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Systems Engineering 

(Abstract) 

Technological advances in computer processing, 

information systems, and coinmunication links have allowed 

individual investors market access. This has resulted in an 

injection of capital into the U.S. financial markets which 

fuels various segments of the economy and creates new capital 

requirements. A near real time ability to both access 

information and execute trades is traditionally limited to 

professional investors. As the volume of trading increases, 

however, investors desire a corresponding increase in the 

markets accessibility. 

This paper analyzes methods that brokerage houses can 

employ new technologies to provide individual investors near 

real time access to finan'cial markets. This includes 

obtaining market, news and personal portfolio information as 

well as submitting securities trades. Feasibility study 



results indicate that a handheld, two-way wireless device is 

the optimum solution. A life cycle cost and technical 

analysis trade-off is performed using the implementation of 

Cellular Digital Packet Data ~nd Radio Packet Data. Based on 

the results, a Radio Packet Data system is proposed. 
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1.0 Introduction 

1.1 Background 

This paper will apply the systems engineering process to 

the generation of an improved method of providing individuals 

access to the U.S. financial markets for the purpose of 

obtaining information and executing securities trades. The 

systems approach solves problems using a comprehensive and 

efficient approach in order to achieve the best pos sible 

solution. The solution contains interrelated components 

working together with the common objective of fulfilling an 

identified need. Traditional system phases include design, 

development and manufacturing. Other aspects of systems 

engineering, however, such as operations, maintenance and 

testing must not be overlooked since their impact to such 

measures as cost or performance can be crucial to selecting 

the best solution. The systems engineering process is 

iterative in that successive solutions are formulated, 

designed, and modified until an optimum solution, based on 

the system requirements, is achieved. Donald Drew notes the 

following about the systems approach: 

It is holistic in scope, creative in manner and 
rational in execution. Thus, it is based on 
looking at a total activity, project, design or 
system rather than considering the efficiency of 
the component tasks independently. It is 
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innovative in that rather than seeking 
modifications of older solutions to similar 
problems, new problem definitions are sought, new 
alternative solutions generated, and new measures 
of evaluation are employed if necessary [Drew, p. 
4] • 

Systems engineering thus allows the engineer to choose a 

solution while considering inputs and impacts from all 

aspects of a systems life cycle, as depicted in Figure 1-1. 

It is crucial to begin with a definition of need when 

utilizing the systems engineering methodology. Having a 

clear understanding of the problem is essential to 

formulating a comprehensive solution. Too often systems are 

designed with nebulous objectives. Only well into the system 

design are the true potentials and costs closely examined. 

This is quite significant because as the design cycle 

progresses the cost of implementing changes increases 

dramatically. Front end analysis of design changes, as shown 

in Figure 1-2, can allow for significant decreases in system 

life cycle cost. 

A conceptual design follows the problem identification. 

At this point a feasibility analysis is performed and the 

operational requirements of the system are established. The 

feasibility analysis examines potential solutions on a very 

general level in order to assess their viability. 

Operational requirements are system performance measures 

2 
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which develop directly out of addressing problems identified 

in the definition of need. 

With the system requirements in place, a preliminary 

design is completed. This involves a trade-off analysis for 

various implementations based on the information obtained 

from the feasibility analysis. Once a preliminary design is 

chosen, the system details can be developed. 

This paper begins with a brief historical review of some 

of the U.S. financial markets and the astounding changes that 

have taken place in the 20th century. Section 2 discusses 

the definition of need, thus identifying the problem. A 

feasibility analysis then addresses the trade-offs among five 

different solutions that utilize both current and new 

technologies. Section 4 performs a marketing analysis in 

order to determine the impact of the problem to society at 

large. This information can be used in the systems 

engineering process when assessing production, sales and 

maintenance requirements. With a broad solution formulated, 

the operational requirements and maintenance concept are set 

forth in Sections 5 and 6 to provide direction in the 

formulation of the preliminary design in Section 8. A life 

cycle cost analysis is performed in order to assess the 

financial impacts of the solution. A detailed design is then 

completed to address the technical aspects of the solution 
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identified in the preliminary design and select system 

components. 

1.2 Market History 

The 20th century has shown tremendous growth in the 

United States economy. Since 1960, the Gross National 

Product (GNP) has increased from $515 billion to $5 

trillion, an increase of 900%. Worker productivity since 

1977 has increased almost every year in the business sector, 

non-farm business sector and manufacturing. The U. 5. 

population has increased from 75 million in 1900 to 250 

million today. All of these explosions result, in part, from 

the merging of technology and the economy and the subsequent 

sparking of the Industrial Revolution. 

The tremendous economic growth in the U.5. could not 

have been achieved without financial backing. Much of this 

capital has resulted from public investment through the 

purchase of stock. Sears, Roebuck, American Telephone and 

Telegraph Company and United States Steel Corporation all 

used stock issues to fund their growth and have since 

provided significant impacts to the U.S. economic base. It 

is this relationship between corporations, buyers and sellers 

that works to "form a fundamental economic process that 

creates new industries, new jobs and a higher standard of 

6 



living" [Little, p. 24]. All of this is facilitated by U.S. 

financial exchanges which have come a long way since their 

inception. 

In 1830, the New York Stock Exchange (NYSE), after being 

in existence for thirteen years, had its slowest day to date, 

only 31 shares were traded [Rukeyser, p. 266]. Fifty-six 

years later the NYSE traded, for the first time, over one 

million shares per day. An average of 100 million shares per 

day were traded in 1982, and today, 300 million shares traded 

in a day is not uncommon. This marked increase in trading 

volume can be seen in Figure 1-3. Similar results have been 

experienced by both the American Stock Exchange (AMEX) , 

founded in 1953, and the National Association of Securities 

Dealers Automated Quotations (NASDAQ), founded in 1971. The 

NASDAQ is currently the fastest growing securities market and 

shows no signs of slowing down. 

In the past decade, NASDAQ t S trading volume has 
increased more than 1,500% to more than 33 billion 
shares a year. Daily trading volume on the NASDAQ 
market exceeded the NYSE's for the first time in 
May of 1983 and has done so on other occasions 
[Rukeyser, p. 267]. 

This enormous growth could not have been accomplished without 

both technological advances and investor confidence in 

financial markets. 

At the markets' inception, buyers and sellers met on 

street corners and in drug stores to conduct transactions. 
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This method soon gave way to an auction method where both 

buyers and sellers attempted to obtain the most favorable 

price through an open forum. The basic tenets of the auction 

system still survive today. However, developments in 

computers and telecommunications now allow buyers and sellers 

from around the world to meet electronically at the exchanges 

and execute orders within minutes. 

Investor confidence coupled with new investment 

opportunities has contributed to the markets' success. The 

markets of the early 20th century were often used to fund 

risky ventures and were subject to price manipulation. 

However, with the Securities Act of 1933 and the Securities 

Exchange Act of 1934, full disclosure to investors was 

required, sales fraud was prohibited and an oversight 

committee, the Securities Exchange Commission (SEC), was 

created to regulate securities trading. These changes helped 

to build public confidence in the markets as an investment 

vehicle. The potential provided by the markets is quite 

apparent.. Figure 1-4 indicates that since 1925 common 

stocks, long-term government bonds, and Treasury Bills have 

all provided rates of return that have outpaced inflation. 

This resulted in a risk versus reward ratio that was 

agreeable to numerous individuals and fueled new investment. 
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2 0 Definition of Need 

Brokerage houses throughout the world provide investor 

services. These services include transaction processing, 

information services and financial consulting. The goal of 

each of these is to address consumers' needs. One such 

brokerage house is Charles Schwab which will be used 

throughout this paper merely as a representation of brokerage 

houses in general. References to Charles Schwab do not 

necessarily represent their actual services or operations but 

are used to depict trends, inferences, and extrapolations 

from activities occurring in the industry. The consumer 

needs and how those are addressed can be applied to any 

brokerage house. 

The Charles Schwab Corporation has been an innovator in 

providing customer service for investors. With annual 

expenditures of $25 to $30 million on upgrades to its 

information services, Charles Schwab has managed to maintain 

its competitive edge. Currently, a movement is underway to 

eliminate centralized computing in' favor of a distributed 

architecture known as Schwab Architecture Migration Strategy 

(SAMS). This overhaul, expected to be completed by 1996, is 

yet another move aimed at improving customer service. 

At the same time, more Americans than ever are taking 

charge of their financial planning. Rather than relying on 
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professionals to make their financial decisions, individuals 

are opting to make their own investment choices. 

With the substantial presence of mutual funds, 
banks and other large institutional investors, it 
is widely believed today that the so-called "small 
investor" is at a disadvantage in the marketplace. 
On the contrary, many small investors have found it 
possible to prosper handsomely in this challenging 
environment ... whether the market is going up or 
down. Armed with an equal degree of common sense 
and greater portfolio' flexibility, the average 
investor still has the upper hand [Passell, p. 61]. 

In this way, many individuals have beaten the professionals 

who often obtain mediocre returns which are then further 

eroded by commissions and fees. 

In order to make informed decisions in regard to the 

market, individuals must acquire and maintain knowledge about 

the financial markets and, more specifically, the 

organizations in which they are investing. Success in the 

financial markets relies on an individual's ability to access 

information and to act upon that information, both in a 

timely manner. 

To be successful on Wall Street, every individual 
must find a satisfactory combination of two key 
variables--investment selection and investment 
timing. While it may sound elementary and trite, 
an investor must make the proper selection at the 
proper time to obtain the best possible results 
[Little, p. 91]. 

Poor selection or timing can result in mediocre or disastrous 

returns. As will be seen, the current methods for investment 

selection and timing do not meet consumer needs. 
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2.1 Current Technologies 

The classic channel for interacting with the financial 

markets is through a broker. This method provides certain 

advantages. Foremost, brokers have provided trading services 

for the life of the exchange itself. They are, historically, 

the mediator between the general public and the markets. 

Their knowledge of the markets and personal service have 

allowed them to provide a valuable service at a reasonable 

cost. However, in today's competitive markets brokers are 

required to service more and more customers. This erodes 

their accessibility and true attention to an individual's 

needs and can make obtaining information a slow process. 

This process has been facilitated through home computer 

connections between customers and financial markets. 

Compuserve, Equalizer and GEnie are only a few of the 

services that provide current market information, news wire 

access, and support securities trades. Probably the biggest 

advantage of this system is its ability to access newspaper, 

magazine, and journal articles twenty-four hours a day, seven 

days a week. Consumer cost and portability, however, remain 

major stumbling blocks. A computer platform and software to 

support these services will easily run into the thousands of 

dollars, and the mere size of the equipment and the 
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requirement to access a standard telephone line impacts its 

portability. 

One of the newest trading services available to 

individuals is the use of a standard touch-tone telephone to 

access the markets, such as the Charles Schwab TeleBroker 

service. Similar to a computer access, mentioned previously, 

this service is available twenty four hours a day, seven days 

a week. From any standard touch-tone or cellular telephone 

an individual can obtain current market quotes and place any 

orders for securities trades. This service, unlike computer 

access, does not provide any ability to retrieve news on 

market shaping events. In addition, the limited user 

interface consisting of the ten digits from 0 through 9, 

makes the system fairly difficult to manipulate and limits 

the possibility for enhancement. 

2.2 Consumer Needs 

Individual investors currently interact with the 

financial markets through two main channels, the media and a 

brokerage house. Information about the economy and markets 

is received from television, newspapers, and magazines. This 

information is used by individuals to make their financial 

decisions. Feedback to the market is provided by buy and 

sell orders executed through a brokerage house. As more 

14 



individuals have become involved in financial markets there 

has been a growing demand on these two channels. 

The demand for investor information services has been 

addressed on a continuing basis. In the past twenty years, 

investment publications such as "Money Magazine" I "Forbes" 

and "Kiplinger Personal Finance" have experienced a 

tremendous growth in sales. Brokerage houses have created 

discount commission structures that cater to the individual 

investor. In the same time frame, strides have been made to 

unify the two channels into one mechanism for obtaining and 

acting on market information. New technologies have 

attempted to keep pace with ever rising consumer demands. 

The decision to pursue such technology has been validated by 

the widespread use of the existing services, such as 

TeleBroker and Equalizer. None of the current systems, 

however, fully satisfy the consumer's need to obtain and act 

upon financial information in a manner that is easy, 

accessible and timely. 

2.2.1 Mobility 

As the U. s. society becomes increasingly mobile, new 

demands are placed on consumer products. Currently, a large 

number of consumers spend much of their time commuting, 

traveling or meeting with business associates. Figure 2-1 

15 
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indicates that over 70% of professionals, owners and managers 

spend more than 20% of their.time away from their work area. 

In addition, there are 48 million u.s. individuals who work 

away from their normal work area, as shown in Figure 2-2. 

Consumers still require market access, though, regardless of 

their location. Therefore, any new method for accessing the 

financial markets must address the need for product mobility. 

The ideal solution will allow system access from anywhere in 

the United States. 

2.2.2 Portability 

Increased mobility brings the issue of portability to 

the forefront. As consumers travel, they must be able to 

maintain access to financial market services. Any components 

that users transport must be small and lightweight so as not 

to unduly restrict the individual's movements. 

2.2.3 Information Control 

Every day, consumers are barraged with new information 

all of which can not be assimilated. As consumers take 

charge of their financial decisions it is important that they 

obtain and analyze the information pertinent to their 

financial decisions at hand. To this end, users need a 

17 
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method to choose from the available market data the 

information which they deem salient. This select information 

must then be able to be retrieved for analysis. 

2.2.4 Timeliness 

Accessing the financial markets in a timely manner is a 

critical need for this system. Market changes can occur 

almost instantaneously. The system must be very responsive 

so individual's can access, analyze and act upon information 

in near real time. Article information must be retrievable 

by the user within one hour after its availability to the 

brokerage house. Market data, such as individual stock 

prices or indices, must be provided within fifteen minutes 

after its availability. In addition, results from securities 

transactions must be provided to the user within five minutes 

to aid in assessment of their financial position. 

2.2.5 Accessibility 

Due to some indi viduals • erratic work and personal 

schedules, the system must be accessible at the user IS 

convenience. The ideal solution will allow for system 

accessibility 24 hours per day, seven days a week. In 
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addition, users must be able to interface easily with the 

system to allow maximum utilization of the systems functions. 

2.2.6 Cost 

Consumers need a product that will provide all of the 

above capabilities at a low cost. Investment in securities 

provides a means to generate income at a higher rate of 

return than other methods. As the cost of this system 

increases there is an effective decrease in the rate of 

return and an increase in the attractiveness of other 

investment vehicles. 
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3.0 Feasibility Analysis 

There are numerous ways of improving individuals' access 

to financial markets. Five methods have been identified. 

The first two methods upgrC)de current services while the 

other three embrace entirely new technologies. These five 

systems all have two items in common: a communication medium 

and an interface for obtaining and providing information. 

The implementation, however, is achieved through different 

means. 

3.1 Personal Services 

As identified previously, using brokers to mediate the 

transactions between the general public and the financial 

markets is a method which has stood the test of time. Using 

more brokers at a brokerage house and having them available 

for a greater part of the day will allow them to provide the 

personalized service which was once commonplace. This option 

is both mobile and portable since only a telephone is 

required to put an individual in touch with the broker. In 

addition, the user would have control over the information 

flow by merely requesting the data they desire. Market 

quotes and indices are requested and retrieved by the broker. 

Current business news would be more difficult to obtain 



because every investor views different information as 

critical to his or her particular financial decisions. 

Brokers will find it very difficult to efficiently provide 

information of interest to a particular user. 

The reality of this option is very different. The 

nature of the financial markets has changed drastically over 

the years. With the ever quickening pace of the markets, the 

use of brokers is painfully slow. An enormous amount of 

overhead time is required for the broker to access and relay 

the pertinent information. In addition, today' s highly 

competitive market would not bear this option. With 

organizations downsizing, it is not cost effective to add 

brokers to the payroll. Initially, this option appears to be 

very inexpensive to the users since they only require access 

to the broker which is usually provided free of charge. 

However, the dramatic increase in costs associated with this 

system must show a ret urn for the brokerage house. Since 

this solution does not provide significant improvements over 

the current system, only a small increase in the customer 

base can be expected. The ~emaining costs associated with 

this solution must be made up for in increased fees. This 

can actually produce the negative effect of driving current 

customers away. 
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3.2 Telephone Access 

The Charles Schwab TeleBroker system allows users to 

obtain market quotes and execute securities trades over the 

telephone. One of the major drawbacks of using TeleBroker is 

the inability to retrieve articles on market shaping events. 

This significantly reduces the amount of information that is 

accessible. This shortcoming could easily be removed by 

incorporating the ability to access current headlines or 

articles. Furthermore, this service would also be available 

by utilizing a cellular telephone. Therefore, much like 

utilizing a broker, this syst~m provides a significant degree 

of mobility and portability. A solution such as this can be 

implemented by combining Charles Schwab's current TeleBroker 

system, access to the Dow Jones News Service and modest 

hardware and software investment. 

Although some of the consumer's needs are addressed, 

this solution is not comprehensive. Retrieving quotes via 

the phone is rather unwieldy and adding additional options 

only complicates the matter. As identified in the definition 

of need, users require an easy method of accessing 

information, which is not supported by this system. News 

articles retrieved over the phone can be transmitted to the 

user via a computerized voice. This retrieval method, 

however, would prove to be even more time consuming than 
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calling a broker and inquiring about any market news. Rather 

than having a computer recite an article, a request could be 

entered over the phone to fax the article. This adaptation 

will solve one problem, but creates another--the availability 

of a facsimile machine. 

3,3 Broadcast System 

Paging technology can be implemented to broadcast quotes 

over the airwaves to all users. Either continually or at 

specified intervals, market information such as quotes and 

volume could be transmitted. Alphanumeric pagers, which are 

available today, could easily be used to capture the 

information. The greatest benefit of this is that it 

provides the user with a truly compact and portable interface 

to the markets that could be easily and cost effectively 

implemented. 

On the down side, this service does not allow the 

individual users to control the information they receive. 

This one-way service must broadcast all pertinent information 

and it is up to the users to watch for the information as it 

is broadcast. In addition, there are certainly some cost 

concerns with this solution. In order to provide more timely 

information, the data must be broadcast more frequently. 

This, along with the mere volume of data that needs to be 
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transmitted, can quickly become expensive. Overall the 

expense of transmitting the data outweighs the number of 

people who would actually request the data at any given point 

in time. Also, current alphanumeric pagers do not support 

large data transfers. Generally, only messages less than 50 

characters long are supported by these devices. This 

quantity of data is suitable for market quotes but not for 

the transmission of complete articles. 

3.4 Two-way Wireless Communications 

Wireless communications can allow for two-way 

connectivity for services including database queries, e-mail 

and paging. Similar to cellular technology and paging 

services, this method of communication can provide coverage 

from homes and offices to boats and golf courses. This 

solution allows individuals to query a database for market 

information that they desire. The system can respond by 

providing only the informat~on requested and no extraneous 

data, as in the broadcast quote solution. In addition, the 

two-way connectivity allows the users to place trade orders 

and receive results. 

Problems with this solution generally focus around the 

cost of bringing this technology to the user. Cellular 

technology has been successful in bringing voice 
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communications to the mobile user. However, wireless data 

communications is still in its infancy. Research and 

development as well as hardware costs may prove to be 

prohibitively expensive for a solution in the specified time 

frame. 

3,5 Interactive Teleyision 

Interactive television is another emerging technology 

that has the potential of drastically altering the way 

individuals conduct their business and day to day lives. 

This technology allows a user, through a television set, to 

provide requests for information and obtain feedback. Much 

like the two-way wireless system, interactive television 

allows the user to control the flow of information. 

However I this technology still has many hurdles to 

overcome. This includes implementation issues, standards and 

the forming of corporate partnerships so as to introduce this 

technology in a coordinated fashion. As a result, the 

widespread use of this technology may still be several years 

in the future. Furthermore, the services provided are very 

similar to those provided via computer access with roughly 

the same amount of portabiiity. As a result, these two 

services will end up competing with each other for the same 
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market. Therefore, the cost of implementing this solution 

would not be worth the potential returns. 

3,6 Feasibility Summary 

Each of the five configurations addresses the problem at 

hand to varying degrees and through different 

implementations. Furthermore, each solution has advantages 

and disadvantages and the trade-offs must be considered. 

Returning to the definition of need will allow the focus of 

the analysis to remain on the true problem. Following are 

some of the most salient points to be considered: 

1. Portability 

2. Accessibility 

3. Information Cont~ol 

4. Response Time 

5. Utilization Cost 

6. Platform Cost 

These measures address how easily a user can access the 

system, the level of control over information flow, system 

responsiveness and the associated costs. 

Constructing a matrix in Table 3-1 allows the different 

approaches to be evaluated against each other. This matrix 

will be used to compare measures relative to each other as 

well as to the problem at hand. Each of the measures are 
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NETWORK 

NEED 

Portability 

Accessibility 

Information Control 

Response Time 

Utilization Cost 

Platform Cost 

TOTAL 

Table 3-1. Feasibility Matrix. 

Personal Telephone Broadcast 
Services Access System 

2 3 5 

1 2 4 

3 2 1 

2 3 1 

4 5 3 

5 4 3 

17 19 17 

Two-Way Interact. 
Wireless TV 

4 1 

5 3 

4 5 

4 5 

2 1 

1 2 

20 17 



assessed across all five options and force ranked from one to 

five, with five representing the best achievement of the 

measure across all of the options. 

In terms of portability the broadcast system is 

superior. The required receiving unit weighs less than 0.5 

pounds and can be used throughout the united States. Two-Way 

Wireless services provide similar coverage with an interface 

unit weighing between 0.5 and 2 pounds. Personal Services 

and Telephone Access systems are employed utilizing a 

standard touch-tone telephone or a 2 to 4 pound cellular 

telephone. Finally, using Interact i ve Television provides 

the least portability of all the options since a television, 

weighing on average 20 pounds, and a cable connection are 

required to implement this solution. 

All options, except Personal Services which will only be 

available during normal office hours, will be available 24 

hours a day, seven days a week. Of the remaining four 

options, Telephone Access is the most difficult to manipulate 

due to the limited functionality available from the telephone 

keypad. Cable connectivity necessary for Interactive 

Television is less reliable than the 99.99% that can be 

achieved using wireless systems. This results from a less 

developed network of back-up links that are necessary for a 

highly fault tolerant system. Finally, a Two-Way Wireless 

system is more accessible than the Broadcast System since 
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advanced programming can 

components to facilitate 

system. 

be incorporated into 

consumer interaction 

the user 

with the 

No information control is available with the Broadcast 

System. Rather, data is continuously transmitted and the 

user must wait for reception of the data of interest. Data 

can be requested using the telephone keypad with Telephone 

Access but provides a very limited number of possible inputs. 

Personal Services also allows data requests over the 

telephone. However, these requests are more easily 

communicated because the user is talking with a broker and 

can make specific requests. Interactive Television and Two

Way Wireless systems provide the highest degree of 

informat ion control. In both cases, the user has computer 

hardware and software available that can be used to 

manipulate the information flow in order to achieve the 

desired data. Interactive Television will provide slightly 

better control since the system, which will be stationary, 

can employ more extensive hardware components. 

System response time varies considerably among the five 

solutions. The Broadcast System will require the user to 

wait up to 30 minutes for transmission of the particular data 

of interest. Obtaining information using Personal Services 

takes 20 minutes for both the user to request the data and 

the broker to retrieve and relay the information. 
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Approximately 10 minutes is required to retrieve information 

using the Telephone Access system. This includes the time 

required to request the data via the keypad and transmission 

of the data using a computer generated voice. Both the Two

Way Wireless and Interactive Television systems can respond 

to data requests in less than 3 minutes. The Two-Way 

Wireless service, however, will respond slightly slower due 

to limitations in communication link access and a higher 

probability of bit errors resulting in the need to retransmit 

the data. 

Platform costs are the lowest for Personal Services and 

Telephone Access systems since both require only a $40 

standard touch-tone telephone or $150 cellular telephone. 

Furthermore, the plethora of telephones available in homes 

and offices can eliminate the need to purchase any new 

hardware. Utilization costs for the Telephone Access system 

are lower since brokerage houses charge lower transaction 

fees when this computer based system is utilized. A paging 

unit required for the Broadcast System costs the user 

approximately $100 while utilization costs require an 

additional network access fee of $15 per month over and above 

the brokerage fee. An average platform cost of $400 and $600 

is required for the hardware 

Interactive Television and 
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respectively. Average monthly charges will average $40 for 

Two-Way Wireless and $60 for Interactive Television. 

With all parameters considered equally important, the 

sum of the rankings for each solution yields a value of 20 

for the Two-Way Wireless implementation. This is the highest 

value of all the solutions identified and, therefore, this 

option best achieves all of the areas identified in the 

definition of need. The Two-Way Wireless option is the 

optimum solution. Wireless technology untethers individuals 

while keeping them in touch, "Normally the forces of 

portability and connectivity are at odds, but wireless data 

communications lets you have the best of both worlds" [Mello 

Jr ., p • 147]. A Two-Way Wireless implementation will allow 

the user to obtain information and execute trades via a 

brokerage house by interfacing with a wireless communication 

link. Figure 3-1 illustrates the major system components 

required. The issue of major concern, however, will he the 

cost of implementing the solution. A detailed cost analysis 

will be conducted during the conceptual design and life cycle 

cost evaluations. 
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4.0 Marketing 

4.1 Demographics 

Individuals from a large cross-section of the U.S. own 

securities and each year more and more become active in the 

financial markets. The current market is rather large with 

approximately 50 million shareowners, spilt about equally 

among males and females [Rukeyser, p. 269]. Furthermore, 

securities ownership cuts across all age brackets, years of 

education and income levels [Americans & Their Money 6, p. 

75,76]. As a result, there is no single group which can be 

targeted for a two-way wireless service. 

4.2 Wireless Industry 

Use of wireless communications is definitely on the 

rise. Last year cellular carriers added an average of 

180,000 new subscribers a month and the Commerce Department 

predicts an increase of 30% this year [Schneiderman (2), p. 

33] . Arthur D. Little, Inc. of Cambridge, Massachusetts 

reports "65% of the U.S. population wants some form of mobile 

communications within the next 5 years" [Leonard (1), p. 64]. 

In addition, a market analysis by Forrester Research reports 

that 2.5 million wireless network subscribers can be expected 
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by 1997 [Mello Jr., p. 154]. The wireless industry is 

growing and consumers are responding. 

4.3 Financial Houses 

Allowing customers faster and easier access to the 

financial markets has been a key driver to the success of 

Charles Schwab. The TeleBroker service allows customers to 

conduct trades over a touch-tone telephone. By the time the 

service was available nationwide, over a million calls per 

month were being received and "Today, over 40 percent of the 

calls received by Schwab nationwide are channeled through 

TeleBroker" [Schmerken, p. 1]. Providing this service has 

allowed investors to obtain low commission rates while 

Charles Schwab benefits through a high volume of trading that 

can be executed at a low cost. 

4.4 Cost 

Market surveys indicate that although individuals desire 

wireless services, they are· still very sensitive to price. 

Initial hardware costs in excess of $900 seriously degrade 

the number of potential buyers. 

Users of current computer based systems now pay 

average monthly fees of $60 for wireline service and computer 
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access. This pricing structure translates into a 1% 

penetration of the customer base. A market survey conducted 

by Deloitte & Touche indicates that users expect that by the 

mid 1990's the cost for wireless and wireline service will be 

comparable. Therefore, consumers will exhibit the same price 

sensitivity for wireless services that currently exists for 

wireline services. The monthly cost versus subscriber curve 

shown in Figure 4-1 indicates that a brokerage house will 

maintain a very sensitive customer base when monthly fees 

range between $20 and $60. As a result, this issue must be 

re-visited when accurate system utilization costs are 

obtained to determine the expected number of subscribers. 

4.5 Market Summary 

A portable two-way wireless unit that can receive market 

information and place trade orders will be embraced by both 

individual investors and brokerage houses. Both groups stand 

to gain from the introduction of this system. Users gain the 

ability to easily access the markets while the brokerage 

house obtains higher revenues through improved customer 

service. In addition, improved services can have the benefit 

of drawing new consumers to the brokerage house and 

increasing their customer base. 
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:;.0 Operational Requirement_ 

The system requirements can be divided into four major 

areas: general, communication medium, user interface and 

software. Each requirement must be met in order to fully 

satisfy the system mission. 

5.1 Mission 

This system is to be designed to allow individual 

investors access to and control over financial market 

information and the ability to execute securities trades in 

an efficient and timely manner. The goal is to achieve broad 

coverage and user-friendly near real-time communications 

through the utilization of a portable user interface. 

5.2 General Requirements 

This system must be operational twenty-four hours a day, 

seven days a week with 99.80% reliability. This includes the 

ability to both access market information and place trade 

orders. Users requesting a market quote after the 

appropriate market has closed shall be provided with the 

value at closing. Trades that are placed after a market has 
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closed for the day shall be retained and executed upon the 

next market opening. 

This system must provide information in a timely manner. 

A transmission of 4000 bytes, roughly the size of a news 

article, must be transmitted over the wireless network in 

less than 5 seconds. This ensures that users are not waiting 

for information an undue amount of time. 

All hardware and software components must be designed, 

tested, produced, and distributed by December 1, 1995. 

Therefore, this system shall be ready for sale in December 

1995. Distribution of all hardware and software will occur 

through regional maintenance facilities. Components will be 

sent directly from the manufa'cturer to the maintenance sites. 

Host software will be installed via remote access. User 

interface components will be delivered to the individual 

brokerage house branch offices on an as needed basis. This 

will allow the branch offices to maintain no inventory and 

thus incur no overhead charges for storing user interfaces. 

In addition, when users pick-up their unit from the brokerage 

office, training can be provided to facilitate maximum 

utilization of the system's capabilities. The number of 

subscribers at the end of 1996 will be at least 10% of the 

projected total. Seventy percent should be achieved by the 

end of 1997 with full utilization in 1998. 
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An appropriate pricing structure is critical for the 

success of the system. The user hardware unit cost must not 

exceed $900 along with monthly service charges not to exceed 

$60 per month. No deleterious environmental impacts will be 

induced by the physical syst~m or its operation. User safety 

is of paramount importance. Operation of this system shall 

not induce any long or short term health problems. 

5,3 Communication Requirements 

A user shall be able to operate the system within fifty 

miles of any branch office of the brokerage house. This 

includes operation from indoors, outdoors or while utilizing 

ground transportation, such as an automobile or train. In 

addition, seamless data transmissions must be supported to 

allow user mobility without a resulting loss of transmission 

capability. The communication medium shall provide users 

access to the system twenty-four hours a day, seven days a 

week with a 99.95% reliability. 

5.4 User Interface Requirements 

The user interface must operate with a 99.95% 

reliability over a five year period. The unit must operate 

in a temperature range from 0 to 95 degrees Fahrenheit and a 



humidity range from 5 to 95 percent. In addition, available 

power must allow the unit to operate eight times in 20 minute 

intervals over a one month period without requiring any 

battery recharge. This assumes an expected use of 100 

transmissions per month or, on average, 12.5 transmissions 

per session. This includes requests for articles and account 

information as well as the placement of trade orders. 

The combined weight of all user interface components 

required to support two-way 'wireless transmissions must not 

exceed 2 pounds. This is the maximum weight possible without 

causing a significant impact on the system's marketability. 

5,5 Software Requirements 

Above all, the user interface software application must 

be user-friendly with transparent access to the communication 

network. Upon initiation of the application, a password 

shall be required to authenticate the user's identity. Users 

must be able to request any quotes provided by the brokerage 

house, account information, and information provided by the 

Dow Jones News Service. Coding errors must be minimized so 

as to achieve a 99.90% reliability. 
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6 . 0 Maintenance Concept 

System maintenance will be performed for all hardware 

and software components. Twelve regional maintenance centers 

will be co-located with branch offices. Product and 

maintenance flow between the manufacturer, regional centers, 

branch offices and users can be seen in Figure 6-1. 

6.1 Branch Office Components 

System components located at the branch offices include 

hardware which supports the ~ommunication interfaces as well 

as the software application running on the hosts. Routine 

maintenance of the hardware and software will be performed by 

individuals from the regional office assigned to support the 

branch office. Unscheduled software maintenance can be 

provided via remote access from the regional maintenance 

center to the branch office. Hardware failures will result 

in the branch offices utilizing spare devices until 

maintenance personnel dispatched to the office can correct 

the failure. 
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6.2 Communication Medium 

Any failure of the communication medium will be reported 

from the branch offices to the regional maintenance centers. 

The maintenance personnel will respond to the failure and 

restore service to the affected area. 

6,3 User Components 

Any defective user component can be returned by the user 

to any branch office. The branch office will contact the 

regional maintenance center where spare user units are 

maintained. A new unit will be delivered directly to the 

user. The defective unit will be delivered from the branch 

office to the regional maintenance center. The regional 

maintenance center will fix the hardware or software problem 

or, if appropriate, return the defective unit to the 

manufacturer. 
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7.0 functional Analysis 

with the system requirements in place a functional 

analysis can be created to define the actions the system must 

perform. 

top-level 

Figure 7-1 illustrates the implementation of the 

requirements. With the system in operation, 

quotes, articles and account information can be retrieved 

along with placing trade orders. When all user activities 

are completed the system is then removed from operation. 

The next level, shown in Figures 7-2 through 7-4, 

provides details on the operational steps required to perform 

each of the functions. The actual implementation of the 

functional units--via hardware or software, requiring user 

interaction or autonomous, etc.--will be determined by the 

components selected and how they are integrated. 

The maintenance functional flow identifies the necessary 

steps to restore proper system operation in response to a 

system malfunction. Figure 7-5 illustrates two levels of 

required maintenance actions if the system does not properly 

execute a quote request. Each maintenance action will be 

performed in succession until the system returns to its 

proper operation. 
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8.0 Preliminaz::y Design 

The three main components of this system are the 

communication medium, the user interface and the necessary 

software applications. These three components must be 

selected and integrated to best achieve the operat ional 

requirements--General, Communications, User Interface and 

Software. 

8.1 Communication Medium 

The communication medium must support two-way wireless 

communications. Analysis of four different implementations 

assesses their suitability in supporting market information 

data transfers. Performance areas considered include, as 

defined in the operational requirements, the system's 

coverage, accessibility, and cost. 

8.1.1 Cellular Network 

Cellular networks provide both advantages and 

disadvantages. One substantial benefit of traditional 

cellular systems is their current widespread use. To date 

over $8.6 billion has been invested into the cellular network 

which currently serves 7.5 million customers. As a result of 
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infrastructure investment, cellular provides more coverage 

than any other communications system. With over 8900 base 

stations, this system can r'each over 700 metropolitan and 

rural areas which allows very high user mobility. 

However, the cellular architecture maximizes coverage by 

minimizing overlap between cell sites. This means that at 

any given time a user is within transmission distance of only 

one base station antenna. Therefore, if any problems are 

encountered with this antenna, all of the users in the cell 

will lose communication capability. 

Cellular networks provide a fairly high degree of 

portability. Wireless data transmissions can occur using a 

two pound modem with an associated cellular telephone and 

interface cable. In addition, 

twenty-four hours a day, seven 

reliability. 

cellular networks operate 

days a week with a 99.99% 

In each metropolitan area, two cellular providers exist. 

This ensures competitive prices and new services. Each 

carrier is allocated 25 MHz of spectrum. The Advanced Mobile 

Phone System (AMPS) is a cellular network that allows users 

to transmit on frequencies between 869 and 894 MHz and 

receive on the band from 824 to 849 MHz. Transceivers are 

utilized to allow communications between the user and a base 

station antenna. From their available spectrum 416 duplex 

channels are created utili.zing 60 KHz for each channel 
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frequency, 30 KHz for transmit and 30 KHz for receive. As 

capacity increases, the cells can be subdivided into smaller 

cells. However, the total available capacity is a concern. 

With cellular services providing primarily voice 

communications, data transmissions are executed as a 

secondary priority. 

As mentioned above, cellular architecture allows each 

transceiver to communicate with only one base station. This 

is certainly the most efficient use of base stations, but 

leads to other problems. As a user moves from one cell to 

another, there are momentary drop-outs of the signal while 

the transceiver locks on the new frequency. For voice 

communications this is tolerable since the human mind is very 

good at filling in the gaps. For data communications, 

however, these drop-outs, or hand-off problems, can prove 

disastrous. Each bit must be received exactly as it was 

transmitted or else the data is corrupted. Thus, to execute 

a cellular data transmission the user must stop walking or 

driving in order to ensure a solid connection. Cellular 

carriers have addressed this problem through the utilization 

of error detection and correction schemes but have been 

unable to create a truly robust system. 

Cellular costs can also prove to be very high. The 

hardware costs alone are roughly $150 for a telephone, $1500 

for a modem, plus a service subscription fee. On the average 
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this runs $50 per month and $0.60 per minute for calls. At 

these rates, the expected use of 100 transmissions per month 

will drive the utilization costs over $100. Cellular 

connections are created using a circuit switched network. 

This means the sender to receiver connection must be fully 

established before any data transmission occurs. This 

transmission set-up time takes several seconds. For short 

duration transmissions, as identified in the operational 

requirements, the set-up time can consume over 50% of the 

channel utilization time. Since cellular transmissions are 

billed by the minute, the set-up time can result in a 

significant portion of the overall cost. 

8.1.2 Packet Data Network 

Several packet data networks currently exist. Two of 

the most promising networks are Cellular Digital Packet Data 

(CDPD), provided by cellular carriers, and Radio Packet Data 

(RPD), serviced by providers such as RAM Mobile Data. CDPD 

consists of overlays to the existing cellular network. The 

same cellular bands that are utilized for voice 

communications are also used for digital data transmissions. 

This system uses idle time on the voice channels to transmit 

data. 
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The RAM RPD network operates at a user transmit 

frequency between 896 and 902 MHz and a receive frequency 

between 935 and 941 MHz. The transmission method for RAM is 

similar to COPD except that RAM uses a dedicated data network 

operated by one provider. 

Coverage for packet data systems varies from network to 

network. In general, the systems allow for coverage in 

highly populated or highly traveled areas. Linking the base 

station antennas provides for national coverage including 

thousands of cities. CDPD is receiving much attention 

lately, probably due to the already enormous investment that 

has been made in the infrastructure. IBM, McCaw Cellular 

Communications and six of the seven Regional Bell Operating 

Companies (RBOC's) have organized a consortium to develop an 

industry standard for COPD. Preliminary specifications have 

been periodically released while the complete specification 

was released in July, 1993. In addition, Pacific 

Communication Services has become the prime contractor for 

COPD while Synacom Technology is the system architect. 

Currently, CDPD is being tested in the San Francisco Bay area 

and Las Vegas with an additional field trial scheduled for 

Washington, DC by the end of 1994. All of this is good news 

for potential users. With the current cooperation in the 

industry it is apparent that companies are working together 
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to successfully install this technology in as short a time as 

possible. 

RAM Mobile Data networks extend to over 6,000 cities 

including the top metropolitan areas. In addition, RAM 

covers major airports and traffic corridors. Network 

connections allow for seamles's roaming throughout RAM' s reach 

to over 90% of the u.s. urban business population. 

Data transmission over packet data networks requires a 

modem and a transmitter. The modem weighs less than one 

pound. New products currently under development are Personal 

Computer Memory Card International Association (PCMCIA) 

compatible and weigh only a few ounces. 

The number of available frequencies for use in a given 

area to a large degree determines the users accessibility to 

the system. In metropolitan areas, data transmission loads 

require twenty to thirty available channels. As long as the 

Federal Communications Commission (FCC) has allocated the 

spectrum to the service provider, new channels can be easily 

added until the entire allocated spectrum has been used. 

Similar to the cellular system on which it is based, the CDPD 

system is limited by the number of frequencies in a given 

cell. When all of the available frequencies are being used 

then a new user can not access the system. 

Packet data networks are available for use 99.95% of the 

time. They utilize terrestrial transmitters and receivers 
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and therefore, any component failures can be repaired or 

replaced, unlike satellite systems which are limited to 

vehicle hardware reconfiguration. 

Transmissions in packet data systems are charged by the 

number of packets transmitted. This is beneficial in that 

unlike cellular there is no overhead associated with 

transmission set-up time. This can significantly reduce 

costs. The required modems for this system weigh less than 

one pound and cost approximately $200 to $300. 

8.1.3 Wireless Public Branch Exchange (PBX) Network 

Wireless PBX 

Scientific, Medical 

systems operate in 

(ISM) frequency band. 

the Industrial, 

This band has a 

great advantage in that all frequencies in this spectrum are 

unlicensed and can be used by anyone. This can be a great 

benefit as well as a great detriment. 

The wireless PBX system allows for flexibility in 

determining the areas of coverage. This communication medium 

is not run by an independent service provider but must be run 

by the system providers. Therefore, they can decide where 

coverage is required and install the necessary hardware only 

in those locations. This is a great benefit because coverage 

can be provided only in the locations it is desired. The 

operational requirements stipulate that the system function 
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within 50 miles of any branch office associated with the 

brokerage house. With larg'e corporations having over 150 

offices throughout the U.S., the required coverage is rather 

large, resulting in a monumental task of hardware 

installation. 

Wireless PBX systems support a high degree of 

portability. This is due, in part, to the system frequency 

selection. The ISM band can be used as long as signal power 

is controlled in such a way as not to impact other ISM 

frequency users. This requirement keeps the transmitter 

power requirements very low, generally only 100 mW, which 

allows the building of very small and lightweight wireless 

units. 

Due to the low transmitter power, wireless PBX systems 

generally provide only 5,000 to 50,000 square feet of 

coverage. As more base stations are installed the zone of 

coverage can be easily expanded while maintaining seamless 

roaming. 

Wireless PBX systems have proven to be very accessible. 

Due to the strict signal power requirements mentioned 

previously, these systems generally employ spread spectrum 

modulation along with Code Division Multiple Access (CDMA) 

transmission techniques. This allows numerous users to 

access the system at the same time. Since the wireless PBX 

system is installed for private use, authorized individuals 
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have exclusive use of the communication link. Again, since 

the system is a private venture, the communication links can 

be turned on or off as deemed appropriate by the 

administrators. 

A major drawback of the wireless PBX is the price 

required to install such a system. All required equipment 

must be purchased and installed by the purchaser. At $25,000 

per 100,000 square feet, the system is prohibitively 

expensive to install for the requirements of this system. 

Once the equipment is installed, though, there is no cost for 

transmitting data over the wireless network. In addition, 

since the system is a private network all operations, 

maintenance and management of the system must be provided by 

the system provider. This drastically increases the cost of 

the network. 

8.1.4 Mobile Satellite Network 

Mobile satellite networks have been providing 

communication services for decades. 

have providers such as Inmarsat, 

addressed the mobile user. 

Only recently, however, 

Intelsat and Iridium 

Mobile satellite systems are a very attractive option 

since they provide truly global coverage. Individuals can 

access the system from virtually any location in the world. 



Cell sizes are on the order of lOa, 000 kilometers which 

allows for mobility without worrying about seamless roaming 

or transmitter hand-off problems. 

The system portability varies greatly depending on the 

type of mobile satellite system. Intelsat and Inmarsat both 

require a fairly large ground antenna due to the use of 

geosynchronous satellites. These suitcase size units 

generally weigh on the order of 20 pounds but are easily 

assembled. Iridium, on the 'other hand, plans on using low

earth orbiting (LEO) satellites allowing for a much smaller 

receiver. Current plans for the Iridium system call for a 

handheld unit that weighs less than one pound. 

Inmarsat and Intelsat both currently provide system 

availability 99.99% of the year. This high percentage is 

due, in part, to the well-established system which exists and 

the ability to use numerous back-up links or alternate 

routing. Iridium is currently not operational. Currently, 

the system design is being formulated with an expected 1997 

time frame for implementation. 

The benefit of satellite coverage comes only at 

substantial cost. User interfaces for all these systems cost 

approximately $3,000. Furthermore, channel access fees for 

Inmarsat and Intelsat can run into the thousands of dollars 

while access on the Iridium system is expected to cost $3 per 

minute. 
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8.1.5 Communication Medium Selection 

The operational requirements for this system are best 

achieved through the use of a packet data network. CDPD and 

RAM both provide cost incentives over analog cellular for 

short and asynchronous transmissions. In addition, the 

coverage provided is fairly substantial and far better than 

that provided by the wireless PBX. Although a mobile 

satellite system will allow for national coverage, the user 

equipment and utilization costs can not be justified. 

8.2 User Interface 

In order to provide system portability, the user 

interface should be a small computer. Portable computers 

currently range from laptops to pocket computers. To satisfy 

identified needs, the smallest and lightest computer that can 

be provided for a minimum cost should be utilized. Laptop 

and notebook computers are not acceptable due to their weight 

and cost. Pocket computers are currently available on the 

market but are functionally limited. Generally, data entry 

of names and addresses or personal calendar appointments are 

the only functions supported. This is insufficient for the 

applications required to support this system. Personal 

Digital Assistants (PDA) are only slightly heavier but can 

61 



support many more applications. These palmtop units, 

relatively new entries to the market place, have significant 

potential. PDA's are the only units that provide the needed 

mix of portability, functionality and cost and will therefore 

be used as the user interface. 

8,3 Software ~plication 

Software applications will be required to support both 

the user interface and the Charles Schwab branch office. The 

software application required for this system is highly 

specialized in its function and must be compatible with a 

PDA. Currently, no suitable COTS applications are available. 

Therefore, a custom coded application is required. 
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9.0 Life Cycle Costs 

Life cycle costing in the systems engineering process 

allows for system trade-off analysis based on the total costs 

associated with developing, implementing, operating, 

maintaining and removing a system from operation. A two year 

development period and five years of implementation and 

operations and maintenance ?ire considered. Phase-out and 

disposal is negligible since the user owned hardware is 

discarded at the end of its useful life and the software and 

hardware installed at the branch offices will be updated 

until it is overcome by new technology or services. 

The total system costs associated with implementing this 

system can be broken down into three categories: development, 

implementation, and operations and maintenance. All costs 

associated with the system will fall under one of these 

categories. Development of the sub-categories results in the 

system Cost Breakdown Structure (CBS) of Figure 9-1. These 

costs are offset by the revenue generated through securities 

trades. 

9.1 Reyenue 

A brokerage house will generate revenue by users 

executing trades utilizing this system. Based on the 
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transmission requirements set forth in section 5.4 of the 

operational requirements, users will transmit 100 packets per 

month. As shown in Figure 9-2 this will yield a monthly bill 

of $42 with RAM and $50 with .CDPD. Market analysis data then 

shows that a brokerage house can expect 60,000 system 

subscribers if RAM is implemented and 45,000 if COPO is 

chosen. An average of $250 in commission fees per investor 

per year translates into $11.25 million in yearly revenue 

with CDPD and $15 million with RAM. 

9.2 Development Costs 

The user interface application will consume the largest 

share of the software costs. Advanced computer technologies 

will be employed, including ~bject-oriented programming, RISC 

architectures and pen driven operating systems. Integrating 

these together in a POA environment along with a 

communications package is no small feat. 

The host software will accept incoming data and requests 

and provide these inputs to the appropriate service. In 

essence, this software will act as a bent pipe with some data 

formatting responsibilities. The software requirements will 

be generated in concert with the hardware necessary to accept 

the incoming data stream. Development efforts will not stop 

with the transition to operations. New hardware and software 
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will be pursued to achieve a more efficient and effective 

system. 

9,3 Implementation 

System implementation costs include installing hardware 

and software into the branch offices. This will begin to 

occur in 1995 with most of the implementation occurring in 

1996. In addition, implementation projections cover costs 

associated with providing training programs to branch office 

employees as well as new. users, product marketing and 

distribution of the user interfaces from the regional centers 

to the branch offices. Throughout the life cycle, software 

and hardware upgrades will be installed with associated costs 

captured under system installation. 

9.4 Operations and Maintenance 

The two main sources of operations costs are derived 

from phone line access and data center operations. A 

brokerage house pays an average of $35 per customer per year 

for access to communication link services necessary to 

support user services. This cost is the same regardless of 

the CDPD or RAM implementation. Total communication costs 

associated with this system, however, depend on the number of 
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users. . Estimates from section 9.1 result in an expense of 

$1.6 million per year for CDPD and $2.1 million per year for 

RAM. All brokerage house data center costs can be 

distributed among all users, including the corporation 

itself, telephone access, computer access, and this Two-Way 

Wireless system. This allows for a portion of the overall 

computing costs to be attributed to the implementation of 

this system. This results in a cost of $7 per customer or 

$280,000 per year for a CDPD implementation and $420,000 for 

RAM. 

Maintaining the software running on the branch office 

host computers as well as the user interface devices adds an 

additional cost. These costs should be comparable regardless 

of the implementation and are estimated to be $0.5 million 

and $2.0 million, respectively, during full system operation. 

9,5 Cost Analysis 

Figures 9-3 and 9-4 illustrate a year-by-year 

expenditure and revenue chart for each option. Calculating 

the net present value for both systems, using a discount rate 

of 7%, yields expenditures of $2.39 million for CDPD and 

$2.83 million for RAM. Using this information alone 

indicates that the CDPD network will provide the lower life 

cycle cost. However, including the projected revenue yields 

68 



0') 
(0 

I) ., 
IQ 
C1 

~ ... 

'"" 
* .... 
0 

j 
• ::s 
.8 
E4 -

16 

14 

12 

10 

8 

6 

4 

2 

0 
1994 1995 1996 1997 1998 

Year 

1999 2000 

m Expenses 
I2l Revenue 

rigure 9-3. Yearly Expenditures and Revenue for COPO. 



....... 
o 

I) 

" I) 

c= 

i 

-.. 
.... 
0 

~ 
~ 
I) 

:::I 

.8 
E-I -

16 

14 

12 

10 

8 

6 

4 

2 

0 
1994 1995 1996 1997 1998 

Y.ar 

1999 2000 

m Expenses 
r2 Revenue 

Figure 9-4. Yearly Expenditures and Revenue for RAM. 



$5.4 million more from RAM versus CDPD, as shown in Table 9-

1. A break-even analysis is illustrated in Figure 9-5. The 

results indicate that the CDPD system provides less risk in 

terms of the necessary capital investment. The potential 

returns, however, are far less than can be realized through 

an implementation of the RAM network. Furthermore, the RAM 

solution allows a brokerage house to recoup its investment in 

a shorter time frame. This results in less exposure to long 

term risk. Therefore, based on the cost projections the RAM 

network is the preferred implementation. 
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Table 9-1. Life Cycle Cost for CDPD and RPD. 

CDPD RAM 

COST CATEGORY Present Cost % of Total Present Cost % of Total 
(x $100,000) (x $100,000) 

1. Development 31.22 32.22 
Management 0.801 0.801 
Software 3.095 3.538 
Hardware 2.781 4.006 
Integration 0.788 0.788 

2. Implementation 16.25 15.13 
....., Management 0.685 0.685 
I\) Marketing and 1.068 0.986 

Distribution 
Installation 2.134 2.624 

3. Operations and Maint. 52.53 52.65 
Management 0.822 0.991 
Communications 3.665 5.497 
Data Center 0.730 1.094 
Software 1.287 1.287 
Hardware 6.062 6.062 

TOTAL COST (23.913) (28.345) 

REVENUE 29.450 39.267 

NET 5.538 10.922 
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10.0 petailed pesign 

10.1 Communication Medium 

Results from the preliminary design analysis indicate 

that the best solution for a two-way wireless communication 

medium is to utilize a packet switched network. What still 

remains is whether the better choice is to use CDPD or RAM. 

Based on the cost analysis, the RAM network is preferred. 

However, both systems contain advantages and disadvantages 

which must be viewed in the context of the problem at hand. 

10.1.1 Data Rate 

Data rate comparison is important in the system 

selection because it measures the response time of the two 

systems. A higher data rate allows for more information to 

be transmitted in a given amount of time between the user 

units and the base stations. This implies a greater ability 

to support users transmitting more packets, an increase in 

the number of users or a combination of both. In any case, 

this results in an improvement in the system response time 

through the increased transmission rate. 

CDPD currently operates at 19.2 kbps while RAM utilizes 

8 kbps. However, packet transmissions include a certain 
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amount of overhead required for network operation, such as 

packet routing information and synchronization bits. This 

effectively reduces the bit rate to produce the user data 

rate. Both RAM and CDPD use a system with a fixed packet 

length. RAM uses 33 bytes of overhead and a maximum of 512 

bytes of user data. With maximum packet utilization, RAM 

achieves 94% efficiency. CDPD uses a similar scheme but the 

user data is limited to 114 bytes. Assuming the same 

overhead results in a 77% efficiency. These values reduce 

the bit rate to a user data rate of 14.7 kbps for CDPD and 

7.5 kbps for RAM. When considering data rate alone, 1.96 

times as many users can be supported on the CDPD system. It 

should be noted, however, that RAM Mobile Data is currently 

developing a 19.2 kbps system. When implemented, this will 

allow comparable data rates with RAM having a higher user 

data rate. 

One of the operational -requirements is that 4000 bytes 

of data must be transmitted over the network in less than 5 

seconds. Transmissions at the user data rate, as determined 

above, results in a transmission time of 4.3 and 2.2 seconds 

for RAM and CDPD, respectively. Therefore, both of these 

systems achieve the performance measure. 

75 



10.1.2 Throughput 

A major concern in the system design is the throughput. 

This relates to how much data, and therefore how many users, 

can be supported on the system. As previously noted, CDPD 

can support 1.96 times as many users as RAM, assuming full 

utilization of the communication link. In practice, various 

factors affect the system causing it to not always operate at 

100% utilization. In addition to user demand, the specific 

system access protocol is another important factor. 

A CDPD consortium agreed in 1990 to use Time Division 

Multiple Access (TDMA) to regulate system access. TDMA is a 

very efficient access method because it allows maximum use of 

the transmission signal. Coordinating the users' data 

transmissions into specific time intervals allows the TDMA 

scheme to achieve 100% utilization of the signal. 

On the other hand, the RAM network uses the slotted

ALOHA (S-ALOHA) method of transmission access. Whereas the 

TDMA method requires users to transmit data in a specific 

time slot, S-ALOHA allows for asynchronous data 

transmissions. Elimination of the strict time slot access 

method greatly simplifies the transmission protocol but 

results in a much lower communication link utilization. 

A TDMA system with K users each transmitting a packet in 

Tp seconds allows for the reciprocal of KTp packets to be 
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transmitted each second. In a S-ALOHA system, K users 

transmit packets of duration Tp every NTp seconds, where 

N»K. As a result, the packet transmission rate for TDMA is 

much greater than that for S-ALOHA as indicated by 

1 / ( K) (Tp) > > 1 / (N) (Tp) (10-1) 

Whereas TDMA is ideal for continuous user transmissions, S

ALOHA is suited to users who utilize the communication link 

infrequently or sporadically. The latter scheme more closely 

resembles the expected use of this system. Users are 

anticipated to transmit 100 packets per month at times that 

are convenient for them. This favors S-ALOHA as the 

preferred access method. 

Proper timing of transmissions in a TDMA system allows 

users to transmit without interfering with one another. 

However, allowing all users to transmit at any time creates a 

problem of collisions in S-ALOHA. When two users transmit at 

the same time the received signal is a compilation of both 

users' packets and is unintelligible to the receiver. 

Therefore, the data packets must be retransmitted by each 

user. This reduces the throughput of the system. 

A comparison of the throughput for both TDMA and S-ALOHA 

is illustrated in Figure 10-1. The curves indicate that TDMA 

provides the better access method. However, this system will 
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be utilized by individuals at their own discretion and not 

necessarily in accordance with the timing scheme required to 

achieve the 100% utilization of TDMA. S-ALOHA, on the other 

hand, will always provide the user access to the network. 

However, an increase in the traffic density results in an 

increase in collisions and, as will be seen in the next 

section, an increase in delay time. 

Another drawback of the TDMA system is that when 100% 

utilization is achieved no new users can access the system. 

This means that during high volume periods of voice or data 

transmissions users must keep trying to access the network 

and when a channel is freed their data can be transmitted. 

Finding an available channel can prove to be a bigger problem 

than one might expect. John Kilpatrick of RAM Mobile Data 

has stated that between 2% and 20% of the time during busy 

hours CDPD has no available capacity. CDPD works through the 

utilization of the required 5 to 10 seconds of dead time 

between calls on a cellular channel. Each provider in a 

metropolitan area maintains 416 full duplex channels. With 

an average call length of two minutes and assuming an average 

of 8 seconds of dead time per call, this requires 15 channels 

to provide the equivalent of one full data channel. This 

results in a total of 27 full data channels. RPD networks, 

on the other hand, can expand their networks to upwards of 30 

channels per metropolitan area, based on market demand. 
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Therefore, although TDMA ~ppears to provide the better 

solution, in the context of the problem it may not be the 

preferred method. 

10.1.3 Response Time 

TDMA and S-ALOHA access protocols have a significant 

impact on the system response time. As discussed previously, 

TDMA requires that users transmit during specific time 

intervals. As a result, unless they transmit at exactly 

their time interval there will be a delay until the packet 

can be sent. When utilizing S-ALOHA, users can transmit at 

any time. Therefore, as long as there are no collisions S

ALOHA provides a very fast response time. 

The relative response times between TDMA and S-ALOHA 

indicate very different responses depending upon the traffic 

density. In general the RAM network is lightly loaded and 

generally operates in a region corresponding to a traffic 

density of 0.3. In this situation the RPD network provides a 

much faster response time than CDPD. Both cases satisfy the 

necessary 5 second response time set forth in the operational 

requirements. 
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10.1.4 Wireless Transmitter 

Communication between the wireless user interface and 

the packet network is achieved through the utilization of a 

wireless modem containing a transceiver. The transceiver 

must be powerful enough to maintain a signal with the packet 

network. However, as the transmitter power increases there 

is a corresponding increase in the weight of the modem. 

Therefore, the minimum wattage should be used in order to 

maintain a minimum weight for the user interface. 

To maintain a relatively error free data stream, a 

carrier to noise margin of 10 dB is required. The power 

level recei ved, Pr, by the base station antenna can be 

expressed by the following equation: 

Pr Po - PI 

Po = output power 

PI = path loss 

(10-2) 

The minimum power level that can be detected by the antenna 

is a function of the noise level at the demodulator input. 

This noise level, N, is calculated using the following: 
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N .. (k) (Tn) (B) W (10-3) 

k = Boltzmann's constant .. 1.38 * 10exp(-23) W/K/Hz 

Tn = noise temperature of source in Kelvins 

B .. bandwidth in hertz 

Currently, the RAM and CDPD networks are allocated 25 MHz of 

bandwidth each. Utilizing. a noise temperature of 300 K 

yields a noise power value of 1.03 * 10exp(-13) or -129 dBW. 

Furthermore, the worst case received signal power level that 

can still be detected occurs when Pr equals N. 

The path loss in dB for a transmitter is modeled by the 

following equation: 

PI .. 20 log «4 * 3.1415 * R) / v) (10-4) 

R = distance from the transmitter in meters 

v = wavelength in meters 

Using a frequency of 869 MHz for CDPD yields a wavelength of 

0.3452 meters. The maximum distance between a transmitter 

and a base station antenna will differ for RAM and CDPD. 

CDPD utilizes the cellular network which has a maximum cell 

size of 45 kilometers. Therefore, the maximum path loss is 

124 dB. The maximum cell size for the RAM network is 30 
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kilometers. Using a frequency of 896 MHz (0.3348 meter 

wavelength) results in a path loss of 121 dB. Including the 

10 dB margin results in a required transmitter power for CDPD 

and RAM of 5 dBW and 2 dBW, respectively. This savings 

allows the RAM network to use a modem that is 0.5 to 1 pound 

lighter than one necessary for CDPD. 

10.1.5 Communication Service Selection 

The life cycle cost analysis identified RAM Mobile Data 

as the best solution in the longer term. This choice is 

further supported by the technical analysis. Although CDPD 

can provide higher data rates and throughput, the performance 

based on the financial market gateway application is not 

significantly improved over RAM. Furthermore, the current 

performance of RAM is such that throughput is not a problem 

and, in fact, the response time can be an improvement over 

CDPD. Finally, lower transmitter power requirements for RAM 

allow the system to be lighter and, as a result, more 

portable. Therefore, RAM Mobile Data will be used as the 

data service provider for the financial market gateway_ 
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10.2 User Interface 

The major design criteria for the user interface, as 

identified in the definition of need, are the size, weight 

and cost. Numerous palmtop computers currently exist on the 

market. A number of these will be assessed to determine 

which one best meets the operational requirements. 

10.2.1 Amstrad Pen Pad PDA60Q 

The PDA600 is the smallest palmtop computer currently on 

the market. With a size of 6. 2S by 4.5 by 1 inch and a 

weight of 0.88 pounds it truly is portable. Using only three 

standard 1.S-volt alkaline batteries, this unit can operate 

for 40 hours. In addition, the PDA600 can be purchased for a 

retail price of $399. Both of these measures satisfy the 

operational requirements. 

A major drawback of the PDA600 is its lack of strong 

communications support. A mini-serial port is available that 

can be connected via an additional cable to an RS-232 

connection. However, no wireless communications capability 

currently exists. Furthermore, the reflective, low-contrast 

screen can make it difficult to read. 
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10,2,2 Apple Newton MessagePad 

At a retail cost of $699 the Newton MessagePad pushes 

the cost performance parameter. With the addition of an 

appropriate modem the cost hovers around the $900 

requirement. However, the unit is superior in other ways. 

The Newton is approximately the same size as the PDA600 and 

weighs 0.9 pounds making it very competitive for portability. 

A Type II, Release 2, PCMCIA socket is also available for 

adding custom applications. Power consumption data is 

currently unavailable, but Apple reports that it can be 

expected to operate between 5 and 32 hours before recharging. 

The Newton' s advanced Operating System is pen-driven and 

provides an excellent user interface. Furthermore, the 

Newton Toolkit has been released which aids software 

developers in generating applications using an object

oriented language that is compatible with the Newton. 

10,2,3 AT&T EO 440 Personal Communicator 

The EO Personal Communicator brings together pen-based 

applications, cellular communications and portability into a 

single unit. The central processor, known as the Hobbit, is 

specifically designed for compact computing. 
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The major drawbacks to this system are its size and 

weight. The EO 440 measures 10.8 by 7.1 inches and weighs 

2.2 pounds. Both of these specifications exceed the limits 

set forth in the operational requirements. 

10.2.4 GRiD PalmPad 

Much like the EO 440 the PalmPad combines pen-based 

computing, RF communications and mobility. The operating 

system, however, runs only a proprietary operating system 

known as PenRight!. This proves to be a significant drawback 

in that it greatly complicates the software development 

process. Furthermore, the PalmPad weighs nearly 3 pounds and 

measures 9 by 6.25 inches. 

10.2.5 User Interface Selection 

Of the user interfaces examined the Apple Newton best 

achieves the goals set forth in the operational requirements. 

However, the excessive weight resulting from the addition of 

an RF modem seriously calls into question the viability of 

the user interfaces examined. Numerous new palmtop computers 

are currently under development. Apple plans to release 

three new versions in 1994 with upgrades to the 

communications packages. In addition, Megahertz Corporation 
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of Salt Lake City, Utah is currently developing CDPD and 

MOBITEX compatible modems in a PCMCIA format. A version 

containing an external transceiver should be released at the 

end of 1993 and a version with an internal transceiver is 

expected to be re leased by mid-1994. Either modem will 

support the system, however, new advances in palmtop 

computing and RF modems must be continually examined. 

10.3 Software Applications 

The user interface software will be a pen operated, menu 

driven application. After initial power-up of the system, a 

five digit user identification must be entered using the pen 

and the initial display of a keypad. After successful entry 

a primary menu will be displayed from which all necessary 

functions can be performed. A selection from any menu will 

automatically initiate another menu or a panel for necessary 

data entry. Host resident software must provide the link 

between the communication medium and the brokerage house 

services. 
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11.0 CODclusioDS 

Charles Schwab can address customer needs through the 

addition of a new service into their current product line. 

Analysis of the problems associated with obtaining market 

information and executing securities trades leads to a two

way wireless communication system as the optimal solution. 

Figure 11-1 shows the proposed implementation of the 

network. Included in the system development is the user 

interface and software and the selection of a wireless 

network to connect to a carrier. Components in the branch 

offices include hardware, modems and a packet assembler

disassembler (PAD), as well as software executing on a host 

platform .. 

Implementation of this 

scenario for both Charles 

system will create a win-win 

Schwab and its customers. 

Individuals obtain better access to the financial markets 

which helps them achieve tlfeir financial goals. Charles 

Schwab creates revenue through high volume trading based on a 

broad customer base. 

11.1 Further Studies 

Personal wireless communicators are being developed at a 

rapid pace. The applications are seemingly limitless .. 
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Individuals can utilize wireless communications to maintain 

office contact while away from their desk. For instance, E

mail messages sent to a desktop PC can be automatically 

forwarded to a mobile communicator and responded to from 

nearly any location. In addition, information services can 

provide weather or traffic information while individuals are 

traveling. Connections to retailers will allow services such 

as purchasing or changing plane reservations. 

The problem for the future is the integration of these 

varied services. Individuals will not carry four different 

communicators for access to four different services. Rather, 

one user interface must support access to numerous services. 

A systems engineering approach should be pursued now to begin 

to address the consumer demands for the twenty-first Century. 
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