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Abstract

This document is a description of Deimos, a query answering Defea-
sible logic system. Deimos is a complete implementation of propo-
sitional Defeasible logic and some variants. System components
include command-line-driven theorem provers and a web-accessible
theorem prover. The system has been implemented in Haskell.

This is the short form of this document. The long form includes
details about the implementation.

Contents

1 Introduction 1

2 Installation
2.1 Downloading
2.2 Unpacking and compiling Deimos . . . . . . .. . ..
2.3 Compiling without make . . . . . .. .. ... ....

N = =

3 User’s Guide
3.1 Theories . . . . . . . . ..

3.1.1 Whitespace and comments . . .. ... ...
3.1.2 Atoms . . .. ...
3.1.3 Literals . ... ... ... ... ........
3.1.4 Facts. . . .. ..o
315 Rules . ... ... ... ... .
3.1.6 Labelledrules . . . .. ... ... .......
3.1.7 Priority assertions . . .. ... ... ... ..
3.1.8 Theories . . . . . . . ..o oo
3.2 Tagged Literals . . . . . . ... ... ... ......
3.2.1 Standard inference conditions . . . . . . . ..
3.2.2  Variant inference conditions . . . . . . . . ..

3.3 Justenough Hugs. . . .. ... ... ... ......
3.4 Running compiled tools
3.5 DefeasibleParser

351 Usage (GHC) . . ... ... ... ... ....
3.5.2 Usage (Hugs) . . .. ... ... ... .....
3.6 DProver . .. ... ... .. ... . 0 L.
3.6.1 Usage (GHC) . .. ... ............
3.6.2 Usage (Hugs) . . . ... ... ... ......
3.63 Runfiles. . . ... ... ... 0.
3.7 ODProver . .. ... ... .. .. .. .. .. ...
371 Usage (GHC) . . ... ... ... ... ....
3.72 Usage (Hugs) . . . ... ... ... ......
3.8 DTScale . . .. ... ..o
381 Usage (GHC) . . ... .............
3.8.2 Usage (Hugs) . . . ... ... ... ......

O O U UL O UL OU OU W i o R R R W W W W hNNNNNNNNDNN

3.9 CGITool . ... ... ... ... ...

A Syntax Summary
Al Comments . . . . . . .. o v vt e
A.2 Identifiers . . . . . . . . ...
A.3 Literals
A4 Rules. . . . . . . . e
A.5 Labels and Priorities . . . . . . ... ... ......
A.6 Theories . . . . . . . . . o e
A.7 Tagged Literals . . . . .. ... ... ... ......

[« N>R >IN N e I e NI e NI )

October 27, 2009

B Scalable Test Theories
B.1 Chain Theories . . . . . . . ... ... .. ......
B.2 Circle Theories
B.3 Levels Theories . . . . . ... ... ... .......
B.4 Teams Theories . . . . . . . . .. ... ... .....
B.5 Tree Theories . . . . . . ... . ... ... ......
B.6 Directed Acyclic Graph Theories
B.7 Mix Theories
B.8 Theory Sizes

[CIESIESIEN IENIEK IEN o

1 Introduction

Deimos [1] is a system that implements Defeasible logic [2, 3]. The
procedures for installation of the Deimos system are described in
section 2. Section 3 is a guide for users of the system.

The Phobos system implements an extension to Defeasible logic,
Plausible logic [4], and is described in a separate document [5].

The symbol $ appears is command examples to represent the shell
command line prompt. Milti-line commands are continued with the
UNIX escape character, \. The Hugs command line prompt is shown
as Hugs>.

2 Installation

2.1 Downloading

The Deimos system and this documentation can be downloaded
from:
http://www.cit.gu.edu.au/~arock/defeasible/Defeasible.cgi

2.2 Unpacking and compiling Deimos

Compiling the system requires a Haskell compiler. Haskell com-
pilers are available from http://www.haskell.org/. The compiler
requires extensions to the Haskell-98 standard, specifically support
for multi-parameter type classes. The Haskell Interpreter, Hugs,
is capable of running Deimos albeit more slowly and for smaller
theories.

To unpack:

$ gunzip Deimos.tar.gz
$ tar -xf Deimos.tar.gz

To unpack on Windows, use the free tool, PowerArchiver.
Change directory to Deimos/src.

$ cd Deimos/src

To compile all of the Deimos tools, type:
$ make bin
On windows, where binaries end in .EXE, and if you have make, try:
$ make pc_bin
Only the CGI tool (section 3.9) is sensitive to its location for in-
stallation and the location of its resources. The Haskell source will

require modification to adjust the file and directory names referred
to. Most users will not want to install the CGI tool.


http://www.cit.gu.edu.au/~arock/defeasible/ Defeasible.cgi
http://www.haskell.org/

2.3 Compiling without make

If you are wishing to compile the Deimos tools without make, for in-
stance if you are using Windows, you can use GHC’s --make option
to compile the modules in the correct order to satisfy their depen-
dencies. The following are the commands required to compile each
tool.

$ ghc --make -0 DefeasibleParser.lhs \
-0 ../bin/DefeasibleParser

$ ghc --make -0 DProver.lhs -o ../bin/DProver

$ ghc --make -0 ODProver.lhs -o ../bin/0DProver

$ ghc --make -0 DTScale.lhs -o ../bin/DTScale

$ ghc --make -0 Defeasible.cgi.lhs -o ../bin/Defeasible.cgi

3 User’s Guide

This user’s guide begins in section 3.1 with a description of the syn-
tax that Deimos will recognize for defeasible theories. Section 3.2
describes the syntax of the queries the system will respond to. Sec-
tions 3.3 and 3.4 describe how to use the two most popular Haskell
runtime systems to execute the tools that make up Deimos. The
remaining subsections of section 3 give usage instructions for each
of those tools.

3.1 Theories

Defeasible theories are entered into components of Deimos in textual
form. The syntax for theories is summarized in appendix A.

3.1.1 Whitespace and comments

Any amount of whitespace is permitted before and after any symbol.
Comments are treated as whitespace. There are two types:

e Comments that begin with a % extend to the end of the line.

e Comments that begin with /* extend to the next */ and may
extend across many lines.

3.1.2 Atoms

Atoms are names made up of letters of either case, digits and un-
derscores (_), but must start with a lower case letter.

Phobos extends defeasible theories by permitting arguments in
atoms. Arguments may be either:

constants — names that begin with lower case letters; or
variables — names that begin with upper case letters.

Arguments are enclosed in parentheses and are comma separated.
A “grounded” object contains no variables, only constants. Example

atoms:
P p(a,b,C)
proposition_13 propositioni4(constl,const2,Var_1)

3.1.3 Literals

A literal is an atom p or its negation —p. Deimos uses ~ for —.
Example literals:

p “p p(a,b,0) “p(a,b,0)

3.1.4 Facts

Facts are literals that are asserted as true.

3.1.5 Rules
There are three types of rules permitted in Deimos thories:

Strict rules consist of an antecedent (a set of literals), the strict
arrow —> (for —) and a consequent (a literal).

Defeasible rules consist of an antecedent, the plausible arrow =>
(for =) and a consequent.

Defeater rules consist of an antecedent, the defeater arrow ~> (for
~») and a consequent.

October 27, 2009

The set braces may be omitted from antecedents. Example rules:

formal Deimos
{3=0»r O =>p
{a,b,c} ~-d {a, b, c} > ~d
{a,b,c} =d {a, b, ¢} =>d
p—q P~—>4q

3.1.6 Labelled rules

Labels are names that start with an upper case letter. Rules in
defeasible theories are usually preceded by a unique label and a
colon.

3.1.7 Priority assertions

A priority assertion consists of two labels separated by >. Example:
R1 > R2
In this example we assert that the rule labelled R1 “beats” the
rule labelled R2.

3.1.8 Theories

A defeasible theory is a triple T = (F, R,>), where F is a set of
facts, R is a set of rules, some of which are labelled, and > is the
priority relation on the labelled rules.

The syntax preferred for Deimos theories is demonstrated with
these two examples. The first example is purely propositional.

% A test defeasible theory in Deimos syntax

emu.
emu => heavy.
emu -> bird.

R1: bird => flies.

R2: heavy “> “flies.
R2 > R1.

This second example uses removable variables. The example
shows only one argument for each literal, but more are permitted
and must be comma separated.

% A test defeasible theory in Deimos syntax,
% with removable variables

emu(tweety) .

emu(X) => heavy(X).

emu(X) -> bird(X).
R1: bird(X) => flies(X).
R2:  heavy(X) "> “flies(X).

R2 > R1.

Deimos can also parse theories expressed in d-Prolog syntax. d-
Prolog does not use rule labels, and must therefore explicitly restate
the rules in priority (sup) declarations. Example:

% A test defeasible theory in d-Prolog syntax,
% with removable variables

emu(tweety) .

bird(X) :- emu(X).
heavy(X) := emu(X).
flies(X) := bird(X).

1~ heavy(X).
1~ heavy (X)), (flies(X)

neg flies(X)
sup((neg flies(X) 1= bird(X))).

Deimos syntax and d-Prolog syntax can be mixed to some extent,
as in the syntax accepted by the Delores [1] system. Here the rules
are stated using d-Prolog syntax, but priorities are declared using
rule labels. Example:

% A test defeasible theory in a mix of Deimos and
% d-Prolog syntax, with removable variables

emu(tweety) .

heavy (X) := emu(X).

bird(X) :— emu(X).
R1: flies(X) 1= bird(X).
R2: neg flies(X) :~ heavy(X).

R2 > R1.



3.2 Tagged Literals

The queries that the prover components of Deimos respond to are
tagged literals. The syntax for tagged literals is:

proof_symbol ci= IID|| | Ildll | llda" I |IS" I lldtll
tagged_literal ::= ("+" | "-") proof_symbol literal

At present the literal in a tagged literal must be grounded, that
is, contain no variables. Examples:
+D emu -d flies(tweety)
The meaning of each proof symbol is listed in table 1.

symbol | meaning
D A: strict
d 0: defeasible
dt O_y: defeasible variant without team defeat
da 6: defeasible variant with ambiguity propaga-

tion
S f: defeasible variant — support
Table 1: The proof symbols.
3.2.1 Standard inference conditions

The following are the inference rules that are used to prove
a given tagged literal. A formal proof or derivation P =
(P(1),...,P(|P])) of is a finite sequence of tagged literals £aq where
a € {A,0,0_4+,4, f}, and q is a literal. In these rules q is a literal,
A(r) is the antecedent of rule r, R[q] is the set of rules with conse-
quent ¢, Rs[q] is the set of strict rules with consequent ¢, Rsq[q] is
the set of strict and defeasible with consequent g, r > s means that
a rule r beats rule s, and r ¥ s means that a rule r does not beat
rule s.

+A: If P(i+ 1) = +Aq then either
q€ For

Ir € Rs[q] Ya € A(r) : +Aa € P(1..49)

—A: If P(i+1) = —Agq then
g ¢ F and

Vr € Rslg] 3a € A(r) : —Aa € P(1..%)

+0: If P(i+ 1) = 40q then either
+Ag € P(1..3) or
Ir € Rsqlg]Va € A(r) : +9a € P(1..4) and
—A ~ g€ P(1..4) and
Vs € R[~ q] either
Ja € A(s) : —0a € P(1..3) or
3t € Rsqlg] such that
Va € A(t) : +0a € P(1..i) and t > s

—0: If P(i+ 1) = —0q then
—Agq € P(1..4) and either
Vr € Rsqlq)Ta € A(r) : —0a € P(1..1) or
+A ~qe P(1..4) or
Js € R[~ q] such that
Va € A(s) : +0a € P(1..1) and
vVt € de[q]
Ja € A(t): —Oa € P(1..i) ort % s

3.2.2 Variant inference conditions

+0_¢: If P(i+ 1) = +0_¢q then
+Ag € P(1..i) or
3Ir € Rsqlg]Va € A(r) : +0_¢a € P(1..i) and
—A ~ g€ P(1..4) and
Vs € R[~ q] either
r > s or
Ja € A(s) : —0_¢a € P(1..9)
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: If P(i+ 1) = —0_¢q then
—Agq € P(1..7) and
Vr € Rgsqlq]3a € A(r) : —0—ta € P(1..4) or
+A ~ g€ P(1..4) or
3s € R[~ q] either
r$sor
Va € A(s) : +0—ta € P(1..7)

+6:  If P(i+ 1) = +dq then either
+Ag € P(1..9) or
Ir € Rsqlg]Va € A(r) : +8a € P(1..4) and
—A ~ge P(1..i) and
Vs € R[~ g] either
Ja€ A(s): — [a€ P(1.4) or
3t € Rsqlg] such that
Va € A(t) : +éa € P(1..i) and t > s

—§:  If P(i+1) = —dq then
—Agq € P(1..7) and either
Vr € Rgsqlg]3a € A(r) : —da € P(1..%) or
+A ~ g€ P(1..4) or
s € R[~ ¢] such that
Va € A(s): + [a € P(1..i) and
vt € de[‘]]
Ja € A(t) : —da € P(1..1) or not (t > s)

—i—f: IfPGE+1)= —l—fq then either
+Aq € P(1..i) or
Ir € Rsqlg] such that
Va € A(r) : -|—fa € P(1..4) and
Vs € R[~ g either
Ja € A(s): —da € P(l..i)or s $ r

— f: IfPGE+1)= 7fq then either
—Ag € P(1..i) and
Vr € Rsqlg] such that
Ja € A(r) : 7‘[(1 € P(1..4) or
3s € R[~ q] either
Va € A(s) : +da € P(1..i) and s > r

3.3 Just enough Hugs

The Haskell programming language has been used to implement
Deimos. There are several Haskell implementations. The most
widely used are the interpreter, Hugs, and the (glorious) Glasgow
Haskell Compiler, GHC. Compiling Deimos with GHC is described
in section 2. While compiling with GHC is the only way to install
the web-based components of Deimos and the compiled provers will
significantly out-perform the interpreted ones, for many users run-
ning the provers with the interpreter is quite sufficient. There are
advantages: Hugs has been ported to more platforms than GHC;
and installing Hugs is much easier than installing GHC. Here is just
enough information to get and use Hugs to run Deimos.

The latest version of Hugs and installation instructions for all
platforms can be always be obtained from http://www.haskell.
org/.

Deimos uses Haskell language features that are not included in
the Haskell-98 standard, and also demands a large heap for compi-
lation and execution, so hugs should be launched with the options
-98 and -h10000000 or more.

Also hugs needs to know where to load the modules from. Use
the -P option when launching hugs to specify the locations of the
library and Deimos modules. For example:

$ hugs -98 -h10000000 -P"ABRHLibs:Deimos/src:"

Defining a shell alias for this complicated command is recommended.
Once Hugs is installed and launched, Deimos programs can be

loaded by typing the command:

Hugs> :1 <program-name>

where <program-name> is the filename of the main module of the

Deimos program. The file name extension .1lhs may be omitted.
To run the program, in most cases, type the expression:

Hugs> main

To kill any Haskell program type a control-C, or command-. on
a Macintosh (prior to Mac OS X).
To quit Hugs, type the command:

Hugs> :q


http://www.haskell.org/
http://www.haskell.org/

3.4 Running compiled tools

Once compiled with GHC (section 2), the Deimos tools can be
executed directly from a command line shell.

The command to type is the name of the program. Each of
the following sections covers one program. The options and other
command line arguments that can be specified in addition to the
program name are described there.

For very large theories, the default memory allocations may be
insufficient. The program may fail because either the heap or stack
space limits are exceeded. In each case, the error message that
results specified which limit was exceeded. Performance can be
less than optimal if the program spends too much time garbage
collecting. The following options are available to control memory
usage. These options control the Haskell run-time system.

Run-time system command line options are separated from the
command line options passed to the program, by the delimiting
options +RTS and -RTS. Example:

$ program optl opt2 +RTS opt3 opt4 -RTS opth opt6

In this example: program is the name of the program, optl, opt2,
optb5, and opt6 are options passed to the program; and opt3 and
opt4 are options passed to the Haskell run-time system.

The stack limit can be set with the option -K#, where # is the
number of bytes. # can be specified as with the suffix M (megabytes).
For example, -K10M limits the stack 10 ten megabytes.

The maximum heap size is similarly set with the option -M#.
The heap will grow slowly towards this limit. The run-time system
always tries to reclaim memory with the garbage collector before
extending the heap. This has a big impact on performance. To
avoid this make the initial heap size bigger with the option -H#.

This is an example command line that gives the run-time system
plenty of room.

$ program optl opt2 +RTS -K20M -M100M -H50M

3.5 DefeasibleParser

The program DefeasibleParser is a test program that exercises
the lexers and parsers required to parse a defeasible theory. It can
be used as a quick syntax checker for defeasible theory files. This
program can be run using the Hugs interpreter, or compiled with
GHC and run directly from the shell.

3.5.1 Usage (GHC)

Run the program with the command
$ DefeasibleParser pathl path2

where path, path2, ... are the paths to each of the theory files to
be parsed. For each file the program will display the name of the
file and either a syntax error message or, if the file parsed correctly,
the regenerated theory. A check for cycles in the priority relation
is performed. If there are cycles, the priorities involved are printed.
If there are no cycles an attempt is made to remove all variables
by generating ground instances of them using all of the constants
appearing in the theory. The grounded theory is printed.

If no paths are supplied on the command line, then standard
input will be read and parsed.

3.5.2 Usage (Hugs)

Load the script DefeasibleParser.1lhs into the Hugs interpreter.
To test the parser on one description file, type the expression

Hugs> runl "path"

where path is the path to the theory file. To test the parser on a
list of files, type the expression

Hugs> run ["pathl", "path2", ... ]

Standard input will not be parsed if that list is empty, otherwise
the program will then behave as described for GHC.
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3.6 DProver

The program DProver is the query answering prover with the sim-
plest (and slowest) implementation. This program is maintained
as a test-bed for new features as it is simpler and quicker to mod-
ify than the other prover programs constituting Deimos. Current
features available to this prover, but not to others, include:

e provers with well-founded semantics; and

e run-files.

This program can be run using the Hugs interpreter, or compiled
with GHC and run directly from the shell.

3.6.1 Usage (GHC)

Run the program by typing a command of the form:
$ DProver options [theory-file-name [tagged-literall]

where the options are:

-t Print the theory in Deimos syntax and terminate.
-tp Print the theory in d-Prolog syntax and terminate.
-td Print the theory in Delores syntax and terminate.

-e prover Use the named prover engine. See table 2 for the names
of the prover engines that are available. The default prover
engine is nhlt.

-r run-file Use the named run-file to generate a truth table and
terminate.

If a theory file name is supplied on the command line, that theory
will be loaded. Otherwise when the program starts it will prompt for
the name of a theory file to load. If there is a tagged literal supplied
on the command line, then that proof will be attempted and the
program will terminate upon its completion. If the -r option is
specified and a run-file name is supplied, then all the proofs specified
by the runfile are attempted, and then a truth table will be printed.
Otherwise the program will prompt for and handle commands.

When a theory is loaded it is parsed and checked for consistency.
If these checks fail an error message will be printed and another file
name promped for.

When a theory has been loaded successfully, the program prompts
for commands with |-. The following commands are accepted:

? Print the list of commands.

q Quit the program.

t Print the theory in Deimos syntax.

tp Print the theory in d-Prolog syntax.

td Print the theory in Delores syntax.

f Forget the history of subgoals accumulated so far.

e Identify the current prover engine.

e engine Select a prover engine.

1 [file-namel Load a new theory file [named file-name].
tagged-literal Answer tagged-literal by attempting a proof.
r [run-file] Run the named run-file, printing a table of results.

Tagged literals are described in section 3.2. The prover engines
that can be selected with the e command are listed in table 2. The
different provers feature combinations of goal counting, avoiding
recomputation by maintaining a history of prior results, loop detec-
tion, well-founded semantics, and trace printing. The default prover
is nhlt.

3.6.2 Usage (Hugs)

Load the script DProver. lhs into the Hugs interpreter. At the Hugs
prompt, type the expression

Hugs> run "options [theory-file-name [tagged-literalll"

The program then behaves as descibed for GHC.



prover | counts keeps detects well- prints
name goals history loops founded trace
n .
nh . .
nhl . ° .
nhlw . . . °
t °
nt ° °
nht . . °
nhlt . . ° .
nhlwt . . . . .

Table 2: DProver provers.

3.6.3 Run-files

A theory may be tested by augmentation by combinations of extra
facts, generating a summary table of results. DProver reads a file,
a run-file to specify the combinations of facts to test with and the
proofs to attempt.

A run-file consists of a sequence of statements that specify the
literals to assert as facts, the combinations of literals to ignore, and
the proofs to attempt for each combination of inputs.

The syntax of a run-file is summarized as follows.

run-file ::= {(input | ignore | output) "." }
input ::= "input" "{" literal {"," literal} "1}"
ignore ::= "ignore" "{" literal {"," literal} "1}"
output ::= "output" "{" taggedLiteral "1}"

All literals in a run-file must be grounded. Comments are per-
mitted, with the same syntax as for theory files.

An input statement usually contains one literals. If two or more
literals are present in a single input statement, then they are mutu-
ally exclusive. Examples are shown in table 3. An ignore statement
rules out specific combinations of facts. An example is shown in ta-
ble 3. An output statement specifies a proof to attempt for each
combination of literals. A run-file will produce a summary table of
results. The results will be abbreviated as shown in table 4.

statements
input{a}.

facts generated
input{b}. a. b.
“b.
b.
“b.
“b.
b.
b.
“b.
b.
b.
“b.

t

!

input{a, b}.

4

input{a, ~b}.

R

input{a}. input{b}. ignore{a, “b}.

t

!

(SR AR R N R O R )

Table 3: Example input and ignore statements and the
combinations of facts generated.

Result abbreviation
Proved P
Not Proved | N
Loops L

Table 4: Abbreviated proof results.

3.7 ODProver

The program 0DProver is a query answering prover with an im-
proved (faster) implementation.

This program can be run using the Hugs interpreter, or compiled
with GHC and run directly from the shell.
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3.7.1 Usage (GHC)

Run the program by typing a command of the form:

$ ODProver options [theory-file-name [tagged-literall]

The program options, commands and behavior are the same as de-
scribed for DProver in section 3.6, with the following exceptions:

e Prover engines with well-founded sematics are not available.

e Some additional provers with an array-based history for im-
proved speed are provided.

e Run-files are not implemented. Consequently there is no -r
command line option or r command.

The available provers are listed in table 5.

prover | counts keeps detects well- prints
name goals history loops founded trace
n .
nh . .
nhl . . .
t .
nt . ]
nht . . .
nhlt . . . °
nH . .
nH1 . . .

Table 5: ODProver provers.

3.7.2 Usage (Hugs)

Load the script ODProver.lhs into the Hugs interpreter. The pro-
gram should be invoked and used the same way as DProver.

3.8 DTScale

The program DTScale is used for the generation of scalable test
theories and for measuring the time required for proofs using them.

This program can be run using the Hugs interpreter, or compiled
with GHC and run directly from the shell. Execution time mea-
surement is only possible using the GHC compiled version of this
program.

3.8.1 Usage (GHC)

Compile the program by typing make DTScale. Run the program
by typing a command of the form:

$ DTScale options theory-name size...

where the options are:

-t Print the theory in Deimos syntax and terminate without at-
tempting a proof.

-tp Print the theory in d-Prolog syntax and terminate without at-
tempting a proof.

-td Print the theory in Delores syntax and terminate without at-
tempting a proof.

-m Print the computed metrics (defined in section B.8) for the the-
ory before proving it.

-e prover Use the named prover engine. See tables 2 and 5 for the
names of the provers that are available. The default prover is
nHl1.

-o Don’t use the faster array-based theory representation.

Example:
$ DTScale -t mix 100 10 5

When a proof is requested, statistics about the size of the theory,
the number of goals and the time required for proof are printed.

The theory and the tagged literal to use are specified by theory-
name and size. The mapping from name to theory is given in table 6.
The scalable test theories are described in detail in appendix B.



A.3 Literals

argument ::= namel

arglist ::

literal ::=

prolog_literal :

| name2

["“"] namel [argList]

"(" argument {"," argument} ")"

:= ["neg"] namel [argList]

theory theory name | smallest size
chain(n) chain 0
chain®(n) chains 0
circle(n) circle 1
circle®(n) circles 1
levels(n) levels 0
levels™ (n) levels- 0
teams(n) teams 0
tree(n, k) tree 11
dag(n, k) dag 11
mix(m,n, k) | mix 100

Table 6: Names for specifying scalable test theories, and the
smallest size parameters permitted for each theory.

3.8.2 Usage (Hugs)

Load the script DTScale.lhs into the Hugs interpreter. At the Hugs
prompt, type the expression run args, where args is a string contain-
ing the command line arguments as described above for the compiled
version. Example:

Hugs> run "-p nhlt tree 5 3"

3.9 CGI Tool

The program Defeasible.cgi is a Common Gateway Interface pro-
gram which provides a world wide web interface to Deimos. The
program should be accessed with a WWW browser with the URL:
http://your.www.site/Defeasible.cgi.

For our WWW site, this is:
http://www.cit.gu.edu.au/~arock/defeasible/Defeasible.cgi

This opens the starting page for the system, containing pointers
to information about Defeasible logic and Deimos. A form allows
the user to select an example Defeasible theory to work with, or to
open a page where a new theory can be entered.

With a theory selected or entered, the user can enter queries in
the form of tagged literals. The form for entry of the queries has
a menu that selects the prover to use. The choices available are
equivalent to those offered by ODProver and summarized in table 5.

The CGI tool is stateless. All information about a session is
maintained within the HTML data returned to the user’s browser.

A Syntax Summary

This is a summary description the syntax accepted by this imple-
mentation of Defeasible Logic.

A.1 Comments

Before or after any token can be any amount of whitespace. Com-
ments are treated as whitespace.

commentl ::= "Y" {anything-not-"\n"} ("\n" | end-of-file)
comment2 ::= "/*" comment2’
comment2’ ::=  "x/"

| any-character comment2’

A.2 Identifiers
namel ::= lower-case-letter {letter | digit | "_"}
name2 ::= upper-case-letter {letter | digit | "_"}
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A.4 Rules

antecedent ::= n{m nin
| "{" literal {"," literal} "}"
| literal {"," literal}
| epsilon
rule ::= antecedent ("->" | "=>" | "“>") literal

prolog_antecedent
1= "true"
| prolog_literal {"," prolog_literal}
prolog_rule ::= prolog_literal (":=" | ":=" | ":7°")
prolog_antecedent

A.5 Labels and Priorities

label ::= name2

priority ::= label ">" label

A.6 Theories

fact ::= prolog_literal | literal

rule’ ::= prolog_rule | rule

prolog_superiority

ci= "S’llp" n(n ow(n nyn "o w(" rule’ ")" M

rule’

labeled_rule ::= [label ":"] rule’

statement ::= prolog_superiority
| labeled_rule
| fact
| priority

theory ::= {statement "."}

A.7 Tagged Literals

A query to this system is a tagged literal; a literal to be proved,
tagged by the level of proof required.

proof_symbol .= npn I ngn I "da" | ngn I nqt"

tagged_literal ::= ("+" | "-") proof_symbol literal

B Scalable Test Theories

This appendix specifies the scalable test theories used to test the
performance of Deimos system components.

B.1 Chain Theories

Chain theories chain(n) start with fact ag and continue with a chain
of n defeasible rules of the form a;—1 = a;. A proof of +da, will
use all of the rules and the fact.

ag
T1: Qo = ai
T2 I al = a2

chain(n) =

Tn i Gp—1 = an

A variant chain®(n) uses only strict rules.


http://www.cit.gu.edu.au/~arock/defeasible/Defeasible.cgi

ao
1 ag — a
ro: al — ag

chain®(n) =

Tn @ Apn—1 — Qn

B.2 Circle Theories

Circle theories circle(n) consist of n defeasible rules a; =
Q(i41) mod n-
TOo : ag = a1
71 al = a2
circle(n) =

Tn—1:! Qn—1 = Qo

Any proof of +da; will loop. A variant circle®(n) uses only strict
rules.

ro: ap @ — ai
ri:oal — az

circle®(n) =
Tn—1: AGn—-1 — ag

B.3 Levels Theories

Levels theories levels(n) consist of a cascade of 2n + 2 disputed
conclusions a;, ¢ € [0..2n + 1]. For each i, there are rules = a;
and a;41 = —a;. For each odd ¢ a priority asserts that the latter
rule is superior. A final rule = a2y, 2 gives uncontested support for
a2n+2-

ro: {} = ao
1 al = —ap
ro: {} = a1
T3 . az = a1
r3 > 19
ra: {} = as
levels(n) = r5: as = —as
rant2 : {} = a2n41
T4n+3 @ A2n+4+2 = TA2n+41
T4n+4+3 > T4n42
Tanta t {}

= a2n42

A proof of +0ag will use every rule and priority. A variant
levels™ (n) omits the priorities.

B.4 Teams Theories

Teams theories teams(n) consist of conclusions a; which are sup-
ported by a team two defeasible rules and attacked by another team
of two defeasible rules. Priorities ensure that each attacking rule is
beaten by one of the supporting rules. The antecedents of these
rules are in turn supported and attacked by cascades of teams of
rules.

teams(n) = block(aop, n)

where, if p is a literal, and 71,...,7r4 are new unique labels:

rm:{}=>p

ro: {} =p

T3 = -

block(p, 0) = Tz: H _ ﬁi
rL >7T3
Ty > T4

and, if n > 0, ay, ..
new unique labels:

.,a4 are new unique literals, and r1,...,7r4 are

r1: a1y = p
T2 a2 = p
r3: a3z = p
T4 G4 = TP

71 >7T3

T > T4
block(ai,n — 1)
block(az,n — 1)
block(asz,n — 1)
block(as,n — 1)

block(p,n) =
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A proof of +9agp will use every rule and priority.

B.5 Tree Theories

In tree theories tree(n, k) ao is at the root of a k-branching tree of
depth n in which every literal occurs once.

tree(n, k) = block(ag, n, k)

where, if p is a literal, n > 0, r is a new unique label, and

a1,as,...,ar are new unique literals:
rT:ay, a2, ..., Qg = P
block(ai,n — 1, k)
block(p,n, k) = block(az,n — 1,k)
block(ax,n — 1,k)
and:

block(p,0,k) = {p

A proof of +9ag will use every rule and fact.

B.6 Directed Acyclic Graph Theories

In directed acyclic graph theories dag(n, k), ao is at the root of a
k-branching tree of depth n in which every literal occurs k times.

Akn+1
Akn+2

Akn+k
ro . ai, az, c..y Qg = ag
1 oaz, as, -y Gkl = a1

dag(n, k) =

Tnk : Qnk+1, Ank42; ---> Ank+k = Qnk

A proof of +9agp will use every rule and fact.

B.7 Mix Theories

In mix theories mix(m,n, k) there are m defeasible rules for con-
clusion p and m defeaters against p, where each rule has n unique
literals as antecedents. Each antecedent literal can be strictly es-
tablished by a chain of strict rules of length k. A proof of +dp uses
all the rules and facts.

r1:oa11, ai,2, ceey A1 =P
T2 i a1, az,2, ceey A2)m =P
Tm I Qm,1, am,2, coes Gmyn =P
Tm+1: Gm+1,1; Gm41,2, -+ Gmtln ~> 7P
. r ca a - a. fe S |
mix(m,n, k) = m+2: dm+2,1; dm+2,2, ) Gmt2n P
T2m ! A2m,1, Q42m,2, ..., G2m,;n > TP
strictChain(a1,1, k)
strictChain(azm, n, k)

where:
strictChain(a; ;,0) = { a;;
or, if £ > 0:
bi,j,1
rig1 b1 = b
rig2: bij2 = bijs

strictChain(a; ;, k) =

bijk—1 = bijk
bijk = Gij

Tijk—1"
Tigk



theory facts rules priorities size
chain(n) 1 n 0 2n+1
chain®(n) 1 n 0 2n+1
circle(n) 0 n 0 2n
circles(n) 0 n 0 2n
levels(n) 0 4n+5 n+1 m+8
levels™ (n) 0 4n+5 0 6n+7
teams(n) 0 4 Z?:O 4t |2 Z:;O 4 10 Z::ol 4% +6(4™)
tree(n, k) k" Tk 0 (E+1) S0 K+ En
dag(n, k) k nk+1 0 nk? + (n+2)k+1
mix(m,n, k) | 2mn | 2m + 2mnk 0 2m + 4mn + dmnk

Table 7: Sizes of scalable test theories

B.8 Theory Sizes

A Deimos theory can be characterized by various metrics that give
an indication of the size or complexity of the theory. These metrics
might be used to estimate the memory required to store a theory or
estimate the time taken to respond to queries to them.

Table 7 lists the formulae that predict these metrics for the scal-
able test theories described above. The metrics reported are:

facts the number of facts in the theory;
rules the number of rules in the theory;
priorities the number of priorities in the theory; and

size the overall “size” of the theory, defined as the sum of the
numbers of facts, rules, priorities and literals in the bodies of
all rules.
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