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A Digitelis Tl\ormy Advisor with Explanstions

by
William Roy Suertout

WthdM&dwmmm»m 16,
1977 in partial fuifiliment of the requirements for the Degree of Mester of Science. '

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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. mdmmmmumm(q ﬂlMdmls,quImm tob-,
troublesome. Existing documentation is fraquently outdated o .,,-tg. son be (ﬁmpplt to
obtain, and offen can enly he comprshendad by pther programmers. .

 This peablem exists far. 8 queher. of ressons. G jon Jo.gtten wrls;gm only, es.en
sfter-thought, stter a sysiam has been conpleled. Fraguestty, the progtammer is the only link
bot\non the system and its documentstion. ﬂuu.dmh”ncystom sre not reflected in
the documentation uniess the progremmer remembers to make them. The documentation is
mnmmwmmup«mmmmmnmnwwmm
documentation avallsble whon ho wishes to use the system. Some programmers try to
docmnuucoanmywo«mwmmmwﬁﬁ*”'"" s, yof

11 & progrem 50 axplain its raseerivg sps, aar sscoptence can be more essily

7y an, axplengtion faciity may serve o
m;ux use the 'yﬂm and, improve, hh
mpariog hie own reasoning with that of
'° W‘* M‘""‘“" ves & o valusble tool for
deggig spon e T
_ In this thesls, 3 sysilem is dncrihod which son mmn ,@uu m- :ythm, calied tho_
OWL Digitalis Advisor, is. designed. to Jsdvise physicisns com«m Sigitelis therspy. Ris
wntmmmnmmm»ymmmmmmmwm
© MIT(13,142021] The system s "pejf-documenting” in the sen _produce Engli
'mlqmmos the procedures that it uees mmmm it hlmdfocﬂy m..n"m; eodo u'




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




bnrmthmntﬂuydthhﬂgmn'
mwbmmsnmmwﬂchkmmg,m“
Digitalls. tonde 10 slow the conduction of electrical m e

the hurt. and thus study cortain types of arrhythmis % to U"N‘“"‘ '“"“ M |
’ st-m In

[ é_ &

2l

mgﬂv Pmdhwth"

1971. it was ﬂﬂh on the list of drugs M
phormbﬂnthUS[‘ﬁl e o
m.l‘qs.m,-md«bma Uhmgpy

.-mntumnmwn lnth.cmcf%lt th.nﬂp ﬁldouvﬂch

SO T E, Y
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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
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the resteictions stated sbaye. However, the progsem.a deficint in tw impartant ways. Fies!,
‘the program dses. nat teke inta. sccaunt. o the factees infiyancing digiakis sdminiatration,, The
 otfacts ot digljabe are very.much atfected by wiestcoiyle befence. .This nitation, makes the
Program: ugeisss..for those patients with sliered. slactrolyte balances.. Second, the program
only provides the initisl dossge regimen. It is up to the doctor to moniter, the patient’s
Progress and maka;adjustmanis m; toxic sttacts. mmpesr, o5 infisl: canghlions {such ss rensl

Shainer [8,11] produeed.an lmproved sysiem by ueing feadbach. control, techniques,, Tt!'
dector spacities o.deciced blasd lavel of digitelie. . The mm-pwwm
ragimen, :and.siter Use peliont.Js given the deug,:the:Javel.of e, digjtals Js: detarmined.
“This date telis the progremwhelber the digitelis ishpieg uned by She petient ot-the seme level
that was anticipeted in computing the initisl regimen. The progzam yswe. this new. information
todotomlmam_wmmmmkaboﬁhwmandwbwtbnh
reached.

53 g ‘d

M'cwqrmmmdthwmmmhswnrmbmuhacm
other.fiaws., The sbjective. of. the, program s the achisyemant of, spme. MQ«»M digitalis.
-In.a clinical sptting, it may. not be. eesy.lp specity what:Shis-leusl.shpuld be, since the. proper
-level_js sftacted by whal:sopdifien the petient .is. caosiving sigitelis. for,. s ;
madicsl conditions the palient may sufter. from, such. as poleasinm depletion, that would me
‘him sensitive 1o digitalis. Mare lmporisndly, the serum level of digitelis.is not a goad indicator
of clinical effect{3] In addition, Sheiner's complex statisticel mm\vwid make, it
- difticult for his system to provide cleer explanations 0.the ueer. o

Racantly, » arogram has bean developed by Paukes, m and Gorry which difters
trom. erlier ones-in two importent cespactsf3). Firal, & sanatructs a patient-spacific. model,
retiocting the: prow sw's knewiadga. of pharmcolinglics and apgcieh fosties of the patiot'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




mmm«mmm mm trying.to mm@ written in.

BOL (Busianss. Defieition Lpeeusms) 10 & wer uotamilge. with NeAw wpmoiis) Ha system
usas twa. modele: ane to madel.the prgram's. understand jam, apd-the, other the.
user'a. 18.use;a RLANNER e sochanian Lo deaw.infprapts; el
w«umequ«,_;;,-.,,., mence of N
aystam it et o. i O, gl Advipa,, Hawawes, 1t dons sowm gl 10 3oy that b
sysiom s fundamenially. different- fom: the MMg e e thing, the. Digitelis.
Advisor does not employ sny PLANNER-iike infernce. . - ditfarance_is that
when the Digitalis. Advisor. was mmwwtmm&m&' ser model and
“'”«Mxm m-ﬁm&n w0 uch ps possibley. Mo arl ppe thet In most casen this
cmwm-wmummtuwmmnmmm
(mmmmarﬂ Thus, while Miksisone’ systom wit use the more sophisticated (but
mm-m)mmwum thm.ﬂuﬂdhmboruk-ona '

1.2 An Overview of the OWL Digitals Adviesr

The OWL Digitelis Advisor consulls with a physician in sn intersctive manner. The
mw’numdm-rwummm‘mmamwm-ma
recommendastions. After the patient has received an initisl dose, the program can produce a
new dosage regimen based on the resction of the patient. |

While » session is taking placs, the. system cen axplein why it is ssking & question. At
the end of any session, the sysiem can provide s number of differset types of explenation. It
can explsin the procedures it uses and the actions it takes either in generst or for the patient

SR T S R SR S SR
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st hmd. ltmm%mﬂﬂwmmeWmamu

pitiont. The sydtei cot oir mmm&m Muw& the

i wvmmwa@m "

LR LT TR SRR

1. A pert of the OWL system which converts netural English sentences into OWL forms.
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Chepter 2: A Sample Session

1nmmmmbmwhunmwﬁm,mmm The
‘ﬂmmmmmmm-mm-\m mm».m

wh A T"‘egft»..f‘ LR

n.fmwmmW-mmmmmwwmm A
number of f.nwuatucmwmwmmmm WWW‘

mmmmwmmmmwn‘wmmbvucm'

2.‘1 mmm
' mwm MWQWWT
<>[(begin therapy)l

The user indicates to the sysm cm he ﬂm ﬁl m W ru- a~- '
patient by typing the OWL form [(degin }] Evumn"y. th a.an
vﬁ’ﬂ u uw to Mw M “Mﬁﬁ”iﬂ. W .

B OmBTLF L
WHAT 15 THE'AGE BF THE n‘neum -
: BNER mw. W«a-—» 58 ‘‘‘‘‘
HHAT rs m mmﬂ w mmn R P

WHAT IS THE SEX OF THE PATIENT?
THE POSSIBILITIES ARE:

1. MALE

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

Note that for anmrs that are single words, the user 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 emen> 123

WHAT IS THE STATUS OF PVCS?
THE POSSIBILITIES ARE:
1. PRESENT '
. - ABSENT ‘
ENTER gxmwm {may 2 e i e AL
PUCs are peesstaps mmmmm, mm -, .
indication of t‘lﬂtu!u Mcitr. ‘ , . "

WHAT IS THE REASON mglslm.mnm ,
THE POSSIBILITIES ARE: . .,
1. OF |
z. ARRHYTHIA e
AMCTIC . - .

The asystem mods to kmow the rumifm mﬂﬂ?ﬁ ¢ 19 - paceiving ;
digitalis so that 1t can set an iwitial body steres. Lo
be modified. due to mﬂ:friﬂu ar the mm'c nw' . -
HHAT 1S THE STATUS N D!GI'I'N.IS lﬁ?
THE POSSIBILITIES ARE: :

1. PRESENT

2. ABSENT
ENTER SINGLE YALUE mann> absent

If the patient 1s alraady receiving dig#n;!u, m m nﬂl uln zm
' 1nto accmt ma muribm a m m um

path for mmﬁ‘?‘.%’%‘.."’- o
IS THE URINE OUTPUT OF THE PATIENT
THE POSSIBILITIES ARE: s
2. LESS Tk 408 | :
ENTER SINGLE VALUE' e v o v

1S THE RENAL FUNCTION STABLE?
THE POSSIBILITIES ARE:

1. STABLE

2. UNSTABLE
ENTER SINGLE VALUE ases> 1
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WHAT SORT OF RENAL FUNCTION MEASURE IS mxum
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 AMB- ﬂi‘. wm o
AN ITEM ENTER 178 BATEANB-tHE,: mAmwmu f
REQUESTED. g TEmY BT AT IOy

DATE TIME TEST VAL AL
9/721/76 10:08 188 ‘
IDYCIJHANT TO ADD OR CHANGE 1TEMS? (VESE!!H)) n

The system now asks the user about ssveral comdisTous M can cause the
patient to be mors sensitive to digitalis (thet fs, mere THaly S¢ develep
digitalis toxicity). o _

T<18 TRE wmmm St
ENTER: NURERfGAL VALUE =30

HAS IV CALCIUM BEEN ADMINISTERED WITHIN m ust m mv
THE POSSIBILITIES ARE:

1. GIVEN

2. NOT GIVEN
ENTER SINGLE VALUE ssae> 2

WAT IS THE LEVEL OF SERUM POTASSIUN? |
ENTER NORERICAL WACUE wius> 7

MY TOP GOAL IS TO BEGIN THERAPY. WST?MMMWTISTOOECK
ssnsmvmss. A NOM TRYING TO CHECK SENBLTIVITY BUE TU F ,,
Lo COF 3/VCTT AL SR RS

ENTER NUMERICAL VALUE -.:; &

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

1. GIVEN

2. NOT GIVEN
ENTER SINGLE VALUE wese> 2

DOES THE PATIENT HAVE MIWAM OR AN ACUTE nn
THE POSSIBILITIES ARE:
1. PRESENT
2. ABSENT
3. SUSPECTED
ENTER SINGLE VALUE wses> 2
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‘WHAT 1S THE STATUS OF HYPOXENIA? |
T POSSIBILITIES Wi . - P PR
1. SUePEETRD L e a
2, NOT SUSPELTED | e
ENTE“ SINGLE VALLE wuusd> 2 o

WHAT IS THE STAT!B OF MYXEDEMA?
THE POSSIBILITIES m =
’ 1. m
2. ABSENT
3. UNKNOWN
ENTER SINGLE VALUE -n-» 1

HOM LONG DO YOU WISH TO TAKE 70 REACH FULL mcnuu e
THE POSSIBILITIES ARE: ARIAPRE
1. INSTANTANEOUS RATE (1-2 HOURS)
2. RAPID RATE (1 DAY) |
3. MODERATE RATE (2-3 DAYS)
‘ 4. SLOM RATE (4-7 DAYS)
ENTER SINGLE VALUE aaee> 3

Noruny, the uticnt is loadsd -m mmm mm 80 ﬂut ir m

l!

ocwc . £he-. m
1nm¢i¢ in tho utionf‘ -

Finally, the system prodacu mmmnm

PMTE’D m ON m asad '.“ ;]

BODY STORES SHIFT =we> 8.564 MG

REMAINING TIME TO REACH GOAL eee> 48.0 WRS.
HALF LIFE ewe> 43.7 HOURS 1.8 DAYS
DAILY LOSS AT EQUILIBRIUN we=> §.175 16
ABSORPTION FACTOR =a=>8.75

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

‘2. BID

3. TiD

4. QID

6. Q4H

6. Q8H
ENTER SINGLE VALUE =sew> 3

The system asks the user how often he wishes to give digitalis. The
expression "tid" means three tims per day.



THE DOSAGE RECOMTENDATIONS ARE:
HOURS FROM NOW ORAL
NOW . W, 1

REPORT BACK AFTER THE FIRST DOSE.

8 o , 125 + 0625 G
16 128 16

32 A% 16

48 128 16

.25 G

IV MAINTENANCE SCHEDULE:

ALTERNATE .26 AND .125 I'G

125 W
126 N6 .
1% 6

L e e .e ®
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The follow up session starts hsre, approximedsly.. 4 m Jater. As
before, the ::cr types an QL fare te WMM 1mot¢r what
he wants to

ENTSRMMMTOECAM@NI
<>l(obh&n fo&lw&n’o&l RSN

:&iom cbut m mm':ﬂmm

HAG FHY TR

THE PDSS!BILITIES ARE:

1. NORMAL SINUS RHYTHM

2. ATRIAL FIBRILLATION -

3. ATRIAL FLUTTER

4. PAT

5. PAT WITH BLOCK

« NON-PAROXYSMAL J!CT!M TmlA

ENTER SINBLE VALLE seww> 2

1S. mﬁwwum oF M mmlm m
THE POSSIBILITIES AREs. .

1. PRESENT

2. ABSENT
ENTER Slm VKLE wene)> 2

WMAT - 3& w MIM MTE? e o
ENTER MMERICAL VALUE wiiwe> 106 - S
The mz—mmm rm nl&malt Mmt!c crfcct.

WHAT |S THE STATUS (F PYCS?
THE POSSIBIL!T!ES AﬂEx

< Z.MT
ENTER SINGLE VALAE wee=> 2 »

THE DIGITALIS HISTORY OF THE PATIENT IS m

TO DELETE AN ENTRY, mmmmwmnmmmnmm
WHEN THE DOSE 1S AERURSTER. MHEN DONE T ' :MWMFEIS
REQUESTED. ENTER ALL DDSES SINCE THE LAST SESSION |

DATE 13 DOSE TYPE

9/21/76 11:30 8.25 PO :

00 YOU WANT mmmmlmv (YESGRNO) n

The user informs the ssmu- of th tiﬂl wmt pt m sim ﬂﬂtﬂu
dose the ntunt recetfved.




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 swes» 2
The system asks M m changes in renal mm

IS A SERUM DIG LEVE.. AV&W?
THE POSSIBILITIES ABE:

1. AVAILABLE

2. NOY AVMLAH.E
ENTER SINGLE VALLE sme=> 2

'A serum digitalis level is a nmn-ut of the -mc or .mmm 1n the
patfcnt. LA LT e

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

THIS PATIENT IS SHOMING NO TOXIC EFFECTS. THE PATIENT IS

SHOWING ONLY PARTIAL THERAPEUTIC EFFECT. BINCE TME PATIENT IS IN

%1‘(&0& STAGE 1T 1S BEST TO CONTINUE THE LGADING AND Mlﬂm
m.

Thc system obssrves that the utiont u showing a partial thorwﬁc
effect, and no toxic effects.

PARAMETERS USED TO MAKE RECOMMENDATIONS:

m Sm m mend) ‘.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 =es> 8,19 MG

REMAINING TIME TO REACH GOAL wns> 4.2 HRS,

HALF LIFE «e=>  43.7 HOURS 1.8 DAYS

OAILY LOSS AT EQUILIBRIUN ==w> B.117 IG

" ABSORPTION FACTOR =e=>8.75






- 23 Explanstions.

yot secopt Ergheh input, the Engiéh qusslioni aukied By W:iaser 'arvilisted in Htalics, followed
by the usw wm M auﬁo mdn’i:o m‘- " h mwm in this
section are produced by examieing the scluel mg. 1 a4 o avent structur crasted by

*New do you cMck m:mvmur' o
_ (&mimnmd um mittmthﬂ])

TO ClECK %lTlVlTlES 1 m ﬂ‘E Fﬂ.LNlm 3@8: Wb T R Y S
1. 1 CHECK SENSITIVITY DUE TO CALCIUN,

2. 1 CHECX SENSITIVITY DUE TO POTASSIUM.

3. 1 CHECK SENSITIVITY DUE TO CARDIGMYOPATHY-NMI.

4. 1 CHECK SENSITIVITY DUE TO HYPOXEMIA.

S. 1 CHECK SENSITIVITY OUE:10. FWYRRED-5\
6. I CHECK SENSITIVITY OUE TO AD¥: AGE
7. 1 COMPUTE T!'E FOBTN G’ 'LTEMTIM.

This is a md example of the way the Digitalis Adviser is structured to
control the amount of infareing ton: givan Sha pasni . hen : mm;m baw
the program chacks for asensitivities, the program liats several
spacific routinis tiet oheck-ToF: spsciatl tyjel! éb Taddd S 1d thilds . ‘ﬁﬂi
sxplaining the general method, the stem doas aat #aﬂ how the more
specialized routines work, bt thé’ idei > ﬁ"ie ’ Bt thibe rout iné
that interest him (as he doss bc!e!)

"Now do you chack sengitivity due uum FO14-Tunct Ton?®
(descr i be-me thod f(chock (umltlvtitﬁ (due (to thyroid-function}))}])
TO CHECK SENSITIVITY DUE TO THYROID-FUNCTION 1 DO THE FOLLOWING STEPS:

1. IF THE CURRENT VALUE OF THE STATUS OF MYMEDEMA IS UNKNOWN THEN | ASK
THE USER THE LEVEL OF T4. -
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2. | DO ONE OF THE FOLLOWING:
2.1 IF EITHER THE STATUS OF MYXEDEMA IS PREGENT OR THE STATUS OF
MYXEDEMA tsmwmmm ™ lswmz.um 1 DO
- THE>FOELOWING 'GUBSTRRS: - . =
2.1l 1-ADDATMGEDEM 10 RE mmmmn Ti0NS,

- The .pregant \and. .cor +00miit lons. wwg&m# m!im:
that tln -patient iz cdmntm, ot u- m tn«u r.

2.1.2 1 REMOVE WVlEDEMA FW 'nt RORREEAMLE ©

The degradeabls conditions Febv
becoms worse.

2.1.3 | SET THE FACTOR OF REDUCTION DUE TO MVMENSFATO '8.67.
2.1.4 1 ADD MYXEDEMA TO THE REASONS OF REDUCTION.
2.2 OTHERMISE, | mmnmu T0 HE. m& CONDITIONS, REMOVE

OF REDLCTION. ORE mmmum x.ommmriawm
FEASONS OF REBRCTION. /¢ R TR

~ ®Now do you check msmnwmuum iﬂ?" :
(descr ibe-method [(check (sensitivity (du- (to potassium})))]})

wm ta ﬂn Wu mwmmmmrww

TO: CHECK -SENSLTIVEFY. OUE: TE-POTASSINN<L mmmm m
1+ 1 ASK THE+USGRTHE- LEYEL.OF: m,mamm. S

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

3. IF THE PATIENT 1S RECEIVING. DIURETICS THEN | AR THE LGER THE TYPE OF
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DWIGWMA&MWWS’?‘“ W’lemuﬁ
p Yedp, 2100
4. lmMWﬂfFﬂ-Lﬂvﬂm:”»

4.1 IF THE LEVEL OF m PDTASSIU! ISWMQ.H m l m THE
“mms R B '

: ~,¢.1,1 1 ﬁ' ﬂﬁ me (l’ mmmm;\ 79 &57-

l &I}GEST uamum Fm TOX%:ITY LE T mu.aa 1A, :
4.2 om;se. 1 ADD HYPOKALEMIA ' ‘CONDITIONS,
REMOVE HYPOKALEMIA FROM THE PRESENT AMD COMRECTABLE (CONDITIONS,
REMOVE HYPOXALEMIA FROM THE REASONS OF REDUCTION AND SET THE FACIM
OF REDUCTION OUE TO HYPOKALEMIA TO 1.08. Er v e Y X

S. IF THE LEVEL OF SERUM POTASSIUM IS LESS THAN 3.78, THE PATIENT IS
RECEIY NG .- DIRETICS, - AND  BHE 5. PATIENT .16 s 1. MECEIVING - n\mxm
mm x}mmm mmww
.8, uo oF KF n&mm 5:. wi W e JP
6.1 IF THE PATIENT IS mmﬁ mnkncs,_m’iiiﬁéﬁt IS NOT
 FECEIVING POTABSILN swnm TE TWE OF DIRETIC USE IS

6.1.1 1 SET THE FACTOR W REDUCTION DUE TO POTBITIAL PQTASS".H
m ug~m nm“'ﬁg m ’4679 Dt pigeer 0 dmetind i gy

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

R LTS DA e AT 1




© B.)ué 1 NENONE POTENTIAL POTASSIMN 1068 SWE T DRRETICS: FAGM -
THE DEGRADEABLE CONDITIONS. “

6.1. S 1 agssr HATCH!IIS FOR T@UCITV D_,?E,:\TB FOTENTIAL PDTASSII.H

Tu m cwamwm wu. m&. xmmw Mmq
happaned mm-mmw MWW
aumm Mﬂu‘. m 1®¢ m h m ¥ i Nl it % rdee
rg;nfgx . A Salge,

The' systém can exglain umg T MY
current session, since 1t ors 1T 4T s Ten
on?ymcmtfm.cmmmum

checking amitivfty due to mnmm s W only ence.

DURING THE se’ssmu'ou 9/21/76 AT 11118, 1 um mmvm OUE 1O -
THVMIB—FUCT!W BY EXECUTING THE FOLLONING STEPS;

1. mmmntsmﬂaurm MWWMT
STATUS OF MYXEDEMA MAS PRESENT.



2. SIMZE MSTAMWNWWWI I m MWIMt

2.1 1 ADDED. HYXEDEMA, TO THE-PRESENT mmmmas. THE
PRESENT AND CORRECTABLE CONDITIONS THEN BECAE HYXEDEMA

ZZIWHYMFMMMECMITIWSM

CARDIOFNOPATHIEB1T, AND POTENTIAL POTASSIU LORS GRE 10 O
hin, T AR

1. ADRER MYVGREMA TO masmw mmw
mnmm BECNE FVET, g" |

}/a a ?, u, ’t

"Now d1d you check sansitivity dus to potdissium Fen this patient?”
(dosor ibe-avent (lcheck (el tivity fiue Ito petassium) ) N1)

DO YOU ONLY WANT T0 SEE EVENTS FRON THE mr SES _wu? -3 OR NO) n

ot AR T,
AR

DURING THE SESSION ON S/21/76 AT 11718, 1 o smmavm OE TO
POTASSIUN BY EXECUTING THE FOLLOWING STEPS:

l.lASKEDTI-ElEERTI-ELE\EWWWl‘m.f mmmmv
newva.wssmnmrmxmmsm L

2. STATUS OF DlllETlC L& T!-E tER nsmn THAT
THE PATTE"Y nﬂs MT IVING DIURETICS.

g&fxummmmmmmmmwﬁma.n. 1 0ID THE

p

3.1 1 SET THE FACTOR OF REDUCTION DUE TO HWALEHIA 10 1.08. THE
FACTOR OF REDUCTION DUE TO HYPOKALEMIA WAS PREVIOUSLY UNDETERMINED.

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



4.1 1 SET -THE -FACTOR OF REDUCTION DUE VO POTENTIAL POTASS1IM LOSS BUE

TO DIURETICS TO 1.08. THE FACTOR OF REINCTION DUE TO PGTBJT!AL -

POPASST LN £068 B wwwmwmm |

. DURING THE CURRENT %lm 1 mmmwm aﬁ ‘FBM!W 8y
EXECUTING THE FOLLOWING STEPS:

1. 1 ASKED mmm Mmmmﬂ
e o S PO e 5.

2. 1 ASKED MU@RMW&TKEG’MW‘FEW WMWMT
THE PATIENT WAS NOT RECEIVING DIURETICS.,

3. SINCE THE LEVEL OF SERUM POTASSIUM WAS LESS THAN 3.76 | DID THE
FOLLOWING:

3.1 1 SET THE FACTOR OF REDUCTION OKE 1D -WYPGUALEMIA- T0 8,67. THE
FACT(R OF at-:wcnunws TDWN.EHMWPEVIMY 1.08.

mm&mmwawmmnm
;f:fmm i0 CORRECTABLE CONDITIONS THMEN BECAME MYXEOEMA AND

3.3 | REMOVED HYPOKALEMIA FROM THE DECRADEABLE COMDITIONS. THE
‘DEGRADEABLE COMDITIONS THEN m M mmmm—m
AND - POTENT L POTASS IR LOSS: BUE: Tﬁmﬁﬁu

341mm&mammm#mm mmw
mnmmmmmw L

3.5 | SUGGESTED MATCHING FOR mxxcmmi m mn.enm
4. SINCE THE PATIENT WAS NOT RECEIVING. umu:s, 1 nw T!E FOLLOKING:
4115511&55& POTEN S DUE

7o, DIGRETICS T0 108, T FACTOR OF JEDETIO N DE T " POTENTIAL
POTASSIUN LOSS DUE mmmm nmm M | R




a1
“How d1d you compute the factor qf‘gluggg,xgp for gbucm?'
(descr ibe~gysnt l(oomu luctar altonung))l)

Eo

mmmvmrtasesmmutnmrmm wssunumn

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

1. 1 SET THE FACTOR OF M.TERATION OUE TG SENSITIVITINS 1O THE PRODUCT OF
THE FACTOR OF REDUCTION DUE TO ADVANCED AGE (1.08), THE FACTm G‘-‘
REDUCTION DUE TO HYPERCALCEMIA (l.ﬂl. V@FACTQ, RED.F’ICN
HYPOKALEMIA (1.00), THE FACTOR ' OF ‘“PﬁﬂSﬁﬂH"
LOSS DUE TO oumncs (1.&).,ﬂ£ FACTG! oF mnw DUE TO HYPOXEMIA
(1,89), THE mem% nlﬁ FACTOF
mswcnuu DUE. TO CARD! ' . j

TO SENSITIVITIES CHA!GED FROM UIITEMHED 10 0.87. :

2. SINCE THE IDEAL WEIGHT OF THE Pmem HAS UNE

Note that when a nusierfce) veriadle is used 1n a colpuddtion, the velue of
the variable 1s printed in parenthesss ronum the variable.

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

L ‘e &vmg 19 nz PROOUET oF -

mm , N OUE - TO_ - ADVANCED - } THE FACTOR- OF
REDUCTION BUE ' "io ALEENTA “‘FAB# REBUCTION DUE TO
HYPOKALEMIA (8.67), THE Fncmn OF mum oE T0 POTENTIM. POTASSIUM -
.LOSS DUE TO DIURETICS (1.80), 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 0.45, A

2. SINCE THE IDEAL WEIGHT OF THE PATIENT HAS lllETBﬂIIED l SET TI'E FACT(R

" OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO

SENSEFIVIYIES (0, 45) - AND "THE : QUOTIENT: OF THE ‘WRIGNT W HE: PATIENT (72)
AND 78.88. THE FACTOR OF ALTERATION CHANGED FROM 8.69 TO 8.48;
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2:3.3 Espleining How & Varibie e Usedin Geerdl

The systam can also explain how & particular’ vepiedte is wsid by the
system either in plans or events. rm m dmim nz;za the
utting of . .vaciable. and the swal : ; MOCTAVES, A08 Q"“"»
describes all the weys the mmu [m mmm 18 weed (1.0.

evaluated) in the OML mu @vm P S ,

el ‘:‘?.‘y

(domlmwwlmw [(nm rmm)i;

I Uﬁ “‘E mmmm rﬂ m

g;%E msnm DIGIT&.IS mm IS W MME I m TFE Fﬂ.LGll!l;
2 SEATRCRE VRS :

1. IF HYPOXEHIA IS NJT QE G THE mwmmwmmu”g

K

3.3.4 wm.vmusumm

rm: mmm m mumvm‘f M‘m MMM~
m’m“m SRR ey :

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
DO YOU ONLY WANT TO SEE EVENTS PROM mmmmw O NO¥ n

DURING THE SESSION ON 9/21/76 AT 11i19; 1 USED THE FACTON OF &m ™
THE FOLLOMING WAY LHILE COMPUTING THE BODY-STORES GOAL:

. 1. 1 SET THE BUBY-ETORES GOAL W TE mﬁ E FICTOR OF ALTERATION

O m&%ﬁ&% ST TN, "‘ff’* mm 2 m

DURING THE CURRENT SESSION, I THE_FACTOR OF ALTERATION IN T
FOLLOMING LINY WHILE COMPUTING THE BODY-STORES 8BMLI:

1. 1 SET THE BODY-STORES GOAL TO THE \EFMFACRRCF»
At.rsammm.m mmusu: mv-smw Ko8). - NE: BODY-SYORES

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

1. 1 m ™ CDYV-STORES.
w.as) m THE BASIC

. m'mam.vmmsnmm

This is the cormpoaﬂny question -asking. haw ﬂl« factor of : mmm was
set.

(ducrlbo-ut-in-omt [(factor aiteration)])
WWW.YWT TOSEEEVENTSFMTI‘EMTSE%!W (Yﬁsmm) n

DURING THE SESSION-OM 9/21/76 AT 11:18, 1 USED THE FACTOR OF u.mnou IN
THE FOLLOWING WAY WRILE COFPUTING 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‘
(tind-uby-event [lcheck (sensitivity tdie (to mnm

DO YOU OMLY LANT T0 SEE EVENTS FACH THE CURGENT SESSIONP (YES OR ND} n

DURING THE SESSION 6N 8/21/76 AT 11410, ‘| CRLAED CHECK SENSITIVITY OME TO

POTASSIUM IN THE FOLLOMING WAY HHILE CHECKING mmvmss:

1. 1 CHECKED SENSITIVITY DUE TO POTASSIUN. THE FACTOR OF REDUCTION DUE TO
mmxaml.nwmsmwmm M.TB PBTB‘T!AL
POTASSIWUM LOSS DUE TO DIURETICS WAS 1.0 - : e e

DURING THE CURRENT SESSW. tmmmtwmmammtmm Hl'

Tlﬁ MM W mmm MMJHMTMBE&

1. SINCE THE m mmas [ WA 1 WMTWiW ui

TO POTASSIUM. THE FACTOR OF REDUCTION OME 10 HYPURALINIA HAS §.67 AND THE
l;agm OF REDUCTION QU TO mam& m
08, a3 sy ETME Sty

wﬂmmxcsms‘
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Chapter 3: Explanation — How it’ s Done

a1 Nrodkmﬂ

N SWin (n(ura of the OM. 1 lu;uap and ggo“ qurg gf Jﬂ;-g Nﬂh Advlsor Its;lf
- make it pouibln tomwmeommmy Mﬂn%lmhrprotcr anddlto
;?“‘Pf de_ a Wﬂ’ of date mgturn that_are_beipful_in ggmtructin explanstions.
© can be used to generste wmu L Third, the pragram structure of the Advisor
sttompts to, model the problem solving techniques ueed by expert cardilogists. Fourth, the
use ot a!tmznto mod.h alhw tht sxﬂm to prwi* !ho uner. vlth dimront poug-cttvn.

These features wub-mwmmﬂmmm« T e
Thve chepler wil oo descrbe the fynctions thet explsin mt,g ond ym, those that
ducribq how ﬂg plans are calind md why the wonh worq_creste g\d thop thet ducﬂb. .

the yes and. setting of vambbsiﬂwcgpmdm ! g wilt be. described in Chaphrd.

* OWL'T has 8 humber 6f fesures which facifitate produciey |
"c6de.” The ‘entire OWL 1 system is*Too Eomplex to ba ‘discribise
1o outline the basics of OWL 1, and describie in soie dutil tHods Téatires that are particilerly
Fportint in meing. explibetions. It the eddié ke - dodilor’ RBMFRtindiFg
linguistic theory on which the OWL project is besed he' cfi candult ‘Nierth

Hawkinson{14]




as
3.32.1 The Knowiedge Bess

Almost sl the information that sn OWL | system possesses resides. in the knewledge
base. Here one may find programs, traces of progrems, hisrarchicel structures of English, and
s0 forth. All the modules that inske up the OWL 1 system have access to Hhe knowledge bese
and they communicate through Tt. In fhis way, sy modulé sy détermine the ‘stale of the
world st sny time. Amm-wmmwumw th
recursive push-down stacks and-similar internel structures. o |

All the tmmmmmmwm&w.m A concept has
throe parts: o generafizer, s specializer, and a reférence fist. The concepts ere organized in
hierarchy. mwmdaMnQMhnMMhmmmwucw .
It corresponds 1o the "a-kind-of" link in other very high level isngiages. The specisiizer of a
concept is also & link 10 & concepi?. The specisizer of o concept i the chief feature or notion
as the name implies, o fist of 4 the Feferences to e concept. All the concepts which uss
mMWtummemmhdeM
ce st s woll ae ol

concept. lnndditmﬁnvdm(ﬁm)dawiﬁhﬁaw
thmmmhwhkhmmwn;vm The O Krowiedge Bese Handler causes
;mmm-hovgquommm hm&ommﬂm

Whonpridebthprm WmMMMsWW
foﬂowodbyﬂﬂrrﬂmm

3. There is one exception. The specislizer of a concept mey also be a link to a symbol.
Symbois are character strings which roughly correspond te English words. Symbols are used -
to plece English words in the knowledge bass. :




(pmum spacializer)
reference-|tem-1
reference-| ten-2
reference-i temn-3

rcfnrcncu-ltou-nl
' thhlps a fow oxanqﬂcstat.n ﬁwnnth.|ﬂ¢ﬂnﬂslhdwﬁnn'iﬂl!lﬂp h»cﬂolr il ﬂic up.
nthomw«mma««m‘.ummmwmmmwd

e O £

siteration. In OWL I, thofnctorofdhuﬂonmqu, ‘

the wm. wivle mm:rm mgm }ummm is sutometicelly
".” 1al {. ; ""K ig

placed cn»tho rcMoronco ﬂchstn boH\FUMIWOR lﬂd ALJIiUNTK!!InrthIr(lﬂL Knounodun !h-o

Hendler:

w.mnm T | e

(FACTOR
(FACTGR ALTERATION)]

Itis mhmwmmtunm cumwmm on, the
retarents-liet of G, and then-recursively Bxamining -theic refersnce Jsts. . This faature of.the
knowledge bese mehes- it quity sesy 1o 2. Shet tall how: e perticuler vaciable
is used.

‘ Progrann.nuw'bo wwﬂ&nn knCINL L Th-so pmocrlun nnncmonod ‘i’ the CINL knoudodun
base and they sre run by the OWL I interprater. The M  of OWL T program
follows the same conventions outtined sbove. 1ho(iﬁ(lvA ter h




mmm,m;mmmmminummw Long(13] and
Sunguroff[21] ‘
Adelemhnwmhme A pianis
s kind of predicate’. A series of steps is linked 1o the pian. Thlndoptnyb.bakw.l
pﬂmmvnorcdktooﬂnrm A(mWMthmh
shovmbolow .
[ (CHECK (seusmvm (ns (TD wvnm-acsnn |
 METHODY - conie :
ur-m (GREATER-THAN 78 (AGE PATIENT))
- CUECOME: CPASTON 'NEINCT DNV ANEED -ACE: 8.76)3 )
m FACTOR mnmzmn
3.1MBI.le ’ |
This is & plan for checking for digitalis sensitivity dus to advanced age !tuysmnmm
ctthop-tmbgmt.rmrommfma%uwm'mnutb

0.75, otherwise, it is set to 1.0.

It Is not necessary that the rasder understand ol the detelis of the representation,
however, | wil ouliine s Tew:mejor peints. The nme of-tu phen appoars inmedictoly-10 the
HENt of the left bracket, fia. HICHEDX TSENSITHTTY SOUE (VD AGYANCEDAGEN )31),
while the steps of the plan feflow the consipt PETHDD: WWM!MMMWG
COND in LISP, that is, if the predicate of the first clause Is not frue the next clsuss is
examined and 50 on, until the first clause which efther hes no pradicate or # trus one is found.
A BECOME statement is an OWL I primitive used for meking ssee/thiiis. -

B Plane are invoked by call in OWL L As in PLANNER(22], cais are metched to pisns by o
psttern matching mechanism. m»mun&mﬂmmmmm
wo diterent plans of two diferent tmse.

idcutes In WA 1 mey.be thought of s verbs in Englsh. - See Mertin(20] for 8. moce




SR AR - AR O g

L

As & plan executes, snevent is crasted The.sves! mey bus thought:of s, Iraes DEI®
omuﬁonofthoplm. Enhwonthuiqntoapldmmmlﬂm Thoovonl
structun eonwns lﬂhmaﬂon concomin. whon tho plaa :hrlod nnd ctoppod oxocuting, chh '
'p:mwsmvuchc.umn,mmmuﬂummmw th..v.nt

CF et

Woae ¥ Y

zv.mwmcna«wmmmaman-mm”‘

e

"""'0"-“‘\'& Th-cousforﬂuumm-iu-m:hnm«omm 'i'in
mmmm:«.wwmnﬁmdmmmmM RS

“such as % 1F-

o

mnw\.wum

-1t shawid. be clear mmxmmmm.mum!mmb
wmmmm dook Thot-OWL. | i -on. nglishebesed; language makas; it
relatively essy to translste progremes into English. Second, since ol the syslem’s Anawledge
rasides in ape plece and in one mprasentation, it Js. cepler lo findohissts.snd datermine the
rolationahipa. betwesntham. Thied, the eveniy. seasied:by.the inierarelee; meka it possibie Jo
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88 WW - tmwmm

, 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

Th- dodwd tmmmmm Mm:wm:tum “One is to
provide the user with an explantion that snewers hie quuuon. ;tm not swamp him with
irrelevant detalls. To sccomplish this, the informetion conbiined: inthe’ mtmm to ke
Sirictured In some wey. Difersrt mettode for sructuring the nformation have: been

In the MYCIN system, Davie{12] uses the ‘qodm hc?r o! . mu - an lndcmon of its
Tnformtions conert. Those s the-heve s mmm e sud 1 contae
less mmm th ‘Mmumum M mmmﬂmm
Rules: with lower. mwﬂmmwmww paun more
information. This information is used by the mmm;:wﬁ:w:“n:i supplied by -
 the user 16 determine Now mamy gouls 16 displey m:wmum 1f the gosls

all- Have' -high' Mlhtym then many: of: them wili-be- displayed: d;:;im;- while if -low
cortainty factors predominate; few wil be diepleyed. U 100 ey or o faw-gosls. ope
displayed, the user may adjust the number he supplies: - In: Hiis uwey, MYCIN: sttemgts:to
“providethe- user Wil wisimmery. This spproschireets ot the sether-wiseh sessmption thet
the inportence of o rule is rellachs: by how certain ne wey-he:shout.its conclution. . Yel.in
“fact, In wiany apphietions; he inportence of & ruleria: complatohindsparent; of-the sectainty
- of ite: coneliaion. i & WNCIN-sapedt sysiom:for. aute: rapein {12, page:26] conciusinns: could be
reached- with Hitle inexactness: thus, . the echems.oublingd aliows:weie-applied 10 the rules
of the' suld repaie- esyciom, i:viouki-idicals thet' they -wens: il sboul oquelly. mmf;am
providing summaries is required. ‘



knowledge in the rule format. o.vum.wa]m

"A .. woﬂmisthMmtbmtﬂMMme

sxpressed in » single rule. Mme 3 '
-~ aithiued: oy : e esmiined-elincis. of sow peis B oy

mhummmmm*

¢S Rt dTRFIRS veag o aed gy

. ‘Davis [12, page 261] slso-shesrves:

"Rules are « ressonsbly netursl and convenient ferm of krowisdge wncading for
what mey be termed “single lovel® phonomens - wabMdM
dtchmafntbuhbmtdudc. |

O acquakmes mmma&mmm %mJﬂ
| Mdmwmwmmimmﬁ

T oE ?V?*‘Ze?.“j o "“’iri SSTHA R e

In designing - u-;mw Abvigor,. it mmgmamm 49 thet

Knowiedge could b plessd ina:hevarchiest sioughwe sberanatuse, : Siree it s possilie fo
"Digitulis ‘Advisor are-well-stiustursd. - = odear o oo s e
 Arothor provion: et sonivonds:the syeiem dasigner 4 thaspechiam of-resenaling; the
“unet’s mods) ot the: prablem it the -sragren’s madeh slsthe geeblor. . That. i when
‘user’s modet:81 She’ problem is very different; feomihecpragren: Mislsans{16).has; aroposed
the use of twe:mmduis; ome:te tepresent the pragrem andthe sther the wer'simodel of the
“mads ut oy’ 40 the pragiesy et 10:thersirustires-Hakivg 16 4940 wer's el wn. ok It

SERRLMAE L v v e G
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sesme.thet to avoid the dangsrs of

between the madels it would. be & good idea
to ineocporate the user's medel. into mm«mnmhn possible. - .
$till another. problem_that othars[12] have noticed ia.the: preblem of .indicating the
“interd” of & piece of corle. -Progranweers stiempt o iadicels jotent by chosing masmenic
nemes for varisbies and prosedires. and placing, comments. i Wheir. sode. Yt common
programming languages -throw . this: mm muay, - To the-LISP intarpreter it mekes no
differance whether » varisbie s called meéq PATIENTS _
GOO001, for that matter) yat there.is a tramendous ditierance.in.the inlended meaning et the
varisbie. Being able to.undarstanding. the intention of a verishie or. proce
0. understand. the intention.of » system.. Even:expsrieaced.progaen
10 underetand #:program if the nemes used in the progrem ere mq mepningiess. If &
systom is. A0 suplein itesl, the:designer must -he shis 1o indicale the. intent of: the.cods,.and
this informetion.should be meinteined in e sicuctured manner... . .

| lnttﬂcuctlon.lwmottmpttosmmthpmﬂomouﬂmmMm
mwuwmothhmofw&lmmmmm(wl SM’hactudly
nsynthuis of uvornl uponh lduo. mnymmﬁ.ﬁ{;k&.a uproeoduro shou!d
boawmoptudsmyofthnthmthﬂthwmmm UWiu,thoroloofa
'vmmmuimmnymm Anothrm%bnhthdonhprmswdboa
mmp!uduﬂthdmddsmntbnthﬂmouuﬂt“hdﬂnom Byudnc
the principles of structurod pro.rm lt h pouibh to m s hionrehy ot proeoduroo
mﬂo«mtothoﬁorucﬁuprodu«dbythﬂlmﬁmndwodﬂizdbnmd

doconpooition’ -

7. Decomposition is described by Mertin [20]



I the Digitalts Advibor, the procadure used-1o sturt-trauting e pétlont with- digitels s

called [(BEGIN THERAPY)] in OWL L e Enghieh transion-should by sioer. “One of the ..
functions that { (BEGIN THERAPYIE calls fs & Rinclion Thet chechs Yor sty snsitivifies the
patient mey have. 'R is cilelt ‘tIONECK SENSITIVITIESIF. [ (SNECK SENSITIVITIESY], in
turn, calfé @ famber of fincions. One oF these' is=EDHEDR RSENSITIVETY €OUE (70
* POTASSIUN))) )] which chechs Tor digitalie soneiivRY theL the: Sitiont<iey have ve 10 o
potsssium imbslance. When the plen of svent for %Ww s duserived; ‘[ ICHECK

SENSITIVITIES)) o Olvplayed witvouk arry 6F W' structurs: Wonsott . - Tt somiveriant the
colls below it, 50 thet they d ot have 1o be diepliiysd - ¥ the sier 1 CIOUS. sbOUt Now

senaitivition are chéchd ‘e May sk, Snd°he WSO tht Onis-5F W8 ¥tbpe 15 10 check

semeltivity dow 10 petsssiom 1"he-is' S Turious; e -y aiite. WbuK- Tk vop 98 Wl
otice that i e s net terented, the wiire prediss: Si-hatiivg ‘Somitiitios will: b
summarized as one step, 50 thet hw dDbs 1ot Iwee 10 Gieliiic: roemi o itput thet fn dees

not cere sbout. It should sieo be pointed out that the user nesd not ssk questions in o “top-
down" fashion as described above, but rithur 1o g Srestiy: wik ‘Wow At syetun cheks
seraitivity due 1o potessium ot eny time If he desires. |

_mm.cmmtmmummunm vm-plmhaphimd,itis
MMwm-mummmthk@hwu-m«yonho
actions performed by that plan mmmm&m Thnplmnfonodtoinﬁn
‘cdllsmtoxMMwamcﬂmmMﬂ In!thw.,NmUﬂtumout
tmumummnmmmumummmmnrmcm
‘/swdbodlcphy«l. mtmmmmmmummmummmu
plmucm-rizdm _ _ A

Notice that this Qmmmmwmmmmwtmy factor

spproach edopted in MYCIN mmmhmmmm




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 i produces en axplenalion, the system indesits the
| '~outputtolndieato the structure of the OWL method. As an example, an OWA. plen is listed
below, followed by the English explanation of it listed in Chepler 2.

L(CHECK (SENSITIVITY (DUE (TO THYROID-FUNCTION))))
SUTWRY: (FACTOR mnm—nm)
HETMOB: IFSTHEN- |
(CURRENT-VAL (STATUB mnmm umm
(S OBER SN Dbt
(IF-THEN
(OR: 15
 (STATUS IWNEDEMA PRESENT)
(AND: 18
- (STATUS: I1YMEDEIN UNKNOUNY . i
(LESS-THAN 2.5 (QUANTA mm
{BECOME-ALSO :
(CONDI TIONS cmvm-m-sm mm)m.
- (UNBECOME: 100ND1 71986 DESRABBABLE-#MEDIIN 0 1,
(BECOE (FACTOR REDUCTICN-WIDEM 8.67))31,
' [BECOE-4.90 (REASCHS REDUCT 10N WVOEBIIAR 4 )
(BECOME-ALSO
(CONDI TIONS DEGRADEABLE MYXEDEMA)) 12
(CONDI TIONG CORRECTABLE-ANO-PRESENT MYWEDETA) )12
(BECOME (FACTOR REDUCTION-MYXEDEMA 1.6)):2
 (UNSESONE - SREAGENG RECUCT 16N MIEREMAL 1))

3.3 The O Code -to Chweh for’ Wﬂw&n A0 Myredens -




(domib!-»tho:& [(chock tumlt!vitu (duo (to thweid—functlon))))l)
TO CHECK SENSITIVITY DUE TO THYROID-FUNCTION | DO THE FOLLOMING STEPS:

1. lsmumfvmosn:snnswmﬁ’f@&mmxmn:
USER THE LEVEL OF T4. |

2. IIIJQECFTI-EFG.LWlmx

2.1 IF EITHER THE STATUS OF MYXEDEW IS PRESENT OR THE STATUS OF
MYNEDEMA. 15, LOSNGHN. D THG ‘LEVEL - OF: T6. 15, LESS THAN 2068 THGM . 1 80
THE FOLLOING SUBSTEPS:

Zaar mmmmmmmMTmmmnm
2.1.2 1 REMOVE 'TWXEDEMA FRONTHE BEGRADEABLE: CONDI TIONS.

2.1,3 [ SET THE.FACTGR OF REDVCTION.GUE:-TO. MYXEDEMA TO 9.67. - -
- 2.1, 4-anma£mmn£ ' 'wwmuw,;

2.2 OTHERMISE, | ADD CONDITIONS, REMOVE
*'~me imm W TYONG, SETSTHE ﬁ

o TO, HNEDEMA T0 1.00 A0 RETOVE ;
o wmlmc =,i', tREp e T8
3.4 An English Explanation of' thé Code’ to Otk Sers m*lm Du-tb Myxedena

“EVENT. It i6’ designed to snewer the quéstin "For tHid"patidiit, Wk didt you 2 P “Th
“routine is a ittle more sophisticated since s corteii amount St Siting’ must be done 16 ‘WWoid
explaining glans is thet when plans sré sxpleined ol paselbie ‘pithe through thé' plan” be
outiined; but when events are-explained, only-thé wheciic GhtH"takan durirg the’ wvent e




displayed. ?loso(ﬁ&ounoazs I&&igggg!l
A,gﬁgaﬁstga?%sus&!

© When a simple conditionet statement is %%g&si gf |
‘i‘.oizzs%z?%iai ﬁsi&&ﬁ.
_w\gi.:n; m?%i%ﬁil% It
the. ﬂ&a.wi?.za ngi?w;f&u% !...Sz_..
statement. :titﬁ&»s#;f;,}ga% the

.lu»ov. n this way, it }gésgfigiogg
" The OR statement, which mey contain seversl IF-THEN statements, is & mors complex
case. Recell t :&.sngkig?zlgi Emv )a!o?

uplaink OR, ¢ gniﬁilgg
that s Sgugv‘g!gg?-ntl tahen by the statement. To
determine the type of the OR iz‘ io%%i’?igi

8. There ere exceptions described in Chapter 4.




k.

in the predicetes before explaining the stetement. It séems thet in future versione:ef the OWL
I intorproter in might be well to use two different types of OR stateménti to résoive the
omblgutty. S R T f

mronum dunw coridarations. - m-mjmmmumu
times, there may be umdqvqn;toqxplm it Q,andgoqlnu@r It mof
mmmn&mmmmunwhwmmwmm It
hodon.thotimmddntooﬁhouubnhﬁvonuthwﬂﬂtiuum‘

| nmmwmmmmmwm,mkmm

s pﬂmd in perentheses foNowing the verisble whenever lt io,cloﬂmd. m. values of non-
_ numorlc varisbles sre’ Ma«mmmﬂﬂwm &lm:«d spicnﬂcolly
ieplayed, uniess an ssdertion sbout the veblae is b, discribad W
.onsertion is mede, the new velue. and.the okd value of the verisble |

A final issus s that events should be explained In the past fense. When events are
explsined, a flag is sot so chwdelﬂmhpﬂt!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. 1 INITIALIZED THE SYSTEM VARIABLES.

2. lSETTl-ETYPE(FTﬁESE%!NTDlNlTlAL. TI-ETYPEG’T‘-ESESSIWMS

3. 1.4 THE . WTI'EPATBCT.A R RES DTATT"E
31O I SFLS, I € PAIS. T e rseouta T

4. 1 ‘ASKED THE USER THE WEIGHT OF THE ﬂﬂm “"ﬂf awmmc THNAT THE
HEIGIIT OF m ’RTIENT m 72.

5. 1 ASKED THE USER THE SEX G’ TlE PATIENT TﬂE USIR RESPWED '"MT T”E
SEX. OF -THE PATIENT WAS MALE. .. .

A T}NT UASATRIM-
’Lmscxsnnemw v;wmmnm |

7. 1 CETEM"ED THE REASON OF DIGITALIZATION. - TWE -RENSON OF DIGIVALIZATION
WAS ARMYTMIA.

8. 1 ASKED THE USER THE STATUS OF mmm.ts USE.  TNE USER mmn THAT
DIGITALES WAS MOT GIVEN. . e e s

3IGIOX§EIOLECTED THE TVPE T PREPARAT!CN. THE TY’E Of MSENY PlmeTIﬂl IMS

1€ 1 ORTERMINGD -THE - RENAL FUNCTIGN. - WEM ABCENT - RENAL -FUNGTION
lfm mo THAT THE RENAL FUNCTION WS m -

11,1 cHeCkeD SENSITIVITIES. THE msms ‘OF ntﬁwmn wm ﬁvxeom ARD
THE FACTOR.OF ALTERATION WAS 0.09. ) _—

12. 1 COMPUTED THE BODY-STORES GOAL. m m-smzs sqm. waS o 85.

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

16..1 STATUS. OF. QIG] TALIS USE mm. ns TATUS OF DIGITALIS:
“‘?F&gﬁ O QJG; T, ) ﬂ A
18, 1 GAVE mnm;
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3.8.2 Alternate Moduls

mnwrittmumMﬂmrmvthmMmmy%mem
totally foreign 1o the users of the system This mey be begught eboid by beagmatic
m&rutm;&tmbmmm;pmwm b!unu the
mihodsuudbyhmmmmtsdhbhfwmuhnﬂvb‘m Mv.rthis
utuaﬁoﬂoccurs,il mtcmumhmmmmwamm
Programming sione. To solve this problem, it is instructive 15 reflect on ths fchiiquss. use
wwmmmmmtm
Whmatuchorhtmtonﬂdnnmmtomws,hwmmmtrylo
drawmmdthtmwhdthstubﬂtcmmmﬁmm Mumph
s teacher tryin; to oxpldn the fundamentsl mﬂom e! d‘dﬂcﬂ potonﬂd, curnot, Iﬂd
tﬂMmmhMﬂt“dlwﬂrm'MWd mm de.th
ofvutcrlnmtmhm'cﬂbmﬂﬁi.ﬂhﬂwdwﬂtwﬂnwMb.
taken as current, and the notion of resistance is anslogous {0 the diawister ‘of the cutiet.
1nmmttmww,.wmmnmhmowhum«mm
condition of lpcﬂont wﬁ.ﬂm fromcomuﬂvo hurt tﬁuu h lmprm ummtm
many Mmmﬂ“ﬂdwﬂhhhﬁﬁf%ﬁmﬁmoih
condition of a patient.. For that reason, the routines that m the conditien of the patient

sre linked with an siternate model. The aiternate model describes in canned English text what
the routine is trying to accomplish. In addition, some of the steps-of the routine are linked to
the text descriptions that describe what they do. The resson for linking specific steps to the
siternate model is that that way, when events crested by the routine are described, oniy.
~ those parts of the siternste model linked to steps which actualy executed will be displayed.
A procedure to check weight gein in patients with congsstive heart fallure is shown below.
The parts of the alternate model are printed in itllb. :




(descr ibe-mathod [({check uﬂght-gam)]) S o L

TO CHECK THE WEIGHT GAIN I USE A %IGIITEO Slﬂ SCHEHE. TIMT IS, THE
CONDITION OF TNE PATIENT IS REFLECTED BY THE OF TNE MEASURE OF

e M e T
RIS TR, e e & g o, s,

1- l m MW"M Wm‘ o R L T

1.1 IF THE CURRENT VALUE OF THE MEIGHT OF THE PATIENT. %@g
THAN THE [DEAL MEIGHT OF THE PATIENT AND THE BAGE-LINE

WEIGHT OF THE PATIENT 18 GREATER THAN THE IDEAL WEIGHT OF THE PATIENT
THEN 1 DO THE FOLLOWING SUBSTEPS: oy

1.1.1 1 ADD ETUAL-IEIW-LESS—THM—IEEAL—&EIG‘T TD TI'E sm OF
THERAPEUTIC EFFECT.

1.1.2 | SE?“TFEWWWWT ‘Wﬁ‘ IN
OTHER WORDS, I NOTE TNAT TWERE NAS BEEN :-A'. SIGNIFICANT

-

1.2 OTEMISE, IF THE PREVIS VAL OF THE WEIGHT OF THE PATIENT IS
GREATER THAN THE HEIGHT OF THE PATIENT 9@’ D0 WE: FOLLOMING
SUBSTEPS: ' IR

1.2.1 1 ADO-ME1GHTA.O0BBAGE J0.THE. S1GNS:OF THERAPEUTIC EFFECT.

1.2.2 1 SET THE MEASURE OF THERAPEUTIC IMPROVEMENT T0 6. IN
OTHER WORDS, I NOTE THAT TRERE NAS BEEN A REASOMABLE IMPROVEMENT .

“1.3 cmms I TME mvmwwwwm PAHENT- 1S

LESS THAN THE MEIGHT OF THE PATIENT THEN | SET THE MEASURE OF

T THERAPELAYIC - 1PROVENENT: 10 - 216, = I "OWANt WORS; I NOPE THAT: TNE
CONRITION OF THE PATIENT HAS BECONE mumuv WORSE.

Goags past ot
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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




desirsble to remember sl the _mumm mede during mmm The WHILE

shtméouldboa‘o‘i.nral tommsmf_miwn m&th‘ sctions taken

during the loop. et s
mmm.mmmmmm«nmmwmwm They

- ieestEy o dive deniz el
.xﬂ«dmmmrmmtuwit«mummmmwmm
- LR PN

tmunymmwmmlmmmmmeMmrmM

B ey

Usually this fs o sufficient explanation, because the .cum tekan on each nor&ttén ae 50

B R TI R 3é%

‘.simaar th-t thoy enn bo mdnntood inwbrd by w«m s fow spocmc cases. The

3

ow 1 lntofprotor eould uhpt . m.r -mcqy wm m::&uo Wiﬁwh-:.t‘:mm, the

‘lnhrpubr eodd sm tho rowltc of tho qﬂ:-st mb ;;; l‘@i‘;ﬂ'lﬂd tho t;:;inftim

eondmmoc thohnp. mnmdhummmhs;hnwﬁmtﬁow

Utim this nthu. . ;mt desl of shn(c coud bntsmd;ﬁl:\éé:;rﬁt thet use nmnon
e Painmapas ] ‘

".xtmwy. y-t.dur uphmﬂon eouu cﬂlbo ;mn. o

&

PN v
S AL. b BB - JTE T



4.1 introduction

m-mmu-mm.mmmwaww W?‘nhntoﬂnprm
ofchmlmomvmwyammbammgwﬂ;;mddmm
onthoneomndttm. |

ﬁmth&it““r%MMMthaﬁmea
nmrdm&wmwmﬁnrouomamnwrﬁm”ws. A
"m«mymmummm“rmtmnﬁawmfmamntnumn

Ty

MMthme,mmwhmmmthm

o *’3‘;'"

moct:thooutcom Admbndty thmrmywhhbmﬂnm:ohmmtmmr

tobocomboﬂoroeqnmhdwiththomm mm.mmwtm

problems. Thunrmdnmmﬂmﬂnmdnmwmm

'thatmmtﬂhondﬁﬂumhnhmmmthﬂﬂdmm
are to that snewer.

Ideally, updeting would not require any data structures not normally crested by the
interpreter during exscution. It would not re-suscuts any steps not stfected by an update.
Finally, it would perform an updste in such & way thet it could sesily give the user & concise
explanation of the etfects of that update. | o

Thers sre many different ways to do updating. Each of them approximates 1o some
degree the ides! outlined sbovs, though none of them achieves it. The end of this chapter will
deteil & number of them with their advantages and Mmhaq homor, a brief overview
ofv-fbusopproochswmbogimm mCleummU*heMﬁ'mﬂdhn
spprosch{12] quwvﬂmhcbmomm,mrwwm‘mnw
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from the user, saves all other answers that the user-has given, then. re-initislizes_ itself .and
starts.the secsion aver from.the very beginving. The 4 sstem,does, ol inquire about snything
It hee aiready asked the user, sinca it has. stoned sl prayioys anewass aad since the questions
in MYCIN are gonarally sssumed.to be independantll e they, ars in.the OWL Digifelie
answers 1o pravious questions), bul it tekes. o.sonsidacsbie swouns: ot sompulation time. to
change en snswer. ' |

Ancther approsch might be called the smrm Meny . deductive mmn
have used this technique. 1 refer 1o it ss the Mh"w“mcmuy iden Is that
the aystem tinkathe fack:thet supperta conciusion 48 ket conshusin. The swpestalion is thet

whonafocthchmod.thocyshmwm,lnmtcmboabbtomltcconducm

accordingly without recomputing everything, thersiy saving computstion time. One potentiel
probbmwﬂhmtwowhkthﬂthmrhuduqdudhbwdlﬂmwmﬁb
tuuporhmhnuoﬂmwokﬁtmutusﬁégwtm

" The updating mechanism that thMﬂhMmhMﬂly nswport
approach. momwnamnmmbwuwmmgmb‘nm
 importantly, because it mekes it easier to produce.concies. sxplanations at the ypdate. The
goal is to recompute only affected steps. moxﬂmdbnhﬂmoay.mmtu

‘Mmmmnnnm

11. That is, nehmintbmbmwﬂundmmt,hwd,mmdm
answers must be changed.
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twhlstmmuﬁmmmhmz *“W'Mdhrth
systom hus praserited dosege néceinenddtions: during the ¥ < The:wser wants to
Vary & few parswters 6o whll- UNct Hiey Have of

ENTER: AN OML FOAM 70 BE CARMIED @F. -
se!twm-e'z! {status hyposmial)]

The user tndtcates to the mw e wishes 0o wahe: & now: hypothesis
about ﬂn stctn ef bymia.k N

YOU STATED THAT mmwwxmmm 1EYOU MM 0
CHANGE THAT ANSHER, PLEASE GIVE YOUR NEd RESPONDE SELOL.

a3 1@{'}; Rt A ﬁﬂ %aggy & Pamn ¥ i B

WHAT IS THE Enms o mm
™e mxmunes msx

TSR}
O L DA

*'E!TER SINGLE VALUE 'suiiws ‘suspucted Sl

Thc sysm rcuin« m mr or Mc Nim rum, m ulu Mn ror a
new one. The ussr indicates that he:
different than the ons hs geve wm the Mt mm

WHAT IS THE LEVEL OF PO2?

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

The user indicates that the patient 1s u#n mic. and the advisor
wmstc eorroct mg ﬂn mﬂtua. .

U A ”u r* e S f
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Since the changs In the status of hypoxemia has resulted in & change th: the
recommendations, the advisor prints the aem mg -apd mekes .a new
prucripﬂon

mnmsks USKD 70 MW uamnusx e
BODY STORE m ---> 8.371 MG

RERAINING TIFE TO REACH GOAL oo 43.8 HS
NALF LIFE omp - 417 HURS 1.8 OAYS
DAILY LOSS AT EDUILTBRIUN eam> 0.117 MG~
ABSORPTION FACTOR ==->8.75

Rccc" thct in CMptcr 2 m*’MMQM m’ m .00 my.

| 125+.uszsm 128

REPORT BADX AFTER ﬂ-t sm‘r k. S ‘
16 -y S
24 125 M6

40 '”-' ;m. :m R

| " ,m - .E: | SRR
ALTERNATE .25 ItG AND fzs "

i mmmm mx

lem By
,m WTED

nuo.' The user m




(descr ibe-update) ,
THE PRINCIPAL WESULTS OF THE lNATE WERE:

1. WHILE CHECKING SENSITIVITY DUE TO HYPOXEMIA, | ASKED THE USER THE STATUS
OF HYPOXEMIA. 1 MADE A DIFFERENT OECISTON: TNt SEEDRE DMECIPOATE. SIE
THE G.I?ENT VALUE OF THE STATUS OF Mﬁ mm mn ﬂ‘E
FOLLOMING: .

~ mmmmmwm wmmnmmz
u:va.osmzmsw.

1.2 SINE THE LEVEL OF P 1) i LB
FOLLOMING: ety

1.2.1 1 SET mrmmwmnmmsmmmm T00.67.
“(HEFORE me' mmmuﬁ o

1.2.2 ADDED. HMA J0 . BE
cumnous THE AND

12.31mmmwmm
DEGRADEABLE CONDITIONS BECATE MIPY ARDTC
AN POTENTIA. POTASSIUR LOSS OUE mmmxm.,

1.2.% | NOUED MYPONENIA TO THE mw mnm. THE EASGS
OF mwm HYPOXEMIA AND nm

Recall mmwzmz mngzs:mma tadicete uy
reductiun wan-mede; and which conditions can degrade or 'Mprm

2. 1 TWCE A DIFFERENT CECISION THAN SEFORE THE ~ ‘ Anﬁ,sm 55 OF

3. umuz COMPUTING e mm us Aumnm 1 SET THE mrm or- n.mnon

T0 SENSITIVITIES TO THE “PRODUCT OF THE FACTON'UF MEBOCSUON DUE 10

&nm AGE (1.89), THE FACTOR OF REDUCTION DUE TO HYPERCALCEMIA (1.09),

FACTOR OF FEDUCTION DUE TO HYPOKALEMIA (1.08), THE FACTOR OF REIUCTION

TO POTENTIAL POTASSHUN LOSS OUE 7O DILRETICS (1.00)y BAERACYON OF

T sgxm m ulp* ws?r’xw“mg mﬁvg;m%i? uw ®. T

TR YERATION | memm + IEPORE
mnm‘. -w Wm
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4. | SET THE FACTOR OF N.TERATICH . THE --PRODMBY - OF  THE. FACTOR OF
ALTERATION DUE TO SENSITIVITIES (8.45) Nﬂ THE QUOTIENT OF THE WEIGHT OF
THE PATIENT (72) AND 70.08. THE FACTM oF HJERATIW NAS SET TO 8.46.
(BEFURE UPDATING; THE VALUE MAS 8.69.) - - SR

5. -WMILE COMRUTI ” BO0Y- ‘ 10 THE
mrmméfc#uﬂmﬁeﬁ) M%l 5 N-BTORES GOAL

18.88). . THG. BODY-STORGS GOML LS. €T 0 6.37.... (BEFIRE, mwx; THE. YALUE

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

Now the user would like to change the value of serum p’otusyiuu}.’ (
<> Lihypothesize (quanta serum-potassive) )]
mts‘r@e& n«w é‘f\'{g& Yg; ss'g'm POTASSILA WA uas o IF ulsumm
| AT 1S THE LEVEL OF SERUN POTASSIUN?
ENTER WICAL VALlE anwe> 4 2
UPDATE COMPLETED. |
It appurs thct mthin was cmm by. ndntc : Tln rouon

{describe~-update)

THE PRIM'I!PAL FESLI.TS OF THE \PDATE IBE:

1. WHILE GECK"G SENSIT]VITY OUE 10 POTASSIUM, | ASKED THE USER THE LEVEL

OF SERM POTASEIN. . THE USER, REEPONDED. THAT. THE  AEYEL, .OF SERN POTASSILN

2. 1 MADE THE SAME DECISION 'AS BEFORE YHE UPDATE. SINCE ‘THE'LEVEL ‘OF SERUM
POTASSIUM (4,28, FORMERLY 4) WAS NOT LESS THAN 3.78, 1 DID THE FOLLOWING:

2,11 SETMFACTM(FWTINMTOWMMTOI“.A (THIS
 VALUE ‘HAS NOT CHANGEDBY THE: UPDATE:) « . -




”®
nmmummmm

mmmnwmwshmummmmnm
exscutes in perforsing sn updats. It finds thioes porfions of WL ethads Which are. divectly
or lndmﬂy mwmmmmmm mm onlyam
stope are affacted, It in-rulelivaly sasy. to pradhies consioe. sxplonsbions. of 1be, affects, of the
pdate. This voction oulines sems of the fctors that must b bk A aepaset I dovigning

First, wwm statcmrutmtm meumdumm nthr.
end the following discussion clearer. |

mos;uanmmmmmmnmdum mum"
bntwunmiommhuhunmdm mmummmmm
fomtmmathWMMﬁﬁwmﬂmw
mthtws:&m“ﬂawwmmmﬂﬂmwhmwthﬂcw This
rutrktlon may be justified on medical grounds. It seems Hhaly that o.ductor would use o

idutofmthodstodnlwithﬂuprobhmdachmmtouquatmmam
,\mmmmmm«ym.mwmmmm.m
before the update. mw.m
'_ " Anoummtmimcstmommcmmmmmmmtmm
pass argumonts. In the conhxto“ho w&mm&wmam&mm
tnmwmmmmmmnmwmmmm
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theough semanticelly mesningful giobel verisbiss.: It:ie:linely: mwm systoms
will need to bu'abie’ 10 pées parameters, hence more: resemrch wilkbe réquiredto. rescive the
problem of passing arguments. | :

I MmrM%Mmmmdimmwmth
examined. For example, if we oxm » vwllbh used es & marmwmm
is executed, its vaiud may Be'undétarmined. - Whi-the Nop-1s being omscuted; thi-vels of the
Veristié wil dipend on the-number oF Completed:iter stions: Thusy the Folationhip Betwoen
time ind vei o very inportent-or 4 torrect-upduting Mrablgy. o

In the owu.u.nuh Advisor, Mommmwum which eftect valuwe.
The first type is calied real-workd Hime. It refers to the time that o fact became trus or wes
Observed in the resl world. For Imtm.nnmmwdnpﬂw?: potwmy
have mmmuumww 1976 .Mmim “Phe’ Setori type s
comiputation e, ﬂnmummmunf% Mt&w-m e
rosult ‘wither of & Ussr's enewer 1o ¥ quwstion, oF of ‘& calcidition. T6' tonfiviulr the’ Bxample,
the Digitelis Advisor ey heve bieh fforied of the DEtiEnt's: sbrtiné saiciom Tovel st 5100 i
on the day it was obeerved. The third type of time is colled jindéiiierice Nitearder. It vetirs
o the refetionshipe butween the vehues of ‘a virishle and'the: dventi thet sssert the values.
‘Informatly, it exresses the riotion that ‘some slbpe mist be WIS DIfore Vthers may. be
 performed. ‘In the 1o exemple sbove, the counler-tekes o Wanyveilse: Each of these
order stresses the reletionel quality of time rather than the notion of time ss s point’ aw s
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order is. madelied by the cemputation time. If updebing is aliowed, the computetion time of one
‘avent may proceds the canputetion.tise of anslher, yot thain-arasedence tima-arder. mey be
reversed. When updating is sliowed, the vaius of & verisbie depands splely on precadence
‘ time-order. uw.m.mummwu‘mmmmmm.-
w«rwwmmwwmmmmm In & serisl machine, the
w.uamtmmhnm.uwmmmmmumm
8 serial machine, the: peacadance: time-order. is. o total ordesieg. while-the- dependancy ""’""‘
ia-only o partial endering. e ,
WMW“MMWWMMJW
without requiring the progremmer.to. suplicitly. imiicaly Abe depesdencias. - The: system can
discover a precedence ﬂmuﬂmﬁ&h«mhm;&amm the
dependencies, end, therstere, e & beels for updating.

"\mmmmwm

m.xmmmmxmmmmmmm«mwm
Wlummmwmm»w wmeud mmmma
veriables, and 20 forth. These:dals sre nat neadad for noxmal igterprative .o
wmmmmmm MNAMQMAM
deta drmtwn“mkm v
mthvdudmv-ﬁﬁbhwénMammmm&M |
v.mmamumumammumm«mm
 varisble s linked.10.the varishle, This. lisk it celed. & Amelian-auaiwstion-sse of the verisble.
«MM&M&QM##MMM&W*&&MMMVM“
mmmummmmnm asluste

the vacisbles.of




,.13

some previously computed step so that all the varisbles (exceisti thues chenged by the Lpdate)
will wduato to the velues they hed when tho step was orlgimlly oxocutod. Thh foaturo is
#is0 used by the routines that describe events. It is meuury 1o creste » dats structure
which will modet: th&rm mmm&- valuse: of-a varisble at
varieus times, and M'uluu of other varisbies.:The QWL Dightelis Adwisor . uses . an
environment ligt to accomplish this, The envirormenl-iet iessimilir 40 -the -sssopietion list used
inm WM of LISP for- MMM»WW st is mvor
2popped™: . As new: assertions are made, they afé placsd:st:the feant of the savirorment fist.

Each sssertion eontdm both the variable and its value (ﬂlw a dothd pair in LISP). To tind the _ '

curr-t vnhb o(f some Mwmly n Mh Mﬂvﬂ we find the first

nuruonhwol\dn M vcrl&h. Mwlm MM&# Msﬂr&m i&“\o curront '

value of the variable. 1f we wlch to ﬂnd the vnluo of (] variublo bofon th- oxocutlon of some
ovont.mﬂndlhotm munmmummnm Mﬂ tho event,
and utort our uarch for the first uurtion irwolvin' tho variil;;o fyrom thmv. M lhlt the
' procodlneo time-order reletioriships between mmom ore tntrimk: to tho structure -of the
onviromnt list itself. It is pouibb to maintain this stmcturo duriu Iﬂ undth by oditing it.
When a step is re-executed, sny sssertions resulting from the WMMN of the step
are deleted from the environment list, while those resulting from the re-execution are inssrted
lnplmofthoori(lmh. mmmsmammmmtmmmtmmmw

in more detsil below.



74

&4 Updating: the Algerithm

E T

© This cection: provides o deecription of-how the: upsisting ssachanius worke. - After the
wivisor hes: presenied: iti ressmmsndelions, the wer way indisatects the syslem that .he
_ For the purposes-of-ilustration, supposs: thet the varieliib @ in the: pragram’? tisted .in
Figure:-4:1- hos been changed from:0:40 2 The upihiing sigoeithes weuld then proceed.jo tie
1. First, the system crestes. an updeievevant ' Alter: the-updete is-conpleted, the -

Mﬂ“%hdhﬂ“%nﬂua“hm
variable Sk - wan ' dhanged: wﬁhm Tooul Ul sne i aied::in: aviidag

ZTMwﬂmfh&dm”dMVﬂnﬂnthWth
MhmMaNMabmmm

R R 2; S - SRR ¥ ‘;‘giggjm e i
Ha<1thm” » Bis g
5 '.‘ lf e S ! St :""‘ﬁ" AP I
c =B
¢ e wdY

| 4.1 The Proqru lo 2 Tho Mto Ll:t

3. The system fircie that point in the MMM to
start of the original enecution of the first event on the updale-list. When finding
valuss, the system will start exemining the envirsrsent-list from this point so

12. For clarity, this program is listed in pedagogic m rather then OWL 1.

13. mmmmammm;mmmmpumnwm
mmmwnmmmmmmmmmma



moditied by prior updetes X (Figuss 4.3)  To find the corract: peint, the.system
goes down: the: enviesiiment el drem-its:hand wilili it-ounescie the first. sasertion
that prmduthomntbonupddodhpmdm

b =2 <= onvlromont Ilot pointer
a=0

ceh .

de= 10

ok N

&3 The. Eevwmt;gl.h_t

4, As the system re-executes the step, it places mfﬁom made by the stcp
on a temporary-environment-iist. To find the
'.xmmwﬂwmwummam

(Figure 4.4), mmmmmwmmmm«m«.
by ‘the origitisl ekesutitn ol the-slep-and dhe.ovank-erasind:hy semeacuting the
‘step. Bychcﬂu!ﬂﬂicﬂdulthmbtdm«mtmmnlhu

: Mm ’ AT S sedemand ereqsn Fer
b = 2 <--gnvironment |ist pointer a=2
a=@0 ) bel
c=5
d=10

Environment List

) '* ' !mmmkmt List
MY Y

4 4 Thn ﬁmimt Liﬂ and !mu Mmt Lht

8. After the step has boon -cxocutod, tho aymmmm verisbles
mnchqubythupddo that step. There ars ssveral ways that a variable
‘may be- gvew & hew ‘dilie. A:inaw desietin : DibyTIiD: gt tring the re-
L p that! i GFEM Fron thi dasertion:OF eny)Bade during the
. ot mmwmmmmwxwmm.n
© sesvtion Mi‘wﬁﬁ'hﬂﬁm% UFiFg i iigitialmiecution of the

step. If the value of o vambb k mmw&h events which
‘used M%m&m

svent hlmmudlnhsup«brtomMMGtmithbwoMk
removed (Figure 4.5).

6. The assertions on the temporary-environment-tist sre merged into the
environmentslist (Figues A6). - The anvirossibebdis! and : pmerits
list sre kept separate until this step to facilitste the comperisons in stop 5.

14. On the first iteration of the sigorithm, the first event in the list will be either a step which

26N

will directly ask the user for the new vaiue of the varisble or aeondlﬂondstptmnlwhich

will couss the syistem 1o resash the oeer in mmmwan




7. The wivie pnuu s rapested; starting ot 3; with the-nmd - avent- mmm
Het. MWMM mmuwu

di=Cc &by u-z
‘ RN I T
b=l
c® 85 ¢um- pclntoau
d=10

4.5 The New Update List © &8 TheNen Brvivenment List

' 4.4.3"""”“ ogre

mmmnmmmwmmwmam Those
fmtmmmmumwammmummm
Mmh below. . o . FrEeE 0 570 el o

(DEFUN UPDATE (VARIABLE-TO-BE-CHANGED)
(PROG (CHANGED-VARIABLES EVENT-SIMM)
HOETE MWIPOA B 189w NIL)
(CREATE-UPDATE-EVENT)
(SETQ OBED- VR ABKES  (LIST MARTABLE-T0-HE~CHANGED) )
A (INSERT-EVENTS mmmnm—evmﬂw aﬁm—vmmn.
(COND (({NULL sUPDATE-LI1STx)
- (SETQ mxmusr-mm MU
ﬁm ’MM» Ca -
- (SEVR smr&lmm mn mmwm;
- ASETQR: wUPOATEL 18 Tm: m m\&mu

WORMIIY v e e o e e

SUPDATE-LIST i6 .giobet et that s the et of evonts thet:med 1o e wpdeted.

15, Prior 1o the re-execution of the step sssociated with the next-event on the uptiate list.
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sENVIRONMENT-LIST-POINTER® is 2 global painhr into the environmen® Het: Tf it'is hot null,
the evalustion routines use it in determining where to start looking for velues. If it is null, the

wdunﬂoﬂ routines t@d from the hud of lhn omh)ml,nﬁ M

R L I IR TR

durin(thoupddo um,ummmmm'
update. \ .

EXAMINE-FUNCTION-EVALUATION-USE is tunction that acoepts @ list of varisbles s input, It
returns o list of svents which are the events that used the veriables in

events are found by nMwmm K9 tho vulerents lists of
the varisbles. ‘ ‘

mmh-mmmmmwmuuummm
sUPDATE-LISTs, Thommmmpd _ M(ntmthowdoroftho
m’v&xmw ’ md.’ oy sor etk e it

ﬂtafw anpomr lfnawodbbimhdmdnﬁnn
stop 1 3 .wrw%Wmmu
nonmrtodmmmm In addition, if the event is & subevent of an event aiready on
the sUPDATE-LISTe M6 hit inkeited Convarsily, B 1 ovisilt AiSenladied i saperior torah -
mw.mwmwre—usnmmumumwmmrm :

st ik n Lt

sn—awmmm is ‘o tunction witch . sets: the VNVAIRONMENT -LIST-FOINTER:
tothfint%mhMMMMhsmmmh
procedaril tmi order. - ot el ey U cE g readen T

FlhD-CALL-Fm-EVENT ﬂm tho call MM with L mnt

RE-EXECUTE-STEP causes the OWL intorprotor to ro-oxgcuto s particular step.

COMPARE-ENVIRGNMVENT-LISTS mape dovn -the e it 1he
.mmmwmmmw durvigotte reibmacition of the
) ".p ' spvs N et Hal T oTs a el |

MERGE-ENVIRONMENT-LISTS eplices the ‘environinsnt-iat ‘ané Semporary“savironment list
together. The temporary environment-list is re-set to nil. _
R G vegma e OV Ll e e



AS The M&ty-Grmy

Tmucﬁonm:bummd.wmmdmmmmwmmm‘
section sre actuslly implemented mmmmapmmﬁmmm

4»!..1 m WTW

lnthoncthn m.amummm-mmmmmmm
ascending precedence time-order. Awndcdohmﬁdthdmmmm
m-mm am Mmtmmmbmmmum mwﬁm
mmmmmmmmamm mwm

mua.m»mmmifﬂ';’f %ol e sven ~

" The sigorithm for determining precedence time-order during updates makes o fow
sssumptions. Assuma that rsther avant haboun updled, I aithae wvank b troady been
upddod.itismtmmwyblmﬂulnthwm WMMWM
is @ subsvent of the other. uum.muyunmmmmummm

2

update list. The mmm works in the following way:

wmboeompnd. MMANB.

zxfoiihoerrBhumupddnm&onitnmhnmw,ﬂnnpludbytho

3. N-xt,thwmhimdﬂdthoA“lmm thcyan
the same (is. if A end B are both immediste subsvents of the seme svent), the
computation times of the events sre compared. ' The one with the esrlier
W«mnmm-mnmmm
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2 e e s e ooyl Sl . »

Thie. igoritive. works. by, geing up. the subsvant siructur, fram eagh.qf the twq evants being

comparad until it fiads twe. avepls. that ara imerisia, subsvasty,gf the same event. After the

originalevents are.fqund®®, & comperison may he.mede-on the bagis ot computation time, since

all the effects of updates have been removed, Eaclier meMﬂmww\ghﬂ

occurred; the compulation tme may. be.used s » mgel fee Progagencs timg-order, By going

back lo the original svents, the vpdales ace. aspentially. ‘ramyed’y and. . we, can use their
computation times to determine the precedence umggmr

e

In porformh( an updtio, it h noeuury to b. Qﬁ tn % m)ﬁmﬂm into the
erviranment ik Altheugh the.echus, apicion.Js ooy npugh, e, proes 8.of tinding the points
whare the splice shouid start!’ and siop is # littie more involved. ‘I the w”.nl“‘bmu’upd-t-d

s just an mthm ity aw ‘1o find the.start 0 step poighss e, Aseeriian is found in the
 environment fist and removed. mnnonmmt&%éb{mupaummd@mu
assertions, conditional loxprmiom. and so forth. To find where the splice should start, the
systom finde the last sssertion made befors the start of the event being updated. The last
assertion is found by examining the subsvents of the svents immedistely 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 updated. If no assertions were mads, then the stopping point is just the

same as the starting point since no sssertions need to be removed from the environment list.

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

7. The starting point of the cplluhdsothpdnt(u!modhhs! 3 of the algorithm,
qo?d)atM!hhMbthwMovmmm.t environment list.



4.5.3 A Proof of

correct resulti. Our proof wilt B by InduciSr. Wi Wil s thetH cortiin conditiens:wre

trus before the re-iecuion of éowe OWL T progre s, TN goriin siatres: thet ey wit
mutn trus sfter thé mpm Bewn re-exectted. | ‘
:  thal wwm:mmw 1o-y. w-'
owing‘stetements we trib S ol o VS w T efter ‘sny

B Pt s v ;55;‘,,‘,“”._’_‘ a Fa¥t 4 43,{,5

1. Thomxtwmtfwﬁchmathomuhdhdmwdﬂbmmt
ZWWMoMMMMMMQMdM“wM

‘;fobhin wrod rmm hup drudy mm

4. The update list containe, in pfoudlm
" Known pride ‘16°thd reiii _;wmum i pdate et -
w QN “ “'*!zv 'z‘ % M %ﬁmhww

R T AL
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Basis:

First, 'we -need a basis for our induction. Suppose thet steps 1, 2,:and:3.0of the update
-olgorithm have sech besn exstuted sxactly orce.: Lamma:A:tbelow) states that E will be on
the function-evaiustion-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 o! stop 3 assures

that nsumpﬂon 2 hokk Sineo thn um mnt to bo ro-cxocuhd mutt dopond on A. thoro can

pe )

be no svents prlor lo E in procodu'd ﬂm-ord.r MM &M& nm Thus,
sssumption 3 is.trus.” Sincs no events have besn seexsculed, anly. these: events depending
on A are known to need updating, thus assumption 4 is correct.

-Now-thet:-we have a hasis,we supposs. thetAbe mmmwwn«m of the

Ciaimh: - : P cl R L I S

Thoro-cxocutionof&'wmpwdnmoxnﬂythommlhuitwoddhml“l
were originaily set to y. e g e o

There are only two ways this claim my be folu

1. If vnrhbhcmodduﬂﬂ;thu n-.xocutbnofEbdut bdm E wvaluste
incorrectly then the claim is falss. However, assumption 2 contradicts this
statement.
2. If variables ut \vithin E ovnluato mcorroctly duﬂng the oxocutbn of E. This
cannat happen:becouss- the: updaling sigerither upes 2-dempecery tlist
which contsins il those sssertions made during the re-execution o E. When
- ovelusting.: verisbles during - the: rerexscution: of. €y-the- m;m.‘tm.
tomponry-onviromnt-lm bofon nxammin( tho omiromnnt lm

Feal

18. See the description of the sigorithm sbove for s more complete explanstion of the
temporary-environment-ist.




After ro-c_iocuﬁon, and the removel of £ from the update list, the essertions on the
temporary-savironment-list are compared. with M'«ﬁw Ahe emviconment. list
corresponding. to tb«:‘rmﬂ smmwmm Avarisble

1. ltmybomhmdlmﬂvdmﬂmnwwm

‘,znmumwumnmammmummux |
during the originel swecullon- -

3. It mey nok:bé: set during the re-axwcution, eithingh it was.est betore. -

In oil cases, the events meking use of varisbles whose values have changed are inserted in
prmd-mtm-oréorlntoihcupdaoust MM‘“MW.M%
“function-evaluation=use ‘Hriks: sssticialed with the: Wm Ammmis-A (below) shows
that sl events which mﬁ»ﬁm a»»-ihj M*d o dhalge W@M—-ﬁ m‘n
the function-svalustion-use list of thet varisble. An event is not inserted if:

é.mmuwme,mm:tm. (Not necessery by assumption
)

It an Qyont being mmdln is ;upodor hm mnt drudy on th. Ilct, thonubovont is

Since mumption 4 wes truo before E wes ro-oneuhd -nd dl wonts -nociatod with
varilbhi WW t‘*mw&o mmmmﬂmwi& MUmption
1 ulw remaing: vilid‘m mm 4 h tmu. ﬂ m mwwmwcm
changed by E were imﬂodin pm:odlm timo-'ordu Mbna hvﬂdﬂm it thoro
~ were any events between £ snd £ (the event at the head of the updete fist after the re-



sxecution of £) which required updsting, these mmmmmw into -the
update list. c AT, -

Al that romaine, thon, s 1o show thal semsmpion 2 remens. vaid Racal from the
section on editing environment: lists: thet - hmmmm is set to the first
assertion in the environment list that is earlieor in proudom tlmo-ordor thm e it
usmzmnmmh{vdm“m&ww“th
. environment lm botmn th- polnts eorrubondu to tﬁ shrfc’af) E and E’ i-bwmr. since

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

Claim 2:
If the OWL program being updsted terminetes under ol ﬂons, then the
update aiso terminates. That is, the update mecheniem will not introduce any
‘andless loops into a program thet “mtmm
This claim is true, since steps corresponding to events from the update list are executed in
sscending procedursl time-order, and there sre only s finite number of steps that may be
updated.

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

Lemma A:

Whenever an event @ must be re-executed due to a chenge in the value of a
varisble, either @ or an event superior to # will found on the function-svaluation-
use links of that variable.




)

Whenever @ stap uses- o varisble either in en sssignment; s computetion; ov & predicale, thet
step is linked 1o the varisble by the function-svsiustion-use ink. Suppose that there is some
Stop which must be re-enveuted dus-to s chungh:ii the-veius of sveriable:then dither:

1. The M wes ehseuted bitory the upthite; st thist itiwastbe-on the function=. -~
ov:luntion—m Ilnk.

' zmdopwumtomm.dbdm Thonvtcanontybomcuhdifnsuporbr
mmmammmmwumwmmm

T X
2
&
) £ .
Shg
Ak
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In eomparin; tho vaﬂous mothods of upddlm it h dmkdi to lmlyzo ‘them
quonmuﬂvoly deWmhmmeuﬂndﬂodthlmwbdnbm
and the lntordopondondn among stm of the mm m.m it s pouibh to state
eorhin gmnl chanctomﬁcs of uch -pproach lnd Mem which oms woud bo most :uihd
tovmou.tymof.ppnc-tm | R
"~ In the introduction to this chaphr, two brosd typu of updating wers ust.d-tt-
recomputation mothod ond the support" nppféoch. Elch approach tm a nutﬁhor of
‘lntoruﬂn. varlatlom. )
| Th. mt prlmiﬂvc vuy to do roeompmatbn h glm ln th. introducﬂon. to chln;o tho
value of a varhblo, tho syttom stnrts ovor from tho vory boglmin; nnd ucompu'n
‘ovorythin(. Slnco this mthod ﬂwovs avny all th. rnultc of th. mslorn (ixcopt pouibly tho
uun am\urs to quutiom). l| hu th. ndvantm thai r\o doh structuru md to b. kopt
'.rm to indiato mtormdiuh states of the mlm- mu. \vhm tho interprater I running
normdly. thoro is no lddﬂoml eﬂtt luocilhd \vﬂh havim " updah capability A mgniﬁcant
dtndv.nhgc of this nppronch k that it is very mm to wito an oxplamﬂon roufim Io
ducrlbo the chan(u ruumng fm thc chom of s varilbh vuluo, cbm tho rnuits prior to
the wdatomthrownnwnybofonthupdatom mmmum.nm |
tntiro mﬂon must bo rocownod, whlch means thlt mny uhhmts which are umﬁoctod
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 iro don- infrmntly, whon tho
-purpooo ol tho updoto is primfily to eomct -n lnsw rathor unn mdorshnd tho bohavior
of tho pro;rlm if a plnmhr h vwhﬁ.or whonth.nhmﬁ!wrm lvllhbh to roeordtho

»".".\ Jan AT g v 5
extra dlh structurn roqukod by other mM :




There is slec & less primitivesveesprtation: septuhelsi i 2k /rd - willing 10u: vse. seime
nwmmum».matumdvmmmmmmprm

e Fuoosbne 0 cbsdtan aporey ot g o3
mmanmwmmmewwamum
B TH e EIR S TR e N B T R TRES T S R
mtomd mﬁd”hh”hh“ﬁmhmvn-

SrERME e e R cemt e senly gdenn selaisbeorehasiel e s

‘wfrmtwm mmwwmmmdttbmtof

H PR T B L 3 pees 48 ""“‘ﬁﬁ*‘ﬁ ks .'\"y: #Qi"“*m 4«5) PRy

mmmwummm MMthM

maipoiigas to eyt guade 0

mtoocm.ymwmmmmmnmmhmm

e wh ot velgerdy B o) epfahoved w® o
th. mcnuodeuthswm dwm ho.
: ofis e i "

goiize i

ynmwtco#-meudhm'hthw;nmom

: : R g;g‘;,;;“;;; R ng; ol v e @,ﬂ?‘é“@{? Sgusy & oA
occurs. mmmhw ‘ " fhy h‘mrm,or Mmy
Lopfr e Wi ey Lo - n# PR el m ) _,,% W§§ s L oy

ummmmwmmm hm{lﬂmmm:m
BRI S oridgean wet? b il Ud yBwWe simm podlerm ot samif giilouevs
for the du!.n ot M qm Muns m The sdvanteges
e St w8 : 2ty %{‘ﬁn - ?ﬁﬁ i @,ﬁﬁh‘ﬁ fﬂv"b wg m ﬁM e

0"? 3’“*’5&!’?*‘« sa FEELS

_of tmmmmmmwwu*muumm

E Y T ":A”,i,, i yj’i‘ n. '1,; ‘m m? *é} mig ”ﬁmul” ’(§'5:Eihﬁ¥ D,
‘Mkmmm hMMthm
e T I T g msended Ay Bedeligans daon Hroitibhs 4 s

I

eWm%uMMhm 7 _
ey Lw @ b SET R N NI i
mgvo the mtn uud in tho O\l
G day Feait s oo el ment gaitiaen segaeds et o
-Di;ltdh mm‘mmwmmammm”m
; ottt amged lsuan et evnind e ewont! ew slanay e
mmwwmumm} Thlsnychmunsautof
~ crsrsiete gram el Do dnde belvamogsy od lewe noscs wtne
nhstommdedrm ltmuuun-u!mmhm-snmﬂm
A e s s e wy gk v sldetwy 2l 15 sl @l 8 egnety ol vg
lfthodmnltbmt mnmmmmmm
: e ST TP e ;s T»:&W 5 By T ¥ 5,"9“? chge R T
pwnntmlnthodfeuﬂ HM Mhdkmm -andth-
A EERE S SCRENT IS VIR WE ST 198D i %{;:mw g siabge et o oo
Mm m EL, ﬂh m Advisor, M sveld m mlnoctod
%‘_-‘.v Lt /'}&sw“ g—{@&e, 21 \.4 ﬂ'i% m%{évb{ 1‘;:3 gﬁ‘%( ;N ’iﬁ Mﬂt‘ﬁﬁ !(N E‘-“ .
d-mmmn.mm ﬂm%bhmwmmdto
ritae sedio w8 beviopet apvwtoiie o luy el

deduce them. MMmMmWMMMMM.mw

RN
*




87

other deductions. All information given by the user is linked to a special node calied GIVEN.
When the user wishes 1o change an assertion be hes made, the system brasks the link
‘betwesn the ald mrtlgnmdtho GIVEN node. Then the. system_ trm over. ol links, sﬁrtlm
from the GIVEN node, marking the assertions that are still vﬂd“ Thou mtiom that are
not marked sre removed from the dats base. Those futs thet remsin sre guaranteed to bn. .
" valid. The facts that have been removed are saved in » wpecial area. Those facts that are
considered valid sre ssid to be in, while those thet have been removed are said to be out.

In compnrin. ‘Staliman and Sussman’s approach to tho spproach used in the OWL
Digitalis Advisor, it should be pointed out. that EL if o ,

<hgiad. system, while the Digitalis
Advisor is a proeodurll system. This difference in basic mtom design is reflected in the

updating strategies esch system uses. Thorg sre, however, some interesting comparisons to
'be made between the two. |

" After the fact gerbags coftector has been rily, EL ia“fres to use- a valid sswertion in
mede. 1t is riot possible fo do this in the OWL Digitalls Advisor -< and H Is-possible to-imegine
'8 fow situations (described’ below) in which somestalemerity: which were not affected by
change would be unnecessarily ncomput-d" Howevir, the m&wn can ‘use asssertions
independently of the order in which'they ‘were computed is that it meles the: sssumption thet
the order of computation does not matter. Afthough this ‘sesom
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 gosl in the Digitalis Advisor is

n mey be: validfor rule-

* 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 10 the mark phase used by the LISP garbage

coliector. For that resson, Staliman end Sussmen refer to thh routine as the fect garbage
coliector.

20. No such situations have, to my knowledge, ever come up in the Digitalis Advisor.
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A;dnwppoutha( th.fmttimmhuabnwuomtmmbem\mmn,ndm
now a varisble-hes mwbtmnim the m the sight:branch will be.executed.
Aso: suppese that the: fmmcpmut X .is.unatfecied. by. the w varisble. As the
systom exscutes the right be the value of X compuled during the. first:execution will be
‘unavellable o it, since it was: computed: later in precedence mwwumacw
- axecution of this fragment, uwlcgwursx will have: 19 be. unnecessarily re-sxeculed.
What. should be dene about this? Mlthpgmdmatohmmmtof
mechanism. snalogous. 10, the fast garbage collector. of EL thel would. g0 theaugh the.code. of
the program. mmuwmmm have.changed? | esl.tha anewer is "probably not”.
First, the siwmdscribodgbpv..m relstively rare. They. have never ocsurred.in the
 Digitalis. Advisor?l.. Second, the ypdating. mechanism would, hews t0.be mors. complicated, so
that the hoped for geins in wimm not materialize. 1t is My better {0 allow & small
‘amount of “unnecessary” recomputation to take place than go to great lengths to eliminate it.

2L, In fack it it is true; thel. COMPU x&th-mvm, digss. of the
-poth.Sahon,. then-these are juet.exemple: Rengramming aciction. In bath cases, the call
to COMPUTE X could be ® mmmmgm . axtea coll. . If
that were done, no ‘tmcuury rooonputdbnwddram. .




90
4.7 Current Performance and Possible hpﬂwm:

Although no formal anelysis of the updating olioﬁthm has been attomphd.-ﬂ is possible
to dncrlbo Qualitatively some of the porformm wmm In progrm which have
mmy interdependencies between steps, the' Mdh Advhor‘s updsting scheme is often
slower thﬂnr.oomlllbﬂwoach. mmugnommt that when a variable

‘emos in a highly snmwmmmmﬁntun-meum. The process of
h\“rtim om'cinthoupddnuﬂ,ﬂndlmspﬂam-\dwfoﬁhddslmm
overheed to the interpreter. Even though fewer shpo ore nmd. the fact that eech one
takes longer results ln slower computations. Fortunetely, the Digitelis Advisor is relstively

Another potentisl problem with the updeting schwine inveoives the ‘environment  list.

“There is s denger thet as programs Become ‘mers compies, the process of oveluating’ s
“varisble ‘will take an litelerably-long Hims & the eavirewint Nt becomes lengthy®2. To
improve performance, thl ‘interpreter could uee the first gostion’of the referente:Net of o

mlﬁh a5 o velus coft for thet variible'’s mmmﬂmmmmm in

"updatsble™ mode). Duting normal exscution of the intérpreter, the vilue cell would be
eiamined {0 ‘evaluste the verisble, sithough the ewirorment: liet Would still- be- maimtained: to
But the value cefls of changad verisbles would be ‘dltered 16 TRibct: their ew- vakies. This
spproach improves the' épesd of evsluition without ‘slifiindling “the sdvarteges’: o en

~2zmmmhumhu-mtmmnhﬁﬂ«mmam use
shellowsd 4 rovt ‘Digitalie: Alivisor, : w«uwmm Wlﬂ
* oxtlusiVely: is only - mvmw&wmm BEY




, 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 contains the step to state “WHILE COMPUTING THE FACTOR OF ALTERATION: .. Slep
4 ls ot prefaced since it comes from the same method.

4.9 Procedures, Rules e Updeting

trappid i those procedures: it cannet be talien out #5it-ak:u tims-ant wetd in: now: situstions.

procedoralists: Faspond thet 1t is dficull 10 Insoses’ sy viruitars e Nule-weeed: ey shom;-90
‘say, theré s no notion of bisig sbleto apply: knowléilge Within:
Recently, Davie hos used the notion of ifFiligies-1e Hipbes: somb’ structure on sile-

the qﬁg..?ks! is o sttictured i&%ﬁ.ﬁ% .t.w..i! to

However, ts!.!:vgo uolo.i&.zl %i%iggi .

, ;5 ....o! Digialie Advibor overcomes sbme il the Wl Nne fw!% et ayorom,

" while retsining the sdventages of its structurs.




A very desirable capnhmty for_any oxmt yrohhp m system is tho lbilny to
explain its reasoning processes. User: mptm hmn aslly obtained if ‘thn,, Auser _can
assure. himeelf . thet the program maekes.reasonsble .deguctions. which mult _in_reesonsble
-eonclusions.  An explianstion festure. may: be. a.valusbie pedegogicel tool. Finally, it can be
very useful in debugging the problem salving system iteslf. . «

" The OWL. Digitalis Advisor. can explaiy in English, the. procedures it uses and the. actions
they teke. It can also explein how its verisbles.ane ssl: and used. In addition, the Advisor
allows the user: to- chenge .answers - be - has given {0.-delermine -the effect on the
recommendalions producad by the system. The Advieor 4on produce & conclag: explanstion of
the changes. introdiced by e cheage in-an answee; The: expienations are producad directly

- from the code it sxecutes. The Advisor is struciured in & manner that: stlempls h model .the
* understending a cardiclegist 'wauld have of digitelis. tharapy. . The: system is .00t dasigned to
‘replace physicians, rether, it is designed 10 assist - tham in pressribing digitelis. -

5.1 Further Research

There are s number of mtomtin( issues mvoMm oxplomﬁon thot rmain wnolvod.
The Mmgitdkmcmuoxtomdm.nmrdww& | 4 -

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