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This document describes IBML, the IBUKI Modeling Language. IBML data structures are the basic building blocks used to define models of the real world, including complex objects, their parts, the connectivity among them, scenarios over time and any constraints among them. The IBML data structures have two specific design goals: first, stated above, the models must be capable of describing real world objects and situations; second, the models must be representable by simple data structures that can be efficiently implemented in real programming languages.  To this end, we supply examples of algorithms on these trees that form the basis of a single extensible in-memory IBML API that is consistent with many programming languages and is guaranteed to conform to the IBML semantics.  This provides a common understanding of the meaning of an IBML model that can be used both for defining models of real world objects and which can be manipulated by application programs and directly integrated with the information in databases.
6. Goals and Organization
The flow of this document is as follows

a) Define IBML Elements.  Non-empty sets of IBML Elements are called IBML Domains.   If d is an IBML Element of Domain, D, then we write d(D.

b) Define Types.  Each Type is a data structure that describes a Domain. We give an algorithm, ‘domain’, that computes the Domain of a Type.  This defines the “meaning”, or semantics, of a Type. 
c) Define the relation ‘subtype’ and two important functions; ‘domain-replacement’ and ‘append’ on [Type]s.    Under certain conditions these operations produce subtypes of their arguments.  Operations with this property are called refinements.   Refinements play an essential role in defining object hierarchies in IBML models.
d) Define [DomainSpec]s. A [DomainSpec] is data structure that defines a [Domain]. All [Type]s are [DomainSpec]s.  We give the semantics of a new class of [DomainSpec]s by  mapping  them to [Type]s and showing how the operations and relations defined extend to each new [DomainSpec].  One important kind of [DomainSpec]s are class definitions, [ClassDef]s.  These are used to specify hierarchical ontologies and partonomies in a semantically uniform way.


1. Introduction
In Section 2.1 we define the sets called an IBML domain or simply a domain.  Each domain contains a set of domain members. We write 

d(D

to mean d is a domain member of domain D.  Every domain is either a base domain, a subset of a base domain, a tuple domain or a tree domain.  The domain members of a tuple domain or a tree domain are finite trees whose arcs and nodes are labeled
 In Section 2.2 we introduce data structures called basic types.  Every basic type uniquely determines a domain, and in Section 2.3 we give an algorithm for determining the domain, i.e., the set of domain members, for each basic type.  For each basic type T, we call this set of domain members the domain of T, and write



domain(T).
We say d is a domain member of T to mean d is a domain member of domain(T) and we write



d(T     or    d(domain(T)     respectively.

Basic types and their corresponding domains are the basic building blocks of IBML and we define the meaning of every IBML construct by relating it to these structures.   

Sections 2.4 and 2.5 describe the two most important notions involving basic types: subtype and refinement.  Subtype is a computable relation between basic types.  The two primary refinement operations, extension and replacement, are defined in Section 2.5.  Implicit in these definitions is the code necessary for a system to compute refinements.
After defining domains and basic types we introduce the notion of type. We require that each new type we introduce is a conservative extension of the collection of basic types.  Every time we introduce a new type we show how to construct its corresponding domain and at the same time we describe how each of the operations defined in Sections .2.4 and 2.5 are extend to the new type. We start this process in Section 2.6 where we describe a construct for defining and naming new types.

2. Elements and Domains
An IBML domain or simply a domain is a set of objects.  An IBML type or simply a type is a data structure that describes a domain.  The objects that can be in a domain are referred to as elements.  The sets that can be IBML domains are Base Sets and Trees.  These are described below.  IBML Domains may be infinite sets.
2.1 Base Elements

The base elements are any of the following:

           True False 

           any integer

           any rational number

           any symbol

           any string

We have functions that can test if something is a base element and for any base element we can test what kind of object it is.

2.2 Base Sets
2.2.1 Base Domains 

We have five primary base domains:

           {True , False} {n | Integer(n) } {r | Rational(r)} {s | Symbol(s) } {s | String(s) }

In addition we have three subsidiary base domains:

           { n | NaturalNumber(n) } ( {n | PositiveInteger(n)} ( {n | Integer(n) }  

           { r | FloatingPoint(r) }( { r | Rational(r)}

The five primary base domains are disjoint.  Base Domains are Domains.
2.2.2 Finite Sets of Base Domain Elements 

If  d1, …, dn are elements of a single base domain, D, then we write {d1, … ,dn} for the finite set containing d1, … ,dn.   Each such finite set is a domain.
2.3  Branchs and Trees
A Tree is built out of Branchs.  Branches are labeled Domains,
2.3.1 Branchs
A Branch is a is an ordered pair <s,d> where s is a symbol and d is a Domain.  For convenience we write the s:d .  A Branch is called a Leaf if it is labeled with the symbol Dleaf.
2.3.2 Trees

A Tree is a finite set of Branchs, each of whose labels are disjoint.  If  B1, …, Bn are Branchs and their labels are all different then we write

          {B1, … ,Bn} 

For the Tree containing B1, …, Bn .  A Tree is a domain.

3. Types
Domains in general are infinite sets and cannot be directly resident in either a computer memory or a data base.  For this purpose we introduce the notion of type.  Each type is a data structure definable in a programming language and which will serve as computational proxies for domains.
3.1 Base Data
The Base Data corresponds with the base elements of our domains.
Base data are any of the following:

           True False              (boolean values distinct from other data)

           integer                     (integers whatever precision you like)

           rational number        (rationals if you have them otherwise floats)

           symbol                     (symbols – build them from structs if necessary)

           string                       (strings)

In addition we need to be able to represent untyped lists of arbitrary thing of arbitrary length

          List                          (mixed type elements – arbitrary length)
We will use the standard notation to write these data constants. IBUKI implements Types using LISP.
3.2 Basic Type Names
Type names are represented as Symbols.  By convention all type names begin with a ‘[‘ and end with a ‘]’.  All type names are Types.
3.2.1 Names of Base Domains
[BOOLEAN] 

[INTEGER]  [POSINT]  [NATNUM]

            [RATIONAL]  [FLOAT]

[SYMBOL]

[STRING]

Each of these Type Names is a Type.  These Symbols are data structures that represent our names for the Base Domains.

As mentioned above, an important function on Types is domain-of.  If T is a Type then domain-of(T) is the set if objects (the domain) of that type. In what follows whenever we introduce a Type, we will define both the Type and the values taken by the function domain on that type.  In this section the only Types that have are the names of the Base Domains.   We define

           domain-of([BOOLEAN]) = {True False}

           domain-of([INTEGER]) ={n | n is an integer }

           domain-of([POSINT]) ={n | n is a positive integer }

           domain-of([NATNUM]) ={n | n is a natural number }

           domain-of([RATIONAL]) ={n | n is a rational number }

           domain-of([FLOAT]) = {x | x is a floating point number }

           domain-of([SYMBOL]) = {s | s is a symbol }

           domain-of([STRING]) = {s | s is a string }

domain-of is a function that takes a Type as an argument and produces a set as a value!!!  This function needs set theory as a computer.

3.2.2 Data Structures for Finite Sets of Base Types

We will write  
           {d1, … ,dn}

For whatever data structure is used to represent a finite set containing d1, … ,dn .
As is common in mathematics no confusion can arise between this notation and the notation for the finite set itself (in the implementation this is not a problem as we don’t have any sets!!!)  Consequently for any finite set S we can write

          domain-of(S) = S.

As an example we would write  domain-of({2 3 4 5}) = {2 3 4 5}  meaning that the domain-of function applied to the data structure for the set {2 3 4 5} returns the set


 {2 3 4 5}.

Implementation note:  When we implement finite sets as data structures we need to assure three things:  that there is a recognizer for (, that extensionality is correctly implemented and that for any set S, the program 
           get-an-element-of(S) 
is a function.  This means: 1) that there needs to be a program that can determine if  e ( T for all elements and Types, 2) that the program equals(S1,S2) must yield True whenever S1 and S2 have the same elements and  3) if S1=S2 then
           get-an-element-of(S1) =  get-an-element-of(S2).

This last equation means that whenever we choose an element from a set we must get the same element.  This is the deterministic computable version of the axiom of choice.  It can be realized because the base domains can be ordered.

3.2.3 Data Structures for Branchs

We internally represent Branchs as lists containing a Symbol and a Type.  This is a critical   

step in realizing the goal of representing Domains (likely infinite) using Types (definitely finite) .   Notice we have replaced a Type for the Domain in the above definition of a Branch.   We write this as before  s:t .   Remember Leafs look like Dleaf:t .

3.2.4 The Type of a Tree
We internally represent Trees as a list of Branchs.   
A [Tree] is a [Type] if 

         Each label is a [SYMBOL]

         If a branch is not a [Vleaf] then its content is a [Type]
If  T = [B1, … ,Bn] is a [TreeType] then we define 
            If  B = label:d  then domain(B) = {x  |  x=label::V for V ( domain(d) }

            If  B = label::m  then domain(B) = {label::m}

               and
           domain(T) = domain(B1) ( … ( domain(Bn) 
Note that this is a recursive definition and as it stands domain(T) can be an infinite set.
EXAMPLE:

[INTEGER] is a [BaseType]

[size:[SYMBOL]  cost:[INTEGER]]  is a [RecordType]

[front-tire:[size:[SYMBOL] cost:[INTEGER]]

  rear-tire:[size:[SYMBOL] cost:[INTEGER]] 

]


is a [RecordType]

 [TreeDomainType]s and [TreeRecord]s are called that because they can be thought of as trees whose nodes are labeled with [TreeDomainType]s or [TreeRecord]s.  They look like

Examples of types  the type [Product] might be
       [name:[SYMBOL]

        size:[INTEGER]

        price:

           [curremcy:[SYMBOL]

           [amount:[INTEGER]

       ]

      [name::SHIRT

        size:{2 4 6}

        price:

           [currency:{USD GBP}

             Amount:{1 … 700}

            ]

        ]
      [name::SHIRT

        size:4

        price::

           [currency::USD

             Amount::10

            ]

        ]
4.  Operations on [Type]s
If  T= [label1:T1, … ,labeln:Tn] then

            Labels(T) = { label1 . . .  labeln}

            Domain-Spec(T,labeli) = Ti

If  T= [label[T]1:T1, … ,label[T]n:Tn]  and S = [label[S]1:S1, … ,label[S]m:Sm]  are [DomainSpec]s we write T(S to be the [DomainSpec] 

                T(S = [label[T]1:T1, … ,label[T]n:Tn,label[S]1:S1, … ,label[S]m:Sm]

If  T= [label1:T1, … ,labeln:Tn]  and D are [DomainSpec]s we write 

            T.labeli( D = [label1:T1, … , labeli:D , … ,labeln:Tn]

If  T= [label1:T1, … ,labeln:Tn] then

          Labels(T) = { label1 . . .  labeln }

          Domain-Spec(T,labeli) = Ti

5.  Sub-Types

If  T= [label[T]1:T1, … ,label[T]n:Tn]  and S = [label[S]1:S1, … ,label[S]m:Sm] are [DomainSpec]s then 

           S ( T  iff  Labels(T) ( Labels(S)  ( 

                      (lab.( (lab ( Labels(T) ) ( (domain-spec(S,lab) ( domain-spec(T,lab)) )

Clearly T(S ( T and T(S ( S.

If  T= [label1:T1, … ,labeln:Tn]  and D are [DomainSpec]s with D ( Ti then

          T.labeli( D ( T
6. Other ways of defining [DomainSpec]s

A [Domain] is a set of objects.  A [DomainSpec] is a way of defining these objects.  The objects in a [Domain] are referred to as domain members.
Every [DomainType] is a [DomainSpec].  In the GCL syntax document we use a [DomainSpec] whenever we are mentioning a [Domain].  In GCL we define many [DomainSpec]s but every time we introduce a domain spec, D, we are required to describe its domain-type, i.e., domain-type(D).   From this we can deduce the domain(D) and how it extends the relation (. 

In GCL there are other ways of defining a [DomainSpec] and its corresponding [Domain].

6.1 The [ClassSpec] of a [ClassDef]

We describe [ClassDef]s and describe an algorithm that takes a [ClassDef] and produces a [ClassSpec].  In an [IBMLapp] the symbol table consists of [ClassSpec]s

Sections 1-5 defined the basic type structure and the particular structure of the GCL domains.  We now show how to associate a [DomainSpec] with each Class.

We now describe a map of each [ClassDef] into an associated [ClassSpec].  

(Class [ClassSpec] subclass [Component]

    (Its_Attributes_Are


(name (type: [ClassName]))

(parent (type: [ClassName]))

(type (type: [Type]))

(def type: [ClassDef]))
     )

)
The [Type] of a [ClassSpec] is


[  name: [ClassName]


   parent: [ClassName]


   type: [Type]


   def: [ClassDef]

            ]

The [ClassSpec] of a [ClassSpec] is


[  name: [ClassSpec]


   parent: [Component]


   type: [  name: [ClassName]


              parent: [ClassName]


              type: [Type]


              def: [ClassDef]

           
   def:   (Class [ClassSpec] subclass [Component]

                            (Its_Attributes_Are


                     (name (type: [ClassName]))


                     (parent (type: [ClassName]))


                     (type (type: [Type]))


                     (def type: [ClassDef]))

                            )

                         )
            ]

Each [ADS] has two parts: an annotation, [A], and a [DomainSpec], which we write




[A]@[DomainSpec]

Each annotation A has the following type:



Domain_Spec(A)  =  [cn:[STRING] cp:[DomainSpec]],

where cn stands for class name and cp stands for class parent.
1. For each [BaseDomain]: [BOOL], [INT], [FLOAT], [SYMBOL], [STRING] its [ClassSpec] is 

          

[ name:[BOOLEAN]

  parent:[]

  type: [BOOLEAN]

  refinements: ()

  def: { True  False }

]

[cn:[INT] cp:[]@[INT],

[cn:[FLOAT] cp:[]]@[FLOAT],

[cn:[SYMBOL] cp:[]]@[SYMBOL],

[cn:[STRING] cp:[]]@[STRING]

                 respectively.

2. Whenever we define

Class [C1] is a subclass of [C2] 

     Its attributes are
                                 att1 type: <aspec>1
                                    …

                                 attn type: <aspec>n
    Its restrictions are
                                with label1 = <rspec>1
                                   …

                                with labelm = <rspec>m

    Is composed of
                                name1 type: [DomainSpec1]  range: [RangeSpec1] flag: flag1
                                   …

                                namep type: [DomainSpecp]  range: [RangeSpecp] flag: flagp


    Its domain members are

                   {


                                name1 type: [label1:T1,1, … ,labeln:T1,n]
                                             …

                                namem type: [label1:Tm,1, … ,labeln:Tm,n] 
                   }    

[ICOleaf] = [ 

  name: [AttributeName] 

  type: [DomainSpec]  

   range: [RangeSpec] 

  flag: [Flag]

]

[

name: [C1]

parent: [C2]


restrictions:  ( ( label1 <rspec>1 ) … ( labelm:<rspec>m) )


type: [att1: [aspec]1

                              …                  
                     attn: [aspec]n 
                     name1: ICOleaf-make(name1 , [DomainSpec1], [RangeSpec1],  flag1 )

                      …

                     namep: ICOleaf-make(namep , [DomainSpecp], [RangeSpecp], flagp )

                     ]


            domain-members:

                    [


           name1 : [label1:T1,1, … ,labeln:T1,n]
                          …

           namem : [label1:Tm,1, … ,labeln:Tm,n] 
          ]

]   

Every [AnnotatedDomainSpec] is a [DomainSpec].  

By keeping a “symbol table” of [Annotated DomainSpec]s we can compute the

[SimpleDomainSpec] of any [AnnotatedDomainSpec] by unwinding the parent

classes until you reach the top and its attribute types until you reach the bottom.

          { {label1::d1, … ,labeln::dn} | D1, …, Dn are [Domain]s and d1(D1, …, dn(Dn}

is a [TreeDomain]

A [TreeDomain]  is a [Domain].  We call a [TreeDomain] a [TupleDomain] if D1, …, Dn are [GCLBaseDomain]s.  The domain members of a [TupleDomain] are [TupleRecord]s.

EXAMPLES:

[INTEGER]  is a [BaseDomain]

31([INTEGER]   (read 31 is a domain member of  [INTEGER])

{size:31  sidewall:radial} is a [TreeRecord]

 d = {  {size:n  sidewall:c} |  n([INTEGER]  and c([SYMBOL]  } 

       is a [TupleDomain] 

{size:31  sidewall:radial}( d

        meaning  {size:31  sidewall:radial}  is a domain member of  d

Each [TupleDomain]s directly corresponds to a table in a database and each of its domain members is exactly one row of that table, where the labels represent the column names.

R = { front:tire:{size:32 sidewall:radial}

           rear-tire:{size:31 sidewall:radial}

        }


is a [TreeRecord]

D = {  {front-tire:d1  rear-tire:d2} |  d1(d  and d2(d  }   is a [TreeDomain]

{size:31 sidewall:regular}( d

{size:31 sidewall:radial}( d

R(D

Of course a [TreeDomain] can be nested as deep as you like.

3.2.5 Finite [Domain]s 

If  D1, …, Dn are [Domain]s and d1(D1, …, dn(Dn then we write {d1, … ,dn} for the finite set containing d1, … ,dn.

          {d1, … ,dn} is a [FiniteDomain]

If all the di are the in the same domain D then we call this a this a [FiniteSubsetDomain] and also write[FiniteDomain(D)] A [FiniteBaseDomain] is a [FiniteSubsetDomain] and both [FiniteBaseDomain]s and  [FiniteSubsetDomains] are [FiniteDomain]s.

Suppose  d1(D, …, dn(D  then we write { d1, …, dn } for the finite set containing the n domain members of D.  Then



{ d1, …, dn } ( D



{ d1, …, dn }([FiniteDomain(D)] ( [FiniteDomain]



D([BaseDomain] ({ d1, …, dn }([FiniteBaseDomain(D)]



[FiniteBaseDomain(D)] ( [FiniteDomain(D)] 

                                                            ( [FiniteBaseDomain]

                                                            ( [FiniteDomain]



D([TreeDomain] ({ d1, …, dn }([FiniteRecordDomain(D)]



[FiniteTreeDomain(D)] ( [FiniteDomain(D)] 

                                                                ( [FiniteTreeDomain] 

                                                                ( [FiniteDomain] 


 
[FiniteDomain] ( [Domain] 

If  D is a [BaseDomain] and d1(D, …, dn(D then

          {d1, … ,dn} is a [FiniteBaseDomain]

The domain {d1, … ,dn} contains exactly d1, … ,dn.
Note that BOOL is both a [BaseDomain] and a [FiniteBaseDomain].

[Top]    (*tree* <annotation> <branch-alist>)

[Node]   <tree> | <leaf> | <value>

[Tree]   (*tree* <annotation> <branch-alist>)

[Leaf]   (*leaf* <annotation> <domain-spec>)

            <domain-spec> now only

                <class-name>

                <range>

                <finite-set[class]>

[Value]  (*value* <annotation> <domain-member-ref>)

            <domain-member-ref> now only

            <base-domain-member-name>

            <finite-set[class]>

[Annotation]

         <node-name> | 

         ( <node-name> <annotation-alist> ) [NodeName]

         * | <symbol>

[AnnotationAlist]

         ((<key> . <value>) ... )

[BranchAlist]

         (( <branch-name> . <node> ) ... )

In the CMB we only allow you to build [Top] whose set of subnodes form a tree.  In this case each subtree must be in the <branch-alist> of either [Top] itself or another subnode of [Top]. Therefore, for every subnode of [Top], the CMB will always maintain an entry in its <annotation-alist> of the form

         (up . (<branch-name> . <up-reference>))

where <branch-name> names the branch of 

<up-reference> that contains the subranch.

[Branch]

         (*tree* * ((<branch-name> . <node>)))

is a subclass of [Tree]

where the <annotation-alist> of <node> contains an entry of the form

         (up . (<branch-name> . <up-reference>))

where the <up-reference> is the branch itself.
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