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Abstract 
Handheld apparatus are widely used especially when equipped 

with an automatic data capturing solutions. They are usually 

connected to the main database server using either an economic 

fixed location mode or a more expensive mobile mode. In order 

to quantify the gap of the two modes, a metric called mobility 

coefficient is introduced. Then, a mathematical model is 

developed to optimize the handheld data caching. This model 

considers several factors affect the cache performance such as the 

data item size, its access frequency, its update rate, the cache size, 

and the caching cost. Finally, a series of simulation experiments 

are conducted in order to validate of the proposed model under 

various system configurations. 

Keywords: Handheld performance, Caching optimization, dual 

mode gadget. 

1. Introduction 

With the rapid evolution in mobile computing and wireless 

technologies, more smart handheld devices (such as 

laptops, palmtops, and personal digital assistants (PDAs)) 

are supported and used all over the world, and they 

become a significant part of everyday life and work. These 

devices were defined as small, mobile, and battery-

powered computing devices, which have no mass storage 

system and all persistent data have to be kept in a limited 

battery-buffer RAM [1] [2][3][4]. The main motivation for 

using these devices is their ability to reduce data entry 

errors while increasing the data entry rate [1] [4].  At the 

same time, current handheld devices support various ways 

for communication with the mass data storage devices 

such as serial cables or Universal Serial Bus (USB) for 

direct connection, short range wireless connections such as 

Bluetooth, IrDA and Wi-Fi (IEEE 802.11) and cellular 

networks for long distances through GPRS or 3G [3] [5]. 

Handheld devices can be connected with the mass data 

storage devices (such as the database server) through two 

main modes, which are economic base mode (for 

connectivity inside the organization) and costly mobile 

mode (for connectivity outside the organization).Within 

the base mode, handheld can be connected to the database  

 

 

server through serial cables, USB, Bluetooth, or Wi-Fi by 

which they can obtain bulky amount of data with low cost, 

high bandwidth and little power consumption. On the 

other hand, within the mobile mode, a handheld can be 

connected to the database server through cellular network 

via GPRS or 3G technologies, which are costly and 

provide limited bandwidth [6] [7][8][9][10][11][12] [13]. 

In order to overcome the bandwidth and the cost limitation 

of the mobile mode, data caching at the handheld local 

memory is considered as an effective solution to overcome 

these limitations and to reduce the network traffic [14] 

[6][15][8][7][16][17] [13]. Due to the limited storage 

capacity and processing power of the handheld devices, it 

will be impossible to hold all the accessed data items at the 

handheld local memory. Consequently, a model for 

optimizing the handheld data caching is needed by which a 

user can determine which database items can be cached at 

handheld local memory in the base mode. This model 

should aim to reduce the total cost and traffic between the 

handheld device and the database server. 

In the next sections, an overview of related and previous 

researches on caching area will be presented. After that, a 

model for optimizing the handheld data caching will be 

developed based on a brief description of the handheld 

system architecture. Finally, the performance of the 

proposed scheme will be examined before concluding and 

highlighting future work possibilities. 

2. Literature survey  

Through the past few years, cache optimality has been 

addressed by number of researchers to decide which data 

items should be kept in or evicted from the cache. In this 

section, a brief overview of the caching replacement 

schemas will be introduced along with the factors affecting 

the cache performance. Most of previously described 

cache replacement policies were represented as a function 

of the different factors such as access frequency, update 

rate and so on.  
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In 2000, Xu et al. [18] proposed a cache replacement 

policy called Stretch Access Rate Inverse Update –

frequency (SAIU), which was represented by a gain 

function as shown in Eq.(1). 

������� = �	
����� ・���
��・��

                                                   (1) 

This policy considered only four factors affect cache 

replacement decision of a data item i, which were access 

probability (��� ), update frequency (�� ), retrieval delay 
(��������� ), and data size (S�). It aimed to remove the data 
item with the least gain function value from the cache [18]. 

In 2004, Xu et al. added cache consistency to the former 

policy due to its importance for some applications such as 

financial transactions. An updated SAIU replacement 

policy was introduced by including (cache validation delay 

caused by the underlying cache invalidation scheme) as 

cache consistency metric. The updated policy was called 

Minimum Stretch integrated with Access rates, Update 

frequencies, and cache validation Delay (Min-SAUD) [15]. 

They introduced a new gain function considering two new 

factors, which are the cache validation delay (��������� ) 
and the ratio of update rate (��) to access rate (��) for a 
data item i ( �) as shown in Eq. (2). 

������� = ���
��

!�	
����� 
" # $�

−  ��������� &                                 (2) 

In 2005, Yin et al. introduced a cache replacement policy 

based on the generalized cost function expressed in Eq. (3). 

 '()*��� = ���+�,-./��� − �,-./��� − ����,-./���0           (3) 

This policy brought in three additional factors affecting the 

decision of caching a data item or not, which were the cost 

of fetching a data item to the cache (�,-./���), the cost of 
validating the cache consistency (�,-./���) and the cost of 
getting the updated data from the server (�,-./���). It aimed 
to evict the data items with the least value of  [cost�i� )�]8  

from the cache [8].  

 

In 2007, Chand et al. developed a cache replacement 

policy called Least Utility Value with Migration (LUV-

Mi), which aimed to maximize the benefit of caching the 

data items by measuring a utility value for each data item 

kept in the cache as shown in Eq. (4). The data item with a 

high utility value will be kept in the cache. This policy 

introduced an additional factor affecting the decision of 

 

 

 

  

 

 

replacing a data item, which is time to life value (99:�) 
that indicates the freshness or validity of a data item. 

Moreover, it introduced the distance (;�) that calculates the 
number of hops between the requesting client and the 

responding client (data source) as a form of the data 

transmission cost [19]. 

�*�<�*=� = ���  .?� .@@A�
��

                                                        (4) 

Based on the generalized cost function proposed by Yin et 

al. (2005), Chand et al. (2009) proposed a novel cache 

replacement policy called Least Profitable Value (R-LPV), 

which based on a profit function expressed by Eq. (5). 

�B� = �� × +���������  − ���������  − ��� ×  ��������� 0 �5� 

This replacement policy divided the delay factor into three 

sub factors, which are the data access delay (��������� ), the 
cache validation delay (��������� ) and data update delay 
����������� affecting the decision of caching the data items. 
Moreover, it used the access frequency� �D� as a metric of 
the data access probability (���) representing the expected 

number of accesses to item (i) per a certain period of time. 

This aimed to maximize the total profit value for cached 

data items and it evicted an item (i) with minimum 

[PFD )�]8  value from the cache [20]. 

 

In 2010, Pant et al. used only two of previously factors in 

order to remove the item with least important value from 

the cache and to introduced a cache replacement policy for 

wireless sensors networks called item replacement policy 

(IRP) represented by Eq. (6)[21].  

   GHI� = ��� × 99:�                                                          (6) 

 In 2011, Dimokas et al. used some of previously 

described parameters and developed a cost based cache 

replacement policy for wireless sensor network. The data 

items with the greatest costs were removed from the cache 

[17]. This policy was represented as cost function as 

shown in Eq. (7). 

  cost�i� = JKLMNO�P�×   QP
RRSP       ×JP

                                                      (7) 

Finally, all of the previously described cache replacement 

policies were summarized in Table 1. 
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Table 1: The most commonly factors affecting the cache performance along with the author who used each factor in a study 

 

Decision Factors 

Authors 

Xu et al. 

(2000) 

Xu et 

al. 

(2004) 

Yin  

et al. 

(2005) 

Chand 

et al. 

(2007) 

Chand 

et al. 

(2009) 

Pant 

et al. 

(2010) 

Dimokas 

et al. 

(2011) 

Item Size()�� Yes Yes Yes Yes Yes  Yes 

Access probability �����or Access frequency ���� Used 

��� 

Used 

��� 

Used 

��� 

Used 

��� 
Used 

�� 
Used 

��� 
Used 

�� 

Update probability ����� or Update frequency ���) 
Used 

�� 
Used 

���  

Used 

���  
 

Used 

���  

 
 

Distance (;�) between the requesting client and the data 

source 
   Yes  

 
 

Data retrieval delay Yes Yes   Yes  Yes 

Data retrieval cost    Yes     

Time-To-Live value associated with each item(99:�)    Yes  Yes Yes 

 

 

3. The proposed model 

The mobile computing system for the proposed model 

mainly consists of a central server/s, which stores a large 

database and a number of mobile clients (handheld 

devices), which host limited size mobile databases as 

shown in Fig. 1. These devices may not be always 

connected to the server due to their operational constraints. 

Therefore, these devices can connect to the database server 

periodically in order to obtain their required data using one 

of two modes the base economic mode and the costly 

mobile mode. 

 

According to the previously described survey, there are 

seven factors affect the decision of caching data or request 

them from the server when required through the mobile 

networks. These factors can be categorized into two main 

categories. First, factors related to system, which are the 

data retrieval delay and data retrieval cost in addition to 

the distance between the mobile client and the server. 

Second, factors related to data, which are the data item 

size, its access frequency, its update rate and its time to 

live. The proposed model addresses the first category 

through introducing a metric called mobility coefficient in 

order to quantify the system connectivity effectiveness. 

Then, it utilizes the second category in order to optimize 

the handheld data caching. 

 

 

 
 

Fig.1Theproposed system architecture 
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3.1 Mobility coefficient 

According to system architecture, a mobile client with a 

handheld device can connect to the central database server 

either through the base mode or through mobile mode. The 

operational conditions of the mobile computing 

environment may have some obstacles that may not exist 

in non-mobile environments. In order to quantify such 

obstacles, a metric called Mobility Coefficient will be 

introduced. Based on this measure, an organization can 

decide the return on its investment in caching resources. 

Thus, mobility coefficient can be represented by an 

equation annotated by  TU as shown in Eq. (8).  

MW = JXXYDZ[X\Q ]^ _]ZD`\ _]a\
JXXYDZ[X\Q ]^ ZbQ\ _]a\                                             (8) 

According to previously described survey, there are three 

important factors affecting the connectivity between the 

handheld device and the database server either in base 

mode or mobile mode, which are data retrieval delay, data 

retrieval cost and the distance between requesting node 

and the server. As this distance was introduced as a form 

of data transmission cost, it will not be used in the 

proposed model. Moreover, [6] [8] [9] [10][11] [7] [16][12] 

illustrated that there are two reasons for the data retrieval 

delay, which are the bandwidth (transmission speed) and 

the availability of the service. Consequently, it can be 

concluded that there are three factors affecting the 

connectivity between the handheld device and the server, 

which are the data transmission cost, the transmission 

bandwidth and the service availability. Therefore, the 

mobility coefficient can be represented as a function of the 

three previously mentioned factors as shown in Eq. (9). 

TU = !cde
cdf

& × !Ug�@f
Ug�@e

& × !�he
�hf

&                                         �9� 

Where: 

• jkl: Bandwidth of mobile mode.  
• jkn: Bandwidth of base mode. 
• 'op9l: Transmission cost for the mobile mode.  
• 'op9n:  Transmission cost for the base mode. 
• ��l : Availability for mobile mode. 
• ��Z: Availability for base mode. 

According to Eq. (9), there is one positive relationship 

between the connectivity effectiveness and the ratio of 

transmission cost for mobile mode to the transmission cost 

for the base mode!Ug�@f
Ug�@e

&. While, there are two negative 
relationships between the connectivity effectiveness and 

the ratio of the bandwidth of two modes�cdf
cde

�, and the 
ratio of availability of two modes��hf

�he
�.  

Based on the value of TU , the organization can decide to 
size of the handheld cache. For systems with high mobility 

coefficient  �TU ≫ 1), the organization should invest the 
hardware of handheld devices in order to increase the 

amount of data being cached and reduce the connection to 

the server using mobile mode. While for systems with low 

mobility coefficient (TU ≅ 1�, smaller cache size should 
be considered because requesting data from the server 

through mobile mode instead of caching them will not 

affordable.  

3.2 The proposed Caching model 

In this section, a simple client side data-caching model 

will be introduced. Fig.3 shows the data flow diagram 

(DFD) of model. In the base mode, the handheld connect 

to the server to acquire the data to be cached. In mobile 

mode, it connects to the server either to request non-

cached data or to update the cached data.  

The previously described survey illustrated that there are 

four important factors related to data items and can affect 

the decision of caching a data item, which are the data 

item size (p�), its access frequency (��), its update rate (��), 
andits time-to-live (99:�). However, the value of TTLD can 
be expressed in term of update rate for each data item (UD). 
There is a negative relationship between the gain and the 

data item size and its update rate resulting in reducing the 

opportunity of caching data [18]. However, there is a 

positive relationship between the gain and the access 

frequency resulting in increasing the opportunity of 

caching. Moreover, increasing the data item size will result 

in increasing the traffic between the client and the server. 

Consequently, the proposed model aims to reduce the 

network data traffic denoted by “MXYb^wDx”, which can be 
calculated as following: 

T/y�zz�,  = [�1 −  �� ∗ p� ∗ ��] + [ � ∗ p� ∗ ��] 
= p� ∗ �� −  � ∗ p� ∗ �� +  � ∗ p� ∗ ��  

                   = p� ∗ �� +  ��p� ∗ �� − p� ∗ ��� 
                   = p� ∗ �� + +p� ∗  ���� − ���0                        (10) 

• XD: A binary caching decision variable. 
If a data item (i) is cached in base mode ( � = 1�, it will 
need to be updated periodically by the server. If it isn’t 

cached ( � = 0�, it will be requested from the server when 
required through mobile networks. 
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Fig. 2 The DFD Diagram for the system model 

 

 
As the Eq. (9) for the mobility coefficient and Eq. (10) for 

computing mobile traffic affect the decision of caching a 

data item at the handheld local memory or not, both 

equations should be integrated into one formula in order to 

introduce the final representation for the proposed model. 

This formula is denoted by weighted mobile traffic as 

follows: 

Weighted Mobile Traffic = Mobility Coefficient  × Mobile 
Traffic 

= TU ∗ �� !p� ∗ �� + +p� ∗  ���� − ���0&�
��" �              (11) 

The literature introduced an additional factor affecting the 

decision of caching data locally at the handheld or not 

which is the size of the handheld cache [15] [8] [19][10] 

[11] [20] [16] [17] [22] [13]. Therefore, Eq. (11) 

representing the proposed model should be updated to 

include the new factors as follows: 
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Total operating cost  

= [9���,-./ * Weighted Mobile Traffic] +['��ℎ,-./ ∗
 '��ℎ.���] 

= 9���,-./ ∗ TU ∗ �� !p� ∗ �� + +p� ∗  ���� −�
��"

���0&� + ['��ℎ,-./ ∗  ��  �
h
��" ∗ p��]                              (12) 

In order to minimize the total operating cost, Eq. (12) is 

differentiated with respect to  � as following: 
 

��9(*�< (I���*��� �()*�
�� ��  = 0 

��� − ��� = U�,����� 
 @y������ ∗ ¡

                  �13� 

 

The right side term of the above equation tend to be very 

small due to the great value of TU . Therefore, it is clear 
that the value of ��� − ��� is critical to decide whether to 

cache a data item into the handheld or not. Items with 

update rate higher than its access frequency should not be 

cached and vice versa.  

4. Case Study 

In order to test the proposed model validity, a set of 

Matlab functions was developed to simulate the whole 

system along with the proposed cache optimization model. 

A set of data representing a two mode handled operation 

of a food distribution company in Cairo, Egypt was 

obtained in order to test the system, as shown in Table 2. 

The company maintains its main Enterprise Resource 

Planning (ERP) database within its headquarter, where all 

the sales and distribution representatives connects their 

handheld units through a Wi-Fi-network. After that, the 

team used to connect to the ERP server in order to update 

the products, roots, orders, and customers info through 3G 

mobile network.  

 
Table 2: Default system parameter settings 

 

General parameters 

notations 
Description Default value 

 N Number of data items in the database 28 data items 

jkl The bandwidth for mobile mode 14.4 Kbps 

jkn  The bandwidth for base mode 115 Kbps 

'op9l(�9���,-./  The cost for transmitting 1GB of Data in mobile mode 10 dollars 

'op9n  The cost for transmitting 1GB of Data in base mode 1 dollar 

��l Service availability for the mobile mode 30 % 

��n Service availability for the base mode 70% 

T�£,�,��  Maximum cache size for handheld 32kB 

p� The data item size  Ranging from .78 to 10000 KB 

�� The update rate for each data item per day Ranging from 1 to 1000 times daily 

�� The access frequency for each data item per day Ranging from 1 to 300 times daily 

'��ℎ,-./ The cost of acquiring and running 1GB of handheld cache 1 dollar 

 

 

 

4.1 Using default system parameters 

In this section, the performance of the proposed model is 

investigated by using default system parameters shown in 

Table 2 and the simulation results are displayed in Fig. 3. 

According to Fig. 3, it is obvious that the proposed model  

 

 

doesn’t cache all data items but only a small subset of the 

data items whose value of cache coefficient ��� − ��� is 
less than zero. Moreover, some of the negative cache 

coefficient data items were not cached due to the limited 

size of the cache. 
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Fig. 3 The Proposed model performance using default data items’ parameter settings. 

 

4.2 The impact of increasing the cache size 

According to the proposed model, not only the data item’s 

access frequency and its update rate but also the cache size 

can affect the cache performance. In order to investigate 

the impact of the cache size on the proposed model 

performance, in this section, the proposed model is 

examined using a different cache size. The simulation 

results are shown in Fig. 4. By comparing the simulation 

results in Fig. 3 and Fig. 4, it can be concluded that 

increasing the cache size to 32GB instead of 32 KB results  

in caching all of more frequently accessed data items 

whose Cache coefficient value less than zero. Therefore, it 

can be concluded that the proposed model balances 

between caching more frequently accessed items and the 

cache size. When the cache size is limited, only the more 

frequently accessed small sized data items are cached. On 

the other hand, when a plenty of cache is available, all of 

the frequently accessed data items rare cached regardless 

their size as shown in Fig. 4. 

 

 
Fig.4 The impact of the cache size on the proposed model performance 

 

4.3 Impact of the data transmission cost 

According to Eq. (12) and Eq. (13), it can be concluded 

that not only the cache size, the data access frequency and 

update rate affect the caching decision, but also other 

factors such as data transmission cost can have an impact 

on the caching decisions. Therefore, the proposed model is 

examined with a theoretically very low transmission cost 

in order to force the right term side of Eq. (13) to have a 

positive value away from zero. The simulation results are 
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displayed in Fig. 5. The proposed model cached only the 

data items with negative cashing coefficient that has an 

absolute value greater than the caching-transmission 

weighted value shown in the right side of Eq. (13). 

5.  Conclusions 

A model for optimizing the handheld data caching in a 

dual mode environment is proposed. That model objective 

is to reduce traffic between the handheld used and the 

server. This model is based on a literature survey that 

determined the factors affecting the caching decisions, 

which are the data item size, its access frequency, its 

update rate and the cache size and the transmission cost. 

 

 

In order to evaluate the performance of the proposed 

model, a set of MATLAB functions is created to simulate 

the system and proposed optimization model. These 

functions were used along with a data set obtained from an 

Egyptian food distribution company in order to test the 

validity the system outcomes. The tests showed that the 

system was able to determine the appropriate caching 

decisions under different caching sizes and transmission 

costs.  There is a need to test the model with data obtained 

from different domains and system configurations in order 

to exploring its applicability with these configurations. 

 

 

 

.  

 

 
              Fig.6  The impact of the data transmission cost on the proposed model performance under large cache size (32GB).
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