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Kinship Example

parent(art,bob)
parent(art,bea)
parent(bob,cal)
parent(bob,cam)
parent(bea,cat)
parent(bea,coe)



More Data

parent(art,bob)
parent(art,bea)
parent(bob,cal)
parent(bob,cam)
parent(bea,cat)
parent(bea,coe)

grandparent(art,cal)
grandparent(art,cam)
grandparent(art,cat)
grandparent(art,coe)



Deduction

parent(art,bob)
parent(art,bea)
parent(bob,cal)
parent(bob,cam)
parent(bea,cat)
parent(bea,coe)

+
  grandparent(X,Z) :- parent(X,Y) & parent(Y,Z)

=
grandparent(art,cal)
grandparent(art,cam)
grandparent(art,cat)
grandparent(art,coe)

Base relation

View relation



Benefits

    Economy - fewer facts need to be stored

    Less chance of getting out of sync

    View definitions work for any number of objects



Uses

Defining additional domain relations

  grandparent(X,Z) :- parent(X,Y) & parent(Y,Z)

Defining what is legal              Defining what is illegal



Syntax



A constant is a string of lower case letters, digits, 
underscores, and periods or a string of ascii characters 
within double quotes.

   joe, bill, cs151, 3.14159
  person, worksfor, office
    the_house_that_jack_built,
    “Mind your p’s & q’s!”

A variable is either a lone underscore or a string of letters, 
digits, underscores beginning with an upper case letter.

X   Y23   Somebody  _

Constants and Variables

Same
as

 before



A term is either an object constant or a variable.

art   bob   X   Y23

NB: Epilog also allows users to write more complex terms.  And 
this significantly increases its representational power.  Not needed 
for our our purposes today.  

Terms



Atoms
 p(a,b), p(a,X), p(Y,c)

Negations
~p(a,b)

A literal is either an atom or a negation of an atom.
p(a,Y), ~p(a,Y)

An atom is a positive literal.
A negations is a negative literal.

Atoms, Negations, and Literals



                                          subgoal      subgoal

r(a,b) :- p(a,b) & ~q(b)
 

        head   body

{ {
{ {

Rules



Rules with Variables

r(a,b) :- p(a,b) & ~q(b)

r(X,b) :- p(X,b) & ~q(b)
r(X,b) :- p(X,Y) & ~q(Y)
r(X,Y) :- p(X,Y) & ~q(Y)

 



A rule is safe if and only if every variable in the head 
and every variable in any negative subgoal appears in 
some positive subgoal in the body.  

Safe Rule:
r(X,Z) :- p(X,Y) & q(Y,Z) & ~r(X,Y)

Unsafe Rule:
r(X,Z) :- p(X,Y) & q(Y,X)

Unsafe Rule:
r(X,Y) :- p(X,Y) & ~q(Y,Z)

Safety



A rule is safe if and only if every variable in the head 
and every variable in any negative subgoal appears in 
some positive subgoal in the body.  

Safe Rule:
r(X,Z) :- p(X,Y) & q(Y,Z) & ~r(X,Y)

Unsafe Rule:
r(X,Z) :- p(X,Y) & q(Y,X)

Unsafe Rule:
r(X,Y) :- p(X,Y) & ~q(Y,Z)

Safety



A ruleset is a finite set of rules.

  r(X,Y) :- p(X,Y) & q(X)
  r(X,Y) :- p(X,Y) & ~q(Y)

Note that there can be more that one rule defining a 
relation.

Rulesets



Semipositive Rulesets

A semipositive ruleset is one in which negations apply only 
to base relations, i.e. there are no subgoals with negated 
views.

Base Relations: {m, n, p}
View Relations: {q, r}

Example:
  r(X) :- p(X,Y) & q(Y)
  q(Y) :- m(Y,Z) & ~n(Z)

Non-Example:
  r(X) :- p(X,Y) & ~q(Y)
  q(Y) :- m(Y,Z) & ~n(Z)



Semantics



An instance of a rule is a rule in which all variables have 
been consistently replaced by ground terms.

Rule
r(X,Y) :- p(X,Y) & ~q(Y)

Ground Terms
{a, b}

Instances
r(a,a) :- p(a,a) & ~q(a)
r(a,b) :- p(a,b) & ~q(b)
r(b,a) :- p(b,a) & ~q(a)
r(b,b) :- p(b,b) & ~q(b)

Instances



Rule Application

The result of applying a rule r to a dataset Δ is the set of 
all ψ such that (1) ψ is the head of an arbitrary instance of r, 
(2) every positive subgoal in the instance is in Δ, and (3) no 
negative subgoal in the instance is in Δ. 



Example

Dataset                                  Result
  p(a,b)                   r(a,b)
  p(b,c)                   r(b,c)
  p(c,d)
  p(d,c)

Rule
  r(X,Y) :- p(X,Y) & ~p(Y,X)

Instances 
  r(a,a) :- p(a,a) & ~p(a,a)
  r(a,b) :- p(a,b) & ~p(b,a)
  r(a,c) :- p(a,c) & ~p(c,a)
  r(a,d) :- p(a,d) & ~p(d,a)
                   ...

  r(b,c) :- p(b,c) & ~p(c,b)
                   ...

  r(c,d) :- p(c,d) & ~p(d,c)
                   ...



Closure

Using this notion, we define the closure of a ruleset on a 
dataset to be the result of

(1) applying the rules in the ruleset to facts in the dataset,

(2) adding the results to the dataset, and

(3) repeating until nothing new is added.



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)        
  edge(b,c)        
  edge(c,d)        
  edge(d,c)        

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)        
  edge(b,c)        
  edge(c,d)        
  edge(d,c)        
  p(a)             
  p(b)             
  p(c)      
  p(d)

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)    q(a,b)
  edge(b,c)    q(b,c)
  edge(c,d)    q(c,d)
  edge(d,c)    q(d,c)
  p(a)         q(b,a)
  p(b)         q(c,b)
  p(c)      
  p(d)

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)    q(a,b)   
  edge(b,c)    q(b,c)   
  edge(c,d)    q(c,d)   
  edge(d,c)    q(d,c)   
  p(a)         q(b,a)
  p(b)         q(c,b)
  p(c)         r(c,d)
  p(d)         r(d,c)

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)    q(a,b)    s(a,b)
  edge(b,c)    q(b,c)    s(b,c)
  edge(c,d)    q(c,d)    s(c,d)
  edge(d,c)    q(d,c)    s(d,c)
  p(a)         q(b,a)
  p(b)         q(c,b)
  p(c)         r(c,d)
  p(d)         r(d,c)

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)    q(a,b)    s(a,b)
  edge(b,c)    q(b,c)    s(b,c)
  edge(c,d)    q(c,d)    s(c,d)
  edge(d,c)    q(d,c)    s(d,c)
  p(a)         q(b,a)    s(a,c)
  p(b)         q(c,b)    s(b,d)
  p(c)         r(c,d)    s(c,c)
  p(d)         r(d,c)    s(d,d)

Example



Ruleset
  p(X) :- edge(X,Y)
  q(X,Y) :- edge(X,Y)
  q(X,Y) :- edge(Y,X)
  r(X,Y) :- edge(X,Y) & edge(Y,X)
  s(X,Y) :- edge(X,Y)
  s(X,Z) :- edge(X,Y) & s(Y,Z)

Dataset
  edge(a,b)    q(a,b)    s(a,b)
  edge(b,c)    q(b,c)    s(b,c)
  edge(c,d)    q(c,d)    s(c,d)
  edge(d,c)    q(d,c)    s(d,c)
  p(a)         q(b,a)    s(a,c)
  p(b)         q(c,b)    s(b,d)
  p(c)         r(c,d)    s(c,c)
  p(d)         r(d,c)    s(d,d)
                         s(a,d)

Example



Predefined Concepts



Functions
  Arithmetic Functions (e.g. plus, times, min, max, etc.)
  String functions (e.g. concatenate, string matching, etc.)
  Other (e.g. converting between formulas and strings, etc.)
  Aggregates (e.g. sets of objects with given properties)

Relations 
  Equality and Inequality

Predefined Concepts



Identity
    same(t1,t2) is true iff t1 and t2 are identical

Difference
    distinct(t1,t2) is true iff t1 and t2 are different

NB: This is not ordinary equality  (e.g. 2+2 = 4)
  same(plus(2,2),4)   is false
  distinct(plus(2,2),4)   is true

  evaluate(plus(2,2),V) & same(V,4)   is true
   evaluate(plus(2,2),4)   is true

same and distinct



Evaluable term - constant, variable, f(t1,…tn)
    f is a predefined function or user-defined function
    t1,…,tn are evaluable terms

Examples
    plus(2,3)
  stringappend(“abc”,”def”)
  stringify(vinay)
  symbolize(“vinay”)

  min(plus(2,3),times(2,3))

NB: Many predefined functions are variadic, e.g. plus.

Evaluable Terms



evaluate(x,v)
   x is a term 
   v is the value of x

Examples
  evaluate(times(2,3),6)

  evaluate(plus(times(2,3),4),10)

  area(X,Z) :-
    height(X,H) & width(X,W) &
    evaluate(times(H,W),Z)

NB: unbound variables allowed in second argument only

Evaluate Predicate



Predefined Aggregate
 countofall

Example
    numchildren(X,N) :-
    person(X) &
    evaluate(countofall(Y,parent(X,Y)),N)

Aggregate Terms



Kinship



    parent(art,bob)
    parent(art,bea)
    parent(bob,cal)
    parent(bob,cam)
    parent(bea,cat)
    parent(bea,coe)

Datasets

cal cam cat coe

bob bea

art



Grandparents:

             

Data:                                     View:
  parent(art,bob)           grandparent(art,cal)
  parent(art,bea)           grandparent(art,cam)
  parent(bob,cal)           grandparent(art,cat)
  parent(bob,cam)           grandparent(art,coe)
  parent(bea,cat)          
  parent(bea,coe)          

Example



Grandparents:

grandparent(X,Z) :- parent(X,Y) & parent(Y,Z)

Data:                                     View:
  parent(art,bob)           grandparent(art,cal)
  parent(art,bea)           grandparent(art,cam)
  parent(bob,cal)           grandparent(art,cat)
  parent(bob,cam)           grandparent(art,coe)
  parent(bea,cat)          
  parent(bea,coe)          
                           

Example



Ancestors:

Data:                                     View:
  parent(art,bob)           ancestor(art,bob)
  parent(art,bea)           ancestor(art,bea)
  parent(bob,cal)           ancestor(bob,cal)
  parent(bob,coe)           ancestor(bob,cam)
  parent(bea,cat)           ancestor(bea,cat)
  parent(bea,coe)           ancestor(bea,coe)
                            ancestor(art,cal)
                            ancestor(art,cam)
                            ancestor(art,cat)
                            ancestor(art,coe)

Example



Ancestors:

   ancestor(X,Z) :- parent(X,Z)
   ancestor(X,Z) :- parent(X,Y) & ancestor(Y,Z)

Data:                                     View:
  parent(art,bob)           ancestor(art,bob)
  parent(art,bea)           ancestor(art,bea)
  parent(bob,cal)           ancestor(bob,cal)
  parent(bob,cam)           ancestor(bob,cam)
  parent(bea,cat)           ancestor(bea,cat)
  parent(bea,coe)           ancestor(bea,coe)
                            ancestor(art,cal)
                            ancestor(art,cam)
                            ancestor(art,cat)
                            ancestor(art,coe)

Example



Personhood:

             

Data:                                     View:
  parent(art,bob)           person(art)
  parent(art,bea)           person(bob)
  parent(bob,cal)           person(cal)
  parent(bob,cam)           person(cam)
  parent(bea,cat)           person(bea)
  parent(bea,coe)           person(cat)
                            person(coe)

Example



Personhood:

             person(X) :- parent(X,Y)
             person(Y) :- parent(X,Y)

Data:                                     View:
  parent(art,bob)           person(art)
  parent(art,bea)           person(bob)
  parent(bob,cal)           person(cal)
  parent(bob,cam)           person(cam)
  parent(bea,cat)           person(bea)
  parent(bea,coe)           person(cat)
                            person(coe)

Example



Childlessness:

Data:                                     View:
  parent(art,bob)           childless(cal)
  parent(art,bea)           childless(cam)
  parent(bob,cal)           childless(cat)
  parent(bob,cam)           childless(coe)
  parent(bea,cat)
  parent(bea,coe)

Example



Childlessness:

    childless(X) :-
      evaluate(countofall(Y,parent(X,Y)),0)

Data:                                     View:
  parent(art,bob)           childless(cal)
  parent(art,bea)           childless(cam)
  parent(bob,cal)           childless(cat)
  parent(bob,cam)           childless(coe)
  parent(bea,cat)
  parent(bea,coe)

Example



Up to now - unconstrained datasets
    any dataset from its Herbrand base is acceptable

Not always the case
    A person cannot be own parent
    A person cannot be both dead and alive
    every parent in parent relation must be in adult relation

illegal
    Boolean / 0-ary predicate
    true if and only if dataset violates at least one constraint

We encode constraints by defining illegal.

Constraints



A person cannot be his own parent.

  illegal :- parent(X,X)

A person cannot be both dead and alive.

  illegal :- dead(X) & alive(X)

Every parent is an adult.

  illegal :- parent(X,Y) & ~adult(X)

Examples



Blocks World



Blocks World



Symbols: a, b, c, d, e

Unary Predicate:
    block

Binary Predicate:
    on - pairs of blocks in which first is on the second

Vocabulary



Data
                       block(a)
                       block(b)       on(a,b)
                       block(c)       on(b,c)
                       block(d)       on(d,e)
                       block(e)



Blocks World - cluttered
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

cluttered(Y) :- on(X,Y)

cluttered(b)
cluttered(c)
cluttered(e)



Blocks World - clear
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

clear(Y) :- block(Y) & countofall(X,on(X,Y),0)

clear(a)
clear(d)

            



Blocks World - supported
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

???

supported(a)
supported(b)
supported(d)



Blocks World - supported
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

supported(X) :- on(X,Y)

supported(a)
supported(b)
supported(d)



Blocks World - table
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

???

table(c)
table(e)



Blocks World - table
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

table(X) :- block(X) & countofall(Y,on(X,Y),0)

table(c)
table(e)



Blocks World - stack
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

          stack(X,Y,Z) :- on(X,Y) & on(Y,Z)

stack(a,b,c)



Blocks World - above
                            block(a)
                            block(b)     on(a,b)
                            block(c)     on(b,c)
                            block(d)     on(d,e)
                            block(e)

above(X,Y) :- on(X,Y)
above(X,Z) :- on(X,Y) & above(Y,Z)

above(a,b)
above(b,c)
above(a,c)
above(d,e)



Sierra



Sierra is browser-based IDE (interactive development 
environment) for Epilog.

    Saving and loading files

    Viewing and Editing datasets
    Querying datasets
    Transformation tools for datasets

    Interpreter (for view definitions, action definitions)
    Trace capability (useful for debugging rules)
    Analysis tools (error checking and optimizing rules)

http://epilog.stanford.edu/homepage/sierra.php

Sierra

















Assignments



Reading 3.1 - Definitions

Readings



The goal of this exercise is for you to familiarize yourself 
with the Sierra capabilities for editing and using view 
definitions. Go to http://epilog.stanford.edu and click on the 
Sierra link.

In a separate window, open the documentation for Sierra. To 
access the documentation, go to http://epilog.stanford.edu, 
click on Documentation, and then click on the Sierra item 
on the resulting drop-down menu.

Read though section 6 of the documentation and reproduce 
the examples in the Sierra window you opened earlier. Once 
you have done this, experiment on your own. Try different 
data and different views.

Assignment - Sierra



Assignment - Program Sheets 

http://complaw.stanford.edu/assignments/program_overview.html



http://complaw.stanford.edu/assignments/portico_overview.html

Assignment - Portico



Legal Empowerment through Information Technology



Legal Empowerment through Information Technology


