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A PRELIMINARY STUDY IN COMPUTER-AIDED LEGAL ANALYSIS*

Abstract

Thig paper describes the prototype for a computer system that can
perxform a gimple kind of legal analysis. The system user, who is presumed
to be a lawyer, describes to the system a hypothetical set of facts. The
system determines the extent to which these facts fall within certain
legal doctrines (by syllogism), or near to these doctrines (by analogy).
During this process, the system may ask the user for additional facts. The
system then tells the user of its determinations and of the logic
behind its conclusions, supporting these conclusione with reference to
Judicial decisions and other legal autbewdty: The prototype system com-
municates with the user in a computer language (called Preliminary Study
Language) designed to be translatable into and out of English by natural-
language processing techniques, based on case grmr, that are currently
being develgped-in.othar reeea®gh. ... = -+ ety o RS PR

Ag the bagis for this anslysis, stxyctuxal maehine:models are byilt
to represent legally-relevant human act:l.vity and doctrines of law. The
primitive components. in- shees :Shrustuxes Eeapresent simple things and.
relations (like pexrsons, firearms, hitting, near, etc.) in the averyday

world of human affaims. These khings:and:¥elations swe qlassified .
luerarchicany into categories. They are assembled into facts compriaing
two things and.she. nelstion hetween: themy. FcKS: 48-$urps axe:aseenblad:
into more conplicatad structures.called situations, which are .represented
in texms of :GeMpONeBt SAMMARES. OF: iR SOFTEN.OL-Alhernstive types, or-bath.
These situational structures are used to represent the hypothetical facts
being anaiysed. as well.asigheufackusk aeptens.of legsl dogtrines.  .Fhe .
factual situations of specific cases provide examples and counter—exaupl'es
that behave as alternative types of the situational compepests.cof mere:.
general legal doctrine. The prototype system contains repres.ntations for
doctrine involving-civil battery and-amsanddi .. = sow iaveeoa o

Anakysis is pexformed by.decomposing she .situations: that.papresent -
legal doctrines according to their elements and their types. When this
decomposition: reaches theilevdl of -things-and: rslitionssithess things.and
relations, together with their situational structure, are matched against
the things and relations contained in the hypothetipal factd:: - The watching
of individual things and relations is accomplished by reference to their
hierarchical categorization.

. *Thie report reproduces a thesis of the same title submitted to the
Department of Electrical Engineering and Computer Science at the
Massachusetts Institute of Technology on August 29, 1975 in partial
fulfillment of the requirements for the degree of Doctor of Philosophy.
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Reality is too complex for verbal transmission.
Logic changes reality into a different form, and
thus it reaches out into the world.

. . . The Alpha 60 Computer

(Jean-Luc Godard, Alphaville)

The life of the law has not been logic; it has
been experience.

. . Oliver Wendell Holmes
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Chapter 1 Introduction
1.1 Overview of the Study

This paper describes the prototype for a computer system that can
perform a Simple kind of legal analysis.‘ The user of the system is
presumed to be aﬂlasyer}"in an'analysisvsession, the user sits at a
computer terminal and types a description Of a hypothetical factual
situation, using a standard alphanumeric keyboard The system explores |
its internal representations of various legal dcctrines, and it determines
the extent to which the hypothetical facts fall within, or near to, these
doctrines. ‘Often, the system asks the user to supply additional facts
that it needs in order to make these determinations.l The system ‘then
tells the user of its‘determinations,Eandlit.esplains tc’the user the
logic according to which its conclusions were reached Whenever possxble,
it supports its conclusions with references tc Judicial decisions and to

-

other authoritative assertions of law. The system ccumunicates to the

user on the typewriter console or ‘on a video display deVice like a cathode
ray tube (which is similar to ‘a television screen) o
In order to effect this kind of ccmputer analysis, it is necessary

EX R

that we he abdeé to construct explicit machine repreeentations for the
specific factual situations that are to be analysed.‘ It is also necessary
that we provide the machine with similar representations for more

generalized situations in terms of which legal doctrines can be expressed.

A




Finally it is necessary that we design machin; érocedures for matching
the specific facts being analyzed to the mq;ejgeng;al facts contained in
the doctrines. o

Existing methods for representing 1ag§1>docgripe in terms Qf gxplicit
formalisms, such as those based upoﬁ Boplg;nralgup:q, Are‘inadequate.for
the task of matching specific facts to ;ﬁfg g@neral‘fqgts. This is
because the elementary components repreggnted in ;uch:models are too large
and complicated to permit any gseful meéﬁén}#m fo? pgtogorization. In
this study, we propose the use‘of st:ﬁét;r;i‘rcpr;s;ggatians whose primi-
£iv; elements-represent simple things and rgi#tiqn@_:fpm @he everyday
world of human éctivitf. The prototype gystqndcontg§ns ggp:esentations
for seyeral hundred things apd reig;ion;,_likg’persons, fireéxms, hats,
hitting, believing, near, far, et &eterg.ﬁ»hl; qf thgge»things and
relations are classified hierarchical;y ;pto cat.gq;iga, These simple
répresentationg_cankbe assembled 1ntQ §§ﬁp1icatgd‘thucﬁures that are used
to represent larger factual situations.

Such structure; are used to represent ﬁhg hypot@etical facts
presented by the user for analygié. Larggt, ;imilag.stguctu:es are used
to represent the more generaliged facts qoﬁtainéa in‘igg§1 do¢trine. The
prototype system contains representatioq;xfor doct:;ne in the area of

oivil battery and assmult. .
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The system's procedures.are able to decompose thoss zepresentations
of legal doctrine into smaller conpoaite “and altern:tiva sub-structures.
This decomposition can be continued all the wny to ths level of primitive
things and relations. At thia levsl ths specific facts being analyzed

can be matched to ths more general facts contained in the doctrine by

Lev .

reference to the ﬁierarchicalz;rrsncemsnt”oflthings“;nd féi&tibns.

The task of constructing useful machine representations of factual

e s i

situations, and “the task of natching specific facts to morc.qeneral
facts, both present significant probelms that have not yet been satis-
factorally solved. In this prelininary study: gome Of these problems will
be eXpiored'in detail. Others wiil be hypassed hcwcvar, ‘due to certain
simplications built into our system. For exanple, alcnsntary things ‘and
relations are reprssented simply in terma of their locations on a hier—
archy. dthérﬂféaturcs“sn@vcnsrgctcristics‘ofbthssé'tninésvsndhrélations
are ignored. Similarly, we'will be primarily concerned with techniques
for asssmblinc sndpd-ccﬁposiné couﬁlicatcd sitnati;n;f 'Weiwilleé iéss"
concerned with techniques for matching individual things and relations,
relying simply on the classification hierarchy for this purpose.vp

As a result of these, and other, simplications, the prototype system
can perform analysis only on rather carefully drawn factual situations,
It is hoped that this method of analysis will provide a starting point for
more sophisticated analysis of a similar nature, and that this study will

provide a framework for understanding the problems that must be faced in

more advanced systems. Many of the problems that lie outside the scope of
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of this study are already the sﬁbjgcts of cqgfgqt rosearch,iq tpe féelds
of artificial intelligence and ;utonatic_proéraaqinz:‘ A
| The prototype system d&scribed in.tpilagtqdy‘does{not‘gnde:stand
English, It coﬁmunicatgs in an artificia{u}anggfgg th;t we call PSL
(Preliminary étudy Language)., ¢§}s 1;n;t;ge:i§:dgq%gnq§ to be compre-
hendible by a computer mqéeiitg systen,‘éel;éd Q§§L gyigh is under curxent
deveioPment. Théioup system ctn t:ans;;ttgtgtennntgvexprggaed in‘g_
1anguag§ like PSL‘direct;y into d;ta‘structgfgn_ggg_ppchige procedures.
Ultimttely, the OWL system is;e;pectgd_tq be ak;q;to_pergggm;similar
translations diractly from statements in FPQ;i—§§ at ybigp time the use of
an artif}c_ial 13“9.“;‘99 wi‘l}v beqoqg_mmecegqgrx:

Finally, it mﬁ be wmw that ,thé prototype system is not yet
realized, that 15, it 1s not progmamned dehu¢9qd and running}on a
computer . Houever, the data structures and Iachine procedures for the =
prototype are described iq th;s stpdy y;tp_gggf;g;ggtkqucificityﬁgnd
detail so that implenqntation of-the‘sygtgn ogg?tlto bg,rg;ativeli

straightforward.
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1.2 Examples of Analysis

The nature of the prototype system pe;haps can be introduced best by
a few examples of the dialog that might ensue between the user and the
system during sessions of analysis. The dialog will be presented here in
English, but it should be remembered that the prototype actually communi-
cates in PSL statements. We will examine the PSL language in later
chapters.

In Chapter 7, after we have explored the structure and operation of
the system, we will return to these examples and trace the details of the

analysis involved.

Analysis Session 1

USER: Aaron Aardvark purposely kicked Zachary Zetz in the leg.

SYSTEM: Did Zachary Zetz consent to being kicked?

USER: No.

SYSTEM: Was Zachary Zetz apprehensive that he would be kicked?

USER: Assume not.
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SYSTEM: Aaron Aardvark appears to be liable to Zachery Zetz for a
battery. Aaron Aardvark appears not to be liable to Zachary Zetz for an

assault,

.USER: Why is.there liability for .a battexy?

SYSTEM: Accotding to the doctrine adopted in Smith v. Jones, an action in
battery is eStablished byqﬁhfee éompbnénis: éént$¢£; ihten£; and the lack

consent. These components appear to be’safisfied by the facts at hand.

USER: How.is contact satisfied?

SYSTEM: The decision in Foe v. Moe is applicable. 1In tﬂgﬁ case, Joé Moe
punched Fred Foe in the nose. It was held that when one.person strikes
the anatomy of another, there is contact as required for a battery. This
appears to cover the facts at hand, in which Aaron Aardviiﬁ:kicked zaéh#ry

Zetz in the legq.
USER: How is intent satisifed?

SYSTEM: When a person acts (a) with the purpose of achieving a physical
contact to someone else, or the apprehension of such a contact, or (b) in
the belief that such contact or apprehenaion will be caused by -the act,
there is intent as required for a battery. This appears to cover the

facts at hand, in which Aaron Aardvark kicked Zachary Zetz purposely.4
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USER: How ias lack of consent satisfied?

SYSTEM: When a person consents to being contacted, there is consent as
will avoid a battery. This appears to be contradicted by the facts at
hand, in which Zachary Zetz did not consent to being kicked.' V

USER: Why>is'théremno 1iabili£§'for ;n:cssaultﬁwy

SYSTEM: According to the doctrine adopted in Jones v. Snith, an action. in

assault is established by two ccupononts- appr‘h.naion and intent.

%

Apprehenaion appears to be contradicted by the tacts at hand
USER: How is apprehension contradicted? o

SYSTEM: When a pexson is apprehensive: of being centacted, there is
apprehension as required for an aasault; This appears to be contradicted
by the facts at hand, in which, according to your aaanmption, Zachary Zetz

[k TS S

wag not apprehensive that he would be kicked

Analysis Seseion 2

USER:. Fred Dobbs and Benjie Hooray axe playing:in.s hockey game. Fred .
raises hig hockey stick. - Fred believes that this: will canse Benjie.to be
apprehensive that he will be hit.: Benjie is not.eppxshensive. - Fred hits

Benjie in. the leg with his hockey stick,:but not: purpesely.
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SYSTEM: Was the hit that Benjie Hooray received a part of the hockey
game?
USER: Assume s0.

SYSTEM: Fred Dobbs appears not to be liable to Benjie Hooray for a
battery. Fred Dobbs appears not to be liable to Benjie Hooray for an

assault.
USER: Why is there no liability for a battery?

SYSTEM- According to the doctrlne adopted in Smith v. Jones, an action

in battery is established by three components~ contact, intent, and the
lack of consent. Lack of consent appears to be contradicted by the facts

at hand,
USER: How is lack of consent contradicted?

SYSTEM: One form of consent inveolves inferred consent. The decision in
Quoe v. Poe is applicable. In that case, the parties were fighting in a
boxing match. Perry Pde punched Quentin Quoe in the jaw, = It was held
that when two persons participate in an athletic competition, consent as
will avoid a battery may be inferred for any phyt&éal contact that is part
of the competition. This appearg to cover the facts at hand, in which
Fred Dobbs and Benjie Hooray were playing in a hockey game, and in which,
according to your assumption, the hit that Benjie Hooray received was a

part of the hockey game.
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USER: Why is there no liability for an assault?

SYSTEM: According to the doctrine adopted in Smith v. Jones, an action

in assault is established by two components: apprehension and intent.

Apprehension appears to be contradicted by the facts at hand.
USER: How is apprehension contradicted?

SYSTEM: When a person is apprehensive of being contactéd, there is
apprehension as required for an assault. This apperas to be contradicted
by the facts at hand, in which Benjie Hooray was not apprehensive that he

would be hit,

Analysis Session 3

USER: With the purpose of frightening Gordon Good, Howard Hood visibly
points a saturday-night special at him and grabs the umbrella that he is

holding. The saturday-nighf special is not loaded.
SYSTEM: What is a saturday-night special?
USER: A saturday-night special is a kind of pistol.

SYSTEM: Did Gordon Good consent to the grabbing of his umbrella?
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USER: No.

Fer Y

SYSTEM: bDid Gordon Good know that the saturday-night special was

unloaded?
USER: No.

SYSTEM: Howard Hood appears to be liable to Gordon Good for a battery.

Howard Hood appears to be liable to Gordon Good fer an assault
USER: Why is there liability for a battery ?

SYSTEM: According to the doctrine adopted in Smith v. Jones,‘an action in

battery is established by three components: contact, intent, and lack of

consent. These components appear to be satisfied by the facts at hand.
USER: How is contact satisfied?

SYSTEM: The decision 1n Roe v. Doe provides an analogy.E in’thet case;
John Doe knocked off the hat that Richard Roe was wuaring. It was held
that when a person strikes an article of clothing on the person of
another, there is contact as required for a battery. This comes close to
covering the facts at hand, in which Howard Hood grabbed the umbrella that

Gordon Good was holding.

USER: How is intent satisfied?
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SYSTEM: When a person acts (a) with the purpose of achieving a physlcal

contact to someone else, or the apprehension of such a contact or (b) in

' the belief that such contact or apprehension will be caused by the act

there is intent as required for a battery. Thls appears to cover the
s 3 o

facts at hand, in which Howard Hood grahbed the unbrella held by Gordon

Good with the purpose of making him appxehensxve of a physical contact
USER: How is lack of consent satisfied? .

SYSTEM: When a person consents to being contactod, there is consent as‘

3"

will avoid a hattery This appears to he contradictad by the facts at
hand in which Gordon Good did not consent to the grahbing of his

umbrella.
USER: Why is there liability for an asssult? . .« = f ‘ R

SYSTEM: According to the doctrine adopted in Jones v. Smith, an action in

assault is established by two components: apprehension and intent. These

components appear to be satisfied by the facts at hand.
USER: How is apprehension satisfied?

SYSTEM: One form of apprehension lnvolves a threat with a gun. The
decision in Zoe v. Woe is applicable. In that case, Winnie Woe visibly
pointed a rifle at Zeke Zoe. The rifle was not loaded, but Zeke Zoe did
not know that. It was hald that where a person visibly points an unloaded

firearm at another person, the other person's apprehension as required for




=19~

an assault is established if the other person does not knou that the fire-
arm is unloaded. This appears to cover the facts at hand in which Howard
Hood visibly pointed a saturday—night special at Gordon Good, and in which
the saturday—night special was unloaded and 1n which Gordon Good did not

know that it was unloaded
USER: How is intent satisfied?

SYSTEM: When a person acts (a) with the purpose of achieving a physical
contact to someone else, or an apprehension of such a contact, or (b) in
the belief that such contact or apprehenSion will be caused by the act,
there is intent as required for an assault. Thls appears to cover the
facts at hand, .in which Howard Hood pointed the saturday-night special at
Gordon Good with the purpose of making him apprehensive of a physical

contact.
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Chapter 2 Machine Models and Legal Analysis
2.1 The Process of Legal Ap;;ysib

A client consults an attorney. The attorney may be asked for
advice about the legal consequences of somwe contemplated activity. The
attorney may ha,ve to draﬂ: a cont:nt mprom;&mclient'&interests
over some range.of possible future .itugtion;. q;' pe:hapu the client
already has become involved in apredicmnt" He' br:"nif;a- nay wishto

bring legal action to recover for lossag or injuries caused by another,

or wish to be defended in such a lawsuit--or in a griminal proceeding.

In proyiding counsel in such situatigns, the attorngy uses many
forms of reasoning and skill. One of these is a fundamental technique
that we will call legal analysis. By this teym, we mean:  the logical
derivation of a legal conglusion from a &t}cg]g_z_:_ fagtual situation in
the light of some body of legal doctrine. . . .

Before we can understand the nature.of this, process, we must be

careful to distinguish it from the more. complex process of.legal reason-

ing. This term is used generally to descxibe the process by which

- Judges decide cases. (and, therxefore, & part of the attorney's overall
reasoning, too). In his clasgic, treatise on the judicial process, .
Benjamin Cardozo separates four major pathg along which the force of legal
reasoning exerts itself, .These are: .logical progression, historical

development, custom, and social justice [1]. Regarding the force of logic,
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he explains:

In putting it first, I do not mean to rate it most important.
On the contrary, it is often sacrificed to. at.hers. I have
put ‘it first because it has, I think, a ce " presumption
in its favor. . . . Lacking [some consideration of history or
custom or justice], I must be logical.

* <l . * el *

You may call the process one of analogy or of logic or of
philosophy as youdplease Its essence in any event is the der-
ivation of'a ica from a rule'or a priﬂciple ﬁr a

‘‘‘‘‘

tapers down from the syllogism at one end to mnre analogy at
the other {27.

What we are calling legal analysis correspords substantially only to
this first, 1cgiéa1“couponent'df'iaédf*tééébﬂihg; W& will be concerned
both with the logit of syllogism and with ‘the 1ogtd of analogy.

Legal analysis is performed on a particulay set of Facts against a
background of legal doctritie, Cardogo is reeerring ¥ such’ doctrire when
he speaks of "a rule or a principle or a precedent.”.

Legal doctrine is embodied in diffirent forms, such’ds in the stat-

utes and the constitutions of our staﬁé:and’fdaérii790ve¥hménts. In

common-law systems ‘suth as ours, the characteristic embodiments of legal
doctrine are the judicial decisions in individusl cases. The doctrines

of prior cases, which are éalladﬂ“the?beunbn-lad;“ serve as ‘precedents for
future, similar cases, as we will discuss presently. The common law is our
most impbrtant‘fcrm-of legal doctrine. “Substantial aresas of legal doctrine
(especially of state law) exist only in cases--there are no statutory or
constitutional provisions that pertain. - Even in areas of law covered by

statutes or constitutions, these are always subject to the courts'
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interpretation in individual cases, and these interpretations are binding
R . S BT ‘

as precedents for futﬁfe; similar cases.
Legal doctrine can differ in its degree of specificity or generality.,

We use the word spgcific to indicate doctrine that is expressed in terms

JRER CAE ‘3

of relatively nerrow categories of persons and ectivities.' ﬁere'is an
. RN RS ¥ ISR B R SN Fiv it AP PAS S AR iJ,{LF(—P< 2

example from a 1956 North Carolina decision:

"In short, where an internal operation is indicated, a surgeon

~may lawfally perform, and it.ieixgggymaugpggydb;n such opera- .
tion as good surgery demands, even when it means an extension

_ of the operation fuxther than was Apiginally qontemplated [31. .
We describe a doctrine as more gengpxral when it speaks in broader cat-

egories, for example,

AWhere the instrnpentality thQh p ¢, 48 within

‘the exclusive possession and control of‘the person charged

with negligence, and such pes has excingive kngwledge of = ..
the care exggci ed in the control and management Of that
instrumentality, evidence of circumstances Shaw. that

the accident would not ordinarily have oc " without

neglect of some duty owed to mm#gsmwﬁm@m ‘ta
“Justify an inference of neqligence 14].

Doctrines at this level of generality are Gften associated with shorthand
labels so that their”£Asié”¢¢n¢e§tsicah'Ee §8féé£;a‘€2;a¢£é easily. The

above doctrine, ‘for example, is usually celled res ﬂg gggi (the

Golnew D SRR SR SN [T . L oy

‘“thing speake tor itself).

Even higher 1evele of qenerality are typified by such dOctrines as:

a : £ <

"Wherever there is a wrong there is a reuedygto redress it," or “Whoever
LT 57"{1 oY

seeks a remedy in equity must come’ into court with clean hands. As can

be seen, suchcdoctrines are far removed frcm specificzfactnal situatibns.

We will use the word doctrine to refer to expressions of law at every

level of specificity or generality./ on the other hand, mnny juriste use

IR R R T h 5
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this woxrd, along with words like rule nndhgréneigig,,to refer only to rela-
tively general expressions. Thus one often reads of the !doot:;ne of

res _E__ gggxtur,“ or of the "clean hands doctrxne.‘ The doctrine
regarding the lawful extension of surgery, being 18!8 general and less
well known, usually would not be treated with euc?rd;stinction.

It should be noted also that important d;ffenencee exist emong,the
legal doctrines of different jurisdictions. In tht United States, there
are 50 separate state Jjurisdictions in adﬂition to the*federal ‘durisdic-
tion, which itself comprises 11 geparate sub~juffsditticns, called
"circuits." It is not always clear which jurisdictidﬁfsﬁﬁocttines ought
to apply in a pafticuiar situation. In:éﬁg&ig&yesﬁwigooﬁtsétie,taken to
additional layers ot’statefendifederdi“???ttin&:gh§§e"eo$§ function is to
resolve such conf}}cts. | |

Legal doctrine contained in cases, statutes, and constitutions is

often called primary legal authority because it is the direct verbal
embodiment of the law. Another kind of Logel doctrine ereAthe_restate—

ments of law;compiled Pyllegal scholars‘;n‘the‘:o;m_of‘t:eatises, law

review artioles, andAiegal encyclopedias, This is cg}led'secondaryvauthor—
rity, and it is givenvfar lese weight‘(nepglﬁxinoneiﬁén the‘actual process
of deciqing a ceee.“gnt seoondan& autho;ité:é}eye n de:inite role‘;n tne
process’of legal anaiysis. Particularly in araas of common—law doctrine,
an attorney is faced initlally with too 1arge and too disorganlzed a body
of doctrines against which to analyze e_ge;tieqla;‘eetmof’gacts. Instead,
the attorney muet perform an in;tial aneiéo;eiin terms of the more

organized, coherent, condensed (and more generalized) body of restated
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doctrines, which.are more easily accessed and recalled

. i- .
With the differences among the variOus kinds of doctrine in mind, let
us consider the actual operation of 1egel analysis. For common—law

1’.‘ e

doctrine, the process amounts to the invocation of one basic rule--the

rule of precedent, or stare decisis (stand by the decisions), which we
will state like this- o R . |

‘The legal conse;nence of a particular‘factual situetion {dn a

given-jurisdiction) must: be' the some.as wasithe result of any

previous case (in that Jurisdiction) that involved the same

factual sitwatdon,. - . .. 5 oo o siométes

It should be apparent that this dectrine-bas the-highsst possible
degree of genarality. - It applies:to.all:factual.situations,. regardless.
of their-nature. At the same time, if the doctrise is isterpreted in its
strictest possible- sense; it is virtually dseless:.beceuss of the small .
likelihood that the particular set of facts at hand is going to:be.
exactly "the same" l8<the[flﬂtsﬁiﬂ&sﬁmﬁip!iar%CQIO;>W1f.;héfrule is to be
meaningful, the word “same" must be understoéd.in- the: sense.of "same kind
ef" or "similar." - Certain differancos%hntuoenuthOftactsfat'hand and: ‘the
facts.in theé. prior case must be:ignored, . Which ones? ~"And how large may
the differences be?: Having to answer these guastions is:what makes the
application of so simple-looking a;rnieuso'diificnlt.‘

In practice, this problem is: approaghed through- two mechanisms, both
involving generalization. .In-theifirst place; the:holding ofi.a: .case. (that
is, the particular piece. of doctrine: for which the case stands as. author=-
ity) is almost alwayswintendedaand‘understood{in'tttns«nore;gcneral than

the specific persons, objects, activities, et cetera, that were actually
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involved in the case. Judges understand well the role that their written
opinions play as precedents for future cases, and they tend to wrlte in
terms of categorles rather than 1nd1v1dua11ties. |

Consider the holdlng in the North Carollna case quoted on page 22.

We cited it as an example of a relatively specific piece of doctrlne;
nonetheless, it contalns a certain amOunt of generalxzation. The judge
speaks not in terms of the individual defcndnnt, hut in terms of
"surgeons," a category of persons that lncludes the—defendant in this case
as well as other surgeons who might be future defendants in similar cases.
And the holding is not intended to be-festricted to operations. exactly
like the one in this case, nor even to.operations-df a -particular kind
(this had been an appendectomy), but to. the entire-sategory. of "internal
operations."

What is the appropriate scope. of such-:categories? This is determined
by the reasoning that underlies the decision. Im this case, Chief Justice
Barnhill's stated reasoning included such:factoxs as the known difficulty
of presurgical diagnosis of internal ailments: the unavailabllity of
obtaining further comsent due to general -anesthesia, and the desire to
encourage surgeons who may be tempted to shirk from duty for fear of a law-
suits. (Remember thatﬁthenproeesstof‘judic$el>neesoaing‘inc1udes many
other intellectual activities besgides:what we are calling logical
analysis.) Clearly if this reasoning is:valid for this individual defend-
ant performing this particular operation,; it is also valid for-any surgeon
performing any internal operation. Thus, he stated his holding in these

terms. Ultimately, the holding in any case is determined not by the words
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of the judge who wrote the decision, but by future judges who interpret
the decision. ‘When a particular holding is thought to be unreasonably

ya BTy rnels if-

broad which sonetimes happens it is interpreted more narrowly.

The terminology of generalized categories, then is the first mecha—
- g T R O OES T

nism.hy which.the rule of precedent can be neaningfully used lt
eliminates the need to match the facts at hand exactly to the facts of a

preViously decided case.i It requires only that the facts at hand fit into

P TR T R BT SR Y

the categories in terms of which a previous deicsion was written. Where
this can be done, the result of the prior case deternines the legal

consequence of the facts at hand » The resulting logic is like that of a
s ” e o N
classic syllogism. All men are mortal; Socrates is a man; therefore,
T . . 3 A 2 . X B g

Socrates is mortal.

The second mechanism for generalization goes beyond the logic of

V

syllogism into the logic of anllogy This method is invoked when the
facts at hand fall near, but not within, the scope of a prior holding.h

Once again the underlying ;ng of the prior case is the key. If that

reasoning appears to apply with equal force to the facts at hand then
(absent other precedent, of course) the result in the prior case is con-~-

trolling. Note that this is not a reassessment of the scope of the prlor
e IRy .
holding. "It is an argument hasdd on sinilarity, not on inclusion.

+ <l

For exanple, consider the situation in which a dentist, while

GXtraCtlng a tooth fram a Patient under general anesthesia, discovers the
FRER LT i N

necessity of extracting a second tooth and does so without obtaining

P

additional consent. These facts fall outside the cateqories "surgeon" and

"internal operation" used in Barnhill 8 opinion. Yet it can be argued
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that much of Barnhill's reasoning applies equally well to these facts.
On the other hand conSider the case of a garage neohanic who performs
additional automobile repairs without the consent of the customer.
Barnhill's reasoning is nostly irrelevant here, and the logic of analogy
fails.

Through repeated uge of analogy the reaeoninq in indiVidual cases
gradually becomes extended to categories nuch broader than can be
dictated by the facts of any single case. At sone point a perceptive
judge may become aware of this growth and refornulate a doctrine, or
combine several doctrines in appropriately broader terms The more
general common—law doctrinee (like res _2__. gggi ) usually evolve in
this manner.

When cateqories of fact become more general (e. g;, "exoluSive posses-
ion and control“) it becomes more difficult to recognize‘uhether
1ndividual facts do or not not fit into the categories. ;he solution to
this problem semetines lies Wlthln the purview of leqal analySis. There

Tawe L L gdE

might, for example, be prevxoue eimilar’cases in which the Judge ruled one
way or the other on this point Often,-hoeever,psuch questions are left
to the intuitive reasoning of the factefinder (e g., the jury) in a trial
Legal analySis applied to statutes, to constitutions, and to the
restated doctrines in secondary sources, operatee nnch in the same manner.

S

Such doctrine tends to be written in terns of‘hroader categories than
those usually found in the holdings of judicinl cases. One of the ways in

Wthh courts "interpret" statutes and constitutionn is to make decisions
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about which facts do, and which facts do not, fit into stated categories.

There are other ways in which doctrines interact with each other
(e.g., when the same factual situation clearly falls within the scope of
two conflicting holdings), but we will not examine these here.

By now the essence of this process of analysis should be recognized:
It is the fitting of a particular factual situation into, or sometimes
near to, the categorized situations as expressed in legal doctrine, either
by simple intuition or by the similar application of additional doctrines.

In order to enlist the assistance of the computer in performing a
task like this, it will be necessary to construct machine representations,
or models, of the components in the process. We will have to build models
for representing factual situations, for representing legal doctrine, and
for representing the fact-fitting process itself. Some preliminary

asepcts of building these models are examined in the following sections.
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2.2 Modeling Factual Situations

2.2l Machine Models of Human Activity

* As human beings, we generally are able to engage successfully iﬁ
‘social activity. This reflects the existence vifhin each of us of an
"operational” model that guides behavior. This model is partially inborn
and partially acquired, but it is almost entirely inplicit. A consider-
able portion of human intellectual effort throughout history has been
spent in trying to transform pieces of this implicit model into more
explicit formalisms. As artists, philosophers, and Qcientists, working in
the frameworks of different cultures, and using different conceptualiza-
tions and methodologies, we have generated a vast assortment of images,
stories, visualizations, generalizations, and ﬁetaphors--ali models of
human activity and interaction.

Some of these modelg have been basically normative; they have been
used to prescribe human activity. Religious and legal codes are examples.
Other models are basically descriptive; these are often used, in conjunc-
tion with formulated theories, to explain and to better our understanding
of human activity. Freud's hydraulic metaphor for psychic energy is an
exanple,

For the purpose either of preacribing or of explaining, a model's
being explicit has important advantages. Formal expreséion facilitates
communication, generalization, deduction, and extension, each of which can

amplify greatly the normative or descriptive power of the model.
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Until recently, it was most common for explicit models of human
activity to be expressed in natural human language. At the same time,
some models of other woxrldly phenomena--especially physical phenomena that
were readily observed in terms of quantities and measures--came to be
expressed as more highly explicit mathematical representations. In the
physical sciences, models increasingly took the form of equations, which
were taken to represent "laws of nature."

More recently, this use of law-like mathematical representation has
been emulated in the behavioral and social sciences, but with less
satisfactory results. Mathematical relations, expressed as equations,
have been used to describe many narrow slices of human phenomena. In
psychophysics, for example, a major goal has been the discovery of mathe-
matical equations that relate quantities of stimulation to quantities of
evoked sensation. Mathematical models also have been developed to relate
formally defined economic quantities and activities. Techniques exist by
which relationships among social phenomena can be posited by analogy to

models of physical systems, and can be measured--or even inferred
entirely--from statistical data. In this way, mathematical models have
been generated for such phenomena as population growth, political out-
comes, advertising effectiveness, et cetera.

The extent to which such mathematically explicit models, in the
presence or in the absence of explanatory theory, help us to understand
human activity is not clear. Even so, these models can sometimes be

valuable for the solution of our practical problems. Thus, a mathematical
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model that simulates the level of population over time may be useful in
the planning of food Supply, even if it is not squarely based on a
theoretical understanding of the procesees involved

The value of the mathemetical model whether the model is used to
solve problems or to increase understanding, or both 18 enhanced greatly
by the use’of computers. The classic advantage in this regard is the
computer's ability to perform arithmetic manipulations on data, millions
of times faster than people can, A large number of models and modeling
techniques take particular advantage of this ability. These “machine
models" involve inhumanly many arithmetic manipulations, and their use is
feasible only with the aid of the computer.

The development of one particular class{of computer 1anguages (called
"list processing" 1anguages) has prov;ded the computer with another
important advantage. With the use of these languages, the machine is able
‘to perform rapid structural as well as arithmetic, manipulations on data.
This makes the computer a powerful aid for formalomodels that are not
mathematical in- the numerical sense. In numerical models, relationships
generally are expressed as equations 1nvolving variables that take numer-
ical values, More general, structural models permit a variety of
diffepent kinds of relationships to be expressed among a variety of
different kinds of components. "Family trees“ and “tables of organiza-
tion" are examples of very simple structural models of certain social
phenomena. The rules of English grammar and strategies for winning at

chess embody structural models that are more complex;




-32-

For the purpose of representing factual situations in the computer,

we will build a descriptive, structural, machine model of legally-relevent

human activity. The model will include explicit representations of
persons, of physical objects, of events, and of the different relation-
ships that occur among persons, objects, and events. We will use the
model for representing: (1) a factual situation that is being analyzed,
(2) facts in previous judicial decisions, (3) the categorized factual
content of legal doctrine, and (4) general factual knowledge about the
world of human activity--especially the way in which pieces of that world

fit intuitively into categories.

2.22 Toward a Level of Simplified Complexity

To a certain extent, every model is a simplification of the subject
modeled. This is as true for a complicated model of world dynamics as it
is for a simple model airplane. The purpose for which the model is built
generally determines which aspects of the subject are fundamental and need
to be preserved, and which can be ignored in the name of economy.

Our model for human activity must be sufficiently simple so that we
can understand and control its behavior in the machine. On the other hand,
to be a useful aid in performing legal analysis, the model must preserve
those aspects of human activity that characteristically are involved in
legal analysis, Unfortunately, such human activity is complicated, so that
even in our simplified model, there must be room for considerable

complexity.
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.

Realizing the proper level of "sxmplified conplexity“ in a structural
model is not a trivial problem. A brief examination of two recent studies
might help us put it in perspective.

Terry Winograd has designed a system of machine procedures with which
a computer can answer questions, execute commands, and absorb information
in a dialog of natural English expressions [5]. The system handles
syntactic and semantic structures of great couplexity, put the world about
which it is able to converse is greatly'simplifiee,‘ It is a world of toy
objects--blocks, boxes, pyramids-—and a siuslste@ rohot hend that can
"move" the objects about on a platform. (The computer is part of the world
to the extent that it executes moves and answers qsestions, and the user
is represented as the source of commands and Qpestions;) The system con-
tains a detailed procedural model of what can exist and'what can happen in
this toy world. It "understands" English expressions aheut the world
ultimately by reference to this model. Ag a result, the lingulstlc
capabilities of the system, wh;le qu;te impressive, are severely limited
with regard to subject matter. Such a system can not easily be extended,
for example, to handle conversations about human activity

In a more recent study’of natural language comprehension, Euguene
Charniak proposed a model that specifically,included ceneepts of human
activity [6]. As a simplified version of humsr activity,vcharniak chose
the world of children's stories. ﬁithis tﬁia realm, he explored in detail
the topic of piggy banks. The study clearly‘demonstrated that in order

for the machine to "know" enough about piggy banks to permit discourse
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about them, it is necessary that the machine have knowledge about a great
many other things in the world of children's stories--and in the world

in general as well. Indeed, the world of children's stories appeared not
to be significantly less complicated than the world of human activity in
its entirety.

For our model, we will attempt to reach a level of simplification
that lies somewhere between the levels in these two examples. Clearly we
need to be able to represent things and relations that are more varied and
numerous than those in a world of geometrical toys. We need a model in
which, as in the world of children's stories, things can be "known" in
relation to knowledge about many other things. Our model will include
this structural feature., However, we will not try to account for every-
thing that even a child might know about any one thing. Many of the
things that even a child knows about the world are difficﬁlt to represent
in a computer because they are based upon sensory experience. 1In this
regard, more abstract concepts, like those in law, are perhaps easier to
model because they are based upon artificial, lingquistic constructs. As
we will éee in Chapter 3, our model comprehends a great many interrelated
aspects of human activity, but it treats each aspect incompletely. The
system is able, however, to ask the human user for more information about
the world when necessary.. The basic architecture of the model also
permits a straightforward "fleshing out" to greater levels of detail as

desired.
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Our attempt to realize a simplified level of complexity is aided
considerably by the focus of our subject matter. The law itself provides
important simplifications of human activity; while retaining (and some-
times adding to) its essential complexity.

In one sense, this is because our attention is limited to a subset of
human activity--activity that is relevent to the operatiom of law, But
the world of children's stories is 1imited in a sinilar way, and this fact
alone does not guarantee a significant simplification. what is more
important is that the law embodies models of hunan affairs which models
are already 51gn1fieant1y sigplified.

The function of law in societyksometimea isiviawed as threefold: to
settle disputes, to provide realistic expectations about contemplated be-
havior, and to teach the "right" way to behave [7]. For each of these
purposes, the law must inéorporaté behavioral ﬁodels, both normative and
descriptive. For the law to function successfuily, these models have had
to be workably simple. ; \ | |

Thus, the law impbses discreteness and quantification upon phenomena
that may be perceived by general human cégnition as contituous and subtle:
The defendant is either quilty or not §uilty. ﬂ‘lawﬁuit must be brought
as either this kind of action or that. Danpqas‘have tb be measured in
dollars. And the law imposes thresholds that must be crossed before human
activity is recognized: - Broken social promises, hurt feelingé, religious

impropriety, none of these can be complained of in court.
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For the effective resolution of factual disputes, our legal system
relies heavily on simplification. InapiacéAbf\a scientist's or a philoso-
pher's concept of objectivity, there ih%éﬁséégighéfbrwird operational
model of truth. The parties to a dispute present éﬁidénce to a fact-
finder (which may be a jury, or a judge acting“speéifiéallf‘in this role),
the fact-finder makes aydecisiba; and the facts are thereby determined.
It might be a matter of weighing cohfiictihg évidﬁﬁce,46r of deciding
whether or not certain facts fit within certain éktéqories.expreSSed in
legal doctrine (e.g., do the facts ﬁtcséﬁéeé'amoﬁhﬁ Ebj"éxéiuéivé'posses—
sion and control;?). Where the rules 6f%§;id§hbe ;ﬁé-thé”substantive
doctriheé of law tﬁrn sﬁchvissues over to theifict-fiﬁdér, the aecision
of the fact-finder is’bindiﬁé.‘ The law does not concern itself with how
such deciéions are hade. | |

The rules of evidence themselves are replete with simplifying
*presumptions." An'out-onCddrf statement heard by ahﬁéstifying witneéé,
for exam@le, is not admisaible\aé”evidencé ﬁééaus; it is not subjéét to
cross-examination, and therefore itﬂiS'ggoléhn& té'be unreliable (mere
hearsay). However, if ﬁhe out—offcodrt'Biatﬂﬁhhﬁwii>ﬁhde‘by a person who
is (or believes he iﬁi dying at the time of the’st;téﬁgﬁt;.ihén itrig
admissible on the‘grgggggdnmiéiat dyiﬁ; atatements are truthful [8].

if the.law-did not piés;ct such Qi;;lificatiéﬁsléﬁto the world of
human activity, it would not be able to function. At the same time, if
the law did not sﬁbstahtially‘ieflectﬁthe'chniééﬁéri;tic'cdmplexity of

human activity, it would be of littlé‘piictical'ﬁalue.'ZWe certainly need



-37-

not cite examples Qf how complex a legal iggug can yecome‘when necessary
(and, unfortunately, sometimes when it iévn§t_so necessary), Our attempt
to reach a useful levgl of simplified,coupléi;ty in our modeling is
supported implicitly by the law's copgxuent pﬁoéqnsitf;r

Compared with many other complex aspects of hunan §£f;i:s, including
those with which the law concerns itself, legal doctrine itself is
relatively discrete, gquantified, and walllettuqtuzﬁd. This is gdue partly
to the kinds of simplification already n,nt;oﬁcd.‘ But it is due also to
the fact that legal doctrine, however iﬁ might be in‘éirqd, is an artifact
of intellectual effort. Iﬁs pgimary‘gmbod;qpnthis ig the relatively
explicit form of natural lapguaga. Iﬁ is learned, argued, e;plained,
and taught in a traditionally disciplinary mamner. It hag evolved as an
enumerable set of distinctly sgpqrate g:ggg,vsuph‘gs the law of torts, the
law of property, the 1aw‘pf contracts, crim;na; 1?";‘“5 80 on. For the
most part, these areas evolved inéepgndently of one another. Compared
with the structural complexity :oun@kwiyﬁép:eégﬁ area of law, there is
little structural inte:aqtiopvbetween thg§§ _yighin_egch'grgg, there is'
further compartmentalization. As wgtw};l lee;;p}Chgp;ef_S, an action in
tort (in which one private party seeks ggd;q;g‘fér gbﬁxopgyéommitteé by
another) must be #:ought in a clearly Qeliq§é§eé4ca§egéry, 1ike’battery or
assault. Each suéh category, in;turn,Jcpmp%ige;Aa we}l defihgd set of‘
component elements and defenses. cOmp;icgto@;issugg are carefully dis-

sected into smaller, discretely manageable pieces. The structure and the
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compartmentalization of Anglo-American legal doctrine is particularly
rigid because of its strong reliance on precedent.
In our modeling effort, we will take considerable advantage of the

structure and compartmentalization inherent in legal doctrine itself.
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2.3 Modeling Legal Doctrine and Legal Analysis
2.31 The Development of Machine Models in Law

Up to this point, we have been discussing legal anaiysis as a process
in which factual situations of human activity play an important role.
Viewed from another frame of reference, however, legal analysis itself
must be recognized as a part of human activity. As was postulated for
human activity in general, participants in legal analysis are guided, to a
large extent, by internal, implicit models--both inborn and acquired.

And, just as for other kinds of human activity, considerable intellectual
effort has gone into the transformation of these wmodels into more explicit
formalisms. Indeed, there is a voluminous body of learming, called
jurisprudence, that i# devoted to the descriptive and normative explica-
tion of the nature and functioning of law.

Until recently of course, legal models universally were expressed, by
legal scholars and others, in the form of natural-lapquago discourse.
Issues of logié, of history, of custom, and of social justice and
morality--8o nicely separated in Cardozo's 1921 treatise-~tended to be
woven inextricably together [9]. During the Nineteenth Century, however,
some legal scholars became increasingly attracted to the logical
philosophies of the natural sciences. The result was a school of thought,

called analytical Jjurisprudence, focused primarily on the logic of legal

reasoning. This focus opened the door to legal models that were
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expressible in terms of more explicit formalisms.
A classic example is the system of ahalysis proposed by Wesley
Hohfeld in 1923 [10]. The system is based on ‘four “elements," called

rights, privileges, powers, and immnities, and on their counterparts,

called duties, no-rights, liabilities, and disabilitfes. In Hohfeld's

model, legal doctrine is expresseéd by tréating these elements as relations
(he called them relatives) among individuals and their actions. Legal
analysis is a matter of following a small set of logical rules that oper-
ate on the elements, For example, if A has a duty to B to do X, then B
has a right to demand that A do X. Then, if A does not 46 X, A gains a
power over B to do Y (e.qg., recover damées in a court of law), and B
beocmes liable to A with respect to Y.

This kind of approach to legal reascring was not well received by
legal scholars in general. This was due partly to traditional jurists’
fears that analytical jurists were trying to reduce the entire art of law
to mere logical science. It was due partly to the fact that many analyt-
ical jurists (Hohfeld was not among them) were trying to do precisely
that, of course, without successs. Hohfeld emphasized that the analytical
method was only part of the solution to legal pi'oisiens Nevertheless, his
work, which wa§ perhaps the most promising, was the last major effort in
the school of analytical juriaprudence. |

In 1949, Lee Loevinger wrote a now famous law review article severely
cirticizing jurisprudence in its ehtireﬁy [11). He ﬁz‘dﬁbdéd the creation

of new discipline, to be called jurimetrics, in which legal problems would
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be investigated according to principles and techniques of modern science.
He referred to problems of legal reasoning, legal language, legal evi-
dence, the methodolggieszoiwjgrqgg,angmlagig;pggxes,ﬂgnd the efficacy of
legal doctrine as a whole, He complained that these problems had been
approached for over 2,000 years on the basis of spaculation,. supposition,
and superstition. Traditional jurisprudence, he suggested, "bears the
same relation to a modern science of jurimetrics as astrology does to
astronomy, alchemy to chemistry, or phranglogjftb,pafthloqy {12]." &As
might be expected, his proposal was largaly ignabéd—;ﬁt least for the time
being. v ‘

During the ten years that followed, Geo;g qu;nright'intioduced and
developed an ;halytié&l:model'cglled deqbgic gggig;(iBI.‘ Von Wright, who
is a logician and npt'a iéﬁyét,'wdy éim;ng té&a#dpﬂlﬁﬁﬁhghatical logic to
describe the obligations that run betweég bedﬁlé Ijongtiméb_cailed norma-
tive logic). ﬁe was notbexpieésly'attaqpting'td jpdg; ¥ega1 doctrine or
analysis, and yet his SQQtem iskrehg;kably i1hi1tr tb;ﬁhhfgld's. Von
Wright's model, hgﬁeveri is more highly exbiicit‘aqd,iQV5IVes a more
powerful calculus‘of,logic. It,this‘ayst‘h were to be applied in the
law, legal doctrine would be expressed mathematically in terms of commands

and permissions, relating sources of éﬁthbtitiftb‘thg‘aéta,and

forbearanoes'dfLindi?iduals}"Thﬁse‘qcts and forbearances, in turn would
be expressed mathematically in terms of elementary states of affairs and
the transitions between states. As a simple example of his method of

representation, here is the kind of expression von Wright would use for a
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comnand for someone to open a window [14]:

O(d (P'P\e))
vhere the symbol: O méans a command oi' aﬁiiietidﬁ ,,
-4 .means an . ach-of NOMMORA ;. -
P means the state "the window is closed "
T  means - a treasition-between states,
p

means the logical negative of p,
: e -*h"wm“w"'

In the J.sso's, an inf.oz«t in logical sschniques returned within the
legal community. This was spurred mainly by tbe. n#owtn of. Ieym Allen,
who started a swall research: jowrnal. called. Modern Uees of Logic in Law,.
and by the rapid, agvances of computer.technology.. ,ﬂmmme becoming
interested in the. pgu.i.bleme of a - in. yagious. areas of legal
activity. Straightforward nthods of data processiag. m being applied
to tasks like law office mpnagement [15], sourt administration. [16],
document management in litigatiom {171, tax: :etm WQQOI (18], title

searching [19], police qperations. £2Q1,,ada§ :«m, Mﬁ of this

involved legal mlygi.s pcz se, . bet. irt m m;gmtica on the more
mechan:l.cal espects of the legal proceu. And this had en inportant

effect, The comter s infanousv "dea\md £oz' preciu instmctions and
acurate data was meking some 1awycrs aware, rhaps for the first time,
that the English l.w vhigga is the.
necessarily the p.tmaele ef pmciaim og«mgmmﬂ z;m p”uaet;pn dia

not imply that the 1ewyer 8 natural langueqe needed to be replaced by

2.05 ;m ,j..q, tx;.pds, is not
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something more explicit. However, formalisms more explicit than English

were starting to appear useful for those pa;ticular legal functions where

mechanically explicit behavior was, in fact, 1ntended

For Layman Allen, legal logic was such»u~functxon. He built models
of legal doctrine and legal analysis using the simple, but highly explic-
it, formalisms of symbolic logic and propositional calculus [21]. His
object was to eliminate those errors of logic (contradictions,
ambiguities, non sequiturs) made unintentionally when statutes and judical
opinions are written in ordinary English prose. According to his model, a
statement of legal doctrine is restated in the form 6f two major proposi«
tions, one of which is a set of legal coasequences, and the other is the
set of conditions that imply these consequences. As a simple example,
let us restate the doctrine of res ipsa logquitur guoted on page 22, The
legal consequence in that piéce of doctrine niight be btqted as the follow-
ing proposition (which we will call Proposition P): |

Evidence of circumstances which show that the accident would

not ordinarily have occurred without neglect of some duty

owed to the plaintiff is sufficient to justify an inference

of negligence.

The set of conditions that bring about this consgqugncercén‘be stated as
the following proposition (Propositioan): .

The instrumentality wﬁich produced an injury is within the

exclusive possession and control of the person charged with

negligence, and such person has exclusive knowledge of the

care exercised in the control and management of that
instrumentality.
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The doctrine is then restated in the form:
If Proposition Q, then Proposition P,
or, equivalently:

Proposition Q implies Proposition P,

As is often the case, Propositidps_? and Q themselves can be stated

in terms of smaller propositions, combined by Boolean operators. These

operators are represented by words like and,;ggl‘not,4§nd:égplies. Their
meaning is similar to that of ordinary English, but their definitions are
mathematically precige. In our example, we can identify four smaller

propaesitions within Propositions P and Q:

Proposition A: The 1nstrunontality which produced an injury
is within the exclusive g ‘
- _trol of the person charged with negligence.

Proposition B: Such person has exclusive knowledge of the
‘care exarcised in tHe contrsl and manage-
ment of that instrumentality.

Proposition C: There is evidence of circumstances which show

| that the accident Wwould not ordinarily have
occurred without neglect oz some duty owed to
the plaintiff

Proposition D: An inference of negligence is justified.

Proposition Q is understood to be logically equivalent to the Boolean
expression:

(Proposition A and Proposition B).
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Similarly, Proposition P is equivalent to:

(Proposition C implies Proposition D).
Therefore, the whole doctrine can be expressed:

(Proposition A and Proposition B)

implies

(Proposition C implies Proposition D),
or, more symbolically:

(A A B) % (C=D)
where the symbolA means and, and the symbol » means g lies. The rules of
Boolean logic then dictate, for example, that an inference of negligence .
is justified whenever Propositions A, B, and C all are true.

This simple example illustrates prqpositional logic, but it does not
demonstrate its advantage over the ordinary logic of the English language.
This advantage shows up in more complicated examples involving numerous
propositions and logical operations. Large statutes often involve this
level of complexity. Here it is not always easy for the mind to keep
track of all the pieces at once, or to §érform the logical steps without
error. Of course, the computer is guitedjwell'to the task of keeping
track of large numbers of data items and of performing thé arithmetic
manipulations called for. Allen's model is very useful for performing
this kind of logical analysis on complicated doctrine that is represented
in the form of propositions [22].

Another computer application, whose development also began around

1960, involves a machine model for a different aspect of legal analysis,
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This is the problem of legal research, that is, the process of locating
pieces of legal doctrine that may be relevant to facts being analyzed.
"Finding the law," as this process is sometimes called, can be the most
time-consuming part of legal analysis. A lawyer's analys;s ultimately
must be based on primary authority--the exact language of constitutions,
statutes, and case decisions,

A constitution is relatively brief, and can be searched easily when
necessary. A set of statutes, on the other hand, can present a problem.
The Massachusetts General Laws (unannotated), for example, fill more than
3,000 pages. Of course, most legislatures attempt to organize their
statutes so that doctrines pertaining tovfclatad’areas of activity are
grouped together in the same or adjoining segments. These chapters and
sections are also given descriptive titles, and their contenﬁs are usually
outlined at the beginning of each major segment. These aids help consid-
erably in the finding of relevant doctrine. Even so, the.écheme of
organization is not always sensible from the researcher's point of view,
nor is it consistently adhered tb. It is usually necessary to explore
numerous approaches in order to find a section or sections that might
apply to a particular set of facts.

For case law, if it were not for separate means of assistance, the
task of research would be hopeless. The decisions of the Massachusetts
Supreme Judicial Court fill over 350 volumes, each of which contains an
average of over 200 cases. Like the cases of all jurisdictions, these are

printed and bound in simple chronological ordexr. The titles of the cases



-47-

indicate nothing but the names of the parties. There is no way in which
they could be read or even sampled in search of relevant doctrine,

Indirect methods of case-law research had to be developed long before
the advent of computer technology. We already mentioned the restatements
of legal doctrine found in legal encyclopedias, treatises, and law review
articles., These sources of "secondary authority* are produced and
oragnized in terms of major legal topics (like the law of torts), sub-
topics (battery, assault), and so on. Besides providing the lawyer with
smaller, compartmentalized bodies of doctrine with which to perform
preliminary analysis, these materials usually contain references to the
cases on which the restatements are based. Such cases often turn out not
40 be directly relevant, but thyy~axewtn§aihah%c entry point into the case
law itself,

Other means specifically intended to assist case research have been
devised. The West Publishing Compaﬁy has promulgated a widely-used key-
number system. The system is based on a hierarchical arrangement of
legal issues that runs from major topics at the top all the way to
specific holdings of cases at the bottom. Numerical values are assigned
to these specific issues such that (theoretically) similar holdings re-
ceive the same, or adjacent, numbers. West publishes a digest of case
law in which can be found the restated holdimgs of cases, arranged accord-

ing to these numbers. West's encyclopedia, chpuS"Jurii‘Secundum, is

also arranged according to these numbers, and the reprints of cases that

West publishes for every jurisdiction have these key numbers inserted
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appropriately in the text. Another publisher, Shepard, produces a
citation index that lists, for each case within a given jurisdiction, all
later cases in which the judge makes some reference to that particular
case. By "shepardizing" a case, a researcher can determine what role the
holding of that case has played in the reasoning of more recent decisions.

Since the process of legal research appeared largely to be a matter
of "data retreival," it was to be expected that the computer would be
called on for assistance. Some eafly'attempts were made to computerize
the systems of West and Shepard; these systems were neither innovative nor
successful. However, a new technique for research, which took particular
advantage of the computer's high processing speeds, fared considerable
better. This is the method of full-text indexing and logical inquiry,
sometimes called "key work in combination" [23]. Its use in law was deve-
oped by John Horty, who was himself engaged in legal reserach involving
the health statutes of the various states. The differing methods by
which the states organized their statutes was presenting severe problems--
especially for those states where laws related to health were scattered
and buried in laws pertaining to other matters. Horty's solution was to
load the full text of a statute into a computer file, have the computer
remove the insignificant.words (like a, the, and), and then have the
computer produce an index listing the exact locations in the statute of
each of the significant words. With this index in the machine's memory,
he could ask the computer to identify or to print out every statutory

section containing a particular word, like "health." Or he could specify
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a logical combination of words, and ask, for exanple, for all sections
containing both "health" and either “dangerous" or “hazardous." By 1970
this technique was applied to case law as well as to statutory law [24].
Systems of both kinds are now available comnercially.

The growing interest in computerized legal research was accompanied
by efforts to apply other klnds of mathematical models to law. Reed
Lawlor pioneered the use of statistical analysis in the modeling of -
judicial decision-making [25]. The use of probability theory in the pro-
cess of fact—finding‘was explored [26]. Lee Loevinger's 1949 law review
article was attracting new attention, ccd'hic tcrm'juriﬁetrics was being
used to describe much of this activity. In 1966 thc title of yodern

Uses of Logic in Law was changed to Jurimetrica Journal It has become

the official publlcation of the American Bar Association s new Section on
Science and Technology. In 1972 over tweuty law schools offered courses

involving these and other quantitative methods [27].
2.32 The Nature of the Model Proposed in this Study

The computer system examined in this ctudy constitutes an operational
model of legal analysis. It is based upon the description of logical
analysis contained in cection 2,1, The characteristic nature of our model
can‘be understood most clearly in relaticnshiptto ﬁodels like those
discussed in the previous section.

We are concerned chiefly with a method of represcnting factual

situations and legal doctrine in a manner that facilitates the process of
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fitting the facts of a particular situation into, or near to, the factual

categorizations expressed in doctrines. ¥or'this purpose, we are pro-

posing the use of ‘stiuctural representatitns. These representations
comprise relatively complicated structures: anembled from primitive data
items that represent relatively simple thinqs and relations in the every-
day world.

In contrast, representations like tho#e used by Layman Allen are-
agsembled according to'the formalisms of-Boolean eiyehra "In such models,
factual situations and legal doctrines &ftén can be &ecomposed into
smaller propositions connected by l_og'iddi operators. This decomposition
cannot be carried down, however, to the level of primitive things like
persons or physical objects. For example; ‘recall- the propositional
representation of the doctrine of _r_e_g_ _i_.E_g_ lm tur” described on page 43.
We were able to break this doctrine into four logically connecteéd sub-
propositions, one of which was: -

Proposition C: ‘There is evidende of circumstances which
show that the accident would not ordinarily

- have occurred without ‘heglect of some ‘duty

; owed to the plaintiff. »
Under strict Boolean analysis, this proposition can be represented only
as an indivisible chunk No further Boolean decomposition is possible.
There is no way to represent the inte:ne; factual. pj,eoes of this proposi-
tion (pieces like "evidence," f{gccident," and “p;ej?nt;ff'f) « DOr the non-
Boolean relations among such pieces. This makesitvery difficult, if not
inpossible,, to determine by means ‘of a _mecl;a,(nical» procedu:e whethe: or not

some specific factual situation matches the situyation that the proposition
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represents. Our structural model will be built from very small factual
pieces and a large assortment of rel;tions,,iggludipguaoolean}rel;tions.-
This will permit us to match complicated situations with one another by
comparing simple things and relationms,

The representations of Wesley Hohfeld include a level of decomposi-
tion that is slightly more powerful than that of purely Boolean logic.
Recall that Hohfeld expressed legal doctrine in forms like: "A has a duty
to B to do X," His model contains a small number of legal relations, like

right and duty, in addition to logical rnlatiogg,glikha.nGAand'gg. By

using this model, we cou1d break factual situations down at.least to the
level of persons and their activitites.  Such agtivities, bowever, must
still be represented as indivisible chunks (like "X%).

Von Wright's deontic logic allows further degomposition. The
activities of individuals can be expressed as. (Boolsan) combinations of
states and the transitions between states. Ewven so, von Wrxight's states
(e.g., "the window is closed").alse are repressnted as indivisihgé wholes.
They have meaning only in terms of being the logical negatives of other
indivisible states (e.g., "the window is open").“ Sﬁaiier factual pieces
(like "window" and "closed") are not aétﬁaliy iepre;;ntad, and they are
not available for purposes of matching. :

By supplementing the basic set of purely Ioéical relations with more
and more specialized relations, we canfachiéve‘higher‘and highér degrees
of degomposition. It is not at all obvious how much decomposibility is

needed to permit relatively simple matching of cénponent pieces, and we
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will not try to solve that problem in this study. Instead, we will ex-
plore a highly decomposible, structuralvmodel in uhich matching can be
performed at varying levels of decomposition. The natching of the small-
est factual peices is acconplished by the arrangement of these pieces into
a hierarchy of categories. The matching of larger pieces is accomplished
in terms of structures of cemposite and thternative sub—structures of
composite and alternative auh~atructures."

Issuesg of Boolean 1ogic, of factual decomposition, and of categoriza-
tion, also play important roles in the manual and the automated systems
used for legal research_ The West key-number system, for example, is
based on an underlying model of legal doctrine in which the holdings of |
all cases are arrangad hieraxchically into finely distinguishable cate—
gories. . This system operates on the assumption that the researcher |
already has, or will come to have, a corresponding hierarchical model in
his or her mind. As proponents of the con;mmerized full-text research
systems like to point out, this asSumption is often erroneous. Some
researchers find the finer classifications in West's hierarchy to be
arbitrary, confusing, and sometimes incorrect fhe categorization of case
examples in a system like ours, however, is used by the system itself,

not by the user. The user does not have to learn (or agree with) the

details of the hierarchy.
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In automated full-text logical inquiry systems, case decisions are
represénted by the set of all significant words that were used in writing
the decision. The researcher must be able to pmnﬂict which words a judge
is likely to>have used in those cases, and dmly those cases, that are
relevant to the situation being researched. This model involves a high
degree of decomposition; the elementary pieces in the model are individual
words., But the structural relations among these pieces a;e>not included
in the model. The researcher can ask the syst@n to indicate cases con-
taining a logical cominbation of the presences and absences of certain
words, but other relations among these words are ignored. As a
consequence, the system produces a high percentaqe>of irrelevant cases.

In the model proposed in this study, the relational structure of the
factual components is explicitly represented. Cuxtentvfull—text retrieval
systems also do not include mechanisms for recognizing words according to
categories fo which they bolong. The model pwﬁposﬁd here does include
such a mechanism. If a model like ours werevto be used in a case retriev-
al system, it is likely that fewer of the irreleiaﬁt cases, and more of
the relevant cases would be retrieved. Of ;oursc, the ﬁsé of this kind of
model would require that large numbers of case decisions be translated--
either manually or automatically--into rapresentﬁtional data structures;
Whether or not this effort would be worth the posiible inprovement in

- performance is not clear, and would have to be the subject of further

research.




-54-

Chapter 3 Representations of Human Activity

3.1 An Architecture Based on Things and Relations

The basic pieces with which we will'construgt~nachine representations
of factual situations will be called things (ail kihdaAofvthings, as we
will see) and relations. 3§ch thing and each réldﬁiou}igﬁgapxpagnted in
the computer by a unique data item with which we will gpsoéiate a name.
The difference between a thing and a relation in our model:is'Sihply that
a relation always "runs" from one thing to a second thing. This cbncept
can be represented in the computer by linking together the addresses of
the memory cells representing the relation and the two things. There is
no need for us to examine the details bf this teghnique:here. In list-
processing languagea, such as the one we will use, thig_ﬁathbd of machine
representation'is straightforward. - |

In this chapter, ve will describe our coﬁpu_ter ;uodel by means of
graphical representations, which are better suited for human comprehens
gion. . We will represent a thing by drawing a point (or sometimes a
rectangle). We will represent a relation that runs from one thing to an-
other by drawing an #rrow'betwaan two points. Beside the points and
arrows we will write the names of the things and relations they represent,

Figure 3-1 represents two things, called thing-A and thing-B, and the

relation between them, called relation-R. (The rules of list-processing

languages require that we use hyphens instead of spacés within the name of

a single thing or relation.)




-55-

relation=R
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thing-A - thing-B
Figure 3-1.
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Figure 3-3.
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The use of this system or representation can be illustrated with some
examples described by Patrick H. Winston for modeling visual scenes
comprising building blocks [28]. Figure 3-2 contains a visual scene
with two simple cubes, one positioned iﬁ;ffbnthf'théiéﬁﬁer}' The graph
to the right of the scene contains two points rgprcgéﬁﬁihg the two cubes,
and an arrow running between the points, r&ﬁrgi&ﬁﬁiﬁé the spaéial rela-
tion in-front-of. Notice that the direction of the arrow is used to
indicate which way the relation runs, i.e.,;wﬁiéh cube is in front of
which, “

Figure 3-3 illustrates a structure that Winston c;u. a house. The
representation for the structure as a whole te;lé?ﬁ?ithat the house has
two parts, one, which is a kind of wedge, that is shbported by the other,
a kind of brick. This representation contains not only a physical rela-
tion between two objects, but conceptual relations: pgmperspip in a
composite thing and membership in a category of thipgéf“ ihese two rela-
tions play a critical role in thgffepreyéntationg “gfvil;idevelcp.

The world £hat Winston can represent, 1iketheworld of Winograd
mentioned earlier, is a‘wo;ldfof,¢gbés, bricks, waﬁgggg and their
combinations as houses and arches. We want to use tﬁé'éé@e fundamental
architecture to represent a world of people, events, and legal doctrine--

or, At leaat, a simplified version of this world. We might begin by




noting some of the things and some of the relations we will want to

include.

Some things in our world:

Some

people‘
John Doe

Richard Roe

Marsha Moe

objects
bricks

‘ brick A
“briefeases

firearms
judgments

judgment for the defendant

events
running
selling
telling

relationg in our world:

kind

part

parent
monetary-value
attorney
owner
expectation
belief

(a=kind~of)
(a-part-of)
(a~-parent-of)
(the-valye-of)
(the-attorney-¢f)
(the-owner-of)

(the-expectation-of)
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Next, we might note how some of these things and relations could be

assembled to represent fact-like states of affair:

1.

2'

firearms are a kind of object,

John Doe is the owner of brick A,
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3. Richard Ree is the attorney of Marsha:Moe

4. Richard Roe expects a judgment for the defendant.

These representations are illustrated in Figure 3-4. Notice that by using
only one point to represent Richard Roe of factfaéind Richard Roe of fact
4, we are indicating that they are the same person.

The world of human activity is far more complex than the world of
building blocks. Before we can hope to build meaningful representations,

there are some important comsiderations ve~iuitfeiprere.
3.11 Things and Relations -

In our model, the basic division into thihga and relations must not
be taken ag a description of the world itself. We are nqt'suggesting that
the world of human affairs is, in some objective sense, actually composed
of Things and Relations. Nor do we propose that things and relations
necessarily are basic coﬁponents of natural epistonoloqy or linguistics.
We are following this scheme because it is the simplest one that allows us
to explore nnchinefhacks we viihﬂgg étﬁdy. ‘Ihnﬂilpurtant‘toles played by
things and relations in human thought and language certainly'contribute to
usefulness oflthis.yodal.

We must be careful not to regard the machine's coﬁcept of a thing or
a relation as anything so semantically xich as our own. To the machine,

these are two different kinds of data item, with different stxuctural and
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Firearms are a kind of object.

kind
[} o o

firearm obiject

John Doe is the owner of brick A.

owner
[ ] > o

John-Doe brick-A

Richard Roe is the attorney of Marsha Moe.
Richard Roe expects a judgment for the defendant.

Richard-Roe
[ ]

Marsha-Moe judgement-for-
the-defendant

Figure 3-4.
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procedural rules. The fact that we choose to label one "thing" and one
"relation" is, by itself, irrelevant. The machine knows some differences
between things and relations in terms of what it knows about various kinds
of things and kinds of relations, but we will see that this knowlege is
relatively sparse.

In many cases, it is obvious whether we want to represent something
in our world as a thing or as a relation. A brick is easily thought of as
a thing; the idea of "taller" clearly is a relation between two things.
But often, the choice is not obvious. How should we represent an event,
such as John's hitting Richard? Is "hitting" to be considered a thing
related to John and Richard, or is it to be considered a kind of relation
between them, or is it both? We cannot appeal to the reality of the world
to resolve questions like these. We will take an approach that makes our
scheme as useful as possible to our task, and one that fits easily into
the framework of the machine language PSL that we be using to implement
the scheme. (PSL will be described in Chapter 4.)

We will include, as kinds of things, objects (like bricks, people,
and judgments), events (like hitting, telling, and civil actions), and
values (like red, tall, healthy, and expensive,) A major kind of relation

will be the feature-relation, which we use to relate objects, events, and

values to each other. For example, the relation near is a spacial rela-
tion hetween two objects; the legal relation owner relates a person to a
physical object; the semantic relation agent relates a person or some

other thing to an event (John is the agent of the event: John hits
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Richard); and the relation health relates a person to a value like

rrrr

sy et s minc sl

sented as shown in figure 3-5
Our“ﬁféiimiﬁAEy‘BE&aE&BaB’b% Eﬁiﬁ&é aﬁﬁ“ééiiiioaé Ié illustrated in

figure 3-6.

3.12 The Kind Hiesarchy
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' From figure 3-6 we can see the important rolo that is played by the
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kind relation. We ‘use it to construct the categorization schene for the
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things and the relations with‘whioh the systaa is familiar. We will call
Lmman s rovingn s Shdvel sEooa wo i .

this taxonomy the kind hierarchy.
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For purposes of this preliminary study, we will depend entirely upon
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the kind hierarchy for representing;the system's knowiedge about things and
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relations in the world, All that the prototype system knovs about any
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thing or relation is its position in thc kind hiercrchy. ‘
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We could represent a much richer model of world knowledée by includ-
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ing feature-relations running between the thinqs and“f@lations in the
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kind hierarchy.‘ For example, all Ehat the prototype system knows about -
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bricks is that they are a kind of building-blook. W‘u‘ﬁing Feature
st B L i3 olamaxs ot A Teied
elations, we could let the system knou also that bricks are portable-size
”,‘g-.,-f.k\i':‘“ £RIATY

in size and he’!x in weight = Welmight also use a relation (porhaps‘called
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characteristic) by which we couId”Iet the syston knou vhich feature—

wdoawlon; dos
relations are characteristic of which things. For example, we could

include the fact that color is a characteristic of persons as well as of
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heal thy

Figure 3-5. =
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part » semantig-relation ege——— agent.

(All arrows represent
the kind: -relation.) - o
Figure 3-6.
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physical objects, but that health is a characteristic only of persons. We
could go further by including appropriate restrictions as to the
permissible values for feature—relationsib Some values are mutually
compatible (ill and injured{; some are mutually exclusive (male And
female). Some things, like flags, can have several color values; some
(like persons) normally have only oné. A pezﬁénican change a health-value
relatively easily, an agé-group—value §nly at a specific time, and a sex-
value rarely, if at all. Information of this kind would provide the
system with a much richer knowledge about the things and relations in the
kind hierarchy. it

We chose to rely solely upon the kind hiefarchy, however, because it
provides a simple (albeit incomplete) mechanism for fitting specific
things and reiations into more general categories, which is a central task
in our analysis procedures. The use of featuzeguand values in the match-
ing process presents much ﬁore difficult problems, which are the subject
of other current research [29] and are outside -the lcoéevof,this study.

'One consequence of this simplification is that we will have to
incorporate in the kind hierarchy itself some knowlédge that might other-

wise be expressed in terme of features, ~?or?§xl-p&o, our kind hierarchy

will contain a rather a:tificial-saunding'¢§t§§ory movable-ohiject because
the system cannot determine by means of féatures whioh”objects arc
movable.

Another consequence is that the system cannot nake'"counon—sense"
inferences that a human being or a more knowledgeable system might be able

to make. For example, when a person fires a rifle, injuring another
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person, it normally can be inferred that the first person caused the
injury. Our system is not able to make inferencoejof this‘kind:h
(Although, as we will see in Chapter 5, the need to nnke such inferences
sometimes can he hypaesed by means of alternative de-criptions for the same
situation.) | | . | o

We can make our kind hierarchy far lese restrictive by allowing
things and relations to belong to more than a single kind category. F$£‘”
exanple, instead of making an axbitrery decieion as to whether a knifex\
ought to be classified as a kind of weapon or as a kind of tool we can

. place it in both categories. The use of nultiple clansifications in-

creases the amount of information that we can include about an item. The

examples exanined in this study will not -nke use of multiple claSSifica-

%% LT e W

tions, but we anticipete that for larger systens involving many different

areas of lav, a multiply clas:ified kind hierarehy codldueliminate some of

the problems caused by the aheence of feeture infornetion. By classifying

a knife both as a kind of ueepon end as a kind of tool we are represent-

: o e e

ing that it has the featuren of both - -
Finally, for the sake of conpletenesa, we will represent the very top

of the kind hierarchy by the cateqory Ehigg Thns things and -

relations are kinds of sonething.




-65~

3.13 Kinds and Instances

Looking once again at figure 3-6, we see that Richardeoe is repre-
sented as a kind of person in the same way tsat a brick is_reﬁresented'as
a kind of physical object. To some extent this is sensible. In one case,
we are saying that within the set of physicai chects, bricks constitute
a subset presumably with certain distinguish;ng characterlstxcs
(features). S1mu1arly, Richard Roe, w1thin the set of persons, can be
said to belong to a one-member subset dlstinguishable hy those character-
istics that form Richard Roe's identity. Treatinq both cases in the same
way, however, overlooks an important difference. It may Se useful to have
a category of brick-like objects, but of what use is a category of persons
with Richard Ree's identity? |

Furthermore, it is necessary to have an explicit method for differen-
tiating between infermation about whole categories, like bricks and |
persons, and information about certain bricks‘end ﬁersons.

For this purpose, we introduce the instance relation. We represent
Richard Roe as an instance of a person, rather than as a kind of person.
The instance relation is identical to the kind relatlon except it does not
imply a distinguishable category. On the other hand, while an lnstance
indicates an individual rather than a category, it can be an abstract
individual. We might: use Richard Rbecaspa.token, the name of a role

rather than of the actor who plays it.




-66-—

Consider again the house structure described by Winston (figure 3-3).
The bottom part of the house, which is given the nsme B is represented as
a El&g of brick In our model, we would represent it as an instance of a
brick. There is nothing about its 1nclusion in the house structure that
makes it different from any other brick; therefore, it does not represent
a distinguishahle category of bricks. At the same tins, it does not
represent some particular brick in the reel world, but a brick in the
abstract, 1Its purpose is to serve as a token of a brick-—which token is
to be associated with the things and relstions appropriate ‘to defining a
house. | - |

Sometimes we‘will encounter distinguishsble kind cetegories with
single members. In'theseiceses, theAkind‘reiation uorges with the
instance relation. B - o | |

Care must be taken regaxding the. scope of the name we give to an
instance. That is, we must be able to define the structural houndaries
within which the same instsnce-name is understood to refer to the same

instance. This problem wiil be examinedwin sectionz4.2.
3.14 Semantic Relations

The user of this prototype system does not coununicete with the sysﬂ
tem in any natural language. The user expresses things in the PSL .
language, which we will see shortly. One objective of those who are

currently developing the OWL system is the automaticbtranslation between
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languages like PSL and simple English For this reason, among othersg,

PSL is oriented around a linguistic model known as case gxannuu:[30]

Simply described, the case-grammar model treats a_sentence as an
action (corresponding loosely to the verb) Nith a set ofressociated
cases, like the agent and the object of the action. i(The agent corre-
sponds loosely to the subject of an active-voice sentence the object
corresponds loosely to the direct object ) Some other cases are:
co-agent, instrument, source, method, destination, puxpose, cause, result.

We are not interested directly in the case grammar as a linguistic
model, and we will not explore the details of the different cases., ihe
bagic idea of actions and semantic cases, howover, is useful to our model,
especially because these can be expressed easily in terms of/thinqs and
relations.

The use of semantic cases will be illustrated with the following
examples: | | -

1. John Doe sells a brick to Marsha Moe

2. Joe hits Fred in the shoulder with his fist.
In the first example, we can represent the action as an instance of the
event sell. John Doe is the agent of the action, the brick is the object
of the sale, and Marsha Moe is the co—agent In the second example, the
action is an instance of the action hit the agent is Joe, and the object
is Fred, the instrument is Joe's fist and the destination of the hit is
Fred's shoulder. Representations for these examples are shown in figure
3-7. (We use the semantic relation s-object to avoid confusion with

abject, which we have defined as a kind of thing.)




John Doe sells a brick to Marsha Mce.

agent

Joe hits Fred in the shoulder with his fist.

hit

[ ]

T instance
L]

John-Doe ¢
agent
Joe @
part
*
instancel
®
fist

-

sell

instance

s-object

instance

brick

instrument
destination

co~-agent

s-object

part

instance

shoulder

Figure 3-7.
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® Marsha-Moe

® Fred
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3.15 The Absence of Temporal Relations

One important aspect of human activity is the temporal sequence and
concurrence of events, and the relationship between events and the changes
in states of affairs. We have seen, for example, how von»Wright (page 41
uses representations for states and transitions to model activities and
norms. In order to keep the examples in this study relatively simple, we
have left out the temporal dimension. We will refer to all events as if
they are taking place in a fictitious "present tense." For the legal
doctrines that we will examine, this simplification does not result in
much distortion. There are very few issues in battery or assault that
turn on timing or sequence.

Of course, there are many areas of legal doctrine where time consid-
erations are critical. For example, in the creation of a contract by
mail, the sequence of the posting and receipt of offers, acceptances, and
withdrawals is most important.

Timing and sequence could be included in ocur-model in a manner
precisely analogous to that used for spacial location., By qsing temporal
relations (like before and after), we can relate events according to their
proper sequence. A relation like at-time can be uaed to relate events to
specific times, which would be included as time-values.

Some of the more difficult problems of sequence, concurrence, and
state changes, in relation to the modeling of legal doctrine, are the sub-

ject of other current research [31].
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3.2 Facts and Situations

3.21 Facts

So far, we have been discussing representations cf‘sinple'things‘and
relations. These corne;éond to data items in our system, and we give
these items names that sngQﬁstxto us the things and relations they
represent. The relatichshiaafcxchh-bg connecting two such things and a
relation also represents something in the”nqgl world, and it will be very
useful to recognize and to represcnﬁ“these‘rélatiégghips eiplicitly. We
will call a thing—relation;thihg ; fact. Just 1;kdf;cr definitions of

thing and relation, this definition is cciﬁaiativc. If is not meant to

describe "correctly" the way we use the word fact in comon parlance in
legalese, or in any other technical context. A fact behaves Jjust like a
a thing, in the sense that it cantboar»a,rnlutiau,ﬁa another thing.
Therefore we will enter a fact in the kind hicrarchj:as‘a kiﬁd of thing.
Representing a fact as a kind of thing alloﬁs us to construct
composite facts within which one (or both) of the two things is itself a
fact. Consider the fagt expressed by the sentonce, "Marsha Hoo believes
that Richard Roe is her ‘attorney." We represent this fact by relatlng
Marsha-Moe, an instance of a éenson, by the relation belief to a fact
comprising Marsha-Moe (again), ‘the relation attorney, and the person
Richard-Roe. This reptesentation.is illust#aead in figure 3-8 The box
in the figure represents the intetnal fact, and it §§ntains the end-points
of the arrow representing the internal xg;gtion E*EE!EE!, The belief

relation is drawn as an arrow from this box to Harshl—noe Notice that in




It is the belief of Marsha Moe that
Richard Roe i8 her attorney.

Figure 3-8.
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In this situation, Marsha Moe believes
that Richard Roe is her attorney.

situation
¢

instance

element

<

Figure 3-9.
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this example, the internal fact corresponds to a gubordinate elause in the
natural-language expression of the fact, This is often, but not always,

the case.
3.22 Situations

Next, we wish to recognize and to represent explicitly sets of facts,
which, taken together, constitute a collective state of affairs. We might
think of this as a story or as a set of circumstances., We will call such
a set a situyation. As we did with facts, we will represent a situation as
a kind of thing that may be related to other things. We will call the
relation between a situation and each of the facts that belong to that
situation the element relation (an~element-of). The element relation
behaves something like the part relation in Winston's structural represen-
tations (see figqure 3-3).

Now consider again the fact: Marsha Moe believes that Richard Roe is
her attorney (figure 3-8). We would represent the situation in which this
was the only fact as is shown in fiqure 3-9, ﬁote that Richard Roe's
actually being (or not being) her attorney is not an element of this situa-
tion. If we wished to represent this circumstance as well, we‘would have
to include a second element relationship explicitly, as is shown in figure
3-10. Of course, we might also wish to represent a situation in which
Marsha is "wrong" in her belief; perhaps her attorney "really"--that is,
aécording to this situation--is John boe. This set. of circumstances would

be represented as is shown in figure 3-11,



In this situation, Marsha Moe believes that
Richard Roe is her attorney, and Richard Roe
i8 indeed her attorney. ‘

situation
[

instance

element

<

Figure 3~10.
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In this situation, Marsha Moe
believes that Richard Roe i8
her attorney, but her attorney
18 actually John Doe.

situation
e

instance

element

* o«

element atto:ney

bellef

Figure 3-11.
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There is one particularly important kind of situation used by the
system. This is a situation representing the facts that are presented to
the system as the hypothetical case to be analyzed. We call this kind of

situation the facts-at-hand. In this prototype, there is only one such

situation under consideration at any one time, so the facts-at-~hand can

be thought of as an instance of a situation as well as a kind of situa-
tion. (More sophisticated versions of this system might include several
hypothetical cases at once, in which case there could be serveral
instances of this kind of situation.) Each of the facts presented by the

user to the system is understood to be an element of facts-at-hand.

Instances of situations can be used, like facts, as things within
facts, allowing us to assemble more complex fact structures. Let us
consider an example: The user tells the system of a set of circumstances
in which Marsha Moe tells her attorney, Richard Roe, that John Doe
sold her a brick.

This can be represented as is shown in figure 3-12. In the represen-

tation, the situation facts-at-hand includes (1) the fact that Richard

Roe is Marsha's attorney, and (2) the facts constituting her telling some-
thing to Roe. What she tells Roe is the semantic object of this event,

and is represented by a subordinate situation whose elements are the facts

constituting the selling event. (As indicated in section 3.15, we are

ignoring the temporal sequence of events.)
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In the facts at hand, Marsha Moe tells her attorney,
- Richard Roe, that John Doe sold her a brick.

//, N o ——; clemgnt facts—-at-hand
Richard~ , T T e — o
< Roe ® \ : .

\ . ~ element_
e —r S
g 2 .
\.. elemént
. N4 ;
attorney

element

v

1)
Marsha
Moe

A\
>

instance

element o
~ - situation

John-
Doe ®

't instance

brick

Figure 3-12.
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3.23 The Situational Structure of the System's Knowledge

As the examples in the last section deménstrate, facts and situatiors
generally do not stand alone as direct pieces of the system's knowlege.
Instead, ‘they 6ften appear as components or ‘elesiesits of other facts and
situations. It is this aspect of our archftéc€ire ‘that allows us to
represent what people believe, téll, expect, et Getéra, in contexts re-
moved from what we wish the system itgelf to know 6r to believe. In the
example of ‘figure 3-11, we saw 4 situation in which a ‘person believed a
fact which, ‘in that eituational 'cbnt:ekﬁ:, was not correct. - Similarly, in
the example of figure 3-12, the ‘fact that a brick was sold is far removed
from the system's direct Xnowledge. ' What the wystem knows in that example
is that the user hypothesizes that someone says that a brick was sold.
Thus we see that there is a hierarchy of sitiational coritexts in the sys-
tem. The organization of the system's kinowledge abbut the world and about
the law is based on this- hierarchy. e

At the top of the situational hierarchy are the Pacts that the system
knows directly. The main component of the system's direct knowledge is
the kind hierarchy. If we were to intlude in the prototypé system the
other kinds of knowledge discussed in section 3.12, this, too, would be
part of the syétem's direct knowledge, Also known directly are the
machine procedures, to be described in Chapter 6.

All of the facts and procedures that are known directly could be

represented as elements of a top-level situation representing the system's
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overall knowledge. We will not need to represent this top-level situation
explicitly. Facts that are not subordinate to other facts and situations
will be understoad to be elements of this implicit, top-level situation.

The situation facts-at-hand is one level lower in this hierarchy.

The elements of facts-at-hand are known indirectly by the system as facts

and situations that the user is presenting hypothetically,

The system's knowledge of legal doctrine is Also at the gsecond level
in the context hierarchy. This permits us to attribute legal doctrine to
sources of authority. Fraom the kind hierarchy, the system knows directly
about the existence of various legal authoritiqs such as judicial
decisions, statutes, treatises, encyclopedias, et cetera. In the proto-
type system, primary legal authority will be raprnscntgd only for case
law, and will take the form of small fac;pgl.axaqples and holdings. More
general doctrine will be represented in the form of a fictitious secondary

source called Corpus Juris Mechanicum. The system contains legal

knowledge in the sense that it knows what these authorities assert about
the law.
The situational structure of the system's knowledge is illustrated in

figure 3-13.
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Figure 3-13.
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3.3 A More Comprehensive Kind Hierarchy

We are now in a position fo assemble a kind hierarchy that is
considerably more comprehensive than. the preliminary breakdown of
things and relations shown in figure 3-6. This higrarchyvis presented
on the following pages. Notice that we are ugingAtyppgraphical
indentation to indicate the kind relation.

Some of the items and categories in Ehé hierarchy willvnot yet be
 familiar. Those things and relations ﬁﬁ&t’ﬁave not\yét been discussed,
and are not self-evident, will be_explainedrand illu;tr;ted in later
chapters. Many of the items in this hierarchy will not be needed or used
for the examples to'bg;examined in this study. These are included only
as an illustration of the manner in which a moré comp:;hensive hierarchy

can be assembled.




The Kind Hierarchy

List é_(top level)

Something

thing
object (see list B)
event (see list E)
value (see list D)
fact
situation

facts-at-hand
relation

classification-relation

kind

instance

type
counter-~type
example
counter-example

composition-relation

part

element

counter-element

facts
feature-relation (see list C)
instantiation-relation (see list H)
logical relation (see list F)
arithemetic-relation (see list G)

execute
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bed

List B
object
physical-object movable-object (continued)
access-cbijects. -
stationary-object door
place window
building lock
tree article-of-clothing
mountain’ . hat ,
boulder coat
room dress
jailcell jacket.
room-part troussers
wall shoe
floor personal-accessory
hallway cane
street handbag
~ ground briefcase
sky umbrella
city weapon
state firearm
pistol
animate-object rifle
animal ... shotgun
house-pet knife
dog axe-handle
cat ., stonme
wild-animal sports-implement
tornado ~ golf-club
meteorite baseball-bat
hogkey-stick
movable-object bui}ding~block
tool cube
hammer brick
wrench wedge
knife . pyramid
furniture vehicle
chair automobile
table bus
desk glider
sofa '




physical-object (continued)
physiological-object (human)

anatomical-object
head
eye
left-eye
right-eye
nose
mouth
lips
neck
shoulder
chest
abdomen
back
limb
arm
leg
extremity
hand
fist
foot

skeletal-object
skull
spinal-column
rib-cage
rib
clavicle
humerus
radius
ulna
(et cetera)

organ
brain
heart
liver
lung
stomach
(et cetera)
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Object (continued)
legal-object

legal-institution
trial-court
appellate-court
legislature
administrative-agency

legal-judgment
judgment-for-defendant
judgment-against~defendant

legal-doctrine
criminal-law
law-of-criminal-battery
law~of-criminal-assault
law-of-civil-actions
in-contract
in-tort
negligence
intentional~tort
interference-with-property
tresspass-to-land
interference-with-person
assualt
battery
false-imprisonment
invasion-of-privacy

legal-authority
primary-authority
judicial-decision
statute
constitution
secondary-authority
- Prosser-—on-~Torts
American-Jurisprudence
 Corpus-Juris-Secundum
Corpus-~Juris-Meehanicum



Object {continued)

person
user
doctor
surgeon
lawyer
garage-mechanic

legal-person
natural-person
reasonable-man
corporation
partnership

judicial~person

plaintiff

prosecution

defendant

witness

adjudicator
trial-judge
appellate-judge

fact-finder
jury
trial-judge-without-jury
appointed-master
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List c

Feature-Relation

physical-characteristic

size :

weight

color

spatial-relation

contact-relation
on
attached-to
held-by
distance-relation

near
in-front-of
to-the-left-of
far

orientation

loadedness

count

health

monetary-worth

sex

age-group

mental-attitude
knowledge
belief
perception
expectation
apprehension
willingness
consent
assumption

family-relation

parent
mother
father

sibling
brother
8igter

spouse
husband
wife
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:eatu:e@xelat;pn (continued)

semantic-relation
agent
- ‘swobject
co-agent
purpose
" “precondition
- ‘sodrce
et
" 'destination
result
“ihstrument
beneficiary
\tause

legal-relation
“ - oMmer
"~ possessor
‘attorney
 &uty
7 1iability
O “'immani ty
legal-consequence
agsertion
holding



List D

Value

size-value
short
small
portable-size
large
tall
a-ieter

weight-value
"1light

‘portable-weight

heavy
a-gram

color-value
red . .
orange
yellow
gieen
blue
purple
black
white

orientation-value
lying-down
sitting
standing
open
closed

loadednegg~value
loaded
unloaded
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value (continued)

count-value

two_
 few
many

health-value

healthy
fair-health
i1

injured
disabled

sex-~value

male
female

age-group-value

minor
. adult

monetaxy-worth~value

wealthy

- . moderate~income
- POOE

.. cheap

'_roqsonable

... expensive
. .a~dollar
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keep-open
keep-closed

List E
Event event (continued)
movement-event _ contact-event
move touch
move-self - grab
walk strike
run hit
leave kick
enter slap
Jump punch
drive-in-car knock-of £
move-object "kiss
push
pull health-event
slide get-worse
raise injure
- lower disable
carry become-ill
drop get-better
throw become-well
send recover
point operation
not-move appendectomy
stay-there no-change
confine stay-well
stay-ill
orientation-event ‘stay-injured
re-orient
sit-down commmunication-event
stand-up commnicate
fall-down " tell
get-up manifest
open-up perceive
close-up see
keep-oriented hear
keep-lying
keep-sitting athletic-competition
keep-standing boxing-match

tennis-match
baseball-game
hockey-game
round-of-golf



Event (continued)

mental-event
start-knowing (learn)
stop-knowing (forget)
start-believing
stop-believing
(et cetera)

legal~event
legal-action
criminal-proceeding
civil-action
action-in-contract
action-in-tort
appellate-action
offer
accept
purchase
sell

machine-event
learn
insert
display
receive
listen-to-facts
instantiate
instantiate-by-elements
instantiate-by-types
instantiate-by-examples
discuss-analysis
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List ¥

Logical (Boolean)

not

and

or

XOr
implies
equivalent
is

List G

Arithmetic

plus

minus

times

equal
less-than
greater-than

List E

Instantiation-relation Instantiation-relation (continued)
inst-element n-inst-element
inst-type n-inst-type
inst-example n-inst-example
inst-syllogism n-inst-fact

inst-analogy
inst-assume
c-inst-element
c-inst-type
c-inst-example
c-inst-syllogism
c—-inst-analogy
c-inst-assume
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Chapter 4 Implementation EE_PSL

In Chapter 3, we presenﬁéd;the model that we will use to répresenf
specific situations of fact as well as the more égaét;iized situations
contained :L'n"“le'g‘alv doctrine. For purpoaes o';fé introduc?mg the model, and
for deﬁﬁnsﬁratihg some siﬁpié’exaﬁpiéb; we us;d:§ giﬁbhical notation that
corresponds to machine representations that we would want to create in the
computer. For more complicated situations, however, the use of the
graphical notation becoms rather cumbersome. Ji‘ﬁetef.bfe’, from this point
on, wa will express our reprssentations directly in a machine comprehend-
ible language called'f’si. '(fféliminary Study Language). A computer system
called OWL is able to translate such expressions into machine representa-
tion. OWL is a modeling 5yit¢§”¢u£r¢ﬁ£19i£§£h§‘ééééfbﬁe&’%&Twilliam‘A;
Martin and others at the Automatic Programming Division of M.I.T.'s
Project MAC [32]. OML cowprises a data structure, a set of machine proce-
dures, and a programming language that are ideally suited to embody the

fundamental features of our model.
4.1 Representing‘*:!‘acts and Situations in PSL

The basic PSL statement comprises a relation and two ‘things, corre-
sponding to what we have been calling a fact. Each such statement is
written encloééd ihlphfﬁnthgséé; B B

(rel thl th2),
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where rel stands for the name of the relation, and ﬁheteyggl and th2 stand
for the names of the things. Recall that in our gr;phical notgtion,‘we
used an arrow to denote the relation between two thingg, In the PSL
notation, thl corresponds to the thing at the‘hgad of ;he arrow, and th2
corresponds to the thing at the taii of the arrow. Berg are two examples

of facts expresgsed in PSL:

(kind building-block brick) A brick i8 a kind of

building block.
(attorney Marsha-Moe Richard-Roe) ' The attorney of Marsha Moe

18 Richard Roe.

To make our examples easier to foilow,vwe willwinciudg:briefvEnglish
translations to the right of Fhe PSL statgpents.; Based on_purrent re-
search‘in natural lapguage processing, it is :eaqqnablg_tc‘expect‘that a
system like OWL will be able to translaate staggnents like thosegpn the
right into machine statements like those on‘the‘;eft.

The OWL system is written in the LISP programming language, which
is based on data structures that’take the’fo;mvpf E&gsg, The data struc-~
ture corxresponding to a statement of fact in PSL is a list of data cells
representing rel, thl, and th2. The data cells are connected by linkages
called pointers. In addition, thg OWL system c;gateg linkages called

back-pointers running from each rel, thl, and th2 to éyg:y‘fact in which

that thing or relation appears. As we shall see in Chapter 6, these

back-pointers provide a handy index for finding quickly those facts that



contain a given thing or relation.
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The kind hierarchy can be expressed in PSL as a series of statements

of the following form:

(kind
(kind
(kind
(kind

(kind

(kind

(kind

To make repetitive lists like this

we will adopt an abbreviated notation.

something thing)

something relation)

thing
thing

thing

object)
event)

value)

furniture chair)

furniture table)

A thing is a kind of something.

A relation 18 a kind of something.
An object is a kind of thing.

An event is a kind of thing.

A value 18 a kind of thing.

A chair is a kind of furniture.

A table is a kind of furniture.

more convenient for our discussion,

We will allow either of the th's

in a fact to comprise a series of things, separated by commas:

(kind thing object,event,value,fact, situation).
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This expression will be understood to be equivalent to several separate

facts, one for each thing in the series:

(kind “thing object) An object is a kind of thing.
(kind thing event) .

(kind thing value)

(kind thing fact) .

(kind thing situation)

Compound facts, in which one (or both) of the things is itself a
fact, are represented simply as compound lists in which one (or both) of
the th's is itself a list. The fact that Marsha Moe believes that Richard

Roe is her attorney (figqure 3-8) is expressed:

(belief Marsha-Moe It i8 the belief of Marsha Moe
that
(attorney Marsha-Moe the attorney of Marsha Moe
18
Richard«Roe) ) Richard Roe.

Situations and their elements also are expressed quite simply (espe-
cially with the comma notation). Consider the examéle from figure 3-11,
in which Marsha Moe believes that Richard is her Attorney, when her

attorney is actually John Doe: " b
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(ingtance gituation sl) 8l ie a a‘utuatwn
(element & 7 Vgn phion
(attorney Marsha-Moe E'Tﬁ'the attorney of‘Muraha Moe
“Johh-Doe), = ”thn Doe
. o : ST g : a,;nd.'*;: & Vo e o
(belief Marsha-Moe = - it i@ the bezief of Marsha Moe
L . that .
‘(attorney Marsha-Moe = the attomey of Marsha ‘Moe
Richard-Roe)))” 'mahmzﬁoa \

Because we will make frequent use of instances of things, it will be

convenient to introduce another abbreviation. To represent the fact that

,,,,,

Joe, an tnstance of ‘a person, is the agent of an “instance (call it hl) of

a hitting event, we couldvéxpreaq thrge separate facts:

sl

(instance person Joe) = Joe ia a person.
(instance hit hil) | h1 is a hit.
(agent hl Joe) ' , . Joe is the agéntféf'hl.

Instead, we will combinecﬁhééé three facts iSEO'a:Singie PSL statement by
using colons. The notation X:x is used tbﬂiﬁaiéiééiéﬁhé ijs an instance
of X. Thus, we can write:

(agent hit:hl peréon:Joe),
which might be expressed in English as, “Joé, who is a person, is the

agent of hl, which is a hit."




~95-~

An individual fact is always understood to be an instance of the

category fact.

Sometimes it is convenient to give a name to an individual

fact, just as other instances are given names. We will use the colon

notation for this purpose as well. For example, let us add to the situa-

tion sl in the example on page 94 the fact that John Doe believes

(correctly) that he is Marsha Moe's attorney. The elements of this

situation can be expressed thus:

(element sl
(attorney Marsha-Moe
John-Doe) : £1,
(belief Marsha-Moe
(attorney Marsha Moe
Richard-Roe) ),

(belief John-Doe f£1)).

In this way, the PSL expression

In 81;

the attorney of Mareha Moe

i8 '

John Doe,

it 18 the belief of Marsha Moe
that

the attorney of Marsha Moe

i8 ;

Richard Roe,

and

it i8 the belief of John Doe
that the attormey of Marsha Moe
18 John Doe.

(attorney Marsha-Moe Richard-Roe)

needs to be written out only once.
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4.2 The Scope of the Instance Names

In the graphical representations used in chapter 3 when we wanted to
indicate the involvement of the same instance of something in several o
facts, we represented that inatance with a single point (or rectangle)

We need a similar means to indicate when the same instance name, appearing
in geveral PSL statements, is meant to indicate the same instance
(i.e., the same data—iten) : » o |

We could adopt the convention that instance names are global in
scope. This would mean that the same instance name always refers to the
same instance. It will be more convenient however, if the names of |
instsnces can be given smaller, more localized scopes.‘ This permits us to
use the same names (like John Doe) to represent different 1nstances in
different contexts. One advantage of using names with localized scopes is
that it eliminates the need to check the entire knonledge structure every
time we name a new instance, in order tounake sure that no other instance
has been given the same name. In order to achieve this;flexibility, ne
must establish a clear rule for deternining the ggggg of an instance name.
The scope is the contextual boundary within uhich the same instance name

is meant to represent the same instance.




-97-

An obvious candidate for a contextual boundary of this kind is the
situation. It seems sensible to adopt a rule like: Within any one
situation, and only withih that sitﬁation, the same instaqce name refer§
to the same instance. However, this rule does not make clear whether
names appearing in a subordinate situation are‘to be considered as
appearing "within" the superior situation. This is often desifable be~
cause many of the instances in a subordinate situation are the same as
those in the superior situation. This is not qgivnrlallx:desipable,
however, because it implies that‘all scopesiére élebal. (All situations
in the system are subordinate to the impiicig, tap-Levgl situatipn).

To escape this dilemma, we introduce the hotion of dec;arin an
instance name. The name of an instance ié said‘to be declared in the
situation in which its instance relationsh@p‘apygags,;whether the appear-
ance is explicit, like: | -

| (instance . person  Joe),
or implicit, as in: |
(agent hit:hl person:Joe).

The appearance of an instance relationship kor a colon) declares an
instance name in a situation, whether or not that relatiopship (fact) is
actually an element of the situation. Herver, when an instance relation-
ship appears in a subordinate situation, it is decleared only in that
sityation, not in the superior situation. an instnncé declared in a
superior situation is recognized by the same name in all subordinate situ-

ations, except where that name has been redeclared in a subordinate
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situation. Finally, when there is need to refer to an instance not other-
wise recognized in a particular situation, this is done‘bf using the name
of a situation wherein the inatance is recognized, followed By a slash,
followed by the instanée name. Thus, if‘th;'name ggg;weie recognized in
situation sl but not in situation s2, We'could refer tb the instance
named Joe fxom within g2 by using the symbol sl/Joe,

Readers who are not familiar with the structure of programming
languages need not woxry if they do not follow this discussion of scope
and declarations. Programmers, on the other hand, will recognize thése

rules as conventions for declarinQ and binding local variables.
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4.3 Summary of PSL Notation

The following is a summary of the conventions that we will use for

representing facts and situations in the PSL language.

1. A fact is represented by a PSL statement ©f the form:
(xrel thl th2),

vhere rel is a relation that runs from a thing th2 to another thing thl.

2, Within the statement of a fact, thl or th2 (or both) may itself
be the representation of a faét, for example:

(relA thl (relB th3 th4)).

3. Separate statements of fact that differ only in regard to thl
or th2 (but not both) can be represented by a single fact statement by
using the following comma notation:

(rel thl th2,th3,. . . ,thN),
which is understood to be equivalent to:
{(rel thl th2)

(rel thl th3)

.

(rel thl thN),
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This pluralism applieg at the highest level of list structure, so that
(relA thl (relB th3 th4,thS))

is equivalent to:
(relA thl (relB th3 thd))

(relA thl (relB thS% th5)).

4. A fact involving the instance relation can be gxpressed
implicitly within another fact by using the following colon notation:
(rel thl 'th2:inatagge-name}.

which is understood to be equivalent to:"
(instance th2 instance-namé)

(rel thl instance-name).

5. A fact (which is always understood to be an instance of the
category fact) can be given an instance-name by using the same colon
notation:

(rel thl 1rel2):instance-name.

6. An instance namé is said to be declared in the situation in
which the name appears in conjunétion either with the instance relation or
with the coleon notation. An instance name is récognized as a reference
to the same instance within all of the facts and situations that are sub-
ordinate to the situation in which the name is declared, except where the

the same name has been redeclared in a subordinate situation.
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7. An instance whose name has been declared in one situation can be
referred to from within a situation where that name is not recognized by
using the following slash notation:

{element situation:sl

(instance thl instance-name))
(element situation:s2

(rel th2 sl/instance-name)).

I.e., the symbol sl/instance-name is understood to mean, "the instance

that is called instance-name within situation sl."
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As an illustration of the conventions presented in the last three

sectiong, let us consgider again the exampleffépfeéenfed graphically in.

figure 3-12,

Recall that the user has hypothesiZed to the system a set

of circumstnaces in which Marsha Moe tells her attorney, Richard Roe,

that John Doe sold her a brick. In PSL notatiocn, this would be

represented as follows:

(element facts~at-hand
(attorney person:Marsha-Moe

person:Richard-Roe),

(agent tell:tl Marsha-Moe), '

(co-agent tl - Richard-Roe),
(s-object tl1 situation:sl))
(element facts-at-hand/sl
(agent sell:sl
person:John-Doe) ,

(co-agent s1 Marsha-Moe),

(s-object 81 brick:brick-A)):

In the facts at hand,

the attorney of Mareha Moe
i8

Richard Roe,

and

Marsha Moe tells

Richard Roe

that

John Doe sells

to Marsha Moe

a brick.
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This example demonstrates several points about our conventions.

Notice first that, within the situation factsfat-hand,.phe instances of

person and of tell are declared with the colon notation, These instance

names are recognized throughout factSeatghani.as,ye;l-agiinithe subordi-
nate situation sl. Notice also that the name sl is used twice as the

name of two different instances, one an instance of a‘gituation, and the
other an instancé of a selling event. As.the name of pisituatiqn, g&_;s

limited in scope to the situatipnifacts—qt-hand, in which it is declared.

The top-level situation of the system doeshnotnxgccgp;geggpis name

directly, so it must refer to situation sl by the name facts-at-hand /1.

Then, within the situation sl, the name sl is redeclared as the name of a
selling event. It is recognized as such. throughout this subordinate

situation.
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Chapter 5 Representations of Legal Doctrine

Using the modeling languaqe presented in Chapter 4, we w111 now
construct machine repreeentetionemgor legal doctrine. We w111 build
these models at two levels of generality. First welwill consider wore
general statements of doctrine. like thoee found in secondary authority
and in statutes. Then we will consider the more particular doctrine
found primarily in the facts and holdings of individual cases. The area
of legal doctrine that we will explore conprises theltcrts of battery
and assualt. Before building our models, it will he helpful to discuss:

briefly the contextual setting of these torts.

5.1 The Torts of Batteryvand Assualt

ad

An action 1n tort is a legal action in which a private 1nd1vidual

{or individuals) called the plantiff conplains to the court of a wrong
committed by another, called the defendant, which wrong has caused the
plaintiff to suffer financial loss, physical injury, or some other le-
gally recognized form of harm. The plaintiff asks the court for a rem-
edy, usually in the form of financial compensation from the defendant.

An action in tort is a civil action. This differs from a criminal

proceeding, in which a state or federal government accuses a defendant
of engaging in proscribed behavior and asks the court to punish the de-
fendant with confinement in prison, or a fine paid to the government, or

both.
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An action in tort is ofie of seversl ttﬁc(‘” ¢ choit aetion. It diE

fers, for example, from a civil action in coatract, because the plain—
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legal-action

/\

criminal-proceeding civil-action

/\

criminal assault in contract in tort

/\

negligence intentional tort

/\

interference with property interference with person
tresspass to land battery assault

Figure 5-1.
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5.2 Generalized Representations of Battery ud Asgsault

We will base our generalized representations of battery and assault
on the following summary statements fround im the well khown treatise on

torts by William L. Prosser:

BATTERY
One is liable to another for mpemtm,'wiﬁlgged con-~
tacts with his person, caused by acts intendsed to result in

such contacts, or the apprebension of thwm; dixected st the
other or a third person [33}..

ASSAULT
The defendant is liable for the apprehension of immediate
harmful or offensive contact with the plaintiff‘s person,
caused by acts intended %o result im swh contacts, or the
apprehension of thwm, directed at the plaintiff or a thrid
person [34]. '

We should observe, as Prosser points out, that "the difference between
assault and battery is that between physic:al aontact and the mere appre-
hension of it. One may exist wi&ouﬁ the other {35]‘."“

We will attribute our generalized representations to a fictitious
legal encyclopedia, Corpus Juris Mechanicum, which, like Posser's trea-

‘tise, is understood to be a source of secondary legal authority.
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Our representation of battery begins with the following statement:

(assertion
Corpué-Juris—Medianicm
( legal-conoequeme
situation:cjm-battery
(liability
| cjm-battery/p

cim~battery/d)))

It 18 an aaaertwn

of

Co Juris Mechanicum

that

the Zegal oconsequence

of -

a attuatwn aaZZed cama-battery
te -

a Zw}nuty

to p (the plaintiff)
from d (the defendant).

In other words, according to Corpus Juris Mochanicnm, d becomes liable

to p as a consequence of a factual situation, which will be called

cjm-battery, and within which d and p are intentified (declared). Notice

that this framework is conu:atible with Layman Allen's system of propo-

sitional logic, wherein propositions of legal consequences are implied

by propositions of conditions (discussed on page 43). It is also compat-

ible with Wesley Hohfeld's system of rights, duties, 1iabilities, and

immunities (discussed on page 40).

Next, we represent the main components of the situation cjm-battery:
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(element cjm-battery Cim-battery comprises
(instance person p), a person, p (the plaintiff),
(instance person d), ‘ :?dpemm, d(ﬁw defendarzt),
situation:contact, g:g‘bm called contact,

situation:intent) a situation ocalled intent.

I.e., this situation, in which P (the plaintiff) and d (the defendant)
are declared, ceuprises two subordinate sitm!am callad contact and
intent. |

Next, we state:

(counter-element cjm-battery ij—battcry i8 avoided
situation:consent, \ ' by a ntuaman aaZZed consgent,
situation:privilege) 'by a aztumt:ion aalted pmmlege

Here we are using a new relation counter-glement to indicate that the
subordinate situations calléd consent and érifiledgé must be absent from
cjm-battery. Alternatively, we could express this fact :by’using the

Booléan relation not:

(element cjm-battery Cim-battery further comprises
(not situation:consent), the lack of consent,

(not situation:priyilege) the lack of privilege.
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Our next step is to represent~the‘subofdinatevsituations contact,

intent, consent, and priviledge. Contact is represented like this:

(element cjm-battery/contact  Cim-battery/eontact comprises
(s-object contact-event:c- contact to the
p): £,  plaintiff
(cause ¢ event:e), a8 a result of an act

(agent e d)) of the defendant.

This represents a. situation in which the plaintiff is the semantic object

of a contact-event (e.g., hit) caused by an act of the plaintiff. Recall

(page’67)‘thatla-object, cause, and agent are kinds of semantic relatians.
We h;ve given a ndng to the fact g.sd that we canirefer to it in other
parts of our represenﬁﬁtion. This gitﬁation is‘sufficiently simple to

be illustrated, in figure 5-2;“iitﬁ the graphical method used in Chapter
3. (¥For purposes of conpleteness; the*lllustration contains a few facts

that are not elements of cjm-battery/contact.)

Next, we need a representatién for intent. Because the issue of
intent is‘invélved'in ho;h battery and assault, we will construct a model
that can be used in the rébresentations of both of fhese torts. Indeed,
intent is‘the characteristic.éemponent in all intentional torts. Prosser,
for example, states the doctriné of“intent in a section of his treatise

that discusses intentional torts in general. He summarizes:
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The situation called cjm-battery/contact comprises
a contact to the plaintiff ae a.result. of an act of
the defendant. ' _

contact-

event

kind

cjm-battery/contact .. -

_.» N
instance , situation - . 4 instance
-
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MEANING OF INTENT
A person intends a result when he acts for the purpose of

accomplishing it, or believes that the result is subatan—
tially certain to follow from his act [36] .

We will base our representation on this statement (although we will
ignore the issue of substantial certainty).. We represent the general

doctrine of intent as follows:

(element cjm-intent Cim-intent comprises
(agent event:e person:p) a pergon's act'mg
_ either
(or (purpose e w;th the purpose
s o
situation:result achtev‘mg a certain result,
(belief p A - mth the belzef by that person
‘ that ’
(cause result e)))) the act mZZ cause that result.

i .e., cjmintent is 5 situat;iqn in whiclg a person ;’acts ‘eithe_r foxr the
purpose of causing a certain result, or which t_h_e be.]_,ief, that his action
will cause that result. (The semantic re:_v_].‘g.)tiq’n w relates an action
to the purpose qf the agent of that action.) Hotx.ce that this represen-
fation makes use of the‘Boolean relation or. -

Now we want to invoke this general doctrine of intent within the

doctrine of battery. The person p mentioned in cjm-intent must be iden-

tified with the defendant d in c: " 'The situation result men-
tioned in cjm-intent corresponds to what Prpsser. descrihes in his state-

ment of battery as "such contacts, or the apprehension of them, directed
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at the other or a third person.™ We reptésent all of this as follows:

{element cjm-battery/intent Cﬁm—battéry/intent comprises
cjm-intent, " ejm-intent
o where =
(is cjm-intent/p 4), the person ‘who intends is the
o .  defendant, and
(is c¢im-intent/result the intendsd reault is
. etther
(or (s-object
(contact—-event:c a contact
to
person:x) : fl someone,
(apprehension thé‘apprehénSion
x f£1))), by someone of such a contact,
' where L ;
(not (is 4 x))) that someone te somebody other

than the defendant.

Here we use a new relation is to represent the necessary identifications

between the instances in cjm-intent and those in ¢jm-battery/intent. We

use this relation also in the final fact, (not (is d x)), to. indicate
that person x is someone other than the defendant. Thus, x represents
the plaintiff "or a third person."

Next we must represent the situation coﬂééht.‘kAgain we turn to fur-

ther discussion by Prosser:

Consent to an act is simply willingness that it should occur.
Actual consent to the defendant's condyct. . . . will.prevent
liability. But a manifestation of consent. . . . will be
equally effective. . . . [In addition,] the defendant is some-
times at liberty to infer consent as a matter of usage or cus-
tom [37]. .
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This discussioh’demonstrates a point that_wiil become important for our
modeling technique. SOme;tims, it is useful to represent a situation not
in terms of component elements, but in tétmé éf alternative types. Here
for example, we see that there are three h@sic tgpesgqflconsentz actual,
manifested, and inferred. Accordingly, we will represent these three
types separately, rather than atteqptihg» arrepres_entfatio‘n of consent as
a whole in terps of,cqmponent elements. | .

For this purpose, we introduce the re‘layt‘:ion‘ _1_:129_ ‘- We will allow
situations (and sometimes facts) to be r'ep’r_:eg’;ented,g‘sr types of other sit-
uations (and sometimés of other facts). ﬁotice thaﬁ‘the’relation type
is similar to éhe more primitive re;atign Eﬁéﬂ! jqﬁt'aé the relation
elemgnt; is similar to’ the ‘mrore primitive ‘x"alati‘.ovnfv ggg | Type and kind
behave digjung;t;ively, 1ike the Béolgan :e_lai:ion or. VVEJ.»e.mgm‘: and part
behave cdnjhng:‘tf?vely, like the Bc'oolean'r,elaf:’ion g_r_xg o

Using the type relation,vwercan represent the»s;tuation consent as

follows:
(type cim-battery/consent ij-battcry/cqnsent ean be
situation:actual, o actual consent,
R ' or * YT
situation:manifested, manifested consent,
DA PSR
situation:inferred). inferred consent.

We can represent actual and manifested consent in terms of component

elements:
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(element
cjmebattery/consent/actual‘ Actual consent ébﬁpriSes
(willingness p | the willingness of the plaintiff
cjm—bettery/cenﬁact/f)) to being'confaétéa,

(element

cjm—battery/consent/manifested Manifested consent comprises

(agent manifest:m p),  thé plaintiff's mmifesting
(co-agent m d), ' to'the defendant
(s-object m actual)) ‘the willingness of the platnttff

to being comtacted.

I.e., in the situation representing manifested consent, the plaintiff

manifests to the defendant the sitd;tienJceiled aefuai which we use to

represent actual consent. Recall from page 87 that mﬁnxfeat is a kind

of communication-event. , We w1ll not construct a more detailed represen~
tation of inferred consent here. In section 5.3, we wﬁll see.how this
type of consent can be represented by an\example.

Flnally, we need a representatlon for - EEivilege. kae consent,
this situation is best represented in terms of alternatlve types, of
which there are many, such as: self-defense, authorlty of a pollce offi-
cer, disciplinery actioﬁ of a parent toward a'cﬁiiéilgﬁbiic eecessity,

sy .:.At PR

et cetera:
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(type cjm—battery/privilege
situetion:self—defense,
situation:authority—of—law,
Situation:parental-discipline,

situation:public-necessity,

Rather than explore this large area of tort law, we Wlll omit pr1v1—

1ege as a counter—elenent 1n our representation of battery.
5.22 The Use of.Co-Descriptive Models

In the previous section, we.represented some‘situations in terms of
their component elements, and we represented some in terms of their
alternative types. The analysis procedures to be described in Chapter 6
rely on these representations in their attempts tO‘fit particular facts
into situational categories. It is not always possible to predict
whether the method of elements or the method of types w111 be most help-
~ ful. for this task. It is therefore important to realize that these two
methods for representing situations are not mutally exclusive. It often
will be very useful to include both kinds of representation for a par-

ticular situation. We will call such representations co—descriptive.




-117-

Let us consider again the representation me presented for the situa-

tion c¢jm-battery/contact:

(element cjm-battery/contact
(s-object contact-event:c
p):f,
(cause c event:e),

(agent e 4))

| Cjm-battery/contact comprises
contast to the

plaintiff

ae ‘a rasult of an act

- of .the defendant.

We can supplement this representation with others based on some different

types of contact that are easily brought to mind.

The simplest type of contact between a defendant and a plaintiff

occurs when the defendant contacts the‘p&sfntiﬁf¥aixectly¢with a part of

his or her own body, such as a hand or foot. ?In»this¢situation, the

defendant is the semantic agent of ‘the same cantacé‘avéhﬁ of which the

plaintiff is the semantic object. He-cantrepresenf:this:#s a type of

contact as follows:

(type cjm—b&ttery/contact
situation:direct~contact)

(element

cjm-battery/contact/direct~contact

(s~object contact-event:c

P)'l

(agent c¢ 4))

CJm-battery/eontact ean be

divect contact.

Direct contact compriges

contact to the

plaintiff
by the defendant.
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A s1milar type of contact takes place when the defendant directly
moves the plaintlff {e. g., pushes or pulls), although it happens that our

k:md hierarchy does not include these events under the category

contact-event. We can remedy this cmission as follows

(type cjm—petcery)ccntact | A “ | Cam—battery/contact can be
s:.tuatiommovemnt) A mov?ent. 5
(element , . : o L
| c:m—battery/contect/mvement | N Movemmt aompmses
(s-object nove-object m - & the mm.ng of the
P, . | plamt'bj’f
agent m @) by the defemdant.

Another type of contact occurs when the defendant throws an object

at the plaintiff:

(type cjm-battery/contact  Gjm-betitery/eontact can be
situation:projectile) with a projectile.
(element | o |
cjm-battery/contact/projectile _C'ontact mth a proaectzle
PR A A i:'mﬁ' o
(s-object contact-event:c contaet to the
P)., . plaintiff

(agent c movable-object:o), = by a moveable object
(s-object throw:t o) that ie thrown

(agent t d)) | by the defendant.
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There are other types of contact that cculd be added to this 1list,
but these will suffice for our current repreoentation. 'wa will include
these types of contact, as well as the previously expressed elements of

contact, w1th1.n our representation of battory

In the previous section, we represented cjrbattory/consent solely

in terms of three alternative types, actual, unifastad, and inferred.
Here, too, it will be more helpful to the mlysi.s pmcodures if this
situation were co-descriptively represented, in terms of elements ns well
as types. Accordingly, we will add the folloving fact to our represen-

cofeye vy R e

tation of cjm-battery/consent-

(element cjm-battery/consent CJM-battery/oonsent :
oomprises
(consent p ctgﬂmt of the pla‘&nttff

cjm—battery'/‘com‘u ent/f)) “ ME‘"‘Q ‘””Ea"“d

The relation consent is found in the kind hierarchy as a kind of mental
attitude. 'mls co-descrlptlon does not provide a hreakdown of consent

into smaller pleces. but it does allow the user to include in

facts-at-hand facts relating to consent as a whole, as well as facts ‘re~

lating to the three ty;pencf consent.
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We now turn our attention from battery to assaﬁlt. In the interest

of simplification, we will remove some of the elements included in

Prosser's restatement quoted on page 107, Ignoring the igsues of immedd-

acy, harmfulness, and offensiveness, we have:

One is liable for the apprehension of contact with-the plain-
tiff's person, caused by acts intended to result in such con-
tacts or the apprehension of them, directéd at the plaintiff

or a third person.

This leaves us with two major -components: apprehension and intent. We

begin our representation in the same manner used for baﬁtéry:

(assertion »
Corpus~Juris-Mechanicum
(legal-consequence

situation:cjm-assault

(liability
cim-assault/p
cim-assault/d)))

{(element cjﬁ—assault
(instance person p),
(instance person 4d),
situation:apprehension,

situation:intent)

It is the assertion

of

- Corpus Jxyris Mschaniowm

that

the legal eonBequence

of

a. sttuation called ejm-aseault
i8

a liability
to p (the plaintiff)
from d (the defendant).

Cjm-agsault comprises

a person, p {the ptaintiff)
and

a person, d (the defendant),

and

a situation called apprehension,
and

a 8ituation called intent.
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Notice that the instance names p, d, and intent are declared separately

in ¢jm-battery and in cjm-assault.

We represent the situation apprehension as follows:

(element
cjm-assault/apprehension CJW@@lt/GPPMWibn compriges
(apprehension p apprehension by the plaintiff
(s-object of ' i

. contact-event:c contact to the

p)):f, . plaintiff, ,
(cause f event:e), which apprehension ie the result

of en act

(agent e 4)) of thg defendant.

I.e., an act of the defendant causes the plaintiff to be apprehensive
that he or she will be the (semantic) object of a contact event.
We can include co-~descriptive representations for the situation

cjm-assault/apprehension, just as we did for the situation

cjm-battery/contact. One typical form of this situation occurs when

the defendant visibly moves his or her fist close to the plaintiff:

(type cjm-assault/apprehension ij-gasmdt/apprehenaion
ean be :
situation:threaten-with-fist) a threat made with a fist.
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(element cjm-assault/apprehension/ A4 threat made with a fist

threatan-with-fist ~ocompriees -
situation:threat, ' a situation cailed threat,
(perception p threat)) - the perceptwn by the

_ o platntiff of the. thmat
(element c¢jim-assault/apprehension/
t}}reatevn-.wiﬂx—‘_vfj_st/t_\?reat M ﬁ. thnat campmsas

(agent move-object:m d), the defbndant's movtng »
(s-objeet  m fisﬁ:f), a fist

(part 4 f£), | of the defbndhnt |
(destination m place:pl), to a place

(near p pl)) . ﬂearwfﬁé p}aintiff.

This 51tuet10n may seem more cumplicated‘thae;awwrehenSLOn 1tself but
it is made up,pf much smaller, less generelized’eoncepts. Notlce,-for
example, thatkit incorporates--and therefore avoids-;thejissue ef caue-
ation, which is an explicit element of gggrehension. (All of the types
of contact presented in the previous section also avoid the issue of
causation.) .

Another'frequently oeeurriné'type of appreheneion involves a threat

with a firearm:

(type cjm-adssault/apprehension CJm-gasauZt/dpprehenston
_ ean be '
situation:threaten-with-gun) a threat made with a gun.
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(elemen£ cjm—aséault/appietwnsion/ 4 thrmtmdsm'th a gun

threaten-with-gun comprises
situ#tion:ﬂu'eat, ’ : 4 anituation called threat,
(perception p threat)) the perception by the .

platntiff of the threat,
(element cim-assault/agprekension/ ‘

threaten-with-gun/threat wheve the tﬁ?eatbomprises
(agént | point:pt d) ,7 the defeﬂdaht'é pointing
(s-object pt firearm:f), a firearm '
(destinatién pt p))‘ at the plaintiff.

We terminate our representai:ion of apprehension here, renliziAng of

course, that there are many other types that could be included.

Our representation of cim-assault/intent éaréileis_ that used for

cjm-battery-intent. Once again, we invoke the more general doctrine of

cjm—intent, and then we specialize it ih accordanoo with the rest of the

representation of ‘cjm-assault:

(element cjm-assault/intent | Cjm-assault/intent conlpriSéB
cjm-intent " ojm-intent, *
where ,
(is cjm-intent/p 4), the person who intends is the
v defendant, and
(is cjm-intent/result the intended result is
: either.
{(or (s=-object
contact-event:c a contact
to
person:x) : f1 8omeone,
or
(apprehension the apprehension

x f£1))), by someone of such a contact,
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where
(not (is 4 x))) that someone is somebody other
than the defendant.

Finally, we can represent the situations cjm-battery and cjm-assault

as types of the situation cjm-intentional-tort (just as battery and

assault are kinds of intentional-tort in the kind hierarchy) :

(type situation:cjm-intentional-tort Cim-intentional-tort
can be
situation:cjm-battery, ejm-battery ,
or

situation:cim-assault) ejm-assaqult.
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5.24 sSummary of Generalized Representations

' The following is 3 SUNRATY of the .repressatations presented in

sections 5.21 through 5,23:

{(type situation:cjm—-intentional-tort

situation:¢im-battery,
situation:cim~assault)

(element cjm-intent
(agent event:e person:p),
(ox (purpase e
situation:result
(belief p

(cause result a))))

(assertion
Corpus—-Juris—Mechanicum
(legal-consequence
situation:cim-battery
(liability
cijm-battery/p

cim-battery/d)))

Cim-intentionagl-tort
oan be
or

Cjm-intent compriees

a pereon's aating

etther

with the purpose

o

achieving q certain result,

or :

with the belief by that pereon
that |

the aot will cquse that result.

It 18 an assertion

of

Corpus Juris Mechanicum

that ' _

the legal oonsequence

of

g aituation oalled cjm-battery
8

a liability

to p (the plaintiff)

from d (the defendant).




(element cjm-battery
(instance person p),
(instance personlrd),
situation:contact,
situation:intent)

(counter-element cjm-battery

situation:consent)

(element c¢jm-battery/contact
(s-object contact-event:c
p): £,
(cause c event:e),

(agent e 4))

(type cjm-battery/contact
situation:direct-conﬁact,
situation:mbvement.
situation:projectile)

(element

cjm-battery/contact/direct-contact

(s—object contact-event:c

P),

(agent ¢ 4))
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Cjm-battery comprises

a person, p (the plaintifyf),
and N

a person, d (the defedant),
and

a situation called contact,
and -
a 8ituation called intent.

Cjm-battery is avoided
by
a 8ttuation caZZed consent.

ij—baitery/bontaét comprises
eontact to thé

plaintiff

as d résuit Qf dﬁ act

of the defendant.

Cim-battery/contact can be
direet contact,

or '

movement,

or R

with a projectile.

Direct contact c&mprises
contact to the
plaintiff

by the defendant.



(element

cjm—battery/contact/mbvement

(s-object move-object:m

Py
(agent m 4))

(element

cjm-battery/contact/projectile

(s~object contact-event:c

. P,

{agent ¢ movable~object:o0),

(s~-object throw:t o),

(agent t 4d))

(element cjm*battery/intent
cim-intent,
(is cjm-intent/p 4),
(is cjm—intent/resu;t
{(or (s-§bject
(contach-event:c’
perSOn:x):£1
(apprehension
x fl1))),

(not (is 4 x)))
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Movement - comprisee‘
the movtng of the
plaintiff

by the defendant.

Contact with a pra,yect'ble
3¢ e8
aontact to the

plmnmff

by a moveable obaect
that ie thrown

by the defendant

Cim-battery/intent comprises

ejm-itrtent

where

the pereon who mtenda ie the
defendant, and. . .

the intended resutt ie
either :

a contact

to

someone,

the apprehension

by someone of such a contact,
where

that someone ie8 somebody other
than the defendant.



(element cjm-battery/consent
(consent p

cjmrbattery/consent/f)f

(type cjm-battery/consent
situation:actual,
situation:manifested,
situation:inferred)

(element
cjm-battery/consent/actual
(willingness P |

cjm—battety/contact/f))

(element ~

cjm-battery/consent/manifested

(agent. manifest:m p),

(co-agent m 4d),

"(s-object m actual))
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Cjm-battery/aonsent
eompriaes

conaent of the plczntq,ff
to

being contacted

Cﬁm-battery/coneent can be
actual conaent

or

manifested consent

or
mfem'ed consent.

Actual consent compmses
the mZZ'Lngness of the plamttff
to bezng contacted

Mani fested coﬁacnt comprises

the plaintiff 's mantfesting )

to the defendant

the willingness of the plaintiff
to being contacted.



(assertion
Corpus—Juris—Mechanicuﬁ

(legal~-consequence

situation:cjm~assault

(liability
cjm—qéqault/p
cjﬁ-assault/d)))

(element  cjm—assault
(instance person p),
(instance personv d),
situation:apprehension,

situation:intent)

(element
cjm-assault/apprehension
(apprehension p
(s;object
contact-event:c
p)):£,
(cause £ event:e),

(agent e 4d))
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It ie the aseertion

of

Corpus Jurie Meehmm

that

the legal aonaequenoe

of

a situation called ejm-assault
is :

a liability

to p (the plaintiff)

from d (the defendant).
Cjm-aseault e&npz;iaes

a pereon, p (the plaintiff)
?‘gem, d (the defendant),
:ngztuatton called apprehenston,

and. -
a aztuatton aaZZed zntent

Cjm-assault/apprehension compriseé
apprekenéian by the plaintiff
of

eontact to the

plaintiff,

which apprehension is the result

of an aot
of the defendant.



(type c3m-assault/apprehension

situation threaten—with-fist,

situation: threaten—with-QUﬁ)

(element cjm—assaulﬁ/apprehensi’m/
threaten-with-fist

situation:threat,

(perception p threat))

(element cjm-assault/apprehension/
threaten-with-fist/threat

(agent move-objectxm d),
(s—object n fist.t).
(part a ¢£),

(destipation m place:pl),

(near p pl))

(element cjm—assault/apprehension/
threaten-with-gun

situation:threat,
(perception p threat))

{element cjm-assault/apprehension/
threaten-with-gun/threat

(agent point:pt 4),
(s-object pt firearm:f),

(destination pt p))

CJm-aaaauZt/apprehenswn
ean be: - - ¢

a treat made with a fzst
or

a threat mde mth a gun

A threat made mth a fwt

~ compriges - -

a ﬁmﬁa—-mlled threat,

and ‘
the pereeption: by the

plainnff of the threat
where tha threat compmses
the defendant.'s momng

a fist B

of the defendant

to a place

near the plaintiff.

A threat made with a gum
compriges

a situation called threat,
and ‘

the perception by the
plaintiff of the threat,
where the threat comprises
the defendant ‘e pointing
a firearm

at the plaintiff.
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(element cjm-assault/intent Cjm-assault/intent comprises
cjm-intent ejm-intent,
where
(is cim-intent/p 4), the person who intends is the
defendant, and
(is cjm-intent/result the intended result is
either

(or (s-object

contact-event:c a contact
to

person:x) : f1 someone,
or

(apprehension the apprehension

x fl1))), by someone of such a contact
where

(not (is 4 x))) that someone is somebody other

than the defendant.
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5.3 Representations of Specific Cases

In this section, we will describe repreeentations.for the more spe-
cific doctrine expressed by the facta and holdings of indiVidual case
decisions. We have already seen how alternative types can be used in the
representation of general doctrine Each alternative type of a situation
prov1des an example that is more specific than any representation for
that situation with which the type might be co—descriptive. The examples
prov1ded by individual cases behave in a similar manner, except that they
are often more specific, and they are attributed to separate sources of
legal authority-~the decisions themselves.

The cases that we will represent in the prototype syStem are fic-
titious simplifications. wWhile they are based on the actual case law of

battery and assault, they involve only small sets of facts.
5.31 Specific Facts and Categorized Holdings

In Chapter 2; we discussed the difference hetween the specific facts
in a case and the more general categories in terms of which the holding _
of a case often is written. We looked at one holding, for example, in
which an instance of a particular appendectomy was. represented by the
category "internal operation" (page 22). We will want to include repre-
sentationa for both the specific facts and the categories used in the
holdings of cases. Our analysis procedures will use the categorized rep-

regsentations when attempting to fit facts being analyzed into, or near
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to, the holding of a case. whan this sujcceeds;" thesystemwill also pro-
|
vide the user with the part:.cular facts in that: caBe.

We will describe our method for repreaentinq ﬁwts and holdinqs with
and example. Consider a case in whxch the m:u m -i.nply. Joe Moe
punches Fred Foe in the nose. 'rhe holding Ln sw:h a cm mqht be-

"When one person strikes the mt:o-y of anothoz. thom is oont:act as
requ:.red for a battery. We represent the buic frneuork fer thi- hold-
ing in a manner similar to that used for the doctr:’mes contained in M

B Y

Jurus Mechanicum:

(holding : It ie the hazdmg
judicial-dercis_ipnz‘foe—v-uie (‘ ;:e v. Moe |
‘(1egal-conseqﬁence . . the legal oomeqmnce M
situationbz s-foe-v-moe ' Zfas‘.twtwn called s—foe-v-moe i8

cjm-battery/contact)) oontact as mqu,ired for a battery.

On other words, the case Foe v. Moe holds that the uituatmn called
s~foe-v—moe establxshes the contact conpomnt of hatbery. Notice that
s-foe-v-moe is, in effect, a type of cjrbat%[cont&ct. when a type of
situation is part of a case holding we will call it an M_e_ of that
situation. We will use the following reprosentation as an equi.valent to

the one J.mmediately preceding-



(example cJjm-battery/contact

situation:s~foe-v-moe)
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An example of cjm-battery/contact

i8 the situation 8-foe-v-moe.

The situation s-foe-v~-moe can be represented as follows:

(element s~-foe-v-moe
(agent strike:s person:pl),
(s-object S person:p2),
(destination s
anatomical-object:a),
(part p2 a),
(is cim-battery/p p2),

(is cjm-battery/d pl))

In 8-foe-v-moe,

one peraon atrikes

A another pereon

in the anatomy

of the voil;hver person,

where the aeaond person i8 the
plaintiff, and

the firet pemon i8 the defendant,
in an action in battery.

We repfesent the specific facts in this case by'using a new relation

called facts:

(fécts s-foe-v-moe
(is pl . person: Joe-Moe) ,
(is p2 person:Fred-Foe),
(is a nose:n),

(is s punch:p))

Specifically, in Foe v. Moe,

the firet pereon i8 Joe Moe,
and '

the second pereon 1,3 Fred Foe,
and
the mtmcal obaect 18 a nose,

and’

the strike is a punch.

In this way, the facts of s-foe-v-moe behave as supplementary elements of

that situation.
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Notice that the representation for the holdinq of this case makes

reference to cjm-battery, a piece of doctrine contained in Oorpus Ju:is

Mechanicum.

from a secondary anthorlty.

It is unusual for a case delsidn to iacorporate doctrlne

It is necessary that we do 80 in our proto-

type, however, because Corpus Juris Mechanicum is its only»embodiment of

generalized doctrine.

This impropriety can be losaenéa by ihcluding two

cases that hold (by weight of primary authority) that the doctrines of

cjm-battery and qjmrassault are indeed the law of the 1and-

(holding
judicial-decision:smith-v-jones
(legal—conaeqnsnﬁé- |

‘ cijbﬁtterj .
(liability cjm—battery/p

cjmébattery/d)))

(holding
judicial-decision:jones-v-smith
(legal—consequence’ |

cjﬁ-éssault
(liability cim-assault/p

cjm—assault/df))

It is the holdzng

in

Smith v. Janes

the Zegal aonsequence of the
situation ofmcbattery, defined
in Co Jurie Mechaniocum,

i8

a Ztabtltty to the plaznttﬁf

jbom the defhndant

It ie the holding

in

Jones v. Smith

that ... .

the legal aonsequence of the
8i t, defined

in Cbrpua “Tusls Mechanicum,
ig
a liability to the plawntsz

from the defendant.

These cases can now be used as more authorititive embodiments of our gen-

eral doctrines of battery and assault.
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Let us consider a second specific case. Here are the facts: John

Doe knocks off the hat that Richard Roe is woixihq. COntacts to things

closely attached to a porlon are qonarally held to bo contacts to the

person for puxpoaea of oltahlishing battery. Thoro!oro, we might state a

holding for this case: “Hhcn a person itrikos ah artiali of dlothing on

the person of another, there is contact as required for battery." oOur

representation is:

(example cjm-battery/contact
situation:s-roe-v-doe)
(element s-roe-v~dbe |
(agent strike:s person:pl),
(s~object s
article-of-clothing:a),
(on person:p2 a),
(is cjm-battery/p p2),
(is cjm-h&ttery/d pi))
(facts s-roe-v-doe
(is pl person:John-Doe),
(is p2 person:Richard-Roe),
{(is a hat:h),

(is s knocks=-off))

An aacamp'le of ejm-battery/contact
18 a situation
in whioh "

one person aﬁrikea

an artiole of aZof:hing
on another peiaon,

where the second peréon i8 the

plaintiff, . and the firet person
ta the defendant, in an action

in battery.

Speoifically. in Boe v. Doe,
the firat peruon i8 thn Doe,
and

the second perwon i8 Richard Roe,
and v
the article of clothing ie a hat,

and
the strike i8 a knocking off.
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Sometlmes the facts in a partlcular case provide a counter-example,

rather than an example, of a piece of more general dbctrine. Let us con-

sider a case similar to the previous case, but uhere the doctrine of con~

tact is not established. The facts:

Bill Bbe slaps a hat belonging to

Carl Coe when the hat is lying on a table. The holding: "If a person

contacts an article of clothing when it is not on another's person, there

is no contact as required for battery.”

(counter-example
cjm~battery/contact
situation:s-coe~v-boe)

(element s-coe-v-boe
(agent contact-event:c

person:pl),
(s-object ¢
article-~of-clothing:a),
(not (on person:p2 a)),
(is cjmfbattery/p rZ),

(is cjm-battery/d pl))

The representation:

A counter-ezample

of ejm-battery/oontact
i8 a situation |

in which‘

orne person contacts

an article af'clothing,
and

the arttale of‘alothzng 18 not

on g second pereom,

where the second person is the

plaintiff, and tha Jirst person
18 the dcfhndhnt in an action

in battemy.




(facts s-coe-v-boe
(is pl person:Bill-Boe),
(is p2 person:Carl-Coe),
(is ¢ slap:s),
(is a hat:h),
(owner 3j Carl-Coe),

(on table:t h))

-138-

Speeifically, in Coe v. Boe,
the first person ia Bill Boe,
and

the seaond person i8 Carl Coe,
and

.the contact i8 a slap,

and

the article.of ciéthing is a hat,
and '

the owner of the hat is Carl Coe,
and , S

the hat is on the table.

Notice that we are using the 00unter4exaqglg relationship as an equiva-:

lent for:

(holding
judicial-decision:coe~v~boe
(legal-consequence

situation:s-coe-v-boe

(not cjimbattery/contact)))

Tt ie the holding

in

Coe v. Boe

that

the legal consequence

of _

a situation called s-coe-v-boe
i8 . ‘

not contact as required for

a battery.

Next, let us examine a case that provides an example of inferred

consent. These ate the facts: Perry Poe and Quentin Quoe are fighting

in a boxing match. Perry Poe punches Quentin Quoe in the jaw. This is

the holding: "Where two persons participate in an athlefic competition,

consent as will avoid a battery may be inferred for any physical contact

that is part of the competition."

The representation looks like this:




(example
cjm=battery/consent/inferred
situation:s-quoe<v-poe)

(element s-quoe~v-poe

(agent

athletic-competition:a

persoh:pl,person:p2),

(s=-object
contact*‘-eveht:c p2),

(part a c¢),

(is cjim-battery/p p2),

(is cjm-battery/d pl))

(facts s-quoe=v-poe

(is p2 person:Quentin-Quoe),

(is pl person:Perry=-poe),
(is a boxi‘ng%t-cﬁ tb),

(is ¢ punch:p)
(destination p jaw:q)
(part Quentin-Quoe 3J),

(agent p Perry-Poe).
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An emample of
Wtwrﬁ/mtﬁnfemd
i8 a sitmté:bn

in which

an athletie competition is
played by two pereons,
and '

g:z of the pereons is contacted,

the oontant is part of the
sompetition, where

the contaeted person is the
plmﬁtﬁ, W the other person
is the &Wt in an actwn

in dateeny.

Speeiﬁoaug, in Quoe v. Poe,
e 4 e

the other pereon ie Perry Poe,
% competition is a bowing match,
t'ke aonmt 1«8 a puneh

to the jw 4

of Muintin guoe

by Peﬁy Poe,

Finally, we consider a case example within the doctrine of assault.

The facts are these: Winnie Woe visibly points a fifi‘e at Zeke Zoe. The

rifle is not loaded, but Zeke does not know thatk.

The holding: "Where a
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person visibly points an unloaded firearm at another person, apprehension

as is required for assault is established if the other person does not

know that the firearm is unioaded."

This is an example of the type of apprehension that we called

threaten-with-gun. The simplest way to represent the situation of this

holding is to invoke the more general situation gjm-assault[apprghension/

threaten-with-qun (see page 123), and then to specialize .that situation

with additional facts about the rifle's being unloaded:

(example

cjm—agsault/apprehension/
threaten-with-gun

situation:s-zoe-v-woe)
(element s-zoe-v-woe

cjm—assault/apprehension/
*  threaten-with-gun,

(loadedness f unloaded):fl,

(not (knowledge p fl)))
(facts s-zoe-v-woe

(is 4d person:Winﬁie-Wbe),

(is p person:Zeke~Zoe),

(is £ rifle:r))

An example of

ejm-aseault/apprehension/
treaten-with-gun

i8 a situation
comprising
a threat made with a gun,

where

the firearm i8 unloaded,

and where

the plaintiff does not know
that the firearm is unloaded.

Specifically, in Zoe v. Woe,
the defendant i8 Winnie Woe
and

the plaintiff is Zeke Zoe,
- and

the firearm i8 a rifle.

Notice that we are incorporating into this representation the instance

names used in threaten-with-gun.
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It should be clear that a large assortment of simple case examples
like these can be represented in a similar manner. We will not do so
here. The above cases, taken together with the more generalized doctrine
described in section 5.2, are sufficient to illustrate our method of rep-
resentation, and to support the examples of analysis that are described

in Chapters 1 and 7.
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5.32 Summary of Case Representations

The following is a summary of the representations presented in the

previous section:

(holding | It i8 the hblding
judicial-decision:smith-v-jones ;;ith v. Jones
(legal-consequence :Ztlegal consequence of the

. situation ajm-battery, defined
cjm-battery , én'CbrpuB Juries Mechanicum,
(liability cjﬁ-battezy/p zsliability to the plaintiff

cim-battery/d)) from the defehddﬁt.

(holding | It is the holding
judicial-decision:jonés-v—smith 3;nes v. Smith
(legal consequence zhhgtlegaz conaeQuenae of the

sttuation cjm-assault, defined
cjmassault in Corpus Juris Mechanicum,
(liability c¢im-assault/p :aliability to the'plaintiff
cjm—éssault/d))) from the dbfbhdant.

(example cjurbattar?/contact , An example of cjmuba#tery/bontact
situation:s-foe-v-moe) is a situation

(element s-foe-v~moe in which
(agent strike:s person:pl), one person strikes

(s-object s person:p2), another person




(destination s
anatomical-object:a),

(part p2 a),

(is cjm-battery/p p2),

(is cjm-battery/d pl))

(facts s-foe-v-moe

(is pl person:Joe-Moe),

(is p2 person:Fred-Foe);

(is a nose:n),

(is s punch:p))

(example cjm—batte;y/cantact
situation:s~roe-v-doe)
(element s-roe-v—-doe
(age'nt strike:s person:pl),

(s-object s

articleeof—clothing:a),‘

(on person;pz a),

(is cjm-battery/p p2),

(is cjmrbaitery/d pl))
(facts s-roe-v-doe

(is pl person:John-Doe),

(is p2 person:Richard-Roe),

(is a hat:h),

(is s knocks-off))
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in the anatomy

of the other person,

where the secomd person is the
plaintiff, and

the firet person i8 the defendant,
in an action in battery.

Speci pieatly, in Foe v. Moe,

the first pcnon 18 Joe Moe,
and

the second person 8 Fred Foe,
and

the tmatamiaal abaect 18 a nose,
and

the ctnke u a punah

An example of ejm-battery/contact

i8 a aitmtwn

‘zn which

one pereon strikes

an axvth.e of clothmg
on cmother pereon,

where the second person is the
pZamﬂﬁ‘, and the ﬁmt person
i8 the defendant in an action
in battery.

Speeifically, in Roe v. Doe
the fwst pcman 18 John Doe,
and:

the eeaond pereon i8 Richard Roe,
and
the article of clothing ie a hat,
and

the eirike i8 a knocking off.



(counter-example
cjm-battery/contact
situation:s~coe-v-boe)

{(element s-coe-v-boe
(agent contact-event:c

person:pl),

(s-object ¢ »

article-of-clothing:a),

(not (on person:p2 a)),

(is vcjm-battery/p P2),

(is cim-battery/a pl))
(facts s-coe-v~boe

(is pl person:Bill-Boe),

(is p2 _ person:Carl-Coe),

(is ¢ slap:s), |

(is a hat:h),

(owner h Carl-Coe),

(on table:t h))

(example
cim-battery/comsent/inferred

situation:s-quoe-v-poe)
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A counter-example
of ejm-battery/contact
ie a situation

in which
one person contacte

an article of cZothzng,

and

the artwle of elothing i8 not
on &r8éaond ‘pereon,:

where the second person ig the
plaintiff, and the first pereson
i8 the defendant in an action
in Dattery.

Spa%cauy, in Coe v. Boe
the ﬂmt person is B‘LZZ—EEZ
and

the second person 18 Carl Coe,
and

the contact i8 a slap,

and

the artwle of clothmg 18 a hat,
and

the owner of the hat is Carl Coe,
the hat is on the table.

An ewample oj’
cgm-battcry/wnaent/mfemd
ie a eitudtion




(elemgnt s—-quoe-v-poe
(agent
athletic-competition:a
person:pl, person:p2),
(s-object
contact-event:c P2),
{part a c¢),
(is cim-battery/p p2),
(is cjim-battery/d pl))
(facts s-quoe~v~poe
(is p2 person:Quentin-Quoe),
(is pl person:Perry-Poe),
(is a boxing-match:b),
(is c punch:p),
(destination p jaw:j)'
(part Quentin-Quoe 3j),

(agent p Perry-Poe)

{example

cjm-assault/apprehension/
threaten-with~gun

situation:s-zoe-v-woe)
(element s-zoe-v-woe

cjm-assault/apprehension/
threaten-with-gun,
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in which

an athletic competition ie
played by two pereons, -
and _

one of the persons is contacted,
and

the contact i8 part of the
competition, where

thcmtaawd onw the
plaintiff, and the other pereon
ta the defer R in an action
in battery. .

mfmlzy, w %E v, Poe

SE: person who 18" contacted

Z:Z other person is Perry Poe,
the aompatztzon i8 a bazzng mateh,
tke contact ie a punch

to the jaw

of Quentin Quoe

by Perry Poe.

An example of

ofm-assault/apprehension/
threaten-with-gun

is a 8ituation
comprieing
a threat made with a gun,



(loadedness f unloaded):fl,

(not (knowledge p £f1)))
(facts s—zoe-v-woe

(is d person:Winnie-Woe),

(is p person:Zeke-Zoe),

(is £ rifle:r))
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where

the firearm is unloaded,

and where

the plaintiff does not know
that the firearm is unloaded.

Specifically, in Zoe v. Woe,
the defendant is Winnie Woe
and

the plaintiff is Zeke Zoe,
and

the fivearm is a rifle.
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‘Chapter 6 Machine,PtgéQdures for Legal Analysis

Having examined the machine models used to represent factual situa-
tions and legal doctrine, we are ready to consider the machine procedures
that are used for pexforming legal analysis. We will describe three sets

of procedures. The loading procedures permit the user of the system to

put representations of fact and doctrine into the computer's memory.

The instantiation procedures guide the analysis per se. The system uses

these in its attempts to fit a particular situation of fact into, or near
to, the generalizations that are contained in legal doctrines. Finally,

the discussion procedure is used by the gystem to describe to the user the

reaults of an analysis.
6.1 Machine Procedures in PSL

When it is fully developed, the OWL system will be partially self-
aware, It will "know" its own machine procedures in the same manner that
it knows everything else about the world-<in terms of the same OWL data
structure. 1Its model of the world includes a special category of events
for which the system itself is the semantic agent. We ﬁight call these

events machine-events. The data upon which such a procedure operates,

i.e., the argument of the procedure, is represented as the semantic object
of that machine-event. Other semantic cases, such as precondition,

method, result, are used to describe explicitly how the system is to
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perform the operation. In addition to the g;ocedu:es wriﬁﬁen’in its own
OWL language, the system contains a small set of primitive procedures
wvritten in LISP. These are used to perform simple opérationg on the data
structure.

For the purposes of this study, we will notvattgmpt to describe the
analysis procedures by means of QWL sttucture or any otﬁer programming
lanquage. The simple prqcedures will be:dqpcr;pad in térmsvof their
effects upon the machine representations. The more complicated procedures
will be described in temrms of their rules and algorithms.

We will, howéver, inéozpqrate into PSL the bgsic concept that a
machine proéedure is a kind of event for which the system is the agent.
When we wish the system to péxform;such an gveﬁ;, we will present it with
a fact in which the relation is‘the word 9xecute;

(executev machine~event-m th2).
When the PSL interpreter sees a command like this, it causes the system to
perform (an instance of) the named procedure, taking the data structure

named th2 as its argument.
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6.2 The Ioading Procedures

Before our system can use the machine 'z@epmmtatibns described in
the previous chapters, these representations must be put into the

computer's memory. In one part of the memory, "é’alled‘mgg-tem memory,

we will put representations of world knowledqe {i.e., the kind ﬁierarchy)
and of legal doctrine. These representations are rélaiively permanent;
they remain in the computer's memry from one mlysu béssion to the |
next. In another pa::t of the’my,j called inhamdi.ute memory, the
system stores the Facts of a 'patticuihr t&tmtim that is under analysis.
The user of the system présents these facts at the beqa.nning of each

analysis sesssion, and they are deleted at thecml\mion of the session.

(A third part of memory, called shoﬁ:%m mxg is med as work spaée by

the system itself.)
6.21 Building Permanent Knowledge

A simple PSL procedure cal;Led learn sets up a fact in the system's
long-term memory. ' Given the command ;
(execute learn (rel thl th2)),
the system establishes the appropriate memory cells, pointers, and back-
pointers so that the fact:
(rel thl th2)

becomes known permanently and directly by the system. Thus, the entire
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kind hierarchy can be loaded into the system with a command like:

(execute learn (kind something thing,relation),

(kind thing object,event,value . . .),

(kind furniture chair,table,desk . . .),

Similarly, a piece of legal doctrine can be loaded with a command

like:

(execute learn (assertion Corpus-Juris-Mechanicum
(legal-consequence situation:cjm-battery
(liability cjm-battery/p
cjm-battery/d))),
(element cim-battery (instance person p),

(instance person d),
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6.22 Inserting a Factual Situation for Analysis

At the beginning of each analysis gsession, the user of the system
must describe to the system the factual situation upon which legal
analysis is to be performed. Recall that these facts are to be repre-

sented as elements of the situation called facts-at-hand. These facts

are loaded into intermediate memory, instead of léng-term memory, by use
of the machine procedure insert, in place of the procedure learn. Thus,

the user might type a command of the form:
{(execute insert (element facts-at-hand fact-1l,fact-2, . . .}).

During an analysis session, the system user is likely to be an
attorney rather than a compu£er technician. We can make the insertion of
the hypothetical situation lesé awkﬁard by putting the system in a
"state of mind" wherein it realiies that the facts presented are meant to

be inserted as elements of facts-at-hand. (Recall also that in its

ultimate embodiment, the gystem would receive these facts in English, not
in PSL statements.) This could be accomplished by inétructing the system

to begin each analysis session with a procedure, called listen-to-facts,
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that automatically inserts the facts typed by the user. The same proce-
dure could screen the factual statements to detect certain kinds of
errors. We will not explore errors here, except for one that is simple
to detect and to correct. Whenever the user referl to a thing or a rela-;
tion that is not known to the system (i e., not in the kind hierarchy),

the procedure listen-to-facts will ask the user to define it (as a kind

of something that in the kind hierarchy.)f7§ﬁr€héfﬁéie;'#henever the user

supplies a fact expressing a kind relation, the'btocedﬁre‘1iaten-tb;facrs
can invoke learn, rather than insert, on the aseumption”that'su&h facts
will be useful to keep in the system'p~qununqat knowledge, The algoxithm

for listen—to—facts is shown in figure 6-1. Notice that the procedure

assumes some primitive machine opexationa like digpl ! (Uhieh displays - a
message to the user) and receive (uhich meadn a fact, called user-fact,

typed by the user).



"Algorithm for listen-to-facts
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(execute receive user-fact)

if user-fact is end-message, then return
otherwise . - :
user-fact is (rel thl th2)

set error—flag‘ to O

if rel is kind and thl is known, then (execute learn user-fact)
otherwise ,

if thl is not known, then (execute display "what is thil?")

: -s‘et"ermr-fl_a_g’ ‘te 1
ye |

if th2 is not known, then (execute display "what is th2?")

set'ermr—f;gg to 1
J
e
if rel is not known, then (execute display “what is rel?")
set'

error—flgg to 1
|

if error-flag is set to 1, then
otherwise

(execute insert (element facts—at-hand user-fact))

Figure 6-1.
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6.3 The Instantiation Procedures

The instantiation procedures lie at the heart ot our analysia system.

e

We use the term inetantiating to mean: finding, within the hypothetical

situation facts-at-hand, _pecific facts that fit into, or near to, the

generalized facts that are contained in the lituntional representation of

a legal doctrine. This is the fundanentei process on which our model of
legal analysis is baeed. ' B v “

Before exploring the different methods by which inatantiation can be
achleved let us 1ook at a sinple exanple to illuntrate the concept of
instantiation. Recall one of our repreSentations tor the doctrlne

TN

qjm-battery/contact

(type cjm—battery/contact
situation:direct—contact)
(elenent ' .
v cjm-battery/contact/direct-contact
(s—object lcontact—event-c
p),i “
(agent c d))

If we were to find anong the elements of factl-at-hand facts such as
* ‘-it

BB

(s—object hit h person:Sam—Soe)
and

(agent h pereon:Tomeoe),

then we would say that cjm-battery/contact is instantiated by these two
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facts, Notice the similarity between this process and the instance rela-
tion. In a loose sense, instantiation is a matter of finding "instances"

of more general situations.
6.31 Instantiating a Fact

Suppose we wish to instantiate a éingle fact stated aé:

(relation-R thing-A th;ng—B),
which we will refer to as faét-F. For thé present, we will assume that
thing-A and thing—Brare atomic, that is, they are not themselves facts or
situations. It should be clear that any fact of tﬁe,fo;m:

(relation-R thing-A:a thiﬁg—B:b)
is an instantiation of fact-F. Now assume that we know, from the kind
hierarchy, that relation-RR is a kind of felation—R, that thing-AA is a
kind of thing-A, and that thing-BB is a kind of thiﬁg—B.‘ Then each of the
following facts also instantiates’fact-F:

(relation-R thing-A:a thing-BB:bb)

(relation-R thing-AA:ag_ thing~B:b)

(relation-RR thing-A:a thing-B:b)

(relation-R thing-AA:éa ﬁhipg;BBébb)

et cetera.
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For example, the fact:
(s—ob;ect' contact-event petson):f
in instantiated by the fact$

(s~object striké:g person:p)

because the event strike is afkind of contact—évéht; ,?act E_is also
instantiated by the fact: | |

(s-object vhit:h person:p)
because the event hit is a kind of strike,'which is a kind of contact-

- event. Let usg abbhreviate the idea “kind of a kind of a kind of a . . ."

with the symbol kind*. When we say that thing—TT is a kind* of thing-T,
we mean that thing-TT is the same as thinguT, or is a kind of thing—T or
is a kind of a kind of thing-T et cetera. ~ Then we can express all of the
above forms of instantiatlon by the following rule. p

The fact:

{relation-R .ihing-A thing-B) :fact-F
is instantiated by any fact of the form:
(relation-RR- thing-AA:aa thing-BB:bb):fact-FF,

where relation-RR is a Eégé:_of rel&tion—R,’tﬁinq-hhvis a EEEQ: of
thing-A, and thing-BB is a kind* of thing-B. |

We will call the above form of Lnstantiation sxllogistic, because the

things and relation within fact-FF fit within the scope of the categorized

things and relation expressed in‘fact-F. Thus wé»might say that
"Socrates, who is a man, is mortal: is a syllogistic instantiation of

"aAll men are mortal."
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When the fact to be instantiated is part‘ogbthe‘doctrine expressed in
a case holding, we will also consider instantiation by:anologva When we
say that thing-TT is an analog of thing—T we mean that each is a kind of
the same thing. For example touch is an analog of strike because each is

a kind of contact-event, An instantiation by analogy is the same as an

instantiation by syllogism, as defined above, except that one or more of

the kind* relations in that definition is replaced by the double relation:

kind*-of-an-analog-of. An example:
(instrument strike ‘weepon)
is instantiated analogously by |
(instrument hit h wrench w),
bacause a wrench is a kind of a tool, and a tool is an analog of a

weapon (these are both kinds of movable-objects).

It should be emphasized that this methou is a simplification of the
general process of analogy. As we uentionod’in‘¢hoptor’2, the ooundness
of an analogy depends on aspects of reasoning that 1ie outside the process
of logical analyszs as we have defined it for this study. ,Whenever
instantiation by analogy is employed, the ugerlwill be told, so that he
or she may supply this reasoning.' In order to reduce thebnumber of
unsound analogies, the process will be restricted to the lower part of the

kind hierarchy. For exanple, mental-attitude is not likely to be a very

useful analog to family-relation, although they are both_kinds of

feature-relations. Exactly where these restrictions should be placed can

best be determined from experience with the system.
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Now let us consider the case in which the fgct to be instantiated is
compound, that is, bne (or both) of the things in the fact ig itself a
fact. We take the following as a prototype:

(relation-R thinng:a
(relation-S thing-B:b
-thing-C:c)) : fact-G.
the same rule described above for fact-~F is applied 'to all of the things
and relations in fact-G. 1In addition, hoyever, we must now begin to pay
attention to the commenality of instance names within the fact to be
instantiated. Common instance names add restriétions that can eliminate

a possible instantiation. Consider the following fact, which is part of

the doctrine of cjm-assault/apprehension:

(apprehension person:p

(s-object contact-event:c person:p)):f,

i.e., a person is apprehensive that he or she is going to be the semantic
object of a contact event. The instantiation rules presented thﬂs far

imply that fact f is instantiated by:

(apprehension person:Harry-Hoe

(s-object hit:h person:Jerry-Joe)),
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i.e., Harry Hoe is apprehensive that someohe’g}gg, Jerry Joe, will be hit.
Here we have ignbred the requirement, expressed by the common instance
name p within fact f, that both instances of person be the same. This is
the precise reason for using instance names in our generalized
representations. |

Therefore, we must add one further rule for instantiating a fact:
Fact-F is instantiated by Fact-FF only if all camnonniities of instances
appearing in Fact-F appear also in Fact-FF¥.

Next, consider the case in which one (or both) of the things in a
fact to be instantiated is a situation. 1In this case, we first
instantiate the situation (using one of the moﬁhod5<deséribed in the next
section), and then we instantiate the rest of the T&cﬁ, following the
rules described above.

How does the system look for facts that may instantiate a given fact?
It would be ineficient to examine every fact in the system's memory and
to determine whether or not each obeys the instantiation rules. Instead,
the system uses OWL back-pointers to restrict seaiches of this kind. We
mentioned in Chapter 4 that every OWL data-item (i.e., every thing and
every relation) is provided with back-pointers that indicate all of the
facts of which.that data item is a part. This serves as an index--a
listing of all of the locations of that data item within the entire data
structure. In its search for ingtantiations, the system first consults

the back-pointers for the situation facts-at-<hand, since only facts
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appearing in the context:
(element facts-at—hand fact—FF)

are valid candidates for instantiation. There would be not more than
perhaps 100 such facts. ‘Within the limited demain of tgese facts,
the back-pointers of relation-R can be consulted to locate only those
facts in which relation-R or a kind* of relation—R or an alog of
relation-R, appears. Even with kinds and analogs there are not likely
to more than a handful of such facts. Only this small number of facts
is examined in detail to determine whether or not each fact is an
instantiation of fact-F. |

An attempt to instantiate fact-F succeeds when one or more of the

facts thus examined obeys the rules of instantiation with respect of

fact-F. We then say that the fact is instantiated. If no instantiating

facts are found, the system tries to instantiate the logical negative of
fact-F, i.e.s {not fact-F) If this attempt succeeds we say that

fact-F is counter-instantiated If both of these attempts fail, we say

that fact-F is non-instantiated

6.32 Instantiating a Situation

There are three basic methods by means of which a situation can be
instantiated: by instantiating all of its elements, by instantiating one

(or more) of its types, or by instantiating one (or more) of its examples.
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The rule for instantiation by elements can be stated more fully:

Situation-S is instantiated when all of‘its elements are instantiated and
all of its counter-elements are counter-instan;iated. Situﬁtion-s is
counter-iﬁsténtiatéd when one (or more) of‘#ts elements is counter-
instantiated or one (oremore) of its counter-elements ig instantiated.
Facts containiﬂg the relation instance or the relation is are hot
considered eleﬁents‘for purposes of inst&ntiatioh>by elements, However,
the commonalitiéé of instances appearing in situation-S must be

preserved. In other words, where@er two or mane iﬁst?néeé in situation-S-
are identical, the corresponding instances in the instantiation (or

counter—instantiatihg)aelements must also be identical.

The rule for instantiation by types can be stated thus: Situation-$

is instantiated when at least one of its types is instantiated.

Situation-S is counter-instantiated when at least one of its counter-types

is instantiated. The rule for instantiation gi'exéqples is 10g;cally
equivalent to the rule for instantiation by'typés. Recail that we are
distinguishing types form examples only because exsmples are attributable
to separate, primary sources of legal authority. |

Let us return to the example of instantiation presented on page 154,
It illustrates ﬁoth instantiation by elements and.instantiation by

types. In the example, we are able to instantiate the situation

cjm-battery/contact/direct-contact by instantiating its two elements. The




-162~

first element:

(s-object contact-event:c p)
is instantiated by the fact:

(s-object hit:h person.sam;Soe) .
This is a syllogistic instantiaﬁion, since hit is a klﬁa;of contact-
event. The second elemantQ' | B

(agent c 4)

is instantiated by ﬁhe fact:

(agent h person:Tom~Toe).
Because the instance ¢ is used within both elgmeﬁte of,the éituatidn to be
instantiated, a-similar commonality of instances is requifed in the set of
facts instantiatinq this situation. This requirement is satisfied by the
common use of the_instance h. |

Once the situation cjm-battery/contact/direct-contact is seen to be

instantiated by elements, the situation cjm-battery/contact is seen to be
instanticated by types, namely, by the instantiation of one type of cjm-

battery/contact.

The logical rutes for instantiating and countere;nstantiating a
situation are summ#rized in the following table. Whén é‘situaﬁion cannot
be instantiated nor couﬁter—instantiated, we say it is noh-;nstaptiated.
Notice that it is possible for the same situation to»bé égEE_instantiated
and counter-instantiated. This can occur, for examble,rQhen two cases
assert conflicting doctrine. Under these conditioﬁs,'the same situation

can be instantijated by one example and counter-instantiated by a counter-
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example. (We will not explore such conflicts any further in this study.)

In order to instantiate:

it is necessary

to instantiate:

to counter-instantiate:

by element all elements all counter-slements
by type >1 type -
by example >1 example --
In order to counter-
instantiate:
by element >1 counter-. @f >l element
element

by type >1 counter-- -

‘ ' type
by example >1 counter- -—

6.33 Instantiation by Quéry

‘example

It can be seen from the previous two sections that the successful

instantiation (or counter-instantiation) of é situation like cim—battesz

depends ultimately'cn the Succeasful>instantiation (or counter-

instantiation) of facts. Wheh a fact cannot be inifahtiated (or counter—

instantiated), it is because there is no fact in facts-at-hand that

instantiates it (or its logical negativei; of cotrse, we cannot expect

that the user will include in facts-at-hand every fact that might possibly
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be needed for instantiation. instend, we will‘provide the means for the
system to ask the user about additionallfacts wheneven it\renches such an
impasse. | |

In particular, immediately after an attenpted instantiatzon by
elements of situation-S, if the situation is non-instantiated then each
of the facts thnt, as elenents of situation-s, were themaelves non-
instantiated will be displayed to the user with the qpery., "Is it the
case that fact-F?" Fact-F is the non-instantiated fact, except that the
instance names displayed are those nanesAfhan have»nhg prnner common-
alities with the instance nanas‘apéearing in thn successful instantiations
of other elements of situation-S. | | | |

The user responds to each query in one of four wnys: ffes," "no, "
"agsume so,”-or "assume not." The fact bocones instantiate& by a positiyg
response, It becomes counter—instantiated by a negative response. When
the response involves an assunption, the systam makes an internal “note"
that the ingtantiation (or counter-instantiation) is basgd nn an assump-
tion. When the system dencribes itn analysismto the uéer; it repeats
these assumptions.A | | ' -

This method of instantiation is perhaps more eaaiiy'undeIStood from

an example. Suppose we were trying to inatantiate, by elements, the

situation cjm-assault/apprehension:
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{element cjm-assault/apprehension
(apprehension person:p *(s—object ' contact-event:c p)):fl,
(cause fl event:e):f2,

(agent e person:d):f3).

Assume that facts-at-hand contains only the‘folibving relevant facts:

(apprehension person:Kate-Koe
(s—object hlt h Katenxoe)) :£4,
(agent raise: r person: Larry—Loe) fS ”

(s-object r golf-club:g).

We see that £l is instantiated by f£4, and that f3‘visv instantiated by £5.
However, fact f2 is non—xnstantiated and theretore the situation as a
whole is non-lnstantiated In such ciruulstances the systam asks the
user about fact gg:“ "Is it the case that (caule (apprehenslon Kate-Koe
(s-object h Kate;Koe)) r)?" An Engllsh version of this questiOn would
be: "was Kate Koe's apprehension of belng h1t caused by Larry Loe's
ralsing the golf club?" Notice that the xnstance ‘names from the other
instantiating facts (e.g., Kate—ﬁoe, h, £j ixe‘;§ad in the éﬁery.

If the answer to this query is "yeé," tﬁéﬁ éhééfaét:

(cause f£f4 1)
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is inserted as an element of facts-at-hand. If the ansﬁer is "assume so,"
then the fact: | | o |

(assumption user (canse f4 ‘r))
is inserted instead In either case, the fact f2 is thereby 1nstant1ated

and, since the commonality of instances is correct the situation c3m—

assault/apprehenSLOn is instantiated by elements. If the answer to the
query is "no" or "assume not," then the £act. o
(not (cause f4 r))
or the fact: |
(assumption user (not 'kcaﬁse"£4' fj))

is inserted as an element of fects—at-hand In either of these cases, the

fact f2, and therefore the situation as a whole, is counter-instantiated
6.34 The General Process of Instantiation

We have established several rules to govern the instantiation of
facts and situations. We now will examine the machine procedure that
implements these rules. This procedure is called instantiste. It takes

as its argument a fact or a situation that represents-a piece of legal

doctrine. It attempts to instantiate its argument with respect to the

specific fects contained in the situstion fects-st-hand

Each.time‘the-procedure instantiate is invoked, there is one of three
possible results: its argument is instantiated, or counter-instantiated,

or non-ingtantjated. The result is determined by the rules described in
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the previous three sections. Under'theee tules, ituis possible to attempt
several different instantlations of a given situation or fact. It is also
possible that several dlfferent instantiations (or counter-instantlatlons)
will result for the same situation or fact For example, a single situa-

tion might be 1nstantiated by elementa, as well as by one or more types or
examples. A single fact might be instantiated separately by several facts

in facts—-at-hand, some syllogistically, perhaps, and others analogously.

Should we allow the procedure instantiate exhaustively to explore
every instantiation that is possible under thcse rules? If we were to
follow this approach, the computer mlght spend a great amount of its time
explorlng instantiations that are unnecessary Should we therefore
terminate the 1nstantiation of a fact or situation as soon as a single
instantiation is found? This approach entails the ?*§k~°f bypassing
instantiations that turn out to be neceseary. s |

The problem of bypassing necessary.inetantiatiohe’cah best by under-

stood from an example. Suppose we were attempting to instantiate, by its

elements, the situation cjm-battery/contact/direct-contact:

(element cJm—battery/contact/direct-contact
(s-object contact-event:c person p) fl

(agent contact-event:c persan:d):fZ).
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Now assume that facts-at-~hand includeé the following elements:
(s~object hit:hl person:Sam-goe):f3,
(agent hit:h2 peréon=§§u9h£5VQ§)=f4;
(agent hit:hl ~§etsp#;iqnﬂTde;m£5;i
We see that £l is instantiated by £3, and that _1'.31.3 instantiated

twdkce¢ by £4 and by f£5. Howevef,vﬁc; pgrpggasiof‘instanﬁiéting cim-

battery/contaéy/di;éCt-conggct, fé:ts,gi §ﬂq:£§’;ak§p.to§eth§r have the
proper commonality of thé instance of EEE (naﬁéii,'glgl whe:eas,the‘facts
£3 and f£4 taken together do not. The fact that f£4 instantiates f2 becomes
irrelevant for the instantiation of this situation a#vagwhole. If we had
terminated the instantiation of f£2 as soen a;swe'm:ﬁpund £4, we would

have bypassed the instantiation of £5, which instantiation is necessary

for the instahtiation of cjm—battexy/conﬁgg@[@iracttpont§Ct~

In the prototype‘aystem, the to#ql:qughgr;oﬁwexamplas) types, and
elemants subject to instantiation is relatively small. This means we can
follow a low-risk, more time-comsuming approach. With two exceptions, the
procedure inspantigte will try to find,aa mapy inpagantiations of a given
fact or situation as possiple. One exception relates to iastantiation'by
query. It will be our policy to bother the user with instantiation
queries-only as a last resort, i.e., when no,pther;mgags of instantiation
is successful. We will implement this policy with ;he_fo;lowing proce- .

dural rule:
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If all possible attempts to instantiate situation-S by examples
and by types have resulted in non-ingtanttdtions, and if Situation-S
is not an example or a type of a situation for which instantiation
possibilities, without query, still exist, and if either there is
only one element (or counter-element) in Situation-§ or else at
least one element of situation-<S has been instantiated (or one
counter-element has been counter-instantiated), and if the
commonalities of instances appearing thus ‘far among the instan-
tiating elements (and counter-elements) are in accord with the
commonalities in situation-S, then--and only ‘then--one of the
non-instantiated facts will be presented for query. If the above
conditions continue to hold true after oné query and response,
another non-instantiated fact from situation-85: will be presented
for query, and so on.

The second exception relates to multiple instartiations based on the

same facts from facts-at-hand. The rule cah'helﬁt&tea: When an instan-

tiation of a situation by type or by elements is based upon (i.e.,

ultimately is instantiated by) the same facts Ffrom 'facts-at;hand, or on a
subset of such facts, that instantiate an eﬁanplé-of that Situation, the
instantiation by type or by elements is ignored (deleted). We include
this rule beéause_an instantiation by example carries the weight of pri-
mary legal authority. Wwhere we have such an ihstaﬁtiatiun;'any further
instantiation by the same facts, but based on secondary aﬁthoiity, serves
no purpose. It shogld be clear that there is no rtsk-hyphssipg a
necessary instantiation, because the redundant instantiation(s) involve
the same facts as the retained instantiation. In a more comprehensive
analysis system, other procedural rules would have to be developed to
limit multiple instantiations, while keeping the risk of bypassing neces-

sary instantiations as low as possible. One possible technique is to look

Al
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initially for only a single instantiation, and then to return to look
for another only if the first instantiation becomes eliminated due to
improper instance commonality Another time-saving technique is the

labeling of some of the elements of a type as indicator (or

counter-indicator) elements. These would be the elements_that charac-
terize that particular type. Whenever the indicator\elements of a type
are‘not instantiated, the instantiation ot‘that could be abandoned. The
desirability of usingrthe various techniqnes like theee can be better
determined after‘gaining some experience yith the‘prototype system.

With the above cbservations in mind, we can set'forth the full-sce—
nario of the instantiation process. When instantiate is called upon to
instantiate a situation," it first triee to instantiate each example of
that situation that is knoun to the system It then tries to instan-
tiate each Eygg_known to the eystem Finally, it tries to instantiate
each element known to the system The order in which it tries these
three methods is chosen to facilitate our rules regarding multiple in-
stantiations. For convenience, we will separate these three methods

into three sub-procedures called instantiate-by—exaqples,

instantiate-by—typea, and instantiate-bybele-ents.“

The first two sub—procedures operate exhaustively, that is, they
pursue every example and type, regardless of the results of any prior
instantiations, The order in which they exanine the individual examples

and the individual types is arbitrary Instantiate-by-elements attempts

the instantiation of every element of the situation, again in an arbi-

trary order. It queries the user about a fact only when the conditions
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stated on page 169 are met. The operations of\theseithree‘suprrocedures
result in instantiation, counter—instantiation, or‘non—inStantiation,
according to the rules of logic and of instance connonalit§, as dis-
cussed in section 6,32, - |

When instantiate is called upon to instantiate a fact, it first in-
stantiates any Situations that may be contained in the fact It then
follows the rules of syllogism and of analogy, and the rule of instance
commonality, as discussed in section 6 31.

when instantiate is called upon to instantiate a situation, or a
fact containing a 51tuation, the procedure or one of its sub-prooedures
must perform subordinate instantiations. mo do this, other instances of
the procedure instantiate are 1nvoked ’ This process, in which one appli-

B A vEy

cation of a procedure uses other applications of the same procedure is

called recursion. The recursion terminates when the”argument of instan-
tiate is a fact‘that contains no further situations. |

The process of 1nstantiation begins w1th the most general iegal
doctrine known to the system.r In the prototype this doctrine is

cjm—-intentional-tort. Thus, immediately after invoking the procedure

listen-to~facts (by which means the user’'s hypothethicai facts Are in-

serted as elements of facts-at—hand), the system inwokes the ccmmand.

- Ly !

(execute instantiate cjm—intentional—tort)

There are no examples or elements of cjm-intentional-tort known to the

system. Therefore, only instantiate—by—types can be used for thls in-

stantiation. Accordingly the system then attempts to instantiate

cim-battery and cjm—assault, Each of these‘is instantiated or
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counter-instantiated, by examples, types, and elements, as is appro-

priate.
6.35 The Record of Instantiation

There is one other function that the procedure instantiate must per-
form in addition to instantiation itself. It must keép a record of the
instantiations and counter-instantiations that have been found. This
record serves twb’phrPOSes. It informs instantiate aé*tﬁ what it has
already done; so that the procedure knows what to do next. Then, after
the analysis is finished, it provides a history of the analysis that
allows the procedure called discuSs-énalxéis (to'bé déscribed in section
6.4) to explain to the user how the analysis was performed.

When the OWL system has been fully developed, it will include an
automatic mechanism for recording the history of the OWL procedures that
were performed in a given machine-session. For purpoéés of this study,
however, we will keep track of instantiation by inserting facts called

instantiation relationships into the system's memory. ﬁQery time

instantiate attempts an instantiation, it will insert a fact of the
following form:
(instantiation-relation thl th2).

There are 16 kinds of instantiation-relation, co:réépohding to in-

stantiation, counter-instantiation, and nonéinStantiation; by type, by

example, by syllogism, by analogy; and by assumption:
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(kind instantiation-relation
inst-element, c-inst-element, n-inst-~element,
inst-type, c-inst~-type, n-inst-type,
inst—example, - c-inst-example, n-inst-example,
inst-syllogism, c-inst-syllogism, n-inst-fact,
inst-analogy, c-inst-analogy, o
inst-assume, c-inst-assume) .

In such a relationship, thl, is the fact or situation that is instan—
tiated. If thl is a fact, then th2 is the fact from facts-at-hand that
instantaites it. If thl is a situation, and if the ipstantiation is by
example or by type, then th2 is an instantiation relationship for an

example or a type of thl.

indicates
non-instantiation, then Egg‘is absent from thg\instggtigtipn relafion-
ship. |

To illustrate the creation of the instantiation record, let us
re-examine a recgét example. We wish to instantiate the situation

cjm-battery/contact, given the following facts:

(type cjm-battery/contact situation:dirgctfcontactQ»n
(element c¢jm-battery/contact/direct-contact
(s-object contact-event:c person:p):£fl,
(agént ¢ person:d):£2)
(element facts—at-hand
(s-object hit;hl person:Sam-Soe):£3,
(agent hit:h2 person:Vaughp-Vbe):f4,

(agent hit:hl person:Tom-Toe) :£5)
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(kind contact-event strike)

{kind strike hit).

After determining that £l is inatantiated by £3, instaﬁtiate would insert

the following fact: |
(inst-gyllogism f1 £3):£6

Similarly, for the two instantiationu of £2 thero would be inserted:
(inst-syllogism £2 f£4) .f7
(inst-syllogism £2 fS) :£8.

Recall that cjm-battezylooauct/diumm“t is tlun i.nstantiated (by

elements) by the combination of facts £3 and £5. 'l‘his is recorded by
the insertion of t.wo facts:
( mst-element cjm—battery/oontact/direct-contact

‘situation:s-inst~1):£9 -

(element s-inst=1 £6,£8).

Finally, cjm-battery/contact is instantiated by type. We therefore
insert:

(inst-type cjm-battery/contact £9).:
6.36 The Algorithms for Instantiation

The machine procedures \for instantiation can be summarized by the

algorithms shown in figures 6~2 through 6-6 cm the folio‘wing pages.
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start Algorithm for instantiate

If the argument of instantiate is a situation, s,
otherwise then
- {execute instantiate~by-examples s)
(execute instantiate<by-types s)
(exacyte »fimtantiate-—by-elements s)

\

the argument is a fact, f£. retusn

'

if £ contains a situation, s', then' (execute instantiate s')

find all syllogistic and analogous instantiatioms and -
counter-instantiations of £ (see section 6.31)

retain only those instantiati;ons and counter-instamtiations that properly
reflect the commonalities of instances (if any) appearing in £
for each such instantiating fact, i,

(execute insert (inst-syllogism £ 1)), or

(execute insert (inst-analogy f 1)), or

(execute . insert (c-inst-syllogism £ 1)), or

(execute insert (c-inst-analogy £ 1)),

whichever is appropriate

'

if there are no such instantiating facts,
(execute insert (n-inst-fact f))

return

Figure 6-2,
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- Algorithm for ingtantigte-by-exagg;es

if there is an example, ex, of s for which instantiation has not been

otherwise

\

'amtenpted from within this'procedure,
then i
(execute instantlate ex)

if ex is instantiated, with instantiaticn relatlonshlp x,
then
(execute ingert (inst—example 8 r))

S

if there is a counter-example, cex, of s for which instantiation has not

been attenpted from within this procedure,

otherwise ‘ then

\J

(execute instantiate ‘cex)

if cex is instantiated, with lnstantiation relatlonshlp r,
then
(execute insert (c-inst-example s r))

e

if no instantiation of any example or any counter-example of s has been

return

found,
.then
(execute insert (n-inst-example s))

Figure 6-3.
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Algorithm for instantiate-by-types

if there is a type, t, of s for which Anntantiatiqn\has not been

otherwise

v

attempted from within this procedure,
then
(execute 1nstant1ate t)

'

if t is 1nstant1ated, wlth 1nstant1at10n relationshlp r,
then . .
(execute 1nsert (1nst—type s r))

¥
i
|
i

—J

if there is a counter-type, ct, of s fpr which instantiatxon has not

otherwise

v

return

been attempted from within this pmocedune,
then .
(execute instantiate ct)

if ct is 1nstantiated, ‘with instantiatlon xelationship r,
then ,
(execute insert (c-lnst-type 8 r))

——

if no instantiation of any type or any counter-type of s has been

found,
then ] ‘ :
{execute insert (n-inst-type s))

Figure 6-4.
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Algorithm for instantiate-by-elements

if there is an element, el, of s for which instantiation has not been

otherwise

\

A

attempted from within this procedure,
then
(execute instantiate el)

if el is countar~instant£ated, with inst. relatlonshlp r,
then
(execute insert (c-inst~element s *t)?jl

]

if there is a countef-elenent, cel, for whieh ingtantiation has not

otherwise

‘ been attempted from within this proceduxe,

then
{execute ingstantiate cel)

if cel is instantiated, with instantiation relationship r,
‘then
(execute. insert (c-inst—elenont - 3 t))

—J

if all elements of of s have been 1nstantiated and all counterelements of

}

|

s have been countez-&astlntiated,

then

for: each- coqplote set; x, of instantiatloh relatlonshlps
rl, . . . ,rn, for the elements and countér-elements of s,

which set properly reflects . the: com-onalitios of instances

(if any) appearing in s,

(execute insert (inst-element s situatidn:s;inst-x),

(element s-lnst-x rl, s « o sYM))

(Continued in figure 6-6.)

Figure 6-5.
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Yooy

if any non-instantiated element or counter-element of s is

a fact, £, and if the query conditions (page 169) are met,
then *
(execute display "Is it the case that f£'?")

{execute receive response)

if response is "Yes,"

then

(execute insert (element facts-at-hand f£'),
{inst-syllogism - £ ' £'):¥1)

if £ is a counter—-element of s,
then
' (execute insert (c~inst-element s f£1))

if response is "No,"

then

(execute insert (element. fac¢ts~at~hand (not f£f')),
(c-inst-syllogism f (not £')):£2)

if £ is an element of s,
then
(execute insert (c¢-inst-element s 22))

1)

if response is "Assume so,"

then . ‘
(execute insert (element facts-at=«hand
(assumption user f')),
l (inst~agsume . £ £'):£3)

.if £ is a counter-element of s,
then ‘ ' =
(execute insert (c-inst-element s £3))

v
if response is "Assume not,"
then
(execute insert (element facts~at~hand
‘ {(assumption user (not £'))),
l (c-inst-assume £ (not £')):£4)

if f is an element of s,
then
(execute insert (c-inst-element s f£4))

+ .
Fact f' is fact f with
appropriate instance names.
Figure 6-6.




~180-

6.4 The Discussion Procedure

After the syctem has finished its instantiation process, it informs
the user of the results of its analYSis; The user primarily wants to
know whether or not an intentional tort has been estanlished ki e., in—
stantiated) or ruled out (i.e., oounter—instantiated) by the hypothet—
ical facts that were presented to the system. In particular, the user
wants to know whether or not these facts ectablish or rule out the two
torts of battery and assault, and the user often would like to know how
the system reached it conclusions. -

All of‘this information is available from the instantiation record
that was created in the system S Wemory during the inatantiation process.

For example, by looking at the following instantiation relationships.

(inst-type cjm—intentional-tort
{inst-element cfm—battery e e a))
(c~inst-element cjm—assault

(c-inst-element cjm-assault/intent . . .)),

We can see that battery had been establiahod (instantiated by elements)
and that, therefore, and intentional tort had boen established (instan-
tiated by type). Assault, however had been ruled out
(counter—instantiated by elements) because of a lack of’intcnt. By trac-
ing through the rest of these instantiation rclationships, we could

determine exactly how each instantiation was obtained.
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Clearly, this is an unmanageably awkward manner in which to learn
the results of the machine's analysis. In its place, we will introduce

a machine procedure called discuss-analysis that translates the instan-

tiation record into an English-like discourser

We mentioned at the outset that our study isknot concerned with the
actual process of translating between statements in the PSL 1anguage and
statements in English. Accordingly, we w111 not examine the procedure

discuss—analzsis in detail. Instead, we will discuss briefly the general

approach of the procedure, and we will illustrate this approach w1th a
51mple example.

The instantiation record is structured much like a tree. At the
root of the tree 1s the 1nstantiat10n of the general doctrine

c:m-intentlonal-tort The tree branches out by elements, by types, and

by examples, ultimately reaching 1nstantiations by the facts contained

in facts-at-hand. The procedure discuss-analysis begins its discussion

at the root of the tree, and then proceeds towards the outer branches, in
response to request from the user for further explanation.

Let us re-examine the instantiation relationship that

for cijm-battery/contact in the example from section 6.35. We can re-

state the relationship in its entirety as follows:

(inst-type cjm-battery/contact
(inst-element cjm-battery/direct-contact

situation:s-inst-1))
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(element s-inst-1
(inst—syllogisﬁ (s-object contact-event:c person:p)
| (s-cbject hit:hi pér;on;Sqm-Soe)),
(inst—syllogiém (agent contact-evantsq éefson;d)

(agent hit:hl person:Tom-Toe))).

A summary statement for this relationship might be effected by the

command:

(execute display “cOntact appears to.bo staisfied by the facts at

hand.")

If the user asks how contact is satisfied, the system can go into

the details of the instantiation relationship:

{(execute display "One form of contacﬁ ;nVDIVes'direct contact. When
there is contact to‘ﬁhe plaiﬁtiff by the defendant,
there is contaét as reqﬁiéed'for a battery. This |
appears to cover thé facts ai\hand, in which Sam Soe

was hit by Tom Toe.")

In addition to the form of discussion illustrated here, the system
can add appropriate phrases to remind the user when an instantiation is
based on assumption ("according to your assumption that « « "), and to

inform the user when an instantiation is based on analogy ("The decision
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in . . . provides an analogy"), since this information is recorded in the
instantiation relafionships. When instantiatioﬁris by example (case de-
cision), the system also pfovides the user with the facts of the partic-
ula£ case whose doctrine is being instanti#ﬁed.v These aspects of the
discussion procedure are illustratéd in the exaﬁples described in
Chapier 7.

When the discussion of analysis has been displayed to thé user, the
analysis session is concluded. If the user wishes to bégin another analy-

sis, all of the facts inserted during the previous session (the facts

in facts-at-hand, and the instantiation relationships) first will be de-
leted, so that new facts can be presented for analysis.
Our machine procedure for legal analysis thus can be summarized by

the following algorithm:

begin analysis !

{execute 1listen-to-facts)
(execute instantiate cim~intentional~tort)
(execute discuss-analysis)

end analysis.




-184-

Chaptex 7 Examples gg_nnalysis,”mxglainea

We can now return to the examples presented in‘Chapter 1, examining
more closely the details of the analy;is, vRemember thg;tﬁe are not con-
cerned with the process of transiation betﬁe;n staF§ments"in English and
statements in PSL. We include the‘EngliQh representations to make the

examples more comprehensible.

Analysis Session 1

USER: Aaron Aardvark purposely kicked Zachary Zetz in the legq.

The P8L representation for thege simple fadts looks like this:

(element facts-at-hand _ In the facts at hand,
(agent kick:k
person:Aaron-Aardvark) , Aaron Aardvark kicke

(s—object k

person:Zachary-Zetz) : f1, Zachary Zetz
(destination k leg:l), in the leg
(part Zachary-zetz 1), of Zachary Zets

(purpose k £1)) purposely.
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As always, the instantiation process begins with an attempt to

instantiate cjm-intentional-tort (by type), which leads to attempts to

i}

instantiate c;m—battery and Ajm—assault (by elements) The contact

component of battery is instantlated by the example provided in the case
Foe v. Moe, as recorded by the followxng instantlatxon relatlonshlp.

PR
TAYY

(inst-example cJjm-battery/contact
(inst-element s-foe-v-moe situation:s-inst-1l)):rl
(element s-inst-1
(inst-syllogism (agent . strikes:s. .persona:d) ...
(agent kick:k person:Aaron Aardvark)),<
(inst-éjllogism"Xs—object s; pereo; ;5"ﬁhf e
v¢s-object k person:Zachary Zetz)),
(inst-syllogism (destihation s anatomical-pa;;'."v{t&‘:—’T’aw)r?{Jw
(destlnatlon k leg:l)), .

(inst-syllogism (part p a)

(part Zachary-Zetz 1))).

The intent component of battery is instantiated by elements:
(inst-element cjm-battery/intent situation:s—inst-z)eré
(element s-inst-2

(inst-syllogism (agent event:e person:d)

(agent kick:k person:Aaron-Aardvark)),
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(inst-syllogism (or (purpose e _s}tuatiqn;igsq;t)
(belief p (cause result e)))
(purpose kick:k
(s-object k ,pq;son:Zachary-Zetz)))).
where
(element xesult (or (s-object contact-event:c person:x):fl

(apprehension x f£1))).

Notice that a disjunctive fact, (or fact-1 fact-2), is instantiated if
either fact-l or fact-2 is instantiated.

Cim-battery/consent can be néither instantiated nor counter-instan-

tiated from the facts currently cbptginad ;n_£acta-at-

attempt is made to instantiate cjm-battery/consent by elements, the condi-

tions for in#tantiation b§ query Afe‘ﬁét.mk(The;eﬁi;,pg}o;her successful
instantiation, and the situation qontains only;99e g1gqent,) The user is
therefbre asked: | |
"Is it the case that
{consent Zacharijeté
(s-object kick:k Zachary-Zetz))?2"
which might be statgd in Engligh as "Dii,zachasxrzgtz;Sqasenﬁ to being

kicked?" In this example, the user responds, "No." Cjim-battery/consent

is thereby counter-instantiated:
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(c~-inst-element cjm-battery/consent
(c-inst-syllogism (consent p (s~object c¢ p))
(not (consent Zachary-Zetz

(s-object k 2Zachary-Zetz))))):r3.
Thus, cjm-batteyy becomes instantiated by elements:

(inst-element cjm-battery situation:s-inst-3):r4

(element s-inst-3 rl,r2,r3).

Next, the eystem attempts to instantiate the other known type of

cjm-intentional tort, namely, cjm-assault. Proceeding again by elements,

the system attempts to instantiate cjm-assault/apprehension and c¢jm-

assault/intent. Apprehension cannot be instantiated (or counter-instan-

tiated) by examples or by types. The only element of apprehension that
can be instantiated is (agent event:e person:d), as follows:
(inst-syllogism (agent event:e person:p)
(ageﬁt k Aaron-Aardvark)).
The condition for instantiation by query is thereby met with regard to
other elements of apprehension. (There is no other successful instantia-
tion of apprehension, and at least one element of apprehension has been

instantiated). The system therefore asks the user:
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"Is is the case that
(apprehension Zachary-Zetz
(s-object k Zachary—Zeéi)) "
which might be stated in English as; "Was Zachary Zetz apprehensive that

he would be kicked?" 1In this example, the user responds, “Assume not."”

Cjm-assault/apprehension is thereby counterinstantiated:

(c-inst-element cjm—assault/apprehehsion
(c—ihst—assume. (apprehenéion P (s—object c P))
(not (apprehension Zachary Zetz

(s-object k Zachary-Zetz))))):r5.

Because the situation is now counter-instantiated, tha\§ondition for
instantiationbby query is no longer met. The remaihihg elément of
apprehension (the cause of the apprehension) is therefore not ;xplored.
Furthexrmore, cjm-assault has itself become:counter-instantiated;

v(c~inst-elau¢nt cim-assault r5) :r6.

Finally, cjm-intentional-tort is instantiated by type:

(inst-type cJjm-intentional-tort - r4).
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The procedure discuss-analysis now provides the user w1th summary

statements about the instantiation of battery and lssault

SYSTEM: Aaren Aardvark appears to-be lisble o Zachary Zetz for a bat-
tery. = Aaron Aardvark sappears not to be lisble to Zschary Zetz for an

assault.

If the user asks why there is lxabxllty for a battery, the system

[N

summarizes the instantiation relationshmp for c !hhatbe

FRRR

(x4, above):
USER: Why is there liability for a'battery? = -

SYSTEM: According to the doctrine adopted in Smith v. Jones, an action in

battery is established by three components- contact intent and the lack

i

of consent. These ccmponents appear to be sat1sfiad by the facts at hand

Then, if the user asks how each of-these compoenénts, in turn, is
satisfied, the system goes into the details of thé infitantiztion relation-

ship for each compoment {rl, r2, and r3, abeve)s: '
USER: How is contact satisfied?

SYSTEM: The decision in Foe v. Moe is applicable. In that case, Joe Moe
punched Fred Foe in the nose, It was held that ﬁhen one person strikes the
anatomy of another, there is contact as required for a battery. This
appears to cover the facts at hand, in which Aaron Aardvark kicked Zachary‘

Zetz in the leg.
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USER: How is intent satisfled?

SYSTEM: When a person acts (a) with the purpose of achieving a physical
contact to someone elde, or the app:ehensibn‘of BUéﬁ'a conﬁact, or (b) in
the belief that such contact or apprehension will be caused by the act,
there is intent as requi:ed fo:‘a_battexy.hkThig appears to cover the

facts at hand, in which Aaron Aardvark kicked Zachary Zetz purposely.
USER: How is lack of consent satisfied?

SYSTEM: When a person consents to being contacted, there is consent as
will avoid a battery. This appears to be contradicted by the facts at

' hand, in which Zachary Zetz did not consent to being kicked.

The counter-instantiation of cjm-assault is explained in a similar
. v e - ' o B
manner. First, relationship r6é is summarized, and then, if the user so

requests, the details of relationship r5 are discussed:
USER: Why is there no liability for an assault?

SYSTEM: According to the doctrine adopted in Jones §{ Smith, an action in

assault is established by two components: apprehéﬁgféﬁ and intent.

Apprehension appears to be contradicted by the facts at hand.

USER: How is apprehension contradicted?
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SYSTEM: When a person is apprehensive of being ‘contacted, there is appre-
hension as required rorfanna,sggq,lt._ This appears.to be contradicted by
the facts at hand, in which, according to your assumption, Zachary Zetz

was not apprehensive that hewouJ.d belgiqked.

Notice that the user is reminded ‘that the absence of *Za:chary's
apprehension was an assumption. Notice also that when Foe v. Moe was

cited, the specific facts as well as the holding werxe xecjted. .

Analysis Session 2

USER: Fred Dobbs and Benjie Hooray are plawing ip.a hockey game, Fred.

raises his hockey stick. Fred believes that this will cause Benjie to be
apprehensive that heé will be hit. Ben}ie is not agprehensive "Fred hits

Benjie in the leg with his hockey stick, but not purposely.

' The PSL representation for these facts looks like this:

(element facts-at-hand) o In thefacts at hand, .
(agent hockey-game:h @ hookey game is played
éerson’:Fred—Dob,hs,, L Zﬁd Fred Dobbe
person:Benjie-Hooray), cbtgzd Benjie Hooray,

(agent raise:r Fred Dobbs), Fred ‘Dbbbe vaises
{s-object r hockey-stick:hs), the hockey stick

(possessor hs Fred-Dobbs), of Fred Dobba,



(belief Fred-Dobbs
(cause (apprehengion
Benjie-Hooray
(s-object hit:h
Benjie-Hooray)) : £1
r)),
(not £1),
(agent hit:h2 ' Fred-Dobbs),
(s-object 'h2 Benjie-Hooray):£2,
(instrument h2 hs),
(destinatijon h2 leg:l),
(paxt Benjie-Rooray 1),

(not (purpose h2 £2)))
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it {8 the belief of Fred Dobbs
that

_apprehengion
- by Benjie Hooray

of a hit
to Benjie Hooray

will be cauaed by the raising,
and ‘
there 18 no such apprehension,
and

. Fred Dobbs hits

Benjie Hooray
with hie hockey stick
in the leg

of Benjie Hooray

- not purposely.

in thg attempt to inst;ntiate battery (again, by‘eléments), the con-
tact compﬁnant is instantiated by the example provi&ed in Foe v. Moe in
the same manner as that described in the previous analysis,

The intent component can be instantiated*désgite‘ﬁhe fact that Fred
Dobbs did net purposely hit Benjie Hooray. This is bécause Dobbs did
believe that the raising of this hockeféstick would ‘cause Hooray to become

apprehensive that he would be hit:
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(inat-element cjim-battery/intent aituationis-inst-l)
(element s-inst-l
(inst-syllogism (agent event:e person:d)
(agent raise:r persen:Pred-Dabbs),
(inst-syllogism (or (purpose e sitpation:result)
(belief p (cause result e)))
(belief = Fred-Dobbs
(cause . (apprehension Bemjie-Hooray
(s~object - hit;hl .Benjle-Eooray))
x)))),
where
(element result (or (s-object .contact-event:c perxson:x):£

(apprehension x £))).

The consent component of battery is. ingtantiated by type, namely, by
the situation representing infexred comsent. This type is instantiated in
turn by the example provided by the case 2333 v;g£gg.'.Raca11 that the
elements of the holding of that case are:

(agent athletic-competition:a pewson:pl):fl,
(agent a pexson:p2):£2, | |
(s—objectv.contact;eyentré p2):£3, -

(part a c):f4,

(is cjm-battery/p p2), and.

(is ¢jm-battery/d pl).
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Elements f1 and f2 each can be instantiated twice by facts in facta-at-

hand:

(inst—sjllogism (agent athletic-competition:a d)

(agent} hockey-game:h Fred-Dobbs)):rl
(inst-syllogism (agent a d) (agent h Bepjie—ﬂooray)):rz
(inst—syllogism. (agent a p) (agent h Fred—Dphbs));r3

(inst-syllogism (agent a p) (agent h Benjie-Hooray)):r4.
Element £3 is instantiated once:

(ingt-syllogiam (s-object contact-event:c p)

' (s-object hit:h2 Benjie-Hooray)) :r5.

Element f£4 can be neither' instantiated nor counter-instantiated from the

facts currently in facts;at-hand, however, the cond;t;on for instantiation
by query is met. (Therelis no other way to instantiate this example or
inferred consent itself, ahd‘at least one of’the'éiéuinfs of this example
has already been instantisted.) The system therefore asks the user: "Is
it the case that (part h h2) ?" which might be 3tat§§3iﬁ English as,
"Was the hit that Benjie Hooray received a part of the hockey game?" 1In
this example, the user responds, "Assume so."A‘Elemenﬁ.gé_is thereby

instantiated;
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(inst-assume (part a c) (part h h2)):x6.

The example has now been instantiated by eledents:

(inst-element s-quoe~-v-poe situation:s-inst-2)

(element s-inst-2 rl,x4,r5,r6).

Notice that instantiation realtionships r2 and gg_cohtain improper
instance commonalities vis-a-vis the other ihétxntiiéiﬁé‘facts for this
example. These instantiations are therefore irrelevant,

Battery has now been successfully inst&ntiaéed by elements, and it
is given an instantiation relationship similar to that illustrated for the
previous analysis. Assault is agaih douhter—instaﬁti;téd by the absence
of apprehension, but this time wiﬁhout the éaﬁd'fof‘a qﬁery'to, or an
assumption by, the user.

The English discussion of this instantiation record will therefore

look something like this:

SYSTEM: Fred Dobbs appears not to be liable to Penjie Hooray for a bat-

tery. Fred Dobbs appears not be liable to Benjie Hooray for an assault.
USER: Why is there no liability for a battety?

SYSTEM: According to the doctrine adopted'in Smith v.:Jdnas, an action in

battery is established by three components: contact, intent, and the lack
of consent. Lack of consent appears to be contradicted by the facts at

hand.
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USER: How 18 lack of congent contradicted?

SYSTEM: One foxrm of consent involves inferred consent. The decision in
Quoe v. Poe is applicable. In that case, the partiee were fighting in a
boxing match. - Perry Poe punched Quentin Quoe in the jaw. ' It was held '
that when two persons participate in an athletic coupntition,\consent as
will avoid a battery may be inferred for any physical contact that is part
of the compeﬁition.‘ Tﬁiskappears ﬁo cover thé;fﬁcﬁé af hand, in which
Fred Dobbs ané Benjie Hooray were piaying in a hockeyréame,'and'intwhich,
according to your assumption, the hit that Benjie Hooiay received was a

part of the hockey game.
USER: Why is there not liability for an assault?

SYSTEM: According to the doctrine -adopted in Shith v. Jones, an action in

assault is established by two components: apprehension and intent,

Apprehension agpqars’torbe contradicted by the facts at hand.
USER: How is apprehension contradicted?

SYSTEM: When a person is apprehensive of being contacted, there is appre-
hension as required for an assault. This appears to be contradicted by
the facts at hand, in which Benjie Hooray was not apprshensive that he

would be hit,
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Analysis Seasion 3

USER: With the purpose of frightening Gordon Good, Howard Hood visibly
points a saturday-night special at him and grabs the uwmbrella that he is

holding. The saturday-night special is not loade8.

The term "saturday-night spec1a1" is not rocoqnized by the procedure

listen-to-facts. (We purposely left it out of thae kind hierarchy ) The

|

system therefore ask the user:
SYSTEM: What is a saturday-night special?
USER: A saturday-night special is a kind of pistol.

The PSL representation faor the facts at hand -can then be inserted:

(element facts-at-hand : In the facts at hand,
(agent point:pt
person:Howard-Hood) : f1, Howard Hood pointe
(s-object pt |
saturday-night-special:n) :£2, a saturday-night epecial
(destination pt

person:Gordon-Good) : £3, at Gordon Good

(purpose pt (apprehension with the purpose of achieving
apprehension .

Gordon-Good of Gordon Good
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(s-object contact-event:c of a eontget

Gordén-Good) ) : £4) : £5, to Gordon Good,

and -
(agent grab:g Howard-Hood), Howard Hood grabe
(s-object g umbrella:u), an umbrella
(held-by Gordon-Good u), held by Gordon Good
(purpose g £4):f6, with the eame purpose,
-~ and
(loadedness n unloaded), the saturday-night special
ig unloaded, and
. (perception Gordon-Good it 18 perceived by
- Gordon Good
situation:scene)) that
(element facts-at-hand/scene  Howard Hood points a
saturday-night special
f1,£2,£3) : ' at Gordon Good.

Battery will be instantiated again by its elements. First, contact
mist be instantiated. Neither party is the semantic object of any contact
event, although Good's umbrella was grabbed by Hood. In attempting to
instantiate contact by example, the sygtem yill encounter the case of
Roe v. Dge, which holds thg striking of an article of clothing on a person
is sufficieht to establish contact. Now, according to our kind hierarchy,
an umbrella is gggian article of clothing; it is a personal accessory.
However, an article of clothing is an analgg‘ofyg pg;gonal accessory;
they are both kinds of moﬁable objeqts. Similarly, grab is an analog of
strike; they are both kinds of contact events. Finally, the relations on
and held-bz are analogs because they are both kinds of contact relations;

Thus, the holding of Roe v. Doe can be instantiated by three instantia~




~199-

tions by analogy:

(inst—exémple cjm-battery/contact
(inst—elemeﬁt g-roe-v-doe situation:s-inst-l))
(element s-inst-l
(inst-analogy ’(agent strike:s person:d)
(agent grab:g Howard-Hood)),
inst-analogy - (s~object s article-of-clothing:a)
(s-object g umbrella:u)),. -

(inst-analogy (on p a) (held-by Gordon-Good u))).

Intent for battery is instantiatggi; directly by fact £6 in the manner
explained in the first two analyses, Conaem;mt,meq«nqain -pe . .counter-
instantiated by query:

SYSTEM: "Did Gordon Good consent to the grabbing of his umbrella?"

&

USER: "No."

Next we examine the instantia"ti'on‘ oy eienent;) ‘of assault. Apprehen-
sion can be instantiated by type, hmly a: gun thmat In p&rticular, an
attempt will be made to instantiate the je:itﬁan;ﬂ.ye-‘. prmuded -lSy the Zoe v.

Woe,. in which a gun threat is made with; an unloaded qun Every element of
s-zoe-=v-woe can be can be instantiated Byiioéiéiiéally fi'dﬁ the facts in

facts-at-hand, with one execption. The fact:
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(knowledge p (loadedness f unloaded))
cannot be instantiated or cdﬁnter—ihstantiaiéd;' The user ik therefore

queried:

SYSTEM: "Did Gordon Good know that :he/shturday—night.special was

unloaded?"®

USER: "No.:

The counter-ingtantiation of this fact completes the insténtiation of
apprehengion, The intent compdnent of assault i§ inétantiaéed directly by
the fact f£5, just as the intent éompdnent of‘battaty‘was instantiatgdvby
fact £6. AS a result, both batteiy and assault‘are insﬁéhtiated in this
analysis. |

The English discussion of this instantiation record would look Some-

thing like this:

SYSTEM: ~ Howard Hood appears to be liable to Gordon Good for a battery.

Howard Hood appears to be liable to Gordon Good for an assault.
USER: Why 1s there liability for a battery?

SYSTEM: According to the doctrine adopted in Smith v. Jones, an action in

battery is established by three compbhentsg- contact, intent, and lack of

congent. These components appear to be satisfied by the facts at hand.

USER: How 18 contact satisfied?
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SYSTEM: The decision in Roe v. Doe provides an analogy. In that case,
John Doe knocked off the hat that Richard Roe was wearing. It was held
that when a person strikes an article of ciothing on the person of an-
other, there is contact as required fer a battery. This comes close to
covering the facts at hand, in which-ﬁoward'ﬁnnd grabbed the uﬁbre;la

that Gordon Goeod was holding.
USER: How ig intent satisfied?

SYSTEM: When a person acts (a) with the purpose of achieving a physical
contact to someone elge, or the apérehsasion-of'nncp_a'conxgct, or (b) in
the belief that such contact or apprehension will be caused by the act,
there is intent as fequired for a battery. This appears to cover the
facts at hand, in which Howard Hood grﬂbbgd'the umbrella held by Gordon

Good with the purpose of making him apprehensive of a physical contact.
USER: How is lack of consent satisfied?

SYSTEM: When a person consents to being contacted, there is consent as
will avoid a battery. This appears to be contradicted by the facts at

hand, in which Gordon Good did not consent to the grabbing of his umbrella.
USER: Why is there liability for an assault?

SYSTEM: According to the doctrine adopted in Jones v. Smith, an action in
assault is established by two components: apprehension and ;ntent. These

components appear to be satisfied by the facts at hand.
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USER: How is apprehension satisfied?

SYSTEM: One form of apprehension involves a threat with a gun. The

B

decision in Zoe v. Wbe is applicable. In that case, Winnie Woe visibly
pOinted a rifle at Zeke ZOe. The rifle was not loaded but Zeke Zoe did

not know that It was held that where a person visibly poxnts an unloaded

1

firearm at another person, the other person 8 apprehension as. required for‘
an assault is established if the other person does not know that the
firearm is unloaded This appears to cover the facts at hand in which

Howard Hood visihly pointed a saturday—night spocial at Gordon Good and

BES

in which the saturday-night special was unloaded, and in which Gordon Good

i F

did not know thnt it was unloaded
USER: How is intent satisfied?

SYSTEM: When a person acts (a) with the purpoae of achieving a physical ;

contact to someone elsd, or an apprehension of such a contact or (b) in

angy i

the belief that such contact or apprehension will he caused by the act

R S

there is intent as required for an aseault This appears to cover the
facts at hand in which Howard Hood pointed the saturday-night specisl at

Gordon Good with the purpose cf making hin apprehensive of a physical

contact.
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Chapter 8 Concluding Discussion

In the previous chapter, we examinpd three eun!wlel in which the
prototype system was able to produce sensible looking analyscs for some
simple factual situations. 'Ihese exanplcl \nm r;thnt carefully drawn to
illustrate those aspects of analysxs that the systun performs fairly
well. To put thase exanples in perspactive. up unat try to dalineate
more carefully the charactersitic abilities and lilitntionn of the proto-
type system. This will help us to undarstaaé tha Qltoat to which the
prototype can be extended to wider areas of applimuon

At the heart of this study is the contantion that the structural
representations that have been developed foz the pmvtotype system are
particularly well suited for the task ofqoangntiﬁﬁnﬁ‘bd'iéqal analysis,
as we have defined it. Our structural modﬂl is aaxe Gﬂﬂplex and more
comprehensive than many of the early forms o£ data 5tructure used by
 researchers in artificial intelligence and in nnnlytieal jurisprudence.
It is less comprehensive, and less linguistically érignted. than some
of the more general purpose comprehension models, like that of the OWL
system, that are under current devalopnent Thi;rﬁid-level realm of
structural complexity has been largely un‘xplarod. !eh it appears to be
well matched to the inherent categorization and structure with which
legal doctrine is constructed.

The prototype sy#tem contains representations for only two areas of

legal doctrine, the intentional torts called battery and assault, and

even for these areas, some of the component aspects (like the defense of
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" privilege) have been omitted. The same. structural technique that we
have used for battery and assault, hcwever, can be agplied throughout
large bodies of legal doctrine. False imprieonment, an intentional tort
that we did not examine, includes a component situation in which the
plaintiff is confined within boundaries fixed>b; the defendant, in the
place of the components of physical contact or apprehension.of contact.

Unintentional torts involving negligence comprise four component
elements a duty to behave in a certain manner toward another individual
or 1ndiv1dua1s, a failurevto)so behave, an actual loss or injury to the
other (note that this was not a necessary element‘of battery or assault),
and a causal connection between the breach of duty and the loss or in-
jury. These component elements can then be broken down into
sub~component elements and alternatives, in the samelway that the compo-
nents of battery and assault were broken down. There is, for example,
a series of alternative types of duty that exist between certain indi-
v1dua1s in differing, well defined situations. 77 | | |

In the law of contracts, the same kind of componentization is pos—
sible. The creation of a valid contract comprises. a proper offer, a
proper acceptance, a common understanding of the terms of the contract
("meeting of the minds“l, and consideration (reuuneration for whatever is
contractually promisedl. Once again, ﬁhééékéoméehehtg are defined inv
terms of smaller elements and alternatives. - o

This same process of breaking legal actions and 1egal relationu

into elements and counter-elements (defenses) is used throughout the body

of the 1aw. The ultimate embodiment of these finely dissected
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sub~-sub~sub~-components are the examples end ccuntor—exanples provided by
individual case decisions. | | o |

Even if our basic modeling technique is adeqnate for representing
areas of legal doctrine, however, there are other ptoblens that arise
in a significantly larger system-problens that we hame not had to face
in designing the prototype

For example, consxder a more ccmprehensive syston containing repre-
sentations for the entire area of tort 1aw. Hb niqht astinnte the size
of this system by notxclng that Prosser's discussiom of battery and as-
sault, upon which we based the representations for the prototype, con-
stitutes about one per cent of his treatise on torts In a system con-
taining one hundred times as much legal doctrine as is contained in the
prototype, it might not be practicul to try to inatlntinte every tort

exhaustlvely, which is what we do here with battory and alsault. Using

a similar measurement, if our Corpus Juris Iochanicul contained repre-

sentations for all of the doctrines in the gonoral llw encyclopedia

Corpus Juris Secundun, we sould need a systan ten thouaand timesg larcer
than the prototype. | .

Larger systems like these would have to lnclude nechanisms for nar-
rowing the 1nstantiation effort to snall areas of doctrino fcr which
successful 1ntentiation is relatively likely. A lawyer perforns a sim-

ilar task when he or she consults only particullr sections of Prosser or

Corpus Juris Secundum, havrng determrned that these sections are likely

to be relevant to a set of facts bexng anelyzed. In Chapter 6, we sug-

gested the used of indlcator-elements that could he used as’ clues to
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facilitate instantiation among alternatives of partidglar situations.' A
similar technique might be employed in a large system before the instan-
tiation process per se even begins. For example, the situation

facts-at-hand could first be searched for the existence of certain key

facts that point to areas of likgly‘relevant doctringg doctrines. Facts
involving 1njuri§8 or cqntactslqr theirnapp:ehgpsiqung}d instigate
instantiation attempts in certain ;reas‘of,tor;:orcxime. Facts involv-
ing oentracts, orjéggidi&ngs, or purchases and salés,,wéu;d focus the
system's attention on doctrines of contract. Within thg scope of these
rather broad areas of dpctripg, aufu:ther naxrqpiqg of‘Epeiisgues might N
be desirable, and it could be achieved by 199*199 for key facts that dif-
ferentiate among the gegmenﬁs of each area. .

Another possisle mechanigm is ﬁo allow the user ;o{:est:ict the sys-
tem's analysis to those areas of doctriggkfhatvhe_or;§§§ R9lieves might
be relevant. This corresponds closely to ;he ;;wyer's‘gelecting partic-
nlar sections of bqokg in m;ngq; gnalysis, ?hpg, the'uger might p:esgnt
the hypothetical gacts and then ask;the system “Hhap‘to;ts?f or “"Does
this cbnst;tute a battery?"‘ Just a; is the_casg in manual analysis, the
more narrow the scope of dpq?rine is.set‘bg tbe:use;,:ypgrgxeater‘is thg
risk of missing unanticipated inat;ntiafioné;

‘An important limitation of the p:ototypgvsystemgégiits reliance on
the kind hierarchy as ifs'only reprgsentatioé)pf the world in g?neral.
The system does not really knog:gnything about ;ping§¢§a}}ed "weapon"
or "tool," except that ;hey are‘both ginds of a‘thing‘cq;léd

"movable-cbject."” Similarly, it does not really undg:gtand anything
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about the event called "hit," except that it is a kind of event called
: "strike," which is in turn a kind of "contact-evont.

Because our prototybe SYsﬁém is concerncd with ixiétahtiating assault
and battery, we included some helpful, but smvhat artificial. categor-

ies (like movable—object and contact-mnt) in th. kind hierarchy. For

purposes of 1nstantiating legal doctrines in ot.hcr mas, 1t might be
more helpful to focus on other features of some of the items in the hier-
archy. For example, for purposes of contiact law, veaight be less
interested in'the fact that a tool ié mvable than t:han the facf. that it
has commercial value. In Chapter 3, we mentioned that it is mot heées-
sary to restrict a thing like tool to singlekind cat.eqory. Thus, we
could include tool as a kind of eomrchllz-vdulblo-abject as well as

a kind of movable-cbject.

The use of i’nﬁ.ltiplé classifications increases the amount that the
system knows about things and relations in t":her'ki‘naxﬁiéraréhy, and makes
it move useful for the instantiation of different kinds of facts and sit-
uations. We must be aware, however, that mltiple classifications can

gsignificantly increase the machine time that is consmled in trying to

match a thing or relation in facts-at-hand to thnt contained in a fact
that is being instantiated. - |

Consider the mmer of co@arisoné that the mchine must make for
each such match. We can assume that there would not be more than on the

order of 100 things and relations in facts-at-hand. At the start of

analysis these might be grouped according to 4rjela£i'\?e1y broad categories

(persons, physical objects, semantic relations, et cetera) so as to limit
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each matching search to the category to which the item to be matched be-
longs. There would not be more than on thg order of 19 things or rela-
tions in each group. Each of these‘is a ¢andid;tg;f9rra match, and so
is the item directly above that item, and so on, for about four levels
upward in the kind hierarchy. If no mu;éiplgﬁglasg;figations exist, no
more than about 40 comparisons need be made in searching for a match.
However, wherever an item in the kindvhiera;chxﬁbelopés‘tp‘more than one
category, the searcﬁ branches out, and the nunbgr‘of cémparisons needed
increases exponentially according to the nymberkqflleveis searched. For
example, if each item in the kind higrgrpthbqlqngs tp-an,gyerége of
three categories,,the numberiof comparisons needed for a single match
becomes 10 x»34, or approximate;y ;000. Althgugh‘thisiqumber is large,
it is not necessarily prohibitive. A system like OWL, for example, can
make several thousand of these comparisons in a gecond.

As we indicated in Chapter 3, things apd‘felations also can be rep-

resented in terms of their features. A tool, for example, might be rep-

resented by features like mobility and commercial-value, among others.
Using representations of this kind, matching copld be attempted by com-

paring and matching the features of a thing or relation in facts-at-hand

with those of the thing or relation contgined ip the fact to be instan-
tiated. The most effective representation for purpcsg§ of matching pro-
bably involves the use 6f a kind hig:arqhy, a lim;tgd amognt of multiple
classifiqation, together with the use of featurgs qgt.accounted for by

the hierarchy. Further regsearch will be necessary to resolve this issue.
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The prototype's ¢oncept of analogy is siénificaﬁtif;Qiﬁplified. To
make a proper -analogy with regard to p&éﬁiéﬁfé&’f&éégf ifﬁié n;;éséar§z
to genefalize some things”dr‘féiatibﬁ tbﬁijéeféaiﬁﬁébgfég;fé.g;;‘by mOV-
ing up the kind‘hierirth). and then ﬁb“ig—éﬂéciéiiiégﬁﬁét thing or
relation, arguably to the same degrée (e.g., by moving down the kind
hierarchy). The analogy is valid, however, only if the generalized fact
or situation conveys the same meaning as the original. For example, con-
sider the situation: John Doe injured his foot. "Foot™ can be general-
ized to "anatomical object® ﬁifﬁbut‘chisafﬁ§:thémﬁésickﬁéiﬁiﬁévbf the
situation. However, a generalizatioh to' »";';h”y"ﬁéiéii objé“ct" would be im-
proper. |

As we indicated in Chapters 2 and 6, Hetemining ‘the validity of
legal generalization and analogy:iﬁVBIVes‘éspébiéibf*raiédhing‘that lie
beyond the scope of this study. Inhﬂhé'ﬁéétd%iﬁé;s§§fiﬁ}ganéio§y is
achieved by moving up and’dbwh'the‘kihﬁ?hietiicﬁy;'but the system pays
no attention to the proprietf of its genériiihﬁkioﬁé.' Also, because our
hierarchy does not have multiple calssifications; generalization can pro-
ceed only in a single direction, whiCH m§§ or ma& nbﬁ lead to valid
analogies. The problem of weeding out iﬁbaii&'ah;iogies;is left for the
user. The overptodubtion:of analoéiés is limifed;'sbméwhdt arﬁificially,
by restricting analogies to the lower levels of fﬁgﬁkiﬁajhiéfarchy, and
by permitting only one level of generalization.

There are other limitations in the prototype system. For example,
we have omitted temporal relations and values, which are not as important

for representing battery and assault as they are for other areas of law
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(like the formation of a contract by mail). These relations and values,
however, probably can be handled in a manner similar to that used for
spacial relations and values.

In sum, this study does not describe a finished working system, but
the starting point for the development of a new means for computer-aided
legal analysis. Hopefully, the techniques incorporated in the prototype,
together with an awareness of their shortcomings, provide a framework for

further research.
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