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" ABSTRACT

Convcnnonal knowlcdgc sources which a user of a computer system rmght
consult when he/she encounters a problem are manuale, on-line help facilities and
:human experts. Since thesc are often either inadequite or unavailable, 2 Spcg:iai
kind of expert systc:h, software advisors, is starting to cmcfgc. One of the most
important mqui::r;lcnts of such advisors is the ability to explain various aspects of
obtained results in terms of ca;usc-cffcct relationships.

-~

We investigate causality in the domain of the fourth generation languagcé

using the QUIZ report writer as an experimental cxample. A formalism is intro-
duced for encoding kriowledge about causé!\'h{m; fragments of programs
and fcat_urc;of results. It makes use of séveral types of rules and frame-like struc-
tﬁ.rcs. In the consulting mvﬁommn the k_g*owlcdgc thus encoded is a basis for
building a causal model of a problem situation described by the query. Strategies d
for angwcﬂng various types of user queries are proposed. The methodology has
been successfully applied to the design and development of a component of ‘a

QUIZ advisor prototype.
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1. INTRODUCTION

1.1. Motivation and Objeéctives

To be able to pcrforrr; any activity, one¢’ must possess the required sl;ilfs (i.e.,
the relevant knowledge and the abilit?’tt’;”s use this knowledge effectively). Exﬁcrts
are distinguished by their high level of skills from others involved in a given area.
It is mainly due to gaps in their domain knowledge that nom-experts, especially

novices, often need help in their work.

In a typical working environment help is usually sought from more experi-
encc:i éollcagucs, preferably from ones who are considered experts. However,
since this type of help is often unavailable, alternate sources of help have to be
consulted. In using a software system an altermnate source is the; system documenta-

tion or manuals.

Manuals contain large amounts of knowledge but also have many serious

disadvantages:

finding parts relevant to solving the problem at hand is not always easy due
to poor indexing, the lack of glossaries, ;:tc;; |

text written in a natural language is often ambiguous or unclear;

the material in a manual is sometimes poorly organized;

the documentation may be inconsistent with the software or inconsistent

internally; etc.

On-line documentation is in some way an improvement over the traditional

-~



printed documentation: the contents of manuals are stored in computer files and
conveniently indexed to provide faster retrieval of the relevant knowledge. Text
contained in such documentation, however, has the same disadvantages as manuals

(such as ambiguities or inconsistency). ’

On-line help facilities are another kind of Imox;f'lcdgc sou;;:c. 'I'hc& tradition-
ally provide assistance in using system .commands (e.g., the syntax of statements,
examples). * To be more helpful, these facilities should be context-sensitive” and
answer queries at a proper level of detail [Hought,on 84]. To meet these objectives,

such "intelligent” help facilities are bound to use artificial intelligence techniques,

and thus evolve into software advisory systems.

An advisory system is an "expert system that interacts with a person in the
~ style of giving advice rather than in the style of dictating commands. Generally
advisory systems have mechanisms for explaining their advice and for allowing

their users to interact at a detail level comfortable to the user” [Winston, Prender-

gast 84 (Glossary)].

The work described in this thesis is an integral part of the Advisor Project, a
joint industrial-academic effort undertaken by Cognos Incorporated, a major Cana-
cian software comi)any, and the Unive:rsity of Ottawa, with financial support from
the Federal Government of Canada and the Government of Ontario. The objective
of the project is to develop a methodology for capturing and making easily accessi-
ble and understandable the knowledge about typical modern software, fourth gen-
eration languages. The motivation for focusing on fourth generation languages is

the fact that these have been widely accepted in the business community, resulting’
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in an ever-increasing number of new users.

-
5y

The methodology has been applied to thc- development of a prototype advisor
for a particular language called QUIZ (described at the end of this chapter). QUIZ

has been chosen as the dornain for a number of reasons:

* 1tis a typical representative of fourth generation software;

> —~

* it is a mature, widely used product;

* the complexity of the package is appropriate for the intended kind of experi-

ment;
* very knowledgeable QUIZ experts have been available for consultation;

. B
there is comprehensive documentation’ on typical problems encountered by

QUIZ users.

. The specific objectives of research described in this thesis are the study of
causal relationships in a fourth generation language as a basis on which to build an

advisor system, and the development of a prototype system, a part of the QUIZ

Advisor.

The backbone of our system is a causal modéf of a part of the QUIZ system.
Reasoning . about causal relation_shipsl is essential for gpod understanding of any
subject matter, for explaining s;ystém behavior, and for answering some commonly
asked types of questions (e.g., "Why did ... happen?"). It is only in recent years
that the importance of reasoning based on causal relationships has é)ecn recognized
t;y developers of expert systems. De Kieer points out the diffcrenxc between ihe

approach based on causal models and the traditional expert systems methodology:

.
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"Expert systems are aimed at producing- what performance is possible in the short

term without consideration of the longer term. Typically this is achieved by

rccordmg as many of the hcunsncs and rulcs of thumb that expcrts actually use in

practice, as possible. This {s zmsgmdcd Thc rcasomng of experts is based ‘on

underlying theories that must be teased out” [dc Kleer 84]. Currently there are few

. systems that can reason from first principles or causal models in order to infer how

to handle unanticipated situations. Such approaches will become commercially

important when the demand for robustness increases [Browﬁ 84].

1.2. Interpretation of the Notion of *Causality’

The notion of causality has been the focus of much discussion among philoso-
phers for several thousand years. Although causality is a concept which all of us

have some intuitive feeling about, it is not fully understood and remains a contr-

. oversial subject in philosophy.

Aristotle pointed out that our enquiry is for the sake of understanding, and we

do not understand a thing until we have acquired the 'why’ of it, the proximare

. cause.” He finds that there are four different senses of cause: material cause (e.g.,

bronze is the material cause of the statue), formal cause (the form or the structure,
¢.g., the design is the formal cause of a house), efficient cause (it initiates change
or motion or coming to rest, €.g., a moving bat is the efficient cause of a ball’s

motion), and final cause (for the sake of which the change occuss, e.g., the use to

* This brief « :urvey of philosophical views of causality is based on the material from [Schlegcl
73]. Quor:mon marks have been omitted for readability.



which the house is put is the final cause of building it).

Newtonian meghanics gave a model of causation in all investigations of the
natural- world. It fduced the concept of causality to the efficient cause: things
c'a{:sing other things to move becomes the mode of understanding the natural
world. In 'the 18th century, however, the idea of efficient cause as a firm basis fo_;
philosophy of nature received a strong criticism from David Hume. After Aristo-
tle, Hume’s ideas are.regarded as having the greatest influence on the philosophical

¢
views of causality. Hume divides objects of human reasom into two kinds: rela-

tions of ideas and matters of fact. The former gives us certain truths (e.g., laws of -

geometry); the latter arise from experience, and, rather than kbcing undoubted cer-
tainties, are such that we can_“conceivc of their opposite as being intcﬁigible. All
reasoning concerning matters of fact seems to be founded, Hume says,-on the rcl‘-a-
tion of Cause and Effect. With that relation we can g0 beyond the evidence of our
senses (for example, you believe that a person has recently H:cn in a room because
you find a fire in the fireplace). All causes and effects are discovered by expern-
ence. Hume claims that there is no necessity of causal connection in nature -- only

repeated sequences of events to which we apply the name cause-and-effect.

Bertrand Russell ciocs ﬁot deny that regularities occur, and that, in the case of
frequently observed sequences, we may say that the earlier event is the cause of
the later event, but the sequence is only probable. We should, he claims, only
believe in causal sequences where we find them, without any assumption that they
must bé always found. Laws of probable sequence, although important in daily life

and 1 the early stages of a science, tend to be displaced by the concept of func-

&
i



tional dependence as science advances.

It seems that philosophers have not produced many firmm answers, but they did
bring up some general quéstions about causalityﬁ. determinism, ncccs.sity of tem-
por:éI succession, relevance to mswﬁi/:g "why’ questions, and degree of subjectiv-
ism ihvochd. Knowledge engineers, being concemned with rather practical aspects
of representing causality within specific domains, have dealt with these issues in 2
variety of ways (a more detailed survey will be presented in Chapter 2). Very few,
however, have discussed the issues from a theoretical point of view, or defined pre-

cisely what they consider to be cgusality in their domains.

Within the artificial intelligence litcratu'rc, Chuck Rieger has done significant
work on the representation of commonsense algorithmic knowledge which he
defines as knowle&gc that relates to 'aétions, state§ and the notions of causality and
ena:blement in the activities we all do day to day [Rieger 76]. Focusing on a more
narrow domain of physical me;hanisms, he: introduces the declarative representa-

“
tion of a mechanism in the form of a cause-effect graph whose nodes are events
and whose links are drawn from a set of ten theoretical forms of inter-event causal
intcmcﬁon [Rieger, Greenberg 77). According to Rieger, each event falls into one
of four categories: acrion, tendency, state or statechange, Tendency is an event in
which there is an absence of intention (e.g., gravity), while other terms are
intenced to reflect their standard connotations. One of the characteristics of links
that the taxonomy is based on is the types of linkefl events. In addition to links

between an action (or tendency) as the cause, and a state (or a statechange) as the

effect, which are explicitly called causal, major types. of links are those between a

-
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state and an action (enablemen:) and between two states (state coupling,
equivalence, and anzagonism). Although thc‘sc do not represent direct causal rela-
tionships they are useful in reasoning for the purpose of buildinglq‘ausal chains
between events (e.g., state coupling links provide a means of expressing implicit
intervening causal relgtionships that are either unknown or ‘irrelcvant to some
descripticn). Causal, enablement and state coupling links can be continuous (the
continuous presence of the cause is required to sustain the effect) or one-shoz (the.
cause event is required only at the start of the effect event). A link can also be

direct or gated by some state specification (i.e., the state must be present for the

causal relationship to exist).
%écr claims that the type of knowledge described above explains the

.00 "

"why’s" and "how to’s

of the various' components of mechanical objects and dev-
iccs.\ In- knowledge engineering, we see many examples of systems which deal
with causality in an explicit manner for generating answers to the 'why’ type of
questions as its main purpose. It should be no@, though, that not all 'why’ ques-
tons represent requests for explanations in terms of cause-effect relationships.
When we ask, for example, "Why does the sum total of the angles in a n'ianglc
equal two right angles?"', we expect a proposition providing a sufficient reason for ;
the geometrical theorem. But in evcryda)lr language (and even in science), ques-
tions about 'logi'cal reasons of 2 proposition are interpreted as qucstioris about
causes [Puterman 77]. Logicians have tred for some time to reduce causality to
imi:lication, if only because causa‘ﬁty has proved to be a difficult notion to pin

down, while implication is well understood [Chamiak, McDermott 85]. One of the

consequences are misunderstandings about the character of the tempordl relation
4
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between a cause and an effect. The temporal relation is not involvcd at all by the
relation of the logical entailment of proposidoné, while it is significant for the con-
cepfs of causal connection. The notion of causation relies on the notion of change,
which in turn relies on the notion of time [Shoham 85]. We may say that the con-
cep’t of a causal relationship is related to the question 'why’ in its version demand-
ing an explanation of an .actual state of affairs by rcfcrg;lcc 'to some prcccdi.ﬁg_/
state. Such an explanation not only points to a regular succcssién of states, but

also refers to the dynamic link between earlier and later events [Puterman 77].

Hence we may debate: are there causal relationships in a software system, or
we find only logical implications apd functional dependencies? Since our primary
goal here is not a deep philosophical discussion of causality but rather a practical
approach to system implementation, we will define what we rerm a causal relation-

— ship in QUIZ.

SN Speaking abovu£ softyvare systems in general, we may say that certain charac-
teristics of inputs (programs, data) cause certain characteristics of outputs (results).
In our dorhain, we consider the presence or absence of some QUIZ stateément (or
part thereof) as causes, and characteristics of results as effects. Also, if some .con-
ditions on the inputs and execution environment are not satisfied, this may cause an
error message to be issued. QUIZ being an interactive system, each user command
causes the system to respond in some way. Once a statement or a command is
issued there is a chain or sequence of%m that take place (in a fixed temporal

order) before the user can observe its effects. These events are actions (with QUIZ

as the actor) or internal states of the system. We believe that such a chain,
ﬁ

N



presented in a convenient faﬁhion, can best answer the ’why’ questions about a
software systcrr;. By causal knowledge we will mean knowledge needed to build
such chains. As we will see in Chapter 4, such Icnc:wlcdge will be mainiy encoded
in what we will call causal rules. Among several types of rules, there are those
that can be interpreted as logical (3g., PT-rules), and those that can be considered
functions (e.g., quantity-rclatéd R—ru}cs), but they all help in establishing causal
links between inputs and outputs. In that respect, our view of causality is similar

to Rieger’s.

1.3. An Overview of QUIZ

In this section we will give a brief description of QUIZ, the domain to which
we have applied our methodology. QUIZ is a report writer developed by Cognos .
Incorporated (formerly Quasar Systems Ltd.) [QUIZ 85].

A QUIZ program consists of a sequence of statements that specify, the desired
: \ :
report. The actual report is produced ia two phases: parsing and Teporting.

-~

In the first phase, statements are intcrpr.eted one _by one and an internal
representation of the repor: structure is built. During this _process. QUIZ has access
to a data dictionary in which various data elements {files, records, items) are named
and given %eatures (e.g., the type and default reporting format of an item) that
QUIZ uses when building reports. Actually, the 'I‘n“‘:y to the simplicity of QUIZ lies
in its relationship with the dictionary: if standard features defined by the dictioﬁa:y
are acceptable, the user can generate many different reports with a minimal amount

of coding.
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In the second phase, the system generates the actual report by combining
report structure information built in .tixc first phase with data obtained from the

user’s database.

Suppose that a certain large company has a database containing information

about its employecs, and that the personnel department needs, for example, a list of

k .
all employees who are located in Ottawa. In addition to his or her name, each
employee’s position should be indicated, and the employees should be reported in

alphaben'éal order of their last names. The following is an example of a QUIZ

. program that creates such a report:

£

ACCESS EMPLOYEE_S LINK TO POSITIONS
SELECT IF CITY = "OTTAWA"
SORT ON LASTNAME

REPORT LASTNAME FIRSTNAME POSITION
GO

Each QUIZ program starts with an ’ACCESS’ sraterlncnt that declares the file
(or files) to be used, i.e., states whe}e the data to be, reported comes from. It
roughly corresponds to the "join’ database operator (more specifically, the ’equi-
join’). In oﬁexample, two files are specified: 'TEMPLOYEES’ and "POSITIONS’.
.'I‘hc statement caus'e's' the corresponding pairs of records from the two files to be

linked through a common item™ (e.g, the employee number), thus making any data

item bélonjging to either record available for reporting.

7".' an 'item’ corresponds to an ‘auribute’ in the general database terminology.
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One often wants to report only those records that satisfy a particular~condi-
tion. The selection of records is done in QUIZ by using the *SELECT’ statement.
The above program selects only records which have *OTTAWA® as the value of
the item called 'CITY",

By default, QUIZ reports the records in the order in which they are retrieved
from the database. If a particular order (e.g., alphabetical on an item, as in our

example) is desired, the corresponding 'SORT’ statement must be included in the

program. : S

Another important QUIZ siatement is the ’REPORT’ statement. It indicates
what items from the files declared in the 'ACCESS’ statement are to be included in
the report, thus comresponding to the database ’project’ operation. In the above

example, it is spcciﬁcci that we would like the report to contain the following infor-

,

mation for each employee: last name, first name, and the position. The items’

appear in the report in ‘the order in which thcg\arc specified in the 'REPORT’

statement.

e

s

An indication that the report has been defined and, at the same time, the
instruction to the system to generate (or execute) the report is given by a ‘GO’
statement. The report that QUIZ would generate based on our program would
have the title (the default report title retrieved from the data dictionary), the date,
and the page number shown at the top of each page. Data would be reported in
three columns, one for each item specified in the 'REPORT’ statement, and each
colurin would hav<': a default heading (because we did not s.pccify any other head-

ing to override the default).”

‘.f}



rye

—~—’ -
-12-

The order of statements between 'ACCESS’ and GO’ is irrelevant (with
some exceptions which do not seriously affect the philosophy of ‘the language).
This reflects the non-procedural nature of QUIZ: the program specifies the desired

report, but does not prescribe the procedure for the system to follow in order to

generate the report.

QUIZ has more than a dozen statement types, but the ones discussed above
. \\ .
are sufficient for the creation of a large number of useful reports. Therefore, a
novice can quickly master the basics of QUIZ. For example, in order to obtain an
easy;t_czyread listing of the entire contents of file "X’, all the user needs to specify is
ACCESS X
REPORT ALL
GO
At its more advanced levels, QUIZ can be used to produce reports that involve

complex manipulation of data or satisfy some complex fon'natu'hg requirements.
]

The first version of QUIZ was released in 1979 for the Hewlett-Packard
HP3000 Series of minicompute;l-s. In recent years .it has been incorporated into
PBWERHOUSE, Cognos’ most widely installed fourth generation application
development language on minicomputers, available.on HP3000, VAX, and Data
General’s MV/Eclipse. In addition to QUIZ, POWERHOQUSE comprises an on-line
interactive screen developer and transaction processor calle. QUICK, a high-
volume transaction processor QTP, and a data dictionary package. The com-
ponents are integrated and work interactively through a common data dictionary.

Each POWERHOUSE component has its own comprehensive documentation, as

well as the established phone-in client assistance service. Robust advisory systems

—————
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could eventually replace both the documentation and the phone-in client support.

~ L4. Outline of the Thesis

. This thesis contains seven chapters and two appendices.

A review of the relevant literature is presented in Chapter 2. Very little has
been done in the area of software hdvisors, and virtually nothing in the explicit
modeling of causal relationships in such systems. Therefore, our review of litera-
ture takes a broadc;' look at various ways causal relationships have been

represented in the areas of knowledge and software engineering.

In Chapter 3, we analyze 2 sample of questions the users of QUIZ rypically
ask, focusing on those that can be interpreted as requests for an explanation of
results (e.g., "Why ... 7). Next, we propose a format for submission of queries,

and outline a general query-answering strategy.

Knowledge representation is the topic of Chapter 4. A formalism is intro-
drced that combines the use of several types of rules to represent different causal
links between inputs and outputs of QUIZ, and organizes the rule base into frame-
like sn'uctu:és. The formalism is syntax-oriented which facilitates reasoning about
instances of QUIZ programs and encourages a systematic knowledge acquisition.

Causal models of two aspects of QUIZ, programs and interactive sessions, are

developed using this approach.

Chapter 5 describes the design and implementation of QAUZ, the causal

query-answering module of the Advisor prototype. The pgma.:y role of QAUZ is

\
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to-provide. explanations of unexpected or puzzling features of QUIZ reports. The
system has an interface which provides a number of commands that enable the user
to build background (context describing) information and issue a question. The
appropriate versions of the t.wo basic reasoning mechanisms, forward and backward
chaining of rules, are presented, and their roles in query-answering are discussed.

The internal form of the QAUZ knowledge base is described.

In Chapter 6, we present details of algorithms for émswcﬁng major types of
queries. In order to take advantage of as much information contained in a query as
possible, the system explores individual elements of the query and tries to establish
causal links amoﬁg them. It parses QUIZ statements and uses forward chaining of
rules to dete'rrrﬁne the effects the code has‘ on the result. When analyzing descrip-
tions of the report, it performs backward deduction to detcmﬁne which_ features of
the code caused that result. The information contained in the trace of the reason-
mg detennin%-;s the type and content of the answer. The ability of QAUZ to dis-

cover contradictions hidden in queries is discussed, as well as its integration into

the query-answering.
>

Chapter 7 contins the summary and an evaluation of the developed
knowledge representation formalism and query-answering strategies. It also sug-

gests possible directions for future work.

A listing of the QAUZ icnowledgc base in its external form is presented in
Appendix- A, followed by an example of a complete query-answering session that

- illustrates various features of the QAUZ prototype (Appendix B).
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2. RELATED WORK

In this chapter we will review previous research, efforts related to our area of -
interest. A survey of the literature has revealed several reports on the development

of software advisors. Most of these treat causality as an issue of secondary impor-

L hd

tance, none of them has fourth generation software as its domain. Therefore, we
extend the scope of our review to some examples of work that involves reasoning
with causal relationships in the more general areas of expert systems and software

engineering. The findings will be summarized at the end of the chapter.

2.1. Software Advisors

2.1.1. The UNIX Consultant

The best known software advisor today is the UNIX Consultant (UC)
developed at the University of California at Bcrkcley [Wilensky 84; Wilensky et
al. 84; Chin 83].. It is an intelligent interface which advises naive users in the
domain of the UNIX soperating system. UC accepts user querics and rcsf}onds to
r.hefn in English. Types of queries UC is capable of handling are tiose related to
plans for acéomplishing.tasks in the UNIX cnvironmc;t, the syntax of commands,
definitions of terminology;and help in using UNIX commands. UC has the fol-
-+ lowing components: 2 robust language analyzer, a language generator, knowledge
.bases.on UNIX and English, a goal analysis mechanism, a plan formation mechan-

ism [Faletti 82], a context rhodeling mechanism, and a knowledge acquisition facil-

ity.
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The knowledge about UNIX is represented using frame-like structures and
stored in a database managed by the PEARL package [Dcéring et al. 81]. Each
fact about UNIX is represented a's. a labeled prcdicatc-argumcni proposition. The
literature does not give an expHcit account of kinds of frames in UC. Examples of
queries and those of conténts of the knowledge base suggest that the majority of
frames describe a plan for achieving son-lc goal state and are used for anéwcring

the "How do I ... 7" type of question.

-

In this framework, there are two ways to represent causal knowledge. The
explicit representation of causal rclz&énships uses the predicate ’causation’ that-
takes two arcumcnts the antecedent and consequent. The meaning of the prcdzcatc
is the fact that the action spcmﬁed in the antecedent argument causes a state
change described in the consequent a.rgurnent. Sincc a predicate of this type is

used as an argyment of another prcdacatc knowledge about these causal relation-

ships is not always casy to access.

-
-

Another way causality is represented in UC is by using the foliowing two

types of frames:

}

(planfor (result (X)) (mé‘thc;d $4)))

(preconds (plan (Y)) (are (Z))).

The first .framc predicate states that the plan for oi:taining result X 'is to apply
method Y. The second predicate specifies preconditions Z for exccunng plan (i.e.,

for usm'f thc method) Y. In othcr words, a procedure Y cxecutcci In state Z causes
X to happen. The above construct is used for answering a type of query in which

- }_ .
the user describes an unexpected result and asks for an explanation. UC first
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determines the user’s goal, then looks for a 'planfor’ frame which contains the goal
in 1ts result slot. Once it ﬁnds a relevant frame it checks if some step in the pro-
' cedure prescribed in the method slot has been omitted. If this does not give.an
answer, UC finally looks for the cormesponding ’preconds’ frame and checks |

whether or not the preconditions have been violated.

-

UC is being redesigned using a relation-oriented knowledge rs:prcscntation
Iaﬁguagc.KODL:\K' [Wilensky et al. 86]. In KODIAK’s network of concepts, the
causal x:clationship between the *Cause’ and "Effect’ concepts is represented by the
"Causal-Event’ concept. Various aspécxs of the Causal-Event concept can be
represented (e.g., actor, intention). This improves primarily the natural language

understanding and generation capability of the system.

The explanatory power of UC, i.e., the extent to which UC can handle the
"why’ type of query is unclear. The papers that give comprehensive descriptions
of the system, [Wilensky et al. 84; 86], contain many examples of ‘method’ queries

(i-e., "How do I ... 7"}, but none of the *why’ type.

2.1.2. DCL

DCL {Shrager, Finin 82] deve ped at the University of Pennsylvania is an
advisor system that helps novice uzxz use the VAX/VMS operating system. What
makes DCL interesting is the mode in which it offers advice: rather than operating
-in the question-answering mode, DCL follows the user’s interactions with the Sys-
tem and volunteers advice when it finds it appropriate. DCL recognizes inefficient

sequences of commands and suggests features that are more efficient with respect

-
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to the amount of user’s work (e.g., using wild-cards in file names), or system
resources (e.g., renaming a file vs. a copy/delete sequence).

i

The system is based ‘on 2 catalog of incfﬁéicnt plans novice users often use to
achieve common goals. The plans are represented in a network that describes
sequences of commands. Thé nodes correspond to commands and have associated
actions that are ‘activated when the node is instantiated. The action associated with
the last command in the sequence typically involves an advice message £ be
issued. Based on the contents of the network as a dynamic user profile, the mes-

sage 1s tailored to the case at hand.

The DCL network" represenfS causal knowledge by conceptual triples: a user
goal, 2 commonly used inefficient method for achieving the goal, and a correspond-
ing efficient method. Both methods (scqucnées of VMS commands) cause the

-same effect (i.e., the achievement of the user’s goal) but with different efficiency.

The system can be primarily criticized for its shallow reasoning with the

domain knowledge that cannot explain why one sequence of commands is more

~

efficient than anéthcr.

2.1.3. TEACHVMS and TVX

_ The AT team at the Digital Equipment Corporation (DEC) has been develop-
ing a methodology for buiding knowledge-based operating system consultants [Bill-

mers, Ca-ifio 85].
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The first result of this research effort has been TEACHVMS, an expert system
for helping users familiar with th:e TOPS20 operating system learn VMS. This is a
simple forward-chaining rule-based system implemented.in C that accepts TOPS20
commands and translates them into the cc;rrcsponding VMS commands. .'I’he
knowledge base contains two types of rules, ’syntax rules’ and ’translation rules’,
coded in a LISP-like language and translated into C. The (only available) paper

does not give any detail about the structure of either type of rules.

TVX is a research prograrﬁ under devclopm‘gnt that builds on the work on
TEACHVMS to provide users of va;)us operating systems with 2 knowledge-
based shell for consultation. The research focuses on planning mechanisms and
representational issues that can provide solutions to more complex user tasks.
Knowledge is represented in TVX by two major types of entities: objects (imple-
mented by frames), and tasks (implemenited by rules). The desi-gn of TVX is based ’
on a conceptual model of a generic operating system. As a result, the knowlcdgé
about tasks is separated into generic operating system lmowchgc- and the
knowledge specific to the target operating system (e.g., VMS). TVX accepts a
request that specifies the user’s task (i.e, the goal). The solution to the task is
planned by goal-directed backward chaining approach in which, in each step, a
gdal is reduced to subgoals, until the relevant target operating system commands
have been identified. °

The paper does not explicitly discuss causal relationships. Both types of
rules, however, can be interpreted as causal rules in the sense that the actions

described by subgoals or operating system commands (constituting a procedure
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rather than a mere ‘set of tasks), cause the achievement of the comresponding goal.
TVX is designed to answer the "How do 1.7 type of queries. The system’s
capability of answei'ing"why’ ‘queries is limited to the explanation of its reasoning
by citing rules and environment which led to the éugges;ed use of VMS com-

mands.

e

N

2.1.4. The UNIX Computer Consultant

/

' \ _ L /
The Unix Compuwter Consultan: (UCC) [Douglass, Hegner 82] has bccn"

developed at the Los Alzmos National Laboratory and the Univcmify -of Virginia. -

Like UG, it is designed to aid the users of the UNIX operating system.

The UCC system consists of two major modules: the front end, and the
knowledge base and solver module. The front-end module accepts a natural
language query, translates it into the formal query language UCCquel, and passes
the trans]ation‘ to the solver. A formal query is expressed in a LISP-like notation
and contains unbound variables that mﬁst be instantiated by the solver to answer
the original query. The front-end also generates the English version of the derived

answer, based on the question type and the main UNIX action mentioned in the

question.

UCC answers two types of quéstions: ’static’ and 'dynamic’. A static ques-
tion is a request for the definition of a given concept (e.g., "What is ... 7,
answered by' a simple retrieval of the definition from the knowledge base. All
other typzs of queries are considered dynamic. The ﬁCCqucl translation of a

dynamic query has three components: (pre-)state R, action F, and (post-)state Q (a

N\

/,/ .
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state is represented by a first order logic formula). Depending on what subsgt of
{RF,Q} is given, eight types of dynamic queries are distinguished, only two of
which are implemented the initial version of UCC: "How do I...7" (R and Q are
known, but F is not), and "What happens if ... ' (R and F are known, -but Q is

not).

The pape; does not describe the structure of the knowledge base, nor does it
explicitly discuss causality-related issues and the intended strategy. for ‘answering
"why’ queries. It seems that, as in UC, the research has focused on the natural

- language aspect of the system.

2.1.5. PROUST

PRQUST [Johnson, Solo,gray 84; Johnson 85], developed at the Yale Univer-
sity, is one of the more recent expert systems that can identify non-syntactic errors
in computer programs. Its domain is novice level programming in Pascal. For
each detected error PROUST sgggésts a likely misconception that caused it and
gives advice for correcting the ﬁrogram. It has a knowledge base of typical pro-

gramming plans, another knowledge base of programming goals, and an indexing

structure that links elements of these two.

Program analysis involves a combination of shallow reasoning about_plans
and errors, and causal reasoﬁing about the programm;f’s intentions. From a given
description of the problem requirémcnts, PRbUST constructs a causal model of
programmer’s intentions and their expected realization. The resulting plan which

consists of a combinaﬁon of Pascal statements and programming subgoals is then
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matched against the code. Whenever 2 plan fails to match the code, a set of plan-
difference rules are applied. They either transform the plan to fit the code better,

or come up with an explanation of the mismatch in terms of emors from

PROUST’s "bug catalog”.

Causal rcason.ing \about intentions and their realization enables PROUST to
diagnosc semantic errors in a program which is oficn a difficult task for a human.
Howelver, this approach requires 2 precise definition of the problem to be given in
a language other than the target progmmﬁng language. Unless a natural language
is used (which is the case in examples but the authors do n;)t claim this feature), it

may be practical perhaps only for grading simple programming assignments in the

- classroorfi situation.

A very similar approach has been taken in the design and implementation of
the SCENT advisor, a system that diagnosis non-syntactic errors in programs writ-

ten by beginning-level LISP programmers [McCalla et al. 86].

2.1.6. The Programmer’s Apprentice

. The Programmer’s Apprentice is an interactive knowledge-based software tool
that is capable of cooperating with a programmer in various phases of the program-
ming task [Rich, Shrobe 79; Waters 85; Waters 86). It is being désigned and
implemented at the Massachussetts Instizute of Technology (MIT) Artificial Intelli-
gence Laboratory. The Apprentice differs from a typical advisor system in that it
is preswmably less knowledgeable than its user (e.g., it is not capable of programs- .

ming by itself), but can aid the expert programmer in many ways. The basic idea
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is that the programmer does the difficult parts of design and implementation, while
the Apprentice acts as a junior partner a:}'rg critic, ‘kceping track of details and per-
forming routine tasks in the design, development, implementation, and maintenance

of programs.

In the Programmer’s Apprentice, the description a program consists of

three components: definiion of objects, input-outpyt specifications of program
behavior, and a hicrarc;hical representation of the internal structure of the program,
called a ’plan’ (these are used both for describing particular programs, and for
' describing common programming techniques). The plan representation formalism
includes not only the data flow and control flow relgtionships between parts of the
program, but also goal-sﬁbgoal, prerequisites, and other logical dependencies. A -
key feature of the formalism is that it abstracts the semantics of the program by
capturing essentials of the algorithm. A plan is composed of units of behavioral
dcs,gripti;m, called ’segments’. A segment can either correspond to a pn'miti\_rc
computation, or contain a subplan that describes the computation performed by the
segment. Each segment is defined by its ’specs’, which are a formal statement of
input expectations (conditions on or relationships between input objects that are
expected to hold in the input situation) and output assertions (condition that will
hold for the input and output objects in the output situation). Givcn. a plan for a
_program and an initial situation, the Apprentice can symbolically evaluate the plan

and discover semantic errors in the program.

The literature on the Apprentice does not explicitly mention causality. ’Specs’

of a segment can, however, be interpreted as follows: the application of the algo-
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rithm in the input situation causes the output situation. Thus, it represents causal -

A

rclatiqnships in the form of implicit precondition-action-postcondition triples.

f

2.2. Other Expert Systems

2.2.1. Medicine

The Heuristic Programming Project at Stz:mforiima University has been a major
center of activity in the area of medical consultation. Probatily the best known
expert system to datc is MYCIN, 2 program that diagnoses ba:‘cicrial blood infec-
tions and recommends appropriate therapies [S_horﬂiff}g': 76; Buchanan, Shortliffe
84]. Its knowledge base contains a homogeneous set of rules that encode the clinj-
cal judgement of an expert condeltant. MYCIN does not represent causal relations
explicitly. The causal models have been ’compiled’ into associational rules. Even
though MYCIN achieves high performance in consultation, its *shallow’ knowledge
represents a severe limitation for explanation and justification of its reasoning, The

explanatory facility for MYCIN is provided by TEIRESIAS [Davis 76€], a

"knowledgc acquisition system built on top of MYCIN. At any point of a MYCIN

consultation session the user may ask *why’ and "how’ question and TEIRESIAS
will explain the chain of reasoning by displaying a trace of the execution. This
kind of explanation may be sufficient for consultation but is by no means adequate

for teaching purposes where references to basic concepts and causal relationships

among them are essential. ¢

NEOMYCIN [Clancey, Letsinger 81] is a consultation system in which

MYCIN’s knowledge is restructured and extended for use in teaching. It has been

i



designed as a psychological model of a medical expert’s reasoning process. The
most significant achievement was the scpa.fation of various kinds of knowledge
(e.g., diagnostic. stmtégy, factual knowledge). Causal relationships are explicitly
encoded as causal rules which are modified by a certainty factor, like \MYCIN
rules. Cat_isal rules form a network of pathophysiological states and \discasc
categories. Pathways through the network link observations with a taxonomy of

diagnostic hypotheses. This provides a basis for justification of rules in terms of

underlying causal processes.
. .,-’_"'\“
AN

A group of scientists at Rutgg:rs University have déveloped 2 method of
comp..utcr—assistcd medical consﬁltation based on a causal-associational network,
CASNET, as the model of a disease [Weiss et al. 78]. 'I‘hc\\approach focuses on
cause-effect relationships and temporal sequences of events:/ The network model
contains three .typ_cs of nodes: observations (the evidence obtained about the
patiznt), pathophysiological states (summary descriptions of events that are devia-
tions from ndrmality), and diagnostic/therapeutic categories of diseases (summar-‘

ized patterns of states and observations).

CASNET represents causal knowledge in the causal network of states, a part
of ﬁc causal-associational network. The causal network is defined by a\sct of
states, and a set of links between states that represent the relationships. A causal
link between two nodes has an associated strength that is interpreted as the fre-
quency with which the first node causes the second. States are also linked with

- observations and -disease categories. Those links, however, are associational rather

than causal.
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The primary reasoning mechanism in CASNET uses propagation of probabil-
ity weights through the network after .thc value for an observation is obtained. As a
result of this process the status of a state may be ’confirmed’, *denied’ or 'undeter-
mined’. Each pathway through confirmed nodes in the network represents a model

of how the disease evolves.

1Y}

CASNET knowledge representation is adequate for certain medical areas (e.g.,
the glaucoma domﬁn to which the method has been successfully applied) and other
areas whigh are well understood and do not rely heavily on judgmental knowledge.
The explicit representation of causal rclalion.ships ‘ provides for justificaion of
results. However, the system does not have the ability to reason at different levels
of detail, a feature much desired Afor aiapliéﬁﬁons in less understood areas, as well

as in advisory or tutoring systems.

INTERNISTICADUCEUS [Pople 77] is a large expert systems for internal
medicine which has the knowledge representaton similar to that of CASNET, but

in which the use of causal relationships is limited to the propagation of likelihood

measures.

An important charactenistic of the work done’ by MIT researchers in recent
years is the emphasis they put on the ability of an expert system to explain and

justify its reasoning by referring to domain principles stated at an appropriate level

of detail.

Swartout has developed the XPLAIN system- [Swartout 81; Swartout 83]

which provides an explanatory facility for the Digitalis Therapy Advisor [Gorry et
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al. 78]. He took a novel approach of using-an automatic programumer to produce a
structure of background knowledge while creaﬁng the advis. /’ gram. Domain
. knowledge is separated into 2 body of domain principles (abstra¢t\procedures) and
a dqmain model (facts). Causal relation‘ships are represented \Sthn the domain
model in a fashion very similar to that used in CASNET, except that the causal
links are not weighted. Based oi'x the domain knowlc:dée, the writer generates the
advisor by refining the top-level goal (*administer digita;is’\ énd' leaves a trace of
this process in a tree of goals, called the ’refinement structure’. Justification of the
adﬁsor’s actions is obtained by examining.relevant parts of the refinement struc-
‘turc. This approach provides justification based on causality and domain princi-

ples. However, it involves the complex area of automatic programming.

A system that is considered to be the state of the art in medical knowledge
representation [Clancey, Shortliffe 847 is AiBEL [Patil 81; Patil et al. 81; Padl 823
developed by Ramesh Patl and his colleagues of the MIT Clinical Decision Mak-
ing Group. This system for Acid-Base and Electrolyte disturbances describes a
patient in a multilevel causal network calied "patient-specific model” that includes
both patiet;t data and developing hypothetical interpretations of the data. Causal.
concepts are symbolically manipulated on multiple levels of detail in order to take
advantage of as much of the available knowledge as possible. Each level of the
network provides a éomplctc statement about the patient’s illness and can be
viewed as é. semantic net of relations between diseases and findings. At the lowest

level the 'dcscn'pt'ion is given in pathophysiological térms, then gradually aggre-

-

gated into higher-level concepts and relations, with the syndromic knowledge at the

top level. Some nodes (states) are defined in terms of a causal network of states at
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the next more detailed level of description. These are called "composite nodes’ as
opposed 'to the ungxplored, ’ﬁarirnitivc’ ones. The causal network defining a com-
posite node is called its ’claborau'dn structure’. A node in the elaboration structure
“which identifies its essential part is designated as the 'focus r;odc’. Various levels

of the patient-specific model are aligned through such nodes.

An important novelty introduced in ABEL is the way causal lir;ks are treated.
Patil and colleagues have found the simple representations of causal links present
in previous systems inadequate to express all aspects of a cause-effect relationship
(e.g., scvcrity; context). They decided to represent causai links as objects, giving
the 'system the ability to manipulate and reason about them. Like nodes, links can
be categorized as Vprimitive and composite. The result of claborating a causal link

is a causal pathway at the next level of detail.

Another important feature of ABEL is its ability to reason about the effect of
mor-c Lh:gn one cause. This is achieved by.componcnt sﬁmmation and dccorﬁposi-'
tio;x: any primitivé node in the hierarchy may have a group of other primitive -
nodes as its components. 'I:his provides a basis for the projectior operation by

which the existence of a causal link is anticipated in order to explain an unac-

counted for component.

A patient-specific model is created by instandating portions of ABEL’S body

. of medical k‘nowlcdge. This process starts with and ié guided by an initial set of
patient data. Further instantiation within a single level of the dcscriptidn is accom-
plished by component decomposition 'an‘d sumation, and projection operators.

Connections between levels are established Lhrough. the aggregation and elaboration
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(focal and causal). The result is a model of patient’s illness described at various

level of detail with causal consistency of the descriptions being enforced by the

operators.

" "Another medical expert system that deals explicitly with causality is CAA
[Shibahara et al. 83; Shibahara 85]. Its domain is the imcrprctation of electrocar-
diograms. Several types of causal links have been introduced to represent causal
relatonships among underlying physiological events. A causa)l‘l link includes the

existential dependency and the implicit temporal consfaint between the effect and

the cause events. Concepts such as events are described by frames which have the

"causal-link’ slots.

2.2.2. Electronics .

There are a number of expert systems for diagnosing hardware failures that
are designed ‘using approaches quite similar to that of MYCIN (e.g., DART [Ben-
net, Hollander 81], ARBY [McDermott, Brooks 82]). These will not be presented

here since reviewing them would not coatribute any further to our investigation.

- The study of causality involved in electronic circuits in general is- based on

notions of locality and directionality. Each component performs an action when a
h signal reaches it from one of its ncighb;)rs, and then it passes aiong the signal to its
neighbors according to the éomponent model. The signal propagation has one and
only one direction at' each component. Based on this a ’causal argument’ for an

&

output-¢¥ a circuit can be constructed as a2 sequence of steps that link it with the

input. .
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. EQUAL [de Kleer 84], developed at Xerox PARC, is a syst;m which con-
structs a description of the mechanism by®which an electronic circuit operate! from
the structure of the circuit. The process is based on the qualitative causal analysis
of the circuit which describes how the behavior of the individual components can
explain the behavior yof the composite system. EQUAL takes as input the
schematic fow and producc§ an output that includgfgg qualitative predic-
tion of the circuit’s behavior with explanations. It uses a knowledge base of com-
ponent models which describes the behavior of every type of component. A quali-
tative prediction of the circuit’s behavior (including an explanation for that
bcha\_rj.or} is represented as a table in which rows correspond to steps and which
has the following four columns: a list of antecedent steps, an indicator of whether
the step is a premise (e.g., an input disturbance) or it follows directly from its
antecedents (default for an antecedent is the previous step), a description of an
event that assigns a value to 2 particular variable, and an explanation (the reason)
in terms of the underlying theory applied to the component modc;. An important
characteristic of this syster.n is the modeling of causal relationships by qualitative
descriptions (e.g., increasing, unchanging) for circuit attributes which are qualita-
* tive in nature. Since this kind of a model corresponds to the intuitive qualitative
reasoning electrical engineers use when they analyze circuits, it gives an appropri-

L]

ate basis for explaining the circuit’s behavior.
P g

The Hardware Troubleshooting Cro_up at MIT has suggested an approach to
fault (iagnosis based on reasoning from first principles [Davis et al. 82; Davis 83].
A spec:fication of an electronic module consists of its structural dcscrii:tion (in

terms of physical as well as functional or—garﬁzar.ion), and a behavior description in

—
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the form of rules interrelating the information at the module’s ports. Two kinds of
rules are distinguished. The first kind, ’simulation rules’, captures lkﬁowl&lgc
about the electrical behavior. of a device (e.g., a simulation rule for an OR gate:
“If either input is 1, then the output is 1, else !hc output is 0.") This kind of rule
models physical causality within the device. The other group of rules, *inference
- rules’, capture conclusions we can make about the inputs of the device given its

output. (e.g., "If the output is 0, then both inputs must have been 0.")

The approach to diagnostic rr:_asonirfg co:r;lbincs simulation and inference:
simulaton rules and inputs are used to derive expectations about correct behavior_
(forward reasoning) while inference rules applied to the obtained outputs generate
conclusions about actual behavior (backward reasoning). Troubleshooting is based
on the analysis of differences between the obtained modcis of expected and actual

behavior of the device.

The ALVLSI group at Rutgers” University has developed CRITTER [Kelly,
Steinberg 82], a system that reasons about.digital circuits by propagating informa-
ton through their models. The schematic for a circuit is represented by "modules’
and ’data-paths’. A module consists of a single cc‘nnponcm or a cluster of com-
~ ponents that constitute a functional unit. A data-path is a wire ora group of wires.
Unlike in many circuit simulators which rcpreseﬁt a single data value at a single
time, in CRITTER the entire history of data flowing on a data-path is represented

as an infinite sequence of data elements called a ’data-stream’.
1_.

The knowledge about the behavior of a data-stream is represented as a frame

with slots corresponding to atmibutes of data elements. -Each slot contains an
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algebraic formula that gives the value of the feature as a function of the element’s

subscript.

A module of a circuit is described by ’operating conditions’ and ’mapiaings’.
Operating conditions are a set of predicates involving a module’s inputs. Map-
pings are formulas that describe causal relationships between features of the output
and the module’s inputs. CRITTER uses these models to reason about a cﬁcuit in
either of the following two dirccﬁons: it can derive the behavior of the Ioutputs
given the behavior of the inputs or, given the behavior of the outputs it can derive
spcciﬁca\t;;ns of the 'modﬁlc;s inputs. In the former case, which is based on for-
ward propagation, CRI'I';I'ER syrl;lbolically applies the module’s mappings to the
inputs by a process of substitution and checks whether the operating conditions are
§atisﬁed. In the latter case, backward propagation is performed and the operating

conditions are a part of the propagated information. o~

Causal knowledge from CRITTER is used in a knowledge-based system
REDESIGN [Mitchell et al. 83] which assists in the redesign of digital circuits to

. r
meet altered functional specifications, as well as in a VLSI design advisor VEXED
(Mitchell et al. 84].

2.2.3. General

CLEAR [Rubinoff 85] is a system that provides explanations of concepts
based on information contained in rules. It is part of a front end for expert sys-
tems being developed at the University of Pennsylvania. This system is based on a

taxonomy of rules, and on roles a concept can have within a rule. For a given _
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concept that need be explained, the relevance of each rule that uses the concept 1s
determined through a specific ranking schema. A natural language dcscz;Iption of
the contents of selected rules is displayed to the user as an explanation of the con-
cept. The relevance of this work to our research is not its purpose (CLEAR
answers ’what’ rather than *why’ questions), but the fact that it recognizes cause-

effect rules as a major type of rule that an expert system may have, regardless of

its domain.

2.3. Software Engineering

An important issue in software testing is the design of effective sets of test
cases. One of the techniques that aid this process is cause-effect graphing [Myers

79; Pressman 82].

L]

Various input conditions defined by the specification of a piece of software
are viewed as 'causes’ of corresponding actions of the system.(Ceffects’). A cause
is a single input condition (e.g., "First input token is 2") or an equivalence class of
input conditions (e.g., "First input token is numcn'c"): An effect can be either an
output condition (e.g., a message displayed) or a system transformation, i.e., an
effect on the state of the system. Relationships between causes and effects are

represented in a Boolean logic network called the ’cause-effect graph’.

The systematic generation of test cases using the cause-effect graphing tech-

nique is performed through the following sequence of steps:

2) Causes and effects are listed and an identifier is assigned to each.
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b) The cause-effect graph is developed based on the analysis of the semantic

" " content of the specification.

c) Possible constraints on combinations of causes and/or effects are added (e.g.,

two conditions that cannot hold simultaneously).

d) The graph is vonverted into a decision table having a row for each cause and

A each effect. This is done by methodicaliy tracing state conditions in the graph.

¢) Columns of the decision table are converted into test cases.

This tcchniciuc is considered very important in software testing because,
unlike other well known techniques (e.g., equivalence partidoning, boundary value
analysis, etc.), it explores combinations of input circumstances. Also, the process
of building a graphical representation helps in detecting incomp:lctcness and ambi-

guities in the specification. All this indicates that the cause-effect graphing can be

a useful tool for knowledge enginering as well.

2.4. Concluding Remarks

We will end this review of the literature by summarizing methods used for

s
-

representing causal knowledge and reasoning with it. The relevance of these

approaches to our research will be indicated.

We have encountered several knowledge representation paradigms used for

represenﬁ{g causal relationships:

[}

_/
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Causal Rules. Encoding knowledge in some kind of a rule format (eg.,
antecedent --> consequent) has been the most commonly used representa-
tion paradigm in expert systems. In some systems, causal relationships
are mixed with other kinds of*knowledge and compiled into associational
rules (e.g., the MYCIN family). The type of explanation these systems
can give is limited to a display of a trace of their execution. In other
rule-oriented gg:stcm, causal knowledge is represented explicitly by
causal mles'(é.g.,_ NEOMYCIN, TVX, CLEAR, MIT Troubleshooting
Project). Causal rules (like any other rules) may be assigned certainty
factors (e.g.,, NEOMYCIN). They are interpreted as the strength of

causal relationships the rules represent. The primary reasoning mechan-

isms are forward and backward chaining of rules. A chain of reasoning

.with causal rules not only explains how the system has reached its con-

¥

clusions, but also provides a justification of the conclusions in terms of
the underlying domain principles. This is crucial for answering the "why’

type of questions.

Causal Network. In some systems, causal knowledge is modeled as 2
network: system states are represented by nodes, and causal rclations-lqips _
are shown as links between nodes (e.g., CASNET, ABEL, XPLAIN).
This is a means of representing an overall conceptual raodel of causality
in a given domain. Individual fragments of knowledge contained in the
network are encoded using an appropriate formalism, usually rules.

Causal network may be an integral part of a larger network that includes

other types of knowledge (e.g., CASNET). Causal network “fnay have
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one or more levels. A multi-level approach (e.g., ABEL) provides for

reasoning at different levels of detail, which is one of the features our
system is expected to have. *

-
Frames. This is another general paradigm that has been used for
representing causality. Causal relations can be represented by a single
frame or a group of frames (e.g., UC - planfor, preconds), or as‘slot-
fillers in a general framé¢ (e.g., CRITTER, CAA, UC - the causation
predicate). The frame approach is well suited for representing knowledge

in our domain since a large portion of the body of knowledge can be par-

titioned by QUIZ statement types.

As the rest of this thesis will show, our research combines the advantages of

™ the above paradigms which results in a hybrid representation of knowledge about

QUIZ.

L
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3. WHY? BECAUSE...

i .

In order to determine the representation and role of causal relationships in ﬁc
Advisor, we will first examine various categories of questions novice users typi-
cally ask, and analyze types of evidence users can provide within "WHY" ques-
tions. Based on these findings, a-uniform stru'cturc of the "WHY’ type of query
and a keneral ducry-answcring strategy w111 be presented.

T

3.1. Questions Which Programmers Ask

As a first step toward designing the QUIZ Advisor, the research team™ con-
ducted an analysis of real inquiries submitted to Cogn‘os consultants by users of
QUIZ. In a corp‘u/ of 2000 phoned-in and mailed-in inquiries about QUIZ we
selected those tha‘[ were technical (rather than requests for documentation and
alike), general cno‘ugh for their answers to be applicable to a class of similar
specific problems, and categorized by consultants as beginner-level queries. This
process resulted in a sample of apprc;ximately 200 inquiries. Since in many cases
;gc— question and/or aﬂswcr was not fully or clearly recorded, most of them were
rephrased in simple and unambiguous English, before any further analysis of the

sample could be performed.

The methodology used in constructing the set of sample questions and deter-

mining the classification of questions is described in [Szpakowicz et al. 86] and

¥ The two-year project was started in August of 1985 with 2 mixed team of Cognos research
group members (2) and University of Otawa professors (3), graduate students (2 including the
author of the thesis who is also 2 Cognos employee) and part-time assistants (2).

#



[Constant et al. 87].

3.1.1. Taxonomy of Questions

A major result of the analysis of about 200 selected and clarified real ques-
tions was taxonomy of questions, based on the syntax of the questions and the

assumed intentions of the user. The following six categories were distinguished:

HDI (How Do I) or method questions, requesting QUIZ code for accom-
plishing certain task. A typical syntactic pattern of these questions is

the following;:
"How do T <verb phrase> 7

The questions of this type constitute the majority of the sample (over

50%).

WHY  or causal questions are requests for explarations of some unexpected

behavior of the system. Most of these questions are affirmative, e.g.,

"Why am I getting the ¥’ sign
when printing negative numbers?"

but there are some negative ones as well, e.g.,
"Why am I not getting all records reported?”

About 20% of the sample questions fall into this category.

.



SYN

ERR

-39.
Or syntax questions are inquiries about syntax and static semantics of ©
QUIZ statements and their components, e.g.,
"Where is file declaration used?”
This is the third most frequent category (13%).
b
or error questions, which are requests for explanations of error mes-

sages issued to the user, e.g.,

"Why did I get the error message "Expected: file IF eol’?"

Although these questions, considering their syntax, appear to be a sub-

category of "WHY’ questions, they are sufficiently different from gen-

cral "WHY" questions to be declared a separate category in the taxon-

omy. They refer to explicit errors and a well defined environment.

Error questions account for 7% of the sample.

or hypethetical questions, which are requests for predictions regarding

the use of some feature of QUIZ, e.g.,

r

"What happens if I use REPORT ALL?"

3

Ti;is Category of questions constitutes aboui 4% of the question set,
which is lower than one would expect in a sample of beginner-level
questions. An explanation for this is the fact that the user often
dcc%des to ‘run the QUIZ code to find out what it does rather than make

. \
a long-distance telephone call to ask a Cognos consultant. Should 2



running Advisor be available to the user, it is anticipated taat this

category of questions would be much more common.

DEF or definition questions, asked when the user needs clarification of

QUIZ terminology, e.g.,
"What is an alias?"

Approximately 4% of questions fall into this category.

3.1.2. HDI’ and "WHY’ Questions

Upon the analysis of questions, the Advisor team decided to focus on "HDI’
(method) and "WHY” (causal) questions, the two most frequently asked categories.
Developers of some other advisor systems have also recognized these ‘two

cajegorics as the most important ones [Swartout 83].

-«

In the course of producing a report, typically before and while writing a pro-
gram, a QUIZ programmer asks 'HDI’ questions in order to learn a procedure or

strategy for achieving desired results. Once 2 program has been written and exe-

cuted, a mismatch between the expected and obtained results would be a reason for

asking "WHY" questions. What the user needs in such a case is an explanation of
. results in terms of their causes. In order to successfully answer "WHY’ questions,
the Advisor should be based on a model of QUIZ that explicitly represents ciusal

relationships between various components of the system. While essential for

answering 'WHY’ questions, causal models usually do not comprise the kind of

knowledge required for answering 'HDI’ questions. They can be used in

)
’J
/

mm———
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answering some 'HDI’ questions (e.g., an advice to use a particular QUIZ state-
ment or option), but in most cases what the user is looking for is a precisely

~described procedure or a sketch of an actual QUIZ program.

prototype. This approach allow_ed the team to experiment wi iety of para-
digms and take advantage of spcciﬁé charactc-ﬁstics of the two question types.
This thesis deals with the causal component of the Advisor and answering *WHY’
and other causality-related categories of quegtions. "HDI' questions have been
explored vy a team led by D. Skuce. Their results are described in [Skuce 861,
[Szpako'fvicz et ;11 86}, [Matwin et al. 86], anci [Stanley 87].

3.2. Query: Question “itlizBackground Informa 'gn

In the remainder of this section, we will analyze' "WHY’ questions from the
sample in more detail, focusing on types of" information they contain. Then we
will compare these with the general types of evidence the user can provide in an
environment in which "WHY’ questions about QUIZ (or any similar software pack-
age) are likely to be asked. This exercise will result in a general format in which

. questions will be submitted to the Advisor.
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3.2.1. A Closer Look at "WHY’ Questions

The analysis of "WHY’ questions and the corresponding consultants’ answers

in the observed sample (a total of 20 question/answer pairs) has revealed the fol-

lowing:

¢

a) All questions-included a description of an unexpected .fqamrc of the

report, e.g.,

w7

-

"Why am I not getting all records reported?”

o

" This can be -used as . pointer to an area of QUIZ about which the user

has some misconceptions.

b) In 70% of questions the user made an implicit hypothcsis' about a causal
relationship between an aspect of the report and the QUIZ code, e.g.,

"Why am I getting "#’ sign when J
. printing negative numbers?" . ¢

-As a consequence, the question-answerer must be able to establish a

causal link between the features of. QUIZ code and the features of
reports. This type of evidence is very useful provided the two com-

ponents are indeed causally related.

1

¢) In 35% of cases a piece of actual QUIZ code (one or more statements,

“some partially specified) was given as evidence, e.g.,

"Why does a SELECT elem NE "123199"
rot work, where ’elem’ is a date?’ _
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In order to take advantage of this type of evidence, the Advisor must be

able to parse and analyze the QUIZ code (in the above example, the code

is shown in italics).

d) The answer to 30% of questions was a consultant’s assumption about the
actual code (e.g., "The statement/option : is used"). This indicates that
some 'WHY’ questions are properly answered by simply naming the

component of the code that is the cause of the effect in question.

e) In 25% of questions the description of report features was extremely

. vague, e.g.,
"Why are my page skips off?"

These questions must be rcpflrascd and submitted to the Advisor in some

appropriate, unambiguous form.

f) In 10% of questions the user requested an explanation for a false assump-

tion, e.g.,
4

"Only one copy of a report was printed

although the SET REPORT COPIES was $0. Why?"
In fact, the remaining 79 copies of the report were printed but on a
different printer, This indicat_cs-that the Advisor must be able to detect

and appropriately deal with possible contrigictions hidden in questions!

All of the above discussed requirements of the causal component of -the QUIZ

Advxsor have been taken into account in the design of the system.

v
/



3.22. Available Evidence

In» general, a question is asked in a situau'on when there is an awareness of a
=

\
lack of knowledge and an 1ntcnt10n to acgmrc it. The user typically asks a "WHY’
question when he/she obtams some uncxpccted gesult from a QUIZ program. The
\
reason for obtaining a result that differs from the expected one is an error that may

|

i L
be introduced at any stage of the report gerhcration process shown in Figure 3.1.

—
.

MWe will be interested only in those errors that origimate from--the user’s
misconceptions about QUIZ. By answering 'WHY’ questions the Advisor should

help correct the user’s mental model of QUIZ.

Since "WHY’ questions are normally asked upon the execution of a program,

ie., at the end of the report generation process, there are four kinds of information

that the user may provide as cv-ch‘rjpc.

@) Whar is WANTED. The question sample ;c,uggcsts that this type of infor-
- mation is given implicitly. For example, when asking the following
§"cjucstion: k
"Why did I l'osc s-omc digits when ...7"

the user implicitly states thg\-‘t‘_‘:gfstcad of the number obtained in the

report, he/she expected to see a longer number, i.e., a number that cog-
Z
tains more digits.

D) Whar is SPECIFIED. This is complete or partial code that produced the

report, or a narrative description of some component of the code.

-t
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WANTED - r’ Intended Report
A ‘L
v User’s Model of QUIZ
a P
i |
1 .
SPECIFIED a—> Program (QUIZ Code)
b .
1
e
USED

1 QY 2w D - < _l_

OBTAINED L— Actual Report

~ Figure 3.1. The Process of Creating a Report




| c) What DICTIONARY amd DB were used. In the process of generating a
réport, QUIZ accesses a specific data dictionary and the data base. The
same code produces different results when the information in either of
these is changed. For example, in:

!
‘ "Why ... when printing negative numbers?" . oy

the last part of the question provides this kind of information.

d) Whar is OBTAINED. This is evidence about features of the actual result.
It often includes an explicit-description of an unexpected report feature

(e.g., the negation of what was wanted).

The above types of evidence are normally used to describe the problem when
the "WHY’ questions are asked. The description of the puzzling feature of the
result, the one the user needs an explanation for, must be specified. Each addi-

tional component of the problem description helps in building a better, more accu-

rate model of the problem situation.

3.2.3. Queries

The discussion of factual evidence available from the user, and the analysis
of the qucstioﬁ sample suggest that the information contained in any "WHY” ques-

tion should be separated into two components: background information and the

object of interrogation.

A long, complex question (like some of the examples we have encountered in

[]\
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the sample) can be rewritten into a (possibly empty) sequence of simple affirmative

»

statements and 2 simple, very focused question. The resulting set of statements

" will be termed the NL-query.

The set of affirmative statements in an NL-query describes the background or
context of the question. ‘Some of these statements may contain actual QUIZ code

used to generate the result, e.g.,
"I used ACCESS A LINK TO B"

A portion of the QUIZ program that is specified this way will be called the QUIZ
code. Other affirmative statcments@)rm a set of assumptions that describe various
aspects of the context, such as features of the obtained report, and characteristics of

the data dictionary afld the database used. Each of these will be called an assump-

rion.

The interrogative statement in an NL-query defines the object of interrogation,
the aspect of the obtained result that the user needs an explanation for. This will
be called the question. In order to avoid ambiguity, what we have been calling a

question previously, from now on will be referred to adsthe original question.

In summary, instead of asking complex and often ambiguous original ques-

tions, the user will submit to the Advisor queries of the following structure:

-

e



QUERY = QUESTION + BACKGROUND
BACKGROUND = N

" ASSUMPTIONS  (optional)
+

CODE (optional)

For example, from the original question

"Why does a SE‘LECT elem NE "123199" not work, where ’elem’ is a date?

we can construct the following query:

CODE: SELECT IF ELEM NE "123199"
ASSUMPTIONS: ’ELEM’ is an item; the type of "ELEM’ is date

QUESTION: Why does the code not work?

More examples of queries can be found in Chapter 6 and Appendix B.

In _addition to facilitating the I;rocAcss of answering a single original question,
the separation of the question from the background information has a very impor-
tant practical aspect: the Advisor can be designed in such a fashion that the back-
ground infonnati‘on :applicablc to more. than one o?'ginquucgggn need be spcciﬁéd

only within the first of the corresponding qucrics._\

N
N,

- . N

3.3. Answering Queries

As described above, an element of a query that will be accepted by the Advi-
sor will be expressed either as a descriptive statement or a QUIZ statement, which-
ever is appropriate. In order to take advafltage of as much information contained

‘in a query zs possible, the system needs the ability .to explore individual elements
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P

of the query, as well as to reason about the state of affairs defined by the query as

» @ whole. "Ihcr:forc, we need a knowledge base design and reasoning mechanisms
v _ ' '

that will enable the query-answerer to establish a link between any two elements.of

the query, if there is a causal relationship between them.

The next chapter proposes a combination -of rules and frames as an appropri-
ate knowledge representation paradigm. Forward ancf backward chaining of r'ﬁlcs
will bf the primary reasoning mechanisms used to explore QUIZ code and descrip-
tive statcfncnts, resl-)cctivcly. The trace of this reasoning left in a dynamic database
will be an internal model of a query to- which an appropriate answering strategy |

will be applied.
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4. REPRESENTATION OF CAUSAL KNOWLEDGE

C £

¥ ’ .
~In_this chapter we will focus og two aspects of QUIZ, programs and interac-
tve sessions, and propose methods for representng causal knowledge about each

of them. The emphasis will be placed on modcliné programs, since this aspect is

<
chosen as the domain of the QUIZ Advisor system.
4.1. Model of a QUIZ Program

The existence and characteristics of each statement in a QUIZ program have

some effect on the appearance of the resulting report. In this section we will
present a formalism for representing this kind of gcncric-knowlédge about QUIZ.
We will build a muld-layer network of causal reladonships and represent each
layer by a set of rules of a special type.

v

In order to build rules that reflect causal relationships in QUIZ, we need some
means of formally defining features of both QUIZ statements and reports. We _
have developed a metalanguage wh-ich not only describes-the simta_x of 2 statement
but which can also provide a basis for reasoning aboqt its componc.nts (e.g., -
reference to the statement’s arguments, specification of conditions). We did not
necessarily have to develop a2 new metalanguage. There are well known formal-
isms, like artributed grammars (see, for example, [Lewis et al. 78]), that would
allow us to fully express the syntax-related knowledge. However, sin'cé we do not,
want to represent and use this portion of knowledge in isolation, but ‘want to
integrate it with causal knowledge, many conventions of such formalism would

force us to compromise the clarity of the knowledge representation. For e?camplc;
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should we use the standard rule format to represent the grammar, we would have
to adopt a less natural format for causal rules in order to clearly distinguish the two
types of knowledge. Also, to encode knowledge in an eas;-to-undcrstand form, we
need simpler and more convenient ways to represent certain types of components
of statgments (c.g.,lopﬁonal and repeated entries) than those that standard foma}-

isms offer.

The developed metalanguage is described in the next section. A language for

dcscnbmg characteristics of reposts will be described later.

4.1.1. Augmented Syntax

In developing a metalanguage for describing the syntax of QUIZ, we followed

the conventions from the QUIZ manual as much as possible. In addition to con-
| ventions for describing syntax, we introduce some new features that are required
for reasoning. The metalanguage is called the Augmented Syntax Language (ASL).
The syntax of a QUIZ statement expressed in this language is called its .augmenred

syntax.

4.1.1.1. Basic Metalanguage

ASL includes a set of conventions which are commonly used for describing
the syntax of programming languégcs. The following is the summary of syntax

conventions used in the QUIZ manual and the corresponding features of ASL:

a) Keywords are shown in uppercase in the manual as well as in the
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—

metalanguage (c.g.., ACCESS). S

b) Arguments are words other than keywords. The mandal does not have
clear terminology for these (*general terms’, ’terms’, ’general forms’ are |
used but it is not clear whether they are synonymous). An argument is
shown in lowcrgasc in the manual (e.g., "file’). In ASL it is represented
using a special structure which will be described in more detail in the.
next section. Depending on w‘hether or not an argument is described as
consisting of lower level syntactic components, it is categorized as non-
terminal or terminal, respectively. . _

4

c) Optional entries are parts of a statement that may or may not appear at a
given point in a statement. They arc enclosed in square brackets ([’ and

’T’) both in the manual and in ASL.

d) Repeated entries are parts of a statement that may have zero or more
occurrences. The manual does not state expﬁiciﬂy that the no-occurrence

. case is included but the examples suggest that this is the case. Thefc,
 repeated entries a.rc enclosed in square brackets followed by three dots
Cf...”). In ASL, squaré brackets preceded by an asterisk ("*[1’) are
used™. Repeated entries that have one or more occurrences are prefixed

by an additional asterisk ("**[1’).

* Prefix notation is more convenient for left-to-right processing of a syntax expression since it
helps to earlier distinguish repeated entries from the optional ones.
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e) Alternatives are mutually exclusive possibilities for contents of an entry,
one of which should be selected. In the QﬁIZ manual altcmau'vcé are
listed one by one, separated by slashes (’/;). In ASL notaﬁoﬁ-thcy are
separated by commas and enclosed ir; brackets preﬁx.cd by a vertical bar

Cllos e s

4.1.1.2. Additional Features

As already stated, the conventions adopted in the previous section are
-sufficient to describe the syntax of QUIZ. In this section we will introduce
features that, when integrated into the basic syntai language, give additional capa-
bilities for reasoning. By convention, most of these extensions are written in

braces ('{’ and '}’). The following features are introduced:

a) Variables which are words written in uppercase and prefixed by a ques-
tion mark When unbound (e.g., "?FILE’). References to bound variables
are prefixed by 2 period instead of a question mark (e.g., *FILE’). Van-
ables are introduced to link syntax c;;;rdc‘:ssions with the internal model of
a QUIZ 1‘cpc;rL Some variables take an integer subscript for convenience
in dealing with repeated entries. In deduction at the intensional Icvcl+,
va‘i-iablcs are treated "as proper names. When knowledge about syntax is

used to parse and analyze actual QUIZ code, the procedural semantics of

an occurrence of a variable that corresponds to & terminal argument is an
.7 By deduction at the intensional (generic) level we mean reasoning with uninstantiated vari-
ables. When all the variables are instatiated, the reasoning is done at the extensional (specific)
level.
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instruction to instantiate the variable to the next input token.

Subscript control is a mechanism for associating a subscript with one or
more variables. This feature is used within a repeated entry as shown in

the following simplified example: : . -

*[{Sub: n from 2} LINK TO ?FILE]

This construct would assign a sﬁbscript to the variable FILE starting with
2 and increase it by 1 for each subsequent occurrence of the repeated

entry.

Type constraints are used to impose type restrictions on Fcrminal argu-
ments. The name of an argument that is comm_orﬂy used by users of
QUIZ and in the QUIZ manual does not necessarily carry ehough Asc;nan-
tic information. The notation from the manual is, however, convenient
for the user when referring back to the book. Therefore, a terminal argu-

ment is represented by the following notation that also includes a variable

and a constraint:

{ name : variable / type}

where ‘name’ is, normally, the same as the name of the argument that
appears in the manual (it is used only for communication with the user);
’variable’ 1s the variable that corresponds to the argument; and ’type’ is a

type constraint. For example:

{item:?2ITEMVitem_name}

N

S
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- N - e : . \
describes an argument given the QUIZ (external) name ’itzm’ that may
be instantiated only by a valid item name, and which will be represented
by the internal name ITEM in the knowledge base. When the name and
the variable are represented by the same word, as in the above example,

the name is omitted to increase readability:

{?ITEM/item_name}' -

Nonterminal arguments do not need explicit type restrictions since they

‘are defined through thieir components.

Counts are used to dcnoé/the number of occurrences of repeated entries.
A count is placed immediately after a repeated entry, in the following

format:

* rcm;zsi}d_enu-y 1 {’Count’; variable }

A

™

Choices are used to denote the chosen alternative. It is placed immedi-

ately after-the alternatives as follows: 4
. N

|[ alternatives ] {’Choice’: variable }
/

Conditions are descriptive statements enclosed in braces. ‘They impose

-

additional restrictions (other than type constraints) on one Or more argu-

v .

{?QUAL is a declared file.}

states that the qualifier of an item must be a.declared file, ie., a file

-

%



-56-
L e . .
declared in the 'ACCESS’ statement. The way / descriptive statements are

represented will be discussed in Section 4.1.3.

" ¢g) Statemen: termina;or {end} is used jo explicitly terminate the augmented

- ’cs’xptax of a statement. Each QUIZ statement starts with a keyword, usu-
ally a verb, which implicitly terminates the previous statement. The
explicit terminator is particularly useful to avoid ambiguity whe

\ N
representing restricted cases rather than the full syntax of a statement. \

4.1.1.3. Syntax of ASL

A formal definition of ASL is given in the Backus-Naur Form (BNF) on the

next page (Figure 4.1). Definitions of keywords and names of arguments can be
found in the QUIZ manual. Variables were described earlier in this chapter. Some

components (e.g., 'lowercase_word’) are given self-explanatory names and are not
"
formally defined.

4.1.1.4. An Example s )
N "3

N N

The use of most of the ASL features will be illustrated by the definition of the -

ACCESS statement restricted to simple Hnkages. The QUIZ manual notation of its
.2

full syntax is:

AccEss filel [ALIAS namel]
[LINK TO file2 [ALIAS name2) [OPTIONAL]]...

The following is\thc syntax of the same statement expressed in ASL:

—/
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—
statement = keyword (tokens)] . {end}’
——— mr——
nponterminal = nonterm name ‘=’ tokens
‘tokens = token ({tokens]®
token = option | loop | alternatives ! .
3 term | condition | keyword
A . :
Option = ‘[’ tokens ‘-
loop = '*" "1’ loop_control tokens ‘]’ count
alternatives = ‘[’ ‘(‘ token ‘,°* alt_list '} choice
alt_list | = token [ 7,7 alt_list}
At
term = nonterm | terminal ’
nonterm = ‘{’ nonterm_name ‘:’ variable ’}’
terminal = ‘{" largument_name ’:’)

variable ‘/‘ type ‘}’

condition

{’ "Cond:’ declaratiye-statement Ty}

loop_control "{* "Sub:’ subscript_variable

"from’ integer "}’

count = ’'{’ ’Count:’ wvariable S /?
choice ' = “{’ ’'Choice:’ wvariable e
subscript = subscript_variable | integer

subscript_varianle = lowercase_letter

type - = lowercase_word

- Figure 4.1. The Syntax of ASL
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ACCESS {first_file_declaration: ?FILE(1)/file_name}

& < *[{Stb: n from 2} {LINK_TO_part:?FILE}] {Count:?NSF} !
‘ {end}

first_file_declaration = file_declaration

file_declaration =
{file:?’DFILE/file na.mc}
{Cond: DFILE is described in the dictionary as a fife}
[ALIAS part]
{Cond: .FILE is a unique file}

e e

ALIAS part = ALIAS {name:?ALIAS/file_name}

\

LINK_TO _part = LINK TO subsequent file declaration |
suﬁsequent_ﬁle_dcclaration = ﬁlc_decla:ration [OP’I'IONAL _part]
OPTIONAL part = OPTIONAL
. Multiple lines in both syntax representations can be thought of as being cone
cat:::ﬁ.ated, with blocks of blank f_:haractcrs, tabs, and line-breaks reduced to a singlc

blank (¢xcept when within a string).

3
4.1.2. Internal Model of 4 Report
b ]

Given the language for describing statements (ASL) and a language for
describing featurc;gf' results (discussed in Section 4.1.3) one could write causal °
-fules dircctly-linking QUIZ statemnents and resulting reports, b-ut this would not
allow reasoning at different levels Qf detail, nor would it be powerful enough to
express m_ar‘ly subtleties of QUIZ. A reasonable solution is to develop an internal
model of a rcp;)r: in such a way that it can be related to, both from the program

(input) side and the report (output) side. This also corresponds to the actual imple-

~
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mentation of QUIZ and its two-phase character of program execution (parsing and

Teporting).

One way to create the internal model of 2 report could. be to base it on the
actual method used in the QUIZ implementation, which builds a report as a set of
internal tables that céntain various report parameters. We have not done this for
two reasons. First, since the Advisor differs significantly from the QUIZ itself,
both in-its scope and its purpose, it is likely that the implemented model would be,
in some respect, much more complex than necessary for the Advisor (for example,
we are not concerned with those parameters that hav‘é been introduced for the sql{:
purpose of increasing the efficiency of QUIff). Second, even though functidngl(ba,
effective, suc}; a model might lack explicit paramctz% that would model complex

concepts in an easy-to-understand fashion. b

Our internal model of a report is a set of parameters that correspond to vari-
ous objects relatt;d to a QUIZ report. Some parameters are imposed by the syntax
of QUIZ (e.g., a parameter that corresponds to a variable in the augmented syntax
of a statemnent or option), others are added by the knowledge engineer to reflect the

remaining aspects of the report (e.g., the number of report items).

—

For a given assignment of values to parameters, the internal medel defines the
structure of the report (the actual appearance of the report depends also on the con-
t‘ent of the database). Knowing the role of each par-ametcr in the model, we can
reason about the structure of the report even when values of some or all parameters

are unknown.



4.1.2.1. Transparent vs Hidden Parameters

There are

inds of parameters in the model: transparent and hidden. A
rransparent p frameter $r a T-parameter is a parameter the user is expected to be

ad

aware of. S r satisfies at least one of the following three conditigi'fg:i‘

1

a) it corresponds to an argument of a QUIZ statement;
b) it may be used in the description of a report;

c) itrelates to the QUIZ environment (e.g., database or data dictionary).

Because of its role in the system, a parameter of this kind has to be represented
somehow no matter what approach one takes to designing the model. On the other
hand, a hidden parameter or an H-parameter is any parameter that does not satisfy |
any of the above conditions. It originates from the knowledge engineer’s mental
model of the internal structure and operation of QUIZ, and participates In reason-
ing, but the user (especially a novice) need not be aware of its existence. Mak:ing
an explicit distinction between transparent and hidden parameters is particularly

useful for selective display of information during a consultation session.

Some parameéters may have multiple occurrences. A subscript must be used

when referring to an individual occurrence of such a parameter.

4.1.2.2. Parameter Attributes

Each parameter of the internal model of a report has the following attributes:

a) Name by which it is referred to in communications with the user. It is

L
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represented by a noun phrase (e.g., *the number of subordinate files’).

b) “Variable which is the internal name of the parameter. It is used to

represent the parameter in the rest of the knowledge base (e.g., NSF). )

]
¢) - Type constrain: on the value of the parameter (e.g:, integer). CT

~ - - .o {
d) Value assigned to the par?mctcr through a rcasoning process.

e) Defaulr to be used if the value of the parameter is not assigned.

-

f) Kind that indicates whether the parameter is transparent or hidden.

(""1\

8) MO-flag that indicates whether multiple occurrences are allowed.

h) Owner, a parameter of which ihis parameter is an attribute (e.g., *FILE’
Fod

is the owner of ALIAS’). This is a mechanism for logically grouping

the parameters. )

<

Each parametcr' is, thus, represented by a tuple of its attribute values.

4.1.3. LESK Statements

In addition to the Augmented Syntax Language for describing QUIZ state-

ments, we need a langgaigc for describing reports and for stating other facts about

the QUIZ world. . d -

The decision to transform original questions into sets of simple statements, as

- . - -'-’—\" -
well as the highly technical nature of the domain, allow us to adopt a simple,
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unambiguous language like LESK [Skuce - 77; Skuce 83] as an appropriate

representation language.

LESK (Language Lfor Exactly Stating Knowledge) is an English-like lar;guagc
based on first order logic. In fact, any LESK statement m which all variables
(including those that represent parameters) are repiaccd by the appropriate noun
phrases reads as a correct English statement. LESK supports nouns (count, mass,
proper), adjectives, some determiners and quantifiers, simple verb structures, and
prepositional phrases. It has been developed for general purpose knowledge

~ acquisition and used in the development of another ;:xpcrt system [Skuce et al. 85a;
- Skuce et al. 85b; Tauzovich et al, SS]. Since the natural language proccssiﬁg

" aspect of the Advisor is not the focus of this research, we will not discuss this

issue funther.

Dcscribtions of results obtained from a QUIZ program, especially descriptions
of problems expressed in questions, play a very important role both in the
knowledge acquisition process and in the formulation of queries. Unfortunately,
these destriptions are quite vague in many original questions. The analysis of
"WHY’ questions has determined that the major cause of this vagueness is the
user’s reference to some quantitative characteristics o}‘ the- report, made in poorly
chosen qualitative terms (e.g. "Why are my skips off?"). This is an important issue
that has to be dealt with in the design of the Advisor, especially since our goal is
to give advice at an intensional rather than extensional level. We will, mcrcforc',

limit descriptions of guantities to statements that indicate that the number of some

report objects is larger/smaller than expected. For example, the original, vague
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question:
"Why are my skips off?"

will have to be made more specific, e.g, .

. "Why did I get a large number of blank lines at ...?"

This type of restriction is very a.ppropriatc when a system is.bascd on causal rela-
tionships, some of which cannot be fully defined. -For example, causal }uiox;.rledge
about QUIZ includes the fact that, in general, the existence of a record selection
criterion in a program decreases the number of records to be reported. To be more
specific about the number of reported records, one needs to access the database and
the data dictionary used In the generation of the report, or, in sor‘nc cases even

simulate the actual execution of the program.

N

In summary, reports are described using two kinds of LESK statements:
u
a) Regular statements that describe qualitative aspects of the report, and

b) Quannty-related statemen:s that describe the number of some kind of

. Teport objects as (too) large or small.

In the rest of the thesis, we will refer to these as LESK statements.

=

Our formalism allows the knowledge engineer to introduce synonyms and
antonyms. For example, "alternative_name’ is a synonym of ’alias’ in the QUIZ
terminology. This can be indicated through any LESK statement that refers to the,

concept of an alias for a file, e.g,



.ALIAS is the alias (= altenative_name) of .FILE

The synonym that pn:ccdcs the parcnthcscs is considered tmbc canonical, i.e., the
one used throughout the knowledge encoding process. Elthcr of them may, how-

ever, be used by the user during a query-answering session. Antonyms (and anto-

2\ \anymous phrases) are introduced in a similar fashion (e.g., " ... required (= not
optional) ...").
\ .
4.1.4. Causal Rules and Frames ~

The execution of 2 QUIZ program can be -logically divided into two
processes: the Parser and the choréer. The‘Pamcr interprets .QUIZ statements and
builds the internal desc;ipu'or} of a report. When an occurrence of the ‘GO’ state-
ment is encountered by the Parser, the Reporter is invoked to produce the report, as
specified by the internal description, using information from the database. Since
the Parser and the Reporter are logically and temporally two distinct processes, we
can partition our rule-base into Parser rules and Reporter rules.

™

4.1.4.1. Parser Rules

In this section we will further develop mc.rcpfescntation of rules that will be
used to express relationships between QUIZ code and the Parser’s recognizing its
semantics. We will introduce a2 method of scoping and organizing rules, as well as

for dealing with errors in the code and with defaults of statement options.

~

The causal relationships within the QUIZ Parser are represented by the Parser

i
b

A\

L

\
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rules or P-rules. . The purpose of the Parser is to interpret QUIZ statements and,
based on their arguments, add appropriate details to the internal description of the
report. This suggests types of statements for antecedent and consequent parts of

rules, as well as the semantic reading of rules. A general pattern of P-rules is

- -

S > I /\

It is interpreted as follows: the existence of an occurrence of the QUIZ statement
(or\gart thereof) 'S’ in a program causes the Parser to take action ’I’, which

Fd

changes the intermal model of the report.

The consequent part of a P-rule describes a change of the value of one or
more pa.rametef-g, By definition, transparent paramctcrks are the only type of param-
eter that may appear in the antecedent part of a P-rule. The conscqucn£ side deals
with changes to the internal model of a report, thus, it may contain hidden parame-
ters as well. Allowing both types o; par:a';m‘:_:tcrs t0 appear in the same rule may
create unnecessary processing overhead when the rule is used in question- ]
answérl_ng: the system would need some mechanism to eliminate references to hid-
den parameters without losing any semantic content of rules. In order to avoid
this, we introduce an intermediate level of knowledge representation which deals
with transparent parameters only and, therefore, is more suitable for communicating

the icnowlcdgc to the user. This level contains statements that reflect the declara-

tive semantics of QUIZ statements.

'\._ Having introduced the intermediate knowledge representation, we can now

sphit any rule that contains both kinds of parameter into two rules, first of which



does not have any hidden parameters: . (
PT-rule: S -=> D
PH-rule: L, ---> 1

With 'S’ and I’ meaning the same as_above, the first rule reads "S causes the
Parser to recognize that D holds“+, and segond one “the fact that the Parser has

recognized that D holds causes I to happen"'.' We will refer to the two typcs'of

Parser-rules as, PT-rules and PH-rules, respectively.

- LESK is used as a knowledge representation language both for ‘expressing the
‘ Y
&d

eclarative semantics of QUIZ statements (D), and for describing the Parser’s

actions that change thesinternal model of a report (I). The syntax of QUIZ state-
ments is encoded in ASL.

™~

_A few QUIZ statements are vcr_;,f simple (e.g., GO’), but most statements
contain components, each of which has specific effects on the fcpon being built.
To create one rule for each of the QUIZ statement t‘ypcs would generally result in
aasmall number of very large and impractical rules. Therefore, the ;copc of rules

is narrowed down from the statement level to that of its parts.

In the rest of this section we will introduce three types of PT-rules that are
appropriate for modeling effects of components of QUIZ statements, and then pro-

pose a method of grouping the rules.

oS

* We have chosen to use as the consequent the act of the Parser recognizing that D holds. It
is equivalent to saying that S causes predicate D to become true.
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4.1.4.1.1. Types of PT-Rules

L) l

There are three types of PT-rules that deal with (present) components of state-

ments, absent components (default), and error conditions.

Regular PT-Rules. The presence of 2 component of a statement has a

semantics whicl; can be described by a LESK statement which uses tran-

sparent parameters only. Wé rcprcs-ent the relationships between the presence

of a component and the Parser’s recognizing its semantics by the following
. type of rule: |

'S > D

where ’S’ 's a fragment of the statement’$ augmented syntax, and ’D’ is its
declarative semantics. For example, the presence of a valid file declaration
after "LINK TO’ i? an 'ACCESS’ statement causes the Parser to recognize

the file as a subordinate one. This is captured by the following regular PT-

rule:

LINK TO {file_declaration:?FILE}
--> _FILE is a subordinate file

Default PT-Rules. In many programming’ languages, if the value of a pro-
gram. parameter is not specified in the code, then a predefined (default) value
is assigned. In the general case, when a parameter value may be determined
by more than one statement type or when n'ifultiplc instances of a statement

type are allowed, it is sometimes only towards the end of parsing that the

~
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parser ean determine whether to use a default value for a parameter.

It is a characteristic of QUIZ that the value of each parameter appearing
in the augmented syntax of a statement may be determined through only que
typ(.: of statement. Moreover, most statements cancel the previous occurrence
of statement of the same type, i.e., the value of a pararhctcr is .based on a sin-
gle statement of the program. We take advantage of this when representing
the éffect which the absence of an optional component of 2 QUIZ statement
has on the internal model. This type of relationship is represented as "absént-
-->’. 'When writing rules for an optional entry, we can include two causal
links: one corresponding to the case when the entry is present (regular PT- |
rule), 'and another for ;hc case when it is absent froni a statement (default
PT-rule). Due to the clear difference in the scmmﬁcs of the two causal links,

the regular and default PT-rules can be be coupled into a compact unit:

S S>> 11
absent—> 12

For example, the QUIZ rule stating that "if an 'ALIAS’ option for a file is
-~

-tkrs'cd in an "ACCESS’ statement, then the file has the specified alias, otherwise

i,lt has no alias” can be represented as follows: (Assume 'DFILE’ is a T-

@ewr denoting the dictionary name of a declared file):

[ALIAS part]
---> .ALIAS is specified
absent---> .DFILE has no alias

Error PT-RuIes Thc QUIZ Parser issues an error message whcncvcr a syn-

tactic or semantic rule of the Ianguagc is v1o}atcd "As in many other systems,
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messages are not always clear and users need explanations. In order to be
¢

able to cx?alain errors, we have introduced a special kind of rule of the follow-

ing form:

C fail—-> E SN -

where *C’.is an ASL condition and "E’ is a LESK statement that refers to the

actual message issued when the condition is violated. . For example, each file

declared in the ACCESS’ statement must be unique, or else an error message
) 1

ht

is issued. This is represented as: .

S {Cond FILE is a unique ﬁle}
~ fail---> error message ERRA? is issued.

~ . | -

ERRAZ2 is the code assigned to thc message. En'or message$ are represented

separately as code- text—cxg}anauon triples. Thc tnplc for the above message

N\ looks like this: » | / .

L

'
ERRA2 "Invalid file name" :
/ (file names are not unique - need aliasing)
/‘ — .

™ /

-

4 Messages that contain, extensional information are represenied as patterns, i.e.,
g : Lt .
LESK statements that contain variables. The explanations are predefined
: ("canned") and represented as natural language texts. z
- ' -
. .
& ,
»

| R



Y

g S 270 -
4.1.4.1.2. PT-Sequences

For each nonterminal’ in the syntactic "hicra:chy of the statement we can

create a sequence of.rules called a PT-sequence:
: :

-

- sl —> D1, N -

52 —>» .D2

. t .

P Sn ---> Dn N N

;o ;
v .

If the ASL expregsfons that appear on the antecedent side’ of rules in a PT-

scqucncc )‘Sl S%.. Sn) are concatenated, they form the augmcmed syntax of the~

-

nontcn‘mnal e decision on how to partmon he augmented syntax is a matter of

-
A .

the knowledgc engineer’s judgement, yet, some heuristic rules are obvious (e.g.

each optional entry must have at least one rule of its own).

By reppesenting PT-sequences as extensions of the augmented syntax of QUIZ
statements we can manage to engineer rules of reasonable size while keeping

- together the,\knowlcdgc about the entire syntactic unit. Since the parts of most
" QUIZ statements appear in a fixed order within the statement, sequences rather

than sets of rules are associated with nonterminals. Rules are ordered using the

appropriate labeling system (the label of a rule is enclosed in'anglc brackets).

-

AL
Ly

As an example, the following is the sequence of rules for the file declaration

- »

component of the ACCESS statement: v ' /
- F . )

*,

A
In all references 1o 2 nonterminal, we mean 2 nontermipal other than a statement.

t
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file_declaration = _
{file:’DFILE/file_name}
{Cond: .DFILE is described in the dictionary as a file,}
<t3>  fail--> error message ERRALI is issued,
[ALIAS part]
<td> --> .ALIAS is specified,
<t5> absent---> .DFILE has no alias,
{Cond: .FILE is 2 unique file,} :
<t6> fail---> error message ERRA2 is issued,;

Text and explanations for error messages 'ERRA1’ and *ERRA2’ can be found in

Appendix A.

i

L]

" 4.1.4.1.3. Hierarchy of Statements

hY

The augmented syntax of a, statement is partitioned over a number of
sequences, one’for each of its nonterminals, in order to explicitly show causal reIa-{
]

tionships that involve parts of the statement. The set of sequences corresponds to

_the statement syntax in its full form, By analyzing complex QUIZ statements we
. have rca"itzed that different patterns of statements within the same statement type .

often have significantly different semantics. For instance, an ACCESS statement

with one or more occurrences of  'LINK TO’ option (con:mOnIy rc,fcrrcd to as the
"ACCESS with a LINK TO option’ staternent) declares multiple 1fglcs, the first of
which is called the 'primary’ file and the others ’subordinate’ files. If no 'LINK
TO’ option is used (' ACCESS without a LINK TO option’ statement), a single file
is declared. A single file shoht\ be called the primary file, SO any reference
(by role) to the file declared after the word ’ACCESS’ would': have to dr.;:pend on
the type of the *ACCESS’ statement and would require a conditional construct on

the consequent side of a rule,
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To avoid these difficulties, we introduce a hierarchy of QUIZ statements, in
which a parent statement has a more gcncralfsxntax than iis children. The
presence/absence of a top-level component (optional or repeated) normally deter-

mines. the subtype of the statement. When more than one such component occurs

i

. in the statement, there are multiple ways in which the subtypes can be deflied.

Wwe analyze'statements left to right, so, for example, a "SELECT’ statement can be
further classii%cd as a ’SELECT with file, or a *SELECT without file’ statement.
It would be eciually valid to partition ’SELEéT ’ statements into ’SI(E'.LECT with IF’
and ’SELECT without TF’ statements. The formalism czn be extended to provide

both. As an example, the complete hicrarchy of "SELECT” statements is presented

on the next page (Fikure 4.2).

4.1.4.14. PH-Rules

~

While PT-rules represent relationships between QUIZ statements and the
Parser’s recognizing their semantics in terms of transparent parameters only, PH-

rules express relationships between the latter and additional changes the Parser

-

makes to the internal model of a report (initial changes are simple assignments of
values to parameters as prescribed by the augmented syntax fragments within PT-

\.- .
rules). Unlike PT-rules, PH-rules may contain hidden parameters. The syntax of a

PH-rule is

&

D->1

where "D’ is a conjunction of LESK statements and I’ is a single LESK statement.

Examplc:



o
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L~ SELECT [IF par]

SELECT (file_part]

present: SELECT with a file option, ]
absent: SELECT without a file_option,
[IF_part]
{end}

L == SELECT ﬁ]c_part
- [TF _part]

present: SELECT file IF,

absent: SELECT file,

{end}

- SELECT file_part~IF part {end}

—————— SELECT file_part {end}

present: SELECT IF,

absent: SELECT without file or IF, ——
{end}

r

L SELECT IF part {end} Y

‘" ~ SELECT {end}

—

Figure 4.2. Statement Hierarchy: An Example
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records of .FILE are optional
---> 20PT is set to "YES’

According to this rule, whenever the Parser recognizes that the records of a file are
’ '
specified as optional, the yalue of the H-parameter ’OPT’ is set to>YES’.

PH-rules are also used to represent elementary procedural knowledge that
involves any kind of parameters (transparent or hidden). ‘For example, if a file has
an alias, the file is referred to (in the rest of the program) by its alias name rather
than its dictionary name. PH-rules that refiect this are the folloxy'mg: |

.ALIAS is specified
---> 7FILE is set to ALIAS,

D‘FILE has no alias
v ' ---> ?FILE is set to .DFILE

Most actions described on the consequent side of a PH-rule are simple ‘assign-
ments of a value to a parameter. Some actions a.m more compiex though, and have
associatt;d complex proccdurcs+ (¢.g., the procedure by which the files declared in
the ACCESS' statement are linked). Representation and reasoning v\:fith procedural

knowledge is outside the scope of this research. Therefore, the existence of an

o

associated procédure is simply acknowledged as in the following rule:

FILE is a subordinate file
-—> a link for .FILE is established
through an internal procedure

X

If a rule that refers to a procedure is fired, and the user is interested in individual

-

T Bya procedure we mean a sequence of actions for achieving a particular goal,

.
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steps of the procedure, the Advisor should invoke its procedural knowledge com-

poneino provide the details,

4.1.4.2. Parser or Statement Frame;s

knowlcdge about types ‘of QUIZ statements (e.g., ’ACCESS’ statement) is
organized in Parser frames or statement frames. The hierarchy of Parser frames
corresponds to the hierarchy of statements: each lower-level frame corresponds to a
statement with a more restricted syhta.x than its parent. Sequénccs of rules are
associated with the most general type of statement to which they apply and inher-
ited by more restricted forms of the statement. Parser frames have the following

slots (first three of them are mandatory):
Statement The statement name,

Purpose A LESK phrase that describes the purpose of the statement, i.c.

r

the topic of the frame.

Synrax/Kinds This describes the complete top-level syntax of the statement in
ASL. It also names the more restrictive forms of the statement
that are obtained when a certain syntactic component is

present/absent.

PT-Sequences A PT-sequence for each nonterminal of the statement. Each rule
in the sequence represents a relationship between a syntactic

feature of the statement and the Parser’s recogizing its seman-

tics.
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PH-Rules A set of PH-rules that represent causal relationships between the

Parser’s recognizing the semantics of QUIZ code and changes

made to the internal model of the report.

Intro-Params Parameters that are introduced within the frame and assigned a

value through the rules of the frame. For each such parameter

its descriptive name is given in a form of a LESK noun phrase.

Error Messages A code-message-explanation triple is given for each error mes-

sage referenced in some PT-rule.

The high-level BNF for Parser frames is-given in Figure 4.3.
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o

rarser frame

"

 syntax_kinds

seguences
seqguence

Pt _rules

pt_rule

ph_rules

ph_rule

* STATEMENT’

* PURPQSE’ _

" SYNTAX/KINDS™

‘ PT~SEQUENCES”

' PH-RULES’

* INTRO-PARAMS

' ERROR-MESSAGES’
*END’

A ——

ASL_statement”
ASL_expression
present: stat
absent: stat
ASL expression

sequence {[sequence

tatement name
ESK_phrase
syntax_kinds
sequences ]
ph_rules ]
params ]
errors ] °

ement _name
ement_name

s]

nonterminal ‘=’ pt_rules

pt_rule [pt_rules]
ASL_expression
label
ASL_expression
label
label ’absen
ASL_expression con
label "fai
ASL_expression

ph_rule ([ph rules]

ESK expr

[

label
error [errors]
Y
error_code message
/

J

f——=>’ LESK stmt

f===>’ LESK_s
T===>f
dition
1e=edr

r ___._>I

explanation

Figure 4.3. The Syntax of Parser Frames

LESK _expr

L
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In addition to the already mentioned benefits from having an explicit hierar-
chy of statements, this structure increases the capability for more selective retrieval

of relevant knowledge from the knowledge base.

We will end this section by presenting, as an example, the frames for the

"ACCESS’ statement (Figure 4.4). More examples can be found in Appendix A.

)Q‘

—

"
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01

STATEMENT ACCESS

PURPCSE to access (= declare) a single file -
Xor ’
Lo access multiple files

SYNTAX/KINDS

-

ACCESS - {first_file declaration:?FILE/file name]
*[{Sub: n from 2} {LINK_TO_part:?FILE}] {Count:?NSF}
present: ACCESS with a LINK_TO option,
: absent: ACCESS without a LINK_TQ option,
{end} -
Pt o
PT-SEQUENCES

first_file_declaration =
file_declaration
<tl> =-=> L.FILE is a declared file,
t2> —==> records of .FILE are required
{= not optiomal),:

file_declaraticn =
(£ile:?DFILE/file_name)
{Cond: .DFILE is described in the dictionary as a file,)

<t3> fail---> error message ERRAL is issued,
[ALIAS part]
<c4> --=> .ALIAS is specified,

t5> absent---> _DFILE has no aliag,
{Cond: .FILE is a unique £ile,}
<té> fail-—-> error message ZRRA2 is issued,;
ALIAS part = ALIAS {name:?ALIAS/file name};

LINK_TO_part = LINK TO subsequent_file_declaration:

subsequent_file declaration =

file_declaration .

<t7> —==> L.FILE is a declared file,

<t 8> —-==> L.FILE is a subordinate £file,
[OPTIONAL part]

<t 8> ——=> records of .FILE are cptional,

<t10> absent---> records of .FILE are required, ;

N OQEEONAL_part =~ CPTIONAL;

Figure 4.4. *ACCESS’ Frames (Page 1)
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PH-RULES

P[l

" <hl>

)
it
-
t

<h2>

TILE is the

is the

—_——

—_—

single file- -

?DDREC is set to

the dictiecnary_record of .DFILE

primary file

?DDREC is set to

the dictionary_recerzd of .DFILE,

.FILE is a subordinate £file
a link for .FILE is established through

<h3>

~ <h4>

_——

—>
4

an internal procedure,:;

?DDREC is augmented with

.ALIAS is specified

<h5>
L
.DFILE has
<hé>

recoxnds of
<h7T>

records of
<h8>

=IrLE

FILE[n]
DFILE(n]
ALIAS[n]
0PT{n)
DDREC
NSF

ERROR-MESSAGES

=)

RRAL

ERRAZ

/"-

}

—_——>

?

l'!’

no alias
2FILE is set toe .DFILE,:

-—

the dicticnary recSfd ®f .DFILE,;

ILE i3 set to .ALIAS,:;

.FILE are cptional

-—>

20PT is set to "YES',:

r

.FILE are reguired
2097 is set to 'NOT,;

——

is
is
is

is
is

.

a file,

the
the
the
the
the

dictionary file of .FILE(nl,

alias (= alternative name) of .DFILE[n
]

optional_recoxds_flag ¢f .FILE[n
description of record_complexes,
number of subordinate files,

Expected: RECORD key file,
the file was not found in the dictienary,)

Invalid f£ile name,
file names are not unique - need aliasing,)

Figure 4.4. 'ACCESS’ Frames (Page 2)

N
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e
STATEMENT ACCESS with a LINK_TO option -
PURPOSE to access multiple files
SYNTAX/KINDS
-~

S
ACCESS {firxst_file_declaration:?F
**[{Sub: n from 2} [(LINK_T

ILE}
O_part}] {Count:?NSF}

{engd)
PT-SEQUENCES :
<tl> -—-> ".FILE is the primary file,:
\
END
he
STATEMENT -ACCESS without a LINK _TO _option
: ~r
PURPQSE to access a2 single file
SYNTAX/KINDS T
ACCESS  {firzst_file declaration:?FILE] {end])
PT-SEQUENCES -
S <cl> —-==> .FILE is the single £file,:
END !
kY
}
!
/
A
/7
bof
Figure 4.4. 'ACCESS’ Frames (Page 3) .
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4.1.4.3...Beporter Rules and Frames ‘ <

- In mjs section we will examine types of causal relationships involved in the .

e

reporting component of QUIZ, and propose Reporter rules or R-rules for capturing

this type of knowledge.

The Reportel generates a report based on two sourccf of information: the
internal model of the report created by the Parser, and data r&u;icvcd from the data-
base. Combinations of characteristics of the internal model and/or the database

A

. have specific effects on the resulting report. As discussed earlier, in this chapter,

reports are described using two kinds of TESK statements: those that describe ‘qual-.
itative aspects of the report (regular statcmcn.ts), and those that describe the number

of some kind of report objects as (tooj large or small (quantity-related statements).

"4.1.4.3.1. Regular R-fules

The relationship between a characteristic of the report and its cause, if both
'

are described using regular statements only, can be represented by rules of the fol-

lowing format:

I --> R

b ~

where 'T" is 2 conjunction of statements about the internal model of a report and

'R’ is a description of the resulting feature of the report. We term this type of a

rule the regular R-rule. An example of such a rule is:
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the status of RITEM is 'OVERFLOW’, .
the type of JTEM/RITEM is "NUMERIC’
---> 7FIELD is filled with the crosshatch sign

(where RITEM is a report item, -
ITEM/RITEM is the item of the rcport item,
FIELD is the field of the report item)

4.1.4.3.2. Quantity-Related R-rules

'Quantity-;'clatcd statements are used in user’s questions to indicate that the
number of given report objects is larger (smaller) than expected. In order to
answer this type of questions, the system must be able to identify those characteris-

tics of the internal model of the report and/or the database that increase (decrease)

the number of the objects. This type of causal relationship is represented by rules

of \‘.hc following format:

I incr-—> N
or '
+ I decr——-> N
“where ’I’ is a conjunction of statements about the internal model of a report and
database parameters, and "N’ is a LESK noun phrase denoting the numeric attribute
of the report that ’I’ increases or décreases, respectively. These rules are termed
quantity-related R-rules. As an example,,the following rule states that the

existence of a selection condition on a file whose records are required decreases the

number of report corhi:lcxcs (a report complex is a tuple of data itemns which is
pri;'xted in the report):

there is a selection condition on records of .FILE
OFT is set to 'NO’

decr---> INRC
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where OPT is the parameter set to NO if records of the file are required, and NRC

is the number of rcpdrt complexes.

Increasing (decreasing) the value of some numeric attributes of the record °
specification or the environment (data dictionary or database) causes increases
(decreases) 1n values of some numeric attributes of the report. These relationships

are captured using quantity-related rules with ’prop--->’ ieprcscnting the causal

link:
N1 prop—-—> N2

meaning that 'N2° changes proportionally with 'N1°, where 'N1’ and ’M2” are
LESK noun phrases, usually parameters, representing numerical attributes men-
tioned above. For example, the larger the trailing skip specified (in the 'REPORT’

statement) t?m larger- the down-shift at each report comi:lcx (i.e., the number of

blank lines skipped before next record complex is reported). This is represented by

the following rule:

JIRS prop---> the downshift at . REPC

('TRS’ and 'REPC’ are parameters corresponding to the trailing skip and a report

complex, respectively).

4.1.4.3.3. Reporter Frames

Reporter rules are organized into simple frames that have the following three

slots:
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Topic A LESK noun phrase that describes the topic of the frame.

Rep-Rules A set of Reporter rules, and o

Intro-Params Parameters that are introduced within the frame and assigﬁcd a
value through the rules of the frame. These parameters
correspond to objects of a QUIZ report. As in Parser.frames, for
each such parameter @ts?}dcscriptive name is given in a form of a;

LESK noun phrase. -

)

Reporter frames inherit their hierarchy from the hierarchy of activities being
developed for the QUIZ Advisor. In the small knowledge base for the prototype of

the system, for simplicity, we have grouped all rules for the reporting phase into a

single frame shown in Appendix A.

4.1.5. Causal Network and Reasoning . @

Having introduced types of rules that can be used to capture all types of
causal relatdonships we havé found in QUIZ programs, we can build a causal ner-

work of a program, as shown in Figure 4.5.

Reasoning within the network may be done by forward and/or backward
chaining of causal rules as the primary deduction mechanisms. Forward chaining
starts with a description of QUIZ code and works t’oward establishing some causal
links between the given code and features of the report. If the actual “codc is given
: e.g., "ACCESS X’), then its syntactic features determine the applicable PT-rules.

By chaining PT-rules, PH-rules, and R-rules, links that are labeled ’SYN-ILs’
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Declarative
SEMANTICS

REPORT

DESCRIPTION: |

R-rules

. Figure 45. Causal Network of a QUIZ Program
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(SYNtax:orjentcd Inferred Links) can be established. However, if the code is
dcjs;:ribed in scmantic terms (e.g., 'X is the single file’), the. obfained links are the
ones labeled ’SEM-ILS’ (SEManncs-oncntcd Inferred Links). In backward chain-
mg of rules, the du'ccuon of reasoning is from thc dcscnpnon of the appearance of
a rcport towards semantic and syntactic features of the code that produced the

report (i.e., opposite from the direction shown in Figixre 4.5).

The causal network and the two reasoning mechanisms are the basis for

answering queries to the QAUZ subsystem of the Advisor (described in the next

chapter)..



£
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4.2, Mo_de] of a QUIZ Session

QUIZ can be run in 2 batch processing ‘mode, but it is far more frequently
used as an interactive system. The causal relationships discussed so far concern
any QUIZ proéram regardless of the mode of running it. In this secton u(e look at

the causality involved in a QUIZ interactive session.

In the model of a program; the agent of all actions is the syétem.itéelf and
actions are performed in a prédeﬁncd temporal order. An action of the user issuing
a statement is reflected in £h3 fact that the statement is present in the program. In
order to represent the interactive nature of 2 QUIZ session we start from the fol-

lowing observations about its states. and actions:

a) There are two possible agents of actions: the User and QUIZ; (the initia-
tion and termination of a QUIZ session also involve the operating system,

but we are focusing here on the user-QUIZ dialogue);

b) User’s actions and QLHZ’S actions belong to two disjoint sets of action

types;

.¢) A QUIZ session may be partitioned into time intervals which, in general,

have three subintervals characterized by the following situations:

m

I1  User action (UA)
I2  one or more QUIZ actions (QA) caused by UA

3. pdst-QA state

TN
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This pattern suggests the use.of rules as an appropriate formalism for codify-

ing causal knowledge in this domain.

4.2.1. Causal Rules ‘

Causal relationships in the QUIZ session are captured in Session rules or S-

rules of the following form (the arrow represents a causal link):

{ <Description of state(s) enabling UA> }
<Descr. of UA> -----> <Descr. of QA(s)>

{ <Deécription of the post-QA state> }.

The antecedent side of a causal rule describes both the state in which a user
action can be performed, and ‘rhc action itself. Whenever the u-scr action is per-
formed, "it causes one or more QUIZ actions to be performed as a consequence.
These are dcsc;ibcd on the consequent side of a rule, followed by the descripton
of a resulting state. Each of the above descriptions is represented by a single LESK

statement-or a conjunction of LESK statements. -

. The temporal scqucncing of the user action and QUIZ reaction is clear: a
cause must occur before its consequences. The sequencing of QUIZ actions, i:.'x
general, could be more complex and might require the ase of some tcrhporal rela-
tions, similar to the ones defined in [Allen 83, 84]. The examples we chose to
experiment with (the material covered in Chapter 1 of the QUIZ manual) required
only a relation for sequencing tcmpofa.lly disjoint actions: 'A, then B’ means tha.t

acton A terminates before action B can start.

s
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4.22. Examples of Rules .

The proposed formalism for codifying knowledge will be illustrated with

several rules (OS’ denotes the operating system):

Example I..
{bS is awaiting a top_level command}

User enters 'QUIZ’ --—--> -
OS invokes QUIZ, then
QUIZ displays the introductory mcssaﬂr-, then
QUIZ displays the prompt_character

{QUIZ is awaiting a statement,
QUIZ is expecting an ACCESS_statement}.

Example 2:

. - {QUIZ is awaiting a statement}

) ‘ v

User issues an ACCESS_statement --—--->
QUIZ initializes the report_parameters, then
QUIZ processes the ACCESS_statement

{QUIZ is awaiting a statement}.

Example 3: —~
{QUIZ is executing}

User types <cont-rol Y>> > .
QUIZ stops executing, then ~
QUIZ displays "Do you wish to contmuc”’

’a "{QUIZ exetution is suspended}.

-
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Example 4.
- ~{QUIZ is awaiting a statement}
User enters '"HELP' —--->
QUIZ displays an explanation of the HELP system, then
QUIZ displays a list of statement_keywords, then
QUIZ displays the HELP_prompt_character

{QUIZ is in the HELP mode,
QUIZ is awaiting a statement_keyword}.

4.2.3. Extending the Causal Network

Deduction mechanisms for reasoning with the above described kind of causal
rules include appropriate variants of forward and backward chaining of rules as a

basis for answering questions about the process of inieracting with QUIZ. -

g
This model can be integrated with the causal model of a prog';’;'am_, as shown in

Figure 4.6. For each LESK statement of the following form:
QUIZ processes the $_statement

where ’$’ stands for a statement name (e.g., ’ACCESS’, like in Example 2), there _
is an applicable set of PT-sequences originating from one or more Parser frames.
The set of PT-sequences may be interpreted as a description of a procedure for

executing an action of the above form. Of course, in order to execute the pro-

cedure, the actual statement must be made available to the reasoning mechanism.

For a simple example, let us assume that the knowledge base contains the fol-
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" lowing rule:
{QUIZ—is awaiting a statcmcm} ‘ ! '}g
'3 . S
) User issues,a REPORT statement -----> S
QUIZ processes the REPORT statcmcnt
. {QUIZ is awaiting a statement}. v
> -
Suppose that, during a QUIZ session, the user, the following statement (while

the system is awaiting a statement); \

REPORT

3

The mlt;r only tells us that the system will process the statci'ncnt, then wait for the
next one. The implications of the issued statement on the results can be analyzcd
using-the causal nétwork of a QUIZ program (Figure 4.5). Forward reasoning with

the knowledge presented-in Appendix A leads to the conclusion that, as a result of

the above statement, nothmg will be reportcd (this is discussed in detail in the next

-

\.haptcr)

Backward reasoning from results, on the other hand, points to the causes of
_ the result, ie., user’s actions of issuing certain statemeats, and the context in which

they are entered during a QUIZ session.

L . ! .
In Figure 4.6., causal links between a user’s action and its effects on the

resulting report are labeled *SR-ILs’ (Session-Report Inferred Links).
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" | user actioN F--------—-

Ad

QUIZ REACTION T JUr s Ny

% REPORT i
%, DESCRIPTION i

INTERNAL MODEL of the REPORT

Figure 4.6. Causal Network of QUIZ-
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5. QAUZ PROTOTYPE

- . ‘

“This chapter describes various aspectd of the ‘dcsign and implcrﬁentation of
0 4
QAUZ, the causal component of the (/2UIZ Advisor prototype. Details of major

query-answering strategies applied in QAUZ are the topic of Chapter 6.

+

<

5.1. Qverview of the QUIZ Advisor

The prototype of the QUIZ Advisor consists of tiree major modules: HDI,
QAUZ, and SEQAP.

The HDI subsystem accépts queries consisting of an optional set of assump-
tiors and a 'method’ question (e.g., "How do I ..?"). A query is submitted
through an interface written in ProIog_ on a SUN-3 workstation. It is then parsed
into an s-expression and passed to the answerer on a Xerox-1186 Lisp machine via
Ethernet. The HDI query-answerer is implemented using IntelliCorp’s K.EE a

&
commercial knowledge engineering tool based on a combination of frame and%'/

»

paradigms. The answer to a query is produced in the form of a partial QUIZ p/ro-

gram (usually one or two statements).—~Petails about this subsystem can be found

1

\\ .
The primary purpose of the QAUZ smﬁyswm, the causal query component of
~

the Advisor, is to give explanations in responseito "WHY’ queries. QAUZ also
. : . i

in [Skuce 86] and [Stanley 87).

handles most of the remaining types of qucri?’s (see the taxonomy in Section
.3.1.1.).. A justification for the decision to/ develop two indépcndent query-
i

answering subsystems (HDI and QAUZ) wzfs given in Chapter 3. This chapter

Is
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_p<describes the architecture of QAUZ, the creation and structure of its Icnowlcdgé

base, and the development of its basic reasoning mechanisms. The major query-

answering strategies ‘applic_d in QAUZ are the topic of the next chapter.

SEQAP (Subset of English for the QUIZ Advisor l;mjcct) is the natural
language module of the Advisor. It is implemented in Prdlog and organized into
three components: lexical (based on a lexicon with approximately 1700 cnu:lcs),
syntactic, and post-processing (simple semantic verification and format translation).
SEQAP is accessed by both HDI and QAUZ. subsystems to translate pcrtions of
user input into int?mal forms suitable for further processing. It is also inwai&cd by -
(’QAUZ during the compilation of frames to provide translations of LESK state-

ments embedded in various slots. SEQAP is fully described in [Delisle 87].

5.2. Overview of QAUZ

The prototype of QAU; is based on the knowledge representation formalism
and the approach to query-answering introduced in the i:rcvious two chapters¥-it is
implemented in Quintus Prolog [Quintus 86] on a SUN-3 workstation. The basic
architecture of the QAUZ prototype is schematically presented in Figure. 5.1

{(arrows represent the flow of data).

The devetopment of the prototype proceeded in two stages: the creation of the

knowledge base, and the implementation of the question answerer.

a) Knowledge Compiler. The domain of the QAUZ knowledge base was

" defined (a subset of QUIZ), and the relevant knowledge was acquired and

L
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Commands,
Query Componenty,
Confirmations ' Answer
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tloa < |5
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v ow including :" £
il Background ) :
: r t m.

COMPILER:

N

P
<
€

p

«

Frames

o

KNOWLEDGE BASE

Figure 5.1. The Architecture of QAUZ
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~ encoded m a number of Parser frames and a single Reporter frame. In
- parallel with this process, a knowledge compiler was implemented. It
takes any number of Parser and/or chorte; frames as input and builds
the corresponding portions of the lcnowlcdgc base, as described in the
next section. The size of thc‘ compiler is approximately 40K of Prolog
code. The size of the knowledge base.produced for the subsct.of QUIZ

we chose as the domain of the prototype 1s close to 60K.

" b) Query-Ansyverer. - The query-answerer consists of the inrerface and the _
answer generator modulc:_s. The interface has a nun_lbcr of commands
that cnabfc the user to build and submit queries in an efficient manner
(e.g., background information is a component o.f the global context and
can be shared by cor;secutivc queries). After a LESK statement (e.g., an
assumption or a question) is entered thrdugh the interface, SEQAP is
invoked to translate it into the internal form. Whenever a question is
entered and succéssfully processed by SEQAP, the query is submitted to
the answer génerator- which applies an appropriate answering strategy. In
some cases the answerer has to request additional information through the
interface, but the general approach is to produce an answer as focused
and comblctc as the available information allows it to be. If the answerer
succeeds in finding relevant knowledge, it generates an answer, otherwise

the interface informs the ﬁscr that the query cannot be answered. The

query-answerer was implemented in 110K of Prolog code.

The rest of this chapter describes the prototype in more detail.
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5.3. Knowledge Base

This section defines the subset of QUIZ chosen to be represented in the
knowledge "base of the QAUZ prototype, discusses the approach- taken in
knowledge acquisition, amd describes the internal structure of the knowledge base.

5.3.1. Domain of the Prototype

A fully developed QUIZ Advisc;r would contain as much knc->wlcdgc about
QUIZ as possxblc For prototyping purposes, however, we restricted the domain to
- a subset of QU]Z that was reasonably small, yet allowed us to apply and validate
all the important aspects of the developed methodology while retaining the, main

functional features of the language.

~

The QAUZ prototype was built for a subset of QUIZ that we named Mini-
QUIZ (wherever we use: the word QUIZ in the rest of the thesis, the reference is
actually made to MmniQUIZ). It consists of the following statements: *ACCESS’,
SELECT”, ’REPOR:I", ‘and 'GO’. Thé last statement ("GO’) is assumed to be
present at the end of each sequence of statement, but is not explicitly dealt with in
order to simplify the dialogee between the user and the system. The adopted res-
wictions on the syritax of the first three statements are shown in Figure 5.2 (the -

notation is close to that used in the QUIZ manual).

QAUZ has been limited to knowledge about QUIZ programs in order to make
it consistent with the rest of the QUIZ Advisor prototype. Thus its scope does not

cover the causal model of QUIZ interactive sessions (described in Secton 4.2.).
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ACCESS filel [ALIAS namel]
[LINK TO file2 [ALIAS name2] [OPTIONAL]]....

SELECT [file] [IF condition]

condition: content operator expressiocon
content: record-item

expression: record-item/string/numbex
record-item: item—-name [OF file]

REPORT [report-group / ALL [SKIP njj,

Teport-group: [report-item]... [SKIP [n/PAGE]]
[RESERVE n [LINES]]

report-item: [SKIP [n/PAGE]] [TAB ni
record-item [formatl]

format: [BEADING string] [(PICTURE string) -

Figure 52. MiniQUIZ

N
5.3.2. Knowledge Acquisition Process -~

The traditional approach to knowledge acquisition in expert system dcvclop—'

ment relies mainly on interviews with domain ;:xpcrts. Eliciting knowledge from a

human expert i1s very useful in those areas in which judgemental and heuristic

knowledge is specially important, or in which the factual knowledge is not well

documented. However, a problem often experienced in using this knowledge

acquisition method is the lack of experts who can invest their time in this kind of
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activity [Watcrman 86, Ch. 18] In domains for which comprehcnswc documenta-
tion exists (e.g., regulations, manuals), an altcrnauvc approach is to use written -

-

documents as the prima'ry source of knowledge [Skuce et al. 85; Tauzovich et al.
85). | &
4
In our domain of research the two approachesswere combined throughout the
knowledge acquisition phase. A significant amount of know‘ledgc about QUIZ has
been incorporated in the manual. We have been l‘also fortunate to have available .
for consultation, not only QUIZ experts but the designers of QUIZ as well. One
more available source of knowledge about QUIZ w:as the collected and anal;zed
scﬁ of questions and answers. In addition to the domain knowledge, this material
also providegvaluable statistics on topics of questions. Thi;; can be used to guide
the knowledgg acquisition process to cnsx-lrc that l‘cnowledge required to answer
questions most likely to be asked will be represented in the knowledge base. . This
approach was adopted by the research team that developed thg HDI subsystcm.-_é\__‘_"/\

- /
Since quesNons usually refer to advanced topics, a large body of additional (mainly

|
basic) QUIZ knowledge had to be acquired later to fill in the gaps.

For encoding causal knowledge, we adopted a knowledge acquisition process
that is syntax-driven (ie., focusing on one by one statement type) rather than

tOplC-dﬂVCﬂ (ie., focusing on one by one topic). Thc following points jusufy this

decision:

a) In general, 2 mental model of a cause-effect relationship implies reason-
ing from a cause towards its effect, perhaps due to their temporal

sequencing. This makes the direction from QUIZ statements (causes)
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. . towards features of a report (effects) quite natural for Icnowlcdgc acquisi-

tion,

»

b) Each statement or option in a QUIZ progra&n has a unique effect on the
resulting réport. Some féanues of a report, however, may have different
causc;s (é.g., the spac;e between two coh_imns may be the result of TAB,

-PIé'FURE, or a combination of these two options). Therefore, syntax-

driven knowledge acquisition” ensures the completeness of a knowledge

base with sespect to the defined domain throughout the proces;;.

; - .

(N ¢) The QUIZ manual, an ﬁnportant knowledge source, is mainly organized
afound statements. ’I‘his.}made locating parts of the text relevant to indi-
vidial statements Il'xiﬁi:h easter than locating those relevant to other more
general topics. |

5.3.3. Internal Representation of Knowledge )

Kpowledge about QUIZ encoded in Parser and Reporter frames is compiled
™~
into several types of Prolog unit clauses.” These contain, in addition to domain

1 . -knowledge, some useful meta information (i.e., provisions for indexing).

The compiler takes any number of frames as input and produces a file of
_corresponding knowledge base entries. A trace of the process is displayed on the

screen and/or saved to affow the knowledge engineer to analyze the course of the
A

TRe reader is advised to refer to Section 4.1.4. for the description of the source form of the
knowledge base.. '

r
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compilation and easily locate and correct possible errors in frames. After all
frames have been successfully compiled, the resulting files are merged into the

knowledge base.

Each ASL expression, i.e., a fragment of QUIZ syntax éxprcsscd in the Aug- |
mented Syntax Languag't-: V{(Sccu'on 4.1.1.) 1s represented by a Tist of its tokens. The
compiled version.of a token consists of its rype (e.g., 'nt’ .for a nontcnninal,_’op’ .
for an optional entry, 'kw” for a keyword, etc.), and the conzenr. For example, the

compiled version of:

SELECT [file_part] {IF part]

would be: N

[[kw,’ SELECT "}, op, [file_part,[]],[op,['F _part’,[]]]
& - |

The structure of the content depends on the type. As the above example shows,
for the keyword token it is the keyword itself, and for the optional entries it con-

sists of the name of the nonterminal and the associated parameter (if any).

LESK statements and lphrascs are translated into Prolog expressions by the
SEQAP module. These expressions represent various linguistic components recog-
nized in the input. A full descripticn 61’ the output from SEQAP is given in chli-
sle 87].. SEQAP is designed as a one-way translator. In order to be able to gen-
erate natural language output from QAUZ; a variant of each original LESK expres-
sion is stored as well. This form consists of two lists: the mnput LESK expression

(a lis't of LESK words) in which all occurrences of parameters have been replaced

_ by stubs ("*’), and the list of replaced parameters ordered as they appear in the ori-
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ginal expression. The separation of parameters from the rest of the expression is
done for cfﬁciency reasons. In the examples shown below, LESK statements will

be tepresented in this (much more readable) form.

" The rest of this section presents the relational view of information stored in
the knowledge base. It does not necessarily reflect the structure of actual unit
clauses (for efficiency some relations were represented by more than one type of 2

clause). The examples are based on the general ACCESS’ statement for which

the source frame is given in Figure 4.4.

STATEMENT:

Name LESK phrase identifying the Parser frame.

Pur-'poses A list of LESK phrases reprcsentiné—, rmutually exclusive phr- '

poses of the statement.

Synzax The syntax ot: the statement is split into, two parts at the point
which distinguishes the substatements. In- the example it is
before the 'Om’ (zero.or more occurrences) token. The sub-
statement that has at least one occurrcnce‘ of the repetitive entry
has "Im’ (one or more) as the type of the corresponding token
in its syﬁta.x. If a statement has no substatements (ie., the

frame has no subframes) the second part of its syntax is an

empty list.

Subframes A list 9f names of subframes (substatements). Since the state-

ment hierarchy for the domain happens to be a binary tree, the

]
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list is either empty or has two elements.

Superframe The name of the parent frame (if there is one).

PT-rules A list of ruie labels. Each rule label must be unique within the
frame.
PH-rules A list of rule labels.
Biirameters A list of parameters i‘nu-pduccd in the frame.
Errors A Ijst of codes for crr;r messages referred to in the rules of the
frame. - A

;
Example: The information stored for the general *ACCESS’ statement.

Name: [ACCESS’] ‘
Purpose: [[{access,a,single,file,[1],[[access,multiple,fles,[]]]
*  Syntax: f[[kw,” ACCESS’],
. ' _ [ac,[first_file_declaration,[’FILE’,?]]],
[[’Om,snaz’
fac,’LINK_TO part’,[’FILE’,N]],
NSF,7],
[end]]]
Subframes: [[ACCESS’,with,a,’LINK_TO_option’],
[’ACCESS’,without,a,”LINK_TO_option’]]
Superframe: nil

. PT-rules: [t1,12,13,t4,15,16,t7,18,t9,t10]
PH-rules: (h1,h2,h3,h4,h5,h6,h7,h8] -
Parameters: [FILE’DFILE’,” ALIAS’,’OPT’,’DDREC’,'NSF’]
Errors: [’ERRAI’,’ERRA2’]
NONTERMINAL:
Name . the name of the nonterminal.
Frame Indicates the frame in which the nonterminal is introduced, i.e.,

the frame to which its sequence of PT-rules belongs.
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Sequence A list of sequence tokens, each of which is either a rule label or
an ASL token. The augmented syntax of the nonterminal can
be obtained by concatenating the ASL expressions involved (for

a PT-rule this is its antecedent).

Context A list of pairs that describe contexts in which the nonterminal
appears. The first element of the pair is the name of a parent
syntactic component, and the second one is the type of the

token in which the nonterminal occurs.

e

Examplé: The information stored for 2 file declaration.

Name: file_declaration
Frame: [ACCESS’]
Sequence:  [t3,t4,t5,t6]
_ Context: [ffirst_file declaration,nt],[subsequent_file declaration,nt]]

PT-RULE:

Number The rule number consists of, the name of the frame and the rule |

’ﬁl;él\. Since rule labels are unique within each frame, rule .
k numbers are unique within the knowledge base.

Type Indicates whether the rule type is regular (r), error (e); or
default (d). ' |

Anrecedent An ASL-expression. -

Consequeﬁ: A LESK statement.

Context | The nam:: of the nonterminal whosc‘scquenc;\(:ontains the rule.

-

NS



- 106 - -

P -

Example: The rule ’t9’ of the ACCESS’ frame, which states that, if the |
’OPTIONAL_ part’ is present, then the records of the corresponding file are’

optional.
=> Number: [’ ACCESS"],18)
Type:

r
Antecedent:  [[op,[’OPTIONAL _part’,{]]]
Consequent: [[records,of, *,are,optional],[[’FILE’,.]]]

Context: subsequent file declaration
PH-RULE: ] _ i
- —_ _ _
Number . The rule number consists of the name of the frame and the rule
label.
Anrecedent A LESK statement.

Consequent A LESK statement.

}-Elxample: The rule "h1’ of the ’ACCESS’ frame, which states that, if a file
is the single file, then the description of record complexes 'DDREC’) is set
to the record description of the file itself.

-  Number: [[’ACCESS’1,h1]
Antecedent:  [[*,is,the single file],[['FILE’,.]]]
Consequent: [[*.is,set,to,the dictionary_record,of ,*],
[CDDREC’,.],’DFILE’,.]1]

PARAMETER:
Variable The variable that correspadds to the parameter.
Type The type constraint on the value of the parameter.
Subscript The applicable subscript ('nil’ if a single occurrence parameter).
Kind ~ Transparent (1) or hidden (h).
ind nsparent (t) or hidden (h)

Syntax name The name used in syntax expressions (applies only to those

parameters that appear in the ASL expressions).
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) t 4
. Frame The frame in which the porameter is introduced.
Ext. name The LESK noun phrase used in communications with the user

to refer to the parameter. This implicitly defines the grouping
of parameters (e.g., 'DFILE’ is the owner of *ALIAS’).

L4

Example: The information stored for the *ALIAS’ parameter.

Variable: 'ALIAS’
Type: file_name
Subseript: n
Kind: t

/Syntax name:  name

/ Frame: ['ACCESS’]

/ External name: [[the,alias,of,*],[["'DFILE’]]]

N

INDEX: ,
Parameter The name of the parameter.
Location_ An indicator of where the parameter is rgfercnced, e.g., ‘tcause’
for the antecedent side of a PT-rule.
Pointers A list of pairs consisting of a location of a reference to the

parameter, and an indicator whether the parameter is assigned a
value there (*?’) or is assumed to already have a value ('0’).
<~
. Example: The parameter 'OPT’ occurs on the consequent (i.e., effect) side
of PH-rules 'h7’ and 'h8’ in the 'ACCESS’ frame.

Parameter: 'OPT’
Location: heffect

Pointers: [[{[[’ACCESS’],h7],?),[[[’ ACCESS’],h8],7]]
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KEYWORD:
Keyword - An uppercase word.
Frame The 137&: in (vhich it 15 introduced.

Contexts A list of higher level syntactic components (nonterminals and/or

top level statement) where the keyword is used.

Example: The keyword "ALIAS’ that occurs in the *ALIAS part’ of the
*ACCESS’ statement.

Keyword: ’ALIAS’
Frame: [’ACCESS’]
‘ Contexts: ["ALIAS part’]

ERROR MESSAGE: : '
Code The code given to the error message.
Texr The actval message that QUIZ issues.

Explanarion The canned explanation.

v

Frame The frame in which the error message is introduced.

Example: The information stored for the ersor message that is issued in
case two files are given the same name.

Code: "ERRA2’

Text: [[Invalid,file,name],[]]

Explanation: {[file,names,are,not,unique,-,need,aliasing],0]
Frame: [’ACCESS’]

A\
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5.4. Query-Answerer

In this section, we will first describe the way the queries are built and issued.
Then, we will discuss the basic reasoning mechanisms, and approaches taken in

answering some types of queries.

5.4.1. Query-Building Mechanisms ‘ v,

=

As defined in Section 3.2.3, a QAUZ query consists of a set of assumptions,
(partial) QUIZ code, and a question. Assumptions and code are opu’ﬁnal (for
answering some types of queries, and even irrelevant, e.g., for syntax queries).
They provide background information that may apply to more than one question
p;:rtaining to the same situation. Therefore, QAUZ allows the user to deal with
each query component independently. This makes the query-building process both
easy and efficient. There is also help available at every point of a QAUZ session

at which the user input 1s expected.

5.4.1.1. Context Maintenance

The QAUZ interface provides the following commands that enable the user to,

enter, delete, or modify background information during the query-building process:

Update assumptions (a). When this command is selected, the set of
currently active assumptions is shown and the user is given an opportunity to
update the set by entering new assumptions and/or deleting some or all of the

active ones. As each new assumption is entered, it is passed to SEQAP for
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translation. If SEQAP detects either a lexical error (e.g., a word that is not

found in its lexicon), or a violation of syntax, the user is informed about the

error and the cnu'y'is ignored. An example is given in Figure 5.3.

> a :
ASSUMPTIONS:
1l T'EMP’ is a file
2 there is a selection condition
Update the assumptions: -
3 >nothing is reported
4 >'NAME’ an item
Illegal input - parsing failed
SEQAP: error{invalid vp, (an,item])
(input ignored)
4 >'NAME’ is an item
' 5 >del([2,3])
ASSUMPTIONS: ‘ L
1l 'EMP’ is a file
2 'NAME' is an item
3>

-

X

Figure 53. Updating Assumptions: An Example

When the user exits the update process (by entering <cr> alone instead
of a new assumption or a request), the updated set of assumptions is recorded

and considered active until a new change to assumptions is made.

Update QUIZ Code (c). When this command is entered, if the context con-

tains active code, the code is displayed and the user is prompted to select one

¥

,i.‘s,g;
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of the following threc actions: keep, delete, or replace the code. If the user
chooses to replace the code (the same applies when there are no active state-
ments to start with), he/she is asked to enter a new sequence of statements.
In order to prevent incorrect sequencing of statements in the code, the user is
not allowed to delete individual statements. JAs each statement.is entered, it is
verified that its first word is a valid initial keyword for a statement. Further
anal.ysis of the statement 1is defern:d. until the quc;y-answcring process

requires it. An example is given in Figum 5.4.

QUIZ CODE:
ACCESS EMP
REPORT NAME
tion? (<cz>=keep, r=replace, d=delete) > x
ter vour QUIZ code:
>> ACCESS EMPLOYEES
>> SELECT IF DATEl GT 870101
>> RPRT ALL
Not a statement (input ignored)
>> REPORT ALL
>>

Figure 5.4. Updating QUIZ Code: An Example

Another way the user can replace the code is by ¢ntering 2 statement of

the fellowing form-among the assumptions:
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I used "<stmtl>;<stmt2>:..."

The statements are processed in the same wéy as when entered through the
code update command. Figure 5.5 shows an example of the use of this

feature.

> a .
ASSUMPTIONS:
1 'EMP’ is a file
2 'NAME’ is an item
Update the assumptions:
3 >I used "AGCESS EMP; REPORT ALL" |
© ACCESS EMP
REPORT ALL
{the above code is now in effect)
3 >therxe is a wraparound
4 >.

-

Figure 5.5. Updating QUIZ Code Through Assumptions: An Example

]

Show assumptions and code (s). Sometimes during the consultation, tie
user needs be reminded of the cumently active background information.
Although this can be done through a t:ombinatiox::f the commands écscdl;cd
abovc,l QAUZ provides a more convenient command that lists all active

assumptions and QUIZ statements, as shown in Figure 5.6.
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> s
ASSUMPTICONS: "
* YEME’ is a file
"NAME’ is an item
there i1s a wraparound
QUIZ CODE:

ACCESS EMP
REPORT ALL

-

Figure 5.6. Showing Assumptions and Code: An Example

Delete all assumptions and code (d). Just as the above comrmand provides -
- the user with an easy way to see the background information, the delete com-

mand can be used to clear the background when the user wants to start build-

ing 2 new query that is unrelated to the previous ones.

If a set of assumptions applies to0 a sequence of consecutive queries, it is
desirable to avoid repeating the basic portion of its anal};éis. Therefore, an indica-
ntor of whether or not the set of assuggptions is ’new’, or 'old’ (i.e., has been
already analyzed within another query), is added to the context. A separate indica-
tor with the same purpose is maintained for the QUIZ code component of the back-

ground.
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5.4.1.2. Issuing a Question

When the user dccid-cs that the background information is spcci-ﬁcd as desired,
he/she ‘enters ;1 quéstion through the ’q’ lc:ommand, or by typing in the question
dirf:ct.l\yL at the command level. The former method is more convenient for a novice
user because some help for formulating the question is available at the next level
prompt. The question is translated by SEQAP into the same form as the assump-

tions, with the addition of the question type.

The following is the list of accepted question pattems:

(WHY) Why ...7

(WHY NOT) Why ... not ...2

(ERR) Why did I get the error mcs.sagf: el
(HYP) What happens if I use ...7
(WHEN) When is it true that ...?

A (SYN1) What is the syntax of ...? \
(SYN2) What is the complete syntax of ...? ’
(SYN3) What is ... a component of? .
(SYN4) Where is ... used?

(SYNS5) What are the different kinds of ... statc}'nent?
(SYN6) What kinds of staternents are there? /

=

A successful translation of the question completes the query-building process. The

answer-generator is invoked at this point to answer the query.
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The answcﬁng strategy that corresponds to the individual question type is dis-
cussed in the remaining sections of this chapter and in Chapter 6. An example of
a complete QAUZ query-answering session is given in- Appcndix B.

\I. g

5.4.2. Deduction Engines

For answering various typcs of queries, the system needs the ability to both
make conclusions based on individual pieces of information contained in the query,

and to reason about .their interactions. In order to determine the effects of the

code, and to deduce the causes of the report characteristics, the answer generator

requires the appropriate reasoning mechanisms based on forward and backward

chaining of rules, respectively. In this section we will destribe the major aspects

of the implemented mechanisms.

5:42.1. Code Analysis = Parsing + Forward Chaining
%

Whenever a query-answering strategy requires knowlc;igc about the code that
is used in a given situation, the code analysis mechanism is invoked. It processes
the supplied QUIZ statements sequentially, and makes conclusions about the effects
each of them has on the result The analysfs of an individual QUIZ statement
combines parsing with reasoning about the effects of each fragment of the parse, as
shown in Figure 5.7 apd described below. A trace of the analysis is offered as the

answer to the "HYP’ type of queries.



- 116 -

QUIZ
Code

FORWARD
W —e—————
PARSING . REASONING

Chaining of rules

T T

| [

I y
PH—Il'ules R—rlules

f 1

M| I~

g l

| !

| !

! ] !

CONELUSIONS
v J’ v

[ DYNAMIC DATABASE

‘,_,__/

Figure 5.7. The Code Analysis Process
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5.4.2.1.1. Parsing QUIZ Statements :

The parsing process is driven by the augmented syntax contained in the
appropriate frame. Inidally, the appropriate frame is the ;E“)'i) level frame for the
(most general) statement type to which the :"givcn statement belongs. It is deter-
mined by the initial kc;fword of the statement. As discussed in Section 5.3..3., the
full syntax of the statement is represented at three levels: statement level (the ’syn-
tax’ slot), component level (the ’sequence’ slot), and rulc_ level (the ’antecedent’
slot for PT-rules). The ASL c;nponcnts represented at a lower level are retrieved
\;rhcn required. th_n and if the parsing reaches the point in the augmented syntax
at which it can be concluded that the statement is of a more specific statement ,
- type, the process continues guided by the syntax from the appropriate subframe.
After the statement has been successfully parsed, the last (i.e., the lowest level)

frame applied determines the actual statement type.

A SuCC-f;.‘,-S“Sful parsing step, done based on an ASL terminal that contains a
variable, results in the assignment of the value to the corresponding parameter.
The knowledge base contains inf:nnation about parameter types and contexts in
which they may occur. The analysis of an instance of a statement, however, has to
deal with individual occurrences of parameters. Therefore, as a variable is encoun-

tered in the ASL terminal, a new parameter is created and is assigned the value

obtained from the input.

An occurrence of a parameter is uniquely and uniformly identified by an

integer subscript and a qualifier. The qualifier consists of:
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1) the (unique) label of the statement being parsed, and

2) the shortest sequence of (subscripted) parameters, constructed based on
F

the ownership hierarchy and the context of the parameter.

-

For example, 'ALIAS’ needs only the statement label as the qualifier, while
TTEM’ i "SELECT’ statement, rcqui_;cs either '"CONT’ or '"EXPR’, in addition

to the statement label (because it can appear in more than one component of the
|
condition).

5.4.2.1.2. Applying Rules
As discussed abbve, the parsing process uses the antccczlcnts of regular and
¢
error PT-rules. Whenever a parsing step based on the antecedent of a rc&rlar PT-
rule is completed, either the rule itself is fired (if the antecedent does not end with
an option, or the option is present in the statement), or the corresponding default
PT-rule is fired (otherwise). The consesquent of tﬁe rule is instantiated, and the
obtained statement is added to the set of conclusions. “This may Initiate a rule
chaining process in which PH-rules and/or R-rules are fired, adding more conclu-
sions about the effects of the code, as shown in Figure 5.7. Thus, forward reason-

ing in QAUZ can be viewed as a side effect of code parsing.

-~

In order to prevent a combinatorial explosion, forward chaining with R-rules

is limited to a certain number of steps (3 in the implemented QAUZ prototype).

The antecedent of each error PT-rule ends with a condition. When, while
)
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L
parsing, a condition is encountered in the ASL expression, it is instantiated, and

one of the following situations arises:

a)

b)

d)

&

~

The condition is found to be satisfied because it matches an assumption.

LY

The statement is labeled "ASSUMED’.

The condition is found to be satisfied through actual verification. This
process involves procedural knowledge and should be performed by
invoking the procedural compo;cnt of the Advisor. Since this component
was not pianned to be implemented in the initial Advisor prototype, 2 set
of simple verification modules (e.‘g., for vcrifyiﬁg that a file name is
uhiquc) has been created(within the QAUZ prototype. The statement is

labeled *VERIFIED .

The condition contradicts an assumption, or its negation can be verified.
In such a case, the corresponding error PT-rule is fired, resulting in the
conclusion that a particular error message is applicable. The parsing of

the statement is terminated.

-

There is not enough information to determine whether the condition is
satsfied or not. Therefore, its truth value remains unknown and the

statement is labeled "UNCERTAIN’.

5.4.2.1.3. Model of QUIZ Code

A trace of the reasoning described above is kept in a dynamic database that,
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like the knowledge base, consists of Prolog unit clauses. There are three major

types of recorded information:

1) QUIZ statements, numbered sequentally and labeled ’active’ or ’can-

celed’ (as described in Section 5.4.2.1.5.);
2) parameter-value pairs (for all created instances of parameters):
3) asequence of conclusions.

With each conclusion in the database, the following information is recorded: its
origin (e.g., the rule number), the QUIZ statement it applies to (the statement
number), and its type (e.g, ’stmt’ for the conclusion about the type of the QUIZ

statement).

The portion of the dynamic base created through parsing and forward r.ca50n-
ing can be thought of as an internal model. of the analyzed code. In the query-

answering context, it will be referred to as the C-model.

5.4.2.14. Answering "HYP’ Queries

—

The question patterns for hypothetical HYP’) queries are:

What happens if I use "<stmtl>;<stmt2> "7
and

What happens if I use the code?

In the latter case, the code is assumed to be the one currently active (if there is
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none, the iaterface prompts the user to enter the code). In both cases, however, the
- .resulting query conmsists of a sequence of QUIZ statements (the code), and an
optional set of assumptions. The question, although present, is ignored after being
processed ‘by SEQAP, siqccfit does not contain information other than the question

type ('LIYP"), and the code (the first pattern only).

"The answering sjrategy for this lt},rpc of query is based exclusively on the
analysis\of code, as it is described in the previous sections. The code analysis
mccharﬁsfh can be used in two modesr with an easy-to-follow trace of the process
displayed to the user, or without the trace (in both cases the C-model is con-
structed). The former is used for answering 'HYP' queries, while the latter is
applied as a step in ans“;cring some of the other types of queries (where the C-

-
model contributes to the answer, but its details are not of interest to the user).

.
>~

Figure 5.8 shows an example of an answer to a- "HYP’ query. The conclu-
sions are numbered and displayed to the user in the order in which they are arrived
at. Chaining of rules is shown explicitly (’therefore’ and iﬁdcntaﬁon are used to
show chaining) to better indicate the causal relationships.  Each §9ﬁdiﬁon is

labeled *ASSUMED’, ?_VERIFIED’, or "UNCERTAIN’, depending on the result of

its evaluation,

The content and the format of answers to "HYP' queries are particularly suit-

4
able for beginning-level users. These answers provide instant and detailed feed-
back concerning the effects of the code, thus increasing the user’s understanding of

the language, as well as teaching the user the proper QUIZ terminology.
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<Assumption: ‘BILLINGS’ is described in the dicticnary as a file>

> What happens if I.use the code?

ACCESS EMPLOYEES ALIAS STAFF LINK TO BILLINGS QPTIONAL
SELECT IF DATEJOINED GT 810101
REPORT ALL

Analyzing: ACCESS EMPLOYEES ALTAS STAFF LINK TO
BILLINGS OPTIONAL (ST1)

(1) EMPLOYEES is described in the
dictionary as a file (UNCERTAIN)
(2) STAFF is the alias of EMPLOYEES
(3) STAFF is a unique file (VERIFIED)
(4} STAFF is a chla:ed file, therefore
(5) STAFE i3 an accessible file >
{6) recoxds of STAFF are required
For file 2 ' -

N BILLINGS is described in the dicticnary as
a file (ASSUMED)

{8) BILLINGS has no alias

() BILLINGS is a‘-unique file (VERIFIED)
{10} BILLINGS ic a dedMared file, therefore
{(11) BILLINSS is an accessibla file
{(12) BILLINGS iz a subordinate file, therefore
(13) a link Zfor BILLINGS is established

-threough an internal procedure
(14) records of BILLINGS are optional

{15) STAFF is the primary file
(16) STl is an ‘ACCESS with a LINK_TO option® statement

Analyzing: SELECT IF DATEJOINED GT 810101 (sT2)

(17) DATEZJOINED is described in the dictionary,

as an item (UNCERTAIN) '
(18) a default for the qualifier is used, therefore
(19) the qual®ier is detemmined threugh an

s internal procedure
(20) <the type of DATEJOINED is equal to the tvpe

of 810101 (UNCERTAIN)
(21) there is a selection conditicn on record complexes
(22) $T2 is a *SELECT IF’ statement

Analyzing: REPORT ALL (ST3)

(23)  all recorzd_items are requested for':eporting

- (24) ST3 is a "REPORT with the ALL_option’ statement :

Figur: 5.8. Answer to a "HYP’ Query: An Example y

N
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5.4.2.1.5. Truth Maintenance

Expert reasoning is often nonmonotonic. That is, it requires the making and
retraction of assumptions [Hayes-Roth et al. 83]. Truth maintenance is the process
by which an expert system, in response to new information, revises its current set
of assumptions (or Peliefs) in order to avoid contradictions (see, for exanple,
. [Doyle 79]). This process typically involves backtracking in which inconsistencies
are traced back to the inferential steps that created them. Such a process requires
the system to keep, for each belief, a dependency record that consists of the belief

and its justification in terms of an inferencs rule and other beliefs.
H

In the system like QUIZ, which processes statcments sequcnr.ia]_l} and updates
the partial .model of the report accordingl?, cac;h statement conveys new informa-
tion. The order in which the statements appear within a QUIZ program (between
"ACCESS’ and 'GO’) is&_irrelcvant as long as the program contains at most one
instance of each of the general statement types (assuming that *SELECT with a file

option’ statements for different files are considered to be of different types). Oth-

erwise, each statement cancels the previous statement of the same type, while an

"ACCESS’ statement ¢

s all preceding statements. In order to account for this

, QAUZ has a simple truth maintenance mechanism that cancels a *
statement by changing its status from ’active’ to ’canceled’, and removes all con-
clusions made based on the presence of the statement. Figure 5.9 shows the

answer to a hypothetical query regarding a piece of code that contains canceled

statements.
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Another component of the system that could require a truth maintenance
mechanism is the code aﬁalysis process. Parsing (Mini)QUIZ is deterministic
except for a 'REPORT with a report group’ statement containing one or more

occurrences of the "SKIP _part’ (e.g., the role of that component in 'REPORT X

SKIP PAGE Y’ and 'REPORT X SKIP PAGE’ is quite different, as demonstrated .

in Appendix B). Trying to keep the parsing process simple, whiie not compromis-
ing the quality of an answer to a "HYP’ query, we decided to treat all conclusions
about -any repeated entry (such as a 'report_group”) aé tentative until its parse is

completed. If it succeeds, the conclusions are confirmed (and shown to the user, if

' appropriate), else they are ignored.

r~
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ey

> What happens if I use the tode?

ACCESS EMPLOYEES

ACCESS EMPLOYEES ALIAS -STAFF
LINK TO BILLINGS OPTIONAL

REPORT LASTANAME

SELECT STAF

REPORT ALL

Analyzing: ACCESS EMPLOYEES (ST1)

(1) EMPLOYEES is described in the
dictionary as a file (UNCERTAIN)

(8) STl is an "ACCESS without 2 LINK_TO_ option’
statement

Analyzing: ACCESS EMPLOYEES ALIAS STAFF
‘LINK TO BILLINGS OPTTIONAL (ST2)
NOTE: All previous statements are canceled!

(1) EMPLOYEES is described in the dictilonary
as a file (UNCERTAIN)

(16) ST2 is an "ACCESS with a LINK_;O_ppticn’
statement

Analyzing: REPORT LASTANAME (ST3)

Foxr report_item 1 :

(17 a default for the tab_column is used, therefore

(18) the tab _column is determined
througp an internal procedure

(30) ST3 is a 'REFURT with a report_group’ statement

Analyzing:. SELECT STAF (ST4)

-

{31) error message ERRS1 is issued:
" Expected : file IF eol”
{The rest of the statement is ignored)

Analyzing: REPORT ALL (ST5)
NOTE: S$7T3 is canceled!

(32) all record_items are requested for reporting
(33) STS is a "REPCRT with the ALL option’ statement

Figure 5.9. Canceled Statements: An Example
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5.42.2. Backward Reasoning: Exploring LESK Statements °

. Given a LESK statement, the backward reasoning mechanism of QAUZ can
be invoked to establish links between the statement and all those features of QUIZ
code that are potential causés of the state described by the statement. In query-
answering, it is used whenever an applied Strategy calls for exploratioz{ of an

assumption or 1 question.

We will first discuss the mechanism in some detail, and then describe how the
structure it builds can be used for answering "WHEN’ type of queries. The role of

backward reasoning in answering other types of queries will be discussed in the

next chapter.

5.4.2.2.1. Deduction Tree of a Statement

Backward reasoning from a LESK statement creates an AND/OR' tree which
represents all possible .ways the truth of the statement can be established. The root

of the trce is the statement itself. Other nodes, each for one step in backward rea-

soning, are generated as follows:

<

a) Determine Relevant Rules. A set of relevant rules is determined by the
parameters contained in the statement, and the index part of the
knowledge base. For the root, the type of the statement is an additional
constraint (for cxarnplez only ’decr’ and ’prop’ quantity-related rules can
be relevant to a statement that refers to a ’small’ number of certain

1

objects).
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b) Determine Applicable Rules. The statement is matched against the con-
sequent of each of the relevant rules (the internal representgtions of state-
ments (produced by SEQAP) are matched). The obtained set of appljca- *

ble rules represents all alternative ways the statement can be established.

For each such rule, an AND-node is generated as a child of the statement

node.

¢) Apply the Rules. Each AND-node generated in the ;previous step is

expanded .by generating a child OR-node for each of the statements con-

tained in the antecedent of the rule,

¢ Further reasoning is done by expanding each of the newly created OR nodes
through the application of the above three steps, and continuing the process until
no more nodes can be generated (i.e., until none of the leaf nodes matches the con-
sequent of some rule). The resulting tree is termed the deducrion tree of the origi-
nal (root) statement. Each leaf node that is generated as a result of an application
of a PT-rule contains an ASL expression that defines :':1 feature of some QUIZ state-
ment. As an example, the deduction tree for the statement “the column heading is
set to th‘c dictionary heading” is shown on Figure 5.10 (conjunctions are indicated

by arcs). The nodes are numbered as génerated.

The nodes of the deduction tree are represented in the dynamic database as
Proloig unit clauses. In addition to the node number and the cor.m:nt, (i.e., a LESK
ﬂstatcmcnt or an ASL expression (OR-nodes), z;nd the rule number (AND—nod_es)),
the arguments of the clause include parent and children pointers, and other infor-

mation useful for efficient retrieval of nodes that have certain characteristics (e.g.,
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1 HSTR is set to the dictionary_heading of [TEM

.2 [rphase,17] '

- 3 all record items are requested for reporting

12 7 REPORT with the ALL_option’,t1]
l*—13 "REPORT with the ALL_option’ stmt

~—4 RCITEM is an zccessible record_item
l— 5 [rphase,3]

6 RCITEM is a declared record_itemn
l— 7 [rphase,2] o
ES RCITEM is a record_item of FILE
9 FILE is a declared file
14 [ACCESS’ 1]
15 first file declaration, ACCESS
- 16 ['ACCESS’t7]

Ll’? subsequent_file declaration,
"ACCESS with a LINK_TO_option’

L—10 ['REPORT’,h2]
[—11 a default for HSTR is used -
—18 [’REPORT’,t11]
l— 19 "HEADING_part’,’REPORT with a report_group’

Figure 5.10. The Deduction Tree of a Statement: An Example
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rule type, node type).

5.4.2.2.2, Reasoning Based on Generalization

The Advisor team has been &cvcloping a hierarchy o-f ‘activities’, one of the
two major kinds of topic the "HDI" module recognizes %thc other kind is 'objects’).
This hierarchy can be used by the QAUZ reasoning mechanisms as E‘ iaasis for
application of the following reasoning rule: If a statement containing activity X
holds, so does the statement obtained by replacing X by its superactivity (since
generalization preserves the truth value of a statcx:ncnt). If an OR-node cannot be
expanded using the rules from the knowledge base, an attempt ¢an be made to

expand it through the above rule. Since in the inidal version of the prototype the

two modules are not integrated, to demonftrate this feature, we have implemented

the following simple hierarchy:’

establish

i ]
T -+

l | ]

specify set determine

=4
T

Those nodes that are generated this way but that can not be further expanded

are removed from the tree when the reasoning process is completed.

Examples of answers based on deduction trees that contain nodes generated

through the generalization rule are given in Appendix B.
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5.42.2.3. Answering "WHEN’ Queries

J
R

A "WHEN’ query is ‘& query with a question of the following form:

"When is it true that ...7"

A
Any active assumptions or code are ignored (but not deleted from the context).

This question pattern was not found in the analyzed sample of real questions, but
we believe that it should be available: it shows the user all possible causal links
between the code and results, outside the contex't of a specific problem. This is par-
ticularly useful when the usg,r'is puzzled by the answer to a "WEHY’' or "WHY
NOT’ query. Answering involves only the generation ofla deduction tree (often
already avaiiable from a previous. query), and a convenient display of its content.
This type of a question is also usc{ul to the knowledge engineer for the examina-

tion of the knowledge base contents and experimenting with it.

~ The display of the deduction tree is a formatted trace of its preorder traversal.
The level of each node is indicated through proper indentation. An example of a
"WHEN’ query is given in Figure 5.11. The statement contained in the question is

the same as the one used in the example of a deduction tree (Figure 5.10).

Nodes that contain LESK statements are present;d in a natural language form
generated from LESK through recursive substitutions of external names for param-
eters. Simple linguistic rules are used to insert articles where appropriate. Some
sentences may seem rather long, but this is the price to be paid to avoid potential

ambiguities.
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> When is it true that the column headlng is set to
the dlct-ona*y h€ading?

the column_ heading of a report item is set to the
dicticnary_heading of an item, -
CONSEQUERCE OF:
all record_items are requested for reporting,
CONSEQUENCE OF:

using "REPORT with the ALL option’ statement

-

AND

a recorcd_item is an accessible record_item,
CONSEQUENCE OF:

the record item is a declared record_item,
CONSTQU“NC? OF:

the record item lS a record_item of a file

AND
s the file is a declarxed file,
' ’_& CONSEQUENCE OF:
using first_file declaraticn
4 in "ACCESS’ statement
OR

using subsecuent _file_ceclaration
in LINK TO_par

in 'ACCTSS wﬂth a LINK_TO_option’

statement
OR

a default for the column heading of the
report_item is used,
CONSEQUENCE OF:
using format_part without HEADING jart
in report_ item
in rebort ltems
in report_g*oup
in “REPORT with a report_group’ statement

L

Figure 5.11. Answer to a "WHEN’ Query: An Example

~ \
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A leaf node that contains an ASL-expression is represented by a description
of the syntactic feature (e.g., ’format_part without HEADING _part’), followed by

the context it appears in, up to and including the appropriate statement type.

5.4.3. Answering Syntax Queries

Queries about the syntax of QUIZ have nothing to do with reasoning about
causal relationships present in the language. However, since syntax is explicitly
X ‘

represented in the QAUZ knowledge b.asc, this module has the basis for answering

Syntax queries.
3 q N &

b \

)
\_ Mechanisms havé\bcgn implemented to provide answers to all six types of
syntax questions (a query consists only of the question). Syntax is presented using
the conventions from the QUIZ manual. The following information is contained in

the answer for each of the question types' (’se’ is a syntactic entity; ’st’ is a state-

ment type):

SYN1 Question: [“What is the syntax of <se>?"

Answer:  The top level syntax of the endity. If the entity is a terminal,

its type is displayed (e.g., a keyword).

SYN2 Question: "What is the complete syntax of <se>?"
™

Answer: The full syntax tree of the entity.

SYN3 Question:: "What is <se> a component of?"



Answver:

SYN4 Question:

Answer:

SYN5 Question:

Answer:

SYN6 Question:

Answer:
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The parent(s) of the entity, i.e., the immediate context in

which the entity may appear.

"Where 15 <se> used?”

The ancestor(s) of the entity, i.e., the full context in which the

entity may appear.

"What are the different kinds of <st> statcmglt?“

The subtree of the statement hierarchy below the specified

< - \\
statement type.

"What kinds of statements are thera?”

The complete hierarchy of statement types.

A

&
Some examples of typical questions and answers are presented in Figure 5.12.

M?:: examples can be found in Appendix B.

i
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> What are the different kinds o£"ACCESS statement ?

ACCESS
ACCESS with a LINK_TO_option
ACCESS without a2 LINK_TO_option

> What is the syntax of ACCESS statement ?
ACCESS first_file_declaration [LINK TO _pact]...
> What is the complete syntax of ACCESS statement ?

ACCESS
first_file_declaration
file_declaration’
file
[(ALIAS part]
ALIAS *
name
(LINK_TO part]...
LINK
TO °
subsequent_file declaraticn
file_declaration
file
[ALIAS part]
ALIAS
name
[OPTIONAL part)
OPTIONAL
*
. > What is file_declaraticn a component of ?
first_file_declaration
subsequent_Zile_declaration

> Where is file_declaration used ?
. ) *file_declaration’ is

in=-> first_file declaration
in=-=> "ACCESS’ statement
in-=> subsequent file declaration
in=--> LINK_TO part
in--> "ACCESS with a LINK_TO option’
statement

Figure 5.iZ. Answer to a "SYN’ Query: Examples
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6. QUERY-ANSWERING STRATEGIES

6.1. Answering "'WHY’ Queries

A WHY’ query consists of a positive (i.e.,, unnegated) question and of
optional background information supplied as a set of assumptions and/or QUIZ

L

code. An answer to such a query is produced in two phases. First, the information
submitted by the user is analyzed and a causal model of the query (the Q-model) is
built. Next, an appropriate answer is delivered to the user, unless no causal ‘

knowledg€relevant to the question could be found in the knowledge base.

6.1.1. Phase 1: Building the Q-model

The algorithm that provides a basis for answerifig "WHY’ queries consists of

the following six major steps (the code analysis process described in the previous

chapter will be referred to as "parsing’, for short):

(1) Create initial D-models of assumptions
(2) Create the initial D-model of the question
3) Prc;pa.rsc evaluation \B
(4) Parse code

(5) Post-parse evaluation

(6) Prune-evaluate-propagate loop

This process normally terminates after all six steps have been successfully

completed, but a premature termination occurs as soon as an error has been
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Assumptions, Code, Question

S

(Creating the initial Build/restore the deduction tree
D-model for each !

assumprion and the . Assign the truth value to the root
question) :

(Pre-parse Propagate values downward
Evaluation)

( Pﬁrsing Code) Create the C-model

Falsify terrlm'nal nodes

(Post-parse Affirm terminal nodes
Evaluation) i

Propagate values upward

Remove false subtrees

(Pruning-evaluation- - Propagate values downward
propagation Loop) |
Propagate values upward

Evaluate through matching
' ’

|

Q.h' e Q-model
(D-models, C-model, indicators)

Figure 6.1. Building the Model of a.Query (the Q-model)
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detected in the QUIZ code or the system has determined that the query contains

contradictory information.

The process of building the model of a quefy is presented in Figure 6.1. In
the remidinder of this secton the individual steps of the algorithm will be

described.

6.1.1.1. Creating Initial D-models of Assumptions

The initial D-model (or deduction model) of an assumption is an AND/OR

tree built in the following manner:’ ,

a) The deduction tree is built for the positive form of the statement using the

. backward deduction mechanism described in the previous chapter.

™~

b) The root node of the deduction tree is labeled according to the sign of the ori-
ginal statement: 'true’ if the statement 1s positive, 'false’ otherwise (i.e., if the

main vero is negated).

¢) It is verified that the statement does not contradict any assumption. A con-
tradiction is detected if the given statement and some assumption form a pair

. _of statements that satisfies one of the following two conditions:

1) The statements match but the assigned truth values are different (e.g.,
’the file has an alias’ and ’Lh;‘: file does not have an alias’ are two con-
tradictory statements). There are two pairs of contradictory quantifiers:

’no’ - ’all’. and 'no’ - 'nil’ (’nil’ is the default quantifier).
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>

2) The statements have the same truth values and their translations match
except for the contradictbry quantifiers (e.g., ’all report complexes are

printed’ and 'no report complexes are printed’ are contradictory).

An initial D-model is built for each assﬁzrion as described above and the set
of resulting models is saved in case it is to be Used later. If the initial D—modclslof
assumptions have been built already, then they are restored rather than built again:
this typically bappens when the same set of assumptions has been used in the con-

text of anothersquery and has not been changed since.

6.1.1.2. Creating the Initial D-model of the Question

4

the initial D-model of a positive assumption.

The initial D-model of a "WHY’ question is built in much ths ame way as

6.1.1.3. Pre-parse Evaluation

The initial D-model of a LESK statement (.., an assumption or the question)

resulting from the above two steps is an AND/OR tree with the root labeled

or 'false’, while other nodes have no truth value assigned. In this step, each initi
D-model 1s partially qvaluéted by propagating truth values from the root towards
terminal nodes. Thé propagation is done systematically by preorder traversal of the
model tree. This is the first step towards transforming the initial D-model of a
statement into a structure that will be the model of the statement within the model
of the query. We will refer to intermediate versions of the model as the evolving

D-model of the statement.

™~
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6.1.1.4. Parsing Code

If the code and assumptions have not been changed since the last time parsing

was done, there is no need to perform this step of the algorithm. Skipping this step

-

. .

should, normally, save a lot of time during a question-answering session since it is
natural to expect more than one question about the problem at hand based on the

same’ background information. To make this saving possible, we have introduced *

¢

the restriction that the question may not affect the code parsing process. The g~ '

verification of conditions related to the code can, however, use evolving D-models -

of assumptions as an external source of information. .-

The model of QUIZ code built in this step is called the C-model of the qucryh.

- 6.1.1.5. Post-parse Evaluation

Evolving. D-models of assumptions and the question are further revised using
information obtained from the examination of the ;upplicd QUIZ staternents as
described below. This step is skipped if no code is given in the query.

2

-

Falsifying. Terminal Nodes. As the final conclusion in parsing an.individual
QUIZ statement, the system decides the type of the statement (e.g., 'ACCESS
A LINK TO B’ is an instance of an 'ACCESS with a LINK_TO option’ state-
ment). Due to the non-procedural character of QUIZ,‘ at most one statement

of each general statement type is active. We can, therefore, affirm or falsify

some terminal nodes of the evolving D-models.

A
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Each terminal nodc that is generated through an application of a Parscr
rule- always refcrs to thc relevant statement type. If there is a statement type
in the code that is different from the statement type associated with thc termi-

nal node, but both are kinds of the same top-level QUIZ statement type and

none is a superstatement of the other, the terminal node can be falsified. For
. example, if the c.odc contains an ’ACCESS without a LINK_TO option’ state-
ment and the evolving D-model of an assumptidn/question has :;*. terminal
node that suggests the existence of an ACCESS with a LNK_T(S option’
statement, we can proceed by labeling that node as 'false’. There is an excep-
tion to the above with regards to 'SELECT’ statements: the program may
have a "SELECT without a file_option’, and a 'SELECT with a file_option’
for each declared file. An easy way to deal with this exception is to treat them

as separate top-level statement types.

A terminal node can also become falsified if the node has been generated
using a certain Parser rule, and the code contains a statement of- a type to
which that rule is relevant, but the C-model indicates that the rule has not
.been used. The only statement type to which this falsification rule does not
always apply is the *SELECT with a ﬁle_;option’, because it may have multi-

ple occurrences, not all of which are supplied as evidence,

Affirming Terminal Nodes.. A terminal node is affirmed (i:c., assigned the
truth value of 'true’) if it has been generated by a rule used in parsing, pro- .
vided that parameters are not ambiguous. An ambiguity arises if a’parameter

Has multiple occurrences in the code provided by the user and there is not

s
'
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enough information in the rest of the query to decide to which occurrence the

node should refe;.

-
\

Upward Propagation. Truth values assigned in the previous two stcps to ter-
minal nodes of evolving D-models are propagated towards the corrcsporldmg
roots. Thc propagauon is done by postorder traversal of cach tree. A con-
tradiction is dctcctcd whcn an attempt is made to propagatfj: a value to a
parent that already has the opposnc value.
S -
6.1.1.6. Pruning-Evaluation-Propagation Loop

The following sequence of steps is performed until an iteration fails to make

any changes to evolving D-models of LESK statements: (

A~

a) Remove false subtrees

b) Propagate truth values downward

¢) Propagate truth values upward

d) Evaluate through matching-.. : J '

The individual steps are discussed below. The execution of the loop must ter-

minate because both the total number of nodes and the number of unlabeled nodes

are nonincreasing within the loop.

Removing False Subtrees. After being partially evaluated in the previous
sieps, each AND/OR tree is pruned above false nodes that have a non-false

fnarcnt node. This can be justified by ].hc fact that the eliminated subtrees

L,

L}
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would not contribute significantly to the answer while. their presence burdens

the reasoning process. b

Downward Proﬁagation. This is the same proéess that was used in the pre-
parse evaluation. HO\:VCVCI‘, in contrast with that earlier step, a check for
potential cont‘_sadictions Is now necessary. A contradiction is detected during
this propagation process when an attemp: has been made to propagate a value

to a child node already assigned the opposite value.
Upward Propagation. This is the same value propagation process as that

- r
used in post-parse evaluation.

Evaiuation through Matching. For each OR-node that stll has no truth
value, an attempt is made to assign a value to the node by finding an
affirmed/falsified matching node in another evolving D-model or a matching
node in the C-model. Matched are translations of LESK statements associated
with the nodes. Once the truth value of the node has been changed, both its
parent node and its children nodes are checked for contradiction. If a code is
not given as part of the query, this evaluation step is performed immediately

after the removal of false subtrees (for efficiency reasons).

6.1.2. Phase 2: Delivering the Answer

The final AND/OR tree created for a LESK statement (an assumption or a

question) in the first phase of the query-answering process is the (final) D-model of
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the statement. The triple 'consisting of the set of D-models (oi assumptions and the
question), the C-model, and 2 set ¢f indicators describing the course of the process

(e.g., contradiction indicator) is the model. of the query or the O-model.

In the second phase, the system generates an answer to the query depending

on the characteristics of the obtained Q-model. ) !

6.1.2.1. Regular Answer

The optimal case in answering a "WHY’ query is one in which QUIZ code
has no errors, the query is consistent, and the knowledge relevant to the question
has been found in the knowledge base. In such a case the D-modcl of the question
is an ANDIOR tree with the root labeled ’true’ and with each of the remaining
nodes either labeled ’true’ or left unlabeled. This will be illustrated through an
e-xarnple. Suppose that the user sﬁpplics the evidence that he/she used the

"REPORT ALL’ statement, gives no other background information, and asks the

following question:

"Why is the column heading set to the dictionary heading?"

.

A trace of the reasoning process performed in Phase 1 to build the deduction tree
for the question statement and transform the tree into the D-model of the statement
is ‘shown in Figure 6.2. The resulting D;model is pr;esenmd in Figure 6.3. An
indicater of the step that assigned the value to the node is included in the label of
the node (‘upward’, ’downward’, and ’code’ denotir;g upward propagation, down-

ward propagation, and assignment based on the C-model, respectively). It embo-



Applying reporter-rules to the question
Applyving parser-rules
Assigning truth values to roots
true: HSTR is set to the
dictionary heading of ITEM (1)
Pre-oarse evaluation
Downward propagation
Parsing code
Post-parse evaluation
Assigning truth values to terminal nodes
false: wusing format_part
without HEADING part (19)
true: using "REPORT with the ALL_option’
‘ statement (13)
Upward propagation ' \T)
_ true: [REPCRT with the ALL optien, tl] (12)
true: all record_items are *ecLesteagﬁo:
reporting (3}
false: [REPORT, t11] (18)
false: a default for HSTR is used (11)
false: [REPORT, h2] (10) °
Pruning-eval-propagation loop
Removing false subtrees
above: [REPORT, h2] (10)
Deownward propagation
true: [rphase, 17] (2)
true: RCITEM is an accessible record item (4)
true: [rphase, 3] (5)
true: RCITEM is a declared record item (6)
true: [rphase, 2] (7)
true: RCITEM is a record item of FILE (8)
true: FILE is a gdeclared file (9)
Upward propagation
Removing false subtrees
JEyvaluvation based on matching

Figure 62. Trace of Building the Q-model: An Example
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HSTR is set to the dxctxona:y _heading of ITEM

lirue OOt}
) 2 [rphase,17] -

{true downward}

3  all record items are requested for reporting

Iirrue,upward 3 n

12 [’REPORT with the ALL _option’ t1]
Iirue Jupward}

13 'REPORT with the ALL option’ stmt
{true,code}

— 4 RCITEM is an accessible record item
~ [itrue,downward}

(‘
5 [rphase,3].

{true ,downward}

6 RCITEM is a declared rccord item
litrue downward}

7 [rphase,2]
{true,downward}

8 RCITEM is a record_item of FILE

{true downward}

9 FILE is a declared file
{true downward}

~—14 ["ACCESS’ t1]

—16 ['ACCESS’t7]

17  subsequent file declaration,

ST

15 first_file declaration, 'ACCESS’ SU?KI

A\

’ACCESS with a LINK_TO_option’ stmt

Figure 6.3. The D-model of a Question: An Example
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dies an adequate explanation of why the question statement is true in the context of

the query. Therefore, it is offered to the user as the answer. The tree is displayed
b

~in the same format as the answers to "WHEN’ queries (Secdon 5.4.2.23.). The

actual answer to the above example is shown in Figure 6.4.

The nodes for which there is not enough information to establish the truth
valu;e (i.e., the ones that remained unlabeled) are indicated by ’(?)’. They could‘ be
omitted in the answer, but their presence gives the user additional useful informa-

| tion: in our example they point ’to some relevant elements of QUIZ code that were

not supplied with the query.
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CODE: <:’ s !
< REPORT- ALL z

> Why is the column heading set to the dictionary heading?

N 7...0

the column heaging of a report_item is set to the
dictionary fleading of the item, ; -
CONSEQUENCE OF :
‘ all record items are requested.for repoxting,
CONSEQUENCE OF:
using ‘REPORT with the ALL option’ statement
AND
2 record item is an accessible record 1tem,
CONSEQUENCE OF:
the record_item is a declared record_item,
CONSEQUENCE OF ;
the record_item is a recoxd_item cof
a file
AND -
the file is a declared file,
CONSEQUENCE QF:
using first_file declaration
in "ACCESS’ statement (?)
Y OR -
using subsequent_£ile declaration
in L2YX TO part
in "ACCESS with a
LINK_TO_option’ statement (2)

Figure 6.4. Regular Answer to a "WHY’ Query: An Example
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A

6.1.2.2. Other Types of Answers

In this section we will describe how the system responds to a query that con-
tains erroneous code or con&diglory information (other than direct contradictions
dealt with du'ring the creation of initial D-models). There are three cases to con-

sider. “

a) Errors Found in Code. For each error found in the code, the appropriate
error message is displayed, the culprit QUIZ statement indicated, and an
expianation of the error message given to the user. Figure 6.5 shows an

instance of this case.

CCDE:
ACCESS EMPLOYEES
SELECT EMPLOYES
REPORT

> Wny is nothing reported?
You should have been issued error message:
"Expected : file IF eol"

because the file was not declared
(Statement: SELECT EZMPLOYES).

Figure 65. Error Found in Code: An Example
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b) An A-contradiction Found. An A-contradicrion is a contradiction between
two assumptions, or an assumption and the QUIZ code. In such a case the
statement that is contradicted is shown and the sources of contradiction are
identified. Figure 6.6lshows the response regarding a query that contains both
the QUIZ statement "ACCESS EMPLOYEES’, and ’an alias is specified’ as

one of the assumptions.

ASSUMPTICNS:
an alias is specified

CODE :
ACCESS EMPLOYEES
> (any question)
Your query is INCONSISTENT!

Contradiction found regarding:
using ALIAS part

The c¢ontradiction results frgm
the alias of the dictionary file of a file is

specified in the code (assumption)
and

ACCESS EMPLOYEES (code)

Please examine your query...

Figure 6.6. A-contradiction Found: An Example
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¢) A Q-contradiction Found. A Q-contradiction is a contradiction that involves
-the question part of a query. Like in the A-contradiction situétion, the cc:n-
tradictory statement is identified and the source of contradiction is explained.
In this case, however, since the question is the central component of the
query, and the background of the qucr;r (assumptions and QUIZ code) is con-
sistent, the system tries to give a much more informative answer than just to
draw the user’s attention to tl;c existing contradiction. Since the original
question causes a contradiction, the negated form of the question must be con-
sistent with the rest of the query! Therefore, the system generates an answer
to thé corresponding "WHY NOT’ query, but informs the user that a reference
is made to the negated question rather,than the original 6nc. An example of
this is given ia Figure 6.7.7 The message that describes the detected contrad-
iction has the same format as in the A-contradiction case, but the queston is
indicated as one of the culprits. The format for presenting. the violated condi-

tion is the same as the regular answer except that the question statement is not

repeated. Statements found to be faise are Iabeled by *(f)'.

N

-~

¥ Note the brackets surrounding the noun phase of the question. These are due to the lexical
convention of SEQAP by which a prepositional phrase modifies the main verb, unless- its.at-
tachement to 2 noun phrase is made explicit by means of square brackets.
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No assumptions .
QUIZ CODE:
ACCESS EMPLOYEES
REPORT NAME HEADING "Name™

> Why is [a default for the column heading] used?

Your query is INCONSISTENT!

Contradiction found regarding:
using format_part without HEADING_bart

The contradiction results fxreom

a default for the column_heading of a repoxt_item
is used (gquestion)

and
REPCRT NAME HEADING "Name" ({code)

-
19
—

K
b S
ox

ther your QUIZ statements are incorzrect .
you did not formulate your question properly!

Assuming the latter...

The NEGATION of your gquestion is TRUE
because the following DOES NOT HOLD:
using format_part without HEADING part
in repoxt_item
in report_items
in report_group
in "REPORT with 2 zeport_group’ statement

Figure 6.7. Answer to a "'WHY’ Query with a Q-contradiction:
An Example
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6.2. Answering "WHY NOT’ Queries

.
wiboas? *

A 'WHY NOT’ query consists of a.ncgativc question.and optional back-
ground information supplied as a set of assumptions and/or QUIZ code. Unlike
"WHY’ queries, this category contains some sﬁbtypcs that are exceptions to the
general query-answering algorithm. An .altcrnati‘vc approach to answering *"WHY

NOT’ queries will be also discussed.

6.2.1. Normal "WHY NOT’ Querie:_;

The general algorithm for answering the "WHY NOT’ type of query is very

similar to that for answering "WHY? qu’ei‘iesq." In this section we will describe how

it differs from the latter, rather than giving the entire algorimn?gnd repeating most

of what has been described before.

. S .
An answer to 2 "WHY NOT’ query is produced in Q/o- phases. The first

phase, the process of building a model of the query (the Q-model), is identical to
that described above, except that the negative“sign of the question is taken into

consideration when its initial D-model is built.

\ — . .
The delivery of an answer, when errors are found in the code or an A-
contradiction is detected, follows the same approach as the one adopted for "WHY’

queries. The remaining two types of outcome of Phase 1, however, reflect the

duality of "'WHY’ and "WHY NOT’ queries.

-~
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" 6.2.1.17 Regular Answer

If, dﬁring Phase 1, the relevant knowledge has been retrieved from the
knowledge base and the reasoning process has not rev-éalé}i\any abnormality in the
query (i.e., no errors or contradicﬁons), the D-model of the question is an AND/OR
tree with the root IabcIed. "false’ and each of the remaining nodcslcither labeled
"false’ or left unlabeled. Before the answer is generated, the tree is modified

. L.
through the following two steps:

1) Removing True Subtrees. The tree is pruned above the ’true’ nodes that

Y

have either a ’false’ -or unlabeled parent-node. The rationale for this step is
the same as that given for the removal of false subtrees in the pruning-

evaluation-propagation loop: they give an unnecessary level of detail.

2) DownWward Propagation. Whether this step is necessary or not depends on
the implementation of the propagation mechanism: removal of subtrees, fol-
lowed by propagation based on simple rules, may be more efficient than a

-
more complex value propagation mechanism alone.

5

S

P ‘ .
Figure 6.8 shows an eXimple of an actual regular answer to a "WHY NOT’

query. The violated condition is presented in the same form as the regular answer
-

to a "WHY’ query except that the question statement 15 not repeated. Statements

>

found to be false are indicated by "(f)’.

Another way of ;;roducing an answer will be examined in the last part of this

section.
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ASSUMPTIONS:
"X’ is an item
the type of ‘X’ is string
"Ff is the field of "X’

> Why is "F’ not truncated?

Because the following DOES NOT HOLD:
E the status of the report item is OVERFLOW (f),
CONSEQUENCE Or': .
- - the length ¢f the value of the item of the
report_item is greater tharmthe length of the
picture of the report_item (£)°

Figure 6.8. Regular Answer to a ;WHY NOT’ Query: An Example

6.2.1.2. A Q-contradiction Situai?on

If the analysis of a "WHY NOT’ query rc;fcals that the questior is incon-
sistent with the rest of the query (i.e., a Q-contradiction is detected), the user is
made aware of the contradiction, and the answer to the corresponding "WHY’

;auery is produced. Figure 6.9 shows an example of this case. This type of answer

\_Should explain why the opposite of the user’s question is true provided the back-

ground information is correctly specified. This process is the mirror image of the.

one applied when a Q-contradiction is detected in answering a '"WHY’ query.

A

J/
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s ”
CODE:

ACCESS EMPLOYEES
REPORT NAME HEADING “Emplovee"®

> Why was the column heading not established ?

Your query is INCONSISTENT!

Contradiction found regarding:
using HEADING_part

The contradiction results from

not true that the  column_heading of a t
report_item is established (question)
and

REPORT NAME HEADING "Emplovee" (code)

Either your QUIZ statements are incorract

or vou did not fermulate vour question properly!
| s

Assuming the latter.

-

the celumn heading of a report_
CONSEQUENCE OF:
the column_heading of the *eqp
specified in the code,
CONSEQUENCE OF:
using EEADING part
in report ltem
| in report_items
-n,*eoor; group
in 'R~DORT with a report_group’
statement

item is established,

_item is

Answer to a "'WHY NOT’ Query with a Q-contradictinn:
An Example

Figure 6.9.
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6.2.2. Special Cases

a)

There are two types of "WHY NOT’ queries that are treated in special ways:

Y
-

"Why does the code not work?" or equivalent. This is a Very vague question
: J .
but the analyzed set of real questions and answers suggests that the user most

likely refers to a QUIZ program that does not produce a report due to errors

in code. Therefore, the system tries to find an answer to the query by treating
<

this as a request for an explanation of error messages (without any message

text being supplied within the query). The applied a.lgoritﬂm is described in

Section 6.3. (answering 'ERR’ que;ics).

b) Quannry-related questions. As described in Section 4.14.3,, there are two

types of LESK statements: regular and quantity-related. A quantity-related
statement indicates that the number of occurrences of a certain kind of QUIZ

entities is too large or too small. If -the question is a quantity-related state-

'mcnt, the "WHY NOT’ query is transformed into a *WHY’ query by replacing

the original adjective by its complement (’large’/’small’). For examplz, the

following question within a "'WHY NOT’ query:

"Why did not I get a large number of fields?"

1s replaced by

"Why'did I get a small number of fields" .

which, added to the original background information, forms a *"WHY’ query.
This is dgrlc in order to make the question more natural and, consequently,

the answer more understandable.
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6.2.3. Alternative Approach

In our approach, the initial D-models of a statement and its negation are ident-
ical, except that the roots of the trees are labeled by different m.nh values. Al}cr—
natively, a model of a negative stﬁtement can be built by creating a deduction tree
for the original statement (rather than its positive vcrfi/gn) as the root. The result-
ing model would correspond to the transformation of the deduction tree for the
positive statement that is obtained by propagating the negative sign from the root

downward, in accordance with the DeMorgan’s laws.

This alternative approach allows "WHY’ and "WHY NOT’ queries to share
the same answer format. It could also be regarded as a more appropriate model
from a_logicians’ lpoint of view. In this context, however, it has some disadvan-
tagc.s, the most serious being that; any nontrivial answer may be quite difficult to
read and comprehend since it may contain 2 large number of negative statements.
A simple experiment with both methods applied to a sample of queries suggests

that our approach is more effective. A more serious comparison of the approaches

would require feedback from real users.
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6.3. Answering ’ERR’ Queries: Explaining Errors

Messages that software systems issue when they detect errors in programs are
often very cryptic and of little or no help to the user. A typical question a prb—

grammer asks in such a situation is:
13 . ’

! "Why did I get the error message <message text>T .

or ¢

y"Why did T get an error message?”

:
WHat the programmer needs, at least when seeing the message for the first time, is
a clear explanation that will help him/her realize in what way the rules of the

3
language have been violated.

-

A fully developed advisor, if coupled with QUIZ, would have direct access
both to the QUIZ code and o the status information such as issued messages. This
would make answering "ERR’ queries very simple. In this section; however, we

discuss an approach that applies 10 a stand-alone advisor.

Even though questions that follow the above syntactic patterns could be
looked at as components of "WHY’ queries, there are reasons to treat this category

separately:

2) The type of the expected answer is very different than that for general "WHY’

queries. . %

<4

b) For each error message, a general natural language explanation can be formu-

lated, stored in the knowledge base, and easily retieved when necessary. In



- 159 -

. such a case, generating an answer to a query that specifies the actual message

text does not require any deduction.

¢) Any uncertainty in answering an ’ERR’ query that does not contain a valid
error message can always be fully resolved thrcugh a very brief and simple

dialogue with the user, which is not the case with general "WHY’ queries.

Since our formalism has been developed with the above considerations in
mind; the answering process for an "ERR’ query can be as simple as a direct
retrieval of the approprigg.c explanation. This applies to questions that fit the first
patiern shown on the previous page, provided that the error message has been
correctly reproduced. Otherwise, a diagnostic process must take place. In any
case, however, an ’ERR.’ query, like both previously discussed types of queries,

may include background information in the form of assumptions and/or QUIZ

code.

A guideline followed in the design of many diagnostic expert systems is that
the system should use the ’least expensive’ route to reach the diagnosis. For
- example, the systcm should not ask the user to provide additional evi:icncc unless
it is absolutely necessary, or the lack of that piece of information would requj_ge
excessive computation. Therefore, the answering algorithm for "ERR’ queries wiil
consist of a sequence of attempts to find the right answer, giving priority to direct
information retrieval over the (more costly) deduction. Each subsequent attempt
builds upon the information inherited from the previous attempts, and either finds

the answer or makes additional progress towards one. Conditions that make each

of the attémpts (ie., major steps of the answering algorithm) successful are the
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following:

(1) A valid message is specified ' ;ﬁ
(2) A close approximation of the message is specified
(3) Errors are found in the supplied code

(4) A discovered potential errc-)r is confirmed

(). An error is Iacated in the complete code

As mentioned above, a fully developed Advisor would have a direct access
both to the QUIZ code and error messages. In such a case, there is no need to go

through the algorithm.

In the remainder of this section, the algorithm will be described in more detail

and illustrated by examples.

6.3.1. Answer Based on the Message Text

Normally, when the text of an error message is given as part of a query,
finding the answer to the query is a trivial task. Even if the user fails to fully
reproduce the message text, it is sometimes poss.ible to make up for his/her mistake
by looking for a similar message in the knowledge base. Otherwise, the ‘message

is useless and the answering proceeds as if no message had been specified.

6.3.1.1. Valid Message

When a question is asked which contains the full text of an error message that
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makes no reference to a specific component of the code, the system attempts to
find the identical message in the knowledge base. . However, if thc-mess'agc
includes explicit reference to the code, the systcn.'l tries to match it with the
corresponding message pattern from the knowledge base. If this step is successful,
the explanation associated with the message is retrieved and shown to the user as

the answer. An~gxampReds presented in Figure 6.10.

> Why did I get the error message
© "Cannot find the item NAME OF BRANCEES" ?

The message “Cannot find the item NAME OF. BRANCHES"
is issuved because the qualified item was not found
in the dic¢tionarzyv.

Figure 6.10. "ERR’ Query with a2 Valid Message: An Example

6.3.1.2. Close Approximation of the Mess?age

If there is no error mcss‘z;ge in the knowledge base that perfectly matches. the
given one, it is likely that the user misspelled a word or did not remember-the full
text of the message. The system can still benefit from such evidence. It can
retrieve those messages that are similar to the specified one according to some esta-
blished criteria. The most likely candidates are then presented to the user who is

asked to confirm or Jdenr one message at a time. The process terminates when
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[ 4

cither one of them is confirmed or no more candidates are icft to be offered. Ifa
message is confirmed by the user, then its explanation is given as the answer, oth-
erwise the .message supp}icd with the query is ignored. Figure 6.11 shows an
example of a successful application of this step.. The'similarity criteria used in the.

prototype is a maich on at least two words (a colon is treated as 2. separate word).

1 . . -

i\

> Why did I get the error message "Expected : file" 2
"Expected : file:\is not a valid error message.

4 Was the message "Expected : RECORD key £ile"?
{y/ny >> n
Was the message "Expected : file IF eol™?
(y/n} >> v

’

The message "Expected : file IF eol" is '
issued because the file was not declared.

N

Figure 6.11. "ERR’ Query with an Approximate _Messagé: An-Example

6.3.2. Answering Based on Deduction

If an "ERR’ query does not specify the text of the error message, or the mes-
sage is specified but the above attempts failed to produce an answer, the sysiem
tries to discover errors in the actual QUIZ code that was used when the message -

was issued,
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Assumptions givcn in the query, if any, arc partially explored: the initial D-
‘model of each assumption is created and the pre-parse evaluation is performed as
described within "WHY’ and "WHY NOT’ algorithms. If the code is not supplied

with the query, the user is asked to enter it at this pont. The code is then parsed
*-andamalyzed.

6.3.2.1. Errors in Partial Code /\

.f
One of the tasks in the code analysis is checking whether a particular condi-
tion is met. Some‘corlditions can be checked through the results of the analysis
performed thus far, others usé modc1§ of assumptions as an, additional source of
infonﬁation. An ‘é:rror Is discovered whenever an examined condition is found to

be violated. Each violated condition causes the corresponding error PT-rule to fire.

The effect side of such a rule specifies the applicable error message.

-

If the analysis of the QUIZ code discovers one or more errors, the system
shows, for each error, the applicable message and its explanation, and specifies the
statement to which this applies (unless the code contains a single statement, in

which case there is no ambiguity). Figure 6.12 “presents an example of an error

discovered based on information contained in the assumptions.

Y
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ASSUMPTIONS;
"DATEINPUT’ is an item
the type of "DATEINPUT’ is string
‘DATEENTER’ is an item
” the type of ’DATEENTER’ is numeric
CODE: SELECT IF DATEINPUT EQ DATEENTER

»

> Why did I get.an error message ?

You should have been issued error message:
"The data type is not the expected one"
because the data types lnkﬁhe\condltlon do not ag*ee.

. /' .
Figure 6.12. Errors Found in Code: An Example

%

The analysis may fail to find any errors becaufe of one of the following:

a) At least one condition that was not met at the time the code was originally
used (thus, msulﬁn& in an error), could not be determined as failed because
there was not enough relevant information available during the analysis (e.g.,

conditions related to the data dictionary information);

b) The code that has been examined is error free. It is, however, a fragment of a

program which does contain errors but the user did not supply the erroneous

part; ‘

’
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¢) The program is error free.

The remaining three steps cover the above cases, respectively. -

" 6.3.2.2. Potential Errors

The analysis of the code has not discovered any errors but there are condi-
" tions that could not be verified. The $ystem makes the user aware of the potential
errors and explains each of them. Even though the actual error is not determined
by the system, the query is successfully answered if the user recognizes the error
among the displayed candidates, A confirmation from the user that he/she is
satisfied with tilc answer will terminate the answering process. An example of

such a case is presented in Figure 6.13.

' 6.32.3. Errors in Complete Code

-

As mentioned above, the code that is supplied as part of the query is not
necessarily the entire sequence.of QUIZ statements originally used when the error
message was issued. If this is ;hc/casc, the user is asked to provide the entire code
which is then examined in the ,\samc way. Figure 6.14 shows the same example as

(
.the one presented in Figure 6.%xccpt that the user did not admit making any of

the suggested errors.

6.3.3. "No News is News"

If all above described attempts to answer a query- fail, provided that the user
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CODE - -
REPORT NAME QF EMPLOYEE \H%Jk\
) ] ) . . . .
> Why did I get an error message ?
. N ’ - : -
N Conditions that are potentially violated:
) . ’ L
EMPLOYEES is described in the dictionary as a file
| (causing erxor message:
"Expected : RECORD key file" '
at ACCESS statement). ;
NAME is described in the dictionary as an item
{causing IOr message:
- "Expected : item"
e at REPORT stasement).
NAME is described in the dictionakry as
. an item of EMPLOYEES e
(causing error message: N
— ' "Cannot find the item NAME OF EMPLOYEES" .

at REPORT statement), .
/
Does this expla;h your problem? (v/n) >> vy ///

% .

~
/

Figure 6.13. Potential Error Conﬁrme:i." An Example

y | B 1

-~

\ . ’ P A
o Das been giving correct answers during the diagnostic pracess, it can be concluded

¢

- _that the program has rione of the- errors thé_t are known to the system. Assuming
that the knowledge base containsb\all error messages for the particular release of the
software product-in question (MiniQUIZ in the case of the QAUZ prototype), the.

user is informed that the issued errorgmessage must have originated from some

other source (e:g., the operating system).

. éa

)



<potential erroxrs>

Does this exp?ain your problem? (y/n)?>> n

-

The following code has been considered: !
REPORT NAME OF EMPLOYEES
Please provide vour entire sequernce of statemen

Enter your QUIZ
>>
>>
>>
>>

- You should have

"Expected

because the item qualifier BILLINGS is not a ceclared file

(Statemgnt: SELECT IF AMT OF, %FLLINGS GT 1000%L.

Figure 6.14. Ermor Detected in C

code:
ACCESS EMPLOYEES
SELECT IF aMT OF

3ILLINGS GT 10@
REPORT NAME OF EMPLOYEES
. h

Ss
LINK TO BILINGS ALIAS BILLS

0

¢
J

o

been issued errox message:
file LT LE EQ GE GT NE".

.

=

‘r . - -

-

P

Qﬁ,'lplctc Code: An Example

o

L

L]
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7. SUMMARY AND CONCLUSIONS

L4

LY

In this chapter we will summarize our research and discuss the advantages
and disadvantages of our approach for the development of software advisors. “This
will be followed by some suggestions for further ork.

7.1. Summary and Evaluaticn

The research effort described in this thesis has mainly focused on two. impor-

tant knowledge engineering tasks: deﬁ%ﬁg a formalism suitable for encoding causal

~
tegies for using the knowledge in answering various

-

knowledge, and deve oping $

types of queries.

7.1.1. Knowledge Encoding Formaliém
) Y
We have developed a foglalisrn that is based on two widely adopted
knowledge rcprese‘ntation paradigms: rules and frames. We use several types of
rules to represent different causa@ links between components of a program and

features of the result. The syntax of a QUIZ statement is described in the Aug-

mented Syntax Languagc (ASL) introduced in this thesis. Descriptive statements,

are cnéodcd in the English-like language LESK. Knowledge pertaining to an indi-

vidual statement type is organized around the description of its syntax and is con-
tained in sim;‘)(}c frame structures. Frames form a hierarchy that reflects the hierar-

chy of M statement types.

/

Our formalism has a number of advantages. It forces the knowledge engineer

-~ ¢
-
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\
i

to encode knowledge in a formal and disciplinéd fashion, yet one that is casy"for
humans to usé‘and understand. Many systems require knowledge to be enf:oded in
a form very similar to its internal representation (e.g., LISP-like structures in UC).
Even if the ‘lﬁxowlcdge engineer does *not find it difiicult to use, it is bound to be
an obstacler in the process of kn;wlc_dgc verification by dorﬁain experts. We have
asked our QUIZ experts to review :;nd verify the contents of the knowledge bas‘c
(the material presented in ‘f‘-’\ppcndix \A) without giving them any inslgruction or
description of the formalism. They did not experience any problem ‘v;:hatsoevcr in
pcr_f_'gg_ming this task. Being quite self-explanatory, the represented knowledge does
‘w have to be chcnsivcly documented. In fact, it could serve as a basi.s for the
documentation of the domain software: technical writers can benefit from it, and
even parts of the natural language documentation could be generated automatically
from the representation. It‘can also be used as a software engineering tool, since 1t

integrates knowledge about the syntax and semantics of the domain language, and

\ provides means for specifying the internal structure and operation of the system.

~ Another benefit from using our formalism is that its statement-oriented -

- approach encourages systematicf knowledge acquif;ition. Starting with the represen-
tation of a statement syntax, the knowledge eng:ineer proceeds by conccmratin.g\on
fragments of the statement and attachinfg\the appropriate causal knowledge to-thém.

This way the degree to which the task has been completed can easily be assessed

at any time, and the knowledge engineer thus reminded of the areas that remain to

-

be covered.
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7.1.1.1. G.enerality _

For the initial prototype, we have limited the domain to a subset of QUIZ and
successfully encoded knowledge about it. Although we experimented within a
relatively small domain, our objective was to develop a general formalism, applica-

ble to the entire QUIZ language, as well as to other similar languages. We believe

that this objective has been met.

The formalism builds on general, widely used and domain independent para-
digms (rules, frames), and a simple English-like kngwlcdgc representation language
(LESK). It also provides features for capturing types of lq;-owlcdgc necessary for
reasoning about computer programs (ASL constructs, specialized rules). Based on
knowledge of and experience with QL;IZ, we expect little difficulty in extending
the knowledge base to inclu.de the remaining causal knowledge about QUIZ. This

is because we restricted the domain in such a way that, although its size is rela-

‘t‘ively small, it sdll is typical of the complexity and major characteristics of QUIZ.

A possible question to ask is how difficult it would be to apply our formalism
‘o other software systems. There are a large number of fourth generation
languages which are in many ways similar to QUIZ (e.g., SQL (see, for example,
[Date 82]), NATURAL [NRM 82]). Rather than discussing individual cases, we
will identify those common characteristics of these languages that are critical for

the applicability of the formalism.

" We made use of ASL to represent the syntax of ‘the language, fragments of

which consiitute the antecedent side of one ‘ype of causal rules (PT-rules). This is



- 171 -

appropriate for systems that accept typed commands as the input. However, thc‘
use of syntax in our representation would be a disadvantafg:c in encoding knowledge
about systems that are nét statement-oriented (e.g., modemn spreadsheet packages).
Users of such systems normally specify commands through the curs':or'movemcnt
keys and special cle-vic.cs (e.g, a 'mouse’) which would require the development of

a different metalanguage as the replacement for ASL.

In declarative languages like QUIZ, the rolc' 'of each statement is typicaily
independent of that of other statements. This. makes causal relationships easier to
discover and Jepresent. We have taken advantage of these characteristics of the
domain which greatly contributed to the simplicity and clarity of the knowledge
representaton (e.g., the convenient coupling of ré?g\ular and default PT-rules). This,
however, puts limitations on the applicability of the formalism, in its present form,
to 51gn1ﬁcam.1y dxffercnt types of programming languages. For examplc additional
features are needed to model the more complex causal relauonshlps that can be

- |

found in procedural languages. . "

Another characteristic of our formalism that reflects the nonprocedural nature
of QUIZ is its suitability for representing different phases of the program execu-
tion. In the case of 2 report writer like QUIZ, our formalism allows the knowledge
engineer to model parsing and reporting phases independently, with an internal
model of the report as the "common denominator” of the two. This feature also
facilitates the generation of better explanations. It does not, however, limit the

-

applicability of the representation to the multi-phase systems.
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In summary, we expect our knowledge representation formalism to be applica-
ble (in its préscnt form or with minor modifications) to nonprocedm*al.la.nguag;s
wilich are statémcnt—oricntéd and in which the roles of different types of statements
- are largely independent of each other. It is particularly suitable (but not limited to)

those systems that execute prbgrgms in multiple phases.

7.1.2. Query-Answering

A causal model of QUIZ that was built using the knowledge representation
we have introduced is the basis of the QAUZ subsystem of the QUIZ Advisor.
The primary role of QAUZ is to proﬁdc explanations of unexpected or puzzling
fcan_lrcs of QUIZ reports. The prototype of QAUZ has been implemented in
Quintus Prolog .(in approximately 150K of code) on a Sun-3 wgrkstation, and Uwas

successfully demonstrated to the sponsors of the Advisor Project in November

1986.

A typical query contains a question and background information consisting of
a fragment of QUIZ code and a number of LESK statements that describe various
assumptions. In order to fully use the information contained in a query, QAUZ
examines individual components of the query and tries to establish causal links
among them. It parses (5UIZ statements, and uses forward chaining of rules and
property inheritance of frames to determine the effects the code has on the resuit.
On the other hand, when analyzing descriptions of the report (specified through
alssumptions), the system performs backward deduction to determine features of the

code that caused the result. While doing this, it constructs an intemal representa-
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tion of the problem state which explicitly shows the various causal relationships
among the components of the query. The type of the query and the internal
representation of the problem determine the format an.éi content of the answer,
QAUZ applies a nurr;bér of answering strategies (all of which make use of r.ht;:
described basic reasoning mechanisms) to answer various types of queries (e.g.,

why, why not, error, hypothetical).
)

A strong point of'our:query;answcrcr 1s the abilitj‘/ to reason with incomplete
information. Some expert systems look for a very precise answer to the submitted
question. Thjs often requires the user to supply a great deal ;Jf additional evidence,
without which the sysiem cannot answer the question. Obviously, this is unavoid-
able in somc: domains of consultation (e.g., medical diagnosis). Our approach is
different: the user supplies the quéry that describes the problem and gets the most
specific answer that the available information and the contents of the knowledge
base allow for, without being burdened with requests for more evidence (the only
exception is in answering an error query that contains neither QUIZ code nor the
text of an error message). We believe that such an answer,-although less focuszd

“than it would be.if more informution were made available through a dialogue with
the user, is normally more educational: it applies to a whole class of similar
queries, while clearly indicating the information missing in the particular case. Our

domain experts who have seen examples of queries and corresponding answers

agree with us.

Another strength of our query-answerer is its ability to discover and deal

effectively with contradictory information contained in a query. This is an 1mpor-
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tant feature, especially in a consultation environment in which contradictions can
be well disguised due to a variety of forms. the input can be given in (e.g., QUIZ
code and LESK statements). Our system can find contradictions, and, under cer-
tain circumstances, can go much further. This is particularly evident in answering
‘why’ and ’why not’ queries: in addition to pointing at the source of contradiction
(which happens whenever a contradiction is discovered), the system modifies the
query in order to eliminate the coqu-adiction, and produces an informative answer

by reasoning aﬁout the modified problem.

Although in the development of the initial prototype we have not given a high
priority to the issues of efficiency and the ability to answer a large number of real
questions, we are satisfied with the system’s performance with respc;:t to both. It
takes less than 1.5 seconds to answer a query of an average complexity, and no
more than 5 seconds in the most complex cases (e.g., 2 query that contains previ-
ously unexamined QUIZ code -a_nd a number of assumptions, and even conveys
contradictory information). From the analyzed set of real questions ("why’ and
error), we have selected those which fall into the domain we have been dealing
with. Queries constructed from these have all been successfully answered by the

prototype. These are shown as the last six examples in Appendix B.

The main purpose of the initial prototype was to demonstrate the feasibility of
our query-answering strategies. Although this objective was ffly met, we are
aware of many shortcomings of the system. First, its interface has a somewhat
stmplistic design. It does not take advantage 6f windows, interactive graphics, and

- A
other modem techniques (these were not available to us during the implementation
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of the prototype). It would be much more convenient for the user to have a set of
+ windows, each dedicated to an individual component of a query, and so see the

entire query and the answer on the screen at the same time.

QAUZ typically accepts one or more QUIZ statements as part of a query.
The text of an error message is al_so acceptable within an error question. In the
implementation of thé prc':totype no provision was made to allow direct access to
machine regdablc QUIZ code or issued error messages, but this should certainly be
done for a more ambitious implementation. The benefit from such a feature would

be twofold: the user would need to provide less input, and the information obtained

directly from QUIZ would be both correct and complete.

/‘)_\ Another area’ of improvement concerns retrieval of relevant knowledge. At

present, this is done through an index based on parameters of the internal model,

combined with matching of internal forms of LESK statements. Information stored
in the knowledge base, however, allows for a more sophisticated Tetrieval strategy
(e.g., the purpose slot can be used for guiding the process).

T

7.2. Directions for Further Research

We have identified some possible lines of research that would result‘in vari-
ous imp're_verncnts and extensions to the work presented in this thesis: extending
the domain to full QUIZ, experimenting ﬁm other fourth gcn;raﬁon languages,
enhancing the knowledge encoding formalism to cover procedural languages, and

developing more sophisticated user interface and knowledge retrieval methods.

e
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An outstanding issue to be dealt with is the integration of the QAUZ and HDI
subsystems into the QUIZ Advisor. The two initial prototypes have been
developed independently, on different machines, and with different tools. This has
given us a chance to experiment-in various ways and learn valuable lessons in boﬁ'??
tracks of the project. Perhaps the best way to continue would be to build on these
experiences and develop 2 new prototype in ART, currently one of the most
powerful expert systems development tools [ART 85)], which has been recently
made available to us on 2 SUN-3 workstation. Since the first"QAUZ prototype
was implemented in Prolog, which is a lower level tool, we believe it would be
appropriate to include some general ideas on how we could: approach the task.
Therefore, we will end this discussion by briefly describing ART and offering a

sketch of a p0551b1e implementation of QAUZ in ART.

ART (Automated Reasoning Tool, developed by Inference Corpordtion) pro-
vides the knowledge cnginécr with a sophisticated environment and a variety of

powerful features including the following major ones:

* Rule-based pfogramnﬁng, featurihg the integration of five type of rules
(forward chaining, backward chaining, hypothetical, constraint, and

belief) with a powerful pattera-matching Ianguagé, ~

* Schema-based knowledge representation (compiled into logic-like asser-
tions) which allows the\program to reason about objects and their mutual
: N

relations,

* The viewpoint mechanism, which enables modeling hypothetical worlds
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d..f\-r..}{." .

by defining contexts in which facts and rules apply, and situations that

change dynamically with time,

An interactive development enyironment (ART Studio Interface) that
compris‘es a variety of monitoring "and debugging aids for system

development, and

* A graphics intetface package (ARTIST) that helps the user create a cus-

‘f - .
tom interface using both animation graphics and menus which can be

driven directly by ruleg,

The analysis of actual QUIZ code can be done primarily through forward
chaining rules (these are typical condition-action pairs) in a fashion similar to that
used in modeling time-related processes. In this césc, however, viewpoints would
be crcatcd"fc;f' elements of the processed input rather than for point§ in time. This
should be combined with hypothetical reasoning (achieved by using hypothetical
rules to'generatc alternative viewpoints,. and belief rules to subsequently select the
"believed™ hyoothesis) in order to resolve those few nondeterministic cases the
parser might have to deal with. The truth maintenance problem that arises from
the cancellation of QUiZ statements -cag'\bc solved using constraint ;fulcs that
"poison’ unwanted branches of the vicwpé?ht structure. The final result of this pro-
cess would (\be a chain of viewpoints, in which each node contains conclusions
made in the corresponding step of the analysis, while inheriting those made in the

preceding steps. &

-
N

A correct ART implementation of backward reasoning (i.e., reasoning from

-
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results toward their causes) seems to be very close to that already proposed for for--

ward reasoning. This is because i)ackward chaining is achieved through the same
basic ART mechanism used for forward chaining, but performed with special
(backward-chaining) rules. Backward chaining in ART simply serves to achieve
certain kind of execution control. In ART, one cannot use the same rule in both
directions as we have done in the Prolog implementation. This means that, in
many cases, we would have to represent the same piece of knowledge in two sym-
metric forms: cause-effect and effect-cause rules. This (vo_uld be a price fo pay for

-

many conveniences which ART otherwise offers to the knowledge engineer.

In summary, we have dcscnbcd research auncd at answering various quesuons
about the role of, representaton of, and reasoning with causal knowlcdge"in
software advisors. This research has not given all the answers, but it haS'de’rhon-
strated 2 promising new method of augmenting such systems with a powerful
explanatory component based on a causal model of the domain. We bcli;evc that it

<»

is a step made in the right direction.
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APPENDIX A: QAUZ Knowledge Base



STATEMENT ACCESS

PURPOSE to access (= declare) a single file-
i Xoxr ‘
to access multiple files

SYNTAX/KINDS
ACCESS {first_file_declaration:?FILE/file name}
' *{{Sub: n from 2} {LINK_TO_ part:?FILE}] {Count:?NSF}
present: ACCESS with a LINK_TO_option, -
absent: ACCESS without a LINK_TC_option,
{end}

PT-SEQUENCES

first_file_declaraticn = o -
file_declaration -
<tl> -=-=> L(FILZ is a declared file,
<t2> —-—-=> 1zrecocxds of .FILE are required-

(= not optional),:

file_declaration =
{file:?DFILE/file _name}
{Cond: .DFILE is described in the dictionary as a file, }

<t3> fail---> error message ERRAL is issued,
[ALIAS- part]
<t4> -==> _.ALIAS is specified,

<t5> absent---> _DFILE has no alias,
{Cond: .FTLE is a unique file,}
<TH6> fail---> error message ERRA2 is issued,:
ALIAS part = ALIAS {name:?RLIAS/file namel}:
LINK_TO_part = LINK TO subsequent_file declaration:

subsequent_file_declaration =
file_declaration

<t7> --=> L.FILE is a declared file,

<t8> ~--=> _FILE is a subordinate f£file,
[OPTIONAL part]

<t 9> ——=> records of .FILE are cpticnal,

<tl0> absent---> records of .FILE are required, :

OPTIONAL part = QOPTICONAL:



PH~-RULES

.FILE is the
<hl>

.FILE is the
<h2> -~

.-FILE is a subordinate file

<h3>

<hd>.

_——

¢

single file
——

?DDREC is set to

the dictiornary_recoxrd of .DFILE,:

primary file

?DDREC is' set to

tie dictionary record of .DFILE,;
{

-==> a link for .FILE is established threugh

——

an internal procedure,;

?DDREC is augmented with

' LALIAS is specified

<h5>

-_—

the dictionary _record of .DFILE,:;

—

?FILE is set to .ALIAS,;:

.DFILE has no alias

<hé6>

records of
<h7>

—=>

?FILE i$ set to .DFILE,:

~ 0

-FILE are optional
———

?0PT is set to 'YES’,;

records of .FILE are required

<hg>

INTRO-PARIMS
FILE[n]
DFILE [n]
ALIASIn]
OPT [n]
DDREC
NSF

ERROR-MESSAGES

ERRAL
ERRAZ

" END

—_—>

is
isg
is
is
is
is

?0PT is set to 'NO‘,
a file,
the dlCulOﬂth ile of .FILE[n],
the alias Cv alternative _name) of ,DFILE[n],
the optional _records flag of .FILE[n],
the descrlntmon of record _complexes,
the number of subordinate £iles,

i{

Expected: RECORD key file,
(the file was not found in the dictionary,)

Invalid file name,

(-F-'

i1le names are not unique - need aliasing,)

L
v
N



STATEMENT

PURPOSE

SYNTAX/KINDS
ACCESS
{end}

PT-SEQUENCES

ACCESS with a LINK_TO opticn

to access multiple files

{first_file_declaration:?FILE}
**[{Sub: n from 2} {LINXK _TO part}] {Count:?NSF}

<tl> ---> L.FILE is the primary file,;
END _T\
e
STATEMENT ACCESS without a LINK TO option
PURPCSE to access a single file
SYNTAX/KINDS
ACCESS ({first_file_declaration:?FILE} {end}
p

T-SEQUENCES

(4]
Z
o]

<tl> --=-> L.FILZ is the single file,;



STATEMENT SELECT

PURPOSE to specify a selection_condition
~ (= selection criteripn)
Xor

to cancel (= disable) a selection_condition
SYNTAX/KINDS

. SELECT [file_part) ,
. present: SELECT with a file_option, -
absgnt:  SELECT without a file_option,
[IF_paxt] ’
{end}

PT~SEQUENCES

file part =
{£ile:?SFILE/file name}
{Cond: .SFILE is a declared file,}
<tl> fail---> error message ERRS1 is issued,:

IF_part =
IF {condition:?COND}
{€ond: the type of .CONT is equal to the type of .EXPR,}
<t2> £fail---> error message ERRS2Z is issued, :

condition = {content:?CONT} operator expression:;

content = item;

operator = |[ EQ, NE, LT, LE, GE, GT]{Choice:?02};

exﬁression = E[number, string, item] {Choice:?EXPR};
number = {?N/number}:;

string = {?STR/string};

item = dictionary item:

dictionary_item = ‘

{item name:?ITEM/item name} ‘
{Cond: .ITEM is desc¢ribed in.the dictionary as an item, !}

<t3> fail---> error message ERRS3 is issued,
[item_qualifier:.QUAL]
<t4> --=> LQUAL is specified,

<t5> absent---> a default for .QUAL is used,:



item _qualifier = -
OF {file:?QUAL/file name}
{Cond: .QUAL is a declared file,}
<t6> fail---> error message ERRS4 is issued,
{Cond: .ITEM is described in the dictionary as
. an item of .QUAL,}
<t7> fail---> error message ERRSS is issued,:

PH-RULES

a default for .QUAL is used
<hl> -==> ?2QUAL is determined
. - “"through an internal procedure;

INTRO-PARAMS

SFILE is a file,

COND is a selection_condition,

CONT is the content of .COND,

OP ’ is the operator of .COND,

EXPR : is the expression of .COND,

ITEM is an item, .
QUAL is the gualifier of .ITEM,

N is a number,

STR is a string

ERROR-MESSAGES

ERRS1 Expected: file IF eol,
{(the file was not declared,)

EZRRS2 The data type is not the expected one,
(the data types in the conditien do not agree,)

ERRS3 Expected: item, .
(the item was not found in the dictionary,)

ERRS4 Expected: file LT LE EQ GE GT NE,

{the item cualifier .QUAL is not a declared file,)

ERRSS Cannot f£ind the item .ITEM OF .QUAL,
(the qualified item was not found in
. ' the dictionary,)




Fu

'\__‘_‘\‘\‘
. ., fv
STATEMENT SELECT with a file_option
PURPOSE to specify. a selection_condition on records of a file
Xorx
to cancel a selection condition on records of a file
SYNTAX/KINDS
SELECT file_part
iIF _part] S .
present: SELECT £file IF,
dbsent: SELECT file,
{end}
END
STATEMENT SELECT file IT
PURPOSE to specify a selection_condition on records of a file

SYNTAX/KINDS
SELECYT file_part IF_part {end}

PT-SEQUENCES

<t1l> =---> there is a selection condition

on records of .SFILE,;
END
STATEMENT SELECT file
PURPQSE to cancel selection condition on records of a file
SYNTAX/KINDS

SELECT £ile part {enc}
N

PT-SEQUENCES

<tl> ---> there is no selection_condition
on records of .SFILE,:



o

STATEMENT SELECT withomt a file option
PURPOSE to specify selection_condition on récord_complexes
xox -

to cancel selection_condition on record_complexes

*SYNTAX/KINDS

SELECT [IF_part] .
: present: SELECT IF,

. absent: SELECT without fie oxr IF,
{end}
END
STATEMENT SELECT IF
PURPOSE to specify a selection_condition on record_complexes
SYNTAX/KINDS —

SELECT IF part {end}

PT-SEQUENCES

<tl> --=-> there is a selection_condition
on record complexes,;
END
STATEMENT SELECT without file oxr IF
PURPOSE to cancel selection condition on record_complexes

SYNTAX/KINDS —h\\\,

SELECT {end}
PT-SEQUENCES

<tl> ---> there is no selection condition
on record complexes, ;

t
=t
o

///’“\



STATEMENT REPORT
PURPCSE to report
XOXr ) -

to cancel reporting

SYNTAX/KINDS

REPORT [report_ specification]

present: REPCRT with a specification,
absent: REPORT without a specification,
{end}
PT-SEQUENCES i .
report_specification = : o RS

| [zeport_group, ALL_pption]{Choice:?RS};

report_group =
report_items
ftrailing_ skip part:2TRS]

<tl> ---> .TRS is specified,
[RESERVE_LINES part] '
<t2> -=-=> L.RESL is specified.

<t3> absent---> no lines are reserved:
report_items =
**[{Sub: n from 1} {report_item:?RITEM}] {Count:?NRI};

report_ item =
(SKIP part:?SAR]

<t4> --=-> L.SAR[n] is specified,
(TAB_part]

<t5> -=--> L_TAB[n] is specified,

<t6> absent--=> a default for .TAB[n] is used,
item '

<t7> ---> L.ITEM([n] is specified,

[format_part]:

ALL option =
ALL _
[SKIP_ lines_part]
<t 8> ---> .NL is specified,:

trailing_skip_part = SKIP parxt:

SKIP_part =
SKIP »
{SKIP_amount]
<t9> absent---> a default for .SA is used,

~a



SKIP_amount = |[number_of lines, PAGE] {Choice:?8a}:

RESERVE_LINES p

%

art =

RESERVE {n:?RESL/number}
[LINES_part]:;

LINES part = LINES;

TAB part = TAB {n:?TAB/number}:;

format_part =

AB

[EEADING_part]

<t10> -==> L.HSTR is specified,

<tll> absent---> a default for .HSTR is used,
[PICTURE_part]

<t12> —-=-=> L,PICT is specified,

<t13> absent---> a default for .PICT is used,:;

HEADING_part = HEADING {string:?HSTR/string}:

PICTURE part =~ PICTURE ({string:?PICT/picture string};

SKIP_lines_part = SKIR number of lines;

number_of_lines = {n:?NL/number};

PH-RULES

a default
<hl>

a default
<hz>

a default
- <h3>

no record

<h4>

for .SA is used
——=> 287 is set to 1,;:

for .HSTR is used

——-> Z?HSTR is set to the dictionary_heading

of

for .PICT is used

.ITEM,

---> Z?PICT is set to the dictionary picture

of

items are requested for reporting
-==> 2NRI is set to G-

-

LITEM,

9



N\
a.10

INTRO-PARAMS

RS is a report_specification,
RITEM [n] is a report_item,
SAR([n] is the skip_amount of .RITEM[n],
TAB[n] is the tab_column ¢f .RITEM[n],
HSTR([n] is the column_heading of .RITEM[n],
PICT([n] is the picturxe of .RITEMI[n),
NRI is the number of report_items,
Sa is a 'skip_amount,
TRS is the trailing skip,
RESL is the number of reserved lines,
SL is the leading skip,
NL is a number of lines
END
STATEMENT REPORT with a specification v
PURPQOSE to report

SYNTAX/KINDS

REPORT | [report_group, ALL option]{Choice:?RS} {end}
<-- REPORT with a report group,
<=-- REPORT with the ALL option,



STATEMENT REPORT with a report group
PURPOSE Lo report specified items
SYNTAX/KINLS

REPORT report_group {end}

END
i
STATEMENT REPORT with the ALL_option
PURPOSE to report all items
SYNTAX/KINDS

REPORT ALL option {end}

<tl> ———

all reccrd items are

reguested for reporting,:

END

STATEMENT REPORT without a specification
PURPQOSE to cancel reporting
SYNTAX/KINDS

REPORT {end}
PT-SEQUENCES
<tl>

---> no

record _items are reguested
for reporting,:



A.l2

TOPIC rphase
REP-RULES

.FILE is a declared file
<i> --=> L.(FILE is z2n accessible file;

°RCITEM is a record item of PILE,
.FILE is a declared file

<2> ---> .RCITEM is a declared record_item:

?RCITEM is a declared record_item
<3> -——> L.RCITEM is an accessible record item:

.HS8TR is established :
<4> -==> L_(HSTR is printed above .RIVAL;

.PICT is established
<5> -=-=> _.RIVAL is formatted using .PICT:

.TAB is established

<&6> -—-> .RIVAL is printed in .TAB:
a default for .TAB is used
<7> —-—=> 2TAB is determined through an internal
4 brocedure;

4

.8L is established
<8> --=> .SL is skipped before the reporting of
the next record_complex:

.TRS is established
<9> --=> .TRS is skipped after the reporting of
the next report_group:

.SAR is established
<10> =---> _.SAR is skipped before the reporting
of .RIVAL;



A.L3

no record items are recuested for reporting
<1l1l> —-==> nothing is reported;

the length of .RIVAL is greater than the length of .PICT
<12> -—=> the status of .RITEM is ‘OVERFLCW':

the status of .RITEM is ‘OVERFLOW’,
the type of ,ITEM/.RITEM is ‘numeric’ ‘
<13> --=> "?FIELD is filled with
the crosshatch_sign:

the status of .RITEM is ‘QVERFLOW',
the type of .ITEM/.RITEM is ‘string’
<1l4> -—-> ©2FIELD is truncated: “

-RITEM[m] precedes .RITEM(n] in the REPORT Jstatement
<15> =---> _.FIELD[m] precedes LEFIELD () ;

all record _items are requested for reperting,
?RCITEM is an accessible record item
<16> —-=> the data for .RCITEM are reported
in .FIELD:

<17>  ——=> HSTR is set to
.the dictionaxy heading of .ITEM:
<18> ===> ?PICT is set to

the dictionary picture of .ITIM;

.WDL is greater than .WPL
<18> ~--> there is a wraparound;

.RESL is established,
.5CP is less than .RESL
<20> =---> ,REPC is printed on the next page, ;

.5CP is less than .SREPC,
no lines are reserved
<21> ---> a part of .REPC is printed on
the next page;

there is a wraparound
<22> incr---> ,SREPC;

there is a selection_condition on record complexes
<23> decr---> _NRC:



S |

there is no selection condition on record complexes
<24> incr---> |NRC,

there is a selection_condition on records of .FILE,
02T is set to "NO’

<25> decr——=> _.NRC:

there is a selection_condition on records of .FILE,
.OPT is set to 'YES’
<26> incr---> L.NRC:

© JNSF
<27> preop---> the range of available data
for reporting:
.TAB i
<28> prop---> the right_shift at .RITEM:
.SAR '
<28> prop---> the down_shift at ,FIELD:
<30> prop---> ,SREIC:
\ .TRS
. : <31> prop--—> the down_shift at .REPC;
N
INTRO-PARAMS
FIELD [n] is the field of -RITEM([n],
RIVAL[n) is the value of .ITEM/.RITEM[n],
REPC is a report_complex,
NRC . is the number of report_complexes,
SREPC is the size of .REPC,
SC? is the space on the current page,
WDL is the width of the detail line,
WPL is the width of the print_line,
- RCITEM is a record_item,



APPENDIX B: An Example of a QAUZ Session



System: Quiz Advisor
Subsystem: QAUZ 1.1

Author: B.Tauzovich

{(Type 'h’ for help)

A QAUZ query consists of the following:

- Assumptions (opticnal)
Quiz code (optional)
A questicn
Commands:

update assumptions

update QUIZ code

show assumptions and code
delete all assumptions and code
enter a question

show this menue

help

exit QAUZ

er3qgqauop

Enter your question:
>> h

The following types of questions are expected:

Why ...%7
. Why ... not ...7?
Why did I get the error message ...?
What happens if I use ...7
When is it true that ...?

Ir

Syntax Questions:
What kinds of statements are there?

What are the different kinds of ... statement?
What is the syntax of ...7?

What is the complete syntax of ...7?

What is ... a component of?

Where is ... used?

>> What is the syntax of ACCESS statement ?

ACCESS first_file declaration [LINK TO part]...

> What i1s the syntax of SELECT statement ? °
SELECT [(file_part] [IF_part]

> Where is ALIAS used ?

.
oty

r!



"ALIAS’ is

in-=-> ALIAS part
in-->» file declaration
in--> first_file_declaration
ir=--> ‘ACCESS’ statement
in-=> subsequent_file declaration
in--> LINK TO part
in-=> ‘ACCESS with a LINK_TO option’ statement

> What is the complete syntax of ACCESS statement 7

ACCESS
first_file_declaration
file_declaration ~ }
file A
[ALIAS part]
ALIAS
name
[LINK_TO_part]...
» LINK
TO
subsecuent_file_declaration
file _declaration
file '
[ALIAS part)
ALIAS
name
[OPTIONAL part]
OPTIONAL

> What kinds of statements are there ?

ACCESS
ACCESS with a LINK TO_option
ACCESS without - LINK_TO option

SELECT
SELECT with a file option
SELECT file IF
SELECT £file
SELECT without a file_option
SELECT IF
SELECT without file or IF

REPORT
REPORT with a specification
REPORT with a report_group
REPORT with the ALL_option
REPORT without a specification

> a
No assumptions
Update the assumptions:
1l >h
* QOptions: <lesk_statement> | del(X) | <cr>
where X is ’all’, a number, or a list of numbers

»



No co
Enter

> What ha

SELECT
ACCESS
SELECT
REPORT
SELECT
REPORT

Analvz

(1)
{2}

Analyz
NOTE:

(L
{2)
{3)
(4)
{5)
(6)

(7
(8)
(3
(10}
(11)
{12)
{13)

* Enter cptions one at a time
1 >"AMOUNT’ is an item .
2 >'AMOUNT’ is described in the dictionary as an item

3>
de
vour QUIZ code:
>> h

* Enter one statement per line

* Use only capital letters in kevwords

* To end type <¢r> after the prompt

NOTE: ancther way to replace the cocde is to
enter the following type of assumption:
I used "<stmtl>;<stmt2>;..."

>> SELECT
>> ACCESS EMPLOYEES ALIAS STAFF LINK TO BILLINGS OPTIONA
>> SELECT EMPLOYES " :

>> REPORT ALL
>> SELEC IF AMOUNT LE LIMIT

Not a statement (input ignored)
>> SELECT IF AMOUNT LE LIMIT

>> REPCORT EMPLOYEE OF STAFF PICTURE "~"~""" LASTNAME HEADING "Name™
>>

prens if I use the code 7

EMPLOYEES ALIAS STAFF LINK TO BILLINGS OPTIONAL
EMPLOYES

ALL

IF AMOUNT LE LIMIT
EMPLOYEE QF STAFF PICTURE "***~" LASTNAME HEADING "Name"

ing: SELECT (ST1)
there is no selection_condition on record complexes
STl is a ‘SELECT without file or IF’ statement

ing: ACCESS EMPLOYEES ALIAS STAFF LINK TO BILLINGS OPTIONAL (ST2)
All previous statements are cancelled!

EMPLOYEES 1s described in the dicticnary as a file (UNCERTAIN)
STAFF is the alias of EMPLOYEES
SYAFE i3 a unique file (VERIFIED)
STAFF i1s a declared file, therefore
STAFF is an accessible file
records of STAFF are required
For file 2 :
BLLLINGS is described in the dicticonary as a file (UNCERTAIN)
BILLINGS has no alias
BILLINGS is a unigque file (VERIFIED) €
BILLINGS is a declared file, therefore
BILLINGS is an accessible file
BILLINGS is a subordinate file, therefore
a link for BILLINGS is established through an internal procedure



(14)
(15)
{1l6)

records of BILLINGS are optional
STAFF is the primary file
$T2 is an ’'ACCESS with a LINX_TO option’ statement

Analyzing: SELECT EMPLOYES (ST3)

-(17)

error message ERRSI is issued: -
" Expected : file IF eol”

(The rest of the statement is ignored)

Analyzing: REPORT ALL (ST4)

{1i8)
{19)

all record_items are requested for reporting
ST4 is a 'REPORT with the ALL_option’ statement

Analyzing: SELECT IF AMOUNT LE LIMIT (ST5)

(20)
{(21)
{22)
{23)
(24)
(2%5)
(26)
(27
(28)

AMOUNT is described in the dictionary as an item (ASSUMED)
a default for the qualifier is used, therefore

the qualifier is determined through an internal procedure
LIMIT is described in the dictionary as an item (UNCERTAIN)
a default for the qualifier is used, therefore

the qualifier is determined through an internal procedure
the type of AMOUNT is equal to the type of LIMIT (UNCERTAIN)
there is a selection_condition on record complexes
ST5 is a "SELECT IF’ statement

Analyzing: REPORT EMPLQOYEE OF STAFF PICTURE "~*~~~" TASTNAME HEADING "Name" {(57T¢)
NOTE: ST4 is cancelled! )

(29)
(30)
(31}
(32)
(33)
(34)
(35)
(36)
(37

(38)

{39)
{40)

{41)
(42)
(43)
(44)
(45)
(46)
(47)
{48)
(49)
(50)
(51)
{52)
{53}

For report _item 1
a default for the tab_column is used, therefore
the tab_column is determined through an internal procedure
EMPLOYEE is described in the dictionary as an item (UNCERTAIN)
STAFF is a declared file (VERIFIED)
EMPLOYEE is described in the dictionary as an item of STAFF (UNCERTAIN)
STAFF 1s the qualifier of EMPLOYEE
EMPLOYEE is an item .
a default for the column_heading is used, therefore
the column_heading is set to the dictionary heading of EMPLOYEE, ther
the column_heading is printed above the value
is the picture of report_item, therefore
the value is formatted using “~~~n"
er report_item 2 :
a default for the tab column is used, therefore
the tab_column is determined through an internal procedure
LASTNAME is described in the dictionary as an item (UNCERTAIN)
a default for the gqualifier is used, therefore
the qualifier is determined through an internal procedure
LASTNAME is an item
"Name" is the column_heading of LASTNAME, therefore
"Name" is printed above the value
a default for the picture is used, therefore
the picture is set to the dictionary picture of LASTNAME, therefore
the value is formatted using the picture
no lines are reserved ’
ST6 is a 'REPORT with a report_group’ statement

nTAAAAN

=
I

N



{ ‘ B.S

> What happens if I use "ACCESS EMPLOYEES ; SELECT EMPLOYEES™ 2
ACCESS EMPLOYEES

N SELECT EMPLOYEES
[ ~
'\\_\ P
-ACTESS _EMPLOYEES .
SELECT- EMPLOYEES.,

-
Analyzing: ACCESS EMPLOYEES (ST1) . T

ey

(1) EMPLOYEES is described in the dictionary as a file (UNCERTAIN)
(2) EMPLOYEES has no alias

(3) EMPLOYEES is a unicque file (VERIFIED)

(4) EMPLOYEES is a declared file, therefore

(5} EMPLOYEES is an accessible file

{6} records of EMPLOYEES are recuired

(7) EMPLOYEES is the single file

(8) STl is an "ACCESS without a LINK TO_cption’ statement .

Analyzing: SELECT EMPLOYEES (ST2)

(3) EMPLOYEES is a declared file (VERIFIED)
{10} there is no selection_ceonditien on EMPLOYEES
(11) ST2 is a "SELECT file® statement

> When is it true that records are required ?

records of a file are Teguired,
CONSEQUENCE OF:
using first_file declaration
in "ACCESS’ statement
OR .
using subsequent_file declaration without
OFTIONAL part
in LINK_TO part
in ’ACCESS with a LINK_TO_option’ statement

> d
No assumptions
N¢ code

> Why did I get the error message "Cannot find the item ADDRESS OF BILLINGS" 2

The meséage "Cannot find the item ADDRESS QOF BILLINGS™ is issued
because the qualified item was not found in the dicticnary.

> Whv did I get the error message "Expected : Tile" 2

"Expected : file" is not a valid error message.
his the message "Expected : RECORD key file"? (y/n) >> n
Was the message "Expected : file IF eol”? (y/n) >> n
Wa.: the message "Expected : file LT LE EQ GE GT NE"? (y/r) >> n

Enter your QUIZ code:
>> ACCESS BILLINGS

>> SELECT BILINGS
>>



You should have been issued error message:
"Expected : file IP eol"

because the file was not declared

(Statement: SELECT BILINGS).

> c

QUIZ CODE: :
ACCESS BILLINGS
SELECT BILINGS

Action? ({<cr>=keep, r=replace, d=delete) > r
Enter your QUIZ code:
>> ACCESS EMPLOYEES LINK TO BILLINGS
>> REPORT AMOUNT QF BILLINGS
>>

> Why did I get an error message ?
Conditions that are potentially violated:

EMPLOYEES is described in the dictionary as a flle
(causing error message: :
"Expected : RECORD key file"
at ACCESS statement).

BILLINGS is described in the dlctlonafv as a flle
{causing:error message:
"Expected : RECORD key fileT™
at ACCESS statement).

AMOUNT is described in the dictionary as an item
(causing error message:
"Expected : item"” i
at REPORT statement). -

AMCUNT is described in the dictionary as an item of BILLIIIGS
{causing error message:
"Cannot find the item AMOUNT OF BILLINGS"
at REPORT statement).

Does this explain your problem? (y/n) > n

The following code has been considered:
ACCESS EMPLOYEES LINK TQO BILLINGS
REPORT AMOUNT OF BILLINGS

Is this your entire code? (y/n} >> y

Provided you supplied correct evidence,
% the error doesn’t originate from vour code!

> What happens if I use "REPORT X SKIP PAGE" ?
REPORT X SKIP PAGE

REPORT X SKIP PAGE

Analyzifdg: REPORT X SKIP PAGE (STi)"



Foxr report_item 1

(1) a default for the tab column is used, therefore

(2) the tab_column is determined through an internal procedure
(3) X 1s described in the dictionary as an item (UNCERTAIN)

{4} a default for the qualifier is used, therefore

(5} . the qualifier is determined through an internal procedure
(6) X is an item

(7 a default for the column_heading is used, therefore

(8) the column_heading is set to the dictionary heading of X, therefore
(%) the column_heading is printed above the value

(10) "a default for the picture is used, therefore

(11) the picture is set to the dictionary picture of X, therefore
{12) the value is formatted using the picture

(13} PAGE is the trailing skip, therefore
{(14) PAGE is skipped after the reporting of the next report_group

{15} no lines are reserved
(16) STl is a "REPORT with a report_group’ statement

/

> Where is SKIP used °?
*SKIP’ is

in——> SKIP_lines part
in——> ALL option
' in~--> ‘REPORT with the ALL option’ statement
in=--> SKIP_part
in--> report_ item
in--> report_items
in--> report_group )
in--> ‘REPORT with a report_ group’ statement
-in-—> trailing skip_part
in—--> report_group
in--> "REPQORT with a report_group’ statement

> What happens if I use "REPQRT X SKIP PAGE Y" ?
REPORT X SKIP PAGE Y

REPORT X SKIP PAGE Y
Analyzing: REPORT X SKIP PAGE Y (STI1)

For report_item 1

(L a default for the tab_column is used, therefore
(2) the tab_cclumn is determined through an internal procedure
(3) X is described in the dictionary as an item (UNCERTAIN)
(4) a default for the qualifier is used, therefore
(5) the ¢ualifier is Jz2termined through an internal procedure
(6) X is an item
(7} a default for the column_heading is used, therefore
(8) xthe column heading is set to the dictionary heading of X, therefore
(9} the column_heading is printed above the wvalue
(10) a default for the picture is used, therefore
{(11) : the picture is set to the dictionary picture of X, therefore
(12) the value is formatted using the picture
For report_item 2
(13) PAGE is the skip_amount of Y, therefore’ '

(14} PAGE is skipped before the reporting of the value



{15}
(16)
(17)
(18)
(19)
(20)
(21)
{(22)
{23)
- (24)

(25) -

(26)
(27)
(28)

o
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default for the tab_column is used, therefore
the tab_column is determined through an internal procedure
is described in the dictionary as an item (UNCERTAIN)
default for the qualifier is used, therefore
the qualifier is determined through an internal procedure
is an item
default for the column _heading is used, therefore
the column_heading is set to the dicticonary heading of Y, therefore
the column_heading is printed above the value
default for the picture is used, therefore
the picture is set to the dictionary_picture of Y, therefore
the value is formatted using the picture

no lines are reserved
STl is a ’REPORT with a report_group’ statement

> What is the complete syntax of report item ?

[SKIP part]
SKIP
[SKIP_amount)

numbexr of lines

n
/
PAGE
(TAR part]
TAB
item
dictionary_item
item name
[item_qualifier] -
oF
file
[format_part)
(HEADING part]
HEADING
string
[PICTURE part]
PICTURE
string

> What is file declaration a component of 2

> d

first_file declaration
subsequent_file declaration

No assumptions

No code

> a

Ne assumptions
Update the assumptions: !

1 >"EMPLOYEES’ is a file
2>



> ¢
No code
Enter yvour QUIZ code:
>> RCCESS EMPLOYEES
>> SELECT IF CITY NE "Toronto™
>> SELECT EMPLOYEES

>> REPORT EMPLOYEE PICTURE M"AAAAAm

>
«

> Why did not I get [ a large rumber of report complexes ] ?

the number of report_complexes is small,
CONSEQUENCE OF: :
there is a selection_condition on
record complexes,
CONSEQUENCE OF: _
using fSELECT IF’ statement

> What are the different kinds of SELECT statement 7

SELECT
SELECT with a file_optien
SELECT file IF
SELECT file
SELECT without a file option
SELECT IF
SELECT without file or IF

-

> Why is [ a default for the column heading ] used ?

a2 default for the column heading of a report_item
is used,
CONSEQUENCE OF:
using format_part without HEADING part
in report_item
in report_items
in report_group
in "REPORT with a report_group’ statement

> Where is item used 7
*item” is

in--> content
in—--> conditien
in=-=-> IF_part
in-=> ‘SELECT £ile IF’ statement
in--> *SELECT IF’ statement
in--»> expressicn
in=-=> condition
in--> IF part
in--> fSELECT file IF’ statement
in--> YSELECT IF’ statement
in-=-> report_item
in--> report_items
in~-> report_group
in-~-> ‘REPORT with a report group’ statement
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> Why is [ a default for the picture ] used 2
Your query is INCONSISTENT!

Contradiction found regardiug:
using format_part without PICTURE part

The contradiction results from
a default for the picture of a report_item is
used (question)
and
REPORT EMPLOYEE PICTURE "#~naan  (onde)

Eithex your assumptions and/or QUIZ statements are incorrect
or you did not formulate your question properly!

Assuming the latter...

The NEGATION of vour question is TRUE
because the following DOES NOT HOLD:
using format_part without PICTURE_part
in report_iten
in report_items
in report_group
in ‘REPORT with a report_group’ statement (f)

> When 1s it true that a picture is established ?

the picture of a 1-'e;:m:t item is establlshed,
CONSEQUENCE OF :
the picture of the report_item is specified in
the code,
CONSEQUENCE OF:
using PICTURE part
in report_item
in report_items
in report_group
in *REPQRT with a report_group’ statement
OR
the picture of the report _ltem is set to the
dictionary_picture of an item,
CONSEQUENCE OF:
all record_items are requested for reporting,
CONSEQUENCE QF:
using ‘REPORT with the ALL option’ statement
AND
a record item is an accessible record _ item,
CONSEQUENCE OF:
the record item is a declared record | item,
CONSEQUENCE OF:
the record_item is a2 record item of a file
AND
the file is a declared file,
CONSEQUENCE OF:
using first_£ile declaration
in 'ACCESS’ statement
OR
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using subsequent_ file declaration
in LINK TO part

in 'ACCESS with a LINK_TO_option’ statement
OR

a default for the picture of the report_item is
used,

CONSEQUENCE OF: ,
using format_part without PICTURE part
in report_item
in report_items )
in report_group
in "REPORT with a report_group’ statement

’

> When there is a wraparound ?
Illegal input ~ parsing failed

/ SEQap: erro:(illegal_question_form,[when,there,is}a,wraparound])
\

> When is it true that there is a wraparound ?

there is a wraparound,
CONSEQUENCE OF:

the width of the detail_line .is greater than the
width of the print_line

> When is it true that -a tab column is determined through an internal procedure ?

the tab_column of a report_item is determined
through an internal procedure,
CONSEQUENCE OF: g
a default for the tab_column of the report_item
iz used,
CONSEQUENCE OF:
using report_item without TAB_part
in report_items
in report_group
in fREPORT with a report_group’ statement

> Why is footing printed ?
Sorry can’t answer this gquestion...

> Why is not 'EMPLOYEES’ the primary file ?
Because the following DOES NOT HOLD:
using ‘ACCESS with a LINK_TO option’ statement (£f)

> a

ASSUMPTIONS:
1 ’EMPLOYEES’ is a file

Update the assumptions:
2 »all record itms are requested
Illegal input - parsing failed
SEQAP: Lexical error
{input ignored)
2 »all record items are requested

3 >no record items are recquested
54 >
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> c
QUIZ CODE:
ACCESS EMPLOYEES
SELECT IF CITY NE "“Toronto"
SELECT EMPLOYEES
REPORT EMPLOYEE PICTURE #AA~n~an

Action? (<cr>=keep, r=replace, de=delete) >

> Why is the field truncated ?
Your query is INCONSISTENT!

Contradiction found regarding:
all record items are requested for reporting -

Please examine your query...

ASSUMPTIONS:
1 ’EMPLOYEES’ is a file
2 all recoxd items are requested

3 no record_items are requested
Update the assumptions:

4 >del{al)

Invalid input, try again

4 >del(all)
N¢ assumptions

1>

> Why is the field truncated ?

the field of a repert_item is truncated, K
CONSEQUENCE CF':

the status of the report_item is OVERFLOW,
CONSEQUENCE OF:
the length of the value of the item of the
report_item is greater than the length of the
picture of the report_item
AND
the type of the item of the report_item is string
> a
No assumptiocns
Update the assumptions:

1 »an alias is specified
2>

> Why was the column heading not established 7

Your cquery is INCONSISTENT!

Contradiction found regarding:
using ALIAS_part



Please examine your query...

The contradiction results from
the alias of the dicticnary file of a file is
specified in the code ({(assumption)
and

ACCESS EMPLOYEES (code)
' \

> a
ASSUMPTIONS:
1 an alias is specified
Update the assumptions:
' 2 >del (1)
N¢o assumptions
1>

> Why was the column heading not established 2
Your cquery is INCCONSISTENT!

Contradiction found regarding:
using format_part without HEATING part

The contradiction results from

not true that the column_heading of a report_item is
established (question}
and

REPORT EMPLOYEE PICTURE "~~~nram (code)

Tither your QUIZ statements are incorrect
oxr vou did not formulate vour cquestion properly!

Assuming the latterx...

the column_heading of a xeport_item is
established,
CONSEQUENCE QF':
the column_heading of the repcrt_item is set to
the dicticnary_heading of an item,
CONSEQUENCE OF:
a default for the column_heading of the
report_item is used,
CONSEQUENCE OQF:.
- using format_part without HEIADING part
in report_item
in report_items
in report_group
in ’REPCRT with a report_group’ statement

> Why is the =olumn heading set to the dictionary heading 2

the column_heading of a report_item is set to the
dictionary heading ¢f an- item,
CONSEQUENCE OF:
a default for the column_heading of the
report_item is used,
CONSEQUENCE OF:
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using format_part without HEADING_ part
in report_item
in report_items
in report_group
in ‘REPORT with a report_group’ statement

No .assumptions
Update the assumptions: ]
1 >I used "SELECT IF DATEINFPUT EQ DATEENTER"
SELECT IF DATEINPUT EQ DATEENTER
(the above code is now in effect)

>*DATEINPUT’ is an item .

>the. type of 'DATEINPUT’ is string

>'DATEENTER’ is an item )

>the type of ’'DATEXNTER’ is numeric

>

.
Wb W N

> Why did I get an error message?

You should have been issued error message:
"The data type is not the expected one”
because the data types in the condition de not agree.

> &
Ne assumptions
N¢ cede

> Why did I get [ a small number of report couplexes ] 7

the number of =z
CONSEQUENCE OF:
there is a selection_condition on
record complexes (2},
CONSEQUENCE OF:
using ‘SELECT IF’ statement (?)

eport_complexes is small,

QR
there is a selection_condition on a file (?),
CONSEQUENCE OF: )
using "SELECT file IF’ statement (7)
AND .
records of the file are reguired (?),
CONSEQUENCE OF:
using first_Zfile_declaration
in ‘ACCESS’ statement (?)
CR
using subsequent_file_declaration without
OPTIONAL part
in LINK_TO part _
in "ACCESS with a LINK_TO_option’ statement (?)

> c
No code !
Enter your QUIZ ccde:
>> SELECT IF ELEM NE "123199"
>
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a
No assumptions
Update the assumptions:
1 >'ELEM" is an item
2 >the type of "ELEM’ is numeric
35>
Why does the code not work ?

You should have been issued error message:
"The data type is not the expected one”
because the data types in the conditien do not agree.

d
No assumptions
Ne code

Why is nothing reported ?

nothing is reported,
CONSEQUENCE: CF: .
no record_items are requested for reporting,
CONSEQUENCE QF:

using ‘REPORT without a specification’ statement

a
Nc assumptions
Update the assumptions:
1l >I used "ACCESS A LINK TO B LINK TO B"
' ACCESS A LINX TO B LINK TO B

(the above code is now in effect)
1>

Why did I get [ a2 small number of fields ] 7
You should have been issued error message:
"Invalid file name™
because £f£ile names are not unique - need aliasing.

No assumptions
No code

No assumptions

Update the assumptions:
1 >"X" 1is a report_item
2 >the type of "X’ is numeric
3>

Why is the field filled with the crosshatch sign 2
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the field of a report_item is filled with the
crosshatch_sign,
CONSEQUENCE 0OF:
the status of the report_item is OVERFLOW,
CONSEQUENCE OF:
the length of the value of the item of the
report_item is greater than the length of the
picture of the report_ item
AND
the type of the item of the report_item is
numeric





