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Abst ract

| ETF i s designing a new service called ALTO (Application Layer
traffic Optimzation) that includes a "Network Map Service", an
"Endpoi nt Cost Service" and an "Endpoint (EP) Ranking Service" and
thus incentives for application clients to connect to | SP preferred
Endpoi nts. These services provide a view of the Network Provider
(NP) topology to overlay clients.

The present draft proposes a sinple way to extend the information
provided by the current ALTO protocol in two ways. First, including
information on nultiple Cost Types in a single ALTO transaction
provi des a better mapping of the Sel ected Endpoints to needs of the
growi ng diversity of Content and Resources Networking Applications
and to the network conditions. Second, one ALTO query and response
exchange on N Cost Types is faster and nore efficient than N single
cost transactions. All this also helps producing a faster and nore
robust choice when multiple Endpoints need to be selected. Last, the
draft proposes to enrich the filtering capabilities by allow ng
constraints involving several netrics conbined by several types of

| ogi cal operators. This allows the applications to set finer

requi renents and above all to include conpronises on those
requirenents.

Requi renment s Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].
Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
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wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on Septenber 10, 2015.
Copyright Notice

Copyright (c) 2015 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.
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1.

I nt roducti on

| ETF has designed a new service called ALTO that provi des guidance to
overlay applications, which have to select one or several hosts from
a set of candidates that are able to provide a desired resource.

Thi s guidance is based on paranmeters that affect perfornmance and
efficiency of the data transm ssion between the hosts, e.g., the
topol ogi cal distance. The purpose of ALTOis to inprove Quality of
Experience (QoE) in the application while reducing resource
consunption in the underlying network infrastructure. The ALTO
protocol conveys the Internet View fromthe perspective of a Provider
Net work regi on that spans froma region to one or nore Autononous
System (AS). Together with this Network Map, it provides the

Provi der determ ned Cost Map between | ocations of the Network Map
Last, it provides the Ranking of Endpoints w.r.t. their routing cost.

Current ALTO Costs and their nodes provide values that are seen to be
stable over a |onger period of time, such as hopcount and
administrative routing cost to reflect ISP routing preferences.
Recently, new use cases have extended the usage scope of ALTO to
Content Delivery Networks, Data centers and applications that need
additional information to select their Endpoints or handle their

Pl Ds.

Thus a multitude of new Cost Types that better reflect the

requi renents of these applications are expected to be specified, in
particul ar cost values that change nore frequently than previously
assuned.

The ALTO protocol [RFC7285] restricts ALTO Cost Maps and Endpoi nt
Cost services to only one Cost Type and Cost Mdde per ALTO request.
To retrieve information for several Cost Types, an ALTO client nust
send several separate requests to the server

It would be far nore efficient, in terms of RTT, traffic, and
processing |oad on the ALTO client and server, to get all costs with
a single query/response transaction. Vector costs provide a robust
and natural input to rmulti-variate path conputation as well as robust
multi-variate selection of multiple Endpoints. |In particular, one
Cost Map reporting on N Cost Types is |ess bulky than N Cost Maps
contai ni ng one Cost Type each. This is valuable for both the storage
of these maps and their transmission. Additionally, for many
emergi ng applications that need informati on on several Cost Types,
havi ng them gathered in one map will save tine.

Along with nulti-cost values queries, the filtering capabilities need
to be extended to allow constraints on nultiple nmetrics. The base
protocol allows optional constraints in the input paraneters to a
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request for a Filtered Cost Map or the Endpoint Cost Service. The
‘constraints’ menber is an AND-conbi nati on of expressions that al
apply to the (single) requested Cost Type. It is therefore necessary
to allow constraints on nultiple netrics. Beyond that, applications
that are sensitive to several netrics and struggle with conplicated
network conditions may need to arbitrate between conflicting

obj ectives such as routing cost and network performance. To address
this issue, this draft proposes to extend the base protocol by both
all owing to conbine constraints on nultiple metrics and rel ating
these constraints with a logical "AND and a logical "OR. This

all ows an application to nake conprom ses such as: "sel ect solutions
with either (noderate 'hopcount’ AND high 'routingcost’) OR (higher
"hopcount’ AND noderate ’'routingcost’)".

This draft is organized as follows: section 3 exposes use cases
notivating the introduction of new Cost Types and why nulti-cost
transactions are useful. Section 4 identifies the core ALTO protoco
extensions that are required or recommended to support requests and
responses on nultiple Cost Types in one single transaction

Section 5 specifies the extended constraints on nutli-cost val ues.
Section 6 specifies the protocol extensions for Milti-Cost ALTO
transacti ons and provi des exanpl es.

2. Application Scope And Term nol ogy

This draft generalizes the case of a P2P client to include the case
of a CDN client, a client of an application running on a virtua
server, a GRID application client and any Cient having the choice in
several connection points for data or resource exchange. To do so,

it uses the term"Application dient" (AC).

This draft focuses on the use case where the ALTO client is enbedded
in the Application Client or in some Application Endpoint tracker in
the network, such as a P2P tracker, a CDN request router or a cloud
conmputing orchestration systeminplenented in a logically centralized
management system

It is assuned that Applications likely to use the ALTO service have a
choice in connection endpoints as it is the case for nost of them
The ALTO service is nmanaged by the Network Provider (NP) and reflects
its preferences for the choice of endpoints. The NP defines in
particul ar the network nap, the routing cost anong Network Locations,
the cost types used to reflect it, and which ALTO services are

avail abl e at a given ALTO server.

This draft uses terns defined as foll ows:
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o Endpoint (EP): can be a Peer, a CDN storage |ocation, a physical
server involved in a virtual server-supported application, a Party
in a resource sharing swarm such as a conputation Gid or an
online nulti-party gane.

o Endpoint Discovery (EP Discovery) : this termcovers the different
types of processes used to discover the eligible endpoints.

0 Network Service Provider (NSP): includes both |ISPs, who provide
means to transport the data, and Content Delivery Networks (CDNs)
who care for the dissem nation, persistent storage and possibly
identification of the best/closest content copy.

0 ALTO transaction: a request/response exchange between an ALTO
Client and an ALTO Server.

o0 Application Client (AC: this termgeneralizes the case of a P2P
client to include the case of a CON client, a client of an
application running on a virtual server, a GRID application client
and any dient having the choice in several connection points for
data or resource exchange.

3. Uses Cases For Using Multiple Costs

The ALTO protocol specification in [RFC7285] focuses on the basic use
case of optimizing routing costs in NSP networks. Upcomi ng use cases
however will require both new Cost Types and new Endpoi nt Properties.
Recent ALTO use cases now extend to CDNs, Data centers and ot her
applications that need additional infornmation to select their
Endpoints or handle their PIDs. The needed Cost Types depend on the
QOE requirenments that are specific to the applications. Moreover,
the cost values that they may use nmay change nore rapidly than
assuned up to now.

The goal of this section is to describe forward | ooki ng use case
scenarios that are likely to benefit fromALTO, in order to notivate
the introduction of new Cost Types and Endpoint Properties as well as
the ALTO Multi- Cost extension.

3.1. Use Cases For Using Additional Costs

ALTO Cost Types and Endpoint Properties are registered in two
registries maintained by | ANA.  The ALTO Cost Type registry ensures
that the Cost Types that are represented by an ALTO Cost Map are

uni que identifiers, and it further contains references to the
semantics of the Cost Type. The ALTO specification registers
"routingcost’ as a generic neasure for routing traffic froma source
to a destination. |In a sinmlar way the ALTO Endpoi nt Property
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Regi stry ensures uni queness of ALTO Endpoint Property identifiers and
provi des references to particular semantics of the allocated Endpoint
Properties. Currently the 'pid identifier is registered, which
serves as an identifier that allows aggregation of network endpoints
into network regions. Both registries accept new entries after
Expert Review. New entries should conformto the respective
syntactical requirements, and nust include information about the new
identifier, the intended semantics, and the security considerations.
One basi c exanpl e advocating for nmultiple Cost Type transactions is
an Application Client |ooking for destination Endpoints or Source/
Destination PID pairs yielding jointly the | owest 'routingcost’ and
path delay. W hereby assunme that ’'routingcost’ values report sone
monetary cost and that the Application Cient chooses to rely on the
hopcount to reflect the path del ay.

3.1.1. Delay Sensitive Overlay Applications

The ALTO working group has been created to all ow P2P applications and
NSPs a mutual cooperation, in particular because P2P bulk file-
transfer applications have created a huge anmount of intra-domain and
congestion on | owspeed uplink traffic. By aligning overlay

t opol ogi es according to the 'routingcost’ of the underlying network,
both | ayers are expected to benefit in terns of reduced costs and

i mproved Quality-of - Experience.

O her types of overlay applications mght benefit froma different
set of path netrics. |In particular for real-tinme sensitive
applications, such as gam ng, interactive video conferencing or

medi cal services, creating an overlay topology with respect to a
nmninzed delay is preferable. However it is very hard for an NSP to
gi ve accurate guidance for this kind of realtine information, instead
probi ng through end-to-end nmeasurenents on the application |ayer has
proven to be the superior nmechanism Still, a NSP might give sone
gui dance to the overlay application, for exanple by providing
statistically preferable paths, possibly with respect to the tine of
day. Also static information |ike hopcount can serve as an indicator
for the delay that can be expected. Thus a Cost Type that can

i ndicate latency, w thout the need for end-to-end measurenents

bet ween endpoints, is likely to be useful

3.1.2. Selection O Physical Servers Involved In Virtualized
Appl i cations

Virtualized applications in |large Datacenters are supported by
virtualized servers that actually gather resources distributed on
several physical servers. The federation of these resources is often
orchestrated by a centralized entity that needs to select the
physical servers fromor to which it will take resources. This
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entity can be co-located with an ALTO dient that will request and
get the ALTO information on the network forned by the physica
servers. The physical servers can be assimlated to endpoints with
which the orchestration entity trades application resources or
content. These resources include conputation resources, storage
capacity and path bandw dt h between the physical servers.

Here too, the applications that are ran are diverse and may have
different and specific QOE requirenents. The Endpoint sel ection
typically needs to consider both the conputational resources at the
Endpoi nts and the resources e.g. in bandwi dth on the transm ssion
paths to or anmpong Endpoints. Thus the application QOE requirenents
drive the Endpoint selection with nore or |ess weight on QOE specific
metrics such as hopcount/del ay, bandwi dth and ot her resources, that
are typically conmbined with the routing cost and need to jointly

i ntegrate the Endpoint and transm ssion path perspective in the

deci sion process, which is difficult to do with one single Cost Type.

3.1.3. CDN Surrogate Sel ection

Anot her use case is notivated through draft
[draft-jenkins-alto-cdn-use-cases-01]. The request router in today's
CDNs nmakes a deci sion about the surrogate or cache node to which a
content request should be forwarded. Typically this decision is
based on locality aspects, i.e. the request router tries to select
the surrogate node losest to the client. By using the 'routingcost’
Cost Type, an ALTO server allows an NSP to guide the CDN in selecting
the best cache node. This is particularly inportant as CDNs pl ace
cache nodes deeper into the network (i.e., closer to the end user),
which requires finer grained information. Finally the provisioning
of abstracted network topology information across adnministrative
boundari es gains inportance for cache federations.

Whi |l e distance today is the predonm nant netric used for routing
deci sions, other netrics night allow sophisticated request routing
strategies. For exanple the load a cache node sees in ternms of CPU
utilization, menory usage or bandwi dth utilization mght influence
routing decisions for |oad-bal ancing reasons. There exist numerous
ways of gathering and feeding this kind of information into the
request routing mechani sm

For exanple, information reporting on the occupation |level of a cache
coul d be based on a cost reflecting: its remaining conputation
resources, its remaining storage capacity w.r.t its capacity in
storage or conputation resources

As ALTO is likely to become a standardi zed interface to provide
net work topol ogy information, the ALTO server could al so provide
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other information that a request router needs. In the next
iterations of this draft we will analyse which of these netrics is
suitable as a Cost Type or Endpoint Property for CDN Surrogate

Sel ection, and propose to register themin the respective registries.

3.1.4. Sone Proposed Additional Properties And Costs

In addition to CDN caches, Endpoint Properties and Costs can be
useful to report an Endpoint’s |oad, given that an Endpoint can as
wel | be a physical server in a datacenter or any entity as defined in
Section 2 of this draft.

Pr oposed new Endpoi nt properties and costs include

0 an Endpoint Property called "EP-Capacity", reflecting the nom na
capacity of this endpoint. This capacity could be split into:

* EP-Nom nal - Menory: the storage capacity of the Endpoint.

* EP- Nom nal - Bandwi dt h: the capacity of the conmputation resources
of the Endpoint.

0 an Endpoint Cost called "EP-Cccupi ed- Capacity", reflecting the
currently avail able resources w.r.t. their nom nal capacity. As
with EP-Capacity, this can be split into:

* EP-Cccupi ed- Menory: the remai ni ng storage capacity,
*  EP- Cccupi ed- Bandwi dt h: the renai ni ng conputati on resources.

Li kewi se, new Cost Types are needed to describe the resources of the
net wor k pat hs needed for content transport, in particular the
utilized network path bandw dt h

0 A Cost Type naned ' pathoccupati oncost’ (POC) can be used to
reflect the NP view of the utilized path bandwi dth. Such an ALTO
Cost Type is likely to have values that change frequently. By no
means, as stated in the ALTO requirenents, are ALTO Cost types
expected to reflect real-tine values, as these can be gathered by
ot her nechanisns. |Instead, a Cost Type such as
" pat hoccupati oncost’ should be used as an abstraction that may be
represented by a statistical value, or be updated regularly at a
frequency lower than 'real-tine’, or be provided according to
different time periods or other parameters. A provision node for
ti me dependent cost values is proposed in
[draft-randri amasy-al t o- cost - schedul e- 01]
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3.

3.

2

2

Use Cases For Miulti-Cost ALTO Transactions

Different Cost Types are suitable for different applications. For
exanpl e, delay sensitive applications ook for both | ow routing cost
and | ow del ay, where as other applications, such as non real tine
content downl oad, | ook for noderate delay and mininmal |osses. On the
other hand, applications or entities managi ng application input

i nformati on may want, for various reasons to update their ALTO

i nformati on on several Cost Types. So an ALTO Client may want to m X
Cost Types in either "nunerical’ and 'ordinal’ node, for Cost Types
val ues that can be represented by nunerical val ues.

The Multi-Cost ALTO Services propose to:

0 include several Cost Types (and/or Cost Mddes) in an ALTO client’s
Cost Map and Endpoi nt Cost request,

0 provide several Cost Type values (and/or Cost Mdde) in an ALTO
server’s response, instead of one.

The primary reasons to use Miulti-Cost ALTO are:

0 Optimzing time and bandwi dth: a single ALTO response with a
Mul ti-Cost cost map with three separate Cost Type val ues takes
much | ess network bandw dth, and fewer CPU cycles, than three
separate ALTO requests for three conplete single-cost cost nmaps.
The motivation also holds for the Endpoint Cost Service. Milti-
Cost ALTO services can straightforwardly provide a nore conpl ete
set of cost information.

o Facing unpredictable and/or rapid val ue changes: an ALTO client
can get a consistent snapshot of several different rapidly-varying
Cost Type val ues.

1. Optinized Endpoint Cost Service

The Endpoi nt Cost Service (ECS) provides cost information about both
the applicati on Endpoi nt resources and the networking resources used
to access those Endpoints. |In addition, the ECS nmay be invoked in
"short ternt situations, that is for frequent requests and/or
requests requiring fast responses. For the ECS, the server’'s
response is restricted to the requested Endpoints, and so is nuch
smal l er than a conplete Cost Map. Therefore the ECS can be invoked
for "nearly-instant’ information requests, and is particularly well
suited for multi-cost ALTO transacti ons, supporting requests and
responses on several Cost Type val ues sinmultaneously.
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3.2.2. Optinized Filtered Cost Map Service

The set of ALTO Cost Types is not restricted to ’'routingcost’: ALTO
Servers may provide a broader set of netrics. One thing to consider
is that the frequency of updates can vary froma Cost Type to another
one. Additionally the volunme of an entire cost map w th val ues of
all avail abl e Cost Types, may get rapidly prohibitive for frequent
downl oads. G ven these considerations the Application dient may
take better advantage when:

0 requesting nulti-cost maps filtered w.r.t. Cost Types of
conpati bl e update frequencies or dates, which is the
responsibility of the Application Cient,

0 requesting nulti-cost maps filtered w.r.t. a restricted set of PID
pairs.

In such a case, as with the Endpoint Cost Service, the purpose of a
Multi-Cost transaction is to gain tine with whatever future use of
the received ALTO information. 1In this case, the Cient may m x Cost
Types in either "nunerical’ and ’'ordinal’ node, for Cost Type val ues
that can be represented by nunerical val ues.

3.2.3. Cases O Unpredicabl e Endpoi nt Cost Val ue Changes

Querying all Endpoint cost values simnultaneously is always nore tinme
and resources efficient than doing it sequentially.

It becones a necessity in case of unpredictable and/or rapid val ue
changes on at | east one of the ALTO Cost Types. The term’rapid
here means "Typical update intervals [that] may be several orders of
magni t ude | onger than the typical network-Iayer packet round-trip
time (RTT)", as described in [ RFC6708], up to a couple of m nutes.

This section provides two exanpl es of a delay sensitive application
using 'routingcost’ and 'hopcount’ to select an Endpoint. The

application can choose between two candi date Endpoints, EP1 and EP2.
The initial choice at T=1 is EP1. It is assuned that at T=2 events
in the network occur that inpact both ’routingcost’ and ’hopcount’.

These exanples illustrate the need to query 'hopcount’ and
"routingcost’ values at the sane tine in order to re-evaluate the EP
costs w.r.t. the QOE needs of the application. It is assunmed that

the application triggers regular ALTO requests to get the | atest cost
values for a list of candi date Endpoints.

In sone cases the Application client wants to use the ALTO
information to performnulti-variate optinization on several Cost
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Type values. 1In order for the optinization to be reliable, it is
recomended that the Cost Type values are provided in 'nunerical’
Cost Mode. Therefore the requested Cost Mde for the applicabl e Cost
Types SHOULD be ' nunerical ' .

3.2.3.1. Case O A Multi-Cost ALTO Query Upon A Route Change

In Figure 1, initially at tinme T=1, the application has chosen EPl
rat her than EP2, despite the higher routing cost, because EP1l has a
"better" (lower) ’hopcount’ value and despite the higher routing cost
and possi bly because the application has set a higher weight to
"hopcount ' .

At atime T=2, the route to EP1 changes. The ALTO Server information
is accordingly updated. The ALTO client nakes its next request to
update the cost values for ’'routingcost’ and 'hopcount’ on EPl1 and
EP2. It appears that EP1 has now a hopcount value of 3, the sane
than for EP2 while its routing cost is higher.

The application realizes that there is no nore benefit in keeping

interacting with EP1 and therefore switches to EP2, that now has the
same hopcount but a lower routing cost.
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T =1 : EP1l: routingcost = 40, hopcount = 2
EP2: routingcost = 30, hopcount = 3

EP1 is sel ected because application is tinme-sensitive and
metric 'hopcount’ has a hi gher weight

T = 2 : EP1: routingcost
EP2: routingcost

40, hopcount
30, hopcount

I
w

- Route to EP1 has changed. Hopcount is now 3

==> EP2 is sel ected because routingcost is |ower than for
EP1, with the same hopcount val ue

Source ---------- X oo [O ---- | EPL|

Fi gure 1: Endpoint re-selection using Miulti-Cost ALTO request on
updat ed cost val ues, upon a chnage in the route.

3.2.3.2. Case O A Multi-Cost ALTO Query Upon A Cost Val ue Change
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4.

T =2 : EP1: routingcost = 40, hopcount

T =1: EP1l: routingcost = 30, hopcount = 2

EP2: routingcost = 30, hopcount = 3
==> EP1 is sel ected because application is tine-sensitive and
hopcount netrics has hi gher wei ght

EP2: routingcost 30, hopcount
Routingcost to EP1 has increased. Hopcount is the sane.
==> Del ay sensitive applications willing to nminimze hopcount
remain with EP1 while other applications may renain
with EP2, that now has a | ower routingcost.

Fi gure 2: Endpoint selection using 2 Cost Types with joint request on
updat ed cost values and for delay sensitive applications.

ALTO Protocol Updates Needed To Support Multi-Cost Transactions

To allow running Multi-Cost ALTO Services sonme mnor changes in the
base protocol are needed. The nmain updates consist of changing the
JSON type of the value taken by the costs and add a few nmenbers to
the objects describing the information resources, client requests and
server responses to Multi-Cost information services.

As witten in the introduction, this section relies on

Section {11.2.3.6} of the ALTO protocol draft, see [ RFC7285] , which
al | ows protocol extensions to encode cost values as the ' JSO\val ue’
data type.
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4.1. List O ALTO Protocol Updates Required And Reconmended

The follow ng updates to the ALTO protocol ([RFC7285]) are required
or recommended to support nulti-cost ALTO transactions. The new
resulting JSON fornats are specified in the next sections.

Section references ({##}) are to the ALTO protocol docunent.

The applicable ALTO i nformation resources are: Cost Map, Filtrered
Cost Map and Endpoi nt Cost Map, beconming respectively Milti-Cost Map,
Filtered Miulti-Cost Map and Endpoint Multicost Map provided with the
same nedi a-type.

0 Updates required in the fornmat of objects nenber(s):

* (bjects DstCosts (to destination PIDs, {11.2.3.6}) and
Endpoi nt Dst Costs (to destination Endpoints, {11.5.1.6}): the
cost val ue nenber evolves to an array of JSONval ues.

*  (bject RegFilteredCostMap {11.3.2.3} and RegEndpoi nt Cost Map
{11.5.1.3}: a new nmenber naned "nulti-cost-types" is
i ntroduced. This nmenber is an array of 1 or nore cost types
for which a Multi-Cost ALTO dient requests values. Each cost
type of the array is encoded as specified in {10.7}.

0 Updates recomrended in the object structure:

* The capabilities for the Filtered Cost Map Service {11.3.2.4}
and the Endpoint Cost Map Service {11.5.1.4} need to be
extended with a new nenber entitled "max-cost-types" giving the
maxi mum nunber of Cost Types allowed in a Milti-Cost request
and response.

* The capabilities for the Multi Cost Map Service need to include
a new nenber named "nulti-cost-type-nanes” and giving the |ist
of Cost Types that are provided in a Milti-Cost Map requested
via a GET net hod.

* The capabilities for the Cost Map Service, the Filtered Cost
Map Service {11.3.2.4} and the Endpoint Cost Map Service
{11.5. 1.4} need to be extended with a new nenber named "nulti-
cost-type-nanes" and giving the list of Cost Types that nay be
included in the constraints nenber of a request.

* In a Server response to {11.3.2.6} filtered cost map request
and {11.5.1.6} and to filtered endpoint cost service request: a
new nenber named "nulti-cost-types" and descri bed above is
added to the "neta" field of the response.
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0 Rules required on object menber description:

* Order in which the nmultiple cost values are provided in the
responses.

4.2. Updates Required In The Menmber Format OF bjects

This section specifies the changes in the object nmenber format that
are required to enable multi-cost ALTO transactions.

The term Single Cost qualifies the itens as they are specified in the
current ALTO protocol.

4.2.1. Cost Value Encoded In array of JSON val ues
The fundanental change to support nulti-cost is to encode the cost
val ues as an array of JSONval ues. This way, the cost between two
PIDs or two Endpoints can be represented in a generic way:

0o with several Cost Types,

0 with Cost Types whose val ue can each be encoded with any type of
JSON val ue.

For exanple, a multi-cost value represented with Cost Types (assumning
they are supported by the ALTO Server):

["numroutingcost”, "numhopcount”, "string-status"]

will be encoded in the following JSON Array in a Milti Cost ALTO
response:

[23, 6, "mediuni]

The objects inpacted by the encoding of ALTO Multi-Cost values in a
JSONArray are: DstCosts and Endpoi nt Dst Costs. Full specification

will be provided in later sections of this draft.

4,.2.2. Scalar ’'cost-type’ Menber Replaced By Array 'nulti-cost-types’
Member

In the base protocol, the various single-cost-map services use a
scal ar "cost-type" nenber in the "neta" section to indicate the cost
netric and cost node of the returned val ues.
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In Multi-Cost ALTO, the multi-cost-map services use an array menber
naned "cost-types" instead. The array elements are in the sane
format as the "cost-type" nenber in single cost maps, and the order
corresponds to the order of values in the array values in the nulti-
cost nap.

Alternatively, we could use the same nenber name, but define it as an
array for multi-cost services. This would sinplify sonme things for a
client, but conplicate others. Overall, we believe it is easier for
a client to use a new nenber nane than to overload the type of an

exi sting nenber nane.

4.2.3. Rule On Cost Value Order In ALTO Reponses

The cost val ues each Source/Destination pair MJST be provided in the
same order as in the array of Cost Types. This way, the cost type
val ues are provided without any anbiguity on the Cost Type they
report on.

4.3. Updates Recommended In The hject Structure

bj ects Multi Cost MapCapability {11.2.3.4} and
Filteredwul ti Cost MapCapability {11.3.2.4}: are extended with:

0 a new nmenber a new nenber entitled "max-cost-types" giving the
maxi mum nunber of Cost Types allowed in a Milti-Cost request and
response and gi ving the maxi mum nunber of Cost Types in a
response. The default value is set to 1 to avoid a nulti-cost
aware client requesting a nulti-cost map froma server that does
not support them

0 a new nenber nanmed "multi-cost-type-names” and giving the |ist of
Cost Types that are provided in a Miulti-Cost Map requested via a
GET net hod.

5. Extended Constraints On Miulti-Cost Val ues

This draft proposes to extend the constraint tests in the base
protocol to allowtests on the various costs in a request, and to
al | ow nore general predicates.

NOTE: Constraint tests on nultiple cost nmetrics are useful even when
retrieving single costs, and we expect there will be proposals to add
mul ti-cost constraint tests to the ALTO protocol, relating to the

ext ensi ons proposed in this draft. Draft

[draft-| ee-alto-app-net-info-exchange] proposes in particular
extensions to query values on a netric ML with constraints on other
metrics {M2, ... M}, that adds an interesting feature to extend ALTO
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constraints. This notivates the need to augnent the capabilities in
the IRD of the Filteredt Multi-Cost Map and Endpoint Milti-Cost Map
with the extensive list of Cost-Types that may be included in the
constraints of requests.

The base ALTO protocol allows optional contraints in the input
paraneters to a request for a Filtered Cost Map or the Endpoint Cost
Service. The 'constraints’ nenber is an array of expressions that
all apply to the (single) requested Cost Type. The encoding of
"constraints’ nmenber, is fully specified in Section 11.3.2.3 of the
base protocol as foll ows:

A constraint contains two entities separated by whitespace:

(1) an operator,’gt’ for greater than, 'It’ for less than

"ge’ for greater than or equal to, 'le for less than or equal to,

or 'eq’ for equal to

(2) a target cost value. The cost value is a nunber that MJST be
defined in the sane units as the Cost Type indicated by the costtype
par aret er

If multiple "constraint’ paranmeters are specified, they are
interpreted as being related to each other with a | ogical AND

Such a specification covers nultiple predicates on one netric such
as:

"routingcost’ values belong to [6, 20)

5.1. Use Cases For Multi-Cost Milti-Cperator Constraints

Suppose that an application uses information on the ALTO Cost Types

"hopcount’ and ’'routingcost’. This application my want to sel ect
pat hs or Endpoints with bounds on values for both 'hopcount’ and
"routingcost’. For instance solutions neeting a constraint |ike:

"hopcount’ values in [6,20) OR 'routingcost’ values in [100, 200]

Moreover, this application may be ready to nmake conpronmi ses and to
sel ect paths or Endpoints by bounding their cost values according to
two options:

1. either solutions with noderate 'hopcount’ and high ’routingcost’,

for instance: 'hopcount’ values in [6,20] AND 'routingcost’
val ues in [100, 200],
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2. or solutions with higher 'hopcount’ and noderate ’'routingcost’,
for instance: 'hopcount’ values in [20,50] AND ’'routingcost’
val ues in [30, 100].

5.2. Extended constraints in Milti-Cost ALTO

This draft proposes to support the two above nentioned use cases by
ext endi ng the scope of constraints in two ways:

o allowthe '"constraint’ nenber to be applicable to nmultiple Cost
Types,

o allowthe multiple constraints to be related to each other by both
| ogi cal AND and | ogical OR

The two options would be covered by a | ogical expression like:

[ (" hopcount’ ge 6) AND (' hopcount’ It 20) AND

("routingcost’ ge 100) AND (’'routingcost’ e 200)]
R

[ (" hopcount’ ge 20) AND (’ hopcount’ |e 50) AND

("routingcost’ ge 30) AND ('routingcost’ |e 100)]

A sinmple encoding of nulti-cost constraints for such expressions is
specified in Section 5.3.3 of this draft, describing the input
paraneters to request for Filtered Cost Map. This specification is
applicable to the EP Cost service as well.

6. Protocol Extensions for Multi-Cost ALTO Transacti ons

This section proposes extensions of the ALTO protocol to support
Multi Cost ALTO Services or provide additional ALTO information. It
i ntegrates discussions on the ALTO mailing list.

If an ALTO client desires information on several Cost Types, then
i nstead of placing as many requests as costs, it nmay request and
receive all the desired Cost Types in one single transaction

The ALTO server then, provided it supports the requested Cost Types,
and provided it supports nulti-cost ALTO transactions, sends one
singl e response where for each {source, destination} pair, the cost
val ues are arranged in an array, where each conmponent corresponds to
a specified Cost Type. The correspondence between the conmponents and
the Cost Types is inplicitly indicated in the ALTO response. | ndeed,
the values in the Cost values MJST be provided in the sane order as
in the array of cost types indicated in the response.
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The follow ng ALTO services have corresponding Mil ti-Cost extensions:

o0 Information Resources Directory: extended with nulti-cost related
URI's and associ ated capabilities.

0 Cost Map Service: extended with the Miulti-Cost Map Service,

0 Cost Map Filtering Service: extended with the Milti-Cost Mp
Filtering Service,

0 Endpoint Cost Lookup Service: extended with the Endpoint Milti-
Cost Lookup Servi ce.

6.1. Information Resources Directory

When the ALTO server supports the provision of information on
multiple costs in a single transaction, the Infornmati on Resources
Directory will list the corresponding resources. The nedia type
remains the same as in the current ALTO protocol

6.1.1. Exanple of Miulti-Cost specific resources in the IRD

The following is an exanple Informati on Resource Directory returned
by an ALTO Server and containing Milti-Cost specific services: the
Miul ti-Cost Map Service, Filtered Milti-Cost Map and the Endpoi nt
Multi-Cost Service. 1t is assuned that the I RD contains usual ALTO
Services as described in the exanple IRD of the current ALTO

protocol. In this exanple, the ALTO Server can additionally provide
Mul ti-Cost Services in a specific folder of "alto.exanple.cont called
"multi". This folder contains the Multi-Cost Maps, Filtered Milti-

Cost Maps as well as the Endpoint Milti-Cost Service.

In this exanple, the ALTO | RD exposes Milti-Cost capabilities on cost
types "numroutingcost”, "num hopcount”, "num pathoccupationcost"”,
that can be conbined in a request. The values on these netrics are
provided in nurerical node. Values provided for cost-type string are
in "string" node.

For the "filtered-nulticost-map" resource and the "endpoint-

mul ti cost-nmap" resource, the I RD exposes in its capabilities a nenber
noted "testabl e-cost-types"” that is the list of cost-types that are
all owed to be included in the constraints of a request. Note that

this set may be different than the set "multi-cost-type-nanmes”. The
"endpoi nt-mul ti cost-map" resource provides cost-values for Cost Types
"num routingcost”, "num hopcount” and "str-status" and supports
constraints on "numroutingcost”, "num hopcount”, "num

pat hoccupati oncost" where as it does not provide values on "num
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pat hoccupati oncost" and does not supports constraints on "str-

status".

GET /directory HITP/ 1.1
Host: alto.exanple.com

Accept: application/alto-directory+json, application/alto-error+json

HTTP/ 1.1 200 K

Content - Lengt h: [ TODO
Cont ent - Type: application/alto-directory+json

{

"meta" : {
"cost-types" : {

"num pat hoccupati oncost" : {
"cost-node" : "nunerical"
"cost-netric" : "pathoccupationcost"

1

"str-status" : {

"cost-node" : "string"
"cost-netric" : "status"

},

"numrouting" : {

"cost-node" : "nunerical"
"cost-netric" : "routingcost"

}

"num hopcount" : {

"cost-node" : "nunerical"
"cost-netric" : "hopcount”
b

O her ALTO cost types as descri bed
in current ALTO Protocol

}1
"defaul t-alto-network-map" : "ny-default-network-map"
}l
"resources” : {
"ny-defaul t-network-map" : {
"uri" : "http://alto.exanple.conf networkmap",
"medi a-type" : "application/alto-networkmap+j son”
"hunerical-routing-cost-nap" {

Si ngl e-cost Services as descri bed
in current ALTO Protocol
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"rc-hc-multicost-map" @ {
"uri" @ "http://alto.exanple.com nulti/costnmp",
"medi a-types" : ["application/alto-costnmap+json"],
"uses" : [ "ny-default-network-mp" ],
"capabilities" : {
"multi-cost-type-nanes" : [ "numrouting”, "num hopcount" ]
}
"filtered-nulticost-nmap"
"uri" : "http://alto.exanple.comnulti/costmap/filtered"
"medi a-types" : ["application/alto-costmap+json" ],
"accepts" : ["application/alto-costmapfilter+json" ],
"uses" : [ "ny-default-network-mp" ],
"capabilities" : {
"cost-constraints" : true
"max- cost-types" : 3,
"cost-type-nanes" : [ "numroutingcost",

"num hopcount ",
"num pat hoccupati oncost" ],
"testabl e-cost-types": ["numroutingcost”,
"num hopcount ",
"num pat hoccupati oncost" |

}
"endpoi nt-mul ti cost-map" : {

"uri" @ "http://alto.exanple.com nulti/endpointcost/| ookup”
"medi a-types" : [ "application/alto-endpointcost+json" ],
"accepts" : [ "application/alto-endpointcostparans+json" ],
"uses" : [ "ny-default-network-mp" ],
"capabilities" : {

"cost-constraints" : true,

"max-cost-types" : 3,

"cost-type-nanes" : [ "numroutingcost",

"num hopcount ",
"str-status" ],
"mul ti-cost-type-nanmes” : [ "numroutingcost",
"num hopcount ",
"str-status"],
"testabl e-cost-types": ["numroutingcost",
"num hopcount ",
"num pat hoccupati oncost" |
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6.2. Milti-Cost Map Service

This section introduces a new nedi a-type for the Milti-Cost map. For
each source/destination pair of PIDs, it provides the values of the
di fferent Cost Types supported for the Miulti-Cost map, in the sane
order as in the list of Cost Types specified in the capabilities.

A Ml ti-Cost Map MAY be provided by an ALTO Server.

Note that the capabilities specify inplicitly the order in which the
di fferent Cost Type values will be listed in the Cost Map.

The Cost Type values in the responses are encoded as a JSONArray of
cost values for the different Cost Types.

Note that values in a Miulti-Cost map are arrays of val ues of the
various Cost Types. |If the ALTO server does not have the value for a
particul ar Cost Type for a source/destination PID pair, the server
MUST use 'null’ (a reserved JSON synbol) for that location in the

array. |If the ALTO server does not have a value for any of the Cost
Types for a given source/destination pair -- that is, if the array
would be a list of nulls -- then the ALTO server MAY onit the array

for that source/destination pair.
6.2.1. Media Type

The media type is "application/alto-costmp+j son".
6.2.2. HITP Met hod

This resource is requested using the HITP GET net hod.
6.2.3. Input Paraneters

None.
6.2.4. Capabilities

The capabilities of the URI providing this resource are defined by a
JSON obj ect of type FilteredCost MapCapabilities:
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obj ect {
JSONString nulti-cost-type-nanes<l..*>;
} Ml ti Cost MapCapabilities;

wi th nenbers

mul ti-cost-type-nanes The Cost Type nanes returned by this nmap.

An ALTO Server MJST support all of the Cost Types listed here. Note
that an ALTO Server nmay provide nultiple Cost Map Information
Resources, each with different capabilities.

An ALTO Server supporting the Multi-Cost Map service MJST support the
Cost node 'numerical’” for all supported Cost Types encoded with the
" JSONNunber’ type.

A full cost map resource capabilities has either "cost-type-nanes" or
"mul ti-cost-type-nanes", but not both. The former neans it returns a
Single Cost Map, the latter nmeans it returns a nmulti-cost Map. Since
this resource is requested via the GET nethod, the Server returns
what it returns and the client has no choice.

6. 2. 5. Uses

The Resource I D of the Network Map which defines the PIDs used in
this Multi Cost Map. An ALTO Server MJST NOT define two Multi Cost
Maps with the same Network Map and set of Cost Types.

6.2.6. Response

The "nmeta" field of a Cost Map response MJST include the "dependent -
vtags" key, whose value is a single-elenent array to indicate the
Versi on Tag of the Network Map used, where the Network Map is
specified in "uses" of the IRD.

The "neta" MJST al so include the nenber "nulti-cost-types", which is
a JSONArray of the CostTypes in this Milti Cost Map.

The data conponent of a Miulti Cost Map response is naned "cost-nmap",
which is a JSON object of type CostMapData, as defined in {11.2. 3.6}
of the ALTO protocol. This is identical to the format of the ALTO
Cost Map response, except that the JSO\Val ues are arrays rather than
nunbers. The values in the arrays correspond to the Cost Type listed
at the sane place in the "multi-cost-types’ array. This array MJST
have the sane size as the "multi-cost-types’ array, and the provided
val ues MJST be in the sane order as in the '"nmulti-cost-types’ array.
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The returned Multi Cost Map MJST include the required Path Costs for
each pair of Source and Destination PID for which this information is
available. If a cost value is not defined, the ALTO Server MJST
replace that value in the array with the reserved JSON synbol 'null’.
If no costs are defined for a pair of Source and Destination PlIDs, so
the Path Cost would be an array of nulls, the ALTO Server MAY omit
the array for that pair.

6.2.7. Exanple

This exanple illustrates a 'static’ multi-cost ALTO transaction,
where the utilized Cost Types all have 'static’ values. W assune
here that the Cost Types available at the ALTO Server are
"routingcost" and "hopcount” and the 'nunerical’ node is avail able
for both of them The "routingcost” may be based on nonetary

consi derations where as the "hopcount” is used to report on the path
delay. W also assune that ALTO server does not know t he val ue of
the "routingcost" between PID2 and PI D3, and hence uses 'null’ for

t hose costs.

GET /mul ticostmap/ num HTTP/ 1.1
Host: alto.exanple.com
Accept: application/alto-costnmap+json, application/alto-error+json

HTTP/ 1.1 200 K
Content - Lengt h: [ TODQ
Cont ent - Type: application/alto-costmap+json

"meta" : {
"dependent -vtags" : |
{"resource-id": "ny-default-network-mp",
"tag": "3ee2cb7e8d63d9f ab71b9b34cbf 764436315542¢"
}
1,
"multi-cost-types" : |
{"cost-node": "numerical", "cost-nmetric": "routingcost"},
{"cost-node": "numerical", "cost-nmetric": "hopcount"}
]
}
"cost-map" : {
"PIDI": { "PID1":[1,0], "PID2":[5,23], "PID3":[10,5] },
"PID2": { "PIDL":[null,5], "PID2":[1, 0], "PID3":[15,9] },
"PID3": { "PIDL":[20,12], "PID2":[null,1], "PID3":[1,0] }
}
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6.3. Filtered Multi-Cost Map

A Ml ti-Cost Map may be very large. In addition, an Application
Client assisted by the ALTO dient does not necessarily need the Cost
Types for all the source/destination PID pairs.

Therefore applications may nore |ikely use Cost Map information
filtered wr.t. the Cost types as well as the source/destination
pairs of PIDs. This section specifies Filtered Miulti-Cost Maps.

A Filtered Multi Cost Map is a Cost Map Information Resource for
which an ALTO Client may supply additional paraneters limting the
scope of the resulting Cost Map. A Filtered Miulti Cost Map MAY be
provi ded by an ALTO Server.

6.3.1. Media Type

The media type is "application/alto-costnmap+j son".
6.3.2. HITP Met hod

This resource is requested using the HITP POST net hod.
6.3.3. Input Paraneters

I nput paraneters are supplied in the entity body of the POST request.
Thi s docunment specifies the input parameters with a data format

i ndi cated by the nedia type "application/alto-costnapfilter+json”,
which is a JSON Obj ect of type RegFilteredMilti Cost Map, where:

obj ect {
Pl DNanme srcs<0. . *>;
Pl DNane dsts<0..*>;
} PIDFilter;

obj ect {
Cost Type mul ti-cost-types<l..*>;
JSONString constraints<0..*>; [OPTIONAL] - TO BE UPDATED
JSONAr r ay or-constrai nt s<0. . *>; [ OPTI ONAL]
PIDFilter pi ds; [ OPTI ONAL]
} ReqgFilteredMilti Cost Map;

w th nmenbers:

mul ti-cost-type-nanes The array of requested Cost Types for the returned cos
ts.
Each |isted Cost Type MJST be one of the supported Cost Types
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indicated in this resource’s capabilities.

constraints
As specified in section {11.3.2.3} of RFC7285.
The Cient MJST specify this nenber in its requests for
single cost services as specified in RFC7285.
The Cient MJUST NOT specify this menber in requests for
mul ti-cost services.
The dient MJUST NOT specify both a ’'constraint’ and
an 'or-constraints’ paraneter.
NB: THI S TEXT ON SUPPORT OF BASE PROTOCOL SI NGLE COST CONSTRAI NTS
W LL BE UPDATED I N NEXT VERSI ONS

constraints
Defines an array of arrays of constraint strings.
This paranmeter MJST NOT be specified if this resource’s capabilities
i ndi cate that constraint support is not avail able.
A constraint string is an array of additional constraints.
That is the constraint strings of the array are rel ated by
| ogi cal ANDs. Each string in the
constraint array MJST contain three entities separated by
whi t espace, in the follow ng fornmat:

[index] op val ue
"I ndex’ is a nunber between 0 and the nunmber of Testable Cost
Types nminus 1, and indicates the Cost Type to which this
constraint applies. (The square brackets ([]) surroundi ng
"index’ are required syntactic sugar. They serve as a
rem nder that "index’ is an array index, not a value to test,
and t hey avoi d unusual -1 ooki ng constraints such as "1 ge 5".)
"Qp’ is an operator: 'gt' for greater than, 'It’ for |less
than, 'ge' for greater than or equal to, 'le’ for less than
or equal to, 'eq’ for equal to, or 'ne' for not equal to.
"Value’ is a target cost value to conpare against the
i ndi cated Cost Type. For nuneric Cost Types, 'value’ MJST be
a nunber defined in the sane units as the Cost Type indicated
by "index’. ALTO servers SHOULD use at |east |EEE 754
doubl epreci sion floating point [|EEE. 754.2008] to store the
cost val ue, and SHOULD performinternal conputations using
doubl e-precision floating-point arithnetic. For string Cost
Types, 'value’ MJST be a string enclosed in single quotes ().
For array-val ued Cost Types, 'eq is true iff one of the
Cost Type values is equal to 'value', and '"ne’ is true iff
none of the Cost Type values are equal to 'value' . The other
operators are not defined for array-val ued Cost Types.

or

The "or-constraints" nenber defines an array of arrays of
constraint strings in the format : [index] op val ue
The ALSO server MUST return costs that satisfy all constraints
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in one or nore of the inner lists, and no other costs. That is,
"or-constraints’ is the logical OR of ANDs.

pids A list of Source PIDs and a |list of Destination PIDs for which
Path Costs are to be returned. |If alist is enpty, the ALTO
Server MUST interpret it as the full set of currently-defined
PIDs. The ALTO Server MUST interpret entries appearing in a list
multiple times as if they appeared only once. If the "pids"
menber is not present, both lists MIST be interpreted by the ALTO
Server as containing the full set of currently-defined PIDs.

6.3.4. Capabilities

The URI providing this resource supports all capabilities docunented
in Section 6.2.4 (with identical semantics), plus additional
capabilities. |In particular, the capabilities are defined by a JSON
obj ect of type FilteredMilti Cost MapCapability:
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obj ect {
JSONSt ri ng cost-type-nanes<1..*>
JSONSt ri ng mul ti-cost-type-nanmes<l..*>;
JSONBool cost-constraints;
JSONNunber nax-cost-types; [ OPTI ONAL]

} FilteredMul ti Cost MapCapability;

wi th nmenbers:

cost -t ype- nanes
The array of cost types available fromthis service.

mul ti-cost-type-nanes
The array of cost types available fromthis service.
Its resence neans that this resource can return
a multi-cost map. A filtered cost nmap resource can have
either "cost-type-nanes" or "multi-cost-type-nanmes" or both
inits capabilities. The former means it can return a single
cost map, the latter a multi cost. The Cient selects which

max- cost -types | ndicates the nmaxi mum nunber of cost val ues
the ALTO Server can provide in a multi-cost array of a
Mul ti - Cost Map.

cost-constraints |If true, then the ALTO Server allows cost
constraints to be included in requests to the corresponding URI
If not present, this nenber MJST be interpreted as if it specified
fal se.

Note that a filtered cost nmap resource can have either "cost-type-
nanes” or "multi-cost-type-nanmes” or both in its capabilities. The
former neans it can return a single cost map, the latter a nulti
cost. The Cient selects which one its wants.

6. 3. 5. Uses

The Resource ID of the Network Map which defines the PIDs used in
this Filtered Multi Cost Map.

6.3.6. Response

The response is the same format as for the Multi Cost Map Service
(Section 6.2.6). The returned Cost Map MUST NOT contain any source/
destination pair that was not indicated (inplicitly or explicitly) in
the input paraneters. |f the input paranmeters contain a PlID nane
that is not currently defined by the ALTO Server, the ALTO Server
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MJUST behave as if the PID did not appear in the input paraneters. |[f
any constraints are specified, Source/Destination pairs for which the
Path Costs do not neet the constraints MJUST NOT be included in the
returned Cost Map. |If no constraints were specified, then all Path
Costs are assuned to neet the constraints.

6.3.7. Exanple 1

POST nmulti/multicostmap/filtered HITP/ 1.1

Host: alto.exanple.com

Content - Type: application/alto-costmapfilter+json

Accept: application/alto-costnmap+json, application/alto-error+json

"mul ti-cost-types" : |
{"cost-node": "nunmerical", "cost-netric": "routingcost"},
{"cost-node": "nunerical", "cost-netric": "hopcount"}

] il

"pids" : {

"srcs" [ "PID1" ],
"dsts" : [ "PIDL", "PID2", "PID3" ]
}
}

HTTP/ 1.1 200 K
Cont ent - Lengt h: [ TODQ
Cont ent - Type: application/alto-costmap+json

{
"meta" : {
"dependent -vtags" : [
{"resource-id": "ny-default-network-map",
"tag": "3ee2cb7e8d63d9f ab71b9b34chf 764436315542¢e"
}
1
"mul ti-cost-types" : [
{"cost-node": "numerical", "cost-nmetric": "routingcost"},
{"cost-node": "numerical", "cost-nmetric": "hopcount"}
]
}
"cost-map" :
"PID1": { "PIDL1": [1,6], "PID2": [5,23], "PID3": [10,5] }
}
}
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6.3.8. Exanple 2

This is an exanple of using constraints to restrict returned source/
destination PID pairs to those with 'routingcost’ between 5 and 10,
or 'hopcount’ equal to O.

POST nmulti/multicostmap/filtered HTTP/ 1.1

Host: alto.exanpl e.com

Cont ent - Type: application/alto-costmapfilter+json

Accept: application/alto-costmap+json, application/alto-error+json

{

"multi-cost-types" : |
{"cost-node": "numerical", "cost-nmetric": "routingcost"},
{"cost-node": "numerical", "cost-netric": "hopcount"}
]1
"or-constraints" : [ ["[O] ge 5", "[0] le 10"],
["[1] eq 0"] ]
"pids" : {
"srcs" : [ "PIDL", "PID2" ],
"dsts" : [ "PIDL", "PID2", "PID3" ]
}

}

HTTP/ 1.1 200 K
Cont ent - Lengt h: [ TODQ
Cont ent - Type: application/alto-costmap+json

{
"meta"
"dependent -vtags" : [
{"resource-id": "ny-default-network-mp",
"tag": "3ee2cb7e8d63d9f ab71b9b34chf 764436315542¢e"
}
1,
"multi-cost-types" : [
{"cost-node": "numerical", "cost-nmetric": "routingcost"},
{"cost-node": "numerical", "cost-nmetric": "hopcount"}
]
}
"cost-map" : {
"PID1": { "PID2": [5,23], "PID3": [10,5] }
"PID2": { "PID2": [1,0] },
}
}
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6.4. Endpoint Milti-Cost Service

The Endpoint Milti-Cost Service provides information on several Cost
Types between individual Endpoints.

Thi s service MAY be provided by an ALTO Server. It is inportant to
note that although this resource allows an ALTO Server to revea

costs between individual endpoints, an ALTO Server is not required to
do so. A sinple alternative would be to conpute the cost between two
endpoints as the costs between the PIDs corresponding to the
endpoints if these values are available for the requested Cost Types.

When the cost values are requested to performmulti-variate nunerica
optinmization and are each available in the 'nunerical’ node, then the
ALTO dient SHOULD request the 'nunerical’ node in order to get a
reliable result. Note that this consideration is outside the scope
of the ALTO protocol as it relates to the responsibility of the ALTO
Client and related entries. However conmon sense |lead to warn that a
necessary condition for vector ranking nmethod to be reliable is that
the conponents of the processed vectors are nunerical and not ordina
val ues.

6.4.1. Media Type
The media type is "application/alto-endpointcost+j son".
6.4.2. HITP Met hod
This resource is requested using the HITP POST net hod
6.4.3. |Input Paraneters
I nput paraneters are supplied in the entity body of the POST request.
Thi s docunent specifies input paraneters with a data format indicated

by nedia type "application/alto-endpointmrulticostparans+j son", which
is a JSON Obj ect of type RegEndpoi nt Mul ti Cost Map
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obj ect {
TypedEndpoi nt Addr srcs<O0..*>; [ OPTI ONAL]
TypedEndpoi nt Addr dsts<1..*>;

} EndpointFilter;

obj ect{
Cost Type mul ti-cost-types<l..*>;
JSONString constraints<0..*>; [ OPTIONAL] // TO BE UPDATED

JSONAr r ay or-constrai nt s<0. . *>; [ OPTI ONAL]
Endpoi ntFil ter endpoints;
} RegEndpoi nt Mul ti Cost Map;

w th nmenbers:

mul ti-cost-types Defined equivalently to the "cost-types"
i nput paraneter of a Filtered Multi Cost Map.

constraints Defined equivalently to the "constraints”
i nput paraneter of a Filtered Multi Cost Mp

or-constraints Defined equivalently to the "or-constraints"
i nput paraneter of a Filtered Multi Cost Map.

endpoints A list of Source Endpoints and Destinati on Endpoints for
which Path nultiple Costs are to be returned. |If the list
of Source Endpoints is enpty (or not included), the ALTO Server
MUST interpret it as if it contained the Endpoi nt Address
corresponding to the client I P address fromthe inconing
connection (see Section 10.3 for discussion and considerations
regarding this node). The list of destination Endpoints
MUST NOT be enpty. The ALTO Server MUST interpret entries
appearing multiple times in a list as if they appeared only once.

6.4.4. Capabilities

The capabilities are the sane as described in Section 6. 3. 4.

6.4.5. Uses

As with the ALTO Endpoi nt Cost Service, the Endpoint Milti Cost
Service MUST NOT use a Network Map
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6.4.6. Response

The "nmeta" field of an Endpoint Miulti Cost response MJIST include the
"multi-cost-types" key, to indicate the Cost Types used.

The data conponent of an Endpoint Milti Cost response is naned
"endpoi nt-cost-map", which is a JSON object of type
Endpoi nt Cost MapData, as defined in Section 11.5.1.6 of the ALTO
protocol. This is identical to the format of the ALTO Cost Map
response, except that the JSONval ues are arrays rather than nunbers.
The values in the arrays correspond to the Cost Type listed at the
same place in the "nulti-cost-types’ array. This array MJST have the
same size as the 'multi-cost-types’ array, and the values in the MJST
be in the sane order as in the '"multi-cost-types’ array.

6.4.7. Exanple

This is an exanple of requesting jointly cost val ues for
"routingcost” and "hopcount" while using constraints to restrict the
returned source/destination endpoints to those with

" pat hoccupati oncost’ between 5 and 10, or ’hopcount’ equal to O,
wher e ' pat hoccupationcost’ and ' hopcount’ respectively have index 2
and 1 in the "testabl e-cost-types" nenber of the IRD capabilities of
the "endpoint-nulticost-nmap" resource. Only 2 of the 3 requested
source/ destination pairs neet the constraints.

POST nul ti/endpointmul ticost/lookup HTTP/ 1.1

Host: alto. exanpl e.com

Content - Lengt h: [ TODO

Cont ent - Type: application/alto-endpoi ncost parans+j son

Accept: application/alto-endpointcost+json, application/alto-error+json

{

"multi-cost-types" : |
{"cost-node": "numerical", "cost-netric": "routingcost"},
{"cost-node": "numerical", "cost-netric": "hopcount"}

1,
"or-constraints" : [ ["[2] ge 5", "[2] le 10"],

[("[1] eq 0"] ],

"endpoi nts" : {
"srecs": [ "ipv4:192.0.2.2" ],
"dsts": |

"ipv4:192. 0. 2. 89",
"ipv4: 198. 51. 100. 34",
"ipv4: 203. 0. 113. 45"

]
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7

7

HTTP/ 1.1 200 K
Cont ent - Lengt h: [ TODO
Cont ent - Type: application/alto-endpointcost+json

{
"meta" : {
"dependent -vtags" : |
{"resource-id": "ny-default-network-mp",
"tag": "3ee2cb7e8d63d9f ab71b9b34cbf 764436315542¢e"
}
1,
"multi-cost-types" : |
{"cost-node": "numerical", "cost-nmetric": "routingcost"},
{"cost-node": "numerical", "cost-nmetric": "hopcount"}
]
}
"endpoi nt-cost-map" : {
"ipv4:192.0.2.2": {
"ipv4: 192.0. 2. 89" [, 77,
"ipv4: 203.0.113.45" : [3, 2]
}
}
}

| ANA Consi der ations

Information for the ALTO Endpoint property registry naintained by the
| ANA and related to the new Endpoi nts supported by the acting ALTO

server. These definitions will be fornulated according to the syntax
defined in Section on "ALTO Endpoi nt Property Registry" of [RFC7285],

Information for the ALTO Cost Type Registry maintained by the | ANA
and related to the new Cost Types supported by the acting ALTO
server. These definitions will be fornulated according to the syntax
defined in Section on "ALTO Cost Type Registry" of [RFC7285],

1. Information for | ANA on proposed Cost Types

When a new ALTO Cost Type is defined, accepted by the ALTO wor ki ng
group and requests for | ANA registration MJST include the foll ow ng
information, detailed in Section 11.2: ldentifier, Intended
Semantics, Security Considerations.
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7.2. Information for | ANA on proposed Endpoint Properties
Li kewi se, an ALTO Endpoi nt Property Registry could serve the sane
pur poses as the ALTO Cost Type registry. Application to | ANA
registration for Endpoint Properties would follow a simlar process.
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