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introduction

The Internet is a global network interconnecting networks of computers. The users of the
Internet have access to a variety of services ranging from traditional electronic mail,
remote login, and file transfer to the World Wide Web (WWW). All these services are
based on the use of a common technology and language over telecommunication links.
These services are rendered and priced by private providers who own and/or operate

Internet Protocol (IP) networks, which comprise the Internet.

Internet service provisioning is becoming a sizable business. According to Data
Communications (see [8]), Internet service providers (ISP) in the United States generated
more than $3 billion in 1997 revenues for providing Internet connections, and these

revenues may reach $13 billion by 2001. According to the fall 1997 survey of the Internet







service providers by the Boardwatch Magazine (see [17]), the number of ISPs in North

America reached 4,354.

Internet service providers and equipment vendors have been concerned that the growth in
the demand for Internet bandwidth is outpacing the expansion of the capacity of Internet
backbones. Alan Taffel, vice president of marketing and business development at UUNet
Technologies reports (see 21) that Internet traffic used to double every year, but now it is
doubling every three to six months: “We have to radically alter our backbone very, very
regularly. We and everybody else are going to have a difficult time keeping up with
bandwidth demand.” The problems faced by the ISPs are largely attributable to new real
time multimedia applications straining the current Internet technology and infrastructure,
and the difficulty in predicting the future demands for particular Internet applications.
Most of the participants in the Spring Internet World’98 conference agreed that usage-

based pricing would eventually prevail.

At present, the end users who generate the demand for Internet services are charged for
access but not for usage. With the Internet experiencing increasingly frequent episodes of
traffic congestion, the economic efficiency of the pricing system which rations demand on

a first come first serve basis becomes questionable.

Sophisticated economic pricing mechanisms have been suggested for the Internet (see
[8.9,10]). However, the accounting systems required to support billing based on these

mechanisms have not been developed (see [1,2,3,6,7,11]). Moreover, existing Internet



LR TR L RN o osle IR e oW S, Y o Sk OF e W wleles
3 oy
Ui b i, ST E 2T Ly t b Ll
R ST s R FEIRET L R LR
bt A or 8 alirngesed sy EIL BN T
WO R gt BV et ;"zr PR e
s S ‘ 5P Far N
Bas g SR VT S P U N
= o L U 1 8 B _.: n
ST gy L s T TN e sty A O b (R Bagh ool
L """. 2550 cnif ? :.‘i:.:' = 8. i £ feacief WS gemn '214! 4 ity FA "u:":-].{l:':., i1 :"::H\
L i Colpeg. W e,
oo b gih a0 Tz U3 0t ptE SR G SEE . T aly PRI
I . e o it SRR B 'f b : L PRI B
r in I iy R B e R } T iatue
AT b B el ¥ S G pebon e e BENE e e %
slifid v I E N -': i e : Cor o 4 PO nul?T Bt ly wveeitee 38 e | ai teied
I 3 TEW ALl s _heg r Jlza & ATyl ‘_-1":‘ ":I' { | 3 .'!:'3
N S, re WE R e o P " R e, T et




instrumentation may limit the capability of accounting systems to support complex pricing
mechanisms. Yet, without an efficient pricing system, investment in capacity expansion
may suffer due to lower expected returns. Absence of adequate activity and cost
accounting systems precludes economically efficient allocation of costs among providers

of Internet services.

All major users of the Internet are likely to be profoundly affected by the efficiency of the
Internet pricing system. The more they rely on the Internet in the conduct of their
business, the higher their stake is in the economic consequences of the Internet pricing
system. In this article, we assess the economic efficiency and technical and accounting

feasibility of alternative systems for pricing Internet services.

How the Internet Works

Internet services are rendered by the transfer of information among its users. The
transferred bites of data are clustered in packets of various lengths that typically average
about several hundred bytes, and generally do not exceed 1.5 KB. Depending on the
amount of data it contains, a message delivered over the Internet is comprised of few or
many packets. Each packet consists of a header and a body of data. The header includes
addresses of source and destination(s) and information about data length, and type of

services (precedence, reliability, delay, and throughput).
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Packets are transmitted over telecommunication lines and directed (switched) to their
destination by a sequence of routers. Routers are usually special purpose computers
designed for packet switching. They route the packets by reading the address information
stored in the packets headers. Routing algorithms use the so-called “next hop routing”
(i.e. they route a packet to the next available router on its path to the final destination).
Different packets belonging to the same message may be routed along different routes to
be reassembled at their final destination into the original message. Some networks on the
Internet may impose stricter limitations on the maximum packet size than the network
from which a packet originates. As a result, a packet can be occasionally fragmented en
route into a number of smaller packets. The latter will travel independently over the

Internet to be reassembled at the final destination.

Packets are routed on a first come first serve basis. Providers of Internet services are not
obligated, either collectively or individually, to transfer all packets to their destinations
safely, reliability, and in a timely manner. They are bound only by the so-called “best effort
delivery” principle. They simply have to try their best. Thus, when errors, breakdowns or

congestion occur, packets may be lost or corrupted.

The network of wires and routers comprising the Internet is “dumb” in the sense that it
will not detect loss or corruption of packets. The detection task is left to the smarter end
point computers, known as the Internet “hosts”, who can perform quality control. The
transmission control protocol (TCP) software implements this quality control by creating

and maintaining virtual connections over the Internet. TCP uses acknowledgments of







delivered packets, and retransmission of those packets whose acknowledgments are not
received. This ascertains end-to-end reliability of Internet services. Internet services built
on TCP include WWW, e-mail, file transfer and telnet. A number of Internet services (in
particular those used for real time multimedia communications over the Internet) cannot
afford the delays and overhead associated with acknowledgments and retransmissions.
Such services do not use TCP, and are implemented on top of the user datagram protocol

(UDP), which does not guarantee reliability.

How Individual Users Access the Internet

Many individuals access the Internet through their employers or organizations they belong
to. Others connect through the Internet Service Providers (ISPs) who typically supply
their users with basic Internet sofiware package programs. Online services (e.g., America
Online, Microsoft Network) provide another popular access option. They offer to

subscribers their own set of services, while providing gateways and access to the Internet.

The online services that currently provide access to their proprietary materials as well as
to the Internet are evolving in the direction of becoming pure content providers, i.e.
Internet media companies similar in nature to TV networks. The provisioning of access
will be separated from the provisioning of content, and the former will increasingly

become the domain of telecommunication companies.
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