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Abst r act

Thi s docunent describes how hol es can be specified in geodetic
servi ce boundaries. One nmeans of inplenmenting a search solution in a
servi ce dat abase, such as one mght provide with a Location-to-
Service Translation (LoST) server, is described.
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1. Introduction

The LoST protocol [RFC5222] maps service and | ocations to destination
addresses. A LoST server does this by provisioning boundary maps or
areas agai nst service URNs. The boundary is a polygon nade up of
sets of geodetic coordinates specifying an enclosed area. In sone
circunmst ances, an area enclosed by a polygon, also known as an
exterior polygon, may contain exception areas, or holes, that for the
same service nust yield a different destination to that described by
the | arger area

Thi s docunent describes a profile of Geographic Markup Language (GW)
[1 SO 19107] pol ygons that constrains their representati on when used
for describing service boundaries. The profile renoves a nunber of
permutations that are difficult to process. This allows for
sinplified inplenentations that are not capable of handling al
potential variations allowed by GML.. A fully confornant GW

i mpl enent ati on nust produce polygons that fit this profile to ensure
interoperability.
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Figure 1: Holes in a Pol ygon

Thi s docunent describes a profile of GW [ISO 19107] pol ygons t hat
constrains their representati on when used for describing service
boundari es.

The wor ki ng group considered that the types of regions described in
this meno could be represented in various ways as pol ygons w t hout
hol es, but concluded on the recommendati ons here to avoid potenti al
problens with the arbitrary division of regions and to align with
exi sting geospatial system practices.

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
document are to be interpreted as described in [ RFC2119].

3. Specifying Hol es

Holes related to an exterior boundary pol ygon MJUST adhere to the
foll owi ng rul es:

Rule 1: Two hol es MUST NOT have nore than one point of
i ntersection.

If two or nore holes overlap or share a common boundary, then these
represent a single hole. The internal elenents (holes) should have
common boundaries renmoved and a single hole created irrespective of
whet her the excluded area is itself made up of nultiple service
boundari es.
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Figure 2: Hole Specification with Boundary Sharing
Rul e 2: A pol ygon MJUST descri be a contiguous region
If a hole overlaps with the outer boundary, or it shares part of a

side with the outer boundary, then it has an inlet and it MJST be
expressed w t hout the hole.

I ncorrect Correct
Figure 3: Specification of an Inlet

If a hole touches the outer boundary in two places, the regi on MJST
be expressed as two separate pol ygons.
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Figure 4: Specification of Hole with Multiple Cuter-Boundary
I ntersections

Simlarly, a polygon that is enclosed entirely within a hole from
anot her polygon (i.e., an "island") is a separate polygon.
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Figure 5: Hole with Encl osed Pol ygon (I sl and)

Rul e 3: A hole MIUST be fornmed froma legal linear ring in
accordance with [geoshape], except that points are
specified in a clockw se direction.

Hol es are specified in a clockw se direction so that the upward
normal is opposed to the upward nornmal of the exterior boundary of
the polygon. Note that [geoshape] stipulates that exterior
boundari es are specified in countercl ockwi se order.
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4.

There is no restriction on the nunber of points that are used to
express the perinmeter of either exterior or interior boundaries.

GWL Pol ygons
The GWL encodi ng of a pol ygon defines a enclosed exterior boundary,

with the first and | ast points of boundary being the sane. Consider
the exanple in Figure 6.

LR LR E
/ \
/ \

/ \
A D
\ /

\ /

\ /
B--crcmmmmnene- C

<gn : Pol ygon srsNane="ur n: ogc: def: crs: EPSG : 4326" >
<gnm : exterior>
<gm : Li near R ng>
<gm : pos>43. 311 -73.422</gm :pos> <I--A-->
<gm : pos>43. 111 -73.322</gm : pos> <! --B-->
<gm : pos>43. 111 -73.222</gm : pos> <! --C-->
<gm : pos>43. 311 -73.122</gmM : pos> <! --D-->
<gm : pos>43. 411 -73.222</gmM : pos> <!--E-->
<gm : pos>43. 411 -73.322</gm :pos> <I--F-->
<gm : pos>43. 311 -73.422</gm :pos> <I--A-->
</ gm : Li near Ri ng>
</gm :exterior>
</ gm : Pol ygon>

Fi gure 6: Hexagon and Associ ated GWVL

Not e that polygon vertices in Figure 6 are expressed using <pos>
el ements for clarity. The vertices can also be expressed using a
<poslLi st> el enent.

Hol es in GWL Pol ygons

A hole is specified in the polygon by defining an interior boundary.
The points defining the internal boundary define the area represented
by the hole in the primary (exterior) polygon. The shaded area in
Figure 7 is represented by the 4 points of the interior boundary
specified by (w,z,y,X).
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<gm : Pol ygon srsName="ur n:

<gml : exterior>

<gm : Li near Ri ng>

<gm : pos>43. 311

<gm : pos>43. 111

<gm : pos>43. 111

<gm : pos>43. 311

<gm : pos>43. 511

<gm : pos>43. 511

<gm : pos>43. 311

</ gm : Li near Ri ng>
</gm :exterior>
<gm :interior>

<gn : Li near Ri ng>

<gm : pos>43. 411

<gm : pos>43. 411

<gm : pos>43. 211

<gml : pos>43. 211

<gm : pos>43. 411

</ gm : Li near Ri ng>
</gm:interior>

</ gm : Pol ygon>

6. Service Boundary Specification and Sel ection Al gorithm
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Fi gure 7: Hexagon with Hole

August 2010

A service boundary is represented by a polygon that may have nany
vertices. The enclosed area of the polygon represents the area in
whi ch a service, expressed as a service URN, maps to a single URIl.

Figure 7 is used to illustrate two service boundari es.
servi ce boundary A->F shal
servi ce boundary w >z shal

The first
be referred to as area-A, and the second

be referred to as area-w. Furthernore,

area-A is directly represented by the GWL encoding provided in
Figure 7. Area-wis represented as a hole in area-A by the interior
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boundary. Since area-w is also a service boundary, a separate
pol ygon describing this area is also required and is shown in
Figure 8 (note the reversal of the vertices).

<gm : Pol ygon srsNanme="ur n: ogc: def: crs: EPSG : 4326" >
<gml : exterior>
<gm : Li near Ri ng>
<gm : pos>43. 411 -73.322</gmM : pos> <!--w->
<gm : pos>43. 211 -73.322</gmM : pos> <!--z-->
<gm : pos>43. 211 -73.222</gm :pos> <l--y-->
<gm : pos>43. 411 -73.222</gm : pos> <l--x-->
<gm : pos>43. 411 -73.322</gm : pos> <l --w->
</ gm : Li near Ri ng>
</gm :exterior>
</ gm : Pol ygon>

Figure 8 GW for Area-w

Service mappi ngs for these boundaries m ght be provided by a LoST
server in the formshown in Figure 9.

<mappi ng xm ns="urn:ietf:parans: xm :ns:|ost1"
expi res="2010- 12- 25T09: 44: 332"
| ast Updat ed="2010- 03- 08T03: 48: 222"
source="aut horitative. foo. exanpl e"
sour cel d="7e3f 40b098c711dbb606011111111111" >
<di spl ayName xm : |l ang="en">CQuter Area Police</di spl ayName>
<servi ce>urn:service: sos. police</service>
<servi ceBoundary profil e="geodetic-2d">
<gm : Pol ygon xm ns: gnm ="http://ww. opengi s. net/gm"
srsNanme="ur n: ogc: def : crs: EPSG : 4326" >
<gm : exterior>
<gnl : Li near Ri ng>
<gm : pos>43. 311 -73.422</gm : pos>
<gm : pos>43. 111 -73.322</gm : pos>
<gm : pos>43. 111 -73.222</gnl : pos>
<gm : pos>43. 311 -73.122</gmn : pos>
<gm : pos>43. 511 -73.222</gm : pos>
<gm : pos>43. 511 -73.322</gn : pos>
<gm : pos>43. 311 -73.422</gm : pos>
</ gm : Li near Ri ng>
</gm :exterior>
<l-- this is the service boundary hole -->
<gm :interior>
<gnl : Li near Ri ng>
<gm : pos>43. 411 -73.322</gm : pos>
<gm : pos>43. 211 -73.322</gm : pos>
<gm : pos>43. 211 -73.222</gnl : pos>
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<gm : pos>43. 411 -73.222</gmn : pos>
<gml : pos>43. 411 -73. 322</gnl : pos>
</ gm : Li near R ng>
</gm:interior>
</ gm : Pol ygon>

</ servi ceBoundar y>

<uri >si p: ar ea- A- pd@xanpl e. conx/ uri >

<uri >xnpp: ar ea- A- pd@xanpl e. conx/ uri >

<servi ceNunber >000</ ser vi ceNunber >

</ mappi ng>

<mappi ng xm ns="urn:ietf:parans: xn :ns:|ost1l"
expi res="2010- 12- 25T09: 44: 33Z"
| ast Updat ed="2010- 03- 08T03: 48: 227"
source="aut horitative. foo. exanpl e"
sour cel d="7e3f 40b098¢711dbb606011111111111" >
<di spl ayName xm : | ang="en">I nner Area Police</di spl ayName>
<servi ce>urn: service: sos. pol i ce</servi ce>
<servi ceBoundary profil e="geodetic-2d">
<gm : Pol ygon xm ns: gm ="http://ww. opengi s. net/gm "
srsName="ur n: ogc: def : crs: EPSG : 4326" >
<gml : exterior>
<gm : Li near R ng>
<gm : pos>43. 411 -73.322</gnl : pos>
<gm : pos>43. 211 -73.322</gmnl : pos>
<gml : pos>43. 211 -73. 222</gm : pos>
<gm : pos>43. 411 -73.222</gm : pos>
<gm : pos>43. 411 -73.322</gm : pos>
</ gm : Li near Ri ng>
</gm :exterior>
</ gm : Pol ygon>
</ servi ceBoundar y>
<uri >si p: ar ea- w pd@xanpl e. conx/ uri >
<uri >xnpp: ar ea- w pd@xanpl e. conx/ uri >
<servi ceNunber >000</ ser vi ceNunber >
</ mappi ng>

Fi gure 9: Service Boundary Specifications

It is considered likely that LOST servers will need to provide
responses sufficiently quickly to allow real-tinme queries to be
perforned as part of an energency call routing flow. It is for this
reason that databases supporting native geospatial query techniques
are desirable and that service boundary specifications that are
easily mapped to internal data structures are preferred. Using

i nterior boundaries nakes support for this operation easy, while

all owi ng an arbitrary nunmber of holes in a service boundary to be
speci fi ed.
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9.

9.

Each polygon is stored in the geospatial database and mapped to a
service URN and destination URI. Many geospatial databases natively
support polygons with interior exclusions. Wthout native support,

i nterior boundaries can be stored agai nst the pol ygon and can checked
separately. A location falls within the area described by a pol ygon
if it is within the exterior boundary and not within any interior
boundary.

In the above exanple, if a location falls within the interior
boundary, it maps to the "lnner Area Police" service; likewise, if a
location falls within the exterior boundary, but not within the
interior boundary, it maps to the "Quter Area Police" service.

Security Considerations

Constraining the formof a polygon representation as described in
this docunent does not introduce new security considerations.
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