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Abst ract

The introduction of Network Function Virtualization (NFV) in carrier-
grade networks pronises inproved operations in terns of flexibility,
efficiency, and manageability. NFV is an approach to conbi ne network
and conpute virtualizations together. However, network and conpute
resource donai ns expose different virtualizations and progranmabl e
interfaces. In [I-D. unify-nfvrg-challenges] we argued for a joint
comput e and network virtualization by |ooking into different conpute
abstracti ons.

In this document we anal yze different approaches to orchestrate a
service graph with transparent network functions relying on a public
tel econmuni cati on network and ending in a cormodity data center. W
show that a recursive conpute and network joint virtualization and
progranmm ng has cl ear advantages conpared to ot her approaches with
separated control between conpute and network resources. In
addition, the joint virtualization will have cost and performance
advant ages by renoving additional virtualization overhead. The

di scussi on of the problenms and the proposed solution is generic for
any data center use case; however, we use NFV as an exanple.

Status of This Meno

This Internet-Draft is submitted 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 docunments as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents 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.”
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1. Introduction
To a large degree there is agreenent in the research comunity that

rigid network control linmits the flexibility of service creation. In
[1-D.unify-nfvrg-chal |l enges]
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o0 we analyzed different conpute domain abstractions to argue that
joint compute and network virtualization and progranm ng i s needed
for efficient conbination of these resource domains;

0 we described chall enges associated with the conbi ned handling of
conpute and network resources for a unified production
envi ronnent .

Qur goal here is to analyze different approaches to instantiate a
service graph with transparent network functions into a comuodity
Data Center (DC). More specifically, we anal yze

o two black box DC set-ups, where the intra-DC network control is
limted to some generic conpute only control progranmn ng
i nterface;

0 a white box DC set-up, where the intra-DC network control is
exposed directly to for a DC external control to coordinate
forwardi ng configurations;

0 a recursive approach, which illustrates potential benefits of a
joint conpute and network virtualization and control

The di scussion of the problens and the proposed solution is generic
for any data center use case; however, we use NFV as an exanpl e.

Ternms and Definitions

We use the terns conpute and "conpute and storage" interchangeably
t hr oughout the document. Moreover, we use the follow ng definitions,
as established in [ ETSI-NFV-Arch]:

NFV:  Network Function Virtualization - The principle of separating
network functions fromthe hardware they run on by using virtua
har dwar e abstracti on.

NFVI:  NFV Infrastructure - Any conbination of virtualized conpute,
storage and network resources.

VNF: Virtualized Network Function - a software-based network
function.

MANO  Managenent and Orchestration - In the ETSI NFV framewor k
[ ETSI - NFV-MANC], this is the global entity responsible for
managenent and orchestration of NFV lifecycle.

Further, we make use of the follow ng terns:
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NF:  a network function, either software-based (VNF) or appliance-
based.

SW a (routing/switching) network elenent with a programmbl e
control plane interface.

DC. a data center is an interconnection of Conpute Nodes (see bel ow)
with a data center controller, which offers progranmatic resource
control interface to its clients.

CN: a server, which is controlled by a DC control plane and provides
execution environnent for virtual machine (VM inages such as
VNFs.

3. Use Cases

Servi ce Function Chaining (SFC) |ooks into the problem how to deliver
end-to-end services through the chain of network functions (NFs).
Many of such NFs are envisioned to be transparent to the client,
i.e., they intercept the client connection for adding value to the
services without the know edge of the client. However, deploying
network function chains in DCs with Virtualized Network Functions
(VNFs) are far fromtrivial [I-D.ietf-sfc-dc-use-cases]. For
exanpl e, different exposures of the internals of the DC will inply
different dynam sms in operations, different orchestration
complexities and may yield for different business cases with regards
to infrastructure sharing.

We investigate different scenarios with a sinple NF forwardi ng graph
of three VNFs (0->VNF1l->VNF2->VNF3->0), where all VNFs are depl oyed

within the sane DC. W assune that the DCis a nulti-tier |eaf and

spine (CLOS) and that all VNFs of the forwardi ng graph are bunp-in-

the-wire NFs, i.e., the client cannot explicitly access them

3.1. Black Box DC

In Black Bock DC set-ups, we assunme that the conpute domain is an

aut ononous dormain with | egacy (e.g., OpenStack) orchestration APIs.
Due to the lack of direct forwarding control within the DC, no native
L2 forwarding can be used to insert VNFs running in the DCinto the
forwardi ng graph. Instead, explicit tunnels (e.g., VXLAN) nust be
used, which need termination support within the deployed VNFs.
Therefore, VNFs nust be aware of the previous and the next hops of
the forwarding graph to receive and forward packets accordingly.
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3.1.1. Black Box DC with L3 tunnels

Figure 1 illustrates a set-up where an external VXLAN term nation
point in the SDN donmain is used to forward packets to the first NF
(VNF1) of the chain within the DC. VNF1l, in turn, is configured to
forward packets to the next SF (VNF2) in the chain and so forth with
VNF2 and VNF3.

In this set-up VNFs nust be capable of handling L3 tunnels (e.qg.
VXLAN) and nust act as forwarders thenselves. Additionally, an
operational L3 underlay nust be present so that VNFs can address each
ot her.

Furt hernmore, VNFs hol ding chain forwarding i nformati on could be
untrusted user plane functions from3rd party devel opers.
Enf orcenent of proper forwarding is problenmatic.

Additionally, conpute only orchestration might result in sub-optinal
al l ocation of the VNFs with regards to the forwarding overlay, for
exanpl e, see back-forth use of a core switch in Figure 1.

In [I-D. unify-nfvrg-chall enges] we al so pointed out that within a
singl e Conpute Node (CN) simlar VNF placenent and overl ay
optinization problem may reappear in the context of network interface
cards and CPU cores.
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Figure 1: Black Box Data Center with VNF Overl ay

3.1.2. Black Box DC with external steering

Figure 2 illustrates a set-up where an externa

hence are not aware of the next hop VNF address.

VXLAN term nation
point in the SDN donain is used to forward packets anong all the SFs
(VNF1-VNF3) of the chain within the DC. VNFs in the DC need to be
configured to receive and send packets between only the SDN endpoi nt,

Shal |

any VNFs need

to be relocated, e.g., due to scale in/out as described in
[1-D.zu-nfvrg-elasticity-vnf], the forwardi ng overlay can be

transparently re-configured at the SDN donai n.
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Figure 2: Black Box Data Center with ext Overlay
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3.2. Wite Box DC

Figure 3 illustrates a set-up where the internal network of the DCis
exposed in full details through an SDN Controller for steering
control. W assune that native L2 forwarding can be applied al

through the DC until the VNFs' port, hence |IP tunneling and tunne
term nation at the VNFs are not needed. Therefore, VNFs need not be
forwardi ng graph aware but transparently receive and forward packets.
However, the inplications are that the network control of the DC nust
be handed over to an external forwarding controller (see that the SDN
domai n and the DC domain overlaps in Figure 3). This npbst probably
prohi bits clear operational separation or separate ownerships of the
two domai ns
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Figure 3: Wiite Box Data Center with L2 Overl ay

3.3. Concl usions

We have shown that the different solutions inply different operation

and nanagenent actions.

bl ackbox DC case)

easily managed upfront by using a programmatic interface,
steering in black and whitebox DC scenari os.

t he external

Szabo, et al.

From network operations point of view, it is
not desirable to run and nmanage simlar functions severa

times (L3

- especially if the networking overlay can be

Expi res Apri

21, 2016
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4.

Recur si ve approach

We argued in [I-D.unify-nfvrg-challenges] for a joint software and
network programm ng interface. Consider that such joint software and
networ k abstraction (virtualization) exists around the DCwith a
correspondi ng resource programmatic interface. A software and
network programm ng interface could include VNF requests and the
definition of the correspondi ng network overlay. However, such
programming interface is simlar to the top | evel services
definition, for exanple, by the neans of a VNF Forwardi ng G aph

Figure 4 illustrates a joint donmain virtualization and progranmm ng
setup. In Figure 4 "[x]" denotes ports of the virtualized data plane
while "x" denotes port created dynamcally as part of the VNF

depl oynent request. Over the joint software and network
virtualization VNF placenent and the corresponding traffic steering
could be defined in an atonmic, which is orchestrated, split and
handl ed to the next levels (see Figure 5) in the hierarchy for
further orchestration. Such setup allows clear operationa
separation, arbitrary domain virtualization (e.g., topology details
could be omtted) and constraint based optim zation of domain w de
resources

R R I + A

| Domain O | | |0

| oo [X]---mmmee + |V
| | [\ | | |E
| Big Switch | -<--- --->-- | | IR
[with |/ BiS-BiS \ | | JA
|Big Software | | +-->+ +-->-+ | | | IR

| (Bi S-Bi S) Il || I | |C
[ +--X-X----X-X----X-X--+ | |H

I || || || |1

| +-+ +-+ +-+ | |N

I | V] | V] | V] | |GV
I | N | N | N | | N
I | Fl | FI | FI | | F
I | 1] | 2| ] ||

[ +- + +- + +- + | | F
I | | G
T e + vV

Figure 4: Recursive Domain Virtualization and Joint VNF FG
progranmm ng: Overarching View
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Figure 5: Recursive Donmain Virtualization and Joint VNF FG
programm ng: Donmain Views

4.1. Virtualization

Let us first define the joint software and network abstraction
(virtualization) as a Big Switch with Big Software (BiS-BiS). A Bi S-
BiS is a node abstraction, which incorporates both software and

net wor ki ng resources with an associated joint software and network
control APl (see Figure 6).
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Figure 6: Big Switch with Big Software definition

The configuration over a BiS-Bi S allows the atom c definition of NF
pl acenents and the correspondi ng forwardi ng overlay as a Network
Function - Forwarding Graph (NF-FG. The enbednent of NFs into a
BiS-Bi S allows the inclusion of NF ports into the forwardi ng overl ay
definition (see ports a, b, ...,f in Figure 7). Ports 1,2, ..., 4
are seen as infrastructure ports while NF ports are created and
destroyed with NF pl acements.
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Step 1: Placenment of NFs

\ with the forwarding
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Figure 7: Big Switch with Big Software definition with a Network

4.1. 1.

4.1.1.

Szabo,

Function -

Forwar di ng G aph (NF-FQ

The virtualizer’s data nodel
1. Tree view
nmodul e: virtualizer
+--rwvirtualizer
+-rwid? string
+--rw nane? string
+--rw nodes
| +--rw node* [id]
| +-rwid string
| +--rw nanme? string
[ +-rw type string
| +--rw ports
| |  +--rwport* [id]
| | +-rwid string
| | +--rw nanme? string
| | +--rw port_type string
[ [ +--rw port _data? string
| +--rw |inks
| | +--rwlink* [src dst]
et al. Expires April 21, 2016
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+--rwid?
+--rw nane?
+--rw Src
+--rw dst

+--rw resources
+--rw del ay?

string
string
port-ref
port-ref

string

I
I
|
I
I
I
[ +--rw bandwi dth?  string
+--rw resources
| +--rwcpu string
| +--rw nmem string
| +--rw storage string
+--rw NF_i nst ances
| +--rw node* [id]
| +-rwid string
| +--rw nanme? string
[ +-rw type string
| +--rw ports
| |  +--rwport* [id]
| | +-rwid string
| | +--rw nanme? string
| | +--rw port_type string
[ [ +--rw port _data? string
| +--rw |inks
| | +--rwlink* [src dst]
| | +-rwid? string
| | +--rw nanme? string
| | +--rw src port-ref
[ [ +--rw dst port-ref
| | +--rw resources
| | +--rw del ay? string
[ [ +--rw bandwi dth?  string
| +--rw resources
| +--rw cpu string
[ +--rw nmem string
| +--rw storage string
+--rw capabilities
| +--rw supported_NFs
| +--rw node* [id]
| +-rwid string
[ +--rw nane? string
| +-rw type string
| +--rw ports
| | +--rwport* [id]
| | +-rwid string
| | +--rw nane? string
[ [ +--rw port _type string
| | +--rw port _data? string
| +--rw links
Expires April 21, 2016

Cct ober 2015

[ Page 14]



Internet-Draft Towar d recursive progranm ng Cct ober 2015

+--rw link* [src dst]

I

| +--rwid? string

| +--rw nanme? string

[ +--rw src port-ref
| +--rw dst port-ref
| +--rw resources

| +--rw del ay? string
I

+--rw bandw dt h? string
+--rw resources

+--rw cpu string
+--rw nem string
+--rw storage string

I
I
|
I
I
I
I
I
|
I
I
I
+

--rw fl o abl e
+-rw flowentry* [port match action]
+--rw port port-ref
+--rw mat ch string
+--rw action string
+--rw resources
+--rw del ay? string

+--rw bandw dt h? string
+--rw |inks
+--rw link* [src dst]

+-rwid? string
+--rw name? string
+--rw src port-ref
+--rw dst port-ref
+--rw resources

+--rw del ay? string

+--rw bandw dt h? string
Figure 8: Virtualizer’s YANG data nodel: tree view
4.1.1.2. YANG Mdul e
<CODE BEG NS> file "virtualizer.yang"

nmodul e virtualizer {

nanespace "http://fp7-unify.eu/framework/virtualizer";
prefix virt;

organi zati on "EU FP7- UNI FY";

contact "Robert Szabo <robert.szabo@ricsson. cons";
description "data nodel for joint software and network
virtualization and resource control";

revision 2015-06-27 {
reference "Initial version";
}
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/' REUSABLE GROUPS
groupi ng id-nane {

description "used for key (id) and nam ng"

leaf id {

type string;

description "For unique key id";}
| eaf nane {

type string;

description "Descriptive nane";}

}

groupi ng node-type {
description "For node type defintion";

Cct ober 2015

NFs)";

| eaf type{
type string;
mandat ory true
description "to identify nodes (infrastructure or
}
}
/'l PORTS
typedef port-ref {
type string;
description "path to a port; can refer to ports at nultiple
I evel s in the hierarchy";
}

groupi ng port {

description "Port definition: used for infrastructure and NF

ports";

uses id-naneg;

| eaf port_type {
type string;
mandat ory true

description "Port type identification: abstract

is for

technol ogy i ndependent ports and SAPs for technol ogy specific

ports";}
| eaf port_dat a{
type string;

}

description "QOpaque data for port specific types";

}

groupi ng ports {
description "Collection of ports”
contai ner ports {
description "see above";
list port{

et al. Expires April 21, 2016
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key "id";
uses port;
description "see above"

}
}

}
/| FORWARDI NG BEHAVI OR
grouping flowentry {
| eaf port {
type port-ref;
mandat ory true
description "path to the port";

| eaf match {
type string;
mandat ory true
description "matching rule";

| eaf action {
type string;
mandat ory true
description "forwardi ng action";
}
cont ai ner resources{
uses |ink-resource;
description "network resources assigned to forwarding entry";
}
description "SDN forwardi ng entry";

}

groupi ng fl ow abl e {
contai ner flowable {
description "Collection of flowentries"”
list flowentry {
key "port nmatch action";
description "Index list of flowentries";
uses flowentry;
}
}
description "See container description”;

}

/'l LI NKS
groupi ng |ink-resource {
description "Core networking characteristics / resources
(bandwi dt h, del ay)";
| eaf del ay {
type string;
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description "Delay value with unit; e.g. 5ns";

}
| eaf bandwi dth {
type string;
description "Bandwi thd value with unit; e.g. 10Mops";
}
}

groupi ng link {
description "Link between src and dst ports with attributes"”
uses id-nane;
| eaf src {
type port-ref;
description "relative path to the source port";

}
| eaf dst {
type port-ref;
description "relative path to the destination port";
}
cont ai ner resources{
uses |ink-resource;
description "Link resources (attributes)"”;

}
}

grouping links {
description "Collection of links in a virtualizer or a node"
container links {
description "See above";
list link {
key "src dst";
description "lIndexed list of |inks";
uses |ink;
}
}
}

/| CAPABI LI TI ES
groupi ng capabilities {
description "For capability reporting: currently supported NF
types”;
contai ner supported NFs { // supported NFs are enunerated
description "Collecction of nodes as supported NFs";
list node{
key "id";
description "see above";
uses node;

}
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}
/1l TODO add other capabilities

}
/1 NODE

groupi ng software-resource {
description "Core software resources”;
| eaf cpu {
type string;
mandat ory true
description "In virtual CPU (vCPU) units";

| eaf mem {
type string;
mandat ory true
description "Menory with units, e.g., 1lGoyte";

| eaf storage {
type string;
mandat ory true
description "Storage with units, e.g., 10Goyte";
}
}

groupi ng node {
description "Any node: infrastructure or NFs";
uses id-namne;
uses node-type;
uses ports;
uses |inks;
cont ai ner resources{
description "Software resources offer/request of the node"
uses software-resource
}
}

groupi ng infra-node {
description "Infrastructure nodes wi ch can contain other nodes
as NFs";
uses node;
contai ner NF_instances {
description "Hosted NFs"
list node{
key "id";
uses node;
description "see above";

}
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}

contai ner capabilities {
description "Supported NFs as capability reports”
uses capabilities;

}

uses fl owt abl e;

[ ======== Virtualizer

container virtualizer {
description "Definition of a virtualizer instance";
uses id-naneg;

cont ai ner nodes{
description "infra nodes, which enbeds NFs and report
capabilities";
list node{
key "id";
uses i nfra-node;
description "see above"
}
}

uses |inks;

}
}
<CODE ENDS>
Figure 9: Virtualizer’s YANG data nodel
5. Relation to ETSI NFV

According to the ETSI MANO framework [ ETSI-NFV-MANG, an NFVO is
split into tw functions:

0 the orchestration of NFVI resources across nultiple VIM
fulfilling the Resource Orchestration functions;

0 The NFVO uses the Resource Orchestration functionality to provide
services that support accessing NFVI resources in an abstracted
manner independently of any VIMs, as well as governance of VNF
i nstances sharing resources of the NFVI infrastructure

Simlarly, a VIMis split into two functions:
0 Ochestrating the allocation/upgrade/rel ease/ reclamati on of NFVI

resources (including the optimzation of such resources usage),
and
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0 managi ng the association of the virtualised resources to the

physi cal conpute, storage, networking resources.
The functional split is shown in Figure 13.
T +
| NVFO |
| [ + |
| | NFVO | |
| | Service |
| |Lifecycle | ]
| | Managenent | |
| oo - o m oo - +|
| | |
[ Homm - - - Fom oo - + |
| | NFVO | ]
| | Resrouce | ]
| |Ochestration | |
| e T T |
A Rl EEEE R
/ [ \
[--emm-- / [ L \

/ [ \
e | ----- +  A-------- [---------- +  H------ [------------ +
| VIM | | |[VIM | | VMM | |
| S +---+ | | +----- [ SR + | | o + |
Y I VRV I VRV o
| |Orchestration | | | |Ochestration| | | |Ochestration | |
B e I O -
| |Optimzation | | | |Optimization | | | |Optimization | |
| oo - o m oo - + | | oo - o m oo - + | | oo - o m oo - + |
| | || | || | |
[ Homm - - - Fom oo - + | [ Homm - - - Fom oo - + | [ Homm - - - Fom oo - + |
| vum | (vum | (vum ||
| |Virtualized 2 | | | |Virtualized 2 | | | |Virtualized 2 | |
| |Pys mapping | | | |Pys mapping | | | |Pys mapping | |
| B T + | | B T + | | B T + |
B SN Sy SN Sy +

Fi gure 10: Functional deconposition of the NFVO and the VIM according

to the ETSI MANO

If the Joint Software and Network Control
used between all the functional components working on the same
abstraction, i.e., fromthe north of the VIMVirtualized to physical
mappi ng conponent to the south of the NFVO Service Lifecycle

APl (Joint APlI) could be
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then a nore flexible virtualization

programm ng architecture could be created as shown in Figure 12.

Fi gure 11: Functi onal

Szabo,

et al.
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* S +- -+
* | o
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|NFVO | * ********l***l*************************
| Service | * / |
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Figure 12: Joint Software and Network Control

6. Exanples
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6.1. Infrastructure reports

Figure 13 and Figure 14 show a single node infrastructure report.
The exanple shows a BiS-BiS with two ports, out of which Port 0 is
al so a Service Access Point 0 (SAPO).

20 CPU
R + 64G MEM
SAP1--[0 BiS-BiS | 1TB STO
[ (UUI D13) |
+ 2 1+
| e - + |
I I
I I
S + | | +----------- +
SAPO--[0 BiS-BiS 1]+ +H0 BiS-B S 1]--SAP1
| (UU D11) | | (UUI D12) |
I 2] - - [2 I
R R + R R +
20 CPU 10 CPU
64GEB MEM 328 MVEM
100TB STO 100TB STO

Figure 13: Single node infrastructure report exanple: Virtualization
Vi ew
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<virtualizer xmns="http://fp7-unify.eu/framework/virtualizer">
<i d>UUlI D001</i d>
<name>Si ngl e node sinple infrastructure report</name>
<nodes>
<node>
<i d>UUl D11</i d>
<nane>si ngl e Bi s-Bi s node</ name>
<t ype>Bi sBi s</type>

<ports>

<port>
<i d>0</i d>
<nanme>SAPO port </ nanme>
<port _type>port-sap</port_type>
<vxl an>. .. </ vxl an>

</ port >

<port>
<id>1</id>
<nane>North port </ name>
<port _type>port-abstract</port_type>
<capability>...</capability>

</ port >

<port>
<i d>2</id>
<nanme>East port </ nanme>
<port _type>port-abstract</port_type>
<capability>...</capability>

</ port >

</ port s>

<r esour ces>
<cpu>20</ cpu>
<nenr64 GB</ nenr
<storage>100 TB</ st or age>
</ resour ces>
</ node>
</ nodes>
</virtualizer>

Figure 14: Single node infrastructure report exanple: xm view
Figure 15 and Figure 16 show a 3-node infrastructure report with 3

Bi S-Bi S nodes. Infrastructure links are inserted into the
virtualization view between the ports of the Bi S-Bi S nodes.
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20 CPU
R + 64GB MVEM
SAP1--[0 BiS-BiS | 1TB STO
[ (UUI D13) |
+ 2 1+
| e - + |
I I
I I
S + | | +----------- +
SAPO--[0 BiS-BiS 1]+ +H0 BiS-B S 1]--SAP1
| (UU D11) | | (UUI D12) |
I 2] - - [2 I
R R + R R +
20 CPU 10 CPU
64GEB MEM 32&E8 MEM
100TB STO 100TB STO

Figure 15: 3-node infrastructure report exanple: Virtualization view

<virtualizer xm ns="http://fp7-unify.eu/framework/virtualizer">
<i d>UUl D002</i d>
<nane>3-node sinple infrastructure report</nane>
<nodes>
<node>
<i d>UUl D11</i d>
<name>West Bi s- Bi s node</ nanme>
<t ype>Bi sBi s</type>
<ports>
<port >
<i d>0</i d>
<nanme>SAPO port </ name>
<port_type>port-sap</port_type>
<vxl an>. .. </ vxl an>
</ port >
<port >
<id>1</id>
<name>Nort h port </ nane>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
<port >
<i d>2</id>
<nanme>East port </ nanme>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
</ ports>
<resour ces>
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<cpu>20</ cpu>
<men>64 GB</ nene
<st orage>100 TB</ st orage>
</ resources>
</ node>
<node>
<i d>UUl D12</i d>
<name>East Bi s-Bi s node</ name>
<t ype>Bi sBi s</type>
<ports>
<port >
<id>1</id>
<name>SAP1 port </ name>
<port_type>port-sap</port_type>
<vxl an>. .. </ vxl an>
</ port >
<port >
<i d>0</i d>
<name>Nort h port </ nane>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
<port >
<i d>2</id>
<name>West port </ nanme>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
</ ports>
<r esour ces>
<cpu>10</ cpu>
<men>32 GB</ nene
<st orage>100 TB</ st or age>
</resources>
</ node>
<node>
<i d>UUlI D13</i d>
<name>Nort h Bi s-Bi s node</nane>
<t ype>Bi sBi s</type>
<ports>
<port >
<i d>0</i d>
<nanme>SAP2 port </ name>
<port_type>port-sap</port_type>
<vxl an>. .. </ vxl an>
</ port >
<port >
<id>1</id>
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<nanme>East port </ name>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
<port >
<i d>2</id>
<name>West port </ name>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
</ ports>
<r esour ces>
<cpu>20</ cpu>
<men>64 GB</ nene
<st orage>1 TB</ st orage>
</resources>

</ node>
</ nodes>
<l i nks>
<li nk>
<i d>0</i d>
<nanme>Hori zont al |i nk</ nane>

2015

<src>../../nodes/ node[id=UU D11]/ports/port[id=2]</src>
<dst>../../nodes/ node[id=UU D12]/ports/port[id=2]</dst>

<r esour ces>
<del ay>2 ns</del ay>
<bandwi dt h>10 Gb</ bandw dt h>
</ resour ces>

</link>
<li nk>
<id>1</id>

<nane>West | i nk</ nane>

<src>../../nodes/ node[id=UU D11]/ports/port[id=1]</src>
<dst>../../nodes/ node[id=UU D13]/ ports/port[id=2]</dst>

<r esour ces>
<del ay>5 ns</del ay>
<bandwi dt h>10 Gb</ bandw dt h>
</ resour ces>

</link>
<l ink>
<i d>2</i d>

<nane>East | i nk</nane>

<src>../../nodes/ node[id=UU D12]/ports/port[id=0]</src>
<dst>../../nodes/ node[id=UU D13]/ports/port[id=1] </ dst>

<r esour ces>
<del ay>2 ns</del ay>
<bandwi dt h>5 Go</ bandw dt h>
</ resour ces>
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</link>
</links>
</virtualizer>

Figure 16: 3-node infrastructure report exanple: xm view

6.2. Sinple requests

Figure 17 and Figure 18 show the allocation request for 3 NFs (NF1l:
Parental control B.4, NF2: Htp Cache 1.2 and NF3: Stateful firewall
C) as instrunented over a Bi S-Bi S node. It can be seen that the
configuration request contains both the NF placenment and the
forwarding overlay definition as a joint request.

e L L S s
| NF1] | NF2| | NF3]
R T I S pupus
|| || | |
+-2-3----4-5----6-7--+
--[0-/ N\ N----]- V]
| |/ | \-+1]--
I
I

I
Bi S-Bi S (UUIDL1) |

Figure 17: Sinple request of 3 NFs on a single Bi S-Bi S
Virtualization view

<virtualizer xm ns="http://fp7-unify.eu/framework/virtualizer">
<i d>UUl D001</i d>
<name>Si ngl e node sinpl e request </ nane>
<nodes>
<node>
<i d>UUlI D11</i d>
<NF_i nst ances>
<node>
<i d>NF1</i d>
<name>first NF</nane>
<type>Parental control B.4</type>
<ports>
<port >
<i d>2</id>
<nane>i n</ nane>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
<port >
<i d>3</id>
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<nane>out </ name>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
</ ports>
</ node>
<node>
<i d>NF2</i d>
<name>cache</ nane>
<type>Http Cache 1.2</type>
<ports>
<port >
<i d>4</i d>
<nane>i n</ name>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
<port >
<i d>5</i d>
<nane>out </ nane>
<port _type>port-abstract</port_type>
<capability>...</capability>
</ port >
</ port s>
</ node>
<node>
<i d>NF3</i d>
<nane>firewal | </ name>
<type>Stateful firewall C</type>
<ports>
<port>
<i d>6</i d>
<nane>i n</ nane>
<port type>port-abstract</port_type>
<capability>...</capability>
</ port>
<port>
<i d>7</id>
<name>out </ name>
<port type>port-abstract</port_type>
<capability>...</capability>
</ port>
</ ports>
</ node>
</ NF_i nst ances>
<f| owt abl e>
<fl owentry>
<port>../../ports/port[id=0]</port>
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<mat ch>* </ mat ch>
<action>output:../../NF_instances/node[i d=NF1]
[ ports/port[id=2]</action>
</flowentry>
<fl owentry>
<port>../../NF_instances/ node[i d=NF1]
[ ports/port[id=3]</port>
<mat ch>fr - a</ mat ch>
<action>output:../../NF_instances/node[i d=NF2]
[ ports/port[id=4]</action>
rpcre </flowentry>
<fl owent ry>
<port>../../NF_instances/ node[i d=NF1]
/ports/port[id=3]</port>
<mat ch>fr - b</ mat ch>
<action>output:../../NF_instances/node[i d=NF3]
/ports/port[id=6]</action>
</fl ownentry>
<fl owentry>
<port>../../NF_instances/ node[i d=NF2]
[ ports/port[id=5]</port>
<mat ch>* </ mat ch>
<action>output:../../ports/port[id=1]</action>
</fl ownentry>
<fl owentry>
<port>../../NF_instances/ node[i d=NF3]
[ ports/port[id=7]</port>
<mat ch>* </ mat ch>
<action>output:../../ports/port[id=1]</action>
</fl onentry>
</ fl owt abl e>
</ node>
</ nodes>
</virtualizer>

Figure 18: Sinple request of 3 NFs on a single BiS-BiS: xm view
7. | ANA Consi derations
This meno includes no request to | ANA
8. Security Considerations

TBD
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