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あらまし キャッシングは高人気コンテンツに対するネットワーク品質を向上させるが，キャッシュ制御法，特にキャッシュ置換ア

ルゴリズムはキャッシュヒット率に大きな影響を与える．これまでに，キャッシュの性能を低下させる１つの要因として，Delayed

Hit効果が指摘されている．そこで著者らは，Delayed hit効果によるキャッシュの性能低下に対処するために、バーストスコア集

約 (BSA)キャッシュ置換アルゴリズムを提案した．BSA は特にコンテンツ人気度分布の歪度パラメータが 0.9を超える Zipf 分布

に従う場合に，ヒット率低下の抑制に効果的である．しかし BSA は従来のキャッシュ置換法と比較して，多くの処理資源を必要と

する．そこで本稿では，BSAと比較して処理負荷を軽減する R-BSA (Reduced Burst Score Aggregation)キャッシュ置換法を提

案する．計算機シミュレーションにより，R-BSAは BSAと比較して、ヒット率の低下を約 1%に抑えながら，約 5%，高速な処理

時間を低減する．
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Abstract Caching has been proven to increase network connectivity against popular content. Caching strategy,

notably the cache replacement algorithm, contributes substantially to hit ratio performance at the caching system.

Several authors have introduced delayed-hit caching that causes a severe hit-ratio decline in the caching performance.

We proposed a burst score aggregation (BSA) cache replacement algorithm to cope with the performance degrada-

tion because of delayed-hit caching. BSA has been proven effective against the hit ratio degradation, especially when

request contents follow Zipf distribution at skewness parameter greater than 0.9. Unfortunately, BSA requires more

intensive processing resources than conventional cache replacement algorithms. Therefore, we introduce reduced

burst score aggregation (R-BSA) cache replacement algorithm that promotes processing load reduction compared

to BSA. R-BSA shows a faster processing time of about 5% as opposed to BSA in a computer simulation. As a

trade-off, the hit ratio of RBA also experiences a slight downturn of about 1% from BSA. To explain this behavior,

we investigate and analyze the R-BSA cache replacement algorithm’s performance and its hit ratio drops.
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1. Introduction

Online-caching systems like Content Delivery Networks

(CDN), Information-centric Networking (ICN), and Proxies

support a caching system to enhance network performance

so the user can experience a low-latency connection. The

discussion of online content caching is being investigated ac-

tively in the computer networking research area. The typical

objective of an online caching system is to reduce the overall

cost of retrieving data. Instead of obtaining from the origi-

nal content provider, the user can retrieve the content from

the intermediary caching server, which shortens the distance

between the requester and provider.

(a) Cache misses in case of content download time of about 2

times from request inter arrival time

(b) Cache misses in case of content download time of about

4 times from request inter arrival time

Fig. 1: Cache misses increase due to delayed-hit caching

Caching strategy is substantial to the development and de-

sign of the online-caching system. Typically, cache replace-

ment algorithms enhance the cache hit ratio of requested con-

tent by storing the content items that are most likely to be

accessed in the near future. However, the future data refer-

ence pattern is obviously difficult to predict. A generic strat-

egy is to cache the most frequently cited contents from the

historical data. This method is utilized by classic algorithms

such as the Least Recently Used (LRU) and Least Frequently

Used (LFU). Even though the classic replacement algorithm

can improve the hit ratio of caching system, it is not consid-

ered the online caching environment. Therefore, the conven-

tional cache eviction algorithms do not anticipate the impact

of a delay hit in caching. The conventional cache replacement

algorithm, LRU, experiences almost two times cache misses

whenever content download time takes two times longer with

the same cache size and request pattern, as shown in Figure

1. Moreover, the LRU cache replacement algorithm can be

suffered from hit ratio degradation of about 30% because of

delayed-hit caching, as reported in [1].

A strategy to suppress the degradation in hit ratio of the

online caching system has been investigated by several schol-

ars, as reported in [4], [5], and [6]. Most of the proposed

methods require an intensive calculation that requires more

processing resources. We have proposed Burst Score Aggre-

gation (BSA) that represents the high occurrence degree dur-

ing a delay in obtaining the content so that it can suppress

the effect of delayed caching as reported in [2]. However, BSA

still consumes lots of computation resources. In this paper,

we introduce the Reduced Burst Score Aggregation (R-BSA)

eviction algorithm that promotes a reduction of calculation

resources with a slight decrease in hit ratio performance. A

numerical evaluation with computer simulation is given as

justification to show the finding. The Organization of this

paper consists of five sections: introduction, related work,

reduced burst score aggregation, evaluation, and conclusion.

2. Related work

The effect of delayed caching has been the subject of pub-

lished research [1]. Implementing a caching system must,

therefore, additionally consider the delayed caching issue.

We suspect that the root cause of the issue is a disparity

in throughput and latency between the requester and con-

tent providers. During a fetching interval, just a few re-

quests can arrive if the requester throughput is low com-

pared to the content provider. If the requester’s throughput

is greater than the provider’s, more requests will arrive dur-

ing the fetching time, resulting in greater cache misses. Many

researchers have sought a cache replacement strategy to ad-

dress the problem of delayed caching. The findings discuss

a caching replacement strategy that reduces the impact of

delayed caching to minimize a decline in the cache hit ratio.

Atre et al. in [5] determined each unique content aggre-

gation delay and subsequent turn request or future request

as crucial parameters for the cache replacement technique.

Even though the technique is classified as both offline and

online file caching, it is only suitable for systems with a large

buffer to store incoming requests before they are fetched from

the cache. Moreover, the calculation of aggregation delay is

quite difficult. It requires a longer calculation time, which

is unsuitable for a router with a fast data throughput and a

small memory buffer. Another author, Chang et al. in [6],

proposed delivering material with a predefined delay metric

directly to the source server rather than storing it in the

caching system. The metric is constrained to a particular
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Fig. 2: Architecture of BSA cache replacement algorithm

threshold of delay and file size to resist the overall drop in

hit ratio.

Moreover, we proposed a replacement algorithm that con-

siders the burstiness of contents in [2] and [3]. The BSA level

was used as a metric for content eviction in the cache. Ad-

ditionally, a database is provided so the caching server can

periodically update and track the content’s BSA.

3. Reduced burst score aggregation

Reduced burst score aggregation (R-BSA) was a simplified

form of the BSA replacement algorithm. The technique of

the BSA algorithm relies on the burstiness of contents as a

key parameter to prioritize the residency in the cache sys-

tem. Requests from clients at the online caching system are

captured at every content download time. All content bursti-

ness levels are calculated and ranked during this interval in

the BSA database table. The cache uses this ranking table

to prioritize content residency in the cache table. The lower

ranking of contents is deleted whenever the cache capacity is

full. The procedure of the BSA cache replacement algorithm

can be generally described in Figure 2.

BSA and R-BSA cache replacement algorithms are nec-

essary to measure the burstiness of content. This can be

described by burst score. The burst score is measured by

comparing the occurrences of content during content down-

load time from the original content provider with its total

occurrences in the past. Hoonlor et al. in [11] introduced the

burst score of a particular content x within content down-

load interval, tfetch, in an online-caching server, which can

be formulated by

Burst(x, tfetch) = (
Etfetch

E
− 1

T
), (1)

where Etfetch is the total number of occurrences of event

x ∈ {c1, .., cN} within time frame of tfetch and E is the total

number of occurrences of x ∈ {c1, .., cN} in total elapse time

T that is relative to inter-arrival time of request, tarrival.

The set of {c1, .., cN} express the number of N total unique

contents. R-BSA intentionally reduces the number of pro-

cessor computations for creating a ranking list database of

content. Therefore, burst score calculations are reduced from

the set of {c1, .., cN} to the set of {c1, .., cS} where S shows

the unique set of contents during an interval of tfetch. As a

result, the number of calculation loads in each tfetch can be

reduced from N times to S times where S is much smaller

than N .

Burst score is difficult to compare between one unique con-

tent to another since it focuses only on specific content oc-

curances within tfetch interval. Thus, the burst score of each

content needs to be accumulated from the begining up to

the present time, called as BSA value. Since the burst score

of unique contents have been reduced from N to S in every

tfetch, we denote RBSA as the reduced aggregation of con-

tent burstiness level. The RBSA of the specific content can

be defined by

RBSA(x, tfetch) =

M∑
i=1

Burst(x, tfetch), (2)

where M is the total number of tfetch sequence up to elapse
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time T . Thus, M is ratio between T and tfetch. This RBSA

is the burstiness level of content used by the R-BSA cache

replacement algorithm.

4. Numerical evaluation

We evaluate the performance of R-BSA using a computer

simulation. The simulation software was a multi-threaded

application programmed by python 3.8. We compare the

simulation result with BSA and LRU cache replacement al-

gorithm as a based line. The setting parameters of the ex-

periments are shown in Table 1. Furthermore, we collected

the data from one million requests generated by the client.

The performance of the cache hit ratio and simulation run-

ning time obtained were plotted against the different cases

of request skewness (α) that obey the Zipf distribution. We

analyzed the performance of R-BSA starting with α greater

and equal to 0.9 because the suppression effect of delayed-hit

caching is effective starting at this point, as reported in [2].

Tab. 1: Simulation parameter setting
Paramater Value

Total unique content items (N) 10,000

Cache size 10

Request skewness of Zipf distribution (α) 0.9 - 1.5

Request rate 10,000 requests/second

Total requests 1,000,000 requests

tfetch 10 ms

tarrival 0.1 ms

4. 1 Processing time

From the simulation result, the proposed method, R-BSA,

can reduce the simulation running time by about 5% on

average from the BSA cache replacement algorithm, as de-

picted in Figure 3. This simulation running time continues

to decline whenever the skewness parameter of content, α,

increases constantly. We analyze that the running time de-

crease is mainly caused by the reduction of BSA calculation

in each interval tfetch. To clarify this finding, we conduct

a further simulation to capture the number of BSA calcula-

tions.

As mentioned earlier, we conducted a simulation to cap-

ture the computation processing load. The calculation pro-

cessing load mostly comes from the number of unique content

in tfetch time frame. For every interval of content down-

load time, tfetch, the burst score aggregation level of unique

contents must be calculated. Afterward, these results are

used to construct a database of content ranking. Since BSA

demands that all unique contents must be calculated even

though those contents do not appear during the tfetch time

frame, this causes high connectivity between the processing

load and the total unique contents. If the number of unique

content rises in the online caching system, then the calcula-

tion processing load is also increasing.

On the other hand, R-BSA does not necessitate all unique

Fig. 3: Comparison of running simulation time for one mil-

lion requests between BSA, R-BSA, and LRU cache replace-

ment algorithm

Fig. 4: Comparison of number BSA computation between

BSA and R-BSA cache replacement algorithm in every con-

tent download timeframe against different case of skewwness

parameter (α) of Zipf distribution

content calculations. R-BSA offers a simple form of BSA

processing load reduction by calculating the BSA value of

the unique content that only appears during a specific in-

terval of tfetch. As a result, when the total unique contents

grow, the number of burst score aggregation calculations of

contents does not grow. It means that R-BSA has decoupled

the correlation between total unique contents and processing

load, i.e., for 10,000 total unique contents, the BSA algo-

rithm necessary to calculate of 10,000 BSA value calculation

in each tfetch time frame while R-BSA computes in about 60

averagely as seen in Figure 4. Therefore, this computation

decrement creates a faster processing time.

4. 2 Hit ratio

The hit ratio of R-BSA is slightly below the BSA hit ratio.

However, the gap between BSA and R-BSA is about below

1%. Moreover, this gap constantly shrinks whenever the α

increases, i.e., at α = 1.5, the hit ratio of BSA and R-BSA
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Fig. 5: Comparison of cache hit ratio for one million re-

quests between BSA, R-BSA, and LRU cache replacement

algorithm against different case of skewwness parameter (α)

of Zipf distribution

is nearly zero, as shown in Figure 5. The gap of hit ratio re-

duction between BSA and R-BSA follows the increase of α.

To understand more about this behavior, we implemented a

script in our simulation application to read all the content

inside the cache every tfetch for further investigation.

We observed the contents inside the cache for all contents

of two different cache replacement algorithms, BSA and R-

BSA. Furthermore, two different values of α were monitored

in this investigation namely α = 0.9 and α = 1.5. We col-

lected about 10,000 pieces of data from the experiment. This

number was obtained from 1 million requests divided by re-

quests obtained during tfetch, which is about 100 requests.

From 1st to 10,000th of tfetch, we observed the cache con-

tainment for all contents. The occupancy time of contents

residing in the cache was deeply analyzed.

About eleven unique contents, from c1 to c11, compete

with each other to reside in the cache in two different cases,

α = 0.9 and α = 1.5, as seen in Figure 6 and Figure 7. The

cache size was enabled to store ten contents. We measured

the competition among contents residing in the cache using

the content occupancy metric. A higher percentage means

that the content always stays inside the cache most of the

time, while a lower percentage means that the content was

outside the cache most of the time.

Figure 6 shows the top eleven of content ranking competi-

tion for both cache replacement algorithms in the cache when

α = 0.9. It shows that the BSA cache replacement algorithm

is more sensitive to the request trend changing than R-BSA.

The last slot of cache capacity is competed by several con-

tent requests. In the BSA, the last slot of cache is competed

by c10 and c11 with content occupancy time of about 54%

and 45%, respectively, as shown in Figure 6(a). This means

that the BSA value for these two contents has dynamically

(a) BSA cache replacement algorithm

(b) R-BSA cache replacement algorithm

Fig. 6: Content occupancy ratio in cache in case of content

request skewness (α) equal to 0.9

changed with a relatively same level, particularly in the BSA

cache replacement algorithm. On the other hand, the R-BSA

cache replacement algorithm has lower sensitivity to the re-

quest trend changing. it is proven by the last slot mostly

occupied by c10 with occupancy time about 94% as shown

in Figure 6(b). This situation can be interpreted that the

disparity of RBSA value for c10 and c11 in the R-BSA cache

replacement algorithm is higher than in the BSA algorithm,

even though the request distribution of those two contents

are relatively the same.

Furthermore, Figure 7 also shows the top eleven most pop-

ular content competitions between BSA and R-BSA cache

replacement algorithm in case of α = 1.5. In this case, BSA

and R-BSA have relatively the same behavior regarding the

last slot occupancy of the cache. The last slot of cache is

competed by c10 and c11 with most of the occupation time

reserved to c10 in about 80% for BSA as seen in Figure 7(a)

and 90% for R-BSA as seen in Figure 7(b). However, the

content c11 only occupies the last slot in about 19% and 4%
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(a) BSA cache replacement algorithm

(b) R-BSA cache replacement algorith

Fig. 7: Content occupancy ratio in cache in case of content

request skewness (α) equal to 1.5

for BSA and R-BSA, respectively. This can be interpreted

that the higher α, i.e., in α = 1.5, the disparity BSA level of

contents for both cache replacement algorithm, BSA and R-

BSA, are widened. As a result, the final position of content

ranking in the database is relatively more stable and faster

to achieve in both algorithms.

5. Conclusion and Future work

The R-BSA cache replacement algorithm effectively sup-

presses hit ratio decline in the online caching system by us-

ing a content ranking based on RBSA value. The proposed

method, R-BSA, has proven to significantly reduce the num-

ber of processing loads to compute the RBSA value for every

content download interval due to its detachment from the

total unique contents. As a result, it can reduce the pro-

cessing time by about 5% from the BSA cache replacement

algorithm. Even though the R-BSA cache replacement algo-

rithm has less sensitivity to the content’s trend changing, it

still can endure against the significant hit ratio decline com-

pared to LRU and unsubstantial hit ratio drop in about less

than 1% averagely compared to the BSA cache replacement

algorithm.

The investigation to optimize the RBSA value in the

change of request trend in every content download interval

will be deeply examined in the future. Moreover, the limita-

tion to the elapsed time, T , i.e., the reset time, will also be

considered for the next work.
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