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Unification is an elemental technique that is commonly used for reasoning in First-Order Logic systems, logic

languages, and planners, etc.

When we develop applications equipped with ontologies described in OWL, the

unification between variables and individuals typed to OWL classes is required. In this paper, we extend conven-
tional type-less unification to OWL typed unification. Since the data structure and variable binding mechanism is
shared by tableau, satisfiability checking by tableau in OWL is naturally and intrinsically realized in the unification
process. This technique will be useful to logics on top of the OWL layer.
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Knows(John, x) = Hates(John, x)
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Knows(John, Jane)
Knows(y, Leonid)
Knows(y, Mother(y))
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Unify(Knows(John,z), Knows(John, Jane)) = {z/Jane}

Unify(Knows(John,z), Knows(y, Leonid) = {x/Leonid,y/John}

Unify(Knows(John, z), Knows(y, Mother(y))

= {y/John,z/Mother(John)}
Unify(Knows(John,z), Knows(z', Elizabeth))

= {z/Elizabeth,z' | John}
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Hates(John, Jane)
Hates(John, Leonid)
Hates(John, Mother(John))
Hates(John, Elizabeth))
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Knows(John: Human, z: Human)

= Hates(John: Human, z: Human)

(1)
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Knows(John: Human, Jane: Human)
Knows(y: Human, Leonid: Human)
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Knows(y: Human, Mother(y): Human)
Knows(x: Human, Elizabeth: Cat)
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Human(John) A Cat(z) AN Knows(John,z) = Likes(John, x)
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Knows(John: Human, z:Cat)
= Likes(John: Human, z:Cat) (2)
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Human(John) N\ Pet(z) A Knows(John,x) = Likes(John, x)

Knows(John: Human, x : Pet)
= Likes(John: Human, x: Pet) 3)
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Knows(John: Human, x : Baby)
= Likes(John: Human, x: Baby) (4)
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Parent = Human M 3IHasChild
0000000000000 0000000o000

Parent(z) < Human(z) A Jy.HasChild(z,y)
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Human(xz) A HasChild(z,y) = Likes(z,y)
HasChild(xz: Human,y: T) = Likes(xz: Human, y) (5)
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Unify(HasChild(xz: Human,y), HasChild(John: Human, Elizabeth))
= {y/Elizabeth, z/John}
Unify(HasChild(John: Human,y), HasChild(xz: Human, Elizabeth))
= {y/Elizabeth, z/John}
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Jy.Human(z) A HasChild(z,y) = Likes(z,vy)
Jy.HasChild(xz: Human,y: T) = Likes(x: Human, y) (6)
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HasChild(xz: Human, F(x)) = Likes(x: Human, F(x)) (7)
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Unify(HasChild(xz: Human, F(z)), HasChild(John, Elizabeth))
= {F(z)/Elizabeth, z/John}
Unify(HasChild(John: Human, F(z)), HasChild(z, Elizabeth))
= {F(z)/Elizabeth, z/John}
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function Unify(z,y) returns a substitution to make = and

y indentical, if possible
Unify-Internal(z, y, {})

function Unify-Internal(z, y, §) returns a substitution to

make z and y indentical (given )
inputs: x, a varibale, constant, list, or compound
y, a varibale, constant, list, or compound
0, the substitution built up so far

if 6 = failure then return failure

else if x = y then return 6

else if Variable?(z) then return Unify-Var(z, y, )

else if Variable?(y) then return Unify-Var(y, z, 6)

else if Compound?(z) and Compound?(y) then
return Unify-Internal(Args(z),Args(y),

Unify-Internal(Op(z),0p(y),0))
else if List?(x) and List?(y) then

return Unify-Internal(Rest(x),Rest(y),
Unify-Internal(First(x),First(y),0))
else return failure

function Unify-Var(var, z,0) returns a substitution
inputs: wvar, a varibale
x, any expression
0, the substitution built up so far

if {var/val} € 0
then return Unify-Internal(val, x, 6)

else if {z/val} €0
then return Unify-Internal(var, val, 0)

else if var occurs anywhere in z /* occure-check */
then return failure

else return add {var/z} to 6
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function TUnify-Internal(z:C,y: D, 6) returns
inputs: z:C, a varibale, constant, or compound typed to C
y: D, a varibale, constant, or compound typed to D
0, the substitution built up so far

if 0 = failure then return failure
else if x # y then return failure
else if x = y then return 6
else if Variable?(x) then
return TUnify-Var(z, y, 0)
else if Variable?(y) then
return TUnify-Var(y, z, )
else if Compound?(z) and Compound?(y) then
return TUnify-Internal(Args(z),Args(y),
TUnify-Internal(Op(z),0p(y),0))
else if List?(z) and List?(y) then
return TUnify-Internal(Rest(x),Rest(y),
TUnify-Internal (First(x),First(y),0))
else return failure
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0000000 Unify-Internal 0000000000000
0000000 TUnify-Var 0O OO

function TUnify-Var(var:C,z: D, ) returns a substitution

inputs: var:C, a varibale typed to C'
x: D, any expression typed to D
0, the substitution built up so far

if {var:C/val:E} € 6 then
if Unsatisfiable?(C'M E) then return failure
else if C ~ E then
return TUnify-Internal(val, z, 0)
else if C C E then
return TUnify-Internal(val:C, z, 0)
else if £ C C then
return TUnify-Internal(val, z, 0)
else
return TUnify-Internal(val: (C M E), z, 0)
else if {z:D/val:E} €6
if Unsatisfiable?(D M E) then return failure
else if D ~ F then
return TUnify-Internal(var, val, 0)
else if D C E then
return TUnify-Internal(var, val: D, 0)
else if £ C D then
return TUnify-Internal(var, val, 0)
else
return TUnify-Internal(var,val: (D N E), 6)

else if var:C occurs anywhere in x: D /* occure-check */

then return failure
else if Unsatisfiable?(C M D) then return failure
else if C' ~ D then return add {var:C/z:D} to 6
else if C C D then return add {var:C/z:C} to 6
else if D C C then return add {var:D/z:D} to 6
else return add {var:(CMD)/z:(CMN D)} to#
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