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Abstract

Wth the devel opnent of edge conputing, there is a trend that
conputing is wdely deployed in network rather than at other end of
net wor k, and provi des services at nearer |location. Wth the deep
integration of network, traditional optimzation and scheduling

W thin network domain is not enough, the endpoint of the path matters
alot. So the relationship between conputing and network are new and
important topics to be studied. This docunent focus on the

requi renents of conputing and network joint optimzation and
schedul i ng based on the newy arising service requirenents.

Requi renment s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in

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 (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mnum 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.”

This Internet-Draft will expire on May 6, 2021.
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Overvi ew

For traditional services without strict service requirenents, the
best-effort network can neet the requirenents with traditional path
opti m zation, which only consider the network condition. Wth new
services arising, such as cloud AR/ VR, cloud gam ng, V2X, new and
strict requirements towards network, also towards the service
endpoi nt are proposed to neet the service requirenents. So the
conmputing and network joint optimzation and scheduling are proposed
to guarantee the service performance.

The conputing and network joint optimzation neans that there is not
only the path optim zation in network, but also the endpoint joint
optim zation; also the two will affect each other. Based on the
joint optimzation, the service scheduling can be perforned

consi dering the network condition and al so the endpoint condition,
with the "optimal path+ optinmal endpoint” policy. Wat’s nore, the
conputing and network resources joint reservation is required for
services wth strict performance requirenents.
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Requi rements of awareness of conputing

The service requirenents arising include both network and conputi ng
requi renents, which further require future network should performthe
joint optimzation according to service requirenents. So the
requirenents towards the joint optim zation are: the awareness of
conmputing and network requirenents, the awareness of conputing
resources and services in network, the conputing-aware path
opti m zati on and the network-aware endpoi nt optim zati on.

2.1. Awareness of conputing and network requirenents

Awar eness of conputing and network requirenments refers to consider
the conputing requirenents in addition to the network requirenents,

i ncludi ng the awareness of conputing requirenents and the neasurenent
of conputing services.

Since network requirenents can be neasured with bandw dth, delay etc,
it is also required to neasure conputing requirenments in a unified
way. On the one hand, there are many different conputing services
whi ch are the "consuners” of conputing resources, such as video
processing, inmage classification etc, and they propose various

requi renents towards conputing. It is required to firstly obtain the
conmputing requirenents and then nodel the requirenents in a unified
way, which then can be used as the constraint of joint optimzation.

What’ s nore, the conputing service nodes are abundant conpared to
network services, which are the conputing "producers”, including
there are heterogeneous hardware such as GPU, CPU, FPGA etc, and al so
various algorithnms deployed in network, so it is also required to
nodel the conputing producers in a unified way, which is another
important factor for joint optim zation. As for the awareness of
conmputing requirenments, some technol ogi es such as application-aware
net wor ki ng have proposed correspondi ng technical solutions to
delivery conputing requirenents in the packet head, however, it needs
further study on the security of application and al so the efficiency
of the information delivery. As for the neasurenent of conputing
services, there is no mature solution to nodel the conmputing

requi renents and the conputing resources in a unified way, which is a
chal l enge for the computing and network joint optimzation.

2.2. Awareness of conputing resources and services

Wth the devel opnent of edge conputing, the conputing resources and
conmputing services will be distributed in network, since the limted
physi cal conditions, each conmputing site will be small scale and with
limted conputing resources, so different fromthe cloud conputing,
whi ch can finish the conputing task wthin one site, the edge
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conmputing sites need the collaboration anong many sites, and this

col I aboration can be done in network. To coordinate the conputing
sites, it is required for network to be aware of the conputing status
of edge sites, including the real-tine status of conputing resources
and conputing services. So how to generate the required information
and then broadcast it to network brings new chall enges.

Requi rements of conputing and network joint optimzation
3.1 Computing-aware path optim zation

Wth new services requiring conputing and network resources,

traditi onal network-based path optim zation can not accurately
guarantee the service requirenments. The network-based path

optim zation only according to network conditions can only make sure
t he performance of network services, it can only find a best path
towards a given endpoi nt, however, the given endpoint may be not
optimal, causing the service requirenents cannot be net.

So It isrequired to do the conputing-aware path optim zation to
consi der the status of endpoint. For exanple, before the path
optim zation, according to the awareness of conputing resources and
services in network, including the |ocation and status, the network
could firstly find a list of optimal conputing nodes, then the
network could do path optim zation with different conputing

endpoi nts, which changes the traditional way to only do the path
optim zation with one destination.

To better optim ze the conputing-aware path, we need to consider
different weights of conputing and network netrics when cal cul ati ng
the optimal path. For traditional path optimzation, there are only
network nmetrics as the paraneters of algorithm it is required to add
conmputing netrics also as the calculation netrics of the al gorithm
and to conbi ne the conputing and network metrics.

What’s nore, based on the awareness of service requirenments, for
different services, there will be different requirenents towards
conmputing and network. For sone conputing-intensive services,
conmputing counts nore on the whol e process of services, so they wll
require nore on conputing than network; and for communi cati on-

i ntensive services, the conputing is |less during the service process,
while there will be frequent comrunication, which will propose higher
requi renent towards network than conputing. So it can be inferred

t hat conmputing and network matters differently during the service
process for various services.

Based on what di scussed above, it is required to adaptively define
different weights of conputing and network netrics for different
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services, adapting to various service requirenents. For exanple, for
t he conputing-intensive services, it is required to put nore weights
on conputing nmetrics than network netrics, which could be based on

t he percentage of predicted conputing tinme in whole tine; as for
conmmuni cati on-intensive services, nore weights could be put to adapt
to the service requirenents.

3.2 Network-aware endpoi nt optim zation

Based on the conputing-aware path optim zation, there will be the
optimal "path + endpoint” pair, conbing the conputing and network
status. But there will also be inner scheduling in conputing node,
whi ch may al so influence the conputing time. Wth proper task
assignnment, the conputing tinme could be | ess to make sure that
endpoi nt provides the prom sed services. So it is also required for
endpoi nt to know the service requirenents precisely, otherw se the
endpoint will just do the usual scheduling w thout considering the
service requirenents.

Wth the network-awareness, the endpoint will know the perfornmance of

network, such as the endpoint will know the transm ssion tinme in
network and then calculate the rest of required time, and then it
wi Il do the inner scheduling accordingly.

Requi rements of conputing and network joint resource reservation

For services with strict conputing requirenents, the resource
reservation should include network reservation and conputi ng
reservation, also, the two will affect each other

There is network resource reservation in traditional QS guarantee
mechani sm based on the network resources reservation calculation to
reserve specific resources for specific services. Wth new services
arising, the network resources reservation is not enough, since the
conpl etion of services include not only network transm ssion but al so
endpoi nt cal cul ation, only reserving the network resources cannot
make sure the required conputing resources are avail able during the
required tinme for specific service.

So facing the trend of conputing and network convergence, it is also
required to reserve the conputing resources together with the network
resources. Based on the awareness of service requirenents and the
joint path optim zation, it is required to map the conputing
requirenents into the correspondi ng conputing resources reservation,
for exanple, to map the services type into the conmputing resources
type, and translate the conputing |atency requirenents towards the
requi red anount conputing resources.
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On the other hand, the reservation of network and conputing resources
are closely linked, there will be different network resource
reservation policy considering the computing resources reservation.
For exanple, the order of the two resources reservation requires to
be considered since they are rel ative i ndependent usually.

Wat’s nore, it is also required to dynam cally adjust the resources
reservation according to real-tinme status. One scenario is that the
conmputing resource reservation could be adjusted based on the

i nformati on fromnetwork domain, including the reservation tinme and
al so the reservation anount. Another scenario is the co-adjust of
the two resources reservation, in network domain, the path and the
rel ati ve reservation could be adjusted, and then the conputing domain
is required to adjust on-demand.

Concl usi on

Based on the new services’ requirenents on conputing and networKk,
this docunent puts forward requirenents of conputing and networKk
joint optim zation, and al so proposes requirenments of conputing and
network joint resource reservation. Conputing in network is a new
direction, how to coll aborate conputing and network need further

st udy.
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