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Foreword

ISO (the International Organization for Standardization) and

Commission)
ISO or IEC

IEC (the International Electrotechnical
form the specialized system for worldwide standardization. National bodies that are members of
participate in the development of International Standards through technical committees

established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental

and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, 150 and IEC have established a joint technical committee, ISO/IEC JTC 1.

The procedules used to develop this document and those intended for its further maintenancé-are desgribed
in the ISO/IEL Directives, Part 1. In particular the different approval criteria needed for the_different types of
document should be noted. This document was drafted in accordance with the editorial rules ¢f the
ISO/IEC Diregtives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documentdmay be the subject of patent
rights. ISO apd IEC shall not be held responsible for identifying any or all such“patent rights. Details ¢f any
patent rights fidentified during the development of the document will be in the-Introduction and/or on the ISO
list of patent ¢leclarations received (see www.iso.org/patents).

Any trade name used in this document is information given for-the convenience of users and dogs not
constitute an fendorsement.

For an explapation on the meaning of ISO specific terms and’expressions related to conformity assesgment,
as well as infprmation about 1ISO's adherence to the WTQ@’principles in the Technical Barriers to Trade [(TBT)
see the following URL: Foreword - Supplementary information

ISO/IEC 132%0-5 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technplogy,
Subcommittep SC 34, Document description and processing languages.

ISO/IEC 132%0 consists of the following parts, under the general title Information technology — Topic M3p:

— Part 2: Data model

— Part3: L syntax

— Part 4: Ganonicalization

— Part 5: Reference.model

— Part 6: Jonipact syntax

© ISO/IEC 2015 — All rights reserved
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Introduction

The Topic Maps family of standards is designed to facilitate the gathering of all the information about a subject
at a single location. The information about a subject includes its relationships to other subjects; such
relationships may also be treated as subjects (subject-centric).

ISO/IEC 13250-2:2006 [1] provides a foundation for syntaxes and notations, such as those defined in ISO/IEC
13250-3 Topic Maps XML Syntax [2] and ISO/IEC 13250-4 Topic Maps Canonicalization [3]. [Of necessity,
ISO/IEC 13250-2:2006 [1] makes ontological commitments in terms of how particular subjeets |are identi_ed
(topick, associations, occurrences), what properties are required, the tests to be used to, determine whether
two of more proxies represent the same subject, and other matters.

This part of ISO/IEC 13250 defines TMRM (Topic Maps Reference Model), whieh_is more abstract and has
fewer|ontological commitments. Its purpose is to serve as a minimal, conceptualfoundation for Subject-centric
data models such as ISO/IEC 13250-2:2006 [1], and to supply ontologically-neutral terminology [for disclosing
these} It de_nes what is required to enable the mapping of different subjeet-centric data modejs together to
meet [the overall goal of the Topic Maps standards, that each subject has a single locatign for all the
infornpation about it.

TMRM also provides a formal foundation for related Topic Maps-standards such as the ISO/IEQ 19756 Topic
Maps|Constraint Language (TMCL) [4].

© ISO/IEC 2015 — All rights reserved \
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Information technology — Topic Maps — Part 5: Reference
Model

1 [Scope

This [part of ISO/IEC 13250 specifies a formal model for subject maps, minimal access|func-
tionallity and information retrieval from subject maps and a constraint framework governing the
interpretation of subject maps.

Particular formalisms to constrain subject maps are not covered by this'part of ISO/IEC 13250.

2 [Subjects

A supject is defined in the Topic Maps family of standards as something which ’[...] cpn be
anything whatsoever, regardless of whether it exists or has any other specific characterfstics,
aboup which anything whatsoever may be asserted by any means whatsoever’ (ISO/IEC 13250-
2:2006 5.3.1). According to the TMRM, thére is only one representative for subjects: sybject
proxies (prozies).

3 [Subject Proxies and Maps

Proxles consist of properties. These are key/value pairs which—in turn—may contain references
to other proxies. Thisrecursive relationship is defined via two postulated sets. One is thelfinite
set of proxy labels, €, The second set is V), a finite set of values. It contains values (sych as
numlers, stringss.etc.), and all the labels in L.

A propertydsithe pair (k,v) € L x V. The first component of this pair is called the key, the|other
the yalue.of the property. The set of all such properties is denoted as P. Keys in propertips are
always\abels, the values in properties may be labels or any other value from the value sef V.

EXAMPLE 1 Given the label shoesize and the integer 43, then (shoesize, 43) is a property.

A prozy is a finite set of properties, {p1,...,pn}, with p; € P (see Fig. 1). The multiset of all
keys of a proxy z is retrievable via the function keys(x), i.e. keys can occur more than once in
a proxy with different values. The multiset of all values is values(x). Particular values may
appear more than once in one proxy.

EXAMPLE 2 A particular person may be represented by the following proxy: {(shoesize,43),
(beardcolor,white), (beardlength, verylong)}

© ISO/IEC 2015 — All rights reserved
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Figure 1 — Proxy Structure

The set of all proxies X is the set of all subsets of P, X = 2F.
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— V. It returns the label for a given proxy x whereby two different proxies never sha
label. The function is extended to values in that v = v.

;1 A proxy is defined by the totality of its properties. Individual properbies”can provide 4
hpping multiple proxies of the same subject to each other.

) 2 One proxy may contain several properties which all share the'same key but have di
; or share the same value, but have differing keys.

ject map (map) is a finite set of proxies. The set of @ll such maps is denoted as M
are simply sets of proxies, generic merging of mapg-is achieved via set union, m U

) 3 The model of subject maps described herejn-assumes no particular implementation tech
ptegy.

Ontological Commitments

part of ISO/IEC 13250 deliherately leaves undefined the methods whereby subject p
brived or created. No spécific mechanism of subject identification is inherent in or man
is part of ISO/IEC 13250, nor does it predefine any subject proxies.

;1 Any subjeet proxy design choices would be specific to a particular application domal
exclude equally valid alternatives that might be appropriate or necessary in the contexts of §
ements.

are ailways interpreted relative to a given map m:

ronnection between proxies and their labels is modeled with a partial, injectiye fumction
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types of relationships, ako (subclass of ) and isa (instance of), are defined. These predjicates

a) Two proxies ¢, ¢ can be in a subclass-superclass relationship, ako,, C m x m. In such a
case, the same relationship can be stated either ¢ is a subclass of ¢ or ' is a superclass of

C.

ako,, is reflexive and transitive. Reflerive means that any proxy is a subclass of
regardless whether the proxy is used as a class in the map or not: x ako,, z for all x € m.

itself,

Transitive means that if a proxy c is a subclass of another, ¢/, and that subclasses ¢’, then
c is also a subclass of ¢”, i.e. if ¢ ako,, ¢’ and ¢ ako,, ¢ then also ¢ ako,, ¢ must be true.

© ISO/IEC 2015 — All rights reserved
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NOTE 2 Circular subclass relationships may exist in a map.

b) Two proxies a,c can be in an isa relationship, isa,, € m x m. In such a case, the same
relationship can be stated either a is an instance of ¢ or ¢ is the type of a.

The isa relationship is non-reflexive, i.e. x isa,, = for no x € m, so that no proxy can be
an instance of itself. Additionally, whenever a proxy a is an instance of another ¢, then a
is an instance of any superclass of c¢: if x isa,, ¢ and c ako,, ¢, then z isa,, ¢ is true.

NOTE 3 Other definitions of the above relationships are possible with different properties than defined
by the TMRM. Such definitions would appear in legends and would be distinguished from those defined
in the TMRM.

NOTE 4 This part of ISO/TEC 13250 does not mandate any particular way of representingisuch rela-
tionships inside a map. One option is to model such a relationship simply with a property using a dertain
key ($ay type). An alternative way is to provide a proxy for each such relationship. S{ich"relatipnship
proxig¢s could, for example, have properties whose keys are instance and class, or regpectively subclass
and guperclass.

5 |[Navigation

Giveh a map m and particular proxies x,y € m in it, the following primitive navigation opefators
are defined:

a) A postfix operator | to return the multiset of all’local keys of a given proxy:

x) =*keys(x) (1)

b) A postfix operator 1,, to retrieve thetmultiset of remote keys of a proxy inside m. [Chese
wre those where the given proxy (more precisely its label) is the value in another prdxy:

By = [k [y e m: (k, T) € y] (2)

[his is easily generalizedto an operator for all values:

vl = [k | 3y € m: (k) € 9] (3)

c) J postfix gperator — k to retrieve the multiset of local values for a particular key k g L:

r—k=v|3kv) € x] (4)

Using the predicate ako,, tiie operator can be generalized to NONoT subclasses of the key k:

T—mk* = [v ] (K v) € z: K ako, k] (5)

d) A postfix operator <,k which navigates to all proxies in the given map which use a given
value v together with a certain key k € L:

vk = [z € m | 3(k,v) € ] (6)
Using the predicate ako,, the operator can be generalized to honor subclasses of the key k:
vimk* =[x € m | K, 0) € x: K akop, k| (7)

3
© ISO/IEC 2015 — Al rights reserved
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It is straightforward to generalize all these navigation operators on individual proxies and values
to multisets of them. As a consequence the result of one postfix can be used as startpoint for
another postfix, enabling the building of postfix chains. This primitive path language is denoted
as Pu.

NOTE 1 7Paq only serves as a minimal baseline for functionality to be provided by conforming imple-
mentations. It can be also used as the basis for a formal semantics for higher-level query and constraint
languages. Annex A describes one.

6 Merging

Gengric merging of maps only combines two (or more) proxy sets. Application-specific mgrging
inclufles a second aspect. A mechanism has to be found to state whether—in a giverCmap{—two
proxies are regarded to be about the same subject. Then all such equivalent proxiesvhave|to be
actuglly merged.

NOTE 1 How subject sameness is determined and how the actual prozy merging“is effectively done is
not cpnstrained by this part of ISO/TEC 13250. Such a process may be defined as having inpufls that
consigt only of the proxies to be merged. Alternatively, the inputs may dlso“include other inforrhation
that iay appear either inside the map or elsewhere in the merging process’s environment.

NOTE 2 Given the appropriate expressitivity of the used constraint language, such equivalence ahd the
consefjuent merging process can be described with a constraint.

Mergling is modeled with a partial function xi: X X' X x & — X. It takes two proxieg and
an—ptherwise unconstrained—environment £ as\parameters and produces a new proxy. In
the gpecial case that the environment has no dnfluence in this process, < is an infix op¢rator
X x ¥ — X between proxies.

NOTE 3 The reason for including £ as_astérm in the definition of merging is to account for the fact
that mmerging criteria may be defined as being dependent on conditions external to the maps. |When
envirpnmental differences affect the(results of merging, a single interchangeable subject map mjay be
realizpd as different subject maps.jwdifferent environments.

The fact that 0 is partidgl. means that it may be applicable to some pairs of proxies but fot to
otheis. Where a merging result is defined, the proxies shall be merged.

The pperator b is‘commutative and associative:

iz’ = 2>z (8)
(xa)a” = x> (2 ") (9)

Additionally, < is idempotent, as proxies merged with themselves should not result in a different
one:

rTXT = T (10)

The operator < factors a given proxy set into equivalence classes: two proxies z,y from a given
map m € M are then in the same class if x < y is defined. The set of equivalence classes
is written m/ <. Every such class can be merged into a single proxy by combining all its
members by applying <. Given a set of proxies ¢ = {z1,...,zy,}, the merging of members of an
equivalence class is defined as:

DMXIc=x1 KTy X ... KTy, (11)
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Implied with this is a change set, i.e. a prescription to replace proxies z1, ..., T, in m with i c.
We denote the change set of ¢ as A. When it is applied to a map m, then every occurrence of a
label of x; in some property is replaced with the label of i c.

Given a map m and a particular >, the merged view of the map m/|, is defined as:

m\N = (O > CZ') Acl .. -Acn (12)

i=1
with all ¢; € m/ > and the A., the corresponding change sets. Obviously the individual change
sets have to be applied to all newly merged proxies.

One suchTmerging step ey Testt T proxies bermg createdwhichagair ey bemrergeabte. The
procgss can be repeated until a fully merged map is computed, so that m|_ = m. Fully njerged
mapy are symbolized as m|_". Since the sizes of newly merged maps are weakly monotorjously
decrdasing, the process to produce a fully merged map takes always a finite nuniber of st¢ps.

7 |Constraints

Subjéct maps are structures which are used to encode assertional *knowledge. To interpret a
map,|be it for modelling, retrieval or modification, some background information about th¢ map
may |be necessary. That information is provided in form of constraints, so that a giverl map
m either satisfies a constraint, or not. A constraint language is a formalism which alloWs the
exprgssion of such constraints.

NOTE 1 Constraints may conditionally or unconditionally require the existence of certain proxies in
maps| the existence of properties in proxies, and/opvalues in properties. Constraints may also pfohibit
the existence of any of the foregoing.

EXAMPLE 1 A constraint language may~allow the expression of constraints such as all instances of
the c¢ncept person must have at least @ne shoesize property or any shoesize property must hfve an
integqr value between 10 and 50.

NOTE 2 The precise ways in ‘which constraints may be expressed are not constrained by this part of

ISO/IEC 13250. Different.constraint languages will differ in expressitivity and, consequently, in cpmpu-
tationjal complexity.

This [part of ISO/TEC 13250 imposes two requirements on any constraint language C:

a) € shalldefine the application of a constraint to a map in the form of a binary op¢rator
R <M x C — M. The operator ® is used to define the satisfaction relation =C M x C

roint

Fyrzann o o o o 0
Cow et p—anG—a COTIS oottt

A particular map m is said to satisfy a constraint, m = ¢, if the application of the constraint
results in a non-empty map:

mEc <<= mQc#) (13)

b) C shall define a merging operator ® : M x M +— M as binary operator between two maps.
Definitions of @ shall be commutative, associative and idempotent.

NOTE 3 The provision of @ and ® may be done in any manner that is sufficiently expressive. @ can
but does not need to be defined in terms of <. Annex A demonstrates one way of defining ®.
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8 Map Legends

A map legend (legend) G = {c, ..

language C. A legend G is said to govern a map m if m = ¢; for all ¢; € G.

NOTE 1

.,Cn} is a finite set of constraints, all from a given constraint

The legend of a subject map plays a role similar to the legend on more familiar city or road

maps. The legend associated to a subject map is one key to its interpretation. Just as the legends of
geographic maps describe and define the symbols that appear in them, their scaling rules, etc., subject
map legends explain the symbols that appear in them (such as property keys) and other interpretation

rules.

NOTE 2 There is no explicit connection between maps and legends, other than whether the map is

gover
for di
withad

9

An implementation conforms to this part of ISO/IEC 13250 if:

a) |

ed-bira locand ornot—Ans cubicetmman-can bagcimultanaoaly ciawad ot o lii o la lagan do
TecPY-SreSeRa- o Hot— Y-S jectap-capDe-SHtrrehe oSy eWwea Wi trtpreregenas

ferent purposes or users. Such views may be quite different from each other. Maps themselve
ut any legend describing the rules how they may be used.

Conformance

ts information structures are homomorphous to the subjectmmap structure defined in (

)
t implements merging by providing an operator € as defined in Clause 7;

t implements access methods equivalent tocthose defined in Clause 5;

[hose methods shall honor the predicates defined in Clause 4;

t implements a constraint language by providing an operator ® as defined in Clause

t implements legends as defiited in Clause 8.

written

5 exist

lause
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Annex A

(normative)
Path Language

The primitive path language Paq (clause 5) can be used to define a more expressive language
Tar which provides navigation, filtering, sorting and general function application.

In the following, first tuples and then tuple sequences are defined. Sequences are the results of
applying a Ty path expression to a map (or any multiset of proxies and values). With the help
of that, the path expression language 7Ty is characterized.

A.1[Tuples

Path|expressions describe patterns to be identified in a map. In order to provide armodel for
both|queries and constraints, the results of path expressions are modeled as tuplégof valugs and
organized into tuple sequences.

A sirfgle tuple with values from a value set V is denoted as (vy,va,...,vn). Tuples can b¢ con-
caterjated simply by collating their values: (u1, ..., um) - (V1,..., v, =/ (U1, ..., U, V1, .. |, V).
This |enables the representation of tuples as the products of singletonl tuples:
n
t= [ = (or) - (w2} - o) (14)
i=1
The poncatenation symbol - will be omitted from new. én. For a tuple slices we use t(j|.k) =
[1}=|(vi) and (i) = t(i..i + 1).
Tuplé¢s and proxies are closely related. All theSalues can be taken out of a proxy and arrpnged
into & value tuple. If order is important, an order can be postulated on the keys and the yalues
are sprted according to it. Conversely, @ value tuple can be converted into a proxy, prdvided
that phe tuple of keys is available (zipping):

(v1,. \Jon)¥(k1, ..., k) = {{k1,v1),..., (kn,vn)} (15)

Tuplgs are identical ifiall their values in corresponding positions are identical. Tuples can also
be cdmpared so that# < t’ is derived from some ordering over the tuple values v < v’. To|allow
to coptrol ascending and descending tuple ordering an order control tuple o = H’f(dﬁ with the
direcpion d € {1, /, —} is introduced. Given that and tuples ¢ and ¢, the ordering on tuples <,
is defined~via t <, t' < t(1..m) <, t/(1..m) with m the length of the shorter tuple. For|tuple
sliceq we’ define <, to be:

1i) < 7(0) if d; =1
t(i..j) <o t'(i..j) & ¢ /(i) < t(i) if d; =|
ti+1.4) <, t'(i+1.j) ifdi=—ort(i)=1t(3)

A.2 Tuple Sequences

When tuples are organized into sequences, a single sequence is written:

SZitiZ[tl,...,tm] (16)
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For a given set of values {v1, ..., v,} the tuple sequence > ; (v;) can be built. This conversion is
denoted as [{v1,...,v,}]. Under this interpretation a map m = {x1,...,xz,} can be represented
as the tuple sequence [m]. Conversely, a tuple sequence can be interpreted as a map when the
tuples it contains are singletons with proxies.

Given an order tuple o, a sequence s can be ordered such that ¢; < ¢; iff ¢ < j. This is written
as s°.

Sequences behave like multisets, i.e. operations such as union U, intersection N and subtraction \
are those of multisets. Any ordering of tuples within the operand sequences is lost in the result.
Ordering in any of the operand sequences is maintained when tuple sequences are concatenated:

T T
Zsi+ztj:[517"'a5m7t17""tn} (17)
i=1 j=1

This|is achieved by interleaving the tuples of the second operand with thosecof the first|{ The
indicps may be omitted if the range is obvious.

Tupl¢ sequences can also be combined by multiplying (joining) them. The product of two|tuple
sequgnces is defined recursively:

(S) Z<v1j7v2j7"'avlj> = SZ<UU> Z<U2j7"'7v1j> (18)
J=1 Jj=1 Jj=1
Dot () = Y {tiwy) (19)
=1 j=1 =1

NOTE 1 Every tuple of the left hand operand sequence is concatenated with every other one Jof the
rightdhand operand. The first value of each tuple of the second operand is removed and combinel with
every|tuple of the first operand. This is repeated until the second operand does not have tuples with any
values.

The 2ipping function (section A1) can be generalized to tuple sequences by repeating the process
for eyery tuple of the sequende. Consequently, every tuple sequence can be interpreted as a
sequgnce of proxies once'a set of keys has been chosen. This sequence of proxies can thien be
interpreted as a subject)map.

A.3| Path Expressions

A particlar path expression can be interpreted as an expression of interest, i.e. as a pattern
to bq identified in a map. Given a tuple sequence s, a path expression p can be applied|to it,

With tllU UAPUbt’CbtlUll Uf allUtllUl t’l,l}}lU DU\{UULI\/U lll LUtl,llll. Thlo ayyh\,atluu Call bU D)’lllb hZGd
as s®,,p. This operation is to be understood in the context of a map m. If that is implicit, the
index can be dropped.

The set of path expressions Tpq is characterized as the smallest set satisfying the following
conditions:

a) Every value from V (and consequently every proxy label) is in Tp4. If such a value is applied
to a sequence, then the sequence itself is discarded. Instead a new sequence with a singleton
tuple is created in which the value is used.
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b) The projection postfix m; is in Ty for any positive integer i. It can be used to extract a
certain column from a given tuple sequence:

n n

Z<v1i,v2i, CeL ) @ T = Z<”ji> (20)

i=1 =1

Projection here plays a similar role like in query languages like SQL, except that an index
is used for selection instead of names.

To organize values freely into a new tuple sequence, the tuple projection (p1,...,pn) is used
with p; being path expressions. For a single tuple it evaluates all the path expressions and
builds the product of all partial result sequences:

n
t@ (p1,....pn) = [[t© pi (21)
i=1

When applied to a tuple sequence, all applications to its tuples arécencatenated. | As a
pecial case, the empty projection 0 = () always returns an empty tuple sequence arjd the
dentity projection 1 = [[(m;) always returns the incoming tuple sequence.

c¢) The navigation operators 1, |, + k and — k are in Ty(. When applied to a tuple sequence
these operators are applied to every tuple:

n n 1
<Z<’U11,1}21, - ,1)11)) R~k = Z H(’l}ji%mk‘ﬂ (22)

i=1 =1 j=1
n n 1
<Z<U1i7 V2iy .-+, Uli>> ®—=k = Z H(UJlémk*> (23)
i=1 =1 j=1

[hese operators simply iterate gver each tuple and compute an intermediate result fof each
tuple. This intermediate result\is achieved by applying the navigation to each value In the
urrent tuple. As one such.@pplication results in a multiset of values, that is convertefl into
W singleton tuple sequernice.” All these singleton tuple sequences are multiplied and all{these
Intermediate results are then concatenated into the overall result.

[he operators ¢an be naturally extended to sets of keys:

n

s@ ¢ {k1 ko, b} = ) (5@ « ki) (24)
i=1
n

s@ s (g ko L) — Z(m — k) (25)
=1

An analogous approach is used for finding keys:

n n 1
<Z<’Uli,vzi, . ,Uli>> ®) = Z H<’Uji b (26)

=1 =1 j=1
n n 1

<Z<U1i7 V2i, - - - 7Uli>> ® T = Z H<UJ1Tm> (27)
i=1 =1 7=1
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d) Given path expressions pi1,...,p, and a function f : V"* — V then also f(p1,...,pn) is in
Tam. When an n-ary function f : V" — V is applied to a tuple sequence, it is interpreted
as one which takes a value tuple of length n and renders one value from V. To apply it to
a tuple sequence, it is applied to every individual tuple and the results are organized back

into a sequence:
FO t) =Y (f(t) (28)

e) The conditional p?q:r is in Ty for path expressions p, ¢ and r. When it is applied to a
tuple sequence, every tuple is tested whether it produces a result when p is applied to it.
If that is the case, the then branch is used, i.e. the tuple will be subjected to ¢ and these
results will be added to the overall result. Otherwise, the tuple will get r applied:

<Ztl> ® (p?gr) =) (tiwq|ti@p#0Ultior|t©p=0) (29)
i=1

=1

f) For two path expressions p and ¢ the alternation p + q, the reduction p — ¢, and the
comparison p = q are in Taq:

s@(p+q) = (s®@p)U(s®g) (30)
s@(p—q) = (s®@p)\(s89) (31)
s@(p=q) = (s®@p) 3@ q) (32)

g) The slicer [i..j], the sorter sort, with an order control tuple o and the duplicate refnover
Yiniq are in Tiq:

n 7j—1
o te@[ing) = Dotk (33)
k=1 h=1i
5 @ sort, 9 80 (34)
s @ unigq = Zt’“ with ¢, € s and t; # t; for i # j (35)
k

h) For two path expressions p and g the concatenation p o q is in T:

s®(poq)=(s®@p)@q (36)

Jf—from»the context—it is clear that two path expressions are to be concatenated, th¢ infix
1s emitted.
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