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Abst r act
Thi s docunent provides specifications for one Bandwi dth Constraints
Model for Diffserv-aware MPLS Traffic Engineering, which is referred
to as the Maxi mum Al | ocati on Mdel
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1.

1.

| ntroducti on

[ DSTE-REQ presents the Service Providers requirements for support of
Diffserv-aware MPLS Traffic Engineering (DS-TE). This includes the
fundanental requirenent to be able to enforce different Bandwi dth
Constraints for different classes of traffic.

[ DSTE- REQ al so defines the concept of Bandw dth Constraints Model
for DS-TE and states that "The DS-TE technical solution MJST specify
at | east one Bandwi dth Constraints Mdel and MAY specify nultiple
Bandwi dt h Constrai nts Mdels."

Thi s docunent provides a detailed description of one particul ar
Bandwi dt h Constraints Mddel for DS-TE, which is introduced in
[ DSTE-REQ and called the Maxi mum Al | ocati on Model (MAM .

[ DSTE- PROTQ specifies the |1 GP and RSVP-TE signaling extensions for
support of DS-TE. These extensions support MAM

1. Specification of Requirenents

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].

Definitions

For readability, a nunber of definitions from][DSTE-REQ are repeated
her e:

Cl ass-Type (CT): the set of Traffic Trunks crossing a link that is
governed by a specific set of Bandw dth Constraints.
CT is used for the purposes of |ink bandw dth
al l ocation, constraint-based routing, and adni ssion

control. A given Traffic Trunk belongs to the sane
CT on all links.
TE-C ass: A pair of:

i. a Cass-Type

ii. a preenption priority allowed for that O ass-
Type. This means that an LSP transporting a Traffic
Trunk fromthat C ass-Type can use that preenption
priority as the set-up priority, as the hol ding
priority or both.
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3.

A nunber of recovery nechani sns, under investigation or specification
in the | ETF, take advantage of the concept of bandw dth sharing
across particular sets of LSPs. "Shared Mesh Restoration" in

[ GWLS- RECOV] and "Facility-based Conputation Mdel" in [ MPLS- BACKUP]
are exanpl e nechani sns that increase bandwi dth efficiency by sharing
bandwi dt h across backup LSPs protecting agai nst i ndependent fail ures.
To ensure that the notion of "Reserved (CTc)" introduced in
[DSTE-REQ is compatible with such a concept of bandw dth sharing
across nultiple LSPs, the wording of the "Reserved (CTc)" definition
provided in [DSTE-REQ is generalized into the foll ow ng:

Reserved (CTc): For a given O ass-Type CIc ( 0 <= ¢ <= MaxCT ), let
us define "Reserved(CTc)" as the total anmount of the
bandwi dt h reserved by all the established LSPs which
bel ong to CTc.

Wth this generalization, the Maxi num Al | ocati on Mddel definition
provided in this docunent is conpatible with Shared Mesh Restoration
defined in [GWLS- RECOV], so that DS-TE and Shared Mesh Protection
can operate simultaneously. This assunes that Shared Mesh

Restorati on operates independently within each DS-TE O ass- Type and
does not operate across C ass-Types (for exanple, backup LSPs
protecting Primary LSPs of CITx al so need to belong to CTx; Excess
Traffic LSPs sharing bandwi dth with Backup LSPs of CTx also need to
bel ong to CTx).

W al so introduce the follow ng definition:

Reserved(CTb, q): Let us define "Reserved(CTb,q)" as the total anpunt
of the bandwi dth reserved by all the established
LSPs that belong to CTb and have a holding priority
of g Note that if g and CTb do not form one of the
8 possible configured TE-C asses, then there cannot
be any established LSPs that bel ongs to CTb and has
a holding priority of q; therefore, in this case,
Reserved(CTh,q) = 0.

Maxi mum Al | ocati on Mbdel Definition
MAM is defined in the foll ow ng manner:

o Maxi mum Nunber of Bandw dth Constraints (MaxBC) =
Maxi mum Nunber of C ass-Types (MaxCT) = 8

o for each value of ¢ in the range 0 <= ¢ <= (MaxCT - 1):
Reserved (CTc) <= BCc <= Max- Reservabl e- Bandwi dt h,

Le Faucheur & Lai Experi ment al [ Page 3]



RFC 4125 Maxi mum Al | ocati on Model for DS-TE June 2005

0 SUM (Reserved(CTc)) <= Max- Reservabl e- Bandwi dt h
where the SUMis across all values of ¢ in the range
0 <= ¢ <= (MaxCT - 1)

A DS-TE LSR i npl ementi ng MAM MUST support enforcenment of Bandw dth
Constraints in conpliance with this definition.

To increase the degree of bandw dth sharing anong the different CTs,
the sum of Bandwi dth Constraints may exceed the Maxi num Reservabl e
Bandwi dt h, so that the followi ng relationship my hold true:
o SUM (BCc) > Max- Reservabl e- Bandwi dt h,
where the SUMis across all values of ¢ in the range
0 <= ¢ <= (MaxCT - 1)
The sum of Bandwi dth Constraints may al so be equal to (or below) the
Maxi mum Reservabl e Bandwi dth. In that case, the Maxi mum Reservabl e
Bandwi dt h does not actually constrain CT bandw dth reservations (in
ot her words, the 3rd bullet itemof the MAM definition above wll
never effectively cone into play). This is because the 2nd bull et
itemof the MAM definition above inplies that:
SUM (reserved(CTc)) <= SUM (BCc)
and we assune here that
SUM (BCc) <= Maxi mum Reservabl e Bandwi dt h.
Therefore, it will always be true that:
SUM (Reserved(CTc)) <= Max- Reservabl e- Bandw dt h.
Both preenmption within a CT and across CTs is all owed.

VWhere 8 CTs are active, the MAM Bandwi dth Constraints can al so be
expressed in the followi ng way:

- Al LSPs from CT7 use no nore than BC7
- Al LSPs from CT6 use no nore than BC6
- All LSPs from CT5 use no nore than BC5
- etc.

- Al LSPs from CTO use no nore than BCO
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- All LSPs fromall CTs collectively use no nore than the Maxi mum
Reservabl e Bandwi dt h

Purely for illustration purposes, the diagram bel ow represents MAMin
a pictorial manner when 3 CTs are active:

<---BCD---> |
[T | |
| | |
| CTo | |
| | |
[T | |
| |
| |
R BCL------- > |
[ | |
| | |
| CT1 | |
| | |
. | |
| |
| |
< ---- BC2--- - - > |
[ | |
| | |
| CT2 | |
| | |
[T | |
| |
| CTO+CT1+CT2 |

|

<--Max Reservabl e Bandw dt h-->

(Note that, in this illustration, the sumBC0 + BCl + BC2 exceeds the
Max Reservabl e Bandwi dth.)

VWil e nore flexiblel/sophisticated Bandwi dth Constrai nts Mddel s can be
defined (and are indeed defined; see [DSTE-RDM ), the Maximum

Al'l ocation Mdel is attractive in sone DS-TE environnents for the

fol |l owi ng reasons:

- Network adm nistrators generally find MMM sinple and intuitive
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- MAM mat ches si npl e bandwi dth control policies that Network
Admi nistrators may want to enforce, such as setting an
i ndi vi dual Bandwi dth Constraint for a given type of traffic
(a.k.a. COass-Type) and simultaneously lint the aggregate of
reserved bandwi dth across all types of traffic.

- MAM can be used in a way which ensures isolation across O ass-
Types, whether preenption is used or not.

- MAM can sinul taneously achi eve isol ation, bandw dth efficiency,
and protection agai nst QoS degradati on of the prem um CT.

- MMonly requires Iimted protocol extensions such as the ones
defined in [ DSTE- PROTQ .

MAM may not be attractive in sone DS-TE environnents because:
- MAM cannot si nul taneously achi eve isol ation, bandwi dth
ef ficiency, and protection agai nst QoS degradati on of CTs ot her
than the Prem um CT.

Addi tional considerations on the properties of MAM and its
conparison with RDM can be found in [BC CONS] and [ BCG- MODEL] .

As a very sinple exanple of usage of MAM a network adm ni strator
using one CT for Voice (CT1) and one CT for Data (CTO) m ght
configure on a given 2.5 Gd/s link:

- BCO =2 G/s (i.e., Datais limted to 2 Gb/s)

- BCl 1 Go/s (i.e., Voiceis limted to 1 Go/s)

- Maxi mum Reservabl e Bandwidth = 2.5 Gb/s (i.e., aggregate Data +
Voice is limted to 2.5 G/ s)

4. Exanple Formulas for Conputing "Unreserved TE-Class [i]" with
Maxi mum Al | ocati on Mdel

As specified in [ DSTE- PROTQ, formulas for conputing "Unreserved TE-
Class [i]" MIST reflect all of the Bandwi dth Constraints relevant to
the CT associated with TE-C ass[i], and thus, depend on the Bandw dth
Constraints Mddel. Thus, a DS-TE LSR i npl enenti ng MAM MUST refl ect
the MAM Bandwi dth Constraints defined in Section 3 when conputing
"Unreserved TE-Class [i]".

As explained in [DSTE-PROTQ, the details of adm ssion control

algorithms, as well as formulas for conputing "Unreserved TE-C ass
[i]", are outside the scope of the I|ETF work. Keeping that in mnd,
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we provide in this section an exanple, for illustration purposes, of
how val ues for the unreserved bandwi dth for TE-C ass[i] might be
conputed with MAM I n the exanple, we assune the use of the basic
admi ssion control algorithm which sinply deducts the exact bandwi dth
of any established LSP fromall of the Bandw dth Constraints rel evant
to the CT associated with that LSP.

Then:
"Unreserved TE-Class [i]" =

MN |

[ BCc - SUM ( Reserved(CTc,q) ) ] for g <= p |,

[ Max-Res-Bw - SUM (Reserved(CTbh,q)) ] for q <= p and 0 <= b <= 7,
]

wher e:
TE-C ass [i] <--> < CTc , preenption p>
in the configured TE-Cl ass nappi ng.

5. Security Considerations

Security considerations related to the use of DS-TE are discussed in
[ DSTE- PROTQ . Those apply independently of the Bandwi dth Constraints
Model , including MAM specified in this docunent.

6. | ANA Consi derations

[ DSTE- PROTQ defines a new name space for "Bandw dth Constraints
Model 1d". The guidelines for allocation of values in that nane
space are detailed in section 13.1 of [DSTE-PROTQ . In accordance
with these guidelines, | ANA has assigned a Bandw dth Constraints
Model 1d for MAM fromthe range 0-239 (which is to be nanaged as per
the "Specification Required" policy defined in [1ANA- CONS]).

Bandwi dth Constraints Moddel Id 1 was allocated by 1 ANA to MAM
7. Acknow edgenents
A lot of the material in this docunent has been derived from ongoi ng

di scussions within the TEWsG work. This involved nany people
i ncluding Jerry Ash and Dimtry Haskin.
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Appendi x A: Addressing [ DSTE-REQ Scenari os
Thi s Appendi x provi des exanpl es of how the Maxi mum Al | ocati on
Bandwi dt h Constraints Mddel can be used to support each of the
scenari os described in [DSTE-REQ .

A. 1. Scenario 1: Limiting Amount of Voice
By configuring on every I|ink:

- Bandwi dth Constraint 1 (for CT1l = Voice) = "certain percentage
of link capacity

- Bandwi dth Constraint O (for CTO = Data) = link capacity (or a
constraint specific to data traffic)

- Max Reservabl e Bandwi dth = |link capacity
By configuring:

- every CT1l/Voice TE-LSP with preenption = 0

- every CTO/Data TE-LSP with preenption =1

DS-TE with the Maxi mum Al |l ocati on Model will address all the
requi renents:

- amount of Voice traffic linmted to desired percentage on every
i nk

- data traffic capable of using all remaining |ink capacity (or up
to its own specific constraint)

- voice traffic capable of preenmpting other traffic
A.2. Scenario 2: Maintain Relative Proportion of Traffic C asses
By configuring on every I|ink:

- BC2 (for CT2) = e.g., 45%of link capacity

- BCl (for CT1) e.g., 35%of link capacity
- BOO (for CTO) = e.g., 100% of link capacity

- Max Reservabl e Bandwi dth = |link capacity
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DS-TE with the Maxi num Al l ocation Mddel will ensure that the anmount
of traffic of each CT established on a link is within acceptable

| evel s as conpared to the resources allocated to the correspondi ng
Diffserv Per Hop Behaviors (PHBs) regardl ess of which order the LSPs
are routed in, regardl ess of which preenption priorities are used by
whi ch LSPs and regardl ess of failure situations.

By al so configuring:
- every CT2/Voice TE-LSP with preemption = 0
- every CTl/Premium Data TE-LSP with preenption = 1
- every CTO/Best-Effort TE-LSP with preemption = 2
DS-TE with the Maxi num Al l ocati on Mbdel will also ensure that:

- CT2 Voice LSPs always have first preenption priority in order to
use the CT2 capacity

- CT1 Prenmium Data LSPs al ways have second preenption priority in
order to use the CT1 capacity

- Best-Effort can use up to link capacity of what is left by CT2
and CT1.

Optional automatic adjustnment of Diffserv scheduling configuration
could be used for mmintaining very strict relationshi ps between the
amounts of established traffic of each CT and corresponding Diffserv
resources.

A. 3. Scenario 3: Guaranteed Bandw dth Services
By configuring on every |ink:
- BClL (for CT1) = "given" percentage of |ink bandw dth
(appropriate to achieve the QS objectives of the Guaranteed

Bandwi dt h servi ce)

- BCO (for CTO = Data) = link capacity (or a constraint specific
to data traffic)

- Max Reservabl e Bandwi dth = |link capacity
DS-TE with the Maxi num Al l ocati on Mbdel will ensure that the anmount
of Guaranteed Bandwi dth Traffic established on every link remains

bel ow t he gi ven percentage so that it will always nmeet its QoS
objectives. At the sane tine, it will allow traffic engineering of
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the rest of the traffic such that links can be filled up (or Iimted
to the specific constraint for such traffic).
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