E. This
‘cannat’ heppen-becsuss: the. updating sigeritheruses - dempacery list
which contains ail those sssertions mede during the re-execution o E. When

- - ovelusting: veriables -during - the: rarexecutions ot £x-the. m;mmtm.
tomponry-onviromnt-lm bofon Qnmmin; tho omiromnnt lh'

i

18. Ses the description of the slgorithm above for & more complete explanation of the
temporary-environment-list,




After ro-_x'ocuﬂon, and the removel of £ from the update list, the sssertions on the
temporary-savironmeni-list are- M.M& m-uw 4he emviconmert list
corresponding o MW# s»mwmm Avarinble

1. ltmybomhmdlmﬂvdmﬂunnuwm

‘,thmhutdwhuuwn-um&mm.muvumtul
during the originel susculion -

3. It mey ‘nok:bé: st during the re-sxecution, eithingh it was.eet before. -

In sl cases, the events meking use of varisbles whose values have changed are inserted in
orecedence time-order into the update list. -These events are found by exsmining the
that olt events which st bw- updeted st the resiltof o Wiergs I varidbie may beriéin on
the function-svalustion-use list of that verisbie. An event is not inserted if:

é)mmuumemwmtm (Mot necessery by sssumption

It an event being merged in is superior to en mnt orasdy on the Het, the subevent is

Since mumpuon 4 wes truo betore E wes ro-oneuhd -nd dl wonts -nociatod with
varilbhi WW f*m“h mmmmﬂmwu hﬂmpﬂon
1 alw reming: vilid‘ﬁhc. mm 4 it tm.ﬂ m mwwm vamblu
changed by E were imﬂodin pm:odlm timo-ordu Mbna hvaﬂdﬂm it thoro
~ were sny events between £ end E (the event at the head of the updats fist stter the re-



exscution of £) which. required updsting, these mmmmmw into the
update list. | SUE e |

MMMMhhMMmzmm Wltmmth.
saction on editing environment: lists: thet - u-mmmm is set to the first
assertion in the environment list that is earlior in proudom tlmo-ordor thm e it
mmamnmmhfmmm&mwmm
. environment lm botmn tho polnts eorrupondu to lho shrtc af E and E’ i-bwm. since

.ll_ values asserted by E ere spliced in and the old values sre spliced out, and since no events
between the end of E and the start of E” are affected, sssumption 2 must still hold.

Claim 2:

If_the OWL program being updsted terminetes under sl conditions, then the
update also terminates. Thet is, the update mechenism will not introduce any
mwwgamrmtmwmtmm
This claim is true, since steps corresponding to events from tho update list are oxoeutod in
mondin;pm&wdtlm-ord«.mdthoumoulyaﬂﬂhmb«of:hpstm may be

updated.

Furthermore, at termination, by assumption 3, the results are correct. By sssumption 2,
evaluation of sny varisble will give tho correct value. Finally, by claim 1, the actions taken by
thoupdatomthosmnwouldhwobuntmuAhodbuﬂuﬂoy

Lemma A:

Whenever sn event @ must be re-execuled due to a change in the value of a
varisble, either @ or an event superior to ¢ will found on the function-svaiuation-
use links of that variable.




)

Whenever & step uses:a.varisble either in en sssignment; s computstion; or: & predicele, thet
step is linked to the varisble by the function-evsiustion-use link. Suppose that thete is some
stop which must bé re-enveviod dus:to-s thengh: i the-velus of averiable-then sither: -

1; The mwnmu btory: the ‘apthite; sl thist itiwasstbe-on the function= =~
ov:luntionfm link. 7

i v

' ZThosiopwumt oxocutodbefon. fﬁonitémudyboc#whd if lsnporb_r
mMMﬂqmmdeoﬂhmubmmm
b m e [ £33 .E( g;} ;.::. ,, : ot ‘?, Ma‘“ ‘

SRR s Xa B Vicoy 378 pos R e o Pugragat & g LomEd o e
cisyEn Rty ANk Bt spnee e [0




A8 maum mst;m

In eomparim tho vaﬂous mothods of upddlm it h dmkult to molyzo thom
qu-nm-tww deWmhmmeuﬂndﬂodthlmwbdpbm
and the lntordopondondn m stm of the OWLeodn. lmmor it is pouibh to state
eorhin gmnl chanctomﬁcs of uch -pproach md Mem which oms woud bo most :uihd
to vadous tymof.ppnc-tm | | -

" In the introduction to this chlphr. two broad typu of updating wers ust-d-tt-
recomputation mothod ond the mpport" nppféoch. Elch approach tm a nutﬁhor of
‘lntoruﬂn. varlatlom. )

| Th. mt prlmiﬂvc vuy to do roeompmatbn h glm ln tho introducﬂon. to cw tho
value of a varhblo, tho syotom stnrts ovor from tho vory boglmin; md rocomputn
‘ovorythin(. Since tm mthod ttwrm wway s the rnultc of the session (sxcept pouibly the
user's snevers to quutiom). it has the ndvantm unt o dats Ast::ncturu md to be' upt
'.rm to indiato mtormdhh states of the mmm. m-. whm !ho interprater Is running
normdly. thoro is no lddﬂoml eﬂtt luocilhd \vﬂh havim n updah capability A mgniﬁcant
dtndv.nhgc of this nppronch k that it is very mm to wito an oxplamﬂon routim Io
ducrlbo the changu ruumng fm thc chom of s varilbh vuluo, cbm tho rnuits prior to
the wdotomthrownwnybofonthupddom mmmum-nm |
tntiro mﬂon must bo rocownod, whlch means thlt mny uhhmts which are umﬂoctod
by ﬂ'l. chlm in th. vduo of the varhbh wm bo nonothdou ro‘oxocut-d. This tpproach to
ncompuhtbn. thon, is most mpropritto whon updntu aro don- infrmntly, whon tho
-purpooo ol tho updoto is primfily to eomct -n lnsw rathor unn mdorshnd tho bohavior

et%

of tho pro;nmlfuwmhfhvwhé.orwhonﬂmohmﬁ-wmwdhuﬂorwdﬂn

Y

extra dnh structuru m by other “ﬂ : ' St dnem
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other deductions. All informetion given by the user is linked to 8 special node celled. GIVEN.
When the user wishes 1o changs an assertion he hes mede, the system brasks the link
‘betwesn the oid mrtlonmdtho GIVEN node. Then the system_ N’M oyer. ol links, vstllrﬂn;
trom the GIVEN node, marking the sssertions that are still valid'?. Those sssartions. that are
not marked are removed from the dats bass. Those fuh thet remsin sre guaranteed to bn. ’
" valid. The facts that have been removed sre saved in & wpecial srea. Those facts that are
considered valid are said to be in, while those that have wmv.d are said to be out.

In complring ‘Stalimen and Sussman’s approach to tho spproach used in the OWL

Digitalis Advisor, it should be pointed out that EL, is a rule-bgiad. system, while the Digitalis

Advisor is a proeodurnl system. This difference in basic mtom design is reflected in the
updating strategies esch system uses. Thorg sre, however, some interssting comparisons to
'be made between the two. |

" After the fact gerbags Coflector has been il EL ls:fres 1o use: a valid sssertion: in
nm new conclusions, independent of mmmmmm tbmputetion: were
made. It is riot possible to do this in the OWL Digitalls Advisor — and 1t is-possible to-imagine
"a few situations (described” beiow) in which some stwlemerity which were not sffected by
change would be umccuurﬂy ‘recomputed?®. However, the resion-EL can ‘use assertions
independently of the order in Wﬁoch‘lhoywo computed is Mhm the sssumption thet
the order of computation doss not matter. Afthough this sestomg

n may ‘be: velid*for rule-
based systems operating in the world of circuits that EL analyzes, it is not always valid in 8
procedural system. For example, the value of the body stores goal in the Digitslis Advisor is
* very much dependent on its relationship to the order of computation of other steps. The OWL
Digitalis Advisor can model these relationships through use of the environment list.

19. This phase is very similar in concept to the merk phase used by the LISP garbage
coliector. For that reason, Stallman end Sussman refer to thh routine as the fact garbage
collector.

20. No such situations have, to my knowledge, ever come up in the Digitalis Advisor.




"“W“““mehmmmmﬂmm
in the Digitslis Advisor wéld re-snebid T
ummm&wmmmm TR

"'Plt shplﬂ

éu‘ﬂ‘m

That is, the program makes a decision st point v.-dm ugum
the.welus .of the vacisbie )X Lot up:suppcen. thet. the, mmmqmm




Aidnwppouthatth.fmttimmssoetionwuommobﬂbGMvsmn,ndM
new.vmmmmwbtmnimmm&»%wmhwmmcmn
mwth.tmfmﬂmWXkumw mwmm As the
systom exscutes the right branch, the value of X compuled durieg the-first-gxacution wifh be

‘unavelishie 1o it, since it wae.computed iater in pescadence Simarerder during. the aciginal
«msmumuum.mx will have: {9 be. unnacessarily: ro-omubd- _

Whntshouldbodomabqntm? Mﬁbs“%hmmmtﬂ
mmmmmwmmunm:«yptmmm%u
thnpmrmmdm&vmmmmWW 1 fosl tha anewer is. "probably not”.

First, tha siwmdscﬁbodcbpvoom relatively rars.. They. have never oceurred.in the
 Digitelis. Advisor).. Second, the updaling, mechanism would. hawe 10.be mors. complicatad, 0

that the hoped for gains in w;mm not materislize. It is probably better to allow a small

‘nmount of "unnecessary” rmMntm to take place than go to great lengths to eliminate it.

gss: of -the
camny, the call

ting. the. extra col. If

that were done, no ‘tmeuury rooompumbn would result.
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4.7 Current Performance and Possible hpﬂwm:

Although-no formsl snelysis of the updating upfmm has been .tt-mptod.'u is possible
to describe qualitatively some of the performence wmm In programe which have
mmy interdependencies between steps, the: Mdh Advhor‘s updeting scheme is often
slower thﬂnr.oomlllbnwoach. Wthobem that when a varisble

‘chan;os in a highly inhmmcwmmmchhﬁnthnm.d. The process of
h\“rtim om'cinthoupdd."ﬂ,ﬂndlmspﬂam-\dwfoﬁhddslmm
overheed to the interpreter. Even though fewer sbpo ore nwod. the fact that each one
takes longer resuits ln slowsr computstions. Fortunetely, the Digitelis Advisor is relatively

Ancther potentisl problem with the updeting schwine Iwoives the ‘environment  fist.
“There is & denger that s programs Become ‘mers compien; the. process of oveluating’ »

varisble ‘will take an litelerebly long Hime & the eavirenmint Nt becomes longthy®2. To
improve performance, thi interpreter could use the first gosition’of the referente: st of o
veristié os o valus celt for thet varisbie's current vilus (st now doss When Aet running in
"updatsble™ mode). Diurig normal execution of the intérpreter, the velue cell ‘would be
siamined 1o svaiuste the varisbie, sithough the siwiremeit list would still- 5e- meinteined: to
but the valus cefls of chengsd varisbles would be ‘dltered 1o reflact their riew vakies. TN
approach improves the dpesd of evaluliion  without ‘eiiifindling “the stvanteges’: of -en

~2zmmmhumhuumtwmnhﬁw«mmam:m
shallowbinding. In the cuframt Dighialie: Alivisor, wwdmeﬁo Wht
" oxtlusVely: is onlly sbout # 2% Whmm DEY;




, Mnrqu rociunc these steps could result in »m:m.;m(;
‘prafaces. its sxplenation of & step with. the OWS. method that. Ihe siep. was part of. As en

Since the update process re-sxecutes only wigrificant siops, 1t s quite esey to provide
the user with a concise explanation of the update. An update-event is linked to all the steps
re-exscuted during the update, s0 that finding the relenpit. aveminleemy. . -

The system can use the routines for explaining events described in Chapter 3 with just
a faw.changss to takn account:of the.spaciel-nsturs of updains. Srw.chenge is thet at certain
deciaian points, the system compares the decision mads.Auring 18, updats ith the: decision
made: before.the updeiny.sad informe the uest ifJhe. desisians. difisced, or. yeee. the same,, In

‘eddiition, if- theve decisions involve verishins with numecical.values, the yaluss,of the vacishle
‘bofore and after updating are: displayed tor m- user,.-Nele that i is-nol. siways. possib
compare: decieions, since the system.mey. 40. dewn . diiscent pathdiriog. s, update. Th'f

slep it updates. This spproach makes senee since.these decisions. will tand to ke the most

‘imr!mtm

pregicate of ttn statement was faisa_snd the stetement ﬁgmﬁ mgtmn ny gc(km. However,

it in the couese of an_update,-soms conditional stalemant which set some verishies betgre the

update doas not now sat thoan yacisbies, we must sxpisin. this. 1o the, user, since the valyes of
. the varisbles have been chy

g .

syslom parforme. an updele, it pulls out muh atopc from_ %gvpm
explanations, since the
fion, system

oxsmple, the sxplanation of step.3.0f the sam

. 90esion usss. the neme of the OWL method

it the
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that contsins the step to state “WHILE COMPUTING THE FACTOR OF ALTERATION: ...~ - Slep
4 is not prefaced since it comes from the same method.

4.9 Procedures, Rules sni- Updeting

A common criticiem leveled: by those whe sdvosele e use: of ruls-bessd systenm
againel those uing procaitirel systome i that: the Wibwiniigs-Glsadind within precedures:is
trappid i those procedures: it cannet be talien out & 5it:et:a timwant wetd in: now: situstions.
Thus, they ergus thet procedursl: systoms ére Moes: Nexitie: than: vuio-bused sysiems. . The
procedaraiisty: raspond thet 1t Is Sfficult1o Fwsose sny. wirusturs. @ Fule-esed: syshoms %0
that euch ruls must: mmmmmmnww Thus, they
‘say, thers'Is no notion of being sbleto apply: knowliiigew

‘Recontly, Davie hos tsad: the netion of élviligies-te Hpdes: somb’ structure on sule-
besed systems{12] 1 feel thet the updating mechanism oullined in this chepler represents a
move toward fresitg the knowledgs smbedded within procadides; Wereby bringing some of
the flexibility of rmwm 10 & procediral systom. Tols thit in normel opevition,
'hmmn&mb. tichived procedird Wﬁw mmm o
produce ‘clesr explanations, snd carry on interviews with™i itiysician in-an ofderly fashion.
‘puts them meymmmmmmaﬁa protedore’ for pdating.
Thus, the knowledge contained within the procadures etod Ty ‘mwww
in & new way 10 perform o new task Thé origiiel“strusturd ‘vimiing, Nowsver, arid (sl vrae
shown in the preceiing section) s ol very asetil Ih Wiking ‘explanetionsof the- update.
" Thus, the OWL Digitalis Advibor overcomes some df the' Wbt ahwim '
while retsining the sdventages of its structure. .'




A very decirable capablity for any expect, yrm iving, system is the sbility to
explain its reasoning processes. User . mptm hmnm obhk\od lf‘th. @r can
assure. himeelf . thet the program makes.reasonshie .deductions which result in _reesonsble
‘conciusions. An explanation fpature. may-be. o.valusble pedegogicsl tool. Finally, it can be
very useful in debugging the problem salying syatem itssif. . «

" The OWL. Digitelis Advisor. can explaiy in English, the. procedures it uses and the.actions
they teke. It can also explein how ite verisbles.ane sst: and used. In addition, the Advisor
slows the user. to. change .answers. he - hee given. io.-delermine .the effect on the
recommendations produced by the system: The Advisor cen produce. concise: explenation of
the changes introduced hyaz.m.chmu; in-an answer; m.mm “are .produced; directly

- from the code it sxecutes. ‘The Advisor is struclured in & manner thet: stiempls h .model the
" understanding a cardiclegist would have of digitelis:tharapy. : The: system is .not -designed to
repiace physicians, rathér, It is designed 1o asslel them in preseribing digitels.

5.1 Further Research

There are s number of mtomtin( issues mvoMm oxplomﬁon thot rmain wnolvod.
TMONLDigitdistworcmbooxhndodinummbordwws. | -

It lﬂ" romdm to be d.tormimd how ldoquoto tho oxphm!iom aro th.t th- Dmtdh
Advisor provides. The limited experience we heve md in dmomtnttn. the program fo
doctors and medical students indicates that thoy unouny ﬂnd tho oxplmﬁom
understandable, but they asre occasionally confused by some of the terms it employs. A
clinical trial is planned in the near future which should provide some anewer to this question.
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