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1 Introduction
In this paper we introduce a formal speci�cation of parts of the service di�er-
entiation mechanisms of the recent IEEE 802.17 Resilient Packet Ring (RPR)
standard [1, 2, 3], and assess RPR's suitability for use in a Di�Serv environment.
We propose a simple mapping between RPR's tra�c classes and three standard-
ized Di�Serv Per Hop Behavior groups. When using this mapping, we discuss,
by use of an analytical example and simulation results, the behavior of the tra�c
assigned to each PHB group in terms of its throughput (all PHBs) and delay
properties (for the EF PHB only). For the simulation part, we use our OPNET
[4] implementation of the RPR standard. In the full length version of this paper,
for the proposed mapping, we analyze conformance to the requirements speci�ed
for the three Di�Serv PHBs [5].

2 Delay Guarantees and Rate Control in RPR
In an RPR node, the Rate Control Block imposes several per ringlet and per
node rate constraints on local ingress (add)- and transit tra�c. In this chapter,
we introduce a set of invariants that expresses the e�ect of the RPR scheduling
constraints, before illustrating this using an analytical example. We use the nota-
tion RX to specify the rate constraint in e�ect for a particular RPR tra�c class,
where X ∈ {A,A0, A1, B,C}. o�ered(X) represents the amount of tra�c of a
particular tra�c class,X, that a node or a set of nodeswant(s) to transmit. ac-
cepted(X) refers to the corresponding amount of tra�c thatwill be transmitted.
RL is the link rate (all links in an RPR network have the same rate).

For class A (A0 and A1) tra�c, the per-node amount of tra�c is constrained,
regardless of the destination of the tra�c transmitted, as shown in invariants1
and 3-6. For class B and class C tra�c, we use per link invariants as shown in
invariants 7-10.
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invariant 1 RR =
∑

j∈{nodes}RA0j ≤ RL

invariant 2 RU = RL −RR

invariant 3 ∑
j∈{nodes}

(
RA1j + RBj

) ≤ RU

invariant 4 ∀nodes : o�ered(A) ≤ RA0 ⇒ accepted(A0) = o�ered(A)

invariant 5 ∀nodes : RA0 < o�ered(A) ≤ RA0 + RA1 ⇒
accepted(A0) = RA0 ∧ accepted(A1) = o�ered(A)−RA0

invariant 6 ∀nodes : o�ered(A) > RA0 + RA1 ⇒
accepted(A0) = RA0 ∧ accepted(A1) = RA1

invariant 7 ∀links : o�ered(B)+ accepted(A1)≤ RU ⇒ accepted(B) = o�ered(B)

invariant 8 ∀links : o�ered(B)+ accepted(A1) > RU ⇒
accepted(B) = RU − accepted(A1)

invariant 9 ∀links : o�ered(C)+ accepted(A1)+ accepted(B)≤ RU ⇒
accepted(C) = o�ered(C)

invariant 10 ∀links : o�ered(C)+ accepted(A1)+ accepted(B) > RU ⇒
accepted(C) = RU − accepted(A1)− accepted(B)

Fig. 1: Theoretical Throughput for the
EF, AF and BE PHBs on a single link, in
an RPR network

The Di�Serv Expedited Forward-
ing (EF) PHB is a Di�Serv building
block to be used for the provision-
ing of services that provides low loss,
low delay and low jitter. Another Di�-
Serv PHB, namely the Assured For-
warding (AF) PHB is a speci�cation
of a PHB group, that may contain
up to four independent AF classes.
Each class must be allocated a sep-
arate amount of forwarding resources.
Within each AF class, an implemen-
tation must provide a minimum of
two and a maximum of four di�erent
drop probabilities. The Di�Serv de-
fault PHB is speci�ed as a best-e�ort
(BE) forwarding behavior. For the re-
minder of the paper, we refer to the
default PHB as the BE PHB. Given the detailed requirements associated to the
EF, AF and BE PHBs discussed in detail in [5], and the properties of RPR's
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tra�c classes A, B and C as de�ned by the invariants; we propose that the Di�-
Serv EF, AF and BE PHBs are mapped to respectively RPR tra�c classesA,
B and C. In �gure 1, we have shown the analytical resulting throughput when
using this mapping and enforcing the invariants introduced above. The �gure
shows the analytical result, using the o�ered load as the free variable with a
55/27/18 ratio for respectively BE, AF and EF o�ered tra�c, and plotting the
corresponding values for accepted EF, AF and BE tra�c as well as the aggre-
gate of these values. Three points for o�ered load in this plot are of particular
interest. As long as we are on the left side of point 1, the aggregate EF traf-
�c can be increased further while maintaining invariant 4 or 5. At point 1, we
have reached the load level where an additional load increase causes the premise
of both invariants 4 and 5 to be false. Beyond this point, the maintenance of
invariant 6 e�ectively prohibits the acceptance of additional EF tra�c. On the
left side of point 2, as long as invariant 9 is maintained, an increase in o�ered
BE tra�c leads to an equivalent increase in accepted BE tra�c. At point 2, we
have reached the load level where an additional load increase causes the invari-
ant's premise to be false. Beyond this point, the maintenance of invariant 10
e�ectively prohibits the acceptance of more BE tra�c. Finally, between points
2 and 3, as long as invariants 7 and 10 are maintained, an increase in o�ered AF
tra�c leads to an equivalent increase in accepted AF tra�c, on the expense of
an equivalent decrease in accepted BE tra�c. At point 3, we have reached the
load level where an additional load increase causes the premise of invariant7 to
be false. Beyond this point, the maintenance of invariants 8 and 10 e�ectively
prohibits the acceptance of additional AF tra�c as well as excluding BE tra�c
from the link.

3 Performance Evaluation by Simulations
We present results obtained for a 16 node ring, where the link delay and capacity
is respectively 250 µs and 1Gbit/s for all links (i.e. a 800km metro ring). For

(a)

hops median x σ max n
1 0.0 0.6 1.3 24.1 12633535
2 0.0 1.2 1.7 24.4 13060494
3 1.2 1.8 2.0 27.0 13581686
4 2.0 2.4 2.3 24.0 14681577
5 2.3 2.7 2.6 32.9 15525550
6 2.9 3.3 2.8 28.6 15241110
7 3.9 4.3 3.1 28.0 10212709
8 4.9 5.3 3.4 30.0 4283579

(b)

Fig. 2: a) Accepted vs. total o�ered load for EF, AF and BE PHBs. b) EF tra�c
delay statistics (in units of µs). Per link propagation and transmission delays
are excluded. The min value is 0 for all hop counts
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each simulation, an o�ered load parameter is given. 101 load values are used,
linearly distributed on a scale from 1 to 10 times the base load. For each load
value, 16 simulations are executed with di�erent sets of source destination pairs.
The base load uses the same ratio between the PHBs as speci�ed in section
2. All nodes transmit tra�c of each PHB group using a Poisson distribution.
Figure 2a plots the o�ered vs. accepted load for the EF, AF and BE PHBs, as
well as the aggregate of all PHBs. Each point on the curves is the mean of the
throughput values obtained from the 16 di�erent sender-receiver simulations for
that particular o�ered load. The vertical lines in the �gure corresponds roughly
to the points discussed for the analytical results in the previous section. When
looking at the throughput-performance of the ring, the behavior is not as clear-
cut as for the theoretical behavior, illustrated in �gure1. In a real (or simulated)
RPR network, the individual links become congested at di�erent points in time
and at various levels of per-node o�ered load. Thus for a given sender-receiver
pair setup, the e�ect of the invariants discussed in the previous section, will
occur at at di�erent values of per node o�ered load for the various congested
links on the ring. The e�ect of the invariants is additionally concealed as we take
the mean of the values obtained from a number of di�erent sender-receiver pair
con�gurations. However, the general trend from �gure2a clearly resembles that
of the analytical example. Figure 2b show the EF-tra�c delay statistics broken
down on a per-hop level. The mean values are in the range [0.6, 5.3]µs, which is
well within the transmission time of two 500B packets. The standard deviation
is very low (less than transmission time of a 500B packet). As expected, the
median, mean, standard deviation and max values all increase as a the number
of hops increase for the samples observed. But as shown, the jitter is very low
and in the worst case within 32.9 µs.

4 Conclusion
In this short paper, we have proposed and evaluated, analytically and by simula-
tions, a mapping between the three Di�Serv PHBs: Expedited Forwarding (EF),
Assured Forwarding (AF) and BE (Default) and the RPR tra�c classes:A, B and
C. Our results indicate, that the proposed mapping scheme appear reasonable
and that conformance to Di�Serv's PHB requirements appears to be possible.
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