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Abst r act

The Application-Layer Traffic Optinization (ALTO Service has defined
networ k and cost maps to provide basic network information, where the
cost maps allow only scalar (nunerical or ordinal) cost node val ues.
Thi s docunment introduces a new cost node called path vector to allow
ALTO clients to better distinguish cost information. This docunent
starts with a non-nornative use case called multi-flow scheduling to
illustrate that ALTO cost maps wi thout path vectors cannot provide

sufficient information. This docunment then defines path vector as a
new cost node.

Requi renents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" 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 docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may 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."
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1. I nt roducti on

The ALTO base protocol [RFC7285] is designed for a setting of
exposi ng network topol ogy using the extrene "ny-Internet-view'
representation, which abstracts a whole network as a single node that
has a set of access ports, with each port connects to a set of
endhosts. The base protocol refers to each access port as a PID.
This "single-node" abstraction is sinple and can support a w de range
of applications already.

A problem of this abstraction, however, is that it does not provide
sufficient information for use cases such as multi-flow scheduling
(see Section 3), which essentially require exposure of topol ogy

i nformati on beyond the single-node abstraction, to detect sharing of
resources in the underlying topol ogy.
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Thi s docunent goes beyond si ngl e-node topol ogy by introducing path
vector as a new ALTO cost node, where each path vector specifies the
network el ements on the routing path froma set of source endhosts to
a set of destination endhosts. Since the network elenents on a path
vector are abstract network el ements defined by ALTO servers, the new
pat h-vector cost node provides a nechanismto allow a network to
control the level of topology exposure, and at the sane tinme better
support application traffic optimzation. The design of path vector
is based on the ALTO WG di scussions at |IETF 89, with summary slides
at http://tools.ietf.org/agenda/ 89/slides/slides-89-alto-2. pdf.

The organi zation of this docunent is organized as follows. Section 2
gives a non-normative use case called nulti-flow scheduling to
illustrate the need to introduce path vectors. Section 3 formally
specifies the path vector cost node. Sections 4 and 5 discuss
security and | ANA consi derati ons.

2. The Multi-flow Scheduling Use Case

ALTO uses a sinple single-node network abstraction. Specifically,
each network map in ALTO defines an abstract, single node network,
where endhosts are partitioned to a set of access ports, with each
access port called a PID. For a given network nmap, a cost nmap of a
given cost netric provides a scalar (nunerical or ranking) cost val ue
for each pair of source and destination Pl Ds.

Al t hough sinple, the single-node, sinple scalar cost maps nay not
convey enough information to the applications about pair-w se
connection properties between one PID and another PID. See [I-
D. bernstein-alto-topo] for a survey of use-cases where extended
network topology information i s needed.

Thi s docunment uses a sinple use case to illustrate the issue.

Consi der a network as shown in Figure 1. The network has 7 switches
(swl to swr) forming a dunb-bell topology. Switches swl/sw3 provide
access on one side, s2/s4 provide access on the other side, and
swhs-sw/7 formthe backbone. Endhosts ehl to eh4 are connected to
access switches swl to sw4 respectively. Assunme that the bandw dth
of each link is 100 Mops. Assune that the network is abstracted with
4 PIDs, with each representing the hosts at one access switch
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Figure 1: Raw Network Topol ogy.

The singl e-node ALTO topol ogy abstraction of the network is shown in
Fi gure 2.
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Fi gure 2: Base Singl e-Node Topol ogy Abstraction

Consi der an application overlay (e.g., a |large data analysis system
whi ch needs to schedule the traffic anbng a set of endhost source-
destination pairs, say ehl -> eh2, and eh3 -> eh4. The application
can request a cost map providing end-to-end avail abl e bandwi dt h,
using 'available bw as cost-metric and 'nunerical’ as cost-node,
where the "available bw between two PIDs represents possible
bandwidth for PID -> PIDj, if no other applications use shared
resour ces

Assume that the application receives fromthe cost map that both PID1
-> PID2 and PID3 -> PI D4 have bandwi dth 100 Mips. It cannot
determine that if it schedules the two flows together, whether it

will obtain a total of 100 Mops or 200 Mops. This depends on whet her
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the routing of the two flows shares a bottleneck in the underlying
t opol ogy:

0 Case 1: If PIDL -> PID2 and PID3 -> PID4 use different paths, for
exanpl e, when the first uses swl -> swh -> sw/ -> sw2, and the

second uses sW3 -> sws -> sw6 -> sw/ -> sw4. Then the application

will obtain 200 Mps.

0 Case 2: |If PID1 -> PID2 and PID3 -> PID4 share the bottl eneck, for

exanpl e, when both use the direct link sws -> sw/7, then the
application will obtain only 100 Mops.

To allow applications to distinguish the two possible cases, the

network needs to provide nore details. This docunent introduces path

vector to resolve the issue.
Pat h- Vector as a new Cost Mbde

An extension supporting the path-vector cost-nbde MJUST support the
followi ng foll ow ng extension of Section 11.2.3.6 of [RFC7285]:

obj ect {
cost - map. Dst Cost s. JSONval ue -> JSONStri ng<o0, *>;
met a. cost - nnde = "path-vector";

} I nf oResour cePVCost Map : | nf oResour ceCost Map;

Specifically, the preceding specifies that |nfoResourcePVCostMap
ext ends | nf oResourceCost Map. The body specifies that the first
extension is achieved by changing the type of JSONVal ue defined in
Dst Costs of cost-map to be an array of JSONString; the second
extension is that the cost-npde of neta MJUST be "path-vector".

An exanpl e cost nmap using path-vector is the foll ow ng:

GET /costmap/pv HITP/ 1.1
Host: alto. exanple.com
Accept: application/alto-costnmap+json, application/alto-error+json
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HTTP/ 1.1 200 K
Content - Lengt h: TDB
Cont ent - Type: application/alto-costmap+json

{
"meta" : {
"dependent -vtags" : |
{ "resource-id": "ny-def aul t - net wor k- map",
"tag": "3ee2cb7e8d63d9f ab71b9b34cbf 764436315542¢e"
},
{"resource-id": "my-topol ogy-map", // See bel ow
"tag": "4xee2cb7e8d63d9f ab71b9b34chbf 76443631554de"
}
1,
"cost-type" : {"cost-netric": "routingcost"
"cost-node" : "path-vector”
}
H
"cost-map" :
"PID1": { "PIDL":[],
"PID2":["ne56", "ne67"],
"PID3":[],
"PID4":["ne57"]
1
"PID2": { "PIDL1":["ne75"],
"PID2":[],
"PID3":["ne75"],
"PID4":[]
1
"PID3": { "PIDL":[],
"PID2":["ne57"],
"PID3":[],
"PID4":["ne57"]
1
"PID4": { "PID1":["ne75"],
"PID2":[],
"PID3":["ne75"],
"PID4":[]1}
}
}

To interpret the path-vector in a cost map providing path vectors,
the client will need access to the properties of the network el ements
naned in the path vectors. Such properties should be provided from
an el enent property service. Hence, the "dependent-tags" of a cost
map supporting path vectors MJST include two dependent resources: one
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for a network map, and the other for an el ement property service.
Thi s docunment does not define the property service. The appendi x
gi ves one definition, but it can be a different one.

4., Security Considerations
Thi s docunment has not conducted its security anal ysis.
5. 1 ANA Consi derations

This docunent requires the definition of a new cost-node nanmed pat h-
vector.
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Net wor k El ement Properties Map

A m ssing piece to conplete the path-vector design to resolve the
anbiguity in the use case is howto provide information on the

el ements of the path vectors. A minimal approach is to introduce
network el enment properties (NEP) nmaps, where each NEP nap provides a
mappi ng froma network element to its properties such as bandw dth or
shared risk link group (srlg).

A schema of an NEP nmap is:

obj ect-map {
JSONString -> Networ kEl enent Properties; // nanme to properties
} Net wor KEl ement MapDat a;

obj ect-map {

JSONStri ng bw;

JSONString srlg<o, *>;

[JSONString type;] // should be froman enuneration only
} Networ KEl ement Properti es;

An exanpl e network el ement property nap:

GET /nepmap HITP/ 1.1

Host :

Accept :

Ber nst ei n,

al t 0. exanpl e. com

appl i cation/alto-nepmap+j son, application/alto-error+json
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HTTP/ 1.1 200 K
Cont ent - Lengt h: TBD
Cont ent - Type: application/alto-nepmap+j son

{
"meta" : {
"vtag": {
"resource-id": "ny-topol ogy- map",
"tag": "da6beca2eb7al0ce8b059740b0b2e3f 8eb1d4785"
}
I
"nep-map" @ {
"ne57" : {"bw' : 100, "srlg" [1, 3]}, /7 link sws->swr7
"ne75" {"bw"' : 100, "srlg" [1, 3]}, /1 link sw7->swh
"ne56" : {"bw' : 100, "srlg" : [1]}, /1 1ink sws->swb6
"ne65" : {"bw' : 100, "srlg" : [1]}, [l 1ink swe->swb
"ne67" : {"bw' : 100, "srlg" : [3]}, [l 1ink swe->sw7
"ne76" {"bw" : 100, "srlg" [3]}, [l 1ink sw7->sw6
}
}
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