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Abstract
The utility of cache and buffer is to reduce the time consumption 
when there is a data request. Due to the locality theory, the 
cache prefetches data for the future data request. Standing 
on the performance point of view, we need a mass cache to 
prefetch all data request. On the other hand, because of price 
and techniques reasons, the cache size is about dozens of 
mega bytes. With the capacity limit, a lot of cache management 
algorithms focus on two problems. Firstly which pages are to 
be prefetched into cache? Secondly which pages are to be 
swapped out of cache? Many cache management algorithms 
try to keep the pages with the greatest possibility of future 
access. The methodology of these algorithms is to maximize 
the possibility of cache hit. The cost of cache miss is expensive. 
Accordingly, new cache management algorithms are discussed 
in this paper.
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I. Introduction
Cache and buffer have been introduced into computer 
architecture for balancing performance and price of a specific 
system. The hierarchy architecture consists of CPU, RAM and 
external storage’s. The caches and buffers between two levels 
make it possible to get the approximate cost of lower level. 
Generally speaking, the cache is for reducing the read latency, 
while the buffer is for aggregating discrete writing operations. 
Meanwhile, the cache works between CPU and RAM and buffer 
works between RAM and external storage [1].
Cache Management algorithms focus on temporal and spatial 
localities which are fundamental of cache and buffer. This 
locality tells that most of instruction requests and data requests 
occur very closely in time scale or/and spatial scale.  Pre-
fetch the instructions and data that have been stored near to 
the instructions and data being processed, the seek time and 
reading latency will be reduced [2].
The most common strategies are as followings: 

A. Optimal (OPT)
This strategy will swap out the data or instructions whose next 
use will occur farthest in the future. Since it need to know 
the information about future, it can only been deployed for 
algorithms comparisons.

B. Least Frequently Used (LFU)
Algorithm swaps out the page accessed least frequently. The 
access time is recorded in an access counter.

C. Least Recently Used (LRU)
This algorithm takes the least recently used content as the 
farthest future used. 

D. First In First Out (FIFO)
It just simply moves out the head content of the buffer 

queue.

E. Least Frequently Used (LFU)
This algorithm swaps out the page accessed least frequently. 
The access times are recorded in an access counter.

F. Random (RDM)
It just randomly selects out the page to be replaced by new 
one.

II. Algorithms discussion
Traditionally, a hard disk cache can be shared by several running 
applications. Each applications occupies a cache working set 
consist of an accessed area (AA) and a prefetched area (PA). 
Fig. 1 shows the distribution map 
of normal cache.

Fig. 1: Normal cache structure

Hou Fang [1] proposed Page Miss Cost (PMC) algorithm in 
which cache structure takes an additional area for each cache 
working set. This is reserved area (RA) for the pages which 
have a high cost of being swapped into cache. Fig. 2 shows 
PMC structure.

               
Fig. 2: PMC Structure

A.  An example of PMC algorithm
Suppose there are two applications running in ram. Application 
1 is with a page request combination of A, B, C, D, and 1,2,3,4. 
Application 2 is with a similar page request combination of   α, 
β ,γ, δ and 1, 2, 3, 4.Here A, B, C, D and α, β ,γ ,δ are sequential 
page accesses separately, and 1, 2, 3, 4 are random page 
accesses. The system sends out a page access queue of  A, 
B, C, D, 1,2, 3, 4, A, B, C, D,  α, β ,γ, δ , 1, 2, 3, 4. Because A, 
B, C and D are sequential pages, only the access of page A 
leads a cache miss. Then, the prefetch mechanism works. All 
four pages will be read into cache at one time. Each access 
for page 1, 2, 3 and 4 will result a cache miss because all are 
random pages. All these four pages are to be reserved because 
of their access high cost.
Zhao ,Nong Xiao [2] proposed Saber algorithm which analyses 
the logical block addresses (LBA) of buffered pages to determine 
the probability of sequential access, which is used to maintain 
a priority queue. On demanding a free buffer slot for a new 
coming page, the policy will choose the one with maximum 
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sequential access probability. as the victim page. To determine 
the probability of sequential access, following definitions are 
given.

B. Sequential Factor
In the buffer cache, the LBA-neighbored pages form a set S, in 
which all the pages have the same sequential factor. The value 
of the sequential factor is equally to the  count of elements 
of the set S. Fig. 3 shows the changes of sequential factor of 
buffered pages before and after a new page is referenced. 

Fig. 3: Example of sequential factor

C. Saber Algorithm Description
The Saber algorithm always drops the page with the maximum 
sequential factor among all the buffered pages when no buffer 
slot is available for the coming page read from the disk. When 
more than one page has the same sequential factor, the one 
with lowest logical block address will be chosen as the victim 
page.
The Saber algorithm works because buffered pages may be 
referenced again in the same manner because of the solid 
application behavior. That is, sequential pages would be 
accessed sequentially, and isolated pages would be accessed 
randomly. We can see the overhead of random access is 
hundreds of times higher than that of sequential access. Hence, 
this algorithm can benefit a lot from the reduced cache miss 
penalty even if the hit ratio decreases.
Saber detects sequential pages, evicts them out of memory 
and allocates memory for random access. There are two 
reasons,

The sequential pages take up more space and lead to 1. 
more thrashing.
Victim sequential pages can be retrieved less costly once 2. 
these pages are accessed again that   is because sequential  
access of disk data  is faster than random access.

The Saber algorithm maintains a priority queue of descending 
sets sorted by Sequential Factor SF. In the case different 
sets have the same SF, the queue will be arranged by the 
LBA attribute of the sets. On cache miss, if free cache slot 
is available, a free slot will be allocated for the new page. 
Otherwise, reclaim the space of the page with the minimal LBA 
address in the head set of the priority queue for the new coming 
page. The attributes and locations of the sets will be adjusted 
corresponding with the changes to meet the requirements of 
the priority queue.

D. Sequential set division
 Here the sequential pages are grouped together based on the 
following definitions

Page A is neighbor of page B if the LBA of page A is equal 1. 
to LBA of page B +1

Page A is neighbor of page C if page A is neighbor page 2. 
of page B and page B is neighbor page of   page C. Count 
the elements of sequential sets and define the counter as 
sequentiality of the set. The set has two attributes pair { 
LBA’ , sequentiality}.

The Saber algorithm maintains a priority queue of descending 
sets sorted by SF. In the case different sets have the same SF, 
the queue will be arranged by the LBA attribute of the sets. 
On cache miss, if free cache slot is available, a free slot will 
be allocated for the new page. Otherwise, reclaim the space 
of the page with the minimal LBA address in the head set of 
the priority queue for the new coming page. The attributes and 
locations of the sets will be adjusted corresponding with the 
changes to meet the requirements of the priority queue.
S.Subha[3] proposed a Buffer cache management algorithm 
in which system contains two parts main cache unit and pre 
fetch unit. Buffers main cache unit and pre fetch unit hold the 
cached and pre fetched data. Each block in the main cache 
unit has two counters miss and hit. The miss counter gives the 
total number of non references to the block and the hit count 
gives the total number of references to the block while it is 
resident in the cache. 

E. Buffer cache management Algorithm
If the block is in main cache its hit count is incremented.1. 
If the block is in pre fetch unit it is brought into the main 2. 
cache unit. The placement and replacement strategy is 
as follows. If there are empty slots in the main cache, the 
block is placed in it. Else, the block with the maximum 
miss count and which is not the most recently accessed 
is replaced. The hit count of the block is set to one and it 
is marked as the most recently accessed block. 
If the block is not in prefetch and main cache, it is fetched 3. 
from the disk to the main cache. The replacement policy is 
same as described in step 2. The hit count of the block is 
set to one and the miss count of the block is set to zero. The 
next sequential block is fetched into the pre fetch unit.

 The following fig. 4 is the conceptual organization of the 
buffers

 
Fig. 4: Conceptual organization of the buffers

The address stream consists of the generated addresses. Each 
address is depicted by 1. It is searched for in the buffer cache 
depicted by 2.   If found, the hit count is incremented. If not, it 
is searched for in the prefetch unit depicted by 3. If found , it 
is fetched into the main cache depicted by 4. The hit counter is 
suitably incremented for the fetched block. In case of a miss, 
the data is fetched from main memory to the main cache unit 
depicted by 5. The next physical block is also prefetched into 
the prefetch unit depicted by 6.
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III. Comparative study
Table 1 shows comaparison of all three algorithms discussed 
in previous section.

Table 1: comparative study of cache management 
algorithms

Attribute
Cache Management 
Algorithm Based on Page 
Miss Cost

Saber An Algorithm for Buffer cache 
Management

Victim page Costly(cost of swapping a 
page) page is victim 

Sequential 
pages are 
victims

Page with highest miss count is 
victim

Limitation
Cost of swapping a page 
into cache varies.

Complexity of 
algorithm is 
relatively high.

On miss whole cache and 
prefetch  is to be searched.

Recency and 
frequency Recency is not considered.

Recency and 
frequency is 
not considered.

Recency and frequency are 
considered.

IV. Conclusions
 PMC algorithm records the history access time as a parameter 
of cache swapping cost. Since the high cost page will probably 
be accessed at intervals, simply swapped it out by LRU will 
probably cost a lot of time to swap it in very soon. It is reasonable 
to keep them in cache for future incoming access.
 A new Cache replacement policy, named Saber, to improve the 
performance of the overall storage system. Saber tries to reduce 
the cache miss penalty by the means of replacing sequential 
data, which is significantly different from traditional algorithms 
based on recency and frequency of reference data. This work 
has two limitations now. First, Saber is not compared with 
more algorithms in more real application. Second complexity 
of saber, which is a key issue to the real application systems 
is not analyzed.
A new buffer cache management  algorithm to achieve high 
storage performance based on prefetching has been proposed 
in third algorithm. Both  recency and frequency are considered 
to improve cache hit ratio. The algorithm has been simulated 
for sequential and random inputs. 
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