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1 Introduction

An online caching system can improve network
connectivity by shortening the content distance as
close as possible to the requester. Moreover, various
online-caching technology, such as Content Delivery
Networks (CDN) and Information-Centric Networking
(ICN), implement caching systems to improve the
Quality of Experience (QoE) of users. A caching
strategy is compulsory to be implemented for achiev-
ing a high-cache-hit ratio, i.e., cache replacement
algorithms such as First In First Out (FIFO), Least
Recently Used (LRU) and etc. Unfortunately, these
cache replacement algorithms are unable to endure
the decline due to delayed-hit caching, as reported in
[1, 2, 3]. The cache hit ratio suffered from a significant
drop of about 30% and 40% for content download
time from the original server 100 and 1000 times
from inter-request time, as we reported in [4]. To
cope with this problem, we proposed a method that
implements a specific cache replacement algorithm
to suppress the delayed caching effect in the online
caching system, namely Burst Score Aggregation
(BSA) cache replacement algorithm. The BSA is
required to track all burstiness of each unique content
that creates inefficient processing time. Therefore, this
paper introduced Reduced Burst Score Aggregation
(R-BSA) that can improve the processing time without
losing its performance to maintain the cache-hit ratio.

2 Reduced Burst Score Aggregation

The burst score of the particular content can be
measured by comparing the occurrences of that content
between sampling time and elapsed time. Hoonlor et al.
in [4] introduced the burst score of a particular content
x for the specific sampling period, which is similar to
t¢eten in an online-caching server, which can be defined
by
Etfetch 1
-5 ?)7 (1)
where E,; is the total number of occurrences of event
z € {c1,..,cn} in sampling time interval of ¢yesen, and
E is the total number of occurrences of x € {c1,..,en}
in total elapse time T. The set of {ci,..,cny} express
the number of N total unique contents.

To calculate the BSA, we use a formula that can
be defined by

BUTSt(Ia tfetch) = (

M

BSA(wvtfetc}uT) = ZBUT‘St(J}, tfetch)v (2)
i=1
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where M is the total number of #feicn cycles until
the elapse time T or in other word M = T/t etch-
Therefore, the BSA tracks all historical burst level
of all unique contents that requires a lot of calcula-
tion time. In order to reduce the calculation time, we
modify the requirement of = in the equation 1. The
value of x become the set of x within £f.s., instead of
x € {c1,..,en}. It can reduce the number of BSA cal-
culations from N to S where S << N speeds up the
overall processing time.

@@@@%@)@@ I@@@@ %@@@@,

time
t t
fetchl fetchz2 fetch3 fetch4
BSA(C,) BSA(C,) BSA(C,) BSA(C,)
B8SA(c,) BSAlC,) BSAlc,)  BSA(C,)
(a) BSA
0000 0008 0ees Baae,
T I T v
tfetchl tfetchz tfetcha tfetch4
BSA(C,) BSA(C,) BSA(c,) BSA(c,)
BSA(C,) BSA(C,) BSA(c,) BSA(C.)
BSA(C.) BSA(C:)
(b) R-BSA

Figure 1: Comparison of number BSA calculation be-
tween original BSA and R-BSA

Figure 1 shows the comparison of calculation pro-
cesses between BSA and R-BSA. The original BSA
cache replacement algorithm demands all unique con-
tents calculation in every content download time,
T feten- This requirement causes an overhead calculation
of as many as total unique contents, NV, even though
not all the content occurred within ¢ ¢ctcp, as seen in Fig-
ure 1(a). On the other hand, the R-BSA only requires
calculating the unique content that occurred in the in-
terval tfetch, 1-€., in the Lretch1s tretch2, Uetchds tretcha,
and the R-BSA count the value of BSA for 2, 3, 3, 2
respectively as seen in Figure 1(b). This mechanism
can save overall processing time.
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Figure 2: Comparison of simulation time between LRU,
BSA, and R-BSA

3 Numerical evaluation

An experiment using a simulator was conducted
to measure the hit-ratio in the cache with different
skewness parameter (a). A multi-threaded application
was constructed using Python 3.8 to run a simulation
about 100.000 request that was equipped with a timer
to capture the overall processing time. Table 1 shows
the major hardware and software parameters used in
the simulation.

Table 1: Setting values of main parameters

Paramater Value
Number of content items 1000
Cache size 10
Content skewness (a) 1-15
Content download time (tfetcn) 1ls
Inter request arrival time (tqrrival) 0.01's
CPU AMD Ryzen 9 3900X
oS Ubuntu 20.04 LTS
Programming language Python 3.8

Figure 2 shows that the BSA cache replacement al-
gorithm was about 15% and 20% longer on average in
overall processing time compared to R-BSA and LRU,
respectively. When the skewness parameter, «, in-
creased, the overall processing time was also constantly
decreasing in all cache replacement algorithms. Fur-
thermore, the overall processing time in LRU and R-
BSA was equal, starting at a=1.3. This was because R-
BSA only counts a set of unique content that occurred
in the interval of ttctc, due to the higher of a causing
less content variety in the interval of tseen. The gap
between BSA and R-BSA located in the higher o con-
firmed the reduction in the processing time, especially
because the content with zero occurrences was omitted
in the BSA calculation.

Figure 3 shows the hit ratio of LRU, BSA, and
R-BSA cache replacement algorithm. In general, all
three cache replacement algorithms experienced an
increase in hit ratio when the skewness parameter of
Zipf distribution, «, was constantly increasing. The
gap of hit ratio between BSA and R-BSA was about
5% on average, where R-BSA under-performed against
BSA. The hit ratio of R-BSA was lower than BSA be-
cause the R-BSA only counted the non-zero occurrence
of contents within the interval of tjfeicn that caused
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Figure 3: Comparison of hit ratio between LRU, BSA,
and R-BSA

non-subtraction of BSA value for zero occurrences of
contents. As a result, there was a lagging process for
updating the ranking of content based on the BSA
database whenever the burstiness of particular content
was changed. This created an invalid eviction process
whenever a cache miss occurred in the cache.

4 Conclusion

The R-BSA cache replacement algorithm can
reduce the overall processing time while maintaining
its performance, especially the hit ratio. The decline
of the hit ratio in R-BSA compared to BSA is because
of the removal of zero occurrences of content requests
within an interval of content download time. The
omission created a lagging ranking process in the BSA
database for the eviction process in the cache. In the
future, we will investigate a method to reduce the
ranking processing time in the cache of the R-BSA
cache replacement algorithm.
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