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Abst ract

Open Caching architecture is a use case of Content Delivery Network

I nterconnection (CDNI) in which the commercial Content Delivery
Network (CDN) is the upstream CDN (uCDN) and the ISP caching | ayer
serves as the downstream CDN (dCDN). RFC 8006 defines footprint
types that are used for footprint objects as part of the Metadata
interface (M). The footprint types are also used for the Footprint
& Capabilities Advertisenent interface (FCl) as defined in RFC 8008.
Thi s docunent defines two new footprint types. The first footprint
type defined is an |1 SO 3166-2 country subdi vision code. Defining
this country subdivision code inproves granularity for del egation as
conpared to the | SO 3166-1 country code footprint type defined in RFC
8006. The |SO 3166-2 country subdivision code is also added as a new
entity donmain type in the "ALTO Entity Domai n Types" registry defined
in Section 7.4 of RFC 9241. The second footprint type defines a
footprint union to aggregate footprint objects. This allows for
additive semantics over the narrowi ng semantics defined in Appendix B
of RFC 8008 and therefore updates RFC 8008. The two new footprint
types are based on the requirenments rai sed by Open Caching but are

al so applicable to CDNI use cases in general
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1. I nt roduction

The Stream ng Vi deo Technol ogy Alliance [SVTA] is a gl oba

associ ation that works to solve streaning video challenges in an
effort to i nprove end-user experience and adoption. The Open Caching
Working Goup [OCWG of the SVTA is focused on the del egation of

vi deo delivery requests fromcomercial Content Delivery Networks
(CDNs) to a caching layer at the ISP's network. Open Caching
architecture is a specific use case of Content Delivery Network

I nterconnection (CDNI) where the comercial CDN is the upstream CDN
(uCbN) and the |1SP caching layer is the downstream CDN (dCDN). The
"Open Cachi ng Request Routing Functional Specification" [OC RR
defines the Request Routing process and the interfaces that are
required for its provisioning. This docunent defines and registers
CDNI Footprint and Capabilities objects [ RFCB8008] that are required
for Qpen Cachi ng Request Routing.

For consistency with other CDNI docunents, this docunent follows the
CDNI convention of using "uCDN' and "dCDN' to represent the
commercial CDN and | SP caching | ayer, respectively.

Thi s docunent registers two CDNI Metadata footprint types
(Section 7.2 of [RFC8006]) for the defined objects:

* Country subdivision code footprint type (e.g., for a dCDN
advertising a footprint that is specific to a state in the United
States of America)

* Footprint union footprint type (for a dCDN advertising a footprint
that consists of a group built frommltiple footprint types,
e.g., both IPv4 and 1 Pv6 client subnets)

1.1. Term nol ogy

The following terms are used throughout this document:



CDN:  Content Delivery Network

Additionally, this docunent reuses the term nol ogy defined in
[ RFC6707], [RFC7336], [RFC8006], and [RRFC8008]. Specifically, we use
the following CONI abbreviations:

UCDN:  upstream CDN (see [ RFC7336])
dCDN: downstream CDN (see [ RFC7336])
1.2. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

2. CDNI Metadata Additional Footprint Types

Section 5 of [RFC8008] describes the Footprint & Capabilities
Advertisenment interface (FCl) Capability Advertisenent object, which
includes an array of CDNI footprint objects. Each such object has a
footprint type and a footprint value, as described in Section 4.2.2.2
of [RFCB006]. This docunent defines additional footprint types,
beyond t hose nmentioned in [ RFC8006].

2.1. CDNI Metadata "subdivisioncode" Footprint Type

Section 4.3.8 of [ RFC8006] specifies the "countrycode" footprint type
for listing [ISO3166-1] al pha-2 codes. Using footprint objects of
this type, one can define an FCl Capability Advertisenent object
footprint constraint that matches a specific country. This docunent
defines the "subdivisioncode" sinple data type as well as a footprint
type, allowing the dCDN to define constraints that match geographic
areas with better granularity, specifically using the [ISC3166- 2]
country subdi vi si on codes.

2.1.1. CDNI Metadata "subdivisioncode" Data Type

The "subdi vi si oncode" data type specified in Section 2.1.1.1
describes a country-specific subdivision using a code as defined in
[1S08166-2]. The data type is added to the list of data types
described in Section 4.3 of [RFC8006] that are used as properties of
CDNI Met adat a obj ects.

2.1.1.1. CDNI Metadata "subdivisioncode" Data Type Description
An [1S0B166-2] code in | owercase. Each code consists of two parts
separated by a hyphen. As per [ISO3166-2], the first part is the
[1SC3166-1] code of the country and the second part is a string of up
to three al phanuneric characters.
Type: String

Exanpl e country subdi vi si on codes:
*  "ca-on"

* "US- nyn
2.1.2. CDNI Metadata "subdivisioncode" Footprint Type Description
The "subdi vi si oncode" sinple data type specified in Section 2.1.1 is

added to the data types listed as footprint types in Section 4.2.2.2
of [ RFC8006].



Figure 1 is an exanple using a footprint object of type
"subdi vi si oncode". The footprint object in this exanple creates a
constraint that matches clients in the state of either New Jersey or
New York, USA (I1SO [ISC3166-2] codes "US-NJ" and "US- NY",
respectively).

"capabilities": |

{
"capability-type": <CDNl capability object type>,
"capability-value": <CDNl capability object>,
"footprints": [
"footprint-type": "subdivisioncode",
"footprint-value": ["us-nj", "us-ny"]
}
]
}
]
}
Figure 1: Illustration of Country Subdivision Code Footprint
Adverti senent
CDNI Met adata "footprintuni on" Footprint Type

. 2.

As described in Section 5 of [ RFC8008], the FCl Capability
Advertisenment object includes an array of CDNI footprint objects.
Appendi x B of [RFC8008] specifies the semantics for Footprint
Advertisement such that nultiple footprint constraints are additive.
This inplies that the advertisement of different footprint types
narrows the dCDN s candi dacy cunul atively.

Sections 4.3.5 and 4.3.6 of [RFC8006] specify the "ipv4dcidr" and the
"ipvecidr" footprint types, respectively, for listing |IP unscoped
address bl ocks. Using footprint objects of these types, one can
define FCI Capability Advertisement object footprint constraints that

mat ch either |1 Pv4 or

| Pv6 clients,
descri bed "narrow ng" semantic of the Footprint Objects array,
described in Appendi x B of [ RFC8008],

This is due to the
as
that prevents the usage of

but not bot h.

these objects together to create a footprint constraint that matches

|Pv4 clients with | Pv6 clients.

Figure 2 is an exanple attenpting to create an object that matches

"192.0. 2.
Such a

IPv4 clients of subnet
subnet "2001:db8::/32".
of clients,
cannot be both I Pv4 and | Pv6.

"capabilities": [
{
"capability-type":
"capability-val ue":
"footprints": [

<CDNI
<CDNI

"footprint-type":
"footprint-val ue":

b
{
"footprint-type":
"footprint-val ue":
}

0/ 24" as well as IPv6 clients of
definition results in an enpty Ilist

as the constraints are additives and a client address

capability object type>

capability object>,

"i pv4cidr",
["192.0.2.0/24"]

"i pvéci dr",
[*2001: db8: :/32"]
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Figure 2: Exanple of Narrowing Semantic I|llustrating
Advertisenment of a Null Footprint

To overcone the described limtation and allow a |ist of footprint
constraints that match both 1 Pv4 and IPv6 client subnets, this
docunent defines the "footprintunion" footprint type. This footprint
type allows the collection of multiple footprint-objects into a

uni fied object. Therefore, it resolves the above limtation and can
be particularly applicable to unify semantically rel ated objects: for
exanple, an IPv4 CIDR together with an IPv6 CIDR or a country code
together with a country subdivi sion code.

Note: to avoid inplenentation complexity, a "footprintunion" MJST NOT
list any "footprintunion" as a value. As a union of unions is sinply
a union, this syntactic restriction does not result with any semantic
limtation.

2.1. CDNI Metadata "footprintunion" Data Type

The "footprintunion" data type is based on the footprint object

al ready defined in Section 4.2.2.2 of [RFC8006]. The footprint value
for a "footprintunion" object is an array of footprint objects, where
the footprint objects MIST be of any footprint type other than

"f oot pri ntuni on".

2.2. CDNI Metadata "footprintunion" Footprint Type Description

The "footprintunion" data type specified in Section 2.2.1 is added to
the data types listed as footprint types in Section 4.2.2.2 of

[ RFC8006] .

Figure 3 is an exanple using a footprint union conbining both |Pv4
and | Pv6 client subnets.

"capabilities": |
"capability-type": <CDNl capability object type>,

"capability-value": <CDNl capability object>,
"footprints": [

"footprint-type": "footprintunion",
"footprint-value": [
{
"footprint-type": "ipvdcidr",
"footprint-value": ["192.0.2.0/24"]
}1
{ . o
"footprint-type": "ipvé6cidr",
"footprint-value": ["2001: db8::/32"]
}

Figure 3: Exanple of an Advertisenent of Footprint Union for
Multiple Cassless Inter-Domain Routing (ClDR) Footprint Types

The footprint union al so enabl es conposing of footprint objects based
on the country code and country subdivision code. In Figure 4, we
create a constraint covering autononpbus system 64496 within the USA



(1 SO al pha-2 code "US" as described in [ISO3166-1]) and the Ontario
province of Canada (1 SO code "CA-ON' as described in [1S03166-2]).

"capabilities": [
"capability-type": <CDNl capability object type>,

"capability-value": <CDNl capability object>,
"footprints": [

"footprint-type": "asn",
"footprint-value": ["as64496"]
H
{
"footprint-type": "footprintunion",
"footprint-value": [
{
"footprint-type": "countrycode",
"footprint-value": ["us"]
H
{
"footprint-type": "subdivisioncode",
"footprint-value": ["ca-on"]
}
]
}

Figure 4: Exanple of an Advertisenent of Footprint Union for Miultiple
Geogr aphi cal Footprint Types

ALTO Property Map Service Entity

Section 6 of [RFC9241] describes how to represent footprint objects
as entities in the ALTO property map. The approach is to represent
the footprint type as an entity domain type of the ALTO entity and
the footprint value as its domain-specific identifier. [RFC9241]
further refers to the representation of footprint objects of types
"asn" and "countrycode". Here, we extend this definition to the
"subdi vi si oncode" footprint type.

.1.  SUBDI VI SI ONCODE Dorrai n

The SUBDI VI SI ONCODE donmi n associ ates property val ues that define
codes for the names of the principal subdivisions.

.1.1. Entity Domain Type

The entity domain type of the SUBDI VI SI ONCODE donain is
"subdi vi si oncode" (in |owercase).

.1.2. Domain-Specific Entity ldentifiers

The entity identifier of an entity in a SUBDI VI SI ONCODE i s encoded as
an al pha-2 [1SO3166-1] country code, followed by a separator and up
to three al phanuneric characters.

.1.3. Hierarchy and Inheritance

There is no hierarchy or inheritance for properties associated with
country subdi vi si on codes.

| ANA Consi der ati ons



4.1. CDNI Metadata Footprint Types
Section 7.2 of [RFC8006] specifies the "CDNl Metadata Footprint
Types" subregistry within the "Content Delivery Network
I nterconnection (CDNI) Paraneters” registry.
Thi s docunent registers two footprint types in that subregistry as
defined in Sections 2.1 and 2. 2:
| Footprint Type | Description | Reference
[S peemesfomsbumesemsos e esoe s esos s ese sy esos s os s es s es s es s es s eses e e s s s ps s, b e e
| subdivisioncode | |SO 3166-2 country subdivision | RFC 9388
| | code: al pha-2 country code, | |
| | followed by a hyphen-m nus and | |
| | up to 3 characters fromA-Z;0-9 | |
| | as a code within the country | |
o e e e oo o e e e e e e e e e e e e e e R +
| footprintunion | A conbination of other | RFC 9388
| | footprint objects | |
Fom e o m oo S +
Table 1: Additions to the CDNI Metadata Footprint Types
Subregistry
4.2. ALTO Entity Domain Types
Section 12.3 of [RFC9240] creates the "ALTO Entity Dormai n Types"
subregistry within the "Application-Layer Traffic Optimzation (ALTO
Protocol " registry.
Thi s docunent registers an additional ALTO Entity Dormain Type within
that subregistry:
[ sl s e sl e el oo °}
| Identifier | Entity | Hierarchy | Media | Mappi ng
| | ldentifier | and | Type of | to ALTO |
| | Encodi ng | I'nheritance | Defining | Address
| | | | Resource | Type |
[ e ——— L ——————————— Cl e ——————— L —p——_— Cfp—p———————
| subdivisioncode | See RFC | None | None | false |
| | 9388, | | | |
I | Section I I I I
I | 3.1.2 I I I I
Fom e S S S S +
Table 2: Addition to the ALTO Entity Domai n Types Subregistry
5. Security Considerations
This specification is in accordance with "Content Delivery Network
I nterconnection (CDNI) Metadata" and "Content Delivery Network
I nterconnection (CDNI) Request Routing: Footprint and Capabilities
Semantics". As such, it is subject to the security and
confidentiality considerations as defined in Section 8 of [RFC3006]
and in Section 7 of [RFC8008], respectively.
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