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Abstract-The traffic on the Internet has been growing 
exponentially for some time. This growth is beginning to put 
stress on the current-day routers. On the other hand, switching 
technology, such as ATM, offers much higher performance than 
IP routing, but it is not the global internetwork protocol. As a 
result, the label-switching network which combines IP routing 
with switching technology has emerged. In the data-driven label 
switching, flow classification and cache table management are 
needed. Flow classification classifies packets into switching and 
nonswitching ones and cache table management maintains the 
cache table that contains information for flow classification and 
label switching. More specifically, cache table management 
affects the performance of the label-switching network 
considerably as well as the flow classification. This is because the 
bigger cache table makes it possible for more traffic to be sent 
by switching and maintains lower setup cost. However, the size 
of the cache table is restricted by router resources. Therefore, 
for efficient cache table management, studies on the cache 
replacement scheme are needed. This scheme must consider the 
characteristics of the real Internet traffic generated by the user. 
In this paper, we evaluate basic cache replacement schemes: 
FIFO, LFC, and LRU. Then we propose and evaluate weighted 
priority LRU and L2A schemes. The proposed schemes exhibit a 
better performance than those basic schemes. 

 

I. INTRODUCTION  

 
The growth of the Internet is putting stress on the existing 

network infrastructure such as links and routers. Links are constantly 
improved via fiber optics, so that they keep up with the traffic 
demand. But there are difficult problems to improve traditional IP 
routers. In the routers, forwarding decisions are carried out through 
software based on the longest match of the address prefix with 
entries in a routing table. Many solutions have been proposed to 
overcome this router bottleneck. One of them is label switching 
technology. This technology speeds up the process of the 
forwarding decision by using short, fixed-length labels rather than 
long, variable-length addresses. In addition, the fixed-sized label 
makes it easier to be performed in the hardware. 

In Section 2, we will introduce the concept of label-switching 
networks and describe the importance of cache table management 
for the data-driven label switching network. In Section 3, we will 
evaluate basic cache replacement schemes for the data-driven label 
switching network: FIFO (First In First Out), LFC (Least Flow 
Count), and LRU (Least Recently Used) schemes. Then we will 
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propose weighted priority LRU scheme and L2A scheme. In 
Section 4, we will simulate cache replacement schemes using real 
Internet traffic. Lastly, in Section 5, we will formulate a conclusion 
and discuss future work. 

 

II. LABEL SWITCHING NETWORK 
 
Label switching can be categorized into two groups: control-

driven label switching and data-driven label switching. The control-
driven label switching assigns labels to all of the distinct network 
routing paths. The label space is smaller than the number of distinct 
routing paths, so the virtual connection merging to share the label 
among common partial paths is required. In addition, the IP level 
decomposition overhead at the ends of common paths is needed. 
Tag switching [2] and ARIS [3] are examples of the control-driven 
label switching. 

 
A. Data-Driven Label Switching Network 

The data-driven label switching network forwards packets by 
switching or routing, depending on the flow classification. A flow is 
the set of packets traveling through the Internet between a given 
source and a given destination which are close together in time [4]. 
A flow can result from the set of packets within a long-lasting TCP 
connection or from the set of UDP packets in an audio or video 
session. The data-driven label switching needs to maintain flow 
information. This is suitable for the router located in the leaf domain, 
not backbone. Flows are identified through classification. Flow 
classification is the process of classifying packets into flow and 
nonflow. Normally, if a packet is determined to be a part of a flow, it 
will be forwarded by switching. In this paper, we assume that all 
flow packets are sent by switching, and nonflow packets are sent by 
routing. Therefore, the cache table for the data-driven label 
switching consists of switching and nonswitching cache entries. If 
the cache entry is newly inserted, it is a nonswitching entry. When 
the nonswitching entry is classified by flow, it becomes a switching 
entry. 

In data-driven label switching network, if a cache entry has been 
determined that it is a flow, the router allocates a label and resources 
to the cache entry for the switching and marks it with a switching 
entry. After that, if a packet included in the switching cache entry is 
received, the router forwards it by switching, relying on the 
switching information in the cache entry without having to lookup 
the network layer. Therefore, the routers can transfer packets faster 
than by default routing. 
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The conceptual architecture of the data-driven label switching 
network is shown in Fig. 1. Examples of data driven label-switching 
network are IP Switching [5], MPOA [6], and CSR [7]. 
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Fig. 1. The conceptual architecture of data-driven label 

switching network 
 

As mentioned above, the cache table for data-driven label 
switching should maintain the information used for the flow 
classification and the switching. The cache entries in the table are 
indexed by the destination IP address. Each entry has a destination 
IP address and flow information such as timestamp and flow count. 
Additionally, if the entry becomes a switching one, it also has 
switching information such as a label. The management of the cache 
table greatly affects the performance of the data-driven label 
switching network as well as flow classification. This is because the 
bigger cache size results in a larger amount of switched packets and 
less switching setup rate [8]. 

The size of the cache table cannot be infinitely larger. It is 
restricted by the resources of the router. Therefore, appropriate 
cache replacement schemes for data-driven label switching are 
needed. The existing cache replacement schemes for virtual 
memory management may not be used directly in data-driven label 
switching. They are optimized to the characteristics of program 
requests, not to the characteristics of the Internet traffic made by the 
user. So, we need to study the cache replacement schemes for data-
driven label switching with the Internet traffic. 

 

III. CACHE REPLACEMENT SCHEMES FOR DATA-DRIVEN 
LABEL SWITCHING NETWORKS 

 
A. Basic Cache Replacement Schemes 

There are three basic cache replacement schemes for data-
driven label switching: FIFO (First In First Out), LFC (Least 
Flow Count) and LRU (Least Recently Used). 

When the cache table is full and a cache entry needs to be 
replaced, the FIFO scheme deletes the oldest cache entry 
which is in the cache table. Hence, the router can distribute 
resources to each data with fairness. The cache entry, 
however, which belongs to a flow, would be replaced from 
the cache table when it becomes the oldest one. After that, the 
entry may be reinserted into the table because it still belongs 
to a flow. So, the entry may be repeatedly in-and-out the 
cache table. We will call this the flow in-and-out effect. This 
effect drastically degrades network performance because it 

requires iterative setup and removal operation overhead to the 
router. Hence, the FIFO scheme is not appropriate for the 
label switching network. 

The LFC scheme replaces the least flow counted entry in 
the cache table when necessary. The flow count is the number 
of packets which are sent to the same destination. The LFC 
scheme considers the characteristics of data traffic. If a cache 
entry belongs to a flow, it may have a number of flow counts. 
The entry would be replaced less than that of nonflow cache 
entries. Therefore, it does not result in the flow in-and-out 
effect. However, the LFC scheme cannot generate new 
switching cache entries sufficiently when the cache table is 
almost full. This is because the recently inserted cache entry 
has few flow counts, and thus, it is replaced more frequently 
than the old one. 

The LRU scheme replaces the entry which is not used for 
the longest time in the table. It deletes the infrequently used 
entry first, so that it does not result in the serious flow in-and-
out effect. In addition, it is able to generate new switching 
cache entries sufficiently because the new cache entry has 
higher priority than the others. However, the LRU scheme 
does not consider if the target entry, the longest unused entry, 
is included in the switching cache entries or the nonswitching 
cache entries. If the target entries are in the same condition, 
we should replace the nonswitching entries first rather than 
the switching entries because the switching entries have used 
time and resource costs to send packets by switching. 

In the next section, we will propose the new cache 
replacement schemes, the weighted priority LRU scheme and 
the L2A scheme, which are to improve upon the basic LRU 
scheme and the LFC scheme. 

 

B. Weighted Priority LRU Scheme 
The LRU scheme performs well, but it considers only the 

time matter and does not consider the other resource costs 
that have a considerable effect on the performance of a 
network. Therefore, we propose the weighted priority LRU 
scheme to make up for this defect of the LRU scheme. The 
weighted priority LRU scheme gives an appropriate priority 
to the switching entry. It considers both the setup cost and 
time cost for switching. 

The weighted priority LRU scheme works as follows. If the 
cache table is full and a cache entry has to be replaced, the 
weighted priority LRU scheme searches for a LRU entry in 
the nonswitching entries. If the LRU nonswitching entry has 
been used recently within a threshold time, the weighted 
priority LRU scheme searches for a LRU entry in the 
switching entries. Depending on which has been used less 
recently, it replaces either of the two. 

The reason for weighting priority with the threshold is to 
generate new switching cache entries sufficiently when the 
cache table is almost full with the switching entries. If we 
give higher priority to just switching entries rather than 
nonswitching entries, the new cache entries would be 
replaced frequently. This is because most new cache entries 
are not switching entries. They have lower priority than the 
old switching entries. Therefore, the new entries are replaced 
first. Most of them cannot send packets by switching even 
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though those are flows like the LFC scheme. The brief 
algorithm of the weighted priority LRU scheme is shown in 
Fig. 2. 
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Fig. 2. Weighted priority LRU scheme 

 
C. L2A Scheme 

The LFC scheme maintains switching entries very well, so 
the flow in-and-out effect does not occur. But it cannot 
generate new switching entries sufficiently. On contrast, the 
LRU scheme generates sufficient new switching cache entries 
but does not consider if the target entry for the replacement is 
included in the switching entries. It cannot prevent the early 
deletion of the switching entries. Therefore, we propose the 
L2A (Last 2 Add) cache replacement scheme that 
compensates for these weak points. 

To select a target entry for the replacement, the L2A 
scheme uses the value of adding the last two timestamps. If 
there is no empty cache entry, the one with the smallest L2A 
value is replaced by the new one. Therefore, the cache entries 
which have not sent last two packets for a long time will be 
deleted first. 

Unlike the LRU scheme, the L2A scheme uses the second 
last timestamp as well as the last one. So, it is possible to 
consider the characteristics of data traffic. The LFC scheme 
adds the number of all timestamps. However, the L2A 
scheme adds only the last two timestamps. So, it can give 
priority to the recent cache entry. By balancing the priority of 
both old and new cache entries, the L2A scheme can consider 
both the characteristics of data traffic and the priority of 
recent entry at the same time. The brief algorithm of L2A 
scheme is shown in Fig. 3. 
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Fig. 3. L2A scheme 

 

 
 

IV. SIMULATION 

 
A. Environment 

We use the real WAN Internet traffic trace for simulation. 
The trace was measured at the FIXWEST West Coast Federal 
Interexchange Node and can be downloaded from the 
National Laboratory for Applied Network Research 
(NLANR) [9]. We also simulated with other traces. However, 
because other traces showed similar results and the 
FIXWEST trace is sufficiently long, we will represent only 
the results of the FIXWEST trace. Statistics of the FIXWEST 
trace are presented in Table 1. 

 
TABLE I 

TRAFFIC TRACE STATISTICS 

Place FIX-WEST in USA 
Date Nov. 20 1997, 19:45 
Duration 1155 seconds 
Number of Packets 13,676,730 packets 
Number of used IPs 114,433 
 
There are several simulation metrics for comparing cache 

replacements schemes: the number of switched packets, 
switching setup rate, switching out rate, cache entry 
replacement rate, and so on. The number of switched packets 
is the number of packets sent by switching. It is the most 
important metric, because sending packets by switching is 
closely related to the performance of the label switching 
network. The switching setup rate is also important. When 
the router sends packets by switching, it is costly in terms of 
resources and time. If the setup rate is too high, the router 
will be overloaded. If it is too low, most of the packets cannot 
be sent by switching. The setup delay depends on the setup 
rate linearly. The switching out rate and the cache entry 
replacement rate slightly affect the router. In this paper, we 
will show the results of the number of switched packets and 
the switching setup rate. 

To apply a cache replacement scheme into the label 
switching network, we need a flow classification algorithm 
first. The flow classification algorithm is important as much 
as the cache replacement scheme and is being researched 
actively [10, 11]. However, it is out of the scope. In this paper, 
we use X/Y flow classifier, the most general flow classifier. 
If more than 10 packets (X) are sent to the same destination 
in 1 second (Y), we determine that it is a flow. That is the 
default parameter value of MPOA specification [6]. Also, we 
assume that the threshold is 0.5 second in the weighted 
priority LRU scheme. It is half of the unit time. 

 
B. Results 

Fig. 4 and Fig. 5 show representative results of the 
simulation. They represent the ratio of switched packets to 
total packets and the switching setup rate per second, 
respectively. 
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Fig. 4. Ratio of switched packets to total packets 
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Fig. 5. Switching setup rate per second 

 
In the FIFO scheme, the number of switched packets is too 

low, and the switching setup rate is too high. This is because 
there is too much flow in-and-out. Therefore, the FIFO 
scheme is not appropriate for the cache replacement scheme 
in the label switching network. The LFC scheme has more 
switched packets than the FIFO and the LRU schemes when 
cache size is 0.5K and 1K. However, with the bigger cache 
size, the LFC scheme has less switched packets than the LRU 
scheme. Moreover, the switching setup rate is too low. This is 
because the LFC scheme gives too higher priority to the old 
cache entries. For that reason, the LFC scheme sends most 
packets by switching when the cache size is small because the 
cache table is filled by switching entries. However, if the 
cache size is sufficiently long, the LFC scheme cannot 
generate enough switching entries because the new entries 
have low priority and are deleted earlier than the old entries 
in the cache table. The LRU scheme sends more switched 
packets than the FIFO and the LFC scheme, except when the 
cache size is 0.5K. The switching setup rate is lower than the 
FIFO scheme and higher than the LFC scheme. The reason 
why the LRU scheme has smaller switched packets than the 
LFC scheme in the 0.5K cache size is that the LRU scheme 
has the flow in-and-out effect when the cache size is too 
small. 

As a result, the LRU scheme shows the best performance 
in the basic cache replacement schemes. But the LRU scheme 
still has problems in that it does not consider if the target 

entry for replacement is the switching entry or the 
nonswitching entry. Thus, it has a little flow in-and-out. 

The weighted priority LRU scheme and the L2A scheme 
have more switched packets than the basic schemes. The 
switching setup rates of them are lower than the FIFO and the 
LRU schemes but higher than the LFC scheme. The weighted 
priority LRU and the L2A schemes give appropriate priority 
to the switching entries and the new nonswitching entries at 
the same time, so these schemes generate a sufficient amount 
of new switching entries, more than the LFC scheme. These 
schemes give balanced priority between the old switching 
entries and the new nonswitching entries. 

However, when the cache size is small, the weighted 
priority LRU scheme has fewer switched packets than the 
L2A scheme, and the switching setup rate is higher. This is 
because the weighted priority LRU scheme deletes the 
switching entries to give a chance to the new nonswitching 
entries when the cache size is small. On the other hand, the 
L2A scheme keeps the old switching entries and deletes the 
new nonswitching entries. However, when the cache size is 
small, the L2A scheme cannot generate the new switching 
entries. 

 

V. CONCLUSION AND FUTURE WORK 
 
In this paper, we introduced the importance of the cache 

replacement scheme in the data driven label switching 
network. Also, we evaluated the FIFO, the LFC, and the LRU 
scheme as basic cache replacement schemes. The FIFO 
scheme suffers severe flow in-and-out effect. The LFC 
scheme has no flow in-and-out effect, but it cannot generate 
sufficient new switching cache entries. The LRU scheme 
generates new switching cache entries sufficiently and 
performs well in the basic schemes, but it does not consider if 
the target for replacement is the switching entry or the 
nonswitching entry. 

Furthermore, we proposed and evaluated the weighted 
priority LRU scheme and the L2A scheme as enhanced cache 
replacement schemes. These schemes generate the new 
switching entries sufficiently. Moreover, these schemes keep 
the switching entries from being removed early from the 
cache table. These schemes exhibit a better performance than 
those basic schemes. 

The results in this paper seem to be similar to the web 
caching technique. However, the web caching technique 
mainly focuses on the web contents. The work in this paper 
mainly focuses on the IP packets, not web contents, even 
though the results are similar. 

In the future, we will analyze the L2A scheme more 
specifically. We will study other combinations of timestamps 
and try to find the optimal number of timestamps to use. Next, 
we will evaluate the proposed schemes more precisely with 
various real Internet traces and compare them with the 
enhanced web caching algorithms. Then we will study the 
implementation availability of these schemes. 
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