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Abstract. Assured Service, which is a service model of the Internet Differenti-
ated Services (DiffServ) architecture, is not currently well implemented on the 
Internet, mainly because TCP employs an AIMD (Additive Increase and Multi-
plicative Decrease) mechanism to control congestion. Many studies have 
shown that the current Assured Service model does not assure the target rate of 
high profile flows in the presence of numerous low profile flows, and does not 
equably distribute the reservation rate of an SLA among multiple flows in-
cluded in the SLA. In this paper, the former problem is referred to as inter-SLA 
unfairness and the latter problem is referred to as intra-SLA unfairness. We 
propose a marking rule, called RAM (Rate Adaptive Marking) that simultane-
ously diminishes both of these unfairness problems. The RAM method marks 
sending packets, at a source node or at an edge router, in inverse proportion to 
throughput gain and in proportion to the reservation rate and throughput dy-
namics. Three experiments with the ns-2 simulator are performed to evaluate 
the RAM scheme. The simulation results show that the RAM scheme may sig-
nificantly reduce inter-SLA unfairness and the intra-SLA unfairness. 

1   Introduction 

An Assured Service (AS), as first defined in [1], is an example of an end-to-end ser-
vice that can be built from the proposed differentiated services enhancements to IP 
using a single PHB of Assured Forwarding PHB. The basic concept of the AS is that 
packets are forwarded with high probability as long as the traffic from the customer 
site does not exceed the subscribed rate (traffic profile). Thus, it is necessary for the 
Assured Service that the interior router allocates some bandwidth and a buffer for 
each AF class, and that a user or user group of an Assured Service establishes a con-
tract with the provider, which defines the profile for the service expected to be ob-
tained; SLA (Service Level Agreement). This contract can be made only for a TCP 
flow, aggregated TCP flows or a combination of multi-protocol flows. The building 
blocks of the AS include a traffic marker at the edge router of a domain and a differ-
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entiated dropping algorithm in the network interior router. The traffic marker ranks 
packets as IN or OUT depending upon the SLA. An example of a differentiated drop-
ping algorithm is RIO (RED with IN and OUT). The RIO algorithm uses the same 
RED algorithm for the IN packets and OUT packets, albeit with a different set of 
parameters for each. In particular, the OUT packets are preferentially dropped, upon 
evidence of congestion at the bottleneck, before the IN packets.  

In previous studies, it was reported that there are two types of unfairness in the 
case of an Assured Service. Firstly, let us suppose that TCP flows with an Assured 
Service path through the same bottleneck link. In particular, let us assume that the 
TCP flows have different traffic profile rates. Under these conditions, the flows ex-
pect to share the excess bandwidth of the bottleneck link so as to meet their target 
rates. The target rate is the sum of the traffic profile rate plus an equal share of the 
excess bandwidth of the bottleneck link for all flows. This is called the equal sharing 
target rate [3]. However, several studies [4][5][6] have shown that TCP flows with a 
high profile rate and/or long round trip time (RTT) barely meet their target rate in the 
presence of numerous flows with low profile rate. The reason for this problem is that 
current TCP additively increases its window size and multiplicatively decreases it 
when any packet is lost. This causes flows with a high profile rate to take a longer 
time to reach to their target rates following packet loss, or not to reach to. For 
convenience, this problem is herein referred to as ìinter-SLA unfairnessî. Unfairness 
is defined as excess bandwidth of a bottleneck link not being distributed equably 
among flows that go through that link.  

Next, the SLA may cover a set of flows. In this case, however, there exists unfair 
sharing of the reserved bandwidth or of the profile rate among the aggregated flows 
[7][8][9][10]. This unfairness between the aggregated flows is a serious problem in 
the Assured Service model. The unfairness can be caused by differences in RTTs, in 
link capacities, or in congestion levels experienced by flows within the network, 
though the total throughput of the aggregation still reaches the reservation rate. This 
type of unfairness is herein referred to as ìintra-SLA unfairnessî. To balance or fix 
the unfairness, a sophisticated marking mechanism is required to distribute the profile 
rate fairly to the aggregated flows at the edge routers [7][8][9][10]. 

Most studies of Assured Service focus on TCP protocol extensions [3][11], shap-
ing [12][13] and dropping policies [3][14]. However, few approaches propose to 
change the current general marking rule which is that the total IN marking rate is 
equal to the reservation rate. In this paper, we present a new marking rule to resolve 
the two unfairness problems. The rest of the paper is organized as follows. Section 2 
describes TCP dynamics in a differentiated services network, previous approaches to 
changing the general marking rule in order to alleviate inter-SLA unfairness and the 
axiom of the approach set out in this paper, called the Rate Adaptive Marking (RAM) 
scheme, in order to reduce the dynamics. Section 3 details the architectures and algo-
rithms of the RAM. Section 4 studies the performance of RAM using an ns-2 network 
simulator and compares it with that of normal marking schemes and section 5 dis-
cusses some unresolved issues and concludes this paper. 
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      (a) general standard marking scheme                      (b) Fengís soft bandwidth guarantee  

                                                   scheme 
        

                  
(c) Namís proportional marking scheme                           (d) proposed RAM scheme 

 
Figure 1. Marking methods for two flows in the cases when a high profile flows and a 
low profile flows competes with each other at a bottleneck link, marking methods. 

2   Two Previous Works and Rate Adaptive Marching Scheme 

In the Assured Service architecture, it is generally assumed that sending packets are 
marked with IN as long as they do not exceed the reservation rate (traffic profile rate), 
otherwise marked OUT, since the marking rate is the same as the profile rate of the 
SLA. Figure 1(a) shows this general marking scheme for two flows having different 
reservation rates. In this figure, the shadowed region indicates the quantity of OUT 
marked packets. So far, there are few solutions that approach the problem from the 
point of view of changing this general marking rule. In this section, we describe the 
two approaches which do so, and then propose a new approach, called rate adaptive 
marking.  

2.1 Previous Approaches 

Wu Cheng Feng [15] proposed a ìsoft bandwidth guaranteeî scheme that determines 
the marking rate adaptively according to a flowís throughput. In this scheme, by de-
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fault, all packets are generated as low priority packets. If however, the observed 
throughput falls below the minimum requested rate, the marking mechanism starts 
prioritizing packets until the desired rate is reached. He considered that this scheme 
was carried out at the edge node or the source node. The first was referred to as 
source transparent marking and the second was referred to as source integrated mark-
ing. In particular, the second scheme considered the integration of the marking 
mechanism and the TCP control mechanism. Figure 4(b) shows marking method of 
Fengís scheme. Fengís scheme considers the reservation rate to be allocated to a flow 
as a target rate. Thus, it can not provide flows with equal share of excess bandwidth, 
in the case where network is lightly loaded. 

Nam et al. [16] use a proportional marking method in which low profile flows 
have more OUT marked packets and, therefore, more dropped packets. In the propor-
tional marking scheme, when a packet arrives, a meter calculates the average rate. If 
this average rate exceeds the flowís target rate, the proportional marking method 
marks the code point of the packet as OUT in proportion to the difference between 
the average rate and the target rate. Figure 4(c) shows the marking method of Namís 
scheme. As figure 4(c) shows, the high profile flow has a marking rate which is lower 
than its reservation rate, following a situation in which temporary throughput is over 
the reservation rate. This can not help the fairness, though decreasing the marking 
rate of the low profile may help. 

In this paper, another marking scheme, called Rate Adaptive Marking (RAM), is 
proposed. The two previous schemes considered only inter-SLA unfairness, while the 
RAM scheme can alleviate both inter-SLA unfairness and intra-SLA unfairness. The 
details of this scheme are described in the next two sections. 

2.2 The Axiom of Rate Adaptive Marking 

What is the Rate Adaptive Marking (RAM)? This subsection describes the conceptual 
and operational mechanisms of this scheme. A RAM marker determines a flowís 
marking rates periodically, depending on information about throughput rates col-
lected during a previous period, and marks sending packets according to this rate 
during the next period. The basic principle of RAM strategy is marking packets as IN 
in inverse proportion to the throughput gain and in proportion to the reservation rate 
(equation1, 2). The gain denotes how much the throughput of a flow is over its reser-
vation rate. Also, RAM makes a flowís IN marking rate to be proportional to the 
dynamics in that flowís throughput (equation 3). Unless otherwise stated, a simple 
marking rate denotes the IN marking rate. 

ratemarking
gainthroughput

_
_

1 ∝  (1) 

ratemarkingratenreservatio __ ∝  (2) 

ratemarkingdynamicsthroughput __ ∝  (3) 
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Let us assume that two flows with the same reservation rate have different 
throughputs. In the case of RAM, the flow that gets the higher throughput is given a 
lower marking rate than the flow with lower throughput. This marking strategy causes 
that one flow to experience packet loss earlier than the other, when next congestion 
arises. Therefore, the gap between the two throughputs is reduced. Whereas, in the 
normal marking strategy, the two flows are given identical marking rates, because the 
marking rate of a flow is generally the same as its reservation rate. Next, let us as-
sume another case where there are two flows with different reservation rates: a high 
profile flow and a low profile flow. The difference in reservation rate is the most 
important reason leading to inter-SLA unfairness. The high profile flow takes a 
longer time to reach the temporal throughput just before a packet loss, because the 
congestion window size is reduced more in the high profile flow than in the low pro-
file flow. In other words, the high profile flow has larger throughput dynamics, be-
tween the maximum temporal throughput and the average throughput (or minimum 
temporal throughput), than the low profile flow. Thus, in this case, RAM tries to 
render the marking rate proportional to the throughput dynamics. 

The RAM marker maintains state information of all flows that pass through it, and 
periodically determines the marking rate for each flow according to the following 
RAM rule (equation 4). The RAM marker monitors two throughput levels for all 
flows; temporal throughput and long term average throughput. The temporal through-
put is an average throughput for a short term interval such as an average RTT, while 
the long-term average throughput is based on a relative long period of time such as 
the congestion interval. The following equation is the RAMís rule for determining the 
marking rate. 

RsvRate
RsvRateTh
ThavgThratemarking ×

−
−=

)max(
)max(_  (4) 

where Thmax is the maximum temporal throughput during the immediately preceding 
congestion interval and Thavg is the long term average throughput of the flow during 
the congestion interval. This equation connotes the basic principles of the RAM 
scheme. In the right-hand side of the equation, the ìThmax-Thavgî term denotes the 
flowís throughput dynamics and ì(Thmax-RsvRate)/(Thmax-Thavg)î the flowís 
throughput gain. Finally ìRsvRateî is the flowís reservation rate. 

If a flow achieves an average throughput that is equal to its reservation rate 
(RsvRate) in the RAM scheme, the marking rate becomes the reservation rate. Also, if 
the average throughput is over the reservation rate, the marking rate will be lower 
than the reservation rate and proportional to the gap between the average throughput 
and the reservation rate. In contrast, if the average throughput is below the reserva-
tion rate, the marking rate will be higher than the reservation rate and also inversely 
proportional to the gap. However, it can happen that the result of equation 4 is nega-
tive or has an infinite value, when Thmax is below or equal to the RsvRate. This case 
denotes that the throughput does not reach its reservation rate as well as its target rate. 
The RAM scheme has an upper bound and a lower bound for the marking rate, in 
order to protect the marking rate and the throughput from experiencing heavy fluctua-
tions. The upper bound is considered to be several times the reservation rate 
(ìα×RsvRateî) and the lower bound to be a half or less of the reservation rate 



×

×
−
−

= βα
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round trip time and compares this with previous ones, in order to determine the maxi-
mum value. Also, every average congestion interval, the average sending rate for the 
interval is calculated. Other behaviors of this marking scheme are the same as that of 
the source marking RAM scheme. 

It is more general that an SLA includes multiple flows and a single traffic profile 
of aggregated flows. In this case, a marker must be located at the edge router to sup-
port multiple flows from different sources. The general marking scheme does not 
maintain each flow state and marks packets as IN, in proportion to the sending rates 
of the flows. The RAM scheme should also be carried out at the edge router. The 
RAM marker generates a RAM instance corresponding to each flow. This RAM in-
stance determines the marking rate depending on RAM strategy (equation 5) and 
marks packets according to this marking rate. The Reservation rate of each flow is 
considered as the traffic profile rate for aggregated flows / the number of flows. The 
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marking algorithm for each flow is the same as the edge marking scheme of single 
flow. In particular, this scheme also uses the sending rate of each flow as information 
to determine the marking rate of the flow.  

3   Performance Study 

In order to confirm the performance effect of the RAM scheme as against previous 
approaches, two experiments have been performed, using ns-2 [20], on several simu-
lation models. The first experiment is the evaluation of inter-SLA unfairness through 
the comparison of the RAM with Fengís soft bandwidth guarantee, Namís propor-
tional marking and the general marking scheme and the second experiment tests the 
intra-SLA unfairness using the RAM scheme, the general marking, and equally shar-
ing scheme.  

3.1 Evaluation of Int

We first examine the
unfairness when there
RAM and edge marki
 

Figure 3. Average T
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e throughput using general marking (Gen.) 
e throughput using source marking RAM (RAM) 
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testbed topology for this experiment. In this topology, there are 60 TCP flows and 
each edge router is connected with 10 TCP sources. The profile rates for each TCP 
flow of s1-x, s2-x, s3-x, s4-x, s5-x and s6-x are 0.01Mbps, 0.02Mbps, 0.04Mbps, 
0.08Mbps, 0.16Mbps and 0.32Mbps, respectively. All flows are routed through a 
common bottleneck link C1-E1 to model the competition for the excess bandwidth. In 
this way, the total reservation rate of the bottleneck link is 6.3Mbps. Also, this ex-
periment considers several network environments in which different bottleneck link 
bandwidths, x = 5, 6.3, 7, 8, and 9Mbps, are used. Other parameters of the testbed are 
represented in table 1. 

Figure 4. Average Throughputs of TCP flows using RAM implemented in TCP source and 
in edge router 

 
solid line : RAM scheme in source (S_RAM) 
item : RAM scheme in edge router (E_RAM) 

 
Figure 5. Comparison of effectiveness of marking schemes in the case when bottleneck 

link bandwidth is 9Mbps. 
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Figure 3 shows the average throughputs of the 10 TCP flows with the same reser-
vation rate when the source marking RAM rule is applied and when the general mark-
ing rule is applied. These throughputs are compared with the ideal target rates. It is 
impossible for all average throughputs to be at the ideal target rates. It is required, 
however, for all average throughputs to be fairly near to their target rates. When the 
general marking rule is used, low profile (0.01, 0.02, 0.04, or 0.08 Mbps) flows 
achieve throughputs that are near or over their target rates, regardless of network load. 
Also, these throughputs are higher than those obtained when the source marking 
RAM rule is used. When the general marking is applied, however, the throughputs of 
the high profile (0.08, 0.16, or 0.32 Mbps) flows are less than those obtained when 
the source marking RAM rule is used, as well as being much less than the target rates. 
This problem can be ignored in the over-subscribed case, but is made worse as the 
network becomes under-loaded. However the RAM scheme can alleviate this prob-
lem. In figure 4, the source marking RAM rule is compared with the edge marking 
RAM rule. From this figure, we can see that the edge marking RAM technique can 
remedy the above problem as well as the source marking RAM technique does, be-
cause the result of the simulation using the edge marking RAM rule is similar to that 
of the source marking RAM rule, regardless of network load. Next, we compare the 
source marking RAM technique with Namís scheme, Fengís scheme and the general 
marking scheme, when the bottleneck link is well-provisioned (9Mbps). Figure 5 
shows that Namís scheme gives the 40, 80, and 160Kbps profile flows the maximum 
throughput. For the 320Kbps profile flow, however, the RAM scheme is optimal. 
Because inter-SLA unfairness is mainly impacted by the degradation of the 320 Kbps 
flows (figure 3), improving the throughputs of these flows is the key factor for resolv-
ing this problem. 

 

Figure 6. Experimental topology used to study the intra-SLA unfairness 
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(a) In the environment in which background traffic is CBR stream, all core-egress link band-

width is 0.5 Mbps. 

 (b) 
In the environment in which background traffic is TCP stream, all core-egress link bandwidth 

is 0.35 Mbps 
Figure 7. Average Throughputs of TCP flows included in a SLA 

4   Conclusion 

In this paper, we described two serious problems, inter-SLA unfairness and intra-
SLA unfairness, which arise when providing an Assured Service and we discussed 
previous reports on this topic. We proposed an approach which consists of a modified 
marking rule, called RAM (Rate Adaptive Marking), for the Assured Service, to alle-
viate both unfairness problems. The RAM scheme determines a flowís marking rate 
periodically, in inverse proportion to throughput gain, and in proportion to throughput 
dynamics and to the reservation rate during a previous time period. We described two 
scenarios to implement the RAM scheme, source marking RAM and edge marking 
RAM. The source marking RAM scheme cooperates with TCP congestion control to 
calculate throughputs accurately. The edge marking RAM scheme operates at an 
ingress edge router and exploits the sending rate of each flow, instead of the through-
put. The edge marking RAM scheme can support the marking of aggregated flows, 
whereas the source marking RAM scheme can not. The effectiveness of RAM was 
evaluated through computer simulations. The simulation results showed that the 
RAM technique can alleviate both inter-SLA unfairness and intra-SLA unfairness 
simultaneously.  
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