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A new dynamic flow allocation scheme to guarantee quality of service and more
stabilized performance is proposed, replacing an Ethernet passive optical network.
This new scheme improves a priority-based access network, converting it to a flow-
based access network with a new access mechanism and scheduling algorithm. With
this new scheme, a network service provider can provide upper limits of
transmission delays by the flow. The modeling and simulation results with
mathematical analyses obtained by this scheme are also provided.
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311 Introduction

32 Significant growth in Internet traffic and emerging new ser-
33 vices has created an incentive for service providers to up-
34 grade their access network architecture. Certain distin-
35 guished services, such as classified services and session-
36 based services, would come out of next generation network
37 (NGN).! Most of these services are based on a flow-based
38 network, which guarantees quality of service (QoS). A core
39 network would have enough capability to support flow-
40 based services by employing the Multiprotocol Label
41 Switching (MPLS) technique. However, access networks
42 need an additional scheme.

43 An Ethernet passive optical network (EPON) is a very
44 efficient architecture for access networks. However, it can-
45 not support flow-based services. Although it can offer
46 priority-based services with the combination of dynamic
47 bandwidth allocation gDBA) algorithm and multipoint con-
48 trol protocol (MPCP),” a previously proposed scheme is not
49 sufficient to support flow-based services for the NGN. Until
50 now, most of the priorities of traffic flows from optical
51 network units (ONUs) have been determined when users
52 subscribed for a specific service. Consequently, user data
53 frames have been approximated by constant flows. There
54 will be other forms of traffic flows that have different pri-
55 orities and sessions in NGN. Whenever sending data
56 through a core network, customers may choose flow char-
57 acteristics instantly.

58  The conventional DBA algorithm over EPON concerns
59 with bandwidth assignment between an optical line termi-
60 nal (OLT) and an ONU for efficient uplink transmission.
61 When OLT assigns bulk bandwidth to ONUs on demand
62 using priority-based scheduling algorithm,3 ONUs cannot
63 guarantee the service quality of each flow in an access net-

0091-3286/2007/$25.00 © 2007 SPIE
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Abstract. A new dynamic flow allocation scheme to guarantee quality of
service and more stabilized performance is proposed, replacing an Eth-
ernet passive optical network. This new scheme improves a priority-
based access network, converting it to a flow-based access network with
a new access mechanism and scheduling algorithm. With this new
scheme, a network service provider can provide upper limits of transmis-
sion delays by the flow. The modeling and simulation results with math-
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work, because they cannot distinguish traffic by flow and 64
type of service. Since ONUs themselves only consider the 65
service order of the queued packets inside, some packets 66
that are fragmented previously from the same flow would 67
have different opportunities to be served. That makes the 68
flow delayed. Therefore, one needs to find the way to trans- 69
mit those divided packets as a flow at the same time. 70

2 Proposed Scheme 71

72
73
74
75
76
77
78

The proposed dynamic flow allocation (DFA) scheme is the
mechanism that an OLT allocates not only bandwidth to
ONUs but also flow tags to individual flows of the cus-
tomer premises equipment (CPE). In order to utilize the
DFA scheme, a new scheduling algorithm, known as
constraint-based weighted fair queuing (C-WFQ), is pro-
posed.

A flow tag is a key item of this novel scheme. By using 79
this proposed flow tag, we can improve network intelli- 80
gence additionally that informs many things, such as iden- 81
tification of fragmented packets, reserved network resource 82
information, and a switched path, which cannot be sup- 83
ported without the flow tag in a legacy access network. The 84
detailed usage of flow tags is shown below. 85

The flow tag assigned by an OLT is determined by the 86
policy and service level agreement (SLA) after reserving 87
core network resources. Here, it is assumed that a future 88
core network will be a flow-based network to support end- 89
to-end QoS-guaranteed services. This flow tag is requested 90
and assigned dynamically through the option field of the 91
MPCP. 92

Figure 1 illustrates the DFA mechanism. First, by choos- 93
ing a flow type of data, a customer tries to send data 94
through an access network unless the data type is fixed or 95
predetermined as short messages. The CPE then transmits 96
the customer’s data packets with flow type information to 97
an ONU. After receiving the data packets, the ONU sends a 98

November 2007/Vol. 46(11)
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Fig. 1 Flow-based access mechanism over EPON.

99 request of flow allocation and bandwidth assignment to an
100 OLT by a REPORT message. The OLT transfers a request
101 to an Edge router (ER) to reserve bandwidth and receive a
102 corresponding flow tag. The ER belongs to core a network,
103 which runs on the flow-based protocol. Therefore, the ER
104 itself has to have the transfer resource control function
105 (TRCF) to support bandwidth reservation and other re-
106 source controls; otherwise, the OLT should transfer the re-
107 quest to other control equipment that has the TRCE.* The
108 ER contacts an authentication server to obtain the customer
109 information, and reserves available bandwidth through the
110 networks, if possible. The ER then assigns a tag to the
111 corresponding flow and sends bandwidth information and
112 the flow tag back to the OLT. The OLT passes the band-
113 width and tag information through a GATE message to the
114 ONU. Following the gate message, the ONU transfers cus-
115 tomer’s data packets by a REPORT message with the tag.
116 Consequently, the OLT passes the customer’s data packets
117 to the ER and sends the information back again through a
118 GATE message to the ONU. Once the path is set up, there
119 is no need to request bandwidth again for the same flow
120 until the path is shut down. This path is linked to the label
121 switched path of a core MPLS network.

122 In addition, the OLT can guarantee the bandwidth
123 through an end-to-end network as well as an access net-
124 work, because the OLT gets the flow tag information from
125 the ER, which has already reserved core network resources.
126 Therefore, the connection admission control (CAC) should
127 be required to block incoming traffic for the worst case of
128 network congestion, if needed. The CAC will give custom-
129 ers the alarm immediately when CPE chooses the unavail-
130 able traffic type or tries without permission at the same
131 time.

132 Additionally, an OLT and an ER can transfer the tagged
133 packets faster by checking the tag information only, with-
134 out looking up destination addresses and a route table as in
135 the case of MPLS networks.

136  To employ the flow-based access mechanism, the gen-
137 eral weighed fair queuing (WFQ) is not a proper solution,
138 since high priority packets have to yield precedence to the
139 low priority packets when the low priority packets belong
140 to the flow that is being transmitted through a flow-based
141 EPON. High priority packets may have to yield to guaran-
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Classified Packets

Reduce
Other Classes' BW
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Fig. 2 Scheduling Algorithm of a constrain-based WFQ.

142

143
144
145
146
147
148
149
150
151

tee minimum bandwidth of the low priority packets when
needed. To meet the above requirements, the WFQ should
be modified to a C-WFQ.

Figure 2 illustrates the C-WFQ algorithm. When the
classified packets come into an ONU from the CPE, the
ONU distinguishes the packets. If the packets belong to the
flow being transmitted, the ONU will attach the same label
and allocate the same bandwidth. Otherwise, the ONU al-
locates bandwidth by the WFQ algorithm. After that, the
ONU has to compare the allocated bandwidth with corre-
sponding SLA. If the assigned bandwidth is enough to sat- 152
isfy the SLA, the packets are sent to an OLT. If, however, it 153
does not have sufficient resources to assign, the ONU 154
should reduce the other bandwidth that is already being 155
used for other flows. Mostly, the ONU would retrench 156
bandwidth of lower priority classes. If all the reducible re- 157
sources belong to higher priority classes, the ONU will cut 158
those resources off and allocate the bandwidth again. In the 159
worst case, if there is no marginal resource, the ONU 160
should raise an alarm and drop incoming packets. 161

3 Discussion 162

To evaluate the performance of the proposed scheme, a 163
DiffServ router model’ is used. The main difference be- 164
tween the DFA model of this paper and the DiffServ router 165

TRCF
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— Centrol Layer
Switch Trarsport Layer
—l I..
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Fig. 3 Flow-based up-link architecture over EPON.
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Fig. 4 Delay characteristics comparison between (a) existing algorithm vs (b) proposed algorithm. (a)
Existing priority-based scheduling method. (b) Novel flow-based scheduling method.

166 model is concerned with whether an access passive optical
167 network or a core router network is being used.

168  Figure 3 shows a DFA architecture model. The DiffServ
169 router model is modified into a flow-based EPON model.
170 The Flow Classifier, a control function of an ONU, ar-
171 ranges incoming packets according to their associated pri-
172 orities and class identities. The roles of the Flow Classifier
173 are reserving resources, requesting flow tags, classifying
174 incoming packets, and so on. The classified packets are sent
175 to an OLT in accordance with a C-WFQ algorithm. After
176 arriving at the OLT, the packets are forwarded to the ER by
177 looking up the tag table, which is written by the TRCF.
178  From the DiffServ router model,5 the formula for drop
179 probability p is

a1, RIC_[RIC RIC )
= + —_ + R
P=rr N N 16N

181 where R;, C;, and N; are round-trip time, allocated band-
182 width for class i, and number of flows in class i, respec-
183 tively. Using the above dropping probability [Eq. (1)], the
184 delay of class i, i.e., D;, can be derived approximately as

T, 0.4B,

Di_ N
Ci WiC

185 @
186 where T, C;, B;, w;, and C are target queue length, allocated
187 bandwidth, the buffer size of class i, the WFQ weight of
188 class i, and total capacity, respectively. From Eq. (2),” the
189 delay of class i in the flow-based scheme can be calculated.
190 To evaluate the performance of our algorithm, a MATLAB®
191 tool is used and we assumed the NGN environment, which
192 has incremental queue length for each class, 1 MB as the
193 maximum buffer size, 2 as the bandwidth differentiation
194 parameter, and 32 X 10° bits/s as the total transmission
195 rate.

196  Figure 4 shows the packet delay performance of class 4
197 curves. Upon increasing the traffic load intensity, the delay
198 curves are also raised depending on the priority. Figure 4(a)
199 is a simulation result according to the existing priority-
200 based scheduling algorithm, and Fig. 4(b) is the output of
201 new proposed algorithm. Flow #3 in the Fig. 4(b) shows
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that the delay time is saturated around 0.1 ms, because it is
assumed that a customer signed an “at least 0.1 ms delay”
contract with a service provider. Another customer who has
Flow #2 made a similar contract, which includes a different
priority and the same maximum delay time of 0.1 ms. Here,
we can see Flow #2 has a higher priority than Flow #3,
because Flow #2 has better performance until the Normal-
ized Traffic Load is less than 0.55. After 0.55, higher pri-
ority Flow #2 has to sacrifice to guarantee minimum per-
formance of Flow #3 up to the congestion, and Flow #1,
which has the highest priority, also has to yield some ca-
pacity to low priority flows to meet the SLA.

4 Conclusion

The newly proposed DFA scheme is the NGN version of
DBA algorithm. The main advantage of this scheme is that
we can allocate bandwidth to specific customer’s flows and
also guarantee minimum bandwidth in the access area with
respect to corresponding SLAs. With this proposed algo-
rithm, the service provider can offer a guaranteed-QoS ser-
vice before network congestion.

As shown in Fig. 4(b), this DFA scheme helps any flow
sustain minimum throughput independent of priority
classes except the “Best Effort class” at the network con-
gestion. However, the priority-based scheme in Fig. 4(a)
has a fairness problem. In case the high priority packets are
rushing at the network, low priority packets are hardly
transmitted.

Moreover, the flow-based scheme makes it possible to
use the advantages of MPLS by the flow tag, such as ex-
plicit routing. Due to the complexity and delay time to wait
for resource reservation for C-WFQ algorithm calculation,
the total performance degradation is observed as a trade-
off.
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