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DEDICATION 

Wfhat you do. what you eat. what you offer in sacrifice, what you give in charity 

what yon perform for auterities. Son of Kunti, do that offering to me. 

Bhagvat-Gita 9:21 

May God grant me to speak as he would wish 

and conceive thoughts worthy of the gifts I have received. 

since He is both guide to wisdom and director of sages; 

for we are in his hemd. yes, ourselves and our sayings, 

and all intellectual and all practical knowledge. 

Wisdom 7:15-16 

Walkie-talkie is as old as Adam and Eve. We have all had one since the day we were 

able to talk. We did not have to wait for improvements brought on by years of 

research in the world of radio telecommunications. What I mean is that we have 
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time we wished. And we never had to worry that our Conunanding Officer might 

think our call unimportant, or that we were lacking in courage for consulting Him 

too frequently, or asking advice too often. 

C. Hilton 
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ABSTRACT 

Several issues have become important due to recent developments in communication 

devices and services, especially with increase in wireless and wireline devices and 

networking options. These are, congestion in area codes, number portability, need to 

support intelligent networking, wireless-wireline integration, and demand for new user 

services. For meeting the requirements needed to overcome the associated problems, 

new numbering schemes are being proposed. Such schemes would not only relieve 

the extra burden on conventional geographical area codes due to the addition of vast 

numbers of wireless units, but also provide additional implementation benefits. Such 

schemes would also make it possible to associate multiple devices with a person, and 

multiple persons with a device, while giving people the option to have a single point 

where they can define who can reach them, at what device, and at what times. The 

proposed scheme, termed Globally Unique Portable Numbering (GUPN), uses data 

compression to achieve a format which has the same number of digits as the North 

American Numbering Plan and offers easy integration into current telephone number

ing. An addressing scheme is also proposed for fixed components of communication 

systems and for reporting current locations of mobile devices. We call this the Glob

ally Unique Fixed Location Numbering (GUFLN) addressing for fixed components. 

A performance analysis of the proposed scheme is conducted in comparison with ex

isting schemes by considering the following criteria - number congestion with increase 

in number of persons and devices, amotmt of data transmitted and stored, and call 

routing and location update costs. Further studies are conducted using a queuing 

theory framework for evaluating a variety of possible database architectures with dif

ferent levels of data replication for implementation of this person-based numbering 

scheme. Delays in query and update operations are used as the performance met

rics for four such representative database architectures. The practical issues arising 
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from implementation considerations are also discussed with possible solutions. This 

scheme is expected to offer contributions towards Number Portability (NP), Wireless 

Intelligent Networks (WIN), and wireless-wireline integration. 
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Chapter 1 

INTRODUCTION 

1.1 Importance of Management in Communication Networks 

The need for communication arises to accomplish a certain task by conveying a mes

sage. Historically, communications have been done via audio and/or visual signals. 

The written text and spoken messages have found their equivalence in telephones and 

telegrams. Telegrams have been supplemented by electronic mail, hi the 1990s, web 

browsers and associated protocols have made it possible to transmit text, voice and 

images, in synchronization if needed, from one user to other. 

Another development of significemce has been mobility of end-devices which dis

play these messages. These have become portable and without tethers (wires). This 

means that the communication takes place over the air and that these devices carry 

a power source of their own. This trend started with the walkie-talkies used by law 

enforcement officials and continued with the development of cordless phones for the 

general pubUc. Convenience offered by mobility has led to widespread use of com

pletely cordless devices, which do not rely on a fixed commimication device installed 

by the user. The means for providing mobile communications have broadly evolved 

into land-based £ind satellite-based infrastructure depending upon where the interme

diate units between the end-users are located. 

Several basic needs have remained unchanged, against which the performance of 

a commimication system is determined, emd by which design of its infrastructure 

and devices is influenced. Consider for example the need for reliable, fast, unaltered 

delivery. The general issues of importance are delivery at the expected time, delivery 

to the specified person, delivery in a format or language which can be understood by 

the end-user, and the accuracy and confidentiality of the conveyed message. Thus 
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the functionality of the components of a communication system should be managed 

in such a way that it satisfies these goals. 

Network management is needed for effective operation and maintenance of the 

imits which comprise the infrastructure and also to ensure good performance. A 

definition of Network Management is that "it is the process of using hardware and 

software by trained persormel to monitor the status of network components and line 

facilities, question end-users and carrier personnel, and implement or recommend 

actions to alleviate outages and/or improve communications performance as well as 

conduct administrative tasks associated with the operation of the network [22]." 

1.2 Components of Network Management 

Network management is considered to consist of the following areas: 

Configiiration Management It consists of defining network topology, routing changes, 

bandwidth allocation adjustments, and database architectures. The OSI (Open 

Systems Interface) standards organization describes these three areas: manag

ing objects, managing states, and managing relationships [9]. 

The primary functions associated with configuration management are initial

izing and terminating resources, setting operational alarm parameters for the 

resources, collecting data during routine operation and during periods of change, 

and caiising alerts for maintenance [5]. 

Fault/problem Management This functionality looks after fault detection, fault 

isolation, faiilt tolerance, self-healing, and generation of trouble reports. The 

OSI standards describe mainly four areas: alarm reporting, event reporting, log 

control, and testing [9]. 

The main operations handled by fault management are monitoring and resolu

tion, resulting in hardware and/or software resolution. Faults may be caused 
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by connectivity errors, equipment failures, performance bottlenecks, or per

formance discontinuities. Inputs for fault management may come from other 

functionalities such as configuration management, but evaluation is performed 

under this function. Following the detection of faults, this function makes an 

analysis of inputs and determines the offending component down to some level 

of ambiguity or indiflference [5]. 

Performance/growth Management It consists of monitoring the performance 

and generating alerts as needed. OSI associates workload monitoring, soft

ware management, measurement summarization, and time management with 

this functionality [9]. 

The primary work done here involves ongoing monitoring and calculations, and 

collection of operational and health data. System sensors are an important part 

of this functionality because they form the basis of data collection. The collected 

data may be combined or aggregated to yield meaningful information. Then 

decision support function interprets the data for any action or for reporting 

purposes [5]. 

Security/access Management It looks into securing access, detecting intrusion, 

recovery, and information assurance. The three standard functions of security 

£ire: alarm reporting, security audit trail, and managing objects and attributes 

for access control [9]. 

An important aspect of security management is having knowledge about per

sons, places or things, for protection from unauthorized access or corruption. 

The following operations are associated with this functionality [5]. 

• Authentication: This is needed to verify a source for a given input, for 

example identity of a caller placing a call. 

• Access Control: It is needed to allow access only to authorized entities. 
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• Confidentiality; This ensures that information is made available based on 

need and authority. 

• Integrity: This is needed so that the received data is same as that which 

was transmitted. 

• Non-repudiation: It means that a source performing an operation can not 

deny having done that operation or revoke it without proper procedure. 

Another area of recent interest especially with web-browsers is that of Denial of 

Service. This means that no one can overwhelm the resources to prevent access 

by others. 

Accounting/cost Management This involves generating traffic usage statistics, 

billing reports, and audits. It is a function which looks at the system from the 

user's point of view for several types of usage based on time and location [9]. 

The following specific functions are managed under this category [5|: 

• Details of usage and costs. 

• Financial pleins and access codes. 

• Classifying and sorting inputs for individual users. 

• Specifications of types of services. These may be based on origin of calls, 

destination of calls, length of service, or other parameters. 

Mobility managprnpnt-. is a new area, which adds to the above. The feature of mobility 

for devices means that the location of the device changes with time. For a call to 

be delivered to a mobile device, its current location must be known to the system. 

This requires that the device should inform the system about changes in its location. 

Mobility has an impact on all the functionalities of network management described 

above. We list some examples below: 
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Configuration Management Only a limited RF bzindwidth is alloted to each ser

vice provider for communication over the air. Thus, it has become necessary 

to use the alloted frequency in an efficient manner. The current approach is to 

reuse the same frequency once sufficient distance has elapsed. Configuring the 

system in such a way is called Frequency Reuse of the bandwidth. 

Fault/problem Management In land-based mobile communications, the geograph

ical area is divided into cells. If a call is in progress auid when the device enters 

another cell, the service must go on uninterrupted. This process is called hand-

off. Handoff failures can be reported by the users as well as monitored by 

the system. Another example is of a weak RF signal which may cause poor 

reception. 

Performance/growth Management The performance of a mobile communication 

system is monitored by handoffs (as described above) and by several other 

parameters which are unique for mobile systems. Some of these are number 

of directed re-tries (when a call is asked to try another base station), peaks in 

vehicular traffic based on time (e.g. during special events like football games), 

and cross-talk from nearby RF channels. These are monitored on a periodic 

basis for good performance and for forecasting. 

Security/access Management The calling number of the device identification and 

the PIN number of the user are transmitted over the RF interface, in mobile 

communications. If these can be intercepted then another phone can be pro

grammed with these paramieters. This has been a major cause of lost revenue 

for companies because then the user gets charged for fraudulent calls, which 

ultimately are to be covered by the service provider. Other areas of importance 

to the user are confidentiality of their calls over the air and confidentiality of 

their mobility record. 
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Accounting/cost Management Mobility makes the process of accowiting more 

complex. This is due to the fact that usually one region is designated as the 

home region for the mobile user, where the cost of placing a call is minimxmi. 

The cost is usually higher in the other areas served by the same service provider, 

depending upon the service agreement. In the areas not covered by the service 

provider, roaming charges may be applied by other service providers, which 

may cost more. Thus, several categories of cost based on location need to be 

considered. 

1.3 Functionality of Mobility Management 

Mobility management is an issue of central and unique importance in wireless com

munication systems. In fixed communication networks, the number of the called unit 

is used to determine the physical location of the unit. Here, the issues that have 

received attention are routing and flow control. In mobile communication systems, in 

order for a call to be completed, the current geographical location of the unit needs 

to be determined. Hence, the management related issues of addressing, database 

architectures, and need to query and update locations arise due to mobility. 

In the schemes currently implemented, the geographical area of coverage is divided 

into sub-units called cells. The current geographical location for routing over wires is 

taken as the location of the cell where the mobile unit is currently residing. From the 

cell, the communication takes place via the RF interface. Thus, the network needs 

to be aware of the cell in which the mobile imit currently resides and should then be 

able to tell this address to the network. This aspect of mobile communication \mits 

has led to a considerable body of work in an area generally referred to as mobility 

management. 

Thus far, the approaches for mobile system management have attempted to utilize 

the same paradigm of dialed digits, which contain the location of home database of 
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the Mobile Station MS. The database, called the Home Location Register (HLR), 

is responsible for storing the current address of the Mobile Station (MS). Although 

use of this approach attempts to retain some of the benefits of fixed communication 

systems, it has significant drawbacks which come from the inherent differences in the 

management of signaling information due to mobility of MS. 

Research in mobility management is important due to several reasons. One of 

those reasons is that we would like to reduce the amount of data that is generated 

due to the need to keep the geographical location of the device known to the network. 

This has benefits of conserving the space needed to store this information and also for 

conserving the network bandwidth that is needed for transmitting this information. 

The second reason is we would like to minimize the time spent in call delivery, which 

in turn depends on time that is spent in storing, retrieving, and transmitting this 

information. These issues have become important as the number of projected wireless 

users is expected to go up, in turn increasing the traffic overhead primarily related 

to mobility management issues. 

Some important factors that determine the efficiency of a mobility management 

scheme include fewer number of times that locations need to be updated, reduced 

amount of overhead data that represents mobility related information, and efficient 

storage mechanisniis that £illow for fast storage and retrieval of this uiformation. Part 

of this strategy is based on an intelligent use of information about estimated behavior 

of the mobile unit. This mainly involves calls received and made by the mobile vmit, 

and the mobility patterns of the mobile unit. 

The concept of a person-based number is attractive due to several pressing de

mands in implementation of current wireless communication systems. Some of these 

are: sudden proliferation in number of area codes; the need for freedom from number 

changes due to changes in service provider, location, or area code; and demand for 

improved and integrated communication service for users. A global addressing scheme 

that provides a person-based number, or a lifelong number [29, 36] will address these 
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issues. The date and time of birth of a person has been proposed as a unique identifier 

of the person on a global scale [19, 20]. Based on these ideas, a new scheme, termed 

Globally Unique Portable Numbering (GUPN) is proposed. 

1.4 Contributions of this Dissertation 

The main contribution of this dissertation is that it provides a view of integrating 

wireless and fixed components of commimication systems. It provides a systematic 

way of assigning globally unique numbers to end-users and to fixed locations. It 

makes it remarkably easy for end-users to manage multiple devices by providing a 

single person-based, rather than device-based, nmnber and thus a single point for 

service management, billing, and message retrieval for all communication devices. It 

gives freedom from phone number changes caused by area code splits or due to moving 

from one area code to another. 

FVom the view point of regulatory agencies, it gives relief for the problems of 

congestion in area codes and number assignment. It provides local number portability 

to give fair competition for wireless mzirket. 

For intelligent networking, it gives a foundation to build future communication 

interfaces and to provide flexibility in linking and de-linking various communication 

devices. 

We have conducted performance analyses for implementation of this scheme. This 

systematic performance analysis provides an evaluation of this improved mobility 

management scheme for personal conmiunication networks. This analysis provides 

an estimate of signaling traffic and signaling delays, which in turn is useful for an 

efficient implementation of the proposed numbering scheme that assigns a globally 

imique portable number (GUPN) to each person for calling the devices associated with 

that person. For facilitating this analysis, we have defined the required parameters 

and evaluated the costs for the three operations associated with call delivery, location 
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update, and change of GUPN's home database. The analysis conducted here provides 

valuable insights into the efficiency of implementation of this scheme in terras of 

average search and update costs in terms of timing. 

We have also conducted a probabilistic evaluation of the cost incurred in the 

implementation of different database architectures to support a global addressing 

scheme for mobile communication systems. For the sake of illustrating the details of 

analysis and for performing quantitative comparisons of the costs involved in imple

menting alternate database topologies, we have considered Globally Unique Portable 

Nimibering (GUPN) scheme. It must be emphasized that the method of anzilysis of 

database architectures that are described can be used for the evaluation of any mo

bility management scheme. The consideration of GUPN here has been only for the 

sake of illustration of details of the analysis. Here, efficient organizations of database 

architectures that would lead to a further minimization of signaling traffic and delays 

have been examined. Our primary concern is to develop a systematic methodology for 

designing database architectures to support the implementation of mobility manage

ment schemes for future wireless networks and integrated wireless-wireline systems. 

This performance analysis is valuable for a variety of reasons; some of which are: (a) 

It gives bounds on important performance parameters when such a scheme is imple

mented; (b) It provides the means to predict which specific type of implementation 

may be more appropriate for certain application; (c) It facilitates designing optimal 

architectures for implementations. 

Finally, from the implementation stand-point, several practical issues are discussed 

and the solutions proposed. The scheme is such that it provides for an easy transition 

and integration into the existing infrastructure. 
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1.5 Outline of the Dissertation 

The rest of the dissertation is organized as follows. Chapter 2 provides an overview 

of the area of mobility management for the issues that are important for the study 

done in this dissertation, namely, wireless-wireline integration, data management, 

addressing, and area decomposition. In Chapter 3, we describe our approach to 

portable and fixed location nimibering with the basic ideas, compression methods, 

and optimizations. 

In Chapter 4 on Performance Analysis, we look at issues of how the proposed 

scheme improves nimiber congestion problem, and how compression results in smaller 

amounts of data storage emd control signals. Then, we look at how the scheme 

compares with the existing IS-41 Standard, by examining the relative costs of call 

delivery and registration. Next, we also look at how the scheme may be extended 

in several different database implementations which can possibly give rich dividends 

in terms of bandwidth and storage savings. In Chapter 5, we look at security and 

various other implementation issues. Finally, the Chapter on Conclusions contains a 

brief svraunary of the dissertation and an outline of directions for future research. 
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Chapter 2 

ISSUES OF IMPORTANCE IN MOBILITY 
MANAGEMENT 

In this Chapter, we explore four major categories of issues that are important for 

mobile systems. A good survey of various issues and technologies for mobile systems 

is contained in [11, 12]. 

For these four areas of wireless-wireline integration, data management, addressing, 

and location area design, we utilize three channels of discussion. First we describe 

the general context in which this area is introduced. Next, we discuss representative 

work done by researchers in this area and the approaches taken by them. Finally, we 

summarize the important issues for this area. 

At the end, we describe how the four areas relate to the work undertaken in this 

dissertation and how our approach will impact these. 

2.1 Wireless-Wireline Integration 

Several previous efforts at addressing mobility focussed only on appending mobile 

system components to the existing fixed communication network design. These did 

not consider a comprehensive view of the system comprising of various subimits both 

fixed and mobile. 

It is beneficial to view mobility as being built into the system, with a spectnmi 

of mobility types that are allowed. This is especially relevant as new communication 

devices are evolving in a way that makes the distinction between a wireline and 

wireless phone less definite. Examples of these are fixed wireless phones, and wireless 

phones which switch to cordless phone in vicinity of home. 
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Another area that is closely related to wireless-wireline integration is that of Wire

less Intelligent Networking (WIN) or Advanced Intelligent Networking (AIN). The 

principal thrust behind this work is to provide software support for the wireless net

work with some features for both wireless and wireline networks. This also addresses 

the need for user's ability to define all the featiu-es for all the associated devices at a 

single place and ability to retrieve messages at a single place. 

Recently, products aimed at integrating functionality of wireless and wireline sys

tems have been developed [31]. Also, lot of work is underway in Wireless Intelligent 

Networking [6] which will make it possible to enhance user services by software so

lutions. Similarly, Intelligent Peripheral (IP) software approach described in [47] is 

based on one person-multiple device approach. Here, based on user's preference, 

incoming calls can be routed to multiple access points. 

In our view, the issues that are significant to consider in wireless-wireline integra

tion are as follows: 

1. While considering and utilizing the legacy of fixed commimication systems, 

a transition should be made to a more general approach which incorporates 

mobility. 

2. The hardware and software solutions should look at a person-based approach, 

moving away from a device based view of the system. 

3. The user's point of view should be taken to facilitate better services and to 

promote ease of use. 

2.2 Data Management 

Databases are a key technology for storing, retrieving, and maintaining subscriber's 

information [16]. Data management is important in general for communication sys

tems but it has a special significance for mobile systems. Here, it is important to 
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ensure that location changes or motion do not become an impediment to initiation, 

continuation, and termination of communications [16]. Development of optimal solu

tions for the data management problems should seek to enhance the database perfor-

memce and/or to reduce signalling traffic. 

Several factors are important in management of mobility related data. We describe 

three main factors; design of database structure, design of protocols for mobility op

erations (which access these databases), and utilization of mobility and traffic profiles 

for optimal data storage. 

There are several possibilities for designing database architectures. A two level hi

erarchy is considered in [2] and several different database architectures are considered 

in [26]. A general framework for optimizing placement of databases in a tree struc

ture has been proposed in [3, 24]. The database architecture for a global mobility 

management scheme has also been studied [30, 46). 

The steps in mobility related operations are closely related to structure and loca

tion of data storage. For example, for the devices that are frequently called, direct 

pointers can be stored which bypass some of the steps in data access [23]. Another 

option is to perform some of the mobility related operations less frequently to reduce 

the load on databases [21]. 

Utilization of a user's calling and mobility patterns can also assist in finding 

efficient solutions for storage of data [38]. It is also possible for the system to adapt 

to changes in these patterns to optimize the structure of data storage for improved 

routing [24]. Another approach is to take into consideration the speed of the mobile 

users and areas recently visited by them to decide the location of data storage [44], 

Overall, data management is intricately tied with mobility in wireless systems. 

The availabiUty of data should be such that it allows for quick retrieval and call set

up. The traditional trade-off of speed vs. space is evident here since we can store 

more copies of data which will allow quicker retrieval at the expense of space, given 

that updating need not be done in real time. The following information should be 
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sought in data management: 

1. How often the data will need to be accessed and changed? This depends upon 

the mobility and calling profiles of the user. 

2. What are the mobility operations which rely on this data? This should take 

into account the steps involved in completing these operations and the data 

that is required by each step. 

2.3 Addressing in Mobile Systems 

Mobile communication systems need to handle broadly two types of naming; for 

mobile devices and users and for imits fixed in space. A very general definition of an 

address is expressed as that for a name, as follows: 

A name is a linguistic concept expressed in some language which corresponds to 

an object in some universe of discourse [7]. 

Here the domain is that of individual components of the communication system 

both fixed and mobile. The format of the address is digits or hex symbols, a string 

of which is assigned as an identifier of these components. 

Addressing has implications for different groups such as the regulatory agencies, 

the industry (mainly the service providers and infrastructiire manufacturers), and the 

subscribers. For regulatory agencies the issues are maintaining the uniqueness and 

availability of name spaces. As example is discussed in Chapter 5 where it become 

necessary to change the numbering sjrstems for computer network interfaces due to 

shortage of mmibers [10]. For industry it is important to adhere to guidelines for 

naming devices and other communication units. Some attempts have recently been 

made to provide a lifelong unique identity for mobile computer objects [7, 45], and 

for wireless devices [29]. For subscribers it is important that the addresses be easy to 

remember, easy to access, and portable. The idea of a person-based number has been 
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suggested in [36] and its potential benefits for improving communication services for 

subscribers have been studied in [47]. 

The key features for developing addressing schemes are that these should be ex

tendible, should adapt to future changes, and be easy to use. 

2.4 Location Area Design 

There are several issues of interest in designing geographical area for mobile com

munications. At present it is common to divide the area into smallest units called 

cells and then designating a group of these as a location area. The communication 

transceiver in a cell is called the base station. The conununication infrastructure in a 

location area typically consists of a switching center and databases for storing user in

formation. The communication between the end-device and base stations takes place 

via the RF interface. The user does not notify the system about a change in location 

so long as s/he is in the same location area. If the location needs to be determined 

at the level of cells, the base stations in that location area are paged by the mobile 

switching center. 

In general, it is beneficial to design the geographical communication areas such 

that signaling traffic in and out of an area will be minimized. However, a balancing 

factor is that if the area is too large the transmission costs will increase and it will 

also become difficult to manage. 

With the above introduction, the objective of this area of research can be described 

as follows: 

Identifying the optimimi way in which cells can be grouped into location areas to 

minimize the signaling load on the radio link, as well as the amount of processing and 

database transaction requirements on the fixed part of the network [8]. 

A more general view of this issue is to see how the area may be divided in locations 

of varying granularity. Generally, the shape of the area of a cell is represented as a 
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hexagon or square to facilitate an analytical framework [1]. In practice, factors such 

as terrain and speed of traffic affect the shape of the cell area. Terrain and availability 

of leasing space also affects the location of the base station within the cell, which may 

not be at the exact center. 

It is also possible to consider a soft boundary between areas i.e. having overlapping 

registration areas of various sizes, where cells may belong to more than one location 

area. This approach has been considered in [43]. 

The factors which can assist in location area design are calling and mobility pat

terns and their periodic variations. Derived factors like cell boundary crossings, vari

ations in cell residence times, and the niunber of calls are generally considered in 

conducting analyses [I]. These characteristics can also be aggregated for groups of 

users at various levels [42]. 

Another view of location area design is to take into consideration the status of the 

mobile station. This also relates to the area of query and update algorithms in data 

management. Different types of registration schemes which impact the parameters 

for optimal area design have been studied in [23]. In these, updating is done based 

on distance traveled or on the number of movements. These can also been based on 

the status of the mobile unit with regard to whether it is powered on or off. This has 

been studied in [27] for distance and area based registrations. 

The design of location area should attempt to localize calling and update traffic. It 

is important to have the granularity of the area such that it balances the transmission 

time and signaling traffic in an optimal way. 

2.5 Issues Addressed in the Dissertation 

The discussion given above points to the need for novel concepts that form the back

bone for a systematic global addressing plan. This system may be optimally tailored 

by taking into account the issues cited earlier. 
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A global addressing scheme, a person based nmnber, or a lifelong nmnber will 

address several issues of importance like number portability, single point for users for 

defining parameters and features, single point of message storage and retrieval, and 

wireless-wireline integration. This will be discussed further in Chapter 3. 

We propose em approach based on assigning a unique lifelong, geography-independent 

nmnber to a person, which is a ten digit calling number [20, 19]. This person-based 

number can have multiple devices dynamically associated with it. With this scheme, 

the dialed number will stay the same and the system will determine which end-device 

the call should go to based on the choices for end-devices offered to the caller and 

choice selected by the caller. Based on these ideas, this new scheme, termed Globally 

Unique Portable Numbering (GUPN), is developed. We also propose a fixed imit 

numbering scheme that can be used for addressing location areas at various levels of 

granularity and for reporting current location of mobile devices. We evaluate several 

database architectures to predict the performance that can be expected for mobility 

related operations for implementation of GUPN scheme. 

The impact of this work will be to make wireless-wireline integration the key 

feature of communication systems and to provide systematic addressing for persons 

and devices. The data management structme will be such that it is easy to implement 

and yet provides an opportunity to incorporate different database architectures, query 

and update schemes, and adapts to user profile. Its potential impact will be to unify 

addressing efforts and standards. This also gives the location areas at various levels 

of granularity a systematic and adaptable address. 
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Chapter 3 

GLOBALLY UNIQUE NUMBERING FOR 
MOBILE USERS AND FIXED UNITS 

A mobile commvmication system can be viewed as an extension of a conventional fixed 

system, in that the location of a device changes with time rather than being the same 

all the time. There are several persuasive reasons for undertaking a new approach 

for mobile communication systems. We begin this Chapter by describing these in 

Section 3.1. We see that it is useful to have a globally unique person-number, which 

will identify a person and contain information unique to that person. In Section 3.2, a 

person-based nimibering scheme, referred to as Globally Unique Portable Niunbering 

(GUPN), is described which meets these goals. This person-based number can have 

multiple fixed or mobile devices associated with it and is a geography-independent 

number unlike the current calling numbers of mobile devices which are linked to an 

area code. Finally, we describe motivations for and a solution for an associated issue 

of addressing fixed locations for fixed devices eind for reporting current location of 

mobile devices. This addressing scheme is termed as Globally Unique Fixed Location 

Nimibering (GUFLN). 

3.1 Motivations for a New Approach 

The primary motivations for considering a person-based mobility management scheme 

are as tbllows: 

• Congestion in area codes In the United States, only 16 area codes were added 

between 1961 to 1994. However, between 1994 to 1998, 101 new area codes 

were added [41]. This recent high growth in area codes and anticipated growth 

in the future is a strong reason for considering a new approach, because of the 
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cost it incurs for all the involved parties. This increase has been caused by 

wireless devices being assigned phone numbers based on the current area code 

system. Also, multiple devices like fax machines, pagers etc. used by a single 

person £u:e being assigned separate numbers in the current system. Assigning 

area-code based numbers to wireless phones has created a serious shortage in 

numbers, despite there being 5 numbers per person in NANP [41]. Some of the 

solutions considered so far have been to assign a separate area code for wireless 

phone numbers, as has been done in New York, or overlaying area codes [41]. 

However, these do not provide long-term solutions for this issue. 

• Local number portability (LNP) Federal Communications Commission (FCC) 

of the United States Government has mandated that wireless service providers 

should implement an ability for subscribers to keep the same phone nimiber 

when they switching to another provider. This is called Local Number Porta

bility. Currently the phone numbers are assigned to a service provider and if 

a user changes his or her service provider, a new nimiber is assigned by the 

new service provider. Thus, the user loses the previous niraiber. It incurs the 

inconvenience of notifying the change of numbers and possibility of missed calls. 

This may be a deterrent for some users for changing service providers. North 

American Numbering Council (NANC) of FCC is looking into this issue [33, 52). 

Because of FCC's time-line for implementation for LNP, it has become an ur

gent issue for indmtry [51]. Importance of this issue is aptly simmiarized by 

FCC as follows; 

Congress recognized that number portability will lower barriers to entry and 

promote competition in the local exchange marketplace by enabling customers to 

switch to a new local service provider without having to change their telephone 

numbers. Number portability permits consumers to select a local telephone com

pany based on service, quality, and price, rather than on a desire to keep a 
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particular telephone number [13]. 

• Location portability With the increase in changes in long-term addresses, the 

users are confronted with having to change their phone numbers frequently. 

This is because if a person moves to another area served by a different area 

code, the previous phone number can no longer be used by that person. A new 

phone number with a new area code is issued to the person. This makes it 

necessary for the user to inform potential callers of their number change. Also, 

they need to disconnect the old niunber and connect the new number. Only 

if the user moves within a region where the first seven digits remain the same, 

then the user can keep the same number. Thus, in general, the phone numbers 

for users are not portable in terms of location for fixed or mobile phones. 

• Freedom from area code changes As area codes change in the same region, the 

calling number changes. Changes in area codes also create a considerable cost 

for service providers. The number of additions and deletions in the directories 

can be quite significant, hi large urban areas where multiple area codes exist, 

long distemce calling is needed even when calling within the same metropolitan 

area. 

For example, for the entire state of Arizona, till 1994, there was a single area 

code 602. Then, a new area code 520 was added for areas outside of Phoenix 

metropolitan area. Recently, in March 1999, Phoenix metropolitan area has 

been assigned two additional area codes besides 602. The businesses and the 

personal users have had to change their phone numbers for the callers and also 

to republish the business stationary to keep it current. If the numbers were 

made area-code independent, these shortcomings will be eliminated. 

• Demand for new services FVom the subscribers perspective, multiple phone nimi-

bers, multiple voice and text messaging systems, and multiple authentication 
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systems like Personal Identification Nmnbers (PINs) have made it difficult to 

manage their communications. Thus it is important to address the issue of a 

user having several end-devices like voice mail and email at several destinations. 

It is desirable to have a single number to reach a mobile user which may have 

associations with several hardware devices, which may exist in different loca

tions and may vary in type of communication media, i.e., voice, data, or images. 

An increasing number of desired services, earlier available only on fixed phones, 

like call waiting, are now available on the mobile systems. 

Users are now demanding several new services which include provision of a sin

gle point for retrieving their messages from multiple devices, a single point to 

define their preferences and profile, and a single bill for payment of all their com

munication devices. Demand for this new level of user services is fast emerging 

[47, 48, 49] and thus it is desirable to take a new look at managing interactions 

of users with communication devices and service providers. 

This issue is also related to several network management fimctionalities de

scribed in Chapter 1. For example, accounting management is influenced by 

desire for a unified bill and security management functionality will need to ad

dress the issue of a unified authentication mechanism for all communication 

devices. 

• Wireless-wireline integration As diversity of communication end-devices increases, 

subscribers want a seamless system which will provide an integrated service for 

various types of wireless and fixed communication devices. This has led FCC 

to study this issue through the North American Numbering Council [34]. Here 

the issues which are unique to the wireless devices, like roaming in areas served 

by different service providers, need to be considered. Also, there have been de

velopments in communication devices which have made the distinction between 

wired and wireless devices is less definite, for example, fixed wireless phones 
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which act as a base station or cordless phones which have a long range. So, it is 

useful to consider an integrated approach which by default considers the device 

to be mobile but can accommodate several different types of terminals. 

• Wireless intelligent networks (WIN) The vision of WIN is to provide a soft

ware solution for communication services [6|. Thus, several enhanced services 

for wireless networks, like integrated call delivery and messaging, and software 

support for dual wireless-wireline devices can be made possible. A systematic 

numbering scheme will help in enhancing the implementation of WIN. 

• A globally uniform dialing process Currently, the length and prefixes for dialing 

a number vary depending on the region and country. This is due to variable 

length country codes, area codes, and local numbers. It will be beneficial to 

have a globally imiform dialing system which will give the same number of dialed 

digits from anywhere in the world, regardless of points of origin and destination. 

3.2 Current Implementation for Mobility Management 

An outline of the existing scheme for addressing of mobile units will be given in order 

to serve as a motivation for the discussion of the new scheme that will be described 

next. A summary of the acronyms used in this section is listed in Table 3.1, which 

are used later also. 

Currently the mobile units are addressed by a dual system of a Mobile Identifi

cation Number (MIN) and an Electronic Serial Number (ESN) [15], While ESN is 

a hardwsure specific number programmed in the device by the manufacturer, MIN 

IS the number used for calling the device which conforms to the local mmibering 

plan of that location. MIN is a 10 digit number with an area code for areas under 

North American Numbering Plan (NANP). This area code is same as the area code 

assigned to the geographical area where a mobile unit is registered. Worldwide geo
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graphical location codes £ire specified through the International Telecommunication 

Union (ITU), headquartered in Geneva, Switzerland, which is a unit of The United 

Nations for governments and the private sector to coordinate global telecom networks 

and services [25]. 

In general the ITU international phone numbers can be up to 13 digits long. The 

location of a mobile device is given by the address where it is registered as " home". 

As in the case of the fixed phones, the digits of the calling number incrementally refine 

the address from zone to country, from country to area (via area code) and from area 

code to the local exchange, which sends to call to the physical location, based on the 

last four digits. This physical location is a database that stores the current location 

of the mobile device and is called a Home Location Register (HLR) [4]. 

The components of an ITU number are as follows: 

Zone Code (1 digit) 4- Country Code (1-3 digits) -f National Number 

Here, the total number of digits for country code £ind national number can not 

exceed 12. 

For telephone nimibers in North American Numbering Plan (NANP), the zone 

code and the country code are identical and they are both represented by a single 

digit which is 1. The components of the numbers in NANP, which corresponds to the 

National Number in the ITU plan, are as follows: 

Area Code (3 digits) + OflRce/Exchange Code (3 digits) + Station Code (4 digits). 

It is seen that both the ITU number and the NANP number are based on physical 

location of the end-device. Currently the wireless phones are also assigned numbers 

based on the same scheme. 

Information about the user e.g. services, authentication, validation etc. are cur

rently maintained in Home Location Register (HLR) of the Mobile Switching Center 

(MSC) where the user is registered as home customer. If the user leaves this HLR, 

then the Visitor Location Register (VLR) of the visited MSC informs the home HLR 

of the new location of the user. This currently implemented system is based on the 
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IS-41 Standard [4] in which the VLR in a given area keeps track of the current location 

of mobiles for which this area is not "home". Every time the MS moves to a new area, 

an update message is sent to its HLR, so that the HLR always has the current location 

of MS in terms of its current VLR. The IS-41 standard [4] describes the architecture 

and the various protocols followed at present for mobile systems conforming to this 

standard. 

Acronym Pull Name 

MSG Mobile Switching Center 
HLR Home Location Register 
VLR Visitor Location Register 
MS Mobile Station 
MIN Mobile Identification Number 
ESN Electronic Serial Nimiber 
TLDN Temporary Local Directory Number 
ZDB Zonal Databases 
RDB Regional Databases 
DID Device ID 

TABLE 3.1. A List of Acronyms 

3.3 Globally Unique Portable Numbering (GUPN) 

It is convenient to view mobility management as a generalization of the problem of 

locating a desired network irnit or device in fixed communications systems. We take 

an approach that fixed devices like current wireline phones are a special case of com

munication end-devices and not the paradigm upon which personal communication 

services are to be based. 

3.3.1 An Integrated View of Fixed and Mobile Communication Systems 

If we look at the probability of finding a given device in a location, static terminals are 

found in only one location with probability 1. This is shown in Table 3.2. Thus, for 
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fixed devices, the location is static with respect to time. However, as a generalization, 

we would like to consider the communication devices to be mobile. 

Device No. Location Time Range Probability 

(NXX) NXX-XXXX fixed 24 homrs/? days 1 

TABLE 3.2. Fixed Commimication System 

For current mobile communication systems this concept is extended by having the 

location as a function of tune. An example of probability of finding a mobile device 

at a certain location during a time interval is given in Table 3.3. This data can be 

derived from the system by the mobility profile of the user acquired over a period of 

time or can be specified by the user as an expected mobility pattern. In Table 3.3, 

a single device (represented by a device nimiber), is present in different locations at 

different times with varjdng probabilities. 

Device No. Location Time Range Probability 

(NXX) NXX-XXXX Home 10 pm - 7 am 
Sundays through Thursdays 

0.9 

Saturdays and Sundays 0.8 
7pm - 12am 

Fridays 
0.25 

Office 8 am - 5:30 pm 
Mondays through Fridays 

0.9 

Supermarket 7 pm - 10 pm 
Saturdays and Sundays 

0.1 

TABLE 3.3. Conventional Mobile Terminal 

We extend the above generalization further by assigning a Globally Unique Portable 

Number (GUPN) to each person, who may have multiple devices associated with this 

number. For numbering the devices, although it is not a requirement to have unique 

device numbers, government regulations can be adhered to by having a globally unique 

number like the Electronic Serial Number (ESN) associated with each device. Thus, 
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we see that Table 3.4 gives the most general case. This scheme is illustrated in Figure 

3.1. 

GUPN Device No. Location Time Range Probability 

GUPNl ESNl Home 10 pm - 7 am 
Sundays through Thursdays 

0.9 

Saturdays and Sundays 0.8 
7pm - 12am 

Pri. 
0.25 

Office 8 am - 5:30 pm 
Weekdays 

0.9 

Supermarket 7 pm - 10 pm 
Satvirdays and Sundays 

0.1 

ESN2 Home 24 hours/7 days 1 
GUPN2 ESNS Home 9pm - 6am 

Sundays through Thursdays 
0.85 

ESN4 Office 24 hours/7days 1 

TABLE 3.4. GUPN System Mobile or Static Units 

There are significant benefits if we take a globally unique number and associate 

it with a person who could potentially have different devices with distinct Electronic 

Serial Numbers (ESNs). An example of a scheme to identify persons by a unique 

identification is the social security nimiber in the United States. This is a 9 digit 

nimiber which is assigned to every person living in the United States. However, this 

nimiber does not contain information about the person which will uniquely identify 

him or her. The only information that can be derived from this number is the place of 

birth or the place of first legal residence based on the first three digits. For example, 

if the first three digits are 467, this means that the person was bom in or applied 

for Social Security Number in the State of Texas. There are several other personal 

parameters such as the date and time of birth, place of birth, fingerprints etc. that 

can be considered imique for each person. One or a combination of these can be used 

for a unique identification. 

We propose the date and time stamp of birth of a person as a unique identifier 
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of the person on a global scale. We use Greenwich Mean Time (GMT) as the basis 

of globally unique time, independent of geography. We describe the essentials of this 

person-based addressing scheme that will be used as an example for illustrating the 

details of the performance evaluation scheme presented in Chapter 4. 

The date and time of birth of a person as a globally unique identifier can be shown 

as the following character string; 

YYYYMMDDHHMMSSN 

Here YYYY represents the year, MM the month, DD the day of the month, HH the 

hour, MM the minute, SS the seconds and N the number of the user bom that second. 

This permits assigning a unique niunber for a birth rate of up to ten persons born 

per second, by specifying the last digit N. This is a globally unique number since the 

current birth rate is 4 persons bom per second. Since this number will be globally 

unique amd independent of location, i.e. portable, we call this scheme the Globally 

Unique Portable Numbering (GUPN) scheme. 

lUehlM-

FIGURE 3.1. Associating Multiple Devices with a GUPN 



39 

3.3.2 Compression of GUPN - External 

If we take the date and time of birth in the full form, one will have a string of fifteen 

digits for year, month, day, horn*, minutes, and seconds 

YYYYMMDDHHMMSSN 

It is desirable to compress this Globally Unique Portable Nmnber (GUPN), which 

is 15 digits long. Ideally one may desire to have a number that is 10 digits (or less) 

in length due to the following reasons: 

1. A smaller nimiber of digits are easier to dial. 

2. It saves storage space and transmission bandwidth by storing and transmitting 

a fewer number of digits. 

3. North American Numbering Plan phone numbers have 10 digits. 

4. Ten digits are less than the niunber of digits needed to be dialed for an inter

national number. 

We illustrate the use of an idea of base conversion as a means to achieve compres

sion. Converting a nimiber from one base to another allows numbers which have a 

smaller base to be compressed if they are converted to a higher base. For example, a 

number 11 needs two digits in base 10 but only 1 digit in hex format as the character 

'B'. This decreases the number of digits but increases the range of possible values (0 

to 15 instead of 0 to 9). Another view of the same conversion is that if four bits are 

available for storing a number, using a base 10 imder-utilizes the available 16 possible 

numbers since only numbers from 0-9 are possible in base 10. We apply similar idea 

to the issue of representation of a month. If two digits are used to represent the 

month, then only the range of 0 to 11 is actually used (if months are numbered from 

0 to 11) and the range 12 to 99 is not utilized. Thus, if we utilize this available space 
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effectively or completely, we may be able to reduce the total number of digits in the 

GUPN as specified above. Some of these ideas resulted from author's earlier work in 

Optical Sciences [18]. 

As an initial adjustment, we note that instead of MMDD to represent the month 

and day in a year, we can use DDD, which is the day in a year and ranges from 0 to 

364 (365 for a leap year). The next adjustment we can make is that we convert time 

in the day from hour, minutes, and seconds to seconds in the day, which ranges from 

0 to 86399. In both of these instances, we have reduced the number of digits, while 

increasing the range of possible values of the digits. 

We display these steps for compression of GUPN in a systematic way in Table 

3.5. Here, in different compression schemes, DDD is the day in the year, SSSSS is 

the second in the day and ssssssss is 1/3'"'' of a second in a year, as we explain later. 

We observe that the original scheme has 15 digits as shown in top portion of 

Table 3.5. Here, we also see that the percentage utilization of various digits is quite 

low. Employing different schemes for compression, we see that in Compression 1, 

Compression 2, and Compression 3, we successively increase the percentage utilization 

and reduce the number of digits. 

Range of YY is taken as 0-99 to account for upper limit of human life span without 

a large number of exceptions. Range of N is based on current birth rate of 4 persons 

per second. We note that no further reduction in number of digits is possible by 

simple multiplication of upper limits of DDD, SSSSS, and N. This multiplication 

yields 126489600, which is a nine digit number and two digits of YY are added to 

it. However, if we consider that the highest eight digit number 99999999, it covers 

a significant proportion of the range of 126489600 (79.06 percent). Thus, we can 

still represent a unique nimiber if we limit N to 79.06 percent of 4 or to slightly 

over the rate of 3 persons bom per minute. This is a reasonable restriction because 

currently the penetration rate i.e. the number of users with mobile phones in the 

large metropolitan areas in the United States and other countries in the world is 



Component Range % Utilization 

Original 15 Digits 
YYYY 1880-1999 11.19% 
MM 0-11 12% 
DD 0-30 31 % 

HH 0-23 24% 
MM 0-59 60% 
SS 0-59 60% 
N 0-3 40% 

Compression 1 12 Digits 
YY 0-99 100% 
DDD 0-365 36.6 % 
HH 0-23 24% 
MM 0-59 60% 
SS 0-59 60% 
N 0-3 40% 

Compression 2 11 Digits 
YY 0-99 100% 
DDD 0-365 36.6 % 
sssss 86399 86.4 % 
N 0-3 40% 

Compression 3 10 Digits 
YY 0-99 100% 
ssssssss (N=3) 0-94867199 94.87 % 

TABLE 3.5. Compressing the GUPN 
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between 20 to 30 percent only and is projected to be in this range on a global scale 

[50]. Based on current birth rate of 4 persons per second, it allows 79 percent of 

the world population to have a GUPN. As this scheme will adapt to a much higher 

proportion of world population. Thus, as this scheme is implemented in phases, at 

the current birth rate of 4 persons per second, it will provide sufficient coverage to 

the population averaged over all birth dates and times. 

In the final step of Compression 3 given in Table 3.5, we obtain a 10 digit number 

with N= 3, which covers 75% of current birth rate of 4 persons per second. 

It must be emphasized once again that these assimiptions are reasonable given 

current penetration rates of communication devices and can be extended if needed. 

Further, a simple verification can be done using Little's law [28], which is stated as 

follows: 

N  =  X * T  (3.1) 

In Equation 3.1, if A is the rate of arrival into a system and T is the average time 

spent in the system, then N gives the nimiber of entities present in the system. 

For our case the rate of arrival is the birth rate of 4 per second and the average time 

in the system is the average life expectancy of 75 years (high by current statistics). 

We find that the niunber of persons in the world, which can be handled by the scheme 

as this form is still less than 10 billion. This is shown in Figure 3.2. 

Arrival Rate 
Average time in 
the system 75 yrs 

3 4/sec 

Average time in 
the system 75 yrs 

Average number in the system=9467280000 

FIGURE 3.2. Applying Little's Law for Average Number of Persons 

The main benefits of the GUPN scheme are: 
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1. This address is globally unique. 

2. The numbering in this scheme has a rotational nature in that the numbers will 

become free due to a typical upper limit of 100 years on human life span. 

3. The address is of fixed length and will remain so despite the growth. This is 

because some of the numbers become free and the growth depends upon the 

rate of persons bom per second and not directly on the total number. 

3.3.3 Compression of GUPN - Internal 

Externally, we are limited to using a base 10 system because the current system of 

dialing uses the digits 0 to 9. For internal storage, however, one can translate the 

number into base 16. With this, the maximum number 9994608000 translates to 

253B99D80, which has 9 hex symbols. Thus for internal storage, even with a simple 

base conversion, we get one digit less. 

With further analysis, we can see that the actual number of users at a given time 

may be less than the maximum limit of 10 billion. Thus, we can further translate 

the original 10 digit number to a smaller nimiber by doing, say, an annual audit 

and a-«isigniTig internal numbers. If the total number of current users and the users 

expected to be added in the next year is such that a hex conversion will give less than 

9 digits, then it is useful to do further compression for an internal representation. 

This can be done in the following three steps: 

1. At the end of each year, we look at current number of GUPNs in the system 

and then make an estimate of GUPNs that will be added in the next ye£ir. 

We denote the number of current GUPN subscribers by C and the number of 

subscribers expected to be added in the next year by E. 

2. Based on this estimate we have two options for internal representation: 
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(a) We can simply assign numbers starting from 1 until the number of current 

users 'C is reached. As new users are added, we can continue to assign 

further numbers till the limit of cvurent and expected users C + E is 

reached. Thus, we can assign a simple number from 1 to C to the current 

subscribers and the numbers C+1 to C+E are assigned as new subscribers 

are added over the next year. 

(b) Another method to accomplish this assigmnent is by using histogram 

equalization. Histogram equalization technique is used for efficiently dis

playing images. The values of a pixels (or picture element) in an image 

are typically such that a lot of pixels lie in a relatively narrow range of DN 

(digital number) range of the display screen, whereas relatively few pixels 

have very large or very small values. If the image were to be displayed 

as such, the contrast level will be very low since a small number outlying 

pixels will take up a large DN range. Thus, it is useful to compress the 

range of the outlying pixels and expand the range where a large number 

of pixels lie. For this purpose, a histogram of pixel values of an image is 

made and it is used for equalization to effectively utilize DN range [40]. 

For the GUPN scheme, we first draw a histogram of number of YY values 

assigned to each age group. This illustrates the number assignment without 

the equalization, as shown in Figure 3.3, where a decade of YY is assigned 

for each decade of age group, e.g. the persons in the age group of under 10 

years have the same number allocation as the persons in the age group of 

say 30 to 40. This is not an effective utilization since the number of device 

users will be much more in the age group of 30 to 40 compared to the age 

group of imder 10 years of age. 

Next, we draw the histogram of the number of users by age groups. Then, 

we add to it the histogram of ntmiber of users expected to be added in the 
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next year. Then we obtain an approximate distribution as shown in Figure 

3.4. It is useful to equalize the distribution of Figvu-e 3.3 to the distribution 

in Figure 3.4. It is not possible to do so externally since the GUPN should 

not change from year to year with change in age of a person. However, 

internal to the system we can do a mapping which will give fewer number 

of digits by considering the distribution of GUPNs by age. 

Based on Figvue 3.4, we draw a cvunulative distribution which is shown 

in Figure 3.5. Now, we can perform a histogram equalization to achieve 

a reduced numbering plan if we do a mapping such that the histogram of 

Figure 3.3 looks like the one in Figure 3.5. Here the blocks of niunbers are 

equalized by numbers of users per decade of age. For example, if the ten 

ranges of years are made so that one tenth of users lie in each range, then 

it is useful to apply say 1 digit for years rather than 2. This may result 

for example, in assigning YY to just Y internally for representing the year, 

where each of ten values of Y has one tenth of the users. Thus, in this case, 

the year information has been mapped to a single digit. This will retain 

the date and time of birth information in the internal person number, given 

a uniform mapping has been done. This ciunulative histogram which will 

modify the original histogram shown in Figiire 3.3 to the one given in 

Figure 3.5. 

3. Finally we compress this reduced number for internal representation using fur

ther base conversion to hexadecimal number. 

A lesser size needed for internal storage of GUPN will give smaller signaling traffic 

and storage. This internal mapping may be done at regiileur intervals to give an 

internal version of GUPN, say once a year. 



5 IS 25 35 45 55 65 75 85 95 
Age of Users (years) 

FIGURE 3.3. The Original Histogram without Equalization 
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401 1 1 r- —r 1 1 1 1 1 r 

Age of Users (years) 

FIGURE 3.4. Histogram of Users by Age 



25 35 45 55 65 75 
Age of Users (years) 

FIGURE 3.5. Resulting Equalized Histogram 
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3.3.4 An Example of GUPN Calculation 

If we take the date and time of birth as below: 

December 2"*', 1966 at 1:15 AM 

We start by expressing in GUPN scheme by taking two digits for the year, three 

digits for the day in the year, and four digits for hoiir and minute. Thus, we get the 

following string: 

V V  D D D  H H  M M  
66 335 01 15 

If we further convert this to the hour in the year (from DDD and HH), then it 

becomes: 

Y Y  H H H H  M M  
66 8040 15 

We next convert this time to a global time reference, the Greenwich Mean Time 

(GMT). The place of birth was in the State of Haryana under Indian Standard Time 

(1ST). 1ST is ahead of GMT by 5 hours 30 minutes. Thus, if we subtract 5 hours 30 

minutes from the time above and time it becomes: 

Y Y  H H H H  M M  
66 8034 45 

Now, if we express hours and minutes as the second in the year, by adding 

28922400 (for 8034 hours) and 2700 (for 45 minutes), we get: 

Y Y  S S S S S S S S  
66 28925100 

To have the granularity of 1/3'''' of a second, we multiply the seconds by three. 

We denote 1/3'"'' of a second by an ssssssss in the following expression: 

YY ssssssss 
66 86775300 

Now, to account for N due to which 1/3'"'' of a second can range from 0 to 179 for 

3 births per second, if we assume that this is the first application for GUPN for this 

minute i.e. for 
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December 2"'', 1966 at 1:15 AM (normalized to GMT) 

then, we add a 0 offset for assigning numbers from 0 to 179 for this minute on a 

first-come first-served basis. This offset could be up to 179 for 3 births per second. 

For example, if this was the 2"*^ applicant for this minute, we will add a 1. Thus, if 

this is the first application, the number becomes: 

6686775300 

which can still accommodate 179 more persons born in that minute anywhere in 

the world. 

3.4 Globally Unique Fixed Location Numbering (GUFLN) 

In mobile communications, the numbering of fixed components that support mobile 

communications have been frequently renumbered in the recent years. This is because 

as the number of mobile subscriber base has grown, the coverage area of base stations 

has been reduced from a few miles to a few street blocks in large lirban areas. Thus a 

numbering scheme based on simple nimieric numbering from 1,2, needs to have gaps 

or needs to be renumbered. In general, it is useful to have a systematic numbering 

for switches, transceivers, databases, £ind base stations. It is also useful to report the 

current location of a mobile unit in a consistent manner. 

In order to arrive at a location address, several factors should be considered. For 

example, we should know the density of fixed imits and devices as a function of area. 

This can be derived from the expected number of users, mobility patterns of these 

users, and the number of different service providers in the area. 

A fixed length address can be used interchangeably with GUPN, especially if it 

is of the same length as the GUPN. Currently, Temporary Local Directory Number 

(TLDN) is returned as the location identifier of a mobile end-device present in a given 

area [4]. 

A possible approach is to utilize longitude and latitude co-ordinates to assign a 
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globally unique address to a fixed point. The address of a unit based on longitude 

and latitude can be specified as follows: 

DDDMMSSDDDMMSSN 

Here, DDD, MM, and SS represent degrees, minutes, and seconds of the longitude 

and latitude respectively. N is appended at the end to allow a finer level of granularity 

than a 1 second longitude by 1 second latitude, e.g. if more than 1 devices are present 

in this area which need to assigned unique addresses. DDD for longitude has a range 

between 0 and 359 and for latitude varies between 0 and 179. MM and SS for both 

have a range between 0 and 59. . 

3.4.1 Compression of GUFLN 

It is beneficial to consider compression of location address, as it will reduce signaling 

traffic and storage requirements in databases. A factor that is useful to consider in 

GUFLN compression is that we are not limited to a decimeil system (base ten) for 

compression since this location address can be transparent to the user. Even when 

it is not transparent to the user, it does not need to be dialed using a conventional 

phone. It should be said that such an address can be used as a dialing number 

for a fixed communication device or to call a mobile device that can be considered 

temporarily stationary (or stationary with regard to its base station). If in the future, 

there is such an option to dial a location and the current phones with base 10 calling 

are used, address digits in range of 0 to 9 will need to be used. 

We can apply the base conversion from base 10 to base 16, as this utilizes all 

the bits of a single hex digit when it is stored in the computer's memory. Similar to 

the example shown in Table 3.5 for compression of GUPN, we see that the range of 

components in GUFLN is not fiiily utilized. We can use an approach similar to the 

one used for GUPN. Instead of the time domain we work in the space domain and 

the problem is two-dimensional instead of one-dimensional. 
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DDD ranges between 0 to 359 or 0 to 179, which does not utilize the full range of 

0 to 999 that is possible for a base 10 system or the range of 0 to FFF that is possible 

for a base 16 system. For the base 16 system, it utilizes slightly over 8 or 4 percent 

of the range for longitude and latitude respectively. 

DDD represent the most coarse level of addressing. If we divide DDD for longitude 

and latitude in four quadrants each, then the range will be from 0° to 89° and 0° to 

44° respectively. For longitude, DDD is twice the size of DDD for latitude. It is 

desirable to have an area that is close to a square rather than say a rectangle with 

2:1 ratio of sides. It may be easier to visualize square blocks and cities are also more 

likely to have a uniform device density defined for a square area. 

In order to make the area with almost equal longitude and latitude, we can divide 

longitude by 8 and latitude by 2. The multiple of these two dividing numbers cannot 

exceed 16, which is the limit for the numbers that can be represented by a hex symbol. 

Thus, 4 and 4, 8 and 2, and 5 and 3 are all valid niunbers by which longitude and 

latitude may be divided. In dividing by 5 and 3, we do not utilize one of sixteen (0 

to 15) possible values, but it is better than dividing by 4 and 2, where only half of 

the possible values are utiUzed. 

We consider a scheme in Table 3.6, where symbols A through J represent ten hex 

symbols in the address, each of which incrementally refines the location. A divides 

by 8 and 2, B divides by 5 and 3, and all others divide by 4 and 4. After division by 

A and B, the ratio of longitude to latitude is reduced from 2 to to a more equitable 

ratio of 0.8333. The desirable goal is a ratio as close to 1 as possible, at each level. 

We consider a second scheme in Table 3.7, where A and B divide by 5 and 3, 

and all others divide by 4 and 4. Thus after after division by A and B, the ratio of 

longitude to latitude is reduced from 2 to 0.72. 

We consider a third scheme in Table 3.8, where C and H divide by 5 and 3, and 

all others divide by 4 and 4. 

From the above three examples of compression schemes, we see that it is possible 



Address Granularity (Longitude by Latitude) 

A 45° by 90° 

AB 15° by 18° 

ABC 3.75° by 4.5° 

ABCD 0.9375° by 1.125° or 
56.25' by 67.5' 

ABCDE 14.0625' by 16.875' 
ABCDEF 3.5156' by 4.2188' 
ABCDEFG 0.8789' by 1.0547' or 

52.734" by 63.282" 
ABCDEFGH 13.1835" by 15.8205" 
ABCDEFGHI 3.2935" by 3.9551" 
ABCDEFGHIJ 0.824" by 0.9888" 

TABLE 3.6. GUFLN Compression Scheme 1 

Address Granularity (Longitude by Latitude) 

A 72° by 60° 

AB 14.4° by 20° 
ABC 3.6° by 5° 

ABCD 0.9° by 1.25° or 
54' by 75' 

ABCDE 13.5' by 18.75' 
ABCDEF 3.375' by 4.6875' 
ABCDEFG 0.8438' by 1.1719' or 

50.628" by 70.314" 
ABCDEFGH 12.65r' by 17.5785" 
ABCDEFGHI 3.1643" by 4.3946" 
ABCDEFGHIJ 0.7911" by 1.0987" 

TABLE 3.7. GUFLN Compression Scheme 2 
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Address Granularity (Longitude by Latitude) 

A 90° by 45° 

AB 22.5° by n.25° 
ABC 4.5° by 3.75° 

ABCD 1.125° by 0.9375° or 
67.5' by 56.25' 

ABCDE 16.875' by 14.0625' 
ABCDEF 4.2188' by 3.5156' 
ABCDEFG 1.0547' by 0.8789' or 

63.282" by 52.734" 
ABCDEFGH 12.6564" by 17.578" 
ABCDEFGHI 3.1641" by 4.3945" 
ABCDEFGHI 0.7910" by 1.0986" 

TABLE 3.8. GUFLN Compression Scheme 3 

to arrive at a granularity of approximately 1" square area by using ten hexadecimal 

digits. This may not always be a square area in absolute distances since a degree of 

latitude and a degree of longitude only represent the same distance on the ground at 

the equator. As we move away from the equator a degree of longitude get shorter 

and shorter until if become zero at the poles. 

In all three schemes, almost all of the ten symbols are utilize full range of 0 to F. 

This is shown for the three schemes in Table 3.9. Thus, similar to the GUPN scheme 

we find that the percent utilization of the dynamic range of 0 to F has been greatly 

increased while the nimiber of digits in GUFLN have been reduced. This results in 

lower storage and transmission costs. 

Scheme Maximimi Number Maximum Possible Number Utilization 

1 FFFFFFFFFF FEFFFFFFFF medium 
2 FFFFFFFFFF EEFFFFFFFF lowest 
3 FFFFFFFFFF FFEFFFFEFF highest 

TABLE 3.9. Percentage Utilization in GUFLN Schemes 

Once the ten digit hexadecimal address has been determined, the next step is to 
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estimate the device density that will need to be accommodated at this point. If we 

denote device density by D, then if we would like to keep the address to 10 digits, we 

will need to free up a certain number digits from the 10 hex digits. We denote this 

by d where the value of d is related to D by the expression: 

D < le'' (3.2) 

This is due to the fact that the first hex symbol to the right will yield 16^ or 16 values 

and the next one 16^ or 256 values and so on. Thus if one hex symbol is available on 

the right hand side it can be used to encode up to 16 devices with unique addresses. 

In general, d digits can be used to number devices from 1 to D. It is like using the 

number 1 to N for GUPN. 

To free up d digits from the right hand side, we can index the leftmost d digits 

in the address. These provide the most coarse description of the area. An example 

of this is given towards the end of Section 3.4.2. In general, the surface area can be 

considered at various levels of density of fixed units and an address can be assigned 

at each level. The most populated areas will have the finest level of granularity and 

thus the longest address. 

3.4.2 An Example of GUFLN Addressing 

The site of the original United Nations building in San Francisco has the following 

coordinates: 

Meridian of Longitude 122° 24' 45.1" West of Greenwich 

Parallel of Latitude 37° 46' 48.3" North of Equator 

For longitude, we take Greenwidi as the 0° reference, with east of Greenwich 

ranging from 0° to 180° and west of Greenwich from 180° to 360°, reaching 360° at 

Greenwich. 

For latitude, we take the address as 0° at north pole, 90° at the equator, going to 

a maximum of 180°. 
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Thus, to convert to the above convention, we subtract longitude from 360° and 

latitude from 180°. Then, the longitude and latitude co-ordinates are as follows: 

Longitude 237° 35' 14.9" 

Latitude 52° 13' 11.7" 

Now, we c£in use any of the three compression schemes. We use Scheme 3, which 

gives the highest utilization of the range of hex address. Then, to arrive at the first 

hex digit, we divide both longitude and latitude by 4. For longitude, this gives four 

ranges 0° to 90°, 90° to 180°, 180° to 270°, and 270° to 360°. For latitude this gives 

ranges of 0° to 45°, 45° to 90°, 90° to 135°, and 135° to 180°. This gives 16 sub-areas 

which can be represented by numbers from 0 to 15 (F in hex). We depict this in 

Table 3.10. We see that the first hex digit of the address is 9, as it specifies that the 

location is between 180° to 270° for longitude and between 45° to 90° for latitude. 

We show this process for the next digits, especially to give an example for the third 

digit where the division is by nvunbers other than 4 and 4. Subsequent digits will 

refine the location further. 

From Table 3.11, we see that the second digit in the address is 8, since the location 

is between 225° to 247.5° longitude and between 45° to 56.25° latitude. 

From Table 3.12, we see that the third digit in the address is 7, since the location 

is between 234° to 238.5° longitude and between 48.75° to 52.5° latitude. 

FVom Table 3.13, we see that the fourth digit in the address is F, since the location 

is between 237.375° to 238.5° longitude and between 51.5625° to 52.5° latitude. 

FVom Table 3.14, we see that the fifth digit in the address is 2, since the location 

is between 237° 22.5' and 237° 39.375' longitude and between 52° 1.875' and 52° 

15.9375' latitude. 

FYom table 3.15, we see that the sixth digit in the address is F, since the location 

is between 237" 35' 9.375" and 237° 39' 22.5" longitude and between 52° 12' 25.3125" 

and 52" 15' 56.25" latitude. 

FVom Table 3.16, we see that the seventh digit in the address is 0, since the 



Hex Digit Longitude Range Latitude Range 
0° to 360° 0° to 180° 

0 0° to 90° 0° to 45° 

1 45° to 90° 

2 90° to 135° 

3 135° to 180° 

4 90° to 180° 0° to 45° 

5 45° to 90° 

6 90° to 135° 

7 135° to 180° 
8 180° to 270° 0° to 45° 

9 45° to 90° 

A 90° to 135° 

B 135° to 180° 

C 270° to 360° 0° to 45° 

D 45° to 90° 

E 90° to 135° 

F 135° to 180° 

TABLE 3.10. GUFLN: Determining the First Digit 



Hex Digit Longitude Range Latitude Range 
180° to 270° 45° to 90° 

0 180° to 202.5° 45° to 56.25° 

1 56.25° to 67.5° 

2 67.5° to 78.75° 

3 78.75° to 90° 

4 202.5° to 225° 45° to 56.25° 

5 56.25° to 67.5° 

6 67.5° to 78.75° 

7 78.75° to 90° 

8 225° to 247.5° 45° to 56.25° 

9 56.25° to 67.5° 

A 67.5° to 78.75° 

B 78.75° to 90° 

C 247.5° to 270° 45° to 56.25° 

D 56.25° to 67.5° 

E 67.5° to 78.75° 

F 78.75° to 90° 

TABLE 3.11. GUFLN: Detennining the Second Digit 



Hex Digit Longitude Range Latitude Range 
225° to 247.5° 45° to 56.25° 

0 225° to 229.5° 45° to 48.75° 

1 48.75° to 52.5° 

2 52.5° to 56.25° 

3 229.5° to 234° 45° to 48.75° 

4 48.75° to 52.5° 

5 52.5° to 56.25° 

6 234° to 238.5° 45° to 48.75° 

7 48.75° to 52.5° 

8 52.5° to 56.25° 

9 238.5° to 243° 45° to 48.75° 

A 48.75° to 52.5° 

B 52.5° to 56.25° 

C 243° to 247.5° 45° to 48.75° 

D 48.75° to 52.5° 

E 52.5° to 56.25° 

F Not Utilized Not Utilized 

TABLE 3.12. GUFLN: Determining the Third Digit 
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Hex Digit Longitude Range Latitude Range 
234° to 238.5° 48.75° to 52.5° 

0 234° to 235.125° 48.75° to 49.6875° 

1 49.6875° to 50.625° 

2 50.625° to 51.5625° 

3 51.5625° to 52.5° 

4 235.125° to 236.25° 48.75° to 49.6875° 

5 49.6875° to 50.625° 

6 50.625° to 51.5625° 
7 51.5625° to 52.5° 

8 236.25° to 237.375° 48.75° to 49.6875° 

9 49.6875° to 50.625° 

A 50.625° to 51.5625° 
B 51.5625° to 52.5° 

C 237.375° to 238.5° 48.75° to 49.6875° 
D 49.6875° to 50.625° 

E 50.625° to 51.5625° 

F 51.5625° to 52.5° 

TABLE 3.13. GUFLN: Determining the Fourth Digit 



Hex Digit Longitude Range 
237° 22.5' to 238° 30' 

Latitude Range 
51° 33.75' to 52° 30' 

0 237° 22.5' to 237° 39.375' 51° 33.75' to 51° 47.8125' 

1 51° 47.8125' to 52° 1.875' 
2 52° 1.875' to 52° 15.9375' 
3 52° 15.9375' to 52° 30' 
4 237° 39.375' to 237° 56.25' 51° 33.75' to 51° 47.8125' 
5 51° 47.8125' to 52° 1.875' 
6 52° 1.875' to 52° 15.9375' 
7 52° 15.9375' to 52° 30' 
8 237° 56.25' to 238° 13.125' 51° 33.75' to 51° 47.8125' 
9 51° 47.8125' to 52° 1.875' 
A 52° 1.875' to 52° 15.9375' 
B 52° 15.9375' to 52° 30' 

C 238° 13.125' to 238° 30' 51° 33.75' to 51° 47.8125' 
D 51° 47.8125' to 52° 1.875' 
E 52° 1.875' to 52° 15.9375' 
F 52° 15.9375' to 52° 30' 

TABLE 3.14. GUFLN: Determining the Fifth Digit 



Hex Digit Longitude Range Latitude Range 
237° 22.5' to 52° 1.875' to 
237° 39.375' 52° 15.9375' 

Common Factor 237° 52° 

0 22' 30" to 26' 43.125" 1' 52.5" to 5' 23.4375" 
1 5' 23.4375" to 8' 54.375" 
2 8' 54.375" to 12' 25.3125" 
3 12' 25.3125" to 15' 56.25" 
4 26' 43.125" to 30' 56.25" r 52.5" to 5' 23.4375" 
5 5' 23.4375" to 8' 54.375" 
6 8' 54.375" to 12' 25.3125" 
7 12' 25.3125" to 15' 56.25" 
8 30' 56.25" to 35' 9.375" 1' 52.5" to 5' 23.4375" 
9 5' 23.4375" to 8' 54.375" 
A 8' 54.375" to 12' 25.3125" 
B 12' 25.3125" to 15' 56.25" 
C 35' 9.375" to 39' 22.5" r 52.5" to 5' 23.4375" 
D 5' 23.4375" to 8' 54.375" 
E 8' 54.375" to 12' 25.3125" 
F 12' 25.3125" to 15' 56.25" 

TABLE 3.15. GUFLN: Determining the Sixth Digit 
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Hex Digit Longitude Range 
237° 35' 9.375" to 

237° 39' 22.5" 

Latitude Range 
52° 12' 25.3125"to 

52° 15' 56.25" 

Common Factor 237° 52° 

0 35' 9.375" to 36' 12.6563" 12' 25.3125" to 13' 18.0469" 
1 13' 18.0469" to 14' 10.7813" 
2 14' 10.7813" to 15' 3.5157" 
3 15' 3.5157" to 15' 56.25" 
4 35' 9.375" to 36' 12.6563" 12' 25.3125" to 13' 18.0469" 
5 13' 18.0469" to 14' 10.7813" 
6 14' 10.7813" to 15' 3.5157" 
7 15' 3.5157" to 15' 56.25" 
8 35' 9.375" to 36' 12.6563" 12' 25.3125" to 13' 18.0469" 
9 13' 18.0469" to 14' 10.7813" 
A 14' 10.7813" to 15' 3.5157" 
B 15' 3.5157" to 15' 56.25" 
C 35' 9.375" to 36' 12.6563" 12' 25.3125" to 13' 18.0469" 
D 13' 18.0469" to 14' 10.7813" 
E 14' 10.7813" to 15' 3.5157" 
F 15' 3.5157" to 15' 56.25" 

TABLE 3.16. GUFLN: Determining the Seventh Digit 
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location is between 237° 35' 9.375" and 237° 36' 12.6563" longitude and between 52° 

12' 25.3125" and 52° 13' 18.0469" latitude. 

Hex Digit Longitude Range 
237° 35' 9.375" to 
237° 36' 12.6563" 

Latitude Range 
52° 12' 25.3125" to 

52° 13' 18.0469" 

Common Factor 237° 52° 

0 35' 9.375" to 35' 22.0313" 12' 25.3125" to 12' 42.8906" 
1 12' 42.8906" to 13' 0.4687" 
2 13' 0.4867" to 13' 18.0469" 
3 35' 22.0313" to 35' 34.6876" 12' 25.3125" to 12' 42.8906" 
4 12' 42.8906" to 13' 0.4687" 
5 13' 0.4867" to 13' 18.0469" 
6 35' 34.6876" to 35' 47.3739" 12' 25.3125" to 12' 42.8906" 
7 12' 42.8906" to 13' 0.4687" 
8 13' 0.4867" to 13' 18.0469" 
9 35' 47.3739" to 36' 0" 12' 25.3125" to 12' 42.8906" 
A 12' 42.8906" to 13' 0.4687" 
B 13' 0.4867" to 13' 18.0469" 
C 36' 0" to 36' 12.6563" 12' 25.3125" to 12' 42.8906" 
D 12' 42.8906" to 13' 0.4687" 
E 13' 0.4867" to 13' 18.0469" 
F Not Utilized Not Utilized 

TABLE 3.17. GUFLN: Determining the Eighth Digit 

From Table 3.17, we see that the eighth digit in the address is 2, since the location 

is between 237° 35' 9.375" and 237° 35' 22.0313" longitude and between 52° 13' 

0.468r' and 52° 13' 18.0469" latitude. 

From Table 3.18, we see that the ninth digit in the address is 6, since the location 

is between 237° 35' 12.5391" and 237° 35' 15.7032" longitude and between 52° 13' 

9.2579" and 52° 13' 13.6525" latitude. 

FVom Table 3.19, we see that the tenth digit in the address is A, since the location 

is between 237° 35' 14.1211" and 237° 35' 14.9121" longitude and between 52° 13' 

11.4553" and 52° 13' 12.5540" latitude. 



Hex Digit Longitude Range 
237° 35' 9.375" to 
237° 35' 22.0313" 

Latitude Range | 
52° 13' 0.4687" to 

52° 13' 18.0469" 

Common Factor 237° 35' 52° 13' 

0 9.375" to 12.5391" 0.4687" to 4.8633" 
1 4.8633" to 9.2579" 
2 9.2579" to 13.6525" 
3 13.6525" to 18.0469" 
4 12.5391" to 15.7032" 0.4687" to 4.8633" 
5 4.8633" to 9.2579" 
6 9.2579" to 13.6525" 
7 13.6525" to 18.0469" 
8 15.7032" to 18.8673" 0.4687" to 4.8633" 
9 4.8633" to 9.2579" 
A 9.2579" to 13.6525" 
B 13.6525" to 18.0469" 
C 18.8673" to 22.0313" 0.4687" to 4.8633" 
D 4.8633" to 9.2579" 
E 9.2579" to 13.6525" 
F 13.6525" to 18.0469" 

TABLE 3.18. GUFLN: Determining the Ninth Digit 



Hex Digit Longitude Range 
237° 35' 12.5391" to 

237° 35' 15.7032" 

Latitude Range 
52° 13' 9.2579" to 

52° 13' 13.6525" 

Common Factor 237° 35' 52° 13' 
0 12.5391" to 13.3301" 9.2579" to 10.3566" 
1 10.3566" to 11.4553" 
2 11.4553" to 12.5540" 
3 12.5540" to 13.6527" 
4 13.3301" to 14.1211" 9.2579" to 10.3566" 
5 10.3566" to 11.4553" 
6 11.4553" to 12.5540" 
7 12.5540" to 13.6527" 
8 14.1211" to 14.9121" 9.2579" to 10.3566" 
9 10.3566" to 11.4553" 
A 11.4553" to 12.5540" 
B 12.5540" to 13.6527" 
C 14.9121" to 15.7032" 9.2579" to 10.3566" 
D 10.3566" to 11.4553" 
E 11.4553" to 12.5540" 
F 12.5540" to 13.6527" 

TABLE 3.19. GUFLN: Determining the Tenth Digit 

Digit Longitude Range Latitude Range 

9 180° to 270° 45° to 90° 

8 225° to 247.5° 45° to 56.2° 

7 234° to 238.5° 48.7° to 52.5° 

F 237.3° to 238.5° 51.5° to 52.5° 

2 237° 22' to 237° 39' 52° 1' to 52° 15' 

F 237° 35' to 237° 39' 52° 12' to 52° 15' 
0 237° 35' 9" to 237° 36' 12" 52° 12' 25" to 52° 13' 18" 

2 237° 35' 9" to 237° 35' 22" 52° 13' 0" to 52° 13' 18" 

6 237° 35' 12" to 237° 35' 15" 52° 13' 9" to 52° 13' 13" 

A 237° 35' 14.1" to 237° 35' 14.9" 52° 13' 11.4" to 52° 13' 12.5" 

TABLE 3.20. Increase in Resolution with GUFLN Digits 
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Thus, the complete 10 digit address which specifies the location to the granuleirity 

of between 237° 35' 14.1211" and 237° 35' 14.9121" longitude and between 52° 13' 

11.4553" and 52° 13' 12.5540" latitude is 987F2F026A. 

It C£in be seen that the location is incrementally refined with each subsequent hex 

symbol in the address that is determined. Every symbol divides the area designated 

by the previous symbol by 16, except for 3'"'' and S"* digits, which divide the area 

designated by 2"'' and 7"^ digits by 15. This process of incremental refinement of 

address is illustrated in Table 3.20., where the first digit has the value 9 and the last 

digit has the value A. 

To arrive at an estimate of device density, we can base it on MSA/RSA (Metropoli

tan or Rural Statistical Areas) [14] or MTA/BTA (Major or Basic Trading Areas) 

type classifications. For example. New York is classified as an AAAA area, Los An

geles and Chicago are classified as AAA areas, and 13 other cities including San 

Francisco are specified as AA areas [39]. Thus, we can estimate the device density 

for San Francisco and encode it at the right hand side of the address 987F2F026A. If 

we index the address digits 98, then up to 256 devices can be uniquely numbered at 

this location from 7F2F026A00 to 7F2F026AFF. 

3.5 A Functional Architecture for Global Communications 

We take a simple approach that there is a single storage location where a GUPN record 

is stored. This location also stores information about all the devices associated with 

that GUPN. Once a caller dials a special prefix for a GUPN address (e.g. #) and the 

10 digit GUPN from anywhere in the world, this GUPN record is ultimately accessed 

and the caller is offered a list of end devices to choose from. In order to facilitate 

a simple implementation of the needed access scheme, we propose the following two 

level information storage architecture with the following two hierarchical components: 

1. Zonal databases (ZDB): Currently in ITU's numbering plan, there are nine zone 
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codes in the world. For example, 1 corresponds to North America, 2 to Africa, 

3 and 4 to Eiirope etc. [15]. To allow an easy implementation and integration 

with the existing ITU nmnbering, we design for nine different zonal databases, 

one for each zone. These zonal databases only store the address of regional 

database of the GUPN (described next), but not an actual GUPN record. 

2. Regional databases (RDB): These roughly correspond to the current area codes 

and store information about the user and the associated devices. They also 

store user-defined parameters and options available in terms of end-devices to 

each caller. Based on the choice of the caller, the call is routed to a fixed or 

mobile device or to a message center. 

This architecture is shown in Chapter 4 in Figiure 4.1, where an evaluation of its 

performance is done. This database structure lends itself easily to current scheme of 

zone and area codes where regional databases may reside at area code centers within 

each zone. As the system evolves with the efficient area decomposition, these can be 

redesigned. 
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Chapter 4 

PERFORMANCE ANALYSIS 

For an efficient implementation of the GUPN scheme, an investigation of its perfor

mance is required in order to estimate signaling traffic and signaling delays. This 

chapter first focuses on a simple analysis of this scheme for control data storage and 

transmission requirements for GUPN. Then, a simple database architectiire for stor

ing GUPN records is described in Section 4.1. The metrics of query and update 

operations are used for determining average call and registration delay. A general 

description of these is given in Section 4.1.1 and details of steps are described in 

Section 4.2. An analysis using a deterministic model for system components of this 

simple database structure is presented in Section 4.2, along with a comparison with 

equivalent cases of query and update in the IS-41 Standard [4]. 

This analysis points to the need for studying alternate database replication schemes 

for reducing costs. Four representative versions of database architectures each with 

varying degrees of information overlap are considered in Section 4.4 to support the 

implementation of the GUPN scheme for the above operations. In this analysis, the 

arrival and service times are modeled as random variables, to gain more insight into 

the system performance with more parameters that can be studied. The analyses 

done in Sections 4.2 and 4.4 offer estimates of the costs associated with call delivery 

and location update operations in order to justify the feasibility of implementation 

of this mobility management approach. 

First, we start with two preliminary factors for performance analysis, as follows: 

1. We see how this scheme relieves problems with number congestion compared to 

existing scheme. For this purpose, we look at how numbers will grow in GUPN 

and the existing scheme as number of users and devices increase. 
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2. We look at the compressed data format for mteraal storage of addresses and 

see how this will provide benefits in database storage space and network control 

signaling data. 

Number congestion In the cm-rent scheme each device is assigned a specific number 

which has an area code as a prefix. Thus, the sum total of all the numbers assigned is 

equal to sum of all the different types of devices, e.g. fixed and mobile phones, pagers, 

fax machines etc. If we denote N as the nvmiber of persons with a communication 

device (which could be shared by more them one persons) and D as the average number 

of devices each person has, then 

Total area code based ntunbers with current system = N D 

Total GUPN with proposed system = N, since GUPNs are assigned only to persons 

and not devices. 

Only a limited number of devices cm-rently in use (mainly mobile phones) have a 

Device ID (DID) like the ESN assigned to them. These ESNs are also globally unique 

since they are coded by assigning a globally unique prefix to each manufacturer and 

then allocating a block of numbers for devices made by them. Under the proposed 

GUPN scheme, all commimication devices will have an ESN whether they Me fixed 

or mobile. If we denote average number of mobile devices per person by D', then 

DIDs with the existing system = N-D' 

DIDs with proposed system = N-D 

However, we note here that the results above reflect the stage when a complete 

transition has been made to the GUPN system, when all fixed and mobile devices will 

have an ESN. During the transition, D = D', since the existing system of geographical 

code based numbers will retain its devices. 

Data storage and transmission As derived in Chapter 3, GUPN is a 10 digit long 

number. Given the number of subscribers today and projected till year 2002 [50], 

the total number of subscribers will still be less than 1 billion. This means that 
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for internal representation, GUPN can be represented by 9 digits. This is because 

whereas 10 digits c£in represent up to 10 billion imique numbers, a 9 digit internal 

representation can accorrunodate up to 1 billion subscribers. A simple method of such 

compression can be to merge two YY digits into one Y digit by internally allocating 

one-tenth of subscribers to a Y digit ranging from 0 to 9. 

These 9 digits can be further compressed to 8 hex digits. It compares favorably 

with 10 digit NANP and is only 1 digit more than even the local numbers under NANP 

for internal representation. In the proposed system, we store and transmit only the 

internal representation of GUPN, which leads to savings in storage and transmission 

costs. 

4.1 A Simple Database Architecture 

ZDB 
Zonel 

ZDB 
Zone9 

ZDB 
Zone2 

RDB 
GOPN 

(devices 

RDB 
GtJFN 

(devices) 

FIGURE 4.1. A Simple Database Scheme 

First we focus on conducting a systematic performance analysis of the simple two 

level database hierarchy shown in Figure 4.1 and described in Section 3.5 in Chapter 

3. We can then determine if we should extend the simple database structure shown 

in Figure 4.1 to a more general form for achieving savings in query costs. Such a 

problem has been studied in [3] as a general optimization problem where a database 
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hierarchy is optimized to minimize search and query costs. However, the benefit of 

limiting the hierarchy to two levels is that we can easily predict a bounded response 

time, which may not be possible to do as easily if the number of layers or nodes per 

layer changes. 

From the several possible options, we select the following specifications for infor

mation storage for a more detailed analysis. 

• GUPN record exists at a single location. This location is referred to as home 

RDB of the user. 

• Record of a device can exist at only one GUPN location. 

Theoretically, GUPN record may exist at multiple places and may contain only a 

subset of devices associated with the GUPN. 

4.1.1 Steps for Mobility Management Operations 

We now examine how such a scheme can efficiently manage two of the key operations 

in a mobile system, viz. call delivery and location update. We consider what compo

nents of the system architectmre play an important role in each operation, and what 

aspects of user profile are significant in each operation. 

When a user calls, the local regional database (RDB) is checked first to see if the 

user profile for the called GUPN exists there. If not, the call is forwarded to the zonal 

database (ZDB). If the address of the home RDB for that GUPN exists here, the call 

is forwarded to that home RDB. If the zonal database does not contain the address 

of regional database for this GUPN, then several scenarios are possible depending on 

the following implementation: 

1. If the caller has to dial the zone code as a prefix for GUPN, it is easy to route 

the call directly to that zone. 
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2. If the zonal databases contain information about address of the ZDB where 

address of regional database for this GUPN resides, then call can be routed to 

that zone. 

3. If the above two cases are not implemented, then the zonal database pages or 

queries the other eight zonal databases to see where the call should be routed 

further. 

Each of the above implementations has its advantages. The first one is easiest 

for the system to handle and taikes minimum query time since regional database and 

zonal databases do not need to be queried. However, the user must know the zone 

code of the person being called and an extra digit in address needs to be transmitted. 

In the second option, not only space is needed for storing all GUPNs outside that 

zone, but also updates need to be done regularly. In the third option, the amount of 

data stored is minimized but there are transmission and query costs to find the zone 

of the called person. To keep the user dialing minimal and to avoid having to update 

8 databases every time a user is added , we favor the third option. 

In call delivery, the first step is to locate the GUPN record. A ceill simply traverses 

the hierarchy of this two level database up until a pointer to the GUPN record is found, 

and then this pointer is followed down to the GUPN record. For location update, the 

device sends a message to the home RDB which contains the GUPN record. In call 

delivery, the first step is to locate the GUPN record. 

4.2 A General FY'amework for Analysis 

In the process of call delivery, the caller needs to access the home RDB of the called 

person. The cost of call delivery varies depending upon the relative position of caller 

and the home RDB of the GUPN being called. Thus, it is useful to study the origin 

of call arrivals with respect to the home RDB. Similarly, the costs for update depend 

upon the relative position of place of origin of update and that of user's home RDB. 
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Based on the simple database architecture, these are three cases for call delivery. 

A. Regional : When the incoming call originates from the region served by home 

RDB of the called person. 

B. Inter-Regional (same zone): When the call originates from within the same 

zone in which home RDB of called person exists, but not from the same RDB area. 

C. Inter-Zonal: When call comes from a zone which is different from that of the 

zone for the called person. 

Similarly, there are three cases for the location update. Registration is a special 

case of location update when the device first powers on in an area outside of home 

RDB. 

A. Regional : When location update comes from within the region served by the 

home RDB. 

B. Inter-Regional (same zone): When registration comes from a different region 

than served by the home RDB, though both the RDBs are in the same zone. 

C. Inter-Zonal: When registration comes from a different zone than the zone 

served by the home RDB. 

There is another operation specific to this scheme besides call delivery and location 

update. This occurs when the user requests that the GUPN record be relocated to 

another RDB, because of a permanent move. We call this Change of RDB operation. 

For this operation, there axe two cases; inter-region£il (same zone) or inter-zonal, 

depending upon whether the new RDB is in the same zone or a different zone. 

We primarily focus on call delivery and location update operations, since these 

are done in real time, whereas Change of RDB operation can be done in batches for 

several users at an off-peak hour. 

Based on the three cases each described above for query and location update, we 

define the following probabilities for origin of calls and updates. 

* Pel = probability that a call originates from same RDB area which is home for 
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called GUPN (Regional Case). 

• Pc2 = probability that a call originates from within same ZDB Eirea but different 

RDB which is home for called GUPN (Inter-Regional Case). 

• Pc3 = probability that a call originates from a ZDB area that is different from 

the zone where the GUPN record is located (Inter-Zonal Case). 

• Pa = probability that an end-device of a GUPN requesting an update is in the 

home RDB (Regional Case). 

• P/2 = probability that an end-device of a GUPN requesting an update is in the 

same zone but in an RDB different from the home RDB (Inter-Regional Case). 

• P/3 = probability that an end-device of a GUPN requesting an update is in a 

different zone than the zone of the home RDB (Inter-Zonal Case). 

We denote the corresponding costs associated with each of the above probabilities for 

call delivery and update are by Cd, Cc2, Ccz, Cn, Cj2, and C/3 respectively. 

Based on the definitions of probabilities and costs above, we can evaluate the 

average time to deliver a call, denoted by T,, and average time to perform a location 

update (or initial registration), denoted by T^, as follows; 

Tq = Pel * Ccl +Pc2* Cc2 -i-Pc3* Cc3 (4.1) 

^tt = Pii * Cii -I- P12 • C12 + Pa * Ci3 (4.2) 

F\irther, Pd, Pc2, and Pc3 as well as pji, pj2, and p^ are related as follows: 

Pel +Pc2 +Pc3 = 1 (4.3) 

Pii +Pi2 + Pa — 1 (4.4) 
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This is because the sum of these probabilities reflects all the possibilities for origins 

of calls cind updates, respectively. 

For a certain value of Pd, we can specify a proportion between pc2 and Pc3, since 

Pc2 + Pc3 = 1 - Pel (4.5) 

if we choose Pc2 such that it is 70 percent of 1 - Pd, then 

Pc2 = 0.7 * (1 - Pel) (4.6) 

and 

Pc3 = 0.3* (1-Pel) (4.7) 

For the analysis done in this Chapter, we vary the probabilities Pd for a fixed 

vdue of the parameter shown in Equation 4.6 as 0.7 and compute T, for call delivery. 

A similar analysis is done by varying pa and computing corresponding costs for Tu. 

These graphs give an indication of the effect of localization of call and update origins 

on the overall cost for call delivery and update respectively. This is the general 

framework for analysis conducted in this Chapter. 

Based on the simple database implementation shown in Figure 4.1 which has 9 

zonal databases and several regional databases under each zonal database, we describe 

the steps in call delivery and registration as below. 

Steps in Call Delivery 

We describe the steps undertaken in the process of call delivery in each of the 

three cases of call origin for the simple database scheme shown in Figure 4.1. 

A. Regional: 

1. A request is transmitted to the RDB of calling GUPN. 

2. RDB is queried to find if the GUPN record is stored here. 



3. The iiser profile is retrieved. 

4. (a) Based on the user-defined parameters, the caller is offered options for end-

devices and picks an option. 

(b) The current location of the static or mobile device is retrieved. 

5. Coimection is established between calling and called devices. 

B. Inter-Regional: 

1. A request is transmitted to the RDB of calling GUPN. 

2. RDB is queried to find if the GUPN record is stored here. 

3. A request is transmitted to the ZDB. 

4. ZDB is queried to find if the address of RDB of this GUPN is stored here. 

5. A request is transmitted to the RDB of the GUPN. 

6. The user profile is retrieved. 

7. (a) Based on the user-defined parameters, the caller is offered options for end-

devices and picks an option. This commimication takes place between two 

RDBs. 

(b) The current location of the static or mobile device is retrieved. 

8. Connection is established between calling and called devices. 

C. Inter-Zonal: 

1. A request is transmitted to the RDB of calling GUPN. 

2. RDB is queried to find if the GUPN record is stored here. 

3. A request is transmitted to the ZDB. 
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4. ZDB is queried to find if the address of RDB of this GUPN is stored here. 

5. A message is sent to the other 8 ZDBs to determine the ZDB where address of 

RDB for this GUPN is stored. 

6. Queries are performed at 8 ZBDs to find if the address of RDB of this GUPN 

is stored here. 

7. Replies are sent by 8 ZDBs to the originating ZDB about results of the query. 

8. The ZDB where the address of RDB of this GUPN exists transmits a request 

to the RDB of the GUPN. 

9. The user profile is retrieved. 

(a) Based on the user-defined parameters, the caller is oflfered options for end-

devices and picks an option. This incurs commimication cost between the 

two RDBs. 

(b) The current location of the static or mobile device is retrieved. 

10. Connection is established between calling and called devices. 

Steps in Registration: 

For location update, we make the assumption that if an MS is not in the area 

covered by its home RDB then a pointer to visited RDB is stored in the home RDB, 

and ail location updates are done at the visited RDB. Once the end-device leaves the 

visited RDB, the home RDB is updated with the new visited RDB. 

The scenarios for the steps in registration are identical to that of call delivery, 

i.e., regional, inter-regional, and inter-zonal. We describe one representative case 

of cost calculations. Other cases, which can be handled using similar arguments 

will lead to corresponding cost estimates. We describe the case of location update 

between two different zones by considering the database structure shown in Figure 4.1. 
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Registration cost reflects the case when the MS first powers on in a RDB other than 

the home RDB. Other ways of viewing this cost are to examine the cost of deleting 

previous visited RDB also. However, including the cost of previously visited RDB 

will further lead to three sub-cases for each of the three cases, depending upon the 

location of this RDB. Hence, in order to simplify the analysis, we have not considered 

the cost of deleting previously visited RDB. 

The various steps are listed as follows: 

1. GUPN and device ID from MS are transmitted to visited RDB. 

2. Visited RDB is queried to find if this GUPN record is stored locally. 

3. GUPN, device ID, and address of visited RDB are transmitted to ZDB of visited 

RDB. 

4. ZDB of visited RDB is queried to find if the GUPN record exists at any of its 

RDBs. 

5. GUPN, device ID, and address of visited RDB are sent to other eight ZDBs to 

find out which ZDB contains address of home RDB of this GUPN record which 

incurs 8 transmissions. 

6. Eight ZDBs are queried to find out if the address of home RDB of this GUPN 

record exists at that ZDB, which incurs 8 queries. 

7. Eight replies (one of them an acknowledgment) Me sent to visited ZDB, which 

incurs 8 transmissions. 

8. The home ZDB transmits the GUPN, device ID, and address of visited RDB 

to home RDB. 

9. The home RDB is updated to store visited RDB's address for this device. 
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Steps in Change of home RDB 

We look at two scenarios for a case when a GUPN record needs to be moved to 

another RDB, because the user requests the move, due to permanently relocating to 

another area: 

A. Inter-Regional (same zone): When GUPN has moved to another RDB within 

the same Zone. 

B. Inter-Zonal: When GUPN has moved to another Zone. 

A. Inter-Regional (same zone): 

1. A request for move is transmitted to the RDB. 

2. RDB is queried for the GUPN record. 

3. GUPN record is retrieved. 

4. The request for move is forwarded to the ZDB with the GUPN record. 

5. ZDB is queried to find the address of the new RDB where the GUPN has 

requested to move. 

6. ZDB forwards that request to the new RDB. 

7. The new RDB is updated to include the new GUPN profile in its record. 

8. New RDB sends an eicknowledge message to ZDB. 

9. ZDB is updated with the address of new RDB as the address for this GUPN. 

10. ZDB sends a confirmation message to delete the GUPN profile to the old RDB. 

11. Old RDB is updated to delete the GUPN profile. 

B. Inter-Zonal: 

1. A request for move is transmitted to the RDB. 
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2. RX)B is queried for the GUPN record. 

3. GUPN record is retrieved. 

4. The request for move is forwarded to the ZDB with the GUPN record. 

5. ZDB is queried to find if the address of the new RDB where the GUPN has 

requested to move is stored here. 

6. A message is sent to the other 8 ZDBs to determine the ZDB where address of 

RDB exists where the GUPN has requested to move. 

7. Queries are performed at 8 ZBDs. 

8. Replies are sent by 8 ZDBs to the originating ZDB about results of the query. 

9. The ZDB where the address of RDB of this GUPN exists transmits a request 

to the new RDB. 

10. The new RDB is updated to include the new GUPN profile in its record. 

11. New RDB sends an acknowledge message to the new ZDB. 

12. The New ZDB sends an acknowledge message to the Old ZDB. 

13. Old ZDB updates its records to delete the GUPN and address of its RDB from 

its records. 

14. Old ZDB sends an acknowledge message to old RDB. 

15. Old RDB is updated to delete the GUPN profile. 
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4.2.1 Variables Definitions 

In order to facilitate development of quantitative expressions, we define the following 

variables for analysis: 

• ai = cost of querying a RDB. 

• 02 = cost of querying a ZDB for address of RDB. 

• /3i = transmission cost to RDB. 

• 02 = transmission cost between ZDB and RDB. 

• /33 = transmission cost between two ZDBs. 

• 04 = transmission cost between two RDBs with direct connection. 

• 7i = cost of retrieving a GUPN record. 

• 72 = cost of cjiller choosing an end device and of determining location of device. 

• Si = tramsmission cost of cormection establishment between calling and called 

devices. 

• Ci = cost of updating a RDB with a GUPN record. 

• ^2 = cost of updating a ZDB with a new RDB for a GUPN. 

• ^3 = the cost of updating location in home or visited RDB. 

• ^4 = cost of updating home RDB with a pointer to visited RDB for an end-

device. 

• Pedi = probability that device i is chosen as the end device. 
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• Cedi = cost of call delivery for device i (this is contained in the parameter 72). 

Average value of 72 will depend on E (pedi * Cedi)- The parameter Cedi can be 

deterministic for a fixed device but needs to be evaluated based on the mobility 

management scheme and movement profile for an MS. 

4.2.2 Cost Calculations 

We follow the steps described above to compute the cost of each of the three scenarios 

for call delivery and for each of the two scenarios for registration: 

Costs for Call Delivery 

For call delivery, we look at three components of cost to present the analysis in a 

simplified manner: 

• Cup = cost of finding and accessing user profile. 

• Ced = cost of determining the end device and its physical location. 

• Crt = cost of routing the call to the end device. 

A. Regional We describe the first case in more detail and the other expressions are 

developed by similar approach. 

The cost Cup simply consists of one transmission to the RDB which is also the 

home RDB of the called GUPN and one retrieval operation at the home RDB to 

access the GUPN record. Thus, this component of cost is /3i + ai. 

C'up — /?! + Q!i (4.8) 

Ced =71+72 (4.9) 

In this component of cost, the elements of GUPN record retrieved after the search in 

the step above, the caller chooses one of the end-devices offered by the record, and 
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the current location of the selected device is retrieved. 

Crt = Si (4.10) 

This final component of cost is used to denote the cost of routing the ceill to the 

physical location of the end-device as determined in the previous step. 

Total cost = Q!i -f- 01 "(• Ti "I" ')'2 ^1 (4* 11) 

The total cost is obtained as a sum of all three components of costs described above. 

B. Inter-Regional (same zone) 

Cup = /?! + CKi 4- ^ 2̂ + Q!2 + 02 (4-12) 

Ced = 7i + 72 + Wa (4.13) 

Crt = (Ji (4.14) 

Total cost = 2cki -I- 0:2 + /9i + 202 "I" 204 + 71 "I" 72 (4'15) 

C. Inter-Zonal 

Cup = /?! + Oil + )32 + a2 + 8/33 + 802 + 8/33 + /32 + Q!I (4>16) 

Ctd = 7i + 72 + 20A (4.17) 

Crt = 5i (4.18) 

Total cost = 20(1 + 9o(2 + + 2/32 "f" 16/?3 204 + 7172 "I" (4-19) 

The total costs for call delivery are tabulated in Table 4.1 for the three cases where 

the caller is in the same RDB area, in a di£ferent RDB area, or in a different ZDB 
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Type Cost Cci Pci 

R Q!i + A + 7i + 72 + <^1 Pel 
I-R 2oci + 0(2 -l- /3i + 2/32 2/^4 + 7i + 72 + <^1 Pc2 
I-Z 2OL\ + 9a2 -l- A + 2/32 + 16/33 4- 2/04 + 7i + 72 + Pc3 

TABLE 4.1. Call Delivery Costs 

area. The designations R, I-R, and I-Z in Table 4.1 refer to Regional, Inter-Regional 

(same zone) and Inter-Zonal cases. 

Costs for Registration 

We follow the steps for the example of registration given at the beginning of 

Section 4.2. and show the costs in terms of the variables defined above. The costs for 

this example for various system components are shown in Figure 4.2. 

OTHER ZDBs 

OTHER RDBs 
VISITED RDB 

VISITED ZDB 
•lptw2 

HOME RDB 

HOME ZDB 

FIGURE 4.2. Illustrating Initial Registration Cost in Inter-Zonal Case 

1. TVansmission to visited RDB = 0i. 

2. Query at visited RDB = ai. 

3. Transmission to ZDB of visited RDB = 
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4. Query at ZDB of visited RDB = aa-

5. Transmissions to eight ZDBs = S*03. 

6. Queries at eight ZDBs = 8*a2. 

7. Transmissions from eight ZDBs for eight replies (one of them an acknowledg

ment) = 8*03-

8. Transmission from visited ZDB to visited RDB = 0 2 -

9. Update at home RDB to store visited RDB's address = ^3. 

Thus the total cost for registration in inter-zonal case is given by: 

= Qi + 9Q!2 + /?! -|- 202 + 16/33 + ^3 (4.20) 

The update costs for various cases are listed in Table 4.2, for one special case 

when the home RDB address is contained in the end device and the three cases when 

it needs to be determined by the system. It is assimied that home RDB will not 

transmit back to visited RDB, imless necessary. All subsequent location updates are 

done at the local RDB. 

Type Cost Qi Pit 
Info in MS 02+04+^3 Special 

R 01 + ̂ 3 P/i 
I-R Oil -f- Q!2 + /?1 + 202 -t ^3 Pl2 
I-Z ai -|- 90(2 -h0i -h 202 -|- 1603 + Cs Pis 

TABLE 4.2. Initial Registration Costs 

Costs for Change of Home RDB 

Here we denote Ccr as the cost for changing location of GUPN record. 
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A. Inter-Regional (same zone) 

Ccrl = A + Q!i + 7i + + <^2 + /^ + + /32 + ^2 + /?2 + Ci 

= ai + Qr2 + A + 4/^ + Ti + 2^1 + ^2 (4-21) 

B. Inter-Zonal 

Ccr2 — + Q!l + 7i + /32 + Q!2 + 8/^3 + 8Q2 + S03 + /32 + Cl + /'a + ̂ 2 

+ 0 3  + ^ 2 +  0 2 +  

= Qfi + 9Q!2 + /3i + 4/^2 + 1703 + 7i "I" 2^1 + 2^2 (4.22) 

Change of RDB cost are listed in Table 4.3, for inter-regional and inter-zonal cases. 

Type Cost 

I-R ai + oc-i + 01 + 4/32 + 7i + 2^1 + ^2 
I-Z Qi + 9a2 + 0\ + 4/02 + 17/33 + 7i + 2^i + 2^2 

TABLE 4.3. RDB Change Costs 

In order to conduct the cost analysis for different scenarios, we use the expressions 

for costs listed in Tables 4.1, 4.2, and 4.3 with probabilities Pci and pk for each case 

of call delivery and location update, except for the special case in Table 4.2, where 

the address of the home ROB is stored ui the MS. 

4.2.3 Representative Values of Parameters 

In order to analyze the costs for search and update, we estimate representative values 

of the various parameters in terms of the time taken for each operation. For the 

databases, we do an analysis as follows; 

Database Query and Update: For Zone I (North America), we estimate the pop

ulation as 300 million persons. Considering the upper limit of population uti

lizing this scheme as the percentage of wireless users in large U.S. urban areas 



(35 %), we estimate that about 100 million GUPN-RDB combinations will be 

stored here. We estimate about 20 bytes of data to store one GUPN-RDB 

combination, leading to an estimated memory size of 2 Gigabytes. If we use 

main-memory databases [37], then for a 100 MHz machine, we can perform 1 

comparison in 1 micro second. If the GUPNs are stored in a sorted form, we 

can do a binary search which may take about 30 comparisons. Thus, we can 

estimate the time to be 30 micro seconds. For the RDB, we estimate the users 

to be about 10 million. This is based on the upper limit on the number of 

users that an area code can support in the U.S. with a 7 digit niunber. The 

data for GUPN record will store a person's profile as well as the profile and 

location of each device. We estimate this data to be about 200 bytes. Thus the 

memory requirements are the same as that of a ZDB, since the number of users 

is an order lower but the data per user is an order more. For illustration, we 

estimate the time to locate a record also to be 30 micro seconds. Since both 

search and location update operations will involve locating the GUPN record 

using a binary search, we estimate 30 micro seconds for all database query £ind 

update operations. 

Transmission Costs: For the nine zonal centers in the world, we estimate the av

erage distance between them to be 7500 miles. In each zone, we estimate the 

distance between ZDB and its RDBs to be 2500 miles. In each RDB, we esti

mate the distance between an MS and RDB to be 250 miles. Thus, based on the 

time to transmit over these distances, we find /^> ^ to be 1.33, 13.33, 

and 40 milliseconds respectively. The transmission cost between two RDBs, /34, 

is assigned the value of ^ or ^ based on the specific case being considered. 

Cost Assignments: Comparing the timings above, we assign the values 1, 10, and 

30 to 02, and respectively. Then, relative cost for database operations is 

approximately 0.25. 
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4.3 Discussion of Results 

300 

+ pc2 = 0.9*(1-pc1), pc3 = 0.1*(1-pc1) 

2501- pc2 = 0.7*(1-pc1),pc3 = 0.3*(1-pc1) 

.... pc2 = 0.5*(1-pc1), pc3 = 0.5*(1-pc1) 

200 

(O o 
O 
•g 150-
(0 0) U) 

lOttr 

50 

+ 

gi I I I I I I I L 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Prob. of caller being in home RDB of callee (pel) 

FIGURE 4.3. Search Cost as a Function of pd 

The simulations are done by varying Pd from 0.1 to 0.9 for search cost and pa 

from 0.5 to 0.9. The parameter pn has a smaller range because if most updates are 

outside the home RDB, then it is beneficial to relocate the GUPN record to another 

RDB through Change of RDB operation. We use Equations 4.1 and 4.2 and substitute 

expressions from Tables 4.1, 4.2, and 4.3 to compute average call delivery and location 

update times. The results are shown in Figures 4.3 and 4.4, where we vary relative 

proportion of Pca and pn from 90, 70, and 50 percent, as described in Equations 4.6 

and 4.7. 
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FIGURE 4.4. Update Cost as a Function of pu 
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We observe three trends in the results. Since these trends are the same for call 

delivery and location update operations, we describe the trends for location update 

only, which also hold for call delivery. 

1. The update cost decreases as pn increases. This agrees with the expected result 

since pn + pt2 + P/3 = 1, and cost associated with pn (probability of update 

coming from the same region) is the lowest of the three costs. This further gives 

us the insight that if the regions were designed such that a large percentage of 

updates come from within the region, the overall cost will be lower. 

2. For a given value of pn, we see that if the proportion of pn relative to p/3 

is higher, the overall cost is lower. This is because the cost associated with 

updates within the seime zone are lower than inter-zonal updates. Here also we 

see that if the zones were designed such that the percentage of updates within 

the zone are maximized compared to inter-zone updates, the overall cost will 

be lowered. 

3. The third phenomenon that we observe is that the separation between the three 

curves decreases as pji is increased. This is caused by a combination of the above 

two factors. As pa increases, the term pn + Pn decreases. Theoretically the 

three curves will meet at p/i = 1, since in this case p/2 + p/3 will become zero 

and hence the proportion of pj2 + P/3 is not relevant at this value. Also the 

three curves will be farthest apart at the other extreme value of pu = 0, since 

the effect of the proportion of pi2 + pis is most enhanced here as pj2 + pj3 = 1. 

For the RDB change cost, we evaluate the cost as 42.5 and 554.75 respectively in 

the inter-RDB and inter-ZDB cases. The cost for the special case of location update, 

when home RDB address is contained in the MS, is 16.25. 
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4.3.1 Comparison with the IS-41 System 

For obtaining a greater insight into the efficiency provided by the present scheme, a 

comparison with the existing IS-41 system for call delivery cost can be done. First, 

we describe the general steps taken for call delivery and registration. 

Call Delivery 

The following steps are undertaken for call delivery operation: 

1. MSG of calling device determines the HLR of the called device from the MIN 

of the called device. 

2. MSG transmits the request for connection to the HLR. 

3. HLR determines the current VLR of the called MS and forwards the request to 

that VLR. 

4. VLR routes the request to the serving MSG of the called MS. 

5. Serving MSG returns a TLDN to VLR. 

6. VLR forwards it to HLR, which sends it to calling MSG for call set-up. 

Registration The following steps occur due to an incoming or outgoing call, or by 

autonomous set-up. 

1. An MSG detects a roaming MS and sends a message to its VLR. 

2. VLR sends a request to the HLR of the MSG. 

3. HLR sends a cancellation message to the previous VLR of MS. 

4. Previous VLR removes the MS from its records and returns an acknowledge 

message to the HLR. 

5. HLR sends a message to new VLR which conveys it to the MSG. 
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The procedure for location update in the case of IS-41 Stand£ird is essentially a subset 

of the proposed system, since for each of the mobile devices the next steps to arrive 

at its actual physical location are identical. 

For the existing IS-41 Standard, there is no equivalent for the Change in RDB 

operation. This is because if a user moves permanently in the current system to an 

area with a different area code, a new phone nvmiber is given with the local area code. 

For the process of call delivery, we make the following assimiptions and designa

tions for performing a comparison of costs: 

1. A HLR or VLR is taken to be equivalent to an RDB for purposes of cost analysis. 

2. Though transmission costs can vary quite a bit, they are represented by the 

same variables as in the analysis above. 

3. Cost of determining an HLR from the MIN of the device is denoted by a separate 

variable, since it does not apply to the new scheme. We denote this variable by 

C/i/r-

4. We denote the cost of retrieving record of the called MS from its HLR as 71'. 

This is same as 7i (cost of retrieving a GUPN record) except that it is a record 

of the device itself rather than GUPN record. 

5. We denote the cost of determining the location of called MS from its HLR as 

72'. This is same as 72 except that user is not offered any options for devices. 

6. We denote the cost for call delivery by Cat-

We consider costs in the two cases where the called MS has the same HLR as the 

caller and where it has a different HLR. 

Intra-HLR 

Cat = A + + 7[ + 72 + <̂ 1 = ai + /?i + 7i + 72 + (4.23) 
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Inter-HLR 

Ccd = A + ai 4- Chir + + 0^1 + 71 + 72 

= C'/i/r + 2ai + A + + 7i + 72 + <^1 (4.24) 

The cost for call delivery is higher in this scheme compared to the IS-41 scheme, 

as more steps are to be performed to offer the choice of devices to the user. 

4.3.2 Motivations for Extending the Analysis 

From these results it is seen that the cost of call delivery and update for inter-zonal 

case is significantly higher, compared to inter-regional and regional cases. This is 

observed from the curves which are farther apart where pd/pa is low, and also when 

Pc3/P/3 has a higher ratio compared to Pc2/p/2- Thus, it is useful to look into alternate 

architectures for databases, since these figures show the need to reduce the inter-RDB 

and inter-ZDB costs. 

An alternate approach can be to replicate the databases, e.g by making each 

ZDB a global database (GDB) containing all GUPN-RDB combinations for all zones. 

Further, if we replicate GDBs, so that there are three GDBs per zone, we can reduce 

inter-RDB cost. However, when a GUPN's home RDB changes, we will need to 

update twenty-seven GDBs instead of one ZDB. The tradeoff that the value of RDB 

change cost may go up can be somewhat eased by the fact that RDB changes need 

not be done in real time, and thus may be done in batches at various periods. Also, 

it may be useful to address the problem of area decomposition, so that an optimal 

decomposition that lowers the overall cost of the various operations may be sought 

[32]. 

In general, we should explore the possibility of using alternate database archi

tectures for reducing costs. There exists however a great degree of flexibility in the 

implementation of database architectures with different levels of replication to sup

port such person-based numbering schemes. 
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One can make the following extensions for a more efficient unplementation of the 

person-based numbering scheme and for conducting performance evaluations of these 

implementations: 

1. Different database topologies can be considered to support implementation of 

the mobility management scheme. Three representative versions of database 

architectures supporting the implementation of the GUPN scheme for the above 

operations can be considered, each with varying degrees of information overlap, 

as shown in Figure 4.5. 

(a) Global Replication - each region has full record of all GUPNs for which it 

is home and address of the home RDBs of all GUPNs in the world. 

(b) Zonal Replication - each region has the full record of all GUPNs for which it 

is home and address of the home RDBs of all the GUPNs in the seune zone. 

In addition, each zone has a global database which contains addresses of 

home RDBs of all GUPNs in the world. 

(c) Regional Replication - each region has the full record of dl GUPNs for 

which it is home. In addition, each zone has a zonal database which 

cont£uns addresses of home RDBs in its zone only, but also contains the 

zone number of all GUPNs outside its zone. 

2. The arrival and service times can be modeled as rzindom variables. A repre

sentative analysis could include an additional parameter with probabilities (e.g. 

Pel) Pc2) and Pcs) for arrivals and modeling the service pattern m a more general 

way rather than it being a fixed parameter. 

3. The queuing model used in this work can be specialized for many cases where a 

simplified model e.g. M/M/1 or M/D/1 may be appropriately used to describe 

specific call completion and update processes. Such an analysis can give more 

insight into the system performance with more parameters that can be studied. 



Global Replication 

home GUPN records 
and 

worldwide GUPN addr. 

Zonal Replication 

woridwide GUPN addr. 

home GUPN records 
and 

zone GUPN addr. ^ 

Regional Replication 

zone GUPN addr. 
and 

Other GUPN zone no. 

home GUPN records 

FIGURE 4.5. Various Database Schemes for GUPN 
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4.4 Alternate Database Replication Schemes 

Once again, we focus on the two operations, call delivery and location update, as 

before. An outline of the method of analysis is given to indicate the differences. 

A simple database structure with two hierarchical components was shown in Fig

ure 4.1. These two component databases are described in more general form for 

studying different replication schemes. 

1. Zonal databases (ZDB): A database containing addresses (partial or full) of a 

GUPN records. This is regardless of the data replication scheme used. For the 

work done using a simple two-level hierarchy, the ZDBs only store the address 

of RDBs (described below) where information about the user resides. However, 

they may store information about RDBs of their zone only or for RDBs of other 

zones also depending on the replication scheme used. 

2. Regional databases (RDB): A database containing GUPN records located in a 

region. This is regardless of data replication scheme used. RDBs only store the 

information about the user and the associated devices. In addition, depending 

upon the replication scheme used, they may store the address of home RDBs 

of GUPNs outside of their region. 

Towards the goal of developing more efficient implementations of mobility man

agement, four implementations of the GUPN scheme each with varying degrees of 

information overlap, can be considered. These are shown in Figures 4.6, 4.7, 4.8 and 

4.9. In these figures, L^, L^, Lr-z, L«-z, Lr-r are used respectively to denote links to 

a ZDB from within the zone, to a RDB from within the region, from RDB to ZDB 

of its zone, from one ZDB to another, from one RDB to another RDB in the same or 

a different zone. 

1. Centralized System - each zone has only one ZDB and no RDBs. This is shown 

in Figure 4.6. 
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2. Global Replication - each region has the full record of all GUPNs for which it 

is the home and address of the home RDBs of £ill GUPNs in the world. This is 

shown in Figure 4.7. 

3. Zonal Replication - each region has the full record of all GUPNs for which it is 

the home and address of the home RDBs of all the GUPNs in the same zone. 

In addition, each zone has a global database which contains addresses of home 

RDBs of all GUPNs in the world. This is shown in Figure 4.8. 

4. Regional Replication - each region has the full record of all GUPNs for which it 

is home. In addition, each zone has a zonal database which contains addresses 

of home RDBs in its zone only, but also contains the zone number of all GUPNs 

outside its zone. This is shown in Figure 4.9. 

Zone GUPN records 

and 
Other zone GUPN addr. 

ZDB 

FIGURE 4.6. A Centralized Database Replication Scheme 

4.4.1 Steps for Mobility Management Operations 

For the three mobility management operations, call delivery, location update(including 

initial registration), and change of RDB, we make the following assumptions; 

• Since change of RDB operation does not need to be done in real time, for our 

analysis, we do not include change of RDB traffic. 
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home GUPN records 

and 

worldwide GUPN addr. 

RDB •r-r 

FIGURE 4.7. A Global Database Replication Scheme 

Other zone GUPN addi 
ZDB 

Lr-

Home GUPN records 
and 

Zone GUPN addr. 

Lr-r 

FIGURE 4.8. A Zonal Database Replication Scheme 



100 

Zone GUPN addr. 

and 

Other zone GUPN zone 

ZDB •z-z 

r-r 
Home GUPN records 

FIGURE 4.9. A Regional Database Replication Scheme 

For overall location update (including initial registration), we denote a param

eter R,, which is the ratio of query to update, i.e. how many queries are done 

per unit time compared to number of location updates done per unit time. 

For call delivery, we compare the cost from the point of call origination till the 

user has selected one of the end devices and the location of this end device is 

retrieved from the home RDB of its GUPN. From then on, it is like the existing 

scheme for the IS-41 Standard [4], where, current location of the selected device 

is followed till the call is completed. 

For location update, we make the assumption that if the mobile device or station 

is in the area covered by its home RDB, then a pointer to visited RDB is stored in 

the home RDB, and all location updates are done at the visited RDB. Once the 

end-device leaves the visited RDB, the home RDB is updated with the address 

of new visited RDB. It is assimied that home RDB will not transmit back to 
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visited RDB, unless necessary. Change of RDB cost can now be calculated for 

the cases when RDB changes within the zone or outside the zone. 

• It is feasible that if a user is visiting another RDB, the devices that are locally 

resident may be offered as a choice to callers within the same RDB. It is also 

possible to download the entire customer record from the home RDB, when 

initial registration takes place. However, we assume that these two are not 

done and make the simplification that for initial registrations, the RDB just 

forwards a message to the home RDB of GUPN that the end-device is cmrently 

located at its address. 

ROB 

Other zone GUPN addr. 

Home GUPN records 
and 

Zone GUPN addr^^^-

Home GUPN records 
and 

Zone GUPN addr. 

RDB 

FIGURE 4.10. Illustrating Call Delivery Cost in Inter-Zonal Case 

For an illustration of a sample operation, the steps for call delivery when the 

home RDB of the callee is in another zone, are shown in Figure 4.10. These steps are 

numbered in the sequence of occurrence. Each of the steps is explained below for its 
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corresponding number: 

1. The request to call the GUPN is transmitted to the RDB. 

2. A query is made for the called GUPN at the RDB and it determines that this 

RDB is not home RDB for this GUPN. 

3. Request to find the home RDB is transmitted to the ZDB. 

4. A query is made at the ZDB which finds the address of the home RDB for the 

called GUPN. 

5. The address of the home RDB of the called GUPN is transmitted to the caller's 

RDB. 

6. A query is again made at caller's RDB to match and store called GUPN's home 

RDB. 

7. A request for the call is directly transmitted to the home RDB of called GUPN. 

8. A query is made at home RDB of called GUPN to retrieve the GUPN record 

and to see what options for end-devices will be offered for the c£illing GUPN. 

9. The choices of end-devices are transmitted back to the caller's RDB. 

10. A query is again made at caller's RDB to match the offered choices with called 

GUPN's record. 

11. The choices for the end-devices are transmitted to the caller. 

12. The caller transmits the choice for the end-device to the RDB. 

13. A query is again made at caller's RDB to match the selected choices with called 

GUPN's record. 
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14. The selected choice for the end-device is transmitted to the home RDB of called 

GUPN. 

15. A query is made at the home RDB of the called GUPN which retrieves the 

current location of the end-device. 

Steps 1, 11, and 12 traverse the link Lr, steps 3 £ind 5 traverse the link Lr-i, and 

steps 7, 9, and 14 traverse the link Lr-r- The queries at the RDB of caller are done 

in steps 2, 6, 10, and 13 and those at callee's RDB in steps 8, and 15. ZDB is queried 

in step 4 to determine the location of RDB outside of zone. 

4.5 A Fi'amework for Analysis 

4.5.1 A Queuing Model 

A probabilistic model, similar to the one used in [30], can be specified for performing 

a comparison of various schemes, as follows. 

1. There are basically two types of components in the system, databases or servers 

and transmission links. Server and link utilization factors for each component 

can be derived from the rate of generation of the two operation and the fraction 

of these that are processed by a component. 

2. The wEiiting time for each component is derived based on the assimied form of 

the queuing model e.g. M/G/1, from the component utilization factors. If we 

denote U as the utilization factor for a server of a transmission link and the 

waiting time by W, then W is related to U as follows: 

"' = 27(1  ̂

Here, U^, represents the utilization factor where 2^ moments of processing or 

transmission times are used instead of 1'^ moments or averages. 
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3. Processing time for each operation can now be determined for each component. 

4. Typical values are determined for each step in the operation. Some variables 

will have more than one value depending upon the specific case, e.g. the call 

termination distance. 

5. The expression for overall cost Cd or Cu in terms of time is computed based 

on the steps needed for completing that operation, which involve the different 

components. 

6. The overall time for query and update operations is then computed, as given in 

equations 4.1 and 4.2. Costs for update operations have further components de

pending upon the location of a preAaously visited database, which are described 

next. 

7. For each of the two operations we can now plot the time taken as probability 

Pel (or Pa) is varied for a certain proportion factor between Pc2 and Pc3. 

The probabilistic analysis outlined above provides an alternate mechanism for evaluat

ing the implementation of the mobility management scheme for GUPN with different 

versions of database architectures. In particular, this analysis serves to compare the 

merits of the different implementations in terms of the performance metrics chosen 

here, viz. time to complete call delivery and location update. 

4.5.2 Additional Variable Definitions 

In addition to the variables defined in Section 4.2, it is necessary to define additional 

variables, primarily since we are using a queuing model. These are described as 

follows; 

• A,, Au are the average arrival rate of queries and updates to a single global 

database. 
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• Pr, Pz, /?£ are the utilization factors for an RDB, ZDB, and a unidirectional link 

(specific for each link), respectively. 

• Wr, Wj, Wf, describe the waiting times for processing on a RDB, ZDB, or for 

transmission on a unidirectional link (specific for each link), respectively. 

• T„ Tu are average times for a query to be processed from origination of a call to 

user selecting an end-device and for an update, respectively. A general express 

for these is given in Equations 4.1 and 4.2. 

• TZ) tr, Ti-fi, T[-z are average signaling delay in transmitting to-ZDB from 

within the zone, to home RDB from within the region, to another RDB within 

the same zone, and to an RDB in a different zone, respectively. 

• Tsei is the time taken by the user to select one of the offered choices. 

• X,, X^, X„, are used to denote averages and second moments of the time 

required to process a query (q) or update (u) at a database (RDB or ZDB). 

• Y„ Y^, Yu, are used to denote average and second moment of the time 

required to transmit a query (q) or update (u) on a signaling link. 

• Nz, Nr denote the total number of ZDBs and the total number of RDBs, re

spectively. 

4.5.3 Cost Calculations 

For call delivery, we consider the operation until the point that user has selected 

one of the end-devices and its location has been retrieved. For location update, we 

consider the operation until the home database has been notified of the address of 

the visited database. 

We will list the various costs that can be evaluated for the four different schemes. 

Costs C{3-i and 0(2-2 given below for updating in Centralized Scheme within home 
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ZDB, represent the cases where the previously visited ZDB was home ZDB Ct2-i or 

another ZDB C/2-2. Costs Qa-i and C/3_2 represent similar costs for an inter-zonal 

update. We also describe an example of cost calculations for the cost Cc2 for the 

centralized scheme. 

Centralized Scheme 

We look at the components of cost Cc2 in Equation 4.26 above to see how this cost 

expression is derived. For a call delivery in the centralized scheme the link to the zonal 

database is traversed three times which accounts for the component -^Yq+T,). 

This is because first the call is sent to the ZDB, then a list of choices for end-devices 

are sent from the ZDB and finally a selection made by the caller from this list is 

again sent to the ZDB. There are two queries at the ZDB, which account for the term 

2 * (Wi + Xq). These are done when the GUPN record is retrieved the first time and 

then to retrieve the location of the selected end-device. Finally, Tsei represents the 

time taken by the user to choose an end-device from the list of offered choices. The 

weiiting times Wj and W^, are derived from the utilization factors for the ZDB and 

for the link to the ZDB. A general relation between these is given in Equation 4.25 

emd specific expressions are given in Section 4.5.3. 

Cc2 = 3 * + r,-f r,)-f 2 * (ly,-h A:,) (4.26) 

Cos = Cd + 3 . (vn + jf,) + 3 . (n't... + K, + Ti-,) (4.27) 

Ca-1 = Wi. + K + n W, + X. (4.28) 

Ct2-2 — Ca-i + + yj, + Tj-a + Wt + Xit (4.29) 

Ci3_i — Ca-i + + W, + A"# (4.30) 
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Ciz-2 = Ciz-.\ + + Ti_j + IVj + Xu (4-31) 

For the other three schemes, some of the costs have the seime expressions, though 

the computed value will vary due to the waiting times being different. These expres

sions are listed below and then the expressions specific for each scheme are listed. 

Costs Qi-i, Qj_2, and Cu-z given below represent the location update cases where 

the previously visited RDB was home RDB (C/,_i), another RDB in the same zone 

{Cii-2), or another RDB in a different zone (Cn-a). 

Cci  =3*  + 7v) + 2 * (Wr + ̂ q) "f" Tsei (4.32) 

Cli-l = + Y^+Tr + Wr-^Xu (4.33) 

Cli-2 = C12-I + Wr + X.u + Ku + rj_r (4-34) 

Cii-3 = C12-2 + — Ti_r (4.35) 

For the above two expressions, i in Q,_2 and C/j_3, represents 1, 2 and 3 for all three 

cases of updates. 

Global Replication Scheme 

Cc2 = Cci + 3 * {Wr + Xq)  + 3 » + Tj-r) (4.36) 

Cc3 ~ Cc2 + Tt_i — Tj_r (4-37) 

C12-1 = Cti-i + W r + X ^t + -I- Ju + r,-r (4.38) 

Cl3-1 = C12-I + Tj.j — Ti-r 

Zonal Replication Scheme 

Cc2 = Cci +3 • (w; -l-X,) +3 • {Wc^.,+Y,+Ti.r) 

(4.39) 

(4.40) 
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Cc3 = Cc2 + Wr + X, + W,+X, + 2*iWL^_^+Y,+T,) (4.41) 

C/2-1 = Cil-l + + Xu + ̂ Lr-r + ^ + Ti-r (4-42) 

C/3_i = C/2-1 + 2 * -f Va + Tx) ->rWz+ Xq-'rWr X.u,-\- Tj-j — Tj-r (4.43) 

Regional Replication Scheme 

Cc2 = C,i+4*(V^; + X,) + W^. + X<, + 2*(H^L.-.+n + ̂ ^) 

+3*(iy^_ + y, + ri_,) (4.44) 

Cc3 = Cc2 + 2 * (vn + X,) + 2 * (W^L,., + K, + ri_,) + 3 * (r._, + r^.,) (4.45) 

CI2-I = CN-I + 2 * (VV; + XU) + 2 * (VVY^,_. + + r,) + W,-\-X, 

+WL^.r+yu+ri.r (4.46) 

C/3_1 = CJ2-L + 2 * (WI 4- Xq)  + 2 * (W^IX-, + + TT-Z) + TJ-J — TJ-R (4.47) 

Component Utilization Factors This method of analysis and the results of evaluation 

are based on evaluating the cost expressions as above and substituting waiting times in 

these expressions. These waiting times are calculated from the component utilization 

factors using the general expression in the Equation 4.25. 

The query and update arrival times for network components in different replication 

schemes are computed with reference to a hypothetical single database for the entire 

world, which has query and update arrival rates of A, and Au. Its utilization factor 

Pc is taken to be 0.9 for this global database. This is given by the expression: 

Pc= 2 *  X q *  X q +  X u *  X ^  (4-48) 
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This accounts for the fact that there are two queries per call delivery and one database 

update per location update. Also since Rj is the ratio of A, and A^, for a fixed value 

of Ry, and for Pc equal to 0.9, we can calculate A, and A^. Then corresponding rates 

for a zone and region are obtained by dividing these by Nj and Nr, respectively. 

Centralized Scheme 

= 0.5 * (3 * A, * y, + A« * (4.49) 

As an example of calcxilating a component utilization factor, we describe the process 

for computing /?£,,. The factor of 0.5 accounts for the fact that we look at a flow in 

a unidirectional link whereas the expression above takes into account flow in both 

directions. For each query that is processed the link is traversed three times, to 

transmit called GUPN, to receive the offered choices for end-devices, and to send the 

selected choice. The factor 3*Xq*Yq accounts for this flow of data over the link. For 

an update to occur, it is just sent once over the link, which is represented by the term 

Au * K in the expression above. Finally, we divide by a factor Nj because A, and 

Au are defined as arrival rates for one global database. For Nj zonal databases, the 

arrival rates are shared by these N, databases. Thus, these are divided by a factor of 

Ni for a consistent evaluation. 

Pj = ((2 -I- 3 * Pcs) * A, * X, + (1-1- pi3 + pi3 * ppr) * A« * X^)/Nz (4.50) 

= (3 * Pc3 * A, * y, + (p/3 -I- Pb * P p r ) * K *  y u ) / N :  (4.51) 

For rest of the three schemes, utilization factors and ^LT-T ^^^e the same 

expressions. These are listed below and then the utilization factors specific for each 

scheme are listed. 

^Lr = 0.5 * (3 • A, * r, -h Au * Yu)/Nr (4.52) 

0Lr-r = (3 » (Pc2 -I- Pcs) » A, • + (p/2 + Pa) • (1 + Pfir + Ppiz) *K* Yu)! (4.53) 
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Global Replication Scheme 

Pr = ((2 + 3 * Pc2 + 3 * Pcs) » Aq * X, 

+(1 + (p/2 + Pis)  * (1 + Ppir + Ppiz))  *  K*  ̂ u)/  (4.54) 

Zonal Replication Scheme 

Pr = ((2 + 2 * Pc2 + 4 * Pea) * X q * X q  

+ (1 + PJ2 + 2 * Pi3 + {pi2 + Piz)  *  {Ppir + Ppiz))  *  *  ̂ u) /(4.55) 

Pz = (Aq * Pc3 + Xu* Pa) * Xg/Nr (4.56) 

0Lr-,  = ( \  *Yg*Pc3 + K*Yu* Pa)/Nr (4.57) 

Regional Replication Scheme 

pr =  ( ( I + 2 * ( p c 2 + P c 3 ) ) * 2 * A ,  

+{pil  + 3 * (pi2 + Piz)  » (1 + Ppir + Ppiz))  *  Au * Xu)/Nr (4.58) 

Pr = (A, * (Pc2 + 3 * Pes) + Au * (Pc2 + 3 * pa))  * Xg/Nr (4.59) 

= 0.5 » (A, * y, * 2 * (Pc2 + Pea) + A„ * * 2 * (pn + Pi3))/Nr (4.60) 

= 2 * (Pc3 + Pa) * (A, • y, + A« * Yu)/Nr (4.61) 

From these component utilization factors, the waiting times for each component 

are computed using the expression in the Equation 4.25 and then these are substituted 

in cost e:q)ressions derived in Section 4.5.3. 
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4.5.4 Representative Values of Parameters 

We assume that pu = Pci for i =1, 2, and 3. This assumption is based on the fact 

that the probability of a call coming from the same region or zone can be taken as 

approximately the same as an update coming from same region or zone. We ignore the 

parameter Tsei since this is of the order of few seconds, whereas the rest of the query 

operation is of the order of tens or hundreds of milliseconds. Also, this does not have a 

direct relationship with the utilization factors of various system components and thus 

can be added directly to the query cost if needed. We assimie exponential distribution 

for processing times for query and updates on transmission links and databases, so 

that their second moment can be calculated as twice the square of the first moment 

(average). For the centralized scheme, in order to conduct a fair comparison with the 

other three schemes, we assimie that the probability of query/update coming from 

the same zone is equal to the smn of probabilities that for other schemes are defined 

as probability of query/update coming from same region and &om same zone. 

Average database processing times for query and update are taken to be 5 mil

liseconds and to be 10 milliseconds respectively. Average query or update processing 

time for a transmission link is taken to be 12.5 milliseconds [30]. The nimiber of zonal 

databases is t£iken to be 9, corresponding the current number of zones in ITU plan. 

The number of regional databases is taken to be 30 per zone. The transmission times 

to a ZDB or to another RDB in the same zone are taken to be 13.33 milliseconds. 

The time to transmit within a region and outside the zone are taken to be 1.33 mil

liseconds and 40 milliseconds, based on distances which are approximately one-tenth 

and three-times. 

First to compare the four schemes, we fix the probability Pc2 to be 70% and 50% 

of (1-Pci)) as discussed earlier. We take the query to update ratio to be 20 and Pp,r 

wd Ppi2 probabilities to be 20% and 10% respectively. These results are plotted in 

Figures 4.11, 4.12, 4.13, and 4.14. 
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Next to see the effect of varying Kg, we take Pd to be 0.7, and vary Rg from 5 to 

50, in steps of 5. These results are plotted in Figures 4.15 and 4.16. 
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FIGURE 4.11. Average Query Cost for the Ratio PC2/PC3 = 0-5 

4.6 Discussion of Results 

FVom Figures 4.11, 4.12, 4.13, and 4.14, we see that for Global, Zonal, and Regional 

replication schemes, the curves show a linear decrease as Pci/Pti increases. This is 

to be expected as the costs Cd and c^i for query and update within the region are 

lower than those for outside the region and outside the zone. So, as the proportion of 

the queries and updates from the same region increases, the overall cost goes down. 
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FIGURE 4.12. Average Query Cost for the Ratio PC2/PC3 = 0-7 
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We observe similar trends when Pc2 has a higher proportion compared to pc3, for a 

given Pel, the cost are higher. This is due to the fact that costs Cd and c^2 for query 

and update within the zone £u:e lower than inter-zone costs Cc3 and c^a. So, as the 

proportion of queries and updates from the same zone increases relative to those from 

outside the zone, the overall cost is lower. 

Another interesting point to notice from Figures 4.11, 4.12, 4.13, and 4.14 is 

that the separation between regional rephcation scheme and the global and zonal 

replication schemes is far higher than between global and zonal replication schemes. 

Overall, regional replication incm-s the highest cost of the three replication schemes. 

All three schemes converge at the same point, since here Pd is equal to 1 and so there 

are no queries or updates generated from outside the region. 

The costs for the centralized scheme show somewhat different performance com

pared to the above three schemes. This is partly due to the fact that the query and 

arrival rates are divided by N, which is equal to 9, compared to Nr which is equal to 

270. Also, the trsmsmission costs to ZDB in centralized scheme are significant even 

for operations in the same ZDB. Thus, as pci/pji approaches 1, the query and update 

costs for centralized scheme become greater thzm for other schemes. 

In Figures 4.15 and 4.16, we see that the effect of varying the ratio of query to 

update is not very significant. This may be due to the fact that dividing the arrival 

rates, by and by Nr, makes the effect of R, less pronounced. If, however, we con

sider different values for average query and update processing times for ZDBs/RDBs 

in different schemes, due to different number of records, the effect will be more ap

parent. 

Analyses of implementation feasibility of GUPN scheme have been conducted 

using a deterministic model for system components of a simple database structure 

[20, 19] and also by employing queuing models for several representative database 

replication schemes. These analyses provides a valuable tool for determining network 

nrnwiagpiTiftnt requirements in the implementation of a person-based number scheme. 
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Chapter 5 

IMPLEMENTATION ISSUES 

It is beneficial to look at potential issues which may arise as the GUPN scheme is 

deployed, especially since it makes a transition from a location and device based 

addressing approach to a location-independent person-based scheme. An issue of 

central importance is to see that who will issue and administer the GUPN numbers. 

We address this issue with a possible solution in Section 5.1. Next, we consider the 

fact that we would like the current systerh to continue to function while this scheme 

is phased in. For this purpose, we look at examples of IP addressing and location-

independent addressing and propose possible solutions for GUPN scheme in Section 

5.2. The GUPN scheme places the onus of authentication on the identity of the person 

rather than the device. We look at how in this communication network, in which the 

devices are generally considered to be mobile, device and location identifiers can aid 

in identification of the person. This is covered in Section 5.3. Finally in Section 

5.4, we look at some other issues that are likely to arise in implementation of GUPN 

scheme. 

5.1 Decentralization for Issuance of GUPN 

In order to maintain the global uniqueness of GUPN, there needs to be a central 

number issuing authority that ensures that the number has not been allocated al

ready. After allocating the number it should also regulate to keep that number off 

the list of available numbers, unless the number becomes available again due to special 

circumstances. 

A global agency modeled like the North American Numbering Council can ad

minister the issuance of GUPN. However, if GUPN requests per area are known, the 
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issuance of GUPN c£in be decentralized by assigning a subset of 180 numbers per 

minute. We outline such an approach to GUPN allocation as follows: 

Since 180 numbers can be assigned for a single minute, we could distribute these 

niunbers to 9 ITU zones, based on birth rates. For describing this approach, we first 

list the ITU zone codes by region as follows: 

Zone Zone/Coimtries 

1 USA, Canada, Caribbean 
2 Mexico, Central America, South America 
3 Europe 
4 Europe 
5 Africa 
6 Australia, New Zealand, Oceania 
7 Commonwealth of Independent States 

(States of former Ukrainian Soviet Socialist Republic) 
8 Asia 
9 Asia 

TABLE 5.1. ITU Zone Codes 

Thus, based on past experience of issuance of GUPN in each zone, each zone 

could be assigned a range of numbers between 0 to 179. The zone assigned to the 

user should be the zone in which the user was bom rather than other locations like 

current residence or citizenship, since these may change with time. 

A possibility is to derive the proportion of the range of numbers for each zone 

based on the proportion of population in that zone. Thus, the range of GUPNs 

assigned per minute to each zone can be derived as given in Equation 5.1. 

_ population in zone , . 

" world population * 

The population of the world by major areas is given in Table 5.2, for a total 

population of 5.9 billion in 1998 [35]. 

Based on Table 5.1, Equation 5.1, and Table 5.2, we may derive the range of 

GUPN for each zone from 1 to 179. This range has the the units of 1/3*''' of a second. 
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Continent Population in 1998 (in millions) 

Afirica 761 
Asia 3363 
Europe 798 
Latin America 507 
Near East 166 
North America 301 
Oceania 30 

TABLE 5.2. World Population by Continents 

These are given in Table 5.3. Here we have taken the population of CIS (zone code 

7) to be 283.7 million and thus the population of Europe (zone codes 3 and 4) comes 

to be 514.3 million. Population of Near East as listed above is considered with Asia 

(zone codes 8 and 9). 

Zone Zone/Countries Range of GUPN 
(Nos. per Minute) 

1 USA, Canada, Caribbean 0 to 8 
2 Mexico, Central America, South America 9 to 23 
3 and 4 Europe 24 to 39 
5 Africa 40 to 62 
6 Australia, New Zealand, Oceania 63 
7 Commonwealth of Independent States 

(States of Former 
Ukrainian Soviet Socialist Republic) 

64 to 72 

8 emd 9 Asia 73 to 179 

TABLE 5.3. GUPN Ranges by Zone Codes 

This scheme offers the foilowing implementation benefits; 

1. It decentralizes the GUPN allocation by zone. 

2. It encodes additional information about the user, i.e. the zone of birth into the 

GUPN. 
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3. The length of GUPN remains unchanged. 

Some zones like zones 8 and 9 have a large range. These could be further sub

divided for countries with large population e.g. India and China in this case. 

In general, the zones need not conform to ITU zone code designations. The 

geographical designations can be derived based on the areas by number of GUPN 

issuances. Theoretically, each country can be assigned 1 of the 180 digits. However, 

this will not be efficient due to different population sizes and birth rates in different 

coimtries. 

Continuing the example for GUPN listed in Chapter 3, we see that the GUPN 

will have an offset of 73 added to it in the final step instead of 0. This is because 73 

is the the first number in the range of zones 8 and 9. This assumes that it is still the 

first application in that zone. This extension to the GUPN and the GUFLN scheme 

also will be presented in [17]. 

5.2 IVansition from the Current System 

We consider an exeimple which has made it necessary in the past to transition to a 

new system and also look at two examples of location-independent addressing. We 

then look at the issues eind possible solutions for transition from the current system 

to the GUPN scheme. 

5.2.1 An Example of l̂ ansition: Internet Protocol (IP) Addresses 

We consider an example of transition in numbering plans in the internet domain. IP 

version 4 (IPv4) defined the address to be a 32 bit number, which had a hierarchical 

structure [10]. It designated three classes of computer addresses; classes A, B, and 

C. Class A had the ability to support largest number of computers, class B had a 

medium ability and class C had the smallest number of computers that it can support. 
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These 32 bits are represented as four 8 bit numbers, which are written as follows for 

a sample address: 

195.222.132.192 

The left most numbers were assigned by the nxmiber issuing authority and the 

lower niunbers were assigned by the local network administrator, to distinguish be

tween computers on the network. 

This created a problem similar to the one encovmtered for area codes where 10,000 

numbers were assigned to every exchange, regardless of need. Here, people requested 

class B addresses even though in some cases the needs could have been met by class 

C addresses [10]. This caused Class B nvunbers to be exhausted. Then, for class B 

requests, multiple class C blocks were issued. 

Since this was not an effective solution, a new version of IP addressing (IPv6) was 

introduced. This increased the length of addresses to 128 bits. Consequently, this 

increased the data size to four times that of am IPv4 address. The transition, however, 

did accommodate the previous scheme, by allowing IPv4 compatible numbers to be 

a subset of IPv6 numbering plan, with a special prefix. 

IPv6 also allows network interfaces to be individually addressed, which could be 

more than one on the same computer. With IPv4 also, the computers could have more 

than one IP address but IPv6 makes it more explicit. An exeimple IP v6 address could 

be as follows: 

1000:2000:3000:4000:5000:6000:7000:8000 

Here, sometimes the leading zeros are suppressed and one sequence of four zeros 

(0000) can be represented by :: in place of:, to save space. 

5.2.2 Examples of Other Location Independent Addresses 

We also mention the example of toll-free numbers and URLs, since both of these are 

location independent addresses. The toll-free numbers in the US were given a special 
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location-independent area code of 800. For some time this functioned well and the 

term toll-free number had become synonsonous with 1-800 number. However, recently 

it has become necessary to add (888) and (877) codes also to the toll-free category, 

since this area code could not meet growing demand for toll-free numbers. 

URLs are not exactly equivalent to the GUPN scheme becatise they are based 

on alphanumeric characters and do not have a fixed length. Thus, they do not have 

the same limitations even though they require an internal translation to a location 

address. 

5.2.3 Transition from ITU Ntimbering to GUPN 

One of the goals of the GUPN scheme has been to keep the current system of dialing 

almost the same with minimal changes. In light of the examples discussed above, 

we next outline the important issues in trzuisitioning from current numbering plan to 

GUPN. 

Dialing 10 digits With the increase in area codes in some U.S. metropolitan areas, 

it has already become necessary to dial £irea codes for local calls, i.e. a 10 digit 

number. Also, for mobile phones, when they leave the home area code, it is 

necessary to dial a 10 digit number for all calls including those in home area 

and visited area. Thus, the transition from user perspective in dialing 10 digit 

number is not a lot, given all the benefits in being able to reach multiple devices 

associated with the same person. 

An option for nations could be to create a mirror directory for the GUPN 

internal to the country. For example, in the United States a 7 digit number 

will accommodate up to 1 billion users. Thus, a 7 digit dialing number could 

be used within the United States and translated to a global GUPN number for 

international calls. The 7 digit number, for example, could start with a * prefix 
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instead of say a # prefix, which can be used for the 10 digit GUPN number. 

Then either the 7 or 10 digit address can be used internal to the coimtry. 

Merging GUPN with Current Numbers The current system can easily coexist 

with GUPN scheme. An option for this is to have a unique prefix (say the # 

character) for the GUPN. Thus, if the number translator in the system sees 

a # symbol it goes through the procedures outlined in Chapter 4 to arrive at 

a physical location of an end-device. Otherwise it can route the calls accord

ing to the cmrent system directly to a physical location. In this manner, the 

current location-based device numbers could continue to function without any 

interruption. 

Future Extensions GUPN is a completely geography independent number. In the 

future if the 10 billion numbers that it provides are found to be insufficient, an 

extra digit can be added which will cover up to 100 billion numbers. This can 

be done in one of the following ways: 

• We can eidd the extra digit as a suffix to 10 digit GUPN. Thus, it would 

cover 1800 persons bom per minute, instead of 180. This can be gracefully 

added on the existing scheme by continuing beyond 180 to 1800. 

• We can add a zone code as a prefix to the GUPN. This will make GUPN 

slightly geography dependent. However, it will not impact the benefits of 

GUPN significantly. In this case, the user must know the zone code of the 

person being called and an extra digit is transmitted for the address. But 

it reduces the lookup for the zonal database since the call can be directly 

routed to the appropriate ZDB. 
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5.3 A Functional Architecture for Security Management 

For regulating use of system resources, the system needs to authenticate the sub

scriber. 

The three parameters that can be used to uniquely identify a mobile user internal 

to the system in the GUPN scheme are as follows: 

1. GUPN (Globally Unique Portable Number): The GUPN is absolutely essential 

to identify a person as it is the means of addressing a person in the communi

cation network. 

2. GUESN (Globally Unique Electronic Serial Number): Each wireless device is 

already assigned a globally unique Electronic Serial Number (ESN). We extend 

this to all fixed and mobile devices by putting a hex prefix before ESN that can 

be used to identify type of a device, e.g. 0 for wireless phones, 1 for fixed phones, 

2 for wireless fax etc. We call this number Globally Unique ESN (GUESN) for 

all fixed and mobile commimication devices. Since the GUESN is trainsmitted 

with GUPN it can be used in conjunction with the GUPN for identification. 

The system can check if the GUESN is for a device which is commonly used by 

the subscriber. 

3. GUFLN (Globally Unique Fbced Location Number): The Globally Unique Fbced 

Location Number tells the current location of the device which the subscriber 

is using. It could be used to see if the location is such that the subscriber is 

expected to be present here. 

Thus, the combination of GUPN, ESN, and GUFLN can be used by the system for 

identification. In general, a light authentication can be used if the GUPN is correct, 

the GUESN is of one of the expected devices, and GUFLN indicates a location where 

the user or this device is commonly located. This is because all of these show increased 

likelihood that the user himself or herself is on the phone. 
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We propose a user-defined authentication mechanism, which is specified by the 

user at the start of the service. Such a flexible approach is better since the user can 

specify the profile s/he expects and then the system can assist in enforcing authenti

cation level desired by the user based on this profile. We explain this through some 

examples: 

1. A user could mostly be wanting to commute within one or two cities within a 

state. Also, this user may be using one mobile device all the time which s/he owns. 

Thus, in this case the user may want to choose a strong authentication scheme if 

the system is accessed with this GUPN from outside these locations or from another 

mobile device. 

2. A corporate traveler may be frequently going to several different locations 

around the globe and renting communication devices at these locations. Thus, though 

the user can specify some of the expected locations or devices, the user may prefer 

a light authentication scheme at all times because of using devices with different 

GUESNs (e.g. renting one at the airport) and also because of calling from several 

different locations. 

5.3.1 Components of Authentication 

Any time the user registers or requests a service, the GUPN, GUESN, and GUFLN are 

transmitted to the system through local RDB. If additional authentication is needed, 

as specified by the user profile, we suggest the following methods of authentication. 

These verification methods are based on ease of use and are also effective. 

GUPN The identity of the user can be verified by a spoken password or a specified 

phrase. This can then be matched to the stored profile. This is easier than 

kejring numbers, or typing in passwords, and is more specific to the person, as 

it can be matched via voice recognition. The other valuable options can be a 

fingerprint or a hand signature done on the device. 
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GUESN The RF signature of the device is an electrical pattern that it transmits 

when it powers up. It is unique to the device. To confirm the identity of the 

device, the transmitted GUESN can be matched to its RF signature. 

GUFLN The GUFLN which is treinsmitted by the device can be verified by hav

ing the user verbally speak the location. Then, longitude and latitude of this 

location can be computed and compeired with GUFLN to verify the spoken 

location. 

Considering the database architectures described in Chapter 4, the ultimate re

sponsibility of verifying GUPN and GUESN should lie with the home RDB of the 

GUPN, as the person identifiers (voice, signature etc.) or the identifiers of device (RF 

signatures) are stored here. However, RF signatures could also be made available in 

secure repositories by the regulatory agencies, thus saving transmission costs to home 

RDB. GUFLN can be readily verified at the visited RDB by local computation from 

the co-ordinates of spoken location. 

5.3.2 Cost Calculations 

When the user requests a service through a device, the following parameters are 

automatically transmitted: 

1. GUPN 

2. GUESN 

3. GUFLN 

4. RF Signature of the Device 

5. Type of Operation Requested 
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With the five parameters, we can determine the level of authentication needed. 

We perform this at the home RDB of the GUPN. This offers the following savings 

and benefits: 

1. The same steps for registration as described in Chapter 4 for the three cases 

of regional, inter-regional, and inter-zonal cases can be utilized to send the five 

parameters listed above to the home RDB. 

2. A search is already needed at the home RDB for the retrieving the GUPN 

record. When that search is done, the additional fields of user's specifications 

for authentication, the spoken password for the GUPN, and the RF signature 

for the GUESN can be retrieved at the same time. 

3. From the user's specifications for authentication, it can be determined if the 

spoken password needs to be sent to the visited RDB and if the location verifi

cation should be performed. 

Upon receiving this message, the visited RDB has all the needed parameters to per

form verification and only needs to ask for the spoken password and city information 

from the user. 

In evaluating the effects of this authentication on signaling data, we observe that 

the registration steps between the visited and home RDB will remain unchanged. 

Also, there will be no extra search cost. However, there will be some extra overhead 

of data and there will be additional computation time to perform matching depending 

upon the level of verification needed. If additional verification is needed, cost of two 

way transmission between the visited RDB and the caller will be incurred, for the 

caller to speak the password and maybe the name of the city. 

To get an idea of the amount of data transmitted, we note that GUPN, GUESN, 

and GUFLN each are 5 t^es long (10 hex characters) with a total of 15 bytes. The 

type of operation can be transmitted as 1 hex symbol by the device, which will allow 
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16 possible choices. Thus, a total of 16 bjrtes can transmit these parameters. 

There are three possible levels of verification: 

1. Only GUESN is verified with the RF signature at the home RDB. 

2. GUPN also needs to be verified at the visited RDB. 

3. GUFLN also needs to be verified at visited RDB in addition to the above. 

For each of these three cases, the three cases of origin of registration as described 

in Chapter 4 are possible; Regional (R), inter-regional (IR), and inter-zonal (IZ). 

We consider the details of the case where strongest authentication will be needed, 

i.e. after verifying the RF signature of the device at the home RDB, there is a need 

for verifying the spoken password and also the city information. 

We first consider the steps in the case when the user in the area of home RDB 

and it is needed to also verify the spoken password and the city information. Then, 

the following sequence of operations is done: 

1. When the device is switched on, GUPN, GUESN, GUFLN, and the RF signature 

of the device are transmitted to the home RDB. 

2. Home RDB compares the GUPN, GUESN. GUFLN and the RF signature with 

its stored parameters. It determines that it still needs to verify the spoken 

password and the spoken city name. 

3. It transmits a verbal request to the user asking for the password. 

4. The user speaks the password and it is sent to the RDB. 

5. The RDB performs a comparison. 

6. The RDB then transmits a verbal request to the user asking for the city. 

7. The user speaks the city name and it is sent to the RDB. 
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8. The RDB performs a comparison with its stored GUFLN. 

The steps to ask for a password and the city may be combined but for clarity of these 

two inputs, it is preferable to keep them separate, even though it incurs additional 

cost. 

Since the time spent in speaking the password and city name are of the order of 

seconds, we can merge the other operations done for additional verification with these, 

since these are of the order of milliseconds. Overall, for the strongest authentication, 

there are five RDB-user transmissions (one-way) and a total of six comparisons at the 

RDB (three for GUPN, GUESN, and GUFLN; and three for RF signature, spoken 

password, and spoken city name). However, if verifications by password and city 

name are not needed, there is only a single one-way transmission from RDB to user 

and a total of four comparisons for GUPN, GUESN, GUFLN, and RF signature. 

Also, extra data is tremsmitted for these parameters but no extra steps are needed. 

If verifications are done in inter-regional or inter-zonal cases, the following two 

additional steps are added: 

1. The visited RDB transmits the five parameters to the home RDB. 

2. Instead of the visited RDB, the home RDB performs the comparisons to deter

mine the needed verification and transmits the level of verification with param

eters needed for this verification (password only or password and city). 

These two steps add some extra data to the registration message being sent to the 

home RDB. Otherwise the steps, in terms of additive cost, remain the same as for 

the case where the user is in area of his home RDB. 

5.4 Other Implementation Issues 

Several other implementation issues are discussed below, which may arise in imple

menting a GUPN scheme. 
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Privacy of Year of Birth If the user wishes to keep the year of birth private, s/he 

can be allowed to choose an offset to the year of birth. These offsets will average 

out for all the users. Encryption may be further utilized to keep this date and 

time stamp private. 

A Globally Standard Time Reference for GUPN Greenwich Mean Time (GMT) 

can be used as a time reference, so that different zone timings can be mapped 

to a unique time. 

User-defined Parameters The user can set the parameters for access to different 

devices. For example, a user could say that all the calls from a set of persons 

(say some friends) are to be directed to his home phone or message center during 

regular working hours. In general, a user can specify who can reach them, at 

what device, and during which times. The message center can be programmed 

to prioritize and classify the messages received through all the devices. Call 

forwarding can also be user driven which could be short-term or long-term. 

Also, to save resources, this could be automatic, i.e. after a certain time that 

a mobile device has not visited its "home" area, its home is transferred or 

redirected to where it now resides most often. 

Unified Billing and Messaging These aspects can be handled by merging the in

puts from various service providers, as is already done by some local service 

providers in the United States, who print the bill for the long-distance carriers 

on the local phone bill. 

Changes in GUFLN As the population density of users in an area changes, the 

compression in GUFLN can be adjusted to reflect that. For example, if there 

is a strong migration from one area to another, the area which is now sparsely 

populated will have a smaller number of fixed communication devices. Thus, 

the GUFLN for this location may no longer need to be indexed, if there are 



133 

only up to I devices per second^ area. However, the new location with more 

users can now be indexed to accommodate an increased number of devices in 

the right band side digits. 
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Chapter 6 

CONCLUSIONS 

6.1 Summary of the Dissertation 

We have presented persuasive reasons for considering a new approach for global com

munication systems. The new approach is to assign person-based addresses inde

pendent of location of the user. We proposed an effective mechanism to arrive at 

a person-based number and the methods to compress it for external dialing and for 

internal storage and transmission. 

We have also proposed a scheme for addressing fixed locations. We have shown a 

way to extend this for encoding a given number of fixed devices in an area. 

For studying the means of translating the person-based number to physical loca

tion of a device, we first considered a simple database architecture which allows for 

easy transition from the current system. We considered the overall cost of call delivery 

and location update as a function of the origin of this operation. From this analysis, 

the need for studying different types of data replication scheme became apparent. We 

then studied some representative versions of data replication using a queuing model 

which assiuned exponential arrival and service times. The comparison of these differ

ent schemes gives an indication of their relative suitability for a particiilar pattern of 

call or update origins. 

Finally, we studied the practical issues arising from implementing this scheme. 

These include administering issuance of person-based numbers, transitioning from 

the current system, and security. 

Overall, the dissertation has proposed a framework for a general view of a globed 

communication network, which can manage mobility in em efficient manner. Towards 

this goal, we have proposed schemes for assigning identities to mobile users and fixed 
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components. We have then studied performance and implementation issues. 

6.2 Suggestions for Further Research 

General Applications 

Time and space co-ordinates can be utilized in compressed form for a variety 

of applications. Here we have taken the case of assigning compressed time-stamp 

co-ordinates as conununication addresses for persons. This could, for exEimpIe, be 

applied to assigning identities to businesses based on start date of the business. 

Similarly, we have taken the case of assigning unique numbers to devices in a 

fixed location. This could be done for other fixed entities for which location does not 

change within a given granularity of area. 

Suggestions for Data Management in GUPN Scheme 

It is useful to consider the possibility where the information overlap in databases 

can be specified by the users, based on their expected movement profiles. The follow

ing issues and corresponding questions are of interest in this process: 

1. Is it useful to replicate copies of the GUPN record to reduce the cost of locating 

it? This can be determined by the number of queries, their origin, and tempo

ral patterns. The usual trade-off in this case is that of updating £Uid keeping 

multiple copies current vs. higher cost of transmission and reliability issues if 

only one copy is kept. 

2. Is it useful to de-link the one-to-many relationship between the GUPN and 

associated devices? This means that there could be multiple records of GUPN 

each potentially containing only a sub-set of the associated devices. This can be 

determined by what devices are selected by a caller and in what regions. There 

are several options that can be considered: 
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(a) GUPN records may contain data for only some of the devices for which 

the number of incoming calls meets a certain threshold. Otherwise, they 

could point to another copy of GUPN record for other devices, for which 

calls are rarely received at this location. 

(b) Multiple copies of GUPN could be located as described in option 1 above. 

(c) In the case of a caller accessing a specific device most or all of the time, 

the GUPN could be directly translated to that device for that caller. In 

the extreme case, this could meem distributing de\'ice information in the 

network as a direct translation of GUPN. After a certain number of times 

that the caller has chosen the same device, we could give an option to the 

caller to make this the default device. This will save the cost of offering 

choices and selecting a device. 

The costs for management of mobility related data depend on the movement profile 

of the customer. If the user can be offered service options based on several movement 

profiles, the user can choose one based on his or her expected mobility needs. A 

frame-work can be developed for a person-based mobility management scheme for 

optimal storage of customer data based on a user-specified profile. 

For executing location updates, it may be possible to store the location of home 

RDB in the mobile devices. Thus it will not be necessary to find the location of 

GUPN record (i.e. home RDB), which is necessary in call delivery. 

Since all the devices for a GUPN record are associated with one person, updates 

will come either from only one device or fi:om multiple devices traveling on the same 

trajectory. Thus, some previously proposed schemes such as local anchoring [23] may 

be utilized here. In this scheme, when a call comes in, the serving VXR is made the 

local anchor (LA) and its location is reported to the HLR. All further updates are 

reported to LA, imtil a threshold of updates is reached or a new call comes in. This 

could also save the cost of doing separate updates for different devices by doing these 



137 

together and at the local anchor. 

Suggestions for Analysis 

It may be useful to investigate what specific database technologies are suitable for 

retrieval and updating of records with 1 to many relationships. 

For the queuing analysis done in Chapter 4, exponential arrival and service times 

have been assumed for databases and transmission links. For a more precise modeling, 

different arrival and service distributions c£m be considered e.g. an M/D/1 model, as 

may be appropriate for a given component. 

Suggestions for Implementation 

A survey of users and test rims for a person-based approach can provide valuable 

inputs for several features, especially with regard to how the end-devices should look 

like, how profile and messages can be managed, and what services are desired by 

users. 

A study of communications regulation agencies in different countries will also be 

useful. This will help in evaluating the need and willingness of these entities for 

transitioning new approach. This will also provide a time-line for phasing in such a 

scheme in various parts of the world. 
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